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SOME INVESTIGATIONS ON THI MECHANSM
O THF LELCOPENIA
PRODLCED BY VINGORLASTINE

2 The Fffect of Vincoblashine on tells in Tissute Calture and in Vo

By

J Brewnn
Heceived 16xlFa

According, to Prchalt (1910) an eatract of the perivinklc Vinea rosen
Linn was used therapootieally ey 1 s century by the Indians tn
Brazil agunst scurvy toothache porsisting haemorshage and slowly
heahng uleers However as fir as the anther has found no bnefiesal
cffiet from this treatment has been reported Furthermory extracts
of Vinea roscy have been uscd for diabdtics in the Plnhippines and an
Jamaica The effect on the Tevel of the blood supar was stushied simnl
taneouslsy an the US and in Canada but no influence could be demon
straled Dunng those exponiments 1t was found that the erude ex
tract had an effect on the bone marrow and the white bloud cell picture
In moderate doses it gave rise to a reversible leucopenit Sexeral atha
tods were then jsolated The first wac vincollistine (Velbe® Tillv)
(vinhlistine sulphate} which was found to be v dimane alkalond con
tumng both ndole and dshvdromdole moties (£ orman el al 1909
Neuss et al 19)8) The structural formult was probably
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Besules causing lcucopenin vincoblastine also excrted an mhibiting
effect on the growth of several amimal tumours tn mrce and rats This
was shown by Cutls Beer & MNoble (1957) and later confirmed by mans
other mmveshigators

The problems concerning the pathogenesis of the mechamism of he
leucopenta have been outlined 1n the introduction to the first paper
of this series Before the experimental mvestigihions are described a
brief report of what 1s known about the effect of sincoblastine on cells
in vtwo and 1 vitro will be gnen

It 1s generally agreed that in tissue culture and also tn piwo vinco-
blastine cts on the cells as 4 typeal spindle poison (Hampel & Ger
hartz 1962 19641 1964b Cardinali ef al 1961 Vauthevicins 1962 Sol
datr & Gaelam 1961 Palmer ef al 1960 (cells from human monoestic
leucemia) Walker & W right 1962) Most authors describe the effect
as completely smular to that of colchicine te 1t produces metaphase
arrest (c mitosis) A few authors are of the opimmion that vincoblastine
acts on the cell nucler at an ecarlier stage of the cell dinssion than
colchicine Hampel & Gerhartz desertbe ¢g early prophase disturh
ances and 4lso claim chromosomal changes to be different from those
produced by colchicine According to those quthors vincoblastine does
not produce so pronounced exploded mitoses as colchicine and the
pienotic chromosomes have a greater tendency to fusc and form Iarge
pvenotic areas Cardinah et a1 mention that Cutts has not observed any
mhbttien n the prophase but they find the imhibition of prophase
human bone marrow as well as n leucemice cells from leucermia I 1210
In cells regenerated after vincoblastine influence the nucleus will often
be abnormal multilobulated and now and then the cclls may conlain
many nucies

It 1s mentioned severil times that the action of eolchicine differs
from that of vincoblnstine 1a that contrary to colchicine vincoblistine
acts on the cells from the goldcn hamster (Orstnt et al 1961) However
this 1s probably not quite correet as colchicine acts on hamster cells
as a spindle poison but the concentritions must be rather high

Besides being a spindle poison vincoblastine 1s also an antimeta
bolite as several of 1ts cffects 1a 1ts action on the spindle mav be
prevented by certain amuno acids as glutanme acid tryptophn « helo
glutanie aead and alse by Co enzyme A (Johnson ef al 1960) It must
however be remembered that the effect of colchicine also may be
prevented at least by meso mositol (Vurray et al 195t}

The effeet of vincoblastine seems to be the same tn viwe and n vilro
anvway as fir as morphological 1lterations are coneerned Injections
of vincoblastine to normal animals (mice rafs dogs hamsters) will
produce 2 mitotic arrest Tius ts most pronounced m the granulocyio
potetic tssue 1 the hone marrow ¢speetally in the myclocyles

Some of the most extensive studies of the effect of vincoblastine on
cells 1 tissue culture of hone marrow and also of the cffect on cells
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from leucemin 1 1210 e T hehich aseites tumours have heen donc by
Cufls (1961) He found that after 1 singde snjection of vincobl stine
the number of mutoses mer wed proprossiseds ind re whied o magmum
after 12 hours whoraafter the numbor deercned  Ater $8 hours the
number of metiphises w s shill somowhat Ineroised In tumours the
numbcr of mitoses deure isadd Lo normal & dues more rapadis thn in
normal fisue The eroested poloses oceurred yary soon after the in
Jection ind m most ammads they poched 1 peokon the 120 to the
16th hour 1 some mim s alecads in the st hour The reconstruction
of the nucley might roalt i deformitics of the nuelens as doseribed by
Canhinalt ef af (1961) but a0 an piant nuclt Durng that process
or dunink the production of multdobulited nucloa an exclusion of one
or morc chromosomes might occur Culty did oot obsene chromosome
broahs as those rawlarhs produeed by athslting spnts Cutts also
demaonsteated that the admmisteation of glutimie veid just priof to
vincoblstinge nuduced the number of arrcstod mitoses His anvestipn
Lons were done on Swis miec honng i asettes tumour Cutts com
parad the effeet of colelane and vineob!y tine and althouph he cmphn
suzed that vencoblnbing i< fapical ¢ mitotie porson the depro of in
hilstion was morc Inting ind comptite thn that produced by colehs
ant Aecarding fo € nlts 1 weak coneentratson of vincoblistine will in
hibit the formation of the spndle winle strong concontribions tse
alfeet the chromosomes dircetls

Vaithetictys (1962) found that the mitolic wrrest wall appetr in
fumours wiich mwv be inhubied by vncoblastine as well s an sinco-
blastine resisting tumours Consequentiy 1t 1s hiardts this eftect which
causes tumaur inlubihion

In conclusion ot will ppenr that simeob! whing s 1 spundle potson
which probuds does not act quitc ke colchieine 1 i afso statad
that vincoblasting s an anlimetabolitc as severil of #s effeets may
be provented by difforent ymino sewds
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Bestdes causing leucopenia vincoblastie lso exerted n mhiinting
cffect on the growth of several animal tumours 1 muce and rits This
was shown by Culls Beer & Moble (1907) and Inter confirmed by many
other mvestigators

The problems concermng the pathogenesis of the mechamsm of the
feucopema have been outhined 1n the mtroduction to the firet paper
of this series Before the experimental imveshigations are described a
brref repart of what 1s hown aboul the effcct of vincoblastine on cells
i pwe nd i vitro will be gnen

It 15 generally agreed that m tissue culture and also tn vwo vinco
blastme acts on the cells as a typreal spindle porson (Hampel & Ger
hartz 1962 19641 1964b Cardinalt et al 1901 Y at! evicius 1962 Sol
dati & Gaetany 1961 Palmer ef al 1960 (cells from hunan monocy tic
leucemta} Walker & Wright 1962) Most authors deseribe the effect
as completely simlar to that of colchicine 1e 1t produces metaphase
arrest (¢ mitosis) A few authors are of the optmon that vincoblastine
acts on the cell nucler at an carlier stage of the cell dinision than
colcmeine Hampel & Gerhartz deseribe eg early prophase disturb
ances nd 1lso claim chromosomal changes to be different from these
produced by colchicme According to those authers vincohlastine does
not produce so pronounced exploded mitoses as colchicine and the
pyenotic chromosemes hve a greater tendency to fuse and form large
prvenotic areas Cardinali et al mention that Cutts has not obsersed any
mhibition 1n the prophase but they hind the inhibihon of prophase m
human hone marrow as well 1s 1 lcucemte cells from Ieucemma I 1210
In cells regenerated after vincoblastine influence the nucleus will often
he abnormal multiiohulated and now and then the ceils may contun
many nucley

It 15 mentioned several times that the action of colchiesne differs
from that of vincoblistine 1a that contrary to colchicine vincobinstine
acts on the cells from the golden hamster (Orstnu el al 1961) Howener
this 1s probably not quite correct as colchteine acts on hamster cells
as 1 spindle porson but the concentrations must be rather high

Besides hemng a spmndle poison vineoblastine 1s also an antimcta
bolite s several of ils effects 19 1ty achon on the spndle may be
prevented by certain amino acids s glutamic acid tryptophan a heto
glutarie acid and also by Co enzvime A (Jolinson et af 1960) It must
however be remembered that the effect of colehseine also may be
prevented at least by meso wnositol (Wurray et al 1951)

The effect of vincoblastine seems to be the same i vwo and e vitro
anvwas as far as morphological alteralions are concerned Injcetions
of vincoblistine to normal animls tmice rats dogs hamstars) well
produce 2 mitotic arrest This s most pronounced in the grinulocyto
poietse trsstte tn the bone marrow especially the myclocytes

Some of the most extunsie studies of the cffect of vincoblstine on
cudls wn hissue culture of bone marrow and also of the effet on cells
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from Leucemmit 1 1210 and }helich weites tumonrs have boen dong by
Culls (1961) Mo found that after o single injection of vincoblastine
the numbcr of mitoses inere ead progrossinds and rewhed o maumum
tee 12 hours wheraifter the numbur deeeeased  After 18 hours the
numbcr of metiphines was sbill somontid Inercised In tumours the
number of muleses deerciscd to normal vslucs more faipsdiy than in
norml tissuc The arrestad mitoscs ocenrrud vory «woon after the in
yection and i most ammals thes reached v perh o the 12t to the
16th hour an some intmals alrcads inthe Hth hour The reconstruction
of the nucla smipht rosult in defonmities of the nueleus as deseribed by
Cardinale ¢ ol (1961) but afvo an pant nueta Dunng it process
or during, the production of multilobulited nuclar an excluston of one
or morc chromosomes night occur Cults did not obsene chromosome
broths as those ropulars produced by alkviating apents Cutts al o
demonsteated that the administration of glutume aaid just prior to
vincobilastine reducad the number of arrested mutoses s nvestipn
Bions wore done om Swiss miee beanng an sseiles tumone Culls enm
parcd the effect of colelieine and vincobbaling and although he cmphn
sized that sineoblasting 15 1 tspreat € matotie ponan the depree of an
hibition wac more It and complete than that produced e calehy
ane According to Culls 1wk concontrabion of vincoblstine will in
hibnt the formtion of the spindle whilc strong concentritions atso
affect the chromosomes dircetly

Vaitl emcrns (1962) found thit the mitatic arrest wall pperan
tumours winch miv be anhubnted by sineoblisting as well s 1 vinco-
blastine ressstant tumours Consequent!s at w hardls this (ffect which
ciuses tumour intubition

In conclusion 1t will appaar that vincoblstine 15 1 spandlc poison
which probabls does not et quite ke colchicine It as also staled
that vincoblasting 15 an antimctwbolite as soveeal of s cffiels mav
bo prasented by diffcrent amino actds
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MATERIAL AND OBSERVATIONS

Between 1955 and 1962 the Department of Pathology of the I and IT
Clinies of Obstetrics and Gynnecology Hdlsinki Unuersity Central Hos
putal examuned a tolal of 23 histological speeimens which could be
dingnosed as mesonephric carcinoma 12 of the specimens of the pres
ent mater1al were collected from the clinies referred to while 11 spee
mens were sent 1 by provinetal hospatals Supplementars information
on the patients w1s obtuned from the attending doctors and the pa
tients themselves

The histological specimens were fixed i 10 per cent formalin for one to three
days and cut With a microtome into sections 5 to 6 thick The sections were stained
by the haemato<ylin van Cieson method As the purpase of the nyestigation was
only to show the diagnostic possibilities by the aid of common routine histalagic
examination no attempt to differentiate the varving types of carcinoma by means
of special staining methods was performed 1n this connection

The average age of the patients concerned was 51 vears the oldest
being 81 and the youngest 36 3cars old A more detuled presentation
of the cases 15 given i Table 1 In 20 cases the tumour was situated
m the ovary 1 2 1n the cervix utert and in 1 1n the wall of the vagina
In the Iiterature only 81 cases have been reported 1n which the meson
ephric carcinoma w as sttuated 1n the aren of the cervis utern (1 and 11)
Mesonephric carcinoma with the exception of civst hike forms 1s lso
rarc 1n the area of the vagma (1)

Vi hen microscopie preparations made from the tumour specinens
were examined attention was pud not only o the charactenstic clear
cell changes (Figs 1 2 3) but also to structures denoting 1 possible
connection with the serous cyvstadenoma tumour type (Fig 4) as
well as to endometrioid trauts (g 5) Besides the clear cell pattern
distinct papillary structures were obsersed m 12 ¢ases smaller evstic
formations 1 11 cases and eprthelium of serous type in 7 cases In 3
cases the endometriond structure predominated {eases 10 16 and 20)
and tn 5 cases endometriond struclures occurred alongside clear cell
changes (e1ses 5 9 13 14 nd 18)

Table 1 also gnves the methods and results of treatment In all but
three cases the treatment was operative In most cases surgery wis
supplemented with X rav therapy Two cases were treated with radio
actine gold and 1n only one case were cyvtosittics given In two cases
A rav theraps alone was given and 1n one (case 12) the patient refused
all treatment Four patients have surinved five vears without reeur
rence (case 4 11 15 and 22) one (case 19) two and 2 half vears and
one (case 23) one 1nd 1 half vears One patient died as the resnlt of
an accident two vears and 10 months after treatment (ease 7) and
one patient (ease 17) died 4 vears and 8 months after treatment  the
cause of death being earcinoma of the brest
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DISCUSSTION

The tumours of the present <erics are all of clear cel! type to which
the term mesoncphisie errcimoni i possibls could be applicd (')

Our cases 12 16 and 17 ar¢ indisput ible insol e thst bestdes heing
of characteristic listologieal structure thes onginate from pravagnal
tissue te from an arcrn whieh there ean bardls Lo ans question of
another type of ustoginests

Wath repard 1o the ovariin tumours howover the hislopenesis 18
perhaps not so firmiy (stablishad For besides tumours arising, from
mesonephric vestiges there occur it the oy aries two othor forms of
caretnoma which mav also be of clear cell type and distinpuish be
tween these and true mesoncplirie caretnom may thus prove difficull
and even impossible Onc of these earcinoms 1s the maliph int scrous
papillary cvstadonoma Though our series do s not comprise a singh
grossts evslie ovarzan tumour mudtiple modfer oo tie farnt thons were
found n severn) cases as well as I tol qu f atur s ponting, towards
this type of tumour Another tumcur which mas ocersionilly occur
cither partiy or entirels as 2 clear ¢ 1l tvpu tumour 15 adenoc ircinomy
ongmating from ovanan ¢ndom triosss 1t has been established that
of this endometriond carcinomy el are 1 typc varnt may oceur )
1t 1s hughly probable that endomdtniond circmnoma and serous evstade
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noma of the ovary arc histopenddic iy closdy rlded (4) Thus our
senies includes eases (r 9 1 1T 18) in swhich arcw of endomdtnold
Inpe of varang sz were s GConsequently an our opimon which
agrees with the stitements of Wallis 110) and Hagnes & Taylor (2) a
defimle histopenctic dnpnosis with ropard Lo the clor cell earainoma
oceurting in the axvars eannot he made for the prosent Without disput
g the possibility tht ovainan omours of purtdy eloar edl tape may
actully onginate from nicsonephirie repmants we st tink that the
two ahove mentioncd possitnlities must be considored
Our present hnowledae docs not allow us in anvwhore noar afl cses

to defermine wath full certunts the histogonesis of the ovanan ¢ ucino
ms in question

SUMMANY

The authors prosent 2% mesonephric e wrctnomns 20 of which wore situ
ated in the ovary 210 the ceraux utert and 1 in the wall of the vagine
Witk regard to the listoptness of ovarian ciremomn thore 1s at any
e n some cases some uncertunty  <ince mahgnant <crous evst

adenoma papihifurum and endometnoid carainoma mas oceur 1< elear
cell bypes
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EXPERIMENTAL INVESTIGATION ON INFLUENCE OF
HYDROCORTISONE ON SPREAD Or
TRANSPLANTED ROUS RAT SARCOMA IN
SYNGENEIC TUMOUR HOST SYSTEM

By

Benet harvust and Tow Sarpris
Received 18 x 66

Experimental nvestigations on the effect of exogenous factors on
tumour spread hase given controsversial results which may he due fo
differences i methods of treatment but also to host factors or unknown
mtrinsie eharacteristics of the various tumours used (Surveys Cole el
al 1961 Niclsen 1962)

In an earlier investigation 1t was shown that hydrocortisone stimul
afed the spread of the transplantable Rous rat sarcoma n an alfogenic
tumour host svstem (Saldeen 1963) The purpose of the present in
vestigation was to study the effect of hydrocortisone on the spread of
the rat sarcoma under the same experimental conditions n a syngenac
tumour host svstem

MATIRIAL AND METHODS

Antmals —\W hytc rats «f a strain inbred since several years were uscd Jt wa ob
tained from Dr ¢ ¥ Rudenstam € thenburg and during the experimental perind
8 months hept in our mnstitute by hrother sistcr mating

Shin grafthing between the n at Icast 1 month old rats was pcrformed osing o
method described by Thomas et al (1961) As controls autografls and allografts w rc
used About one month after the opcration all the syngencic yrafts and autegrafis
were fur bearing while the allcgrafts had disappearcd No signs of adscrse reactions
or brcakdown were chserved in the syngeneic grafts SUll 20 weeky Jater the grafts
were distinguishable from surrounding roaapient skin onlv by the directicn of the
hzir follicles

Tumour The oripin of Rous rat sarcoma and the prowth and pread of the trans
planted sarcoma has earlier been described (Ahlstrim & Jonsson 1909 Saldeen 1962
18F3) In the present mvestigalicn 2 tumour strains were u ed (I'ig 1)

Stramn 1 —\ serics of inbred newhern rats were oculated subcutaneously with
0t ml cell free tum ur material from a chichen with Reus chicken sarcoma (Strain
S R) After an intersal of 21 davs all the rats had cysts in the axillae and proins
and aftcr 36 davs 4 of the 8 1 culated rat  had palpable tumours at the ile of
njection Fuve o f the rats werc killed 3 months after the injution Al bal tumours
and cvsts 4 had lymph nade metastases and 3 sh wed lung metastases One ¢1 the
tumours was transplanted ubcutaneousls te a serics « f newb rn rals Takes were
obtained after 3 wechs and the tumour has since heen carrzed serially 10 at monst
7day ol 1 rats (Fig 1) Tumour material frm the first and thied passages were used

for the experiments
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Transi lantali n scteme Small rite = eaty { r serlal tran lantali n
Mg rate = rats  r Ahe exgeriments.

Stratn  —The see nl tum ur  riginaled fnm a serles «f fnbred newl o rat
inoculated subculane 1 v witt 01 mlc Il free chi ken fum ur matertal Aftee 14
davs all 10 rats hal ralpatle tum ur  ant were hilled after 8¢ fayx Tw [ them
hai lymph n dc mela taex an! ne Jung m tasta ¢ One { the fum ur wa
tran planled t 7new! raral Thes were hille! after 16 davs when € hat tum urs,
2 with lung mcta ta e The tum urwa then serislly tean plantelfinam 1§ far
old rats (Fig 1) Tum ur materlal from the sec nianlthirdpa ag {115 train
were used [ ¢ the experim nts

ot thanispr 11of the trans lantable tur  ur —The gr wih anlthe hi U1 wical
apycarence [ the fum ur di1 n ¢ differ fr m that eatlier § seribed bn all g nele
tum ur b ostssstem (Ahistrom & J pes n 3962 S Heen 1967 1963) The Intivi lual
variati ns were n t1 < in svngenede than In all geneic sv tem

Irepariti n of tum ur suspenaisn —\ slight m tificatt n (Silde ¢ 1965) [ a
trapsin DNAase metl | deseribeLbs Walien € Burl (1961) wa u | The timour
cells were e unted in a Buerher hacmse t meter after Hiluti n 1 100 in physi | sical
saline containing 00 yer cent co in Onls unc 1 ur 1 ¢ 15 ing™) eclls were ¢ unted.

RESLITS

Intramuseular inmours 1n the thish The matenal consisted of 48
female rats waphing about 170 ¢ and disided into 2 cqual proups Thesy
were inoculated intrimuscularly o the left thigh with 107 Jiving
tumour cetls 1 rom 2 days hefore the injection of tumour until the end
of the experiment 24 of the rits were treated with 2 o mg hvdrocorticony
acetate (Hydrocortll Pharmucts) subeutancously an the nght thich
while the other 24 rats were treated with NGl The rats were kalled
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Rous rat sarcoma. La treated rats

3 weehs after the tumour mjection Al had tumours at the site of n
section The averag tumour volumes (% = 05236 & & mean drmeter
of the tumour) were 203 em? for the hydrocorhisone freated rats and
238 cm? for the controls The differcnce was not sigmficant The
average carcass weight (withont tumour) was 180 ¢ mn the hydro
cortisone group 235 g in the control group The differenie wis sipm
ficant \o certan histological differences could he found n the strue
ture of thy primary tumours mn the 2 groups In 6 of the hydrocortisone
treated rats howover there was a slicht tendenes towards disintegn
tion of the stroma with loosening, of the tumour ailis (Fig 2)

One of the control rals shoned metastases 1 the tumbar Iy mph nodes
whereas 7 of the hydrocorticonc treated rats had metastases in the
regional nodes (lumbar or mguinal) Thrce otlter hydrocortisone rals
showed metastases also wn more remote Jvmph nodes (renal essternd
or axllar) 1nd in the lungs

Treatment with hydrocortisone thus resulted i an mere wsed sprend
of the mtramuscular tumours 1 the thigh to hinph nodcs nd tungs

Infravenous injection of lumour cells —“meleen female rits wegh
g about 200 g were wocwlated intravenously anto a tail vem with
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Rous rat sarcoma Hvdrocortisone treated rat Disintegration of stroma and

loosening of tumour cells.

5 X 10 Inmg tumour cells Eight of them werc treated on 2 davs hefore
the injection of the tumour and throughout the «xperiment with 2 0 mg
hudrocortisone dails The other 11 rats served as controls The rats
were hilled on the 15th dav after the tumour mjection The weight of
the control rats varied betsceen 220-250 g (average 230 g) that of the
hidrocortisone treated ammals between 160-190 g (average 170 g)

Seven of the hydrocortisone treated rats and one of the controls had
widespread pulmonary tumours whereas the other rats showed no
pulmonary tumours \o rats had tumours outside the tungs The pulmo-
nar tumours often showed large central necroses

Triatment with hyvdrocortisone thus resulted 1n an increased fre-

quency of metistases m the lungs following ntravenous mjection of
tumour cells

DISCL SNSION

There was no guneral differcnee 1n respect of growth and spread of
Rous rat sarcoma 1n untreated rats in sy ngeneic tumounr host svstem
compared with that 1n allegencic svstem
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As to the cffect of hvdrocorlisone 1n the allogeneic system (Saldeen
1963) 18 of the 19 trcated rats against 2 of the 18 controls had lung
metastases after intruvenous injection of tumour cells In rats with
mtramuscular tumours 1 of 10 had metastases to the regional lymph
nodes only while the other 9 rats had metastases to more remote ly mph
nodes also One of 10 control rats had metastases in regional lymph
nodes

A comparison of the effect of hvdrocortisone on the spread of allo
geneie {Saldeen 1963) and syngeneic Rous rat sarcoma thus speahs
for hxvdrocortisone having almost 1dentical effect in the 2 systems after
mtruenous injection of tumour cells hut a more pronounced effect in
the allogeneie system than in the syngeneic on the spread of mtra
muscular tumours This may be due to small differences (not morpho
logtcally verified) hetween the tumour strains used 1n the two expen
ments e g 1n the present investigation only very early tumour passages
were used It seems not probable that the hvdrocortisone effect in the

allogeneic system occurred via an 1 1l enh t since
Raltss et al (1954) found no effcet of cortisone on metastases of allo
geneie tumounrs m mice subjected to 1 | 1 ent 1

Also 1 the svngeneic Rous rat sarcoma system there are lach of
complete genetical wdentity between tumour and host since Rous sar
comn of the strun used possesses common tumour specific antigen(s)
(Jonsson 1966)

The hyvdrocorisone may possibly act by modifving the discrepancy
between tumour and host

However 1t seems probable that hydrocortisone also has a direet
effect on the tumour spread :n addition {o its possible indirect effect
via thenfluence on tumour host relationship in transplantable systems
It have been shown earlier that cortisone promoles the spread of human
tumours (Iversen & Hyort 1958 Hartman & Sherlock 1961)

There are at least seven possible points of attack of 1n exogenous
factor on the lymphalic spread (Fig 3) The exogenonus agent may
act on

1) Primary tumour e g by altering the mutual eohesiveness

2) Tumour host interzone e g by modifsing the stromn reaction

3) Indiidual cancer cells eg by changing amchoid netrvity or sur

face propertics

Vascular tnvasion eg by modifving eapillary permeability

Vascular endothchum eg by altering the endothehal stichiness

{(Zerdman 7962)

6} Lymph eg by changing the coagulability

%) RLES eg by modifymg the phagoeyhic activity of the reticular
cells 1n the cortical sinus

R

The present investigation speaks in favour of hu_]mcorhsonc acting
on the first (Fig 2h) pomnt Hyvdrocortisone 1s howtver also known to
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Possitle points of attach of an exogenous factor un Iy mphatic spread See text

reduce the function of RLS and treatment by tls drug results 1
inselution of the lymphatic tissue It thus probably also promotes
sprend by acting on the last pont

No hustologieal differences were seen 1n the tumour host zone between
hydrocortisone freated rats and controls Neither were any differences
scen between the morphological picture of individual eancer cells 1
the Iymph nodes of cort sone treated rats and controls This howeser
of course does not excludithat hydrocortisone may modify the proper
ties of the cells

Hydrocortisone 1s not kndyn to nerease capillary permeahhity

Lhe haematogenie spread o \the tumour may have been influenced
by the effect of hydrocortisone on the stickiness of the vascular endo
thaium (Zewdman 1962) or the blood corgulaility 1 the pulmonary
vessels Tumour cells injected intravenously mto a tail vein can pass
the lungs in untreated mumals (Saldeen 1963) and are possibly trapped
to a greater purcentage in the lungs of hvdrocorbisonc treated rats As
almost all tumour cells are trapped by the lymph node sinus alvesdy 1n
untreated rats possible similar ¢ ifect ( Saldeen 1963) of hydroct rtivone

?ACTa kAT 701
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on stickiness and lymph coasulvbility in the Iymph node sinus are
prebablsy of rmnor imporiance

SUMMARY

Frcatment with hyvdrocortisone promoted tumour spread n rats with
early passages of transplantable Rout rat sarcoma n a highly inbred
brother sister mater strun It seems most probable that hydrocortisone
promotes the lymphatic spread of the tumour by acting on the primary
tumour and on the RL S
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EFFECTS OF NITROGEN MUSTARD
ON THE DEVELOPMENT OF EAPERIMENTAL
AMYLOIDOSIS IN MICE

By
PorL Raveoy
Recened 2.x166

An accelerating effect of mtrogen mustard on the formation of amvloid
deposits was demonstrated by TerJum 1n 1951 In Ins expenments mice
previously treated with casein for four weehs raprdly developed a wide
spread amvloidosis after three doses of 2 2-5 m,/hg mitrogen mustard
each sccond day while no or onlv a shght increase occurred in the
controls Earlter imvestigations by the same author had showed 2
simular acceleraling effect of cortisone and ACTH (Tedum 1952) In
the same wav x irradiation has heen shown to be able to promote
amslowd formation 1n mice (Christensen & Hyort 1929 1960) A com
mon feature of all these experiments was the observation that an
acceleration of the amiloidogentc process depended on the time of
admumstration of the proper accelerating agent Only when apphed
late m the experiment—that 15 near the end of the pnimary piromno

philic phase or in the second amvloid phase could acceleration be
constantly achieved On the ather hand when cortisone was given
before or simultaneousls with the amvloidogenic treatment—that 1s
during the imtial pyrommophihic phase formation of amyloid 1 mice
was mhibited or 1n some cases even prevented 1n spite of 6 weeks of
casein trealment This inhibition was found to involve a suppression of
the cellular prohiferations showing evtoplasmic pvronmnophilia (Christ

ensen 1961) These seemngly contradictory effects of cortisone support
the two phase theory of loeal amslowd formation § Teifum 1964) and
1t has been anticipated that other agents mav exhibit the same pattern
of inhibition acceleration dependmg on dose and time of administration
during amvloid induction Recentls heterologous antilvmphoestic se

rum has proved effective m preventing amyloid formation in casemn

treated mice when apphied durm, the mitial pvromnophibc phase
(Ranloy 1967) In the following the effects of nitrogen mustard on
amylowd formation m easein treated mice will be shown to var de

pending on the time of admimstration

Th s 1n estigation was supported ty The Danish L ague Aga nst Rh umat sm
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MATERIAL SAND METHODS

ST/a mice of equal sex distribution 3-4 months of age were used after randomiza
tien They were divided as follows

Group 1

15 mice were treated for 4 weeks with daily subeutancous mnjections 5 Limes a
weeh of 05 ml 5 per cent sodium caseinate 1n 22 per cent NaOH—a total of %0
caseid m)ections Simultancously nitrogen mustard was administered every second
dav (monda)-wednesday—fraday) for 4 weeks 002 mg mitrogen mustard {FrasolB)
1 02 ml nermal saline was injected subcutancously im the back—a total of 17
injections

Group II

16 mice were casem treated a described above In addition 1° subeutaneous
jections of §° ml normal saline were given as described for nitrogen mustard
above

Group 1T

12 muce were treated essentially as thase of group II At the end of 4 weehs a
course of 3 nitrogen mustard njechions was adfium teted over 5 dags (each dose
002 mg/0 ® m) normal saline)

Group I}

16 nuce were treated for 4 weeks with daily subcutaneou imections 5 times a
week of 05 m} normal salie—a total of 20 injections Simultaneously mitrogen
mustard was administered as described for group 1

‘The day after the last injections all anmmals were killed with ether inhzlation
and the following Yissues were fixed 1 peatral formahm  spleen Iner kidney
adrenal 1ium lymph node lung and thymus Paraffin embedded sections were
stained with methyl green pyromin haematoxylin ensin alkaline Congo red and
the P(4S techmique The grading of amyloidosis in mdividual anmals was a
subjective estumation based on the broadness of the regular perafollicular amyloid
rings in the spleens as descrsbed by Christensen € Hyort (1909)

TABLE 1
The Fifect of Vitrogen Mustard on Amylaud Formation 1n Varwous Grouys of
Casein Treated and Control Mice

Number of mice developing Mean degree of
Group Treatment amylowdostsitatal amylaidosts
casetn +
! mitrogen mustard /s ++
n caseln + salime 15/15 +4+++
casemn + saline
jild fotlowed by 10 R
natrogen mustard
saline + 0
n mitrogen mustard 16
RESULITS

Fhe main results of the present experniment are outhined 1 Table 1 It
appears that both the incidence and severity of amvlowdosis were se
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duced 1n casein treated mice simuliancously treated with mtrogen
mustard (group I) as compared to mice casein treated alone (group IT)
In contrast mice which after the completion of 4 weeks of casein treat
ment recenved a short course of nitrogen mustard treatment {group III)
showed an inercase i the mean degree of amyloidosis as compared to
mice casem treated alone That nitrogen mustard alone can not be con
sidered amvloidogentc 1s evident from the Hgures of group It

Among the mmmals of group I 4 mice fasled to develop amylord at all
1 spite of 4 weehs of casem treatment In these 4 mice the dominating
histological feature was a marked depletion of Imphoid tissue espec:
alls pronounced 1n the spleen (F1g 1) which also showed a rather
marhed pyrominophitha P AS stamming reticular cells were scldomly
found In the remaming 11 mce splenic amsloid was found typicalls
arranged around the depleted \Malpighian corpuseles (Fig 2) 1n
amounts ranging from grade + + to grade + + + (mean ++) Only
a few of the animals of this group had recogmzable amsloid deposits
m Iiver or hidneys In contrast mice of group II which were casemn
trented for 4 weeks without recening mitrogen mustard all exhibited
a heavy splenic amvlowdosis (Fig 3) ranging from grade + + + to
+++++ (mean ++ + +) Inaddiion all of these animals showed
hepatic and renal amylord deposits An even more pronounced amyloid
osis was found among the ammals of group 11l which affer 4 weeks of
casein recened a short course of mitrogen mustard treatment In
comparison onls 1 out of 16 mice (group IV ) nitrogen mustard treated
for 4 weehs showed splemie amvlod and only to a very small extent
The remaming 15 mice had no detectable signs of amsloidosis the
predominant leston being a rather heawy Ivmphord depletion (Fig 4)

In group I pyrommnophiha of splemic reticular cells was marked
especialls n the perifollicular areas In the groups II and III this pvro-
nmophiha was found to be less pronounced while PA S positive rett
cular cells were frequentls found n the border zones of the amyload
deposits In group IV py romnophilia was modest

The amsloid was identified by its pink stuning wath Congo red
which under crossed polars showed a brillant green birefringence It
was shghtly cosinophilic and stamed hght purple with the P 4 § stamn

except for the small new formed amsloid deposits which stamned
ndhy purple

DISCLSSION

The results of the present experiment indicate that nitrogen mustard
when applied early during the course of an amylowdogenic treatment
may inhibit and 1n some cases preveat amsloid formation lts mechan
1sm of action in these respeets 1s probably akin to the stmilar amylordo-
sis inhimting effect of cortisony (Christensen 1961) ond of antt
Ivmphocstic serum (Ranlos 1967) when 1pplied from the beginming
of the casemn treatment In all these cases the effect most probabls
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relies on a suppresston of the immune response which 1s believed to
mitite the amyloidogenic process and which reflects atself in the
pyronmophilia so charactenistie of the reticular tissues (especrally the
spleen) duning the imtial preamylowd phase of experimental amyloido
s1s Both in the experiments of Christensen (1961) using cortisone and
m the present investigation a suppression or postpoming of the primary
pyromnophilic phase of amyloid formation was evident However the
present results show a somewhat less pronounced amyloidosis inhubit
ng effect of nitrogen mustard than that of corhisone and anhlympho
eylic serum This 15 believed to be 4 question of dosage If a sufficient
suppression of the ymmune apparatus 1s not achieved the result may
actually be an enhancement of the amyloidosts Ths 1s 1llustrated by
the acceleration of casemn induced amyloidosis tn mce subjected to
adult thymectomy prior to the casein treatment (hanlop 1966 a) or to
sublethal 1rradiation (Turunen & Tewr 1961)

The varlous experiments i which cortisone and mirogen mustard
have been shown to mhubit amvioid formation when apphed early
during the first few weehs of casein treatment sviewed together with
the experiments in which the same two compounds applied late in the
course of an amyloidogemic treatment have been shown to enhance
amyloid formation (Tefum 1902 1951) are by no means confheting
On the contrary they offer a perfect illustration of the two phase
cellular theory of local amyloid formation (Tedum 1964) The mtal
preamyloid phase charaeterized by proliferation of pyrominophilic
protein synth g cells 1s the pr 1on of the second amvylod
phase which s characterized by the functional break down of protemn
svnthesizing cells 1n the face of a prolonged antigenic shimulation of
the mesenchyme The result 15 the deposttion tn sifu of abnormal pro
tewns (amylowd) Inhibition of the former phase precludes the develop
ment of the latter Inibition of the Iatter will promote the immnent
breah down therehy enhancing the subsequent amvlowd formation

Figs 1-.

Section of spleen from mouse after § echs of combined treatment with
casein and n trogen mustard The splecnhows marked Iymphoid depletion
but no amyloid Haematoxylim eas v x 35
Section of spleen from mouse aftcr 4 w ehs of combm d tre tment with
casein and mitrogen mustard Th pleen shows Ivmphoid depletion and
small amounts of amylowd arranyed in the pertfollicular regions (frade
++) Haematotylin eosin X 35
Section of spleen from mouse after 4 weeks of casein treatment how ng
grade + -+ 4+ amyloidosis Ha matoxvlm eosin X 3
Fig 4 Sectian of pleen from mouse afte 4 weeks treatment with nitrog n mustard

¢ e lymphord depletion o am lo d Haematovshn cosn ~ 1

Fig 1

Fg

S

Fig 3
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SUMMARY

It 1s known that cortisone may mhibit amyloid formation m mice when
adnunsterd prior to and duning the first few weeks of casem treat
ment while it may enhance the mylowdosts when given late in the
course of an amylordogenic treatment A similar amylowd enhancing
effect of mtrogen mustard has been described

In order to cvaluate the effect of the time of administration mitrogen
mustard was injeeted into groups of mice at various stages dunng
casem treatment It appeared that both the the ineidence and scventy
of amylowdosis was reduced 1 casein treated mice simultancously
treated with mitrogen mustard from the beginning of the experiment
as compared to mice casein treated alonc

The results are diseussed in hght of the two phase cellular theory
of local amyloid secretion
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I'HE FUNCTION OF THE ADRENAL CORTEX
IN MICE WITH SPONTANEOUS ADRENOCORTICAL
LIPID DEPLETION

By

Jan H Soreym
Recened 29 11 66

A spontancously occurring lipid deplehion of the adrenal cortex in mice
of the AKR/O stram has been described by Arnesen (1930 and 1956)
The limd depletion coincides with sexual maturation in both sexes and
15 due to the effect of a single recessive gene the adrenocartical ipd
depletion gene Prepubertal gonadectomy prevents the Iimd depletion
from taking place Hybridization experiments were carried out between
the high leukhemia AKR/O and the non leukemie W LO stram One of
the resulting hybrid Ies designated €S has mamtamed the adreno
cortical hipid depletion and the inhented suscephibilify to Iymphatic
leukerma denived from ARR/O strain however with a shghtly reduced
meidence of leukemia (Arnesen 1963 and 1961 1) The hmd content of
the adrenal cortex can easily be estimated by nspection of the glands
through laparotomy during hfe or by autopsv The normal hpid rich
adrenal 1s bright yellow whereas the lipid depleted adrenal 1s red The
ongmn and charactenistics of the WLO stramn which has been used for
comparative studies 1n the present work are described by hreyberg
(1952)

It 15 not possible to make any generahzation as to a correlation be
tween the amount of lipid as seen histologically in frozen sections
stamed with Sudan III and the functional state of the gland An
adrenocortical lipid deplebion as such 1s compatible hoth with bhyper
function and with hypofunction of the adrenal cortex Wefcalf (19b0)
who confirmed the evistence of the spontaneous adrenocortical ipid
depletion described by Arnesen (1956) in the ARR stramn stated that

the adrenal in ARR mice 1s by pofunctional with respect fo production

Fellow of the Norwegian Cancer Snciet (Land fo cming o mot hreft)

F nanciel support for this study has been e ed from Vordish Insul nfond the
Norwegian Rescarch Council for Stience and the Humamiftes and Fru dr Ludo &
Larsens Iegat til hreflens bekjempelse The author s greatly mdebted to Mi s Eln
Jérgensen for her v luable lechnical as 1stance The author w1 hes Lo expre s his
appreciation for g fts f Acortan (4ct n) and ACTH peptide to Ferring A B Malmo
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Fig t
LS male 12 weeks ald Adrenal gland Spontancous cortical hipid completion
Sudan 11 X 43

Fig 2
W10 male 12 weehs old Adrenal gland \ormal cortical lipud pattern
Sudan 111 ¥ 43

of hvmphocviolvtic sterords  Lemne & Treiman (1964) found = de
creased response to stress m AKR miee The authors ohsersed an um
pared nise of plasma corticosterone lexels in ARR miee after an eleetne
stioch when compared with controf animals Arnesen (1664 5j on the
ofber hand found that 1n mice with spontaneous adrenocortical hpd
depletion treatment wath cortisone reversed the imd pattern and the
cyviolozical details of the cortical (fasctenlata) cells to conditions found
1 most stramns of mice These observations suggestid that the spon
tancous hmd depletion might be the result of meresed prtuitary
stimulation of the adrenal cortex The nuthor stressed howeser that
defimte conclusions n this respeet were not vt possible

The purposc of the present studs 1s to mvestigate the adrenocortied
funchon i male CS mice and 10 males of the WO strun In Figs 1
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and 2 the characteristic liptd pattern of the two stramns are depicted
Fig 2 represcnling the normal one Ve were primarily interested in
measuring the plasma corticosterone levels in ACTH stimulated am
mals Furthermore 1t was mmed to determie the corhicosterone con
tent of the adrenals 1n resting ammals and to carry out in piiro studies
on the production of corticosterords 1 adrenal glands incubated with
ACTH

MATFRIAL AND METHODS
Ammals

\lale mice of the CS and WLO strains were used In order to procure CS mice for
the experiments all matings of all animals 1nce 1963 have heen arranged by the
anth rin the Department of Pathology Ulleval Hospital The strain has been mamn
taimed by brother-to sister matings Since 1962 10 the same nstitution the author
has arranged all matings of WLO ammals to raise a sufficient number of WLO
males for the present study The strain has been maiatamed by brother-to sister
matings or father-to daughter matings 1f a brother was lacking

As a routine the young mice were separated from their parents and Littermates at
weanmg during their 4th week The males were hept ysolated 1a smgle cages measur
ring 12 X 79 X 12 em with opaque plastic walls m their 12th week at which llme
they were killed When plasma cor
pubertal muce the anumals were not remosed from the breedimg cages unm nm s
of expertment However when the study sncluded mvestigations of adrenals frem
prepubertal male the animals were 1solated from the age of 3 weehs The muce
were then kept 1n single cages as outlined above for another week before the
espertments were carried ont

ALl details concerning the conditions 1n the animal house the housing and feeding
af the mice are given elsewhere (Solem 1966) The mean weights of the animals are
grven with the results (see the tables)

All possible precautions were taken that CS mice and controls were raised and
housed under 1dentical conditions During the varion procedures included 1n the
mvestigations the anumals were handled 1n the same wa and great care was taken
that every step of each expermment should be )dentical for the CS and WLO mice
In all expertments where blood or adrenal tissue was collected from €S mice 1t was
©mfirmed by 1nspection that the gross colour of the adrenal glands corresponded to
the age of the amimals In 12 week-old CS males the Lipyd depleted adrenals have a
deep reddish colour resembling the colour of hidmev tissuc without a trace of
dellow as previously deseribed by 4 nesen (1926) 1n the ARR/O mouse Plasma and
adrenals from young CS males 3— weeks of age were only included n the j resent
study when gross mnspection had shown that the adrenals had the usual bright
vellow colour found in most normal strain_of mice indicating that Iipid depletion
had not vet taken place As a rare find ng the colour of the adrenal glands in these

young CS males was appraised to be doubtful or even reddish and such ammals
were excluded from the experiments

Experimental Procedures and Agents

According to our previous experience it 1s extremely difficult to obtain rehable
true re ting values of plasma corticoster ne in muce (Solem 1966) In the present
study we therefore carried ogt a very limited number only of plasma analyses 10
resting (S and WLO mice 12 weehs of age The data not included 10 th s paper
showed no signsficant strain difference 1n the plasma cort costeroids of adult males
However in several experiments pla ma ¢ rtico te one was Mmeasured 1 blood
collected from amimals smul ted with 4CTH As a standa d_procedure 100 mU
were given subfttaneously in a single inje G n and the ammals sacrificed 60 m:
nutes thereafter Al details of the perform n e Of the ACTH stimulat on are d s
cussed i a pee sous paper (Sofem 1966 M e of lhe two 1 ans were alwavs in
Jected w th the same b tch pumber of ¢ 1t tr ph o

1 The following bat b number of A ortan (Acto ortin) Ferring AB  Malmo
Sweden were used 63071 and 6300
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We were inlerested in examining a possible difference 1n the corticoid content of
the hipid depleted adrenal glands of CS mice and the normal adrenals of WLO mice
The material for these stuties was provided from 12-wech-old resting males of the
two strains

The out put of corticosteroids from the adrenals was msestigated by tn pitro
studies Adrenal glands from resting S mice and controls were incubated wath
ACTH peptide and the amount of corticoids was measured in the incubation medium
The adrenals from the two stramns werc alnavs ncubated with the same batch
number of ACTH peptide

ent of Plasma C

The sampling of blood was perfarmed by collecting arterio venous blood n
heparinized centrifuge tubes from the trunk portion of mice rapidly decapitated
with a pair of scissors without anacsthe 12 When blood was pooled the Iipid con
tent of the adrenals of each mouse was alwavs estimated through inspection of the
colour of the adrenals post mortem

Determinatian of plasma corticosteroids was carrred out on 050 ml aliquots »f
plasma according to a modification of the fluoremetric method of Siber Busch €
Oslapas (1958) and Cuillemin Clayton Smuth & Lipscomb (1958) elaborated and
evaluated by Solem & Brinch-Johnsen (1965) The Jevels of corticnids were ex
pressed as ag corticosterone per 100 ml plasma The 050 ml plasma ahquot for
analvsis dernved from hlood pocled from 2 to 3 mice Occasionalls an aliquot of
025 ml plasma was anahsed

In a limited number of 10 ml plasma aliquots we separated the fractions of
bound and unb d cort, using gel The cort 1w the
different fractions of the cluate were determined as corticosterone with the fluoro-
metric procedure referred to above The gel filtrations were carried out accor hng
to the method described by De Moor et al (196} and the details of the performance
of the gel separation in our lahoratory are prescnted i1n a preceding paper (Solem
1966)

Measurement of Adrenal Corticosterone Content

All precautions were tahen to oblain the adrenal glands while the animals were
in a resting state at 08 00 am A procedure 1dentical to that described 1n a r cent
study (Solem 1966) to altamn true resting values of plasma cortic)isteronc was
used The animals were hilled by cervical dislocation €S and WLO males were
sacrificed alternatingls The adrenals were rapidly removed immediatels frozen
on dry 1ce and kept frozen for 74 hours The glands were then carefully dis ecled
at room temperature The adrenals from 10 animals of each strain were separatel
peoled weighed on an analvtical bslance and thoroughly disintegrated in 10 ml
distilled water using a ISE Homogeniser3 To the tissue suspensi n wa addel
another 10 m! distilled water which simultaneously was used for removing § articles
of adrenal tissue adherent to the cutter Blades and washing them into the glass
container The 20 ml diluted tissue suspension 1n the ccntaner was then divided as
exactly as possible in 1w equal parts and transferred to two glass stoppered ccn
trifuge tubes and from this step on the analysis was carried out in duplicate The
procedure was the following

The approximatels 10 ml tissue suspension 1o each tube was exiracte { thrice with
15 ml methslene chloride as described 1n a prestous paper (Solem € Brinck-Johnsen
1962) The total extract was gradualls evaporated under N and ultimately brought
1o dryness The residue was dissoled 1n ® ml g elrcleum ether by gentle inversion of
the tube by hand 10 tumes A partition with 70 per cent ethancl was perf rmed
first with 10 ml once then twice with 6 ml Bctween each partilr n which was
performed by shaling 100 times by hand the first time gentlv and later mere
vigourously a 5 minutes centrifugatsm at ® 000 rpm 4 was carned out The cthannl

ACTH peplide Terning AB VMalm  Sweden Batuh ne 174 140 IU (intra

svenously) per mg
3 Measuring and Scienbific Fquipment Lid 1 ndon Fugland  (Catalogue o
7700) 1 ropeller thpe
1 gralue 1080
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was evaporated under N 1o a volume of about 15 ml and extracted thrice with 15 ml
methilene chloride The final extract was esaporated under \ and brought to
dryness and was reads for aphy e chi was cartied out
as previously described (Solem & Brinck Johnsen 1965) For computing purposes
duplicates of a corticosierone standard 030 pg with 10 m] distilled water added
and a water blank of 10 ml were carried through the whole procedure alang with
the adrenal tissue samples To locate the corticosterone derived from the adremal
tissue suspension 24 #g cort: osterone were simultaneoushy chromatographed on a
vacant strip of the same paper The further procedure was then as described pre
vioushy when carrving out measurements of plasma corticosterone after chromato
graphy (Solem & Brinch-Johnsen 1965) The amount of corti osteroids was ex
pressed as ug corticostesone per 100 mg adrenal tissue and per parr adrenal glands

A deseription of the reagents and equi used in these p was pre
sented 10 the paper by Solem & Brinch-Johnsen (1962)

of the C ton by Mouse idrenals

Incubated with ACTH

The in vitro method described here 1 almost the same as that of Saffran & Shally
{1935) as modified by Van der 11es (1927) Sixteen mice (8 CS and § WLO males)
were used for each experiment All precautions were tahen to avord eveitmg the
ammals and causing a possible actnation of the prtustary adrenocortical svstem
on the day of exper ment which started at 08 00 am The singly housed animals
were hilled one by one by rapid cervical dislocation €S and WLO mice Twere sacri
ficed alternatinghy The adrenals were remo ed fr¢m each mouse rolled gently on
a drv filter paper freed from adhering tissue carefully bisected and each half was
placed on one of 160 pieces of tinforl hept 1n a petr: dish lined with morstened friter
paper The bisection was performed as accurate as possible so that two almost equal
halves were cut from each adrenal The two petr: dishes one for the adrenat hal es
from the CS mi e distributed on two tinforl preces and another correspondinghy con
tasning the WLO adrenal halves were hept cooled on crushed ice At the end of
distribution the four tinforl pieces wrth the adrenal tissues were weighed on an
anabytical balance The adrenal halves were then placed 1n four 50 mi glass stop
vered Erlenmeyer flasks Each flask contamned 5 ml of hrebs Ringer bicarbonate
glucose medium prepared according to Van der Vies {1%37) and whi h had pre
viously been bubbled with a mixture of 95 per cent O and 5 per cent CO_ for 10
msnutes The { flasks were mounted well flushed with the gas mentioned above
and shahen at 38 C for one hour (premn ubation period) After the preincubation
period the medium from the flasks was suched off as completelv as possible and
replaced with 5 m] of fresh medim To each flash Wwas then added 35 U ACTH m
2 volume of 01 m! and the flask again wcll flushed with the mixture of %a per cent

— 5 per cent CO- The adrenals v ere then shaken for t o hours (incubation

pertod) it the end of the first hour the same dose of ACTH was added to the
medium making the t tal amount of ACTH 1n cach flask 7 IL After the 1acubation
period the medium vas remosed to four glass stoppered ccntrifuge tubcs labelled
CST CS I WLO I and WLO Il For the transfer 5 ml distilled water was used for
each flash to sccure the complete remaval of the med um From thus step the
analisis was carr ed out 1n dupheate according to the following procedure

The med um was extracted twice % th 15 ml methylene chin de as d sebed m
a preceding paper (Solem & Brinch Johnsen 196a) The total extr ct was gradually
cvaporated under N and finalls lrought to dryme and was then re dy for
h he ch was carr ed out 1n the ame way as described
eatlier (Solem & B mch-Johnsen 1962) Duplicate of a orticosteron standard 12
¢ with 10 ml destill d water added and a water blanh of 10 ml we e run with the
eslracts of the swcubati>n media To onme of the t ps of chromatography paper
were applied 24 ug corticosterone for locat ng th  urticosterone de 1 ed f om the
extracts and the standard Concerming th fn | p o edi & ncludmg elut on and
fluorometric measur ment of the cortico te 1 We T fer to the above menti ned
publication The amount of corticoste md m ur d n the medium after ® hours

S The SCTH pept e+ as d ssolved 1n 0075 N\ & etic acid and diluted with sal ne
to a concentration f 35 IU per ml The sclut on w s freshlv prepared f r each
espcriment
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ncubation of the adrenals wuth ACTH was expressed as ag corticosterone per 100
my, adrenal tissue and per two adrenal glands
Statistical Yethods

Differences were tested for statistical significance by means of the t-test

Precision has been assessed from pairs of measurements by means of the stand
ard error of measurement
/A
l 2

where D 1s the differences and n the number of pairs

RESULTS
Plasma Corticosterone I evels after Stimulalion unth ACTH

Sixty minutes after subcutaneous injection of ACTH the plasma
corticosterone m 12 week old male mice of the CS strain had reached
a level which was distinetly lower than that observed n stimulatcd
control amumls {Table 1) The response to ACTH i 3 weeh old CS
males was on the other hand virtually wdentical with that obtmuned in
W LO male mice of the same age

TABLE 1
Plasma Corticosterone in 3~ and 12-V eek-OId €S and W LO Vale Vice 60 Minutes
after Subcutaneous Injection of 100 mU ACTH

No of samples Plasma corticosterone
Awmals  (AB (each a pool from (ug per 100 ml) Standard
210 3 mice) Mean  Range
[%3 3 10 517 449 623 3f
WLO 3 10 530 451-648 36
S 12 20 322 271-377 37
WLO 12 20 471 344-470 49

Mean weight
CS mice 3 weeks old 122 g (range 85 145 §)
CS mice 1% weeks old 739 g (range 195-75% &)
WLO mice 3 weeks old 113 ¢ (range 80 130 g)
WLO mice 12 weeks old 21 g (range 165-240 £)

Using gel filtration we separated the fractions of bound and unbound
corticosteroids 1n plasma pooled from 12 weeh old animals after ACTH
stimulation The ammals had been housed 1solated from woaning
Table 2 shows that the reduced response to ACTH observed i adult
CS males 1s due fo 1 repressed 1ncrease of both frictions of cortico
sterone

Adrenal Corlicosterone Conlent

The content of corticosterone measured 1n the adrenal glands i rest
mg CS males 12 weehs of age was found fo be lower than that of the

controls (Table 3)
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TABIF 3
Corticosterone Content 1n Mouse Adrenals The Amtmals Wer 12-W eeh-0ld C5 and
WLO Males Sungly Housed and Resting All Data Given Represent the Means
of Duplicate Samples

Corticosterone W esght of
Fxperiment Mo of content ag/ Corticosterane " jronal
o mice 100 mg adrenal _€Ontent oy parr
asne pair adrenals me
CS mice
10 0502 00106 211
10 0417 00101 242
3 10 0412 00091 291
3 10 0398 0009 23
Mean 0432 00098 236
Standard deviation 0047 00007
Standard error of
measurement (based on
the differences obsersed 003 06007
sn the duplicates)
WLO micet vssr i .
1 10 5 00120 201
10 0606 00143 236
3 10 0644 00138 216
1 10 0555 00122 220
ean 0600 00131 218
Standard deviation 0037 00012

Standard error of
measurement (based on

the differences abserved 002 00005
+a the dup hicates)

VMean weight CS mice 241 g (range 205-265 g)
1 Mean weight WLO mice  2°3 g (range 175-250 g)

The Corticosterone Produclion by Mouse Adrenals Incubaled
wilh ACTH Y

Table ¢ shows the results of the i vitro studies The production of
corticosterone by adrenal glands of 12 week old CS males was found
to be markedly lowcr than by the adrenals from WLO male mice of
the same age However the corticosteroid produchon in adrenals from
prepubertal malcs of both struns was observed to be within the same
range (Table 5)

DISCUSSION

The hipid depletion of the adrenal cortex m mice of the CS strain 18
known to comerde with sexual maturation

The obsersations made 1n the present studv have not revealed ans
ifference 1n the adrenocortical function of prepubertal CS males 3 1o
4 weeks old and of W LO males of the same age
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TABLE 4
Corticosterone Production 1n vitro in Mouse idrenals Incubated with ACTII The
Ammals Were 12-Week-Old €S and WLO Males Singly Housed and Resting The
Adrenals W ere Removed and Bisected After Preincubation the idrenal Halves Were
Incubated with ACTH for 2 Hours and the imount of Corticosterone in the Medium
Was Veasured Al Data Given Represent the Means of Duplicate Samples

Cor Cor
Expeniment  “o of production 4g/ production agf o €10t of
No mice 100 mg adrenal 2 adrenals/ adrenals
tissuef2 hours 2 hours mE
€S mice
1 8 4419 1”1 273
Pl 8 1303 110 255
3 8 4314 128 293
3 13 1693 i In
5 8 4432 113 254
H 3 3969 103 260
Mean 4354 119 273
Standard deviation 238 013

Standard error of
measurement (based on

the differences observed 275 0w
1n the duphcates)

WLO micet
1 8 8866 231 261
2 8 8336 241 289
3 8 8369 184 221
4 8 8613 20a 238
5 8 8392 229 257
8 8 8819 226 255
Mean 8649 219 4
Standard dgvmﬁm g 54 021 #®
Standard error Of

measurement {(based on
the differences observed 604 o
1n the duplicates)

Mean weight €S mice

216 20 0-7
T Mean werght WLO mice € (ranse P

279 g (range 170-760 )

The results of the investigations performed on adult 12 weeh old
male mice are on the other hand pombing towards a reduced produc
tion of corficosterone by the adrenal glands of CS males of this age

First this assumption 1s supported by the results of the wn vilre
studies

Secondythe poorer response to corticotrophin measured by the re
pressefyiyzrease m plasma corticosterone levels after ACTH stimula
tion sugges hvpofunctional adrenals in adult male mice Since the
peripheral plasma corticostermd levels represent a balance between
the rates of synthesis release utilization and degradation of the hor
mone 1t 1s more difficult to interpret the results of plasma analvses

3 craratn 701
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TABIT %
CGorticosterone Production in vitro 1n Mouse Adrenals Incubated with ACTH The
Antmals Were 5-Week-0Id (S and WLO Vales Singly Housed and Resting The
Adrenals Were Removed and Bisected Afler I retncubation the Adrenal Halves Were
Incubated with ACTH for 2 Hours and the \mount of € orticosterone in the Mediym
Vas Mensured All Data Gwen Represent the Veans of Dupliente Samyles

Corticosterone Cortlec sterone Weight of
Experiment  No of production #g/ production g/ P ‘;
o mice 100 mg adrenal 2 adrenals! adrenals
tssuc/? hours 2 hours ok
CS mice
1 [ 9688 124 178
2 8 9149 118 129
Mean 9419 121 129
Standard deviation 381 004
Standard crror of
measurement (based on
the diffcrences observed 30 029
11t the duy hieates)
WLO micef
1 8 9211 116 1%
2 8 8790 112 130
Mean 2001 14 173
Standard desration 282 003
Standard error of
measurement (based on
the diffcrences obsersed 6t o010
in the duplicates)
Mean weight CS muce 125 g (range 90 145 ¢

+ Mean weight WLO mice 116 g (range 80 130 g)

Howcver held together with he outcome of the incub bions of adrenals
with ACTH 1t scems justified to conclude that the results of the plisma
analvses too are speaking i favour of an adrenal hypofunction

Third the lower corticostcrone content demonsirated in the drendd
glands of 12 weck old (S males 1s const tenl with a hypofunction ¢ sl
feast 15 a finding Which 1s not contrdictory to 1 deercascd produchion
of eorticosterone by the adrenals However no generahization 1 pos
sible as to the relationship between the corticosterord content and the
secretory rate of the adrend glinds Our finding gives on the otir
hand additional support to the statement of Arnesen (1963} that the
storage of sterotds s reduced or 2bohished in permancntly depleted
adrenal glands

The adrenal corlex of adult 12 week old male mice of the (5 strun
ts hnown to be [iptd depleted The adrenacortical lipid deplction 3
such says nothing as to the funchional «ate of the €S adrenal cortex
Loss of Iipuds of the adrenal corlex mght 25 well be found after h):;:n
physectomy as be the result of hyperfunction of the gland n the
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latter case indicating & discharge of cortical hpids Taken one by one
none of the findings 1n the present studs 1s necessarly ndicative of
adrenal hypofunction However their association makes 1t hikely that
the adrenal gland of the adult male CS mouse 1s hypofunctional at
least with respect to corticosterone production

The last reservation 15 tahen with an eye to the finding of Arnesen
(1963) that the corhical cells in the hpid depleted adrenals of the adult
CS muce were very rich 1n mitochondria Arnesen stated that this find
1ng was hardly compatible with the concept that the spontaneous lipid
depletion reflected a state of permanent hypofunction of the cortex as
postulated by Vetcalf {1960) Arncsen stressed however that the term
function 1n this connection was equnocal One lhing was the total
or partial funciion 1n terms of specific hormone production another
was the basic and unspecific metabolic actrvity of the cells The state
ment of Arnesen and the findings m our present sindy are therefore
not necessanly conflicting The possibihity remamns that the synthests
of corticosterone 1n the adrenal glands of the adult C5 male m some
way or other 1s reduced In order to secrcie the corticosteroids nec
essary to assure homeostasiy the basic metabolic activty of the cortical
cells might be enhanced and the cells present themselves as hyper
active 1n the ultrastructural picture as shown by Volbert & Arnesen
(1960) More definite conclustons concerming the hypothesis here ad
vanced are not yet possible

SUMMARY

The adrenocortical function of male mice of the CS strain has been
mvestigated The prepubertal CS mice are hnown to have normal hypd
pattern of the adrenal cortex whereas the elder adulf CS mice have
a spontaneous permanent bmd depletion of the adrenal cortex The
experiments mcluded measurements of plasma corticosterone in ACTH
stimulated arumals determinations of the costicosterone content of the
adrenals in resting mice and measurement of the corficosterone pro
duction i viro 1 adrenals wncubated with ACTH The inbred stram
WLO with normal adrenocortical hpnd pattern was used for compara
tive studies

The study did not reveal anv abnormalities 1n the adrenacortical
function of prepubertal CS malc mice The result of the investigations
on adult CS males 12 weehs of age were lighly suggestive of reduced
production of corticosterone by the adrenal cortex
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CHROMOSOMAL ANALYSES OF ROUS SARCOMAS
IN MICE—COMPARISON BETWEEN THE FINDINGS IN
THE TUMOUR AND IN MATERIAL EXPLANTED
IN VITRO
Bg

JoAacHD MARK
Recerved 8 1 67

In a previous mnveshigation the chromosomal picture was analised 1
91 primary Rous sarcomas n mice (VWarh 1967 h) About 40 per cent
of the tumours had a normal diploid stemhne Among the heteroplond

the steml bers ranged from 37 to 84 Hvperdiplowd and
tetraploid tumours 28 and 14 per cent respectivels were the other two
major T ts of the ch. 1 spectrum while hypodiplord

pseudodiploid and triploid sarcomas formed minor groups These re
sults were hased on the findings obtained 1n fixations taken directly
from the tumour (D} In fixations from tumour mater1nl explanted tn
vitro for a short period (Pe) 20 hours-7days a deviating chromo-
somal picture was a common finding A comparison hetween the find
ngs 1n D and Pe from the same sarcoma was possible 1n the 81 tumours
studied by both methods

Among the 81 49 hadah Yord 1 mD In Pe
only about ¥ of these heteroploid sarcomas showed the same or 2
similar stemline however and nearly 3: had a normal  diplewd
stemline In this last group the stemline found i D had disap-
peared completels 1n approsimatels 13 of the ecases and mn approui
mately 151t was refound as a sidehime Finallv a small group about
8 per cent of the sarcamas wath  heteroplowd stembine D showed
a new heteroplold stemhne 1n Pe This in pifro normahzation of the
chromosomal picture naturallv did not apply to primary sarcomas with
normal diplord stemhine in D Many of them however had one or
several heteroplowd sidelines which were sometimes subjected to nor
malization i y1tro As i previous group there were onh a few m
stances of new heteroploid stem sidelines i Po

This tvpe of difference between D and Pc mamfested as occurrence

ts work was supp ted by grants from the Natidnal Institutes of Health L.5 4
(€A 6415) and by grants { om the Sw dish Can er Saciety
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of new heteroplaid stem sidelines 1 Pc was regarded as an example
of differential growth rate 12 pitro for tumour cells as discussed earlier
(Vark 1967 b) Concerning the other tvpe of difference between D and
Pc apparent as a normakliznihion of the chromosomal picture 1n Pc
arose the question of the real nature of the cells with 1 normal diplord
harvotype Two possibilities seemed to exist (1) Outgrowth in piiro
of normal stroma cells present i the cutfured tumour fragments (2}
Otergrowth tn miro of a common second tumour stemling with
normal harvotspe The scope of the present imeshigation 1s to sohve
this problem It might be performed by transplanting a tumour to a
host with a sex oppostte to the host for the primars tumour wmd then
determining the sex tn wifro of the outgrowing cells from explant of
the transplanted tumour

MATFRIAL A\D MFTHODS

The material consisted of ?4 different primarv Rous sorcomas m mice The sex
of the host and the designation for each primary tumour 1s g1ven 1n Table 1 The
number ng 13 the same as in previous mveshigation (Mark 1967b) In those cases
where a primary tumour has been studied se eral times using specimens froim
subtotal operations that utilized for the present cxpcriment is indicated by the
sample number Table 1 also shows the stemline numbers for each primars tumour
and the occurrence of marker(s) The following columns lustrate the relation
ship between the findings in D and Pe of the primary tumours Ameng primary
sarcomas with heleroplad stemline the matersal includes three with symilar or the
same p1 ture 1n D and Pe four with a partial normahization of the chromosome
picture i pttro and 12 with a complete normalization The number i the last
columa refers to the tahle with the results for each tumour group

The primars tumours were mduced 1n mice of the mbred stram CBA bs mocula
tion of a finely minced suspension of Rous chichen sarcoma stramn Schmidt Ruppia
(Mark 19671) Al amimals used for trapsplantation were adult mice of the same
strain The primary tumours were transplanted durng 1-11 passages The new
hosts were consistently selected ta be of opposite sex ta that of the mouse 1n which
the sarcoma was anduced (cross test)

The changes of the stemline of the primary tumour during transplantation Were
followed by direet fixations (D) The findings 1n direct fixation from the trans
planted tumour served as a contral of those from the primary culture (Pe) When
a sareoma was transplanted for seseral geperations both D and P were performed
1ntermittently

All transplanted tumours were studied 1 Pc after 2 10 da s of growth 1 mifro
In addition most sarcomas were juvestigated in Pc after a erv short tme of
cultivation about 10-35 hours aud after a comparatively I pg time n o tro 11-79

ays Often these P s were performed as a consecutrse stodv of one o seve al
passages

The meth ds used for D and Pc were described earl er (Mark 1967a) 3l of the
199 determibations (Pes) of stromal percentage ha e been made on at least 50
cells in each case except 10 10 which the number of ell we e on an ave age 33
and at least 20 The ex was determmed harvot pe nal ses Were made by photo
graphing some 4 5 cells 1n each tumour steml ne and oft n 3l o of each s:d 1 ne

As 1n previous reports stemline $ 1s used to den te the m st frequent harvolvpe
m the populations of tamour cells and ssd 1 ne f ) s used to denote
other harvolipes o curring n a frequen ¢ about 10 per cemt or more of the

vopulation
OBSERMATIONS

Diplowd and hvperdiploid primary tumours were the two categores
studied most extensively but all stemline groups which appeared 1n
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the material of primary tumours were represented in the present m
veshigation (Table 1) The results for the different tumour groups ate
recorded m Tables 2-7 which show the duribion of the primary
culture and the percentage of stroma cells "ppearing m ¢xch Pe The
stemline among tumour cells ir vifro and the stemline w0 D respec
inely are found in the two last columns

The cross {esis 1 e transplantations of male or female tumours to
hosts of opposite sex followed by sex determination of the cells m
Pes revealed the same fact in all cases Metaphases with 4 norm

TADLE 2
Cross Tested Tumours with & Hypodipfond Stembine
Primary cultures Slembine
Primar; tumaur n B
Tmaly  Passage Quration stroma cells sSend
tumaur & 115 Sand
no ne ars Ny marker(s}
hours percent  marker(s) e
-t
2 H 6k N - 37
5 9%
n 20h 8 37
5 96 ~
m 20h ] ¥ a1
4 70 37
5 8
n 20h 10 37 u
5 100 -
it 200 10 36 614
3 90 pe
10 [ ~
A3 90h £ £0-614+ 60+
A 240 3 584 88+
5 52 57+
Xt 7 8 574 574
15 90 -
3 3 3 10 ~
sample | n 1 78 38 a8
2t 5 96 -
18 &R 18
n 20h [ 7+ b
5 22 ~
v 12h 14 ki
2ih 78 %
5 2 o
23 82
it 200 3 ] 7
5 80 38
14 62 7
5 1 20h 2 39 39
92 -
sample 1; i an

no designation for davs
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TABLE 3
Cross Tested Tumotrs ith @ Normal Diplord Stemline

Primary cultures

Stemlioe
Primary tumour n
Passage duration stroma cells Sand
tumour no davs cells S and marher(s)
o hours percent  marker(s) ——
—+
1 ¥ 23h 23 40 40
5 80 10
m 11 80 40 40
n 3 3 40
4 48 40
A 3 65 40 10
10 94 -
M *$h 10 40+ 40+
2 16 10+
40
n 20h 40
6 44 3940
X 20h 4 40+ 40+
3 78 40+
135 I 4 56 10 40
AN 1 - 8 8
18 1 20h 25 10 40
4 50 -
8 94 -
u 20h 14 10 10
8 10
1 8 11
n “th 14 41 11
» 68 41
4 8 41
3 5 0 1 41
AR 36h 78 11+ 414
5 52 11
15 150 -
A 24h 12 1+ 1+
4 94 —
X1 12h 2 14 114
7 50 4+
33 T 24h 48 4147 41
sample I 6 0 12
38 1 20h 0 13 2
sample 1 4 % —
17 84 10+
38 1 20h 4 13 43
sample 11 4 86 -
15 45 13
40 ' 2th 6 40 40
5 70 40
18 20 *80+

1 20h 0 20+ 94
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TABLE 3 (cont)

Primary cultures

Primary umour | Stemhine
tumour Passage duration stroma cells
me no ass cells S and S and
hours per cent marker(s) marker(s)
== + -
10 4 10 794
11 10 794
\ 24h [ 74 77+
5 4 774
A3 20h 0 77+ 74
7 2 774
AN 4 0 794 79+
10 2 80+
TABLE 4
Cross Tested Tumours wilh a Pseudodiploid Stemline
Primary cultures
pramary wwmour | Stemline
omary Dassage | duration stroma cells o
e no davs cells 5and )
hours percent  marher(s) | MR
-+
15 1 h 9 104 10+
> 54 04
12 98 -
n 12h 4 104 04
24h 10 0+
7 90 -
\ 20h 6 30+ 104
9 98 -
\ 10h 0 a1+ FTEs
6 4 414
13 28 114
16 1 4 75 104 0+
7 92 -
n 20h 3 104 104
80+
4 18 10+
AV 1°h 0 40+ 10+
3 3 40+

diploid harvotype had the same sex as the host Thus thes must repre

sent stroma cells since thisas the
in the explants of the transplanted tumour Among the cross test

only component from the host present

ed

sarcomas with 2 nermal diplord stemline most of the outgrowing, cells
were stroma cddls (Table 3) too In all tumour groups however the

degree of stromal growih was variable and

duration of the primary culture

above all influenced by the
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TABLE 5

Cross Tested Tumour with a Hyperdiploid Stemline

Primary cultures

Stemline
tumonr mD
Prmar¥  pecage | duration stroma cells o
tumour no days cells Sand marker(s)
no hours percent  marher(s) g
—+ =
9 1 3 9 11 1
7 20 41
1 38 41
1 3 18 11
19 6 41
n 0k ” 1t 11
4 0 30
A% 4 6 82 8
19 0 13
AN 2 28 40-41 10
7 18 41
10 0 41
54 1 20h 17 11 11
7 98 -
18 88 “”
56 m 1 38 41 41
i 4 16 8 8
33 ” 8 42 42
sample 11 1 74 11
14 66 12
57 1 20 42 [
sample ITT 13 20 12
hiid 1 98 -
7 96 -
17 22 12
! 3bh 98 - 12
13 i 11
v 1h 8 81 81
[ 91 -
8 9
3¢ 2 64 79 79
29 0 42
‘i 20h 28 81 81
4 93 -
13 96
X 90h 1 7 8174
3 88 -
10 100
64 1 oh 8 12 12
7 94
n 96 -~
i 4 26 41 47 42
85 1 20h 5 42 42
1 9%
8 9
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TABLY 5 (cont)

Primary cultures

Stemlne
tum
I:;':::g Passage duration stroma “cd‘l)s“ nD
i no davs cells S and S and
hours per cent marker(s) marker(s)
- ==t
£i5 b1 1 98 -
12 58 ~
" 12h 16 43 43
*0h 2% 43
5 (13 -
n a6h 98 - 13
o7 1 & z 43 I
n 5 1 1t 3
n 5 [ 82 14
7 » 44
A} 3 4 87 87
AL 3 48 83 85
n 3 0 42 84 42
4 24 44
X 20k 2 42 42
70 4 20h 2 43 43
& 58 -
10 98 -

Before dealing with the details of ths subject it might he contenreat
to survey the entire matersal in Bus respect This 1s done m Table §
and the mean values for the Pes fram ! passages of All tumours are
further plotted sn the drgram n Fyy 1 Jn the enbire material the
percentage of strome cetls was lowest in freations performed within 20
hours Durmg the following short period 21-36 hours the stromal
values were inereased to more than 50 per cent wd then durmg th
following 8 davs there was 7 stow gradual incrcase to values around
70 per cent After 10 davs finalhy the total averges indicated 2 Cdllan
the stromal percentage

10-20 hours Already in the previous study of prmary sircomas
{Mark 1967 1) 1t Was found s a rule that hixalions of Pes performed
before 24 hours after the explantation n vilro gasve a resuft wentical
with or sintlar ta the D These observations were confirmed i the
present study {Tabies 2-8) The earhy Pe turned out to be 1w cxeel
lent method for chromosomal malvsts of the Rous swrcoms wid the
resuits could be used for cheehing the Hindings m D 1 s to be noted
howeser that usualls 1 minor fraction of stromal cudfs but oce wionally
a considerable frachion was found as early as 20 hours after cultny ition
{f ¢ passage I of tumour 18 passige I of tumour 40 passage V1T of
tumour 57 symple 111 and passage IV of tumonr Ga3 4 reduclien of
the durafion of thc prumars culture lo 18 12 hours waah 1 ouwd
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W 23w 2 57 &0 & 12 Dewed
B wor

Fig 1
Mean percentage of stroma cells (in entire material 199 samples) after different
periods of tn pitro growdl

an obvious decrease of the frequency of mitosing stromal cells 1n these
cases (passage \I of tumour 18 passage V of tumour 57 sample III
and passage I\ of tumour 60) This indicates that normalization often
proceeds rapidly It seemed to be a rule that the percentage of stroma
cells was lower dunng the first 20 hours than dunng the following
9-10 davs but there were exceptions with similar stromal values or

TABLE 6
Cross Tested Tumours with a Triploid Stemline

Primarjy cultures

P tumour Stemline
omeay  Passage duration stroma cells oand
an
no no dass cells Sand marker(s)
hours percent  marker(s) iy
—+
35 1 1 9 -
sample 1 m 2 92 - 67-63+
3 94 -
n 36h 62 62-63+
> 100 -
A2 17h 0 634 634+
5 98 Z
X 0k 4 634 63+
8 8263+
9 88 (61+)
7 1 2 18 20+ 20+
sample 10 66 B4
n 20h [ 50+ 504
1 8 50+
16 o 504
v ° 18 43-50+
S 4 14 49-504- 9+
8 I3 494
17 1 30+
76 1 20h 24 5344 223
5 93 -




46

TABLY 7
Cross Tested Tumours 1 ith a Tetraplord Stembine

Primarv cultnres

tumogr | Stemboe
P mats Passage duration stroma eells | S"' ,
umonr no davs colis Sand | S8
no hours pereent  marker(s) m‘_f“: ¥
- ,
1 1 30 E{ES -
8 n H 5 Sie
16 ag -
n “oh 0 PIEN g
1 A e
i 5 2 e 59 b
13 4 ~3~
2 -5 -3-
N\ 3 32 o haCBs
12 s s
35 ALl 2t < TR -
& 4

even vVdecrene m the froquenes dunng the Jatter perod |, ,m
v VI and Nof tumonr 400 and passage IV ard N of fumezs %) wh X
e s that the tnenr el are <am1edr-es capable of onte~ wme t
~trom i from he beanming

1 kawrrs 17 fays The aanvey an Table S and the € ac-um 3= Fer™
1 ohanre the Trd that there exntad at Teast Yhree & T oy mtene o
strmal overgronty $inng this perrol The find 273 W~ o mm
PARAIT Wan AT LTI by 4 veny Mich degee oF T e o I
bl Hften Mm 1A 9 por ot 2nd s Bt T, Imee
antad during tin ;ums Tpus! exanples ave foond wmamg b 787
NAGAN O TN ST YT st le 111 tyraLr 5 amd tomn e % <ammun TR
SaOMd pAtle™ VAN Mata Lemead Ay g wt Tra] evemeewth eI
wath the daratr 1ot the pramiary ¢ v Possaes 1o fomows S5t
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Trpieal examples are passage I of tumour 54 passage I of tumour 5
sample I and passage \I of tumour 2 The other more common pattern
dunng this late period was characterized by a more or less evident
decrease of stroma cells Fxnmples are found among passages of tumour
27 sample III and passages of tumour 49 In these cases the decrease
could be found m several passages but m other sarcomas it was only
seen 1n one passage (f 1 tumour 18)

Summarnzing the findings for the whole period of 1z mifro growth
10 hours-29 dass the following four patterns can be distinguished
wmong the passages of the 24 primary sarcomas

1 A continuous low fraction of stroma cells wn vrfro (example pas
sages of tumours no 49 and no 70)

2 An ymtal low fraction of stroma cells gradually mereasing and
then usually decreasing i late Pes {example passages of tumours
no 3 and no 4a)

3 Anamtial low fraction of stroma cells and a subsequent tncrease
during the followmg penods but no definite correlabion with the du
ration of the primary culture (example passages of tumour no 12
and early passages of lumour no 57 sample )Y

4 An imbal often considerable fraction of stroma eells ramdly
mcreasing to a high level persisting for a long time and onlv some
times decreasing i late Pes (cxample passagpes of tumours no 2 and
no 6a2)

Y\ ith regard to the four patterns mentioned ahove there were often
stnhing similanties between different passages of the same tumour
and beiween these and the findings 1n the primars sarcomas (Table 1)
It indicates that the patterns were related 1o farrly stable and spe
eifie charactenistics of the idnidual sarcomn and were not due to
random influences However differences between passages of the same
tumour were found 11 some cases A fow nstances of an abrupt change
in the tn prlro pattern were recorded (passage I versus passage IIT of
tumour no 57 sample III passage I versus 11 of tumour 40 and passage
V sersus VI of tumour 67 are the most esident cases) In another cate
gory there was no real change in the 12 piro pattern only a merce or
less apparent decrease i the stromal ovurprowth after the farst day
i vilro {prssages of tumour no 46 and late passages of twmour no
36 sample IT and no 45) In most mnstances the decrease was a parallel
phenomenon to nerease in passage numbers It s to be noted howeser
that this was a tendeney found 1n some cases and 1t was not a detect
able trend for the entire matenal (Table 8)

No distin,uishable differences could be found between different S
number groups Neither was it possible to correlate the decrcase in
stromal erergrowth with inereasing passage numbers wath ny special
karyotypic change On fhe contrary the timd patterns n mirg men
tionud above often remamed unchanged despite profound changes 1n
the karvotvpe during transplintation This constaney was shown by
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TABLE 8
Vean Percentages of Stromal Cells tn Primery

S number of primary tumour

2 Tt
N norma
r;)er::g..l;;r <o ol peudo  and . . .
harso iplotd  pseudo >2x *3x *ix
culture WO ko diplod
type  Karyo
type

10-0 hours 60(9) 88(11) 38(6)  TI(1T)  110(11) 70(4 4002
21-36hours  593(3)  345(6) 100(1)  310(7) 93 0(2) 63051; o
2- {davs 830(4)  569(15)  320(3) 3°8(18)  874(21)  s51(P)  170())
5-7days  895(11) 524(10)  60G(4) S46(14)  613(12)  785(4)  198(4)
810 days 940(1)"  633(3) 980(1)  7°0(4) 74 7(6) 533(3) -

11-16 davs 765(4)  545(6) 630(2) 56 6(8) 690(6) 00(1) 49313
17-29 days B20(1)  30001) - 300(1) 237(3)  B50(”)  360()

Figures 1n brachets = number of samples in each group

for cxample tumour no 2 no 3 and no 18 In the first case tumour
no 2 the stemline w1s probably doubled during passages and several
markers appeared but still no definite change could be found in the
tn vuro pattern However three cases with a probable correlafion be
tseen hariotypic changes and changes 1n the wn pifro patfern werc
found Thev appeared among the few tumours with an abrupt alteration
of the tn vttro pattern Thus n passage II of tumout no 40 there was
a sudden decrease i stromal overgrowth at the same bme as the stem
Iine shifted to tetraplord Icvel After the shift to tetraploidy the stem
lIine has undergone minor changes cxcept for the appearance of double
minutes (Wark 1967 1) and the preturc in vilro has been stable In
passages of tumour no 49 and no 67 the hyperdiploid stemline was
doubled but 1n Iate passnges both were returned to the hyperdipiond
region In connection with this reversa) there was a definite inerease 1in
ofromal overgrowth i hoth cases suggestive of a correlation with the
karvotvpic change

DISCUSSION

In the present investigation the same growth medim was nsed for
all primary cultures vz Parher s tissue culture medium 199 supple
mented with 20 per cent ynfiltered 1nactnated serum from newhorn
calves Another factor which may he regarded as constant v fie
genotype of the stroma cefls which were all CBA It 1s true W
different explants the stroma cells may sary in relattse frequendy and
mn their readiness for mitosis However their compelitive potential
should be the same Thus the cross tests actually constitute an ¢stun e
of the competitive eapacity of the tumour cells versus the stroma cells
Under the cushing conditions of the in miro mhien the tumour clls
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tares after Different Periods of in vitro Growth

Io yino passage no
Mean

of
1 i ur n Al AR MITOVIE X AS hs

entire
material

(1) 65(8) 00(2) 90(8) 93(3) 80(1) 17(3) 113(3) 80(1) 44(x) 102 77(43)
3 100(1) - 815(2) 470(2) — :gsg_(ﬂ) 1013) ~ 200(2) - 505(13)
(14) 330(1) 66 7(6) 31°(6) 26 0(7) 53 0(3) (L) 720(2) 220(7) 123(8) 30(1) 4/7(a2)
!(1") 675(6) 997(3) 68 3(6) 580(4) 600{1) 655(4) 100(2) H0(1) 21 sm 610(2) sz 9(43)

700(1) 940(?) 940(1) S 0(1) — - 39.2(5 14)
9(8) (4 487(3 - 553(3) 960(1) ~ 390(2) 900(1) soo(”)
+{3)  60(1) 220(1) -~ 8001 01 1802) - ~ 01 - 7 4(10

were it general inferior With changed condittons however for ex
ample different media diverging results are not excluded In the pre
sent studs onlv one type of emvironment was tested

The results obtaned give a satisfactory explanation of the discrep
ancies observed between D and Pe VMoreover the results give an esh
mate of the magnitude of an important source of error 1n this tvpe of
experiment wWhich has so far often been neglected The common and
often extensie stromal overgrowth wn pifro was demonstrated for
transplanted Rous sarcomas in mice However a parhial or complete
normalization was found in many primary Rous sarcomas subjected
to consecutive Pes there 1s no reason to believe that one was dealing
with another factor in these cases

The generallx good correlation between D and early Pes performed
within 21 hours 1s probabls not due to a real outgrowth of tumour
cells It seems more plausible that tumour cells ready for mitosis or
even 1 mitosis will complete the mitotic evele probabls after a short
lag period duc to disturbances at the explantation The crilical period
follows usually lasting for 10-14 davs durmg which the stroma cells
dnade rapidly and outnumber the tumour cells The artificial conditions
tn pilro with exclusions of normal mechanisms for control of growth
seem to favour the normal stroma cells at the expense of the tumour
cells A shorter division cyele for the stroma cells 1s another factor
which mav influcnce the picture i titro

The growth in pitro of normal cells n general starts with a pertod
of rapid disisions followed by a period of trgnation and often degener
ation The reappirance of a considerable number of tumour cells 1n
old primary cultures 1s believed to be connected with this change
srowth bihavior «f 1ormal cells The final picture dunng long term

4 aer e 401
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cultivation was not studied This would mvolve the question of trans
formation mto permanent cell lmes of eithcr stromi cells tumour
cells or both

Histologically 1t 1s not poswible 1n most sarcomas to distingush 1
stroma cell from a tumour ceil Judging from the results of the present
and previous wnalyses the stromal content of most murine Rous sar
comas 15 probably very lugh Rapid and extensive stromal overzrowth
tn vitro scemed to be especially common among sarcomas which wete
hard and fibrous and did not chinge their character durmg trans
plantation (typical examples are tumour no 3 simple I tumour no
57 samplc 1T and tumour no 60) The differences betwecn separate
tumours were merely quantitative and the frequency of fibroblasts
an explant 1s probably of mmportince for the degree and rapidity of
the normalization in vitro

Most sircomis became softer during transplantation and the time
for autgrowth of the tumour was usually reduced to 10-14 diys A
reduction of the stromal content parallelling the increased malignancy
seums reasonable to assume Both factors are believed to be responsible
for the tendency tow ards reduccd stromal outgrowth in vitro n latc
passages of some tumours

harvolypme changes of the stumhine were nol constantly connected
with deviations 10 the n vifro pattern However the chromosomal
progression 15 still in the beginning 1n most sarcomns studied abovt
and probably much of the ongmal charactenisties of the tumour cells
are unaltered Further a genotvpe suecessful tn pwo 15 not necessanly
successful m the in viiro mlieu

No sigmficant chfferences could be found in the i vdro pattern
between separate clisses of sternlines On the contrary each sarcoma
seemed to follow 1ts own pathway with regard to stromal osergrowth
n primary cultures This tendeney was strengthened by the strihing
similarities 11 the tn vilro pattern between different passages of the
sune tumour

Despite the ecommon use of tn vitro methods for chromosomil ana
Iyses of tumours comparatively few nvestigations hwe becn wade of
the relationship hetween D and Pe Methods fihe fhe cross fests fase
been used too seldom and generallv 1t has been impossible to «elude
tumour stemhines with a normal | arvetype wnd supcnor i miro to
the heteroploid stemlines This controversial subject W discussed
especially by Sandberg el al (1961 and 1962) dealing with cute
jeuhaemias in man They found a wignificant increase of norml diplond
cells s ecarly as 10 hours after the mitiation of the culturs and
presumed that these normal clements represented nonmalinant cl‘lll"
They pomnt out quoting experiences by Badte o al and Ford h"l
cultured leuhaemic cells rarelv grow as well s mterial from lml'
viduals without leuhaemia 1nd sometimes they do not grow at o
Baker & Athin (1965) studying, humn lymphosarcomas nd Hodghins
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disease also found n high frequeney of normal cells in their primarsy
cultures and wmn some of these cnses figures are gnen which show an
increase of the normal cells with the duration of the primars cultures

A similar situation secms o exist for hovne leucosis  heteroploid
stemlies 1 D often disappeared i Pe and normal cclls took over
Further there was occasionally a time pattern with a heteroplold stem
line m the sery early Pe and a normal finding 1n a Iater Pe (Basrur
et al 1961 Hare et al 1964) Since stemhines with an apparently
normal diploid harvotspe have been found i D of both human and
hosvine lenhacmia 1t cannot be concluded with certanty that the normal
chromosome pictures in Pes are due to overgrowth of normal cells but
the susprcion 1s strong

Stich (1963) referred fo n case of a colonic adenocarcinoma 1in man
hasing a hypotetraploild modc as judged from measurements of the
D\A values but showing only normal diploid eells 1 Pe after 28
days tn vitro Spriggs et al (1962) found an altered chromosome pic
ture 1 Ds from six cases of human carcioma in sifu of the cervix
uterr However Richart & Corfman {1961) found a normal diplod
stemline i five similar cases but only studied 1n Pes These are two
additional examples where stromal overgrowth could be the expla
nation for the discrepancy betwecn D and Pc nnd actualls Stich
expressed this opinion it his case

There are also some related cases among amimal tumours Thus
Hsut & Rellogg (1960) briefly referred to a chromosomal study of 2
primary culture of Novihoff s hepatoma of the rit where normal
diplowd cells suddenls dominated the picture 1n Pe As stated this was
certainly an example of stromal overprowth i vitro Further Hsu
quoted by Basrur € Gitlman (1963) observed that normal rat cells
show a selcctive advantage over rat tumour cells i culture The latter
authors reported chromosomal studies of two strums derised from
rhabdomjyosnrcomas of the rat In one cell stram a heteroploid stem
hine persistcd all the time e vifro In the other stramn there was a
mixture of normal and hcteroploid cells 1n the primary culture How
ever about five monthy later the normal cells had outgrown the
heteroploid stemline and this picture persisted duning the reported
obsery ition time

However Vichols (1963) found no diftcrence between D and Pe i
the studs of primary Rous sircomas in the rit This 1s of great mterest
sinee hus tumours were induced by the same sirus stram as the present
tumours and further the primary cultures were grown m the samc
medinm Neithor d Hellstrom et a! (1962) find anv differences be
twewn D and Pe 1n their myestigal ns of prinary and passed polsom
lumours 1n muce Thev usud sumlar methods for cultivation and Pes
were performed after mtury sl varving between 24 hours and 4 davs

Analsyses sinnlar to those performed in the present nvestigation will
be necessary for mt rpreting the dierging results For the time bang

4
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it only possible to ssume that defferent tumours w differcnt sp cies
may differ as regard their cipacsty of outgrowih i1 mifro

SUMMARY

‘The present studs 2 comparison between the results obfained i direet
fixations from the tumour (D) and n fixations from primiry cultures
(Pc) was prompted by certamn Dindings m 4 previous studs of priman
Rous sarcomas m mice In Pes the ongmal heteroplowd stemhine had
often disappeared and been replaced By 4 normal diplmd stemline
Several of the prinars swrcotns were studied during trwnsphintation
and m Pes the same ph 1 nor) won appearcd The
present mnveshigation showed that the discrepanes was due Yo stromat
overgrowih in gtiro This process uysually heeame manifest after 20
hours cultnvation and as 1 rule the preture remamed unchanged for
16-14 dass Subsequenthy tumour cells sometames reappeared proba
biv due to censing mulbsplication of stroma cells The siromal out
growth 1 pure was most apparent m primairy sirecomns and dunng
eardv passages In Pe From 1ate passages i vwo the siromat overgronth
wis somehmes reduced wlnch mught be duc to 2 reduced stromal
content wnd possibly to harvolype changes
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APPLICATION OT' ENZYME HISTOCHEMICAL METHODS
IN THE DIFFERENTIAL DIAGNOSIS
OF MELANOVA AND LEIOWIOMA OF THE IRIS

By

AHTI TARBRANEN and Miaho Nt
Recened 91367

The difficulizes 1n the hist fiol differential d between
lelomyomas and malignant melanomas of the iris have heen empha
sized by Rones & Zimmerman (1908) and by Hogan (1964) There 1s
no sharp clintcal or pathologic distinction between these two groups i
the majonty of prumary tumours of the s Usually gold impregna
ton Mallorv s phosphotungstic acid hematoxslin stamn and the thionin
inclusion stain have heen recommended for the differential diagnosis
between the neurogente and myvogenic tumors of the s (Boke 1926)
Unfortunatels these stains do not alwavs produce sufficient informa
tion for the differentration between melanoma and leiomyoma

In a previous paper by us { Ve & Tarkkanen 1961a) 1t was shown
that the sphincter and dilator muscles of the irts have histochemical
charactenistics of musele ttssue by showing actiats of phosphorvlase
but contrary to the smooth muscle lissue elseshere 1n the bods thes
also contan intense acctvlcholinesterase activity Furthermore two
cases of letomvoma of the s (NViert & TarAkanen 1964b) showed
strong acetvichohnesterase actiity unhike leiomvomas of the skin
(Mustakallio et al 1963) Melanomas of the 1ris have not been studied
histochemically

Tt 1s the purpose of this paper to point out the valne of some enzvme
histochemical methods 1n the histopathologic evaluation of melanomas
and lelomyomas of the ns

MATFRIAL 4\D METHODS

The mate sal consi t ffurca s ftmr  fthe irs removed hv 1 1dectomy
Immediate] aft r th  emo al the | mn were embedded either jn m bse
kidney t sug of 1n ¢ latin and fr o n G u holder Se tions were cut t %0
tod0smacriost t the wrep hdup n o rglas let to drv for a coupl of
Minutes and subs @ 11 nub td fr the dem ntatin of nz m  achaty
Routine staining w th b mat « he 10 Ma n  Cichrom and Malla  phos
Ph tangsti acid b m t hn t os wer performed on simsl v ccty s
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The methods for the of hol, (AChE) non specific
holimesterase (ChE) monoamme ovidase (MAO) and phosphorlase activits were
he same as employed 1 our previous studs (\iemt € Tarkhamen 1964 a)

RESULLTS

‘n two of the cases the tumor appeared both in hematoxylin eosin and
Mallors s phosphotungshe acid hematoxyhin stains as 2 leromvoma
(Fig1 Cascs 1 and 2 1n Table 1) The two remaiming tumors were vers
likels leromyomas morphologicalls but phosphotungshie acid staming
gave negative results (Fig 3)

Viith the aid of enzvime histochemical methods a good separation
mto two groups could be obtamned 1n the entire series (Table 1) The
first two lelomvomas showed igh activity of specific cholinesterase
{F1ig 2) the actiitsy of non specific cholinesterase bemng weah and
localized to some coarse fibres i the tumor A weah monoamine oxidase
actisity could be demonstrated m the tumor cells and also the amylo
phosphorvlase aetivity was clearly demonstrable Since the pinhish
colour of this reaction 1s difficult to demonstrate 1n black and white
film no photomicrographs are available

TABIF 1
Dejree of Histochemically Demonstrable En ymatie Achetly n a Sertes
our Tumors of the Iris

AChE ChF L0 Phosphorylase
Case 1 +++ +) + +
Case 2 ++ “H) + +
Case 3 — ik + =
Case 4 — — + _

— 1o actinity
(+) uneven slight actnits
From + to 44+ slight to intense actisity

The remaining two tumors bclong UIv to the 1
lelomyoma group (Fig 3) but could not be classified to cither of these
types defimtels Thesc tumors showed nerther cholinesterase nor phos

photylase actvly (F1s 4) % weah onoamine oudase actiuty was
present

Figs 13
The Figures 1and ? ref rto C se1 ud F u 53 aad 4 to Case 3 Table 1
Fig 1 Tumor of the 11 2 scep 1 hem t xvlin eosin stawing frozen sect oo
0

F 1 The tumor how nintense \ChE 1 1ty wh ch appears to be located tn

the tumor cells 480

Fg3 Tumorofthesr, ompsd with long lender nucler and all-def n 4
cytoplasm Her t < ine sin  ozen section X 800

Fig 4 AChE actimits 1 tf: tumo appears necative Compare the ACHE « ti ity
with the inten  at 1y eeamm kg 2 X
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DISCUSSION

Of the four s tumors presented two were classified as ty preal lewo
mvomas with routine listologieal stains and the two others were con
sidered as being probably leromsomas although no myofibnls were
detectable

The muscular nature of the former tumors was resealed histochenie
allv by the presence of phosphorlase activity In terms of strong ace
tiichohinesterase activity howeser the tumors differed from other
laomyomas of the body (Vustakallio et al 1963) but accepling ther
ongin from the sphineter or the dilator musele of the irs the findings
are mn agreement with the results of the normal wris muscles (Memt
& Tarklanen 1964a) The ustochemical observations demonstrated on
the other hand that the two other tumors did not exhlnt charac
teristic features of an ins lelomvoma and belong therefore to mela
nomas Recently a melanoma of the cilinry body mana.ed through our
procedure resealed similar resulfs as these ms tumors

The tumors of smooth muscle orgin 1n the 1< may show on the
one hand a muscle pattern and on the other hand a neuroemthelial
pattern and are therefore different from lelomyomas 1n other areas of
the body as 1lso sugegested by Reese (1963)

A sverv intercsting tumor of the nis of uncertain histogencsis has
been described by Dule & Dunn (1958) No mvofibmls were wdentt
fied although the smooth muscle origin of the tumor was considercd

Rones & Zimmerman (1908) have emphasized that the tumors of the
1r1s present 1 problem rarely encountered in those of the posterior uvea
Thes found 1t difficult to make a differential diagnosis between me
lanomas and leiomvomas of lhe s although theoretically these tu
mors belong to different groups They were able to divade their tumers
of the 1mis into two groups The first one mcluded those with cxvtolog
charactenistic of the nevus melanoma and lelomvoma types and the
second group those capible of metastasis

Apparentls the application of enzyvime histochemicnl methods may
render more information of the naturc of the tumors of the s that
what can be obtained by conientional staining methods On the basis
of our results at the Helsinhi Untersits Eve Hospital all tumors of the
wris are routinely bemng frozen fresh ummediately after the remosal
and processed through the ensvme histochemical proccdure m addition
to conventional staimng, methods

SUMMARY

Four tumors of the 1ris removed by indectomy nd hedonping to (;n
melanoma lelomyoma group were frozun fresh immed dody tfer l’;
remosal and stmned by hematoxyhin cosin Masson s trichrome 'llnl
\allors s phosphotungstic acid hematoxslin stans In addition “cxiyc
chohnesterase {AChT) non speeific cholinesterase (ChI") monoim
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oxidase (MAO) and phosphorylase actinity of the tumors were demon
strated by enzyme histochemical methods Two of the tumors showed
myoghal fibres an intense ACHL activity weak ChE as well as MAO
achivity but a clearly demonstrable phosphorylase activity In the other
two tumors no myoghal fibres were demonstrable There ws no AChE
or ChT nor phosphorylase actiuty but a weak MAO actiity was pres
ent It 1s concluded that application of enzyvme histochemical methods
will render more information about the nature of the tumors of the
s which very often present diagnostic problems rarels encountered m
the tumors of the postertor uvea
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THE MONONUCLEAR CELL INFILTRATE IN ALI ERGIC
CONTACT DERMATITIS

2 Selectwe dccumulation of Cells from the Bone Varrow

By

STURE 1 tDT\
Rocenved 101167

The charictirstics of the mononucle ir cell infiltrate i allergie rene
tions of the delavad type have been studid m several previous mn
vestiyttions most of which hwe empioved transfusion of Dbelled ctlls
betwcen amimals In this way the mmmunological specifieity of the
mfiltrating mononuclear cells has heen studied with positine results
(11 16) contrasting with negative ones (2 6 & 10 20) The source
of the mfltrating cells has ilso heen mvestigted using transfusion of
I1belled cells hosunen (10 11) found that cells from Jymph nodts
rcgonal to the area of sunsihization with tubercuhin accumulated n
delnved hypersensitivity reactions in 1 higher degrec than eddls from
non regional Iymph nodcs and spleen Thymie cells were not found
at all However the effeets of the handhing of the cells during pre
pirahion of the cell suspensions the sigmificanee of the host defonse
mechanistus (17) and the influence on the distribution pattcrn of the
cells within the recaipient ¢sed by the ramd addition of 1 substantnl
number of cells to the circulation must be regardod s unsettled
Attention has thercfore been focused on experiments where the
cells hwe heen lbclled and traced withw the sanre wimil Fiom
those expenments the following pieture of the cellulir mfiltrate n
the delayd renctions of tuberculin and'or contact type en be deduced
The cells bulong mamily to the Iymphod scries (12 23) Most of tham
are haematogenous have recently prohferated and show 1 large pro
portion of microphages and fge hmphocites (29} In contict it
lerite reachons cddls habelled on the 4th day after sensibiz ion hne
an ncreased mitohie activity (13) The mtotic ety of the il
trating nmphod cells in general does not seem to be correlated to the
dufferent stages of the deselopment of the reactions s Judaed from
the data of hostnen ef al (9) and Groth (7) Cells formed warly an

The work was supporled 1y the Swedish Vedical Rescarch Counci
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mnue a5 for H3-TdR After the final snjections these latter anmmals reconed ntrs
perifoncall the same amount of H3-TdR (e 20 ¢} as the ammals tabelled locally
m_the hone marron

In s prelimmars ey ersment three animals Jabelled loclls in the bone marrew
were killed -1 haur after the injectsons for estymation of the cEliciency af the
hone marrow labelling and the degree of general labellng

Testung

The testing was performed on dsy 165t 8am e %0 £ 25 hours after IahdHling
(71} The tests were apphed on the hand part of the right mudflank wheve the fur
had been remosed the B2y belfore by an clectric elipper and by sn elecinie shaver st
least half an hour hefore testing 0 &l of a 070 per eent ales holse solutren « £ DNCH
was applred with a miceopipette fo an ana of 2 em (= 20 stfem g dosc shov n
1o be atotc i several dests on dafferent gumea pigs during the last vears)

Buapsies Histologte and dutoradiographic Technigue

48 hours alter testing the material under study was collected Skin by psies  ere
taken from the te t sites and from untrested conteol shin taken eranlally or caudally
from the test site 3n evers second animal of the two labellmg groups

The shan lopstes were fived n carbonate buffered formalin dehsdrated 1 aleo
hols cleared in xyiene and embedded wn paraffin The scttions nere rut with a
rucretome setting of 51 Sechrwns from hath biopsies of eack animal were placed o
the same shdes thiic positions on the shdes being changed elternatiels 3 shn
seetion from nonlabelied { cold ) ammals nas also mounted an each shde

For wtaradiograpghs hodah \R 10 inppin, Edm was used After an cxposure
tame of 4 v eeks the shdes sere developed and staged with haemalum

The technical data ginea here are desersbed an greater detwl in & grevious
publication (13)

Frufuation of {ntoradi grams

The cratera for the elassifieation of cells as falelled were the same as thoe
emplo ed 1 a previous mmvestigiticn m thes series {13} re Tymphowd s m
corsusm with 3 grans sr more Were regarded as labelled Cumting of 2300 [y mphad
cells 1n the comum frem ¢sld  hin sectaons on 73 different siides from thy cxpert
ment shosved that 84 per cent of them had 3 grams or more

The shin sectioms vere first sereened for determinatu o of the types of § mphosd
cells shossing labelling and thewr location 1a the slan (corsum or cplidirmis) 4
systematsc counting was thett performed 11 a sqecally shilled technkcsl a sistant
unay are of the experfmentat desian From ea h of the two fan t pes § et
ansmal 1000 hvmphoid cells Were caunted i the upper parts of the conum re 2%
a rule not more than ome and a half hih power view Deld (1600 X) b kew the
dermal epsdermal gunction These <y v ert counted frem at least fapr cehons
from two different shdes The labidled cells wath dufferent gram cuits were
separated from cach other n the counting prolorol

fhe 1 mphod cells were ientilicd a5 descrshed by €roth {4) dut ma v phoges
(9) were also ancluded in thas group The istensit of the allurg renn n 3 as
measured by the Jsmy howd cell response (4)

RPSLITS

The resulls from the systemitic countings of the quforadionr uns we¢
presented s Table 1 and 2 In Table 1 the valucs of the control biapues
have been sublracted from the values of the test hiopraes an ords
1o compensye for pessblc minor difforenees i ishadbing «ffienney
belween the anunals Thus the diffcrence btween the < e of test
and control shin was wsed whan rompiring the anunals 1 test
bropuies <how a sipmficantiy farter mercise m the proportion of l:‘
hetled tvnphowd cells 3n the group Dbl focally 1o the hons mrro!
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than in the group labelled intrapentonealls (p<d0v) The mean graun
count valites over the labclled Ivmphoid cells mn test shin of the former
sroup have mcreased whereas the corresponding values in the intra

peritonealls labelled group have decreased (diffcrences helween the
values significant p<001) In Table 2 the absolute uncorrected figures
for the mean grun counts and the maxima! individual grun counts are
siven The latter Nigures are very sumlar for both eontro! and test
shin from the mtraperitonealls labelled ammnls nd for control shin
from the animals of the hone marrow labelled group Onls the figures
for the test shin in the bone marrow Ilabelled group are higher How

ver 1 3 of the 8 amimals the maumil indinidual grun count 1s
below the highest of those in the intraperitoncally labelled group (= 12
grams) This 1s due to the fact that only 1000 Ismphaid cells were
counted 1n the connum This number represents but a small fraction
of the cellular mfiltrate nd the more heavily libelled cells present
may not he encountered in this counfing On screeming of the auto

radtograms however 12 grams was the lnghest number found mn the
mtraperitonealls labelled group whereas cells with at least 30 gramns
were found in test shin sections from every bone marrow labdlled
ammail The Ivmphoid cell responses as a rule are low m this exper

Ment but show a comparable distrsbution 1n the two amimal groups

They show no correlations to the number of labelled cells s far as
can be judged from this linited material

TABLE 1
Autoradiographical Values (\umbers of Lab lled Cells and Mean Grain Counts)
Have Been Cateulate | from Shin Seclions of Twn Croaps of Guinea Pijs Senstli ed
40 DNCB and Labetled with H3-TdR Locally n the Bone Marrou or Intraperitoneally

Test shin values minys control shin values

Local }one marrow labelhng Intraperitoneal labelling
No of labelled Mean gran No of labelled Mean gram

cells counts cells counts

13 18 7 —03

6 02 15 08

10 12 2 00

16 a5 7 —15

10 —07 -3 —01

s 14 —1 —01

6 22 —1 —03

5 3

Mean values 93 13 33 -0
SE 10 0t 26 03
Ranges T 13-34 3 6> 9 36 3543
C 518 33 48 921 39-22

The d [ferences betw n th values 1t t shin anl those of untreated ¢ nir 1 ¥in
4re g1 en in the table 1000 nmplode lish e lcen countet in the corium ch
of the two shin t pes from evers an mal C==control shn T==te t kn
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mque as for I-TAR After the fnal infections the ¢ latter animals recen od intra
penioneally the same amount of H3-TUR (2¢ 0 2¢) &» the animals 1belled locally
1 the bone marron

In a preliminars cepertment three amimals labelled Juealls an the bone marrow
were hilled %1 heur after the snycctions for esttmation of the cfficiemy of the
bone marron Jabellmg and the degrer of general Jabelhing

Testing

The testing was performed on day 10 at 8 am 1o 20 % 24 hours after Iabeliing
{°1) The tests were ppplied on the bind past of the right midfiank where the fur
had been remared the dav hefore by an clectric cliyper and b an electric shaver at
Ieast half an hour hefore testing 20 »1 af a 090 yer cent alc shalie solutien of DNCH
was apphed with a mactopipette to an aven of 2 em (== 70 ayfem  a lo ¢ shown
ta be atoxic in several tests on different gurnea pi s during the last vesrs)

Bropstes Histaloqee and Aloradiographic Techmque

48 hours after testing the material ander studs was calleeted Shin hiog sics were
taken [rom the test sites and from untreated control skin taken cramally or caudslty
from the test sule an evers second animal of the two labelhing grow s

The shin biopsies were fised 10 carbomate buffered formalin dehydrated m ake
hols cleared it xvlene and embedded in paraffin The sections were cat with a
mcrotome setting of 55 Sectrons from both hiopuies of cach anymal were ) Jaced on
the same shdes their positions on the slides | cing changed alicrnatisels A skin
section from nonlahelled { cold ) autmals was alsa maunted on each shde

For autoradiography 1odak 411 10 trppiny, film was v cd After an exposure
fme of & weeks the shides were developed and stained with haemalum

The techoweal data given here are deseribed tn gr ater detant tn a previovs
publication (1)

Fraluation of ipforadiograms

‘The criteria for the classification of cells as lal elled were the same 2 dhose
umplered in a previews Imsestigition n this seres (133 e humphail WMs v
corsum wath 3 grasns ar more were reparded as lbelled Cauntieg of 200 1 oy hoid
cells in the corum from eold shan ectiens on 23 diffurent shdes from thy vyt
munt showed that 0 4 per cent of them had 3 grains or more

The shin sectians were fiest creened v determination of the tapes ¢f § mphnt
cells shawing labelling and thew Jacrtion n the skan (conum or vpid yoms) 2
systematic counting was then performed by a <prorathy  hilled techmical 3 astan!
npaware of the experimental design rum each of the twa skin tip £ oavery
animal 1000 by hoid eells were rounied 1 the upper parts of the corice  fe 83
a rule not more than omt angd a hall high fover view field (1000 X1 bl s the
dormat epidermal guaetion The ¢ cells were counted from ap Jeast fHor o i ns
{rom two different shdes The labelled cells vith differens gram ¢ ot e
separated from each other i the Cwnting grotoc 1

The Tymphoid cells were identifie] as_fescrnibed by Lroth () by om shan s
{9 were alse meluded m ths group The ntensity of the allergic ro 1 n was
raewsured by the Iymghod celf suspon e (41

RESLITS

The resulls from the ssstamnlie countings of the nutordions uns ¢
presented i Table 1 md 2 In Table 1 the values of the control tiopaes
have heen subtricted from e v alues af the test bropmaes 1 ordet
to compensite for posstble mmnor differences i hibelling cfficiney
between the anumats Thus the diffcrence hotseen the v dues of tost
and control shin w s ustd whan compnng the ammals The test

opsies show 1 sionifictnthy hirpor nescise the proportion of :‘
rr

blld Ianphard cells 10 the group i Hoed foc iy in the bom it
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general labelhing 1s very shight Intraperitoneal injcction of the same
amount of marl er1s cxpected to give a morce pronounced general label
ling not favouring the bone marrow cells If the bone marrow cells
contribute to the mononuclear infiltrate at the {ost site the test hiopsics
from the bonc marrow labelitd group should contamn lymphoid eclls
with a manimal gran count exceeding that of the lvmphoud cells 1 the
mtrapentoneilly labelled group If therc is not onlv 7 randem con
tribution but also a sclective accumulation of hone marrow cells n
the cellular mnfiltrite of the test site the differenee between the num
bers of labelled 1vmphoid cells in the test shin and in the control
slin should be larger in the group Iabelled localls in the bone marrow
than 1n the intrapenitoncilly labelled group provided the percentase of
Iabelled Iymphoid eclls 1s comparable 1n the two groups

Between ¥/ -1 hour after local bone marrow labelling the cells
2 control marrow 1 the same anmmal showed a grain count of 6 at
the most The men grain count 1 this population 15 obviouslyv vcry
low If cells from this population accumulate in the shin without
mitoses after the labelling however part of them might be registered
as labelled This would make the mean grun count over the Iabelled
Iymphoid cells low despitc the presence of some heavily 1belled cells
If mitoses of these lvmphoid cells not locally labeiled occur between
labeling and biopsy they will not be detectable as labelled Henee
only cells coming from the locally labelled hone marrows will be re
gistered as labelled 1 e the mean gram count would be high compired
with this value m the intraperitoneally labelled group This argument
would hold even 1f there was onlv a random acenmulation of bone
marrow cells However 1if this higher mean gram count occurs to
gether with a percentane of labelled lvmphoid cells at least as large
in the group labelled locally in the bone marrow as i the itraper:
toncalls Inbelled group 1t favours a selective accumulation of the bone
marrow cells

The results show that the difiercnees between the numbers of 1a
belled cells an test skin and m control shin are larger m the group
labelled Tocally 1n the bone marrow than in the wtrpentoncaliv la
belled group The differences between the mean grain count values
arc also more pronounced m the former group than in the latter at
The same time as the proportion of labelled cells 15 smmilar in the two
sroups According to the reasons given above both these results favour
4 selectine accumulation of bone marrew cells to the test site

The nercase 1n mean grain count  ducs m the test nopsies from
the hone mnrrow labelled group cortrasts with the shght deerease of
these values 1 the intrapentonealls Lmclled qroup s latter decreise
s 1n accordance with the results b tamed in an carlier work (13)
where 1t was made probable that the mutotic actinity m some of the
cdls infiltrating the allergic © ackion was clesated This would gne
a dilubon of the Jabel It 1s possible that this meresed mitohie aetiity
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1s present also i the localls labelled bone marrow cells If so the
mitial gram counts are probably so high that in this group of animals
the diduting effect of the mitoses 1s less pronounced than in the mira
peritoneallv Iabelled group

The absence of labelled small lymphotd cells 1n this investiaalion
15 noteworthy Aosunen et al (9) found an mcreasing proportion of
labclled macrophages n the test lesions up to 48 hours the Iatest time
chosen for hiopsies m therr experiment These results were mnterpreted
asndicnting a transition of lymphocttes to macrophages It 1s possible
that such transittions (for ref see 19) explain the absence. of Iibelled
small Ivmphocy tes observed n the present experiment and the sparse
ness of such cells in the expermment of VeClusl ey et al (2) m which
t1belhing was performed during the 36 hours preceding testing In amy
case the avalable data do not permut any conclusions with regard
to the question of which cell ty pe 1s Iabelled mitially and later accu
mulatcs 1n the test reactions

The Jacl of heasils Jabelled Ivmphoid cells in the corum of control
shin mdieates that the lymphoid cells labelled 1n thus expermment arc
not 1 norml constitucnt of the shin Thev seem o 1ccumulite onl
at the sites of inflimmatory reictions If this accumulation 15 m 1m
munologicalls specific answer or not 1s open to question The results
of Bla.hovec Sorken & Turk (1) mav favour a specinl sigmificwnce of
the macrophiges These authors found that local passne transfer of
cells from peritoncal exudate (which contuned 25 per cent macro
phages) resulted 1n delived hypersensitivily to tuberculin as com
pared with transfusion of Ivmph node cells when the transfusion
attempts fuled Cells of the macrophage tvpe hne heen found to tak
up antigen n delaved reictions both 1n shan (3 18) and 1n the regronal
Ivmph node (15) However the localization of the antigen w s not
nfluenced by sensttization to that antigen (3 18) In both specific and
non spectfic lesions cclls labelled shortly before testing xwceumulted
m the sume degree (9) These latter findings indicate that at st the
majernity of these cclls respond to a non immunological stimulus

Irom the present expcriment it 1s clear that cells from the bone
marrow compose part of the mononucleir cell infiltrite wn allergic
contret dermabitis About 3 dvs after labedling and 48 hours affer
applicatson of the test they appear mostly as macrophases of hirge
Jymphoeytes Most of the labelled cells 1n the corresponding, sroup
wnjected traperttoneally helong 1lso to the same group of eclts This
1s true also for the cells Inbelled 1n the previously atcd work of W Clus
key et al (2) w hoth allergic contact dermalilis and delaved roctions
of tuberculin type These similrities justify the tentaline condluston
that the large Ivmphord cells 1 dehyed hypersensitivity reictions
general are derned partly from the bone marrow
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SUMMARY

Iwo groups of guinea pigs sensitized to DNCB were labelled with
nhiated thymidine either intraperitoneally or locally n the bone mar
:on  Autoradiographic analysis of sections from contact allergic reac
nons and from untreated control shan from each ammal m the two
groups was performed Bonc marrow cells labelled about 20 hours
before epieutancous testing were found to accumulale selectisely m
the 48 hour test reactions whereas no certain bone marrow migrants
were found m control shin Most of the labelled cells had the mor
phology of macrophages and large lymphocytes mn both groups thus
no lahelled small lymphocstes were found
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CHOLERA FILTRATES AND AMMONIUM ION

Inhibitory Effect on Short Circuit Current
of the Isolaled Frog Shin

By
J Ling and J Seats
Recened 311111 66

In 19601t was shown by Frhrman (4) that an inhibitor of the active sodi
um transport on the isolated amphibinn shin was present in hatches
of a commercial preparation of cholera filtrate The nhibitor was
however not found 1n all batches of this filtrate {produced by Philips
Duphar Holland} These observations have been confirmed (10)

Many atiempts have been made to produce filtrates of tn pifro cholera
cultures with mhibntory effect primarily without success (2) but re
cently the production of achine preparations have heen reported (1) The
present paper reports on the apparent!y suecessful production of fil
trates capable of inhinting the sodm pump

During an analysis of the occurrence of the inhibitory factor 1 our
[iltrates there seemed to be a correlation between the pH of the filtrates
and their inhibitory actiits The expeniences reported by Aeplune &
Vilchell (11) that ammonia might have an inhibitors effect on the
active sodim transport through the 1solated frog shin therefore sug
gested a deter: tion of the of the filtrates used
for the frog shin experiments as well as experiments to determme the
cffect of ammonia on our frog shins

The effect of vasopressin on the active sodm transport in the frog
shin hibited by cholera filtrates as described earhier (10) has been
used throughout the present studies

MATERIAL AND METHODS

Actise filtrates ha e be n produced maml = h the strain of V cholerae designated
4Z which has been us ! for the products o f the commerctal { Itrate Other stra os
ha e also heen used # for example the f ¢ hl  solated stran of } cholerae No
51681 This stramm ani s ral other wc e obt ned from the Pahistan SEATO

The study upon wh ch tais pap based r cewed financial support { um the
W rid Health Organ: at

We would hike to thark Mr E L 1b lle fo his shilful techn cal ssistan e
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Cholera Research laboratoryl Daces Fast Pakistan Strain 51681 was 1sc lated frm
a cholera patient on Noverber 14th 1964 \ stramn of F colt designated U4 with
the antigen formula 04 13 H5 has also been used for some experiments

The med1a used v ere peptone solutions 1n concentratlons of 5 or 10 per cent Difeo
Bacto Peptone of several production numbers as well as Brunnengr ber (Lubuck)
peptone have heen used In some cascs 05 per cent sadium chloride was added to the
5 per cent peptone but no effect of this addition was observed The incubation time
varted from 20 to 350 hours but was generalls between 100 and 200 hours The
ancubation took place 1 an air fncubator at 37

The majoraty of the filtrates were made from cultures grown an 1 litre ¥ rlenmever
flasks contaming 50 ml medium to grve a high ratio of surface to volume (3) 1he
media were moculated with a looplul of bactersal culture from 4 solid mediwm 1he
cultures were centrifuged at 29 000X g for 20 minutes after completion of the in
cubation and finaly filtered by suction through membrane futer (Schluicher &
Sehull Nr 1121) Having passed sterilits coutrol the filtrates were distributed in
small rubber stoppered vials and kept at —20 € Sesveral recent batches of Cholera
Filtrate Fhiltps Duphar have been examined~ The contnts of the ampoulcs 3 ere
dissolved 1 10 ml distilled water

When ammonia was used a 114 M \H; solution was adjusted with concentrated
hydrochloric acid to pH 85 This solution was added to cholera filtrates peptone
solutzons or directly to the solution bathing the outstde of the shin in experiments
made to investigate the effict of the gmmonium ifon on the sodmm pumy

Filtrates of stools from cholera patients were obtaincd from the I ahistan SFATO
Cholera Research Iahoratory Dacta kast Patistan The stools had been sterihized
by membrane filtratron shortly after cotlecticn and were ept at +4 € Sincc ar
rnval at this laberatory they have been hept at — 20 ¢ Details and hacteriological
findings are g1ven o able 3

The vasopressin used was Insipidin from A/5 Alfred Benzon (openhagen
Vasopressin synth Sandoz The dose was D2 or 1 J1' added to the solution bathng
the jnside of the slin

The exp eriments were performed with the appartus described by Ussing (13) The
short esrcust eurrent was followed by frequent adjustment to zero of the p tentral
over the shin

The frogs used were mawnly of the species Rana temyorarta but also «ther not
specified specics as obtained in the sendings of fregs from southern Cermany were
used In a few instances the abdominal skin from one frog was dnvided 1o hahes
and used in two parallel experiments The expericnce was that this gave a very go !
control as the halves gave very simtlar results

The cholera filtrates were added to the anatomical outside of the freg hnoan
amounts varving from about 05 ml to 10 mt The same amounts [ frog Ringer
were added to the nside of the skin to make up for diffcrences in hydrostatic pres
sure 1n the two compartments of the frog shin apparatus

Mcasurements of the nhibition of the short circuit current of the solated frog
shin 3s not a method well suited £>r quantitative estimations The variability s great
and the are slow particularls because considerable time 15 required
before the short arcuit current stalilizes In the present experiments 1t ha gener
ally been necessary to secure that the short-circuit current has been stable cver 8
period ¢ f at least 20-30 minutes before the shin was found suituble for ¢xp cimente
tion This Irmited usually fcr the present purposes the working capacty of a frog
skin apparatus ta onc or at the mast twe skins i me norking day

Estimation of pH \ as made electrometrically Ammonium content was « timated
by the microdiffusion methcd of Conway using the beric aeld HCl medificats o 1%
This method will probably also measure vclatile amines which might b prc ent
but the results are expressed as Nz

An sttempt has becn made to « btain a rough quantitative measure of th | tencies
of different cholera [iltrates by using a sccring svstem as follows

I We arc gratful ¢ Dr Benens)n an| Dr (rawy fcr their kind a 1 tance in
providimg a number of freshly 15 lated chelera trams and filtrates of 1 frim
chelera patients patches

\e ave groteful ta Dr Hert berger Philirs Duphar fcr supplying the

ot Cholera Filtrate
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Reaction

Des ription of varsation in short-cireurt current fallos
ing addition of cholera filtrates

Figure

Total

Werage

Doubiin}

\one

Intially there might be a quich decrease immediatels fol
Iowed by an increase The mse 30 current might continue
over the milial level but is quickly followed by 2 steep
decrease Wathin 20 mmutes sfter the apphication of the
sample “o reaction to vasspressin

An rmtial current decrease immediately followed by an
increase 1s somelimes observed The increase mav con

tinue abote the initial current level but 1s followed b

a decrease of moderate steepness \loderate positive reac

tion to vasopressin

The imitial eurrent dive might be b erved alnays fol
lowed b an increase m the current ascending consider
ably above the wnitial level A subsequent slow decrease
does not al asvs reach the lesel of the current observed
before the additi n of filtrate Positive reaction to vaso
pressin

The intsal dive in current might be observed followed
ether b no changes 1n current or a considerable increase
The current remains at the level achieved 2nd reacts
strongh o Vasopressin

We have nat used the percentage deerease in current after application of the
material to be tested because the reaction seems to be composed of two competitine
Feactions one causing an increase the other causing a decrease m the short-circurt

current
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TABLE 2
Cholera Filtrates Produced with 10 per cent Bacto Peplone

g 3 -
o £ E Organism =34 £
H it z M Z:2 =
2. S - s ] EE ]
ZE £ 38 2 5 E g 2% :
110464/90 9 10 Totsl \ chol 47 3 "MJ484
- - § Average - - 15 -
- 25 Average - - 85 -
- 175 Average ~ - 15 2468
6675 “ane - - 23 Z
010665170 10 5 Average  Foeolt U1 86 20 2363
- - 2 Average - - - 9% 986
- - 2 Average - - - 86
- - 2 Doubtful - - - - 1365
- - 1 Aserage ~ - 19 3664
- ~ 1 Average - - - 46
- - 1 Average - - -
- - 05 “ome - - , 26b8
08D664/120-U4 120 10 Total - - B&1 40 9% 54
- - s Total - - - 20 0 U6
- 2 Average - - 8§ 10,661
-~ 2 Average -~ - - 8 -
- - 2 \one ~ - 8 6161
180365/16% 168 5 Total Vehol 47 840 189 i 65
- - 5 Average - ~ - - 8/4165
- - 5 Avcrage - - - - 1465
~ , Tata} - - - - 1348
~ ~ 5 Total -~ - -~ U6
- - 5 Total ~ - - 06
140165/166 w65 Tatal -~ 838 155 7346
- - 5 Total 16/4165
- - 4 Doubtful - - 8 74,65
- - s Doubtfuf - R - 2663
0804641318 e 5 Total - - 806 15 WO
- 5 Average - - - 940
010565 177075 168 5 Total T chet 51681 863 201 156
- - 2 Total - -~ - 90 11565
- 1 Doubtful - ~ - 47 1,565
010065 47119 168 5 Total - g4 M3 17363
- - 2 Doubtfu} - - 95 16065
110565477075
Rug 8 5 Average - ET1 "0 5560
- - 2 Total - a2 26565
- - » Average - 296465
- - 2 Total - 306(5
- - 2 Total - - - 111 63
~ - 1 Poubtfel - - - g 2sls
1 one -~ - 29505
1 Daubtful nr 6
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TABLF 2 (cont)

= o =% 4
o = e reamem ES :
H 25 g~ =z o = Tz >
2 2 %E g g 2 = =2 =
tz E2 EE 2 & ;7 2 /= &
260060477005 168 5 Total - — 868 183 366>
- - 2 Average - - - 81 166>
- - 1 Average - - - 4 866>
- 05 Doubtlul - - 22 966>
- - 6> Doubtful - - - 22 1066
26026> 904653 168 1 Total - - 859 43 11 6'6>
- - 05 \one - - X 22 1466
- - 05 Doubtful - - - - 156 62
- - 05 Doubtful - [ - 16
150660-472000 168 1 Average - - BS57 42 24 6/60
- =1 verage [ e
- - 1 Average - - - - %66
190665-472000 168 1 Average - - 859 48 1,62
- 21 Average I Y o
- - 1 Asverage - - - - 197,65
- - 1 one - - - 2 a7,
- - 05 Nonme - -- 24 o6y
0°076-904629 168 2 Average - - 868 87 12/7 6>
TABLF 3
Stool Filtrates from Chelera Palients
NHa mMA
StoslNo  Dosem!  Reaction it outude  Lathoscn
solution
17 2 None 838 0 Tnaha
13 2 \one 74 08 \one
14 ” \one 82 21 None
1215 2 N\one 85 07 Inaba
830 R None 04 Ogawa
a7 2 None 08 Inaba
926 2 \one 08 Aone
1016 2 Average 82 None

The first sending contalning four sto Is (830 917 976 and 1018) was lost dur
Ing transport for fou months The condit ons under which the e hiltrates haive been
kept are not known

seven with ammonza contents from 6 to 29 mA | filtrate proved mactine
when tested 1n 2 ml doses (0 --2 1 mM 1 outside solution) One filtrate
contmined 111 mM 1 MHs and showed an Average reaction when tested
m 2 ml doscs (Table 3)

The addition of “s was accomplished by using a NLCH soletion
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contumng 1 14 Vi Mz and adjusted to pH 85 The cffects of dif
ferent doses of this solution are hsted in Table 5 and an example 5
shown m Figure 5 The correlation hetween the short ciretust reaction
and NH; content 15 1 reasonably gooed agreement with the correspond
my figures found in tests with the cholera filtrates

TABLF &
FPhilips Duphar Cholesa Fritrate Rack P09

Date of Dose Nz m
expertment (mi} autside Rezetion
so}

V1964 10 4 Tatsl
12 %1965 5 3 Total
102/1965 4 15 Total
31/1/1963 2 o8 None
33713964 1 o Doubtful

TABLF §
Ammorium Chlorwde Salution § 14 Mjl plf == 8 5
NH myW
"““\"“"""" n”';’c Reaction oytsidc
olution

1 100 Doubtful 48

2 121 Average 57

3 158 Average H8

4 10 Sverage &R

& 300 Aserage 37

¢ 466 Doubtful 1we

7 L Tota} 13"

& 400 Tota) 187

£ Bl Fotal 182
10 400 Tatal 182
11 400 Tatal 182

A fon vipertments have been performed with cholera Hiltrates where
NHz was remosed bs the ddition of sodurm hyvdroxide After storage
for 24 hours at rudueed pressure over dilnted sulphune aod {1 per
cent) wherdhy the Via was removed by ey sporation the pl wis 18
et 1o 82 by means of concentrated hndrochlorie waad B dduting
with sodium chloride free frog Ringer soltition the ssofoniciy was
restored and the Dnal solume was wdyusted to twice the ongmat

By this procedure the NHa content was reduced from abont 120 mM!
filtrate to about 18 mM 1 ongenal fifirate At the same time the it
hilntory effect disappenred

Addston of NHj solution o obtun the origanal conceatr s
restored the whibntorsy effeet

tion of NHs
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Fig 5
The effect ol \Hj on the 1salated frog shin

DISCLSSION

The experimental demounstration of sodium pump inhibitors in Cholera
Filtrate Phalips Duphar (4) and 1n stools from cholera paticnts (6)
supported the theors that the diarrhoea in cholera was caused by an
inhiition of actine absorption of sodium from intestinal lumen to
blood

The inhibntory actinaty was however not alwavs found n these pre
parations and mans attempts to produce the intubitor by growing
v cholerae in different media were unsuccessful (5)

Ve have prepared actine filtrates with 5 and 10 per cent peptone
solutions using prolonged incubation VWith such preparations tvpical
responses were regularly obtained using doses hetween 1 and 10 ml

A series of control experiments with unmoculated o per cent and 10
Per cent pep 1 have consistenths shewn onlv a nise in the
short circust current and no subsequent decrease

Aftempts to develop a quantitats ¢ method for ¢stimating con
tents of inhubitor were unsuccessful au  to the vanabihty of the test
system Therefore the scoring svstem leseribed was adopted The 1s0-
lation or concentratidn of the irhintor farled Esen the very gentl
gel filtration m thod was nct su cessful The inhibutory effect dis
appearced after passag throusk a column of Sephadex G 20 and if was
not possible to ¢l site ary inhibtorv principle from the columns Iy van
ous eluents
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Constdernble difficulty was cncountered due to changing sensihiity
of the frog skins from winter to summer It seems to he that the sodum
pump 1s 1lmosl unsusceptihle to certam agents during winier bul that
during spring the sensitinity 1 rising simultaneoush with the start
of the mating actinity

When tested in the spring and summer seasons filtrates produced
on 5 or 10 per cent peptone media proved active 1n inhibiting the short
circmit current Roughlv the actiity was doubled by merensin,, the
peptone concentration from o to 10 per cent The doses necessars to
ciuse Average reaction were 3 5 and 20 ml respeetinely For compan
son lhe dose employed of the orgmally used commercin! fillrates
(10} was only 05 ml

During the Cholera Symposium hcld it Honolulu 1n January 1963
it was described (11) that ammonium 10ns 1n 1 coneentration of about
4 mM/l 1n the solution bathing the outside of the frog slin had an i
hibitory effect on sodium transport as measured by the short eirewit
current

A similar effect has been reported earhier by Huf (7 8) whe pro
sented data showing the whibtory effect of NHstons at pH = 75
when substiluting k 10ns m Lhe solution bathin, the outside of the shin

It appears that the influence of ammonin on the achive sodium trans
port when applied 1n ordinary frog Ringer solution depends on the pH
of the solution so that inhibition 1s obscrved regularly only at pH
higher than 8 (9)

We examined the NH; content of many of our cholcr: filtrates using
the method of Conway As already described and as mav be scen from
the Tables 1 and 2 a good correlation was found between the contenls
of ammonia or ammonia like substances in cholera filtrates nd thur
hilntory effect on the active sodium transport

It was also shown that NH s 1ons (or NHs molecules) 1 the form of
a solution of ammonta n hydrochloric acid with a pH of 85 would
cause an nhibition of the short ciremit current very sumihir to the
cffect of cholera filtrates

Human cholera stools with fow NHi content did not mhing the
short circurt current whereas such mhibition was observed with 1
single stool filtrate with lagher NHa content

With 1 recent particulirly actise Philips Duphar cholert filtrate
nhibiion was observed after applving 4 ml filtrate which s equat
to 1 5 mM NHs per htre outside sofution The ammoniy conteat is cont
stderabls lower than that found i filtrites of our own prepiration
Howeser the amounts of filtrate necessary to viddd 1 total response
were gher than the dose uscd with the filtrates tested crrhicr (10)

The question about the idcntits of the inhibitor found in our fullrates

(which we believe 15 amatona) and the whihitor found i the Phabips
Duphar filirates previousls tested cannot be finwlls settled s nothiok
18 left of these old filtrates
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Certain arguments may be formulated against the 1dentits For ex
ample the incubation time used for the production of the commercial
filtrate 1s onls 16 hours on semi solid media which n our experience
15 too short « time for the Iation of sufficient of am
monia 1t hiquid media Our observation with a recent Phulips Duphar
filtrate mentioned ahove where inhibition of the short circuit current
was obtamned with amounts of filtrate ywelding as hittle as 15 m\(
ammonta per htre outside solution seems also to indicate that the
whibitor 1 this filtrate 15 of unother hind than that found i ours
Total inhibnting doses of our filtrates generally created an ammonia
concentration from 10 to 20 mM NHa per Iitre outside solution in agree-
ment with the concentration needed of a pure ammonium chloride to
effect similar reactions on the frog shin The observation bx Fuhrman
{0) that the inlmbitors activty resisted heating with alkall seems to
exclude that the mhibitor in the Philips Duphar filtrates could be
ammonia

On the other hand the reactions observed on the short circurted
fro, shin are very simular :n all details The mbitor 1s 10 both pre-
parations able to pass a dialysis bag and it has m our hands been

ble to punfy the from either source by means of gel

filtration
Ths mn connection with the low specificity of the test system sug
gests that the mnhibhition found m our cholera filtrates and perhaps
also 1n stools from human cholera patients at least partiv 1s caused v
t of or like
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PRECIPITINOGENS IN BETA HEMOLYTIC STREPTOCOCCI
AND SOME RELATED HUMAN RIDNEY ANTIGENS

By

116 E Horw
Recened 3x 66

The recogmtion of acule glomerulonephritis as a sequela o a rewent
infection with nephritogenic streptococe: has been well established by
means of il 1 1 studies (R thamp et al 1902 R !
hamp 1923 and W erthetm et al 1923) The nephro pathogunetie rolc
of the streptococcus 1s however shill a matter of controversy Besides
a direct toxic or enzvmatic action of streptococcal products such s
streptolisin S (Tan & Raplan 1962) or DP\ase (Bernheumer ef al
1907) 1anous ummunologicl explanations have been discussed (re
siewed by Cruickshank 1963 Divon and Feldman 1964 and Cluff &
Jolnsson 1965) Gamma globuhn and complement { Vellors & Orlega
1996 Freedman et al 1960 Freedman & Markow:lz 1962 and I achmann
et al 1962) as well as streptococeal antigens (Seegal ef al 1909) and
antigen antibody complexes (4ndres el al 1966) have been demon
strated 1 glomeruli from patients with acute glomerulonephritis These
Dndings mav partialls cf the thogenetic mechanism
of streptococcal induced glomerulonephritis

The antigenie composttion of cell walls from beta hemols tic strepto
tocer belonging to Lancefield s group 4 have been extensively examined
{e gy Lancefeld 1904 hratuse 1958 hranse and VcCarly 1961 VcCarly
1964) and the liological sigmificance of these antigens has also been
ivestigated (Lancefield 1934 MeCarfy 1964 Hollon & Schwab 1966
Abdullah & Schwab 1966) Although the streptococeal antigens n eul
lure filtrates (reviewed Iy Halbert 1964) have been itensisely studied
few reports are avalable co wirning the antracellular streptococeal
antigens (Wilson & Wiley 1963 Wahl ef al 1960) That such studis
might be of speeril unportanc n relation to the immunopathogenieits
of streptococer 1n acute nuph itis was illustrated by Varhowi! & Lange
(1063} and haplan (1964 199) who could show antigenic reltionships
between human tissues i treptococeal cells

The aim of the present vestigalion was to investigate the ntra

Invaluable ec » mic supt Ly granted by the F cult of Medicine—Un e sity
of Goteborg T! Swedish Life Insurance Compan ¢s Foundation for \edical
Research Stock 1m and tne Walt r Fllen and Lean rt Hesselmann Foundation
f Serentutic R h Sto kh lm
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ecllubr antigente composition of streptococenl cells belongang to I ance
ficld s groups 4 € and G and to compare these antigens with those
occurnng n ordinary Iancefield extracts of cell walls 1s welf as to
antigenic factors derssed from normal human hudney

MATFRIAL AND MT'THODS

Ractersal stroins Fourteen strans of beta kemolstie streptococel bilonging lo
ancefield s groups A € and ¢ were investigated These strains are Hsted 1 Table ®
I rimary buman pathogenie strains are demigoated weth ype numbers The referenee
stram 1 13846 (1ype 12 M) was fsolated from a patient with an acute glomerul
nephritis 1 Bedale Lngland 1963 This stram and the non nephritogersstipe 17
streptococets {sirain $300) were obtained from the Central Public Health Yabors
tors Colindale Londen The other streptocsceal strams were kindiy suppfiesd by
Dr Hebecen Lancefield The Rackefeller Institute New York In additidn two
preumacacesl strams (types 27 and 2 R) obtsined from  Ststens Seruminsitat™
{openhagen were employed

Antigen Preporotions

Streptococeal Intracellular matecial ({C}  Teaoslers from 16 hours glycerine
broth stack cultures of the streptococcal stralns were grown mn an antigen free
medsum under stabilized pM condiions at pH 68§ as deseribed by Holm € Falten
(1966) After 16 hours cultnation the cultures were centrafuged at 1500 xg for 30
mun &t 4 C The bacterial cells were suspended s 18 volumes of huffered saline
{\W15 phosphate buffer pH 70) centrfuged and washed three times In the same
way The final bactertal sediment was suspended in 3 yolumes of hulfered salite
sonicated st & Rasthean 200 watt 10 ke oscsliator for one hour under einlling with
cald tap water (<10 C) and subsequently {reeze pressed {ne times in the x press
desersbed by Fdebo (1960) After thawing the material was mixed with hiass heads
(7 mm} and shaken at 4 G for three hatrs decanted and centrifuged at 12080 X&
For 30 min The supernates were designated IC (¢ g 1C A1? (D 13846) IC A3 (S BS)
eic } The proten content of the IG preparations varted hetween §1 and 6 0 mgmt
as measured by the method described by fowry ef al (1931) using lysozyme as &
referenice substance Three to five IC proparations {rom each strain wire analyzed
and the one with the mnst pr fjon was cmplored
1 the westigation

Lancefteld extracts {CW)  The bacterial sedsments obtasned after the preparsticn
of the 1€ material were washed three times with distillud water and centnfuged st
12000 Xg for 20 min These sediments were used 1a the preparation of §ancefarhd
extracts (bofing at pH 20 for 1@ mun, followed by nestralization and centrifuge
tion} The ¢ preparations were dessgaated £M (2 p CM S 81 CM P 13846,

Strep. ! poly h anfigen This preparation was obiained a3 5
gift from Dt Maclyn McCarty for preparative procedure see his report (1359)

Human hidney antigent (K sup A sed)  The source of these materiale was the
hidneys of 3 91X Seeh old hoy who died of heart failure They wnere removed smme
diatelv after death o ashed with vahme chifled in an ice bath and homogenized with
2 volumes of butlered saline sn an Ultra Tureax at 3000 rpm for three minutey
under chitling After centrifugatisn at 30608 Xg for 30 min a kidaes tlsswe supe?
nate (h sup) contaning 3 mg protemn/ml and a Kidney t1yvue sediment were hhﬂntd(
This sediment was suspended tn an equal elume of bulfered saltne (31 74) ant
was d b sed Both were bacterjol sgiealls stessle

Human lyng anfigen sas prepared from funs lssue of the ssme ariyin as the
aforementioned kidnevs ummy, the procudure just described No streptor resd so®
tamination Sas notedt i this preparation

Prenmococcal itracellular antigen was prepared m the manner car
(or streptocnceal intracellular matirial

frce d seribed

Antisern ¢ e
Antestreplocoreal yerum {ants FO4FL) sas froduced an & sheep whictt §ad bee
fh) repeated injeet] ny of 1€ material and cnlture filtratey
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(FC) from the eight Eroup A streploeoccal stramns using an adjusant technique
Fach 1nject1wn consisted of 05 m) ponled IC -+ 10 ml pcoled EG  the muxture was
emulsified with an equal volume of paraffin el ArlacelR (9veollvol) The immun:
zation schedule tmphied weekly 1njections for 8 weeks followed by monthly njec
tions for one year The antiserum bleeding employed 1n the present inyestigation
was taken one week after the twelfth injection and v as designated Anty ICLEC
o antibodies could be detected m ants 10 4 EC avatnst the medium used for cul
tivation of the streplococer Portions of this antiserum were absorbcd with heated
or unheated IC materials from different streptococcal strains The absorptions were
carfied out by adding an ahiquot of the absorbing antigen to a portion of the ants
seram incubating at 37 C for 1 hour and storing at 4 € overnight The mixture
was centrifuged at 10000 Xg at 4 C for 30 mun, and the supernate decanted If pre
cipstins to the al sorbing antigen were still detectable the procedure was repeated
Anlt human hidney serum (ant: K | P) Four rabbits were myected subcutaneous
I once a weeh for 8 weehs with an emulsion prepared by mixing 05 ml h sed with
05 ml paraffin o1l — Arlacel AB (9 vol/l vol) 4 booster dose of 05 ml h sed i 05
m) saline was grnien intravenoush three weehs after the eighth mnjection and bleed
mgs were performed onc week later The sera after separation from the blood cells
were repeatedly absorhcd as described before with freeze dried pooled human plasma
lacku The abscrbed antisera were tested
by the double dl(l‘usmn n gel melhod and found free Irnl;\ antibodies against serum
the

proleins 1n addition med.
could be detected The serum which contamned the largest number of precipiting
when tested with h sup was chosen and was designated anti h | P

In some experiments the anti h | I' ahsorbed with human AB(+4) crythroc tes
was used This absorption was performed by suspending a sediment aof ervthrocyvtes
(1 volume) m anti k | P (2 volumes) This mixture was iecubated for 1 hour at
37 C followed by centrifugation at 1000 Xg for 10 min

DPNase inhebation fest  Anzlyses for the detection of DP\ase inhibiting capacity
of IC matersals from different streptococcal strains were made according to a tech
nique recently described by Holm & hauser (1966)

Diffuston n gel analyses The doulle diffusion in gel method of Quchterlony

(196%) was employed i the gel chamber desersbed by ¥
{1967) and Holm (1965) The of the
terns was made to the princir bed by v (1962)
! P and
phoresis were the by Walsworth &

Hans n (1360) To obtain optimal cparlllun of the streptococcal antigens the antr
Etn reservoir had to be placed 4 cm from the cathode and the separallnn was made
X 17 glass plates af plying a field strength of 7V per em for 80 m
eoustraton of prectpiates 1 hotogaphue records of the precimtation ratterns
were made by means of Polaroid
Walsworth {1963)

IXPFRIMENTS AND RESULTS
Reference Streptococcal Preciputation Specirum

To facilitate comparison of the various antigenic materrals a refer
mer davplermeh mmare sviemm v walilelicd Thie mdhtver
antigen consisted of the IC A12 (P 1354b) preparation and the refer
ence ahtiserum was the polvvalent sheep anti . + EC Tig 1 ais a
Photogthph of the spuctrum developed by the undiluted reference anh
gen an{ the refcrence surum Additional precipitation lines were ob
served w one of the reactints was diluted The reference precipita
fion spectrum formed by these reactants consisted of eighteen preeipita
Ntion bands ~  Fig 1b By dilution of the reference antigen or the
reference serum pt could Le venfied that these bands represented
separate immunological systemns The bnes were designated ad — (T

LT R 1
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labelling from the antiyen bastn The antigenie factors are represented
by small letters and the corresponding antibodies by capitals The most
dense and rapidly appianng hine sn the precipitation pattern was the
LA hne while the @1 — ¢E Iines were funter less distinet and appeared
late in the diffusion nalvses

The influence of heat on the precapitinogens in the reference antigen
was examined by testing samples after heating them at 60 80 100 or
120 C for 30 min The heated preparations were tested with the com
paratne double diffusion wn gel technique emploving the reference
streptococcal immune svstem The results of these analsses are shown
i Table 1 As may be seen the ¢ g and A factors could not be detected
after heating the reference antigen to 60 ¢ for 30 min while the fac
tors n p and g were shill demonstrable after heating to 120 C for the
same period of time

The reference antigen was also treated with trypsin (1 mgml Difco
1 200) for 60 min at 37 C pH 80 the enzvme achion was bloched
by addition of trypsin soy bein hibitor (NBC 1 mgml) It may be
secn 1n Table 1 that the factors e-f i I n o 7 and r were not destroved
by the trypsin treatment and n and g resisted heating at 120 C for
30 min followed by exposure to {ripsin

Immunological Comparison of the Different 1C Preparalions with the
Streptococcal Reference Antigen

The streptococeal IC preparations were analvzed with the estabhished
reference immune svstem by means of the comparative diffusion tn gel
plate techmque The results of these analsses are given in Table 2 The
relative concentration of the identified factors 1s not mdicated i the
table As some of the lines in the reference spectrum were fant and did
not extend far into the area of inlerference the coalescence of these
lines with those formed by the refcrence immune serum and the IC
Preparation was sometimes uncertain Such reacttons are indicated by
question marks It man be seen in the table that streptococcal strams
which are considered as pnimary human pathogenic 1 ¢ the group 1
strains tvpes 7 and 20 1n group C and the T 16 stramn of group G had
thea b gand & factors These factors could not be detected 1n the other
three strains tested Factor f was onls found i group A streplococct
Factors n and ¢ were presentin all the A € and G streptococeal stramns
and also m the two pneumococcal stramns tested (pneumococcus tvpes
27 and 2 R) TFactors ¢ and ! were detceted with certainls only 1n the
antigen preparation frem the refurence strun nd factor p onlv 1n the
type 3 and the type 16 strainn addition to the reference strun The fac
tors e and r were found in ali the group A € and G streptococeal strains
tested Sinular results were obtaincd concerning the s and ¢ factors
although some uncertunty existud with regard to strans T 20 and k 39
Factor ¢ was fcund in 4l group 4 and G struns but onls with ccrtants

