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THE DEPOSITS OF FIBRIN AND
TIBRIN LIKRE MATERIALS IN THE BASAL
PLATE OF THE
NORMAL HUMAN PLACENTA

By

NARVE MoE
Recened 174 68

The basal plate in the normal human placenta 1s composed of two cell
layers the foetal cytotrophablastic shell which lines the interuillous
space and which 1s primanly formed from the cytolrophoblastic cell
columns (anchoring vil) (38) and the maternal decidua which forms
the paretal part

The morphological distinction between cytolroploblastic and dect
dual cells can be difficult In general the decidual cells almost lack
basophihia n contrast to the intense basophilia of the trophoblast (9)
The nterstitial ground substance of the deeidua contans argyrophihc
fibres (19 38) and shows {achromasia with tolwd: blue (39)
These are characteristics not shared by the matenal between the cylo
trophoblastic cells Howeser sciveral authors (22 35 36) claim that
the basal plale already at an carlv stage consists only of deeidual cells

Vath advancing gestational age ncreasm,, amounts of intercellular
deposits are formed between the indindual cells of the cvtotropho
blastic shell and on both sides of the shell

On the surface of the basal plate toewards the intervillous space
Rohr 1n 1889 described a layer (Rohr s strra) which he considered to
be fibrin Mot much attention has been gnen to the origin of this
layer

Rohir s stria gradually merges wilh a materal deposited between the
cytotrophoblastic cells This mater1l has been designated by the non
committal term fibrinowd (15 38)

The deposit present 1n the junctional zone hetween the trophoblast
and decidua 1s called Nitabuch s Inyer (27) Several authors consider
the matenal here Lo be true fibrin (0 16 17 22 27) whereas others
prefur to call also this deposit hbrinod (3 14 10 38 42)

Thus ihe nature of the deposits 1 the basal plate 1s not determined
With one exception the previous investigations are all light micro
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scopteal studies Only W yrnr (42) made an ullrastructurl study and
stated that the deposils might anse from degeneration of deeidunl or
trophoblastic eyloplasm or throush iransformibion of the ground
substance

The present study 1s 2 combmed hoht and deetron microscoptenl
mvestigation of the nature of the different deposits in the basal plate
of human placenlas of varvin, gestaltonal aze 1L will be shown that
they re not identieal 1n struclure and evidence will be presented in
dieating that their mechanism of formation (ffers

MATLRIAL AND UFTHODS

Thirty three mature and ?6 immature placentas were examined only by light micro
s opy The tmmature placentas were obtamned from phyvsicalls healths wamen 8 to
24 weeks pregnant (menstrual age) and remosed by curcttage or minor catsarean
section The pregnancies were interrupted on psychiatric indleations

Two mature and 3 immature placentas of 10 13 and 24 wechs gestation were
examuwned by hoth hight and electron micras apy

Light Vacroscopy

Immcdiatels after delivery or operation the placentas were gently rinscd In 09 per
cent NaCl solution and cut 1 thin slices Specaamens were taken from the central and
the peripheral parts of the basal plate and fixed jn buffered formaline /enker s or
Helly s solution dchydrated and embedded in baraffin The follwing stafns were
nsed

1) Haematovshin aze phlovine (HP)

2) Lendrum s Martius s arlet blue methed (MSB) (1)

3) Mallors s phesphotungstic acid haematosylin’ method (PTAH)
1) Comoris silver method for argyrophilic fibrils

5) Toluidtne blue (01 per cent)

Electron lieroscopy
Tissue blocks from the basal part of the placenta were removed immediatel after
delivers or uperation and fixed for 1%-2 hours 1n chilled 1sotonic 1t per cent
dehvde yn (/20 huffer (pH 71) postfixed £or 1% hour in 1 per
cent isotonic osmic tetroxide (€) and embcdded in p n 817 One micrcn thick
sections were cut «n a Huvles ultramicrot me (Cambridge Inst Co) and stalned
with 02 per cent tiluidine blue for nrientation by light micres ¢py Suitable sreas
were selected and ultrathin sceticns staraed with urens] acctate and 1 ad citrate
(39) The preparations were examined 1n a Zeiss FA 9 electron muro ¢ je Serlal
photographs were mounted on cloth to facilitate localizati»n

Rrst1TS

The basal plite of the normal humin pheentt showed constderible
sariation n thichness i relatine quinbits of foetal and malernl e
ments and m locatizabon nd amount of deposits

Cellular Elentenls

The basal phte was thunner w phicenttat tarm o e the emmaturc
placenta In the Ialter seatlcred ssnevhy il elements hined parts of ‘Ihl
ntersillous space and extended occasionally nto deeper parts of the
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basal plate With mncreasing gestational age only a few flattened endo
thelial like cells were seen on the surface (Y1,s 1 11 and 16)

A nearly continuous layer of cytotrophoblastic eclls was present n
the basnl plate both in immature and mature placentas The differen
tiation hetween cells bel to the cylotrophoblastic shell and dec
dual cells was hased maunly on stamning and structural propemcs By
light microseopy the ¢y lotrophoblastic cells had basopt cyl
and large nueler with a coarse chromatin net (Figs 1 and 16) In the
mmmalure pl ta ihe cytotrophoblastic shell showed direct conbimly
with cytotrophoblastic eell columns {anchoring vilh) and the cells of
those two structures were similar The cytotrophoblastic shell was
particularly well developed close to the anchoring villi In areas distant
from the anchoring, villt the kayer of cytotrophoblastic cells was ocea
sionally mterrupted (Fig 1)

The 1denhification of deaidual cells was hased upon the weak cylo
plasmie basaphilia and small nucler with evenly distnbuted chromatin
(Figs 1 and 16) and the presence of pericellular argyrophihic fibres
(g 2) Furlher the intershiial ground subslance showed meta
chromasia with tolwidine blue The intercellular matenal of the cylo
trophoblastic shell stained blue with thus stan

By electron microscopy orientation within the basal plate could be
difficult Sections were only used if characteristic structures or border
zones could be defimitely 1dentified such as Mtabuch s layer outlined
by decidual cells with collagen fibrils 1nterstitially or Rohrs stna
towards the interuillous space

Ultrastructurally the cylotrophoblastic cells varied considerably
size at 1l gestational stages In a given seetion a cell was only rarels
completely surrounded by inlcreellular matenial parts of the peripheral
membrane were 1 intimate contact with neighbouring cells often dis
playing, desmosomes (Figs 5 and 14) The cells contuned well deve
loped granular endoplasnc relicutum and free nbosomes (Fig, 6) and
the mitochondria were of medwim size (Fi, 3) Howeser m the mature
placentt many celis had relatnely fow organclles and the cyloplasm
was more electron dense (Fig 5)

In the decxdua the cells also varied in size In addition they showed
a varntion i shape Some of them were spherical others had more
irregnlar outhnes with pseudopods In between fibroblast hike cells
were seen Occastonally collaen fibres seemed to be associated wilh
the cell (Fig 4) The cells m the decidua were wsually not in mutual
conlact and desmosomes were not obsersed Granular endoplasmic

rebieulum and free nbosomcs were less prominent and the muto
chondria smaller than n the evtotrophoblastic ¢ 11s (Fig 4)

In both cell tvy s iirgc osmiophilic bodies probably hijad (Fig 7)
and Iysosome hke bodi s (Fie 3 and 5) were ncountered Glycogen
granules were infregu nl

All cytotrophoblastic cells (Fig 7) and occasionally the decidual
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cells as well (Fig 4) displayed signs of secrelory aetivily A prominent
Golgi complex surrounded by small vacuoles The vacuoles were imited
by n smooth surfaced single umt membrane and contained a finely
granular material of low electron density (Fig 6)

Rohr s Stria

By light microscopy Rohr s stria 1n the immature placenta appeared
as a disconhinuous laver of extraccllular malerial with fibnllar ap
pearance covering in part the surface of the basal plale towards the
wtervillous space (Figs 8§ 9 and 10) usually m assoctition with cells
of cylotrophoblastiec tvpe In areas where the basal plale consisted of
decidual cells onlv Rolirs stria was mostly absent By MSB stain
Rohr s strin took a brinht red colour (Fig, 8) By PTAH a bluish black
colour was obtained (Fig 9) Both reactions suggest that fibrin 1s a
major component of the deposits Bloed platelets and a few leucocyles
and erythrocytes were frequently seen mn association with the fibrillar
materinl At limes the deposit had the appearance of a platelet aggre
pate with fibrin (Fig 10)

In the mature placenta Robrs sina was more constanilh present
often forming 1 compact and nearly continuous Iayer covering even
areas devoid of cytotrophoblastic cells As in the immature placenia
the stri1 stained red with MSB and blwishk blach with PTAH Towards
the ntervillons space endothelal Iike cells covered parts of the sur
face Particularly in areas where the endothelial like cells were miss
g small projecting masses of platelets and fibrin were encountered
on top of the stria (Fig 11)

Clectron microscopy of Rohr s stria revealed a network of fibrillar
mteral arranged in thick bundies of tugh electron density Oceasion
ally the individual strands of the net displayed a cross stnation with
a peniodieity of about 230 & sug.estne of Iibnin (Fig 12) In the
meshes of the network blood platelels cellular debris and an occasio

Figs 1-3

Placenta at term To the left de 1dual cells separated from the inter illous

space by Rohrs stria and occas: nal endothelial Ithe cells Carrows) only

To the mght ey eells

Toluidine blue X 200

Fig 2 Placenta at term At loner half dee dua with wnterstitial argvrophilic con
nective tissue fibres At uppe half stotrophoblastlc shell Gomoris silver
method X 500

Fig 3 Placenta at 12 wetd P tion of «t tr ph blast {r m superficiel part of
© totr phobla te b ! The ¢ topl m contany mit hondrt  of medium
size as well a Colgr ¢ mplex mitv actoles ¢ ro s} and bs ome like
bodies Int  Iul | 4ronilar mas (1 ment and cell deb s are seen
X 16500

Fig 4 Placenta at 13 L Pt o of Tcidu l ell Th o3t plasm contains
mitoch ndna f m 1l ¢ € Iy omplex and granular endsplasmic reti
culum Coll 4 n fib eIy ted n the interstitial space (arrows) X 16500

Fig 1t
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cells as well (Fig 1) displnved signs of secretory aclinity A promunent
Golgr complex surrounded by small vacuoles The vacuoles were imnted
by a smooth surfaced single unit membrane and contuned a finels
sranular matermal of low electron density (Fig 6)

Rohr s Stria

Bs hight mecroscopy Rohr s stria s the immature placenta appeared
as a discontinuous lyer of extracellular material with fibnllar ap
pearance covering, i part 1he surface of the basal plate towards the
mtervillous space (Figs 8 9 and 10) usually i assoctation with cells
of cylolrophoblastic fype In arcas where the basal plate consisted of
decidual cells onlv Rohrs stria was mostlv absent By MSB stun
Rohr s stria look a bright red colour (Fi,, 8) By PTAH a blmsh black
colour was obtained (Fig 9) Bolh reactions suggest that fibrin 1s a
major component of the deposits Blood platelets and a few leucoevtes
and ersthrocytes were frequently seen in association with the fibrillar
material At times the deposit had the appearance of a platelet ajgre
gate wath fibrin (Fig 10)

In the mature placenta Rohrs stri1 was more constantly present
often forming a compact nd nearlv continuous laver covering even
areas devoid of cvtotrophoblashe cells As 1n the rmmature placenta
the siria stained red with \MSB and blursh black with PTAH Towards
the ntervillous space endothelial Iike cells covered parts of the sur
face Particularly jn areas where the endothehial hhe cells were miss
mg small projecting masses of platelels and fibrin were encountered
on top of the stria (Fi, 11)

Electron micrescopy of Rohr s stria revealed a network of fibrillar
material arranged 1n thick bundles of high clectron densiy  Occaston
ally the 1ndissdual strands of the nel displaved 2 cross strniation sith
2 periodicily of about 230 X suzgestne of fibrin (F1, 12) In the
meshes of the networkh hlood platelets cellular debris and an occasio-

Figs 1-%

Fig 1 Placenta al term To the left decidusl cells separated from the intersillous

space by Rohrs stria an ! sceasinnal endothelial like cells (arraws) onlv

To the 51 bt 3! Leanh Hastis eells h d h

Toluidine Hue > 200

Placenta at ferm At I wer hall decidua with interstitial argvrophilic con

nective thssue {if es At upper hall vt trophobla tic shell Gom nis silver

method ¥ 500

Fig 3 Placenta at 12 week Portion of cytotropheHast from superficral part of
cvtotraph 1 stic sh I The eyt plasm contams mito-hondna of medium
$1zc as well ax € 1 3¢ mplex empty sacw le (arvw ) and Iysosome like
bodies Snteseellula 1y granular masses DI ments and cell debris are seen
X 16500

Fos Placents 2t 13 wek F rtin  fdecidn I ell The ¢ 1 plasm costalns
mito-hondria  am 1 i € Igi esmrlex and zranolar endoplasmic retl
culum, (olla ep fit scated in the interstit al pace (arrows) ¥ 16,500

Fig»
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cells as well {Fig 4) displaved signs of sccretory achivitsy A prominent
Golgi complex surrounded by small vacuoles The vacuoles were limted
by a smooth surfaced single unit membrane nnd conluned a finels
granular matenial of low electron density (Fig 6)

Rohr s Sira

By hight microscopy  Rohr s stria m the wnmature placenta appeared
as a discontinuous lwer of exiracellular malerial waith fibrillar ap
pearance covering m part the surface of the basal plate towards the
wtersillous space (Figs 8 9 and 10) usunally n assoaialion with cells
of cylotrophoblastic type In ireas where the basal plate consisted of
decidunl cells only Rohrs sirin was mostly absent By VMSB slan
Rohr s stria took a bright red colour (Fi, 8) By PTAH a blsh blach
colour was oblained (Fig 9) Both reactions suggest that fibrin s a
major component of the deposits Blood platelets and 4 few letcocyles
and erylhrocytes were frequently seen 1 association with the fibnillar
material At times the deposit had the nppearance of a platelet aggre
gate with fibrin (F1, 10}

In the malure placenta Rohrs stria was more constantly present
often forming a compnet and nearly continuous layer covering even
areas devoid of cvtotrophoblastic cells As i the immalure placenta
the strin stained red with MSB and bluish black with PTAH Towards
the mtervillous space endolhelial Like cells covered parts of the sur
face Partieularly in areas where the endothehnl like cells were miss
mg small projecting masses of plalelets and fibrin were encountered
on top of the strin (Fig 11)

Electron microscopy of Rohrs stria revealed a neiwork of fibrillar
matenal arranged m thick bundles of Tugh electron density Occasion
ally the mdividunl strands of the net displaved a cross striation with
a penodicily of about 230 % suggesine of fibrm (Fig 12) In the
meshes of the nelwork blood platelets cellular debnis and an occasio

Figs 1-3
Tlacenta at term To the left decidual cells separated from the interillous
space by Rohrs stria and occasional endothelial like cells {arrows) only
To the right 1 cells b
Toluidine hlue X 200
Fig 2 Placenta at term At lov er half decidia with interstitial argyrophilic con
nectine tissue fibres At upjer b 1E evt trophoblastie shell Gomoris silver
method X 500
Fg 3 Placenta at 1% weehs Po t1 n of  totroph blast from superficial part of
eYlotrophoblastic h 1l The t pl m containg mrtachanine of medum
size as well as Colgt ¢ mpl X mpty  acnoles (arro s) and lyso ome like
bodies Inl rcellula | g 1 rma il ment and cell debr 5 are seen
X 16500
Fig 4 Placenta at 13 w ek Pot 1 £ d 1dual ¢ lls The ¢ topls m contains
milochoniria f mall 1e ¢ Im ¢ mpl x ani granilar end plasmic ret
eulum Collag nfibre a 1 at d n the Interstitial space (arrows) X 16500

Fig 1
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cells as well {(Fig 4) displaned signs of seeretory achinaty A prominent
Golgt complex surrounded by small vacuoles The s acuoles were hmited
by a smooth surfaced sinyle wmt membrane and contuned a fiely
granular material of low electron densily (Fig 6)

Rohr s Siria

By hght microscopy Rohr s stria in the immature placentn appeared
as a discontinuous laver of extracellular matenal wilh fibrillar ap
pearance coverin, in part the surfice of the basal plate towards the
mtervillous space (Figs 8 9 and 10) usunlly n association with eells
of cylotrophoblastic tvpe In areas where the basal plate consisted of
decidual cells only Rohrs strin was mostly absent By MSB stain
Rohr s stria took a bright red colour {Fig, 8) By PTAH a bluish black
colour was oblamed (Fig 9) Bolh renchions suggest that fibrin 1s a
major component of the deposits Blood platelels and a few lencocstes
and crythrocyies were frequently secn 1n association with the fibrillar
material At trmes the deposit had the appearance of a platelet aggre
gate with fibrin (Ig 10)

In the malure placenta Rohrs strnia was more constanily present
often forming 2 compact and nearly continuous layer covering even
areas devord of cviolrophoblastic cells As in the ymmnture placenta
the stria stamed red with MISB and blwsh black with PTAH Towards
the intervillous space endothehal hke cells covered parts of the sur
face Particularly mn areas where the endothelial hhe cells were muss
mg small projecting masses of platelets and fibnin were encountered
on top of the strnia (Fag 11)

Lleetron microscopy of Rohrs stria resealed a nelwork of fibrillar
material arranged 1n thick bundles of hugh electron density Oceasion
ally the indidunl strands of the net displaved a cross stmation with
a periodicity of about 230 & suggestine of fibrin (Fig 12) In the
meshes of the network blood platelels cellular debris and an oceasio

Figs 1-3
Fig 1 Pl centa at term To the left decidual cells separated from the 1
LI
space by Rohrs tria and oceasional endothelial ke cells (.rm“es?'ll.ﬁ"s
To_the right citotrophoblastic cells exhibiting considerable basaphiliy
. Tolwdine Lue X 90 ophtiia
192 Placenta at term At lower half decidua with 1nterstitial &
rgyrophilie eo:
nective tissuc fibres At upper half cytotroph n
nective tsse D 3totraphoblastic shell Gomon s silyer
Tig 3 Placenta at 1% weeks Portlon of evtotro
phoblast 1
¢ totrophahla tic shell The evDplasm contams maitachaenen /o Part of
LI L L oy, ey
odies Intercellular!  granul
N 00 & ar masses filaments and ccll debris are seen
194 Placenta 113 weeks Portions of decidual
m tochondria  { small size Golgl ¢ mplen .;3";,:

he cvoplasm contains
cutum. Coll 4 n fibres are located In the Intersthtial sp,

ular endoplasmic rets
ace (arrows) X 16 500
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nu leucocvte were found Mostly the platddets showed more or loss
complete loss of org welles

Intercellular Deposits witlun the Cylotrophoblastic Shell

The cells of the cyvtolrophoblastic shell were often aret,ed 1 elus
ters In other areas the mdnadunl ecdls were separated In 1 substantedl
amount of intercellular deposit (F1, 8) which seemed to mercase
with advancing pregnincy By hght microseops the deposyt had usuatly
a granular structure bul sn some areis st was more by whine By MSB
the depesit stamed uther red or blue (Fiys § and 11) PTAI gne st
mostly a reddish brown colour wsth eccasional small blnsh blich
spechs (Fig 9) These reactions suggest the presence of some ihrn
but not everywhere threughout the depossts

Eleciron microscopy shovwed that the intereetular depostt withun the
cytotrophoblastic shell was predommanily composcd of a fincky gronu
lar material of moderate or low eleetron dunsity miced with celulir
debris (Figs 5 6 13 and 155 The granular matonal had an apperr
ance Bihe the matenal found within the vacuoles surrounding the Golgs
camplcx (Fig, 6} Qceersionalis granular matersal Nilled paps m the
periphcral celf mombrane of the ey totrophoblastic eelis eresting direet
continuits between the wmnterceliular depostt nd the cyloplasm (4,
13) Withm the gronular matenal fine filaments were offen observed
(Figs 5 nd 6} Fibnls arranged o thich bundles showmg 1 hilher
edecdron density than the granular mntensil and sath a periochens
mdicatise of fibrin were cncountond i the intercetlidar deposit at Wt
ages exammed Howeser such fibres were found ondy in the super
fictal parts of the shell m the immture plreentas Ty, 14) whercis o

' occurred throughout the shell i the mature ones (1, 15)

)
+The Junctional Zone (Adabuchs Iager)
41 the junctiwonal zone huineen foefal and malernal bissoes the de
postied material {Nifabuch s Inver) gave the slamng reactions fapre

Figs » 7
Fiz + DPlacenta at term Cytotreph hiastic shelt 4t Jawer hall portims €«
with ifense ovioplasm and fow crpanelles At upper half = part of ¢ t
tr ph blastic eell with granular end )y lasmee rcticulum numer us fre s \
«mes and a lcascme hike hody  Sucleus at upper right Cramul an
fiament uv masses of moderrte el drrn density (1 up the interce Halar
snace together with ceHutar debris X 18000 . "
Fig € Placinta at 12 wechs (ytotraph blastic cells with grominent end § ’m
retsenlum an? smal} cacu 1 « containing a granular materiad T 1w o rl »
demsaty Carr wx) la the intercelinlar space granular deg it f malr
curance 1 seen X 31500
?";:ccntn a1 13 wetks € sUitraphe Blactle shell The o) £ ntains ¢ g m!
a0y small sesicles nith me Hum ele tren deq o mat 3
deia granulac end flasmic rets Jur

Fig 7
ples (arrowss and m

{s selatian ta Calgt complet Mitn hon

and & hiptd bodv are scen X 18006
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of fibrin by both the \ISB (red) (Fizs 8 and 10) and the PTAH
(bluish black) (F1, 9) methods In the immature stages the struclure
of the deposils was fibrillar and granular In the mature placenta the
deposit was often hyvaline In areas where the cytolrophoblastic shell
was thm ar kehing \itabuch s laver and Rohr s stria fused In some
areas \itabuch s laver was interrupted and the decidual cells appeared
to come 1 contact with the ¢ytolrophoblastic cells (Fig 16) Seattered
trophoblastic cells were occasionally found between the deardual cells
but there was no massue invasion of cylotrophoblastic cells mto the
dectdua 1n arcas where \itabuch s laver was absent

Electron microscopy of the immature placenta showcd lavers of prt
served frophoblast and decidual cells usually separated by a thin zone
of altered cells cellular debris oceasionally neutrophi! leucocvles and
granular masses contaming scattered bundles of fibnils m wlich oc
casionally a cross sthation of 230 X charactenstic of fibrin could he
recognized (Fig 17)

In the mature placenta Mtabuch s lyer showed 2 substantial
crease n thichness The ultrastructure of the deposils was essenlinlly
the same as m the 1mmature stage Large amounls of compact mo
derately clectron dense granular to filamentous masses were often the
main constituent (Fig 18)

The Interstitial Material of the Decrdua

By hght microscopy the MSB and PTAH preparations showed no
areas which gave a positine stamn

Tlectron microscopy revesled the mtershitial material to be collagen
fibrils  granular material and cellular debrnis Fabrils with the cha
ractertstics of fibrin were encountered adyacent to the junclional zone

) {Fig 19) whereas such fibrils were not found in the rem-umng part of

the deaidua

Figs 8 11
Fig 8 Placenta at 17 wechs Basal plale with Rohrs stria oyt trophoblastic shell
Nitahuch s laser and decidua Posilive (red) staining appears dark grev
Rohr s stria and Sitabuch s laver give 2 postive stain Traces of p sithe
material are found in the sntercellular deposits of shell (arrows) MSB

200

x

Fig 9 Placenta at 17 weehs Parallel section ;l’ that in Fig § Dosithe stain
(blutsh black) appears black PTAN X

Fig 10 Placenta at 8 \\ctl’:s Basal plate with Tiohr s stria cviotr phoblastic <hell
and Nitabuch s laver Rehrs stria Nilabuchs laver and some of the inter
cellular material of the shell gine a posithe stain which arpears dark grev
4 large platelet agnregate ts situated at the surface of the basal plate
USB X 530

Frg 11 Placenta at term Superficial part of basal plate adjacent to the Inl;r\l]ir;:s
space Rohrs stria merges with the intercellular material in the :fark
trophoblastic shell which are hoth stained red with MSB {upgtl,r:o e
gres) A tightl packed platelet aggregate with Gbrin §s attached
surface Arrow sndicate endothelial tike ecll MSB X 500



q

.t Mt
.y ‘\7?_’\"

S RALT A 3
ST NS A = w X
S e S5 K
T S R At
& R T AN 2. =Y NG ~

ARy TR
T e e 2

& L I QA



8

of fihrin by both the MSB (red) (Figs 8 and 16} and the PTAU
(bluish black) (Fig 9) methods In the immature stages the struclure
of the deposits was fibnlinr and grinular In the mature plicenta the
deposit was often hvaline In areas where the eytotrophoblastic shell
wis thin or laching \ilabuch s laver and Rohr s strin fused In some
arens Nitabuch s layer was interrupted and the decidual ecdls appeared
1o come 1 contact with the cyioirophoblastic cells (Fig 18) Scatiercd
trophoblishic cells were oceasionally found between the decidual eclis
but there was no massive 1vasion of cytotraphoblastic cells mio the
deaiduq n areas where \itabuch s layer was absent

Fleetron mieroscopy of the unmature placenta showed Iners of pre
served trophoblast and deeidual eells usually separated by a thin zone
of altered cells cellular debnis oceasionally neutrophaf feucoeyfes and
granular masses contmmning, scatlered bundies of fibrils in which oc
casionally a cross striation of 230 A charactenistie of fibnin could be
recogmized (Tig 17)

In the miture placenta Nitabuch s layer showed n substntial in
crease 1n thickness The ultrastructure of the deposits was essentially
the same 25 mn the immature stage Iarge amounts of compicl mo
deratchy electron dense granufar {o filamentous masses were often the
man conshituent (Fig 18)

The Interstiltal Malerwal of the Decidua

By hight microscopy the MISB and PTAH preparntions showed no
areas which gave 2 positine stmn

Electron mucroscopy revealed the intershitial material to be coliagen
fibrils  granular matenal and celfular debris Tibrils wath the ¢ha
ractenishics of fibrin were encountered adjacent 1o the junclional zone
(Fig 19) whereas such fibnls were not found i the remmuning parl of
the deardun

Figs 8-11

Fig 8 Placenta at 17 weeks Basal plate with Rohr s stria ¢ totrophohlasti shell
Nitabuch s laver and decidua Positive (red) staining arpears darh gree
Tohrs stria and \itabuch s layer give @ positive stain Traces af pns((hg
matenal are found in the antercellular deposits of shell (arrows) WS

00

Fig 9 Placenta at 17 weehs Parallel section of that in Tig & [ sthe staln
(blussh black) appears blach PTAH X 200 el

Fig 10 Placenta at 8 weeks Basal plate with Rohrs stria cytotroph tfastic shel
and \nabuch s laver Fohes strea Silabuchs Javer and some { the inter
celtular material «f the shell give a positive staln which appears dark L
A large platelet aggregale s situated at the surface of the hasal platt
MSB X 530 s

Fig 11 Placenta at term Superficial part of basal plate adjacent to the lnl;'r\ o
space Rohrs stria merges with the intercellulae malerial in the o7,
trogh il la tic shell which nre [oth stained red with MSI (apfears G
grevs 4 tightly packed platelet ageregate with Dibrin (s attached o
surface Arros indieste endothelial like cell MSB X 500
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1) Fibrin or derivatns of fibnin

2) Fibrinogen

3) Plasma protemns olher th in fibrinogen
4) Secretion products

The present findings idreate that the granular material may at leas
partly represent Iibrin or derivatives of fibrin By hiht microscopy th
MSB and PTAH stuns gave positine reactions (red with \MSB an
bluish black with PTAH) limited to certain areas of the mtercellula
ey of the cvtotrophoblastic shell whereas Mtabuch s layer gave
positrse stain throushout the Iaver at all gestational 2505 In the elec
lron micrographs fibnls with clectron density and cross striahor
mdicatne of fibrin were found mn associnbion with the granular deposi
both 1n the cylotrophoblastic shell and i Nitabuch s Iaver but not «
many as expecied from the extent of positinily with MSB and PTAF
stains Granular masses with the same appearance are found associated
with fibrin fibrils 1n old thrombt on the chorion plate 1nd villi probabi;
represenling a.ed fibnn (24 26)

B

mstocl tech

binding of ants fibrin and anhy
fibninogen are observed bolh n the intercellular deposils of the evlo
trophoblastie shell wnd in \itabuch s laver although the latler give
the most uniform renction {24) However fibninosen fibrin and aged
fibrin are al indistin,, ble (24) Therefore the granu
lar mnsses observed 1n this studsy may also represent fibrinosen 1s wel
as aged fibnin ¥For the separation of these two substances the \SI
nd PTAH stams scem unswilable beeause n vifro examinations hay
shown that fibrinogen gives 1 posiline stain with MSB and PTAH u
many mstances (25)

Thus the granular component of the intercellular deposits of th
¢ytotrophablastic shell ind of N\ilabuch s laver m1y partly be compose
of agwd fibrin fibrinosen or both

Farly sta,es of Iysed fibrin by leucoes les are shown to have a granu
Iar appearance (30) However fibrinolysis 1s most hkely 1 faclor o
msinifican! importance smee the deposits do not seem to attract man;
leucoestes and tissue actinators of plasmunogen are absent i humar
placenta (1)

Plasma proteins other than fibrinostn mny be components of the
granular maternil because immunolustochemical techmque has showr
the presence ot itbumin 1n the interceilular deposit of the eytotropho
Biastic shell whereas the depostlion of this protem in \itabuch s layel
15 msignificant {(24) The stunming reacbions with MSB and PTAH o
the electron microscopeal findings do not give further evidence bul
they do not ins ilidate s theory either Thu granular matorial in the
cvlotropheblastic shell may Ltherefore partly consist of plasma protemn:
other than fibrinogen whereas that in Mtabuch s layer does not

In the cylotrophoblastic shell the cells had a well deseloped Golg:
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1) Fibrin or dernnalives of frbrin

2) ©Libriogen

3) Plwsma prolens olher Lhm fibrino,en
4) Secrelion producls

The present findin,s indicate that the granular matcrial mas at least
partly represent fibrin or dernvatnves of fibrin By b,ht nucroscops the
MSB and PTAH stams gave posilne reaclions (red with \MISB and
blmsh black with PTAH) limited to certun ireas of the inlereeliular
deposits of the cylotrophoblastic shell whereas “ifabuch s layer gave a
positne stain throughout the laver vt all gestational ages In the clec
tron mucrographs fibrils with ecleclron den<its nnd cross siriation
indicatsve of f1ibrin were found 1n associatron wath the granular depostt
both tn the evtotrophoblastic shell and in \atabuch s Mver but not as
many as expecled from ihe exient of positmaly with MSB and PTAH
slams Granular n1asses with the same appearance are found 1ssoctated
with fibrin fibrits 1n oid thrombr on the chorion platc nnd villi probably
representing  aged fibrnin (24 26)

B histocl 1l lechmque binding of anty fibrin and anth
fibrino,en are observed bolh wm the interccllular deposits of the cylo
trophoblastic shell and 1n Nitabuch s Inyer althou.h the latter gives
the most uniform reaction (24) However fibrino,en fibrinand  aged
fibrin are immunolo.ienl wdisiinguishable (24) Therefore the granu
tar masses obsersed mn this sludy may also represent fibrmogen as well
as aged fibrin For the separation of these two substances the \MISB
and PTAH stuns scem unswitable because tn vilro examnahions have
shown that fibrinogen ginves 1 positine stun with MSB and PTAH in
many mstances (25)

Thus ihe granular compencnt of the intercellular deposits of the
¢ylotrophohl 1stic shell and of \itabuch s lnver may partly be composed
of aged fibrin fibrinogen or hoth

Tarly stages of lvsed fibrin by leucocsles arc shown to have a grann
lar appcarance (30) Howeser fibrmolysis s most likely 2 factor of
Instgmficant importaned since the deposits do nol seem to 2ttract mony
hucoc;les and tisste actinators of plasminoscn are absent in human
Placenta (1)

Plasma proteins other than fibrinoten may be components of the
&ranular matcnal hecause lustochennceal technique has shown
the presence of ilbunnn m the mntercellular deposit of the ¢y totropho
blastie shell whereas the depositton of thns prolem in it thuch s Tver
S msigraficant (24) The stumng reactions wilth MSB and PTAT or
the electron mncroscopseal findmas do not give turther evidence but

they do not iy idale this theors ather The granulir material i the
©lotrophoblast:c <hell may therefore partly consist of pisma proteins
other than fibrinogen whereas that in \ilabuch - liver does not

In the cytotrophoblastic shadl the eclls tnd a well dmﬁlg}_’\td Goly
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complex with numerous djacent smoolh surf 1wced profiles of vacuoles
This 15 a preture similar to that of other cells possessing secretory nc
ity (11 13 28 34) Proviously, it has been assumed on the hasis of
the glucoprotem content that these cells have secretors activity (7,37)
Ultrastructurilly  the content of the vacuolcs surrounding, e Golg
complex was granular s the mtercellular matenal This 1s m ,rec
ment with Wislochr & Bennet! (38) who suggesied hat the inlereellu
lar masses are m part seereted by the eviotrophoblastic cells bl Ihe
euidenice 1s not conciusive

Thus the antercelluiar deposits of the estotrophoblistic shell and
Nitabuch s layer contmn 1 matersal whieh may represent fibrino,en
fibrin and  aged  fibrin In the evtotrophobiasiic shell the materiil
additionally may represent other plasma proteins or scerctory pro
ducts of the ¢ytolrophoblasts or both

“itabuch s laver probably origmates from maternal plnsma proteins
manly leaking out from the intervitlous space The greal vasiation in
the thichness of the Inyver may be due to loen] differences in the perme
abihty of Lhe trophoblistic shell Lo the penetration of the plsm pro
tems At the border between foetal and maternal tissue fibrnogen 38
1 part converfed to hibrin It may also be deposited as fibrimogen sinet
fibrinogen s the most eastly preaiptated plisma protem (10) A dea
dual route of the proteins seems more unlthely since no fibrin conld
be demonstrated hetween deaidunl cells 1n thus studv  1mmunohiste
chemienlly only msigmifieint amounts of plisma prolemns re found m
the deerdual mnterstitinl space (24) Thus the ducidnn also scems o
offer 1 resistance te further leak ise of plasma proteins

The functionni siumificance of Mtabuch s fayer has been the objecet
of severl theories 1hus 3t has been proposed to be ap immunoio,i
barrier (3 4) In the human plicenta tlns theory musl be qu stioned
becanse y globulins are not present (24) Althouph v granulir maten i
ean be found mn the junctienal zone in several speetes (2 4 18 32 it
and Bradbury el al (4) found that the granulir materil wis mor
cvident 1n the piaceatis from hibrid than from wnbred mtc other
speeies show 2 foeto malernal apposition Withont signihent dcpost
tion of granular malenal (12 43) Further no sranulr matornd s
found 1 mouse ova transplinted under the hidnoy eapsule of m i
reciprents (33)

Luduwg (22) proposed thil Malabuchs Iner offers o protcchion
agamst the invading trophoblast Although scattuered trophobistic <l
meats were oceasionlly found m the decidun no massive penctr thon
of the trophoblast mto the deadut was found in the present sindy 0
areas where Miabuch s Inver was absent
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SUMMARY

The basal plate of the norml human placent 1s composed of cvle
trophoblastic and deeidual celis which may be differentinled both b
light and electron muicroscopy

Rohr s stria borderin,, the intervillous space 1s found to be of throm
hogenic ongin

The mntercellul ir uaterial of the cvlotrophoblastic shell 1s compose
of cellular debms fibrn mnd 2 malenial which uitrastructurally
granular to filamentous and 1s of moderate to low electron density Tl
granular masses mv parlls be plasma protemns mcluding Oibrinoge:
lealing from the mtervillous space partls  a.ed Dibrin and partly
secrefory product of the cstotrophoblasts

At the junctionnl zone between cviotrophoblastic and deetdual cell
there 15 ultrastructurally no mhmalc contact between unaltered cvle
trophol 1c and deaid ts They are separated by a lay¢
(Nitabuch s layer) of fibrin cellular debris and granular masses Tt

pranultr masses may here represent precipitated fibrinogen or  aged
fibrin or hoth
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MALIGNANT TESTICULAR TUMOURS
IN FINLAND
By

Lary Torro
Recersed 284 68

Although the lustogenesis of testicular tumours has lon, heen the
object of study no generally accepted theory his so f1r been produced
The theory of 2 germ cell orgin which has adhercnts pirficularly m
US A (Friedman & Woore 1946 Dixon & Voore 1942 Velicow 1915
1963) 15 strongly subslantiated but the British Testiealir Tumour
Panel for instance regards the origin of terom 1s i open question
{Collins & Pugh 1964} The problem has not been solved by chromo
some studies erther although great hope w s placed on this approach
{Gallon et al 1966)

The majonts of climeal investigitions huwe heen purformed on
series collected from one hospatal (Culp et al 1963 Veclunsit et al
1965)—usually a cimic for radiation theraps teg Ahibom 1947
Veltcow 199> Nolter 1956 Tust & Stokke 19>9 Wuller 1962 11 man ol

tal 1965 Auttig & Sunaric 1960)— or on army scties (e g { ricdman
& Woore 1946 Duwron & Woore 19:2 1909 Pallon & Vallis 1959 hur»
hara el al 1967) Under such arcumstanecs it 1s not possibic to vvond
1 bias n respeet to both the i.¢ distrbution the frequency of histo
lonical types and the choiee of trestment given The pathoe matommanl
stuches comprising all testienlar tumours from a ccriamn geogr phuo 1l
wea e g acountry e fow m number (Collins & Pugh 1961) Hospital
sertes ire of course well sauted for the comp irison of mdthods Hf troat
ment but thes do not offor 1 rehiable bists for the estimtion of et
denee or frequency of the vartous histologeal tspes o the gen ri
population

The fow ncidence of testienlar tumours i Fanland has press o
Airwled attenltan (Zraltierus 199 Magnus 1964 (lemmesen 106%
but esltmatcs have becn bised on the dala obt uned from the fmis b
Cancer Regstry without v re cviluthion of the hislological s
wens The purpose of the prosent sestipation w s to studs th ot
dence of malignnt testienfr tumours i Dinthwd and the distetns n
by age nd lustalogteal tvpe and to oy thiafc the n sulls of troitm nt

£ lclvinki Haartm 1 &t}

Address 11 Department  f Tath logs 1 nfver ity

Helsinki 2o Finland
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MATERIAI AND METHODS

The estimation of incidence was based on the new cases of testiular tumour
reporied to the Fiom h Cancer Registrv during the years 1923-1961 (Cancer In
eidence in Finland 1923-19r1) The total number was 193 The actual series studied
consists of 131 cases 1n which sufficient paraffin em!edded tissue for histological
re evaluation was obtained Onlv malignant tumours are includ 4 Levdig cell
tumours for instance being thus omitted from the series In ?6 cases no biopsy had
been made and in 36 cases the biopsy specimens of the primary tzmour were for
one reason or another not asaifable

The cases omitted being distributed over different laboratories and hospitals the
actusl sertes of 131 cases mav be regarded as representathie of the situation in
Finland at the ime 10 question One possible source of error seems to be constituted
by histologically unconfirmed cases fn whach the discase mostly was at the terminal
clrnical stage when 1t was discovered These cases represent only some 13 per cunt
however and cannat significantly 1nfluence the distribution by istopathological
groups In the estimation of incidence the are included as appears from the
foregoing

TABLL 1
Distribution of the Sertes by Ilistopathological Type

Histopathological tvpe \umber of cases

Sermnoma_ pure 63
11 Fmbryonal pure or with 26
Il Teratoma pure or with seminoma i
1\ Teratoma with either embryonal carcinoma or choriocar

cinoma or hoth and with or without semmoma L3
V  Choriocarcinoma pure o with either seminoma or

embrs onal carcinoma or both 4

VM Non germinal tumours 1n

Tetal 131

The histopathological classification use} was that introduced by American
authors (F ielman £ Voore 134¢ Diren £ VMoore 195° sec Table 1 and Fig 1)
1 semunoma, 11 embrvonal carcinoma 1II (adult) teratoma IV teratocarcinoma Y
choriocarcinoma and VI non germinal tumours (sarcoma lymphoma) Combined
tumours were classified ngcording 3o the more mabgnant compopent (Diron €
Moare 192°) On classifying the alter luat the primary
were disregarded One to six blocks were available m the varions cases The trme
Ioterval between this study and the time when the cases were reported to the Cancer
Registry ranged from 5 to 13 vears the average bomg 8 vears In ever case it
was checked whether the 1 atient was alive or not at the time of this study In cases
Wwhere the patient had died the cause of death (according to death certificates) and
the surinval time after est blishment of the dia no s were ubtamned from the data
of the Cancer Registry The possible presen ¢ of mela t s at the time of this
survey in patients aline « uld o t be estabh hed

RESULT

Inewdence The astrage Mnnal number of e ticular fumours reported
lo the Finmish Cane ~ Rex trv was 21 the ran.e heing 12 to 28 This
makes 1 mean medon 110 new cases ner ! HOO0 m o per vear
There was noclear ! n¢ 1 tosardsiner 1 ¢ ord creas an the annual
number of new casc

Ihistopathological Ihe distrihut: a of the cases by histopatho
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Faliow up curves for the whole scries and groups 1 11 and 1\

04 per eent in the whole group Among 13 patients with metastases
two were ne after five years

In the other groups prognosis 1s poorer In cases of anbrvontl ear
cmoma and teratocarcinoma (groups 11 and 1V) the 5 vear surinad
rate s about the samc e 3o and 36 per cent respuchingdy hut the 2
vear survival rates differ deftnitely bemng 39 per eent an casves of
emhryonal carcinoma and B0 per cent m cases of terdlocarcmont
W hen localized tumours re considered separaiteds the 2 vear surnal
rite 1s 67 per cent i eises of embryanal carcunam nd 71 per cnl
m eases of tertacarcinoma d the correspondmg 5 scir surnal
rales are 58 nd 43 per cent Al those pitints m proup IV {terito
caremoma) who hd metistases of the mshitulion of treatment dicd
within two years of iagnosis 1hose m group §1 (embryonaf e rume e
within six months

Group HI tcratoma without malinnant compenents comprisud only
two paticnts both of whom hid metistases Onc dicd threo months
after the disease had heen dnpnoscd while the other patients 3 s sl
aline after a bt vaaes and 1 half Four paticnts with chorioe sranomi
died all within six months from Ihe dignosss Among, the 11 pah nts
m the non gernunal tumour grotup five were alnve after tw viars
four aftcr five vears

The 5 vear sursnal rate for the tol il series s 18 pereont s tedh s
palients with testicular tumours who sursnve for frne scrs the prk
nasts seemss to be fvourable therr expeetation of bic bane howt the
same 7s that 1 2 norm d population Only ane patient in this s pics
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case of Jocahized semimoma) has dicd of his tumour more than five
years after the diagnosis was cstablished The prognosis 1s more
favourable in cases wilh localized tumours thetr 5 vear suryn 1l rate
being 63 per cent 1 the totil series The prognosis 1s not qunte hope
less even for palients with metastasizing lesticular tumours since 13
per cent were alive afler five years All deaths in the group with chint
cal evidence of metastases at the time of dingnosis occurred within two
years from dingnosis

Therapy The most common trealment was orchiectomy combined
with postoperatine radiation (72 per cenl) Surgical treatment alone
was given 1 24 per cent As regards the remamning b cases no data are
available Since the therapy apparently depended on the stae of the
disease a comparnison of the methoeds of treatment eannot be made on
the basis of this sertes

DISCUSSION

It may be assumed that the daty concerning the occurrence of mah,
nant tumours of the teshs are rchable considering that the climenl
diagnosis of feshicular tumours as a rule offers no problem nd that
the vast majorily are mali,nant and therefore are recorded e g bn
cancer registries Hence sernes collected from cancer registries are well
suited for estimation of incidence The Finnish Cancer Registry 1s run
on the hasis of reports from doctors hospitals pathological laboratories
and official registries (death certificates) In addition the Finmish
Cancer Registry distribules questionnaires in order to obtam comple
mentary information In respect to reliabihty 1t 15 on a par with the
cancer registries of other countrics only some 5 per cent of all cases
bein,, registercd on the basis of death cerfificates only

The mean annual incidence of testicular tumours diagnosed in Fin
land during the years 19,3-1961 15 1 0 per 100 000 men This fi ure 1s
very low as compared with reports from other countries In Norway a
counlry resembling Fanland in respeet to Ining conditions and popula
tion an annual nectdence of 3 new cases per 100 000 men has been
reporled (Host & Stol ke 1959) 1n Sweden 25 new casts per 100 000
men (Cancer Incidence sn Sweden 19 9) In various reports from US A
and Great Britun the corresponding figure has been 2-3 (Dixron £
Woore 1922 Coffins & Pughi 1964) s the low Finnish estimafe can
hardly be due to errors of diagnosis o~ defic «nt records 3 1s appirent
than an actual difference 1s mvolved

The distribution of testicular tumaars by histopathelogieal groups
varies widels an defferent crtes Th  frequency of serminomra  gs 34
per cent 1n Divon & Moores se ws from US \ 40 percent 10 1+ ertes
from Crcat Britmn (Tpac/ r:5 1363%  n the Seendin st = sountries
higher figures have been dc td ¢ S per cent (Notte 1990 Hist
& Stohhe 1959 Cancer n d nec n S ten 1999 Vauller 1902 Fhiman
el ol 19bo) The friquercy n 11 mlmd 48 per cent 15 of the
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same order as these and the difference as compared with American
scries 1s noteworthy
As regards embryonal carcinoma and teratoma (groups I 111 and
IV) 1 reverse difference 1s observed In the series reported by Fried
man & Moore the frequency of teratomatous tumours was 64 per cent
The corresponding figure for Finland 40 per cent s closer lo the
figures ndicated 1n the other Scandinavian countries 1e 33—10 per
cent It must of course be borne 1n mind that different inveshigators
may have used different eniterta of hustopatholomeat classifieation On
the other hand 1t mav be assumed that for mstrnce sermnomn 1s classi
fied as such everiwhere 1n the world owing to ils v pical hustopatholo-
greal picture And 1if all teratomatous tumours «re united to form ene
group the pertinent figures are comparable as well In Finland a
clear trend 1s observed Semminomas are common terntomatous tumours
are nfrequent ‘Ihis 1s 1 agreement with the situalion n the other
Scandmnavian countries The unpression that teratomatous tumaours re
rare 1 F'mlnd as compared with other countries 1s strengthened
when the low total mcrdence of testicular tumours 1s related to the high
percentage of semmomn For final assessment of this question further
studies 1re required however
The 1gc distribution both m the whole series and m the different
Instopathological groups corresponds o that established in previous
mvestigations  The median age of the patients with semunoma was
ahout 40 jears te about 10 vears more than the median age of the
patients with teratomatous tumours Sarcomn was most frequentfs
encountered wn elderls men s s usually the case with somatic
mours Neither senunoma nor feratoma or teratocareinoma was de
tected i children o pubertal cases occurred which 1s mn agreement
with mans previous reports
Both 1 the whole series of lesticular tumours which represints
Finland as 1 geographieal entity and m the dilferent Tustopathological
groups the prognosis was i igreement with findings reported 1n pre
;mus studies (Diron & Voore 1902 Pugh & Cameron 1964) Semunom3
was found o have the most {vourble prognosis the § vear sun wal
rate mn cases with locahized tumours heny, 81 per cent The figures
indieated from other countries have 1s 4 rule ranged from 80 to 90 per
cent The prognosis in eases of embryonal etrcmoma was more l"\\um‘l
able 1n the present series than 1 2 report from US A Asto locnhzi‘;t
tumours the 5 verr survnal rale was 53 per cent 10 this senes \\?:;w
puron & Woore ndicaled 335 per cent As to lcnlac'\rcmom:; et
corresponding figures were 43 per cent (ihe present seres) ""; Al
crcent (US A) The combined 4 vear survnval rate in cases of ‘ilcmlt
zed “malignant teratoma anaplistic intermediste B and m:erm:mm
A corresponding, to embrvonal errcinoma and teratomin t w[x;mlnin
Jlature vsed 10 this study was estimated at 43 per cent in Grea
(Pugh & Cameron 1954}
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SUMNMARY AND CONCLUSIONS

During the years 1953-1961 the total number of new cases of testicular
tumours reported to the Finmsh Cancer Registry was 193 In 131 cases
paraffin embedded tissue was obtained for re evaluation The distrn
bution of testicular tumours by age and histological type and the
results of treatment were studied on the basis of this series

The following conclusions were drawn

1) The incidence of testicular tamours 1s low 1n Finland 1 e 10 per

100 000 men per vear which 1s less than figures reported from

other countries

Of the different histopathol types 115 relatnely

more common m Finland (48 per cent) than in US A and Great

Bnitain tor mstance but of the same order of frequency as in the

other Scandinavian countries Teratomatous testicular tumours

are rare in Finland

3) Both in the whole series and 1 different hstopathological groups
the age distnbution 1s 1 agreement with previous reports from
other countries

4) The prognosis 1s roughly the same as 1s other countries

2
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RADIOSENSITIVITY OF THE LYMPHOCYTES
WITHIN THE GUT EPITHELIUM

By

h E FIcuTELILS
Received 14+ 68

As long as lvmphocytes have been recormzed thes hae been observed
1n large numbers 1 the gut epithelum (15) Most of the lymphocytes
within the gut epithelium here called thelioly mphocytes are situated
hetween the epithehal cells close {o the basement membrine (1 3 6
10 12) Durin, the years the theliolvmphocytes have been studied
there has been 1 debate whether thes simply migrate throush the epr
thelitm and are lost 1n the lumen of the gut or whether they perform
some hind of function (4 15)

Two recent publications have resned tlnus discussion and brought
the theholymphocy tes 1nto focus The kinelies of the thelioly mphocvtes
1 rat has been studied by Fichiehus with the md of B? thyrmudine
labelling (6) It 1s esident from this study that at least 2-3 per cent
of the theholymphocvtes svnthetsize DNA n stte \s many as 12 per
cent of the theholvmphocestes at the tip of the vill: of the smll n
testine are less than three days old These data ¢in be best explamed
by the assumption that ihe theholvmphociies are fo a large cxient
mmmgrants from the blood and that these immiranis constilute 2
selechion of young lymphocstes compared to the ordinary muxture of
mostly old blood lymphocytes There 1s some mndicntion from this study
that the theliolymphocytes do re «nter Imina propna that they are
not 1l shed off into the Inmen {o,cther wilh the epithelal cells

WMeader & Landers (12) m 1 recent study of the ulirastructure of the
thelioly mphocy tes demonstrate that at least seme thelioly mphocytes
do re enter Iamina propria This conclucion was baced on the direetion
of the collagen fibres at the rupture of th< bascmenl membrand ollow
i, the passice of « hmphocvte and on the locat om of the ¢ toplas
mitic tail of the movin~ lymphocttes i relalion te the nueters

Visiing Resear ¢ 1 € fthe Am 1 o Heart \ e
The author is very m dto Dr Sc uel Lesher A rne National
1shorators who & o ated t notth 1+ giemeacces

tn the material or w t 2
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As long as lymphocytes t en reco,mzed they have been abiseneg
m Yarge numbers n the , thettum (15) “Most of the Iy mphory
withm the gut epithelnu called thetiohs mphocytes ae sxlunl::]
btween the epithehat « 1 s5¢ 10 the basement membrane (SIS
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of the theliolymphocyt  symhelize DNA 2 situ As many gy 12

cent of the theholvmy! cytes af ihe Lip of the vilh of the small[::r
testime are less than b ot1 These data can be best Xplainey
by the assumption th v 1 hotvmphocytes are to a large exten
wemigrants from the bio that these ammu,rants constitute
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mostly old blood Ivmpho st & 1lure is some mdication from thyg Stugy
that the theliolymphocyies do re ntr Irmuna propriy that they arc
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Meader & Landers (123 1 1 recent studs of the ultrastructure of the
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Before these studies were made Fechtelus (8) regarding if unhkeh
that all the thelioly mphocytes are destined to he lost mnto the ntestinal
lumen advanced a theory that the epithchium of he entire gut 1n some
ammals such 1s fish 1s a first level Iy mphoid organ According io this
theory the gat epithelium ¢xerts an nffuence on fymphoettes and lym
phoid organs simular to that of bursa Fabrnien n birds This theor 15
discussed elsewhere n the hght of new findings ahout the philogeny of
Iympho epithehial relationships (9) and n the relation to the pheno
menon of homing of fymphocytes to the gut epithelinm (7 8)

The present studs deals wath the radiosensitivity of the theho
kmphocytes The radiation damage c¢an be eilher a reproductive
death of cells or i interphase death of colls (14) In reproduelne
denth after irradintion the cells continue to survise for a considerable
length of time They mav divide several times or they may form giant
cells before they finally dic In the case of nterphase dealh on the
other hand the cells within 1 matter of a fow hours undergo degenera
tive changes culminahing 1n their disappearance from the tissues Itas
the rapid disappearaucc of the theholvmphoeytes and thewr reappear
ance which 1s extmined here

MATERIAL AND METHODS

Male and female 100 day old BCF, mice (C57H19 X BAIBE) were exposed to 8
300 R whole body %9Co gamma ray dose The effects of 300 R on cell prolifcration
has been reported 1n a recent paper (11) Mice were separated two ta a plastic
c3lindrical eage (5 X 6 inches) at time of exposure Cages were positioned in an
irradiation chamber equipped With a 2000 C1 $°Co souree The 300 It (air) dosc was
delnered in a 15 minute intersal starting at 0815 (dose rate °0 R/min) The mid
line tissue dase was 273 rads

Thirteen ammals were killed 6 hours after irradiation and 12 animals were killed
12 haurs later Sesen or cight atmimals were Alled on cach of the folloy i limes
Aftev irradiation 24 48 and 96 hours and 8 davs Half of the ammals in each group
were labelled with HS thvmidine 30 or 60 minutes before they were hilled The
other half of the animals were labellid in the same wav 15~16 hours before they
were halled All animals received 10 uC of H? thymidine intraperitonealls (from
Schwartz Bio Rescarch Inc 036 C/mM)

Autoradiographs were prepared from fived 4 ioned (3 mucrons)
pieces of duodenum Al sections were Feulgen stained

Two thousand epithelal nucler were counted 1n scclions from every animal ant
the number of theliolymphocy tes among these 2000 epithelial nuelel was recorded
Only per larl d of the 3ills was examined and in every
instance the uttermost tips of the ili were asolded

ke perceatage of labelled theliolpmphoustey nere connted In the same position
in the epithelium Fvers thehiolvmphocyte with 5 grains or more above the nucleus
was regarded as labelled Four hundred theliolymphocytes were examined 1n every
shide All counting work was done by a speelally trained technician who was un
aware of the design of the cxperiment With the Feulgen stalned used the basement
membrane 15 often impossible to sce snd some lymphocites situated in famina
propria ma3 have been falsely counted as theliolymphocytes

RFESUITS

The number of theliolymphocytes The normal number of b
phacy tes per 2000 epithehitd nueler seems to be 2 little Tess than

heliolym
200
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The number of labelled theliolymphocytes per 400 theliolymphocy tes 1n
mice labelled %~1 hour before killing

or close to 10 per cent in this Feulgen staned material and with this
particular techmeian counting See Fig 1 In the ammals hilled 12 and
24 hours after irradiatton the number of thelhiolymphocytes were de
creased the means being 140 and 139 respectisely per 2000 epithehal
nucler These values ditfered at an 0 01 lesel from the values 1n amimals
lilled latcr (Mann Whitney U test)

The numl er of labelled thiliolymphocyles 30 minutes—1 hour after
wngection «f H’ thynudine The number of labelied thelioly mphocy tes
per 400 thelioly mphocytes 1n this series showed great varation nd no
ccrlam pattern can be seen See Fig 2 It cannot of course be excluded
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The pumber of labelled theliolymphecytes per 400 thelic hmphoeyts in
mace labeled 15 16 hours befare hilling

from Qs soll scrics that radiation has wr nfiucnee on this particulnr
type of thelioh mphoevies ssnthesizing DNA 2 situ

The number of lubelled theliolymphocyles 15-16 hours after ingection
of I thynudine The number of Hbeled thehohmphoeyies per 469
this serics shawed 4 clear eut pattern after wrradiation Thire wis 2
mmmum of Inbelled thehobhmphocites 12 24 wad 18 hours fter ren
diation around 3 lahelled cclls per 400 Sce g 3 The haghest fiurn
249 on div 8 affur irendintion 1s slatisticath hughor than these | wer
values 11hen toacther at the 003 fovd (Yann Whitney 17 test)

BISCLSSION

The number of thedsolymphioevies doereased ot about the same tume o
binod Iy mphoestes b heen shown to deercast i similar expe s pts
€2) The number of thefofsmphocites ts however rustored fo normsl
salues much faster than as the number of blood hmphooites oo
parable expertmcnts (2 1D The trnsyt Gime of hvmphooytes wiihm
thy gul epathehum cannat he maore than 2 3 davs 16) A plassble x
planation of the raprd reapperranee of thebolymphocstes s thent v
that the mam <ource of thcholvmphoevies 1s not dum iyl I wrudn
tion but the lvmphocvtes within the epithehim e An alirasta
bt fess hhelv cxphinibon s that the sousee of thehahvmphcoes!
restorad wath extrome speed

The mean porcent e of et the holvmphocstes 0 mnnt +
hour after hbelhng was 19 Tlus fiure 15 m preement sath whor
datn for muce (3 and for rats (6) The heafier fwrc 3y teoh o
\fier fabelling, 3 the 8 dv tmmads 5 per eent 18 ko an gk o nt

w
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with earhier findings (6) As n rais this inereasc with time of {nbelled
theliolymphocstes after a single mjection of H? thymidine 1s probabh
due to « selective immugration of young lymphocvtes from the hlood

In the amimals labelled 15-16 hours hefore hilling there was 2 clear
cut effect of irradiation on the number of labelled theliolymphocytes
the figures being very low 12 24 and 48 hours afler irradintion In this
part of the experiment the majority of the labelled theliolymphoestes
were labelled hefore they entered the epithchum and beerme thehio
lymphocytes The 12 hour animals were 1rradited 4 hours afler 1
belling the 24 hour amimals were 1rradinted 8 hours before labelling,
and the 48 hour nmmals were 1rradiated 32 hours before labelling This
means that wrradiation between 32 hours before until 4 hours after
Inbelling, did hut part of the presumptine theliolymphocytes i their
source namely those in D\A synthesis

It cannot of conrse be excluded from this small seres that also the
thelioly mphoes tes synthelizing DNA i sttu are halled by 300 ¢

The source of thelioly mphocvtes 15 unknown so far For theorcheal
reasons the bone marrow is the most hhelv source of these cells in
adult mammals (8) According to this study the largest part of the
source could be radioresistant (or cxtremely ramdly restorable) The
DN\A synthebizing part of the source seems to be radiosensitive The
bone marrow could certunly mnelude a population of presumptne the
hofvmphoeytes fitting these eritera

SUMMARY

The lymphocytcs of the put ¢mthelium of mammals may prove to be
very nteresting from 2 hiological pomnt of view The whole gut em
thelium may function as 2 first level lymphoid org,an 1t has been shown
wn rats that there 1s an imnugration of a selection of young lymphocy tes
from the blood Studs of the uitrastruclure of the gut epilthehum has
revealed that lymphocyles of the epithelium re enter Inmina propria
The present study deals with the radiosensitinity of these lymphocy tes
there called theliolvmphocytes) in mice given 300 R and labelled wilh
1 thymidine at different limes

It 1s shown that the thchwlvmphocytes on the whole are radiosens:
tive m the same way 1s blood iviphocvtes The man part of (he un
known source of thehiolymphocyles seems to he radioresistant The
INA <ynthetizing parl of this source scems to be radiosensitive
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REINVESTIGATION OF THE CAUSE
OF THE INCREASED VELOCITY OF REACTION
BETWEEN RENIN AND ANGIOTENSINOGEN IN PLASMA
FROM NEPHRECTOMISED RATS
By

JENS BinG
Recerved 14 11 68

Thc velocity of the reaction bhetween remn and its substrate angio

and the T formation of angiotensin 1s known to
be hugher 1n plasma {rom nephrectomised animals than 1 plasma from
normal ammmals This differcnce has been behieved to be caused by the
nephrectomy mmduced increase mn the coneentration of angiotensinogen
i plasma because the increase m angiolensin yield parallels the 1in
crease 1 anglotensinogen concentration (Bing 1964) In accordance
with this Blaguier ef al (1967) found no difference tn the Michaelis
constant when plasmas from normal or 24 hour nephrectomised rats
were used Other mnvestigators have howeser published reports pre
senting evidence that the change of remin renctivity following nephree
tomy 1s due to loss of a humoral factor of renal origin probably a renm
mhibitor 1n nephrectomised amimals (Brunner (1962} Hoobler el al
(1964) Sen et al (1967 and 1968) Smeby et al (1967)) It was there
fore thought desirable to reinvestigate the problem

MFTHODS

The of in hepari plasma was d by
cubation for 20 at 37 C of 50 ul plasma or itated plasma with 250 41 of 2
solution of partly jurified remin containing 07 Haas Coldblatt standard remm
units per ml The renin was the commercial prejaration of N B C. Cleseland
Ohio which was tested against the standard donated by Dr Udax ta the W H Q
Lab for Biological Standards (Nat Inst Med Res Mull Hill London) The uost
of the commercial preparation was found to be about one third of that of the
standard In this standard techniqu remin was present in excess

Before the jncubation partial na ti atton f angiotensinases was carried out by
ac1dif calion of plasma with 2 N phosphoric acid ta pH 3€ for 0 mm at ®5 C
followed by readyustment of the pll to 75 with 6 \ N\aOll

After the mcubation during wh ch (e ne the mixture was covered with 12 ml of

Supported by grants from A n t \'s Founlation and the grant of Ebba
Celinder The author 1s indebt d ( l) l~ Hoa Cleveland for pene oms sujpls of
standard renin

3 actaPari 75 1
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THE ADRENAL WEIGHT OF MICE
WITH SPONTANEOUS ADRENOCORTICAL
LIPID DEPLETION

A Comparison with Untreated
ACTH and Dexamethasone Treated C57Bl Mice

By
hare MoLnE
Recerved 204 68

The spont ineots adrenocortical ipid depletion was origmally observed
m the AKR/O strain of mice which has a high inaidence of spontaneous
Iymphatic leuknemia {1 2) From hybridization expirmments carned
out betwcen the ARR/O strain and a normal strain WLO the two
diffcrent hines CS and AC have emerged Both substramns have the
same specific depletion of adrenocortical lipids but i contrast to the
CS strain the AC stramn has been cleared from susceptibility to leu
Kerma (3)

The spontaneous adrenocortical lipid depletion depends upon one
recessive gene (3) In terms of Sudanophiha the lipid depletion 1s
almost total mn adult males In females the depletion of Iipids 15 sub
tolal with some varration from ammal to ammal (2)

‘The adrenocortical lipid depletion 1s not present at birth It 1s man:
fest only 1n sexunlly mature amimals Studies on male mice of the AC
substrain have demonstrated that the reduction of Sudanophilia in the
ndrenal cortex comacides with the degeneration of the ndrenal \ zone
and with the maluration of the semimferous epithehum (13) The
appearance of hipid depletion can be prevented by prepubertal gonad
ectomy (2)

Cortisone treatment (4) and hypophysectomy experiments (7) have
demonstrated that the specific adrenocortical ipad pattern of these
+mmals 1s related to the function of the pitwitary gland After hypo
phisectomy a rapid reaccumulation of lipids takes place 1n the adrenal
cortex This hpid repletion can be parth prevented by large doses of
ACTH 1 the postepcrative period

Ultrastructurally there 1s a charactenstic difference between normal

1 am indebted to the head of the Lafe Insurance Compsntes Iostitute for Med cal
Statistics at the Oslo City Hospitals dr Knut Westlund for s helpful advice
r garding the statistical analyses,
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The spontaveous adrenocorticat hpid deplchion ws otiznally ohsined
mIhe AhP/0 strain of mice which has 1 high inerdone: ol‘smn(ahm“;
Imphatye leukaema (1 2 From hvbndizition cxpernmnts Sned
out belween the ARR/O stran and @ normal <trmn WLQ the tug
iiferent Iipes CS and AC have «mersed Both substruns hang g,
Sume speeifie deplelion of adrenocortical hpids bu 1n contrasy 1o thy
S stram the AC stramn has been ck wred Irom suseeplibiliy ty kg

haemua (3)

The spontaneous adrenocortical ipid depletion depends upon oy
fecessp e gene (3) In terms of Sudanopinha the hpig (hplclxn», 5
almos| tota] m adult males In fomales the deplehion of Iipads 4 wb
tolal with some vanation from ammal to ammai (2}

¢ adrenocortical Iynd depletion 1s not present at birly 1 ¢ My
fest only in sexually mature wmmals Studics on male mice of the 3
Substraiy haxe demonstrated that the reduction of g“‘h'lﬂx‘hﬂm [
adrena) cortex comneides with the deganeration of the adrengy \ !rk
4 with the maturation of the <un|n|fcrnus] 1«pllhchum {13y
APPearance of hipid depletion cn bo prevented By propub gy
telomyg 2y

Cortisone treatment (4) and h”mph\sulm‘:‘l( ‘p‘t‘nmcnh Gy,
d“’mn‘!rnhd that the speafic -u]nnuun'lu\l pad ']nlhm of 1, !
aMmals 15 related to the function of i 1;1II‘HL':: ‘;'”"’ Aty ™/
Physectomy a rapud reaccumnlation of l;]m :c“‘ nlurl’ ;‘f”"" theqg !
:’é;" This hpid repletion can 1;L porth p > Trrge ,,'“,“)

H 1 the post sperain e period
Ullrmrucul::all\ntherc 1s n chretarstic dffurance lwlncen“ \\t:‘k
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nee Comi anies Ingyy,
§5m indebled to the head of the tife In et o e £ >
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age the amimals are sexually mature and sn the AC strain the spontancous adreno
cortreal liprd depletion i complete? (13) The following series are included

4 One hundred AC and one hundred C37B1 male mice grven no hormone treat
ment colleeted from October 1965 to Iebruary 1966 The serres comprises all males
born during the period of nvestigation except ?0 malcs from each strain which
were used for i reeding

B Tifts six AC and srxty C57B] male mice given no hormane treatment collccted
from September 1906 to March 1967 Series B consists of all males horn in the period
referred to except ?5 amimals from each strain which were jet up for breedmg
and tbe animals which were u ed 1n the hormone experiments described bel

C  Thirts AC and thirty C57Bl male mice collectel from September 1961‘ to
January 1967 and given ACTH for 3 weehs as described below

D Thirts two \C and thirts C57B] male mice collected from Septembcr 196 to
January 19¢7 and given dexamethasone for 3 weekhs as i cribed below

Fwents AC and thirty three C57B1 male mice gien no treatment ccllccted

from September 1966 to January 1977 Thesc animals serve as controls for the hor
mone experiments and represent the first part of series B The rest of senies B also
comprises animals collecte ] affer the hormone experiments were ended (January
to March 1967)

Procedure for the Hormone Fxperimenls (Sertes C D F)

Inseries C D and I bods wught was recorded at the start of the
hormone experiments which iasted for 3 weehs The animals of these
series were taken by raindom Within each stram the bods washt of
muce i the different groups was found to be of the same ringe In
ach eage all amimals got n wlentical tre dment Al injections were
performed between 8 and 10 A M ind were made subcutaneously m
the mnirascapular region

Pilot studies on Co7BI male muce showed that within cerfun limuts
mcreasin,, effect upon rdrenal weiht could be 1chiesed with increasin.,
doses of the hormones For the comparitive studies doses were chosen
which lend to 1 sinificnt altertion rf adrenal waght but not to the
maximA? effcet

In series C the ACTH preparition Jaton prolonsatum A L was
used This preparabion 1s punfied from pr, piturlars glnds and s
madc for depot cffect Trom the age of 57 59 dnns 003 ml (181 u of
ACTH) was given duly The anmmals were Rillad 1 hour afler the Iast
mpection

In serics B 1026 mlof Decrdron M S D (01 m, of dexamethy
sone} was given cvery sceond day from the age of 57 09 dnvs Dexa
methisone has 1 polent glucocorticoid it offeet ind wis wed 1s
depressor of endogunons pitutlary fundhion The animals were ki led 2
hours After the st inpidtion

The possible effcet of the andhin, { « Aamimnis and of th Vaele

for the hormones was b lad Save Co7Bl miile w nen
subcutancous injections of 03 mi of ¢+ vdduele for Jitor 1 onga
tum A Lrduh for ¥y ° milarls nteen Lo™F M1’ were Lnven
002 ml of stlinc b o ush o sccond (v f o1 three weeks
1 Irovid 1 throu t ras ' Jernes 1z rium for Special
yreparater Ole o o » Chernt nrat T 5.1 wpenhagen
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TABLE
Adrensl Weight {mp) Bodp Weight fo} end Relotive Adrenc!
Number Adrenal weight
Serles
AC C5781 AC ca7D1
Mean S Mean SD ?
A Oct 1965~
Teb 1966 100 100 283 032 28 03 AS
B Sept 1966-
March 1967 56 60 310 p27 309 02% NS.
SD  Standard deviation
r Signilicance Jevel of difference hetween strains

These doses correspond o thase given in the hormone expersments
Thurty three untreatcd wmals of the same strun served as controls
for these cxperrments Body weiht of and adrena) svesght n muee n
the treated groups and i the conire! groups were not found to differ
signifieantly

Werghing procedure The wesghungs were performed belwecn 8 and
10 A M The uvumnls were weighed on a Cenco hafance to the nearest
01 1 When sacrificed, they were deeapitated with scissors and bled
The adrenals were dissected out with surroundmg fat bssue and put
in saline in A Petn dish which was eovered with 2 glass plate to vod
evaporation Tl adrenals were earefully dissecled free ftom fat under
\ disscetion microscope and weighed on 1 H 16 Mettler balance (Pre
cssion § 01 mg suadibulity € 01 mg) These procedures were carned out
by two trawmed techmelans Belace w exghung, the adrena)s were quicl by
dried on the swme type of filter paper Thereafter they were piecd on
1 tared watch glass and weghed to the nearest 061 my Tests shoned
that the wetht loss duc to cxaporation was abont 4 per cent 60 scconds
fter the adrenals had been placed on the weswlun, pan The whole
Jprocedure from the sacrifice of the animals to {he weighing of the

- adrenals was striclly standardized The techmicians were ihe same

1hroughont the study They had no specfic Lknowledge about the pro
blems dealt with

Statstical methods Mean valnes 1n the two stramns were compared
by means of the Student s t-1est The sctationsiup betweent body weight
and adrenal weight was exammed by moans of an analysis of covart
ance Probabihties under the O hypothesis tP) > 005 have been con
sidercd not sigmfrcant (N 8)

RESULTS

Unteeated AC and C37B1 Male Mice

The means and standard deviations
t and relatnne adrenal weipht (mg/100 g body wex,

of absolute adrenal weight body
ght) 1n seres
weigh
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1
Wewght (mg/100 g Body Weight) n Male Mice 78-80 Days Old

Body werght Relatise adrenal weight

i C5781 N AC 5781 N
Mean SD Mean SD Mean 5D Mean SD

219 16 243 21 <001 130 15 18 15 <00t
237 17 254 21 <oo1 134 12 12 <00t

NS No significant difference

A and B are given in Table 1 Figs 2 and 3 are scaiter diagrams of
results mn sertes A relating adrenal weight to body weight i each
strain Regression lmes fitted by the method of least squares are

drawn and the 85 per cent confidence mtersals for the lnes are indt
cated

The accumulation of amimals from the two strains during the period
of collection for sertes A 1s shown 1n Fig 1 The number of animals
from the two strains ws roughly equal throughout the period

40
30

20 cs7Bt - -
AC —
104 '
!

0 —_—
0 1710-65 28/2-66

PER CENT OF ANIMALS

30

40

Fig 1
The accumulation of AC and C5781 amimals during the perfod aof collection of
series A Tie series con 15t of 100 males from each strain
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Ttfect of ACTH and dexamethasone treatment upon absolute adrenal weight in
AC and C57B! mice (sec text) Each posnt represents ope apimal

AC and Lo7BI Vale Mice Gven Treatment with ACTH or
Dexamethasone

The effect of long term treatment with ACTH and dexamethasone
upon the adrenal werght of the two stramns are shown 1n Tables 2 and 3
and Figs 4 and §

The hormone treatment had the same effeet upon absolute adrenal
weight in both strains Both in the ACTH treated and 1n the dexametha
sone treated groups the mean values for the adrenal weight are almost
wdenhical 1n the two strains (Table 2) and the scatter diagrams (Fig 4)
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The JJfeet of long term treatment with ACTH and dexamethasone
upon the adrenal weight of the tvno sirams are shown i Tables 2 ind 3
and Figs 4 and §

The hormone treatment had fhe same effuct upon absofute 1drenal
weight in both stramns Both in the ACTH lreated and 1o the desametha
sone ireated groups the mean vatues for the adrenal wer ht are atmost
wdentical in the two strams (Table 2) wnd the seatter diagrams (F18 4
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two strains Thus as regards adrenal werght both strams react in the
same way to adrenocortical stimulation and to inhibition Thus if the
spontaneous adrenocortical lipid depletion 1s caused by an altered
pituitary adrenocortical function this feature 1s not revealed mn the
weight of the adrenals

SUMMARY

The adrenal weight has been determined 1n untreated ACTH treated
and dexamethasone treated mice with spontaneous adrenocortical lipid
depletion and in mice with a normal adrenocortical imid pattern
(C57B1)

The relative adrenal weight in untreated mice with spontancous
adrenocortical ipid depletion 1s sypmificantly hagher than that m Co7BI
mice The absolute adrenal weights i mice in the two stramns are
practically 1dentical while the body weights are sigmificantly different
The alterations in adrenal weight and bedv weight after long term
treatment with ACTH and dexamethasone are verv sumilar in the two
stramns

The values for relathine and ahsolute adrenal weight 1n both stramns
are within the range of those which according to reports have been
obtained 1n the case of normal mice

The findings do not support the hypothesis that there 1s an abnormat
pitwitary adrenocortical function 1n mice with spontaneous adreno
cortical ipid depletion
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TABLE 4
Data from 2 Studies on Adrenal Weight in Vale Mice
The Results from the Present Study Have Been Included in the Table

Relatise
Adrenal
Mo of Age adrenal weight
Study Strains of mice ammals (days) 1\(:5);( (mg/100 §
% body weight)
Chester Jones Strong A 45 60-120 258 114
19,7 Bagg C albino 28 120 350 133
Thiessen 1964 C57BL 10 77-80 249 108
BALB/e 10 77-80 304 118
DBA/2 10 77-80 233 1ns
A 10 77-80 219 99
C3n/2 10 77-80 289 1438
R r 10 77-80 318 15
DPresent study AC 100 78-80 283 130
series A 5781 100 78-80 286 18
TABLE 5
Framples of Adrenal Weight in Female Mice unth Well Charactert ¢d Fndocrinopathies
Relative
Adrenal
No of adrenal weight
Authors Fndoerinopathy animals wcu;!;l (mg/100 ¢
(mg hody weight)
Bahn et al Implanted ACTH producing
1927 tumours 11 166 55
Controls 13 64 7
Smuth et al Hereditary dwarfism
1930 (prtuitary hypofunction) 5 03-10 8-17
Contrals 2 6§3-72 33
all et al Hcreditary obese hyper
ot glyeaemic syndrome 1 88 13
Controls 4 50 17

»

Calenlated by the author on the basis of mean values for attrenal werght and bady weight

n miee 1s to be tahen as an indication of mitwitary adrenocortical dys
function onlv very marhed diffcrences should be considered and abso
Iute as well as relative values must be tahen mto account

1t must therefore be concluded that 1n spite of a sypmificantly lugher
relalwe adrenal weight 1n unireated AC male mice compared with that
1 C57BI male mice this difference 1s foo small (Table 4} to prove an
abnormal adrenocorhical function m mice with spontaneous adreno
corlical hiprd depletion

This conclusion 1s further supported by the ACTH and dexametha
sone experiments (Tables 2 and 3 and Fis 4 and 5) The nbsolu}:c
adrenal weight after hormone treatment was not found to differ in the
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duclion 15 probably lower in CS mice after ACTH wmyection than i nor
mal contrel atamals subjected lo the same treatment {20} Therefore
it 1s not clear whether the spontancous adrenocortical himd depletion
reflects ' wnomaly of ptwitary function or a primary nnomaly of the
adrenal cortex tself

Studies of the organ weights gave ne obvious mdication of a different
functional stafe of the adrenal corlex i tliese mice Although the
adrenal weight per 100 grams of bodv weight 18 sigmificantly lgher
AG nuce than m one contral stramn (Cu?Bl) to which they were com
pared (15) the relatne weight does not differ marhedly from findmgs
n other presumably normal stramns of mice

Numerous miestigations have shown that vanations in the pitustary
stimulation of the adrenal cortex are reflected 1 the width of the &if
ferent cartical zones and in the size of celf nucler and nucleok (11 12
13 16 22 23) In the present work these paramelers have been used
to test whether the permanent adrenocortical hipd deplehion s a direct
resuit of an altered pitistary safluence upon the adrenat cortex To this
end untreated AC males were compared with untreated ACTH treated
and dexumethasone treated Co7Bl males Dexamethasone 1s 2 well
known depressor of pitmtary, ACTH secretion

MATERIAL AND METHODS

Male AC and C37BI mice were used in this study The AC strain is a hybrid hne
derived fram the ARR/D) strmnr and 35 h for the fieal hipid
depletion gene (4) The C57BI strain exhilais a normal pattern of adrenocortical
hmde

The anstnals were hept under standard houssng and dictary conditions (13)

Four esperimental groups are wchided

C3781 mice given no treatment
~ Co7B1 mice grien 01 mg of b {0075 ml of i MSD”) sub

taneousls every second day for 3 weeks prior to desth from the age of 57-39 days

C578] mace ginen § 8 1y of ACTH (003 mi of Jaton prolongatum A L} subcutane

Jously every day for 3 Weeks prior to death from the sge of 57-53 days

= AC mice ginen no treatment
The last dose of dexamethasone was gnen 2 hours before death and the Jast
dose of ACTH 1 hour before desth
111 ansmals were latled by cervical distacation at the age of 78-80 days
Ros wesght was recarded at the siart of medication snd immediately before
lalling The amimals of the €378 groups were selected st $7-59 days 3n such & way
that the mean body weight of the groups was as sumilar as possible At the time
of sarmfie the Siffercnce in bods weight of untreated AC and €578} myce corre
sponds to the hindings iny larger seres of AC and C57BE anymals compared at the
age of 78-30 davs {15) I3ody weight and aumber of animals i the differeat expen:
ntal groups are grven Table t
m;mmegmlfl’w Afier the amimals had been klled l;aih adrenal dgl;lr;d;wcrn dissected
free from periadrenal fat under the dissection icroscope an 2
';he wldfh of the cottical zones nas smd;fdli?l H'\c :{ghk sdrenal gland and the
f nucies and auclear were studied fu the Ieft glan
Slz\gt::lxuremtnl of onal undth Pught adrenal glands nwere fixed for 4 d;nshx;x] Bn‘:(:r‘s
formaldehyde solution They were embedded in gelatine and cu:hm;un y on %
freening microtome 2t ¥k macrons The sectiohs were cut pnralkl{ o ;ue o 51:: ot
of the argan floated on water stained with Vayers haemxlumaso;;m: mny
mounted in Aquamount Al <teps were standardized as {ar 8s p
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TABLE 1
Number of Anmimals and Body W eight 1n the Various Cronps
Animals for measurement of adrenal cortical width fa right adrenal gland

umber  Body werght Body weight
Groups of at 57-59 days  at 78-80 davs

animals  VMean Raoge  Mean Range
Untreated C57B1 muce 19 218 175260 249 215275
Dexamethasone treated C57B1 mice 10 217 200245 216 195740
ACTH treatedt Co7B muce 10 216 170-240 232 190-245
Untreated AC mice °0 - - M7 175065

Ammals for

of size of nucler and nucleoli
in left adrenal gland

Namber  Body weight Bods weight
Groups of at 57-59 days  at 75-80 davs
ammals  Vean Range  VMean Ramge

Untreated C57B] mi ¢ 10 215 185-220 212 "00-2,0
Dexamethasone treated Ca7Bl mice 10 217 200-745 216 195740
ACTH treatedt C57B1 mice 10 216 170-240 232 190-745
Untreated AC mice 10 - - 240 230-265

01 mg of dexamethasone 5c every sccond dav for 3 weehs
t181u of ACTH sc cvery day for 3 weehs

The section having the Jargest medullars area  the middle section  was chasen
for measurement of zonal width Two zones were measured the ona glomerulosa
and the ona fasciculala the latter including all cortical tyssue from the ona
glomerulosa to the medulla The ona reticularts 10 mice is poorly defined (9) and
was not measured separately

Measurement of cottical cell nucler and nucleoli The left adrenal glands were
placed 1n a drop of Carnoy s fluid (aleobol chloroform acetic acid 6 3 1) under
the dissection microscope and cut in halves They were then fited in freshlv pre
pared Carnoy s fluid for 2 bours dehydrated and embedded 1n histowax Sections
from the central part of the glands were cut at 7 microns staned with haematoxy
kit eosin and moaunted n Canada Balsam All steps wece standardized as far as
possible When sections stained by this technique are studied wnith sntable filters
the nucleolus shows a faintly reddish colour aud can readilv be distinguished from
the more basoph

By changing the focus of the microscope a series of oplical cross sections through
the preparation are seen The area of the largest oplical cross section of each cell
Rucleus was by the designed by Ce
Caspersson & Lomalkka (6) and taken as the measure of nuclear size An rdentical
Procedure was used for measurement of the nucleolus The standard deviation of
fepeated measurements was 20 per cent far nucler and 6 * per eent for nucleoli This
15 roughly consistent with presious investigations reported by others (8) usiag the
same instrument

Only nucler with one nucleolus were measured Pilot studies showed that the
number of multinncleolar nuclei did not exceed 22 per cent in anv cortical zone in
any experimental group

\casurcments were performed at three lesels of a randomly chosen sector of the
adrenal cortex The ona glomernlosa and the outer and the mner ona fascicalita
The measurements it the outer fasciculala were done within the 5 outer layers of
¢ells which form definite coluruns and this arca was designated ona faserc
esterna The measurements 1n the inner ona fascreulata were done wathin
layers of cells nearest to the medullar copstle” cells and this area was ¢
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duction Is probably Tower B €5 mice aftor AC T infoetion than In nor
m 3 control andmals subfocted to fhe same droabmont (28} thordon,
it In pot o wictior the spontansous wdrcnocotUoat Hipht deph fon
rufli ety an anam dy of pitultary fanction or & prinuey anamaty of the
adronat cortex Hadt

Studics of 1he org w we lghts ¢ ne no ooy Sndiontian of o difforeont
functional state of the adronnl cortex tn thome mloe Afthougl Hu
sdresal walght por 100 gram of body wcipht is stgnificoantly gl in
A anged than s ond control strade (€578 (o which thiy ware com
pared (19 the redatied wodght dacs not diffor markedly from findings
in other prosm bly nornl strsins of mic

Sancrous nstig tlon have shown that viadntions I the pltuitury
stissud stion of Y pdran o cortex pre o flected S the sidth of He dif
ferent corticsl zoney aud In the size of coll nucddd and naceadl (13 12
3 A 22 28 In the prosent work s i dors Bave oo uaed
to tost whether the pornsanont sdre nocortlc sk Hphd dopletion koo diat
rodtof s aftorcd pituftary inffacnce spon the rdronaf cortex fa this
and untecstod AC mados werc compared with satrotod ACT rotd
md dexamctiiwond trodod C378F madon Doxumcthasonc o vadt
known depreomar of pliaitary ACTH serttion

MAFIRIAS AND MEIHODS

Male AL an?d 7 tnicc were wsed b this st fy Phe AL stralu v 8 hybed ] He
o erived By mo the ARRAY atratn uni tv honovgy s £or the o feon cortiond Miot
~ .xcpx]ru 0 pune (4 Fse C Y strsin oxifl Ma s oooesmed patteene of adres s stkend
ds
St wnbenals were Sayt upder stan Jurd bousing sl dictary con fitE e (3
Fourexperhn et gr g e wre hrechide
€ I8 s ¢ glven o) Ireatm ot
€ 76 mibca glven 83 mg f dexumctbos me (W01 a1 Bhendr o MSD ) aul
wlene usby eviry ste nfduy € ¢ 3 wedka (riard death o the sge ¢ T67 Jodeyn
¢ T mice glven $8 bu  TACTE (03 ol € Set s yr Dongatum AT ) aubetune
dy sary Suy £ s 3 W ekngrl rt o wth from the age 117 00 dayn
Aol plven s te atn ot
The Ju t 4w £ & xomathes ne was ghven 2 % vrs 1efme deatl snl the Jand
foae £ACSH $ b our bef go f athy
AB sy were RIS § by vt ol disd eath noal The spe o T8 PO duye
B4y wo bt wan 1 ¢ 51wt the start § e Houtfm end bmme Bately § fon
Killing 31 swiemubs Uk & b gr wpy wore stficted st 57 Jduys b ai Biow way
Ihat the reowp bty wodede f the ge 3 s wea sy shntler sy 1wl At the thn
Tovrift 1) W e nd ty welght { umtreates A snd § T wlee € ree
s mbst th fhr g 0 burg v shes (AC antd T3 wntmaby  mpsrcd e e
axe T4 85 Say (30 B 1y woight unl number § animada by the difforint osgerd
memts) g1 uie o gy dn fall 8
Sonmme fhately w0 r 8 wtenaly had deon kille 11 th e frensd ghut s were dissicted
free fr m peeiu trennd fut gy 4 v the Slasictd o mber s end Haed
IThe witth f 8} YWl g nos wae wtn ] 3 ln the pight wironed gland sndle
fre of mucded s b e G wer atns Sinth feft fand
S sfenpirons 10 Fr v 1511 ight s fr nal ghes tn s v (3 FLor 4 iugs dn $ssbers
Formslf hyde » d¥i 5 Iy wore cmbs $5cd dn galutine sni ol serlslly en 'n
freeving ey ame M8 sy The 121 o3 were cut parallel t) the 1 oz s -: ;
Jf the organ fowted 5 owat ¢ tuine ) whth Sayera § vemulun T r 30 gufnutes oo
1o yunted in A ssm ant AN 1ep w ro atan furfiy Lac fur as g witle
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TABIE 1
Number of Animals and Body W ewght in the ¥ arious Groups
Ammals for measurement of adrenal cortical width jn right adrenal gland

Mumber  Body weight  Body weight
Groups o at 57 59 days  at 78-80 days

ammals  Mean Range  Mean Range

Untreated C57B1 mice 19 218 175260 249 215975
Detamethasone treated C57BImmce 10 217 200-245 216 195 240
ACTH treated} C57BI mice 10 216 170240 232 190 45
Untreated AC mice 20 - =z 27 175965

Animals for m of size of adh tical nucles and nucleali
15 left adrenal gland

Mumber  Body weght  Body weight

Ceoups ot at 51-39 days  at 78-80 dass

amumals  Mesn Hamge  Mean Range

Untreated CoTBL mice 10 215 185250 242 00770
Devamethasone freated CS7BLmice 10 217 200245 216 195-240
ACTH treatedt C57BI mice 10 216 170210 232 190245
Untreated AC mice 10 - & 210 23095

01 mg of dexamethasone s¢ every second day for 3 weeks
t 1821 of ACTH sc every day for 3 weeks

The section having the largest medullary area the middle section was chosen
for measarement of zonal width Two zones were measured the ona glomerulosa
#nd the zona fasciculata the latter includmg all cortieal tissue from the zona
plomernlosa to the medulla The ~ona reftcularis in mice s poorly defined (9) and
was not measured separatel,

easurement of cortical cell nucler and nucleoli The left adrenal glands were
placed 1 a drop of Carnoy s flwsd (alechol chioroform acetic acid 6 3 1) under
the dissection microscope and cut 1 halves They were then fixed in freshly pre
pared Carnoy s fluid for 2 hours dehydrated and embedded in histowax Sectrons
from the central part of the glands were cut at 7 microns staned with haematoxy
lin eosin and mounted 1n Canada Balsam All steps were standardized as far as
possible When sections stained by this technique are studsed with suitable filters
u}nlc nucleolys shows a farntly reddish colour and can readily be distinguished from
the more h 1 d

By changing the focus of the microscope a series of optical cross sections through
the preparalion are seen The area of the largest optical eross section of each cell
nucleus was by the i designed by Ca persson
Caspersson & fomakka (6) and tahen as the measure of nuclear size An identical

was used for of th The standard deviation of
Tepeated measurements was 2 0 per cent for nucles and 82 per cent for nucleoh This
is roughls with presious reported by others (8) osing the
same fnstrument

Only nuclel with one nucleolus were measured Pilot studies showed that the
number of multinucleolar nucles did not ¢xceed 2 per cent 1n any ¢ rtical zone in
an3 experimental group

Measurements were performed at three lesels of a andomly chosen sector of the
adrenal cortex The ona glomerulosa and the outer nd the 1nner ona fasciculaly

he 1n the outer fafa were & 0 within the 5 oufer layers of
cells which form definite column and this area = s designated ona fasci nlate

externa. The me surements in the mper ona fasct ulafa were done within the §
layers of cells nearest ta the medullar “capsule™cell  an1 this area was designates
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curve for the pool of nuclear measurements showed nearly identrcal
patterns (Fig 5)

In dexamelhasone trented C57B! animals the mean nuclear size was
not sigmificantly different from that mn untreated C57Bl controls in
any zone (Table 3) However as shown in the frequency distribution
curve 1 the dexamethasone treated group a few nucler of the .ona
glomeralosa had a size substantially greater than that observed 1n the
control group (Fig 4)

The ACTH treated amimals showed a highly sigmificant mcrease 1n
nuclear size wn all zones (Table 3 and Figs 2 and 4) The 1ncrease 1s
most marhed 1n the outer fascicular zone (29 per cent increase) but
even the .ona glomerulosa showed considerable increase (18 per cent)
The nucle: of the inner fasciculata presented an tnerease by 11 per
cent As shown in Fig 4 the pattern of the Size frequency distribution
remamns essentially unchanged but the whole curve 1s shifted to the
right probably reflecting n general wmerease 1n size of all nuele: of the
zoncs
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curve for the pool of nuclear measurements showed nearly identical
patterns (Fig 3)

In dexamethasone treated C57BI anmmals the mean nuclear size was
not swgnificantly different from that in untreated C57B1 controls
any zone {Table 3) However as shown m the frequency distribution
curve 1m the dexamethasone treated group a fuw nuclet of the .ona
glomerulosa had a size substantially greater than that observed 1n the
conirol group (Fig 4}

The ACTH treated animals showed a highly sizmificant merease in
nuclear size m alt zones (Table 3 and Figs 2 and 4) The yperesse i»
most marked m the ounler fasmienlar zone {29 per cent Jnerease) but
even the .ona glomerulosa shoned considerable werease (18 per cent)
The nucler of the inner faseiculata presented an inerease by 11 per
cent As shown m Fig 4 the pattern of the size frequency distribution
remans cssentinity unchanged but he wholu curve 55 shufted to the
right probably refleeting a geveral sncrease 1n suze of a1t pucler of the
zones
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Nucleolar St

The size of eell nucicolt 1 the adrenoceriical zones measured by
mAamwm eross scetional arcas 1s grven 1 Tabie 4 and Figs 3 6 and 7

In untreated Co7Bl amimals the relative nncleolar size mn the differ
ent cortical lavers showed  pattern different from the relative suze of
nucier The larsest nucleol: were found m the mncr fascicniar zone and
were on the averine 25 per cent larger than those of {he glomerular
zone The nncleoh of the outer fascicular zone were 22 per cent hrger
{han the nucleol 1o the zona glomernlosa

A am the unireated AC mice did not differ sigmficmtly from the
untreited Co7BI group i any zone (Table 4) The size distribution
curses also followed the same paticra (Fip 7)

In the dexnmethasone treated group the mein values did not differ
sionificantls from those i untreated C57B! nuce Correspondin,, {o the
observations on nuelear size the size disinbution curve showed that 2
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TABIT 4
The Nueleofar S ¢ (Mazuman Optecal Cross Sectional Areas 1 y2)
the idrenal Cortex of the Yarons Gronys

Zona fascieulata Zona fasuiculata
Groups Z)na glomerulosa ext nt
Mean SD P Mean SD P Mean SD T
ntreated CosBl mue 189 019 -~ %3 oM - 237 033 -~
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€541 mice 206 079 NS 90 07 NS 940 937 NS
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small part of the cell population i the glomerular zone had nucleoh
that were substantially greater than those ebserved in unireated am
mals (Fig 6) These nucleoh belong to the enlarged nucler described
above

The ACTH treated ammals showed ighly sigmficant mncrease 1n
nucleolar size 1 af} cortical layers The inurease in the sona glomeru
Iosa was 2o per cent in the outer faseicular zone 79 per cent and m
the wrer fascicular zone 47 per cent Thus the refatne inurease in
nucleolar size was greater than that m nuclear size In contrast to the
changes of nuclear size a marked sperease in nucleolar stze was found
1n the mner fasecular zone
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DISCUSSION

The main purpose of the present insestigation was to find evidence of
the level of pitntary stimulation of the adrenal cortex in a mouse
strain with spontaneous adrenocortical ipid depletion (AC)

The AC mice are strihngly similar to the untreated Co7B) mice with
respect to all patamelers examined except for the hpid depletion it
self On the other hand both nuclear and nucleolar size and zonal
width undergo marked and significant changes with experimentally
mduced altcrations in the Jevel of ACTH stimulation in the C57B!
stram Previous studies have shown that identienl treatment with
ACTH 1ncreases the adrenal weight by 68 per cent and that the dexa
methasone treatment lower the adrenal weight by 23 per cent These
experiments were also carrted out i the AC mice and the results were
almost 1dentical in the iwo sirains (15}

The present histometrie studies give no evidence of an abnormal
level of pituitary adrenocortical shimulation 1n AC mice It may be
pomted out however that the experimentally induced alterations n
the control strain as a basis for comparison are not necessarily repre
sentative of mild and chronic endogenous changes mn prtwitiry function
As regards mduction of decrease m pituitary function chemical depres
slon wilh a potent gluce corticord {dexamethasone} was considered to
represent a more lensent procedure than hypophysectomy The results
n the dexamethasone series mav be interpreted in this way The alter
ations of zonal widths after dexamethasone treatment are smmilar to
those observed 1n hypophysectomy experimenls on mice (10) the de
crease in the size of the .ona fasceculala may he explained as an atrophy
which mamly affects the eyloplasma of the cells or as a reduction in
the number of cclls However contrary o the results of haryometnc
measurements after hypophysectomv (23) the present inveshigation
does not point to a complete cessation of stimulation of the adreno
cortical cells 1n so far as no alterattons of nuclear and nucleolar size
were found 1n the dexamethasone series

The study by Tonutix et al (23) showed that ACTH treatment com
parable to the present had an effect upon adrenocortical nuclear size
wlich was similar te although not as marked as that seen 12 animals
subjected to severe operative stress Experimental elevation of endogen
ous ACTH secrehion can be effected 1n other ways (e ¢ admimsiration
of formaln exposure o cold) However according to our experiences
the toleration of mice against long term treatment of this kind 1s very
‘arable In spite of important disadyantages (probably unphysiological
doses and intermuttent effect (19)) the expermmental eonditions are
belter eontrolled by admimstration of exogenous ACTH In the present

study care was taken to sacrifice the anmals when the adrenal cortex
was probably under full influence of the last doses of hormeones (19)
In pilot studies the chosen daily doses of ACTH (and dexamethasone)
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hwt o spmfieant effeet on wdrenal waght but dud not represont
mramyl simub Theecfore  the present hormonal findings 1 the
(»7B1 strun should be rowsonably well comparable with mld and
chrenie undogenons chanoes 1n pilintary stimulabon

Timd deplebion of the wrenad cortex as an typression of the rcule
slress reactien stems to be combned with an merease m the sue of
“drenceorticnf nucler and nucleols Dunng this condition there was
aceording to Sandritter & Huboller = inverse sclationship between
the eontenl of hipids and the size of nucler 1nd nucliols i the Fsacuiar
celis of vals (16) These results seem (o be comparabie with the present
findings after long term treatment with exogenous ACTH and support
the conclusion that the hiprd depletion o AC mice 15 not related to an
thnormat ACTH shimulation

Thus althouyuh the speeific adrenocortieat hipid pattern in AC muee s
clearhy dependent upon an intaet piimstary function (5) nesther the
groametne (£5) nor the present histometric studies give any vvidence
of an abnormal prtwilaey function mn these muce The spontaneous
adrenecortica! hpid depiction 1s Biost expluned of if were assumed to b
tprimary moemaly of the adrenal corte stself or an abnormal infln
ence {rom other eadacric orsans most bl ey the conads Lxperunents
perivnn, to tiueidate these possiabitics wilt be reported separdeh

In the present experiments with the conirel stratn the obsery dions
agree with the fmdin,s by Tonath (23) that the nucler of the ona
glomerulosa m mice are ¢learh ACTH dependent 1t is alse remrkable
that the mner fasericutar zone m untreated mmals had the highest
mean value for nucleolar size although it showed the smallest nueler
size Large nucleolnr size vs usuatly an wdication of hih protan svn
thesss (7) nd this finding thercfore supports the theors of Symungfon
et al 121) that the mner part of the fwseaulw zone (the .ona relt
cnlarisy 15 not 1 sencseent part of the ndrennt corfex hut am nebsc
tissag

SUMMARY

Histometrie studics of the adrenat cortex 1n mice with spontancous
adrenacortical iprd depletion are reporied and compared wath simla
studics 10 2 control stram of untreated dexamethasanc tredted il
ACTH treited micc (CH7BD

s repards the wadth of corticnd zones the size of nucler and nucicolt
na significant differences between mice wath spontancons adrenocort
cat hynd deplebion ind untreated control mice were found fn the con
tral sirun the hormone treatment lead to marhed altertions of tin
paramelers exammed

1t 1s concluded b1 the spontanco
1s not caused by an abnarmat mtwmtws stimulation of th

us adrenocoriieal ipd depletion
e adrend

cortex



o

-

-

e

-

@ =

10
1n

12

&

n

5 3 S

3

w2
2

3
P

63

REFERENCES

Arnesen b Constitutional difference in lipid content of adrenals In two strains
of mice and their hybrids Acta endoer (hbh) 18 396401 195,

{rnesen A ‘The adrenothymuc constituttion and susceptitility to leuhemia in
mice Acta path microbiol scandinav Suppl 109 1-95 1956

4rnesen K The effect of corllsnnc on the lij1d pattern and the evtology or the
adrenal cortex jn mice with tical lipid
Acta path muerobiol scandinay 60 487-197 19v4

Arnesen A Leukemia and spontanesus adrenocartical lipid depletion 1n mice
Proceedings of the \IV Scandinavian Congress of Pathology Unmversitets
forlaget Oslo pp 15-16 1964

Brabranl G & Molne A The effect of hvpophysectomy on the Iipid pattern
of the adrenal cortex 1n mice with spontaneous adrenocortical hipid de
pletion A histslogical study Acta path microbiol scandma 72 491-500
1968

Caspersson 0 Caspersson T & Lomakka G A recording microplanimeter
Acta morph Neerlanda scandinaviea 3 20214 1960

Caspersson T O Cell growth and cell function A cviochemical study Ed

W Norton Comp Inc New Yerh pp 1 185 1920

Cuspersson T Fredriksson T € Thorsson h G A microplanimeter for meas
urement of endonuclear structures Hereditas 39 201 208 1923

Chester Jones I Vamiation 1n the moust adrenal cortex with special riference
to the zona reticularss and to brown degencrabion together with a dis
cussion of the cell migration theory Quart, J Shcr Ser 89 53-74 1943

Ghester Jones I The adrenal cortex Umiversity Press Cambridye 1957

Holley M P The size of nucler 1 the adrenal cortex § Path Bact 90 289
299 196>

Knobtl b Morse A Hofman } € Creep R O A histological and histo
chemical studs of hypophy eal adrenal cortical relationships 1n the rhesus
monkes Acta endocrin 17 279-738 1954

Miiter R 4 Quanhitatine changes an the nucleolus and m ceus as n hices of
adrenal cortic 1 seerct ™ activits Amer J Anat 95 497-5°7 1923

Volne R € Brabrand € Spontanc us adrenocortical lipid depleticn fn mi ¢
Telation hip ' lo general .:rmnh degeneration of ‘alrcnal \ zone and

Acta path

-~ 478-190 19¢8

Volne A The adrenal weight of mice with sp ntaneous adrenocortical hptl
letleti 0 A comparison with untreated AC1H and dexamcthasine
treated CS7B1 mice Acta p th mier bi 1 scandinay 75 37-3D 1969

Sandntter W & Hubolter ' Lber die Bedentung des Ntclealus in der \eben
nicrenrinfe Frank Z Path 65 °19-29 1)

Selye H & Stone H  On the experimental mnr[h logsy of the alreual cortex
Ed € C Thomas Springhicld MMhnois pp 1-105 1930

Selye H Thc physiolopy anl pathslogs of exposure o stress & treatise lasel
n the concepts of th gen ral adajbion syndrome anl the di ea es of
adaption Acta Ine Medienl ublishers M ntreal pp 236-349 1950

Salem J I Plasma corticosterosds in mice With special regard to <ex differ
ence jn adrenocortical re yon 1eness { exogencus cwticotrophin Scan 1
3 Chn [ab Tnvest Sippl 93 1-36 196

Sxlem J I The functi n of the alrenal corlex in mice with sy ontaniou
lqlsrtmcnrhtnl lipi1 depletion Acta path microblol  candina 0 738
1967

Syr naton T Carr 4 R GDon MV J Crant J R OQastler F € £ W1 gt
W ¢ Mlvperplasia ant tumour Hf the human airenal cortex Hj +
enz mic change  nlcorlic id prota ti 0 Ciba Fowna Coll q T
17 107-171 1928

Sentag th J Flesho B Me s B € Hias B W pothsl mic ntr he
ant ri e piteitary Ane per m =t 1 morj hological stu iy Akud
Bulapest 11 330 19

Tonutt F Bahner F & Mu hh F O Veranderungen ler Nel n e
ier Maus na t H p phy el 11 nach ACTH Bet ndiu Tttt
betrachtct am Vertalt nd ' volumina Friok 3 1, v 81
194

mn



Acta path microble scamdmnav 75 64-70 1969

‘The University Department of Pathology General Hospital Malmo Sweden

METASTASLS TO THE PITUITARY GLAND
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Metastises to the pstutary gland have been reporfed mmumnly m pa
tients sath breast eaneer (1 2 3 4 5 6) But the data gisen are
not sufficrent to allow stalistieal analysis of the frequency of such
sceondary growths The purpose of this inveshigation was to find out
whether metastases to the pitintary gland are more common 1n breast
eancer than i cancer of other organs

MATERIAl AND METHODS

The material consisted of subjects autopsied at the Unhersity Institution of Patho
logy Geperal Hospital Malmo Sweden It consmisted of two senes one comprisivg
all cases of hreast cancer seen between ist January 1958 and 30th September 1985
retrospectively studred the other was = prospective study of all subjects with
malignant epithelial tumonrs and mal t mel & mac: 1;
between 15t October 1965 and 30th September 1987 In both series histological
2xaminztion zowprised not only the piturtaey gland but alse primary tumeurs

1, d ! o lungs hser splren hidoeys end
Irmph nodes regional to the primary tumour the supraclayvicular medusuun{ an’d

retroperatoneal lymph noedes 1 not H both the
and the adenohypophysis were rejected N
Yiost of the miturtary glands were dinlded Hy fn a plene perp

10 the stalk and passing through baoth the adenohypophysis and the neurohy pophysss
Each hypophyus was cut into 14 pieces and one sechion from each plece was stamed
with haematoxylin erythrossn

In the statistical analysis of the data the chi square method with Yates correction

was used for groups of less than 5 cases

RFSULTS

The results are summanzed m Table 1 and Fag 3 1t s clear from g
1 that pthwitary metastases were more common mn the loner age groups
and 1 cases with mulliple metastases (metastases fo 5 or more ar
gans) Stalistical anafysis of the doia obtamned m the prospeetive 2
sear series showed that metastases to the primitary gland were signif
cantly more common n subjects with mammary encer than an W
those wsth other types of cancer tahen together (0001 > p)

No significant difference between breast cancer and bronchsal cancer
was found regirding the frequency of pitustars metaslases 01>p>
805) Pitustam metastases were more comimon m subjects with bron
chial cancer than n the rest of the matersal after cxclusion of breast

cancer {05 > p >002)
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Number|
250f Z
Gases with metastases in 5 ormor#
200 organs with pituitary metastases
Cases with metastases 1n 5 or more
organs without pituitary metastases
7 Cases with pituitary metastases
1504 4
100
50-

31 41 61 6 71 81 91 31 4 51 61 11 81 91 A
40 §0 60 70 BO 90100 40 50 60 70 80 90 100 A9®
Fig 1
Age distnibution of material Columns to the left represent entire tumour material
on st Octoler 1965 30th September 1967 Columns to the right represent age
distribution of subjects with breast cancer 1958 1967

The frequency of metastases to the pituitary gland was higher 1mony,
paticnls with carcinoma of the breast than amon,, those with carcinoma
of the colon {p > 0001) of the stomach (001 > p > 0001) or of the
ovartes (000 > p > 002) while there was no significant difference
1n this respect between panereatic (01 > p > 005) and prostatic can
cer (p > 01)

In the subjects with metastases fo 5 or more organs sccondary
growths in the mtuitary gland were more common among those with
breast cancer than in the rest of the material (0001 > p) This was
also found to be the case m subjects wilh skeletal metastases (001 > p
> 0001)

On careful lustolosical nnalyvsis of the metastases i the 29 cases
included 1n the 2 year series of mahgnant tumours the metaslases to
the neurohypophysis were found to have infiltrated the adenohypo
physis or pice versa in 13 ¢ases ind in 7 of these the tumour grew also
in the capsule In 2 of these 13 cascs and only in these 2 of all 29
cases the tumour grew in the sinusords of the adenohypophysis In 5
cases gronwth was seen in the capsule and m the neurohypophssis and

5 acTarern 751
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Metastases to the patwitary gland have been reported mamly m pa
tients with breast cancer (1 2 3 4 5 6) But the data given arc
not suffictent to allow statistical analysis of the frequency of such
secondary growths The purpose of this mvestigation was to find out
whether melastases to the piturtary pland are more common in breast
cancer than in cancer of other organs

MATERIAL AND METHODS

The materal consisted af subjects autopsted at the Unfrversity Institution of Patho
logy General Hospital Malmoe Sweden It consisted of two series one comprising
all cases of breast cancer seen between 1st January 1958 and 30th September 18ba
retrospectively studied the other was a prospectine stndy of all subjects with
malignant epithelial tumours and mal t mel di d 1
between 1st October 1965 and 30th Seplember 1967 In both serfes histologreal
exarnpination comprised not only the pitustary gland but also primary tumours
) %] Jungs brer spleen Jondoeys and
Iymph nodes regranal to the primary tumour the supraclavicular mediastinal and
lymph nodes not both the neurohypophysts
and the adenohy pophs sis were rejected
Most of the pitustary glands were divided to a plane
ta the stalk and passing through both the adenchypophysis and the neurohy pophysis
Each fiypophysis was cut 1nto 1 pieces 2nd one section from each picce was statned
with haematoxyhn erythrosin
In the statistical analysis of the data the chi square methed with Yates correction
was used for graups of less than § cases

1 dacul

RESULTS

The resulls are summarized i Table 1 and F1, 1 ¥t s clear from Fig
1 that piturtary metastases were more common I the lower ae £roups
and n eases with multiple metastases (metistases to 5 or more or
gans) Stabistical analysis of the data obtamed m the prospectsve 2
year series showed that metastases to the pituitary ghind were sigmfi
cantly more common i subjects with mammary eancer than w at
those with other txpes of cancer taken together (0 001 > p)

Vo significant difference between breast cancer and bronchi} caneer
was found regardin,, the frequency of pitmiary metastases @1>p>
005) Pitutary metastases were more common in subyects with bm“x
chial cancer than n the rest of the material after cxclusion of breas

cancer (005 > p >002)
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Humber!
250 7
u Cases with metastases n 5 ormore
200 organs with piturtary metastases
773 Cases wnth metastases in G or mare
organs without pituitary metastases
7 B Cases with pitultary metastases
150, 4
100! ’JI
501
A
e

3
31 41 5 6t 71 &1 9 31 41 61 6f 71 81 81
40 50 60 70 80 90100 40 50 60 70 80 90 100 4ge
Fiy 1
Age distnibution of matersal Columns o the lefl represent entire tumour material
on 15t October 1965 30th September 1967 Colurmns to the right represent age
distzibttion of subjects with breast cancer 1258-19¢7

The frequency of metastases to the ptwitary gland was higher among
paticats with careinoma of the hreast than among those with caresnoma
of the colen (p > 0001) of the stomach (001 > p > 0001} or of the
ovaries (605 > p > 002) whale there was no Stgnificant wiffcence
1m this respeet between panercatie (01> p > 605) and prostaty. can
cer fp>01)

In the subjects with metistases o 5 or more organs sy condary
Browths i the prtutl iy gland werc more common among (hpse with
breast cancer thea i the rest of the matessal (0001 > ) This w1s
also found to be the case m subjects with sheletal metastages ®ol>p
> 0001)

On careful inslofogical anatvsis of the metastas s gy the 29 cases
mefuded in the 2 yer serwes of it ¢ the metast to
e neurohypopliysts were found to hae wfilltaleg the adenohypo
Physis or piee p2rsa in 13 cases and i 7 of these the tumour grew al<o
1 the cipsule In 2 of these 13 <ases and only 1n lhese 2 of alt 29
€583 the lumotir grevs tn the sinuscids of the 1denchy poj ! 1515 Inb
cases grow!h was scen m the caf sule and i the Neurghyp ¢ YIS and

3 actarame a1
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Metustases to the pitmtary glmd have becn reported mamly mn pa
tients with breast cancer (1 2,3 4 5 6) Bui the data guen are
not sufficient to allow stalistical analysis of the frequeney of such
secondary growths The purpose of this myvestigation was to find out
swhether metastases lo the pilintary gland are more commen 1 breast
cancer than 1n eancer of other organs

MATERIAL AND METHODS

The materral conststed of subjects autopsied at the Unsversity Institution of Patho
Jogy General Hospital Malmo Sweden It consisted of iwo series one comprising
all cases of breast cancer seen between 1st January 1958 and 30th September 1965
retrospectively studred the othber was a prospective study of all subjects with
malignant epithelial tumours and t mel ‘ jesd
between ist October 1965 and 30th Scplember 1967 In both serses histological
examnation camprised tot only the putuitary gland but also primary tumours
macr Ny suspected 2 lungs liver spleen kidneys and
lymph nodes regronal to the primary tumonr the supraclavicular mediastinal and
retroperstonez! Iymph nodes Specimens pot including both the neurchypophysts
and the adenoh) pophy sis were reiceted
Most of the pituitary glands were dissded macroscoprcally in a plane perpend: ular
to the stalk and passing through both the adenohypophysis and the neurohy pophysis
Each hy pophysis was cut inte 1 pieces and one section from each prece was stained
with haematoxyhin erythrosin
1 Inthe statistical analysis of the data the chi square method with 1ates correction
- was used for grovps of less thap 5 cases

.