6
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Fig *
Photograph (8) and schematic dravang (b)Y of the vamuno clectre phorety syectram
obitalned wiih the refirence streytoeneual reactants The reference antipen ¥ X
(I 13846y was apphed sn the oircular basin and electroseparated  the reforence
ummune serum anty 3C4TC was placed 1n the lonmiudinal basin The jrecipitate
dessynations correlate with Mg 1

n ino of the four group € slruns Fhe fclor B w s present m alt 4 i
€ struns and the fype 16 steun but could not be demonsteted m the
othur group G stramn The inalvses for the detectian of the o faclor
were unc rlam due to the funt preapitate formed by fhs anten and
s mtbody The m factor Was found m all group & strins sith the
exception of the tspe 1 wnd alt group G struns bul enh n ene of the
four group € strains myestignted Al IC mater s fram ste uns showing
the presence of the m fictor had DPN we mhibsting, ¢ ipicaty Mo b
hodics werd found m the it 1041 C serum corresponthng to Hhe group
A speerlie earhohnvdrate m the ¥ omncedield (xiracts or the pehvglyeero
phosph ¢ preparation

Immane Flectrophoretie Analysis of the Reference
Streptococcal Antigen

In order to further charactenze the precyptinogens in the pforenet
streptocoteal antigen the mfirenct anbigin was soparited clectroe
phoretieatly m g i gel and nalyzed with the seference ymmune serum
Tig 24 wd b present the nnmune cleetropharetic preopilshion Whers
which consisted of 1 fuast 18 prospitation ares most of whieh wut
tocalized) on the anodal side of the mbipin sservor Mun of the 1t
furenee precipitimogens wert found on the modat ade of humnn serunt
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Fig 3
Schematic drawing of the precspitation paltern obtained when LanceDield extracts
from a nephritogenic (CM — P 13846) and non ney hrtogenic (CV — S 84) strepto
coceal strain were analvzed with the hidnen  anti hidne 1mmune system
Precipitate designation 1s indicated

albumin By means of the comparative immune electrophoretic tech
mque and employing heated and trvpsmuzed preparations of IC matert
als from different stramns as well as absorbed antisera twelve of the
preapitation arcs could be 1dentified with the precipitation bands in the
aforementioned established reference precipitation spectrum  These
immune systems are labelled sn Fig 2b The 1denthification of the other
Immune svstems was not possible to perform due to the faintness of
the precipitates or the multiplicits of precipitation arcs m certan
Tegions Immune clectrophorctic analyses performed at lower pH values
{down to 5 8) than the one used 1n the standard techmque did not per
mit further 1dentification

Immunological Relationship between Streptococcal Cells
and Human hidney

Double diffusin in gel analises of human hidney antigen (h sup)
with anti human hidnes serum absorbed with human plasma (de
signated ant1 k| P) reveafed at Ieast five separate tmmunoprecimtates
These were designated a4 — eE (Fig 3) When Lancefield extracts of
the nephritogenic reference streptococcus 1€V — P 13846) and a non
nephritogenic streptococcus (CM - § 81) sere analyzed with the same
technique against antt k | P and compared with the reference hudnes —~
antr hidnex immune svstem two precipitates were formed with each of
the I ancefield extracts and anti kP One of the two preciprtates 1n
each immune svstem coalesced with one immune precipitate of the
hidney ants hidney svstem (@A) The other precipitate of the CM-C 84
~antt k | P system coniesced with the dD preaipitate: wlile the second
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Schematic drawing of a £ ypmuUpo analysis of
the kidney antigens (h sup) and the Lancefield extract from the nephritogenic
stram 7 13845 using the anty kidney serum The preciptate designattons careelate
with Fig 3 serological relahionship of the kidney as and strepiocaceal hit
precipiiates 1s mentigned n the text

CM -~ P 13846 - ant1 b | P system coalesced with the of preaipiate of
the kadney ~ anti Jadney svslem No difference was noted e these pre
cipitttion patterns if wm antt {dney serum was used slich had pre
siously been absarbed with human AB( +) erythrocytes

Comparihise simmune clectraphoretic analyses of the kidnes — antt
hadney ymmune sysiem and intracellular preparations and ¥ incefield
extracts of cell walls from the iwo aforementioned streptococel strmns
were 1iso pecformed As may be seen i Fig 4 both tfie a4 and the ¢f
precipitatcs could be localized n the hulney ~ anh ldney mmune
spectrnm By means of a particular basin arrangement 4 covld also be
dlustrated that the ad precspitate of the reference streptococeal spec
trum coalesced with the b preopiiate of the reference streptococet
speetrum but no antbedies aguast the other hidney antigens were
monstrable 1 the bt I+ TC serum Lanceficld extraets of the other
strept o0} sirans ¢ the h factor developed 2 prisspitate
with the anh kidnes serum shich colesced with the a4 preamtate of
the hidney ~ antt kadaes syslem When the lung anfigen was deetro-
separited and developed with anti k| P oserum a precipitate was
formug which contesced wath the a4 preapifaie of the hidnev ~ anl
Lidney system

BISCUSSION

The muithiude of precipitinogens w ntraceliufar mralenals from strep
tocaceal struns belonging to Lancefickd » groups A € nd G s v
trited by diffusion m gel methods is strihing  Although no #iemplswere
made to analyze the chemeal siructure of these antiens the present
results give enough wform on 1o mahe 2 lantsbive cherctenzahon
of some of the precimtinogens i ihe reference intrrcelludar streplocor
cal antigen preparalion Thus st man be assumed bt the g factor
corresponded to the s factor of Wdson & W dey (1953) beeause of 3%
wide dislrbulion among different A € and & sbreptocoreal struas its
freat md {rypuin s dalds and sts clectropharcte posthion The heat
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TABLE 3
Summation of Results
Tentatwe Charactert ation of Streptococeal and Human Ridney Precipitinogens

Precipitinngenie factors Properties
Reference
streptoroccal antigen
abgh Related to human pathogenetic A € C strep strams
e Specific to reference strep strain P 13316
4 Specific to strep Group A strains
h Serologically related to human kidney antigen a and

to a human lung antigen Common to strep
Croups A C G

m DP\ase 1ohibitor Common to strep Groups A € G
n \tucopeptide Common to strep Groups A C, G
q E$ (W tson & Wiley 1963) Common to strep

Groups A C G
Human kidney antigen

a Serologically related to ref strep antigen h and &
human lung aotigen

< Serolagically related to a cell nall antigen from a
nephritogenic strep straix (P 13846)

d Serologically related to a cell wall antigen from a

non nephritogenic strep stram (S 1)

and trepsin stable n factor might be correlated to the mucopeptide de
seribed by hrause & McCarty (1961) and which Rotfa el al (1962)
found could be released from streptococcal cell walls by ultrasome
freatment Presence of streptococeal mucopeptide 1n IC matenals mav
offer an explanation to the ex t antibody response o d in the
sheep 1f considered in relation to 2 recent report on the adjusant pro

perty of mucopeptides (Holton & Schwab 1966) According to Table 2
factors @ b g and K were onlv found 1n beta hemolstic streptococer
which are considered to be primary human pathogenic On the other
hand the @ and b factors were often drfficult to demonstrate further

more only threc non human pathogemic strains were analyzed The
characterszation of these factors as typrcal for human pathogenic strep

tococes 1s therefore hughly tentative and additional streptococcal strains
should be analvzed The heat and trypsin lable factor f was oply
found 1n group A streptococer and mught be regirded as ¢ group A
speaific antigen not corrclated to ¥anceficld s group specific earbo

hudrate as this latter substance resists trypsin treatment and 170 €

The ¢ and I factors were onlv found with certainty in the reference type
12 stramn Both factors were heat labile and tripsin stable like the
T substancc of [ ancefreld {1924) Although the immunoelectrophoretic
Position of the I also ¢ rresponded to the clectrophoretic position of
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the T-substanee from 4 tupe 17 streplococens reporied by W tson £
Wiley (1963} further analsses should be pesformed fo establish the
correlation between the T substance 1nd the ¢ or { factors The e, 1, ¢
and f faetors were found m all A € and G streplococe tested W hether
these four factors wre specific for the A G and G strepiocorer or are also
preseni in streplococes belonging to other proups eannot he mterpeeted
from the pre<ent resutls The trypsin <table o factor was found 11 most
4 € and G streplococeal sirmns Although the immuno electropharctic
pasttion of the dD preamiaton are corresponded o the posttion of
streptococeal pols giveerophosphate as desembed by Walson & Wiley
(1963) the d factor cannot be the polyghieeraphasphiate 1s antthodics
1o this antigen were not detected sn the ant JC-+1 € serum The b factor
could be demonstrated in a1} of the mnsestigatcd A and € strams and
alsg n the T 16 strun of group C hut could not be demsonstrtcd s the
F 68 stroin The correlttion hetween this factor and antigens derned
from normal human hdney and lung wilt be discussed below The m
factor was found to be unevenly distributed among the A € md &
streptococeat strams On the other hand IC matenals from all struns
which contamed tlus factor also revealed DPNase mubntory capiaty
The iummune clectrophoretic position of the myf preeipstation are corre
spended to the o preaapdate which was earher shown by Holm £ Aagser
{1866} to be corrcirted to the DPNase mhilitor and its anbiboshy Fur
themore the results concerning heat and trypun Inbildy indieatod thet
the m¥ preeypitate mmght be atinbuted fo the mlabier anty mhibiter
mmune svstem A summation of the charactenzilion of these pr
cipnlinogens s presented m Table 3 1t must be emphasized howesd
that this s ondy 4 tentatise charactersization  Additional str nns shonld
be analyzed and punfied wnhgons should be prepared 1n order to senh
the trend of the present findings In a fortheoming publication (Jolm
to be published} a further biochemical charaetersz tion of same of these
factors will be presented together with results concerning the andye¢
redationstup hetween these factors and well known extracdiniar strep-
torocenl factors such as streptabvein O DNAse B protesnise strpler
kinve DPNase ele

The resulis concerning the nbtigenic relationshup hetwoon hums
hedney antigen and streptoeoceat products showed that hoth sntr ety
1ar material and 1 anceficld extracts from cell wails from nophritosenic
and non nephritogenic streptococeat struns belonging, to thre serologic
groups A and € and the T 16 stram of group € 1ll coniuned 2 heat nd
trepsmn stible preciptinogen {the & factor) whigenicnth rotated io 8
human hidnes precipitinogen Furthermore this antipen was fonnd 1o
be reinted to 2 precimitnegen derned from nosmal human lung ‘“‘“‘;
Immunoelogic 3t cross reactions belween lung and hudney prﬂ:“""“‘i
hasve been reported be severtl wthors te g Vellors of al 1997 "JU"“
Jund 1916 and haplan 1964} wnd have been asspned to wbgens ?r;:l;n
m the capiftary vaseular bod I 1908 Aaplun roported that 1 thin
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the T substance from a type 17 streptococcus reported by ¥ afson £
Wey (1963) further analvses <hould he performed o establich the
correlation between the T-substance and the ¢ or I faedors Thee 7,5
and { factors were found in all 4 € and G streptoences tested W hether
these four factors are speaific for the & € and G streptococa or are also
present in streptococer belonging to other groups eannot he interpreted
from the present results ‘The trypsin stabile d factor was found i most
A C and G streptocoecal struns  Although the mmuno electrophorelic
position of the dD preaipitation are corresponded to the position of
streptococenl polygivecrophosphate 1 deserbed by YWalson & Wiley
(1963) the d factor camnot be the polsghyvcerophosphate s antibodis
to this anhigen were not detected mn the anh YC 41 C serum The h faclor
could he demonsiraied 1 All of the msestigated A and C struas and
also in the T 16 strun of group C but could not be demonstrated m the
F 68 «trun The correlntion between this factor and anhigens derned
from normal human hidney and Jung will be thsenssed below Them
factor was found to be unuvenly dwstnbuted among the A € and &
streplococcal strains On the other hand IC matennls from all stratns
which contuned this factor Also rescaled DPNase inhiintory capals
The immuno electrophoretic posihon of the mY precypitation are corn
sponded to the ff precymiate which was carlicr shown by Holm & hayser
11966} to he correlated to the DP\1s¢ ntubitor ind its antthady Fur
themore the results concerning heat and trypan Innhiy sndieatud that
the m¥ preeipiiate might be atinbuted to the mhilitor anti minitor
mmune ssstem A summation of the charactenizalion of these pre
apitinogens 1« presented i Table 8 1t must he vmphasized howere?
that this 15 onfy 4 tentabine charactenization  Addition strans should
be annlvzed and purified antigens shoutd he preparcd in order to sertfy
the irend of the present findings In q fortheoming publication (flolm
1o be published) a further mochemienl charaeterization of some of these
factors will be prescnted together with results concerning the anhigenie
rdiationshup between these factors and well known extracellutar sinl»
tococeal fictors such as streptolvain O DN\Ase B proteinase strplo~
hinase DPMNase ete

The results concermng the antigemic relationship between hund
hidnov antigen and streptocorea) products showed that both intracelly
lar mAtenial and € anceficld extracts from cddl walls from nephnfogtaic
and non nephnto.eme streptococent struns helongmyg, to the xero!n]..n’
groups X wnd C and the T 16 strun of group C il contyned 1 het -m;
tripsin stable precipiinogen (the & factor) antigemendiv related rlnlv
human kidney preoptinogen Furthormorc this antigen was found
be relited to 2 preaipilinogen dertved from nopmal human fung ll;“‘n"‘
Immunological cross renctions hudween tung wnd hidney prepary ':;l.
have been reported by several authors (e g Vellors et al 1992 Bﬂ«-n!
Litnd 1926 and haplan 1963) and havd heen assigned to '\nhﬂt'"";”l‘s n
in the capail iry vaseular hed In 1958 haplan reported th i raie
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STUDIES ON IMMUNOLOGICAL TOLERANCE
TO LCM VIRUS

7 Adoptwe Immum alion of \ wrus Carrier Mice by Grafts
of Normal Syngenetc Lymphoid Cells

By
JorcEn Ha\\0VFR Larsen and Mocexs V OLKERT
Recersed 11 %66

Bllinghan ef al (2) demonstrated 1 1926 that normal svngeneic
lympheid cells are capable of abolish a state of 1 1
tolerance when transplanted into tolerant animals This was later con
firmed by the same group (3) and by Gowans et al (8) In the exper:
ments described by these authors the state of tolerance was mduced
to allogenerc tissue and spleen cells thoracic duct cells and peripheral
blood leucocytes were also employed Volkert (22) has shown that the
same results could be obtamned 1n another tolerance system he found
that normal spleen cells were able to abolish the tolerant state in LCM
MIus earrier mice

As the role of the normal lvmphoid cell 1s one of the fundamental
Problems in the question of tolerance the effect of these cells 1 LM
‘rus carrier mice was reimestigated using varving cell doses and long
observation time The effect of rmmune Ivmphoid cells has heen de
seribed in our previous papers (21 22 23 24 23 28) The results of
the normal cell experiments will be recorded 1 the follow mng

MATERIAL ANDMETHODS

The folerant 1CM virus carr er m ce were of the highly inhred C3H st amn used o
Ur previous experiments The tolcr n e was mdu cd b neonatal mjection of LC
VITUs Only female m  were emplosed

The normal (unsen 1t cd) domors us d w ¢ f om the ame nbred stran and
had never been n conta t » th LCVM 1ru

The preparation of ell u pen tons the transplant tion the se ological and viro
1& al'methods were the ame  dese bed 1n our previous p pers { » 21 26 28)

The authors are nd bted to Mrs B Hujer Stmonsen for sk ltful techmical assi t
ance

Tte Inst tute { Tumour Virus R ea ch s suppo ted by g ants from the Ewnar
Willumsen's Mem ol Funl and the Danish Can er So tely



EXPFRIMFNTAL

In the following experiuments narmal {(unsensitized) tymphoid edis
were taken from a pool of cells harsested from the spleens and fymph
vodes of normal C3H femalc mice The cells were transplanted mto
s ngenoic visns carners 1 doses of 10 X 105 100 X 187 200 ¢ t0*
and 1000 ¥ 10' After the teanspl mtation blood samples werd taken on
davs 10 20 30 4045 60 100 140 190 and 220 In addition for the
10 x 16% group hlood symples were tihen on day 420 after the trans
plmntation for the 100 and 200 X 19° groups on days 330 and 40
affer the transplantation nd for the 100 X 10° group on day 280 hut
not iafer than this Al mice surined wn obserialion pertod of 199 dns
After {his ime there werc sporadic deaths of 1 few muce in each group
As s apparent from the figures these deaths aftor the 190th day did not
however mfluence the experimental resulls

‘The blood samples from each indivadunl mouse were Yested for visus
and complement fixing anhbodies The blood was taken from fhe
mner canthus of the eye A small unount of hepann just enoughd?®
hinder coagulation was added 1o the blood for virus hitration Shorth
ifter the Dlood was taken semal decimal dilutions were made and cach
thintion was mnyected mfracerebrafly nfo four white Swiss miec The
whele procedure was completed within an honr of the biood bong
taken No heparn was added o the blood for {he complement fixihion
test these samples being allowed to coagulate The scrum was then
separated after centnfugation at 3660 rpm for 20 minutes wnactisated
on a water bath at o6 € for 30 minutes and stored at 4 € The comt
plement lixation tests were carnied out once a week

From the data obtuned 1t was possibie to distinguish five magm dpes
of expernmental results (A B C D and 1) in the whole mlen a1 In
Figs 1 to 5 these five 1vpes 1re shown graphically I ah of the fne
pars of curves indicates the course of the viremia and anhihods Wt
1n a single transplanted Virus €arrier mouse representaine of the fvpe
The A curves (Fig, 1) are from 2 monse of the 10 X 10% group The b
€- and D cunves are shown m Fige 2 3 and § and are 2} from mee
mjceted wath 100 x 107 ells The E-cunves (T 5) are from one
ihe 1000 X 190% group In each group minor deviations from the cures
shown werc scen but these will he descrsbed in the text

Control group A fifth group of 1) CIH female virus carnr me
used s control group Thes were left untreated te they wene 0
transplanted The virus ttres of the biood and the antshody tlres wert
determmncd as deseribed above for the other groups Al the mice [
{his group had a course of the 3 tvpe in Fig, 1 At no tune id the Vrus

W 1%
ot

fatre €all below 16 v and the complement frxing bilres were <4 Th;";;‘
sosulls are m accordance with previous Nindings an norc lh'\ll] of
11ds

untreated virus carrrer C3 mice hept 11 controls other kil
experiments in thus taboratory
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Blcod virys titres and ecmplement fixation antibods titre of tolerant £¢ 3 vros

carrier mice fclicwing transplantations «f himphad cell frim unsensitiz ¢ s

gentie denors Fach figure indiates the date from  ne mdividunl m ouse rgre

entative of the gronp to wIich ot belcnes The mouse w Ly, L ha recone L IAXI®

cedls those m Fags 2 ta 4 Wiave recerved 10010 cell and the muuse m by §
T0UG> 140 ccdls

The effeel of 10 X 10' syngenew fymphotd cetls Tn the following
a\perument 1 dose of 10 X 19 normal Iymphoi ecdls 1solnted from the
spleens nd Ivmph nodes of ssngenae fomate donors w s tr msplanted
mtraperitond dh to soven fomale G3H virus ¢arners The blood virus
ttres ind the complement fivn,, intihodies st followed 1t mien iy
for the next 420 dass Fhe valucs for one of these micy e recorded
sraphiealis M 10 AR the seven muec had 7 ocourse of the A By
At no bme did the virus titre of the biood il hdew - nd the b
Bady titres wire <4 The course 15 1dentical with that of the untreitd
control yroup e no mewuribie wopling immunszatian took placcin
thicae trmapt uited wumals

The ¢ffcct of 100 ¥ 10 syngence lymphotd colls A group of 1o
fumale G3H virus carrsers was cach tonsplinted e apertong i wib
Udose 6f 100 X 10 normal svngenoe bymphotd eetls wolded from
the splecns ind lmph nodes of normal fom e donors The Blond yirus
fitres and antibody biitres sore followdd as desenbed above

I rom the it obtvned m the indivdudd nuce three s of resufts
conld be scenn tlus sroup In throg mice the course w s of e Bispe
tFt, 2) In these mice no virns bire bedow 100w found bt com
ploment fiang, wmbihodies wore produced in il of them during the furst
tna monthy ftor the inmsphintation Onc month after the 3930
plantition tilres of out 16 were observed Howener the wntitodies
soon A ppCrrcd and did not raOppor This moans tht 2ars short
lived wmd we ik wWophis € immumzihon took plice during, the first ISl
monthe aftor the transplmation s indie aled by the prisence of com
plement frang mbibodies 1L did not howesor nflucne the un‘m:‘ﬂ

Tight furthor e from s proup hul 1 course of the € ‘\lﬁ
althouph the course n somy mice differed Slightly from the (;"m:l
shown (Fig 3 In 2l these miec the Blood virus titres deere ysed
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the mintmum titres were reached two to three months after the trans
plantation In four mice the virus in the hlood disappeared completels
m the other four muce the titres fell to betwen 107 ang 10 ’ The
mummum titres were found m some muce for only 1 short tme m a
few at onlv one observation whilst 1 other mice the mumimum titres
were maimntained at 7 constantly low livel for several months In all
eight mice however the virus titres increased ain and aftcr one vear
all the tifres were more than 10 ze at the virus carrier level

In these eight mice complement fixing antibodics were formed m
small to moderate amounts {titres of 16-64 max ) durmng the first six
months Then thev disappeared and did not reappear In these mice 2
quite strong but temporars doptive unmunization tooh plice as
Judged by hoth the temporars deerease of the sirumin and by the
Presence of antibodies

The remuning four mice of the 100 X 10 group had a coursc of the
D tvpe (Tig 4) The mmimum titres for these four mice were reached
at 60 davs after the transplantation and were of trace amounts in two
mice and of titres of 109 and 10 © i the other two In all four mue
the blood virus titres hereafter returncd to the virus carrer lesel The
antibods titres for these four mice were nll negative (<4) duning the
whole observation period This mdicates that mn these nuce there was 1
temporary adoptive ummunization s judged by the decrense n the
blood virus titres hut 1n spite of this no antthodies were formed

The results for the whole 100 X 10 group show that a fes mice will
develop a short Ined and weak adoptive immumization characterized
by Iow titre antibodies but not mmfluencing the virerma In a few mice
the induced immunization depresses the virus hitres but does not cause
antibods production The mam part of the mice will however dev clop a
Quite stron,, but temporary adoptine immunization which a« long as 1t
lasls influcnces the virus titres and 1oy to production of antibodies

The effect of 200 X 10 syngencic tymphowd cells “ine female C3H
Mrus earriers were transplanted sniripertonely wath 200 X 10
hmphod cells 1solated from the spleens ind Ivmph nodes of normal
Singenuie female donors The sirenua ind the complement fixing ant
bodics were foltowed 1s described above

Two types of resulls were scen m this group Three mice showed a
course of the C tvpe {F12 3) not differing «ssentially from that de
seribed 1n the foregoin,, section on 100 % 10 «ils 4 temporary adop
tve immumization took place S1x mice hid a course of the T tipe
(F1g 3} The virus titres decreased to v ih os 10 40 to 60 davs after
the transplantation and tived on this [hw level for the remainder of
the 410 das long observation period

Complement fixtion an ¥ neutralizition tosts were 1 this group not
carrid out on individual samples but on 1 pool of serum from all
members of the grou; TP comylument fixation antibody titres were
demonstrable from the third we h and duning the remaimin,, obsirsa
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tion period the titres varied from 64 to 128 The classifteation of this
group 1s therefore made only according to the course of the viremn
The titres of the ncutrahizing antibodies mn this group were foliowed for
the first 70 d1ys after the transplantation These antibodies appeared
n the second week after the transplantation re rehcd m yvamum values
six weehs later with 2 log neutralization index of 3 0 nd then deereased
agun Seventy davs after the transplantation the log wndex was 18
Further tests were not made

The results from these six mice rcvealed = complete and long lashing
abohition of the tolerint state as 15 seen after transplantation of 1
sufficient number of i1mmune cells

The effect of 1000 X 10" lymphod cells A group of scven fumale G3H
virus carriers was transplanted antraperitoneally with 1000 X 10
Ivmphoid cells 1solated from the spleens and lymph nodes of normat
syngenete female donors The virenia and complement fixing ael
bodies were followed for the noxt 270 dasvs

From the course of the viremta and antibods titres n the mdividual
nnee 1t was possible to distinguish two tspes of response in this group
Four mice had a temporary adoptne unmumzation (tvpe C Fig 3
The nunmimum titres of all four mice were below 10 In all these mict
the virus fitres 1,mn 1ncreased to virus carrier v alues (>10 3) Thre
mice showed however a permancnt adoptive immumz ttion (vpe b
Fig, o) Mimmum sirus titres of no trice were reached two month
aftur the transplantation and stived at this fow level for the remmindir
of the observation peniod (280 dvs)

Complement fixing antihodies appuared four weehs after the trans
plantation In all mice of this group antibodics were present Thet
reached mauimum titres (32-128) 40 davs after the transplantstion
During the followsng period they dropped slowls fo low lovels or dhs
appered

Table 1 contains an outhine of the four groups deseribed here
also of thc control group of non transplanted virus erriersy

and

TABLE 1
Survey of the Course of the Viremua wn Female C3H Virus Carsier i ¢ Transplant
wath Varping Numbers of Lymph wl Cells Isolated from the Spi ns and Fynl!
Vodes «f Normal Syngenere kemale Do rs together wath a Contr 1 roup of
Transplanted Virs Casriers

d
h

Numbcr of
“““"“‘"’b‘"d micem Type A TypeB  TaeC 1y b ek
transplante the grou;
10x30) 7 7 n 0 o :
100X 109 15 0 4 8 4 6
200X 10 9 0 0 3 0 H
1000 X 10 7 ¢ [ 4 n
0
Contro) 15 15 [ [ 0
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DISCUSSION

1t 1s generalls helieved that adoptine 10n of tolerant
1s brought about by a repopulation of the reapients with the lising
mmunologieally competent cells from histocompatible (= svngeneic)
donors and by the immumity conferred by these cells However in
accordance with the experimental evidence presented by Wikela &
Mitchison {11) and by Celada (2} the recipients seem lo possess a
barrier to the r lation with tr ted svngeneic cells or/and
to the function of these cells As the injected cells are compatible to
their new host they should share the fate of the hosts own cells It
thercfore scems logical to assume that this barrier 1s caused by the
same mechanism which must be operative n cheching the number and
the function of the Ivmphoid cells m a normal mouse Unfortunately
this mechanism 1s completels unknown but 1t has heen suggested that
there might he a sort of compehibion between the lymphosd cells This
could be merely a question of Lebensraum but such phenomena as
contact inlbition gamma globuhin feedbach humoral depression and
other factors might also play a role

Where mice tolerant to the LCV virus are concerned previous ¢x
periments 1n this laboratory (23 24) have shown that to obtamn a
et adoptive 1on a mimmum of o-10 X 10 lvmphoid
eclls from 1mmunized donors has to be injected mto the virus carrier
mice The 5-10 X 10° cell doses are about 1/40 of all the cells contained
 the spleen of an 1mmunized donor If one can judge from results of
expeniments 1n which other antigens than the LCVM have been used as
mmumzing antigens m mece (9 11) the 5-10X 10 ccll dose mentioned
above should contain ahout 10 to 103 sensitized eells The mean genera
tion time for immunologically competent rells according to Vossal &
Makela (15) and to other myestigators (4 10 18) 1s about eight to
{nelve hours An uncontrolled growth of much smaller amounts of
sensitized cells than those contuned m the mnimum actrve cell dose
should therefore mulhiply n the course of a fiw davs to gne a huge
Amount of immunologically active cells and cruse a clear-cut immune
response The faet that such a reaction 1s not detectable when cell doses
of less than 5 % 10 cells are mjected strongly supports the Iivpothests
that 1 eontrol mechanism n the host restricts the growth or the func
tion of the injected cells

The effect of the control mechamism on sensihized cells scems how
ever to depend on the number of cells injected and on the antigemic
shimulation the cells rce 1ve When the cell dose 15 high enough and the
antigenic stimulus 1s very strong the cells will not only survive and
function bhut seem to be able to overcome the control mechanism
completels,

This phenomenon 15 apparent from the fact that  dose of abeit
100 X 10 tympherd « Ils from mmune donors 1 ¢ about onl one fifth
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from our experiments that a kind of balance cxists between celis and
control mechanism W hen small cell numbers 1re mnjected the control
mechamsm completels suppresses the eells on the other hand in cases
where large doses of sensthized cells are employed the cells might out
balance the control mechanism The nfluence of cell numher on the
outcome of the balance might perhaps also plav = role 1 long, time after
the cells have been transferted Perhaps n eases in which the popula
tion of cells never reaches a ngh level the balance myght tip to the
advantage of the control mechanism 1n the course of time and then
the immuneclogical activity and perhaps the proliferation and lfe of
the cells will be brought to an end In cases where sensitized eclls are
employed this mught never happen <umply beeuse these cells are
highls suscephible to the antigenic stimulus they recanve when injected
nto the virus carrier recipients 4s pointed out above this stimulus
probably supports the colomzation As 2 result a4 large cell population
15 Ithelv to be produced mn all eases in which the mmitial cell dose has
been hgh enough to overcome the immediate effect of the control
mechamism Howeser normal cells are probably not stumulated lo the
same degree and judging from the antibody titres obtatned and from
the influence on the virus in the reciprents the number of immunolo-
gically actinve cells derned from the injected normal cells will never
reach a ligh level In such cases the control mechnmism mught have 2
chance to suppress the eclls even after they have settied and the return
of tolerance might be the result

The phenomenon of 2 change from tolernee to immunity nd hack
to tolerance has also been observed under other ¢xperimental cof
ditions with the LCM virus Hannover Larsen (12) has shown that thes
happens 1 infected infant mice 1f the mfection 15 postponed unbil the
end of the period m which mice are fully susceptible to the induction
of tolerance Hannover I arsen found that habes infccted 1t the age of
four to mne days can deselop tolerance to the virus but this tolerne®
15 only temporary In the course of time antibodies will appenr and
this 1s assocrated with a drop n the blood virus titres However Titer
- full degree of toleranee often reoccurs spontancoush These finding
also point to the custence of a balance between immunelogically rea
tnne cells and control mechanism These results will b presented and
discussed n 2 later paper

Chase (6) has reported that in adoptive immunization of punea Pis$
with sensitized cells the abilits to produce antibodtes and the stale ©
hypersensibility conferred by the same bateh of cdlls did not "i:
parallel i different animals In some of the reciprnts the nlnlll'\ .
produce antibodies largels superseded the hypersensbelity n of xc“
the reverse was the case Chase ponts out that thesc results mdxt';‘
that the antthody production and the hypersensibilits are cased :d
differcnt cells Other nsestigators (1 7 16 17 19) have also "bh"““
expersmental evidence pointing 1 the same direction I rom our LXP
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ments 1t 1s apparent that the production of complement fiving anh
bodies and the dechne of the blood virus titres simlarly do not run
parallel W e have mice in which there 15 a demonstrable antibods pro

duction simultaneous with constant lngh blood virus titres and on the
other hand we have mice 1n which the virus disappears n the blood 1in
spite of the fact that no complement fixing antibodies can be detected
In a previous paper (27) we have pomted out that we have many other
data which indicate that the elimination of the virus 1 adoptnvely
mmmunized virus earners 1s most probably caused by a direct cellular
function and not by the antibodies The results presented in this paper
support this view but also seem to support the 1dea that differcnt cells
are responsible for the different parts of the verv complex immune
mechamsm Moreover the effect of the control mechamism on these
different hinds of cells seems to var and to differ mnking 1n nde

pendent action of one or other group possible

SUMMARY

The effect of adoptive immunization with normal (unsensitized) syn
geneic lvmphotd cells on tolerant LCM virus earrier mrce using varving
cell doses has been nvestigated

10 X 10 cells gave no measurable adoptive immunization 100 X 10
cells gave a weal and short Inned adoptive iImmunizahion 1n some mce
m others a stronger but still temporary adoptive 1mmumzation
200 X 10° and 1000 X 10 cells gave 1 quite strong adoptin e immuniza
fion 1n all mice but led to a long lasting abolition of the tolerant state
monh some of the mice

In many mmce there 15 no parallehsm bebween the two measured
functions of the adoptine immunization the antihody formation and
the virus elimination This indicates that two functionally different
svstems of immunologically reactive cells are involved

The problem of cell dose with particular regard to 1 homeostatic cell
control mechamsm of the anim1l 1s discussed
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STUDIES ON THE CELL TOXICITY
AND SPECIES SPECIFICITY QF PURIFIED
STAPHYLOCOCCAL TOXINS

By

Hans O HarLanper and STELLaN BENGTSSON
Iecenved 7+ x 66

In the efforts to understand the patho.enesis of staphtlococeal infec
tions many approaches have been trnied Several papers offer evidence
which strongls suggests that the staphilococe: owe at least part of therr
pathogemc capacity to extracellular toxins and enzvmes (6 24) Factors
which exert cvtotoxic action on human cells are of course of special
interest

To studs this problem many authors have used cell cultures as
expenimental models ‘Most worhs concern alpha hemolvsin which has
been reported to have a cvtotoxic effect on various celt species such as
rabbit smooth muscle and hudnes cells (1 7 23) mouse hidnev celis
{7) chich embrvo cells (21) guinea pig shan (17) human amnion
kidnes and shin cells {1 7 17) as wdll as Ehrlich aseites carcinoma
cells (18)

In some reports the cvtotoxie ¢ffect of other toxins has also been
mestigated horbecki el al (16) found strong cviotovic activity by
both alpha and hett hemolisins on hB and monhes lidnev cells
Deoximbonuelease had feeble actinity on KRB cells nd stronger on
H Fp 2 cells Neither leucocidm nor staphilohinase were cvtotovie for
the cell cultures studied

According to some authors no citotoxic effect was observed when
purificd enterotoxin B preparations were tested on H Ep 2 Hela and
human heart cells (201 or monhey !idney eclls (14} This disagreed
with the findings of other nuthors Guertn ef al (9) found a ¢y topatho
genie effect on chich ¢mbryvomie heart fibroblast and Schaeffer ef al
(22) a evtotonie effect on ccll cultures of human embryonic nicstine

The toxin | reparttions used are however often erude or unsatis
fictonily chiracterized Furlhermore cirhier reports have not ssstema
ticnliv dealt with the «ffect of v irous toxins on human cells

In this repert the etfect wilth regard to eddl toxiats and speaies
specificity was followed n frictionation expernments whose priman
Am was the sludy of tactors toxic lo human cells The rosnlts were
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also considered in relation to the effect on other cells The purnity of
all preparations was mmmunologieally characterized As alpha  Dbeln
and delta hemolssin m this worl were tested on cells other than
crvthroestes they were named alpha heta and delta Ivsin resp

MATFRIALS AND METHODS

Sllrmnx Staphvlococcus aurens strains SC and 196F (3) were used frr tounpro
duction

Preparatton of crude toxtn for fractionatin Crude toxan wa g roduced on sohd
medium covered wath cellophane as described earlier (11) The pooled extracts wert
concentrated according to Rohn (15)

Toxin assay Coagulase enterotoxin B lueoerdin hyaluronidase lipase alkahine
phosphatase staphylokinase and DNAase were determined as described m previons
papers (10 11)

Enterotown A assav 1) In rttr¢  The preparations were tested for enteroloxin &
in gel diffusion (25) with a purified antienterotoxin A serum hindly supj hed by
Dr F P Casman 2) wn t1or The cat test Was used as described 1n 8 previous paper
112) except that the preparations were not hoiled hefare the injection hut neutrahized
with a serum containing high ants alpha and anti beta lysin titres (Burroughs
Welleome 1t no RA 388)

Pretealytic enzvme Elates for testing proteolstre enzyme activity were prepared
using matrices for basin plate technique according to Quchterlony The apar { per
cent) oontaned 1 per cent gelatine The basins were filled with the samples and the
platcs were incubated at 37 After 12-18 haurs the plates were flooded with satu
ratcd amm mum sulphate

In the presence of proteolytic tnzvme actisaty a clear zone appeared aroun | the
basin

Alpha  beta and delta v ins were determined as described earlier (10) exeert
that all dilutions for beta lysin were performed in phasphate buffored e (ol
70) contaiming 103 M Mg 504 according to Haque ef al (13) So rablnt shecp and
human ervthroestes were u ed 1 the titration of alpha  heta and delta Lisins ey

All titrations were read both after 1 hcur at 37 and after 1 hour at 4

Cell Cultnres A calf serum adapted stramn of Hela cells oripinally adapted Uy
horse serum acerding tc Mandel (19) was grown 1n Hank s salt soluli o enforced
with 01 pcr cent vcast extract and 01 per cent lactalbumin hyvdrolysat and ¢
taiming 20 per cent calf erum KB cells were gronn in the same medium

frimary human 1idoey eclls and foetal colon cells were grewn in Iagle s medium
(3} with 10 per ecnt calf scrum Pramary cuttures of calf cclls were prog ared from
teyp inized hidneys of newlirn ealves and grown in Hank s soluticn with 0% per cent
Tactalbumin hydralysate and 10 per <ent calf serum

Primary cultures of cvnomolgus monhey ladney cclls were grown in Faglet
mediam with 6 per cent calf serum  Afler outgee wth the cultures were hanged
Fagle s medium without scrum The cells were grown in fla tic petrr dl hes at 37
in a humidified atmosphere of % per cent (O in air Al media contained pent {llin
(100 1L /ml) and strej tomycin (100 wp/ml)

{ ranulyestes adherent to cover glas es were preparcd according to €

(t tarie stulies Before use all tovins were calibrated to 007 M so lum ph
phate buffcr containing 01 M NaC} pH 72 74 y

Irimry a say of cell toxierty Flate culture with the cells to be tu Hed werd
overlaid with five ml agar contawnmg 017 er cent NaliCO; 4 er cent call rrun:
and 0 9% per cent sy ecial agor Noble (Difc v in T agle s medium When the ager hr‘l
solldified §t was cut with an agar ge) cutter and the agar core temoved by gef

Lifstine (B}
hos

suction The resulting wells were then filled with the toxin material which “..Ir
serszllv diluted 1n Fagle s medium After incul ation at 37 in » per cent (O |lil"“_

for the intended time usually * heurs the toxin was removed By euctt 0 and

trul red 8t B

lates covered with § ml «f the same sgar verlay ¢ ntoining nct ;

r;;um:nm £ 1/70000 The plates were usuils raal after 6 nnrl,lf :\ urs Cell
al re

death was poughls Indicated by less of sl ility to stain with neutr:
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Gel filtration of 10 ml crud towin from stra p S6 th ou,h Sephadex G-100 Th
extinction at 280 mx as well as the localization and titres { different activities are
indicated DV4a e and ent 1 xin A present in er low tit es are indicated below

Radio sotope stufy s Tt totox ¢ effect vas also studied b follaw n,, the releasc
o[ P3 previously n orp r ted nt plat el ultures The plate were w shed nce
with phosphate buffe d 1 ne (PBS) and ¢ 1 mC of carrier { e¢ sodium orthophoe
phate (Radiochem ¢ | (ent  Amer h m Englsnd) 1a 5 ml pho phate free Pagle
medum added Aft v 4 h ur the medm as uched ([ the plat  wa hed once
with PBS and 5 mi kagl m dmm dd d ift ra furthe 24 hours the m dium was
femoved the cell wa hed 4t mes witt PI~ nd th tuT n to be tested appr priatcl
diluted 1in ¥ gle m dium added t tre 11 n 5 mipo tions S mples {01 it
were withdrann st a jou Interval  nd the adiactiity counted in a thin end
window Gerger t ¢

Immun: atton 5 el and tn u  electrophoresis was performed as d  bed
carhier (12)
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Fig ©
Ireparatine dlectrophere 1s of a 196F aljha lssin peak from gd filtrati mocn 2
Sephades (- 5 ¢ lamn vOid volume 62 ml Twe ml of the matcrial w is run Umards
the cathsle 3t 500 3 for 2¢ hours in 00> M barbital huffer pil $2 The hemolyl
tlfect on human rabbit call sheep aml m nkey ervthroestes 1 1ndicated
Brok n lines indicate hot cold y henomencn

Gel fitraticn was porformed on Scphadex G-100 (Pharmacia Fine Chemieals
Lppsala Sweden) 1n a glass column 48 X 45 em The elutson buffer was 007
NaI B contaimng 01 M NaCl pH 72 Elution was carrsed out at 4 st 15 ml/em /
heur and the effluent was e dlected 1 fractions Hf 5 ml

As shawn carlicr 110) S¢ hadex (100 separates crude Sb toxin ity three mam
peaks as 1s tllu trated an m re detail i Fig 1 Crude tosan from traun 1A was
fract: nated 1n 3 amilar sav Beta ly in oand pr teolvti cnzame which ware rro
duced by strain 1J6F but not by strain 46 appeared in the third peal a  lid entery
toxsn A shich was preduced (nly n small concentrat: ns by strain ¢

Ireraratue ele trophoresis was purfirmed <n a verts al ¢ lumn (o 27 em)
t ached with Scphadex € o> (fharmaaa Fine Chemicals) v ad selume ¢ mb The
column was cocled tc 4 with a croling jachet The fracticn 3 lume s o o ml
Barbital bulfer 002 M pH 82 wasu ¢}

Preparatine clectr phorc 1 was used for furlher purificatson of the 5 1 fillerel
matertals Artine matemal wasalwa  p cled concentraled (15) and diadszed 1 cfore
the eleetrop herests

Protein ¢ neentratim was ¢ hmated ¢ utinehy by measuring the sl
290 ms 1n a Bechman DU spectr ph t meter

ptl noal

Tozin and Fn yme I rejaraticns

alkidpsin Tw  preparaticns f alphal 1o were tested 1) The fir t was the
fraction fr m the Sephadcx € 100 eluate «f the strain 56 shey ing the hichest litre
As Is evident from Fig 1 this material wa contaminated with leuco 1din enter
toxm B DN\Aase and tarhsl hinase 2) The cc nd s as a 1961 alpha 1 in peak
from got filtraty n further purified by jrey arative electr pheresisa st wemn F1g .
By this procedure the alpha Ivsin was yartizlly separate! fr m bela <in Be I\e
bets Ivstn small amounts of enter toxin A cculd he <hown by the cat test e
s rotealtic enz mc or leucocidin actinat was found
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EFnterotoxin 4 has as et not been adequately purified

Staphylol thase was further purified from gel filtration (Tig 1) by preparative
clectrophoresis towards the cathode at 500 V for 24 hours in 002 M harbital buffer
pH &7 After this procedure the enzyme was present onls in titves of 1/4 The pee
paratians did not contain any alpha Iysin or lewcocidin A small amount of etero
tosim B was however present {Tig 3)

Alkaline phosphatase D\ dase proteolytic en yme and lencoerdin  electrophore is
destroyed the activaty of these enzvmes prevcnting further puriheation

IXPIRIMFNTS AND RESUI TS

Effeet of Crude Toxin .

The tonin enzvime speetra of the free supernatants of the two struns
S$6 and 196F arc shown m Table 1 Although these struns tre both
congulase positive mn shde and tube tests according to Duthie (4) no
congulnse activity could be found

TABLF 1
Torin En yme Srectra of Staph aur Strawns S¢ and 19k

Toxin tested $6 1961

Coagulase
waterctoxin A
cnterotoxin B
alpha hvsin

beta Ivsin

delta hvsin
laeocrdin
hyaluronidase
lipase

alkalime phosr hatasc
proleolstic enzy me
DNAase

staphy ol 1nase

R i |
Pl L L 4

TABLL 2
Fffect ¢f Crule Toxwn from Stramns ST ind 19(L on Infferent Cell Tp5es
Caltype 56 1964
IleLa cells 1/20 1740
\Dnkes hidney cells 1/% 170
Calf hudney cells 1/80 17180
1B cells 15 1710
Human crythrocvtes 170 17160
\onhes «rythrocstes 1740 1740
Calf ervthrocytes vog :/;2:3
1780 61
Hat bit ersthreeytes :;80 L L s0000)

Sheep ervthro vles

re
Where the titres rose more than 2 steps after 1 h ur st 44 € th csplues ®
given in brackets in additicn to titres after 1 hour at 37



113

The ¢ totoae effects of the crude preparations were tested on erv
throcvtes and cells from varous mammahan species as shown 1n
Table J As this table shows both stramns exerted a touc effect on the
cells }¥sted Higher titres were obiamed with blood cells than with cell
9\4& res from corresponding species Further the effect on blood cells
“irom various ammals varied considerabls
Effects of purified toxins Parallel to the punfication procedure all
fractions were tested on ervthrocites from man monhes calf sheep
and rabmt on granulocytes from man as well as on human monhev and
calf hidney cells Fractions wath hemolytic or evtotoue cffect 1 the
pnimary assay were further mvestigated in radioisotope studies on
human monkev and calf hidnev and sometimes other cells
Alpha lystn As shown in Table 3 none of the preparations had any
effect on red blood cells from man and monhey but elicited a strong
action on calf aed rabbit ervthrocvtes The effect of alpha Ivsin of the
stram 196E on sheep ervthrocites had hot cold character and was
probably due to betn Ivsm present No effcet on human granulocvies
could be demonstrated with this preparation Alpha lysin from the
strain 56 which lached beta Ivsin had no or a very shight effect on
sheep erythrocytes but attached human granulocites in a specitl wav
without Ivsis of the cell but with nuclear swelling and nuclear Ivsis
The table also shows that alpha lssin had a tosic effect on calf kidney
cells but did not affect human and monhex kidney cells under the
conditions studied The effect of alpha Iysin on tissue culture cells was
also studied 1n repeated experiments by following the release of P?
from cells The results of one such experiment are gien i Fig 4
which shows that alpha Ivsin had a greater effect on calf hadaey cells
than on human hidnes cells When cruder alpha Iysin preparations
were used human hidnes cells were also attached The effects of alpha
I3s1n on KB and HeLa cells and monkey hidne cells were usuills less
marhed than on calf cells

TABLE 3
Effect of a Lysin [ paratt ns on Erythrocytes and T ssue Culture Cell
from Var ous Spe s

" o1 on Sram

Celitsi e 56 196E

Human erythro stes <110 <1/10

Monkey ervth o te <110 <1710

Calf ervibrocste ' 10 1710

Rabhit ervthroc te 130 1/80

Sheep sthrec tc 120 <1710 - 1/160
Human hidne 11 <1 <1/

Monke Liepc ells S <12

Calf & dnes g 11 178 171

When two titce a ¢ 43 €n h t cold phenomenon is ndicated

& actararn 01
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Lifect of alihra hhsin on human and ealf eudis Cells were labdled with T om
de crihed sn Materzal and Methods The hamalitic titve of the i culated alpha fvas
preparation was 1/64 Re ults are gnea as fraction of the ¢ ntral enlturs

from the same Lime

Beta lgsin Bott oo is chiaraetenizod by so eafled hot cold hemohsis
¢6) As<hownm Table 4 this loun acled meualy on sheep crvthrooihs
aed had noe effcet on rud Blood eells from man monkes or ribind or on
human granglocsies X weth «ffcet was noted on calf disod eclls The
pramatary tasue enlture studacs showed that bet s Iven with a hemo
Ivtie titee of 172568 had no visble evlotoxie cffect on humm monkes
or edf hadnes eddls In the ruhiosatope studies beln fysin with a hemo-
Istic tatre of 1725 bad no «ffect on human md monhey hudney or hB
cells wid ondy 1 very shght offect on calf hudney wd Manddd eetis

rauty 4

Fffects ] 8 Lusin n Frythrooptes and Tissue Cultuce { s
Celltape 37 +37 ant+4 (
Human ¢r thr e <trd <4
sfonhes erthece te <174 <14
Call «r thr evle <173 13
Ratint trathr ¢ o <tra <is
Shuep ersthe cvtes L1/ 10w
Human hdnes cells <tr2 nt

M onke  hidnoy edt <Lir2 L3}
Lalf hido  odis <ty nt

ot notte ted

Delta lysin ¢ = Joucolssins s Fible s shows delly s hd 2 strong
(Ifeet on human monkey nd bt crvilirocstes wd @ v sh e o8
o md shuep ervihroestes Corrcsponding bunalvie effuet on envibiro
(s tes from the v arious spoctes cottfd g be dunonstrted wath delts
tvan fer addibonal purific ion m prep it e eleetraphiorisss flumar
rranudoestes wore quichls dvacd fter cxposure to ddta fysin Of :h';
fiasue culture cedis onts human and monhes hidoey ecdis wir alfecl
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TABLE o
Lffect of § Lysin on Fhythrocyles and Tissue (ulture Cells

s usin from
Cell tvpe o 108k
Human ervthrocs tes 1780 1740
Monkey ervthrocytes 1/160 1/20
Calf ervthrocyles 17°0 <1720
Rabbit ervthr ustes 1780 1/20
Shecp ersthro yles 1710 <1720
Human hidnes cells 174 14
Motihes hidney cells 172 <1/
Calf kndoey cells <t1/2 <172

4s demonstrated by vital stamng Deltn Iysm was also studied with the
1sotope method and one such experiment 1s shown m Fig 5 The results
clearly show that delta lysin had a pronounced cffect on the release of
P? from human kidnes cells whereas the effect on calf kidney cells
was weakh The relcase of P? from monkey hidney cells lav between
that of human and calf hidnes cells and was weaker than that with
comparable titres of alpha lysin

Lipase The tested matersal which had a hipase titre of 1/10 had no

Human
8

calf

PI2 Latease tracton of eontrol

5 10 15 20 ES) <5 50
TIME MINUTES
F3
Effect <[ delta Ivery on human nd alf «fts Cls ee labelled with P3 as
de cribed in Maters t and Mcth ds The hemol 1 ¢ titre of the inoculated della 1 s a
pepartion w  1/16 R ults ar given as fraction of 1h ¢ ntrol culture
from the ametm



visible effcet on crvthiroentes or tissue culture eells from the speewe
used wmn this study

Hyalaranidase No vistble cffeet was found on ervthroeyles or s
culturc celts when hyaluronudase was used i 4 titre of 2bout 1720006
A shght effcet was found by 1votope studies with titres of 171280

Enterotoxin B Interoloxin B had no visible effeet on anvihronte
and tissue culture eclls Tissue culture cells were also tesied Iy
wotope method with enterotoxin B preparation wn a fatre of 1/32 but o
serease 0 {he release of P35 wnas observed An attempt fo mud ¢ fissw
cultures from human embryonic colon resulted 1n growth of fibroblasts
which were not injured by enterotoxun B

Staphyfofinase present in tifres of 1/ after gel fudtrition wd pre
paratne clectrophoresis gave no effcet on the celis testcd Thiy wa
true also for the isotope studies where the material however w»
diluted further four fimes

DISCUSSION

This report deseribes the effcet of alpha betv and ddty yan hpse
hy aluromdase entorotoxin B and staphylokinase prepared to different
degrees of purity on ecdis from varous spocics One of the struss 86
mnd 1961  depending, on cipieity was used for foxin production
Alhalme phosphatnse DNA ase proteolytic enzame and fucocudn
which were produced by hoth struns were not studied in def ul hecau ¢
thear activats w s lost during the punfication proccdure 1 nterofoun A
h1s 5o far not huen preparcd free from aipha and beta lyswm Thoush
both straumy were congulase positine no free coguitse could lic found
1 the supernatints The reason for this 1s unclenr

In ordir to reseal mmpunties W) purificd prepartions wore used for
witrnunization and the scra sere anlvzed g inst crude toxn i im
munaelectrophoresis

Only cnterotoxin B w1s punified to 1 state of unmunotogieal punty
of the lsstns heta and delta vain were highlv purified whcreas Aphs
fysim was purified to 1 lesser depree This as further wuhet intrated by
the presence of other active (nzymes m these preparitions (Egs 1 M:
2} Staphilohanise nas contammatcd with enterotoxin B hpase \ulh
intigens present mn the defta [vain preparations d iy turomdase sil
inligens present in both fipase ind deita fysm pregeations )

AN frachons were tested on red blood cudis from [y opecies ane
tissue cudture cells from At least threc speetes The effict ont hum"f;
prnulocites was also fested The spedses speeihieits of the (hﬂ'(-r:’l:l
fractions 15 prth ddfined smer humon craibrocytes are usid for N
titrition of delty fysin rahdnt ersthroestes for tphiy o md &} Ni
ervibroestes for betalvsin The (vtotoxe effeet 1 tndieateed v h\;n
of 1i1a) staming 2fler 2 1wo hour exposure of tissu cullures :IO :‘:;ﬂ
turned out lo be rather msensitine with titres masth 2040 W
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lower than those ot t in the corresy ervthrocyte tests The
changes werc also difficult to interpret 1in some cases The 1sotope
method was found to be far more sensitine Human ervthrocites were
attacked only by delta Insin and 1t was found that lipase and alkaline
phosphatase had no effect

Human granulocvies were mjured by delta Ivsin and also by a frac
tion from stramn $6 contanmg alpha lysin leucocidin enterotoxin B
D\ Aase and staphvlohinase However the same citopathogemie duffer
ence was noticed between these two preparations as the one chserved
by Gladstone between delta Ivsin and leucocidin (8) As enterotonin B
D\ Aase and staphylokinase were found to be nonevtotoxic and human
leucoestes are known to be vers resistant to alpha Iysin (2) the effect
of the latter preparation was possibly due to leucocidin Because of the
difference i evtotoxic mieture no titres were gunen for human granulo
evies

Human hidnes cells were attached by the delta Ivsin fractions and
to a less de,ree by preparations from the second gel filtration peak of
strain 86 contaming chieflv alphalvsin They were very shghtly
influenced by purified alpha or beta Iysins from 196F in comparablt
bires Thi, difference between the two alphalysin preparations 1s
unclear As leucoctdin as well as alpha Ivsin of strain S6 were lost
when purified by preparative electrophoresis the cffect could not be
studied further but leucocidin was shown by Rorbecht ¢f al (16) to
have no effect on hB H Ep 2 or L cells The feeble effect of hxaluro
mdase was probabls duc to contamnation with delta fvsin

In othcr reports alpha Issin has been shown to be cytotoxic for
human skin explants (17) human amnion cell culture (18) KB cells
{16) The expiriments however vary considerabls wath regard to tume
of exposure and punits of the toxins and a comparison 1s therefore
Mifftcult The results n this paper support the opinion that enterotoxin
Bis noncytopatic to human cells (20) althouch Schaeffer et al {22)
describes n evtotovic effeet after two dws exposure of human em
briome intestine m tissue culturc
(12;“ findings with staphslohinase agrec with those of other workers

Hel a cells scemed to be more sensitnne than human hidney cells
'n our experiments as it was strongly affected not only by della Ivsin
but abvo by alpha hvemn nd although shightis by beta Insin This shous
the importance of the (hcice of cell hne

KB cells were not injur d by beta Ivsin 1 these experiments which
disagrees with the findina, of horbecht ef al (16) who however ex
bosed their cells for 48 hours

Of cells from other peetes monkes and calf hdnenv cells were
attacked hoth by delty and alpha lvsin This was howeser not in
‘ecordance with the re uits on biood cells since monkhes eryvthroevtes
were not hemolvzed by alph Ivsin Ctf hidnes cells were also damagd
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by betadssin The same was truc for cqlf ervthrocvies which were
Ivsed in the tsprent hol cold manner though e 1 much less degree than
sheep ervthracstes

Of 2t tonins tested the most antercsting resuls coneurn delia fyam
It 1s obtous that this toxin s aetiee agmnst cells from 4 wide range of
species VWith respect to human cells this cffeet was howeser mose
pronounced thn the effeet of other toxins tested Tt mi bt be that dd
12 Ivsin bs been negleeted s 2 potential viralence factor of staph aur
m human disense

SUMMARY

The celitoxic effect of parth punfied staphiviococeat alpht huan bela
Issin delta hsin hpase Invaluromdise cnteratoxin B oand staphyle
hinase was studied i short torm experiments on orythroeyies and eell
hines from different spreses 1s well 15 on human granulocstes Delta
fysin was shown to exert 1 strong toxi~ iction on human erthroeyles
hwman granuloevies and humm kidney cells The effect of nipha hyon
on the same cedls nas much less pronounced On the other hand afjho
Ivsin exerted a stronger offcet on ¢lf cells than delta v The other
tosins and enzymes studied conld not with any certunty be carrdited
to wny cvlopathagenic effeet at 17
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ANTIGENIC STUDIES ON MICROCOCCUS STRAINS

By

PFR OFDING
Hecefted 9265

The taxonome positiien of the micrococet is still vers confusing Two
main fealures scem however to have heen accepted by recent authors
First microcoeer can most rehably be dishingshed from stapindococnr
by therr mahihity to attack glicose anserobicalls (2 5 6 19) The
sahidsty of this distinebion has latehy heen supported I wneshigations
on the DNA base composition of members of the two genery {4 1}
Secand the genus Vicrocoeens can be subdssided into 1w o groups based
upon the aluhiy or iy to atlack glucose 1erohiealls (1o &)

Apart from this subdinssion there 1s hittle agreement on the class
fiertion of microcoees nto species or groups of which v arge number
have been desenbed In recent ears hocur & Warlinee (15) hue e
commended that the genus Wicrococens should have onfy 6 speewes and
2 varieties Barrd Parker first recogmized 7 subgroups (2) Iater 8 {9
Fpans (6) hke Hohacek ef al {4} 1s of the opinson thit at present onlh
twospecies te W Intens and W rovens should be recognized as others
tnch the homogenesty that should charietenze vald speens

The antigens of the members of the penus Wecracoceus arc uphnown
A study of merococeal anhigens including thar companson with
staphyvlocoeest anbigens which are scdstively well hnown mught con
tnbute fo the understanding of the micvacacer The preseat ameshit
tion bas been earricd out on 1 sedeeted hut hmated matonn of cnftur
collection strains elwsificd 1 muerococes

MATFRIA] AND MFTHODS
Strarns
Twents Mierorocens strains sere obtamned frem the Czech b ok ¢ et 0 n‘:
Microorganisms through the ¢ airtes [ Br M Xacor The stealns hai) ep clecte
© a3 to represent difference m bi chemical aetisiics and at gh e time !
represent some  f the formerds recepnize ! species Thes hal been che ilied aros
ing to the scheme of Aocur & Maehaer 115 The matertal ¢ nasted §

T wirains of §f fufens (COM K10 144 1335 210 8537 636 310)
5 steatns of Y roseus (L OV 1A €31 oHF 8FY 147

4 stroins of M ronglomerafus ({CM 140 547 84 75T

£ strains of o rarans (CCVA?3 833 71D 11764

v
The stralos were examined for eolony and pigment formatiin on bh'o’l“'”ﬁ’n
plates celi morphology in Cram preparations from bl agar culturcs procy
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of catalase and coagulase acid production from glucose acrobicalls and anaerobic
ally and typability with Staph aureus phages None of the strains produced coagu
lase or was typable b phage All produced catalase Two stemns (M conglomeralus
7 ¥ ronans $99) undoubtedls produced acid from glucose anaerobically (19)
None of the 3 luteus or M raseus strains attacked glu ose aerohically whereas all
the ¥ conglomeratus aud all the ¥ varians strains exeept M varians 719 did so
The two strains 1 huch attacke! glucose anaerobically could not therefore be
accepted as micrococer but were probably staphyvlococel The third irregular strain
appeared to belong to another Vicrococcus species than that in which 1t had been
placed These three strams are ncluded m the antigeme study for comparison A

bumber of control strains of Slaph aureus and Slaph epidermudts have also been
examined

Methods

ANl the M: rococens stratns as well as the control strains were examined 1n
Mierococcus Staph aureus and Staph eptdermuidis immune sera by shide agglutina
bin rmg test and agar gel and h of
normal and tanned sheep er throcytes

Immune sera were obtained by intravensus injections of fcrmalin hilled bacteria
in rabbits (16) Factor sera were produced according to the method of Oeding
Agglatination was performed on shides using live bacteria For technical detals
see Haukenes (10) and Hofstad (12)

Ring test precipitation was carried out with the supernates of salme extracts of
the bacteria against undiluted 1mmune sera The agar gel diffusion technique ¥ as a
described m (11) Eighteen hr live nutrient agar cultures of the strains were tested
agamst undiluted whole sera Pol saccharide A (9) jol saccharide 763 (13) proten
4 17) and antigen D (14) from Staph aureus and the wall teichare acid from

Staph epidermudrs strain T 2 and from Vicrocoecus strain I 3 (18) were ncluded
4s references

H emagglutinatton N\ormal and tanned sheep ervthrocites were sensttized with
salime extracts of the bacteria and agglutinated 1o Staph aureus Cowan I momune
serum which contains antibodies against Staph aureus sensitizing antigens (17)

RESULTS
Agglutination

Agolut

wn rabbt pr sera A number of rabhit prermmune
sera were examined for the presence of agglutinins against micrococel
Table 1 1llustratcs the reactions m 3 sera The majority of the Wicro
coccus strans agalutinated strongly in undiiuted prermmune sera
Most were negative m 1/10 dilntion but some reactions nere observed

up to 1/40-1/80 Staph aureus and Staph epidermudis gave sumlar
results

TABLE 1
1gglut nat n in Rabbtt Pre mmune Sera

\  fstrain acglatmating in

Carn S rum 1 Se um It Serum 111
te t d _ e = = = s g _ = s¢
- 5 g zg I - IF
I eoecas 13 15 10 % 7 ° 1 12 1 o
;'ﬂph eureus 9 n 4 4 0 101 2 1 8 0 o @
taph eprdermudis 8 73 1 0 s 1 0 0 o 0




TABLYT 2
ibsarplion of Rabbit Prezmmune Serum Jj

Serum ltres
Before After absorntion with
sheosphion W futens 1 conalomt Stapk aur  Slaph emf
810 84 230 160

Strains
agglabnate i

W ldeus 810 30 40 1
Y copglom 84 10 10 -

Staph aur 830 40 40 Ky Ry
Staph epet 1677 0 20 1 1 -

fHectprocal salues
means n agglulinabien i pndiluted  erum

Absorptions were carried out to sec af aff rections were due to ont
and the same anhbody Table 2 shows that tins cannet he the ease The
agglutinahions ohsersed 1n presnmune sera are produced in more thin
one ntibody probably scveral somnc of which are \pparenthy common
to mucrococer wd staphnioeocer wherew ofhers are more spectfic 3
micrococe L immune serum which did not npglutinatc the homologous
stramn prior to immumzation may therefore noverthcioss contain pre
smmunc nbibodies 1in fow tilres agninst other micrococenl strans and
1 unst staphylococenl struns Thes ean hardly b muorded Prepmmune
serum had not been preserved in sulficient quantititos to peront conlrol
wplutmations wath 2l struns which were positine i the corresponding
immune serum By gglulin tion in tmmune serum it was therefore &
freult 1o cvalunde the tow tilres whieh an bt b due cihier to pregmnunt
or toammune antihodicy Tilres 2 1/40 n the follovwang e oohim edas
sagmificant for immune anfihodies

Immune sera against Yicrococens Slaph aurcus and Staph s pudes
mudis sfratns cross agglulinalions and cross absorphons The Yiere
coceay sirans nd 2 number of Slaph aurens mad Stoph :pu/rlnmln
siruns Oppibnafed o Murococens  Staph anrens  wd Staph
epydermides immune sty The reachan pittern was the s 3 0
prammune sery te estonsing eross rowtons m o fow titees The pre-
duction Oy mmumzation of gonus hetcrologous anthodics aid nol
seetm fo bo very cdensive but could (waly be dumonsteated p whicularh
mosmmune sory which had onby smodt ymounts of prammund antt
bodies Table 3 g1nds an exumple of this Ceoss rOieting sntehodies 817
therefore both prammund ind unmune appieentls doponding 8ro8
which struns of sliphvlocoeer md microeocer the Tabings hve cXpert
need before immumiz ition

Stgecesstne absorphiony were Ahen corrud onl p 30 Yier
ummune sert The sery were apgiatmited hefore bsarption and after
<nch absorphion with the set of struny mentioned bove The absori-
nons conlirmed thal mucrococes sl stiphs fococer have morg commatt

acuect
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anhigens When micrococcal immune sera were absorbed with one or
two Slaph aureus siramns agglutination regularly disappeared wath all
staphislocaccal steans hut alse with the majorits of Vicrococens strains
whereas the homologous stram and usunlls a few other Wierococeus
struns were still positne Therefore 1n addihion to the sharcd ant:
bodies micrococcal immune sera also have antibodies specific to micro
eoccr Table 4 1 which the results of absorphions of W [lufeus 133,
mmune serum have been compiled illustrates this It can be deduced
that serum 1335 has at least two antibodies common to micrococer and
staphylococer and at least two additional antibodies apparentls specific
for micrococe:

TABLF 3
Agylutination tin M luteus 1335 Immune Serum

\o of No of trains agglutinating in
strains Serum dilution
teste ! 1 10 20 40 80 160 390 640
Mrer eocens 18 13 11 8 4 2 2 1 1
Staph aqureus 19 13 ki 4 1 J 0 o o
Staph eptderm 8 4 2 2 1 0 0 1] 0

Reciprocal value
§ Homologous strain

TABLF ¢
4bs rplians of M luteus 1333 Immune Serum

No of trains agglutimating m 3 luleus 133> serum
After su cessie absorptions with

\t:“‘:\‘; Befrre  Staph  Staph Y conglom I luteus
tested ahsorp aur s 730 210
tion Wik 830
Mt rocaceus 18 1 T B S :
Staph aur u 19 1 B H
Staph eprderm fis 8 4 1 0

Strong agglutination w th ¥ lut u 1333 an1 210 we k vith M any? m 740 and 34
Agglutination with ¥ fuf us 1337 and 210

The ag,tutin sting and absorbing atnlittes of Staph aureus W\ ood 16
the strain used for the first absorption 1n these experiments were not
destroved by autoddaving or treitment with tripsin Thus ihie most
widely distnibuted of th agglutinngens common to micrococer nd
staphvlgcocer do not scem to he of proten nature

Agglutinahwn tn Slaph aureus factor sera The asslutinogens com
mon to micrococel and staphilococer have been interpreted ahove as
Eroup antig ns To mahe sure that the cross reactions were not due to
the presencc of speerfic Staph aureus agglutinogens 1n micrococer the
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Uicrococcus struns were agglutinated in our set of 13 Staph aurcus
factor sernv The myonty of the Vierococens strans agglutinated
one or two factor sern but the reactions were weak and seattered They
were wnterpreted as resulting from preimmune antibodies a,nnst miers
cocet These antibodies had not been removed by the Slaph aurcus
strauns used for absorplion hecause thev lached the corresponding
antigens (see above)

Specifte Micrococeus agghtlinogens The presence of speeific micro-
coccal apglutimogens and the antizenic relationship hetween the Vicro
coccus strans were evaluated by titrtions of the agglutinins of the
Wrcrococcus immune sera and by successine absorptions  After each
absorption a decreasing number of Micrococcus strans was gglutimated
and when a serum had been absorbed with 3 or 4 strains an antibody
remained which 1n most instances 1gglutinated the homologous strun
evelusneh

TABIE 5
Vicroroceus Strains with Simular bui not Ideatical
Palterns of $gglulinogens

Croup 1 Y Iuteus 810
210

1335

Croup 2 A roseus 861
691

M lutens 41

Croup 3 M comslam 740
81

54,

W iartans 481

Crouy 1 W tarians 1.6
719

Ithe Slaph aureus the mucrococel seem to hase 2 number «f speaific
wglutimogons The indinadu b strans share some of these apglufinogens
i diffcrent combimations nd ¢ m be eliracterized by patterns of anli
faens No agglutimogens charicteristic for Vicrococens as 1 penus oF Tor
1y of the four speeies of this mtenal could he demonstrated Some of
the ierococets steuns however were elcerly rehited in thar content
of apglutmogens atthough none of them had cxactly identie 1) patterns
Table 5 shows groups of scrologtcalls rehited struns Thero s tendam
v towards 4 correlition botween the speeics ind the groups umrdmﬁ
to a~glutination But of the 12 ¥ {ntcus and W roseus struns onh ‘
1 found 10 groups 1 nd 2 whercas the others b iffe rent prattern

of agglutinoguns
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Precipitation

Ring test precipilaiion was porformed waith oxtracts of the Micro
coceus struns agunst some Staph aunreus Slaph eptdermudis and
Vicrococens immune sera This sereenmng gave quite distributed pre
ciptations but not such frequent reactions as agglutmation Cross
precipitations occurred between Staph aureus Staph eprdermudis and
micrococer \More specific reactions were not to be expected with thes
crude antigens

Agar gel preciptlalion All but two Wicrococcus strans produced ond
or more preaipitation lines agunst the homologous immune serum Of
these all except two strans also produced hnes againsl one or morc
heterologous Micrococcus 1mmune sera The following precipitation
lines were 1dentified by means of hnown referenee svstems four strams
produced a polysacchanide A Iine (heta glucosaminyl nintol teichoie
acid) and 3 stramns an I 3 hine (alpha glucosaminyl gheerol teichoie
acid) (Table 6) The precipitation lines did not show any correlation
with the species or with the results of agglutination

TABLE 6
1g1r Gel Precipitation Ines Identifted
I 1 saccharde Aline W onyl s 84
M rarian 718
1146
Staph eptderm i
13 tet hoie acid line M luteus 141
M r seus 14>
¥ ranans 11,6

The Staph aureus precipitinogens polysaccharnde 263 (alpha glucos
aminv] nibitol teichoic acad) protemn A and antigen D were not de
monstrated in any of the Wicrococcus strains  Absorptions were not
carried out

Haemagglutination

Extracts of all the Vicrococcus strains and some Staph epidermudis
strains were tested for their abilitv to sensihize normal and tanned
sheep ervthrocvtes VWhen he treated ervthrocvies were exammed m
dilutions of Staph aurens Cowan I immune serum all W luteus
W roseus and VM conglomeratus steauns gave 1 negative or doubtful
agglutination whereas all three Y parrans stramns the two struns
$M  conglomeratus 107 M varigns 929) which were shown to
belong to Staph «pidermudis and all the other Staph epidermudis
slrans exanuned gav  a strong hacmagglutination This indicates that
W lutens M rosen und M conglomeratus lack the heterogenetic anti
gen sensiizing nor nil erythrouvtes and the staphiloceceal anfinen
sensihzing tined celis 1 horeas W parians has them
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IN VITRO STUDIFS OF SOME
IMMUNOLOGICAL PHENOMENA IN EXPERIMENTAL
RABBIT TOXOPLASMOSIS

. By

*.\ Guer Hirpr

Recerved 23167

It 1s well hnown that 1n many hosts to 15 by
the development of both eirculating antibodies and delayed sensitivity
This relationship 1s the case 1n man and m a number of laboratory
ammals ey the rabbit Anmimals which have passed an infection caused
by a strawn of low virulence are protected against an otherwise fatal
disease 1f exposed to a virulent stram On the other hand rabbits sero
positine after immunization with killed Toxoplasma orgamisms suc
cumbed after challenge with the virulent RH stram even when anti
body titres were high These ammals were toxoplasmun negative while
rabbits with high post mfection antibody titres were positive (16)
Howeser the relationship beween the demonstrated immune reactions
and protection to challenge 1s not clear

Phytohaemagglutimn was first shown by Nowell (23) to mduce
blastogenesis 1n peripheral blood leuhocyles tn vifro This observation
later was confirmed and cvidence presented that the blood cells af
fected by phstohaemagglutinin were small lymphoeytes (23) Other
agents such as staphjlococeal filtrate and streptolysin S were reported
to cause nonspeeific blastogenesis (12 20 27 28) Speaific antigemc
stimulation of Iymphocvies from previously sensihzed donors also has
been reported for a number of antigenic substances (23) the most ef
fectine of which seems to be purified tuberculin protemn dervative
(PPD) Specific stmulation also can be induced with rabbit anh
Iymphocyte serum (8 10 27 28) and with homologous Ivmphocytes
from an unrelated donor (2 26)

Lattle 1s known abcut the mechani 1. of blstogenesis after shmula
tion with these az nt ur of the fur 150 of the transformed cells So
far no convineing ta t have been | nt d to provt anv fundamental
difference 1n b1 stug © sis after aons, afie and specific shmulation
Mo hustologic or metiholic dilfe nre between blastord cells formed
after stimulation w th the diffcrent agents have been reported
Although some reseor ~ers have attributed immunological propert s

9 actamarn 401
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to the transformed cells (1 6 24) no other funchion than miosis has
been adequately proven (24) —However 1t has been clumed thal the
n vitro formed blastoid cells closely resemble the large py roninophili
cells found i vwo 1n homografts and graft versus host retctions and
also the binst cells found in Ivmphatie tissucs \fter antigame stimula
tion (24)

Prelimmary mvestigations showed that both toxoplasmm and hving
Toxoplasma ean stimulate transformation of sensttized rabht lvmpho-
cytes Therefore a comparison of the ratio of blastoid cells after st
mulation of peripheril blood Ivmph node and splecn lymphocyles
mught give m 1dex of the existence wind distribution of sunsibized 1m
munocompetent cells

The capacity of the Toxoplasma orgamisms to mnvade cells and
malhply m the various cultures used was studid An atlempt w18
made to mhint the infection of Ivmphod cell cultures with high titre
antisera from rabbits immunized with Iive or Iilled Toxoplisma
organsms

HATERIAL

Rabbils Twents four young healthy toxoplasmin and sero negatise (dye test
complement fixation test) rabbits weighing around 25 kg were used The rabbils
were hept as described eathier (14)

Toxeplasma stratns Sabins strasn RH was used throughout for the productin
of antigen for the dse and complement fixation test and for toxeplismin The
same strain was nsed as a stimulant and infective agent for Iymphocyle cultures

A non fatal infection of rabbits was obtained with the strain toxo 676 67 The
strmin was originally 1solated from a human case and obtained through the
courtesy of Dr J Chr Sum of the State Serum Institute of Copenhagen

Toxoplasmin For stimulation of Iymphocstes a purified preparation of slrll:
RH was used Toxoplasmin prepared as described previously (16) was passt
through a Sephadex 200 column in 01 M Tris-HC! 05 M NaCl 2 per rtn;
butanol buffer pH 80 Toxoplasma sjecific antigenic activity was lemonstrale
onlv 1n the high molecular peak and the antigen could thus ¢ separated frcm the
main part of extraneous protein 1)

The crude preparation together with the control antizen desented earlier {
were used for skin tests w37

\on Speeific strmulant 1hytohaemagslutinin (PHA)  Welleome  batch
was used

METHODS

Immuni ation of rabbils Twelve rabbits were moculated 1n the foot fad :\n‘h"":
ml of a suspension of brans from 5 mice infected with the loto &t 6 ‘s;‘tm
After 3 1 weehs sera were positise 16 high 1itres i both dye dest and compl :mlu
fixation test however the toxcplasmin reacticn was not jositne untd § 8 .
after inoculation Five rabbits were immunized wth hilled Toxeplastna orga!
scribed in a presous paper (15)
nssd:mlug:ml e.rn’n;nnnlnll Dye test (DT) and complement fixatin test CET) were
perlormed as described earlier (13)

I ymphocyte Suspensions N
"l’z:pheral blood Blood was obtaine ! by car liac puncturc and dulit rm::::l":l‘;‘
glass beads Celatin fracticnation of the cell population was cnrriﬁl ut

to the procedure described by Coulson € LChaimers (D) Thr' cle‘m comma
once in [ackers medlum 199 containing 300 It jenicillin and

s were WaS
strep
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tomyceim per ml and resuspended The concentration of Iymphocy tes was determined
with 2 haemocy tometer and their viability tested with trypan blue The suspensions
were adjusted to 2 X 106 Iymphocstes per ml Less than 1 per cent of the lympho
cytes were non viable

These suspensions always contamed erythrocytes 1 about the same concen
tration as leuhocytes Of the leuhocvtes 90-92 per cent were lvmphocytes 1-2 per
cent were monocytes and the remaming cells were granulocy tes

Lymph node and spleen The 1ymph node cell suspension was obtained from the
two pophiteal Iymph nodes Lymph node or spleen was cut into small pieces and
passed through a Borel sieve mto 5-10 ml Parkers medium  After centrifugation
washing once and viability test the concentration was adjusted t3 2 X 107 viable
cells per ml

The cell suspensions from lymph nodes contamned 70-80 per cent lymphocytes
Most of the remaining cells were macrophages About 10-20 per cent of the cells
mostly and large tes Were non viable

The spleen cell 1 the same as the
Iymph nade cell suspensions About 5-15 per cent of the cells were non viable
mostly e 1 e:

Cell cultures One ml of cell suspension was added to a 10 X 80 mm tube con
tawing 03 ml fetal calf serum To this mixture was added 1 ml Parker s medium
containing exther PHA toxoplasmin or Irving Tovoplasma

e cultures were observed for 96 hours Incubated at 37 the number of lne
1::£xalhocyles decreased with 10 per cent or less within this time
ell Th

or e by
Dore & Balfour (5) was used Of the cell suspension 01 ml was tahen from the
bottom of a tube The cells were sedimented and flattened on a small area of a
glass slide by centrifugal force Simultaneously the fluid of the suspension was
dramed by a filter paper surrounding this area This method gave good prepara
t ons with easily observed details m the separate cells The cell preparatrons were
f xed 1 methanol and stamed by the May Grunwald-Giemsa methods Five hun
dred Iymphocy tes were counted in each preparation

Tozoplasma suspenstons Iufected mouse perstoneal evudate contamed free Toxo
plastma and a number of of which con
tained multiplying parasites A pure suspension of free parasites was obtained bv
the following procedure One-2 ml freshly harvested mouse peritoneal evudate
was diluted with 6-8 m} Parker s medinm and centrifuged for 1> minutes at 2000 G
The supernatant was discarded and the cells resuspended 1n 6-8 ml Parker s me
dium The suspension was filtered through a millipore filter pore size 82 with a
Positive air pressure of 15 kg/em  No cells passed the filter howeve by turming
the filter upside down the Toxoplasma organisms could be flushed out of the filter
leaving the macrophages fi mly attached By tlis techmique a pure Toxoplasma
suspension contammg about 20 per cent of the o gmal number of orgamisms was
obtained Viabil by tests showed that 7 10 per cent of the toxoplasms were dead
after the procedure compared to 3-5 per cent in the untreated etudate

CXPERIMENTAL AND RESLLTS

Lymphocyie cultures were nvestigatud from three groups of rabbiis
namely

1) Toxoplasmin and ero negative (o amimals)

2) Toxoplasmsn negntive but sero ro 1 1ve m igh titre (DT = 1/1250
CFT=1170) after mmmunization with hilled Toxoplasma or
gamsms { > ammal )

3) Toxoplas mn and  ro positive (DT = 1/1220 CFT = 1/120) after
infection with the toxo 62662 stramn (10 animals)

Five rabbit  were mnoculated 6 months hefore the experiment arq
fne only 7-9 veehs prior to the investigation when the toxepl srin

9
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reaction had become recently positine There was no principal diffr
cnce 1 the reactions recorded 1n these two subgroups Therefore thyy
were pooled for the transformation expersments whereas they are ac
counted for separately n the section on susceptibihy to Toxoplasma
mfection for reasons that wall he gven later

Transformation ralte The following stunulints were dded to the
cultures

1} PHA 1n 2 final dilution of 1/100

2) The purifid toxoplasnun preparation 1n ¢ final dilulion of 1100
(16 expermments) Preliminary mnvestigations had shown that this dilu
tion gnve ophimatl hvmphoeyte stiimulating acaaty —The crude prepara
ton n a final dilution of /16 (4 experiments) W hen used in these ditu
tions parallel tests showed almost 1dentical trinsformation ralies for
the two preparations

4) Tovoplisma orgamisms suspended i Parker s medim i four
concentritions corresponding to doses of 10 107 10 and 10 parasites
per 107 Iymphocyvtes It was found that 1 dose of 103 was most suttable
for studies of transformition although some parasite muliplication and
redease of antigen occurred  Higher parasite concentrations often caused
v1,0rous nfection of the cultures lcading to cell degencration after 2
or 3 days and the lowcr concentration often scemed to have too woik
m wnbigeme dffect

In ¢ 1eh sct 2 control tube was included contaming only Jymiphocsies
scrum and Parher < medium

On 1ecount of the hmited number of cells that were obtuned from
¢ach anmmat onls two scis of cultures could be preparcd Thus cach
tube had to serve for two consccutive samples (on divs 1 and 2 or3
and 4 respectivels)

Cells were elwssificd s trnsformed when showing marked enfarg
ment diameter 2 12 pronounced bisophiba of the evtoplism and 2
hght shghtly acidophilic area close to thie nuelcus The nuclear cheo-
malm also had to he dispersed and the nucleolt distinet These cddls
wre morphologiclly similar to the hiemocytoblast 1s de seribed I
Fagracus (7) Cdls showmng doubtful trainsformabion werd not
cluded

Besdes the transformation of lmphoid eclls typieal chainges were
scen i macrophages n cultures with multipang Toxoplasma Be
ginning 24 or 48 hours after inoculition the macrophages shq_““l n
creased moargn b basophilia of the eytoplism and matosis i = 3 pr
cent of the eddls Such eclls resombled the blstoid colls lut werc easth
distinguishible particularly boewse of the typrealls shaped nuelns
with cotrse chromatin

Transformations were seen after 24 hours and thar aincrdency ‘]"
eresed rapudls thereafter This change occurred both after dllllu‘:‘
tion with PHA and ifter antipenic stimulation Generally mitoses “ul
not obsersed before 48 hours They wert seen almost 1nvarnably m €
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Fig 1 Fig 2 Fig 3
Fig  Transformation ratis 1a Iymphocite culturcs from toxopla muin and sero
negative rabbit  Mean percentage af blast forms from 4 readings during the
observation period on day 1 perf befare
the addition of stimulant to the cultu e
Fig 9 Transformation ratio m Iymphocyte cultures from toxoplasmin negatne but
$¢T0 positive rabbits Mean percent ge of blast forms from 4 readings durmg
the observation peraod Measurements on day 1 performed immediatels be
Fos fore the addition of stimulant to the culture
g

Transtormation ratio 1n Iymphocite cultures from toxoplasmin and sero
Do e rabbits Mean percentage of blast forms from 4 r adings dunug the
observation period Measur 'n pts on dav 1 performed immed atel b fore
the addition of timulant to the eulture

tures showing transformations but 1n small proportions corresponding
to 1-5 per cent of transfo med cells

in Figs 1-3 ihe transformation rato is mdicated for peripheral
blood Iymph nodc and pleen lymphoaestes for each group of rabbits
As could be expected the transformat ¢ ratto after PHA stimulation
Wwas very high

The statistical <ignif rance of th inerease i antigemcally shimu
Inted lymphocytes 1s indicated in Table 1 s can be seen 1 sigmificant
mcrease was d monsirated in lymphocytes from all three organ or:
€ins from botl toxopil min and sero-positive rabbits In rabbits toxe
Masmun negitive but sors positive the transformation ratic Was signy
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ficanly increased in spleen but not i lvmph node Ivmphocytes In
perrpheral blood Ivmphocvies blastoid cells were present in verv low
proportion before stimulation During the observation period the ratio
of such cells increased to values of on!y around 1 per cent Although
the mcrease was statistically sigmificant for both shmulants the num
ber of transformed cells was very low and can hardlv reflect anv spe-
cific hiological reaction In lvmphoevtes from toxoplasmin and sero
negative rabhuts a shghtlv sigmificant imnerease 1n blastoid cells was
demonstrated for spleen hvmphocvtes after stimulation with living
Toxoplasma The data do not permit any explanation for this finding

From Figs 1-3 and Table 1 can be seen that m all samples the per-
centage of blastogenesis was somewhat higher when Iining parasites
were used 1s a stimulant mstead of toxeplasmin

Susceptibilily of the Y arious I ymphocyle Cultures to
Toxoplasma Infection

It was considered advisable to compare 1n the same experiment the
Ivinphocyte cultures from rabbits belongmg to the different exper:
mental groups For practical reasons however 1t was not possible to
examine cullures from more than two rabbits sumultaneously The
miestigation was divided therefore mto two mam experiments each

wcluding Tymphocyte cultures from five pairs of rabbits grouped as
follows

Expertment I

1) Toxoplasmin and sero negative rabhits {gronp =)
2} Rabbils toxoplasmin and sero-positive after mfection 6 months
earlier (group + +)

Experiment I

1) Rahbits toxoplasmin negatine but sero-positne after immumiza
tion with halled parasites (group =)

2) Rabbits toxophsmin and <ero positise after infection 7-9 wechs
earher (group + +)

Cultures were classified as infected when muitiplving Toxoplasma
orgamisms were found instde one or se eral cells n mcroscopic fields
of view containing a tots! of 500 Ismphoc t s on one of the first three
davs and the same or corresponding calture proved to be infected on
the following dav also

Blood Lymphocyte CLI' res

Table 2 shows the degree of infection 24 hours after moculation
‘The values are present 3 m a ratio of the number of mnfected cells per
1000 fymphocs tes 0ver t1 number of infected cultures After 24 hours
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neither ruptured host cefls nor extracellutar Toxoplisma organsms
were seen nd the ratio of infected to tot A eciis will approximate ther
fore the proportion of Toxoplasma orgimsms 1 the moculum which
had penetrated mto celfs Tablc 2 shows that infeeted edlls were found
only :n cultures from toxoplasmin negative rabints and that such cells
were few 1 numbers

TABLE 2
Vlean Number of Infected Cells per 1000 Lymnphocyles tn Infected Cultures oner
Number of Infected Cultures at 23 Hours after Inoculation Croups of Rabbis In
ticated as Follous == Toxoplasmin—and Sero negatite ++ Toroplasmin—and
Sero Posiwe after Infection 6 Months Farlier ~4 Toxoplasnun Negatiwe but
Sero Positive after Immum ation with Ailled Parasites 3 Toroplasmtn—ant
Sero Positwe after Infection T 9 Weeks Farlier

Bload Lymph node Syleen
- Rabbut o toxopl /10° o taxepl 10 e taxophdltn
P group Tvmphoe Tymphoc Ivmphoe
10 104 10 10 10 108
1 = 5{2 211 124 512 63 134
++ 0/0 0/0 k23 /o 514 3"
i - n 00 35/5 145 39/4 03
#* 0/0 0/0 35 ns 2613 57
TABIT 3
Lot est Infectie Dose Gittng Demonstrable Infection at 9¢ Hours after Inoculation
Croups of Rabbuts Indicated as Follous = Torojlasmin—and Sero [osttice affer

Inf ction © Months Farlier —+ Toxoplasmun Mcgalite but Sers | ositioe affer
Immunt atton with Rilled I arasttes # Tozoplasmin—and Sero [ os tne after e
fection 7-9 Weeks Farlier

Rlood Lymph nade Sy leen
N No A
Fo TR o tRHI N o0t g ¢ i
inf  Wvmphoc  pp  lvmphoc ap rvmphoe
0 10 g 1 1B 10
= 14 0 83 2 0 1t 7
! i+ 4 1 o o 1 3 o 1 3 ®©
4
—+ 1 3 1t 0 1 4 0o 0 1
1t # 30 0 0 1 o o 3

Table 3 dunonsrates the lowest Toxoplasmn concentr ition that gn¢
demonstrable infection during the observation period in the !\\3
groups of toxoplasnun positine raibbuits cultures from only onc nf! l(s
anrmals were found infected whereas 1 toxoplasmin nep e bl n1
cultures from 8 of 10 amimals were wnfected Infection could )u; ’!;;
served only with a large snoculum of Toxoplismn howeser the &
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rence between toxoplasmin positiie and negatine rabbits was sigmi-
ficant (P < 0001)

The parasite multiphecation and spread within the cultures was
hmted Daily countings covering the entire observation period re-
vealed only a low number of infected cells With an infective dose of
10 parasites per 10° lymphocytes a total of 49 Toxoplasma mfected
cells (22 macrophages 10 blastoid cells 17 small Jymphocytes) were
found m cultures from toxoplasmn negative rabbits whereas the cor
responding figures for toxopasmin positne rabhits was onls 5 (2 ma
crophages 3 small lymphocytes) In no preparation was Toxoplasma
found within a pseudo eosmoplulic leuhocyte

Lymph Node and Spleen Cultures

The data 1n Tables 2-3 mdicate that the infection rate was far greater
w cultures from these organs compared to peripheral blood Table 2
shows that when the infectine dose was 10 parasites per 107 lympho
cytes approximatelv 5-39 per cent of moculated parasites hnd pene
trated mto cells after 24 hours A higher percentige was found with an
mfective dose of 10¢ organtsms The fact that m a number of cultures
the caleulated ratio execeded 100 per cent might be accounted for by
Tandom sanation or 1t might indicate that a second ciele of Toxo
plasma growth had occurred Table 3 shows that mfection of cells also
followed upon moculation of small numbers of Toxoplasma

No significnt difference was demonstrated hetween cultures from
mmune and susceptible animals The ratio of infected cells was some
what ngher throughout 1n experiment If than m I but this was prob
ably due to technical factors

In Figs 4-§ an attempt was made to analyse further the difference
in susceptimlity to Toxoplasma infection between bleod Isvmphocyte
cultures and cultures from vmph nodes and spleen —F1, 4 shows
the distribution of different cells 1 the cullures immediatels before
moculation with Toxoplasma The blood Ivmphocvte cullures con
sisted almost entirely of small lymphocytes Large lymphoid cells and
macrophages were less than 1 per cent of the population Pseudo
eosmophilic leukhocytes were found in a mean ratio of 3 per 100 Ivmpho
evtes Cultures from Ivmph nodes and pleen contammed macrophages
m ratios of about 20 per 100 lymphocvt  as well as small Ivmphocy tes
and a small number of la~,e lvmphe 19 eells

In Fig 5 15 shown the ratio of in « t d macrophages blastoid cells
and small Iymphoevtes in 'vmph no  cuitures 21 hours 2fter mfection
With 10 parasites per 1t Ivmphs st s The largest ratio of infected
cells 11-29 per cent w1 found n the macrophage group 2-10 per
cent of the tlastord el's were mfected whereas infection of small
Ivmphocytes «as rare U 1-1 per cent The results are representati
for spleen cu tures and for Inmph node and spleen cultures inf cted
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Fur ¢ Proportion of small lymphocytes large 13 mphowd cells and macrophages m
blood Iyvimph node and spleen cultures hefore addition of Toxoptasma Data
presented correspond 1o an average of all cultures used in the myestigation

Fig 5 1vmph noede cultures 24 hours after inoculabion with 105 Toveplasma orsa
msms per 107 hymphoeytes Percentage of Tovoplasma Inlected eclls in
macrophages blastout cells and small 1ymphocytes in the two experiments
and four rablnt groups

with 10* parasites per 107 lymphocytes It thercfore scems esident
that the macrophages were of fundamental importance for the earls
multiplication of Toxoplasma in the cultures However 1t 1s also elear
that  farrly Iarge proportion of blastoid cells were infected (I'ig 6)
As the ratio of blastord cells n several cultures especrally from the
spleen ncreased considerably during the observation poriod 1t was
presumed that the [te propagation to a large extent occurred 1 suck
cells Tig 7 presents the ratios of mfeetcd macrophages and blastord
cclls from all types of cultures 48 hours aftcr inoculation with 103 and
10* toxoplasms per 18° lymphocy tes At thes time the nunber of nfected
cells had mcreased considerably ndicating sccandary nfection by
toxoplasms released from mutially infected cells The figure suggests
that the inerease was larger mn blastard cells than m macrophages
however the difference was not stahistically significant The pereentaft
of wnfected small hvmphacytes 1t hus fume was stil = 1 per cent 18
hours after moculation the number of mtracellular paristes wis yer
large In many cases around 100 parasites were seen within one maero-
phage and 60 70 toxoplasms in one blastord cell In both types of cells
the parasites were often locled m several clones No differencent the
number of mtracellular parasites was observed between cultures (rarm
immune and susceptible rablnts Mote than two parasites per eefl wert
seldom seen within small )ymphoestes

In order to mvestigate 1f the demonstrated susceptibslity of Wlstoud
cclls to Toxoplasma infection apphies 1o blastawd cells 1n fune ra} or ol
te anhigemcally stimutated transformed Ivimphocyics the ratso of 10
fected cells in blood Inmphocste cultures treated and untreated wlll
PHA 2 dnvs carhier were mvestigated Twelve eultures from the s
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Fig 6
Transformed Ivmph node lymphocvtes containing multiplying Tovoplasma
organisms

sero and toxoplasmin negative rabbit were moculated 6 of which
were unstimulated and 6 stimulated with PHA At the tine of mocula
tion the ratio of blastoid cells was 02 per cent in the former and 43
per cent mn the latter group Twenty four hours after 1noculation with
10 Toxoplasma organisms per 106 Ivmphocytes the mean number of
wfected cells per 1000 lymphoevtes was 11229 i the unstimulated
and 121 = 6 0 1n the stimulated group 83 per cent of the infected cells
n the stimulated cultures were blastoid forms The difference between
the two groups 1s statistically significant P < 0001 Pseudo eosino
philic leuhocytes were found in a frequence of 3 4 per cent 1n the cul
tures 9 per cent of these cells were found nfected during the obseria
tion period After 21 hours the granulocytes frequently contained mult
plving Toxoplasma however the parasites stamned poorly and were

o ome 3

Fa7
Percentage of nfected ma orhages anl Hlastord cells 48 hours after imocn
lation The values ar cal ulated from the cumulat ve data from all lymph
node and sple n culture n wulated w th c ther 10+ or 10 Toxoplasma orga
n sms per 10 1 mphocvtes
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not clearhy defined in the surrounding, evtoplasm From 48 hotrs afler
moculalion they were defected only with difficulty within such cells
Most probably they were bewng destroyed wilhun these eclis

Intubutory I ffect of DT and CI'T Positive Serum on Penctrafion
and Mullipheation of Toxoplasma

Stee Toxopiesma mullipheation was poor m hloed Iymphoete el
tures onhy ymph node and splecn cullires were rmvostyited Tanphe
evics from two rabbits tovoplasmmn  md sero powitane {group + 4}
mnd two tovoplisiun and scro nogitne {proup =} were fevted

Twa BT and (1T positine sera sere used One from a rabbit that had pasect a5
infeetion 3 months carlier (DT 18958 CIT $/1390) The scesnd serum wos ponked
from two rabbits immunized with killed parasites 3 manths carher (DT 41750
CFT 3/%40) They were stored s ~20 { and wsed wathin § wedt afier hleeding

The cultures were set up as desershed earlier Instead of fetst calf serum 018
ml posstive rablat scrum was added to the hymphoaite suspensions The rabist
smmune serum sas used 1) matise 63 mi (n) ") inadtivate] at 5 € for 30
minutes 03 mi {i) 3) 01 mlnsctsssted rabbit scrum snd 82 ml human aecese 1Y
erum (a) Fetal calf scrum was wted ax g control

Tovoplasma suspensions were added 1n two concentrations 19 and 101 per 1
Tumphacstes Owang to the Iarge number of tubes Iymphnestc caltures fram vl
one animal could he examined 1o cach experiment

All conirol caltures were degeneraled after 96 hours The datvin
Tible 4 demanstrate that both sern used had 4 profecine offeet B
4 few cultures hawever where mactnaled serum with or withou!
weeossory fietor was wlded s protection was overcome by the in
v ubing pamsiies resulling i widespread mfcction ind ecll degenet?
tior Such mfcetion ocenrrud 0 one of 48 cultures n group ++ nd
m 6 of 48 enltures i group = In  few ntore enlures munafy 0
wroup = 1 smalt mnmhor of infected cells were found mdic ink 40
meomplete protediion

BIsSCLSSION

Small hvmphocytes from foxoplasmun  andlor sero positine Fabints
were trinsformed mato bstord cells when stimulated wilh exther toue
plasmin or hiving, Toxoplisma orpansms whereas Jymphoeyles lrof’:
toxoplasmin  and sero negative rabbuty did not show mn‘{m““wnl
to any sipnsfic it degree (with the exeeption of spleen cells stinml ﬁf“
wsth Iiving Toxept tsma) This result mdbeates that the imnsfﬂrm'lh(;;:
were the resuft of 1 speetfic stumulation of presioush <ensiiized ¢ he
It w5 demonsteated that the pereentige of blaston! cells "'m
popubiion was Lirper after shmulition with byng Taovoplrsun 111‘"
when tovoplismin was used The reason mupht welt be that 2 gwnmh‘
aumber of ntipenic substanees wis redessad m culfures contd

teving, prastles
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TABLE 4

Inhibitorg Effect of DT and CFT Posttwe Sera on Infection of Lymph Vode and
Spleen Cultures The Data were Obtained from Observations 96 Hours after Inocul
ation Serum P — Immune Serum Postinfectious 1 = Immune Serum after Im
maunt atwn anth Kidled Parasites € — Control Fetal Calf Serum n— \atie 1—
Inactivated @ — Inactwated + Human Accessory Factor Number of Infected Cells
per 1000 Lymphocyles|\umber of Infected Cultures Deg — Cultures Degenerated

by Vigorous Toroplasma Infection

Lymph Node Lymphacgles

Group ++ Group—
o tovoplasmajtd" No tovoplasma/10t
Serum Tvmphocy tes Serum Iymphocvtes
10 104 10 10¢
[4 degJ2 degs? c deg2 deg/2
Pn [ [ Pn mn 0
b i 0 Py 141 degf1
deg.j1
Pa 0 0 Pa 171 degf1
degf1
Tn 0 [ In 1 2/
i [ 0 n 8m %2
Ia deg/1 [ la 67 [
Spleen Lymphocytes
Group ++ Group—
o toxoplasma/10" o tovoplasmaller
Serurz Ivmphocs tes Serum Ivmphocvtes
100 104 100 104
c deg2 deg,2 c deg? deg/2
Pn [ [ Pn [
P 171 ] P1 1/1 deg/1
deg/t
Pa 0 ] Pa 3> 21
In 0 0 In [ []
h 0 0 I i R
1a 41 0 Ia 317 0

Blastoid cells were found n considerably lui ser p oportions in
stimulated spleen cell cultures than m cultur s ™ puniyheral blood
and lymph nodes Possibly the spleen conta ned a highur p ruentage
sensitized Ivmphocttes or the spleen lvmph~. tes we e more reactine
than lymphocttes from the other sources It 1 i nuwn 11s) thet
Intravenous njection of particulate anbigert~ s 1o'luwed by antibody
Production that t. es place mamls 1n tre splecn and to a smatler ex
tent 1n Ivmph noc Under these conditions probably a larg r number
of lnmphoextes s ¢ sensttized 1n spleen than iz Ivmph nodes and pen
Pheral blood Int  present experiment one group of rabbits was im
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munized antravenously with halled Toxoplasma while i the other
group an early appearmng parasifriemia (14) mny have plaved a ok
sumlar to intravenous inoeulation These condibions wanld fanour the
supposttion that spleen cclls were particularly sensitized On the other
hand transformation after PHA stimulafion w1s not obscrved fo am
greater extent n spleen than m pernpheral blood and lymph nodc
Ivmphoeyles This abservation does not support the 1dea that the spleen
cells were more reaetine than hvinphoceytes from blood and Iyvmph noede

In sensitized rabbits up to 35 per cent of spleen lymphocytes were
found transformed after 96 hours It does not scem very likely that this
refleets the number of Iviaphoestes onginalls sensitized The hinding
might to some extent be due to selectine multiphication of seasiized
cells However this phenomenon cannot entively explun the large per
centage of transformed lymphocytes The mechanism of hiastogenesis
1s probably complex and 1t might invelyve stimul itton of non sensilized
cells as has been suggested by other mnvestigntors (11 27) Do con
clusions about this mechamsm can be drawn from the present study

Blastogencsis was more pronounced 1 lymphocyte cultures from
rabbits which heeame toxoplasmin and sero positive after wfection
than n cultures from rabhts sero positive only after immumnization
with hilled parasites In the latter group a sigmficant increase it
biastowd cells was shown onlv n spleen Jvmphoestes The differcnce
might be merely of 1 quantitatine nature corresponding to 4 more
mtensive antigeme stimulation in the former group Howoever ot i
hnown that the percentage of lymphocites responsible for cell bound
wmmuntts 1 larger 1 peripheral blood and Ismph nodes than m the
splecn (22) Blistogenesis i peripherl blood and fymph node smpho-
cvtes from toxoplasmin positive rabhits therefore might indieate the
presence of celt hound nnmunity

A problem of considerable ntcrest 1 the following Do small lsmpho-
cvies sensttized aganst Toxoplsma porform an ymmunological fune
tion of sigmificance for unmune profcetion? The rofe of sm il [smpho-
cytes 1 the immune responsc to homograft and graft wmost hout
reachion hos been established nd reviened by Cowans (9) Howowr
only a few studies have been reporled so far mdicating that small
Tvmphocytes produce protcetne mmmumty agunst infecine apents
hempe (18) reported 4 case of progressive yacanst i chutd with
normnl gamma globuhin Massive doses of immune gamin iplobulin had
no cffect of the lesions but their progress was halfed deam stieally By
injcction of lewkocytes from recentls s aeciated donors in the ﬂ(‘ﬂh’"’
borng shin Tarsh et al (19) showed thit pertoncl cxndafe co ;
oblaumned from a donor mouse nfected with Trchindit spir il c.um‘;
the acecier sted remoral of adult worms when ingected wto 1 rap?
Recentls Dineen & Wagland (1) showed that cells obtuned from l;‘:'
senterie Ivmph nodes of mbred puincy mgs mfceted with T"f;lm
slrongvius colubnformis ¢ised resislanee when ingectod watta €
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days before challenge moculation The transfer of massne volumes
of serum from resistant to susceptible animals was without effect

The present mvestigation does not give unequivocal evidence that
sensitized small lymphocytes are msyolved 1 the mechamism of 1m
mune profection mn toxaplasmosis The observed difference i the pro
porhwn of infected blood lymphocyte cultures obtained from toxo-
plasimn positrie or negatinve ammals was statistrcally sigmifscant but
as the tota] number of 1nfected cells was small the biological sigm
ficance of this observation remains to be clarified

The data suggest that blastoid cells are more casily mfected with
Toxoplasma than untransformed lvmphocytes During he entire ob
servation period only 1 per cent or less of the small lymphocvtes were
found mnfected and 24 and 48 hours after moculation 3 per cent and
14 per cent respechively of the blasteid cells were mnfected One pos
sible reason for the greafer suscephibtlity of blastoid cells might be an
altercd cell surface structure permitting easier penefration for the
Parasites The fact that blastoid cells are readily infected and support
vigorous multipheation of the Toxopl org strongly

that in this stage of development the cells have no immune protective
function

Of certan mmmunological nterest are the macrophage cells present
i the cultures It was demonstrated bv Vischer & Sufer (29) 1n ex
perments with cultures of peritoneal macrophages from laboratory
Todents that Toxoplasma can be propagated successfully n such cul
tures and that the intracellnlar multiphication of the parasites was
mhibited in macrophages from rats or gmnea pigs actively immumzed
with hving Toxoplasma The results of the present s estiation are
W agreement with the first observation In lymph node and spleen cul
ures a larger number of macrophages were found infected than would
be expected from their distribution and therr proportional mass This
may be 3 result of the phagocytotic activity of the macrophages

The second obsersation by Vtscher & Suler could not be confirmed
No sigmificant difference mn the percentage of 1nferted macrophages or
n the number of wntracellular parasites was found betsreen cultures
Irom tmmune and suscephible animals Despite the fa t that several
authors have presented evidence to shov that macrophages from im
mune anrmals have a specfic abilits fo m~rtvate and gestrov mtra
cellular nfective agents other researchors have not been able to de
monstrate the same phenomenon (21) Tbe importarce of macro-
phages m the immunt m chamsm 1s stil obscure

One cell tvpe had an unequivocal de truune effe t on Toxoplasma
namely the granulocyt  The rapid intra  Vular 11limg of the parasit
by such cells has bes1 demonstrated previowsly (1) and m this n
Vestigation This pher m non which cvidentis 1s non specific m nat
may be due to the actu n of proteoistic enzvmes present »n high con
centration 1n the granule of these cells
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Iyche el al (21} have demonstrated that the penctrabion of Toso-
plasmn wlo cells w vileo could be miubsted by 4 nuxture of mmune
serum and accessory factor 2s well s by the same mixture when the
heit Iabile components had been destroved The results of the present
tvestigttion are consastent wath these findings  Inhibnbion of Tow
plisma infection sn lvmph node nd spleen cullures could he demon
strated both with natie nd mnactisated DT and CI T posdine wram

‘The present wmeshigalion shows that DT and CI T positine scrum
from rabbits smmunized with hilled parasiles had as offecine mm
hibitorsy effect s serum from 4 rabbit sero positive aflor an acine
toxoplasmic wmfection This finding suggests that fhe differanee s
cepbibility to challenge i pwo hetween rabbids munumized with hlled
Toxoplrsma and rabints with high post infection antibods titres 15 not
due to any fundamentat Qifference wn the anthady response agunst
Isving 1nd hilled parisites

A tifference mn the praiecine effect of BT and CFT postine scrum
belween caltures from mmmune and susceptible wumaly was olnerd
but the present limsted insestigation does not allow ans further con
clustons

SUMMARY

The transformion to hiastoud cells in lymphocte cultures from put
pheral blood isvmph nodes and spleen from rablits with varyng depr®t
of immumty were mnestigaied after stunulion with toxophsmn of
hvng Tovoplasma orgamsms The cyprady of Toxephisma to s
and multiply within these cells ws studied also Al the mnlultory
effeet of D1 and CI'1 posaitne sert was tested iy cultures of fymplt
nodes 1nd spleen

A stgmific mt mnerese m histogenesis durmg the obsery thion p('rlOﬂ
(86 hours} was demonsirated i all three tvpes of tumphoceste enlturet
studied from ribbits toxoplasmun  nd sero positine ler 1 passed
wnfechion 1 ymphocyte cultures from ribbis tovoplsmn negatne but
sero positine after immumization with hiled parasites showad 1 signt
ficant mrense in transformabions only w spleen lymphoeiies in
cuftures from toxeplvmun  and sero negitive rablnts 2 sxgmhc'\nf
merese m blastogenesis was not ohsersed with i exceplion of 2
mmimal although signifieant mercse mn spleen humphocdes shumit
Iated with hiving parasites The percentage of trinsformations [0
Teger after stumulation with Inviang parssites than when toxopi
was tsed

A difference in the proportion of infected biood Ium
from suseeplible And immune rahints obscrved supfests bul does o
prove the castence of waimmune protectine proports of l\mphncl\ W

After transformabian the hlastowd edls were infreted more ersth
Toxoplasma tnd mulliplieation w s sigorous within such edls

1
1 was demonstrited that macrophnges present to around 20 por el

phouvte enliarns
nol



145

m Iymph node and spleen cultures were castly infected with Toxo
plasma and that multiplication was pronounced withmm them No
difference either mn the percentage of infeeted cells or in the number
of 1ntracellular pnrasites was observed between macrophages from
mmmune and susceptible ammals

Tovoplasma orgamsms were rapudly destroyed within granulocvtes
This actruty of the host cell 1s probably nonspecific in nature

In viiro infection with Toxoplnsma was mhibited with S serum with
high post infectron antibodv titres and with 4 serum with high DT
and CFT titres after immumzation with hilled parasites
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Sell 5 ¢ Ceff P ¢ I Studies in rabnt Imphacvies we tiiro 1 Stimul(l o
if Biasy iransformation with an antiallotype ernm J §p Med 07
193-439 1963

Sell'S Rowe DS € Cell ] G 11 rotesn R\A and D\ sunthens b
hmphoey te enlture  after stimulatlon with phylikacmagslotinin st
taphvlpeoces] Nitrate with antiallotyje serum  and with beierolig ¥
antiserum 1o rabbyt Whole serum J Dxp Med {22 8°3 839 1963

Tischer W 4 € Suler F Intraceltular multiglcatran of Tocoplaima gonhi tn
adult mammahan macrophages cuttiated wi f e Lr ¢ Soe sxp b
med 8 413 $19 1954



Adta path ¢t murobial scanlinay O 147 160 196

TRANSACTIONS OF THE
EDISH PATHOLOGICAL SOCIETY

Veeling Decanber 2-3 1966

G ¥ berger £ J G Norlen A SFMINAR O\ TUMOU KBS OF THF LRINARY
BLADDER

Fiftv-cne Swedssh path)l gists representing almost all «f the departments of
Tathology of the countrs had digagnose! 1a shides Opimiuns on evtology were farrly
uniform but conclusions with regar! t5 degree of malignancs and imfiltration dif
fered widel The differences were more proncunced between than within the de
partments though an mdnidual usually had a constant of1nton 1o relation to the
others

The conclusions were mostly based upon spectfied eriterta but 5 different criteria
sistems had been used and this was prol ably in princiy le the cause of the differences
fa conclusions

Thirteen of the 15 shides were from patients who at foll v up shoned mvasne
cancer and the two others had et nsise mucosal tumour growth ani clin callv
malignant course Of the (65 submatted diagnoses ®35 were bemygn 74 stromg sus
picion of malignancy and 426 definite cancer

Grel stberg H Hedeland € B Hokfett O\ THF OC¢ LRRENCF OF ADRF\AL
CORTICAT ADFNOMA FSSENTIAI HYEFRTENSION AND CHANCES IN CLY
COSE BALANCE IN AN AUTOESY MATERIAL

€ an has suggested that ab ut 20 per cent of the cu es  1th socalled benign es
sentsal hypertension mught ha e an 3l bisteron 1 ¢ dueiny, a trenal eorical adenoma
Prunary aldosteronism m ght also hatve a relation to 1 v ered glyevse tolerance

All the subjects aged 70 and aho ¢ aut ysiel at the Institute of Patholo,y
Malmo during 6 months (737 a es) were stuhel f rehins al diagn st of b perten
s1on and glvcosuria (i bet s melbtus) nd aut 15y find o
3 noma \Moreaden mas er funimmalehyy rtn) p et thammna rmo
tensnes 189 and 84 p r bt respectnel (ML < p o ihe
identical 1n women with nd without hvjertens n Th
alttle higherindi b 1 th n noon di bety & m n

of denlerti 1

n dne na
ra [acen m s as

5 ent respe
Lelv (01<p« 0yt h difference was 1otol 1 ¢d ma

According to this s th ir quenc ofailrnl 1t I naahop tens a
©d diabeles was 1 tan  quencesyress usl pubi 1 Tx r 1 gue.
of adenomas howe r s ther high 101 per atin tt men «nd 4 6 per 2ntin
the women

d Waserma k4 M bey & A stina Sreahrn  ACUTI IDIOI ATHIC 1 ANUHES
TITIS—4 v\ LIARD IASE?
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1 8 Schnfieer HISTO I ATHOLOCICAT CHANGFS IN TANDIRILK INDULCFD Po
ROTITIS

In 1962 fine patients were observed 1n whom fever enlarped salnary glands and
& fecling of dryness 1o the cves and the mouth developed affer treatment with Tan
dersl {avafenbntazon)

A waman of 66 who for 10 davs had consumed in all 30 tablets Tandert} {3 grams)
ran a fever and the parotid glands on both sades swelled Malographie evaminati
did nat reveal anything, abnormal A bropss about 34 days alter she had ban tahen
1t showed pentductal infl afiltratian precd 1y of hunphe
cyvtes with orcaslonal retiewdocvtes forming small geeminal centres The acinde part
af the gland showed anly a moderatels pronagnced ovdema

H Anntson Alfan Tunderquist & tnders Tunderquist DITIFRENTIAL DIACNOSD
BETWETN ULCFRATIVE COLITIS AND ( RANULOMATOUS INTFROCOLITY
(CROINS DISIASE) PATHOLOCICAL AND ANGIOGRAPHICAD ASPRCTY

fo & small number of cases the supersor andfar inferior mesenteric artery had
been studud precperatreels by angrography In sll the ca oy of Crohns discase
ohliteratsse vuscular changes in the small and medium sized intestingl ve sely were
observed but were found onhy accasionalby m ulcerative cohlis

The svascular changes sere reparded as non specific bub ss they \ere aiva s
found 10 Crahn s disease they were thaugt to be of disgnastic importance snd
indication of a chrome discase The sagographn, picture in avancel stages ol
(rohns diseasc dsffered from that sn ulcerstive cohtis In that the former &
Bibsted teregulasttes in the distnibution and the cxlfbre of the arlerfes ohldd
crations of the vessels and reduced venous return In additi » to ffs vabue o5 8
muans by which to make a dilferentsal disgnosis poisssble betwcen ulceratise el
and Croha s disease 3t permits an earlier and more preci ¢ Incahization of the estes!
of the di rasc than other ise abtainsble by the u<ual barium contrast metho !

¢ Haltyust €3V O Jjor!  OBSERVATIONS 1N BIOISIFS OF fHF MYOLAHPILY
IN CASTS EAIFPRCOING OPPN HFART SUR(CERY

from cases with conpenital heart disease or acquired vahulor ¢ 02 ¢ blepsies of
the mvcorardium Were taken sith o hollos sharpened drifl during ofen hur;
surpery before and after perfusin The accordance of the 88 duuble biopsies sshic!
were studied 1y Hght microscops was found to be preat concerning diffuse chlnxr:
such as b pertraph  but onl sbout §0 per cent in cases of focal Jeafons sud’; »
sear tissue As to interstitial ocdema 1t was more often inereased efter thes be‘\‘;:
serlusion which Indicates that ordema in some cases might he an cffect of
perfuston

Fighteen ca g5 were studied with electrcn micr copy snd enzvme hi mchemlv!mr“
I § cases slight ultrastructural changes cunsi ting of ghve gen deplethn .nlm«x:rt
of the sarcoplasma were observe § fn ancther 3 ea cs chanpes were fore 3¢ <%
! hondrial abnor o such as welling loss of cristee 8
eftang, an | vacn Hradf o o] sare

of »
matrices) margmatin of suclear chromatin taing
plastic reticulym and slight m ofibrillar changes ¥ e dating thise ehanges «llch T
for haor fase and ov oxtdase were of v‘;Mm
one case with sesere changes it was thus made {r bakle that they had sterhe

the perfusion
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The slight changes appeared in 3 cases of congenital heart aboormalities and 2 of
scquired aortic valvular lesions whereas the severe changes were found in 3 cases
of acquired aortic valiular lesions Among the 10 cases without ultrastructural
changes 7 were congenital and 3 acquired heart lesions

J Pontén LYMPHOBLASTOID TRANSEORMATION [N CLLTLRFS OF HLVAN
MALIGN ANT LYMPHOVMAS

Lymphoid tissue from 6 cases >f malignant Jymphoma and 5 non malignant
Ivmph nodes were grown 1n a modified grid monela er culture The control tissue
after a preliminary phase of release of preformed Ivmphoid cells gate nise to regular

of b morphologs They could be subcultivated throughout
about 10 passages before reaching a terminal degenerative stage The grids ¢ uld be
transferred 5 times before losing their capacity to produce Nbroblastoid cells.

The sit malignant tissue specimens ceased to produce lvmphoid cells after the
same length of time as the controls and also formed fibroblastoad monolasers The
m nolayers ders ed from the first 2 grid transfer generations did not differ from
the control monolavers Monolavers generated from later grid transfer generations
displaved a pathelogical irregular growth pattern In 3 cases reticularl efements
appeared which differentiated inlo lvmphoid cells 8-19 weehs after 1imitiation of
the cultures The reticuloly mphoid cells could not he maintained 1n the ab ence of

b cells but co cultinat with normal restored the capacity
for surs ival of the reticulols mphosd cells Chromosome analvsis of one trans! rmed
stram howed 47 chromosomes interpreted as a trisomy of no 11 or 12

The findings suggest a specilic correlation betw een irregular growth and Jvmpho
blastoid transformation on sne hand and malignant 1 mphoma on the other The cor
relation cannot be considered defimite however because of the small number of
¢ ntrols and the difficylts in growing non walignant Iymphoid tissue during a
sufficrentls long trme It 15 not excluded that normal Iymphnodes would show the
same alterations 1f carrred thr ugh as many gril transfers as the malignant tissue

P Biberfeld € Holm & 7 Freesson POLYSOMF FORMATION AND MICROIING
CQITOSIS I\ IV ¥ITRO TRANSFORMED HUMAN 1Y \MPHOCYTFS

The light and electron microscopic appearance of hum o lymphocvtes 1 olatel
from peripheral blood and cultured tn pitro 1n the presence of phrtohacmagglutinin
(PHY) staphslococcal eatract (STE) and tuberculin (PPD) was in estigated

Two hours after addition of PHA electron microscop) shoned some small limphe
€3tes containing evtoplasmic ribosomes agg egated t¢ t pr al pely(rib ) ome The
Amaunt of polvsoraes and the number of cells vith these elements 1crcased with
fime sfter 24 hours of PHA stimulation most cells ¢« ntamned numeron ol om
Counting of ribosomes shos ed a greater varation of nbys m 1 corcent tion in
fransformed cells (200-4 0% ) than n unstimulated cells 3 0-4>0 ~1 \ le 1
changes (enl rgement altered interrelationships of granular fib llsr ani m r
Phous materfal) were noted in some cells wathin 24 b urs afte PHA [wulat n
rnlr:‘:rllns{nrmcd cells acid pho phatase activitv—demonstrated b 1ncub tin i &
A i type medium— as found 1n the Golgy area and 15 foot ppend and

®3 confined to single membrane limited bodte ( 1 wes andoc  nal Cola
climents Untransforme | Iymphocytes showed less or na o 112 a t it Duening
Tlosis  centrifugal® redistribution of lysosome 1 ke boties w 5 b e ed

Ferritin molecules 1troduced in the cultnation medium were sk o b d by mi ro
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pinocviosis and were segregated in acid phosphatase pcsitive badies mainty maltl
vesicular bodies Micropinocs tosis was greater an stimulated than fn unstimulated
cells

Lympheestes from a Mantoux positive donor transformed by 1HA STF and PpD
10 parallel experiments showed essentialls stmilar ultrastructural featutes I wever
the transformation time was longer and the rate of transt rmalion lower with PPD
than with STF and FHA

S Lindgren CONCENITAL PRIMARY ADRINAL HYPODPI ASIA

At gross examinatisn post martem 1f a boy born at term who died fr m a piration
duning delivers absence of the adrenals was observed Histological examinati n of
ser1al scotions of retroperitcneal tissue howerer reveale! 2 very small adriny!
The permanent corlex was vers thin on the Jeft side and alm st absent on the rikht
side The foetal cartex was predaminant and consisted of irrepularly arranged
cosinophilic cells and numcrous giant cells

The case was diagnosed as ¢ ngemital primary hypoplasia of the evlomegalic tpe
which shoufd be distingur hed from secondary hypoplasia in onencey halia Heven
such cases were reperted {n the Iitecatare among them three pairs of bre thers The
conditicn therefore appears to be a hereditary anomaly which soin gives sumgt ms
of ccrtical imsufficiency Two of the 11 patients aged 1 and 3%z vears re fectivels
are receiving substitution therapy and are alive

I Mol wsht SPFRMATOCYTIC SEMINOMA

Up 1o now 32 cases of spermalccytic seminama hase been de crhed Differencee
from usual seminomas include the high mean age of the patients (57 vears) the
tumaurs hase tcen found only m the te i and alwavs 1m a pure € rm ah ence
1 my heevtie infiltration 1o the str ma and granulo matos reacts n ds et pre ent

0 a <tuds of 95 festicular tumour «f wWiich 84 pramarily ha{ been classificl s
eminomas and 13 as saretmas 7 (7§ per cent) cases «f spermat cvtie seminomas
were fHund In spate of tum ur imvast noanto large blo d vessels the frogne 1s seem
te be relatively a¢ 1 Of the 7 cases 4 are bving and well 2 of the cases hase beet
obscried for 5 and § vears £ ety after aperation Twe dici fr m meta toet
after £5 and 4 vears duratiun  disease re pectinely All 1w Baf fon

zerate) and hodl recenned X rav theraps poshpuratineds

In 9 caes fovanan dv aermim ma ne lfferentiat o dn the Hrcetien of spec
matoc tic (minoma was frund

Germ ol tum urs with ut scx diffirenliati nosh uld e call | gn wwhima ¢
germuinema The term semin ma (with the § s itle ad titi n s rm U estied shul!
te reserved for tum urs § ecdls  (hiffcrentiated male tape

Ingt Hugersteand © B Silunl ASBESTOS AND M1 SOTHITIOMAS

In 1907 the first (s ¢ «f fulm nary fitr 1 due t iohalatt o fashet f)l);r"
\ as rejortet During the 1ast 30 vears m My tep rts have appea fal Ur’ht
wncrtence « L pulm nsr tum urs in affe 1 s W rhers and fned 1900 the Intere t "lll
been freused «n the joessibic redati n htwan a testr oxi tr #al maligr
mes thelimas of | leura snd pesit nam

The :mms (f the examinat 0 f 33 me thel may Hint gy r¢ the n:“n:
x rulati n bip between asbe 1 exg nre an{ mesotheliom 1o 1lem
<l he con idered unsetlled
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Th Berge £ T Sall en METASTATIC CARCINOMA IN THF CIRRHOTIC LIVER

Among 3642 extrahepatic carcmomas portal crrrh sis was found ¢ ncidentally
im 108 578 per cent of the carcinomas in the circhoti and 639 per cent i the
non-cicrhotic group had metastasized ameng these 10 4 per cent and 516 per ent
re pectnely had metastases 1n the Iner This difference which 1s nat statisticall
smficant, could be explained b the fact that mest £ the tumours in the currhotic
gron; were m an earl stage of disseminatnn and had metastases nnly 10 a few
organs Among the €4 es with metastases & more than { wr rgans all the lumours
in the cirrhotic group ha i metastosized tc the hiver but the frequenc 1o the non
arrh tic group was bout 80 per cent When attention was pard to the haemodvna
mt p ssihilities of tumours in ditfe <nt Iycations and the stage ¢ £ dissermination
the cirthotic Jver wa found to be yust a g a s o] (pr ballv tetter) for meta
ta s as the normal liver

Fra Brehmer Anlerss)n & U Brunh TAPF STRIPPINC MFTHOR FOR CYTO
TOCICAI DIACNOSIS OF MYCOSIS FLN\COIDFS

A piete of 1rhmat  transy arent taje was apphied 0 the affected shin area and
then stripped off Thi was repeated using fresh tape cach time until punctate
ozing appeared A shide was held agamst the pozing hin f r about 20 seconds To
Ham matersal from varing depths of the less n stripping © as continved and
smears taken after evers 10 tapings The material was fixed i 93 per cent al ohol
and stained with May rs haematox hin and eosin The smears were alwa s tahen
from lesions which were covered b 2 macro ¢ pically wtact epdermis

The tape method was carried ut on 7 patients with chmicalls diagnosed m cosis
fungoides and the re ults frim 5 £ the eases were presented

The smprint smear ¢ ntained numerous vefl pre emed ¢ 11 purmitting anal s
of the confrguration of the nucler and the distribution of the chromatin In all case
ihe smears showed distinet] at pical cells giuing a defimile diagn s of malignancy
1n tno of these ¢ ses repeatei 11 psies had only grien a pr 1 on 1 I goo 15 of
makignant di ea ¢

WV Nasiell ABNORMAL COUUMMNAR CFII FINDINGS 1N BRONCHOU FNIC
CARCINOMA

According to Papan: [: il ot phth ma (C(P) me ns degenerats o and
destructi n I latge numbers f b cnchial column r cell T pant fion € und an
#er ascd (CP jocid nee in 1ing cancer

In our sputum evtologic 1 tudies un b ractert i de en £t it
# blet cell changes of the o umnar eells were fornd as wel a th © 1 L e (€
hanges Al these abnorm tc lumnar cell findngsw e ¢ AU 1~ T

1 g1c 1stud es sl t format on i the re pirat ¢ muc s anic ril td
urface cells was foun ! othcr 1 ewnalt rde luwe 1 43w F
P bably ¢ rrespond t the ACCF D fferentp tue f1 ¢ FICERY
t the evt Togical ¢ lumn v cell alte 2ty isw e f un ot TE Akt
the process 1s a 1w thehwm sithout cihia wh e t n
€amst exogeni ¢

Th exytologie | 1 1st 1 gealalte t nsst  aa t. on o with meta
11 stic changes 1n tt 1 onchial ep thehum as welia witnb o fop carcinoma

73 quite possible  t the Ion ep thehum + athout 11 whi noapre s after th
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surface cell expulsion becores the starting point of the metapls tic process which
n turn shaws 8 elose assocration with bronchis! carcinoma

S Dahlgren ASPIRATION BIOPSY OF INTRA PUTVONARY HAMARTOUAS

P § Persson 0 Obrant € € dhren CYTOIOCICA AND HISTOIOGICAT
ENAMINATION OF THY TESTIS IN AZOOSPFRMIL

0 Sciaffer (Tusn Malv) HISTDINZYMOIOCY OF NOHMAT AND
PATROLOGICA! GLIA

B Tayerlsf CHROMOSOM PATTI RN AND BIOIOGICAI PROPFHTIS OF THF
CITLS OF THP THYWLS DI RING ETU KAFPMOCTATSIS

K Norsby F Rnnfson € P ¥ Lundin CFLLUI AR DISNOCIATION IN
FAZVMATICAT TS PRODLCTD TUMOL R (FEE SUSPE \SIGNS

Celt suspunsions produced enzvmaticalln using tevpsin In coml inaton wath
DN\ase have high imtial celludar vialnlds and are gencrall considered fullv div
siated In expersments on fumonr kincties & ¢ implete Hssaclation s desirable #s
hypotheses hate heen pre ent 4 indicating agregalion or clo ¢ codtact litneen
tumour ells as a pre requisite for mal tgral in vno possibive with
the exceptinn of certam tumour cells 1n advanerd progression Howey 1 in enzvmatle
suspensions from an exs ermental mouse sarcema twa wdependent § henorens mey
sppear resaiting i clumping ar aggregation of cells during the final resuspensi
One is the formaticn of a DNsse ensitive gel in whick cells are entrapped The other
phenomenon 15 a spontaneous instant agsregation nf eeils 1 synthetic media This
aggregation v as inlerpreted a3 & fyyr of primary asggregatin  deserthed by
Yosconn

To achieve complete degradatinn of the extrarelular Dase sunsithe ged {pr b
ahly DN geD) i suspenst ns tich 1 cells suveral times the concentration «f Pha<e

for Lnzematie fques was needed The amannt § Dhase required
probablvy saries from tnmour to tumour

The imstant spontane ws sLgregation sn ynthetse media was inhibat § 00§ alrs
frrmed Aggrigates were dsy cated by era from varlas specles snd murfne o8
frec aseiie flur!

2 lv

F Ikl & Custalsan £ 2 sefss n LA € Panf U THASTRICTE HAY 10cAL7Y
TION OF JIFAVY MFTALS IN TOSINQURIIC CRANLIOOYTT S

{ sing a previoush descriticd medtifi ation « £ the suly hide silser methot { rulte?
steactural studivs (7 tht € Falbmer 19671 beavs metals nere found S the ;p«\f‘;
srannies from rat and eattle  sinophilic granul wvtes AN other organelles of B (‘
thpes of eastnaphilic granulse tes gave s negative resstion The eharaeferistic rrn!rl(
erstailine structorss of the © s phatic granules alw ag peared 1o he deyold ©

av) metals
htA:me modDed sulphide silver methe § diE et rermht any dlllurnﬂnllnnlt\‘\!ﬂ‘:
stne dren and copper a granule fractkon was s lated trom esttle 1o b usinf ;:u'
re dystilled water for haemalisis and fracticnaled centnfugation ()ou]w;n Ar .
1o be published) Litrastuctursil the granule fraction was more than 9 "n‘lul
rure with wel} presenved granules Atcmic ab orpti n s ectrop hatomedry 7¢
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3% 101¢ g zine per granulum corresponding to ” 2 millions of atoms of zic No
copper or 1ron was found by this techniaue

Cattle eosinophilic granulocytes thus contain substantial quantities of zine local
1zed to specific grannles W hether the metal 15 referat le to metaldependent enzvmes
or has some vet unkoown function remains to be 1m estigated

L Grnmelrs A NEW ARGYROPHILIC STAINING TECHNIQUE FOR IDFNTIFICA
TION OF THE « CELLS I\ THF ISLES OF THF HUMAN PANCREAS

U Brunk & G Shold THE OMIDATION PROBLEM IN THE SULPHIDF SILVFR
METHOD FOR HISTOCHEMICAL DEMONSTRATION OF METALS

The metal content and its distribution 1 adrenal and hiser tissue as shown with
the sulphide sthver method differs very much according to whether paraffin em
bedded tissue or cryostat se tions are used This can be shown to depend on oxida
tion probably to sulphites sulphates hvdrovides and possible oxides of some of
the metal sulphides during the process of deh dration and paraffin embedding The
oxdatton products cannot act as germs during the deselopment. The sulphites and
sulphates are later dissolved during staming Bv treating the sections with hyvdrogen
sulphide gas hefore mounting and deparaffrmsation most of the actnity can be
restired but some diffusion artefacts cannot be prevented Because of this the use
of eryostat sections 1s recommended Paraffin sections can be used only in cases
dealing with metals the sulphides of which are resistant to ovidation

{ Moberger HISTOCHFWICAL SLIPH HYDRIL RFACTIONS IN STUDIES OF
CELL GROWTIH{ {AD CELL RIPENING

J Ertcsson P Biberfeld & G H Im ELECTRON MICROSCOPIC STUDIES OF
EXPERIMENTAL AUTO INMUNE” \EPHROSIS

4 nephrotic svndrome was snduced 1n randomly bred female Sprague Dawlev rats
b 7 8 intraperstoneal 1njections of homologous hidnen extract and Freund s ad
Jmant Portions of the renal cortex were frred 1n 05Oy and glutaraldchvde aund the
lissues were conventionally processed for hight and electron microscopic studies
Approximately 50 u thick frozen sections of glutaraldehsvde frxed tissues were m
cubsted for the demonsiration of acid phnsphatase (AcPase) and were subseruently
immersed sn ammonrum sulphide

Light microscopy of paraffin secti ns (aldehyde fixed tssue ) re eal d min ¢
alterations 1a the renal co tex (possible slight thichenng of g} merul r amll r
walls “hyaline droplets in proximal tubules and occastonal prot It us at
with dilatation of some po t ons of the nephron) Thn (appryximat I 1 thi h
sections of Epon embedd ¢ glutaraldehvde fixed maters 1 incubated f r t ¢ des n
steation of AcPase show d
—~in the proamal con
~did not acquire + &

sclion product in many droplet —up to 4 0 damete
luted tubules ather droplets—statnzble w t t W d ne b ue
product de pite prolonged 1o ubat on
Flectron micros calel lumpv bumpy depostts n the 5 th ki 1 1de of
the flomerular basem at i mbrane (bet veen the baseraent [ roper and th  pithehial
foat processes™ anth  trophy of the epithelial cells The ¢ toplasm of proximal

lubule cells conta n | n merous electron dense “absorpt on dropl t  and g eatl
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inereased numbers of large  evtascarcsimes™ and evtosomes The latter sppeared |
carm a0 phosphatase

The ¢ ¢hservations tnlicate s fioad damage to proximal tubule codls mantfoted
by mnereased ante § hanestras The localizatim of the deppsits §n the glomeryll on
the ¢theltal side of the basement membrane mas signifs 8 non glhimerular arlgin
af the antr (n(s} re pon ible for the immunolopically nduced renal disease

! Hammee U Nath st Wandohl € J Broberg CORTISON) INBLOID
NEPHAOPATHIA 1N RABBIT

€ Custafssan N Chakenrnrip €7 1ih) DYITRASTRI CTI RS (M IS INIAT
SHAST CEULS INDUCED 1Y WTICEN ANTIRODY RFACTION AND
COMPOLAD {8/R0

When a foreiga protan togethor wath perinssis bacilli v Injedded Inte rate ent
tizning antihodics develap tn the bod ~ athin 10 12 davs and cause sensttization «f
ma t cddis B such cclls frem the perstoneal cavity arc expesed 1y the scsitizing
pr tefn hustamine i reloased and mans cddfs disrenpt In crler s fellow the wlia
structur 1 chany s duning this g recess sensbized mast ccdbs were ineuhale & with the
hom 1 cus anbigen and stained with futhoniom red an ebetr n dense © mp ont
specsfically reaching with and preapitating acid mue ey ac harides §h tamine
was determined wsmg the balopieal method

The most characterntic changes sheried in the mast eulls 5 minutes aftes the
antigen antiboth reaction were nlasement and dimimshud et den oty of the
central granulkes Generafls thy peripheral granoles Jrst continu 1 with the et
plasm and b ked retatineds smaller and more elotron denve ¢ ¢ plede g soloh o
of the granule with laahing Hf Batbenmm rod posthe maternil was rareks ot
When tt ¢ curred 1t wa daterprete § as 8 Iate ond final 1@ 1) winthebeem
tound 4990 genceddls asd § mitate anopbyiathe histamiae dse pr tore!
sumilar changes (6wt eclls 8% the antiuun anbil &y reacti o Tk b aoed chasess
were thorefire ®wlrad t repre oot Larly and essential feetse s fnome § el
anaphybaetic mytrs

U fiefoun v 1 Freavon €8 Greemas  ACH3 £ HOSUHAT ) W10UTY EAT
CURETEAR FINE SPRUCTURL DURING BNFORCED MAOMMARY (1 won
NVOLTTION

Current thearkes ¢ neerning the gath janisi  f Involulf o ooy s Sze 308 “”::
rEfh me Supsted mode foacton fBs emeson § ok (D rh
rela f ther corvimes With ab cquent oodf damoge and By b digesti @

(3 tmalet

maer phr s Eprcoien Iv tamagad widi sr o3 consiftuent
pla mic depra fattot an Stes gre mis

ot tads mammers sdsadiny IO owas in fuee § by rom
tactuting rats Mammars glond 1xost 3 dunng Tactats n or §
after the dnducth o £ ind doth nowere tudid By dudr nom S e
Immcrs B Gxato n in O Oy v operfusy o Dxaf n owath gl 1§ bele «Y" «
fom oetrati n Lacdph shatac Addac sfa wavs 2 ! 14 ehemt atls
temenenates dital wod oo cdimentable adi oy

A raped dickine in glan b saight celt numbie an g eetl ire
dav Sigriheant alteratiwns { the rali o 0 ofiments] efetsd  trelt
sire net tecveded 3 mo derate dnerea o dn apevific Acfa eoacti 1t was B I
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and 7 davs Ultrastructurally large ev aute or

seen m the cells during the whole nvolution
penod. Diffuse degeneration or dis olution of cells ®as not observed Sites ¢ AcPase
appeared larcer and more numeraus 1n glandular cells at o davs and later and were
confimed to droplets (cytosomes and evtogresomes) Macrophages were not in
vohed

These observatsons agree with the contention that the iniolution was altended by
evtogresome formation Fiidence for heterophagic digestion in macrog hages or
release of Ivsosomal enz mus was not obtained

O Hassler INCORPORATION OF THYMIDIN-H3 IN THE BRAIN OF THF MOUSI
AFTER A SINCLF \ RAY DOSF

(Published 1n J Neur path Fxp Neur | 2> 97 1966)

€ Dallner THE FUNCTION OF THE GOICI COMPIF\ IN THE EMOCRINE
PANCREAS

The active participation of the exoerine cell 1 the secretors process 1s refle ted
i a well deyeloped endoplasmatic retseulum (ER) and Golg: complex Homogeniza

tion of guinea pig pancreas and subfractionation of the mitochondrial supernate in
a sucrose gradient with cations gives 3 subfractions 1) rough micro omes (R) )
smooth microsomes T (Sm I) and 3) smooth microsomes 11 (Sm 11) In the electron
miero cope R consists of vesicles coated with mhosome  Sm I of sesicles with mt
attached ribo omes &nd $m 1T of smooth vesicles and long paired membranes ver

similar to the plasma membrane The possible sdentit  of smooth ve 1eles 1 1th the
Colga complex 15 further mdieated by incubating shices 1 the presence of leucn H3
shen a movement of the lubelled proten from rough to smo th m crosomes occurs
The ma; rity of total protetn and phaspholipid (PLE) 15 in R (alout 80 per ent)

Sm { and Sm II contain more total cholesterol and triglveerides per PLP than R
The 11 1 vo 1necrporation rate of glveerol HS into liptd 15 sigmific nthy higher m
the two smooth fractions 1n comparisen with the rough nne Acet 1 holin timulate

mc poration of P3 ante PLP of shees parti ularh m Sm T One electron tr nsport
chain (DP\H Fpp x-c3th ?) seems to be pres 0t 1n total microsomes Anal 1 cf
the subfra tions reveals that DPNH-cvte red actinit 1 missing sn Sm 11 TPNH-
©\tered 15 lower but 4TPase and p-\PPase actssities are higher in Sm I and Sm 1l
n comparison with R Smoath vesicles wh ch most pr bablv repre ent Golg:i mem

brane exhibit diffe ences fr m the endopla mse ret: ulum which 1 reco ered n
f rm of rough microsomes The diffe ences can he related to necial € 11 fun t ons

such as enz me transport and enz me concentrat on

§ Jak bss n FFFECT OF FAPFRIMFNTAL DIAPFTIS ON [TVIH 10COSE
PHOSEHATASE

In allovan induced diabetes a change n the s; p NP noa ol
M 1p rea e in lner m 5 somal glucose-B-ph  «t  (C P 1 at t e
to occur When allox © 1 inJected to rat intr = 1M dou T otPase
3Nt show a 1y 15 rease and displ b ' fah bt wwh e
#lu ose tartrate or he ting demonst te th + ter t nuenc
Of Iys)somal contam n t on Actinom L 0oyt aeoushy

“hall xan hasen ¢ fc atbhours b tinadbtt e fte 3 hours The
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ulirastructure of Hyer cells shows a proliferation of smooth ER only later Smocth
and rough microsomal subfractions exhilit a parallel increase of C6Pase actislty In
the first 5 hours A second nise at 10-15 hours however first appears in rough and
later in smooth microsomes Three hours after alloxan injection h,, has changed
from 25 to 49 (mM C6P) It remains at that level and s not influenced either bv
actinomsycin or puromyein inhibitors of protein synthesis

Incubation of microsomes i titro 1n the presence of 0023 per cent alloxan ele
vates G6Pase activity and results in a K, 0f 51 When the enzyme Iy solubitized
alloxan has no effect on the 3, or the h

These results strongly suggest that allvxan n the lver influences primarily the
membranes of the endoplasmic reticulum and thereby alfects the kinctic properties
of the enzvime These events precede de noto svnthesis of C6Pase in the lser of
alloxan tiabetic rats

Il Claumann PHOSPHOIIPIDS AND NIUTRAD TIPIDS IS0 ATID FROM IIVER
VICROSOMAL SUBFRACTIONS

Cation sucrose are useful in subfr of liner micro

somes In this way it 13 possible to obtain three subfractions 1) rough micriscmes
(R) 2) smooth microsomes I (Sm 1) and 3) smooth microsomes 11 (Sm 1f) The
nipids of these fractions Were analssed The total micrasomal fraction contains abaut
68 mg g lier phospholipids (PLP) which corresponds to 85 per cent of the totsl
Iipids and 12 mg/y neutral lpids (NL) malang up the remaining part The seb
fractions havc different PLP/protein ratios but this differcnce disappears after &
washing procedure which remoses the adsorhed protein and the luminal confent
When the PIDs are separated on silicic acid impregnated paper the follawing dis
trbution s chtained phosphatids] (pl)-ethanolamin 18 per cent plf serine 9 pef
cent pll choline 48 per cent pH-inositol 11 per cent and sphingomvelin § per cent:
The fodnnlual P1Ps display different ratcs of incorporation However the varfous
subfractions exhubit the same patterns as well as specific activities upan comparfson
The corporatian rate of glycerol C13 nto total PLP 15 vers similar in [Land Sm !
but significantly sloser 1n Sm 1l Separation of N of total microsomes gites the
follosing composition cholesteral (Ch) 06 mg/g chlesterol esturs 007 mg trd

ghheeride (TC) 05 mg free {alts acids 00F mg Ch is somewhat concentrated i1
St I but particularls In Sm 1! TC is twicc as much $n the smooth {ractlons as ccm

pared to the R Measurement of to1al PP after phencmal Induce | membrane und
thesis gives high values far I and Sm ! On the other hand Sm 11 is ennstant -n’
the absence of increase suggests a lack of partici; ation in the roce 1t Is concly ie

\hat the membranes of the Sm I ere 1n many aspeets <imilar but nct completel®
1lentical with tho ¢ fthe It Such a ¢ mpari n results fn an cba us difference in
compositicn and turn ver { mombrane ccmponents £ Sm 11

i
0 Hasster VASCLLAR CHANCES IN SEAILE BRAINS DFMONSTRATFD W1
MICRO ARTE RIOCRAPIN
Three hinds of cerchral va cular deformilies ¢ glomerslar !
cascular bundles and wichern ths have been todied dn 231 aut 1 led case
changes were seldom obstrved in subjects bel w age FO but were s 18 camat ':
age 70 Thes were alm st cqually distributed in the two sexes They were n‘ A
calarls correlated with high heart welght high degree of cerel ral arterire

format! 8%

The
b€
parti
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or low bram weight Vascular wicherworks were much more common 1n subject
with vascular bundles than 1n those without The glomerular loops occurred as a
rule together with marked spiralling and mught be products of excessne spiralline

The 1nfluence of the vascular deformities upon the cerebral crrculation was cal
culated partly on the basis of model experiments and partly by using Porseulle s
law Each glomerular loop may reduce the blood flow 1n the particular arters by
about 60 per cent. The vascular bundles and wicherworks probabls reduce the flow
to about 10 per cent of the capacity of a single vessel of the same diameter Because
the deformrties only affect about one tenth of the arteries they probabls do not
mflaence the total cerebral blood flow more than the generalized spiraling This
affects almost all arteries 10 cases with glomerular loops and probablv reduces the
total blood flow by about 10 per cent

Veeting April 1 1967
Recenved 113 64

N Rmgert O\ CLASSIFICATION OF MAWAMARY TLMOLRS
SYMPOSILM O\ CELL PROLIFFRATION AND ITS CONTROL IN VITRO

& Vorrby EXPONFNTIAL Hel & CFIL PROLIFERATION AS A FL ACTION
OF RATFS OF BIRTH DEATH \\D GROWTH

Math,

al of proliferation of eell 1 1n size hase
been based on comparatiely simple models of proliferation Three factors mav bias
such estimator  a) cell death h) a gronth fraction less than one and 1 some
systems ¢} a feeder compartment where a proliferalive class 1s not self maintamed
But fed from 5 me stem cell class In tumour cell hinetcs the st mificance of such a
feedes factor 15 obscure Growth fraction may be determimed by cinermicrographrc
analvs s of a monola er culture Cell abortion mas accur durmg exponential growth
"" 2 population but has n>t been taken into consideration in mathematical estima
ors

The aim of this stud was to describe the growth of an e tablished cell 1ne tn
vitro whilst taking nt ot the above bias particularl cell
death. We have assumed that an exponential net cell increase 1 an as nchronou
P pulation constitutes the difference between a more rapid exponential cell bicth
and an exponential and simultaneons cell death Accepting th s assumrtion at 1
possible to der: e bIv workable 1 and we have thus
mathematically defived rates of growth b th and death These rates have been
correlated to generation rates (reciprocal of gener tion times) r corded cimemicro
Eraphicalls 1 one and the same population and t

1t mas  © sister cyltures
The rates of birth death and growth here presen ed e1ve a atisfactory and v ¢

“"= deseription of the actual distribut on of LiL + pa "n te s 1 the cell popula
1ons

G Moberg r O\ CLASSIFICATION OF TUMO RS OF THE URINARY BLADDER
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Th Berge CARCINOMA MFTASTASES AND I NTRAMIDITY Ay
HAFMATOEOITSIS 1N THE SITEEN

In 181 cases with carcinoma metastases an the spleen a s rrelalien wavy fount be
twecn extramedullary haematapoiesis and the desree of carcinomal us bos marr w
replacement But factors cther than hone metasta es are of imyortance and an in
crea ed frequency of extramedutlary haemnatr polesis was fonnd 10y n eases wath
pronounced replicement of bone marrow (cancer involving all vertebrac) In cases
in which some of the vertebrac ondy are inschved (xtramedullary haematey fesls
wax found tc preceed at the same rate as in ca es without skeletal engagement The
theories that fumonr growth in the spleen might stimulate extramedullary haema
tHpoicsis or vice versa were not sug portod by the Investigatim

b Angerell B Stener €1 Wacllom  (1FAR CF1] SARCOMY 01 TINDONS 93D
ALONEURONTS

Iwo cases af clear ccll sare ma [ tendon snd spoptuss s were k crited one
£ these agparently dopanating fryn the tond o o vastus medialis (73 vear ot
man} the other from the tenden < f Gbialfs antercr (60 year ofd man) This tipe
¢ f saree ma was desirihed A Faonger (1965) as a new tumour entits The tum ur
14 (haracterized by pale v und v fusifsrm cells of cpithelioid apg carance arvange!
th comy act nests and fasonde  The pucla are 3 ale staiming but hase a ) rominent
vudde dus Mitctic Bpures are carce The ceflular aparepates arc endd 1 b deluate
tita ffibrcus connectise tissue Fhe e septa are continu us with doo o enllagen
struclures thal transycrse the tum ur and merge whb jreformcl ten Dins and 8
neur se

The m st iBeudt differntial diagnt s1s 3s ssnovial sarsoma An bnpeptant g it
o[ distinction 1y the total Jack T hipha 1 differentiation n elear cell are ma Thi
tumour alse differs fr m vn vial arcima as to the ¢ nlent f mucep hsacchartle
und its Lineal curse is morc protracted Thus even th ugh the nltnmate prown st
s grave 1he o sear survaval rate after ) orntive treatment is hagh

KR N rrby f Fnerback € U Sehelin DILTTRINIIAL DIACNOSIS OF OVARIAN
NEOPTASMS SIMULATING MALICNANT BRENNM B TLMOURS

Two cases  f mahignant  sarian ne pla ms were reported b th int rpeeted as (7
maty  varian tumours st peration later sulileus due ty tuin ur va ses dn me
snters and the small intestine devel pod in Do th patient They 1§ 10 a0t 17
m nths se puetnel  after the first porsti p o exhibilng 05 tant metu 1 oses

Both evarian tum urs were s Hd and were £ a similar morhclogr | agppuaranee
with ¢ nstderable celfufar atypia They were anterpreted asp sibly m basat Bred
aer tumuurs The d sel pment «f intestinal tum grs Ted Lo @ roe asiler 1o of
faagn wis utilizing, hist chemical meth ds

The tum nr cellsn [ smaldchvde fixe 1 s ccimens from one of the « showel
hust «hemnal properties str ngl  indicating a content ¢ hudraxst y1amine (3¢
rot nini Thus (B tum e cells i jlaved reduding r 3 erties slhalir  Nar € “'Pl'
Ving © 1 ur reach nowith sinhydrin and flu reseenee In ultrasi Ict hght In2i

of the bet

10 thogre anee o by e xv tnyptamine vas dem nstrate { I+ mean

U o
hnis Foert 1eh T be published) ARl the histe chemical r oacl
e e nt Breaner tust 007

s were

by Iride
negative In the < ther case which thus might repre ent a matigna
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The findings clearly demonstrate the value of hist chemical reactins m th diag
n sts of ovarian tumours simulatng Brenner tumours and call attenticn to carct
und as a dvagnstic alternatise 1 these case

Chr Yhren L Angertall B Stener & I Stener OSSIFYINC PSHUDO TUMOURS 1N\
SOFT TISSUF

I S urander & ¥ Olssan MORPHOLOGICAL AND LIPID HISTOCHFMICAL
STUBIFS ON PERIPHFRAI NFRVFS I\ CLOBOID CE1 |
LELCODYSTROPHY (Mb I RABRE)

W1 generally believed that penpheral neme remam umbanged i gl owd eell
Teuco dystrophy (GID) Thi cpink n seems to be based on rej orted findings 1 by
four cases [ (1D m which peripheral nerves were sad t) be normal But since the
methods used and the examined regicns ¢ f the pernt haral nerveus syslem were not
stated the involvement of perap he al nerves in C1D must be considered an unso ved
question

We have cxamined varius levels of the peripheral nervous system 1n srx chimicall
and hist)logt ally typieal cases »f C1D All the peripheral nerves (saati fumnoral
sural and cutanecs nerves of the «alj) pre ented severe degenerat: n of axons and
mielin sheaths end neurial fibro is and pernva cular ac umulatirns of histioeste
Spmal nerve tots and d vsal roet ganclons were als severely damaged Iumd
bistochemical studte  f m elin bre hdo vn products 1 peripheral nerves from tw )
cases revealed the accamulation of a | AS positne lipid m st prol ably ctrebroside
n S by ann cells and endon urial phagocytes 4 pre cnee of sudannt hilic material
10 the merves 1 as not absersed

In Wallersan degenerat on the myelin hipids including cerel roside are © moved
nd sud nophalie cholesterol esters are formed Thus the lipid histochemical pat
ten i our two cases of (LD 1s not of the Walleran L pe but 1s most prebably
directly related to the under] 1pg metablic defect m C1D

! Frerba & ACTION OF SODIL\{ BOROHYDRIDF O\ THF CHROWOCFNIG
MATFRIAT I\ CARCINOID TUMOURS

S dism bo oh dride as a reducing eagent Jo the histochem try of m noamnc
% santtyduced 1y ¢ rr & Hilap & Jonss n houed ta a means by which
the secificaity of the formald hed gas method might be incre ¢l Preliminars
data n the effect of sodium I b dnde and formalderyde 7

T the hr mov n
material 1o arcinard tum vt fixed 1n formahn solitr ¢

ot

The vellow fluores en urring 1o the tumour ce i ¥ L4 [N
£ bed Bis pyr pdrid t tm o€ and parthy rege er t 6 ogottom
dehvd g s treatment

L modified minhsd ¢ dre alted ;m an o 0 : < w th
Wm ur cells in aldit pt h orange colour de [ L enutt
Fater chromaffin hibited a red fluores ar  low o pe
mus fixed an 1o in ton but nt m freez ¢ omtd mee g
treated speuimens  he n dr n induced flu «¢s un ffc ted i
Mant te atment

The find nys sug tth ¢ clromogen mateiadsn h dov trj m

n
taming structure  ed n: mlnsolutinm vdffer fr mtht o frez ired
aod formaldeh 1 2 Ut bsue
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On the basis of these findings a new techmique for the demonstration of 5
hydrotstryptamine an formalin fixed tissues 1s proposed This technique ubilizes
the effect of horohvdride and subsequent formaldehyde gas treatment on the sell w
autofluorescence and the orange red fluorescence induced by ninhydrin and seems
to offer a higher degree of specifiaity than that obtainable In methods hitherto
available

B Boeryd R Hagmar ¢ € Johnsson TFIFCT O HFPARIN FISHON AMING
CAPROIC ACID AND CUANETHIDINI ON INTRAVENOUSIY INDLCiD
METASTASES OF MEL ANOMA B16

.
In previous studies on the distribution and growth of mtraven wsh induced mets
stases FACA increased the averape and total metastasis volunes i1 the first easil
lary bed the lungs in two of three 1sologous systems Apart from [ts antilibrine
Iitic effiet FACA affects catecholamine metshalism It shares this effect with
guanethidine 1n which known antilibrinolytic activity is lacking

It might be possible to ¢valuate the relative importance of the antilibrinc1ytic and
svmpathetie bloeking properties of FACA by comparing the effects of FACA nd
wuanethidine on metastasis formation

T xperiments were therefore performed on inbred C57B146) mice with an Isologous
tumour Velanoma B16 An enzymatie tumour cell suspension was inoculated Intra
\chotisly 1nto controls heyarin FACA and guanethidine treated mice

In EACA treated as well as 1n guanethidine treated mice the number and total
volume of metastases to the lungs inereased while the aversge metastasls volume
remauned 1leparin d the average and total metastaals solumes
to the lungs and the number tended to be reduced

EACA and guancthidine had similar promoting effects on pulmenary metastases
Both drugs dey lete the eatecholamine stores § resumably this effect semehos con
tributed to the 1ncreased number of § ulmonars metastases after administratfon {
FACA
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SUBEPITHELIAL CHANGES IN ORAL
SUBMUCOUS FIBROSIS

By

Sarravart M Siksat and J J PiaoBore
Recenned 93166

Submucous fibrosis was reported as a distinet morind entity of the
human oral mucosa by Josh: (1903) He deseribed the svmptoms as
Vesicles on the palate in earls cases gradualls ipcreasing oral fibrosis
leading to trismus and a marhed mabiity fo eat food spiced with
chillies The rdentieal oral state has been called varously as Atropla
1diopathica tropica mucosae or1s  (Schwarz 1952) “Diffuse oral sub

mucous fibrosis (Lal 19a3)  1diopathie scleroderma of the mouth” (Su
19,4)  Idiopathic palatal fibrosis  (Rao 1962) and “Sclerosmg stoma

htis (Beh! 1962)—the nteresting point bemg that except for Sus
cases which occurred in the Chinese in Taman this condition has beun
reported only mn Indians Chimical aspects of the disease 1ts histopatho-
logy and probable etiologsy hase all been commented upon during the
fast few yeirs (Sirsal & Rhanolkar 1957 1960 1960a 1960b 1962

19622 DeSa 1907 George 1928 Sharan 1959 Pindborg ef al 196%) A
fecent paper reports the cpithehal chan,es that oeccur wn the oral
mucosa in submucous fibrosis {Pindborg et al 1960) This paper de

seribes m detanl the subepithelial changes that supervene in submucous

fibrosts and assavs a histological eompansen 1n early and advanced
stages of the disease

VATERIAL A\D MFTHODS

This stud 15 based on biopsies obtained from two senes of patsents One group of
2 cases was obtained from private or hospital ear nose and throat limscs o Bom
bav or from the admission chib cs of the Tata Memorzal H s-atal, Bombay The
Second group of 114 ¢ases was collected from the fio t Dental Colleg 1 Luchnow
Bombay and Trivandrum Mo t of the tissues we e prnch 1.3 on b1op ies from
Gibrotic aveas on the bu al mucosa Occastonally an add t ralb p  was taken
from the palate gingisa cr ip Fivation was in 10 per er © 1 a pu fer d forma

Permaneat addr 4 an Cancer Resea ch Cent ¢ Fa 1 B mbav 12 Ind:

Supported by grant f m the Danush State Fesea ¢cn F unaati n and 4 vrd Mls
* nsFoundation On  tnor {SVIS) also reces ed anan al o t0r m the Borid
Health Organ: att r

Requests for rer ! uld be adr scdt JJ Pndbrg 41m

r tetsparhen
Copenhagen Denm

M et 70
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hin 6 » thich seral sections were stained routinels with haematotsiiaeo 1o
Mallorvs trchome (Bemmann € Mepee 1959) Credley 1957 Mallorss phosphn
tungstic acid haematovvhn Welgerts resorcin fuchsin (Harts modificatisn) and
tohudine blue at pH 45

REISULTS

On the basis of the hustopathology in H & T sections the iopsies from
submucous fibrosis can he grouped mto four clearly definabie stages
1} very early 2} earlv 3} moderalely advanced and 4} advinced These
stages have not been judged only on the amounts and nature of the
subepithelial collagen but on the following erterm 1n combinabion
1) presence or ahsence of oedima 2) physieal siale of the mueosal
collagen 3} overall fibroplashic response {(number of eells wnd age of
wndaduat cells) 4} dynamce stite of bload vessels wnd ) predommant
cell type in the inflammatory exudate
The four stages have been desershed 1w follows

1} Very early

Collagen finely fibmtiar dispersed by the presence of marhedocduna
Isbroblastic response strong with plump young cells with shundant
cyloplasm Blood sesscls someltimes normil oflen dihited and con
gesied Inflnmmnlors celis munhy poly morphonueler hucorstes with
an occastonal eosmnophil (Fig 1)

2) Larly

Juxtiepidhehnt area shows erly hyahiniation Collagen still seen 45
septrate bundles which are thickened (fhus term 1y used fo denole
carly coalescence within the hundie—which s shill rugngnisahie as 3
separate wasy umit} Plump vouny fibroblasts are present m modcrie
numbcrs ‘The blood vessels are often dhilated and conpested The
Mammators cells irc mosthy mononuek ar hnphocytes commophils wd
an occasion i pissma el (kg 2)

3) Moderately aclvanced

o slarhing
thechuncd
foma The
gy adult

Colligen 15 moderitety finvalinised the amorphotis b ing
from the juxhiepsthelinl havement membrane QOeeasun sy
collagin bundles are shill scen sepeated by shight resdu o o
fibrapd tstic response 1s much foss the edis prownt T arn, HIOS ”
fihrocvtes with clonpated spindie <huped nueler and soants € topht .
Blood vessels e uthor pormst or constricted due U2 uwngsu]l-u"’
rounding, fiirous tissue The nfunnstory cxndite con sts m‘mm:"“
Iy mphocstes wmd plasmy el though n aecsioml o0 mophit 1

g B
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Fig £ Ve cal toge of  Lsultmucoss Gibr v s hd aseul ¢ diatah n
oedema an  oflamm  n are present Hsema? wlin cosin X 155

Fg9 Farly stag of oral smucou fbrost Jixtacpthed 1 hvalniat nov s
cular dila tion ocd 01 inflammst ry codls nd plump P¥reilay r
presest. B motox I osin X 370
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Fig 3 M derately ahanced oral submucous fibr
mue val ¢ {lagen

45 Moderat  byalinisati o of

egarate bundles Ul scen (ilr flast r < fual and Shio
Blocd vessels narr ned §facmato xsdin ecsin X

340
Markedly adsanced stage f cral submucous fibr sl¢ Muc

1lelels hyatinisc I mestly acullutar fow vestiglal fibr n. tie prDles 270
seen Blocd vessels obliterated Hacmat xalin e sin

Fig § al ¢ agea com
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4) Advanced

Collagen 1s completely hvahnised and 1s seen as 7 smooth sheet with
no separate bundles discermible Oedema s absent The hyvalinised arens
are devord of fibroblasts though 2 thin elongated cell or vestigial
nucleus 1s seen at rare mtersvals along, the fibre bundle Blood vessels
are completely obliterated or narrowed The wmflnmmatory cells are
Ivmphocytes and plasma cells (Fig 4)

Table 1 shows the number of biopsies 1n the different stages of sub
emthelial response

TABLE 1
Summary of Subepithelial Response in 193 Cases of Oral Submucous Fibrosis

Stage of subepithelial response

. Total o
mvestigat Pt o of oder
wators e cases Yen Farlv atelvad A

early \anced

Pindborg et al Luchnow 32 1 20 3 3

Pindborg et al Bombay 52 5 17 15 3

Pindhorg et a1 Trivandrum n 1 17 17 5

Sirsat & Rhanothar Bombay 8 - 30 35 19

The following Indian doctors co operated in collecting the matenal T V Chaw

la D Cupta I K Ralapesst S & hale B Singh 4 \ Srwastaie B \ Talyarkhan
and J Zachariah

The [ibrous connective tissue has been studied by three differential
slmns—\lallorys trichrome Mallorvs phosphotungstic acid haemat
ouhin (PTAH) and Waigerts resorain fuchsin The Ginetonal changes
of the collagen 1n submucous fibrosis as seen 1n serial sections have
been evaluated on the basis of combined reaction to all the three stains

Described 1n sequence of seventy of alteration the different patterns of
Yesponse are as follows

1) Dense thickened collagen staining evenly blue and evenly orange
with the two Mallory methods and negatrvels with resorein
fuchsm
Uneven pale to intense stamning with the two Mallory techmques
regatine to resorcin fuchsin
Chromophobic or pale staming arcas with the two Mallory stamns
(Fig 5) with identical areq n senal section filled 1 ith resorcin
positise thickened coarse fibres Ints eranules (Fig 6)
Identical fibre bundles partially or full 3citrs o= vel o red vath
the trichrome partially or fully purple  ith PTAH {Tz 7) and
with mild moderate or massine amounts o1 resorc n positine
matenal of the altered fibre bundles (F g 3)
@) Coalesced hvaline masses stamming yef  « sith the trichrome
purple with the PTAH and positive with resoran ki, 9 10
1n12)

[T

4
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Figs o and € .
Subepithelial ¢ Hagen Kowing chr m phobia with 1T (Tig  anl mm?l b
eres ¢ In resorein posithve fibrous material in deatical area in seral ecti n (bt
Fig 5—Vallatvs PTAH X 360 Fig 6 Weigerls cesc refn fu hsin X 3
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Figs 7 ant &
Subepithelial coll g 1 wing uneven pale to int ;1 st AN o~ oerysta

chrome (Fig 1) 1w rere rampostnesawer 1 Vg fhresm
seeyal segtion i, — loms trichrome X 360 Fy, — Ve rt 2 fo hsia
X 360



168

This basic Lnetonal alternlion has heen quabitabinels clwaified as
miid mederite or massive alteration according to hos much ot
aren 1n the sectson shows tinctorsal change Table 2 shows the number
of biopsics m ech group 1n relation lo the Mustologient grading seen
wm H & L sections

TABLF 2

Reaction of Sabepithelial Lallagen to Differential Slawns fnr Connvetue Tiasue in
Submucous Fibrosis of the Oral Mucosa

Tinctorial resctran of colagen to dufferential stalns far cannectnne

Histological Rered Altered

R semun g S A e
iMuccasie  Inmans

staining  noalered Y0 hundles  StOME
Very earh — - 1 3 -
arty 3 1s 17 3 1

Moderately ad

sagced - 6 11 18 it
Advanced - - 2 5 3

DISCUSSION

Tabie 1 hsts the bopsies 1 the four histologieat stages-—ery earh
early moderately adsanced and advanced In the first group of 1t
cises collected by Pindborg nnd hss co workers 7 show very earh wd
54 show carly changes Fifty two arc in the maderately advanced of
advaneed group In the cases stuthed a few years eavhier by SQurvat £
Lhanolkar (1962) there are no hiopsics showing a vers ¢ wh yesponse
10 show early changes while 1« many a5 55 of the §% we mnderateh
or marhedly adsanced Thes marhed difference i the pride of sthe
epithelal response w the twoe scries 1s probably due to fwo 1t mmv!
The entena used o recognse the discase m the §5 ewes i the firs
proup were marked fihrosis ot trismus A majorsts of bropsis /M this
group were ohtamned from car nose and threat clinies where the !“!
tient came 1o seek relicf from the acute distress caused bs the chme
complications of sufimucous fiirosts The weeond group of £ ;‘m)pdz‘;
was coflected from dental chmes and the presence of 1 hlanehet
mucost or paipable fibrous hands even i ehmeally qc\mp!mmh:
patients was constdered sufficient ndication of the dicse 1o hk(;ﬂ
opss 1 1s not surprising, therefore that sath such tiffusent chny

Figs 8 10 £f anl 1> i
1 wsinog hihc hyvaline mas es (Fig 10} staining vell oy fth \ath mrl;::-;;m o
93 purple with Mall rvs PTAH (Fig 17 and sh wing re cecing W :x piaaty
igentienl urca in serizd ectim ($ig th Hlg 9 Hacmatoxslin m,o_u,u::h
10—\all rvy trichrome X 193 Fig 11 Mallonys PTSH X 12t
re crein fuchsin X 1%
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hase lines Strsal & Ahanolhars 8% cascs and the cases  colleeted by
Pindborg and hus collegues show such 2 marked difference in lhe
distribution of histolagical stages of response

In 34 cases more than one biopsy was taken from chneally affecled
areas on the same buceal mucost An analysis of the Tustologieal grad
mg m the multipic nopsies shows that in 22 patients both or all three
biopstes showed 1 sumlar sevenily of histologienl response In 12 pa
tients howeser the biopsies from different arcas showed difference
stages of listologienl response early 1n one tissue anid modertels or
marhedly advanced o the other Tins can be expluned on the hasis of
focal imtiation of the disease process 1 the mouth and therefore a
natural uneseness in severity of the subepithehnl change in dilferent
parts of the mucosa

Normal collagen stamns an ¢ven blue and cven orange with the two
Mallory stuns It 1s negative to resorcin which usually demonstrites
the other fibrous scleroprotein of conneetive tissue elastin In tius study
3 Inopsies, while showing denscly thickened collapen {3meal to Ihis
disease st uned normally and 21 showed uneven stuning cspecath
the decper parts of the mucosa but wath no abrupt tinctorial change
While this uncien staiming 1s probable the earliest si.n of coliwent
Alteration 1t has not been considered s much ns 1t 14 found thougk
vers oceasionalls o bissuc bebieved to be normal On the hass of
itered staining renctions in submucous fibrosis the mitil femptation
1s to suggest frank fibrinoid afteration of the submucosal collager
Reeent worh on the immunohistochemistry of fibrnod denotes the
presence of 1 number of diserse vaseular and sensifivty mechanisie
(Guiin et al 1957 Va.ques & Dixon 1937 1958) hnowledge of the
pnmary patterns of fissue response n submueous fibrosts 1s st too
meagre {o take for granted any such physiologienl sequence of events
Unna (1896) has described stamng changes similar 1o those seen it
submucous fibrosis 1 aging or degenerating, collagen wnd ealled {his
allered materal  collastn More recently Gullman (1935) and hit
group have studied altered colingen in shin and vasenisr endathelum
ma alse find abnormal stumng simiar to that seen in submucous
fibrosis Thav eall 1hs marked transformation  paoudaclistie o
“clastotic  degeneration Tl the alterations seen mn submucous hhﬂ'*’“
fiave been characterised more minutcdy g snofecufr fovdds with
sophsticated techmiques v wlable tnday s histochemiie ally d"‘":,t
f1se term serves the purpose well It s also m keeping, with "“; b 1
meroscopic degradation of altercd collagen into structures st 1:‘“(
the dual forms of clastin (Strsaf 1908 Strsat & hhanolhar }950)"\"’
s susceptibihty to digesbon wib crude dastise (Strsal & ,\’;:",'-;hnn
1960) sge of the host In relation 1o the amounts of finctr v il al tnmlﬂ'
<ten n the oral mucos 1 coll ipen 15 an smport it param (o€ lo €0 ounls
1n evalualing changes specific to the disese Tible 3 <hons the ""f;,‘l P
of change seen plottud gmnst the apes i deede of patcnts
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no selective correlation between the age of the patient and the amounts
of tinctorial alteration n collagen with the differcntial stans for con
nective tissue

The subepithelial reaction seen 1n submucous fibrosis 15 a continuous
chronic mnflammation and residual oedema with simultaneous attempts
at reparr with fibrosis Thrs coexistence of a defense as nwell as repara
tory mechamism 1s termed a chrome producine response {Payling
W right 1904) The conditions under which a non wviable agent can
excite this response are when 1ts action may be muld or 1ts concentra-
tion too low fo produce an immediate severe injury Such an agent then
operates more or less continuously for a long period with only mo
derate severity and the resnlting hissue reaction assumes a nore
comphicated pattern than 1s found wih either acute mflammation or
with lissue repair alone {Pagling Wright 1921) W hen the nutrihional
state of the mucous membrane 1s defectne the local defences of the host
are retarded and any mild injurs instead of ending 1n rapid uneventfuol
healing majy result ;n chrome inflammation In moderately or marked
Iy adsanced b of sut fibrosis the blood vessels show z
narrowed or bloched lumen duc to mcreasing pressure of dense fibrous
bissue( Strsat & Pindborg 1967a) This undoubtedly results in xmpaired
nutrition to all the oral mucosal elements This pemt as also the over
all malnutnition of the host system in the poor Indian patient has to
be borne 1 mind when asscssing the persistent mild to moderate
chronic inflammation found 1 a majority of biopsies

TABLE 3
Suntmary of Correlation beltveen Age of Patient and Altered Collagen tn 172
Biopstes of Oral Submucous Fibrosis

Degree of change Age (in vears) e
m collagen 2130 31-40 #1 50 5160 61-70 71-80 Biopsies

o change 2 1 - s 5 - 3

Uneven stamning 5 + + s ° - 21

Altered staming 1n

occa onal bundle 3 9 7 i 3 - 2

Altered staining

nman bundles 4+ oo 10 ® ! -

Masstvely

atered starmng 5 s 8 > i

The distribution of cell tspes in the wil.m™e (ry exa af 11 e Ty
and advanced hop 1es raises & few nterestre ©art Tdded
functional relationsh p of the leucoente tother w1 s u 7@ 3 s
Invery carls and ar'~ cases the mamn celi 1 ¢ msate Lol
morphonuclear neutrc phil The emigration ot thy » 1 from t plood
streamt into tissu  sp ~es ts an established eact n o 4T @ non

immune acute 3 layn 1ation m man However with o @ 4 ig chron
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terts of tissuc response wnd with the probable operation of other m
direet svstemic factors there ts an increase in tissue cosmophils
which remain 1 residual numbers even 1n modcrately dvanced hop
stes In the moderately or markedis advanced cases the predomman
inflammatory eells arc Bmphoevtes and plasma cetls The hvmphoete
15 believed to have 2 multipolential role m 2 trephocshie storige of
protemn (Aelsall & Crabb 1928) n fibroplasia through transformation
nte fibroblasts (Dumont 1908) nnd i the probabie production of tissue
mmmumty (Gowans 1962) While these interrelationships sill mert
further experiment the paraliel presence of Inrge numbcrs of Jympho-
cstes and fibroblasts as well as plasma cells 1 moderate numbers
emphasise the umportance of sustuned hvmphoctlosis m the mam
tenance of the fissue reachion in submucous fibrosis 1 arly and per
sistant hissue cosmophihn as also the presence of plwmn eclis also
mahe 1t worth while to mseshigate further the earbier suggeshon thal
the pathoginests of submucous fibrosis of the ornl mucosa mizht hon
1 muld immune response (Swrsal 1908 Pundborg & Stngh 1965} Pre
liminary studies on thys basie facel of the disease are i proaress

SUVMARY

One hundred and ninets mine biopsies of oral submucous fibrosts hue
been studied by haematoxyhn cosin wnd diffcrential stuns for con
nechive hissue The discase can be classified anlo very corly earh
moderatels dvanced and advanced stages on the hasis of the histo-
logienl response The nture of connecline tissue changes the perast
ance of mild 10 moderate chrome nflimmation and the distnbution of
celf tvpes i mfinmmatory exudate make 1t worth winle to msestigite
an earlier suggestion that the poathogenesis of pral submuenis fibrosis
might be in a nuld immune response
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MAST GELL RESPONSL IN EARLY AND ADVANCFD
ORAL SUBMUCOUS TIBROSIS
By

Satravate M Sirsat! mnd J I Pispsonc
Receised 23368

The chinical ang pathological fendures of aral submucous fibrosts hae
been desenbed b 2 number of worhers {Josht 1953 [ al 1903 Su 1943
Strsal & Ahanoll ar 1807 1960 1962 De S 1957 Rao 1962 Pindborg &
Swngh 1964 Penddborg & Zacharieh 1965) Recent reports show the
disense t5 farrly sade spread in all parts of India (Pindborg & Swrsal
1966) A signsfieant correlstion betweon the paratiel presence of sub
mucous {ihresis and cncers of vanous sites in the oryu muecoest has
alse heen noled {Paymaster 1967 Puulborg & Zachariah 1964} The
actiologs of this condition rumuns obseure though the slow wnimt
acton of capswycn {the arntant prinespie of chillies—Capsicum an
num} has heon assessed on the rit oral mueosa 1 a possibile causaint
fietor (Strsat & Rhanoll ar 19602 1860h) The subepsthehal response
m oral submucous fihrosts (Sirsaf & Pindborg 1567) as also ia the
susieles whieh occasionalls crupt w an carhy chmeal sipn (Prndborg
& Singh 19b0) supgest a rather complex pathogeness Buwpsis from
patients with fhus disease are thordfore hang studied from sanous
ispecta towards undersitnding the basic reactions n it This papet
reports the mast il response o histologteally earhy and advanced

stiges of the disense

MATERIAT ANDMETHODN

Blopsies from 80 rases <t submuccus fibrosis were avallable O 8 stady The
¢ s3gin of the bnpsies the manner in which thes were htsine ! and §r xessed hare
it been de cribed in detmit {Sirsat & Fendbarg 1967) € » thick pacaffin secti s
were  tained with hacmatoxylin and ecsin b estalill h the dtagn ¢ an i hist

I gicsl stage { the discase Serlal secticns were stalned with 1 per ¢ 1 tolulding
Ilue atpll 45 The mast cell ¢ unly were carricd ut n cach seet n o a¢ hundred
10545 micrase ple fEelds. € real care way alwavs tuken b maintain 1 durmhy

¢ unting starting from the right apper ¢ fke € the sectien tn evers cu

1 permanent sddress Indian Cancer Hiscarch Centre Tarel B mbay 17 Indte

& rted bs & gramt fr m Arvid Siis cns § uniati n
n‘:ﬂmm 'ni rz:rlnlt oh uld be sent 1 dr 3 3 Tindhorg 4 Uaber Hetsparted

¢ enhagen Benmeck
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Normal Very Early
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601 620
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Sat 250
1 500
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301-3,0
at 300
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151-99p U
101 150 n L
51 100 £ a

01 50 2 3

Voderately advanced Advanced
n )
Mast cell sponse n 80 bropsies of oral submucous fibrosis
(figures i brackets indicate total cases n each bistologrcal stage)

RESULLTS

An carlier paper (Sirsat & Pindborg 1967) grades the sabemithehal
response 1n submucous ibrosis into four stages 1) Yery ¢ v 2) Early
3) Moderately advanced and 4) Advanced Fig 1 sh « *he mast cell
counts in 7 samples of ~ormal buceal mucosas 2 ~ « arly 37 earlv
3L moderatels advanced and 12 advanced biopsse 7 ~ range seen m
the seven normal oral  sues is from 51~100 to 1> —.00 OF the t15
Yery early case  one sh s v count of 101-150 nd the other between
251-300 Inth 37 ear uuases twents six are w1 Ma the range sho v
3 the norm. tissues  7e have mast cell counts irom 2(1-23% to
321-400 Two “opsies sh ~ a massive Increase 1n mast cells ene mn
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451-500 group and the other in the 601-650 group The moderely ad
vanced biopsies alf show st cell counts esther sumilir to normal or
a5 $ opacs even fower than in normal tissae Sumbirly <o m the
s wrced eases where out of 12 ewes three tre 1-50 8 the 51-100
group wnd one i the 101150 group

DISCUSSION

The 1deat human huccal mucosn for assessing normalty would by from
persons in whom ne trwama ever occurred That however 1s not such s
practicable event as apart from the common aduli halnts of smoking
andd chewing tobieco or the hme—hbetel mixture i the T wt the oral
mueosa s exposed o sudden vnations in temperaturc and repeated
myurs during mastication The scven aopsies tahen from hureat
mucosas wpparenily free from disease show 4 rasge in st celf connls
from 51-100 o 151~200 Fhas range has been consudered normat for
purposes of comparison

The gquibiative aspeet of mast celfs usually describicd s esther the
structurdl inteprity with relention of the melachromatic prinules of
partsal or complete degranul ition of the cell The significance of foss of
granules from the mastocyte cyloplism 15 st} 4 uiter of ddnle
Some worhers ¢Devll ot al 1940) helieve that m st ed degrnudhon
1 % sure morphological indscstor of histamine relt 1s¢ Others fod that
this phenominon s 1 non speaafie one hroupht thout by nuns faclors
{Selye 1906>) mncluding hydration wnd mechnical snpurs (Faweett
1955} Degrwnuhiion or s absence has not heen comminled upon
an thus studs 1n counting, parts stis degrinud sted colls ohbsioushy masfo-
cvies were abse ncludid An antorosting obseriabion wis thatm 2
magonly of seetions clasafied hustologically as carly wath much 118
culir dilatatson 1nd cedemn the mast cells were mundy purs ekt
In the moderatcls advanced wd ady meed dissucs the o colls found
were se tored randomis i the tissue

The pattern of mast cell response m aral submue us fibross 19
consistent with the oser t sequentigl tissue sesponss n the diase
In the cards cises where roxction of the finang o the ottt the
strongest the mast cell counts are tughost A the hissoe peds conserfed
1o less retetive halime ocersson ally degeneribing maus the mast audls
become ks and ir often even fewer than o the normd muesss I
s nteresting, to compire this rosponse to that seen an mﬂ’nnmahr;n
There 1s penerid preement that wn reute mflunmiation thire s 2 e
crease n bissue mist cells f ever 19613 In the chrom shile \\hrn‘
ther, are evelte weudents of neerosis or alleriting probferdne “’;:‘
degener e changes the mast cells counts e gher than llwwm
normal tissue Accarding to Mc¢ Cudcheon (18531 < iroiedy i
ercases vascuinnty it ocdem sy decroase while mst a1 s mrrc'!l*’:r"
number In oril sulinueous fGbrovis as the disosse uby \m'(:
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15 a drop n the number of mast cells being even fewer than found in
the normal buccal mucosa Thus 1s probably so because as the morbidity
progresses the actively vascular oedematous connectne tissue alters
gradually to a smooth mert hvalime mass which does not encourage
the maintenance of cell life Achive deyranulation of the mast eells with
contmuous histamine release m the early stage might also account
for the pauctty of mast cells 1n the more advanced stages of the dis-
ease Vascular dilatation and persistent cedema arce predomnant fea
tures of early stages of submucous fibrosis These symptoms along
with the lugh mast cell counts are tissue reactions simular to those
described m certamn mesenchymoses believed to be of autormmune
ongin (Asboe Hansen 1964) If there 1s a trigger substance which
elicits the marked ncrease mn this histamne synthesising cell i sens:

tine human subjects the need to recognize 1t 1s very clear The mast
cell response 1n relation to the overall subepithelial response (Sirsal
& Pindborg 1967) the presence of circulating and tissue eosmophiha
(De Sa 1957 Rao 1962 Pindborg & Singh 1965) and the gammaglobu

hnaema reported by some authors (De Sa 1927) all hint at the pos

sibility that the path of oral sub fibrosis mught lie 1n
the realm of immunopathology Further investigations are 1n progress
m order to deeide whether this 1s really so

SUMMARY

Mast cell counts were carried out on toluidine blue stained sections
80 biopsies of oral submucous fibrosts and 7 normal control buccal
mucosas One hundred 10X 45 microscoprc fields were counted n each
section In the early cases 9 ont of 37 biopsies showed a sigmificant
nse in the mast cell populahion In the very early moderately advanced
cases they were stmilar to or less than those seen 1n the normal mucosa
The results are discussed from the viewpowmnt of the probable patho-
genetic mechamsm of the disease
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The Department of Oral Pathology Royal Dental College Copenhagen

THE VASCULAR RESPONSE IN EARLY AND ADVANCED
ORAL SUBMUCOUS FIBROSIS
By

SaTravaTs M StrsaT! and J J PI\DBORG
Recerved 27 1x 66

Oral submucous fibrosis has been recognised as a distinet climeal and
pathological entity (Strsal & hhanolher 1962 Pindborg & Sirsat 1966)
The etiology and pathogenesss of this disease have not been fully un
derstood as et Attempts to do so are hang made by studying the
basic tissue reactions 1n this oral disorder This paper reports the vas
cular response 1n early and advanced stages of the disease

MATERIALAND ETHODS

One hundred and twenty four biopsies were available for this study from patients
i which a chnical and d: i fibrosis had already
been made Serial sections were stained with haematoxylin and eosin to establish
the histologrcal stage of the disease and Weigerts resorcin fuchsin for elastin
(Hart 5 Modification) to observe the vascular elastic fibres

RFSULTS

The cniteria used to grade the hissue response in oral submucous fibro
sts have been described 1n detail (Sirsat & Pindborg 1967) In the bn
opsies studied 4 were 1n the very carly stage 61 1n the early stage o0
n a moderately advanced and 9 11 an advanced stage Among the bases
used to grade the histological stage of the disease was the state of
the blood vessels winch appeared to show extreme dilatation n the
early stages and narfowing n the more adsanced stages A detailed
study shows however that the pattern of blood vessel reactions 1s more
compheated than mmtially thought of and normal dilated and con
stricted vessels are found 1n the same section (Figs 1—4) The response
has been therefore assessed 1n six groups according to the type of single
or combined blood 1essel reaction present These groups are normal
Rormaldilated dilated dilated constricted normalconstricted and con
stncted The accompanying histogram (Fig 5) shows the vattern of re
Sponsein the 124 sections of submucous fibrosis chservea In tne thirteen

1 Permanent address Indlan Cancer Research Centre ¥ar 1 Benbay 12 Inlia
Requests for reprints should be adressed to Or J J | db & L3 versitetsparhen
4 Copenhagen O Denmark

Supported by a grant from Arvid Nilsson s Foundation
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Fig 3 Fig 4

Fig 3 Section from mucosa In oral submucous fibrosis showing hyahinised con
Dective tissue The blood vessels in the upper mucosa show constriction
Those 1a the deeper layer are dilated some exhibiting stasis H & E. ¥ 115

Fig 4 Section from mucosa m oral submucous fibrosis There 1s marked constric

Lion of the lumen 1z all blood vessels some showing complete obliteration
of lumen H& E. X 115

This could be erther due to the presence of mild subchmeal inflamma
tion or a greater sensitiaty of these two subjects to local infiltration
“ith anaesthetic prior to biopss In none of the 13 was therc any con
sttiction of the blood vessels scen—though one showed a mild hvalinisa
ton of the connective hissue

The mrerovaseutar aspects of hissue njury with mcreascd perme
abilits of the endothelium and dilatation of the vessels accompanyin,,
nflammation are onls too well known In oral submucous fibrosis n
flammation 15 1ery commonts found coexistant to the connective hissue
Tepur processes It was necessary therefore to anahse the vaseular
fesponse 1n terms of the inflammators cxudate present Table 1 shows
the types of vascular reactions secn 1n the 124 hiopstes where inflam
™ation 15 ahsent mumimal mild modiritc marked or ~ assive In 14
biopsies where inflammation has s 1t 11 d completelyv one shows g
Pursistant dilatation of alt hlood v « | 8 shows dil« stion of a few
‘essels and 1 constricted ones ¢o 1¢ 1 normal co 1strreted reaction
Bhile in two all vessels are vt us stages of ¢ triction Of th
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COMPARISON OF VASCULAR RESPONSE IN RELATION TO HISTOLOGICAL STAGE
OF ORAL SUBMUCOQUS RIBROSIS
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TABLE 1
Summary of Vascular Response 1n Relation to Inflammation in 19} Biopsies
of Oral Submucous Fibrosts

Vascular response

3, - RN
@ £y = I_ - =T =® %
% §fz 1 B BT % % i3 ¢
Eeg ST E Eg £ £ 2 Zg EE g
255 EES 4E sz % & 88 /3 o
Very earle None - - - - - - -
) Mimimal - - - - - - -
Mild - - - - - - -
Moderate 4 - - 1 - - -
Marked - - - - - - -
Masshe - - - - - - -
Earlv None 3 1 1 - - - 1
(61) \iumal 3 2 - - 1 - -
ld 23 5 5 12 3 - -
Moderate 13 1 - 8 4 - -
Marhed 10 - - 8 2 - -
Massive 7 - - 6 1 - -
Moderatels None 9 - 1 6 1 1
adyanced immal 1 - - - 3 - 1
(s0) Mild 16 - - 2 2 3 [
Voderate 18 - 1 9 7 1 -
Marked 3 - - 1 1 1 -

Massive - - - - -
Advanced 2 - _ _ 2 _ _
) Vhinimal 1 - - -~ - - 1
ld 1 - - - 3 1 -
Moderate - - - - - - Z
Varked 2 - - 1 1 - -
Mass re - - - s - - -

42 iopsies which had mild inflammation 14 had a marked dilatation
of all blood vessels while 21 had a few or all vessels with narrowed
lumen In the 57 biopsics showing moderate to massive inflammation
16 showed massise dilatation following the natural sequence of events
n 1 tissue reaction to trauma The remaining 18 biopsies had a num
ber of vessels 1n vanous stages of narrowing which was apparent first
m the smaller vessels 1n the upper mucosa and spreau gradually to
the larger deeper vessels This follows the pattern o hsal Pisati noan
this disease starting imitialls 1 the Juxtaepithchnt zene and preading
downwnards with mereasing nlensity of the mec 114 roce s Tie con
striction of the mucosal blood vessels 15 there <1 wn rbvious result
of the increasing pressure exerted by the den elv nbrou or frankly
hvaline environmer  The significance of t3 1P urte nut tion to the
bissue due to the ' ited blood suppls lies in it~ #If et ¢ the overlving
Mmucosal epritheln 1+ The lack of optimum metibihie precursers could
be responsible for t « aberrent restless epithelin a een oceasionally
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and the frankls atypical one seen more uncommonly so Inepsies of
the disease This atyprcal epithelium f nsulted continuously with
tobacco or other superimposed injury could lead to oral mahignney
(Pindborg el al 1966)

The persistent dilntation scen 1 many moderately wdvanced and
advanced biopsies also merits some comment In oral submucous {ibro
s1s while there 1s a mise 1n mast cells in the earlier stiges of the lissue
reachion the counts are simular to those scen 1 normal mucosa or
cven lesser 1n the more adianced stages (Strsal & Pindborg 19642
1967b) This would suggest that strular to the situabion scen 1h mam
delaved reactions the vasodilator amines synthesised by the mast cells
do not mediate i the prescnce of the vascular dilatation and resdual
oedemn seen 1n the more advanced stages of oral submucous fibrosis
Other factors seem to operate in the sustenance of ths long term parinl
vascular response As to what these factors are c¢an be only 2 maller
of speculation at this stage of our knowledge of the ctiology of the dis
ease Two among the many that come to nund in the hight of the hislo
patholo, of the disease are the globulin permeability factor (W thhelm
1965) and the presence of an antigen antibody complex which 1s hnown
to sustain ncreased vasculir permeability wnd dilitation and provohe
a4 hyvaline degeneration of connective hissue (Diron 1963 1905)

SUMMARY

Onc hundred and twenty four biopsics from oral submucous fibrosts
were studied m detal for the vasculir response 1 relition fo histo
fogic1l stage of the distase Normal dilated and constricted blood
vessels were seen often 1in combination m the s ime section I[ulhlll‘\l
changes conscquent to impared nutrition due to narrowed blood ves
sels hnve been discussed—as also the probable eauses of the pcrﬁlﬂ(-‘l“‘
vascular dilttation and ocdema secn 1n the bsence of 1nflumm tion 11
some advanced biopstes
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STUDIES BY THE NEWT TEST ON CARCINOGENIC
PROPERTIES OF FATS
By

E ArFPMAN and J Grano
Recenved 131x.66

Studies on the effect of heated and atherwise altered fats as carcinogens
by the newt test were carned out by one of the present authors (Arff
mann 1964) who found this short term test suffircientiv spectfic for a
screeming of chermeal compounds given an o1l Among the substances
tested certain oxidation products especially ethvi hinoleate hidro
peroxide gave posihive results The newt test was still positine for the
product obtained bv reduction of the hsydroperoxide group to an alcohol
group

The observations have been followed up 1n a more systematic screen
ing of oxidation produets of fats by the newt test Several parameters
Were taken mto consideration Oleic acul was compared with hnolere
linolente and arachidonic acids which possess two three and four
double bonds respectively in the 14 position Flaeosteanc acid with
three double bonds 1n the 13 position and the polyene squalene having
four 15 double bonds were tested Lthl esters and tnglscerids of the
acids were compared Excepting elaeosleanc acid all were
tested as natie compounds after oxidation to a suitable peroxide
conlent and after reduction of the peroxide groups The results of the
studies are reported 1n the following

MATERIALS AND METHODS

Substan es Triolewn trshinol m trilinolenin ethsl 1 noleate and etnl lim 1 nat
nere from Unilever R carch Laboratories laardingen H Nand Some 1= o
triofein and tr inole n used as basic controls were from The Horm 1 1 I3
Anstin Minnesota L S 4 (A1l these substances 1 ere suppl ed and bani at <
d3po al b G nd tedveerhet Arhus Denmath) Most ft gr ¢ & 3 p
€eBL, tnil palenin only 90 per cent pure Samplesof fre b rn & o uoed
mouthly b Grind ted arhet

Eth 1 arachidonate » & gift from F Hoffmanile F w o \f Eue
Switzerland.

Ethyl oleate was pr yared b A Jart The Dan 1 1 | t

A sample of sqnalen | ractical Ea tman 90 [er  ct MOh1

tholanthrene (practical — wde) was from Sigm Clem al ¢ Ty S Lus \os
sun US4

Th s work was sup ib agrant from tte Danisa Ant -Lar er L agn
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TADLY 1
Troperties of Substances Tested by the \ewt Tes!

AL arption

Substance . Ootieal rasiomom

me
Ethy} cleate 30 03 a7
Ttinl oleate hydroperoxide 650 35 23
reduced ethyl oleate hydroperoxide 2 313 n7
Triolein
Triolemn hydropcroxide 1250 31 5
reduced teiolein hydroperoxide 37 215
Ethy] linoleate
T'thyl Linoleate hydraperoxide 1£00 129 33
reduced ethyl hinoleate hydropcroxide 8 2
Trilinolein 100 09 33
Tnhinolein hydroperavide 1260 108 33
reduced trilmolein hydroperaxide 1ns 233
Trilinoldin hvdroperd xide 1800 1me 233
Ethyl Linolenate 1a 234
Fthyl hinolenate hydroperoxide 1600 1% 34
reduced ethyl linolenate hydroperoxide 3 kil
Trlinolenin 100 3 2%
Trilinolenin hydroprroxide 1190 109 235
reduced trilinolenin hydroj eroxide 10 1 2
Ethy] arachidonate 1 payl
Ethy] arachidonate hydroperoxide 200 22 2
reduced ethyl arachidonate hyvdroperoxide 1% 5
Cholestcrnl 0 01 bt
Cholesterol hydropesoxide 900 K 234
reduced cholesterol hidroperovide » 72 234
Squalene 4 69 i
Squatene hydropcrotide 81, 80 m
reduced squalenc hyvdre perovide 0 74 12
Tung oil 147 ki)

at al sorplion maximum

The table gives 1he peroxlde content in & equiy /g substance (p+ ) ani the optical
densities for 1 g sub veloh

Mcst of the pecoxides werc preared by imple acrats n wilh aln | herie afr The
peroxsde eontent was controlied at suitable intervals and the serat n di ¢ ntinued
when a level about 1000 & equiv /g had beep reached

1ty oleate and triolein were nerated until a yeraxide cont nt f about 200 8
wquis /g «nly The groducls ssere then dis alied in pelrol oih r and shromatl
graphe{ on acid alumina The bydroperoxidis werc eluted with 11 rcform \

Cholesterol was oxidized 1y ullrasiolet Irvadiatic n fn a quartz M & of a glach
acetic acid suspensi n in an sim sphere of xvgen Afler o wit bl am unl r’hl
oxvgen had been sheorbed water was adde ) She precipitate wa  washed oft

water and air dried ™
The rcduction of eroxides was carried  ut with stann us chl 1 1c in cthan
recommende by Jruett € Neekell (19560) 1 with

Peraxide determinations were made |y the col rimetric thiocyanate meth
the exclusion of atme pherle oxyvgen (€ farind & Hartmann 19,5 The 1t uits
cxpressed as micrcequivalents 4 or slde per g fat (rersside value 38)

Ultrasiolrt abs rption spectra of the substances ddis ohie} in eyclohexane
reccrded by means of & Bechman Ratio Recd rding S eetroph tomeler L

The per xide content (nv ) anl spectral pr perties (optical lensitics at -“r'
tion maximum for a solution [ 1 /1 1 evel hexane) are summarked n Ttio )

Most ¢1 the substances were diluted with arachi (il tn a coneenteatl 1 WAy
for the Injection The difations were casily freparet Iy simple mixtng Chol

are
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and sts dernatives howeser are sparingly soluble In arachid 01l and since 1t was
desir.ble to grve also these substances in a readily available form in clear solutions
only weak concentrations could be jrepared One per cent (w/v) solutions were
obtamed by vigoraus 1 stirring Sol of methy were
preparcd m the same wav with additional heating

Fxperimental procedures The technique of the newt test has earher been de
senbed 1 detail (4rffmann ¢ Chrestensen 1961 4Arffmann 1963 Arffmann 1964b)
Since maumal positne reactions were found after about two wechs 1t was found
reasonable to simplify the test by amputating all tails on the 15th day Anmmals
dving before were included of three lays had elapsed after the injection Of the whole
effective pumber of experimental animals only 8 died before the th day

Details concerning the single experiments are given 1 Tables ®-6 4n upper Iimit
for the strength of the test solutions 1s set by the necrotic lesions produced by hugh
concentrations of the substances (Arffmann 1984a) To faciltate comparison the
peroxrdes were tested 1n dilutions of a calculated py of 600 The response s relation
to the dose was further studied by ging more dilute (py 200) or when touicaty
was lov or neghible more concentrated (pv 1100-1800) products The reduced and
the natise compounds were diluted to match the higher or the highest concentrations
f the peroxides and 1n some instances applied undiluted

Bach experiment comprised nat) e and altered compounds within the same group
g_ethvl oleate and dernvatives and tnolemn and dernatives and included negative
md positive controls With minor exceptions each compound was injected nto 6
mimals. As far as possible males and females were equallv represented If the
mantity of substance and the number of animals were sufficient the experiment
vas repeated twice In some instances concentrations were altered durning this se
Mence so wath the ethyl oleate group because of an unexpectedls high towaits and
~uth the squalene group because of sumlar signs on the ith day after the 1pjechion
f the first ammals Low peroxide values of eth! Jinolenate hydroperoxide and of

ol nollenm hydroperoxide were not tested hecause of scareity of substances and
wimals

RESLLTS

The results are summarized in Tables 2-6 Positnve reactions cover +
and (+) responses (Arffmann & Christensen 1961) while doubtful
Teactions () are not icluded Lifective number of ammals resulis
from the total number bs ehmmating amumals died hefore the 3th day
after the mjection and animals found unsmted because of severe
necrosis cadaverosis or shin inflammation One animal with minumal
remnants of the injected o1l was also excluded

Local touic effect of the mjccted solutions was generally mild or
absent Severe necrosis of the tul was found 1 only 19 ammals and
these had to be discarded One had been injected with tung o1l 10 per
cent 11 had recened ethsl ester or squalene hyvdroperoxudes and 7 had
Tecensed the reduced compounds None of the tnglyceride dernatives
2duced such neerofic festons For the comparison of a stronglv foxic
leston with that of a positine and 1 negatine reaction see Figs 1-3

All hydroperoxides of the fatty esters gave positive results by the
newt test When mare dilutions of the peroudes were tested an
creasing effect of ethyl oleate ethyvl hnoleate and ethyl arxchidonate
with increasing, py was obsersed The dependence on the peroxide
conlent 15 also indicated by the results with triglycerides and squalne
"l'he responses to the reduced compounds did not however differ sigm
\canlly from those to the correspondin~ hydroperoudes The positive
fesults after mjection of ethyl linoleat hvdroperoxuide and the corre
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sponding reduced compound arc quantitatively in heeping with those
obtained 1n earlter experiments (Arffmann 19641)

One of the objeets of the investigations was to compare the effect of
altered ethy[ esters with that of sumlarls altered triglicenides Dernva
tives of triolein showed o be distinctly less active than those of ethyl
oleate triolem hydroperoxide pyv 1250 was the onlv active concentra
tion A tendency to a lower actinity of the tnglycendes was also shown
by linolerc and himolemic acids A negative result was obtamed by tr
lnolemn hydroperoxide p v 600 on the other hand a positive respense
was shown by nafive tnihinolemin which weakens the significance of the
strong reaction to perouidized and reduced trilinolemin

TABIE 2
Experuments with Oleate Triolein Compounds

- ™
T Test solution 22
k] < 2E
£ Lo - 3 %3
Y £ § 2  ¥E Ez gis
¢ s -8 Z - .
£ = =X = LE BE m2=-E
= o = - 3 ZETE
] 27 gs E £ F§ FRoE
= Sz £ 5~ 58 Bo L8RS
& &2 @8 e 43 =% HARS
Oleum aractudis 2 12 0/12
Eth1 oleate 30 308 2 10 0/10
Ethyl oleate 3 93 1 6 1/6
Ethyl oleate hydroperoude 650 154 100 2 10 0/10
Ethyl oleate hydroperoxide 60 308 200 3 16 716
Ethy] oleate hydroperonide 6350 923 600 1 6 Necrosis
Reduced
ethyl oleate hydroperoxide > 308 2 10 5/10
Reduced
ethvl oleate bydroperoxide 2 93 1 6 2/2
Trialewn 180 3 18 0/18
Triolein 1000 1 6 0/6
Tnalein hydroperatide 120 160 200 3 18 0/18
'_:nokm hydroperovide 1950 480 600 3 18 1/18
rolein hydroperouide 1250 1000 1200 1 6 2/6
Reduced
tnolein hydroperotide o 480 ) 3 18 1/18
3 MethsIchelaathrene 05 ki 3 13/18
Fugs 1-3

Fig 1 Absence of epithclial reaction after the injectron of ethyl oleate 923 per
Fig y SOt 1 arachid o1l The o1l droplets are represented by empty holes (<03)
'9 2 Epithelial hyperpl sia and infiltrative downgronth after the snjection of
F eths] oleate hydropercuide py 00 (40v)
9 3 Decp necro 1s of tal after the fnyectio  { th 1 oleate hydroperoxide p v €10
The ulcerative de ect 13 covered b *t v infiltrative epithehum. The case
was discarded. (40X)
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TABLF 3
E. ts with Linoleate Triltnolewn C d
E  Testsolution E:
K 8 . £ =t
2 g % s 5% B §Ex
g 2 =E £ SE 3% Ee%
! F4 3D 2 5 EE s2:f
Z ¢~ 8% & Ef EE EEEF
5 £2 EL H-. 858 ES eet.
w - w= U Ll tc Db
Oleum arachidis 2 19 00
Fthl linoleate 375 3 17 0716
I'thyl hinoleate hydroperovide 1600 125 200 3 16 1716
Ethyl linoleate hydroperovide 1600 375 600 3 16 76
Reduced
ethyl Iinoleate hydre perouide 0 375 0 3 1 4ns
Trilinolen 100 462 3 19 1716
Triliolen 100 1000 1 6 1/¢
Trilinolem hydroperovide 1300 154 200 1 12 /11
Trlinolemn hydroperoxide 1300 462 600 3 21 0719
Trlinolen hydroperovide 1800 1000 1800 1 [ 8/6
Reduced
tnlinolein hyvdroperoide [ 3 0 3 18 S/18
3-\fethyIcholanthrene 05 3 18 unt
TABIT {
Experuments with L by Comyaunds
s Test solution £2
2 o & = 5
€ g a & F
¢ § ¢ % B2 Eys
£ 3 £5 3 tE ©&F r2:zf
a Vo~ E = BT =% SZuE
s ¢ £s E EE 3§ °3&s
4 i £ <. EE 38 o E.
P R 78 Sa 4L RS Bm-s
Oleum srachidis 2 10 e
Fthy] hinolenate 37, 3 14 UL
Ethsl linolenate hydroperoxide 1600 375 600 3 14 s
Reduced o
ethy] linolenate hvdroperoxide 0 375 0 2 2 ne
Tnlinolenin 100 515 2 8 “
Trilino enin 100 1000 1 5 uza/ll
Trilinolenin hydroperoxide 1100 345 600 3 1 o
Trilinolenin hvdroperoxide 1100 1000 1100 1 6
Reduced s
trilinolenin hvdroperoxide 40 545 1 ]
Reduced 806
tritinolenin hydroperoxide i 1000 ; 'g 1o

3 VMethylcholanthrene
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TABLE 5
Erperiments with Ethyl Arachidonale Compounds and Tung Ol

e
2 Test solution £2
2 o £ zE
E Y% o f f2  Eia
o 13 g T < EZ 2,
H b =8 E E 2
g = z° = cE EE r3zZE
g N - = 2T 7 ZTIE
i 7 £t E £E2 35 F%
2 £z B2 2. 38 23 EIsgd
v —— - [ ¥ Lo o c -
Oleurn arachidss 2 /9
Ethy] arachidonate 50 2 12 /8
Ethvl arachidonate
bydraperoxide 800 20 200 2 1 2/8
Ethsl arachidonate
hydroperoxide 800 720 600 2 1° 2/10
Reduced ethvl arachidonate
brdraperoxrde 5 %0 0 2 12 Py
$-Methylcholanthrene 05 2 12 8/12
Tung o1l 100 2 12 8/11
Tung o1l 20 1 6 5/5

A companson of the four ethvl ester hvdroperoxides mdicates that
oleate and hnolenate have the strongest effect on the animals while
linoleate and arachid «xhibated lower actinity Turming to the re
duccd compounds we find the ethy! linolenate more aclive than the other
three compounds In contrast the results with the trighveende hydro-
peroudes and the correspond reduced T il dicate an
creasing effect with increasing number of double bonds of the com
ponent acids

Results with altered squalene are shown in Table 6 and have been
mentioned above Responses Wwere strongly positnne Cholesterol hvdro-
Peroxide and the reduced compound had no effect on the newt shin
Dbrobably on account of the weak concentrations applied

Tung o1l was tested 1n three experiments (Table v) Because of Jocal
toxieity the primanly applied 2o per cent dilution was replaced in later
experiments bv the less toic 10 per cent dilution 1n arachid o1l In both
Instances the response was strongly positive

In general mjectiors with arachid o1l and wath vnalt red fais had
0o effect and so served their purpose as megativ  rontrols A single
Tositive reaction does not influence a negatise judgmwent unless 1t can
be reproduced (Arffmann 1964b) On the La 15 ¢f thus p raiple nalive
trnhnolen may be estimated as doubtfully aaty ¢ vhile onlv trilino
lenin has shown a weahls te moderately 4081t e acthinity Th prepara-
tions of natne trhinol 1n and trihnolemin showed howeve a ra her
high peroxide content y ich mav well cxplamn the positive roslls
Injections with methys holanthrene m all mstances hud 4 strongly
Positive effect ond so cor fismed the reactivity of the i~ als
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TABLY €
E with Chole 1 Soualene C: N

§  Testsolution
¥ x
H <o er &
¢ M iz GBS
5 3 g9 = SE FE
< ¥ o~ EE wE &
3 Er i% f. RE If %
7 25 72 Sz 2% €% £
Oleum arachsdss 3 18 0718
Cholesternd 0 10 3 18 o8
Chalestevol hydroperovuide 900 13 9 3 18 1718
Reduced
cholesterol hydroperoxide 0 10 0 3 13 /s
Squatene 4 500 2 17 i
Squalene 4 686 1 6 /5
Squalene hydroperotde 875 300 1375 2 12 6210
Squalene hydroperoxide 813 686 60O H 2 &/6
Reduced
squslene hydroperoxide n 500 2 12 8/12
Heduced
squalenc hy droperocide S 686 1 § 2/5
3-\feths Ichotanthrene 05 3 18 13717

DISCUSSION

An mspection of the figures of Tables 2-6 shows quitc conclusnady that
evidence of carcinogenic propertses s shown by three groups of sub
stanees 1 The hydroperoades 2 The eorresponcing reduced com
pounds 3 Tung o

The rather close wdentits of the responses produced by the hydso-
peroxides and by equat ts of the corresponching reduced com
pounds shows that the hydroperoxude group s not 2 presequsite for
the earctnogen hihe effect The hyvdroperoide group supposed o be
converted into an aleohol group through the reduction with stannoss
chloride A reduction to an aleohol group tn viwo could be 2 phusibh
explanation for the sumiarity belween the responws of the hydro-
peroudes and the reduced compounds I so the sctine ﬁuhﬂ’\l;f,”
would be fatty acids having 2 hudroxsi group mn« posttion to a dosbic
bond

In tlus connection it should be mentioned
{1963 1963) found certain epovsdes and perovs o
shin of muce Thes found actinity of 1 hiydroperoxs: sclohes-3 cnfli;m
mention that caranogemerty has earlier heen reported for iv0 “;‘ .
« B unsaturtded hedroperoxides Aotin & fath m 1903 I'C'l‘"‘"“l\(l:’h.d
fiminary data of fumorigenic respons o
organie peravides the strongest elfec
hulvl isopropy henzene fndroperoxide

that 1an Dauren ¢! al
des ¢ arcnogenic (& the

e 1 muce afler « sposure io el
t being chiested by 8 and p
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On the other hand a strong effect was also shown 1n our experiments
by tung o1l which does not possess hvdroxi! groups The characteristic
acid of this oul 1s elaeostearie acad with three conjugated double bonds
The 1someric hinolenic acid has three methviene interrupted double
honds and 1s mnctive Conjugation however tahes place during autox
wdation of the fatty acids with more double bonds The optical density
at about 233 mp gnies an cxpression of the amount of conjugation
(Table 1) The conjugation remauns after reduction and about the same
maxma of absorption and oplical denssties were found in the hvdro
peroxides and the corrcspond reduced ¢ . All conjugated
fatty eslers exlubnted carcinogen like achivity

An effect was however also shown by the hidroperoxides of oleic
esters and squalene and the correspond reduced comy Con
Jugated double bonds are not formed during autoadation of oleic 1ad
or squalene and 1t can be concluded from the spectral properlies that
thesy did not contain significant amounts of conjugated dienes as by
products or impurittes either On the other hand the hvdroperoxides
and the reduced compounds of cleic acid pave much higher optical
densities at 2124214 mp than the corresponding non oxichzed com
rounds Spectrophotometric studies on the oxidation of oleic acid and
its esters have been carried oul by Holman ef al (1945) Their spectra
lso show a higher extinclion at about 200 my for oxidized ethyl oleate
than for the fresh compound but thes do not discuss the reasen for the
ncreased absorption at this wavelength

A second kind of 15omenzation besides conju,ation which also takes
Place during, the autoxidation process 1s formation of trans 1somers
from the natinve cis compounds A cis trans 1somerization tahes place
during autoxidation of all unsaturated fatty acids and also tung o1l
conlains double bonds n trans configuration Althou.h an estimate of
the txtent of the trans configuralion i the products wis not made

there ean be no doubt that 2 hiyh degree has been present wm all the
active products

The most thoroughly studied class of chemcal carcmogens are the
polvhenzene hyvdrocarbons Although this group of substances 1s chem

1ealls very distant from the altered fatts acids an important similaritsy
bulween the two Lroups of lipd soluble substances ewsts hoth possess
= clectrons The ~clectrons are probablv 1n both cases responsible for
the carunogenic propertits but also other requirements must be ful
filled & special cleetronic configuration seems to hc roquured for
careinogenmie activity of the hvdrocarbons but « complet  agreement
With chemieal predictment has so far not becn «Htaince The possible
Importance of 4 hydroxil group in a positicn o u double bond of con
Jugation of the double bonds and of trans cunfiurat on has he n dis
cussed ahove The final identification of the configuration or con
hgurations responsible tor the achisity can only b muade by further
sereening of more subst Tces

B oaer ramn 0
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The presence of a ndroxy! group gereradly cancels the aetnaty of
the hydrocarbons (Falk et @l 1962} but the negatice effeet may be due
io 2 more rapid eliminntion from the orpmsm of the hvdrovyiated
compounds On the contrary alf our active compounds with the eseep-
tion of tung ol contam 2 Indroxyl or 2 hvdroperovide group Metahohe
relahionships may however also play a role for the actiudy of alterd
fats The tendenes to 4 smaller achaty of the togheendes 1w com
parson with the correspondims ethyi ¢sters mas be due fo @ more rapd
attwek by hipse as the first metabolic sfep but of course also to dif
ferent physico chemmenl properties

Due to the spanng solubilits 1n arichsd o3f the comersion products
of cholesterot were tested 1 only weah concentrations 1nd no ety
was found Conversion produets of cholesterol have heen rather ex
{ensnely studied for carcinogenie effects (Freser 19,4) The pont of
departure for the studses has generalhy been 1 sumilbarty with chemcat
carenogens wilk respect to riag structure Qur results mdictte thal
the elue for the nature of careinogenicity of lipids must rather be sounkt
m the confspuration wround the double honds 1n gerertt wd those of
the fathy aewds in particular

Although the mdication of carcmogemic properties of aftertd b
acids has buen obtmned onts by the nowt test it would seem fo be of
considesable mterest that such mumor configurative chinges or sub
stintions i evsential or plqurtous substrnees of orgmisms 1% the
essentid fatty aeids mas result i dangerous qunlities The teratur
contuns 1 variets of reports on toxic properties and suspecled earcino-
gencits of altered fats but studies of the offects of speaifie terations
of the falfy acids we more searce We found no preat wute touety af
parenterad mjection of 1 varwedy of hipoperoxides m Tats and clucks
iGlapind  Sondorgaard & Dam 1961) Rather hugh meunts of fipo
pererades e present sn rat shan surface hpids (Clamad & Christeneen)
The effcets of 1somerized fatts acids hwe heen studid espeeyith 3t
nutntion it expeniments 11 relthion fo (asential fatts wads | faes Jor
gensen 19667 The wientific wion e separifion of &oF mwh\e‘.r.wﬂlff
othierwise atered products of unsatur ed fatty acids 1 vagde possith
v reeent methods The possdnlidy of earctnagense dthet might pne
now ampelus 1o 2 studs of the hiolagy of ~ltcred fats huwed on ctxu!:
tealls well sdentified substinces wnd studics on these ¢ mpounds
on the other hand throw new lipht on the mechamy of caremoe
Henesys

SUMMARY

Carunaponie propertses of dern tines of ity neud sod ccrhl’n":;f":'
fipnds were studied by he nent test The i esters of ol nc‘ ln .

hinolentc wmd wrichidonie ackds the bsdroperoxides «f the ﬁt( i
the compounds obtamed by reductson of the l,\(|mp('rmur:;rmr
tested A R Indropesoxides wd the roduced coty unds we
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Slightly smaller activihies were shonn by the hvdroperoxides of triolemn
trilinolemn and trilinol, and the correspond reduced ds
High activities were shown by squalene hvdroperoxide and its reduced
dernnatrve and by native tung ol

‘The results are commented and the possible importance of a hydro-
vl group 1n a position to a double bond of conjugation of double
bonds and of trans configuration for carcinogemc properties of ipids
1s disenssed
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LACTIC ACID DEHYDROGENASE I1SOLN7YMIS
IN HUMAN MELANOMAS

By

hrats Hou Jesses
Received 71366

By combmation of lustochamcil and elcetrophorciic lechmigues Ih
demonstration of 1soenzymes wWith substrate speeificity 15 poswhle
Me wsurement of 1soenzyme activities mav yicld more information thn
siumple measurement of total activities 1s the indisidual isoenzinus
mav be altered in opposite directions leaving the totil actiity nearh
unchanged

Under pathologic conditions the edlls of damagcd or, ins may relaase
some of their intricellular enzymes mto the bloodstrcam  An snevensed
wmount of lactic acid dchydrogenase (1 DH) sn serum of patients with
advanced maliynant tumours were found by I & 1 oot 11934) Changes
wn scrum IDH 1socnzvmes are seen m misoeardial inf irction with ed!
necrosis as demonstrated by Wieeme (1939) 1T aursen (1962) and pan
der Helm (1962) In mlignant effusions changes have been described
by Richterich ef al (1962) and alterations in the sscenzyme patiern
of bramn tumour homogcnates have heen shown by Cerhardt e al
(1963) Patterns of LDH 1soenzvmes m tumotirs of the stomach colon
mimmac hidney lung ind prostate in 20 patients hvd huen danon
strated by Vissen & Bohn (1860)

A numbcr of different soenzymes i amel mobic ik ]‘n;,m(‘!\((‘l(
melmomns of hamsters and onc human piamented melinom? hue
been anvestigated by Pandov & Dif op (1966) The averipe pur cunt of
the 1 DH sownzyme pattern of 7 humin melanomis have been pre
sunted by Bohn & Rothenborg (1966)

The present investipation s 1 attempt to differentailc wnd ¢
the I DH 1socnzvme paltern of Pipmented human mddnomas {
histology ind histachanistry i reltlion to normal human shi
repard to kaclic 1ad dehivdrogenise

ompare
a Ut
n with

he
1 snancial supy ort has been recenned from the Dantsh Ants ¢ ucer fewue “1'\"- .
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MATCRIAL AND MITHODS

Twelie pi mented primary mabignant melanomas as defined by Allen & Spit

(1%3) 6 cases of hmphnod and 12 slin from different per
5005 Were amvestigated as to their cantents of 1D isoenzymes All primary tumours
and the shin specrmens have becn painted with aleoholic jodine before surgical
remmal Immediately after extirpation the tissues were carefully prepared for
homo enization by an eleetric glas hom vcmizer being codled by ice water Sub
cutaneons f t was remcyved from the normal shin by scraping light! with a knifc
in order to obtain comparable specimens  After centrifugabion (10000 rpm) the
clear supernatant was used for agar gel electroph resis as de cribed b Wieme et al
{196%) Samples were placed tm Difeo Nelle Agar buffered to pH 86 by diem 1
Datriym buffer Two by two the shdes were smmerscd in 8 bath of hght petroleurt
1)r cooling purposes and clectroph resis was performed at 140 volt for 30 minutes
The slides were incubated at 37 together with frozen scctians from the same bssues
and starned by mitrobl 1 h using rubber frames as de
senbed by Bokn A Rotkenborg (1966) The histologs <[ the specimens was farther
controll d 1 haematcxwhn cosin stamned frozen and paralfin sections The stainoe
of the electraphoresis was fixed 1n acute acid ethanol at room temperalure f r 190
minutes and dried Seanning was performe! at a Densicord (1 hotovolt) at 230 nm
The coloured bands were numbcred from the snade and ther enzsme activit

expressed as percentage of total actnity All samples were run as duplicates

TABIF 1
LDII Isoen yme Pattern tn 19 Human Malignant Melanomas En yme Schwity Is
Exrpressed as per cent of the Talal Actitty

Bands 1 1 m n \
Shde \o inode Cathole
1603776 7 2 g a2y 18
183766 7 21 8 26 18
681/66 8 22 2 o4 20
1016766 3 17 23 29 18
1333/66 3 8 8 33 23
3170766 0 3 22 36 33
187766 2 17 75 29 27
4891/66 2 15 2% 28 29
8071/66 8 9 3 g 29
8221766 3 14 30 29 2y
6679/65 21 2y > a1 7
110766 o 9 33 2 23
Ave age per cent ot 11 30 [ 27
RESULTS

Tablc 1 presents th 1 ults of the I DH 1soenz m ac sits of 12 human
Dismented melar rias The enzyvme activty 1 n s Ias per cent of
fotal actvaty Ir s cas  buttwo & bands of LDH achh 1ty wele pres nt

e main activ v was  und amon, the cathod i bands n sl tam urs
In 7 cases the oreitcst amount of activity v as found m band 3 while
3 tumours app ared to show the greatest 1mount of 1soenz, e n band
Yand2mbmdsb

The relatn  actiity  f IDH 1soenzyme distribution m Iy nphnode
Metastasis fro n mahgnant melinomns 1s given i Table 2 It 1s seen
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that the main portion of the 1socnzyme pattern 1s found amon, the
cathadal bands In 0l cases 2 anodal and 3 cathodal bands are present

Table 3 demonstrates the LDH 1socnzyme paitern i normal human
shin It 1s seen that also for this specimen the mun actinaly s found
among the cathodal bands It appears that none of the specumens
mnvestignted contained more than one anodal band

TABIF 2
IDN Iscen yme Patlern n 6 Jymphnode Vetastases from 6 Human Malynant
Melanamas En yme Activily I's Expressed as per cent of Tolal \elusty

Bands 1 i 1 n 1
Shde No tnode ¢ athode
12 157/65 14 22 v, 21 18
79/66 5 7 23 33 n
4001766 13 22 3 2y 1
5 135/6¢ 20 2, or 18 1
5 881/66 7 1 3 5 18
6071/66 5 10 35 1 0
Average per cent 107 17% 992 ”»3 7o
TABLF 3

1D tsoen yme Pattern 1n 12 Human Shin Spectmens En yme Actunly Is Fxpressel
as per cent of Total Activity

Bands 1 11 i1 " \

Shide No Anode « tthode
4875/66 0 8 » 26 ;;
1891/66 0 4 27 7 H
4 891/6¢ 0 0 36 2 o
1903766 [ 2 23 3 H
5 062/66 0 21 6 43 4
5066/60 0 15 47 16 :
5810/66 0 2 15 53 o
6071/6r 0 0 23 3 X
6146/66 0 [ 58 4 "
6 38/6F 0 n M 47 *
6241761 0 0 37 » 3
6541766 0 o 19 11

50

Average per cent co 3 337 370

The listoloate contral showed that all tumours imvestigated ;\;l";
mibgnant melnnomas The shin speenmens did not present l“:::’“‘("m
chinges The lvmphnode met st ises were all from pitints W e
mary hustologiealls verified mtignint melanom and the mlcrnfnlm
picturcs were of typical structure The lughest 1 DI winaty W xls'" o
1n tumour cells compared with other types of cells present in
tions stamned by histochemsenl methods
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Tumour 1ymphnede Shin control
Anode Anode Anode
. -
8 5 o
r 2 9 ‘ﬁ 10 " 0
- 31 r 2
- o stew 3o
o 2 [ 29 A~ 1
Cathode Cathode Cathode
g 1

The LDM pattern an primary tumour Lymphnode met stasis and slin control from
the same patient (6 071/66)
Enzvime activity 1s expressed as per cent of total activity on lesel with
the bands demonstrated

DISCUSSION

Different types of I DH have been found by Calin ef al (1962) and by
Fine et al (1963) The LDH 1soenzvime pattern during fetal develop-
ment has buen described by Philip & Y esell {1962) in ehaick hyer and
muscle The changes were characterized by a progressive increase of
the cathodal bands relatine to anodal bands Jensen & Thorltng (1962)
suggested that changes m ovigen supply may alter the LDH pattern
as thev found that the 1soenzy mes 1n 1naemic and cobolt treated rabbits
were found {o change gradually from prominence of the anodal to a
Prommence of the cithodal 1soenzviies compared to control antmals

In malignant tissue  Gerhard! et al (1963) descritd a more en
thodic pattern of § D} 1scenzvmes from malignant b ain tunour homo
genates compared to normal brain tissue Simila~ re vt irc presented
b\ Nissen & Bohn (130} from myestigation of arai 2! Liorsy mate
ral from tumours of he stomach colon r r a3 Inev lurg und
prostate compnred wil’ controls

In the present studs ** ¢ mun bty ir tl T ood 1t inof ma wonant
melanomas (1 1ihkle 1) d normal shin (Tubl aj showed 1 dommnance
of the cathod i 1soenzy  «s From Table 11t appuars that all m lanomas
exeept 2 sho ved two « >dal bands The average of thes 1 essentially
higher than the averng of the shin controls where ouly 1 anodal band
was demons ated ANl kin covered specsmens were pamted sith aleo.
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P 2
Tig 2 demonstrates the amnunt of fibrous tissue and inflammatory cells in
melanotic tumur tissue used for home genization (haemat v in ¢ sin X 300}

R S — — e
R e NI ol T AL &
[ L , S _tAsC§ B2®. ¢ I " 4
1'd [N .
£ 4

o

-

% -
~ - "
e N o s

Fep 3

Fig 3 shows onl small amcunts fother cells in tum ur by ue usetfor
hom penizatin (Haematcxvline in x 3°0




A large amount of Jactic atsd deh s d

i as colour
mn the ¢ toplasm of the tumour cells (Mtroblue tetrazshum X 3%00)

holic1odine hut this comprised the surfice of the tumours so that it does
not explan the differences found An inecrease of the anodal bands
telatne to the cathodal bnds of the melanamas mas thercfore mndicate
an alteration of the I DH 1socnzvimes 1n prahifcrating tissues of the skin
This 1s supported by the msestigation of Bohr & Rothenborg (1966)
%ho 1n 8 basal cell carcinomas and 31 plantar warts also found a
¢hange towards the anode mn the average LDH 1soenzyme pattern com
Pared with normal shin

The LDH pattern 1n lymphnode metastases from malignant melno
Mas are grven 1 Table 2 In Wl cises @ bands of actisity were present
Onlv 4 bands of actinity however have been 1 scrihed by I andov &
Dikop (1966) 1n 2 cases of Ivmphnode metus®us s from mclanorias
The 1DH pattern of the Ivmphnode metacias s my stina® 11 vers
much alike that of the pnimar mahgnant » uamxna Fi, 1 demon
Strates the LD patternin a rnmary tumanr and yo pan d me aistasis
tompared to shin control f 0 the same puts nt L upp ars that th
lotal activity gn shan judzed from the stuming of the bwnds 1s maceb
ess than 1n the tumour tissucs It 15 further noted that tne values far
thzvme actity 1n the melano 1a and the mitastasis dcmons ¢ t d un
Fig 1 are very close This m  sugeest a po sible wav of 1d = wung
metaslasis from n unhnown p ~ury tumour aronsg w1 h be rela
fomas may give rise 10 very anaplastic and polsmorph m tasta is



The indinidual sariation in size shape and nuelear detar] scen tn s me melanomas
(Haematoxslin eosin X 3 700)

1t appears from tables given the vamation in higures is rather wide
Therefore the LDH isocnzvme pattern of 2 groit number of fumours
and metastw.es from the cathodal neresing group should be st
gated and results not only presented as averape values but with full
attention to mduidual vanations

Finally the histologs of the tumours was compared with the patierns
of 1 DH No corrclation w s found with reg ted to the histological strue
tures though the saration among the different types of melanomas
nvesbipated was large as demonsirited on Tys 2 nd 3 It s suen
that the lustologic contral of the tumours rescaled thit ta some ¢xtent
also other tissues were present but to 1 varvng deprec Thus fihrous
fissue conlamng 2 number of inflimmatory cells s neerolic nees
plastic areas were found althouph grossls the bissue wnvestipated ap
peared to consist of tumour tissue only These findings howewr dnd
not show any correlation fo the 1soenzyme pattern found whiel was
dominated by the neoplshic leston This 1y 1n accordnce witht the
Instochemical studies of the I DH in scetions from the same fissue A
Inrue amount of enzvine was found in the tumour cdlls 2% demanstrated
n Fip 4 Although other cells than the cancer cclis contmned ”’L’{
the preciptite of blue coloured formazan was much more pronounc |
mn the ncoplastic cclls which great s indy an size ind nucliar deta?

1s demonsirated in T, 5



203
SUMMARY

By means of agar gel electrophoresis comb 1 with histoch n
using arhificial electron transport svstems as stamming procedures
(Mtro-BT DP\) the 1soenzvime pattern of lactie acid dehvdrogenase
was examined 1 homogenates from 12 human pigmented melanomas
6 cases of lvmphnode melastasts and 12 specimens of normal human
shin as conirols The 1soenzvme activity was expressed s per cent of
tolal actiits and the electrophoretic bands numbcred from the anode
All tissues investigaled had been controlled by hght microscops

The melanomas were found to have an ncrease of anodal bands re
Iatnve to catfodal bands compared with normal shin which mav indieate
alterations of the LDH 1soenzsmes 1n prohferating tissues of the shin
Thus 15 1n contrast to several tumours of other ongin where a relalne
inerease of the cathodal fractions are found The Ivmphnode metastasis
showed an tsoenzvme distribution sunilar to that of malignant mela
nomas This mav suggest possibihties of 1dentifving metastasis of an
unhnown primary fumour among which the melanoma mav give rise
to verv anaplastic and polvmorph metastatic lesions

The differences 1 histologs of the tumours and lvmphnode meta
stasts were not found to show correlations to the LDH pattern of the
specimens investigated The histochemical stamed frozen sections gave
evnidence that the greatest amount of LDH was present m tumour cells
tompared to other cells found in the same section

REFFNFNCFS

Allen 41 L K Spt S 1 A Cl 2l Analysis of
the Criteraa for Diagndsis and fro,nosis Cancer 6 1-4> 1923

2 Bohn L. & Rothenborg I W  Lactate Deh drogenase Pattern i \errucae
\ulgares Basal Cell C and ek, Tovest.
Dermatol,, 1n priot 1966

3 Cahn R D Raplan ¥ O Levine L & Zwilling E \alurc and Development of
Lactic Dehvdrogenases Science 193F 96° 969 1

4 FineI'l Kaplan V 0 & huftinec D D Ch nges of
Lactic Dehydrogenases Biochem 2 116 1 1 1963

3 Gerhardt W., Clausen J., Christensen F & Rish Je J Chan  of LDH 1so-
enzymes Esterases Acid phosphata ani P t o o 1cmant and
Beoisn Homan Bran Tumours 41 new ! and 29 £>-111 1963

S HUBR & Lev € Ele avonofa S u o ot Neoylasti Dasease
Cancer 15 513 5 1224

T JInsnK & Thor' 7 ER The Fifect A and Cobelt on Lact  De
hvdrogenas o vmesan kadn s T s o1 Rabbits and ats possible
Relation to ne Er thropnstin Product «~ Acta path. et mcrobiol s an.
dinav 63 5 390 176,

® Lausn T E) teophor  of Serum La te Deb drogenase on Agar Gel w th
Fluorome 1ic Det mnation of the Forvme At ity Seand J Chim
In ¢ 15 15 156 196°

® Nusen v T & Bohn L. Patterns of Lactic Acid Dehvd ogenase Is>  zvm 1
N\ormal nd Malt nant Human Tissues. Furop J Cance 1
19 Pandop 11 & »kor 4 lsocnz mes in Mel nomas in Struct 5

the Me noc te 199200 edt b D la forta G & la o o Spm.
ge Ve ag Berlo He delberg “ew York, 1966



(]

~@*
~. \
R g
- - -7
n .8 P
L 9 A

Fig o
The intdvdual saratiman size shape and pucdear detall seen
(Haemaloxshin ccsin X 3 200)

me melannman

M appears from tables given the vamabion I Digurs v fither side
Thercfore the LDH 1soenzvime paltern of = gret number of fumouts
and metasiises from the erthed ! weresing group should be imesh
galed and results not ol prescnted s Average s ducs but with fulf
atiention to mndividual vanations

Finally the hustologs of the tumours was compared waih ihe piltems
of TDH ™o corrcdation w s found with repard to the histologeal strue
tuses though the vanation among the ddferent types of melwmoms
insestigated was Iarge as domonstrated on Fis 2 ond 3 U ® sers
ihat the histologic contro} of the tumours resealed thi to some exfent
alsa other tissues were present bui to 1 yvarving depre Thus Tihrous
tissue contumng 1+ number of nflammatars cells as necrotic N0
plstie ircas wire found althouph grossly the tisste smvesiiaied ;{;
peared to consist of tumour tissue only These findings hanerer :
not show ny correlition to the ssoenzsme patforn found which “;f
domin ited by the neoptistic lesion This s an record wee with l‘
tustochiemseal studies of he I DH n sechions from the samie uuucw
Iarge amount of enzvine was found wn the lumour cells as dvmnni!{-;)”
mn Fi, 4 Although other celfs than the cnecr cllls confamne .
the preaipitate of blue colonred fortnazan wis tuch mare (’;”"““‘kw
tn the necaplastie cells which great sarneds i sz ined nuelear

ss dumonstrated i 1ig o
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THE FINE STRUCTURE OF THE
REMNAL GLOMERULUS IN ACUTE ANURIA

By

T Steex Oises and H SnJorvsorc
Recenved 91x 66

In acute renal falure the clearance values for the usual filtration
substances are vers low but give onls mimmum 1alues for the size of
the filtration because the possibihits of a hack diffusion of the ultra
filtrate cannot be elmminated \evertheless 1t 1s the general assumption
that glomerular filtration during the anuric phase is ikeIy be to strongly
dmnished (Brun 1904)

Light microscopic studies have not shown any pathological leston of
the glomeruh 1n acute nnurin (Brin & Vunck 1957) Electron micro
s opie mvestigations made 1n only a few patients showed glomerular
components to be normal (Dalgaard 1960 I aguens & Viatello 1964)
Regmer {1939) m onc case found endothelial hypercellulanits In order
to extend and supplement these earlier myeshigations a studs of 12
renal biopstes from 10 patients with acute renal fmlure was under
tahen The findings were compared with biopsies from 5 patients with
normal kidney function

MATERIAL AND MFTHODS

The pat ents Detailed d s v pt 1 of the chinical and laborat rv data of th patrents
is published elsewhere (St en Olsen 1967) The patients wer ! tse n % and
69 vears old The acute renal forlure appeared a & 1yyli t1  of surgical o

bstelr cal operations  patent ) some of them mnh ted b s psis or it
[ lowed porsoning wit  ulf>namudes barbiturate or  teangsn (Truval) 3
Palients) In 7 of the p tiert chinicall manifest ul o [ la wa bserved
The biopsies were perf rmed betneen the 2nd na the  rde 5 L aga 1a Two of
the patients were bop d! ¢ Two b opstes nere tt Taa gk ose
Fsht patients h d b en tr * d with hem dial = Alpt at rad
recened infusion of 93 cntglucoesolut v ¢ tt ‘Lt b
Three of them hai lso F n treated with Rie 11 ex In enb szl
resulted 1n Light m 1 osmotcchange ¢t pr wltble

Ther nalbiops = e rmed underane 1 awthal 1 rra _n cdle

through a small 1 + oo 0 4 right lumbar ¢, n

This work wa ded b t1 Dan sl Scien e Founi ion a b Michaclsen
Foundat on

Ve are indebt  to cavil neer Mr 4 furch And sen uable advice and
Lo laboratory te ncian Mr  j Ped r en for the ph lograjt ep oductions



206

The controls These 3 patlents were betseen 12 and 33 years of age In 4 of the
patients the biopsies were performed during laparsioms made for other PUrpose
(appendicitls cholelithiasis hysterictomy) with same needie as that used ¥ r the
anuric patients The fifth confrol was a donor for renal transplantation snd here
2 shee was cut from the left renal cortex just after death Al ¢ ntrol patients had
normal renal function and no abnormal constituents in the urine

Light nucroscopyt A part of the tissue e\linder was fived in Hetlp s fuid mied
Just helore use from the stock solution snd the formaldehyde solufi n Tolicwing
fixation which Iasted exactly « ng hour the tissue was rinsed in distilled water § ¢
12-18 hours Detndration in alcohrl treatment with vvlol embeddimg in g sraffin
Serial sections of & thickness of about ¥ 3 micron were cut using 2 rofaling micr-
tome Rouline stainings were Hematoxylin cosin  Sirius nd—iron hematowlin
periadie acid ~ Sehff — hematoxyhin phosphotungstic acid — hematoxdin fir Hilns
metiny} violet cango red and thioflavine (fluorescence) for amybiid

Hlectran microscapy Teun to taenty small pleces were cautfrushy cul from each
end of the tissue ovlinder with & razor hinde and fmmediately fixe § by immer fos
115 Os0y (4 patients) or in glutaraldehyde (the remaining) §eur of the renlr Is sere
fixed in 0s0; onc in glutaraldchyde

Osmir acd fixation was performed far ane hour tn © O 10 jer cent in Yrcharln
buffer {pH 71) W ashing in the butfer

Clalosaldehyde Frxatlon was o 10 per cent glutaraldelinde st room temg erstyse
for one hour Rinsing several dimes in 01 molar {acod) late huffer (pll 743 One
honr postfixation In 1 per cent Osly dissolved in the same buffer Wa Mg sith
cacoudy fate buffer contaiming sucrase 67 molar Hoth tapis of fixat! n were £33 wed
by debvdration In acetane embedding in Vestapal W The specimens were seethined
with a JAR Ulirntsme stamed at the ¢ ipper grid with uransl 2 etale fir % hout
Microscop  wath a § hilips 13 200

RESUITS

Hight eroscopy

A detuled description of the haht nueroscopie and cleciron huero
scoprc festons of the tubmles w these lopsies has hoon published v
Steen Otsen (18675 Al bropsics presented hight o roscapie fesons
sl e to those desersbed earbier Iy Bren (1054) wd Bran & Yunck
(1927} Al hopsies contuned Lght microscopie normal giomeruly 1w
the g itients s well 26 the conltrols

Flectran Mieroscopy

Na upnifieant ihnormabitics of the basse structare of the glotneruli
were obsersed (Fips 133 The capsubir epithcunm wos (i Tln;
celhultr componenis of the eapillars tuft were n most biopste
pormal size nd posibons  the capilhiny Tumina wor paent and con

Fis 13

Eig & Clomerular eapitlaric mormal teacture Tnooend thettal e
1 intercapilar ccll nuclen (1 capfllary Jumen 1 35 M
«f anurip Chstaraldchs le fixati n €900 x N
Same ¢s ¢ part f the en ! theltal coff captilars Tum ¢ t the feft In l::l
N ormal tructure f all element  fo end thetist o nn(leu)llh 1{;1 pit
fr m intereapillary ccll 1€ intercapilisrs ccli nort tp eplt \‘l”'l c
vt plasm B red bl de rpucle N ie thy patent oy teey I“m"l‘ ot @
urinars  pace and £ 3 grace ex with of fusien €1 taraldehy le

15000 x

ell nuclens
e d

Fig
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tamed plasma and some red blood corpuscles Thromb: or fibrin de
posits were not present The epithelial foot processes were not fused
the intervening filtration shts could be demonstrated The basement
membrane was of normal thichness and strucure

Some epithelia! cells from cases of anuria as well as from controls
contamed 1-4 micron large nclusions 1n the eytoplasm consisting of
vacuoles ¢ smaller h g rather electron dense glob
ules and 1n some sections small amounts of granular material (Figs o
and 6) The mesangial cells (:ntercapillary cells) were of normal size
and structure They were situated in a networh of branches of basement
membtane ke material and often plump processes of rather clear
cytoplasm could be seen projecting into the camllarsy Jumtina covered
or uncovered by endothehal cytoplasm (Fi, 2)

The following deviations from the normal structure were noted

In two biopsies (Nos 1 and 2 both from the second day of anuria)
asnelling of the epithelial evtoplasm was observed which filled up the
capsular space changing this to 2 narrow sht (Fig 7) Normally some
epithehal cytoplasmic processes are present in which the structure 1s
umiform and of a medium electron density without organelfes or ribo
somes These processes were the cell constituents wwhich seemed to be
expanded 1n the two cases None of the other ten biopsies showed this
phenomenon It could not be demonstrated by Iight microscopt of
Hellv frxed tissue One biopsy (Mo 3 3 davs anuria) showed hyper
plasia of the intercapillars cells and of the endothelial cytoplasm with
narrowing of the capillary lumina (Fig 8) The number of mntercapil
Yary cell nucler seemed to be mcreased No light microscopic changes
were noted 1n this case no mitoses of the ntercapiliary cells were seen
In all other hropsies the capillary lumina were patent and of normal
dimensions They sometimes contamned red blood corpuscles 1 an
amount which was equal fo that of normal biopsy hssue

In all biopsies from patients with anuria the abnormal presence of
¢ylosomes 1n the epithehal cytoplism and more seldom 1n the endo
thelial and intercapllary celis was noted (Figs 5 6 and 8) They were
of the same type as those normally present i many ceils 1e m the
rend tubules of normal rats (Ericsson 196%) Thes could readily be
distinguished from the normally occurrirg polvglobular sacuocles in

Figs 34

Fig 3 Same case “ormal con hituents of epatr 1al cvtoplasm p eserved foot pro
cesses normal capillar es Ep nuclen o epithel al cell In normal accurring
globular inclusion w th dense bodies mv multives: ular boly Go Golgi
zone En nueleus of cadothelial cell. Glutaraldehyde fixation 15000 x

Fig 4 Biopsy N 9 eight dav of anuria Normal capillar wall  th all ¢ ast trents
preserved F  epithelial foot processes B eap llary ba ¢ment membrane
En end hellal cell cvtoplasm Arrow points toward me 1b a3 fn filtra
tionslt Gilutaraldehvae fixation 85000 X

W acraearn 0
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Fig 7

Biopsy \o 2 sccond day of anuria Epithelial cytoplasm of uniform finely granular

structure without orpanelles (marked by asterishs) occurs normally 1n human

glomeruls but m this ca e 1t 33 sswelled filling out the capsular space Bo basement

membrane of Bowman s capsule CL_capillary lumina Ep oucleus of epithelial cell
Glutaraldehyde fixation 8000 X

the evtoplasm of glomerular «pithelial cells The cylosomes presented
as single membrane bounded sncuolar structures of about %4 to 2
micron The space mside the vacuoles could be electron optically
emply or finely granular with a few electron dense in~lu res of vana
ble shape granular fibrillar homogenous and ~oncertrir m,chn hhe
Identiliable cell organelles or remnants of such were not ok emved In
some cases the electron dense matter totzlly fi''ed *he vac.cles

Figs 5-6
Fg5 Cytosome (F ) 1. sthel al evtonlasm & pootst a 2 rted
membranou ™ te In the richt Lr 1ad aat a la & bular
1aclusion aty ormally occum ne 1 tie huntan gl 1n To the

left ap r ofan nef al puclet.. ™ sy No 7 othds~ 1 rara G utaral
dehyde f1 10n 29 X
Fig 6 Samecase Fg ytosame ccntain ng myclin i —

"ous material
1 epithef stoal m Glu aralich;d fixation 4353



Hiepsy e 3 third day of acuris CapiBlary Jumen oreluded by swelling of endo

thelium and intercapiliary cells This phenamenon was obseric § only in his v

Compare with Tig 2 i nuclens of endothehal rell IC puclns of fntercapitlsrs
cell Cy cytosomes Us unnary space Clutaraideb do 7000 ¥

Alt nuelet were presessed No nuerobic celis were obstryved Sametimes
the urmary space espectitly near the tubulre pole contaned frag
ments of tubular epithehal cyloplasm evidently an riefact produc
by the handhng of the hissne before fixation

DISCULSSION

The glomerudy 1n this vitrastruciural study of anuna were mmpar;‘;’
with those 1n 5 iapsies fram paticnts without renal abmormahtics "
addition they were compared with the ohservations of the nnf":‘“
human glomernlus by Bergsirand & Bucht (1948) and with an €3
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sive recent study of the normal fine structure of the human glomerulus
by Jorgensen (1966)

Fuve patients with anuria described by Dalgaard (1960) did not show
any glomerular lesions The present study showed hvperplasia of ept
thehal cell cytoplasm i two and hyperplasia and prohferation of
wtercapillary (mensangial) cells with narrowing of the capillary
lumina 11 one out of 12 hiopsies One patient described by Regrnter
{1929) had proliferation of the endothehal cells (intercapillary cells?)
Perhaps thest changes are to be regarded s cellular modifications
connected with the sudden decrease of filtration Since the other biop-
sies from patients with anuria did not show these changes thev cannot
be essential for production of the anuric state

All biopsies from patients with anuria showed the presence of cvto-
sommes 1 the epithebial cytoplasm and more sarely n the endothelal
and intercapillary cell cytoplasm These were not observed n the 5
control patents Such cylosomes asre presumed to be Iysosomes and to
contain hydrolytic enzvmes Their presence 1n cells were thev do not
ordinary oceur could be interpreted as a sign of augmented destruction
of normal cellular components This non specific type of damage was
the only one which was seen m all the biopsies Mone of the observed
abnormalities mn glomerul seem to be of primary mmportance i the

production of the lowered filtration which 1s presumed to occur n
anuria

SUMMARY

Twelve biopsses from ten patients with acute anuria were studied by
electron microscopy Do severe lesions were observed Two bropsies
showed swelling of epithelia! cytoplasm In one case capillary lumuna
were occluded by swelling of endothelium and intercapsllary cells These
three biopstes were all from early phases of anurta In all other biopsies
the glomerul showed only shight non specific damage of the cells The
fine structure of the glomerult 1 acute anuna cannot explam the
lowered filtration rate which ts presumed to occur 1n acute anuna
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ELECTRON MICROSCOPIC AND CYTOCHEMICAL
STUDIES OF ACID PHOSPHATASE AND
ARYL SULFATASE DURING AUTOLY SIS
By
Jasn L F Ericsson PETER BiBerrELD & RoLf¥ SELJELID
Recenved 30 1x 66

Autolysis 1mphies autodigestion of cells and 1s generally considered fo
be operative 1n the deterioration of cell structure and function n the
dead orgamisms An increasing body of evidence (9 12 1o 18 27 32-34
36 37) indicale. that different Ivhie  enzymes—calhepsins and pro
teases amino peptidases sulfatases acid phosphatase and others—
whieh are mcluded tn the group of Ivsosomal enzvmes {8 9) are Jocated
n specific cvtoplasmic organelles often termed “cytosomes and “Ivso
somes (18) It appears that durning in vtwe conditions all the lsso-
somal enzvmes are enclosed in the cvtosomes and do not have access
1o substrates 1n the surrounding cvtoplasm (9) Although it has been
sug.ested by some (6 8 10 26 40) that release of lysosomal enzvmes
from cytosemes may initiate the degenerative cellular alterations dur
mg autolysis and necrosis unamimous agreement on this point has
not been reached (37)

The 1ntroduction of methods for the fine structural demonstration
of acid phosphatase appeared to atd in clucidting the role of lysosomal
enzymes during different phvsiologic and pathologic alterations of cell
function However the use of acid phosphatase as a Ivsosomal marheras
hampered to some extent bt the fact that 1t presentlt not hnown
whether all the 1vsosomal echzvmes are present m all the s rgic mem
brane Immited bodies (cvtosomes fysosomes ete ) hnown *o contam
acid phosphatase (9

The possthiity (22) of dumonstrating a <eccnd iv ¢ nal enzvme
splitting p-mitrocatechol sulfate {an anl sulf~t_se +ith}
cellular locahization prears to be of great bem f n t2d
hons of Ivsosom il enevmes as a group Thus >
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stration of two {ysosemal enzyvmes i the same organelle would add
sigmfteantly to the mierpretation of biochemical results wnd would
support the theory of biochemical b v of morphologeathy
heterogenecus organeties

In the present inveshigation we have stugdied the activsty and loeal
1zation of aexd phosphatase 1nd aryl sulfatase ta hepatic parenchvmal
and renat provamal tubule cells during antolysis nd compared the fine
structural aiferations with the cytochemical findings Optimal and um
form preservation of fine structure has heen securcd by use of thin
shices of tissue~approumately 05 mm thick—and eompansons of
the results of fixation i a protesn crass linking agent glutaraldebyde
mn addibion to osmum tetroxide

MATFRIAL AND METHODS

Young male Sprague Dawley rats wesghing 200-930 gms were sacrificed by de
following ton and the were kept st room tempera
ture (420 C) far periads 6f 1 2 § 8 16 and 24 hours At the approprisie time
polnt the sbdomens were opened and shees of liver and renal cortex approximately
05 mm thick were Immeesed for 3 hours in 3 per cent punfied gluteraldehyde fn
§ 1 M phosphate buffer pH 74 at +4 G Tissues from normal rats fixed jmmediste
1y after death served 23 controls snd were treated o exaclly the same manuer 81
the ones from experimenial animals Followlng fixation lissues were washed af
+4 Cin 01\ tris maleate bullfer {pi 7 4) containing 75 per cent suerose for "6
24 hours
For the & fon of arvl sulfat 6o thick free floating
{razen sections of glutsraldehsde hixed tissues nere Incubaird in & medium preps
23 follows Thirts mg p nitrocatechol sulfate (Sigma) was dissolved in 58 mwi Vere-
nal acetate buffer pH 54 Lead mitrate (016 mt of a 24 per cont salutlon) was
added and the medium was adjusted to pHf 54 4 hemvy precipitate which ‘\;"
formed when lead was added w2y removed by filtering the substrate solution In
cubations were performed 51 +37 C and Incubabion times were for renal porieX
30 minules and for lyer 80 minutes Sections fnewbated in substrale free mﬂ:‘r;
served as controls FPollawing incubation seetions were washed i 3 changes of
Al acctate hulfer pI{ 50 and were immersed brieflv in dilute ammoaium sulfide
For the ation of acid Dy G4 thick froten !;:
ions were sncubsled sn & Gomort lype medium as presioush deseribed (17)i o
cubation times were for hidney 10 minutes and for liver 45 minutes Sect ont
incubated in wppropriate substrates for aryl sulfatsse and acid pho phatase ,.,.
immersed in sulfide were on glass slides 1n gf cerloe gelalt
some sections were stained with meths} green rex sub-
Tisyues from normal Haer and rens) cortet and from Byer and rensl cot cx" o
Sected 1y o *¢ hour period of aulolysis” were fixed for fine structurat chseryatiol
Slices of tlasue vere y for o tration of ncid § hoghatase and 77/
sulfsfase a3 descrited aba ¢ with the exception that the fr ren secfions Ff’"nl
at 50x and the fina! step—~immersion In smmonium sulfide—was awldtmkm
tiusues 1cre postfived In psmium tetroxide (03D¢) and proer s & for electron
scopy as inticated below bes of
For the fine structural studies of exclusisely OsOg fixed © sue sl ’\;\l it
Ttser and outer renaf € ortex were tmmersed in 2 per cont Os(hy tutfered wl; 'n .-
dine ipii 74) for 1% 2 hours at +4 ( Debydration and enteiding in ¥
performed as gresionsdy desesbed (15 18 Thin seetfons were cul on
tomes and were stained with Jead b lroxide aquecus uranyl cctale 0r &€ B,
thon of lead hydraxide and urapsi acelate they were studbed 1n 8 Slemens e wete
1 electron microscope Thicher sections cut at 1 of Fpon rmbt”""“’;"m N
stsined wath foluidine blue and weee sudied in the light micro cope W 2 wel
of osmium fixed tissaes were studied the sgecimens were trumme
that dnly the peripheral portians were ineluded Tor thin secti ning

& ¢ mblas

1 fn suc
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RESULTS
1 Gross and 11ght Yhcroscopy

Gross Livers and kidnevs appeared moderately enlarged and swollen
m antmals left in room temperature for 24 hours The cut surfaces were
pale at this time and the tissues were soft and friable Similar although
less pronounced alterations were noted at earlier intervals after sacn
fice and were first noticeable at 4 hours

Light microscopy In sections of glutaraldehyde-fixed hepatic paren
chymal and renal cortical cells embedded in paraffin very shght altera
hions were noted al 24 hours ‘These consisted in cytoplasmic swelhng
and an ncreased prominence of cytoplasmic “granules presumed to
represent mitochondria In the cells of the proximal and distal con
voluted tubules the normalfy slender and elongated rmtochondria
seemed to become shorter and take on a more rounded shape This
alteration was more clearly revealed in sections of Epon-embedded
hissues stained with tolusdine blue (29) All the proumal tubules ap-
peared collapsed with obliterated lumens

11 Histochemustry
4 Lwer

1 Acwd phosphatase In hepatic parenchymal cells of control animals
activity was confined to small droplets (up to 1z 1n diameter) which
usually showed the typical pencanalicular arrangement (Fig 1) No
alteration 1n the quantity appearance or distribution of these droplets
*as noted at any 1terval up to 24 hours (Fig 2)

2 Aryl sulfalase As was noted with acid phosphatase reaction pro
duct 1 normal hepatic parenchymal cells was confined to cytoplasme
droplets with a largest diameter of approsimately 1. Yvith the m
cubation time emploved (1 hour} the number of these droplets ap-
DPeared to be considerably lower than that of acid phosphatase droplets
The aryl sulfatase droplets showed the same localization as the acid
phosphatase positise droplets however and were manly confined to
Penbihary regions The appearance quantity and mtracellular dis
tnbution of arv! sulfatase droplets at 24 hours (Fig 7) was irseparable
from that of controls

B Pronimal Convoluted Tubules

1 Aad phosphat In control speeamers the reaction prodact was
Precipitated in evioplasmic droplets (15 18) (see Fig 3) No altera
tions were seen n expertmental animals ( ompare Fig 3 vith Fig 4)

2 Aryl sulfatase Reactive sites were in the form of droplets with
4 s1ze and distribution corresponding to that of the acid phosphatase
droplets (see Fig 5) In additten moderate numbers of very small
droplets (0 2-0 4 p i di.meter) were observed 1n some proximal tubu
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stration of two lysosomal enzymes 1 the samc organelle would add
sigmificantls to the mterpretation of biochemical results and would
support the theory of hochemical homogeneity of morphologieally
heterogeneons organelles

In the present investigation we have studied the actiuty and foeal
1zation of acid phosphatase and aryl sulfatase in hepatic parenchymat
and renal proxamal tubule cells during autolysis and compared the fine
structurl alterations with the extochemical findings Optimal and um
form preservation of fine structure has been secured by use of thin
shices of tissue—approumately 05 mm thich—and compansons of
the resulls of fixation 1 2 protein cross hinhing agent glutaraldchyde
1 addition to osmium tetroxade

MATFRIAL AND METHODS

Young male Sprague Dawley rats weighing 200-250 gms were sacrificed by de
follaving and the were kept st room tempers
ture (420 C) for pertods of 1 2 4 8 16 and 24 hours At the sppropriate time
pont the abdomens were opened and slices of Liver and renal cortex approximately
05 mm thick were immersed for 3 hours In 3 per cent purified glutaraldefyde in
01 M phosphate buffer pll 74 at +4 C Tissues from normal rats fixed immediate
I after death served as controls and were treated in exacily the same manoer as
the ones from experimental animals Following fixation Hssues were washed ot
+4 Cin 01 M tris maleate buffer (pll 74) containing 75 per cent sucrose for ¢
24 hours
For the d of aryl sulf; 13 6 thick free (loating
frozen sections of glutaraldehvde fixed tissues were incubated In a medium prepare:
as follows Thirts mg p uitrocatechol sulfate (Sigma) was dissolved in 50 mi Vero-
nal acetate buffer pH 54 Lead nitrate (016 ml of a 24 per cent solution) was
added and the medium was adjusted to pH 34 A heayy precipitate which was
formed when lead was added was remoted by filtering the substrate solution 1o
cubations were performed at 437  and incubation times were for renal cnﬂ‘:!
30 minutes and for hner 60 minutes Sections jncubated in substrate free meon;
served as controls Following incubation sections were washed in 3 changes of
A acctate buffer pif $0 and were immersed briefly in dilute ammonium sulfade
or the tion of acid phosph PP 1y 6 thick frozen <
tions were incubaled in a Gomori type medium as previousty describied ('”l( :!
cubation times were for hidnes 10 minutes and for liver 45 minutes Se b
incubated in appropriate substrates for ar3l sulfatase and acid phosphefsse B
immersed in ammonfum sulfide were mounted on glass slides in ghycerine gel#
ome sections were stained with methvl green e
Tissues from normal liver and renal cortex and from liver and renal corfex so0
Jected 1o a 24 hour period of “autolysis” were fixed for fine steuctural uhser\‘l‘ o
Slices of tissue were processed for demonstraticn of acid {hosphstate ane 15,
sullatase as descrabed abose with the exception that the frozen sectus e po
st 505 and the final stey—immersion in ammentum sulfile—~was avof A
tissues were fixed in osmium de (050,) and 1 d {or clectron
scopy a3 Indicated below !
F"or the fine structural studies of exclusively 00, fixed tissue small ;u'b:;];;
liver and outer renal cortex were immersed In 2 per cent 0s0y bu((rrﬂl‘“'; oyl
dine (pil 714) for 113-2 hours st +4 C. Dehydration and embe ! fing n‘“‘; i
performed as previously described (15 18) Thin scctions were cut on IR 00, )
tomes an | mere stained with lead hydroxide aquesus urany) acetate of L3005
tion of lcad hvdroxide an ) urans! acctule they were studied in & ﬂm;c:-‘s“w L
1 electrn microscope Thicker sections cut al 15 of | pon cmbedde W hen Hocks
stained with tolujdine blue and were studied in the light mlcrosc yl'fl uch 2 ¥
of osmium fixed tissucs were studied the sgecimens were trummed ia
that only the peripheeal portions were included for thin sects ning
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lar cells At 24 hours the distnbution nd actiats of aryl sulfatase
appeared to be sumlar to that in controls

Sections from control and experimental ammals incubated 1n media
fackng the substrates (# gheerophosphate or p nitrocatechol sullate)
lached evidence of precipitation of riaction product

It Electron Microscopy
A Controls

The appearance of hepatic parenchymal and renal proximal tubule
cells 1n control ammals was m accordance with previous observations
(7 12 10-18 28 36-39)

B Exrperimental Amumals

1 Hepatic parenchymal cells \Within the evtoplasm fine structural
alterations were noted 1n mitochondrta microbodies endoplasmic re-
freulum and cvtoplasmic ground substance (Fig 9) These alterations
were diffusely distributed within the cells Thev were of sumlar ap-
pearance in osmium fixed and glutaraldehvde fixed tissues Many mito-
chondria appeared more rounded than mn controls and all of them
lacked matrical granules The matrix was of uniform densits and alte
raltons of cristac or the envelope were only rarels encountered The
rough surfaced endoplasmic reticulum showed irregular widening of
the eisternae which sometimes revealed foeal loss of mbosomes  Polv-
somes were not ¢encountered Smooth surfaced endoplasmice reticulum
tended to break up mnto vesicular elements Microbodies showed pallor
of their matrix but otherwise appeared normal The cytoplasmiec ma
trix showed focal areas of pallor and appearcd to be more voluminous
than 1 controls with evtoplasmic organelles widely separated from one
another

Contrastmg to these changes was the unaltercd appearance of cvto-
somes {Fig 10) Although occasional cytosegresores ( ~utophagic
:acluolcs ) were observed these were not more frequ nt than m con
rols

2 Proximal convoluted tubules For « de cniption of the fine struc

Figs 1-%

Fg 1 Liver control amm 1 Discrete droplets ma 1 a ity of
bile capill &5 X

Fg2 Luer 24 h urs afte  acrifice Droplets of simir wop 2z nFz1

are presen o pert  alicular areas X 78

Fig 3 Ridney «control ami al Abundant large rop t
tubules * ylomeruli ontains & fes smallr U

Fig $ hidnev 24 hours aft  sacrnilice Aud plosphat e o le  amlar to the
ones sho 1 Fig 3 present in provimal cor omte  bul's x 780

corvoluted
[
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Figs 5-8
Fig 5 hidney control animal Section incubated for the demonstration of aryl sul
fatase Activits in proximal consoluted tubules is In the form of large drop
Jets similar to the ones in the acid phosphatase procedure Note the small
draplets (arrows) which probably are located in distal tubules or catlerting
ducts X 800
Fig 6 hidney control animal Section incubated for the fine structural demonstra
tion aof arvl sulfatase Electron micrograph showing locallzation of fins]
product along the margins of cvtosome (C) in a proximal convolute] tubsle
cell X 19 400
Fig 7 Liser 24 hours after sacrifice Section incubated for the demonstrall 1 of
ary] sulfatase Activits is confined to small discrete droplets which are Ittt
than the acid ph droplels (¢f Fig 2) but appeat to sho¥
the same localization around bile eapitlaries X 580
Fig 8 Iiver 24 hours after sacrifice Section Incubated for the finc structunal d¢
of anvl Flectron h showing a evtotome (€}
with final product precipitated along the persphery Nole absence of reacton
product In two microbodies (¥b) BC bile capillary X 18000

ture of the normal proxuumal tubulc cells see previous publications e
16 18)

In the expernimental amimals
prom:nent than n hepatic parenchy
deney to attmn rounded forms (29)

Iterations of mitochondri were mor?
mal cells (Fig 11) Thus the ten
was more apparent and alterations
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of the matrix substance with focal pallor were evident Matrical gra
nules were not observed The cristae were numerous Often long crisiae
connected one side of the envelope with the other Such cristae ap
peared to be much longer than mn the controls While dilatation and
fragmentation of the endoplasmic reticulum was frequently observed
mereased area of cytoplasmic ground substance was not in evidence
As in hepatic parenchymal cells cytosomes appeared unaltered

1V Ultrastructural Cylochemistry
A Acid Phosphalase

In normal hepatic parenchvmal and proxumal tubule cells the re
achion produect 1s localized in cytosomes cytose,resomes and on oceasio
nal Golgt membranes (15 18) In accordance with the light microscopic
cbservations a similar focahization was noted 1n the experimental am
mals 1n the present study

B Aryl Sulfatase

In the cells of the proximal tubules of control ammals reaction pro
duct was precipited mn the cytosomes {(Fig 6) Often the final product
appeared as a narrow rim of precipitate overlying the membrane hmit
g the cylosomes Although occasional cytosomes lacked reaction pro-
duct precipitation in relation to cvtosomes appeared to be the rule
Observations are presently too few to permt definibive conclusions
concerning the possible occurrence of aryl sulfatase in the Golg: appa
ratus and cvtosegresomes Likewise the nature of the very small re
active sites seen 1n the light microscope 15 not clear Microbodies did
not seem to contain final product In hepatic parenchymal cells some
cytosomes contained reaction product

As demonstrated in Fig 8 reaction product was confined to cylo
somes and cytosegresome like bodies in the expertmental anmals
Spreading of reaction product was not observed

DISCUSSION

At the present state of our knowledge 1t 1s most convenent to base
a definition of cellular death upon the notion of irreversibil ty (26)
The time of cell death can accordmgly be 1dentified with tbe time at
which the point of no return 1s reached In the rre ent mple Jystem
for autolysis cellular death 1s probabls the resalt of the combrned ex
lects of anoxia and la~} of exogenous and endegenoas substirate,
Studies of 1schermia by v 10us authors (2 5 26) Fa ¢ mdicated that
hepatic parenchvmal ce  can tolerate 30 to 4 r ~utes of t .7 1s
chemia withort reachin, the pont of no retu r  The al* .* ons
observed 24 hours after nifice of the experime- al amm ' appa
rently represcrt alteratior 1 r beyond those at the ~oint ot death
and are repre  1tatne of a. ciysis



AT

PRerE, T L N I S 4

Fur o §
Fig 5 hidnev contral animal Section incubated for the demonstratian of anvisol
fatase Activity Sn proximal comialuted tubules js in the form of large dm;Y
lets sbmilar to the ones in the actd phosphatase procedure e the sma
droplets (arrows) which probably are Ineated fn distal tubules or eoffectind
ducts X 890

1 dem milra

fon al fin

Fig & hidnes control animal Section fncul ated for the fine wructurs!
tion ol arvl sul Tlectron P it
product along the margins of eyintcme (C)
cetl % 19 400 '

Fig 7 liser 24 hours afler sacrifice Section incubated for the demcmsirad |\;¢:
ae3l sulfatase Acthuity is confined 1o small diserele droplets which ate Iy
numerous than the acsd phosphatase droplets (¢f Flp 2) but sppear to s
the same Joealization around bile capliaries X 586 1 de

Fig 8 Tiver 24 hours after sacrifice Section ncubated for the fipe structurs! &

of aryl aul 1lectron n shawlng 2 exto ome (0
with final product precipitated along the periphery \ole absence af reat
roduct in 5o micrcbodies (&) B bile capitlary X 18000

5 finsl
In a proximal comvolule § tubae

re of the normal proximat tebule cefls see previons publicatons {ty
16 18) ore

In the experimental animals "lterations of mitachondn \u‘r'r oo
promnent than sn hepahic parenchyinal eells thig 1) Thm.lifmm
deney to att in rounded forms (20} was more apparent and gt* 13!
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THREE DANISH CASES OF MALIGNANT
CHILDHOOD LYMPHOMA ( BURKITT )
By

NiELs R JENSEN
Recened 27 ix 66

In 1928 Burkit! pointed out that a characteristic Jaw sarcoma often
seen 1n children m Uganda where 1t oniginally had been deseribed 1n
1904 by Cook was part of 1 multifocal tumour svndrome affecting
ahdominal viscera O Connor & Dames added the information that jaw
and abdominal tumours of identical lymphomatous structure con
stituted about half of alle hildheod t registered mn
ihe hampala Cancer Registry Uganda

Vhen mn 1961 O Connor reviewed 106 cases ncluding 28 examuned
post mortem he found the African Iymphoma a pathological entity but
classified the vast majority or 83 per cent of cases as 1 poorly differ
entiated malignant Ivmphoma of lymphocytic type whtie the rest were
designated as stem cell histioevtic and mived lymphocytic listiocy tic
Ivmphomas Huft & W right (1963) however drew the limits somenhat
more narrowly They found the presence of multifocal Jaw tumours 1n
a child the most cerfam chinieal eniterion and the combination of a
single jaw tumour with tumour 1n the thyroid hidneys or ovaries or
extradural spmal deposits causing paraplegia they considered virtually
diagnostic of this tumour ssndrome Howeser they found that all
cases should be biopsied and that only those conforming to defined
histological eriteria should be included  Histologically they found that
the tumour always 1s a poorly differentiated lymphocstic (Ivmpho
blastic) lxmphema containing a vanable admisture of non malignant
histiocy tes

W right (1963) on the basis of the hampila matenal described the
tumours as composed of sheets of round cells with round or reniform
nucler a well defined nuclear membrane and one to fi ~ (ften i
conspicuous ecosmophilic nucleolt with a narro™ 17 of 4r ph lophilie
cyloplasm Interpersed between the lymphoid e'ls 2ren ~1eragq histio
cytes usually with abundant elear or vacuolit 1 »—orla ™ and often
actinely phagocytic contmming large an 1 £ -~g. fed nuclear
decbris These cells do not have the char» 3f = 1 gnant cells
and give the histologreal picture a charac er 1 b rry kv feature
which however 1s not constant Its pror- rense o, Vright vanes
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with different frxalion sectioming, and stuming procedares and with
the tvpe of tissute betng invaded Post mortun loosening nd separation
of cells lessens its promnence 1 cert un tissucs

W right (1964) reports that occasionally leukaemin oceurs 2s 1 tor
nunal manifestalion of the diseasc ind 1t scems mntercsting that while
leuhaemm in Denmark amounts {o ahout half of all m dignant dist 1ses
n chaldhioed (Clemmesen 1965) 1t 1s very rare v Africa (Davies 1959)
1t follows from loc 1l conditions that estimates of incidencc not to speak
of age distnibution will b approximate onlv 1 those repons hut
Burl il (1963) on the basis of 144 cascs estimited neidinee of the
childhood )ymphoma i Uganda at 1 per 50100 000 wiih loc il findings
ranging up to 6 among 1 population of thout 100 000 1 rom casc find
ng studies he found the discase lunited to a belt across Afrier Iumitad
an the North by the Saliwra and towards the South by 1 border hne
through Angola traversing the southern tip of Congo excluding 7 m
Iia and Rhodesia but including Fanzama and Malwa According to
Burl it the Ivmphosarcoma s extremelh rare in the hughlands of
henva and Ruanda Burundi and he suggests that the distribution of
the tumour depends on humdity and sepctition explunablc Iy the
further assumplion of an arthropod vector Apparently the abscnee of
the svndrome in the hinshasa (I copoldsslle) arca s out of harmony
wath Jocal humdity and vegetation hut 1s expluned as due to an ener
telic extermimation of mosquitos in that area

Cases resembling those published from Central Africy hve duning
later vears been published from vartous parts of the world 1 rom South
Africa Gluchsman (1963) reported four cases 1 whitc ind four in
non white children ind single cises as well as series hine ben
published from the Umled hingdom (W right 1964 the United States
O (onnor et al 1965 Dorfman 1967) from Pipur and New Guinet
tien Seldam et al 1966) and Columbin South Ameri o (Bellram
1966) Up to now no cases seem fo have been reported from the 1 uro-
pean continent and since 1 recent case in his snstitute turned our
sttention to the lthelihood of sumilar cases records were 1 viewud for
autopss cases prescnbing, the tvpical lustologieal features

CASTS

Among post mortems from the vears 1955 lo Aug 1966 represenbing @
totnd of 1615 autopsies 36 had been performed on persons gl Indow
20 vears and suffermg, from diserses of the Ivmphate and rehients?
sywslem Busides the recent case of a boy dignosed from biopss 1w
autopsy records for girls showed the hisstologic foatures charactenishie
of Burl it s syndrome

Ry of vears repeated estarstial

Thirteen vear «1d daughter f fitter For a couple n
infections treated v ith lonsiflectsmy | rtwom nths Pef re atmi sf oawelllag
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TABLE 1
Clinieal Findings

Site of Peripheral

White Total
primars  lvmprodes 1

duration Treatment
count of dlness

Case No Sex  Age

1 167/5% ? 13 Tught ot 3700 4 months Operation
parotic mohed & \ ravs
- 15/66 ? 9 Extra not 7300 1 month Operation
dural molved
spinal
canal

3- 717/66 K 4 Leftlat

not 5900 2 months Xrass
cer reg myohed

TABLE 2
Incoliement of Organs tn 3 Autopsy Cases

Case 1 Case 2 Case 3

Shan
Tonsils

e
Mediastmal Glands
Retroperitoneal v mphglands
Lungs

Heart

Stomach

Small Intestine

Bowel ¢ Rectum

Liver

Spleen

Pancreas

Supra Renal Glands

hudney

Ovaries/Testis

Bote Marrow

Spinal Canal

Thyroi {

P AR YRR NN
EN RN RS |

{

s AE S NREEIE LN

the night side of the nech, Tapidly inereasing during the last weeh On admission
2 tumour of the right parotid gland me suring ca 3 X 5 X 5 em Diffe ential count
normal. Totoplasmosis sero reaction megative Partial removal of tumour was
followed by application of 3330 R Death six weeks afler admission

Post mortem § ars of right parotid reg on_Enlargement of hymph nodes of media
stimim measuring up to 2 X 3 ¢cm and nodular infiltrations of perfcerd um gastrie
and 1ntestinal muco a of up to 2 cm size Oraries measured § ¥ X v r  and pan
creas and hidneys showed considerable infiltration with enla .cm ©t Spleen and
bone marrow showed )t d b

Case 2

Nine year old daughter of cabinet maher 4dr1s n 2 d
ment of melullary transection svadrome 4ne 3 1 fim

the level of 4th to Sth thoracic verteba was gy t r oved b t
two weeks later

242 o develop
sresponding 1o
re patient died
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Fig 1 Case ¥ 1rimar tumar in paratis (i1 + L, ¥ 80)

Fig ? Case ® Tumorinfiltration In gancreas with preserats n of “starry sk™
appearence {18 + E, % BBy

Tost mortem shoued tvmphnearcoma of the th raco fumi 1 medutle xmrln
epidural with secondars tyelomalacia (Histalcgiast  Feon § hristensen) lcﬂ;:‘
nodes of neek snd slong the alid arrta nere enlarged mm‘uvm
up o 7 em Extensive Infiltration of tumeur tissue was fount o the thyrol
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Jungs pancreas and surroundings and adrenalc Castrfe mucasa shoned nolutar
Inhiltrations ovaries measured 8 % 4 X 2 em infllirated with tamour tissue There
was grosy infiltration of hone marrow  and micrascople Infsitration of the spleen
Novisible enlargement of avillary and ingsinal himph nodes

Case 3

Tour vear old son of water and gasfitter The family never left Denmark except
for the maothers yisit ta Jtals some six months hefore the Bisth of the patient Six
manths before admission the father and the son developed  safluenza™ One masth
hefore admisston a node was nothced on the Yeft side of the nech persisting In pite
of treatment with peniciilin nnd measuring 7X 4 X 5 em Jceated with it upper
pole levelling with the mandibular angle and its anterior imit comelding wlth that
of the sternaclesd musele A soft microadenitis of the access rlus chaln was notice
able but ne other nodes discesnable Totoplasmosis sero reastlon negathve After
treatment with 1075 R the patient died two sechs after admission

Post moertem examination showed the entarged lamph nodes on the neck acde
sershed Further enlarged nodes along the aorta and in the mesenters measured up lo
2% 1 em Infiftrates of tumour Nissue were found in the columna and fn beth
hidneys

A sunves of chimeal wnd pribhologienl findings 15 piven m Tabhs 1
and 2

The histologieal findings of the three eases were all abike mdn full
correspondinee with the desersption gssen by W rght Wathan fhe
hmtatsons of practic il pitholo.y the eascs must then be considend 1§
indistimgishable from those deseribed as Burhlls tumour Hon
true that 1 Afrien the disense s rarely reported to have buen obserned
first tn one of the palpable ' mph nodes ke 1n our ¢ e 3 but this ¢3n
fiardls be consudered a1 decssise enternion

The histologiend pretures have been shustratad by phulmmrmgrll‘l“
14
It remamns an open question to which extont he de monstration of
scatlered rehicuium cells i 1 elnidhood Iy mphovarcoma —the socalld
sturry shy Appearanee Wit entitle us 1o wsume 2 dinend enlity bt
st docs seum miore hkheby thn not that the post mortum findings 0 the
present three cases and perhaps also har 1ack of £ idosenstity walt
designate thes as belongsns to the group of chifdhond hmphostreom™
often termed  Burhatt s tumour

SUMMARY
«tologte antd

Report on three cases of elnldhood Ivmphoesareom  with he
in cluldnn

autoptic resemblance to Burkatts Afrieal hmphosrcomn
dsngnosed m Denmark
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AN IMPROVED MLTHOD I'OR THL HISTOCHEMICAL
DEMONSTRATION O’ PHOSPHORY LASE
IN TISSUL SLCTIONS
ny

Bentr honscaanrn and Hesnie B Wowsn
Received 30 ¢ 66

The prineiples for the Instoel 1l d stradion of phosphorsise
achivity 1n tissue sections wete first estibhishied by Tal cuchit & Rurake
(4) Unfixed ervoslat sections were mcubaled m a medium cont umint,
slucose | phosphite ind the co fictor muscle adinyhe el Tissu
I Is T ~ sufficient phosphorylase activity synthesised

1odophilic polysaccharides from glucose ! phosphate nd after incubt
tion the siles of phosphorylase achivity were visualized by sumplc rodine
stuning

The sensitiats and the veactness of locihisation m (nzymatie husle-
chenmeal procedures greatly depend on the tendeney of the enzvme wnd
the renction producl to diffuse during incubtion and m the e of
the phospliorslase reaction the conditions ire parlicul iely unfavourable
the enzyme 1s locahized in the ground substance of the evtoplsm wnd
the reaction product 1s 2 water soluble polysicchande To dimimsh
this difficults Tal enclit recommended the inclusion of ethanol (20 per
cent v/} the mcubating medwim (3 4] and tder Frankn &
Pall ama advacated the addibonal wnclusion of polyvimy] pyrrolidonc
(PVP) (75 per cent w/v) (1) We found howaver thit these improse
ments diul not give satisfactory demonstration of phosphoershise prl
cularly in gastromtestin i epithehum and 1t was therfore dearded 0
determine the oplimum conccntrations of protectine wents in e
phosphory l1se medium

MATIREA] AND MFETHODS

Bloples of human tissues were taken during endcscopy (rectal mucosa) pom:"‘::;
ously (liver) or during operations (skin striated musele  lonlc mucoss €0
and rectal tumours) The bicpsies were {laced on thin disc [ ¢ork an quenty
by immersion in liquid nitragen Sectlons were cut at 8 10 # using & SLUF "’.mm
AN incubating medla described below were tested on ninc rectal bi puies WD
patients suffering from frritable colen or ulcerative colilis) one '“"f”'":..'% e
liser blopsy four shin blopsics and four muscle biopsies Incul ating medid!
belos ) was tested on a greater number of tlssue specimens
Incubating media Nine different incubating media (lal clled A to }) were?
all containing 50 mg of glucose  phosphate 5 mg of muselc adenylic ae!

repated
1ol



giycogen and 9 mg of sodium fluoride in 5 ml of 01 M acctate buffer (pH 60) The

tions are those ded by Erdnkd & Polhama (1) To media A B
and C were added no ethanol and 0 05 and 10 g of polyvinyl pyrrolidone (PVP)
(average MW = 17000 obtained from hach [ight Ltd) respectively To media D
E and F were added 05 ml of ethanol and 0 05 and 10 g of PVP respectuely To
media G H and 1 were added 10 ml of cthanol and 0 05 and 10 g of PVP respec
tsely (Table 1) When stored at 4 C the media were stable for st least one week.
The media were preheated to room temperature before use

— —— ]

trssue section
incubating medium
Fig t

Histochemucal procedure 1) Mounting of frozen sections on shides and air drying
for 5 minutes 2) Incubation for one hour at 37 C under conditions suitable to
pre ent evaporation For this purpose a shide with a central shallow concavity ¥ as
used The concavity was filled with incubating medium and the shide with the
section was placed on top of the coneavity thus forming a closed incubation chamber
(Fig 1) Air bubbles were avoided 3) Removal of shide with section and drying in
air 4) Rissing 1n 40 per ceut ethanol for 2 minutes 5) Alr drywng 6) Fixatwon i
absolute ethanol for 5 minutes 7) Alr drymg 8) lodme staining One or two drops
af glycerol rodine {equal parts of Gram s 1odime solution and glycerol) were placed
on the section Afler a few munutes a coverslip Wwas mounted on top The 1odine
staining was stable for several hours

Conlrol experiments Sections were treated with an incubating medium from
wh ch glucose 1 phosphate had been omitted

Epaluation The staining intensity of the various tissuc components 1n the pre
parations were roughly graded according to an arbitrary scale ranging from (+) to
++++ The preparations were coded so that st was not known during microscopy
of a preparation which sacubating medium had been used

RFSULTS

The polysaccharides which were synthesised in the tissue sections
during incubation stamed violet or blue with 10dine The staiming 1
tensity was recorded and the more mportant results are summarized
m Table 1 The conient of protective agents m the inecubating medium
greatly influenced the outcome of the phosphorylase reaction Phos
phorylase activity was only demonstrated satisfactorily mn rectal ep
thehum when the meubating medmum had a high concentration of PVP
(media Cand }) whereas an additional igh concentration of ethanol
inhibited the reaction (medium I} When medium G was used the sur
face and crypt epithehium presented a strong staming (Fig 2 cand @)
All other medin gave unsatisfactory resulls ncluding G and H which
as recommended 1n previous works (1 3 4) had 2 high ethanol concen
tration but conlamned bitle or no PP Using those media the sections
were either d or d weah g as deprrted m Fig
Zaand b

It was also noticenble that sections incubat & n media with ~ hugh
PAP content were very well preserved wh rcas the other media dam
aged the tissue during incubation to a var3ing degree

A high PVD content also improved the phosphorylase reaction 1n
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Fig 7

a anlb—Weak staming reactions in ervpts of [icl erhiihn and a rectal p 1yp after

incubatlon in phosphirylase media € and H b and d —Intense staining react] ne
in the same structures after incubaticn in pho phorylase m dlum ¢

TABIF 1
The Stainng I b Media u cth Different Fthan tan!
Poltytingl Purrolidone ll lll ¢ ntents Has Neen Cralel Aee rding
to an Arbitrary Scale

Ineubating medum Stuning intensity

Rectal mucosa

E E

it} o2 I v

3 =% SE T Striated
g g3e i M ) Triters s mascle
Z S e —v <
I £gF ;:iE e Is
s ZET zE. £z ER
A 0 [} +) +3 + 44
B 0 [ + + + s
€ 0 10 +4+ 4+ 4 AN
D 0 0 +) (41 - +3 4
F 05 05 ++ + + b
I 05 10 A, i s LA
« 10 0 +) (+) s ot
I3 10 05 + ++ + A
1 1o 10 + + 4 B ++

(41 weak of 0 staining 4 wech stalning +4 mul ate stalaing
4+ 4+ str ng stainlng + 4+ + + intenye stainit s
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smooth muscle epiderms and Iiver cells whereas satisfactory staiming
of strialed muscle was obl uned using any of the media

To test the reproducibilits of the satisfactory results which were
obtamed using mcubating medium € a greater number of tissue spect
mens were examined using this medium only In all cases the resulls
were comparable to those deseribed

Control preparations ncubaled 1n media without glucose 1 phosphate
showed no staiming with 1odine

DISCULSSION

In the histochemical expermment phosphoryinse mn conjunchion with
vanous branching factors catalvzes the synthesis of 1odophilic pols
saccharides from glucose 1 phosphate whereas phosphorslase in viwo
s mainly concerned with the apposite process te degradation of ghico
gen to lucose 1 phosphate (2) The enzyvme thus plavs an important
rale 1n glycogen metabolism

The present expertments show that the histochemtcal demonstration
of phosphorilase 1n some lissue structures may be greatls 1mproved
by wncreasing the viscosily of the incubating medium throush the addi
tron of 1 larger quantity of PVP (200 mg per ml} This modification
resulted 1n slronger staiming reactions in 2 number of tissue struetures
presumably by reducing the diffusion of polvsaccharides nto the
medium and at the same time 1t prevented damage to the tissuc sections
during incubation The modification also permitted the use of thin
sections (8-10 ) instead of sections of 40 x as recommended by
Takeucht & Ruriakr (4) Addition of ethanol to the sedium was not
found to be advantageous m these experiments but s essential for the
detection of phosphorslase tn blood films (5)

It 1s envisaged that the use of hih concentrations of P\ P mav also
prove of value in other histochemical enzvme reactrons

SUMMARY

The hustoch 1 ralion of phosphorslnse 1 tissue sections 1s
hampered by the fact that the end product of the reaction 1s witer
soluble If however the viscosily of the incubating mediunt 1s yne cascd
by addilion of a larger quantitsy of polyvinyl pyvrrolidone t an usuaily
recommended the demonsiration of the ¢nzyvme 1s grea'l f o td
Additional incluston of ethanol in the medium onls 1r 1 Lus th
This modification 1s parhicularly valuable for th d m nst
phosphorylase m re *1l epthehum

wct on
flon of
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1 Erdnkd 0 £ 1 an 4 Improved localization of ph prorl se by the use of
polyvin 1 r 11 re and high substrate ¢ ncent ation J Histachem.
Crtochem s 1
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Confrol mice  Osarvies of unircated control mice of the same strln and sge were
examined and compared with the ovanes of mice in the 3 expertmcntst graupe.