RESULTS

The resulls are summarized tn Table 1 and Fig 1 Jt 1s clear from Fig
1 that pituitary metastases were more common m the lover ge groups
and m cases with multiple metastases (metastases to b or more or
gans) Statistical analysis of the data obtamed i the prospeelise 2
year scries shoned that metastases to the ptiwtary glwnd were signif
canily more common 1 subjecis with mammary canecr than m all
those wath other types of cancer tahen together (0001 > p)

No signifieant difference betwecn hreast canecr and bronchial caneer
was found reqarding the frequency of ptntary metastases (01>p>
0 05) Patmtary metastases were more common m subjects ml;x brm;xt
¢hial eancer than m the rest of the matertal after exctusion of bread

cancer (000 > p >002)



b7

in Present Materal

Number of cases “umber of cases Number of cases
pitustary with metastases to waths skeletal with metastases to
4§ or more argans melastases bram and/or mepiages
total fnentie MBEREC e MSISEE i 18 clsct
e twmone "JRTAY Cwmowr LAY wmour VTSRS
group) group piturtary group patumtars BTOUP  Ltuitary
1 (178¢) 50 17 46 1 61 1
2(135) 30 2 " 0 u 1
§(55 %) 5 5 9 5 sg :‘;
q 2 o 4 ¢
1(3%) 0 4 30 4 a2 2
1@2%) 18 1 9 (1’ g H
0 1 ] 2
1e2507) 10 1 F 1 0 4
v 10 [ 1 [ 1 a
0 4 [ [ [ o ¢
0 3 [ 1 [ [ 0
1 5 1 3 3 1 [}
[ 3 [ 4 [} ° s
o 3 ] o o 0 0
2 5 ] 3 [ 5 2
98y "3 L] 19 3 56 i
34(158¢7)
1 (128e)
139 eh)

lreast and hypophyscd growth there sere metast wses Lo the bran and
to the memnges

DISCUSSION

Suree the muddle of the 19Uk century (Hepyenun 1857 5) many single
crses of mefistases to the mtwitary gland have heen reparted (5)
Pubilications of larger senies tre summarized sn Table 2 (1 2 3 4
67

Tiw frequency of metastases to the putudary gland m our ctses of
breast cneer was 149 per cent 1 e a fipure roughly mtermediite the
hephest and lovest poreentages given i Tabile 2 Tn our 2 year series of
malipn wit {wwours the frequeney of pitudars metistases was 38 per
cent Statislical imilusis of oue Gindings shawed that metastases ta the
ndutan are sigufre mlly more commen m subgecls sath carcinoma of

3
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the breast than amaong all subjects with other sorls of cancer taken
together This difference hid been suspecled from earhicr ivesh
gations {see Table 2) m wluch 1t however never had been proved
stalistseally

The wvesti,ation showed that metastases to the pituilary were most
common m subjecls with widespread metastases including melastases
to the vertebrac In 18 (about 60 per cent) out of the 29 cases histole
gical analysis of pitttary metastases revealed thil these metastases
might have heen set up by spread from secondary growths 1a an adp1
cent part of the skeleton This would help fo esplun why plutary
metasiases were morc comnon in subjects with carcinoma of the
breast Among these subjects 52 per ¢ont had widesprend melastases
{to 5 or more orgins) compared with 31 per cent in the rest of the
matersal The correspondin,, figures for skeletal metastascs were 49
per cent and 22 per cent It 1s howeter remisrkable that prostatse
cancer 1 which skelefal metasiases were more common than in breast
cancer the frcquency of plmitary metastases was lower m the former
than 1n the latter group (Table 1) but p > 01 The frequencs of
priuniary melastases was also sigmificantly higher among subjects with
caramoma of the brenst and widesprend metastases than mn ail other
cases with widespread metastases This was also found to applv to
subjects with sheletal metastases It 1s thus possihle that addiional
factor are mvolved in the production of piturtary metastascs in pa
tients with carenoma of the breast

SUMWARY

Routmne histological examination of the pilwitars at watepsy of 214
subjects with carctnoma of the hreast revealed metastases in 34 cases
(158 per eunt) In order to find out whether carcinoma of the breast
sels up melastases to the pitmtary more often than other mabi,nant
tumours the prtuitary was studred histologically 1 a 2 year autopsy
series (763 cases) of mahignant epithelndt tumours and mahgnant
melanoma Pud oy metastases were demonstrated mn 29 cases (38
per cent) The malenal wcluded 94 cases of carcmoma of the breast
{not mcluded 1n the first mentioned 214 cases) Twelve (12 8 per cent)
of these had prurtary metastases 1¢ a stahistically hugher {requency
than i all the other cases of tnmour taken together (0001 > Y]

Prtwitary metaslases were most common i subjects with widespread
metastses {ail 29 patients had melastases Lo 5 or more organs) and in
subjeets with widespread sheletal metastases These obsers ations conld
partly explam the agher {requency of melastases to the plitary n
subjects with carcinoma of the breast In the 29 cases with metastases
1o the mitmlary gland the secondary growths in the hypophysis were
canfined to the ncurohs popliysis in 12 patients 1o the adenohypophysis

m 4 miolung both the ne
e 6 urohypophysis and the adenohspophvsis
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’
Rheumatism Research Unit of Aarhus Unisersity hommunehospitalet Aarhus
Denmark (Head H Craudal)

IMMUNOHISTOCHEMICAL DEMONSTRATION OF
RHEUMATOID FACTOR (RF)

IN ALCOHOL FIXED SYINOVIAL TISSUD
FROM PATIENTS WITH
RHEUMATOID ARTHRITIS (RA)

By

Jouanves Frus
Recened 23+ 68

Serologial methods have for many years been used as a diagnostic md
in rheumatology \[ilestones are W aaler s observation of the ability of
rheumatoid serum {o agglutinate sensitized sheep red cells (W aaler
1939) and the introduction of the latex fixation test by Singer & Plot.
(1956) Demonstration 1n serum of RF has weight as one eriterion for
the diagnosis RA (Ropes et al 1928) The existence of al least § of the
following pathologicalanat I ch shown by hustol exa
minttion of the synovial membrane 1s also consulered one criterion
Viilous hypertrophy proliferation of superficial synovial cells wmid
trabion of chronic infl v cells with tendency to form Iymfoid
nodules deposition of [ibrin and foct of cell necrosis (Fig 1)

Mellors et al (1909) were the first to demonstrate the applicallit
of immunofluorescence mrcroscopy 1n rheumatulog; claming that “‘3
demonstration of RF m situ 1n the affecled synovial membrane 1s .
finding specific for RA A reliable \aluation of thys hypothesis wo Is
demand examination of a greal biopsy matirial {and g chnical foH:\
up) 1In this study we have iried to find a method sulable for ":

h al ex 1on The method has heen used e:
6 patients The result will appear

synotial biopsies from 2 total of 11
from the following

MATERIAL AMD METHOQODS

Synovlal issue removed by operation parth on patfe

partments partly on notlents. from this department. e prom oiher hospital de
histol gie examunation ha been carried ot after statarng wath Jori¢d Routine
¢ sin Also Pappenhe m  taining with meth 1 gr onn o haematorylin and
£ Voury 119600 h b n arn d oLt An immunofluarescent 14K Lo eV arnas
tents of RF o the @ 1} m mbr ne has been made and g woalysis of the con
tents of immun glot hn 1) nd immunoglobulin ¢ g ,c35es the con
ccamined %C) hase also been
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Figs 3-3
Fig 3 The wost common form of Ru sell boties
pieomn philic PAS positne and often extubiting positive staning for RE
Staiming  haem Uax lin and ¢ m (X 1000)
Fig § Classy al Russel bodies consisting of small glchules in a cluster Lihe ar
rang ment most 1t hallv le cloped from a single globule as shawn in
F1p 3 Stumng hacmatoxslin and eosin (> 1008)

siugle g globules shghtiy

Reagunt used © r the ymmunafl ores ent demonstration of BF  iggregated human
#ammagl bulin ¢ njugated 1ith fluorescermisnthiocyanate (agg buman gamma
slcbubm ¥ITC) We usid gammagh bubi of differeat onin The resulfs dbtained
W re the some whether we used 1) human gammaghbuhn supphed by phil de
Albert Hansen Statens < h 2y % ulin (human
Jvophilized) haby or 31 plasma fraction 11 (human) Hylang Gammaglobulia




Fris o6
&ty 5 Sumerous plasma ells qust beneath the ssnovsal cells staacd Ty BE (fr m
2 case  { adtne RAy Cold ethans) fixatien and stainisg with agg human
gammaglhubin FITC ¢ X 100)
Fis € Pla macells brilliant fluarcscent when stained for JgM {rase of aetine RA1
€ I ethanol fixatim and tunng with geat antthuman IgM FITC (X 1000

conditions In group I conventioml stelogical eximinabion revealed
oniy a fen antonmienl pithologetl chan,es Howeser iwo hiopsies
the ostcorthrosis subgroup showed such changes that the ARA
criferion for B4 re,irding hustolooy was fuifilled In all biopsies
yubreated i group 1 there was 1 chronte synovibis with vitlous hyper
lmph) often compact fibrin deposthon and m many cases necrotic

chnges



Figs 7-8
In the eryostat technique the fluorescence i somewhat granular The se tions
mav be cut vers thin Slaming agg humen gammaglobulin FITG (X 490)

Following the Smnte Marie technique the cells are more casil  recogmized
ing sharph outlined. The fluor s co c is Je s bright Staming agg human
gammaglobulin FITC (X 100)
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Figs 9-104

Fig 9 Typueal arr of f n dense «Ilinfiltratt n
aroun ] a vessel Fixatron madulncd Saunte \11rlt. Starnmg  ags human
gammaglobulin FITC (x 400)

Fig 101 Single brighth fluorescent plasmacell Fitation medificd Sant
Staining  agg human gammaiglobubin FITC (% 1060y

Marie
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By immunofluorescence R was demonskrated in the plasmacells of
the synovial membrane from 51 out of 64 patients wilh RA 1 e 2 post
tive finding, tn 80 per cent In 16 cases of joint discases other than RA
meluded in group II RF was demonstrated n 4 eases of which two
chinieally were rubricated as monarthribs one as dermatomjositis
(sero posttise with Jomt affection) and one s arthritis with psoriasis
{sero positine) FTurther we have 1n one case of juvemle arthribis found
very sii,ht fluorescence of single plasma celis The case was classified
howeser as negative because of the queshionable fluorescence which
was not reliably reproduced at a laler examnation RF was not demon
strated  any of the bropsies from 26 patienls 1n the control group
In all eases of posittive findings RF has been localized i plasma cells
or Russell bodies a fact that made the evalyation of our findings more
casy

The number of fluorcseent cells varied from seclion o seetion Even
varition from one opsy lo another taken from the same joint from
the same paticnt was observed

In 2 simiar way a great variation 1n the number of plasma cells was
found ranging from zero i some sections lo an mnumarable mass
filling up all viilies 1 some sections (Figs 5 9 and 10)

Among a totnl of 61 cases of RA {Table 1) a number of fluorescent
cells was found m 10 cases varying from more than 10 up to extremely
many per scction In all of these 10 cases n dense nfiltration with
plasmacells was found mn 5 of them toseiher with more or less pro
nounced reaction centres In 1 cases the number of fluorescent cells
varied from 1 single up to 10 ceils per section Finally mn 13 cases no
fluorescent cells were found In this group (marhed RF 1n Table 1)
plasmacelis were found to be almost completels absent in 4 biopsics
and onls two cases exhibited dense mfiltralion with plasmiacells {one
biopsy from a sero positine and one biepsy from a sero negalive pa
tient)

}
DISCUSSION

We found our method for conjusation of protein with FITC casy and
tume saving, compared with the methods used elsewherc Regarding the
histologieal techmque 1t should be nated that prestons papers concern
mg the im h [ rafion of R In synotral mem
branes with a few exceptions hue rehied on observations made 11
swnovial lissue that was dcepfrozen wnd provessed by cryostat lechnt

que Smnte Varte (1962) demonstrated that certain antizens resisted
fixation 1 cold ethanol and could be demonstrated after paraffin em

bedding Ball et al (1964) called the attention to the apphicabiity of
thus method for the demonstration of RF and since then Sunte Marie $
fechmgque has been uscd in the followmng two sludies of the occurrence
of RF 1n the tissues WeCormuel & Hill (1964) and Douglas (19&.)4
According to Ball et al (1964) RF ean be demonstrated even after 2
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1h

hours wation at room perature The modifiwcation we for
practicat reasons Had to mniroduce inte Sainte Manes technique 1s
based on this observation

To valuate the methods our results 1re to be compared with the
results obiamed by Wellors (1963} He and lus co workers hase col
jected the until now only greater material of synovial bropsies from
patients with RA examuned for the occurrence of RE The matenal has
not been published sn detast but 1s summed up as follows  After examu
nation of biopsies removed from at least 100 patients with different
types of joint disease Metfors has m evesy case of active RA been ahle
to ¢ rate celis and T bly formmg RF m hymph
notks 3n synovial membranes or 1 both Mellors found RF m hwopsies
removed from & patients wilh sero negatine monarlicular or olherwase
atypieal eases of arihntis All 5 patients three aduits and ino chuldren
eventually developed tymeal polyarticular RA As a control Mellors
examned a opsy materssl from patients with many different jont
diseases other than RA in these eases he was not able {o demonsirate
RE m the affected synovial membrane By w3y of comparison 1 our
material RE 15 (Table 1) demonstrated 1 svnovial tissue from 80 per
cent of a total of 64 patients with RA by examinabion of 1 single or at
most two or three bropsies from every pabient 'wnd from every bopsy
a small number of sechions Tins result 15 m reasonable nccordance
walh Meilor s results hecause of the following resertations talen by
MeHors Tissne m abundant quantits  from every patent Mellors
removed several tissue specimens and on n mertge eut 30-40 sce
tons from cach of the blocks prepared Secondiv Mellors writes that
most of the eximined patients with RA had 2 strong positune serolegical
reaction for BRI for which reason it to some extent must be con
sidered v selected matenal Personally Mellors expressed the sigmify
cance of the st menloned fact w ahout the followin, terms In cises
of actsse elassic RA sn adulls with 4 Jugh bitre of RF m serum the
presence of RE wail be demonstrable by exanunation merely of a single
section from the synovint membrane whereas #t may Tequnre examina
tion of many sections to find yust a few fluorescent cclls when alypreal
nd early cases are concerned

Completely necrotic biopsies were excluded from the present mate
naf {Table ¥} However some biopsies conswstng mostls of fibrous
tissue were mncluded 1nd alse some partly necrotic baopsies wath fow
and pale ptusmacdis Such biopsies were found either to
few fluorescent cells or none at all ¢ 5 hop
many plasmacclls wre most f for the wnmunohistochermeal demon
stration of RF contanng, eells
:;ll things considered 3t must be reasonable to ass

to hve obtmned 1 hisher number of positase

case had examined more blochs and {"tom mcr:dl:?::kl;;\dc ci:: :’:::é
sections 1t swtable interials We nussed this or;portuml; because we

contam \ery
.

umie that we qught
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wanled to examine the applicalnhiy of the stated method for practic
able screening of a greater biopsy materal
In this mvestigation we have like Mellors been able to locihize RF
in plasmaceils and Russell hoches in the affected synovial membranes
of patints with RA Several imvestisators have found i stmilar Iocalisa
tron (McCormic] 1963 Rodman et al 1967} Aowoslawsht & Br osho
{1967) emphasize that RF nearly always could be demonstrated m the
cells of and occiswonally s non cellular depostts i all reaction cen
tres present We have observed sometiung bike this i sections from a
single biopsy processed by the freczing technique but never m sections
cxposed Lo aleohollixation As distinct from this Fish ef al (1966) bave
found RF localized extracellularly partly as well defined spots (2-20
mucrons) partly mn larger somewhal irre,ular areas (25-100 microns)
The explanation of thus discrepancy may possibly be that RF 1s pro
duced 1 certain cells of the svnovial membrane 1p which the concen
tration 1s highest since these cells release RF (according to Meliors by
a secrebhion process) it may not be absurd to suggest that a hi,h extra
cellular concentrition might become sisthle if a spectal refined techm
que were used It remoms to be cxpluned why Fish el al failed lo
ohserve any celis contuning RF
Hollandcr (1966) has managed to relcase RF from lencocyles 1solated
from joint effuston n cases of sero nesative arthritis Morbus Stl!
moarbus Bechierew psorialic arthritis and early stages of RA Also
these cases 1s RF presumably formed n the plasma cells of the synevial
membrane Hollander assumes that RF reacts with IgG formine, parti
cular complexes In such cases phagocyltosis by leucocytes prevenls
lTocally formed RF from reaching the crrculalion According lo a pre
viously ads inced hy pothesis (Hollander et al 1965) the self perpetuat
ng jomnt discase 15 etused by release of Iysosomal enzy mes from the so
called RA cells or ragocyles leucocytes i the jont effusion with RF
contuning nclustons Hollander s hypothests mught explan the am
'provement 1n the general condition of pahients to be observed afier
svnoveclomy (fatne & Vawnto 1964) 1mmunoprocesses pernicious to
the organism take place locally in or around the affected synovial
membrane By remotal of the s)mmunoglobulin producing, his<ues the
vicious circie may be broken possibly inducing a general remission
The 1mportance which by Hollander ef al 1s attributed to the local
production of RF emphastzes the rationality of the examnation of the
synoi1tl membrane for immunoglobulin and RF n different forms of
arthritis The results of the present study will not serve to clanly the
shelched problems but the techmque concerned opens 2 possibulity for
further nvestizations which may contribute to cist light over the
pub of the rh to:d mflammalion and probabh conduce
1o a sharper distinction between different forms of rheumatism cyen
If the finding of RF 1s not specific for R4
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SUMMARY AND CONCLUSION

RF producing cells 15 an immunohistologcal feature clamed to he
specific for the rheumaiond synetial inflammators inbiltrtion Webe
tried to develop « method feasthie for tmmunokustochemical exammna

tien The method of chosee alcoholfixation and paraffin embedding
(Smnie Marie 1962) 1s a technique implung certaun adianiiges as
compared »ith the eryostat techmque Morc easv dispateh of biopsies
and the pessibalits of histoch i o tion md comven

tronal starming of serial sections In this expersment we hase for prac

tical reasons i.nored the femperiture duarmg fixation Even of this
modificatron of the technique caused some decrease in fluoreseence we
found the method serviceable as we were able {o demonstrate RT m the
plasma cclls and Russell bodies m the synerial membrane from 51 out
of 64 patsents wath RA (B0 per cenl) and mn none of the biopsies ob

tamed from 26 patients in a control group We were -ble {o demon

strate RF i the svnovial tissue from iwo palients vath men-wthritis

We find it 1 ittty 1ol an e tron fthe the ane here desenbed
would be helpful m the classifreation of earlv wnd oligosymptomatze
cases of arthritis Ve did not find RI" in sero negafne rheumatord
arthrslas jusenale arthnfts o peomatic arthritis but the pumber of
pattents exummed 18 very small For the examination of such cases the
more refined eryostat techmque mght be prefersble Further work
wpon ths sulijeet might contnbnte to a eleanms up to the pathogenesis
of the rheumatord wiflammntion
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wanted to ¢xamine the applicability of the stated method for practic
able screcmng of 1 greater biopsy malenal

In tlus mnvestigation we hase Iihe Mellors been able to localze RF
1 plasmacells 1nd Russell bodes 1n the affected synovial membranes
of patients with RA Scveral imvestigators have found 2 similar localisa
tion (McCornuch 1903 Rodman et al 1967) Aowoslawskt & Br osko
(1967) emphasize that RF nearly 1lwass could be demonstrated in the
cells of and occasionally s non cellular deposils i all reaction cen
tres present We have observed somethin., ke this i seclions from 2
single biopsy processed by the freczing technique but never n seetions
exposed o alecholfixation As distinct from {his Fish et al (1966) have
found RF localized exiracellularly partly as well defined spols (2-20
mucrons) partly i larger somewhat irresular areas (25-100 microns)
The explanation of this discrepancy mav posstbfy be that RF 1s pro
duced m certam cells of the synovial membrane in which the concen
tration 1s highest since these cells release RE (nccording to Mellors by
a secrchion process) 1t mav not be absurd to suzgest that a high exira
cellular concentratton mught become visible if 2 speeinl refined techm
que were used It remams to be explamed why I'ish ef al failed to
observe 1ny cells contuning RF

Hollander (1966) has managed to release RF from lencocy tes 1solated
from jomnt effusion 1 cises of sero nesatnve arthrsbs Morbus Shll
morbus Bechlerew, psoriatic arthritis and early stages of RA Also m
these eases 1s RF presumably formed 1n the plasma cells of the synovial
membrane Hollander assumes that RF reacts with IgG ferming parli
culr complexes In such cascs phagocytosis by leucocytes prevents
locally formed RF from reachin, the airculation According to a pre
vioush advanced hypothesis (Hollander et al 1965) the self perpetuat
1ng Joint discase 1s caused by releasc of lysosomnl enzymes from the so
called RA cells or ragoestes leucocvles m the jont effusion with RF
contamnng, mclusions Hollander s hypothesis might explain the 1m
provement 1n the general condition of patients to be observed after
synovectomy (Latne & Varnio 1964) mmmunoproccsses pernicious to
the orgamism take place locally i or around the affected synoviil
membranc By removal of the tmmunoglobulin producing tissues the
vicious cirele may be hrohen possibly indueing a general remission

The tmportance which by Hellander ef al 1s attributed to the locnl
production of R emphasizes the rationality of the exarmnation of the
synovial membrane for immunoglobubn and RF in different forms of
arthntis The results of the present study will not serve to clanfy the
shetched problems but the techmque concerned opens a possibihity for

further imestigations which may contribute lo cast hght over the
of the rh tord mnflammation and probably conduce
{ rheumabisor even

patl
to a sharper distinction between different forms o

of the finding of RF 1s not specific for RA
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CORRODING BACTERIA FROM THE
RESPIRATORY TRACT

1 VMoraxella hingu
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§ D HENRINSEN
Recenud 165 68

An avrobie bloed agar culture of pus from an bscess m an wpper
eyehd yelded growth of 2 gramnegatine rod shich grew as by shat
fow depresstons i the agar surface together wih 2 noshaemolyhic
streptococeus Two days later 3 throat culture from o ense of tarynates
showed an abundance of sinnfar depressed colomes Agan a couple
of days Inter 1 Iarge number of sinular colonies were found in a cul
ture of pus from an abscess 1n the neck This comncrdenee suggested
that a search for or growing wath depressed colonses
rught be worth wiule

Consequenthh for some tume all enlinres from nose and throat were
serutinized very thoroughly wih a ma,mfving glass and whenever
depressed colonses were delected attempts were made to 1solate them
for study Three different kinds of orgamsm were encountercd which
showed some form of depression of the colomes One af these which
grew wth b herienl eob whieh d 10 hy e sunh shyhily
down mn the agar gnd were surrounded by shallaw narrow grooves
was found to be alpha sireplococes and was not studied furtber

The other ino orgamsms nere gramnegatinve rods One of these which
showed a distnet beta haemolysts and was wenhified as Woraxella
hirigur 1s dealt with w this paper The second organism appeared lo be
widstinguishable from Bactrrowdes corredens {1ikend nd 15 desit
with sn the followin,, paper

A study of 487 cultures of nose and throal <w ids rosulted s the
ssolation of 18 straws of these two oryanmms mon dona Sf 31 per
cent Among these struns § ssexe Mornn o/ n0 11 prcenl) and
13 (uecarly 3 per cent) were Bacterar | rr ¢ ooy 1ot seviraf reasons
it 18 obstous that thus must be lese tho u e tre ncidence 1 Some
strams grow 1o stowly 1o be detect | n L 2} hour cultures and only
beeome visible after 240 5 days 7 ¢ 2 Other struns although they
may be barely vimble may easts 1 missed or mas bo mstaben for
seratches i thie agar made by the i Jatmg loop 3 The colanies may




86

be very scarce and may be hidden amony, other colonies n the crowded
parts of the culture or maav be smpossible to 1solate & Some strams
may be strael anverobes at least 1n the primars culture

Thus these o5, misms may netually be more common w the respr
ratory tract than su.gested by these resnlls

Although the miensne search for these orpanisms was diseonbinued
other struns which were noticed winle the study was 1n progress were
wsotated and subjected to 2 more superficiil exammion Altogether 6
steamns of W Tinigu were ssolated w the course of a few months

MATERIAL AND MFETHODS

Out of the B strams one (3379/67) was tvolated from pus from an abscess fn the
upper Yeft exehd The other & were fsolated fvom throat cultures from cases of
Tarsnmtis (3793/67) sinusttix (3974/87) cbronie tonsillitis (4767/67) and rhuno
phosyngitis (4805/67 and 6111/67) In cne of the cases (3793) 1ory numerous
colonses of the sirasn were found together with remmon throat orgamisms 1o the
romaiming cases only very few colemies were found together wath Haemophtlus
wnffuen ge 1o one case with pneumococel 1n ong case and wath normal theoat
organisms 10 the remaimng cases
The methods were the same as those used previonsly in thus laboratery (1 £)

RFSUITS

Description of the colonies Colotuies on over might blood ngar cubtures
were verv charactertstic \arrow depressions of about 85 to 1 mm dia
mefer with & convex smooth centraf papila of a dinmeter correspond
g to ¥ to % of the dinmeter of the calamyv (Fig t} The papillz was
surreunded by a shatlow moat with finch srnular bottom Apast from
the haemaly s progiced on bovine blood agar these colomes were ke
those produced by many strains of B corredens The colomes were
approxsmately errenlir  After further incubation the colomes showed
considurable peripheral spread nereasing up te diameters of 4 fo 5
mm In the first 2 o 3 days seseral concentric zomes weth fincly
granular surface weny formed (Fip 2} Later after 3 1o 5 dus the
central part of the colony gradually beeame filled with Dacterint provth
and hecame shghtfs raised with a smooth shiny (Fi, 3) or an wse
gular surface (Fig 4) Somelimes tns secondary ovarprow th extented
to the margin of the colony the corrosion of the agar surface ondy

becoming vimible after remoival of the bactenal growth Thin or ansrfar
£ QF wmmee 25w ntonnn nmmesindod fha walanwes (Fr. 5) OM eyl
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would be very difficult to distingwish from all the small beta or alpha
haemols tic orgamsms which are so common 1 throat cultures
Among 11 previously hnown strains as many as 8 were 1solated from
blood cultures or pus This may not mean that this 1s an prganism wath
a hgh pathosemic potential The fact that 1t 1s isolated so rarely
speal s v unst such an assumption The explanation may rather be
that the orgamisms are very difficult to detect unless they appear n
pure culture or in predominiling numbers One of the 6 strams m
cluded 1 this study was 1solated from pus from an abscess together
with nonhacmolvlic sireptococer but there 15 no indication as to its
actiologic role in this condition One other strun was present 1n large
numbers 1n a threat cnlture from a case of laryngitis but agan there
15 little reason fo think that 1t was the eause of disease All the other
strains were very scarce in the primars cultures and probably without

any pathogemie role

SUMIARY

Six strains of Morarella kingut were 1solated from throat cultures and
from a sample of pus The stramns differed from previously known
strains 1 growing with a peculinr  corroding type of colony on blood
agir Some strans also occasionally produced ordinary smooth colo
mies ‘The struns differed from previously hnown strains mn a some
what hijher growth energy 1n bem. somewhat more hardy and m
shghtly lower levels of antibiotic sensitivity bhut otherwise thes have
the same characlers as previously studied strams Availabie evidence
st gests that this 1s a comparativels harmless parasite on the mucous

membranes of the respiratory iract

References are gnen after the following naper
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As reported in the preceding paper s number of stramns considered
to belong to Bacterowdes corrodens Fiken (2) were 1solated from aerobc
blood agar cultures of nose and throal swabs A total of 26 strans were
1solated 1n the course of about 3 months One of these strams was
1solated from an abscess n the nech together with nonhaemolytic
streptocecer

MATERIAI AND METHODS

Out af the 26 stramms 15 were subjected to more exlensive studies whereas the
remsiping 11 strams were examined more superbelally In addition 4 stramns both 1o
the R form andinthe S form were received from Dr L Retnhold VMartin Luther
Universitat Halle/Saale The 4 R strains were stud ed more closelv whereas the
S strams only were subjected to a limite 1 number of tests Furthermore 6 of the
strains studied by Erhen (2 3) were received from Dr P Holm Slatens Serum
istitut Copenhagen Three of thee strains vere facultat: e and three strict anae
robes Onls the former v ere studied more closely

I am grateful to Dr Retnhold and Dr Holm for the strains

The methods except shere stated were the same as those used before 1o this
stitute (1 6) Three methods were used for the oxidase reaction dropping solu
trons of 05 per cent of dimethyl p phenslencdiamine or of ¢ 03 per cent of tetra
methy] p phenslenediamine n to blood agar cultures and the method of Aot acs (8)
1 the case of the tetrameths 1 compound

RESULTS

Microscopy Slender mostly short gramnegatine ¢ 020-05, X 1-3 4
with rounded ends non encapsulated 1mmohle wilhout spores and
without any very marked tendency to appear as diploforms or chains

Colontes As described before (2 3 5 7 10) Most often shallow
depressions n the asar usually with a central papilla varving from a
tinv hardls rased shiny spot in the middle of the depression fo a
domed papiit which fitls niost of the depression and 1s surrounded

The excellent technical assislance f Mrs Valeria Genc y Ga ¢k n this and the
preceding study is gratefull  acknowledg
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cruse of discase eveept posstbly 1n one case The number of colonies
varted from 4 single one to 2 large number but mostls 1f v as small The
varation m numbers did not appear to be related to the elinieal diig
nosis The diagnoses were mostly trivial ailments such as smusitis
pharsngitis rhiniis allersy tonsillthis ete In one ease the organism
was found i large numbers together with nonhaemols tic streptococer
n a culture from an abscess m the neck In view of the fact that the
organism has frequentls been found n actinomycolic pus (3) one
mght suspect this to be 4 case of achinomyeosis but no actinomyces
granules were found and only ene sample of pus w1s recenced so the
achiology of the abscess 1s unknown hharrat (7) carred cul wumal
expermments with negatne rosulls

TABLE 1
Antibiotic Sensifunty of 23 Strains of Bacteroides corrodens Range of Sensttu itres
Pen Str Chlor Tetra Ery
36-21 3018 36-24 34-24 33-19
(003-10) (002-80) (< 0005-01) 002 04) (002-80)

Ox tetracycline used
Results are guien as zone diameters im mm and 1n parantheses as approumate

mummal mhibitory concentrations

DISCUSSION

B corrodens has previously only been 1solated from anaerobic cultures
and has been considered as an anaerobe althotugh some strains have
grown aerobically 1n subculture This 1s the reason why the orgimism
was classified as 1 Bacteroides species by Ethen (2 3) The resulls re
ported 1n this paper show that this organism occurs as a Frcnltatne
anaerobe The experience of Rewhold (11) mndicates that many per
haps all strans can be adapted to ierobic growth Some of Eikens
“strains 1lso grew aerobically m subculture whereas hhatrat (7) only
obtuned growth under anaerobic conditions Thus 1t 1s possible thit
the species has both facullatne and striet anacrobes B'lctcrmddl IIS
supposed to contain only strict anacrobes and it 1s therefore Inghlv
doubtful that this orgamsm rightly belon,s in this genus .

Bacteroides appenrs to be a helerogencous genus and there may be
reason 1o doubt that the common characters of the species rodshape
gramnegatiaty and anaerobiosis neeessanly are mdications ufl i:ﬁ
relationship It seems probable that genera suech as this one whicl l{lcd
based upon onlx a fuw or a single criterton will come to be reclnsst o
when more 1s hnown abont therr mutual relationships as s))w\\n !
cnitera such as DM A base composibon DNA h‘bruhzalm;l :;m (F:wp;:iep
recombmation In 1n3 ¢ase it would not seem toben A'O";‘ 1 :x‘ms The
a species With many facultatively anacrobic stramns i this g
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small dimensions of the rods the fastidiousness the oxidase reaction
and the antibiotic sensitivity of the strains are charcters which tins
spectes shares with many members of the Brucellaceae and 1t scems
that this 1s the night farmly for it It s more difficult to find a swtable
genus for 1l 1L possesses many dishnetnve characters which disingsh
1t from all the genera of this famly “nd the best solution might be to
create a new genus for it However before this 1s done more evidence
about 1ts genchic relationships to other orgaisms shoutd be gathered
So far attempts to determine the D\ 4 base composition have stranded
on dafficulties 1n gathering sufficient material for preparation of sahis
factory DNA exiracts But further attempls are m progress For the
time beng the reclassification mav be postponed

'The marked posnts rescmblance with ¥ Aingn are worth menhion
mg corroding colomes ovidase reaction anlibiotic semsitivils  But
there are also marhed differences relation lo oxv.en morphelogy and
haemolysis It would be premature to su.gest that B corrodens should
be placed in the genus Woraxella But the sinilarities mentioned should
bekept in nnend also the semewhat dulntable relationship of W Zingu
to other Voraxella specics

Althousgh there are some munor differences between different strans
of B corrodens the species appears to be comparatively homosencous
and there 15 no reason for any subdiision of the species at the present
time

The results obtamed confirm that this orgamism 1s 1 parasite of the
mucous membranes of man It 1s fairly common n throat cultures and
occurs somewhat more rarelv in the nose Rewnhiold (10) isolated
strains from pathological conditions with relation to the intestine and
the female pemlal organs which suggests that 1t may be an ahabitant
on all mucous membranes hhairat (7) 1solated no less than 16 struns
from blood cultures tal en immediately fter tooth exiraction 1n a tot 1]
of 100 e1ses which proves that this orgamism must be ver common mn
the mouth and apparently comparatively harmless

Althongh the orgamism has heen 1solated from patholegieal conty
tions such s actmomycosis (3) there 1s no evidence to show hat ot
has any independent patho,enie faculty

It 1s surprising that this orgamsm which occurs with sucly 4 Figh,
frequency 1n nerobic cultures apparently neser before hag borr £a
ported from «erobic enltures The explination 1s the slow grrar
ertremels small size of the colonies m voung cultures and .
the colomies which appear 1s finy depressions may casfly fo Micligon
for serntches in the agar As anaerolic cultures are USIAf 3 janp vor
lr(::(p]:cr the colones get time to grow to 1 Jarger size apdf 4. astor to

It mav be pointed out that none but Iwo or thres v
would have been ~oticed but fo th s leetsve aitentyr

None of the prcvious authors hias designated g Iy,

and
fettaa

Ce e ars
5 tram
~ straupe for &5
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speeies 1 propose that one of the sirams on which Erken bascd the
crealion of the species the strain 333/54~55, 1s designated as the type
stram This 1s a typrcal facultatrvely anaerobre stram It is being de
posited m the National Collection of Type Cultures and in The Ameri
can Ty pe Culture Collection

SUMMARY

Bacleroides corrodens 15 1 common mhahtant of the throat and mouth
and also occurs 1n the nose Twenty six facultatively anaerobic struns
were 1solated from aerobic blood agar cultures of throat and nose
swabs nd studied mn companson with strams studied by previons
authors The stramns are oxidase positrve both with dumethyl and
tetrametly! p phenvlenediannne It 1s suggested that this species does
nol fit mnto the genus Baclerotdes hut should be reclassified Its tazo
nom; 1s ciscussed and the points of resemblance with Moraxella hingn
are pomted out It s fed {hat the reclassificntion should he
postponed until more evidence becomes 1varlable The stramn 333/54-55
studied by LCihen 1s designated as tvpe strain
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Hyaluronic acid production is hnown n streptococet belonging to Lance
field groups A and C As far as the authors arc anare only two slrains
of thermoresistant streptococer with hyalurome cid capsules have
previousiv heen reported (4 6) neither rcacled with group D sera
(vide infra) \We have had oceasion to examine both stramns together
with 1 mucod Jaboratory sirvn and a recent mueod 1solate of S fae
calts var ymogenes which produce hyal acid and pr tat

~roup D serq

MATFRIALS AND MFTHODS

Strains  Strains DH (4) tnd 1 () werc 1 »late! from urine and tored in freeze
dred state Th S strain had been maintained in the culture ¢ Nection of this
Institate The H strain was isolate1 b ane of us {Bil) fri m a case of urinary tract
anfectrin —4ll fncul ations were d ne at 37 € unless differentls specificl

Serclogrenl tlentification was d ne 1 1th HCL extracts (5) Group A to S cra
were jroduced b Burroughs Wellcome & Co Umited hingdom An anti L stramn
strum Was prepared sccording to (13) with ultra omicalls Jjsinteprated cell

RFSUI1S

Microscopy All struns exhilntcd shorl chains of round Gram posiline
cocet of ca 1 micron dhuncler Capsules of varving width were cl¢ arls
visible by staiming according ta Voller (7)

Cullural characlertsties The I DH and S strans exhibated shiny
mucord amocbord colomes on blood agar with 15-2 mm diamder
after 18 hours They wire wintish watery semitransprent wilh regu
lar bhorders and of <oft consistenes The T strun colonies were 0.0 mim
m domcter bul othersise bk the others (Fig 1)

¥ rom primary culture of the 1T slrin two substruns wer

ved

1 md B At ptl 76 and 37 ¢ th Il slvun showed et

haemolvlic zoncs on hovine 1 »? human blood ., hizhtly
.

Auth ¢ sttr  hajteln W W of lrues B hte tnstitutt

Tuksh ptalt ©1 Nor ay

P BTN B |
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species 1 propose that one of the strains on which Eiken based the
creation of the species the stram 333/54-55 1s designated as the type
stramn This 15 a typical facultativels anacrobie strun It 1s being de
posited m the National Collection of Tspe Cultures and jn The Amert
can Type Culture Collection

SUMMARY

Bacteroides corrodens 1s a commeon inhabitant of the throat and mouth
and also occurs in the nose Twenty six facuitatnely anacrobie strains
were 1solated from acrobic blood agar cultures of throat and nose
swabs and studied in companson with strains studied by previous
authors The struns are oxudase posiine both with dimethyl and
tetramelhyl p phenvlenediamine It 1s sugsested that this species does
not fit into the genus Baclerowdes, but should be reclassified Its taxo
nomjy 1s discussed and the points of resemblince with Morazella kingu
are pownted out It i1s suggested that the reclassification should be
postponed until more evidence becomes avatlable The strun 333/54-55
studied by Lrhen 1s designated as ¢y pe stram

@ -t * I~

S © ®» u o
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Hyalurenic acsd produchion s hnown i streptococes belon,ing to Lance
field groups A and C As far as the authors are aware only two struns
of thermoresistnt streptococar with hyvaluromie acid cipsules hme
previousls been reporled (4 6) neither reacted with group D sers
(inde infra) W< have had oceaston to examine bolh strans together
with 2 mucoid lnboratory strain wnd = recent mucoid 1solate of S fae

calis par .ymogenes which produce hyaluronic acid and precipitale
wToup D sera

VATERIAIS AND MFETHODS

Strains Strains DH (4) and L (6) v cre 2 lated from urme and storcd in frecze
dried state The S strain h 4 baen maintained In the eulture coflection of this
Institute The H strain 3 2 1solated by one of us {BH) fr m a case f urinary tract
infection —All fncubations were done at 37 C unle s differently peeified

Seroligr al tlentification was done wilh HCl extracts (53) Gr u A to S scra
were jt ducel by Burroughs Wellcome & Co  United hingdom An anti L strain
strum was prep ared according to (13) with ultras micalls disinteg ated cells

RFSUITS

Microscopy Al strains extnbated short chans of round Gram positine
cocer of ca 1 micron diamicler Capsules of varving width were charh
wsible by stuming, according to Woller (7}

Caltaral charactcristics The 2 DI and S strains ¢xhibited s*
sugeotd  amoehord colonws on hlood asar sath 15-2 mm ¢
afler 18 hours They were whitish w tlery semitransparent, v ¥
tar horders and of oft consisluney The L strain colomqs no @2~
m diimcter but oth rwase like the others (ki 1)

From primary cu ture of the H slramn two substrasms ner
H oand T At plt 76 and 37°C the H gfram shos ¥ *
hwmolty zer « on bovine horse and humap b1 7 ¢

v
Auth " B optein W Wilhel, Lot
Rikt 11t Ole \orway elmsen og Frues £
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Mucold eolonies on bovine
blood agar 18 hours X1
A Stran H B Stram L

Fig 2
Haemolytic zoncs on human blood sgar after 18 hours x 6
A Stramn H+ B Stram H—
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TABLE 1
HRiochemical Characleristics

Reactions H DH 1 s
Adomital —$ — - -
Arabinose — - - -
Celtobrose +MF +D +@ D
Eseulin - +
Fructose + (1) + (1) +{1 + (1)
Galactose + () + (1) + (1) + (1)
Clucose + (D + (1) + @) + (1)
Gas production (Durham tuhe) — — — -
Glycerol + + ) + (5} + (1
i+ 1
(H— &)
Tnulin — - - -
Inositol — + () — -
Lactose + (1) + (1) - + (1
Maltose + () + (D + ™ + (1)
Mannitol + (1) + ) +(2) + (1)
Mannose + ) A+ + ™ + M
Melibuose — - - -
Raffinose — — - -
Rhamnose + &) 4+ — + ()
Saccharose 1 +(H - + (1)
Salicin + (1 + + (1) + (1)
Sorbitol + () + (1) —+ (5) + (1)
Starch + (1) + (D (5) +(1)
Trehalose +M +M) F@
N3lose - -+ (5) — —-
Argimine + + - +
Gelatin — —_ — —
“a hippurate — —_ — —
Urcase (Christensen s agar) — — — —
Inlol — —_ — —
Vethyl red + + + +
\oges [ roshauer + —_ —_ +
Oitrate growth (Koser s medium) — - —_ —
KAO reduction — — - —
pH 1n glucose brath after § days 31 33 50 30
Itmus milk (Difco)
Reduelin + — - +
(6 hours) (6 hours)
Curdle +2) - — +(”)
Acrl + - +()
Dige tion — - —
Triphen; tetrazoliumehloride + — +
{003 per cent in nutrient agar)
Catalase (3 per cent HO on shide) — — —
Oxidase reaction (hosa s methol) - - —
Soluble haemols 1n | — —- -
Trrosine hydrolvs s () + + +
In 1 per cent peplone water
§ Pesitive or negative reactions are Indicated by 4 or —
t Numbers in 1 arantheses indicate th naimber of davs elapsed bef «  posili ¢

reaction

15 per cent gel tn m broth
| Filtrates of 24 hour To Id Heu rtf Br th (Oxold) growth mived with qual parts of

suparate ? per cent su pensions of to 1 human and rabbit eryth ocytes
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narrower on the first) whereas the H strun exdnliled Alpha hacmo
I3s1s on hovmne blood 4nd heta haemolvsis onhy on the horse and human
blood (Fig 2) Thus dishinclion has remamed afler 20 subenliures

Struas DH wnd S bchinved Iihe H while the L strun gave alpha
hemolyss on all plales The zones of cletr hacmolvsts were wider by
wnverebie than by acrobie growth

No soluble hacmolvsing were demonstrated ygmmst bovim husan
or ribbut erythrocytes

OQur findings stress the par imount import wmee of selecting 1 sitable
hind of ervthracvies for blood a,2r On bovine plites onhy the H strun
and nof the I, DIY or S struns showed the bela hiemolysis wineh s
essential for a correct species dia-nosis

All straips were non malile i sem soli acar and no smedi was
dutecled from blood azar growih

Biochenucal reactions are recorded i Table I Growth was obsersed
w all tubes with negafine ronetions

After 12 days growth m bimus nulk polentiometrie me reuremints
showed pH = 50 with I pH = 20 with BIf and pH = > with
~erd producing § bouts from The Slreplococcus Refercnce 1 aboritory
London The unmoculrfcd controls hd pll = 62

The DH strawn was much slower i formmng vud from Ictow the B
and & but 1mong the struns exanuned it was the onds one §i ferment
ngsitol and svlose Stram L chd not form eud from lactosc rhamnose

or snucharose

TABLE »
Crawlh ¢ har icterstics
Tests amt Medra H [ ! B}
Heat Resistance
Growth after 56 £ for 30 min + +
68 min . + +
JGrowth at 10 C 4 ‘ T
~ < -
pHO9 6 + + j
Growth with 65 per ceat MaCl I3 + }
40 fer cent bile§ 3 ¥
@02 per cont metinl hiug in mlt
2} reductian + + :
b} coapulation + - +
Tellunte t - + :
Crowthon/in Clucrse breth + + . v
T hosphate broth + + +
Lactase hromothymJl blue agar 1 + 3
Anaerobically 1 M - +

Growth with epte hin dises
Presence of sr Jack of sreath v wdicated by 4 oF ~
10 Dextrose Broth (Dif 0)
& 1n blord agar
+ 003 (er cent an 1 Lead s 35ar
Without glucose
§ Anzerobie gar with H atmosphere
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TABLY 3
Antibotre Sensitirly

Anlibiotre H DH I s
1in 15-111 § 251 43-1 20-1
g;’:?:ﬁcm 17-111 17-111 3%-1 20-1
Caphalo porin 8-1V 9-1% 24-1 =1
Chloramphen ol 23-1 30-1 40-1 30-1
Frythromycin 26-11 31-1 48-1 731
Tincom ein 13111 13111 50-1 -1
Mcthientin oIV 141y 37-1 15-1%
Neomjycin 13 1% 14111 16-11 17-11
Aitofurantoin 23111 30 110 29111 28 111
\ovobjoein 17-11 17-11 -1 18 1
Ovvtetracschine 30-1 311 -1 341
Pementlin 23-110 2111 38-1 21111
Streptomiein 18-11 19-11 15-11L 20-1
11 strains were resistant to colistn kamamyem pabdivie acid polvm win and
sulphonamde
Tested with dis s from Bakteriol Lab harhioska Sjukhuset
Stockholm

§ Inlibition zone diameter 1n mm 15 hsted 1n Arabie pumerals
Crade of sensitinity is indicated by Roman numerals
The grades used are 1 = highly sensitine II = moderately sensitive 111 = relative
1y resistant IV = resistant

Crowth characteristics are reporied n Table 2 The H DIl and §
strains showcd the phnsiologieal properties typieal of enterococcr

Anlibiotic sensulivily 1s reported in Table 3

Demonstration of the hyaluronic acul capsules The strams were
non mucoud 1-15 em from 1 streak of hyaluromidase produecing Sta
phylococcus aureus (1) Simularhy the hhalurone eid producing
struns had colonies of the sime appearince s ordinary entcrococer
when srown on blood 1g1r contuming 50 mg of hyaluromdase (ex
hovine tcstes) per hler

Serological reactions Group I sera produced immediate precipitation
wilh both mutanls of strun H but nol with iy of the others All other
Lroup Sergave no reactions

To exclude the possibilily that the ¢ psules mught he responsible for
false negatine rawctions the strauns were grown on blood n ar contam
ng by duronidase prior to antigen preparion This taused immedtite
troup D precmtition of the S strun exiraet The DI strun anlisen
floweser rerctud rapdhy and the Tostrun after 10 minutes waith group
€ serum N\o change i preeiptation w s observed wath Lhe steuns H
I or a non mucod group D strain

The Wellcom Research Taboratories hent UK with therr slandird
leehmique subsequently found thil croup D <or gave immediate 1w
tions with H and S strun wmtigons The reaction between DI and o, tp

€ serum appcared afler 10 minut whireas the L.str/in v na
reaction -
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narrower on {he first) whereas the H strun exhubited alpha haemo
Ivsis on bovine blood nd beta hremolysis only on the horse nd human
Bood (Fr, 2) Tins distinelon has remained after 20 subeulitres

Struns DH and S hehaved hihe H, while the I siram gt alpha
hacmolysis on all plates The zones of chear b emolysis were wider by
anwrobic thin by acrebie growth

Mo soluble hacmolysins were demonstralid a,amnst hovine  human
or rabbit s throeytes

Qur findings stress the par imount mportance of scleelis, 1 suitable
hind of crythracy tes for bload 3w5ar On bosine plates onky the B strun
and not the H DI or S struns showed the bcta haumolysis which 1
cssential for a correct specics diagnosis

Al strams were non motile m sum sohd g ar  md no smell was
delected From Blood 2.41r growih

Brochenucal reactions are recorded in Fable T Growth was observed
i alt tubes with negatine rections

After 12 das growth in {itmus nulk polentiometric mc isurements
showed pH = 59 with L pl = 55 with DI and pii = > with w
acid producin., $ dovts from The Streplococcus Refcrenee Laboratory
London The unmocuiated conlrols hd plf = 62

The DH steain was much slowcr m formin, wid from Hictos than
md S but among the strans exanuned it was the only one o forment
wmoasdol and xylose Stran L did not form aeid from lactose hamnost
or sheeharose

TABLE
Growthy Lhar wteristics
Tests and Vedia H DH t s
Heat Resistance

Crowth after 56 C for 30 min + ' ' *
0 min * + +
; {rowth at 10 ( - [ *
45 C + 4 +
pHO6 + + - +
Growth yath 65 jor cent \aCl [ 4+ +
10 per cent hley - + +
002 per cent methv blue an milh N
2} reduction + + ¥
By eoagulation + - - I
Tellurte + + ~ i
Growthon i Glucose broth <+ + * v
Phosphale broth - + ES ;
Lactose bromothyme 1 Jlue agar 4 - —_ M

Anacrobically i + + +
+ + + +

Growth with oplochm dises

Presence of cr lact of growth s wdeeated by + o —
1n Dextrose Broth (Difco)

® 1a blood agar

4 004 per cent 1 Vclend s agar
Without glucase

{I Anaer)bic Jar with H atmosphere
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TABLE 3
{ntibrotie Sensttue iyt

Antibiotie H DH 1 s
Ampicillin 15111 § 291 43-1 20-1
Bacitracin 17-111 17111 3%-1 291
Cephalospyrin 8~V 9-N 241 0-1%
Chloramphenicol 231 30-1 40-1 30-1
Frythromycin 11 31-1 48-1 231

{ tncomyain 13-10t 13110 50-1 2111
Mctheillin [0 -1y 37-1 161}
Neomyen 131 1411 16-11 17-11
atofurantoin 23111 30-11 29-111 28111
Novobisein 17-11 17-11 -1 1811
Oxytetracyelme 301 31-1 -1 -1
Penteslhin 311 M-111 33-1 -7
Streptoms ein 18-11 19-11 18- 20-1

AL straims were resistant to colistin hanamyein naltdiue aci? polvmywin ant
sutphanamide
Tested with dises from Bakteriologisha 1 Rarolm ha Sjukhuset
Stockholm
§ Inhibition zate diatmeter in mam s histed i Arabw numerals
Crade of sensitnit s indicated by Roman numerals
The grades used are 1= highly sensitise 11 = moderately sensitive 111 = relative
1y resistant I\ = resistant

Grawth characleristics are teported mm Table 2 The H DI and 8
strains showed the physiwlogical properties 1y pical of enterococer

Antibolic sensitunty 1s reported in Table 3

Demonstration of the hyalurontc acud capsules Fhe stramns were
non mucoid 1-1 o em from a streak of hyaluromidase producing Sta
phylococcus aureus (1) Sumarly the byvaluronse e preducmng
struns had eolomes of the same appearnce ag ordinarsy enterocoect
when grown on blood aqar contuning 50 mg of hvaluromidase (ex
bouine testes) per iter

Serological reactions Group D setn produced immedinte precipitation
with hoth mutants of slram H bt not sath 1ny of the others All other
Kroup ser Kave no reictions

To exclude the possitaiity that the eapsules i ht be responsible for
fuse netine rosetions Lhe struns were grown on blood a,ar contam
g hyalurondase prior to mbiyn prepanition This causcd immediate
Lroup 1 preeypiabion of the S strun txtraet The PH stram anbyen
Towever Toeted ripidhy and the T stram nfter 30 minutes with group
€ serum Mo ehinot m preapialion was observed with The strains K
W or \ non mucowd Broup 1 strun
. The W dlcome Restarch Taboratories hent Uk with therr satdard
cehngue subscguently found thal group D sera E2VU Immedsates ¢,
Lons with H and S strun anbigens The reaction hetween DY acd -N('
C scrum appeared aller 10 nunules whereas the - Frap

Toates oz
ttichion P Tame vy
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Attempts to produce ant1 L struin anhibodies did not ¢lieat any reac
f1on after immumization for two months and a half

Consequentlv the H and § struns definitely belong to Iancefield
group D The DH stramn belongs to or cross reacts with group C
where s stram L 1s non tvpable

DISCUSSION

The results ndicate thit the strun isolated by u, H 1s the fust
hvaluronic 1eid producmg stramn readily reacting with group D sera
The stramn exhibited two haemolstic variants with otherwise 1dentical
properties The only differcnce was that the cephalesportn disc pro
duced an 8 mm mlution zone with H but no wmhintion with He
Metabohe properhies indeate that the H strain—as well as the DH and
S strains—1s a § faecalts var zymogenes

The DH strain 1s not typical since the charactenistic Iitmus mlh
changes dud not apper and starch was hydrolyzed Its rdlationship to
group C was rather surprising m view of the enterococeal properius
The strun must be 2 S faecalis var ~ymogenes, howover by wirtue of
1ts enterococcal attributes beta haemolvsis resistance to 004 per cent
tellurite and acid production from sorbitol

Conformuty of the L strain to S faecalis 1s incomplete since only iwo
of the hallmarl s of the enterococer were present acid was not formed
from lactose and 1t did not react with group D sera Only growth at pi 96
nd moderate thermoresistance (surviving 56 C but not 60 C for 30
munutes) were demonsirated ‘This strain 1s difficull to clasaifv It 1s
worth noling that this hiotype was not seen bv Shadhauge (12) There
are certmin sumlanties to S salwartus saprofyticus and S salwaruts
septicus of the vindons group as defined in (12) and to S equinus as
evidenced by 1ts lack of lactose fermentation Strain L howevir seems
to belong to the S sanguinus aggredate described by Coleman &
Wiltams (1) afler their computerized cluster analysis on 316 alphda
haemoly tic streptococer

Previous reports on mucowd group D streptococer are scarce In 1938
Dawson ef al (2) described enterococcal M forms 1n a thorough review
on strcptococer Their two M strains do not appear to be s mucod 45
the H DH or § strams and no mdication of hyalurenic acid produchon
was presented Nyman (8) i a survey on 149 enterococcr which 1
cluded one of the M form Dawson strams was not able 1o 1dentify any
encipsnlated strain 10 spite of atlempts to mnduce capsule productiurt
by using rich media nd mouse passages Shadhauge (11) has reported
that some S faecurm strains have small capsules of a matenal that gne
A swelling reaction with type specific sera In S faecalis howesit he
could not demonstrate mucord or encapsulated struns [n a res ew lm
the taxonomv of group D streptococes Detbel (3) elnborated on po ‘[
sacehande and shme formitron without menhionng production o
hyaluronie acxl production or the occurrence of mucmd struns

s
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SUMNMARY

Four hyaluronte acid producing streplococe from the urine were com
pared Two stramns of S faecalis var ~ymogenes H and S which ap
pear to be the first mucord hvalurome acid encapsulated slreptococc:
to react with group D scrn are desenibcd Another stramn of this spectes
deseribed earher (1) showed no group D specificity but cross reacted
with group C sera A fourth strain (6} scemed more distantly related to
the enterococcr
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ACQUISITION Or THE K12 F MALE
STATE AND THE { ANTIGEN
BY SHIGELLA FLEXNER) STRAINS

By

I hrnt!
Recesved 83269

The stady by furir & Burrous (7) on the first hybridization expert
ments with L colt h-12 and different Shigclia strans roported 4 suc
cessful transfer of the F factor However the few F Shuocila cullures
tested did not show an abihity to chromosomal transfer Smce those
authors Iicked 2 convient simple selective mcthod therr expcriments
were not extended to imvestigale the effectineness of T transfer

The present study provides some information concerning F transfer
mto struns of Shigella flexner:

MATFRIATIS AA\D METHODS

Strains The strains used in ths study are listed 1 Table 1 Same pol aux trophic
mutants of §h flexnert were selected with the a1d of an alkyvlating agent— \itroso
methy1 carbamude (4)
Sera The standard £ (W3703) and £ (W 1611) sera were prepared ficm | and F
cultures of an £ coli strain belonging to serotspe 095 h H obtained f m 1 2nd
F Orskov
An f serum was prepared according to the method deserthed by Orshor (13) using
an (f) stramn of Sh flexnert 4b (D4101) except that formalin treated instead of
e enlture was used as antigen
,, The polvvalcnt and factor sera of Sh flexnert were prepared and pi vided 1y
i Vertenys (Institule of Vicrobtology Universits Medseal School Pt Hungnr\,)"
Antigen antibody rea tions Shde agglutination tests were made with 1 10 ¢ 1 '
serum dilutrans and fresh broth agar ultures Tube agglutination wa ¢ rfurmc;‘
with twofold serial diluticns of sera and freshls piret ared saline suspen + ns of 3
3> 24 heur Id broth agar cultures After 4 hours Incubation at 37 € re hings were
made by means of a magnifung glass
The absorption «f antisera was made by the method of Ore? 2t 113 -
PRuge seastterely € ste These were performed Vith the male speaific phose 1 (a 2
from the t k ollection [ the WHO International F cherhia Centre snd 1
74 hour Id brcth  ultures of the strams etamined Strain WiB76 wa weed 8
enntrol The phage dilutins were made in foeb salution (8) "
Media The minimal medinm used ip this study was prepared sec rding to l'(lnr ¢
et al (2) but \th double ¢ ncentrahon «f gluca ¢ and with an agar ¢ nten

t Address as ferm 1969 Institute of Mrobwolny  Unfrersty Mediea? Sehoo!

Pces Hungary ©
*he asnmr wi hes b express his sincere thank ta Drs / mdhl‘ r:ul( R :‘h'm

International Fscherichla Centre  Statens Scrumuastitut Cuptr; age

interest and for advice and criticism in connection with this study
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TABIE 1
Strains Used

rain

gemus serotype source desramation markers
F che 09K -HiS  WIEC wr T Vet Mal Lac
nichia 0%k ~HI8  WIEC w1876 T Thrlcu Thi f1
calt 0 9% —Hi8  WIFC W1607 F Vet
0100 Kk H2  WIEC D12 ¥ His Iv-Mal
1a Wall (63-120-700)  LPall Nia Met Mal
1 Wil (6-1-199) UP10S1,  NiaTrpTea [y Arg Mal
D101t (£) dernate of UP1051
‘a Wl (63-10) UPsI12 Jrot trophe Mal
K Weil (£6-1-1208) UP+76 prot trorhe Mal
3 r utine strain UP300a His Leu M 1
D301+ (f) derivate f UP3OD
UP304°§  His Vet Th
The Trp Mal
Shigella 1ad Cary enter? LP% \ia Mal
Tlexnen 103 A (Ratehffc) D501, (f) dervate »f UP 53
1B Carpenter UPa37 Nia Vet Mal
103 B8 C1t D) Disart (f) dernvate of UPS3T
b Wil (63-143 1) UP4009 Nia 1 eu Mal
D014 (f) dernate of UP1009
UPAOM,  Nia Teu His Mal
5 Wil (63-148 119)  UPals 2 \al
[ Weil (71041 uPs16 2 Mal
sar \ Wal (66-1-311) uP7013 Nia Met Phe/Tve-Mal
D101t (£) dernvate of UP7013
[TTRY Wil (63-143-4) P 18 2 Mat

WIFC = WHO International |

marl

riates of train h-1?
course ¢ f this study Veill = type strains of A J Wil
P Carpentcr ™ = undetermined marl ers

her chia Centre Staten Seruminstitut Copenh gen Den
UP = Institute of Vi rabiol 1y University Mc lical School Pecs Hungan o

§ prejared at the UP-—see text 1 pr pared at the WIEC in the
Carpenter = tspe trains of

per cent Amino acids were sujplemcated in a concentraty i £ %0 ug/m! and the
thiamine concentration s as 4 pg/m!

¥ xamination of fermuntative characters and th

recipient were carried out on TMB plates
in the casc of malt se + here the sucar content was 15 per cent Stram 1 Pal7 (4 By
shich was mhibited on TMB was clected on brom th mal blue plates,

©X heart broth amnfu 1 n agar \1b per cent ag r) vas u ed
med um anllcef Froth a MAail metium In b thea es 1 per cer

nt NaCl and 09 yer ent Na HPO 17 H O werc added

1

neersion The meth 1 de
4 ¢ garisino ulatl nqu ntiy
trams wn riert pr
Usnall
FVMB sugar 11 te

agar plate  The 10t

frthe 1re «n

flexners f ot

1

n1
24h
e

13
wrtny (urmg of the £ antinen was perf rm,
the cults ¢t n

fran an o erie

b d by Orshor (13) was usc
Th )i tter must be determined
tnto ¢ sthanit
24 h ur Id mix d cultur
tt 150 tate of the recipient «
M m cr olcnies were tede
nhign Th (0) culture were tested

ed 3¢
B0 th cultares (it 7

election of the F 1 nor and
ith a sugar content of 1 per eent except

as ¢ mplete sols
ot pept ne 03 per

d thoush m lified
mdniduall o p gy

eretran forre [ o broh
d b shide agglutination

{ erum and Sp

8 o Iir tq (3)
51 Without ang
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with increasing amounts of acriflavine (10-80 ug/mi) After incubation at 37 C
for 24 hours dilutions were made from acmidine broth and from control medinm
without acridme inoculated on to broth agar plates After 18 to 24 hours growth
single colonies were tested for the presence of antigen f

Mating technique 18 to 24 hour old broth cultures of both parents were centr;
fuged and washed 1n saline ‘The saline suspension (absut 109 bactera) of each
parent were plated separatily for reversion control Similar amounts were mixed on
mimimal agar plates with appropriate ations The colomes
were purified and analysed further for unselected markers of the donor and rest
pient (8)

A

ture The ugnested by Dem rec ef al (1) was followed

RESULTS

1 f+* Antigemie Converston

The acquisibion of the f+ anhigen was used for selection of mile
Shigella flexnery str uns Representative struns of Sk flexner: serotypes
used as recipients were examined for the appearance of antigen { after
mixed enltivation with the W6 F* stramn of E colt k—12 Similar expert
ments were made with Sk flexnert (f } strans s donors The Mal
(f ) strain D 4101 (Sh flexnert 4b) was used s donor for Mal rect
pients When the reaipienis were Mal the Mal (f )* siram D1101
(Sh flexnert 1b) was emploved as donor The resulis of these exper
ments are shown m Table 2

1t will be seen from the table that f* antigen was found with a fre
quency of 1710 fo 17100 1n the colontes examined The donor/recipient
ratio probably varying during the incubation period was not followed
However on the basis of inocculation rate and the rates of colomes

TABLE 2

(f ) Conversion of Shigella flexner: Sltratns after 2+ Hours of Mired Culfwation
Ustag F coli and Sh flexner: as Donrors
*

donor strains

(f
tspe strains E coh Wi D410t (tvpe 4b)  D1101 (trpe 1h)
1a 2/200 » 150
1b 3/50 6/50
2a 3/50 250
2b 1750 1/100
3 10/50 gﬂgg
424 1/50
1aB 6750 aroot g 50
b 5/100 /!
b 2750 4 50
6 1/50 8/50
var \ 3750 6/50
var Y 1/50 1/100
E coli 0100 £9/100 1/50
D517
1 1 d § = not i tepated

number of ()

s
1n this case the recipient was UP4041 a Mal mutant



107

observed after plating the importance of an F donor surplus n the
mixed culture became apparent

The data presented here shows no differcnces between E colt or Sh
flexneri donors nor was the result of f converston influenced markedly
by usin., a pair of the same siramn (Sh flexners 1b) as recipent and
donor On the other hand the f conversion seems Lo be more effectine
n the case of transfer from h-12 to E col: 0100 (D512)

2 Sensuwity to Male Specific Phage f1

The sensitivity of representatine f{ ) dernvates of Sh flexner: sero
tvpes were tested wilh the male specific phage fI (12) Strain \\ 1876
of E colt h-12 served 2s control

Most of the struns myesbiated show the same sensitinity to phasge fl
as the tester stramn of V1876 (with an efficiencs of plating of about
10 ml) Some (f } strans ag. lutinated only poorly Such strams wvi
D310t (Sh flexnert 3) D1501 (Sh flexnert 1a) D460% (Sh flexnert
44B) and D7101 (Sh flexnerivar \) gave plaques Lhat were less clear
than usual This finding my be remuniscent of the observation made
by hnolle & @rshov (5) who by measuring the fraction of non adsorbed
phage found a correlation between phage sensitivity recombinant for
mation and f antigen

It can thus be concluded that the (f ) Sh flexner: strains show a
male specific phage sensitivity analo,ous to the male struns of F colt

3 Effect of Acriflanne Treatment

The (f ) strain D4101 of Sh flexner: 4b was treated with acniflasine
by caltivation 1 broth medwum (pH 7 6) contunmg different concen
trations of acmflavine A dose of 10 pg/ml acniflavine which cnused
only slight growth inhition resulled in clones that had lost therr f
anbigen to an exlent of almost 90 per cent Spontnncous loss of antigen
f was not observable

4 Serological Investigalions

Tube agglutination experiments performed with unahsorbed and
absorbed scra and hving struns showed idenbity between the £ antipens
mn stramn E colt 0100 (£) and Sk flexnert 4b (£)  The experimental
tesults are shown in Table 3

o Chromosome Transfer Abihiy

The chromosome transfer abihits of some of the (f ) strains of Sh
{lexnert was examuned  the results ar shownin Table 4 It will be secn
that all th Sh flexnertstraims were 1 since they could act as chromo
some dmors Struns D301 (type 39 D601 (1ype 4aB) and D7101
(a1 ) <h wedonly 2 vers pocr chrmosome donor eapacity 1t should
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TABIT 3

Serolonical inalysis ty Tube Agglutinalion of Antisen / Carered b
it Fscherichia col
{stratn Dr63) and Shigella flexner: (strain D§101) ‘

reciprocal agplutination titres wath husng
Ser absarbed with F coly 0100 Sh flexneri b
D&63(f ) Do) DUOI(E)  UPL00I(L)

WiT03 f unabsorbed 1230 0 5190 n
(075) Dol 0 0 o a
(‘égf;x f un~hsart ed 0 a a 3
unab 1hed 180 n 20450 %00
D4y f DA63 " n 2560 2560
(type dl) U1 4009 40 [ b [
L4009 4+-D603 0 i iy f
Polysant
flexner unabsorhed [ [} 1989 199¢
serum_{

0 means titre lower than 1/20

TABLF ¢
Lhromasome Transfer Abilily of Some (f ) Stramns of Shigella flcxnert
Shigella flexner: Reeiprent strans and marl crs sclecled fro
donor stratns UPLB§0 D51? w1807
(strotype) The Th et irp s I et
DI101 0 ) o + +4+ 4 +++
(1hy
D3101 [ a + 0 ] 0 0
3
Disot ] ] 0 0 + ' et
(da 1)
D4601 o 0 o o v
;o
a0t + + + i o L A
(4h)
D710 [} n + ] o @
(sar V)

4+ =16 -5 +4++ 10 50 r¢ mbin t 1 nic

8 = nc recombinant
— not mvestigated

be noted that these strasns ire poorly wolutnable in £ serum md i

vweahly detect thic male speeific phine sensitisily Struns DIT0T (type
1h) amed D401 (tvpe 424) show 1 marl ¢d chromosome transfor bty
hut only if the recrprents used re I colt Strmn DAL (hpe dbl W u:
1bie o don e several chromosomal riarhers to the Shi,c o reamen
strun UP3042

Under the conditions of thus study
queney was thout 10

the maxm i recombinant e
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The same representatines of b Sh flexnert types ware exammnid for
their recaiprent eapaady In such erosses wath L-12 s donor no re
combsnants were detceted This 1s an contrast to the crasses between
hi2F andthe (£ ) Sh fleaneristramns

DISCLSSION

Cleven years 8.0 st was shown by [uria & Burrous (7) that the mal
state could be carried over from the Ischenchia h-12 system to
Shigella strauns

In the prescnt mristyiation it was duemonstrated ihal s of the
SMugella flexnert serolypes could be converlud to the F¥ sfate n the
sense that they acquired the delernunint of the £ anbigen becamu sen
sitive to phage {1 and mn the cascs tested also beeame eapablc of chromo
somal transfer The efficieney of the conversion was low which 15 not
unusual when the I fictor 1s transferred amon., non homologous strains
Brshov (11} Makela {9) Thus thus thiference m b conversion effudn
1y 15 not necessrrily an oxpression of differcnces betweon the Ische
richin and Shugella groups but 1s more Iihdds bascd on unknown strun
dfferences

Serologteal inalysis has shown that the f antigens found in different
Eschericia coli scroly pes infecled by the k=12 male 1 1etor are wdentical
In the present smicstizalion it was shown that such wWaatdy s alsa
found when thus factor 1s transferred lo Slugella flexncry struns la
canlrist to these findings anligense relationship but not sdentity wis
found between the { antiens of Sylmonella wd F eoft h-12 (13)

Lara & Burrous (7} m thewr houited expersmenis were nof ablu fo
show chromosomal trwmsfer dirceled by Shigudi strams even thou h
Uy foresaw that such transfer muht be possible Schrewder & Eallow
{10) produced o Shigella flexneri Hir strain by the termunal seleciion
mcthod whieh carred not only the F fclor but in additton 4 prece of
the £ colt chromosome I ostr, thions at present w proqress 1 i} show

whether 1t 1s possible lo scleet Shigtlla HEr strams {rom the donar
struns dedeeted i us stads

STUMMARY

In mrved cubtures of the h 12 strun W6 F and a serus of representa
tne Shgella flexnert strams  successful € anlizen comarsion was
dumonstrited i afl Cases Shoud 110 10 per cont of the re tsolated rec
ment colomies has scqured the anlipen This frequency was n tr r:
cresett i expurients wsing, (£ ) Stugella fleznen strains ag lo ;
The siruns in which the fanligen was produced were s ((onors
the mue speetfic phoge £ and they fost the £ nbigen aft et
with 2enflavine AN (F ) straws tested for the abthty & Gll' -
transfer v conjugrtion were posttise m thus n'sp(-c)l %‘:1;0;7;‘05‘:;";"
19
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Stugella ftexnert stramns seem {o have acquired the distinet properties
of maleness hnown to be endowcd by lhe F factor

The f anligen carnied by Eschertclua colt was proved to be 1dentical
wilh the f* anligen produced by the Shigella flexnert strans
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INVESTIGATIONS ON THE ENZYMES AND TOXINS
OF STAPHYLOCOCCI
Studies on Nuclease
By
M O TIRUNARAYANAN U Lunoprap and H Lunbeeck

Recened 74168

Ci h etal (9)d trated the occurrence of a deoxyribonu
clease (D\nsc) n staphylococet in 1946 This enzyvme was of particular
nterest to biochemists s 1t markedly differed from D\ases from other
sources Staphvlococeal DNase was found to degprade deoxyribenucleic
acid to vield on exhaustive digestion only nucleotides bearing a 3 mono
phosphate terminal The enzyme was thus useful to distinguish nucleie
acid residues having, either 5 or 3 phesphate terminals (8 15 16 18)
Methods for the purification and crvstallization of D\ase were de
seribed (1 7 15 17 19) and studies of the amino cid composition and
sequence were made (2 3 20 21) The DMase of staphylococer was
found also to be active on rihonucleic acid (3 8 18 20) and thus could
be termed as a nuclease without ipparent specifieity to the sugar
moesty

In addition 1o the properties outlined thove staphtlococcal nuclease
had other applications For mstance 1t was elumed that the enzvmatic
nuclease test was as sensttive as the seroloical test for detection of en
terotoxin A used for the demonstration of staphylococeal food poisoning
(5) The heat stability of nuclease made 1t possible to reveal its pre
sence 1 boiled or heat steribized food thus permithing detection of
slaphy lococeal contamination prior to such heat treatment On the other
hand the nuclease was also found to be produced 1n close associztion
with coa.ulase by chimcal struns It was therefore sugsested that the
nuclease test nught he apphied for the dctection of potentiailv patho
seme staphylococet (27) A simular correlation hetween the production
of nuclease and coa.ulase was also demonstraled by Burns & Holtman
(4) I xperiments were therefore earried out to studs the occurrence of
nuck 1se in chinteal strains and to purifs the cnzyvme

The authors express their gratitud t D ent Eskil Hultin to stimulabog dis
cussions and f r advice in the preparat n of this manuscript
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TUBE NUMBER
Fg 2
Separation of puclease from phosphatase by gel filtration on Sephadex € 100
per cent transmission at 254 mp O -~-0 nuclease activity (H U /ml)
phosphatase (A & 400 my) at pH 525 O——C) and at pH 690 O——@

fer of pIl 76 nd tepreaipitafed with ymmomum suiphate The pre
eipitate was redissolved in 30 ml of the buffer solution

Separation of nuclease from phosphatase by gel fllraton on Sepha
dex G 100 The solution ifter the sccond ammomum sulphate precipiin
tron was chromatographed on a column of Sephadex G 100 with 1 gel
bed size of 3 em diameter nd 8 um lensth ¢ 6o { Tms HCE buffer of
pH 7 6 was used The «ffluent w 1s momtored throu,h 2 Usicord T b
sorptiometer (I hB Produhter Stochholm) meisurin, the ibsorption
at 254 mp and then collected n 10 ml Jols 1 an aulomatic sample
changer

The separition pattern (Fig 2) mndicates the presence of ¢ noaiber of
components of different molccular sizes Tests for phosphiutse at pll
525nd 690 (A A 400 mg) on the contents of the v wrious tubes showed
that the activities were contrined in a single frachion eluted immt
ditels fter the first peak between fubes 46 and 59 The content of
tubes 4952 showed the highest actinaty Vo phosphalise aclny w9s
detectable 1n the other tubes Tesls for nuclease showed that thy O
zyme appearcd m tubes 75-111 and was thus « ¢ll separated from phos
phatase The contents of tubes 83-95 gave morc than 50 per cent of the
nuclease activty

Chromatography of nuclease on DI 3F Sephadicx A 20 The pooled
nuciease friction from the gel filtration on Sephadux G 100 ws pre
apitated by full saturation with ammonmum sulphate The preeypt e
which floatcd en the surfice was scooped off redissolved 1n 00211518
1iCL buffer of plf 8 0 and desalted using 1 25 em divmeler and 10 em
long, Sephadix G 2» column and the sune buffer The first Ir'lclmg
contuning the nuclease was chromatographed on DI"AT Sep))l'l()('x A"z_l
with 2 gel bed size of 25 em diameler nd 20 cm lenth 002 17Tns
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Chromatography of nuclease fraction on DF AT Sephadex 4 50
absorbance at 200 mu  ()——( nuckease actraty (H U /mb)

buffer w s used and the (ffluent wAs collected 1n 8 ml fols Flution w s
made stepwise 1n ino stages using 02 M and 0 5 M NaClin the buffer
Absorption at 290 mp on the efffuent solutions gave the separation
pattern shown m iz 3 Two paaks went undsorbed throush the
colutmn two peaks were eluted with 0.2 M MCL and the rest weth 00 M
NaCl Tests for nucluase showed that the contents of tubes 6-16 rupre
senting part of the unndsorbed fiest poih contmnud 2l the actinstsy
The pooled nuclense friction was saturated with ammonmum sulphate
redissalved w 1 ml of buffcr wad desalted on a % em long column of
Scphrdex G 20 6 mi of the nuclese contunmn, 19 000 Hullin unils per
m! was obtazned ‘Ths preparation ws used to study the different pro
pertics of nuclarse
TALY 1
Re atery of Nu { wse durtng Purtfication

v lume Actiaty Total
Step o Rucovery
st V7w Y pereont
Culturc surer atant 2000 178 856 006 100
Sephal x( 100 ¢ h
o100 11
precip am 11 n 10810 £0304 5
Sephadex P34 D
{tup + LAl 2608 293 800 »
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Isoelectric focustng of nuclease fraction from A 50 column O——=O nuclease
activity @-——@ pH of effluent

Yeeld of nuclease during fractionation As shown in Table I 2000 ml
of the culture supernatant containing 428 HU/m! was used as the start
ing matenial The two ammonium sulphate precipitations chromato
graphy on Sephadex G 100 gel and subseq Iphate pre
apitation yielded 44 ml of the solution having 10916 HU/ml and re
presenting 56 per cent of the starting material Desalting on Sephadex
G 25 and chromatography on DEAE Sephadex A 50 gate 88 ml with
2600 HU/m] with a vield of 27 per cent A final reprecipitition with
ammomum sulphate followed by desalling on G 25 gate 6 mi having
19000 HU/m1 and representing 13 per cent of the original activity

Isoelectric point A method of 1soelectric focusing using a muxture
of ampholytes 1n a sucrose density gradient which has recently come
mto use was applied for the studs of staphslococeal products (25 26)
The 1soclectnic point of nuclease was studied using an 1soclectric fo
cusing apparatus (LkB Produkter Stockholm) and an ampholyle nux
ture for the pH range 3-10 04 ml of the desalted solubion contamning
19000 HU/ml was applied n the mddle fractions of the gradient and a
current of 300 volts~3 mA was applied The vessel was mamntuned at
+4 Cby cireuliting glycol water from a eryostat Afier 48 hours run
the current was cut off and the solution was collected mn 25 mf Jots 1
an 1utomatie sample changer Nuelease aclinaty and pH of the solutions
were measured and the values were plotted (Fig 4) A pH gradient of
40-115 was demonstrable Nuclease actwvily appeared in a single frae
tion between sample volumes of 80 and 110 ml with the maxunal a¢
tivity at 100 ml corresponding to a pH of 1011 Thus the nuclease was
found 1o be 1soclectric at pH 101 7o per cent of the apphed nuclease
was recovered Simular studies carried out with the unfractionated cul
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Fig 5§
Ultravialet absorption spectrum of purified nuclease

ture supernatant gave a simngle nuclease fraction with peak activity at
pH 100

Absorption spectrum The ultraviolet absorption spectrum of a dilu
ton of the nuclease m 02 1 Tris HQU buffer of pH 8¢ was recorded
ustng a Unicam spectrophotometer model SP 800 Maximal absorption
was noted at 276-277 mp and a mimmum at 255 mp (Fig §) A 280/260
ratio of 12 was obtamed

Effect of call and on ! actwnty Using DNA
type V the effect of calcium and magnesium on the achvaty of nuclease
was studied Different preparations of DNA varied in their content of
caleitm or magnesium 63 per cent of the activity was demonstrable
even when no caletem was added Correspanding figures for type I was
7 per cent type II 21 per cent and type VII 68 per cent Thus EDTA
had to be used to remove the contaminaling nnions As the concentra
tion of CDTA was increased from 10 ¢ M to 10 M an increase 1n the
aclivity above that obtained without EDTA was frequently noticed
Such actination was not always demonstrable i the different batches
of the substrate 5 X 10~ M EDTA mhibited the reaction completely
Using this concentration of EDTA (the effect of calecium chloride was
studied Calcium concentrations above 10+ M showed stumnlation of ac
ity reaching a maxumum between 5 X 102 Mand 1 X 10 M (Fig 6)
Higher amounts of calctum inhibited the reaction

The expertments with RNA as the subsirzte showed that little actis ity
oceurred without addition of caleium 10ons The effect of calaum was
therefore studied without pre incubation of RNA with LDTA 1> 10 2 M
of caleium gave maximal actinity simlar to that noticed with D\ A as
the substrate (Fig 6) Higher amounls of caleium also showed an
hibition

I'xperiments performed with minesium chloride sliow d hat mag,
neswm was not an 1ebnator of th nzime Magnesium ho od instead
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Inhition of nucleasc activ ity by magnesium
B ADNAG3pe v O~ DNt type [ [T—{TD A ype Il @ @ RN
an mhibttion of the activify when catleim was present Up to g\
magpesumm did nol alfect the aclinaly (Fy, 7) Increas m il coneen
tration of magnesium above tlus level inkulnted nuelease etivits pro-
portionilly givin, complete mhibtion at 1 X 109 M Sumbar results
were ohtained with the three DN A preparations types [ 1 and 3 sta
died On the olher hand RN\ tse actinity appeared to bo semeswhit re
sistant $o the miubstors effect of magneswum and complete mhibntion

was nol attuned
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Visco 1ty of DNA and nuclease actmaly

pH actwnty relationship The effect of pli on the nuclease actinity was
studied wsing 01 1 Tris HCL buffer for the pH range 70.92 01 3
NaHCO \a (O buffer wis used for the pil ringe 90-100 whereas
01 M N\ aectate wetic ned buffer for the pH range 45-80 \o activaly

was obtuned b lev pH 70 and abose pH 90 At pH values above 7 0
achivaly mer a0

(kg 81 Thu
Relatur
the studs '

thnercise of pH giung 4 maximal value vt pH 8 6
i of 8 6 wis found to be optimal for the nuclease

I tween viscosiy of substrale ani nuclease actiprty 1
nuelease wetivits by the viscosimetne melhod 1t “gs ur;
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Inhibition of nuclease activaty by magnesium
Ae—ty DNA ypey O-——O DMA tipe 1 [J—L1DNA tpe 1l @-— [ RINR

an snlubition of the actints when calemum was present Up fo 107\
magnesium did not affect the actinly (F1, 7} Inerease mn the concent
trition of ma.nesium above Hhus level ininbiled nuclease actrty pre
portronalls giung complele inlnbition At 1 X 1033\ Simbar results
were oblamed with the threc DNA preparations {ypes I I md b ostu
dicd On the other hand R\ase ictivily appeared to he somewht £
sistant o the nhibttory effect of mapnesitm and complete mhthtion

was nol attmmed
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earbicr about the occurrence of a D\ase separale fram R\ase bul of s
1(1;1;\) senerally agreed that the two actinitics e duc {o the same enzyme
Resulls rcported w the present study on the separation of nucleasc
Trom the phosphatases by gel filtration on Sephadex G 100 agreed
closelv with stmular experuments with Bio Gel P 100 described by Sul
Fowshi & Iashowshs (19) bul not with those of (hesbro Stuart &
Burl e (6) whe demonstrated the cxistence of multiple molecular forms
of nuclease by gel fultration Isocleetric focustng aise gave a single en
zyme peah wath maximal actraty at pH 10t whereas W adsfrom (2b)
wd Vesterberg et al {25) demonstrated actisiy 1n pot fess than fise
duffcrent perhs Cxplanations of these diserepaneies probably he sn the
fspe of stram used the mcthod of concentration as well as the slate of
purity of the enzvme The nuclease 15 2 small molecule ind basic
reaction It can therefore readdy complex with acidie peptides or pro-
fuins and the aetisity eould thus be earssed to different fractions during
purification Thus careful considerition must be pisen before draving
conclusions on the siymificance of sccurrinee of either mnltiple mole
cular forms or molceules with different ronie charge
Certun ntcresting obseryations on {he actinity of nuclease m rejation
to the tspe of subslrate used wcre made n the present study The occur
repce of 1wo rales of reaction as revealed by the viscosunetric 1ss1y
piracedure way noted with the unfractionatcd culture supernatants The
two reaclions were stll demonstrable cven with the purifled «nzyme
A number of different explinations can be offercd or specutatcd upon
by which 1o «xplain the occurrence of the two rates of 1o iclons
apart from conswderitions of the exsstenee of an mubntor Iihe mag
nesmm n the substrate Magnesium was found to he mhubtory and
occurred frequently as 2 confamnant together with crfowm n INA
preparations Further different rates of reactions were obt nrid with
*he different DNA substrates probably duc fo thetr varsing deorees of
polvmenzation Thus thise results emphassze the mmpaortance of usmng
““a well defincd and punified substrate to measure nuclcase activity m
addition fo the requrements of optunal pH and concentraticn of cal
cium ons for maximal actisats

SLMMARY

The production of nnelease I 394 chmeal strans of Staphylococcus
astreis was studted Stran no 210 which produced thout 400 Hufbn
Unuts per ml was used to prepare the cnzvime and study sts pmpcl’llt‘i‘
The nuclease att rched both DVA and RN A optuaniliy o pll 86 anid ]'!
a caletumn concentrabon of 1 x 10 M agnesiem was found |:> ;
snhibitory givng 1imost complete minbiton st 1x 1056 M u,n;-'(:\':s
as weil as enfaum frequently contamunaled the DNA prepasd

Speaific achvnties of the enzyme with different DNA subsirates were
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INVESTIGATIONS ON THE ENZYMES AND TOXINS
OF STAPHYLOCCOCCI

Actwty of Phosphals on Sugar Phosphates Nucleotid:
and Other Esters?

By

M O TIRUNARAYANAN
Recenved 20 v1 68

Results of experiments on the phosphatase actisity of staphylococe
using p mitropheny! phosphate (p \Ph P) as the substrate were re
ported elsewhere (14) Two different activities based on pH opltima and
metal 1on actinators could be demonstrated Yet the evidence of the
existence of two phosphatases could not be taken as conclusive because
different metal 1ons mav aclivate one enzyme giving different pH
optima Further these studies were carried out using p \Ph P which
can function as a substrate for enzymes other than phosphatase For
example arylesterases are hnown to be active on this substrate (1)

Thus a number of other phosphate esters occurring as constituents of
cells had to be tried as substrates before the enzyme 1tselfl might be
characterized as a true phosphalase In the present study phosphatase
activaty of staphylococes was examined in order to find 1ts mechamsm
of action particularly as the occurrence of this enzyme has been used
as a eriterion by which to demonstrate the pathogenicity of the bacteria

Although staphylococer have been shown to hydrolyse a number of
different phosphate esters (2 3 4 6 10 11 13) a systematic study
using various esters similar to previously deseribed studies on enzymes
from Fscherichia colt (5 8) or phosphatases from other sources (12)
has not been made before In addition the use of such specific sub

strates may aid n the separation of the two phosphatase actumities
noted elsewhere (14)

MATERIAL AND METHODS

Strains Three str 1n  Staphy! cocetts aureus were used Two of these were limeal
isolates with the ] bt 3 numbers 7 (phage pattern 75/77) and 41 (phage pattern
6/47/53) whe the thrd was a standard laborators strain Wood 46 va jant
10344 obtasn d from the Naltonal Collection of Type Cultures England These strains
were previ u 1 found (14) to j oduce large amounts of phosphatase Th bacteria

1 Abbre tions u «d for the esters are as outlined by the Journal of Biolog cal
Chemstry (198}
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were stored 1o the Jyophitized state and tahen up on nulrient agar pl.
tes be
besog subeultured wnto the medwm for rhesphatase production §ar plates before

Determination of En yme Actizilies
Phosphat1s¢ Phosphatase actinats was det rmined by th
i the method descrabed b
Harper (7) which involved the esumation of the liberated inorgamc phosphate Th)e
reaction muxture consisted of

01 mlof enzyvme preparation in buffor
02 ml of D01 M substrate solution wn bulfer
01 mi of 803 M V,ECY sn buffer

Activity was determined in generst ab two ;H values and the soluticns wer
checked to have the right pH salue hefore being added to the reaction mivture &s
huffers 02 AL Na acetale — acett aued of pH 895 and 0> £ Ters HCI «f pH 700 {at
25 Ci were used o addition to the reagent blank ¢ controls one without
cnzyme and another without substrate were wecluded i each run Incubation was
carried out at 37 C for 30 minutes after which the reaction was stupred by the
addition of 06 ml of 10 per cent trichlorz eti actd The preciptiate was centrifuged
£ at 3000 g far 20 mirutes at ranm temperature To 0o mi of the supernatant was
ajdel 25 ml of ammonum molybdate (0002 ¥ 1p 06 N H 50,7 and 10 ml of the
reducfion sofution contamning 1 amino 2 naphthol 1 sulphonic aerd 0842 M m a
mixture of NaH50; and Na SO, representin, 056 M 50,2 ) These reagents were
prepared as desersbiod by Harper After standing wn the dark for 30 minutes the
ahsgrption of the soluttons at 650 my was measyred using & Bausch % 1 omb Spec
tronte 20 instrument with the reagent hlank set at zero kFrom a standard phe sphate
solution run at the same time the amount of mrrganice phosphate Hberate ) by the
enzyme Bas caleulated The values v ere carrected for any phosphate cont uned in
the contral solutinns of the <nzyme and the ubstrate

With a view to studsing the effcet f diffuient pH on phosphatase act vty the
buffer solutions were replaced by physiolosical alme and the pH adjustmen  ({ the
e eol { reactfon mixture was carrted aut as descrrbed elsenhere (1) tal tny,  liquots
of the reactian mixture of differrnt pH salues f r incubation in a waker Tath

A number of diffcrent phosphate esters w re u ed as substrates The ¢ sul stanses
Nisted 1n Table 1 had a purity wlhich accordms to the manufacturers + ied butueen
34 and 995 per cent Reference ts alsa malc 1n the Table to the manula turer In
placing an alphabet after esch >f these whstrates which is as follows ( 4 bluka
A Buchs St Gallen Switzerland (b’ P 1 Tiochemicals fne M lwaukee
fc) Hopln and Wishims [td Chadwell Heath Lssex Paglmil
New Yotk N1 USA  fe} “utpn nal B
chomicals Carparation Clevcland O US4 (f) Werch A0 Darmt it Vet
Cermany (g} Sigma Chemical Gy St Tcnss iss urt LS4

€ aqulase Coagulase activity was determaned by the method Qeserthe i revicusty
{15) 04 m} of rabbit plasma was mixed with 01 ml Of the test solutin  bluted 18
305 7 Trs HCY buffor of pH 760 (25 ) and then wnctthated at 37 ( Th highest
dilutron which clotted plasma after 23 hours 1mcubaty 1 was asughed th ¢ dain (9¢

umt of coagulasc actinrty

Visconsin ' 4A
td; Mann Research Laboratanes

Pratern Determination
The content of pratemn 1 the (nzyme prey arat
Icscrhed by Towry et al 19) The profeins were furst precipitated w
richloracets actd washead sexeral fimes by resuspeading 1a the acd and
n order to remeve teacs of Tris huffer which foterfered with the te t

1ons was determine § by the mcthod
ith 18 jer cest
atrfuging

‘snelectric F 0 of Thosy Prejarats B3 ;

T'nzyme preparatton were fractronatid by the ssselectrre £ cu g m thol de
senbed. In. Vesterberg et al (16) wsing an { AP s poratus \n amph bt mbure
for the pH range 3 00~10 07 was used 10 ml of the enzymc vrrr;:;;)a"‘ “‘ e ;'m_ )
in the middle of the gradient and separate ) using a current of e fraetl 1
Hours at & ( 25 ml oty «f the fractions were ecflocted n an aut wabe e 2
allector with the aid T a tube pump pif st ?> € and enzvme 2 bl
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were messured using thesc fractions Because of the los vield of phosphatase
enzyme tests done with p as sub (14) are shawn in

Fig 10
TABLF 1
dctitly of Phosphatase from Y aod Strawn on Vartous Esters
b 0000 At Relative actnits
Sabstrate 0000 pH 525 pH 700

p mitrophens1 phosphate (¢} 100 100
phen3 ! phosphate (f) 83 100
« glycerolphasphate (d) 19 11
8 glycerophosphate (c) 17 4
glucose 1 phosphate (¢) o 0
glucose 6 phosphate (¢} 7 0
fructose 1¢ diphosphate (¢) 16 2
fructose 6 phosphate (¢} 13 1
i} ose 5 phosphate (a) 34 9
riboflayine % phosphate {d) 40 10
flayine adenine dinucle tde (e} v o
nicotinamide ademine dimueleotide {g) o 0

adenune phost (23] 0 [
adenosine ® monophosphate {a) 0 0
adenosine 3 monophosphate (a) 17 [
adenosine ® (+3 ) monophosphate (a b) 12 ¢
alenosine 5 monophosphate (a b) 1 o
adenosine 5 di hosphate (a) 7 0
adenosine % triy hasphate (o b) 4 o
guano ine § monophosphate (@ &) 12 7
urid n 2 (+3) mooophasphate (a) ¢ [
urldine 5 monophosphate {a &) 60 79
unidine 5 diphosphate (a) ] 4
urkiine 5 triphosphate (a b)Y 36 r
citidine 5 mon f hasphate (a &) 69 8
Na pyrophosphate () 14 5

P nitrophenyl phos) hate being equal t 100 per cent
{a) () Sce text for name of manafacturer

FAPI RIMENTAL

For the studs of the phosphatase actnvly on differont ester substrafes
cnzyme preparations free of morsame phosphate were needed The op
tumal pH valucs for the hydrolvsis of the yvarious esters were first de
termned before scicetion of the pil vahe at which to earrs out hinetie
studies or comparison of the wtinity of the ¢nzyvme on the substratys

Prepnration of Phosphatase

The bactema werc gres v v ¥ ¢ 1 0 feo bram heart infusion broth
800 ml of th medina b 1 9tinl b nmover flashs were moculaled
with 10 mf T a _% hon ' 1ostrunan the same mediom
After 6 dn - wih th ! centrifuged ag 3009 & for 60
mnutes ¥ b Toth s o1y 15 added sodiym merthiolale §
1 coneen rite oo B2 pe o« 1 superaatant wnqy ihen ndjmle:
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to pH 3 80 using 0 ¥ M HCl and left 1o stand overmght at 4° C The pre
apiate that was formed was centrifuged at 3000 g and dissolsed m a
mnimum amount of 005 / Tris HCL buffer of pH 8 00 with the g of o
few drops of 01 A NaOH After repeated precipitations at pH 384 and
redissolution of the centrifuged precipitate, an enzvme preparalion free
of measurahle worganic phosphate was obtuned The actiily corre
sponded 50 60 times that of the unfractionated culture supernatant
Simular preparttions were made with the three strains The final sotu
tions of the enzvmes were cenlnfuged at 30 000 g to remove anmy re
mamung cells n butanol was added as a preservative to a concenlration
of 2 per ¢ent

Relationship of pH to the Hydrolysis of Different Esters
by Phosphatase

The pH actinils patterns of the hvdrolvsis of a number of phosphate
esters by the phosphatase preparation from the Wood strain was
studied using 0003 \l of the substrates and 30 gg of enzyme protemn

Phenyl Phosphate (Ph P) and p Mitrophenyl Phosphate (p MNPh P}
The pH acfraty curves for the hydrohvsis of these two substrates were
essentialls sumilar to those carlier described m the case of p NPh P
(14) where p nitrophenol nstead of mnorganic phosphate was meas
ured Two pH optima one between pH values of 500 and 550 and
another between pH b 50 and 7 00 were demonstrable (Fig 1}

Sugar Phosphales (Hexose and Glycerophosphate) ‘The hyvdrolysis
of these substances as shown m Fig 2 procreded optimalls at pH
snlues between 500 and 600 The other optimum noliced with the
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Hyd olysis of ribose5 h having

a1 function at
vatious pHl by staphylococcal phosp'hnllse O-1:0, P x——x Tibose 5
phosphate @ @ MND [O—] NADP A— A FAD

phenyl phosphales was not demonstrable Among the different esters
studied « glyeerol P gave the maumal actinaty followed 1n decreasmg

order by g glycerol P fructose 16 i fructose 6 P and glucose 6 I’
No actinily w is demonsirable with glucose 1 P

9 actaratn 75 1



r. e
2 1 0 1 2 3 4 5 61s
Fig &

Lineweaver Burk plot for the evaluation of Michaelis anstant for ursdine phos
phates O———C undine 5 monophosphate X———x urldine 5 diphosphate
@ uridine 5 triphosphate

Solid and dotted Dines relate vespectively to values at pH v 25 aud pH 760

et
8 5 4 3

These results pownted out that the diphosphate of uridine w1s more
reactive at pH 5 25 than the monophosphale Simidar experiments done
witha glycerol P as substrate {not presented m figure) gave @ hmalue
of 1667 m\[ at pH 525

Relatwnslup between Enzyme Concentration and Rale of Hydrolysis
of Phosphate Esters

Prehnunary experimenis were carried out to delermine the optimat
concentration of the substrales fo be used for a comparative anlysis
of the aclissty of the enzyme a,amst sarious substrates Substraic con
centrations between 0001 M and 002 M were trted With manv sub
strates 0005 M gaxe the highest rates of hiberation of marganie phos
phate whereas 0001 \ was msafficient and 0 02 M often mhibitory
The expersments were therefore performed using §00a M of the sub
strates and the effect of varying concentrations of the enzyme was
studied at pH 5 20 and af pH 7 60 The resulls arc shown in Figs 7 and
8 The phemvi phosphates gave the highest actnates 2t both pif values
At pH 020 (Fy, 7) the actisity with pheuyt phosphates was propor
tienal 1o the concentralion of the cnzvme With other substrites th
reachions wery hinear at fow enzime concentrations dut bheaded off
probably due fo limiting substrate amount with the hph amounts of
enzvme Reactions with glucose 6 P showed a hinear relation with en
zyme concenlration Simular results wilh the nucleotides ((MP UMD
and GMP) were obtamed at pl 700 (g 8)
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Rates of hydrolysis of some phosphate esters at pH §25 by staphylococeal phos

phatase X X p mitrophenyl phosphate (———C) pheny1 phosphate
cytidine 5 A—A ag h —
phosphate M——M g glycerophosphate X —~~ X glucose b phosphate

Actinty of Phosphalase on \ arwous Phosphate Esters

Using 6 p,, of the enzyme preparalion and an mcubation period of 60
minutes the activity of phosphatase on various esters was studied at
both pH xalues as shown mn Table 1 A Jarger number of esters were
hydrolysed by the enzgme at pH 520 than at pH 7 00 The relatine
actity of various substrates are also indicated p \Ph P being equal
to 100 per cent Values given for the sugar phosphates at pH 7 00 are
due to the lugh activity in the 1e1d piH region which gnes a  tailing
effect at this pH Thus 1t 1s not to be construed that these substances
show an optimum at pH 7 00 The activity at plt 7 00 was directed pre
dominantly on the pyrnimidine nucleotides

Comparison of the Phosphatase Actwity of Different Sirains

The actisity of the phosphatases produced by three different strams
using a number of different esters are shown i Fig 9 The patterns of
actinity of the enzymes formed by strams nos 7 41 and W ood seemed
to indicate that activity on the diffcrent substrates was similir allhough
slight differences due perhaps to the quantits of enzvme us. d as well as
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mM phosphate formed

L I A
0 15 30 45 60
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Fig §
Rates of hydrolysis of some phosphate esters at pH 700 by staphylococesl phos
phatase X X p mtrophenvl phosphate ()———(O phen3l phosphate
{7 tstidine 5 monophosphate A A uridme 5 monophosphale
@ Buanosine 5 monophosphate
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p NPh P

Lsteates by phosphatase
{ the activity at pH 5% agamnst varlous sul
Dproduced by dilferent stramns of Staphylococcus gureus

strain no 7 [ strain Wood  [5] strala no 44

Comparison
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Rates of Idrolysis of some phosphate esters at pH 700 by staphilococcal phos
phbatase X X p mtrophenyl phosphate (3—— phenyl phosphate
[O0——3 cytidioe 5 monophosphate 4 uridine 5 monophosphate

@ guanosine 5 monophosphate

100
> 80
2
g
60
'
%
b3
n 40
a
20
ol Ny
+
£ © P w
z L @ u
a "
Fig 9 .
Companison of the activity at pH 525 against vanous subsirates Ly phosphatase

produced by different strains of Staphylococcus aureus
stram no 7 [ strain Wood [ strain no 44
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of from lase hy 1soel focusing
@——@ pH of elfluent X——X phosph A A400 oy p formed
30 min O——Q coagulase units per mi
to the content of any bound could be d

rated Sinular
results wath the pyrimidine nucleotides were obtained when the reac
tions were studied at pH 7 00

Seg of Phosph from Ci lase by Isoelectric Focusing
Fxperiments were done to separate the phosphatase actinities on the
iferent substrates by 1soclectrie focusing Actity was determined
on the fractions using p \Ph P UMP aglycerol P fructose 16 P
and FAN\ During 1soelectric focusing the occurrence of a broad band
of preaipitale was noticed which laggcd behind duning the collection of
the samples It was found that this precipitate contaned alf the phos
phatase activity  With smaller amounts of the test sample the pre,
Mtale could be collceled without nny apparent lagging behind ang lhﬂ
represented the region close to the 1soelectric pomnt The phosphat us
actisily was found to occur between fractions hay tng pH 3 80 nl;d nqsc
(F1z 10) whereas coagulase appeared i the fraclions wth h, : 20
pH values (pH 590-610) 80 pur cent of the applieq " higher
recovered but 80 por cent of the phosphatase actiy gy was ID ) was
the fractionition [ requently the splitting of the phosph: los dunin,
pilate nto two fractions could he visualized byt lhe‘pca ;‘;;e Prec
collected separately Olher procedures are necded to fma ould nat be
phosphatase aclmify on the differenl substrates ma whether the
from one another 5 be separateq
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DISCUSSION

Accordng, to the resulls obtamed 1n the present study, a characterishic
pattern of aclnaly of staphtlococeal phosphatase on various esters can
be observed Apart from the ligh actity on pheny! phosphates, the
enzsme 15 more active on pyrumdme than on purine nucleatides or
sugar phosphates and thus differed from the cnzymes of Eschertchia
colt (5 8) which were found to be more actrve on punne {han on pyr
midine nucleotides Unbike the preparations from coh bacierm n
orgame pyrophosphate was hydrolysed by the staphslococcal enzyme

The resulls obtained when the ,lycerophosphaies were nsed as sub
strales are in close agreement with sumilar resuils obtaimed by Paget &
Vattu (11) These worhers also obtamed a similar pH optimum {pH
5 60-7 00) and a reachiafy with « giveerol P that was greater than that
snen by g glycerol P Ohsaka et al (10) found similarly achiaty on
thvmudine phosphates to be greater than that on adenosme di or int
phasphates These authors also demanstrated that staphylococeal phos
phatse hydrolysed with equal efficiency both ribe and deoxyribo
nucleatides The resulls obtamed 1n the present study also pomnt lo
fhe abuuy of the enzvine to hyvdrolyse many sugar phosphates How
ever from the quantitatice data a certain specific relation between
structure of the sugar phosphate and enzyme actiity en be seen
Activily towards sugar phosphates with smaller number of carbon
atoms 1s more marhed than actity towards those with larger numbers
of ewrhon atoms Further the phosphate group locited on the least
substitutcd carbon atom seems fo be preferentally attached Thus
a glycerol P 1s more active than the pentose or hexose phosphates and
also @ glvcerol P Substitution on the phosphate group (NVAD VADP
or FAD) renders the substrate mactine but a free phosphate (FMN)
gives as good an zclinity s the pentose P (ribose 5 P) Further work
with several dernvabives are necded before amy specific relatsonship
between structure of substralc and enzyme acinity can be established

The spectrum of activaly aganst different phosphate esters was quute
simmlar when the fhree enzyvme preparations were nsed These results
indicated that a single enzyme mght be movolved Iowever it s atso
probable that two enzymes may occur n the preparations 5 pyrunuhine
nucleohdase actine around pH 700 and a non speaific aud phes
phatase actrie around pH 5 00 Such an assumphion may explamn why
the abserved reactivity with UDP was greater than UNMP at pH o 50 and
also why the relatrons were reversed at pH 7 00

These resulls show that staphylococeal phosphatase is active o a
sanety of substrates simlar lo those of other bactersa but “hn:
possible relationship evists between the occurrence of phosph iase ar:(
sirulence of staphslocoect ¢an hardly be conjectured In \ddmmtxh(:
the capactty te hydrolysc phosphale esters phosphntases possess othe

funchions hke for mnstancc phosphotransferase activsly
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SUMMARY

A study of the properties of phosphatase produced by three strams of
Staphylococcus auretts was made Staphylococeal phosphatase hydro
Ivsed pheny! phosphates at the highest rales 1t was more aclise on
5 pynmidine nucleotides than on purine nucleotides 1t hydrolysed
su,ar phosphates with a reactinits that was higher towards « than that
toward B glyecrol P Inoryamie pyrophosphatase actinity was also de
monstrable A pH optimum at 5 00-0 50 was found for the hydrolysts
of all substrates whereas another optimum at pH 680-7 20 was ob
served wilh substrates other than the sugar phosphates or the nucleo
tide triphosphates On the basis of the occurrence of the different pH
optima and different rates of hvdrolysis of the mono and diphos
phosphate derivatives of uridine at the two pH svalues the existence
of two enzymes 15 suspected

REFFRF\CFS

Augustinsson K B Mulliple forms of esterase in vertebrate blood plasma
Aot N Y Acad Sci 95 844-860 1961

Bowtin A & Mesrobeanu L C n A letude de la chimique
des bactéries Le substances phosphorées au cours de lautolyse bactér:
cune Compt rend soc biol 772 611-613 1933

Bray J & Ring EJ The phosphatase reaction as an aid to the 1dentification
of using hthal as sub:
Bact 55 315-3°0 1943

Cannon F D & Hown C V 7 activity of Staph aureus
C of enzyme with to and phage
pattern J Bact. 86 1052-1006 1963

Garen 4 & Levinthal € A fine structure genetic and :hemlcnl sludy o( the
enzy me alkaline of E coli 1
of alkaline phosphatase Bioctum Biophys Acta 38 410—483 1960

Gordon 1 & Cooper K E A study of the phosphorus distribution in bacterlal
cultures 11! Phasphatase activity 1n B coli and Staphylococcus Brit, J
Fxp Path 13 503-503 193°

Harper 4 E (lucose 6 phosphatase in  Vethoden der Enzvmatischen Ana
Iyse ed H U Bergmeyer \erlag Cherme Weinheim p 788-792 1962

Mew Il € The 5 nucleotidase of Lscherichia colt 1 Punfication and proper
ties J Biol. Chem °$° 3896-3904 1967

Towry O I Ros brough ¥ J Farr 4 I.& Randal R J Protemn measurement
with the Folin phenol reagent J Biol Chem 193 ®65-975 1

Ohsata { Vukar J I ¢ Laskowski Sr W Use of purified m.cmm,l
nuclease sn_identifying the nucleatide terminus bearing a free 5 mono
phosphate J Biol Chem 39 3498-3304 1964

I'ayth.\l & Vattn cl Recherches sur le svstéme phosphomonoésterasigue chez

s

qf;hf‘rl@u coly S Staphylococeus aureus et § albus C R. Acad Se1 (Pars)

Schmld! c

v

e

-

@

zatio!

-

3 e ow o

=

aad e E
r P D Lardv H & Myrbick Academic Press ]nc 5 374“?';’9&;1 e

Slrﬂsltn I\ € & Wankler A € Carbohydrate metabolism of Staphylococeus
1963

o

~ aureus J Gen Microbiol 33 "13—""
irunarayanan V{ O Iovestigations on the enzymes anad toxins of st
tocar Study of phosphatase using p nnmpheml phost hate as :n::‘;’t?altot‘
cta path microbiol scandinay 73 573-590
15 Tirunarayanan 3 O ln\tshg:lluns on the tnlymcs .nd totms of staphylo

v glucose and bicarbonate

Acta path ml:mblol scandinay 68 273-28p 195



138

16 Vesterberg O Wadstrom T Vesterberg K Svensson H & Malmgren B Studies
on extracellular proteins from Staphylococcus aureus I Separation and
characterization of enzymes and toxins by rsoelectric focusing Bsochim,
Biophys Acta 133 430-445 1967



Acta path mucrobiol seandinav 7» 139-157 196%

The Institute of Tumonr Virus Research The University Institute of Medical
Microbiology Copenhagen Denmark

INTERACTION BETWEEN
ANTIGENICALLY DIFFERENT CELLS
Y trus Induced Cyfoloxicity by Immune Lymphoid Cells In Vitro

By
CLAUS LUNDSTEDT
Recerved 79 v 68

Since 1960 1t has been shown repeatedly that Iymphoid cells can mfhet
target cell death in vitro Specifically immune lymphoid cells were
usunlly the cffector cells (8 17 25) but even normal Iymphocstes may
be nctine m this respect provided they are non specifically stimulated
or aggregated to the target cells by means of phviochaemazglutinm
(PHA) or hetcrologous antibody (11)

Previous reports of contactunl destruction have been concerned with
anbi,ente differences between allo—or xenogencie cell strains (8 17)
or cven tumour specific antigens 1n otherwise svngeneic combmations
(5 6) However 1t would seem to be of 1nterest 1f a non oncogenic non
cytopathogemie sirus could induce new or altered antigemeity m cells
so that these could be elimnated by contactual destruction by virus
mmmune (or normal) syngencic cells This might help to elucidate the
partls obscure pathogenesis of virus mfections and furthermore pos
sibly unply a wider and more general application of the theory of a
sunieillance mechanism of anh,emeally and/or structurally altered
cells to tnclude virus mduced changes (13 15) The present communi
cation desenibes experiments 1 which vires immune lymphoid cells
cuse target cell death m virus infected syvngeneic monolaver cultures

MATIRIALS AND METHODS

Antmals _Strictly jnbred C H female mice were used The strain has been kept 1 our
laboratery for several years U {(LCwWy
{mmunc and LCM s srus-carrier mice were used as lymphaid cell donors \irus-carraer
mice were obtained by injecting newborn animals with LCM virus §p By this means
a permanent hife long tolerance to the virus 15 induced in the habes (2%) while the
mothers nursing their infecte 1 offspring devclop a stron, immunity to remnfection

The Institute of Tumour Virus Research 1s supported b grants from the Einar
Willumsen s Vemorial Fund and the Darush (ancer So tefy

The Investigations have als be n awded by grants from Stafens almundelige
Videnskabsfond and the D It & undation
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and high persisting CF antibody titres! These mothers were used as immune cell
donors The CF antibody content of the serum of the nmmune mothers was titrated
prior to use of the anunals to ensure that immunity was present Titres hetween 3%
and 512 were found The blood virus titres 1 the viras earrier mice were also de
;erm:!acd hefare experimental use and Utres belween 23 and 40 LD, /003 c¢ were
oun

Virus and bilration of vrras LCAM virus of a stram hept in this laboratory by v
passages 1 C,1 mice nas used To obtain a single hatch for ali experiments L ectls
in Roux flasks were infected with this LCY virus and after 3 days of culture at
37 C the supernatant medum was harvested and rmmedialely frozen to —70 C
at shich temperature It was stored until use The litre of this batch of virus re
matoed hetween 58 and 6 3 for at least 7 months

Trtration of vicus containing matertal has been desersbed 1 on esrhier report (*0)
The end poanis were cahalated aceording to Aarber s methad (9) and cxpressed as
log 10 LD,,¢0 03 ec

s 1 € furing antiBbods The of antigen and the standard tech
maque nsed for the test bas e been deseribed prevtoasly (?3) This method was altered
only in that the entigen §s now produced from the spleess of infected muce The
complement fisation test was performed 10 Acrsl plates the lonest diluiipn bring
1 4 In order to avoud the rather frequent anticomplementary effect of mouse sera
some of these were tncubated with gmnea pg complement for 1 hour at 37 C and
thereafier snactivated at 56 G for % hour

Cell callures Earles straun 1 C;H mouse (ibroblasts {clone 999) have heen used
as target cells throughout Stack cultures were grown in holle flasis in medsum
199 + pemoailin and streptomvcin supplemeated with 10 per cent insetn aled oalf
serum The cells were remnoved from the flasks by trapsinization and spun and
resuspended 10 the medun mentioned above Two m of medium contaning 100 000
cells nere put nto Leighton tubes without coverslips and ncubated at 37 € for
24 hours Before addition of Ivmphoevies all euliurcs were examined mierascopically
and completely satisfactors cultures were used 1e cultures with only sery few
rounded or Joose cells and with confluent grant in part of each inbe The healthy
tubes were then fivided 1n groups of 6-8 apd mnsed wath 3 X 1 ml of phost haie
buffered saline {PBY) —Ca™ —\g before addition of Iymphoeytes ar fresh
medium The cultures which were to be wnfected With virus were mited with LOY
virus while 1n suspension and then seeded onto thesr tabes The multiphiaty of
infection was hetween 15 and 50

Ipmphocytes “ormal LCM wreus carrier and LCY rmmaune Jymphoid cells were
oblamed by etasming the spleens of the amimals under sterile precautions The
spleens wire then pressed through a stainess stec! mesh washed 2-3 times in
medivm and resyspended This medium also contained 10 per cent inachivated calf
erum The white cells were then counted in methyl vialel 1o acctic perd  nd abiguots
of 2% 108 white cells iz 2 ml of mediam were added to each tube Sometrmes the
red biond cells were haemolysed by suspension m destilled water and the addrtion
after 10 sec of an equal vojume of 1 B per cant NeCl

Cell counting  Forty eight and sometimes also 24 hours after the addibwon of
limphoeytes the sarmtng 1-ccdl nucler were counled by 8 method which was a
shight modification of that described by Sanford et ol (19) und Rosenon ¢ Mooz
{18) The cultures were washed 3 times sn PRS—Ca  —Vg o remove all | ose
cells and then 15 ml of 2 per cent crtrsc acrd was ajded to cach tube Aftr m
cubation for 1 hour at 37 € the tubes were shaken viworoushs for & cauple of
seconds and 05 ml af 01 per cent crystal siolet i 2 per cent titre acid wa o {led
The | cell nucler which were easiy distnguished from the Iymphocites were thenr
counted in & standard haemocstometer The aclual haemotytometer county are
shawn 10 the iables and figpres ssnce oaly the relabions between the dillerent gr 'lll'l:’
sre of inlerest 10 this study For absolute figures (re numler of rclls/(ulcll t;
roulipheation factor 1s 7281 la ather \;nrd‘s ih: 43 fhm z:lfofx.iurc, coreesp

* hes is shonn throu

100000 ceils The mean & SF of 6-6 tu Teighton tubes with corcesitys were
€\l infected ar uninfected cefls 74 hours h::lr":h: tr;‘.’.;r:si:n‘ o
for 30 minutes ot 37 C

eeded with |
:cc\one at —28 C for 10 muaates and then incubsted

cyonate-conjugated € H amti (CY hypertmmune serum

1 Larsen 13 Persopal Communication 1957
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Hyperimmuane serum was obfained and conjugated as deseribed by federsen €
Yollert (16) Aftir washing, In PBS and air drving the coverslips were mounted on
Flass slides with a drop of glycerol containing 10 per cent IBS pH 77 The cells

inaleitz equipped for M1 studies with an Osram
1BO 200 W mercury vapour lamp using 100 X oil immerston lens The percentage
of fluoresceing cclls was calculated and after °4 hours in culture the average in
15 cxperiments was 81 8 per cent (range 62 to 93 per vent)

Izperimental design The experiments were ¢niried vut as shown In the following
scheme

L cells Iymphocytes
Groupno  unlnfected  LCM Infeeted  Normal  LOM fmmune  LCA viruscarrler
1 X
2 x
3 x <
4 x A
5 « <
‘ x x
7 < x
RISUITS

When ICM mnfected monolager enltures of T cells are treattd wilh
TC\M 1mmune spleen cells these ciuse dimage nd deslruchion of the
targel cells Table 1 shows t statistically sigmificnt (p < 001) redue
tion 1n Lhe number of surviving I cclls 1n six out of 13 experinients 18
hours after the additsion of (M immune lymphoid cells as compared
willt culiures 1o which unsensibized lymphoid cells had been added
(cxp nos 4 5 6 11 11 16) In the rem uning scven experiments there
w1s no sipmfreant difference belween the two sets of eullures It 1s
noteworthy that the number of T eclls Lo survive afler 18 hours nen
bation with unsensitized lymphotd cells was not i any expermment
significantly smaller than that i the groups treed with I CM immunc
lymphoid cells

On the assumplion th il no differenee between the two cxperimental
groups could be expected the probibility of obtmining o result such 1s
that mentioncd above (6 experiments displiying, sigmficant diffcrence
p < 001 1n one dircelion versus no experunents with simirennt differ

2
ence 1n the other dircelion) would he )" = 31 per cent In other words

a result not likely Lo be obuned by chance

Within the rales of mfection obluned 1n these experiments (65 98
per cent) no correlation belween the pereentage of wmnficted Lecells
before addtlion of the Iymphoid edls and the cventual result of the
experimenl could be found There was hhewise no relnbion between the
varying, CF otitres of the mice used ns immunc ecl! donors and the fin il
results And finally no difference in <ffect could Isc found whcthor or
nol the red clls of the spleen cell suspensions had heen Iy ud prior to
uldition to the targets

Turthermore when the resulls from each experiment of the groups
compared are plotled as shown in 11, 1 2t s obvious that no perma,



TABLE 2

Namber of L-Cells in LCM Infected Cultures 2% Houry after Addifion of Unsensilt ed
{Group 5) or LCY Immane (Group 6) CHY Lymphocytes

Exp no Group a £e SE P
2 8 783 52
13 5 6 442 3e Son
5 5 %7 37 >
2 6 843 52
<801
" : : e 22 am>p>on
2 5 1748 302
<801
1o 5 6 623 17
6 3 83 136 <801
2 r 1095 141
16 5 5 330 38 ;83;
5 § 08 34

Group 2 = untreated conirols

TABLF 3
Number of L Cells wn LCV Infected Cullizres 48 hours after Additon of Vieus Corrier
Group 7) ox LCM Imawne (Group §) € J1 Lymphocytes

Exp no Group n A 4 SB 14
2 ] 1012 162
1 7 § 263 81 S
3 13 it 15
2 ] 17749 34 1
2 7 7 306 20 b
6 3 75 T4
2 8 2018 176 8ot
5 7 5 774 17 Sou
& 3 471 36
2 5 321 73 oot
7 7 8 208 25 Soor
11 8 20% 14
2 8 1389 66 <o
5 7 5 3 az o
6 7 366 9 >
2 3 1773 171 oot
s 7 8 398 50 EDN
6 H 5or 3%
2 8 niy 98 o0
0 7 3 300 3% Som
6 £y 473 a5
2 8 "u; gg <o
4 144 001
u é by 183 39 <

trroup 2 = untreate ! controls
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signifieant reduction (p < 0 01) in the number of surviving I clls in
the groups treated wilh LCM immune edls s compired with the
yroups trcated with virus earner cells In two experiments (nos 7 and
8) there were only small dilferences whilst in the remmining two (nos
9 and 10) there were syymficanily fewer surviving Lecells afler 48
hours mcubation 1n the groups trented with virus carner cells

‘The series of experiments m which umnfccted L-eells were emploved
but the experimental condibions otherwise were the same revealed 1
quite differcnt pattern After 48 hours of incubation wath either LCM
immune or unsensttized Ivmphoid cells no sy nificant dfferences m the
number of survising L-cells were found n six of the eight experiments
{Table ¥ nos 14-19) 1ln the remumng twe however there were signi
ficant differences one having the smallest number of I-cells in the
group treated with immune cdlls (no 13) and the second the smallest
numher 1o the group trealed with unsensitized cells (no 20) Thus no
clear cut tendency n favour of either of the trcalments could be found

In similar expeniments which were alreids counted after 24 hours

TABLT 4
Number of I Cells in Uninfected Cullures %8 Hours after Addition of Lns nuiti el
(Group 34 or LCY Immune (Group 4) €, Tympl ocytes

Etp no Group n ~ SF »

1 r 1708 o7
13 3 ¢ 357 3 soo
4 € n2 o4 <om

1 t 093 e
1 3 6 $H5 18 Soo
3 6 57% ite >00

1 ‘ 3305 578
15 3 6 550 89 <o
s . 628 15 >00,

1 t 3070 23
16 3 6 108 15 <om
3 6 412 85 >005

1 o 2060 1w
1 3 [ a3 74 <001
i [l 983 16 >00.

' o n7 90
18 3 s s 3r <ot
4 f 187 18 00

1 . 2348 139
18 1 1110 ™y <001
1 [ 133> 39 >00,

« 1808 80
0 ' [ 408 35 <om
' 6 757 17 <oor

Croup 1 = untreated controls



TABIF 5

Vasnber of L Celis i Uminfected Culfures 2 Hours after 1ddition of [ nsensits ed
(Croup 3) or LCY Immune (Group 4) €Il Tymphocyles

Exp no Group n < sF »

1 6 135 64

13 3 6 435 25 <ot
3 6 300 23 ca 00
t ¢ 1102 10

13 3 3 515 17 Lom
4 ¢ 645 28 ea 00
1 3 1750 174

15 3 3 930 124 s
n G 137 85 >
1 ¢ 1038 17

16 3 v 157 33 oo
N 6 178 $7 >

Group 1 = untreated controls

of exposure to limphoid cells there were only minor diffcrences be
tween the groups treated with the two types of lmphoid cells (immune
or unsensilized Table 5) Here aymn the number of experiments
evaluated at tlus tume (24 hours) 1s too small fo give anvthin, but an
mdication of the time course

An mlercsting finding was the dramatic reduction 1o the number of
survinng L-cells in the ireated as compared with the untreated groups
regardless of whether the Ivmphiocytes used were unsensihized immunc
or virus earrier cells This reduction was seen m all experiments but
one (Table 1 no 1) and mdeed of all the untreated groups this ont
showed the smallest number of L-cells indicating 1 poorer growth of
Lecells mn this expertment Furthermore this reduclion was far groaler
than that scen as 1 result of addition of 1mmune cells instcad of un
sensitized cells 1o LCV infected L-cells Indeed stalistically sipnificnt
differences belween the untreated groups and those treated with the
tvmphoid cells were already scen after 24 hours of cubation m all
experiments (Tables 2 nd 2)

The effect of the LCM infection as such on thu mulliphcation of the
Lacells was also studied As was to be expeeted the mullipheation rate
was slhtly lower when the cclls were nfeeted than when they were
uninfected (Fig 2) Thus evaluation would have been of the greatest
importance 1f no differences between the effects of unsensitized and
immune Ivmphaid cells on mfected L-cells had heen found as this
could mean euther that nather of the two types of edlls was effectne
or that hoth of them conld infhet target cell destruction to an equal
degrie This could be yudyed by companing the cffecls of the two types
of cells on umnfected and LV infected L-cdls respectindds due e
tion besng paid to the effect of the TCM nfeection s such
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L20
4 x group 1
3804 » group 2
1 x
3404
300 *
4 x
x
2609

24 48 72 Hours

Fig @
Numler of unsnfected (group 1) an1 1CM infected (group ) L cells after 74 43
an17” hours in culture » = Mcan of 6-8 tubes

LCM virus titrations on the medin of the different experimental
croups were performed in some eases 1t the end of the (xperimental
periods The virus titres were Always about 40 arrespective of the bvpe
of lvmphoid cells added or even of whether or not Ivmphoid eclls w r
wdded Thus 1n these exporiments the virus contents of the med « hid
not stem to be redat Lo the d qree of 1 struction of cells i ti 1l

tures HMowever attleardof 18 hour period some cells wer ns

left unharn«d t1 o v » biv st eapable of produ 1. us
1 SN

Ithas b« « onstrat d tat 1C anfechion of T us renders

these sen « ota tur ¢ truett  bs LCM imm s svngeneic

10



Iymphoid cells nd b) that an incompiibilts Detween the Leclls and
the mbred GoH Ivmphord cells used by the author sxists

The demonstration that 2 virus (LCM) whuch 1 ttself 35 neither evlo
pathogenic nor oncogenic e mike Lecclis sensible 1o a oy locida]
complement independent action of ssnsencic kmphoevies extends the
impheations of the contaclual destruclion phenomenon This reaction
has lutherto been used n the study of auto immune  diseses (1) the
homograft reaction (3) tumour mmmunity (5 6) and the allogenerc
mhibition  phenomenon (4)

It has not heen possible in the present study to prove whether do
struction or merdy varving, degrees of inlibitton of mitosis has oe
curred but the finding of mitesis figures even mn severds dmaged
cullures and of partis Iysed cells by microscopical ¢ xumin ttion strongh
indicates the real possibility of deslruction

The renson for the Inch of significint differcnces between the ¢xpen
mental and control groups mn seven of the 13 experiments (winlst there
wis certunly no mmversely significant differences) has not been eluat
dated The hch of correlalion from one expurimuent to the nel was
1n all evenlts not due to the varying conlents of (.F antibodies 1n the
mice used Cells from mice with low or high conlcnts of €T antibodies
were not distinquishable i thar effcet on the target cells

However the present technique 1s very sensitive lo exogcnous vara
tions such s varving growih conditions cansed by different brands of
Pyrex tubes But 1t 1s more probable that Ihe reason 1s the oty
small lvmphoeste/target cell ratio used (20 1 when caleulated W the
time of secdingj If the reporls of Wilson (26) and uller of of (10}
vz that onls T 2 per cent of the Ivmphoeytes m A sensitized population
are immunologically active a,unst the wligen in queshion ind that
only one lymphocyte deils with one tirget cell are weepled then for
the present imvesti, ition this would impls that one or two Ismphocsles
were avalable for every fine taraet cells This would not be sufficient
for an oplimal effcet and 1t could be expected that 4 hugher perventige
of sigmficant results wonld have resulted from inere wed hmphocste/
target cell ralios 4 Iymphoevie dose dependence s already been s
monstrated i other inyestigations using cont iclu l destruction 2 7 26)

The fact thit the fall in survivng L cells in the LOV fecicd tubes
15 not 1n effeet of the immunc Iy mphocytcs alone s scen from the un
infected controls in which no difference hetween the effeet «f nornni!
and immune cells could he found Only when the TGM anbinen s pre
sent 1 the L cells ¢ m the <ffcet of the immune Ivmphocites be danon
strated

Furthermore the four cxperiments (nos 13 16) i which i groups
were processcd stmultaneously indicate thit the porml Ivmphocyte
caused no damage to the I eells beeause of T CM mfchion of the Inlter
as no constant differcnce between this group (group 5) ind “';‘l“""c
mfecled groups (proups 3 wd 4) with mphocstes dded could
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found even not when the effect of the TCMnfechion atself on the
L cells 1s considered

It 1s an mnteresting folure that the use of virus carrier Ivmphocytes
as controls nstend of unsensiized Ismphocytes did not aller the ob
served fall 1n the {reated as compared wath the untreated groups On
the contrary thcre 1s an ndication that these hvnphocytes n their
cffeet were rather comparable with the immmune Ivmphoctvies This
might mean that in the virus carrier population there nught also exast
wnmune cclls which could exa,gerate a visible effect in vitre but not
m vwo Howcever such cells have not as yet been demonstrated with
certuinty 1n virus earrier muece Results howeser are too few and so
far the cvidence cannol be consudered conelusnve further experiments
are needed

The dramatic fall 1o the number of surviving L cells after addition
of all types of Ivmphociles (1s was even seen 7 experiments m
which normal or L-cell imminune Swass mice lymphocettes were added to
uninfected L-cells) was an unexpeeted finding 1n this series of expern
ments It was anhepated that the L-cells which by now have Iived for
more than 20 vears in lnboratory cultures could hardlv be expected to
be strictly syngenere to any stramn of inbred C;H mice Mutations 1n one
or both parts might have occurred On the other hand possible anti
geme diserepancies were not thou.ht to he a major obstacle mn the
present system For this reason and becanse of difficullies in the pre
cise quantification of primary explanted mouse embryo fibroblasts the
L cells were chosen as targets The results are difficult 1o explun but
several possibilities exast Firstly substrite compctiion might be re
sponsible for the non spueific fall 1n the groups of I-cells treated
with lymphocvtes However this is not vers il ely sinee other authors
hue used the same number of cells vven with half the amount of
medium and 1t has been shown that compehition for substrate occurs
only when more than 10 X 105 Ivmphoeites per cullure are used!
Secondly the Jvmphoeyte suspunsions misht be toxie but haemolysis
of the red Mood cells + three trmes washing of the now pure white
cell suspension did not influence the resulls althoush this procedure
docs not exelude the possibility of {oxic fictors Thirdls the batch of
calf serum used mu hit be responsible 1s 1t was shown that it con
1ained a natural aglutination to mouse red cudls in 2 bitre of 1 8 as has
also heen desernshed by Woller (12) Tt has hecn demonsirated thal
allogencsc inhbition 12 pttro s «ffectcd not only by immune but 2!
normal fympheid «lls ¥ 1culh n th hilter case only of uns

1IN

tic
wkregation te th bargdd r u-hl ahout by substances 1t Y 1A
or heterolos us o tisery 07 he i ht of thus concep on
canable 0 in g i © non speaificad ~ted
by the 1. 1t o cilfs run LR tigenieally and ¢ rtunlly
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differcnt L cells and therebs showed aNogeneie inhibition The mmune
sfatus of the humphoesles to an anfigen (LCM) wiuch 1s wrelevant n
this respect would make no difference This mech inism could account
for it lest some of the ruduclion observed i Iy mphoevie e ed
sroups as compared with untreated groups It would he nataral to omit
clf serum mn a new series of experiments nd preliminary resulls from
such cxperiments indicite that the f21 1 number of uge! cells s not
s gread s that observed 1n the present imeshigabions n some ¢xpen
ments it 1s not demonstrible Despite this the effcct of LGV munune
Ivmphowd ccdls on mfected L cells would seem not to be altered

The prisent observation 1s of tmportance smee 1t shows that nol all
mbred struns of C1 mice ¢in be reqarded 1s svnaencic with Yocells
mil tlus probably expluns some of the discrepances when resulls
from diffcrent laboritorics concerming the outeonn of the addiion of
C,H lympherd cclls to L cells are compared 1his also calls for arcum
speetion when other expenmental resulfs myvolving the use of both
L-cells and C;H muce are compared

The finding that the GH—L cell wmcompatdnigdy could be demon
strated v non immune ttmphaid cells winle the LM mduced nos
antiqens were Visualized onv v LCV immiune 1y mphord cells nught be
1 queshion of the concentration of anhigenic surf we determmants Ithas
heen shown thal this concentration 1s of imporince for conlictund
destruction (7)) Thus it conld be speenlated that the LCM mfection
contribules so few anti,cnte determinants to the celt that they would bt
demonstrited only by LCM immune cells whercas the incompabrity
between the L celts ind the ©H cells nsed anvolves 1 gretter ancen
tration of differcnt inheeme delernunants resutting in r domonstry
fron of the mcompatililily se by vnsensiized cclls

Ncather interferon nor humoral anthodies stem to phw s myor or
s rale 1 the clinun ittan of TOM virus from infectcd amm s (21
11) It mght therefore be speeniued that the contretual destruchon
phenomenon could rcpresenmt a4 virus chmmnalm, funchion o pwon
malogous (6 the way m winch tumour cedls by somc authors 1 con
aidered to be diminated (17) Such a mechansm moht supple ment
the pourtly incomplete hnowladge of virus climinthon espeor ity of o
mmaagnes 3 ecrhun osgan peesfienty pandiel to the varung rpane
tropism of different siruses The thsenee of differcnee moArus
fatres m the mcdin of Lhe cxperimental groups dots mot s ssnb
exelude such 1 possibabity smee 1 number of bt eells © 1 Hw s
present in the cultures ot the (nd of the expiriment it perrart

ST MM ALY

eelly wav muostgated
§ eudly wire wiceted
sdiditson of

Yarus ndueed tercd anbisematy @ ocutiurad
usin, the contictn) destruchon phenomeaon
with a non-cttop Hhoathic  RON ONCoAEME $IFHS (1O
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LCM smmune C;H spleen cells led to destruetion of the monolayer
targel cultures after 48 hours m about half of the experiments Un
sensitized cells caused no damage which could he attributed to the
LC\ infection while sirus carrier cells { folerant ) had 2 destruetise
¢ffect 1n a few experiments The latter observation miht indieate the
presence of immune cells 1 the tolerant populition

Anolher mleresting finding 1n these expeniments was that bolh un
wfected and LCM infected L-cells were damaged to a1 considerable
degree by Al types of CyH lvmphoid cells The reason was thought to
he the use of calf serum contaimn, 1 natural  ag Inhnm Io moust red
cells in the culture media This serum would cause agareg ion to the
T cells of the lymphoid cells By this means it was possible to demon
strate an antigeme difference between the L cells and the G, cells
used 1n the present study

The present study gives wider implications to the contactual de
struction phenomenon The possible role of this phenomenon 1s a
virus ehminating mechanism 1s disenssed
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ALTERATION IN VIRULENCE IN
STRAINS OF CRYPTOCOCCUS NEOFORMANS RESISTANT
TO AMPHOTERICIN B AND POLYMYMIN B

W ith a Contributton lo the Discussion Regarding the Relafionship
between Freapsulaiion and ¥ trulence of Cryplococcus neoformans

By

TessIE BODENHOFF
Recenved 131168

Obsious changes 1 virnlence associated with the development of re
sistance have been observed in Mycobactertum tuberculosis {Middle
brook & Cohn 1953)

Similar changes have also been observed in the veasts Lones &
Peacoch (1959) found that two struns of Candida albicans i which the
resistance o ampholericin B was mercased by 13 and 29 times respec
tivelv showed a sigmitieantls lower virulence n the mouse than did
the parent struns

Hebela & Solotorovsky (1962) found thal candidin rcsistant struns
of Candida albicans were less virulent lo the mouse than the parent
struns The same quthors observed 3 years Iater (196)) that strains of
Candida albicans wilh ncreased resistance to amphoteriein B were
sumlarly less virulent than the parent struns

In an carlier publicttion (Bodenhoff 1968) 1t hns heen demonstrated
that 1t 15 possible Lo 1nduce n considerible resistance to amphotericin B
nd polvimyxan B in Cryplococens neoformans

The present paper cont uns 1 report of somr xneriments destgned to
thiscoser whether mere ised resistanec 1 Fry Y ccus neoformans 1s
assocrated with dec ev ed rutence for mice

MALPFIAL AND METH DS

The experments verc jrimas 1 §nedasordma  ( r ' g ns m
the mouse ¢ e cqual groups Is were mf ¢ ' U os U train
or the dernved strain obscm £ ccrtum numbhr 6t Tthert  t dead
to I ing animals i cact gr tabli hel

In addition Inecach g up « frextr £ 1 Such mice

hat not slre dv die nfects n « t 1 it intenvals and



156

sursied for 80 davs whilst oniv threc of the ten nocuirted with the
parent stram survived

TABLT 2
Fyperiment 2
Varnlened tn Cryplocoecus neof irmans
Relation betw en Virulince 1n o Sensttive Strarp and @ Dern o
Polymyzin B Resistant Strain

Number St
Strain Mo ;‘l,:a«‘e;{) to . Degrecof  Infecting it
b transfers  Tedistance ose 80 davs
M 14-377 1 €5 105 3110
M 14-372 Polymy«in B 1 10 X 75X 105 10410

It 1s furthermore noteworthy that the results of mfection with the
pirent strain are as uniform as could be expected with three survnors
out of 10 1n on¢ Lroup and two out of mine in the second

The results of the eunltures from the hillcd and dead wmmals which
are recorded m Trbles 3 4 5 nd 6 qive furlher detaiis of the course of
the infections 1 the four groups

Tables 3 and 5 contam the mfcction experiments usmg the orginal
sensitive (= parent) strun (OR) It 15 apparcnt from the tablcs that
the first dealh among mice i these groups occurred s eirh s fne
dws afler infection and that the morily of the remminda of the
ammals died withmn three weehs of infection

It may be seen from the results of the cultures from the hilled am
mals numbcred with Romwn numterals that by the fifth dn there 18
alre tdy massive srowth of eryptococeus from il organs (liver spleen
Il Mnevs Junas nd brun) Sumiw massne mfechion was found i e

y ¢ tumals llad on the 10th 20th ind 30th dws nd also i alE the am
mals which died durin, the (xperiment

Somc of the ananals surined for more than 80 dinvs Amon, these
mouse OR 10 died on the 82nd day (T1ible 3) numerous cryplococct
were found n Il or,wms Mie numbers OR 13 OR 16 wnd OR 18
¢Tibl 5) ind mousc OR S ¢ I1hte 3) were killed on the $ath 8818
88Lh wnd 160th daxs respectisdv T rom Lhe cuituresal wonld ippe wrthat
moust OR 13 was in the process of ovcrceming the infection moust
OR § wae porhaps overcomung ib but i nmiee OR 1b and OR 18 there
were sueh 1irat nnounts of eryptococcus n e orgns n p sl in
the brun it il s doubtfu) whether the course of the infuction WS
decided 1 these anmm s App reenth it would bove baen pre fupaple of

1l the anmmls had boen obsersed for 160 dmys

The coursc af the mfcetion i the s infeeted with mlphl)l(l‘l(‘;ﬂ

B ressstant ervptococetl cddls (AB) wais quite dafferent s shm\n”ll
Table 4 there were no carly daaths amon,, these e hat two of the
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mice (AB 4 and AB 9) were mortbund on the o7th dav These ammals
were obuiously extremels 11l both had uleeralion about the nost
pustules and ulecrs on the aunulae cartilie  tumour lthe masses
corresponding to the segments of the tml and on the lower fore and
lund fegs there were panantm like bullous lesions Both these m
mals were hilied Culture revealed massive growlh o all organs In the
account of the resulls of the virulence experiments these ammals arc
counted 15 “dead

\ouse AB 2 which died on the 47th dnv has been oxeluded  from
lhe experiment as culture from ihe organs revealed plenuiful growth
of Tseherichia coli nd scanty gronth of ervptococcus This amimal
hns not beun included 1n the virulence resulls shown in Table 1 which
thereford shows that iwo mmals oul of nine died wilhin 80 dns

In the cultures [rom the 1mimals killed on the 5th 10th 20th 30th
A0th and 50th d ws afler infeetion 1L was also found (see Table 4) thal
Ihere was seanly prowth from the oryins of the ammals which werc
hilled soon after infuction ind that the lenger the animl had Ined
after the infection the grealer the number of colomes of eryptococer
which were cultured from the orgns There was massne growth of
cryplococer from all the organs mcluding the brun m ihe ammal
which was hilled on the ofth dax

It would appear lht eilher the mmphotcriein B resistant cryplocoees
do not reproduce thumselves m the mmal duning the period imme
diately after fection or that they only reproduce themselves slowly

From the studies of the stx amm ils which sursived for 160 davs 1t g
Aso apparent that the course of the nfection after the 501h day pre
sumably follows one of two courscs ither the ammal recovers (miee
AR 5 6 and 7) or clse it dusclops 2 chromie ersptococeal nfection
(mice AB 1 and 8)

Mouse AB 10 which dicd on the 139h dw with numerous ervplo
cocer m ail orgns 15 1 typical example of 1 mouse wiith a chronye
criplococcosis Mouse AB 1 ravered sn wddition to the massue infe
tion of the brun widespre id cutncous sigas of ervptocoecosis In
mouse Al 8 there was growth of numcrous colomes of eryptococer m
sumples from the hidnevs md lun,s and 1 lhwgpe number from the
bramn In mouse AB 3 there was scinty growth of ervptocoeer in the
bram but no prowth i any othar orp

Table 6 shows the results of cullure <xperiments on the ammalg
wineh were infeled with the pehmyxin B ressstant stram (PB) Thy
course n these anmmibs was quite different both from that foung |,
wmals mfected with the parent stran Cables 3 and ) ang alsg
from those infieted wath the impholenicin B resistant slruin (Taly) 4
On calture of simples tik n from the merse falled on the fifth g,
1fter infeetion tharc w s growth of harge no nhers of ervplococeal calg.
mies from the lner wnd spl o wnd som 11 foes from the Iy, .
hudness blood nd braum In tv muce hilled o the 10th 201h ang v,,;‘
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surined for 80 d s whilst onds three of the ton mocubted with the
Parent sirun surined