All mice were weaned at the age of 4 5 wecks and housed 2 § mice in a eage uatil
sacrifice Mice were i Jed and their (varies examined st different Hme intervals
after DMBS treatment The vvarles were fived sn Bouins solution imbedled in
paraffine serially <cctioned 8t 5 # ani <tainced in haemstoxslin casia The pathal v
of the ovaries was studied and differential counts «f the ooestes were done (13)
The poestes were duidel into two main groups 1) The small socvtes te 20 s oy
Ioss in dismeler 2) The grovang and large oocvte  §¢ those germ cells that have
begun to grow snd have a diameter of mcte than 20 # 8s well &3 tho e thay hase
veached thaw maddmum size of 8 x {133

RESLITS
Oaocyte Connts
The ooeyfe connts of il three experimental groups are gesen in Table
1 The numbers of poes fes counted st the ovaries of DMBA treated mmee
were expressed as 4 pereenta,e of ooevies in the os wries of not treated
conlrol mice of the same age

TARIT 1
Surviving Qocpites af Mhfferent tges after Treatment wnth DMIL L} Different Routes
Croup T (Street) Croup 1l (Bagy) Croup M (Bagg)
(hrect nsary painting) (tecding)  tintraperltoneslinfection)
Smaf  STenE gman Crowior Smah Driies
""‘;:‘" ove tes ‘,’(‘“ oocvtes UMt oneytes
€z % ‘
28 davs 6% 100 15 i
Jodavs Y] 97
P davs 4 58 n i
49davs 3 ki
3 monthsy ] 28 23 19 ° o
6 months 02 T o 0 “ ]
9 m mhs o 05
1% months ® o

Group 1 tdirect opary panfing; in the ovarics o nnned 14 dns

ifter the organs were puntod with DMBL dmost ane half of the unz’)’
ooevies were destroved At the ape of 49 davs 128 divs after pnnlm,}.l
onhy one (hurd of the smatl oocstes suriited AL the e of 6 months :'hi
ovaries contuned between 0 and 7 <mill operles 8 normd 6 mon! n
old Stredt monse had ol stall aocrtes i one ovary MU the a0
6 months no st ovestes strvived i the DMBA punted oy m\:,m‘"
The srowing nd Dirge ooevtes were dso distrosed byt af 1 Thexe
oo Ovanies of 4 tuee were cxamned at the ape af ¢ m(mlh!‘ et
contained baween & and 4 growing ani farge oocstes A nnm;; oot
mouse 1pcd 9 months had 300 growang and {arp oceries o
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Group I (feeding) The reduchion 1 the number of oocytes this
group occursed faster than i the previous one At the age of 42 davs
(21 days after feeding of DMB4) only 4 per cent of the small oocytes
survived In group I the same proportion of sursiving small oocyies
was not reached until the age of 3 months te 70 davs after DVMBA-
painting of the ovaries In group 11 small oocy les were not obseried after
ihe age of 3 months As mn group I the growing and large oocytes were
destroyed at a lower rate than the small ones at the age of 42 davs
about one half survived ot 3 months 10 per cent were still found how
ever affer this ajc none were found anv more

Group HI (wntraperttoneal wnjection) A very rapid destruction of
oocyles occurred 1n this group Alreads 7 davs afier mtraperitoneal
mjection of DMBA (age 28 days) onlv 15 per cent of the normal com
plement of small oocytes were still present At the age of 42 days (21
days after injection) the ovaries were depleted of small oocytes while
about one fifth of the ,rowing and large ocevles suriined A normal
Bagy mouse aged 42 days had 0000 small and 320 growing and large
oocvltes m one ovary At the age of 3 months no more oocyles were
present in the ovaries of the DMBA injected mice

Pathology

The histologic changes in the first 2 months after treatment with
DMBA were msignificant except for the reduction of oocyles n all
stages of follicle development

Group 1 (direct ovary panting) At the age of 3 months the histo
logic structure of the ovaries was still dormmnated by follicles i different
stages of development although their numbcr was reduced Compared
with the control ovartes however a larger number of de,eneraled
follicles was noted and the number of old corpora Iutea was mncreased
The amount of stroma was marhedls increased s was lutemized
and formed troups and cords throushout the ovaries Rings of follicle
cells without oocvtes ( empty rings ) formed a rim just beneath the
surface epithelium 1n one of the ovanes exarmned

Al the age of 6 months the histologic picture was no longer domimnated
by developing and ripe follicles Just beneath the surface epithelium
which showed a few down growths a nm of empty nngs and small
solid halls of follicle cells surrounded by a laver of flattened theca cells
{ pseudo follicies ) was seen Some degeneraled follicles were present
but an accumulation of corpora lutea some of which showed a tendency
of merging occupied most of the organ The stroma was lutermzed

Unilateral non infiltrating ovanan tumours were found m two mice
out of four at the age of 9 months These were luteomas they conststed
of nodules of lutemn cells The ovaries of muce that had not developed
lumours at this age showed the same pathologic prture as seen at
6 months

15
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4 muec were examned 2t ihe e of 12 months They had all um
lateral ovarnin tumours 3 werd lutcomas showing prowth into the jen
ovarnn fat bissue whilc one w s by, granutosa eell tumour

Group Il {feeding) At ihe ¢ of 3 monihs the cottex of the ov s

showed empts nings and  peendo follieles s well 2 a fow normal
md deqencrihing folhiele  The eonter of the oy arics wis muniy com
posed of well defined or merging corpora luter (1n ond simgle scelion
18 many as 11 different corpora Tuley could by countcd) nd ecntrad
cords of luteimized strom

Al the q,¢ of b months two mice oul of two had 2 umiliterat griny
lTos 1 celt oy i tumonr

Group I (intraperdoneal wyectton) Al the e of 3 months the
ovary tontained only few  emphy rmngs  and  pseudo folliels  no
folliddes normal or degenernling wore found  Almost the entire ot in
w15 composed of mer,in, corporyluten e one miss of corpus luleum
materalin which separate corpora tule could not he identified Stroma
w1s not present

At the 2 of 6 months uml ilerl gr wilos 1 eddl tumours were found
n two oul of two micc Neither ooestes nor rests of follicles or corpora
lulcy or anv other conslituinl of 1 normal oy iy were recosmzed m
these oy aran tumours

DISNCLSSTION

Tumour Incudence

The number of cxperimential mmimals v the present maternl s loo
sonudl for stabistical oy dualion Neverthiless the results show an il
development nd 2 hih madenec of ovaran lumours  Lhese results
were obl uncd using only a sin e pphiction and 4 sayiller tolal dose
of DMBA thinhas hecnu ed before In group ! the o s were punled
direeth with + 0 por eent solulion of DMBA ‘Thouph the 1hsolult
dose of DMBA thal was apphied cannot be ealeulalod it is prosum by
less than 025 m,, of DMBA In thus proup holf of the antmls hd de
veloped ovar i tumours 1t the pe of 9 months  wd il the namals
hd ov arn tnmours i the age of 12 months In gr op #f 822 2%
DMBA was fed to the mundds nd bolh miee it the we of 6 months
hid o artan tumonrs Ingrenp HE0 2y my, of DMBA w s ingected inlrs
peronally fo the mimals and il o this group ovarnn fimonrs
were already found i both mice aged b months

Marchant (11} punlcd the shan of mice id 2!
times 1t fortm i intcevals the tatal dose of DMBA bang 6 mp
months aftr first skanp unting, she found 70 per cent § thome with
predommmantls umibstera ovarnn tumours

Branchuftort ef al (1) fud 29 o 4 months old nuec S hmes o
mtersats the ot s dose of DMBA bunp 8 my, Durhe the enfare olset
vabion porod which (slendud over 9 months 64 por ont of the mict
I dovddoped ovarnin tumours

to 4 months 6
7

t wechlt



In his tmieshications on the development of sponianeous tumours n
nuce Lefetre (9) found 8 maximum of 27 per cent ovanan tumours in
9to 11 months old mice In that experiment mice 22ed 11 months were
shinpamted once weehls for 24 wiehs The total dose of DMBA has not
been reported

The high tumour mncudence 1n the present cxperiment mav be ex
planed 10 three ditferent wavs

First the strmns of mice used by the author (Streel & Bagg) mn be
especialle suscephible to the duvelopment of oivaran lumeurs after
treatment with DMBA It is hnown that different strams of mice have
a different sensitisity to tumour dovelopment after trealment with
carcino.eme chemreals (1 4)

Second the routes of appl in., the DMBA mav be of importance for
Ihe d=yelopment and the incidence of the induced tumours Direct ovan
tamnting with DMBA followed by dcvilopment of ovaran tumours has
not been reported earher Leferre {9) found 2 ovarian carcinomas 1n
mic~ aged 8 months following intraperitoneal injection of DMBA but
the obs>riation was not followed up 1nd the aze of the mice at the
time of 1njection and the dose of DMBA used 1s not reported

It could be expected that dircct osary painling or intraperifoneal
mjechion of DMBA would result 1in a hiher tumour incidence than
other routes of apphcation ns the carcinogen in those cases comes mnto
more intimate contact with the ovanes It could al<o be cxpocted that
feeding the DNIBA would result in 2 higher tumour incidence than
pamtn, the shin as the DMBA n the first case 1s appld mnternath
V ithout any rish of being lost from the or-anism whether the carcino-
gen after shinpaunting 1s munls resorbed throush the shin or whether
it1s manhv liched off and consumed 15 not known but once applicated
en the external hury surface some of the DMIBA may be lost

However 1t 1s not hhely that the different routes of carcinozen
applicatzon alone are responsible for differen! incidences of ovanan
tumour development for the following reasons In the shinpunhing ex
periments (11) the total dose of errcinogen were <o much larger (6
mg of DMBA) than in the present study (0 20 mg) 1hal the ovaris in
spite of the indirect route of appheation probablv have been exposed
1o at least the same amount of DMBA as afler dircet ovary pamting and
intrapenitoneal injecticn Furthcrmore af the present feedng expen
ment (group H) 1s compared with the fecdin,, cxperiment of Biancifiort
el al (1) 1t 1s seen that although the routes of pplication are the
same the present studv has resulted 1n a i iher tumour mcrdence—in

spite of the fact thatl Buncheftorr el al (1) fed 32 times as much
DVMBA (8 mg) as was fed n the present studs 023 ma) And fimnlhy
no difference sn the tumour incidunee was tund in the pres nt sroup I
and 1 {same strains) though the PAIBA was ipphied oralls and mntra
Peritoneally respectineds

A third factor mflucneing the incidene  and time of tumour deselop-
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4 muce were evanuned 2 the v of 12 months They hul o) v
Faeral ovarim tvmours 5 werc Jutcom s showan,, growth mto the pun
ovarnn £l tssue winde onc was 4 Ing pranutosa celd tumanr

Group 11 (fecdung b AL the e of § months the corlex of the ovarks
showed  ampty nmgs and pscido folltehs as well 1 fow narmed
nd dianorating folhicks The conter of the oy e was munls com
poscd of widl defimed or mirgn,, corpory fuley (m one singl seclion
wominy s 14 different corpora fuloy could he counted) wd cenlral
cords of falunzed strom

At the we of b mronths twe nuee oul of Ine hwd 2 umbiferad g
los v celd os s tumour

Cronp Rl (atraperdoneal tgeclion) At tht v of 3 months the
oviny contund only fow  emply s md  paasde folhels o
follicles nornd or docnorating, were found  Almost the entire orgm
w15 composed of ML, corpor ley Fe ond mass of corpes ntoum
mudoridd i which soparate corpora futea could not be sdontiflied Strony
ws not present

At the 1.t of 6 months nmlalerad arnutosa et lumours were found
1 two out of tae ruee Naither aoevies nor rosts of follicles or corpera
Ity or amy elhier conststinnt of 2 normat ov ey were pepanized m
those on arsin tumounrs

DISLE SSION

Tumour Incidence

e number of cxprriment i i sty i the prosent moters st oo
sn for statisticad evatuifion Naveriheless the rosults show m ol
desefopment ind v fngh mewdoned of oy v tumonrs  Flise resulls
werc ol uncd ustng, andt @ sl apphe dion ind @ un ko lohl dose
of DMBA thwmbis been vy cd before 1o group { the ov s s nere puntud
dircetix with 1 8a per eant solution of DUBA Thauph the Wisolite
dose of DVMBA that was applicel cannat be ealeutxted ot s prosum abls
foss than 125 o, of DMEA I thes group Balf of th wamly Btk
veloped 03 arsan fumanrs W B 10 of 9 manihe nd ot apsmals
ol onrnan lumours o the 1.0 of 12 months In gr ap U 6 22 e
PUBA wis fed to the iy ind both nuey at the ae of b months
ad oy arnn tumours In group 110 2y my, of DUR A w s ngected wiry
porstone iy lo the mmmale nd o o m Qus proup > sn Lpmmonrs
wert abroudy foundd m botl mice ywed b months

Marchant (113 punted the skan of e yad 28
mes it fortag Aty nten s i tob ) dose of DMEBA bon, § 0%
months aftor first shang unbing, she found 78 por eom? PERITE O
prodesun st pnifaterd 03 35 tmmours

Bowncdnfrort el al (1) fod 25 to 1 months old ms
intery ate the totat dose of DM bang, S, Dunn the onbise 0?“;
1 ttion pontod whieh oxtendad over 9 months 6% por ont af the w0
kot devedoped oy arsan fumours

1o 4 monthn §
.

th

e st b wethlt



In his mmvestigntions on the develepment of spontantous tumours 1
mice Lefevre (9) found a maximum of 27 pcr cenl ovarian lumours in
910 11 months old mice In thit cxperiment miee 1cd 1Y, months were
shinpainted once weehlv for 24 weeks The total dose of DMBA hns not
been reported

The hi-h tumour madence in the present experiment mas be ex
plained n three dilferent wass

Farst the strains of mice used by the anthor {(Street £ Bagg) mnx be
espcually suseeplible 1o the developmentl of ovarian tumours after
treatment with DMBA It 1s hnown that different strain, of mice have
a different sensitivily 1o tumour development after treatment with
carcmogemic chemcals (1 4)

Steond the roules of appl n, the DMIBA mmv be of importance for
the development and the mcidence of the induced tumours Direet ovary
Puntng with DAIBA followed In development of ovartan tumours has
not hren reported carhier fefetre (9) found 2 ovanan carcitnomas n
mie= aged 8 months following intrapentoneal injection of DNBA but
the obs>rialion was not followed up and the age of the nuce at the
time of mjection and the dosc of DMBA used s not reported

It could be exprcted that direct ovary panting or niraperitoneal
njection of DMBA would result in a hijher tumour ncidence than
other routes of applicalion as the carcinogcn n tho e cases comes nto
more inlimatc contact with the ovaries It could afso be exprcted that
feeding the DMBA would result in a hiher lumour incidence than
pamtin,, the shin as the DMBA in the firs! ¢ase 1s apphed internally
* sthout any nisk of bung lost from the oroanism whether the earcino
gen afler shinpunling 1s munh resorbed throush the shin or whether
tis mamnls hehed off and consumed s nol known bul once apphcated
on the external hairy surface some of the DMBA may be lost

However 1t 1s not hihely that the different routes of carcmogen
apphealion alone are responsible for different mcaidunces of ovanan
luntour development for the followin,, reasons In the shinpamfin, ex
Periments (11) the total dose of carcinogen were so much larger (6
mz of DMBA) than n the present studs (0 2o ms) that the ovaree
spile of the indirect route of application probably have been exposed
to al least the same amount of DMBA as afler dircct ovars panting and
mtrap ritoneal njectien Furthermore if the present feeding expen
ment (group II) 15 compared with the fiedin,, exp nment of Buanafor
et al (1) 1t 1s seen that although the routes «f ipplicaticn are the
same the present studs has resulled 1n a hisher tum ur inad pee—in

spile of the fact thal Branchifiort el al (1 fd 3" i1 a much
DMBA (8 mg) as was fud in the present <tudy 6 2y mo And finall
no difference 1n the tumour incidence wist und in i yr 0t group 1T
and I (same stramns) though the DMB4 « « y1h | rils and intra
Peritoneallx respectivels

A third factor mfluencin,, the incidane i 1 time of tumour develop
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ment mght thercfore be found an the ase at which the wmmals ar
trealed with DMBA In the present expersments fhe CULIMOMN WikS
apphied to immature mrce (2t the age of 21 dave) whale the nmnts
uwsed 1 Tefevre s A Marchant s (11} nnd Bancifiors et al s (1) ox
peniments were matuse ai the ime DMBA treatment was begun (11
{o  months of nge)

haplan (8) found 2 hyher madenee of \ 1y mduced ovaron
tumours when the mice were srradinted it the age of 1 month {1m
matunty ) then whea they were srradialed af Dier ages G matuety
W iihm the immature perad of tfe Peters f Tevy (12) fonnd 2 mau
mum radsation sensulniiy of mouse ovaries at the aqe of 21 dass

The nge of 21 d1vs was therefore chosun for DMBA trowtment hoping
o oblamn « hich incidence of ovariin lumours and it was presumed
that the damage to the o ries of the two tumonssgense procedures e
Narradsabion (3 10) and DMBA treatment nught he wdontieal

Pathology and Oocytes

The patholomie changes 1o the DMBA treated ovares which oceur
hefore tumour growth 1s estabhished (the pre tumourous changes) e
Deqencration of follicles appearance of empty nnps and  peendo
fotlicles  merease and futerzation of the stromn ind perwstence and
mergsng of corpora lutea These chngpes progress i the number of
oogvtes repress 1rom which cellalar camponent(s) the tumour ulh
matetv develops 1 the DMBA damaged oy ary cannot be discussed on
basis of the presint matertnl

The fate of the oocvies durmg, v arn tumonripenesis s onh parth
Rnown I ks been reporied thal the folliclis twhich contin the larg
oocvies) praduativ disappear from the osames before tumour prowth
1akes place whether the simubus was DAIRA tro unment of 1) A5
wradittion 13)  or transplantalion of an ovany o the sphen of &
sonadeetomzed host (2)

In o study on \ rmy anduced ovanin tumours i mue fo) W
noted that the prmary follicles  had disappeared from the ovrus
7 davs after irradintion of mrce 1ged 3 davs These ovaries dereloped
tamours 9 to 18 menths ~fter the wewdation | rom the present €1
periments # appears that a destruction of the sml pocvies 8 ko lh'r
first reco,mzabiie cefluiar event that occurs m the ov s after tread
ment with DMBA T further appeirs thal the pre fusnour ehtnac o
not set i until the smal oocstes have heen considerbly reduceid n;
number Tumotr tissue wnd oocvtes  small or Iarge were no! !n‘l::\;‘
together in the same ovary Conseqrntiv 2t 1s bhel ihat a destyud e
of oll ooevles is a eondilion sine qus non for ncopl ndic pranils mx!:m'
ovaris However whether ovaran neaplasts mevit iy will I1k¢”f“ W
merety f the aoeles are destroved 1s more uncertsn 'n'l’;’ erile
probable 1s supporied by the obsers stion that alt & nessealiv



mice te mce born with only a few ococtles 1n their ovartes invariably
develop spontanecus ovanan lumonrs {14

The mechamsm by which the DAIBA or its metaboliles acts upon the
ovaries 1s still unhnown The author has shown that a single application
of 020 mg of DVMBA to 21 dass old muce 1s suffictent to induce ovanan
tumours 10 all treated mice after a latency period of 5 to 8 months it
1s however not clear whether the carcinogen acts acuteh for onlv a
short period of ime or whether ats achion continues until the tumour
develops Experiments have been started to deterrine hon and for how
long DMBA acts upon the ovanes following a single application

The present studs has already contributed {o answer the first of these
two questions The first event 1n the ovaries following treatment with
DMBA 1s a rapid destruction of the small cocvles the small ococvles

therefore seem io be the primars target cells of DMBA in the ovaries
of immature mice

SLMMiRY

Immature female muce of two different strains were treated once with
solutions of DMBA 1 olise o1l by 3 different routes Ooctle counts were
done and histolo.ic changes in the ovartes were descrtbed at different
time mterials after treatment The small cocvies were destroved first
followed by a reduchion n the number of the growing and large oocytes
A characteristic sequence of pre lumourous pathologic changes m the
ovaries was found which preceeded neoplastic growth Ovarian tumours
occurred 1 all mice at 6 months following oral or ntraperitoneal
application of the DMBA and at 12 months after direct ovary painting
with the carcinogen An earlv devels and a hugh It of ora

nan lumours was found The possible reasons for this are discussed 1n
Telalion 1o 1) different sensitrals to DMBA of different strams of mice
used 2) different routes of DMBA application and 3) different sen

sitvity to DMBA 1n immature and mature mice It 15 concluded as
neoplastic arowth 1n the ovaries occurs onhv after all oocvtes have been

destroved that the small oocntes are the primar target cells of DMBA
m immature mouse ovaries
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In a recent report we werc able to demonstrate the regular development
of spleen amvloidoss 1n normal C3H mice 2 1o 6 davs following the
mtravenous adminstration of 10% spleen cells from syngeneic donors
previoush hvperimmunized with casemn (W erdelin & Ranloo 1966)
After the cell transfer the recipient mice were trealed with nitrogen
mustard senal lallings 1 2 % 4 and o davs afler the spleen cell trans
fer showed no amtloid formation 1 the reciprent spleens until after
48 hours when some of the recipients developed thin incomplete rings
m the perifollicular resions of the Malpi_hian corpuscles During the
following davs of mitro,en mustard treatment the mcidence and sever:
tv of the amxloid lesions mcereased At dav 5 after the cell transfer all
recipient spleens showed marhed amvloidosis In other organs amvloid
could not be demonstrated Conirol experiments emploving 1) 1he
transfer of spleen cells from normal non immumzed ssvngencic douors
followed by mirogen mustard ireatment of the recipients 2) treatment
with mitro,en mustard alone and 8) transfer of spleen cells from
donors hvperimmunized wilh casein but ormiting the nitrogen mustard
treatment of the rectprents all fmled to produce amloid festons n the
Tesp clive recipienis Therefore 1t was tenlativels concluded that the
production of amtloid m the recipient spleens di pended on Iwo conse
culine events 1) A prolonged casein simulition of the donor prior
to the cell transfer and 2) a suppression of lhe transferred cells with
Dilrogen mustard after the transfer thus illustrating the theort of a
local cellular and biphasic pathogenesis of amimdosis ongmallh put
forward by Tetlum (19b4)

In our ahove cited earlier experiments a promment feature was the
exclusine splenie localization of the resulting amvioid le tons in the

This sn estigation was suppo ted bv gr nt f m Th Da
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AUTORADIOGR APHIC INVESTIGATIONS OF
AMYLOIDOSIS PRODUCED IN MICE BY
TRANSPLANTATION OI' SPLEEN CELLS FROM
CASEIN TREATED SYNGENEIC DONOR MICE

By

Potr Rancoy & Our WERDFLIN
Recenved 19 x1 66

Inarecent report we were able to demonstrate the ri,ular development
of spleen aniyloidosis m normal (3H nuce 2 to 6 dnys following the
mlravenous adnumstration of 109 spleen cells from syngeneic donors
previoush hyperimmunized with casemn (W erdeltn & Ranlow 1966)
After the cell transfer the recipient mice were treated with nitrogen
mustard senal kilhnss 1 2 3 4 and 5 davs after the spleen cell trans
fer showed no amnloid formalion mn the recipunt spleens until after
48 hours when some of the recipients developed thin incomplele rings
m the perifollicular regions of the Malpighian corpuscles During the
following dns of nitro,en mustard treatment the incidence and severy
t3 of the amvlowd lesions increased At da o after the cdll transfer afl
recipient spleens showed marked annlotdosis In other organs amslord
could not be demonstrated Control experimenls employin, 1) the
Iransfer of spleen cells from normal non immunized syagenele dauors
followed by mitrogen mustard trewtment of the recipients 2) treatment
with mitro,en mustard alone and 3) transfor of spleen cells from
donors hyvperimmunized with easein but emilling the mitrogen mustard
trealment of the recipients All fuled to produce amylowd Jesions m the
respeetive reeaprents  Lherefore 1l was tentatnelv concluded that the
Production of amyloid m the recipient spleens depended on two conse
cutne events 1) A profonged casein simulation of the donor prior
1o the eell transfcr and 2) 2 suppression of the trinsferred cells with
nitrogen mustard after the lransfer thus ibfustrating the theors of 2
toeal cellular and biphasic pathogenesis of amnloiwdosis originally put
forwarg by Tetlum (1964)

In our above cited earher experiments « promment feature was the
exelusie splemic focalization of the resulting, mmylod lesoons m the
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Ceneral design of the ryperiment

reaspents In addiion the amnviosd deposits appeared more cellubw
than what s gswally scen m expermmentl amsfowdosss Bised on the
wsumphion thnt the reespunt amylond was produccd and precipatnted
tn sttar by the trmsfuscd splean cells it svas deeaded undcr smulis toa
httons ta transuse ssolopredhy fabelled spleen celis from cascin treated
donors (o normil Sangnese ropsent e sabsequenthy (reated with
nitropen mustard wm order to define the roule of muprstion of the
donor cclls and thetr posaible relatronshup to the smyvlowd depesits evn
il dovelopmg, 1 the recipients

MATERIAT AND UITHODS

38 clrsely Inbred CHIE mice were used Thes were aged from 2 to 4 m nihy and the
sex distelbution wss equal They were at random diyilcl into & t o ¢ grous and
» recipfent group In Tig ¥ the main principle of the experiment ¢ uibined

Donors 12 mice were glten & t tab of 37 subeatane us injectd n & dministered
dally s ol fabpercent  Iutt n«l solum eascinate 6 Himes » weck 08 |he!
day aftee the last injecti n the & n 7 mire were kHfc 1 by corvieat hi f eatd a8
the spleens were harvested ead § led 72 48 and 24 hours bef ¢ killing exch
dancr mou ¢ recelsed intraperitineatly 05 mier scurie of HY thymi tine per K boC N
ueight 3 heues belore Lifling the same am unt «f HY thymidine » » iministered
intravenmnly The H3I thymidine € }tained (rom The Radiochemi § tentre tm‘r’;‘
Bam U R bad s specific sctivity £ 5000 millicuries ger millim ! ant was dit
salved ta o rmat saline s that 83 ml ¢ ntained 10 microcuries 187 (hvmldlut’ .

Splren rell sutpenst ra fFrom cach & a ¢ syleen s amall jin wad uhm“m
mler secpy The rest was p fed inc 18 Ringers  futi nant wy nlells il
manipuletion dn & 1 cse fttng | tter £lveljem b m gentzer Th el s rw'nm
way washed 3 times in enld Hingers  lati a It was aifustel & that 85 mm‘n'
talned I0Y guclested ¢edl  As judged 1+ the trvpan Yue dest the tabitity o
from &3 to 80 per cent
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Reciprents 26 mice recehved each 109 nucleated spleen cells by intravencus In
Jection in the tail & mice died within 15 minutes after the injection and these are
in the followiny, referred 10 as group 0 The remaintng 20 mice each received a sub
cutancous mnjection of 002 mg mitrogen mustard (Frasolf) dissolsed in % ml 1s0
tome saline whercupon they were further druded as fcllows

group 1 5 mice killed 24 honrs after ccll transfer
group 11 5 mace hilled 2 davs after cell transfer
group {1l 5 mice killel 3 days after cell transfer and
group IV 5 mice klled 4 davs after ¢ell transfer
The recipsents of the groups U and IV recenved an additional dose of 002 mg
mitrogen mustard 48 hours after the cell transfer
The recipients were hilled by ether imhalation Tis ues were fixed 1n 10 per cent
neutral formalin paraffin embedded and sectlons were cut 5 microns thich Am
Joud was 1dentified by its morpholcgy sn hacmatoxslin eosin and P AS stamed
sections and by its bercfringepce with Crnga red under crossed polars
{uforadiography The deparaffimzed sechions were coated with ko Nuclear Re
search Emulsion (Ilford) stored at 4 € and developed after 70 45 and 85 days
of exposure After developing the sections were stained with haematoxshin eosin
methyl green pyronin and athaline Congo red A cell was considered labelled :f
4 ar more wlver grains could be ¢cunted over its nucleus A parallel series of not
coated sections was prepared for PAS staming

RFSULTS

Aparl from group 0 no spontancous deaths ocenrred among the reeip
ent muce

The distribution and meidence of amylord deposils among donor
ntice and the various groups of recipient mice corresponded faurly well
1o those of our earlier rcported sumilar experiments (W erdelin & Ran
lov 1966) In the donor group small amounts of amvlord were found
m the spleens of 6 out of 12 mice while no other organs showed amy
lod lesions Among the reciprents no ammals of the groups 0 and 1
showed amsloid lesions while one out of 5 recipients i group II
showed minute amounts of amylod deposits 1n the spleen In group
IIL 4 out of & recipients contamed amylod in the spleen while 1 group
1% all 5 recipients showed sigmificant amounts of splenic amyloid As
a general rule the ineidence and severity of the amyloidosis increased
with the fength of time after the cell transfer As was the case in our
earlier reported experiments the amyloid was found exclusisely in the
Perifollicular zones of the spleens of the recipient mice

Aut phtc tons  Most labelled cells 1 the donor
spleens (Fig 2) were found 1 the penfollicular restons The majority
of these were Iarge cells with elon,aled chromatine weak nucler con
taiming one or two nucleolt A liroe proporlion of these cells showed
eytoplasnuce pyrommopluilia Other labelled celis were lymphocstes of
‘arous sizes and a fow megrharyocttes Apart from the perifollicular
zones the distrsbubion of labelled cells throughout the splemic white
and red pulps was rather nmiform The labdling of the donor thymus
was less pronounced mosl labelied cells being found in the thymic
corlex In the donor Iner relalinely more hupffer cells were found
Iabelled than were the parenchymal cells
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In the ammals of the recyment group 6 Inbelled cells were found
uxclusively 1n the eapillanes of the Jungs (Fig 3) “No Nibelled cells
could be recognized 1n the reeipient splecns or lners The labelled cells
were of the same tipe as those seen i {he donor spleens many of
them being pyrominophilic Quite ofien they could be scen i elusters
formmg small embolt In the recipient group I 21 hours after cell
transfer practically all fabelled cells had disappeared from the lungs
and reappeared within the Malpihuan corpuseles of the spleens In
cach section usunlly 8-20 libelled cells could be found distribuled
over 1 single Malpighian corpusele wilh 2 tendeney to accumulate
the more central parts near the central vessel (Fig 4) The Iahelling
was confined to the nuclet At this stiae only an oecasional Iabellud el
could be reco ntzed in the perifollicutar region and Iahelled cells were
never found an the splemie red pulp 2 dass after cell trnsfer n the
recspient group I, Iabelled cells were still confined to the splente white
pulp but now a tendencsy to wcumulatc in the persfollicular rugons
was apparen! (i, 5) The majonly of labdlled cells were of the large
pile variety many being pyronmephilic At this sige Dibelling i the
splenic red pulp was seldomly seen In the lungs the lner thymus
miestines nd hidnevs extremels fow tibelled eddls could be recon
nized In the reament group Hi, klled 3 davs fter the spleen cell
transfer the labelled cells seemed lo have magrated further out now
bem,, found n the splemie rcd pulp wd an the perifollicular zone of
the adm:tiedls now somewhal desorgamzed and shrunhen Malphimn
corpuscle (Fig 6) In 4 out of » ammals of this group thus locihization
comeided with the appcarance m the s mme weas of small new formed
amilod deposils These findings were repeated in the reapnt group
IV hilled 4 davs aficr tensfer In these anmals sipnificnt iy lordo-
s1s was found m all the spleens The labelled celis wore found n the
same locahiz wions as those of group 1T As was the casc i the other
reapient groups pricticalls no hiedhing wis found over other tissu
seclions nuther was amslod (P, 7)

In wddition to the well-defined nuclenr Tibelling hitherlo obscnad
now asolaled silver pruns appeired over the perifolliculir regions of
the recipient splaens Most of thes pramns were appaventh nlal(‘?" to
the estoplasm of reficufo-cndofhielal ceffs probabiv represcatiag pia
gocvtized nuclear materil dernved from the tabelled donor cells

DISCUSSTION

The maun ohsers shions of the experiment presented abose are 1 sty
the mgor part of splecn cells from mice by perimmunized wilh r::;:::
apparently mugrate o the penfotheubic rugons of the spleen ‘cnll\
mgected intravenoushh nto normal syageneic reeptents «uh«‘qumrd
treated wath mtrosen mustird This assumed migration 15 cnﬂllr'r“d
1 the course of 2-3 davs ind scems 1o tahe pliee van th central s
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of the Malpighan corpuscle Secondly the appearance of labelled cells
i the perifolticular zone of the recipient spleen comeides with the ap
pearance of amylord deposits 1n the same regton Finally the mitrogen
mustard treatment necessars for the amvlotd formation n the recipt
enls seems to be accompanied by a symficant destruction of the donor
cells present 1n the rectpient spleens

In the hterature deahing with the fate and the organ distribution of
transfused lymphoud cells confhictin, opimtons have been expressed
These are mainly due to variations 1n genetical donor bost relations
vanations 1n the {ype of donor cells employed and most oflen var:
ations 1n the tntervals between the transfusion and the hilling of the
reciptent animals In general though most imeshigators agree that a
major part of such transplanted cells after a certan length of time
mav be traced to the recipient spleens and lo a lesser extent lo the
livers

In the present experiment amimals dymg within 15 minutes after
the transfusion showed practically all of the mnjected labelled cells
concentrated m the capillaries of the lings This 15 1n accordance with
the findings of Osogoe (1920) and Aeohane & Metcalf (1928) who
found 1njected lymphord cells accumulating n the capillaries of the
lungs immediately after the mnjection after which they were gradually
relensed nto the blood stream In the present experiment 1 and 2 days
after cell transfer labelled cells were found predommnantly n the
splenic wlute pulp after 24 hours wilh a tendency to accumulale
around the central vessel This 1s 1n agreement with the observabtions
of Gowans (1962) He found that belween 3 and 12 hours after the
transfusion of labeiled Ixmphoid cells they could be found accumu
lated ymmediately around the central vessel in the white pulp of the
Tecipient spleen This was true reyardless of the genelic relation be
ineen donor and host In gunea pigs followed for 24 hours after the
transfer of (allogeneic) 15otopically Jabelled (Cr>%) lymphoid cells Turk
(1962) found about one half of the achitv remmnmg in the liver
throughout the period while the activity 1n the spleen increased steads
Iy from 110 6 per cent ¥With a similar technique dajarian & Feldman
(1960) studied the rate of 1<otope disappenrance from the spleens of
Mice mjected intravenously with H3 labelled spleen eells from cither
syngeneie or allogenesc donor muce In syppeneic recipients the caleu
lated half hic of Labclled cells was §2 hours m contrast to 40 hours n
allogeneic recipients 1In an allogenete doner host system Haftler ef al
(1981) found the majorily of wmyected labelled spleen cells accumulat
ing for 2 3 days n the recipient splecn In a rather mdirect way the
Iate of mnjected alloceneic spleen cells was determined by Hatler (1964}
He found the mortality from “runtng cut n half hy removing the
spleen of newborn mice shortly after the njection of allogeneic adult
spicen cells His obseryvations suggest that the injeeted spleen cells im
mediately settle cut preterentially in the spleen of the pew host from
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wineh they mitiate the lethat graft versus hast roiction eom 4 to 2t
dnvs after the trinsfuxion of allogenuie wluft Ivmphoid ecelis to neo.
addd ras Nowell € Defewdi {1964) found the medded eddls probfer
Ming more activels an the lvmph nodes than i the spleen In accord
ance with othors (Daviet & Doak 1960 Howard Waclue & Sunonsen
1961 For 1862} therr findmgs suppested the splenomeg iy oveurnn,
Liter dunny, the prafl persus Wost reachion hong manlsy doc to host
cell prolifurition These observations supgest that the sojourn of s
Jeeted Wmphond eells 1 the reapient splocy moy B 2 lumporany one
perdvps fimited to 1 fos dws foweser (it e strun combin dion
my be dearsive for the fale of injeeted parentat cells must be ¢mphn
sired foxr & Howard (1967) found dissding ecdls of donor orign domi
mibing the spluen afler 3 weehs of praft versus host reaction s the
strin comlination CH7BY — ((57B1 X (BA)I,; 1rom thise obsana
lons 1t appears (hat conclustons reparding, the fite of ingeeted hun
phord olls inte syngeneie reopunts should notl be deawn without
enticsm from cxporimonts emploving allopenicae o xcnopcieie steim
combnn dwons

Murrag & Warray (1961 found 1P hbolod hvmns eofls injeeted
trnepoushy inlo svnaence nuee affer 1 fow hours sojourn i the
capilbiries o the lungs nugrating primaniy 1o the spleen and o some
extunt Lo the hone mirrow md the fwmng proprat of the smali ates
tine In many inst imces these anthors found cadence of trnsform i
nlo other cefl tapes ¢ biast ke } and thes refuscd o rule ont the
possshilily of a dircel sneorpor ition of Tibclied material into pliigocytie
eclis

hil the onan of the “lsmphod  cddls trmsferrad to svpgenac
reeptents may be deernd for hor destination Witlun the reerpront
was atfustrited inoan anterosting roport by Parrot el al (156 This
mthors deserbe the proforentid toc iz tion mnmeditels round the
cuntrdd irtenate of the \Dipiphian corpasele (e “Ihasnus dependent
are1 ) of npceted Tibcdlad thymus eckis Sumbrds Dt spleen edis
also rccumnl i m those aress Lot s addition ire dntnbuted at the
periphieny of the splonie fothelcs Mans more splecn than thymns eells
enlcr the asphond tissucs and the splocn appees to be the primars
target 1aclier experrments N Duderholm & Tiehlehus 191 with
£unea pps showed Wt temsfuscd PYfabciad themoest s and Ismyh
nade hmphoeyics hoth eould he tr1ced Lo the rud puip of the repient
spliens munhy penfoliieulirts though thymus cell seomnghy could
b recovered an e spleen Lo e ter oxtont

My ration to the Unvanas of 1rinsfusd Jamphod colbs soem
1 uncommon Dindin,. Gafton £ Reed 11966) mgected 1 Fabi Sl spleen
clls fram svpaence donor mice into norm ruaptents Mier 3 .h‘l‘
the vist myjorits of Tdicdled edls ws pecopnzed wihin the Vi”
peghian eorpuseles of the reapent spleens wmd {0 addiion a fen
Ielied cclls appeared ap 1 thymus phnds

o 1o Ix
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Even n syngenetc combinations difficulties mny anse Recently Ce
Inda (1966) showed that mouse spleen cells 1n the donor ammal
primed to form antibody against human serum albumuin fated to
show the dary r when chall d after transfer 1nlo ntact
mice of the same genotype This barrier which severelv affected the
donor cells capacity to mmplant andor to function n the svngeneic
system was found to be radiosensitive and to depend on the age of
the reciprent (being maximal after 2 months of age) In an allogeneic
system Hattler ef al (1964) found that donor cells presensitized with
an ndifferent antigen had survival times symlar to normal donor
cells

In the present material the relationship in time and topography be-
tween the appearance of labelled cells and amjyloid deposits mn the
fceipient spleens seems suggestive of a direct or indirect parhicipation
of these cells m the local production of the amyloid substance Evidence
that amvloid 1s formed wn sttu by cells bel to the reliculoend
thelial system was first presented by Tetlum (1926 1964) The present
and our earlier expeniments nllow no conclusions 1o be drawn regard
ng the type of cells involved 1 this presumed local production of
amyloid The majonty of labelled cells found mn our recipient spleens
were apparentty of the rehicular variety but mav not necessanly be
tdentical with the large pale cells observed in the donor spleens as
transformation into lvmphoid type cells or vice versa under these con
ditions 15 hnown to accur (Diderkolm 1961) Further less than 20
ber cent of the nucleated donor cclls were labelled under the con
ditions of the thymidme treatment and moreover the composttion of

this labelled cell population did not reflect that of the whole transfused
spleen cell population

SUMMARY

Isotopically (H?) labelled spleen cells derned from donors hyper
immunized with casein were transferred wmntravenously to normal syn
geneie mice subsequently treated with mtrogen mustard The recipients
were killed 1 series 0 1 2 3 and 4 days after the cell transfer From
204 days after transfer all of the recipient mice developed splemic
amylodosis Autoradiographic mveshigations revealed that the major
Dart of the hyperimmunized donor spleen cells apparently migrated to
the penifollicular regions of the recipient spleen This assumed mgra
tion was completed within 2-3 davs and seemed to take place via the
central vessel of the Malpighian corpuscle The appearance of Iabelled
cells i the perifollicular zone of the recipient pleen comncided with the
APpearance in the same region of new forri d amvloid deposts

17 actapari 70 ©
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SUBCUTANEOUS GROWTH OF EHRLICH’S
ASCITES CARCINOMA AFTER
SUBLETHAL WHOLE BODY IRRADIATION

By

Sviry Tuunowp
Recersed 17 x166

1t has been shown previously that the early iniraperitoneal growth of
the Fhriich ascites carcinoma (LAC) 1s not changed atter prior treat
ment of the host with whole body :rradiation i sublethal doses
(Thunold 19662 b) As tlus treatment was shown o abrogate the
immune reachions the experiments indicate that this response 1s nof
of decisive importance to the intraperitoneal growth of LAC under these
conditions Recent work however has shown that an mncreasc in spleen
weisht and histological changes n the spleen and lymph nodes charac-
tetistic of antigeme stimulation occur during both intraperitoneal and
subcuthneous growth of I AC (Thunold 1967) Contrary to ntra-
pentoneal growth subcutancous tumour growth seems to he influenced
by thesc host reactions

The present work was planned to see if wradiation of the host 24
hours before transplantation mmght have any effect on the subutaneous
growth of FAC Chan.es 1n spleen weight and histolo,y were exanuned
21 hours and 8 davs after irradintion m non Inmour bearing mice and
8 days after irradiation 1n tumour bearing mice

MATERIALS AND WFTHODS

Mice These were adult males and females of the closed colony 'ept af th s In t tut

The mice were of similar age the males weighing btw en > ¢ rd 2 g ard the
females weighing 1etween ?1 g and 23 g Two groups ¢ ! & 112 fralkas
and 3 control groups of ~males and B females were set Lp

Tumaur The I hrhich asciles carcinoma used ne 2 1 1 ur at ma
female monse of the elosed colonv
Irrad ation Whole bed  arradiation (300 R) wa g T4 trey o xperd

ment (Thunold 13€6 a}

Erpervmental ¢ dure
Tumour gr ¢+ t2 ond kst gg Whole tumor a etes (v5 » 169 cell in 01 ml

ascltis) was g subeutan ush on th back t . groupsof 1 =2 and 19 female
mice which b # ¢ n irrad ted or sham irradiated 2 hours rr vioasly The mice
were Lilled b caldsloc  onon the 7th post t an plar ation day After remoyal

17
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TABLY 1
The Mean Tumour Wewht after Subcntaneous Injection of Fhrlich s Ascites
Careinoma wn Conlral (FAC) and Premously Irradiated (3 A€ 4+ IRR} dice
The absolute and relalive spleen urighls are gecen tn miee recett tng irea fration only
25k urs and 8 daps yreciously and in tumour bearing mice Fntries means & 9\4

N Absolute Welathe

Trestment of aj‘i‘,‘,‘:,_’,”!" T“';"‘:‘“g‘; wt splcen wt < deen w5l
{mg) A

NIL 3 2 - 83 %12 039 =005

8 9 82% 90 035 =008

IRR (24 hours) 8 & -~ FIE ] 015 £ 002

8 9 x4 018 =001

1RR (8 dave) 8 3 - 6% 8 026004

8 9 5217 093 =007

EAC 12 2 143 = 45 °50 % 73 093203

” e 61 £ 47 30y % 97 1242035

EAG + tOR "3 155 =+ 57 209 = 26 076012

12 e 149 36 183 £ 17 0772009

of the tumours through a dorsal shin incision hoth tumours mnd snimals were
weighed Sections from formalin fixed tumours and from the tumour bed were
stained with haematoxvlin and cosin

Spleen it eight and histalogy The spleen was remoyved In tumour hearing anlmals
and the spleen weight recorded to the nearest D001 & The relative spleen weight was
calculnted using the formula 100 X Wt of spleen (g)/Wt of animal (g) The rela
thve spleen weight was also calculated in one untreated control group and In two

:; 0
~ Mate mice Female mice
Py
3 eac
S 120
x
z
b €AC
u b
5 EAC 1R €A 18R
w I
¥
3
g "R
= vt A ]
0d ——-
0 ? 0 ?
TIME AFTER TUMOUR INJECTION (Doys)
Fig 1 oms
no
be increase In relative splecn selght during growlh of Fhrlich s ascites £3rd
ol and 1 reviansly Irradiated (I male and female mice The brobe

ange in relative spleen welght in mice without fumours

ent the chi
Hines reg fes 24 hours and 8 days alter irradiation



Fig 2
Splcen from non tumour bearing mouse 24 hours after irradiation Oedema and
large amounts of cellular debris and poly morphonuclear cells can be seen in the
Malphigian body (left) There 15 no obvious changes In the red pulp Haematoxy
Jin and cosin X 150
Greater magmfication (X 610) of the cellular debris seen in the 1nset i a
Spleen from non tumour bearing mouse 8 davs after srradiation There 15 less
cellular debris fn the Valphigian body (left) and that remawmmg is more closely
racked flaematoxylin and eosia X 150
Greater magmifrcation (X 610) of the ecflular debr s cen in the nset 1 ¢ Thix
fining ndicates phagoeytosls

e

a

&roups of mice which had received irradiation onl 241 r and 8 dav wre 1ou ly
respectnely This was done as & control of the radiaty n cffe t y rse Scton  ere
statned with haematox Iin anl ¢osin and methy! ( en 1 eon 2 Jd exzmined
microscop cally

RESULTS

Irradiated Non  urv» v Bearsng Vice

The change, 1a p o n weight after irradiabion are spown m Table 1
and visualized :n 1~ 1 A sigmficant decroase in rddative spleen weight
was found 241 re anc 8 days after irrainbion 1n both males (24 hrs
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Lig 3

Spleen from man irradiated tumour bearsng wruse howing hapery lasta of the
Malphisian bods with activated perminal contre (left) The rel pulp (riyht) 1
cellular and contains a number [ crvthroestes Haematoxylin anl ) In ¥ 150
Splecn from now ireadiated tumsur beasing mouse with yelative al  ace ol pre
ninophilia in the Malphigian bads (Ieft) The rod pulp conlains & wr 2t numler
of pyroninophilic cclls anl somc megakars wavtes (righty Methnd ¢ cn gyronin
X 1,0

P<000t 8dus P00 md fomales (20 e PO 8 duns
P<001) Whild the rediive spleen weight showdd no wox differenee m
control niec oF 1n miee 3TTahated § davs privieushh il wa pratiem
femald than male mice 24 hours After srradiation (P < 0013 Nochnges
occurred 1n body waiRht after airradiabion

Ihistologien! examination of the splecns irradiated 24 hour  previoushy
raveled eellular debris and polymorphonueloar edls solt nd m Lhe
Malphigian bodies (Fins 20 1) At 8 davs after arrudniticn there Was
tess ecliuhr debris and that rem uming wis more elostly po ko8 (T
2¢ d) No obvious changpes could be scen m the red pulp

Yon Irradiated Mice Recewtng I At

The menn tumour waght ¢Table 1) 7 d s afler transpte tilion was
sipntfiecnthv grester o male than fomale mice (P < non1  Histologt
clly the tumours showed smul contr il ircas of necrost nd hacmo?
rhant  [he conneetine lissue 1n the tumour bed showdd niy anfiltra
tion af tumour cells and nflamm tors ecdls hut po org i tumour
fissie w 1S seen
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Spleen from srradiated tumour bearing mouse 8 davs after irradiation Resting
Malphigran ho fy with some foei of cellulac dehrs (left) and a less cHular ved
7olp Haematoxilin and eosin X 150

Spleen from arradiated tumotr bearmg mou ¢ 8 days zfter weadation The
Malphagran body (YY) s relathely free from pyremnophila and only a few
prrontoophilic cells can be <een in the red pulp Metinl green yyromin X 120
Greater magnification (X £1D) af pyrouinof hilie cells seent tn th red pulp in b

Bl

-

The mercase m relatine spleen werht alicr tumour growth was ste,
mificant 1n both sexes (P < 0001) The mncrease was more pronounced
m fumale than male mice (Table 1 and Fi, 1) Histological examination
of the spleens reveaied mereased mitotic activity m the gormunal contres
and 1 cellular red pulp with crythropatelie adnts w1 oy pyronio
philic celis and 1 number of erylhroestes (Figs 34 b Lo wnd m
the previons experiment ( Thunold 1967}

Irrathated Mice Reccring EAC

The mean tumou v 1gbt was similar i mal vin ) 1
group {Table 1) ( : ared to the control fu: T r th
m arradhated 15 wnereased (P< 0 Ap~
peared betwed 1 n e groups Histolo . g these
mree showed ™ milar to those s «u 1w I and the
number of h 1t ned fo be the saric

The merer v ro o splten weight auring ¢ v ¢ growth mac
rdinted mic 1 1or cantan both sex s (F « 100t} This erease
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was the same in the Iwo sexes and 1t was remarkably similar in A0l
animals as judged from the standard devi tion of i means whick were
onlv %3 to ¥ of the stindard deviation an lumour benng, controls
{Table 1 and Mg, 1)

The Malphigian hodies 1n these nuce showed no nutolic aclinty and
were less prominent than n the non irradiated tumour be 1ning, controls
The rcd pulp wis alse distinetly less celtular than in the controls
(k15 41) but some Iarge pyrominophilic eddls could be scen (Higs
4b¢)

Microscopy did not reveal any sex differences

DISCUSSION

In this experiment the sime growlh paticrn of subeutancous trans
planied T AC was observed 1n non wrradinded mice as demonsirated
provioushy (Thunold 1967) as the male mice showed g tumours
than the females In contrast therd was no sex difference in lumonr
growih in the arradnted ammals Winle the tumours in the two nnle
groups wure of equal size tumour growih in wrradited fom e mice was
nercased compared to the controls Thure was sl bt and sinular tumour
cell infaltr ibon of the surrounding, Qissue m 1l groups bui no orgmized
tumour bissue was scen in the tumour bud This showed thit tumour
disscelion could be considored satisficlory

These group diffcrences in tumour growlh cin be reled to the dif
ferenccs in lhmphoid reactions In the non irradiated muce the females
showed 2 higher degrec of splenomicgily tham the males while the
splamie enlargement was similar an the two sexes in the irradiited
gwroup The splamie enlargement an the nonareadintad mice w s accom
pied by histological evidence of anlipenic shmulation wiile the
spluens of the irradiated tumour hearimng mice showad less accumulation
of Lirge prronmophialic cells and plasm redlis i the red pulp ind smaller
Malphigt in bodwes with no distinet form thon of gormunal ¢ nters The
status of prromnoplilic cells as producers of antibods his heon wedl
estiblished (Fagrens 1948 Coonc et al 19%)) and evaden ¢ 15 acctt
mulaling for involvemunt of the germimal centors an the s une process
(Otthn el al 195 Orlega & Mellors 1907 Vellors € hornjifd 1963)
The Wstologieal frndings thus andicate less immunologicat whsity in
the wrradited mice

As depression of the immunologieal actinily by sublethat seradiation
maasurcd v intoloaic ! enterin 1s accompanicd by mereascd tumons
wrowth in fumale mice the present exporiment supports e previeus
supnestion (Thunold 1967) that the immunc response of the host 13
of consequince to the subcutancous growth of 1 AC in this stx

Deerease m immunoelogicl function of the mouse splon afl
hods irradintion (400 R) has been studied Iy Vaktnodan {1062) who
found an approximatels 98 per cont decre tse i nxplubinm production

tr fotal
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Usmg similar doses of \ rav te sublethal doses as m the present ex
perimen! Argyms (1983) found a sumular deerease m mmmunalogienl
aclialy s measured by the ability of spleen cells to mduce a graft
versus host reaction The guoted data and the mereased fumour growth
m rrrathated female mice in the present exporiment may he atirbuted
to cellulir damage to the reliculoendothelial system caused by the
previous wradiabion A severe tubstl destruction of the germinal centres
and loss of spleen wesyht was found 24 hours after srradiation i the
present experrment z¢ at the trme of tumonr mjection with substantial
regeneration § days after exposure These findings are compar ible with
those pubhished by others (Henshaw 1941 Brecher el al 118 Wurray
1918) on the effects of sunilar doses of \ irradintion on the spleen and
Ivmph nodes of mice

The previous (Thnnold 1967) and the present expuriment show
Instological changes m lymph nodes and spleen mdrcatine of a host
immane rosponse duning growlh of EAC This homotransplantable
tumour thus seems fo contain antiyeme components which are not
shared by the host The acceptance and progressne growth of the
tumour i spiy of this anhigeme thiference appears to be dependant
on tno main veelors the size of the ) and the ! 1
defence of the host The dose used in these experiments s of a magnt
lude which seems to overwhelm the defence mechanism mn the male sex
while tumour growth in fomale mice s effected by a greater immune
response in this sex

SUMMARY

Subeutancous growth of the Fhrlich aseites earcanoma has been mnvesh
galed m normal and previously 1rradiated mice and related to changes
n spleen weight and histology

1t non yrradi ved mice tumour growth was greter m the males than
w the females The female mice showed a sreater increase 1n spleen
weight than the mates and the spleens of hoth sexes shawed histologieal
evidence of immunc response This su,gests that (nmour growth in the
females his been inhibited by their prealer smmune resp n fothel AC

This 1s supported by the fact than when the m mur s d tenee
mechanism of th mice1s depressed by whole bsd it 1+ wured
by histologteal erite1ia no sex difference 1s ppa 4 £ amon
$i2& or host reaction  and tumaur growtt v , 1 T s Wy
signifieantly gro han i non wrradsated fos
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PRIMARY GERM CELL TUMOR OI' THE
ANTERIOR MEDIASTINUM
WITH FCATURES OF ENDODERMAL
SINUS TUMOR

{Mesoblastoma \ itellinum)

By
INGPR TELMANNt f{arRY hassts  and Gruserpe PIETRAS

Recened 16 xn 66

The anterior mediastinum and the pineal gland share the curious pro
D rty of bein, the site of predilection for the development of the ex
trigonadal erm cell tumors Teratomas embrvonal earcinomas cho
nioepithehiomas and seminomas have been described i these locations
(Friedman (5) hounit. et al (7) Oberman et al (10) O Gara el al
(11) Inada & Nakano (8) Lattes (9)) In contrast to the adult testes
howeser most of the germ cell tumors 1n extragonadal locntion are he
mgn The reason for this difference and for the Jocation of primordial
germ cells 1m these orgns 1s unhnown The study of 1his interesting
sroup of neoplasms 1s impaired by their ranty and justifies the re

porting of single cases In the ovary nd m the testis Tedum (15 16)
described _erm cell neoplasms characterized by a mixture of undiffer

tnlinted neoplasti.  mesoblastic cells and irregular spaces closely
Tusembling the endodermal sinuses of Dusal cparacter: tic of the rats
placentn (Dupal (+)) The author considered ths type ~f nroplasm as
an extraembrvomc membrane tumor morpho'os ¢y dis inct from
the extremely v 7 ,roup of the embryon ' ¢ 1¢c orras Tne follow

ing report of 4 cas of anterior mediastiral pr —1ax ¢ m cell tumor
with endoderm 1 n features 1s the first 3¢ ' d du unealatic1

of suchatum - t anterior mediashmunr  ®  coia of alrig

dalongim We e i more eases will be r o uzcdvl nife

ractenistie fo es vt tlus neoplasm will becoric more v de rewn
1 Research 1l w o Pathology Present address The Lan s nstitate of

Pathological 4 t my Cor 2l agen Denmark.
Resident 1 1 tholog)y
3 Patholog t
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CASY RFIORT

A thirty three year old Negro man was admitted 1o Michael Recse Hoypital and
Medical Center because of fatigue weight loss mild substernal pain and cough
productise of blach stained sputum His svmptoms had initiated ten months rar
tier and had become progressively more severc during the past four months The
family and personal histors was non-contr{butors On admission physical exam
ination disclosed no significant findings other than moderatels enfarged feft cer
vieal and supraclavicular Ivimph nodes 1aboratory deta were within normal range
& chest x ¢av and tomogram rescaled a large anterior mediastinal mass which dis
placed the trachea posterior The climieal imp ression was that of a malignant iymph
oma or a thvmoma although the possibilits of a teratoma could not be entirels
ruled out Biopsy of the supraclavicular lymph nodes revealed only non specitic
Ismphaid hyperplasia

On the seventh hospital day mediastinoscopy revealed a large tum r massy which
occupied the anterior mediastinum surrounded the large sesscly and extenle) Into
the right pleural space The mass was of deep grav purple color and was extensively
necrotic )t eould be only partially resected in view of iy relationships with the
superi(r vera cava and the nnominate vein

Followsng surgery the patient made an uneventful recovery althugh eviolgieal
examination of the spulum revealed the presence of malignant cefls indicating ex
tenslon ¢ { the tumor to the tracheo bronchial wall He was discharged two weehs
later and follawed in the out paticnt department Mo recelved 12210 1 1o the ante
rior mediastinum In tnenly seven treatments aver a period of thirly eight days
He apy eared 1o tolerate the treatment well however two montha foll wing his first
admission he noticed bilateral subcutaneous masses In the anterior chest wall which
were dered as Fer these 15000 ¢ were sdministered by
means of Co 60 radiation In spitc of theraps he became progressively weaker had
repeated hemoptysis and became marhedly anemic The secon i admissd nowas { or
months fcllowing discavery of the tumor At this time there were left supracind
cular and posterior cervical lymphadenopathy and left pleural effusion A test for
urinary gonadeiri pin seas negative The patient recelved Cytoxan Nitrogen mustard
snd Tetracvcline (ntrapleurally Desplte all therapeutic efforts he decllned repldly
and expired in marked respirators distress five menths atter the intlal disgncsis
had been made

Pathology

The surgreally somored tumor consisted of 1 partilly eneapsulated
Rras purple mass which measured 11 X8X6 emt and waighed 208 gm
On secction it was grn purple i color soft centrdlly neerolic and
hemorrhagic

Wicroscomeally the tumor was composed of severaf edif {yges The
main porlion was formed by sofid masses of large cols with clerr
cvtoplasm ind round to pleomorphic nucler with delieale ¢hromatin
and prominent nuclcoht (P 1) Intcrmingled were aroes of stelirte
cells connected by dehieale projections and forming o oose nelwork
with wide meshes 1138 2) Tmpsreeptibls merpng wath th se arcas of
undifferentinted eells wire irrepular spiecs haed by low cubordal at

Figs 1 7
Fig t The tum 5 bs composed of 5 1i) nests  { Yarge un tiffer o1
cleat €voflasm. S me of the cclls have large ;v;nph mi
evstic spaces Tined by flattenc ! cells. (H E- » E13) .
Fig * Areas ;l;mtlnl clumps of marhed!s sscuclated celly £ rm g delleste €
web like structures with devetope § microe sts (HE ¥ ¢

ted eelly with
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flnttened cells with large round or indented hyporchromatie nucla
and scanty evtoplasm The cwvilies appeared to communie e with each
other formin,, an intricate svstem of arregular channels in which m
pllary stenctures projected (i, 3) The papiliie were covered by a
singte laver of epithehal hke cells supported In delicale conneclne
tissue conlmiming thin w uled blood vessels On cross sechion these pa
pillary structures appeared as peculiar glomerularlihe  formilions
with 1 single eapillary i the center covered by 2 mantte of evhadne
cells of epithelinl character (Fig 4) These strueluees (T, 5) kwe
been interpreted 1w imvaginated volk sae endoderm accomp inviny the
vessels of the extra embryonie mesenchyme (15 16) In the evloplasm
of both the flatlencd cells and m the cpithehal bk cells there were
cosmophilic sirongly PAS positive droplets In wdditien extracellulir
accumulations of such hyaline globules were often present (i, 5)

At the peripheny the tumor mass was partinlly surroundud by dense
collagen 1n which restdunl thymie tissue was present (big 6) Willnn
the tumor mass were smll lvmphoid fou possibly represenling st
dual Iymphatic tissue of the thymus

As the cells of the sputum appeared quute unusual a deseriphion of
these may he of mwterest The cells appeared mostly single or i purs
Some of the cells had Iarge cyvloplismie vacuoles lirpe nucler which
appeared round or oval with distinct nuclear membranes e fineh
dispersed chromalin Some were hyvperchromalie lobulated and arregn
Iar in outhne with chromin clumping (Fi, 7) The nuclcoh vaned
n size mnd shape

Al autopsy the oripinal surqiea! <ite was entirels obliberated by
mor regrowth and the 2ntenor mudimstinum beneath the sternum was
occupted by a lavge vellowtsh gray tumor mass with multiple areas
of hemorrhagie neerosss and 1 outer hiyer of ntense reddish brown
soft tumor tissue extending to the enttre left parctal ani viseeral
pleurt and lung, The thvmus gland was not recopmzed ns such e
morrhagic and sero DHibrious flutd fillcd most of the left ploural spice
with substquent compression of the fung On the riglit side Lhe pleural
fimng and envities were {ree of tumor howcver there was presunee
of confluent bronchopnenmoniy ind multiple thromboumb i willun
the peripheral vessels of the lungs

In addition 1o loeal extension the tumor had medastis «d widely
throughout the bodv  \lmost all of the thoracie fymph 5 des were
invohid bilateralls ancluding the mediastinal hilar and p ribronetal
lumph nodes a5 well as the supraclwvacular and parausctie fvmph

[

Figs 3-4
Hom N\ te the
3 Systems of Irregular channels lined Ty tow cuboldal epith
Fo p{pllhrv formations with & blacd vey el In their centre §y cross ;;r)" a
such structures vagucly re em!le immature renal glomerul HE i
Fig § todolermal sinus structure with perisascular mantling of ¢ T1s (I [ 25N



271




RENE|

L

Y
%
:..*:%».@l?- AL

334



7a 7b

Fig 7
d hyperchro
@ and b) Tumor cells in the sputuin Note fn a the lacge mal shape
matic Bucles and the scanty evtoglasms In & the cell on the left has a large ¢ h}'
plasoue vaen de the remaining cells have round or lobulated nucler clumpiny,
the chromatin and nuclesh of varing size {Papanicofany X 54}

nodes \elastases were present m the liver and w the skin of the left
antertor chest wall Careful aftention was siven lo the examination of
the testes No tumor hissue was scen grossly or microscopically m any
of the mulliple sections examined by the method of serial blochs Furth
er, there were no areas of searring in the testes A strihing featurc was
the widespread trophs of the cermmal epithelium and hyvalne thich
cemns of the lubular basemcnt membrane The tubules were hined by
Sertoh celts and few seattered spermatoont 1 The mtershitial cells were
well preserved and did not appear mcreased n number (Fig 8)

Microseopte exammation of the tumor revcaled essentially the same
characteristic features secn 10 the surgieal specimen (Fr., 9) In addi
bon many of the metast

Alic masses showed a more undiffercntiated
pattern In some of the scetions of the rceurrent mediastinal tumor
there were targe cells with strengly cosmnophilic evtoplasm and large
byperchromatic nucle resembling syneytiotrophablastic cells

DIScussioN
As dlustrated m the Tigs 3 through 5 and F1g 9 the anterior medta
stnal neoplrsm reflects the Iistologic features of the endodcrmal smus
tumor as desenibed by Terdutn (15 18) m the o irv and testis These

Fos g

Fig o Area of the mediastina} tumor shiwing the chara t ¢4 endoderm sinus
slructure representing 3yl sac end dersn that ewpan  nd dis ects oround

the ve els of the cxtraembryonic me enchyme The stru ture is surr undid

by a loo ¢ va u lated network £ statfae Mesadermal ¢ 1| and small 3 te
spaces showing fo al accumilations of PAS pegterre hyal ne globule  HE,

3
Fz 6 Wall presenved thvmie Lissue st the

lumor “ote the 1 saals e

Periphers of the aat riar m di tinal
orruscle (HE. x 219;

LA SIS P 1Y
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Representatise section of the testis The tubules are hined 1y Serte i eelis 2
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lated spermatog nia Nole the marked thichening of the tubular }astment
branes (HD X 60)
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are (a) areas formed by slellate mesodermal cells forming a loose

lated networh del ting irregular spaces lined by flattened
endothelial like cells and often contaimng foei of active hemopotesis
{b) endodermal sinus structures characterized by pernascular arrange
ment of cylindric epitheltum which m cross section vaguely resemble
mmmature glomerul: They are surrounded by cystic spaces hined by a
single layer of flattened mesothelial Itke cells with prominent nucler
In longitudinal section they appear as a plele labyrinth r bl
the endodermal simnuses of the rodent placenta (c) compact masses
of undifferentiated cells simlar to the undifferentrated cells of the
developing embryvo and (d) cystic struetures hned exther by flat meso
thelial hike cells or by low cuboidal epithehal hke cells These cysts
are considerced analogue to the volk sac of the early embrye

The proporlion of the various patterns vary considerably mnot only
m different tumors but also m different areas of the same tumor In
the present case the features menhioned m (d) were not seen How
eser there was a striking resemblance to the ovarian and testicular tu
mors described by Terlum (15 16} as endodermal sinus tumor with
the testicular neoplasms of infant testis reporied by Hunlington et al
(8) and with the sacrococcygeal teratoma of Raghunatha et al (12)
also considered examples of endodermal sinus tumors

In Teitum s opinion this tumor represents the differentration of en
tirely undifferentiated neoplastic embryonal cells (15 16) into extra
embryonic membrane structures such as the mesoblast and yolk sac
endoderm Teillum s mterpretation of the histogenesis of these neo
plasms was based on comparative studies which among other things
showed a sirihing resemblance of the perivascular sinusoird structures
m the tumor with the embrvologically well defined endodermal sinus
structures which are promnent 1n the rat placenta In both instinces
these formations represent duerticula of yolk sac endoderm that ex
pand and dissect around the vesscls of the extraembryonic mescnchyme
While this comparison 1s valid not only 1n regard to the gencral ap
pearance in cross and longitudinal sections but also to the type of
limng cells 1t would not mmply a specific capacity of the tumor to
reproduce phases of placentation n Lhe rodent (17)

The ovaran tumors show a far more uniform histologic pattern
than their testicular counterparts in adults which usually reveal great
vanations of immature embryome tissues The term embryonal car
cmoma  has been 1 subject of eriticism since 1t lacks clarity and leads
often to confusion by its ambialent use For prachcal use the term
may be retaned to designate these complex germ cell tumors of the
adult testss which comprse a farly bomogenous chintcal group How
ever 1t 1s nol suffictent basts for histologic charactertzation and recog
nition of the ovarian counterparts and similar tumors n the infant
teslis or extragonadal positions (16)

In our case the pittern of endodermal sinus tumor was strihing 1n

1%
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the reseeled tumor hut enly found tocally in the recurrent tumor wnd
s metastases (B 9) Chimenliv the neoplasm as the umbryonal ear
cinoma of the wWull tosis affcet the sime nge group and 1s resistant
to radiation or chemotherapy In contrist to the helinviour of this fype
of neoplism m chilifren all e1ses of endodermal sinus tumor in the
wlult have 2 mihgnant eourse regardiess of 1re stment

1 as well known that gonad st malignant teritomas  cmbryonal
carcmomas  and chorocarcinomas may metastasize soledy to the me
distinum In s ease however senal Dlochs of the lestss faled to
show anv tumor or sear In Additton thvime tissue was identsficd at the
periphers of the neoplastic mass (Y1, 6) It s then reasonable to s
sume that this tumor arose n the thymus gland or i ats proximaly
There 1s no agreement s 1o the factors which lead to the desdlopment
of gonadsl and extragonadil teritomas and  embryvonal c¢arcinoms
Willis (18) (ollins & Pugh (2) dany their ongin from germ cells and
helieve that they anise from focr of phistsie pluripotential embryvonie
Gssue which hise eseaped from the influcnec of the primary oryamzer
during, fctal bfe VMost authors howcver believe i their origm from
werm cells throush differcnt stages of descddopment (F riedman {0))
Mron & Moore (3} Telum (15 16) Bhargava & Reddy (1) Schlum
berger s (13) interpretibon that the mcdnstinal germ ccdl neoplisms
wnise from the thard branchual pouch the anlage of the thymus seents
unbihcIv It s now generally aceepied that the qorm cell neeplisms
this region are dervad from germ cells wineh have baon muspliced
durin, onte,eny and that during thesr pissage from the soth s 1c endo
derm thes hne traddled through the redropesitoncum to the medn
stinum instead of the gonadal nidges (Tethrm (173) OF inlerest v
the presence of 4 marked degrec of atrophy of the perminal ¢pithedium
and the thichening of the hsement membranes of the tubules of the
testss \o cxplanation 1s ro wlily ay nlable for this process it mas hinve
been the resull of anttion and chemotheraps although the Ialler ap-
pears unhkels 10 view of the findings of Qberman & 1 theke 110} Three
prhicatsn thar scries of medisbmal mahgnant germ cd!t tumors had
stmlar testicultr findings  These authors do not sttle which one of
the patients of thetr series b teshiculir tubular atrophy but onls one
wis treated with mtrogen mustird Lhe others recenved onhv xrn
therapy or were surgicills troated Mo explination has buen offered to
clanfy the stohang preforenee of the mabignant gerannil tumor for
the male while the ineadence of the benn counterpart s l]'lll’l“"“““'
Is the same 1 both sexcs Sinubir conlristing rifsos of malgnant and
bemipn teratomatous tumors tn the two scxes are scen abse in the
gonad ) tumors Hese the supsestion has beon presented (D p »3and
(14) p 2261 that the environment tn the fumale gonads predisposes ke "‘“
ccll neoplasms to Giffcreplialion whero s the mote environmipt foster
undifferentiated growth This hivpothests conld e extended o nlrar
aonadal perm cell tumors Jtas conean ible that in the fomale the samy
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genctic malerial has greater potency {o differentiation possibls becuse
of a more switable endoerme (nvironment In this respect it 1s of nler
est that the endodermal sinus tumors~—which in Teddum « (15 16) view
are exira embryonic and n fact ¢ndodermal dernatives {from germ
cells—are rare in the adult testis but common In the lestss of the joung
child and 1n the evary

SUMMARY

The first case of mediastinal germ cell fumor with endodermal sinus
features 1n a thirty three vear old Negro male 1s reported The neo
plasm exhiited the predommant pattern of commumeating cnabies
Iined by cubordal or flatiened cells and papiilary structurcs as deseribed
m the ovary onginally by Tedaum The tumor was rapudly fatal and
metastasized widely

The spcetfic histoloieal fertures of endodermal sinus tumors m this
and other regions will enable their propur identification and distinction
from other types of neoplasm
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THE RELATIVE BIOLOGICAL EFFECTIVENFSS OF HIGH
ENERGY RADIATION ON THE MITOTIC ACTIVITY
IN NORMAL HEPATIC REGENLRATIVE TISSUE
By

4 Vouritannes and A Ryrini
Recerved 20 i 66

The relniine biological effectiveness (RBE) of some radiation r
compared fo some standard radintion s 15 defined by D,/D, where
D, and D, are respectisedy the absorbed doses of {he two beams n the
region of mtcrest that produce an 1dentical bioloyical response As RBT
can aiso be used the ratio of the radiation effects which can be produccd
by the same absorbed dose In this work the latter defimtion 1s used

The BBE of different types of radiation has usually been studied by
umdirect methods for example by total bodv irradiation of ammals and
observation of the 50 per cent mortality (LD ,p,30q = lethal dose;q/30q
= the dose required to cause 50 per cent deaths of the rrrachated ant
mals within a 30 day period) as Paferson ef af did They srradiated
mice with 300 KV roentgen ravs and with \ rays from a 4 MeV hnear
accelerator LDso was achieved with 260 rad and the Linear accelerator
with 744 rad which gase an RBL of 0743 = D D3 for the Jatter Using
wrradiation of the thimus and the spleen and observing the weight loss
the RBL was 0 858 = 0 14 and the RBE for drosophila was 0 82
Another method of RBE determmation 1s based on hissue culture
radiation By irradiating for an observation period of 24 hours tissue
cultured fibroblasts of chick heart and HeLa cells of pavement epithe
hum carcinoma of portio uters

Gartrter 11905 1928) among others defermined the RBE for clec
trons (15 Mel) and compared the effect with that of 180 hV \ ravs
He noted the number of mitoses mtotic phases myured mitoses and
compared the effcet of different tspes of radiabion by nung doses from
250 R {o 2000 R at rates of 40 R/min and 1000 R, min He found that
the REE yvalues incretsed with the dose rate wd thtal dose The RBF
with clectrons was close to 1 when the dose rte w15 1000 R/min and
the total dose exceeded 500 B

Cartner & Zocppril. found that the number of 1 itoses was reduced

Financially yupported by the Signd Jusélius £ u 1t n sni Damon Rungon
Hemorial Fund (DRC
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and that of pathalogical mitoscs mercised with an inercastng total dose
of bety radiiion enntted by 5r% Baner & Girtner (1962) found that
conttnued treadintion heightons the hiologieal (ffiets

Total arrest of tumour growth afer \ rv therypy and cob ot therapy
was studied In Tinden (1964) who defermined the m ramuns dose thal
needed to destrov Walker eancer of the rt \ rav radiation destroved
1t with 2200 R and cobalt with 3000 R The RBI value obtundd from
these results for the gamma radition of cobilt wis 072 = 01

The relatne biologieal effcet has heen studied comparatindy itl
i o by quntitatsve methods n the hugh energy ringe The present
study 15 an attempl to explun this question tn ;e v using different
qualitics of radintion and by gnang one dose and comparng 1t effect
on mtitolic counls phases and tnjurcd nutoses

MATIRIAL AND METHODS

Three manth old white male rats (Sprague Dawles) were used [ ¢ the cxperiment
Six groups cack of 10 animals scighing 19% 210 & were hept in the same cage ol
420 € T¢ produce regencration of the lhver 40 per cent hepatectrmy was jerl emed
under ether anesthesla by remoring the median anl left Dilies accorling 13 the
method of Miggns € Andersson (1931)

The time chosen for irradistions of varving energs was 48 heur aftcr hepatect m
This Is when mitntic activits Is at fts highest after hep atecti my aceonding to Lahte
harru an it is thus pessible te discern the effect >t itradiati n on the mite ses more
accuralely The liver was then ghen a de ¢ of 300 rad at g rate of 40 rad/min st
maximum dosage as | revioush emploved In some metheds of frradiation Iy ( Yrtaer
(1905 195%) The 300 rad dese was chesen Feeause it ds the comventi nal stngle
dese in radiotheraps Hadiati nwas ghsen t> the animaly in the differont grevpa 1y
200 hVp \ ravs (HV! 16 mm Cu) cchalt 32 VieVp betatren \ ravs and ! th 35 anl
20 MeV betatron electrens One greup {10 rats served as Lhe contr | gr mp The
jrradiation time was at 7 pm  and the technical meth s were as { 1 ws.

The rat was surrounded I vater cquivalent material which ecnsists [ paroflin
beeswax an | tale sc that density bs | gzem® Ieradiati n to k glace In & X 81
em field 55 that the rest of the liser was situated at the piint «f maximum d  3gc
(Fig 1> During jrradiation the d rse being deliscred was m nitrred 1y an ) nla
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Fer cent

D Prophose fﬂﬂ} Anaphase
% E Metophase Teiophase

Dose 300 rad

Contrals. X roys Cobalt 60 Photon 32Mev  Electr?OMeV  Electr 35Mev

Fig 2
The mitots phascs after 12 hours by using different radistions

tios chamber which was checked agminst Max Plancl Institute calibeation gecording
to § retsrhin o1 af {1981) It can thus be assumed that the only differences mvoled
in the irradlation were in the physical characteristics of the five beams and that it
must be these therefore swhich are responsible for ans biological differences ob
served For the conversion of roentgens (alo rads the stopyng power and densily
effect according to the Vahional Burean (1961 1964) and Jokns (1961) wire tahen
mto acconnt

The animals were 1% hours after di Tissue
tahen immediately from the hver fixed in Boums solutjon and stained with
herealameosin Vitoses were counsed per 100 fields with a binocular microsvope
magnsfication 16 X 100 X 15 over an area of (785 sq mm

The following points were obsersed mitolic counts mitotic phases pathol gical
and multipolar mutases

RESULTS

The mutotic counts were highest in the controls 10 mutoses per 100
fields (Table 1) X rays gave fhe lowest and 20 Mel efcctrons the
ughest mitotic mdex After subtraciing the mitotic indees for differ
enarradiition groups from the nutohe index for the contiol group the
RBE was calenlated by dinding the remainde « ¢t cach 1rridiation
group by the remander of the \ ray mitohr inde (10 -4 0 = 62}
The BPF saloey for the dfferent rrradsabion grciys ar shown m
Table 1

There were no significant differences m the occurrence of different
mutolic phascs affur «xposurc to different sourc s of rudiation (Fig 2)
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Prophases were most numerous 1n all the groups except in the 3o McV
electron group where prophas and anaphas phases were the same
(35 per cent)

Pathological mitoses produced by 1rradiation were found m equal
numbers after \ rays cobalt and 35 Me\ electrons some 3 per cent
the mauimum 46 per cent was noled after 20 Mel clectrons and the
minmmum 27 per cent after photon irradiation Multipolar mifoses
were also most frequent after 20 MeV electron irradintion (Table 1)

DISCUSSION

The time chosen for taking the biopsy speciment was 12 hours after
wrradiation since according to Girlner et al the rise in the mitotic
mdex the secondary effect 1s at its highest 9-12 hours after irradiation
of 250~2000 R in the hissue culture

\ ray 1rradiation had the most pronounced effect on mitotic counts
{40 == 04 mitoses per 100 frelds Table 1) and 20 MeV electrons the
least pronounced (7 0= 0 4) The value for cobalt was 46 =04 When
the RBE value of X\ rays was 1 that for cobalt was 09 =026 which
exceeds the value reported by Linden (1964) 1n experiments with
Walker cancer This suggests that the RBI™ 1 tumour 1s different from
that in normal growing tissue The RBT 1alues of photons were 0 80
*031 of 20 MeV eleelrons 052 =022 and of 3o MeV electrons 064
*03! The results for the dafferent tvpes of irradiation differ from one
another very rarely Thus the RBF value cannot be regarded as rehable
for different hinds of irradiation

Dehmite radiation damage was seen in dividing cells after the dif
ferent types of radiation It was relatively most marked after 20 Med
electron radiation and the percentage of pathological mitoses was 46
Pathologieal mitoses were most numerous after electron radintion and
fewest after photon radiation Wath all the sources of radintion patho
logical mitoses ncreased sigmificantly compared with the conlrols
They were most frequent in the anaphase and telophase—about 80 per
cenl—as Friedrich et al (1964) also noted when they irradiated the root
4p cells of Allum cepa with 15 MeV electrons

SUMMARY

The regencration of the liver of rats was produced by performing 70
ber cent hepatectomy After iwo days the rest of the Iner was irradi
aled with a dose of 300 rad at the rate of 40 rad/min Radiation was
&nven by 200 kV X\ ravs cobalt 32 MeV \ rays of betatron photons and
hoth 20 and 2 MeV betatron electrons Tissue specimens were taken
12 hours 1ater from the hiver and mitoses were counted per 100 ficlds
Nrys garve the lonest and 20 Mel betatron electrons the highest mito
tic ndex ‘The pathological mitoses were most frequ nt after clectron
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rdition fewest after cobalt arradintion On the basis of 1he mitohe
frequencics the RBU (relatise iologieal effeclivencss) of the differant
typus of radintion was caleulwtcd taking the RBI for 200 KV \ s
15 1 The RBY value for cobilt radinhion was 09026 and for lhe
fast clectrons and photons the values were smaller
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THE EFFECT OF HIGH ENERGY RADIATION ON THE
MITOTIC ACFIVITY AND RELATIVE BIOLOGICAL
EFFECTIVENESS IN WALKRER TUMOURS

By

A Youmranes and A Rytiia
Recenved 2 41 67

The effect of dufferent types of radintion has been studsed by ob
serving the LDuwlog (Lethal dose 50 per cent deaths i 30 dass)
Paterson el al (1927) 1 tofal body irradiation of mice and by irra
diating Ussue cultured normal cells or malignant cells and chserving
the mitotie activity and determining the relatne biological effective
ness of electrons Gariner (1908) and Friedrich et al {1961)

The relainve biologieal effictiveness {RBT) can be expressed erther
as a ratio of dosts which produce 1 given efiect or as a ratio of effects
following cqual doses In this work the latter deftmition 15 used In
an early work by Voutidainen el el the same question was studied 1n
wivo by rradiating the rest of the Iiver 2 days after 70 per cent hc
patectoms  when matohic actinity s at 1ts highest \ rays gave the
lowest and betatron clectrons of 20 Mel the highest mutotie ndex
The RBF for \ ravs of 200 k% was 1 and for coball radiation 9 9026
For the fast electrons and photens the values were smaller

The tumour gronth after \ ray and cobalt therapy was studied by
Linden (1964) i Valker cancer The RBI value obtamed for the
gamma rachation of cobalt was 0 72=01

The present study 1s an attempt 1o explun the effect of high energy
radiation on the mitotic actiity and RBE x4lue 1n Walker cancer

MATERIAL AND MLETHODS

Three month old White rats were used for the exp r meit  These CB to b rats
with Walker cancer were supplied by the Cheste Beatty Rescar h Inst tute 1
London Groups of 10 snimals werghing 750-350 g were kept 10 the ame cage at
20 € The tumour was 1mplanted under the skin of the inters apulav region After
about 10 days when the tumour was spherical and bout 15 em in diameter the yrra
diation was given Th ral was nded by 11 sue matertal

“0X20X 20 cuem 0 s Ung of paraffin beeswat and talc and making up 2
density of 1 geuem The paraffin beesu aX ¢ twn ® 52 1 The top of the tumour

Tinanclally supp rt d b the Sigred Juseluzs Foundateon nd Danon Rumyon
Memortal Funt (DRC )
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(a depth of 03 em under the shin) was alwavs situated at the peint of measurement
The tumour abs thed d se was a constant 300 rads Tis ue speciments were taken
after the frradiation §n the regien where the caleulated thickness was 03 em

The radiation sources and the cxjozure conditions were as follins

200 hVp \ Mavs The standard beam was from a Slemens constant potential X ray
machine “Stabilipan 250 operated at 18 mu with a tetal filtratim of 10 mm Cu
HAL of 16 mm Cu The distance from the \ eev target Lo the 3 hantom surface was
50 em giving a ficld size of 8 X 8 sacm ond the abs thed dise rate was 40 rad 'min
ata depth of 1 cm The absorbed dose raliy « f maximum to minimum was al out 103

@Co y Ravs A Siemens  Cammatron ~ 1 teletherapy unit The acthity f the
source Was aj proximatels 2000 curies The distence frum the souree te the phaniam
surface was 91 em giving a field sire of 8 X 8 sqem andd a eak abserhed dose rate
of 10 rads/min st & depth «f 05 cm The abs rhed do ¢ ratio of mavimum
minimum was about 107

32 M\\p Photons From a Drown Boverls Asklepitron 33 hetatron operated at
32 MeV The distance from the target to the hantom surface was 100 cm the (iel}
size was 8 X 8 sqem ond the peak absorbed dose rate approximately 40 rx byimin
at 2 dejth of 55 cm The abscrbed d © vatih «f maximum to minimum was
about 1

20 Med | lectrons The clectrans were accelerale 1 by the same betatron as abne
The distance ta the phantom surface was 110 em giving a ficld size < 8 X & sgem
and a g cah aharthied dose rate <0 approximatels 4 eads/min st a depth of 15 em
The absarhed d se ratio of maximum to minimum was shout 1

35 Me\ 1lcctrons  As above

Calibration for all five radiaticns was conducted with » 250 R vict reen chamber
Stnelarr ef al (1958) and Haldwin [armer sub standard d simeter Mk 7 B th were
cheched agafnst Max lanch Institule cafibration accrding to Kretschhs of af
(1961) The Fricke ferrus sulphate dsimeter was used (Schalek ef af 1963) The
dase measurcments and high energs electrons wire cympared at the bhelatr n I
etsinki and Umed Sweden in Decomber 1964 (etlinger 1963) The dise salues
in Helsinhl and Umeh were In gocd agreement with a maximum deviaticn of 3 per
cent accotding o £ etfersson ef al 11965) The comparison was ¢ crformed with Fricke
alsy against Vienna Ausiria when the diffcrence was less than 1 per cent (Magf el
al 1965) The conversion of roentgens into rads was calculated ace rdlng ts the
Natlonal Bureau (1961 and 1964) The irradiaticn time was 7y m

The animals were decapitated 17 hours after irradistion tlssue st imens were
taken from the tumeur 05 em un ler the shin fited in Boulns s luli n an) stalard
with hematumcosin Mitrses were counted yer 100 fields with a lin  ular micr
scope magnificati n 10 % 100 ¥ }5 over an aren £ 0780 gmm

NEsSt1Ts

The mitotic counts of the controls ind the different rudition groups
are piven in Table 3 They were highest in the control group (192
27) In the uration matenal the \ s group pave the lowest (992
09) and the 35 Me\ betatron clectrons group the nphest mitotie wndex
(26 7=29) The othcr mitolic countls were cobalt 151 21 photons
21§19 and 20 McV betatron dectrons 2y 1220

After subteacting, the matolic ndexes for the different srradintion
proups from the mitotie indux for the control group e R’y salue
was caferlated by divding the ram undors of exch irpndiniion proup n
the remamder of the \ riv mifotie index (392 44= 204 The ns
ilues for the different arradiion groups arc shown i Tablo The
RBE s ues ringed from 1 to @ 38

‘The pathologieal putoses producad by arradiid )
cobalt group 110 por centy and phest in e 32 Mcd photon grouf
(62 per cenly (Tabilc 1y

\on werd fowest in the
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T 1
Mitatic sctisils of contrels and the her growps after difforent radistions
in W alker-cancer

DISCLSNION

To compire th mitotic indexes (11g 1) obi unad ain the prosent work
with the resulls of yrradiibion of nornil degpener e tissue the sane
peint of imu te 12 hours fter wrrwlimtion was chosen for tiking
the simples This hime s suitible for the mitolic index for the control
mdoex was farly tigh in this mour tissue (392227)  The mitelic
indexes of the 1rrdited groups were lowdr than the controt indes and
Ingher than in an cirbier studs but the fluctuions were sl n
thiat mntoses were fewest in numbor (9920 9) after X ravs and most
numerous ifter 33 MV ddeetrons and the result was aimost the same
12 1224) with 20 MV ddcetrons

Fhe offcet of fforent 1vpus of arradithion on mmtolun
fored 1hag 1) 11 can be smd that the mslolie sndiy grows with the
onergy of the radntion bolh with sounlgon gomms rays and willy fhe
deetrons usad Sceondiv it must be noted that patholopr  mloses are
most numcrous 1 e N v nd 32 Moy pholons proups snd sigmfic
wthy fuwerain the proups piven cobatt md both deetrons < Lible 1)

1t 15 obniots Ht diffurent Bapes of seeddistion st 1 cortun tune
n this e1se witlnn 12 hours of the wrradition exert difformg, effects
One such effect 18 the chnping of the muolie cvele et ditision 1
lengthened as Hbert el al 11961 xtabhished

1t s possable that e onglhoning of Whe cell divssion s mamifesied
Mfferentls an the arnadotion groups and the resull is a chanke in the
mitotic evele which 1s enough to produce proat differcnes in npudly
prowing tssuc The matolie figures aftor rocntpen and cobit {rewehia
fion My eorrespond with reality as fate as 12 hours alter the e
dntion whieros the effect of ghor cnerpy photons and deelrony 3¢

winany il
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mamfested as a prolongation of the mitotic cyele and thus as an osten
sible increase 1 the mitotic figures

The pathologic mitoses established 1n all the rrradiation groups are
typieal 1rradiation effects and their variations in the different groups
are considerably greater than in the corresponding groups in normal
regenerative tissue (Voufdainen et al 1967) as the growth rate 1s com
pletely different The more precise reasens for this require further
study

After subtracting the mitotic 1ndexes of each irradiation group from
the mitotic index for the control group and comparing the result with
the difference for the \ ray group by grung as the ratio the difference
of the \ rav groupdifference of the irracdhated group the figures 1n
Table 1 were obtamed as the RBL vnlue for the \ ray group The other
RBE values were smaller

The RBE of high energy radiatton was smaller n all the groups than
in the earhier work RBL wns 081019 in the group gisen coball 1rra
diation compared with 090:£0 26 for normal reseneralive lissne It
was 0 48017 in the 20 VeV clectron group and 05220 22 1 the
earlier study These values were fairly sumlar in both investigations
and the RBE value for cobalt was slightly higher than that arrived at
by Itnden (1964) 1n hus W alker cancer studv The RBE salue obtained
with 3o VeV electrons extremelv low only 038+020 compared with
06420 31 1n the earbier work The differcnce was fairly great

The RBF yalues at some other ime may differ because of the pos
sible variations 1n the mitotic index and thus the values obtamed at
2 given time do not warrant any final conclusions To be able to con
firm the RBL values by administering different types of trradintion
to the tumour tissue the post rrradialion period before examination
should be changed and a study should be made of the occurrence of
mitoses as a function of the interval batween the time of irradiation and
the moment at which the biopsy spectmen 1s tahen

SUMMARY

Three month old CB stock white rats with W alher cancer were used
for the expeniments The tumour was implanted under the skin of the
mterseapular region The rradiation was given 10 days later The
tumour dose was 300 rads and dose rate 40 radvmm The radiation
was given by 200 KV X rays (HVL 16 mm Cu) cobalt 60 32 MeV pho
tons of betatron and hoth 20 MeV and 85 Mc\ elcctrons of betatron
The 1readiation time was 2t 7 pm and the mimals were decapitated
12 hours after irradiation Mitoses from the tumour were counted per
100 fields over an arca of 0 782 sqmm

The mitotic counts were highest in the control group and lowest in
the X\ rny group The RBL values for the different irradiation groups
ranged from 1 to # 3% when the RBT of the \ ray group was 1 The

19 acraevrn
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RBE of cobait irrudintion was 8 81220 19 of 20 Mc\ electron 0 482017
of 30 MY clectron 6 3820 20 and photons 0 610 17

It <cemis that different tyvpes of arradition hve different effeets ot
4 certam point of time 1n the present work 12 hours aftor the irradia
trien QOne re wsan obstousiy 1s the different changes in the tfotic evele
and lengthemng of el dinasion
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RFCURRING DIGYTAL FIBROUS TUMOR OF CHII DHOOD
1 (luucal and Vorphological Aspeets of a Case

By
Jotas Antavist PiRkko PonJasperto LARS HrLT and harr Hurve

Tecened 20 i 68

A Jroup of fibrous tumors with several features in common and called
recurnin., digital fibrous tumors of cinldhood was recently described
v Rege (1965) These often mulliple mnd somehimes congemtal tumors
occurred 1n fingers and toes of cluldren under 4 years of age The
growth of the tumors was comparitively slow but they recurred un
less radically romoved The fetture that distmguishes them from other
fibrous {fumors 1s the presence of cytoplasmic inclusion bodies This
obstriation led Reye to snggest swrus etiology  As far as we hnow ths
fumor has nol been reported outside Australin

This paper deseribes a case dragnostized i Finland The resulls of
the virologieal studies on the tumor tissue will be dealt with m 2 sub
sequient paper {Pohjanpello el al 1967)

CIINICAL PILTURE

The patient a girl was horn to healthy parents in May 1965 in Hameeenlinna
southern Finland The pregnan 3 and labors were uneventful There were bwo older
healths ¢heldren in the family

A reddish spot was sard tc have tcen pre ent on the third digit of the left hand
at birth Twoe months Jater this spot started to grow and a similar syot appeared
on the fifth digit of the same hand it { months the distal part of the therd finger
had been converted into an erythematous tumor and a small biopsy was tahen After
the biopsy the tumor started to grow rapidly the spot on the ffth finger swelled
and an erythema apj cared at the tip of the fourth hnger In spite of a rather be
pign biopsy report, the chinical picture at 6 months prompted surg cal treatment
and the {no distal phalanges of the third and the fifth finger were amputated
together with the ersthematous slightly swcllen distal patt of the fourth digit A
menth later the stump of the third finger became erithematius  tarted to swell
aad reamputation had to be performed M ans hile the pathologists had hecorne
familiar with the report of Reye (1963) and at § and 9 months tissue ¢ moved € M
erth mai ns sears and from a rartfied area 1o the Yone ¢! ¢ to the up of an
amputatcd digit was  ent for vi alogical examination

MORBID ANATOVY
Ceneral Description

The amputation specimen from the larne tumor i the thrd digit

Nided v a grant €r m the Stger ! Juselius £ uaiate 1

19
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The proximal part « { the amputated third digit which was converted int s tumor
The distal intery halangeal § int and the nall arc visible Scale in millimeters HeE
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c st f the amie

Alterati ns pre ent st the cf idermal dermal juncti n st th <r
v

tati n speciment in which actual tum r wa net yet  gre

1o shown in B T The cxtont of the proccss ean he scon sirce the distal
interphlange il jomnd e the nnl arc siable
In the fourth finger which chine sty w v cevthumatons ind stiphith
swollen the rete ridpes of the epdormis wore dongatod nd «urraundid
by fvmphoestes and fintoestes The epidirmd diershons seamed 10
atart with an ntracedludor probably evtophisnue vieuoltion The rete
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Fig 3
et Tumor tissue similar to the one on the dorsal aspect of the digit jo Fig 2
Hemataxylin van Gieson Right Tumor cells frum the same section at hisher
magnification

ndzges seemed laler to loosen up wnle a rebiculum contavmn, in ils
meshes cells with smnll condensed nucier (Fig 2 left to right) In the
deeper parts of the specimen around hrause corpuseles associated with
myehinated perses there were strands of cells and fibrils which re
s mbled nerves but contuned no myelin sheaths

On the volar side of the thard digit (Fig, 1) there were alterations
Tesemblin,, those tn fourth digit deseribed nhove On the dorsal and
lateral aspects there was a hihly cellulir hissue reaching from the
epidermis to the bone The lissuc was intimately associated wilh the
Lone In Fig 1 the tissue actually erodes the bone under the proumal
part of the nul The elongated hbroblast lihe cells and col'agen bundles
formed interdigitating, bundles (Fig 3 1cft) The tumor ¢/ 1l nucler nere
rather large with 1-2 small nucleoh and a delre ¢ chromatine network
without any prominent margination of the chromiin (F1, 3 nght)
Some regular mitotrc figures were seen Somd | nt-r xcvies and rather
many mast cells were present in lhe lumor 1 su

In the origmal report on the speenmens U the cmean the tumor
Wwas sad to bring processes such as dermatolibrom.s neurofibromato
sis and fihromatoses mlo mind and we did not arrme 1t a definite
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Inclusi ns in secticns from the tum r over tainad with 1 luiline Hue In the right
pleture one round dark inclusicn scems to have tormel an Imjressi o fnte the
nuclen

diagnosis until Reve s report appeared Until then we fod seon oo
nclusions

Inclusions

In sechions stuncd with our &1 & fow famtdy costnoptulic inclusiony
were seen 1 the tumor tissue Ondy formihn fixcd and pardffinam
heddad material was wvulible When tho intensity of the ensn wasan
erensed the number of inelusions scomed to anere st The nclisions
stained orthochromatienlls with strong solutions of 1olwdine biue (s
1) They were ey disinginshad from ollicr fissue components 1n
sections overstuncd wilh cossn bricfiv woashod sn soater ind didule
acctie acsd and tierciftor stamncad 1o a strong, neutr d solution of totwm
dinte hlue followed by eapid delindrstion In such scctions the el
swons had a darh cenler surrounded by L rose fm

The icfusions did not stun for 12 phveot proups with Schff e 7ed
tnt after oxidation with penodic acid 1 not shited oth raase the
following, Justochemie ) tests have Jen adaptad from m thods denit
with by Pearse (1960} The nclusions showd no aleshof stable ml
chromasyy wath Inhndime Blue In 2 prinitne “toluidine blue cxtinchinnt
test (0001 per eonl solulion in eitrate huffars at pit 4 4 and 6 and
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1n tris buffers at pH 7 8 and 9 stuning time 18 lours at 4 € exam
nation 1n the stauming solution) mast cells stained well nucler nucleolt
and the cytoplasm of the tumor cells poorly 2l pH 3 All these siruc
tures stamed well at pH 4 but the mclusions did not stain weil until
at pH 7 1n tnis buffer In this solution almost all structures were meta
chromatic the metachromasin was not alcohol stable Thesy gave a
fairly strong tetrazonum reaction with Fast Blue B «t pH 92 They
did not stun with Scarlet Red for bhpids \With Sudan Black B they
gave a weak posttive reactton weaher than the reaction of for nstance
erythrocytes

The inclusions did not give a positise Feulgen reaction With a methsi
green pyronne reaction carried out according to Burch (1966) the 1n
clusions were not found to be pyrominophlic 1n contrast to the nucle
oh and the cvtoplasm of the tumor cells The orthochromatic basophilia
of the inclusions was not noliceably influenced by digestion with nibo-
nuclease (1 me/ml at 37 C for 2¢/ hours) or by extraction with 10 per
cent perchlonc acid for 16 hours at 4+ C These treatments removed the
evtoplasmic bisophihia of the tumor cells and of plasma cells in control
seclions

Some of the larger 1 bore some r t to red blood
cells but unhhe the latter they did not stan for benzidine peroxidase

COMMFNTS
Cliracal Prcture

Both el 11y and morphol 11y the case corresponds to the cases
descnibed by Reye as recurring fibrous digital tumeors of childhood

As far as we know this 1s the first case described outside Austrahia
this seems to mndicate that the tumor 1s not confined to Austraha It
15 possible that 1t once recogmized will not prosve to be extremely un
common as has been the case with so many other tumors

If these tumors are not exiremely uncommon and 1f thev continue
to grow for a long time unless radically removed 1t seems that they
should constitute a recognized syndrome 1n older patients Is 1t possible
that they may undergo spontancous regression? It would be interesting
to obtain information about cases which have heen left untreated

WMorphology

In our case the process secemed to siart with an erythema that corre
sponded morphologicalls to cerlain alterations n the epidermis and
the upper dermis In these parts there were no clear inclusions nor
amy reticular degeneration of epidermal cells but 1t shil scems that
these alterations may be of some sigmificance  According to Rese the
:umm tissue was separited from the epiderms by laver of normal col
agen

Our studies suggest that the inclusions consist at least for the major
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part of protein Carhohuvdrate contumng compounds and hpids are
prolbiv present In vory small amounts f at all The matenal seemn
to contasn rudativels few icidic groups According to Reve the welu
sions were pyrommnoplulie prolbhy contuming K\ A but we hive not
been ihle to confirm the presence of KNA In am of the tests performed
and il thus scems that m eur ¢ we the melustans esther do not contun
RNA or that thes contan it m such 1 form that we eannot demonstete
st

SLMMANY

A case dignostized vs  recurring digital fibrous tumor of childhood

15 reported fram $intand The process mas possibls start with corfun
alterations sn the epidermis or at the epadermad dermat junclion Histo
chenned tests do ot indieate the prosence of RNA an the tnmor cell
mclusions
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Prasse 4 € F  Histochemistey Theoretical and Applied Churchill Loadan 190

Pohganpelto Pirkko Aflqrist 1 Hurme h X Hjell I Recurring digital fibecey
tumor of childhood 11 Isolatinn of & cell transforming sgent Acta path ef
micrbiol «andinay 70 237 299 1967

Reye B B A Recurring dightal fitrous tomores of chilthaod Arch tath 20 ° ¥
231 1865
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RECURRING DIGITAL TIBROUS TUMOR OF CHILDHOOD
2 Isolation of a Cell Transformtng Agent

By
Pirnko PorganpELTO Jouan AniLgvist hart Hurwr and Lans Hiewr

Recened 22 xi 66

The presence of inclusion hodses m the cells of recurrning duntal f2
brous tumors of childhood led Reye (1960) lo suggest that these tu
mors mught have a virus etiology From the recurrent tumor of a case
desenbed wn part 1 (Ahlguist et al 1967) of this study = cell trans
forming agent has been 1solated

MITHODS

The pieres of issue sent for virological examnation were ground with sterile sand
n a mortar centrifuged at a low speed and the supernatant was inoculated into
cultures of primary human fibroblasts and continuous human amnjon cells U cells
(Pahjanpelto 1961) The cultures were incubated at 31 C and 37 C the medium
for fibroblasts was Fagles medium contalming 3 per scnt horse serum and 5 per

ceat tryptone broth aud that for U cells Fagle s medium contanmg 5 per cent calf
serum.

OBSFRVATIONS
In the U cell cultures laled with the cells detached

from the glass 1 onc to two weeks but m the foltawing Passages no
such effect was observed In cultures of fibroblasts areas of tightly
Pached cells of characleristic fibroblast morphology 1n randem array
developed These areas grew n thichness and were transformed into
thick clumps of cells visible 1o a naked eye Later the clumps were
often detached from the glass lewving holes which soon filled with
newly formed fibroblasts The clumping effect could be transferred
{o new cullures of fibroblasts suggesting that the agent responstble
for it was able to mullipiy 1 primary human fibroblasts So far 10
successful passages have been made using either ¢ Is or concen rated
supernatant as the mnoculum The response of the cells *o mfechion
‘anied to some exten! Sometimes focuses of rounted cells 1 cmbling
epithehal cells appeared at the mitial stage b 10 ¢ h  formation of
clumps (Fig 1) Somectimes the whole cell lay rm caved « thichness

Alded by granls from the Stgrid Juselius Fo  fat 1 t naf Research
B
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Fig ¢t
focus i o culture of primars human il rabila ts infected with the cett tramef rming
ageat

showing mycrosenpieatiy a charactersstic pattern of altornite thich and
thin arers (P, 24 Usuddly there w s a morked change i the colour
of the sndie slor i the mediune during the fiest fow dass iftor inocnta
tion a< camparad to the controt showang inere tsed acidits ippirenths
due to increased o Hular mehibotism

To obiamn i tede 3 of the size of th ool trimsforming o, 0l m:«hum
from erer the mfocted cells nas collotesd dufy stosed -0 &
filtersd through 2 Jen s m1vss sinbir Gy bl Lo rdd un haetorsy and o
centr wed thaut 20 fold In dedvaing in vvacauns Fhe iftesion throuh
2 bactersal filter did nol distroy the eddl transforming bilits of the
anent tndic dtins it al s amablor than fictorsn s re e thiv & siru



Fig
Primary human fibroblasts uninfected left and infected with the cell transforming
agent right

DISCUSSION

It1s not hikely that the cell iransforming agent 1solated from the tumor
1s a laboratory pick up bueausce 1solabion from the ori,mal specimen
was made three times The small size of the agent shown by the filtra
fion experiments mdieates that 1l mny be 2 virus In our present stite
of knowledge we do not hnow whether 1t 15 the eause of the tumor

but the alihity of the agent to transform cells 1s consistent with thus
dea

SUMMARY

An agent passin., through bacterial filters and able to transform prima
ry human fibroblasts tr vitro has heen 1solated from a case of recur
ring fibrous digital tumo of childhood

RFFERFNCFS

Ahloist I Pohjanpelto Purlho Hyelt L. & Hurme b Recurnng d gital fibrous
tumor of childhood. 1 Chinical and mcrphological aspects of a case Acta path
et microbiol scandinasy 70 291-996 1967

Pohjanpelto Pirkfo Response of enteroviruses to cystine irol g 5 273930
1961

Reye R D K Recurning digital fibrous lumors of childho d Ar h Path 80 #7§-
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INVESTIGATIONS ON ANIMAL
STAPHY T OCOCCUS AUREUS STRAINS
2 Anligens

hy

Jran Touis Marasvos and Prr Oroiv
Receivel 13368

Relatuely few studies have hecn made on the antigcme structure of
ammal Staphylacoccus aureus struns The results indieate tht Staph
anrents strans of human and amim g ongin have shared antyens hut
that there arc quantitalive as well as qulitative differenees | requentis
the onlv entcrion that the strans exanuned were true ammil sframs
has been their asolatson from anumals or their surroundings whereis
the sdentily has not heen asecrtuned by hiochermenl tests

In 2 previous paper {8) 1 mternil of conpil e positive o Staph
anrens situns wis examined and el ssified By biochenneal methods
Strauns producing, ety hemolvsin but not fibrnolysin were considered
to be true ammal staphviococer ind were selceted for serologie studs
In the present report these numl strans have been ex o ned for the
prosonee of human Slaph aurens intipens

MATERIAY AND METIODS

The materia) consi ted «f 120 Staph anrens trains clas ificd as ani oul strafny (81
Fighty four gor cent of the strain were | olated fr tn bevine mastiti ju the other
from animals  ther than the ccw

Agsiutinaticn was perl rmel on liles using live bacterla ant 1) human fact ¢
sers accorfing to the meth d of Oeding For technical detafl sec if fstad ()

Agar gel diffusi 6 was peeli rmed as de cribied by Hnghenes €Oyt Fightecn
br live nutrient agar cultures of the strains were teste | again t wt 1 immune u"r‘
of human Staph aurens sleain. Wind 40 263 and Cowan § Eolysac harble & pely
saccharlic 263 and pretein A were incluled as references (12 4

RESUITS

Human Stiph aureus agglufinogens Seventy etght (6 p £ cc a1} of the
smim ol struns werc Bvpable 1n fctar sera g dnst human Staph aurens
apglutino,ons (Table 1) Forts siruns did not agglulinst noany flf";’
serum whoroas two struns applutmated spont weoush  The fypalik
strans hid o wide range of inbigeme pattoens Thar cont ot of hum;:
staphslococe )l anplutimopons scumed to be somewhat 1w s 59 of 1
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strams had only one or two of the antigens wnd the azgintinations were
often weak The & anbigen was the commonest It was found n 30
strans which agglutinated strongly in &2 serum {Table 2) In 21 struns
the I antigen was found alone

TABIE 1
Sgglutination of 120 Ammal Strains 1n 13 Human Staph aureus Factor Serg
Stratus
Ne %
Typable 78 65
Not typable 30 23
Spont. aggl 2 2

TABLE 2
Instribution of Aualutinogens i the 78 Typable Stratns

Strams
Agglolinogen o
ay 6 8
a3 1 18
by 5 ©
) 18 24
e It 5
by 1 1
h 30 9
1 17 B
Tk 1 5
m 3 4
» 2 3
263 1 4 5
263-2 19 15
TABLE 3

Human Staph awrcus Group Precipihaogens Preseat i 190 Aaimal Stratus

Strains
No
Polysaeh 3 103 86
Polvsacch 63 3 3
Proteain 4 54 15

Human $taph aureus precpinogens Tibl 1 illus( ates the distribu
tion of three human Staph aurens group p ¢« it ogens in the 120
ammni struns One hundrcd and three strua « ¢ a sirong precipla
tion hine agminst serum \Wood 46 cor espor: Ao with standard paly
saechande & Polvaacch mide 283 was criy d 1100 trated m five strams
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INVESTIGATIONS ON ANIMAL
STAPHYLOCOCCUS AUREUS STRAINS

2 Anlhgens

By

Jea\ Lotts Marasoos and PFr Orotna
Recenved 13x 66

Relainely few studies have heen made on the nligeme structure of
ammal Staphylococcus aurens strains The resulls mdieate that Sfaplt
aurens stramns of human and animal ongin have shared antizens but
that there are quantitatne as well 1s qualitatise differences Frequenth
the onhv entcrion that the siruns exanuned were true anmal strams
has been their 1solation from anumals or thewr surroundin.s whereds
the wdentily has not been asccrtaned by biochemienl tests

In a presious paper (8) a material of coagulase positive animal Staph
aurctts sirans was examined and elassified by biochemical methods
Strams producing bela hemolysin but not Hibrnolysin were considered
to be true ammal staphslococer and were selected for serologte study
in the present report these amimal strams have been examuned for the
presence of human Sfapht aurens antigens

MATFRIAD AND UFTHODS

The materal consisted of 120 Staph aureus strains classified as animal strains (81
Fights four per cent of the strains were 15olated from bovine mastitis pus. the <thers
from amimals other than the cow

Agglutination was performed on shides nsing Iive bacteria and 13 humarn {factor
sera secording 1o the method of Deding For technical dotsil see I fstal (3)

agar gel diffusion was perfcrmed as deseribed by Hauhenes & Oed ng (2) Fightecd
fir Live nutrient agar cultures of the strains were teated agawnst wh fe fmmunc st
of human Staph aureus strains Wood 4F 763 and Cowan 1 Iolysaccharide & V1Y
saccharide 261 and g rotein A were included as references (12 1)

RFSUITS

Human Staph aureus agglulinogens Seventy etght (6> per cent) of 1he
amimal strains were tvpabie in factor sera apanst human Staplt aurens
agglulinogens (Table 1) Forts struns did not agpiufinatein 10s rm:;r
serum whereas two strains gglulinated sponlancousty The typabl
struns had a wide range of mligeme patterns Ther content of hum®

I he
staphlococeal apgluting,ens scemed to he someshat low s 59 of t
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were obtamed by Pullet et al (10) and Vercier ¢f al {9) who used the
three Cowan sera for bvping ValtA & Singh (7) and particularly Lwe &
Michols (6) were able to tvpe 4 hugh perceniage of their animal struns
in human factor sera Grun (1) and Pulverer (11) concluded that am
mal strains were much less oflen typable in humnn factor sera than
human stramms and if tspable they had fewer and weaker agglutinosens
The fact that a number of slrans arc untypable would ndicate that
ammal staphylococet have agglulinogens not represunted in the human
tyming set One new antigen has been demonsiraled in this investigation
Grun (1) described a ntw agglutinogen () 1 an ammal strun and
this antigen was also demonstrated 1n human s{ramms Investigations by
Ishu (5) and W Ade et al (13) also indieate that ammal staphylococet
have speaific antigens 1 addition lo the ag iutinogens shared with
human stramns For tipe differentiation of amimal staphylococer and
their dishinetion from human struns 1t 1s important that more work
be done on the specific animal anlijens

Che examination of our animal struns for the presence of human
Staph aureus group precipitinosens showed that they have the same
type of anhigenic ribntol teichoie nerd ns the cell walls of human strams
Beta hnled N\ acetylglucosaminy! residues (polysacchande A) were
reqularly demonstrated whereas alpha hnhed N acelylglucosaminyl
residues (polysaccharide 263) seemed to be infrequent 1 our materinl
‘The wall also have protein A

With regard to group precipitinogens as well there s no principal
difference between animal and human Staph aurens These antigens
seemed howcver to be less readily demonstrable i the amimnl strains
either because they are not present in a1l struns or beeause the quan
Uities are small In human Staph aureus strams the group precipitino
&(n show great quantitative varmbions and absorptions have not been
cirned out to exclude the presence of small amounts n the animal
struns which appeared to lack the antigens

SUMMARY

One hundred and twenty anmal Staph aureus strans which had been
isolated manly from hovine mastiis pus and were identified bio
ch iy hate been d serologically Sixts five per cent of the
Strams were typable m human Staph aureus factor sera The typable
strains had fewer and weaker agglutinogens than human strans The
mimal strans also had the same group precipitina,cns s human
staphylococes A specifie antigen was dumonstrated  Animal Staph
aureus strains therefore scem to have mansy «f Lhe same antigens as

human Staph anreus strans although 1n smallcr wmeunts and 10 adds
Lion eertam specific antigens
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whereas 54 strawns produeed lines which corresponded with protein A
Annleresting result was that 11 of these stramns exhibiled only a smale
Ime and not the double protun 4 line regularls obsersed m human Steph
aurcus stramns agamnst Cown I yimmune serum The lime corresponding
to that produced with human serum could not be demonstrated m (hese
sirains When howaver crude protein A was prepared from two of the
sirains both antigens were present

The majority of lhe amimal strains also gave other non identified
precipifation Iines wath the three human Staph aureus 1mmune sera

No correlalion was found between human staphsviococeal pha.e
groups and the pre.ence of Lroup precipitinosens It was howeser
remarhable that 1o out of the 17 stramns in which polysaccharide A was
nol demonstrated were not tsvpable by phage

Specific animal Staph aurcus antigens Rablit immune sera were
produced agwnst three representative animal strams in which none of
the human Staph aureus agglutino,ens had been demonstraled The
unabsorbed sera aggiulimated all our human Staph anrcus type Jtrams
The sera diluted 1 10 were then ahsorbed wilh representalives of the
human {vpe stramns n order fo remove all known human agglutimogens
After absorption none of the human {ype strams agglutiated m lhe
three sera Two of the absorbed sera had also been exhausted for anls
bodies a an.t the homologous strams whereas the third serum shil
a.glutinated the homologous strain and 16 other ammal stramns After
concentration of this strum an unhknown precipitation line was pro-
duced on agar gel agansl the homolo,ous stran and 12 of the anmal
strains which had been positne on agglutinabion

DISCLSSION

The 120 stramns which have becn submilted to seroloateal mieshyation
are independent and according to hiochemical fsts true ammal strains
{8) Howerer thev are mostiv bovine strans 1solated from mastilis pus
and therefore not representative of animal stramns n generl The bvping
with human Staph aureus factor sera shows that spectfic human
agglutinoaens are also quuie widdy distmbuted in animal stramns Its
possible thit certmn human Siaph anrcus a glulino,ns arc mare
frequently encounlered m ammal sirains than ethers Thus antinen
h was quite frequent and strong n our malerial But the resulls also
show that there 1s a clear difference between amimal and human strains
with reqard to the content of human agglulino,ens Winle nearly 100
per cent of human Staph aureus strams are tvpable in the scl of humim
faclor sera only 6o per cent of this malenal of animal strams could be
tsped In addition the tvpable ammal struns nenerally gave weaker
a-lulinalions ind had fewer ay Julinogens

Other authors have heen more of less successful mn har
tvpe ammal stramns wath human Staph aurcus scra Very

attempls o
poor resulls
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A NEW PNFUMOCOCCUS TYPE
Type 124

By

Erna Lusp and AGNETE MUVKSGAARD
Received 18 x 66

The number of types given mn the lalest publication on serological
classification of pneumococcr 1s 81 {Lund 1962) a mew fype 12A 1s
described here In May 1965 an organism 411/65 was 1solated from the
blood of a 75 years old man Thus stramn manifested the usual cullural
characteristics of a Pneumococcus and gave distinet capsular reactions
m diagnostic prneumococcal sera (I und 1963) of both tvpe 12 and type
46 and moreorer a weah reaction in tvpe 41 serum Furlher 3 strans
giving stmular reactions were subsequently 1solated at Statens Serum
nshitut

6 months after 1solating Lhe first of these organisms Iwo stramns of
preumococct which reacted mn sera of types 12 44 and 46 were sent
to us by bacleriologist David Hansman! {Sydney) and durmyg the fol
losing months 7 more simular struns were recened from Austraha
8ning a total of 14 strans

These 14 strains were found to be Cram positive diplacoces soluble mn bile sen
sitive to optochin growing aerobically as smooth colonies on 5 or 10 per cent blood
agar showing @ hemolysis and growing homogeneously 1n sefumbroth

SENSITIVITY
Tested bv the tablet method (fun11965) the 14 strains showed identical sensitivity

to anlibactersal drugs being fully sensitive to pemcillin sulphonamides tetra
cyelines erythi b b

an
<ensitve to and fucidn and
Tesistant to pol myxin and colimyein

VIRULFNCF
3 of the strains 411/65 89 6/65 and 11743/65 showed h gh irulcnee to mice

BIOCHEMICAT REACTIONS

None of the 14 strains fermented arabinose xvlo  cul t ros tal sorbital
mannitol or Inulin in 8 days Al strains fermented glu ( th ut gas) galactnse
lactase sucrose maltose sesculin and salicin on the f std (¥ & - Lund 1949)

! Our best thanks to bacteriologist Danid Hansma Pathol 5 Department The
Women s Hospital Sydney Australia for the trans and for g od collaboration

0 actapamt 70 2
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only react m the omni serum pooled serum L group serum 12 and
factor serum 12¢ In Table 2 1l 1s seen that type 12 reacts in the same
sera except i factor serum ¢ bul in stead 1t reacls m factor serum 12b

CROSS ABSORPTION

Cross absorphion tests hetween the types 12 44 46 and the new type 124
(Table 3) showed that type 12A wns so closely related to type 12 that
1t was practical to put both types mnto one group 12 (pn 12 + pn 124}

TABLF 3
Cross ibsorption of the Types 1> 174 45 and 46

antigenic { rmulas  €apsularuiters of the sera with tvpes
sera

of the scra 12 174 “ 46
1° not absorhed 122 1b 1% 512 256 16 [
12 abso bed with 124 1°b 16 0 4 0
12 absorbed with 44 1%a 128 128 o 0
12 absorbed with 46 a 12b 194 178 178 8 o
194 not at sorl ed 192 12¢ 194 206 512 37 16
124 absorbed with 12 12¢ 0 16 [ 8
12%absorbed with 44 192 12 13 256 [ 16
12\ absorbed with 46 12a 12d 256 258 16 0
44 not absorbed 44a 43b 1%b 124 32 32 226 32
44abso bed wath 12 1a 4ib 0 [ 178 30
44 absorbed with 124 43a 44b 12b 16 0 178 16
44ab orbed with 46 4a 1°b 12d 16 8 64 0
16 not sbsorbed 46a 17 17d 0 3. 32 13
46 absorbed wilh 12 46a 1% 174 0 16 16 18
46 al so bed with 124 46a 41b 0 3 16 128
46 absarbed with 44 462 12¢ 0 16 0 64

type antigenic formulas
1 2a 19b 124
124 t%a 12c 1%d

44 44a 44b 19b 19%d
46 462 1% b

Trom the eross absorplion lests the antigenie formu = {rr t/pe 124
can be ginen 1s 121 120 124 but the establishmert ot tinis noyv type
makes 1t necessars for the formulas for three of tie pre >u v known
lypes to recenve an additional antigen (Tabl  } the - en 12d has
heen added to types 12 and 44 and 12¢ to tyme 4o

Type 12 122 12b f.d
Twp 44 42 41b I2b ud
Tine 46 46a {2¢ 14b
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ANTIPNEUMOCOCC Al SFRUM

Antipneumococenl serum was prepared from the ononal strun
411/63 by immunizing ten ribbits (7 und 1966) The strun $11/bo
pnes enpsuinr reactions and agelutination 1 unabsorbed ser: of pneu
mococeal types 12 44 and 46 but not 1n ser 1 of the remaining, 78 types
The titers of the reactions are eiven m Table 1

TABIT 1
Cross Reactions (Capsular Titers) of the Fnenmococenl Types 1% 194 3% and 36

capsular titers with stramns
unabsorbed sera

™ 124 44 46
12 512 226 16 @
174 56 wt® 30 16
41 32 a 948 3
46 0 32 3" "

Three batches of 13pe 12 serum showed denlical cross rechions and
neardy the same tilers (capsulnr ind glulintion) with the new fype
124 Two bitches of type 44 serum and two of type 46 al<o b identical
cross ¢ wctions with type 124 The mosl polent serz of the bapes 12 44
and 46 were chosen for the cross absorption lests o cross e ichions
other than those ginen 1n 1able 1 were found m the sera menhond

DIACNOSTIC SFRA

A diinostic serum ss made speaific (for the tspe group ot poot) by
absorption with the heterologous types Palering the new type 124 1nlo
the svstem of diignostic sera (vpes 12 and 124 are pathured nto proup
12 the duagnostic serum for type 12 reaetin, with beth hypes 10 fins
group ( Fablc 2)
TABIT »
Dragnostee T nenmococcal Sera Reacting urth Croup 17 (rr 17 and (74

capsular titers with trans
dtagnostic sera

§n 17 o124
3
group 1 64
pooled serum F 32 3;
omn serum i6 1
factor serum 1%h 1 x;
factor serum 1Zc -

th
The dinanpshic sera for the tvpes 44 and 46 must be '\bmrl;r;l‘\:"m
type 124 to be typespeesfic After wisorption 4 stram of fype 124
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only react m the omni serum pooled serum T group-serum 12 wnd
fictor serum 12¢ In Table 2 it 1s seen that type 12 rexcts in the same
sera evcept 1n {actor Lerum ¢ but i stead 1t ruaels m factor serum 12h

CROSS ABSORPTION
Cross bsorption tests between the {3pes 12 44 46 and the new typc 124
(Table 3) showed that type 12A »)1s so closely related to type 12 that
1t was practeal to put both tvpes into one sroup 12 (pn 12 + pn 124)

TAbIF 3
Cross Absorplion of the Types 1> 124 4} and 36

. antigense formulas  cepsular titers of the sera with tvpes

of the sera 12 124 44 46
1 not absorbed 171 1% 1%d 512 256 16 0
17 absorbed with 194 12b 16 ] 1 q
12 ak sorbed with 44 172 178 128 [ 0
1 absotbed with 46 122 1% 1%d 178 128 8 0
174 not ahsorhed 12a 12 1% 26 512 3 16
PAshsorhed with 17 1e 0 1o [ 8
174 brorbed with 43 1% 1% 178 250 0 18
1A dbsorbed with 46 172 12d 26 256 16 0
43 not ahsnrbed 442 44 12b 12d 32 3o 256 3.
44 ahsorbed with 17 2 b 0 0 129 32
dtalsorbed with 124 4da $ib 12b 6 0 198 16
41 absorbed with 46 a2 1 b 17d 16 2 61 0
4 0 tahsorbed 46a 12 12d 0 a2 30 128
46 absorhed with 12 46a, 19 12d 0 16 16 128
Babsorbed with 124 46a $4b [ ) 16 128
46 ab orbed with 44 462 12 0 16 0 64

inpe antigenic formulus
19 12a I d

124 12a 17%¢ 121
a3 44a 44b 1’h 12d
46 462 1% 44b

“:rgm the cross q’nhsorpuon tests the antigente formuly for lype 1254

m“‘e: ;{xun as 122 120 12d but the estabhshment of this new type

o ‘1 necessary for the formulas for three of the pres 1ously hnown

o D recenne nn addittanal antigen (Table 4) The antigen 12d hns
&t added 1o 1y pes 12 nd 44 and 12¢ to type 46

Tspe 12 124 Wb 124
Tspe 44 441 44b 19 124
Type 46 46z 12¢ 44b
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TABLE 4

Darish Type Designations of 82 Preumococer
Antlgenic Formuias According to Aavffmann and fund

tvpe antigenie fomulas type anhigenic fomulas
1 1a g "0a 20b Tg

2 Za 2 s

3 3a ] 22 22

4 da 224 %3 e

5 Sa 23 23a 23b 18h
CA 6a 6b 234 23a %3¢ 15¢

6B 6a 6c "3B 23a 23b 23d

7 Ta b 21 242 24b 240 Th
74 7a h % Ha 248 24e 244

0 7a I e Th B 242 b %c T
7C Ta 1d M g Th 2 2 a 25h

8 8a 27 27a 27b

94 92 9% 94 26 78a 28b I6h 28d
9t 5a 9b 9c 9f 284 282 93¢ "3d

A 92 9b 9e 29 293 29 13b

9% 9a 9c 9d 9 31 31a 20b

10 102 10b 32 3% 27h

104 10a 10c 104 3 3% a°h 27p

11 Ha 11b 11e 11g 33 s 33h 430
114 ila Ile 11d 11e 334 33a 43b 334 "0b
1B 1a b 1f g 338 33a 33¢ 33d 33
1C la 1b 1 1na 1t a3c 33a 33c 3

12 12a 19 12d 34 34n 34

124 122 12¢ 12d 35 152 35h 33b

12 132 130 354 352 35¢ 70h

1" a 38 52 35 °9

1 182 Lob 1re 151 35C 352 35c Wb 4%
154 152 15c 15d lag 36 362 9e

158 15a 15b 152 15¢ Lh 37 32

15C 152 15d 15¢ 38 382 25b

16 16a 16h 11d 19 19a 10d

7 172 Lib 10 402 7 Th

174 17a 1% 41 ita 41b

18 182 18h 18¢ 18f $14 $1a

184 18a 18b 18d 4 472 20b ¥ic
188 182 18b 18e 18g 43 13a

13C 182 185 18c 13e 4 s b th 1
19 19a 19h 194 15 45a

194 192 19¢ 19d 46 {6a 12¢ 4tb
198 192 19¢ 19 h 47 i7a 3% 3 b
e 192 19 19f 7h e 22

The formutas valid up to now are ginven for comparnisan {Aauffmenn
Tund & Eddy 1960)
Type 12 122 12h
Tvpe 43 442 44b 12h
Tpe 46 462 44b

All 14 stramns of tvpe 124 gave wdenlical eapsular seacho
sera used for the cross absorplion tests menfsoned n Tile 3

ns n the

stronger antigens in these 14 strams must therefore he wientical

the
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Types 124 and 46 hue been found to he highly virnlent to mice
whilst types 12 and 44 show only moderate virulence (Lund 19.0)
Tvpes 12A and 46 have the antigen 12¢ 1m common bul 1t 15 mussin,,
from types 12 and 44 1t 1s therefore possible that tlns antigen 1s
responsible for the higher sirulence

TABLE 5
15 Strains of Type 1°4 from 13 Palents
stram patient  vears of age  isolated from  chinical diagnosis
1411765 8 % blood bronchopneumonta
septiczemia
2 57/66 [ 3 blood bronchopneumonia
septicamia
3 557/68 ] 89 blood abscessus cerebny
bacteriemia
1 559/66 3 o blood pheumoma duplex
bacterinmia
5 8936/65 E] 67 sputum bronchopneumonia
6 11136/65 & 7 compunetsa bronehut chron
7 1743/65 3 82 sputum bronchit chran
8 11793/65 3 7% sputom bronchit chron
9 19436/65 3 5t sputum bronehe pneumonia
1039°/65 Slavicula osteomyelitis
10 10394765 3 61 meninges memngitls
11 6312/66 3 % sputum bronchit chron
12 6365/66 ] 82 sputum bronchit. chron
13 7197/66 3 22 sputum bronchit chron

The sources of the strains are given 1n Table 5 Most of the siruns
were isolated from elderly patients and predomnantly from men of
11 male patients oniy three were less that 60 years of age and the 2
women were both 1n their sixties

One of the strains (11136/65) was 1solated from A conjunclival swab
taken prior to operation on a eataract in a patient with chromce broneht
ts One palknt died from memingitis caused bv Pn 124 (stran
10391/64) following a motor aceident the same type (strain 10392/65)
h1ving been 1solated from an ostecomyehtis of hus elavienla

SUMVMARY

A new pneumococeal type 124 1s deseribed bringing the total number
of types to 82 The new type reacts with the types 12 44 and 46 1t 15
Pt up as type 1274 forming a group 12 with type 12
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14 strams of type 124 from 13 patients have been 1solated in Denmark
and Austraka
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PRODUCTION OT' CHLAMYDOSPORES
BY CANDIDA CLAUSSENII

By
J Brows THOMSEN
Re enved 14 xn 66

A new species Candida claussenu was created by Lodder & Rreger van
Ry 1 1902 based on the micro and macromorphological desialions
from therr description of Candida albicans (1922) Like Stelling Dekler
(1931) they found that the physiwological reachions of the stramn
(recenved 1n 1910 from Claussen 1n Copenhagen labelled Saccharemyces
pastorianus) was 1in agreement with those of Candida albrcans

The morphological characteristics on which the species was created
were the absence of ball ke clusters of blastospores on the pseudo-
msycelum the weapahibity of producing chlamydospores a mare elon
gated form of the hlastospores after culivation 1n malt extract and
further the psetdomyechum never develops mto the a,ar as it does m
Candida albicans

van Uden et al (1956/58) published some pathogenicity experiments
with the type strain of Candida claussenut They found that ifs patho
gentoty was of the same order as that of Landida tropicalis VWithout
further comments they described a negative fermentation of palaclose
(a negative galactose fermenting nbihity was iso mentioned 1 a pre
Vious report by the same authors in 1926) and in their quolation of Lhe
spcetes deseription by Lodder & hreger van Riy (1952) they wrongly
Teporfed the galactose fermentation as negaine

A negalnve galactose fermentation 1s alse reported by hocl ova
hratochmilova et al (1963) 1n their Table 1 which _rves a review of
common and distinguishung features of Candida albtran  Caniidn
stellalordea «nd Candida clanssenu In their Table 3 and in a later
report (hochova hratochvilova 1964) the fermentation f ga actose by
Candida claussenu 1s reported as being positine In 1903 the Centraal
bureaut voor Schimmelcultures still descrived the galacte  1¢ n 1tulion
of the tvpe stramn 1 positine (Slooff personsl commur a1 1

Sanche. Varroqumn (1008) found furthe s n'ariles se 1 Can

Supported by grant ¢ o the Damish \af ora? & sea ch F ad

I wish to thank the ¢  hoslovak collectio ot M <o ' 711 54S) for
the strains genevou clied and the G ¢ aalkbare 4 € 8 e ultuces for

the type stran
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dida albicans and Candula clanssenu as to anitbotic senswily the
reduclion of suiphutes and the Inck of hvdrobsis of urey and tyrosme
and concluded that these species may prose to be synonymous

Artagavegtia Allende & Legnant (1962) and Arlagaveytia Allende
(1965} nccepled the sxnonvmuly with reference to previous mvestiza
tions by the above mentwoned authors ragner (1962) sl accepted
Candida claussentt as 1 separate spectes with mere refercnce to th
publication by I odder & hreger van Ry (1952}

In alt of the pubhications on Candida claussenu previously mentioned
2 15 nccepted that this species ss not able to form chlamydospores?

This paper describes the obseryttion of chlamsdospore formation w
Candida claussentt experimentis on the serum tube formation abahly
and some physiological properhies

MATFRIALS AND METHODS

Stroins Four strams of Candida claussens were used ‘Three one cell cultures were
made from cach strain using the technique of Drstor (19°2) The propertios of the
four omginal strams and of the twelve rloned cultures were alike three af the
orignal cultures being the tspe stramn of the species

The four stratns were the following

1 Type strain of Condida clanssenn CRS \n 1048

From the Czechostovah coll a

2 (CHI SAS) 29-01-1 = IFO0I59 1961 = CBS 1949

3 (CHYI SAS) 29-31-2 = CBS 1349

4 (CHI SAS) 29-31-3

During the experimental pertod the sirains were kept 1n our eolleiticn on malt
extract agar slants and trapsferred esers third month

Chlamypdaspare formation Twe media {a and b) were used 1o promote the forma

tion of chlamydospores
a  Tice medium with the folawing compasition {Taschdnan 1953)

W hite riee 20 g
Special agar noble (Difco) 26
Dstilled w ater 1000 m}

b Same compasition as medium a with Tween 80 1 a 1 per cont reentration

(Taschdpan 1357)

The cultures were scratched into a thin layer of the medmum on side  coverel
with coter glasses and cultivated in 8 wet chamber (Petri dish) at r m tempera
ture which during the experumental perlod was 20-2% € The culture w1 vamlned
on these media dailv for 8 days

Fermentation The medsa were made prncipalls accarding to the d  rytion af
Podder & Areger tan Rig (19521 with the following composition of th ba i sufar
free substrate
Yeast extrect (Difes} REN

Water 7520 ml

sugsrs were

‘The sugars were added to a final concentralion of % per cont Tie
used $5 min

Best treated for 2 X 20 min 81 100 C (fodder & Kreger van R1) jR )

satislasa Julv 3966 De
had ot or ed chlsmeds

1 at the Third International Svmpesinm on Yeasts in B
£ Can frda claussentd

%8 wherham {Pearia $lhnols 118 A ) informed me that he too
spores of the same form as deserthed in this paper in a sirain o
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Fig 1
Candida claussenti Chlamydospores in Rice medium a

31120 C) Table 1 shows the varous sugars used Two different makes of galactose
and sucrose were used

(The production of ges was used as an indicator for the fermentation (Durham
flasses)
The cultures were incubated at room temperature (20-22 C) The reactions were

read daily for 10 days The inoculation was made by a tiny imoculum from malt
extract agar cultures

Assimilation of carbon sources The reactions were performed on solid medium
with the addition of yeast extract in plastic Petrl dishes (not air tight) by the
toethod used by Lodder & Kreger van Ry (1952

With reference to Wecherham & Burton (1948) the carbon sources that were tested
are shown 1n Table 2

The reactions (gronth zones) were examned after cultivation at 25 C for 2 3 days
and again after further cultivation for 2-3 days at 17

Rapi{ tdentrfrcation test for Candida albreans The filamentation reaction (Re nolds
& Braude 1956 Taschdjian et al 1960 Stenderup & Brown Thomsen 1964) wa

pecformed in human serum in small tubes The serum was imo vlated wath yeast
cells from & 2-3 day old malt extract agar culture (35 C) and incubated fo  hours
35 C. The yeast cells were then examined on slides for the p  ence of charac

tenstic filaments The activaty of the serum was continu u , necked by the use
of a typical Candrda albreans strain

RFSULTS

All cloned cells produced chlamydospores wn appro<imately 2-3 days
n medium @ which did not contain Tween 80 Figs 1 and 2 show the
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Fig 2
Candida claussenu Chlamydaspores 1n Rice medium o

chlamydospores in this medium In mcdium b which cont uned Tween
80 1n a 1 per cent concentration extremels few chlamydospores were
obsered

The results of the fermeniation reaction are shown in Table 1

TABLT 1
Fermentation Reaction
4 slucose (Mereh) +
d-galactose Verek) +
d-galactose (Fluca) +
d-maltose (Merch) +
d-sucre se (Pllanstiehl) +)
a sucrose (BDH_Anslar) [{EH!
d lactose (Merck) ~
mulin Merck) ~
rattinose (Verch) -
Oue parr of brachets ndicates that the Durham glasses could ot be complelel®
filled 1n 10 davs
Two paurs of brackets indicate that only a small bubble was formed.
The results of the tation reaction ( graphic melhod) are

shown n Table 2
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TABLE 2
Auranagram
d-glucose (Verck) +
d galactose Mereh) +
d-sucrose (Pilanstsehl) +
d maltose {Mereh} +
d-lactose {Merch) —
1 sorbose {Merek) +
dcellobiose (Sigma) —_
d trehalose (BDH) +
d-mehibiose (Planstiehl) —
raflnose (Merck) -
d melezitose {Merch) _
inulin {Mereh) -
& xviose (Merch) +
l-arabinose (Verch) +
d arabinose (Pfiznsticht) niable
d-rsbose (Sigma) —_
erythritol (Merck) —
adonitol (Merck) +
duleitol (Mesch) —
d»mannua) {(Merch) +
d sorbitol (Mereh) +
alfa mcth\l dgheosid  (BDH) +
saliain {G T Gurr} _
Yachie acid (Oerch) +
sucoimie acsd (Mereh} +
atric acid (Merch) +
mositol (Merch)y —

‘The filamentation reactron m serum was negatrve for all the strans
The control strain of Candida allncans produced tvpicat Hilaments

DISCUSSION

In the original descriplion of the spectes Canduda claussenut (1 odder &
hreger van By 1952) 1t was stated that the fermentation and assimila
tion reachions used for the Aescriplion were ke those for Candida
albieans and that the properties characterizing Candida clattssent were
the incapability of producing chlamydospores and the devialion from
the accepted morphology of Candida albrcans as menbiwned in the
ntroduction

“The author agrees as lo the simiarilies between the fermentation and
asstmulatien reactions of Candida albteans and Candida clanssenu wen
lanted mn the oniminal deseription (where fermentation of glucase ¢ uae
o5t sucrose maltose and lactose and assumilation of 1w e gilictuse
suerose maliose and lactose were tested) VWith spe crence to the
dnersities as regards the fermentation of galact « ¢ ationed i the
ntroduetian 1t 15 worth noticiny, that ferment tic
positive for hoth mahes tusted (Table 2)

The chlams dospores produced by these strasn ot ¢ andwda claussenu
are dissimular lo those normalh seen wn freshiy isolated strums of
fandida albicans but sccordmg lo N rcherham (19381 and I odder &

¢t £ la tose was
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Cendula claussens: Chlamydospotes n Rice medum a

chlamydospores sn this mcdium In medium & which contuned Tween
80 wn 2 1 per cent conceniration extremelv few chiamydospares were
observed

The resulls of the fermentation reaction are shown in ble 1

TABIT 1
Fermentatian Reaction
d glucose (Merch) +
d galactose (Merck) +
d galactose (Fluca) +
d-maltose (Merch) +
d-sucrose (Piianstichl} (+1
d-sucrose (BDH Analar) «+N
d-lactose (Merch) -
loulin Nerek) -
raffinose Merck) -

Oune pair of brackets indicates that the Durham glasses ctuld nat te complesely
filled 1 10 davs
‘Twao pairs of brackets indicate that only & small hubble was formed

‘The results of the assimilation reaction (wxanographic methaod) art

shown in Table 2
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3 per cent Immidately after extraction the teeth were cut at a right angle to their
Iength avws into two or three parts therehy obtaining a autcker and 1 etter fixation
with the neutral formalin Decalerfication followed In formic actd sodium citrate
solution After double paraffin embedding the middle part of the root was seetloned
at a right angle to the length aus of the tooth 6 8 am thick sections and stained
with haemalun eosin and persodic acid Schaff Each type of stalming was performed
m the same batches including both diabetic and nondiabetic material

Results  In all the sections the peripheral third of the pulp showed only small
vessels whereas the central part presented small and large vessels and nerves

In the PAS stained sections from dlabetics PAS positive mural thickenings were
seen 1 both small and larye vessels These Vascular changes scemel to be mast
pronounced in the central areas of the pulp bul could be scen cven in the perf
pheral part Similar changes could not be demonstrated 1n the control matcrial

Calcifications 1n the pulp were found in diabetics and nondiabetivs But in dia
betics these ealcifications were more frequent and were often sickle shaped and
embracing the vessels In some areas the caleification was so marhed that only rem
nants of vessels could be discerned

Discussion  The present investigation shows that patients with diabetes mellitus
of long duration present late diabetic manifestations in the form of vascular changes
i the dental pulp 1dentical with those observed in other tissues 1¢ marginal gin
gna and periodontal membrane (Russell 1966 1967) The higher frequency and
peculiar shape of the calcifications 1n the diabetic dental pulp can hardly be con
nected with a contingent hypertension as they are often extramural

The two groups are yet too small to allow any definite conclusions In regard ta
the morphological vanation of the calaifications An investigation ta show how
carls and how often these accur 15 1n t

Conelusion A preliminary Imvestigation shows that in patients with disbeles
mellitus of long duration late diabetic vascular changes may be demonstrated in
the dental pulp which in these patients also seems to exhibit a speaific type of
caleafication

References Russell B G Gingnval changes m dlnhcle\ mellitus Acta pnlh et
microbio]l scandinay 68 161-168 1966 —R;
1 diabetic mellitns Acta path et microhinl <c=ml|mn 70 318 319 1967
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THE ADOPTIVE TRANSFER OF EAPERIMENTAL
MOUSE AMYLOIDOSIS
BY INTRAVENOUS INJECTIONS OF SPLEEN CELL
EXTRACTS FROM CASEIN TREATED
SYNGENEIC DONOR MICE

By
Pour, Raztev
Recerved 20 <11 66

A number of mvestigations in recent years dealing with the pathogenesis
of experimental amylodosis has indicated the decisive role played by
mesenchymal cells 1n particular by those helonging to the reticulo
endothehal system (Tedum 1954 1956 1961 Cohen ef al 1965) Ob
servations of the histochemtcal events taking place daring the induchion
of experimental amyloidosis together with studies of the influence of
varions enhancing and 1nhibiting factors on the dvnamies of amyloid
formation led to the concept of a biphaste local cellular formalion of
amlowd (Terfum 1964} In heht of these premises 1t was considered a
Probability that the primary pyroninophilic phase of amyloid formation
nduced 1n one ammal might be transferred to a second Syn,eneic
animal with spleen cells thus without delav eliciting the second
amsloid phase 1n the recipient Such cxperiments have proved success
ul thereby substantiating the crucial role of celfs m the pathogenests
of experimental amyloidosis (W erdeltn & Ranlov 1966 Ranlov & Wer
delin 1967)

The following experiment aums at the elucidation of the nature of the
factor responsible for the adoplne transfer of experimental mouse
wmylowdesss i a svngeneic system—mn particular at the question
whether 1ts actrvty 1s related to the ntact cell

MATERIAL AND METHODS

Amimals Throughout the expestments the same stock of randomized closely 1nbred
C3M mice 2-4 months of age were used Set distribut op was equal

Th § investigation was support d by grants from Gdrdeser of Stenlese Peder Lau

i3 Pedersen s Tegacy t the Suppori of Medical Research and The Damish Leagne
4gmnst Rheumatism

1 aczaparn 70 3
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Ezrperiment A

Donor mice 25 randomhv selected were treated with 17 daihv casemn injeeting
5 imes a weeh according to the method originally deseribed by Aue ynshi (199%)
Per anjection 05 ml of a solution (5 per cent} of casern in 025 per cent NaOH was
given subcutaneousls m the back This treatment resulted in minute amounts of
amyloid 1n the spleens of approximately 3 of the donors In all don r splecns &
heavy prroninoplilia was evident The day after the last injection all dsnor mice
were hilled by cervical distocation and the spleens were harvested and pooled In
cold 1sotonie saline From each spleen a small specimen was fixed in neutral forma
lmi r:r hstological exannnation The total yield of splenic tissue was 65 gm (wet
weight.

Cell suspension The spleens were gently teased apart in a loose fifting Potler
Ehehiem homogenmizer After filtralion twice through a metal sieve the suspension
was washed twice 1a cold Isotonic salime and frnally made up (o a suspension con
tamng spleen cells equivalating 200 mg wet sweight of splenic tissue per m! (corre

d to app: 1 [ spleen cells per ml) 6 ml of this
suspension (the equisalent of 12 gm wet weight of donor spleen) was kept for
tngection in the experimental group I (sce below)

Cell homogenate and fractionations Fxiracls of doner spleen tissues were made
largelv according to the methoa for preparing antigenic ussie extract described by
Medauar (1963) the cel corresy g to an imtlal wet
weight of pooled donor spleens of approx 50 gm was centrifuged for 5 minutes at
2 Cat 1500XG The saline was and the cells re
in 10 ml cold jsotonic saline to swhich 30 ml scecold dustilled water was thereupon
added under vigorous stirring The cells now stichy and osmatically swollen were
spun down acan at 1500XG (2 () cut up coarsely with scissors resuspended in
40 mi of icecold distilled water and spun out agmin The gelatinous cell mass was
cut up again with scissors resuspended in 17 ml distilled water and in volames of
85 ml homogenized sn a Waring blender at half speed for 5 minutes follawed by
top speed for further 2 minutes After the remaval of air bubbles the homogenate
was finally exposed to ultrasonic irradiation for 45 seconds using an MSL. Lltre
sonse Disintegrator frequency 0 he/s output 60 W The final result was 17 m!
af a transparent yellowish flusd In order to restore the oviginal salt concentration
0081 salume 2 M \aCl was added This caused a heavy precipitate to form which
was removed by centr at 5000X U for 10 minutes This sedument
will 1n the following be referred to as “DNA protein™ while the corresponding st
pernatant will be referred to as “crude semisoluble extract” (Vedan ar 1963)

The sedimented fraction termed DNA protein™ was suspended in isotonle salive
s0 that 05 m] of the suspension contained material representing an initial o et welght
of 100 mg of the paoled donor spleens from which the preparation started The Iinst
dry weight of “DNA protein 1n 05 ml of this suspension was determ ned as 70 °5
mg (after ev of water and deduction af the 45 mg NaCl) fhe dry *DMA
protein” was microscopically an amorphous highly Feulgen positive matcrial with
out recognizable cell structures. It may be considered made up of all the cellulsr
DNA DN\A linked enzvmes and histones (Alenow 1966)

The supernatant fraction termed “crude semisoluble extract was likewisc adjusted
so that 06 ml represented an initzal wet wesght f 100 mg pooled 4 nar spleen The
final drs weight 1o an aliquot of 05 m! was 25-30 mg This dry materlal may b;

d derrved from e various soluble enzymes av
tmare tha 90 per cent of the cell RNA (Klenow 1966)

Treatment of Recipients
Group I 12 mice were given intrasenously i
pensicn of viable spleen eells from the casein treated denor
sponds 1o an nttial wet weight of 100 mg pooled donor spleen
104 pucleated spleen cells The trypan blue test showed 85 90 p
the inoculum In this and 10 all the lon;mmg groups including o
dded so that 05 ml contained 1011 .
“‘;r‘lupt" 15 mice recenved intravenously 05 ml whole homogenate (that h[ f.':“;l
semisoluble extract + “D\A protein™) corresj onding to an initial wel KOET, o
100 myg pooled donor spleen 0.5 ml of this inoculum contained 45 3

material.

n the tail 05 m! of the original sus
mice This dose ¢orre
and 1o gy prox 100 X
er cent vial te cells in
he controls heparia
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oup HI 14 mice were given int; Iy 05 m} auctear
I‘rfc:io: { D\A protemn )gcarrcspandmg to an witial wet weight of 100 mg pooled
1
da;{:‘:’]; Xe‘cn 14 mee teceiued tntravencusts 45 ml of the suspension eontsining the
eytoplasmie fraction  { crude ble extract ) cor to an injtial
wet weaght of 100 mg pooled doror spleen
Visthay 2 hours atter transfer each mause wn every group recersed the fnitial dose
of 005 mg Mtrogen mustard subsutancously (¥rasol 008} The mtrogen mustard
treatment was repeated after 48 hours 4 days afler transfer ail mice were killed by
ethier inhalation fn the meantime no mortality cccurred

Control Groups

Donor mice 20 normal, randomly selected mice were Jolled and ther spleens
poaled 1n eold 1sotonle saline Spleen cell suspensions and extracts were prepared
exactly 1 the manner deseribed above

Recipients

Group 3 {corresponding to the experimental group 1) 8 mice were given ntra
renously 05 m) of a suspension of spieen cells from normal umtrealed syngenmeic
donors This dose carresponded to 100 g imitfal wet weight of pooled donar spieen
and to approx 100 X 103 nucleated cells Vrabality was 82 per cent

Group Vi (vorrespontding to the experimental group 1) 10 rmuce recesved intra

yenously 05 ml of a suspension of DNA protem correspanding to an imbial wet
wesght of 100 mg pooled normal danor spleen

In the controls treatment wilth attrogen mustard and time of kolling were identical
with these of the experimental groups No spontancous mortality was ohserved.

An addibional experzment under sumlar conditions Experiment B
was dessgned 1n order {o inveshgate 1) the lustological events taling
place during the first few days afier transfer of DN\A protesn demyed
from spleens of casein treated doners with and without subsequent
treatment of the recipients with mtrogen mustard 2) whether amylond
osts simlarly ecould be mduced by subeutaneous admnisiration of
“DNA protemn from easemn treated donors and 8) whether the obsersed
amyloid mducing polency of the DMNA protern from casewn sensitized
donors mght be mfluenced or even abolished by treatment of the
wnoentm with D\ Asea prior to mjection

Erpeeiment B

In Experiment I 1ibred randamuzed CIH mice of the same stach a those emplayed
1 Experiment A were used The treatment of the donors and the p epzrat o and
the fractiquation ol spleen cell extracts were identical to the pracedire d sershed
in Bxperiment A

Alter 17 days of cascin trealment spleens from 25 randomly sele 4dnt o =
Harvested snd pooled The DNA protein decnved from this poo! wa "o d 1p w th
uatonic saline 1o 2 su pen fon contstmng the equivalent of 10

vl engh of
pooled donor spleen per 05 ml 8 mlce cach yecemed 05 3 1 uo lur ot @
venausly in the tail M4 of these mice gromps 1-8 (T I ub cqe ntly
treated with nitrogen mustard as descrsbed above and b b 12 cddd s
afler transter The rematatng 14 mice comprising th ¢z <+ T 1 ) vere
reated Hhewise except that they did not receive ant B 4 (Tabe
17 B ice cach were given 05 ml of the same DNA ¢

€ oo osubcafane

ously ja the back followed by nitrogen mustard kre tm ¢ £d boe they
were hilled after 4 davs

Aa amount of the DV A profetn equinslatiog 606 ry = »¥ uf pooled donor

spleen was na hed and r uspended tn 002 Al phosph te u £ 65) with 0001

2t
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M MgCl so that 05 ml of the suspension centamed DNA protein  equivalating 100
mg wet weight of pooled donor spleen This was th \t fo
2 hours at 20 G with 40 microgramme of becf pancreas D\ 4se DECA (Worthington)
Mter wcobation 05 ml was mjceted intravenously into each of 6 recipients which
subsequently recenved the usunl coursc of nitroyen mustard until killed after 4 davs
They comprised the grounp § (Table 1)

Finally group 9 the ¢ ntrols ding Lo group VI of ¥xj criment
A (Table 1) 11 mice received D\ A protemn ntravenousls from normal untrested
donor spleens dersved from 15 randomly selected donars (dose = the equiralent of
100 mg wet weicht of pooled normal donor pleen) After the usual course of
nitrogen mustard the reeipients were hilled after 4 davs

Iistology

Tissues were fixed in neutral fywmalin paraffin embedded and sections were ent
5 mierons thick The following stains were emploved Haematoxihin e in the PAS,
technique the Foulgen stain and allalme Congo re! AmyIniy was identified by
morphology and Infringence with Conpo red under crossed jolars The minidusl
degree of amvloidosis wa estimated semiquantitatively on scetions of spleen and
graded from 0-6 according to  hrislensen € Hzort (1939) In Table 1 mean values
are expressed as plusses

RFSUITS

The mam rcsulls of the present experiments are outhined o Table 1
It will be secn that no amvlod at 2l could be found i nuee recenving
viable spleen cells or D\A protan  derned from spleens of normal
untreated donors (Fxperniment & sroups ¥ wnd VI Ixperiment B
group 9)—a total of 29 recipients In contrast viable splecn cells whol
spleen homo.ente and  D\A proten  of spleen cells derned from
casem treated donors were equally effective m mducin, amviowdosss
m the respecline recipients while mice recetving  crude senusofuble
extract from the same pool of cnsain treated donors fuled 100 per cont
10 do so Moreover in I xperiment A the mylord developin,, s 1 resull
of the yarious treatments apart from a 100 per cent positivaty showed
1 strilang, degree of umformily m the 3 proups recening viabile spleen
cells whole splecn extract or D\A protein  respeetinely (Fips 1-3)
This uniformty pownts tow wds the D\A prolein fraction 1 tht apent
responsthle for amvloid induction in the recyments

From the results of Txpcriment B (Table 1) af appears that anturtls
recening  DNA protein  from easein treated donors did not dosdop
recogruizable amounts of splenic amlowd before at last 2 davs after the
transfer (groups 1-6) While 1 group 3 4 out of 4 recipunts of DN
protein  subsequently treated wath mirogen mustird dovloped umy
lowdosis when hilled fier 4 davs onls 2 out of & recipients i sroup 6
not reeets ing nitrogen maustard did so when sularhy halled after ddmns
This mdicates that although miro,en mustard marhediy mh.um;
amyloid formition n the reeipients at 1s not completely necessarn o
the mtintion of the amslodogenic proeess in this system

From the observalions 1n group 9 (Table 1) 1t 1s apprrent t
eutancous admmsirion of the ll)‘\A prclclln nl;’{f::f,l‘p(:‘,:l,nd|ncln&
quently treated with mtrogen mustird was nearlv

fral sub
s subst
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kg 1 Section of spleen from mouse treated with an sntravenous lnjection of +iable
spleen cells from casein treated $1ngencic donars The 1ngectron was followed
by a short course of nitrcgen mustard and the recipient was hilled £ days
after cell transfer (exertment 4 group 1) Spleen amylardosis grade 3
Haematotylin cosin X 35

Fig ® Section of splecn from moust treated with an amount of w hole spleen homo
genate from casem treated vmseneic donors equivalating 100 mg pooled wet
wesght of donor spleen hilled after 4 davs of nitrogen mustard (Etperiment
4 group 1) Showing splecn amsloldosts grade 3 Haematoxslhin eosin X 35

amylerdosis Oaly 1 out of 8 such treated muce respanded with amslowd
formation and only to 2 very sl ht degree

Finally all mice injected intravenously with DN\Ase trealed D\A
protein  from casein treated donors followed by the usual course of
nitrogen mustard (group 8) developed splemic amylod to exactly the
same degree as did muie similarly treated with mtact DNA protemn
from the same pool

Morphalogiealls the amyloid deposils were wentieal to these usually
secn 1n experimental mouse amloidosts They werr predominantly
arranged as pertfollicular rings in the spleens The amyloid substanee
was moderatelv cosinophilic and weakls PA'S positine except for the
most peripher 1t parts where new formed amvlo showed a vivid purple
——offenn closc re wonship lo P A S positive reticulo ¢ndothelal cells
The amvloid ulstince stuned pink with alhalne Congo red and ex
hiited the charwctrnishic green birefringence vh n viewed under
trossed polirs Ir 1) sections examined the amy « d substance was
Feulgen negitinve whole amvioid deposition in invers and hidnevs
was sparse of b



Fig 3 Spleen from mouse simalashy treated nath auclesr fraction { DA fraten™)
from the same pail of casemn treated svngencic donors Nitrogen mustard
and tume of killing as ahose Spleen amviofdosis grade 3 (Fyperiment A
group ) Haematoxsha eosin > 35

Fig 4 Splien from mouse sumilarly treated wath ¢y toplasime fraction { crude seml
solubile extract } from the same pool of casern treated synyencic doner
spleens Admumstration nitrogen mustard treatient and bime  f killing 33
above (fypersment & group IV} o detectsble amviowd resuited from this
treatment taematoxshn ecosin X

DISCLSSION

‘That the transfusion of svngenecic spleens or thoir homagnates per 3¢
are not responsible for the mitivtion of the very rapid amvioudopenmse
process n the recypents of our transfer system seems evidont from the
negatise results obluned with spleens from untreited donors i the
present and 1 earhier expeniments (Werdelin & Ranlay 196b) Thus i
seems that only splecn cells or subecliular frachions of spluens from
hyperimmunt ed donor mice are capable of ymibinting the ryd ams

joidogemie process i s\npenec reepients urthermor iz on
(evsemn treatment) of the donor mice prior to celt transfer must endure
at least 2 sechs of duly anligenie tre siment (1 erdelin & Hanion 1066)

‘The neecsaity of these conditions must be emphasized owng 10 the not
mfrequent findings of splentc by dimzition  in such conditions 18
wasting discase or homologous discase tributable lo prafl versus host
reactions 1n mce 30 these condibions the mjections of immunologie 4
competent allogeneic spleen cclis snto xmmunologienlts lncompclt‘n;
weanhng Iy hvbrid mice mas be followed 2-4 weeks later By 2 fitd

wasting diserse  Among other p ithologienl features this sy adrome
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include the depostlion mn the splenic perifollicular regions of a homo
gencous costnophilic matetial which undoubtedly 1s amnlod (Fiscus
et al 1962) In such conditions where the reciprent Fa hybnd spleen 1s
populated by antigemeally different parental stran cells the develop
ment of amyloid depostls 1 the course of a few wechs 1s to be expected
i most strains of nuice Barnes el al (1962) 1n lethally wrradiated mice
tnadequately restored with syngeneic Iver (fetal) or bone marrow de
<cribed the development of secondary disease characterized by {ymphod
aplasia hvperplastic granulopowsis and from day 40 onwards wide
spread replacement of splemic hssue with an eoswophtlic substance
later recogmzed as amylowd (Bradbury & Wicklem 1965) Prosided an
adequale proteciion with larger amounts of syngeneic lymphord or hone
marrow cells both the svndrome and the amslowd lestons were pre
sented Undonbtedly these wrradiated and insufficientl restored muce
were suffering from a variety of mnfechons which alone will account
for the subsequent amyloidosis These mvestigahions loo argue agamst
any possibility of spleen celis per se being amn loidogenic when tnjected
inlo adult syngenetc reciprents This 1s further supported by vitro
studies by Putton (1960) vwho showead little or no proliferative responsc
occurring i puved cultures of syngeneic spleen cells from mice In
conirast arapid increase occurred in allogenesc combinahions

In the present experiments only  nuclear frachions were capable of
wtiating the amylowdosenic process m the reciplents As all of the
antisentc actinaty of cells has been found lo reside exclusniels 1 the
cytoplasmic frachions ( Wedawar 1963 Monaco ¢f al 1965) there scems
10 be no reason to ascribe the amy loid nducing effect of our transfused
material to antigenic properties—disregarding the svnsenese donor-host
relationship

From our resulls 1t further appeased that reapents suhsequentls
treated wath mtro,en mustard des clopcd amj lordosts far more marhediv
than did untreated recip of the same Such 2n amslod
enhancing effect of mirogen mustard was originally described by Tedum
{194) however the exact nature of the mitracellular events induced by
the mustard are not well understood

Among the effects ¢f the sarious alkylating agents 1s an imitial profouad wepres
slon ¢f the rate of incorporation of H3 thymudine mto DNA (he 1 £ 136 % (A
€t ol 1963) A parallel depression fn the BNA and protem synth ~ 4

e
1bough usually to a lesser extent (Mifroet & Busch 1961 Jomg of 61 fh oot
of 196i) From 36 o 48 hours after the administration of tha |t t
e enments employ iBg normal murine as well as neoplast n v cae
in DA content and Jarge aceretions of R4 and pro K] 5 al
1961 Tems ef al 1963 Booth ef al 1964) This accur 1t T ule

Tesults in a pronoun ed swelling of the cells to a valun 7« 1z an that
of untreated cel's (Bo th ef al 1964) The mechams &t seath is
6t clear Treatment of cells grown a t4fro with & b+ e « dose of

mirogen mostard does not produce sny mea urabl | h physial or
themical properties of the r DNA while DNS whi b t 4 v th high con
centrations of mustard w many ph sicochemical 1t a amens which a
markedly reduced sisco t (Hrewer £ Aronow 1963) witt © vt o nsestigations
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demonsirated the retention by DNA of increased amounts of protein unyeparable by
sormal purification procedures (Colder et ol 1961)

Recent experiments by Chanmougan & Schuart (1966) showed that increased as
well as inhibited antibods formation mav follow treatment of rabbats with 6-mer
captopusine They proposed that nucleic acids released from the injured cells could
account for the enhancement of the immune response in the former case

The constant association of Iymphoid iplasia wath the varons con
ditions m muce characterized by wasting  althou h bacterial or viral
mfections may account for many of thar features has occasionally
rexnved mlerest 1n a possible trophie funclion of lvmphod cells (7 onttl
1962 Barnes el al 1962) As the possible mediators of such wetisily have
been specified DNA or 1ts break down products 1 has been shown that
radioactinddy Iibelled DNVA ean be reulilized as such by other diding,
cells in the animal for example by reqenerating Iner eclls (Bryant 1962)
or n shin grafts (Diderholm et al 1962) Polnucleohides may be in
corporalted directly 1nto lymphocsies (Hill & Pospisil 1960) and stram
L cells (Bensch & Ring 1961) The surprismgly long lfe span of
Iymphocytes 1s measured by thar turn over of P Iabelled DNA (Otle
sen 1921) has been interpreted as lte reulilization of Inrge frachons of
the nucleic acids or nucleoproteins of their predecessors (Hamuiton
1908 Sundberg 1960) Trowell s (1957) observation of pyhnotte remuns
of phagocytized small Jymphoeyles within rehicular cells made
subnut a hxvpothesis of reutihization 1 a Ivmphoceytc macrophage cyele
{Trowell 1928) nd modified versions of these views have ater been
expresscd (Sundberg 1960 Berman 1966) Such a mechanism has been
clamed to account for the transfer of immunc reactssity by lvmphod
cells belween svngenerc indimiduals as being, 4 teansfer of self replical
sng, nuclcoprotein subsequently being, reutihzed 1s viable emptates for
antibody 2nd/or protein synthesis (Hamilion 1958) Similirly 1 poss!
ble transfer of immune reactivity with nueleie acids or nucleotides he
tween cells within the same ndi 1dual has heen proposed (¢ hanmongaft
& Schwartz 1966) However evidence scems larpely etrcumslantial

On the other hand purtfied preparations of DNA have been shown
1o be eapabie of transfcrring murine leukemny (Hays ef al 197) and
rarious tumours (Latersel ef al 1928) DNA from adull mouse I cells
has been found haghly shimulitors of 12 pitro polspeplide synlhesis 18
conirast DNA from mouse embrvos or pentoneal tumour cells were
nearly inacine (Holland & McCarthy 1964) Nuclete aeids md enzvi
alically digested nucleie 2cids have heen shown eapable of enhaneing
antibody synihesis {Johnson of al 1965 Braun ¢f al 1903) n (‘Xll‘"““"
review of problems concerning the possitility of nucicie acid mediated
renetie transformation has recently been published by / edoux (195-’3
The beaning of these ohsersalions on the resulls of the present N}'vﬂd
ments rely manls on the fact that the matenial wath which our Jm\ac‘l‘;o-
osts apparently was transferred contaned large amounts of n¥
protems—that s DNA or DNAxe treated DNA
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The transferred agent which i the present matirsal scems responsible
for the mitiation of the amvlordogemc process i the recipients 15 not
likelv to be 1dentrcal with the transfer factor onigmally descrihed by
I awrence (1960) This factor which Intherto has been demonstrated
it humans anly 1s capable of Lransferring delnsed hyperscnsitnity to
normal recipients Transfer factor 1tsell appears to be « Jow melecular
werght dialysable material (I mwrence ef al 1962) 1t has been wlentt
fied m 1 polynucleotide fraction 4nd i a fraction contaimin, yarious
globulins and RNA both fractions derived from human white blood
cells (Baram et al 1966} The search for such a transfer factor n anmmal
specis has 15 1 whole not been successful Assuming, that such 2 factor
ahm o the transfer faclor of Lawrence s was operaling in the present
mater:al 1t should be present in the supernatant frachion of the spleen
cell homogenite which fracton on the contrary failed o induce
amslowdosts 1t our reciprent miee

It 1s only retsonable to belteve that the particles of our “DNA proten
suspenston when injected mntravenously primarily ended up 1in phago
evhizing cells of the recipients reticulo endothelial systems preferably
m the spleens and Iners which are known to be the primary sites of
murine amyloid formation \oreover this will account for the falure
to mduce amyloidosts with the same moculum when admmstercd
subcutancously

The direct demonsiration of the parlicipation of reticulo endothclial
cclls 1n amyloid formation has been repeatedly demonstrated (Tedum
1854 1926 1964 Cohenetal 1965) From these and other mvestigations
(W erdetin & Ranlov 1966 Ranlov & W erdelin 1987) 1t seems wilispata
Dble that the amylowdogenic process 1s mediated primarily by cells thus
ruling out any speculations concermng circulating precursors etc The
two-phase cellular theory of local secretion (Tetlum 1964) clearly pomnts
oul the existence of two consecutine cvents in Lhe mesenchyme 1) A
Primary prc'\m} loid phise of weeks duration charactenzed by 1o

asing ¢yl Pyr inlta of reticular and plasmacytoid cell
lines 2) In the course of persistent antigente stimulation the second
amylord phase graduilly sets in charactertzed by the accumulation at
the same sites of amylord deposits in the immediate viaimly of large
often P AS positne reticulo endothehal cclls with the on et of the
second amnvloid phase the imtial pyr 1 pradually d
However the relationship between the pyrommophilie ceit of th mxlml
Phasc and the P A S positine reticulo endothelial cell o the se ond
Phase undoubtedly synthesizing amyloid has nev  been rhareis 4 Are
they 1dentical or at least do they represent the sum ccl' [ 1 th Intter
bewg the resuit of differentiation of the fornir? In our 1/ ¢ pent
ments 1n which pyroninophilic spleen cells from casun re «d donors
¢aused amiloid to develop in syngeneic reaprents v ol Jushified m
assunung that this wao the case (Werdelin & Rerlov 1706 Ranlov €

Werdehn 1967) However the results of lhe present experiments do
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ndicnte their relationship as an indirect one nvolving, 1n intermediate
stage of cell death or cell fragmentation On tlus account and willmn
the limuts of the biphasic cellular theory the following mechanism of
experimental amyloid formation may be suggested

1) During prolonged antigenie treatment n ncreasing stimulation
of manly cellular immune reactions occurs (Rarlov 1967 Ranlop &
Jensen 1966) This hyperstimulation leads o increasing pyronnophihia
of vartous reticular and plismacyvtoid cells —the former probably
representing the achisaled state (blast transformation) of Ivmphowd
cells corresponding to the sumultaneous disappearance of small lmpho
cytes m the perfollicular regions of the spleen The pyrontmophilin
reflects the rapid ncrense mn the production of vanous ntibodies
nucletc acids protemns nd enzymes necessary for cell disision

2) After 1 few weehs of persistent antigenie stemulatton the capicly
for furthir probiferation 1s used up wd a state of exhaustion ts reached
From now on the pyvronmophiha wiil deerease and on the ccliular lesel
the domunatin,, feature will be cell death or cell fra,mentatton Thisis
an intermediate strge and represents the so calied nvirsion phase
(Tedum 1964)

3) The mercasing cell death (or cell fragmentation) resulls m the
release of varous nuclear and evtoplismuc fragments some of them
self repheable nuclere 1eids or nucleotides earrving some hind of 1
formation from their metabolically highly active parental ecdls These
frasments of nuclear matenal are locally phagocytized m RES cells
Under the specific conditions of over loading the mgested (self re
plicable) material will imposc protemn synthetizing information on the
RIS cell thus ciusing 2 profound disturbance n its function Tins
disturhance may either be 1 direct one the mformation bung imposed
directly on the phagocyizing cdll atself or it may be an indiecl one
the mformation bung passed on fo other reticular cells ( nursin, )
with different poteneics The distnction between these possibililies on
Tustological grounds 1s not frcilitated 1n the hight of evidence of the lahife
nature of the morphologic appearance of the various cells that are it
volved (Birman 1966) The visible results wiil be 4 cvtoplismic PAS
positinity of reticular cells ndieating, intracellular svnthests of gheo
proteins and exir wellular deposition of imslord

SLMMARY

1 amnloidosis between

The adoptive transfer of cxpcrimentally induced
n cells

syngeneie mice 1s deseribed It appears that not onls vable splee

but also the nueclear fraction of spleen cell homoaenates dernved from

ensern trealed donors are effctive i shating a rapud mnlmdoh‘,""‘f

process 1n healthy recipients when admmstered intrvenonsly “\;‘;Nl
cytoplasmic fractions are not Only <pleens from donors presen

wilh casein were capable n these respects



333

Of a total of 51 mice recesving viable spleen cells whole spleen ex
tract nuclear frachion of spleen cells and DNAse treated nuclear
fraction respectinely derved from casemn treated domors all 51 mice
developed amyloidosis to the same degree within 4 days while 14 mice
receiving  cyloplastme  spleen cell fraction derived from the same
casen treated donors all were negalive as were 7 out of 8 recipients
treated with the “nuclear fraction subcutancousiy

29 control mice recenving corresponding doses of spleen cells or spleen
extracts from normal non sensitized donors failed 100 per cent to
devclop amylord lesions In all eases including the controls 2 short
course of nitrogen mustard treatment was given after the transfer

From other similarly treated groups subjected to serial killings after
1 2 and 4 days tt appeared that amyloid did not develop n the rec:
prents until 48 hours after the transfer

The results arc tahen as supporting a possibility of different cell types
operating specifically for each of the two phases 1n experimental
amylord formathion
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DNA SYNTHESIS IN I'RCE FULI SKIN
AUTOGRAFTS IN MICE

By

B Sunpriv ind A LAuTiuarsy
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The take of a free skin autograft 1s comparable 1n many aspecls to the
closure of a surface wound by apposition of the skin edges The ept
dermal miutolie achivty playvs a dommnant part an the healing of the
wound (Mentagna 1962)

It has been established that free skin auto,rafts get 1mhial blood
circulation at the trme when the grafts loose their edema eg on the
4th or the 5th day after grafting (Clemmesen 1965) Olher observations
reveal that free skin autografts have 1 reduced blood eirculation during
the first 6 days after the grafting procedure and the blood cireulition
was determmed aclive or normal on the 7th day (Marcl mann 196%)

Once the blood eirculation 1s established i skin grafts 1t should b
possible to demonstrate epidermal deoxinbonucleic (DNA) synthesis
1 dividing cells with tritiated thymidine distributed by the crreulation
which has been demonstrated ta be 2 reliable method of labding divid
ng nucler (Messier & Leblond 1960) W e thought it maght be of inleresl
to evalunte the regeneration of the epudcrmal liyer m sk awtogralis
mn accordance to incorporated triliited thymudine during, the bl
phase of the healing process after grafting

MATFRIAL AND MFTHODS

Sixtyone female mice of a non homologous strain 4§ weehs old an iy cighing ahout
20 to 30 grams each were used as experimentzl animals The in  stigations were
performed in two experimental groups of which the first was a [rciminary

A modified techmque of free skin autografting in mice descrit d earlier (€Crost
et al 1960) was uscd “embutal was admimistered intrapctitoncally in a dose $86s
rag per 10 grams of bady weight The mice were shated dorsally After applicat] 2
of an adhesive film onto the grafing arca a 5 cm strip of surgr 1 micropere 12y
was applied across the dorsum just anterscr to the femeral in rti n of the b :d
legs A 1 X 1 cm piece of full shin was cut and the axis of the pr ft was lurrll
180 degrees in regard to the bed The graft was again fixed to the | d v ith surgld

eropore tape
mfAn Four before hilling the animals Z e per gram of body wcwght of tritiated
themidinet were injected intraperitoncally

Author s address Pajalahdentic 171 102 Helsinki 20 Finland
1 Schwarz BioResearch \C. Orangeburg N3 SpAct 30 cmim le



Fug 1
Comg letely necrotr 4 1 5 davs after 1)

6x10

In the ) 1lot experiment the mice were hilled 4 5 and 6 davs after skin grafting
and in the secand group 4 5 6 7 9 10 11 and 19 davs subsequently

I tologic specrmens were cut from the middle portion of the grafted area
cluding the host—graft Junctions on hoth sides of the graft as well as normal shin
outside the grafted area The histolcgie samples were fixed 1 4 per cent formahin
and cut 1nto 4u sections

Autoradiograms were § repared by the dipping method with Iiford k 5 photoemul

s10n and 10 days exposure time was u ¢d After development the preparat ons were
stained with hacmatosylin eostn

Transplantates 1n the tables have been divided 1n 3 grous s
a) comjletely necrotic

h) partly yegenerated (regencration foer mn the middlc or in the border arcas of
necrotie epidermmis)

€) completely regenerated {epidermmis normal throughout the whole area of the
transplantate)

Incorporat on of 3H thymidine 10 the premitot ¢ eells Fas Leen used as regenera

ton i1dicator Clls were considered labelled with gra ~ count of least 5 times
ab e the backgr und

RFSULLTS
Experiment 1

This expersment was performed to fird a pood grafting technique
and the best postoperalive period for anscstigating ¢p der nal DNA
synlhesis in the grafted shin

The expcnmental series included 14 mier Tal 1
epdermal lwer of the grafted area h @ par 1y
accord ee with incorporited initiated th nult

hass that the
en terated (=10
) ml one tmmal

T ACTARATH 70 3



Fig 2
Complete v regenerated transplantate 10 davs after transg lantalicn
Magnification 6 X 10

4 and 5 davs after grafun, In animals saerifted 6 days fler grafling
a partial reseneration of the epidermal laser was noticed 1 all test
ammals

TABLF 1

Regeneration of the Fyidermal I ayer in Free Full Skin Sufografts in Ace srdance
tith Incorfcrated Tritaled Thymiline

Time alter Numbir >f Noregencratin R wenerati
transplantation animals (completely necrtic) Parti | C mplete
4 days 7 [ 1 0
5 - 3 2 1 o
6 - 4 0 4 0

Expertment 2
In this senies the exporimants n the first proup wore repeated and
continued This group ncluded 47 test amin il The resulis arc shown

m Table 2

An increased number of Inbelled cells were secn tn prifts 7 dnvs-old
ndieating eprdermil repeneration The emadermis was tmost cnmplcl:
Iv regenerated from the 10th dn on after the grafting pmcmlu:c :\ﬂs
the regenerttine process continued . n increasing mnner 12 dny

after the grafting



Fig 3

10 days after tr
Magnification § X 100

TABLE 2
Regeneration of the Eptdermal Lager in Free Full S1in Autogralts wn Accordance
with Incorporated Tritiated Thymidine

Time after Number of No regeveration Regeneration
transplantation angmals {completely mecrotie) Partizal Complete
1 days 5 4 1 [}

5 - 8 5 3 0
6 - » 1 1 [
7 - 5 1 14 0
9 7 1 1 2
0 - 7 1 3 3
n - 7 0 14 3
1 - 6 1 1 4

There were more aclivty i the edges of the grafts than in the central
parls of the epidermal area In some sections increased labelled DNA
synthesis were noticed even 1n the central parts of the graft

Vaseular congeshon and numerous leucocyles were scen 1n the der
ms 4 to § days after grafin, Regenerating mesenchymal cells of the

dermus were seen m the earhier groups before regeneration was ob
served m the epidermal layer

2
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DISCUSSION

The results reported reveal that wnerensed eprdermal D\4 synthess
appears 1n cells of free full shin aulografts in mice from the 7th post
operative d1y mereasing at least until the 12th postoperalne day

These findings correlite well to earhier observations on the blood
circulation m free shin aulografts According to Marchmann (1964)
the grafted slin has a reduced blood eirculation during the first 6 days
postoperatinels whereas the circulation was considired acine or
normal on the 7th day There was no or very low 1chiuly m the em
dermal laver during the 4 5 6th dav although the shin graft shonld
have established anastomosis between the vessels The first burst of
muolic actiuly appeared after the blood circulation can he considered
normal (Brophy & Iobiz 1929 (Clunmesen 1965 Warchmann 196y
Puinhus 1952)

We were not able however to determine the source of the labelled
cells in the autografts whether they were cells of the grafls themselies
or cells migrating from the epidermal layer oulside the graft The ex
periments will be continued in this respect

SUMMARY

The studs comprises a tolal of 61 female muce disided into two test
sroups An attempl was made to mvestigale the epiderml DNA ssn
thesis i free full shin autografls wilh irtiated thymidine injected 4
5 6 7 9 10 11 and 12 days after the shin graftin,, procedure The
resulls revealed that 2 definite ncreased reseneralne awlnaty of the
eprdermal Iaver of the grafts measured with ancorporited trilrated
thymudine occurs on the 7th ind unhil al least the 12th d 1y postopera
tisely The incereased epidermal DNA synthesis corrclates well to the
established nclne blood flow that free shin antografts pii on the 7th
day after grafting

RPITRINCFS
Brophy D & fobit W € fmjury and reinjurs 1o human cp1l v J1 I pller

t D t 37 495 19 9
mal ba;al eotxlnl response .:tl’nr\lgs L rmal o I 1 Med 4t
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3
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§ Marchmann 1 Microeirculation i hud og autologe fulhut tr n xlzsn‘hh'r ho
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ELECTRONIC CEIL COUNTING IN
CELL CULTURE STUDIES

By
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Counting of cultured cells by the haemocytomeler techmque 1s time
consuming and the total error of the method hnas been estimated to some
95 per cent (Biggs & MacVulan 1948) Counling of ervthrocivtes by an
clectronic cell counter? has been studied by Oulie (1909) who found a
mean error of 085 per cent due to the ipparatus and a total mean
error {includin, sampling) of 21 per cent These vnlues correspond
well o the resulis obtamed for another simularly designed counter
(Brecher et al 1956 Mallern et al 1957) Compared with the haemo
cytometer procedure the electronic counting thus provides more exact
erythrocyte counts

In order to evaluate the apphicibility of eleclromic counting n cell
cultisalion  Celloscope counts obtamed from suspension cultures of
P-388 cclls have been analyzed

MATFRIALS AND METHODS
Cell Cultures

The cultures emplo cd in this study were all suspension cultures of P-388 cells
(Duwe & Fotter 1957) The gr wih medium was a shyht modification of Lagles
Mimimum F sential me lium (Eagle 1999) Methocel (Farle et al 1954) was added to
a final concentration of 12 /I and plutome acld (Suum & Parker 1960) to 10 g/1
Phenol re 1y as used as a pH indicator and penieillin (100 11 /ml) and streptomyen
{100 ag/mi) were added To the med um y as added 10 ger cent of heat ina tivated
horse serum

Counting Procedutres

The cell»scop e has been constructed mainly for r th ocyt ¢ fe ~ n 1 The

erylhrocyles are suspcnded 1n salt solulion and p Toug T & bv
suction At the sam t mc an electric current s | t through r 11y The
passage of each er thr te c¢luces the conducti the sy 1 h b org
fs proportion 1t th 1l volume Theeellsusp as ssod v dt -1 single
cells pass the capill 1 Th change in resistane s mplified ninator
anljs Oimally reg st red  an electronic cour ¢ The dbse ~ £t 7nes the
minimum change of r nee {or minmum  tc corded As

1 Cellos ope Lar 1 & & Co, Stockh I Sweu n
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all particles exceeding a ccrtain size will be registercd the diluting mediwm should
be filtered and 1ts background count determincd

In the actual experiments a solution of 083 pce cent \aCl was used Several 1 ml
volumes of this solution were run through the apparatus precceding, cach tist lo
wash out cells and debris from previous tests The hachground count ¢f the saline
was 2 to 4 (e 05 to 2 per cent of the total count) and the culture samples wire
prepared by adding 20 ml of saltne to 1 ml of eell culturc The dilution was prepared
1t an Erlenmever flash transferred to a small beaker and the counting perfirmed
immediately The preparation of the dilution would tale 3 to 4 minules For each
sample the counts of three parate 1 ml volumes were registered and the cell con
centration was calenlated from the mean af these single counts The whole procedure
would take some 10 minutes

The discrumination hnob was used 1n position 40 4cecrding Lo the instructicn
leaflet which 1s concerned with ervthrocyvie counting, this would exclade cells with
a volume less than 68 a7 Assuming that the P-383 cells have a roughly spherical
form this would correspond to P-388 cclls with 2 diameter of appre vimalely 5

Visual Counting in the Haemocytometer

Care was tahen to avoid uneven distribution of the cells due lo settling Samj les
were tahen with Pastear pipettes and tcanséerred undiluted to & Backer kacmecite
meter The cells m 5 A squares (each 10 # mI%) were counted and the highest and
Iowest values were distegarded The mean of the three remaining valucs was re
gistercd as the cell count

RESULTYS

All experiments recorded except one were performed m 4 I rlenmever
shike flasks Two flashs (A and B) had serum from lot 1 and showned
actively proliferating cells that appeared normal under the microscope
The two other flasks (C and D) were suppiied with serum from lot 11
and conlained cells which multiplied slowly and had a granular appear
ance Accumulation of debris was seen n the medium of these latter
cultures

In experiment 3 samples were taken from a spmncr flask The eells
were multiplving at a fur rate and showed no morphological sions of
degeneration

1 Fractness of the Apparatus

The mean error of (elloscope counts of ervihroeytes has been found
to be about one tenth of that obsersed with visual counttng techmque
(Onlte 1959) The apparatus was tested for P-388 shake cullures i 1
stmilar way Cell count remsirition was performed 1 deseribed and
the discrepancies helween mdividual counts were compared 1o the
corresponding ‘anations oblatned wilh visual counling technsque

The resulls mdicate that withmm the same sample the Cellascope
records values fur more accurately (Table 1)

The relation to varnibions i ndimadual visual counts 18 af th
magmtude as that reported for ervthroes te counting

1y.11h both methods therc was 1 convineing trend loward
sariability wath great cell densily

e § e

fs a smlhr
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TABLF
Cellsscop e and Haemocylometer Counts Vartations within the same Sample

Sample Celloscope values Haemoc: tameter values
Mo VMean  Range  Ranye/mean Vean  Range  Range/mean
1 203 7 137 24 7 145
2 264 ¢ 113 3 7 103
3 265 5 094 3 1 167
4 264 1 207 as 10 143
5 297 3 050 32 5 94
6 309 6 097 » 2 31
7 276 1 018 9 9 155
8 2 5 09> 38 8 105
¢ 441 4 045 54 1 111
10 1438 6 068 56 2 18
n 413 3 035 19 3 30
12 4 1 048 6 1 11
13 650 3 061 101 13 63
1 700 8 056 13 1 19
15 571 1 035 7 6 49
1% 613 2 016 66 10 76
T075 X 837

P 338 cells cultinated 1 suspension were counted The Celloscope \alues are the
numbers registered on the counter the haemocstometer values express
the ell density in the culture (cell 10¢/ml)

Range presented as # per cent of mean

2 Ewvalualion of the Sampling Error

Varrtons in the counts for one sunple as well 1s befween samples
from the same culture have heen recorded in Table 2 Although the
vanttions between counls from different <amples were on the whole

greiter thes secmed to he wilhin the range expecled within 2 single
stmple

TABIE 2
Sampling Frror of Cellos ope Method

Variattens within the sample Varfations within the culture

Sample Mean Range Ranye/mean Culture Mean R nge Range/mean

Al 334 2 03

A2 3% 7 04 A *1p 9 15

Bt am 2 03

B 35 M 04 B 331 13 21

€1 32 0 0n

cz 3N 4 e c 3n 03

DI 363 > 03

D 31 i 03 D 367 " 83

<03 % 10

Varistions jn individual  unts within a sampl  nd bt n smjes from the same
culture of I 388 cells cults ated snsuspensi o« ti 4 rd B w re well growing

tltures Cand D partl 4 « ne tne
Hange presented as % per cent of mean
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Cell count  10%

os I
06
[ Vessel 1
Vessel 2
o+ P
Il [l 2 i i L L )
30 GO 8o 120 170 10 2% ? b minutes

tig 1

Cellascope counts as a function { time interyal from sampling an ) mple dilutl n

to cell count registration Two samples «f 10 ml were harvested at tg dilutel with

200 ml of 085 per cent filtercd saline each and left at rcom temperat ¢ Subsamples

were counted at the times indicated on the figure Preceeding e b counting the

vessel was agitated to avord settling of the cclls Each plot repre ot the mean of
three indnidual ccunts

3 The I{fect of Tune Interval from Sampling to (1l tonnl

Regisiration

To 10 ml samples from a spimner flask (lo) was addue
filtered 0 8. per cent N\aCl and the diluted simples wer lefl al room
temperature 1n T rlinmeser flashs Countings were perfe rmed 1t mll:
vals through a period of 414 hours Prececding, each counting the T rlch
mever flask was genth rofaled to noid uneven cell-distribution Twen
ml of the dilution was then transferrad to a small boih 1 and cmmlll:n
performed i, 1 shows that the cell count dicreses fter samiplifia

1 200 m! of
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and stmple dilubion The deerease starts immediatels and s fairhy pro-
portronal with time

4 The Lffect of the Mature of the Dduting Medwum

As the Celloscope counting procedure necessitates 1 dilufion of the
sample the cffect of the diluling medizm was tested The growth
medium (comtunin, 3 per cent of horse serum) and 0 8o per cent
Niltered salmc were compared Fach didution was performed imme diate
Iy before counting and cells from rapdly dnwiding and from more
stalionary cultures were connied after diution i both hquids The
resulis are presented 1 Table 3

1ABIT 3
Fffert of the Diluting Vedtum on Celloscope Counts
Sample source Counts abtained after dilution 1n
Flask Saline Crewth medium
A 473 498
B 164 504
c 495 4o1
D 483 112

P 388 cells cultivated in suspension were counted Cultures A and B were well
growing cultures G and D parth degenerating One ml samples were diluted with
20 ml of the respective diluting media D 8> per cent filtered NaCl and the growth
medium (contaiming 3 per cent horse scrum}
\(;;n of 3 indnidual counts The range withip each sample was of the magnitude
of 2 to 10

For hoth types of cultures the tifference belween parallel cultures
Was preater wien growth medinm was used for dilution A diffcrence
wis obserted between well growing and stationars cultnres the former
g igher talues in growth medium whereas the latter presented the
Ingher values when saline was used 2s the diluting mediem

5 IHaemocylomeler and ( elloscope ( ounts from Rapudly Dund ng and
more Statronary Cultures

Two of 1he cultures tested showed signs of degenerat (n wh reasn

ihe two olbers no such sins could be detectcd  ell count r ceorded
for 1 period of four dass Affertwodaysth c 1 turess 17 1 onted
with fresh medium corresponding lo a ¢« m of | o2
presents the eell e ease with ime 1, mmed } ' vone
counting methods

It as evadent hat he Celloscope ¢c ns and 1y “tomeler
counls would lead tc “ritirent conclusior 1ty 11 TheCello
SeopC cnnot rese hfferencc mgrow 10 v 1l teechnmque

a dstinet diffe=cr found
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Celloscape Haemocytometer
Ig cell count 0% 18 cell count  10»

x
jn]
15 &
15
=}
.
13 2 b
-~
...
1 2 4 1 2 4 days
. e
well prowing, cultures parily degenerabn, euftures
Fig »
The effect of cell culture on Cell 7 ter counts, Tao

snd b 1
well growing and te o parthy degenerating shahe Nash cultures of | 398 cells were
counted for a persod of 4 davs Fach plot represents the mean of theee nde Mus)

counts

\ Varations hetween parallel samples too great to all s reas mable exartness of
the eurves

DISCLSSIoN

The present experiments apph to the reproduchaity of the method 2%
well as to techmieal procedures mmalied in preparation of fhe sumples
118ty the speahats of the apparitus 1s regards prrhicle natgre was
tested

Tor particle connfing, 1n veneral the Celloscope 1s 1 very precist n
strument The resulls tn Table 1 show that andrdu st counts m the
Celloscope van £ i less than in the haemoeytometey nd that the Cello
seope presents {he gretest adsanltae when counlting cultarcs with 1
fow celf denuily The relatise exactness of the methods correspands well
to the values reporied for essthrocsie counting (Quite 19,9}
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The data recorded lo estimale lhe error mtroduced by samphng
(Table 2) ire loo few to give more than purels tentalive mformations
However the sampling error was found to be relatn ely small The total
error (mcluding samphng error) with Celloscope fechmque was far
Tess than the vart itions wilhin the same sample mn the haemocy lometer
{Tables 1 and 2) An addihional adsantage s obvious the Celloscope
method eltmimates the personal bias insolved m visual counting

However the couting of cultured cells presents specinl problems The
experiment coneerned with the cffect of the diluting medium indicates
thal this factor 1s of some umportance (Table 3) In what wav this factor
affects the results cannot be evaluated from the present experiment
Because the differcnce between parallel cultures was greater after
dilution m growth medmm saline was chosen for further tests The
choice was further based upon the clum that fibrous material 1s con
sidered to he an undesirable contamnation {Vatlern et al 1927)

The time necessary for samphng and sample dilubion grentls mflu
enced the cell counts which decreased proporhionally with time One
alue not 1n agreement with {his statement (Fig 1 ti9) wns probably
due to mstallity of the apparalus the range of the individual counts
around this value was 94 ten times the average ringe value mn this
experiment It 1s evident that salme also influences the counls possibly
by causing cell disintegration and the time factor must be strictly
defined before conclusions are attempled

Fig 2 shows that the Celloscope does not seclude parhiculate matter
olher than viable cells With the present techmique the Ceiloscope
registers debris accumulation 1n the same manner as cell multipheation
This can also to some extent explain that the cell counts obtained with
l(};:e Celloscope are higher than the visnal counts from the same cufture

19 2)

It must be concluded that for particle counting the Celloscope per se
s a far more precise tool than the hacmocviometer However the
counting of cells propagated m culturce presents spectal problems The
nfiuence of the jrowth medinm and the additional counts from sources
other than viable cells must be controlled before the Celloscope can
Teplace the hacmocytometer n cell cufture studies

SUMMARY

1 Cell counting 1n cell culture experiments has been performed Con
ventional visual techmique and an electromic counter (Celloscope

101) have been compared

The Celloscope gave mdividual counts which varted far less than

the individual counts 1n the haemoes tometer

The Celloscope counts were influenced by the diluting medium and

by the time Inpse from sample dslution to cell count registration
These factors should be standardized

©
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4 The Celloscopc method did nat diseninunate salisfictonly bolween
rapidly drading ind morc stationary cullures Bec wse of ths fact
the apparatus must be considered less suitable for eell eullurc studies
unhil the method his been ulterly refined
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A NEW TISSUE CULTURE METHOD FOR STUDIES
ON ANTIBODY SYNTHESIS IN VITRO
BY LYMPHOID CELL SUSPENSIONS

By

OnLr NILSSON
Recenved 30167

Tissue cullure of Iymphoud cells poses some special problems (cf Tro
well 1965) It has nonc the less been ext Iy used for

Togical studies (reviewed by Stavishy 1961 Awms 1964 Nossal 1966) A
conimuous antbibody production lasting for some Ume m wmiro has

becn demonstrated repetedly with the use of lvmphewd cells stimu
lated tn vrwo

Ivmphoid cclls can be culturcd separately as cell suspensions or 1n
organ eunltures as tissue fragments or shices The former melhod has
some advantages as ponled out by nter al Vaughan el al (1960)
TaVia (1962) Michaelules & Coons (1963) Halliday & Garvey (1964)
and Svehag (1960) Ssvcha, stresses the following points 1/ quanhita
tine and quahlabive uniformity of replicate cultures b/ umformity of
environment for all cells of a culture ¢/ umform and rapwd uptahe
of compounds incorporated into the medium d/ elimmnation of inter
cellularly retained antibody  (p 261) On the other hand cell suspen
sions have usuallv resulted 1n less antibody produciion than organ
cultures have (see however conflicting, views by Ta Via 1962 Dresser
1962) Antibods produclion has usually been demenstrated for onls
ashort ime 1 few hours 1o a few davs (see however eg VcFenna &
Stevens 1960 Fujt & Prince 1964) The highls sensitive methods needed
for demonstriting antibodies may not only mcrease sources of error
(el Stavetshy 1961) bul mav 4lso 1ncrease the difficulty i distingwish
m, belween antibody synthesszed de novo 1n the culture and antibody
svathesized 1n pwo and releascd dunng eultiva 1on {(¢f Stavitshy 1963)
Only ravcly has enou.h antibody production bren ob ximed 1n viro to
permit ats demonstralion wilh immunop-ecipitation  a method by
which some of the difficulties mentioned above could be avorded Pal
terson et al (1963) ulihzed the fact that t e spl enin hel ns can

This 1ryestigation wos f nanced by grant f = t7 S utpl Sclerosts
Foundat on from the S | sh Wed cal Resec vy 1 579-07) and
feem the St et b Can N ety (ot Ject 62 1y
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produce targe wmounts of preaipitaling wmbbodies In some of thar
aypernimienls n antibody production tn eitre could be found of cnouph
strength to poront mmunopreeymt won

The um of the presont macstig ion was fo find @ stmple method
far culti wtzon of Ivmphoid cells m suspension for many dns and un
dur condilions that mde whbods ssathests m ottre danonstrabl with
the use of precipilahion methods The cullury methad should he sunpl
and cass to modsfs for sarious expersmental purposes The sourer of
cells was rabbit fvmphoud cells stimualated 1 mivo The prisenec of
anibody contumn,, cclts was studied with immunefiuorcseance and
compred with the presence of antibody m the ecufture medin

MATI RIAL AND METHODS

intigen Cymmercial homan y€ globutin (AD Rabl Stockheolm) was used 2s antl
gen for immunization & purer proparation (halr 1343) was used for immuny
f i studies (Ter further detalls sce Valosin 1967)

Prepration of hpmphord coll suspensinns A regtanal hamgh note ander the
spleen was teoscld apart with two fireeps in Parftr 199 soloti n filtered through
double pauze and washed by ecntesfugation three times with 1 arker 199 The num
ber of monomictear eclls was determined and suspensions with celt concentrations
between 10 and 120 malym! were prepared

Frperunental gratys Adult rebbits soight 2 3 kg mixed st b were used Bour
groups were studied

1) Sdput ant treated rondrols Three rablnts were injicted twie intracutancousty
ten davs apart with 01 ml 09 per cont saline cmalsilied in the seme ohume of
Freund s complete adjuvant (Mifea) Cell suspenstons were prepared from reghnat
Iymph nydes and spleens four days after the stond nfection

2) Infracen usly an ! intrapertdonesdly mmune e ridbits Dac rabhbits wen 5o
Jected with haman gamma globuhin wtraven nsh (38 mg per des) and fntsapert
loneafly (£0 mg per drse) £y one month acoording to the schedule suggested by
Ropd (19577 One day and two days respecthieds after the last tatro enony inml:rm
il suspenatans wire s repared from the splans On this ows oo fmmen i A:
sion revealid antibodies 3n b th rabbst sern whereas € omb € vesealud ant
bodtes 1 cnly one (tter T 4000} 5

3) Intricntan ously immin ed robbiis heterogenona gronp ¢i v muns ston nuf‘
dute raried) Seven rablts were ingectcd intracutancously witt a v jume of .
ml «f human gamma plbulm cmot ilcd with 01 mi freand s mphte mUuu,
The untipen dese vaned from 1 to 43 mg Two to fne infiethin w ne ghet dur&:
%41y months Gl suspensiins were prepared two thrie or [ ur davs l";';" .
tast injection Bcth rmmun diffustan and Ccomb s test titers | dwien 173 a“
1130000} revealed aptibnds in serum  Separate eell suspen 1o were m‘ﬂ’":hl
from the reghnal lomph node and from the splecn n two rattets In each o ine
ther five rablnts cclts Frem the lymph o de and the sgdon wer mised Thuy o
weti preparstions were studicd from the stven rabbits o ache

4) Introcntane usly ummine ed ralbits b m geacus geogg ( pmam 6 ‘rI Th
dute standarde 1> tight rabhits were ven twe anfectdon t 0 xa\s,-;ﬂ A lsited
Inaeetson ccntaned 6 mg human gamma glebulin in o ¢ e 101 o
with 01 ml Triund s complite atjunant Cetl ey pen fons » lrrP'("‘n fmma
mixture of repbonat Ivmp b n de anad sphean £ ur days affer th 1t u-xlc,f b b I
nodiffusien and Coomb s ot (hilers Botween 1 178 and 151 v ool A

N T

S Clee meth d € clfs were msyen dcdin o mediwm o my b e ‘;‘;.'"','f,
her 199 and 38 por cunt sutc! gous erum taken tef re the firt lmj‘rc el gt
ties were o tded £ the medtum 5011 penieifiin and 9 5 € U 1O DL
mt This modinm §s n the £) wang referred ¢ as the cullar e A e o
t the degof medium deseribed el w iy b w the eultar forangemen, W,
mere dislysis talwngs 7 em diamider (Cnin Carlld €




Fyg 1
Drawing of the culture arrangement For explanation see text

connected with glass tubes that peiforate the stopper of a 500 m! Erlenmeyer flask
The cell suspension js njected 1nto the tubing throuph a thin rubber lube con
neited to the external end of the glass tube In order to distribute the cells alons,
the dialysis tubing it 15 divided after filling 1nto short segments with perlon thread
The tubing can be divided into sepatale compartments Ly tying the tubing itself
b0 knots or separate lubings can be fred together after Hling Thes: steps ase
performed before the tubing 1s placed 1n the flask The compartments can then be
removed separately during cultivation The flask contains a depot medum (1/5 ml
Parker 199 75 ml horse sernm and m the )
kept an circulation by a magnetic stirrer In the present study there was no need to
renew the depot medium The flasl 15 placed in a thermostat at 37 C UP to three
separate dialysis tubings each 90 em long have been | faced 1n the same flas

After the end of the culture period the cells were washed three times 1z saline
and used for rmmunofluorescence studies whereas the cullure medium v as always
cul:t]:ntraled 10-20 times 10 a collodion bag (Mies 193) before betng analtsed for
antibodies

Sludies on cell survival during cultivation Three rabbits vere 1njected intra
cutane usly with human gamma globuhn emulsified with Freund s complete adu
‘ant according 17 the schedule of the h gr up b m
sera from these rabbits could be detccted by hoth smmunodiffusion and Coamb s test
U ters betmeen 1 16 and 11 8) four davs after the second njectron af antigen
®hen cell sspensions were prepared from the regtonal lymph nades aud the pleen
‘These rabhits were exclusively used for studses on cell snsvival Suspemsions with
€0 mnll cells/ml colture med um w ve cultuzed & shown schematic lly 1 Fig 1
for  yr eight and 12 davs At the start of the expertment and after each culture
penod cells from each preparation Were cultured fo six hours in test tuhes with
a cell concentration of 2 millml and dl vahne B3 (The Radiochemical Centre
Amersham England Specsfic activity 480 m¢/mM) was added to the culty e medjum
W an amount of 2 aliml cullure medium Onc fart of the cell suspension was
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Immunoelectrophorests Unstamed shide In the middle well 1s cincentrated culture

medsum  1n the side troughs the antigen human gamma globulin Distinet hines at
the site of yG

‘

stamned with acetic o cein after fixation for a few minutes mn 60 per cent acetic
acid The total number of cells per ml culture medium and the proportion of cells
that 1n the orcein stained preparations looked healthy were determined at each oc
casion Another part was used for autoradsography The cells were air dried and
fixed with two per cent neatral formol and carefuily rinsed Autoradiography was
performed with stripping film method usiog Kodak AR 10 plates and an exposure
time of two weeks The cells were stained through th film wath hematovylin
Coomb s test Human O Rh+ erythrocytes were coaled with anti D serum Un
coated erythrocvtes were used as controls Sera were diluted m seiial 2 fold steps

1 saline Culture media concentrates were first diluted 20 times and then further
diluted as ab ve
I

vas carried out by an mndirect
method Tor further detals see Ailsson (1967) In the first step human gamma
globulin was used premncubated with a pool of normal rabbit serum In the second
step fluorescein isothiocyanate (EITC) conjugated goat antiserum globulin vs hu
man serum globulin (Microbiol Assoc Bethesda Maryland Control 48465) prem
cubated with the same rabbit se um ponl was used I remncubation was carried out
to_eliminate non spcetfic fluotes ence (Mulsson 1967)

Two types of cont ol shdes Were made In t pe one only mormal rabbit serum
pool was used 1o the first step the second step being as above In type two the first
step was unchanged but i the second step prewncubated FITC-conyugated goat an
tiserum globulin vs guinea pig serum globulin (Vs robiol 4 soc Lontrol H315)
\ as use

Immurodiffuston 1n ajar gel Serum tahen from each rabbit before and after
injection schedule and oncentrated culture mediam from each experyment were
studied w1th Ouchterlony s m cro method with a standard equipmer t (L1 B Stack
holm) 15 al of the serum or of concentrated m djum was placed in the central well
and 5 #1 of the antigen human gamma globulin i the peripheral wells A wid  ang
of antigen dilutions was used Fig ° shows an analvsis of a con ent td ultur
medwim

For verify ing the identity hetween antihod 10 the culture med um and th  erum
trom each rabbit the [>llo ving 1nvestigation was made An amtigen corc otr + o
was determined wh ch gave a sharp precipitate both with the con ert  te! med um
and with the immune serum Antigen 1 ths concentration was pl ced the ¢ otral
well the concentrated culture medium and the immruce serum wer 13 o n ady
cent pe ipheral wells When the preaipitates were confluent as Fo o F 3 at
was regarded as a sign of identity betneen the ant bods 1n the cut u e me 0 and
that in the erum

Immun electrophoresis was perfo med according t She g€t m r m thed
10 41 of serum or concentrated culture medium was placed | the m ddew | After
¢ mpleted electroph resis 50 41 of the antigen human gamma g1 Tulc v as added

3 actaraTi 70 3
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in the side troughs Fig 4 shows an immunoelectraphoresis of a concentrated cul
ture medium

Studies on antibody synthesis The antibody content in the cells of reglonal lymph
node and spleen from rabbits immunized intracutancously was studicd as Oillowns
suspensions with 170 milyml were prepared In the same way as used for cultivs
tion bul the cells were immediately disrupted by freczing and thawing three himes
After centrifugation the media were concentrated and analvsed with immunodiffuy
sion and Coomb s test

For studies on de not o antihody svathesls 1a c1fro 05 mC of di valine 1 €14 {The
Radiochemical Centre Amersham Fngland) with a specific activity of 339 m(ym\
was added to the depat medium fn the flas! and to the culture medium {n the
tubings This gave a ratio between radinactive and non radioactive vahne of appr
115 The radioactinity of the media was 1 82 #G/ml The concentrated culture medfa
were studied wath immunodiffusion io the ususl wav except that 13 per eenl sgar
was used (¢f ran Furth 1561} The agar shdes were washed and dried In the stan
dard wav Strpping film auloradiographs nsing hadah AR 10 platcs was then per
formed with an exposure time of three wechs

Rrsuy1 TS
Studies on Cell Survival during Cultwation

Cell suspenstons from three rabbits were cullured with the use of
1cell concentration of 60 mill/ml but orcein stuning showdd that only
43 54 nufl/ml looked healths at the start of the cultnation After four
davs mn cullure 13-24 mull/mi loohcd healthy  afler et dass 3-0
mill/ml after 12 dns 1-3 mll/ml Autoradiographs studies showed
strong mcorporibion of yahnc H3 an cells that Joohed healthy when
st uned with hematoxvlin A pronounced cell depeneration thus oceurs
durmg, cullnabion onh relalnely few edlls sursiing

Studies on Anltbody (ontent 1n Cells and Media affer Culitvalion

1) Adjunant trealed controls  Cell suspensions fram three ribints
were dinided snto 13 parts which were cultured for four or Lun dws
wn cell concentrations that saned from 20 to 100 mull/ml of culture
medium The concentrated cullure medin y1v¢ no precimt sles with
man gunma globubn in immunodiffusion studies and (oomb s test
W16 nepative with two concentraled cuiture media studied The fymph
oid cdl suspenstons ¢spuenthy after fen davs culln ation aiso cantained
Tirge cells that m phase contrast muerascopy  hul the appuarinee of
macrophages Some of them showed 1 dark groen fluoresconce at 1
munoflluoresecnce microseapy but tns eolour differed from the spueific
apple preen fluorescence This phenomenon wis scen lso n the two
tvpes of controf shdes (see Matarnl wd Methods)

1) Intravenousit and trapertone iy immunized ribints nd intra
cut tneously immumzed rablnts hcte rogenons group These were used
m Uplot studs for imyvesbipting the possibilitics of d monstritmg antt
bods 1n the eclls and cullure mediy under various experiment il eon
disons In all 14 different cell suspensions were enfured from the
pine rbinls Fin s shows the rusults of ymmunodiffuston studhes
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Resalts of smmunodiffusion studies on concentrated culture media Rabhits helong
ing to the intr and group and the intra

cuuneousl, {mmumzed hetercgenous grou
+ denotes distinet precipitates permitting reaction of identity (+) denotes faint

precipitates not permitting reaction of identits — denotes no precipitates
Two encircled results indicate that two cell preparations (1ymph node and spleen)
from the same rablit have been studied separatels

Clear cut precipitates were found n seven experiments all gave 1 re
nction of 1dentily with the corresponding serum antibody In a further
two experuments weak precipitates were obluned too indistinet to per
mit a reaction of identity In three of the seven concentrated media that
ke 2 strong, precipitate in diffuston lectrophoresis
showed yG precipitates corresponding to those found 1 the immune
sera of Lhe same rabluts Coomb s test was performed on three concen
trated culture media that gave preapitates in immunodiffusion two
clear cut and one weak and mdistinet The former showed titers of
11280 and 1 2060 the Iatter a titer of 1 640 Immunofluorescence
studics were made on cells from four cultures with positine rmmuno

diffusion results ind from the four negilive cultures Parts from these
cell suspensions were also sludied with immunofluorescence before the
cultnalion was begun Cells with nn apple green fluorescence  judged
speeific were found 1n shides from all parts studied cxeept onc taken
bufore the start of the cultivation In thy  onhy vers few cells with an
apple nreen finorescence were scen  this part was thercfore scored
dubious  Afler two or more davs cultrnvation of this suspension the
nveslipAtien gve a clear cut posiling r sult Al control shdes (sce Ma

terial and Methods) were negative Vaerophages with a non speeific

dark ruen fluore ecnee as deseribed  beve were found n all tspes of
slides

3
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Results of 1! studies of 4 culture media Rabints helong
ing to the 1 d b group For symhols cc Fig

3) Intracutancoushy immumzed rabbifs homogcnous group This
wroup was used to study the mfluence of cell concentrtion nd cullure
durilion on the presence in the culture media of anbbods  demon
strable by immunodiffusion Tor this reason olher varablis wert
standardized source of cefls 1mmunization schedule and antien dose
With ccll preparations from these eipht rablnts 35 experiments were
performed Fig 6 reports the resulis Five davs was the shortest cul
ture period that resulted m clear eut precymt ites—cell concentrations
wire 60 and 90 milf/ml salues helow or ahove gving neplne or
distinet results \Wilh ncreasin, duration of culliv stion positive Tt
sults were obt uned nlso with lower cell cancentrations 8 ith all ewght
cell preparitions positive resulls were obtained i at laast ene expert
ment All cell suspensions studicd were thus able to produce antibods
m pro The nepatne rosults obluned ean thercfore be expluned In
ton short culture periods or unsuitable cell concentrations Reaction
of uientily belween anhbods 1n ammune serum and n concentrated
culture medium coutd he demonstrated with materials from lf erght
rablats Immunodlectrophoresis was perfornied on positne medi con
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cenlrales from cultures from all these cell prcparations and in two
+G precipitates were wdentified corresponding to those found in the
scra from the same rabbils Seven concentrated cullure medin from
two cell preparabions were studied with Coomb s test Medmm from
one cell prepiration was negatnve after cultivation for bwo davs when
studied with both immunodiffusion and Coomb s test After cultivation
for fine and ten dass however the concentrated media showed pre
cipitates in immunodiffusion and Coomb s test showed a titer of 1 20
\edia from the second cell preparation were negaine after two and
four days cultination but after eight and 12 days wn viiro, precipitates
were oblamned and Coomb « test showed a titer of 1 80 Immunofluor
escence studies were mde on cell preparations from four rabhis be
fore and after cultivation In three pesitine results were found both
hefore and after cultivation In one cells taken before cuilnation were
dubrously positne but after two four and eight days cullivation they
were unquestionably positive Afler 12 days cultnation the result was
again scored dubilous because finorescent cells were few

Studies on de novo Synthesis of Anltbody in mifro

Anlibody observed sn the culture medin may be released from cells
that have produced antibody already in ive The anhbody content of
washed cell suspensions preparud from the regional Ivmph nodes and
the spleen was thercfore stitdied Four rablnis that had heen mnjected
ntracutanecusly with human gamma globulin three times during 1-2
months were used The hiters of the sera at Coomb s test evcecded
1 4000 The cells from two cell preparations were disrupted mn the
scrum Pirker medium After centrifugation to remove cell debris and
after the usual concentration of the d bodtes were d
by immunodiffusion and these gve a reiction of wdentity with the
corresponding serum antibodies The concentrated media gave hiters of
1 320 and 1 2560 at Coomb s test Cell preparations from the other two
rahbits gave after disruption no precipitates but Coomb titers of 1 320
Immunoflucrescence was positne for all four cell preparations

Another three rabbits 1 as the h group gave
serum fiters 1t Coomb s test of 1 16 1 128 and 1 512 Cells disrupted
n the serum Parher medwam gase after concentration no precipitates
and Coomb s est was negative at 1 20 Immunofluorescence was posi
tise for all three cell preparations

Thus washed cell preparations from rabbits with high serum anft
body titers contuined already ir 1o considerable amounts of antibody
and a release of such antibodies during cullnvation 1s perhaps not
neghgible Cell preparations from rablats immunized accordin, to the
schedule used for the homotenous greup gave no release delectable by
the anhibody assny mdcthods used Such cell preparations were there
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Fig 7
Awtorad: of sion {n agar performed on medium from a culture
to which valine €'1} was added Concentraied culture medinm jn the central well
and the sntigen dilutions in the peripheral wells Strang speaific labelling at the
site of precipitates Weak non specific labelling around central wili

fore studied for further venificalion that antibody obtamed m the el
ture medr was syntheswzed in pifre A radiorctine frace metbod was
used for this purpose

Cat suspensions from one adyus wnt treated control rabint wnd from
two rabbits belonping, fo the tracutaneousty immumred home punous
sroup haung Coomb tilers of 1 128 and 1 512 were alt cultured m
madit cont uning s dine € A culture penod of ten davs nd ¢ i econ
centr trons of 60 mifl/mi sere used Both coneentrated cullur smedit
from the cell preparations taken from the rabiils unmunized with
man gamma globuhn showed preapitates i immunodiffusion  Aute
radiography proved that both preespiates conlamed ridioachive malt
nal (see Fig 7) The ccll suspension from the wljus it tre ted control
ribint was disaded nto two parls one was cultured with wfologous
scrum n the slandard w v the other n v maxture of the immune sent
from the two rabbus immumzed with human gaimma plobulin Preet
pilabing, anbiboties could as expeeled be demonstrated onfy 1 the
medinm made up with immunt sery \uloradiography s nesatne
for both parts Thus no incorporabion wm mire of rvlioietive materiat
ook place mlo the antibody synthesized 1 owo and no trapping of
radioactine materinl occurred W the formbon of (e precpitales in

the controf experiment
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DISCUSSION

This paper describes a simple method for cultnation of lymphowd eell
suspensions for many davs \\ hen cells were laken from rabbits immu
mzed with human gamma globulin anhbody was produced mn an
amount that permutted analysis with immunodiffuston and n some
eases with immunoelectrophoresis Most workers 1 this field think
that a considerably better produchion of antibody 1 obtuned m organ
cultures than 1n cell suspensson cultures Staviésky (1908) Ashonas &
Humphrey (1908) and others stress the unavoidable trauma that cells
are exposed to when a cell suspension 1s prepared Helmretch et al
(1961} quantitized the probable cell damn,e caused at the preparation
of lymphoid cell suspensions nd found this to represent a release of
not more than five per cent of total cellnfar aldelase activity In the
present study anhibody production has been obtaned from cultures
prepared by simple teasing of the Ivimph nodes and spleens Pospisil
(1963) su,gested that the compact characler of lymphatic tissue trans
ferred to tissue cultures permmts differentiation processes or premotes
cell modulation processes i some olher way Halliday & Garvey
(1964) and Bussard & Hannoun (1966) inter al also mention this
possibility Vichaelides & Coons (1963) point out that the difference
can be explamned 1f aeration 15 important m antibody svnthesis wn vitro
Recently the importance of acrobic conditions has been stressed by
Svehag (1965) and Globerson & Auerbach (1966)

In order to obtam bclter results with culture of ccll suspensions
methods have been worked oul to mcrease exchange hetween cells and
gas and flmd phases of the culture Stetner & Anher (1956) placed cell
suspensions from ymmumzed anumals on a semi permeable membrane
n a thin fluid Iy er to obtain a good exchan.e with the gas phase above
Below the membrane was put a depot medmm that was censtantls
stirred with 1 magnetic stirrcr Antibody production was obtained for
a few dayvs The antibody produced 1n vitro was thercfore accumulated
m A small flind volume and could be dircctls demonstrated with 1m
munoprecipitation This culture method however was judged diffieult
to handle by for instance Slevens & Vchenna (1908) The method
hns recently been used by Gurotch et al (1965) and in 1 modified form
by Nein (1960)

Awnus (1962) introduced « stll more compheated culture method
Thes combined  Trowell s prineiple of muntamng the kssues near the
surface of the medium as well as certain aspects of Steiner and Ankers
chamber  Antibody formation could be demonstrated with microquan
titative preaipilin test exen after as long, as 13 davs cultnation of Ivmph
o1d cell suspensions from immumzed rmmals

Svehag (1965) cullured lvmpheid ¢ 1l suspensions from immunized
ammals on membrane fillers glued t he top of lueite cvhinders each
placed in 4 depression of a plastic tra Culture medinm was placed 1n
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the depressions so that the cell suspensions were siluated i the s
flmd interphase With the sensitnne techmque of xirus newlralization
antihodies cotld be demonstrated m the media after 2-3 weehs enlfy
ration

In the culture method presented m this paper cefl suspensions nre
not 1n close contact with the 18 phase Nevertheless n00d antibods
production has heen obtained for many diys (herefore the aerition
micht not he such a critiend feature as previousty suggested

As stressed n the introduction 1t 1s necessary o difftrentiate wnty
body synthesized de novo in mfro, and antibody svnihesized in vivo
and merels released s vitro Tn early studies the antibody content of
media where Byng cells had been ceulinaled was compared wath that
of media where dead cells had been includcd or with that of exiracls
of non cultivaled cells (¢f Fagraens 1948) When such 2 molhod was
used in present context 3t was found that cell suspensions from rabbnts
with high serum anhibody titers contamned considerable amounts of
antibods  this ymght be passivels released owing to ihe pronounced
cell degeneration during, cnllivalion Cell preparalions from rabhils
with low antibody titers i serum (homogenous group) did not contun
enongh antibody for demonstralion by the used methods More recent
W the mhibing effeet of chleramphemeol actimomyeom B or pure-
mycn has been used for mdireetly proving the de noro synibesis of
wmhibody i mlro Recently Stavilsly & Gusdon (1966) ponled oul
that aclmemrcin D can stumulate or inhulnt antibody synthesis i vilro
depending an the concenlration used Slavitshy (1963) has stressed
thal mensurement of the exlen! of the incorporation of radioretne ami
ne acids wnto anhibody 1s the only reliable distinclion hetween de nove
synthesis 1nd redense of anubods Incorporation can be divect!y demon
strated after precipitation wath the homologous anligen Most wlhors
have then nsed ce precipiintion with non radieactine antibody i senst
Ine method that mi bt contain large sources of error due to absorphion
of non spectfic radioactinily (cf Slavidshy 1961} Stewner & \nher
{19,6) ohtuned amounts of antihody large cnough lo permn direct
preapitation with the anhigen and demonsiralion of radioachins of
the produced antibods The same goal was reached wilh the method
descrihed 1n the present paper and mndireet methods of demonsiration
of antibods ssnthesss conld he avotded

For studving, the relalive amounts of cells tiking pirt m antibods
producltion tmmunofluorescence methods can be used Using this o th
od Palterson et al (1964} found 1 very high proportion of antibods
contmnung, cells—sometimes nearls aft the cells i theer shides were
fluorescent In the present study rddatmely few seattered celbs con
tuned wntibody as demonstrated by this method o obviaus cxplar2
tion can be grven for these dnergent resulis but 1t has to be pomnted
out that different experimental svstems were wsed  (See <o Milssonr
1967) Usuallh no sigmficant changes i proporhons of such cufls oc
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curred during culttnation In only two experiments did a dubrous posi
irve result before cultrvation become definitelv positne after a few
davs cultination of the cells The immunofinorescence resulls were
apparently uninfinenced by cell concentration m the cultures This
contrasts with the above mentioned expericnces with antibods analvsis
of the eulture media Non specific flucrescence 1n macrophage like cells
could shghtly complicate the evaluation but 1t was never a serious
problem

The advantages of the present method for cullrvahion of lvmphoid
cells ean be summed up n the following points

1 the culture method 1s simple and can eastly be modified for sarious
experimental purposes

2 1t permuts the cultvation for many days of cell suspensions with
high cell concentrations

3 when cells are laken from rabbits immumized wr vwo anhibodsy
production occurs in amounts large enough to permt detection with
mmmunopreeipifation in agar gel and somehimes with immunoelectro
phoresis Direct evidence of synthesis in vifro can therefore be ob
taincd from incorporation experiments with radioactive amimno acids

4 the method permiis remozal of portions of both culture medium
and cells at aratrary intervals duning cultivation

SUMMARY

A sunple method for cultivation of rabbit Iy mphord cell suspensions for
many days 1s described Cells taken from rabbils immunized i bwo
with human pamma globulin produced antibody 1 vitro 1n amounts
large enough to permut analysis with immunoprecipitation 1 agar De
novo synihesis in viro could be directly proved with incorporahion of
radioactive amine acid tnto the iImmunoglobulin 1n the culture medum
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3 Selective Accumulaltion of Cells from Lymph Modes
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A selective accumulation 1n allergie contact reactions of lymphoid
cells labelled early during the sensitization process has been demon
strated (3 9) These selectinely accumulating cells do not conshtute
any major part of the infaltratng Iymphoid cells It 1s possible how
ever that they represent a hypothetieal sensihized cell clone mduced
to prolifcrate by the sensitization The onigm of these labelled cells
has not been fully clanfied By transfusion of thymic cells Kosunen
(6 7) found but msi,mficant numbers lodging 1 reactions of tuber
culin type in rats In an earher experiment in this serses with local
thym:c labelling the same resulls were reached i allergic conlact
dermatitis (10) Locnlly labelled hone marrow cells on the other hand
were found to accumulate selectisely 1n these reactions (11)

Of the peripheral lymphoid organs the lymph nodes have heen
aseribed a vitl role for the ehicitation of contact hypersensitiaty (2)
In the Iymph nodes regional to sensitization with contact allergens
an mcerease in the number of large pyronmophilic cells has been found
(12 16) The maxunal numbers were found on the ith to 5th days
after the sensiizing, applieation Labelling data indicate that these
cells develop nto small Ivinphociies within the first davs (14) It
seems reasonable that the hvmphocestes thus derned are carners of
mmmunologte tnformation importing for the ehicitation of the allergic
contact dermatitis In the 2bove mentioned works Aostt wen also trans
fused cells from lvmph nodes regional ard non regronal te sensibization
with tubercuhn butween imbred rats  After 17 vifro Inbelling with try
tinted lewcine he found a selectine Lt non specific accumulation of
eells from the regionil hmph nede compared wath the non regional

The work 1 wp 11 tF swedi b dic 1 Research Council
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nade {6} After i tnwo Inbelling wath trihiated thyvmidine on d ns 10-12
after sensitization cells collected and trinsfused on dav 14 showed
m addition 1 certan degree of immunological specificity (7)

In 2 scries of expertments on the mononuciear cell mnfiltrate altempts
have been made to achueve what could bhe called an 1deal hibcling
of different parts of the lymphoid svstam  Ideal means here that the
actual cells are Iabelled m such 2 way that they can be traced within
the I1belled animal itself In this wav the handhing of the cdlls duning
preparation of celf suspensions and the effects of the transfusion on
cells nd recaprents are avouded In the present experiment use was
made of 1 method for local labelling of lymph nodcs in an attempt to
trace celis Inbelled during the period of maximal large pyroninoptulic
cell proliferation 1 the Ivmph nodes regional {o contict sensitization

The purpose of the work was to compare ecells from Ivmph nodes
regional and non regronal to contact sensiization with 24 dimtre
chlorobunzune (DNCB)  with respect to their tendency fo accumulate
selectively in contact allergic reactions The mmmunologic specihicity
of this aceumulation was also studied by companng the percentage of
1abelled lhmphoid cells i reactions to DNCB {used for sensthzation of
locally labelled lymph nodes) with reactions to 2 phenvi-d ethoxy
methylene 5 oxazolone (oxazolonc) uscd for sensifization i a non
labelled lvinph node station

MATFRIAI AND MITHODS
Ammals
Taclhe white male guinea pigs about 6 weeks old and obtalned from the same
broeder were nsed At the outsel the § animals Jabelled in the sensitization arca
weighed 211+ 7g (SO ) and the 6 amumals labefled contralaterally 08 13g

Sensili atron

The animals were double d with 2 4 lorot (DNCB)L and
2 pheny! & ethoxymethy lene-5-oxazolone (oxazolone) This latter substunce was
d in the fot! £ way to a method given by Harber € Slack

(1) Hipruric acid and ethyl orthoformate were heated with acetic anh dride lor
one hour under reflux The law boiling material was removed by a sacuum pump
On cooling the residue solidified After four recry from hight ¢ 1

in the cold (+4 C and ~20 C) almost colourless (shghtly pinkish) crystals were
obtained Determination of the melling point gave a salue of 980 1005 c
(compared with 97 -98 C according to Barber et al )

1 per cent DNCH in acetone (n/v) was applied to the skin of the left axjliary
region outlined as deseribed earlier (8) 02 ml of this solutlon was distrit uted over
the entire area on day 0 and 1 and 03 m) on das 2 This made of sen 1ization
resuited In but slight necrosis of the treated skin i

The cxazolone was applicd as a 10 per cent solution in absolute alcofiol of whi (0
02 ml was apjlied to both sides and to 1he hairless base of one ear an d.’the
only This substance 1s completely atoxic even at this concentration {fow H‘h e
appearence of the sensitization was observed between days 6 and § as an erythel
and ocdema of the sensitization ear

1 \fereh AG Darmstadt Cermany
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Labelling

The labelling was performed with fresh methvl tritiated thymidmel (HI-TdR)
with & speaific actinrty of 19 ¢/mM The marker was mjected intradermally in
order to mduce local 1vmph node labelling (8 13 15) In a prelumnary esperiment
? groups of guwinea pigs with 3 anmimals in each group were given intradermal
injectsons 1 one of the axillary areas Fach animal was Injected twice daily until
7 ingections had been gnen The ammals in the two groups received respectively
Tuc and 95 ye of H3 TAR diluted in 100 41 of 09 per cent saline at each labelling
occasion The ammals were lalled 1 hour after the last injectron The labelling
1ntenstty 1n the Ivmph nades regional to Iabelling after both these dos s was fayly
high but not optimal for the present etperiment even if the maximal indridual
£rain counts exceeded 50 In the control }vmph nodes the maximal grain count was
8 m the group which receised 25 ¢ per jnjection A few heavilv labelled cells
present 10 the control Iymph nades were regarded as migrants from the locally
labelled 1ymph nodes

Considering the interval of 6 days between the last labelling injechion and
biops¥ in the main expenment the individual labelling doses were increased to
5 e of HA TAR diluted 1n 100 41 of 09 per cent saline The H3 TdR solutions were
never more than 17 hours old when the mjections took place The 5 xc were in
Jected on 8 different occastons three times a day (Injection times 8 am 3 pm
and 11 pm ) beginning at 3 pm on day 2 and ending at 11 pm on day { Siv am
mals were labelled in this way in the left axellary area j e the area of sensitiza
tion and six other ammals 10 the rght axillary are2 All animals were given a
short and superficial ether narcosis (duration about 2 minutes at the most) on
every labell ng occasion No side effects were noted from the treatment

Testing

0700 per ceat DNCB and 0 1% per cent oxazolope dissolved 1n absolute alcohol
Were used as test substanies On day ”0al of the fest solutions were applied
10 a cireular area measuring 2 ¢m on the electrically shaved hind parts of the mid
flanks The ovazolone test and one of the DNCB tests was applied ®§ hours and
the other DN\CB test 12 hours before taking the biopsies on day 11

Skin Biopsies Mistologic and Auloradiographic Techaique

Skin biopsies were taken from the three different test sites and from untreated
¢ontrol shin in the vicinity of the 24 hour DNCB test Al biopsies were taken at
the same dorsoventral level They were fixed in formahn and embedded fn paraf
fin Sections cut at § # from all four hiopsies of each animal were placed on the
same shide fogether with a scction from a non labelled animal The positions of the
duifferent shin fypes were changed 1n order to compensate for possible s3stematic
differences in autoradiographic qualits n varicus parts of the film For autoradia
£raphy hodak AR 10 stripping film was used The exposure time was 8 weeks The
;’lldes ‘were stained using haemalum according to Mayer after development of the
m

A more detailed account of the procedure hitherto described has been given mn a
previous paper (9)

Ftatuahon of Autoradiogram

The percentage af labelled | mpho 1 cdlls i corium and epidermis and the num
ber of grains over the nu ler f the e cell was determined The lymphoid cell
were defined acco ding to Groth (3 Macr phages as defined by hosanen Paks
man Faz & Tih # (3) were n1 1d 1 g the ] mphoid cells in corium The
Timit for cla fng acella 11 )1 d wa the same as that emploded In the pre

vious investig o this 1 my  dcells in conum showing 3 grams or
more and lsm;l 14 lls a1 ™ w 9 grains or more were regarded a
labelled Cont 1 ( the backg u 1 I¢ 1 as accompli hed by counting of 100
1 mphoid eell um of the ¢ « ctions on 37 1 fferent shide Of the ¢

1 Schwarz | I reh Ie O ar Usa
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3,200 cells 05 per cent had 3 grains or more This is well belon the 2 per cent
¢hosen as upper imit No differentiation between the different 1y mphofd cell types
was made Tu this way 100 bmphold cells 1 the epdermis and 1000 {o the
corium were counted mn sections from cach of the four different biopsies taken
from every animal As a rule paris of B sectrons Were ecunted from each biopsy
The maximal grain count number over the skin epithelial cells was determmed hy
sereenung at least one section from evers amimal In an additional counting a
further 10D and 1090 Iymphoid cells were counted in the epidermis and In the
corium respectssels from each of the different hiopsfes This fime only cells with
a grain count exccedng the maximal gram count of the epithelial cells in
epidermis were recorded These cells were considered as probable migrants from
the locallv labelled Ismph node statrons

TABLE 1
The Difference between the Percentage of Labelled I pmphoid Cells sn Test Shin (T)
and Control Skin (C) 1n Two Groups of Guina Pigs Labelled I ocally tn
Differcnt Ways

Per cent lahelled Iy mphioid cells T-C

Treatment M Corlum Epidermis

™1 DNGB DNGB Oxa  Con  DNCB DNCB O Gon

1°hrs  24hrs 24hrs  trol  12hrs 2thrs 24hrs teol

Labelhing 1 20 11 7 47T 4 5 i
of Iymph 2 33 40 39 36 13 4 s 1
nodes 3 17 03 25 22 32 3 a0
tegonal to 4 —03 —03 ~08 45 5 [N
sensitization 5 66 o4 08 39 5 1 [
[ 82 05 11 28 0 2 o u

Vean salues 13 13 14 36 53 37 .18
Uabetltag 1 ag 20 a1 2) 4 7 0o
of lymph 2 a 05 0% 36 8 8 13
nadescantes 3 59 19 31 26 4 4 ‘ 7
Tateral to 4 14 33 17 23 1 1 1 1%
sensitizatien 5 —-08% 19 92 37 -8 1 £
3 01 a5 01 36 12 M ! 17

\ean values 15 19 09 31 1z a9 2 oars

s conum 1000 hmphaid cells and wn epudermis 100 Tvmphold cells i mve Teen
counted in each of the fiur blopsies from evers animal
DN\CB==2 4 dinitrochlorobenzene
Oxa =2 phenyl 4 cthoxsmethylene-5 oxazchne
The values af the control skin are presented In order to w  ste the
Jevel of Yabeling

RESUL TS
The results from the countings recardmg Ivinphord cells with 3 pruns
i more over ther aucka arc prosented m Tabde T The s daes of l)n:
test shins have been correcked by subtraction of the eorre s andimgt

values of the control shin n order to compuns it for possily dffur
ences tn degree of labelhing between the anun s Comparnen '\u h\‘cvn
conirt

the amm s tbelled i the sensitization aret and those Db
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laterally shows ne stitisticalls significant differences for any of the
skin types Nor are there any sigmficant differences between the per
centages of labelled cells mn the biopsies from the DNCB test sites and
from the oxazolone test site These countings do not even indicate 1
trend 1n any dircction The percentages of labelled cells 1n the fest
skins however show higher vilues than in control shin in mest n
stances even If statistical sigmficance 15 not reached for all the dif
fercnt cc)l populations counted

The lymphoid cell responses varied widely between the different
reactions but were as a rule lugh Mo correlation was found between
the intensity of the reactions measured by this method and the increase
1n percentage of labelled cells in any of the groups

The screening of epithelial cells 1 the eprdermis for determination
of therr mavimal grun count values showed a sarairon between 10
and 15 grams for the different amimals Cells with more than 10 grams
were howerer rare

TABLE 2
Numbers of Lymphowd Cells uith = 16 Grans

DNCB D\NCB Oxa Con
12hrs 9¢hrs  24hrs  trol

Labelling of Iymph nodes Cortum 27( 23) 19(16)

6(05) 2(02)
regional to sensitization Epidermis 20 (167) 4(33) &(67) O
Labelling of Ivmph nodes Cortum 24( 20) 21(18) 13(11) $(03)
contralateral to Epidermis 7(58 2017 5(42) 0
sensitization

From cach of the two labelling groups 17 000 Iymphold cells have been counted
0 corium and 1200 1n epidermis from each of the four biopsy tybes
Figures 1n brachets ndicate per mille of labelled ¢ells

The resulls from the countings of cells showing a gran count ex
cceding that of the epithelial cell< 1 e 16 grams or more are presented
in Table 2 Y'rom each of the four hiopsies 2000 lympheid cells m
corum and 200 n epidermis were countcd In every tipe of test re
action and 1n both amimal groups the test skin biopstes show an accu
mulation of these heasily labelled cells compared with control shin
The proportion of these labelled cells 1s lagger m the cormum of the
DNCB tests thin in the oxazolont tests This apphes te both Inbelling
groups however evenif the diffcrence 1s less pronounced i the group
Inbelled contralatcrally o scnsihzation The proportion of heavily
fabelled cells 1s generalis lugher in epidermis than m corum The most
obvious difference between the proportion of these cells exists i ¢pt
dermus of the 12 hour and the 24 hour DN\CB tests

General microscopy of the sections relded additional data The ma
Jonty of the Ibdlled cells were tymcal Ivmphoevies tsmall medium
and large) Iabellud <ol which und ubtcdly were macrophages were
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oliserved but with = very Jow frequency Macrophages with a geain
count exceeding 15 were occasiontly cncountered

DISCUSSION

In 7 previous mvestignhon the radw ety i the Joealh bk
tumph nodes m non scnsitized aninals was found o deererse sue
cossivedy dursng the first weeh 2t the engd of swhieh the lovd of the
control nodes was approxunated (8) Thus mas of the cefls Tiliclle !
on davs 2~4 prohabls have left the Joealls hbelled Bumph nodes
the application of the tests on day 10 As shown by Vacher (12) the
hamph nodes regronol to contact sensibzition with DNCB mercase m
wesght durig the sensttization This snerense begims al about the th
day The H3 TdR mjections given on diss 24 thus masy gne Ibddling
of more cells 1a the animnls wngected in their sensiization 1rer than
m the control group injeetd contralaterally fo this Tius fact empha
zises the unportance of using fhe rcdabionship between the autoradio
graphic values witlin the same labelling group when comparing the
two groups with cach other

The number of Ivmphoid cells infutrating the contret allerpic re
actions varies with the ntensits of the reactions Turthermore Hie
cellular density of the wafiltrate vanies i different parls of the same
hiopsy the lymphord cell number being lghest around vessels, as &
the case in delaved hypersensitin ity reachions 1 goeneral (19) Because
of these cireumstances systematical ecounting of a cort un pumber of
cells prohably psves a more representatine mclire of the poreenlage
of labelled cells than does counting of the number of Inhdiled celis
per uew freld (6 7)

The inerc 3se aborve the control shin Jeved i the percentage of hbied
Ivmphoid celfs i all tests but one shown in Tible 1 st igrecment
with results obtamd m expeniments using gencral Jabelhing h
during the sensstization process (3 9) It 1s possible that it o i the
present expenment this 1s an effect of the peneral Iaheding roulhng
from the miradermal wnjections I {his 1s the case st man drpwse 1

atly speetfic lation of Ivmphod celis

The tracing of hewiy labelled Iymphosd cells 1o cddv with 1
grain count which s farger than the maximal gram count @ the
cpthielin! cells of the eprdernis poves a somewhat different prelan
These counlings show that these cells are present sn the test shiy mord
frequenthv than n control shan but also that thes hve s profuses
for vpidermus compared with conum W ith repard fo {he mmnunotoric
speetficsts no firm conclustons ¢an be drawa cun of ¢ tend ney o
Jarper diffcrences hetween the DNUE tests and the avazolonc tests e
he ohserved 1n the regonatls Ibelled group than n the contsy der iy
faticlled group The most conspreuous findimg s the pronounced dlf{
firence hetween the numberss of heavfs Jabelled cells 1 cpde rintds o
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the 12 hour and the 24 hour DNCB tests in the regionally Iabelled
group This result tallies well with the concepts of evtoloxierty reviewed
by Waksman (17) 1 e that sensitized cells are destroved on contact
with the spcc; ¢ amtigen It mught be questioned if all cells with 16
gramns or more really are dermed from the locally fabelled Iymph
nodes It 1s possible that some cells Iabelled by the systenic labelling
effeets of the local labelling, attempts can reach this degree of labelhng
On the other hand most of the heavily labelled eells have 20 to >50
grams numbers which are most unlikelyv to result from general la
belling

In the present mveshigation 1 considerable proportion of the labclled
Iymphoid cells were small — medium lymphocyfes Only occasionally
heavils labelled macrophages were noted The pattern of Ibelling 15
thus different from that observed n a previous cxperiment with la
belhing about 3 days bcfore tiking the biopstes 48 hours after testing
where the Iabelled population was dominated by lirge Iymphocy tes and
macrophages (11) If this difference 1s caused by the varyin, labelling
techniques by the tumes chosen for labelling or by the different ages
of the test reactions 1s not possihle to determrne on the basis of avulable
data

The conclusions of this experiment are based mamly on the results
obtuned from the countings of the heaviiy labelled lymphoid cells
which are presumed to be largedy migrants from the locally labelled
Ivmph nodes These cells make up part of the_mononuclear cell mfil
trate 1n allergic contact dermatitis They are found n a larger per
centage m epidermus than yn corsum They constitute a higher per
centage of the 1vmphoid cells m test sl than in control shin te
they selectively wccumulate 1n the test shin Mo cleircut evidence for
an ammunologre specificity of this selective accumulation has been
found The findings suggest however that there mav be an early
1ccumtiation of wnmunologically specific cells at least n the em
dernus and that these cells disippe i later possibly as a result of =
¢yfotovic action of the antigen on thase cells The general labelling
pattern showed that iymphoid cclls of il sizes were Iabelled

SUMMARY

Albino gumea pins were double scnsitized with tno different contact
antigens DNCB wnd oxazolont At the time of the most pronounced
prolifertion of 1irge pyromnophihic eclls i the lymph nodes regronal
{0 the sensitization the amirsls « (r Jabelled with tntinted thymidine
Inone group ot mimals 2 piruh leeal tabudling of the Iymph nodes
regronal to sun it zation with DY (R was performed In 2nother group
such local 11 4 was, 8¢t fhe lvmph nodes contralateral to
those regionn t wmsitiziffer N Jocal labeling was given to the
Iymph vodex ¢ nal to stn 1te aton with oxazelone Tesls were ap

2 scrar Moo



370

phed with both antigens nd iopsies were tahen after 12-24 hours
Autorwdiographieat analvses showed that Ivmph node cells parhicipate
n the mononuclear ecll infiltrate of the allergie contiet roclions The
Ivmph node cells were more frequent in test shan thae in control shin
ndieating 1 selectine accumulation at the test siles An pnmunological
spraficity of this accumulation could not be established The Tvmph
node celly showed 2 prefcrence for epudermis compared with conum
The lymphoid cell infiltrate contained more Iabddled cells of small-
medium size than the infitrate of tests in 1 provious experiment where
the amimals were labelled short!y before testing
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EXPORT AND IMPORT OF LYMPHOCYTES
IN THE THYMUS DURING STEROID INDUCED
INVOLUTION AND REGENERATION

By
ULr ErnstroM & BEAGT LARssON
Received 22 11 67

Certam steroids particularly the glucocorticosteroids cause character
1stic involution of the thymo lvmphatic tissue (Selye 1936 Ingle 1940
Dougherty & W hite 1945) This mvolution bemg part of the stress
syndrotme (Selye 1951} 1s most pronounced 1n the thymus The mecha
msm responsible for this thymuc atrophy has been studied by many
authors with divergent results m cestam respects Histologically nu
clear pyhknosis and lymphocytolysis are reported in the thymic cortex
in piwo as well as tn pitro dunng the first hours after admimistration
of corticosteroids (Dougherty & W hule 1943 1941 1945 Schrek 1949
Feldman 1950 Baker et al 1921 Ehrich & Seifler 1953) The corty
costeroids are also stated to inhibit the synthesis of protemn and nu
cleoproteins especially DNA and to deerease the mitotic activity of
the thvmo lvmphatic tissue (Dougherty & W hule 1945 Studer 1950
Engel 1951 Hull & White 1952 Pfeiffer ef al 1952 hass el el 1953
hu & Barron 1953 Robbins 1925 Clarh & Stoerh 1956 Blecher &
W htle 1928 Lundin 1958 Ishidate & Metcalf 1963 Bellamy et al 1966
Anulson & Lundin 1968)

In the blood « defictency of lymphocytes 1s reported n steroid
treated animals (refs Dougherty 1959) This may be due to mntravasal
Iysis of lymphocytes andior to reduced production and delivery of
lymphecytes from the thvmo lymphatic system In the guinea pig the
thymus 15 a major contributor to the circulating small lymphocytes
(Erastrom & I arsson 1966a) and in this ammal the export of Iympho-
cytes from the thymus under different conditions can be evaluated by
a direct comparnison between the Iymphocyte content of the arterial
blood and that of the thymic venous blood In the present study the
migration of Jymphocites to and from the thymus was imveshigated
during sterowd induced involution and regencration of the thymo-lym

The expenses of this imvestigation were partly defrayed by a grant from the
Swe lish Cancer Soctety and partly by a grant fr m Gunnel and Stante Hogboms
Foundation for Medical Researel

4



372

phntic issue I urthermore the experiments were cxtended to wnclude
the effect of 1 corticosterod on the cirenlating Ivmphoesyte popul itions
of thymectomized guinea mgs

MATFRIAI AND MFTHODS

Totally 314 male guinea pigs with an imtial weight of 237 = 9 ¢ (mean % S })
were used The amimals were fed on cabbage turnips carrots and vilamin pellets
They were divided 1oto four main groups (number of animals 10 brackets)

Non operated controls mjected with saline (43}

Non operated animals injected with prednisolone (1°0)
Thymectomized contrels Injccted with saline (75)

‘Thy mectomized animals injected wath prednisolone (76)

Thimectomy was pcrformed under local \: il

(
of 0 » per cent Xvlocaine® Astra) according to the techmique of Cyllensten (1923)

Prednisclone (Ultracorienol® Ciba) was administercd §p 1n o dose of 50 my/hg
bhw In the thymectomized guinea pigs the injection was given immediatels after
o} eration  Examinations were made 1 3 and 6 hours and 1 3 6 and 9 days after
treatment about 15 animals at each time The investigations were made belween
9 am and 4 pm The anjmals were anaesthetized with 25 per cenl “embutal
sodium (95-50 mgfkg bw §p)

In the non operaled animals the thymus was exposed and Lhe largest of the
thymie vens higated and ncised A sample of blood was taken in a heparinlzed
pipette (Hepann® Vitrum 4000 1U/ml) for suprasital staming of white blo 1
cells for white cell counts and for preparation of blood smears

The vight carotid artery was incised near the origin of the thvmic artcry and
samples <[ artersal blood were taken lor analysis as abyne lmmediatedy after
wards the attery was ligated The confluence of the thoraaic duct and the feft
subelasvian and jugular veins was then exposed cssentially according 1o the technf
que of Retnhardt & Yoffey (1957) The thoracic duct was junctured and a sample
«f lnmph was collected in a 1ipelte for supravilal staiming The whele procedure
was performed under a disseclion microscope

The suj ravital specimens of blood and lyrmph were stained with Janus green B
and neutral ted (sec Ernstrém & Larsson 1366 b) and were immediateh examined
n a light pe at 1000 X ification Differential counts were made of
Jvmphcevies with different mitoche niral content 100 cclls ger speamen belng
counted [he lvmphocytes were registered in six classes cells with 0-5 ¢ 10 11 (5
16-20 71-30 and > 30 mitochondria For comvenience 0 10 13 20 and > %0
mitochondria per cell are denoted as low medium and high milochondrial content
(ML) respectisely

J or determinatian of the absolute number of white bload edlls 25 mn 3 of Hocd
was diluted with 475 mm® of Tolssons solution (containing methyl siolet for
staining of white cells) The number of cclls was counted in a Burker counting
chomber 788 squares (corresjonding to 000625 mm3 each) being count 1 for cach
sample wlith

The blood smears were fixed In methanol for 5 minutes and stamed with
€ jemsa for 12 minutes They were d ! and
counts were made of Ivmphocytes monoestes and granulocvtes 3

The results were analyzed statisticalh by Students ¢ test The comp srisan 10
tneen the percentage and number { Iymphocytes in thsmic vein ani alrn“"
artery blcod was gerformed by statistical analbysis of all the differences 1“-! ol
indnidual animals The 2 salues < 0001 < 001 and < 00> are deaole
highle significant significant and almost signiticant resp cethvely

NFSUITS
No morhilily occurred The nert e m body weipht was hout 2 B
a day rrespective of trcatment or operafion
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Control Animals

In the controls the lvmphocyte content per mm? of blood from the
thymic vemn excceded that from the carotid arters (p<0001) agam
proving the existence of 1 net emugration of thymic Ivmphocvtes 1in
normal joung guinea mgs (see Lrastrom ef al 1965) A subdivision of
the Iymphocyvie population based on the mitochondrial content of the
cells resulted in the following veno arterious difference n number
of cells per mm? of blood passing through the thymus the statistical
analvsis being haced on the differences in the indnidual animals (mean
+ ST ) Lymphocytes with low mitochondrial content 629167 (p<
001) Lymphocytes with medmum mitochondrial content 12267
Lymphocytes with high mitochondrinl content —8=9

As the mitochondrinl content 1s correlated to the size of the lvmphe
cytes (Wiseman 1931 Fichtelins & Larsson 1961 Ernstrom & Larsson
1963) this once more proves that the emigrating thymic cells are
small Iymphocytes and that no net emngration of large Ivmphocyles
oceurs (see Ernstrom & I arsson 19661)

4 higher number of granulocytes per mm? of blood was noted 1
the carotid artery than in the thviue vein (p<0001) ndicating an
mmrgration of granulocytes into the thymus This was not found to
be statistically sigmficant 1n earhier experiments (Ernslrom { Lars
son 19661)

In the thoracic duct Iymph the medium sized lymphocytes (with
medium MC) dommnated (65 10 8 per cent)

TABLF 1

Percentage anl Number of White Cills in Carolid Arlerg Blood of Control anl
Steroi i Treated Cumnea Pig  Vean = SF

Intcrval No

after of Lymphocites VMonocytes Granulocytes
sterold  am o No/mm? ¢ No/mmd NoJmm?3
ingection  mals

Controls 43 64012 1710133

3 93212 328+18 9324104
1hour 19 583x33 1713x213 2
a
2

2400

603 75+15 382+33 1121+184
3x04 110%16 HI0X3S5 3%i
T£03 131223 59645 3157594

3 hours. 19 238x35 171023
6 haurs 19 37645 14681153

1day 18 670£32 1933922 25x02 7918 33532 1140172
3davs 15 66224 1508%14> 272202 54% § 31674 791103
6 davs 15 63540 1916%194 "9x03 91415 II6X40 1047£157
9days 15 699221 21002°07 "0x02 6110 291%70 B870*123

Predmsolone Trealed dmmals

No general Ivmphocy topenia occurred (Table 1) However subdivt
sion of the Iymphocrvte population mnto cells with fow medwm and
high mitochondrial content (MC)—corresponding fo small medum
sized and large hmphoestes—rovey d a deereastd number of smat
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Sterosd nduced changes in numtcr of Iymphacytes with diffceent mit « hondrish
content per mm? of blood fn the thymic vein an{ in the carotid arters [ gulncd
plgs with an intact thymus and iz the carotid geters of thymectomized gurr ra P18%
The bars {n ficate the mean diffcrence (25§ ) Fetween the numler of )} mph w33
of different categories in the sterold treated non operated ani thym 1 mixe
animals on the one hand and that in the normal contrc] and the ¢ mir § treated
thymctomized snimals al the ccrrespinding interval after opersts n on the
other hand
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Fig 2
Thyvmie emgration and nnmigration of lymphocytes 1n guitea pigs normally and
during steroid mduced thymie mvolution and regeneration (1 3 6 hrs 1 3 6 and
J days after mjection of a thymolytic steroid) determined as the difference he
tween the number of lymphoey tes 1n the thymic vein and that 1 the carotid artery
The lympho 3tes are subdi ided 1nto cell with low medium and high mite
chondrial content (MC) Mean %S E

lymphoevtes and an inereased number of larger cells per mm? of blood
during the late phase (1 3 and 6 days) after steroid injection (Fig 1)
The most pronounced change was scen among the smallest Ivmphocy tes
with 0-5 mitochondmna per cell which were decreased to 15 per cent
of thie control salue 3 days after steroid administration At ¢ days no
sigmificant defieiency of small lymphoevtes was found whereas an
ncreased number of larger lymphocstes persisted (Fig 1)

The thymic veno arterious difference m number of 1y mphocytes with
low MC (smnll cells) was decreased in the steroid injected ammals
1n comparison to that in the controls (Fig 2) This decrease in number
of small hvimphaestes cmugrating from the thymus was sigmficant
during the late phase (1 3 6 and 9 days) after predmsolone mnjection
(Table 2) In contrast to normal guinea pigs the anumals myvestipated
6 and 9 days after steroid injection had a larger number of hmpho
cvies with medium (p<0 00 and p<0001) and high MC (p<0 00 wnd
p<0 01) 1n blood from the carotid artery than n blood from the thymic
seir (Fig 2) This indicated a net immigration of medium sized and
larg.e lvmphoestes mto the thymus dunng the regencrative phase after
steroid induced thymic mnvolution (for histological detals of predn:
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solone induced myolution and regeneration of the thvmus n the gm
nea pig see Gyllensten 1962 Ernstrom & Gyllensten 1965)

At 3 and 6 hours after steroid wnjection pronounced granulocytosis
appeared the number of granulocytes being 350 nd 338 per cunt of
the control value (Table 1) In all the slerowd treated ammails an ex
cess of granulocytes was found n erolid artery blood m comparison
to thymic vein blood

TABLE 2
Thymic Fmugration (Veno Arterious Difference 1n Vo of Cellslmm3 of Rlood) of
Small Lymphocytes € haractert ed by Iou Mitochondrial Content wn (ontrols anl
Sterowd Treated Guinea Pigs A Decreased Ouipul of Small Lymphocyles is De
monstraled 1 3 6 and 9 Days after Sterotd Injection Wean Mifference = SF

Interval after sterald injection
Controls 1hour 3hours Ghours 1day  3davs  Gdays Odays

o of
"“:f;:“;“‘ 629167 4132163 47°0£181 548164 1352100 11136 130473 156£106

1ymphocy tes
t 377 246 177 334 124 308 604 147
dar 15 9 1 11 9 10 10 10
P <001 <004 <001 <005 <0001
Steroid 1nduced
decrease in no
of emigrating 2164937 309£246 81734 194199 518171 490+169 4714198
smal
Tymphocites
e 091 176 035 248 303 290 239
df 24 26 ”6 24 5 25 3%
|3 <005 <001 <001 <L00»

At 6 hours after steroid njcetron the percentage of small thericie
duct Iymphocyles (with low MC) was mcreased (p<0001) nd that
of medm sized and large Iymphoestes (with medium and high MC)
correspondingly decreased (p<0 001 and p<0 001} At 3 nd 6 dns
the percentage of small lumphocytes in the lymph was deerosed (p<
0001 and p<0001) and that of large Iymphoevtes mirkedly mereased
(p<000t and p<O 001) (Fig 3)

Thymecltonmt ed Ammals

The tola) number of blood hymphocvics was deerensed 1 hour flet
operation (p<0001) the decrease comprising a1l subgroups of Iympho-

g 3
Percentage of lymphocstes with different mitc chondrial content (MC) in th'?rlf::
duct Iymph of intact guinea pigs treated with a thymoltic sterold ani l;rr:rr;“
tomized guinea pigs treated with saline or steraid at Wfferent lmm.l‘). ter stey
roid injection and thyvmeclomv Mean ST The arrow indicates imiet
steroid and thymectomy
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Httea injected non-operated

- - Ultsacortenol~imjecied  thymectornzed
Lontroj-injected thymectontzed
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solone mduced mmvolution and regeneration of the thymus n the i)
nex pig see Gyllensten 1962 Ernstrom & Gyllensten 1965)

At 3 nd 6 hours aftcr sterowd mjection pronounced granulocytosis
appeared the numbcr of granulocytes being 350 wnd 338 per cent of
the control value (Table 1) In all the steroid treated ammals an ex
cess of pranulocytes wis found i earotid artery blood m comparison
to thymic yvemn blood

TABLE 2
Thymic Frugration (Veno Arterions Difference in Vo of Cellsfmm? of Blood} of
Small Lymphocyles Character: ed by Lor Mitochondrial Content in (ontrols an)
Sterotd Treated Guinea Pigs 4 Decreased Output of Smail Iymphocyles 1s De
monstrated 1 3 6 and 9 Days after Steroud Injection Mean Difference ® SF

Tnteryal after steroid injection
Controls Thour 3hours 6 hours 1day 3days  6days 9days

No of
‘"‘;ﬁ::“““g 6791167 §13:£168 370%181 48164 135:5100 11136 139473 1562106
Iymphocytes

t 37 238 17 334 194 308 604 147
de 15 11 9 10 10 1
» <001 <00» ] <06 <OOM
Sterord induced
decrease 1n no
of emigrating 2164237 300246 812234 494199 HISEITI 4904169 473x198
small
Iymphoctics
M 091 1% 035 248 303 200 03
af 23 26 26 24 29 25 3
P <005 oot <061 <005

At 6 hours after sterowd injection the percentage of small thoraae
duct Ivmphocytes (with {ow MC) was ncreased (p<0001) and that
of medmm sized and large lymphocytes (with medmm ind lngh MC)
correspondingly deereased {p<0 001 and p<0001) At 3 and 6 days
the percentage of small hmphocytes 1n the mph was deereased (p<
0001 and p<0 661) nd that of large Iymphocstes marl edly ncreased
{p<0 903 and p<OOOY) (Y1 3)

Thymecfomi.ed Anumals

The total number of blood Ivmphocytes was deereased 1 hour after
operation (p<0 001) the decrease comprising all subgroups of {ympho~

Fug 3
Percentage of lymyphocvtes with different mitochondria
duet Jymph of intact guines pics treated nith a thymol
tomized guinen pigs treated with saline or steroid at di "
roid ingechion and thymectomy Mean *SF The arrow mdicates ¥
sterord and thyvmectcmy

1 content (MC) 1n thoracic

vtie sterond ond of ;(hy“:i
tervals after 3

ifferent inter et
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In the lymph of the thoracic duct thymectomy caused a decrease 1n
the percentage of lymphoeytes with low MC 4 munpnum value was
recorded 9 days after operation (p<0 001} The percentages of lympho
cyfes with medium and high MC were correspondingly increased (Fig 3)

Predrusolone Treated Th 1 ed Armamals

The total number of blood lvmphocytes was reduced 3 hours after
steroid 1njection in comparison to both non operated controls and
thymectomized amimals not given the steroid {p<0001) Later after
mjection the total number did not differ sigmificantly from the values
1n the control treated thymectomized animals at the corresponding time
after operation (Table 3) The subpopulations of the blood Iympheo
cytes changed markedhv Thus the steroid caused an extremely pro
nounced deficieney of small blood Iymphocytes in the thyvmectomzed
ammals m companson to the corresponding thymectomized controls
(Fig 1) A highly sigmficant reduction was noted as early a« 3 and 6
hours after steroid mmjection At 1 dasv sterowd ireatment had not
further potentiated the deficiency of smali blood lymphocstes present
after thyvmectomy without treatment At 8 and 6 dayvs after thymec-
tomy and sterord treatment however the sterowd had produced 2 shil
more accentuated defictency of small blood lymphocytes than that in
the corresponding control treated thymectomized guinea pigs Then
the smallest lymphocytes containing 0-5 mitochondria had practicalls
disappeared from the artemal hlood where they normally comprise
16 per cent of the lymphoeytes At 9 days the small blood lymphocytes
had reappeared At 1 dav after steroid injection as well as later an
ncreased number of medium sized wnd large hlood lymphocytes was
recorded n the stcroid treated thymectomized anmimals 1n comparison
to the corresponding thymectomized controls (Frg 1) This steroid
effect was sumlar to that in the non operated guinea pigs

The grinulocytosis observed 3 and 6 hours after thymectomy was
not further potentiated by steroid treatment

The predmsolone induced increase in percentage of small thoracic
duct Iymphocytes occurring after 8 hours in the non operated guinea
pigs did not tike place 1n the thymectomized amimals (Fig 3) The
decrease 1n meidence of small Iymphocytes (with low MC) 3 and 6
davs after injection of predmsolone nlo the non operated ammals
also occurred in the thymectomized animals (p<0 001 and p<d 001
when compared to the corresponding thymectomized controls) nd
simultancously  the pereentages of lvmphocytes with high MC were
nereased (p<0 001 and p<0001) The incidence of small Ivmphoceytes
m the lhmph was 255 pur cent in {he non operated controls and at
6 dns after treatment 9 4 per cent in the non operated predmisolone
treated amimats 17 5 per cent in the thymectorzed controls and 2o
per ¢cent 1n the thymectomized predmsolone treated ammals Thus
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tlus effect of predmsolone was simlar in non operated and thym
ectormzed anumals At this time the combined effect of thymectomy
and predmsolone crused almost total depletion of the small lympho
cytes in the Iymph (Fig 3)

DISCUSSION

In a great number of normal yunea pigs the export of small Jympho
cytes from the thymus was found to be 620167 ceils per mm? of
hlood passmg through the orpan The total blood flow through both
thymus lobes i the young, 1dult guinea prg 1s about 80 mms3 per mmute
(Larsson 19661) This denotes 2 venous output of small Ismphocyles
from the thymus of 51103 cells per minute or 74X10 cells per 24
hours The number of small Ivmphocytes per mm? of arterial hlood
was 991::88 The blood volume ean be estimated at 20 ems® (¢f Ancill
1956) representing 20X 107 circulating small blood lymphocytes Thus
the eutput of small iymphocvies from the thyvmus is sufficient fo ex
change the circulating small blood Iymphocytes 3 7 times a dny

A smgle mjection of a thymolyhic steroid (predmisolone) m the
tuten mg reduced the export of small Iymphocytes from the thymus
to abaut 20 per cent of the normal valte 1 3 6 and 9 days afterwards
At the same time the number of errculating small Iymphocytes was
reduced It seerns more probable that this reduction was caused by the
decreased output of lymphocytes from the thymus than by mtravasal
lymphocstolysis as the latter cffect of 2 steroyd appears withm 2
hours of its admimstration (Dougherty 1959) Autoradiogriphic ant
lysis has demonstrated a delay of 1-3 days between the synthesis of
DNA 1n the thymie Ivmphocvies and their appearance m the thyme
vemn blood i normal gumnea pigs {(Larsson 1966b) This delay 1s the
same as the time between njection of the steroid and reduction of
the output of Iymphocytes from the thymus in the present mvesh
gation thus mdicating an inlubition of DNA synthests and cellular
proliferation 1 the thymus as 1 poessible cause of the decreised emi
gration of hymphocytes

Duning the regenerative phase it 6 and 9 days after wngection of
the steroid an import of medium sized and large Ivmphocttes nlo the
thymus was demonstrated Simultancousiy the number of circulating
such cells was nercased m blood and Ivmph Such an immngration
of lymphocytes into the thymus was not demonstrable in normal gt
nea pigs Although the ongin of the 1imported lymphocytes 1 not dis
closed by the present mmvestigation the report of Ford & Michlem
(1963) mdicates the hone marrow as a possible source of hmphoeytes
immigrating mto an mvoluted and regenerating thymus

Thymectomy produced changes 1n the arculating Iy mphocsie popt
lations simular to those seen in the gumea prgs with a sterord invo
tuled thamus Thus a deereased number of erreutating smoil fympho
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eytes was demonstrated 1 3 and 6 days after operation whereas the
large lymphocytes were mercascd in number MNne days after ope
ration the number of small blood lymphocytes was almost normal
In the present experniment no investigations were made later than 9
days after thymeclomy It 1s true that the small Ivmphocvites were
almost normal in number at this time It must nevertheless be pointed
out that cffects of thvmectomy 1in newborn and joung adult gumnen
pigs bave been observed at later tervals after operition (Ernslréom
19652 b Ernslrom & Larsson 196o)

Steroid treatment of the thy mectomizcd guinea pigs eaused 1 marked
defictency of small blood lymphocytes demonstrable statistieally as
early as 3 hours after prednisolone mjectron and most pronounced
3 and 6 davs after 1t The absence of such an acute deficiency of small
blood Iymphocytes 1n the steroid treated guinea migs wath an intact
thymus 1s probably due to the inlict thynue export of small lympho
cytes during the first 24 hours after stermd ingectron Lxperiments
now 1n progress haie even shown an :ncreased blood flow through
the thymus duning this early phase thus perhaps mdicating an n
creased outflow of thymie lymphocytes during the first hours after a
sterord 1njection

In the thoracic duct Ivinph as well a drastic deficiency of small
lymphoey tes oceurred in the animals which were both thymectomized
and steroxd treated The plausible explanation of this finding 1s that
the small Iymphocy tes mn the thoracic duct Iymph ory,inate essentally
from the thymus at any rate durning mnvolution and rugeneration of
the lymphatic system after treatment with a steroid Since the lympho
cyte population 1s subsequently normahzed even n the thy mectomized
ammals 1t 1s evident that other sources can compensate for the thvmic
contribution of small lvmphocevtes to the thoricic duct lymph

SUMMARY

Intact and thvmectonzed gumen pigs were treated with a single dose
of prednisolone or saline The Iymphocste populations of earotid wrtery
and thymie vein blood and of thoracie duct Iymph were studied at
different intervals after treatment The hhmphocy les were drvided anto
subpoputations classtfied by the celllar mitechondrinl content which
18 corrclated to the size of the Iymphocyte Special attention was
focused on the difference hetwern the lymphocvte number 1 the
blood from the cuotid artery and from the thyvmiue semn ndicating
2 thynue mmport or export of cells The followin, ohseriations were
made

1 In the norm il contrcl amimals thore was a thymme export of §29%
167 small ivmphocytes | v mm? of blcod passing through the thvmus
This «xport was cilenlated to be suff jent to exchange the circulating
small blocd lnmp! ovies 37 bimes 1 dav No significant import or
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export of medium sized or large lymphocytes w 1s demonstrated 1n the
normal anmimals

2 At1 3 6 and 9 davs after 2 single mjection of predmsolone the
export of small lymphocytes from the thymus was decreased to 20 per
cent of the normal value and the number and incidence of cirenlating
small lymphocvies were reduced n the blood nd lymph At 1 3 and
6 davs after sterowd mjection the number and mncidence of medmm
sized and large Ixmphacytes were mncreased m the blood and lymph
and at 6 and 9 davs after injection an import of such cclls mnto the
thymus was demonstrated

3 Thyvmectomy caused a decrease i the number and incidence of
crculating small lymphorytes 1n the blood and lvmph 1 3 and 6 days
after operition Conversely the lar,e Ivmphocytes were increased m
number 3 6 and 9 davs after operation

4 Predmsolone treatment of the thvmectomized guinen pigs resulted
n q deficieney of small blood Ivmphocytes hughly sigmficant as carly
as 3 hours after injection and most pronounced 3 and 6 days after
1t The smallest lymphocytes had then disappeared from the blood
and lvmph At 1 3 and 6 davs after injection the medum sized and
large lymphocyties were mncreased in number and incidence m the
blood and Ismph 1n the same wav as n the non operated ammals

REFERENCES

Anettl R J The blood volume of the normal guinea pig 1 Physiol (Lond ) 132
169-175 1956

Baler BL Ingle DJ % LyCh H Ihstology of 1vmphoid organs of rats treated
with adrenocorticotropin Amer J Apat 88 313-349 1951

Bellamy D Janssens P { € Leonard R 4  Sequential changes in rat thymus
after the subcutancons wngection af cortisol J Fadoer (Loud ) 35 19-27 1266

Blecher M & White A Effect of various steroids and metabolie imhibitors on the
ncorporation of glveine 2 C1t into total protemns and nucleic acids of normat
and malignant lvinphocites in mifre J biol Chem 233 1161 1168 1958

Clark I € Stoerh H € The uptake of P by nucleic auds of lymphord tissue
undergoing atrophy J hiol Chem 297 980-392 1958

Dougherty T F Effect of hormepes on Iymphatic tissue Physiol Rev 3% 349
401 1952

Dougherty T F Adrenal cortical control of lvmphatie tissue mass In
man Jr (ed) The kinetics of cellular prohferation pp 264 774
Stratton New York an} London 1929 1

Dougherly T F & VWhite 1 Influence of adrenal cortical secretion on blood ele
menis Selence 53 367-369 1943 r

Dougherty T F £ White 4 Influence of hormones on Ivmphoid tissue slruc(lllhl'
and funclian The role of the pitmstary adrenocorticotrophic hormone in the
regulation of the Ivmphocytes and other cellular elements of the bloo
Endocrinclogs 35 1-15 1944

Dougherly T F & White 4 Funchienal allerations m Jvmy
adrenal cortical seeretion Amer J 4nat 77 81-116 1942 e

Engel F I A consideration of the roles of the adrenal cortex and s(rrs!z_ll’"aoa
regulation of protein metabolism Rec Pregr in Hormoene Nes 6
951

F Stohl-
Crunc &

phoud tissue ynduced by

I
Ehrich W E € Seifter J The effect of corticasteroids upon l)mph('nlr lﬁ::tm;
Schwartzman € (ed ) The cffeet of ACTH and cortisone upon fnfec
resistance Columbia Unn Press \ew Yorh 1923



383

Frastrom U Influence of the thymus on thvroxin induced Ivmphatic hyperplasia
n voung gwinea pigs 1 Trestment with thvroxin one menth after thymec
fomy Acta path et microbrol scandinas 65 83 89 1960a

Ernstrom U Influence of nconatsl thymectomy on the Ivmphatic svsiem and on

its reaction to exogenous thTrovin 1a gumea j1gs Acta path et microbiol

scandinay 65 197 207 1965b
U« I 11 ol the thvmus on normal and thvroun
stimulated regeneration of Ivmphoeid tissue after steroid induced 1avolytion 1n
guinea pigs Acta path et microbiol scandimav 63 193 90° 1965

Frastrém U Gyllensten L & Larsson B \enous output of Iymphocytes from the
thymus Nature (Lond ) 907 540-541 196>

Ernstrom U & Larsson B lafluence of thyroun on the mitochondnial contents
of thymic and lvmph node cells icta path et microbsol scandizay 59 304-
310 1963

Ernstrom U € Larsson B Influence of the thymus on thyroxin induced changes
n Blood lymphocytes of young guinea pigs Acta physiol scand 63 178-433

96

o

Ernstrom U % Larsson B Thymic and thoracic duct contributions to blood
lymphocvtes 1n pormal and thvrovm treated guwinea pigs icta physiol
scand 6 189-195 1965 a

Ernstrom U & Larsson B Chanses in circulating Jvmphocite populations
gro ving guinea migs  Acta path ¢t microbiol scandinay 67 ?67-27> 1966b

Feliman J D The 1n cilro reaction of cells to alrenal cortical steroids with
special refercace to lymphocytes Endocrinology $F 557-562 1920

Ftchlclms A E t Larsson § £ Blood l\mphnc)(t; in supra vital and dried

studied with sal stasn Acta anat (Basel) §4

6&69 1961

Ford C E ¢ Wicklems H S The thymus and Iymph nodes in radiation chimaeras
Lancet 1 3.9-36% 1963

Gyllensten L Influence of thymus and thiroid on the postnatal growth of the
Ivmphatic tissue 10 guinea pigs Acta anat (Basel) J7 Suppl 18 1-163

Cyllensten L The cellular composition of Iymphatic tissue during imvolution
after administration of corticosteroid Acta path et microbiol seandinav 56
3o-40 1967

Hult % & White A Fifect of adrenocorticotrophie hormone on the phosphorus
metabolism of Jvmphoid tissue Y ndocrinology 5 210-"16 1927

Ingle DD J Lifect of two stcroud compounds on weight of th mus of adrenalect>

ed rats Proc Soc exp Biol (NY) 4F 174-1/5 1940

Ishidate M Jr & Mefealf D The pattern of lvmphop nesis 1 the mouse thvmus
after cortisote administration or adrenalectoms Aust J exp Brol med Sci
S1 637 649 1964

Kiss F I Aendrick W] & Finland ) Fifect of certain corticosteroids and of
growth hormone on nucleoproteins of Iymph nodes Ann N1 Acad Ser 56
737-741 1953

Kit S & Barron F S G Effect of adrenal cortical hormones on the incorporation
of CU jnto the protein of Ivmphatic cells Endocrinology 57 1-9 1953

Rnutson F & Lundin P' M The effect of hypophysectoms adrenalectomn and
corhisone on the incarporation of tritiated thymidine o rat organs with
stecial references to the ymphoid tissues Acta endocr (hph) 53 519 5 8

9

1966

Larssan B A guantitalive estimation of the yenous oatput of lymphoc tes from
the thyvimus in guinea pigs  Atta path et microt 10l scandin 67 586-587
1966 a

Tarsson B Ven us oulput of 3 thymidine lab lled I mphoc tes from the thymus
Acta path et microbiol scanlinay 68 6.7-6 1 1966 D

Tun hn P W At ror p tustars gland and 1 mphewd tssue growth Acta endocr

hbhi & Suppl 40 1 80 1958

Pre [/rr F ! Sanirter B € Sch fft ng K Thymusmuto enhemmung als quan
tiativen “a hwer der N\ hepnierenrindenaltivicrung im Tic experiment hlin
Mchn h 43 1073 10 1957

& inkarit W 0 € Yoffey J M Lymphoc t content of Imph from Lhe t} oracic
and cersi al duct  n the guinea pig J Physiol (Loni) 137 21 234 1957



384

Robbins G P Cooper 3 A & 4Nt H L Bifect of corticotropin on cellulanty and

Txéns;’s 5m the rat bone masrow spleen and thymus Frdecrinology 56 161~
66 190

Schrek B Cytotocic action of hormones of the adrenal cortex according to the
method af unstaimed cell counts Endocnnologs 45 317-334 1949

Selpe I Thymus and adrenals m the response of the organism to inmunes and
mtoxreatzans Brat 3 exp Path 17 234-243 1936

Selye I Annual repart on stress Acta Inc Montreal 1951

Studer 4  Expenumentelie Differenglecung der Angriffsorte von Cortuen 2
Rheumaforsch § 337351 1950

Viiseman B & Criteria on the age of lymphoeyies w the perspheral bleod I evp
Med 55 271-294 1931



Acta path et microbrol scandinay 76 38> 389 1967

The Department of Histol X ¥ Stochholm Sweden

CHANGES IN BLOOD FLOW THROUGI THE THYMUS
IN STEROID TREATLD GUINTA PIGS
WITH CALCULATION OF THYMIC EAPORT
AND IMPORT OF LYMPHOCYTES
gg By
Braer T ARssos
Recened ?8 167

The thymus of the guinea pig was shown by direct methods to be 1
potent contributor of Iymphocvies to the circulating blood (Ernstrom
Gyllensten & Iarsson 1965) This normal thymue export of cells via
the cfferent hlood proved to consist manly of small tymphocytes (Ern
strom & Larsson 1966)

The techmque for direct measurement of the export of Ivinphocytes
from the thymus ofters new possibilities of studving the regulation
of lvmphocyte production and release Among the factors known to
wfluence this regulation are thyvroid and steroid hormones The thymie
output of small lvmphocstes was 1n fact greatly increased soon after
admunsstration of thyroid hormone (Ernstrom & Larsson 1965) Gluco
corticosteroids cause characteristic imvolution followed by regener
ation of the thymo-lvmphatic sastem {Selye 1936 Ingle 1940 Dougher
ty & W hite 1945) These changes are most pronounced 1n the thymus
where well defined histol 1 as well as bited cell for
mation h1ve been described The normal thymie export of 629x167
smail Ivmphocytes per mm3 of blood passing through the thymus in
the guinea pig was found to decrease to 20 per centat 1 3 6 and 9 davs
after a singlc mjection of prednisolone (Ernstrom & Iarsson 1967)

For estimation of the Iymphoeyvte producing eapacity of the thymus
m normal and prednisolone treated guinea pigs 1t 1s of esscnhal mter
est to measure the blood flon through the organ A method for meas
urning the bluod flow through the thymus was recently deseribed (Lars
son 1966) When the diffirence between the totil number of lympho
cytes par mmn? i thymic 1ein and carotid artery blood 1s hnown as
well as the bluod flow through the thymus per minute the tofal output
of Ivinphocytis per munute cnn be caleulated

2 acTar T 70
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MATFRIA! AND MFTHODS

Totally 72 male guinea pigs with an imitial body weight of 81 + 4 g (mean =
SE)} were used 23 of them as untreated controls The rest recened & single fntra
peritoneal 1njection of predmisolone (Ultracortenol® Ciba) in a dose of 10 mg00
g bw The prednisalone treated animals were examined 3 and 6 hours and 1 3 6
and 9 days after the injection They were anaesthetized with sodium Nembutal
(03 ml’200 g bw of a 25 per cent solution ip) A femoral vein was exposed for
(Heparin® Vatrum 3000 1U 14 per 900 g bw)
A 5 em inaiston was made 1n the neck and the right or left internal jugular vein
was exposed The vein was ligated proximally and distally to the confluence of the
thymic veins as were all othcr small yeins emptying into the internal jugular vein
except the thvmic veins (usually 2 or 3 1n number) In some of the controls and
some of the animals treated with pr and di & hours after the
thyvmie veins were bigated and instead the veins from the submandibular gland
were left open A heparinized polivethivlene catheter (outer diameter 1% mm inner
diameter 075 mm) could easily be introduced through a minor ncision in the
wall of the jugular vemn and the blood flow through the thymus or the sub
mandibular gland was led to a small contamer placed on a Mettler precision
balance on which direct continucus readings could be made A constant flow of
20-30 minutes was required All dissections were made on a heating umt at 35 C
Immediatels after dissection the wound was covered with liqud paraffin at 3> C
which was changed dly daring the The bleod on the
Mettler balance was covered to prevent vaporization The distal end of the catheter
was placed so far helow the proumal end that the capillary resistance of the
catheter and the siphon effect equalized each other

In most amimals the right side was catheterized but the left side was also used
Both sides were catheterized in some of the controls After dissection the ammals
were killed

The results were analyzed statistically by means of Student s £ test The p values
<005 <001 and <0001 are denoted as almost significant significant and highly
sigmficant respectriely

RESULTS

No differences were recorded hetween the night and the left side

In the control anumals the blood flow through one thyvmic lobe was
determined to be 41 0+49 mm¥minute (Table 1) The blood flow
through the submandibular gland was 92 78 » mm¥munute (Table 2)

TABLE 1
Changes In the Blood Flaw Through the Right or Left Thymic Lobe at Different
Intervals After a Single Injection of Prednisolone Wean * SE

Blood flose
Time after o of Body Thymie thrcugh right
steraid determi weight waght orleft
treatment nations (€3] (mg) ths mic lobe
(mm?min)
Controls 21 28610 "37£13 410249
3 9 257410 191217 84293
6 hours 8 266% 8§ 18715 976=71
24 7 28017 W18 6 4%76
3 6 303+ 8 me:x's’ :Z;::?
309+ 4 29522 =
gd”s 2 27010 20726 47139
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In the predmsolone treatcd ammals the blood flow through the
thvmus was found to be ighly sigmificantly raised 3 hours after ste
roid injection (to 84 99 3 mm¥min) and after 6 hours the increase
was still greater (1o 97 67 1 mm3min) At 24 hours the inerease m
blood flow was less pronounced (to 6247 6 mm¥min p<0 05} Later
no significant difference was noted in comparison to the controls and
the values slowly decrensed at 9 days being almost the same as those
in the controls {Table 1) The blood flow through the submandibular
gland was not found to be sigmficantly changed 1n the steroid treated
ammals 1s compared to the controls (Table 2)

TABLE 2
Changes In the Blood Flow Through the Right or Left Submandibular Gland 6
Hours After a Single Injection of Predrisolone Vean * SE

Satw Blood flow
Time after No of Body g through right or
steroud determi weight Eland left submands
treatment nattons @ “E;ﬂ“ bular gland

<) (mm3min)
Control, 5 28426 20822 957485
6hours 5 27625 20811 854270

DISCUSSION

The blood flow through the thymus was mereased soon after treatment
with prednisolone this ancrease bemng maximal 6 hours after sterod
admimstration At this time no effect was recorded on the blood flow
through a non lymphatic organ 1e the submandibular gland This
indicates that predmsolone may have a selective cffect on the hlood
flow through the thymus {and perhaps other Ixmphoid organs) during
its involution although an effect on the blood flow through other non
lymphatic organs than the submandibular giand obvicusly cannot be
ruled out

At 3 days and later after the steroid injection the blood flow through
the thymus was ncreased but did not differ significantls from that
n normal guinea pigs

Using the earlier found mean values of the cellular export of lym
phocytes of different eategories from the thymus of normal and ste
roud treated guiney pigs (Frastrom & Larsson 196¢) and combmng
them wath the present data on the blood flow through the thymus the
export of [ymphociics of different cntegories can be ealeulated (Table
3) Inthisway an nitnbly increased output of small lymphoces tes from
the thymus s disclosed From 24 hours after sterowd injection and
onwards the venous output of small thvmie Iymphocytes decreased
Ne export of 1arge | mphocvies from he thymus was observed dunng

el
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the experimental period On the contrary negative values were eal
culated These wert most pronounced 6 and 9 dass after injection
of prednisolone indicating an immugration of large Ivmphocytes wnto
the thymus during the regenerative period nfter treatment with ste
roid

TABLE 3

Calenlation of the Thymic Output per Minule of Small Medwm St ed and Large
Iymphocyles at Different Intervals After a Single Injection of Pr dmsolone

Time after stererd o of Lymphocites

treatment Small Medm sized Large

Controls 516103 10 03 104 — 07X
3 543X 102 —08x103 —14x18
€ hours 107 0102 78>103 —25%103
21 168103 —133x103 —~47X102
3 17 8x 108 51X 103 —~94X103
6 days 142X103 —9 6103 —189X103
9 147103 —322X103 —113%103

SUMMARY

‘The blood flow through thi thymus and the submandibular gland was
measured 0 gumea pips normally and during steroid induced wn
volution and regeneration of the thymo lyniphatic system

Steroid 1njection had 1 stmulating cffect on the blood flow through
the thymus which was maxuimally raised 6 hours after mjection and
gradually decreascd to normal dunng the following week At b hours
no effect was found on the blood flow through the submandibular
tland

The present data on the blood flow through the thymus of normal
and steroid treated fuinea pigs were combmed with previous resulls
regarding the thymic veno arterinl difference 1 number of lympho
cytes of different categories An mmihial merease and later 2 pronounced
decrease 1n the thymic export of small lymphocytes werc revealed
Durning the regenerative period of the thymus a net import of large
lymphocvies 1to the organ was demonstrated
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EAPORT AND IMPORT OF °H THYMIDINE-LABELLED
LYMPHOCYTES IN THE THIMUS OF NORMAL
AND STEROID TREATED GUINEA PIGS

By

BFAeT LARSSON
Recenved 28u8?

The mnduction by corbicosteraids of tnvolution and regencration of the
thymo lymphatic system 1s well documented (Selye 1936 Ingle 1940
Dougherly & W hite 1915) Thar mode of achion especinlly that of the
glucocorticosteronds on the thvmo lymphatic organs 1s twofold first
alysis of cells during the first hours after admimstration {Dougherly
& Viiute 1943 1945 Schrek 1949 Feldman 1950) and secondiy a de
creased cell production occurring later and probably due to an m
lubition of DNA synthesis (refs see Erpstrom & Larsson 1967)

These sterord mduced changes are most marhed 1 the thymus As
this organ 1s a major contributor of the circulating small blood 1vmpho
cytes i the guiner pig (cf Ernstrom Gyllensten & Larsson 1962) 1t
was of mterest to myestigate the thymie export dunng steroid induced
molution and regeneration (sce Ernstrom & 1arsson 1967 Iarsson
1967) Further information on the migration of lymphocytcs mto and
from the thymus afier steroid treament has now been gamned by anto
rdiographic studses of newiv formed cells both normathy {(Favsson
1966) and affer steroid treatment (the present paper)

The autoradiographic techmique has earlier heen used to study the
transport of cells within the thyvmo Ihvmphatic tissue (Cronkile et al
1929 Schooley ef al 1909 Yoffey 1960 Diderholm 1901 Gowans 1963
Cannon & Whissler 1965 T undmark & Fiohtels 1965) The apphe?
tion of tuteradiography to the blood of afferent and cfferent vessels of
the thymus for investigition of its cellular hinetics has not howerer
been fested previousls

MATERIAL AND METHODS
Totally 69 voung male guinea pins With an initial wewht of > 3 & (;';‘a";’
+ SE) Were used 10 of them as controls (The controls were th me AQI o
1 an carlier experiment Larsson 1966) All the animals recenct a lnlilfn "Th!
peritoneal injection of tritiated thymudine (TRA 190 Thymidin 1 medhy ") davs
Radiochemical Centre Amersham England) mn a dose of 05 miskg h“l 3 erion
before dissection The sterord treated animals were pnen a smxle b 0
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of prednisolone (Ultracortenol® Ciba) in a dose of 50 mg/kg bw 1 3 and 6
hours and 1 3 6 and 9 days before dissection In each group 7 to 10 animals
were exammed The animals were anaesthetized with sodium Nembutal (%2-50
mg/kg bw ip) The ihymus was exposed and a thymic ven incised Blood
samples were collected m heparimized blood pipettes (Heparin® Vitrum) for pre
paration of hlood smears and for white cell counts m a Burker chamber The
right carotid arters was Incised close to the origin of the thvmic artery and
blood samples were taken for the same analysis as mentioned abote The artery
was then ligated Finally the thoracic duct was exposed at its confluence with
the Jeft suhclavian and jugular vens mainly according to the technique of Reunt
hardt & Yoffey (1957) although the sternum was not incised The duct was puner
tured and lymph collected for preparation of smears

For counting of white cells in the Burker chamber %5 mm? of blood was col
lected 1n a pipette and dilutel with 475 mm? of Tolssons solution containing
methyl violet for staiming of the white cells Totally 288 squares wer. counted
for each determination

All the smears were allowed to dry in air and were then fixed In methanol
for 5 minutes After drying the smears were covered with a thin film of celloidin
{05 per cent relloadin 10 an aleoho] ether solution) and dried again The shdes
were dipped into the pholographic emulsion (Itford “Nuclear Research Emulsion
K5 diluted in two parts of re destilled and filtered water dark room) and dried
for 3 hours at 26 G Evposure proceeded for 1 month mm absolute darhness at
44 C The slides were developed (hodsk D 19B) for 3 munutes fixed for 15
minutes and washed 1o running water for at least 20 minutes While still wet
the shides with the blood and hmph smears were stamed mm Giemsa solution (200
drops 1n 100 ml of re destilled and fillered water) for §0 minutes Finallhv the
smears were dipped into aleohol of 70 90 9> and 100 per cent covered with
cellondm and & cover shp put on

The cell counts were performed In a light microscape at a magnification of 500
10 1000 X\ The background labelling was as a rule scanty 4 minimum load of 3
grainsfcell was required for the cell to he regarded as labelled Altogether 100 to
400 cells were counted in each smear The percentage of labelled and unlabelled
Iymphocites monocytes and granulocvtes was registered The percentage of la-
belled Iymphocites was calculated from the percentage of total lymphocytes The
absolute numbers of labelled Iympho ytes were calculated from the total number
of white cells and the percentage of labelled Ivmphocy tes

The results were analyzed statsstically by Students ¢ test The p values <005
<001 and <0001 are denoted as almost sigmificant significant and highly sig
nificant respectively The comparisons between the number of labelled Iympho-
cites m thymic vein and carotid artery blood were performed by statistical ana
1yses of the differences in the indnidual animals

RESULTS

The percentage of labelled lymphocytes in thymic ven and carotid
artery blood was raised 3 and 6 hours after sterowd 1njection (Fig 1)
the mcrease being ighly sigmificant in the arterial blood Thas the
normally lower percentage of libelled Inmphocvtes in carolid artery
blood had reached the values of the thymic vein blood after 3 hours
One day after sterod treatment a parallel decrease in the percentage
was noted 1n both thymc vern (p<001) and carotid artery bloed
(p<005) comparced with the values at 6 hours The percentage of
labelled Ismphocy tes in the afferent thymie blood had then returned to
the normatl Ievel whereas that in efferent thymic blood was decreased
below 1t (p<001) Three davs after sterord adminsstration the per
centage of Iabelled Ivmphoceytes was further decreased in both thymic
vein and carotid arters blood the vulues being almost the same At 6
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of predmisolone Mean * SE

and ¢ days after injection the percentace of lobelled Iymphocyfes
carolid artery blood exceeded the corresponding values i thymic seut
blood although the differences were not sigmficant At these times
the percentages i thymie vern blood were markedly lowcr than n the
controls {p< 0001 and p< 0001 respectinely) amounting to only
30 per cent of the normal yalue

During the experimental period the absolute number of Iabelled
lmphocytes (Fig 2) showed sinular varmbions to those in the per
centage values This applied to hoth thymic vem and carohid arlery
blood Thus the maxumal number of }thelled Wmphocytes was found
3 hours after mjection of steroid the increase bemg highly sipmifeant
m ¢aretid artery blood The fewest labelled Ivinphocy tes were reeorded
3 6 and 9 ds after sterord treatment At 6 and 9 days the number®
carotid artery blood exceeded that in thymuce ven blood this dsffurence
being almost significant on d1v 6 The number of labelled 1y mphoryies
1n thymic vemn blood was then only 30 per cent of the normal value

The scno artenal difference in Iabelled lymphocytes per mm? of
blood (Fig 3) was highly sigmificant mn the controls and the animats
nyeshigated 1 hour nfter steroid admumistration not signsfscant 3 nd
6 hours after injection and significant 1 day after At 3 davs no differ
ence was present Six days fler sterord treatment fhe difference be
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came negatine (2 e, more labelied {ymphacstes 10 carotid arlery blood
than n thymic sem blood p<005) ndicating 1 net immigration of
Inbelled cells imto the thvmus At 9 dass no veno artenal difference
was obst med

The percentage of labelied Ivmphocy tes in thoracie duct fymph (Fy
1) was mereased 3 hours and 1 dw after steroid myection (p<o0l
P<B05) At 6 and 9 davs after stermd treatment the percentage was
decreased below the normal level although not sigmificntly

DISCUSSION

The normal export of small lymphiocytes from the thymus was recently
determined to be 629 £ 167 cells per mm3 of blood passing through the
organ {Frastrom & Larsson 1967) A smngle injection of tritited
thymidine does not label more than about 20 per cent of the small
Tymphoeytes in the thymie cortex and in the present study the veno
arterial difference m labciled Ivmphoesvtes was 153 = 31 cells per mm?
of blood

The glucocorhicostermds are hnown to cause on one hand lysis of
the airendy formed ceils m the thymic cortex on the other hind
inhibition of celi proliferation there probably by interfermeg in DNA
synthesis (for references sce Gyllensten 1962 Frnsirom & Gyllensfen
1965) The present studs ndicates the oceurrence of an ncreased
delivers of newh formed lymphocytes to the hlood dunng the Hirst
few hours after a single injection of predmisolone (Fig 2) Dunng this
early period after sterod injection the blood flow throuyh the thyvmus
1s mereased (I arsson 1967) This increased hlood flow ypesults m a
rused output of lymphocstes fram the thyvmus (Larsson 1967) thus
explunng the igh incidence of lahelled Jvmphioes fes 1 the blood noted
3 hours after sterowd njection Since 1-§ davs elapse between BVA
swnthesis and migration of the thvmmie Ivmphocyies from the organ
(I arsson 1966) the decreascd production of thymaeytes 1s nut refiected
uniil abont 3 dass after steroid njection The number of Iabelied
1ymphocytes per mm? i thanue sein and carohid artery hlood was then
almost 1dentical possibls due to mmhibition of the export of newly
formed lymphocites from the thymus Later 1e 6 digs nft r sterad
mjection there was a negatine veno arterial diffcrence i pumber of
labelled lyraphocytes per mm® indicating 1 net wport of newiv formed
cells into the thymus This 1s 1 agreement with recent findings te
that 6 and 9 days after a single steroad 1myection 1 net ImmmAT ol of
medsum sized and large Ivmphocy tes mto the ths mus accury « Erasirom
& I arsson 1967) These ccifs mmy onginate 1n the bone m urrow (Fond
& Michlem 1963) Mne days after steroid njechion no this piie yeRe
arter1al difference was present and thus no export or import of AEW f
formed lymphocsies in the thyvmus was cstablished

In the thoracic duct lvmph 2 sigmfscant snerease n the pereent1ge
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of labelled cells was recorded 3 hours after injection Although this may
have been due to passage of small thymic lvmphocvtes from the blood
to the lvmph during the earls period after steroid mjection the newly
formed Iymphoeytes may also have been of extra thyvmic origin Later
during mvolution and regeneration following steroid treatment the
percentage of labelled lymph cells did not differ aigmficantls from the
control value

TABLE 1
Calculation of the Thymuic Oulput of Labelled Lymphocyles per Vinute al Diffe
rent Intertals After a Single Injection of Predrisolone

Thymic export or

Time after No of Rodv werght
steroud mjection atmals ® BT oL mphe
Controls 1 20127 673
3 7 24811 6378
6 Hours & 2509 6149
2 10 269+9 3682
3 10 2594 978
6 Davs 10 2483 —214%
9 8 ga%2 518

If the present values of veno arterial differences per mm?3 of blood
are combmed with earlier data on the blood flow through the thymus
after steroid treatment (Larsson 1967) the total export and/or import
of cells 1n the thymus per minute can be caleulated (Table 1) In the
controls and soon after steroid admimstration n output of labelled
lymphocytes oceurs Later duting regencratron of the thvmus at net
unport of labelled Iymphocytes 15 found This 1s 1n accordanece with
earher observations (Ernstrom & Larsson 1967 Larsson 1967)

Theoretically a sterond induced change 1n the re utilization of
thymidine and of the size of the thymidine pool 1n the thy mus mas have
influenced the appearance of labelled lymphoevtes durmg the latter
part of the expertment when 3H thymdine was given after the steroid
A decreased output of Iymphocytes from the thymus after steroid ad
mimstration 1s however 1w agreement with earher findings achieved
by other methods (Frastrom & Larsson 1967)

SUAMMARY

Normal and steroid treated munea migs were mvestigated 2 days after
an intraperitoneal mjection of tntium labelled thymidine The per
centage and totil number of lahcited lymphoestes in afferent and
efferent thym c blood and 1 thor~ 1 duct lymph were registered The
steroid treatcd ammnls W ¢ evimmed at different intervals after
sterod injectien The foll  1ne ( ndings were made
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1 The percentage of labelled lymphocevtes 1n thymuce vewn and earo
tid artery blood was mncreased 3 and 6 hours after steroid treatment
Later the percentage decreased so that 3 6 and 9 dass after injection
1t was marhedls lower than mn the controls

2 The absolute number of labdlled Iymphocvtes per mm? in thymic
vert and carotid artery blood vared simlarly to the corresponding
percentages Thus the number of lbelied Iymphocytes was greatest 3
hours after steroid injection and smallest during the regenerative
period of the thymus

3 The veno arterial difference 1 number of labelled lvmphocytes
per mm? of blood was decreased soon \fter steroid mjection Six dnys
afterwards during the regenerative phnse of the thymus there was a
net import of newly formed labelled Ivmphocy tes mto the thymus

4 The percentage of Iabelled lymphoevtes i thoracic duct lvmph
ws increased soon after sterod treatment During the regeneratne
pertod the percentage was decreased

5 The present values of thyme veno-artenal differences i labelled
{imphocvtes per mm? of blood were combmed with earlier data on the
blood flow through the thymus after sterord treatment 4n export of
labelled cells was caleulated soon after mjection whereas during the
regencrative period on the contrary an mmport occurred
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1 The pcreentage of labelled Ivmphoceytes i thymic vein nnd earo
tid artery blood was increased 3 and 6 hours after steroid treatment
Later the percentage decreased so that 3 6 and 9 davs after injection
it was markedls lower than in \he controls

2 The absolute number of lahelled lymphocs tes per mm? 1n thvime
vem and carohid arters blood yaried simutarly to the corrcsponding
pereentages Thus the number of Inbelied ivmphoestes was greatest 3
hours after steroid 1njection and smallest dunng the regeneratine
penod of the thvmus

3 The veno arterial difference in number of labelled Ivmphoceytes
per mm® of blood was decreased soon after steroid mjection Six davs
afterwards durng the regeneratine phase of the thimus there was a
net import of hewly formed labelled lvmphocytes mto the thymus

4 The perceniage of labelled lymphoevtes m thoracie duet Iymph
was mereased soon after sterowd treatment Duning the regeneratne
period the percentage was decreased

5 The present values of thymic veno-arterinl differences n labelled
Ivmphocytes per mm? of blood were combined with earlier dita on the
blood flow through the thymus after steroid treatment An export of
Inbelled cells was calcniated soon after mjectron wherens during the
regenerative persod on the contrary  in mmport occurred
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but prehminacy etpersments with vetinore acid ndrcated that much smaller doses
were sufficient to induce teratogenesis Vother animals vere sacrificed on the
morning of dav 18 of preynancy for wmlue and day °0 for rais The fetuses were

for external malf s either fresh or after Pouins fixation for
Visualiation of sheletal defects thes were clcared 1n 1otassnm hdrovide and
stained with alizarin red

RESULLTS

‘The data in Table 1 compare the effects produced by rehinow acid and
relinyl acelate treatments on the reproductive performance of A/Jax
mice Three dosce levels of these compounds could he compared on the
basis of obtunabibiy of hoth o sumlar range of subsequent emhrvoni
death and resorption and 4 comparable meidence of fetal malforma
hons

TABLE 1

Comparison of Effects of Retinolc Acid and Rehingl Acelale on the Reproduction and
Malformations 1t Mice Treatment Was Gien only on a Single Day

Dose/20gm %
bodvwerght H

- E %
g 5 s £ 8 cE
H . £ 2 E € 2, 5% 22
% ¥ z.3 E.E E 2 8% E%
3 B2 Ew: 2wi  ZeEd £E G
Retinolc acid 4 1000 8 5 12 100 -

9 > 1€ 100
10 4 0 97 100
Retinylacetate 40 40060 9 1(>died) 18 9¢ 100
Reinoie aerd 2 500 9 7 50 70 100
9 5 37 32 41
Retmylacetate 20 20000 8 1 93 75 17
9 14 (ddied) 80 £ )
Retinoic acid 1 250 8 5 1t 2 13
9 5 37 i e
Retinvl acetate 10 10 000 8 2 21 29 20
9 3 %% 8 50
10 3 8 2 33

Only one fetus survy od which had seyere malformations

Adnunistrition of 4 m+ of relinoic acid or 1000 tu according to
van Dorp & Arcns (1946} on any of 8 9 or 10 davs of gestabion was
wry toxie to th fetuses Alibat 1 out of a tol1l of 88 implantalion siles
resorbed in response to this trealment The lone survivor was sery
severeh malformed sith t shortencd trunk 2nd extreme exophthalmos
and had severtl of the def 's t be mentioned later for the fetuses
freated with mdler doses 1n do  of relinyl acetate having 1 com
panable lethal ffert on the £ 5o 1 as an the range of 40 m, (40 000
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1u) This treatment w1s toxic for the presnant ammal as well two of
the 4 treited mothers died and the remaining anmmals yielded only 1
hving fetus out of 18 ymplantation sites This felus also had all the
defetes which are desenbed below

Admimstration of 2 mg retinore acid (500 1u ) on a single das was
a very teratogemic dose without having an exireme tovic effect on the
fetuses For somc unknown reason two hatches of ammals treated tno
months apart first it Tanuary 66 and the second w March 66 g
quite different responses Seven ammals in the first bateh treted on
day 9 yielded 1o hing fetuses all very severely malformed All of these
fetuses looked ahhe and the abnormalitics they had could be deseribed
as comprisin, 1 svndrome These feluses had markedly shortened
trunk extreme exophthalmia mucrocephalin astora rudimenlars or
missing mandible 1wl stump ne gunital openin, matformed sternum
and ribs mussing vertebrae and some degree of agenests of the hind
hmb Spint Infida occulta n the sncral region occurred 1n 9 out of 15
The sceond bateh of 5 animals again treated on day 9 yrelded 25 Iving
fetuses (2 resorplion rate of 32 per cent compared to 70 per cent in
the first batch) with no typical svndrome as desenibed above Ylesen
fetuses amony, these had abnormahtics (44 per ecnt) such s cleil
palate and some rib malformitions The dose level of retimyl acetate
which gave a comparable pattern of malformations was agun toxic for
the mother where 4 out of 14 treated amimnls died A dose of 2000011
of retimvl acelate on day 9 produced 36 per cent resorption Twenly
four out of 51 Ine fcluses obtuned had various malformations 8 of
these had a typical syndrome described for rehipoie acid all with spina
ifida occult Fiftecn others had cleft palate these fetuscs also had
one or more of such malformations as stumpy tul malformed nbs
thund lmb 1genesis and exophthalmit One felus hid enlby rib abnor
malitics 20 000 1 u retinyl acetate on day 8 produced qute high resorp
tion rate (75 per cent) but a low rate of malformalions only 4 oul af
23 feluses had elcft palate and some nib and sternum mlformations
One female treated with 500 1 u of rettnoie acid on dav 8 dicd

With 1 mg retinoic acid (200 1u ) though a shightly higher resorp
tion rate (24 per cent) was obtamned on dav 8 than what it wis on dn
D {10 per cent) Yhe per cent inaidence of malformmwons m the feluees
was 1dentical on these two days Major abnormality encountered was
cleft palate 1t occurred in 13 out of 14 fetuses on the earlier dv nd
10 out of 13 on the laler Many of these fetuses showed dermal tabs on
the face Other abnormalities obsery ed were microphthalmia and oph
thalmia There were no malformations of the 1y pe observcd \\}lh Igher
doses The resulls with this lower dose of retinoic acid compare well
with those obtmned with 10 mg (10000 ru) of refinyl acetate Most
common!y observed abnormality here was nlso ¢l palate with faent!
dermal tnbs there were some cye mnll‘ornmhon;&‘c\\cll as a fow shele
tal abnormalities 1n the tul sternum & nbs
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TABLF ?

Compartson of Fifects of Retinowe Actd and Rehinyl Acetate on the Repro fuction and
Malformations 1 Rat Indicated Dose Was Guwen Daily for 3 Days

Dese 7

g
- z 3
Py i oz i
% , E 27 2 iE 2k
H e . 3.3 EEE g £ i
£ H z ass Fw§ ZvEE CJEF FE
Relinow acid 5 120  Sw&n 2 19 9% 100
10 %00 12 17 8 100
Retinyl acetate§ 60 60000 13 115 51 80
Retinole acid 5 120 1011812 4 37 19 5
10 2500 4 a7 ] 100
20 5000 1 10 70 100
Retinl acctate§ €0 60000 1 12 [l 83

©Only one fetus survived which had severe malformations
§ Data from hochhar & Johnson (1965)

Retmnoic aeid was found quiie 1 poient teratogen also wn the rat Table
2 summarises this data The trealment period of 9-11 gestational days
was very toxie for the embryos One Ine fetus oul of 19 mmplants ob
tained after 5 mg darly (1250 1u) treatment was severely malformed
It had anencephaly and cleft palate With a dailv dose of 10 mg (2500
tu) 12 fetuses survned out of 112 mmplants 10 of these had sacral
spina nfida 1 had exencephaly and spina lifida and 1 had sirenomcha
Many had a stumpy tail and some had cleft palate as well Comparing
these resuits with those obtained with retinyl acetate administered over
the sinular treatment period a dose of 60 0001 u produced a resorption
rate of 54 per cent and 80 per cent of the suriivors were malformed
with such deformities as exencephaly (15 per cent) cleft palate (80
per cent) and ¢y¢ malformations (59 per cent)

The trcatment period of 10-12 days was much less ielhal but equally
feratogenie cxeept with the lower dose With o mg dails dose onhy 1 out
of 19 hining fetuses obluncd w1s malformed 1t was much smaller than
ils other normal litter mates 1t werhed 17 gms an conlrast to a nor
mal average of 4 0 ams It also had mar! ed exophthalmos After 2 duly
Ireatment with 10 m- retmoic acid only 3 out of 37 tmplints were
resorbed all the remaimin, 34 had such malformation as microstom
opunt eves spina Wfida short tul manv of these with eleft palate One
female given 20 mg ritinote veid darly had 10 implants out of which 7
resorbid the three Inving had exophthalmin 2 of them with spina ifida
& mucrognathiy 1 ilso with gastroschisis and 1 with agnathia Corre
spondingly 2 treitment with 60000 11 of rctinyl acctate during, this

% crarery %
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gestalional pertod also showed lower resorption rate of 22 per cent
Fighty three per cent of the survivors were abnormal hay ing, clefl palate
and ¢ve malformations

DISCUSSION

These results show that retinoie aeid 1s terato emie 2t amounts much
smaller than what are essential for retins] acetate to produce malforma
fions Since biologieal actinitics of the two compounds 1n restoring nor
mil growth in utanun A deficient ymimals are reported 1o he approu
malely equal (Murray 1962 de Var ef al 1961) n order to nccount
for the quantitative differcnces m their feratose nic activities one must
sech some olther differences i their biochemieal and physiologiel pro
perties It has been found (Thompson & Putt 1861 Thompson 1965)
that retinoic acid 1s muach wmore potent than retinol in inducm,, signs
of hyperuitanunosis A 1n rals Also 1ts toxiety 1s much 1n execss of that
of retinol as revealed 1 organ cullure experiments on \enopus laevis
(W ussmann Bell & Thomas 1963) and chich bmb rudiments (el
Dingle & Webb 1962) and in incubating chichen eges { Thompson et al
1962) It 1s quite probable that the higher poteney of rclinoie aaid as
encountered in these experiments ifso ccounts for 1ts mcreased {erito
gemie activaty

Some of the previous workers imvestigaling retinose acud for ils amhly
to amelorate Tesions of vitanun A deficient antm s hawve also obsersed
1t to produce ¢ffects on their reproductive funchions which ean be con
stdcred to be of 4 tertological nature Thompson el al (1964) admun
1stered retinoic acid to previously sitamin A defictent pregnant rats i
amounts of 1 mg per rat per diy throughout pregnaney No linvmng fetus
was obtuned they were found to bu n various stages of resorplion
This embryotoxic effect was howeser aserbed to the condiions of
sitamin A deficieney still prevaiing m the mother which retinoe acud
had failed fo prevent Adequate support to this fact was given by con
trol expcriments where deficint amm s when given plentiful supply
of relinol along wilh retinoic acid cast normual htters Nuverthefess the
fact remains that on the basis of obscrvations reported here the unounts
of retinole acid ad: tered to ts by Thomy el al (1961)
were sufficient to have caused embryvonie death and resorplion direeth
Parallel findings were also reported m the chick (Thompson et @
196.) where ¢g.s from \itamin A deficient hens muntauned wath redi
note acid showed abnormal development of the embrso

The 1vpes of malformations obseriad wath the iwo agenls for the
mosl part were stmilar hoth 1n rat nd the mouse 1n {he rat howeser
spna hifd2 occurred onhy ofler rebnoir acsg and not 2fler relimv] nce
tale This mas not be indicative of Any sipmficant difference m fu rito
semie aelnaty sinee spina ifida s boon observed arlier in Fils -:ﬂ;ul"
rehinyl acelate ((ohlan 1943 Grroud & Martinet 1906) How(ser t
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mcwdence reported was quite low Incretsud merdence of spina bifida
may possibly be due to the \lnlity of rehinote wexd to produce conditions
of severc hspervitaminosis A not possible 1o achicse with the amounts
of retinyl acetate employed n these experiments (hochhar & Johnson
1965)

For general nsighls mio he mechamism of aclion of leratogeme
agents the use of hivpervilanunosis A holds great interest because some
of the previously unhnown mefabolic imobements of vitamin A are
gradually coming to ight From a review by W olf (1962) it 1s apparent
that vitamin A has 2 profound ¢ffect on such tissues as epithelum and
cartilage which are characterized by the presence n them of consider
able amounts of mucopolvsacchardes Synthesis of mucopolysaccha
rides by mucus seereting cells of rat colon has mn f2ct heen shown to
be vilanun A dependant (W olf & V arandam 1960) The well known ef
fect of vitamin A on the eartilnge 1n dissolubion of mucopoly saccharides
from s mtercellular matnx 1s mediated by what has now come to be
known as a generahized effect that the vifamn has on the membranes of
4 number of cells and nlrace)hular organelles (Dingle & ¥ ucy 1950)

Some of these biochemical effects of sitamin A can be expernimentally
mvestigated for their possible role 1n tcratogenests One study directed
10 thus end (hochhar & Johnson 196a) has shown alierations i the
metabohsm of sulfated mucopolysacchanides of mesenchymal tissue and
cirtilage of malformed embryos folloning maternal freatment with
retinyl acelate

One shortcoming encountered presiously 1n the use of retiml esters
as leratogenic agenis 1s that once admrmustered they remamn in the
mother s body too long conscquent prolonged exposure of the develop
1ng embiryo to them intericres in attempts to critically analsze the em
bryonte stage susceplible to their teratogenc influence Such an ap
protch may become feasible now since retmoic acid even after admines
tration of high doses rapidly disappears from tissues of amimals (drens
& van Dorp 1946 Sharman 1949) Bccause of this adsantac and others
menbioned 1bosve retinoie acid may prove fo be an agent of chowee for
further studies on hypervitammnesis A induced ternlogenesis

SUMMARY

All trans retinote acid when admimistered to pregnant rats and mmce
produces eongemtal malformations in their fetuses This terafogenic
response is eiteited with a much smaller dosc and greater seversts than
previously reported for other vitanun 4 compounds Oa the basis of
brologieal netinits retinore acd 1s 40 himes as actrve as relimy] acclate
n producin, congumitl malformations m the mice Under the con
dilions employed i 'nc present experiments only retinoie acid pro-
duees spina biftdy in Lae ral Ttis su,.  ted that the greater teratoganie
actintly of relinote etd mwn be relat ¢ wath s higher toxieity noliced

6
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n earher studics It 1s hoped that comparative study of teratosunic ac
tivities of two or more closely related compounds such as retinoie acd
and retiny} acetate mav evenlually led to understanding of the mecha
nism of action
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COMPLEMENT FINING LIVER ANTIBODIES

3 Thetr Serological Relationship to Thyrowd Aufo antibodtes
and Rheumatowd Faclors wn Paltenls with Chrome Hepalifis
and in Aormal Blood Donors

By

G Nomrr
Recerved 22 xii 66

The demonstration of sernm substances reacting 1n vifro wath extracts
from vartous tissues in patients with cirrhosis of the Iiver has led to
the assumphion that immunological processes mught play a role i the
pathogencsis of chronic hepatitis

Non species and mon organ specific antibodies against eytoplasmme antigens in
Inver cells and bile ductular epithellum have been observed by complement fixation
using suspensions of various human and animal tissues as antigen (Bjorneboe &
Krag 1947 Gaydusek 1928 Detcher et al 1960 Gokcen 1967 Pasnick et al 1962
Walker ef af 1962 Vorup 1977) and by the antibody tech
using eryostat se tions of human snd animal hver kidney thyroid gland and smooth
muscle as antigen (Hunfer ef al 1960 Paronetto et af 1961 1963 Bumbalo ef al
1967 Johnson et al 136 W hittingham et al 1966 Doniack et al 1988) Cases of
actine ehromie hepabibis associated with a positne LE ecll test (lupoid hepatiis)
have been reported by several mvestigators (Joske & hing 19 5 Mackay ef al 1956
Anderssen & Shizggestad 1962 Va kay & Wood 196%) Antibodies to different anty
genlc companents of cell nucles have been observed with varying frequency in sera
from patients with chronic hepatitis using the complement [ixation technique
(4sherson 1959 Deicher ef al 1960) the rmmunofluorescent techmique (Calabrest ¢
Greenberg 1960 Werr et at 1961 Holborou et al 1963 Douchier et al 1964 Faber &
Flling 1965 Donach et al 19(6) and the ant 1 hiniq
(Ruissel et al 1927 Jinke 1965)

In all the studies referred to abo e positine reactions occurred most frequently in
patients with posthepatitic (postyiral postnecrotic jusemile} crvptogenic (active
chronic hepatitis lupoid hepat tis plasma cell hepatitis) and primary biliary eir
rhosls whilst 1 patients with alccholic or second ry b lary cirrhosis the antif dv
findings did not differ from those ob erved in matenals of healthy individuals
(Mackay ¢ farkin 1938 Golcen 196 Norup 1967)

Antibodv to thyroglobulin which 15 generall assumed to be organ spe ific and
which occurs in 85 90 per cent of era from patients with Hashimotos th roiditis
(Routt & Doniich 1938 iljort 1963) }as heen ob erved 1 ith v nving frequenc o
patlents with chronic hepatit's an1 an healthy infiviluals (Table 1) In all the
studies referrel to in this table no relationship hetween the incidence of po itive
THRC tests and aet1 logical type of chronic hepatitis was found.