TABLF »
¥ 1 eriment ®
Vurulence i Cryptococeus nod formans
Helation betineen Virnlence in a Sensitine Strmn and n Dern ed
Palyrapcen B Resistant Steam

Numbes
Stram No Fx(x:osed :‘n il Dc%ru‘ of  Infecting s“:},'e‘; s
antimscotfc 0% pesfstance dose 80 s
M 14972 1 £5 % 108 3410
™ 13-372 Polvmyxn B 11 10 > 75 X 10 10710

1L s furthermore noteworthy that the resulls of infoction with the
parent strain 1re 15 umform as could he expeeted with three sunnors
out of 10 m one nroup nd tnwo out of mine w the secand

The resulls of ihe culiures from the killed =nd dead ammals which
wre recorded in Tables 3 4 & nd 6 sne further detuls of the course of
the infections 1n the four groups

Tables 3 nd 4 confua the infection experiments usin, {he ongmal
senstline {= parent) strun tOR) It 1s apparent from the {ables thi
the fivst death amony, mice m these groups occurred as ewrly 1s fine
dws after wfection and that the mnjonty of the rommunder of the
ammals died within three weeks of infection

It may be seen from the resulls of the cultures from the hitled amt
mals numhcred with Roman nunerals that Iy the fifth dn thee »
Aready masaive grovth of eryplococeus from ol org s (Iner spleun
Pidnevs lungs md hrun) Sumibw massne mfection was found i the
s halled on the 10th 20th ind 30th diys snd also m 4l Lhe
mals which died during, the (xperment

Some of the imm s suryngd for more thin 80 davs Amony, (hese
mouse OR 19 ducd on the 82nd dn (1ble 3) pamerons criptoeacct
were found m ) org s Mie numbers OR 13 OR 16 wnd OR "
“1abl 5 and monse OR 8 (1 bl 1 were kil on the 85t §5th
8810 wnd 160t d s respeetingdy From the cuftures st would appe o that
mouse OR 14 wis n the prociss of ovcreomung the wmfietion moust
OR b was perbps overcomimg it but o nuce GR 16 nd OR 18 (hert
were such Tirge wmounts of crvptococens m thic orgms i pirke b
the brun that 1l s doubtful whether the eonrse of the mfection w29
deewded n these tumads Apparently ot would hne been prefurabi of
Wb the s boad hoon obsered for 160 dys

The course of the mfection 1 the wmds nfucted with amphotcna?

fifferent As shown it

B resistind ervplococcy clls (AR was quite d Cive
I ible 4 there were no cwrls de wha wmong, thov mice but fwo ¢
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TABH

Infection Fxperiments Using the Iarent Slrar.
Infectron dos

Cultor
Fxperiment 5/7 1966 VMesentery Peritoneum
Mouse OR V11 Lilled 5th day
Mouse OR VIII dead  10th dav +++++++ .(+++)
:;nusc l()):\\ l\\ Lalled 10th day ++ +
ouse dead 7th day +
Mouse OR \I dead Tth day +Iii iiii
Mouse OR \II hriled  “0th day +4++ o
Mruse OR 11 dead 12th day 4+ +
Vouse OR 12 dead 19th day 44+ +
Mouse OR 13 Lilled 85th day 0 0
VMousc OR 14 dead 15th dav
Mouse Ol 1 dead 14th day +¢+++++ *r‘
Mouse OR 16 killed  88th dav 0 M
\ouse OR 17 dead . 27th day 0 [}
\oust OR 18 1illed 88th dav 0 []
\ouse OR 19 dead 5th das b +
Mouse OR 20 dead 9th day ++I: :4—
Rey to Registration (Tables 3 €} no cultitre experiment
0 no colonies
(4) few colonies (2 1 »or 3
4+ 19 colonfes
TABLF

Infectt n Erjeriments Using the Polyu yrin B Rtesistant
Infe tion dse

Culture
xperiment 5/7 19¢6 Mesenters 1 eritoneum
Vousc PR \III Kalled Sth day (43 0
\louse PR \I\ hilled  10th das ] )
\ouse PR XV kiled  20th day 0 0
Mouse PB \VI killed  2°nd day 0 0
Mouse PR \\II killed  30th da 0 0
Mouse PR \VIII Walled  40th das 0 ¢
Mouse PR 21 hilled  80th day [ °
\fouse PB 2> killed  80th da [ 0
\Mouse PIt 93 Rilled  80th day 0 0
\fouse PR 24 halled  30th ta o 3
Mouse PB 2> killed 80th dav 0 H
\Mouse 1B 2t Klled  90h day v K
Mouse 1B 27 hillcd  90th dav 0 K
\ouse PB 78 Balled  90th day 0 K
\ouse PB 29 kalled  10th day [ H

Killd  90th day ]

\fouse PB 30
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days after mfeclion there were fewer and fewer colonies of cry plococet
the longer the interval between the mfection and the sacrfice of lhe
anmmal On cullure of tissues from the animal which was hilled on the
40th day and also those from the virulence determination experiments
there was no evidence of cryptococeal mfection At this time none of the
ammals all of whom most presumably have had eryplococer 1 the
organs during the first days after infection (vide the amimal hilled on
the fifth dav) showed any evidence of ervptococeal infection Investiga
fron of the killed 2nimals has thus in everv case completely confirmed
the impression that the polvmvyn B resistant strun has completels lost
its vrulence

‘This observation from experimenl 2 thal the polymyvin B resistant
stram had completely lost 1ls virulence was considered extraordinary
and some experiments were therefore carried out to search for an ex
planation of the finding

It 1s concervable that the reasen for the sursinal of the infected mice
was that the cells of the pelvmyxin B resistant stram were as has been
demonstrated previously (Bodenhoff 1968) partiallv dependent on
polvmyxn B and that 1t was therefore easy for the natural resistance
mechamsm 1n the mouse to combt the injected eryptococar

I'xperiment 2 was therefore repeated with the following modifi
calions

(1) during the cxperimental periods the mice were treated with
mlramuscular injections of polymyxin B (the dosage was 0 04 mg
polvmyxin B per mouse at first duly [Iater at mlervals of 2-3
days) and

(2) culture from the organs of the killed ammals was carried out on
Sabouraud s a.ar to which polvmyxin had been added m « con

ceniration of 25 pg/ml

The results of the modified experiment 2 were exactly the same as
hose of the original experiment
In order to mveshigate what happens to the eryplococel cells after
hes are injected into the mouse the following experiment was sel up
Suspensions of both the original sensitie eryptococeal cells and of Lhe
polymyxin B resislant cells were made On mucroscopy of Indit ik
mounts of the two suspensions the eryplococer in hoth were found 1o
be vers small having very thin capsufes winch was perhips stighih
more obvious n the sensitise eryplacoceal cells Than in the polymyun
resistant eryvptococeal cells (Figs 2 and 3)

Pigs 27
411 photograpbs enlarged to the same degree (X 900}



Figs *=3

Suspenst n ¢f original sen it e crvitococeal cells v ed in intrapenitoneal
ny cticn

Suspensi n of pol myvxin B resistant ervptococeal eells used fn mtrapeni
toneal injection
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Two groups of mice were then given mtraperitoneal ingections of the
two suspenstons (dose approx 10% crvplocaccal cells) Twenty four
48 and 72 hours after the infection a smalt amaunt of peritoneal flud
was removed from the amimals by means of 1 capdiary Pastcur pupette
The exudate was mrxed with Indiz mk and exanuned mucroscopically
This revealed that the development of the eryplococe! cells was
ifferent 1n the two groups of ammals In the peritoneal exudate from
the mmmals mfected with scnside vrulenl erypiltocaccal cells i was
seen tht thesc showed an obvious merense wn size there was an un
mense mncrease m ihe size of the ¢ psule o such a degree that 1t was
possible to find cells with capsules which were the same size 1s or (ten
larger than those found i the cerebrospinal fhwd i patienats with
crayplococcosts There was morcover evidence of vry vijorous repro
duction which apparently tookh place at 2 hush rite (11, 6)

The polymvun B resistant cryptococeal cells showed some increase
m size and therr capsules were 1so shghtly thicher than those in the
suspension which had heen used for the nfection However the eapsules
were obviousts much thinper (F3, 7) than thost in the sensttive enp
tococel cells obtamed from the perstoneat fhud i the other rroup of
mee Ceesionnlly  criptococeal cells wlich wert apparently bon,
phasoestosed were scen (Fig 5)

It would thus seem s thoush there 15 1 change 1o the ability of the
cells to produce capsules of normal qualitics s the ey plococenl cells
resssiand to polymyxm B

DISCUSSIOM

The course of the eryploceceal mfection 1n the mouse 15 well hnown
from the htcrature (1 ttman & Zunmerman 1956} The course of the
mfcetion n those mice which 1 the present studv were mfected with
the parent strain 1s 1n accordinee with this—shen atlos mces are made
for the rddatineds small infectine dosage The course m those mice which
were mfected with amphotericin B reststant and pofymxmn B resistant
cryptacoccat cells was so obtiously dnergent from tins that no explans
tion of the difference m the ressstanee of the wumals which have heen
used can be fonng
There 15 thus 1 great deal of evidonee which wonld supgest tht the
mduction of resistance lo nlimycolic agents leads lo 4 Joss of vy
lence s ervplococeal cells corresponding to that which as mentioned
n the intraduction, s boen observed m Cndida athieans by f ones &
Peacack (199} and Hebel a & Solotorovsiy 11962)
The dilference hetween the Joss of virulenc i i mphotinan B
resistant and lhe polsmyxm B rusisiant strams s exiriordintny
In the ampholericin B resmstint envptococcal edls the svrulence );
absrously reduced bui stil present This may perhaps he o plnnee
o followin, mannr It firs been demonsdrale 4 that resstml e p
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tococeal cells have a reduced rate of growth (Bodenhoff 1968) It 1s
quite concervable that this would give the host orgnmism a greater op
portumty to combat the infection or at all events to delay 1ts course
Aoreover 1t 1s known from the study guoted above that amphotericin
B resistant cryptococcal cells rapidls lose their resistance when thes
are confronted with a substrate which contams no antimveohic On the
assumption that a reduchion of resislance 1s immediately followed by
an inerease n virulence the infeclion i the mice infected with the
amphotericin B resistant cells may perhaps be considered to be a mixed
nfection of resistant cells of Jow virulence and a small number of sen
sitne virulent cells which gradually spread through the mouse until
1t succumbs

The toinl loss of virulence 1n the polvmyxin B resistant cells cannot
however be expluned in this way In this case 1t must be assumed that
the polvmyxin B resistant cclls are altered in such a way that the
mouse s body 1s capable of combaling the rmicro organism

In this connection the obsersation of the change 1n the abiity of the
polymyun B resistant cryvptococcal cells to develop capsules of the
usual size 1r vwo 15 of considerable interest particularly when the s1
multancous alleration 1n the composition and properties of the capsule
which 1s formed 1s taken nto consideration

For a number of years it has heen discussed whether there 1s any
correlation bciween the capsule and virulence in Crgplococcus neo
formans Thus Drouhet et al (1920) consider that the virulence n
veasts 1s directls dependent on the size of the capsile Ado & Schwariz
(1957) Iuttman & Tsubura (1909) and Hasenclever & Mitchell (1960)
have been unable lo confirm this hase & Vel ger (1962) isolated a
small capsule sanant of Cryptococcus neoformans which was more viru
lent than the large capsule parent strun Bulmer el al (1967) induced a
number of uncapsulated mutants and found that these were nonpatho
senie to the mouse whilst the eapsule forming parent strun was lethal
to lhe monse Thev considered the capsnle as a virulence factor

The experimen|s reported 1n this paper must be considered to sup
port the assumplion that the capsule in Cryplococcus neoformans 1s a
‘irulence factor ns changes int the ¢ipsule are accompanied by a loss
of virulence

SUMMARY

An amphotcricin B resistant and 2 polymvxin B resistant strain induced
from the same parent strun of Cryplococcus neoformans have been
vestigated for virulence n the mouse In both there was « marked
alleralion The amphotericin B resistant strain was obviousty less viru
Tent than the parent strun The polvmvxin B resistant stram showed
1 complete loss of virulence

In the polvmyxin B resistant sirua the alalily 1o form capsules in
vwo was found to be obviouslv  Tinced I s natural to connect this
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change 1n the ability to produce eapsules of normal qualities with the
loss of virulence
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CHRONIC CRYPTOCOCCOSIS IN THE MOUSE
by

JEessIE BODENHOFY
Recerved 13vn €Y

Intracerebral infection with Cryplococeus neoformans i white mice
leads to an acule iliness which 13 usually lethal A few days after infec
tion the mouse becomes quiescent 1t crouches in one corner of the cn,e
and 1ts coat roughens On ahout the fifth day 1t develops cerebral signs
and staggers round in crcles Oflen the occipilal region of the shull
bulges prommently Microscopy of the cerebral tissue at this stage rc
veals large numbers of ervptococer The infection generally spreads lo
other organs where 1! 1s similarly possible to demonstrate the yeasts
both by mucroscopy and on culture (Lwlman & Zunmerman 1956
Riewerts Erthsen & Enchsen 1962)

Intravenous Cryptococcus neoformans mnfection 1n the mouse usually
gives rise to an acute seplic wnfection The amimal becomes 11l with
sipns of generahized nfection The iliness 1s almost invariably fatal
Large numbers of cryptococer ean be demonstrated on culture of the
organs ncluding the bramn from the dead animals and occasionnlly
from the blood

The various strawns of Cryplococcus neoformans do not all exhibit
the same virulence {Benham 1920 Hasenclever & Vitchell 1960) Some
strains are particularly virulent and when given intravenously in suffy
ciently large doses they hall the animal wilh n two days (Holm 1968)
Other strains take longer to hiil Lhe mouse but the majorily are fatal
within 14-16 days

However there are also strains of Cryptococcus neoformans which
possess only very low virulence (Berhant 1990 Hasenclever & Milchell
1960)

In the course of a series of experiments (Bodenhoff 1969) using an
arhificnlly derived low virulent sirun of (ryplococcus neoformans
partly before and partly after passige in v mouse 14 out of 32 mice
which had been infected mtravenousiy dusiloped a chronie illness with

The author expresses her thanks to 7 3 Wall r Associate Profess. tment
of Pathology The R 32l \ eterinary and Au ic 1tural College Copenbacen Bepmark-
for his assistance in the histaloglzal stud
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2 strange and nferesting chnte it course which his not Itherto been
deserthed It would therefore seem justificd 1o gise 1 short deseriphion
of some of the findings i mice with chronic eryplocaccosns

MATFRIADL AND UFTHODS

The etperiments have been carried out with ao amphotericin B resfstant steain
derved from Cryptacoccus neoformans siram \ 14-372 (omginally isolated from
pigeon droppings by Riewerts Enbsen & Erichsen 196%) parthh hefore and partly
after passage :n & mouse The animals used fn the expersments were infected with
appro¥ 108 grvplococei per mouse Far farther details of the induction of cesistance
1o amphotericin B in the strain used the assessment of the sirulence of this stran
and the mvcological methods emploved in the nsestigation of the mice reference
is made to inwo earlier reports (Rodenkoff 1968 and 1969)

In a few cases histological mestigabions of organs from the muce hme been
carried out The tissne was fixed in 10 per cent nentral formalin The specimens
were embedded en bloe in paraffin and cu) inio sections € »x thich The sections were
stamned with haemataxylin eosin and the pesiodic actd Schif(’s reagent (PAS)

CLINICAY PICTURF

The Mne s 1 the mice vhich have been ab erved in this studs mas be dnaded nlo
three stages

1 A prumars stage (from wafectlon to about 5th post infectimn week) sa which
the mouse 18 apparentls unaffected

2 A secondary stage (from 5th post infection week) m which the mouse appears
distressed When removed (rom sts cage it makes Do attempt to run awa there
23 pronounced photophiobiz the tax) slands straight up in the zir and it Js pos thie
to obseric hareh visible cutancous snd sub utaneous nndules (see bela vy Licers
may develep on the nose and/or shoulder region (Figs 1 a and b)

3 A tertiars stage (after shout 7th post infection werk) with cxacerhats n of the
processes alreads obsersed the mouse ents hut s genera) condhtion 1s affected
the pulse rate 35 increased the coat reughens ibe amimal scratches the m) ratlons
an s nose The extent of the ulcerations increases they hecome confluent and form
prominent granulomas The nodules on the Wil ancrease In size There 15 buds
farmation on the lower fore and hnd legs Later in the course af the ilness the
nodular growth takes ar the character of tumour Iche masses A1 the same time R
15 gossible to obser ¢ cutaneous polyvgonal dischargin, ufcers about ¢ 7 X 1 *mm
in suae wihout halr encrusted occasrona)y indurated on the srea of the sinus
‘hatrs ¢n the nise aad the shoulder region Ax the processes conlinue the uleers
© alesce nrd m the sanus hatr regan they grow rapiily to Dywm protruding nleer
aling granulomatous fesions ahick may cxtend up to the eve imo) ing the upper
and o ver lips the mucous membran» in the anters r part of the mouth snd the
anterior nare  In addition to these changes §t | possible at this stage 1o sec one

rmorep { gynal § X 5 mm pustule at the Ia ¢ of the cars in the angle betacen
the Iateral aspect of the auripulsr cartilage and the skin of the head in the infra
tetap iral repacn These pustules may perforate to the inten r nf the lurlulll,r
sartilage but are Jangsst on 1he pxternal a peet  there may also te ukcets ln"f'h;
regun Fiaalls there mav be janarttivm Jhe ooy Ieaon «n the fare and him

legs (Fig 3 cand &)

MICOLOCICAL FYAMINAITION

cture of the (umour fthe fesions on the tuls of the anum ils i

On pun fered evst

of the aurtenlir nd diatal prstules the platmun needle en
hhe cavits cont i, A nresesh transpirent g ltinpus rxl)nllﬂv‘
Afwerascopy of Indit inh proparstions af s exudate reve il I!r\ “1‘
was entieely composed of round ta ovord eets resembling scast e



b s

Fugs ta b
Se ndary stage of chranse cryg tocoreosss an the moyse Farly cauda) radular
growths Ulceratlon on the nase

surcaunded by thiel, eapsules Cultures from the exudate £rew yeasts
the propertics of which were the same as those of the yeasts used for
the infeetion of the “rumats

There was stratarly growth of Cryplacacens Reofarmans on culture
Samples from the uteeration 1n the shaulder regton and from ulcers
md/or Leanulabion Ussue from the nose

of
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Figs te d

Tertiary stage of chronic cryplococe 3515 1n the mouse Aparasati n { audal nodolar
Tustule £Hrmit 0 on celernal an 1 flcrmal sur
n the lover fre

growths Cranufema on th nasc
faces of auricular carbilage [anarstiem like bulla led n
unt hind lgs

At the condluston of the cxperiments cultures were made from the
organs of the animals These rovealud growth of crvptococer from the
bramn and from the majorts of the ofpans occsonally also from

the blood of the mmimnls
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STUDIES ON YERSINIA ENTEROCOIITICA

Bactertophages I berated from Chloroform Treated Cultures

By

Brrcrrra Minfus and Carc T Rieson
Recaved *141 6%

In 1960 Mollaret & Aicolle reporled on bacteriophanes oblamed from
culture filtrates or by UV 1nduchon of bacterial sirams referrdd to as
Yersima enterocolitica (van I oghem 1944 1946 Fredert sen 1964) and
with lytic actiaty against other strains within thus group Micolle el al
(1967) assumed the occurrence of pha,e palterns useful for typing
but no delails were given on the host ranges of the isolaled phases or
the pha.e pallerns of the nveshisnted stramns

Studies on phage liberation and phase scnsitinity in orgamsms re
furred to this somewhal heteroencous bacter1nl group miy yield taxo
nomically useful mnformalion

The results of 2 recent investigahion {(Milehn & Sjostrom 1967) sug
tested thal ersimie enterocoltlica ys furly common mn human nfce
fions This induced us to try to devise phise typing methods useful
in eprdemiological studies

‘This paper gives the prolinun s results of insestigations of hacteno
phages hiberated from Yerstma enfcrocoltlica or relaled bactersa In
treatment with chloroform by the method described by Ajems (1955)

T'en phage preparations werc used for the tspin, of 154 strans of
hifferent ongins

MATIHIAL
Ricterial Str uns

Txeept for phage typing the trainsu d  ere selected am ng 37 strains obtatned
from different laborators & T { urel + \ (Dantels 1963 Damels & Goud 1t aar |
1963)  Yerstnua enferor Ditr a (Fret ' n 1963 or Biclertum enlerocolit ci 1t
(5 hlefsteun & Coloman 1943 rigim 10 mhers ant code numbers given m Tal 1 1

The fsllowing collects n wereu 1 1 crent purposes
Phage llbcmlwn Clex 11 7 n it ty n chloroform essans C e
Not10 45681013151 % i

=37 Deternunation of Iyti & ¢

Weare indebtedt Er € T 1 The \ terinars Vledieal In o 1o o

him Dr W Prfrien Ry alDp U nt Asllorg of The S ¢ um In
titul  Copenhagn 14 Prf M I M {01 t Intitwt Fasteur Pa € |indly
1lacing strain at our dip 1

The io estisy t o wa suy ft 1} yrant from the Medi al Fa slly { th
Universtty fTund S len frm ul «d 81 rlunds Stftel e and fi  the Su 1 b
Leal Resea h Counst

12 aemar 1
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SFUDIES ON YERSINIA ENTEROCOIILI( 4

Bactertophages Liberated from Chloroforin Treateid Cullires

By
Brrarita MiLéns and {anr I Ricson
Reeelvet 21 45 ra

In 1960 VMollaret & Micolle reported on bacteriophncs nly
culture Nitrates or by UV induction of bacleriil str g rife
Y ersuna enterocolitica (van I oghem 1944 1046 1 rederil gon 1964; g
with Iytie ietinats asainst other strains within 1his RIOUD Nicc e of of
{1967) assumed the occurrence of phage pallerns ysefyy for 1y ',l
but no dctarls were grnven on the host ranges of the y5q) el gy 'Y/’ 1)
the phaoc patterns of the mvestigated strans sor
Studies on phase hberabion and phage scnsitingt
ferred to this somewhat heleroeneous bacternl groyy
nomucally useful information VS S0 g
The results of 4 recent imvestigation (Ndehin & $444
gested that Y erstnia enterocolttica 1s furly common 4
tions This induced us to {ry to devise phage typing o
m epidemiofogieal studies b ethidy taefyl
This paper gnes the preliminary results of inycstyy, thons of ¢
phages hibernted from Yersuna enterocolifica or yop 1Y Eiepe
treatment with chloroform by the method deseribed ),
Ten phage preparations were used for the tvpng of 1)1 o
different oriains e ¢ f

nned Crepy
rred (o gs

Y I oty gy g

o vy o,
0 Bt agy nfew

U Bistery, p
Y Afeny (g "
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meat extract broth cultare (~ 27 () of the PS The phage titre was determined
after 1cubation at ~ 29 C and cxamunation of the plates after 1 and 2 da s respee
taels The number of plaque forming units (pfu) per m! was caleulated from counts
on plates with plague numbhers nearest to 50/plate in each dilution series

Delermination of Lytec Spectrum

Each phage preparation was tested against its PS and a standard set of test
strams Al test strains were hept freeze dried The phage preparations were diluted
and distributed as described abise the test strain were pre incubated for 6 hrs at
=77 Cbefore the plate were inoculated The plates were examined after sne and 2
Hays incubation at ~ 77 C The results were graded a3 follons ++ (>350 plaques)
*+ (20-50 plaques) = (< 90 plaques) — no plaque formation) The actuaty of the
Phage preparation on the different strains was compared with that on the PS and
the resulls were recorded according to the principles used by Blaw & Willtams
{1961) for staphylococer & - reactton n the same (or higher) dilution as on the

S =5 m a diluton 10-10 times more concentrated than on the PS = 1 i a
dilution 103101 times more concentrated than on the IS =3 1n 4 dilution 105-10¢
times more concentrated than on the PS = 2 vors weah Ivsis = 1 no Iysis = —

Phage Typing

Phage tvping was carried out es entially acec rding to the methods recommended
by Blar & W alliams {1961} for tyying of staphylococc: Incubation was howeser
pesformed at room temperatare (~ 2 C) The straws to be tested 1 ere pre e

ated 1n meat extract broth for 6 hotirs at ~ 2% G, before the plates were secded
The aim was to obtain a umform thin luent growth Phage fving
near-canfluent Jysis of respective PS were used as a reutine test diletion (RTD) 1F
vossible also suspensions with a higher phage titre te 1000 X RTD or in the easc
of Tess concentrateed phage stock preparations 100 X RID or 10 X RTD + ere alsa
used A phage tuping apparatus according to Z1du ell (1959) was used far the ap
Plication of the phage suspensions to the plates The plates were examned after 1
84 davs with a loupe and # colons micros epe The Tesults were recorded essents
813 according to the cratersa set up by Blatr & Wlliams (1961) for staphvlococel

Al tests were performed in at least duplieate

RFSULLTS

n“l"ml’hﬂscs liberated from chloraform treated cultures could be
demonslral(d by plaque formation on incubation of the test systems at
~22 C byt not at 37 C In a few cises munute plaques occurred at
10 ¢ but propagalion was not attemptcd at this temperature The
results of the 22 C serics arc grven in Table 1 In several dest stramns
different plaque tspes occurred Inafew test systems 1e phie dolner
Ing stram/set of test struns phuque preduction was not consiint on
Tepealed assay As shown in Table 1 29 out of 37 chlcroform treated
strains produced plaques on various test strams Phi  domonstrated
n these test ssstems usually proved to be actine asamnst bacterr ecolo
gienlly different from the phase producing strans Howevar a few
stramns isotated from hare chinclulla aind man p oduced phages actine
Within the respective ecoloical groups

Phages were not 1selated fram 1 chinchilla stram (N\o 17) from ¢

out of 6 indole positise strams (Nos 19 21 22 nd froyp 3 human
strauns (Nos 3o 36 37) the laller duerg: %oh nega
e struns of human ongin an Lhat they wly from

d xylose and lactose (Mlehn 1907 h Nuldhn
Concentriled nhare nrenaratione we

1»
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TABLE

Phage Production and Phage Sensitwity at 92 € in Vartous Groups of Yersima enters
Thirty seven Strans Tested for Phage

Chloroform treated strasns Plaque
Origin Code No  Onginal No 1 : 14 5 8
Dog 1 Becht 200 — s —_ + -
Pig 2 Drckinson ml O+ + — 4 + +
3 Rampon + — + -+ +

Hare 1 Daniels 1028 + o+ - - 4+
5 Carpenter DRL 255 e

6 Lucas + o+ = = =

Chinchulla 7 Danels 900 -~ 3 — ¥
8 Danels 524 — -+ =+

9 Danuels 931 — - ¥ ¥+

10 Daniels 975 —_— —_ + + +

11 Siegmann 268 - -+ o+ 4+

17 Becht 13/61 - -+ o+ o+

13 Becht 18 - =y I+

14 Becht 51 — = 44 A

15 Frederihsen I 71 - - + e

1w Frederiksen P 13t - - + 4

17 Frederiksen P 7¢ (Knovx) - - - -

18 Tredenisen P 77 - + +

Cunea p1g 19 Frederilsen P 413 (Borg Petersen)  —  — - -
Man 20 Albany 33114 - - + + 1
21 Albany 5819 - - - -

22 Frederthsen P 219 (Boysen Moller)  —  — - -

23 Naléhn MY - - - -

24-31  Niehn MY 1231360 6% 6575 — + 1

32 Niléha WY 58 + 1 + ot

33 Hiissig 2533/71 + i +

34 Waouters T + - . + F

N 35-37  Niléhn MY 39 66 79 - - = - .=

+ = plaque formation \ = + i ble results

J
7/

phages from 10 baclerial strams 1solated from dog, pg hare chunchlh
and man Phage preparitions from 6 hiclcnal struns were Cich pro
pagated on more than one propagiting strun (271 2/13 4/6 4/24
13/4 13/6 18/6 18/24 32/1 32/13 32/20 84/1 34/13 34/2n Al
tonether 18 differcnt phige preparations werc oblainud their approxt
matine concenlrations (pfu/ml on PS} and Iylic speclra wre pnen 0
Table 2 The propagation of phages from one bacterial stran on tif
ferent propaigiling strains somelinies resulted n phage preparbons
with diffcrent Istic specira On the other hand severil phant propart
tions obluncd from differcnt strams hchaved sory sumilarhy Thus
phages hherited from one Belgian strun (\o 34) and onc Swedish
strun (Vo 32) bolh of human onan showdd essentialls the sune
fytie achivity as phages ongmmating form 1 strain wolated from pie
{(\o 2} The same was trie for phage priparibions 1salted from ont
dog strain (Ne 1) onc human mndole posilive strun (\o 20) and n.rll‘L
human mdole negtine strmn (Yo 31 In several cses l‘mh 1;::\’,'1
of a prop1, ated phage wis seen also on the phiage producing b
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1

1932}
2t Related Organisms Tested with the ChDyrofarm Technique f hiems .

r

Tiberation on 54 Strauns wribyn the same Groups

formation en test strains

8 10 13 13 17 18 19 20-23 2% % %5 3 3 337
SR S S
‘*ii:::_+++,1~
::++M\‘-—~+i:+_
I A S P S -+ -
I3y if - T - Z <z oz oo
\~++~~—:_~‘~~*
- - T I 2 iTioToz
*:++*”‘“*:::::
P T S
**J""'~+\v%_,~
I T S S - Y N Z Z == =
T R S S

@ Tl que firmation  Indole positive stramms

strain In spite of altumpls at repeated single plague propagation more
than one plaque type often oceurred

Ten of the Phage preparations were used for
sensitivity of 1o4 strains of Yersinia enterocalitr

wolated from man dog pi,, hare chinchilta any
Are gisen i Table 3 \one

T compinng the phage
@ of related organisms
d gmnea pi., The resylts

a (N\as 7 8)

%o clunchilla stramng Nos 17 18) milally
negatie varied in ther phage sensitivaty on repeled assay
With the aid of am of 3 phage Dreparations with grossic the same
host ringes 33/1 3271 a1y 122 pha

uters el al (1963)
© Broup 1 strains ang a small



sroup of pig strans solated bs Dicf tnson & Uneguofl (19615 showed the
stme phage pattern as the human group I Two human strans {xroups
HI and IV} differed m thur phage sensitwats {rom Al other human
strams  Several differences i phige sensiisils were demonstrated
butween bumwmn struns and 2 small Lroup of struns solhted from
chincluiln (group V) Three hare strams induded as st strams
Istse spectra (Table 2) alco differed 1 phage sensibwity from human
struns The diffcrences i phise patterns amon, the human struns
swere not found to be correlited wath ans epidomiologiend datr

Sixty strams of other speens bulonging sn the framly Frlerobacte
rueeae wore not Ised by any of the phige prepardions

DISCUSSION

The fmndin,s m thes study confirm the sunt bty of an mcub tton
temperature below 30 G for phige studies of the ¥ ersinia enferocolitiun
wroup ( Wollare! & Nicolle 1965 Nicolle & al 1967)

In accordance with the results obtumed with other fechmaques by the
authors mentioned above 1he present resuds indiewte Vv rathor high
mcdence of Issonins sn Uus bactersal group In the course of Uns
stady wdiion o phases werd 1solated by UV mductian ar front culler
filtrates  from struns nol hberating pha.es fter trealment with
chloroform Howcver Ajems (1954) chiloroform tcehnique with the
modific wions deseribed proved useful i a prehmmary survey of phage
sensitiviiy and pht.,e praduction i these orgamsms

Previous studies of (hus rather helcroaencous bactornil group hne

vshown cortun hiochemien! differences between struns of differaind
ariqie te clunchulla hare nd man (Damele 1961 Panels & Gond
~. waard 1963 Frederiksen 1964 1967 Anapp & Thal 3963 Wollarel &
{ hepatier 1964 Snuth & Thal 196> Vollaret & Tucas 1965 Nl hn 19672
b and others) Varous struns seem o bu more or fess ridated with
respeel 1lso 1o their antigen composition (Fredesthsen 1961 1967
Wanblmd 1967) The prosent results as re, wds phige sansitaty wi
phase production may underhne the relalion holsseen cort an sirsas
1ol tled from man do. aod . wd olneried 2o by Suole ot al
(1967) while diffirences m cinsonr were found n e eses of
bactert 1sof ited fram clunclll s and hres Yhro bioch et f
furent hum i <truns (\ddehn $907h Nelchn of af 1908w found
to diffcr (rom other hunnin struns tho m thur siasitivts to chiora
form hiberited phiaaes The rehition of Y mous andolc nes e sirune
to wdol positine struns mmtnlh desershid by Schlafsi in & (1:!«11:1‘1‘7;
(1939} wad biter rcforred loos o Bacturmim cnlerad by "
¢ wthors 130435 hs boen dhidd wle tsanth & fhat ? H.ln mwnn.
othiers) In tly conncction st v mteresting o nate Uit phoge P

n o
arations with grossh the s Bost £ were bl uned frm‘*xm"”
f;d(xlc pasitne and on indole nodine sty pn beth of fnm e

S
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This mny suggest some rather close relalton betwcen these two bacternl
ﬂr[i:n:ommgt to the results obtamed by Vollaret & & reolle (196)) and
bv Atcolle et al (1967) several phage preparations showed Iire actisity
on the phage delivennt stram after propagation W hether this may be
related to the phise concenirabion emvironmental mflucnces or o
resulls of genotypie of phenolvpre modifications of the phae during,
propa.ation is obscure

Difterences m host ran.e hetweenr pha,e preparalions orinaling,
from the same bacterjal strain bul propagated on diffcrent strains masy
Also be explamed m several wivs Muftiple fisoenn of the phiae de
lwering stram wih the liberilion of phiges showing different howt
ranges or admixture of ph.es from the propi,ating stron may he
the case Phage mutation Tost mduced genoty pic or phenotyme chnaes
may also serve as possthic explanations

Phage preparations obtamned Ly this method masv be mmpure even
with the ase of sitle plaque propagation Further purification and
wentification as well as more mformabion on the stainhits of phace
preparahions switable for phage tvping arc desirable As mught be ex
pected a few bactemal strams gave varuing rusults when different
colony clones were tested Analysis of the present resulls of phage
sensitinaty of human strams collected n tlus jaborators showed no
correlation between phage patterns and eprdenmological dala concern
iny the strmps It will however presumably be possible to obtam 2
furly large number of phage preparations with different host ranges
from which phages useinl for eprdemiological stude mar be sedecled

Phage typing of some strans of other specres did not indicatc any
gh degree of Ixtic activily ouiside the group The same was true for
phages obtamed by \zonlle ef nf {1987) with other methods An thics
tigation of a larger number of steawss of Sersima pseudotubereulosis
would howescr be of 1t rest as VicoHe ¢t al (1967) hawe reported

same deree of inter species phade senswnaty belween Y ersinia psendo
tuberculpsis and Y crsimta enlerocolifica

SUMMARY
Chloroform treatment of bacternl cultures ncubated at 22 ¢, pProved
‘ll;l.lhl( for survevin, phage production 1n strams of ¥ersinig entero
olilica

Phage preparattons were obtaned actr

cal enlities sathm this not def,

N asanst different ceololy
l\

mtively elassified baeterial
group The
05t Finges of 18 phage preparations were \mestiated on a <e!pof 12

test strans Ten phise preparthons were used for the prelimmaars

ohane typins of 154 strawms of iffirent ot
ns
Srams 3 mochemcalls different 3 Sl positis

ndole negatise human strams 1
sl‘mm 1solated from pig, ind 2 from chinchiti were not lysed by any
of the phae preparaions The 124 TEMRNIDE Niman ehrarne Fall anin
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4 ealegories (103 14 1 and 1 strams respectnelv) Onc canine stram
behaved hike the majorits of the human strans 5 pig sirun showed
the same phage patlerns as the wroup of 14 human struns Chinchulla
struns and hare struns differed m seycral o spects from the human
stramns

One phagc prepar thon 1solded from 1 ndole positive humnn strun
showed the same host range s a phage preparalion onanabing from
an mndole negative human straun

The phase preparitions were not actine agunst 60 strans of other
speetes of the famuly Lnferobacteriaceae, including 4 smll number of
Yersima pscudotuberculosts strams and 1 stramn of Yersima peslis

RCFFRFNCFS

1 Blar J F & Willams R F 0 Phage typing of Staphylococe! Bull Wid Hith
Org 2+ 771-78119¢1

P DamIs I T H M U rell i dia
gnostizferten Stamme von Chunchillas /bl Vet Med 10 413-19 1963

3 Dantels J J If 3 £ Coud waard C 1nkelc stammen van cen op Paslenrcila
paeudotuberculosis geluhend nlct geidentificcerd species  geleoleerd bi)
Inaagdicren | Diergencesl 38 96-107 1963

1 Diehinson 4 B € Vocquot G Studics on the bacterial flora of the alimentary
tract of pigs 1 Enterobacteriaceae and other Gram negatne bacterfa J
appl Bact 7% 252-28 1961

5 Frederthsen B A studv of some Yersima psendotuberculosts lile bacteria
( Bacteriam and } Proc XIVth scand
Congr Path Miciohiol Osle 107-104 1964

6 Frederthsen W lersonal communicatirns 1967

7 Harlley P The value of Douglass medium for the production of diphteria
toxin J Tath Bact % 479487 1922

8 Missig 4 Earrer J & Pusterla F Ohcr Isendotuberculose belm Menschen
Schweiz med Vechr 79 971-973 1949

9 Ryems F Studies on streplococeal bacteriophages 1 Technique of fsolating

phage producing strains Acla path microbiol scandinay 36 433-4101935
10 Knapp W & Thal F Untersuchungen uber die kulturcli biochemischen sero

und immun sl hen Figensch iner
Dokt [ Abt Orig

tierexper
vorlafig  Pasteurella X henannten Bakterscnart /bl

190 4797484 1963 "
Twhoell 0 M Apparatus for phage yping € Staphyfococeus rur us Mtk Bal

n
Minist Hith Tab Sery 18 49-52 19,9

12 Joaghem J J pan The clas lfication f the plague hacillus Ant mi + Tecuwen
hoek 10 1516 1944 -

13 Loghem J J tan 1a classification du Baciffe pestcux Ann (st Pasteur
975 1940

14 Vollaret I I Cheialter 4 & Deplanche \ C  Contributin & Vétute dun
noveau proupe de germes proches du bacille de Malassez et Vignal 1 Carac
téres culturaux et biochimiques Ann Inst Pasteur 107 121 127 1904 .

15 Vellaret I II € fucas A Sur les particularités hiochimiques d stmrch(sﬂl'f
Yersinia enferocolitica 1solées chez les liésres Ann fn € Pasteur J
171-177 195

16 Mollaret H I & Nt olle P Sur la [requence de la lysogénie ‘}."Bnlg")r;r(;
nouvelle Yersintn enterocolitica € I Acad Se Pars <0 u{z 7«1}"(!”,0

17 Nscalle P Mollaret H H Hamon ¥ € 3ien I T flude Is Ll‘;\ ue, bactdrls
cinaginique ot lvsotypique de 1éspice Yersinfa enl roc fifict
Pasteur 112 §6 97 1967 £ %8 straine

48 Nilehn B Studies on Jermintt znlrlocof‘lil‘(: r‘:"hh:rn':'t;r’ﬂ’ﬂ"""mm“n“ €

from human and anfmal scurces
on At 1067



]

2
3

2

3
N

2

8

.

e
8 2

2
&

187

Nilehn B Bacterfological studies on 80 strains of Yerstnwa enleracolitica of
human origin Proc 1st Meeting on Pseudotuberculosis Paris 1967 (In

ress

dehn B & Spostrém B Studtes on lersinfa enferacolitica O currence in
various groups of acute sbdomiual disease Acta path microbiol scanding
71 612-628 1967

Vilekn B Spostrom B Demgawd A & hindmark ¢ Yerstma enterocolitica
m patienfs with symptoms of infectious disease Acta path micrabiol
scandmay 74 101-113 1968

Schleifstern J & Colemnan M An umidentifted microorganism resembling B
ligniers and an or man M\
St J Med 39 1749-1753 1939

Schlefstein J & Coleman M Bacterium enterocoliticum Asnual Report of the
Division of Laboratortes and Research New York State Department of
Health 56 1943

Smith J E & Thal E A taxonomic studs of the genus Pasleirella using a

1 Acta path, d 64 213-223 1965

Wauters G & Wollaret H ##  Un noseau cas dinfection humaine A Yersina
enterncolitica Rev Belge Path 371 328-333 1985

Winblad 3 Studies on serological typing of Yersinia enterocoltiea The XVth
scand. Congr Path \fserobrol Copenhagen 115-116 1967




~

Acta path mxrobiol seandinar 7> 185-190 1969

BRIEF REPORT

ETFrCT OF RETICULO ENDOTHELIAL BLOCKRADF O\
FAPFRIMENTAL MURINF INFECTIONS

By Anat Yordstog

The abihity of collmdal ¢r particulate substances transrentiy fo bloch the reticuls
cndothelial syvstem and their influerce on experymental endototin hock and the
generalized Shwartzman reaction arc well hnown Though reccgnized for mans
scars {for reforences see Jaffe 1931 and Thomas 1957) the effect «f retionlo-cnds
thehial hlochade on expo 1t induce {1 scems to have recehied hitle
attention ln thL presen( paper s comparison 15 given of the fluence of retienl

mfections when orgamisms of different

p:\thu"cmcxl) are uscd

Yatertals ant Yethods
The material compri<es Yaborators micc moculated wath Fseherirhin eoli (expess
ment 1 64 mice) Salmonella cholerae sms (experiment 2 48 mice) and P enda
mnas aeru ppaosa {expenment 3 64 mive) The Fscherschia colr strain was Isolated
from the facces of a healthy mouse and the Salmonella stratn was< recorvered from »
septicscinii posvine ca ¢ whereas the Pseudomonas strain was isolated from a
minh that tied during a serious outhreah of Fseufomonas infection This latier
strain had a sery high urulence for mce Fqual doses to all animals in each
expensment (0Tl 02m! and 0 Iml respeetnels of 24 hour old broth cuftures)
vere admunistcred subcutancoushy In each expuriment the aprmals were equalls
durded 1 the thorotrist group and the conirol group The therotrast groups
recerned 02 mi of thorotrast (a collaidal selution from Fellows Testagar Laborato
rres Detront cnntammg npproumnlch 2% per cent the mum thatide) satrovenouth
befor el the miec were opened and the spleen
wseplically nmo\ml Cul!ures I\crc made from the splecn «f ail amm 1s that ded
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Sp’lrehe(z‘\ l;:r:st cd;:;cst:i wnd moderatels enlarged w ail animals that dicd, and F colt

was cultivated from alt splemec samples Sursssing aalmals were Killed 7 davs after
the heginnmg of the expertment (Fig 1
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In the thootrast group the first mouse died  heurs affer moculation All 2mmals
in this group dicd within 4 days while 3 w1 ¢ 10 the contrel group were still alne
after ¥ days and were put to death The spleen Was enlarged most evident in those
that were hlled and S cholerae sis was isolated nearl n pure cultnre from all
eases (Fig 2)
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BRIEF REPORT

TIFECT OF RETICU10 I \DOTHFLIAI BlOCKADI O\
FA\PERIMFNTAL MURIND INFFCTIONS

By haut Vordstog

The abihity of collordal or particulate substances transiently ta block the reticulo
¢ndothehal system and there influence on experimental endotatin shock and the
generalized Shwartzman reaction are well hnown Though reccgnized for many
vears (for references sce Jaffe 1931 and Thomas 1957) the effect of reticuly endo
thelal hiochade on expersmentaliy induced infections scems to have recefved little
attention In the present paper a comparison is given of the inftuence of reticuln
cndothelial blockade on experimental infections when orgamisms of different

nathorenicity are used

Vatertals and Methods

The material comprises labaratory mice wnoculated with Eschert hita colr (expen
ment 1 64 mice) Salmonella cholerae suts (experiment ® 48 mice) and Psenlo
monas aeruginosa (experiment 3 63 mice) The Escherichia cols strain was fsolated
from the facees of a healthy mause and the Salmonetia strain was recovered from 4
septicaemic porcane case whereas the Pseudomonas strain was 1solated from 2
minl that died durihg a serious outbreak of Pseudemonas infection This latter
strain had a verv high virulence for mice Equal doses to all ammals in each
experiment {(01ml! $2ml and 01ml respectsiels of 24 hour old broth cultures)
were administered sybcutaneoushh In each experiment the amimals were equalls
thoided 1n the thorotrast group and the control group The thorofrast groups
received 02 ml of thorotrast (a colloidal solution from kellows Testagar [ aborste
ries Detroit contaiming approximatels 25 per cent thorium dioxide) intrayenousl
immediately befare fnoculation Routinely the mice were opened and the spleen
asephically removed Cultures were made from the spleen of all animals that dicd
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The differcnce s fatalit  rate i mice ex coomentally infectc ! with Fache
colt during the first 72 hours ¢ [ the experiment
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A NFW CYSTIC FORM OF TONOPLASHL GONDH

By R Wark ana W ¥ Huihison

Ta 1965 Hutchissn reported 3h:

at be had heen able to transmit Toz
the fac e of expermentall

o3 lavma gondut ;‘n
nd on the hasts of his experiments he
it torward the o c“}:”:n[h;sls ¢ 18>7) which seemed
ot well with the ep,a;m.omg,m fauts fater 1 19»7 Kis results were con
vmed by Jacods apd by Dubey
o H:\‘e\!er in repeated expermments Jacobs (1967) reported discrepant r‘Lsu\}l‘h :‘&
was ghle to trsnsml Tox plisma infections o fae al wmocyla from tw) caty & u
h e time Hutchus s found that he was
any pematode eggs being present About the sam et
able to transmnt the 1ofects n 10 the facees of a cat 1n whi h the Toxrcara egps nh
ot reached the fnfectine tage These resulls led to a series of ﬂpcl"l:’lcnls‘ rx‘n: ;\ar:lcca "
3t was clear. that toxcpl e ted 1n
of cats e\'enb'm ihe absence of nematodes (Hutchison et af 138) In these experi
tments hyweter na idea as to ibe wentity of the snfective organrsm was obtaned
After the completion of these expersments # vas decided lo repeat the worl
usmg different cats and a diferent Toroplasma stratn Thus the following additional
expersment was performed Four cats all serologically positine with DT titres fram
1 10-1 230 were each fed two chromcalls infected muce per da for seven davs
The miee had bees eulated ab ub 16 weeks earlier with avieulent Tozoplasma
(Statens Seruminstitut Strawn 119} 35 lated from 2 pig Facees from the cats were
pocled ana collected at s1% day iuterval begmmm, on Yhe hirst das of feedmg “o
laeces were obtained prior to fecding After vepeated filtrations and washings the
sediment was subjected to flotattin using satarated Na(l and 33 per eent 7nS0,
After {Intation the matenis} was S ashed ey tatedly and mamtamed 1 tap water foc
3 weehs at room temperature In thys way three mocula were cbtatned fr m three
conse utive six dav periods These tnocula v eye wonro copicalls exammed at differ
nt stages © their jrepacation The first ex mumattan was perfc rmed immediatels
after flotation On this aceasion 3t was noted that small cyst ke steuctures were
present in fairly Yarge numbe s an the mo wla of the first an1 second pertod How
tver noae of these could be demoastrated in the smoculum of the third period The
morphology of the e custs was apparent! quite umform They were ovold measur
wng approxtmately 9 145 Thes were sursounded by a walt of uniform tickness
and the intertor was occupied by a shghtly granular mass
Besides these cvst  Tox cora cafe eggs werc }resent despite anthelmintic treal
ment of the cals prior to (he expeniment lo  rder ta exclude the possibilits of
vematyde transmission the inocula were Nitered through a 3 4 flter which
cparated the ova {rom these small eystic orgamsms o pematode ova could be
dycmm;ns,l\rnle Uaflerwards although the inocula Wwere thoroughly examined oa.
casins

Abovl three weeks after collectioa of the fagtes \ve
wuce Ex min tion under the microscope at th
mten 7 of the cvat
they seemed t

KRy

material was inoculated jnto
stage revealed a change n the
m wh ¢h two separate organsms had desclaped At this stage
be morph logieally xdentical measuring ah «t 8% 5 No defumie
tructure except for some granules conld be seen 1amside them
Fach € the theee 4o enla was given 10 o group of sx rice 1 ml oralhy per m us
The mice were closely cbsersed and 1o the cour ¢ of 6-7 davs those that had he:
m culated W1th matenial from th first and sceond period nere enher dead or d)ln:
fecerved 22x168 from the Department ‘rxnpl
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STUDIES IN ORAL LEUKOPLARIAS XVIL

Lactate Dehydrogerase Iscen.yme Palterns an Oral 1 enhoplalia

By
I Lantap and B Rop PPrEnses
Recelvad 8 vill 68

A hugh level of glycolyhic melnbolism s the mam melbole feature &t
shinguishung most malignant hssue from Lhe Lissue of engin (W arburg
1930)

Divect assay of the gheolytic enzvme factate dehydrogenase {LDH)
n mohigoont and non mahgnant human hssue homogenates reverls
that total LD 1s increased i tumours {Boxer 1065 ShonA et ol 1953}
Recogmtion of the fact that LDH s present in muiliple molecular an
sts (Apella & Markert 1961 Cahn et ol 1982 Dowson ef ol 1964
fuaplan & Ciotir 1961 Varkert & Apella 1981 Markert & Vpller 1959
Plagemann e ol 19602 Plagemann ef al 1960b Vesell & Bearn 1907
Vesseil & Bearn 1991 Weelond & Pflesderer 10613 Las lod to a number
of comparalne studies of the LDH woenzvmalic patiern of mabignant
and non malignant hissues LD isoenzy mes are telramers composed
of four polypephide chams which may be one of 1o polypeptides ealied
subumt M and subunit H The fise possible telramerse combmations of
these subumits (M, VLH, M H ALH, ¥,) exhint different substrate
affinties d

g to subumi Thus LDH, (H,) 1s
hubifed at pyrunate concentrations where the hybrid enzymes LDH

L) LDH, (M H ) LDH, (M,H,) and the antipode LDH (N[, shown

wertasmy activity according to the relative content of Vi subunsls
Since Goldman et al (1964) furst reported an mcrensed percentage
of M subunits in mahgnant humm tumours similar observations have
been yvde Iy a nomber of other authors {Gerltard ef al 1967 Ishihara
1988 Langoad 1968a Languad 196Sh Lafner ef af 1968 Leese 1965
\issen &Boln 1965 Stanuslawshe Direncwayy € Lowtdther 1960 Yasin &
Bergel 196o Langoad & “edshor Pedersen 1988) In recent studics
Sp wsored by the Danish Cancer Soct 1,
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whereas the mice that bad beea o culsted with matertal feam the thind pert
showned no clinical signs of illocss The suritrurs—three mice n the fiest group anl
fise mice in the ccond group—were hled from the tail hefare dying and thes all had
developed & titre sn the dve test of 1 10 The sit mice i the thied group as well a3
all the cantrol mice sier, examined at the ame time They had all romatned Repd
tine nith g titre of less than 1 5

These findings seemed to mdhate a carrelation hetween the presece of evats In
the moculum the clinical 1llness or death of the mive and the deselopment of
Toxoplasma anhbodics

In order to estahlish further essdence of a possible cagsal relationship hetween
thrs cyst and Toxopl1sme infection the following tno trelimmnarsy experiments were
conducted

15 Preparation of a hnown sispension of evsts by counting angd anoculatin of

erial dilutrons 10to mice 1n order o establish a correlatton between the nom
ber of ¢ysts and the antibody f>rmation 1 mircc

?) Microisolation of single e3sts end in>culation of thexe into mice

For these purpo es a more cr acentraled suspen fon of ¢vsts was prepared v re
peated flatation and washing and v means of a blood cell emunting chamber 2
suspension contaimng 50000 cvsts per ml was prepared Serial 18 fold dilutiors
were made and groups of six mice were inveulated with each dilugion  each miow ©
was gnen 02 mi oralls  Another six mu were hept as «oniroels of each group The
<it mice that recenved 10000 ey sty died or were divng (vam §-11 davs after i ula
tion Blood was obtamned from four twe had a due test titre of 1 10 aed two hal
1 50 The corre pondtng anfral mucc were negative with a tifre of fess than 1 5 1a
the group of mice that recersed 1000 evsts «ne monse daed 10 davs after innculalt ©
and ny seralogical examinatinn was donc The brain «f ths and those « £ other mue
that died were syspended in salme and ¢ich wa anoeulated mte four fresh mice

The sun nving mice were bled and serolcaically examined 18 davs after in culaty »
The remaramg five of the six mice that receiscd 1 DI0 evals nere positise with tires
of 1 250 and so were s1< mice that received 100 cvsts each 3 group of six ymee W33
wnoculated with 10 cvsts and four of these were p sttise two had a titre of 1 %%
and tae had 1 50 In ta< groups of mice that had been moculated »ith ooe cyst and
a dilution cquivalent t 01 ovst respectively all the mice were founif to he ne stise
AN contral mice were tested at the same tyme and were negative

Mircrotsslatim was perf rmed with a § itz micromanipulates Thur single ost
were Jsciated and norulated 1ntrap crttaneally wty faur muce  Ancther fiur mict
were used as contrcls It had g reviously been shown (Sum & Hat luson 1965) that
intraperitoneal snaculati 1o « £ muce with faccal material could re ult fn Tornplosmd
infectson i hieen davs after mnoculaty n the mice werr bled from the ta ani
examuned 1n the dyve test All four mue were p ftive with a ttre «f 1 9% The
control Tace were nigative with a titre of less than 1 5 Miur seoploal cuaminsti @
<f the hrain of the ¢ mice was perf rmad § ur weehs after jne colalion \nmrﬂv:;
7 xopliema cysts werc dem nstrated wn the mneculated myce wheress nose cov
Le seen tn the ¢ ntrol mice

Summiary
In the facues <f cat oxjcrmentathy mfected with Toroplms e have dem @

strated @ ot tic crgamsm which seems to be capable of producing Toxe platmn
antibcdus and Trroplasmz ev s in mice

It cema mest Libkel that a new evstie form «f Foxepfosma gondi has bres
+ heerved
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Frgs 1-2
Fig 1 Leukoplakia of right buccal mucosa fn a male pipe smoker The surface of
this type of lesion is ehnically characteristic resembling pumice stone
Leuhoplahia of left upper ahcolar ridge and palate in denture bearing male
The affection elevated above the surface of the surrounding mucosa Is
homogeneous and intensely white

RESULTS

The basic data are presented m Table 1 from which it appears that
the histopathologic preture was consistent with the clineal diagnosis
{Figs 1-4) 1n all the biopsies from leukoplahias Among 14 norml
control biopsies examined by light mueroscopy 4 specimens showed
very shght parakeratosis but otherwise no pathological channes were
seen
Age range of the patients with leukoplakia was 34 to 81 voars and
1, “thal of the normal conirol material 15 to 54 years The pitienis wath
oral carcinom+ ranged 1n age from 66 to 81
The distribution of 15onenz+ me ratios for the lenhoplakia ind normal
conirol matenal 1s presented 1n Fig 5 The mean ratio for leuhoplahic
tissue was 320 SD 150 while the mean value for control hiopsies w1s
221 SD 085 It may he seen that the values were not normiiy distn
buted Ience 1t would he irrelesant to ealentate 2 confidence mtery 1!
Of the leuhoplakic specimens 55 o per cent had ralios of 30 or more
while onls 6 6 per cent of control biopstes showed ratios of this magnt
tude The resulls were subjected to the chy squared fest which showed
the difference to be sigmficant (x?=1397 on 1 df P00} The
mean ratto of 6 oral carcinomas was 3 12 and did not differ sipniftemntiy
from the 1soenzvmes ratio of leuhoplahic oral mucosa
No relation between isoenzeme ratio and agc or sex of Ihe pillent
could be detected Neither could any correlation be shown hulween the
Tustologteal findings and the 1socnzvme ratto However the lughest
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Figs 34

£ g3 Pholemscrograph of bopsy from patient thown In ¥ig 1 The surface con
sists of a ane to two celf layer thich parakeratosis I8 the centre of the
figure 8 evoss-eut Lera!m r1dge sends a thin steand of pasakeratin mio the

thel Th Jy %5 is the pumice stone
ppearance :\mxe\\'u iﬂ his type of Xeucoy\a\h The vutermost part of the
prickle cell layer show ma o tarcell lager i3 pre
sent The epithelam e by perplastic e x-',g 4 OIT stan X 220)

Fig 4 Photornerograph of hsopsy from patient shown 1a Firg 2 The surface is
maade up of & prossunced hyperorthokeratotic Yayer A gravular-telt layer §s
present The spinal-cell and basat.cell lagers are of gormal ihickness in the
conmective tissut @ shight mflammatory yeaction ¢an be seen (HE stain
% 25}

1 DH isoenzyme ratio 70 was found in the sole speckled Teukoplakia
mehitded m ihas material

DISCUSSION

The 1sornzymatic pattern oblaned by electrophorelie separabion of the
supernatants of a tissue homogenate 1s the resaltant of the mdmadaal
patierns of all tissue ¢l present Infl tory cells are regular
contarmmants of tissue biopsies from Jeukoplalaas L) mphoeytes and
notymorphonucicar lencocrtes hme 1soenzyme ratios which catenlated
on the basis of the resuus pubhshcd by Rabirownl. & Dietz (1067) are
826 and 128 ¢

P

with polymor it Tenco
cles and bmphoc}lcs “omd therefore tend {o dimmush the obsersed

diffcsence between the mean ralios of the lewkoplakic and normaf ept
thebum and can bave no part in the differences obseryed



Iig 1 Ieukoplakia of nght buccal mucosa in a male pipe smoker The surface of
this type of lesion 1s chinically characterisbie resembling pumiee stone

Fig 2 Leukoplakia of left upper alveolar ridge and palate in denture bearing male
The affection elevated above the surface of the surrounding mucosa I3

homogeneous and intensely white

RESULTCS

The basic data are presented 1in Table 1 from which 1t appears that
the histopathologic picture was consistent with the elimeal diagnests
(Figs 1-4) 1 all the hopsies from leukoplakias Among 14 normaf
control biopsics examined by hight microscopy 4 specimens showed
vers shght parikeratosis but otherwise no pathologieal changes were
scon

y Age range of the palients wilh leuhoplakia was 34 to 81 years and
/that of the normal control material 15 to 54 years The paticnls with
oral carcinoma ranged n age from 66 to 81

The distnibution of 1s0nenzyme ratios for the leuhoplakia and normal
control material 1s presented in [1g 5 The mean ratio for leukoplihic
lissue was 329 SD 150 while the mean value for control biopsies w1s
221SD 085 It mn be scen that the \alues were not normally disirs
buted Henee 1t would be irrelevant to ealeulate 2 confidunce wntery
Of the leuhoplakic specimens 55 5 per cent had ralios of 30 or more
while onls 66 per cent of control biopsies showed ratios of this masnt
tude The results were subjected to the chi squatred test which shownid
the difference 1o be sigmbicant (x* = 1397 on 1 4t P<O001) The
mean ratio of & oral carcinomas was 3 12 and did not differ sipmificanth
from the 1soenzymes rahip of leuhoplakic oral mucosa .
No relation between 1socnzyvme ratio and age or sex of the na“;”:c

could he detected “Nesther could any correlation be shown b}c:-“]l;‘;;htil
istological findings and the 1soenzvme ratio Howeser I
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nant hesue already bave developed in tuntoplakims These observabons
agree wilh the LDH 1s0e02) mahie findings 1n other premabignant cond :
tions such as mntestinal metaplwsia of the stomach{} ann & Bergel 1965
Leese 1985 and ¢hrome ulceratng celiis (Langvad 1968¢} =3 well as
with the Dodings of stanlar seenzymabic changes in apparents non
affected ateas of tumout bearng orgIng {Tangvad 1963 a b}

It 15 known that oral leukoptalua taken as an entily 15 1 Yeston of
geent chromieiy Some lesions may yegress complelely others may re
rmawn unaltered while stilt olhers may progress wto sudden mahgrza

31
ho’(hc proguostic 1alue of LDH 1soenzvme determnations mn oral leake
plakia camnet be evaluated from the present study Obvigushy a larger
matersal and profonged follow up studies sre needed

STVMMARY

The lactate delydrogensse (LDH) iscenzyme patterns of leuhoplkac
lesions normat oral muessa and orat carcinonuis hmve heen studied
homogenates by disc electropharelic separation

The cathodie shift of the iseenzvmahic pattern characterizing peo
plastic tissue alse was fpund 1 lenhoplakse bssue The findings are m
agreement with the malignant potential of this affeclion and simlar
to the LDH 1scenzvmatic alteralions seen 1a varous other pre neo
plastic condibions The present obsersalions wmdicate thal metabolic
modilications fambitating a high rate of phveolymis ocone ot an early
shage of adianeimng earanogenes:s where the denclopment of morpho
logical malignaney may still be one of several possible end points
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STUDIES ON THE
EPIPHYSIAL GROWTH ZONE

11 Electronmucroscope Studies on the hormal
Epiphystal Growth Zone

By
BeAGT EAGFELDT
Renuied Tv368

The epphyvsial growth plate has been studied extensiiels under phv~
stalogreal and ‘anwous pathelogcal conditions using Iight microscopy
and different istochemical procedutes By this means we have m
recent years  reatly improsed our hnowledge of the complex changes
which can oceur 1 this area Dew such an phy
and rmerochemical procedures on the tissue level have also been of
great assistance m clarifying the nature of some of the structural ele
ments {cf Hyeriquist 196%) Yurlher detaled information has been
‘Prought forth through electron meroseopy {cf for example Robinson
& Cameron 1906 Godman & Porter 1960 Tahuma 1980 Anese & hnoop
1981 Cameron 1963 Matuhas et af 1967)

In the following a .urvey of ultra tructural observations on the
epiphysial growth zone of young normal rabluts will be given In thus
study some findiugs hase been obtamed which 2dd fe previous ohser
vations of other imveshgators and the results will also serie as a hasts

for further research on the structur¢ of the eprphvsial plate 1n animals
subjecled to treatment of various types

MATFRIAL AND METHODS

Albino rabbits 3-4 weehs old and weighrmg 290-390 g were used The animals were
anaesthttized a0d the provumal tbial epiphysis as well as the growth zone of the
#i4s was dissected Thin shces tahen 1n the Jongitudinal direction of the bane were
<ut out under a dissection microscope Freces of zartilage and neighbonring bone
were immediately fited The following fixation procedures were used
1} Fixation o 6 2 per cent 13 907 [ d;
110; 6 hours at +3 C, followed by 1 0 1 M cacodyl b:(';g" b
per cent suerose pH 74 for 1 hour followed by postfrtatian in 1 per cent o
mivm tetroxide In 01 A phosphate buffer pH 74 for 2 hours fuﬂuﬂt:hy lmtne:
sian i Tyrode s selution for 1 hanr faltimed by lewmerson oo 7% Per renl 90 per
;:nt‘-:d 85 per tc‘:xl (‘vls‘) lqueubus ethanol absolute etbanol and propvlene oxide
= 1 hour 10 each tolution t 1
Al (Sabatiyi ef al 1963) The preces of tissze were th o
) ¥riahon 3 6% per cent gh 00T d

buffer con
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taiming 05 per cent cetylpvridintum chlaride PH 74 for & hours The subscquent
sleps were the same as those giscn above (of Engfeldt & Hiertquist 1968}

3} Fixation in 62 per cent glutaraldehsde n 0975 3 carodylate bulfer pil 74
> € hours followed by ymmersion in 01 M cacodylate buffer containing 75 per
cent sucrase pH T4 for 1 hour followed by 01 phosy hate butfer pi 74 for
half an hour The preces of tissue were then docubated 1n 3 similar phosphale buffer

005 mg of lar hyal per ml for 18 hours folloned by
Postfixation in osmium tetroxide The subsequent steps were the same as those
gtsen under 1

4) Frvation in osmium tetroxuide 1 01 3 phosphate buffer pit 74 for 2 hurs
folloned by ymmersion in Tytode s solution for t hour and then 70 per cent ethanol
overnight. Dehydration 1n & serfes of ethanols followrd bv propylene oxide for
half ap hour followed by embedding 1n Fpon

The blochs were trimmed and 1 2 micron thick sechions were el on sn ThB
ultrafome fitted with glass hnives These sections mounted on glass slides were
studied 10 a phase contrast microscope and some of them were stamed with an
aquec s solatian of Arare & MW roolar pH 28 adjusted with hedrachdorte scid
These scctions were used as a guide when areas for ultrathin sectioning were

selected
The ultrathin sections taken for electron microscops were examined unstained or

after starning with vram) acetate in a saturated squeous solution follosed by Jead
citrate (Reynold 1963) Microscopy was performed m a Siemens Llmiskop I ope

rated at GO LY
RFSULTS

When the diffcrent ways of preparation of the materwal for Ipon
embedding serc nsed a comparson of the preservation of celiular and
extracellular structitres revealcd that the hest preservation of extra
ccllular structures was obiauned by fixation wilh glutaralddnge fo
which 6§ per cent cctripyridimum chionde was added In the report
gnen hese the obsers ations refer 1o sueh matersabof not othersse shled
The ultratinn sections from the material prepired 1 different wars
were stndied both unsiuned ind after stumng wilh urami aectate and
tead citrate The conlrast of the unst nncd seclions was poor Siruclures
sumilr 1o those scen after staiming were observed however
) In the epiphysial growlh zone we find fowards the end of the fong
~hone an area contammng so called resfing ceffs This narrow 7)ne com
prises 031l or spindle shaped cells Jocated in 4 {acunt ocouping maost
of 11s space The evtoplasm contains quile 2 few mitochondris wmd thert
1s 1 well developed endoplasmic reticuium aften of 4 ditatud type The
cell surface contamns mapt fine cvtoplasmue processes Thy fieumid
space outside the cell 1s nirron nd contams small ameounts of tound
grannles and vers fine fibnls The matrnx betwedn the et Nicunae 18
bult up munkh of a network of Hine Hihnls mesuring 104 200 A

diameler

In the .one of proliferation the chondroeyies wequire 3 ch xnclcrnlu;
column it acrangement (Fi,s 13-4y The erlls we styll spindle <lnp:‘
and the cvtoplasm displass 2 promunent Golgr app e dus n’y;; cmr:m
small vacuoles with rather Jow dlectron densits are obsersed Th
provided Fy DY

The preparabion centaned 0000 TRU per mg and was han #f

Hogberg AB leo Wilungborg



Fig 1
The zone of young prohierating cnrhhge o!' epiphysial plate §s shown 13 ov

clectron h of the cells o ¢ -ns 1s
evident The cytoplasm conlains a dl d eondoplasmye reticulum and  umerous
vacuoles with 1 w ¢l tron density X 4000
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Area of the epiphysial plate hich up In the hypertrophic zone The endoplasmic
reticulum is prominent. Several vacuoles with Jow density are seen in the eyt
plasm, Arouad the cells a narrow Jacunar space is chserved In this area round or
osval electron dense granules are scen In the interlecunar space the matrix contains
minute granules and vers fine fibrils X 5000
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Fig €
Electron micrograph of detail of the chondrocste of Fig 5 In the midile f the
picture a cytoplasmic vacuole is observed opening up into the matrix of ihe Jacunar
space The particles in this vacucle are af stnular size 23 the graaular m terisl in
the interlacunar areas and 1n seme regtons ¢ f the bacunar matrix The larg dense
bodies are almost exclusinely located in the lacunar space outside the vl x 50000
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fcnt of this vacuole resembles 1n 1ls struelure the granular material in
certamn exiriccltular areas Some of thesc vacuoles arc found close to
the cell border and they arc somelimes secn to open up 1nto the extra
cellular space (Figs 5 and 6)

In the lacunar area many fme ccdl projections are observed Along
the cell membranc ovat or round electron densc particles measurmn,,
600-1200 X 1n divmeler are seen Such particles are lso found in farge
amounts Iving free n the lacunar spaces (F1, 6) To these pirlicles
are often attachcd very fine fibrds approximalely 15-30 X n diameter
(Fig 6) In the lacunar arca other [ibrils measuring 50-200 & in dia
meter are nlsa observed 1hese fibrls reveal no characteristic collgen
handing Belween the single cell lacuna and between the cell columns
the matrix contains large amounts of fibrils of a collagenous nature
{F1, §) No dcfimte banding of these structures wis observed In this
arc s the 600-1200 & Iarge round electron dense particles arc largely
liclang while many smaller (100-300 X} oval or round less densc
sranules are seen The shape of these structures 1s stmlir to the strue
ture of contents in the above mentioned vacuoles of the eytoplasm

1n the just desertbed area the cel? lacuna enlarges accordinghy as the
metaphysis 15 Approached gradually entersng mto the zone of hyper
frophic cells In this area the extracellular lacunar space 1s much Iarger
hut conluns the same structural elemenls as those obsersed m the
prohifcration zone (Figs 7-8) The cells are more rounded and the
cytoplasm contains an endoplasmic retrculum which 1s more proment
than that m the previously described zone and furthermore large
dudated crsterns are observed Manw long fine cyloplasmic projections
are observed which somctimes reach the boundary of the lacuna

In the zone of calcification concerming, two to four eclis ahove the

msading metaphy seal capitlaries the chondrocyles siart to degenerate
n plac(‘i and the cell orsanelles 1re not so well defined (T1g 9) Com
plete diSsolution of the cvloplasmic confent mas occur lerdng to
clcar spaces witlin the cell In the longitudinal interlacunar bars
small areas with doposttion of munerid salt are observed (Fi, 10)
These 1rcas are located 1n the centre of the bars away from the lrunar
spices Passing downwards to the mdi wphysis the amount of cater im
salls deposiled increases rapidly and tre bars are fullh minera zd
when the epiphysio metiphvsial border 1s reached (Fi, 11) Ir this
area the nuncrahz ihon is not found only in the centre of the byt but
covers the whol nt licunar space Th transverse hars sepa iling
e individual hicurac Bse not been found Lo caleify In the arez where
the ymuneralization sta ts the deposition oceurs focally The muneral
salt 1s deposited h an the form of fine needles the short dimension
buang 20-40 % wnd h oo, $00-800 & Wh n the minerahzation became
more widespread n 1oy the single ervstalhtes could not be deteeted
walh the technqu u
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Fig 7
Electron microgroph showing cell lacuna with chondro yte further down in the
hypertrophie zone The lacuna is enlarged On the surface of the ccll mam fine
evtoplasmic projectians are observed These profecticns sametimes reach the border
between the facuna and the mnterlacunar matrix In the Intralacunar spsce autshle
the cell abundant granulcs of different sizes are ol served as well as sery fife
fibrils In the interlacunar matrix fibres of varving dimenslons are scen X
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The findings described here are from a qualitative pomnt of view
stmilar with the different fixatixes used However a reduction in the
number of the large round electron dense granules of the lacunar
matrix was observed both in the osmium fixed and 1 the hyalurom:
dase trealed material Hynluronidase treatment did not however
appreciably decrease the amount of material found 1n the cytoplasmic
sacuoles of the prohifcrating and hypertrophic zones On staining of
epon embedded sections with Azure A at pH 20 and observing them
m the light microscope a defimte decrease i the number of meta
chiromatic intralncunar granules was found in the material treated with
hyaluromidase and also after osmium fixation This techmique revealed
no change 1n the metachromasia of the interlacunar space

DISCUSSION

The epiphysial growth zone 1s composed of cartilagmous cells with
abundant matrix separating the individual cell The matrix contains
large amounts of water collagen and glycosaminoglycans The waler
content of the epiphsseal plate 1s estimated to be approximalely 80 per
cent On a dr3 weight basis {hus area contains about 20 per cent col
lagen and 5-6 per cent hevosamine (Wesferborn 1961) The mam part
of the glycosamunoglycans 1s in the form of the 4 or 6 somers of
chondroitin sulphate probably as hybrids (cf Hyertquist 1964) Small
amounts of hyaluronic acid are also present and probably also some
keralan sulphate The glycosaminoglycans are present 1n the tissue as a
protein glycosaminoglycan complex This complex 1s very large having
an eshmated molecular weight of several milhons
In the present material the granules in the lacunar spaces obsersed
with the phase contrast mueroscop stained metachromahically with
Azure A at pH 20 This finding mdicates that they contamn sulphated
slycosamnoglhycans (cf S trmar 1963) These granules could also be
wentified 1n the malerial studied in the electron microscope They are
represented by the large electron dense oval or round particles which
appear at the cell surface and m the lacunar space outside the chondro
cvte After treatment with hyvaluromidase many of these struclure are
stll present W hen this arca 1s observed n the hght microscope after
treatment with bvaluromd s however a dimsnution or disappearance
of the md 1 whromalic reaclion 1s noted It has been suggested th it these
dens~ siructures represent 1 posited amorphous calewm phosphate
Howevcr Lhe density in unst uned sections is far too low and voft \ ray
mucrosc pv reveals no lighlv ai sorbing granules i the intralacunar
space + would be the cwse 1f th v were T of caleirm phosphat
(el Hjeriqmst 1964) Furthirmore 1t has been shown in an electro-
micros  pic study of the (pipiny 14l growth zone in rabbits treated with
papain that the lacunar spaces are almost Lolalls devosd of these large
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granules (Engfeld! 1969) mdicaling that the proteolytic enzy me papatn
atlacks these struclures

These findin,s thus ndicale that the pranules seen represent for
the most part 1 sulphaled glycosaminogls can DProtemr complex Bio
chemienl analvses have demonslrated that the major parf of the sul
phated glycosammoglveans 1s 1n the form of chondroitin sulphate nd
only traces of hernlan sulphate are present Trealment wath hivalyrom
dase did not induce any marhed qualilitise changes of Lhe g mnles 25
seen 1n the clectron mueroscope But as the melachromatic reaction
diminished or disappeared il 1s likels that the thin chuns of chondror
tn sulphate Linl ed to the protun molcenles are sphit off wherehy the
granules loose therr mctachromabic reachion The granules are found
cxclusively ontside the cell mamls n the lacunar space but in mamy
mmslances altached to the cell membrines As no structures of ths §spe
were found to be lvin, free 1 the evtoplasn or in veuoles this misht
indieate that at least the final aggregation of these structures tikes
place oulside the cell

Ohviously Lhe possibnlily has to be 1 ept in mund that the structure
described 1s present i pwo m the bissue in some other form The
treatment to which the tissue was subjected might have ehanocd the
molecules even 1if no loss of matenal tool place hvpothehielly lead
g, to some sorl of upwinding of the molecular chuns It 1s 1 nown that
such an effecl 15 brou,hl about by for mslance celylpy ndinum chlo
ride It 1s worthy of observalion however that Lhe large d nse bodies
arc found only nswde the lacunar space while the melichromibe
reachion indicates that sulphated ghcosammoslicans are present 1so
n other parts of the matrix

The deserthed dense granules thus seem lo represent one siructural
form of the proten glycosnnminoglycan complex present n cpiphysial
cartilnge There are howerer several reasons to behieve thal thisas nol
the onlv one It has thus been reporled that after ecnlnfu.ation of
homo.enized carlilage several fractions of the protem gheosiummo
plvean complex differing tn sedimenlation rates have bron isolated
(Malawisla & Schuberg 195%) 1urthermore 1t emerges from the pre
sent study that the large dense grinules seen in the [dcunc sprecs
i the proliferationzones and m the Iis perlrophie zoncs do not eceur to
any appreciable extent outside the Incunae The mterficun i matrx i<
however also metachromahic it pH 20 In these arers fine (bt
structures domnate the picture but re mixed wilh rather donse bat
much smatler granules 100-300 % an dinmeler Also very fine Nibrils
seem to be altached to these structures Tins type of structure s s0

very stmilar to structures found i the intracstoplasmic v 1cun]l<s' ":’
thev are also found here and there i the trcunar spuse 1 ul:drn'w
mmeroscoprc studies of Inaluromdise digested maters 1 rr\:‘oI,” o
marked allienation erther in the structurcs fownd i Hln :xzﬁ:r he
1n similar structures seunn the tacunae ot 1n the mtarhe



217

In the nterlacunar spaces fine fibrils 100-200 & 1o diamefer were
found These fibrils probablv represent irophocollagen and collagen
No banding was observed It s howdver well ) nown that if the banding
1s to be apparent 1t 1s necessary that the fibrils arc composed of a cer
tam number of moleculir chuns so tha cerlam sites can be suffic:
enlly electron dense to make them visible under the elcctron nucro
scope That the finc ealtbre 1s the reason for the absence of bandin., of
the collagenous fibrils of epiphyseal earhilage also gets some support
from findings 1 cartilnge from other sources In sludies on hypertro
phic eartilage from cxpersmental fracture callus from rabbils it has thus
heen found Lhat the fibres 1n the matrix have 4 considerably larger dia
meter 1nd here the typici! periodicits of collagen 1s 1lso evident (Eng
feldt 1968 to be published)

It has been reported 1n studies of Youn, rats that round osmiophilic
PAS reactive bodies aceur in the cileifying errtidage at the periphery
of the cclls (Bomutcer 1967) These hodies werc supposed to represent
the starting pomnt of the calaifsin, process Simlar siructures werc
found occasionally in the present materinl but were loeated mn the ma
trix close to Ihie Incunar space ind not 1n the cenlral arca of the lon
fgitudinal bars wherc the first traces of caleification could be detected
(ef Fi, 8) ‘The observations made 1a this study of the epiphysial
plale from rabbits do nol lend support to the ahove mentioned hypo
thesis

‘The mineral salt 1s deposited as small necdle shaped erystallites of 2
dimension of 20-40 X 1 the short axis and up to 800 & n the long
axts They are deposited m small clusters without anv defimite orien
talien of their lon., axes In hone tssue the apaitite crystallites are
orientated wath their long axes in the directton of the collngen NHibres
The size of the apatile erystillites 15 about the same m these two lo
cations and 1n both areas collagen 1s 2 major part of the matrix How
aver 1n the calafying cartilace of the epiphysial plale there 1s no evt
dent orrentalion of the apatie crystallites

The clusters of apalite erystallites mncrease rapidhy 1n number and
stze towards the level of the invadin, metaphysial eapillaries where the
wholc longitudinal bar 1s highly exlcified The rcason why this pattern
of caleification develops mvolves several as yet unsohved problems
Possibly there might be 1 pradicnt m the concentration of ealeum and
phosphorus from the imvading capilfaries nto the epiphvsial plate It
Nhas also been postulated that the disinle,riting chondrocytes 1n this
area are releasmn, subslinces which bt calerfication (Cameron
1963) This wlubiting, effict would then decrease wilh the disappear
ance of lhe cells A depolvmerization of chveosaminogls ans has also
b en supposed to result in cstafication ¢ f the metaphuscal part of the

epiphysial plale This hay th s has be nput fory wrd by Glumcher
1961 who also proposed i+ th scsut twn s of th matrie mught bind
calesum and that depolvm 1 b noc nld lead (¢ scal release of eal
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granules (Engfeldt 1969) ndiciting that the proteolyfic enzvine papun
attachs these structures
These findings thus mndicte that the granules seen represent for
the most part a sulphated glycosaminoglycan protein comples Bio
chemienl analyses have demonstrated that the major part of the sul
phated glvcosammoglyeans 1s 1n the form of chondroitin sulphate and
only traces of keratan sulphate are present Treatmcnt with hy luront
dase did not mduce anv marked qualitatise changacs of the granuls as
seen in the elcctron microscope But s the metachromatic reaction
dimimished or disappeared 1t 1s Il ely that the thin chuns of chondro
tin sulphate linhed to the protem molecules are spht off wherehy the
granules loose therr metachromatic reaction The granules are found
exclustvels oulside the cell mainly v the Itcunar spice but i many
nstances attached to the cell membranes As no structures of this type
were found to be Iving free in the evtoplasm or 1n 1 rcuoles Lins miphit
dicate that at least the final aggregation of these structures labes
place outside the cell
Obviously the possihlity has to be Tept 1n nund that the struclure
described 1s present m vwo 1 the tissue mn some olher form The
treatment to which the fissue was subjected nught have changed the
molecules even 1f no loss of materal took place hypotheliclly lead
g to some sort of upwinding of Lhe molecular chans It 1s I nown that
stch i effect 1s Drousht about In for instance cetylps ridmeum chla
nide Il is worlhy of observation however that the large d nse bodus
are found only mside the lacunar space while the mdlchromalic
reaction mdicates that sulphated glycosaminoglycans are present ilso
in other parts of the mairnx
' The desertbed dense granules thus seem lo represent ore structural
»fdrm of the protemn glycosaminoglyean complex present 1n epiphysinl
«~ “carlilane There are however sevcral reasons to believe Lhat this 1s not
the onls one It has thus been reported that after centrifusibion of
homogcmized carlilaoe sevcral fractions of the prolemn lyeosanuno
ghiean complex differing tn sedimentttion rates have bien ssohfed
(Valawisia & Schuberg 1908) Turthermore 1t emerpes from the pre
sent studs that the Jarge dense granules seen n the lcunar spaces
m the prohiferationzones and n the hypertrophie zones do nol eceur to
any appreenble extent outsude the Iennae The interlreunar malrs s
howeser Alsa melachromatic 2t pH 20 In thest areas fine fibrsllar
structures dommate the picture but arc mixed with rather denst lu’rl
much smaller granules 100-300 X an diamieter Also vers fime m“;' s
seem 1o be attiched 1o these structures Thus type of <trurlnrc’l: ll":lf;
wery stmilar 1o structurcs found m the ntracytoplisue Vietiole
M the tcnmar space [ lectron
thes are also Tound here ant there n ) resealed no
mucroscopic studies of hyaluromdise digested material re

s nor
tcrnation either n the structures found m the sacuole

ed
e e [eunae or 1 the mterlcunis ar

m spmplar structures seen 1
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cium Microchemieal anaivses of the zone of eatetlving eartige have
not however provided anyv evidence for depoly merization of glyco
suminoglycans i this area (Hyertquest 1964) The mechamsm by which
ciesfiertion 1< broushi aboul and himiled to this speerfie are of the
emphysiat growth zone 15 thus still unl nown

SUMMARY

An account 15 given of the ultrasiructure of 1 emphyvsiil growth zone
n young, rabbnfs The mafernial w5 processed usim, different prace
dures to aflow an estimabion of differences in the presenyvation of the
mamn structures of the mitrix As posiufoted m an erhier Meorelical
consideration good preservation of hissue siruetnres was oblamed us
ing frxation wath glutaraldehyde to which 05 per cent cely Ipyridimnm
chloride was addcd The ulirastructore of the diferent zoncs of the
epiphvseal plate1s deseribed and comparcd Tyidence 1s presented that
the glycosanunoghcans protein complex 15 present sn the epiphyseal
piate m more th one struefural mamfestabon The mechanism by
which part of the epiphysial growth zone 1s calofied 1s discussed

hriefly
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period with polyermtinne or with DPAT dextrm would after subse
quent incubation with hepann upon noculafion behave as untreated
controls with rogard to thur ability to produce NJA Teukaemia m
€31/4 mice Tumour cell incubation with protamme sulphate had onhy
shght mhinting effect on tumour growih It was su.gested thal the
tumour growth nhibiling mechamism mught he funchioming sin n
action on the cell membranes probably by rhanging the permeabilily
of the membrane

The purpose of {he present investigation has been to study the e
tion of the huk molecut i polyanion dextran sulphate and to extend the
study 1o melude obsers ahwons en other transplan) ihle lumours i mice

and rats

MATIRIALS AND ITTHODS

{nemals

C3H/A mice Vfamtamed in the Cancer Research Institate \arhus since 1950 by
brother sister inbreeding

Balb/e mice Recenved fram the Chester Beatts Research Institute fondan Ia
Tebruary 1963 and marmtalaed sin e then here in the nstitute

Wistar Rats Wistar/\p/Ae were purchased from the hreeding centre in Havdrup

Denmark

Transplaniable tumours

The N4 leukoemic tumour has heen catrled by subcutancous tesnsplantations by
wechly transfers of approximatels 16¢ tum jur cells C3H/A mouse since 1t courred
as a spontaneous leukacmia in CAN/A muce in 1900 The tumour has been th ronghly
described by Olsen (1904)

The JBI tumour used as an asertic tumour iy C3H/A mice Onginally the tumnur
arose spontaneously In AR/A mice (Bichel 19513 1t has been maintained as as ftic
tumour in the CIH/A mice since 1900

A plasmocstoms n Balb/c mice This tumour was hindiy supplied t us hy the
fhester Bealty Research Institute Tondon fn 1963 1t 1< charactenized by the de
/selopment of typieal myeloma proteins in the serum of tamour teariny, mice

Yoshida ascites tumours in Wistar rats were handby supphicd by the Fibfger

1aborators Copenhagen

Dualogical Testing
Solid tumours NJA/C3H/A and plasmicvtoma Balh ¢ tere chizt) w th sefssons
and strained through gauze Cells were suspended in cqua) v Jume  f ahine -n}l
/10 phosphate pH 74 05 m) of suspensions containing 2 » 106/mi f tm ur celhs
were incubated with 05 m) containing the appr priatc concentrats n f DEAT
dextran (sec Table 1) in the same ssline phosphate Tuffer fn crder ¢ cure that
each animal reconed the ame smount of eelly the incubatin to & (1 ¢ n dis
posable syringes Al Jnrubations with DY AT dextran were performe! st ¢ qn: IEH"’
perature for one heur Subsequent treatment of the cells s b dextran nl ha ‘l x‘"‘
done b ntroducing into the same svringe the { ropcr amaount of buff r  atslnl
dextran sulphate and careful mixing { r 5 mmutes at v m temparator fiotd
Ascitic tumours JBI and Yoshida were treatc t n the ame as Jht Mr“h“n‘
from tumour braring (3M/4 mice trans lantcd £ 10 dass in al -n, L0 :“ml
ahout 100 X 10% cells ml and Yoshida cr)) \\’n washud twice sith nt ap
nirations «f 50 x 1 tumcae cells m
11\;:1;1"‘;“'““ of the cffect of the tumour ¢ i incut ation with D} A} !;1:{7'::_ n:"l
dextran sulphate was ba clon the b 1 ton fthe nrrngr' ul‘—r;‘:"‘ 1
nerease in ltfe span (11S) b more than $0 5ee cont ver thet £ e per €
s significant in <rder to conf rm t the directi o i en N
Piriuity :g\\l it was pe sile t £l v the gr wth [ mout
Skt ) e e ats hrs Iy vl vant i e cae fthepr

wesghings | was done This was nls
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period with polyormithine or with DI'AT dextran would afler subse
quent ncubation with heparmm upon oculation behave as untreated
controls with regard to therr alility to prodnce NJA lenkaemin n
C3H/A mice Tumour cell meubation with protamine sulphate had only
shight intubiting effect on tumour growth It was suggested that the
tumour growth mhibiting mechamsm mught be funcliomn, w11 an
action on the cell membranes probibly by changing the permeabihity
of the membrane

The purpose of the present nvestigation has been lo sludy the ac
fion of the high mofecular polyanion dextran sulphate and la extend the
study to inelude observations on other transplantable tumours m mie

and rats

MATERIALS AND WETHODS

Anunals

C3H/A mice Mamtamed 10 the Cancer Research Institute Aarhus since 1950 by
brother sister mbreeding

Balb/c mce Recerved from the Chester Beatty Research Institule london in
Pebruary 1963 and maintained smee then here in the institute

Vistar Rats Wistar/Mp/Ac were purchased from the hreeding centre 1o Havdrup

Denmark

Transplantable tumours

The M A leukoemic tumour has been carried by subcutancous transj lantations by
weekly transfers of approvimately 106 tumour cells/C3H/A mouse since 1t oceurred
as 2 spontancous leukacmia i C3H/A muce in 1900 The tumour has been thoroughls
descrabed by Olsen (1904)

The JBI tumour used as an ascitic tumour 1n C3H/A mice Originally the tumwr
arose spontaneously 10 AK/A muce (Bichel 1921) It has been maintamned as as it
tumour 1n the CIH/ 4 mice since 1905

A plasmocytoma in Balb/c mice This tumour was kindly suppled t us iy (he
Chester Beatty Research Institute London in 19€3 It is characterized by the de
velopment of typical myeloma proteins in the serum of tumour b Aring mice

Yoshida ascites tumours in Wistar rats wcre kindly supphied by the Faffger

Labaratery Copenhagen

Buolngical Testing
Solid tumours \JA/C3H/A snd plasmacstoma/Balh/c were chipt { with scf ﬂr‘;
and strained through gauze Cells were sustcoded 1n equal v fume  of saline l;rl‘
N/10 pho phate pH 74 035 ml of suspensions contmmng 2 X 10¢ mi [ tumour c&:
were incubated with 05 ml containing the appropriate ¢ nc ntration of I Bol
dextran (sce Table 1) in the same saline phosphate bulfer a1 r lo secure 4 &
each amimal recened the same amaunt of eells the incub te n ¢ ok place mm'“
posable ssringes Alf incubations with DPAD dextran wer purd rencd &t II’A':’:;: o
perature for one honr Subsequent treatment ¢ f the cells with dextran sulp iming
done by introducing 1nto the same ringes the proper am unt f T uffer con
dextran sulphate and careful mixing fir 5 minute atr m llmp"l,h'll’! fes M1t
Ascitic tumaurs JBI and 4 oshida were treated an (he wm < a1 J ,r:,:tnlulnlmt
from tumour bearing C3H/A mice transplanted 6-10 fav .llw"llnc A
abont 100 X 10% cclls/ml and Yoshida ct‘)h/l\frc v ashad 1sace with sa
concentrations «f 50 ¥ 108 tumour cells/m ant
mr\alunllnn of the effect of the tumrur cefl incubation sith Iifn\)lf';:l;xlllr;‘r; .
dextran sulphate was ha ¢d on the observatisn of the u\er‘n[;'er e ted conlr 13
nurease in life span (11S) by mere than 49 per cent ver thal e Shrpper €
was tnken as significant in order to conf rm t) the d:r:;u n' f.u, ' tamenr 17
Sehmudt (1957 Whenever 5t was possible ¢ f ”;I"I,,,I”.n‘ o e o
werghings 1t was done This was nls ¢b s uly e
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docs not enler nscites tumour cells Addition of DEAF dexiran to \NJA
tumour cells influences the cellular oxsgen consumption Heparin does
not scem to counteract these effects of DEAL dextran Larsen & Olsen
(1968)

If dextran sulphate do not enter the tumour cells the taryet for the
tumour growth preventing action of DEAL dextran may not be directly
on the DVA dependent R\A polymerase or other ntercettular enzyme
systems

The posstbility exists that changes in cell surface charge and altered
cell membrane funchions are induced by nteraction of the cell surface
with polybases This has been suggested by hatchalsky et al (19,9)
and Ryser (1967) Polybases obvrously have a great affimty for cell
surfaces Primarily such an attachment of positnely charged macro
molecules would alter the cell surface charge This may be important
i view of the possible relation between the negitive surfice charge of
tumour cells and their decreased mutual adhesion lach of contact inht
bihon and mereased mvasiveness as suggested by Ambrose el al
(1956) Howeser the promoting nction of polycations on diffusion of
albumin through negatively charged gelatm membranes Larsen (1967)
and the simulating effect of polveations on the uptahe of protem mole
cules mto tumour cells demionstrated by Ryser (1965) mas be obser
sations which are of major importance The communication of the
tumour cells with their environment will be changed if the uptake of
proteins mlo the cells be shmulated (Ryser 1968) Althouyh 1t 1s pre
mature to sugeest any connection between proten uptake and func
tion of tumour cclls 1t 1s templing to presume that naturally oceuring
tumour mhiiting factors such as foxohormone or other factors de
monstrated by Olsen (1963) Holmberg (1964) and Szen! Gyorgy:
(1965) may be more readily available for tumour cells which have
interacted with polveations

SUMMARY

Tumour cells incubated w vitro for one hour at room temperature with
DEAE destran fdieths [aminoethy! dextran) were unable to proliferate
upon noculation mnto the test ammals or in a few cases were vers
slow 1o produet tumours Thus effect of DTAE dextran on the tumour
cells w1s found to be resersible If the mneubation with DEAE dexiran
were followed by o minules of incubation with dextran sulphate the
inhibitery effect would be reversed and the tumour cells treated 1n this
Way would behay e as untreated tumour cells with regard to their 1hihty
to produce malignant growth in the animals The mhibitors tiect of
DFAI devtran on tumour growth wd the reversability of this inhi
Bilion with dextran sulphate vere demonstraied with four diffirent
expenimental tumours N\J4 leul mia in C3H/A mice JBI astites
tumours i C3H/A mice a plasm  stema in Balb/e muce nd with
Yoshida ascites tumour m Wist 1 7 {8
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meubabion time with dexirin sulphate 1s also suffiewnt for tus rere
tion was not studied Figs 1 and 2 stlustrate the aclual course of the
expersments with the NJA leuhacmun tumour and the JBI aserles tu
mour In Fig Tis depcted the differcnces i hife span of miee 1n the
control group wnoculated with 1% NJA leuhacmn cells and of mice n
the group moculated with the same number of NJA cells treated with
dextran sulphate after one hour of PI'AD dextran meubation All amt
mals recenmg NJA cells incubated for one hour with DI AL-dextrn
alone surnine 12 are found to be without demonstrable signs of tu
mours 45 dvs after transplantation 45 days are about 3 frmus the ver
age hie span of the controls Fig 2 shows the development of the JBI
ascites tumonrs as registered by werhings of the mice Also here a
clear inlubilion of ascites production s obtaumed after sneubabion with
DEAL dextran ind subsequent freatment with dextran sulphate clearly
reverses the action of DFAT dexiran bringing the tumour cells back
to thair original acfinsfy The resuits From the expuriments with the
Bnlh/c plasmocytoma and the Yashwdx asextes tumours m rats points

w the syme dircction
DISCELSSION

Inn 2 discussion of the results, and on the basis of the present cypert
menls atfempt to locrlize the mode of action exerfed by polye itions
tumour cells the following propositions may be the most pestinent

It mas be assumed that the RNA synthesss 15 influenced by basic
macromolecuies for mstance by the mechanism sw.ested by dHifrey
et @l (1963), whieh mvolves snhibttion of DNA dependent RNA poly
merase with histones Accordingls compehition with basie macramale
eules and nucler 2¢1d bound hustones mny tahe phiee

Intubition of mutechondrial ATP 1se systoms due to wnter whon with
basie macromolecules as described by Schwarf. (1965)

Changes o cell surfrce properties  wlhesneness v asieness of
rembrane transport functions due to dristical alterations of the eelt
surfaee charge

1t has been shown by Ryser & Hancoch (1965) that ther 1 a4 corre
Iation bitween celluinr uptal ¢ of bastc polvpeptides and protems and
the afhfy fo stimufafe ccifuiar upihe of bumsa I AL dorvirm has
4 stamulating effect on the uptake of atbunun hto Sarcom» S-188 eclis
prown n monoliser cuftures Ryser (1967) This masy incheate (hat
DI'4L dexiran 1s taken up by the cells and thus purmt reachion with
wtereeltutar constituents In order to undirstand the roe sitnhity of
the pracess a5 due to antercetluir reqctions  alse dexirin S\ﬂph;;:
would hme 1o be taken up by the eefls Howerer there iy considoradl
doubt »nhether such lughmofienlar antons do pass the cell m¢ mll;m;n;,
Chapman tndresen (1962) hias shown 1t targe antons n conlras ’

tosts m the amachs € fuos chao
large eations do ne! stimulte pinocyio \sanion heparsn
and according to studies by Sherman (1964 the polva
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does not enter ascites tumour cells Additson of DT AT dextran to \JA
tumour cells mfhicnces the cellular oxygen consumption Hepanie does
not seem 1o counteract these effects of DI'AL dextran [ arsen & Olsen
(1968)

1 dextran suiphate do not enter the tumour cells the target for the
tumour growth preventing action of DU AT dextran may not be directly
on the D\A dependent RNA polvmerase or other intercellular enzyme
systems

The posssalits exssts that changes m cell surlace charge wnd altered
cell b £ are 4 v miteraction of the celt surface
with polybases Thus hns been suggested by hatehalshy et al (1929}
and Ryser {1067) Polyhases obvioushy hase a great affinity for cell
surfaces Primanly such an attachment of positnely charged macre
molecules would alter the cell surface eharge This may e mmportant
tn vew of the possible relation between the negatne surface charge of
tumour cells and thetr decreased mutual adhesion lack of contact inhs
bition and mncreased iovasmeness as sugpested by Ambrose of al
{1926) However the promoling achion of polyentions on diffusion of
albumin through negatuely charged gelatin membranes [ arsen {1967)
and the shmulating cifect of poheations on the uplake of pratewn mole
enles awndo tumour cells demonstrated by Ryser (1865} mav be obser
\ations which are of major unportance The commumeation of the
tumour cells wih ther ensironment wilt e changed i the uplake of

protens tnto the cells be stmuled (Ryser 1068) Althou.h it 1s pre
mature to supgest any connection hitween protemn uplake and fune
hon of tumour cedls 1 s templing to presume thal naturadly oecuring
tumour inhibiin, tactors such s tovohormene or other factors de
monsirated bv Olsen 11463 Holmbirg (1963) and S ent Gyorgp

{1963} may b mere radiy ay slable for tumour cells which hae

nteracted with polve itions

St MM ARy

Tumour celle st it & vt for onc bour at room temperature with
DEAE dextran b thyhimnocthed dextrany were unable (o prohif, rale
upon nocul e o nto the test mmmals of m a fow cates were von
slow to produ 1 imcurs Thus it of DUAE dextran on the tumour
calls was foun  t b reserst I the mecubation with DESE-dexiran
were follaw 1y > munales Gancubabon Wik destran sufphate he

mhhttory (ft tw ukd s recd wnd the tumogr eefls teeated 10 thy
wavwould b 1wt ttumonr cells itk revard fa th, 1 o, v
to produce n hon i o W B oan the ansmals The igheby 1r abilily

DOAT dextr 0 0t wronth and the revercbits ’3“ ;l‘tcct of
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1t 15 proposed that the smhilutors effeet of DI Al dextran 15 due to
alterations produced 1 cell membrane properties
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The effe t of 1 mg of DFAE dextran on the survival of mice inoculated {p with
10 ¥ 109 JBI tumour cells relating to Fig 1 Open circles Untreated mice (1 d
circles Mice ghven 1 mg of DEAF dostran Ip 6 hours after the inocul

n
of the mice 1n the second expertment It ys obvious thal th  wessht
samnas by far targer and faster 1n the conlrols than in the tre 1lod wroup

Fig 2 shows the surinal data observed in s experuncnt N ap
pears that the treated group survives twiee as long 1w the untreated



238

the DYAY dextran The aseites fumenr JBI was seleeted for the thera
peutic tnals of DI AT dexdran

Compehition between binding of the DI AB-dextran o cell surfices
and hinding te proteins may be another factor of proat waporiane
The prisenee of the  mall ameunts of asctes fluid protemn does 1t
dently not mterfere with the 1 vitro mlulnbion wharess the inhibitory
effect tn vwo wll miht vamsh completely as the probabnlitics of an
adsorphion of the DEAT doxiran to tissue protems an by far larger
than otherwise required by the hmmtcd ymount of materiad present
during the wmncubation

The results ohtawed represent the prdiminary approach fo an ova
latien of the theraptutic possibihiics of DI AD-dextrin 2y supgested
by als tumour growth salubuting ¢ffeet abserved w viiro

MATFRIAIS AND METHODS

C3H/A mue masntaned at the Can cr Research fnstitute Aarhus by hrother sister
wrbreeding simee 1020

The JB] tumour Ongnally deseribed by J Bickel (191) 1t onginated as a <pon
taneous tumour m the YR/A strain of miwce ab our Instiute and has sinee been
marntamed {n this strain Siace 1955 1t has alse been transferred ase oc it 2nd asoles
tumour in the CIH strain

DFAF.dextran (di ethy] amino etisl dixtran) is a soluble bm exclangir ¢>m
mercially available from Pharmacia i Uppsala This basic macrem docsh has a
molecular weaght of abrut 2 X 108

In thiy serics of experimients doses of 1 m, of DF AF were ghen sa t i of saline
Only one dase ol 1 mg was ghen Control expersments showed that the dose cven
if glven for 2 days would not produce anv sigas of toxiemy except f ¢ u slight and
translent weight luss

FAPERIMFNTA! PROCIDURFS

The doncr muce from which the tumour cells are obtaincd wore tras (1 nted 6-10
dass earhier
The ascites fluid containing the tumour celts 1y difuted with altae t the 3ppF
priste concentration of cells per ml This tumour cell suspensicn 3 w1 o inteapert
toncaily n doses of 02 ml per mcuse W)
The gyonth of the tumour 15 thaerved by wetghiag evers 25 n:;r: l»‘l ":t
2

«f the mu
the aseites and reseighmg shuwes that the weight K"l"reghlrlh e

production of the eseites and thus justifies th type Betit
growth althoush st s well ko wo that the am unt of asate boars o drlet 7
tsouship to the aumber of Iiving tumovr cells in the asaites fuid
RESUETS
o B1AS

In 4 pilot cxperiment 1t was shown that the ngechion of th ;
doxtran wilbm 10 minutcs after the tumour colt mocabitun mrrﬂﬂ‘{l‘
the sarvisl bime to twiee the normal and thal onc aunt of 1 nmm;h
sursived for 100 days withou! prescatin, e stpis of tingour [.,nn;v" "

It was decrded to inercase the nters 3l buiwneen the fwe m)‘ffl“‘"" ‘o
houss andin the following experiments this proccdure W n. ‘:ipl;::::'ﬂ o

Fip 1 demonstrites the mfluence of 3 mg of DI 41 dux "m ertse
hours after speculabien of 10 X 10¢ tumours cctls on the weil
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Fig 6

Sarvival data obsersed 1n the groups of mice demonstrated in Fig 5 Open circles

Control muce inoculated with 10 X 108 JBI tumour cells Closed circles Mice anocu

lgted with 10 X 108 JB{ tumour cells first incubated for I hour with 1 mg of

DEAT dextran and subsequently for 5 munutes with ® mg of Dextran sulphate

Open triangles \Mice inoculated with 10 X 108 JBY tumour cells previously meubated

with 1 mg of DEAE dextran and subsequently & hours later wnjected 1p With 2 mg
of Dextran sulphate

In two ccperiments 10 X 10f of DEAD-dextran treated tumour cells
were given and Dextran sulphate injected 6 hours later The results
from the first expersment are shown m Fig 5 demonstrating the weight
merease 1n the various groups Fig 6 shows the survival data observed
1 the same experiment It appears that the mice given DEAE dextran
treated cells exclusiely did not develop tumours whereas such develop
ment was seen in 9 out of the 10 mice given Dextran sulphate Further
more the figures demonsirate that DEAL dextran treated tumour cells
subsequently meubated (in the syringe) with Dextran sulphate behave
as untreated cells The tumours that devcloped 1n the Dextran sulphate
treated mice were sohd tumours as opposed to the tumanurs i the con
trol animals This was not a constant finding and n the next expen
ment as shown in Fig 7 the dextran sulphate treated mice all deve
toped an asaites tumour

In the first of these two experiments an additional group of 10 mice
guen DEAR treated cells was injected with Dextran sulphate after 7
days Two of these developed a solid tumour

In the second of these expeniments a group of 10 muce ginen DEAL
treated tumour eells recened njechion of Dextran sulphate after 24
hours Six of these mice came down with a solid tumour

In a third expennment the cell dose was reduced to 35 X 10 As
usual ant tuntours did not deselop n the yuce recunin, the DI AL
dextran trealed eells \inels per cent of the mice given a subsequent

16
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Fip 7
The weight increase 1n per cent of the pre plantation weight demonstrating the
Dexiran sulphate induced reversion of the DFAF dextran inbibition 10 L1210 Open
eircles  Control moice mocnlated with 10 X 108 JBI tumour cells Closed half circles
Mice inoculated with 16 X 10f JBI tumour cells previoush fncubated for T hour with
1 mg of DEAF dextran Closcd wircles small  Mrce inoculated with 10 x 108 Jiil
tumour cells previously ancubated for 1 hour with 1 mg of DI A dextran subse
quently § hours later injected 1p with 2 mg of Dextran sulphate Glosed cireles
large  Vlice wnoculaled with 10 X 108 JBI tumour cells previously inoculated with
1 mg of BLAF dextran subsequenth anjected 31 24 hours later with 2 mg of
Dextran sulphate

¥ p myection of Dextran sulphate after 6 hours developed 1 tumour
(sciles and/or solid) In these recenving the Dextran sulphale 24
hours after the imoculation of inhibited tumour cells tumours developed
n 40 per cont of the eases

vz’} DIsCUSSIDN

This series of prelimmary expermments showed an unqunoeal supress
g effect of the polveatson DI AL-dextran on the growth of 2 asciles
tumour sn the C3H/A sirun of miet

It was possible by one singl njection of 1 myg of DI AL dexiran
Lrven six hours after the moculation of the tumour culls fo 1ncrense the
surt sl tume of the mice o {wice that of the uatretted cantrols nd to
completly prevent the growth of tumour m 20 per cent of the ammas

Richardson (1919) found 1 staular effect of synthelic pohlsme on
the growth of the Ehrlich asciles tumour According to Shah & Relly
$1967) incubition of tumour cefls with pohvIysme was found to restrun
the growth of @ mymmary carcinoma m mice

We hue previoush shown that ncubalion w wh DUAT dextrm

would inlulnt the growth of sarous tumours The presenl paper ho:\
ever 1s the furst report of the mhibtary effect of (s polscation in puro
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As to the mechanism of action of s polveation 1 1s probably of
major sigmficance that the inhibitory effect can be reversed by subse
quent contact with the polyanion Dextran sulphate We have previously
shown that this was possible tn pifro and m the present work such
cffect could also be demonstrated tn vwo

W hereas 1t 1s conceitable that the DEAE-dexiran may penetrate into
the cancer cells and exert its effect on some intracellular component
it 1s unhikely that the polyanion Dexiran sulphate will enter the cell
{Sherman 1963) Therefore, ns Dextran sulphate will oblmiate the
effect of DF AE dextran 1t 1s most probable that the action of DT AE
dextran 1s 1 some way connected with changes in the cellular mem
brane According to Ambrose (1956) the tumour cells are heavily
negatively charged on the surface It 1s suggested that this properts 1s
of some sigmificance for the spectfic mabgnant behaviour of these
cells for nstance their myasiveness and Ick of contact inibition

It may also be that the cancer cells are 1n some wav deprived of some
mformational signal from the surrounding normal hissue In this con
nection the tissue chalones as defined by Bullough might be mentioned
(1965) or the Dipersin previousls described m our inshitute (Aa
Olsen 1963) Tt 15 concenvable that the neutralization of part of the
negative charge on the cell surface may re establish the cell to cell
contact allowing the ccll to recerve 1 signal to stop diading In this
connection 1t 1s nofeworthy that Richardson (1959) observed a de
creased mitotic index of the tumour cells in the ascites flud from mice
treated with polylysine The effect 1s probably rather local confined to
the peritoneum e measurcd the 48 hours Fes incorporation nto red
cells of mice after 1 mg, of DI AL dexiran and no decrease was observed
wdicaling that the mitotic rate of the red cell precursors in the bone
marrow 18 not affected According to Bullough (1965) the tissue cha
lones are decreased 1n damaged tissue This may be an explanation of
the tendency of solid lumours to develop in the scar at the site of mjec
lion as scen 1n the ease where the Dextran inhibited cells were roversed
and also mn the therapeutic ¢xperiments

W consider it of major significance that the inhibited cells could be
reversed after 24 hours or perhaps after wtervals covermng up lo one
weeh It as an antniguing question what these harnessed tumour cells
are doing n this interval They are evidently not capable of establish
g a milignant tumour but obvousls thes are not dead

The nction of the dextran sulphate 1s somewhat obscure The com
plex of the two differently charged macromolecules may he spht off
from the cell surface restitubing the conditions ad wtegrum or totally
ifferent mechamsms may be mvolved



SUMMARY

According to the resulls here presented the polyeation DLAL-dextran
was found to have an mhibitors effect on the growth of an asertes
tumour in C3H mice The DLCAT dextran was grven 1 2 single dose of
1 mg 6 hours after the moculation The sursival fime was doubled and
20 per cent of the mce did not develop a tumonr
In miro mhiited tumour ceils would not establish 1 tumour after
lation It 1s rated that the lated inhibnted tumour
cells can be revaved by 1 subscquent smgle mjechion of 2 my, of Dex
fran sulphate guen up to 24 hours later
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ADENOMAS OF THE SMALL INTESTINE

A Report of Four Cases wilh Special Reference
{o thewr Relation to Carcinomas

By
Aace Jomansen and Rita Lamrsen
Recenved 29 v 68

The statement that intestinal adenomas may be the precursor of carel
nomas has been based on several arguments of which the most striking
undoubtedly 1s the histological sunularity presented by the tumours

In adenomas papillomatous polspmd and nonpolvpord the glandu
lar epithelium shows a regular arrangement approaching that of the
normal epithehum The different evaluations of the ertersa for the
d o 1 y probably 1s 1 ble for the different fre

with which 1 h are reported Such eriteria are

nuclear pleomorphism and atypism the arrangement of the nueler mn
mere than one layer the disappearance of the goblet cells the oc
currence of an increased number of mitoses and more convincing the
presence of ntypieal mitoses and the invasion of the musculans
mucosae It 1s surprising how seldom convincing malignancy 1s found
n the common polyps

The above mentioned 1s far more valid for the colon but the problem
1s also relevant to the small intestine According lo several authors
{Raifort 1932 Geschichter 1935 Riwer 1956) adenomas are the most
common tumours n this part of the bowel too However the opportu
nity to study them and their possible mahgnant transformation 15 to
the individual pathologists very lumited The following report will
comment on diffcrent sorls of polyps n the small intestine and part
cularly their relation to carcinomas will be discussed

CASF RFPORTS
Case 1

43 year old wam n previonsh well For the last two years before the sctu 1
admission she had sulfesed from spep fg with pa s
ructus and pyrosls At admission the sedimentation rate was normal the hsemo
globin was 175 g per cent In ane of threc examinations the benzid ne  eaction
showed a slight positive reaction The \ ray examination of the stoma h resealed
» duodenal polyp and a shight gastro ententis

On March 27th 1965 the patient was operated. In the proximal part of the duo
denum a large polyp was f und There was no infiltration of the duodenal wall and
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Fig 1
Case 1 A A representative part of the centre of the adenoma (X 1°0) Insct The

duodenal adenoma (X 2) B The adenomatous patlern n the periphers (x 120)
€ Invasion of the muscularis mucasae (X 180) (H&F)

the polsp was removed with half a centimeter of the mucosa round the stzih The
Ive run was

Pathological Examination
Macroscopic examination revealed a polypoid sessile tumour bout 2
cm m diameter It was surrounded by 1 narron edge of normal mtes
tinal tissue Microscoprcally the tumour was composed of 1ubules which
n the pertphery (Fip 1 B) revealed a tvpieal adenomatous patlern with
regular cells with presersed polants and only showing nuclear hyper
. chromatism and reduplication The goblet cells had disappeared Most
of the tubules especially 1n the central part were closely piched and
were lined by cells disclosing a much more pronounced pleomorplusm
(Fig 1B) In many places they had lost their polanity and oftcn their
nucler were very Inrge and showed all signs of alvpism A gre st number
of atypical mitoses were scen Bs tripsections tt was revealed that the
atymcal tubules had myvaded and m a small area pervaded the muscu
lanis mucosae (Fig 1 C) A scanls stroma was found 1t was heaviis
nfiltrated with leucocyles and plasma cells No Brunner plands could
be swdenttfied among, the atspieal tubules and aearly all these glands
had disappearced in the submucost too although they were found to be
normal tn sections from the edge of the specamen No lymph nodes were

recenned for examination
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Case 2

This ease was the most 1nteresting and will be given in more details The patient
was a man aged 73 Due to semle dementia he had spent ihe last ten vears of his
life In a genatrc department With reference to the actual disease hus past history
Was megative especially he had never suffered from billlary attacks On December
24th 1966 fresh blood on the stools was obsenved and a few days later the patieat
developed diarrhoea and vomitings X rav examinatlons gave suspicion of a car
cinoma of the colon and he was transferred to this hospital

Physical examination disclosed a seriously i1l patient The haemoglobin was 86 g
per cent The sedimentation rate was 30 mm/hour ‘The abdomen twas distended and
tender but nothing abnormal was palpated Repeated \ ray examinations revealed
ileus of the small intestine The patient was operated upon on January 9th 1967
The ahdominal cavity contamed about 2 htres of ascites flud $Heavy adhesions
were found around the gallbladder which could not be palpated About 30 em of the
terminal 1leum was Tarl ded and d 5 large gall In the
mesentery a Ivmphomalihe tumour & cm in diameter was seen 4 frozen section
taken from thus tumour revealed granulation tissue without anv signs of malignancy

A resection of the distended part of the intestine was performed The operation
was uncomplicated but a few hours postoperatively the patient died

A complete postmortem examination was performed Apart from several small
yellow plaques on the serosal surface of the rest of the ileum the whole intestinal
tract was normal No perforatron could be disclosed anywhere The above mentioned
tumour fu the iliac mesentery was soft yellow with some bleeding on section “No
entarged lymph nodes were seen The gallbladder was small shrunken and sur
rounded by heavv adhesions No fistula was seen In the common bile duct which
‘was moderately distended a dozen small dark gallstones each measuring 5 mm 1a
dlameter were dis losed A typical enlarged hyperplastic spleen was found. The
pancress Was normal In both kidaeys some small sumple cysts were disclosed A
heavy pulmonary oedema fn wi 1
se ere coronary sclerosis Were considered the cause of death

and

Pathological Examination

Vacroscopreally The surgical specimen showed a 28 em long small
intestinal loop which in the distal half was distended to 15 cm 1n ar
cumference terminating in a shehtly stenosed resection botder In this
hlf the mucosa was injected shghthv granular and ulcerated and
seven irregular bul well defined pedunculated polyps were disclosed
(F1g 2C) They measured about one cm were elevated dark and fra
gle A larger and more sessile one of the same type was seen 1 the
middle of the specimen Among these polyps especially near the ste
nosed resection border eight warthike areas each measuring from 4 to
7 mmin diameter and clevated only 1 or 2 mm were found They were
hight 10 colour 1nd had a fine granular surface On section no stalh
could be scen The other half of the specimen was of normal dimen
sions The mucosa was normal with the exception of four polyps of the
same appearance as the first mentioned abote The whole intestinal
will was thickened measuning 8 mm near the rescclion border The
pert intestinal fat was abundant On the serosal surface small yellow
plaques a few mm in diameter were seen No Iymph nodes were found
m the mesentery

Microscopic exammation revealed that the twele wregular polyps
including the big one in the middle of the specimen all were composed
of a granulation tissue rich n lencocvtes and with a greal number of
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Teipolar mitoses are scen In three crypts € The highh uascul r cd granulation
tissue of the nflammatory polyps (X 170y In et One of th tligmmatory poleps
x 2) (HRF)
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capitlaries (Fig 2C) In some areas the lssue had a certain resem
blance to o hacmangioma All the polyps were uleerated and devesd of
surface epithelium but remimscences of normal ervpls were seen m
some By further cxamnation 1t was disclosed that s hughh vascu
Jarized granulation tissue was found in many places in the intestinal
wall meluding the serosal surface corresponding to the yellow plaques
The tumourltke process n the meseniery had the same microscopical
appearance

Sections from the wartlithe pohyps howeser disclosed a different pic
ture {T1g 2 A) Very abruptly the normal intestinal epithelium changed
to a neoplastic type The goblet cells disappeared completely and the
nueltr assumed o ighly atvpical appearance They were hvperchroma
tic enlarged and often arranged in two or more lavers In three out of
these eight polyps nucler with atyprcal miloses were seen (Fig 2 B)
In the other five an increased number of normal miteses was found
The adenomas were only shghtly elerated above the level of the sur
rounding mueosa Swgns of mmvaswon of the musculans mucosac were
not found n any of the pelvps

Case 3

69 year old woman previously well For five months before this admission she
had heen suffering from fatigue anaemia and loss of weight The laboratory findings
showed positne reactions for bloed 1n the stools the sedimentation rate was 21
mm/hour The haemoglobin 118 g per cent An augmented histamume test showed
18 meq/hour \ ray examimations of the stomach end duodenum revealed a large
defe t in the duodenum A Brllroth I resection was performed A papillomatous
tumour sas found situated m the first part of duodenum 1-2 em distal to the
pylorus The patient was discharged In good health

Pathologtcal Examination

The specimen consisted of the pyloric part of the siomach 1t was
without pathological changes Distal to the pylorus 2 polypord tumour
measuning 5 by 4 by 24 cm was seen It was rather sessile and sharply
demareated from the surrounding duodenal mucosa

Microscopic examination (Fig 3) revealed a polvpoid adencma com
posed of a seanty stroma of connceine tissue wnfiltrated with
flammntory cells The tubules were ined sith columnar cells the hvper
chromatic nucler of which were arranged 1n iwo or more lavers A
complete loss of goblet cells was revealed Several normal mitoses were
disclosed hut no atvpreal ones were found Paneth cells were seen only
mn the tubules near to the muscularis mucosae No signs of 1miaston

were found The Brunner glands and the surrounding mucosa were
quite normat

Case 4

14 vear old woman With reference 1o the 2ctusl case her past histary was nega
tive until 1967 when she v as admitted ta the surgical department for bleediog ulcer
On Oclober 3rd 1957 she was operated upon A 50 em long invagipation of the small
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Figs 39
Fig 3 Case 3 Part of the adenomatous pelyp (X 60) ({1483
{Campare with Fig 4)
Fig § Case 4 lart of hamart genous polvp (x €0y (HCE
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intestine was found situated 8o em distal to the Treitz ligament In relation to the
mvagmatron a polypoid tumour was found The 1nvagination was reduced and the
tumour remoy e

Pathological Examinalion

Macroseopically 1 polypeid shightly pedunculated tumour about 4
cm 1n diameter was scen It was of a greyish red colour and was sur
rounded by 2 narrow edge of normal intestinal fissue Histoloment
examination {(Fig 4) disclosed that the stroma in the polyp was abun
dant and besides conpective tissue contamed branching bands of
smooth muscle thickest in the centre becomn, thmner towards the
periphery  The tubules and glands were hined by a normal intestinal
epithelum No hyperchromatism could be disclosed and the number of
goblet cells was not reduced Furthermore Pancth cells were seen every
where also 11 periphery The number of mitoses i the tumour tissue
was not grealer than that m the surrounding jejunal mucosa

DISCUSSION

Papillomas and polyps of the intestinal tract are usually considered
histologically to be adenomas Accordmn, to Vachelln (1964) they arc
found in the small intestine with equal frequency 1n the duodenum
and the jlcum and a hittle more seldom m the jejunum As a rule they
are small only a few mm in diameter and they usually are asympto
matic and are discovered inadentally at autopsy Larder ones may
cause symptoms as 1llustrated by c¢ise 1 3 and 4 Their chimeal impor
tance 1s ltmited except for their possible malignant transformation
The three first reported cases illusinte varying degrees of malig
nancy 1 adenomas of the small intestine The histological changes in
the first case are the most convincing ones since mnvasion of the musen
Innis mueosae has taken place The possibihty that the tumour 1s a
primary adenocarcinoma of papillary type cannot be absolutely rejec
ted but 1s not likely since the mucroscopic examination disclosed
arens with typical adenomatous patterns Furthermore by macroscopie
nspection the surgeon as well s the pathologist had nterpreted the
tumour as a common sessile polyp The nearly complete disappearance
of the Brunner glands in the submueosa is remarhable but s pomnted
out by Roberison (1941) and I andboe Christensen (1944) the depsity
of the glanduolar distrbution 1n the duodenum 1s hughls variable The
Brunner glands are not included in the tumour tissue which according
to Vachella (1964) 15 the case m fifts per cent of duodenal adenomns
Three of the scssile adenomas n case 2 ¢an also he necepted as being
in mahignant transformation on account of the occurrence of highly
atypieal mitoses indicating 2 growth beyond control In the other fne
adenomas in {hus case the changes are fundamentally the same as those
n case 3 These changes are the same as the ones usually found 1n the
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far more common polyps of the colon namely nueclear hyperchromn
tism reduplication of the nucler increased number of normal nutoses
and 1 more or less complele distppearance of the goblet eclls Such
changes are neoplastic in nature but to what de,ree they are an cxpres
sion of carly malignancy whether in the colon or the small intestine 1s
a queshion that remains to be solved
The Literature concernin, malisnant transformation of beni,n adeno
mas of the small intestine 1s restricled According to Machelle (1964)
1t has been esitmated that about seven per cent of 1denomalous polvps
become mahignant In compansion with this 1ceording to the same
author about twenty per cent of letlomyomas develop malignant chan
ges Scianta & Volta (1956) and Sawyer ef ai (1963) each reported on
4 duedenal adenoma with earlv malignant changes Vi ieners (1966)
stressed that malignant changes are more hikelv lo occur n greal
sessile polyps In this report all the adenomns with convineing, malig
nant changes are of the extremely sesstle ts pe
A different histological appearance 1s found n case 4 The epithelium
covering the tubules 1s of normal tvpe and goblet cells and even Paneth
cells are seen exervwhere n the tumour So far it might be looked upon
as an adenoma without the slightest malignant transformation How
ever another striking thing 1s the occurrence of smooth muscle fibres
extending to the periphery of the branching stromn Tlus phenomenon
endows the tumour with an appearance well consistent with the polvps
of Pcutz Jeghers syndrome but no mucocutaneous pinmentations
were found 1n the patient According to Bartholomew el al (1907)
such solitary polyps are sometimes found in the small ntestine espe
ctally 1n the jejunum Just 2s the polips i Peulz Jeghers svndrome
these latter polyps mayv be looked upon as hamartomas a viwew sup
ported by Vorson (1962) Polentinl malignancs n these polyps s to be
regarded as being of the same degrec s 1n poly ps of this syndrome The
presence of glands among, bundles of smooth muscle have given nise to
2 false appearance of myvasion and although convictine mah.nant po-
1vps 1 Peulz Jephers syndrome have been deseribed (Vach:lla 1961)
the precancerous sigmficance of such polips 1s still discussed Many
authors (Cormany 1907 Rintala 1909) behieve that such cinnges are
exceedingly rare
The nonadenomatous rregu! ir polsps mentioned 1n case 2 have M
appenrance very similar to that of a1 series of inflammators polyps
reported by Alepinger & Ponlis (1964) Thesc tuthors consider such
poltps as simple exuberances of inflamm ttory granulition tissue nsng
above the mucosal surface nd desipated them  pyogem '*"‘"""’l
mas  Since the greater part of the polyps in their series wis situatec
1n the rectum thex believe that stercoral trimas may kv some 2cfio
h been reported In ftoilt & Helerg
logical importance Similar eises have rep 12 hte
(196%) In our case it seems prohble thit the g’lllslnmlsl o r}muh
caused the inflammation and the polyps The presence of th &
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tion tissue of the serosal surface of the ileum and espeesally 1n the 1hac
mesentery 1s difficult to explam It seems as 1f the tissue has extended
along the lymphatics 1n a fumour like fashron In seme are1s the tissue
resembles 1 haemanjioma but still there 1s no doubt about its n
flammatory character No signs of perforabion could be disclosed in the
surgieal spectmen 1nd nothing n the case istory could be mterpreted
1n this way

Although accordm, to Tumen (1964) the most common site of
gallstone 1leus 1s the lower 1leum also in cases where the bowel 1s nor
mal 1t seems likely that the adenomatous polyps have been the direct
cause of the obstruction They bave not narrowed the lumen to any
apprecrable degree but they may have imtertered with the peristaltic
movement As reported thev were all localized ner to the stenosed
resection border The gallstones had certainlv not caused the adenomas
but they may have lerated the mal t through an 1rn
tating effect

A detailed comment on the gallstone 1leits 1s outside the scope of this
paper Only it should be stressed that no fistula from the gallbladder to
the intestinal tract could be disclosed On the other side several cases
have been reported (Murphy 1910) in which gallstones of very great
dmensions have passed through the sphineter

SUMMARY

Four cases of polyps of the small intestine are reported A total of
twenty three polyps were revealed Among ten adenomatous polyps
four of sesstle type showed convineing mahgnant changes One disclosed
mvasion of the muscularts mucosae three showed a high degree of
cellular anaplasia and several atvpical mitoses
One polvp of hamartogenous origm 1s mentioned Furthermore
twelve inflammatory polyps with an appearance earlier destignated as
pyogenic granulomas  are reported These polyps together with somo
of the adenomas were found mn a pattent with hac gallstone obstruction
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£ar more cammon polyps of the eolon nunels nuelear hyperchiroma
Bsm reduplicaion of the nuelar mereased numher of norma! rutoses
wd a more or less complite disaippiarance of the goblet cells Such
chutipes tre neoplastic in nature hut to what degrec thes are an expres
sion of crhy mahpnanes whether w the colon or the <l intestine s
f question thiat rom vins to be solved
The liter tute concernimg, mahipnant trinsformation of henign adeno
m s of the small iteshine as restricted According 1o Vachella (1964)
it hns heen estinnted that shout seven per eent of adenomatons polvps
become mahznant In compansion with {lus necording {o the same
utthar ahout twcnty per cent of kiomyamas dovelop malinant chan
s Serntn £ Volta (190) and Smpyer el af (1963) each reported on
a ducdend adenom with ey mahgnant changes Wieners (3966)
stressed i malignant ehanges nre more Likely 1o ocenr i grent
sessile polyps In Alys roport alf the adenomas with convineing mahg
nant changes arc of (he extremely sessile type
A thfferent histoloaeal appuar mee s found m ease 4 The epathelium
corersng the tubulis 1s of normaf type nd gobict cells and even Paneth
celfs are seen tserswhere in the tumour So far il bt In looked upon
as an adenom withont 1he shphiest mabonant irinsformation How
ev(r snother sinking thing 1s the oceurrence of smooth musch fibres
exlendmy, to the poriptiers of the hirinclung stroma This phenomenon
endows the Yumonr waith an apptarance well consisient with the polyps
of Pentr-Jephers syndrome Dhut ne mucoculancous piymentalions
were found m the patienl According Yo Bartholomen «1 al (1957)
such sobliry polsps are somehimes found in the emall it stine «spe
cibly m the Jeyunum  fust 1s the polyps i Peutz Jeghoes svadrome
these tatter pelips mmy be looked upon as hamarlomas 4 view sup
porled by Yorson (1962) Poteninyl mabgnanes i these polyps 15 to be
regarded as Doing, of the same degree a5 1 poly ps of this syndrome The
presence of glands among, hundles of smooth muscle have given rise 10
A false appearance of myasion and although comvictise mdignant po
Iups m Peutz Jeghers svndrome hune been desenbed ( achella 1964}
, the precancerous sizmficance of such polvps 1s still discussed  Many
authors (Cormany 19)7 Rinfala 19,9) behieve that such changes At
exceetingh Tire
The nonadenomatons irregular polyps mentioned o cise 2 hwe N
appearinice very sumdar to that of 2 series of inflammndory DO(‘F;
reported by hlepingrr & Pontius (1961) These authors consider ¢
polyps 18 simple «xuberances of mflvmmatary granulriion fissue HSI;::g
above the mucosal surface and dcsignated them  pyo.Lnoic L:ranuwd
mas  Since the greater part of the polyps i their seris Was s'lm‘m
yn the rectum they believe that stereoral traumas mad have some
ted by Roth & Heloig
legicnl impotriance Similar cases five been repor Y 2y hase
{1963) In our easc it scems probahle that the ;1’1”5"“;‘:h'“gmn"m
eansed the wflammation and the polyps The presence of Uit
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The vdue of horseradish perowdase as a tracer m studies on protemn
absorption 1s generally achnowledged It has proten useful i light
and electron microscopic s{ud\es on ladnev tubules {4 12} on capaifary

dothelum and on of serous membranes Recent ex
periments have demonstrated absorphion of peroxidase along the inter
cellular spaces m cardiac and muscle capsillanies (3) and i pen
eardial {B) and perttonent (3) mesothehum These observations strong
v suggest ihat the sntereediuiar clefts represent the mozphological equ
ralent to the “small pore system  (10) proposed to explamn the ab
sorptiont of 1wns nd tmail mofecules

It should he considered however whether the peroxidase self
mught have an mnflnence upon (ke permeabilits of the tissues m ques
twn Theoreticaliv the peronidase molecules may directly or indirectly
mcrease the permeabihis of the mtercellutar spaces

In recent publications (3 5 9) it has been staled that such an
fiuence 15 unhihely as judged from clectron mierographs On the other
hand prrowdase 15 kaown to merease the permeabrldy of venules m
dddferent hissues {2} Ths effect 13 medhated by histamine and sero
tonn and can be mhibted by pretreatsment with speafic antagonisis
The m permeainiaiy as d by extensne de,ranuts
1ion of mast eells which are beheved Lo be the source of ustamune and
serolenin (2}

The purpese of the present stude was fo further examne whether
horseradish peroadase n usual tracer concentrations does alter the
permeatnhty of pericardial mesotholium In partienlar ot was attemp
ted to determune whether apphic tthion of perouidase to the mesothehal

surface had any infiuence upon the mast eclls w the submesothehal
lissue

37 acraprn S
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YATIHIAIS AND WFTHODS

Salutians for Injeclinn
a) Hor eraliah perexiase Sgms bipe 1 (Siema Chemical Co St Louis Mis
scurt 1S 4) 075 per cent in Ringers olution
B 33 Hemincbonridine tetrahvdrochloride (SE ma Clhemifesl €n) 0905 per cent
inTris HOlduffer sty H 76
€} Fions blue 1 per cont In normal saline
4y Minger s solution

Fxperimentat I rocedure

Adiit mule an t fomale rats of a Dieal strafe welphing %0-3 0 ¢ werc snzesthe
tized by sdmin tratinn ¢ f ethee/alec hal €7 13 on an open mash r v endotracheal
anacsthesia (8) Perleardial fnjectiine sere Dne under direct vision (9) + hile
pleural and g eritoneal injretions nere perf rmed § ercutaneon s 1 1 a blunt nee ile

A Frpectments st Frans Bloe
Injectlens into the serow cavities of different anfmals
folliwing  ehedule
lerecardium 82 ce of 1vans blue and 83 co of perosidase
Comrols 87 ce of Puars blue 03 ve of Ringer s wintion
{lenra 0% ccof $yany bluc ond 0% ¢ of peroei ta ¢ inta the [eff pleurat ea iby
Controls ( ame animal) 05 cc of Frvans blue and 05 cc of Ringers soluts u Into
the right pleural cay ity
Perstoneym 1 ec of 1vans Blue and 1 ce of perodidrve
Contrsls 3 re of 3yans Hlue aml 1 ce of Ringer s solution
The animals sure sacetfieed 13 30 and 60 minutes follay dng Infection The
serous easily a5 genth flushed vith Ringer s solution and the flaid removed The
specsmens were fixed in 10 per cent formalivhyde cleared ¢ ith ghyeerol examined

and phetageaphed

ere made after the

B Sp for Microseopical F.