Rheumatoi ! fa t rs a comples of maercgl bulins ceurring i scra from 5 85
per cont of the patitent with rheimat 11 arth tis and from 0-8 per cenl of n rmal
iniividuals (Z ff 1927 W :blad 1360b Seraf et al 1974) ha ¢ been found 3 ith

Reprint reque ts ¢ ¢ Nerup Ceratrie U t. Old People Town “orre Alé {1
Copenhagen N Deamark.
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varying frequency 1a pahieats with hepatic cirrhosis in some exfent depending on the
techmque emplayed 1n Takle 2 the results obtaned with the latex fivation test i
chronic hepatitfs are summarized It appears that a positive latex fixation lest was
frequentls found 1 patients with chronic hepatitts whilst a negative test was ob
served 1n mmost of the cases with bilary arrhosis

Using the semsilized sheep eell test (W dler Rose reaction) rheumatord factor has
been reported 1n 5-20 per cent of sera from patients with hepatie airrhosis (Harler
& Diekgiesser 1923 Winblad 1960b W aldensirém et al 1364) Studies m which the
seusitized sheep cell test has been carmed out 1 parallel with one or more of the
sa eafled F I tests (the latex fixation test of Swiager € Plot (1956} the bentonste
flocculation tist of Bo wevtch et al (1938) the acrsl freation test of ¥ inblad
(1960a}) on the same group of sera have shown that the sensitized sheep cell lest
was positive Jess frequently than any of the ¥ II tests (W.nbia{ 1960b Holley et al
1361 Bouchier et al 1984)

TABIE 1
Resulls of Tanned Red Cell {TRC) Test in Chrome Hepnhiis
and Healthy Indioiduals

Chronic Healthy
Hepatitis Indiiduals
Authars Fotal No of Total No of
Tested ve Tested Tve
Haclett et al 1960a 21 5 100 9
Skanse & Vilsson 1961 33 1 20 10
Mackay & Wood 1962 5 10 168 7
Bouchter et al 1961 104 10
Domach etal 1966 158 s 158§ »

Tesalts of immunoflucrescent test for colloid antihody are tncludel
§ Matched for sex and age with the patients

TABLE 2
Results of Tatex fixation Tests Carrted out on Sera from Patients uith
Hepatic Cirrhosis of Vartous Types

Chronic Biliars Curthesis
Hepatitis Secondary Primary

Authors Total  ho of  Total Mo of  Total Meof
Tested +re Tested “+ye T sted +e¢

Dresner € Trombly 1959 69 17 7 2

Howell et al 1950 25 3 3

ftiater & Jacox 1963 7 1 13 10

Caplan 1963 g 2 26 1

Butler & Paton 1964 21 15 17 1 ) 3

Watker et al 1965 o1 4 3

Chieflv of the alcoholic type (1 aennee s eirrhosis)

Polith & Muschel (196 ) examuned sera from 29 patients with cirrhos of ;.hcs Il!n‘v:
(10 with postnecrotic 6 with chromic hepatitis and 13 with aleohol ctrr ;J"‘ o
fatty Iiver) for rheumatord factor using the bentonite flocculation te t ﬂ" well

t fixing dies to of rapbit 1hver and calf th musmc o
as to nucleoprotein dertved from call thymus Of the 16 cases with pmln::rkmm‘
thosis and chronic hepatitis rheumatotd factor was founa in 7 and “c:\c e
fixing anLibodies to Iner and/of thimus Lssue in 5 However 10 r(m‘ 12 e

h d factor and lement fixing antibady found to be present in
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serum Nome of the ases with alcoholic errrhosis had rheumatold factor although
complement fixing lissue antibady was obsersed in the sera from & of them

Whilst several studfes on the of tissue b and
rheumatoid factors 1n materzals of patients with chronic hepatitis hase been re
purted only ope of the investigations refesred to above gaves anv information about
the frequency with which the different zntibodtes oceur in serum from the same
patjent

Since 1t has been shown that airculating complement fixing tissue
anhbodies are just as characterishie of dissemmated lupus ervihema
tosus as are rheumatoid factors of rheumalowd arthoitis and anthibods
to thyroglobuln of Hashimoto s thvreuditrs 1t has been considered of
wmlerest to determine the frequency of the occurrence of the above
mentioned antibodses 1n a material of patients with chrome hepatitis
and to correlate the nudenece of these anbbodies 1 the indwidual
patient

MATFRIAL AMND METHODS

Sera from 135 patients with different types of chromc hepahitis were studied The
distribution of the patients with regard to sex and age and to the four aetiological
types (posthepatitic cryptogenic alcaholic and iliary) af eirrhosis has been given
i a previous paper (Yorup 1967) In addition a variable number of sera from 194
normal blood donors selected as previoushy desersbed (Morup 1965) were examined

Rheumatord faclors in the sera were demonstrated by 1) the later fixation test
2) the sensifized sheep cell test (W 3ler Nose reaction) and 3) the streplococcal
agalutination test

1) The latex fizalion test (Hyland RA test) was performed aceording to the manu
facturer s fnstruction The titre of & serum was read as the reciprocal of the hrghest
dilution causing 1 Visihle agsh of the latex particles Titres
2 70 Were considered positive

%) The sensits ed sheep cell (SSC J test « as performed by a modification of the
technique described by Heller et al (1949 1927)1

Ireparation of ants sheep erythro yte rabbt serum (amboceptor) Sheep cells for
injection were washed three times in saline an a 50 jer cent suspension was pre
pared The rabbits were immunized according to the follo ving noculation chedule
tno serfes each of 5 fnjections of 05 ml were given on alternate days with an
interval of 7 davs 6 days after the last injection the ag,lutinat on titre for sheep
erythrocytes was determined in ear blood If the agslutination titre was sustable
(1 500 or more) the rabbit was hled After fnactivation (56 C for 30 min) the
rabhit serum was distributed on small fubcs in amounts of two ml and stored at

“ decrease m ability was ohserved after

5—6 years storage at this temperature The aml oceptor conli be thaned and frozen
repeatedly (15-0 times) v ith ut apprecrable titer fall

Titration of anit sheep erythro gte rabbit se u'n Dilntions of s¢ nm ranging from
1 100 ta 1 2400 were made up In solumes of 05 ml in Ya sermana tubes and 05
m] of a one per cent suspension of pormal sheep cell was added The tubes were
incubated fn a water hath at 37 € fo 60 mins and subsequentls at ryom temper
ature (20 =27 €) for €0 mins Whereafter reading wa performed The rec procal of
the highest initial dilution of amboceptor shoy 1ng macroscopicall vi ible agelutina
tion of the sheep cells was desl the dose (MAD)

Sensiti al on of sheep ruthroeytes Sheep cells from defitmnated bl ol were
washed three times in aline whercafter a tho per cent su pension Was prepsred
Equal volumes of this uspension and anti sheep cell rabbit sesum diluted to ¢
MAD per ml were mixed and incubate] in  water bath at 37 C for .0 mins The
mitture was sfore{ t 4 € until required A new portion of enaftized cells was
prepared for dails v ¢

Performan ¢ of ¢ t \ter nacti ati u t 36 C for 30 mms one ml serum Was

1 The routine technique u el in the st pto  cal Dep riment of this Institute
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absorbed with 025 ml pached shecp cells twice at room temperature for 40 mins
The serum was diluted two fold in saline 1n volumes of 52 ml starting with 1 5
whereafter 07 mi of a one per cent suspensfon of sensitized celfs was added To o
control sertes comprising the three low est dilutions of serum 02 mi of & one per cent
suspension of normal sheep cells was added After shaking the tubes were incubated
11 & water bath at 37 C for $0 mins and at room temperature for 80 mins where
after reading was performed The agglutination pattern was graded with the naked
eye as follows 2 compact agglutinate or 2-6 large clumps 1 medium sized or
small clumps & no apglatination The titre of a serum was read as the reciprocal
of the highest dilution giving a 1 reaction Titres = 40 werc considered positine

3) Streptococcal agglutination test (SAT) was performed according to the rouline
tech used 1 the al Depar nt of this In<hitute (Rotbak 1948)
05 ml of a Iining culture of haemolvtic streptococe! SF 130 (Group A type 1) was
added to 05 ml of mactinated serum diluted two fold starting with 1 20 After
incubation 1o a water bath at 52 C for two hours the agglutination patterns were
read with the naked eve and graded by numbers from 4-0 4 representing a large
cohereat disc 3 2 and 1 coarse medium sized and small clumps respectively
and 0 no agglutination The titre of a serum was read as the reciprocal of the
highest dilution gining a 1 reaction Titres 2 20 (reaction 2) were considered
positive

Tissue anlibodies 1a the sera were demonstrated by 1) the tanned red cell test and
2) the complement fixotion fest

1) Tanned red cell (TRC) test was mainly performed by thc modification of
Bayden s harmagglutination techmque (Bapden 19>1) descrihed by Fulthorpe et af
(1961)

Thyroglobufin was prepared from normal thyroid tissue (neeropst) by the method
of Derrien et al (1938)

Formalin treatment of sheep ersthrocytes was performed by a shight modification
of the techmque described hv ¥ einbach (1958) Sheep blood fn modified 4fsevers
solution (Bukant et al 1946) was washed three times in saline and then suspended
1n phosphate buffer pH 72 to gne a 6 pe cent suspenvion Fqual parts of this
suspension and formafin 13 vol/per cent formatdehvde) were mixed and incubated
in 2 water bath at 37 C for 18 hours After washing three times in phosphate buffer
a three per cent suspension of formalin treated cells was prepared

Tannin freatment of the cells yeas earrsed out by mixing equal parts of a three per
cent suspension of formalm treated cells and a tannic acid solution 1 20000 After
1ncubating 10 a water bath at 37 C for 15 mins the cells were washed threc times fn
phosphate buffer and then suspended to produce a three per cent suspension

Coating unth thyroglobulin o a 02 per cent (W/2) solution of human thyry
globulin nas added a three per cent suspeosion of formalin and tannin treated cells
in caual parts The mixture was meubated 1n a water bath at 37 G for 30 mins
and after washing twice 1n phosphate buffer and onre 1a horate suceinate buffer
pH 75 the thyrogiobulin coated cclfs were suspended in a barate suceimate Fuffer
which contalned normal rabbit serum in a concentration of one per cent t) produce
a one per cent suspension of tells

Performance of test 01 ral serum fo be tested was absorhed with 0 4 mi of 8 en¢
per cent suspension of formalin and tannan treatel cells at room temperature e
15 mins and after centrifuging titrated in 10 fold dilutions starling with 1 20 fn 8
haemagglutination trsy 01 ml diluton of serum was mixed with 01 ml of a ¢o¢
per cent suspension af thyroglobulm coated eells As a control # 1 ml serum ditution
1 5 was mixed with 01 ml of a one per cent suspension of formaln_an i fannint
treated rells The haemagglutination trav was gently shahen and left at yoom
temperature for § hours aftcr which reaing was performed The -:«luumﬂﬂ';
palterns were evaluated with the nal ed e3¢ and graded as follows 14 thun arpel
of cells overing the bottom and walls of the cup 24  smooth mat of cells mc'r:gg
2 smaller area of the walls 14 thicher mat of cells with a narrow ring around .
edge and ~ small disc of cells with a heavv ring around the edge or tight *";*‘I;‘:
in the hottom of the cup The titre of a serum was read as the reciprocal o
Inghest blotion ghving an 14 reactlon Titres = 5 were considered xnslﬂ\; on

2) (nmplement fization fest Cajdused s moditication (Gayp dusek 1958) Poas 46
nelley s sem micro method (Donnetley 1951) was used with the mcdificat :_n il
scribed in previous papers (Norup 1965 1967) The fissue anfigens used were
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sions of normal human biopsy Iner normal Iner from rhesus monhess and
rotoxic th roid glands obtained at operation Two MHD of complement were used
titre of a serum was read as the reciprocal of the highest sernm dilution giving
more than 50 per cent haemaolvsis Titres = 8 were considered positne

TABLE 3
Incidence of Rheumatowd Factors and inttbody to Throglobulin Distributed
4ccording to Sex n the Sera from Patients ypith Chronte Hepalilis
ani Normal Blood Donors

Patients with Normal
Chronic Hepatitis Blood Donors
o of Sera No of Sera
PR PR
K S [ < Z s
: 3 & H R
g & F g oz I ¢
ex Frxation Test g 3 u 123 6 L,
ssitive Titre 2 20) 9 3 g 993 6 5
1sitized Sheep Cell Test 3 27 6 k£ 1
Aler Rose) 149 23
ssitive Titre 2 40) ¢ 67 8 3 0
eptococcal Agglutination Test § 40 5 s 13 L
ssitie Titre 2 90) ° 8 5 7 62 o 2
tibodv to Thyroglobulim s 3 1 [T N
ositive Titre 2 o 8 10 87 53 4

RESULTS

thle 3 shows the results of the serological tests for rheumatond factor
id antibody to thyro.lohulin distnbuted according to sex from the
dients with chrome hepatitis and healthy mdiduals As stated in ths
ble rheumatord factors were demonstraled from three o seven times
orc frequentls mn the patients than in the controls the latex fixation
st and the SSC test reacting positivels 1n 38 3 per cent (42 out of
17) and 14 9 per cent (14 out of 81) of the pathological sera and
8 per cent (11 out of 189) and 2 3 per cent (three out of 128) respee
veh of the normal sern The difference belwecn the posihive results
patients and 1 donors s statistically sigmificant hoth in the case of
e Intex fixation test (y = ol 9 F=1 P< 01 percent) mnd theSSC
st (x = 1207 F=1 P <01 per cent) *A positine SAT occurred 1n
9 per cent 110 out of 126) of the cases wilh chronie hepatitis and
6 per cent (5 out of 192) of the donors (P < % per cent) “Neither in
ic patients nor 1n the donors were rheumntowd faclors correlaled with
't (the hiher frequency of posutne S5 C tests and SAT n males with
wonte hepatitis was not statishienlly sigmificant)

1 1amindebleitocand polit S Of sen?  a Bo tatistical Department Statens
>ruminstrtat { makmg the st tistical a1 ses
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Thyroglohulin antibods occurred with almost equal frequency sn the
sera from patients {8 7 per cent} s from donors (61 per cent) In the
patient group a non sigmiieant higher frequency of positsse TRC tosts
was found m the femnles whilst i the donors a positive IRC fest
occurred almost equally frequenth an either sex

Table 4 shows the wmadence of rheumatord faclor and wbibody o
thyroglabulm correlated with the mecadence of complement frang hver
antibedy m the sera from patients with chronic hepatitis nd normal
donors A posiis ¢ Intex fixation test oceurred m 19 per cent (16 out of
33} of the scra reaching positivels and m 35 per cont (26 out of 74) of
those reacting negatnels to lner wnliven Rheumatawd faclor was de
monstrible by the latex fivation test m 8 out of 19 sera (42 per coni)
having ner antibody titres from 8-32 and m 8 out of 14 sera {57 per
cent) with titres 3z 64 Rheumatod {actor as ndicated by 1 positise
8SC test wns found w4 of 31 sera (13 per cent) with posstine hner
antshody tilres and 1 18 of 83 (16 poer cont) sern with negatne hitres
N\one of 39 sera w hich fixed complement in the presence of hier antien
and 10 of 87 (11 per cenl} sert which fuled to do so had 4 positne
SAT (P==25) aresult which agrees well with the findings in the control
group {none of fine sera with possine ver antibods titres had a postine
SAT) No relntionship was found between the mneidence of thy roglobulin
antibody and complement f1ung hver antshody

The wmeadence of rheumatord factors and thyroglobulin antibody
thstnbuted according to type of chronic hepatitss 1 shown n Table 5
In all types of chromic hepatiis rheumatoid factor was demonsirated
more often bv the latex fixation test than by the $S € test and SAT
No difference between the madence of rheumatond factors m the post
hepatiic and eryplogeme group on the one hand and mn the skoholic
troup on the other was observed There was no correlation hetween high
titres of theumatod {actor and type of chrome hepatitis Thyroglahutin
antibody occurred i 17 per cent (6 6f 36) of the e1ces wilh posthepatitic
errrhosis and i 7-8 per cent of those with cryploaenic ind alcohelie
cirrhosis In most of the cases the hLilres were low (25} onhy onc €ase
of ervptogenic etrrhosis and myxocdema had a hitre of 2500 and b ud also
orpan speafic complement fixing thvrowd antihody (tilre = 3

Table 6 shows the wadence of hissue antihodies and theumatord
factors distributed by 2pe n 94 patunts with chrone hepatihis ind 2
normal donors It ctn bu scon that with the exception of the S5 € fest
and SAT the modenee of posine tests had one maximum in patients

wged 41 50 xears wnd another one in thoese aged 61-70 yoars

in comparng the results of the serological reactions carsic & ant on
the patients and the donors the different age distnbubion of the
diditals m the tnwo materils must be ken to considerton snct
tisstie anithodies and rheumatond factors have heen found mort often
n elderis than tn sounger mdividusls The difference hetwuen the
frequencies of posdive tests s patsents and donars 15 howeser {00
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great to be accounted for by this shuft in the 1,e distnbubion for
example the incidence of complement fixing Itver and thvroid antibody
was sigmificantly higher in the patienls than 1n the donors (P < 01 per
cent) In addition a non negligible percentage of positive reactors i the
donor group was under 40 years 1 fact which mav reduce the possible
error resulted from the different age distribution of the two materals
66 0 per cent (62 of 94) of the sera from palients with chronic hepaibis

FABLE 7
Relationship between the Occurrence of Complumen? fixing Lier and Thyron!
Anfibody and Rheumatoxd Factors as Determined by 3 artous Techiugues in the
Sera from 32 Patients with Chronic Hepatitis

Complement Fuxatton Rhenmatord Factors

Strepto
d

Sl ke se gl T nawe St

Moo 6D Biopss  Thyrad  alon Tcar  Asslan

Lner Glands Test est

1 64 Q 1096 2648 80 40

2 69 e 4096 2048

3 65 Q 2048 2048 20

4 60 [ 512 128

5 57 ] 206 128

6 50 ? 198 3

7 9 ° 64 32

8 70 & 64 1r

9 85 ° 61 16 20

10 72 Q 37 16

1 ) ? 3 16 20

12 58 2 1024 20

13 37 °Q 1094 160 160

14 62 3 20

15 55 3 512

16 44 Q 128 320 40

17 5 Q 32 20

18 76 3

19 64 3 32

20 &7 g

1 67 8 10 10

22 R0 g 8 20 40

23 16 3 i H4

24 51 Q o0 10

2, 69 2 1 20 80

2 59 e
160

27 67 1280 640

28 56 2 640 3;3 }gg

25 % H 160 ® 80

30 59 F 1w a 160

31 66 ° 160

3z 76 ? 20 0

1est
‘AN sera were tested for thyroglobulin antibody using the tanned red cell 1€

Only one (case no 7) serum reacted positively (titre 1 25)
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and 21 3 per cent (26 of 122) of the controls had at least one of the
antibodies shawn 1n Table 6 The difference 1n positinits between pa
tients and donors was sigmficant (P < 01 per cent)

Table 7 shows the inaidence of complement frung tissue antibods
correlated with rheumatowd factor 1n the sera from 32 patients with
chronic hepatitis It will appear from the table that sera which fixed
complement 1n the presence of liver and thvroid tissue rarely had
rheumatoid factor whilst on the other hand sera in which rheumatoid
factor nas demonstrabie by at least 1wo of the three tests rarels had
complement fixing lissue anttbods Of the 20 cases {Nos 1-20) which
had complement frxing liver antibody at titres = 32 threc (Nos 1 13
16) reacted positiveds both mn the latex fixation test and the SSC test
All three cases were females two of them had posthepatihie cirrhosis
(Nos 13 16) one had ervptogeme cirrhosis (Mo 1) Low titres (=20}
of rtheumatoid factor was demonstrated by the latex fixation test in 7
patients (one male and six females) Of these 4 (Nos 3 12 14 10) had
complement {rang liver anlibods 4t titres == 512 and three (N\os 0 11
17) had titres of 32-64 Of the 6 sera (\os 21-26) in which rheumatoid
factor was demonstrable by two of the three tests one (a male with
cryplogenic errrhosis) had complement fixing liver antibedy and one
{a female with posthepatitic eirrhosis} had complement fixing thyrord
antibody m both cases the litre was 8 In the sera from 6 patients
(Nos 27-32) rheumatoid factor was dumonstrable by all three tests In
none of the six sera complement fiang antibody to lner and thyrod
tissue were present It 1s noteworthy that some of the most hightitered
sera of the whole material could be found 1n this patient group and that
+4 of the 6 patients were males Three (Nos 27 29 31) of the six cases
had posthepatitic eirrhosis one (No 28) had ervptogenic cirrhosis and
two (Nos 30 32) had aleoholic cirrhosis

DISCUSSION

The presence of eirculating issue antibods assoctated with a marked
hyper ,ammaglobulinacmia which ¢an he seen 1n certan forms of
chrome hepatitis has been assumed by some investi,ators (Havens 1909
1963 Pol:sh & Maschel 1962) to be evidence of an enhanced actinty of
the reticulo-endothelial ssstam In accordance with this assumption
patients with chromie hepatiis have been found to respond more
Vigorous to 4 hooster injection of purified diphthena toxeid than pa
tients without chrome hepanutis (Havens ef al 1901)

The frequent occurrence of rheumatomd factors in chromie hepatiis
which has been reported bv earlier toyestizators mas lend further
support to the ibove mentioned concept (Dresner & Trombly 1909
Howell et al 1760 Atwiter & Jacox 163 (aplan 1963 Butler & Paton
1064 Bouchter el al 1361)

The results of the present imvesti; tron have confirmed that rheuma
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toid factors oceur with higher frequency in chromie hepatitis than in
henlthy individuals and that the latex fixation test renels posilindy
more often than the SS C test and the SAT In the present study no
Mifference between the ineidence of positive latex fixation tesls and
SSC tests m the cases of alecholic errrhosts on the one hand and in
those of posthepatiic and crvptognic airrhosis on the other was
ohserved

In this connection 1t 1s of interest that complement fixing Iner it
body occurred almost exclusnely in the cases of posthepatibie and
crvptogenic cirrhosis (Norup 1967) a result which may sugnest that
different immunological mechanisms tahe part in the formation of
rheumatoid factors and complement fixing liver antibody m chrente
hepatitis

Only few meshigations using the streptococeal a.glutinalion test in
chrontc hepatibis have been undertaken In 1 Inrger matenal of hospt
talized patients with various medieal d cxelud 1l d
arthritis Aalbak (1948) found a positive SAT 1n 7 per cent (36 of 500}
compared with 15 per cent of the sera from 64 healthy blood donors
Sitmlarly 1n the present meshigation 7 9 per eent {10 of 126) of the
sera from patients with hepatic airrhosis and 26 per cent (5 of 192)
of the donors had a positise SAT

The occurrence of thyroglobulin antibody i palients with chironie
hepatitts has been 1ssessed variously in different 1iboralomes obviously
owing to differences n the technique and antigens used Thus Machay
& Wood (1862) using a thyrowd antigen for coatin, the lanned cells
hve obsersed positine TRC tests 1n 19 per cent (10 of 52) of cises of
chronic hepatitis whilst Shanse £ Ausson (1961) who uscd purified
thyroglobulin as antigen found a positive TRC test in 3 per cent (1 of
33) of sera from patients with chronic hepatitis In the present wnvestt
gtion thyroglobulin antibody was found wilh ilmost equal frequency
1 patients (8 7 per cent) as in donors (61 per cent) In this connection
1t should be mentioned that of 100 sera from patients with rheumatod
arthniiis only 4 had antibods to thyvroglobulin (Vorup bhished
data)

Several investizations have been carried out with regard to the reld
tlionship between the meidence of tissue amtibodies and sex and g n
scems apparant from most of these mvestigtions that non-organ
specific tissue antibody are correlated to sex occurring more frequentls
in females than m males but not to age (Hacl et et al 1960h halas
et al 1963 Serafint et al 1964) and that organ specific hissue antibodies
are correlated to both sex and age having been found more frequenth
n elderly women than i elderis men (Coudie et al 1949 Hacl et el al
1960~ Ftll 1961 Serafint et al 1964) In the present series of pilients
complement fixing thyroid anbibods occurred sinificntly r< l’“;
cent) more frequently mn females than in males and 2 non slkn'ﬁc"’(’]
ncrease of positne TRC tests in females nped 61~70 ycars was obserne
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W herc the relationship of rheumatord factor to sex and n.e 1s con
cerned the resulls are not consistent althouyh studies carried out on
large matenals of sern from healthy indniduals have sugaested an
mcreasing 1n udence of rheumtond ficlor with mereasing age i either
s¢xX (Ball & Lawrence 1961 Seraftnt et al 1964)

The poor corrclation hetween Lhe oceurrence of rheumatoid factor
and complement fran, bissue antibody having been found 1 the present
series of palients 1s at present dufficull to interpret In this connection
1t 1s of interest that a co exstence of rhoumatond factor and comple-
ment fixing tissue antibody 1 pilents with disseminated lupus ers
themlosus was not encountcred more frequently than might be ex
pected by chance thus of 37 patienls 11 (30 per cent) had complement
fixing tissue anhibody 9 {24 per cent) had rhcumtowd factor as dem
onstraled by the latex finabhion test and only 7 (19 per eent) had both
complement fixing tissue antibody and rheumaloid factor (Aerntp nn
pubhshed data)

The findings here presented scem to indicale thal patients with
chronie hepatitis produce gammaglobulins with rheumatoid faclor nc
tivits n therr retienlo endothehnl system n amounts exceeding those
whieh can occasionalls be found i apparently healthy mdniduals
Althoush the causes of this enhanecd produchion of rheumatoid factor
Ithe globulins and moreover of anbhodies to constituents of yvarious
fissues  are 1‘ml known their Wx\ serum scems to suggest
that the printary lesion eausing chironie hepalitils mas be souohtin the

retieulo endotheli il svstem of the patient

SUMMARY

Scra from palienls with varous types of chronie hepatihis and from
healthy wndniduals were exanuned for rheumatowd factors using the
Iatex fixation test the sensitized sheep cell (5S¢ ) test and the strep
tococcal agglutinalion lest (SAT) nd for thyro,lobulin antibods using
the tanned red cell (TRC) test

A posilive latex fixalion test was found in 393 pur cent (42 of 107)
and 5 8 per cent (11 of 189) 1 posthive $S G 1est in 149 per cent (14
of 94) and 23 per cent (3 of 128) and 2 postline SAT m 79 per cent
(10 of 126) and 26 pur cent (5 of 192) of the sera from patients wath
chiromic hepatihis and (rom heallhy blood donors respectinels

No correlaion was found between the ineidence of rheumatond
ficlors and actologien! type of hepatie eirchosis

By correlaling the occurrunce of theumtord factor and complement
fiang bissue antibody 4 positine Diles fination test oceurrad tn 49 per
cent {16 of 33) of the <ert resching, postivels md in 3o pur eent (26 of
74 of those rexching negiineds to hs 1 wmhipen 2 positne SSC test
m 13 por cent (4 0f 31) of the Iiner po tive sera md in 16 per cent {10
of 63) of the bver negaline scri Neita ron pilients nor in donors did

<7 ACTAPurH 70 3
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a pasitine SAT occur fogether with complement hiving Iner or thyroid
antibody

The meidence of thyroglohulin amtibody m patients with chrome
hepatitss did not differ from that found in the donors
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SERUM P TYPES JN NORWEGIANS

By

Macst h FAGFRHOL
Recenved 9 i 65

The term Pi proteins was given o a system of serum prolemns mgrating
faster than alb during electroph m acidic starch gels {4 2
6) The P1 proteins were found mn fine different phenotvpes fitling a
genetic theory of three codomnant tlleles called P&, PiM and P

It has recently been shown (6) that the Pi protens correspend to
a antitrvpsin In ordinary stereh gel electrophoresis an anbitrypsin
mugrates with the albumin W\ hien the pH 1n the gel 15 lowered to about
5 tserses of prolemn zones—the Pi protemns—carrying the a antitryp
sin antigenic delermmant appear mn front of the albumin

The present report deals with the P1 phenoty pes and Pr sene frequen
cies m Norwnegans and the discovery of two new alleles

MATERIALS AND METHODS

fluman sera Sera were obtsined from 3033 healthy hlood donors from the Red Cross
Transfusion Centre Oslo 2ud from 780 healthy blood donors and 1007 pregnant
women from The Regional Transfusion Centre Stavanger Norwmay In addition
blood samples were collected from 24 metmhers of four famil es where new phena
types were obsersed Only one serum sample from each person in the Stavanger
material was tested Sera gning other Py band patterns than MM were re lested at
least once in the Oslo materal these persans were alsa re bvped after new bleedings
The 390 blood doniors tvped by Fagerhol & Braenl (4) are not included in this ma
terial The sera were stored below —0 G untal tested

The danors at the Red (ro s Transfusion Centre Oslo are predominantly citizens
of 0 lo hut some are lning 1n the suburhs Lihewise most of the bloo! donors in
Stavenger live in that efty The transfusion cent e in Stavanger receises blood
samples for antenatal Rh blood typing and antih)dy screening from pregnant
women liviny in south western Norway mostlv from Stavanger and the county of
Rogaland Since 1t has been shown (3) that the gencs determining the oy antitrypsin
types are not sex linked the blnod donors and the pregrant women from Stavanger
and Rogaland are treated together and referred to as the Stasvanger population

Starch gel electrophoresis A modification of Poulth s (8) horizontal discountinu
ous system was used vith pH 495 in the gels The M1 tvping is based upon the

rates ant the jally the staining intensity of the Pi pro

tein zones in front of the albumin

C nyventional statisti al methods were used The gene frequencies were found be
direet countlng of genes

The author thanks 4 ent Mikael firen ! The Veterinary College of Norway Oslo
and de @ Hartmann for thetr stimnlating  nterest in this work and for helplul
criticism of the manuscript
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RESULTS

A total of twelve different P1 phenotypes were obsersed 4 schematie
drawing, of them 1s presented in Fig 1 In the drawing the band pt
terns are strelched out to allustrate the relatise posttions of the prolem
zones 1n the different phenotypes The relative staming intensities are
dicated by hatching inereasing from white throu,h hatched cross
hatched and heavy hatehing to blach

The phenotspes FM MM, \{S FS and SS have been described ¢ar
lier (4) By techmieal mmprovement it has becn possible lo separale
completely the F zones from the M zones iz the M phenolype 1s can
be seen 1 Figs 1 and 3 The present studs disclosed five new pheno
types which will be desinated FF' IM IS SZ and MV respeclinely

‘The phenotype called FI  found 1n one person consists of one minor
and two major protem zones of about the same stamnm, mtenstlics as
the corresponding MM zones But the FI zones have hisher migration
rates 1nd the distances between the zones are shghtly shorler than be
tween the MM zones In T, 21s shown that the pirenls and the iwo
children of the FT" propositus all have the kM phenotype It 1s there
fore concluded that this propositus 1s homozyvgous PiFPIT

In the phenoty pes IV and IS prolein zones correspondin., to the MM
and S8 zones are found respectivels but with about half their stumng
intensities The I\ and IS hind patterns have three zones in common

+
FF FM MM ZZ MZ FS SS SZ MSIM IS MV
= e == P
— =
—_— = &% —c =
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=
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[ Y e § jowmen |
L3 oE vZa ez z3
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Schematic drawing of the twelve Pi phenrtyyes in frent (f the all umin  Staloite
intensities are indicated by different shadings of blach inereasing fr m
through batched cross hatched heasily hatehed tc Flack



7 MM o MM
M3 | MS  MS M M5 MM | MM b M "
-~ MM /

- Not I sted
P o = } ’
~——> Propos t s
O———-o0 ”
/ MV MY MM MY

Py o2
P1 phenotypes observed 1n four families where new phenotvpes wcre found

which are specific for these phenotypes one very weak zone mn front
one relativelv strong zone (zone no 2 1n the IS phenotvpe) and one
wiak zone closels 1n front of the slowest MV zone The relative post
tions of these three zones correspond to the M\ band pattern except
that their my,ration rates are intermediate between those of the FF
and MM proicin zones In Fig 2 1s shown the Pt phenotypes observed
in the famuly of the IS propositus Protein zones corresponding to the
mtermediate band pattern were found 1n three of hs relatives It as
therefore concluded that the band patterns IM and 1S are helerozvgous
phenots pes between 2 new allele for which the term P&t 1s proposed
and the alleles PiM and PiS respectinely The general pattern of the
allele products 1s one weak zone in front of two major zones of about
equal staining ntensity It 15 evidenl that Pa allele product deviates
from this general pattern since the slow major zone 1s much weaker
than the major zone 1n front

The phenolype ealled MV consists of two weak and four major zones
wilh about half lhe stuning intensitv of the M\[ zones The two major
zones 1n front correspond lo the MV _ones while the two major zones
belund have fower migration rates than the SS zones The distance be
lwcen Lhe (wo slowest MV zones 1s shghtly lonser than between the
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Fig 3
Photograph of an amdo blacl stamned starch gel showsng the T phenotspes 1M
and FM

major SS zones In Fig 2 1s given the Pr phenotypes found m two un
related famulies where the phenotype MV was observed It 1s concluded
that the MV phenotype 1s 1 new helerozygous type resulfin, from the
combmation of the allele P and 1 new allele for which the lerm PP
1s proposed

It has been shown (6) that sera from persons who are homozygoeus
for e anttrvpsin deficiency give Pi band patterns with slower migra
tion rate than the V band patiern In addition the protein zones e
very weak corresponding to about 10 per cent of the normal a il
trypsin concentration m scrum The term P wns therefore chosen
for the allele for ay anhitrypsin deficiency (6) Only when at feast @
times the normal amount of serum s apphed tn the starch o) for Pt
Uy pin, can the 7ZZ zones be scen Lien then the prolein zones are weth
The sera which on repcntcd tesling (using normal amounts of scrum}
e no clearly smable proiein zones in the 1 regron were dlassilied
as phenotvpe ZZ Those sert which on repealed testing gave MM or S5
zones with about half the normal stunin,, micnsiies 15 judqed by the
unaided eve were dassified as M7 and SZ respectnely

Fig 315 a pholograph of 1r amudo biaek stuned starch gl wher®
the phenotypes FM and IV are compared and in Fig, 4 15 shown the
new phenotspe MV compared with MM S and SS On this photogriph
the weah zone belonging to the ¥ band pattern ean not he seen as it
disappears between the M zones The optimal condiltions for s paration
of the partially overlapping phenotypes 1M nd 1M are somewhat dif
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Fig 4
Photograph of an amido hlach stamned starch gel where the phenotypes 55 M5 MM
and MV arc compared

fercnl from the optimal conditions for slow heterozygous tvpes 1s MV
The gels shown on these two photosraphs were therefore run under
somewhat different condilions as ean be seen from the postions of
the albumins

The protein zones resulting from PiS arc much weaker than those
resultin,, from the other alleles except PiZ This observation has been
made on atl SS IS 1S and FS phenotypes studied Quanhitatnve data
are not vet mvalable but studies 1n this respect arc in progress

In T1ble 1 1s ginven Lhe distribution of P phenotypes in 1781 persons
Iinang m the Stnanger aren and 1043 persons living n the Oslo ara
and 1n the tolal of 2830 Norwegians As can be scen the observed and
expected number of indriduals of the different phenotypes are quile
simtar In Table 2 15 gnen the gene frequencies found m the same
populations It 1s evident that the gene frequenaies found in Stas inger
population do not differ significantls from those in the Oslo popula
tion These two populabions were therefore added and the gene fre
quencies etleulaled for the total mat rial of 2830 \orwegmans
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TABLF
Obsesved and Expecled i Phenolppes in 1187 Persons Lizing tn the Stavanger Ares,

R4 us  FM w7 ™M FF n

Observed 1600 30 17 1 5 1 1
StAVANET  plhected 1595 81 4677 §397 4778 0331 100
Osto Observed 940 36 2 37 1 0 1

Fxpected 9396 3801 2470  Jo04 198 0163 0%
Total Obsersed 2540 116 72 81 6 1 2

Fspected 7534 1232 71 8409 6437 05006 I

TABLE 2
Gene Fi b n the and Oslo ¥ ani i a tolal
of 2830 Voriregians
[ pis piz i I [

Stavanger 09449 00250 9014 60137 00014 06003
Oslo 09491 20192 00177 00124 00010 00005
Total 09163 00230 00157 00132 00012 00003

DISCLSSION

It 55 scen from Table 2 that the Py svstem consists of one common
iltelc PPt and several more or less rare alleles According to the genetie
theory 21 different phenolypes are expected for six allcles but onh
twelve have heen found vet The allele Pi¥ deseribed by Azelsson &
Taurell (1960) nd retested by Fagerhol & Laurell (1967) were not
found s 1his study From (he gene frequencus st s scen that the
phenotypes FI 1T TV 1Z IV SV VY and VZ must be very rane i
\orwegans and none of these were obseried The phenotype FZ was
not found but this 1s probabiy a matter of chance stnce the «xpected
number was onh 11182

Axclsson & Lanrell {196)) have presented evidence wcluding famids
studtes that PiZ and PN are alleles to PrM The distnibution of pheno
types as well as the familv sfudies presented 1n this report support
the genetic theory advanced (4} that the Pi aystem consists of several
codommant alicles Txeeptions to this mode of hentance hne not
heen observed

Several anthers (2 7 ) hatd found that o anlbitrypsio is unstahle
to heat and low pll The obseration that the Pr zones carrying the
antigente defermpant of ey antitrvpsin appear n fron! of alhumm ﬂ:
the pH 15 lowcred lowards 5 m starch pef electrophorests sug-ests tha
the D1 zones represent sphil products of a mmhitrypsin 1 this ss true
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tn 1033 Persons Lavtng in the Oslo Area and n the Total of 2330 Norwegians

SZ 88 FS Is ZzZZ FZ x n P
4 3 0 0 2 0
1308 1135 123t o161 oaws7  om 1 4 0E>P>0S
[] 1 1 1 1] 0
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2044 1497 1731 0136° 06976 1182 O 1° s 87>P>06

the protem corresponding to Pil must be spht mto two major polypep
tides of unequal molecular wei his while sphtiing of the other allele
products gives major polypeptides of about the same s1ze The chemical
basis of the different P1 phcnotypes 1s not known but might well de
pend upon substitution of one or more anuno acds The difference
m stainmg mtensity of the major zones resulting from Pil suggests
that there may be more than onc point of subslitution n the protemn
molecule

Erthsson (3) has shown that there 15 a close relationship between
the phenotype ZZ (homozygous state of o1 antitrypsin deficiency) and
chronic obstructive broncho pulmonars disease W hether other Pr
phenotypes may predispose for disease remuns to be studied

SUMMARY

Scrum Pi1 types were studied in 2830 Norwegians by starch gel electro
phorests Twelve differcnt phenotypes were obsersed fittng a gonetie
theory of srx codomunant alleles called Pif Pt PiM PiS Piv and PiZ
Band patterns correspondin,, to the new alleles Pil and P1v are de
serthed The symbols for the allele products were chosen according
to the migration rates of the proteins which decrease mn the followms
order F I M S V and Z In this material the following gene frequen
cies were found PM 09463 PiS 0023 PZ 00107 P 00133 P&
00012 Piv 00004 The allele products of Pi¥f PiM PiS and PiV appear
as a three band pattern one weak zone 1n front of two major zones
The alleles PiZ andPil e exceptional patterns PiZ gives only about
10 per cent of the normal prolein concentration while Pl gives major
2ones of unequal stainin., intensities

RFFERFNCLS

1 dxefsson U € Jaurell C B He cdita  variants of serum ap anltrypsic Am
J Human Genett s 17 466-472 1965

® Bundy I F & Mehl J % Tr psmn inhibitors of human scram 11 Isolation of
the ap snhubitor and 3t p tial hara terization J bio) Chem 933 1173-
11 8 1959



[ )

o o oa o

428

Erthsson 5 Studies in ay antitrypsin deficiency  \cta Med Scand 177 Suppl
175 347> 1965

Fagerhol ¥ K € Brend M Serum prealbumin  polymorphism in man Science
153 886-987 1965

Fagerhol 31 A & Brznd ¥ Classification of human serum prca)humlns after
starch gel Acta path et 434473
1966

Fagerhol M A R Lourel{f C B The polymorphism of prealbumins and m
antifrypsin 10 human sera Chin Clum Acta 16 199-703 1967

Moll F ¢ Sunden § & Brown J R Partial purifuation of the serum trypsin
snhibitor J biol Chem 233 121-124 1958

Poulth M D Stacch gel el horesis & system of buffers
Nature 780 1477-1479 1927

Sehalt e H E Hede A € Haupt H  ay Antitrypsin aus Homzoserum Rln
Veschr 40 427429 1962




Acta path et microol scandinay 70 479-11> 1967

State Veterinars Vedieal Institute Helsinhi and Department of Virology
Unnversits of Helsinki Finland

EXPERIMENTAL STUDIES ON BOVINE
TICKh BORNE FEVER

1 Climical and Haemalological Dala some Properhies of the
Causatwe Agent and Homologous Immumily

By

Jaagho Trowt
Recerved 20 <ia (6

Tick borne fever (resiewed by Tuonu (17)) was first deseribed s 2
diseasc of sheep later the condition was also detected in cattle In the
main carlier studies of both ovine and bovine tick borne fever were
made 1n Great Britain  The occurrence of hovine disease has addibional
1y been reporled from Ircland Norway the Netherlands and Finland
To date the only major expertmental study of bovine hick borne fever
published has been the onginal paper by Hudson (11)

In Finland cxpenimental and ficld sludies of bovine tick borne fever
have been undcrtaken since summer 1964 The findings 1 eprdemio
lonical field studies have already been reported (17) as have those of
an electron microscopic examination of the structure of the causative
agent which led to the suggestion that this agent occupied a laxonomic
Posttion in the middie ground hetween Lypical rickettsiae and orgamsms
of the paittacosis group (20) The present series of papers contains
Tiports on most of the (xperimental findin,s made so far The Nirst
Paper deseribes ehnical foatures in general the occurrence of tick borne
fever bodies hacmitological data earmier slate ymmumts to homo
logous strain preservation of the agent and studies concerned with
its cultivabilily and host range The subjects of the followiny, papers
are slrun differences in virulonee stran differences i immunolegical
properties the related chiract r of siruns as revealed by smmuno
Nuoreseenee Leehnigque and p o suseeptinlity of the 1gent 1o antibiolics
and sulphonamides

This work » 1t rted by £t from the Finmsh Uedi al Res arch Conncil
and from the Vf try of Agre uit Crat fu) achno ledg ment is due for the op
rortumity t u ttle fihe D 7 t 1 Obsletrics and Gunaecol gy (Cotlege of
Velermary Med n b in Hauty = n ily provided by the Head of th Department

rofe orR M ¢+ 4 and  tor 1 ta ¢ inthe letermination of haematol gical

dala by Mes Ft Mauya iF 1
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smears from the yalk sacs and s from other as well from
embrio tissues and from blood cells of developang and hatehed chickens Trom fine
series of eggs each at a different level of blind passage yolk sac suspensions In
sucrose PG (1) were moculated into suscephible cattle

Primary calf kidnev cells mantained 1n a medium (Fagle s minimum essential
medium 4-2 5 per cent calf serum 90 per cent tryptase phasphate broth) devoid of
antibitotics were once inoculated with hlood 1nfected by J33 €4 strain 4t 14 dove o
muxtute of cells and medrum was fnoculated intrasenoushs ntc a susceptible eiw
Hela and BS € cells were inoculated once and s bhind passage was carned cut

RYSULTS
{hinical Fealures

The following deseription of clinieal fealures ss based vpon reachions
occurnng n ammals with no previous expenience of fich horne fever
o more than pariinl reference 1s made to siramn differences ns regards
ihe virulence

Table 1 lists some dala 1 respect of 36 caltle and of their reactions
to the tick horne fever aenf

In 35 cattle the wneubahion time varied from 4 10 11 day  wilh a mean of 69
davs 45 15 observable from Table 1 several mocula had been stored in different
wavs before injection  this procedure oflen obviously prolanged the incubation time
I cow 2% on which mymph of I rirtnus transmitting the J Puhe stramn had been
allowed to engorge the meubation period was 12 days The most eonspreu us chmeal
ign was fever The recorded mavimum tomperatures in 36 cattle ranged from 397
Cto 418 € (mean 418 C) The form of the feser curve was mastly rather even
with a rapid rise to the and a gradual however t times great
fluctualion was crvident (Fig 2) The duration of fever ranged from o 5 038
(mean 35 davs) Sccondar temperature rises lasting from one to fwo davs ajpear
ing 3 to 8 davs after subsidence of the prmary reaction were reccrded in 8 out of
36 amimals

Concurrently with the feser cattle shoned other signs of illness althrugh 2% 2
rule these \cre disproparlionately mild 1n comparison with the high fever Mest
animals af peared shghtly to moderatels depressed with dminished ») petite fut
only duning the height of the temperature reaction As a yule the re giratory rate
inereased but only execptionslly 1o more than twice the normal Th pulse rate
was onls shghtly elesated as a general rule Al but dwo of 20 caftle hept under
close obseryation at the State Vetermary VMedieal Inshiute were found to cough
uring the lness Cows 21 and %2 which did not exhibit this symptom renctel 1o
the less virulent 4 Puhe strain (cf next paper of the series (18)) Several of (R )'“‘
hept outside Helsinki Sere also teported U hase coughed Coughing s med (0 Te
delaved when taken against the fever reaction 1t started during ite latter n:r["
after it had subsided Coughing Was m stly mild dr and ilrequent it rould“’:‘
quently have easily escaped notice )f not made the objict of sjeailic Y serval "
Onls occasionall did e ughing 13st Jonger than fcr tno thrie davs and thea am; H
became louder as 1t jrogres cd Sumultancoush with coughiny, some anumals w:
discharges from the ¢ves and nose | onsening of the consistency «f the hm?mrl
noticed 1n twe amimals Tw > adult cons sto d with curved bach and frequently
thelr und fect

hfn 811 the e1ght ¢ s lactating at the time f reaction there took place ldr r“;g
the milk vigld rapging from shight to less than hall of the yruvious Tes ! ';:fﬂh
one cow was the dail  vicld measured & fafl from 171 to 9 I was mnru‘r‘rf:\“ at
the temperature reaction The former Jesel was regained in § davs In u( |:.. orek
least nearly fwll milh pr duclion was restore ! within 2 weeks Nt nn‘ ¢ e Them
nant cows or heifers aborted in connecticn with tick horne fever ani @
later had n rmal parturition in the due time

Table 1 indicates that adult cattle tende
calies although all the calves even that cne week ¢ 1§ exhil {tes

1 1o be affectel more markedly thed
J » felinl ¢ reatt] B
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end of the temperature reaction the numbcr of lvmphoceytes again began to rise
but the in granulocytes At the point when examinations were
ended a nise in the number of granulocstes had also commenced As regards the
granulocvtes the numbers of both neutrophiles and eosinophiles scemed to be af

fected 1n the same way o effect on the basophil numbers was observable Im

mature neutrophils and even eosinophils were often detected during the diminution
phase of granulocyte numbers At one point an cow 17 the number of band neutro

phils reached almost half the number of the mature ones A shight absolute but
not relative rise in the number of monocstes Is indicated as having occurred at the
end of the clinical reaction and lasting for a few days A corresponding and some

times more marked increase 1o the number of monocsles was encountered 1n several
other cattle examined The other findings of these unpublished examnations re

semble m prineiple those presented in Fig 4 It is further seen from the same Figure
that the erythroeyte count fell slightly after the end of the clinical reaction

Carrier Stale

The subinoculation of fresh blood obtamned during the period n
which tick borne feser bodies were detected microscopicalls regularly
resulted 1n tick borne fever reaction 1n susceptible ammals VWith a
view to determining the length of the persod during which blood usu
allv remained infecti e after the microscopical disappearance of bodies
there were undertaken tests indicated in Fig 5

Tn all the animals except calf 2 which had also reacted to another strain the pre
ceding reaction had been caused by J34-64 strain In every case but one 3 to 6 ml
of fresh blood was inoculated intravenousls howeser the positive reaction of the
blood from heifer 13 obtamned 9 days after the disappearance of badies resulted
from the inoeulation of 500 ml of hlaod this was farthermore the only subimocula
tion which brought about tick borne fever reaction All the other tests with blond
taken between 3 days and 8% months after the reaction were negatise as were the
two splenectomies

There was no specific intention of studving the carmer state afler reactions
caused by other agent stramns \evertheless on one occasion such a state was en
countered accidentally The blood of sheep 2 (splenectom ed animal) was found to
carry J-Puke strain after the elapse of approsimstely one month and one weck
from subsidence of the clymical reaction caused bv this strain This finding wall be
described 1n greater detail in one of the later parers (19) Later papers will alsa
show that J Fuhe stramn 1s highly visulent in sheep (18 19)

Immunuy to Homologous Strain

An examnation was made of the development and duration of homo
logous immunity for 6 various strains in both cattle and sheep by the
application of challenge tests Fhe results obtamed are presented mn
Ty 6

Mast tests were concerne ! with immunits against 33414 J-Puhe and h70-r5
strams On none of the 30 occasions in which 1t first challenge wa effected wthin
3 months (the maj rit were within 3 weeks)  ter subs dence of the preceding reac

Fu s
A compos te rhart temp rature rez tiors occurrence of tick borne fever bodies
and hacmat 10§ 1d ain three catt  (cows 17 18 and 20) [noculated simultane

ausl 1 T34 14 strain The ues ar means from the three anfmals
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Preservation of Infechwity in Stored Blood

In a number of ests 1f proved that the infectivity of hlood oblained
At the height of 2 primars tich borne fever reaction seemed to be pre
served regularly up to 7 days when the sample had heen stored 1t +4
C Blood infected with J Puhe strun once caused tick borne feser after
storage for 14 davs and once after 1 month of storage In the latier
case the incubation time was extended to seven davs W ith fresh blood
the mcubation period of J Puhe stram 1n sheep usually vared between
2 and 4 davs (18) On one oceasion blood obtaimned from a teaction
caused by J Puke strain proved negatine after storage for 3 wechs In
summer 1966 a new K mgasnmiem: strun was found to be wnfeetiye after
14 davs stora.e of the blood

It was demonstrated that storage at —71 C resularly preseried the
wnfectinily of blood obtamed at the height of the reaction and frozen
mmmediately for a period of several months at least Table 2 hists the
positine moculations with blood stored n the frozen stale

These 1aclude samples each infccted nith one of seven different stramns The long
est presersation recorded (J34-61 strain) was § months Ap unnoliced fault in the
deep freeze hox which resulted in the thawing of samples precluded tests ou pre
semvation extending over & months Inferior preservation im the {rozen state was ve
corded when blood recencd from the field (6 vases) or bloog stored for several
davs at +4 € was frozen Only 2 blood samples from the field one of which con
tained J34-64 strain and the other Ti-62 were found to be infective after respic
tively 1 and § months storage at —74 C

Bolh the storace of blood al +4 C and lhe freezin, of blood and
subsequent storage at —74 C lended to extend the mcubation time
beyond that recorded for fresh blood Table 2 provides information n
this regard on tests made with blood contamning J31 64 strun

TABIE 2
Tength of Incubation Pertad in 19 Cattle and 5 Sheep Inoculaled uith J34-6% Sfron
and unth no Previous Experwence of Tiel Rorne Fever by Vartous Ways of Storage

Number of animals reacting to inoculation with

Length ~ “umber of ammals reacting to inoculatio
hed Blood stored at +4 G, Bloodstoredat—~ 74 G,
mcub - Fresh davs months Total
perod bload Sttt
davs 12 35 1- 2-4 48
B
1 2 . .
5 1
6 1 1 1 L) 1 1 "
7 B
7 1 2
8 1 ! 5
9 1 1 1
10
nio

i
Onlv Inoculations with blood obtained at the height of the reaction are taken
cousideration = includes one sheep
\
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Tests of Cultwabiily and of Host Range of the Agent

Negalne results were recorded 1n 11l atlempts made to propagate the
agent 0 com entional bacteriological media tissuc culture embryonated
hens epgs white mice gunea pigs pi,s a horse and an clk ealf “No
structures which simulated tick borne fever boties were detected Only
the 1wo pigs exhibited a shght temperature nise 8 days after the mnocu
lahon even n their bieod however no tick borne feer bodies were
detected Submoculations of mg blood were not carried out Subinocu
lation of the horse blood and the three subimocultions of the blood
of the elh calf were all negatine o cvlopathie effect was observable
i the tissue cultures and the calf 1noculated with cells and medium
from the calf hidney culture displasved no reaction

DISCUSSION

Some of lhe symptoms extubnted by affected cattle deserie special at
tenlion One mteresting fmding was the regular association of miid
coughing with the condition of tick horne fever 1n ammals which were
moculated wilh strains 1solated from hovine field cases and hept under
stifficiently close observation Hudson (11) and &veras & Hunshamar
(13) recorded coughmg 1 some of the affected caltle but considered
that this might be merely comeidentnal The present results exclude co
imcidence as the explanalion of this associntion and strongly suggest
that coughing 1s part of the typical syndrome of bovine tich borne
fever It has been prevwously reported that coughing was recarded 1n
419 per cent of 310 ficld cases of bovine tich borne fever (17) A re
minder 1s necessary here that if close attenlion 1s not paid to the cough
oflen silent a1t may easly escape notice

The pathogenesss of couglung mn tick borne fever remmns o be estab
hished It does not seem probable that 1t 1s directly cffected by the tick
borne fever agent Brihish workers who made histological exammations
of sarous organs of sheep and catile kalled during the discase attack
found lick borne fever bodies 1n only blood granulocytes and mono
cytes (9 11) Foggie (3 4 5) has proved that an atlack of ovine tick
horne fever greatly dinimushed the resistance of sheep to staphslococet
he considered that the impaired defence was atlributable to the de
struction of granulocvies by the Lick borne fever azent Coughing in
bovine tick borne fever comncides wilh the laler part of the chinical
infection 2t which stage the number of g anutacytes 15 al 1ts lowest
It ecould be thought that the shortage of ¢ inulocvics muipht provide an
opportumty for the normnlly nonpathogeri. bac erin which mhabut the
respiritory tract to cattse a mild patho ¢ical reaction The develop
ment of discharges from lhe eyes and 1 nose might have 1 similar
explanation

The findmes 1 the presant study s 1 port the impression @ rivel
from the results oblamed 1o the field saady (£7) thit Finmish raires
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of bovme lick borne fever agent might i general be less apl lo eause
abortion than the Scottish strun described by W ison of ol (21)

In tick borne fever one frequent phenomenon is the ppearance of
a spontineous relapse In expernmental cattle the intersal hetween the
end of the primar reaction and the appearance of the secondary re
action ranged from 3 to 8 divs However m the field study material
the time intersal that 1s the period between the observed commence
ment of both reactions varied from 11 to 18 davs (17) Despile lhe
difference 1n the ways of recording 1n the field material the actual
mterval was on the average defimitely longer Agamnst this n three
expunmental sheep infected by J Puke strain intervals from 7 to 13
dinvs were recorded 2 range which roughly corresponds to that 1w the
bovine field maler1al As was mentioned abose J Puhe stran 1s lughly
virulent in sheep and the relapses stated were mare severe than those
recorded 1n the experimental eattle Under field conditions the mulder
relapses of cattle might very well have gone unnoticed The above find
mgs mv suggest that there exists a correlation between the length of
the interval and the severity of both primary and secondary r¢actions
tins mas explun why onlv those relapses which appear afler 2 rda
tinely long nterval are recorded under field conditions

Anintrigung question ta which the answer can at present to 1 great
extent be no more thin 1 malter for conjecture 15 what makes the
primary reaction subside and why this inhibttion 1s occasionally so
short lined that a secondary reaction will emerge? Such phenomena
ean hardly be explamned in terms of antibody medated immumly It
15 more likely that the development of some kind of auto inlerference
of limited duration 1s responsible for supression and inlerruphon of
the renction The subject will be further discussed n the next paper
of the serwes (18)

In principle the haematologieal findings correspond Lo those of Tay
lor Holman & Gordon (16) 1 conncetion with ovmne fich horne fover

The successful sulinoculation by 500 ml of blood obtuncd 9 dnvs
after the reaction and the simultancous fmlure by 3 ml of blood ¢m
phasize that in all probalilily the conventional method of noculaling
1 to 6 ml w1s quite madequate to reveal 4 low level carnier slate and
consequent!y no answer can be guen to the question whether such a
stale was present in the ivestigated eallle Spleneelomy has heen de-
seribed as aclnating a fatent lick borne nfection in sheep (2} Splen
cetomies of ealf 4 and sheep 2 were nepative tn thss respeet nd m3
sugpgest that in these ammals prior sterihization had 1aken place

It seems apparent {hat struns of tick horne fever agent duffer
thewr capabibity to induce 4 carrier stale or at least i regard to 1he
level of the state which they mnduce The following ficts ppf lo
support s contunbion In the present study T Puhe steun which ‘:
Tughiv virulent in sheep was recovered from the blood of sheep 2 "M;‘s
114 months after subsidence of the climeal reaction (the moctlum »
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1 mb) In ovine bick borne fever caused by British struns which s
usually a relatively severe affection a carrter state at least several
months m duration was a {requent finding when subimoculations were
made with a few m! of blood (2) On the other hand the Indin rather
muld vanant of the ovine tich borne fever agenl was never recovered
from the blood once more than 4 davs had passed since the end of the
chinical reachion (14) This information may suggest the eustence of
correlation between the virulence of the strmn and the durahon or
level of the induced carrier stage As regards hovine tich borne fever
the onlv mention of examination of the duration of the carner state
15 that made by Hudson who found that hlood obtamed from a hovine
54 davs afler mnoculation was negatnve (11) Il cannot be hnown how
far J34 64 stran U3 pifics the behvour of other Finpish bovine siruns
m the abibty to remain latent but 1t 1s likely that thes are mfenor to
British ovine stramns m thas respect

To judge from varous reports the immumts caused by Finmsh
strains appears to be more solid and durable than that indueed by most
other strans mnvestigated in this regard The onlv hovine strun on
which data are available 15 that 1solated by Hudson (11} Hudson re
ported that 11 out of 14 animals re tnocnlated six to twelve months after
previous experience of the disease reacied Iihe fully suscephible cattle
He also mentioned that under natural conditions the disease 1s sad to
attnch cattle quite commonly 1n successie lactation In Finland where
the winler period during which cattle are housed and ticks are macine
1s much longer than in Inglind recurrence of the discase in later
grazing scasons 18 nevertheless rave (17)

That strains mav differ in the degrec of protection they nduce 1s
also suggested by the confhicting findings made when different struns
of ovine agent hve beun studied (2 10 15) A finding and clearls at
vanance with the Finnish experience was that the resistance to re
mfection by an ovine agent strain did not devddop carlier than about
5 wechs after the primary nfection (2)

The discovery that the agent can be preserved in the frozen state
offercd better opportunilies for further studies It wonld not have been
possible 1o make the immunological eompansons of several struns
reporled in the tird paper of the sertes (19) 1f the only wan to pre
serve struns had heen continwous passage in experimental animals
Recently Foggie I umsden & Mc\ewlage have also reported the success
ful preserialion of ovine tick horne fever a2zent n the frozen state (8)
These nulhors however used dimethnl suiphovide or glveerol s pre
senatine

The nepative resulls of the attempts to propasate tick borne fever
apent n systems other than those of catli or sheep arc complementary
1o previous findings by other workers (2 o 11) Although Foyqie £
Hood (7) succcuded 1n adipling the oy 1 tgent te mulliply 11 splen
cctonuzed guner pics and mice and bscquently also i non nl n
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cetomized pumnea pips the sirulence as re,ards these animals remaimed
Tow A rather strict species spearficils seems to be a charactershic of
tick borne fever agent

By wirtue of the related nature of the animal specics concerned it
was shghtly surpnising that the elk calf did not detectabls react o any
of the three strains inoculated In Great Britmin tick borne feser infee
tion has been demonsirated 1 bolh rcd deer {5) and in fallow and roe
deer (12) Howeser it cannot be concluded on the basis of this imited
experiment that elk 1s not suscepiible to fick borne fever Both the age
(11} of the ealf and the possible non virulence to elk of these speafic
strmins might be sufficient lo explam the negatise result obtancd here

SUMMARSY

The reaction to tick borne fever agent 1n 36 expenimental catlle was
characterized by moderate io high fever shght lo moderate depression
and dimmnution of appetite All ihe caitle inocuiated with hovine strams
and hept under close obsersation exhibited a mild coush Some ammals
dispiaved further svmptoms

In rough comnaidence with the fever reaction hick borne fever bodwes
were demonsirated 1in blood granulocytes and occastonnally i mono
cvtes as well A short reappearance of bodies often associated wilh
fever was observed 1n 10 out of 36 caltle

Granulocylopenia was the most )} of the hac
findings The lowest counts were at abhout the end of the fever reachon

o carrier slate was apparent in 6 cattle and 2 sheep ¢ich nfeeted
with J31 64 stran when submoculations were made with 3 to 6 m!
of blood ohtamed hetween 3 davs and 81 months affer th end of the
chmeal reaction However an mocufum of 500 ml taken 9 days after
the end of reaction eansed tick borne fever Additionally on the sul-
moculation of 1 mi of blood 1 splenectomized sheep was found 1o carnt
J-Puhe strun after 134 months

In none of the 3¢ ts cid chatlenge by a homologous stratn wilh
1 3 months 1nduce a defectable reaction Two out of § Anunals which
were challenged Jater on did react bat onhv Afler a elearhy prolonged
incubation pertod

On one oceasion blood stored 4t +4 € for one monih rowllcd' m
mfechion Shell freezmng of Mood and subsequent storage i 74 C
could presenie the mftetinity for at least & months

Attempts to propagate the agent in syvstems other
sheep were unsuccessful

fogieal

han ettle and

REIFRTNCTS
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SENSITIVITY OF VARIOUS SALMONELLA $1RAINS
TO FLLIX 6-1 PHAGE

By

LaRs OLOF haLLInes
Recenved 28 xi 66

The bacteriophe 9-1 of Felir & Callow (1943) has been found to et
with 1 lngh degree of speaificity on salmonelly bacteriy (Cherry el al
1904} When tested on more than 2 000 siruns (Tha! & halfings 1955}
99 5 per eent of the saimonelin cullures were tysed as opposed o only
03 pcr cent of the non salmonelld members of the I nlerobactenaceae
family Due to this speeshiciy the @ 1 phage has been used 15 an add
tional tool for the rautine identification of salmonella bacteria in Swe
den ‘The usefulness of the 0-1 test has been found to vary a great deil
with the techmque apphied and the type of matenal tested The effectne
multipliesty of fection for vamous salmonella struns 15 descubed in
the present paper The results are analyzed i connection with the
ability or mabihty of the bacten to support virus growth

MATERIALS A\D METHODS

Baelerta  The strmns were isolaled from clinieal speclmens or ongipated from
cultures submitted to the National Bactersalogical Laboratory for typing ¥ fiea not
tested directly thes were stored in sealed apar stab tubes at room temperature i
not athersise staled cultures grawn in hroth for four houts at 37 € ere used for
esperiments The bactenial concentration was estimated by colony counts or in s me
cases by the mid of a nephelometer standardized by colony counting

1 hage Felix 0~1 phage was propagated on strafn B76 § paratypih & ¢ kage hppe 1
by the agar laver method Sterile Ivsates filtered through Jena sinterc ! glass filters
and stored undilute 1 at +4 C were used as stock suspensions The number f
nfectious phage particles was estimated by the standard agar layer m thod 10 ml
phage dilution was pipetted 1nto a tube contamning 8 » ml 06 per cent multe ! #gar
at4a Cto which 0 ml cultures of BI6 had just been added Alter mixiny 2 ml Bere
poured over an agar plate containing 10 per cent agar medium The § laques ®ert

coutited on_the following day after incubation at 37 € overnight [he shsalule
efficiency of plaling was unhnewn but with regard to the high plague  unts ;:g D;

1t was assumed that the plaque count corresp nled closely to the tru  puml
mflectinus  articles "
As a standard method for spol tests a loopful of hacterial brath colture ¥
insculatcd over & circular area (17 mm diameter) «n 10 per cenf agar | afes ;;:\o:
platinum locp of 9 mm interior diameter ghving an average dr p v fume «f e
ml \sing the same kind of standardize 1 loop the 1 hage dilution was sptted an 1
inoculaled areas after they had driel The phage drop covered o ar ular ared

¥ rehiminory report gnen 1X19F1 to the Medieal Microltology D fon of the

Swedish Vedieal S ety (Raflings 190%)
With the technical assistance ¢f Mrs Vau ! Irndberg and Mr  Cerd Junbslesm
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about 9 mm diameter The readings \ ere taken after five hours incubation at 37 C
The multiplierts of nfection ohtmped with ths techmque as caleulated i Table 1

The one step growth eurc on the propagating strain of phage 0-1 had been de
termned by repeated experiments i order to learn some of the charactersties of
the phage At 2 virus concentration of 02 phage particles per bacterum (3 X 10%
viable cells per ml) on an avcrage 40 per cent of the phage particles were adsorbed
10 the host cells within 10 minutees at 37 C Phages were first liberated 5 minutes
after wnfection and the hiter increased over a period of 10 mmutes The burst size
was about 220 mfectious particles per bactersum.

Wedta The same Difco nutrient agar and broth as described 1n a previous paper
(hailings 1961) was used 1f not otherwise stated

Diluents Nutrient broth (Dif o) or phosphate buffered salne pH 74

TABLE 1
Calenlated Wultiplicify of Infection with the Standard Spot Test Technique

Titer of Spot diam Particles or cells per

suspeasion mm loop mm
Phage 19X 161t 9 17 ¥ 107 27X 10
Bactertum 10 108 17 88% 10 39 %10

Resulting phage to bacterium ratro 69 X 109
Figures tahen from the experiments summarized i Tahle 3

RESULTS

Routine use of the 0~1 phage on clinical and cullure malerial from dif
ferent sources The results from routinely performed 0-1 tests on con
seculnve 1solations from faecal specimens or on cultures submitted to
the laboratory for 1dentificalion were compared over a pertod of tume
chosen at random The comparison was comprised of (group 1) 521

1 2 and 695 non 1la stramns tested at a laboratory sec
tion for the routine 1solation of salmonella orgamisms from clmmical
specumens (group 1) 215 salmonella and 52 non salmonella cultures
submitted to the \attonal Salmonella Center and (group 1If) 2260
S paratypht B and S typht murium cultures examined at a laboratlon
stchion for enterie phage Lvping The salmonella bactersa of the first and
second group conststcd of a vanely of serologieal types

The 0-1 tesls i the first Iwo groups were performed in the same
wayv anisolated colony from 1 enlture was streaked on an Endo s agar
plate (about 13 per cent agar) with a platinum loop and a loopful of
undiluted phage susptnsion contamming 10 —101° plague fornung units
(pfu) per ml was spotted on a closely streaked area of the plale The
resulls were read fter overnight neubation at 37 € In the thurd
group undiluled phage suspenston of th same strength as above was
spolled on puptone tgar plates (10 per cent agar) previously inocu
lted with overmight or actively growin, broth cultures to give arcas
of confluent baclerial growth The resu ts were read afler fine hours

A reaetion characterized by no bacter al growth or less commonlsy by
secondary growlh within the aret of the phage drop was ehssifisd as
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positive Reactions with semi confluent Ivsis or 1salnied piigues were
not found when undiluted phage suspensions were used An unbrohen
bacterl lawn sometimes with a shght thinning of the growth within
the area of the phage drop was classilied as a negative reaclion

In the first croup of struns chosen for the comparison a positne
phage rection was shown by 98 8 per cent of the Salmondlia (Table 2)
as opposed to 12 per cent by lhe non Silmonelias The correspondin.,
pereentages for the enltures of group 1T were 75 4 and 58 In group 111
99 9 per cent were 0-1 positive The agreement between the results of
the serologieal bvping and of the 0-1 test thus was sahsfactory for the
stramns eximned at the rouline diagnostic and phage typin, sechions
but poor for the siruns examined at the Salmonella Center

TABIF 2
Results from Routine -1 Phage Tests on Matertals from Three Ihfferent Sources

Number of cultures

Sources of
Pos Pos
cultures Total  Satm  phage MU ghage ©
Teact Teact
1 Diagnoshic .,
routine lab 1218 521 515 958 695 s 1
11 Salmonella
Center 267 215 162 754 5 3 58
T Ihage t ping
ref lab 2360 29r0 2958 919 o -
Iuterie gram negative rods
TABLT 3
Comparsson nf Results O tasned with Different Technigues and Phage ¢ neentrations
on Matertal from Croup 1l wn Table 2
\umber of coltures
Teehnsque and B T
phage canc Sotm v . Sen b
b Salm %
react acl
Fndo s agar
Phage titer ¢ 107 215 167 54 57 ' 54
Phage agat .
Phage titer ® X 1018 215 214 995 5 °

‘These figures for group Il an Table 2 are include ! f r compar

Importance of phage concentralion and test technique Tlie struns 1o
tinely tested 1t the Salmonelia Center were retested using th me din !!:‘{
spot lechnigue deseribed under “Mafenals and Methods  {he l:::"’l—ﬂ"
the phage suspension used w1s now considerabls hgher dhestet e
pfu/ml The multiphiaty of wfiction mn the spots wus hou
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Fig 1
Spot test on 211 Salmonella strams
Distribution of positive reactions with various concentrations of phage 0-1

Number of bacterial strains

(Tahle 1) Only one of the salmonella strains (101/60 § infaniis) was
found to he 6-1 negative (Table 3) On the other hand the percentage

of positive reactions amon,, the non salmonellas had nercased from 5 8
to 96

The plaque stze 1s hnovn to be mversely related to the agar concentration The
different agar concentrations used for the Endo s agar plates at the Salmonella Center
and for the plates emploved for the specially adopted technique might be partly
responsible for the difference in the results shown in Table 3 Thus 15 was found
that five times as ugh a ph 2e conecntration was necessary to produce the same
reaction on Endo s medium containing 16 per cent agar (plaque diameter about 0 4
Tum) as on 10 per cent nutrient agar or Endo s agar (plague diameter about 0 8 mm)

To studv the sensitinitv of Lhe strams to yanous concentrahions of
-1 phage 211 of the oniewmally available 215 strans sent m to the
Salmonella Center were cxammed by spot tests of ten fold dilutions
of lhe phnge suspension As demonstrated in Fig 1 the sensitisity to
Ihe phage was found to vam greatls At a phage concentralion of
2X 1010 pfu/m! 16 .truns were negatinve 1in wddition to the one negatine
at a ten himes hisher con cntration Fa h ten fold dilution of phage
caused 7 stepwise loss of the number of struns showing a positne re
achon The most seasitiv struns were fy<ed confluently by a phage
dilulion contarming, 2V 105 pfu/m! At high dilutions of the phage sus

"9 actArare (0 3
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pension 1solated plaques of about the same size (about 08 mm) as
produced n the propagating B76 strain were observed m 107 (51 per
cent) of the strauns (here designated as siramns of reaction type I} By
counting the number of 1solated plaques 1t was found that 2o struns
had about the same high sensitinity to the phage as B76

Irrespective of the phage dilutions no 1solated plaques visible to tHe
naked eye were found n the remaiming 49 per cent of the slrams
(strans of reaction type II) All these strams were sensitive only to
Tugh phage concentrations the most sensitive grvng full posibive re
actions at a phage titer of 2X10° The renchion 1n some struns chanaed
from positive to completely negatine by one dilution step the reaction
1n others changed more gradually on chiution of the phage by exbiling
a reacfion characterized by an irregular whimtion of the bacterial
growth within the area of the phage drop

According to the findings of Cherry ef al (1954} a ngh percentage
of resistance 1o phage 0-1 was found among, stramns classified n group
E of the hawffmann White scheme In the present materiil the differ
ence 1n serological characleristics between the strams Iyscd by plgues
and these affected differently 1s analyzed in Table 4 In all (he strans
represented 57 different serotypes belonging to 15 O-groups or sub
groups the most common tspes being § typl murtm and & monte
mdeo with 3+ and 53 strams respectivelv As seen 1n the (ible both
reaction fypes occurred n cultures belonging ta 7 of the 9 groups repre
senled by more than one strain Both re wction types were found afso

TARIE }
Ihstribption of Serological Groups of Salmonella Strawns of Varytng
Sensitit ity to Phage 0-1

serotogical Sumber of strasms belonging to Total number
erotogical gToups reaction type 1 reaction bype 11 of stralus

A 7 7
B 30 34 64
G1 42 38 80
c2 8 8
c3 1 1
D1 6 10 16
D2 1 1 °
L1 5 13 18
E3 1 5 6
F 3 1 4
I 1 1
1 1 1
L 1 !
Y 1

Y 1 !
Total 107 104 211

According to the hauffmann White scheme
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among most of the indnidual sero types However all 8 stramns of §
enterttidis belonged to Teaction type II At Jeast 4 of them were ept
demologieally unrelated

Plaque formation n agar lager The mabihitv of the virus to produce plagues ob
served 1n spot testy on the strains mnfl onls at high 23 was further
eonfirmed by experiments in which broth eultures grown for four hurs were muxed
with equal volumes of 6-1 phage diluted in ten fold steps to 10 8 The titer of the stack
suspension was 1010 pfu/ml Six cultures of reaction type 1L were tested (five sero
types S fyphi murann § montemdeo S enteriiuhts S cholerae suis and § bareill ;)
The muxture of phages and bacterra were plated by the standard agar 1ayer method
No plaques were observed VW hen undiluted phage suspension or a dilution 1 10 was
used only scanty or no bactersal growth was observed 1n contrast to the abundant
growih at higher phage dilutions “o plague formation was revealed eyen Shen
two fold dilution steps were made 1n the range between the concentrations Iysing the
bacteria o1 mhibiting the bacterial growth ang the concentrations of phage which
had no obvious imfluence on the hacteria

Effect of a phage free Iysate and o purtfied phage preparation A high titer phage
suspension was passed through a membrane filter (Gottingen ultrafein porosity
35 100 ms) The undiluted phage free filtrate was spotted on cultures on the pro
pagating B76 strains and on five strains of reactton type 1T The spot test was nega
tive for all strains mncludmg the verv sensitive B76 A phage preparation puniied by
a two phase system (dextrap methvicellulose 4lbertsson 1960) and containing
5 X 1011 pfu/ml was found to cause positive reactions in all six of these stramns

Bacterial survwal and growlh afler phage adsorplion A senies of ex
penments indicated that the 0-1 phage was adsorbed also to salmonelia
bacteria of reaction tvpe II even to the only spol lest negatrve salmo
nella strun found 1n the present study (101/60 S snfanfts) In some of
these expermments phage adsorpiion was folfowed for perods up fo 21
hours nt 37 C by ass%y of the unadsorbed pha.e The finding of con
tituously dimumshing number of free particles venfied the mabibty
of these strains {o propa.ate ph iges

TABLE 5

Per Cent Surviiing Bacteria efter Adsorption of Phage 01
Stram Per cent survivors
B76 (S pa atyph: B) 1

8/61 (S bareddly) 4

83/61 (S muenster) 57

98/61 (S muenst r) 57

183/6% (S typhl muriem) 3
2132/61 (S ententtidis) 4

101760 (S_infant s} .9

Veans of duplicate ex criments

ddsarption smuxtures Foual volumes of a pr armcd 0-1 suspension (6 X 1010
pfu/ml} + a ¢ hovr Salmonells broth culture (75 > 108 cclls/ml) Incub ted 10
mioutes at 3 C aid diluted 105 Unadsorbed thages © re neutral zed b _adding
02 mi of the dilution to 08 ml anti~0 1 serum 1 50) and incukat ng at 37 & for
5 minutes 05 ml were then spread on an 2y plate and colonics counted after
ncubation at &
€ nfrol mrxtirex Faualvolumes of the Salmer 1a br th cultLr and nuirient pro b
treated in the same ways as th  Isorption mittores

29
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Fig 2
Crowth curve of an 0-1 negatve Salmonella culture sn the [ resence ¢ f the 9-1 phage
Phage 0-1 -+ bactertum mixfure (X X3 One part washed cells from an over
night broth culture of 101/00 S tnfanhs suspended an broth (2 X 10 cells/mb) +
nine parts of a hroth dilution of purified phage 0-1 (8 X 1010 particles/ml) In
cubation 8 a waterbath at 37 C. At each time interval samples of 01 ml were
appropriately difuted 05 mi of the dilutions were mixed with agar and poured on
agar plates for colony counting after incubation at 37 C overmight.
Lontrol mizture (C~ ~C) One part baclerium suspension + nine parfs of &
broth dilution of punified colt phage T © treated in the same wa as above

The rclative resistanee of strun 105/60 and five struns of reiction
v pe I compared fo strun B76 of reachion type I was demonstrated m
an experiment where the bacleria were infecled with a multipherts of
As scen 1 Table & onlv one per cent of the B76 survined llet the
adsorphion ime nd phase npul emploved whereas the survnat of lhs
hacteria belonging fo reachion fspu 11 was considerably Ingher 29097

per cent

Although the sp t fest on strain 101700 was registercd as negative (sce Tatle 3)
it was found that the bacterial growth after five hours incubation was lhlnhrr;‘“"
the srea eorresponding t the phage drop than over the swrrounding area I;‘ﬁ
previous results suggested that the phage ads<orbed ta this bacterin which rr';lh P
in & decresse In the number of vislle organisms (Table 5) the act rial grad i f0
the presence « [ excess phage (40000 fhages per 1acterium) was stuficd further
the first tive hours of incubation (Hg ")
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An mitial drop in the cell count was noted but this decrease was followed by a
phase of rapid prowth During the period studied the concentration of Ining cells in
the phage bacterium mixture was at all times Jower than the concentration in the
control culture Thus it was found that the only salmenella strain from the Sal
monella Center remaining negative in the spot tests n fact was affected also by
the 0-1 phage

DISCUSSION

The present mnvestigahion shows that the concentration of the phage
15 an important vanable if the 0-1 phage is to be used as an additional
aid 1n routine salmonella sdentificalion To obtain almost 100 per cent
positine reactions on salmonella strains 2 high phage mput and a low
agar concentration ar. necessary However thesc measures also will
increase the number of posiline reactions n cultures not belonging to
the salmonella genus Furthermore the agar concentration meg Endo s
agar medium cannot be decreased to a level 1deal for plaque formation
if the bacterial colonmies are to he used for shde azglutinition tests In
such a case the agar concentration has to be ugh enough to allow the
formation of sufficient 0-antigens 1n relation to H-antigens When as
1 matter of comvenience the Q-1 test 15 performed on the same agar
plate as used for the routine morphoelogical and serological identiflica

tion of salmonclln the choice of agar concentration has to be a compro

nmise

The discrepancy between the occurrence of 0-1 positive non salmo
nella stramns 1n the materal from the different sources 12 agamst
58-96 per cont may be due to chance considering the small number of
strains from the Salmonella Center but mav also be due to some form
of selection in this group Since the 0-1 pha.e 1s used as an additional
diagnoshic test at many laboratories certain serologicalls nejative or
doubtful cultures are forwarded to the Salmonella Center for further
examunalion mmnly beeause they were found to be 0-1 positne Some
salmonella struns are indeed trael ¢d down 1n this way but many cul
tures prose not to be Salmonellr Howesver the occurrence of -1 post
trve cultures not classified as Salmonella has not been reported as a
serious disadsantage from other Swedish laboratores The information
collecled 2bout the test 1n the rouline dragnosis of salmenetl orgamsms
seems to Justifs A conbinuation of its use as an addiltonal tool provided
that a slandardized techmque s employcd

The exislence of 1 phage capable of adsorbing to almost all salmo
nella baeterin suggests the presence of a common slructure 1 the cell
walls and provides 1 tool for comparatine imveshigattons of the cell wall
composition by studies of the receptor (f tndberg 1967)

In about half the number of the salmonella struns from the selected
material mvesbgaled phage adsorption }tled or inhinted the growth
of the cells without signs of virus ssnthesis wheres in the olher sirains
phage adsorplion was found fo result 1n an ordinary lytic evele with
synthesis of new virus parhicles Investigations on the cause of this
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@ifference hallings & Lindbcrg 1967) ndicate that the relatine 1o
sistanee to phage 0~1 may be due lo the presence of prophage m the
bacterin

SUMMARY

A comparison has heen made hetween the results fram e rouline use
of the 0-1 phage spot lest on about 3 000 silmonella struns and about
700 other enierohactenal strains at three Iaboratory sections worhmg
with cultures from different sources and using different techmques
(routine salmonelin dii,snosis salmonella reference denlificihion and
enterie phage typing) In the order of the scetions listed postitve phage
reachions were obtuned n 988 75 4 and 99 9 per cont of the serologie
ally venfied salmonelfa struns

When the strun matenal showing onls 754 per cent posilive resc
tions was retested with a high tiler phage preparation and a sprenl
standardized techmque 99 5 per cent posifine reactions were obtamned
1t was found that plaques were produced 1n 51 per cent of these struns
which were 1ysed by low phage mputs No plaques were observed m the
remaining 49 per cent of the strmns fhey were only affected by high
multiphiaities of infcction but did not support phage propagation
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RESISTANCE TO FELI\ 0-1 PHAGE
IN SALMONELLA BACTERIA

By
L O havunes ind A A LinDBERG
Recenved 28 11 66

The bacteriophage 0-1 capable of acting on most salmonella bacteria
has been found to separate the salmonella strains 1nto two groups (1)
strains lysed by low phage concentrations and supporting the propaga
tion of new particles and (2) strains influenced only at high phage
concentrations but unable to produce phages (Aallings 1962 1967) The
purpose of lhe present paper was to study the cause of the different
action of the phage As the 0-1 phage particles were found to be ad
sorbed by the salmonella orgamsms influenced only at lugh phage con
centrations the mnability to produce 0-1 phages was assumed to be due
to the presence of prophage In the present paper experiments are re
ported concerning the 1solation of temperate phages and attempts to
transform sensitive strans to resistant ones by means of these phages

MATERIALS AND MFTHODS

Racteria strains were by commo and
procedures All strains were isolated from clinical specimens and stored less than two
years in sealed agar stab cultures Unless alherwise stated the bacte 1a were grown
in Yrath for four hours at 37

I hage 0 1 phage (Felix & Callow 1943) was propagated on strain B 76 (S para
fyphi B) by means of the agar laver method (4dams 1959) Lysates sterilized by

filtration through Jena glass filters and stored undiluted at +4 C were used as stock
suspensions

Temperate phages isolated from lysogenic cultures were propagaled on S typht
murium strains by the same metho1 and stored unde same conditions

Sfe i The same Difco nutrient agar and broth described in a previous paper
(Raltings 1961) was used In addition the synthetic medium M 9 (idans 1959)
was u ed

IDiluents \utrient broth or phosphate buffered aline pH 73 was used as diluents

Induction The Vacteria were adapted to grow 1o M 9 med um at 37 _C. Subcultures
in M 8 were grown at 37 C for four hours A sh 1) w layer f the culture in a Petrt
dish was expo ed for 10 seconds to ultravolet lignt (2537 A) at a distance of 50 cm
yith continuous shabing Afterwards the hactersa were incubated at 37 C for 30
minutes and centrifuged at 2000 ¢ f3r 20 min

Preliminars report ghen to the Melical M biol gv D1 1sion of the Swedi h
Medical Society 1967

With the technical a s stance of Mrs Mand /iniberg and Mrs (erd Lundstrom
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Phage assay The phage concentratibn was measured hy plague counting or the
spot techmique described previoush (Rafhings 1967)

Anfiphage sera Hvperimumnune sera against phage 0-1 and phages 105 35 27
88/61 and 250/61 were produced by injecting rabhits subenfancously with stock
phage suspensions The time schedule was 2 wngections pes week of 5 mi (ash for
4 weeks followed by 5 ml tnice after another two neeks The sers were inativated
at 56 ( for 36 mn

Veufral: afion fest A mixture of 85 mt phage dalution (contnining abont 16 % 103
pfu/ral) and 65 ml dinfed anfisera were ncubated at 37 C for 15 minutes o 2
water bath From this mixture 05 mi were mixed with 40 ml soft melted agar ot
45 € plus 05 ml of a bactenal culture 2 mi were plated on an agar base gnd
incubated 28 37 ( overnight The degree of nentralizstion was determined by com
paring the number of plagues formed with that of controls (phage + broth)

FAPFRIVUFENTAL
Isolotion of Phoge 303 from a Lysogeme Salmonrlln Strowm

wenty Salmanella typht murnium evltures of differint phage wnd
furmentabon types were tested for sensitrnaty to ten fold didution steps
of the 0-1 phnge by the spoi technique Readings were carrted out after
five hours incubtion at 37° € Renciions without v evulence of phage
multiplication wd an unhirohen bactenal Jawn were classified 15 nega
fire Reactions characterized by 1 clewrly Ivsed area (17 no bacleria
growth) semconfluent lvats ar 1salated plagues within the e of the
phige drop were consudered s posilne

Lighteen cultures were Jysed supporting the propagation of new
particles at Tow muttipliesties of mfechion The iwo remamng cultuees
gue negaline reactions at low multipliesties  althoush nfluenced by
high phage coneentrations they were unable to mawtamn the propagatien
of the 0 1 phage One of these two cuftures (S 105) was chosen for
wtempt to solate a temperate phage responsibie for tht resstance
agmnst phage 0-1

Aficr mduchon of strun 10, the supernalant was tested agmnst the
20 S typht murium siruns by the spot fechnigue An ol ed plaque
on one (S 204) of the strams fysed was selecied By repeated ssofations
and subctiftures of single plaques on the slruns § 204 1 phage sus
pensien Libiclled 105 wath « titer of 2bout 10 X 10° plu/ml was prepared

The phage was sgaln tested agamnst the 20 § fyphe murim strains 3< atore A

strams but strain 100 were now Iysed
\o €t ntaminating phages originating from the propagating stramn (5 043 ((:":'“
10 cotld be demoanstrated when the strawn was induced and the upors atants e

against the "% indicator cultures.

{onversion ta 6 1 Reststance by the Phage 10>

Phage 104 was spotted on the 18 strans y<ed Iy ph ]
prolonged mculntion solaled colontes growing withim the ey on&
nalh lsed confluenthh were prched up and adentifnd s 8 w]ph\
murium The bacleria were fhen feslcd for sensitnaty fo pliine 0 s
spot technique Ressstant hactenin werc found 1 8 of the 18 euliu

(e D1 ALS
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These bacteria were affected onlv at high mulhiplicitiees of mfection
(without plaque formation)

To check 1f the 8 5 typht murtum cultures were Is sogemzed by phage
100 the cultures were mduced with ultraviolet hght The supernatants
were tested agamst the 20 § typhy murium mdicator stramns by the spot
test Strong reactions confluent or semuconfluent lysis appeared on all
stramns with the exceplion of stramn 105

The pha.es oblained by induction of the 8 converted cultures were
neutralized by hyperimmune serum aganst phage 105 (Table 1)

TABLE t
Neutralt ati n of Phages Isolaled from Lysogent ed Sulmonella Cullures
by Antiseram aga nst Phage 10,

Phag s or Induced

culture supernatant Ant1 erum Per cent neutralized
238 105 984
237 105 980
207 100 100
131 105 974
100 105 991
929 105 999
7 105 991
561 105 995
105 105 100

Dilation of antiserum agmst phage 100 1 250

The neutralization of phages derived from lysogemize 1 cultures ranged between
98 and 100 per cent With two cxceptions unneutralized phage particles gave rise to
plaques with the same morphology as those caused by phage 10a The two cceptions
were from the supernatants of the eultures 937 and 238 which 1 addition to plagues
with the characteristic size and shape of phage 102 yiclded larger plagnes with 2
more pronounced tarbid center The unneutralized phage particles could he either
phage 102 which had not been neutralized or other phaves released from the various
S typhr muriwum cultures during this last To this
the two different plague types were cut out pmpagmd and usel 1 a new new
tralizalion te t vith h perimmune serum against phage

The turbid plaques from supernatants 237 and 238 )xelded phages which were
not Inactivated by hypertmmune scrum against phage 105

Inabiity to Propagale Phage 0-1 on the I'ysogent.ed Cullures

0-1 phage was used to infect actively growing cultures of the 8 hso
genized S {ypht murium strams al a concentration of phage which used
o cause sermuconfluent Ivsts on the unconverted bactena The expen
ment was designed to see 1f phage 0-1 could multiphy withm these
bacturia

Table 2 shows that salmonella strain 105 which vielded the temperate
rhage 105 was unable to mamtain the rropagation of phage 0-1 s a
comparison stramn 204 the prop igaling <train of phage 100 gave rise to
about 4 400 fold increasce in phage 0-1 titer The phage was unable to
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multiply alsc on the lvsogenized cultures 99 and 561 and gave a small
nise 1n titer on the olher 6 cultures

TABLF 2
Propagation of Phage 0-1 on the Lysogent ed Cultures
Stram Origimal 0-1 Resulting 0-1 Difference
titer (pfu/ml) tuter (pfu/ml) m multiples
102 10 X 108 16%x10 -~ 2
238 34x108 15 X 100 + 4
237 34 %108 10 X 107 + 4
207 34x10 45 ¥ 10% +14
131 34 x 108 26 X 109 + 8
100 34% 108 12X 10?7 + 4
99 34 %108 30 X 108 *0
7 34 x 108 12X 100 ¥+ 4
561 34X 108 27 X 108 -1
204 11X 10 39X 100 +390

The shght amount of phage 0-1 propagation in some of the lyso
genzed strains may be due to a small portion of the bactenial population
which do not contain prophage Phage 0-1 propagated on the uncon
verted wndicator strams gave 30-1300 folded rises in titers

Isolafion of other Temperale Phages Causing Resistance lo Phage 01

To mvestigate the frequeney of lysogeny causing 0-1 resistance 3%
Sat 1la strains (bel 10 10 serotvpes) lysed only by hih 0-1
phage concenlrations without phage multiphication were mduced with
ultraviolet light and trealed as above The supernatants were plated en
the 20 § typht murium cultures earlier used as indicator strams b
the spot techmque to determine the presence of phages Four strains
were found to harbour phages which produced large turhid plaques
which were different from the pha,e 100 plagues Two of these phages
were capable of converting three of the indicator strans to 0-1 resist
ance The strains harhounin, phages with converting ahility helonged
to serogroup F1 § vejle (230/81) and 8§ muenster (88/61) The phast
from S muenster was capable of converbing two strams while the phan¢
from $ vejle comverted one In this experiment nonconyerling phages
were obtwmned from a S ({ypht murium (27/61) scrogroup B and &
§ montevideo 1200/61) scrogroup G

The three comverted cultures were induced n order to insestigate if lllcvl"‘:::
Ivsogemzed with phage 233/61 or 88/61 Supernatants were tested in I‘ ;pf" han
sgainst the 20 S fypht murium indicator strains Posithve reaclions mo“l’ﬂsﬂllvl’"
semmiconfluent Ivsix appeared on 18 strains this time including -ln;n A0 pet
Immune setum prepared against the bwe phages nentralized between 84 &

cent of the phages in the supernatants.



459

Serological Relationships between Phage 0-1 Resislance Converling
and Non Converting Phages

The comverling phages 100 23./b1 83/61 noncomverling phages
27/61 250/61 and phagc 0-1 were compared 1n a neutralization test

TARIE 3
Crossreactions in @ Nentralt alion Test befu een I hage -1
and Ven Conve: g Phages

Serum Converting phages onconserting
AntiSera giation  OTPRR6C yo5 aysset  saset 2weL 250/61
0-1 11000 +4+4 — — — —_ —
105 1250 —- AN — + - s
235/61 1 100 — + s i + T
8361 1 100 - - R S T G S A ot
27/61 150 - — [ A B A —
250/61 1 50 - - L A b =

+++ complete neutrahization

4+ 50-99 per cent neutralization
“+  20-19 per cent peutralization
~— < 75 per cent neutralization

Fxeepl for phage 0-1 anti-0-1 serum did not 1nactinate any of the
invesligated phages Serum agamnst phage 105 gme weah cross reac
tions with phages 88/61 and 200/61 while serum ngainst phage 235/61
gae a weak reaction with phage 10> Cross reactions were frequently
detected within the temperale phages 230/61 88/61 27/61 and 250/61

CONCLUSION

As has been shown 1n a previous paper (Aalltngs 1967) only bout 50
per cent of salmonella stratns belonging to different seroty pes were able
to support phage 0-1 propagation However the majonity of the other
50 per cent were found 1o adsorh the 0-1 phage although the virus did
not multiply in the present paper this inabilily of phage multilplication
m spite of ndsorbtion was shown 1o be due to the presence of prophage
n some strans 1solated from chinical cases of salmonellosis The tem
perate phages were 15olated and used Yo convert 0-1 sensitive salmone i
stramns mto 0-1 resislant ones

Temperate phages 1solated from one salmonelln serogroup (k1) were
ble to convert bacteria of another serogroup (B) to 0-1 re istance The
comverting phages 1sofated from different sources werc not identical as
Judged by plaque morphology and serology  However a certaun sero
logical relabionship was demonstrable The comverting phages were as
well serologically related to non comerting phage 1solated from other
Ivsogenie salmonella cultures Nonc of the phate 1solaled whether con
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ser{ing or not was serologicaliy related to the 0~1 phage The broad
anfigeme relationsinp of varous phages salated from Iysogeme sal
monelia cultures 1s notable

SUMMARY

Although many salmonella cullures were lysed by high concentrations
of 0-1 phage they could not support virus muitipheation This was
shown to be due to the presence of prophage Resistant bacterin were
induced to release temperate phages capable of converting 0-~1 susceplt
ble s1lmonella strains to resistant ones
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AN ANACROBIC ORAL FILAMENTOUS ORGANISM
POSSIBLY RELATED TO
LEPTOTRICHIA BUCCALIS

2 Composilton of Cell Walls

By
Tor HofsTan
Recened 76167

In a previous paper some morphol 1 physiologienl and serologeal
data of an anacrobie oral filamentous organism were described (9) The
organism had some properties m common with Leplofrichia buccalis
but differed from that species 1n showing a heterofermentahive type of
sugar metabobism In addiion little or no serological cross reactivily

was found belwceen the filamentous organism and typteal L buccalts
slrams

The present paper deals with the chemical composition of cell walls
from the atypical filamenlous orgamism and from L buccalis

METHODS

Preparation of Cell Wails

Cell walls were prepared from the follos ing filamentous strans 1> 123 L1t L49
and 152 and from the I buceal s strains L1 and L66 The strains 1 hich were also
included in the j revious study (9) were grown in nutrient broth enriched with 01
per cent cyvsteine hydrochloride 03 per cent yeast extract (Difca) 1 per cent glucose
and 5 per cent of human aseitie fluid After » to 4 days incubation at 37 C, the
hatldtnn were harvested by centrifugation washed in saline and hept frozen unti!
use

The proccdures employ ed for preparation of the walls were essentially as described
by Yoshda et al (19) The denuty gradient centrifugation was carried out at 900
X G for 1 hr The washed walls were stored In the freeze dried state

Trypsin_digestion of the prepared walls was performed with crystalline trvp 10
(Trvpure Novo) freshly prepared m 009 Ml tris buffer of pH78u g 01 mg trvp 0
per mg walls The digestion was carried out at 37 C for 0 hrs

¥ 1per Chromat graphy

Hydrolysis was performed m sealed tubes jn 01\ HCl and 3\ (1 for 7 nd 3 brs
a1 100 C. respectively and in 6 \ HClfor 18 hrs at 100 C The d d matenials were

wade up in distilled walter and subjected to circular chrom tographv v ng Whatman
paper \o 1
Developing Solients (A) n Dutanol acetic acid waler § 1 1) and(D) phenal

water (4 1W/v) for amino 2cids and amno sugars (C) ¢ butanol pyridine water
(6 4 3) for neutral sugars (D) n proparol ammomia (d 091) water (6 3 1) for



sugar alcohols and (E) 1so propancl 2 \ hydrochloric acid (65 35) for purine and
pyrimidine dernvatives

Spray reagents Amino acids were detected with 0 4 per cent ninhydrin in acctone
containing 2 per cent acetic aerd and aldoses with aniline hvdrogen phthalate fn
water saturated n butanol The Elson Morgan reagent as modified by fartridge was
used for detection of amino sugars Sugar alcohols were examined for by sodium
periodate henzidine and proline and hvdroxyproline by 5 per cent isatine in water
saturated n butanol containing 4 per cent acetic acid

Quantiintive Analyses

The amtno acid content in & N HCI hvdrolysales of undigested and trypsin treated
walls was determuned by the ninbvdrin methoed essentially as desceibed in (10)
solution of equal parts of glutamic acid slanine and diaminopimehic acid was used
as standard

Uexosamines were determined by the method of Rondle € Vorgan (11)

Fstumation of neutral sugars was performed with @ naphthol as described fn (10}
Clucosc was used as standard

The sulpburic aeid rystesne reaction of Dische (%) was used for the defechon ond
guaniitatice determination of heptose Standard samples of different aldoheptoses
were hindly supplied by Dr % A Rrchtmyer National Institutes of Health Bethes
da \d

The sulphuric acid cystaine reaction was also used for determination of rhamnose

Iipid was estimated by determination of hipid ester groupings as described bs
Sapder ¢ Stephens (14)

IYPFRIMENTA] PROCEDURFS AND RFSUITS

Almost complete disrupion as judged by Gram st umng w15 obtaned
by passing the frozen bactern twice through the \ press (sce 15) The
disintegrated material tended to clump even after remon Al of the prolo
plasm fraction and repealed washings The cell wall laver in the nuddle
of the sucrose pradient tube was therefore very diffuse and constderible
amounts of walls were lost in the scdiment which contuned the fes
whole ceils

The freeze dried wall preparations vared n colour from white 1o
light gres The preparations were free from nucleic acids s o purniae
or pynmitine bases were found when 01 N hyvdrochionc wd hsdro
Ivsates were examined by paper chromatography

Digestion with trypsin was carned out on wall preparions from
strans L14 LAY and L1l Following this treitment the preparshions
lost two thirds 1n weight sarving somewhal from one batch to anofher
The freeze dried trypsin digested walls were while and contrary lo the
undigested walls homo,encotts suspensions were easils obtamed with
water or buffcrs

Paper ( hromalography

The amine 1cids 1nd neulril sugars found i hvdrohysales af unt
digested and trypsin digested walls e histed m Tables 1 il 2 rr;p;hfr
tinely While 1he filamenlous orpamsm and 1 buccalts mn(nim‘tr )
same amno acds n thar walls the Hlamontous arg anism diffure
clearly from I buecalis wilh ruspeet 1o ed3f wall supars
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TABLE 1
Amino deids wn § ¥ Hydrochloric Acid Hydrolysates of Cell W alls from the
Filamentous Organism {o Strains) and L. bucealis (2 Strains}

Undigested Try psin digested

walls walls
Alatine ++ +4+
Glutamic acid +4+ 44+
Diaminopimetic acid 4 Frt
Clyeme 4+ 4+
Lysine +4 +
Serine REER +
Valime S T
Leucine 44 +
Threonine RS T
Aspartic acd e x
Proline T -
Methionine + —
Argmioe + —

In addition traces of a slow moving component were scen in hydrolysates of
L buccalis run in system (B)
+ 4+ + Relative amounts judged by visual eomparison of the colour
intensity on minhydrin treated chromatograms
— ot detected

TABLE 2
Nentral Susars 1n 3 N Hydrochlore Aetd Hydrolysates of Cell Walls from the
‘lamentons Organism (5 Strains} and L. buccalis (2 Strawns)

Filamentous organism L bucealis
Try psin Trypsin
Undigested digested Undigested digested
Glucase +++ +++ +4++ +4+
Calactose —_ — 4 +
Rhamnose ++ ++ — -
Heptose ++ — — —

In addition traces of arablnose were found in undigested walls from / buccalis

+++ 4+ <+ Relative amounts judged by visual comparison of the colour
intensity of aniline hydrogen phthalate treated chromategrams

— Not detected

Glucosamine and muramic acid were found m undigested and trvpsin
treated walls from all slrams Sugar aleohols were not detected 1z 3 N
hydrochlonid acid hvdrolysates of undigested walls

Nature and Location of the Heplose tn the Cell Wall

The suzar hsted as heptose 1n Table 2 gnve the same red brosn
colour with anthne hvdrosen phthalate as slandard samples of aldo
heploses It moved hke D glycero D galacto heptose 1n the solient sys
tems (B) and (C)
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Optical densaty

0 T i T T

350 400 450 500 550
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Fuy ot
Dische reaction spectra gisen by ——— 500 4y, cell walls from the filamentous
orgamism strain Lii @—@ the 1solated heptose read agamst a paper blank from
the same chromatoyram ~—--— 100 g D glycero D galacto hey tose

In order to confirm this chromato,raphic finding the assumed ildo
heptose was 1solated and subjccted to the sulphuric ncid cystemne reac
tion of Dische The 1solation was performed in the followmg wiv M
evaporated 3 N hsydrachlonic acid will hydrolysale (strun I44) wis
made up 1n distillcd water and passed through A column of Amberlite
IR-120 1n the hydrogen form W lule the amino acids and amine sugars
were retamned by the resin the neulral su, ws went strupht (hrough
the column The fractions contaming the supars were (vaporated i
pacto rc dissohed m a small solume of distilied water nd subjected
to paper chromatographs in sohent syslem (C) After hwng, traced the
different sugars by trealing small radiale strips of the dricd chromato
gram with aniline hyvdrogen phthalate the heplosc was luted from
the paper with distilled water

The absorplion spectra of the chromogens produced 10 the Dsche
reaction by the isolated heptose and tsample of undigested wlls from
strun I 44 are shown m F1g 1 The high oplict! density at H00mp pro
duced by the wall sample ts due to rhamnose and glucose which product
absorption maxima 1t 400 and 110 mg respeclisedy

The aldoheptose w 1s only found tn munrmal amounts in hw]ml\u!r;
of the protoplasm fraction of the hicterial cells (the supern ant Ilu‘l:’
follow ing the first centrifugation of the erushed suspension) and cot
not be detected in hvdrolysates of the umnoculated medirm used for
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cultisation of the bacteria Free heptose was not found 1n the super
nutant after trvpsin digestion but was readily demonstrated 1 hydro
Iysed samples of 1t toyether with amino acids nd traces of glucose

In another expertment whole cells from strmin L4 were treated wath
trypsin The treated cells were Gram nepatise Some cells were shihtly
swollen but with clear marsins and cell frapments of other et idence
of disuntegration were not found The trvpsin digested cells were then
hydrolvsed by botlmg in 3 N hydrochloric acid for 3 brs and the evn
porated hydrolysate exaummned for neutral su,ars by paper chromato
graphy Only traces of heplose were demonstrated while a strong hep
tose spot was obtuned with a hydrolvsate of wholc cells from stran
Ld4 treated with tnis buffer

The expersments performed show that the nldoheplose 15 part of an
ouler cell wall layer

Quaniitaie Analyses

The results of the quanfitabive anaty ses have been compiled i Table 3
The findings varied somewhat from one batch to another i parhicular
the salues obtained for amine aaids and lpd in the undigested w alls
In 2 fow prelunnary experiments the Ipid content of the undigested
walls from stramns Li4 and L49 was ¢shimaled by ether exiraction of
hydrolysed wall samples (13) The lipd content estumated by tms
method varied belween 8 and 16 per cent In order to give reproducible
Tesulls 1his method required Iarge amounts of walls {more than 20 mg
each sample) The micromethod of Snyder & Stephens was therefore
uscd 1o the further experiments

D glyecero D galacto heptose was used as standard i the Dische re
aclion
As shown 1n Table 3 the wall preparations from the filamentous
organism contatned more sugar but less amino acids than the walls
from I buccals
TABLE 3

Quantutatur e Analyses on Cell Walls from the Frlamenlous Qrganism an 11 buccalis
Per Cent of Dry W etght}

Filamentous organ: m 1 baccalis
Litu L¥it L4%u L9t Lta L

Amlno acids 57 28 58 > 0 35
Neutral sugars (2% g ucnse) 2 35 3 4 10 2
Rhamnose 5 19 4 1
Heptose 7 4
itexosamunes  (as glucosamune) 3 5 it 5 7
Hipid (8s tripsImitin) 2t £ 18 3 13 5

s ateEhe values Listed are mean 1alues from examinat tna or three different
atches
o correcti n has | cen made for water uptake dur £ h drolusis
U undige ted walls t - trp in d gestel

a3t roraTu 0 3
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Dische reaction spectra gren by ———— 500 #g cell walls from th
organism, strain Lii @—@ the isolated heptose read against a papa
ihe same chromatogram ~-——— 100 ug D glycero D galacto hieg

In order to confirm this chromato,raphic inding the ssu
heptose was 1solated and subjeeled to the sulphuric acid eyt
tion of Dische The 1solation was performed n the followm,
«iaporated 3 N\ hndrachlorie acid wall hydrolysate {strun
made up n distilled waler ind passed through a column of A
IR-120 1n the hyvdrogen form W hile the amimno wads and wamine
were relamcd by the resin the neutral sugars went strmight t
the column The fractions conlunin, the sugirs were evapor:
vacito re dissolved in 1 small volume of distilled water and sul
to piper chromatography 1n solvent svslem (G) After having try
different sugars by treating small radite strips of the dried chret
gram with aniline hydrogcn phibalatc the heptose was cluled
the paper with distilled watce

The absorplion sptetra of the chromogens produced in the
reaction b the 1solaled heptose and a s unple of undipested walls fr
strain L44 arc shown in Fig 1 The high optieal density at 460mp 1
duced by Lhe wall sample 1s due to rhamnose and glucose which prod
absorption maxima 4t 400 nd 410 mp respeelivels ,

‘The Wdoheptose was only found in mimimal amounts 1 bvdrotsst .
of the protoplasm fraction of the hacteriil cells (the supern stant num
following the first centnfugation of the crushed suspension) and wl{’nr
not be dctected 1n havdrolvsates of the unmoculated medm psed
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DISCUSSION

The difficulties 1n obtumng a distinel cell wall Iayer in the density
gradient tube and the varymg, resulls obtained by the quantitalne
analyses indicale that the undigesled walls were rather helerogencous
and crude preparabions On the other hand they were frec of nucleie
acid

Discrepant fijures for cell wall lipid were obtatned by cther extrac
tion of havdrolysed samples i prelimmary expersments and by ¢slima
Gion through the determination of carboxylhic acid ester groups This
may 1n part be due to some hydrolysis of the lipid with loss of certun
sroups by the first mentioned melhod The micromcthod of Snyder &
Stephens has been used with success 1 quantitatine exannnations on
endotoxans (7) but as far as I know has never heen used for debermima
Lion of imds m baclenal eell walls The possilnlity that s method
neludes groupings 1 the complicated cell wall structure other than the
Iimd eslers cannot he excluded

Wilh the above rescrvations m mind 1 s nesertheless safe to con
clude that the walls of the struns exanined in wldition lo the cell wall
tlvcopeptide or mucopeplide contain hoth polysaccharide prolein and
hipud
The 4 ralion of 4n 1ldohept n the walls of the fdamentous
orpamism 15 mteresting Aldolieptoses have up lo now only been found
as constiluents of polysaccharides extracted from Grim negaline bie
fena The heptose found i the filamontous org imsm 1s wilhoul doubt
Tocated 1 the ouler part of the ceff wall It could be removed 1imost
qumtitativels by treating whole cells with trypsin and this did not
cause anv gross allerations in cell morphology  Similar treatment of
the 1solated walls removed 1n addition lirge 1mounts of protein and
Iipid (ef Table 3) 1 arpe amounts of protan and lipd logpcther with
smaller amounts of polvsacchande were 1lso removed by troiting the
I buccalis cell walls with tryvpsin Thns indieates that the fibimentous
orpmsm and I buccalis may contain i outer hpo protein Diser con
neeled with some polvsaccharide

The finding of the same amino 1c1ds m el walls of the filimenlous
organism as i [ buccalts strenglhans the view pul forward s e
previous paper thal the filamentous org mism represents o now feplo~
trichia species This view 1s not challenged by the demonsiration of 8
Aifferent sngar pattern sn the walls of tht two species \umerots
sludics on cell walls have shown that the pattern of smino acuds tendt
to characterize t1xa hi her than speetes and that the nature of fhe
sugars (and amino sugats) chinrctenizes specics "

1t w15 haped that the chameal charaetenz tion of fhe 1sal tled of
walls alsn would proside mformtion on the clssification of the ;,rn'"'
I eptotrielna Muost authors are now pt to icludc s ponus in il;
famils Laclobacilacear inbt Lactobacilleae (5 12) The isulation 0
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endotoxic ipopolssaccharides from L buccalis (1 6) raises doubts
about this stew The finding mn the present study of hmd and a low
amino sugar content 1 both undygested and trypsin treated walls s 1
a.reement with previous studies on cell walls from Gram negatine
species The demonstiration of a few major amuno acids in the trypsin
treated walls however points more to the Gram posihive baclena Lipd
15 known to oceur 1n mycobacterta and corvnebactenia and has also been
found occasionally 1 cell walls from streptococel (8) The very low
ammo suyar conlent may to some extent be due to mcomplete hydro
Iysis in the Rondle & Worgan s reachion (4) Further studies 1re needed
to clarify Lhe taxononucal posilion of genns [ eptotrichia

SUMMARY

The chemical composilion of undigested and trypsin digested cell walls
from an anaerohic oral filamentous orgamism and from Lepfotrichia
buccalis have been compared Undigested walls from both orgamsms
contained polysaccharide protem nd hipid The walls from the {wo
orpanisms contamed the same amno aecds Glucose and smaller
amounts of galactose were found m I buccalis cell walls and glucose
rhamnose and an aldoheptose possibly D glvcero D galacto heptose 1n
the walls of the filamentous orgamsm Treatment with trypsin removed
treat amounts of protein and lipid from the walls and 1 addition all
the heplose found in undigested walls of the filamntous orpanism
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SEPARATION AND PARTIAL PURIFICATION
OF THE SINTH, SEVENTH AND EIGHTH COMPONENTS
OF HUMAN HAEMOLYTIC COMPLEMENT

By
U MiLssov
Recerved 6 i1 67

Recent work has resnlted in the resolution of the classical third com
ponent of haemolytic complement nto six factors (Melson ef al 1966
Wellensieh & htewn 1964 Viiller Eberhard 1965 Nusson & Wiiller
Eberhard 1966 Polley & Muller Eberhard 1966 b) In accordance with
1 recently proposed nomenclaturc (Complement W orhshop La Jolla
1966) they will here be designated C3 €5 C6 C7 8 and C9
€3 and €5 in {hus sense are analogous to B¢ and Fr-globulin re
spectively (Nilsson & Muller Eberhard 1963)

The main purpose of this paper 1s to report a procedure enabling
separation and recognition of C6 €7 and C8 as indiidual factors
The distibution of C6 €7 and C 8 1n fractions ohtamed by a recent

procedure for 1solating €3 and C5 (Milsson & Vuller Eberhard 1965)
will also be descrnibed

MATERIAL AND METHODS

Slarting malertal The euglobulin fraction was prepared from fre h hum n serum
after dialysis against a low 10mc strength FDTA buffer as descrihed by Polley &
Mhller Eberhard (1967¢) In brief the procedure compnses the f ilov ng steps
2) extensne dialysis of approumatels 1000 ml pooled fresh ecrum { m four
ndn sduals sgainst D 003 M EDTA pH54 b) separation of the pr o1 td euglobu
lins b3y of the p ) eareful
washing of the precipitale in the EDTA solution of pH 64 \Me=00" 1; dissohing
of the precipitate in 20 ml phosphate buffer pH 20 M =00 t2 n ng 800 mg
of NaCl o) ultracentrifugation far 1 haue ot 26000 X G rd © L rematve the
bulk ot the lipids by flatatian

Trrethplaminoethyl (TEAE) cellulose chromatography va 1 rf m d as describ
ed earlier (\tlsson & Wiiler Eberhard 1965) with some r it at 0 Approxima
tely 400 ml TFAY cellulese packed ina3x70em lu 2 »  cqulbrated with
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803 M sodium phosphate buffer of pit 81 The euglobulin fraction was dialssed
agawst the same huffer hefore application The elution pracedute comprised a) an
imtial washing step with 1000 m} of 003 M sodium phosphate hutfer pit 81 by a
gradient of i g salt and pH The gradient wss pre-
pared sn an open conc sphere ssstem consisting of a 1000 ml round fash s 2 aus
ing chamber ond n 500 ml Ehrlenmever flash. The flashs were connected by a
siphon Imtialls the round flask was filled with 003 M sodium phosphate bulfer
pH 81 and the Fhrlenmever flash with 022 M moncbasic sodium pho phate ¢)
wa hng with 500 m} 025\ monobasic sodium phosphate and dy a washing with
800m1 07 M NaCl 1n 02> M monohasic sodium § hosphate

Hydroxy! apafite ch, t by was performed to the of
Tiselins et al (1936) As descrihed previousls (Nidsson € Maller Fberhard 1965)
sodium potassium phosphate buffers of pH 79 and of stepwise increasing concen
tration were wlilized 1n the clution procedure Buffers of <mitable coneentrations
as measured bs their specific conductance per em at 23 C, were obtatned by mituing
appropriate volumes of 007 M sodium phosphate and 065 M sodwm potassium
phosphate of pH 79

€6 C7 and C8 were sepavated on 200 mi of Joosel pached hydroxsl apatite in
425 X 40 em column The adsorh was waith buffer of &
conductance of 6 millimhos per em and a pi of 79 Fractions containing C'o €7 and
C 8 obtamed by TEAE - cellulose chromatography were pooled and applied as such
onto the hydrox+1 apatite column This pool had a conduclance of approvimatel
§ millimhos per cm and a pH of 75 to & The eluhon procedure comprised four
subsequent steps of 600 to 800 ml phosphate buffer of a conductane of § 11 12
and 13 milfimbos per cm_ respectinely

For the separation of C3 and G5 400 ml of loosels packed hyvdroxil apatite fn 3
3 X 70 em column svas utilized The adsorbent was equilibrated with a phosphate
bulfer of a conductance of 8 millimhos per em A pool containiog €3 and o
oblamed by TEAF chromatography wwas applied without preceding coneentraticn or
dialysis Its conductance was in the vieinity of 7 miflimhos per cm and its pfl
around 7 5 FTlution was done 1n four subsequent stcps with 680 to 800 mi phosphate
buffer of a conductance of 8 17 13 and 115 millimhos ber cm respectnely

The entire scparation procedure was performed at +4 € As an ad htional pre
caution to prevent nactnation of the factors duc to baclersal growth all buffers
wbihized d 5% 108 \t chlor Furthermore all fracti ns were
passed 1firough mifligore fifters (O = 0 §o &) Hefore anv of the chromatographic
separation pro cdures concentration by ultrafiltration or torage at 44 C. Since
chloramphenicol af high OD so was preseat in the buffers protein analisis was
performed with the Folin methed

Disc electrophoresis was performed sceording 1o Datis procedure 119641 Exqual
aliquots of cach preparaticn were separated simultaneously on two p Mhacrilamide
gel calumns One of the gels was statned for protein the ather was cut 1 0 1 ¢
scements which were carefull) minced in 05 ml gelatin veronal Tuff r (Mayer
19€1) The cluates obtaned in this wav were analssed for haemol i acthity

After correction for the difference 1n size of the stained and unstained gel  haem =
Jsbe activity of the egments Wax cortelaled with the protein bands { the stamed
gel

Preparate o electraphoresis way performed en Pevikon blocks acec rding ta Willer
Fherhard (1960) t

Sucrose density gradient ultracentrifugalion was {erformed according t Aol
(190)

Haemolytie assay techmiques cronal buffered saline containing 61 per st

gelatin (Difco) (Maper 19613 gelatin vcronal buffer was utilize! as dituca!
TACIa4 "a3 cells were prepared as described previoush (Vifsson € slnllnl
Fberhard 19672} This ccll antihol complement complex contains an h(‘(\l:d
form of C9 which is approximately 10 times morc active than the n o exfdis
frrm of the fact v (f olleg & Mitller Fberhnrd 1906a) Hacmolytic as avs were 0o,
formed in an 05 m) reactim volume ¢ ntaining 5 X 16 1 ACTa 4o 23 ccliy 2
T4 in 001 \ concentration

B s s merevined in human crum diwic11 80 presfonst ""‘"",',,"J’
€3 €4 and €5 acti ity | ¥ treatment with 1 30 RONS (Hafmasto € Halfer ralw“"
1976) (76 C 4+ CR and (‘9 were a saved in mixtures of punifict rnmh"’;:""' ;,"m,
the factor as & ed Ior [°6 was slso mea ured ) recon tuli n of 6 1
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rabbst serum ss described previously (Yisson & Miller Fberhard 1960 Rother et al
1966) Highly pursfied human G9 (Hadding et al 1966) for haemolytic assavs was
Lindly supplied by Dr U Madding As a qualitatise screening procedure aliquots of
chromatographic elnates Were tested for reconstituting activity of haemohyir lest
mixtares deficient m single complement companents Haemolytic assay procedures
were also utilized for quantitation of “5 G'& C'7 and C'8 1n serum serum fractions
and punified Purlfied in aliguots 2 per cent
human albumin (Behringwerke reinst ) frozen in liquid \ and stored at —70 C
served as reference material Each reference preparation was assigued am arbitrary
number of units per ml For each determination the unknown sample and a freshlv
thawed aliquot of the appropriate reference were diluted in twofold steps The
haemolyti actisity of both was determined under jdentical condrtions in the desired
test svstem The number of arlntrary wmts per ml of the unknown sample nas
derived from the relationship hetween the amounts of the test and the reference
samples g ving 50 per cent haemolvsis

RESULTS
Partial Punfication of C6 C7 and C8

In addition to the bulk of the C3 and C5 (Vilsson & Vuller Eberhard
1965) the cuglobulin fraction of human serum was found to contan
approximately 90 per cent of the C6 15 per cent of the C7 and 40
per cent of the C8 haemolytic actinity present in the eriginal serum
pool The degree of purification obtained by euglobulin precipitation
was approximately 25 4 and 15 fold for C 6 €7 and C8 resp-ctively
In spite of the relativelv low vield of €7 the cuglobulin fraction was
consdered a suitable source of C6 C7 and C8 as well as of C3 and
C5 since all fine factors could be 1solated from the same starting
material As described presiously (Vilsson & Wuller Eberhard 1960)
T AE cellulose chromatography was useful as wn intermediate 1sol 1tion
step for the two last mentioned components This procedure was also
found (o enable the separation of 1 portion of C6 €7 and C8 from
C€3and C5 A separation of cuglobuln by TCAE cellulose chromate
grphy 1s illustrated an Fig 1 The bulk of the IgG of the euglobulin
prepatation was eluted 1n fractions 10—25 1n the 1nitial washmng step
The protein eluted in fractions 160—200 at a pPH of 68 to 63 and at
a conductance of 6 1o 76 millimhos per ¢cm has previouslv heen found
gb;::::nlslgg)lm” of €3 Co and fiy globulin (Mudsson & Maller
Assay of the eluate for haemolytic activities reealid ¢/ and C8
m fractions 30 to 200 C6 emerged 1n fraction 142 at 1 H 79 and at
a conductance of 54 millimhos per em and traled nto the area con
taiming, €3 and Co As demonstrated by Hadding «t al (1966) C9
w1s eluted late largely separated from the other camplement com
ponents \lerial switable for the further separation ¢f C6 C7 and
C 8 ws obtained from a pool of fractions 60 t¢ 160 tpool If Fig 1)
This matenial was frec of €3 Ca and €9 1 uaty and was separated
from the hulk of unrelated proteins of the (ugtobulin fraction 4 pool
of frachions 167 10 197 (pool IV Fig 1) w s seleeted for the 1solation
of €3 and Co 1n the way desenibed proviously (Vilsson & Vuller
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Fig 1
Distribution of C3 (*5 C6 C7 ( 8 and €9 in cuglohylin fractions after chromato
graphy on TE AE-(ellulose Gradient started at fraction 50 fcllowed by washing
with 0% M NaH phosphale at fraction 190 and by 07 M NaCl tn 025 X Nall phos
phate at fraction 240 The protemn elution pattern 1s grien in the top dsagram The
distribution of complement component activities is recorded in the three lower dia
grams Roman figures 1ndicate pools prepared from the elnate as discu sed In the
test Pool II was utilized for the further separation of C6 €7 and €8 110l I for

the further separation of (3 and (5

Eberhard 196>) The amounts of C6 C7 ind C§ of pools Il and n
n relation to the totnl yield of these wctivities m the chromatographic
cluate (pool ==V Fig 1) were estimated Pool I contuncd 40 per
cent of the C6 C7 and C8 rwctivities respeetinely Pool TV caontnned
50 per cent of the €6 actnty and 30 per cent of the € ¢ nd €3
actinabies

Hydroxi! apiite chromatography was utilized for the further sep?
ration of C6 C7 and C8 (Fi, 2) The column was cquilibrated with
a phosphate buffer of pH 7 9 and 4 conductince of § mutlimhos per cm
Pool 11 (g 1) was concentrated by prossure diidvuis 1, upst the
same buffer and subsequently apphed to the column I lution \\-'n
performed 1n four subsequent steps with phosphite buffcrs of pH 79
and of stepwisc mcreasing salt concentration Following spphe ion of
the matunal the adsorbent w18 washed with a buffer of 2 conductince
of 8 mullimhos per em Some protem unrelated to the complement
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Chramatographic separation of C6 C7 and C8 on hivdroxy! apatite The protein

(Pool Il Fig 1) was spplied jn phosphate buffer pH 79 conductance 8 mulli
mhosjem It was eluted stepwise by buffers o concentrat

The cluate was analysed for protefn ( — — ) and for cs (D -
c1(® ®) and CB (A A) actnits

activities was removed an this manner After the mutial washing step
€7 activty was eluted at a conductance of 11 mullimhos per cm and
C6 at a conductance of 12 millimhos per ¢m 1 well separated areas
The man part of the C8 actraty was eluted at a conductance of 13
mlhmhos per em Traces of C8 also occurred m the later parts of
the €6 area

Sutable fractions from the chromatogram contuming one of the
components C6 C7 or C8 without any measurable admixture of the
other two were useful as sources of C6 €7 and C8 respectively Lysis
of CACfa4 »2a 3 cells required all three of these factors as well
as C5 and C9 Onussion of any one of these five complement com

Ponents from reaction mixtures contaming F4Clad 3213 cells re-
sulted 1n non lytic systems

TABLF 1
Separation and Partial Purifrcation of C'6 G7 and C§

Step 1 of from fresh human
serum dialysed against 0008 M
FDTA of pH 54

Step 2 TF4E-cellulcse chromatogray by PO Fuffer gradient elulmn (003 M
pH 81 to 095 M NaH D

Step 3

Hydroxyl apatite chromatography  PO; buffer pH 79 stepwise clution

{conductance 6 11 12 and 13
millimhos per em)

1t was noticed that C7 was eluted to some extent by the starting
buffer of 4 conductance of 8 millimbos per em (Fig 2} Therefore 1n
Inter experunents applieation and nihial washing of the column were



472

}

2 g Voo

e 1 Jripd

g .—, o M . wth

= 1000} LR

z 125 1B

£ 0600

o 15 {6

20200}

& 5 ¥ - -r - 28
W .

2w CE4k o5

‘E t

PO} ;}"""‘"

- 0l sl Y,

S o ~

= £ h

2 100 Y "

H ts

= g

E

g

& 50 100 150 200 250 300

frathion Number
Fig 1
Bistribution 61 €3 €5 €5 €7 €8 and €9 in cuglobuiin fractfons aftcr chiremato
grathy on TFAl.celulose { radient started ot fractlon 30 fcitawed by washing
with 625 X NaH phasphate at fraction 150 and bs 6 7 AL “aCf fn 0 %5 3f Nall phos
phate at fraction 240 The protein clutlon {allern §s gnen in the top Hagram The
nof setivities 15 recorded in the three foser di2
grams Roman figures indicate jools prepared from the cluate as dy cu sed in the
text Taol ff was utflized for the further separation of ( € € 7 and € § fonf 3 L £
the further separation of C3 and { 5

Fhechard 1965) The amounts of £6 C7 angd €8 of pools H wd IV
wn refation to the total vield of these actssstses 1o the chrom sographie
ctunte (pool I—V iy 1) wire estimated Pool H contuned 40 por
cent of the €6 €7 and C8 actralies respeetnely Pool 1Y contatned
50 per cent of the C6 achnity and 30 per cent of the ( ¢ wd 8
wctivities

Hydroxs] apahite chramtography was utthred for the fusther sepd
riion of €6 C7and €8 115 2) Fhe column was equuhibrated sth
4 phosphate huffer of pH 79 and a conduct ince of & multunhos por O
Pool Il (I1g 1; was concentrded by pressure dindvers 1 anst the
same buffer and subsequentls apphied to the column | labion was
performed i four subsequent steps with phasphate buffurs of plf “:
and of stepwase tncreasing sait concentr itton Collowsing appheation B
the matersal the adsorbent was washed with a huffer of » rﬂﬂ"‘"““‘:
of & mutlmhos per cm Seme protemn unrelated 1o the complemen
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Chromatographic separation of C3 €5 and Ay globulin on hvdroxsI apatile The
protein {Pool IV Fi) 1) which also contmned €6 C7 and €8 achr 1y was applied
in phasphate buffer pH 79 hos/ he major protein con
stituents of the material C5 By globulin and C3 were eluted 1 fractions 56-70
fractions 100-125 and jn fractions 150-200 respectively as indicated I3 the protemn
cune { — — ) The distribution of C6 (1 — ~ [ (@~~-®) and C8

A) 1 the eluate was determined by haemolvtic assav Fractions 56
through 70 were utilised for the further separation of C'5 by preparative electro

phoresis fractions 150 through 200 for the separation of C3

punified further by hyvdroxyl apatite chromatogeyphy (Fuy, 4) G 6 wnd
C7 were eluted together well separated from C3 and C» The C8
activty largely overlapped with C3 Thuis contammnation prompted an
additional purification of C3 by preparatine clectrophoresis As 1llus
trated 1in Fig 5 C3 and C 8 could be separated by this method

L "
0803 CHES
s [ ey
= 0600 15 =35
Zoa £ 50 52
3 T
So200 25 ES
£ 2

[ CIN [ NS | T [ R 1 ©

Fraction Number
Fig §
Separation of C3 ani C8 (from fractions 150 th  gh 200 Fig 4) by means of
preparative ele trophoresis 1o a Peyikon block 4 tarbital buffer pil 86 jomic
strength == 005 was utilized The voltage gradient & 35 V/cm and the separation
was cartied out for 71 hours Applicalion indical d by a o% Anode to the right
C8 (. A) represented as acthvily €3 )} as protein \o protemn cor
responding Lo the distrbution of the €8 activ 13 Was detected by the Folin method
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C 8 migrated nodally ns a fast gamma globulin completely separaled
from €3 in an area where no protein was detected by the Folin method
Partial overlap of €3 and C 8 activity occasionalls occurred owing to
some fast migrating C§ iwchivaty but the man part of the C3 area
was always free of €8 achinaty €8 1solated 1n this manner was found
to become completely inactive within one to three days at +4 C when
mamntaincd n the barbital buffer

Estimation of the Degree of Purily and Physicochenucal Characlent
zalion of C6 C7 and C8

On a weight basis the punfied fractions of C6 C7 and C8 were
1100 2400 and 200 times more actise than whole human scrum when
assaved speeifically for the activty of each of the components re
spectinveln Similar eshimates on 1 preparabon of € 5 obtamed according
to the previously described procedure (MNilsson & Muller Fberhard
1965) mdicated a 1409 fold mcrease of the speafic € o actinaty

By phy 1l and logscat enteria the €6 C7 md €S
preparibions were heterogencous Immunoclectrophoretie anatysis of
approximately 50 fold coneentrates of the three preparations utilizing
potent antysern agminst C3 €35 By globulin TpA globuhin wnd whole
human serum revealed an IgG contamination of all three preparations
In additon €6 and C8 were found to be contiminated with fia
globulin and € 7 with g,y globulin

Disc electrophorests of equal ymounts of the C 6 and € 7 preparafions
(approx 6 g protem) mn acrivlamide gels and 36 pp of the € 8 pre
paration revealtd that all three preparations were heterogcnous In
addition to more slowly mugriing protun iwo distmet proton bands
were dutected 1 the C6 preparation (Fig 3) The Faster and larper
one migrated 1t 1 rate charactenistic of the g,a plobulin The smaller
one which nugrated slower comeided with the C6 actine malernil
cluted from the corresponding unstained gel C7 actialy wos cluled
from an area corresponding mamly to the stower one of two closely
situated protun bainds Protem which migrated more slowly thw the
( 7 actine malerinl was also visible Analysis of the €8 priparation
by wenvlamide god cleetrophoresis resedded mulhiple protan bainds o
haemols tic activats was recovered from any rogron of the corresponding
unstuned gl

Analvsis of the distnibution of the €6 €7 wnd €8 achimbies upat
sucrose density gradient ultracentnfugation ind by Pevihon bloch elee
trophoresis in barhat ol buffer pH 8 6 and wnic strenpth 00> fumnhﬂ{l
some prchmimary information on the physicochemeal properfies o
the components Analvas of the purnfied fractions showed 1 sedt
meatation rate of 5-6 S for € 6 and C7 and of 8-05 for C8 llcclﬂ:—

phoreticath G 6 1nd C7 were slow B plobulins The C8 aclivily m
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Euglobulin
3¢5 C6C7C8
TEAE cellufose
chromatography

C6C7C8

Hydroxyl apatite Hydrexyl apahte
chromatography chromatography

@ 0 o

Preparative electrophoresis
»
Fig 6

Outline of the separation procedure for €3 Cv €6 C7 and C'8 of the human
complement system Aslerishs 1ndicate discarded fractions

grated as a fast y globulin  but occaswonally extended into the slow
B region

Fxperiments with heat mactination were performed with punfied
fractions of C6 C7 and C8 After 30 mnutes at 56 C in gelatin
veronal buffer C 8 was found to be completely and €6 partially mac
tnated €7 aetivity remained unchanged

DISCUSSION

The procedures for the 1solation of C 3 and C o in hiphly hemog neous
form was described 1 a previous communication N [ 1 & Vuller
Eberhard 1965) In addition a factor of the complemunt m desig
nated C 6 was rceognized and separated from C3 » u ( 1 partindly
purified form

"The present paper deals wath the further punf caticn ¢ the friction
possessing €6 actisily and the separation ot ts» aaditional com
ponents of human eomplement €7 and C & from us matertal The
separation procedure which enabled the recopnition of these three
factors as individual componcnts 1s based v th  j reviously desenbed
method for punifving C3 and C5 The two mifinl steps of both
procedures comprised the preparation from human serum of 1 cuglo
bulin fraction which was further punificd by TT'AE-cellulose chro
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LETTERER SIWE DISEASE

A Survey and a Review of the Course
i Two Subchrontc Cases

By
hARE MinoLy GeorGe Rrrp and hnup ERIh SJoLis
Recened 8 vur 68

Lelterer St disease has been defined as a distinet pathological entity
within the group of proliferatne reticuloses In 1924 Letferer (14)
described the first case 1n a paper entitled  Alcucamische Reticulose
e Beilrag zu den proliferativen Erhranhungen des Reliculoendothe-
linlen Apparates  Suve (28) gave an account of the chimical course and
the patho changes He ch d the disease as a hyper
plastie reticulosis of a non mfectious nature Abt & Denenhol. (1)
named the descnibed nosologic entity  Letterer Suve disease

Our knowledge of the disease ongimates almost exclusively from 2
preat number of casuistic reports These reporis m addition to demon
strating the continual occurrence of the disease 1llustrate the numerous
difficulties n the differentinl diagnosis between both bemign and
malignant diseases of the reticulo endothelial system  Among the latter
there 1s reason to pomnt out 1) Inteclmus reticulosis 2} aleukemic
monocytic ) 3) aiffuse reticul and 1) cosino
philic xanthomatous granulomatoses of the l) pes eostnophilic granu
loma of bone and Hand Schuller Chrishan disease

Climeal and pathological expenence gained from work with the latter
granulomatoses led to the view of their relationshup with the general
reliculosis of the Letterer Siwe type This found expression in Lichlen
stetn's (16) ntroduction of the generic term histiocylosts 3 compris
g the eostnophilic granuloma of bone Hand Schuller Christian dise
ase and Lelterer Suve disease Lich based his concl on the
transitional forms described

Though this view obtained extensie recognilion a few workers have
raised objections to such a simplification Supe (29) stressed that the

athologist 1s only able to find different pathological changes within the
same reticylo-endothelial system  he 1s not therefore justified in con
cluding that these sndicate different stages of the same disease and
cons quently a comman pathogenesis Qtans (23) supported Sine s view

N acTaramL 70 4
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and emphnsized the great difference between the clinieal manfestations
of the diseast The cosmophitic granuloma presents aitself s a loeahized
sranulomatosis runming, a predominantly bemign course whereas et
terer Siwe disease 1s 1 diffusc reticulosts of loxie charcter senerally
runming an acule or subacute lelhal course

The object of the prescnt paper 1s a delasled account of the symp
fomatofogy course and morlid findings 1 two typical cases of Tel
terer Siwe disease Lhus patholoaical entits having been doserthed only
once by a 1) imsh wriler within the past ten vears In addition we hwe
desired to pont out the continucd evistence of the classical general
and chicfly non ipd pathological pcture

RFPORT OF CASES
Patient 1 (81 4 Dept of Path Stanford Un ersily Sehool of Medicine
No 3F 199)

A 4 month old bov There was no farmhal predisyosition His father was a farmer
His mother a 19 year old primipara (housewife) had been extremelv nauseated and
vomited several times within the first trumester of pregnaney  she gained about 7%
kg duting pregnancy The 1nfant was born at term in a bospital Delners was un
complicated birth weight 39 ki The infant and mother were discharged threc days
after deliners

The mfant was born with a drv sealy exanthem of the scalp and face At the axe
of two weehs he began to vomit this continued despite repeated changes In the dict
The exanthem began to spread at about the age of 2 months to cover the whole
b dv including palms and soles of the fuet two months later The skin became
ncreasingly brittie and hled casily Duning the first 3% months the infant gained
15 kg he then Dist weight and was referred to a dermatologist Three skin hapsies
Ted to a diaghosis of histtocytosis At 4 months ¢f age the infant was admitted to
the hospital with a diagnosis of histioeytosis \

Ceneral state on first alnussion —The patient sas small well devel jed and ex
tremely arratalle Weight 53 kg height 66 cm BP 70/50 pulse 170 re plrnll(ﬂ‘
20 The shin was dev with a diffuse scaly eryth h mo t
on the scalp face trunk and arms Otolgic examimation revealed a vellow greed
discharge in the left auditory canal the left tympanic membrane was nct visible
The right suditcry canal apd tympamie membrane were normal The 1] eolar ridges

f the cral cavits were grey and 1 mittle The lungs and heart were normal The hiver
was palpable 2 cm Fclyw the right costal margin and the tip of the fleen bclov\‘
the Ieft costal margin There were bilateral hyvdrocele and a reducible rizht inguinal
hernia The cxtremities presented nc changes Neurological examinati n was un
remarhable \

Iaboratary Tests —Hemaglobin 109 g per cent humatoerit 34 per ent Ton
c3tes 17000 including 54 rer cent Teuhocvtes with segnente ! nurlar and 40 Wit
rod shaped nuclel \ficroscopy of urine hawed a few crythr cvtes and lcuknr\hl!t;

\ ray Frapunation —The lungs dem nstrated diffuse infiltrative procusses whic
were interpreted as reticulosis of the lung tssue \ ray of the shull dischsed de ;:u:‘
tive proces es in the left parietal sphere and in the right orbital re [ as “‘“’
questionable changes in the left occipital region The remainder of the sheletal
tem showed signs of destrnetio n sup ertorly in the right humcrus st

Treatment and { ourse —Treatment ecnsisted of local skin (herapy The eriels
were washed away with Fhisnhex soap [n aldition spplicatims of ullt‘){l: !.nnl
sulphur precspitate sintments and Synalar were used little effect was nd:“-ﬂ g
Cst toxic therapy with Velban was In tituted tentativels in intravenow tter fire
1-2 mg per kilogram of hody weight The treatment was discontinued .lhe sin
weeks because the child s ¢ nditfon had deteriorated with aggravation of Mg of
leslons_progressine enlargement of the liver and syleen progressive snellnf )
lymph nodes aggravation of the gingival affection Joss of welght ant Inertor
Trritability 1lis condition was further comi licated hy scule dlarrhea and ¢
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dehydration which was treated with intra(nous fluids including human ylasma
He deseloped an urioary tratt infection by Eschert hia and Proteas which was
d by erapy | inflammation was noticed in both
cars with bilateral otorrhea irem which Fscherta and Pseudomonas were cultured
Iaboralory ftests during stay ta hospital —Durmg the Velhan ireatment the
thrombocyte count remained normal but the hemoglobin level fcdl to 74 gm per cent
In the course of the recutrrent infections the leuhoctte count rose to a maximum of
95,000 and never fell below 4000 Blo)d urea mtrogen remained between 17 and 15
g per cent. Alkaline phasphatase and SGOT rose transitorily but fell again
Aft r 53 days in the hospital the infant was discharged for contfnued treatment at
home with Synalar ontment mandelamine methionine and yvitamins as well as
pHisolles baths At the age of 6 month he was started on prednisone treatment in
doses of 40 mg dails One month later the skin lesions of the face and trunk were
subjected to X trradiation the total dose was 500 T The maculopapular exanthem
of the eptire trunk the scalp and the eyelids eleared somewhat and lvmph node
svelling subsided About one month later exanthem recurred on the abdominal skin
followed within 48 hours by somsting #nd a temperature rise to 305 C Al the same
time pronounced anemya (44 gm per cent) and thrombopenia (6 000) were notcd

The Liver and spleen increased 1n size The cluld vas rea tmitted at the age of 10
months

Ceneral state on 2rd admisston —The 1nfant was ancmic ani moderately mdis
poed BP 85/60 pulse 140 ion 30 313 ¢ d p

e
chiae were noted over the thorax A scbortheie eanthem was present hehind \he
ears on the eyelids and scalp and 1n the intertriginous areas The ears could not
be adequately examined because the slightest touch caused hemorrhage The Iymph
nodes were mildly enlarged The lungs and heart v ere normal The liver was palp
able £ em below the right costal margin and the spleen was felt 3 em below the
Yet! costal margin there was oo tendetne <

Zaboratory fests on 'nd almisston —The urme Wwas stravcoloured and cloudy
pH 50 no protein sugar or acetone mucroscopy 0-1 leukocdtes 24 uric acid
crystals Reticulocstes 34 per cent bilirubin 08 mg per cent total and 055 mg
per cent direet

Ternunal € ourse —On the second dav after admission treatment with packed red
#Inad cells was begun in doses of 10 ml/kg of hody weight A total of 117 ml were
transfused One of two bload cultures performed yielded growth of streptocacet and
the other was negative Pemaillin was given The fecal guatac test was negatine
#Xcept for two questionable reachions the day hefore death Despite transinsions
the hematocrit value fell to 14, per cent on the ninth hospital dav Sevents milli
Titers of packed red blood cells were transfused at that point the hematocrit rose
$riefly to % per cent but had already fallen to ™0 per cent within 74 hours From
th fifth day after admiss on increasing difficulty 1n breathing was noted togethe
With distention of the abdomen and edcma of the extremities as well a s leral
{‘Rundu‘(‘ The excessively Iow hemoglobin level raised the question of intraperstone 1

emorrhage Tran<fusion was resumed with fresh blood becaus of the thrombo
penia and the infant was treated with di talis duriag 74 hours heeausc of acreas
ng cardiac insufficiency

All treatment failed The patient s condition detcriorated rapidl
l}:spnea tachveardia and letha gy An over all < ray view of the abdomen disclosed

ascites but no of the Electrolvte 2 1y 13 the day

cfore death showed b ponatrermia The infant d 4 mssiop after
; oh nfant died one week afte 1ss108 Aft

w th increasing

tutopsy-—1iug 13 1963

Fiternal Framunation The body was that of a 17 month 11} 3 ith an Anemic
colar of the skin and diffuse hemorrhagic exaathern ma t p on unced on the tace
2nd trunk. The exanthem consisted of massive petechiae and or lomerates of small
rel slightly elevated ulcerations less than 1 mm d meter The texture and
elasticits of the skin Were normal The skull wa n mo phalle and the puprls
wcre round and equal There was mild faundice of the  lerae The ral cac ity pre
;c[m;‘d no changes Both auditory canals displa el a  alv uffection and puralent
ms; g::ﬁs Ans.?;t{nl;.sxm‘? rl‘:;mhlu;g solbm:l}.c.c d lma:]hsb“ as noted on the scalp

as symmetrical a
And atended “The exiernal Genttal a were mg il | o en e protuberant

n
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Internal Lxamination ‘The abdominal organs were in narmal pasitions The peri
toneal lining was smooth The peritoneal cautly contalned 200 ml of yellawish
fiuid There were no ns intestinal o} e b The tiver edge
reached 3 em below the night costal margin Bilateral inguinoscratal hernfae were
seen

Therar The mediastinum presented no changes The thymus wetghed § grams
was of butlery consistencs and yellow Petechiae were seen an the cpleardiem and
on both pleural surfaces most pronounced on the diephrazmatic }artion af the
plenra There were no adhesions and there was no fluid in the pleneal can ity

Cardiovosenlar Systesn The pericardral catsty cantained a smatt smonnt of fiuhd
Petechiae were seen in the pericardium snd on the surface of the epicardum The
transserst diameter of the hear! was enlarged The ficart and ungy weighed 125
grams The larye sessels arose sormalls There was moderate conrctation «f the
aorta 4 fon seattered pechymoscs were noted in the Frdocordimar The vabves and
o;(ia were normal The foramen ovale was closed Coronary arteries presented no
changes

Respirotory System The largns trackea and branchr showed no obstructlns The
arteriel and «enous systems were narmal The fung tissue was Hght red firm und
contamed alr

i

Spstem The h was normal as was the gastrle mucosa
The pslorus mas patent The ining 2! inal tract includ effercat
biliary passages presented no zhmormahities

Twer Gelibladder Pancreas and Spleens The in er selghed 1200 grams Ity surface
was gormal Cut surface showed avcentnation of the lobular pattern the color was
Light sellow One of the Jarge iptrabepatic bile dusts was dilated and Diled with
green fhud The ripht kepatic duct wos firm and somesvhat fccegular The padidind
der contaned clear slaghth yellowish fluid samenhat dilated but the passage to
the common bale duet was free The pancreas was fiem and white and the cul sur
face was normal The apieen welghed 325 grams It way firm with s singk Zibraus
adhesion on the surface The cut surface was dack red and homogencous No Infare
fions or tumor masses were seen The weseateric Iymph nodes were greatly enfarged
and mediastinal end inguinal nodes enlarged to & Yesser degree The bone marrt
was red

Lropenital Systemt The Lefneps weighed 75 grame each Remaing of feted fobula
tion were scen an the surface The capsule stripped casily The tissue way rather
pole with stekate marking in the medulia The calices were somewhat dilated 1chies
were normal Both ureters were unobstructed The prostale seminal vesicies tesies
and epedt ipmre presented no gross changes

Fuadgerine Spstern The prtuitary bo I was not examined The thyref 1 bsseue way
narmal Mo parathyrocd was found The suprerenal glands welghed 3 gm cach and
were well defined The cut surface was very pale with a versy <light canteat of Jipid

Wusculosheletal System o grox changes were noted The lraln was r 1 exam
tned

Microsropic Examination (see slso Table 1)

The lustological changes were characterized 1v an extensive and yarying m{:‘I[t[n
tion by large histlocytex The celfs were round oblong ar spiudfe shaped Gh"’
vacuolated and eboul twice the size of narmal macrophages The pucler of 1 r:c
were often oblang rather light but with na signs of Increased asthvity 'I‘hut‘ 'ﬁoi
abundant cvtoplasm A definitely toamy structure was obscrved only lo the his

tic cells of the thymms
cyh\c llelc llesul few subeniocssdial extrayvazsations of blaod were seen The hf:‘):,
cartium showed fight diffuse tafiltration ty Jarge mononuclear and apindie shap
celly

The 1 essefs were normat

In the ther fatly smeuotes were seen chiefly peripartally (Fig 1) The m:r!lrl“ {;!
the Hrer cells varled In size and chromatin density There was mild bild hm‘ ‘:fm!c
feratfon and the bile ducts were filled with bile The sinusolls were \”"ﬂlltd
foeally primarily in the milzone Msny branches of the portsl \c!;: L r:’tn“" :
with histiwstes There was compression of the portal zones and tw; g
{issue seemed to be compact §ul not increased The largest hile ducts in
Tobe were ditated and fhled with bile

5§
The red pulp of the spleen (F3g 23 was largely filled with or reptaced 1y Rlstio
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TABLE 1

Ihstopathologicsl Findings

Pt 1

Pt 2

Histiocy tie 1nfiltrates subepithe
halky 1n the corem Loeal in
vasion of the epidermis 4 few
foam cells Focal haemorrhages

Slight focal fustioeytoms 1n the
corium Focal ulcerations jn epi
thelum

ne marrow

Narro v cartilage columns Pro
nounced histisevtic infiltration
of the marruw with a few foam
cells and giant cells Very fewn
cosmophilic_granalocytes Ery
throphagocy tasis

Pronounced histioeytosis 1n the
matrew Fibrous tissue and large
foam cells in focal process 1 a
b

s

Stroma fibrous with a few ealer

eosipophilics No Hassall's bod
tes

Severe fibrosis with scatiered
colle tions of lnmphootes and
infiltration with histiocytes Fo
cal calcsfications No Hassalls
bodies Mo foam cells or eostho
phslies

eart

Moderate diffuse mterstibial
histioeytic nfiltration of the
mvocardium No foam cells or
eosingphilics

Massive anfiltrates of histiocytes
and faam eells In the loose con

nectine tssue and fat bissue
around the pericardium Hydro

pic degeneration of muscle No
eostnaphilics

Ditfuse listiocytosis m pleura
and 1n adventitia of the vessels
Focal histtoeytos s around the
terminal bronchioles Mo foam
cells ot easmophihics

Diffuse histioevtosis in pleura
and interstitial tissue No foam
cells or eosinophilies

hgestive
st

Diffuse hastioestosis 1a the sub
mucosa of the stomach small
imtestne  appendix and eolon
Histiocytes 1n subserosal tissue
of colon Nests of hastiveytes 1a
Peyer s plaques Foam cells ery
trophagocytosis but no edsino
pPhilics Ballooming degeneration
I plexus mventericus

Osophagns scattersd hustiocyto
sis 10 mucosa Focal histiocyto
sis 1n tbe appendicnlar sabmu
cosa apd subserosa No foam
cells ar eosimophilics Diffuse
histroeytosis of mucosa and sub
mucesa i the small intestine
Focal histio yte mfiltration 1o
mucasa dilfuse in submucasa
and subsero g of colon Degen
eration of gapglion cells

Liver

Peraportal fatty infiltration with
compression of the portal zones
Fibrosts of periportal areas Bile
duct proliferation intracapillary
cholestasis  Hisliocvies in the
portal senes No cosinophilies or
foam cells

Mass e periportal fatty wfiltea
tion H stiocytosis in the pent
portal spaces Many histiocytes
n_the portal veins No foam
ells or eostugphilics

Spleen

Ihstioertosts n the red pulp and
connective tissue A few foam
cells no cosinophilr s Ervire
phagocy tosis

Histioevtosis  erytrophagocyto
515 gant cells a few foam cells
Fxtramcdullary haemoposests
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Internal Framinalion The aldominal argans were fa normal pesftions The pers
toseal lining was smocth The peerfoneal emity contained 260 ml of vellonish
fluid There were na adhestanc tnal ob It The liver edge
renched 3 om below the right costal margin Biateral ingainoserstal herntae were
sen

Th rar The medastiaum yresented no changes The thymus welghed 6 grams
was «f buttery consbedeney and 3ellon Petechize sere seen on the epieardium and
on hath ylearal surfaces wmost pravouncid on the dlaphragmatie p rtinn of the
steura There were no adhestony and there was no fhasd in the plevral eavity

Cardisoascular Sgstem The pericardnl coviy contained a small amount of flud
Petechiae were seen fn the perfcardium and on the surface of the epleardin The
transierse dinmeter of the heart was enlarged The hesrt and lungs weighed 122
grams The large vessels arose normallv There was moderate coarctation of the
aarta A few seattered cechymoses were nofed n the Fndocardium The valies and
astia were normal The foramen ovale was closed Coronarsy arterfes presenied no
changes

Resprratory Spatens The Insyns trochea and bronchi showed no obstructions ‘The
arterial and venous 5 stems were normal The lirag tixsue was Mght red, firm and
contained aiy

Castrointestinal System  The esophagur was normal 2s was the gasinc mugeoss
The prlorus was patent The troinlestinal tract ineluding efferent
Inhars passsges presented no abne rmalitics

Frer Callbladder Panceeas and Syleen The fuer weighed 1200 grams s surface
was normal Cut surface shored accentvation of the lobular pattern  the cotor »as
lght vellow Oue of the large intrahepatic bile ducts was dilated and filled with
green fluid The right hepatic duct was firm and somewhat ivregular The galtblod
der contalned clear abighth yellowish fluid somewhal delate! Tut the passage to
the common bite duct was free The ponereas was firm and white and the cut sur
face was normal The splern weighed 320 grams 1t was furm wath » single fibrous
edhcsion cu the surface The ent surfsce was dark red and homogeneons o infare
tians or tumnr masses were seent The mesenterse Iy mph nodes were greally calarged
and mediastinal and Inguinal nodes enlarged to a lesser dexree The bone marron
was red

Lzogenitnl Spstem  The Ludneys welghed 75 grams each Remains of fetal Jobuls
tion were seen on the surface The capsule stripped easily The tissue was rather
pale with striate markiog In the mednita The calsces were somewhat dilated Pehes
were normal Both ureters were unobstructed The prostate seaunal vesi les testes
and eprdidimus presented no gross changes

Frdocrine System The pituiinry bo 1y was not examined The fhyrond Ussue was
narmal No parathproud was found The suprarenal glanfs weiched 3 gm each and
were welt defimed The cut surface was sery pate with 2 very shght content of Iipid

Vusculosheletal System o gros changes were noted The bramr was mot exam
ned

Vacroscopie Exanunation (see alse Toble 1)

The histological thanges were characlerszed by n extensive and varvsng mm;.ran
tion by large histiocytes The cells were round oblong or spndle 5hapcd[ ‘I’h E“
vacuolated and ehout teaace the size of normal mecraphages The nucles o ‘:“
were often obleng rather light but with no signs af tncreased activsty Tht;’b T

cytoplasi. & Ty foamy structure was observed only w the bisty
cytic cells of the thymas

In the kear! few subendoeardial extravasations of bleod wwer
cardium shomed light dsffuse infiltration by large mononuclerr agd spy
cells

The vessels were normat '

In the biwer fatty « acuoles were seen shiefly perpostally (Fig 1) The auclet o
the Inver cells varicd an size and chromatin denaily There nas mild bile hﬂt el:emk
feration and the bile ducts wers £:1led with bile The smustds were );1: fotted
focally primanly n the mid zone Many branches of the portal vem ‘"nnedi\t
with hustiocytes There was compression of the portal zones and the s
tissue seemed to be campact but not increased The Jargest bile ducts 1
lobe were dilated and filled with bile «

D'fh:red pulp of the splecn (Fig 2} was largely filled with or replaced by histt

seen The Yo
‘ot spandie shaped
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TABLE 1

Histopathological Findings

rtt

Pt o

Shin

Thstioc tic mfiltrates subepithe
Hallv 3n the corem Local in
vasion of the epudermis 4 few
foam cells Focal haemorrheges

Shight focal histiocytasls in the
corlum Focal ulcerations in epi
thelium

Bone marrow

Narrow cartilage columas Pro
nounced histioevtic mGltration
of the marrow with a few foam
cells and gant cells Very few
cosinophilic granulocytes  Ery
throphagoeytosis

Pronounced histisevtosis in the
marrow Fibrous tissue and large
foam cells in focal process in a
nb

Thymus

Stroma fibrous with a few calet
fied forr and many dispersed
istioeytes No foam cells or
eosinophihics No Hassalls bod
1es

Severe fibrosts with scattered
collections of Ivmphocvtes and
mfiltration with histiocytes To
cal calcificahions No Hassalls
bodtes No foam cells or cosine
philics

Heart

Moderate diffuse interstitial
istiocytic 1nfiltration of the
myocardium Mo foam cells or
eosiophilics

Massive infiltrates of hustiocytes
and foam cells m the loose con
nective tissue and fat hissue
arnund the pericardium Hydro
pic degeneration of muscle o
cosinophilics

Lung

Diffuse listiocytosis n pleura
and in adventitia of the vessels
Focal histioevtosis around the
terminal bronchioles No foam
cells or eosimophilics.