03 ce of the perovidase olution was fnjected into the perscarHal ¢ sty and
fixatian of the tissue « as stasted from 5 to 60 minutes Iater Initial fix tion was
perfirmed  ith 7§ per cont glutarsldehyde fn 81 3 phosphate buffer Thin shiees
weee temt ved fr m the ¢ srictal and usceral g erfeardivm and hept fn glutasaldeh de
for * 3 hours 8t 4 . Thev vere washed overnight in 81 M phasphate buffer nath
5 por cont suerr o and then incubsted for 5 minutes §n the diaminat enz ling solu
tion The speeimen were then wa hed in 3 changes of distrlled water 3 thved for
2 hiours in o mmm tetr vide and embedded in Fpon 817
4 ¥ hght mice © gy sceticns veve cut 05-1 my thich sertical to the 3 ercardisl

Figs 14
Fip t Tiew of antenor mediadtinam 15 minutes after injection of T ans blue ;nd
per vada ¢ into the pericardial ea ity The parictal permcar fum (P} =;
ah rhed syme £ the dve and fs staned o stasning of sternum (S3 thyma
(Th) media tinal lvmph node (13 angd diaphragm (M "
Fig 2 Lontr } smamal 15 minutes after Injection of I ans blue and fln er s 50 .
tion The parnetal puricar dium (1) sho s the same degree of taming xds b
T'n. 1 A wvrcslar portion of the panetal mr(caunhum has teen exerse
shoss the s3 (ral susface {13 ¢ huch s unstmne
Peroxidase treated ansmal 1 honr after spplication There 5 h:‘a v slr;:!x’:z
of the parsctal g orseardsum (P) and adjacent sreas of the a’: e:)nsr0 ongas
stinum fncluding o | mph node (L) Stersum () Th mus {Th) Oesop
0) Dusphragm (D) 1
ézr)nc ampmal 3 ved from the oppo He sl of the mcd(aﬂm‘u;u c’it::rx;:?el':c
periesvdium ha  heen removed The viseerat pericardium
heast appears unstamed

Fy 3

Frg &
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surface on a Huxles microtome The sections were mounted on glasy st
stalned with alksline $luldine bluc &t 68 €. They were exsmined J‘n -xl.:lit(:enlz);::d
mitroscope equipped with 2 1 hetomatle evmers
For electran miceo copy ubrathin ectlons were sut from the vame hlocks with
Huxley or EhI microtcmes stalned with urand acetate anl lead citraic and ex
amined in s Slessens 1imishop 1ot inftind mygnifiestions up In 28000

RESUITS

The expcraments were well tolerated bs all anamals and lowe re whons
were not abserved In particulre there were no signs of ctreutators
disturbaneds sugpeshing a sudden release of lustrummne wlfor sero

tomn

A Fxpernnents unth F vans Bluc

Paftecn nunutes fler the due anjeetion = blush colour was present
mn the pariet il poneardium (34 1) while the siscer il surface was un
stuned (I s, 2) The loctiralion wnd degrie of stuning scemed sdntieal
1 the peroxid 1se treted specsnens and i the controls {Fi,5 1 and 3)

AL 30 and 60 munuics the Hue colour of the parietal membrane was
henser than at 15 munufes and udgseent parts of the antenor medm
stmun were 50 stamed (T, 9 The visceral surface thd not show
mcroscope evilence of dve absorption (L1g 4} Agun no difference
was abserved between the anmiils exposed 1o perovdase solution and
the control ks

In the corresponding cxperiments on pleur it and perstonend bsorp-
tion of 1 vins blue the dve absorption dud not <cem to he mfivenced
by the presenee of peroxidase ds ohsenved m tie perieardiom < wming
was {ir more pronounced in the parietal than m the viseeral mem

branes

B 1ighl Micrpscopieal Exeminaftons

Several mast cclis were present n the submesotbehat area of the
pereardium v tolusdine blue stammng thesr granules werc casly
discermble (g 5} Specimens from peroxidase treated anumals did
not displny s alterabions of mast cell morphalogy (Figs 5 and §)
The el membrane w18 well presened and there were no sions of

Fugs 57 et .

fcardisl mesothchum 15 munutes after application o

o er re“n preserved Tolmidie biue statcing X 900
o Stll normal appearance of mast ceft (M)
u¢ microyilll 1vmphocytes (L3}
helial arer Toluidime blve

Fig 5 \Mast cell (MA)
peroxidase The granules are

Fig § 1 hour sfter perovidase injectiol

The wmesothelum (MES) displays numerd

gnd fibroblasts (P} are prescut m the sibptesol.

F o & The cell 15 nell prasersed

n microgray X of the mast cell = Fsg e cel

Fio ]::\cdq::nmns numerous granules of normal appearance X 00
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srface an a ffuxley mierolome The ecthny ssere mousnted on glass slides and
stalned with alhaling tclukdine Bue ot 00 (. Thrs werr exsmined in a eRz ultea
micro cope equippe ! with 2 § hntomatie eamera

Yor electron microscany ulrathin retions werp et from the same } Irchs with
Yude or Th micrctomet stained with nran § scelate snd leal citrate and e
amine{ s & Shancns ¥ lmdshop | 21 Snltha} magnifications up i "4 600

HBESUOTS

The experimonts were well {oler sted bs 4 wnmmads and foxe reactions
were not obiscried In parheular there sere no signs of etreninlory
disturhmces suggestny, @ sixdden rele wse of hust immne undsor sero

tomn

A Dxperimenis anth Foans Bhie

Iafteen minutes ffer the dve stigection a blwsh colotr 1 s present
wn e pariet 2 perscawrdinm (Fag 1) while the viscera? surfice sas un
stunad (Faig 3) The locntiz ihon and decree of st uning, semed wdentsen!
i Lhe peroxidase 1rcated spectmens wd in the controls (1,5 1 md 2)

Al 18 wnd 60 sunutcs the Blue calour of the pancial membrane was
heasier thn 2t 15 minudes and adyacent posls of the anlenar media
stinum were also stuned (112 3} The viseerad surface did not show
macroscopre evudince of dve absorpiion (fag ) Agwn no difference
wis ebserved bidween e mmals exposed to peredase solution md
the control wmmals

In the corresponding expeniments on pleuril and pertom f absorp-
tions of Tyvans blue the dye absorplion did not seem {o by wftwenedd
Iy the presence of peroxdise As observed in the peneardum staining
was fir more pronounced i the panetal thw m the vierad menm

branes

B light Mhieroscopreal Fxomunations
Several mast cells were present in the submesotheling
pericwrdiam By tolutdine Blue stunming  thow grumles were e1atly
discernible (I'ig 5) Specumens from pecoudase lreated wumals did
not disptey amy aHerations of mast celf morphologs (F:3s 5 and 6)
The cefl membrane w25 Well presersed and there werc no signs of

e of the

e ot £ pleation of
tr ap
Ma t eell (MA) m peneardisl mesothehym 1§ mimutes & "
Fos rroxidase The granuics sre nell prescrved Toluidime muc(sum:":i}!);\b\)
Fig & 1 bour after perovdase Insection SUlL sormal sppearance of mash ot €
The mesotheltum {(MFS) dispiays numerous mierovillt Lm;!:ﬂumm ik
and Bbroblasts 1F) are present in the submesothelial ares :
‘The veli is well present®
o micrograph of the mast celi in Fig §
Fo 7 E::Tcr:ntmm nametous granples of rormal sppearante X 17 000
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derangement or disruption of the granules This observalion pertained
to all ime 1ntervals

C Electron Microscopic Lxamunations

Several mast cells with characteristic larse sranules were localized
close to the mesothehaf basement membrane (Figs 7-9) In peroxidase
treated hssue the mast cells were surrounded by heayv amounts of
peroudase renction product (Figs 8 and 9) On some occasions @
mast cell was lyin, immediately underneath an intcrcellular <pace
which was filled with peroxidase (Figs 8 and 16)

‘The morpholosy of the mast cells appeared normal with satistactory
preservation of cell membrane and granules (Fi,s 7 9 and 16) In
particular there was ne swelling or disruption of the granules The
appearance of the mast cells did not differ from one time imtersal {o
another regardliss of the mmount of reaction product present i the
submesothehal area (Figs 9 and 16) Hence the eleciron micrographs
scemed to serify the mmpression obtained from the hght microscopical
studics

The appearance of the cell junchions and mtercellular spaces was
quufe variable with fortuous spaces and overlapping of neighhbouring
cells Closed and open segpments were observed along the same cell
Junction (Fig 10) In some areas a quntuplelavered junction was
present thus indicating a fusion of adjacent umt membranes In others
a gap was apparent between opposing cells and the junctions could
not be considered 1s  hight (Figs 13 and 14)

These observations were vahd for untreated animals as well as for
those subjected to peroxidase njection The average diameter of the
cell junctions did not appe ir larger 1n peroidase treated mesothelium
than in the control specimens In the former however the discrumina
tion of umit membranes was often difficult due to the high electron
density of the renchion product (Figs 11 and 12) When absorphion of
peroxidase was at 1ts maximum all mterccllular spaces and commu
meating vacueles were heasily stamed with reiction preduct (Figs

8 and 15)
DISCUSSION

Among the vamous types of horseradish perouidase type IT 1s reported
1o excrt the strongest effect wpon venule permeibihty (2) The err

Figs 8 anl 9
Uanetal persear ium 30 minutes after application of perocida e Hea st ping of
inter ellutar space (IS) and of commumi ating vacuoles (V) Large meunts of
peroxida ¢ rezction product (PPP) are pre ent also 1n the subme oth ual area A
mast cell with normal granules (CR) 1s situated right underneath the ttercellular
pace Tig 8 ¥ 18000 F 9 X 30 000
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eentration employed was of the usuat strength for prolen tracing and
the amounts were sufficient fo gite « heny stanng of the intercellular
spaces (Fips 8 and 35) Nesertheless the mimals showed nio sins of
wener thized vaseular imjury mdicaling a release of hustamne andfor
serotonin Such reichions prolsibh require intravenous admmstiration
and doses of peroxidase Irper than the ones wsed 1 our cxpenimenls

¥ oltowing, igections with Tyans blue no difference i die absorp.
tion was observed This pertnned fo the time inlersal of 15 munutes
when stumny, wis weah s well ns fo the mtervats of 10 and 60 m
nutes when st was far more heasn Accordingly the resulls
speak agnnst 1 profound mPucnce of porovidise wpon mesothehial
absorplion under the present cxpersmental condilions

In the expertments on pleural absorption each anmmal served as is
own control hence obsiating the influence of indecdutl v wntons
Furthermore the diaphragm which was used m the exalution of hoth
pleuril i perstomcal stung his a4 particniarh arge absorplion
eapacats (1) Tinativ of the prewnce of peroadase fiad any beinin., on
Fyans Dbl absorpion one would expect a cleardy vsible éilference
anil not meredy 4 subtle change that might escape detechion

There arc prsnaipalh {wo wasvs in which peroxidase mas exert an
mflucnce upon mesotheleal permenblify

1 By aching dircelly on the celi punctions

2 Imdirecthy by releastng, histimine and/or serotonin from mast
eells

As judged from the bpht microscepical stuches the submesothelnd
mast cells were not affected by the apphication of peroudase and dis
raption of granules was not suggested This obsersation was supported
In the electron micrescopic studies wiieh showed satisfictory pre
servtion of mast cell membranes and granules at 4l time ntenals
i {Figs 7 & and 16) At the shme hime these was heavy labellis,, of the
intercclinlar spaces immediatels subgacent to the mast cells with far,e
imounts of retction product s the submesathehial area As judded
from the micrographs the pericardsat mast cells at 3@ 4o nd 60 m
nutes were hteralls sorhed i peronidase wnd stiil presented 2 normal

morphotogs

Fugs 10 47
1 meso

10 Clo «d and pen segments of intereellular space (18) in pers ardsa
Fia theh‘um (see l:g:‘n The ct sed egments display a ventral dark hae (arros}
which indicates a fusion of adyacent umt membraney x 45 b0t o
Fig 11 Pandal pericardiusn 19 munute after injection Small a]muunls Mntsr)“'rbe
product sre present in the right porticn aof the intercellnlar ”"onu

fas 1 X 3
on (55704 has s central dark lme and appears o
T St Juniction {arcow) seem €3 RRIEOR OF

1 surface 4s mnutes The
::tf\”:\o od Feroxda e Glled  z uoks (42 prebsbly mm{zmc)x(l;;:]gl:
fntercellylar space (IS} at an ther plane of section Nucieus (%)

Fig 17
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Aast cells are considered extremely fragile and duflicnll lo preserie
(i@ o) In the present work thewr normal appearance sndicates that
mast celf damage 15 not mduced by peroudase m the employed con
centrations The lack of degranutation speaks aguust a local refease of
Istamme and serotonmin nd ndirectiy su.gests that the permeability
of pericardial mesotheliam 15 not wereased by such 1 mechamsm

Thns obsersahion does not ngree with the findings by Cotran £ har
novshy (2) who report on massite dugranulttion of mast celis follow
mg pertoneal admistrabion of peroxadase Thrs difference 1s hard to
explam I stems untikely that submesothelial mast cells i pericardial
and penitoneal tissue react differentls to perowdase Necent exper:
ments howeler wmdicate that certan it siruns re renetierlly resis
tant to the permeabiity weresing effects of perosadase {6)

In peroxidase trented mesothehum 23 well as in the control speat
mens the sntercellular spaces and junchons presented a very varmble
morphology As pomnted out by Aarnovshy (5) the concept of tight
and mmpermeable cell Junctions must be resased o a great extent Wiath
poasthle cxeeption for cercbral capitianes the cell Junchions m endo-
theba (5) nd nesotheha {3 9) mas he open s well s closed
under normal circumstances

In the present and 1 a prevwus studsy (9) there was ne apparent
difference m the average dizmeter of the junchions in perovdase
trented tissue as compared to thal of the control specimens Some junc
tions appeared closed with a centrat biack hipe indieating 4 fusion of
the external leaflefs of adjwcent umt membranes while others showed
no such fuston The number nd dimensions of clased and  open
Junetions did not seem to be mfluenced by the absorption of perodase

It should be pointed out howerer that caution must be taken when
the morphology of the junctions is evalualed sinee the elsciron density
of the peroxidase reaction product mahes 1t difficult to defermine the
fusion or no fuston of wmt membranes But as viready mentwoned 1f
the perovdase exerted 1 marked nfiuence upon mesothehal Junctions
one would sxpect the ntorphotogicat equinalents to be eastfy diseernibie
with the present techmque

From the nbove reasons f 15 consudered unbthels th-t horseradich

Figs 1316
Figs i3an1 13 Apparently na fust n of adyscent coll membranes The yunct
CarTow) seem 10 be open Fov <ida e vearhon pruduct is present at o t
interccutar clefts Fig 13 from pansetal surface et 15 minute 4
Tig 14 from visceral surfac st 45 mionle X 33000
F g f> Iunetal mesathchum, 4 gunut M Yimum sbsarption of perowi
heavy tabnng of the intere Vulsr
the sul mesatketiat avea (y43 3
Fig 16 l;a x)m mf;‘allllcllmm th v Ms ked sialming ol nterceblula 3 ce (157
sul mesothelial mast cetl sh w o 1
S mesothelss e 30 1 1reseration and parm | gram les

'
(‘s&;;t 115) adjacent vacnole 14 nt
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"ARATHY ROID ABNORMALITIES

A Histologieal Study with Special Referencr to Sudden
Unexpected Deatht tn nfancy

y

Prenrs Grimysnera
fecefret 19vu 68

In 1 previons study of sndden untspeetcd destht i fancy (SUD eot
denth) Cadence w s submtted to suppoert the s pothests that most of
these deaths e sssoctited wilh @ congenital sneomplcte devclopment
aof the parathsrords (Grertinger 1967 19654 § usion of paraths roid and
thymus tissuc 2t the normd site of the parathvrowds was froquuntle
found in the luslologten] sersl serlons Furthermore the number of
demonsirble parithycant ghands was prently reduced

Lhe technque pphicd however did not permit an exaet ¢ luation
of the number of (1 indds present o each ease neither conld the pwra
thyrowds found be distingmshed s either paraithyrewd 1 or 1N

Ihe present exanun ition comprises 17 conisecutnne ewses of {fyped
SUD (age 1-32 months) Istoloicn) exanunation of all orgins was
routime In ol cases the cquse of death remmped obseure In Hus report
onls the results of the istologieal exumnation of the parathy rowds are
presented

TLCHNIQUY

‘The whole parathyrofd hearg area from the reot of the tanguc to the ug per media
stinum Including the upper Thing of the thymas was fited as a wh @ and em
bedded an psraffin in spreral orlentaled parts About 1000 istologieal ections (7
my thick and every section mounted) frem each infant were cut

RESUITS

The resulls are tabulated belos (Tible 1) Pusion of paratinroid nd
thymus tissue At the normal site of the prrathyroids at or very close
ta the thyrond capsule wis a vers frequent finding The fasion was
complete Al e1ses te wnh common rehiculum ng s(sseds an the
border zone of the fsp hssties and hel of fibrous separ tion Fusion
was only accepted as such when the findings were clearly Lon\Il’ncm:r
the epithohnt celts of parathyrotd myvading  the thymu mc((ltumn;‘:vs
sometimes even the Hassall s corpuscies 1% hen parathy rond m‘sd e
fassuic occurred stmultaneously i the sections e‘mf”;ﬂ:‘;n e
spee ar by a fibrous expsale fusion abw 1y occurred farthe
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TABLE 1

The Paralkyrowds 1 17 Cases of Typwcal SUD (Col Death)
Histologt al serwal sections of the nech and medwastinum

Autopsy  Are im Upper Parathyrosd (V) Lot er Darathy roud ([11)
No  momths ST ngh Teft rght left
wes v & absent absent fusion faston

15/C6 2 & absent absent absent fusron
38/08 k4 3 normal absent fusien absent
A60/66 2 e nermal normal fusion fuseon
”89/66 17 Q absent absent normal fusion
465/66 4 13 normal normal fusion fusion

A91/G6 PR absent absent fuston fu 1on

1131766 2 2 absent absent fusion fusion

1508/66 2 3 absent normal fuston fusion

107767 3 3 ahsent normal absent fusyon
1961 1 ] absent absent normal normal
426/67 3 2 absent normal normal normal
L absent absent ormal normal
677/60 3 normal normal absent normat
724767 7 ©  normal nosmal noemal fusion
141768 7 ¢ normal normal fuston fusion
15368 2 & normal absent fusion fusion
TABLE 2

The Parathyrotds wn 17 Cases of Typical SUD (Cot Death)
Histological sertal sections

Upper Parathyroid (1V) Lower Parathyrod (IIT)

right Telt right Teft
Expected number of parathyroids a7 an [¢%5) un
Parathyroids found
Normal glands 7 8 5 4
Fasion with thymus tssue 0 0 9 12
Parathyroids absent 10 9 3 1

sersal scehions The technique applied 1n the present series persmitfed
a follow up of cvery bt of parathyrowd and themus tissue \ormally
the parathyvroids are four n number (Gumour 1938) In the present
serjes only 24 normal glands out of 68 possible were found (average
14 peranfant) If the histologically abnormal (fused) glands are talen
1o 1ccount a total of 44 ginds were found (averaye 2 7 per wmfanf)
1L will be seen (Table 2) that absence of the parathyroids s clearly
correlated to the upper glands (parathyroid IV) On the other hard
fuston with thymus lissue 1s correlated to the lower glands (parathy
roud HI) onlv

Parathvroid tissue was never found n the thymus organ n the

mediistmum Extensions of the thymus oraan to the normal sies of the
paralhyroids were 1 no case demonstrable
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RESUME AND DISCUSSIDS

Hhstolo,te i surind sechions of the whole paraths rou! beng area wer
mide in 17 consecutive cases of typienl cot desth {SUD)

A Iugh frequeney of absence of the npper glands (pirathsyrod V)
and of nsiologie 3 abnorm thties {fusien with thvmus tissue) of the
tower ghnds (pirihyromd 111} was demonstrited

A control scries of nfants (ged 1412 months) with defimitehy
¢stblishicd esuses of deatlt (iccrdents homiowdes) 1s not yet avulable
but 18 exerly sonpht Tusion of paursthirod ond thymus bissue s
ctumed o ocenr eccyaonnils i norm  ndwnts (Gofmour 1541) hut
the frogquency of this phenomunon still ramuns to be eluaidated If the
fusion of $hu Iower pardtinrouds with thsmms bissue which ocensred
with auch symfic mf froquences i the present senies 1s not pathogno-
monic of cot dealh (SUD) 1t 18 ecrluniv pormal human anatomy
rither than o red dtovely rare varmtion as Gemonr [1841) stemed lo
belive A functional differcnce bidween the upper and lower pars of
pardhvrods parlel with the hnstologienl differences should be con
sidcred The discovurs of cdetomn (Copp & Chenry 1962} and the
Wi hngering, uncerlamiy s o the site of produchion of this second
pirithyrosd harmone invale reconsiderition of the anatoms and husto
oty of these plands and their relation fo thymus tissue
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COLITIS CYSTICA PROFUNDA
By
Per Hesmin Brener Carstens and Ravs Gowzavez

TRevened 3vin 68

Two Lypes of cystic enlargement of the mucous glands m the lower
gastro mtestinat tract hiave been desembed  superhond and deep The
former has peen designated cohbis cyshen superficiabis and 1s closely
relnted to pellagen (Denfor 1920} The Jatler 1s cohtis eystica profunda
and has been associaled with ehronic dysentery and chrome wlecratne
fesons of the colon

Colthis cystica profunda was furst desersbed by Sfard m 1766 Yer
chow m 1883 described o symylar leston 1a A 15 year old male who died
of chronic dysentery He comed the term colitis cestica polyposa be
cause the polyps were more solid than cystic Recently severat cases
have been reperted 1 the Amersean llerature with speaal emphasis
on the climieal preture morind wnatomy  the resemblance o mudtimous
adenoerreinoma of the colon nd theanes on the acticlogy

The purpose of this paper 15 to report a single case wth some unusual
fentures and to diseuss the Iterature and actiology

CASE REPORT

The patient (1 GH $93065) was a 44 year 011 Cancasian femate who had recently
rreened treatment for dehirmm tremens She secovered quichly withoul comphea
tinns Lp n duschurge from the haspital the was 3ent ta & mental hosyval There
she complatned of bhetug weah 14 as not posubie at that time to gct a hastary from
the | atient atthough it was meoll ned that she had had rectal bleeding for the last
% mopths The only p sitive finding on physical cxammation was a pralupse of the
re tam which was very tender but reducsble digitally Shight st dewral distenian
and generatszed sk Somsnal tenderncss were nated The rest of the phy sical examna,
twn was act remarkable

Proctasropy snd sismpsdascopy revealed the mucnsa to have 2 granular appearan ¢
with areas of haemirrhage A biopsy of the rectum showed chroalc inflammation
end wlceratl » of the mucesa A bacium cocrns was performed and the dsstal e 1 o
up to the tran verse folon shomed spastieity and polypoid lesions There was al
etddence of s1uses wod apa ification by the barum 1 small cysts The trarae

ol n a< ewding col n and caccum shoned no abpormahtaes (Fig 1

Labirstors lest were not remarkabic The patlents rectal grolapse was
with baths snd suppo Mores She was gr¢n (Remas and expelled 2 cob
quanisty of facces and mucus Later ¢h  patieat devcloped dia thea w th
muu Th hacmogiobw fell trom 138 ¢ 92 grams A hlaod teansfusson wven
She we tramafer o o Loutsaille Gene 1 Rospstal finr days Jater for # } par iomy
At pevat n g perforation was found i the deseending colon clase ¢ th s gmo d

Thi s 1 e and extertorlzed Twenty four hours alter surgers th patient ex
pired 1 pulmol distress

a4
er 1}
< 3

18 cravary 5 2
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Barium encma showing 1 ss nf hansiral patlern together with small cvsts situated
1araltel to the lumen

Autopsy Pxamination

The exteriorized perforition was closed by silk sutures There was
localized peritonibis for a4 distanee of » eentimeters on cach side of the
yperforation The mesenlenie arterics showed onfy nuld atheroselerosis
“and were palent throushout A fow enlarged Ivinph nodes were found
scattered in the mesentery The musculans of the doscending colon and
rectum appearcd diffusely thiel ened from the <plonic flexure
When the colon was opened the mucosa hid 1 cobblistonc apperr
ance with multiple psendopolyps up to 1 centumeter n dimter inter
sperscd by deep narrow ulcers The lumen contuned formed faeces
covered by 2 minimal amount of mucus On scctioming none of the
psendopolyps eont uned prossly visible €3sts No mucus could be ex
pressed from the polyps into the lumen ‘lhe uletrited area w18
sharply demarcaled 19 centimeters distal to the splemic flexure blend
ing mto normal but distended colon at this pomnt There was no de
marcation distally No normal Appearin, mucosa was found n the
descending colon sigmoid or rectum The only other findings of
significance were embolt i the arteries of the right lung and exlensise

bronchopneumoma (Fig 2)
All the sections from the invelved colon showed the same pieture of
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Photomicrograph of sigmoid colon The mucosa 3t top of yhoto ho s congestion

and inflammatory changes Belcw the muscularis mucosa several cysts

columnar cells
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deep ulcers many gomng down to the musculans propri1 alternating
with 1s] inds of pseudopolyps Under these pseudopolyps m the cedema
tous submucost below the musculins mucosa a number of diated and
enlirged glands varying i size up to 5 milluneters in diameter were
found These glands contmined purulent exudate wnd PAS positine
material On seral sechoning, many of the glands were found to be
continuous with the overlying mucosa The ,lands described above
were found only 1 the sections from the descending celon and sig
moid The limng cdls of the glands werce nsually columnar but n
some arens cuboidl cells were seen In other areas Lhe ining cells were
completely absent (Fig 3)

“the submucosa was oedematous contamnmng large numbers of lvm
phoid follicles and miked type of inflammators cells together with red
bload cells In some areas a few grnt cells of the foreign bhods type
were present No granulomas were noted The muscularis propria
showed  great amount of hyperirophy and oedema The ganglion cells
of Auerbach s plexus showed degenerative changes In sections close to
the perforated area there was acule pentomtis \o parasites were seen
m any of the sections The mesentenic arteries showed only mild to
moderate atherosclerosis and the Iymph nodes reactive hyperplasia

DISCUSSION

Simee 1901 35 cases of colibis evstica profunda have been reported m
the English Literature Belween the first description ;m 1766 and these
recent reports only a few cases have been mentioned (Vanson Bahr &
Gregg 1925 W oodward 1879) These authors describe the cysts and
therr relationship with dvsentery There 1s a special reason to draw
attenlion to VWoodwards work He goes imnlo very claborate descrip

TABIE 1
Colitis Cystica Profunda Diffuse Type

Authors Goodall HB & Smelair I S R. Wavte DM & Helnig E B
Number ” 5
of cases
Sex Male FPemale Al raen
Aze 7 ot 4-65 mean age 3¢
Imtal W eakness Rectal passage Intermuttent rectal bl ot
symptoms weight loss of blood

and diarrhea and mucus
1s ociated —_— Chrome Two_Ulcerative colitls
disease ulierative Two Multiple Ivpsin the

calitis

col o
One Chr o ¢ dvs nte




TABLI
Colilis Cyxtica I rofenda

Authers Thompyn L & ¢ (xtlemann & Allea U S
Number 1
of gascs ! 3
Sex tale Male Male Jemalc Vale
ize 27 37 33 38 13
Init{al Abd sminal ttdsnfnal  4bDhminal H
ted hisod Rectal
svinp toms paln ond paln and patn and on stoo] P za::e
rectal larchea dlarrhea of blood
pa sage
Ja e and mucus
and mucuy
Axsnclated 7 vears ———— —_— - Hemc rrbords
and figsore

thsease 1 resionsh
treated with
diagnosis i f
ulcerative
ccditis

trans of e leston and presents 1 very bewdiful eolour plat of the
colon m ane of the three reported cascs Woodward also offurs
«xplan ition of U lestan  In ctarrhal eflammation of the miestinal
mucous membrane the softened pirtnchyma of the swollen sohtiry
follicles offers 1 smtable mdus for the peculiar cvst ke diy jopment
of the ghwnds of Tiherhulin whiel elsewhere is prevented fI m oy
/hesond 1yery moderate degree by the resistance offcred n 1l musele
of Bruche nd whether the esstic transformtion of the hyy rirophre
wlnd tubules proceeds to 1 moderate 0T W exiremt degres L pren

chyma of the follicles 15 the site m whieh the eystic dovlopment
occurs  In 195% Thompson disertbed a2 smgle ease wath the di,nosts
of chromc non speetfic ulceration associated wilh mncluston wvsts In
1657 Goodall & Sinclate reparted two cascs One of thusr pitients hod
uteernbive colttis he wthers believed that the cysts were the resuit of
teapped regeneraling surface epithehum in the submucosa caused by

mphod agoregtes wilh abseess formtion And swhsequoul destrve

tion of the muscalans mucos?

In 1963 wnd asun 0 1966 Castleman reporicd a smple st wineh
had 2 preat loss of protain from the lesion and used the term mucocele
of the bowel On x ray exannation \ius patient showed munor chmits
1 the reetal mucosa pattern over a period of severd sears Afore

yocent Litms showed nodntr polypomd maswes the rectum and 1Tt
barum m a spicutar {wiuen A con

some places outpouchings of the
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Localr ed Type

Epstein S E etal Wayte D VM € Helung E B
4 19
Female Male Female Temale 10 male 9 female
36 15 29-51 2057
5 & mean 2% mean 3%
Rectal  Polvps and Rectal Rectal N :\;‘2?’ diag
Qiarrhea rolapse and passage ecta] bleedin:
bleeding o P hlcgdfng of bloot Mucus discharge
and mucus
-— All three patients had therr All 19 patients had nstologre

symploms for several years evidence of an associated

chronic proctitis

genntal defect 1in the muscularis mucosa was favoured 1n constderahion
of the actiolo,y

Allen (1966) described three voung adults with simylar lesions and
offered 2 hamartomatous theory of pithogenesis Ipstetn (1966) who
presented 1 cases assumed a defect m the musculans mucosa crused
ciher by nfinmmatory damage or congcmtal defect Finally W ayte &
Helung m 1067 rcported 24 cases from the files of the Armed Forces
Institute of Palhology and were the first to divide the lesions wto two
sroups namely a diffuse bvpe and a locahzed type i which evsts were
confined to a distincl area of the rectum Amon, these 24 ¢ases 19
Wwere localized and nll these showed evidence of associaled chromic
procliis Among the five n the diffuse group Iwo were associated
With chronic ulceratine colitis and one patient hid chronic dysentery
Salmonelta Newporl These authors considered the cvsts to be 1 result
of the exlension of surface mucosa along granulation tissue tract
crented throngh the museulans mucosa

Tables 1 and 2 show the 35 hnown cases dimided ynto diffu ¢ ot -
locahized type with nformation of age scx mmlinl symptoms  d
assoctated disenses In the diffuse group 1s a predomynance cf 3 1ng
men and the relntionship to inflammatorv diseases 1s constant The
most comnon wbial symplom « nlernuttent reclal hleeding In the
Tocafized group the sux ralio 18 nearly 1—1 and the assocration wilh
inflammators discases in the rectum except for W ayte and Helwigs
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&roup 1s fess obsious Here the man anatind sumplom except far reclal
blecding ss the Hinding of 2 mass

I 1ch one of the followiny, authors hid one ease with the diagnosss of
bt tumonr Aflen Fpslewn Goodall o, Staclate, Wayle & Helung
Speeral attcntion should bhe driwn to the fiet that tthou ki the hading
of ghndulir duments i the submucosy man eause the dinanosis of
adunoc irunoma to be ontord uned there 3s 1 complile absence of any
crlologieat fonturgs suppesting cmeer

This ¢ e belongs to the diffuse proup wd w s 1ssocited with sub-
aenfe sfecritne cofilis No large ovsts wete noted ather grossiy or
mucroscopre v A retson for s man be thal the ulecrs m the colon
were hirge and Abe corresponding dufiets tn the muscularss mucose
wide alfowsng the mucus formed w the trapped oxsts to eae ipe freely
inta the bowd lumen and thercdore provenbing enlargement of the
wlands The ¥ s however showed the abovd mentionedt spien! i effeet
wnd supptstod the dignosis We heliese that the evsls 1n our ease were
cwsed by defeets in the musculiris mucost produced by inflan matory
chanrcs which aHowed re enering miicoss {o form evsts i the sub-
mucost This theor has recentls guned support by experimen? it sork
by Heyngulfsson & Haley (1967) who &rifted se.ments of smaif intes
fine 1o tht abdominal wall of ris and fler 5 lo 19 months w re able
to demonstrafe lesions stmdir to colilis cyshica profunda in 11 of 12
amnls

nally we would like to suagest differcnt actiologic factors for the
diffuse and loctlzed form of colitis evstict profundy The iiffuse fype
onymales from cohtis which ereates dufeets i the musculanis mucost
and aets lthe 2 teap for the regenerating mucost In the localized type
however the evstie diltation mny be aftnbuted fo 1 anid Jrome
prociitrs which wall produce enlargement af congenital mucosat evsts
i tlus location These evsls or vacuoles have been deseribe } by the
embraloast F P Johnson {1813 1614} s ongnting during the
fumen formation of the wtestines wn certam locations su b as the
otsophogasirie junction second poriion of the duodinum « rmuiform
appendrx crecum and rectum  The sacuoles usualls disppear abowd
the time of irth but may persist and could be the it} weak spot
for the development of the localized form of colstis e3stic profunda

SUMMARY
A case of coliis evstica profunda with some unusual e 1fures 1§ pre

sented
The previoush reported cases o the frierature are discussed m;h
spectal emphasis on actiology The diviston of coliis cvetia pl;;f;m:-l
smto ~ diffuse «nd loeahzed type first snggested by VWayte & Helmg
cen applied to the 35 reported c st
l\:\;}:m"‘ ‘{stugbcsl two different whologus for the diftuse and loca



281

tized form The diffuse form being caused by coliis and the locabzed
form by congenital mucosal cysts with supenmposed mnfiction
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ALVFOLAR RHABDOMY OS\RCOMA

oy
Pawzs Mintrowsit ind Tiorjors Berer
Tecerved 63in 63

Alveolar rhabdoms osarcom 1 was first deseribed by Riopelle & Theriault
tn 196 Horn & I alerline (190%) studicd 39 eases of rhabdomyosarcoma
and found v distinet alveolar paltern n 8 of them In another paper
(Fnlerline & Horn 19)8) they e a1 detuled description of the char
acteristic chinieal and pathologieal features of this tape of tumour
Since then onlv 2 fow eases e been reported (Gogue! et al 1962
Wi ulowsl s 1962 Valdes R el al 1962 Porlerfild & Zimmerman
1962) The tumour mayy he more commeon than widels behievid In an
arhicle on sarcomas of the head and nech Bardunl el @l (1961) desertbed
{5 cases of rhabdomyosarcomt 20 of which were clissified 1s ihveolar
but were not deseribed in det ul

Alveolar rhabdonnosarcom has often bheen confused with one or
mother of 2 wide vanely of neoptasms ancluding earcinoma melanoma
and juvenile melanoma parianghiomt reticulum cell sarcoma neuro
epithchoma ¥ wing s sircoma mesolbelioma and Mifferent Ivpes of
wmposarcom (Faterltne & Horn 1908 Riopelle & Thérwaull 1956) The
tumour however 1s 2 dishinet chimicopthological enlity  diff ring o
loaically from many of the lumours mentioncd above wnd dequale
treatmenl requires 1 correet dingnosts Sinee no report of the tumour
could be traccd n the Scandipavian bterature 3 cases so n 2t our
department are deseribed bclow

C\1S! RIPORTS

Case? €RBJ

A 31 vear old woman was cvjccting her secwnd cfuff 4t roufine control at :}?‘w
prenatal chinic in the 5th month a cyst like tumour 7X 7 em wa found ;n Ime
right breast Frozen section diagnosts (PAD 10737 6 ) VMedullary ar m;;rn] —
mediate radical surgery revealed residual tumour but no iavelvement of ¢ e bymot
nodes Onc month after deluers {at full term) a 1 cal recurrence 11 lrea‘:s b
gicallv as well as radiologeeally (x rav 2300 R) Bilateral oophore ln:n e
formed and androgen treatment was given as routinc procedures 1n the l"ea e
carcinoma of the breast (no metastases to the ovartes) Laler the “"elnan‘x‘l o
radiation (9 100 R) of the nec) hecause of metn tases and of the cer :c: o Leobolt
spine (” 400 R) because of pain Abdominal metastases were treate P anahe
rgdinllnn (4000 rad) The patient was also treated for 7 weel ‘;‘"he:ufmn
(Sendoxan® 56 mg X 2) Death occurred 1® moaths :ﬂ;r l]he fr h;}:‘ o

Autopsy (11,9/67) resealed generalized tumour gru\\:h ( unss heart Ioct e
pevs adrenals sheleton dura mater of the brain and of the spin.



stoipach  pemtoneum  vagwna and i 1 1
axillar and 1ngwinal lvmph nodes)

The findings made at of necripsv and re
esamination of the operative specimens were compatible with alveolar rhabdomyo
sareoma There was no clear cross station hut manv of the tumour cells contained
myofibnl hike stru The mitotic f was high

1cnlar

Case 2 TDM

4 3 year old boy had a lump m the right mandibular angle The bony tissue was
unaffected but the tumour which had been noticed two weel s previoushy had in
filtrated the cheeh and the soft palate Radical surgery was impossible and after
biopsv (PAD 1606/63 diagnesis Unspecified malignant tumour) he was treated
wath a evt state (Sendoxan® ¢ tallv 1850 mg) .nd x rav irraliaticn (3500 R)
of two fields in the might parotid region A smaller area 1n this region was grven a
further dose of 500 R 3200 R was applied to a field above the right auricle and
2100 R fo the left parotid region and upper left side of the nech There was no
appre 1atle effeet of the treatment and the hov died 8 months later

Autopsy (1036/63) revealed massive local growth of the tumour with mfiltration
of the tougue and the base of the slull The lungs and the mediastinal Ivinph nodes
contamned many metastases

Histolog cally rmost of the tumour was rhabdom of ordinary emb: 1
type but some parts of the primary tumour as v ell as the metastases contamed
prominent alie lar struclures The mitotic figures were common

Case 3 PS

A % vear 0ld boy who had had a shif neck for about 4 weeks An apparently
cireusmseribed tumour 3 X 2 X ? em was found subeutaneously in the right mandi
bular region The bony tissue v as unaffceted A fine needle biopsy {(PAD 10244/64)
revealed a mal gnant growth (The evtologieal picture 1s described 1n the dis ussion)
The tumonr was then extirpated and < rav ireatment (800 R 1o two fields 1w iwo
series) wwas given Histologically (PAD 10716/¢4) the tumour was a typical alveolar
rhabdomyosarcoma st had no capsule and 1t had infiltrated adjacent tissues The
mtotic frequency was h gh Vo s1un of tumour 4 vears later

DISCUSSION

The true d of alveolar rhal yosarcoma 1s not known Our
3 cases were diagnosed amon., approx 13 000 autopsies and 150 000
surgical biopsies but some cases were probably missed Simnce the
tumour mav have been confused with carcinoma and melanoma as well
as with different types of sarcoma re exammation of all possible cases
was impracticable The tumour oceurs chiefls 1 children and in voung
adults The cases hitherto published are summarized i Table 1

The mean age of the patienls 1s about 1o vears 1t 1s lower than the
corresponding age mm cnses of pleomorphic rhabdomyosarcomn 508
years) and hi her than that in e1ses of sarcoma botryoides and embrye
nat rhabdomyosarcoma (8 9 vcars) (Lnlerline & Horn 1908) The
relabion was 19 males and 11 females 1he primary lumour mas otcu
anvwhere but 1s oflen scen 1n a limb or m the orbit The lumoLrs r
s a rule indolent Thev usuallv oniginate 1n muscle tissue but s:me
arise subculancously 15 1n our ¢ase 3 and possibly also 1n ease 2 The
tumour grows rapidly and metastasizes early It 1y disseminatea by the
blood stream and the hmphalie crrculation metastases are often found
m regronal lvmph nodes 1n the viscern and m the sheleton Se.

<
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ALVFOLAR RUABDOMYOSARCOMA

ny
PAwrr Mratrowst 1 and Trorsionas Brace
Reelved Gouri 3

Alvealar thabdomyos iream t was first desershed by Riopelle & Thérault
w196 Horn € Pnlerline (1938) studied 29 cuses of rhabdomy osarcoma
and found 1 distinet alveolar pillern in § of tiem In anotlier paper
{1 nterhine & florn 19,8} they e 1 detuled deseription of the char
acterishie chimey snd pathologiesd feafures of this Ivpe of lumour
Stnce then onls v few cases have heen reported (Goguef ef ab 1962
Wl plowost ¢ 1962 Valdes Ruv el ol 1962 Pprlerfseld & Jimmerman
1962) The tumour may he more common than wideh believed In an
whicle on s wreomns of the head wd neek Bardwil ef al (1964) desenbed
5 evses of thabdomasrcoma 20 of which were clissified as lseolar
but were not deseribed i Al

Ahveolar rhabdomsosarcom has often been confused with one or
another of 2 wide ety of neoplisms melwding caremnant ¢ melwoma
and juvenmide melomn parasmghoma retseuum el sarcama neuro
epithelioma  Twang s sareoma mesothdhoma nd different ivpes of
angrosarcom t (Faterline & Horn 1958 Reopelle & Thertaull 1998) The
{imour howaver 1s 1 distinet chincopthologieal entity diffenin, bio
Iogcaliv from many of the tumours menhioned 2bove and adeguite
freatment reguires a correet dingnosis Since no report of the tumton?
could be tracecd m the Semndmavian Llersture 3 eases seen at our

department 1re desenibed bhulow

CASF RTPORTS

Case ¢ GBI

4 34 vear old woman was exyecling, her second chuld At routne mmg at :::
prenatal elinic 1n the Sth month a cyst lile tumour 7% 4 em was found 22 -
right breast Prozen section diagnosis (PAD 1023376 ) Medylary umn:m; s
mediate radical surgery resealed residual tumour tut no involvement of U iu’w Pl
nodes One month after dehivery (at full term) a fnual recurrenee Was lrv‘“s A
gleatls as well as radiologically (x ray 7500 R) Bilateral oophorectoms was ) f
formed and androgen treatment was giyen as rontine procedures I l:lc !:0‘“ enen
carcnoma of the breast (no metastases to the ovanes) {ates the pa iv,n odf Nopbar
sadiation (7 100 R) of the neef hecause of metastases and of the ceri‘m; ‘::-nh cobolt
pin (2400 R) because of pam Abdominal metastases were lrﬂnﬂeh ertostatie
raciation (400D rad) The patient was also treated for T \v;|u(.s ‘:n ey
{Sendoxan® 50 mg X 2) Death occurred 1% months after ‘1 e (xsrsh“rr‘ ver Jad

sutopsy (1159767 revealed generahized tumour growth (l”;il cord oesophssit
neys adrinals sheleton dura mater of the brain and af the spl
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Fig 5 Detsil of alveoli with ltming cell  and solid formation of floating cells
One svacytial cell and a few smaller mull cells ( t
actd haematovslin X 350) (Case 1)

Fig 6 Less promuent al eolar stru ture numerous blnad vessels Charactertst 1l
dispersed t pical grant s n vhial cells (Pho photungstic seid haematox lin
X 320) (Case 2)
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The nutolic 2efnaty yanes widely from easc to case If seems not lo
have any prognostic yalug
3 The veeurrinee of pint syaey il tumour edts with muftple
often peripheralls located Aypreal nueler and with abundant oxy phihic
evtoplysm The cells acenr i akeal ir spices but are often aftached 1o
fihrous septn They never tend Yo accumulate sn sroups The scaliered
urngement of svnevtial cells gises 1 charactinshic pallern an low
mapnification (11ps 5 e 6) Sunestoad cells are often seen bat are not
2 constand finding, Fhe tumaur also cont uns Jrke snapiastic cells with
Inzarre rounded or lobultted nttcler nd with retatnedy httle cvtoplasm
These edfs are less eharelcristic hsstol s (thou,h pr f in
smunrs) but are ipparently always demonstrable
We fuel that tuse featares are important in the histoloqse il diagnosis
of ahveolar rhibdomvosarcomn There wre some further bul less con
stinf features The cells in one and the same hmmour van i wmount
wd appearance of the eylaplasm The evloplism m s be gr wulated and
often contains myofibrs! ke structures ¥ acuoles contumng PAS pos:
f1se maternid are common Cross sirivhion has been desenbed mm abont
two thirds of all eases usualls onfy fter prolonyed search No erpss
strinfion ws seen with cert uniy in iy of our evses Tine nudle punc
ture of the tumour {cise 3) in {ins series produccd an aspirile rich in
cells ind the smears showed cells of the tvpes deseribed m the fusto
fonteal shides The eccenfrie nucier were rrreguing {he chromatin was
cawrse 1nd some of the nueter contuned targe nuetcolr Guant celbls with
mattiple nucter or ofte bizarre lobutated nucleus were easts recognized
Muloses were common {Frgs 7 and 8) o cross striation was demon
sirtled The amoun! of cyloplrsm varied and 7 pennucler halo nas
usully seen In mam cells the cytoplism was vrcuolated
1 s known tha this Limonr ort,tnates from skeletal musele but 312
it 1s diffreult ta expl un the healar pattern Accordmng, to Entertine
Horn (1958) he tumour cells hmn, the spaces correspond fo 2 s\i
Lyt of rhabdomsoblasts We were howener able to vecogmze d:se
tinet horders helween the lumonr cefls hning the spices as well as v
floating cefls  (Massons (1 chirome stainj There s howews :‘[l
anatogy betweun the iveolar structures and the embrvonal fe \u‘n;e: o
muscle The tumour gies the mmpressien of wducing the f"m"‘h‘cmm
septa bwilt up of apparentis mature Dibrous trssue Such‘sa e
slroma 1s rare i mabgnant mesenchymal tumours oo odpob) e
that septa may have formed by local hissue destruction c.l\l:; edied
tuntour and by proliferation of tumour celis alony, P“‘“‘f: wils o7
The giant cells resemble these s:-c;\‘xnld;o;i(‘::crnted musc
desmoid tumours and conseminl forl ffer
mthe chmeopathological features duscribed nre'xmr’“:c’":t ";"é‘:n‘: ulls
ential hagnosis The presence of mulfpic m\cln“f;d;}‘d gamanng“om’
helps to exclude other enfities such as camfnozmmum Tobres should
The presence of floating cells desoud of r
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probably be sufficient to exelude nfosarcoma There should be no
difficults i rubing oul retsculum cell sarcoma mefanoma  mesolhe
Boma and matignant svnovioma sf abundant and well presenved tumour
fisste 1s 73 ulable Cross strintion 1s deetsive but 1t 1s not a conditio aine
qu1 non for diagnosing thabdoms osarcomn

Twao of our cases were of speciil inlercst As far as we hnow mam
mary alveolar rthabdomsosarcoma has never been desersbed Mahignant
muscle lumours of the breast are very rare but are as a rule not
diffienlt to differentinie hustologically from carcinoma Such confusion
as happened m our ¢nse 1 1s howerer possible in cases of alveolar
rhabdomyosarcoma with ats pecuhiar pseudoepithehiat appearance It 1s
therefore necessary for the pathologist 1o be famibar with the condibion
It appears that the patient in our case 3 1s the only one on record who
has sunned for | vears without any signs of recurrence or metastasis

SUVMARY

Three eases of alveolrr rhabdomsosireoma are ruported In one of the
eases o woman 31 vears old the tumour was focited m the breast As
far 45 we hnow this locition has not been deseribed before Another
case was 1 3 vew-old bov with generalized growth of mixed embryonal
and alveolar rhabdomsosarcoma The third case was a boy 2 years old
wha 1s well wad withou! signs of tumour 4 vaars after ditgnosss &
detmled desersphion of the pathology 1s piven and the differential
dignosis 1s discussed Our findings are correlated wath hierature cases

ADDENDUYM

Olufems Williams et al have recently deseribed electron microscopic hvestigation
of one case of alieolar rhabdomyosartoma (Brit § Ca 27 12-18 1863)

1
RFPFFRFNCFS
fardinf T ¥ & VacComb W § Sarcomas of the Head and “eck with speesal
to rhab 1 Amer J Surg 10% $78~47% 1954

Frterline H T & Horn } ¢ Jr  Aleclar thahdomyosarcama A distinctine tumour

tipe Am I Clm th 29 356-366 1958
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MARKED CROSS AGGLUTINATION
BETWEEN BRUCELLAE AND A SUBTIPE OF
YERSINI4A ENTEROCOLITICA

By
P Auvovey Erpy Javsson and b duo
Recened8vu 68

Recenthy attcation has heen pard to Yersinta enferocolilica {formerly
Pasteurella 1} 8s a cause of mesenterie vinphadembis 1cute termmnd
slaitss and erythema nodosum (Wanblad ef al 1966 Vollarel 1966
Nuehn & Sjostrom 1967) The taxononmue relabonship belween Yer

sumae Pasteurellae and Francselloe has not heen defimiddy seltled
Y ersinia enferacolitica can be readihy differentiated from Yersunia psen

dotuberculosis {syn Pastenrella pseudotuberculosis) bv a series of
brochemrcatl tests (Anapp & Thal 1963 Mollaret & Chepaler 1964)

Serologically both can be divided mnio several types (Anapp 188 Win

blad 1987) Besdes strams of 1ersinta enterovnlilica show shoht diffe

rences from cach other m hiochpmical tests {Mollaret et al 1961 1960

Aulhn 1987)

Bovine brucell has been d i Futland (Huhfala 1963)
and for many years at least baeteniologiealls venfied human eases have
not been dragnosed A serses of human sera contuning brucellh agglu
tinsns corresponding to 100-1600 TU but suspected 1o be Lalsely positine
for the above reason had been surveved for various antibodies wuth a
view to revealing the possible eross reaction basis of this ag,lutmation
Al the ser were observed to give hinh aggishimabiea titres with onc
subtype of Y ersinta enteracolifica 111s the purpose of thus communsca
twn to deserihe tins cross-anplutinalion reaction

MATERIAL 4AND METHODS

Human sera Tweats 1 ur buman sera ntalaiog brucella agglutsniny cortesp ol o
05 109 16 0 1L were psed In the stads Sixizen sera were found amang abiut )
speeimens sent an for routine Widal te t Four sera were lound amon kvt )
st mmeas submitied for toxoplasma antbih studies Four sera dec 1 & 3
pat ent suspected to have verdmia anf 1 o

&adbit umn une sera Ralbits s cre g o twaaptrmvenaus injestion 1 > anl 05
7t one we k apart using the £illoniag attigens Lrucella abartos 2 ¢ wn wsed in
the agghntinaticn test (tw  yablit  Bracelly mrliensie ants gn ( ne rabbi}
¥ rsimo enterecolilion strain Wit ) autoclaved @t V™0 € for tn  hours (nue
rabf i) and lamm, sieain MY @8 tac rabbits) The sir agth af the sntigen s

19
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pensfons corresponded to that used In the agglutination &
one week after the «ccond inlection welutination tests Bleedings were made

Antigens  Yersima ocolitica strains req ting the four ) Ny
different tyres Isolated from man were obtained from Dr Blegitta Naléhn General
Hospital Malms Sweden 1) Strain “Winblad was lsolated by Carlsson (Carlsson
et al 1964) and represents the most common tyye of Yerunla enterocoliticn found
In Sweden 1t contains the O antigen 113 described by W eablad (1967) and is refesred
1o in this paper as Yersinia entcrocolitica tape 111 2) MY 79 was isolated by
Meléhn In 196C s O antigen was nct included fn the antigen scheme prepared by
Wenblad (1907} and sccording 10 his sugge tion the strain Is relerred to here a3
Y enturecolitica type IN 3) © 219 was isolated Iy Bojsen Moller In 1961 3) Alhany
33114 (Bactersum enlerocoliticum  Schletfstesn ¢ Coleman 1943)

Yeratnwa yseu fotuberculous ypes 13 were ol tafned from Iref W hnapp
Erlangen Germany

Neacella abortus strain 544 and Brueella melitensis strmn 1P (FAO/WII0
referince strains) were obtaine? from Dr W J Brinlev Morpan 1 40/WIO Bru
cellosis Centre Werbritie 1ngland

In the casc of 1 enteracolttt a type JII an O antigen and an ORt anligen were
used in the case of Mhe other Y érstnrae an OH antigen all prepared as deseribed by
Wanllad et al (1366) The brucclla antigens wire prepared according 1o Alfon &
Jaes (1964} The densitles of the antigen suspensions were measured with a
Hitachi Terhin [ Imer spectrophotometer ta give an absorbance of 030 at ware
Tength 540 ma (10 mm cusette)

Agglutination and ahsorption tests —The sera were inactivated at 56 C for 30
minutes Series of twofold dilutiens in saline were madc starting with a diluson
of 1 20 To 025 ml of serum dilution an equal volume of antigen suspension wis
added and the series were Incubated at 57 C overnight The titration endpoint was
recorded as the highest serum dilulion giving an agglutination v ible to the nal ¢
cye The titres are expressed as reciprocals of serum difutions

For the ahsorption 2 ml of serum diluticn 1 20 was mrved wath the centrifuged
deposit of the antigen (corresponding te 80 ml of the antigen suspension used n
the agglutination test) and Incubated at 37 C for two hours If the bacteria were
completcly sedimented the absorplion was repeated Parallel tests with unabsorbed
scrum were always done On each occaslon 2-5 sera were examined and the series
were read blindly without knowledge of the contents of the tubes

RISULTS

1 1ipht human sera were fested with four different 1 erstna enterocolitiea
tvpes md with Y ersima pseudotuberculosis types 1-V They all ga¢
strong reactions with § enferocofifica type I\ while negatine reactions
were obtamed with the othcrs

Table 1 shows the results of all the 24 pitunt sern with the Bracelld

TABLE 1

Tutres of %5 Potsent Sera nsth Brucella sbortus and Yersima enterocolitica
Tupe I3 Anfigens

Yer Number of sera with titres agamst
-

¢n(t:ai-or}1?xm Brucella abortus

typelt 160 20 630 1280 250
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abortus and 1 enterocolittea type YN\ anbigens Tilrations with these
were always performed on ihe same occasion Tures obtamned with
} enferocohfica type Ih were shyhitly higher or at the same level but
never Jower than thase obtumed with Brucella abortus With the tech
mque (wplosed the International Standard of Brucellr aborus serum
contaming 1000 IU/ml gave a bitre of 1280 with both antigens

The majority of the sut were also fested with Brucella melifensis
antigen The resulls closth resembled those obtuned with Brucella
abortus

TABLE 2
of Yersinda Tupe IV Titre 1n 23 Pahrent Sera efier
Absorption with Brucela abortus
Asglatination Titre reducton 33 twofold ditutson steps

titre before
absorption ¢ 1 2 3 4 5 6 7
160 - - ~ - 1 - - -
329 - 1 2 - - 4 -
540 - 2 1 - 3 - 1 -
1780 2 - 1 1 1 ke - 1
2560 1 -~ ~ = -~ 1 - -

“aumber of sera

Reverted to negatne

TABLE 3

Results of Cross Absorption with Rabbit Immane Sere agacnst
Bruceliz abortes aad Yersinia enterocalitlea Tppe 7\

Jenmune serum Agglatinin titee

At Absorbed with 3 enterocol  Brueelta
type IV aborlus
] bed kgl 1288
tipe I 3 oent I\ <20 <20
{Intng antigen) By abortus 3780 <%0
unabsorbed 2580 2560
Bsu ella abortus Y ent IN <20 40
Br abortus <0 =20

Al the scra were tested with tularaemia anhigen s1¢ of these gave
hitres of 20 46

To olt un snformation concermng the feelne wont eross o
hons were performed In cah nslance no homologous agglytyy
were detected after the absorption The absorption with lh: lers o
whmn dw s remosed brucella olutimns Was seenap Table 2 x}r:m
Bic Abnorgtion with Bracella abs rf 15 anligen g1ve varymg result st
12 ser: there was 4 marhed recucbion of fitre (3 2 h\o!ﬁh; ;’;S‘ In
stepsy but seme 3ursimie v ghetmns were deleeteq In s, g
there w s onby msigmificant or no bitre reduction {0-1 51,,1::) "\‘:1‘:2;:;

bsorp~
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1n six others the nhsorphion with Irucella aborius ramoved all detect
able ag latunns agunst 1 enlerocolifica tspe IV

Table 3 illustrles the cross absorption of two rablut immune sera
Notewaorthy 1s the sers marhed Gifre reduclion of Brucella abortus
immune serum fter lhe absorplion wilh Y enlerocoltlica type IV
Sittalar ypes of rosults were obtined with the other immune sera

DISCUSSION

It s been reportud that Bracellae cross react in aaglutination lests
with I rancisella tularensts, Vibrio cholerae Vibrio fetus and some
Salmonellac (Morse cf al 190% W undt 1961) These cross reactions are
of mnor degree 1n the sense that the litres with cross reacting antigens
are marhedly fower than the homologous tilres Marl ed cross reaclions
usually refleet a close taxononue relationsinp However this need not
he so provided that the cross reacling anhigen 1s 1 good iummunogen
present 1n sufficrent quantities and sustably located on the surface
s 1s cxemphfied by the cross reaction belween Richellsiae and cer
tun struns of Protcus

The cross 1a.{ublinion between Brucellae and Y erstmia enterocolifica
type I\ observed wn the present work s marked since the litres with
the cross rectin, antinen were al the same fevel s the homologous
tstres and the absorplion with ihe cross reacting antigen reduced the
homologous fifres This was observed Dboth with sera from patients and
wilh sera prepared i rabbits The eross absorplions suggested 1 most
nslances that the mfcctive agent had been Yersima entcrocoltlica
type I\ rather than ans brucelln and m no nstnce did they provide
evidence fo the contrary

Bascd on A series of hiochennenl tests tvpe IN closely ruscmbles the
other subtypes of ¥ersta enterocolifica (Nléhn ¢f al 1968) It differs
from Brucellae 1 hal 1t prows better on various media s well as
Anacrobienily 1s motile 2t 22 C (but not 2t 37 C€) and produces acid 10
many of the conventlional sugar fermentation tesls

The chinieal picture of the disense m the patients has heen analysed
(Ahvonen & Stevers 1968) and found to be compatible with that ob
served 1n infections caused by othier (spes of 1 erterocoltteca (B wnblad
el al 1966 Mollaref 1966) Howeter due to the disersity of symptoms
observed 1n human brucellosis (Fiberg 196{:) the chimeal pcture 1
some cases also fitted 1n with that of bruccllosts

1t 15 apparent that problems umolved m the scrolosieal dl‘ISﬂ"SI'Z:’;
brucellosts arise m areas where infections caused by 1 enlerocoit

type I\ do occur
SUMMARY

g
four human sern contaimng brucella a.g|
T titres of the same level or shigl

to 100-1600 IU had a.glutination

Intinns corresponding
hth
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Tugher aguost Yersuma enferocolitica type I\ Very weah or no reac
1015 were oblamed with other versima anl,ens and with tulariema
anbigen  ross absorplions sudgested that the mfective agent had been
Y ersirua enteracolttica type I\ rather than anv Brucella i the mnjonity
of cases Rablut anbisira nganst these bacterta gave hitres of the same
lavel with both antigens

RETFFRENGES

Ahionen I & Swerers B Yersyma eaterocolifica wfection associated with
Brucdla agglutinins Clinical features of 24 patients Acts med scaodinav

" “tmr G G ( Jones L M L in b FAG Animal
Health Branch Monograph 7 ant 1964
3 Carlyson M Rvd H & Sternby ¥ A case of humap mfec!mn with Pasteurella
\ Acta patt 8> 123-132 1964
4 EIbtrg S The Lrucellae In Bacterial and Mycoti Infections of Man edited
bs R Dubos and J Hirsch Fourth Editioa Lagpincott Ilhiladelphia 196a
69577
5 Ilubfnla £ Lesadication de la Hiucellose buvine en Fialande Lull Off Iat
Lpiz 68 447-453 1963
& Enopp W Tosis unter besosderer Beruch
ihrer humanmedizinischen Bedeutung Ergebn Milrohiol 37 196-208
a9
7 in'zmpl- W R Thal E Umersuchungcn uber die hulturell hidchemsches sem
logasches eine
vorlaafig ] Ha = b 7Bl Bakt 150 472~
94 1963
& Mallaret 11917 Linfection humaiie & Yersunia enlerocolitea  Tath Biol 15
1.
9 Motlaret H 1 d Chetalter A Contnbution 4 1étude dun nomean grovze de
germes proctes du baeslle de Malassez ot Vignal T Caracteres sulturaux
et biochiminues Aan Inst. Past. §07 191-1°7 144
10 Yollatet H H & Lucas A dur Ies partieutanitds hxnthlmmueg des souches de
Yers mia enferocolitica isolees chez les liesves Ann Inst Past. 10§ 121-
192 1983
11 Morse £ Mistic ¥ Robertstal ¢ ¢ Schaerder D Cross agglulinatson reactions
among Brucetin Vibrio zad ther microorpanisms Am. J Vef, Res {3
324-3°7 198
I Aifehn B Studus on Yerstma enlerocalifica Charactertzalion of 23 strams
trom human anl amimal sources Acta path microbiol scandivay 6
23-91 1867
13 Nelehn B & Spostrom 8 Stedie  on Yersima enterocolica Occurcence
vamous greups of scule abdomanal disease Acta path mycrrbial s and:
nas 71 61758 1967
14 \debn B Sposirdm It Domyatd K & Rindmwk © Yersima enterccolite a
s patients wilk symptoms of infectious disease Acta path microl tol
srapdmay 75 10t 113 1968
15 Schlecfstern § & Colemgn W Bacterum enlerocoliticum Annual Report of
the Diviuon of Laboratories ani Research New York Stafe Dapartment of
i alth 57 1993
1 Venblad 8 Studes on ser lo, cal taping of Yersuma enterocolitira The X\
S -ndmlvun Congress of fatr lmy and Microbiology Acta path s
scandmay Supri 197 13 13 7
17 “mblm{ S \uthn 0 & Sternby v

Yerstma enfero olite o (B NN
n human enferic infection 1 ¢ med. J * 1363-13686 l(Gf“k‘K s
18 “undl b3 Due Biochemie und Ser e der Bracellen Ergebn \yhr brol 3%
120-3 3 1961



204

m six others the absorptson with Bruceffa abortus removed all detect
able ag,lulinins ngunst ¥ enferocolitica fape 1IN

Ible 3 altustr tes the cross absorption of two ribing smmune sera
Noteworthy 1s the vers marked tilre reduchion of Brucelia abortus
tmmune serum ler the absorption with 1 enterocolitica type IV
Stmlar Wpes of results were obluned with the other immune sera

DISCUSSION

IL hins heen reported tht Brucellae eross react m walulinnbion lests
with J rancisella talarensts, Vibeto cholcrae Vibrio fetus and some
Salmonellae (Morse et al 1953 W und! 1961) These cross rections are
of minor degree m Ehe sense that the titres with cross re weting anti_ens
we marhedy Tower than the homologous {itres Marked cross redctions
usualis reficet a elose tonomice tellsonship However this need not
be so provided 1t the cross reaching anbgen 1s a Lood ymmunowen
present i sufficsnt quonbhies and smtably located on the surface
This 1s cxemphficd Iy the erass reaclion between Richeftsiae and cer
190 sirnns of Prolens

The cross plutinilion between Bracellae and Y erstnta enferocofiftea
type T\ observed n the present work 1s mrked since the titres with
the cross rencling ntinen were At the same {evel as e homologous
titres and the absorption with the cross readting anti,en reduced the
hamologous Litres This was observed both with scra from patients and
walh sera prepared i rabnts The eross ahsorphions sust.csted 1 most
mstances 1hat the snfeclive wqent had been Yersinia enterocolifica
I1ype I rather than any brucella and m no mstanee did they proside
evidence to the contrany

Bascd on 1 scries of hiochenueal fests tvpe IN elosels resembles the
other subtspes of 3 ersinua enferocoliftea (Mléha (f al 1968) M differs
from Brucelfae m that ot grows better on varons media as well as
"wmacrolcally 1s motile 21122 € (hut not a1 37 C) and produces acid 1
mam of ihe conventional suyar fermentation tests

The chmea) pieture of the disease i the patients has been analysed
(Ahponen & Siepers 1968) and found lo be compatible with H:al ol:{
served 1 ainfections caused by other types of 1 enterocalihica (Wnbla
ot al 1966 Mollurel 1966) However duc to the dnersity of svmploms
observed 1 human hrucellosis (Elberg 195;5) the cfimenl puture 18
some cases nfso fitted mn wath that of brucellosis

1t 1s app went that problems msohcd n the serofogical dné’“"sl’jls;
prucellosis arise 1m areas where nfeciions caused by 1 enleroco

type I do ocenr

SUMMARY ;
1nlinns correspondin-

ar human sera contaming brucelle a8g
v tion Gitres of the same level er shehthy

1o 100-1600 IU had agglutinal
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tngher agymst ¥ ersimia enfergcobitica tvpe IN Very weah or no reac
tions were oblamed with other yersiia aitigens and with luleraema
anligen Cross absorplions sug ested that the wnfeeine n.ent had been
Y erstnia enterocolthed type T\ vather than nny Brucella wn the majority
of cases Rabbtl antisera ngatnst these bactena gave titres of the same
level with botht antigens
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m <ix others the absorption with Rrucefla abortus remoyed alj deteet
able agglutinms punst Y eaterocolilica type IN

Table 3 siluste stes the cross ahsorplion of two rabit smmune sera
Noteworlhy 15 the very moarhed Wire reduction of Brucella abortus
immune serum afier the bsorplion with 3 enferocolitica Iype IV
Sumlbir 1y pes of results were obtuned with the other 1mmune sera

DISCUSSION

It hns been reported thal Bruedllne eross react i j.glnbnation lests
with Francisella tularensis, Vibrio cholerae Vibrio fetus and some
Salmonellae (Morse el al 1903 W nndt 1961) These cross reactions are
of mmor degree n the sense that the titres with eross reacting antigens
wre marhedly lawer than the homelogous tilres Marl od cross reactions
vsually refieet 4 close {xonomie reltionstup Howcver (ins need not
be so provided that the eress raxeling anhigen 1s a good immunoden
present n sufficient quantities and suitably located on the sucrface
Tius 1s cxemphficd by the cross reachion between Ricf cffstae ang cer
tun struns of Proteus

The cross g.lutination belweon Brucellae aind Y ersinia ¢ nterocoliliea
type I\ obsersed in {he present work 1s marhed since the titres with
the cross recling ntipen were At the same level s the homologous
tilres and the bsorplion with the cross reacting antigen reduced the
homologous titres  This & 1s obseryed both wilh sera from patients nd
with sera prepared in rabhits The cross absorptions sug.ested in most
nstances (hnt the infecline agent had been Yerstnia enterocoliica
type I\ rather than any brucellr and mn no mstance did they provide
evidence to the conlrany

Based on a senies of biochemual lests type IN closels resembles the
other subtvpes of Yersinia enterocolitca (Nehn et al 1968) 1t differs
from Brucellae i 1hay 3t grows belier on vamous media s welt as
anacrobiealls 1s motile at 22 € (bul not 1L 37 €) and produees wid 1
many of the convenlional su,ar fermentation tests 4

The chnmend picture of the discise m the pitients ks heen 'xmks;
(Ahvonen & Stevers 1968) and found lo be compatible with thatb?ad
served 1n ynfcchions eaused by other lvpes of ¥ enterocoltltca (Wan <
el al 1966 Mollaref 1966) Howcver duc fo (fic disersits af 51111[”0’:’"
observed m human hrucellosis (Elberg 196]5) the chneal prcture
some cases Also fitted 1 wath that of brucellosis :

It 1s apparent that problems mvolved n the serologren! drf:;?:,:a
Pruccliosis arise 1n areas where mfections caused by ¥ enfe

type I\ do occur
SUMMARY

ta
nty four human scra cont uming bruce
'11.0“';0[))-1600 1U had a-glutmation hires of the same Jevel o

. as corresponding
agglulin ey
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Tigher agamnst Yersinta enterocoltlica tvpe IN Very weah or no reac
j10ns were obtamed with other versima apligens and with tularaemma
antigen Cross absorphons suggested that the mnfectne agent had been
1 erstnua enterpcolifrca type I\ rather than any Rracella in the myonty
of cases Rabhit antisera agamst these bactena gave titres of the same
tevel with hoth antigens
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VISNA AND M/CDI VIRUS ANTIGLN
IN INITCTLD CI'IL CULTURES STUDIED BY THE
TLUORI SCENT ANTIBODY TLCHNIQUE
ry

HaLLpor Tuonvar
Recerved 77vi €8

Llectron microscope studies have indieated that visna and meedi viruses
are formed by budding at the surface of (hewr host cells ( Thormar 1961
Thormar 1960) but did not reveal any speafic structural changes
cither in the nueler or an the evloplism Ohservalions of visna virus
infected cell cultures stuned with 1eridine orange suogestod an inerease
n the amount of single stranded RNA 1n the cvloplasm of infected cells
{Thormar 1966) The evioplasm fluoresced umformls orange red with
out much particulate st umng ‘1he orange red fluoreseence was ¢
mrkably mtense in the evioplasmie processes of stcllate cells and at the
surface of degenerating cells o speaific changes were obscrsed i the

cell nucler
The present study was undertaken i an atlempt to learn more about

host cell virus interactions m cell cultures infected with visna and miedi
siruses  parhicuiarly with regard to intracellular formation of sirus

antigen during the growth evcle

> MATERIALS tAND METHODS

Cell cultures Scrial cultures of sheep choroid plexus cells (Sigurdss n Thormar &
I alyson 1960) were grown in medium 199 containing 20 per cent sheep serwm and
maintained in medium 199 with 2 per cent shee; serum Monolayer cultures grown
on 11 X 22 mm coverslips in Leighton tubes were used in all expersments
Infection of cullures unth vtrus Visna virus strain K796 and meed virus strala
M88 were used (Thormar 1965 Thormar & Helgadottir 1963) Each covership L‘u"lll‘j
was imfected nith virns at an input multiphely of about 10 TCID , per cell ;nu
rotated for 3 to 4 hours in a roller drum at 37 € The cell layers were then \\asll‘n
3 times with medium 199 and 15 ml of maintenance medium added to cach Leighto
tube The tubes were rotated again at 37 C until harvested for fixation and‘sl;lu;ll;l
of the cell laver and for titration of virus i the fluid medium (Thormar elge
8¢1r 1965)
. A,ntlstm A number of sheep antisera against visna and madi v.rusesl ‘::::el:::l
Jected from shecp at mntervals varsing from 5 weehs to 49 months (.t?ﬂ;:n: cerehrel
or intrapulmenary noculation with mfictive virus Scra from rcctcd T o were
collected before 1noculation with virus and sera from normal uninfe
ntal
Author s present address New \or)i ]sm:lc {n;u:v‘xygeu(o{! ga:nc Research n Mo :
Forest Hill Road Staten Islant Tedge
“e’l";‘;d::sll:nkchmcal ‘assistance of Miss Heloa Helgaddttir 1s gratefully achnowleds
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used as controls The neutralization titres of the ser8 were delermme‘d 28 previousty
desetibed {(Thormar 1963 Thormar £ thar 1963} The fixation
titres were determined by the method of Gudnadditir & Anstinsddttr (1867) Serum
globubms were Drepared b precintation with half satursted smmomium sulphate
and nere with th: 1 ta the methed of
Varshall boeland & Seuth (1398) 1luorescen labelled globuling weve absvrbed
3 times with sheep liver povder snd onca wilh & Suspension of fresh chorosd
plexus cells in ord 5 to eiminate 1 mach as possible of non spetsfic fluorescent
staung

Fization and {aorescent starmang of celt cultures Washed cell Jayers nere fived
for 10 sustites in Ay acefone and stamed by the threct fluarescent antibiody tech
niue {(Coons el @l 1947 Cacns & Raplon 1320y st 37 € for 4o minvtes After
thorough washing with phosphate buffered saline and mountsng of the coverships
3p buffered giveerst the cells were examined 1n a Lestz Ortholix fluorescente micro
w0y e with & darkfreld condenser weing pramary Dlter BGE2 and a blue lght ab
sorbing barrer fslter hodsh Ellachrome high speed $ilm was used for calour
phatography

Spec frerty of atmning The follawing crtersa were used as proof of specrftuty of
the fluoreseent staining (Coons € Raplan 1930 Cherry Goldman & Carshi 1960)
1) Conjugated sntisera stamed cultures igfected with visna and rnaedi viruses kot
nnt uninfected cuttures or ctwitures 1nterted with vatinta viras herpes simplex vrms
ar Neweastle disease vstus ?) Cultores mfected with visna or meed: yiruses were
not stuned by canjugated normal sera 3) Stamiog of infected cells was inhibsted
by prancubation of the cefl Iayers with uncanjugated visna or med: antisera but
a0t by premcehation with uscosnjuzated control sera Antlsera against mrvds virns
blocked staiming by fiuorescefn labelled visna antisers and viee sersa

RTSULTS

Iocali.otion of wirtts artigen 1 cells harvested al successive stages of
infection A seraes of covershp cultnres was hinnvesied ot intervals after
woculation wath virus The cell lavers were fixed for ummunofivores
cent stamng and samples were removed from the fluid medim for
virus titration Unmoculated control cullures were harvested for fixation
and stamnng at the same wnters als as miected cultures

There was no speaific staning w cultures harvested 6 hours after
wfeelion with sisna virus A diffuse speesfae fluorescence was observed
wm the cvtoplasm of 2 smalt number of cefls m cultares harvested 20
hours post micetson (pt} shorih before 4 rise sn visna virus fitre was
detected i the mediam Durin, the followng hours both the number of
fluotescng cejfs and the mlensity of fluorescence inercased concur
rently with the merease m vizus ttve w the cudtures In some cells the
evtopiasauc fluorescence was seemungly most intense wound the nucke
possibly bieruse the thickness of the cytoplasm + 13 grealest an the
pesnuelear ann At 3 davs Py abiowt ball of th cells showed et
plasmie fuorescence It »as most infense m steliate cells wath z vt~
pithu effect characteristie for visna vitus In o fow ecells bnght fiu ¢
estunt shimng was observed 1t the eoll surfwe apparentiy wath form
of flaccufes of vanous sizes (Fig 1) At 4 dass pa 1he flocent had
fcome more proneunced and sn some ccits the cell penphers syowed
up s g bright bne ol varvang thickress beng particularls distanet wm
cViophsmug procosses of stellate colls (118 2) AL least som of the
antien w1s apparenthh localized outside the cell membrane since



Fig 1

Three dass after fnfee
tion Diffuse ¢yto
plasmic Nuoorescence
and bright granules at
the cell surface

tig 2

Four davs after 1nfec
tion Bright fluores

cence of the ¢el} mem
rane

Fig 8
Flyorescent staining
without fixaticn of
cells hary sted 4 davs
alter infe ton Some
virus anticen fs Ja
calized on the auter
surface ¢ f Ihe cell
membrane

Figs 1ok
Sheep cells stasped with fluorescent antibodics at various times sfter infection
with vispa viras X 79



Fig 4

A cell rounding up 4
days after ifectron
Intense fluorescence
particularlv of surface
Lnobs

Fig 5

Cells stained 7 days
after mfection with
med virus Cyto
plasmie fluorescence
partieularly bright at
the cell surface X 750

was stainable with fluorescent anbibodies before fixation (F1, 3) Cells
which were rounding up appeared very bright and ther surface wis
covered with small 1 nobs of brillinnt fluorescence (g 4)

Specific fluorescence was not detectable in cultures mfecled with
mds virus wntil af least 80 1o 40 hours p1 and it mcreased slowly
during the following davs As 1n visna the fluorescence was confincd
to the cyloplasm and becume parhienlarhy mtense it the cell surface
about b to 7 davs p1 (Fig 5) At ne time was there evidence of specific
nuelear fluoreseence 1 cells mfceted with visna or med: viruses

Fuorescent antibodies 1n bartous visnd and mad anfiscra Seve al
visn and mudl antiscra were tested for fluoreseent anhibodies and n
attempt was made to compare the 1atensiy of the fluorescence with the
neutralization and complemcnt t hon titres of the sera (Tahie 1)
The fluorescent activities of var us sera were compared n nfected
cell cultures under the same conditions and were scored as 2 + (bright
fluorescence) + (distinet fluomes ence) (4 ) (famt flnorescence) nd

— (no speetfic fluorescence) Prunoculation sera and other normal sera

b



Fug {
Three davs after jnfec
tion Diffuse cyto
plasmic fluorescence
and bright granules at
the ccll surface

Fig 2

Four dass after infec
tion Bright fluores
cence of the cell mem
brane

Fig 3
Fluorescent staining
without hxation of
cells harvested 4 days
after infection Some
virus antigen 1s lo
calized )n the outer
surface of the cell
merabrane

Figs 1 1o 4
Sheep cells stamed with fluorescent antibodies at various times after Infection
with visna virus X 700
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DISCUSSION

In the present work the localzabion of visna and meeds antigen in cells
harvested at varous times after inoculation was stuched using 1 num
ber of vamous fluoreseemn labelied antssera & umform speafic flvor
escense was observed m the evioplasm of cells infecled with yisna mad
meedi viruses and later it mcereased {o intenuits at the cell surface
sndicatng that virus antigen was formed 1 the eyloptasm and aceumu
fated 1 Ingh concentratzon at the cell membrane The formaton of
detectable amounts of viral anbigen in mfected monolavers comaded
with the formation of wmfections virus m the cultures Speeifse fluores
cence could not be detected wath certunty m the cell nucler ot any time
during the viral growth oyele reqardless of the antiserum used for
fluorescent staining Tather there was no viral antigen syntheszed in the
nuclet of infected cells or such an antigen Imled to cause deteciable
antthady formation m sheep
The resulls of the present study are 1n general agreement with a re
cently pubhished report Wy Harler Hsu & Rose (1967) except that Iarge
c3toplasmic snclusions of flnorescent malertal were not observed at
any tume during the mfection and viral anhgen seemed fo z.gregole
oniv at or outsude the cell membrane
A comparisor of the wiformation obtawned by electron mucroscopy nd
by 1 and d oran.e stumng of colls mfected
wath sisns varus wdieates thal the oxtoplasm is the man stte of forma
tion of virus materiil m host cells Flectron microscope obser ations
bave shown that 1n 4 late stage of visna and meed infections when
most of the cells 1 1 monolaver have either been turned into steliate
forms or are rounding up and delaching from the glass 1irus ke par
ticles are found 2 targe number on the surface of the cells and the
cell membranes are covered with small buds which are believed 1o he
narus particles being formed and released by the cells { Thormar 1961
Thormar 196a) Al this stage virus antigen 18 present large amounis
At the celt surfwe and parth gutside the cell membrane as shown by
mmmuncfiuoreseent stumng of wnficed celf surfaces &t the same time
cvioplasmue processes of steliate cells and the surface of degeneratin..
cells siam brithantly orange red by tendine orange (Thormar 19661
wmdeatin., high concentration of single stranded RNA Al these ob
senvations mdicrle that darge amounts of vral spbigen and BN S o
bewg, meorporated into varus parhicles at the el membrane Howonr
the conctusion that visnr and miedi vivus Pisticles contam BVA 15 vil
to be confirmed by biochemical methods
Sheep wfectid with visna and me di viruses seem to form antibodies
detectable by finorescem fabethin, shortiy after nfectron and tung be
fore neutralizinyg antibodies are det < bdble m there sera 1 s not hrown
whether the fluoreseent antshodics «¢ 1icntical to the comploment fix
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TABIE 1
4 Comparison of Iluorescent Antibody (FA} Actwily and Neutrall ation (V) and
Complement Fixation (CF) Titres of Vartous Visna and Maxdt dntisera and Normal
Stieep Sera The I’ Acfu ity was Fstimated from the Intensity of Specifie Fluores
cence mn Visna and Mwd: Virns Infected Cell Cultures stained wnth Fluorescen
Tabelled Serum Clobnlins

N titre CrI titre FA actmity
Time of against against against
Serum rollection dsna medi  visna madi ssna madi
sfrus  sbrus virus vitws vires virus
Pre sern Before
fnoculation <4 <4 <4 <4 - -
Antl visna
No 580 5 weehspi <o« 8 B (5 ()
tnti visna
No 6040 4 monthspi <4 <4 128 32 2+ +
Anti visna
No 6373 12 monthspi 246 61 128 32 24
Antl visna
\: 8752 49 monthspi 1024 256 256 [i£} 24 +
Anti visna
\nr)‘ 4992 21 monthspi 1074 <4 128 32 24 {+
Anti med]
\: 14663 30 monthspi 256 256 128 178 2+ 7+
Normal
sora << o< <t - -

Post inoculation

were consistently found to be free of specific fluorescent antibodies
2,nst usn1 and mad: viruses as well as of neutralizing and COI'(:i
plement f1xang antibodies A very slight fluorescent activaty was foun

in a serum which was collected 6 wechs after mtrapulmonary (1p)
moculation with 1 high tissue cullure passage of visny vrus (scrur:]x
no 5870) This serum had 4 vers low complement fixing actaty lfm“
no neutralizing activily agunst the virus Al the other post mocul'\ wsl
sera were consistently found to contamn fluorescent antibodies q.,allr:m
the virnses These sera were collected from sheep after 1p mgg::(l)a':nd
with 2 high tissue culture passage of visna viras (sera no ture
no 6873) after mtracerebral (1¢) moculation with 1low tissue c‘:“h .
passage of visha virus (serum no §702) after tc mocu]’llmnnd N er
low tissue cullure passage of mtdi virus (serum no l4663)4919q) ‘e
1¢ moculation with extract from 1 visna brun (serum ]n:) f'ur-b well
ntensity of the fluorescent stumng was found to correla zn T ther
with the complement freation titres of the sera Therfg;::sneulr’llxzﬂlmﬂ
hand no correlation between finorescent sl'\lnm:l and e he c310

titres of the sern Fluorescein lInbelled madi anl ls;;;“uer L o s

plasm of visna virus infected cells and vice \e;:nad“m eamst medi
sera seemed to have somewhat less fluoresce

\yrus than agnunst visna virus
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DISCUSSION

In the present worh the locabization of visna and medt antigen n cells
harvested at vartous times after meculation was studied using a pum
ber of vanous fltorescen fabelled antisera A umform specific fluor
eseense was ohserved i the cytoplasm of cells ynfected with visna and
mepds viruses and later it mereased to mtensity at the cefl surface
mdicrting that virus antigen was formed i the cytoplasm and accumu
tated sn hgh concentration at the cell membrane The formation of
detectable amounts of viral antien 1n mfected monolayers comanded
with the formation of mnfectious virus n the cultures Speesfie fluores
cence could not be detected with cerlamniy mn the cell nucler at any time
during the viral growth cvele regardless of the antiserum used for
fluorescent stamming Either there was no viral anfigen svnthesized w the
nucles of snfected celfs or such an aptigen faded to cause detectable
anttbody formation i sheep

The results of the present study are i general agreement with 2 re
centls pubhshed report by Harter Hsu & Rose (1967) except that large
cytoplasmze inclusions of fluorescent matersal were not observed al
any time duning the mfection and vsral antigen seemed to aggregate
only at or outside the cell membrane

A compatison of the informaltion ebltained by eleciron mieroscopy and
by immuneflvorescent and acridine orange stunmg of cells mfected
with 1isna virus indicates that the evtoplasm s the mamn site of forma
tion of virns matenal in host cells Blectron mucroscepe cobsertahons
have shown that yn a lale stage of visna and medi infections when
most of the cells 1 5 monolnyer have either been turned into stelinte
forms or are rounding up and detaclung from the glass virus hike par
ticles are found i a large number on the surface of the colls and the
el membranes are covered with small buds which are belicved io be
1rus particles bewng formed 1nd released by the cells {Thornar 1961
Thormar 1960} At this stage virus antigen s present m large amounts
al the cell surfnee and partly outside the cell membrane as shown by
wnmuncflueresecnt staimng of unfixed cell surfaces At the same time
cyteplismic processes of stellale cells and the surface of degenerating
cells stun brithantly erange red by acnicine orange (Thormar 1966}
mdeatmg high concentration of single stranded RNA Al these ob
senations mdicate that large amounts of viral sntigen and BRNA are
bein,, mcorporated snto virus particles at the celt membrane However
the conctusion that visna and mxdt virus partiles contam R\A 15 yet
to be confirmed by biachermical methods :

Sheep infected with visna and mued L irus
detectable by fluorescemn labelling shortly n:lscxs'oxe:f’ e dogm aniiboges
fore peutralizing antibodies are detectable m Lherr s

whether the fluorescent antibodies ars 1d

eclion and long be

erz It 15 pot hnonn
1 to the pl fix
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g ntibodies which are also formed shortly afler wnfeclion wilh visna
and meds viruses

SUMMARY

The dcvelopment of virus anligen 1 sheep cell cultures infected with
visne and maxdi viruses was studied by h fluorescent antibods tech
ntque A diffuse specific fluorcscence was observed 1n the oy toplasm of
nfeeted cells shortly before the formation of new mnfechous virus Later
the cytoplasmuc fluorescence inereased n tensity and became particu
larly brilliant at the cell surface mndicating (hat virus anfigen was
formed 1n the cytoplasm and accumulaled in high concentration at the
celt membrane comnerding with maxuimum virus fitre 1o the cultures
At no tume was there evidence of specific nuclear fluorescenee 1n 1n

fected cells

In 2 number of sheep sern fluorescent activity was found to correlate

wilh the complement fixation titre but not with the nentralization fitre
Fluorescemn [abelled medi antisera stained eells anfeeted with visna

wrus and viee versa

”

u

3
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THE OCCURRENCE OT VIRUS
AND INTERFERON IN SPLEEN, SERUM AND BRAIN IN
STEROID TREATED MICE UNDER EAPERIMENTAL
INFECTION WITH WEST NILE VIRUS

By

Sves Haanr
Received 13102 68

The effect of steroids on nterferon production m cells mfected with
virus has been studied several times Adbourne of al (10 demonstrated
1 1961 that corisone mocutated into the atlantoie cavity prior to nfee
tion with influenza virus inhibited the preduction of nterferon and m
1963 deMaeyer £ deVaeyer {12) reported that sterowds had a simudar
effect on interferon production wm hissue culture Laler studies hmue
siven correspending results €17 18)

In anmmal sindies Vendelson & Glasgow (13} and Ryfel & hubourne
{28) have shown that the amount of eyreniating snterferon is reduced in
steretd irealed miee compared wath control nuce after the injection of
a Jarge number of virus particles In addition there was less mterferon
10 the spleen and un, of the cortisone treated mice (20) In one of the
studies mterferon mduckion was rccomphished with Neweastle disease
sirns wineh does not multipis 1 the murine organssm following ntrg
1enous mocalation (203 winle in the other study €13} interferon was
only measured durs, the first 6 hours afier mocutation with Sindiys
siras that ts durmg  period where interferon s apparently onh
shiphthy mdluenced by vivus minthipheation m the organisms cells

In the work prescnted here (b ffect of steroid treatment on e
miceled with West Nabe virgs  nuurotrepie arbovirus wag studied
The virus and mitcrfuron content of the serum spleen ang prg, was
wrasdgated hron ok the s of the wfecton Serstiisity of the
mice to the virus duning ster ad it Y at was alse siygied 54 well as
the ¢ ficct of shorod trcdment 3 1 white Blood eoff Picture and th,

Wbt of the sphan ¢

MAEERIA * METHODS
Voru Vet toa and Semliy fop,
Nmthtors w ruor G anals iy 12y f;:g:jflﬂe s strggn
ndpgasin £ o t 4 Lapred sspaper{ m‘:,m.:.',“ x;zmgc,
¢ fnlected
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intraperitoneally or Intracerebrally with about 101 LD,, (a3 determined by intra
cercbral inoculation fn sucklng mice) of West \le vitus in volumes of 0 0o ml
suspended In phosphate buffered saline (11S)

Tissue culture Mouse embrycnic cells were prepared from embryos 18-20 days
old from albino mice as prev fously de erihed (8) The cells were grown in Eagles
Basal Medlum (Cibeo) with 1 per cent Inactinaled calf serum and snifbrotics in
1 litre Roux flashs

Anfmals Male and fumale albino mice of a non bred stran weighing 16~19g
were used in all the experiments Ten mice were used In cach yxperimental group

Proresses of spectmens Remanval of bland spleen and brain was done os de
scribed previously (8) The pooled blond was ecntrifuged at 3000 rpm for 10 m
nutes The serum was pipetted off and u od £rr virns tteation and for interfcron
assas The pooled organs were stored ot — 70 (.. A 10 per cent su pension was made
from the frozen organs by grinding wilh sand in IBS  After cenlrifugation at
6000 rpm for 30 minutes the supernatant was withdrawn and used for virus
titration and interfcron assay

Stermd Hvdrocorlisate (Hsdrocortisoni acctas NEN Tovens hemiske Fabrbh
Copenhagen) suspended 3n water was administered subcutancously near the tail
root in doses of 1 mg or 10 mg j er mcuse 24 hours prior to inoculatran with West
Nile sirns Control mice were inoenlated the same wav with equivalent deses of PBS

Varus hifrafion The virus centent of the <erum and prgans was determined by fntra
cerehral inoculation into mice agel 2 to 4 davs in 10 fold serial dilutions 1n PBS
The sirus titre was eypressed as the <xponent of the logarithmie (log ,) dilution
per 10 mg of organ ar sctum which caused death in 50 per cent of the snimals as
calculated bv the method of Rdrder (11) The sensitivits of the experimental am
mals to the neurotropic West Nile virus on intraperitoneal and intracerebral lno
enlation was studied by inoculation of the virus in 4 fold serial diluth s m [)BS.
The sirus titre was eYpressed as the esponent of the logarithmic (tog o) dilution
per 005 ml of vrrus which caused death fn 50 per cent of the animals

Interferon assay Serum dilution and organ extrsets were dialysed atainst Soren
sen s buffer pi 20 and after 48 hours at 4 C dialvsed back to pil 74 After cenfri
fugation st 3000 rpm for 30 minutes the supernatant was used for the l::‘l}’d
Determination of anti viral activits w1s performed by the plaque intibition mlc ‘o
n secandary cullures of mou e embryonic cells as described previonsh (85 “:;t
feron titres cxpressed as units per 700 mg ¢ seram or Orgam were recorde ;5 ¢
reciprocal of the highest dilntion which reduced by 56 per cent H:i .t
plaques counted in the controls 1¢ 50 per cent plaque depressing dose (10D,
by
.ogn;;':gﬂ teference prepacation ol mu:(u:m ‘;tu’. nown titre was ased on ea b

say to detect any changes in the sensitimty of e sy
“Ciznnrlemms u)/ trral inhibrior The viral inhihitor found it the “:;m,f;?:“(nl;‘;
and organ extracts exhibited the charactenistics deseribed in a )r;)\(ll’h‘ Iwm_ o
The propertles are i keeping with mouse intcrferon as dis mhe
fyestigators (6) were

n:?tolog,, Spleens were ficed ) 10 per cent formalin and § mi v n cctions
cut and statned with haematoxylin and cosin on in the

Lencacgtes and differential counts ‘enous blood ‘;Sslnl‘r‘:‘{rﬁi‘l 'l‘.;f::'fmzc erd
tail Blood used for leucoeste counts was diluted 1 2 fl;"m(m counts were per
and counting was done in o Burger Turl chambre ‘l o
formed on blood smears stained with May cmmﬂd\yﬁd::::!. Enbmamrmm Copen

Serum hydrocortisone assay Was carried out by Tth Sterords and coupling Wit
hagen nsing a double isotope derssation technique »

3§ pipsan
RESULTS
n W4s
The virus and nterferon content of the scrum“spkg\:r:n:lnl;x‘ml "
stuthed during the entire course of wfectiont 'th crn;u‘mpﬂr o vom
ection of West Nle virus Figs 1 2 nd 3 gne !i c rn e o e with
’md virps 1n serum spleen and brun rcxpecu\; 5 'nf e tion
10 ms, of hydrocortisate or 1 corruspanding volume
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Titres of si7us (@~ @ and mtecern (O ~~0 In the spleen Jf muce 16 19 ¢
treated walft 10 mg ot hydvrocortisate (H) or a corrésponding volume of salt snfuticn
{h) 22 haurs hefort mtrapertoneal fofe tia of West Mle virus

Oahy airace of trus mhibnting whivils was found on the $th and 415
a3 us the scrum of sterod trexted muce m the mierforon assay siudice
This was n contrast fo the findinds m controd mce where & marked
merease m the serum concentrition of mterferon was scn fropy ¢ .
secontt dav widh a mromum titrc of 80 on the fourth

In spleens fram the sterord troated wice no virns whibiting iy
wos found the first two dovs bl thorodfler ther w5 TN e e
trihon From the fourth div the vatues wore of the same Gttt of
mbamtude pes washtung ay an the controls In thesy iy, I
tpberferan content was rdativeh tigh alrcds two dave ag, ‘
mitchion the hitre subscquently nisimg 1o a masumum on fly, fousth ‘»m
Toltowid by more proneunced fall trm th ¥ the sterolg o
nimals ¥ \
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Fig 2
Titres of virus (@——@) and dnterferon (O-~~(O) fn the brmn of mece 16-19 §
treated with 10 mg of hadrocortisate (H) or & corresponding volume of salt solution
(h) 24 hours before intraperitoneal injection of West Nile visus

In the bramn the changes i iterferon content were similar in the
two groups bul iferferon could be demonsiraled somew hat earlier
{he steroid trested mice

The virus conlent of ihe serum was found to be husher i sterod
treated nice than n controls viracmua rese more rapidls in the former
and ranamed at a ligher leved for a longer bme Essentially the same
was the ¢tse as concerns {he spleen In the brun a sharply rising virus
trtre wath 2 mrumum valne which was found to be signifrcantly higher
1n the steroud trered mice than in the controls

The results obtamed tn muce treated with 1m. of hyvdrocortisale
prior to virus mycction were essenbiatls the same 25 those found 1n nuce
pretreated with 10 mg of hydrocortisate but the virus and mierferon
4

TABLE 1
Virus and Interferon Content 1n the Brawn and Serum after Intrac re

of West Vale virus 1n Mice Treated with 10 mg of Hudro ortisate ond
we

brat Fnocutation
d 1n Untreated

Davs afler rum
moculation Varus Interferon Lirus l?terfcm{l}
of virus H c « H
6
1 35§ 37 100t 100 23 30 1
2 Ity 15 1600 1600 a5 33 4 100
3 61 ‘5 3200 3200 41 29 xz b
1 63 65 3900 3200 45 31

$1 = hydrocortisate C = uatreated micc

Yarus = log,, /20 mg
% faterferan = PDD /200 ms
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content w the brun at the end of the course of mfection presented no
clear difference between the two groups

The virss wmd snterferon content we the brup after intracerebral 1n
jection of West Male virus 1 mce treated with 16 mg of hydrocorhsate
18 pivens 1 Table 1 As mdicated the resuits in the two gronps were
pracheally idenbrea) A persistenth reduced wterferon contest was
found in the serum and after the Dirst dav an snercased virus confent

TABLE 2
Hydroeo ticate Concentration wn the Serunt of Mice after Treatment with Lmg ond
18 mg of Hydrocortisate

T Vet et
hydrocortisale hydrocortisate hydracartisate
24 0 8 mcrogram /ol 12F mueragram/m}
72 036 microgram/ml 0 50 micragram/sml
120 B0 mcrogrem/ml 057 mucrogram/m!
1 £ 04 microgram/ml 038 microgram/m}
Unireated mice 001 microgram/m}

The hydrecoriisate concentration i the serum afler treatmint with
1 and 10 mg of Wydrocorlisyte 1s given i Table 2 Veasgrement was
dJone an non nfeeted mice and each measurement was performed on
pooled serum from 10 rmice A considerable elevalion m hudrocortisate
ennrentrilion was found 24 hours after hydrocortisate myechron upon
which viues deereased After tredment with 3 my of hydrocorlisa e
t clearly elevated serum concentsation was found durmg the first 3
davs normal vatues being shightly elevated duning the followan,, days
After treatment wath 10 mg of hyvdrocortisate serum values were elearly
dkvated durmg the entire period of infection as normatly produced by
W oest Nale virus

The effect of sterord trertment on sensttrafy to the virus was found
to b dependent upon the route of \irus smoculation  As shown w

TABLE 3

S metuity 6o West Nafe Surus M asured os Ivg, LD, after ntrapent

Intra ¢ brol tno ulat on tn Hudracort sate Treated dnd Latreatsd e en £rd
Dufferent Tiiroirony °

Houte of virus by drocortisats

nvewlatton  trsatment Titration § Titration 2
itrayur 3 neat 10 sog hadrooe 8xpa
Ine agorstoneal {mg hydzac e Sixo2
Iuteaperitontal no treatment 45 g0
Intracerebral 10 mg ks droc 59 %03 702
Intracerebral no treatment s6504 820
Suskling mice intraceechrally = 57%00
withaut ! ydrocortisate trentment §txon

* §0207




Tible 3 sensitinaly (o virus after tre wment with 16 me, of hydrocorls
S He was markediy inercasd o nteapentoneat moculabion bt only
shyhthy mereased or unchanged afler mtracerchrnl inyection It 15 also
shown i Fabic 3 Ahat tre tment with 1 my, of hy drocortisate increased
sensitivily Lo virus afler inlraponlon W virgs m)echion

1vdrocortisate trcatiment by stsedf eanscd srowth mnhibilion nd
somc mice wes bt loss during the first davs after i w s snven but other
wise 1l dhd not ffeet Yhe mice s general condilion ‘1he onls deaths seen
wton the storomd drevted et oceurrcd smon,, those thay had boen
mocuhled wath vurus

THID 4

Tewcactite an & Infferenti it Lounts 1ine an Mice Treated with { mg  f Hydrocorfisale
(1) and Unirented Mice (C) Average of Counts tn 6 Mice

Slaurs aficr Leucoerte Ditferential counts
treatment with ccunts o polvmarphs % tvmphocyies
trdracortisate ¢ i It H c

24 2093 5840 a 15 o 89
48 190 3197 41 13 L &
9% D18 331 ki) kad o k¢
120 Saph 2300 79 19 2 3y
1"s 4% 4544 30 R 20 3
192 420 KERE kel 23 N K

TABLF 5 ”
tisate
Wetght of Spleen tn Virus wfected Ve Treated utth 1D my of Hydr cor
v r{mlpl'nfrrnlﬂl lice (C) it erage % eights of Spieens from 10 Wice

Hours after treatment " 4
w ith hrvdrocortisate
1Nomg
N b frdiid 100 mg
. o 163 mg
1o B 170 mg
- 143 I mg 161 mg

102 37 mg

tion of
Tencoeste wnd dsffercntial connts i muce afler adnumstr

1 The first counis wert
o ot s specaon was 1 shpht fafl in

carriedd out 24 hours after sterord injection Tlr‘cr:z N i, st

feucocyte count with Jymphopcnit during the fir 0

roid miection A simlar phenomen was s(en 1n miee h‘:\ ;te“hal p

of hsdrocoriisaic the chandes s;g‘r; “l"(\,;‘“cc\ol;i[:::::'n( g“d e ot

ounced There was 1 grenter lal

ﬂ)r::l Iy smphopenis 24 hours after strold admm\;(r‘\t::lr;e reated sl
The weight of the splecn 1n untre ated mice and 10 Gt the

10 u:; of h“‘ drocortisale s gven m Table o A marhed redu
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weighl of the spleen was seen 1 the sterod tredted mce A simlar
weight reduction w1s seen i nuee treated with 1 m., of hydrocortisate
On hustological evamination of spleens from sterond treated miee 1sub
stantial reduction it ivmphoid t1ssues w1s swen

DISCUSSION

4 reduction sn aircuirling mierferon i steroid trested puce has pre
viously been demonstrated m the first hours after the intravenous
jection of large wmounts of virus {13 20) ~wd w one of these studies
the mterferon content of the spleen and lungs was reduced (20)

in the work reported here 1 persistent reduclion in the creulating
tnterferon during the enlire tourse of mfection w s found in sterend
treated mice after mtraperstonesl injection of W est “ale sirus

The reason for this eoutd be the inhibatory effeet of sterowds on mter
feron formniton m cells as has been demonstrated moin pitro and i ovo
studies (10 12 17 18) However the pronounced mterferon formation
1 brain cells m the sterord treated nuce which was partrestarhy marked
when virus was injeeted mirncerebralhy speaks agmunst this theors In
addition the mterferon content per wercht umit in the spleens of ste
rosd treated mmce on the fourth day was nearly as great as the mler
feron confent mn the control mice This apparenthy means that mnfer
feron production 1 wnlact spleen celis At this point of time was only
shighth reduced Indeed ondy a shght reduction in interferon formntion
was demonstraled m different orgam svstems o tumes when the amount
of circulating mterferon wns markedly reduced

Thus 1t seems reasonable to conchude that sterowd treatment has a
spiaifie destruetise effeet on bissues contribulng m « magor way to
the crealating nterferon A oviolytic effect on hymphod tissue s
known from previous studies (5) and s the present study o reduction
m arculiting lymphoettes and -+ subst ntial reduction i the wesght
of the spleen which seented to result primartly from a dssappetranee
of hmpowd hissue was found Presunnbly  this curcumstance can bhe
tahen 1 evydence of a gencratized effect on homphotd issue throw hout
the organtsm

The reticulorndothelal system and/or the ivmphosd tissue hae pre
viousts heen considered to eontribute m 4 fuab denree to the carculating
miesferon (8 193 This theors is supported by the present iy osda, 2hon

Sterord treatment has essentiafly the sanie (ffect on bmpod issge
RO amimals £ and the adverse effect of storoid treatment op irus
:‘:ff,: mee 1 man (3 4 1) eqn perbaps be 1 consequened of tins

Whether the merassed sirremi s i the sterord tre ded m
« resuit of the reduction 1 careniating wterferon 1s 1my
e In tatro and 1n oto studics almost 2luay
Pproduction of snfechions sirus when mterfro

e 1S soleh
possible to detor
5 shox an unchan ed
m formation 1 Fdueed
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by steroad {rentment (1% 17 18) but dircct compinsen 1s hardiy per
missible

In animat studies nereased virus content o atpins (3 21} has been
encountered m severdl snstances 1s 4 result of sterasd trextment mler
feron measurement w4s nol however underinken in these studies In
nmal stucies i s hich 2 reduced quantaty of crenialing interferon has
een demosstrated (13) no stadhes of yarus content were performed In
anee moeul ded with Sindins sarus where the amount of mireslating
inderferon was reduced by frerdment with Achinomyem D snereased
virqemay was found (16)

The ncre sed content of sirus i the spleen is difficult to explam
Inerensed phagecytosis of viruy m the spleens of steroid freated mice
has heen reparted by one imveshptor (1) but most workers find thai
phagocvios:s s red aced fier slerowd treatment (14 22)

In ths stadsy the sensitiaty to virus was found to e eleary mereased
n sterosd treated mice nfter ntrapenitoneal injection of vsrus This 113
nat or only shiphtls the etse afier mtracerehral <irts woculation An
exhaustne expiintion of thus can scarcely he gnen Clearly several
faetors are wmporfant bul teaperitone iy anfeeled mice freated
with sterods which resulls in 1 reductzon 1 the amount of circulaling
mterferon and wcretsed viraermn the virus has presumabls a greater
fendency {o wvade the coniral neryous system giung @ more mtense
wfection of the brun Ona the other hand using wiracerebral mocuft
tion by wlich virars s apphed direetly to the target oT5an the nfection
will probably he mnfluenced only to & mumnor degree by the wnereased
siraemin and the reduchion m the amotnt of orcatibng mterferon ¢
sulting from steroid treatment

The results ohtaned  fhy study
supgest that the effect of steroads on the coursy of infcction Wb nenre
tropic Virus is exerted at organme sies ather thae the {argel organ

The wmportance of wntibody productian for ihe course of a priawiry
{srus infection 15 As et an unsolied problem (2) Most imeshantors

- however consider antiody production in be of no of only litie “;“
portaner nd anttbods e yenrements sere 10l performed m ¢

present studs

agree with these supposiions and

Si MAMAHRY
frnte subcutaneousty 24 hours
Mle virus ihe content of mier
y reduced guring the entire
nterferon content

in mice treated with 10 mg of hydrocor
hefore tnirapentoneal myectson of West
feron 10 serum wAs found to be marke;!ll Sy
course of wfection (8 dnvs) together with 2 redu ed ot
tration 18 the spieen darimg the first 8o days after \mlsel‘r:izci“:lemxs
wath no change 1w it rferon production 1n the braw Inex

d an Iperease
wirus was found m the serom spleen and brua a; o g of
rus was demonstrated In mice {reated Wi

of
1s M
hreutnneousty 24 hours before sntracerebral Wt

sensitisity to v
h)dmcnrhsn!e s¥
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jechion no definite changes w \irus and snterferon content were found
sn the bran but 2 reduced wterferon conlent and an imereased virus
content were demonsirated w the serum Senstisty to virus was wn
changed or only sbghtly mecrensed

Sterowd treatment produced Jymphopenit and a reduction w weight
of the spleen

These studies seem to support the theory that the reliculo endothelial
system and/or the lvmpheid tissue contribule apprectably to the airen
fating mterferon In addition this imvesti,alion suggests that the effect
of steroids on 1he course of snfechion with newrotropte syrus 15 exerted
. the orgamsm oulswde the {argel organ
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FLAVOBACTERIUM MENINGOSEPTICUM
ISOLATED FROM OUTSIDF HOSPITAL SURROUNDINGS
AND DURING ROUTINF FAAMINATION
OF PATIENT SPECIMFNS

By
Heroe Ousen
Heceived 2y in 68

The present study consists of an exammaton of the merdence of Flovae
bacterum memagoseplicnyn mn tap water broek water and cultiafed
smt The speaimens onginatcd from the town of Odepse and s ypme
diate pesuhbourhood Iurthermore the frequency in speamens from

patints without ehnical signs of infection with Flavobncterrum monun
gasepticnm was myostigated

In 1 tew cises Flavobadterinm meningose phicum had eagsed mentn
#ihs o premature mf ants (survess see Olsen 1967 o) ang bacterapmia
m dults (Olsen 1987 1) The sueroorginism was first classilied s 4
spees by fsng 11959 Strams resembling 1 lavobacteriym 2 eningo

epticnm but showing duviation s regards thar aerd prod:
uctto
< arbehvdentes have since heen desenbnd (Amg 196y " from

METHODN
B koo al Prope t

Fle bnilrm ning s pHouM A pram se
chomical £1 1 £l anc buen descnd ed proos s ﬁ"l}.’m;“;'é’é“‘“‘ 1ol The bio
Dt 1%h Weal a wil ok b made hoe 5 the propertes ved 577, ¢ &0 1365
ent st Mt noatra tran dentieal wath foearIued 10 the pre
Se Tho wecth am o4 the tr pordies af the g S menings
G om 10 Of n 19 g WA that cavsed dcte
110 R dth a B oantn ometide

Th w the tae g

wnia tredu trt
4o¢ ot R grat hoalil
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deed produced Aerd not produced
glucose xyla<e
lxvilase srabinose
malfose rhamnose
lactose gadactose
trehatase sucrose
mannitol raffinote
glycernl starch
ethanal adonyin}
dulcrtol
sorhitol
Inositel
inulia
saltein

Indo? production was examined after incubation for tvo days at 35 C The indol
way first exirected b sheklng with xslene then overlayed with Fhelich Bohme s
reagent {Ring 1959)

Hugh € Ieifson s medium (1953) was nsed for the mmestigation of pexd produc
tian from carhohvdrates The tubes were ohserved for 30 da s at 35 €

Sensthiity to intibiotics

The antibiotic seasithits pattern was peculiar and rorresponded sotmenkat to
thet of a gram positive hacterium (Ofsen 196T¢) Ouly strains nith thys characten
stic sensitivily paitern were considered fo be sdentical with Flavebacterium memn
gosepticum

In the present ins the sensitnity to eight was d d
using an sgar diffusion method with tabiets contuining antibioties (Seositabs
RoseoB) Using this method 13 strains of Flavobacterium mentngosepticum shoswed
the following sensftivity to antiblotics (the figutes sn brackets mdweate the cantent
of antibiotic ia the tablets)

sulphametinzole (16 mgs
pentefilin (15 yg)
polymyin B (5 mgl
tetracichine (1 mg)
chioramophenscal (590 zg)
streptomycin (1 mg)
kanamycia (1 mg)
erythromyein (500 px)

4+t oo
+
+

+

The cos % 1o «f Florobucte e
_~% as utslized for the ssolation Houwever the patient sperymens were 1s lated N;‘Hal:r
the use of antibloties Water spectmens were filtered through a mzmhrune‘_ﬁg&
shich was subsequentls placed on the reedium (Sartorius membrane ﬂl'(cr" o
50 mm Germany) Several media apd methods were exammed befor the fallowing
method was selected as the mast suitable

1 The specimens »as inoculated on to b per cent horse blood agar c:n;;;:;:ﬁ
Y0 TL of penscillin 4 40 ug of streptomnein -+ 40 us of palymsxin B per ml. lacubs,
tion for tio davs at 35 C All colomes 1th differsnt morpholeg were s
further .

2 Purc culliation useng Courads Drigalske plates Incubation for teo day
a33 C

3 1 sato Tid agar -:\d e ation,

1 at 35 C (Hogh & lLeilson mel .
T erahie o mete. oxidese povit & steasos hoch atacked manatol It !
alicrn witfon four davs weve studied with & vew fo ndol produt!

d pitrate reduchon had
’lq;‘;:a::;::’n:zhax produced tndol hiqueficd gelatin and dldhnn\ ;}“;r‘:;:g;:;:ﬂum
earbalydrate and antibiobic sensitnity patterns sumilar to tha e

menngoseplicum

for acid production from




BFSULTS

Using the method deserbed 72 struns mong which 14 were diffe
rent were ssolated from 32 soit specimens These strams were erobie
non motile and oxsdase posine produced mdel higuehied gelotin and
drd nol reduce nirate Seventy strams had the charactersstie anh
ot senstnty pattern of Flavobactertum sepfreum Mo strun
was completels sdentical with Flavohaclerium memngoseplicam
regards acd production from carbolndrates smee mnarabiy sew pro
duclion from Inctose was laching Other deviations were quite smatt
however and consisted manls of aad production from stwweh suerose
and ethanol (Table 2)

Using other less seleetive methods 122 different aerobic non molide
oxidase postine sirans were 1solated from the four sourees mentioned
The majonty of these differed from Flavobaclerium nrerangosepticum
in several biochemien] respeets and mn thewr sensihvaty to anbliuches
but as shown 1n Table 1 five strmns were isolated thal were wlentical
with Flavob tum plienm Furthermore 193 stratns diffe
red only m not bemng able to produce acid from lactose and ethanol
However this mw be regarded as 1 minor devation since most Flavo
bacterium memmngosephicum struns attack lactose late and one stram
did not tack ethanol at all (Olsen 1966)

TABLE 3
Flmobacterium meningosepticum and other ierobre Oxidase Pasttive “on Motie
Strawns Isalated from Four Different Sources

Diifectag from FI mening
o of Proper 18 not attacking
Total no P
Source ot stratys Giffereat  Ues s

Lactose
strains 7 memng factose Ethanel  end
ethano}
Sofl {79 specamens
examined} ki) 50 1 ° il
Brook water
{93 s} examined) & 16 1 [ 1
Patsent specismens
£76 examned) 5 o4 1 3 o
Tap water
40 Nires examined) 3 5 8 @ L L]
T tal 169 1 5 5 6 2

Flavobactermm meningosepltcnm was detected 1n brook wal
tfrom a garden) and patent specimens bt not n tap water er o

The patient speomens were from hloog urine sputum . i
fnd In none of the eases coutd the chmeal state of th o
atinbuted te the presence of Flavobacterioum IEenLgos Blnnhm& e
strans were therefore probabiy conlammants or sf:r::’;ﬂ:;’l’;: gc
e
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stran campletels mdentie \l wath £ lavobacterinm mentngosepticum was
from spalum fram a ptsent i 1 Copenhagen hospiil The ranunng
Dihient speeimens were from the Odonse County and Caty Hospital
Six slruns were solated from urine five from sputum fuve from blood
wd (wo from spml flid

Table 2 <hows the cirholndr e relions of ail the ndol postine
Rl bgudfsing  non nilrte reducing strauns Grotips  confisung
struns asolaled by the method described are marked with an - The
reetions with rhimnose sdonitol dulatol sorbitol mesitol nulin and
stliein ase nol stifed since these seven reaetions were Unays negating
On the b of thar earbohydr e rcictions the 137 struns were distr
buted inlo the 44 groups < ied

TARLE 2
(arhahydrale Reactions «f 137 Aerobie Ovidase Posttite Npp Motile Strains uhich
tn Addition nere Indalpottiine Celalin Fquefying not \itrate Reduciny

Not attached by FI mentng

Attached by Ft mening

o of
strains

Clucose
Tosale ¢
Maltose
1 actose
I'rchalose
Mannitol
Clycer 1
T thancl
Arahinose
o ¢
Calathe
Suerase
Starch
Raflfing o
Yellow
1 gment
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TABLY  {womt)

Attacked by FI mening \ot attacked by FI mening
\o of ® A T M “

v s 2 2 Z 2 ETE 308 Y . : L%
strauns e 2 823 Ef 3oz f g iE

Z g £ &8 ¢ S 2 £ £ . % % 29 =Zg

O - F - R D KM ooa B E AT
1 [ +
1 oAb = Tk — — — — + 4 — &
5 + -+t =+ = + - - — — — + o~ 4
3 + -+ = - — F + — — — — 4 — 4
> Fom o — m  — -~ Y
1 + 4+ = = = =~ =+ g
1 A T S S — o=
1 + o~ =+ = + = — =+ + - 1
2 tom e = = = - = =~ -y
1 e + - =
’ - - = — —_— - — - =z
1 ok A+ = = =+~ ]

Totals 44 groups
137 strams

Pos reactions 43 27 43
Weak rea tions 4 0

38 21 3% 20 3 4 % 15 16
k] 0
Neg reactions

4
1 0 0 3 1 0 0 3
3) 6 18 5 24 38 39 42 99 o 3

—-a
o

13

On the basis of the carbobvdrate reactions the stramns disyerse an the 44 AToupy
Stated 1n the table

The reactions were also studied with rhamnose adomtol dulcital sorbut 1 4
4ol fnulin and salion T ese seven reactions were for all the tralns negaily,
Yellow pigment 1 as pr ducel by the majonit of the strains

+) means weak reaction

Groups contatning strams 1solated 13 means of the selectine mcthod desent g
in the text ¢

The most frequenl deviabions from [ lavebaclerinm MULRINGOSe plicyy,
were due to acid production frem starch and sucrose and no roduction
or only weak acid production from hctose cthinol niinndal g
vulose

1he majority of the strams produced 1 vellow non diffusiple o
ment Most of the struns that did not prodttee migment wery (mf,
palient spectmens '

Thirteen 1ndol producin, struns were found that dovleg Tro;
Flavobactertum meningoseplicum s regards gelatin hiquefaction ,,nm
e e reduction Most of these wore more active against carbohy ey, §
than Navobacterium meningosepticam sinee thes atlacked £l "

1
riffinose adomlol or salicin -
Sixty five different indol nezi vo amns were sal sted wihiely shoy
still more devialing carbohser - terns 4

Stalistical wnalvsts of 117 ¢ o ohic non molile oxidase War

1
The analysis 3 s carrled out st it tatistical Department 'y !
institut
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No, OF STRAINS

1 2 3 % 5 & 7 8
NO OF AGREEMENTS
Fig 1
Sumber of agreements with Flacobactersum memng seplicusmt wwong 117 sevohie
osidase positive non molile sirams copcerning seasitivity te eight antibraties
There 15 2 sharp dstinction bulween styams with the characteristic senmbivity
patlevn of Flapobacteriym mentng geptrenm aud the remaning an which senstny
to the eight antthiotics scems o be distnluted al random

strams shown in Table 1 {the Ene strams wentient with Flavobacteruum
phenn were excluded) confirmed thal sirams with the pro

perties indol production gelatin higuefaction but ne nitrate reduction
attrcked the same evrbohindr ies as Flavobaclerma memngosepticunt
1o 1 Ingher degree than the rematrung strauns

The pnnaple of the analysis can be seen from Table 3 The stramns
were divided mio groups 1 11 and I bised on the antiolics used for
wsolion The uppermost hine ndicates the number of a reements with
Flavobadts riuny memngosepficsm as s ards aexd production from the
21 earbobydrates nsd and the other figures show the number of strams
showmg the stated number of agreements

Independent of the method of 1solation the indol Produeng gelatin
bquifsin, non mtrate reduewm,, strans showed more agreement with
{ lavobact ruem menngosepticum than the others

Fig 1 shows the anhibiobic sensttivity of the 117
with Yhat of Flevebadlerium memingosepticum The A
nunther of a,r with £

trams compared
Liserssa gives the
nm 1
frds scnsitnats to the eipht antibiehies mentioned preulouslum'\r:xlg ll;c
ordimale the number of struns showing these agreements Fx) ht .
wients correspond Lo 1 sensilwaly pattern identical wat szmi tagrcc
memngoseplticum  and were found i 44 of the 117 sty s
figure shuws a sharp distinction betwecn strams with the pec::rx;r ':;:C
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sttty pattern of £ lavobacderium mamnqosepticam and the other
struns since onls five struns showed seven areemints white the re
manung, steuns shawed foner The strums with 1 sensiiahy pattern
different from that of [ lapoback rium micnnqoseplitcum seem 1o he
distnibubed ot rindem s Tepards sensitinly I fhe e1ghl antibioties

DISCLSSION

Struns sesumbling £ lovobacterinm menwmgosepticim hise previousty
been 1solted from pafient speasmens (Atag 1965 Griaves 1966) but
the mucroorgamsm ks nover before heen found ontside hospital sur
ronndings

At the Odunse Counts und (uly Hospit £ lavobactc rum memngo
seplicant s been solated frequentds wathun e hospital (Disen
1967 ) T wen so no strun completchy whentient with Flarplacierium
memngose pliens w s defeeted wnong 68 500 pticnt speemniens exams
wd during v pertod of 4 voars thus demonstrating, that the mero
ofgmisnt 1s rire 1mony,, pitient specimens

On the bsis of the wsestigations perforiued and the expe nences ob
tuned 2 method wis cdaborated for use m the isolation of the meroe
orjamsm Using Bus method 72 sirains were 1solaed from 32 sod
speeimens Thewr biochenueal praperties and scositiaiy fo anbbioties
differed onls shghily from those of Flavobaclc riunt memnyosepticam

The method described was based on the insensitivity to wlibobies of
Favobactertam meningoseplicumt Furthermore the fact that Flave
bacterium nreptngoseplicam s werone produees indod b dns gehitm
ntd does not reduce mitrate 15 unusudl sinee 3w 3 fule wndol productng
baeteria reduce nilrale and Lrow anacrelnctthy (Leif son 19op) In Wi
tton 1crobte pon motile oxidise posiive struns with the three bio
chemiel propertics mentioned wer found to hand 1 tendenes to EHETA
the same carliolts deales as Flavobacieruum memngosepiunm {11k 3
Howcver Table 2 shows that the ¢ rbohvdr e pattorn v snies constder
1bls Lien among these sirams

SWath a swew (o disermnabion botwan Flavebadterinm mentige
seplicnn nd resembing backern (Finobywlosum spy Ang {1983}
used si% carbohsdrates according to the followmg schem:

.

©

g - . z -
I - £ % - Z
2% < Z = 2 - g
H(Yl';;‘m“ 4 - - + 4 +(latey
' (—3
n?l‘lubl;“ *® 26 44—} —{veahy (+) - +) F

1 = oceas) mal vesction
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If the strams shown n Table 2 are disided on the basis of tins
scheme there would be 14 [ lavobaclersumt memngoseplicunt struns
and 51 Flavobaclertum sp while the remawnung 72 struns could not
be placed Thus a clear cut fractionation based on the carbohvdrate
pattern does not seem fo be possible

Ring (1965) also described 1 group of 22 strauas (I0) with hiochomu
el propertics hike those of Flavobaclertum memngoseplicum exeept
that they did not attack any of the six carbohsdrates she used The
majonty of these strains were 1solated from the fumale genito urnars
tract No such struns were found m thes study

Indol negatise  aerobie oxidase positine non molile strains 65 of
which were found n the present investization cannot be classified on
the basis of the hiochemncal reactions used

Several of hing s struns of Flavobacterium sp were from patient spe
cimens 14 were solated from blood and spin i fluid No citnical informa
twa 15 mvalable concerning these  As mentioned presiously sumilar
strains were found wn this study bul none of the patients showed
chimeal signs of mfection with the nucroorganism It cannot be de
termined at present whether these strains may be pathogente for man
Cpidemiological mvestipations can probably be earned out by the selec
trve method described hut it mm he necessars 1o use olher antibioties
and carhohvdrates

SLMMARY

I'ar obacterunm mentngosepticnm whs wolated from hrook water and
soil but not from tap waler Furthermore 1t was detected 1n g specimen
from a palient who had no s13ns of nfection with the microorganism
On the basis of the ochemieal propertics of NMavobaclertn mentn
poseplicim and iis sensitinaty 1o antilnoties and by means of an analvsis
of other acrobic non mobhle oxidase posilive strams method was
claborated to be nsed for the i1solalion of the microorgamsm
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STAPHYLOCOCCAL PRECIPITINS
IN NORMAL AND POSTINFFCTIOUS HUMAN SERA

By

THORYALD LOFhAV ST
Recened 1331 68

A prevsous paper (22) described a procedure for separating the antigens
of an extract from Staphylococcus aurens slrain Cowan 1 The fractions
ohtained were callld A1 A2 A3 B and C Fraction A1 contams
Jensen's antigen A (14 15) named protein A by Oeding (6) fraction
A 3 Juhanelle s polvsacchande A (17 8 23)

The mam purpose of this studs was to reveal w pormal and patholo
gical human sera the possible presence and frequency of precipitins
corresponding to the anti,ens Since determunation of anti~a staphylo
lysm (ASta) which 1s now a rouline procedure wn clineal hacteriolo
gical laboralories gives mformabion eonly about the response to one
kind of staphylococeal activity though an mmportant one and some
tumes fatls Lo wndicate staphylococeal disease (18) 1t was conswdered
of interest lo correlate the resulls obtuned on precipitation with those
found on titration of anh « staphylolvsin

MATFRIAL AND MFTHODS

Preparations of purified antigen The fractions of sntigen (3-1 4-2 A-3 B and €}
trom 5 aureus type Cowan I Qeding abfel )t 1 ere obtamed by gel filtration and
zone electrophorests (*9) Salime solutions of the following concentrations were
prepared A-105 mg/ml A~ 1 mg/ml A-3 1 mgrml B 2 me/ml and G 40 g/l
Fraction A1 and A-3 contain tna precipitinogens cach while the other three rac
tons contain onls one (73) Fraction C is eluted with an ammonsum sulphate pesk
from a Seph des ( ~100 column The used larger amount of fraction C compared it
the other frac!lnnrs reflects ‘:he presence of salt

Sera Samples from 141 blood dopors served as a normal m
Yepical materian « as made up of 110 sera sont Tor determtimation of i b oLal0
1s5in to the Department of Ulinieal Bacteriology Malmo "encral Hosmitay b
Department of Medical Microblol £y Luisersity of Lun 11 They duised o 118
ticnts Infected with § aureus (posithve cultures) The dis noses worg. bt ol
™ a1 76 s 16 0 10 tonsillite i 5 plaritis  ecopnen
Ntz in 17 artheits in 10 prelone hritls In 17 ¢y stthys b
end cardis n 8 Among the ; stients il Lone Infeet o 13 had outin. ceopdan
o open fractures or to osteotn

pen fractures or to asteotoms and 4 had oxleamy eltis seconars to mepeecrasry

The work 13
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4 of the sera from patients with bone (¢ Joint diseases or with septicacmia and
most of the other sera refer Lo 2-3 weehs after the onsel of the diseases Sera {rom
12 patients with osteomyelitis (19) were ¢ rurteunsly placed ot our disposal by
Professcr ¢ h 11 Zacl The lnstitute « £ Orthopaedics and The Roval Nationel Ortho
pacdic Hospital ¥« ndon —~Merthiclate (1 10060) was added to the scra as 2 pre
strvathy

Seralogical technique The wed precipitin assays were performed with a modified
Ouch nsing an d. standard set (set 6300 4-7 LBk
Stoctholm Sweden) as in a previous studs (24} Fach well was fitled wath 7 al of
reactant The diffasion was allowed ta proceed for 24 hours before the shdes wers
washud and stamed with Amido black Anti ¢ staphylolysin (ASta) was determined
Wwith the icchnigque devised by Jagestad € Windlid (13)

HREFESULTS

Al 141 normal sera precipriated fraction A 1 (prolem A) and 11 (78
per cent) of these contuned also precipttins a anst {riction A 3 (poly
swecharide A) (Table 1) No prcerpiins agunst fraction A 2 B ad €
were found The majority of the sera {87 per cent) had ASta titres of
Iess than 20 JU/mi

TABLF 1

1 recyatins Agunst S aureus—1 ractions 4-1 4-° 43 & and ¢ n Sera from
Normal Blood Donors

Serem ASta Frecipitins
Material \o I /mi A1 A% A3 B C Patterns
Blood denors 1”3 <25 123 3 11130 43443 1
Rlood denors 18 2510 13 3

141 11 11178

Protein 4 was 150 precipst wed by 3l sern from patents wnlh staphyle
coceal infections Preapiins 1,1unst A 3 werc found in 36 of n;‘c:
sera (30 pur ent) and d.unst L 20 of them (20 pur conl) & :)

unst frictions A 2 and B were less common—I :i ;na
57 per cent respectivels (Table 2) In the tests with frictions A 2 a5
B and C st was especsally the scra with lugh tlres of Asta that r,oa'““
Thus antibodies agamst 4 2 wd B were found only m sera with oo
of more than 10 IU/ml but precypiting 2gamst 3 3 and & \\((;:-e -
sometimes detected m sert with 2 low ASLU hitre \Imlﬂof qcucms
(61 per cent) rereted only with fraction A 1 (Table 3} The r{:on i
A1+ 143 A1+A3+C wmdAatl ¢ Cwerethe mmzln‘org o
ont amons, the 10 precipitins combmations observed (;1‘1 |Tch[ on;or e
oceurting i tbout 16 11 and 6 per cent rv;qucmo ‘,\., R
combmations (A1 +A3+B+C A1 +A2 814 r-nr:
+C Al+A3+B A1 +B ansdal+ B+0)wen

DISCLSSION AND CONCITNIONS

by
cteet staphviecoceal an.
e et o ermmation of anhioxins

othes

rarious techmq
:n human sera (3} The Iiterature on the det
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TBLE »
Precupitins dgamst § aurcus—lravdions 4 { 4. gy

Bante .
Eatients wilk Naphylocreal Infe £y py 0 1F ¥ 1]

ae
Serum  ASta Fren
\tatertal Neo Wimt T q’ .
Respiratory ialections 1 <25
:s 2510 .
M >0
3 t 1
Bone and jomnt infection 3 <25 2
7 510 H 1
3 v ) H
40 ]
Urmary afections 1 <25
i 25-10
2 > 1
23 3 :
Septicaemua and endocarditis 3 <15
2 25 1p 1 '
e >1
17 LA S ,
Total 14 <oy
3T ghgg 3
o 3 1 21
g L
s snfecticns hi 5 Sinugityy 37 4

1
Bont and jotnt infichions © leis and O cmyely, 2ty
Urtnars iofichons Pyelonephritt 17 Gastitia'g 2 47h gy 13 H iy
§ 3N sera preepated fraction At

TABLF 3
Preciputin F alterns of Patholygicar Humay

o
ASts a1 41443 AT+ Ad S ‘1“?':

[N
<5 9 3 2 EUTS
235-10 30 ; "1’
>0 3 t

7 3 13 b
»
Total 1% sera

espectally anir a staphylobsin s volummen

The dingnostie salue of titrations of this nnulon;":! ” 5 1 2
{nbctsm has Been levelled mur  agamst “\e“ ”thQ WMo ("2 a7
Vst of the antitosin (3) md . mst the ingy,, Mo,

%
1 the imvestisation of patints v whom the [Q\?:“ ot m;’{ C““‘:‘"‘,
caces taching the capaoy to prodiune o tovn (ﬂ" 5 Qg o :‘ w
Among the reports of wlibod 10 somaty a 3 R
\
5 anty
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Trecipitin patterns of cight pathologl
- -~ cal human sera Antigens in central
} wells 1 A~ 2\ 3 \3 4B

I nd s €

with precipitins In an mvesti,ation of culancous reactions lo poh
saccharide A isolated by Julanelle & W teghard (17} Julanelle & Hart
mann (18) ncluded a studv of preeipthins in normnl md pathologiea!
ser1 Anti polystecharide A was found only m patients wilh severe
long standing or generalized staphylococeal infection 1e 1 1/3 of the
pathological sern tested but normal sera did not contmn this antibods

Later Hauhenes (9) tested some normal human scra for antt poh

saccharide A (= terchore ncrd anttbodies) Like Julianelle & Harimann
he did not find 1wy preeipitins Haukenes did not study oy pitfiolost

cilscra Recently Vartin el al (25) studied the occurrence of terchoie
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aed anbibodies i sera from normal and mfected patients using
Ouchterlony gl diffusion plates and the more sensitive Preer method
of double diffusion tubes If Ouchierlony plaies were used antibodies
were demonstrated i 1 per cent of unmfected patienls and m 42 per
cent of patients who had had staphylococeal ifections for more than
30 davs In the assays with Precr gel diffusion tubes the corresponding
figures were 79 and 96 per cent of the sera

In 1908 Jensen (11) observed that normal hwman sera precipitate 10
anfigen (anbgen A) present i the majonty of $ aurens—strams He
supposed the ntigen mght be a polysaccharide (15) but 1t 1s now
recogmized as a protemn {protemn 4) {6 21 22 23) Reeent findings (5)
indicate that the reaction between prolemn A and human serum mvoltes
a part of lhe ¢ globulin molecule other than that in which the actiie
site of acqred antibods 15 located and the Teaction has been called

pseudo mmmune  In a later study of the antigemic structure of coa
pulase positive staphvlococer Jensen (16) used normil human sera to
test unfractionated hacterial exiracts m agar gel On the hasis of the
patterns ohscrved he claumed the existence of at least 8 different pre
cipitinogens mn § anrcus 47 different combinations of the 8 ntigens
swere seen In some experimenis Jensen also used sera from pahents
with staphylococeal infections Such sera contaned two or more pre
cpitins more frequently than did sera from healthv persons but they
did not offer the possibility of finding a0y antigen 1 addiiton to the
eight observed in worh with the hattery of normal sera Recently a
capsular polvsaccharide antigen (staphslococcal polysiccharide antigen
= SPA) was wsolated by Fescher et al (4} and Hofstad (11} found pre
ambns ajamst the antigen 1t immune human sera

The general occurrence of ant1 A 1 (anty protun A) 1s in conformuty
with {he results obtaned n erdier studies of human sera with protein
A (14 21 26) The Dinding of ant1 A 3 (anl polysaccharide A s anh
bodies 1o terchoie aad) 1n almost 8 per cent of normal human serq
conlrasts with the absence of this antihody 1 such sera studied by
Jultanelle & Hartmann (18) and by Hauhenes (9) 1t also differs from
the corresponding frequency of 1 per cent reported by Vartin et al (20)
and may exemphfs the difficulty of selecling a normal material in a
studsy of serofogical response to ubwquitous hacteria In the mnvestigation
of the pathologseal sera the resulls were in pood agreement with thosc
obtnmed by Juhanelle & Harimann and by Martin et al (prescnee of
antipoivsaccharide A m 30 29 and 42 per cent respectivels)

As preaipilins agnst 4 2 B and G were not found 1 normal
their demonstration points to staphylococen! discase Anls € seers o
be of speesal interest smee 1 1s found more frequently than ana A 2
and anti B (here 1n 20 against 18 and 57 per cent respectivel § and
uniihe anti 4 2 and an B also somehimes 1n sera with a low titre of
ASta It 1s not vet possible to compare the results obiained with frac
tions 4 2 B and Cn this sludy with those oblained n other inveshiga

ra
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fions because so far the antiens ke not been corselated with other
precipitinia ens desersbed (16) or wsolaled (4 10 12)

The precymims were found morc frequentiv m the group of sere waih
hih ASLr content Amon., 81 positine tests with A2 A3 B and [
58 oceurred mn the group with ASta hijher than 10 TU/m! (Table 1
and 2} The finding of precipitins (agmnst A % and €) also 1n sera wilh
fow or moderatels mercased ires of \St: (in 12 of Al pathologien!
sera), mdicates that the preeipitins lechmique may somelimes be useful
chimealls for revealing staphslococeal immumization —Precipitins were
delected more frequentls m the scry from patients wiih seplicaemia
and endocarditis than in the others (Table 2) Thas n the group of
sera with 4Sta>10 1U/ml the following frequencs were found 21 pre
aiptins m 12 sera from patients with septicaenu and endocarditis com
pared with 13 precipitios i 24 sera from patients with respiratory in
fections 18 precipilins in 23 sera from patienls wath hone and jomt
wfections and § preciplins i 12 sera from patwenis wilh urmar in
fretions

The different patterns of precyutins agamst A1 42 43 Band C
{Tabie 3} were not as numcrotis as those 1 Jensens studs of eght
nti,ens(16) From the results presenled here it appears that as a rale
staphviocoec: provohe precymtins lo onls two or three wnligens m
comnnation either because of the more common eccurrence of these
Antigens or hecause of thetr greater antigeniety However the tech
nique nsed does not aHow any definste i m thts respect—see
the different results oblammed v Vartin ef al n thor study using
Ouchterlony plates and Preer tubes (29)

ST MMARY

«ra from 141 blood donors and 122 patients with infections with
! anreus were examined for thar content of precipitins 1, unst frie
won A1 A2 A3 BandC d for their tire of antie stiphyiofysm
ASER)

All sern contuncd nti A1 Among the normil sera 78 per cent
precipitaled fraction A 3 but no preaipthins advnst A 2 B and € werr
found Amon,, the pitholoicat sera preeymting agunst 4 3 and \\01;;
found in 30 and 20 per cent respechively whie those 1; ur;s:l fraction
and A 2 were uncommon o 7 wid 18 per cen!t respiiise

In 81 postine tests with the antigens A2 A3 B wg ¢ 3% ucm\?‘:‘;z
m the group with AStA1>10 TU/ml In 12 ont of 51 patholoieat sc:l :m“
2 low or modcrate)y ncreascd bire of ASh there were precip!
wainst A 3 or C or both

61 per cent of lh: ;era (r:( xcl;‘ e e

A3 AL+ + € nd
;\ni -;tnan@, 10 precypihin combnation observed These patferns
w 16 11 and 6 per cent respechivedy

d onh wath frachion A1 The patterns
most commen but
oceurred
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RAPIDLY GROWING MY COBACTERIA

Reaclons

Suscephbility to Baclenophages

n the Anudase Test Preafucion of Acid frone Carbohydrates
and Growth al Vanoewy Temperatures

Hy
3aess and M Ve BENTION
TR fleceired Tasli 68

The aim of the presend work is to exammne the surlabninty of myco
haetersophages i the chissilication of rapdly srowing mycobacteria

During setent years happler (1961) Roddn (1964} Tohunaga ef al
(1962} and Juhasz & Boniche {1962) have deserthed phage typmng of
raprdly grovang mycobaclena The results of therr studies as well s
own experence have shown that if the phages are species speeific
they do not Iyse all strams wathin the species Only withun 3 phler are
there a few species specific phages wineh huse alf strams (Rodda 1964
Juhas & Boruche 1965}

The matertal m this study consists of both previously classifred and
unetrssihied strmns In order to obtawn further characlerization all
strans were evammed for therr acylamdase reactons (@ m Bomehe)

for ther abihiy to produce aeid fromt carbohydrates nd for thewr
capaiility of growth 1t 40 and 92 € The quintitatine analyss of
these results forms the basis {or cvatustion of the speethesty of myco

Bicteriophages and thaw Bitaty fov the 2dentification of the clssy
fed strains of rapudly growin,, myeobactnia The analysis proved also
to be Vandwable nsset wodentifving the wnclassibied strains

MATFRIAL

B 1 ol steoms Eablc 1 gnes & surver of the 76 strains examined and therr origin
Fise mere vasiants of on of the others and one {senal No 7) seempd 1o be an
dmstture wih snather stratn <scrral o 28

F 1ty theed <trasns bad a spectes desy;
A smogm his 16 M fartisitun an

gRation when recenved These were 3 M phler
Y § Ruttum (et Nos 8 31) were

dl’t" ruarmlk) Among these three strams of
solated from Danish patienis withont beang of
Pah g e godbicance (Engbed 1967 Engbek & Wegnusson 1961 out bing @
Th mag nly of the 33 unclasnified strans wers 1 olated 3t the Tubcrenlosis
D partment f Statens Serumeastitut Twents one wese fram sputum (o have been
l; 1rll;u;f'lx\ e}wml\ (sc[rul Nos 57 and a8) (Engbed & Hagausson 1981 Wagriussan
& ! five were trom sw) from poultrs

e T e ™ Tuns and seven were yecervzd from

Hequests § rreprints O Jaga flae s The Tohercuto: is D 1
N LW Amager Bowtoard 89 9380 Copenhagen S »’cnma?;'ﬁf“iss l‘"a‘le'?s erom
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Worphology

Since the colons morphologs was not uniform for strams withim the
same speaies and fusthersmore a few struns conlamed sananls this
aspeet was not uscd for chasaclenzation of the strams The majoriy
of the W phict were coled vellow to orange and rough The appear
ance of the V smegmafts was vers varmble They were sellowish
brown and both smooth and rough strams were seen Most of the
I forfur{um were coved or besry shaped vclfowssh brown and smooth
Aprt from the two rough vamants the V paccae were fiat dome-
shaped, vellowish and smooth The unelassifid strams showed con
suderable variation m morphologh

Wicroscopy

M fortmtam and W vaceae consisted of complideds aced fast rods
amd a few of the I phler and V smegmatts were partls decolorized
The unclwsified strawns showed acwd £ast rods ranging from very short
to long Two of them (seral Nos 32 and 93} were not acid fast and had
1 polymorphous appearance

Aty 1o Grow at Vartous Temperatures

All siruns grew at 37 € At 4o Call the ¥ phler and W smegmalis
showed growth as well as two W forlmium and 2 fuw of the unclasst
Iied struns Only the mne ¥ phle: strams grew af 52 €

Amudase Test
The results are given m Table 2 The fiest part of the tible comprises
the ciassified strams and shows fiow many struns withur cach species
react to the different amides The next section of the table shows the
unclassified strams with the same patlern as 1 chssificd species white
i the lower part the other unclassified strams are tnidid recording to
their pattern Reactions of > 2 y/ml are recordud as positint wd tho]s;
= 2 y/ml as negative It wilt be seen that there is 9 clear difference .
the results as regards the first three species W phier 3 snwegmeadis “;o
Y forfuttum Parhicularly the reactions to dnudes 12 (tarmamuk;: m-
(prepronatude) and 13 (butyrumde) show a chiracterishic pil cm
Y vaccae rescmbles M smegmafis Among the unclassified strav )
onlv 7 few show results corresponding to those of the Lnu\\n‘,sx:;’c:rtg
Twa resemble W phler {seral Nos 71 wnd 75 one resemhks‘ !
wntis (senal Yo 28) ind three resemble W fortmtnm {scrtd

40 and 77)

27

les

Production of Acid from Carbohydra

| Leifson s medmm The results
honed different patterns In thesc

are
Al sirans gros well in Hugh &
shown n Table 3 The four species s



W

TABIY *

Amudase Reactins of 7€ Raprdly Growing Mycobacteria

Mo of Amides
Bactenta Gralns 1 2 3 4 % F 7 8 910 41 1”13
9 00 0 0 8 1
3 bl 4 s M ddd21u snnn
et 1 ¢ ¢ 3 o y 2 ¢ © 0 D o1 1% B
s 7 7. 7 0 7 7 7 2 8 4+ 0 7 T 7
Unelass (as ¥ phien) o 2 o
™Nos " 7o) " k1 g ¢ 1 0 . * ¢ 0 0 2
U"(til‘:sﬂs()z +V amegmati) 1111 111 s 18ttt
Unclass (as ¥ forfurtum)
(Nos. 27 50 77) 3 3 ¢ 0 p 0 0 v 0 0 3 ¥ O
o o 0 o o o & ¢ 8 0 0 (U]
Unelassited \g g o 0 0 0 © 0 0 O O 31 4 @
b 2 o6 g & 0 0 0 0 0 0 D 3 D B
1 ¢ ¢ 1.0 ¢ 0 0 1 0 H 1 O O
1 0 0 1 b 0 606 06 I 1 100
1 a ¢ 1 o 31 0 o v 6 T 1 0 O
1 1.6 & 0o 0 1 0o 0 1 b 1 1 0
71 6 0 & o0 1 0 0 6 0 0 1 ®
- 1 ¢ 1 0 v 1 1 0 0 6 0 1 P |
1 11 1 % Y 1T o1 e 111
+o1 1t oot 1011 %11
1 a 6 t o 1 1 o6 D O D I 1 1
1 % & 1 ¢ L 1 & 0 & 0 & o
2 % 6 0 0 Y2 0 0 0 0 0 0 0
ailes

1 = sectamude } = bonzamude 3= cathamide 4 = 1sensotmamde 5 = mco

tnanude 6 == prrazinamide 7 = sabivla
W= A

mide 8 = allantoin 9 = succinamide
de 1 &

7 =

cyperiments there was a differcnce between V smegmatis and W
vaccae, since only M smegmatis formed t1d from galactose and sorh
tol One of the unciassified strams showed the same result as ¥ smeg
mates {serial No 28} and three the same sesult as M forfurtum (serit
Nos 27 50 and 77) The remawmnder gave other patterns

Susceptibility to Mycobaclerophnges

The resufts of the experiment wilh ten phags are shown w Table 4

Since the majority of these phages were not s
seleeted mn order to oblain a division of 1he hae
better agreement wath the aceepted species vz,

and D30

‘The TesyMs s repards the elssificd
Jt wull be seen that D11 1s almost
and D4 for ¥ smegmatts Bh, an
Tvsed oWl the M forfmttum stramns

pectes speaific six were
teral

! stramns which s n

DU Bh, Di BK, B,

strans are shown Table 5
specws specfie for 1f phlec and Bh,
0 B3 arc not species speeafic but Bh,
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TABLI 3
detd Production of Corbohydrates by 78 Rapidly Crouing Myeobarteria

Carhohvdrates

Bacterin Mo of
strams o £ . . & om e PR
= P2 fo=E
M phle: 9 9 0 4 8 9 0 0 0 o 7
M smegmatis 1 110111 910 > g 3 3
Y fortuttum 16 % 0 0 o 1 0 0 0 0 0 0 ¢
 paccae 7 v 5 f£ 7 0 7 0 6 0 0 1 0
Unclass (as W smegmalis)
Neo 78) 1 T 1 1 1 1 t 1 1 1t 0 01
Unclass Cas \f fortuitum)
(\os 27 30 77) 3 30 0 0 0 0 0 0 D 0 0 9
Unclasstficd 7 ¢ 0 0 0 0 0 0 0 0 0 0 0
8 0 0 ¢ 0 0 8 0 0 0 0 0 ¢
1 9 0 1 2 0 0 0 0 0 0 0 0
2 0 0 2 2 0 0 0 0 0 0 0 0
1 1.0 0 1.0 1 0 6 0 0 00
1 10 0 0 0 1 1 0 0 000
2 6 0 0 0 0 > 0 > 0 0 00
1 1 01 0 0 1t t 0 0 ¢ 00
- 1 1.0 0 06 0 1 0 1 0 000D
" 1 1.0 0 0 0 1 0 1 0 0 0I
1 10 0 1 6 1 0 1 0 ¢ 01
1 10t 1 1 1 0 0 0 0 00
1 t 1 1 6 0 1 1 0 ¢ 0 00
1 11 1 1 1 1 1 0 6 0 00

Carbohydrates
Gl = glucese Rh = rhamnosc \v = wvlose Ar = arabinose ( = galac
tose Mt = mannitol So = sorbitol !t = inosital Du = dulaitel La =

lactose \fa = maltase Tr = trehalose

™ The patterns of the four species differ from each other One strun of
Y vaccae was hvsed by more pha,es than the others This was a rough
¢ ariant of one of the five struns Iysed by B5 on the basis of the other
tests 1t resembled the smooth stram complelels
None of the unclassified strams (Table 6) showed the same hwsis
pattern as M phler One was hsed in the same way as ¥ tm(’gm.rms
(sernl No 28) twebe as A fortrlum (1ncl seral Nos 27 50 and 77)
and one as Y vaccae (serial No 60) Two of the 76 struns were Jysed
by D30 (sernl Nos 52 and 53)

Quantilative Analysts of Results

The rusults of growth at 45 and 5

(319

amdes and to the twelve carbohydrates were subjected lo[ qlxl)m\‘slll:ltlwr

analvsis (2 e 27 characteristics 1n all) 1 order o asccr"-u el
were was homogeneily within the mdmadual speeies of the

trams e 27
: The results are recorded 1s positiie or negatre to eich of th

2 € the reactions to the thirteen
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TABLE 4
bality to hages of 76 Roysdly Growmng Myevbactera
Myeobactersophages
“o of =
et 2
=
£ & " = £ =z B2 &
g 28 ¥ 2 £ B B8 2 2
o phier 9 [ [} e 3 [ 1 (1)
Y smegmatis CRNE T I TSN T DO 6 0 6 6
A fortuthim o6 0 0 HDW 0 26 Un
¥ voceae ToNn e 8 0 3 WDIoo8 6 K
Unclass (as i smegmatas)
\n 2 1181 ¢t 601t
Usselass (a3 W fortutum)
{ancl Nos 27 50 7D 0 8 2 0 8 2 12 9 o oo
Lnclassitred 79 9§ % 8 8 & & p D p
2 B 8 6 6 o 0 0 8 o0
2 6 9 0 ¢ © 0 6 2 g ¢
it 6 6 6 o6 o & 0 9 g 1
> e 6 ¢ 6 6 3 8 g a
206 6 0 ° 0 2 0 9 D
100§ MbBOo 6 o o g o
160 B8 e 1 B a4 oy oy
. o0 1 10 sy 1 9 oy g
M 1016 08 8 a1 Bmoe 1 1
Figures e brachals ripresent 1anable resulls
TABLE 5
lity o bix Myeob es of 43 Classified 5t
of Ramdly Crouing Myoobactorrs 0 Serains
Classsfied o of \tycob,
tram. strasng 511 e fyeobacteriophages
Iy Bh BS  p3p
Mgty 8 + — - _
1 . = - - —
- + -
M omeg ats 5 — + - _
[ = T T " v -
¥ forturt -
Jortwrtn o 5’ - = — i _
6 - - + -
- +
¥ oae 1 — — v -
1 v - ¥ =
+ 3 "y i -
o= g = no Iguis

V= samatle résolt

2 acramvn 52
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TABLE 6
s bility to Stz Mycob, phages of 33 Unelassified Strains
of Rapidly Growng Myeobaclerta

Unclassified No of Vveobacteriophages

strains strams DIl BR, D4 Bh, BS D30

As Y smegmatis 1 + £ + +

As Y fortuitum 1 - — o+ — —
1 - — -~ + A -

As ¥ raceae 1 —_ — —_ — + —_

Other patterns 11 — — —_ -— -~ —_
2 — — - - — +
3 —_ — —_ — 1 —
1 — — \ — + -
1 3 — + \ + -
1 \ + — + + -

+ = hsis — = no hsis V = variable result
TABLF 7

Patterns of Four Spectes of Rapidly Growing Mycobacterie

Bacteria ¥ phler M smegmatis M forturtum M voceae

[

+ +

Growth 45

Amidase reactions

Prel b+

Pr+t b ++1 -1

Actd production

g
[N Ty
[ N T R LR ) [ R,

v+

Fl I+ttt p R e S R e R Y

t of strains
positive results for == 70 per cen
b Z Regative resalts for = 70 per cent of strains "
— positive and negatn e results tn less than 70 per cc
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o1z % 15 g8

Fig 1
Distances between individual strams of the four spectes
M ghlet M smegmatis M fortmttum and Y vaceas
® M phler OV smegmatis A W fortutum A ¥ vaccae
Distances between strams belonymg 1 one species
~ Distan es to steatas belonging 1 other pecres

20 DISTANCES

charactertsties Comparison between the vanaus siramns 15 made pamr
wise the number of divergencies between strams bemng counted for
each pur This number of divergencres s called the distance between
the two strains

UEINg 1 the three other spe-

regards M phle: the greatest
2
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distance (¢t e 7) between two Y phlet strans 1s less than the smallest
distance (1 ¢ 8) between the M phler stramns and those of another spe

cies Distance 8 1s found between M phler and three M forluilum
strains The greatest distance between the M fortuifum siramns 15 4
and the smallest distance to 4 stram of another species 18 7 Only be

tween the M smegmafts and ¥ vaccae strans do the distribulions of
distanees overlap

TABLES 8a—d
Qualitative Evaluation of Rapidly Growing Mycobacteria Demating

from Thewr Pattern
Table 8a Y phle

S;:-;al Distance Temp Armdes Carbohvdrates

Tr
Ga Ma Tr
Ma

@
&
Sy

Table 8b 3 smegmatis

1
Sertal 1y tance Temp Amides Carbohydrates

Na
AL
N a

8 Tr

Ny M Tr
Da

2
b

- PO N PO N
o
]
=
B

Presumably Y smegmatis

Table 8¢ 3 forfuttum

Serial
o Distance Temp Amides Carbohydrates

2

1 G
8 2 5 6 "

1

1

o

=
&
o

Lo

12 Gl
1 12 Gl

Pre umahly \f fortuttum
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Table 84 W caceae

Serial
o Distance  Temp Asmdes Carbohvdrates
30 1 7
32 1 M.
33 1 7 )
Lh 3 Sy
gz ki Gl hh
3 L b h3

For names of amides and cachobydrates <ee Tables 2 and 3

A patiern of cach of the specics was then established so that a result
shown by 2 70 per cent of the siruns is re.arded s typiend for that
species or mstance, whent 70 per cenf or more of the strams of one
species ferment ? cerinm carbohyvdrate thit characteristic s regarded
as positne for ihe pattern of the spectes If bath posttine wnd aegrline
resulls are found m lcss than 70 por went the designation vanable s
used The paiterns of the four spueies nccordin., to this defimtion are
shown m Table 7

‘The distance Pelucen g stramn and a pattern s caleplated i the s e
w1y As the distance fetween the struns except if the indnidual
characlenistics of the pattern are varrible m which exse no difference
1s recorded

The distances between the classilied and the unclissified strams md
the patterns of the four speeres cm be seen from Fig 2 The greatest
distance between the classtfted strains and thewr own pattern s 3 for
W fortwtum only 2) The smallest distince from 1 elassificd stran lo
another pattorn 1s 4 ve. the distance between & smegmatis apd the
Y paccae pattern nd oice versa It wis tiso the & vaccar und ¥
smegmalis struns thal showed overlapping i Fig 1 Otherwise the
shortest distance between a stram and a heterologous pittern s §

1t wil) also be seen from Fig 2 that stx of the 33 unclassified struns
show a distance of 3 or less betwecn tiem and one of the patlerns
Stnce the distanee between a clsstfied strawa and d8 pattern can be vp
to 3 these six strms may be presumed ta belong to the corresponihng
species

As busts for v qualitaiwe epaluation of the strawns Tables 8a 4
show the characterssties by which the straws differ from thewr piters
4s regards the classified strams only those which desate from lhc.‘;l'
onttern are showrt and only the dnerang charactersstics are mdicate

1t will be scen that the stram thought fo be &7 smegmatis {(sersal Mo
¢ 1t produced ~wid from

18} differs from the smegmatis pallern smne o
Jwiatol Two of the designated M smegmatis slrans also proz]m:;‘ x?um
from dulcital As regards the frie siruns thovght to be M forl nwm
(senal Nos 27 80 57 61 and 77) 1t will be scen that one s
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plete agreement with the fortuitum pattern while two show the same
deviations as some of the classified ¥ fortmilum stramns The deviations
with serial Nos 57 and 64 occur m characlenistics i which none of the
classified ¥ fortuttum strams show divergency

In order to 1dentifs an unclassified stramn the criterion used mn ths
study s that 1t should not deviate from the corresponding pattern in
more than three characleristies and that these possible divergencies
should occur m charactenisties i which some of the classificd strans
also can deviate from the pattern Thus the strain with seral No 28
can be dered to be tis and only the stramns with seril
Nos 27 50 and 77 would be classified as M fortmifum

Evaluation of Bactertophages

The quanhitative analyvsis of the results obtained by the methods used
has shown that relatisely good distinction between the four species
M phler, M smegmatis, W fortwitum and ¥ vaccae can be obtained
1t 1s thercfore possible to utilize the matenal for an evaluation of the
usefulness of bacteriophages 1n the classification of ramdly growing

bacterra Six bact h out of the ten available werc selected

As mentioned under the results of phage typing and as seen from
Tables v and 6 none of the other classified or the unclassified strams
were lysed as W phlet The W phlet pattern was therefore considered
to be speafic Phage D11 lysed ¥ phler almost exclusiely but is not
100 per cent specific for that species The pattern ot Af smegmatis 1s
also specific m this material One unclassified stramn (serial No 28)
was Iysed with the same pattern as that of W smegmalts As menboned
above thus stramn could also be classified as ¥ smegmatis on the basis
of the quantitatnve analysis of the other tests Phages Bh, and D4 are
each almost specific The use of phages gives a very clear distribution
of W smegmalis 1nto two subspecies smnce frve of the eleven sirams
could be Iysed by Bh, only while the other six nwere also hysed by D4
Bhk, and Bo The paltern of ¥ fortuilum 1s not speaific twelve of the
unclassified stramns being lysed n the same way only three of these

(ser1al Nos 27 50 and 77) could be identified as ¥ fortuitum on th

basis of the quintitabine analysis Bk, and B5 are not specific for \Ie
forturtmm but Bh, lyscd all the strains of that species The patt iy ]
M vaecae 1s not specaific In this study B51s not speaifie for M N
which 15 1n contrast to the findings by Boriche & Juhas, (;%l;accnz
Juhas. & Bonicke (1965) B5 lysed six of the seven s(mm.s O ) and
unclassified strams (serial No 60) was Iysed as ¥ vac ne of the
wise 1t docs not resemble that spectes cae bt other

Al thie present stage 1t must b

eannot be used to classify tapldl‘; :’;ﬁl:‘d:d“:h:lbbactenoph;,ges alone

1s quich to perform and ean be used Io:a :c onena The methiod

strams 1f a strain 15 Issed with the Same ot Teemng of unclassified
pallera as that of 3 phles or
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W smegmalis, 1t 1s 2lmost certam that st belon,s m the speeies m ques
hon If 3t 15 Ivsed wath the same patlern as that of M fortmtum or
W vaccae, further exammalion 1s necessary before 1t van he wlentifird
as belonging m onc of these species

DIscussION

In the present study i1t was taken for granted that the avaslable strams
of M phlet, N smegmatis W fortuitum and A vaccae belonged wn and
were representatne of the species concerned In the gquantilative ana
hsis 1t was found possible to oblain an acceptable differentiation of the
four speeies by means of distance delermmations based on the characte
nisiies emploved (Fig 1) A positne oultconte of that melhod was essen
tial 1n order to see whether the classified mycobactersa m this study
could be used m an allempt to awdentifs 1 1ed strams and to
Judge the value of bacterrophages 1w the cJassifteation of rapidly gros
g mveobacteria

Patferns of a group of sirams belonging m a spccies can be estab
lished m many ways In the htcrature the It used for sperif3ing 2
positive resuit for a charactertstic varies between 100 per cent and 50

per cent
The patterns given by = 70 per cent of the siramns provide a befter

cifferentialion of the four species than the difference befwecen the ind:
vidual stramns The choice of 70 per cent 1s based on an estsmate of
what would be practicable, judged by the resuits obtamned Tsafamurd
(1967) also regards a characterstic as positive or negative when = 70
per cent of the stramns show the same result These patfrns were alse
useful for an dentification of unclassifled strams but this was only
possible by quatitative evaluation of the selected stramns 1 comparison
xith the patterns concerned (Tables 8a-d)

A few of the charactenisties included 1n the guantitative analysis were
different from those reported 1 the hiterature and these wall therefore
be discussed here

The wmdase patterns are generally w agreement with Bomckes
reports but there are dnergencies with regard to the reactions to
carbarude allantomn and acetamude In the present study the carba
mudase acteuils was very Jow whieh s also 1 contrast lo the findings
by Juhlin (1967) Tsuhamura (1967) Schneidau (1963) and Valder-de
Jong 11963) This Jow activly cannot be cxplamed The silantonase
actiaty s also low (W fortutum M vaccas) A sumlar resylt was
found by Jichiin i the case of W fortwstum However the acetanndase
actin ity was ver sirong both 1in V smegmalis and Y vaccae Atcordlr;:
to Jullin Schnetdau and Tsukamura this »as also found ta apply

alts
¥ E\";;ggcugh the acid production tests were not tarraed‘ m;l}tx l:a((:z
same medmm {he results obtamed n this study are generalls the
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us those found by Gardon & Snuth (1923 1955) Gordon & ihm
(1929) and Juhlin (1967) The mam difference 1s that the majonty of
\he M smegmalis in this work did not produce neid from anteitol and
that the W forfmtum sase no reactson to trehalose In contrast to the
findings by Boniche & Juhas. (190%) W vaceae did not produce 1c1d
from trehalose either
Bacteriophages 1re not mcluded n the quanhitative analysis of the
resulls smce that analysis was used as basis for an vviluation of the
salue of phage typn,, Phage tvping of mycobacteria has hitherlo been
very difficult to perform both because some species are resistant to the
phages 1solated up to now and because the existin, phages possess
marhed non specificaty or very narrow host ranges The best possibility
of establishing a phage pattern seems to exist within Rungon s Gronp IV
During recent years four worhs have been published concermng thus
speet {happler 1961 Rodda 1963 Tolunaga et al 1960 Juhasz &
Bonche 1965) happler reported that ¥ smegmatis could be dinided
nto two subspecies by means of phages s was also found n this study
Rodda and Murohasht found that D11 was speaific for M phlei, and
Rodda reporled hvsis of 100 per cent of the strains D4 w 1s specific for
M smegmatis according to Murohashi but not according to Rodda
Juhas. examned the same four specus as those m this study and also
compared the phage results with those of amidase tests However apart
from Ba he used other phages He found a pattern specific for M phle
and M paccae In contrast to our findings B5 was specific for M vaccae
but lysed only 84 per cent of the strams The patterns of M fortwtum
and M smegmatts were not specific
In the present study the patterns of ¥ phler and M smegmalts are
specthe and apparently all strams of these iwo spectes ean be wdentified
by means of the phages used However the patlern of M forfutlum 1s
not specific
Twenty nme of the 33 unclassified strans could not he 1dentified as
belonging 1 the four known specics If can be seen from distance. tables
{not mecluded in this work) that many of them have very small mutul
distances Three of the strawms are 1dentical and may thus be supposed
te belong in the same unknown species They do not grow at 45 or
52 © they react only to formumde form acid with manmtol only and
are lysed by Bk, However unul further examples of such strains are
‘;‘;““dr no new speeres designation can be suggested Two of the nn
assified strains (sersal “os 52 and 03) were not acid fast and these
:'llfl:; were th ot mycobacteria The col were reddish i colour
sanlot e only two strains thal were Jysed by phage D30 whick 15
yse nocardia hut not mycobactera It 1s probable that these two
strains belong n the nocardia group This 13 1 agreement
observations of F, with the
roman (1961) and Bonicke & Juhasz (1960)
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SUMMARY

Forly three classified and 33 unclassified rapidhy Lrowin, mycobaciena

»w

ere exvmned with 2 view lo ther ability (o grow at 45 and 52°C

therr reaction to thirteen wmdes therr bty to produce acid from
twelve carbohydrates and their sensitnas o len bacteriophages

A quanhilative anabvsis of the 27 first mentioned characlerislies was

made m the form of distance tables & definttion of a Iyprcal paliern of

th
w

te four species W phler W smegmalss, V fortusfum 1wd M vaccae
1s established and 1 companson made butneen the individual struns

and the palterns concerned It was shown thal 1t was possible to group
the elissified strams mto their respeelise species by means of these

methods

On the basis of the distances betw een the unclassified stramns and the

speeres pitterns and 1 qualitative companson wath the pattorns o was
found that enls four of the 33 unclassifitd strains could be alfocated to
the hnowit specics The remamder of the struns must belon., in other
speetes Manvy of the unclassified strauns had small mutual distances

and three r bled cach other

pletely  However the aumber of

strains was too small for new spectes designations to be estabhished on
that basis

Bx means of six hacfeniophages 1t was possible fo set up 1 scheduic

for phage tvping of rapidiv growing mveobacterin to be used m a
screening of unclassified strasps The patterns of W phler and W smeg
matts are speetfic for the struns examned m ths study

©

REFEREANCES
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SUNMYMARY

Forty threc classificd and 33 uaclassifred rapidhy growin, mycobielena
were exvummned with 2 view to therr ity to grow at 45 and 52°
their reaction to thirteen anudes thor abiits ta produce acid from
twehie curbohydrates and their scnsitivaty to ten bacteriophages

A quantitative malvsis of the 27 first mentioned characteristics was
made m the form of distance tables 4 definition of a typical pattern of
the four species M phler, M smegmalis, M fortutum and  vaccae
w15 established and 1 comparison made belween the mdividaal strmns
and the patterns concerned It was shown that it was possible to group
the classified strams mto their respectine species by means of these
methods

On the basis of the distances between the uncivssificd strams and the
spectes patierns and a qualitative comparison with fhe patfurns i was
found that only four of the 33 unclassified siruns could be aHocted to
the known species The rem nnder of the siruns must belong n other
speutes Many of the unclassified strams had small mutual distances
and three r bled cach olher pletely However the number of
strams was too small for new species designalions {o be established on
that basis

By means of six hacteropt it was ble to sct up a
for phage typing of rapudls growing mcobacleria to be used m a
sereening of unclassified strams The patterns of ¥ phier mnad ¥ smeg
malis are specific for the strawns exarmned 1n this study
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Tach bottle was mnoculated with 10 ml of B pertussis (strain 18-530 Grace
Fldering Dnision of Laboratorfes Michigan Department of Health) suspension and
ncubated for ® days at 30 ¢ The cells from 20 Roux bottles were harvested from
the agar surface pooled and adjusted to 200 ml with D9 per cent sodium chioride
‘The resuling suspension was diluted until the turhidity equaled that of the WHO
2nd Opacity {10 1U of opacity per ml) when
measured with Beckman DE at 530 my The growth was expressed as International
Opacity Units per ml caleulated from the dilution

The results ave shown 1n Table 1 When cysteine was omitted from the culture
medium a cell yield 18 per cent smaller than that provided with the routine pro
cedure (100 1U of opacity/ml) was obtained Replacement of cysteme by an equal
amount of pyruvic acid re ulted 1n a crop that was 87 per cent of the one 1n the
routine procedure However if pyruvic acid was sterilized by filtration the growth
of B pertussis was practicallv equal to the growthi ou the routine medwm Fren
Detter results were obtained when 300 mg per litre of pyruvie acid was added

When the loss of sulphur with cysteine was compensated by adding norganic
sulphate together sath pvruvic acid to the cullure medivm the cell vields were
practically equal or larger than those obtained with the routine procedure With
300 mg per litre of pvruvic acid and 35 mg per hitre of sodwm sulphate sterihzed
by fitration about 33 per cent more cells were obtained than on the medwum o
Hott (1962}

‘Thus the enhancement of the growth ot B perfussts by eysteine 1s a least partially
due to the formation of pyrusic acid during autoclaving Whether the apparent
growth promoting effect of sodm sulphate 1n the presence of pyruvic acid depends
on the utilization of inorgamic sulphur by B pertussis remains to be studied

The nature of the inhibitory substance formed duming autoclaving of the culture
media with pyruvie acid 13 not known 1t may be related to the substance ndicated
by Rowatt (197) She studied the effect of autoclaved cystewne on the growth of

B perfussts and emphasized the appearance of a growth inhibiting agent which was
beheved to be an organic peroxide

References Biirher Th € oh R Lamprecht W & Lef2lo E In  Methods of
Frn gmatic Anafysis H U Bergraeyer (Ed) 190 Acad Press NY p 253 —Holt L.
8 4 Cen Mwcrobiol 27 373-325 196% —Jebb W H I & Tomlinson 4 H J Cen
Microbwol 17 963 1957 —Aeuppinen ¥ Finska hemists Medd 77 87-97 1968
—Rowatt E 3 Gen “acroblol 17 297 396 1937
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THE FIFECT OF PYRUVIC ACID O\ THE GROWTH Or
BORDFTEL! 4 PFRTUSSIS

By Vel hauppinen and Idian Hyerp

According ta Jebb & Tamltngan (1907) the sulphur requirement of Bordetella per
{ussis was met by cysteine ¢y stine or glutathione whereas methonine and morgame
sulphate were ineffective The effect of eysterne was attributed to the formation of
cystine duriag suloclaving For the production of pertussis vaceme cystune is
routinely added to the culture medium of B perfussis (Holl 136°)

On the othee hand, 1t has been found (Rauppinen 1968) that cystewne 13 partially
canserted ta prruvee actd during auteclaving of a yeast eulture mediwm Therefore
it was of interest to study whether autoclaving of B perfussis culture medium (Holt
1962) results 1n formation of pyruvic acid and what is the effict of pyruvic anid
on the growth of B pertussis

Pyrinie acrd was determined in the autoclaved B pertussis cullure medrm
accaording to Bucher et al (1965) From 30 mg of added ¢vstewve 1D mg of pyruvl
and was formed

The growth experiments were performed as follows Cor each fest, tweaty 1 litre
Reux bottles nere used with 150 ml of the basic agar medum o each The com
position of the basic medsum wwas that used by Holt (1962) except that cystene was
omytted Belore the hottles were sterilized by antoclaviny, cysteine pyrovie aod or
pyruric acsd with sodium sulphate was added as 1odicated in Table 1 In some e¥
pertments pyruvic acid was stertlized by hiltration and added asepiically to the basie
mediam 1n Rloux bottles after autoelating (see Table 1)

TABLE 1
The Effect of Pyrurie ewd an the Growth of Bordetella pertussis

£ Grawth after two days

Sterihization pracess o
Medsum compositien {international
added nutrient Opacity Units/mb)
Basie medum Autoclavimg 670
Y + 30 mg/ cysteinet Autoclaving 750
“ W+ 30mp/lpyrush acd Autoclaving £30
4 30 rg /1 pyruvic acid \lembrane Iiltration 703
+ 300 mg Ipyrusicacid Autoclaving 670
+ 300 mg/l pyrusic acd embrane filtration 900
+ 30 mg/1 py ruvic avid 700
+ 35 mg/ Na SO, . Autoclaving
+ 30 mg/1 prruvic act on 900
. T 35men a0 \ \fembrane filtraly
o+ 300 Mg/t prrusic ac “op
+ 35 mg/l ha SO, Autoclaving
+ 300 mg 1 pyruvic aesd fembrane Ditration 1000

+ 3omz/iNa SO
Corresponds to the medwum described by Healt (1962) exeep!
tied
t gﬂ;hui to the medinm of Holf (1967} Lsed routinely fn our laborators

X Fenland
Helain el:x for thetr skitlful

t that cystase 8

e
wed 9xu 68 from The Stale Serum Fnatily
\‘?:;Ssh to thaok Ass Asta Holmstrom and Mirs Ensy Taom:
techmeal assistance
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TWO CASES OF Ig€ HEAVY CHAIN DISFASE

Bv Odd Wager Jorma A Rdsanen Iada Tindeberg and Vetklo Makela

The M components in 1,C myeloma are 1 1gG \! of tva
Tight (1) and two heavy () polspeptrde chams In 16 hcavv chain disease the
M camponent 1s devead of 1 chains and related to the ¢ fragment of the H cham
and 1t 15 present both 1n serum and urine

Since 1964 a total of 8 cases of lao beavy chain dlscasc have been r'umnshcd 1
2 3 4 6) The clinreal preture is 1zed By had, thy
megaly crvthema and ceduma of the soft palate rccurrene bacterial wnfections
particularly pneumonras but not by sceletal mycliement Six of the 8 patients have

Ia the present preliminary communication some chmical and mmunologic data
of two additional patients are reported

A woman of €5 with 20 years hist>re of S gren < svndrome and of pulmonary
tuberulosis in Temission since 1965 develaped i 1909 pralonged fever and swelling
of the right supraclavicular nodes Biopsv (Fig 1) showed abundant afypical plas
macytoss m different stages of matarity Russell bodrcs were also stin

Immunoelectrophorests of her sernm (Tic 2) resealed an anodic br at deviation
of the gt line with sera to IuC H ham but not
with thase spectfte for I cham  Routme tests did not detect preteinuria In concen
trated urine howcver an M component of simtlar mobilits and mamunologre rea

T AT e . T T “‘m
A

\

R

Hasprtal
Recesved 20 xtt ¢ from the Waniezpal Bacters lopical Fabcatory Aurora Hosp
Funfond
Helsindt Fur ted by grants from the Sigrid Juselia

his study was uppar
"I'mxes :mn)lgl; serum was htamed through the courtesy of &F

s Foundation Fentwt?
 Beantch
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:S\ﬂ;‘ “.-usx fornd on immuncelectrophoresis and op agar and cellulose acetate elec
rophoresis a corresponding marrow band was seen, No narrow hands suggestive of
M componenis were found mn secum

Thest findings were considered strong evidence of IgG heavy chain disease and
search for addibional eases was imbiated Immunoelectrograms of sera from 173
patients with IgG M components were restened and 12 sers with abodic broad
devtatians were selected for re evaluation One of them v1elded a simular frmmuna
clectrophoretic patlern as that descrtbed above

This male patient of £3 had since 1865 been treated 6 times at the Aurora hospital
for preumonias once presenting a positine Ylood eulture for pneumacecer After his
latest hospitzhzation in January 1948 he had t mained in fardy good general

He had b 1 Iy batae by

The M components were fsolated from serum by smmonium sulphate at hall
saturation followed by Pecihon zane electre phoresis using veronal buffer pH 86
fonic strength 0075 and by gel filtration on Sephadex £~150 m § N propiome serd
and from urine by ammonmum sulphate followed directis by get filtration

The urine I components gasve Sy, talues of 40 and ?8 their hevose contents
were 102 and 111 per cent respecinels

In Ouchterlons 2nalvsis the tomponents gave reactions of wentity with each
other when tested against ants IgC H or ~Fc whercas bath gave reaction of partial
sdentity with 1gG when tested against anty IgC H and reaction of identily when
tested agapst ants Fo This pattern sugxests absence from the M components of stme
H chain epstopes present on the whole lgG H chawm (Fd epitopes?) Newther of the
twe Al campanents reacted with antisera to Fab L chams g\l IgA IgD or IgE

Thus the M components of both patients were related to the [5G Fi fragment and
Tached L chafns Thewr chnical preture also was compstible with Igt beavy-chain
disease

Heass cham disease may not be as rare a disease as thought hefore (5) I
diagnosis however 1s mamh based on immuncolectrophorests and the use of mite
sophisticated immune reagents than those gereralls used 1a routine diagnostic worh

References ! Filman I I € Bbed A J “ew Engl J Med 278 1195 1201 1975
9 Prandlin E € Lowenstein J Bigelow B & Melt er M Am 3 Med 37 33°
350 19643 Lebreton J P Rwat U Guidlerot I { Ropart € FPre se méd 2
2331-2254 1967 —3 Osserman E P ¢ Tahatsuht R Am J Ved 3, 39 373 198
5 Sehgman M 1t Basch § Proc \il Congr Int Soc Haematol “cw York 1963
p 21-31—6 Zauadsht 7 A Benedeh T € Fin D Euston X% ibnd p 13
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ACCELERATION OF
SPONTANEQUS INTIMAL—SUBINTIMAL CHANGES IN
RABBIT AORTA BY A PROLONGED MODERATE
CARBON MONOYXIDE EXPOSURE

By

J Wanstrup h hJewopses and P AsTrue
Tecened 9 vin 68

Hypoxia 1s believed to be 1 basic factor 1n atherogenesis (Hueper 1944)
Recenlly Astrup et al 1967 demonstrated the enhancing effect of carbon
monoxide on experimental cholesterol atheromatosis in rabbits

The aim of the present study 1s to evaluate the influence of a long
lasting moderate carbon monoxide exposure on another atherosclerotic
model 1e the spontaneous degeneratrnve and reparative vascular changes
taking place in the mhimal subintimal coats of the rabbit aorta

MATERIAL &\D METHODS

The experiments were carmied out oo castrated male albino rabbits of Damish
Country breed The anumals were of pure breed and obtained from the same source
The age at the start of the experiment was abcut 3 3 months and the werghts
between 2700-3000 § The only source of feed sas standard rabbit pellets and tap
water ad fibttam

Exposure fo carbon mansrtle " mrtight chambers (volume 1 m3) made of
Perspex were nsed I ach chamber contamed individual cages for 5 antmals The
chamhers tere opened onlv once daily for feedmg and rinsin  purposes Carban
monotide Yas mived with atmosphen air as ¢arlier des ribed (Astrup et af 1987)
Flow trough the chamhers was maintained at 30 litres per minute

Methods for chentical determination Carbovshacmn Iobin was estimated spectro
photomstrcalls as deseribed earher (sirup ef ol 1967)

‘rperimental prace fare After the usual acclimatization pro

1967) the animals were diried 2t random Into 2 Braups One Zﬁiﬁ;‘iﬁ:‘.‘l“’;:; p
carbon mcnovide the other was used a control and kept in atmaspheric .u-pne i o
the experimental period the xposure chambers contained 0009 = 0 008 1 or cent 17>
carbn monoude giing a mean carboxyhacmoglobin saturation af 31 o Golt

After 3 months the amumals were lulle | and macroscopic and micros opic atopns

erforme ady e 3
rpem(“(d - ‘o‘cnh y + e1ghts were noted and the heart lungs and the aorta were

Mucroscopie ezaminttion The heart was exc
Woight after reme a1 T clats was nated Specite mntore ), 2 eGmined The
af focal m oc rdial ch nges *a3 pard to the presence

€ ratitwde Iy expressed o K VMeflemgaard I D
Seckly analvaes (infrared spe tophatometrsy oY G678 MD for performung
s wo h was suprortci 11 grants fra
Pehvmpelse and from P Ca 1 Deteesens Fonp |79 Gl Hpertesyodommenes

3 acTapaTh 7 3
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The aorta was opened and the degree of localized {ntimal thanges ssaessed and
graded fro D o +++ as describeed earlier (Astrieg et al 1967)

iy L A 1o ronding sections from the hear! aorta and
lungs were tahen for Microscopy  “eutral buffered formalin fixation and canven
tional paraftin embedding was used The follosing stamning fechniques were used
Haematoxyhin eosin van Gieson combined elastin and «otagen staimng (Eskelund
1957) stammng for fibrin Like substan cs (Lendrum et al 196%) colloidal jron
stamng for acid id subst {(Vawry s and ahsarm red
stafning for caleium Occaslonally lpid stainfng was performed on cryustat sections

RESULTS

Macroscopie Findings

The GO exposed anunals constanily shawed wncreased amounts of
serous fluid in the perifonen! plevral and perscardiaf cavsties

Visible mntimal changes were only secn 1n the aortie arch Dccrsion
ally small clevaled plaques were found n both groups nd macro
scapially no si;mficant differcnces between the two groups could be
estabhished on {his Basis (Table 1)

TABLE 3
Macroscopic and Mucroscopic Changes Graded from § to +++ of Rabbils on a
Vormal Diet Exposed or not Exposed to Carban Vonoxiude for 3 Months

Macroscopy . Aortae
Coatrol Aortic arch fieroscopy
group Heart plaque . Pf::luel focal m"c’;:n:x:grs

61 [} 0 0 o
66 [ + + o
62 0 0 [} 0

193 0 ] + o
65 [ + ++ g

11 [ 1‘; +++ K
[ 0

n7 + ++ ++h ++

€O exposed
group .
® 4
5 b o 4 s
51 0 + +4+ £t
52 + + + 4 i i
53 + +r + + t+ AN
5% a T
+ ++

gg i ¢ 4 + *++
61 + 0 +4 *

showcd o statishe
15 Most of the
iz and/or
q the

The men weights of the hearts n the two gmnps; .
ally stgmlcant hiferenees {7 5g+x08+ 73¢g ; b
CO exposed ammals (7/9) showed areas with 1";5 T
haemerrhages predomnantly jocahized to the h
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Figs 1-2
A rta from CO exposed r1bb t To the left slightly elevated plaque formation
situated sn intima subimlima and inner media Promnent collagen forma
tion I+ scen in addition to sgeregation of elastic material in centre (black in
picture) In aljacent areas disturbanee in intimal subint mal architecture
oedema splitling of membranes and thichcned otima (no nuclear stainingy
Combined cla lincollagen stain (Eskelund) X 140

Aorta from €O exposed rahbit In fntima sul [ntira large oedematons “paat =

are present Marked disarrangetnent of Juminal elastic membrancs is further
more scen and endothelial cells

ppear hipertrophied Vestopal embedde,
1 micron thick section Tolufdiae blue staln X 330 = =~

§

1

5
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Feg o Myocardium from CO exposed rabint Perivascutar
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Gieson stain X 140
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of depencration of the mvocardial flrils wore also noted (Hgs 5 6)
Reeent tnfarction wos nol found in e prosent sludy The coronars
arteries showdd ne diffcronces hadweaen the wo proups

Other organe Some of the (O oxposcd anfmals showed snall pacu
monie focl and somctimes the pubmonary arteelos oxbibited mael od
intlun! sclorosie ovantuntly rising o fhrouy plagque formation

DINCUSHTON

Microscopy showed mathed diffcronces hetseen e we groups in 1y
present study conce rning nospeehinm of focal dopeneralive and ropara
tive chanpes b (e intmal subintlimal conls Na <ignificant difforenecs
were obverved I the dogroe of visible (macieseople) Intmnl chatges
We (] Justificd nlooking upon a numbar of the microscople chanpes
ne changes pathiopinetiealls rolatad to athorosclorords e matue
alheroslerotie Wosfons (phague Totmation) are usually accompaniad n
comparable  wmarginalls siunlad teslons Vascular changes duticd
tlzed by disturbance In architccture splilting of nombreancy ocdomn
and ccllutor profifceation are well deseribod and also poported as spon
tancous Iesions n Whe eobbit porta (Heist & More 190%)  bul oddly
notph nlerpraled as Monckeborg modin upe kelons Theoy are also
secn nfler sevore acute carhon monovide intoxdoations prodominnntiy
tn modlum and stall stzod vosseds (Rovenblath 025 Polrf 1027 R
1002 Yant et al 1034 and Peatschem 1058)

e saseutnr changes deseribed thus confirm the reanlts oblalocd by
corlier Investipnlors sl carbon monexdde cxposure plves rise to endo
thedinl by portraphy and prolifcration splitting up of the subintimal
fibrillar texture and to o marked foeal sublnlimal ocduvma Apparontly
attention has not carlier bean pald to such elinnpes in the nortn and
eapecindly not n conncction with chronte (O cxpastire ghving onh 11
per cent earhon monoxlde saturation of e hacmoplobin The depencrn
tive mvocardinl chunges doseribod In the prosanl study are In necord
nnce with earlier teporle (Catepbell 1020 8 hedch ol al 1041 and L awey
& Drabdin 1014

The prosence of abnonnal amounts of fluld in the scrous casithos
in the prosent exporimantal animale suphest an mercascd peeme abllity
of the (nde and mecolhedlal membreanes caused by earbon monaxid,

The toenlized ocdamatous arcas In the sorla comparable to Ui well
known sahvular and subindocardint ocdann peobably eeflects o div
turhanee in the trangport of fluld across the arlosdnl wall An fncreased
endothiclinl pormability for albumm I scen In human subjoels after
moderate earhon monoxide oxposues {Sggaard Andersen el al 1068
and Paull ef al 1069) suppesting that the oudema may ordpinale in
permanbility ehanpes The ocdema coutld therefore by roaponsible hoth
for the swalling nnd the splitting up of the saseutar mombranes ane



362

Ajeldsen K Smolang and atherosclerosis Investigations on the tole af carban
monoxide content of tobacco smoke n atherogenesis Thesis Copeshagen To
be published

Kjeldsen A Wanstrup J & Astrup P Enhancing influence of arterial kypovia on
the devel of athd m chol 1 fed rabbits J Atheroseler
Res 8 835-84a 1968

Lendrum A C Fraser DS Shdders W & Henderson R Studies on the character
and staining of fibrin J Chn Path 15 401-413 1987

Lewey F H & Drablan D L Experimental chronic carbon monoxide poisoning of
dogs Amer I \fed So1 208 502-510 1944

Pault H G Truniger B lTarsen § K & VMulhawsen R O Funchion during pro

longed exposure to hvpoxia and carbon manoxide I Glomerular filtration

and plasma flow Scand J chin Lab Invest 22 (Suppl 103) 6167 1968

hew 4  hal, dvergiftung dbuch der speziellen Pathologischen &na
torme und Histologie Lubarsch Henke & Roessle eds Springer Verlag Berln

2107-2149 R 2440-2449 1958

Petrt E 'ber Hirngefass Zerressungen bei Leuchtgasvergiftung Centralbl f Allg
Path u Path Anat 40 385-187 1927

Rix E  Experimentelle Untersuchungen zuv Frage der [euchtgas Lerpiftung Vir
chows Archiv f Path 4Anat 283 801-816 1932

Rosenblath P Uber exner Fall yon L giftung mut sch er Verkallun
der Palidumgefasse Disch Ztschr Aervenheilhunde 85 276 286 1925

Schiichter J & Harnis R The vasculanzation of the aorta I1 A comparative study
of the aortic vaseulanization of several specics in health and disease Amer J
Med Sc1 213 610-615 1949

Siggaard Andersen J  Bonde Pelersen F Hansen T & Mellemganrd K Plasma
yolume and Aascular permeabilits during hypowa and carbon monoxide ex
posare Scand J chin Lab Invest 22 (Suppl 103) 39 48 1963

Solomon R D The biologv and pathogenesis of vascular disease Advances i Ger
ontological Research 2 285-354 1967

Whereat A P Atherosclerosts and metabolic disorder 10 the arterial wall Exer
Mol Path 7 233-247 1967

lant W P Chornyak J Schrenh HH Pattn F 4 & Sagers R R Studies 18
asphyxia Publ Health Bull No 211 Washington 153

P




Acta path microbiol scandinav 75 363-366 1969

The Departments of Clinical Bactertology (Head S Bergman) and
Surgery (Head § Borgstrom) Unnersity of Ume& Sweden

LYMPHOCYTE RESPONSE TO PHY TOHAEMAGGLUTININ
FOLLOWING CHOLECYSTECTOMY

By
S Bercyan S Borcstrov and A TARNVUIK
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A reduced response of small peripheral Ivmphocyles to phytohacmag
glatimn {P B A ) bas been found in many diseases with impared wm
munologienl competence such as Ivmphoprolifer stive disorders (Dame
sheh 1967) ataaa telangiectasia (Oppenheim et al 1966) sarcoidosis
(Hirschhorn et al 1961) and Whipple s disease (Varwell et al 1968)
and 1t has also becn found after treatment with immunosuppressant
drugs (Hersh et al 1967) Delermmation of the lymphocyte response
to PH A has been suggested as a stmple ool for assessing the tmmuno
logical competence of peripheral lymphocstes {fersh ef al 1967 and
Dameshel 1967) Riddle & Berenbaum (1967) and Riddle (1967) re
cently reperted reduchion of the lymphoevie response to PH A follow
ng surgery

In this studv 1ymphocytes were obtained from palients hefore chole
cvstectomy and i various ntervals after the operation The frequency
of blasthke cells after cullure of these Ivmphocytes 1n the presence of
PHA was determined Serum samples from the same patients were
tested on lvmphocytes from a healthy person

MATERIALS AND METHODS

Fleven patients (10 @ 1 &) undergoing cholecystectomy were studied Two of the
pavients recened blood transtusion 3 unit each the aay alter the operation There
were no hnown cn-existing diseases None of the patients recerved corticosteroads
Neither the operatlon nor the later course Was comphiealed. Blood samples were
ohtained Lefore operation as well as shout 24 hours and 5 to ™9 da s after the
operation

Tight millilitre senous bload samples were collected into heparinized tubes con
taining 4 ml of 6 per cent dextran (Pharmacia) The tubes were placed at an angle
of 4 for 1 hour in sn ice bath The supcrnatant was then centrifuged 160 ¢ for
& min The cells sere suspenied in s concentration of 07 X 10¢ cells/ml 1n 8 tubes
15 ml in each four tubes contaned autologous serum obtamed from the same
sample us the lymphocytes the other contained pooled serum from healthy subgects
Thgd jiame pool was used throughont the mvestis tion. The composition of the
medium was

Parker TCM (with 125 units

penlelllin and 135 ¥ streptomvein/ml)
s rum
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LYMPHOCYTE RESPONSE TO PHY TOHAEMAGGLUTININ
FOLLOWING CHOLECYSTECTOMY

By
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A reduced response of small peripheral lymphoeytes to phylohacmag
glubimin (P H A ) has been found 1o manv diseases wilh imparred m
munologenl competence such as lvmphoproliferative disorders {Dame
shek 1967) ataxia telangiectasia (Oppenheim et al 1966) sarcoidosis
(Hirschhorn ef ol 1961) and Whipples disease (Maxwell ot al 1988)
and 1t has also been found after treatment with immunosuppressany
drugs (Hersh et al 1967) Determnation of the Iymphocyte Tesponse
to PH A has been suggested as a simple lool for assessing the immung
logical competence of peripheral lymphocytes (Hersh ef ol 1967 and
Dameshel 1967) Riddle & Berenbaum (1967) and Rudqle {1967) re
cently reported reduction of the lymphocyte response to PH 4 foyygy
g surgery

In this study lymphocytes were oblained from pafints before chole
cystectomy and at various intervals after the operation The frequeney
of blastlihe cells after culture of these lymphocvtes i the Presence of
PHA was determined Serum samples from th, sapme Palients were
tested on Ivmphacytes from a healthy person

MATCRIALS AND METHoDs

Eleven pat ents (10 ¢ 1 8) undergome cholecystect my v,
paticats re  mved blood transuss o 1 unIC each the dor ey ptied T of e
vere no Lnown ca exi Ung dise ses NoRe of the patiyy e 1 PEFRln, Thers
Nerther the peration nor the laler €ourse Was complagterpcd, OFicos erorcyy
sbtxined b € operation a5 well a3 hout o hogey wey s D2 S0l wepe
operation 099 dars afrep Re
Exght mifllitre ven 15 blood samples were alstg

talning 4 ol of 6 pe ¢ at dextran (Pharman) Thy g NP3 topes oo
of 45 for 1 hou in an ice bath The supemstony 2% 10re plag 5
& min The cells B¢ ¢ suspended 1n 4 concentratygy ,u Ahen centrty o 10 g ¢
15 mi v each Four tubes contained sutologys o107 X 10 el g 10 .1 €
sample as th Iymrhocstes the others contained poprer’ Hined from gy,
The 5.m Beol Was wsed Whroughout the ot 2 frog peen B $2

Collecte,

medium w $ “estigation, 3, mmp)mm“:;:l;
Parker TC\ (nith 125 unye )
penicill
cbameilin a0 1257 slreptaar

inl
Im
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Effect of serum from cholecvstectoms patients on the 1THA resptn ¢ of hmphedsted
from a healthy person The arrow indicates the day of opirathn

PHA ({o mg/ml) 008 ml
Heparin (Vitrum 5 per cent aqueous solatlon
without preservative) 00% mi

The PH A used was extracted from hidney leans (Hall 1)t 6

The cells were incubated at 37 C 1n 5 per cent CO —95 yor cent ale Afur 70 12
Tours the suspensions were centrafuged for 5 min (110 g) and the supcrnatants wer
Pipetied off The cells were suspende i an 1 ml of 07 pur cont Sadium eltrate st
34 C for 15 mio The suspen 10ns were centrifuged for » min (100 ¢) and the cells
were fixed 1n 80 per cent acetic acid 1 01 N hydrechlirie acld for % min b celle
were stained 1o one drop of  per cent orceln evenly distributed with a tastenr
pipette and then transferred to shide Cover glasse< were applied anl fixed with
homg cement. From each set of 4 tubes 800-2000 cclls were examingd The frequencs
of large pale hlasthike cells was determined Mitoses were Included but not medium
sized and small cell forms

Samples of seva frown the patients wire sterad at —~70 € and later tested on
Iymphocytes from a healthy person

The results were examined statisti ally wsiog the ehd square test for heterogencity

RISUITS

The frequency of blasthihe cells was significntly lowcr (0 < 0001 in
S patients and 0 001 < p < 0 01 1n 1 padient) in eultnres of Ivmphocyles
oblained about 24 hours after oper thon than in preoperativey eultuees
In this series of experiments (115 1a) the medium contgined aulolo
8aus serum The results were cssenhially the samyg fp<tat tn all 7
Phients) when the mediym cont uned pooled serum from healthy por
Sons instead of autologous scrum (Lig 1b) T
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The response to P H A usually began to recover within 10 days of the
operation When cultured in autologous serum the cells from 6 out of
7 patients showed a significant 1ncrense 1n the blastoid frequency
(p<0001) When the cells were cultured m poated honiologous serum
from healthy persons a sigmificant increase from the 1st postoperatne
day was found m 6 patients (p<0 001)

Serum samples {rom 7 of the patients were {ested on Iymphocyles
from 2 healthy person Thes did not affect the PHA response (Fig 2)

DISCUSSION

Riddle & Berenbaum (1967) nnd Riddle (1967) reported a reduced re
sponse to P H A of peripheral lymphocyles tn vilro after v arious surg
cal operations This depression was seen also when autologous serum
was not present i the medium Serum obtuned trom pafbients after
operation did not affect Ivmphocvtes from n healthy person The e
sults of the present study a,ree with these ohservafions The under
lying mechanism of the reduced Ivmphocyte reactivity after surgery s
obscure One obvicus possibibity 1s 2 hormonal effect on the lympho
cytes
SUMMARY

The response of small peripheral Iymphocttes to PH A was found to
be reduced one day after cholecystectomy

REFERENCES

Dameshel W Chronic lymphoey tic leul emi1 —an accumulatiye discase of 1mmuno
logically incompetent hymphocytes Blood 29 566-384 1967

Hall B \longolism 1n newborns Acta paediat (Uppsala) Suppl 15% p 12 1964

Uersh E M & Oppenherm J J Inhibition of 1 viro Iymphoeyte tramsformation
duning chemotherapy 1n man Cancer Res 27 9810 1867

)llr:chhnm k Schrebman R R Bach F Il & Stzba b L E Intitro snml:;s:sr

lympho ytes from patients with sarcordosis and lvmp
Lancet 2 33°-813 1964 tes
Mazwell J D Ferguson A MrKay A M Imre R € & Watson ¥ £ Lymphot
in Whipple s disense Lancet 2 887-839 1578
Oppenherm J J  Barlow M Weldmann T A & Blocl J B Impatred 2 ud'“:lo
1ymphocste transformation in palients with ataxia telangiectasis Brit me
2 330- 333 1966
Riddle P R & Berenboum W C TDostoperative depression of the lymphacyte re
spanse to phytohaemagmlutinin Lancet 7 746-T48 196 surg o
Riddfe P R Distusbed fmmune reactions following surgery Brit J
889-8%6 1967



Acta path mucrobiol scandinay ¥ 307369 1863

The Dl‘parlm('nh of Cliaweal Bactusiolony (Head § Bergman) and Surgery
Yicad $§ Borgstrom) University of Umed Sweden

ETFECTS OF SERUM IROM
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‘The behavour of HeLa cells m monolaver cultures 1s influenced by
scrum In the techmque described by Bergman (1958) cells are allowed
1o atlach fo glass plales i the presence of various sera and othor test
solutions The cefls are affervards cultivsted and finalhy counted dura
from patients with misceliancous diseases hare been tested by this tech
maue {Hergman 1966}

In thus study pre and postoperatne sera from cholicystectomy pa
tients were studied

MATERIALS AND METHODS
Serum samples from 10 femuale patunts wer studicd “one of the patrents had
re eived blood transfustons “one had any hnown to existing disease Corticosterords
were not given “\erther the operatron nor the later course had been vomplicated

Nenous blood samples obtsincd before and at varfous intenvals after operation
were centnfuged and the sertm was immediately frozen at -8 €, Serum samples
from esch patient were tested at the same thne after storage at + 4 C for 7 days
(Rcmmun 1966)

he experiments were perfoime on ordinary glass plates on which Heta-vells

100 008 cells/mi were secded in the serum to Iu tested After the eclls had been
attached to the gla s for 5 hours they were allowed to grow for 18 hours and were
then fixed staged ond counted (Bergman 19 3) Twenty lields of vision per glass

were examned ynder the Immersson lens iplane 1007125 160/~ ocular 12.5 ) and
5 glasses were used for each test

RESLLTS

Two preoperative serum samples from each of the 10 patients were
tested (Fy, 1} The average cell number nas lessthan 21 2 (1 S5 and
15 H) of the patients and between 4 and 16 1 the remaning 8

After the operation the average colf number was befow 2 on at least
onc oceasion 1 all palients exeept J Ar InVewses (F D, S A J Al
Al JH Jh and F V) the average ool count fell sigmficantly
ip < 6001) withun about 24 hours to 4 d13s of the operation In serum
samples fram 5 of the patients he cell number began to merease withun
2 month of opiration In 2 eses (L D and A H ) followed for 4 and
2 weehs the cell number showed no tendeney 1o merease
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‘The response 1o PILA_ ncually began 1o recover witan 10 davs o 1he
operztron. When enitured m antolasons <ernm, the emls from 6 ozt of
7 patenls showed a simmficant inerease 1 the blasicad freguemer
(p<0061) When the eells were cnltnred 1n pooled h smolozuns serm
from bealthv per<ons, a sigmficant mrrease from the Ist paconemzree
dav was {ound 1n 6 patienls (p<0001)

Serum samples from 7 of the palients weme 1es!rd on hord wyss
{rom a healihr per<on. Thev did not affert the PHA-response (F2.2)

DISCTSSION

Riddle & Berenbaum (1967) and Piddle 11937 reporied 2 vadn~=d 1e-
sponse to PH A of peripheral Ivmphocvies 1n ritro afler var-os sora-
cal operations This depreswion was seen also swhen aololozn 2 <srom
was not present mn the medimm. Serum eblamed from ptients afler
coperalion did not affect Ivmphoevies from a healthy pareon. The 1e-
sulls of the pre<ent stndy azree wath thece obcevalions Ths mder-
fsmyg mechamism of the redored tvmphocsie reactivaty afte= coraers >s
obscore One obvions possihibity 1s @ hormenal effect on the ~mphe-

cvles
STMNMNARY

The response of <mall periphera) Ivmphotvies to PHA wax mdio
be rednced one dav afler cholecv<teclomv
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The behaviour of HeLa cefis m monofayer cuflures 15 infinenced by
serum In the techmgue described by Bergman (1959) cells are allowed
{o attach to glass plates in the presence of various sera and other test
solutions The cells are afterwards culbvated and finally counted Scra
from patients with imscellaneous diseases have buen tested by this tech
nique (Bergman 1966)

In thus study pre and postoperatise serx from cholecystectomy pa
tients were studied

MATERIALS AND METHODS

Serum samples from 10 female patients were studied Nome of the patients had
recenned blood transfusions Mone had any hnown co existing disease Corticosterolds
were not given Neither the operation nor the later course had been complicaled

Venous blood samples obtained before and at various jntervals afler operation
were centrifuged and the scrum was Immediately frozen at —70 C. Serum samples
from each patient were tested at the same time after storage at + 4 C for 7 dayy
{Bergman 1966)

¢ experiments were performed on ordmary glass plates on which MeLaell;

100000 cells/m] were secded sn the serum to be lested After the cclls had bey
altached to the glass for 5 hours they were allosed 10 Erow for 18 hours and were
then ficed stuined and counted (Bergman 1903) Twenly fields of vision pee gly 3
were examned under the [mmersion leos (plane 100/125 150/~ ocular 123 X) apg
5 glasses were used for each test.

NESULTS

Two preoperatine serum sampls from each of the 10 patients Were
{ested (Fig 1) The average cell number was less than 2.1n 2 (rs and
1 11) of the patients and between 4 and 1610 the remaimng §
After the operation th average cell number was below 2 on ot leagt
one oceaston 1n all patients exe pt J Ar In7 eases (I D, 8 4 I At
AT JI IR oand F Y0 the avrage cell count £l signyfioge
(p < 9001) within about 21 hours to 4 days of the operation Tay, o
samples from 5 of the patients the cell number bhegan {4 erease “H’vm
a month of operalion In2cas s «I D and A 11 followed for .:lh)-,
2weehs the ecl) number showcd no tendeney 1o merease "‘7
-~ y
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The response to PH A usually began to recoser wilhm 10 days of the
operation When cultured 1n autologous serum the cells from 6 out of
7 patients showed a sigmificant increase n the blastoid frequency
{p<0001) VWhen the cells were cultured pooled homologous serum
from healthy persons a sigmficant increase from the 1st postoperative
dav was found in 6 pahents (p<0 001)

Serum samples from 7 of the patients were tested on lymphocytes
from a henlthy person Thev did not affect the PHA response (Fig 2)

DISCUSSION

Riddle & Berenbaum (1967) and Riddle {1967) reported a reduced re
sponse to PH A of peripheral lymphocyles in vitro after various surg
cal operations This depression was seen also when aniolosous serum
was not present in the medium Serum obtamed from patents after
operation did not affect Ivmphocytes from - healthy person The re
sults of the present study agree with these observations The under
I3mng mechanism of the reduced Ivmphocyte reactivily after surgery 1s
obscure One obvious possibility 1s a hormonal effect on the Iympho

cyles
SUMMARY

The responsc of small peripheral Ivmphoctles to PHA was found to
be reduced one day after choleeystectomy
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Thus 1n 7 out of the 10 patients thc relatively lish preoperatie cell
numbers fell after the operation In scrum samples from 2 (1 S and
J Ar) of the patients the cell counts gave inconsistent results ndm
one (H B) the cell number was low throughout the mveshignhion

DISCUSSION
ation (Bergman 1966) of normal sera with the
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They lso noted that the slope of the first hmear component was greater
than that of the second ndsenting that the rate of mncrease in incidence
was higher prior to age 40 than after age 40 [ ienfeld & Johnson con
cluded that Clemmesen s hook appeared to be a result of the change m
the slope that ovcurred at 40 1o 45 years of age

On the basis of these observations Lultenfeld & Johnson developed
a hvpathesis accordin,, to which the female popuiation was assumed o
consist of {no subgroups one group was susceptible to the develop
ment of these tumours while the other was not susceptible They
derived empiriclly & distribution which represented the proportion of
females who remamed susceplible at various ages By comparing this
distribution with that representmg the percentage of women shl! men
struatyng they noted a general stmlarity

The authors concluded that the hvpothesis presented in their report
was consistent with the 1dea that oestrogen and/for other hormones may
form a necessary substance upon which other factors may act m order
to produce the specific cancer

De Waard et al (1960 1964) dided therr climeal breast cancer
material according to condihions associated with adrenal oestrogen
produchon and concluded that there nnght be two fypes of breast
cancer One 1s largely Iimited to the reproductive vears and ovarsian
oestrogens might play vole in ats genesss the second type 1s largely
postmenopausal adrenal aestrogens bemg aetiologically involved

As pointed out breast ¢ancer does not follow the gencral neidence
pattern accordmg to age In this paper it wall be considered whether
the azge speaific mncidence curve for breast cancer supports the posst

hility that Clemmesen s hook 1s caused by two types or compenents of
breast caneer

TABLE 1
Estimated Parameters of the Age Specsfic Incidence Curve for Carcinoma
of the Breast 1t Yordic Countries

Couatey E tumates of the parameters

a, t, o a, t, -
Denmark 40 415 50 50 287 25
Tinland 32 a2 62 108 775 20
Norway 72 475 70 290 875 20
Sweden 57 475 60 240 85 20

Tt o o recent proposal (Hal ama) the age spetslic modente cutse
for cancerous diseases 15 assumed to have a normal distribution The
incdence curse for hreast cancer 1s resolved inlo two normal com
ponents applying the stalbistical methodology proposed by Bhatlacharyn
{1967) Tins methodology requires no assumphions wath regard to the
acliplogy of breast cancer only the exislence of the components is
considered

"
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The Finnish Cancer Registry Helsink: Finland

THF PECULIAR AGE
SPECITIC INCIDENCE CURVE FOR CANCER OF
THE BREAST—CLEMMESEN S HOOK

By

MATTr HABAMA
Recelved 23 vii1 63

Breast cancer incidence as 4 function of age shows 4 continuous mcrease
up to the age of forly to forty five years Then there occurs a leveling
off or a shight dimmnution of the rates for the next few years of age
after which the rates agmn show in inereasing trend until very old
age This patfern of age specific d rates 15 m tu
mours of other sites The diminulion n breast cancer ncidence rales
at about the age of forty to forty five years was reported by (lemmesen

1n 1948 and 15 generally known as ./ s hook (Ci 1948

1965)

Several cxplanations for this leveling off have been gnen Since the
period of diminution comneides wath the average age 1t the onset of the
menopause 1t has been assumed that the hormonal changes at that age
decrease the rish of developing breast cancer

Clemmesen (1951) su.gested that the hormonal unbalance caused by
the subsequcnt disappearance of various hormones at this age may
laccelemte or postpone the development of an eventual mammary

- cancer thus transfermng cases to other age classcs and changing the
shape of the curve

MacMahon (1957) advanced a hypothesis according to which the
Ievelling off of the rates in data for a cross section of a population at
a given time represented 1n reahty an imcreased susceptibibty to breast
cancer among younger cohorts However as pownted out by Haens.el

(1961) this hvpothesis would amply 1n nereasing trend 1o nisk of

developing mammary canccr an assumption which the avalable data

does not support
According to Lilienfeld & Johnson (1925) the age speaific '"“"”‘l‘c

rates for breast cancer graphed on semilogarithmic paper could ’f

resolved 1nto two hnear components onc component that was P”‘“‘:t

durng the peried from 20 to 40 years of hife and 1 sccond lhn; l:lc‘i‘;‘l,c

abont 30 years of 1,¢ and conlimued for the remainder o

Presented partly at the 15th meeting of the Nordic Cancer Umion Oslo 1967
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Breast cancer inadence m Denmark Finland Norway and Sweden 1s
used The data are from the Finnish Cancer Registry and from the UICC
publication Cancer Incrdence 1n Frve Continents (Doll ef al 1966) The
equation for two normal distributron curves added together 1s given by
the equation

Yo

The estimated parameters for this equahion are grven m Table 1
Tigs 1 2 3 and 4 show the age specific ncidence rates and the est
mated meidence curves 1n the Nordic Countries

In the figures a logarithmic seale 1s used and the method of presenta
tion corresponds to that of I tlienfeld & Johnson The curve consists of
two additive pormal P s which T bl bination of
two straight ines Fyven if the curves fairly qccuratcly 1t the incidence
rates the resulls eannot be accepted as a proof of two components of
cancer of the breast This 1s because there 1s a large number of para
meters six altogether which speeify the curve and several other hypo
theses of this complexity would proside & sumlar agreement with the
observations However the agreement with the available data does not
contradict the hypothesss according to which there are two compo
nents of breast cancer

Indirect support for the hypothesis of two forms of mammary cancer
1s provided by the fact that CI s hook 1s du when
mortahity dala instead of incidence data 1s considered and that the sur
‘ival of youn,, breast cancer patients 1s better than that to be expected
on the basis of the biological behastor of a malignant neoplasm by age
compared with the prognosis of older patients Thus the prognosis of
the first component might be better than the prognosis of the second
tomponent

There 1s some evidence m favour of the conclusion that Clemmesen s

hook 1s caused by two components of a disease both of which are called
breast cancer

u(l)—nxexp(“/( ))—i—a EYP(—l/(

SUMMARY

The age speerfic incidence rates from the Nordic Countries are employed
1o support the hypothesis accordmg to which there may be two compo
nents of breast cancer the first with a peak at about 50 years of age
and the second wilh a peak at considerably higher ages

RFFFRFNCES

Bhatta harpe € G A Simple Meth d ¢ R:sulullon of a Distribution Inte Gau

s1an Companents Biometrics 94 115-135 1

(1 mmesen J  Carclnoma of the Brea { Symposlum Results from Statistical Re
search British Journsl of Radial g °f 533-590 1948



374

Clemmesen J On the Etiology on Somc Human Cancers 4 \at. Cancer Inst, 17

1-21 1
l studies on 1 Acta path

scandinay Suppl 174 Pp 250-"32 256 -260 1965

Doll R Payne P & Waterhouse J (Eds) Cancer Incidence in Five Continents
UICC Ceneva 1966

Haens el W Cancer Mortality among the Foreign Born fa the United States J \at
Cancer Inst 26 37-13° 1961

Hahama ' An Age Adjusted Index of Incidence in Cancer Epidemiology In pre
paration

Lilienfeld 4 € Johnson E The Age Distnbulion in Female Breast and Genital
Cancers Cancer 8§ 875-88” 1%

WMaeeVlahon B Breast Cancer at M ages—an 1 of Observed
Incidence Changes Cancer 10 1037 mu 1957

DeWaard T Boanders-Yan Halewyn EA & Hut inga J The Bimodal Age Dis
tribution of Patients with Mammar Carcinoma Cancer f7 141 151 1964

Dzﬂnard T DeloweJ W J & Baanders Van Halewyn E A On the Bimodal

on British Journal of Cancer 14 437-{43

1960



Acta path microbiol scandinav 75 375-3%8 1969

The Departments of Oral Pathology and Oral Suryery Royal Dental College
Agrhus Deamark

THE ADENOMATOID ODONTOGENIC TUMOUR

Ameloblasti. Adenomatord Tumour or Adeno Ameloblastoma

By

H P Puiuipsex and H BIry
Received 17 v111 68

The odontogenic Jaw tumours e tumours ongmatmg from tissue
being or once having been engaged n odonfogenests coler a multitude
of lesions from true 1 Iike lobl to hamar t
lesions like the ameloblastic fibroma and odontom: The hnowled,e
of these lesions has ecreased considerably wathm the last two decades
An llent review of odont tumours 1n man and domesticated
anumals has been published by Gorlin et al (1961) This and more
recent publications show that an mcreasing number of tumour sarants
and new entities are being recognized Among, the less common odonto
genic tumours 15 the so called ameloblastic adencmatoid tumour or
adeno ameloblastoma The chnical and pathological features of this
tumour scem fairly well established (Gorltn ct al 1961 and Bhashar
1964) An up to date review including cases not dealt with in the above
mentioned reviews has however revealed additional features giving a
more detailed picture of the tumour biology This report 1s an analy
si1s of the total material now available including three casces not pre
s1ously published

TERMINOLOGY

The tumour m question has been reporied in the hiterature under vary
1ng designations such as adenoameloblastoma (Bernuer & Trecke 1950
and 1946 Thoma 1905 Topa.tan & Stmon 1960 Link 1963 Bhaskar
1964 2 o) adenoameloblastic odontoma (Bernzer 1955) epithehal ty

mour d wilh divelop tal cvsts (Slafne 1948) tumour of
enamel organ epithelium (Lucas 1957 Shear 1962) teratomataus sdont
oma (Cahn 1855) ad tord or pscudo ad: lohl:

({Istukawa & Wort 1962) cystic complex composite odo
2 nloma (3,
lﬂsl)h drusiger Typ des Adamantinoms (Langer 1958 (d0es
morphic adenoma hike tumour (Qchlers 1926) and amelob}
i
matord tumour or ameloblastic adenoma (Gorliy et al 1961 Sé;c adino»
1961 1nd 1963 a o) In this paper the term aderomalord od, "[a ol
tumour (4 O T) will be used for reasons lates to be rommenlzg o
on

) unusual pleg-
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CLASSIFIGATION

According to Gorlin et al (1961) the AO T can be classified s an ep
thelial odontogemic tumour without mductive changes in the connectine
tissuv stroma In their classifieation which 1s a modification of the one
suggested by Pindborg & Clausen (1958) the tumour 1s thus grouped
togelher with the ameloblastoma and the caleifying epithehal odonte
genic tumour ( Cable 1)

TABLE 1
Classtfication of Odontogente Tumours

Epithelial odontogeme tumours
No mductne changes 1 connective tissue
Ameloblastoma
Ameloblastic adenomatsid tumour (adcno ameloblastoma)
Caleifsing epithelial odontogenic tumonr

Inductine changes 1n connective tissue
Ameloblastic fibroma and ameloblastic sarcoma

Dentinema
Immature (fibroamelablastic type)
\lature
bl and ameloblasti

Complex odontoma
Compound odontoma

Mesodermal odontogenuc tumours
Odontogenie myxoma and fibroma
Cementifving fihroma (periapical fibrous dysplasia®)
Periapreal fibrous dysplasia type
Gigantiform type

From Gorlin et al 1961

CLINICAL FFATURFS

It appears from the reviews by Gorlin et al (1961) and Bhaskar (1964)
that the tumour 1s about twice as commen n female as in male patunts
The tumour occurs at an early age usually in the second dec e of hfe

* The maxlla 1s imvolved more frequently thin the mandible accordin,
to Bhashar showing a ratio of almost 2 1 The antenor region and m
partieular the cuspid region of the mawilln 1s the most common sile of
tumour devclopment The tumour 1s frequently associated with an em
beddcd tooth

Radiographucally 11 appears as 1 radiolueent usually clearly demar
¢ated 1rea W hen associated with an embedded tooth the ridiolucency
surrounds the crown of the looth fiving the strong impresston of 1
follicular (denfigerous) cyst

On close exumimation of the roentgenograms small irregular cafesfied
bodies can somelimes be detected Apart from gradunlly mereasing bm::
CYPINSION there are few svmploms Fatlure of « tooth or (Lle(h ‘Dse:"rllx:s
or persistence of 1 decrduous tooth or teeth are common ci ange:
ipg patients Lo scek dental or medicnl dvice
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PATHOLOG
Macroscopieally most tumours are rouh
mg 1o 3em in diumeter The tumour
sule The cut surface reveals onc fargeorsi [
of which may conlan brownsh or yellowish serusohid materal In some
cases the tumonr appears sobid Often one tooth or more rarely ino are
found embedded m the tumour mass or projecting inlo the cyshie
cavity

Microscopieally the tumogr tissue 1s composed of epithehial cells ar
ranged ailher in sheels or i strands connected with one anather form
in, a eouform patturn between which 15 found z rather scanty con
nective bissue stroma contamin,, thin walled vessels weeasionally 1n
considerable number Conspicuous within the cellutar areas are sl~mc
tures of tubular ppearance each eonisisting of 1 contyal space or fumen
hined by a smgle layer of columnar epithelial cells resembling amelo
blasts (Mides 1951 Tucas 1947 and Oehlers 1961) The lumen usually
some b hil

material
In nddition to forming tubutr or ducthke structures the columnar
ceils also form comvoluted bands or bodies arnged complicated
patterns Belween the double row of opposcd columnar cells makin
up the comveluted —sausgeshaped~ cords or bodieg Nomogenous e glg
nophubhe materral o he found 7 ucas (1961} suggesty that the mb01
ke siructures are the resulls of a separation with tubwle or du cl
formntton of the epposed rows of cells m the sausage shaped b d\1c
The arcys imtervening belneen the tubular siructures ang the sa odies
shaped cords or bodies 1re ocovpied by epithelat eells 1n go Salisage
compressed and spindle shaped in other arcas the cellutar arm‘“b areas
s pnte foose and the celis assume stellate forms Thus engemcnt
stroma ts conhinuous with the tubular structures and ik, Ditheliat
bands or cords e comoluted
Seattercd throushout the tumour are small for
larger masses of calufied bodscs or globules ()em:;:d (;"gfécqllﬂl\lly
o« of £l cotumare epithels st eclls 1t direct contyguugy u” found
the tarcer eaterfud deposits These cells resembpieg amel ‘bl some of
more thin dut columnir eells found elsewhere 1n the oblasty even

Lay
sungesls that these ectl mony be (ngased 1 the "mduclm’:‘m“r Ochlers
fung or edeified smaborid whith resembled cnamel gy of the caleq
Hesu

enantetmg
Ihstochemie v studies (¥d + 1)1 Corhn & Chauap

1962 Mukawa € W5 1 1) hase revealed o Y Y958 Sheqr

vorsy mmen,, the awthers + ¢ b true nature of 1hc:;’&:“f:*gle contro.
After avng roviewed press 3 spers and ohsery od stayg e material
wine e FAOT Sewart U F uclworth (1007 by parn 8 Faclions
caltifud alod ules are opthach | uels 1nd not dcngm:c ude that (e
1 osiancsted By Shear (19625

OF predentipe

sned thot they Probahy,
¥ ¥ Tesemble ppy
mel

™
w Aheir comp rstlion 3
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PATHOGENESIS

Several theones concernming the pathogenesis of the tumour have been
put forward It has been suggested that the tumour 15 dernved from
salnvary glandular tissue (Oehlers 1936) from ameloblas!s prior to the
stage of organization (7 ucas 1957) from the enamel organ iself
(Gorlin & Chaudhry 1958) and recently Bhaskar {1964) suggested that
the tumour 1s 1n reahty a follicular ¢vst with mntracystic epithelial pro
hferation

Many authors regard the tumour as a variant of the ameloblastoma
why they mamntain the term adenoameloblastoma comed by Bermier &
Tiecke 1950 An increasing number of investigators are inclmed lo de
Viate from this opinton s several features clearly separate the tnmour
n quesiion from the fruc amefobfasfoma

TRIFATMENT

It 1s generally ngreed thal enucfenfion 1s the treatment of chowe During
follow up periods running from cight yeirs and 1 half to 36 years
Cina ef al (1961) observed no recurrence m fise cases following con
seriative local treatment Iueas reported in 1964 no recurrence mn his
case previously reported (Lucas 1957) Haelperin ef al (1967) reviened
thurtv five cases from the literature (not includin, the above mentioned
reports by Cina ef al £ Luras) wnd found no recurrence n any of the
cases but asindicated by the anthors only one case has been followed
for more than 5 years the majonty (27 out of 35 cases) having been
followed from 6 months to 3 years

CASE RIPORTS

<
y Lase 1
} Referred to the Department of Oral Surgery Roval Dental College Aarhus cofn
{ /plammg of a gradually increasing swelling of the anterior left side of the maxil ;
The deforrmts had first been noticed two months previonsis The condition ml
otherwise been asymptomatic Left upper first premolar had been cxtracted severd

Years ago
Sex male
Age 27 years
l-xamln:;mn revealed a well defined hony expansion in the region of ::e ::2

maullary lateral incisor camine and first premolar Slight displacement of the Ief

side of the upper lip and left ala of the nose Covering skin and aral mumlrx!s memy
brane was normal Left canine and hirst premolar were missing {rom o !ci"kd
Roentgenogram (Mg 1) showed an embedded left permanent umrml xs's;am;’"
with 1t was 2 large cystic lesion resembling a follicular evst The left 11 :l;,n Al
and the second premolar both intact and vital showed deflection of thei
obyiously caused by the expanding cvstic lesion
Pre operaftve d(;ﬂar;nsu‘ evstis follicularis rstug;O +3
eraiment under local anaesthesia s mar e
n\T:Ifed permanent canine w1s Jeft 1 s:fu for the purpose of ;‘”"“‘:‘,,’,;:zbfm
i;uenlly ta erupt and the patient was rcferred ta the Orlhud(;?l:f l:c}{:k;z e Jelt
fosther treatment At operation the cest long sgzdm}f:":‘l::‘m“m through the

untoushed showed no suspicions features ss Ju!
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PATHOGENESIS

Several theories concerning the pathogenesis of the tumour have been
put forward It has been suggested that the tumour 1s dernved from
salnary glandular hissue (Qellers 1956) from ameloblasts prior o the
stage of organmizahion (Lucas 1957) from the enamel organ 1tscli
(Gorlin & Chandhry 1958) and recently Bhas] ar (1964) suggested that
the tumour 15 1n reality a fofheular cvst with ntracystic epithehal pro
lferation

Many authors regard the tumour as a varant of the ameloblastoma
whv they maintain the term adenoameloblastoma coned by Berner &
Tieche 1950 An increasing number of myestigators are inclined to de
viale from this opmion as several features clearly separate the tumonr
m question from the true amcloblastoma

TREATMFNT

It 1s generally agreed that enucleation 1s the treatment of choice During
follow up periods runming from eight years and a half to 36 years
Cina et al (1961) observed no recurrence m five cases following con
servative local treatment Lucas reported 1n 1964 no recurrence 1 his
case previously reported (I ucas 1957) Halperin et al (1967) reviewed
thirty five cases from the hterature (not meluding the above-mentioned
reports bv Cina et al & Lucas) and found no recurrenec 1n any of the
cases but as mdieated by the authars only one case has been followed
for more than 5 years the majonty (27 out of 35 cases) having been
followed from & months to 3 years

CASE REPORTS

Case 1
Referred to the Department of Oral Surgery Roval Dental College Aarhus culr;:
} ! plaming of a gradually increasimg swelling of the antersor left side of the manite
The deformity had first been noticed two months previously The condition :’
ath rwise heen asymptomatic Left upper first [ remolar had been cxtracted sever:
sears ago
Sex male
Age 27 sears
Eg:amma)hon resealed a well defined bony expansion in the region “f m: }:2
maxillary lateral masor canme and first premolar Shght dlsplaccr;\enl:“! e el
1de of the upper lip and feft ala of the nose Corering skin and oral mucos mer
brane was narmal Left canine and first prtn:o:ar were mlssm‘im:;m arch
sentgenogram (Fig 1) showed an eft per bt
“l‘l‘h Haos large €3 stic lesion resemblag a foflicular eyst The left l;le’l";l’:n;;:u
snd the second premolar both intact and vital showed defiectran o
obviously caused by the expanding eystic lesion
Pre operattoe d exstis laris reglo +3 en and the
Lreatment undm; Joeal hesia i mb:t
Ived permanent canme was left In st O anent for
f;‘e:ui lg erupt and the patient was referred l-l)hfhc (}A;!:N;:i‘a'r’ﬂ{’ff l(]\‘l)’;lth o left
farther treatment At operation the cyst hning ! :d“;: e etlon throush the
antouched showed no suspicious features a3 judsed by

& was u
tn for the purpose of allow
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marized in Table 2 seem to present sufficient evadence according o the
deseriplion guen earlier in the present paper 1o be diagnosed as A oT

As shown wm Fable 2 a number of cases have beep published twice
a fact pot always considered 1n previous reviews

RESULTS
In the previously menboned clissificaion the adenomatosd odonte
geme tumonr 1S g d her wath the loblastoma and the

D
ealeifying epithelinl odonlogenic lumour {Table 1) It was considered
of interest to analyse the refationship between these three tumour enlt
ties and fable data are 1zed in Tables 3 and 4 and fusther
treated in Figs 9 and 10

The AOT oceurs {or s recognuzed) predonunantly w the second
decade of hife Fig 9 shows o dishinet peak m s »,e proup Almost
three out of esery four cases are found in pahients betsseen the age of
10 and 19 years Thus the A OT 15 clearly characterized i that it 1s
a tumour of young age An analysis of the age distnbution within the
second decade group reveqls 1+ mavusum oceurrence {44 out of 52
cases) m patients of sixteen plus/munus three vers of age It scems
thercfore that the tumour can be further charactenized as a tumour of
the {een-age

On the olher hand the wmcloblastoma s found i the third and
fourth deeade of hie and compared with the AQT
marhed differcnce i sncidence between the age groups

In spile of the rather restricted number of published cases our hnow
tedge concerning the caleifying epithehal odontogenie tumour seems to
mndicate a tnmour of the fourth and fifth decade of hie

Table 4 and Fig 10 show that the adenomatod edontogense tumounr
is more common 1 the maxiila than i the mandible The reserse seems
lo be frue for the ameloblastoma and the calaifying epithehal odonto
gemc tumour

As to sex distnibubion the AOT shows o shight predomunance in
female patients The calaifsing epsthehial odontogenic tumour shows
howeter i male patients 4 predonunance of tmost the same  strength

as the AOT shows female domnance whereas the ameloblastoma
shons an atmost 1 1 rato

there 15 less

Fgs 68

Low and high pones pl t m or graphs showing pical fum » 1 we

with chavacterfstic du ke tructue and comsolnted hod o (3 r v 1

{present case 1)

Fig Taandb 10w snd high poner th t micrographs showing tamonr t ssue with
duclle structares tpre (¢ case %)

Fig 8aandb Low aud high pow er phatomi rographs showing tumous tissue snd

severl arras of ealeification {present case 3)

Figbaand b
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marnized 1n Table 2 secm to present sufficient evidence aceording to the
deseription guven earhier 1n the present paper lo be diagnosedas AO'T

As shown 1n Table 2 a number of cases have heen published {wice
a fact not always considered in presvious reviews

RESULTS

In the previously mentioned classification the adenomaloid odonto
genue tumour 1s grouped together with the ameloblastoma and the
caleifying epithelial odontogemic tumour (Table 1) It was considcred
of interest to analyse the relationship between these three tumour enly
ties and available datn are summarized in Tables 3 and 4 and further
treated 1 Figs 9 and 10
The AQT occurs (or 1s recognized) predomunantly 1n the second
decade of hfe Fig 9 shows a distinct peak n this age group Almost
three out of every tour cnses are found patients belween the age of
10 and 19 years Thus the AOT 1s clearly characterized n that ot 1s
a tumour of young age An analysis of the age distribution wilhin the
second decade group reveals a maximum oceurrence (44 out of 52
cases) m palients of sixtecn plus/muynus three years of age It scems
therefore that the tamour can be further characterzed as a lumour of
the leen age
On the other hand the ameloblastoma 1s found m the third and
fourth decade of life and compared with the AOT fthere s Joss
marhed difference 1n madence belween 1
In spite of the rather restricted number
ledge concerning the caleifying epithehal
indicate a tumour of the fourth and ffth
Table 4 and Fig 10 show that the adenomatord odonlogeme tumour
1s more common in the mas:lla than in the mandible The reverse se
to be true for the ameloblastoma and the ealesfymg epithelsaf cms
genic tumour Piihehal odontn

As to sex dislibubion the AQT showns a s
ight
female patients The calefyin, eprthelig| Odmwgcmffﬁdommancc "
howeser in male patients a predommng, s‘; th oy shaws
as the AOT shows femal o l;:c“'"cl S;’Fcnglh
amelg aslomn

shows an almost 1 1 ratip
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TABLE
Adenomatord Odontogenis
Review of
Case ™ Year af
ase No Author ) Sex Are Location
1 Ghosh 1934 s 18 mavilla
2 Darltngton & LefRounf. 1936 ? ? mandible
3 Figt & Stafne 1938 ¢ 16 mavilla
1 Stafre 1948 2 5 maxtlls
@ H 18 mavlla
? 14 maxlla
5 Bernier & Tieche 1950 H 13 mandible
7 Miles 1901 a 18 mandible
3 Thoma 1955 9 1 mandible
8) Bernter & Tieche 1956 4 13 mandible
2 H 13 masilla
o 9 % mandible
1 2 N mandible
2 3 17 mavilla
1% 3 13 mandble
11 H 2n maxilla
®) ? 1 mandible
1 ° 2 mandible
16 Oehlers 1926 9 15 maxilla
17 Ishihawa 1907 ? ? mailla
18 Lucas 1954 ? 19 malla
, 19 Belloso et al 1998 ? 1 mavlla
20 Gortin & Chaudhry 1958 3 18 maxila
2 ' 13 manlla
n b4 I maxilly
23 Ono 1909 3 1 mandible
28 Topa tan & Stmon 1960 [ }g ,'3::;”:
25 ° b maxills
26 g ? maxills
Fi ¢ 15
ifla
28 Gorhin et af 1961 ; H dible
2 H " masiilt
» : 3 imandible
(0) . 13
1%
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3 1938



186

TABLE
Year of
Guse No Author pubt Sex AR Location
g; Ochlers 1961 a 12 mandible
3 20 maulla
34 Tieche & Shera 1961 9 34 mavilla
(17 Ishikawa & Mor, 1972 [} 13 mavilla
B ¢ 16 maxilla
36 Py 30 mandible
3 Q 18 mandible
38 Shear 1967 2 2% mandible
39 Q 15 maxilla
40 Cina et al 193 3 217 mandible§
41 S 16 mandible
40 3 3t mandible
43 8 11 mandible
44 Lin} 1963 3 19 maulia
15 Monteleone & Grordano 1963 0 15 mandible
46 Root 1963 [ 15 maxita
47 Rosenberg & Cry 1963 8 18 mandible
48 H 1 milla
1 Shira & Bhashar 1963 8 » maxilla
ol Bhashar 1964 Q 9
51 Q r
52 I3 i
551 g 16 maxilla
Be ? 1 11 enses
5 3 1 mandible
5% 3 18 4 cases
54 3 18
60 & 1
61 g 2
49
G g o
63 8 48
dible
64 Das ef al 1961 3 ” man
dibt
65 Persson 19t ¢ & 2] man
villa
66 Walker & Plafflin 1964 3 n ne
smarllla
67 Maranda 1965 : i -
5 maxilla
s THornova 1965 Q ! -~
maxfita
6 Leatrodt & Shimi u 1963 k) 1
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+
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TABLF
Year of
Case No Author ombl Sex v‘f: Locatlon
i Ochlers 1901 3 D mandible
H 20 mavilla
3 Tieche & Shira 1961 9 31 maxilla
r;g) Ishihawa & Yorc 1962 9 13 mavlla
Q 16 maulla
46 H 30 mandible
# 9 18 mandible
18 Shear 1909 3 25 mandible
8 9 15 mualla
:(17 Cina ef al 1963 & ¥ mundlh}t‘ﬂ
9 1b mandible
42 3 i1 man hible
13 3 1t mandibl
4 Lenk 1963 F 19 maxilla
15 Monteléone & Grordano 1963 [ 15 mandibe
46 Root 1963 9 15 maxdlla
47 Rosenberg ¢ Cru 1963 ) 18 mandible
18 ° 1 maulla
49 Shuira & Bhaskar 1963 3 ”» maulla
a0 Bhas!ar 1964 [ 9
51 9 1-
: P
gi g 16 maxilla
55 Q :g 11 cases
5 § K man fible
58 8 ;s $cases
59 é
60 H 19
61 & 23
(49) 3 2
& 3 3
63 g 33
H
64 Das et at 1964 H 19 manditle
dible
65 Fersson 1964 E 14 man!
N
66 Walker & Pfafflin 1964 3 15 i
masllla
7 Varanda 19 3 b .
maxilta
8 Hornova 196> J o "
maxills
59 Lentrodt & Shumi u 1965 ° 1
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TABLE
Case M Year of
ase Mo Author pm”, Sex }‘r‘i‘ Lacation
70 Spouge 1967 ] 12 mavulla
7 Seward & Duchworth 19674 ] 16 maxilla
m Halpern et al 1967 2 18 mandible
T ¢ 17 manlla
73 Vallon et al 1968 ] 16 mandible
74 Present cases 1968 H 27 maxilla
75 9 16 maulle
6 8 19 maulla
anterjor region re within the mcisor camme and first premolar region
§ posterior region 1e within the second premolar and molar region
TABLE
Dustribution of Tumot:
Age group 0-9 10-19 2029 30-39 048
Tumour No % N ¢ No o N % N
Adevom odont tumour 3 4 58 72 12 16 5 7 11
Ameloblastoma 24 4 113 19 172 28 121w M B
Cale epith odont tumour [ ] 103 5 17 § 21 7 U

The figures conecrming the A O T are based on all cases shown 1n Table 2 except case 00 2

TABLF
Distribution of Tamour (osrs
Location .
it Mand Total
fumour . ax o - “ v
100
idenom odont tumour 48 63 28 37 %
100
imeloblastoma 173 19 752 8t 85
s 100
ale epith, odont tumour 10 34 19 66 9

‘The figures concerning tumour location for

ble 2
T)-zre figures concerning sex distribution for the AOT are based

Table 2 except case no 2

2

 the AOT are based on all cases showe in

on all cases shaws /o



389

2 (cont )
feal Present author's
T'“‘;“:“;;sli':' cal Tmpacted tooth O
de 3+ or 43
de 4+
de —8 identical with case reported by
de +2 Miles 1951
dc 3—
e +3
de 2+
caleifying tumour +3

1 when rc examined in 1964 (Lucas 1964) thought to be a dentigerous cyst

7 10 information available

3

Cases According to Age

50-59 60-69 70-79 Total

N ¢ N € No ¢ No o Author
) o o o 0 75 100  Philipsen & Birn 1968

Small & Waldron 1955

Potoliege et al 1965 Pindborg 1966

100 Decher & Laffitte 1967 and

Abrams & Howell 1367

Only case 4 is 1ncluded as cases 1

4

According to Locatt n and Sex

2 and 3 are dealt with in Pindborg s paper (1966)

Sex
] 2 Total Author
o L4 o % ho o
0 53 B 47 5 100 Philipsen & Burn 1963
3 48 514 59 987 100 Small & Waldron 1955
Pat
12 17 s 2% 100 eckers ot

1965 Prad|
Decker & Laffitte 1967 llnndbom 1960
Abrams & Howelt 1967

Only ca c 4 s included 1.