Diffuse histiocytoss . pleura
and jnterstitial tissue No foam
cells or cosmophilics

Digestive
system

Diffuse histiocytosis 1n the sub-
mucosa of the stomach small
intestine appendix and colon
Histioestes m subserosal tissue
of colon Nests of histiocytes in
Peyer s plaques Foam cells erv

trophagocytosis bhut no eosino

philics Ballooming degeneration
in plexus myentericus

Osophagus  seattered histiocy to
st 1o mucosa 1 ocal histioc to
515 1 the appendicular submu
e0sa and subsero 2 No foam
cells or eosinophilics Diffuse
histiocy tosts of mucosa and sub
mucosa in the small mtestine
Focal histiocyte nfilt ation in
mucosa diffuse 1 submucosa
and subse osa of lon Degen
eration of ¢ gl on cells

Lier

Periportal fatty infiltration with
compression of the partal zages
Fibrosis of periportal areas Bile
duct proliferation intracapillarv
cholestasis  Hist ocytes in the
portal senes \o eosinophilics or
foam cells

Masss pery ot 1 fatty inhltra
tion H e t 18 fn the perl
port 1 p ¢ Many histiacstes
i the portal vems “o foam
ells sinophilics

Spleen

Mistioe tosis in the red pulp and
conpectire tissue A few foam
cella o eosinophilics. Ervtro
phagocytosis

H tio vtosis  erytrophagocyto
s guant cells 2 few foam cell
Fxt amedullary haemoposests
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TABIF 1 (cont )

Nestsp sthotogreat Findiags

Pty

Pt g

Pancreas

Wistiocyte Infiliration In the ln
terstitial Hssue \a foam cells
ar caestno; Wlics

Many histlocsies in the eapsale
and jnteestital tissue n the
1zit an accessory spleen with
hlstlocvtes  No foam cells or
eosinophilics

hidaes

\umezous histiocvtes in the
small telos and Iymph vessels
\ focus of bistioevies in the in
ferstitial tissue o foam cells
or costnaphilics

resh infarct in the cortex Fo
eal histiocytosis ln the perspst
she fat and capsule

1 rinary bladder

Moderate focal subepithelial ac
cumniation of histioctes.

Suprarvenal
gland

Nistioestosis in the reticular
zone wnd round the velas in the
medutla. §ew foam eells 1hstin
<ytes in the surrounding fat

Tacat histiscytosis fa the eap
sule

Farathyroid

Diffuse infiltration of histio
cytes in faterstitial tissye aod
capsule No foam cells or cont
nophilics

Thyrold

Diffuse infiltration of histo
evles fn capsule and ronmrctne
fissue Mo foam cells or eosino-
phitice

$apophysic

Diffuse histrocytosis with foam
cells 1w posterrar lobe Grant
lama of foam cells 1 adeso
bypophysis No co snophibcs

13 mphnodes

Diffuse histwcytosis 1 smus
and eapstle No foam celis or
coslacphilics

Diffuse histioesty is in sinus
“a fosn cells or cosirophilics

Central
nervous sy stem

The fat surroundrag cauda cqut
03 contains Infiltrates of hustio
cytes with many foam cells o
cositophilics

istioevtes m the adventitia of
the meningeal vessels

Wdidic car

Crnnectve Ussue massuely m
filtrated bv hrstioestes and

cstes The histiocvtes vaned in size Some
with clear vacuoles while others contamned fragments of nucled -
of phagocytized ervthrocytes Vers few had foamy cytoplasm The white

many fnam cells No €osin®
phitics
Jasm
1 rather abundaat eytod’
and a small number

pulp avd

hages of necrases were seER

cuous Mo hemorr]
the Ivmphatic follitles were not conspseuo Belon the level of the £50

no by hishory tes

The

the submuessal 11

througn
phagogastric Junction hustiocyltes were scen scattered throug! Pegers plaques %€

ers of the slomach small infestine gollbladder and appendir
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Fig 1 Latty degencration of the i cr cells especiatl 1 th
Fig ® The Spleen Irregular infilt ates with histiogste i th red 111p 35 abserved

filled sith nests of hust o jtes and Iymphocstes Perst o 1 ling Wath accumula
tton of abnormal histincytes was seen focally

In mast 4l 1n areas (Figs 3 and 4) the basal laye fth epwdlermis v as intact In
some places the histine tes 1myaded the middle Ja © the epidermis but not the
granular and horny lavers Focal intradermal hem © have were seen jmm diately
below the ba al membrane

Peripheral cells in the glomerul: of the Aidney cont ned hyperchromatic nucled
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Figs 3-4
The skin The subepidermal part of cortm 1s massively mfiltrated with histioeytes
The infiltrate 15 continuous and band like

The tubules sere normal with mldlv vacuolated cells Numeraus Rustio yles were
scen 1n the thin walled veins and lymphatic vessels The interstitial tissue aud arte
ries were normal 1
The pleurae were thickened and contained a large number of Tistioevies sullﬂ"d
partly loosely alang the interlobar fissures partly in the arterial and vemous &
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The bone marrowVost of the myelaid bissue 15 repl ed |
Fibrous adhesion from the right pleura The tissuc 1s b« 11\ filirated nath

h stiorstes

histiocytes ad of few Iymphocytes and plasmacell Th 1

vlar septa are
similar thichened

ventitia Similar cells were al o found m focal a r ng ment around the terminal
bronchioles In the suprarenals histiocyles were pre nt n the reticular zone and
around the medullary velns No foam ¢ Hs vere s en The festes were immalure and

trophic The fibrous stroma of the pa icreas conta n d a number of hishiocytes. The
acinl and msular tissue were normal The fatty and onnective t sue of the thgmus
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was diffusely infiitrated by histicestcs Mo Ivmphatie Ussue way 1eft Caleihed foor
wire scen encireled by tibrous rings The Jalter were surrounded bv mononuclear
ccits No normal Hoassall's corpuseles were Ieft The columns of cartilagenous tissue
in the bone marrou were abnormally narrow The spongiosa trabecles in the bone
marraw casity were pormal The marraw (Fig 5) was fnfiltrated by histiocytes and
foer of crythropoid and myelcid tissue as well as megaharyocytes were seen in
some places The spinal cord was normal

Prteent > (RE Dept of Pathology Stanford Unmwersily School of Me liene
No 3F 19)

4 17 month old gir) No similar diseases were known in the family

Tregnanes and debinury were uncomplicated Iorth welght 26 kg The Infant was
souni and deycloped normally fn the first six months of Tifc She was able to sit
at the age af 5 months o erawl at 7 wenihs and 1o walk 2t 11 months

Her neight increased normally during the first sear of Bfe

When the infant was € moaths 6ld the mother ncted & naplan area dermatitis At
the same time _an cxanthem oceurrd on the scalp This did not respond Lo ¢rdinary
shin therapy Bth Jestons wore aggravated ot the sge of 8 months snd continued to
Te resistant to varicus forms of local therapy

Mt the age ¢f 42 menths the Infant was admitied fir a short time 1o snother
hosy ital where a diagnosis of histioestosis \ was made on the hasis of shin hiopsies
from the back and gemital region At the same time lLiver and spleen cnlargement
were diagnesed \ ray of the thoras revcaled o destructiy ¢ leslon In the left 5th nb
[fumoglobin 10 gm per cent feuhocstes 10 000/emm

Stersid therapy was instituted and the affected shin arcas v cre submitted to
superfictal X irradistion During the next two months henalog was gren ia dises
of 17 mg daslv  this was then replaced In Aristocart The trestment was cf ntinued
until her admission to the Stanford Lnuersity Medical Center three months later
During the same perfod different shin areas werce trradiated by a total of J630 ¥
At the age of 14 months her development had yegressed  she ceased erawhing and
doing other things laarned previousls Her appetite was declining and there was
intermittent nise of temperature UL eraticn of the extremities chronic otorthea and
polyphea were al<s noted

She was admitted to Stanfarl Medieal Cunter at 17 months of age

Ceneral state on nd admissi n —The fnfant was mafnourished Fulse (36 BT
90/64 rusparation 61 The scolp extubited sealy exanthem with blecding arcas The
skin of the baek displaved a drv seals exanthem and of the buttochs an erythema
tous moist exanthem fulateral mph node swelling was obscrved (n the neck
1 fividual nodes were enlarged up to 3 cm in diameter There was na axillary node
swelling A greemish discharge was natcd in both auditors canals The patient s face
was Cushingoid The eyes were normal The teeth were in extremely bad condition
The thorax was normal The liver was palpable 7 cm helow Lhe right costal maram
The spleen wa firm extending 10 § em J elow the Jeft costal margin The Fack and
extremuties presented no chanyes R

Labaratory tests Urinalvsis Pl ¢ 0 specilic grauty 1018 mere copy 1
ervihriestes and 4-6 leul ocytes per visual fiel] No sugar or proten Hemoglobm
67 #m per cent [euhocstes §000 6060/ Differential fod shaped lewhoc tes &
segmented liukocrtes 4D lymphoeytes 49 monocvtes 8 Serum electrolvies nor
mal Bilivubin 16 m per cent dicect 12 mg per cent totat Prathrombin tune pyef
100 per cent Bleeding ime 65 min Serum protemn 56 gm per cent Albumun % €7
per «ent  globulin 36 gm per cent Bone marrown aspirate  Histicevtosis and m|he
ervthroid hyperplasia \ rav of the bony sstem shiwed a destractise pra ess i f
Yeft fifth ub No other changes were noted 10 the sheletal svstem *

Course during stoy 1 hospital ~Of several Dlood cultures none showed grd </
of bacteria & wrnt sumple Grawh by suprapudic puncture was sterde Coaxn! h‘ <
nepatise staphylocccet were cultured from the shin and cars Excessive KW“‘ e
Pseadome nas snd Profeus v as dcmonstrated 10 the anditors eanals The m; o "
conststed of antibictics for the skin and ear infections as well as lacal skin [hert
)b the form of Svnalar shampoo and ointment and Cetar shampoo Burow s smn a4
was used for drying of the napkin area dermatits Pemesilin and Streptoms
not alter the course
\ften one & ech 11 the hosy ital the hemoglobin level fell to 49 gm per cent Trans
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fusion of 100 ml of packed red blood cells treatment for five davs with prednisone
i doses of 100 mg dailv continued X irradiation of the ailected skin areas and
treatment with Cytotoxan and Velban had no mfluence on the progressive conrse
The condition deferiorated two weehs after ad

tachvpnea and nereasing ascites. Death occurred 24 hours later dunag blood trans
fusion and after 13 months of illness Artificial respirstion and cardiac massage
were of no asail

AUTOPSY
External Exanination

The bod¥ was that of & 17 month old gur] Weight 75 k;, lensth 70 cm The scalp
exhibited ul an Jarlv g d sloy, the hatr Iine
Macerated ulcerations vere secn on the shin covering the trunk The ulcers measured
up to 05 ¢m in diameter Ulcerated areas were red and alternated with scatlered
petechiae which were particularly conspicuous over the npper part of the thorax
and lower part of the abdomen The pulia was edematous The shull mas normo
cephalic The pupils were round and equal. The sclerac were nat jaundiced. A green
1sh mucous discharge was found 1a both auditory canals and 1 the oral cavity The
postauricular and submandibular regions were moderately edematous The thorax
and the abdomen were of normal shape The lwer was palpable 3-1 fingerbreadths

below the costal margin The spleen was palpable The extremilies presented no
gross changes

Internal Examinatton

The Thorar the mediastinum was fatty The thymus weighed 6-8 grams The
tissae was firm and fibrous with streaks of vellow butterv tissue The mediastinal
Iymph nodes were not enlarged The pleurac were smooth The pleural canity con
tamned a very small amoust of serous fluid A firm fibrous adhcsion measuring

1x“, cm extended from the loswer part of the left upper lobe to the costovertebral
angle
o

system The p 18 ml of vellow s ous fluil
The 56 gram heart was not enlarged The large vussels arose normally The valves
were normal The foramen ovale was closed The wall was of normal thichness The
endocardtm presented no changes There was no fibrosis or fresh hemorrhage in
the wall The coronary vessels were normal Small yellow white 1atimal ylaques
were seen in the gorfa The arch was normal At the descending aorta, a fil rous
band 10X mm was seen at the site of the closed ductus Batalli None of the large
imtrathoranie or abdorsinal arteries or veins exhubited any changes

Resptratory system The larynx trachea and bronchial tree were grossly normal
except for hyperemia of the mucous membrane An abundant mucous dischare was
found i the farrly small bronchial branches There was no defnite ohstruction The
artertal and venous svsiems presented no changes Lung trssue was only m derately
crepltant 1ts color was light red apically and darker red ba ally On ut sectron a
¢oplon amount of foamy flnid \ as espressible Around the Jeft pleural adhesim
no changes were found within th Tung tissue The hilar node were n b cala ged

{astryintestinal system The abdominal organs were situated normali  Th pen
toncum ¢ ntained 100 ml of sl ghtlv cloudy flurd There were no he e or sntest
inal obstractions The prlorus was patent

The Jiver 3 esghe 1 7% grams The cut surface presented ata 1k 1 h 3 telm 1k
ing aprarentl indieative of porfal fatty infiltration The t ¢ 2 pale and
trowmsh The galfblad ler was shghtly dilated and ¢ ot n 110 m of & en bile
The mucnsa had vellow streahs The cammon bule duct was 1 te t 1h intrahepal ¢
Bile duct systemn was normal The pancreas was norm 1 A 11 1l ur ber f small
vellow spots were seen on the surface of the scrous m mbs n t surface was
normallv lobulated The spleen weighed 1 2 grams It w f m ani purple The ent
sutface displaved cattered small g ¢y foct The ebdominal {y ph n des were not
enlarged The cut surface was normal The bone ma ww st § Small foct of white

marrow were ecn especially in the lower p 1t f the  teiral colurin These
% e presumably infiltrates of abnormal cclls In tic feft / th rib a fluctuating
semi flu d yellowish mass was found to which tt iung adbered In this area there
was osseoys destruction and extension of the d stru ve pr cess fnto the vertel ral
b dy and further sround the spin I canal
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Urogenutal system 7The hulneys weighed 32 grams each Tesidual fotal Tobulatlon
was seen on the surface ‘The color was pale red #nd cut surface showed the medulia
to be samewhat lighter than the cortex The calvees and peles were not dilated
The ureters were free and the bladder shightls dilated The vesical muce st presented
focal hemorrhages o changes were seen n the Internal genitalia

Fndoerine system The prutiary Fody was firm It was 1 em 1n diameter The
thyrond p wrowd and sup glands p ted no changes The cut surface of
the suprarensl glands showcd the cortex ta be pale vellow

Musculos eletal system The muscular tissue was firm and red It was mildls
edematcus in the upper parl of the b dy Osteslytic changes were demonstrated 10
the anterior middle and postercr cranial fossac and in the calvara these being
filled with a soft ycllew malerial

Central nerecus system The brain wcighed 850 grams The gvri were not flattened
The meninges were clear and the vesscls narmal The left eye was rem 1 ed and sub
mitled to microscope which reyealed wo abnormalits Part of the spal cord was
cxamined and found to present no morbid changes The meninges covering the
petrous portion of the temy oral bone contained nodules of & firm buttery tissue
measuring 075 em in thichness Numerous caronal scctions through the cerebrum
showed the cortices thalamus mesencephalon pons medulla eblcngata and cersical
portion of the spinal card ta be normal with no ebscesses ecchy mases or other ab
normalities There were no wmtras entriculer eccs moses ar petecchiae

Microscopic Framination

Heart The endocardium and myocardium were normal A coronary artery i the
Teft ventricle exhibited moderate eccentric focal intimal thicheming A focus of Intt
mal thickenng, was seen in the aorta This p ed at] acuol
Histioevtic infiltrates were found in the loose tissue around the pericardium

Zungs and pleurae The pleurae were thickened edematous and contaimed hustio-
cytes The alveoli contained lvmphocites mscrophages and some residual cell ele
menls Scattered accumulalions of histlocvies were found in the parenchvma some
distance from the pleural surface An increased number of 1vmphacy tes and a small
number of lenkecytes were demonstrated in the alveolar septa The bronchi and
vessels were normal (Fig 6)

Massine periportal fatty mfiltration was found in the lrrer cells There was 1o
necrosis of the Iiver cells A few nuclel were vacuolated The portal paces containc
a moderate number of abnc rmal histioevtes In the central areas the liver cells were
of normal appearance Dilated sinusoids were found to contain leul ocytes I upffers
cells and abnormal histiocytes The walls of the central veins were somewhat thick
ened A frw normoblasts were scen In the spleen the sinusoids of the pulp were
dilated and containcd 1o f1lle rophag! \etne hematc
potesis was demonstrated In betneen histiocvtic elements were seen In some areas
they contained yaeuoles and in others phagoeytized ersthroevtes Many of the nuclel
were notched others were multilobular and had no peculiar mitotic figures Here
and there were nests consisting of 6 8 cells with round moderatelv basophilic and
vacuolated nucler The citoplasm was pale Blue and well defined The celis wete
oblong spindle shaped and 2-3 times the mean size of normal macrophages The
capsule wxs fibrous but not thichened The arterioles presented na chares

‘The paltbladder was normal In the tail of the pancreas was an accessory spleen
containing mfiltrates of atvpical histioevtes The acini and 1slets of Langerhans wert.
normal The connective tissue around the pancreatic duct and the vessels was 18
creased 1n breadth and contained a farrlv large number of histiocvtes tes

Gastr canal The submuee sa showed Iymphocytic mmlra\;s
the mucous membrane was normal The stomach small ntestine and cnlonl ol
plaved no microscopic changes The Ismph follieles of the appeudix were repla
by focal collections of Mistiocytes

coils of the ludnevs were well defrned and the

1 system e M
tubules well preserved The interstitial and vascular tissue were normal where
Tustiocytes were observed 1n the peripelvic fat < o the

Endocrine sustem Moderate accuraulation of liprd was seen m the ‘ilmurﬂe'ﬂﬂi
suprarenal glands The reticular zone was fairls vich in cells The merdu rﬂll‘(y hssue
no changes Histiocytic infiltrates were obseried in the per: glandular fa

(Fig D
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Fig 7 Capsule tissug of the adrenal Zona glomerulosa 1s seen lo tre left. The
capsule and the surrounding fat tissue is infilt ated with a multitude of
histiocytes and a few lymphocytes

Fig 8 Tumour like tissue from the middle car It consists of ounective tissue with
massive 1of! of hist many 1ymp and a few plasma cells

The posterior lobe of the pituitary body was partially replaced by histiocytes The
anlerior lobe was normal The thyro d was without changes The parathyroid con
alned histiocytes in the interstitial tissue The opary contained numerous oocytes
No Hassall s corpuscles were detectable fn the thymus but seattered lvmphocytic
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infilirats ns were secr with maderate fit rosis and diffuse fnfiltration bs histipestes,
a5 well as local areas with caleifieats o possibdy remnants ¢f Hassall s corpuseles

In the shin the eptdermis exhibited focal uleeraticn with Fasephilic debris and
wiiltratic ns of leahocstes and Iymphocstes in the neerotie areas There was seant
focal infiitration by histioestie celis an the o nvm

Central nertous system AR increa o amonunt of {ibrons tissue was found m the
meminges abaut the petrous portin conlaining histineviie infiltrates Lnder palar
fzed Light the histinestes Were seen tn rontain anis trople sub tance © hich guve &
posttine reactinn to fat <taining The s; inal cord (cervical and Jumbar perhiens) the
mesencephalon and the medulla ohlongata werr normal Furkinjes cells ja the
cerebellum were fntact In the pon  a few of the neurons were £l bord bt showed
no other definite signs of degeneration The frantal parsetal and neapital eortices
and the thalamys were ncrmal

The bene aaee e © otined a freat number ¢ Mist{ocvtes with an am nh o
cosinof tuhic evtopiasm The marrw of the sholl wa yejlaced by hi eeste  Tumeor
$ihe Vissue from the middle ear canst tel of conneetive Tissue massiely 1nfitrated
B Bistisestes and several hvmphocites and plasma eells (Fig 8) At the site of the
vadiographically demonsiratel process in the )2ft HHfth mb the marr w was
filtrated v Dibrous Heswe large {iam cells 2nd large colls with hasophilic cvluplasm
and smalt prhnctic nucler The hematopoictic 11 sue was partially reglaced. A small
number of megahars sesies was found

BISCUSSION

The tweo eases reported llustrate the subchromic form of Letterer Stwe
disease The carhiest publications (1) considered oniv the acule form
runmin, 1 fatal course willun a few weeks or months

At Hospial for Sich Unldren Greal Ormond Streel (8) 15 cases of
reliculo-endothehosis were dagnosed willun « peried of 30 vears
Among these were onhy six disserminated forms (the Letiercr Smd fape)
Witlun the same period 18 Iymphosarcomas 37 mahgnant fompbo-
grannfomatoses and 91 neuroblastomas were trealed at tha hospial

In Denmark 19 cases of Letteres Siwe discase have been diagnosed
wsthun the past 20 vears among which were five afypieal forms (207
A fow reports from Smerican hospatals (11 19 23) mve a symlar med
dence pomling out 4 the same ime the dilfuse chiefh non npid
rebsculosss as the rarest form of the trilons lermed  hishacitoss N7

The earhest charactunzation of the svmptomatofogy was based ot
Lnowled.e of the ncute forms where the disease was penerahized al
ihe ume of first adnussion (1) The subchronic form has been disenbid
10 subscquent reporis (3 20 26)

The nlerest displaved m the mibal ssmpfomatologs centers par
fieulariy on factors contnibubing fowards an earher dignosic M lEx('
hope of thereby oblamng hetter resulls of treatment Schiifer (21)
potated out the witsal occurrence of the shan fesions and sulisequent
publications (19 21 2o) largels bore out tins observation in the "1:2
patients described above dermatosis of a seborrheic characier was ¢
anitial sien In the former ths sign was present at lurth In both cases
the seborrheic lesions were resistant to ordmary shan therapy \\hne:l:
1t abated 1n response to subsequent N arradiation In the former pahien
the lesion svas complicated by ulcerations and hemorrhage In bollrlnl:;’s
tients the dignosts was confirmed by shin biopss (Figs 3 and 4}
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\nitial monosymptomatic phase of L § discase 1s often of several
months duration (20 24) Reports m the hiterilure show tht the dise
ase 1s oflen not diagnosed until it has reached s generalized form at
which stage all theraps has been futile thus far Betler resulls of treat
ment thercfore cannot be obtuned unless the disease ean be diagnosed
at an earlier stage Accordin.ly diagnoshic shin biopsy 1s advisable n
cases where a Jesion of the type of seborrhac dermatiis m infanls
hetween 0 and 3 years of age proves resislant to treatment

Histioeytic nd reticular cell nfitrates occur superficrily i the
corium 1n lymphosranulomatosis mycosis funsoides juvemle xantho
granwloma and H § C disease amang others A differentiahon from
the two former types of disease 1s hardly difficult in prictice Letterer
Sive disease occuiring almost exclusiely n the 0~ lo 8 vear age group
1 which age class the 2 firstnamed diseases are extremely rare

Vhereas dermatosts are almost constantly present i Letterer Siwe
disease and generally from the outset they oceur iecordmng to Paulson
et al {24) n no more than one Lthird of patients with Hand Schuller
Christian disease where they are most often sccondary to other signs
and symptoms (20)

The clinieal appearance and histological picture of the shun lesion 1s
about the same i the two diseases though the more chronic forms of
Hand Schuller Chrishan disease may present xanthoma cells 1 the
reticul ir infiltrates in the cortum (24)

The progression of the disease 1s characterized by bilateral otorrhoea
wnd cersical and more general lymph node swellimg Processcs of bone
destruction are revealed by x rav examination as sharply delineated
turefactions The 1s not dist hable from the osscous
processes 1n egsinaphilic granulomn and Hand Schuller Christian dise
nse but ynlike the bone lesions 1n these two diseases localization in the
bony system 1 Lelterer Sine discase 1 most often an asymptomatic
rathographie hindmg In the above two diseases the osseous processes
will give early ehinteal signs and symptoms owing to the rapit crownth
This causes ditatation of the medullary tasity and penetration through
the cortical substance 1n some cases resulling 1n spontaneot  racture
A unnersally demonstrated affection of the hone system s rare m L §
disease radiographically A more frequent findiag 15 an asy riptomatic
solilary eyst (as i1 Patient 2) but in many cases radiographic rare
factions are totally absent wn the sheletal svsterr (22) Most of the
postmortem findmgs reported have revealed a generanzed but not
particularly ntense reticulosis 1 the bone marrow 2s cpposed to a
more localized and excessively prolferating granulom: formation
cosmophihie granuloma and Hand Schulle- Chinstian disease  These
(ndings also lend support 1a favor of o diff rence with regard to the
osseous manifestations between the generai chiefiy non ipid and the
focnl xanthomatous form of histioevtosis

Laver and spleen enlargement are cardmal signs shich 1n the more
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profracied forms occur al 1 Iafe stage {26) Thev mdicle generaliza
Bion of the diserse and are consequently 1 unfavorable prognostic sign

T'he most common Iaborory tests are of Liltle aud i the diagnosis
The dhsese 15 wsociated with progressne anemia hlood fransfusion
f11s had no more than transitory effeet Whether tins 18 cansed by o
hemol tie factor 18 so far unknown Fiplon (17) disertbed 2 hemolylic
and panestopenic phase  of the discase but hemolvsins hae not been
demonsirated thus far (11 20) Howaver ervihrophagoestoss 1s a
common phenomenon in the autopsy maternil Terminal Jaundice could
be cxplaned iy the pathologienl processes imvolung the iner resulting
mn compression of the porial spaces (Patient 21 An eles ited athaline
phosphiase 1s found in Palient 2 bears out the obstructine charactur
of the 1eteric state

The findings of pigment deposits m the praliferated retscular eells in
connection with areas of extrameduitery hemaopoiesis bear greal resem
blance to the patholoie findings 1n hemolvhic anermn They may hows
ever hie expluned In the presence of hemorrhages i the hissues 1o~
gether wilh displacement of the erythropoid tissue in the hone marrow

\Moderate lenhocvioss 1s often n imtial finding (7 27) The nise of
the tolal leukocs it count has heen atinbuted 1o complicating infections
In our ¢ase 2 the Iatler were accompanied by peripher il leuhocyiosss
which graduailv changed info mild feukopema The frequent leuho
cvlosis in the imbind phase has given nisc fo the question wiether the
nfectious component plavs a part as a faclor releasing and aceeleratin
{he ahnormal pathological growth The terrmnal phase 1s marked by
a normal feukoevte count or nuld to moderate leuhopema (1) evenar
the presence of wnfection Depressed leuhopowesis m s phase may
accoun! for the absence of leuhocylos:s

Careful haclenological examin ions have revealed numerons com
pheating infections n infanls with Letierer Siwe disease but it has
thus far been 1mpossible fo establish thewr definite responsibiity for
the extensic pathological changes Bacteriological exammnation 1 the
present cases resealed the presence of different orgamsms i the shin
(Staphylococcus) and ear tissue (Pscudomonas Proteus) In both m
fants postmortem examioation showed hacterin in different orpans
Further previous reports on fatal septicerma (3 5 8 10 26) add
eraphasis 1o the hazards of tus complication especially m casts sub
mitled to sterod therapy A few descriptions of a pon lethal course
after antibiotic treatment (2 4 12) must give added nterest the
problem of the sigmficance of these bactenal mfections possibly as
part of a more complex genesis

Our two patients were both submutled to steroid treatment Wwe cand
not say whether this freatment was rusponsible for the proimclen
course Lasting improvement was not chtanable however not e¥e!
after adminisiration of an cxcessiely large sterod dose {160 m

prednisone daily to patient 2)
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Thus a grealer nlerest should be taken mn a conibined treatment
comprising a large sterosd dose and a broad anhibiotic therapy A few
reports have heen published of favorable responses to this (13 10)

Cytotouic therapy has been incffechine so far having cven 1 some
instances aggravated the clinical stalte or eaused leuhopeni t and throm
bopenia (13 26 30) These resulls are m accord with the apparent
exacerbation following \elban theraps to our patient \ irradiation of
the shin lesions osscous foer and abdomen has given palliative effect
but of only short duration (26) In patient 1 this therapy caused re-
mission of both the exanthem and the }ymph node swelling

Thus the frecatment of L S discase has given onlv discouraging re-
sults The disease must still be regarded as almost 100 per cent lethal
Nevertheless a2 few reports of non lethal courses to,cther with more
and more frequent obseration of a protracted course after intensified
therapy must stimulate continued therapeutic investigabion

In the preceding, discusston attention has been called parhicularly to
the demand for an ndequate thernpy with mtibiotics n association with
steroud therapy The necessity of such treatment 1s evident from the
rf’sulls of the hacteriologic examinations 1n the two pahents described
above

The patholodical changes are characterized by proliferation of atyp
cal reticular cells 1n different organs The proliferating cells displace
the normal cells thereby producing the charactenstic chinges 1n var
ous organs In the skin the mnfiltrates oceur subepidermally with locat
1masion and ulceration of the epidernus (24) In the bone marrow the
hematopoletic trssue 1s displaced being, often seen as 1slands of active
erythroid and myeloid tissue surrounded by dense tracts of histiocy tes
In the lymph nodes and the spleen the follicular system becomes
atrophic while the sinus and the medulla are subject to varying degrees
of rctienlosis In the lner hepalic cells undergo fatty de,eneration
whieh 1s periportal 1n its primary phase (patients 1 and 2) Infiltrates
of histiocytes and an increased amount of conuectne lissue are often
seen in portal spaces Histioevhic cells may be seen in the sinusoids and
n the central veins (patient 2) Scattered hustiocy tes are often observed
m the thymus where however fibrosis mas predomunate associated
with degeneration or lotal atrophy of Hassalls corpuscles Atypieal
tistiocy tic cells may be found 1n any organs but are here often scattered
along the vessels and tn the connechine tissue

The pathological histioertre cell has been described by numerous
writers (1 28) It may vary in shape size and appearance but there 1s
almost general agreement about the non mahanant characler of the
cell The cells mav contain small vacuoles but proper xanthomatosis

with form cells contuning doubly refractin  substance (patient 2) 1s a
rare finding and 1f present a local phenomenon (20) The cells oceur
either in wll defined infiltrates or in the form of z diffuse infiltration
The changes may be accompanied by presence of giant cells of

92 scTavare 70 4
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atspreal appearince oxtrimeduliary hemopouwsis necrosis and hemor
thages

The degree of reticular cel! phngoesiosss 1s ugh 1 fact which often
chirwetenizes the prcture and which caused Targuor & Cloirenx (9)
(1902) to cmploy the term humophagocyhic relicylosss

Otane (23) stressed the Inghls toxie discase piclore and suasested 2
viral eliofoy 1s the cause of the puneral changes Suve (29) pomled out
the resemblinee of some of the published cses to lewhemin and symilar
diseases He suqpested an antoimmune mechamsm as a possible etio-
logiel cxplanation Verman & Dargeon (18) pronounced that the
classienl Letterer St discase restmblcs much more 2 generahized
reticular cell sircomt or monocylic leuhent than a granulomatous
disease but this opinion hos not been supported Iy subsequent wniters

The views regarding the cliology thus differ considerably This s due
i pul to cert un s irialions i degree of the hustopalholoqicnl changes
which 1n some instwees tend toward 1+ maly,nant picture This vana
tion may suggest @ differcnee m ctiology but mric just s well be re
garded as evidence in favor of a difference in toxicity  Speeific touns
have not heen demonstrible <o fir but the varntion in the niture of
the bacteraal mnfechions seems {o indienfe that thesc are secondary
although we cannot exclude the possilnhity that thes mav actis ite and
accederale 1 htent disorder an the RIS

In the two cises presented here the pathological Oindings corres
ponded with the elassseal prcture of the uninversal changes Further thet
1ecentuated the gener iltack of the disease on the relsculo endothehal
syslem

SUMMARY

‘The coutse results of trealment and postmortum findings in Lwo typical
cases of Lefferer Suve disease are reported for the purpose of iilustrit
m,, the subehrome form of the disease

The difficullies with regard to differential diagnosis arc discussed
briefly with special reference to the relation of the disease to the
chronic grinulomatosis of the Hand Schwller Christian type and the
cosmophilic granuloma of hone

The small mfluence of therapy on the course of the diseasc and the
nsk of fatal seplicerma especially durin, stcrowd treatment are deman
strated in {he two cases presented and are borne out by cases desernibed
it the hiterature The concfusion s driwn (hat the Dest results may be
obtamcd by comiming a large steroid dose with broad antybiotie treat
men{

The pathological findings are deseribed 1n dctail and th
1rom the xanthomatous picture in Hand Schuller Chrsstian
the cosmophilic granuloma of bone are pownled out

¢ differences
disease with
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STRUCTURE OF THE JUXTAGLOMERULAR
APPARATUS IN KIDNEYS SITUATED CENTRALLY
AND PERIPHERALLY TO AN EXPERIMENTAL
COARCTATION OF THE AORTA IN DOGS

By

Haxs Ssane and OLaF MYHRE JENSEA
Re etved 11X 66

Coarctation of the aorta 1s a congenstal narrowiny, of the aorta locahized

m typical cases at the hgamenium arteriosum If the narrowing 1s

pronounced 1t g1ves rise {o haemodynamic changes Hypertension and

a hugh pulse pressure central to the narrowing and « faint or impal

l‘lgglse pulse peripheral to it are pathognomonic of the anomaly (Hudson
)

As to the patho,enesis of the hypertension three hypotheses prevail
(Edwards et al 1965 Hudson 1965)

1 The renal hypothesis The hypertension 1s suppos¢d to be duc to an
ncreased relcase of vasopressor substances or a reduced release of antr
pressor substanecs from the hidneys because of the haemodymarme
changes caused by the coarctation

2 The mechamcal hypothesis The hypertenston 1s supposed to be
duc to the increased resistance which the heart has to overcome m order
fo pump the blood throuth the narrowed zorta and collaterals

3 The vascular spasm hypotneais The altered pulse pressure m
coarctalion of the aorla 1s supposed to cause an wncreased peripheral
resistance with consequent elesation of the blood pressure

In an effort fo elucidate these problems we studied the hustological
changes of the hidneys 1n dogs with experimental coarctatron In partt
cular we were wnterested mn ascertaining whether given hacmodynamre
alterations caused spectfsc and uniform changes in the juttaglomerular
apparalus of the ladneys For a detailed description of the method and

Tesults the reader is referred to a publhication by one of the anthors
(Svane 1968)

FAi;ed by grants from Sfatens almindel ge Videnshabsfonl and P Ca I Peterser
"on;
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Fig 1
Method for inducing cxperimental coarctation of the sorta a modification of Bla
fock € Parl s expersmental by pass oreration 2 brachioceph he arten b left
subclavian arters ¢ descending sorta

MATIRIAL AND IFTHODS

Soung mongre! dogs were subjected to operation establishing coarctation of the
aorta autotransplantation of the kidncy ta the nech and nephrectoms 1o different
sequence and at different intervals In this wav the hidners were exposed to differ
ent but controiled haemodynamlic conditions wWhercupon they were removed and
studied histologieails

Measurement of the blood pressure was done by direct puncture of the carotid
and funoral artenies under gederal anaesthesia with 10 mg Nerhntal sodmm and
12 mg 1 copental (pentothal sodium) jer hg hodyv weight injected 1ntraperitoneally
The manometer was an inductive transducer soth an electrome amphfier A mdge
graph was employed as wrniter The mean blood pressure is the geomctrical mean
pressure estimated on the traced cunes or measured divect using electrs al damping
of the pressure curves

Coaretation of the aorta was imnduced by a modification of Blaloch ¢ Park s (194)
experimental b pass operation for coaretation of the aorta (Fig 3} The left sub-
clavian artery was disided high in the chest the distal lumen was bigated while the
proximal lumen Was anastomosed end to side to the aorta which was thereafter
divided betwcen the departure of the left subclavian artery and the anaslomosis.

Transplantation of the hidnev was carried out by a technique whose prinaple 15
1dentical with that described bv Prerce & Varco (1964) The Lidnev was removed
through a conventional lnmbar 1ncision and placed 10 a pochet beneath the sub
cutaneous muscle on the lateral side of the nec! and the renal arferv and reast
vein were anastomosed end to-end with the common carotid and the «xt rnal Jugufar
vein respectively The ureler was passed through a small wneision in the skea more
medially on the neck forning a cutancous ureterostomy

Histological study The kidneys svere cul immediatels after remo 2l and & Shic
of renal issue a few mm thick was {rxed i Helly s solution for 4-b hours whilé
the remander of the dney was fixed 1 4 per cent neutral formaldeh de After
fixation the tissue was dehydrated embedded in paraffin and cut m the ususl wav¥
The stctions were stained with haematoxylin-eosin pertodic acsd Schiff haematosy
Do (PS staiming I the method of Macianus) by the methods of +an Geson Has
sen and Bowie (Bowie 1935 Bing & Ka wmiere ak 1961) ned

The juxtaglomerular apparatus was studied m PAS stained and Bowie “{l::‘un
sections The Justaglomerular rating (Schmid & Graham 196°) used has bm‘h e
1o be better suited for the Mmstological assessment of the remn content of fi ? o
lidney (Schmud € Graham 1969 Tahats ef al 196%) than the caleulation of



in Juxta,) lar rating tlas 1 (a) plus 2 (b)
plas 3 (c) and plus 4 (d) Bowmie X 1700

granulation index used by Hartroft & Hartroft (1334) on rat and mouse hidnevs
This ratlng is as follows

Plas1 Normal Jooking vascular pole with predominantly smooth muscle cells i
the arteriolar walls without hyperplasia or increased stainability (Fig 2a)
Plus2? Enlarged vascular pole with increased stammability and with h pe pl 1a of
the cells in the arteriolar media but without ey toplasmic granul s (Fig by
Plus3 Iy addition to hyperplasia of the medial cells dist nct ¢ tot lasm
in one or ino sites 1 the juxtaglomerular apparatus (Fig 2 )
Plus4 Numerous granules {n several s tes of the yuxtaglomerula
)

¢ nules

rpar tus (Fig
Plus5 Granules showing massive spread or aggregates of —at n e t mate—half the
cells 1n the juxtaglomerular apparatus

RESULTS

In accordance with the sequence of the procedurcs nduction of
coarctation transplantation of the kidney and neyphrectomy the dogs
were divided into 4 groups (112 3) The typical altcrations in the blood
pressure are shown in Figs 4 5 6 and 7 which give the blood pressure
findings 1n dogs T 16 22 26 and 30 representing group 1 2 3 and.4
respectively 1t 1s outside the scope of the present paper to describe the
details of the blood pressure changes but in outhne it may be stated
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Fig 3
Grouping of the dogs by the sequence of performing the coarctation the renal
1 and the hi
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Blood pressure findings in a dog T 16 reprutnﬂng group 1 (Fig 3) The h”:.:e
tension hen

after the
kidney was transplanted o the neck lnd the other kidney rcmmcﬂ
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Fig 6

Blood pressure findings in a do, T ¢ representing group 3 (Iig 3) After trans

plantation of one hidn3 to the neck and induction of coarctation the hlood pressure
increased The dog died of uracmia after remosal of the abdominal kidney
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Fig 7

Blood pressure findings in a dog T 30 representig group 4 (Fig 3) After removal
of one kidney and transplantation of the other Jidney to the nech induction of
coarctation did nof cause any increase in the blood pressurc

1 The blood pressure rises when coarclation 1s mnduced and one of
both kidneys are placed peripheral to the coarclation

2 Thus clevation of the blood pressure does not disappear when on¢
kudneys 1s transplanted to the nech (central to the coarcltation) not un
til the other hidney 15 remosed

3 No elevalion of the blood pressure oceurs when nerther kidney 18
pertpheral to the coarctation at the fime that 1t 1s wnduced y

A Juxtaglomerular rating was done on 18 kidneys removed from dogs
of the 4 groups mentioned at various intervals nfter the surgieal proce
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Relation between mean hlood pressure in the carotid (A) and in the femoral (A)
arteries and juxtaglomerular rating

dures The hiemodynamic conditions to which these hidneys have been
exposed are illustrated 1n Fig 8 from which moreoser the relation
between the mean pressure m the carotid and femoral arteries and the
Judtaglomerular rating may be rend The drawing at the top of each
column—a b ¢ and d—illustrales the experimental situation con
cerned 1e the position of the sludied hidney n relation to the
coarctation if any The mean blood pressure in the carotid and femoral
arteries 1s given 1 per cent of the preoperstive norm : mean blood
pressure The values for juxtaglomerular rating werc ¢ t' uiat @ on the
basis of PAS as well as Bowie stamed preparation  { orr sponding
values of mean blood pressure and Juxtaglomernlar rotirg arc given
the same sertieal column n the figure and the dogs nuriber at the
botlom In column 1—representing a normal group «s 1l the studied
kidneys had been removed prior to the mndctidn of coarctation —the
Juxlaglomerular rating ranges from 1 2 to 17 Asl the mean blood pres

sures are 100 In columa b the juxtaglomcrwar ratings range from 11
1037 With the exception of one dog (T 20) ali the values are defimtely
clevaled (23-37) compared with the normai values 1n column a Cor

responding to these elevated juxtaglomerniar ratings the mean blood
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pressures are rused Dop T 25 with 1 juxtaglomernlar rating of 12
and 11 had—at the [ist measurement—a moderately efey ited mean
blood pressure 1n the cirolid artery and a lowered mean blood pressure
m the femoral nrierv its kidney was removed for mveshigation 11 days
after the induction of coiretation when it died of liiemarrhage from the
operatine site on {he aorln Correspondingly the resuits of repeated
blood pressure measurements revealed that in dogs with experimentat
coarctation and with 1 dney periphetal to tTie coarctation the mnerease
i the mean blood pressure usuiliv appears a few weeks afler the
coarctalion has been induced In the remumng dogs of column b all
of which hd ugh juxtaglomerular ratings and elevated mean blood
pressures the hidneys had heen examined 5-10 months fter the mmduc
tion of covretabion Column ¢ ginves the juxiaglomerular ralings m
cervieal hidneys from 2 dogs wath coarctafion in which the other hidacy
Tind been left in the abdominal site The values are normal 1o 13-15
One of these dogs had a consuderabls elevaled mean blood pressure m
the carohid and femoral arteries The other one (T 25-—sc above) had
moderately ncreased mean blood pressure in the carolid ariers but 2
lowered mean blood pressure in the femoral arterv Column d gives the
Juxtaglomerular ralings (15-22) n the cervieal kidness of dogs with
eoarclation whose abdominal hidney had been removed None of the
mme-n hlood pressures was clevated

Ihstolopieal examination of the kidneys showed inadcntally m 6
out of 14 "bdominal kidnevs small interstitial Iymphocy tic and plasma
cell mnfiltrations quute considerible i one (T 30) In 3 (T19 24 ond
28) ont of 12 cervical hidnevs there was severe acute nterstidial 12
flammation with ibscess formation (pyelonephritis) All the remaming
9 cervical hidnevs exhiubited foc1l parcnechymal atrophy and nterstifiat
fibrosts wilh mild c¢hrome inflammatory reaction One of these 9 kid
ncys (T 27) showed severe hyvdronephrosis (hree (T 16 25 and 26)
mild artcrioselerolic changes with medial hyperplasia in the mted
lobular arteries and arterioles The remuning b cervieal kidneys (T 20
21 22 29 and 30) showed no abnormahties apart from the foend paren
chymAl atrophy intersiitial fibrosis and inflamnatory re wction Fig 9

DISCUSSION AND CONCLUSION

¥n 1939 Goldblatt and s co workers constricted the thoracic aorta of
dogs by a modified renal artenal clvmp The experiments farled as
the dogs died of haemorrhage but 1t has been demonstrated Dby subst
quent authors that when the thoracic aorta of doas 15 sufficiently con
stricted the mean blpod pressurc central to the constriction will lr;
crease to hypertensive values 1n a few weehs Peripheral to the coarb‘
tation the mean blood pressure—low ummediately after the mduchonor
the cornctation—will mcrease 1n the rourse of the same period to nnal
mal or shightly elevated levels Direct measurement of flow and re
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Sequenee of the experimental procedures the time intervals and the results of
determination of blaod urea and blood pressure in 5 dogs (See alse igs 3 .6)

ited gross itherosclerolic chana,es Table 1 lists the schness of the aor
tie w1l and the histologteal findinas In 4 of the operated doos there was
moderale prohiferative mnhimal thncheming central to the coarctation
never perspheraf to 1t (Fig 7) One control dog had nnld sutimal prolt
feration in the 1seending as wcll s the descending aorta Lipid deposits
st the sessel watl were not found 1 any do,, Furly mld medial {tbroses
w1s dumonstrated central to the eonrctation m 4 of the operated dogs
peripheral 10 1t 1 one One control dog had shight meditd hibrosss onls
m the ascending qorln The configuralion of the chistic Inmellae was
normal 1 All the do.s The total number of elistic Limcllw vaned
somewhat from dog to dog presumably beeaunse they werd mongrels
but in aff the dos except in one contral 1t was greater i the wsecending
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Fig 3
(Tor text see Fig )
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Fug 7
Intimal hypery lasia in the aorta central (2) but not peripheral (bY to the coarcta
tion Normal configuration of elastic lamellae T 76 orcen X 48

TABLTL 1
Mural Thiel ness and Histrlogy of the Ascending and Descending Aorta (C entrafly
and Pesipherally) 1 5 Dogs 0 1th Conrclahion and in 5 Lontrol Dogs

Thickness  Intimal pro \edial Number of
ofgorta  liferation  fibrosis Sumberof  dlasticlam
No (mm) O—t+) Oty OWOCRM el
ase  dest  asc dese  ase dese  asc  dese  ase  dese
5 r16 30 90 0 o 4 + 18 12w M
R 10 13 + 0 [} 0o 137 10 17
ERRT 35 15 44 0+ 0 189 117 18 2
] 27 15 44 0 ++ 0 10 U8 16 2
g T30 a0 15 + 0 4+ 0 103 g0 7t 2
A 25 20 0 0 0 0 157 10 0 18
3 B 20 17 0 o+ 0 22 65 18 18
& 20 15 + + 0 ] 74 638 19
§ D 20 17 [ 0 0 [ 71 70 21
“F 20 17 [ o 0 0 97 9 18 1

than o the descending aort 1 (A direct comparison of the total number
of elastic lamelac in the aortae of dogs with coarct won and n controls
was not possible beeruse of differcnees m the size of the do.s) On the
other hand 1l relitive number of elastic 1ymellae {mean number per
field with a dry lens objective 45 1 submtimally centrally and sub
advenhitinlly m the medin) was greater m the aortic wall penipheral (o
the co wretation 1n all 5 operated dogs (Fig 8) but in onlv one of lhg
controls Correspondingly there was 1 more ample quanlity of nc'l

mucopolvsaccharides (melachromasia staiung with Astra blan) m the
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Fig 8
Density of elastrc lamellae m the aorta central (2) and perlpheral (b) to the
coarctation T 29 orceln X 1

aorlic wall central than peripheral {o the coarciation (Fig 9) Since
cach norta was fixed n folo this difference must be real—not cansed by
differences mn fixatine or fixalion perrod The number and size of
smooth muscle cells 1 the aorta were esimated to be the same central
and peripheral to the coarclation and there was no differcnce n the
amounl of PAS positine substance No ealeium deposits were found i
the aortic wall

In other words there was an increased differcnce n the mural thick
ness of the ascending and descending aorla i the do.s with exper:
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mental conretation This increase was due predonunantly to an accu
mulation of acid mucopolysaccharides in the media of the aorlic wall
central to the corrctation In addition intimal proliferation and medial
fibrosts were more common 1n the aosla central 1o the coarctation
than i the ascending norla of conlrol dogs sclceted at rindom
The relvtion between these changes of the aortic wall and the du
mtion of the experimental coirctation eannol be deduced from the
present mvestigation Howaver even the do., T 25 that died 2 weeks
after the induction of the coarctation showed 1n accumuiation of acid
mucopoly sacchanides i the medit central to the coarctation but ne
fibrosis

DISCUSSION

‘The aorlie changes found in the eaperimental coarctation in dogs cor
responds approximalely 1o the changes of human aorlie exhiiting
congenilal ecarclation of the adult tspe (Heath & Fdwards 1929) The
mur:l thickness 1s usually 2l 2 maamum ahove the coarctaion and
the confizuration of the elastic damellae 1s normal In sevcral cases
of ndull conretation however iliere are anturvsms above as well as
bulow the constriction In Abbott s oprmon (1928) thesc eases 1s well
1s cases showing rupture without aneurysm are duc to congenial
weahness of the aortic wall

Dunnills (1909) results however are lo some extent at varnnce
with the present ones In lus 9 eases the norfic wall was usually thicker
distal to the coarctation wherens the number of elastic lamellne m the
medin was greater proximally m § out of the 9 cases an increased
quantily of acid mucopolysaccharides was found n the thichened me
i1 However 1t can hardly be cxpected that experimental coarctation
1s fully comparable with the spontancous human condition m whih
congenital abnormalities of the aorhic wall on esthier side of the stenolic
wreas mav be operaine

Studying the aortic changes n rats with experimental hyperiension
(umlateral renal ischaemia) Vargarey (1957) found pronounced medial
changes wilh carlilaginous metaplasia mn 145 per cent of the s
whereas Crane (1962} n rats rendered hypertensie by nephreetomy
11 desoxscorhicosterone + NaCl was unable to demonslrate wn
creased upt ihe of labelled sulphate in the norlic wall and thus presum
bly 1lso no formation of sulphated mucopolysacchandes From arfero
sclerosis research however 1t 1s known that suiphated mucopol
sacchanides may accumulate 1 the aortae of experimental ammals g1 (‘:‘
adrenaline (Berthelsen 1961 [oren en 1963) and thai with wlvaneng
age the composition of mucopolysaccharides m the media of the humﬂr:
aorta changes (Dyrbye 1959 Clousen 19b4) These medal ::h’mﬂ“sl “m
an important hink 1 the pathogonests of aortic arterniosclerosis m:;;:al
assumed by many students of arteriosclerosis fo precede {(hc m
changes (Thoma 1923 Berthelsen 1964 I opes de Fara 1965)
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That our dogs id not exhibit mbimal bpidosis and thus not full
blown atherosclerosis must be viewed on the bachground of the fact
that 1 rabbits Bronfe Stewart & Heplinstall (1954) could not induce
typical alheromatous chan.es unless the rabbits were simultancousty
fed ample cholesterol Hypertension alone could not mduce mtimal
changes 1n the rabbits

As emphasized by May & haplan (1961) coarctation of the aorta 1s
a naturally ocenrring  experiment  illustrating the sigmficance of hy
pestension to atherosclerosis In analogy the experimental coarctation
described 1n the present paper seems to be 1 very well smted expen
mental model for studying the mfluence of hacmodynamics upon ihe
development of arteriosclerosis

SUMMARY

The histological changes m the aorta central and peripheral to an ex
pertmental coarctation were studied n 5 dogs All showed thickening of
ihe aorhic wall central to the coarctation mamnly because of an necu
mulatton of acid mucopelysaccharides 1 the media

These changes are m farr agreement with the findin,,s 1 human co-
arclation of the adult type and arc due to aliered haemodynamic con
ditions The resulls might indicate that the elevated puise pressure
above the coarctation 1s a more ymportant factor n this connection
than the mean blood pressurc

The sigmbicance of experimental coarclalion in arteriosclerosis re-
search 1s emphasized
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A QUANTITATIVE STUDY OF MAST CELLS IN
APPENDICITIS IN MAN
By

Say LinpaoLy
Recerved 23 x1 66

It was pomnted out already by Ehrlich (1877) that mast cells were more
numerous 1n the lower part of the sastreint 1 canal S
{1909) assumed that there was a special type of mast cell in the intes
tinal canal and that these cells were sery numerous on the appendix
wall Mast cells of the normal type were encountered by W etl (1920)
dispersed profusely throught lhe canal Michels (1923) Jordan (1926}
and Bolton {1933) reported a high mast cell count in the tumica mucosa
and submuecosa A correlation was established by Aroy & Quivy (1905)
between the mast cell count and the histamine content determuned by
Feldberg & Harrts (1953) 1n the wall of the canine inteshine Lindholm
{1929 1960) performed gnantitative determinations 1n the wall of the
gastromntestinal canal of fetus man hamster and rat A significant
decrease was seen in the mast cell count in the lower part of the gastro
ntestinal canal of the human fetus In man only the cesophagus and
rectum had more profuse mast cells than the other parts of the gastro
intestinal canal The appendix contamed 1 995 cells per et mm In the
hamster the highest mast cell count was 1 the appendix A tendency
towards a decrease in the mast cell count n the lower part of the
gastromtestinal canal was eslablished 1n both hamster and rat A large
number of mast cells were found by Godlewsht (1960) n the tleocecal
Junction and appendix of man

Ehrlich (1877) and W estphal (1880} noted that the mast cell count
was lowered 1t acute and increased in chronic wflammations It was
reported by Wetchnikoff (1892) that mast cells helped t¢ remove tox
ms Yiarimow {1901} confirmed that mast cells undergo regressie
changes m nflammation It was assumed by Brack (1925) that the i
crease in the mast eell count m chronic inflammatory conditions was
indicative of mereased conneclive tissue actioits Aagayo (1928) estab
lished that mast cells played no active role 1 + ute milammations but
wmereased i number in chronic inflamma tons On the other hand
Quensel (1933) reported that there were no rast cells m the inflamed
tssue itself but on the boundary between healthy and inflamed tissue
N wns reported by Vaxumow (1904) Ernst (1926} and Sanyal (1949)
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it mast eells rened Fipdhy i mflamatons dopewnat e and disite
srife YeGovern (1947) cshibhshed that mast cells may pty 2 role in
reatating mflammation wd Parsk (1964) was of the opuuon that
phrmocoloqie substnces reletsed v mast cells we medators of
chnnges oecurnng i nfl unmation

MATFRIAE AND MITHOD

The matcrial consistud of 19 appendices from human subjects 12 of them forming
the control material 1 No signs of acvle sppendicttis were sten in the control ms
tessal The specimens wete taben fram the midmast part of the appendsy The ma
teral displayed clear sipns of neute inflammation chinicalls grossly and mu ro
scoplcally {o the cases 4n which inflammation was spread throughout the pripara
tron the specimens were tahen from its midmost pstt When gansrene pr perfora
Goft was preseat they vege taben (com adfniming tissue Both sexes were repre
sented The preparations were fixed in 4 per cent agucous solution «F bassc lead
acetate The were prepared m the usual wasy and cut In 10 # scctions Staming wa2
done in 1 per cent tolwidine blue aqueous solation for 10 minutes The mast eells
were counted per samm (n the tunica submucosa The mean mast cell count was
caleulated from 5 counted sqmm_ 4 Iestz binncular microseope with a freld of vision
of 007 50 mm was employe@ The cells were counted 1n evers other sechion and
the number jer cumm was determined from Flodernss (1934) forsmula The haat
smast cell valyes per cw mm were sealed down by 45 7 per cent to elminate the source
»f error arfzinating m the fixation of the preparations (1 tholm 1959)

RESLITS

Thable 1 shows the results for the control mterial The munumum per
sqim was 23 the maximum 112 nd the mean 55 2 cells per sgmm
or 2184 per en mm after seahing down

TABIE 1
The Vast { elt Connt tn the Tuntea Submucasa of Hum i A\ppendrr
Case \o Age vears Number of cells in 5K 1 sqmm Ascrage per sq

1 4 A6 (53 47 66 69 06
2 1 45 61 18 56 61 B

4 19 4 71 81 48 88 Fixy
1 a9 5 5T 45 50 g9 514
° n 28 23 48 36 7 ni3
M 41 38 3 » 1 10
7 18 39 46 13 32 38 374
R 49 10 (33 67 %9 41 573
) 19 08 8 9 72 920
10 82 51 35 343 43 45 48
1 43 N 9 B 72 = 814
12 61 8¢ db 2 »n 24 we

Mean Y

Ancrage per cu mm 3H?
A1 erage per cu mm
reduced by 4070 718

e of Jorensic Meds e Un

from the iastitut
1 The control preparations came {rom sty O artiaunt of Sur

vermity of Helsinky and the appendicitis preparations
gery Maria Hosprtal Helsinhi
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TABLF 2
The Vast Cell Count n the Tunica Submucosa of the Inflamed Human Appendix
CaseMo  Age ycars  Numberofcellsin5X1sqmm  Average per sqmm

13 7 12 112 M0 138 1% 1255
14 7 19 19 21 21 18 196
15 10 55 8% 0 5 60 612
16 1 3 56 4 40 196
17 11 69 €7 57 69 62 638
18 1 39 41 47 35 37 298
13 1 37 33 20 30 7 298
20 13 73 59 B8 f4 T5 8
o1 16 36 41 S0 46 38 10
29 17 2% 21 M 16 27 234
23 19 67 3¢ 4T 0 "6 432
24 o1 7 20 18 2t 3% 210
2 25 B 8 1 u 7 98
ar -7 2 % 45 3 33 30
27 27 51 56 57 59 54 554
2 28 6 0 6 &1 B a6
29 34 43 28 ° 39 %8 3¢
30 3 23 18 17 A 1 186
31 36 3031 3 3% 4 3414
g 3 7 107 14 75 69 888
3 16 43 47 39 45 s 448
34 25 30 3 19 25 27 264
35 26 s 57 60 60 41 536
26 2 37 41 3 28 3 350
a7 29 20 32 2 3% M 298
38 31 33 28 33 3 30 330
39 36 47 6 13 60 53 678
10 18 8 110 13 6¢ 81 902
i1 56 1B 40 46 32 48 368
£ 10 8 61 59 78 78 n2
43 21 77 46 56 31 64 594
i a5 3% 3% 36 66 46 170
4 26 3> 36 40 35 38 374
16 39 a6 66 60 56 578
47 5 59 68 56 52 T4 618
8 85 6 98 50 74 59 621
39 87 FEIE St B T 16
\ean 486

Average percu mm 3471
Average per cu mm
reduced bv 44 77 190

Table 2 gies the mast cell counls 1n the inflamed appendix The
results ¢an be divided into three groups Cases 13 o1 r an example
of moderale appendiethis wilh mjection oedema nd neiptent gangrene
The nummum per sq mm here was 7 and tlhe m x mum 140 cells mean
447 cells per sqmm  Cascs 32-41 show s . of appendicilis wath
rctul gangrene and perforation The mimmum ¢ count per sqmm
w15 18 and maximum 114 cells mean 501 « 1 > 4219 display signs
of moderate appendieilis with earlier acut .+ ns or penappendieniar
abscesses 1n the history The mimmum most cell count per sqmm
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w15 32 the maxunum 80 and the me i 558 The mean for 2l the cases
of appendicilis was 48 6 mast cells per sqmm or reduced 1920 per
cumm The mean age of the control material was 39 8 years and of the
myestigalion matersal 26 7 yenrs

DISCLSSION

All appendicectomssed pilients displayed climenily typrel signs of
acute appendicilis The prepirations showed sions of inflammation
both mnacroseopically and nmeroscopically In an acule mflimmation
tissuc oedema with a subsequent mcrease i tssue volume 1s seen This
volume growih was not tahen mnto consuleration in the present work
hut tissue shrinhage in connection with the histologic preparation of
the speexmun was noted and was assunied $o be the same for both nor
mal and inflamed preparabions According to the study the cell conat
per sgmm for 1 normal appendix was 55 2 and for an inflamed appen
dix 48 & Thus the decrease in appendicitts was msi,mificant

I ariter workers such as Marimow Aagaye Quensel, Frast, HcCovern
and Sanyal established a decrease i the number of mast cells in acule
milammation

Taking the threo wppendieriis groups scparately at appears that the
mast cell count was towest 447 n the most 2cute form of the disease
1t was o0 1an gangrenous and perforated appendicitis when 2 somewhat
tonger history can generilly be assumed the mast cell counl was
hughest te 558 at the same level as i the control material 1 the
third group which ean be regarded s a chroni phase 1hout to become
acute Tlus would secm to indicite that a decrease m the ol count
occurs 1t the very beginnming of an mflammation 1 e dedrinulahion
The tssue oedema which develops 1s probably due to the histamnt
released by the mast eclls Stabistical anatysis of the matert showed
that there was a signsficant (P < 0 001) decrease i the mast well count
w cases 13-31 compared wath the control matersal It was not possible
to show thus 1 the other groups A counter reaction with possible new
formation of mast cells and tccompanying inercased cell density mad
be assumed to tahe place as the inflammation contitues Or 1s the
recovery of the mast cells to be attributed to possible increasing shrinh
1ge of the cedumatous hissuc? Morpholosically no parficular diffesence
w1s seen bulween {he mast cells counted w the control matcnal and
those m the mvestization material However il 1s probble that mast
cells plax an impariant role 1 the regulalion of an infl mmation by
vielding their products to the tissue (McGovern Parish)

A way of estabhishing the ccll density more cxactly would be to \“\i‘
fissue preparabions of equal size from the selected nrea and then coun
all the mast cells in the preparahion 1s a whole
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SUMMARY

\Mast cells 1n normal and nflamed human appendix were counted The
preparations were frxed 1n basic lead acetate cut in 10 g sechions and
slamed with tolwdine blue aqueous solution Cells were counted per
sqmm 1 the submucosa and the cell count per cumm was calculated
from Fioderus s formula

The control matenal displayed 2184 mast cells per cumm the 1n
vesti,ahion matersal 1920 A sigmficant decrease in the cell count was
eslablished tight at the beginmng of an acute inflammation Increasing
mast cell density was seen 1n the course of the mflammabion The
situation 1s discussed n detail
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DIURNAL VARIATIONS IN SPONTANEOUS BODILY
ACTIVITY IN HAIRLESS MICE MFASURED
WITH ACHIVOGRATH

By
Orav Hirviar Ivi mses I Lurs Factrose RoLr Bar RRAES

and Grorey Veus
Becelved 16167

It 1s well hnown thal the incidence of muloses m mouse epidernus dis
plass 2 cireadian rhvthm The diurnal vamations 1n the epidermal mi
talic count 1s possibily connecled lo the xarration tn spontaneats bodily
activity It has been sug.ested that the blood concentration of wdrenaline
plavs an mmportant role (Bullough 1947-48) At our Inshilutes wc are
studying the hinelies of cellular prohiferation in the eprdermus of the
hairless mouse n relaiton to ¢ wremogenests nd we felt 2 necd to hnow
tie rhyvthms of spontincous bodily actsvity 1o our strain of haurless
muee hept under the ordinary conditions in our lboritory

MATERIALS AND MITHODS

VMany methods of measuring the physical activity of small ammals bave beent
descetbied prestousls (see far tnstance Wann 10 and W alff Rasmassea 1933
However these methods have not provided measurements that are truly repre
sentative of the spontaneous activits Thev have not registered activity due to eal
g groomng or other such tmited movemints Some of the so called tambour
mountcd cages are ver sensitive but the results are usyalls given in graphical re
cordings which are difficult to evalyse guantilatnedy

Ve have bmlt an actrty recorder on the tambour mounted cage principle i
which all actvsty 15 integrated over fixed yertids [1g 1 shaws the cage whuch Tests
upon four small balloons that are moderately inflated with mir The apparatus was
mounted in such a manuer that it was in no way affected by vibrations n the buad
g A rubber tube from each of the bailoons 15 connected to & common membrane
hot and movements of this membrane are transformed into an electricat suenal

The apparatus 1s shown schematically in Fig 2 The aclivaty detector can be 81
viled inta a 1a 1 and an el section The bohly achisaty
of the mrce moves the cage on the air tushions The vertical coraponents of these

nts are prop. n e 10 a voltage b the detector Onlg (‘I(‘s
nals within a certain frogquency range ave sccousted for The upper hmst @ ”:n
frequency bands ss determined primariy by the mass of the cage and the spr
constant of the balloons

Thss investigation has been aided by a grant from The Jane Coffin ¢ nlds Memn
nal Fund { v Vedieal Research and The Anna Fuller Fund



Fig 1
The plastic cage with two hairless mice The cage 1s resting on 4 bhalloons moderatels
inflated with air In the background to the left 15 the membrane hox

Where m = mass and & = spriug constant

The lower limit 13 determined by the volumc of the membrane hox and the re
striction of the dernvaling valve 1n the poeumatic section

11
Iwr=5 33

Where\ = volume of the meml rane box and R = restriction of the dernvating valve

By trial the s3stem was so adjusted that nex
were of practical importance fo the readings

1a the RIS detector (RMS means Root Mean Square) the signal 1s ectitied and
an cutput proportional to the effectrve value o[ the 1nput 1s generated This signal
is thus also to the ts of the mice The Infe
gralor 1s an operational amplilier couy led as an integrator The output is the time
tntegral of the input after the last reset signal This output is the imyuls (1) of the

t
corresponding force () iz [ = g Fdt
a

ther the upper mor the lower Limites

The Fneoder trans
Al present we use
1attern The Time

forms the data f om the analogue ! d g 1 rm
2 Potentiometer recorder with a ¢ 1 dic wih I na 3 contact
const ts of a synchronc motor va o t fited time ntervals
~teprat ¢ The results are
ard 8 hole paper tape Onthe =~ t pC dd tional nformation
ane cun 1 fer he u ed directls
computer and many different 1 1 ulations ean easily
e perf rmel
je mice were kepl in plastic cages and wer [ 1 o1 das between 1200 and
Tas0 hr (MFT) The mice were ginen a comptet | ¢ 1 1l forms ey water ad
Uibitum There was ol vavs some f od and wat ¢ Dblein the cage The animal
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Circadtan ehivthm 1 average mitatic rale by the Cnlcnmul method The rzll' Is ex
nressed as numbir of mitoses per 66 mm inte acl shan ep per
hour
stMvany

The piper deseribes 3 desice for measunng the physienl actiaty of
small mmals hept under ordmary laboratory condibions

W uth tius apparatus the diurnal sanation m spontancous bodis ¢
tinsts 1o hasrdess mice s registered

The techme il adsnntages of the system s discussed The results are
discussed wih speaal emphsis on a possible corrclation belbs een
phivsical activity and ontolic rate m the epidermis
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Lead porsoning grves rve to dramalic ncurological symptoms ind yet
m routine microscopy these cases usually show only mimimal patholo
gual changes 1n the bram such s patchy nerve cell degeneralion and
shoht vascular endothelial reaction (Pentschew 1928) These wore the
alteralions resealed 1n 4 2 vear old girl (O 39 66 Inststute of Pathology
Lund) dving from acute lead 1ntoxication owing to = lexd button arres
ted i her stomach

The effect of lead obviously has to bc demonstrated by other means
Simce lead belon,s to the heavy metals which ire known to affict the
enzymatic actisity and smee nenrons and vessels showed changes 1t
mght be of mnterest 1o studv some enzymes 1 these structures

As no useful maternl was left from the case muntioned abose the
droblem was studied experimentally  Unspecific alkaline wnd 1eid
phosphatases 1n the sessels and peurons respecirvely were msestigated
n white rats poisoned with lead

MATERIAL AND UETHODS

Twents mne white male and female rats (Sprague Dawley stram) § weehs old and
¥ ighing abiut 190 ¢ at the beinming of the experiment were tahen from six litters
hev we e fed on a standard diet consisting of camr ercial pellets and water ad
Uihitum Eihtcen animals re ened oa each injection 10 or 20 mg water free b (\0,)
Per 100 ¢ hod we ght solved in aqua redest in an amount to adjust the ndm'n
Istered solume to 1 ml In all 100 ta 200 mg Ph(NO) jer 100 g 1y we ght wa
g%en The anjmals were myected subcutane usl on ccnsecutne davs cxeept far
sundays a new ate of njection being chasen e cry day to aveid necrose and scarr
M, posshly ant rfering  ith res rption of the solution The ccntrols the remaining
€l en rats were ginen 1 ml aline subcutaneoust
The animals which recerved lead had a greater weight mncrease than the control
Amals in pie of I s of ullutan ous fat. This ms  be due {o the larger amount
f facces f nad in the towel
vihe smimals were de apt ted the day afier th Tast miection o< ept f v tno
Ulid after 9 and me sftce 15 davs The brain was removed mmediately and b o
thee 7 mms wile were t hen one throush the basal gangha—hippocampus and
Pe the ugh the central portion of ceret el im—pontine nucler from each ammal at
'entical sites The slifes were immediatel frozen 10 solid carbon din<ide or a mit
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The paper describes o device for measuring the physieal achivily ol
small ammals hept undir ordinan laboratory condihions

With thus apparatns the dmrnal sanation m spontancou  bedilv ac
vy harrless mice 18 registercd

The techmeal advaniages of 1he svstem s tiscussed Th results ase
discussed wath special «mphasis on a possible correlati o belween
phesseal actiiaty and mitolie rate 1n the epsdermis
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Lead posoming, gives nise to dramalic ncurological symptoms nd yel
m routtne mucroscopy these cases usually show only mmimal pathelo
sical changes n the brun such as paehy nerve eell degenernlion and
shoht vascular endothelial reaction {Pentschew 1948) These werc the
alterations revealed i a 2 year old gird (O 39 66 Instilute of Patholosy
Lund) dying from acute lead intoxication owing te 1 lead button arres
ted in her stomach

The cffect of lead obviously has to be dumonstrated by other means
Since fead belonys to the heavy metals which are known to affect the
enzymalic activily and since neurons and vesscls showed changes 1t
nught be of interest to study some enzymes m these structures

As no useful material was left from the case mentioned above the
peoblem was studied experimientally Unspeafic alhihine and aed
Phosphat ises 1n the vessels ind neurons respectiely were msestisated
in white rats poisoned with lead

MATERTAL AND UETHODS

Tweuty nine white male and female rats (Sprague Dawle  t w ecls ol1 and
Deighing about 170 & at the heginnmy, of the experiment thoar Uit r
The were fed on a standard dict consisting «f comm 1 V3 t
Ibitum Fightecn animals re ened op ea h injects n 16

per 100 g hodyweight solsed 1 aqua redest tna
istered volyme to 1 ml In all 100 to %00 mg PB(NO b+

1 i At ad
om trt B (ONO)
a2, tth admin

Ty b ght nas
gven The amimals were injected ubcutapcou I« [T except for
suniays apew site of angection being chosen ¢ Lo 1 ¢ and searr
ing prsmbly interforing vith resarption of the t T 1 1 remaming
leven rats were given 1 mt saline subcutanzow !

The animals which recerved lead had a greate vcigit @« than the contral
#himals in spite of lo s of ubeutanecus fat Th riv b u tl larger amount
€12 <es found 1n the howel

The stumals wer decamtited the dav after the lat 1 twon cxeept for tho
Wlled after 9 and one afte 15 davs The lymir w s em  1imm diatel and two
shees 3 mms wide were t ket one through th tasad 4 alie—hippocampus and
¢he through the central p s 0 ol cereb llgm | ninc ni 1 from each amm 1 at
fdentical sites The shdes ¢ immediately fr enn sl o arbon di ide or a mix

3
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ture of propane prepslent chilled with quid nitrogen and cut at —20 € 1n a ervo
stat (Dittes Duspisn) fn 104 thick scctee ns trarsfecred ta cover glasses

Sections to be stained  r enzvmes were fised frr 30 min 0 acetone at —9
m the crvostat and thercafter for ancther 30 min in acetine at rccm temperature
Sections to be uscd for routine stamning were while stil wet frved at roam tempera
ture in a mixture cc otaining cthy! alcahsl acctic aerd and formalin (82 5 10)

T or the dem« nstration of acid and alkaline unspeurfic mono pho phatases a srmul
tancous couy hng, azo technrque was empl ved using Naphtol 4 TR phosphatase as
a sthstrate (Burstone 1928)

Acid phesphatases wcre demoanstrated at pH o 0 with {resh diazotssed pararosant
hine (Barla € inderson 1963) A 01 M trs maleate buffer was used The sections
were incubated for one hour at room temperature and at 37 €

Alkaline phosphatases were demanstrated at pH 92 with Iast Violet I B (Sigma)
as a diazosalt The buffcr was a 01 M tri malcate The scetions were sneubated for
20 yun at room temperature

After staiming the scctions were washed carefulls and some counterstained for
43 see 1n Mayer s Hacmatosylin All sectians were mounted in plasdane € (Burstane
1997

Alternate sectrons were uscd Hr routing stainings such as Nissl Mahon for mye
linc and Haematoxs lin and Fesin after ethyl al ohol acetic acrd formol fixation The
scehions then were dadivdrated and meunted

In 10 cases those parts of the brains not used for ervostat cutting were analvsed
for lead with a spectrophotomctric dithizon method in use at the Chnic of O cn
pational \edicrne Lniversity Hospatal of Tund lor yaluable assistence with th
analysis we owc thanhs to Dr B Ferstedt enganece Gvrum and colleagues

Scctions from experimental and control animals were incubated in the same dish
Changes in enzsme activity of the experimental ammals vwere evaluated 1o reference
to the over all activits 1n the control ammal  In addittcn lecalization of the actisity
of aud phosphatases « ithin the cell and an different cell groups was stu hied and
compared with that of control animals

The alkahine phosphatase present mawmly 1 captlarics and ch road picwus but
also found in the central gray matter « as evaluated accrding to the ever 1l actin
s The acid phosphatase present mainls in nerve cells of the hippocampn  basal
ganglia pcntine nucler cerebral cortex and purdnge cclls nas Judped 1n the swme
manner with spectal atientton § a1d to the two last mentioned siructures

RISULITS

Routine lustolooy (Mahon “iassl Humatoxvshin and Ioun) showed
muld to insignifie int chinges of the typ~ referred to in the introduction
namely diserete focal loss of ncurons n the cortex The surroundmsg
microglr showed a moderate prolifer von wd the endothelf cells n
capillines and precaplry vessels were shohty swollen Thore were no
convincing sipns of bram ocdema

Quantitative lead amilysis of 10 ammals revealed 4 siymificint m
crense 1 kad o the hrun as well s i other organs (inu hidney
blood) No lead was found 1n the controls

Animals killed the das after cessation of lad admumsirtion showed
2 shaht decreise m alhahne phosphitise whnaly m the pilliries 1
all but one anmmal where the achivily tended lo b stron.ul Simul
tineousiy the ety of the 2erd phosphalasc n the nenrons compand
fo that 1 conlrols appercd to be 1ncre ised m all 1o wmals 1 led the
dus afler cessation of Iead wdmmistration Tn rats Hilled 9 d s or merc
after the last lead mgection the enzymatic actmaty did oot drter from
that m contrals Restoration to normal ilnts tonded to br somewhal
slower for neid phosphatases than for Ul alme The mipre ssion of 11
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Parasaggittal neocortex X 63 a 1d phosphatase naphtol AS TR diazotated pararos

anilime & centrol B lead posoned rat “ote m b increa ed neurophil starmng ¢Sp
1 cortical layers I IV and mereased cellular staning esp 19 layer III and ¥

compared t> 3

creased activits of acid phosphatases e g 1n the parasa.gittal nco
cortex 1n lead poisoned animals on closer 1nspection was found io he
dug to 1 stronger stuning of the neurophi wspeealls i cortical Iayers
1-JIT a1nd of the neurons 1n layers HI and IV (Fig 14 + b) The stun
m,, of the neuron evtoplism was grmulir in contrels and in poisoned
ammals 1 addibon more diffuse (Fig 21 + b) Esjcaally the nerse
eells of lnyer 1 stood oul s denstely stamed (F1. 2a + bY In the
neurons the staned grinules tended to he coarser and ~ umptd to.ether
In a narrow perinuelear zone of the evtoplysm (F1 >t + L These
¢hanges enhanced the laminar distribubion of ccrtie? nourons (Fi, 1%

compd to 1 1) In the purl inje ccdls these ¢1ft e s v ¢ much liss
marked

DISGUSSION

Located 1n the Ivsosomes the aerd phosph dase 1s assumud to play a role
m ihe produclion of emcray and 1 the prolan «s<nil es1s and intra
ccllular diqestion (Beyd! 1900 and De Dute 19b0) An merease of the
Iustochemieally detectible enzyvme nctivily 1~ not d m aonal reaction

but 4150 n elcetro shouk hver coma ( tdams 14,5} and high age wath
scmle degeneration (/e sephy 1919)
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In a study on autolysis in the brun a shift from bound to frec
actinity was noted the lotal achvily remammg constant (Anderson
1960) This shift may be due to rupture of lysosomes and relcase of
enzyme 1nto the cytoplism Histologically this my produce a change
from norml granular pattern to 2 more diffuse stamning of the cylo
plasm In autolysis Andersen also noted a perinuclcar 1ggregatron of
granulae

The apparent increase of acid phosphatase actinily and diffuse slun
g of the cytoplasm found n the present studv may be due to v m
crease of enzyme or a consequence of liberation of the enzyme mto the
cytoplasm from ruptured {ysosames more of the evtoptasm beconun,
stained than normlly W e also found the above mentioned perinuclear
aggregation of stunable granules

There arc thus stmular changes 1 acid phosphatase distmbution 1n
autolysss and lead intoxication In the laller condition however the
changes are reversible and mav be interpreted as a sign of degenerahion
or an inereased metabolic effort on the part of the nerve cell anilojous
to what 1s seen 1n the regenerating neuron n the axonal reaction In this
situation however there may be no rcal difference belwecn renenera
fion and depcneration the litter hemng an tntroduetorv step and ne
cessary prerequisite for enswing regyenerhion The apparently increased
actiaty may thus be compatible with 1 reversible degenerative process
in the neuron vaguely su.gested by routine histology

The alkaline phosphatasc 1s assumcd Lo partake 1n the glucose re
sorption 1n the brain (Stadtman 1961} and also colla,en formatien 1n
U]lc hodv Its role in the central nervous system however s far from
tlear

The reduced activity found 1n the present study mav indieate a toxie
inhition produced by the lead which 1s hnown to be toxic lo vessels
{Pentscher 1958) With tegard to the dipendence of the bram on
glucose this should be mmportant for the metabohism of the C\S This
hypothetic bloch may be an important ink 1n a chun of events leading
to mterference with nerve cell function 1 letd wntoxic thon It miy also
be placed 1n conjunction with the hnown mteroscep ¢ chinges revealed
by the vessels m lead intoxication pi- endothebial hvps rpla 2 ard
arleriosclerotic Tike chinges

The normalization of the changes 1 enzvme act \ tv r ¢ ssoiton
of lead admunustration found m the present stut nd) t s it at enzy

——

Figs 23
Fir 2 Parasaggittal peocortexla r3 X 160 & vhes ¢ ca Fig 1 a_ontol
cad possoncd rat \ote increased stn g pr tes fmerve cellsan b

£ g SOTared ton
' 3 Baal pontine nuel ar neme cells ¥ &1 aad Pl phatase as in Fig 1 &

control b le 1 po soned rat Granules « nc ntr ted to 1 rinuclear zone of
cytoplasm in b
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matic dimage ctused by the lead was reversible This ts 1 agreement
with the reshitution of many chnienl symptoms

COMNCLUSIONS \ND SUMMIRY

Rouline lipht microscopy shows munimnal pathologieal ehanges m acute
experimental lead poisoning m rat i spile of accumulibion of lead m
the bramn tissue

Fostochennenlly apparcntdy rosersible changes appear consisting of
shight reduction s the actinty of ilkaline phosphatase in the vessels but
apparent increase of the actnaty and changed dislribution of 2cid phos
phatases i the neurons [he effect of lead 1s more eastls demonstrated
by lustochemical methods than by routine microscopy
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5-HYDROVYTRYPTAMINE IN NORMAL AND
SECTIONED RAT SCIATIC DNERVE

By
NiLs Frix Ay and Y1aovF OLsson
Received 23 x 68

Mast cells are present both m the epienrial and pirmneurial oats and
i the conncetive tissue of the ¢ndoneurntm m persphoral nerves of the
1at (Enerbach et at 196p Olsson 1965 1966) Rat miast cells have heen
found to confm several highly active hiological substonees The capn
oty of these cells abtained from other hissues o synthesize wd sfore
5ot only heparia and histamine hut atso 5~hvdroxytryptanune (5-HT
seratomn} has heen demonstrated by several mvestigators (for ref see
Riley 1929 Smuth 1963 Padawer 1983 Upnds 1964 Selye 1860 Bloom
1%83) fhere are strong rcasons to belicve that the same findtags hold
true for the mast cclls m peripheral nerves of the rat (Olsson 1965)

Rucently 1t has heen found that sechama., of the rat scialic nerve is
folloved by a sery large numeneal increase of endoneurial mast ceils
throughout the distal part of the operaled nerses (Enerback ef al 1964
1%0) The atm of the present study was thercfore to study the chinges

m 5-HT wn the pard of the seratic none distal to a transechian using
biochemeat methods

MATFRIAL AND MTTHODS

Eleven groups each ronsisting of four male Sprague Danles rals were us 1 Fa h
&oup comprised rats of the same age weighing bet veen 20¢ ant 475 grams at the
tud of the experiments AN determinations of o HT were don an separately po 1d
makersal from the right and 1 1t scaatic nerves
N Cantrol rats Three groups f rats were used a5 contr s The rals werc acrifi ed
1y fecapitation wathsut ansesthesia and the sosatt perse fr m tate 03153 chn
> D13sa pophtea were rtmoved immedrateh
Experimental rats In exght groups the right smatie n rve fihe r bs 1 as sectionet
Vtwmediately below tuber ossis | chu under ange the a After 2 4 6 and 1 wechs
*e eetnely the rats were aenficed by decapitation The et 0 @ ner es fropt the
318 o fossa poplilea and the corresyanding part € the nin sperate ! Jeft pirgs
#2 € pooled separatels and then smalvsed for ther  teat 15 BT B Mt cantrol
0 experiaental rats the neres were disse fed € th ¢ with their v wennum and
Perineuripm
lletermuiation of 5 HT The 5-HT of the suats 1 ve %8s defermined spectry
uorimeteleally 10 3 N MCE after catton ex han, ¢ mal graphn {Bertler 1961
od o & Stognusson 1947,

. T,ius work has heen supp rted by the S of sh \ ¢ {ssociation egonst Heart
nd Chest Dseases § techmient asshtance v 0
Hogh rg

1k W ss Mergitta \idsdotler
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The content of 5 hvdroxviryplamine (a) the concentration of 5 hydroxs tryptamine
(b) and the number of endoneurial mast cells (c) 1n the distal portion of the right
sciatic rat nerve m per cent of that of the ame portion of the left nerve The right
nerve was sectioned at the time 0 Feach column represents a single determination
The columns at pomnt 0 in 4 and B repre ent control determinations m twy not
operatcd rats X determination not performed

weeks

RYSUITS

The distai portion of the left unoperated sciatie nerves contamed 0078
#g 5-HT per 4 nerves (sem = 00145 n = 11) or 053 u./g wit tissue
(sem = D035 n = 11) Any differences in 5-HT conlent or i weight
between the left se1ntie nerves tahen from unoperatcd and operated rats
were nol ohsermved

The distal portion of the right sciatic nerves o the unoperated rats
contained aboul the same amount and concentration of 5-HT as thai of
the left nerve (Fig 1) After sechionmyg the 5-HT in the distal segment
of the cut nerves displayed 14 marked and successine increase Uiy the
tuelie weeks of mvestigation (Ig 1) Since the weiht of the nere
distal to the Jeston also showed an tnerease the concentration ¢xpressed
1n per cent did not rise to the same degree as the tolal content

The nerease m number of endonetrial mast cells 1n the seralic nene
dwstal to a lesion ss shown in Fig 1 ¢ (salues from Enerbucl et al 1960}



539

The time course of the creases of endonennal mast cells and of 5-HT
1s summlar

DISCUSSION

The present study revealed thal normal rat sciatic nerves contain 5-HT
The cellular locahization of 5-HT in peripheral nerse trunks has pre
viously been studied with the fluorescenee mrcroscopie techmque of
Hillarp & ! alck for monoanunes (Qlsson 1965) In Lhe scintie nerves
of normal rats yellow fiuorescence characlersstic of 5-HT was ob
served 1n the mast cells found 1n the end im and the surr din,,
sheaths Thus 1t scems most likely that the major part of the o-HT
conlent 1n the perves 15 dernved from mast cells 1n the endoneurial the
perinenrial and epimeurial sheaths

This study also demonsirated that nerve sechon 1s followed by a
significant mercase m the 5-HT content in the dislal part 2 1o 12 weehs
afler operation A lar,e merense n the number of endoncumal mast
cells 1 sectroned nerves durin, the same period has heen observed
previousiv (Enerback ef al 1964 1960) These newly formed mast cells
lso give histochemical reactions 1y pical for 5-HT (Olsson 1965) These
observations stronglv suggest that the increased level of 5-HT found in
the distal part of sectioned nerves occurs in the numerous endoneurial
mast cells present in the degeneriting nerves The finding of 1 good
Agreement between the lime course of the increases m the 5-HT and the
endoneunal mast cells also favours this assumption

The increase of the 5~-HT concentralion was however smaller than
the increase m the number of endoneurral mast «lls This difference
may be due to the fact that the newlv formed m st cells are smaller
than the normal ones and therefore 1n all probability contaun a smaller
mount of 5-HT (Enerback el al 1964 1965 Olsson 1965) The poss:
bilily also exists Lhat the difference 35 due lo diffrent methods of
Caleulation The biochemical experiments were perforned on the whole
ferve while the number of mast cells wore counted only 1n the endo
feurim Since the epmeurium and perinewrium normally contan at
least as many mast cells as the endoneurium and 1s the mere e 10 the
Mumber of mast cells after section appears to be resiricted ¢ the endo
Reunium the increase should be smaller 1n the h ochem al ¢ wperiments

SUMMARY

The content of S-hvdroxstryptamine mn th rad scitt nerve distal to
-;lrnnsechon mcreased In about 300 per nt t in. a 12 weck period
ollowin., the lesion The ime course or llus 1 roise comeides with

(hat DProviously obtained for he mnereisc n number of endoneurial
mast cells
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CONGENITAL PRIMARY ADRENAL HYPOPLASIA

By
SVEN LvoCrREN
Recened 21 xn 66

Adrenal hypoplasia m assoctation wilh severc malformation of the
brain was deseribed alreads bv Morgagn: Such adrenal hypoplasia has
also been reported 1 comb tion with maldeyvelop t of the pstmtary
(3 8 14) In fhis anencephnlic form the adrenals are small and their
cortex 1s of adult type Such hypoplasia his however also becn seen
m otherwise normal children of mothers with a serum agglutimn m
compalible with the infant s red cells (Rh incompabihits) and in chal
dren of elderly primiparae or of multiparae above 10 vears and of
mothers who had toxicosis of pregnancy (6)

During the last two decades some 10 cases of another type of adrenal
hvpoplasia hase been reported This Lype 1s characterised stologically
by a foetal cortex of cytome alic type and duffers also chmcalls from
the anenceph he type

This paper 1s concerned with a new case of the latter tvpe together

with a survey of the llerature and certain fealures suggesting that the
condition 1s hereditary

BEPORT OF CASF

v aged ®3 (born 1943) had heen admitted to hospital bceause of tuber
os1s in 1951 and had afterwards felt well Ith negatine No abort on In 1964 he
Be birth to a healthy boy She was nav pregnant agan nd parturtion vas €x
be ted at the end of January 1966 Noutine ¢xamination b_a p vate pra titi ne n
beh tmber 1985 revealed nothing remarhalle On January 70 19 6 be 1 as uebyvered
;v !le on her way to hospital 10 an ambulan e According to the arbalan ¢ o der
ies the ehild had shown no signs of Life and on arrs al at ho p tal 5 t7 18 minutes
Iater the child was dead Tests for tovoplasmasts m the motter (dye ¢ ¢ und com
plement fixation) were negati e

Neer psy (98/66 Malmo) Bos erown heel lerett 33 m W Lht 1¢0 g Shm
amouad nose and mouth ¢ anatic The mawa f nding ve wid spre a haemarrhages
Y h b tera) subdural haematomas and puspura of th ko s ft men nge serosal
forfaces surface of thymus and muco a of the plar r «nd us na v bladder The
:"‘Ss Were not aerated The testes were of pormal app ar 0 ¢ but we ¢ situated
the abdomen The pituttary vas of normal uro s ap  aran &

t was soon p ticed that the adrenals e med t b m s Despite eareful ve
Mmaval and thorough exam nation of all the 1t in | urgans no adrenals could be
f und The entive mate 2l m the 52 on of the h & v therefore vet aside for
#ramination 1n serial sect o No oth r ahnorn b e found The umbilical
o l‘:unlnncd three no n 1 vessels The placenta showed b th large and small 1n

The mothes
cal

Al of the internal or, t
gan  Yertthespl n vh hw ghed 8 g compared with
Amarmal v eight of 49 ¢ (i % re small £ T total badv weight



TABLE
Age al
Author onset of Symptoms Chn cxam  Sterohd - dgeat
symploms erapy eat
Skl 21 davs No ap petite Died an the - 3% days
1948 Inarrhoea
Weight loss admission to
I igmentation hospatal
Bradveardia
Geppert Aewhorn Lomiling as 17—RhS m + 10 months
et al 1950 in prlore 24 hr urine
stenosis 012 mg
Pigmentation
Deamer Newborn Yomiting as Hxponatremia + 10 months
et al 1950 m pyloric Thyperhatemta
stenosts 460 mg
Weight oss
VMac Mahon 14 days Yomting ¥vponatremia + 3 months
ctal 19,7 Hyperkalemua
17--h§
060 mg
Harlem 16 davs Dipmentation 1CG sy an + 33 davs
et al 1907 hyperhalemsa
Aitehell 21 days \amiting as — — 7 weehs
et al 1929 n pylorie
1 stenosis
itehell 21 davs No appetite Hyponatremta + Did welf 0
etal 1959 Vomiting Haperd alemia
1 17-hs
024 mg
Boyd et 2l 11 davs No aypetite - LS % days
1960 1 Vamiting
Bovd et al 9 days Yorating Died on the + 12 days
1200 1 av of
admission to
hospital
Stempfcl Case not published primarily 18 hours
et ul 2960
i
o
Stemy fel 17 days \o appelite fy ponatremia + Dt will
et al 1960 \omiting I perkalemia
i Weight loss
Tmdgren - Died from aspiration during delivery Nenbort
1966
cration

owing {o the considerable loss of weight of the adrenals in 150

with postnatal involubon .
Though complcte absence of idrenals has also heen reported L‘Sp‘7
cially n ancncephaha cireful exammation of some large series
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1
Other
Body Whof  ussmgor gy oo Hypo
adocr 4
weight  adrenals  harely any foetal z megals physis e malformations
® {&) 2 glom  foctalz mes organs
3708 not weighed + 4+ + normal normal —
10 % 8 mm
12 X §mm
15800 o5 + — - normal no i
s+1) formation
906 050 + + +? nmom —_
+0 formation
mom 1 + + 4+ mot normal  Slight aortic
forma examined coarctatic
tion
3700 0174 0082 + + — normal normal macrogenitosom
3100 070 + + + normal normal —
' sibstitution therapy 1909 1 year of age
*s0 e + — +  normal  normal  —
320 09 + — +  normal  pormal  —
win -
no in
{f;:‘“ formation
ubstition therapy 1960 312 years of age
1380 Only micr - + + Saer See de  —
pormal seript on

anencephalia has my armably revealed the presence of adrenals (6) Ex
Sepl m a few cases with extensive malformation of the bran or of the
lower trunk 1t must e seriously questioned whether the adrenals ever
are really absent
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Hypoplasia involves both adrenals n their entirety but parlicularly
one of the two cortical zones which can hie distinguished 1n the foclus
In anencephalia (so called sceondary type) the wnner or foetal zone is
rer hypoplastie Iu so called primary or widiopathne adrenal hvpoplasis
the zona plomcrulosa 1s most hypoplastic or missing Bul the proscryed
foelnl zone often shows enlarged cells This tvpe of hy poplisiaas there
fore known as the cstomegahe txpe Our ensc tppeared to be of this
fype

A perusal of the Meralure revealed 11 eascs assignable 1o s eate
gory (I'ble 1) Al of the cases had heen scen n boys including 3 paurs
of brothers (4 13 18) This occurrence m hrothers st pcsts the posst
Inhly thal the condition may b hereditary

In primary or cylomegalie hvpophsia the werhit of the adrenals al
autopsv was always small and in all eases exeept one they weighed Jess
than 1 g In that easc (16} which was seen in a 20 month old hoy
(easc §) the adrenals weighed 25 ¢ (normal wei bt about o) In ome
casc reported by Stempfel no adrenals were found post mortem Thit
easc had not been exanined personnily by Stempfel and i 1s nof known
how thorough the scareh for the adrenals had becn

In the bterature eases the patints Ined for days to years Ours was
the onts case i winch the patient died at birth Death was probabhy
due to aspiration but the functional disorders due lo ndrenal hypoplasn
miht have been a contributory cause

in the other cases the mamifestations of the disease appeared within
fhe first 3 wecks of Bfe in the form of loss of appelite vomiling foss of
bodveer it nd furly rapid dehivdration Some cases were clinteafhy
misinterprcied as paloric stenosts and n 2 cases (7 and 13 case 1
exploratine surgery was done because of such a provisional din,nosis
In mosl cases the elimeal piclure rescmbled that of Addison s disease
with hypon iiraemin and hyperkabinemia low concentration of 17 kelo
sferoids 1n the urine and sometimes pigmentation of the shin Treat
ment with Na(1 and sleroids ofien produced improsement ind control
of the symploms Al 1 to 20 months howecver some of the patients
suddenly went inio shock and dud At the ime when the case reporls
appeared n the literature two patients aged 1 and 3Y, years were sttt
alive and domg well on subshitution therpy

Of the 11 literature cases the reports icluded histologic! desertp
tions of the adrenals 1n 8 In most of these there was a broad and of
cells resemblin,, those 11 the inncs zone 1n the normal foetus [n half of
the cases The zona glomerulosa was completely missing The others had
only a sery narrow outer zone The inner zone was bl up of larpe
cells not arranged n the normal trabecular fashion The celis were
polygonal with abundant eosinophilic cytoplism and round nucles I
most cases the adrenals contamned some larpe gant cells with cosmol
philic cvtoplasm [he drameter of the cells was twice tht of norma
cells and 1he nueler were silualed eceentrically Some cells wure 1es?
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cular with prominent nucleoles while others were dense and hyper
chromatic

The giant culls oceurrmg m 6 of the 9 cases were m good agrecment
with those deserthed by Aampmeter (11) He found single giant cells
m the cortex of a1l 2 3 month old foctuses The older the foclus the
fenir the giant cells Cytomegaly has been found in 6 5 per cent of new
borns (5) and 1n 14 pcr cent of infants up to 4 months of age (1) In
the latter series 6 out of 16 had various malformations Furiher Bealty
& Hawes (2) found malformations 1n 9 out of 11 cases of vytomegily
and Dhom (6) 1 2 out of 4 Cytomegaly 1n primary adrenal hvpoplasia
should prohably be re.arded as pirt of the muldevelopment In the
above cases of ¢ylomesgaly the adrenals were of normil size 1 all ex
cept 1 Though this ctuld was anencephalic we conswdered 1t justified
to classify the disease as primary eyl lic ndrenal hy popl: Csto
megaha which should not be confused wilh cytomegahc inclusion dise
ase may he a manifestation of incomplele maturits or a refurn fo
embrvonal cell formation

This together with the above mentioned occurrence of the condilion
m three pairs of hrothers argues 1 favour of the theory that the mal
development 1s of heredstary value If a woman has oiven birth to a
¢hild with adrenal hypoplasia she should be carefully watched dunn,
later pregnancies so that hypofunction if any of the adrenal cortex
may be discovered md treated in ime

SUMMARY

A baby Boy born at term died from aspiration durmy, deinery Gross
examination post mortem disclosed no wdrenils but histologieal exams
Batton of serial sections of retroperitoneal tissue revealed 2 vers small
adrenals The pcrmanent cortex was scrs Lhin on the left side and
DPractieally ahsent en the right The foetal cortex was predominant 1nd
was huil| up of irregularly arrangcd eosinophilic cells and numerous
bt cells The case was dii,nosed as cohgenital primary hypoplasia
{e3lome.ahe type) which should be distinsuished from secondry
hvpoplasia with ancncephalia Eleven cases were traced n the litera
ture among these three pairs of brothers The condition thereforc
4ppears lo be 2 hereditary anomaly which soon produces sympioms of
cothical insufficicnes Two of the above 11 pabienis a,cd 1 vears and
3Y years and recening substitution therapsy tre still alive
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INFLUENCE OF DIFFERENT ANTIGENS ON
CIRCULATING LYMPHOCYTE POPULATIONS
By

Urr CrastRov & Bingt Larsson
Recened 13 1h 67

In a previous study a cicheal varation 1 the composition of the
arrculatmg Ivmphocyte populations in blood and lymph was found
after a single subcutaneous injechion of pertussts vaceine {(Ernstrom &
Larsson 19672) A simlar fluctuation 1n the number of immunocy tes
1n the spleen has been reported after immunization with certam lipo
polysaccharides (Brifton & Moller 1966) In the present investigatton
the influence on the lymphocyte populations of two bactersal hipopoly

saccharide antigens hnown to induce production of 195 antibodies
Wwas compared with that of two antigens hnown to mitiate a rapid but
short lasting production of 19§ antibodies subsequently replaced by
a synthesis of 7S antibodies (Benedict ef al 1962 Bauer ef al 1963)

Furthermore the thymie export and import of blood lymphocytes
durmg the primary response to the antigens was mvestigated by a

mparison between lymphoevie content n afferent and efferent

thymic blood

MATERIAL AND METHODS

Tulla“) 3 » male gulnea pigs were used 14 of which were untreated normal an:
mals The rest vere divided into 4 mam groups and were gnen a single intra
Peuoneal muechion of one of the following antigens (nwmber of animals and
imitral body weight ju brackets mean +*SE
s Per]:ussxs 1aceime of the State B L

tockholm Sweden) 1n  dose of 102
Basterta for By 1n * dase o 25 ml per anmmal corresponding to 50 X

Lag opolssac haride extract from F oty (Ls

popolysaccharide W E eol: 055 BS

extracted by Difeo Lahorator,
s D oties Detroit USA) in a dose of 1 mg per ammal

Sheep erythrocstes (fresh e
diluted 1o a 10 per cent
animal (100 243 £ 25)
rigimonelia typhe B (suspension of formalin illed $ typh of the stram [§57

omyihe 7 antigen formalin 04 per cent) In 2 @ e of 1 ml pe an mal cor
Te ponding to 14 X 10% bactersa (66 746 = 3 g)

In each group 5 to 11 animals

Tythrocstes washed four t mes w th salime and
suspension 1n 09 per cent saline) o a dose ¢f 25 ml per

min pellets Iny t:n [ the lpopoh saccharide
antigens' caused ne mf2th of a few animals 1 dav aftersards The other
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The guinea pigs were anaesthclizod with sodiam Nembutal {25-50 mg In a 75
per cent solution ip per 100 g bw ) The thymus was evposed and a thymie ven
severed Blood was collected an heparmized pipettes (Heparin® Vitrum Stock
holm Sweden) for counting of white cells 1n a Burl er chamber and for classifica
tion of the hmphocytes by thesr mitochondria) content sn suprayital preparanions
For the atter purpose shies were prepared With a muxture of Janus green B and
nentral red an alcoholic solution (see Cuifing 1957) A smal drop of biood was
applied to the slide a cover glass was jut on and scaled with wax The prepara
tions were immediatels etamied 2 light microscope at 1000 \ maguffication
The Tvmphocytes (100 cells/sample) were regstered in six classes cells with D=5
6-10 13-15 16-20 21-30 and »30 mitechondria The mitochondrial content (MC)
Is correlated to the size of the lvmphocytes—low VIO corresponds fo small
Iymphoeytes high \MIC to large vmphocytes (W 1semin 1931 Frehtelus & 1arsson
1961 Frpstrom & Larseon 1963)

The right carotid artery was cut near the origin of the thyme arteries and hlood
samples were taken for the same znalyses as mentioned abose The arters was
then ligated

Finalls the thoracle duct was dissected free at Qts confluence with the left
subclavian and internal Jugular veins usmg the technique of Remnhardt € Yoffen
(1927) The duet was incised an{ a sample of Iymph was collected {or classification
of the }ymphocstes by their mitochondrial content according to the technique used
for blood tfterwards the thymus was taken out and werghed and the anymals
were hilled

For the white ccll count in the Burker chamber % mm3 of blood was dilutel
with 475 mm3 of Tolsson s solution containing methsl violet for staimng of the
white cells Tolally 988 squares Were counled in each sample each square cor
responding to 000625 mm* Differentiabion was made between mononuclear and
polynuclear cells

A mitochondrial content of 0 10 11-20 and >0 mytochendria per Jymphoeste
1s denoted as low medm and high MC respectinelv The results were anafvzed
statistically by Student s ¢ test The comparis m betx cen the number of I mphoeytes
of different categories 1 thyvnuc vein and carotid artery blood was performeg b
statistical aoalysis of all the diffcrences in the fndijdual anumals The p salues
<003 DO and <OONHT are denoted as almost signifieant sigmifrcant and highly
signifiiant respectisely

RESULTS

The composition of the hmphoevte populitions m blood and Bvmph
of the normal guinea migs 1s shown 1o Table 1 The difference m num
ber of small lymphocttes pir mm? of blood from the thynue vemn and
from the carotid arters in the nermal amumals was lughly swntficant
{statistical analysis of the differences from the mdisidual wnimals)

TABLE 1
Composttion of the Lymphocyte Populttions tn Thymiet e Rood Carof 1 Artery Bbod
and Thoracie Duct 1ymph of Normal Amumals Mean + SF

™ Lymphocites

o

o0 e ahion M (Cellsnith el wathbugh ;IE

o,
Beooaloa
29293 3L
Thymc ver bload 14 64806 81267 Paxar INETI )
Carotid artery Blond 14 53801 6i1k59 J99r03 sexin 43=00 4

Thoracte duct vmph 13 285206 67907
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The antigen mnjections did not influence the normal gam n body
weght (about 5 g per day) or the general condition of the experimental
ammals An exception was the E colt hipopolysaccharide which affected
the condition of some ammals on the first davs after tnjection and also
¢aused the death of a few animals

The absolute and relatre thymic weights were not significantly
changed after the injection of the different antigens

The granulocytes behaved very sumilarly after mnjection of the dif
ferent anligens In all four experiments an increased number of granu
locvtes oceurred one day after the injection After 3 davs the number
had fallen to ahout the normal leve] The granulocytes then varied n
Tumber with maximna at 9-12 and 21-24 days and mimima between
No Sigmificant difference was present between the number of granulo
¢ytes in the carotig artery and thymc vein hlood

Pertusss accine

The percentage and number of small blood Ivmphacyies (with low
Me)y ncreased and decreased cycheally as 1n a previous experiment
When 5 subeutaneous 1mjection of the vaceine 1n a lower dose was guen
(Ernstrom & Larsson 19674) \Maxima of Pereentages were noted 3
12 ang 2t days fter mwjection The percentase of medium sized and
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The guinea pigs were anaesthetized with sodinm \cmbutal (25-,0 mg in a 25

per cent solution 1p per 100 ¢ b w ) The thymus was exposed and a thymie vem
severed Blood was collected in heparimized pipettes (Heyann® Vjtrum  Steck
holm Sweden) for counting of while cells 1n a Burher chamber and for classifica
tion of the lvmphocytes by their mitochondrial content 10 supravital preparation
For the lattcr purpose shides were prepared with a mixture of Janus green B and
neutral red 1n aleaholie solution (see Culling 1957) 4 small drop of hlood was
applied to the shide a cover glass was Tut on «nd sealed with wax The prepara
tions were a4 m a hight pe at 1000 %
The Ivmphocvies (100 cells/sample) were registered 1n six classes cells with 0-5
6-10 11 15 16-"0 21-30 and >30 mitochondma The mitochondrial content (MC)
1s correlated 1o the size of the 1 mphocvies —low MG corre ponds to small
Tvmphocstes high MC to large Ivmphocstes (Wiseman 1931 Fichietius € Larsson
1961 Ernstrom € Larsson 1963)

‘The right carotid artery was cut near the origm of the thymie arteries and blond
samples were laken for the same analvses as mentioned above The artery was
then hrated

Finally the thoracic duct Was dissected free at its confluence with the left
subelavian and internal Jugular veins usmg the techmgue of Remnhardt € Yoffey
{1927) The duct was incised and a sample of lymph was col]erlvd for classification
of the Ivmphociies by their 1al content ding 10 the tech used
for blood Afternards the thymus was taken out and \\elghcd and the ammals
were kalled

For the white cell count 1n the Burker chamber 25 mm3 of blood was diluted
with 475 mm3 of Toissons solution conlaiming methsl violet for staining of the
white eells Totallv 288 squares were counted 1n each sample cach square cor
responding to 000625 mm3 Differentiatton was made hetween mononuclear and
polvnuclear cells

4 mitochondrial content of - 10 11-20 and >20 mmfochondria per Ivmphocvte
15 denoted as low medium and high MC respectinely The results were anabzed
statistieally by Student s ¢ test The comparison hetween the number of 1ymphocites
of different categories 1n thymic vein and carotid arterv blood was perfcrmed by
statistical analysis of all the differences m the indiidusl ammals The p values
<00y <001 and <0001 are denoted as almo t significant significant and highly
sigmificant respeetnely

RESLLTS

The composition of the Ivmphoeste populations in blood and hvmph
of the normal guinen mgs 1s shown in Table 1 The difference mn num
ber of small v mphocytes per mm3 of blood from the thimie ven and
from the carotid arfery 1 the normnl ammals was Inghly wigmfieant
(staistical analvais of the differcnces from the mdividual mmals)

TABLF 1
Composttion of the Lymphacyte Populations wn Thymie ¥ ein Blac 1 Caratid Arter
and Thorncic Dact Lymph of Normal Ammals Mean = St

y B ood

Lymphocyies
o
o Cells wath Jow Wit Lellan e o ‘\nhhlg\h:‘c
o
w4 N4 4 Nedq W
£41
Ths e vemn blood 14 GIRE06 BL62 39406 393233 8_:03 b
Carotid srters blood 14 58204 611350 399203 438kt 13%0

Thoracic duct hmph 11 28506 62907
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Percentage of lymphocytes with different mitochondrial content (MC) i blood

from the carotid arters of guintea pigs gren a smgle infection of pertussis vaccine

2 lipopalysaccharide antigen from E coli sheep erythrocvies or S typht H antigen
The arrow 1ndicates 1njection of sntigen Mean =S L

The antigen injections did not mfluence the normal gam 1 bodsy
weight (about 5 g per day) or the gencral condition of the experimental
ammals An exception was the E ¢olt ipopolvsaccharide which affected
the condition of some amimals on the first days after injection and alse
caused the death of a few animals

The absolute and relatre thymic weights were not significantly
changed after the mjection of the different antigens

The granulocites behased very simiarly after injection of the dif
ferent antigens In all four expersments an 1nereased number of granu
Yoevles oceurred one day after the mjection After 3 days the number
had fallen to about the normal level The granulocytes then varied in
Number with mavima at 9-12 and 21-24 days and muntma between
No signifseant difference was present between the number of granulo
cyies w the carotid artery and thymie vern blood

Pertussis Y acetne

The Pereentage and number of small blood Isymphocvtes {with low
MC) mereased and decreased cychcally as 1n a presvlous expermment
when a subcutancous mjection of the vaccine 1n a lower dose was grven
(Ernstrom & Larsson 1967a) Maxima of percentages were noted 3
12 ang 21 days after mjection The percentage of medium sized and
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Fig 2
Mumber of Iymphocytes per mm3 of blood from the carotid artery in guinea pigs
given a single mjection of pertussis vaccine a lpopolysaccharide antigen from
E coli sheep erythrocytes or S typhi H antigen The lymphacytes are subdiided
into cells with low medium and high mitochondrial centeat (MC) The arrow
mdicates injection of antigen Vean *SE

large iymphacytes (with medum and high MC) also vared cyclically
with mimma when the number of small Iymphocsytes was maximal and
vice versa (FYig 1) The number of }ymphocstes per mm3 showed sim
lar cyclical variations as the percentages (Fig 2) At 31 days ifter the
vaceme njechion a decrerse was recorded in 2l caltegorles of lvmpho-
cyfes
The thymc veno arterial difference i number of small }ymphocyles
varied and 9 days after injection of the vaccine no difference was
present An import of large Iymphocites into the thymus was demon
strated with significant values at 1 9 and 15 days after mnjection
(F1ig 3)

In the thoracic duct Iymph s in the blood marked cycheal vana
tions occurred n the relative frequency of the Iymphocytes with low
medium and high MC with the same perzodicity as m the blood (F1g 7)

1popolysaccharde from E colt

A ¢vcheal vartation was recorded in the percentage of Jymphocytes
with low medium and high MC and i the number of these cells per
mm? of blood with maximal ncidence and number of small cells at
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the same une 1s minimal wneadence and number of medim sized and
lasge cells and vice versa (Figs 1 and 2) The cycheity was sumilar to
that secn after an injection of pertussis vaccine

The thvmic veno artertal difference 1n number of small blood
Iymphocy tes per mm? of blood varred and 15 and 2 davs after injection
no mean difference was present (Fig 1) Concurrently with this mter
rupted thvmie export of small [ymphocyles a munimum number of
such Iymphocvtes was noted 1n the blood (Fig 2) At 15 and 18 days
a significant thymic export of medmm sized lymphocytes oceurred
canculing with the finding of 1 maximal number of such lsmphoeyies
m the blood A sigmficint mmport of medum sized and/or large
Ivinphocytes took place 1 12 21 and 24 days after antigen m)ection
(Fig 4)

In the thoracie duct lymph as in the blood a marked eycheal vana
tion was found mn the percentages of small medium sized and large
Iymphocytes The maximal and mmmal metdence of the cifferent

categorres of [ymphocvies as a rule occurred af the same fimes as 1n
the blood (Fig 7)

Sheep Erythrocytes

The percentage of small Ivmphocy tes was decreased after the antigen
ngection with a minimal value at 6 days (p < 0 001) Correspondingly
the percentage of medium sized and large lymphocytes was rased the
inerease also bemng maximal 1t 6 days (p < 0 001) These changes were
found both 1n thymic ven and carotid artery blood From day 9 and
onwards the percentage of all categories of blood Iymphocytes re
mained on the level of that n the normal anmmals (Fig 1)

The pumber of smatl fymphocytes {with low MC) was not marhediv
changed after mjection of the antigen The number of medium swized
?:‘d lazl';,e lymphoeytes swas slightly increased 6-12 days after injection

19

4s 1 normal guinea pigs a thymc veno arterrta) difference n the
nwnber of small Jymphoestes was found in the mmmumzed animals
mdicating an export of small Iy mphocytes from the thymus One day
after injection of the antigen a large ¢xport was noted but after 3
6 15 and 18 days the export was almost sionsficantly lower than after
Lday ‘The medium sized and large lyraphocvies were more frequent
11 the carotid artery blood than in the thvmu vein blood indicating a
thymic import of such cells duning immunteation (11§ 5)

In the thoracic duct lvmph the perceniage of smali lymphocytes
Aimished after antigen injection to a mimimum valtue b days later as
i the blood The mneidence of medum sized and large 1ymphocstes
Sere correspondmgly mcereased At 9 days and later the composition

‘:;the I\mph was about normal as regards the lymphocsyte population
18T
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The percentage of small Iymphocytes was decsiased d ining the first
12 days after antigen njection A corresponding mcrease in medium
Sized and large lvmphoestes occurred the mncrense bemng maxmal 9
and 12 days after mjection (p < 0001) The chang s were dentical 1
thvine vem and earotid artery blood From day 1o and onwards the
Tercentage of different catugories of binod Ivmy hocytes had returned
10 the samy lesel as 1 the normal ammals (Fig 1)
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Fig 7
Percentage of Iymphocstes with dilferent mitochondreal content {MC) ra thorste
duct vmph from fwnpea pigs £1en a single mjection of pertussis vaccine a Dpo
polysaccharade antigen from E coli sheep ersthrocytes or § fuph I7 antigen The
arrow sndicates sngection of antigen Mean =S E

During the fiest 12 dass after admunistration of the tvphus aphigen
the number of small bicod lymphocytes (wath low MC} was low but
mereased 7t 15 days The number of medum sized wnd large celis fos¢
monophasically with a maxmum after 9 days No cyclieal vanation
in the nurnber of cifferent blood tymphocytes Il ¢ that m the ammals
gren the pertussis or colt antigen was found (Fig 2)

A signsficant veno artenal difference m nuraber of small tympho
celes m the thymme vessels was ohserved An maport of larse ympho
evies into the thymus was demonstrated alter antigen snjection (F1g 6

In the thoracic duct hwmph as i the blood the percentage of small
tymphocttes was shghtly decreased nd that of medm sized and
large tvmphoestes correspondingly wmcreasedd during the first 12 dvs
after antigen mnycchion (Fig 7)

DISCLSSION

The perfussis vavesne and the lipopolysacehande from £ colt caused the
same cselical vanabon in composition of the lymphocyie 110nuh“;’“
1w hoth bloed and lvmph As regards the pereuntage of different eait
gortes of fumphaestes 1 blood and Iymph the simdanty w35 strthing
but Also the number of 1y mphocytes per mm? of blood show cd the sa,r:‘lc
evchaty despite a relatively grent vanation betseen the total fympho
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cyle content of the blood 1 indmidual amumals In both blood and
lymph the ncidence of small lymphocyies was maximal about 3 12
and 21 days after antigen mjection when the numbers of medium sized
and large lvmphocy tes were mimmmal Minimal values for small lympho
¢ytes were found about 6 and 15 days after mnjection when the values
for medium s:1zed and large lymphoceytes were maximal The § typlu H
antigen and the sheep erythrocytes did not produce the same cyclical
variation i the different categones of Iymphocytes as did the perlussis
and coli antigens

The cause of the yarying influence of the different antigens on the
cirenlatmg Ismphocyte populations 1s not hnown The pertussis and
the coli hpopolysaccharide antigens both of which caused the cvehical
vaniation have several characteristics in common They both contain
a lipopolysaccharide antigen are stable remamn n the body for a long
time 1nduce production of 198 antibodies and usualls no 78 antibodies
A cyclical vanation recalling that described 1 this paper has heen
reported n the number of plaque-forming cells m the spleen after
mmmunization with the lipopolysaccharide from E colt (Brillon £
Voller 1966) The number of such cells ts found to be correlated to the
19S antibody titres (Wig ell et al 1966) The mauimal number of
splemc immunocites was recorded 6 15 and 24 days after antigen
mjection corresponding to our maxima for medium sized and large
lymphocytes However the cyelical varation need not necessanly be
caused by the antigenic properties but eg by some toxic property of
the pertussis vaceine and the cols anhgen

The colt lipapolysaccharide anhigen caused a sigmificant export of
medim sized lymphocytes from the thymus after 15 and 18 davs
{Fig 1) A slight export at this time was also found m the animals
mjected with pertussis vacane No such export of medinm sized
lymphocy tes was observed mn the amimals guen the other two antiens
nor was 1t found in earher experiments with normal and sterord treated
Buinea pags Conenrrently with this export the number of such cells iz
the blood was lugh

The sheep erythrocytes and the S {yphu H imntigen caused a mono
Phasic increase 1n the percentage of medium sized and large Iympho
¢ytes m blood and lymph with a maxymum after 6-12 days This in
Crease was most pronounced as regards the S iypht H antigen comn
ading wath the appearance of a,glutinating antibodies aganst the H
antigen (Ernstrom 1960) It seems possible that these modium sized
and large lymphocytes partahe in the immune response perhaps as
Immunocy tes

Injection of pertussis vaccine resulted in a large number of small
lymphacytes m the blood during the eardy peried after injection The
ammals injceted wath the hpopolysacchande from E coli and the
S typhi H antigen had low numbers of small lymphocytes in the hlood
during this peried At tins time the thynue cxport of small lympheo
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cytes was relatively low This earls deficieney of small lmphoesies
may have heen due to a stimulated secretion of adrenal steroids swmee
prestous results have shown that evogenous steroids decrease the
thymic export of small Iymphacytes {(Ernstrom & Larsson 1967h) An
actnation of the adrennls cansed by the antigen injection ss espuesnlly
pluisible 1z the anumals grven the colt hipopalysacchande which was
ohviousty toxic s the dose wdmunsstered as some ammmals were 1l on
the first day after the injection and a few of them died

The thvaue export of small lvmphoes tes vavied after the anbigen
mjechions As a rule 2 large export was accompamed by 1 high number
of small lymphocytes m the blood nd 2 small export by 4 low number
This was most obvious after mjection of the Iipopolsysaccharide from
E colt which caused an nterruptcd thymie export of smalt iympho
eyfes nfter 15 and 24 days ecomesding with « vnnumnai pumber of such
cells m the biood

After admumisiration of the differont antigens an import of medm
sized nd Iwrge homphaocstes into the thymus was obserived 1t certmn
mtervals fter mjection Such an import has recently been demon
strated durmng the regoneralsve phase after steroud induced thymmie
wvolution (Erastrom & [ arsson 1967h) Ths unphies that the present
finding mny not mecessanly be crused directly by the antigens or by
some imptune mechamsm durmg the primary anhibody response but
by adrenal acination and a sterosd mfluence on the thymus

In 7il four experments wath the differcnt antigens the granulacyles
bohaved sumtlarly Thus pronounced but temporiry granulotyiosis
was seen 3 day affer mpechon  About normal numbers were registered
after 8 and 6 davs but 2fter $-12 and 2123 d4ys the number of gronw
loeytes m the blood was agun ruscd The mhal granuloeyvtoss ob
served 24 hours 2fer wiigen snjeciion My have been due to wrenat
activ ition  as exogenous stiroids produce pronounced gramuloestosts
sithin 6 hours (Ernstrom & I arsson 1967h) A tendency to irregulut
eyelical vanation 1 granulocytes was thus observed

The present study has demonstrated thnat two bactemat hpopoly
srcehande antigenss (from B pertussis and I cols) case an almost
wentied exchieal vanation in the eirculating iy mphoeties of dilferent
categories 1n blood and fymph and that two other antigens (shecp
erviaroeyles and § igpht H) do not cause such g cychieat varmhen

SUMMARY

Young adult guruea pigs were gnen a smgle wntrapenitoned snjeetron
of one of the followng antigens pertussss s wcane 2 hpopolys wehande
from K colt sheep ervthrocytes §& fyphs H The Jsmphocyte popula
tions of carotsd artery and thyvmic vem blood and of thorate duet
Ivmph were studied at different miernals after anhigen mjection The
}ymphoestes were dineded wto subpopuintions elassifred By the mito
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chondnal content of the cells (correlated to the size of the Iympho
cytes) The difference between the number of lymphocstes per mm?
of blood from the carotid artery and from the thymic vein indicates a
thymie unport or export of blood Ivmphocytes The following observa
tions were mde

1 A similar cyehieal vamation i composition of the circulating
hmphocyte populations 1n blood as well a5 1 Iymph was caused bv
the pertussis vaccine and by the lipopolvsaccharide from E coll A
maximal percentage and number of small 1ymphocytes comeided with
a mimmmal meidence and number of medium sized and large lvmpho
esles 1n blood and Ivimph about 3 12 and 21 days after antigen 1n)ec
tion 4 mimimal percentage and number of small lymphocstes and
maximal of medium sized and large lymphocevtes occurred after 6 15
and 27 days

2 The S typht H antigen and the sheep ervthrocstes did not cause
the same cyclical vamation 1n the subpopulations of the lymphocytes
as did the two hpopolysacchinde antigens The H nntigen produced
a monophasic increase i the incidence and number of circulating
medium sized and large lymphocyies i blood and Iymph with 2
maximum 9§ days after antigen injcetion The sheep ervthrocvtes also
tended to induce 1 monophasic wncrense mn medmm sized and large
Iymphocy tes

3 An export of small Iymphocvies from the thymus was found in
the animals njected with the different antigens as in normal amimals
Asa rule a large thymie export was accompanied by a ngh number of
small lymphocytes whereas i small exporl was accompaned by a low
number An import of medmum sized and large lvmphocytes mto the
thymus was obscrved without any obvious differences between the
ammals 1njected with the different antigens Part of the effects ob
served may have been mediated by an mcreased secretion of thymolvtic
steroids from the adrenals in the anhigen treated animals
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IRRADIATION INDUCED ASYMMETRY
OF THE THYMUS IN MICE

By

BERTIL JARPLID
Recerved 28 66

The central role of thymus m the development of radiation induced
Iymphoid tumours 1t mice 1s well established (1) Spontaneous as well
as virus indoced thymus Jymphoma mayv be precceded by a phase of
Iymphocyte depletion (2-5) With the intention to elucidate more pre
csely these problems concerming the radiation induced lymphoma the
histologieal changes 1n the thymus fter total body X ray exposure were
systematically studied and analysed from the time of irradiation up to
the development of thymus lymphoma

MATCRIAL AND MFTHODS

The expersments w re ¢ nducted on mice of the C3H strawn simce the slow develop
ment of lymphoma 1 this stram mal es it easier to follow the development of the
tum urs 993 smales and 297 females 25 = ? davs old were rrradiated with 500 R
admimistered tn 4 equal fractions at Intervals of 4 days (6) Followins, the 1 st
itradiation the ansmals were hilled m groups of from 17 to 53 animals during the
first month every second to every thurd day during the second month every 10th
day and thereafter monthly from the 3rd-7th month 84 males and 78 females served
as untreated control animals The thymus was removed by careful dissection with
Intact capsel The two 1 bes were and weighed on a torsion
balance with the accu acv of = 005 mg The Jobes were fixed 1o Stieve s fluid for
hi tological examimation

RESULTS AND DISCUSSION

The absolute weight difference of the lobes of the thymus decreased 1o
the control amimals with 1ncreasing age and decreasing total weight of
the dhy muas (Fig 1) In the experimental animals howeier o successiie

Iy more accentuated werght difference of the lobes of the thymus oc

curred 1n the booinning (waght esymmetry) The maximum difference
appeared between the 23rd and 27th day after the iast :cradiation when
the total weight of the thymus once agun was inereasing During this
peried the waght difference ranged between 5 1-10 mg i 29 per cent
of the ammals bitween 10 1~15 m,, 1n 13 per cent and above 15 mg in
8 per eent In the control group the weight difference was under 51 m,,
n 9o per cent of the ammals When the total waght of the thymus had

36 acTaratu 0 4



562

mg
60 s
l
5ol Tolal werght i Owg  Exparmentol
: —s Conirot
wf- H
i
- }
'
- :
i
b l
4
mg 'l a Experimentot
t o Control
4 1
1
H
H
1

10 doys

Fig 1
Alezn total werrht and mean weight dtffcrence of the lobes of thymus in C'H mi ¢
after 520 R of total body trradiatton duvided nto four equal deses
gnen cvery Bth day

returned to normal 1 the experunental animals after the first month
the woght difference decreased onls {o 1ncrcase agan after 5 6 months
with the appearance of an mitially umiateral hmphoma

In the period immedtatels following the last arrradiabion the thymis
followid histologically the earlier hnown pattern (7) On the second
day the corley was thin suth a diffuse border foward the medulla The
number of Iy mphocy les had decreised and retieular cells and mmnture
hymphoid cells dominated the pieture

On the 5th day a broader more dense partilly regenerited cortex
wns scen and on the 9th day the first regener dion secmed to be
completed These changes appeared reqularly and symmetrically it
both lobes After the U4th dav the corfex became apun thinner and
sparse 1n cells and showed a thffuse border agunst the meduila The
number of lvmphocytes was reduced and once agmn reheslac cells
became more apparent This secondary depletion was m general sym
meincally distributed m both lobes From the 19th day the fustologiead
preture was generalls more untform withm the mdidual lobes at the
same time as the differences between the Iobes of the same thvmus were
more marhed (early fAwstologecal asyamelry} (Fig 2)

Bt now the heavier fobe had recovered from the sccond dupletion
showing a cortex n regencration or a more normal cortex In contrast
the highter lobe was rem uned at the same hime depleted This deptetion
was peeasionally further accentuated with almost complete disappear
ance of lnmphocytes as 1 resuit (g 2) At ths stage the cortex was



Fig 2
Transverse section of thymus lobes of C3H muce % davs afler yrradsation
Haematoxyhin and cosin

dorinated by scaltered retienlar cells and the picture was simuar to that
obtuned 2-3 days after irradiation with 1 > 550 R the cell density m
the medulla hemg greater than that in the cortex This second depletion
was followed bv a phase of regeneration which 1n the main a,reed with
the first to oceur after irradiation Immature lymphoid cells with a finer
chromatin structure and basophilic cytoplasm formed successnely a
broad mutosis rich cortex surrounding small diffusely hordered medul
lary islands Further dev elopment resulted 1n n apparently normal lobe
of mereased size and weight In certain cases an abnormally broad
corfex was secn 1n which medulliry 1slands were absent or very small
Raplan & Lrown (8) observed a similar picture of the thyvmus mn
C57Bl mice 1t appearcd durin, the regenerative phase 1mmature cells
were present logethcr with a high mitotie activity which was interpreted
as an apparent 1mparrment of differentiation  The picture was similar
to that of an carly lymphowd tumour Wast & Bloch (9) also reported
the finding of a tcmporary lymphocytic depletion 1n the thymus about
3 weeks after irrad ation of C57Bl mier
Once the tot 1! werht of the thymus had roturned te normal fter the
first month the nuriwer of cases of nsymmetry reduced although such
asymmelry was o n throughout the rest of the cxp rimental period
Uale Ristological isymmmelry) the pictu es thus «xhibited were not
divergent from that f the early histological asymn «trv duseribed above
In addition aft r o—7 months nuce were scen 1n whih the immature
hmphoid celt populations n the hghter lube howed an inercased
number of mitesis 1nd an ncreased number of hsypsrchromatic and

pyvhnotic nuela during the regeneratine phase In other muee these

36
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changes were maore aceentualed comncident with the affccted lobe now
bemng heavier than normal and obsviously the seal of a Iymphoma The
transition from a regencrative phase lo a lymphoma was thus very
gradual In addition to this cases of advanced hilaleral Iymphoma were
also seen

Sumlar lale assmmetrical deplefion has previously been deseribed
as a precursors stage of spontancous lvmphomn in the thymus of 5-8
months old ARR mice (3) Asvmmetrical depletion may also precede
the deselopment of virus mduced thymus Lhmphoma m the mee (o)

In order to study more closels the further development of the asvm
metricnl thymus lobes biopsies were done on animals 23-29 days after
the 1ast irradiation Under anaesthesia the thymus was exposed and a
small prece of each lobe was carefnlly exaised for histologieal examina
tion whereafter the operation site was closcd agan In 4 cases in which
the biopsy material showed an accentuated Iy mphocyte depietion in one
lobe and relatively normal condition 1n the other a reversed condition
between the lobes was found at the time of sacrifice and autopsy 20 40
and 0 davs Iater The lobes presenting depletion n the biopsy matenal
showed now relatnvels normal cell picture in three cases and immature
regencration n the fourth ease In contrast the Jobes presenting normal
conditions 1n the biopsy material now showed 1n three cases depletion
and in one case regeneration Semal sections of 10 lobes with accentuated
depletion or regeneration showed m the majority of cascs a histologieat
picture that was relativels umform throughout the (ntire lobe

Since no degenerated lobes were seen 1t 1s probable that such alter
nating depletion and repencration reflect different phases of a re
versible reaction which apparently starts with an emptymn, of the
cortex of lvmphoid cells and then deiclops nto a varnable rection
pattern with successive regeneration and normalhization alternating be
tween the Jobes A phasc displacement hetw een the lohes may here meat
that thev have become unsynchronous which 1n turn 1s 2 concenable
cxplanation of the asymmciry which has ansen

In order to study the possible connection between this asy mmetre i
thymus picture and the x 1rradiation amumals mn another expuriment
were irradiated with 500 R admumistered 1s a single dose As expecled
fewer Inmphomas were obtamned (6) but also fewer and less marhed
asvmmetries than with fractionated irradiation {1 prepration} On
the other hand heplan & Brown (8) found essentially the samtc reachion
preture 1n the thy mus following single dose or fractionated doses (same
total dose 476 R) admimstered 1o Co7Bl mice -

Since thigh shielding prevents the development of 2 sccondary Weig!
reduction n the thymus (8) and nhulnts the occurrence of r:ulmhog
wduced lymphoma 1n the mousc {10) 1in experiment was conduete
n order to ascertain the effect 1f iny on the occurrence of the as\dﬂ’d
metrical thvmus picture The Ift thigh of 24 ammals WS shle‘l1 L‘
duning the rradiation (000 R 1 4 fractions as above) % hen thes
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ammals were aulopsied on the 25th dav the mean waipht difference
belween the lobes of the thymus was 52 per cenl of the total weight
In the untreated control ammals the corresponding value was 63 per
cent and 1n unshielded irrndialed animals 27 o per cent

A detailed report will be presented elsewhere

SUMMARY

Histologic1l investigations of the histogenesis of radiation mduced
leukaemia 1n the C3H mouse have shown that an assmmetry of the
lobes of the thymus as re,ards weight and histologzeal pretures bepsns
lo appear durm, a sccondary regeneratne phase followmng irradiation
This asymmetry 15 ohservable for several months and seems to he cor-
related with the occurrence of umlateral lymphomas
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the cytolog: al estimate of tumour type and degree of differentiation Surgical or
autopsy material 15 avaflable for the histopathclogical follow up of 304 patients
Mal tumour was c3 tok it in 373 samples (40 9 per cent) and 50
samples (55 per cent) were considered suspicious of malgnancy These 493 bropss
samples represent 333 patients As regards 209 of these patients matenial for histo
pathological follow up 1s available Out of the other 174 patients 31 hase died the
major clineal diagnosis n all cases being cancer but autoptsy was not performed
The remaining 93 patients are still aline and are followed chnically

The number of aspiration biopsies has steadily ancreased but because of the shorter
obsersation period fower histopathological comparisons can be made on the 1963
material The number of patients per year with a diagnosis of malignaney 1< gien
mFg 1

TABLF 1
Localt ation of the Tumours tn 09 Patients with Histological Follow Up

Histologieal dragnosts

z
3 Total
Site (lohe) Za - - Ea Pl number of
gE g £ SE Z patients
£g c & TE SE % o
=3 £E - 33 < 2
=5 =a ¥ 5 g£ 3 =
-3 Rl =3+ (SR = ]
Reght upper 30 15 8 6 - 68 (33%)
Right middle 3 - - 2 - - 5 (%%)
Right lower 14 7 4 5 1 - 34 (16%)
Left upper 33 14 1 1 3 1 60 (37°)
Left lower 13 7 4 1 1 2 31(157)
Mediastinum - - - - 1 1 5 (209)
Total 9% 11 20 2 15 8 209 (1006}

The sites of the infiltrates sampled are shown s Table 1 Tumours werc located
mn all lobes of the Jungs and pertinlar as well as peripheral tumours were diagnosed
The approximate diameter of the lestons was measured directly on the surgical of
autopsy spectmens In mmost instances Jf a long $ime elapsed between pspration
biopsy and operation or autopss or if other considerations made direct measarement
unsatisfactors the diameter was esttmated on the basis of radiograms with due
allowance fcr the geometrie distortion caused by \ ray divergence In the few m
stances of poorly lesions was not The size
distribution 1s illustrated o Fig 2 6

Among the 209 paticnts fiom whom histopathologieal material was avarlable
were women and 163 men Their ages ranged from 23 to 80 years (Fig 3% "

The entire histopathological material has been re examined by one obser er wit
avicw to obtaiming umiformits 10 evaluation The scctions were stained a ording fo
van Gieson s method and with haematoxslin eosin

RFSULTS
A Tumounr Incidence
A cytologieal dragnosts of mahgnant tumour was estabhshed m 192
patients This diagnosis could be verified on the bass of the isto
pathological examinalion of surgical or autopsy maternil obtawned from
188 patients (Table 2)
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TABLE °

Evaluation of Lung Tumours 1w 209 pal ents with Histological Follow Up on
urgieal or dntopsy Spectmens

Histological diagnosis

Cytologreal diagoo 18

Malignant
tumour

Tul erculosfs
Nen peatc
inflammation
Radiation
preamonitis
Hamartoma
Thymoma
Total

Matignant cells
Malignaney suspected

Tital

=
&
&
|
'

19
17

209

w
o

s
2
-

Thus m the case of four patients (2 1 per cent) a false posttise diag
nosis of malignancy had been established In two cases tuberculous
changes observed n the cvtolojical material were misinterpreted as
malignanl tumour In one patient earlier iriadiated for mammary
careinoma A focal mfilkration 1n the lung was diagnosed as an adeno~
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carcinoma Examination of the histologieal matenal however revealed
no sizns of mahgnancy the lesion representcd chronic inflammation
and Dibrosing ipparently radiation induced In a fourth patient a focal
mfilfration was dingnoscd cylologically as 1 mahgnant tumour but
after lustological examination the lesion was found to be an inlersiial
pneumonia probably resulting from aspiration

Among the patients in whom malignancy was suspected on the basis
of the cvtologienl findings (17 included n the histopathological follow
up) 13 were found fo have malignant fumours In two patients local
1zed tuberculous changes were observed and one had a cellular chon
dromatous hamartoma In onc patient a ¢yviological sample aspirated
from the mediastinum aroused the suspiteion of a mamfcstalion of
mahignant lxmphoma or small eell cancer of oal cell type that turned
out to be a thymomn

Ihstopathologieal follow up of the 92 patienis who on the basis of
the cytological findings had not presented cvidence or suspieron of
malinnangy revenled that mahgrant tumours were mamfested n 15
cases These 15 patients represent the false nezative diagnoses Materal
madequate for cytologicai evaluation had been obtuned from eight
patients Only nflimmators changes were scen 1 materinl aspirated
from the other seven prlients (T ble 3)

In the total follow up malerial comprising 304 patients 215 maha
nant tumours were found Cxlologieal examnation disclosed 87 per
cent of these and gase Tise to 4 suspicion of malignancy n a further six
per cent In 15 patients (scven per cent) with mahignnt tumours @
cytological dingnosis was not obtamed

TABLF 3
Fyaluation of 1o Patients with False Negalive Diagnoses

Histolagical diagnosis

=2
3
Crtological 2
vtological - s .
diagnosis sa a o S 2 e
g £ =f 55 ¢ _if
g5 gf gf 5f I e
T8 L8 g Zr T B0
&8 2§ 88 5§ F REe
None 2 1 - 2 3 g
nflammation (not specified) 3 - 1 - 2 H
Tuberculosis - - - 1
Tatal 5 1 1 a 6 15

B Type of Tumour
Cytological (yping was atfempted n 2 matersal comprising 282;’;‘0
lients with A cytolomical dingnosis of malignney The steads ner
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n numbers of hiopsies has made 1t possible to gun the experience
required sf the desire on the part of ehinicians 1s to be fulfilled and more
specific diagnoses are to be eslablished The relative number of cvtolo
geally typed tumours have incruased from about 7o per cent i 1963
to 93 per cent (1964) and 98 per cent (1965) Histopathologieal male-
il from 184 patients was available for a companson with the tvpe
diagnosis made on the corresponding cytological sample

TABLF 4

[ Results 4 to ! Type of Tamour

Ihistological diacnosis

°
2
Crtologcal o ]
diagnosis Za = el £ 2 k4
gE E —E EE E )
Ea 8 Zs S -1 gt
&£ es ec =51 ] g =2 E
] £g P TE i E EEZ2
£ g 8§ B B 5 22
Epidermord
Gareinoma 76 (885%) 10 4 3 - 1 94
en carcinoma 4 24 (60%) 1 i 1 - 3
Oatcell
caramoma 1 2 12(67%) - - - 15
Undifferentiated (#1%)
Garanoma 3 1 1 1771y — 1 26
letastasis 2 - - - 17 (97%) 1 15
Total number
of patjents 86 40 18 k11 13 3 184
A comparison between the eytol 1 and h hol. 1 type

diagnoses 1s given 1n Table 4 Cytological typme was correct in 77 per
cenl of the patients Optrmal agreement (88 per cent) was obtained
the 86 cases of epidermord tumours 4s regards the somewhat smaller
groups of anaplastic turiours and oat cel} tumours the original evto
logieal typing was correct m 73 per cent and 67 per cent of the cases
respectively Adenocarcinoma was most ¢ itficult to classifs correctlv—
only 60 per cent were correctly recognized i the eviologienl samples
In faet 2, per cenl (10 tumours) of the adenocarcinomas were cyvlo-
logieally typed 1s epidermoid fumours Twelve of the 13 metasiatic
lumours were correctly recosnized cy tologicalls

C Degree of Tumounr Differentiation

Cytolomical matenal sufficient for an evalustion of the degree of
tumour diffcrentintion was obtuned from 194 pr xnt  Histopatholo
gical material to be used for 1 comparison was 1} ble from 122 of
these patients Any speaal mterest in thns aspect ot diagnoshies has not
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been tahen unlil late 1964 which mav account for the relalively fow
cases that are v alable for a comparison

The degrec of differentintion was denoled 1s Ingh moderate low or
anaplasbie If a muxed descniption was used for example moderately
to highlx dufferentinted the lower degree has been chosen for the pur
poses of this comparison

A comparison between degrees of differentiation 1n the cytoloical
and histepitholosical matenal 1s given 1 Table 5 There was good
agreement m 78 per cent of the patients The dearee of differenhiation
was often underestimated m the cvtologieal matertal obtamned from
moderatels differenhiated tumours

TABLE 5
Ctologreal Resulls According lo Degree of Tumour Differentration

Histological diagnosis

Crtological

diagnoss Degree of differentiation

Differentiation Anaplastic  Low  Voderate  High Total
Anaplastic 18 (%) 1 - - 19 (16%)
Low 1 52 (88c¢) 14 2 £9 (587%)
\loderate - 6 20(59¢7) 2 8 ("3%)
High - - - 1 (50%%) 4(30)
Total 19 (16 ¢) 59 (49%) 33(98¢’) 8 (1%) 120 (10070

DISCUSSION

Tumours account for about 4o per cent of all our aspirition bopsy
materinl (Dahlgren & Nordenstrom 1966) Smee an exact diagnosis of
lung infiltrations can rarels be achieved on the basis of radiosrams
alone complementars methods are necessary o sorl out the ever
mcereasing group of patients with radiologieal esidence of lund i
tration The poor pro_nosis associiled with late detection of bronchal
cancer 1s 1 spur to obtan 1 diagnosts as early as possible There 18
every reasen to hane rpid and simple melheds deneloped with a view
to obt umng a diagnosis s exact as possthle 1n order to have the
adequate therapy inshituted Aspiration biopsy gmded by television
\ rav permits us to reach even small and relatively naccessible tu
mours .