© dealt with In Pindborg s paper (1966
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Cletymg oth UL dont g tm

Fig 9
Age distribution of tumour cases based on frgures from Table 1

Fig 11 shows published cases (extracted from Table 2) according to
location It 1s evident thal the anfersor renion of the maxilla 1s the site
of prediection Among the total number of eases of which sufficient
mformation was av nlable (91) 48 were localed m the antcrior jan
regrons Oul of these 48 cases 36 (7o per cent) were associated with
embedded teeth and 37 were primartly ditagnosed as folliculir tdentige
rous) ¢vsts Two of the three cases found in the posterior repion of the
maxilla and mandible were climeally diignosed as follicular cvsts

One mav conclude thal the majorth of tumours {A DT ) e 1sn-
crited with impacted teeth and most often primarily misdri,nosed 15

7 -follicular (denhigerous) cyslts

In a number of reports (but unfortunitelh by far not w ) the
particular embedded tooth (or tceth) miolved 1n the tume ur lesion 1s

stated Fig 12 shows that the cuspid region of the maxalla 1 by far the

most common site of tumour desclopment

pisctssioN
The present review based on 76 cases of adenomlotd edontonenic i
mours clearly shows s ymgue posstion within the group of odonto

erue tumours
i Although described by Chosh (1934) and Darlington £ Ir/LagJ‘lé
€1936) the tumour was first recognized a5 a0 enliy by Stafnean 1
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Fig 10

Distribution of tumour cases according to location (left) and sex (right) based on
figures from Table 4

who uscd the term  epithelial tumour associated wilh developmental
<ysls of the manilla  Lucas (1957 and 1964) among several authors
gnves credit to Dreybladt (1907) for bemng the first to describe this
lumour 4 detmled studv of Driybladts non itlustrated thesis and a
review of the articles Lo which he refers leaves great doubt s to the
wlentity between his  Pseudoidenoma Adamantmum  and the tumour
mn questton For Uus reason his case 15 not ncluded i the present
report

As 10 age distnbutivn the r uis ar an agreement with earher
resiews (Gorlin el al 1’81 «w FPha tor 1364) The mcreased number
of cases now matlable f  anu s U »d farthermore to strengthen the
concepl In addition Tt f b 2. range wilhin whieh
oceurs has haon demon tr d a « jory of patienls are in thetr
teens Onthispont the A0 can arly separated from the amclo-
blastomn and the caleifyi 1 i donto,eme tumour the latter
wo tumours most often oce 1 1wy m b e third to fifth decade of hife

Corlin et al (1961) and /' nar (1964) found « maullary pre
dominance with re,ard Lo site of fumour formation The present review
supporls thar results and shows th it almost two thirds of The reported
eases are foctled n the mavitla A, un there 15 a W

z
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Fig 9
Age disteiBution of tumour-cases hased on figures from Table 3

Fig 11 shows published cases (exlracted from Table 2) according to
location 1t 35 ¢vident that the antersor region of the mavilla 15 the sile
of predilection Among the total number of cases of which suffierent
miormation wais asalable (01) 48 were located mn the antenor jaw
regions Out of these 48 cases 3b (75 per cent) were associatid with
embedded tecth wd 37 were primanils diagnosed as fallicale (deatige
rous) cvsts Twe of the three cases found in the postenior region of the
maxilla nd mandible were chineally diagnosed as follicular cysts

One mav conelude that the majorits of tumours (A OT) are nsso-
ciated with ympacled teeth and most oflen primandy misdignosed as
foilicuiar (dentiperons) cvsts

In a number of reports (but unforlunately by far not 1n ally the
parlicnlar embedded tooth (or teeth) mvolved 1n the tumaur leswon 35
stated P, 12 shows that the cuspid regon of the maxifla s b far the
mast common sl of lumour deselopment

DISCUSSION
The present review hased on 76 cases of ~denomatosd ndunlu,c:l'lt ::
mours clearly shows is umaque position within the group of odan

genmic tumours 5
Althouch deserted by Ghosh 11934) and Darlinglon & 1 p/l.;:iln‘r;
(1916} the tumour was first reconized 15 an entily by Stalae
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Fig 12
s trbution of tamaur cases socording o embedd 1 tooth invclved Bascd on cases
R0 11 6 7 11 14 16 17 ®1 %0 27 37 33 3C o0 4345 B 75 (Table 25

H ane compares the hyures from recent reviens with dat now svan
abile {Tohle 4} there 1s an obvwous equalization of the sey sl ang o
S €ms no longer yustificd to mumtun the statement that the A OT s

ahout twice ag vommon i female prtients  (Gorlin ef ! 1961 Shafer

<t al 1963 and Turas 3964 2 o) Compann., the three tumours there
1S prohbly po sigmhicant diffrrence n sex distnimiton although st 1s
cudent Wt moze matcriat fwrger serwes of the adenomalosd odonto
Beric tumonr ang ihe cdefven., eptthehnt odentosenic tumour are
needed to chinfy the question

The AGT 15 charictenized in tht st 15 assocuated pith embedded
tecth Atmosy 15 per cent of the reported e e were found fo be asso
Gated sath embedded tecth { hashar (1964) found 26 out of 41 cascs
{or 83 por centi Thy prosent sesus emphasizes the sirong relationship
Between twmonr and embedde Hacth nd thus sirongthens the con o
of an odonto.ense oftspn f 1 6O T

From  elimeay poant o f sus Uy of smpntonee to otue the fr
Menen with thys tumonr v m1 mn nes d ay a follicular felentos ro s
st Three out of every ffumom 1 s by been divanosed prismarts
2% 9 Fellictiar cysi The finfn.s o |« oy or more dubntily the
Tesuly of FHEEASEOPY provcd h o« n o fumour bssue rher than
fallnutir evat Af s pomt we would bk ta stress the smportance of
* thorough micrascopic cxumn ben f Ol evshie jaw Icsrons

Pinddborg (1906) states tht e Pn th 12 eascs of ealusfsing eniihie
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Il odantosenic lumours of whieh wformation were 11 ulable as 1o the
presence of embedded teelh 13 (87 per cent) had 1 non erupted toolh
assocrtted with the tumour In a study of 88 cases of ameloblastoma
Aane (1951) found 29 cases (33 per cent) where 4n ssocishon eusied
between the tumour and follicular (dentigerous) cyst It scems charie
teristic of epithelinl odontogenic tumours with no mductine changes 1n
the connective tissue (Table 1) to ke 2 mare (A 01T and ealeslving
epithehal odontogunie tumour) o1 lcss (imelohl istona) pronounced
assountion wifh embedded teeth or folliculr evst surrounding such
tecth

A more detuled wnalvsis of the exact location of the AOT mithin
the jaws showed a strong predileclion for the maxillary cuspid region
Sivteen out of 39 cases developed m association with wn cmbedded
upper permanent cuspid

It 1s intereshing and probibly of significanee to reeall that n the
maxill the permanent cuspid 15 the tooth most frequent!s anohed
follicular (dentigerous) csst formation (Bernich 1949) The 1ssocia
tion between denficerous cysts and the A 0T development which
Bhashar (1964) believes 1s defimte ( the tumour 1s 1 2 reality a folli
culr ¢y st the hming of which prahiferates wnto the lumcn of the cyshic
cavily ) 1s then made quite reasonable On the other hand 1t 1 worth
pomntmng out that the mavllary cuspid 1s considered the tooth most
frequently embedded excluding the third molars (Vergopoulos 1908)
The tumour pithogenesis 1s thercfore pot necessanly linl ed to the con
cept of follicular cyst dermvation but mght a5 well be assumed to be 1
development from the reduced enamel epithchum surroundin., the
crown of the embedded tooth as su.gested by Lucas (1947)

In roviewing the reported eascs of adanomtord odontogeme tumour
where am association with embedded Leelh 1s cuudent no ymermabilics
or hypoplastic defeels hive been noticed 1n the crown of the (mbcdded
tooth Tius seums {o support the concept that the tumour s developed
either from the reduced enamel emitheltum surroundm., the «rown or
from the epithelipm Lmng the cystic cavity One would cxpeet 2 flly
odontogenesis if the tumour dexeloped from (he cnamel orpan pithe
hum f 1 stase where listo and morphodifferentration fad not been
completed Follicnlir {dentiserous) evsts usually devclop ifr forma
tion of the erown of the teoth thus Jeaving no Ir ices of deftads quihitn
tnedy or gquantitativels 1 the enumd

In onc of the cases presented here (¢ no 74 Dbl 2y upro
nounced v seutapty was found m (he stront W consider o to be o
second irs phenomenon and herd 1s no mtheation of the v ular pro
hfcration beng neoptastic facas (1957} has rahth pomnted out that
A number of previousls published Cises of hcmangeantc loblistoms

bibts are examples of 3 O F with om whed vasculir strom It £
1c1d by 1 pronounced yaset

pro
Lhost i lusion

therefore of &reat tmporl nce not to by mus
Janitsy 10 the adenon ioid odontome tumout wd dit
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toh!

as avaseular ctema or haem lohlastom lthe the ¢ st
recentiv reported by Shllar & Cafaldo (1963) A studv of their photo
micrographs and deseniphion clearh shows 1 vasentw A OT occuning
1 1 {inrteen vear ofd boyv The tumour w1s located hetween the might
mandibular cuspud nd first premolir In spite of these chinieal features
(ypreal of the AOT the dimgnosis  saseular ameloblastoma  was
maint uncd and the thirteen yeir otd boy ww troated by surgieal ex
arsion wath sacrifice of adjaeent tecth for « wide margin
Ducthike structures hned bn cotumnar epithetind edlis and areas show
M, Various stages of attempled duct formnbion are histomorphologieal
features typrerl of the 4 O T Most muustinators ndree that the tumour
15 not of true glwndular ottgn The use of the prefid adeno—mught he
misieading, 1f not properis mnterprited whereas the term  adenomniond
convemently covers the characterishic gland ke structures often found
The columnar epithelial cells mas hve a superficial resembinnee to
ameloblasts but to us no convinewn, evidence has heen presented mdi
cating true ameloblastic properties (1e enamel formation) In the case
reports presented by the present rwthors caloified or scmucalerfied
structures were found in varving amounts but no andiention of enamel
or dentine bihe structures could be demonstrated
1 true dental hard tissues do occur n these lumonrs as su.gested
N Ochlers 1961 Shear 1962 Islukawa & Mort 1962 Seward & Duch
worth 1867 ba o {lus means that the tumour possesses inductine ally
ties As a consequence the tumonr cannot rihth be classified s an
epithelial odontogenic tumour without induetine changes nsing the
classification by Corlin ef al (1961) shown m Table 1
Garlin & Chaudliry (198) pont to the simifants to ameloblastie
fibrom s nd umelobitstie odontomas with rewsrd 1o ebnical behasiour
md histary Conecrning the histologieal picture however there ar
ren few 1f wy similanties between the A 0T nd these tumours
There serms ta he no justifieatton for maintuning the term adeno
wmeloblastoma or for that matter wy term wsing the suffix amelo
Blastoma for Ahe twmouy m guesbion On the basis of the present hnow
ledge 1t 15 fully justified to consider the adenomatod odontogenic 1n
mour 1 scparite tumcur enfity To elassfy 11 25 4 sublype of the
simple or true® ymelobt istom 1 wnd muntaning ameloblasfoma i the
terminolony 16 musleadine wnd nuoht prove disastrous (Dodge 196%)
The surgeon man perform radic i r¢ cclion which 15 the accepted and
wogquate trotment m o1 of e amefoblistomy but basce on
resent hnowiudie 3 irn tnor i v of M adenomaterd odemt
&enie tumour We thicecfor  strongh sdpgest A rapid ch wmgemt r o
noloy
To us the most approprinte 6 wnoabion nd one which mateh s the
ferm catedving epithielial odontc  nie tumonr (Table 1) would be
adenomatowd adontegeric tumour 1 proposcd in s paper This non
conmultal term vodds amelolbda 1 mn or  imeloblastic st stresses
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PANCREATIC ISLET
MORPHOLOGY IN DIABETIC CHINFSF HAMSTERS
& Light and Electron Mictoscopie Study

By
Ten\arRT BoquisT
Recened 2031 68

Severa!l struns of rodents are nowadays hnown 1 which spent incons
dabetes oceurs apparently of pancreahic ongin {¢f Renold & Dulin
1967) One of these 3s the Chinese hamster 1n which the disrase
many ruspects 1s sionfar to human dinbetcs mellitus {Verer & Yerga
nan 1928 Gerrttsen & Dulin 1967 Gundersen et al 1967)

The present Teport 1s part of an altempt to petform a systematie
study of the cndocrine pancreas of the Chunese hamister 1 normul
(Boquist 1967a b and ¢} and sanous expenmental and patholesie !l
siates Previowsly the hstophysiclo.y meluding the repunenitie
phenomena hns becn studied 1 alfoxan diibetes (Boquest 1968 2 and
b} wd n detary zine dehieiency (Boquust 1967 d) Some hght muero
scope {Merer & Yergaman 19 Carpenter et al 1967 Mafmsse ef of
1967) and preliminary ultrastructural (F use of al 1967) studies of the
sht tissue mainhy of diabulic Chanese hamsters hve also been re
ported jgamnst {lns background 1t was hought werth while to vepori
our findings up {o now concerming the qualitatie pancreatic islet
morphology 1 spoentncous diabetes in this animal

MATFRIAT AND MFTUHODS
Uhe animals weres e ted f om 1 o strains of the Chinese ham:

ster both oniginating
f m O lrganans colony n Boston and svstematically inhred by Lrother sister
mating € st in floston and then at the Charles H Best Institate 1 Toronto and the
Institate of Gea tie 1 Lund respectivelv and lastly at the Institnte of Patholpg
iu tmed nce 1954 From tese straims 17 hamsters of both sexes exhabiting diabe
Hes mit ms (Ve er € Yerganzan 1959) were sclected far the present stady Tie v
amm 1 dd ntore enve any therapy with insulin or any other antidiahetse drug
B om n oof peviously deseribed procedures (Boqurst 1967¢) gt was noted that
th an mats b w ) persistent gl B ! Same data i
We b b 1e hamsters are given 1 Table 1 The designation of the anumals men
38 3blw ferst they table The hamsters Were fed conmventional pellets for
lat rat r rod nts ad hibdum and had free access ta drinking water At predeter
h

K was supported by grants from the Swed sh Wedieal Research Ca 1
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(&) Islet showing nuclear pofymorjtuism and pyvkn wx among the guells that
occupy most of the sslet Some of the e rells ¢1otain ¢ L plasmie vacuoles (1)
{Animal No 3} Bown s fixatne van Gteson s stara > 200

(B) Islet showing 4 few granulated g cells arrew) fost of the central cells that
are slightly stained or unstuned are probabl g cells (g with decreascd
granufanion (Ammal No 13) Boums fitatne Chr me alam haemstoxslin
statn X 750

{€) Tslet demonstrating farge maniv antercellalarls Jocalize ! sacuoles (v} Mnst
of 1he cells 10 the central part ore prohaby pecells (@) 1 ith fecreased granuls
tlon (Ammal No 15) Bouins fixat ¢ Aldehyde fuchsin stain ¥ 600
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mined intervals the animals were sactificed and specmens were Laken
pancreas for light and electron microscopic cxammpuhon The mun:l:{:logiym:; :}::
1essels was not included 1n the present report as 1t will be the suligect of a future
studs The details concerming the lyht and electron microscopie procedures were
£1ven 1n preceding studies (Boguist 1967 aand by In addition pancreatic specimens
were fixed 1n aleoholic formalin and the sections were stained waith the periodic
acid Schiff reagent (PAS) with and without prior digestion with diastase for light
microscopic detection of glycogen (Leflie 1965) Tor the demon tration of amyloid
the staiming method of Puchiler et gl {1962) was applied apd the sections were
examuned 1n polarized light (Missmah! 1957) The occurrence of fat was studied by
the procedure of Chuffelle & Pult (1951)

RESULTS
Light Microscopie Findings

General appearance There were no signs of hyalimzation amylod
deposition fibrosis bleeding or fatty mfiltration Only 1n one ammal
{No 2} shght infiltration of Iymphocytes and plasma cells were ob
served around some of the 1slts No allerations of nerve struclures
were recorded

B cells These cells oceasionally showed nuclear polymorpiism and
pyhnosis (Fig 1 A} Differental granule staming procedures often
revealed B cells with sparse granulation and cells devoid of granules
(Fig 1B and C) The cytoplasm was frequently vacuolized and large
vacuoles were also Jocalized intercellularly (Fig 1C) The vacuolized
cells contained PAS positive maferial that was abohshed by diastase
digestion and was interpreled as glycogen Infrequently there was
necrosis of central cells probably # cells with some remmmng cellular
debris
Other pancreatic parenchymal cells The e, and a, celis were un
affccted Some of the cells that were negitine 1 granule stamned
sections were probablv of agranular type There were no changes in the

ductal ductular or acinar cells

Ultrastructural Fuadings

£ cells In these cells granulalion was frequently decreased (Fis 2
and 3) The mitochondria sometimes showed swelling and disinfeprs
tion Some cells particularly these with decreased granulation x
Tubited well developed endoplasmic rehculum and prominent Golgt
complex Rather often the aisternae of endoplasmie rebiculum wre
dilated and on occasion they cont uned amorphous matertal (FIg 4
Appirent cyloplasmic glycogen deposits of varying size were oﬂ(cn
prescnt (Fig 5) In cells wilh glycogen nfillrates unaffecled c:la
plasmic organelles occurred Though the amount of seerctory grqnu} es
was decreased m many of these cells there was no clear assacialion N-‘s
yween glycogen deposition and deereased granulation Acrumul'«[:lsr‘:r
of electron lucent material were also found (g 4) Unaffected cel ;“’
arganelles could be scen also m cells with electron luccn(lhm:u;.m'
There were no changes i the cell membranes Cilia wi

’
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mimed intervals the amimals were sacrificed and specumens were taken from the
pancreas for light and electron microscopie examination The morphology of the
vessels was not ancluded 1n the pre ent report as 1t will be the subject of a future
study The details concerming the light and electron microscopic procedures were
ghven i preceding studies (Boquist 1967 aandb) In addition pancreatic specimens
were fixed 1 alcoholic formalin and the sections were stamed with the pertodic
acid SUff reagent (PAS) with and without prior digestion with diastase for k ht
microscopie detection of glveogen (Lillte 1965) For the demonstration of amsloid
the staining method of Pu htler et al {1962) was applied and the sechions were
examined in polarized Tight (Missmahl 1957) The occurrence of fat wos studied by
the procedure of Chiffelle & Putt (1921)

RFSULTS

Ight Microscopic Findings

General appearance There were no si,ns of hyahimzation amylod
deposttion fibrosis bleeding or fatty infiltration Only in one anmimal
(No 2) shght infiltration of lymphocytes and plasma cells were ob
served around some of the islets No alterations of nerve structures
were recorded

B cells These cells occnsionally showed nuclear polymerphism and
pvknosis (Fi, 1 A) Differential granule stamung procedures often
revealed g cells with sparse granulation and cells devoid of granules
(Fig 1B and C) The cytoplasm was frequently vacuohzed and large
vacuoles were alsa localized 1ntercellularly (F1g 1 C) The vacuolized
cells cont uned PAS positive mater1al that was abohshed by diastase
digeshion and was mterpreted as glycogen Infrequenlly there was
necrosis of central cells probably g cells with some remaimng celtular
debris

Other pancreatic parenchymal cells The «, and a cells were un
affected Some of the cells that were ncgatine in granule stamed
sections were probabiv of agrinular type There were no changes mn the
ductal ductular or acinar cells

Ultrastructural Findings
B cells In these cells pranulation was frequently decreased (Figs

and 3) The milochondria sometimes showed swelling and disinlegrs
tion Some cells particularly those with decreased granulilion ¢
hibited well developed endoplasmue reliculum and prominent Golg
complex Rather often the aisternae of endoplasmuc retreulum wen
dilated and on occasion hey contauned amorphous material (I‘lg['”
Apparent cvioplasmie glycogen deposits of varying size \xcrcl o lll;ﬂ
present (Fig 5) In celis with glycogen nfiftrates unaffected c‘m
plasmic organelles occurred Though the amount of sceretory grnnuhc
ssas decreased m many of these cells there was no clear nssucnl:ozlmm
iween glycogen deposition and decreased granulation :}cc:xrg:jmhr
of electron lucent materal were also found (Fig 4) Unnf cc[cm'lhﬂ"l
organclles could be seen also 1n cells with electron !uccn‘m i
There were no changes m the ce!l membranes Calia w
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structure were found m some cells (Fig 6) Cells with electron dense
cytoplasm and secretory granules seemingls of B lype occasionally
occurred (Fi, 7)

Cyloplasmic bodies of varying appearance and size were frequently
found Some of these werc myeln hle (Fi,s 8 and 9) and others
showed simlarities with so called autopha,ic vacuoles Some were
seemingly formed by Iwo three or more aggregated secretory granules
(Fig 9) and some were rather larqe and densc (Fig 10) These cyto
plasmie bodies were usualls surrounded by membranes and had elec
tron density similar to that of secretorv granules Cstoplasmic bodies
were also scen to consist of membrane enclosed particles with appear
ance and electron density remumscent of secretory granules (Fi, 11)

On occasion neerotic changes occurred in the g cells

Other cellulor elements The a cells were not changed The e, cells
were often unaffceted but sometimes cells probably of e, Ivpe misht be
encountered in which some of the numerous secretorv granules exhibited
a gianule core with less electron density 1n Llhe central part than 1n the
peripheral rim (Fig 3) Diffusels seatiered in the islels were cells of
sarying size showing cytoplasm of low electron density {hal often was
devord of secretory granules (agranular celis) The ductal ductular
and acinar cells were unaffected There were no conspietous signs of
regcneration The nurve slructures app~ared to be normal

Relation Between the Duration of Diabetes and the Occurrence of
Vorphologic B Cell Changes

It was found that neclesr polvmorphism and pyhnosis as well as
necrotic changes only occurred n some of the amimals with diabetes of
short duration (MNos 3 4 and 5) The other alterntions showed no clear

relation to the duralion of the disense There were no morphological sex
differences

DISCUSSION

A frequent light microscome change in the diabetic Chinese hamsters
was ivacuohzation of the pancreilic islet g eells This 1s a common
diabelic lesion also m man and h1s often been gnven the name “hydro

Fig 4
Pancrealic islet g cell (g) with 11 t & ead plasmee reticulum containing amorphous
matertal (m) rather prom n nt ¢ 11 ¢ mplex (C) and tvpical seeretors granules
8) In another cell probath a ¢ 1 ac umulation of some fairly electron lucent
material (F) is eer n b h a mitochon Irion (M) can be reco mzed
Anmal Ne ) X 1€ 000

Fig
en 1C1) seems to be deposited A fes unaife
he cen in this cell (Ammal No 16) x

Tslet p-cell In which g)

granule (g} can a! :;dnns;:ruory
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TABLE 1
Surcey of the Arimal Vaterial

Age at the
Approxima  Bload glucose
P firstabDeaT  Ageat  tiveduration level at the
';\"“" Sex diabets sacrifice  of diabetic time of
o symptoms  (Jmonths)  symptoms sacrifiee
“; ml:Julhs) (inmonths)  (mg/100 ml)

1 2 1 2 1 a1t

2 3 1 2 1 437

3 3 2 3 1 520

1 K 1 3 2 317

5 2 1 0 2 147

6 3 1 4 3 310

1 9 3 5 3 a7

B 13 3 7 4 338

9 R 3 7 4 i1
10 ? 9 13 5 232
1 8 3 9 6 204
12 ¢ 3 10 7 M5

13 3 7 15 8 271
1" e 2 14 12 2H

15 9 5 18 13 232

16 3 6 1 15 290

17 Q 5 24 19 245

pic degencration  since the early description by Wewchselbaum
Stang! (1901) It has been shown that the hydropic degeneration g
due to cytoplasmic glycogen deposites (Toreson 1951} As glycogen
was hight microscopically demonstrated 1n the 8 cells m the present
study 1t seems that glycogen mhltrabion may account at least for part
of the vacuolization of these cells Another common diabetic alleration
m man 1s decreased granulation of the @ cclis (Bell 1953} that 10y
been found also in the Chinese hamsler n previous (Carpenter of al
1967 VMalawsse et al 7967) as well as in the present mvestigatign
Hyaline degencration and fibrosis that often are found wn the letg in
states of established drabeles m human beings (Ogtlvie 1964) i,
found i the diabctic hamsters As hsvaline change s rare in I
Juenile onset diabetes and more frequent w the matunty gony,
(ef Warren & Lecompte 1966) this denotes that the diaheqe,

Te not
unt in
ttype
n the

Fig 6

Another g cell showing a eilium (CH) with its ba al body by g,

complex (G) The cil um protrudes into an intercellular space 13, 7 ! T 6 lat

the elliary and the ccll membranes Is clearhh shown (Animaj x “'r-:/l,zt&-;;-
Fig 7

Tslet tissue & man trating typical gcells (8) lnhi‘ells’ (}n) ny
den e cytoplasm and a few secretorv granules (£) seeq, !
(Animal No 4) X 11000 027 07 p o
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TABIE 1
Surtey of the Animal Vatertal
qihgeat the Apiroima  Blood gluccse
Avima) Fst appear Ageat  tiveduratin levelatthe
\o Sex ance of sacrifiec  of diabetic time of
diabetie (UG svmitoms  sacriflce

(:;Tn‘::l:l';::) (i months) (mg/100 mb
!, 3 1 2 1 bied
3 2 1 2 1 437
H 3 2 3 1 570
: H H 3 2 317
H % H 8 2 U7
§ M 1 M 3 310
: H H ¢ 3 4
§ 4 3 7 i 338
. 3 3 7 4 123
1" ° e 14 5 342
; 3 3 9 6 294
b ° 3 10 7 215
I 3 1 15 8 271
u 3 3 18 1 "33
1s ° 5 18 13 232
16 2 5 21 15 290
it H H 5y 19 245

g’f degeneration  since ihe carly descniption by Wewchselbaum &
angl (1901) It has becn shown that the hydropie degeneration 15
¢ o cytoplasmic glycogen deposites (Torcson 1951) As glycogen
has 1 trated n the 8 cells i the present
filtration may account at least for part
Anolher common diabetic lleration
'R man 15 decreased granulation of the g cells (Bell 1953f that fas
®en found also in the Chinese Thamster 1 preswous (Carpenler of of
11967 Malasse ef al 1967) as well as o the present mueshization
Hyaline degeneration and fibrosis that oflen are found in the sslels
Slates of established dinbetes 1 human bengs (Ogilme 1964) were not
found 1, the dinbetic hamsters As hyaline change is rare 1 human
JWemle onset diabetes and more frequent in the maturily onset 1
(¢f Warren & Ie(omple 1966) this denoles that the diabetes ,?:
——
)
Fig
Anotl wing & citium (C1) wah
Comner focll SO b otru les Inlo ay nc::::!’x:ﬂ,b;f’,;{%:!:e ta the Gulgs

the ailf ry and the cell membranes ks cleuls shomn, (Anumy) o ,’;lou betwaen
) X 7
. . P 1 X 7eam
letti su demon trating typical Bcelle (3) yg
eell
4o ¢ toplasm and a few ‘“"“‘"mnul:, i:)D!) exhibiliog rather gfecy
(Anlmal g g1 x 11009 seemlngly of 8 trpe tron
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Chinese hamster i thrs vespect rather 1s comparable to the human
jusende tvpe Though hymphocites and phsma cells were seatlered
around the islels m one of the amimals studied this alieration seemed
to be too nfrequent and mconspicuous to have a clear patho,enehc
significance

Also witrastructurathy there was deereased granutation of the # cclls
Infiltrates of glycoen stmular to those seen m other studies on spon
tancous (W dhamson 1960 Like & Wikt 1967 Luse et al 1967 Putel
el al 1967) and expermmental (W illamson £ lacy 1961 Volk ef af
1963) chabetes m Iaboratory ammals were {ound in the g cells of the
dab Lic hamsters The si,nificance of the wenmulatians of electron
incent matertal is not clear but they are probibls of deseneraline nature
and possibly thesy vepresent fhnd (Y1 dhamson & Iacy 1961) As these
accumutafrons ofien were hage it seems that the evioplaspuce vacuoles
seen in the hioht mueroscope can be due to deposits of both glycogen
and electron lucent materinl Dilated esternae of endoplasmue reh
culum eontaumng amorphous material were observed also in tolbula
mde {reated Tats where this matersal was thought fo represeni a pre
cursor of a hiolagieatly mactine form of msuhn (W ilhamson et al
1961}

The f cells of the duabelic hamsters contamed frequently varvious
cylopiasnne bodies of uncertain sianificance Some of these seemed to
represent 1g.regates of secretory granules confornmun., Lo those seen in
other endocrisne cells {¢f Snuth & Farquhar 1966) Others consisted of
membrane enclosed parficles that were remuseent of secretory gra
uunfes The nulure of these eytoplismc bodies s unknow n but they may
poswibly represent dilated essternae of endoplasmue retienfum contain
mg secretory matenial (Schelin & Lundin 1968) Such intracisternal
secrelors products may be regarded s siuns of disturbed protem syn
thesis stagnttion of secretors products or enhanced seeretion (ef
andin & Schelin 1964) The rather farge cytoplasmic dense bodies
finse features 1o common with those of diabetic Chimese humsters by
Tuse et al (31967) staled (o be hpofusem In the g cells of the present
study were lse myeha like sfructure olniousty denoting  cellular
degeneration (Suift & Hrabap 19040
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Glycozen wfiliztion in dirbetie states has been thought to be se
condary to hypemsuhnsemua (Duff & Toresor 1%al) or to hyper
glyeaerma (La arns & Vofk 1908 Wilkamson £ Facy 1961 hern 1968)
Mewer & Yergaman (1929) regarded 3t as a regressnhve response o
excessive functionat netnaty  As this change has been found also n
Clunese hamsters with hyperglycaemsa mduced by hydrocortisone but
not 1 hydrocortisone treated ammals without hyperglyeacriz (Bo
qust, unpubhished) o seems that this change m dhabetes in tus species
rather s secondary to the hyperghcacmia Recently a close relation
ship has been shown to exist between the glycogen stores of the g8 cells
and the glucose concentrations to which they are exposed (Hellnan &
Idaht 1968)

In the diabetic hamsiers some cells probably of g {ype cxibuted
more electron dense ¢y toplasm than other B cells The sigmficance of
this cytoplasmic change 1s not hnown but 1t seems to be of inferest the
such cells have been found also i hamsters treated wath growth hor
mone (Boquist unpublished)

Alloxan admimstration to laboratory amimals cwn evoke prnerenite
alterations conformis, {o those seen in spontnnesus diabetes m iabors
tory ammals and man {¢f Boqust 19658 a} In the Chinese hamster
8 eclt necrosis was occasionally found both after alloxan admimstirn
tion and 1 spontneotts hereditary dibeles The signs of regeneration
sten 1 the allotn treated amumals were honever not observed n the
hamsters wath spontaneous kereditary dinbetes Thas may be a fact of
deaissve sigmificance mn the pathogenesis of diabeles mellitus n the
Chinese hamster

From the dat 1 of presious studies on the Chunese hamster it has been
concluded or su,gested that the spontancous drabetes occurring n this

speeres 18 pamcreatic m onan (Y ergarian 1964 Carpenter et al 1967
Gerritsen & Duhine 1987 Valmsse ef al 1967) In the prescnt study
the Dndings of 8 cell Wstens Live support to the concept thit diabetes
i dhe Clumese hamst £ g8 relatad to decreasud B eell funetion and to
deficient alnhts of B @ cidls Uo re vnerste The possibulity that extra
panere e Tudars aiso mav i s redr ean of course not be excludeg
by omvestigaton of thy prowin b}
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The Department of Forensic Miedieme Unnsersits of Turhu Torkn 3 Finland
(Head Profes or J rhi Rathatho)

ALRALINE AND ACID
PHOSPHATASE ACTIVITY IN THE INITIAL PHASE
OT TRACTURE HEALING

By
Jarnt RaEnATLI0 and Piruno T st MARINEN
Recenned 31v 63

The activity of several enzvmes 1ncluding phosphalases has been huslo
chemieallv demonstrated to increise during the very first postoperatine
hours 1n healing shin wounds (9 10 11 12) With regard to fractures
the view that an nert Intent pertod oceurs up to the sccond or thurd
day after mnjury 1s still prevalent (2 3 6) This scems {o be due to lack
of investigations 1nlo the earliest phase of healing although numerons
studies on alkaline phosphatase nclinily 1n later phases of fraclure 1e

pair have been performed (2 3 5 6 8 1,) There have heen bul few
reports on the distribution of acid phosphatase 1 bone regeneration
and these studies have not 1nvolved the earhiest phase (6 15) To elu

adate the appearance of alkaline and ac:d phosphatase 1n the mtial
phase of fiacture healing we made an experimentil mvesligalion on
rals demonstrating, the enzymes lhustochemicalls

MATPRIAL AND METHODS

4 month old alluno rats f b th sexes were used In ether anaesthesia the right
Ubia of each animal vas fractur d in the muid diaphyseal region by digital pressure
o attempt was made t 1immobilize the site of the inJury or the animal Groups of
l‘hrcc rats were billd 1 4 8 10 1% and 1 hours and 1 2 and 3 days afier
racturing

The fractured tibtas 3 ere remored immediately after sacrifiing and most of the
5 ft tissues were di se ted awa fr m the bones The unfixed tibias were demnera
lized for 72 hour 1n 10 p r et disolum ethslenediaminetetraacetate (EDTA) 10
OUM pho phate b ff + t pll 2 <1 14) The IDTA solution with

the fractured

nes was hept at - 1 ¢ 1 1 circulated b a magnetic stirrer

L iR i and changed

e demine fiz 111 % fr zen on a block of dry sce attach,

e S, LS e o 3 Mok o A e ittt 1o chuck
<Pt al room te 1 1 tent t dried in o cool air stream and fixed for 10 .

Dutes in et ¢ = € 10 per cent formahin buffered with sodium acet gt

.:.,;q,,m“cd MY ' et ns were washed, treated with 10 per cent Lprs
v

Dra mmte o } ratu ¢ ta ensure comilete demmeralization gnd se
Supported b U € the Sigr ! Juselius Found,

!
Nalional Resea r Medi of S tences ation and from the Finmsh
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The «eclions were further treated according 1o the foll ming histo hemn
miques alhaline pho ; hatase was ssushzed a) by the met 1 saqu‘:mﬁw;n;tcz‘o;:;
as des nbed by Burstone (4) and i alternale sections BWbn the azo dye methd
of Crogg and Pearse as presented by Fearse (1) Ac,d phiwphatase achnsty was
demonstrated €) by the metal salt method of Gemors s des iy d by Hurstone (1)
and additionalls d) by the azo dve method of ¢ rfge and 1'arse according fo
{ earse (7) The ncubation times were as f llows 90 umutes at + 37 G (methad 2)
45 minules al room temy crature (meth d b) 90 Amutes at 4 o7 C (methed c)
and 45 minutes at room temperature (meth d 4) Tast viclet B and |ast garnct €1 C
were used as diazcnium salts for the methods b and d respeetiscly Control s tions
were incubated without the substrate. In addition alternate sections were stained
bt the san Greson technique for histelagical studs

RFSLLTS

The sitcs of athahne phosphatase stamed dark brown and thosc of acid
phosphatase reddish brown by the azo dve methods Phosphatase acly
silv appeared as a blach stun in the Gomort tspe preparations In the
umnjured hone {far from the fracture end) the cyvloplasm of the ostio
Dlasts and lhe vessel walls sluned mntensiely and some osteocstes
situaled near lhe periosteum showed a weak lo moderate renclion
when the azo dve method for alhaline phosphatase was applicd Bs the
mefal sall techmque for the same enzvime also the nucles of the osteo
Dasls and the collagen fibres took up the stain W\ hen the azo dve lech
nigue for acid phosphatase was pplied osteoblrsts stuned mtensnelv
and mans cells in the bone marrow hhewise {ooh up the st un Dy the
metal sall lechmgque for acid phosphalase diffusion artifacts disturbed
the picture The enzvme pattern howeser resembled that do monsiralie
In the azo dve method

At one to eight hours after the imyurs the fracture defcel was filled
and surrounded by extravisited blood and nflammators esudale
“umerous polvmorphonuclear leucocs les appeared 1n the cxudale affer
four hours The cvtoplasm of thuse cells was phosph His¢ posiine n
Lhe azo-dve tcchmques In the Gomort tvpe prep irations aiso the nuclc
{ook up the stamn

At ten hours the first sions of mercase im the phosphatase actin iy
sere noticed 1 1l osteablasts and undifferentiated osteoreme cells of
the periosteum (Fig 1) Both aaid and alhaline phosph thise wimis of
these cclis {Fros 3 and 4) mcreased first in a p ripheral zone Fhis was
situated at a distance of 200-a00 2 ind farther aw i from (he fricturc
hine At 2% hours the osleoblasts 1nd osteuscnic edlls afso neartr the
tracture line showed 4n miense aeid md ith e phesphatise wetisily
{F1ig 2) Between 10 and 12 hours the phosphalise actis iy of he

e f Increase
tur  The first 3pns o©f
Acrd pho phatase activits stn a 10 hour frac smethe |
Fu f n (h‘e’ enzyme actinity are nsted in the jen teal ¢ 11 (Az0-d ¢ ¢
t
e actinitv in a 74 hour fracture The ['rnh!cr-lgal; r;egn;:::
fense enz me reacli o (Azo d & method X
bene

X 150

Fig 2 Acd pho phatas
cells show an 10 e
tare lme P = periostenn B =
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Figs 3~%
g 3 Alkalipe phosphatase actioty w2 12 hour fracture Note the {nerensed on

zvme reachion of the periosteal eell an Ihe periphers) sone situaling st a
distance of 200-500 4 and farther awas from the fracture linc {Mrtal salt
method X 150)

tig 4 The same fracture as in Fig o Alkalne actls ity Is &
by usutg the aro dve method (» 180}










s
E g s o the pemphesst zone of s 16-haur
S Mutes 1o the intensitication. of epzvme
I e meth & X 360}

$ Walige gy aia e o
fmmr;n‘x)xssz];?::ﬁr ax:(\m: ' ;‘;0
L asified but no cell proliferation could
Ih?n‘f: ﬁ,?::&os;xdiﬁL::,rx: lnc! 1, > nd subsequently an wubal pr:
hkm“t Tespomac was Seen m the penosteum This occurred in the
e porypherat zome which Bal showed the fiurst merease lnqenz) me
Bk g ten b wps The profiferation became more evsdent at 24 hour's'
4 duripe {h sceond nd thud dav after the {ravma The proliferating
mm“m;(c“s diwed montinse acid and athaline phosphatase ach
Wy {Fags 2 and 21 Thus the general phosphatase activts of the perio~
Yeum 1 the purepherl zone mereased {rom ten hours 1o shout the
“nd day gnd rom ned strong durmng the rest of the experimental
Mg The firel e <15e 100k place m Lhe local periosteal cells Afler
I Boyry the e 15t 7 iion of these cells contributed to the mtensifica
by g enzeme bty Sumsfar phenomena were noliced also 1 the
Wstenm
T intensttieition of enzvme achiats could be demonsiraled both
hn;:‘"" dve and by the metal saft methods (Figs 3and 4) The taller
o were disadvantaged by diffusion artifacls

m:i:‘h“ after the myurv the mbal blood clot around the fracture

™ replaced In granulation tissue showing wlense phosphatase

Bl
¥ The subpenosteat osteocsles which normally show a weah lo
)



420

moderate alkahine phosphat ise reqclion had lost thar tnzvme actinily
at ten hours Tins decrense in alkaline phosphalise aetils took place
m 1 200 to 500 p deep cenlral zone n the immediate vty of the frac
ture ine The loss of enzyme activity beeame moie ¢xident 1iler on and
at 48 hours the karvolvsis and haryorrhexis of the osteocytic nucley
could also be shown histologically After (lns l1me dead bone with
emptv lacunne characterized the cenlral zone An rrregular hine of
demnarcation formed at a distance of 200 to 00 # from the fracture lime
to separale the neerolic ceniral zone from he liing bone siluated
farther away from the fractured end However the periostedl ind mar
row tissues mamntuned their phosphtase activities almost undisturbed
even nearer the fracture end and thesc tissues showed histological signs
of necrobiosis in the mimediate viemuty of the fracture line only

DISCUSSION

The decrease 1n all ahine phosphat 1se activily of the subperiosteal osteo
cytes m the central zone should be regarded 1s 1 sign of immunent ne
crosis demonstrable histochanieally as carly as ten hours afler injury
Necrobiosis nd necrosis in this zone become visible histologically also
two days after the trauma The dimunishing vitalily of the osteacyles 1n
the immediate vieimty of the fracture line 1s considered to be princip
allv due to the reduction of blood supplv causcd by local destruction
and sealing off of the vessels It 15 inleresting to note that the p rosteal
and marrow lLissues havin, 2 belter blood supph than the bone isell
mantamed their ensyme activily better even 1 the central zone \o loss
of aeid phosphatase neinity conld be noticed m the osteotites simee
these cells normally do not cither show ny demenslrable winaty of
this enzyme The loss of alkaline phosphatase actiniis 1n the osteocyhes
of the ccntral zone resembles the loss of enzvmes m the vicnily of the
edee of heahn, skin wounds (9 10 11 12)

Far from being wert the earlv fracture healing 1s characterized by
mereasing acid and alkaline phosphatase achivity localed n the pert
pheral zonc of periostenm aud endostenuim duriag, lhe earhst d1ys and
even hours The nthal ncrease I enzvme actily oceurs m the osteo
blasts and ostcogenic cells at ten hours The proliferition of thesc cells
after 16 hours further ntcnsifies the phosphatase activily aobserved
there By using tribited thymidine the iitial prohiferati, responst to
fracture his been seen 1t the samc bme (16)

The first feaction to fracture 15 essenbially 1 sterile inflammation
which 18 the consequence of trauma and haemorrhipe (17) Also i the
Joca) periosteal eells there is a very carly enzy matic respe nse (o mwr‘\l
demonstrable after 10 hours when the histochcmie 1l mdhods“for ;l:"“
and alkalme phosphalasc are used Trauma affecting the m\;“lrﬁ?”m
periosteal celis m the geripheral zone seems o 5"‘"]“15 nlmn e
actinating defense forces Mier a relnvely short mobihzal
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Thus the muhal mcrease n enzyme <ctinity prohably represents an
adaptine (inducible} defense mechamsm by the tocal eells {9 10)
Besides funchionmg as a defense barner the enzimes appeanng n
the perspheral zone may play 2 part w more speasfic regunerative pro
cesses The miersention of dkafme phosphatase in the formation of
the profemn mnirsx of bone 2ppears 1o be accepted by mast amthors (13
18) 1t scems bie that aud phosphat shares 1 role with athalne
phosphatase w the process of bone vepair (1a) Whatever the exact
function of these enzvmes 12 pwo it scems probable that the mnerease
m enzyme activity represents one of the first steps 1o the repar process
starting early in the so called Iatent phase of fracture heatmg

SUMWARY

The acltiily of acid and ~lhakne phosphatrse nas d trated histo
chemically sn the heabny expertmental fractures of rals The amimals
were kslled 1 2 4 8 10 12 and 16 hours and 1 2 and 3 dans after fre
turing the rioht tiba

The subperiosteal osteocties had Jost thoir athaline phosphatase actt
sifs an ten dass This decrease i enzyme actily took place i 4 200 to
500 & deep central zone an the immediate vicimty of the fracture hine
In the same area necrohiosis and necrosts could be histoloyteally de
monsirated sn two days

In a peripherit zone farther wan from fracture bne the actinsty of
aaid and atkal phosp hegan to ten hours after mjury
m the osteoblasts and osteogenic cells of the pertosieum The prehifera
tien of these colls after 16 hours further mtensified the phosphatase
actnddy there remaning strong durm. the rest of the expenmentat
period Simular phenomena nere absened 1n the endosteum

The decrensing enzymie 2elnaty 1o the central zone should be regarded
as gn earls sign of smmment nectosts due to the reduction of blood
supply The mmtial merense m enzvme activsty 1n the perspheral zone
probablh represents an adiptise defense mechamsm by the local pero
steal and endosteal cells s m enzvmdic eesponse 1o injury Later an
the enzymes man play 7 roh 1 more speafie regeneritive processes
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RUBELLA NEUTRALIZING
ANTIBODY IN SERUM PRODUCTS

By
JorceEn Lesniey
Recersed 3vui 68

Human serum products have been used for conferrng passise 1m
mumty to women exposed to rubella during the first tnmester of preg
naney and 4 high titre of rubelia nentralizng {(NT) antibody mn the
produets intended for climeal use 1s obuously desirable The studies
deseribed 1n this report were undertaken to determine the polency of
different serum produels prepared from blood collecied m Denmark
with resp ¢t to the contents of rubella neutrahizing antibody i order
io esfabhish a prehmmary evaluation of thewr ralxhity for rubelia
prophylats

MATERIALS AND METHODS

Nentral ohon fAT) testz were performed iy 7abbn rornea celis (SIRC) employing
serial two fold eilutions of the sera starting at 1 ¢ In some of the experiments the
NT titre was determined with the addition of 2 per cent normal guinea pig sernm
(GPS) to the medium used for dilution of sera and verws A detaifed description of
the NT test 7 s been P v (3

Haemanglutinalion nhebthon (I1) te ts were performed 1o the Takatzy micro
titration system employing esseatially the techalque deseribed by Halanen ef al (2)
Al serum products exarined were absorbed with kaohn fo Temove non speesfic
infubitors and @9 per cent sabine made from demuneralized water way used as
diluent for serum and agtigen The haemagglutivating rubellz antigen was purchased
from Orien DY el anfa Tint nd Andidtody Wiratons were performed employing
serfal two £ 1d d lutions tarting a1 1 10

NT antihody titres v been caleulated 1y the methad of Kdrber and expressed
a3 the re 1pra al of the tout 2l ser s dib L 1 40 the <erum \iews wmondem The Hf
sntibudy titres have been extres ed as the @ pro al f the highest initial
Cserum p duing ¢ mplet bt 1 a f hy magglatination  Through:
pver \T titesles than 4 ant M1 §1 | than 10 have heen recor
“Uoless ofhersi e staled afl ser m s n ¢ 0 ‘been exzanuned ynhealed

Gamma piobaf np p red from b1 @ oll 1 din Denmark was rec
Blood fra t nati n D pastment fth Intt t Three specimens

dlytion
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TABLE 2

Rubella eutralt 1ng (VT) anl Haemagglutination Inbibsting (H1) Antibody Titres
1n 16 per cent Gamma globulin Solutions

Antibody titres

Material oo T NT{CPS) nr
C181 fi4 512 40
c162 90 1074 640
163 37 160 378

Ncutralization test perfyrmed with 2 per cent guenea pig serum

Rubella Convalescent Serum

Two preparatsions of rubells contaliscent serum were examined The
preparations contained the preserialive merthiolate which in prelym
nary experimenis appeared to be tovic to the bissuc cultures and part of
the serum specimens were consequently halvsed before testing How
wer the AT tests were difficult to read m dialysed as well as non
dialysed scra Rubelhs NT anhibody could not be ordinarils demonstraled
1n the two conslescent scrum specimens tested and wrregnlar results
were obtamned when \T tests were performed with the addition of 2
per cent GPS Thus n onc of the speesmens 1 titre of 6 was found i
the dinlysed serum and 1 titre of 0 1n the non dialyscd scrum In con
trast an the other consalescent serum anhibody was nol demonstrabic
m the dialvsed serum but showed 1 fitre of 16 in the non dialvsed
serum

Human Plasma

Human plasma prepared from blood treated with heparin oxalate or
oifrile was tested for rubclla NT actnily in order to muestiale the
possible wnfluence of these commonly used methods for plasmy Pre
parition on the rubella VT antibody titre

The resuits of ¢xperiments performed on blood from + donors are
shown m Tible 3 It will be scen that rubcllh NT antibodv titres of

TABIT
Lubella \euleddt tng (VT) Aatih dy Tty xn Serum and D ff re (1}
r t Pluna
Material NE AT CFs
Heparmn i 4 2 &1 3 45 18
tiams  Ouwl e 3 4 33 4 i1 i i 178
Cit ot 1 4 1 bl 11 45 &1 18
Serum i} 63 E] 3] 1 64 18 S
Donor no 1 2 1 4 1 - 3 4

Noutrslizal ntstp frmetwith ¢ r ¢ nines g ran
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approvimalely the same level were found n the donor serum and n

each of the different plasma preparations regardless of whether hepa

rimzed oxalate- or citrate blood was employed In some specimens 2

sli;ht non sigmificant enhancement of the titre alues was seen when

:}hpe NT tests were performed with the addition of 2 per cent normal
S

Cohin Fractionated Vaterial

Table 4 presents the resulls of NT and HI tesls performed on three
different lots of Cohn fractionated material The plasma NT titres of 16
to 45 are 1n agreement with tifres commonlv found wn adult biood
donors (5) In fraction T which mamnlv contuns hbrinogen NT antt
body could not be demonsirated 1n the onlv specimen available (lot C)
In frachon II containing the gamma globuhin rubelia NT anhibods was
found m all three lots examned with titres ranging from 1o to 180
Fractions YII and II + III were toxic o the cell cultures and the NT
tests performed on these fractions could accordingly not be read Frac
tion IV which mamnls contains hipoprotein was avalable for 2 lots and
showed a low \T anfibody fifre of 8 1n ot A& while no \T antibods
could be demonstrated in lot C As regards lot B fraction IV was mual
whle as fraction 1V4 ind IV green and \T antibody could be demon
strated onis 1 fraction IV green with a titre of 16 In the albumin
cont uming fractions ¥ and IV + V rubella AT antibedy was mof

found
The results of the NT lests perfarmed with the addiion of 2 per cent

normal GPS correspond with the resulis obiamned in NT tests without
GPS as far as demonsiration of the presence or absence of anhibody is

TABLE 4
Rubella \eutrali tng (\T) and Haemagglutination Intibiting (HI) Anttbody Titres
wn 3 Lots of Cokn Fractiorated Matersal

Rubella antibad titres 10 Cohn fractionated material
lot A lot B ’if,_,

HI AT NT(GPSY HI NT NT GPS; HI

VMateral NT NT(GPS)

Plasma 45 64 20 45 [2] 0 1; J: Eg

1 ~ - - - - -

i 1”8 178 160 180 «60 370 4 9n 3;8

n ur ur 80 ur ur "o ur ur

[SER1{d ur 3 162 ur ur 3°0 - N 2
n 8 32 40 - - - 0

n-4 - - - 0 L] (] - _
1\ -green - - - 16 128 80 N o
1 o o ur 0 o u; o o
Ny ~ - - " o

e: T ed with 2 per ce ig serum
AY t1on test performed with 2 per cent guinea p
eutralizatio

ur = unreadable
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concerned However the titre values are shghtly higher in the plisma
specimens 1nd n fraction II of lots B and C In the two lots A and B
where NT antibody 1s demonstrable 1 fractions IV and IV green a
potentiating effect of GPS 1s seen wilh mereases i the \T titres of 4
and 8 fold respectively

The results of the HI tests show that this {ype of antibody can be
demonstrated m all Cohn fractions where NT anlibody 1s present and
further 1n the avalable fraction I and in fractions Il and II + III In
fraction IV of lot C HI antibody 1s demonstrable in contrast to the
negative finding 1n the NT antibodv test

DISCUSSION

Based on the assumption that human gamma globulin and rubella
conmvalescent serum contam sigmificant amounts of rubella neutralizing
antibody admunustralion of such preparations has for many years been
penerallv recommended for treatment or presention of rubella during
pregnancy From a serics of trinls recently reviewed by Green el al (1)
1t appears however that the efficacy of such treatment by which to
prevent rubella has been very variable Amongst several probable ex
planations of the variation 1n the protective value of gamma globulin
Schiff et al (9) mention the difference 1n neutralizing antibody titre in
several lots of gamma globulin assayed They sugpest that gamma
globulin nlended for prophylactic use be selected on the basis of a
hugh titre of rubelln antibody This concept has been extended bv our
finding (4} that rubelln patients develop maximal neutralizin, antibody
hitres as late as 6 to 15 months after illness which suggests that blood
mtended for preparation of anti rubella serum products should be
collected during this period

In the present study the rubella NT antibody titres of different
serum and plasma products have been determined 1n order to establish
a preliminany evaluation of their potency for rubella prophylatuus The
plasma nitres of 23-32 shown i Table 1 are mn agreement wath our
previous finding of 2 mean rubclla NT anlibody titre of 16-23 1n blood
donors (5) The \T antibodv titres of the corresponding 10 per cent
Samma globulin soluhons scem howeser ta be shghtly Joner than
could be expected from the concentration factor of 1 9 caleulated on
the basts of a 90 pcr cent purits «f the gamma globulin and a content
of 1 g gamma globulin per 100 ml ¢ f plasma In contrast to the expected
nerease in antibody titre of 9 fold the gamma globulins G1 and G3
only demonstrale a 4 fold mcrcase from the tilres found in the respec
tne plasmas P1 and P3 while an 8 fold mise in tilre 1s scen in the
plasmna and the corresponding gamma globuhin set P2-G2 1t 15 interest
1ng to note thal the 1L hires for the same sets of preparations show o
uniform increase of 8 fold closely corresponding to the ealeulated
coneentration factor
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OBSERVATIONS OI' THE STABILITY OF
RUBELLA NEUTRALIZING ANTIBODY

By

JorGEN T EERHOY
Recerved 15111 68

In a rouline examination of sera stored at 4 C for approximately 2-3
weeks we found that rubella ncutralizing antibods conld not be demon
strated in a gh proportion of the sera The sera were derived from
pregnant women and accordin, to a previous studv of the frequency
of rubelln antibody m adults more than 90 per cent could be expected
to be sero positive (6) The present study was therefore undertaken in
order to mveshigate the possible mfluence of different storage and
handling conditions on the stahility of rubella neutralizing antibods

MATERIALS AND METHODS

Human sera In order to simulate the storage conditions of the sera emplosed n the
above mentioned study two specimens of the same serum from each of 10 pregnant
waren were receised from the Bloodgrouping Department aof this institute The first
specimen was stored at minus 20 C soon after the separation of the biocd while
the second specimen was hept far 2 weeks at 4 C and subscquently stiecd at minus
20 C until rubella antibody titres could be determined simultaneously

The 1nflucnee of prolonged storage at room temperatare and at 4 C respestively
was studied 1m0 serum spectmens from 2 adult blood doners With 4 previous historv
of rubella A number of test tubes each contaming 07 ml of serum was storel 3t
the respective temperatures and transferred to minus 20 C at the time snteryals
shown 1n Table 2 The specimens were kept 1n the dar! during the experimental
period 1n order to eliminate the possible influence of light The ncutralizati o tests
on these sera were performed with and without the addition of 2 per cent n rmal
guwinea pig serum fo the medium used for diluting the virus and sera 1n accordan ¢
with procedures previously described (5)

The possible effect of repeated freezing and thawing was studic] i sera from 3
adult blood donors Test tubes contamming 06 ml of scrum were frozen at apy roxi
matels minus 50 ( 1 an alcohol dry ice bath and immediately thercalter thawed
1n a water bath at approumately 14 ¢ Irom each of the 1 bl of don rs serum
specimens frozen and thamed 1 5 10 and 20 ime were examined

The of Iyophil on rubelfa neutrahizing antibsds titre v as stadied

ra from 4 adult blood donors
I S hade Blood and serum from 3 donors were tested after shiment for 3 days lrI)
otdinary mail in order to compare the 3311(&;01» titre in these samples with s ecl
the same sera stored at minus
me\“:u?r‘nh ation fests were performed an rablit cornca clls  SINC) emploving
fold dilutions of the sera starting at 1 4 A detar] d doseription of the
:er:a;r:)‘::du‘;e has been published pressoustt (51 The stra cxarmin .1[ n :he‘mﬁni

o body litres have Deen caleulated

study were ot heat s tisated at o8 C. The anti e e e
thod of harber and expressed as the recij rocal of the
l;zym:h:nn:;n serum virus wmoculum “Throughout this paper a titre less than 4 has

heen recorded as 0
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RESULTS AND DISCUSSIOMN

Immunoelectrophorests of human sera have shown that certamn frac
tions may be affected by storage (1 8 9) 1nd as regards amimal sera
hopp and Englert using pnperelectrophoresis have reported that storage
of pig serum at vartous lemperatures between 6 C and 37 C gradually
affected the percentual relation of the gamma globulin conshtuent (4)
Observations of the nstability of human gamma globulin prepara
tions upon storage have 1lso heen reported by several wnsestigators (2
3 10} and mn a previous publication we reported the lack of demon
strable neutralizing anbibody 1n 2 rubella convalescent sera stored at
4 C for 6 months (7)

L1
Rubella \eutrali tng lnllbndy 1‘|lr: 1 Sera Stored for 14 Days
at 70 C and & C respecliely

Storage temperature

Patient no
- 4 C
1 1 8
2 32 23
3 16 23
4 11 0
5 23 90
] 0 0
T 81 P23
8 3 o
9 16 0
10 16 0

The cbservations described 1n the present commumeation mndicate
that the rubella neutralizing antibods tilre in human sera may be
reduced by storage 1t + € 1n less than 14 days Table 1 shows the titres
of 10 human sera slored for 2 weeks at minus 20 € and 4 C respec
innely Rubella antibody could be demonstraled in @ of the sera stored
at minus 20 C In 4 of the sera with tilres ranging from 11 to 32 ant:
body could not be demonstrated ter 2 weehs storage at 4 G while 5
sera hitering from 11 to 64 did nol show sigmiflicant changes 1n titre In
one serum rubella neutrihizing intibody could not be demonstrated 10
nuther one of the Ino scrum ¢ muns

The resulls of antibody titrations f 2> rum specimens afler stora,e
A room temperalurc or 4 ( [ir vartous periods up to 56 days are
recorded 1n Table 2 In serum from donsr A anlibody could not be
demonstrated from d1y 14 1n spcaimens slored 2t 4 C In the spear
mens slored 1t room temperature a vartition 1 the antibody hitre be
tween 0 and 4 was seen from da 14 to d v 28 whereafter nntibody was
no longer demonstrable

The antibody activity i serum samples from donor B did not show
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sensttrse staphvlococer and strains of Corpnelacterrum di
ptheriae Iistertn mono
eytogenes and enterocaccr that had been used 1n 2 preyiou
e previous 1mestigation (W aller
Media For isolation and maintcnsnce purpose the fun, i
Sabouratd agan (Ovord) burp! g1 were cultivated on
For produrtica of antibiotis a medium of the following compo itron
from Palmsiterna £ Ripe 1962) was used  compothon (mont

casein hydrelysate (Difco) 1 per cent
glucose 1 per cent
\HNO, 1 per cent
KH 'PO; 05 per cent
MgsS0, '7H 0 01 per cent

pH 5 One ml of a trace metal solution (see helow) wis added per 1 of medum
This solution was prepared as follows CaCl 45 mMol F[‘C]‘ 611 mVol ZnSO,
062 mVol (‘u%()l 062 mihl MnSO, 006 miol CoCl 077 mMol 1t was added
to 60 mYoles of cthylene diamina tetra acctic acxd suspended in 500 m) After dis
solution by heilmg 05 m\Dol of (NH ) MoO was added and the solution was made
up to 1000 ml Modifications of this stamdard medwim were used 1o varions expen
ments and are des ribed 1n the text For some exptriments usec was made of a
modified Czapeh Dox substrate and malt peptone medmm  desersbed previonsh
(Wallerstrom 1967) and of becr wort prepared as described by Hallmunn (1923)
01 per cent cyclohexymide was added tn 211 media used fer production of aatibiotics
In tests of the antibioties actisaty of culture filtrates and EPT extracts Oxoid DST
agar was used In some experiments the 1etinity of EPT esiracts was alvy tested on
plates contaning Ovord Blood Agar Base No 2 and 4 per ctnt harse hliwd Tube
dilution tests were carried out with bacteria growiong jo Oxeuds Sutrent Broth
o

In order to ehiminate pemicillin which mas he produced by strains of Fpulermo
phyten (Cole 1966) Difco Bactopenase was added to the filtrates befarc cxtraction
or to the Oxord DST agar medmim

METHODS

[ for produ of antibtoties The Epderm phyton stramn were wrown
as descrabed earher (W allerstrom 1967) m 500 ml flasks containing %56 ml culture
medium at room temperature and 150 rpm on a rotarv shaler

Deternunation of th ueight of the mypelium (method modified fr m Ziepler &
Bohme 1962) A number of 100 ml flasks contaimng 50 ml of medium were in
ocalated with washed mscelium from 4 ulture rp the same Medium an | cnltivated
during continous shaking At intervals of 71 hours onc pair of flask  after an ther
was taken from the <haling machine and stored at —%0 At the nd «f the
expertment all the cultutes were thawed and filtcred and the myceltum vas drred
for 21 hours at +60 C and weighed The mean of the growth >f the tio flashs
harvested simultancousls was tahen as the mycelial weight on that da

The pH of the culture media was measured with a Radrometer PHM sith comby

£ ultsatl o

electrode
Addifion of precursors fo the cultures During the first 10 day
05 ml of a 5 per cent solution sn 998 per cent cthan 1 of each pre urs ¢ was
added dailv to the fungal cultures Cultures & which had been added t ¢ rre
spondiog amount  f the solvent served as contrels "
Dialysis was carried out with 5 ml of FET extract i dealysis tolang p v vadin
21 A (1 nton Carlude Cc) agalinst o0 ml of phosphate buffer pH 67 duriny Urring

2 ents
raction 1 iltrates [ culturc melium v erc shaten sithvancu oran
s ation funnel with d ulle the

9030 munules at room temperature M @ Separ
i(:;nunl of the solscnt The organsc phase was separs td fr m the s ater 'hrlnl‘!::
x5 orated at rosm temperature after which the residuc was rc(.lcnm.nc‘d i fsolle
water to half the volume of the filtrate (in some instances ne hird‘) ‘n‘:s‘"” e
wise stated the extraction was done at pH 7-8 {f antibiotic :ct ;( :‘“ st
moustrable 1n the water phasc after a single extractin the extrach n

twice
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g 1
2 ne<{a plate diffu wn test and w rresponding concentration of 1 1 F In units per ml

The myeclia were drred for 24 hours at 460 € and crushed an a mortar 965 of
the por der was estracted by shaking with 50 ml of the sohent for 15 ninutes The
cxtraction was repeated busce ¢ 1
the restdue was re,cnerated 1 $ mi of dlsnllcd \\ ter

In the f Jloving the term extract 1s 1o be understood as dicthyl ether evtract
of penicillinase treated hitered culture fluid

Testing the tnffuen e on FPF actwtty of keavy metal wans an eysterne 1ml
solures of FPF extracts v ere incubated fer 20 hours at +37 G in the presence of
1mg of the substance to be fested (Bu in ¢ Abraham 1931) It was determrned that
the same con entralion of the substances had no effect on the test staphylococcus
ip apar plate diffusion test

Testing the nfluene >f serum on EPT net oty Plate diffusion te ts were carned
out with dilutions of an FPT extract on a semes of agar plates to Which had been
added successnely increasing amount of human seeum (0 5-10 per cent) Each test
was made f ur times Seluti ot af fucidin and kabamemn which are antibrotics
with & strong and weak affimt  to erum respectnely (Hulow Sorens n 195
fourzuitch el nl 19)%) wirte vselt as omitil Trde dilution tests were varned oud
with a set of tub, contaming 115 ml f nutrient br th and 015 ml of human
serum 01 ml of an FIT extra t was ad] d t cach tube and woculation was p r
farme 1 with oo U cgful fan -0 b br th cultu ¢ of the t st starhylo occu  The
tubes v ere 1n ulatcl t 37 € £ £ %) b ur In ulation { r longer perssds had no
mfluence an the result

Defuat on of wnets of ETF Ditutv n £ tw
antervals 3 ore tested four tm s ath bt

‘med at room Iy and

LPI extra ts in narron diluti n

i m f Staghyloc ¢ us aurea ad
the mean vplue f the whilit ¢ o ' foreach rpavatin A dilu o
producing an snhilstton ne D mm n { o sas rlnlrnrl]) stated to ¢+
10 umits H1 EPY ( n quentt  of 1 bt ined when tne extra 5
filute 1 1 3% and an 1t r 1 7 lh ' fFE) n lhc un hilufe? extra t it
be 330 and 0 unit p m? roa
Nt

Relattonshiy between $FF ¢ ntent awd Jndabition Zones

By diduting two TI1 oxtrs tn b~ ttHoms wath known smonnts of
EPT were prepared and these were tsiad n the plate diffusion test
with the referoned stramn of Stephiylococeus aureas The inhulnhon zone
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sensitive staphylococer and strains of Corgnebactetium dy
iy theriae Iisteria mono

entogenes and enterococer that had been nsed m a prev
wtogenes I & previous amsestigation (W alfer

Media For 1solation and maintenance purposes the fungs were cultnated on
Sabouraud agar (Oxoid)

For production of antilioties a medmm af the following composition fmadif
from Palmstierna € Ripe 1972) was used

casern hvdrolvsate (Difco) 1 per cent
glucose 1 per cent
NH N0, 1 percent
KH PO, 05 per cent
MgS0, ‘TH O 01 per cent

pH 5 One ml of a frace mctal solution (see bel w) was added j¢r 1 of medlum
This solution was prepared as follow  Call 4o mMol FeCl, 61¢ mol /nSO
062 m\ol CuSO, 062 mlol 80, 066 m\ol CoCl 077 mMol 1t was added
to 60 mVoles of ethylene diamino tetra wetic actd suspended 1n 500 ml After dis
solution by bothing 075 mfol of (NH ) Vo0, was addcd and the solubi n was made
up to 1000 ml Modifications of this standard medium were used in various expest
ments and are descrtbed in the text Tor some evperiments use was made of a
modified Czapeh Dox sub trate and malt peptonc medium  described previoush
(Wallerstrom 1907) and of heer wort prej arcd as described by Hallmann (1953)
01 per cent cvcloheumide was added to all media used fcr praduction of intiblotics

Tn test of the antibiotics activity of culture fultrates and FPT cxtracts Oxaid DST
agar was used In some experiments the actinats of FPF extracts was als) tested on
plates containing Otoid Blood igar Base No 7 and 4 per cent horsc blool Tube
dilution tests were carried out with bacteria growing i Oxoids Nutrient Brath

In arder to elminate peniallin which mav be produced by trains »f Fprdermo
phiton (Cole 1967) Difco Bactopenase was added to the filizates hefcie extra tin
or ta the Oxord DST agar medium

MITHODS

tultnation for production of antibioties The Eptdermophiyton straims were prown
as described carlier (Wallerstrom 1967) an 500 m1 flasks containng 950 ml culture
medium at room temperature and 150 rpm on a rotary shal er

Determunation of the weight of th mycelitm (method medified from Ziegler ¢
Bohme 196%) A number of 100 ml flashs contamning 50 ml of medwm were 10
oculated with washed mycelum from 4 cnlture on the same medium and cultivate!
daring, continous shal ing At intcrvals of 24 hour  onc pasr of flashs after another
was tahen from the shaling machine and storcd at —?0 G At the end of the
experiment all the cultures were thawed and filtered and the myveeliam was defed
for 24 hours at +60 C and weighed Thc mean of the growth >f the two flass
harsested simultaneously was taken as the micchial seight on that dav

The pH of the culture media was measured with a Hadiometer PHM with comt:
electrode

Ad Ittion of precursors to the cultures During the first 10 davs of culthall n
05 ml of a 5 per cent solution in 998 jer cent cthan 1 of each precursor was
added dails to the fungal cultures Cultures to which had been adled the ¢ rre
sponding amount of the sol ent scrved as Lontr Is

Dialysis was carried out with 5 ml of FPF extract in dialvsis tubing pore radiu
24 A (Union Carlide Co)} against 50 ml of hosphate buffer pt{ £ 7 during slllrr[nlz

Frtraction Filtrates of culture medm were shaken with varicus organi )‘,]‘Tlu
for 20-30 minutes at room temjcrature in a separation funnel with d)’:l l‘“"'
amount of the salvent The crganic phase was scparate d fe m the \\-lcr’p f,‘,ﬁmu
evaporaled at room temperature afler shich the residue was nx!-ncrnk-ld e
ater to half the solume of the filtrate (in s me instances one |h:rtll') e
wrse stated the extraction was done at pil 78 1€ antibiotie aclivity o8 SELLG
Tnonstrable in the water phase aftcr a singlc estracti n the extrac

twice
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2 L 68w 0 40 60 80
Fig

mts per ml
Zones m plate diffusion test an 1 corre pending cnnceatration of FPF n ui

tar 05g of
The myechia v ere dried for 24 hours at +60 C and cruilhcdlu;n: ;‘;u:"u:utes B pe
the powd 1 + as extracted by shaking with 50 ml of the so e o L e and
extraction was repeated twice e\apnr:\(dmn s per‘furrmed at r
the residue was re enevsted 1n 5 ml of distelled wate extract
T !s):c“fg)l]o:mg the term extract 15 to he understood as dicthvl ether
of pens iMinase treated filtered culture fluid e tml
Tl’mm, the influence on LIF actiwrty of heary metal Lns i"{ﬁgs,';'c';mce m
voluries of EPF extracts were wnculated for 20 hours at —{»37k ) o eed that
Img of the substan e to be tested (Barton & 4braham 1951) I s e eaeens
thc same concentration of the substances had no effect on the tes|
0 apar plate diffusr n test

ed
Testing the wfluence of serum on EPF actiurly Plate diffuston tests were carried
98 A ditwbons of an EPF evtract on a senes of agar plates to which had been
242 d succe snels mncreasing amounts of human serum (0510 per cent) Each test
was wade four times Solutions of fumidin and kanamvein whi h are reen 1962
with @ strong and meak affimts to ¢ ym respectively (Bulow Sorensen 1362
€ ureslch vt af 13 8) were used xs controls Tube dilution tests were carried out
a3 et of tubes contaung 112 m! of nutrient broth and 01 ml of human
jrrum 88md of wn PPE exiract was added to each tube and moculation was per
{ rted with one 1o pful 11 an 70 hour broth culture of the test staphvlococcus The
tWhis w re 1n ubated at +37 € for 20 hours Incubation for longer periods had no
influence on the results.

Definstion of anits " of LPF Dilutions of two FPF extracts 1n narrcw dluton
tndmals were tes od £ nr times with the test strasm of Staphylococeus auress and
the mean value of the snbibaty 3 zones was noted for each preparation A dilulion
Produciag an nhibition zone %0 mm 1n diameter was arhitranily stated to contain
10 units of EPF Consequentl I such a zone was obtained whes one extract was
Sihuted 1 38 and

another 1 9 the content of EPT 1a the undiluted extract would
be 350 201 90 wnmits per ml respectss |

RFSULTS

Relatonsup between LPF Content and Inhtbition Zones

By diluting two TPF
nr

extrads o1 solutions with known mounts of
sith

were prepared and these were tesled 1 the plate diffusion test
Ahe reference stram of Staphylococeus aurens The mhibition zone
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produced by cach solution was compared with its concentration of
EPF The results are recorded graphically in Fig 1

For solutions contaiming less than 150 unils of CPF the relabonship
hetween the lojanthmus of the inmbition zones and the concentrations
of EPF formed a straight line with an melination angle of about 30
Solutions with Ihgher concentrations of FPF gave comparatnels
smaller zones The standard deviition was ¢ = = 058 mm In another
expermment each of 1 series of dilutions w1s divided 1nlo ten parls and
stored 1t —20 C On consecutive days one part of each solution was
thawed and tested with the agar diffusion test agunst the refercncc
staphvlococeus The melination angdl of the rcgression line was the
same 2s 1 the above mentioncd expeniment fhe standird doviation
was considerably hioher ¢ = % 181 mm

Variation in EPF Producing Capacity belwecn Recently Isolated
Epidermophyton Strains and Deterioratton after Prolonged
In Vitro Culfure

Epidermophylon struns vary n thewr caprely la produee wntibotics
n a previous imvestigation 11 out of 50 recenlly 1solated strams were
classified 18 poor producers (Wallerstrom 1967) In culturcs of A few
rceently 1solated strains i this study the concentration of I PE never
exceeded 10 units/ml The weight of the mycelium was detcrnumed in
cultures of 4 low producing stramns 1 two of them 1t was shghth
above 60 m./100 ml cullure volume and in one it was 280 mg whie
one of the siruns had 1n average value of 764 mzg

Struns of Eptdermophyton as well s other dermatophyles oflen
cease to produre antibioties when hept on Sabouraud 1,91 The rale of
deterioration of the EPF producin,, capacity was stuched by repented
subculture of 9 strains of Fpidermophyton Among 14 shake cullures
performed after the fung had been kept on Sabouraud a.r for periods
ranging between 2 and 6 months § contaned less TPF (han cuftures
yrown within 1 menth of 1solabion (t e produced a zone whichwis ot
least 5 4 mm smaller 54 = 8 ¢) Four had the same nd 2 had @ areer
CPF content When prescrved m soil struns of Fpidcrmophyton m
quned their abilits to produce TPE better than when they were hept on
sabouraud medium 10 strains thal had been stored n soul for from o
o 15 month pcriods were recultivated on Sabour wid 1 and 21 shakt
.ultures were moeulated from these When comparad to cultures of the
same fungt grown within 1 month of 1ol thon 6 had 1 smaller 9 el
he same and 6 had 2 lar,er FPT content

Produelton of CPF tn Relation 1o the Growth of the I ungt
1
30 eunltures of 14 stramns of Fpedermophylon wisc M””:‘:y”h{‘:r:n
weeks wath duly determinations of lhe FPF concentrihon J‘l BN
gen 10n concentration of the cullure find Do {ectable Aamoun:
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were found after culture for on the mverage 3 davs (outer limits 1-9
days) There was no correlabion between the duration of this i,
phise angd the {ina) concentration of EPF but with freshly isolated
strains T'PF appeared carlier an the cullure than with strans whech
were recutinated from stoch enltures The mavmium concentration of
TPF was reached after 11 davs {mean vafue) mnd only in a few cases
was there awy further merease Iater thm 14 days after wocnlation
After having reached ws maumum the 1 PF concentration usually
remasned stabonary The mmumum cancentration of F'EF 1w the me
dwm i 10y member of this series was 120 units/ml

In expeniments designed to determine the desclopment of the myec
m the werht of the myeebnun first inerensed rapedly and. then
ieveled off The merense of 1 PF followed the merease of the myechal
werht with 1 In, of ene or tne days in most experiments When the
weiht of the mycehium had hecome stitwonary ilso the EPF content
of the medum crased to merease The mun maxmum weghl of the
mvechum i these scries was 1064 mo dry weght per 108 mi culture
After growth for o 1L dwys w8 divs) the wetht did not inerease
further The pll of the medium rw farly pacilled to the cune for Ui
werght of the mgechwm mising from itodls pH 47 1o v adues hetween
¢y and B {one tvpreal experiment i< depretad i Fig 2)

Varation of Cullures Technique

£PE 15 produced mn small Iy some tenthe o L7
mrd c\mun tGatenbech & W n"fnlrum 1o he published) Teaf
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mophyton siruns were fherefore eultured n media other than the
abote duscribed  slandard  medium or on modificalions of i or with
shight modifications of 1he enllure techmque None of the rariations
resulled 1n an merease of the production of }PE

Inm‘ulalf’on 26 cultures were divided 1nto three ¢ roups one group was innculated
with 01-02cm of mscelial mat from growth of Erii1 rmophyton on Sabhonraud agas
per 100 mi culture medium  anather group with 03-0 ¢m and a third wroup with
06-08 cm he mean IPI content of the cufture flud 1o the three groups after
cuftnaticn for 1 week was 287 430 and 7> ymts/ml respectn ely —Innculation
with matenal from cultures grown on the standard medium did not give better
results than when materal from growth on Sabouraud agar was u ed

Carbohydrate tariattons Inerca e of the glucase concentration tn the medmm to
8 per cent resulted in an earlier onset of the production of FPF but after 6 davs
cultnnation the amount of EPF equalled that in the control Nor v ere better results
obtained when lactose taltose or mannit 1 were used 10 place of glue ise or when
1 3 per cent corn steep liquor or molasses was added to the medium

\ine cultures were grown on « mediom consisting of a salt solution (the mrxture
used o the standard medmim) and 3 nr 8 per cent glucase The fungr deselaped
slower 1n these than o control cultures and afler growth for 3 weels the EPT
cantent of the culture mednim was 5-20 uoits/ml There was a shght fall of the
pif in the medium which ®as most marl ed 1 eultures with & per c nt glacose

Qther media Cultures on Sahonraud broth Czap ¢l Dox brath malt yeptone broth
and beer wert did not vield more CPF than did eultures on the standard medm

Addition of precarsors In view of an assumed rclation between FPE and antl
Iiotscs with % steroid sl eleton (Catenbeck € Wallerstrcm to be publi hed) sub
stances imvelsed 1n sterord synthesss were zdded During the first 10 das  of growth
<mall amouats of mevalonic zeid lactone squalene lanosterc] and chole torel were
added daily to a final concentration of 1 my per m] of mcdirm The eullures Were
grown for 3 weeks hut the production of EPF 1n the e cultures and the controls
was not found to differ

Cultiration without agitation Fov comparson a strain of I prderm iy hylon was
grown (0 stationars eulture mn five 500 mil flasks coutarning 239 mi of the standard
medium After 9 davs the CPF concentration was 10 umits/ml i gne f these I8
the others the vield was smaller or no antibiotic activity enuld be dem nstrated
The fungus prew i floccules on the b ttom of the fliss 5 ith little t deney to

surface growth

Extraclion and some Chemical and Physical Properiies of FPE

I'straction of LPF from the culture medin proved possible with
diethy! cther 1sopropvl elher chloroform bulyl wnd cthyl wdite and
henzene Extraction was not stecessful with hexane or petrodeum ether
From dried myvechum EPF was extracted alse with ethwmotb aectone
and dioxane {he substince s soluble alse w demelhs! sulphovts
(D\MSQ) From the wmount of TPI n the culture fhud 25 40 per cenl
was transferred to the orgamie phase by shahing with chioroform of
drethn! ether for 30 mnules at pH 7-9 hul with cthinvd acetde appt
rentls all of the antibiolic was Lalen up by the sohenl 1n the same
lm;cl pH lesels between 5 and § the trnsfer of TPF o the or,1n:f
phase was lrneIy the sunc but sfter further th hmizahon some ’;“
Loty samamed 1 the water phose {Table 13 After awdifie m':n;"m
amount of FPT 1n the orpanie phast Wb smaller althoush ;)o' ’c” "
was found a the water phase This s (xpl ined by the fact the
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TABLE 1
Ether Fxtrachion of EPF from Culture Flnd at different pH Ievels

zone diameter (10 mm) approuimate amount

pH of fiud ot FPF tahen up by

organic phase water phase <olvent (per cent)
3 20 no zme 3
4 24 no zone 15
5 275 nc zone o
& °7 na zone 25
7 27 n3 zone 25
8 21 (+) 25
9 20 3 10
10 K 27 0

Zone before extra tion 285 mm (agar plate diffusion test)
10 ml of culture fluil was shaken v 1th 20 ml of ether After evaporation of the
s Tuent the re idue was re enerated 1n 3 ml of water

only shghily soluble 1n water and presumably still less so at acid pH
(Gatenbech & Wallersirom to be published)

The resnlts obtamed by extrachon of EPF from mycelim su.gested
the exisience of only 2 small amount of the nntibiotie 1n this part of the
culture Fxtracts of 500 mg of dried mycelium from each of 14 cul
tures whose cultnre flmds contained 21-38 umts of LPF per ml was
carried oul by repeated shaking wilh acetone After drvin, the sub
stance was regencrated mn o m! of water The zones 1n the subsequent
plate diffusion test indicated the presence of 30-180 unuts of I PF per g
dry mycchium  As the content of myeehum n a culture 1s about 1000
my, per 100 ml the amount of EPF in the mycelum 1n these enltures
was no more than a few per cent of the lotal amount of FPF 1n the
culture TPE was found Lo be at least 1s solnblc m icetone a< in ether
s Judged from experiments where the residue of an ev wporated filtrate
was extracted wath cach of these solvents

Dialysis of 1 PF extracts agamnst phosphate buffer pH 67 showed
the substince Lo be dialvzable the coneentralion of 1P bang cqu
hibraled within 24 hours

TANLF
Eifect of Het ny FIEExt @t 100 (% 13yl {evels Zone Diameter in
the Fint Dffu = T sf ¢ t after Trextrient
time st tile aclisat g,
N
1 a5 ns o
5 o 200 107 M
9 \ ors 17
1 1 18 o
12 1 3 19 0
1 +) 19 3

8
e ww



440

mophylon struns were thercfore cultured n media othtr than the
above deseribed  standard medim or on modificabions of 3t or with
shght modifications of the eulture technique Nonc of the +imations
resulled i A mnerease of the production of CPF

Inorulzll)lmn 26 cultures were dnvided wnto throe groups one group Was fnnculated
with 01-02¢em of mycelial mat from qrowth of ¥ 1de rmoy hyton on Sabouraud sgar
per 100 1m0l culture medium  ahather group with 63-05¢m and a third #roup with
#C-08 em The mcan TPT content of the culture fud 1n the three groups after
cultivation for 1 weel was 287 130 and 225 units/ml resy ectin Iy —Inaculation
vith material from cultures grown on the standard mediem did net gnve hetter
resulls than when material from growth «n Sibourand apar was used
Carbohdrate 1ariations Increase of the glucose ¢ meentration 10 the medium th
B per cent resulted 1n an earlter onset of the jroduction of FIT bul after & dava
cultivation the amount of EPI equ.llcd that in the cantrol Nor were better results
obtataed when lactase maltose or mannitol scre used a place af glucose or when
1-3 per cent orn steep liquor or malas ey was added t1 the medium
Nine eulturcs were prowh on a medurm conststing of & salt solition (the misture
usel 1n the standard medinm) and 3 or $ per cent glucose The fungs devcloped
slower 1n these than n control culturcs and after growih for 3 weehs the EPY
ciatent of the culture medium was 5 25 umits/ml There was a shght f1ll of the
pH 1 the medinm which wa most marked 1 cultiires with 8 per cent glutose
Gther mecdia Cultures on Sabour wd broth Czapeh D¢ x broth malt peptone broth
and heer sort did not yield more FPT than did cultures on the standard medam
Additian of precarsors In view of an assumed relation between EPF and antt
brotics with a sterord sl eleton (Gatenledd € Wallerstrom 1o he publishedy svb
stances wvalie lin steroid synthesys were added During the first 10 days of gronth
small amounts of mevalonic acid lactone squalenc lanostercl and chclestero] wire
added datly to a final concentration of 1 m  per mi of meditm The eultures were
grown for 3 weels but the production of BT 1n these cultures and the contiol

was not found to thifer
€ arison a strain of Fpidermophylon was

without Tor comp:
grown 1 stationars culture n frve 500 mi flasks containing 250 ml of the standard

medium  After 9 davs the FPF con entrafion was 10 units/mi i one of these o
he others the vield was smaller or no antibiotic activity could be dimenstrated
The fungus grew in floccules on the lottom of the flasls with hitle tendenes 18

surface growth

Extraction and some Chemical and Physieal Properties of EPF

I xtraction of LPF from the culture medin proved possibl wih
iethy! cther 1sopropvl cther chloroform butyl and ethyl acelile and
benzene Exlraction was not successful with hoxane or petroleum ether
From dried mycehum CPE was extracted also with cthanal acctone
and dioxane the substance s soluble 1lso m dinethn! sufphovde
(DMSO) From the wmnount of I PF n the culture fltnd 2y 10 per cent
was transfried to the or iie phase by shiking with chlaroform of
dicthy! ether for 30 munules at pit 7-8 Bt with iyl acelate pp?
rentiy all of the antihiotic was tahen up by the solvent the s

the trsfer of TP to the ore e
Mfter further alh hinzation somc ¢
After aculification the
111 no achivits
pras

time
Al pH levels between 5 and 8
phase w1s laracdy the seme bat
taty remuned n the waler phinse {Table 1)
amount of FPTan the ory, e phase was smller thot o
was found in the water phasc Thus 1s expl uned by the Ded th
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TARLE 3
Kiher Frlra tsn of FOF from Culture Flual at differ nt pli Teve)s

" er (a0 #] proximate appount
o1 o hord sone drameier (in o) of EPP taten w1 b
organte phase water phast <olvent {per cent)
T ay no 2me £
4 % no rone 15
% s np 20R€ 2
5 23 no zane 2
7 a3 no_xone 2
R 27 £+ 2
2 20 »5 b1
18 > 1 18

2 we befcre extraction 935 mm {agar § Iate diffus: n text)
16 mt of culture Hud was shaken wsth %0 ml ¢ f ether Alter evagorats n Of the
leent tha residur was rejenerated tn ml nf water

anjy shghtly soluble m water and presumabiv st fess <o W e piE
tGatenbec] & Wallerstrom o he published)

The results abtaned by exirachion of 1 P {rom miveehnm supested
the existence of onty 1 samill amount of the wnbibiolic m ths part of the
cullure T xtriets of 88 mg of drred mycednmm from cach of 34 cul
tures whose cultyre fiusds conlamed 21-38 unuts of ¥ P per ml was
carred owt by ropeated shiking with acelone  After drying the sub
stance was reqenetaied in 5 mi of water The zones in the subsequent
plate fiffusion test sndicated the presence of 30-180 unils of I PF per g
dry myechum A the content of mycchum i a enlture 15 abowl 1080
my, per 100 m the umount of I PT m the savechum mn these cultures
was no mard than 1 fow per conl of the fotnl wmount of 1 PF in the
enlture TP s found o be at toast v solubde 1 acetone gs 1y ether
1 Juded from experiments shere the residue of t evaporyed Giflrate
wts extrictad with each of these sobhunts

habvas of TEE odraets ag unst phosphate buffer P B7 showed

the substaste ta he desduzabte the concentration of 1 py bemng, equs
hbrated withm 24 fours

TARLL
Fgp 6 L H Ot 3 EIF Fxt 4 ¢ 180 € ot Tan g H fen |
GOFIC D n T At L fore anl after Treappy " DOmeler i

tm i+t
o s (e ‘ ”(’:“’zn')"”" setnits dismasshed
by (per centy
B ' "5
5 “ 294 s 5
9 o 2ty 7 H
N M " 2y M
v 0 3 4 7
i3 a s 18 85
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The termorcsisianee of the substince was studied at different hy
drogen 1on concentrations (Table 2) At pH below 9 no delerioration
of the TPF was observed after boihng for 20 mnutes at pH 12 boil
ng for only 5 minules reduced the activity by aboul 70 per cent In
another experiment 1t was found that at negtral reaction boilin,, for 30
minutes reduced the actnily by 70-90 per cent and after boihng for 60
nunutes no antibiotic actisity remamed m the solutions Incubation
overmight at 37 € at pH levels varvin, belween 1 and 12 did not reduce
the actisity of a series of FPF extracts Addition of cysteine or heavy
metal salls (CuSO, 5HO Pb(NO,) HgCl AgNO  7nS0,) had no
effeet on the anlibiotic activily

TABLE 3

Effect on Actii ity of EPE of Additton of S rum to the Test Mediam
in the Tube Didution Test

Growth 1o nutrient broth

Cone of EPF 1n medium Crowth m nutrient broth 10 per cent serum
8 umits/ml 0 o
53 umts/mi I o
1 umits/ml o 0
32 units/ml 0 +
2 unts/ml 0 T
1 umt/ml 0 +
05 units/ml + 1
020 umts/ml + +
0125 units/m] + +
Control + T
¢ = no wsible growth + = growth within %0 h/37 C
TABLL 4
Effect on Actionly of FPF of {ddition of Serum fo the Test me ltitnt
Zones n the Plate Diffuston Test
Zone (mm) with serum concentration Zoneon
Antibiotic 0% 05,6 yer 500 104 hlood oxar
B
FPF 56 L/ml 290 275 255 195 170 :g;
TPF 30 L/ml 260 248 234 181 160 0%
FPF %0 L/ml 240 218 28 168 Mo
Fucidia 50 meg di ¢ Ho 338 308 238 198
{ antrol)
hamamyein 5 megdise 170 1638 163 170 170
(control)

Studies on the activaty of T PE were performed after addition :x:
serum Lo the lest medium In tube dilution tests with 10 per clz;I;l l‘l":f:‘ "
scrum present the mimmal mmhintory concentration of Ir et
lcast 4 times that of the contral The resulls of one typical exp

are grsen 1n Tahle 3
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Simulir results were obtamed in plate diffusion tests where 1t was
found that the dinmelers of the mibition zones varied mnversely with
the concentralion of serum in the medium (Table 1) The zones pro
dueed by fuaidin but not those produced by hanamyein were ilso
smaller as cxpected by the affinits of these antibioties for serum
When the plate diffusion tests with CPF were performed on blood
agwr the zones were smaller than when the test was earried out on
DST agar The difference corresponded rou,hly to the difference 1n their
content of serum {Table 4)

In another experiment some EPF ¢xtracls were mmxed with serum
and tested m plate diffusion tests The dinmeters of the mhibitory
7ones werc much smaller than diamelers observed when the same

exiracls were mixed with the same amount of physiological saline
(Table 5)

TABLE §
Elfect on Actrnty of FPF of Miring Fxtracts + 1t] Serum before Plate Diffusion Test

7once diameler (in mm) of
Lrcparation labelled

extract extract porved extract mived
untreate { 1 1 with phvs saline 1 1+ ith scrum
A 24 19 15
B 30 " 17
c 3 9

1he intibolic actinity of LPF increased with the hydrogen 1on con
centration of the medinm In plate diffusion lests at pH 7 the zones
were smaller than at pH 5 ind on alkaline medium the zones were stiit
smaller (Table 6) In tube dilubion tests at pH 7 the mae was at least
1 timgs s hagh s al pH o (Table 7)

UAILE 6
Eff et ndtudy fEHIF fV raton u pH [ the Test Medium
it b2 Tet

€ ne of ¥PL in te t medium

ot rmly Tonth t tm hum
7 5 L]
1 n o » n
B 0 o 0 0
1 o 0 0 o
05 o + - -
025 o + - 2
15 - + + +
Cant 1 -+ z T

0 = n i 11 grovth + — gro th tt 2 g h/37 C
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TABLE 7
Effect ont Actipity of EPF of Varations in pll of the Test Medium
Zones n the Plate Ihffusion Test

Preparation No Concentration of EPF Inhibition zone (in mm) at pH
(umts/m!) 5 7 9
}‘ 3 185 1 9
2 12 21 a1 135
3 12 23 21 11
4 21 % 2 1
2 31 27 % 135

DISCL SSION

YW\ 1th the present method of culture the Fpidermophyvton fador {1 PF)
was obtamed only in minute xmounts Its appearance wn the culturt
medmtm was closels connected with the growth of the myecha parhy
cularly with the period of most ramd development the trophoph e
(Bu Loc! et al 1965) In tlus respect 1t differs from most other anti
biotics which ire produced mn the wdiophase as secondary or shunt
metabolites dertved from abnormal eoncentrahons of cellular consh
tuents 1 growth lumited cultures (W oodraff 1966)

Poor production of CPF 1n cullures of recently 1solatud strams was
most often associaled with poor growth these struns thus seemed to
be unfit for the culture medium On the other hind struns Lhat gres
well and ongmally were good anhibiotic producers on repeated sub
cultiyation gridually produced less CPE though lhe weishts of the
mycelia remamed normal The tendency of Fptdermophylon sirumns o
lose their inbibiolic production was reported by tre el al (192)
Mishio (1828} and hatagirt (1967) Urabe (1901) found that the loss
was d with the phenomenon of pl phic de_eneration In

' the present study carly pleomorphie de-cneration was nol ccom
)pamcd by cessation of CPF production but old plcomorphic strams of
Eptdermophyton produced hardhy ant antibiolic

EPF wns produccd by Fpidermophylon on 2 variets of medin indy
pendently of carbohydrales Most of {he inhibiotie was redeased from
the myeelum and was found i the eulture flmd Apitated cuflurcs
were better than non agiited cultures for the produetion [P ko
was formed 1n cullyres on media consistin, of glucose and mncris
In these cultures thire was no alkalinizilion of the medium 1 pheno
menon accompanyin., rowlh of dern tophtes on tissne exiract medtn

and attribulcd to de amination of Amine wids by tht funym thnrsack &

hrught 1928) ,
FPF was cxlracted from medum 1nd mycelmm by means of wu‘n
orgame solvents and hest al pil 7 § The anlibiolic achivils W :i !"I“ ;c)r
Ihermostable and not afected by vanalion of the ptl bc!nroln 'l':lxy\w:
Howerer 1 was destroved by botling, 2t strong alkatine pH 1
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most active 1 an acid muliew as shown bv lower mic n the tube
dilution tests nd the production of larger inhibition zones m the plate
diffusion tests

LCPF was markedly less active 1n the presence of serum In this
respect 1t 1s like fucidin (Bulow Sorensen 1962) EPF and fucidin have
several other properties in common  both are more aclive i acid media
and both have a similar narrow antibactiral speetrum with a charae
teristic difference 1n activity belween near relafed bacteria such as
staphylococer and strept 1 or corynel 11 and Listerta (Bulow
Sorensen 1962 W allerstrom 1967) Some stiphviococcal stramns re-
sistant to CPE were found to be resistant also to fucidin (W allerstrom
1967) Cross resistance amon, bacterta has been demonstrated for
fucidin and cephalosporin P, (Barber & W ateruorth 1962) and for the
latler antibiotic and helsohe acad {Burton & Abraham 1901) The rela
tion of LPF to these substances will be the subject of further studs

SUMYMARY

30 strams of Epdermophylton floccosum were cullivated submerged in
agilated cultures and mvestigated for their production of an antibiotic
the Tmdermophyton factor (EPE) The antibiolic aceumulated most
rapidly in the culture fluid during the peried of most active growth
of the mycclium The amount of I PF mn the mycellum was mnch
smaller than in the culture filtrate CPF was produced on a vanety of
media even on 1 muature of glucose and salts It wns exiracted from the
mycebum and from the culture filtrate by means of several organic
solienls It was dinlysable rather thermostable and stible within wide
ranges of pH Its anhibacterial 1chivity was reduced by the presence of
serum and inecreised by eidifving the test media The antibacterial
spectrum and other properties of EPF are similar to those of fuerdm

REFFT ENCES
Barber M € Wal « th DM Artb ) S Y

6 vitro of fue din Laneet
7 931 93 i9°
® BulohJD Hanult n D Hal % 3 F u 1 47 Snalley 4\ Shepherd
D &Snthe v MiE W o1 n nt nd sec ndar b os pthess
Ten IMiuum urt (IR 11 12 478 196
3 Burflck 4 M & Knght v (1 vt 1 ubmerged gr wth and deam 1a
tion min aad @ 1 tl In st Dermat 30 194-199 10 §
4 Burtcn HS & Abrthn F P T tonaf t bioties from a specie of { pna
sy ram ¢ th1 o n 7 i P Wd P Biochem J 0 1h8 174
19
5 Bulm Soremsn P buitm /N0 nbb ke elle effeht in atro Ly hr €
Ipg 13 T 23 19F7
6 Cha 1 E Fhryg MW Jennng M A € Wikams T I Helvole acii an
ntibiotic pr duced b 4§ stifes fu Jatus mut hel ala Ywll Bnt J
p Path 25 108-119 1943
7

Ccle ¥ T wmati n of € aminopeni illamt il Jemalt nt and penicillin
1 ¢ arious fungs Aypl Mi roblol 15 98-104 196¢
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TABLE 7
Effect on Actiiity of EDF of Variations wn pH of the Test Yediwum
Zones in the I late Diffusion Test

Preparation No Concentration of EPF Inhilntion zcne (an mm) at pH
(amts/mt) 5 7 5
5 ) 185 14 9
12 I 2 11
3 12 23 i i
H 21 2% 3 i
2 3 27 2% 135

DISCUSSION

With the present methed of culture the Mpidermophyton factor (FPF)
was obtamed only in mnute tmounts Ils appearance n the culture
medium was closely connected with the growth of tle myeelin prte
cularly with the period of most rapid deselopment the trophoph 15¢
(Bu Iock et al 1963) In this respect 1t differs from most other anh
bioties which are produced in the 1diophase as secondary ot shunl
metabolites dcrived from abnormal concentritions of cdltulwr consh
tuents 1 growth limited cultures (W oodruff 1966)
Poor production of I PF in cultures of recently 1solatcd strams wis
most often associated with poor growth these strams thos secmed 1o
be unfit for the culture medizm On the other hand struons thal grew
well and origmnally were good antibiotic produrers on repcated sub
cultivation graduatly produced less I PE  thoudh the woshts of (i
myecelia remuned normal The tendency of Fpidermophyton slruns to
los¢ therr anhbiolic production was roporlcd by £ri o al (192)
Atsino (1958) and hatagirt (1967) Urabe (1951) found that the loss
~ was associated with the phenomenon of pleomorphic dinentration In
the present studv ecarly pleomorphic desencration was not accom
pimed by cessation of I'PF production but old pleomorphic struns of
Eptdermophylon produced hardly any antibiotic

EPF was produced hy Eptdermophylon on a variely of media ¥
pendently of earbohsdriles Most of the antibiotie w s rileased from
the myecelrum and wais found m the cullure fhud Agitted cultures
were belter than non agilated cultures for the production 111 abe
wAs formed 1n culturcs on medin consisting of glucose nd muners
In these cullures there was no ilhilimization of the medipm 1 phene
menon tecompany iy, frowih of dermatophy tes on hissue (xtract medit
and attributed to de anunation of amno wads by e fangy (Burracl £
Amght 1908}

LPT was extracte

organic sohvenls and hest at p
Ihermostable and not a4 fected In vartition of the pis between

However 1t w15 destroved by bailing, 1t strong athnline pit 1

nie

d from medium and mycelium by me mns of serer

H 7-8 The nlibiolic aclivity W18 rather
Zand 12

PE oy
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TARIE 7

Effect on Actinty of EPF of Variahions 1n pH of the Test edwm
Zones n the Plate Diffusion Test

Preparation No Concentration af kPF Inbibition zone (m mm) st pH
(units/ml} 5 7 -
1 3 135 14 9
H 12 24 it 135
4 12 2 2 1
4 1 26 o4 14
5 31 27 % 134

DISCUSSION

With the present method of culture the Tpidermophyton faclor (FPF)
was obtained only 1n minule 1mounts Its appearance m the cullure
medium was closely connected with the srowth of the mycelin parls
cularly with the period of most rapid detclopment the trophophise
(Bu Locl et al 1965) In thus respeet 1t differs from most other anh
biotres sshich are produced mn the wdiophise as secondary or shunt
melabohtes derrved from abnormal concentrations of cellular consit
tuents in growth limied cullures {11 oodruff 1966)

Poor produclion of EPF 1n cultures of recently 1solatcd struns w1s
most often associated with poor growth ihese strams thus scemed fo
he unfit for the culture medium On the other hand struns (hat prew
well and ongmally were ood antibiotic producers on repeated sub
cultination gradually produced less I'PF thoush the waghts of tiic
mvceha remamed normal The tendency of Epidermophyton strams o
lose therr mubolic production was reporled W Cre ot al (192}
Nishio (1908) and Aatagirt (1967) Urabe (1951) found that the loss
was assorinled with the phenomenon of plcomorphie duqcnertion It
the present studs early pleomorphic degoneration was pol iccom

¥ panted by cessation of 1 PF production but old plcomorplue struns of
Epidermophyton produced hardly anv antibiolic

LPF was produced by Epidermophylon on t varwly of media e
pendentls of carbohydritcs Most of the anlinotic was relesed from
the mycehum and was found m the culture flwd Agilaled cullures
were better than non gitaled enltures for Lthe production 1Pt e
was formed 1n cultures on medin consisting of glucose nd mnerals
In these cultures there was no alkalmizabon of the medm 7 pheno
menon accompanying, growth of dermatophyles on tissue ex{rict nml:;
and altributed to d¢ ammation of anuno acids by the funst (Burrach

t 1808}
A";:!;’,;' \\f!s extracted from medium and myeelm by means of “‘\‘]" ‘:
e solvents and best at pH 7-8 The winolic etisty ws 1t u)
“fecled by varation of the pH bclneen Zand 12

arga
1 b borling Al strong, alkahine plf 10T wrs

thermostable and not 2
However 1t was destroved
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TABIE 2

Serological Surveys of Cats

CF Skin
No of  Dyetest Titre
Author Country test test
cats Pos s pos ES
Miller & Feldman 1953  USA # 21(477) - - 14
Morsis et a1 1956 USA 8 - 0 - 18
Feldman & Viller 1956 USA 5 1(31) - - 116
Jones et al 1957 USA 17 100(57 2) -~ - 116
Cibson % Eyles 1957 US4 35 29(83) - - 110
Roever Bonnet 1958 Holand 13 5(385) - - 11
Lyles et al 1959 USA 282 138(48 9) - ~ 116
Cook & Pope 1959 Austrabia 29 - 0 - 18
McCulloch et al 1964 usa 1 1(48) - - 116

Figures in brackets percentage

MATERIAI AND MLTHODS

During the period July 1st 1959 to July 26th 1960 blood samples were receired
from 1000 dogs and 197 cats admitted to the Small Anmmal Clnic at the Roval
Vetermary and Agricultural College in Copenhagen The sera were originalls
collected for a study of the incidence of leptospirosis in Denmark (Borg Pelersen &
Fennestad 1967 1967) and were hindly submitted for the present study

At the time of admission fnformation was recorded about age and sex of the
apimals together with the address of the ot ners 46 scra from dogs and 8 sera from
cats were excluded from the material due to the incompleteness of that infor
mation

Of the remaining 954 dogs 481 were males and 473 were females 734 came rom
the Copenhagen area shile 270 were from outside that area (mnlnly Zealnud)

Of 184 cats 64 were males and 190 females
origin was not possible since only a small number of the nnlmz]s came from
areas outside Copenhagen

The sera were stored in a freezer at —20 C from the time of collection until the
end of 1966 when they were examined by the Sahin Feldman dye test The test was
performed as descr bed by Sabin € Feldman and as standardized for routine use in
this lahoratory by Aagaard Al sera were inact vated for 30 minutes at 56 C, and
all titres reported zre final d Iutions titres In this laboratory a titre of = 1 10 in
human sera is consid red to be positne

Post mortem examnation of do s that died dur ng the admi sion was performed
by Tage Maller DV M who wsll present & deta led des ription in a separate paper

RESUITS

Dogs

A total of 9)4 dogs were ¢ imned serolsgically (Table 3) 048 s
{57 5 per cent) were nugative witn 1 dve t sl bitre <1 10 406 sern (420
pereenty were post ne witha bt of 1 10 or higher 207 (217 per cent)
find titres of 1 16 & (174 pr e¢nt) 1 1,0 and 28 (29 per went)
1 220) Five sera (05 p rcent) had a titre of T 1200

\ distribution accord iy, to stx ts iso pr sunted 1n Table 3 Of 481
males 275 (o7 2 pur cent) w re negative 11 206 (428 per cent) posi
tine 106 (220 per cenl) had titres of 1 10 & (158 per ¢enl) 1 50 ~nd
20 (42 per eent) 1 200 Four sery n this group were found to have a
titre of 1 12,0

% acr Pt 753
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10 47 2 per cent Simular results were obtuned by anson (196) who
found 33 3 per cent of 24 London dogs under one vear of age with com
plementfixing “ntibodies as agunst 45 per cent of 89 dogs over one vear
of age The seraweretestedindilution1 8only  Gibson & Jumper (1980)
found that 8 1 per cent of 272 juvemle dogs had antibodies with dve test
titres of 1 16 or higher as agamst 19 9 per cent of 528 adult dogs How
ever they had noinform tien about the age of\!hc dogs and the dishine
tion between adult and jusenile dogs was hased on size in relation to
breed and on dexclopment of the gemitaliy Also Boch & Rommel (1963)
found the rate of infection to he lower among younger than among
older dogs Of 41 dogs below 6 months of age 63 4 per cent were post
tive whercas 87 3 per cent of 71 dogs from & months to one vear old
were positine with titres in the dye test of 1 ¢ or lagher

This difference 1n infection rate between young and old dogs rmght
be due to the fact that older dogs have had more time to acquire the
mfection and produce antihodies A different explanation 1s offered by
Lainson (1956) who emphasizes that young dogs are more sasceptible
to toxoplasma infection than older dogs He suggests that because of
this the likelihood of detecting toxoplasma antibodics among the lower
age group 1s considerably dimimished since voung infected animals
usually die and are 1y not lable for 1 1 study
Whether this 15 correct must depend to a large extent also on the strain
of toxoplasma involved

In Table 5 the dogs are divided inlo two groups according to their
geographical origan 220 dogs came from outside the greater Copenhagen
area and 734 dogs from within that area It should be pointed out that
this 18 not a distinction between urban and rural dogs The difference
helween these iwo groups 15 merely geographical and the conditions
under which the dogs are hept are probablv fawrly uniform These frcts
are reflected n the figures which ruveal no difference 1n the pereentage
of serologically positive indinviduals in the two groups

Cats

Tt might have been expected that cats would be infected more fre
quendly than dogs in the samu area The cat 1s more of a hunter than
the dog and its dict 1s less well centrol'ed They may hall and eat a w de
Aariety of birds rats ind mice Ti s )s true not only of stray cats but
Also of family pets of which the [riscat matenal 1s composed

OF 184 cals 620 per cent were f nd to possess toxoplasma oty
hodies Whether that percentice 1s t pr cntative for this area mught
he questioned Firstly the nuta o of ¢t examined 15 much <mnaller
than the number of dogs and ndiv all the eats includcd in tins
malenial were brought to the Small Ammal Clinie for veterinar treat
ment which means that they ar Al familv pels No stray ammals have
been exnmimed and s aiready powntcd out one might expeet an even
igher pereentage of serologicalls prsitine mdinviduals in that group
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TABLE 7
Serological Examunation of 185 Cats Grouped Aecvording to Age

Age No Negatrve Positrve Dve test trtres
10

(years) 110 110 150 1250 11250
=t 79 33(418)  46(582)  B(101)  29(387)  8(101)  1(s3
>1 96 29(302) 67(698) 26(271) 34(354; k)] (' ’

Tigures 1n brackels percentage

(30 2 per cent) were nesative and &7 (698 per cent) positive 26 of
these (27 1 per cent) had a titre of 1 10 34 (30 ¢ per cent) had 1 50
and 7 (7 3 per cent) had 1 250

DISCUSSION

Dogs

The resulis of this study show that a considerable number of doas
m the Copenhagen arca are serologicalls positive to toveplasmosts
42 5 per cent bung found to hwe antibodies It 1s heheved that the higu
res are represenlatne for this aren (a) beeause Lhey are based on 2
relatively {ar,e number of dogs and (h) beciuse dogs 1n 1his area are
hept nnder furly uniform conditions Almost All are famnly pets stray
do,s beng rire Their access 1o wild hic must be considered to
rather lunited but an important source of mfection mipht be raw meaf
Porl and multon hive been demonstrited frequently to conlun toxo
plasma (Work 1967 1968) and many dogs are regularly ghven ran
meat Another source of mfection might be toxoplasma infccted pems
tode cges However as already pomted out the frequency of thus mod
of transmussion 1n nature 1s unknown and further studies e requred
to estimafe 1ls importance

No difference could be demonstrated m the infection rates of males
and females Anhbodies were found in 42 8 per cent of the makes 0
12 3 per cent of the females N\or was any difference obscrsad hefween
the scxes with reyard to distribulion of the titres This confirms simlar
observations of Lawnson (193b) and Gthson & Jumper 119063

Sincc the mformation about the age of the dogs mn this study was
farrlv accurate different a,e groups were compared with ripard to i
fechion rate In former studies on pins (¥ orf 1967) the number of
serologically posiline mdiidunls w 1s hiher among, older than among
younger wumals §n the present mitersal 312 pur cent of dogs ”I’,“’
6 months of 1ge were posiling wherias i the e group from (’3 manl ’;
1p 2 sears 431 per cent had antthodies Statistical oy lubion showed

tlus dilfcrence to be only weakls si;miemt The rate of mfection ;‘”l:
farly constant among dogs more than b months old varving from

for
1 The author 35 indebted to § Olesen Larsen M A Biust tastical Dey artment fo
statistica) evalustion of the results
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to 47 2 per cent Summlar resulls were oblamed by I atnson (1956) who
found 33 3 per cent of 24 London dogs under one year of 1ge with com
plementfixing inhibodies as agunst 45 per cent of 89 dogs over one year
of age The serawerc testedin dilution 1 8only  Gibson & Jumper (1960)
found that 8 1 per cent of 272 jurvenile dogs had antibodies with dye test
titres of 1 16 or higher as agunst 19 9 per cent of 528 adult dogs How
ever they had no information about the age of the dogs and the distine
tion between adult and juvenile dogs was based on size 1n relation to
breed and on desclopment of the gemitahia Also Boch & Rommel (1963)
found the rale of infechion to he lower among sounger thin among
older dogs Of 41 dogs below 6 months of nge 63 4 per cent were pos
tive whereas 87 3 per cent of 71 dogs from 6 monihs to one year old
were positine with hitres in the dye test of 1 4 or higher

This difference 1 infection rite between voung and old dogs might
be due to the fact that older dogs have had more hime to ncquire the
mfechion and produce antibodies A different explanation 1s offercd by
Latnson (1956) who emphasizes that young dogs are more suscephible
to toxoplasma infection than older dogs He suggests that because of
thus the likelthood of detecting toxoplasma antibodies among the lower
age group 1s considerably dimimished since young infected ammals
usually dic and are consequently not available for serological sindy
18 hether this 1s correct must depend to a large extent also on the stran
of toxoplasma mnvolved

In Table 5 the dogs are dinided mnto two groups according to thewr
geographical origin 220 do.s came from outside the greater Copenhagen
arca and 734 dogs from within that nrea It should be pointed out that
this 1s not a distinctton between urban and rural dogs The difference
hetween these two groups s merely geographical and the conditions
under which the dogs are hept are probablsy furly umform These facts
are reflecled 1n the figures which reveal no diffcrence in the pereentage
of serologically positine mdiniduals in the two groups

Cats

It might have been expected that eats would be infected more fre
quently than dogs . the swme aren The cat s mare of a huantey than
the dog and 1ls <t 1s less well controlled They mav hall and eat a wide
sartely of irds rats and mice This 1s true not only of stray eats but
Also of family pets of whieh the pros »t matcnal 1s composed

Of 184 cals 625 per cent were ne to possess toxoplaisma nnth
hodics Whether that perc ntice t 1 p  sentatnve for this aren mght
be questioned Tarstly the = 1 re

¢ ts examined s much smaller
than the number of dogs an i

#iv all the cats included i this
malenial were brought 1o the S+ *n mAal Clinte for veterinary treat
ment which means that they t wml pets \o stray amimats hwe
heen eximuned and as alreads et d out one might expoct an even

tigher pereentage of serologieyl = siive wdiniduals 1n that grow
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TABLE 7
Serological Examination of 185 Cats Grouped decording to 1pe

Age o Negative Positive Dye test titres
<110

(years) z110 110 150 1250 11200
=1 79 33(418) 48(58 2) 8(101) "9(36 7) 8(10 1) 1y
>1 96 29(302) 67(698) 26(°71) 34(35 4) T3 (~

Figures in brackets percentage

(30 2 per cent) were negative and b7 (698§ per cent) positine 26 of
these (27 1 per cent) had a titre of 1 10 34 (35 4 per cent) had 1 50
and 7 (7 3 per cent) had 1 250

DISCUSSION
Dogs

‘1he results of this study show that a considerable numbecr of dogs
m the Copenhasen aren ire serologically positive to toxoplasmosis
42 5 per cent being found to have antibodies It 1s behieved that the fiigu
res are representatne for this area (a) beciuse they are based on a
rclatively Iarge number of dogs and {b) hecause doys in this area are
hept under farrly uniform conditsons Almost afl are famuly pets stray
dogs heing rare Their access to wild hife must be considcred to be
rather hmited but an important source of infection might be raw meat
Pork and mution have been demonstrated frequently to contain toxo
plasma (Worl 1967 1968) and many dogs ave regularly phen raw
meat Another source of infection might be toxoplisma mfccted nema
tode e,gs However as already pointed out the frequency of this miode
of transmission 1 nature 15 unhnown and further studies ire required
to estimate 1ts importance

o difference conld be demonstrated n the nfection rites of males
and females Antibodies were found in 42 8 per cent of the mafes in
42 3 per cent of the femalcs Nor was any difference obscryed belween
the sexes with regard to distribution of the titres This confirms sumlar
observations of Latnson (1906) and Gibson & Jumper (19bi)

Since the information nbout the age of the dogs n this study was
fairly accurate different 1g¢ proups wete compared with regard 1o n
fection rate In former studics on pins (Work 1967) the number of
serologically positive mdiiduals was higher among older than among
svoung(r ammals In the present matenal 312 per cent of do.s up to
6 months of e were positise whereas in the age group from 6 moriths
to 2 vears 431 pur cent had antibodhes Stitistienl valubion! showed
s difference Lo be only wethly siymifieant The rale of infechion ;‘ol:
faurls constant mong dogs more Ln 6 months old varvny from {03

s The suthor is indebted to S Olesen Larsen M & Biostatisticsl Det artment (T
ctatishical evaluation of the results
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to 47 2 per cent Stmilar results were obtamed by Lawnson (1926) who
found 33 3 per cent of 24 London dogs under one year of age with com
plementfrang anhibedies as agmnst 45 per cent of 83 dogs over one vear
of age The serawere testedndilution 1 8onls  Gibson & Jumper (1960}
found that 8 1 per cent of 272 juventle dogs had anhihodtes with dye test
titres of 1 16 or lugher as agamnst 199 per cent of 528 adult dogs Tow
ever thes had nonformation 1bout the age of the dogs nd the distine
lion belween adnlt and jmenile dogs was based on size 1n reltion to
breed and on development of the gemitaha Also Boch & Rommel (196%)
found the rate of mnfection to be lower among vounger than among
older dogs Of 41 dogs below 6 months of age 63 4 per cent were post
tine whereas 87 3 per cent of 71 dogs from 6 months to one year old
were positive sath hitres in the dye test of 1 4 or hugher

This difference 1n tnfection rate hetween voung and old dogs might
be due to the fact that older dogs have had more hime to acquire the
mfechion and preduce antibodies A different explanahion 1s offered by
Tatnson {1908) who emphasizes that voung dogs arc more susceptible
to toxoplasma infection than older dogs He suggests that because of
this the likelihood of detecting toxoplasma antibodies among the lower
age group 1s considerably dimimished since joung infected ammals
usually die and are consequently not avmlble for serological study
W hether this 1s correct must depend to a large extent also on the strain
of toxoplasma nsohed

In Table 5 the dogs 1re divided into two groups according to their
seographical onigan 220 dogs came from outside the preater Copenhaen
aren and 734 dogs from within that area It should be pointed out that
this 15 not a distinction belween urhban and rural dogs The difference
hetween these two groups 1s merels geographical and the conditions
under which the dogs are hept are probably fairly umform These facts
are reficeted 1n the figures which reseal ro difference m the percentage
af serologically positive indnduals in the two groups

{ats

It might have been expected that cats v ould be infected more fre
quentls than dogs in the sam¢ irc  “he cat 1s more of a hunter than
the dog, and its ductis ksswel ¢ nt 7 d They may kifl and eat q Wwide
vamety of hirds rats and ruce This s trie not only of stray cafg hut
also of famuly pets of whieh th 1 s { matenal 1s composed

Of 184 cats 625 per cent w r found to possess tovoplasma ant
bodies W hether that percent w35 ¢ prosentabive for s areq mught
be questioned Farstls the num «r of cal examined 15 muyeh smal),
than the number of dogs and secondis all the eats ineludeq g .
malerial were brought to the Small Anmmal Chinie for veterinary ty, .
ment which means that thev are Al famis pets \o strqy Animaly henl
been examuned and s alreads pointed out one might expect an me
higher pereentage of serologteally posttine induadunls iy that gpf,:"

i
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AGE DISTRIBUTION OT
ANTIBODIES TO EB VIRUS IN SWEDISH FEMALFS AS
STUDIED B INDIRECT IMMUNOPLUORESCENCT
ON BURKITT CELLS

By
Anerna Deagssie and ARNE SIEDWNIR

Received 15111168
Herpes type sirus particles referred to as the Epstemn Basy or ¥B rus
{FB\} hasve been observed 3n man) conhinwous ecli imes derved from
Burkatt lymphomas Iymph nodes or peripheral blood of patients with
leukaemas or ofher thseases as well as from bulfv coats of healthy
denors {for references see 3 8) By escence ues a
proportion of celts which contams EBV parti les may be detected (2 3
5 9 20) Antbodies to the wntracellular antigen(s) were found in huigh
hilre m 4 Burhitt tumonr patients studted thus far (8) but have also
been reported to be widely distrtbated n the general population (5 6

17+ and to deselop m assomation with monenucleosis m each of 29
pattents studted (14)

The present repord concerns the age distribution of such antibodues 1o
B urus in a Swedish population A direct comparison with the deve
lopment of immumiy to 7 common viral disease of childhood ruhelly
will be made since the sera now imveshigated had previously beepn

studird for rubella antibodies (12) Some of our results have been
Presented n 2 preliminary way (37)

Dat concerning certain quantitatie aspects as well 2s the reproduey
bty and speetficnty of the tests witl alsa he presented

MATERIASS AND METHODS
S The 307 sevem specimens ivestigated weve colledted In 1955 for & study of
ubla mmmans emer,, femates in the town of Fskilstuna (1 ) They were in
i1 ated al 5% C for 30 min and stoved at ~—
© ¢! ndudar feser wer emplosed #s wlt as serum from a patient with emhryome
3cm
Ain

Fo s nir Y purp <es sera frum a few African patients with Burkitt hmphama
(lem ck Yol and These spechmems » ore kmdh sapphed by Dr George

Wzgue 1 tor repriats shovl i b addressed to Dr Arne Stedmyr Vivus Department
¢ ntral Ba terioligd al Labirators 1 O Box 177 510122 Stockholm Sweden
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able indirect fluorescence Honeser the merdence of stuned ecls varied
widely (between 04 and 11¢ per cent) md lthe the more subjectne
tmpression of brilhanee 1t was usually fess than m the control

As seen from Table 1 there was no obvious differcnec helween the
sera of the different e groups 1s to vartation n staimn, cipacity all
8¢ groups contamed sery that stmined .k 25 ned as dow proporhons
of cells

Thirly s1x positiie ser1 represephing the whole ronpe of staimng
capacily were selrcted for further stmdy snch as end pont titrations
blocking tests and tests agams! other ccll hnes

End pownt titres vaned between the extrems of 8 and 1024 and
correlated raughls ta the propartion of cells stamned at the 1/8 dilution
te the dilution used mn 1)1 screeming tests {Table 2] Both the bnihance
and the praportion of cells staned decreascd with scrum didution W hen
the percentage of cclls st uned with the serial dilutions were platted for
the individual sera a considerable vamation i the slope of the curses
was observed however This s ilustrated 1o Fig 1 with the titralions
of two of {he Swedish scra and iwo specymens froem African patients
with Burfatt tymphoma all performed simult Iv under rdentical
conditions

TABLE 2
I'nd Pownt Titres of 36 Swedish Sera Compared with Propart on ef Cells
Stained at 1/8 Ihlution

Pereentage of
cells radrectis Nuraber af sera with respectise titre
stained with 8 6 8 €1 128 2.6 51 10M
serum 1/8
90-105 B _ 1 M
§9-85 - _ 4 H
50-39 - 3 1 1
2540 - a 5 N
11-15 1 2 ' - -
06-09 - b s z z

Reproducibdity of Results

1t should be noied that the sesults of ndirect 1mniunofluoreseence
tests were qmite reproducibie Thns the dupheate lests on the 36 (chlﬂrd
sera the screemng and the corresponding 1/8 diluhion of the hln'mr‘ll
showed a varistion in pereentace of fluprescent cells that for mdn‘ud\lm
sera amounied Lo one per cent or tss The four hirations nllus(r'l“n e
Fiz 1 had been carried out onee before but op scpirale oce Nm;imns n
end point titres were )denbical for Mhe syme sesa the ‘p‘r?mﬂ o
fluorescent celfs ~aried By Wt most 19 per cent for \nun:“ e
dilutions It mght also be menhoned 1 s rnnnrrllmlnm]‘m e
from pahenis with Afniean glindutar foser were itrled ¢
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SERUM DILUTION
Fg
Proportion  f Silfcre cells indirect] stained by sersal dilutions of four
high tering sera

by Henle and Henle {personal communication) nd by us resulls werc
identical three sera were negalive at 1/10 and 1/8 respectinely two
had titres of 160 one 320

Bloching Lxperuments

When smears trealed with a 1,8 diut or of anv of the 36 posiine
sera seleeted for further study v r «x escd o0 1 1/10 dilution of the
unconjugated sheep anbil uman g mr ¢ bult preparation heforc the
comyupated preparalzon wis 1dded 0 WCTCSLENRCE WAS seen

Vwhen smears were exp < to ¢ ¢ selected sera (one serum
wis exhausled) or fo the wcon fulua serum 17100 prior to

addition of the conjugated V1« rir U dircet immunofluoreseence
reaction was blocked Mthou 1y usng, degree apparently corre
lated o the stuning capaeity 1 ¢

especdine ser Thus 8 sora wlaehy
at 1/8 dilution had stuned ¢ pui ot or more of the Silfere cells
Bloched the staming completely vh 1 wsed diluted 1/8 8 sera statnyg,

between 69 and 8o per cent of <1 s bloched complelely whe 5

n used
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able indirect fluorescnce Howuver the mewdence of stamed cells varied
widely (between 04 and 110 per cent) and like the more subjectne
impresston of brsthance 1t was usunlly less thaa in the control

As seen from Table | thore was no obuous difforcnce between the
sera of the different e groups as 1o varthion i stumn, eapagaly all
age groups contuned sera that st uncd high as well as low proporlions
of cells

Thirty-sic positive ser1 representing the whole range of stanmn,
capacily were selecled for further study such as end pomnt litrations
bloching tests and fests ag unst other cell Lines

End pownt titres xaned befween the cxtremes of 8 and 1024 and
carrelited raughly to the proportion of cclis stuned at the 1/8 ddution
te the didution used i all sercening tests (Table 2) Both the bnllance
and the proportion of cells stamned decreased with serum ditution When
the percentage of cells stamed with the ser1) dlubons were platied fat
the 1dividual ser1 a considerable variation in the slope of the curves
was observed however This 1s yl{ustrafed in Fig, 1 with the utrations
of two of the Swedish sera and two specimens from Afrean pabients
with Burkatt lvmphoma ali performed simult ineonsly undcr identieal

conditions

TABLF °
End Pownt Tetres of 36 Swedish Sera Compared with Proportion nf Cells
Slarned at 1/8 Difution

i
s ey Mumber of sera with resre tive ttr s
stataed with 8 1% 37 65 178 956 517 109
serum 1/8
90-105 - - ' S
69-85 - - ¢ f
5059 - - 3 1 1
25490 - - 2 2 3
11156 1 2 - ~
0609 - - 3 -

Reproductbility of Results

dircet smmunoflnerescente
1t should be noted that the results of nthre Do

¥ is on
tests were quite reproductble Thus the duplicate tes
seta the screening and the corresponding 1/8 dilution of the h‘lr\'l:’l‘el"l‘
<howed a vanalion 1 pereentage of fluorescent cells ihat f\ﬁ' ‘s!:(r"ll:‘d .
sera amounted to one per cent ar less The four Hitrations 1l i

iz 1 had been carricd out once before but on separale Mc:;":anr:mns o
end point titres were 1denhieal for the same sert (hc({:‘“f;m' ons o
fluarescent cells varied by at most 1 8 pur cent l‘or(mn e e
dilutions It mught afso he mentioned m s cunnnt(«:l  oependentls
from patien(s with African ghndutar fover were birate
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SERUM DILUTION
Fig t
Propactin of Silfere tells indrectly stained by sertal dilutions of tour
high titering sera

1 Hente ang Henle (personal communicalion) md by us resulls were
Wentsea) three scra were negatnne at 1/10 and 1/8 respectnely iwo
had Giteeg of 160 one 320
Blocking Experiments

When Smears treated wilh a 1/8 dilution of any of the 36 posttive
unmj;‘:u;d for further study were cxposed to 11710 dilution of the
“’“lugaﬁ‘d‘d sheep antihuman pammaglobulin preparttion before the
en sml”"'mralmn was added no fluorescence was scen
.m“““‘;’! Were exposed to v of 3o selecled sern (one serum
ditign of l}te) Of 10 the unconjusated Mulua serum 1/100 prior 1o
Teachion yag ‘:{O“I“mled Mulut scrum the direet immunofluorcscence
lated v, Vhe :“Dcked although te 1 varying deptie appavenths corre
q.‘u|lon':“g fapaaty of the respeetine sera Thus 8 sera wiich
Bloc, o sty 34 staimed 9.0 per cent or more of the Silfere cells
betw co 89 nn:‘?;gv“‘“‘v‘l‘ld} when used diuted 1/8 8 sery stmmng

¥ Per cent of colls hlocked completely when uscd
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TABLE 3
Tutration of Blocling Capactty of @ Suedish Sernm and the Standard Mutua Serum

Per cent cells stained by Mutua conjupate after esposition
to respeetn e serum dilution

Serum used

for bloching - © @
« =2 3 z £ & § 2 2 &

£ 3% 8 3z % % £ § 3

T 3 3 % 3 % 3

Swedish strum no 9 0 0 k4 a7 41 52 57 - - -
Vutua 2-11-67 0 [ 0 0 a5 10 49 50 50 57

Cantrol staned directls Wit the conjupated Wutua preparation 61 per cent

undituted but only partially at 1/8 19 sera stupmng between 06 nd
29 per ccnt bloched anly partialls even when used undiluted and {0
somewhat nnpredictable extent between 0 2 wd 16 per cent sull bewng,
stamable by the conjugated Mutur serum Without prior exposition
to other sera 65 per cent were stuned Six undiluted sera from 2 3er
old children which were completely neabise m the screenmg test at
1/8 ilution did not even partially block the conju.ated Mutua serum
(0 9-65 per cent of the cells stamed}

The blockin, caprcits secmed to be betler correlated to the propor
bon of cells ndirecthy stamnable with serum dilated 1/8 than to th
end point titre This discrepanes mught be expected sinec 15 exempht
fied above (1, 1) sura wath the same end pont titre may it low
dslution eheit fuorescence m quute different proportions of cells

Table 3 illustrates the gradual reduction of the blocl iy Cap wily on

senal dilution of two sironghy posine scra the Swedish sorum hr K}
and the standard \lutun serum (end point hitres 1024 and 2060 resiee
trels of Fi, 1) Complete bloching was obtuned with the scra dfuted

# (/16 and 1/64 respectisels

Tests with Cdl Lines other than Siferc

The 36 seleted sura diluted 1/8 were alw
method Agnnst another Burltt c o fme Isther The propertiens of
fluorescent cells obtamed with this cell hne were symiar to the cofres
pondin,, values obtauned with Sulfere cells whether the Mutm c()ﬂl;ﬂl
sorum or the Swedish scra were uscd A maamal Varntien of 23
{ between the resulls obtained with the two cedl lines WS

o tested by the mdireel

per cen
observed

As 1 further control 20 ruprestnlitine sert out of lhe proup m;n}
honed thove were testedn {he same manner apunst the aff Iines G;\m
wnid SKL 2 These are reporied 1o cont wi 3 Mers tow (requenes of o
Ns (1 11) Mo fhitarescence was obscrved nuther with i

trol sceum didated 17109 por with ns of the Swedssh seT¥

positne ¢
\Maua con'
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DISLLSSI0N

It seems to be firmly established by now Lhat anticn(s) associated with
1B virus wnfection are specifically stuned by immunofluorescence tech
mques sumilar to those used n the present study (2 3 20) Our resulis
indicale therefore that TB virus or ather ayents closidy related to it are
widely disseminted in the Swedish population The age distnibution of
antibodies 1n Swedish as well as m Amenican {6) population groups
shows that EBV nfeclions occur at a smular rale as lhe common virat
disenses of childhood as sug.ested by the present studs the I'BY infec
tion miv actually be more conlatous than rubella I may be ponted
ouf that contagiousness of the human mfiehion does not necessanh
mean that a virus 1s easily transferred between tissue cullures the
discrepancy buiween the contariousness of chichenpox and the diffy
culty to obtmun free infectious varicell s virus i most hssue culture
systems 1s 4 wellhnown exunple concermng 2 horpesurus (16 21)
The Henles et al (22 14) recently concluded that T'B virus or 1 close
1y relted onc 1s probably actioloqienlly related lo mononucleosis This
chnical syndrome 15 however diajnosed most often n voun., adults
Mederman et al (14) suggested therefore s did Tt ans previoushy on
(pidemuoloienl yrounds (1) that the infections in chuldren are seldom
i nosed as mononucleosis possiblsy sinee they may rarely develop the
typreal chimeal haem tologienl and scrolooiel features Further studies
of the epidemiolo.y of 1 BV infections 1nd the possible redionship to
mononucleosis and other chmcil syndromes are obviousls ndieated
mrhicalarly 1o children W hether the B virus so often found in Burkit
ell hines 1s aetiolo-ieally relaled to the tumour diseasc or 1s merely a
hasscnger virus  ram uns nother mtriguin, question
FB xirus or antisenicalls similar agents seem to have 1 worldwid,
istrsbution (v 6 17) The resulls of the hlockin, tests reported aboy,
indicnle a closc intigenic relationship belween th agent(s) prevalent
unon,, African Isu hitt pitients wnd that (those) wadely dissennnated
M the Swedisd population Whether the vird ¢s are dentical or gn)y
mtienmieatls r ded must be left an open que tion however It may by
menfioned e 1 conncetion that immunole 513l €£0ss or ree I reac
lions have bect bserved in comylescent s 11 belween sueh distinethy
separate menit s of the herpesvirus gre 1y as the herpes stmplex ang
the vaneellr vi us » (10 15 16) Simila  (ross revetions have so f. ‘
nat heen sc 1 Lutween the § B virus and Hther herpesyiryses 35 7"
Althouh the tuneral pattern of « imunizahoen asamnst LR )
stems evid Bt Al roretinaty of seruwhieh are positivg gy the d“m‘
immunefh sresecnce st vares wid v Antibody concenlraty et
fnlly sany sathin wade honts 10 sl e proups lso 1 uans appa
Amenican study (6) nd the rosults do not sy <ost an e recent
buween mtibods concentration wd the age of g, Y correlation
tat obscrsed n the correspondit, M\ Cstigating g rp‘}:on stmilar to
ubelfa Immumity

(12} the ohscrialion Wt < me Bk blenpe
& S at fow gy
ulion
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stamed much fewer cells than did others of the same titre max snagest
that several anhigens are i oh g the concentrations of which \nr: m
dependantly m different cells and that some indiiduals do not dev elop
anbibodies to a stmilar extent towards all the antigens It should be
noted that other herpesviruses like herpes simplex virus (19) and
variceifa virus (18} are hnown to gue rise {o several distindd anligens

SUMMARY

In & Swedish population of 307 females the ase distribubion of ants
bodies to EB virns was s cshi.ated by ths indirect immunofluorescence
fechmque with acetone fixed EBV positive cells of Burhagt ongin The
meidence of reacline scra was about 90 per cent at birth drapped to
12 per cent at 2 <cars of age and then rose steeply to reach agam 90 per
cent at 20 Antibodies agamst LB sirus or antigenreally related agenls
were acquired somewhat earlier than neutralizing antibodies agarnst
rubellaxrus The reactivits of positine Swedish sera measured by the
proportion of cells stuned with a low strum dilution as well as by
end point tifrations saried within wide hmits but was i most cases
constderably lower than thal of the posiline control serum which o
mated from a Burhitt patient W hile end pomt hitres correlated roughly
to the proportions of cells stamned at low serum dilution some high
litering sera at low dilutions stamned much fewer cdlls than did others
of similar titre Swedish sera with high b LBV reactnaty complitels
blocked the direct staining wilh a conjugated serum preparation from
an African Burhat patrent
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PROTEIN A FROM STAPHY LOCOCCUS AUREUS
VIl Phystcoch Tand I I ! Characterv.ation

By

Axr~NE ForsrEN and Jonn Sjoquist
Recesved 22 vin 68

Protein A w1s ongnally characlerized as a eell wall conslituent of
most Staphylococcus qureus strains winch precrpitates human ; Jto
buln (Jensen 1928) K was later shown that protein A also precipriates
normal rabhit (Forsgren & Sjoquist 1967) and guinca mg y globulins
{Lofhuvist 1966 T'orsgren 1968 A) The protem has been found to nler
act with the Fc fragment of the y globulin molecules (Forsgren & Spo
qust 1966 1967 and Forsgren 1968 B)

The protein A used in some of the expsriments reported (Forsgren
& Syoquist 1966 1967 and Forsgren 1968 A B) was oblamned after ex
traction of the bactenia in phosphate buffer pH 59 at 100 C The pro
tern was precipitated from the cxtract at pH 3 chromatographed on
DEAL Sephadex 2nd gel filtered on Sephadex G 100 A simular prepara
tion was characterized by Grov ef al (1964) and Grov (1965 1967) and
found by them to be a iomogencous product with a moleeulr weight of
12000 The material had one \ ternunal amino acid almine and was
composed of only a few amino acids The data for our prepiration do

1 not agrec with those of Grov et af (1964) and Grov (1965 1967) On
the contrary the preparation seems lo be very helerogencous as judged
from 1) N termmnal amino acid deternunations 2) gel fillration and

3) eleetrophores:s 1 polyacrylamide gel

MATFRIALS AND METHODS

Strain and Cultivation o
S aureus serologic tipe Cowan 1 wa used The bacterta were grovn in 8

1 tanl at the pilot plant of the Department of Bacteriology  harclinska Tnstitutet

4 fundblail institution of Medical Chem

Ve are indebted to Dre I Pertsft and { et Chery

istry
fstry Lppsala and to Dr D Ealer Institution of fhochem
\ul)’-: nnpnl tical ultracentmfugation arb h drate ditermination ani amino acl?

analysis respectively The excellent to hnical as islance of s / Hditer and Mes
tefull  acl nowledged
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040) and Knut och Alice Vallenbe gs 51 ftels One of the nrlhnr:h
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Stockholm Sweden The culture medum copsisted of th followmg 1n the propor
tions indicated 11 tap waler g meaf extract 3g NaCl 2g Nall PO >HO 1g
glu o ¢ 10g peptone pH was 78 After 14 hrs incubation at 37° C the bacteria
were harvested by centrifugation and washed twice 1o saline

Preparatien of Crade Profein A

Heaf extraction was perlormed as des ribed by Jensen (1959) 1 phosphate bulfer
(9 parts 1/15 M hH PO, 4 1 part 1715 \a HPD pii 59) m 2 boiling Water bath
for 1 hour followcd by raprd cooling to 4 L The iransparent yellow supernatsnt
was 3d31 ted to pH 30 with 01N HCI and the precipitate formed was eollected by
centrifugation and dissolsed 1n phosphate buffer pH 59 Fthanol was sdded to ihe
clear solutson to a final concentration of 70 per cent and the resultant pre pitate
was spun down aud dissalyed m phosphate buffer pH 5% Fmally inchloroacetic
acid was added to a concentration of ® per cent and the resultant precipitate was
collected dissolied in phosphate buifer pH 9 dialyzed agajnst distiled water at
44 Cfor -3 days and lyophilized In some experiments the ethanol and trichloro
acetse acld preoipitation seps were omitted

Separation Methods
fon Exch e

Crude Mons of protein A oblained by heat
extrn tion were taken up 1 Q1M \HJHCO, and applied to a DEAE Sephadex
column (Pharmacia Fioe Chemicals AB Uppsala Swiden) equibibrated with the
same buffer Flution v as started with 913 M1 HCO, When the first peak of ¥V
absorbing materiel had merged from the column the elution huffer was changed
to 04 M NH HICO, A sccond U\ ahsorbing peak %as colle ted and each fraction was
assayed for protin & A I w fractions in the beginning of the second peak contaimed
most of the peiteln A actue matersal (90-92 per cent) They were combined dia
Iyzed agamnst distilled water and 1yophilized
Gel fultration Protein A preparations purified on DEAE Sephadex were chroma
tographed on a column of Sethad ¥ (=150 (9o X 5 em) 1 00z M Tris HC! 1 W
NaUl (Flodin & hellander 196%) or in some experiments on a ct lumn of Sephadet
G-100 Less than "00 mg mat rial was applied to the column Collected fractions
(75 ml) were tested for proten 4 actinigy
Isoele tric focusing Hear extracted protein A purified by DEAE sephadet chroma
tagraphy was separated by {soelectric focusing as described by Suenson (196) and
Vesterberg & Svenson (1966) An electrofocusing column (410 ml) equipped with a
cooling mantie and piativum tlectrodes was used (§ KB Sto Mhlm Sweden) Syn
thetic ampholites (polv amino poly carboxylte acids LhB) with isoclectric porats
Detveen 3 and 10 were used to estimate the apparent pl of the protein A acte
materfal A 1 per cent amphalyte solution giving a pH gradient was made up ac
cording to Vesterberp & Sienson (1966) To prevent precipitation of proteins m
the column 6 ¥ urea was incorporated (Jeppson 1967) Lrea was crvstathized from
a warm ethanol slution which had been passed through a mixed on exchange
resin During the runs the columns were Jept at 4 € by 2 cooling bath Hetofrlg CC
Heto Lurherod Denmarh) DRAE Sephades puanfied protem A (100 mg in § mi)
was srphed in the muddle of the gradient The cluate was collected tn 4 ml frae
tons The pil of cach fraction was measured with 2 Radiometer pH meter model 2,
20 s ladiometer glasy electrode tuve Gh 101G Lach fraction was dsalyzed
against 005 M Tris HC1 pll 80 and tested for protein
temt (T orory ef of 19 19 proteln A ectivity and protern con
Electrafo using v as run for 24 or 48 hours The mithal conditions were
0y
38 mA The voltage was successively Increased during the ran o 2 final salue of
Teolat sn of p otetn & from human yi-globul n—~protetn
formed saaentially o deseribed by Co2 01 o o (1805 1ot :n';:;;'c'ghpl? F e
dex pursficd protein A (50 mg fn 5 ml) and human vG globulm (210 AL Sepha
in b phate buff red saline pil 7 ~13 vere mived and inculates o 1y 12D
2 h urs The procipitate was colle t 1 by contofugation wa byt o1, C 107
saline and dis o} ed in 3-8 m) of 00 N\ N 101531 NaCl (Girag e oy yn N0 01
sample vas then applied ta a column ¢ Senhadex € 100 (83 > 3.4 of 18 4y The
quilb sted and eluted with the HCI \ (1 solution Elution A as parprpen Ch D23
and 15 20ml hror Absorbancies of the fractions at 230 my wer: ool %4 €

0
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A and B Schheren patterns for veloeits experiments on DEAT Sephadex purified
profefn A (a) and the same material further separated by preparative palyacry!
amide clectrophorests (b) an a synthetic boundars cell at a rotor speed of 59 780
rpm 62 mun after reaching full speed a) protein concentration = 10 mg/ml har
angle = 60 S = 14" b) protemn concentration = 8 mg/ml bar angle = 50
ow = 170—¢ Schlieren pattern for an approach to sedimentation equilibrum
experiment (Archibald) on protemn A separated from human YG globulin proteln A
precipitates 1n a double sectar cell at a rotor speed of 42040 rpm 48 min after
reaching full speed The protein concentratien was 10 mg/ml bar angle 60 and
S,w =181

RESULTS

Ion Exchange Chromalography and Gel Fullration
Chromatography of the crude preparations of prolein A on DI'AT
Sephadex gave an 8-10 fold purificalion This material formed a homo
geneous peak i ultracenlrifugahion (g 1A) The sedunentation con
stant (8, ) al a conceniration of 10 mg/ml was 142 However na
1y tical clectrophoresis in poly erylnmide gel (I1g 2A) showed distribu

b
tion of the material in a broad band within which a few more distinet

bands were secn Anodic to the broad band 1-3 funt hnes were visthle
The protein A actinity was shown to be associated with the broad band
by diffusion mn agar gel against human ,G globulin

Protein A material from DLCAI chromalography was chromato-
graphed on Sephadex G 100 or G 150 1n 005 M Tris 1M \a(l plI80
The aclne matenial was cluled from the G 150 column (8¢ > 25cm)
in a single broad peak between 210420 ml The protemn A nchuty was
distributed over the whole peak with specific wetivits shightls lugher in
the front fractions and sizmficantly lower i the last 10 per cent of
cluted material Part of the fast fractions correspondcd to the funt hines
seen 1n 1nalvhical polvaces lunide gel electrophoresis (Fig 21)

Preparatiwe Polyacrylamide Elecirophoresis
¢ clution curve of material punified on DF AT 9(‘[1:!]1
{119

3 shows th
o d to preparalne cleclrophoresis n pols wersfaun

dex when subjecte
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A B c D E F

Fig 2
Analytical polsacrylamide electrophoresis at pH 95 of 4 DEAT Sephades purified
protein A —B-F Fractions (2°-23 3 ~33 4°-13 and 5°-53 respectinelv) from the
preparatine polyarcrylamide elecirophoresis shos b in Fig 3 —F Pooled prolein A
after preparatsie polyacrylamlide electrophoresis The samples (02 mg) were applicd
to each gel in a volume of 01 ml and the clectrophoresis was run for 30 min The
bottom of the photograph 1s anodal

gel The two curves represent the absorbancy at 280 my and at 530 mp
(Lowry reaction) respectively Protemn A activity which was demon
strated in fractions 17-58 (dotted linc) scemed to be associated with
the Lowry posibive materinl Four fractions contaiming matenial from
fractions 22-23 32-33 42-43 and 02-53 respectinely were dinlyzed
seporately agunst distilled waler Ivophilized and analvzed by electro
phorcsis in polyaerylamide gel (T, 2B L) As shown in the figure the
four fractions had significantly different molilities T'ach fraction gave
a preaipitate i agar gel agunst normal human yG globuhin correspond
g to the position of iis band in the polvaerylamede gel The frachions
thus represent matenals with protun A actinty but of different com
position The speeific acthivities of the frictions were approximatciy the
samc The marl «d assmmtry of th clution ecurve (Fig 3) mn be
parthy due o the drop in current 1 wards the end of the run

Material eorrespending {o [ ixciions 20-35 1n F1g 3 was combined and
re-clectrophoresed The most 1 v friclions from the second run were
combined dialvzed o mnst dishill d water and lvoplilized The elec
Lrophoretic mobilits of this prepirahion 1s shown in ', 2F The spe
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recovered Ils specific actitity was approximalels the same 2s that of
the starting material Eleetrophoresis for 2 longer lime and at 2 higher
voliage gave 1 stimilar pH distribulion of active material However
under these conditions there was a considerablc loss of actiaty

Dissocration of Protein A from Human vG globulin

Thoroughlv washed precipilates obtaimed by mrin,, human ¥G glo
bulin and erude or DEAT Sephadex purificd profemn A preparations
were dissolved in 0 0.3 M HCI—0 15 M NaCl (Gwol ef al 1962) The com
panents were then separated on a Sephadcx G 100 column equilibrated
and cluted with the same solvent Protein A actine materal was re
covered in fractions with low absorbancies at 280 myp (hat emerged from
the column afler the elution of a Iirge protein peak with the voud
volume The achive fractions were combined dinlvzed agunst distilled
water and lyophilized The recovery of acline protein A was 15 20 per
cent In later experiments lhe reeovery could be inereased to 40 50 per
cent by usme Scphadex G 200 in 2N formic acid Addition of 6 M urea
to the dissociating and elutig solvent did not increase the recovery

In ullracentrifugation the recoyered material (10 m,/m!) gave 1 sym
metric penk (F1g 1€) with a ealeulated § 5 value of 181 Moleculr
weight determinations (Archibald 1947 Chrenberg 1907 and Traulman
& Crampton 1959) gave a value of 31 700 This 1s approamatcdy twiee
the molecular weizht of the material obtuned from prepratine poly
acrvlamide electrophoresis It s possible thai a polymernizihion of
profein A occurs during reaction with human yG giobuhin The low
recovery of protein A may he due {o imncomplel¢ dissociation or to poly
merization or to a combination of both cvents The specific actinily of
the dissociated material and 1ts eleclrophorelic properties tn polyacryl
amide were approxuimately the same as those of the DAL Sephadex

! punfied preparation

Anuno Actd Analyses

Table 1 presents the analvses of hree diffcrent prepirilions of
protemn A 1) erude materinl purified by DI AL chromatographs 2) this
malerial further clectrophoresed twice on polvacryhimde nd 3
protemn A obtaned by acid dissocntion from a precipitate with yG plo
bulin Cxeept for tryptophan and ¥ evstine afl the common 1anno wuds
were found The only obvious difference befween the prepritions 1s i
aspartic 1cid The wmuno 1cids account for 875 G2 pr «nt af the
weizht eorrected for ash and moisture

Amimno 1eid nalvses were also purformed on several ofher prepara

tion
Tor cxample the DFAT Sephadex chromato,raphed prepirt
ot g Scphdex G tua followed by

her sepirated by gdd filtration on
v . . ¢ actie materts)

tron of th
1soclectric focusing The anuno acxd compost r
showed only munor desintions from that presented s Tikle 1 Ssmla
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TABLE 1
Amno Acid Analysis of Heat Extracted Protein A Further Punjied as Indicated

Purified by
Purtfied by DEAE Sephadex 5"‘;::,‘;:’;‘“2{1
N DFAF sephades chromatogesphy issocration
mina chromatogra + polyacrs lamde
acrd sraphy electrophoresis 0 globulin
/100 /100 ¢ g/ltog
molle  Bllon  wmolss DR moVeS  Din
Tey - - - B - -
Lys 6759 110 7508 res 32 18
His 86 4 15 10 13 681 11
Arg 1801 36 1199 29 1386 2¢
Asp 11831 172 13237 144 14000 197
Thr 283 ¢ 37 031 29 2073 26
Ser 4009 45 4994 54 4116 44
Glu 12075 197 13369 219 13471 210
Pro 2401 30 3120 39 3746 39
Gly 55 57 1037 29 3805 27
Ala 061 54 659 1 61 380 57
%-Cys - - - - - -
val 3300 18 2816 36 2699 33
Met 1205 20 833 14 762 12
Tle 3570 52 3177 45 2731 s
Leu 5357 78 584 88 553 6 7?7
Tyr 1476 30 1336 " 1270 24
Phe 269 4 49 2982 55 2783 50

Linear extrapolation to zero hours
§ The figures are not corrected for ash and moisture

results were obtained if the DEAE Sephadex chromntographed material

was run throu,h a Sephadex G 150 column and individual fractions of
the aclise peak were analyzed

A termunal Amino Acids

Table 2 gives the results of N terminal determmalions on the prepara
tions presented in Table 1 Although alamne 15 the mamn N terminal
amino acid 4-6 additional \ termnals were found and it mav be con
cluded that all three pre ns ref het matersal
The preparalions were also analyzed for \ terminal argitime and
hishidine which however were not found

Three individual fractions from the isoclectrie focuang of DAL Sc
phadex chromatographed material with apparent pls of 506 511 and
520 were analyzed Lach frachon within the actise peak represented
001 ptl unit These fractions showed th same heterogcneily as did the
matenals presented m Table 2 althounh the recovery of each N\ term
mal varied among the fractions Stmibar resulls were ohlained when

mdidonl frachions from a Scphidex G150 chromatography were
analvzed
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parts of the molecules In contrast to what has heen reporled (Grov
1967} 1f 1s 1mpossible to state from the present data that proten A 1s
buwilt up of a single polypeptide cham

That the hetero,cnenty of protemn A 1s not due onls to the smitial cx
traclion step 1s shown by analyses of ighly pursfied material obluned
by different exiractive techmiques Lysozvme digestion of § aureus cells
releases a considerable amount of protein A active mateniat (Forsgren
1968 C} Purnfieahion of this matennl by 10n exchange chromatography
gel fultration and preparative polyacrylamide electrophoresis yiclded a
product that showed the same degree of heferogeneity as the punfied
product of heat extraction {Forsgren & Sjogunst, uppublished datay
Furthermore gel filtration of a product obtuned by nitial disintegra
fion of the cells at ~—20 C showed the malerial to be distnbuted over a
wide range suggeshing its heterogenerty (Lofhvist & Spoqust 1963)

Thus 1n all our experiments to date protein A has proved to be hetero-
gencous by chemieal criterin This does not necessirtly menps that
protemn A 1s not a h materi?l biologieallv Al sublractions of
the purest products showed lmost the same speaific actieity when
tested against human yG globulin The observed helerogenaily of pro
tein A may be the result of the extriction and purtfication techniques
used or may be a true heterogeneity due to the fact that chfferent
mutant cells synthesize protein A in different forms In ansy ese
further studies are necessary to establish the true nature of protemn A

SUMMARY

Heal extracted protan A from S aureus punified by DEAT Scphades
chromatography has been further separated and chracterszud phissico
chemically By gl Giltration clectrophorcesis in polvaers lanude gel and
1soelecine focusing prolemn A has been found to be heterogencous Trie
tions with different properties in the separation systems provid to hne
approximately the same speeific ictivity against human yG globulin in
agnr gel

Protein A purified by chromatography on DI AT Sephadex and eclee
trophoresis m polyacmlamide gels guve 1 svmmelneal peak on uffra
centrifugation with 2 §° o of 16 2nd a ealenlated moleculr wesght
of 15 000 Proten A dissociated from human G nlobulin protun A pre
cipitates gave a moleculir weiht of 32000 and was supposcd to b a
dimernc form -

Atupo acid analysis of varieus protemn A preparations ebtuned &
different separation methods showed approumately the sme m;"ni"‘r"
tion The amuno acids found amounted to tbout 82 per cent n“'ll‘hm
weiht All the common amino aeids exeept i eyshine and :r\l"l;‘lr‘ o
werc found Invetoseven N terminal amine wids were roun;'llr)!ulm’r: o
parations studied althou,h varitions i the quantdalive distre
the \ termnals among the preparations were found
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Protein A purified by chr hs on DFAF Scphadex and by
clectrophoresis m polyacrylamide ;,el gave iwo preapation lines
agamst Tbbit anti proten A 76 globulin m agar gel diffusion Afler
pepsin diceshion of the yG globubin onls onc hine was seen mdicaling
1mmunological purity of the proten A preparation
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PROTEIN A FROM SFAPIYLOCOCCUS AUREUS

YIHI Production of Protetn A by Bacleral
and L Forms of § aureus

By
AR\E T ORSGREN
Tecened 211 63

The cell wall of Staphylococcus attreus contams two major components
rbitol teichoic 1c1d and mucopeptide which have heen reporled to
tocelher comprise 66-91 per cent of the cell wall (Rogers 1982 Rogers
& Perhins 1968) Protein A has buen reported lo he an additional con
stituent of the § aureus cell wall {Yoshida ¢! al 1963 Grov & Rude
1967 A B) It has been punfied from inlact cells and from cell wall
prepar itions nd has not becn dedected i the culture medium (Jensen
1958 1909)

Protein A was ongmmally deseribed as a subslance preeipitaun,
human y globulin and responsible for the aggintinalon of § aureus by
norm hamean sera (Jensen 1908 1959)  Later 1t was shown that
protemn A also reicls with normal guinca piy, {Lofhoist 1966 Torsgren
1968 A) and rabbut y jlobulins (I orsgren & Sjoquist 1967 1968) Pro
tan A has been found to interact with the Fe fra ment of non immune
G globulin (Forsgren & Syoquist 1966 1967 and Forsgren 1968)

The purpose of this vestigalion was to determine whether protem
A 1s produced by cells lacking cell walls (I~forms) and whether 1t can
be detected n the culture medn of cocenl and L-forms

MATIRIALS AND MITHODS

Stratn A Staphyloco cus aureu  strgin t pe Cov an 1 (\NCTC 8530) hindly pr vud
Dr A €ro and Profe sor | Oeling Bergen N rva was used thr ughout t
Investigation The strain has a hagh ¢ ntat 1 yrotein A (J nsen 1939)

Medra art cultiration of S aur us Thela (ral f rm of S aureus Covan 1
Krown in \atricnt Broth (Difco) Acration hised 1 shaking in Erle v
flashs on o platform st her Cr wih el turb hmetricslls n 11t
Summers n_olorimeler equipped  ith 4 (Speetral range 640~ 00 mu  The
bactcria vere hamested 1y centnf ¢ t Wy gfer®0min Pel r th becth

The ex Nent technical assi tan ¢

This work Was sujjorted 1y gra ot
No 56 BGT 0 N lhe Y vedish Vel € unerd (Profect N 8 13\ 670
04y nil Amit kAL Wallenb rg The sutho was it r cijicnt of &
prefoct ral I 11 wship from the Lnive ¢ £l al
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Steef sh Cancer & ty (Project
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Cel filtration 1 005 M Iris HOL 1 M Na€l pH 80 op Sephadex € 140 ( 51 9>
cm) of 180 mg protein A obtained b fncubation of S aureus with Ihsogsme in 007
M Iris HAc pH 80 and purified by chromatography on DI AT Sephadex | rotein A
ar gel hiffusien against 1 per cent normal hnman ¢
£lobulin in undijuted fractions and in fractions diduted 4 fold s indieate s by !
| Tespectiy ey

A B C D

Fig 2
fea
olvaers lamude elcetrap horesis st pit 9 5 af different stage of {utl
:‘.::)':.?T:o{‘cm A obtalned by lvsozvme digtsti 0 A3 The uj ernatant n(h)c l::f:r
stion misture after dialysis By Aller chromatcgrarhy on DI AT Sepm.w; Jetrn
¥ fotraton on Sephadex C 180 and D) Viter preparati, p hacrylamilo dlectro
e The sample (07 mg) was opplied to cack gel In a vclume f 01l
phn{;:‘:leclraphorcsh was run for 60 min The bottam af the fisure Is anof
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Crowth curve for § aurens Cowan 1 (A—A—A) Proten A detected in cells
« ) and 1 broth (@—@—@) 15 also indicated The amount of protein A
10 cclls and in broth was determined with reference to standard curves made up
for purified heat extracted and lysoz me extracted proten A preparations respec
tively

Digestion with Lyso yme in the Absence of Sucrose

Lysozvine digestion in 002 M Tns Hac pH 80 for 24 hrs at 2o
released more protein A than did digestion in buffered sucrose In the
absence of suerosc the turhudity decreased to 2040 per cent Protein A
wis purificd from the dinlyzed supernalant from digested cells by
chromatography on DI AT Sephadex gel filtrition on Sephadex G 150
{Fig 1) nnd preparative electrophores:s in polyacrylamide

These three punfieation steps gave a 12 fold increase n spuefic ac
tinvaty walhe an over Al recovery of 50 per cent Analstieal polvacry?
amude electrophoresis of fractions of different degrees of pumty arc
shown in Fig 2

Protein A obtamncd 1n this wav g1ve the same immunologieal reac
tions with y slobulins from different speeies as did heat extracted
protein A (Forsgren & Spoquist 1968 1967 1968 and Forsgren 10¢8
A B) Howcver the precapitation hines in agar gel were more distinet nd
the speaific aclinaly was 23-28 times higher as determined by the
single radial immunodiffusion lechn qu

Prolewn A tn'S aureus Cells @ ¢ i Meduun

Tin $showsagrowth curve 1 v rirens m nutrient broth registered
Iy measuring turlndits 1na k S mmerson speetropholometer The
wrolun A conlenl of the bactert v w1 the broth 1s alko indicated m the
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digested cells mdicating that proten A 1s maunfy 4 sutface component
of the bacteria

Protein A released by mcubation with Ivsozvme and punfied
several teehniques has a higlier speeific aetivaty than does heat extricted
profern A when asswved in agar gel immunodiffusion agunst human
/G globulin The lower achisity of heal extracted protan A s probably
due ta loss of actinily during extraction The protein oblained by Isso

zyme digestion was supposed to he more Ithe the protemn A refeascd
during srowth and was thercfore used 1s 4 standard preparation for
the quanfifafion of relcased profein A

By ummunological methods protein A can be detected in the culture
medium of S anrens, Cowan 1 as well as n the eclls Aboul turtv per
cent of the tota) prolemn A produced can be deteclcd extrieeilularly
during the loganthmic growth phase ind in the phase of decelerated
growth This 1s 1n contrast {o the resulls presented by Jensen (19,8
1999) who could detect no prolemn A in the broth after 12 18 or
rwurs However Jensen docs not mention concentrating, the broth and
we also farled to detcet protein A n the culture mediwm without con
:entrabion  Afler incubabion of a concentrated cell suspension (10©
yactennia/ml)  for somc davs Jensen (1959) obsersed sigmifieant
unounls of protemn A in the unconcentrated incubition flnd

Cell wall constiluents of various bacteria have been shown te be
ibsent or decreised 1n wmount 1n the respeetise 1 forms ( Vorrtson €
3 abudl 1962 Sharp 1963) The abscnce of cell wall mtenal in L-forms
i § aurens suggesled by the absence of chemically and immunologt
dis dutcetabie mucopcptide and ceff wall teichoie wd has recenth
cen reporled (Sharp 1963 Praft 1966) Osmotie fragilsty nd msus
eptibilits {0 phage achion are further indications that the surfacc strue
ure of the I forms is altercd (Willims 1963) However immuno
1l identitsy hetween evtophismie and membrine maternd from bic
>rinl and from 1 forms of S anrews has been reported (Pratt 1966)
'be L-forms resemble their parent coces 1n the quibibilsse producthion
f many enzvmes such as catalase cogulase deovvribonucelease gelt
nase and hpise (Sputh & W illis 1967)

The resuits reported here show that protein A sshuel hus been pre
ared from cell wall preparations (Y oshuda et al 1964) nd reported
» be a celf wall conshitucnt 1s produced in L-forms Prolemn A can he
etected both m the L-forms and in the Leform broth but n sulier
mounls than i the bactenal form Anli enie edf wall substanees hme
revionsts not becn found in four struns of 1 forms of S aureus o<
muned (Pratt 1966) As protam A is 1 group nligen speeilie for wnl
resent 1 nearly all struns of § aurcus (Ocding & IHauf ener 19631
s presenee M L-forms proy 1des i addilionl eniterion for et sdenly

ation
\C“ ¢ hav¢ found that protemn A cin he hihicrated from 4 uurmx( \:'mll“"””
s and it 2t s releascd nlo the medinm even duning the logar
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me phase of bacterial growth The release of protein A can be an wm
portant factor n the pathogencaty of § anreus asat has been shown
that the mteraction belween protemn 4 and ,G globulin elieits hyper
sensitiity reactions (Gustafson et al 1967 1968 and Sjoquist et al
1967) Even L forms have been found to produce a signifieant amount
of protemn A

SUMMARY

Incubation with lysozyme releases most of the protemn A from § aurens
without Ivsin, the bacteria The protein A released by lysozyme diges
tion was purified by chromatography on DEAE Sephadex gel filtration
on Sephadex G 150 and preparatne polvacrslamide electrophoresis
Thas preparation was used as a reference for quantitation of the protemn
A released during growth of § aureus and its corresponding L-form

It was found by immunological techniques that about thirty per cent
of the protein A produced by the bacterin 1s released mto the broth
during the logarithmic growth phase

Protemn A was detected 1n the L-forms of S aurens s well as in their
culture medium The coneentration was approxamately 20 bimes lower
m the L forms than n the corresponding bacterial forms
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For analvsis of the K88 antigen use was made of culture and/or antiserum cor
responding to the following strains

C1733 = 0147 K89(B) h88ac(L) H19 (test straln of h88ac)

€7 = 08 187(B) h88ah(I) H19y

E68 = 0141 hS5(B) h88ab(l) H4 fest stram of h8%ab)

M623-4% = 011 K10 HI0 (test strain of If10)

Preparation of Aptiscra Anligen/ Antibody Reactions and 4bvorptions
Anfisera were prepared in rabbits broth culture heated at 100 C for 2 hours was

employed for O antrserum d ani of broth agar
culture in the case of Oh antiserum For details see Aauffman (1) and Orshar et al

[$3)

Vedia

O« heart broth nfusion was uscd for plates (16 per ent agar) with or without
the addition of 01 per cent fluid Prilp (Henhel) and beef broth for flui ! mediem
In both cases 1 per cent peptone 03 per eent NaCl and 0? per cent \a I 0,110
were added Tor detection of h83 farms modified Drigalski plates (4) with 1 per
cent lactose and bromothymol blue as {ndicator were emplhiyed

Treatment with Acridine

Tubes contamning 5 ml of broth (plf 76) with varving concentrations f acri
flavine (2) were wnoculated with 01 ml of an overmght broth eculture dHuted to 103
After °4 hours at 37 € samples were plated from the first tube with vsihl grewth
and from the ccntrol tube on to bremathvmol blug plates

Staineng of Flagella
Ieifscn s method was used (50

RESUITS

The strains A1 and CS1483 were found to he serologteaily adentical on
the basts of cross bsorpiion tests parformed with boihr O ind Oh
mhbscra The followin,, ecount derls with Hic scrological hohviour
of £S1183 onlv since this sirmp the Dirst of 1 seres of b, ool
sumlar struns from DD R was recenad m 1963

In the O wligan analvas (81487 was found to be rdated to 01
01121c 0117 1nd O144 Cross absorption tusts showed that the O b
gen of CHI48E was not wdentic d with s ot these factors amd ot ws
therefore given v new number g, 0149

Accarding ta the H antinen determmnation 1 10 imlien ol €5) 183
was assigned to HI10

The presence of anticn k88 was demonstrated throush the sisin
tinability of unhkaled culture an tost h8sab ind h8Sw anlisery B fon
the result of the imvestin thon of A8S mbiaan faedors s prose nted tht
question of the prusence of set nother homfinen » sl B dealt mllh
In 1t eascs Inthorte exumned {he presenee m B8Y strons of oy
fronad A anfiaan of the Bty bus boer ravcaked by e apJubiniation
chnrictershies of unticated enlture qrown 2t 18 € u

1) I ulurc to agglutinate m ot hdterologuos h8% unlmnnn'u"ml\m‘
scrutt preparcd annnst 1 sieun il possessing the h88 nhint
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having no other anfiens n common with the strun under mvesinalion
This means that no K88 antisen 1s developed at 18 L

2} No renhion m speetfic O wliserum the so ealled O maSlotip
Ability

3} Alulits to ag-lutmatc m homologous Oh wnhiserum mdie i, the
priscace of 1 ko antyen provuded the entture 15 O i giutimable

4} Paslure to reaet m howmolojous Ok antiserum tsorbed with
botled homoloyous culture By s procedure the h(B) antibodies are
removed {A pesstive renchion n this surnm s mdicatine of the presence
of another h tntigen but of the I ivpe which m contrast to h88 s
diveloped vt 18 )

In Table 1 the reactions are presented schematieally and compared
with those obtamned with culture grown 11 37 C

TABLF 1
dyplutinatiun Reactions of K8€ dnluen Lullur s Groun at 37 Cand 18 €

Sera
Culture "7 7 Hemotogous OR i - Tt -
¢ T be wath o Heterolog u
abs Wi R
1 umds hamel 100 €
31 ¢ + + T
1 + —(B) +{Ly

Tistend of cullwting the strun at 18 € 2 vartnt without the k88
wiign grown 2l 37 G mw b employed As colontes reprisenting the
h88 form of (51183 thid not apper spontaneously A k83 form was
ol ited by means of aerifl nine known to be abje fo cure  for the
K38 antigen

Howarver 1t ¢in be seen from Fible 2 that rrecspective of cultry abon
temaperature nd presence or absenee of K83 piate cuttures of 514813
wgtutinled to 1 farrdy Ingh titre in Ok antiserum (S1483 bhsored
hoth with hoded enlture of CS1493 and motile H10 culture The .glu
unabon was derpreted s Hoawslulinition o vew of the phivarcal
characteristies of the rearlions the demonstration of figella i st uncd
proparitions wmd the £t it sl tres were oblned m paralled bt
ustag, test HI10 nliserwm it accordance with Wns nderpretation the
H anlizen of CS1481 was canstdercd no' o be 1denticd with HI10 The
Oh wlicrum CS1483 could not b 1 pldded of N anbibady sin « no
sl bl atrun was vadalde which 1 1t wa to possess H anliaen rden
Ledl with €S 1483 Howeno 1o vong the eultures on broth A
suppletnented wath @ 1 por oo i1l the formation of fliocdh was
mlubited Pral wrown cultures S iSiludang the h8Sanu, n (18 G
cuitures of k8% 17 € cuttur 1 WSy did not A Glualnate either m
the H10 scrum or in the absort 1 um of 151483 and ligelld were
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0149 k81 h881c HI0 strams are as follows rapmd fermentalion of
adonstel sorhitol arabmose <vlose rhamnose maltose sorbose manm
tol (with gas} and glucose (with gas) delayed fermentation of saliem
and non fcrmentation of dulaitol 1nositol and sucrose No hquefaction
of gelatine no production of HS no growth m ammonum atrite the
Voges Proshauer retetion 1s negative and the mcting red reachion s
posihive md miraics are reduced Unlike other struns of E colt they
hydrolvse urea The cxistence of uren posttine O141 slrauns was men
tioned previously (11 12) and also the fact (12) that CS1522 (an 0149
stran see the mntroduction) decomposes urcn Olher authors hase made
stmlar obsersations regarding strans asolafed from pi.s mdicating
ihat the nbahity to produet ureise msht frequentiy be 1 speetnl traw of
E colt strans from migs (cated by Soyl a 1965)

DISCUSSION

In the present Teport evidenct has heen presented of the occurrence of
1new B anbigen numbered k91 an combinalion with h88ae antienin 4
stramn of £ colt 1solnted from 4 pi, Several poreine strains possessing
two k antigens have been described previonsly but ian tius instanee the
fact was elearls demonstrated only afler suppression of Lhe H inben
which nterfered with the determination of other wbigens Dol (1)
showed 1n 1956 that the amonactne deterent nimed Pril® (Bolim Tell
chenmte Dusseldorf) could cffcetinely inlubit the swarming, of Profteus
bacteria without influencing the coleny growth In studies with the
cleetron pucroscope ondy fragments of flagelln were vsible on the
baclerin after growth in pril supplemented media in contrant to the
wpperince m the control test

Cultures of (51483 grown on broth .ar medium proparcd an the
usui{ manner a,glutinated to a high hitre 1 a heterolopous H speetfic
serum  agalutimabion was not obl nned howeser i parallel tests with
cultures grown on broth A ar cont unin, pril The wipe e nees of pre
pirations stamned ecording to Lerfaon suopestad that the cifeet of pnl
wihich has alhand sulphonate as its man conshiluent dupends on he
suppression of fhgellir dovelopment As the addibion of pril did not
ilter the O or B a glutmalion charicterstics in homolopous s the
usaLe of this mutena m the present wvestipibions ws considord 1o
have no speeral disadvantaes

The spectrum of ety of pril s infubilor of the T anliens of
F colt was nol v istignted In gl diffusion tests on b mtihods
wstems connected with quile 2 distinet T colt culture thy disappar
wee of the H hine and the developnent of wn amdontificd fme fuse
been ohserved simultancousls i associabion with the usc of pril n
cullure mechn (unpublished results) It should bo stressed llunlln'n;x
that the (fTect of pril on e stroloqic it hihwous of 1 coleetnne

fully 1sscssed sathout further study
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The present mvestigation provides an opportunity lo consider certun
anomalws relaling to the system of designaling the anligens of L colt
The L antigen in C§1483 was recorded as h98ac a2 knawn antiyen shar
ing the common faclor 2 with h88ab another hnown antigen of the L
variety The B anti.en was destonated as h9l 2 newly assigned h num
ber since it was found to be wnrelited to the hnown h nnligens The
H anhigen was recorded as H10 we hnow that some of the hithcrlo
established H antiqens arc relaled but when the H anfien of a test
stram s hsted as one of the known ones 1t hias not been common prac
tice up to now to determine whether the two antigens in question are
1denticaliv relafed Thus we do not hnow how complex the H antigens
really ire The O anlisen in CS1483 was found to be different from all
the established O antigens 1lthouyh cross relationships were demon
strated with the O factors O1 O112ac 0117 and 0144 Ve hnow that
many established O anligens with different numbers are in fact related
but as the relationships hnve oniy an a few 150lated mstances been ex
pressedt 76 1 b ¢ el antien factors we constdered it worthless m
the present case to express the O anhigen of CS1483 as e g Olddac
‘The 0112 group 1s ene of the few O antigen groups already subdivided
mto two separate components 0112ab and O112ac The strain €S1483
1hough distmct from O112ab cross reacls with the O112ac component
and could tbus also be recorded 1s 0112ed The adoption of this svstem
in expressing the O anligens of £ colt would however requmure exten
sive changes m the existing struclure of the O antiy,en scheme As no
agreemnt has so far been reached as to the advantages or disads i
taees of such 2 plan 1t w1s conswdered more approprite to gre the O
antigen of C51483 o new number . 0149

It has been stated repeatedly that the K88(L) anligen 1s not deve
loped by cultinalion 2t 18 € while the different B antigens found m
k88 struns have mamly been detected because they are not suppresscd
i cultures grown tt this temperature Howeser 1t should be stressed
that the dependence on tempirature cnnot be constdered s a generl
rule rclahing to development of B and L anhigens

5L UVARY

A new O wmbigen numbered O149 aind 1 new h anbien of the B tvp
numbered ho1{B) havd becn tshiblshed n E colt The aptigens v ¢ ¢
found 1n combination with A88ac(I ) wrien in stramns isolaled £ »m
diseased piglets both in DB R ani v nd

The supplementabion of th Ir mediunt with @1 por cent
pril® was found wseful 1o unusualls strong devdlopment

of flagcliy wiuch mmpeded tic © o + 2 analvsis of other surface
antisens

3 aCcT ratu 3
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0149 K91 h88ac H10 straumns are as follows rymd formentafion of
adomilol sorbitol arabimose xvlose thamnose maltose sothose manm
tol (with gas) nd glucose (with as) delwed fermentation of salicin
and non firmentation of duleitol mositel and sucrasc No hiquefaction
of gelime no produchion of H S no growth in ammomum eitrate the
Voges Proskauer reaetion 1s ne,atine and the meths] red reaction is
positive and mitrates arc reduced Unhke other struns of I enlt they
hvdrolvse urea The existence of urea positie 0141 struns wis men
troned previously (11 12) and also the fact (12) thit CS1522 (m 0140
stran see the antroduction) decomposes urea Other anthors have made
similar ohservalions regarding strams isolated from mas indicting
that the alalits 10 produce urease mght freguentts he a speeal trast of
E coli strams from pigs (cited by Sosl q 1965)

DISCLSSION

n the present report evidence has haon prescnted of the occurrence of
tnew B antigen numbcred h91 1a combnttion with h8%ac tntigen i t
stran of E coli 1solated from a mg Scyeral porcine strans possessing
two K anticens have boen desenibed previously but in this inst wnce the
fact was clearly demonstirated onlv after suppression of the H anhpen
wlich nterfered with the delermiation of other wnliens Dol (1)
showed in 1906 that the 1monactive dulergent named Prifc (Bohm Pt
chemme Dilsseldorf) could clfectsvely mhubit the sw irming, of Prolins
bacterin without influcneing the colony growih In studies wath lhe
eleetron mcroscopc onhv fragments of flagetf v wire visibie on the
bactenin After growtih in pril supplemented medit 1n contrasi to the
appearinct n the control test
Cuttures of (S1483 grown on broth g ir medmm prepared n the
usuil manner aslutinaled 1o 1 hih tiire in 4 heterologous H spearfie
scrum glutmation was not abt uned however i parlfel tests with
caltures prown on broth aor contmming pri) The ppoarees of Pro
parahions stuncd according to 1 esfson suapested tht (he effeet of prof
whith hns alhan ) sulphion ite 25 1ts mam constitnent depends on Ui
A stppressson of fla,uliar desclapmicnt As the addition af pril did nol
\ler the O or B An.lutmation charicteristies sn homologous seri the
/uﬁl,,c of this mater sl i the prosent mveshigitions was considy rod 1o
fiave no spueryt disadvantiges
The speetrum of vty of pril s n mnhbitor of the H antipens of
I colt was not mvestipited In gel diffusion tests on anticn antibods
watoms connected wilh quite a4 distinel £ cofe cufture the disappear
et of the H hine nd the davelopment of i umdantificd hine hve

been observed sumullaneousls in assocntion sith the ase of pnl m
1t <hould b strossad therefore

culture media (unpublished results)
. 1 bch wour of 7 eofi cannot I

thl the (ffect of pri) on the scroloqicy
£l asscssad wathont furlhier study
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ADDENDU M

The serolype of the Irish Strain A1 (Abbotstown) was mentioned rcentls in a
paper bv Sweeney {8)

Strams rsolated from swite of the serobype 0148 ho(B) h88ac(L) 10 were de

scerbed 1 & Polish paper bs has ublwrusc ef ol (3) m 1967 These strams had been
examined serologieally 1t the W H O International Escherichia Centre where the O
anhigen had been gnen the provisionsl sumber 0149 which has now become the
established pumber 4% the time of that examnation the B antigen had mat yet
received ils ewn number
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TABLE 1
Delay of CIE efter 4ddition of Different Duluttons of Non Heated GP Sera to Heated
Sera (IS) fram Rabbits Immunized with Adenoiiras Type 7

Delay of CPE in days

~on heated Heated 1S
15 oGP no GP Heated 1S GF serum added
Seram  serum
added  adied

final dilution of GP serum
14 18 1186 132

2 day IS (final
thilution1 2) 4 CP
serom No 14 9 5 9 9

GP serum No 14
control

8 day IS (final
dilution1 178) + GP
serum \o 71 \D R 9

CP serum No 21
control 4 3 2 ND

D == not done

a non heated sample was not tested simoltaneous!y 1n an carher experiment
no difference bet vcen non heated and heated samples of the same serum diluted
1 128 was recorded

In all GP serum pools employed a shight bachground neutralizahion
{Svehng & andel 1961) to ndenovirus type 7 was demonstrated Non
heated GP serum was used al diluhons which n themselves did not
delvy the eviopathic effect (CPL) more than a myumum of 3 dass
This usually meant a final dilution (before mung waith virus dilution)
of 1 $or1 8 Further dilubion resulied in a decreased restoring abaliy
(Table 1)} Yleat i actiy ition of the GP sera often decreased the back
ground neutralizntion

In rabint sera coffeeled three days or more after immumization
serum diltiion of 1 2 wAs too pot nl 1y wdimt the reqastration of differ
enecs i neutraltang (ffeed v aithin the expunimental pertod which was
hoated by the I span «f th 1 Lol cultures Therefore sera col
feeted on divs 1-16 were test doan fu 1fold ncreasing diluhions start
mgfrom 1 t(li, 1b-f) T «f tf (1 serum on the neutralizing
actinity of heated s¢ twas oty mo b @ cspeenlly i immune scrom
ditulons of 1 64 and 1bwe In al sira collected on davs 3-9 after
mmmunization the wdition ¢ o3 h aicd GP serum caused 4 prolon
trhion of 4 9 davsan the d lav of (PT

In the 9 dw serum (Fi, 1d ) there was 4 considerable difforence
between samples tested in the pres e 2nd in the abscnee of GP serum
i ilntions as igh as 11621 The same serum presents an example
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Oryo
ﬁ"" 15205 1 day 2 1S 205 1 day 3
3
10
5
72> .
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152052 dye 1S 2052 day 20 1S 2052 day 49
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The desclopment of neutralizing activits in rabbits immunized bs several antigen
jections (see text) For explanatim of symbols see I'ig 1

antigen In adyus 1nt followed by intravenous injections were also tested
The first intravenous mnjechion was giien on day 10 After another
three injecthions (on d1vs 21 28 and 42} ke anumal was exsan,umated
on day 19 A sequence of changes of neutralizing activaly simalar to that
m ammals mmmumized by a single injeclion was recorded (Fig, 4) Wath
mereasing intenvals between the mlal immamzing wnjection wd the
collection of specimen  the influence of healed GP serum grrdualhy
approached that of non heated GP serum

Tune of Appearance of Mercaploethanol Resistant Homolypic \ntibody
Actinity

In the experiment with conseculive blcedings from the same wumal

i HFig 2) the sera collected up to dan 4 had a mereaptoethanol scnsitive
< neutralizing activily whereas sera from d1y 8 and onwards showed
stability to mercaptocthanol treatment In other smmunized riblats
tested 1) the 3 day sera and some 4 dav sera were sensttive iccording
to the standards given under Maturials and methods  Howcver there
were some few anmals which had mercaplocthanol stable antibody
aclivily lreads on the fourth day  After the nd of the first woch aff
sera canl itned munh antibodics lohlly resishint 10 mereplocthanel

treatment

Influence of GP Serum on Heleralypic Nenfralt afion

Some sera from ribbils immunized with wlenovirus type 7
werd tested for neulrihzition of adenovirus tapes 2 and 3 n the pre

mhaen
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sence and n the absence of GP serum Virtually no neutralizing eapa
aity was demonstrated to type 2 The addition of GP serum caused a
delay of one day 1n some mstances A variation of only one day some
times occurs also between duplicate cultures mnoculated with identical
mixtures On the other hand the usual cross reactinaty of type 7 sera
with type 3 antigen was recognized also i these experiments For com

panson the delav of tvpe 3 CPE was entered m Fig 1d for the 9 dn

serum diluted 1 64 Maximal differences of up to 5 days were caunsed
by addition of non heated GP serum to type 7 sera collected at different
mtervals after immunization The effect of heated GP sera deseloped
n the same way m the heterotypie (type 3) as in the homotypic
neutrahization te a gradual approach to the level of non heated GP
serum effect was noted in later sera

Haemolytic Actinity of GP and Rabbul Sera

For two of the three GP serum pools employed CII , values were
determined Serum pool No 16 tested after 16 months of storage con
tuned approximately 192 CII umts per ml and serum pool No 21
after 3 months of storage approximately 218 C H , umts per m! As the
GP sera were added m 2 final dilution of 1 4 or most frequently 1 8
this means that immune sera were tested with 2454 CIf ; umts per ml
present Since cqual parts of serum dilulion and virus dilution were
used for the neutralization muxture this contmined ahout 12-27 CH,
units per m! Rabhit sera however werce found to contain no more
than approximately 10 CH  unils per ml of undiluted scrum

DISCUSSION

The technique cmployed n the earher investigations of the thermo
labilitv of adenovirus nculrahzing activily (Svarl. Malmberg 1963
1966) wns oriinally developed for studies of adenovirus antibodies in
patient sera which were tested only at a dilution of 1 2 (Ajellen et al
1947) W hen comparative studies of the influence of addition of guinea
Mg {GP) serum were earnied out 1t was found that the potentiation of
most earlv ribbit immunc sera tested at low dilutions was less than
expected Thus appears to be 1 accord with the findings by W estaway
(1965) who showed that non heated serum mught even inhibat neu
tralization by Ingh concentrations of antibodies

On the other hand by adding non healed GP serum to early immune
sera diluted 1 16-1 64 an enhancement of neutralizing, actinity was
observed which was qualitatively comparable to the results obtamned by
Yoshtno & Tamgucht (1964) However with increasing intervals be
tween immumization and collection of serum 1 gradually inereasing
influence wis oblamed also with heted CE serum This 1s obviously
not in agrecment with the hypolhesis thal the complement system as 1
whole should be the polentitling faclor complex “Nor do the results
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The fevelopment « £ nentrallzing activity in ralbit immunized Iy sever | anti en
InJectlons ¢ ce text) Forexplinatl noof smd s ce 1ig

anbipen in adjus g folfowed by itr nenous ingections were 1o tested
The first intrivenous mjcehion wias given on din 10 Afler mnolher
throcnjeetions (ondavs 21 28 and 42} the nmnl was oxs inammated
ondn 49 N sapnce of chianges of neutrahzing etinady sumlar to that
fn immals immunmized by a singlc imjoction was reearded (Fi, 40 Wath
inercwsing anters is between the il immumazing njection and the
coliection of spieimien the anflucnee of holed GP serum praduallh
approachud that of non hoted GP serum

Time of A\ppearance of Mercaplocthanol Reststant Homotyprc Antibody
Actunty

In the experument wilh conseculnve blcedings from the sam mmal
(T, 2) the serucollected up to d1v 4 hd 2 moreaptoethanol wensitine
neutrahzing actinity whereas sera from dw 8 nd onwnards ~howed
stalility to mereplocthanol tre iment In other immumized rabbuts
fested 1 the 3 das sery ind some 4 day sern were senssting recording
to the stindards ginen undor Matenals and muthods THowaser there
were some fow uimials which had mereiptocthanol stable antibody
actinity alreads on the fourth dw  After the end of the first week all
sern cont uncd munly antibodics totslly resistant to mere iptoethanol

treatment

Influence of GP Serum on Heterolypte \eulralt alion
Some seru from rabbits immunized wilh adenovirus type 7 wnhigen
were tested for neulrilizibion of wenovirus Hypes 2 \nd 3 in the pre
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cPM 107 (CENTRIFUGATION)
Fig 1
Companson of fulter harve t without
hvamme treatment and harsest v
centrifugatior Two aliquots of 1000 sl
were taken from each of ten different
Ivmphocyte enlures labelled with
3 themidine

e 103
Ed

*  ®
Wb GF HYAMINE

Fig
Quenching m luced by hs m (%
#Ci 31 thymidine counted in U 1 cne
scutitlator with fncrea g o ot
of hvamine added

Results

Without hy 1mane treatment In tc
hyamine dioxane scintillat © gav
ull tor The &cta it remaine} locals

v
4 omal

scintiliator solution The oticatation f to

fir

5 0
€PM 107 ICENTRIFUGATION)
Fug 3
Companson of filter hamest with
hvamine treatment and hamest b
centrifugalion Two ahquots of 1000
ul were taken from each of fourteen
chfferent lymphocite cultures labelled
with 3H thymdine

v o?

50 1000 8%
1 OF CELL SUSPEN ION
Fig §

lati nshij Letween count rates and
nber of labelled cells using f lter
est with hysmine treatment Fr n

¢ of 6 different Iswphocste ul
ary1ng volumes were harves cd

v

f trsth t had n t heen treated with
tng efliciency than icluene sein
lters ¢ en after se ersl days in the
1 the counting vial proved to be
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in the 0% 4 Nltrate was sf nificantly podiiced Py centrifugating at ££000C for
t"imin Tteselstinva 21 ilutien steps inm st £ the experlments

The gre enl re ults © natitute exifence that tr th cultures of ¥ pnezmoniae
mar ¢ atala ¢ u 11 ral) am unts ¢f 0t echl beund comglement fising antlgen
This antigen ra ¢ thr ugh Olters which elfectively retain sialle eells and at s
e ntrifalle at £20 96 e n t cell bound antlgen mav be the result of degrata
tincley plasmac il crbt may be produce ! 1y Haing celly during metabe hism
ant grov th llelevart ¢ the Jatter hypothesis iy fire 104 (1) ¢} crvatlon that ecle
mie 0 W grean ntre stealn BH grown on glass surface prodace “grape Jke™
tructures gr vin inlo e br th Purther Inve tigatl ns ¢n the vecurrence anl
properties of the not cellt und complement fixing antigen of W pnemmoniae

have been fnitiate!

TAW 1
Fatedten [ 1e thnltare M pnenm olac Died Stran
the ugl Midhpore? Eidters Ffects npon the Number of Viable Cells il upon the
€ mylement Fixing Titre

Na tlable cell measurc ) n

thange In el ur In
tutx with dilation M eclonsOrming (1 hitre
101 10t 103 100 unit mt

t nfiltered e theulture 4 + ¥ 23 18 168
MEDESu Nitrate + + o 1 101
AtF 07 liltrate 0 <20 1 64
MI 077 centril 18
0(g m 1

Ml 01 fltrate
The S1E 0°2x tiltrate wa ! o tested in (1] after eentrifugati n at £6600¢
f ¢ 120 min
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STUDIES ON CLOSURE OI' THE DUCTUS ARTERIOSUS

\ VMicroradiographical Observations with Ulirasoft \ rays on Closure
of the Duclus Arteriosus in the Rat and the Guinea Pig

By
P Yneve Horssrap aind ULr FRIBERG
Recerved 26 vai (8

In our laboratory a whole body freczing technique has heen used for
morphologienl studies of the process of ductal closure {Hornblad &
Larsson 19672) In earher investigations i this series the prenalal de
velopment of the duetus was studicd and Lhe ductal closure rate deter
muned i a number of species (Hornblad & I arsson 1967h Hornblad
1967 1969)

It 1s now gencrally accepted that closure of the ductus arteriosus
shorthy after birth 1s brouyht about by a contraction of 1ts muscle coat
(Moss et al 1964) Yet there euists no plausible explanation of the
eliciting mechamsm In sexeral investigations 1t has been demonstrated
that a nise n blood or lissue oxygen tension will cause the doctus to
contract (Born et al 1956 Aovaléih 1963 Assalt et al 1963 Reis &
Anderson 1964) This behaviour of the duclal muscle cells differs from
that of smooth muscle cells in the pulmonary artery and aorta which
do not react under the same conditions {hovaléil 1963)

During closure of the ductus the thickness of 1he wall increases 1n
relation to the decrease mn nternal diameter (Hornblad & Iarsson
1967b) The gain in wall thickness 1s by a d tion
and mercased waviness of the elastic membranes and thickenmg of
the interposed muscle cells The intim il layer is compressed and forms
a solid core In the vessel In the guinea mg tissue defeets oceur par
ticularly n the mner media (Hornblad 1967) In the present work
these hight microscopical observations were complemented by a quah
tatine microradiographical studv of the structure of the ductal wall
duning ctosure This study comprised Lwo spectes with different closure
rates viz the rat and gwinea py In the ral 2 50 per cent reduction in
mternil dimeter oceurs after about 30 nunules the ductus 15 fully

The autho  are greatly it debted to Dr K Sune Torason Department of Anatomv
and Mistologs Karohinska Institutet for frultful discussions The work wat Stb
portel by funds from the Sue lich el al Resea ch Coune I (14\-993-04 and 14! -
293 041 the Assoctation for the Atl [ Crippled Chillren “ew Yor. the King
Gustaf v 801 Dirthday Fund anl Rnut and Alice Wallenberg Foundatron

33 crapare 75 4
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Fig ?
€1 c! ductus in the guinea [1g Microrall gram exjcsed at 14 k\ 50 m4 30 min
Sectitn & counterstaine § with haematsxslin and eosin X 185 —The Intetnal elastic
membrane shows & high drv masx. In other pasts of the media the lamellar pattern
fs less distinet than In the rat Den v black mrca represent tissue defects (arrow)
{Closurc 4 hrs)

conld be observed i the medin particularly along the nner border
These corrcspondad to the distribubion of elastic fibres in the resorein
fuchsmn slained scetions
During closure the contrast of 1he microradiorams increased walh
the emergence of a distinet lumellir pattern (Fi, 1c and ¢) In the
closed ductus radio opaque and radiolue~nt bands alternated The
dense wny bands corresponded to the condensed elastic lamellis The
Inghest dry mass concentrition occurred n the tnterna! elastic mem
brane Intimal and muscular cells presented the same low densils
In most of the nucrordiograims and staned sections the aorta could
yalso be sludied The elastic Iamddlas of the aorte had 1 grealer dry
mass nd showed heavier stuning than those of the ductus No dif
ference betwaen the norty and the ductus could be observed with re-
spect to densily of the musele clls
Guinea ptg The micror uliosrapiical appearince of the duclus was
similar to that in the rat Howeser the [umellar pattern of the closed
ductus was less dislinel with the exceplion of the internal elastic mem
prane (F1g 2) Slaned seclions 1lso showed the clastic lmellas to be
tess prominent than in the rat The characteristic lissue defects were
readily dentifiable as areas with mmmAl density in the microradio

grams
Tn the sorta the clastic 1mellas were more promunent both 1n micre

radho,rums nd stuned scclions {han e the ductus This difference

was more pronounced than 1n the rat
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DISCUSSION

the use of the hugh resolubion technique
The present paper 1sd‘:§::v‘u\: with ultrasoft \ ravs doveloped manly
for contact TAICIOTA workers (Greulich & Fngstrom 19:6 Fngsfrom
by Engstrom am“l ’{"‘:‘s techmique 1t 18 possible to achieve a resolution
et al 1997) W I\t { the hight microscope The contrast in the micro.
approaching tha 2;',9 1s determuned by the differential aborplion 1n
radiographical “l“ res exammned In soft tissues \ rav absorplion js
the tissue slru‘: “carbon mitrogen and oxygen Hence \ ray absorplion
caused mainly by uanhitatise measure of the organic dry mass of Ussue
maybeused asa ,g,crora diographical techmque 15 also useful 1 qualy
structures The \a1 morphology 2s an adjunct to hight miers,
m“ecwcr"g“,‘mm & Friberg 19632 b Oberg 1964) 1y 44
(.?rlc'uhd;plcgcﬁl that this technique Was applied i the Dreseny
latter 2
ductal closure the most CONSPICUOUS event dyryne
In both species i;‘o‘:\m;?e&‘ﬁ elastic lamellas This wgq \c:‘;“:rft:u;c
was the condensal croradiograms The Tugh dry mag of ol N
wsnalized m \h:eznnxeni with the observations by Greypy, (1960} ang
branes 1s 10 aBl 4 as indicating a high concentratigy o Prolein () ‘
can be interpre 2 mass was umformis lox in the " the
o\hde \ h::!‘\‘g lt‘l‘\‘lem:y and did not change dunng b
and n

copy (e g
from the
study on

‘lerlametiyy media
Detiod of 41,4,
lastic Jamellas ang the a}
sation of the € SCNCe of chapyer
The CO:S:‘:ﬁ other structures mﬂ“‘e ““g sOstoborate w:‘\n::Dcs
n dry :"Of ductal closure as \:cul\bmcn\:c‘ B mysg, ot ent
?\?1? c:cp findings do not o1 ‘h(‘?: °:“\;s\aym pﬁo: “:a"‘ I‘Ncmcnll:n
e o a5 TY
losure
of ductal the wmner 4 e
l:‘:;‘:r::ﬂacm with d‘s(sc“c‘:] “‘; ::ct\usmn (\h‘y“:;dm Nm‘l“:lmu;le l::(‘l
ecly tmy,
requsite for ¢ hat depos 196
Ils‘.)izir)rc“ g“s also been propost‘:c\ (gcmc‘:‘u 2‘2"‘ nEm“th“:‘Hmun
the wallis 2 factor 1n closy reasonable | . el b des
o0l In ether case it seems ressond ot ety e N0
changes would chara tion 1 the N s ¢ roted
hTs::‘.ec was howerer no ndicatio mltrorarhm.‘m‘ o“lnh\mor;
any such
changes 1n several speeies haye h
hservations gy
“eccn,\,::'ﬂ wrms .:ccompumc(:‘hc)h:l‘:::m@ Sy, jl ductal closure
1s 1M B § differences ¥ fatey 1~ A changeq 1 the
walt regardiess Of (B erences m the g g fTaes a0
mific X!
have anv s:i.cror'\“‘"gmph\ bcl:\cc‘l\\“l‘\o e,y CR0ges heen ¢!
served ‘“X surc rates respectinedy they, e '“Dl’t‘smlmh I\‘
and fast c‘;’cs clearly ndicale the 1mporty, g Pentary mor)
Togical st ‘l'\\ closure 1t therefore ;ecm‘ 1, Puscutar o<\
nion for duc! efforts 1o c,q,cnmt:nl:n mlm,,d te to desote f
nveshigatory Fith normat
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IN TITRO UPTARL OF OISTRADIOI I\ DMBA INDUCED
BREAST TUMOURS O THI RAT

By

StinSanrn
Recenred 2352 €4

Trovious tudses hise shown thal broast fumeurs induced in femle
rits by adminisieation of 712 dimethvibenz (a)anthracene (DAIBY)
e v amil e it for oestradiol as the uferos and the vagn (4 5)
A further sinularite s that the oestridiol s setuned essenlnih un
conmeried m these fissues (10 1)

In the mijonts of the DMBA tumours growth 1s dependent on the
presence of o wita lormoncs while 10 some growth s not ffected
In ov aneetamy Theoretie allh this differonee mas be due eiffur fo m
increased mcorporion of ecstradiol e the responsive fumounrs or lo
an inereisid sensstinafs of these tumounr cells to the hormone 1 rcvious
o pio mvostigations (6 B indicatr that there 36 i Faet 1 eprreiadion
hetween the response of the tumours to ovineciomy and ther upfahe
of orstruhinl The hoermone responsie DMBA tumours eoncontrite
oestridial to a hagher degree thin the hormane unrespansive tumotrs

In the present studs an stiempt has been made to establish a0
pilra method which diffeventiiles hormonc responsine from hormone
resas{ant {umours This s 1lso of chinie u intercst regpnrding thy chotce
of endocrine thernps in human bre st ¢ meer

Jeasen et al (1) have found thit shees of hormone responsive DMBA
)lmnmxrq cancentr e aostr whol during tn vitro sneyb tion In 4 previos
paper 17} 1t was reported fhat narmat breast tissue also accumutates
oestr uhiol durng wncubhon In the present study the tipt the of iestr?
diol in DB tumetirs and 10 cotresponding norm ! hssue 1s compared
4§ correlation 15 also made between the DAIBA tumotirs response 10
pophorectom and ther alnfity fo aceumul e oestrauhiol we vitro

1 urthermaore uplihe of oesiradio] 1n DMBA tumours ean be m whed
}s snhubuted by an ocstro.en ntagonist Upgohn U 11 100 (1 4} This
etfeet has hoen wnlroduced s 2 entinon for the spreific ocstruhol
uptike and hindtng an taegel ovgns (& 1) Fhercfore the DMBA
tumours 2y o 1l e up oesiradiol n the presence and bsene of

“Thls worh has been supported by The Narwejan Society for Fighltag Cance?
(Norsh Tarening td hecltons Reklempelse l?do'w . )
Dr Sterre Shrede 3s gratefulls for
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U 11 100 was also studied The effect of the inhibitor on normal preast
tissue was inveshigated under simmlar condibions

The mechamsm mvolved 1n the ineorporation of oestradiol might be
clucidated by studying the effect of metabolic inlbitors Thercfore
the effect of some mhibitors on the oestradiol uptake 1n DMBA tumours
and 1n normal breast tissue was also investigated

Finally the viabihty of lumour tissue slices was studied by measur
ng their consumphion of oxygen during the meubntion period

MATERIALS AND METHODS

Breast tumours were nduced in female Wistar rats by iotravenous injection of
3 wmg af 712 dimethvlbenz(a) anthracepe when the rats were 50 days old The
Injection was repeated after 3 days Only growing tamours were exammed When
the tum>urs were 15-2 em in diameter oophorectomy was carried ont through a
small midlhae wncision under ether anacsthesra The tumours were measured through
the shin with calipers 6-10 davs after the operation the tumours were classified
as hormone or hormane. as previously bed {8) Normat
breast tissue was taken from pregnant rats (13-20 days pregnant) which had been
sulijected {0 ovariectomy and hysterectomy 5 davs before the experrment The
animals were killld by decaritation and breast tumour and breast Lissue were
rapidly taken out Pleces of the pectoralis major muscle were removed and nsed
as & reference in every experiment Great care was tahen to eveise possible necrotic
areas from the tumours The tissues were sliced on a Stadie Riggs microtome and
approxumately 40-50 g of fissue were put into each incubatian flask. Three paral
Tels were vun from each temour Each flask contained 4 ml of hrebs Ringer phos
phate buffer pll 74 The buffer was prepared immediately hefore use from stock
solutions and tritium labelled oestradiol 178 4 X 105 ug per ml medium) was added
to pach flash The wcnbation was carred out wsth continuos shaking at 37 € for
2 hours

Tor inhibition of oestradiol uptake Upjohn 11100 was used in a concentration
of 105 M in the medium The other inhiltors studied were used in the followlng
concentralions in the medium Todoacetate 103 M G strophantin 2 ¥ 103 M Potas
sum cyanide 03 M 24 h 10 2 M and ol 1 pg/m) med um

o ity and of protein in the tis ue slices

were performed as presviously described (8) The uptake of radio ctivity in the tissue
is expressed as D P M per mg of prote n The ratio between cancentration of radso
acthvity 10 tamaour tissue and muscle control was caleulated for each tumour The
radsoactiyity 1n the medium was determined alter ether extraction Tissue for hista
logical examinatson was embedded in paraffin and sections stafned with haemg
toxylin/eostn

of tuvpen
iously de enbed (7)
e ctical evaluation 1s based on Students tlest (Me H hvasse)

by the tumour slices was Performed g5

RESLLTYH

The carrelation boiween acsiradiol uptike Md castration peg,
DMBA tumours 1s shown m Fuble 1 The tumour musce g

found to be wmn the ringe 1117 m alt the harmone Unrespon was
tumours examined Thus these tumours did not concenypay, o Sive
belled eeslradiol to any sigmblicant extent On the oy, )'Jnde(l:
majority of hormone Tesponsinve fumours showed a high g mous e
ritio indicating a morc pronouncett oestradiol affyp, The mascle
some tumours th this group werc howerer an the °bS"Tcd fafio of
ralios for hormone unresponsn e LuMmours fange of

Panse 1.
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IN TITRO UPTARL O OISTRADIO! IN DMB\ INDUCFD
BRLAST TUMOURS OI THI RAT

by

STEA SApiR
Received 23 Ix 78

Previous stidies Tmve shown that breast tumours induced 1n femafe
ats bnv uiministrstion of 712 dimethvibenz{a)anthracene (BMBA}
hase asaml e affimts for oestradiol as the aterus and the vagina (4 5)
A further simulinly is thist (e aestradiol 1 roianed essentiafiy un
conmverfed 1n these tissues (1 3)

In the myority of the DMBA tumours rowlh 1s dependint on the
presence of ovann hormoncs whilc i some growth 15 not affected
by ovaincdtomy Theorddieally this diffcrence man be due either to m
ncreased incorporation of oestradiof 1n the responsive tumours or 1o
an inerc sed sensitinaty of these tumour cells to the hormane  Prevsous
i mpo mvestisations (6 8) indiente that there as in faet a correlalion
belween the response of the tumours to ovanieelomy and thar uptake
of acsiradiol The hormone responsine DB tumours coneentrate
ocstruhiol to o Ingher degree than the hormone unresponsive tumours

In the prescnt study an altempl has been made lo establish o m
srs method wluch diffcrentnies hormone responsne from hormene
resistant tumours This 1s also of climienl interest regarding the chowce
of cndocrine tharpy in human breast caneer

Jensen et al (1) hve found that shees of hormone responsive DMBA
Lumours concentr e oestradiol duning tn oilro incubtion In 2 previons
paper (7) 11 was reported that normal hreast fissue nlso accumualales
ocsiradiol dunn,, incubation In the present studs the upt ke of oestry
diol in DAB A tumours and in corresponding normaf tissue 1s comp el
A correlihon 15 also made belween the DMBA tumours respense to
oophorectoms 1nd their alnhty to recumulate oestradiol in mitro

1t urthermoare uptake of acsirdiol in DMBA tumours can be marhed
Iy mdbted by an ocstrogen antagomst Upjohn U 11100 (14) Ths
effect has been wtroducdd as a enileton for the speaifie oestradiol
upinhe nd binding 0 targd orpans (3 4) Therdfore the DMB4
tumours abilly 1o 12l e up oestradiol in the presence nd absence of

This work has heen supported by The Sonwegian Sociely for Fighling Cancer
{\arak Torening til hreflens Behjempelse (?\h:) - .
Dr Sierre Shrede ds ity for




U 11 100 was also studied The effect of the mhibitor on normal breast
tissue was mvestigated under sumilar conditions

The mechamsm 1nvolved 1n the incorporation of oestradiol might be
clucidated by studying the effect of metabolic nhibntors Therefore
the effect of some inhibitors on the oestradiol uptake in DMBA tumours
and n normal breast tissue was also mieshigated

Fmally the viabilty of tumour tissuc shices was studied by measur
g their consumption of oxygen during the incubation period

MATERIALS AND METHODS

Breast tumours were induced in female Vistar rats by intravenous injection of
3 mg of 712 dimethylbenz(a) anthracene when the rats were 50 days old The
mjection was repeated after 3 days Only growing tumours v ere examined When
the tumours were 15-2 cm in diameter oophorectomy was carried out through a
small mdline 1ncision under ether anacsthesia The tumours were measured through
the skin with calipers 6-10 days after the operation the tumours were classified
as hormone or hormone as (8) Normal
breast issue was taken from pregnant rats (18-20 days pregnant) which had been
subjected to ovariectomy and hysterectomy 5 days before the experiment The
amimals were killed by decapitation and breast fumour and breast lssue were
rapidly taken out Pieces of the pectoralis major muscle were removed and used
a5 & reference 1n every expermment Great care was taken to excise possible necrotic
areas from the tumours The tissues were sliced on a Stadie Tuggs microtome and
approximately 40-50 mg of tissue were put into each incubation flask Three paral
lels were run from cach tumour Fach flask contaned 4 ml of hrebs Ringer phos
phate buffer pH 74 The buffer was preparcd immediately before use from stoch
solutions and tritiem labelled cestradiol 178 4 X 105 ug per ml medium) was added
1o each flask The incubation was carried out with continuos shaking at 37 C for
2 hours

Tor inhibition of oestradiol uptake Uplohn 11100 was used in a concentratron
of 105 M in the medrum The other mhibitors studied were used in the following

in the medim 103 2X105M Potas

sium cyanide 103 M 24 110 4 M and 1 pg/ml medlum

Measurement of radioacti ity and deterrunation of protein o the tissue shices
were performed as presiously described (8) The uptahe of radioactivity in the tissue
is expressed as D P per mg of protein The ratio between concentration of radin
actbity dn tumour tissue and muscle control was calculated for each tumour The
radioactivity in the medium was determined after ether extraction Tissue for histo
Ioglcal exatumation was embedded 1n paraffin and sections stamed with haema
lol)hn/cosln

of ovigen by the tumour slices was performed as
previously described (7)
The statistical cvaluation is based on Students t test (Mr 1 Ryvaase)

RESULTS

The correlation between oestradiol uptake and castration Tesponse in
DMBA tumours 1s shown 1 Table 1 The tumour muscle ratyo was
found to be in the range 11-17 in all the hormone unresponsive
tumours exanmined Thus these lumours did not concenlrate the 13
belled oestradiol to any sigmficwnt extent On the other hang ype
majority of hormane responsuc tumours showed a hugh tumoyr musel,

ralio sndiciting 1 more pronounced oestradiol affimty T4, °
some tumours 1 1his group were howeser 1n the obsen
ratios for hormone unresponsive lumours

e ralio of
d range of
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mon¢ unresponsive eancer tissue and in the corresponding, normal tis
sue It was found that normal broast tissue as well as DMBA induced
breast tumours possessed some abihls to t1khe up acstradiol tn milro
There was howeser a distinet diffcrence i the ocstrogen affinily
After inenbation wath tntium Libdled ocstradiol the nerage timour
musele ratlo was significintls higher in the hormone responsive
tamours thin in the hormone unrcsponsive ones There was however
some oscrlapping, belween the two proups since three ont of 14 hor
mone responsive tumours hiad values in the range observed in hormone
unresponsive tumours

The lindings suppest that 2 high uptahe ol oesteadiol in DMBA
{umonrs prognostic tes rogression After eastration On the other hand
tumours with « low ocsiendiol uplihe e expeeted to continue thar
wrowlh after castration Some tumotirs with a low oestradiol uplake
m1y howarer rospond Daourably Lo eastration

Jungblul et al (1) have shown that the uptake of oesiradiol can be
reduced by U 11100 in hormone responsine lumours This effect s
onlv found in tarket dissues for ocstradiol The resulls prescnted n
this study confirm that the oestrdiol uptake eqn be reduced Iy U 11 100
in n hormonc-responsne DMBA fumour whereas the anlubitor was
essenlilly without «ffcet th a hormonc unresponsive tumour U 11 100
alsa lowured the uptake of ocstradiol markedls 1m nornial bre st tissue
as il does i other ocstropen responsive bissues of the rat Thus hor
mone responsine DMIBA tumours and normal breast tissue both appear
to hve a speafic oestradiol uptahe If the uptahe of oestradiol in
tarp! organs depends on the presence of prolemn reeeplors (10) one
must assume tht hormone responsinie DDA tumours as well as
normal breast bissue passess active receplor groups On the other hand
inding sites for ocslrwlal are probabis not accessible to the same
extent in hormene unresponsive tumours

The observed effeets of the melabolic inlibitors suxgest possible
mechanisms for the incorporation of oestridiol in {he examuned tisstes

" /lodoncetate was found to reduce the oestradiol uptake significantly

Todoncetate 1n the concentration used (1033) will interfere with
cellulir memhbranes in penera! The observed effeet of rodoacelate 15
probably medited by anlerference wilh cellular SH groups (11) It
thercfore appears hhely that antaet SH groups are requured for ant
necumulation of ocsiradiol within the cells of normal breast tissue and
hreast tumours The other metabohie ndilors used n this studs did
not sipmficanthy influence the uptahe of oesiradiol

Since G strophantin hnd no effect oestradiol uptake an the tissuc 1s
probably not linhed to the sodium polassium transport sysiem l‘urlhl‘l‘t
more energy made avalable by oxvdatine phosphors I1ion 1ppears 1o
to be required for the hinding of the liormone  sinee mhibitors ol‘(l';‘)J
datlve phosphorslition such as ohgomven uncouphng agenls h;m"
D\P) or respiratory inhibitors (hCN) did not lower the accumut
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of oestradiol The results set oul in Table 3 suggest that there 1s no
energy hnked ncorporation of oestradiol across the cell membrane

The effect of various sulphydryl blocking, reagents on the uptake of
oestradiol m the uterus has been studied by Terenwus (9) and Jensen
etal (2) They found that the ability of the uterus to take up oestradiot
was lost after treatment of the tissue wilh N ethylmaleimde mereurs
benzoates and 1doacetate The resulls obtaned in the prescnt study
suggest that the mechamsm mnvolvcd 1n uptal ¢ and binding of oestra
diol n breast tissue and DMBA induced breast tumours also depends
on inlact sulphydryl groups

Turthermore oxygen consumplion by the tumour shices was deter
mined as an wdex of viabihity There was a continous consumption of
oxygen for at least thrce hours The oxvgen uptahe 1 tumour tissue
was substantiallv lugher than that previously observed n nermal
breast tissue (7) This mav be expluned by the higher ceflulanty of
tumour tissue but 1t may also parilv be due to a higher metabolic et
wity i tumour fissue The reduced consumption of oxygen obsened
when glucose was added to the medwum (Crabirec effect) was of
approximately the same degree in tumour and normal breast tissue

The resulls of the present investigation susgest a simple and prachical
way of determiming the presence of active binding sites for ocstradiol
1n breast tumours It s felt that the upl ke of hormones by the tumour
tissne mny grve clues ns to the individul response of breast cancers to
endocrine treatment In vilro mensurements of ocstradiol uplake n
lumour shces as described m s study may therefore brcome of
practical use for future rouline examnations

SUMMARY

The uplake of ocstradiol {67 *H) 174 i hormonc responsive and hor
mone unresponsive breast tumours was studied after ncubation jn
hrebs Ranger phospate buffer for 2 hours As presiously found in vivo,
the hormone responsive tumours tend to accumulale oestradiol 1o a el
inely fugh degree Normal breast tissue also possesscs some abilty to
accumulate oestradiol in »tfio. The high uptake of oestradiol 1n hpy
mone responsise tumours can be sy mficantly mhinted by the opstre
gen antagonist Upjohn U 11 100 1nd simlarly U 11 100 lowered the
uptake m normnl broast Ussue Thus offect was not apparent yp hor
mone unresponsive lumours

The effect of some metibohic nhibitors on the wm witrg uplake of
oestradiol was studicd lodoacetate in n conceniration of 1p3 M lowered
the uptake of ocstradiol sigmficantly both 1n normal breagy hissue and
i breast tumour The other ihibilors Wsed in 1S study yore poconts
ally without clfect The possible smportance of mlaet §jp groups for
the incorporation of oestradiol m these Lissues 1s discusgeg ps

A continuous consumption of gxygen was founddunng the incubation
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mone unresponsive cancer Lissue and in the carresponding normal lis
sue Tt was found that normnl breast tissue s well as DMBA induced
hireast tumours possessed some abilis to 19ke up ocstradiol 1 miro
There wns however a distinet diffcrence in the ocstrogen affimly
After incubation with tritium Iabddled oestrudiol the nerne tumour
muscle ritlo was sipnificantdy Wogher in the hormone responsine
tumotirs than in the hormone unresponsive ones There was however
some overiapping buiween the two groups <ince three out of 11 hor
mone responsive Yumours had vatucs in the range observed in hormone
unresponsive lumours

The hOndings sugpest that a agh uptahe of oestradiol 1n DMBA
lumonrs pre nosticates rogression ffter erstrabion On the other hand
tumours with a low ocstrudiol uptake are expected Lo continue ther
arowih afler eastration Some lumours wilh a low oestradiol uptake
may however respontd fwourably Lo eastration

Junghlut et al (1) hve shown that the uplihe of ocstradiol ean be
rcduced By U 11100 10 hormont tesponsine lumours This effect 18
only Tound in Iyl bissues for ocstruiol The resulls presented o
this studs confirm that the acstradiol uptahe can I redoced by U 11 100
in n hormone-rusponsne DMBA tumour wherens the inlulator was
essenlidiy without effcet in a hormone unrusponsine tumour U 11100
also lowered the uptahe of eestradiol markedls in normal broast tissue
as 1! does m other oestrogen responsie lissucs of the rat Thus hor
mone responsive DMBA tumours and normal breast tissue both appear
to hve o speetfic oestriiol uplahe If the uptahe of ocstradiol
fargel orpons depends on the presence of proten receptors (10) one
must assume that hormone-responsive DMBA tumours as well as
normal breast hissue possess active receptor groups On the other hand
hinding sites for ocsirudial are probably not accessible to the same
exlent mn hormone unresponsive tumours

The observed effecls of the metabolic infulitars suggest possible
mechamsms for the mncotrporation of oestridiol in the exanuned bissues
Todoncetate was found to reduce the oestradiol uptahe sigmficantis
Todoacetafe i the concentrition used (10 33M) will anterfere with
e llular membranes n generaf The abserved cffeet of 1odoacciate s
probably meehated by nterference wilh ceflular SH groups (11 1t
Wierefore appears hielv that intact SH groups are requred for n
aecnmulation of oestradiol willun the cells of normal hreast tissue and
breast tumours The other melabolic infulntors nsed m this study did
not sigmficantly nfluence the uptahe of oestradio!

Smee G strophantin had no effect oestradiol uptal e in the tissue 1§
probably not hnhed 1o the sodm potissinm transport svstem l'urlht‘r‘
more cnergy made mlable by oxvditne phosphorvlation appears no
to be required for the inding of the hormone since intubitors 0f(g‘)4
datnne phos,\hor\hhm\ such s ohgomsem uncouphng mcnts“h;mn
DA\P) or respiratory ntubnitors (hCN) did not lower the accum



Figs 10
P 1 Normal arteriole The internat elastic membrane 15 continuons around the
N shole tircumterence Orceln staming Magashication 400 X
92 2 Dy, witit of 1 proteins $n the wall b The
s3me dilalation as & 1o oreewt staining The infernal elashic membrane is
severely destroyed Magmbieation 400 X

Fig &
s fhilatatt p without deposition
of pf sma omponents 1 the
wall The nternal elastic mem
brane 1s centingous around the
whole cxr  mf reace b Another
dslalal n thour deposition af
pla st ¢ 6 osents » the wall
dew not tng small dis opbinn
at a the piernal elastic
mem> n 4Lr oa stawmg
N Lp o etion 400 X

ﬂ\mrcsccnt protens b ad pondirated into the arterolar « Wt the internal
tlastic membrane 1n reguiac cross sections of the di M vison  was exther
oniimuous ong the circumicrence of the diatation ar had small
dlscm\l\nuahons hut mever the heasily disconneried ApPeArance s n
hintabions 1n which fluoruscent protems or colloidal carbon particles
had penctrated ints the wall (Figs 3a and 3h)

3% acrareru 15 4
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The expetimental groups were as [ lows
Two nnrmal contrals From these 2 rats 10 artericlar segments were dsolated
f ¢ examinating of the internal elastle membrane

2 Six normal rats pretreate § with Intrasenous fnfection of 65 mg of {fasamine
Rhodamine Iabelled porcine gamma glohuling and {)llowed by repeated Solrs enous
{ajectians of anglotensin (1 lerc eram per Injection) fn the course of 2 hours the
intervals between the (nfectisng being abcut § minutes

Three normat rate recefuing tepeated § Jeetd of
(1 microgram per Injection) In the course of 2 hours fllowed by Intravenous in
Jeetlon of 01 ml af callolda) earls 0 particles From group 2 and 3 15 constrictfons
22 dilatations permacable for efther fluorescent protelns or enflofdal carbon particles
and 22 dilatstfons nonpermesble nelther for fluorescent Jrotelus sor colloidal
earhon particles were linlate!

4 \ Bive normal rats recelaing only 1 inlrasenous injectlon of anglotensin (1
microgram) falli wed by Intravenous Injection of 01 m} of collnids) carben particles
when the bliad pressure reache f the maximal safue 6 dilatations permeabte far
colloital earben particles an) & nonjermeable dilataticns were Isolated

4 i1 ln 7 experiments an attemp! was drne to reduce the large dosls of angio-
tensin wacd In group 4 4 ot ) nas impossible to elesate Ahe blood pressure soffi
clently to bring about prducticn of dllatations and constrictions along the course
of the mesenteric arlcrjoles with doses of angiotensin fess than 750 ng per infection
In the pre ent experiments & tise of bl ad pressure from about 85 mm Yig to abeut
145 mm Ng was required for the Testath»n of dil: and fetloms The
usual blood pressure Increment following intravenous Injection of angiotensin »as
13 mm Hg after 100 ng 25 mm §1g afler 200 ng and 45 mm lig after 600 ng of
angfotensin

$ Two normal rats reccliing repeated fnteavenous Infections of angiotensin (I
microgram per injectlon) in the course of 30 minutes {rliowed by intravenous
Injection of hoth 35 mg of Ilssamine Rhodamine tabelled ma globulins
and 01 m! of colloidal carbon particles 10 dilatations with deposition of ealloital
carbon particles n the wall were fsolated

6 Three renal hyperensive rats studicd 2 or 3 months afler clamping of the Jeft
venal artery with a silier wire 018 mm internal width The rats were infecled
intravenously with 33 mg of [{ssamine Rhodamine fabelled poreine gamma globu
Iins ar 01 ™1 of cotlotdal carban patticles 8 minutes Iater a loop of (he smalt
intestine was fixed immedialels 42 dilatatlons were lsolated

NrsvI TS

The arterioles towards winch the attention was directed were 60-100
micron m deimeter metsured e o

Group T (Conlrols) In ll stctions of 10 artenolir segments the
imiernal elshie membrane was recogmzed s conbnuons jagsed
structure along the whole cireumference of the arlertole (Fig 17

Group 2 and 3 (Normnl rats recaning repeaied njections of ngie
tensin an the conrse of 2 hours) In all 22 dilatations permeable fof
cither fluorescent proteins or colloidl earbon parhicles the miermal
clastic membrane was destroyed i such 2 way that st ether was pre
sented as disconnected fragments or was laching 2 by, part of the
arcumference of the dilatation and disconnected in the remwomg part
of the cireumference (Figs 24 and 2b) In 1 vers Jong dilatation it was
found that the nternal elashic membrane nas contintous around the
whole circumference an that part m which no collodal carbon WL
ticles had penetrated mnto the wall while it was destroyed in that 1{::
i which 1 penelration of eollonlal carbon particles had t'\krr} ls’nar

n all 22 dilalations in which neithier collodal carbon partiele
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Brawing of seral sechion ¢ micron Huek) of 8 & latation ith Jet ) o of both
Morescent protein and ¢ Howdal athon particle  m the s all The deposition of
fluareseeny proteins ) hat he} and the deposition f collowdal carbum past cles s
A tHed it 1y scen that the @ positi 2 of fluore L protens 1 extndog m v
P oximal and distal ani m ¢ umferential thar the feyosition of cofl {fa}
€athen particles and that flu r ¢ &t prote ns ¢ t ons are 1 posited het ing
2p 1 of the internal lastic m infcane which ¢+ app »ently ORI BROWS COTTES] pief
98 16 th depe tion of the Ruores ent proten Jr th  figur soch a part f 4
Permesble d latation has been ch en  which 1} adal carl n pa dicles only fay,
epasitet tn & wall part  the e mberencee £ al wisle Th re cong g
telns have depn ot & 1n a3 bir part of the cire tmference Mago feation 305 o

i

threction of the sesst In some dilataions however the ﬂuururrm
Protems were found to he deposted not onlv corresponding 4, s
deposttion of the coliowial carbon particles but furthevmor §, Proon
exceedmg those of cubon deposition it provmal-distal as oy o s
etteumferentinl darection  Correspanding to the depositian of 5, P
tawdat carbon particles the mternal elwstic membrine was alwevy ap

stroyed bt cor ding 1o the dop of the fluoreseryy Pertas 4

3
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- . Fig 3
» Q Lemtrietlon The Intecnal elx tie mem
brane i1 continunuy Oreetn staining
Magniflestion 100 ¥

In adl 1% constractions the antormat dastic membrane sas socognized
as 1t eantinnons papsd striictuee Hong the whele csrenmfer nee of the
arlerale (P )

Groap 34 (Sormal rats recoving ondy 1 ntras enous 1magection of
anpiofcaant fu the 6 dilaations i wlieh eolloidad earbon particles
hsd peonetriled mto the wall the apparwmes of the ternad ehstie
mombrine W s gquile a5 desenibed thove 1in aroups 2 and 3 eoncerming
perme ke difat sians

In thw 8 ilstabsions nonpermahle for cottard tt ¢ aebon parcticles the
wlern o} ebhistic membrane wis reapnezed qute a8 deserihed aboe 1
sroupy 2 ong 3 concormng nonperme shlc 4 it thons

Uang, collowdnl ¢ irhon pirticles of fluorescent proleins s iricers
for the ponciraion of {he 0t plasma protons into the w i of the
dilattions 2t was {oune tha the colloidad carbon pirhichs vare aften
penctrated ax 2 browt bt doposited i 3 fo Y of the ancsmforence
of the didtitian while the deposthen of the flnercseont protons <omo
tumes sachuded 1710 of e errcumicrence corresponding lo 4 wry
stonder zonc an proxantd st direcfaion Therefore af was of nlerost
o examsne hows coltoud d cwhon particlcs and fluercseent proteins de-
postied toathor o the wall of the didatation when they were ingeeled
mirnenoushy o b s fime

Group » Sormod pats rrecrang, repeted mjections of anotensit
i e course of 3t minutes fatlowad by indr innenaus wgection of hath
fluorcsecnit protems wid collosd 3f ¢ wrbon particles) The 10 diatalions
with deposition of collord il earbon particles m the wall were examned
firsl uncer the fluorescent mierascape for exwmunion of the depe
sition of the fluorcscent proteins i the wil of the dilatation and stibst
quentis undir the iht microscope efter oreemn slamng for 1 com

f the collondat cwrhan pariicies in the wall
of the Misation with the deposition of the fluarescent protems Iny
about ki aif of the dslattions enrrespondanee hetween the deposition of 1
collosdal carhon particles and the depositson of fluorescent prolemns \(\'l; .
fount to he vers ctose hoth m prossmal istal and w crcumferential §

panson of the deposition @

t
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onlv one ntravenous injeclion of angiolensin In these permeable
dilatations the niernal elastic membrane was destroyed In this way
1t was determined that the destruction of the internal elastic membrane
look place very early n the development of the hypertensive damage
of the arterioles and that such 4 destruction was correlated to a pene
tration of plasmna components into the arteriolar wall These resulls
open {he question how this corrcialson between pinefration of plasma
components 1nto the will of the dilatations and the destruction of the
miernal elastic membrane should be nterpreted?

Three explanations are possible

1 The imternal elastic membrane 1s destroyed by the hugh intra
fuminal blood pressure n the dilatations before penetration of plisma
components into the intima t1kes place thus the destruction 1s a contri
bulory cause why plasmn components penctrate into the mtima of the
arteriole as concluded by Lanstng 1909 from his studies on the develop
ment of arteriosclerosis 1n artertes This view 1s supported hy an elec
tron microscopic study on The carly effect of hypertension on the
aortic mlima of the rat  (Stfl 1967) In his study 1t was shown that
four hours after constriction of the ahdominal segment of aorta nfit
tration of mononucle wr cells from the blood inte the intima took place
together wilh an 1on of plasma cl s m the subend
thudsal space The plasma clements ppeared to gather in areas of
mlim1 which were contizuous to gaps n the internal elastic membrane

In the present cxperiments 1t was impossible o recognize under the
light Tnicroscope or under the fiuorescent microscope a penctration of
the 1nlravenously injected plasma components exclusiely mto the
mhma When a deposition of fluorescent protemns or collowdal carbon
particles was recogmized n the arferiolar wall this deposition was
always situated both mn the intima and in the media and partly n the
advenlihia In all these cases the miernal elastic membrane was de
stroyed and in tlns way it 1s cancluded that a penetration of plasma
components from the intima to the medin was related to “gaps 1 the
nlernal elastic membrane exactly as described by Ooneda el al 196>
and Aopimahara (967 The present resulls cannot answer the question
whether a destruction of the internal elaslic membrane might also
wiluenee the penetration of plasma components 1nlo the intimn

2 The mternal elastic membrane 1s destrove ! either by the pressure
excrted by the penctrating plasma componer L. on the mtcrnal elastic
membrane or by enzymes for instonce clastis contaned 1n the pene
trating plasma compon nts Tt 1s not probah ¢ that the mternal dashic
membrane s destroyed by the pressure exerfed by the penetrating
plasma componcnts on the irt rnal dastsie membrane because the pres
sure gradient 1s presumably s ep across the ieternal clastic membrane
so that 1t 15 to be expected that the plasma o mponenls will disperse
mude the intima luminal to the internal elastic membr ne rather than
destroying 1t A furlher argument aganst su 1 a mechanism ¢ that it
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It was somelumes scen in one of inwo seelions that the fluereseent
prateins had deposited behind an undestroved nlerpal elastic mem
branc while the intern i cl1stic membr ine was destroyed agam in the
naghbour scetions in which fluorescent proleios were also deposited
(h, 5)

Group 6 (The vrenal hypertensive rats) | rom the 3 renal haper
fensinve rats (blood pressusc 190 200 mm Hg) 42 didatations were
isofited None of these dilialions wepe permenble for the two ntra
senously ingeeted plasma components bt an the panereas and the
ufitouchcd hidney from one rit one arleriole in each of these orpans
wAs found permeablc for fluorescent proteins In PAS staned sections
it was recogmized that the walls of these arteroles were necrotic with
loss of the nucles and destruction of the 1nternal clvstic membrane
corresponding to the deposition of the fluorescent protetns Hyperten
sie damigpe was found i 9 of the 12 dilatations from mesentenc
arterioles Five of these 9 didatations hd neerosis with loss of the
nuclel in the wall or PAS positivity wathoul necrosis and the remam
ing 4 dilatitions had hyperplasia of the antima In the 5 dilatations m
which PPAS positisity was found both in the intima and the media the
Internal elastie membeane was destroved 1n 1 of the b diatalions many
PAS positise zones were found separiled from each other by PAS
nepative zones Corresponding, to the PAS positine Jocations the inler
nal efastic mambranc was destroved while the internal elastic mem
hranc was conlinuous corresponding, to the PAS negative zones

tn the 4 dilatatiens in which haperplisia of the intima was found
without PAS postivily the internal clastic membrane was continuous
atong the whole eircumfurence

in 11 ont of the 42 1solited mesenteric Wrierotar dnatations 1o
hypestensive damape was found in the wall Twenly of these 33 dila
talions were ent in repular eross seclions and i these sections the
internal elstic membrane was found to be continuous or wath small
tiscontinuations along, the circumference just as desenibed above 1n

wroups 2 3 wnd 1A

DISCUSSTION

It has been mentioned in the hiterature that the internal elastic melx‘ne
brane 15 more or less destroved in arterioles with chromic heperlens

damage (Race & Peschel 193 hopumahara 1967) In their cxpcnmcn!;
phase of the dev elopment O

1t was not possible 1o delermine 1n which

the hypertensine damage of the arteniolar wall the destruclton lof :‘l::
\nternal clastic membrane took place Nor was 1t possible tpbf-;r:?for
the consequence of 1 destruclion of the internal efashic mcr;ls e e
the development of the hypertensive damage of the :,”mf;:cnble for
present work the arteriolr dilatalions were seen to be r;lc T ation 1o
Intrivenously injected colloidal carbon parlicles even ¥
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SUMMARY

From rats with acule hypertension dilated mesenleric artenoles
permeable for plasma components were 1solated for exammation of
the mternal clastic membrane n orcem stained histological sections
In these permeable dilatations the internal elaslic membrane was
found to be destroyed 1 such a way that it presented self either as
disconnected frayments or was lacking in a Ing part and disconnected
1 the remaming part of the aircumference of the dilatalions

In didaled mesenteric arterioles nenpermeable for plasma compo
nents the wnternal elastic membrane was found cither completely
continuous along the circumference of the dilatation or with onlh
small discontinuations but never the heaviiv disconncected appearance
as in dilatations in which plisma components had penetrated wmto the
wall

In mescnteric arterioles from rormal rats the internal elastic mem
brane was found as a continuous jagged slructure along the circum
ference of the arteriole Simularly the internal elastic membrane was
found as a conlinuous jagged structure nfong the circumference of the
constricled arteroles from hvpertensne rats

The possible causal relationship hetween destruction of the wnternal
elashic membrane and penetration of plasma components 1mto the ar
teriolar wall 15 discussed

Using colloidal carbon particles and finorescent protems injected
mtravenously al the same time as tracers for the native plasma proteins
1 the development of hypertensive damage of arterioles it was found
in some dilatations that the fluorescent protemns were depasited partly
correspondin,, to the deposilion of the cotloidal ¢arbon particles and
partly proxuimal distal and more eircumferential to the deposition of
the colloidal earhon particles This finding indicates that the fluores
cent proteins have either diffused 1nside the wail of the dilatalion from
an entranee common to the fluorescent proteins and the colloidal car
hon particles or have been able to pencirate more casily than the
collowdl enrbon particles
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I passiic to find small discontinutions of the mternal elastic mem
brane i dilitations wineh are apparentls nonpcrme thle for plasma
components Nor is it probable that the internal elastie membrane 15
destroved by an netion of elnstase on 1t boease the enzyme that
cst his o effeet the destruction ven quichlv  hecuse the internal
¢histic nmbr e w s also found {o be destroved in dilatalions observed
f I ey short exporments dosertbed in proup 4 A Alsein this ease
a further nrpument ag unst such 1 meeh msm s the et that 1l s pos
sible to find small iscontinu shions of the nternal clastie mombrane
m hlitations apparcnths nonpormable for plisma componenis

3 Ihe penciraion of plasma componenls anto the tnlima of the
dihilibions and the correlited destruction of the mternad elastic mem
brane are mdepandent effeels of & common cuse (the elevated hlood
pressurc?)

Al the present ime (b 1s impossible to estibhish the truc cxplanation

It wos an unexpeeted funding that fluorcseent protns or colloidat
cirhon parteeles did not ponetrate into the wall of the 5 dalalations from
the renal bypertonsise pils prosenling PAS positinsty and necrosis
the wall where s such a ponededion inte the panerestic and the renal
arlertole with neerosis an the wall took plice An explnalion of this
Dinding, is very difflicull but porhaps the presiousls penetriling natne
plasma prolans had  clotted  the punctrailion pathiw avs in the mesen
terte dilnt ihons but not in the pancreatic nd the renal rteriole

Using, colloidl earhon particles ind fluorescent prolons anjecled
intr wenousls atthe s ume time s tricers for the natsve plisma prolemns
i the dovelopment of s pertensive dam ige of arterioles it was found
th some dil tations that the fluorescent protans were deposited partly
corresponding, to the deposition of the coltoidal earbon particles and
partly proximal distal and more circumferentil for the doposibon of
the collowdal earbon particles The finding that fluorescent protemns
were found it pliecs where collowdal earhon parhicles had deposited
mahes 1t probable thal the mechanism v winch the fluorescent pro
teins nd the collowd 1l ¢rbon parhicles penelrale nto the wall of the
thilatation 1s the same The finding, that the fluorescent protans conld
by deposated more proxaml nd distal nd more errcumfurentialan the
wleriolie wall than the colleid ] carbon particles andieales that he
fluorescenl protens hue erher diffused inside the wall of the dilatr
tions from 1n «nlrince common to the fluorcscent prolans and the
colloid1l earbon prrbicles or have been able to penelrate mor casily
than the collosdl ¢ arhon particles In the 5 mrcron thiek seniaf sections

1l ¢ w not be ruled out that the fluorcscent protems deposited behind

he internal elastic mambrane M
wgh gips 1w the
r that they were

i apparently undestroved part of U
have penelraled from ihe mlma lo the medin throv
wnternil elstic membrane of such 1 small diunete
ympossible o recognize in {he light microscope
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SUMMARY

From rats with acule hypertension dilated mesenleric arteroles
permeable for plasma componenls were 1soliled for exammabtion of
lhe mternal clastic membrane 1n orcemn stamned histological sections
In these permesble dilatations the mnternal elastic membrane was
found to be destroved 1 such a way that it presented ilself either as
disconnected fragments or was licking 1n a Ing part and disconnecled
m the remaining part of the circumference of the difalations

In dilated mesentenc arterioles nonpermeable for plasma compo
nents the mnternal elistic membrane was found either completely
continuous along the ewrcumference of the dilatation or with onls
small discontinuations but never the heavily disconnected appearance
as 1 dilatations 1n which plasma components had penetrated nto the
wall

In mesenteric arterioles from normal rats the internal elastic mem
brane was found as a continuous ja-ged structure along the circum
ference of the arteriole Simularly the wternal clasic membrane was
found as a continuous jayged structure along the areumference of the
constricfed arlerioles from hvpertensive rats

The possible causal relationship belween destruction of the internal
clastic membrane and penetration of plasma components into the ar
tenolar wall 1s discussed

Using, colloidal carbon particles and fluorescent protemns mjected
ntravenously al the s ime time as tracers for the native plasma protems
in the development of hypertensive damage of arterioles 1t was found
n some dilatations that the fluorescent proteins were deposited partly
corresponding to the depos tion of the colloidal carbon particles and
prtly promimal distal and mure eircumferential to the deposition of
the colloidal carbon particles This finding ndicates that the fluores
cent proteins have either diffused inside the wall of the dilatation from
an entrance common to the fluorescent proteins and the collowdal car
bon particles or htve he n able to penctrate more easily than the
colloidal carbon paricles
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Tive treated animals were used Thes were kilfed 5 m dlhs after thyroileclomy
together with 2 untreated eontrils Abcut one half of the pitullars gland was used
for Yeht micr <ecpy and A e (dher half { ¢ edeelr n miens seopy The thayr 1 regions
of the 11 treated mice were also sased § v Hght fwderose v 1o check the cffect

For HRht mier secys the y ftuitars fis e s ax Gixe d §n § 3 or cent neutral buffered
formaldehyde ralution and stafned with trichrome periodic acid Schiff accarding
Y ) earse (1900}

1or eleetran micrnsee py the s uc was fived o glutaraldchade (Sal o e af
1973) frlewed ) o ) Sixath o dn camium ety xlde  Juthn The tisoe was em
bediclin fycn (Zuft 1360 and scett ned with glass hrises o sn 1 BR miceotome
The seetions were dwblc tafned first using weanst acefate and then leat citrate
Hepn )t Ts 19733 They were cxamined fn a Siemens Fimisk p 1§ ta Zeiss FY §
microscope both operatet a1 €0 R\ with @ 30 x hjeclive ajerture

NINLITS
At adopsy 0 M bre dod s showed o onlarnad pitot e gland
No tumour was san The dose of 1 used hod completels destroved
the tharmd ghind

1wl Mecrascopyt
1he lustologen! appormec of the pitait i ghind e the troated
mals s shown i L1, 1 Thore swas v diffase hvperpl sn of the antenor
pimfars moail traated ammds thore were no sins of lumour or
wonomatous ivperpisia The eddt preture was domunafed iy eniarged
colls of twa Bipes One ecdl Bvpe Jd hirge nueka often wath prominent
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o The arge s walated ptopla m are thay wectoms e (L

The Jarge celis with a pale vac
bt with gres evtoplasm are acndyhieds gt arnt o
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nueleott and au abundant foyny and frequently yvacuolized evtoplasm
The ovioplasm was essentially unstuned wd mostly withont usibie
sectetory granulcs Oceasional cells showed 1 few coarse PAS positine
aranuies 1 the evioplasm The cells of the ather type were somewhat
smaller with pale nucler often with 1 prominent nucleolus The cvio
plasm contained arang, of stamable aadoplul granutes Mast
of the aadophil eclls were very sparsehy grabulated

A fes anterior pitmtany eells of ordinars appearanes —smadl chire
mophebies densely granulated widophils PAS positne basoplils—were
sealtercd among the enlarged eflls

Fleetron Mieroscopy

The <ytology of the anterior pitmlary gland was essentnbby stmilar
nalt treated animals Two different cell types were predominant amon,,
the anterigr priwmtary eells (g 2) One cell tape (Figs 2 and 3) wns
charsctenzed by large cells with umformls grnulated nuclet contun
N5 one or more pr leohs The it rehicutum was
ahundant wn the form of small rounded or lareer irregidarly shaped
Sstomae The eisternae contuned o Ninely crannlated matenad of fow
density Ribosomes were numerous esther free 1 the cytoplasm or
Uched 1o the membranes of the endoplisnuc reticulum  The milo
chandra were teneratly numerous wnd many of thom large and clon
gated Branched mitochondria were frequentls found The conspicuous
Gol,t complex was made up of 'attened sacs vacuoles 1nd vesicles The
Seerefory granules were £ w often coneentrated to the Golgy recion or
Bear the cell margins They measured up 10 abou! 9 me 1 hiameler
In manv edls the cute e of the endopiismic rehiculum contamed
dense granutes resembli secrctery pranubs Cytoplasmic bodies were
obscrved 1 the cvtopit m n the form of multnesieular bodtes occa
stonl iy droplels ard membrane bound dense hodies

The cells of the other predominating tape (Figs 2 ard 1) were some
“hat smaller Thes had 1« nurieus with ooe or morc = aunent nucicoh
The cyloplasm shiowed 1 i his dovdloped rough s art 4 ¢ndoplasme
Teliewlum i the form «f parallel aernys In mansy 5f ne olls the ondo
PMasme relienlum ok wed whort bhe fisur s V) 2 rn formatons
omposcd of conecntine 3 ircd membrames ot 1 urfced ndo-
Phsmic rebeulum P ¢ o mplx was .1 1 ul wtenswe The
Cstaplasm contauned wear t 1y orinuls 8 tarving wa  nls Most of
tie eells were sparsely gl Ud The stenvtors 3 b s had a cha
Ficlenshie appe irnee bom,, v b orarrepud iy shap @ Ih v measured
1P Lo abiout 200 my n thur shorfer dunens i wd up t about 100 my
M Aherr Jonpr dimension The (vtophwm of th edis often contuned
S¥oplasmue hodics i the form of pa droplets and mumbrane hound
dense bodies
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Fig §

ETI cell with a Nebenkern formation The evtopla m ccntains nal
shaped seeretors granules X 13000

r trregularly

jeeted to radiothyroidecloms and conbinuous oestrone i wment but
no morphologic i study of the pilmtary Ll mds was performed

1L appears from bolh the lht and electron nucroseopic pictures in {fus
study that the two deseribed predonnnating el types show the mor
1enl char ictersstics of thyrowlectomy culls (Harnes 1963 Cardilt

pholo.,
lin 1964) and LTH cells (Barnes 1963) respec

1963 Jundin & Schel
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Inely The proliferating cells have the same morphologieal appearince
as those 1n the hughly differentiated primary tumours induced by radio-
lvrordeclomy (Lundin & Schelin 1964 Schelin & Lundin 1968) aud
oesiroren Lreatment (I elthamp € hwa 1866) The results supgest that
two cell 1ypes can proliferate simuliancousiy under the influence of
hormonal derangement

Based on extensive studies on expenimental mtuntary tumours I urth
and collaborators {¢f I'urth & Clifton 1866) have su gested that the
pitutary plind 15 a mosae of differunt functional cell types indepen
dently regulating specific functions  The different cell types control
thar target organs and are controlled by stimult from these target
orgnns Disruption of these controls mny be followed by hyperfunchion
md hypertrophy of the mtwtary cell type involved which eventuaily
mav lead to tumour formation This 1dca has been guestioned by Awa
(1961) 1n lus study of expenimental pillary tumours In mice of the
C57 B! strun he found 1 close parallelism between mtwtary tumours
mduced by radiothyroidectomy and tumours induced by ouslrone treat
ment as regards incidence and rate of growth and thought that between
10 and 50 per cent of the hypophvseal cells were involved 1n the tumour
formation hwas resulls su,gest that the mouse ptuitary gland con
tans undifferentiated cells and that these cells {ake part 1n the tumour
formation and differentiate according to the prevaling hormonal statc
of the tamour bearing ammal In a lnater report Cltfion (1966) however
using tritiated thymidine in a studv of cell population kinelies during
mduction of thyrotropluc tumours concluded that thyrotrophic in
mours arise from cells that mitially constitulc a relatively smali per
centage of the anterior pitwitary ecll population and that all or many
of the remaining piimitary cells persist dunng tumour induction

It 15 possible that a simultancous proliferation oceurs from existing,
TSH and 1°TH cells but the resulls of this study do not contradiet the
possilnlity that the prtwtary glmnd contains pluripotent ceils eapible of
differentintion mto TSH and LTH celis under the mfluence of the
hormonnl deringement  The resulls from other studies speak in fayour
of the latler theory In an ewher study of Furlhs tumour M1 £y
(F'urth et al 1926) we hme suggested the existence of Plusipotent g lis
i the rat pitwitary (Schehin et al 19641) and more Tecent resyll ob
tuned by Feltlamp & hwa (1966) indicale that oestrogen nduccd
tumours can change their morphology 1f the hormonaj nbalanee 15
changed from an ocstro.en exeess into thyroid hormane def,

tadiothy rovdectomy cicney by
Tumour induction In \i 1 riothy rond and 1]

oestrogen adnumstration as well as hormone trealmeny OI'Ld :

and autonomons tumours mduced by radiothyroideet cependen

DMy or acstropen
trentment may perhaps ndd some nformation aboy) s problem g:ch
expeniments are m pro ress
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Ehe purpose of the present sludy was o discuss the foatures out
hnad above and to r pott on 1My 10 whom transousston of 1 n/D
type trmslocition has heen found through at least three keneralions
In tlus fannly one child with 1 D/D translocation and multiple abnor
mabties wis born and also 4 child without D/ 1rinsloetion but with
Down < ssndronic whose fathor w s carrier of the transloc ition

MATIRIAL AND MITIHODS

The pe positus in this study was a nesborn by whe was referzed £ r chr smosome
studs a fen weehs after birth becan ¢ Patau s syndrome was susp ected

Case History

The patient (Fg 1 111 4) was born In March 1968 in a Iocal h spital Towards
the end of the [ regnaney the m ther sulfered Trom high bla i pre sare and ocdema
and was treated with Bont 1% The dellvers was g rolonged The bitlh weight of the
child was 2400 grammes At the age af tw  week  the Infant was transferred to the
Cardiac Clinle at Queen Loui c s Children s Hospital in Copenhagen to be examined
for congenilal heart disea ¢ and various malfcemalinns

‘The hape of the akull was  mewhat pointe? anterinrly the forchead was high
fintanelles normal The cary were Jow sct the evel rows met the nose was lumpy
the dlstance etween nise and m uth was large and the chin receded The ehild had
a bilateral cleft g alate iny hving bolh the hard and the 52t palate The chest bulged
snd & Dut systolic murmur was heard The testes could not Te felt and the frepuee
was split The hands and feet were clumsy with svadactylized third and fourlh toes
on the right fort alanrmal | witicn of the thumbs and m ngolian creases In the
1atms

Chest X ray revealed enlarged heart increa ed g eripheral vascular marhings and
g resumahbly @ vascular ring around the oese phagus turthermere bilateral brachy
mctacar] ia and syndactslv «f the thirl and Durth toe of the right 5 t was seen

Cardiae catheters ation and angiocardy graphy showed atrisl septal lefect with
eft right shunt ventricular septal defect salyular pulmonars stenoswis and right
arch uf the aorta

( hromnsame analysis of perly heral Blrod D/ transloeation— sce b g 2

The infant had 1o be fod by lube and was retwrned ta the local h spital Sub
scquenthy he was transferred to a special hos) ital for children with maiformations
~Hlapresent ecnditi n s extremels poor and o casidnal attachs ¢f van sis oceur

After the D/D translocati n was divcosercd examinali n «f the whole family
was carried out (Fig 1)

There was a strong reluctance T this cxaminaticn oot fea t b use the family
quite deliberatels tricd to  shicld™ the child 113 1 kniwing that it wa retarded
Eventually a 11 cd <amyle from the child wa¢ chtatned lut o m ¢ dctmlel phy
sical examination was not jermitted inter alia we were n t ali ¢d to impclr‘;
the palms lowcrer the apy earance of the chill was typit 11 m 1 11 {te
not walk or talk at the time «f examination at the age £ 1 m nth b

Apart from these two children nll other members of the family sceme | to be
intelligent to all arcarances they were phy deally well cquyy 1 anl \ulhou(;{!‘.)Y
known malfc rmations 11 4 wax b roout of we llcck and was a half 1 ter of I 10

All misearriages were sj ontancaus 11 1 4 months 115 3m ath i1 3 amr;nm)

I8 € dicd at the age of 1 vears from searlut fever anl was (it { ¢ fe comple

normal

nrsurs
using the normal techmque
d for 48 hours Seventecnt

ihe study beins, carried out
arance of

Chromosome studies have heen earricd out
on penpheral blood which w1 cullinate

members of the Finuly were mvestr,ated
retrogradcds from NI 4 and so far back as possibie The 1ppe
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Fg 1
Ped:gree of family

the translocation in three generations has been mapped out as appears
from Fig 1 Because of a negative attitude of the fumly and because of
geopraphical conditions we had to abstain from examining spouses of
the members of the family with the excephion of the father of the
propositus who had a normal }Faryotvpe —In all cases complete ana
Iys1s of 20 cells was carned out As will be seen 12 persons with the
D/D translocation were found In thess subjeets no signs were revealed
of mosme evaluatcd on the basis of the biood cultures Furthermore
there was no increase i the number of aneuploid rells no other strue
url chromosome b rritions and no abnormal numinr of chromand
aherrations
On the basis of a numt r of optimum cells we tried to evatuaty which
of the 6 chiromosem«sn th 1o 1) group were part of the translocation
chromosome In tlus connea noat can be established that one of the
chromosomcs n the 13 1o ,roup is larger than the remuning three
and that presumabls one chromosome 1s smatler Fusthermore the iwo
seis of arms n the translocition ehromosome show a distinet diffurence
i size The translocation chromosome 1 mosl of the cells resembles
hing butwedn a ehr No 2 and Na 3 Hcnce 1l 1s most
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Diagramme showing the results of a homologous and non homologcus
D/D tvpe translocation

Likely 2 13715 transiocation althongh a 13/14 translocation cannot be

excluded
As mentioned above the chuld 11 1 showed clinieal signs of mongo

hism In thus ense also 20 cefls were antfyzed ail of wiich shoned
regular 21 msomy without other 1berrabions (Fig 3)
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DISCUSSIGN
Charactenisiics and Frequency of the Translocation

On the basis of purely morphological siudies the iranslocation
chromosome appeanng n this family seems likly to mmvohe one
chromosome No 13 and one \o 15 Hamerton el al (7) reached the
same result 1 the fammilies exammned by them and demonstrated 1t i
Fig 4 of thewr report Studies of karyotypes m our matenal seem to
correspond completely to these findings No DN\A replication analyses
were made but such analyses have been planndd in connevion with
coupling, analyscs and enzymatic studies at a later tume

As shown diagrammaticalls 1n previous studies among others by
Hamerton et al (7) and Stahl ef al (15) and as mentioned by several
othur authors on the basis of theoretical considerations 1t must he
expected that iranslocation of iwo homologons chromosomes would
gnve mise only to monosomies which are not vible and to trisomies
with the transiocation chromosome (Fig 4) Translocation between
w0 non homologous chromosomes will also result 1n monosomies and
trisomns with the transtocation chromosome Furthermore normat
persons and cases having the tronslocation chromosome but without
?\her aberrations will appear these would occur mn the ratio of 1 1

g 4y

The reason why trnisomus did not occur m the present famuly can
supposedly he gametic selichion or early death in ntero It s difficuit
fo assert whethcr the number of miscarriages n this family 1s unusuaily
high No information regardint misearnages on the I plane n Fig 11s
avaidable Among those who could get the transiocation m this famly
there are 12 members » th and five without + hich 1s not statistienlly
significantly dufferent frum the ratio of 1 1 the theoretically expected
ralio which has been found also in other large famifies e g by Walker
& Harns (20) and Hamerton ef al (7)

As appears from Fig 1 irapsmussion of the translocition through
three generations has buin demonstrated However with a greater
number of cagmers w the T reneration i must he prosumed thay, one of
the greal grandparcnts of ihe propositus has also been carmer of fhe
iranslocation and henc  there 1s evidence for the transmission through
four generations

A The charwlerishic mentioned 1 the ntroducion 1hgy many
healthy carriers are found 1n the large fambies with D/D transipes
t1ons on whom reports are nailable seems to indicate that the materia;
lost by the transk 1> of no g 13 t importance 1n
these cases Conseguently 1t must be envisagcd that a not msigmfieant
number of frmilies Witk thus type of translocation may be found wich
il not be known tilf mech wareal techmiques make possible analyses of
large groups of population
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Fig 3
Diagramme showing the results of a homelogous and non homologous
D/D ty;e translacation

Iikely 2 13/15 translocation although a 13/14 translocation cannot be
excluded

As mentioned above the ¢luld 1T 1 showed climical signs of monso
ism In this case also 20 cells were annivzed ail of which showed
regular 21 trisomy without other aberrations (Fig 3)
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DISCUSSION
Ch teristics and Fri of the T I

On the basis of purcly morphologieal studies the translocation
chromosome appearing 1n this family seems hhely to wmvolve one
chromosome No 13 and one No 15 Hamerlon el ol (7) riached the
same result i the families exammed by them and demonstrated 11 1n
Fig 4 of their report Sludies of karyotypes in our malenal seem to
correspond completely to these findings No DNA replication analyses
were made but such analyses have been planned m connexion with
coupling annlyses and enzymatie studies 2t a Inter ime

As shown diagrammatically n previous studies among others by
Hamerton et al (7) nnd Stahl et al (15) and as mentioned by several
other authors on the basis of theoretical considerations 1t must be
expected that translocation of two homol chr s would
give nise only to monosomics which are not viable and 1o trisomies
with the translocation chromosome (Fi, 4) Translocation between
two non homologous chromosomes will also resull 1in monosomies and
trisomies with the translocation chromosome Iurthermore normy
persons and cases having the translocation chromosome hut withoul
other aberrations will appear these would occur n the rtio of 1 1

(Fi5 4)

The reason why trisomies did nol oceur in the present family ¢
supposedly be gumetic selection or early dualh in utcro I as duffiey|g
1o assert whether the number of miscarringes in this famnly is unusualls
tigh No information regarding miscarniages on the I plane sn | 15 145
avallable Among those who could get the translacation in this Famy
there are 12 members with and five without which 15 not Sl’lllshc'ﬂly
significantly different from the ratio of 1 1 the theorelically expecled
ratio which has heen found also in other Jarge families e g by Waiy,,
& Harnis (20) and Hamerton et al (7)

As appears from Fig 1 transmission of the translocition througty
three generations has been demonstrated However with q kreater
number of carriers in the I generation 1l must be presumed thnt one of
the great grandparcents of the propositus has also becn carner of the

translocation and hence there 1s evidence for the transmission throy
four generations

A The charactenisic mentoned 1 the mtroduction ihil myy,
healthy carmers are found in the large families with D/D trnsloe,
tions on whom reports arc available scems to indicate that the materig
Tost by the translocation 1s of no genelieally significant mportanee in
these cases Consequently 1l must be envisaged that 1 not ln!‘hmﬂrnn
number of famblies with this type of translocition inay be found wy,

e
will not be known hill mechanical techniques make possible analysy ():
large groups of population
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falher was carner of lhe D/D translocation —A possible relationship
between the translocation and the congemital malformations s dis
cussed emphasizing that the cases of D/D translocation with congemital
abnormahties described 1n the hiterature have not presented the same
ahnormalhties — A possible pr tion to non disjunchion 15 dis
cussed on the hasis of the discovery of the mongol child and of cases
reported 1n the hiterature of mongohism and other svndromes with
specific chromosome abnormalities

Finally reference 15 made to obserniation of development of malg
nancy in the presence of chromosome aberralions of vartous genesis
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The University Depariment of Pathology Ccneral Hosptal
Aalmy Sweden

FATAL NECROTIZING IESIONS OT
UNCERTAIN AETIOLOGY

By
¥ Lunewn and G Ostasee

Recenned 8 x 68

In the course of 4 few months se obsrid teo dimently and patho
logteally strhan,ly stmifar cases with pecubar lesions These are the
only two eases of tius type we hwve ever seen and as far 1s we hnow
no such cases have been published before Common to both c1ses was
2 long history of mternuttent feser and diffuse abdominal svmptoms
“eropsy showed widespread necrohic fooy wath & sparse hmting sn
flammatory reaction i the mesentery of the small wtestine and small
ncerosis and uiceration i the imniestinal wall One of the patients had
widespread necrotic focr in the lungs and hadnevs and the other had
dissenunated focy m the hiver spleen and bone marron N\either histo
lopiral exammnation nor culture revealed any wfechions agemt The
cause of the chinges 1« obscure A brief preliminary report was pub
hished (Tinell g2 af 1966) and the cases are now deseribed in detayl to
draw atteniron to the lesions m the hope that 3t sill lead to the pubh
cation of further cases—which hase presumably oceurred also n
other pliecs - and pravide mare knowledge of the condition

GAST REPORTS

ase 1 (autopsy 965/63)
At the end of 1962 2 57 year c1d previously healthy janstor without any known
hiereditary disease began 1o ha e bouts of fever about once & forta ght Tetnperature
peaks of 40 C oceurred and persisted for & dav or so 8 few monpths later he Legan
to have such spells of fever shont once a week His genersl condation was astonish

ragly good and he could manage his werk bets een the atta ks of fever He lost
abcgt B kg of bodvweight within 4 months but he 18 noY feel short of hreath
and e had po ccugh Me sought medical advire op Apnl 16 1963 when f1oroscopy
of the chest revealed fairly well oullined densit os the size of heas eggs The ESR
(W (stergren) was 43 mm/} hour The patient nas admitted to the hospital where
he remained untit death on Seplernber 15 1963 He was 1 2 relatively good general
con{iti n and ph sieal evarmination resealed nothing remarkable Feser peahs
t b 4ly b oerved shout once a weeks s0 n securred daly During the last few
week before & aih body iempersivre was constantly 3t 38 39 (. The pavent
be ame wesher and wesker he contnued 1o loss welght and sometimes had diar

hoea C(test x ray showed progres ise pulmonary of anges with large rounded
dun ties Gther v enlg n cxsminat ns {urinary tract cesophagus throst stomach

duolrnum colon skelelan galibladder) revenled nothing remacl.able
Bronchoscoj y showed no abo yrmal
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Figs 1-3

Fig 1 Case 1 The hngs wilh large white inDitrat
inside the necrosis

Fig ® Case 1 Large cllow \ hite mas n the mesent ny

Fig 8 Case ! Multiple yellow ahite tum ur like lnhllrl(lenx in the !

s Note vessels aad bronchi
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and no primary glomerular changes The renal parenchvma between the lesinns
was of n rmal o jearance Vost of the {ied showed no cellular reaction but a few
cantained fnlerstitlal falrly dense infillrates of round cells and macrophages
(lig 10} The ¢ infiltrates were § and rot d the pictuse

Stafning with Cram stain Ziehl Neel en stajn and various fungus stains (Criedly
Crocetl silver methenamine) jroved negative

Case * {autog sy 603/€3)

In June 1963 a 43 year-old menopausal female clerk why had alwavs felt well
cxeept for periods « £ mill anaemia which responded ty iron therapy and who had
no hoown hereditary disease began to have diffuse dult sbdominal pain Her
appetite was pocr and jn a few months he 1yt ab ot 10 bg Al the end of 1963
the st dominal pain subsided but in the beginning of 1964 the patient had inereas
ing anaemia and was abnarmally tired She was admitted to the haypital on Arril
1964 During the first £ weehs In hospital she had fever with peaks of 38 40 €
A lump in the al domen was palpate! and sugical exploration tn May 1% revealed
that the ivmih nafes in the radix meeenteni were markedis enlarged The fiver
was enlarged  Risllogical examination of a biopss specimen of the mesenter
showed onhy fatty tissne necroses

In the further course signs of fibrinolvsis and Intestinal blceding appeared.
Clcuding and neck stiffness develaped and the patient dicd on June 1 1964

Roentyen examupation showed soft tissue densities in the ablomen but other
wise n¢thing remarhable

fal satyry studies Ansemia with Hh of 37 per cent (55 g/100 milt and RBC
19 mill W B atout 2000 DIUF count neutrep hil granulocstes 80 90 per cent
Ivmphaestes an{ m nocstes 16 1y yor cent N\o cosinophilia £.S K (Westergren)
on different oceasi ns 28-5 mm (Dbrinsly 18) 1 b All other te ts were s entialls
normal

Flectropharests Shiphtdy Increased e, and @ N increa ¢ of ¥ fraction

Bactertalogreal stuidies Rej eated culture of the bloc 1 gave no growth Culture
of .51 and urine was negathe

Serologrenl sfudies negstive (also Wassermann reactiond

Th rapy Tetradecin penicillln streptemdein witheut ans dem nstrable effect
1rednizone 1 week in April without anv elfect

{utopsy A fairly lean middie aged wiman Bliunh red disealorate n of the shn
over the saerum Il scrous cavities contained elear fluid (pert ardiam 3a0 m!
right tleura 250 ml left pleara 360 ml peritoncum 300 ml) and had hiny  urfaces.
The eardiovascular system showed nothing remarkable The hungs were m derateh
oedematous and showed small arcas of atelectass

The liver was enlarged (210 g) With flams markings and seattered yellw pune
tate foci Similar sellow foci were found in the jleen which wa  lightt enlarged
(280 g) (Tig 1D

The mescnters of the ilcum o atained & 5 em thich polve 1 himited velw
white {nfiiteate that rescmbled a large necre e focus {1ig 17 1o the corre I’“n"[‘:‘:
scgment of the fleum was a 1 em wide semicircumferential ul ervtion —The ¢ol "
was full of clear red blood Retropenilneally and around the pancrias “crc'f“
farped Ivmph nodes and veltaw white f ¢f The vertel ral marroh confaned a f¢
diffusely outlined grey white foct

Over the right cfr(‘l)rnl hemisphere were 5 mm thick 1 d brown mu:lﬂ of 0:;!
blocd adherent to the inner surface of the dura Other reans examined were
gross normal appearance

Figs -6 ;
tures &
Tig 1 Case 1 lung with large necrosis to the nsht The ul\ell;rﬂ:::‘;:c;::en
hroncht and sessels can he cen in the necro s Tl(\(e‘ Euj‘e ot
lang tissue (te the left) shews some maert ph ges 1"\ e ntie masscs
Fig » Casc 1 Tungnceross  The slieoli ﬂ’iled with granular
n the walls nuclear remnants X
lig 6 Cnel Neerelic me enter with granular materiat Some
preserved X 120

endothebal cell



559

-
m LJM
~ .&.w »

o

i
ki

(X

3
A\

e e
RS v,
o
Ve ne
AT N
2 20
‘lw I8

.
Ay Sy v r o AR i,
R G e 0 2 ke .\m‘uw,,x..).w.‘»n.. LV
. (RS h\u.mﬂ [P .Gr/\s ~ AR

| P R + B, L iy R 5 3

r,.w;.,m = T\/Jtl o 8¢ W/\» Vh rzh to it .r}.m Al N

: A L o) 1 -

¥ 2 . H -

- " R L U3 g B (CRNON

R
2
%
A
-
F
»
¥
b
r
?
i



58

and ne primary glomerular changes The renal parenchyma between the lestons
was tfn rmal affearance Most of the £l showed no cellular reaction lut a few
centained dnterslitial falrly dense Infilteates of pound cells and macrophages
{1ix 10} Thesc infiltrales were Inconstant and nat dominating the plcture

Staining with € ram staln Zleh! Neclsen stain and varicus fungus stains (Criedly
Eroestl siher methenamine} prosed negatise

Case 2 (autspap £03/0%)

In June 1971 a 49 year old menopausal female elerh who had alwars felt well
exeept for pericds £ mill ansemia which responded (o Ir n therapv and who had
no known hereditary discase legan to hase diffuse dull shdominal paln lter
appelile was poor anlin a few m nths ahe Iost ab ut 10 hg At the end of 1963
the af fominal j ain subsided 1ut in the }eginning of 1974 the patient had ncreas
ing anacimia and was abnr rmally Hred She wos admitted to the he spital on April |
196§ During the first 4 weeks In b pital he had fover with peaks of 38 40 C.
A lump in the abd men was [alpated an 1 surgieal explorall n on Mas 12 revealed
that the Iemph nodes In the talix me<enterit were marheds enlargel The lner
was enlarged st 1 gical examinati>n of & liopss peelmen of the mesentery
shrwed enls fatty thasur necrnses

In the further course signs of fibtinolvsis and Intestinal Heeding appeared
Clouding ant diech stiffness locloped and the pativnt dicd on June | 1964

Roentgen examinitin showel soft tissue densities in the abd men but other
wise nothing remarkabic

{abseal ry stadies Anacmia with ¥b £ 37 per cent (35 g/100 mi) and RHC
19 mill W BC. about 2000 DIf count neutrophil granuloestes 30 90 per cent
tymphacstes and monccytes 10 1% (er cent b costnophilia F S {Westergren)
«n different cceasidns 29 5 mm (fibrinalysis) 1 All other fests nere essentialy
norma!