The histopathologicalls serified tumours 1 patients n {hs sertes f
n with the age and sex patlern seen in lrger seres of bronchl cnlv;
cmomata As has been the ease i other published senes (I 1ehow 19,2
Spencer 1962) ihe upper lobes predomn e as tumour siles There l;
no distinet difference between the right and left sides Tl"d"rmmr
tumours and the undiffcrentiated cancers predomunate m the uppe
lobes
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With the techmque used here a cvlologtcal diagnosis ean be obtamned
1 from 8o to 90 per cent of cases of mali,nant intrathoracie tumours
which ean be deteeted radiologically This resull 1s to be seen ayunst
its back.round—aspiration biopsy was carricd out on all types of
radiologically visible lung infiltralions not solely on those suspected
of malignancy

A false positive diagnosis was made m about two per cent of lhe
wases Several factors have contrbuted to these diagnostic errors
Tuberculosts and brondhectases particularly but also other chronic
processes exert an rntating ffect on epithehal cells thus producing a
wide patiern of changes dcpendent upon Lhe duration and degree of
the ieritation (Grun.e 1950 hoss 1961) Degencration or actrialion of
epithehial cells can lead to heavy nuclear hyperchromasia with large
nueleoli and vacuoles The nuclear cytoplasm ratio can also be in
fluenced In routinely stained cylological matenals these changes
resemble those seen 1 mali nant epithelial tumours Only the degree
of these morphological ¢hannes may disinguish an nflammatory cell
reaction from a neoplasitc change Increased ccll activily 1 inflamma
tory reactions can also resull m a sigmficant degree of basal cell hypcr
rlasia In some mstances the degrec and relative abundance of mflam
malory emithelial changes can dormnate the cylological materwal oh
tained by aspiration biopsy to such an extent that tiny may simulite
the appearance of n malignant tumour In the present series tuly
culosis 1n two patients and a non specific chronic nflammation in
third tocther with the accompanymg mflammatory chan.es m an
thelal eclls are probably the source of the erroncous diagnoscs of
malignaney

Another source of error 1s that cells profoundls altered by radialing
can be misinterpretcd as mahgnant cells Graham (1963) as weif 4o
others have described such cellular chandes after radiation lhu,l,
She observed that radiation induced enlargement of the cells und (g,
nucler with vacuohzatron particularly of the cytoptasm but s Silhiy
the nucler Bizarre and somelimes mullinucleated cells also PP
These changes which m1y persist lon, after radiation theripy hag been
terminated can closely rescmble the ones sten 1n cancer cells Ty, fink
of diagnostic errors 1s nlways present 1f the cytolostst 1s not mlormeq

about radiation of the reglon from which the sample w1s oht uned (g,

of the patients 1n this scrics had recerved both pre and Postaper .

radiation therapy for mammary cancer During a routine Tadtal, o

check a focl mfitration was delected m the right upper faly et

attempls -t aspiration iopsy were made  the first wag oty Mo

mndequate and the second gave furly larse poly morphoyg c(“"'”“y

distinet nucleoh These wete assumed to origmate frop S with

erranomn W hen thu resected scomenl was examined h'““l’ll) u:k no
ally 5t beeame apparent that the focal changes Wwire rad““on ho! m,xcd
and anv tumour tissue was yiot deected nduee
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Russell et @l (1963) hwve also 1 1 the rish of cont
betwecn samples as 2 source of false positive dinznoses There 15 rea
son to suspect thal cross contammation occurred on one ocension n the
present series
Among the cytologienl samples wlueh wrongly were suspecled of
malignaney later lustopathological exanmunation demonstrated the pre
sence of 1 hamartoma \ore recently 1t has become possible apparently
1o dingnose hamartomns cylotogically (Dahlgren 1966) Re examma
tion of the oniginnl eviologieyl sample from the patient mentioned
hove did 1 fact reveal tvpical hamartoma features In this parbieular
nstance 1nexpenence n lhe cytological appearance of this type of
leston resulted i the estiblishment of a wron,, diagnosis
W ath current methods of examination 1t 1s unlikely that false positne
diagnoses ¢an be wholly avoirded This npplies of course to all fields
of exfoliative cytology (hoss 1961 Russell cf al 1963) With unproted
methods the leve] of false positine dingnoscs can probably be reduced
still further
Aahignant tumours were not dingnosed m 15 patients The prncipt
cuse of these false negative dingnoses secms to be that madequate
materinl had been obtamed by aspiration Lilher the tumour has heen
mussed by the needie or else the tip of the needle mayv hwe entered
davitahized portions of the tumour Nearly all tumours are surrounded
by 2 zone of chronic nflymmabion If material 1s aspirated from this
zone 1t 1s deceplively easy lo be satisfied with a cylologienl dusgnosts
of inflammation
The technique of aspiration biopsy gives the possibility of obtaming
representative cells from tvpienl and viable porlions of a tumour and
thereby facihitates the wlentification of tumour cells There was good
correlntion (77 per cent) between cvlological tumour type and histo
pathological tumour type It 1s remarkable then that the correlation
w15 only 60 per cent 1n the case of ndenoc ireinomas Some 20 D ¥ cent
of the adenocaremnomas were wron.ly tvped as epidermond tumouts it
was predominantly the poorly differentiated adenocarmuinomas which
weounled for the errors Difficulties miolsed in a correct eytological
recogmtion of adenocarcinomas has aiso been experienced n tatensne
scries of exfohatine sputum cytologs (Russell et al 1963) One reason
for these difficulties mas be that the staimng methods used are most
suilabie for the recogmtion of ¢pidermord tumours Snee the pootly
differentinted adenocarcinomas usuilly form only seanty mucus spe
cil stans for mucus are rarely a dingnostic awd
Any publications are not avulible 1s regards figures ohl.um‘d‘:g
eviluations of de,rees of tumour differentiation and comprable o
our findmsgs i sinular attempts A comparison belween the d?é!"l“'n"s
diffcrentintion judsed on the basis of cylological samples and ﬁmnlt ;f
m histopathological specimens gave agreement an about 78 per “‘c o
the cases There was a lendency to he the c)lok’g":“l degre
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differentiation placed at  rather loo low Icvel A possible explanation
of this may be that the lowest differentiated eclls have a lower degree
of adheston and come to be ov errepresented 1n aspiralion biopsy samp
les (Coman 1944) Another source of error involted 1 2 comparison
of this typt 1s the occasionally lony, nterval between the performance
of aspiration blopss and the me when matcrial for hustopathelogeal
examination 15 obtained During this interval 2 tumour can assume a
lower but hardlv a higher desree of differentiation

The degree and direction of tumour differentittion can v iry m differ
ent parts of 2 tumour Ior this reason the cytological div,nosis made
on 1solated cells can never be as conclusive as the histopalhological
dingnosss hased on examination of reltnely large areas of a tumour

The resulls obtained in these paticnts demonstrate that 1t will be
possible 1n numerous cases to decide on the hasis of evlologreal samp
les obtamed by aspiration from radiologically evident lung lesions
whether or not the lesion 1s malignant and also the type and deyree of
tumour diffcrentiation Considening the greater range of therapeutic
allernalives 1n cases of lun,, {umours (hese aspeels are of mportance

Turther developments n this field of diagnostics are imperatine
Frenif the results to a Iarge extent are dependent upon the personal
¢xperience of the cyto pathologist more subtle methods of fixition and
staimng can be expecled to bring sbout 1mprosement

SULMMARY

Fine neddle aspiration hiopstes with the aid of tclevision fluoroscopy
Were undertaken wath a view to obtuning the cylologieal diasnosis of
nirathoracie lesions During a three year pertod 912 aspiration biop
s1es were performed on 667 pabienls Mahgnant tumours or suspicion
of malignancy were cytologically diagnosed m 333 patients To evaluate
the dingnostic rehiability of this method 1n cases of malignant intra
thoracie tumours findings 1n 30% patients werc compared with the
Iistopathological matersal obtain d 1t operation or autopsy The results
oblained demonstrate that malignan  ntrathoracic tumours could be
correctly diagnosed evtolorcally m  pout 87 per cent of the cases m
3 further six per cent the tumour v 1 ¢vlologically diagnosed as malg
Naney suspeeled In about 77 per cent of the patients it was also pos
sible to determime corr « Iv the tumour type and the degree of tt mour
differentiation
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EXPERIMENTAL STUDIES ON BOVINE
TICK BORNE I'EVER

2 Differences in ¥ irulence of Strains in Catlle and Sheep

By

Jaanno Tuown
Recerved 70 xu1 66

Foggte (1) reporled thal the wirulence of struns of ovine tick horne
tever agent he had studied could differ in sheep Evidence which points
wn the same dircchion 1s to be found n the wide diversences 1n deserip

bon by various authors of the scverits of tick borne fever 1n sheep
(7913)

In the preceding report of this series an account was given of the
1solalion of 10 strains of tich borne fever a,ent from bovine field cases
and one strawn from unfed nymphs of frodes rictnus (16) Some of the
sirawns have heen studied each of them n several experimental cattle
and sheep The present paper deseribes the differences obscrved m
therr virulence in Lhe respective hosts

MATFRIAL AND MPTHODS

'lrgm material and methods emplosed in this study have heen mainly presented 1a
¢ preceding paper of the se ies (16) Some additional mformation 15 gisen helow
Treld cases from wh ch the agent stra ns were 1salated an! the eondiftons The
8¢ raphical origin of each 1s0late has been presented pre 1ously (1¢) Table 1 pr
Yides some 1mformation on the f ¢ld cases con erned The findings are un atisfactiry
Or comparative purposes 2s the time al which each row was examined the blood
samples were tahen and treatment administered vaned in rclation to the beginming
of the reactions
. ;l;h!‘unfed Dvmphs of I rictnns from swhich J-Puke st min w2 isclated (15) were
¢ e ed in spring 1975 from a farm pastare onvhi bt b ught 2 cow had been
imbultaneously attacked by tick horne feser in summer 1964 The & had exh hited
€Presst o dimimi hed appctite and a substantial fall in the milk  eld The mau
ﬁ:ﬂ f;mpera(um recorded were 414 and 415 C and the pere ntar s of granulo
¢ “‘h ‘;‘plmmg tichh rne fever bodies 35 ani 4t csy ctr el B th cows had
veurmed and one had had di rrhoea The d ta sh uld be ~mia ed with the
Joaions I-Puhe strain had caused 1 e<pe mental attle On this fa m sheep had
ten kept continuously and grazed on the am pastare s cattie

(‘e‘ b ief account of some of the present f nd ngs wa g en at the I\ Ioternational
u;‘)ﬂﬂss for M crobiolog  1n Mfo cox  but has be n publy hed nl as an abstract

This

ant mv\nrl. was supported bs granls from the Finmsh Wed al Research Coun tf

™ the W pistry of Agriculture

3 seraearn 70 4
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TABLE
Tie] Borne Feter Reactions in 10 Lactating Cows in the
Interval
Co had been A gged bt RO
Stramn of recorded
1solated bought in reared con start of temp fall fn
recently athome '3 sltness to i milk
yeterinary ield§
call days
33161 X 3 0 12 total
Ju3-64 X 10 2 109 172
J48-64 x 2 1 11 12
J53-64 X 8 1 300 total
J1-65 b 2 1 415 total
h1-65 X 4 0 420 13
h20-6a X 2 1 412 12
T1-65 > 7 0 416 173
Jo5-65 X 3 1 410 1/
Jo6-65 X 5 1 409 12
ni no information

nfr = not fulls restored

After discovery of the high virulence of K20-65 stram and a recently 1solated
h9-66 strain in sheep further information was obtamed on the conditions on the
farms of their origan No sheep had been hept on these farms or on nughbounng
farms for many years

Sertal inoculntions by heterologous strarns In view of an extensise ymmunological
heterogeneity among the strains to be described in the third paper of the series (17)
many animals reacted to seriat 1 of several strains These
reactions to heterologous strains 1 amimals with previous cxperience of tich horbe
feser are partly taken into account mn desersbing the diffcrences wm virulence of
stramns This refers especially to cases 1 which later reactions are mare severe thar
the earhier ones

Criteria of virulence The following criteria were used 1 Percentage of granulo
cytes displaving tiek borne fever badies and the period during which the bodies are
detected 2 Degree and duration of the tomperaturce reaction and 3 Length of the
incubation period

RESULTS
Degree and Duration of the Temperature Reaction

All the 1solated strams invariably caused 2 lemperature reaction
when 1moculated inlo catile with no previous experence of tich borne
fever Sequential moculations with heterologous struns also often in
duced a temperature reachion Fig 1 mndicates the dur ihon of reactions
by different strains both n cattle with and withoul previous expent
ence of the disease No defmile differences between the struns emere®
from these comparisons In regard to many struns the experiments
carried out 1re Loo scanty to illow of drawing conclustons However 1he
mnpression was gained that as concerns the more extensively studied
strawns h20 65 tended to cause a longer fever reaction than J34 64 l:
Table 2 the stramns are compared in ruspect of the lughest me mm{
temperatures they caused n older cattle wilhout earher experienee o
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Fueld from u hich Agent Strains W ere Isolated 1965-1960

Percent Restora
age of tion of Subsid
DTS dnorewa FrARGlo Treatment previous  ence of
showing production 1o da)s
bodtes i davs
X X 12 Tetracveline 1 1
X 20 Tetracechne n1 n1
X 37 Tetracychine nfr 2
24 Tetrac chne 1
X ¥ [ Tetracyehne nfr 1
X X 33 Sulphamezathine 2
X < 25 Sulphamezathme 5 1
X X 35 Sulphamezathine n1 1
X X 5 Tetracycline o n1
X X 16 Tetracvelme EY) a1

femperature not recorded by the farm people
vecorded before ar at the time of the veterinars call

the disense On the avcrage the J34 64 and R20 60 strans resulted 1
a fever clearly hugher than that induccd by the J Puhe stramn In the
next paper of the series evidence will be presented that cross ynmunity
butween Jo5 65 stran and other tested stramns appears to be very weak
or absent The mean of the highest recorded temperatures caused by
this strain 10 11 cattle ncludin, calves and adults was 412 C or

within the same range as the figures grven for the J34 64 and J1 65
strains

TABLE 2
Highest Recordet Temperatures in Reactions in Cattle over 1 Year Old with no
Pretious Expertence of Tich Rorne Ferer by Different Strawns

Stram of agent
J34-64 h20-6> J-Puke h1-65 TI1-*2 Jt-60 J13-64 Jo5-62

Number of

reactions 1° 4 4 1 1 1 1 1
Raoge ¢ 407-313 40/ 413 397-41° 416 408 417 404 409
Mean C 413 11 405

Fi1y 2 contams d it on duralion of Lhe temperature reaction in sheep
It becomes apparcnt that J Pube strain is morc virulent m this respect
than are J34 64 wmd J1 65 strains It should be noted that although
the K20 6. strun was tested only in sheep which had reacted earbier
to other strans 3L matched 334 b4 and J1 b5 as regards duralion of the
induced fever “o temp riture rections were crused by Joo ba Jo6 o
and K165 strans Jou 6o strun was inoculated inte two sheep and

kY
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e
STRAIN OF AGENT ;él.\i,lE;zE DURATICN OF FEVER PERICD  DAYS
BODIES 1 l 2 l 3 j 4 J 5 ' 7
* ﬁlé‘\(MBAongﬂr‘EDy?lWUEREXPiR\ENCE OF
3} PuKe a0
) 48 64 . .
o 5-65 © o oo 8 ° o
4 3464 oo B o3l e eene soee
SR o o ®* o o &
) 53 64 ° s o
T 165 oo o b
o 364 .
Jo 665 ° o
165 o o 8§ o 8
K 2065 s oo oo % hd
gt

Period of elevated temperature 1n primary tick borne fexer reactions caused b
\arious straing in experimental cattle

Jo6 64 strun into one sheep with no earher experience of the dises¢
Additionalis  Jo5 65 stram was mnoculated inlo 6 sheep which hid

carlicr reacted 1o other struns k1 65 was moculated nto 3 sheep of
the hitter type On the wverage both J Puhe nd K20 6o stratns indi ed
temperatures which were defumteIv nsher than those atfributable to
J31 64 and J1 6o

Occurrence of Tich Borne Iever Bodies

Fig 3 makes 1 comparaline exammation of the strans in respect of
the muamum precntage of deteetably anfected pranulocstes they
caused 1 cle The lower virulence of J Puhe strain 15 apparent Al
the 4 cattle moculated with this stramn were fully grown ammals ‘The
maumum pereent sges recorded 1n them were only 2 2 4 nd 10 re
spectively As rogards the other stramns k20 65 appeared to cause hugpliet
teselds of snfcction th i three struns which were studied niore extensitt
Iy Joa 66 3163 and J165 If all the animals mfected with Joo GI
strain are considercd as svirlually fully suseeptible then the highes
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NO TEMP [seconDar
sTRA OF AGENT [3T TICK DURATION OF FEVER PERIOD  DAYS freae
o 5 [
BODIES 1| 2 | 3 | 4 1
@ SHEEPWITH MO EARLIER EXPERIENCE
gHFETEICK wl'rfg FEVER
SH PREVIOUSLY INFECTED WITH
T1es 000 O R e 50s A
J a4 84 LTI .
I . o
J 5364 .
K20 &5 o000 0000 o oo
. LIl 1] e e
J PukKe o o0 ©ooo o 0o | aco
Fig ®

Period of elevated temperature i primary tich horne fever reactions caused by
various strains in sheep

proportion of wnfected granulocyles caused by this strain tends to re
mamn at 1 lower level than that attnbutable to J34 64 and J1 65 At
lention 15 alse drawn to the high percentae (72) of infected granulo
cytes caused by hl1 65 stram in a heifer with no earlier cxperience of
the disease the data should be compnared with those for the respective
ficld ease in Table 1

Table 3 indicates that J Puhe strain 1s ¢learly inferior io other
strams also as regards the duration of the period m which tick borne
fever bodies were detected

TABLE 3
Period luring whick Tick borne Fever I} sdies Were Detected 1n Cattle over 1 3 ear 011
with no Earlrer Expertence of Ticl Borne Ferer by Different Strains

Stra n of agent
J34-61 h20 65 J-Puhe h1-65 T1-fa J1 €5 J48-64 Joo-65

Number of

reactions 12 1§ 1 1 1 1 1 1
Rang  davs 3-8 4-5 1-2 3 3 7 4 7
Viean days 14 45 18

and§ =In5and3 ttlere pc tneh Todes w

not s ught bey nd the fourth
or fifth da  f their occurrence

big 4 presents the lushest recorded leveds of tick borne fever bodies
n sheep by various strams The higher virulence of the h20 65 strain
than J34 64 ind J1 6u 1s more clearls evadenced by these data than by
differences 1n the tempurature reactions given 1in T1g 2 \ote also that
k20 64 strun seems to eause levels of tick borne fuser bodies 1 sheep
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Highest 7 tes tich borne fever bodies recorded fu

1 g
experimental eattle reacting to inoculatians by vanous strains
¢Remarks) All the inoculated cattle without presious experience of tich b roe fever
reacted exhibiting tich borne fever bodies Negative inoculations inta ammals with
previous experience of the disease are not included

which are 1t Teast as high as those wn cattle (Fig, 3) The maumum
pereentages of nfected granulocyles taused by § Puke strawn (up 0
90 per cenl) were higher than those resulting from any strun o cattle
{h 65 strayn 72 per cent) T1 6o siroin appears 1o be ot least as viru
fent 1 sheep as J34 64 and J1 65 1f mensured by the level of infected
granuloetles

The pattern displised by differenl strans as repards lhe mduced
length of the period during which tick borne fever bodies werce detected
m sheep showed a correlaion with that recogmized for the miumum
percentages of infecled granulocites

Sequential Reaclions by Helerologous Strawns

Miferences hetween the strans deseribed in the fore.omy, ar¢ stb
stanlinled In eonsideration of the sequenhial reactions lo )uumlnwnll!s
stramns i individual ammals The above comparisons suppested tha
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with regird to the extent of the proportion of infected granufocytes
produccd in enitle four agent siruns seemed to be arranged n the
following order of virufence K20 63 (most virulent) J34 631 Jo5 6o
and J Puke The results compiled in Table 4 further support {his con
tention Althongh h20 60 stram was moculated nto three calves sub
<scquent to onc or two of the other strmins neveriheless 1t induced
higher lesds of infected granidoestes The inferioniy of § Puhe siram
to Jo5 6o and J34 64 struns was alse demonstrated

TABLE 4

Comparison of 4 Agent Strains highest Percentayes of Detectably Infected Granulocyles
Induced in 6 Cattle Sertally Inoculated by Tuo or Three of the Stratns

Strans causing reaction their order of 1noeulation and the highest recorded

Ammal percentage of infected granulocstes
1 stramp 7 siramn 3 stramn i stramn 5 strain

calf 3 33411 (30 X Jo5-8a (30%) % }0-6> (63%)
Calf 1 X Jo5-65 (40%%) X K70-6> (63}
Caif 13 X X Jo5-65 (1634) X hoO 65 (40¢0)
Cow 27 J-Puhe (47) Jos-6, (16t )

Calf 26 Jo5-6, (28%) J34 64 (02%)

Cow 79 I-Puhe (2%) 334-61 (28¢%)

X = reaction attributable to a strain not included 1n the comparison concerned

Differences between some strams m respect to their virulence m
sheep are indwated in Fig 5 The greater virulence of J Puke wnd k20
6o than 7134 64 and J1 65 sirawns 1s exemplified s s the non viruh e
of Job 65 stram n sheep (A stran k9 66 has been recently rolated
from a hovine f1eld case and found to resemble h20 6o 1 1ts virulence
in sheep)

Incubation Period

The mncubation period m catlle woculatcd with blood obtuned al
about the height of the tick horne fever reaction ranged from 4 to 10
dns (Two cases i which the mcubalion period was profonged ob
vously Iy parhial homolosous immunily  are not taken into account
here) This refers 1o all 1he strains ex imined and ncludes tmoculations
with both fresh and stored bloofl No definite differences were obscryed
1n the menbalion period hetween strams iselatcd from bovine field
cases However J Puhe strun lended to have 1 fonger mcubition
period than the other strains this 15 apparent n the experiments du
scribed laler m this paper

In sheep the incubation perod yaried from 2 to 9 dyys J Puhe sltram
was the onlh strun capable of producing a chniedl infection n wo
davs On most occasions the necubnlion peried with thus stran was
21p 3 davs In Ino <heep oculited with fresh blvod conlamin, 1h20 62
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strain the mncubation period was 3 dwvs Lven blood mfccled with h20
62 stran and stored 1t —74 € for 1 month once induced the appear
ance of the first lick bornc fever bodies i three dass With all other
strans the incubalion period was 4 days or more

In tests with lhe k20 65 stran at appeared that the meubation period
can apparuntly be prolonged under certun mteresting conditions

Four sheep were inoculated mtrasenous! with 1 ml fresh blood obtained from a
sheep at the peak of reaction to h®0-65 strain Three of the reciptent sheep had
experienced 1nfection by J-Puhe strain 1 ~3 months earlier but one  f them sheep
8 was at the time of inoculation recovering from the reaction caused by J-Puhe
strain It had experien ed the peak of reaction three dass previously hut even at the
time of 1noculation tich horae fever Fidies were detectable 1n a fey granulocytes
The 1ncubation period in two sheep was three davs and n the third one i which
1t nas suspected that the ioculati n had been effe ted subcutaneonshy by accident
four days In sharp contra t with these the mcubati n period in sheep 8 was 9 da s
The reaction which developed 1n sheep 8 equalled that in other sheep 1n respect of
the level of infected granulce tes The elevatiim € temperature was shight 1 all the
sheep but was herdly recogmizable 1n sheep 8 VWhen challenged .bout three v eehs
later sheep $ preved to be solidly immune agamnst h90-65 strain

It seemed reasonable to assume thal mfection by J Puhe stram in
sheep 8 had mterfered with development of the nfection by k20 65
stram J Puke strain as indicated previously 1s slishtly more virnlent
than k20 65 strain in sheep The question arose whether the presumed
phenomenon of interfercnee generally occurred hetween mfections by
various strains and especialls whether an mfection by a less virulent

stram would mhibil the development of mfection by a more virulent
strain

3 test was carried out 1 six cattle over one vear c1d to determine whether infec
Lion indu ed by J-Pule stram could prolong the 1n ul atinn period for h20-6> strain
Thesc strains were selected b virtue of the ca  of their recognition by the difference
i everity of reactions 1n bovine Four cattle vere in culated with J-PuKe stratn
and three days Jater two of these four and tw) additional attle + sth K20-65 stran
The result was that the t vo ¢ ttle jnoculated with J-Puke strain alone reacted 1n 7
and 10 davs re pectively the tno inoculated with K20 £5 steam only both 1o 6 davs
and the two d uble infected attle caught hich borne fc ¢r  da  aft r the second
tnoculalim The react ons in the ¢ o double infected amim | v as  ere as tho
in the contr Is ynoculat { vith K20-€5 strain It secmed app rent th t although it
halbeen alloy ed a three day ad antage J-Pule t n  uldn t nterf re with the
€ selopment of kP05 tr n It1s an ipen que t >n 3 heth  pr ! neaton f an
cubaticn time fcr th k 0-€5 strain would ha e r ulted fon ul & n had been
dcdaved unt 1 the app ran  of the reaction b d-Puhe tan

To date 11 has not been possible to carry out v more systematie
efforts lo shed more Lisht on the conditions of the presumed phe
nomenon of mtcrfercnet On two oceasions noculition by a hetera
logous struin ot ammals reacting at the time to some other strain has
heen effected laifer 13 which had previoushy reacted to J34 64 strain
and subsequentls to k1 62 stram was inocutatcd with J1 62 strain when
«epuriencin,, rebipse Lo Bl b stramn No reachion to J1 Go strain ensued
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Howeter 1t cranot be snd whither thss mndubilion was attributable to
mfecizon by the h1 65 strun or to dovdloped rmmuntty 1t 1s suspected
that the phenemenon of inlerference 1s at least parth responsmible for
this In the nesd paper of the serws data wall he presented lo demon
strate that immuanity to nather J31 64 nor k1 62 stran alone whibsted
development of the reactron by J1 6% sirun

Although no control shcep was mocubated simultancousty 1t was
suspected that 2 slisht profuniation of incubation time had tiken place
when sheep 17 was moenlated with J Puhe strun at the end of chneal
rection {0 K20 60 strun The moubatson tune for § Puhe was 5 diys
and the following rcaction was milder than the preceding one attnibut
bl to k20 65 stran

DISLLSSION

\o previous mutudl comparisons hwve been made of strims of hovine
tich barne fever asent m regavd to virulence or other properbies 1t was
indrented 1 the mtroduction (hat evidunee of the accurrence of dilfer
caces i varalonee 1 sheep of ovine strams ks heen presented A strons
tundencs towards yanation appears to be 2 property common to ageats
of both evine nd bovine tiel barne fover That both the ringe and the
frequencs of varration of the tich horne fever agent mas be very great
was demonsirated on measurcment of the virtlence 1 sheep of straws
treated 1 the present studs A range from apparent non virulence 1o
I b sirulence has been presented
Suveral studies  Wthoush mostly hmied hne bren made of the
sirulence of houne tiek borne fover ngent m sheep or oune agent
w eattle Neither Hadson t6) nor Foggu & Allsan {3) could regulathy
wfeet sheep wath the siran of {he bovine agent thes were e stiging
overas & Hunshamar (10) snduced muld reachions i two sheep with
thar agent A sumudar low infectinits of ovine strams for eatth has
been recordedt (1) However Hndson (6) thd pol mention wmy dillt
cullwes 1n infeetn., eaftle with 1 Scothish ovine steamn although he did
not deseribe these reactions in detall Thus a hioher virakonce for the
natural host  of the strams studied has been a ceneral oliservabion
this has led te the pestuition of consideribic differences belwas
strams wssocraled with bovine or ovine disease under ntural conditions
{2 3} It has further heen constdercd probable that m 1 hnpted arc
thre vould only I present esther the ovine or the bovine strun of the
tick horne fever 1oent dependent upon whether sheep or caftle con
stitute the major grazing populition (3 19) ¢
Hidier virloned m the natural host cattle was akso the properts o
most Finmish siruns ol ited from bovne field eses Nonutheless {wo
strans (h20 ba and K9 66) appered to possess about the s1me dhogiree
of virntence 1w sheep and m catthi The occurrence of this BWpe of strrun

has not buen doserthed earlier 1t 1< mteresting that no sheep houl been
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hept on Lhe farms of origin of these strains This finding, 15 thousht lo
indicate that the difference between the variants of the tick borne fever
agenl which induee natural disease 1 sheep and those affecting eattle
need not in gencral be so strict as has been thousht earlier the oe
currence of mtermediary forms mav he relatinvely fragquent Absence
of sheep on the farms on which k20 6o and h9 66 strains originated
sippests thal development of 1 stran of hugh virulence in sheep would
not necessarily presuppose an adaplation to sheep but could perhaps
alse be the results of random » wrinlion

Throughoul Finland cattle far oulnumber shecp (15) According lo
the theory that either an ovine or a bovine variant of the npunts achieses
dominance 1n 1he area and exeludes the other (3 19) n build up of
sheep strains would be improbable in Finland Isolation from the lichs
of J Puke strun which was ighly virulunt 1n sheep and of only low
virulence m cittle was therefore surprising Fyin more surprising was
the fact that on the same pasture there wis obviously presenl another
strun virulent 1n caltle (see Material and Methods) From the present
experimental results 1l has emerged that an anmal may within 2 shorl
time be infected with several heteroloous strains 1n the following
paper (17) evidence will be given that {woe hcterolosous strains may
occur even sunullaneoushy 1n one animal Thus there appears to be no
theorelical objection to the possible cxistence of two clearly different
slrains on a pasture

1t 1s considered lghis 1mprobable that the conspicnous prolongation
of the mcubation time for h20 65 stram n sheep 8 could have been
effected by specific cross immumty 1nduced by helerolojous slramns
no mdication had appeared of the opcrition of such a mechanism 1n
comparable lests with several sheep (The immunologicil difference
of the strans concerned will he well documented by the results pre
sented in the next paper of the series (17)) If it 1s not specific immun:
1y what then 1s the nature of the cnhanced resistance? Although to
date the subjeet has not been studied to an extent which yustifies draw
Ing anv conclusions speculalion i this connechion alrendy appears
worthwhile It could be possible that this phenomenon 1s cffecled by
n anterference mechimism not too remaote from that deseribed for
viruses There are reports thit infections by orpamisms bearing, sum
Innties 1o e} borne fex r agent (18) by some rickettsiae mduce the
formation of interferon hike substane s (o 8) it has 1lso ban e
ported that infection by Brucella al orius produces mlerfcron (20)
The point At sssue 15 whether interferon hl e subst inces oF some olher
substances bl «ndogenous pyrooen (lLick borne fevir 15 haricterized
by hngh fever ind destriichion of granulsestes) could 1 <omd way medi
aten the ininintion of wiracellular multiphication of ticse bicteria hike
organtsms? 1he first mdicnlion thal interferon nmit]l 4o t et do so has
bien prosidod by Hanna Merigan & Jawel  (4) who d monstriled that
virus induce 1 anterforon imhainted the mulliphic ity b oof a TRIG gent
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SEROLOGICAL TYPING OF STAPHYLOCOCCUS AUREUS
7 Technical Aspeets

By

Guasan Hat niars
Recerved b it 67

Several nmew typc aaslutinogens have been descrtboed m Staphylococens
aurents (3 4 5 6 7 8} The number of tvpe strauns has atso been ex
fended beng pow 18 AN typc struns hase bien cxamuned by shde
aggletination mr absorbed rabhit mimune sera the so caticd faclor sera
(13) Portions of the factor serr hne heen further absorbed with one
struin each and therd sfter tested nuam for residual agglutinins Sumdar
absorplions were carricd out with the whole immune scra and nes
fictor sera thus produced were 1 tuen absorbed with cach type sirun
as above untd complitedy exhausted Therebs all 18 fvpe strawms were
charcterized by thar i lutimogen pattern their whsorban., capraits
g thewr absbity o ehiesdt wolutinins in ribhats

In the course of tus work s was repeatedly felt that puts of the
1y pin,, technique requured a entical re exanunation the result of wiich
has been presented here Included 1s ilse t summun., up of techment
modifications reported m warlier asbicles (8 6)

MATFRIALS AND METHODS

Strmns and eultwations The 18 serolcyial type strame (3 5 8 13) v ere grosa of
natrient apar slants and manait ol salt agar (Difco) g lates overnight ot 37 C Yo
demonstration { the h and 760 1 antigens manmtcl salt ag r plates were incubated
overmight at 25 €

Immuar alicn agglatieation and absarption procedares were the sime as befase
(15) when not described separately under Experyments

INFERIMINTS 4ND RPSUITS
Amion., technical problems met with 1 serological typuns, of Staph uit
reus four are of magor mmportice False clumpmn, of the lnclm;l
normat agstutinins agamst st phylococer m ribints Varving anttbody
responst ind bloching of anligens

I alse Clunmng
The term false clumping 1s used here to desipnale 1 e
Badtersal cddls not cwsed by intthods 18 opposed o lrue 65

£ thon of
1ubipation
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Most colonies of Slaph aurcus are of the smooth type In suspension
however the orginisms frequestly show 4 lendency to aggregate n
lroublesome property which in some studies bas rendered many struns
non tvpable Moreover for grounds to be presented below there s
reason to helies e that false clumping has somelimes been misinterpreled
as true agglutination

Shde agglutination of staphslococct 1s performed with colonies tahen
up with a leop from the agar surface Bacterin deriving, from different
areas of the agar oceasionalls show different degrees of staminty n
suspension

This mav require the 1mclusion of 2 control suspension with bacten
faken from the same area 1n esury teshing of the strun Alternatinedy
a suspension of the orgamisms ¢in be prepared heforchand for use in
all tests The latter procedure will cause further dilution of factor seri
and should as « rule be avorded This problem mayv however be con
stdered of mmor importance provided s possible ocenrrence 1s horne
n mnd

Esery microbiologist will surely be familiar wath the clumping of
Staph aureus in the presence of fibrinogen and 1t 1s hardlv necessar
1o warn against the use of plasma nstead of serum 1n screlogical Lypimg
of this bacterium Howesver this brings up the potnt of the stability of
slaphylococer 1n suspension heing, greitly influenced by the composihion
of the suspension flmd A faclor scrum 1s an immune serum which has
Dien absorhed with organisms harvested from nutrient apar In addition
1o spcafic antibodies and normal serum componenls the factor serum
contains subst inces from the culture medinm as well as matersals ex
fracted from the bactera It 1s therefore obvions that silme s by no
means a salisfactory suspension flind for the control of false clumping
This 15 1llustrated by an example i Tahle 1

TABLF 1
False Clumping Revealed by the Use of an Absorbed Serum as a Control

Agglutination 1n

Strain n erum abs
nserum s2lin Aot
F21 ++ — ++
Cde 4 to 44+ st enyth of agglutinati 1 — No agylutination

1t 1s seen from Table 1 that strun F21 was agolutinated by the n
serum Lhe saline control being negatne However the nature of the
clumpmg gave nise to suspicion of false clumpin, The n scrum was
therefore absorbud with stran F21 The abserption had no influence
on the clumpin, which accordingly was false thou,l 4 stable sus
pension was obt uned with saline

Consequentis we rccommend suspension of the bacteria as 4 con
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trol mn 1 rabint scrum dilufed 1 o 1) of winch the aggiutiuns have
beun exhausted by absorption

4s munbiened above 1t was the chiracler of the elummn,, thal gave
rise to suspteon of false clumpmg It may be of praclicy! ymporiance
to be {anultar with seme of the featurces that dishinguush false clumping
from true agylulmabion In {usc clumping the orgasms aareqate in
the centre of the drop and have 1 tendcney to sk below s surfee
In true agglubination on the other hand the orgamisms hecome oni
entated peripheriedls 1a the drop and tend te float \Morcover, false
clumpin,, reaches 1 mramum very soon whercas trne ag.Jufmstion
shows a gradual mercase m stren.th on continued rachm., of the shdc
W hen both occur concurrenth the above mentioned features may pro-
vide cvidence for the presance of 2 true acglubnabon masicd JRNEY
filse clumpng In a stram Mhe F21 which potentialty s spontancomshv
a.glutinable a woah agplulination 1s often au,mented by a supermr
posed faise chumping tripered by the asglotinition which may then
be nusinterpreted as a strong reachion

Severud means he been proposed to 1woid the false clumpn, fhe
addition of antiformn the autoulving of the orsamisms an creased
salt concentratton (mannitol salt 1,2r) and the use of fresh vound
autnient agar cultures The two first procedures wiil aller the miben
m which the 2, Jutination {akes place nd the sensitingty of the ot
will then have to b cheel ed for each Factor serum  Autockay m., dustross
some nglutmo.tns nd eullis 1hon on manmitol salt agar may infls
ence the synthests of antizens In this labortory we have maslly Tt
sorted to the use of tresh 3 hour old nutrient war cultures which 18
more stable 1n suspenstons than older cullures A< shown by Oeding
{15} these soung cullurcs may give stronger 1, lutinition but wih
most factor ser1 they gaive the same resulls as fresh 24 honrs cuftlures
1f a o hour cultuce shows fulse clumpin., 1t 1s transforred to 1 A
culture ind tested agun After one or morc trnsfers 1 stable suspension
15 usu ks obtaned

Agolntimns against Staph aurcus in Pre Immune Rabht Sira

Alost of the pro mimune sern of our bino rabbils agghutimte Staph
aureus \ cehly In the standard procedure (15) the seram tested
ditution 1 10 for 1. Jutinins iunst the stram lo by used for mmin
zation If there i Ut of no anglutinttion the immunizition 15 atarted
Thus grves rise to two guestions s it sufficient lo st the scrum wilh
the immunizing stran enls 7 If weak ag,lutinmns are demonstrated cat
we be sure that the azgutinms are removed by he lafer Absarplion for
preparation of factor sera and will thus not ntcrfure with the typin-

To examnc this question 40 sera from non immumzed ribhits \\nr:
fested m lution § 10 for o lubimins acanst the 18 Siaph auret
tpe strains Al of the sera 2 Jutiated several strans Hume stram>
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Wood 46 Cowan II 670 5687 and 6376 werc a.glutinated by a few
sera only or not at all Strain Cowmn I on the other hand was agglu
tnated by ll sern The ag,lutinm patterns mdicated the presence of
several different a_alnbinms Do allempts were made lo differentiate or
denhify the mdndual agglutinins

With regard to the first question 1 1s clear from these inveshigations
that pre immunc. sera must be tested with all tspe strams

Stll more important 1s the next question Wall the normal ag-lutinins
be removed by the absorptions made later for preparation of the factor
sera” This was exannned by teshing the Lype strans for their eapacily
1o absorb normal agglutimns Five sera representin,, the diffcrent ag
glutmin patterns were pooled and diluted 1 2 Portions of the pool were
absorbed with one tvpe stram each and tested for resihiil ag lutimns
The absorhing capacity appeared to varv considcrably from one stramn
to another \\hile the standard absorphion dose of strain Cowan I orga
msms absorbed all agglutinins three times this dose of strun W ood {6
showed almost no absorption When the standard dose of organtsms
was used eight struns namely strams 28 Wood 46 174 Cowan II
Cowan Il 1015 830 and 2687 showed inadequale absorption of nor
mal agglutinins

Smce httle 1s hnown about the nature and distribution of normal
agglutinuns sn different colonies and strains of rabhils no general rule
can he given as to which stramns should be ncluded i the absorphions
for preparation of factor sera Before moculation lhe serum should
therefore be tested n dilution 1 10 with all tspe strains Thereafler
the absorhing capacity for possible agglutinmins s tested with the strun
Or strains 1o be uscd later for absorbing the immune serum

TABLF 2
Agelutinatton of Tyre Strowns in a Pre Immune Serum Lefore anl after Absorp tion

Agglutination in pre immuoe  rar (110

Strain
not ahs shs v th
1503 + —
3 + _
m ot —
Comanl R
830 ¥ _
Other type strains — —

Cole sec Tahle 1

An example iliusirates this (Fable 2) It appears from Table 2 that
SIC stramns were ag,lutimated by the pre immune rablil serum diluted
110 The resultyng immune serum 1s intended for preparation of factor
@ setum which 1s made from antiserum to strun 3647 by absorbing

I acmapamin 70 4
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sith strun F21 1he absorbing caprcily of stram I 21 for normad 1.l
timns 1s therefore fested It s seen from Table 2 that all ag luhimns
were removed by tins absorption We et conclude that this yabint
can be uscd for immunizationt with strain 3647 for preparation of factor
a serum

It was commonly obserscd n these experments that sevcral strams
showed faise clumping when normal ser were used i a concentration
srealer than 1 10 In some scrmostrun Cowan © adso showed filse cump
g m diintion ¥ 10 It 1s hhely that false clumpin,, such as s 1s due
ta specinl physico chemic it properties of the serum In serological typ
g of staphvlococes we must therefore aduise agoinst nsing factor sera
more concentirated than 1 10 The latter observatzon also adds further
support 1o our opmion expressed 2bove that a saline suspenston 1s not
a satisfactory control

TABLE 3

dntibady Composition of Two Rabbi Sera (h727 and A7°8) after Immunt aton
with Stramn 3657

Antibodies agamst Serum h727 Seram h7?8
ap 44 -
a +4+ -
a3 +4 +
a S +H
a 4+ ++
by + +4+
o1 4+ 4+t
Code (+) to +++ denote content of agglutimns  — Agglatims not demon
strated

Immumzalion Probloms

Rabbits vary considerably n wnbibody response to staphylococeat
antiguns Some rabbits are generally poor antibody producers others
produce one antibedy abundanth but httle of another The iatter 15
lustrated sn Table 3 Two rabbils were immumzed with strun 3647 2
strun frequently emploved for immunization The rabbits were gmn
parallel injeetions from the same batch of orgamsms 1t 1s sen from
the table that both rablats produced potent 1gluhimans agamnst :mh.,ctnss
ai and o the antibeds romposition varymg widelsy m other respl‘_c"s
Asplulinns 1o a; and e. could not be demonstrated mn serum hu‘
whieh on the other hand hnd stron, b and o agglutinins In order o
stve lime sceeraf rabbnts should therefore be immunized simuitmeous
1y The complic antibods compostlion of an ymmune serum will so!;;lc
tumes be of mterest beeause 2 serum wluch cannot be used for :;[
plaaned f10lor serum mey ppetr to he swtable for preparation
another

sefectien
The results of an unmunizatian depund pnm'\nh on the
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of the right stramn The presence of a slrong agglutinogen 1 a strun
is no guarnntee of a1 successful immunizabion A stramn which 1s not
aglutinated nt all may appear o he the best one for production of the
nspeetive anhibods and 1t appears that the choice of stran 1s based on
prachical experience

i there 1s a poor antibedy response after onc series of njections
further smmunization will often be of no use After a successful immu
mzalion maximal amounts of serum should be withdrawn since a later
booster mjection may produce different ag lutimn patterns

Blocked A ntigens

It 1s the author s ommon that the greatest difficully n serological
classification of staphylococe: 15 the common occurrence of bloched
agglubinogens  Antigen blocl ing, means that under certan conditions
antigeme groupings are nol free to react with the ag,lutimn The cause
of this 1s not known most likely 1t 1s steric hindrance The same type of
blockn,, 1s met with 1 stramns of F colt and salmonella (blocking of
somahic antigens by h and Vi antiyens)

TABLEL 4
Wethods Used for Unmashing of Blockel 4ntigens tn Staphislococer

Treatment with tryysin (14)
Autoclaving (1 1§ 16)

Fresh 5 hour old nutrient agar cultures (15)
Mannitol salt agar caultures 37 C (6)
Mannito! salt agar cultures ®3 C (6}

YT

Many methods hase been tried for unmasking of blocked antigens
A list of methods used n typin, of staphylococci has been presented
8 Table 4 Treatment with iripsin {14) 13 Lime-consuming destroys
Protein antigens and miy cause fise clumpmng Oeding (14) uscd
both autoclaved and hve bacteria n his early work simee autoclaving
Tevealed antigens which could not be demonstrated by means of lne
Ofgamisms Later (15) he found that autocliving could be omitted when

¢ used fresh youny cultures preferably 5 hours old W hen several new
staphylococeal antigens were discovered (8) 1t soon became clear to
the author that o hour cultures could by po means replace autoclaved
bacteria Autoclaving w1s not however a very scasitine method for the
Tevclation of bloched antigens In a sc ireh for newer methods manmtol
salt agar cultures of the baclerta grown at 47 and 20 C (6) were
found to mive stronger reactions than auloclived organmisms \oreover
the method was much stmpler

Agglulmogcn blockint, as met with in staphslococer s illustrated n
Tables 5 and ¢ It 15 seen in Table 5 that a lne nutrient agar enllure of
strain 3647 was not agglulinaled by @ serum 1n contrast to auloclaved

3
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with stram ¥21 The absorbin,, eapacily of stran 1 21 for normat agglu
tumns 1s therefore lested It 1s seen from Table 2 that alt ag lutinns
were removed by lus absorphien We can conclude {hat this rabiat
cn be used for immunization with strun 3647 for preparation of faclor
a serum

It was commonly observed in thcse experiments that several stemns
showed false clumping, when pormal sera were used m a concentration
sreater than 1 18 In some sera strun Covwan 1 alse showed false clump
g, 1 difution 1 16 It 1s hkedy that fdse elumpn, such as Hus s duc
to spearat physico chomucal propertics of the serum In serological tvp-
mg of staphylococes we must therefore advise agunst using f2etor sem
more concentratcd than 1 10 The nitter observation alse adds further
support to our opimon expressed above that 4 saline suspension s not
a stisfactory control

TABLE 3
Antibody Composiion of Tuo Rabbit Sera (h 27 and K728} ofter Immum alan
with Stramn 3647

Antibodies agatnst Serum h727 Serum k728
ay +4 -
a il —_
a3 + +
ay +++ +++
2 + ++
b + +++
1 +) +-++
Code (+) to +++ denote content of agglutimins  —  Agglutiaing aot demos
strated

Immunsation Problems

Rabbits vary conswderably mn antibody response io shphslacncc’ll
antigens Some ribbifs are generly poor wnbibedy prodsccrs others
produce one nntibody abundantfy but bitie of another The latter
tHustratcd m Table 3 Two rabbils were immumized vath stram 3647 8
stram frequentls emploved for unmunization The rablnts werc gned
parallel injections from the swme bitch of orgamisms It 1s seen from
the table that both rabluts produced potent 2gglutinms waunst anhgens
a and @ the antibods composition varying widely m other res!‘“"”
Agglutimins to m and a. could not be demonstrated o serum R728
which on the other hand had strong b; and ¢ agotutmms Is order o
save time sevesal rablits should therefore be immunized simuliancous
Iy The lete antibody ¢ 1on of an imanume seram will some
umes be of interest becamse a serum which cannot be used for lh;
planned faclor serum mav appear to be smitable for preparadion o
another

The resulls of an immunzation depend primanily on the selechiont
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of the right strun The presence of a strong ag lutinogen n a strain
1s no guarantee of a successful Immumzation A stratn which 1s not
agglutinated at all may appear to be the best one for production of the
respective anlibody and 1t appears that the choice of strun s based on
prachical experience

1f there 15 a poor antibody response after onc serics of mjechions
further immurzation w1l often be of no use After a sucecssful immu
mzation maamal amounts of serum should be withdriwn since a later
booster mnjection mas produce differcnt agglutimin pallerns

Blocked Antigens

1t 1s the author s opinion that the greatest difficulty in serological
classification of staphylococet 1s the common occurrcnee of bloched
agglutinoens Antigen bloching means that under certan conditions
antigenie groupings are not {ree to react with the ag lutimin The eansc
of this 1s not known most likely 1t 1s steric hindrance The same type of
blockmg 1s met with m strams of E coli and salmonella {blockin,, of
somatic antigens by h and Vi antigens)

TABLE 4
Methods Used for Unmasling of Bloched Antigens in Staphglococet

Treatment \ ith trypsin (14)

Autoclaving (1 14 16)

Fresh 5 hour old nutrient agar cultures (15)
Manuitol salt agar cultures 37 C (6)
Manmatol salt agar cultures % C (6)

CYRFIVEN

Many methods have been tried for unmasking of bloched antigcng
A bist of methods used lyping of staphylococer has been presunieg
@ Table 4 Treatment with trypsin (14) 1s time-consumng dstroys
Prolein antigens and may cause false clumping Qeding (14) y.s
both autoclaved and Iine bacteria m his earls work since Witoelsy 7
revealed antipens which could not be demonstrated by means of ¢
orgamisms [ ater {10) he found that autoclaving could be omutted y¢
he used fresh voung cullures preferably 5 hours old W hen sey(pge
staphylococcal antigens were discovercd (6) 1t soon hecamy of, .
the aulhor that 5 hour cultures could by no means ruplace ayy,. . ,
bacteria Autoclaving was not however a very sensitive mth v,
revelation of blocked antigens In a search for newer mclhods,
salt agar cullures of the bactera grown w 37 and 25 ¢
found to give stronger reachions than autoclaved organiuny ¢,
the method was much simpler

Agglutinogen blocking 1s met with i staphylococer g, “
Tables 5 1nd 6 It 1s seen tn Table o that 2 loe nutnient 5 s

a 7 T .,
lutinated by @ serum In contry, -t
strain 3647 w 1s not agglu! 'y o

v

(A

38
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development of 1 set of tvpe sirains Our 18 type strams hme been
mapped antigenically by agglutinogen pallerns abisorbing capacity and
1-glutinin preduction in riblats We have mtroduced an additional cul
ture medium mannitol salt agar and i some inslances the bacterty
are grown both at 37 1nd 20 C In this way the method has been
rendered considerabls more sensitive by means of 1 simple and safe
modification As miht be expected the ahsorplion experiments revealed
some wek agglutino,ens which could not be demonstrated by a glu
tmation

The mamn problem 1s undoublcdly the commonly occurrin, bioching
of antigens The h anliten for instance cannot be detected by the in
{roduction of a tube test by a prolongcd incubation or by a finer read
g, since 1t 1s bloched m most strams grown on nutrien! agar

Cultny2tion on mannitol salt 1gar was found te be superior to auto
clwang in unmashing of the blocking The manmtol salt medium dif
fers from nutricnt agar i the hiygh sodium chioride concentration (85
per cent) and the mannitol content of the former Mannitol 1s oxudized
by Staph aureus resulling i acid formalion As reported win an carlier
article (G) the prescnce of manmtol and the low pH have no influence
on the tvpimg and the unmasking cffect was found to be due to the hgh
salt concentration We have however preferred to emplov mannitol
salt agar since this medium 1s ecommonly used m [aboratories

The nature of the blochin,, of anligens 1n staphylococcr has not been
established On the basis of the results of trypsinizahion and autoclavin,
of the bacteria Oeding (14) proposed a model for the antigenie burld up
of 1 staphslococcus an ouler protein and an nner poly saccharide Iaver
How bloched antigens are revealed by cultivation at a high salt con
centration and/or at low temperature 1s not eclear If we presume an
outer protein layer 1t 1s hhely that the salt and the low lemperature
mhibt the svnthesis of these protems thus exposing the polysaccharude
laver

On the basis of our present expertence with the type stramns the fol
towng procedure 1s proposed for demonstrition of aggintmomins Bac
teria grown on mannttol salt agar for 18 hours at 25 C are used for
testing in factor seraa ¢ It 71 and 670-1 For use with the ramaning
sern Yhe bactenn should be enhinvateit on nutrient war for 1% howss at
37 C The resuits of typing of many other strams must he anwmled
before more defimite directrons ean be given

The staphylococeal agglutino,ens I nown at present have been 1denti
fred by examinmg absorbed immune <era for agglutimmns g unst the
18 type struns The number of 1mmune sera examined as well s the
number of stramns employed for absorption are hmited although the
stramns are selected from mans others tested If other strumns and more
rabhils are uscd for tmmunization new 1, Jutinogens will most P"“!‘“l'
Iy be found Neither can the possibihily be excluded that our present
sera conlain other agglutinins which might be detected 1f other strans
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wer( wnlroduced for absorplion However if further progress 1s to be
made m the serological classification ot staphyvlococer 1t 1s at present
more important to standardize the technique and to get more experience
and mformation bout the value of the new faclor sera n practical
tvping work

We are nclined to emphasize that those who adopt our method
should he famihiar wilh the agglutination patterns of each type stram
and check all factor sera as indieated under Summary  Anj alteration
may indicate mterference by other aggintinating factors and should bhe
cleared up 1o 1mord conflicting results An exchange of stramns hetween
Iaboratories for comparison of tvpin, results is lo be recommended

SUMMARY AND CONCLUSIONS

The techmque for serolo,ical tvping of Staph aureus has been critic
ally exammed The following general techmical procedures are recom
mended as a supplement to Oeding s (15) standard method

17 ton 2) Pre ser1 diluted 1 10 should be tested
with all type strans

b) The stramns to be emploved 1 Iater absorption of the immune
serum should be capable of removing all a-glubinins 1n the pre immune
serum

¢} Booster mjeclions should be avoided

2 Agglutinaiion a) As a control for falsc clumpin,, saline 1s replaced
by an exhausted 1mmune or pre tmmune rabbit serum diluted 1 10

b) 4gglutination 15 carried out with bacteria grown for 1% hours on
nutrient agar at 37 C and on mannitol salt agar at 25 C

Further details arc given above

¢©) Before usc a factor serum should be cheched wath all type strans
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AN IN VITRO STUDY OF THE ANTIBIOTIC SENSITIVITY
OF FLAVOBACTERIUM MENINGOSEPTICUM

By

HeLce OLsFy
Recesved 24167

Flavob, wm plicum 15 a gram negative rod first de
senibed by Eli-abeth O Ring in 1959 Since then six serologically
different types termed A-F hase beent found The microorganism was
Isolated from blood and spinal flud of premature nfants with severe
menmgitis In total reporls of 63 such cases have been pubhshed
(Brody et al 1958 ¥ andepitte et al 1958 Cabrera & Davis 1961 George
el ol 1961 Seligmann et al 1963 Sugathadasa & Arseculeratne 1963,
Vandepitte et al 1965 W atson ef al 1966) In addition the micro
orgamsm has heen 1solated postoperatively from the blood of adult
individuals Prognoses in these cases were fair (Olsen et al 1965)

In the indiv1dual studies the anttbiotic sensitrty has heen found to
My Vandepitte et al (1965) found senstinity to streptomvem and
tetracycline and resistance to all other anlibiotics All other nsvest:
galors have found semnsibiity to erythromyein and chloramphenicol
and resistance to pemeillin and polymyxin In addition Awng (1909)
found resistance to tetracycline streptomycin neomyemn and bacitracin
“hile others have found sensitivity to tetracychme and streptomycm
(andepitte et al 1958 Sugathadasa & Arseculeratne 1963) Watson
el al (1966) found scnsitivily to neomver- ard resistance to strepto
mycin fetracycline and ampreilin No data concerning the method
used by the last mentioned authors The other investiators mentioned
used an agar ditfusion method

Althou,h sen 1trvity to one or seseral anhibioties has been founi r
all cases theraneutic results have been poor Amon., 51 well documen
ted cases the outcome was fatal in 88 and absence of seque ac was
seen only 1n four patients

The object of this sludv has heen on the bisis of i v tro expen
ments to fcrm an 1dea of the antibiotic treatment which could he
expected to be most cffective agunst infections caused by Flavobacte
rum memingosepticum

The auth  thanks Miss Lone Vielsen for valuable techmcal assistancee



METHOGDS

1 Fstimation of 50 per cent Inhibilory Concentration (IC 50)

Twa two foid dilution series of an antibiofic dissolved in broth were produced
Fach tube contained 0 5 ml and the first tubes generally holding 1000 s¢/ml of anti
biotw. The tubes were inoculated by means of 2 platinum loop and {ncubated for two
dasvs at 35 € upon winch hlood plates were moculated using matter from all tubes
without 1 1ssble growth 1o order to determunc whether the effect was of a hacterscidal
or hactertastatic nature

Fram the number of tubes with growth a titre was cstimafed according to harbers
methad and the IC 50 was calculated by the equstion

000 g

1€ 50 = ~ 2
=T

where T is the csmated harber titre when the 1pitial tube is termed 10 and con
tains 1000 yg/ml antibiotic

The 1oculum estimated o all tests was 103-305 per tube The size of the inoculum
was estimated by production of a ten folddilution series of the bactersal culture
followed by inoculation of 6 1 ml onto blood agar plates

Among a total of 314 double series 226 gave the same end point for the two series
in 85 series the difference was one tube and in three there was a difference of two
tubes If a double series 15 considered as a dauble estimaticn of the end point the
standard deviation of the estimation can be caleulated to 023 (f = 314)

2 Combwnation of Two inhbiohcs

a_Combination of {wo anftbiofics with [C 50 > 0 ug/mi 1f the antibictics to be
studted in pars were termed 4 B and C the tubes should be placed according {o the
followiny, scheme (Carrod & W aferworth 1962)

AA AB AC
BB BC
ce

\s continuous serum concentrations above 20 gg/mi of an antibione canast be
expected a tube of type AB was made to contamn 20 ug/ml of A + 20 pg/mlof B
Tubes of type AA contamed 40 yg/mi of 4 The tubes were mocufated and incubated
for two days st 35 C In tubes without growth a potentlating effect of the lvo
antibiotics must Te present Sueh combinations were further studnd ssing the
method deseribed later under ¢

b Combination of antibioftes with I€ 50 3 40 yp/mi and an antibrots with u‘sai
40 uo/mi A number of two fold dilution serses were produced usIng an antibiotic '
with an IC 50 < 40 yg/mi One double series contaned anbibiotic A evclusiely by
26 pg/ml of all antibiotics With an I1G 50 > 40 xg/ml were added t the remammtig
dounbie series Sub 1y thes were lated and bated at 35 C for teo
days I upon addition of an antibiotic B a fall 1 the titre was { und synergisy
between A and B must be present 4n ancrease in the titre indiates aatagonis™
betneen A and B dded

A fall of one Jog umt in the titre indicates that 20 gg/m! of antitiotic B & e
replaces up to 50 per cent of IC 50 of antibeotic A 4 fall i the thire cxceeding o
log unit mdicates the pre ence of a patentiating ¢ ffect for two

All antibiatic combinations showing a fal} in the bire after incubation for
davs were further studied using the method dessrabed nnder ¢ hrotics 4

¢ Ci mbraatian of tno antibolics with 1€ w0 < 40 gp/mi OF th two sntiiolies &
and B that were 1 be ¢ mhined a two fold diluticn serics was prodoecl Mest (o
tubes were placed in a check pattern Tubes recorded m eofumn furthest to 4 :nrd(d
ontamed antibt tic A exclusively 1 a two fold dilution series and thase £
in_the lowermost hurizontal row contaned antibotic § exclas eld 18 8 120 )
dilntion serses The remuning tubes contained & and B in al) concentsd :“ i
couldd be Jrodused by e mbinations of the two dilution serse  The mtée‘s“b“ e

culated and sncubated for 180 davs at 35 { ppon which the number o
Aisible growth was ree rded
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Fig 1

A diagram depicting results obtained by a of eryth

rmethyl tetracy line using method ? ¢ The figures represent concentrations in gg/ml

of the two antibiotics Crowth appeared 1n the tubes below and to the right of the

Polygonal lime Tube G contatns 1/8 of the least inhibitorv concentration of both
antibiotics thus a potentiating effect is present

Using suitable mtial concentrations zones withaut growth will be present to the
left and 1 the upper part of the system as concentrations at these sites should
exceed the lowest fnhibitory concentrations of the two antibrotics In the following
figures these zones are seen to the left and above the dotted line An appearance of
grawth in these zones ndicates an antagonism between the two antibiotics (Fig ?)

If a tube withont growth 1s founi below and to the might of the two zomes
33Bergism )5 present (Fig 1) If the concentrations of the two antibiotics are ex
Pressed in fractions of the Iowest inhibitory 1on a of
5yDergist ¢ effect will be obtained 10 the sum of these fractions in the tube wathout
growth m which this sum 1s smallest.

definite potentiating effect will be present if a tube without g owth 15 found
1o which both antibiotics have been diluted at 1 ast two quares (four fold) from
their lowest fnlubitory concent ations

In order to obtam an expression of the combination effect e luated on the bast
©of a bactericidal poit of tew all tubes wrthout visible growth were used for 1n
ocillation onto blood ga plates

Strans Employed

mgs s1x se ologl ally different sirains were u ed They h

e all be n 1y lated
from premature infants with m oingihs

ARmg no 14 ATCC 1313
Blmgsno 49 ATCC 13 4
C Rhings no 3375 ATCL 13 35

D huogsno 93
E hings no 8788
1 ngsmno 8707
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A diagram depicting results obtained by a combination of vancomycin/ampt lllln!

Antagomism easts as growth appeared m several tubes 1 zones where the facd
whibitnry ¢ nceptration of the one anbibiotic was exceeded

In sddibion the following strains were stidied which sere all isolated from the
Department of Thovacic Surgery Odense City and County Hospital

5233 1solated from blood of a ratient (3 no 207/64)
6699 {solated from blood of a patient {) no #36/64)
6836 jsolated from blcod of a patient (3 no 390/64)
T 396 150lated from a bronchoscopte suction apparatus
L 5 isolated fram the air 1n an operating theatre

The biochemical praperties of the strains were described In hiny {1959} Olsen
et al {1965) and Olsen (1966)

RESLITS

The 00 per cenf inhiinfors concentrafions (I€ a0) found re recortled
1m Table 1 The loz IC 50 represcnls mein values N wdieatm, ”:;
number of tests from which the me i 3 ilues were calenlted The 1c a!
were calculrted on the basts of the mean values wnd recorded m nem

The following mubioties were found to he bacterierdal Y mconny c:‘r:‘
peueilln ampreittin 1nd streplomyen The remaning anes were fou "’
to hate a bacteriost sic effect In the novobiocin tests nUmErous :“‘l"r
1ng colonies were found even al high coneentrations Whilst the "“_J
bactenostaic nbibotics produced n bactencidt ¢ ffecl n concen
tions {no 1o four imes that of the mnhibilery concentration



603

1o 1o W60 10 00
o LY 15 « uf w ¢ L 86 « be B¢ 2 s0 ot 961 1
T LS 1% [ 1e T rg 2 « O 6c « 01 0 8
« 79 ok « oy 3 z 4t & ¢ ST 57 PR 810
f 6% 8y [T I Tt 86 < 0L 0. € g0 Ll 668
‘ Le 15 < I i T ot 3 T 8. g T oy 9t L]
140 zLO 880 180 80 s
€ 99 b £ ou 08 £ BE I z  0F 8L § ¥ o8 1 9uiy
9 6F 8¢ [T 31 Fooosr 8 ¥ 0 6F ¢ 81 of 7 dury
E b 84 ¢ oS e [ 61 € «S 9 y Ll E a Jagy
L o9r Fe 9 8 e [ S 1 It ¢ &€ 06 L 8z 6 0 Bury
€ €y [ i1 I8 L T 0% it y 0t BL VLo &9  BuLy
t Ty 1e [ 1 i T 8z 83 [ BT st oy
o o Qw97 [T L N 0 S A [uys7 R
A Ther peor N TET osor ERTR A o 05 DI T
wnmp s aptaopyaoapsy (uOEyy ) ajsuoIqaIdE]
urprmg HpRAWOIUT | wrpp s HIOTQUACY UpItwedgI |

argpotend {C2uag

sumayg wnands oupEOM WAL NI TF JO fj Mpsuas fo vouypunudjig
v1 418V



SU 33 131201400 UIIY AN PIP1039L SINGEL 24T, AU CIRANDY [ CYPWONIPY03EE 1D 53 § 7€ FUIBILO> UL s

160 189 JURS ose Y 15
T 80t It Z e WS T 69 g [T T e 9 %68 L
[ S S S Y11 [T 1 T 89 g T 99 € ¢« ¥ B 2880
¢ @t InL [ A 11 g 09 ¢ z g3 G0t [ YT 263)
[ S T 1 T T8 e z €9 L [ T ) [ R £Eut
2 901 9fgt s o8 52 [T I FAEE YR [ TR "1
601 050 850 80 860 ws
[T 98 6L [T T 1L e £ L J Syt
< g rtog 9 L gt ¢ €5 ét z g5 ¥ 9 gL o8 1 Juy
&zl st € 9z o6 [ TR 2 gl st ¥ 78 0t a funy
£ 1 et [ TR 14 £ 99 g T 1) 9 € gL ¥ 9 Jupy
€ Gl teey ( 98 6L € LS I T 99 % € 1z 1 o Suni
Y 31 1904 £ i1s 892 R T I T g9 i £ o8 01 ¥ supy
[T I e 0 ot pays? W 9501 s N 08I0 puya o bgor quust
R N e TR Tt b pg HL Gs sop o5 )1
{@u1233y)
auwpunpeydiny upfuoydanyg {oditurdwieiopyn wnerdury ELUETE U TER TR
ouppod €
suayy das 09 101y Jo o fou g

q7 11vL



607

In order to evaluate the error imobed sn the method used (he following statistical
apaliae was casmied sut

The sirains 5733 669° 6386 and T 396 w ere considercd to be Identical as they had
been 1s0lated during one and the same hospital epidetnic and were brockemtcally
Ieatical. L 3 was found to be more ressstant to erythromyain and therefose excluded
fram the following caleulations

In the four jdentical siraans the stavdard deviation sy of log IC 20 was caleulated
for each antiiotic These values are vecorded nethermost {n Table I The sariances
were tested according (o Bartlett s test (se for instance ffal] 1918) and did not differ

providing that the cin value was excladed (y =490 f=8

P> 035) The grealer variance noted In the case of streptomycin may be due to an
expermmental error A mean standard distation spy = @ 74 applhing to the above men
tioned four identical strams was thus obtainable if the streptomycin sanance was
excluded

Correspondingly as regards the s1x meningitiz strains & Mean standard devia
1108 Smp == 087 nas estimated Frst the standard devistion of log IC 50 was caleu
lated far each antibiotic as above These values are recorded in the middie lne in
Table 1 Bartlelts test showed that values obtamed for the s dufferent strains as
well as values for the different satsbroties did not ditfer significantly (x =112
=8 P >005)

Only the streptamscsn s ariance differed signsficantily in the test

(F=190 fy= ¢4 {f =16 B < 00002) and for the remaining antibatics 2 mean
standard deviation spr, = 081 nas calculated

(ombnation of Two Antid

The following tests were earned out on hing s serofogical fype €
slrmn the one most frequently 1solated from premature children with
menmgstis

Tests according (o mefhod 2a Tuesdin pyrrohidmemethy! tetricye
hne ampiesliin chlorymphenicol  streplomyemn and sniphadumding
were combined in alf possible eombinations using 20 agnt of each anh
biolic as described under method 2s The culture became sterte only
after i 1on of fucsdinsehi } 1 This combmabion was
further studied using the method deseribed under 2¢

Tests according fo method 2b Table 2 shows the resulls after one
and tno davs obtained by this method As in expression of intajonism
AN increase i the ttre of one log unit was fouad after two d1ys usiy
the comh Lancomy and nosohtacinsulphadum
dine In streptomscmen thromyem a hitre inere 1se of V log, unit was
found A fall i the titre w1s seen m a number of cominnations m wt
marked n the vase of erythromyem fucidim Combin trons myolvn, 1«
fall 1 the titres afler two doys were afso stndid 1 aecordinu with
the prineaptes of method 2c

Tests according {o method 2¢ Trgs 1 oand 2 ltustral 5 subfs of the
combinations erythromyew py rrotidmomethsl tetraeyehing and vanco
myemampathn Fig 1 deprets a potentiating cffcct Teg 2w anty
tonzing effcet
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IDENTIFICATION OF NEISSERIA GONORRHOEAE BY
MEANS OF FLUORESCENT ANTIBODY TECHNIQUE

By

InGs Linp
Received 41167

The use of Coons 1mmunofluorescence technique (3 4) n the 1dentt
fieation of Newsseria gonorrhoeae was first rcported by Deacon ef al
1929 (11) Subsequently further inveshigations in this field have been
performed (6 7 12 15 20 31 34) but so far the fluorescent antibody
technique has not been commonly used in the diagnosis of gonorrhoea
This technique and 1ts possibilities as a routine method have been the
subject of the following experiments the preliminary results of which
have been published previously (26)

MATERIALS AND METHODS

Prepa att n of Rabbit Antt Gonococcal Serum

Stlection of rabbits Young rabbits (1700-1900 g) With a negative gonococcal com
plement fivation test (25 36) were selected for immunization Samples of blood were
collected and treated 1n the same manner as the corresponding samples of antisera

Preparation of antigen The antigen for immunization was m de either from a
single strain or from a pool of 20-30 strains of gonococer Both fresh strains and
well known stoch strans were used The strains were grown for 16-18 hours at 36 C
I a maist atmosphere containing about 10 per cent CO The medium was the fer
Mentation medium described by A Reyn (39) cxcept that sugar phenol red and
€0-carboxvlase were ormtted In some cases 2 units of MycostatinD per ml were
added to infibit moulds The bacteria were harvested i pho phate buffered saline
{PBS) pH 72 (one litre made from 75 ml of 015 mol KH PO; 170 ml 015 mot
“a HPO, and 750 ml 09 per cent NaCl) containing 3 per cent formalin ( e 3 ml
solutio formaldehyd plus 97 ml PBS) They were left for 30 minutes at room tem
Perature washed three times 1n PBS pH 72 and then resuspended 1n 03 per cent
formaln 1 PBS pH 72 to a density ¢o responding to 2 X 109 bacterra/ml

Immunt ation S hedules

A Groups of four to eight rabbits ere immunszed by intrs enous inzection af a
dase inercasing from 02 ml ta 100 m] twiee 2 week for four v as Five to six days
after the last 1n; ct on blood samples sere collected by heart pun tu ¢ After a pause

Strains of Staphplococcus aureus were hindly supplied b Kursten Rosendal MD
Department of Diagnost Bactersology strains of Esch ichix col by Ida & Frats
Orskov MD Intern tional Escherichia Centre and stramn of Streptacoccus pyogenes
By Beate Per b PhD parts {all Statens § ) For
the clinical pe 1m ns I wish to thank 4 Perdrup MD  Rudolph Berghs Hospital

openh gen and Henming S kmiit MD Riyshospitalet Copcnhagen
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containing 10 per cent £O  “ext morning duplicate smears were made 1n a drap of
tap water on carefully cleaned shdes and the microscopie fields were marhed with
2 glass diamond Colomes suspected to he gonococer and/or several spots m con

fluent growth were touched with a platinum needle and transferred to the shdes to
form an appropriatels thin smear When no grawth was visible the surface of the
medrum was seraped gently with the ncedle to catch any growth not set visib e to
the naked eve (the lag phase may be prolonged for rrgamsms which have been
transported fer some time) The smears were allowed to drv n the ar _thev were
fived for 5 mmutes 1 methagol dried and rekvdrated a PBS pH 72 for 10 seconds

Performance of the Test

The smears were placed in a morst chamber and the field covered with 1-2 drops
of a mixture of conjugate and a piol of unlabelled normal rabbit sera or rahbit
ant1 staphylocaccal sera the optimal ratio having heen determined in preliminarv
experiments Final dilutions of 1 8 of the conjugate and of 1 1 of the unlabelled
serum were often found suitable This mcdification hno m as the one step inhibs
fion test” (16 35) eliminated most of the non specific background staming and also
the reactfon with certain other m roorganisms especially certamn staphvlococcal
stramns which may be a source of error The conjugate was diluted i saline when
used withont mixing with unlabelled sernm

The mears were incubated for 30 minutes at room temperature rinsed thoroughly
Mith PBS pH 72 using a washing bottle and pfaced for 10 mnutes in PBS pH 77
The slides were dried with filter paper outside the field and mounted with phos
vhate buffered glveerol (9 parts of glycerol plus 1 part of PBS pH 8.2) Direct
smears from secretions were trated n the same way except that they were rounted
with a Jarges cover glass to increase the field for microscopical examination

H not read on the same day the prepa ations could be Lept at 4 C for 3—1 days
without any s gnificant alteration 1n the degree of fluorescence taking place

Microscopy

The microscopes were a Zesss Standard and a Zeiss Lniversal microscope fitted with
an ultra darkfield and o1l objectives { 0 m I
and apochrom 100 m 1 ) The light sour e was an Osram HBO 200 high pressure
mercury lamp the exciter filters were BC 38 and BG 12 (3 mm) and the barrier
filter was No 47 ar No 50 depending upon whether or not it was desable to
¢ singuish the blue autofluorescence exerted bv several microorganisms When an
ultra darkfield condenser 15 used only slides with a thickness of 1 mm or less can
be applied

The degree of fluorescence was recorded 1n values from § to ++-+ The values
++4 and £ +++ corresponded to the bnlliant yellow green fluorescence which
Was observed 1n a specific stammg reaction The specific positive reaction Wwas
characterized by the morpholo 3 of the microorg misms n casu typical diplococc
and the degree of flucrese ree 4+~ a d ++++)

RFSULTS
A Evaluatu n of the Specificy of the Fluorescent Antibody Test

1 Varations wn the Specific Staining Reaclion

The pictur observed 1n the fluorescence microscope when a pure cul
ture of gon occl was stamned with FITC labelfed antigonocoreal glo
bulin was f 1nd to vary i the following aspecls

a) Age of cnlture Gradunlly as a culture grew older the arcut pie
ture of brtiiantls fluoreseent diplococer became blurrc 1 tne depree of
fluorescen.« dimmshed and manv abnormal form s erc seen to
gelher with diffuse weahly siuined masses Aftur 19 hours growth cul
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tures produced suttable preparations after 72 hours lysis was nearlv
complete \\hen primary cullures of materinl from patients were ex
amined 2% hours growth was smtable presumably on wccount of =
Tonger lag phise and 1 some cases perhaps also on account of same
wmhibitory effect of substances in the seerehion from the palient (eg
antibioties)

Deacon et al suggested that subcultures would not be nsable in the
FAT since the reaction was thousht to he duc to averv labile surface
antigen wiuch wis Jost on subculturing (11) In order to mveshigate
this suggestion three freshis 1solated strams were selected which
showed brithant fluorescence of a thick esen Iayer on cach celi in the
smiear These stramns were subeuitured duly From each subculture
smears were prepared for the FAT After 16 transfers no alierations
m the morphological prcture nor m the degree or localization of the
fluorescence were observed

b) ‘Serotypes’ of the stramns Anlisera agaunst single str uns or pools
of strams produced afier both schednle A and schedule B gave good
conjugates in all cases However each indmadual conjugate showed
small yarations mn renctivity when testcd aganst a farge number of
siramns No conjugate could be diluted further than 1 101f 2 + 4+ + or
+ 4+ 4 reaction was required also in relatively thick smears of gono
cocer Swngie struns with their homologous comyugates pave a ++++
retction m tugher difutions (I 40 1 80) These values were read at a
magnification of 800 and 1 FITC protemn ratio of 1 40 dunng the I
belling procedure

¢) Balch of FITC Different products of the dye produced conjugites
which exerted varving degrees of fluorescence Varation m the ime
and condilions of stora,e of the dyve before nse mght also be of st
ficance (21)

d) Antibiolic treatment of the patients and use of anlibiotics the
medurm It 1s hnown that subnhibitory concentrations of wntibiotics
may mduce morphological changes i gonococer (30) Most of such
forms were well staned 1 the FAT When they appear together with
diplococer of normat appearance they do mot cuwse dingnostie diflt
culties On the other hand such forms are not hhely to be recogmzed
as gonococer m direct smears Such strmns i which morpholomieat
changes re brought about by the antibiobses m the medium are Ty
rare

2 Staning of Newsseria (N ) other than N gonorrhoeace

The str uns shown i Table 1 were examined with two labetied rabbi!
anligonococeal sern 1) A poo! of antiser y aganst a stock strun of M
gonorrhoeae ssumed 1o possess a comparatndy hih content of 1;"’{
ten anligens (37 42) X) A pool of anlisera prepared agmnst a pool ©
20 freshly 1solted gonococcal sirains
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TABLF 1

Stawability uith FITC Labelled 4ntiserum to \ gonorrhoeae
Spe tes utthin the genus \eisseria.

Strains

Stained with FITC labelled antiserum to

 gonarrhoeae
55 19377/40

\ gonorrhoeae
1

Pool of 20 1 mixed wath
straios of unlabelled
normal

rabbit serum

N memngrtrdis

meningts tis
memngatrdis
memngitides
meatnguty s
meningituhs

PR

¥ catarrhalis
¥ catarrhalrs
\ catarrhahs
* colarrhahis
¥ catarrhalis
¥ catarthalis

subflava
Ilavescens
aicea

haemolysans

cunrealy

caviae

2pee

cumenl: var gigant
1s

demiinficans
tes

group & ATCC 13077
group B ATCC 13090
group B ATCC 13091
group G, ATCC 13107
group D ATCC 13113
1€ strams {solated
at s§

ATCC 8193

$S 8739

ATCC 14221
ATLC 10255
ATCC 11076
ATCC 13120
ATCC 9913
ATCC10379
ATCC 14688
ATCG 14689
ATCC 14637
ATCC 14659
ATCC 14636
S5 78438

N
Al
A
3
Al
A
X can
A\
Y
3
N
A)

gonorrhoeae (URI)
Donorrhoeae (J G )

ATCC 11688
ATCC 11689

Y gonorrhaeae (fresh controb)

+ s

+
4

4+

PRPPPLINNLLI FPP2P7
+

[

ot

+or N
h) N
N N
A ot

b okt

0o 4t 0 +++

4t N
bt \
N N
+++ N
+4++ N
N N
+FE N
N N
N N
N Al
Al A\
N )
I N
N ~
N N
N
N b
++11 EEE

+
bt
S=+3+ Vanaton
N Negati e ¢

Statens Se uminstitut, Copenh gen Denmark

Brilliant capsule like fluorescence tyvi1 al appeerance of specifi
Ditto but less brilliant
n degree of fluoresc n ¢ of bacterra in the same pure culture

0o or weak flu res en e
— Mot examined

staining

Furthermore the strawns were tested 1n a  one step mnhubition test
where conju,.ate I was nuxed with the carresponding uniabelled serum
from pre unmune animals (normal rabbit scrum)

As was to be expected the first species examuned N memingilidis
shoned a high degrce of cross reachiiaty This was most pronounced
with the polyvalent antiseram and was nol mhilyted By normal bt

serum

The sceond spectes N cafarrhalis which s als,

rotogically related



618

to A gonorrhoeae, did not cross react with conjugate I hui some of the
struns dud so with the polyvalent conjuyate 1T This reachion was
libited more or less by normal rabint serum but n all enses to such
a degrec that the piclure did not resemble a speaific reaction

In the third series which consisted of serotogically less relaed struns
onlv A flava and A subflava showed some cross reactivity m both
cases the stuning was mhiubnted by the addition of uniabelled normal
rabbit serum

The cross reaction with ¥ menungtftdis was the only wiich was not
mhinted by normal rabt serum The staming of menmgocoeer was
therefore lested both after absorption of the anlionococeal serum prior
to labelfing and aficr absorption of the antigonococen! conju.ale For
mahn hilled suspensions of N meningttidis Group A nd a pool of A
memngilidts Group A B C and D were used for the absorption By
these procedures 1t was possible fo present the staming of memngo
cocer but al the same time the staining of fonococer was marhedly re
duced nd the vamabibty n the degrec of fluorescence of different
gonococeal strans was mcreased  Absorption with various tissug pow
durs caused 2 deerease m Lhe staming miensity of hoth gonecocer and
menmgococct

TABLE 2

Stainability v 1th FITC Labelled Antiserum lo \ gonorrhoeae
Species Considered as a Source of Frror in Gram Stained Smears

Stained with FITC 1abelled antiserum to
Pool of 20 11 mived with

Strams \ gonorrhoeae
straias of unlabelled
s “’;’7’ 40\ ganorrhoeae normal
1 rahbit serum
Mema polymorpha  ATCC 997 | ~ N N
Afuma polymorpha  ATCC 10973 N N »
Herellea spectes ATCC 9945 | N N N
Herellea spectes ATCC 9936 N N N
Herellea spectes ATCC 11959 N N A
Morazella bovs ATCC 10900 N N N
\ gonorrhaeae (fresh control) 4+t +4+++ tA+t

++++ Brllant capsule hike fluarescence typical appearance of specific stalning
N Negatne re no or weah fluorescence

3 Stainitng of Species not Belonging lo the Genus \e1ssena

Table 2 shows a seriecs of mucroorgamisms which . Gram stamed
smears oflen have hecn considered as sources of errot in the daqnoss
of gonorrhoen It wilf be seen from the taible that these hacterit died nol
cause any difficulty in the FAT

T ible 3 shows the resuits of examination of microorgan
Jonty of which may occur in cultures from specimens to be exammed

1sms the m?
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for gonococet The mun prohlem was ¢aused by certun staphy lococcal
strains becquse of the similarits i morphology and the intensity of
stamng The reaction was eltminated by the wWmixture of normal rab
hit serum Furthermore such stramns never oceurred mn specumens re
cenved for identificntion of gonococel except the one which revealed
the problem and which onginated from a male urethri Onc hundred
and one struins of Staphylococens albus were tested These were 150
lated from cullures intended for the delnved FAT Since no Staphylo
coccus qureus were found in these cultures all the struns histed were
hindly provided by Dr Karsten Rosendal Department of Diagnostic
Bacteriology Statens Seruminshitut

Occasionally other microorpanisms eg yea ls wire stamned but
these were casy 1o exclude hecause of therr differm., morphology

TABIE 3

Stainabuity with FITC [ abelled Antiserum fo N gonorrhoeae
artous Lnrelated Species

Stained with FITCG labelled
£
~=E
i7¢
$3Z2E
- - g3
[5.2] = i Iy EH
2281 %ze e Sgis
SHE i =iz
275 57 59 ¥zt
Staphylococcus albus w ol - N -
Staphylococeus aureus s | - N -
Staphylocaccus aureus 163 ! -
Staphylococens aurens Y B FFt ~
Streplococcus py sgenes group A O S N NVRE ~\
Streplacoceus ppogenes group B 5 \ N N
Streplocaccns pyogenes group € 1 Ees 4 PRI N
Streptococcus pyogenes group D b bt b N
Fscherichun colt type 01-05 2 N N -
Proteus mirabilis 6 - ~ -
Aerobacter cloa ae - N
Haemophins 1 ag nalis (1 apage 1 - h A
Pasteuretls multo 1ia ATCL 10044 1 1 - ~ N
Pastenrelir st amsisolated from
r bhts () 1 - A >
) gonorrhaea (fresh controly ~ AR e,

Fxcept one stran thi h shoved a 44+ rea ti 0 he experiment has
wot yet been r peated
444  Brillant ¢ psule Wb fluorescence typical app 1 of specific staining
+~4+4 \arati n 0 degre of (luore cence of bacter the same pure ealies
wegalite 1e noorye b flu res coce
Not examined
fiv Dr 4 Regn veference N 36
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B Apphcation of the FAT in the Diagnosis of Gonorrhoen

Preliminary expenments were performed on smears of urethral dis
charge from male pattents suspected fo be suffering from gonorrhoe
On account of a brithant non specifie stmming of leucoey tes and ocea
sional stammg of microorganisms other than gonocoeer the idenhifica
tion of gonocoeet was found to he very difficult A salisfactory reduction
n the non speeifie stamng of leuncoeyies was not achieved bv absorp
t1on of the conyusates with various Lissue powders human erythrocytes
or human tencocsies m addition the specsfic stumng, of onocoes was
more or less reduced The application of different counterstuning tech
niques was also examuned The effect of Issamine thodamune RB 200
labelled albumn (40) was found lo be variable and msufficient \ormal
glohulms labellcd with either I wsanune thodamine RB 200 or TMRITC
(tetrameths Irhodamine isothiocyanate (BBL)) guie a more even red
hacheround but nedher of the two conjugules reduced sahisfactortly
the non specific stamun, of Jencocstes The same poor resulis were ob
tamed with Dians blue (14) and Flazo Orange (18 19) Wiih afl the
methods the counterstain occastonally mterfered with the speeific stam
g of gonoeocar grang them all shades of colour from red to yelonish
green

Ovcinniov (33) suadested thal digesiion of the smears with trypsin
prier to stammng would solie the problem In our hands trypsen treal
ment diminished not onks the non specific staiming of leucocytes but
also rednced considerably the speeific stammg of gonoeoeer

The effect of Hlteration of the ratio between dye and protem during
{he Iabethng procedure 1w combmnation with chromatography en BrirF
eellulose wil be desenibed w2 subsequent paper These exprnments
and those carried out by other authers showed that gammaglobubins
punificd on DTAT celhtlose after labelhng would never give 2 non
speaific staming of levcoestes and that this staming was eaused Iy
over fabelled globuhin molecules (5 33 97) The latter pumt explans
whs it w18 not possible to block the stuming of leucocy s by the add
tion of unhibelled normal rabint sernm fo the conjugate

Nevertheless the dramnosis mide on direct smears from dischafi®
stilt remmned problemalic sinee the intriceltular gonpeocct were nests
stamed nd the extracellular gonococer often occurred sp wrsehy g
only stamned brilbianthy when not covered by sccretion

The followiny, evperiments with specimens from pihicnis were per
formed wsin, o modibieabion of Deacons techmaue (12) Dupheste
specimens wore hindls supphed by the physicians al the ¥¢ nercologieal
Qut Patients Depirtment of Rudolph Bergh s Hospital Copenhigth
and by Dr Henming Schmudt Department of Dermatolopt and Yenerco
logy Rsgshospitalel Copenhagen The transporiation time never x
coeded 4-6 hours One swab was used for routine enlture the di1pnosts
bemy, eonfirmicd by Gram stasnmn,, fermentation reactions and oxvdase
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reaction This routine resull was avanlable after 2-3 day s at the earhiest
The other swab was used for preparation of two smears for undelyed
FAT and for moculation on the routine medium followed by prepara
tion of smears for delayed FAT as described under Maternids and
methods

The duplicate specimens were recened during two periods The re
sulls from the furst period hve heen published previously and a few
cases described 1n detail (26) A total of Go4 duplicate specimens were
exammed corresponding, 1o 170 female and 181 male patunts Among
664 specumens 178 were found posiline by cullure and 200 positive by
the FAT Thts corresponds lo i merease of 15 per cent 1n posiline
findings by the FAT 66 male patients werc found positive by both
metheds 6o female patients were found positise by eulture agamnst 67
by the FAT In the case of the males only specimens from the urethra
were recetsed Three specimens were laken from each female patient
viz from the urethri the cervix and the rectum The resuits are shown
mn Table 4 If the FAT were used the increase 1n positive specimens
from the three sites m the female material was about 24 per cent a
mayor part of this yield being from the more heavily contaminated
rectal specimens

TABLE ¢

of Neisser1a gonorrhoeae in 170 Female Palients
Comparison of FAT and Culture

Patients Urcthra Cervix Rectum AN sites

2 2 S 2 g
& Z e 2 & £ & 3 = Z
= 2 - Fl - = - = - z
- %!~ 2 ~ & 4 EIZ g

Pos. FAT & pos culture 64

@
=
-
=
-
=
@
&
o
&

7 7 | 107 107
Pos FAT & neg culture 3 3 8 17 3
Neg FAT & pos culture 1 3 2 0 5
Total positive sites 53 47 67 58 24 7 139 1n°
Total positnve patsents 68 fi 5h (23 4

During the last part of the sccond scries the hospitals supplied an
extra smear correspond tr exch ‘These smears were used
for Gram styming nd compared with the results of the unddnyed
FAT By these methods 1 lotal of 48 spectmens and smears from {8
male patients and 171 spcamens and smears from o8 female patjents
were cxamuned

Among the 48 male patients the same 30 patients were foun podi
tive both by cullure and by delaved T'AT Out of thes 30 pilints
28 wore found positive by the und Iayed FAT one palung wys nepa
tive and from anolhier hoth shdes were lost Yhe corrg sponding Gram
staincd smears showed 19 positine u contan d extracelliar Grag nega
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B Application of the FAT wn the Diagnosts of Gonorrhoea

Preliminary experiments were performed on smears of urethral dis
charge from mnle pabients suspected to be suifermg from gonorrhoea
On account of a hrillinnt non speeific staimng of leucoevtes and occa
sional staining of microorganisms other than gonococer the identifiea
{10n of gonococer was found {o be very difficult A safisfactory reduction
m the non specific staming of leucocyvies was not achieved by absorp-
tion of the conjugates with vanous tissue powders human erythroestes
or human leucoex les 1 addition the specific stuning of gonococe: was
more or less reduced The application of different counterstaning tech
niques was niso examined The effect of Lassamine rhodamine RB 200
1abelled albumin (46) was found to be yariable and insufficient Normal
globulins Ibelled with either Lissamime rhodamine RB 200 or TMRITC
(tetramethyirhodamine 1sothioeyanate (BBIY) gave a wmore even red
background but neither of the two conjugttes reduced satisfactorh
the non specific staiming of leucoestes The same poor results were ob
tained with Exans blue (14) and Flazo Orange (18 19) With all the
methods the counterstmin oceasionalls interfered with the speaific stain
g, of gonococer gining them alf shades of colour from red to vellowish
green

Ovainnthov (33) suggested that digestion of the smears with trypsin
prior to stmning would solve the problem In our hands trypsin treat
ment dimimshed not only the non specific staming of leucocvtes but
also reduced considerably the speaific staiming of gonococer

The effect of alteration of the rathio between dve and protemn during
the labelling procedure n 1 1on with chr aphv on DEAT
cellulose will be described 1 a subsequent paper These cxp«nmcnls
and those carried out by other authors showed that gammaglobulins
purified on DEAE cellulose after Iibelling would never gie a non
specifie staing of leucocstes and that this staiming was caused Y
over Jabelled globuln molecules (5 13 27) The latter pont expluns
why 1t was not possible to block the stamng of leucoestes by the add
tion of uniabelfed normnai rabbnt serum to the conjugate

Neverilieless the diagnosis made on direct smears from hscharge
stll remained problematic since the intracellular gonococct were neser
stuned and the extracellular gonococer often occurred sparsely being
only stuned briihantls when not covered by scerction

The following, experiments with specimens from patients were per
formed usin, 1 modification of Deacon s techmique (12) Duplicale
specimens were hindly supplied by the phisicians 1l the 3 enercological
Out Patienls Department of Rudolph Berghs Hospital Copenhagent
and by Dr Henming, Schmidt: Department of Dermatology and \ enereo
logs Rigshospilalet Copenhagen The transportation time never €3
ceeded 4-6 hours Onc swah was used for routine culture the dEnoss
Dbeng; confirmed by Gram stuming fermentation reactions nd ovvdase
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The 1hove menlioned experiments were performed on a matersal
which 1n some respeets must be considered as selected viz 1) The
transportation time was short namely 4-6 hours and 2} the specimens
were collecled by expenenced Yenereolonisls from a group of patients
with a ligh meadence of ponorrhoen Normally specimens are also
transporied in modificd Sluart medium and the transportation time
vers seldom exceeds 24 hours The culture method used for routme
diagnosis Teveals aboul 10 per cenl posities out of 110 000 specimens
per year In order to get an impression of the practicabilily of the FAT
in the routine work 821 of the swabs recened were moculated on two
plates one for the usual proccdure and one for the delayed FAT
The FAT was given a handicap as the medium for routine culture was
always mnoculated first The FAT was performed on a single smear from
each culture for 502 specimens and on duplicate smears for the follow-
g 319 specimens

The 502 single smears corresponded to 91 mnle patients and 184 fe
male patienis Among the 91 male patients 12 were found positive by
hoth methods and 2 bs the FAT alone The 184 female patients showed
23 posilive resulls by both methods 2 positine by the FAT alone and
another 3 positive by culture alone The number of spieimens from
the 184 female patients was 409 with 31 positive results by both meth
ods 7 positine by the EAT alone and 6 positive be culture alone

The 319 duplicate smears were from female patients only 149 specs
mens were found positive by culture and 183 by the FAT te an in
crease of about 9 per cent

DISCUSSION

During recent times the most important applications of 1mmunoflu
orescence i dingnostic bacleriolooy have been reviewed b Cherry £
Woody (1) Thev pont out that 1mmunofiuorescinee of bacteria has
only two dimensians—morphology nd serological speaificaly  and
further lach of specifieity ¢ be tolerated onlv 1if the morpholozy of
the cross reacting antigen clearly distingwishes 1t from the pecific an
tigen In the present immunofluorescent studies of gonocoer: 1t was
not found possible to fulfil these ecorditions The hrewn serological
cross reactivity witiun the genus Aewsse :a was refleted in the stan
abilily of species other than N gonorrhocae v sth FITC-label od geno
coceal antisera resulling in morphologically 1dentical pictures It was
possible to inhibit the weaker reactions by the addition of normal rab
hit serum However the stronger reac 101, obsersed in some momngo
coceal stramns could not be eliminated m this wav  Absorphion of the
conjusates w th meningococer was effectinve but at the same time the
degree of taming of th gonococer was dimimished presumably due
1o the comp { 1 n of u high contunt of soluble meningococeal anlisens
n the absorbiu e~ ju,utes Such antigens were casily demonstrable b
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the Ouchterlony gl precipitation technique (unpublished data) From
2 practicl point of view the problem 15 not serious since meningo
cacer are seldom found 1n specimens recenved for 1dentification of gono
coccr A greater problem was the strong reactivity shown by abont 10
per cent of 1l the strams of Staphylecoccus aurens examined organ
1sms 1 which the morphologieyl differences from N gonorrhoeae arc
oo dehicate 1o be differentiated in immunofluorescent stancd smears
This problem has occurred to nearly il workers using, FAT for bac
temol 1 dingnosis 1mdependent of the antigen anhibody system
volved (1 2 6 21 27, 45) Damelsson (9) used absorption of the ant
gonococeal conjugale with a strongly cross reacting stram of Staphylo
coccus aurens 1t s logical to do so if the reaction ¢ be considered
as an expression of nbigenie red shonship or as a detection of naturalhy
occurring antibodies According fo the -uthor s experience with this
method of absorption the reduction m staiming the gonococes wis of
a stmilar degree or even more pronounced than the reduction n stain
g the staphylococer This maght be expected 1f the stmning 15 con
sidered not as a resuit of an antigen antibody reachion but as a result
of a non specific adsorption of globulins to the surface of certan sta
phylecocer (27 28) This consideration 15 also 1n agrecment with the
fact that the addition of a surplus of non labelicd normal rabint serum
to the conjugite has proved to be an easy and efficient w s of blockn,
the staimng of staphylococet Thus althoush the morpholo,y of the
cross reacting antigen did not clearly distingmsh 1t from the speehie
wntigen 1t 15 possible to obtam a rehiable result when workmng under
known condilions

At the be.,inning of the discussion Dencon, Peacoch Freeman &
Harris (11) state the followin, in their first paper  Our evidence p
pears to indicate that N gonorriiceae possesscs a herclofore unrecos
mzed antigenic component stmlar in character to V1 intigen of & fypht
or i antigen of the Fscherichin group The new ntigen appears to be
speeres speerfic and may be reeognized by shde agsluhnahion tests em
ploving hining or formahin kalled cultures and by fluorescent antibody
technies  This ncw antigen which was assumed to be associated with
speetfie staming sn the FAT as well as wath the virnlence of the micro
orpausm was lso associated with  freshly solated tnagglutinable
gonoroceal cultures

In the abote mcntioned paper the anthors did not distinguish be
iween varwous forms of magelutinainlity The maLlubmabihty was
described 1n 1wo connechions 1) as eonfirming the obscrvations of
Wson (42) and 2) as revealing an anbigen referred to as GC—h(B)
Apparentiy tiis mmpiics a contradiction sinee the datn publishcd con
prise only the demonsiration of O magglutinanhity of some reeently
wsolaicd struns 16 ddson doseribes magglutinainhty of 1 recently 150
laled stram 1n 1n antiscrum aganst another froang Fecently rsohied
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slrain an observalion which probabiy reflects 1 type varmtion and not
the presence of 1 speetes speerfic antigen which 1s easils lost on sub
culture On the other hand wn anbigen of type h(B) 1s rcvealed by ats
0 imagglutinabihty (41)

On 1ceount of the importanl properties sad to be connecled with
magglulmabihity altempts were made to 1solnte such magziutmable
sirains  Antisera agamnst both formalin killed and heated bactena of
iwo recently 1solated and two stock strains of N gonorrhioeae were
available For all these struns O magglutimabilily was demonstrated
the antisera showed a similar degree of specificsty 1rrespectie of
whether they were used i the FAT or tested m complement fixation test
aganst antigens of different species of Newsserta Using antisera against
formahn killed gonococcr n the agglutination test 9o per cent of 201
Iryng cultures of N gonorrhoeae were found 1o be autoagglutinable
T%IS percentage was dimimshed allhough not encouragingly when
formalin hilled suspenstons were used Further examination of pos
sible inagglutimalnhity was not performed

The finding that older gonococeal cultures are poorly stamned n the
FAT has been confirmed by all workers i ths field This does not
appear to mean a loss of antigen ( h antigen ) since a new subeunlture
16-18 hours old exhibils the usual bnihant fluorescent picture as
shown by smears from the primary culture In 16 subsequent subcul
tures three stramns selected at random were followed without any
change 1 morpholegy or 1n stumng intensity Dentelsson (8) has con
trolled the staiming abihity after up hill 102 subecultures without being
able to demonsirate any loss of antigemie components important for
the slaiming reaction In other expertments (8) he finds that heat labile
as well as heat stable antigens take part in the reaction in the FAT In
agreement with the latter observation FITC labelled monovalent anli
serum agunst reference strain VI (11413) has proved to be highly
valuable for dia,nostic purposes This sirun s hnown to contamn
scveral heat stable anhigens of Musseria gonorrhoeae (37)

That this new  h (B} antigen should possess characieristics simular
1o V1 antigen of Salmonella typht has been questioned first by Otctnm
kop (33) and Ialer indirectly 1n publications from Deacon s laboratory
(22 23) In this laboratory the sirulence of gonococer was attnibuteq
to the type of colons Mo agreement was found between colons type ang
any scrological reaction nor between colony type and \mmabnhity 1n
the TAT All four colony types were spuethicnlly stawned by FITC
labelled antiserttm a.amnst the virulent type T as well as the avirulent
type IV colonv This excludes defimitels the onginal conceplion that
the slaining reaction was linked to 2 labile virulence associated surface
anhigen

For diagnostic purposes the wdeal fluorescent untibody technique was
origin ily thought to be the dircet st uning of spccimens (Smcars) with

40 actar w704



N~

2

=

25
2

&

2

=S

12
B

2
b4

3

a8

3

2

e
&

3

@
Ed

3

o]

38

628

Gotdman ¥  Staiming Toxoplasma gondn with fluorescein labelled antibody
I1 A new serologic test for antibodies to toxoplasma based upon inhibition
of specific stamning J exp Med 105 557-373 19a7

Goldstein G St ys 1 8§ & Chase ¥ W Studies on fluorescent antibody stan
fng I “on speaific fluorescence with fluorescein coupled sheep anti rabbit
flobuhins Ibhd 114 89-110 1961

Hall C T & Hansen P 1 Chelated azo dyes used as counterstains in the
fluorescent antibody technie Zbl Bakt T Abt Org 185 548-554 1962

Hokensor ¥ O & Hansen P A Flazo Orange for mashing of auto and nonspe
:xgislg fluoiestence of lencocytes and tissue cells Stain Technol 41 9-14
1

Holman M § The laboratory diagnosis of gonorrhoca 10 the female S Afr J
Lab chin Med (0 9>-93 1904

Holwerda J & Eldering G Culture and fluorescent antibody methods in diag
nosis of whooping cough J Bact 86 449-451 1963

Rellogg D S Jr Peacock W L Jr Deacan W E  Brown L & Pulle C ]
AVersserta gonorrhoeae T Virulence genetically linhed ta clonal variation
Ibid & 1274-1979 1963

Relfogg D S Jr Peacock W I Jr & Deacon W E Colonial forms of Sers
serta gonorrhoeae genetically associated with virulence WHO/ADT/Neis
serza/4 64 1964

Mchinney R M Spillane J T & Pearce G W Storage stability of fluoresrein
1sothiocy anate Anal)l Bmchem 8 525-526 1964

Krist n M Die h i ber Gonorrhoea (Techaik)
Acta path et microbrol scandinav 7 §7-106 1330

Lind I Identification of Vetsseria gonarrhoeae by fluorescent antibody tech
nique Proc Northern Dermat Soe 53-57 196°

Lind I Non specific reactians by the 1 of f
bacteriologieal diagnosis Proc MV Scand Congr Path Aicrobfol Oslo
p 255-206 1961

Lind I Reyn 4 & Birch indersen 4  Electron mucraseopy of specific sod
non specific adsorption of globulin to Staphyloco¢cus aurens Proc IT
Eurupenu Conference on Electron Microscops Prague ‘ol B p 535-536

1954

Marshall J D Eieland W C & Smuth €1 Superiorits o( ﬂuurescem sothue
ha

cyanate (Riggs) for antibody
its application Proc Sac ) Buol (N\ > 98 §98- 900 1908
Weyer Rohn J  Fxper zur von

Mewsseria gonorrhoeae lhularzl 9 3144 198

Moore M B Vanderstoep E M Wende R D & Knox J M Fluorescent gono
coceal antibods technique 1n gonorrhoea 1n the male Publ Hith Rep
(Wash ) 78 90-97 1963

Quehiterlony & Gel In1 al methods p 55-78
Blackwell Scient Publ Oxford 1963

Otonmhoy ¥ M An appramsal of the fluorescent antibody method 1 (onor
rhoea Bull Wid Hith Org 29 781 788 1963

Pariser [T Farmer 4 D& Uarino 4 £ Asymptomatic gonorrhoea 1n the
male Sth. med J (Bgham Ala) 57 638-690 1964

Redgs J J Partch 4 B € Borman F A Detection of group A strestoeocer in
throat cultures by 1mmunofluorescence Publ Iiith Rep (Wash) 78
220296 1963

Reya & Serological studies on gonococet 1 Technique Gono reaction of nof
mal rabluts Serologieal relation between gonococes and Pasteurclise Acts
path et microbiol scandinav 26 51-70 1919

Reya 4 1dem I Ther and b 1 nature of ¢
antigens Durahilits of the factor scra Discussion Ipd 26 '»s 268 1949

Reyn A horner B & Dent on M W Transportation of material for the culture

ullhe Conococcus Brat J vener Dis 3¢ 243-245 1960

of Bull Wid Hlth Or¢

Reyn
5> s Ve,



629

40 Smuth € W ashall I D Jr € Ereland W € Use of contrasting flyorescent
dye as counterstain in fixed tissue preparations Proc Soc exp Biol (N1
10> 179-181 1929

41 Topley & Wilsons and Yol 1 p 820 Edw
Anold Ld Tondon 5th gd.: 1964

47 Wilson J F A serological study of \etsserta gonorrhoeae J Path. Bact. 63
495-510 1924




Acts path et mucrobiol scandinay 70 630-632 1907

BRIET REPORT

PERIFHE BRI NERAF CHAANGES I\ TAY SACHS AND
BATTEN SPI L MEYFR \OGT DISFASE

1 prefumnary report
By Krister Kristenssan Yngue Olsson and Pabrick Sonrander

In Sweden tno well defined types of familial amaurotic idwey te the infantile
or Tav Sachs disease (TSD) and the juvenile or Ballen Spielmever Vogt disesse
{BSYD) hase repeatedly been reportel (cf Feg Olofssnn el af 1966 Spogren 1933
Eapner 19¢2) Recent ch S Holm 1963} h {Zeman & ber?
1963 A € 5 der 196€) and ultr 1 (Zeman & Donahae 1303)
mnestigatians haye shown that in spite of certain common chmieal and licht mucro
scopical features these two canditions must he regarded as separate nosologsal
enlies Although the changes 1 the central nervous svstem are well known ne
mformation exists about the state of the peripheral merves in these discases

In the past the study of perspheral nemves et d has been much ne
glected Howeser st has recenmtls heen shain that both i metackramatic (MLD)
and globosd eofl {GI DY leucadrstraphy the periphieral nerves ave severedy msolbved
probably as & result of a basse metabohe disturbance alfectmg the whole nervous
system (Sourander € Qleson 1967 tllen € de Veyra 1377}

Cansidering the freouent ize of periphersl nerve biopsies for the diagnosis of
M D and the recontis deteeted s s C1D 2k 3¢ serutst
of jeripheval nerves 1 other neurolipidoses ncluding sarious Gpes of amgurotic
wdioey seems justafied

Uatersals and Wethods  Autopsy material from eng case of TSD and three cases
of B3I were ¢ Patho data ing the cestral nervous
syvstem and the visceral argans m the TSD ca ¢ socluding chemical findings have
been presentod chhes here (Fep Olofsson et of 1966) Howerer n this paper the
perapheral nerve changes were overlooked Corresponding information abeut NS1D
is to be (A Rayner i nerholm) Paraffis e
hedded specimens from the spinal cords and the proximal part of the sciats Rerse
were starned sith tuxol fast blue cressl violet and unpregnated with siver a cord
mg_to Palmgren for axons Spinal nerve roots one dorsal root ganglion and the
venlorotor nerse from the TSD and one dorsal raat ganglion from ore of the BS1D
cases nere treated sn the same way

Resulls
Tay Sachs disease The mitor neurons of the cord presented changes siflar to
thosc seen in the cercbral cortex (Feg Olofssan et al 1960) 1 mavhed di tension af
the extoplasm and of ome prose es msheating hipsd storage The white matter of e
cord showed sesere destriichian of the axons and muvelin shesths fn the ventral sad
tateral tracts swhereas the dorsal tracts © ere hetler pre rrved A moderate degencr
tion of m clin sheaths and of axans oreurred buth In the sentral and dorsal ronts
Loss of neurans assnaate | with proliferation of eapsular snd interstitral cells were
frequently b erverd an the d rsal rool gangh i Remainsng neurons sho od sarfable
sweiling of the © Loptasm

The wixtic perve shov ed an alme § tatal de truction of myehn sheaths acsaciatel

Recened 8 1x 67 from the Neuropatholo yical I pborelory Deparimeal of Palholoyy
T Lmwersity of Gotebrry Sueden P

Supported by grants from the Swedish Medical Research Council Projeht B
-B2-0% and from Foll ¢ Bernadotte shftelsen



Fig 1
Seiatic nene from the TSD case a) luxol fast blue cresvl violet
b) Impregnation wath silver for axons

Rath a erowding of Schwann cell nucler (Fig 1a) One remarkable finding was the
{requent oreurrence of srregular elongstcd thickemngs of the axens (Fig 1b) Hos
ever compared to the severe le 1ons (f the m elin sheaths the axonal changes were
quite modest ‘The extracerebral part of the oculomator nerse showed changes re
sembling those of the sc atic nerve

Balten-Sprelmeyer-\ ogt disease A marl cd neuronal starage of lipofuscin and
some loss of neurons was present i the antertor harns No obuious changes were
$ e0 1n the white matter of the «rd Marl ed loss of nenrons associated with pro
Lfcration of capsular and intcrstitial cell were present mn the dorsal root ganglian
n the remaming neurons lipofusein was stored

A very large number f the myelin sheaths were destroyed 1 the sciatic nerses
m all cases In one of them the de truction 1 as parths of segmental type The avons
I two of the cases sho cd extenshe 100 but 1n the case the
degeneration was only slight

Diseussion

In view of the chemical differences between TSD and BSVD it 1s appropriate to
discuss separately the peripheral nerie change obsersed n the e diseases

In TSD a tenfold 1n re ¢ of the typ: al Cxf gamyh side n the pinal roots ha
been detected bv ~ ennerh Im (Feg Olofsson et al 1966) Simce not oulv the pers

a1y 0n of newron  Yut als the avons in th cestral persous ssstem show snellings
due to ganghosid  t r the 1 ssit Ity exs ts that the th keped 1 ons f the
penpheralmers 1 d  t noanr o sed content of ganghh 1de I s nut possible to
decide whether th s 0 at on of the mvehm sheatts s sccond r to a dis

'
turbed relation t 1 ¢t @ th m ¢hn and the axon or nduc d bv alte ed meta
bohm fthen ™ i

Variu expla t fu ere degeneration of nem  fibres 1o BSV\D an be
considered Th | t nhih { xonsand mvehm feth p ul 1 twe
of the casc  mwy t 1y 1 the degene tion of neur n th n ror herns
ofthespmale i 1 ti d al odtganyhaoritm Yeprw ib n it onal
1 ctors during 1t 1 tny, ¢ mmnalstag of the d eas St tn po s Wity ye
mams that thc}  4h }nr > nues are connected with a L st metsl lic dis

turbance Thc » t n al ut the patho emesis of th perph r 1 ner ¢ 1 soms 1n
TSD and BS\DP nn tb an wered b wav of comv ntional m thod  but call for
further intestin  n in lutny hstochem try and lectron mi ro copy apphed to
biop ¥ mater1 1 ir n ron ta tsHn TSD and BSAD
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Summary
Previausty tnrecognized peripheral i r3e rhanges 1o one gase of Ty Sachs disesse
and jn three cases of Raifen-Spieimever-\ogt disease are deseribed ang diseussed
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BRIEF REPORT

ISOLATION OF ADFNOVIRUS FROM A ShIN VFMCLE AND GEREBROSPINAL
FLUID FROM A PATIENT SUFFFRING FROU STFVFNS JOHASON S5 NDROVE

By Purths Pokjanpello and & Petlay

Severyl factars meludiny administration of Jong fasting suipha preparations and
stifection with herpes simplex or 1 have beent d with Steiens
Johnson srzdrome (1) Demonstralian of rise sa complement Niung anbibotes
2gamst adena group antegen in two patients sufferng from Stevenstebpson sy
drotme suggest that also adenpviriises mav i some case piav a role in mandestation
of this syndrome (7} In this paper a report 1s gisen of 1503ation of adenossrus tspe 3
from & skin esicle and cerebro pinal fitnd from a patient hospitahized an ccount of
stevens Irfinson <ypdrome

Oo 1he suspicion of urinars afectetan the patient 2 girl of five vears reconed
nitrofnrantorm and sulpha metoxipindazine “ane davs after the Oirst admunisiralion
of sulpha preparations ihe patient developed 1 high fever J% G and & fov days
Jater esicles appeated both in the mucias memehraves and the shin The §atient
1as } al d The pinal flud was har 3t
eontatned 15 mg  protews 99 mgte glucnse and gne celliul

From a stan Vesicle end from the cerebrospinal fluid an agent was fsiated that

caused d of U cells human amnion cell hne) faxed com
plement sn the presence of adenmvirus upmune serarm snd agglutineted red cells
frym a i) wag ¢ I3 type ¥ adepo ymmune

xevam The {etce af | {xug adeno digs 1 the serum of the patient

was 1 64 4pv nise in the Difre of the antibodies was rot demonstrated i the cour ¢
of the illness

¥ alation of adenasiras t pe 3 from a skan vesicle and from the cerebrospingl fluld
w2 pattent suffersng from Stevens Johinson svndrome s n sapport of ihe hypo
theas that ademsieay s 2 same cases mas plax o fole 1 the aetiolsgy of this
5 ndrome

References 1 Coursin D fi JANA 195 13130 1906 -2 Crosso £ ¢ Pereone
F Munena Vedres 05 2M1-2140

Tecenved 12 #x 67 from the Department of Virology an? Chadrens Clhime Unirer
sy of Helsink
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TRANSACTIONS OI' THE MEDICAL MICROBIOLOGY
DIVISION OF THE SWEDISH MEDICAL SOCIETY

Annnal Veeling December 1-4 1966
BRecersed 30 11 67

Immunology

AMddsson U R Institute of Medical Microbiology University of Lund Sweden and
Scripps Climie and Research Foundation la Jolla Calf US A STUDIES ON
THF MODE OF ACTION OF THE FIFTH SITTH AND SEYENTH COMPONENTS
OF HUMAN COVIPLEMENT (C ) I\ IMMUNE HEMOL)Y SIS

The classical third ¢ mponent of € 15 presentlv considered to cansist of at least
six different factors €3 £5 €6 (.7 €8 and €9 These studies ¢incerned the mede
of action of C'5 €6 and C7 As a group these components were found fo interact
with sensitized sheep erythrocstes (EA) which have reacted with the first fourth
second and third components of C EACla 4 ’a 3 The reaction product was de
signated EAG'1a 4 22 35 6 7

hinctic analys s indicated the reaction sequence C3-C6-C 7 1solation of the inter
mediate 1 of EACla 4 2a 3 with C5 or with
€5 and C' at physiologreal sone strength were unsuccessful Formation of I'AC 1a
4 %1356 7 proceeded only when C5 C'6 and 7 were present simultaneously mn
the reaction mixture This mterdependence betwween the three ¢ mpopents sugsested
fluid phase interaction Protein proten interaction was demonstrated between C5
and €8 and 5 and C'7 by density gradient ultracentrifugation Dose response stud
ies furmished support for the hypothesis that C5 C6 and C'7 constitute a functional
umt

This work was done in collaboration with Dr 3 J MuMer Eberha d at Scripps
Chinte and Research Foundation La Jolla Calif

Holm & & Johansson Ro the Weaner Cren Institute Steckholm IN VITRO STUD
IES OF LYVPHOCYTFS FROV PATIENTS WITH HODGKIN S DISEASE AND
CHRONIC LYMPHATIC LFUCEVIA

To be published 1n Clinieal Fxperimental Immunology 1977

Vagne son I esmilla & Rallings L 0 The Departinent of V1 ol gy Karolinska In
titutet and the Department of Bacters logsy “National Bacte + 1 greal Lobors
tor 5t kholm ANTIBODY SPLGTRL I OF HUMAN CAMMA C1OBUIIN FOR
CLINIGAL USF

Human gammaglobulin 1s widels used [ r pre nt n and treatment of a yast
variet  of mfectious condition ] estimate the al fthi admini t tron it was
fond imperative to h ¢ a bitte know! dge of the m r i | gi al srectrum of
antshodies present and t v Nt ext nt the g flerent b t h f g mmaglotulin are
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similar 10 compesition In this study 10 batches of human gammaglobulin have
been tested for the abilits of nentralizing an assortment of Infections agents gener
ally oceurring 1 Sweden It is also speculated on whether pammaglolulin repre
senting a great number of blood donors could he used for a rough emdemiological
screening & more comyrehensive report on this study will be presented elsewhere

Jonsson Jonas € Fagraeus Astrid Department of Immunologs Natienal Bacterio
logical Lalorators Stackholm [HE MIXFD HAEMADSORPTION TICHNQUF
AS A DIACNOSTIC TEST FOR THYROID ANTIBODIFS

If crrenltating thareld antibodies have a pathogenchic effect by damacing lning
thyroid eells they must 1n the first place be assumed to exert this effect by atlaching

the cell The mixed h ption techmaque applied to monolaver
cuttures of thyroid emithelial cells (1) has proved to he a comemient method for
the 10m of such antih especralhy 1n Jarge scale examnations Sera

from 259 cases of thyroid disease 31 eases of connective tissue disease anl 347
ap parently healthy contrals were examned with this test 4 reaction in the serum
drlution 1/1600 or more mdicated a diagnosis of chromic thyroiditis or thyrotoxics
sts wath a probability of 80 per cent The probability that a reaction at this titre
Tevel should occur in the abvence of thyroid disease was 64 per cent The mived
haemadsorption reactions obtaintd weve of two tipes called ring zone and (illed
zone reactions Tuny, zone reactions were obtained with 2/3 of the sera from cases
of chronjc thyrowditis 173 of the sera from cases of thyrofoxicosss Iess than 10
per cent of the sera from other thyrond diseascs and with 3 per cent of the control
sera There was a strong correlation hetween the ring zone reaction and 4 reaction
with evtoplasmic antigen in the immunofluorescent test The organ speaficits of
the reaction was confirmed by tests with other types of buman cell cultures and by
absar) tien esperiments The mcidence of thyroid antibcdies 1n patients sera as
well as in the control sera vared with age and sex in the same wav as In the
ecmmon standard tests for thyroid auto antibodies The thyvroid antihodies demon

strated In the mixed haemadsorption techmique thus have the same diagnostic im

pheations as those whith are d by the T test anl the
complement fixation test The results reported ahove suggest that the antigen

antibody svstem that gives rise to the ring zone reaction is more speeific for chront
thyraidihis than others Compared to the diagnastic tests employed so far the mized
hacmadsorption test seems to inerease the < to duf! t Togicalk

between chronic thirorditis thyrotoxicosis and atc e colloid goiter

t Jonsson J Fagraens {stnd € Fspmarl A Auto antibodics fo thyrord cell sur
face anfigens studied by the mined hacmadsory tion technique Proc 10t
Congr 1t Soc Blood Transf Steckholm 1964 Bibliotecha Haematologia
Fasc ®3 pp 79-8% 1955

Tundbech I & Tirunarayanan M O Natiinal Dacteriological Taboratory Stack
holm ANTIBODIFS ACAINST LIPASF FROM STAIHY LOCOCCT

A method for determination of staphylocoesal lipase with the aid of egg volh agar
plates has heen worhid out and published 1 reviously The enzyme suspension to be
tested 15 filled into a well cut ut 1n the agar and allowe { (o diffuse sate the sxar
at 37 C Lipa ¢ sctivibs 15 nbserael as a clanfication and precipitation 2ame <7
rounding the well The diamcter of the zone can te used to quantitate the 1ia ¢
achimly The reacticn 3 mbibated Bs sera containing antlbdies against lipase 4
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technigue for determination of antilipase antibdies with the aid of standardized

Quantities of Iipase has been woshed out This was used ta e
the o currence of antilipase antibedies 1n human sera from different age groups
and to study the correlation I etween antilipase and phaDolysim antib Tt

was found that the level rf antibo hes aganst lipase decreased v 1th age frem 0 to
6 months indicating the presence of maternal antthodies and increased with higher
age reaching a constant lesel in groups abvve 10 vears There was a g od correlation
between antilipase and antistaphylalysin titers The antilipase activity was Dealized
10 the 75 gammaglobulin fraction f serum

Wile I & Pcrath J Department of Clinfeal Chemistr  Lnnersity Hospital Upp
sala and Institute of Biochemistry Universits of Upgsala
4 RADIO NMMUNOLOCIC AT METHOD FOR DFTI RMINATION OF PROTIINS
WITH THE LSF OT 5Ei HADF\ COUPIFD ANTIBODIFS

A mew of the for protcins was prosented (/
Wide & J Posath Biochim Biophys Actr 130 (1966) 257-2 0) The immunoglobulins
in an Iserum were by Iph and 11y coupled

10 an 1nsoluble polymer a b phades derssate (asothiocy anatophenoxyhvdroxypropsy1
Set hadex) preparcd a cording to Axén and Porath (R dxén € J Porath \ature 210
(1966) 367) The immunosorbent thus prepared may be f ccze dried The antigen
binding capacity of the antibody Scpha lex part cles was not altered after 12 months
storage at + 4 C. One gram antibods Scphadex parficle c© ull be used for mcre
than 16000 reactions In the ralloimmunoassay the sample to be muestigated the
antigen labelled with a radicacts e isotoje (1 1) and the antibody Sephadex were
added to a testtube and incubated for 24 hours by slov Iy rotation around a her

sontal axiy The antibods bound lahelled antigen was separated from the unbound
by centrifugation The radioactisity m the Sephadet precipitate was ¢ unted in a
semtillation detecter The scnsibinaty of the a savs coul be increase I by t reincuba

tion of the antibndy Sepliadex wath the sclution fo be msestigated prior to the
addition of the labelied hormane and incubation for scieral dass In this way Jess
than 1 pg of Juteimzing hormone per ml sclution eould be dctected The technique
has hitherto been applied to the assay of nsulia grosth hormonc chorionte yonado

trophin luteimzing hormone and fmmunsglotulin € The high sensitn t pr 151 o
and sumplicaty of this method make it as sustable far scient fic 5 1 pose
routme hospital laboratory u e

us for

Briftton  Inshtute of Tumor Biology harolinsl a Institatet Stochholm STLOIES
ON THE PFRSISTFNCE OF INMUNOCENICITY OF SOLUBLF AND
PARTICULATF ANTICENS IN THE MOUSE

The persistence of rmmunogeni vy m the mow e of h p red blool !

ant s
and bacterial lip pol saccharide anligens ¢ F ¢« 1 0 2 B5 va feterm: d ut ] zing
a transfer svstem Mlce Were Immumized wits th resicctse aty, o and after

diffcrent time anlervals the mice were Jeth 11 1rade ted anl repopilatcd with
synaeneic normal hmphoid and 1 ne marr v Ns The 1nlu tion of » primary
antibody respon ¢ 1n the transferred cell pap1tat 0 indicated H ¢ retain 4 mrauna
genic materal in the recipient. In this s stem 1t s wn th { he smmunoe enictty
of SREC antigens perst ed £ £ 18 { swherca I 1 acch | anty ¢ persisted
for more than 45 davs

Apr ten antigen human crum albumin (54 2 fuhi Tinam &f od tran
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fer system Ltillzing the notion that soluble HSA dacs not induce a primary response
i the mouse but triggers a secondary mice were Injected with small amounts of
scluble HSA and after different time intervals injected with preimmunized svn
genere spleen ceils The anduction of a sccondary antthodv response would mdieate
retained 1mmunogeme HSA The half life of of HSA d by
this method and the half hife of radioactivels labelled HSA in serum of the normal
mouse did not differ statistically from each other

Virology

Vorrby E & Wadell G Department of Virus Research harolinska Institutet Stocl
holm SOLUBLE COMPONENTS OF ADPN\OVIRUS TYPT 4

To be published in Virology 1967

Stehag S F & Bloth B Department of Immunology National Bacteriological 1a
boratory and Department of Virus Rescarch harolinska Tnstitutet Stockholm
EXAMINATION OF VIRUS GAMMA M ANTIBODY (OMPI EXES BY ELFCTRON
MICROSCOPY 1 CONFICURATION OF GAMMA M ANTIBODIFS 4AND MODT
OF ATTACHMENT TO ANTIGI N

Poliovirus yM antibody complexes were examined by the negative staining tech
maque in the efectron microscope The virns was purified by equilibrium centrifuga
tion and vabbit yM antibodies by zone centrifugation or gel filtration The spect
fiests of the poliovirus yM antibody reaction was established by the use of hetero
logous antigen and yM fractions from normal sera N and H virus particles aggre
gated separately m the presence of ¥\ antibodles against both these antigens

The size of specific poliosirus aggregates and the density of the cross linking
network of ¥\l antibodies 1nereased with increasing relative ¥\ antibods concentra
tions T'mploying intcrmediate or rather high relatine antibody concentrations single
virions or virions in the periphers of aggregates were often surrounded hy an aura
of loops The maimal length of the turn of the loops was 270 to 250 & and ther
width %o to 40 & suggesting that they represented yC like 75 subumts of the yM
molecule The maximal number of subunits contamed 1n one yM molceule appeared
to be 5 or 6 The distribubion of the lengths of Y3l antibodies bridging virions had
a mode and median of about 330 & and maxmal value of 360 to 370 A

Biberf 1d Gunnel € Fagraeus Astnd National Bacteriologieal Taboratory Stoch
hoim FARLY SEROIOGIC DIAGNOSIS OF RABIES

Anlbodies were d ted in r d dogs during the incubation perfod
Five dogs were mnculated mtramuscularly with street virus (Dr Schmidt Allanta}
and blood spectmens were collected every third day The dogs fell §il 10-17 days
after ncculation and died 1-5 days later Antihodies against rabies were tested with
fluorescent antibady (FA) and mived hacmadscyption (MID techque in this 1a
borators and by scrum neutralization ($%) by Dr Schmidt The antgen for the
FA test consisted of green m nhey Jadney (CMR) cells infected with rablusvirus
(Flury 1IFP RDCS) and centrifuged directly on to shdes in a special rotor After
fisation 1n acetcn the antigenpreparations could be stored at —320 G for at Teast
o months £ 4 antibodics (titres 1/10-1/40) were demanstrated in 4 of § degs 4 10
gavs before on <t «f 1liness and 10 the fifth dog on the day of chnical ansel Feur




of the dogs wlso developed MH 2nd SN antihidies No antibadies were found 1-3
days after inoculation
Using a fluarescernconjugated antideg gamma globulin serum rabies anhbodies
were also demonstrated in a foy 10jected with two doses of line Flurs HFP vacain
In addition a rise in FA antibodies fram < 1/o to 1/80 was demonstrated in a
paticnt gnen a full treatment v 1th sheep brain vacern (Lister 1nstitute)

Tirunarayanon Y £ Lundbuch H “ational 3 1 L khol:

RELATIONSHIP OF pH TO SY\THESIS OF STAPHYLOCOCCAL TOXINS AND
ENZYMES

A strain of Staph aureus was grown in a glass tank under constant pH conditions
\utrient broth containing 1 per cent glucose was used The bacteria acted upon the
glucose during growth and hberated a 1d which was hitrated fo a defimite 1 H with
KHCO; using an automatic p}f titration assembly and thus the cultures could be
mantained al any desired pi for 24 hours Analysis for the different tovins and
enzymes in the culture supcrnatants indicated that coaculase production was opty

mal at pH between 75 and 80 « hemolysin was produced around pH 62 and
hyalurenidase at pH 65 The p of two ph was demonstr

one at pH 8 0 and another at pH 55 These studics emphasize the 1mportance of pH
1 the production of the extracellular enzymes and toxins and the careful considera

tion that mast be ginen to the pH when comparning differcnt biologic properties of
chaleal strafns

Baclerwlogy

Lofstrém G Hallander If 0 ¢ Laurell G Department of Medical Microbiology
Division ol Bacteriology Unnersity of Uppsala Upgsala PRODLCTION OF
STAPINNLOCOCCAL HARMOLYSINS STIMLLATED BY PPMCILLIN IN LOW
CONCENTRATION

In previous papers (1 2) it was shown that peniezilin G and methiullin tr vitro
stimulated the production of staphvlo occal haemolvsins The dermonecrotic effect
of staphylacoces was also enhanced 1n r bbits which had received moderate mtra
muscular injections of penicilin

Some other antibiotics were tested i vitro C acted lihe
and stimulated 1n lov concentrations the production of staj hylococcal haemolssin
Streptomycin and the tetracyclines showed no such actinity

Separation 1n a Sephadex G 100 column was performed on supernatants of eul
tures which had gro n in the presence of 01 1L/ml of pencill n (1) or without
pensaallin (1) It is knos n (3) thal Evo active fractions appear one wilhin ?5-30
per cent of the colsmn volume containing maily delta Ivsin the other within 45-6
per cent of th volum cont 1ning malnly aljh Ivsin The cxpe ment howed that
e maes T A e ket A Y wget fon el & e e st Smiatoam
fcr culture 11 to the second fra ion That may indicate that the adfition of the
20tibl tie stimilated the pr du ton of aljha hysin vhile the proluction of delta

Iysin was p obabl anlil td b the presen e of pemicilin The results are preh
miy

Atthe VIith nten t n leonce f ¢ me obiole in Sto hholm 1958 fuckey
€4) elhoc ted th thery a g mer 1T valhit that mall m unts of agenls wh ch
are in larger d lo 1 make the lis ready to ap enhsn ed pr luction of energy
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enzymes and hmlding matersal This leads to an abnormally fast growth whes the
stressing apent daes not exceed the bounds of toxierts Applied on antibaotic therapy
this should mesn that m low smight the tissue
cells o enhanced actraty but also gne the present bactersa some stimulus A quite
delieate wteraction between the cells and the bactersa 3s Bhely to oceur 1f this theory
has this general ssbdity

Befesences

1 Hollander B ¢ aurell € & Lofstrdm G Stimulation of staphulocaccal hacmo
iysin production v low concentrations of pemieslhin Acta path et miero
Mol scandinay 68 147-148 1966

2 Hotlander 1t 0 Leurell G & Lafstrim G Frhancement of staphy fococeal pa
thogemeuts in the presence of pemalln Acta path et microbiol scandmav
8 403461 1966

3 ollander H 0  Frachronation of staphilococcal toxuns by gel filtration dcts

ath et mucrubiol seandinay 5% basc 4 Scparatum 1963
1 Lueley T D Wodes of achion of anbil 1 grouth it Recent pro

gress wn ymcrobioleg VI 3ot Congiress for \ficrobiology  Almguast
Wiksell Stockholm 1808

Wiclman Kristing Central Laboratory of (Binieal Bacterwoloyy  harchinsha §juh
huset Stoehholm COVPETITIVE INTERACTIONS BFTWFI N BACTLAIAL
SPECIES IN EAPERIMENTAL BLRAS I\ THE GLINEA PIG

The mtention of the cvy eriments was to show that when bactuna of a low patho
genicits are ntroduced mto fresh hurns thev can in some case  prevent or reduce
col msztion b mycroargsnisms of a higher pathogemeit which are troduced nto
the burns at a later stage or which oceur spoantancous)y

Gmnea prgs were used and were g1 en thermoal full skin thcl ness buras m the
fiank corresponding 10 size 10 ® per cent of the bode srea. 3 DN\ase and coagulase
nepatne taph loccccus vas tahon from the amimals narmal flars and apphied to
the burn  Semalart burned but untreated gmmen pigs ‘ere used as controls Sta
ohyl e us aureus ¢ & stesin huch 1 easy  identifliahle hecause of sts phage
type and pr throm 1@ re 1 tance s later antroduced anto the burn by means of a
spray In some enes no such test stramn sas added but reeords nere hept f Sta
phitinrocens ourens pentancou ! occttrring v the wounds In all series cultures
taken from the (und seerstums showed o staltishicalls strongly significant dif
furence in both qualsts (the number of ntaining Staphy aurcus)
andd quantit  (the amount « § Staphglococeus aureus smeasured by eolany ecount) Of
the specymens taken from the ammals treated soth the wnterfering stram 76 per cent
contamncd Staphylucoceas aurens agamst 60 per cent s the control ansmals The
am unt o f Staphylocorcus aureus 1n the nound secretian was estymated by connting
the number of ecDoses per plate The ¢ were g1 en the numbers 0-1 according to
a logarithmic scale The expersmental asymals had an ayerage >f 88 agasast 19 in
the cantrol group

1incoln K Department of Chatcal Bacters 1 g Lohversits of Coleborg G steborg
O ANTICFN ( BOUPING OF E COLE STRAINS AND DFTHUOUNATION OF
AGOEUTINATING  ANTIBODIFS IN HIMAS SERLW PFRIORMID BN
PFISIEN PLATES
Direct bactenal agglutimation v as performe in §erspes haemaggiutination plates
with 8% 10 casstse 00 mi of antigent su pensten plus @ 63 md of scrum difution
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was mncubated at 50 G for 4 hours left at r om tempecature over night and read
with a microscope at 16X ficati n agawast a black bachground

1123 strains of F colt 1solated from urine were imestizated with 8 antisera 545
(485 per cent) were agglutmated 337 (30 0 per cent) were not speetfically agglutin
ated and 241 (1 5 per cent) were 1 a rough phase and agglutinated spontaneously
The spectfically agglutinated strains were distributed as follows

O antigen group 02 04 06 01 07 075 018 08
Fer cent of total of strains n- 98 70 56 53 51 30 14

In the serum of normal adults (blood donors and pregnant women in antenatal
care) the following median titers of agilutinating coli antibodies were found

F colt O antigen 01 0° 04 06 07 08 o014 018 075 0™
Reciprocal of titer €40 320 160 8¢ 3 3% 80 80 80 640

90 was a polvalent antigen composed of equal amounts of the nine different
monovatent 0 antigens The highest and }owest titers noted were 179570 and 1/°0
There was no differcnce betoecn men and women

Erteson Carl &£ Torp 4 Institute of Chinical Bactertology Ceneral Hospatal Malmo
INACTIVATION OF CHLORAMPHENICO! RUSISTANT ENTEROCOCCI

Using & disc diffusion techmque for determination of bacterial suscephibilits t>
antibiotics 3t was noted that sensitive staphtlocoec: grew up to the chloramphenicol
disc 1n the presence of enterococei resistant to the drug

Inactination of chloramphente 1h  resistant strains has Teen reported for sta
phyloco cr ((habbert ¢ D bruge 1906) and entcrol acteria (Migamura 1964) but ss
far as known not for enteroco €1

With a modified Gots method 63 1\ 1solated chlor of resistant
strains of entero o &1 (MIC > 30 mcg/ml) were f uni to sutp rt satellite growth of
sndicator organisms in contrast t« more sensitine stratts (MIC < 10 meg/ml)

The 1nactisation mechanism remains obscure lunsmoor el al (1903) failed to
show changes 1 the molecular structure of chloramphenicol

No stu lis seem to have heen made on the chinical sgnificance of ehloramphent of
nactiy tion In the laboratory it may cause fal e recording af resistance with th
disc diftuston techmique (Wal ru rth 1966) This 1 cspecially tru for cultures
mixed with resistant enterocowei whose colonfes are easily hidden by overgrowth

References

Chabbe t Y R Debruge I La r'sistance n'x(ure"t des staphylocoaues au chloram
phénicol Ann Inst Pastere 1 975-230 1926

Dunrsmosr £ L Pum AT % Sherns 7€ Ob en tions on the mactination of
chloramy henical by chle amphenicod re istant  taphyl oc 1 Antimicrobisl
Agents and Chemotherap  501-506 19€3

Viwanura §  Inactivat on of hl ramphenicol b chlaramyl enwal resi tant bae
terra J Pharm S 4 (04 607 1964

Wat yworth I ¥ Fal cre ) tan e to chlor mphenk + J M1 11 T b * 9§
100 1966

Sydterg I € tivdhrg 1 1 D partment of Bact r { & N hon 1 Pa teriologieal
Taho at St kb I FHACE AND IYOCINT TYPING OF I 7T DOVONVAS
4RPLCINONS

Culture 1d ntf d Ps 1 m nas crug nosa e 11 &l n different

hospital and Jn Jt U ns ¢ Gypclwitha t (18 hgs an d fr m
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enzymes and buslding matersal Thas leads b an abnormally fast growih when the
stressing agent does not exeecd the hounds of tounty Applied on antshwtic therapy
this should mean that m low smght \! the tissue
cells to enhanced actinat hut also grie the present bactenta some stimulus A quie
delicate interaction hetween the cells and the bactera fs likely to accur if this theory
has this gencral sahdily

Heferences

1 Hallunder H 0 Iaurell G & Lofstrom G Sumulntcon u! staphylococcal hecns
hain 14 Acta path ct micro

baol cnndma\ 63 H"-NB 1967

T Hollonder H O Laarell 6 & I8fstrén G Enhancement of staphslororest pa
thogenicts 1 the presence of penicillin Acta path ef merehiol scandinay
68 163-464 1906

3 Hallander ¥ (¢ Fractionation of staphslocorcal tauns In gel filtration Acta
path et mictubiol scandinay 49 Fase 4 Separatim 1963

4 lur}.!ll T I Modes of achion of m growth Recent pra
gress s microbiologs VIE Int Congress for \lcrobiology Almevist &
Worksell Storkholm 1958

el man Aristtne Central 1aboratary of Chinweal Bacteniology Karolinsks Spsh
hyset Stockholm COVMPITITIVE INTPRACTIONS BFTWQEEN BACTIHIAL
SPECIES I\ LAPERIMENTAL BURN\S IN THE GLINEA PIG

The wientson of the expersmenls was to show that when bactena of » Jow patho

gearcits arc intr<dueed nto fresh burss they car in some cases prevent or reduce
b of a gher path ts which are ! inta

the burns at a Jater stage or which oceur spontancously

Gumnea pigs were used and vere gnen thermal fulfl skn thickness burns in the
flank correst onding 10 size to 2 per ecnt of the bods arca A Dase and ©ragulase
nesatise  taphylocacess nas taken {rom the ammals normal flora and applred to
the buras Sumiarly burned but untreated guinea pags sere used as controls A2
phytoroccus gurcus of 2 tram whweh 1s easits 1denteftable beeanse of sts phage
133 e and 11y thromsem rest fance Sas ater intrs dured o the hure by means of a
sprar In some sepics oo such fest strawn 1 oas added but veeards were hept of Sta
thylococcus aureus spontaneousl occurring in the wounds In all series cultures
taken from the weund secretins shwed a statisheally strongh sipatficant &if
ference s» both qualit  (the sumbes of specunens containing SWaphylococcus sures )
and quantit  (the amcunt of Stag kylococens avrens measured by enlony county Of
the pecimens taken Trom the animals treated with the interfering strain 76 per cont
¢ ptamned Stey hylficoccus nureus sgamst 60 per cent 1n the control amimals The
amount of Staphplococcus ausens m the « sund seeretron was estymated Iy cosnhing
the number of cotomics per plate These were grien the numbers 0-3 aceprding to
o logarithmse seale The exjunmental ansmal had an average of 08 agamst 1913
the control group

fincotn A Depastment of Clinwal Bacters logn Unsversity of Coteborg Catebork
O ANTH PN CROLPING OF F COLE STRAINS AND DPTFRMINATION OF
ACCLUTINATING ANTIRODIFS 1N HLMAN SFRLM PERFORMID 1N
PERSPIN PIATTS
Divect hactemal geglutination was pecfc emed 1 {orspes haemegpiutination lates
with 8310 casities 00» mi of antigen <uspensi>n ¢ hes D82 ml of scrum dilution