Fleetrophorests STight!s increa ed a, and a o inerea ¢ of ¥ fractin

Bactersstagical studies Repealed eniture of the blo d gave no grawth. Culture
of C.S1 and urine was negathe

Serol gical shudies negative (als Was crmann reaclion)

Thertpy Tutradecin penicillin streplomacin witheut any jemonstrable effect
Irednisone 1 week in April without any effect .

fulrpyy A (aiely Jean mid Hfe aged woman Blussh red dise 1oration of the sl 1;1
over the sacrum \ll serous cavities containel cliar flaid ericardum 3a0 ml
right pletra 750 ml left plenta 360 ml peritoneum 300 mb) an { had shiny slu’fﬂ:(‘l!
The cardioyascnlar vistem showed nothing remarkalle The Inags were moderately
ac lematous and showed small areax of atelectass

The liser was enlarged (210 g) with flamy markings and
tate foct Similar vellow focl were found fn the tleen whi b wes sl

280 g) (Fig 11)

e mestatets of the fleum crntained » 5 con thich 1 Iscxehe Hmited yellon
white infiltrate that resembled a large neerotic focus (g 17 In trl? arreaponding
segment of the ilcum was a 1 cm wide cmiclreumferents o ulceration —The © 7
was full of clear red blond Retroperitoncalls and ariunl the p-“ﬂuh‘:l s few
targed 1smph nodes and vellow white [ ef The vertebral marros conts

diffusels putlined grey white focl ™
" 0ver the right corehral hemis hire were 5 mm thich sed brm‘-;ﬂ;:les“:; o
blcod adherent to the inner surface of the dura Other organs &
gross normal appearance

cattercd vellow pune
lightly entsrged

Fus i-C lar stro
Fig £ Case 1 lung with laree necrosts to the nighl T,hc-;)],‘:o.d]uwt pre:
bronchi and vessels can be seea In the necros sm the gheoli
lung tissuc (to the left) shcws some macrophages slar cosinophl
Fig 5 Cael lungnecrosts The alveoli filled with grany
1n the walls nudear remnants X 170 terial Som
I1g ¢ Case 1 Necrotic me entery with granular me

presened X 190

pctares and
served

3
fhe masses

e endothelial cells
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Micros opy The Jungs myocardium and adrenals contained discrete groups of
xtaphylococer in some areas of the lungs and myocardium there was a nuld leuco
eyhic reaction

The

e contamed wid d granular hilic ne
eratie fact (Fig 13) 1 herc fatty tis ue and vascular structures sere being destroyed

v the necrcsis Only endothehial rells were preserved and scattered histinevtes
bordered the necrotic foer The intestinal lesion (onsisted of a necratic area not

% & himiting reaction and was ¢omtinuus with mesen
te 1al neeroses (Yag 14) The 1 mph nodes werc parily or (ntirely necrotic The
necroses appeared to begin fn the marginal sinus while same of the fullicles were
presersed “imilar changes of the lymph nodes were seen 1n the retroy enfoneum
and 1o fhe left supraclavicular £yssa Other lymph nodes (melbiastinum axillae
grolus mght supraclavicnlar fossa) were of normal appearance

he acinar structure of the Iner »as rrescrved wath numerous seattered neeroses
(Fig 15) Somelimes \hev were centro acinar hut most often irregnlariy arvanged
and imvolvming several acim In fhe necroses which w re granular and slightly
eastnuphilic the outlines of the Jinver cells and fragments of nucler were discernible
o vaseular changes no cellular nfiltrates (Fig 18) The spleen showed large
cosmojhihic necrotic foct without amy himiting inflammators reaction {Irg 17)
I hoth the vertchral and the femoral marrow were palchy neevcfic areas without
anv inflammatory reachion (Fig 18)

Culture of 57ecimens fram the mesentery gave growth of olform reds staphyl
otocet and enterococct Culture for fupgr was negatne Guinea pg test and culture
on Loewensteins medwim were negate Staining for bacteria and fungi was
negathe

DISCY SSION

Chmieally and pathologically the two eases showed a very stmilar and
pecubiar picture e have neser scen such cases before and we have
nol heen able to trace any in the Iterature Various differentiaf diag
noses might he considered

The chinical picture with pertodic fever as the most prominent
symptom mihit point to mal t tymph ! (Hodghin s
disesse) but the anatomical {indings lent no support to this possibility
The most stnhang <hnpes were large neerohic foer with very sparse
wilammatory reachion Such lesions can be seen wn Hodgkin s disease
but at least when no speeific treatment b to been grnen there are usu
Ally coexisting typical change  No such changes were observed 1 our
cases despite extensie histological eximmation The distnbution of
the lestons also differ d from that usually seen i Hodgkins disease
Intoliement of the mestntenc vmph nodes appeared to be onlv one
component of a m P extensive necrosis of fatty tissue The lymph
nodes in the retrep Titeneam nd 1 case 2 m the left supractavicutar
fossa also showen 1 1 v wihale ati the other lymph nodes appearcd

Tigs 4-9
Fig Cate 1 ltetr peritonea) hympbnode witt larke grannler necros s without
celht} ¢ reacti n To the night some preserved Iymphocy tes
Fig § Case 1 Kidney Ta the left Jarge necro1s Some g meruls are pmmed
To the sicht normal b dney tissue ¥ 25
Fg9 Casel hiln v neer fidule fre noerstic 4 few nuclear remnants
in the granular ma es mlmu\mly Glomerulus normal % 1 0

I8 acvieatie Yo 4
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times been discussed under the heading of 4 so called viscernl type of
relapsing febrile nonsuppurative pannicnlitis  (visceril Weber Chris
tian syndrome) (Harringlon et al 1961 Mosloft et al 1947 Steinberg
1953 Ungar 1946) Judging, from pubhshed antopsies the condilion 15
characterized by co existing subcutineous changes of the type scen n
Weber Chrishians disease  Lesions of the abdomumnal fatty tissue
showed different stages of inflammalion ranging from acute cellular
nflammation and lipogranulomatous changes to fibrosis None of
these published cases appear to have shown such neerosss as n our
cases or mamfestalions 1n the lungs Inver or hidneys for example

The veterinnry medical hternture (Hoflund et al 1923) contans
reports according 1o which cattle presenled fatts tissue necroses in the
mesentery large and small 1 ates along the duod small
mtestine and occasionally along the rectum They are well outhined
first yellow white and then mottled In the chronic form they are
himited by pronounced fibrosis with abundant connective tissue round
the empty spaces after dissolved fat The changes are thought to he
secondary to some other abdomunal discase such as lraumatic pen
tonitis or eateritis The actnal nature of these lesions 1s obscure The
lesions do not resemble the neerosis found in our cases

Some 20 cnses have heen pubhished under the name of progressiwe
arteral occluswe disease  (hohlmeier Degos) Most of them have been
seen 1n young men with patchy alrophy of the shin and mulhiple per
forations of the small mtestine (Strole ¢t al 1967) Necroses n other
organs have also been reported The cause of the disease appears to
be obliterating fibrous endarteritis and this typical vascular change
which was not seen m our eases also excludes this diagnosis

The lung lesions 1n our case 1 might at first be thou,ht to resemble

! alveolarts pul, (Rosen et al 1958) But they were

nol PAS positine and they had no  acicular spaces  \o other visceral
mamfestations are ¥nown n prolemosis alveolarss and this diagnosis
may therefore be ruled out 1n our cases

Summing up A search of the literature failed to reveal any analogous
cases and at least for the time being our vases appear to be «xamrles
of a previously unknown discrse  Simular cases hase probably been
observed in other places but either not pubhshed or reported under
such names that we could nec trae them

The cause of the vic  pre d chingcs in our cases 15 unhnown The
presence of ntestinal ne ro ¢s ar b widespread mesenteric lesions 1n

Figs 13-
Fig 13 € e ? Granular necr sis in the omentum \Vessel with thin walls and
partly preser el endothelial ¢ 11s X 1 0
Fig 15 Case 2 Necrosi of the inteslinal wmall X 4
Fig 15 Case 2 large irregular I ernecruse nuhoul cellilar reaction X 25
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THE INTRARENAL VASCULAR
ALTERATIONS IN EXPERIMENTAL CHRONIC
PYELONEPHRITIS AND THEIR
RELATIONSHIP TO THE DLVELOPMENT
OF HY PERTENSION
By

ARME Lycsoovist and Jous Ricarpsos
Recenved 16 x 68

The deselopment of hypertension i human subjects with chronte
pyelonephribs 1s generally ascribed to the lesions of the ntrarenal
artery walls which lead to a form of renovascular hypertension It has
been noted however that there are normotensne cases with chronie
prelonephnlis and severe changes 1n the wails of the intrarenal vessels
as well a5 cases with hspertension 1n which the vessel wall changes are
relatively mild (Brod 1907 hleeman Heuwut & Gu e 1960 Iagergren &
Iungquist 1962) Moreover Heplinstall (1962) found no relationship
between pyelonephritic damage to the walls of the intrarenal vessels
and the occurrence of hyperlunsion in rats

In a presious study of the vasculature of the human pyvclonephribic
hiudney glomerular damage resulted in the formation of a,lomerular
juxtamedullary arterioles leading to the medulla whereas the cortical
arteriole glomerular umts degenerated and disappeared (Lagergren £
I jungquist 196y The alterations were considered to form a possible
morphological bsis for the development of cortical 1schacmia and
thus hypertension by enhancing the medulliry biood flow and impeed
m,, that of th cortex In the human matcnal however 1t could not be
ascertruned th it the altcrations in the intrarenal vasculature had actu
ally preceeded iny blood pressure clevation I'xperimental data rather
suggest that . mcrul e Alterations develop secondarily te hypertension
(Heptinstall « Hul 1967)

To investig ite the pathogenctic role of alterations i the imtrarcnal
micro anio wchitecture in the desclopment of hypertension in chrome
pyelonephritis the following experiments were earried out in which the
mtraren il vasenlar allerations it nermotensne and hypertensive rafs

Wt sa wupportel 1v the St edsh Velt al R sear b ¢ un ol (projet
No TGS 12\ 716 13) the St ! sh \atwnal Assoc th n apainst It art nd Chest
Disen 2 and the Sied sh 1if lInsurance Lon panies
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15 desired In the present study sublimate was excluded fram the ongnal Helly s
solution since its radiopacity rendered the micro angiograms useless The modified
fivative then consistel of Zenkers solution devoid of sublimate and 10 per cent
neutral formalin 1n equal parts

4 few rats di d spontaneousl sime time after hypertension had developed the
other rats were 1illed by inyection of Wheropague during cther anaesthesia after
normotensive and hivpertensive periods ¢f variu lenghts In all rats a tharacotomy
was performed with one canoula mserted nto the thoracic aorta downwards to a
level just al ove the origin of the right renal artery another cannula being nserted
mto the a rta but placed towards the heart The cannulae were attached to a bottle
containing a 10 [ er cent water suspension of Micropaque This was forced ito the
vesscls of the rat by the method described above for the previusly removed hid
nevs Dunng ths myection the g anaestheti ed rats died presumably from
widespread eml}olic occlusion of the vascular svstem by barium particles The
hearts were injectod 1 arder o study the myvocardsal vasculature n hypertension
and this will b the subject of a scparate report The kidneys were longitudinally
scctioned and fixed in tre modified Helly s solution fcr 24 hours

After fixati n the Jadneys were embeddel and processed for stereamicro angio
graphy accord ng to pre 1oush destribed procedures (7 jungqrist 1963) The micro
angiographed blocks were e embedded and thin secticns cut and stained for histo
1 gical examinations Blochs from some kudnevs from control rats and from pye
lonephritic rats with and without hypertension were serially sectioned to make 1t
possible to trace the micro anglographwn!h \lsuahzcd vessels !hmugh the mnal
tissue The degrbc of on W etermm in each hidney
by lar index (JOD) 2 to nnmon % Hartroft
Q1953) For lhn all glomeruli 10 an entire frontal section  ere counted

The twelve hypertensive rats + ere tentatnely divided nto two equal groups 1n
one group the rats hypertension had heen present for only a brief period (1-3
Weeks) whereas in the other group the rats had been hypertensive for perjods
Varving between 6 and 15 weeks Thi was dome in order to see whether the dura
tion of the hvportension would miluence the morphelogical picture of the infected
kidney but since no such difference helween the two groups was obsersed all the
hypertensi e rats will he presented a d discussed as one group

RFSULTS
Blood Pressure and JCI' (Table 1)

E coli—injected anumals The mean hlood pressure of these rats was
115 mm Hg bcfore the beginming of the experiments the highest read
ng, being 135 mm Hg in two of the rats each at only one measurement
All vmimals remained normotensue as long s the left presumably
non mfeeled kidney was present Follewing remosal of this kidney
10 wechs afler injection of baclen in o rals and 18 weeks ifter the
mgection m the rem umng 30 rats hyperlcnsion developed n 12 rats
after 2Y, to 8 weehs The Intent period for the development of hyper
tenston after remoy il of the left hadney did not differ between r1ls 1n
which the nephrectoms was done 30 we 1s after the injechion nd rats
m which 1t was done 18 woehs aftor the mpeetien

In the 12 rats that devdopid hyperier sion the blood pressure
becume estabhshad well abne 1y mm Ho ind remamed there until
the death of the ammnls These 12 rats 311 showed severe chronse
pyclonephnitis of the might kidne  (sce bedow) In thie 23 normotensne
rats mo blood pressure reading above 13 mm I, was recordud In
aght of these rats cither no evidinee of 1ntlhimmation was seen in the
npht kidnes or there were mimimal inflimmatory chinges obsemed
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st the pelsic arca These eiplit rts were regardcd a8 hnssng not
requred pacdomplsstss In the somnming 15 normolcnsne rits there
w18 chronic pyefonephris of varang depree i the nght hadney
{sce belan)

There waore sipnificint diffesences between the JE6I v alues of the
el and Wt kidness sn both the hypertenssse nd normotensise rals
with prelonephniis As 1s scen an Table 1 these differences are due
ta 7 lovering of the JGI of the mfected kdneys

TABHT 1
Httood Pressure and J0¥ (Justagh tar Index) st Hypertensice awd 3 .
Rals widh € hronie I yelonephnifis in the Right Kuiney in Rafs & kere Inocalttion
of Bacteriq Fated to Reault in Pyelonephrihis and in Controf Niats Giwen Sofine

JCT (mean x ST

\o of
Croug ol rals Bpt Bp? Bp?

rats v " tert Right
W jerlens 12 155 170 175 IR 2R 18+9013
Normctens {pon) g 15 115 115 115 191+ 18 96 %22
Normbtens (noy n) § 15 10 170 KEESE 198 3"
Contrals 10 120 1°0 115 215211 BAAE 21

15 pt mean hlood pre <tre level 2t start of experiment
B p? mean §lond pressure at feft nephrectoms
B p? mean Blood pressure ot death of animals
$ n = prelonephritis
dlllecence in JOI } otween right and lelt | LB
§ diffcrence tn J0E between right and left 1 <0001

{ ontrol ammals The mwean bloed pressure of these ris was 120 mm
H,, before the heginning of the expeniments md 115 mm Hg when the
mimals were saerificed \No reading abose 135 mm Hy, was recorded
m these snsmals on An oceston The difference 1n JGI hetween the feft
wnd right hadney was stitistiealty not sigmficant

Vicroscopie § eninres

;' Pgelanephritic hypertensie rats The pyelonephrific lesiony n the
rioht hidney of these rafs vaned sholithy 1a extent from one rit to
another In affected areas the lesions were Wistologically simir and
consisted of cortical lithule afrophy nereise i nterstitinl connectne
tissue and crowding of the glomeruht fn the intershitiat tissue ann
flammators cel) mflirabon was evident The glomeruli wm areas of
pyelonephnitic lesions wese of sarable sizes most besng smaer than
sorml In some shphi Hbrosis of Bowman s eapsule wis sca Some
glomernds o the affected arias and many of the glomerwls i the
nummatly offected and unaffeeted reas showed conspicuous chvmz(‘vS
n the tlomernlap eapiliry lofis These chiges constsied of cdplll’l:"
wall ihschening which in some jastances {ed to obhiteration of lh‘c capw
tary Jumen (Figs 18 nnd SB) The tnckened eapilbary walfs often g&



4 Micro angiogram of a pyelonephntic kudney from a hypertensive rat The cortex
15 thinned and 1ts arterles kinked and spiralled Only a few glomeruls are visualized

There i hardly any of the m the cortex
whereas there 1s complete visualization of the m dullary ves els Many of these
derive from aglomerular juxtamedullars arterioles G Tig 54 X 17

B llistological section from the cortex of the hidney in Fig 1A Theres is inflam
mation fibrosss and some distension of the tubules which contamn protern like
malerial The two glomerul in bottom part of picture are small the glomerulus
10 centre shows partiel occlusion of its capillary tuft the glomerulus in tap of
picture §s severly altered by complete ocelu 1on of its capillars tuft and there 1s
thickening of the wall of the afferent arteriole at the vascular pole van Creson X 180

a posilive reachion with fibrin stains and wn some areas this was pro
nounced giving the appearance of fibrinoid neerosis A similar fibrmord
malerial was scen 1n some of the afferent arteriole walls {Tig 1B) In
many glomerular capiilarics and 1n some extragiomerular vessels struc
tureless particles that staired ltke fibnn were also encountered m the
lumma The tubulcs 1n Irss affecled areas were often dilated with atro
Phy of the epithelium and casts in the lumen Arleriolosclerosis was rare
In 9 of the prelonephritic hidneys the wflammatian and atrophy
the cortex was extensive although areas of cortical tissue were left un
affected by tubular atrophy interstitial reaction and glomerular erowd
g In the remauning three rats the lesions were clearly patechy In the
former 9 adneys the medulln also showed widespread changes con
sisting, of modurte interstiial reaction with fibrosis and infillvation
by mflammalory eells The most conspicuous alteralion 1n the medulla
Was the presence of hoth collapsed and dilated tubules the latter oflen






Fig 1
A Micro angiogram of a pyclonephritic kidney from a hvpertensive rat The cortex
15 thinued ar d its acteries kinked aud spiralled, Only a few glomeruls are visuaiized
There 15 Rardly any 3 of the in the cortex

whereas there {s complete visualization of the medullary vessels Mauy
derive from aglomerular juxtamedullary arterioles Gf Fig 54 X

B Histological section from the cortex of the kidney m Fig 1A Theres 13 inflam
mation fitrosts and some distension of the tubules which coutam protemn like
material The two glomeruls 1 hottom part of picture are small the glomerulys
in centre shows partial occlusion of its capillarv tuft the glomerulus In top of
picture s severly altered by camplete occlusicn of its capillary tuft and there iy
thickeming of the wall of the afferent arteriole at the vascular poie van Cieson X 150

of these
12

a posttine reaclion with fibrn stans and in some 1reas this was pro-
nounced gining the appearance of fibrinoid necrosis A similar fibringig
material was seen 1n some of the afferent arterole walls (Fig 1B) 1,
many glomerular capillanes and w some extraglomerular vessels sirge
turcless particles that stamned lihe fibrm were also encountered n the
lamma The tubules 1n less affected areas were often dilated with atry
phy of the epithelium and casts in the lumen Arteriolosclerosis v as rare
In 9 of the pyelonephritic hidneys the nflammation and atraphy yn
1he corlex was ¢xtensive althongh areas of corhieal hissue were left yp
affecled by tubular atrophy interstitiyl reaction and glomerular crowgd
g In the remaming three rats the lesions were clearly Pitehy In ihe
former 9 kidnevs the medulla lso showed widespread changos con
sisting of moderale interstitinl reaction with fibrosis and mbilrag,
by inflammatory cells The most conspicuous alteration m the mcduun
was the presence of both collapsed and dilated tubules lhs,lnllcr N
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m the peivie arenr These eight rats were regarded as having not
wiuired pyvddonephribs In the remaining 15 normotensive rats there
was chronic pyvelonephritis of 4 sarving, degree m the nsht hidney
(sec below)

There wire sigmificant differences helween the JGI values of the
nipht and left kidnevs in both the hypertensne and normotensive rats
with prelonephntis As 1s seen an Table 1 these differences are due
to 1 lowenng, of the JGI of the infecled kidness

TABIT 1
Nilood Pressure and JCI (Justaglomernlar Index) in Hypertensive and Narmolensie
Rats with Chronie Pyelonephritis in the Right Rilney tn Rats Where Inoculation
of Racteria Failed to Result un Pyelanephritis and 1n Coatrol Rats Given Saline

IG1 (mean + SE)

No of
3 pi 1 2
Group of rate rats BP' Bp Bp Left Jught
Wrvperiens. 12 115 170 175 165 =14 18204
Normotens. (p n ) § 15 115 15 115 19118 96329
Normotens (nop n) 8 115 110 170 0219 19839
Contrcls 10 10 170 15 215 x11 23271

B p? mean blood pressure level at start of experiment
B p?* mean blood pressure at lefl nephrectoms
B p? mean blood pressure st death of animals
n = pveloncphntis
difference in JC1 between right and left P<001
€ difference 1o ICT between right and left P< 0001

Control antmals The me m hlood pressure of these rats was 120 mm
Hiy, before the begmming of the experiments and 115 mm Hg when the
ammals were saenficed No reading, above 130 mm Hg was recorded
m these wimals on anv occnsion The difference n JGI between the left
and right hadnesy w s statistieally not si;mficant

lieroscopte Lealures

Pyelonephrite hypertenswe rafs The pyclonephrilic lesions m the
rioht hidney of thesc rats varied shihtly n extent from one rat fo
another In affected nreas the lesions were histologieafls sumifar and
consisted of cortical tubule atrophy ncreise interstitinl cnnncch:le
tissue and crowding of the glomeruh In the mtershitial tissue an ¥ .
flammatory cell nfillration was evident ‘The glomeruh area‘;:n
prelonephinitic lesions were of sanable sizes most beins, sxmﬂcrsomE
normal In some shght fibrosis of Bowman s capsule was se;n, The
glomerult m the affected areas and many of the glomeru lch:naes
mmmally affected and unaffected areas showed consprcum;s Oy
n the giomerular caplinmy tufls These changes eonsisted 0f lf';epmp“
wall {hichening which 1n some mstances led to oblllcrqhor}lo  ften e
Jars lumen (Figs 1B and 3B) The thichened capillary walls



-

Fig 3
4 ‘Macro anglogram from fairly unaffected hidnes tissue in a pyelonephrtic kidney
of a hypertensive rat An afferent arteriole is seen to lead into an incompletely
hilled glomerular tuft There is no evidence of filimg of the postglomerular vascu
lature. X 160

B Histological section from the same tissue as in Tig 34 showing the incompletely

filled glomerulus in which there 1s thichemng of the capillary walls and partial

ceclusion of the Inmina Patches of fibrnoid change are secn 1n the tuft Ladewig
60

affecied and the less affected areas there were numerous glomerul:
which were onlv parhinlly sisunlized and showed no or poor filling of
the posiglomerular vessels {Fig 3A) In the lustologiel sections these
plomerull showed the changes of partinl or complete occlusion of the
capillary tuft fibrinowd thickeming and degeneration of the capillary
walls and foeal fibrinowd necrosis (Mg 3B)

The good visuahizalion of the meduliar vessels was due to the fact
that the glomerulir alleralions had not imterfered with the Hitling of
these vessels Thus tn addition to nermal juxtamedullary artenole
glomerular units there were o number of arterioles leading to the
medulla which had an mcompletely visuahzed and simplified glomer
ular tuft aliached 1o the Iteral aspeet of the sessel (Fig 4A) In other
juxtamedullary arterioles there was ne cvidenee of a glomerular tuft
between the site of orm of the rter ale from an interlobular or areu
ate artery and ils penelrition nto th m lullv In the histclosscal
sections these tno tepes of vesscls w r f unito run thronshth vas
cular pole of thew con¢ pondin, ~lem it hich wore either partialhy
filled with contrast wmedium 1 | filled all due to d .uneralne
glomerul e alteratsons (ki 1)

The vasculir paltern an the meduhia of 111 3s with diftuse corhieal
lestons w s not thit of normai parri 1 b s of ve sus with inter
rerung ity ndtworks but mtho a dituse arregule and Jarge
meshed network of vessels of varvun, + res (Fir 2) In medullary



Fig §

A Micro angiogram from the duilary zonc of a p
hypertensise rat An incompletels fitled glomerular tuft 13 attached to an artenole
farrow) which splits up into vessels Jeading 1o the medulla X 70
B Histological section from the same lissue as in Fig 11 showing ihe eontrast
fitled arteriole which gnes off glomcrular camllanies as lateral tiwigs. The tuft 1s

incompleirly filled dur to partial degeneration Ladewsg X HO

lonephrit™tladney in 3

areas corresponding to the most severels scarred areas in the coriex
parallel bundlies of abnormaliy thin althoush straighi vessels were often
seen (Fig 2)

The left (nonprelonephrnitic) fidnevs i thus group of rats showed 1
normal miero angographic and lstologict! picture except for 1 nioder
ate degree of pyvelitis 1o three hadnevs On closer exammation however
all fudnevs were found to contun oceasional glomeruls with patehsy
occlusion of the luft fibrinowd degeneration of the capifiary walls nd
cven fibninoid neerosis of part of the tuft In some eaprllaries the syme
tspe of fibrnord malerial was encountered s n the opposite nfected
kidney

Pyelonephrilic normofensive rafs The histalogicn] lesions the
hidness of these vals were quite simdar to the lestans af the hvper
tensive rats There was 4 thiference i the degree and extent of the
festons which wns clearfs true for the fibnnod glomerular changes
Although some glomernly prrbicularls those along the borders of pve-
lonephnitic areas and to a cerlun degree also m nterseming m}rt!s
scarred areas showed oeclusion nd fibrinord necrosis of their tu
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Fig
A Micro angiogram of a pyeloncphrtic kidaey
from & normotensive rat The vascular pattcrn
is close to the nmormal with straight cortical
sessels and good visualization of glomeruls and
postglomerular vessels including the peritubular
capllamies The Justamedullary _arteriole glo
merular umits show good fillmg of the glomeru
lar tufts manv of which are secn on the me
dullary side of the arcuate arteries Gf Fig 14
X 10

B Histological section from the cortex of the

kudney m Fig 53 There 15 inflammation with

interstiial fibrosis Some glomerul: are small

but the tufts are unaffected by occlusive changes
van Gieson X 165

€ Histological section from another area of the

Kkldney in Fig 54 showing one normal glomeru

Ius {fop) and one glomerulus with almost tom

plete ocelusion of the tuft (bottom) van Cieson
X 165

g .
N
b ey =
1 ”’-ﬁ SC,,VI‘J
g v.(?- ray,
(k1 () and fibninoid maler (11 luminu of the cip liwries most

glomerul were dovoud of such 4« 1Fig 9B) The Py lonephrilic
Alterations consisting of atrophy « f t cal tubules fibrosis and infil
tration v inflamm lory cells of th L rstitial tissue and atrophiy and

-
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of a pyel "3yidney In 2
hypertensive rat An incompletely Glled glomerufar tutt s attached to an arteriole
{arrow) which splits up into yessels Jerding ta the medulla X 7
B Ifistofogfeat section from the same tissue as in Iig 44 shoning the contrast
filled arteriole which gives off glomeralar capilaries as Jateral fwigs The tuft 15
incompletely filled due to parial degencralion Ladewig X 410

1 Micre angiogram from the juxt dull: o000

ares corresponding o the most severcly scarred areas m the cortex
paradfet bundles of abnormally thin thou,h straught vessels were oftens
seen (Mg 2)

The 1eft (nonpvelonephritic) kidneys i this group of rats showed v
normal micro angrograpine and histologtcal prcture exeept for 2 moder
ate degree of pyelrhis in three hudneys On closer exammtion howerer
alf 1wdneys were found lo contan oceasional glomeruly with patelny
occluston of the tuft fibrinoid degeneration of the capillary walls and
wven fibrinoid necrosis of part of the fuft In some capillaries the same
type of fibrinoid materi1l was encountered s i the opposte mfected
hidney

Pyelonephritic normotenswe rals The hislologieal lestons m the
Lidneys of these rats were quite smulrr fo the lestons of the hyper
tensine sats Fhere was a difference in the degree and cxtent of the
tesions wlich was elearly true for the fibrnoid glomerular chanses
Although some glomeruli pirtreularly those along the borders of pye-
lonephritic arcas and o a certam degree Slso n mlersemng '"‘H‘s
scarred areas showed occlusion and fibrined necrosis of thar tu
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dilitstion of meduliary tubules were also loss extensne and severe 1
these rils the mun differunee between these iwo groups was mant
festm the cxtent of the glomerulsr capilles 1nft Jesions wiueh were
more extinsive and s(yvere m the rats with yperlension

By micro angloaraphy these hadney s displaved good visutlization of
both the medullary md cortical s 1sculatures mcluding the posiyio
merulir sessefs in the cortex (Fig »A) The pattern m pycdonephritie
arcis was sumilar to that scen m the hypertensive rals although less
marhed The occurrence of agfomerulir irlerioles and artcrioles with
incompletels visuabzed tufls laading o the medulla was much less
frequent thnoan the hperlensive rits These fealures corrcspond to ihe
fict that the degree of Iustologieal glomerular alterition was less
mirhcd n the normotensive group

The left prosum by non mfceked hdney i these rats showed 2
completels normnl micro wgiographic patiern  As in the hypertensive
rils most of these kidness cont uned oceasional glomeruli with thick
ened capidlary watls partidd oceclusion wd fibrinend neerosis of the
tuft and fibrinoid material i the eapillary lumma In 3 kudneys Lhere
was pyehhis which in one case was severe  though the inflammation
did not «xtend into the medullery or cortical tissue

Aon pyclonephnic rats The nght hdnes of these rils did not show
my conelusive evidence of chronic pyvelonephritis In five of these rats
nummal infilleton by inflimmators cells was seen i the pelsie arc1
As n the control amimnals hoth the left nd riht kidnevs showed
protan like easts i v few lubules QOceistonal glomeruls i the right
hidneyvs displaved partind occlusion and Dbrinod change m therr tufts
This feature was not encountered m the lefl hwdneys The micro angio
graphic patterns were normal an alf kidnevs in this jroup

Control rats 7The kidneys m thus sertes of rils were morphologically
stmilr o the non pyelonephritic rals mn that the hidneys were devord
of any s15,0s of pyclonephrilis and displayed normal micro angio,raphic
palterns In 5 of these rals however the right 1idney showed altera
t pns 1 occasion il glomernl consisting 1 thicl entng of the capiflary

15 with occlusion of the capillary lummna nd fibrmoid chinge

;
DISCUSSION

It 15 well 1 nown that chronic pycloncpliribis in man 15 Assocs yted wath
hypertension 1 1 significant number of cses (T ewss & Parlcr 1939
hincard Snuth 1955) The < thdity of the assumption that the chronw
renal infection 1s the direct cause of the mncrease in blood pressurc has
however heen gueshoned manly on the bisis of experimental daby
Accordin, to some reports the assoerition of the two feilures \\ha
consequence of 4 lugher suscephibiiity to infection of the kidney m the
hyperiensive nsmal (Shapiro & hobermick 1961) nd dn-om[«; m;
Jonephrilis 1n the expenimentit ammal has heen reported to' (chu“J
assoeiated with hyperlension even 1f the Wdney nfection fen
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uracmin (Shapiro & hobernich 1909) Qmite opposite results hwe been
reporied aceording 1o which no mncreased susceptibihty to infection of
the kidnevs in hypertensive rits was recorded (Heplinstall & Stryler
1962) Heptinstall (1962) also showed that hypertension would deselop
m a certun number of rals m which chronie pyclonephritis was m
duced crther 1n both kidnevs or in the rummining hidney of nephreclo
mized rats It 1s possible that the conlradictory results of these various
experiments are due to differences wn the properties of the infecting,
agent and 1n the modes of inducin, the renal infection

In the present materi1l the mode of inducing rennl infection em
ployed by Hepltinstall (1962) wis used and as i his experiments
F colt was the infecting ngent As in s series hypertension did not
develop 1n the presence of 1 conlralateral non infected kidney It did
appear howerver, 1n 1 significant number of animals after the removal
of the non infected kidney The protecine action of this kidnes with
respeet to the davelopment of hypertenston n these rals 1s of an ob
scure nature The situation bears seme resemblance to that seen
cases of renal artery stenosis in dogs in which persistent hypertension
develops much more readify 1f the untouched kidney 15 removed
{Braun Menende. et al 1946)

Although there 1s now conclusive experimental evrdence that chronic
pyelonephnbis mny lead to hypertension the mech inisms by which this
ncrease 1n blood pressurc 1s produced have remamned obscure In the
classic report on chromic pyelonephritis it man by Wewss & Parher
(1939) hypertension was ascribed to inflammatory damage and thick
ening of the walls of the cortical arteries with 1 consequent alteration
n the intrarenal blood flow This explanation scems fo hwe guned
wide aceeplanee although it cannol be valhd in all cases since there
are cases with severe changes mn 1he vessel walls and no hypertension
as well as hypertensive cases without ansy rumarkable vaseular changes
(Brod 1957 hleeman cf al 1960 Iagergren & I jungquist 1962) More
over Heptinstall (1962) strcssed that there was usually no diffuse
artenosclerosis in the nfieted kidney i rats with hypertension due
1o chronic pyclonephniis This fenture was alve noted m the present
mmestigation

In the absence of diffuse 1ptr rent arteriosclerosis m the pyelone
phntic idievs other cwies £ 1 1 urhed renal blood flow with
resulting renal hypertension hase to be so 1sht On the bas s of find
ings 1in man 1t has been sug.ested that the aliered intrarer 1l arterl
pattern which 1 sults frons the psdonephrits damage to the ,lomeruli
would lead to v r v« wal isehaemi v and hvperter  n (7 ager
gren & Ijungquist 1962; 1he resulls ¢ the combined 1irero angnro
graphic ind histological «xamination of the present iialeral have

wded experimental support to s vies Thus the cnly sigmficant
differcnec butween the hvpertensise md non hypertensive pyelonc
phritic ris with respect to hidney lustoiogy was 1he more frequent

7
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oceurranee of glomerufar lesions n the hypertensine rats These Jesions
did not 1ffect the morphologic ! basts for the blood flow throuth the
medutla since the effcrent Juxiameduliary arterioles which form the
viscular supply of the medulla remmned ntact and in the absence
of glamerular tufts appeared as arlertole rectac verie  In the cortex
on the other hind glomerular damage resulted n ncomplete filling
of the arteriole glomerular umts This difference 1n reaction 1s a con
sequence of the differcnce 1n structure hetween the arleriole glomer
ulr unils m the two reptons previously demonstraled m man (Ljung
quist 1964) In the juxtimedullary zone the afferent and cfferent
vessels conshitute one continnous vessel the glomernlar arlerioles bemng
attiched as Iateral branches whereas the glomerulir eapallanes n the
corlex arc interconnected hetwecn the affcrent and efferent vessels

In the normotcnsie pyvelonephritie rils the change m sascular
pattern was less than i the hyperlensive rals as a consequence of the
less ads ineed glomerulwr dnmage and was presumabls mcapable of
producing v sigmfieant degree of corhical 1schnemin 1t appears possible
that hyperlension might also have developed in the former group of
rals af the rats had remuned \ne and the glomerular damage pro
gressed

The pathogenesis of the glomerutar lesion 1s obscure Identical le
swons wnr the non nfected areas of prelonephniic hdneys in hyper
tensive rats were deseribed by Heplinstall (1962) and were judged to
be a consequence of the increased blood pressure (Heplinsiall & Hil
1967} The occurrencc of the lomernlar lesion in both normotensive
and control rals of the present matenal indicates that hypertension
15 not a necessary prereq for ats devel t In the nfected but
non pyelonephritic rats and n the control rats the lesion only oceurred
in the risht ladney where the ureler had been temporary occluded In
the pyelonephribie rats Lhe lesion also appeired m the contralateral
kidney It 1s therefore suggested that the glomerular lesion 1s 1 non
specific mode of degeneralion nduced by v nous types of pathologteal
sstuations such s hidnes mnfection urcteral obstruetion eletated blood
pressure ete If the pithosenelic mechamsm 15 strong or of long dura
tion extcnsue glomerular degeneration may develop and result i an
Alterition of the anlrarenal mero-angonrchutecture  This aiterton
mas form 1 morphologieal hasis for the deselopment of 1 relatne cor
fical 1schaenun and a renal form of hypertension

There 1s general agreement that the early phnse of ren 1l hypertenston
15 due to a release of remn from lhe juxtaglomerular cells of the ISChHE;j
mie cortex In hypertension due 1o renal artery stenosis thus s 10 erClc[
by hvpergranulation of these cells and 1nerease 1n vasopressor actiy “:o:x
the cortical tissue (Hasson et al 1961) In this form of h\PEl';Ie“s e
hypergr nuiztion of the Juataglomerutar cells persits '\lko“‘dr'n]mes

d although plasma remn achvily dec

hypertensive state 1s prolonge 3 ibowm beiseen the
(holetshy «t al 1967) suggesting an altered equils
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release of renin on one hand and the production and storage of renin
m the kidney s reflected by its degsee of juxtaglomerular granutalion
on the other The fmding 1n the present studv of a decreased juxin
glomerular granulation 1n pyelonephntic kidnevs from normotensive
rats suggests that kidney mnfection mn itself 1s eapable of altering the
equhibrium between the production and storage of remun on one hand
and 1ts release from the hidney on the other The development of
hypertension 1s associated wath a further alteration of this equilibrium
as judged from the furlher decrease of juxtaglomerular granulation in
the hypertensine rats

SUMMARY

u 1 chromc pyel hritis was induced i rats A sigmificant
number of these rats developed hypertension provided that the non
nlected kidney was removed The stereoscopic micro angionrcitecture
and histology of the infected kidneys 1n hypertensie and normotensie
rats were compared and JGI determnations were made n all hidneys

The disease induced degenerative changes n the glomeruli These
glomerular changes produced allerations in the intrarenal vascular
pattern which were more pronounced 1n hypertensive than in normo
tensive anumals The altered intrarenal v lature may be r bl
for the development of hypertension since 1t forms a morphological
basis for a relalive cortical 1schaema

The JGI values of the nfected hidneys were low 1n both the normo
tensive and hypertensive rits
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INVESTIGATION OI'
GASTRIN ACTIVITY IN PANCREATIC ISLET TISSUE
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Eric L Bratk Store FALhueR Craes HELLFRSTROM

HrF\R1k OsTRERG and Diaxa D Riciarpson
Recenned 8 <65

Since the oniginal observation by Gregory ef al (1960) there have been
several recorded mstlances in which the islet tumour lLissue from pati
ents with the Zollinger Clitson syndrome has been found 1o contain
gastrin ety (Ellison & Wailson 1964 Fllison 1967) The extracts
have been shown to possess nclions 1dentical with those of extracls of
human gastric antra! mucosa (Jachson el al 1963 Gregory & Tracy
1961) Cregory et al (1967) provided evidence of the presence n such
panereitic tumours of one or other or hoth of the gastrin pephides
1solated from human intral mucosa (Gregory et al 1966 Bentley et al
1966)

Although 1t 158 generally agreed that the tumonr 1n the Zollinger Fil
son syndrome 1s an nsuloma 1t 1s stll unknown whether ny of the
various ceil tvpes of normal islet tissue can manufacture gastrin
Attempls to cxtract gastrin from normal mammalian panereatic tissuc
have not ginen uniform results (see D1 cussion) If gastnin produein,,
cells are present m the pancreatic islets thev are presumably either
A, cells or aranular cells In man and common laboratory animals these
cells are howeser onltv a smail proport cr of the normal pancreatic
tissue (¢f Doquest 1987) whereas they m v be present in large numbers
n istet tissue lumours (Frent 1908 P { et ol 1966 Cavallero et al
1967 Falkmer & Bergdahl 1067, and n he islet Lssue of lower verte
brates (Falkmer el al 1964 Hellerstrom & isplund 1966, The A, el
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(Hellman el al 1962 Pelersson ef al 1962 Hellerstrom et al 1961
ma be adentical with the argyrophl metachromtie cell of Cavallero
& Solcia (1961) and the D cell of Bloom (Fpple 1965 Tupta 1968)
The sgranular cell (Z alhmer ef al 1964) 15 probably wdentical with the
{~cell of Boune (1924)

The present worh w15 undertahen to mvisliate the possimlily that
4, ells or agranulir cells of pinereatie 1slets produce gastrin Fxtracls
of whole pincreis ot 1solated panerealic sslet issuc conlaiming sigmi
cint numbers of A, or agranular eells were assayed for their gastnn
achivity Panereatic hissue was obluned from 2 eartslagimous fish the
shate Raya radiata, and from ralllesnahes (Crotalus mrdis hellert)
(Hellerstrom & Asplund 1966 Ustberg el al 1966) Isolated pancreatic
1slets composed of houl 2y per cent 1, ranular cells were obtauned from
amarne teleost the dadds sculpin (Cotfus scorptus) and a cyclostome
the hagfish {Vyxine glutinosa) (2 alt mer 1961 Falkmer & W inbladh
1964) Thd 1slet tissue of the daddv sculpm contains A, A and B cells
i addition to agranular cells whereas that of the hagfish 1s composcd
onlv of B eells and 1,rnular cells

MATIRIAL AND METHODS

Tissue Sampling

W hole pancreatic glands werc obtained from one adult female shate, 40 cm m
length and from 17 adult rattlesnakes of bath sexes and €0-150 em in length The
yield of whole pancreatic tissuc from the skate was ?7 g wet weight In the rattle
snakes each pancreas was divided into two parts corresponding to the head and the
splenic reglon because of regional dilferences in the frequency of A, cells in the
panercas (Hellerstrdm ¢ 4splund 1906) The total yield of whale snake panereatic
tissue was 2 4 g (head of pancreas) and 34 g (splenic region) wet weight The snake
specimens were collecled in Novembee from animals that had been kept in captivity
for ahout two weeks at a temperature of +95 € Ti sue from the skate the sculpia
and the hagfish were collected m Mav and June from amimals hept at a water
temperature of +8 C

Isolated 1slet tissue was obtammed by remosal of acinar parenchyma from the two
principal islets of each of 203 adult dadds sculpin of both sexes and with a mean
body weight of 177 g In addition pure 1slet tissues was removed by naked eye
dissectzon from about w00 hagfish with a mean body length of abont 41 cm and
welghing 40-50 ¢ The total amounts of pooled isolated 1slet tissue obtmned frnlm
the sculpin and from the hagfish were 105 g and 0 4° g wet weight respectively

1 1y after P § or the isolated 1slets were
weighed on a torsion muerobalance and placed in plastie containers immersed in :
mixture of 9 per cent ethanol and solid CO, at —30 Cto —40 C The llssuis wer
thereafter sent 1n solid CO to Neweastle lipon Tyne where they were eit er ex
tracted for gastrin assay within 24 hours after collecticn or mamtaied at —

a di freeze
'"runffi’y tissue obtained from a patient with the Zallinger Elhison <3nd{gmé
(Jackson et al 1963) was also extracted This tissue had been stored at —]

for 5 years

'

Extraction of Tissues ¢

The pancreas and islet tissues were broken up m 4-6 ml of distilled wmi; lglugmg
(or 1 20 ml HCI pH 13 1 the case of the rattlesnake lssues) in 2 !l::zs‘ew" tung
Potter-Elschjem homogenizer rotating at 500 vpm The humlﬂl,en;:e e only
fieated in 2 boiling water bath for 5 min and the acxdified ratt esnake extract o7
was Dnally adinsted ta pH 735 Distilled water exiracts were &lso p
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An ilustration of the effects 1full lines) on the secrttion of gastric acid and pan
creatic guice by (4) extract of hagfish pancreatic slet tissue (B) extract of sculpin

pancreat

istet tissue {€) SHG 1 127 ng A convtant IV d se of secretin was

injected at the begloning of each 15 mm collection period The dotled Jin s represent

the pattern af secretion which it s« predicted would hase occurred had the tV

injectin of the background dose of gastrin continue ! unmterrupted every 15 m n
and no other IV ingect ans been given
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Assay of Gastrin Actiwtty wn the Tissue Fxtracts

Evidence of gastrin acttts 1n the tissue extracts was sought for b Investigating
therr gastrie acid 1 activity 1n cats The extracts were 1n
Jected mntrasenously and their activibies were compared with the gastric acod
stimulating activits of a standard gastrin The method of assav was elther that of
Blair et al (1908 a) or 8 modification of this method (Blatr ef al 1968 b)

In some mnstances the effect of the extracts on secretin stimulated pancreatic juice
was studied simullaneously with their effects on gastric acid secretion The pan
creatic duct of the assav amimals was cannulated as it eolers the duodenum and the
volume of pancreatic juice ecreted evers 15 min was measured There 15 no basal
secretion of pancreahic jice 1n the anaesthetized cat and a moderate flow of pan
creatic yuice was maintamned by the mjection of the same 1V dose of secretin
extract (Cricl et al 1920) at the begmnning of each 15 min collection period

The earlier worl. was carrt d out using the method of bio assav of Blair ef al
(193 a) which 15 known to be capable of detecting gastrin equinalent to 50 ng
{ 3 p moles) or more of Synthetic Human Castrin I (SHG 1)t (Blatr & Wood 1968)
In applying this method a dose of a standard gastrin extract was giten by single
rapid nlravenous mjection at 15 min intervals exeept on those accasions when an
unknown which was 1o be assayed. was substituted for the standard The gastrin
activity of the uak was by the actual rate of gastric
acid seerction which according to prediction would hase occurred in the same period
had there been no substitution of the unlnown for the standard This predicted
response was assessed by linear interpolation from the acid secrelory responses
occurring in the 15 min periods on either side of th assas half hour (Tgs 1 » and

The percentage relationship between these actual and predicted secretory rates
was referred to as the response The dase of gastrin which produced such a respouse
“(ﬂsst}le:‘ermmerl from a dose response curve and the results were expressed 1o ng
of SHC 1

In the modification used later on 1n our investigation the gastrin activity of the
unksown was determined }y comparing the actual rate of acid secretion n the
15 mum fallowing its injection with the acid secretinn which according to prediction
would have occurred in the same period had there beem no substitution of the
unknown for the standard gastrin The predicted response was agaln assessed by
Linear fatcrpolation from the acid secretory responses occurring in the 15 min
periods on either side of the assay 15 min (Fig 4) The percentage relationship
betwween the actual and predicted secretory responses was referred to as the response
to the unknown In ealeulating the dose of gastmin to which this response wwas
equivalent it was considered 1n relation to an adjacent pawred similarly calculated
Tesponse to a kno vo do e of gastnin

RESLLTS

The effects on the secretion of g1stric acid and pancreatic jusec of the
extracts of 1slet tissue from the haghsh (116mg) and th  sculpin
(48 mg) are dlustrated 10 Fig 1 1he cffets on gastric acid scrretiin
were not sigailicantly different from the results which wontd be x
pected from the injectio  of sihine alene (Fig 5) and 1t 1s conclu led
that any gastrin whivits i the extracls must have been less than that
which s equinalent to »P ng SIIC T The effect of the mjection of
126 ng SHG I1n the same 25+ 1ymabas also Mustrated in Tig 1
While the mnjeetion of the Eanf shextract produced only 2 very small
reduction tn the rate of flow of sccretsn stimulated pancreatic juice the
seulpin extraet cansed an appreciable and hghly sigmficant reduction

The cffects of the inyection of the exiriets of ratllesnake pincrens
on the responses of the assin animal re tlustrated 1n fag, 2 There

1 Prepared 1 v Imperial Chem cal Industries 1td  Faglan!
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An illustration of the effects (full lines) on the secretion of gastric acid by (&)
Gastin %75 ng SHG J (B) extract of skate pancreas (64 mg) (C) Gastrin
2T5ng SHG I (D) Gastrin 14 ng SHG 1 (E) extract of 82 xg of tumour tissue
from a patient with the Zollinger-Ellison syndrome The dotted limes represent
the patlern of secretion which 1t 1s predicted would have occurred had the 1%V
mfection of the background dose of gastrin contmued umnterrupted every 15 min
and no other IV injections had been ginen

was no evidence for 1 shmuwin v effiet on gastrie acid secretion by
extracts of cither the head or plenic regions of the pancreas In both
wnstances however there was  p cfound prolonged mhibition of secre
tm slimulated pancreilic secrehion  the effect was maore prolonged
follewing, the jection of the exirict of the head of pancreas than of
the splemie part of the pancrers The effect of a raprd mtravenous in
Jection of ox glucagon 1m e same anumal 1s also illustrated in Fig, 2

The effect of glucazcer ¢ the flow of secretin stimulaled pancretic
Juice was tapreal of that friquently found with such doses in these
experimental Aammals there was an nerease n the expected rate of

1 Crystalline gluc gon as the hydrochloride Eli Lilly € Co USA
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Fig 4

Au iMlustration of the effects (full lines) on the secretion of gastric mell 1y (4,
Gastrin 275 ng SHG 1 (B) extract of shate pancress (64 mg) (C) (lufeles
278 ng SHG [ (D) Gastin 14 ng SHG I (E) extract of 82 ux of Lumouy 1y, s
from a patient with the Zoliager-Ellison s)ndrome The dotted lncs rogryesss
the pattern of seer tion which it is predicted would ha ¢ occurred ha) g1y 74
Injection of the background dose of gastrin continned uninterrupted every |

and no other IV 1nject ons had been gien wis

Was no esidence for 2 stimulatory effect on gastric nciq Mty g |,
extracts of either the hed or splenic regions of the papgyy 4 In g )
instances however there was a profound prolon,ed bty o f i
tin stimulated pancreatie secrction  the effect wag miote 1 ’un/
followin., the mjechion of the extract of the hod of W"lu‘ 3 hipe §
the splenie pirt of the panercas The effect of a pyp5 5 ¢ : o o f
Jection of ox glucagon? in the same Mimalas algg lllmluh’:{i ot 1
The effect of gluc1,0n on the flow of secrclin Miengf ¢ I §ay 2
Juiee was typieal of that frequentl found iy, siehy 4 pirereatic
experimenta! anumals  there wWas an 1nergay in the n;’:’:;t ’m ifff
a1 ra

" Cry talline lucaton a e h drochloride T [y 4
4
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secrchion m the 15 min period smmediately following the injection of
hlucion foffowed by a reduction in the second 15 min period There
was however no siymificwnt reduction in the tolal secrelion of pan
creadie yuiee 1 the 30 mun followsng the wnjeclion of slueon eom
pred wilh the tot 1l seeretion which w s expected to oceur in that same
penod af glucaon hiad not bcen injeeted The cffect of glucagon on the
flow of secrctm stimulated pwerealie Juice 15 also tlusiraled by the
results from another exporimental animal (g 3) There was clearly
fio apprecibie effeet of glucagon on pastrin stimulated 101d seerelion
i s experiment The effect of the rapid nlravenous njechion of
tlucanon on the gastric aeid seerctory responses to the standard gastrin
extract wis sludied on 9 oceastons m 4 ammntals and the resulls are
shown tn T bl 1

TABIE 1
The Fffect of the Simut Rapul IV Injection of Glagacon on Gastric icud
flect of
Secretory Responses to Castrin
Dose of gastrin
Dose of Castric acid seerefors response n assay
Wlocagon et oo e essed as e cen of predeied
) s g SHG T response in absence of glucagon mjection
50 392 985
5 392 80
100 ago 1245
350 397 179
350 18 1119
150 128 980
500 ns 885
500 492 1135
600 us 1615

Mean 1028 SD =133

tory response oceur
The gastrin dose is fojected st 15 min mterals The aeid secreto
#ing in the 30 min folloving the ingection of glucngon 15 compared vith the response
1t 15 expected would have occurred if no glucagon had been injecter
(Sec also Figs 2 and 3)

+  There was 1 large shmulators effect on bolh gastric wid scr-rctlm;
and the flow of pancreatic Jmee following the wmtravenous mjechion o
an aqueous exiract of 327 mg of the stored (lll:mm;;- tissue from the pt

1ent with the Zelhinger T lhison syndrome (Fif

' QThe acetone extiact of shate pancrers (64mg) which \wi& asz‘?};;l
for gastrin achivity by the modification of the method of Blair -

(1968 2) < more sensitive and mote precise method of assawk “]a:ﬁ e
mated to have a pastric acid stmulating actisity equivalent Dmc o
(83 pmoles) SHG I (Fi, 4) The marked stimulabion (;f 5:82 ol
secretion 1 the same experiment by the icetone exlr’;;} o BT
the tumour tissue from the patient with the Zollinger ['ifison 5y

15 also Mustrated 1n Fig 4 (the pancre 1itie duet was :\&:n o)
the ammal used for these studies and no secrctin was 1ny

t cannuhted 1t
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An 1Mlustration of the eff ts on the secretion of gastric acad ({ull I nes) of the
injection of (A) saline (B) the s me dose (C) a larger dose and (D) a smaller dose
of gastrin than the hack,round 1 e of gastrin Further details are gis n in Fig 4

DISCUSSION

Atlempts to extriet gastrin hl e achivty fron the nermal mammahian
pinereas have so far yielded conflicling resulls Wilh the exceplion of
the sludies of honaka et al (196> 1966) no active prineiple has been
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An sllustration of the eifects on the secretion of pancreatic Juice (full hines on the

anjection of (A} salime (B) the same dose (€) 2 larger dose and (D) & smaller dase

of secretin than the bachground standard dose of secretmy The dotted hine represents

the pattern of secretion which 1t 15 predicted would have occurred had the IV
™ wgection of the hackground dose of secretin continued umaterrupted esers 15 o

N 2nd no other I\ injections had been gnen

o
‘s delecled these workers reporied 2 shmulalion of gastric acid secrction

with an extraet prepared from hog pancreas Gastrin 1s howeuver rap
wdis destroved by enzvmes present n the pancreatic acmar cells and
studies have therefore been performed also with atrophic pancreas
From cliromeally damaged nen tumour conlarming pancreas i man
Folltnger et al (1862) wd Efhot ef al (1961) extracted a gastric secre
tagogue and Zollinger el af (1962, delected a simsfar actnats n X
tracts of pooled dog pancreas previousiy made atrophie by hi, thon of
the pancrealic ducts Bu contrast netther Vellrath et af 11963) nor
QOsborne ef al (1963) succeeded in demanstraline, a gaslric secretagogue

1 atrophue dog pancreas p
In our studc ciert precaution was tahen o mmimize enzumic &¢
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structson of gastrin during sampling transport and extraction of the
whole pancreas and pancreatic 1slet tissue The spcimens were rapdly
frozen after their collection and were muntained m the deep frozen
staie before their exiraction 1n the cold Immediately after the extrae
tion process all the exiracts were boled The danser of enzvmic de
struction of gastrin in the whole panereas was parhicularly great and
for this reason the rattlesnal ¢ pancreas was extracted at neid pH De
spile these preeautions nome of the extracts showed gaslna achily
equnalent to 50 ng (25 p moles) or more of SHG I By contrast an
extract of melastatic tumour tissue wluch had heen stored for 5 sears
1m the cold and was obtaned from a patient with the Zolhinger Cihison
syndrome possessed constderable gastrin achnvity Osborne et al (1963)
also were unable o detect gastrn actiity n pancreatic 1slet nodules
of the angler fish (Lopluus piscatorius)

1t 15 possible that gastrin activily was present m these extracts of
pancreas and pancreatsc 1slet tissue but that ils effect on gastrie nexd
sceretion was counteracted by the presence of other bioloyienlly actne
agents which have an inhubitory effect on gastrin shimulaled ac1d secre
tion The extracts were not specificallv tested for any such mhbitory
effect If however an inhibitor 1s present the time course of its nction
must be the same as that of gastrin because the pattern of the gastnic
acid secrelorv responses to the hackground doses of gastrin following
the mjection of extracls from the sculpin hagfish and rattlesnahe
(Fi,s 1 and 2) do not differ from {hose expecled when salme alone
was mjected 1 place of gastrin (Fig 5) The riie of gaslne acid seere
tion to the back round dose of gasirin did dechine as the exprriments
proceeded hut thus 1s a usual characteristic of responses to the repeated
mjection of the standard .astrin nlone in these assay ammals (Blawr
1967) as1s illustrated 1 Fi, 5 Nevertheless Lhe acetone dried exiract
of seulpin pancrealic 15kt tissue (Fig 1) and the acid aqueous extracts
of rattlesnake pancreas (Fig 2) did produce significant inhibition of
seeretin shmulaled pinereatic seeretion The relatnvely prolonned 1n
hibitory effect on sccretin simulated pancreatic seerclion 1s emphasized
by the shorthined reduction n flow of pancreatic ymce which resulted
when an IV mjection of saline was substiluted for secretin (Fig 6)
There 15 some experimental evidence indicating, that the seeretin stimu
lated seerehion of pancereatic yuice may be depressed by prostaglandins
(Vatt 1968) Perfusion of the mucosal surface of the rat stomach wilh
Prosta,lndin 1 ;15 hnown to bt the secretion of pentagastrin stim
ultted scid secrelion by 30-80 per cent (Remwell & Shaw 1068} ana
hobert et al (1967) huve deseribed the mhubibion of gastric aeid seere
tion 1n the dog by ecertaun of the prostaslandins given intrasenousiy

The frct that the extract from the head region of snake paneres had
1 more prolonged intubitors cffcet on the seerehin shimulated panerealic
seerclion thim had the extract of the spleme region could be explained
1l the inhubiling factor ocenrs in the acinar parenchyma since the main
38
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bulk of snake istet parenchyma ocenrs i the spleme region (Fleller
strom & Asplund 1966) If thus ts so then il nught also explain why the
exlracls of sculpm prinespal 1slets where some acmar parenchyma
may reman peripherally afler rapid nahed eye dissection inlubiled the
secrelin stimulabud pancreatic Juiee seerction more than those ot hag
fish 1slet parenchyma where no acmar bissue oceurs close lo the 1slet
orp (Falkmer &€ Winbladh 1964)

Previoushy published reporls on ihe cellular composibion and the
glucagon content (Nalhmer 1966) of the hssues nsed 1n the work sug
gest that the extraets mighl contun glueagon There 1s however con
fhching evidunce about the effect of gluengon on gastric aeid secretion
and no well substantiated evidence that it will inhibit gastrin stimu
Inted ne1d secretion Furthermore the fact that extract of haghish 1slet
tissue did not stimulate aeid seerefion cannot he explamed by the simul
tancous presence of ghiucigon m the extract because this tissue contans
only B and agrwnular cells and ol 1s most unlihels that quantities as
great as 350 660 pg glucagon were present 1n the other exiracts and vet
these quntities of ervslalline glucagon did not hme any appreciable
lshilory cffect on gastrin stimulated aeid scerehion (the apparent
small mhilntory action luslrated m g 2 was unusual and 1s not a
consistent effect—Table 1 and Fig 3) The effects of glucagon on se
cretin stimulated panercalic ymee (Figs 2 and 3) also do not suggest
that these quantitics of glucagon were present 1n the exiracts

There 15 a liphasic effect by glucagon on the output of secretin sh
mulated pancrealic Jjuice with an appirent inerease in flow during the
first 1o muin after its njeciton and 1 decrease in flow 1 the second
15 mn with no appreciable alteration 1 net flow over the 3¢ mun
pertod Necheles (1957) also described a biphasic effeet of glueaton on
the flow of pancreatic nuce 1n the dog although the phase of depressed
secretion was derably more prok d This ph could be
the outcome of vasomotor changes in the pancreas or could result from
contraction of the smooth muscle of the panercatic duets by glucagon
during the first 15 min after its injection Earlier reports of the aclion
of glucagon on gastromlestinal muscle arc howeser confined to the
description of an wbibitory effect on gastric and colon mohility (Stun
Rard et al 1955 Sporn & Necheles 1956)

The results obtained with sculpin and hagfish 1slet tissue do not
provide 1oy evidence to support the view that the agranular cells of
pancreatic 1slet parcnchyma produce gastrin This 15 not surprising 1f
the working hypothesis of Falkmer and his colleagues {Falhmer et al
1964 Falkmer & Winbladh 1964 Falkmer & Bergdahl 1967) 15 true
These workers have suggesied that these cells are immature precursor
erlis—notably to the B cells —without any clear ultrastructural or func

tional signs of active secretion of their own v and precise methiod

The single mnvestigation using a more sensif !
of assay revealed gastrie acid stumulaling activity equvalent fo 16 6 ng
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(83 p moles) SHG 1 (Fig 4) n the accione cxtract (64 mg) from
27g (wet woight) of slate pancreas It 1s clearly necessary to repeat
the experiment on the skate pancreas and to remvestignte the olher
pancreatic and 1slet tissues wilh the more sensitive method of assay of
gastne aad shmulating actinaty If 1t 1s confirmed that gastrin s pre
sent 1 extracts of the shate pancreas 1t must be 1n extremely small
quanlilies compared with those which ean be extracted from human
wlet cell tumour hissue (Fig 4) This 1s perhaps not surprising if the
presence of gastrin 1s resincled to A, cells which consiitute only a few
per cent of lhe endocrine Lissue of the skale pancreas (and cons~quently
an even smaller fraction of the tolal mass of the compact gland) On
the other hand 1f cclls of sumlar structure are responsible for pro

ducing the gastrin of the pvloric antrum (Solcia et al 1967 Coalson
1968} these lso are a very small proporlion of the lotal number of
cells 1n pyloric antral mucosa and vet \imost 400 times the amount of
gastrin actisity has heen extracted from the same weiht of human
pyloric antral mucosa (Blair 1964) as was extracted from the skale
panereas 1 tlus mstance Nevertheless 1f 3t 1s confirmed that gasirin
achinitv however small 1s present 1 normal pancreatic issue espect

ally n association with A, celis this will help to explain how 1t 1s that
cells resembhing thesc pancreatic islet cells can produce gastrin n large
quantities when they undergo neoplastic change

SUMMARY

1 Attempts were made to cxtract gasirin activily from the pancrens
and pancrealic 1slet lissue of a4 number of speeies by 1 method hnown
to be successful 1 the extraction of gastrin actiuty from comparable
weights of gastrie antral mucosa 1in mammals and of msuloma tissue
m palients with the Zollinger T'llison syndrome \Whole pancreatic tis
sue conlmning A, cells was obtamed from shate and snake Isolated
slet Lissue conlnming agranular cells was obtained from sculpin and
hagfish

2 Twvidence of gnstrin achinity 1n the extracts was sought by assay
of their gastric acid stimulating actinity 1n the anaesthetized cat o
sueh actinity was found by a method which would be expecled to detect
20 ng or more of Svnthetic Human Gastrin T

3 An extract of sktte pancreas was on a single occasion tested v it
1 more sensitive mclhod for detecting gastrin aclivity Gastric acid stim
ulating achisily equinalent to 16 B ng (260 ng/g wet Lissue weighl; Svn
thetic Humnn Gastrin I was found This small quantity of gastrin ke
actinly 1s contrasled with that obtmined from gaslrie antral mucosa
and from tumour Lissue in the Zolhn,er T'lhson syndrome

4 The resulls are i accord with the hypothesis that the a,ranular
cells of panerentic islel tissue do not secrete any hormone

38
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STUDIES ON
THE COMPLEMENT TINATION TEST WITH
MYCOPIASMA PNEUMONIAL ANTIGEN

3 Observations on the Development of Complement Firing
Anltgen in Broth Culture

By

JanIne
Recelved 30 vin 68

Mycoplasma pnenmomniae mhgen for diagnostic complement fixation
tests (CET) 1s uwsualls produced v cultivating the organism i the
broth medwm developed by Chanoc! et al (3) centrifuming down the
orgamsms 2fler one week s mrubation or mere and use of the deposit
after treatment to reduce its anticomplementarv properties (1 3 7
15) Several recent studies have contribuled to  further charactenza
tion of the antigen Its solubility 1n orgamie solvents was described by
henny & Grayston (16) Prescot! et al (23) and Sobeslavshy et al (20)
demonstratcd that the CF antigen of M pnenmontar 1s 1 hipid Prescott
et al (22) characlerized the antigen as a phospholipid hapten Sobeslav
shy et al (20 26) found that the anbigen 1s probably a constituent of
the outer cell membrance of Y preumoniae

The prescnt mvestigation deals with the growth pattern of ¥ pren
momae n fluid medium with special reference to the development of
centnfu.able and non centrifuged CF antigen in broth culture corre
lated with the development of colons formun, unis (CFU) The effect
of sonication on the CI anhigen was mmvestigated

x

MATERIAL A\ND METHODS

The Bard strain of ¥ pneumoniae (1) wa cultnvated n normal PPLO broth azd on
normal PPLO agar as described by Chanock ef af (3 4) but wath some tnor mod?
fications as referred to 1n (7) Serum from a rabbit immumzed with the Bird stramn
cultivated on a medium made up of rabbit meat extract and normal rabbit serus
(7) was used as a positne serum for titration of the antigenic preparations, 778
scrum had a CF titre of 1 610 when tested agawst concentrated antigen (/ Table 39/
and was uscd 1 the dilution 1 20 throughout the present study —The CFT te kgt
Was as described by Bradstreet € Taylor {2) and referred to i (7) in more (220

Countiny, of CFU 1n broth culture was done by plating on to PPLD{&:;‘"Z;” o8
2 1a er of blood agar on the agar plate with ml:mle: ‘;ndatsox::;l!uisod e zons
ha The of this 15 the a e
et al (8) to demonstrate production of haemolvsm 1o 1 forms angssx;:o;:.v;!lzzl‘;m
Group A Streptococer Freundt (9) reported that ) preumontae poss
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properties Clyde (6) and el al (29) 13 that the
placing of = blood agar layer on agar plates with colonies of ¥ pneamomae resulted
1 the formation of zones of haemolysis around the colonies In the present 1nsestiga

tion the broth cultures were titraded 1n stenle normal PPLO broth in leg,,
dilution steps 005 ml of the dilutions was spread carefully on normal PPLO agar
in plastic Petrs dishes with a dlameter of 9 em The plates were sealed arrtight when
free fluld was no longer visible on the agar surface and incubated at 35 C After
incubation for 8 days 2 ml of 10 per cent washed sheep red cells was mixed evenly
with o ml of PPLO agar medium Difco at 50 C and the muxture was immediately
poured on each plate which was placed in a strictly horizontal position The counting
of the haemolstic plaques was done after 3 davs Incubation with the blood agar
layer either macroscopically or by means of a hand lens

The broth cultures were centrifuged in a Sorvall supcrspeed RC-2B cooling cen

trifuge Optical density was measured in a Hilger Biochem Absorptiometer Sonica

tion weas performed in a MSF Ultrasonic Power Unit model 60 w using a probe wath
a diameter of 25 mm making possible sonication of volumes as small as 04 ml

TXPFRIMENTAL

Broth culture of ¥ pneumoniae BArd strain which had been kept frozen at —50 C
for 2 years and 4 months was thawed and noculated on normal PPLO agar After
1 week s incubation at 35 C numerous colomies of varying sizes sppeared The
strain was subcultared 3 times on agar medium at sntervals of 3-5 days the last
sub culture showed confluent growth (Fig 1) and this was used for inoculation of
normal PPLO broth After incubation for 4 days the broth culture was filtered
througs several layers of sterile gauze to remove the agar masses and then trans
ferred to 11 flasks containing normal PPLO broth Fach flash contained 200 ml of
normal PPLO broth and was inoculated with 20 ml of filtcred broth culture The
cultures were incubated at 3 C Floating colonies ( spherules® (15)) were just
visible macroscopically from day 4-5 The cultures were examimed after incubation
for from 0 to 10 days The following examinations were performed 1n all the cultures
1) The CF titre and anticomplementary (AC) titre were measured in non centri
fuged hroth culture
a) after inact1 ation at 5¢ G for 30 min
b) after mactnnation at 56 C for 30 mm followed by sonication for 20 min
2) The broth culture was centrifuged at 23000 C for 45 min The upper part of
the supernatant was carefully withdrawn (SN 1) The deposit was resuspended in
17100 vol diluent (DLP 1) The CF titre and the AC-titre were mensured in S\ 1
after fnactivation at 56 C for 30 min The CF titre and the AC-titre were measured
in DEP 1
a) after inactivation at 56 C for 30 min
b) slter Inactivation at 56 C for 30 mmn followed by sonfeation for 20 min
¢) after boiling in a water hath for 35 mm
3) The supcraatant SN 1 was centr fuged at 33000 G for 90 min "he upper part
of the supernatant was carefully w thi awn ( N 2) 1/100 vol dilient was added
to the deposit (DEP 2) The CF it nd the 4C tit e were measured in SN 2 after
mactivation at 56 Cfor 30 mn T (Ftt  od the AC bire were measured in
DFP © after inactation at 5¢ ¢ r ¢ t n{ 20 mwn The L2 2 could not
be resuspended unsomicated
1) The number of CFU wa ¢ 1nted 1n the br tn culture
5) Optieal den 1ty was measived 1o unt ¢ ik th culture and wn DEP 1 after
inactivation at 86 ¢ f r 30 mmn
6) pif was measir ¢ 1 the broth ulty e
All the titrations £ ¢ = r g {F and AC U res were made n ! g dilution
steps The AC litres of tn . tions were m 1 ed by replac 0 1 s1ti_e serum
by dituent (Ca Mg buffered d} ot w th pH 72 2)) The measu ing of CF titre in
non-centrifuged brath eults o d in superpata ¢ will be described in more detail
under Results snd Discu The son  t  time (20 min ) was determined
after pr liminary experiments 5 ucros t ant , n r ~estel from broth culture after
10 day  incul ation was sonicated § 10 d 1 nt persods of time from 30 sec up
10 55 min A gradual Increase In €1 titre & b cd after onicatlon for up to
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Fig 1

Confluent growth of ¥ paeumonie strain Bird on agar medim woculated with an
agar culture by the agar block techmque “ote single colomes peripherally
Magnification X 100

20 min Sonication for 20-55 min did not tesult i any further change of titre
Duning somcation the preparations were lept 1n an ice bath and the temperature
never exceeded 25

RESULTS

T1g 2 shows that the number of CI U/ml broth culture increased X 30
during the first 3 davs of mcubation (The numbers were estimated
from the platings of the 10 ¢ dilutions of the broth culturcs except ont
day 8 when 1t was caleulted fiom the 103 dil } From day 6 on the
pumber of CFU/mI deereised serv rapdly The pH dropped from 76
on day 0 1o 57 on dvy 7 control broth medium showed pH 76-75
rou iout the period of ncubation

‘h}gg‘s shows t}?c development of the CE and AG titres 1n pret I‘I:B
CF tures of deposits from broth cultures mn Lhe log phase was w
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105y NO OF CFUIML
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‘76 76 72 70 69 63 61 57 57 57 %7
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Fig 2

The development of the number of colony forming upits 1n broth culture of
M preamonige strain Bird The pH values of the broth cultures are also ginven

®par

]
[}
3
7 TITRES
ge
:—; s a——a Inactivated
=3 tna t ated
-4 2=~ 2 "nd son cdted
Boit ¢
E
2
- & «a A‘c
1f - ca—aeias o ee- o - o piees
PP PR PRSP
o 1 2 3 & 5 6 7 8 9 10,

rgs
The development of the complement f xation (CF ) titres and the anticomplemen
tary (AC) titres of the deposits from broth culture of ¥ pneamontae strain Bird
after centmfugation at 23000 € for 45 min and resuspension of the deposits in
17100 vol diluent The deposits were tested a) inactivated at 56 C for 30 min
b) inactivated and then sonicaled for 20 min ¢) boiled in a water bath for 30 min
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favefs in 17100 sol dduent Sonteation for 20 min yelded homogenous
prepacations which showcd positine €1 with tiises from 1 4 to 1 33
with no regufar development during the incubation pertod The ratio
antien amount m DY P 2/amti.cn amount i S\ 1 vanied from 1 20
1 308 Affer contrifu- tion of the broth eulturcs 1t 21000 G for 45 min
sl more ceninfugble Mt wis thus present i the supernatant
bt the relabise yield s the duposits affer 4 ronewed centnifugabion of
the supurnatant st 33000 G for 90 nun was st.mificantly less than the
aun followng the first contrifugaison

SN 2 showed positive CET of vvacth the same strongth as SV 1 e
the ttre curve far SN 2 g5 wloakieal with that for the non centrifuyed
hroth cuftures (Y 4)

F1n 5 shows the deselopmen! of ophienl density i aon centrifuged
broth culture undduled and m the DI P 1 didwted 1 16 (DIP 1 from
dn 4 mnd 5 were combined and tso DI P 1 from das 6 and 7 1 order
to olt un tolumes lirge wnough for this examnation) The micasure
ments were performed sa 1 Hil,or Brochem Absorptiometer in standard
16 mm fules and with 2 Oiter with pe ik transmission at wave fength
54y mue The ophical densiv of the non centnifuged hroth cullures
changed very hifle throuzhout (he sneubalion poned In conlrast to
this the deposits showed 1 mrhed conlinous neruase of density for
as Jong 15 up fo dav 9

DISCUSSION

4 charteteristic feature m the growth of ¥ prreumontae in broth cul
ture 1s the formation of elusters conluning several elementary hodes
heany £ Grayston {15} noled thal spherules (Flwd mednim colonies}
appeared m broth cultures of ¥ preumomae In the present study thes
were evident from day 4-5 Aum et ol 116) obsersed n the electron
mucroscope that V[ prewmontae prown m broth eulture was characte
smzed by the presence of spherical clementirs bodies (2aN-300 mu)
4o appeanng m clusters Furness ¢f al {10 11) presented ciperimentat
evidence indiealing that broth culture of ¥ preamoniac contunas both
Justers 1nd single elomentars bodhes  they tontluded that ¥ pren
monae replieite by bnary Dission and that the aggre.ales thus formed
separate into smgle clementary bodies vath difficuity — [t seems yeasen
able 1o nssume that 2 wide sarnton w pubek size ewusts broth
cullures of ¥ pneumoniae Clarl () demonstrated 1 wide varation
in paricle size 1 two olher mjycoplisma species namely ]M}homxszglls
wd W galfisepticnm m broth cudture I yan (21} drseussed l;cnpgenl
Tlsty that mycoplasma partides of different size may hme diflt

smmunalegecal properties nees the
¢ size which probnbhy eharacter
T massimonias m bt fests atself both in the

o mant
At pneymoniae 1n broth culture e sulture

i the moculation of

grentvariibitity of colony size following
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Colonies of Y pneumoniae strain B rd on agar medium inoculated with a broth
cullure Notc marl ed vamation in colomy size Magnification X 100

on agar medium (Fig 6) andn the corresponding vartahlily m the dia

meter of the zones of haemolysis after this tvpe of ajar cullure has
been overlad wilth 2 blood ngar layer (Mg 7) 1t also explains why CF
antigen may he harvested from broth culture by centrifugation at very
ifferent velocilies as noted by Chanoe! ef al (3) and Jansson (13)

and also demonsirated w the present westigation

Aggregates of clementry bodies can a priont he formed by 1) an i

hibition of the separation of the daughier cells following bin iry fission
15 suggested by Furness ef al (10 11} or 2) by an agglubinalion of
gronth clemenlts The fall i the CF titres of the mnactivated deposit
anhigens which n the present imvestigalion occurred from day 8
(Fig 3) may be cxpluned by an agglutination of growth clements lend

., {o 1 reduction of the total anbigen surface Both mechanisms men

tioned ahove for the formation of aggregates of clementary bodies mav
be present 1n brolh cullures of Y preumontar
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indircet haemagatutmation lest The present mvestigation yields m
formalion an the cffect of sopcation on 3f preamaniae CI anfgen
The rcdev nce of these resulls to the growth dynamics of W preame
e i hroth culture has boen discussed abose 1t 1s also evident that
the CF antisen of W pncnmontac 1s ughhy resistant to sonseation Sont
calion of dhn,nostic G doposst anlipens of Y preumontae resulls in
1) m nerease of the CI titre of “ite deposit apligens and 2) a redne
tion af the AC titre In the presend mvestigation these two effeets fo
gether gme an ncrease of the distance between CF and AC titre from
410710 Al stepsin the Ile deposit anligens 3) Sontcalion resuils
m 1 pronounced homogenizalion and stibihization of the deposits The
sensitinaly speaiflienty and shibility of anligens treated with a combint
tion of bothimg wnd sonieition descrves to he studied

The present cultis abion experiments of 3 pnenmoniae 1 broth were
panterally characterized by an early culnunation of both number of CFU
m broth enMure wnd UF hitres i the deposits and by n small difference
belween st and mavumum titre 1n CET Both these feaftires reflect
the use of heny inoculates which the present author has found 1m
portant w the propagation of W premmontae w broth cutture for pro
duchion of Ingh titred CI anligens (7} Low & Eaton (20) found that
the highest moculales resulted 1n the earfiest and highest maxamum
number of CTU whereas the smallest moculates gave greatest differ
ence hetvween stat wnd mramum number of C1U The number of
LFU increased 1a the present imveshgation more than the CF titre this
was also found by Somerson et al (27) the explanition may be the
presence of  dead  anligen in the moculates The pH drop in the broth
wtltures (g 2) reflects the abulty of M pnenntonae 1o produce acid
m 2 medium contasning glucose

The AC properlies of deposit antigens ol M pneumoniae have been
treated by several methods referred o and discussed sn (7)1 addilion
the present imvesti ation y1clds information on the effeet of someation

1er
(FFrl’g:i; shows that only very small changes in opfue! density lock
pince m non-centnifuged broth culture during the growth of ¥ preumo
nuae Broth cultures incubated for § davs or mare had onls 2 shghlly
higher densify than those incubated for 9-4 dmys Thus finding 15 10
agreement with Sonths (24) general statement of the tow sensitivaty
of the turlndimetrie method m quantitahion of yrowth of mycoplasmas
o flnd media However the ophical density of ihe deposits mcrcas;d
marhkedly and continously up o dov 9\ hen tt cuimintled ThelC
fitres of the deposits culminated on day 3 (Fig 3) These ““‘r"!’g:
indicate that the deposits are partly made vp by components 0 o

olit medium nd that the content of medmm conshiuents 1

grov shout the meubnlion persod (up fo
deposit antigens jnureases throug ¢ 17 prewmo
day 9) Growth medium constituents deposit antigens of I'h o
mZ: have been discussed 1n connechion With the AC effect of the an
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gens (27) and n connection with the occurrence of low titred cross
reachions 1 the CFT hetween Y preumontae and other human myco
plasma species (14 17 18)

SUMMARY

The development of complement fixing anbigen 10 broth culture of
W pneumontae was corrclated with the deselopment of colony form
mg units and the uffect of sonicalion on the anlipens from diffcrent
srowlh phases was mveshigated Sonication of the anligens harvested
from the broth cultures n the involution phase resulted n a siznificant
merease i CF titre whercas sonieation did not mfltence the CF titre
of log phast. anti,ens in these cxpeniments Sonieation reduced the anty
complementary effect of anlyns from Al growth phases and gme
pronounced homogemzalion and stabilization of the intipens The
findings are discussed 1n relation to the growth dvnanues of V pren

montae 1n broth culture and their priclical importance 1n the produe

tion of diagnostic ntigens 1s discussed

The CF litre 1n non centnfu.ed broth culture wnd in the supernatant

after eenlnfugation was measured by direel CFT hitration of the pre

parations after mactiation at 56 € for 30 mn The amount of CF
Anhigen n non cenirifuged broth cullure measured by thas method was
6 X that in the deposits after centrifug ition at 23 000 G for 45 min

Further cenlrifugation of the supernatants 2t 33000 G for 90 muin gase
only a minimal change 1 the ratio ceninfuged/total antigen The
Na‘nre of lhe non centnfuged CF anlizen of M preumontae 1n broth
cults ¢ 1s discussed
By correlation of turbidimetnic and scrologle data cvidence was
found for the oceurence of increasing ation of W
deposit antigens with broth medium constituents on prolonged mecuba

tion
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T\"m)zl;-‘lllli? \)p()uhnmln shenzilpenicitlin sodium (Astra)

he dilulions of the antiboties were hased on the wel, ht of th

weight nl,lhc active part af penlcillin ¢ s 939 per cc:‘ of Els ten::lbs\-!(i:’;!ﬁ: ‘{gi
corre: values for and illln are 900 and 941 per cent
These differences were jgnored The figurcs given thus denote the actisity expressed
in units of weight of the respective penicillin salts Plales cmlanlng antibioties
were stored at 4+4 C and used within 24 hours after preparation

Racteria

 influen ae 80 strains isclated from discharge from the ears of children with
acule otitis media ] perainliuen ae 25 steains isolated from the throat of healths
adults The strains were mointsined bt subcullure every third dav on haematln
agar plates which swre fncubated at +37 € in slr The strains were masntained at
feast § weeks after fsofation befi re thes were tested

Yfteation of M H h and Haemcy hitus j sramfiuenzae

Bith species Cram negatise cocorid rads or rods in filaments Stimulation of
growth around the inoculum with staphslococes on blood agar plates {symbrosis
plates) No haemolvsls

Crau th an et extract apar

without X with with § with \ apd
or V factor factor factor ¥ factor
I nfiuen e - - N
U parainfluen ar iy +
Let. I heb £ (MIC) and

r ton of the 0
50 per vent Inhibitary € oneentration (1}

Racteria fram colanics on haematin agar plates incubated for 18-70 hours were
suspen fed in broth and moculated with 2 mull polnd inocylator 12) into harmatin
agar plates and h in agar plates two fold didut »f the haotl
The velume of the fnoenlum was abaut 002 ml The number of colony producrsg
bacterfa per fnoculum was 105-10f Two series of plates were snocalated, One of the
sertes was incubated in air at +37 € the other 11 8-10 per cent €O, almosphere
at 37 C in ¢losed containers with the same relative bumidily Fach set of straws
examined included  reference strmns Incubation tune 18 hours

Dense oven confluent yrowth ahout 1 em 1n dizmeter appeared on haematin agar

plates without antibiotiy

Rewmlings of Resulix
By comparison with the growth on the plates without anhibiotics the re (s wert
graded as follows 4 dense even canfluent growth 3 confluent growth but le ls
dense than 4 2 growth of small hut readils recognized rolontes 1 growth i f small
harely disible colonies 0 no visible gronth Yith the use of this gradiey, + tem A
symmetric dsstribution of the gronth of the inveula was obtatned The resujt were
ad with the naked eve
RTht‘Sthe}r‘ went ratubitary coneentration (1C ) was said to be that concentration
of ntibiatte which gave growth degrce 2 according to the harber mclhhod( ran:lv
1947 Reyn et al 1963) the inhibitory v (MICH that oncet
tration which gase no visible growth

RFSULTS

Haemophuius Influcnzae )

The Jowest toncentrations (MIU) of ampcillm peniedin "'(i “:d

puneallin V that inibited 2ff strans wncubated ;n air v«:}rc UdG‘_neges
96 ag/ml respetinely The concentration of pementlin G an
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Fig 1
Susceptibility of 80 Haemaphilus wnfluen ge strains to pemeillin G penicillin v and
i tion g per ml
At Pencll G Pe it v
100
Zm
£
)
)
z tevia
S 16 b ten in8 W% CO,
[
oors a1 o 050 12 2 8 00 pym
Fig
latv of 80 /i strains to < jeitlin ¥ and

ampic Ihn 50 per cent inhibitors ¢ ncentration ug per mi

aary to rnhitnt all strains ¢r in ubabior it CO atmosphere were twice
as high while no difference in this respeet was found for ampieathin

‘The distpsbution of the strauns ording to suseeplibility to amp
ellinand to pentcill nt iffere v 1 1 waththetype of amb ent gas The
corresponding vant on e scephioun v to pemieilin G was anly shght

Thus 45 per cent of the struns werv inlubited by 015 p¢, ampicillin/m!
on incubation of the strains m «r apainst only about o per cent of the
struns when m CO, at here 4.8 ug Iin V/mi

mhibited 95 per cent of the strains incubated i mr compared with
about 70 per cenl incubated 1n CO. atmosnhere {Fir 1)
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strans incubated 1n CO almosphere and i wr The susceptibihity lo
pemcilhin G of 44 per cont of the strams (xamined was the same
whether they were meubated in ur or €O wmosphere (quolien! = 1)
The corresponding figures for penierig v and ammenlhn were 33 nd
16 per cent respeetinedy In 90 per eent of the struns the 10, of amm
c;lhn was thus hugher when the strans were ineubated 1n €O atmos
phere

Haemophius Parainfluen-ar

By wav of comparson the susceptibilits of 2> Haemophtlus para
wnfluen ac strains asolated from the throt of heilths adults were
exammed The varntion of the resulls with the type of ambrent atmos
pliere te ur or CO mosphere was essentiithy the same s that
found sn easces of Hacmophnlus tnfluen ac strauns

It should however he observed that the prranflucn ae strims were
much less susceptihle to penedlin v than the wnfluen ae strnns Onh
Wout Al per cont of the paratnflien ae struns were mhbited by 48
g pemcithn V/ml (MIG on tncubalion o ur) compared with 9o per
cent of the tnfluen ae struns The MIC of one of the paratnfluen<ae
struns was 38 xn/ml The species differed only slightly fram one
anolher in susceptibility to pumeiihn G and ammetliin

Varahon of the Resulls of the Tests

Table 3 gives the results of 10 determunations of the suscephinlity of
the 1wo reference stryuns tesied on different occasions

The MIC of pemaitlin G and ampiciihn sometimes varied by two
dilution steps that of penieillin V by only one The largest « tue of the
standard deviition wns found 1o he 6% per ccnt of mein the fowest 20
per cent The standrd deviation of MIC s larger thin tht of IC
7 of the calenl thons that of IC betng Lirger than that of MIC in » of
the caleulatsons Sinee Whe resulls of incubation 1 CO atmosphere
and 1n air nere compared on ihe basis of delermigalions made on one
and the same occasion the lechmieal errors mvolved m such com
parisons were smaller thin those to be mvolved if determnations were

made on differcnt oecasions

DISCLSSIDN

The ralio between MIC and IC o Vanes with the s imition of the sus
ceptinitts of the mdradual bacteria in the stran 1o the antibwotic
studied In the H influen.ae strams studicd the quotient hetween MIC
and 1C , of all threr antitoties ranged from 1 4 to thout 30 \xhc”:er
the sirans were incabiled mo wr or CO atmosphere Thcdr;::
between MIC and IC , was thus relatnely constant w hich shcn\ed o
the strains were fairly homogencous 1 this respeet The Ic,.,tazl g
werd therefore probabits tqually pood mensures of the susceptibull
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the stratns Reyn et al reported symular resulls obtmined by determina
lion of the suscephibility of gonococer to pemetllin G (3963) They
pointed out that the situated may be different »f the strains of bacteria
to be exymined are heterogeneous in this respeet

The reading of the 1C,, 15 more subjective than the reading of the
\IIC The resulls obtained 1n the present mvestigation showed that the
error of the method was not decrcascd by determiation of the IC,
(Table 3) Grading of the growth by IC,, however means that four
values can be oblamed for cach concentrition of the antihiolic com
pared with one value of the MIC 15 determined This was the onh
advantage ot determunation of the IC ; over determination of MIC

The susceptibihity of several of the strains was found to differ with
the type of ambient gases This applies m pirhicular o suseeptibility to
ampicillin The difference 1n the distribulion of the strans according
to suscepliihity to ammicillin wath the Lype of gaseous environment w s
thus greater than that {ound for pemcillin G and V' The lowest con
centration (MIC) of ampicilhin inhiliting, 211 strams incubated 1 ur
however also inhibaled 11 sirains incubated 1n CO atmosphere which
might mean that the lenst susceplible strans werc affecled less than the
others in the presence of CO On the other hand the lowest concen
tration of penicillin G and V that inhihiled all struns incubated 1n CO
atmosphere was twice as tugh as m aie (Fu, 1)

Many H 1influen ae strains give growth of larger colomies when n
cubated in CO atmosphere than when incubated 1 air especially n
Primary cultures It 1s however hardly hkely that n inereased rate of
growth per se decreases the susceptiihity of the bacteria to pemcilhin
m the dilution test as the pemaillns have an cffect only on actuely
browing hacteria It 1s not hnown how pumiciliin Vv and ampieillin
differ from pemicilhin G in mode of action {Stewart 1962) In one
respect there appears to he a difference belween pemelllin € and Vv on
one hand and ampieilhn on the olher on incubaled tn CO atmo
sphere the susceptibility lo ampiealhn was found lo be reduccd mn 1
number of strains sigmificantiy tigher than the number of strains in
which the susceptimlity to penic lin G and \ was rcduced

1t might be mentioned 10 this connection that 1 gaseous environment
with about 8 per cent CO has b en demonstrated in the nuddle ear in
patients with tubal occlusion (Ingelstedt el al 1969)

By way of comparison t survey 18 given of the resulls of determun
tions of the susceptibihity of H wnfluen ae strans lo pemerlin G pem
edlin V and wmmeibn found by vart us investigators (Table 4) Only

naterial & of b of struns sufficiently larye to be
regarded 1s representative were meluded The matenal of Barber &
Waterworth wns however included hecruse at ippears to be the onlv
one n which all threc pemallins were examincd (1962)

As 1o the suscephibilits to pemicilin G the agreement belween the
resulls of the inveshipations made on solid medin including the results
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in the present msestigation was found lo he beller thin thal 1pparent
from Table 4 1 that 96 per cent of the struns in Faland s & Wilco s
material were mhibiled by 31 p,/mi (1950)

As lo the susceptibility to ampierllhn the agreement wis pood be
Ineen the resuits mn the present myestiyalion nd those reporled by
Barber & W aterworth (1962) and by hahn et al (1967) though the
last mentioned nvestipation was carried ont m hquid medium  Therc
was also good agreement with the general experience that ampicillin 1s
more nctive th petro against H anfluen ne than s pemeithn € which s
n turn more active than pemerthn v Inhition of Adl strans 1n the
present imvestigition (MIC on mncubalion of strains i ar) required
four times 1s high a concentralion of pentailhn G s of ampiaillin nd
four limes as high 2 concentration of pcmiaillin v as of pemieillin G On
caleulation of the corresponding 1(;, the concentrilion of pemallin G
was 33 times 1s hich as that of impralhin and the concentration of
pemicilin ¥ 47 bimes as togh s that of pematthin G

As to the susceptibilits to pemicilin V' Vet arthy el al (1961) reported
some siramns with MIC 2 2o gu/ml and Goslings et al (1966) reported
MIC = 192 pg/ml for as many as 24 per cenl of the struns In the
present matenal all strams were mnhibiled by 96 p,/ml when men
bated mn mr On incubation 1n CO Atmosphere 95 pur cen! of the
strains were inibited by this concentration The strans in the malerial
of Goslings et al (1966) were 1solated from patients with chronie
bronchitis te from patients who had probably becn trealcd with
antibiotics possibly on repeated occasions This 1n eontrast with the
strains n the preseni matcrial which were 1solated from dischirge
from the cars of otherwise healthy children with acute otiis medin

WcCarthy et al (1961) do nol mention the types of infections of Lhe
patients from whom they 1solated ther struns The discrepaney m
susceptibility to pemeiliin V bhetween the iwo above mentioned mate

nals and the present matemal need net be duc lo methodolomc
differences beenuse 1f it were the resuits obtamed 1n the deteriminicn
of the sensitnaty of pemicilhin G should il<o have been diffirent The
diserepanes might mstead men that the H nfluen ae strains solab |
from patients with chromic bronchitis ire either primarily less s aseqy

tible to pemertin V than those strans thit produce ncute ohitis w1

m children or that thes e become ks susceplible to pemcillin 3
owing to previous treatment with this intiblotic The Iatler possibul ty
would mean that pemeilin v dffer from ampicdlin and penieillin €
m this respeet \o inercase in re  tanee im pwo of Hoanflun i to
wmpieillin and pemieilin € hs bon demonstrated (Coshngs «f al
19661 Hirsch & Finland 1960 Stowar? 1960 1)

Tihe the M influen ae strans the I paranfluen ac siruns wert
more sensiine to ampieithn than 1o penicilhin G and le st susceptible
to pemiciiin Vv Inthubihion of 11l parawnftuen ae struns (MIG on wnen
bation i ur) reqired 4 times as high a concentration of pemenin €
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of impiesthn ond 2 many 15 8 timies as high 1 concentralion of

pemethn ¥ s of pontesihin G The present imvestigahion showed that

1
fo

wflnencar cn thifer vadi by from ¥ paraeafluen=ae sm suseephinfity
punedhn v Tins difforence 1s probably fess promment of the

fluen.ae struns are wolded from palients with chronse hronchiis
Also chealls there 1s a2 differcnec hetwecn the two speeits re.ardiny

thi

e penesis of acule olilis medi: Amaong some 600 haemoplutus strans

1solated from dischargc from fhe e 1 sur Hihorators durn., a thro
ser penod only wo paracafluctt ae strawns hse been found

STVMYARY

The susecptibnlity ar oitra of 80 Haemophiius tnfluen ae styans 150
tited from chuldren with acute otitis modin were studied wath view to

1l

eir suscephihifs 1o pemiesihin G pemetin v wd ampalin wsin., the

apar pite dilution methad The steams were meubatcd o ur and
8-10 per cent CO atmosphere

ir

On mcubiion m CO ~al phere the } Y concen
won (MIC) and the 50 per cent sntubitors concentration (IC,) of

wmang strains were higher especindls n the determinaibion of thewr
sensiiny o nmpraiffin

The MIC of all three mtibnotics was sometimes four tumes as high

when the bacteria werc incubated n €O, atmosphere as when thes
were mcubaled i ur

th

In 4 comparatine study of 20 parainfluenzae struns 1sofated from
¢ throat of healthy adults several of thes¢ sirmuns were less suseep

Gbie fo these anfibiofics than the infinen ae sfratns espeenidhv Lo pem
alhn \

» %t @ e
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. TABIE 1
7 tifro Induction of Resestance i Candida albicans Candida paray sibosts
Cand
trof lealis Candide guilhermondil Torulopsts glsbrata. and Toralopsrs tamatn
-l
3E
“ o
Antitn catie -, - o - “ g aEs
4 Jz  vx ~E STE - EET
£ ZETE s ~Z2rk YEE REEE
£ sZ% %2EE %9E 24 .2-2
7 F9¥ 4T FEY EER JEpR
\gstatin gn/ml
1 Candida sibleans 1HeFal w 10 0 2 3
2 Landida eWicany 8525 8 41 il 10 20 2 2
3 Candida albicans 13539 >0 1 w ’ 23
4 Condida parapsilo i« 1924 A1 a0 n 100 5 12
» Condida parapsilasis 11393 0 0 4 25 6
& Candida \ropiealis eyt 20 20 30 15 2
7 Candida guilliermand  H 204¢ 30 n 100 5 1
& Torudopsis glabrata 171113 by 10 100 1 2
9 Toralopsis fsmats HET4S J0 n " 3 13
Amphotertetn B g/t
1 Candidt albicans 416051 5 15 1 15
@ Capdfda afbicans 8% AN 5 25 n 1 15
1 Candida albcans 13239 5 5 »5 1 I
4 Candida parapsilosis 3774 AT 1 5 1000 b 13
% Candyda parapsilesis 11598 5 15 1000 100 I
€ Candida tropicalis 1F 6591 s 5 2t 106 5
7 {andida gulhermond  H 7546 - - - N
8 Torulpsis glabrata 4911 5 25 1000 100 &
9 Torulopsis famats WO
Trichomgen ant /mi
1 Candida albicans 41663 20 0 40 4 "
7 Candida albicany 8574 441 20 w0 n 4 3t
3 Candida albicans 13239 5 s " 4 12
3 Candida parapsilosis 4594 41 w9 150 7% 10
% Candida parapsilosis 11599 @ it 160 10 21
6 Candida tropicali 1F 6391 w0 > 10 2 s
7 Canthda gwilliermand 17547 0 00 10 >
85 Torulap 1s glabrata A%1113 B 10 0 1 i
» Vermop 15 famata H574% 5 ’ i t "
1 ofgmyrax B gg/rol
1 (andida albhian 41665 1 - -
% (andida ailicans 8523 A 11
3 Candida allncans 13539 500 ”%0 1000 4 &
§ Candida parspsilinis 3224 AT -
5 Candida parapsilo ix 11598 250 100 1000 10 6
¢ Candids tropicalis 116591 560 30 1600 4 5
7 Candida gulhermond 1 2ai6 0 100 750 75 4
121133 R

8 Torulopsis glabrata

g Tarulopsts famata HATH 100 50 250

snhibitory concuntration re the lowest concentratica f

[2 complete i .
Max[ € (= manimal growil oneopiration) te the maximal concentration o

: antim cotic 1n whrh obvipus growth could be scen over the whole plate

Index figure e 1he ratio between the MaxG {= maximal growth concentra

' tiom) of the resistent steaun to ans sntimycotr and the pasent strafn

Wn ¢ (= mmmal
t ati 3
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resistant strain and the Max G C for the onginal stramn Fmally the
last column shows the number of passiges used before maximal resist
ance was obtuned

It will bhe seen from the table that resistance to nystafin was indueed
mn Al the candida strains 1o 1w extent of 15 to 10 times the onginal
resistance while Lhe resistance mduced 1n the torulopsis stramns was
3 to 10 times the ori inal resistance

1t was difficult to induce resistance 1o amphotericin B 1n strauns of
Candula albrcans Tt w1s possible 1 one stran 1o induce onlv four fold
resistance while no resist ince could be induced in the two other struns
High resistance could be mduced n the two Candida parapsilosts
struns (mdex 200 and 400) The resislance 1o amphotericin B was over
100 times the original resistance n the Candida tropreahs siramn and
400 times Lhat in the Torulopsis glabrata strun The stramns of { andida
guilliermondn and Torulopsts famata showed nntural resistance to
amphotericin B

Tour fold resistance to trichomycin could be induced i the Canduda
albicans Torulopsis glabrata and Torulopsis famala stramns In the
Candida parapsiosis stramns the index figures for induced resistance
were 75 and 10 An increase 1n resistance of twice the onginal resist
ance-was mmduced in the Candida tropicalis strmn while the increase
was forty fold 1 the Candida gudltermondu sirain

Resistance to pelymyxin B was induecd in fine out of the nine strans
two Candida albicans one Candida parapsilosis and one Torulopsis
glabrata showing natural resist ince As regards the remaming strans
the increase mn resistance to polymyxin B was four to ten limes the on1
nal resistance

The rale at which resistance to the various antimycotics developed
can be seen from the right hand column m Table 1

It was possible 1 all struns to demonstrate resistance to nystatin
after 20 passages and 1 some cisf s with fewer e g Stran 9

Strams 7 and 9 showed natural resistance to ampholerictn B s o
the otbe  <trains resistance could | dumonslrated after 15 passages
(excepl for Strains 1 nd 3) In severushuns fower passages sufficed
(eg Struns 4 » wnd 8)

As regards all straon (4 was pos bl to demonstrate resistance to
trichomyan after 20 passaces For severdt siruns Tewer passa;
neeessar ¢ ¢ Strains 3 4 6 8 and )

Strun t 2 4 and 8 showed natural resistinee to polymyrin B Resist
anee to that dru., could be demonstrated after five passages in the case of
Struns 3 o & nd,9 nd after onlv three pa sages iy the case of
Stram 7

Tt was castest 1o induce resistaned lo polymyyn B more difficult 10
amphotcrnicin B and most difficult 10 nystatin ang trichomy cin

ges were

40 actaparh 1o 4
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Lross Resistance

The resulls of cross rusisionce evperiments are shown m Tihle 2 It
Wil he seer that the nyvstatin reswiant cells of € andida lmplmh;hc
came (e times more resistant to ampholenein B than the ongunal sen
sitre cells and that mystatin resistant ectls of 2arudopsis glebrafa deve
loped  forty fold rusistanee to that drug

Correspondingly wnphotcnem B resistam eolis of Candida troprealts
deselopcd 1 resistinee ta nsstati that ws twice as farge as that of the
onginally sensitinne struns n the ease of Torulopsis glabrala ) was
eight 1smes larger than the original sensttne struns

TABLE 2
{ ross Resustance
Inereased Inereased
Stramn \a resistance resistance
io io
amphoterssu B nystatin
6 Candida tropieahs PF 0591 Nvstatin 8 X
& Toralapsts glabieata 4 21113 resistant cells 0 x
6 Candida tropicahs PF CaBt Amphaterian & 2 x
8 Torulopsis glabrata A 21113 resistant cells 8 ¥

Other fnpeshigafions

Duning the first phases of resistance devclopment parhicularls targe
calontcs more chalk winte than these generally scen i the enllure
concerped were somelimes obseried both on Sz3balsht gradicnt plates
and during sensiivity defernminations At that stage of resistince duse
lopment cells from the large eolomes shower greater resistance to the
antsmycotee than the cullure as 2 whale With mereasing concentralions
of anhimyeotic ihe tendines o the formation of large colomies de
creased gradually as the resistance developed The biggest chanyge w
{hys respect was seen g the case of Straie & Landida troprealts dunpy
culture on medium contumng amphotestein B Giant colonies wer
observed both on Szibalsk: gradient plates and on fusistance plate
with an amphotericn B concentration rangin, Between 20 and 75 pg/m!
medmm sfter enlture ot 37 G for five days These had an epafgque un
dulaing myvcelum eorvered surface and 1 dinmeter about ten Lmes

greater than the normal average colons diameter of the stram 1 ques
¢ often fsngnexd

tion The colames were spred uniformly over the plal
olomes with smooth convex surface (Fips 1 and 2) X
and the strasn wdht maxumam resisianee
were moeniated together on Sabourand s maltose agar withoul anty
mueotic the difference 1 growth was cudunt The colonus of the sen
sing stramn were considerabls targer than thosc of the resistant strain

;)

to normal ¢
the sensitine origmal strom



Fig 1
Amphoter cin B gradient plate (50 yg/ml in wp
tropical s (Stram 6 PF 6391) Culture at 37 ¢ 62
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Fig
Samc ares as marled by the arron m Fig 1 but sith magnification about n tives

Furthermore it was found that dospite the use of Szybalshrs ara
dient phte foehmigue the degree of resist inee dexveloped was tow These
findmnes scem to be i agreement with the few published reporis con
cerming the i vitro dusclopment of ressst ince 1 Condida albicans wd
other vests (Lastda & WeCoy 1942 Perry € Ulrich 39> Stout & Pagnno
1906 Formi 1957 fillman ol al 1948 Iones & Peacock 1939 Soremwn
el al 1859 Hebeha & Solotoropsky 1962 1960} Then also agree with
thie obsersation of :n vifro deselopment of resist ince in Candrda olb
cans 1solated from two pitients under {rement with anbmveotns
{Rodenfioff 1968 a}

It seems thercfore Justified 2l present to assume that it 18 guaeral™
thifficult o mduce resistance to Mnbimncotics m veasts or al ans it
to mduce ny loh dogree of resistance The previoush observed deso
lopment of marhed resistance m { ryplococcus neoformans (Bodenb ff
1969 b} nust thus be considered m exceplion

To mduce reststance fo nvstitm md amphotencin B wis somenhiat
eqsier {han expeeted judsing, v the published reports of ffoits to
nduee resisianed in candida struns The usc of the Szvbalshu s raduent
phite technigue 1s probabhy the evplanation of this since coneiniribion
intersals ¢an thes be mowded Fhis conenrs wiih the obsrs won uf
Iithman el al {1958 that af 15 casier 1o mdued resistance i cradd?
b the use of smatl concentrabion ntersats ind ntus inoculitions ovey
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longer persods \Iarked inerease 1 Tesistanee often takes places in the
first and/or Inst passages while intermediate passanes are sometimes
wnterrupted by stages i which no resislance increase can be seen It
1s 1lso cvident from Lhe experiments that when onee 4 cerlan resist
ance has heen mduaced it 15 often possible lo induce greater resistance
more quichly It has been demonstrated i this sludy that the same
maximal resistance 1s achieved in the same strun afler the same num
her of passages 1f the same techmque 3s used

Resistanee 1o 1 certam antimyeotic is not achieved equally easily by
the diiferent yeasts This apphies not onlv 1o the different types but also
1o different strams within the same type An example of this 1s the
Aifference m index sizes for the induced resistance to amphotencein B
This finding 1s 1 agreement with [ dtman et al (19:8)

Nather 1s resistanee to different antimyeohics aequnred with equal
eise by a certun strmin In the present study resistance to nyvstatin
was mduced 1 all nme struns but onlv 1a a low degree and afler
mamy passages This agrees with the findings obtained by Donovich
et al (1990) Stont & Pagano (198) Iulman el al (19.8) and Hebehn
& Solaterovshy {1960) who could nol demonstrate resistance to ny
statin in any of the strans they used Induction of resistance to nystalin
1s made difficuilt by the fact that the nystalin concentration i the
suspension used 18 not hnown cxactly and also by the fabhty of the
drug

In ngreement with reports 1 the hiterature (Stont & Pagano 1956
Iutman et al 1908 Hebel a & Solotorovsky 1960) hy
amphotericin B could not be induced 1 Candida allnca
the aitempis to 1induce resistaned faded Hisher res
achieved with the olher veasts used sn the study

Cross resislance to polvene antimycoties was demon

& Pagano (1906) Iutman el al (19,8) and Sorens:
Hebeha & Solotorovsiu (1965) found that cells of (
made resislant to ampholericn B showed cross resist
but not to mustatin Furthermore they found that cell
to candidin 21so showed increast d resist wec to ampho
o nysiatin In the present stu v one stram of Candu
one stran of Torulopsts glabr ¢ 1 were cxamined for er
nystatin and amphotericin ¥ The ¢xj enmants werc
Umes and cach tune eress resr Line ¢ the polvene
found mn hoth stramns

In agreement with fel Re vslys absc
changes 1n colon morphc v 1 21 aguced rale of e
demonstrated 1n 1 (stant  ullures as comparad lo Mnsnm cnllurcs
while no changes it the matnlity «f ressshanl and < nsitive cells
could b found hy m ans «f L1111 Siuning
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SUMMARY

Saven struns of cmdide md lwg of tarilopsts were exposed by means
of Szylalski s gradient plate techmque 1o merensing conecnlrabions of
nystatim ampholenon B thchomyon and polvmian 3

In the magonty of the struns reaistanee o the antumeoties nanwd
cauld be induced With 2 fcw exeeplions the deree of resistance was
fow  The rewstmee developed unehest fo pohvmyxm B wnd quite
amehiy (o ampholeriom B but onhy fter ruddively mans passies r
sistance doveloped to nyvstatin and trichomsemn

Crass resistanee o nvstabin and wmphofunien B was found in Can
duda troprcalis nnd Torulopsis glabrata

Changes 1 colony morphology aud reduecd rate of grownth of the
resistant struns were observed
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ENDOTOXIN INDUCED CYTO FOXICITY
OF RABBIT SERUM
By
Haxs Tritz and TRIK NORDENFLT
Received 10768

The cffeel of endoloxin on tissue cullures has been the subject of
previous studies (Vesrobeanu ef of 1960 Bergman & Milsson 1963
hessel 1965) But no nvestigation appear to have been made of the
effect of hissue fluids 1 experimental endototunacmia on cell cultures
The mechamism tn pwo of the issue damage following endotounaema
1s debatable (sec inter aha Landy & Braun 19b4) The effect on cell
cultures of Lissue flnds 1 expenmental or chimical endotoxinaemia
may contribute to the understandin,, of the way m which endotoxins
produce their effect tn pwo Such mveshipations may also suggest an
approach for the davelopment of laboratory metheds for the dagnosis
of cndotounaerma Tt was previously reported (Frit~ & Mordenfell
1967) that charactenstie ¢ytotoxic changes appeared m cultures of
monkey kidney cells and human amniotic cells when secum f{rom
rabbits that had recenved intravenous injections of cndotoun was
added to the nutrient medium Addition of endotouin nstead of such

serum produced no demonstirable touc effeci The present paper gives
a detatled report on that finding

MATERIAL

Forty rabbits wiighing 29W0-13%) grams and ohtained from locnl breeders The
endolozins were prepated according to Westphal from Salmanella aborlus equt
(Difco 3127) and Fscherrchia colt (O 111 B4 Difco 3172) ndotoxin trom Proteus
™ rabilis was kndly supplied Y3 Prof € Weshull Unisersity of Lund and prep red
by him ceording to Westphal (Westphal 1956 Westphal ef al 1958) Endotoun
fram Snlmonella enferstidis (Ribt 6-790) was kindly supplied by Prof E Rubi
Hamilion VMontana, US A and prepared according ta Ribt et a7 (1961)

€elt cnftures 1n glass culture tubes were prepared from madkey kidnevs and
tained from Stalens Bakteriologiska Lahoratorjum Stoclh km and from human
amnijtic tissue and prepared according to Ialelle (1908) The nutrient mediam
consisted of F gles medium for monkey kidnev cells and Parker's medum f r
buman ambiotic cells Twa per cent ¢ 1f serum was included in hoth media

This investigation was supported b grants from Kungl Fpsografesha Sallskapet
t Lunl and the Mel al Facully University of Lund
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A cullure of monkes kidnes cells in a monolayer Incubated with normal rabbyt

serum in Eagle s mediom for 2 davs and photographed through the culture tube

glass Intraccilular structures are not visible but the elongated spool shaped form
of most cells 13 demonstrated
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50-200 5 of endotoxin dissolved an 1 ml of & biled water was 10gected nto an
ear ver Bufore and 2% yvarious mndersals afler the injection blood samples were
obtamed from a veun of the opposite ear or by heart puncture wherehy the rabbats
were bled to death Xylol was uscd for vasodilatatian of the ear The serum was
separated off within 2 hours and stared at —28

Experymental serses I anclndes 18 rabbits Fifteen rabbits were gnven 200 4u of

d ntr: 1y from S ta abortus equi and for control 3 r bmts
receised I ml of distilled wafer intravenousfy Qut of the I8 animais 6 (incfuding
the controls) were killed by bleeding 2 hours after the injection 6 after 4 hours
and the remaiming 6 after 7 hours The sera were fested on monkey hidney and
ammotic cells Tvo rabbits died within 2 hours and 4 hours respectively  after
tie tutection of endatoxmn

Experimental teries [T was varried out on 27 rabbits Thirteen of these receised
endotnxyn from Salmonella abortus equr 1 a dose of $0 100 or 200 ug “ine rabbity
were guen 200 ug of endotoxin from other entercbacteria 5 from E cofi 2 from
Proleus b and 2 from S H, terttudis Nepeated hlond samples wers
obtasned at intervals from half an hour to 144 after the mjection of endotoxin
In all the rabhits the blood vesscls of the ear were sceercly constricted after the
njection of endotoxin This made 1t difficult and sometimes impossible to u?lla‘m
hlood samples in all planned intervals Ten of the 22 rabats died within two davs

he njection of endotaxin

D"I!hc tc]’l coltures were washed once with the respective nutrient m;du ;n’d;\;n‘r:r
led with 1 m) of fresh medmm without added calf surum after which i
lebmt serum unddated or diloted soth saline was added Fach serum a5 tleﬁz‘d
‘::n 3 colture tubes After 24 hours ncobation at +37 C the medmm nas repiac
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Monkev kidney cell culture incubated for 2 davs with serum from rahbits pretreated

with endotoxin A dark granulati n of the eytoplasm with the nucleus appearing as

» hollow space 15 easily secn without any precee Img staining procedure The cells
are swollen and not a5 elongated as in the normal culture

b fresh medium contmmng calf serum 1n A concentration of 2 per cent The cell
cultures 1 ere inspeeled at least cvery other day in the culture tube under the
microscope_and the eytotoxic effect n form of cytoplasmic changes was noted

In contrcl experiments monkey kidney celis and amniotic eells respectnely were
wcubated  1th 00 g of endotovin an 01 rol of distified water per culture tube
Rabbit serum pre incubated for 4 hours at +37 €~ 1th 200 4g of endotowsn per ml
was added to another series of culture tubes Monkev kidney cells and amn otie
cells wera also pre incubated for 24 heurs with 100-700 g of endotoxin before ad

fition of rabhit serum from blnod collected before respectinely aftcr the injection
of endotoxin into the animal

RISULTS
I xperumental Serees 1

Effect of I'ndotorin from Salmorella Abortus I qu

Addition fo the Gssue cuiture fube of sern from blood samples
obtmned from 3 of the 18 rabhits bufore the injection of endotoun
resulted i mald shninkace and shight peripheral granulation of the
monhey hidney cells These changes were classified as non character
1stic degeneralion Sera from blood samples obtauined from ihe other 15

rabints befire the injection of endotoun produced no visible effect on
the ccll cuitures
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The cell eultures ncubated with sern from blood samples obtyned
Mier the mjcetion of endotoxin rejulacle showed disbinet chinges
charicterized by granulation of the o foplasma of the cells wilh (nhe
nuclcus appearmg s a defad (T 1 nd 2) The normally spindle
shapad cells appeared Lo be swollon wnd oval In most cultures these
chanaes oceurrcd within 24 hours aneubilion nd were fully deve
loped willun 48-72 hours These changes were regarded as a ovfoloue
cficet

The sera from the 3 rabbils used as conlrols nd obtamned ftcr the
mjection of distilled water had no evtotoxie effiet

Uslophisaue granules m cells ncubated with seram from bhlood
samples collected after the inyection of endototin were readihy st uned
with Sudan HI and could «asily be cxtracted with faf sobvents such as
Aleohol wnd cther

Experunenial Series 11

Among the scra from blood samples oblaied before the mgection of
endotoun from the 22 prabbits used w tus scries 18 hadd no demon
steable effcel on monkey htdney eddls winle 3 produced non character
wlic desencralion of the sune tspe as m experimental series I and
described 1bove These 3 sert had no demonstrable evtototic effect on
amnioti. cells One of the 22 scra had a1 evtotoxie (ffect on both monkes
hrdney cells nd ammotic cclls The effiel resembled that o oceur
after incubabon of cdl culiures with scrum from blood samples
collected afler the mnjectton of endotoxin The rabbil w guesten
showed no sisns of diseise

Fffect of Endoloxin from T Colt Proteus Maralihis and Salmonelln
Entenitidis

1 ndotoxin w 2 dase of 200 xg, was mnjccted inlo 6 rabbits on one and
the same occasion In 2 experiments the endolovin emmaled from
' E colt 1w 2 from Proleus nurabilis and i 2 from Salmonella (niers
f1dis One rabt of each p ur was bled to death 4 hours and 24 hours
respeclisely after the injection Sera from all the rabints had the same
cvtotosic effect as sera from the rabbiis that had recened cndotoun
from Salmonella abortus equt Sern from the 2 rabbits tht had recendd
endotoxin from I' colt were tested also on human ymmolic cells and

with the swme resuits

Control Studtes

The endotoxins used had no eviotoue cffeet when incubated with
cell eultures Neuther did pretreatment of the cell culture wib ende
toxin merease or reduce thewr sensihivily on subsequent mcuhahl:;
with bt serum from blood samples collected afier wmjechon
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endotovin Normal rabnt serum ancubated with endoloxmn was not
cyiotoxic

Appearance and Duration 1n 1 wo of the Cytotoxieuty of the Sera

Tich of 5 ribbiis was gnen 200 ug of endotoxin from Salmonella
abortus equu and blood was sampled on 3-5 occasions From 2 ribhits
blood samples were obiamed alreads haif an hour fter the mjection
of endotoxn 1nd no evtotoxic effcet of the serum was found From 2
out of 3 r1bints sert proved cvtotoxie 1 hour after the injechion Be
tween 4 and 48 hours the sert were always esvtotoxie and tovic sera
could fram two rabbits be obtruned up to 68 and 72 hours respeelisedy
after the 1njection of endotoxin

One out of 3 rabluls surined in njection of 200 pg of endotoxn
fram I" colt From tus rabint 6 blood samples were collected at 24
hour mnfervals fier {he mnjectson The first 4 snmples 1e up to 96
hours fter the injectton of endotoxin had a cviotovc effect while the
Iast 2 had no demonstrible effect

Iffect of Diffcrent Doses of Frdolortn

Tive rabnts were given 100 pg of endotovuin cach In alt of these
serum from blood samples collected 16-21 hours after the mpcchion
proved cylotovie In 4 of these 5 rabints bloed samples were collected
slso  hours after the mjection of endotoin in 3 of these the scrum
then had a cylotovic effect Two rabits were gnen 50 pg2 of endo
toxmn Tight hours afler the injeclion serum from one of these proved
eviotoxie

Serum Content of Cylotoarc Factors

The changes 1 the cell eultures were more or less prononneed with
respect to the density of the grannlation n the cells and the number
of geanulated cells The severity of the chinges sometimes varied from
one to another of the 3 culture tubes meubated with the s1me serum
The oslotoue effect of the serum so varied wuith the cells onginatm.,
from diffcrent monkess The 3 wathion w s however not so wide thil
4 guen scrum hid t cjlolovie effect on one cell enlure but not on
another

Using 4 rabbits {wo of which recervcd 100 and {vo 200 ug of endo
touin we ined to assess the content of cviotovic factors the ecrm::
by the dilutron fechmaque Blood samples collected 1 4 24 wd 42
hours after tie mnjection of endotoxin were ncinded Al the sera could
e diluted to 2 final concentration of 1 &0-1 46 without dxsnpmﬁﬂ:cg
of their cyfotosie effect In no wmstince could the serum be ditute
more than 1 58 without lfoss of ils cytotowie effect
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Ratto befween Fat Confen! and Cylotoxic Fffect of Serum

Sinee the changes m the cell culture might possibly be related to an
inerease of the fat content of 1he serum caused by endotoxm the
concentration of cholesterol and that of trighcerides were determined
n 20 samples In most ribhats the fat content nereased successively
during the first 21 48 hours after the mjection of endolovin Smples
collected 24 hours after the njection of endotoxin were regulrhy
macroscopicaliv fatty and had the hishest content of cholesterol nd
inrlyerndes But yiotoxe sera from some of the samples obt uned 2-4
hours after the myection of endotoxin cont uncd less choleslerol and/or

triglycenides than serum from sumples ecollccted before the inyection
of endotoxin

Properties of the (yloloxte I aclor tn Sernm

Sera from rabbits that had vecened an mjection of cndoloxan sull
had a cylotoxic effect after beng heated at 56 € for 10 minutes The
cytotoxiu effect persisted after dialysis of the sera wilh thstiffed water
physiological stiine or @ 5\ phosphatc buffer at pit 7 4 Normal ribint
sera did not turn cytotoxic after dialvsis The cytofoxie effiet persisied
alsa after the sera had been thawn and frozen -6 Gumes and after
storage for one weck at room temperature

In an attempt to elucidate the speaficits of the cylotoxie factor
serum appenng afier 1 v injection of endotouin we fested sera from
rabluts 1 which shock reichions had been provoked In one ribbit
anaphyiachic reactions were produced by repeated mjechions of adbu-
min S¢rum from blood samplcs oblamned in assoerstion with 1hese
reactions had no cytotoxic effect In 3 rabbuts shack was produced by
blecding  Repented serum samples 1-21 hours therefter did not show
cviotoxic effect except m one case where the serum from a blood

sample collected 24 hours after the shock was produced proved
cviotovic

DISCUSS1ION

Wesrabeanu et al {1860} found that endotoxin prepared according 1o
Bowwn & Vesrobeanu (1938) caused hypertrophv and falty degenera
tion of ihe ecells i tissue cutlures of human embro embryo ehick
and monkcy festicle cefls Lmbrvomic chicken hissue was the most
susecplible The cylotoxic effect could he produced by 10-100 p., of
<ndotoxin per cell culture tube On cultures of Hela cedls hounerer
these authors found no cytotoxic effeet of endolown In our expen:
ments with monkey hidney cells and human ammolie cells wneubated
with endotoin prepared accordin, 1o Westphal and Ribn respectnely
ithe «ndoloxin was net found ) hme any vistble cylotoxic ¢ffect not

cven when the cefs were meubted with 200 myero,rams of endotoxin
per cullure tube
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In 1962 Vesrobeann ef ol pubhshed an exammation of the effect of
2(“\[!:0':‘(‘);!:“(?\ so c‘"(id termolabile endotovin on human embryonie
: imor cells and they found cstoplasmie changes charac
erized Dy pronounced fatts deguneralion 11 seems that the changes
‘pmducx d by the neurotoxans morphologe iy resemble those produced
by sern from endoloxin tre sled rabbits in the present study
After il nenous mgection nto ribings endoloxin soon Ie nes the
cirenlalion (Carey el al 1908 Herring of al 1963) The endotoun 15
Lihen up mamhy by the reticulo endothelial cells 1 the fiver A
subleth il dose 1 v of ruhionetnels Iabelled endotoxin disnppe s almost
completthh from the ewrculaion within 304 mpules 1 s therefore
probable that the evtolovients of ribbit serum demonstrited i our ex
penments 18 not due to the endotoxin per se but rather to eylotoxic
substances reltased into the airculiion or generated by the endo
toun myected
In pio Lissue Jesions secondars to endoloxins are manly caused by
wmoxin I ndotoxinaemia 1s followed by severe vasoconstriclion and/or
occlusion of small yessels beeause of ncereased sensilinits fo eatccho
Lines or thrombosis  coa ulation or ag.regihion of blood vells
(Gerber 1936 Thomas 1956 Hardawoy 1963 Fine 1963 Lie 1964
Frii. et al 1960 and others) Cellular substances thereby releqased may
perhaps have 2 evtotoxie effect on tissue eultures
It 1s wedl known that endotoxin mjected into the rabhit can product
hyvperhiprcnur and hypercholesierolemia (Hirsch el al 1964 Lasch
1988) As an effiel of cntecholanunes the lipid metaholism mav be
marked!s changed (Carlson & Liljedahl 1963) The hghest concn
tratton of cholcstero! 1n the serum after an injection of endotoxin 18
aftained usually afier 16 30 hours In our experiments rabbt serum
collected alreyds 2—4 hours after the mnjection of endotoxin had 1 evto
towe effect when serum showed 1 normal content of chofesterol nd
triglscersdes The concenlrition of free fatfy acids on the other hand
hows 1 temporary incrense siarting dreads within one hour =fter
ujection of endotoxn and deereases ter 1 few hours (Hirseh ef af
1963 Lasch 1968) 1t therefore appc irs improbable that changes n the
7§<cll cultures are produced by a hich concentration i the serum of
cholesterol trighveends or frec fatts icids The relation of the cilo
tovicrly o the faily 2cd composihion of serum after an mjection of
endotoxin 1s recerang further attention
It 1s known thit ned phosphatase glhucoronidascs Ivsozyme nd
profeases are released to the crredalion afler the mnjechon of tndotoxin
(Martrme 1909 W erssman & Thomas 1962} An msestigation of the
effect of sneh enzymes on cultures of monhey fudney cells and human

amuniatic cells 1s In progress
In a few experiments made on the spectfictty of the cyiotouie factor

with provohed shock reachons one intercsting finding was made I

prolonged shach cansed by blecding there 1s an escape of endotoxin
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from the intestine causing endotoxinnerma (IMne 1934 1959) In
agreemenl with tins we found 1 onc rabbit n shock caused by repeated
bleeding, 2 serum sample colleeled after 24 hours which proved evto
tovie

SUMMARY

Intravenous njection tnto rabluts of 100-200 g of endotoxin from
Salmonella abortus equt was regularhv followed by the appearince of
a cylotoxie tffeet of scrum ‘The cytotoxic changes demonstraled m
monkey kidnes cells and human amniolie cells were characterislic and
domnated by an aceumulation of fat in the evtoplasm Admimistration
of endotoxin from I coli Proleus mirabilts and Salmonella enteritidis
also resulted i eviotoxicity of the serum The cytotoxie effect of the
sera was demonstrible n samples collected Letween one hour wnd 96
hours after the mjection of endolown It persisied after heating of the
serum at +56 C and fter dialysis of the serum Incubation of normal
rablut serum with endotoxin in pire did not make the serum cytotoxie
“Addnlmn of endotoun alone to the cell cultures had no evlotoxie
effect
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THE SEROLOGY OF MORAXELLA RINGH

By

Ranco: Houmst Hauve and § 1) HENRIKSEN
Recenved 11%68

Only few and rudimentary studies of the serologs of organisms belong
g Lo the genus Moraxella hve been carried out In the early studies
(Chawre 1914 Scarlel! 1915) single slruns of different species were
compared and found to have different antigens But the possiahity
that each specics nught be serologically inhomogencous was not con
silered and the resulls therefore were of hittle value

Later a few stramns of Maraxella species have heen included 1 sero
logical studies of such orgamsms as Vuna Herellea, Bacterium ant
tratum Diplococcus mucosus etc (Cary et al 1956 1961 Mulchell &
Burrell 1964) But the value of these studics 1s himited by 2 lack of
precise wdentificalion of the strans used Thus on the whole our
huowledge of the serology of these orgamisms 1s verv meager

Attempts to trace strological relitonships within and hetween
Moraxella species and with other orgamsms which have been thought
1o be related o Moraxelln will he described 1n a subsequent paper The
purpose of this paper 18 to report studies of the ser: logy of the newly
deseribed species M hingu (Henrthsen & Bovre 1968)

MATFRIAL
The strains used i this stud  a ¢ presentel i Talle 1

UFTHODS

Immunr ation M Atngic strain 530 wa grown on tmptos agar for 24 h at 33 ¢
i a humid atmosphere and harvested n saline On }alf of the suyien kn was

sonfeated (MSI L1t asont Ds ) for ® X 25 min s deserste! by Maf hell
Burrelf (1964 ¢ ntrif ged 1} he ediment discard d
Before use th w1t k d for disintegration by microse }  and

for sterility by culturc on 11 o1 ag 1 “The other half of th sus tnsin+ as mea ured
in a Beckman colorimeter at v ave length 573 my and the tranym ttance w2 adjuste i
to ca 20 Yqusl part f the ¢ antigens were mixed and mut fied n Treund s
complete abhu ont (DIf ©) On  hall ml quantities ere §1jecte int amuseul rlv
into ralbits 3 t mes at weehly antervals follo ed b 3 Intravenou injest ons
antigen wlthout sdjuvant on con ccutite days slarting ne we L afler the 1at
Intramuscula Injection Cardiac purcture with exsanguit tion a 1t me 5 dms
Tater The r m was pre erved wilh merth olale 801 pr ent and stored frozen
until used

vy
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TABLE 1
Stratne Used in the Study
Species Straing Teolated by Recerved
from
Maraxelfa Fings 5,30 AS0L% 56IIIY 8623 F O Ria
I N a2 " toe
A172/06 3379/07 3793/67 % D Honnk
3994767 4767/67 6111/67 e wu
Worazella oshensis 41970 5373 8200 F 0 king cne
1918451 S D Henatihsen wh
10973 sst
Voraxella 671/58 825 4863 62 § D Henrthsen wi
nonliquefactens 3828/60 1378/67 23°¢
2919/66
13385 S P Henriksen NEH
7784 ? \CTC
17934 RO F Murras ATCC
17975 M Piéchaud ATCC
Vorazeila 750/59 S O Henrihsen wu
phenyipyrout ica 7863 E O hing e
17958 H Flamm vTee
Unclassilied 17955 A Préchaud ATCL
Morezella lacunala 9833 3 NeTC
orarella botis 945 ’ \CTC
Acinetobacter 15150 3 Ferguson ATCL
calcoa elicus 1912 T Billing ATCC
Acinelobacter 1795, ’ ATEC
twoffs 17977 M Prechaud ATLC
Bacteroules 4503/67 4665/67 4°94767 S D Heneshsen wB
corrodens 59557/67 4672/67 3863/67
3852/67
33370450 F104/54-55 M Erhen ssi
J108/54-55
L. Reanhold Ly
the strain rescmbles 1 n most but d

phenylatamin

calcoacelicus appears to be the correct epithet of the organism f

knaws as dcurelobacter (Bacterium) antiratus

CDC  Commumeable Disease Center Atlanta Ceorgia

ww haptein W Y ilhelmsen og Irucs Bahterfologishe Institutt
NIPH  \ational Institute of Publie Health Oslo
NCTC  National Collection of Type Cultures London

ATCC  American Type Culture Collection Hockville Marland
§st State Serum lastitute Copenhagen

MLU  Martip Luther Umyersitat Halle/Saale

rmerh

The strains 3379/67 and 2911 were gronn on chocolate agar for 24 h a1 33 Cn
2 humid atmosphere Th cells were harvested i 0 85 per cent sahne the sust rns‘!ons
centuifuged and the sediments resuspended in 085 per cent saline The suspensions

were jngected intravenonsly ante ra!

tigen dose starting at 0% ml an.
;:)lsg:nd treatment of tha sera as described abose

bhits on 3 consecutnne days for 3 weeks with
d increasing o 1 ml Cardiac puncture aiter
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Agglutnaton M kingn and B corrodent were grown on chicolate agar for 24 h
3133 C a2 human stmosphere The other « rganlams wcre grown on Loy plose sfar
Cells were harvested with 02 per cent saline One part of each suspension (antigen
) was measured In a Beckman colorimeter wave length 524 my and adjusted to
& transmittance of ¢ 10 and preserved with merthlolate 001 jer cent Another part
{antigen b) was heated to 100 € for 1 h and washed 4 times with saline Icfml'c
resuspendiog tn 02 per cent sallne Twe fcld serum dilutions from 1 10 were made
with 02 per cent saline since s me antigens were mure stable at this salt concen
tration Equal volumes of antigen were added to the erum 1flutions and the tabes
were mcubateed in a water bath at 37 C for atout 20 h. befi re helng read

Absorplions Small portions of serum were ab rbed with oilt antigens over
night centrifuged and the tested for 1f the al
orption was incomplete it was repeated with new antigen

Immarodiffusion  Ouchterlomy s techmque using Special Agar Noble (Difen)
17 27100 ml of 085 per ent saline containing 1 ml of 03 per cent methyl orange
and 1 mlof 1 per cent merthiolate Arrangements with one central well for immune
serum and 6 peripheral wells for antlgens were used Heavy suspenslons ¢f cells
were d as A under and the supernates used as
antigens

RESULTS

All strams of Y osloensis ¥ nonhquefaciens W phenylpyrouvica M
lacunata M boms A calcoacetrcus and A fwofft and the unclassified
strain gavc negatine reactions i agglutination tests holh with a and b
antigens The reactions of ¥ Awgu and some B corrodens strains arc
shown mn Table 2 The remamning struns of B corrodens were nol
agglutinated
TABLE 2
Agglutination of M hingn and B corrodens in Immune S ra ajainst M hingn

Immune Sera

Antigens 5030 3379767 2911
a b a b

h 46049 [ 640 [ [ 80 10
h 56331y [ 160 10 1780 20 8
h8 0 £40 ° [ 10 160
h %71 0 160 o 640 80 840
K 077/66 [ 0 0 610 20 320
K A1307 [ 1780 [ 20 160 160
K A2411 [ 630 0 40 0
W 3793767 [ [ 40 2560 0 1280
h 3974/67 o 640 [ 10 [
K 6111767 [ 0 160 20 160 10
K $767/64 0 640 20 [4 20 0
K 5030 0 1280 0 0 20 (30
h 3379/67 ° [ 10 2 60 [ 320
ko9 0 [} 0 40 80 &40
€ 4503/67 0 0 40 180 0 [
C 19g5 0 0 180 80 0 0
C 333/54 5% o o 40 o [ 0
€ 386°/67 o o 160 0 ° 10
€ 3857/67 0 o 160 10 o 0

C =B corrodens h =V kingt a b = heated antigen
B corrodens strains 611, 310B/54-55 4754/67 $9557/67 310A/58 55 and 4672/67
#ave entively negatl e re ctlons, likewise all the other organisms sh wo 1n Table 1

= unheated anuigen

Py
a
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TABLE 3
Absorplion Tests

Immune Sery

3379/67 2l
Tested with
Absarbed Homolc gus Absorbing, Homologous Absorbing
with antigen antigen antigen antigen
2941 1280 ] [4
3379/ 67 o +40 g
3793/67 0 [} 640 8
4177/67 1280 [ 640 0
230 640 o
5093(1) 40 » 640 1
a7t 1480 4 370 o

Tw  absorptions were needed 1o remmve agglutinins

The a antioens §ve enbirels negalive reactions n one serum and
only very weak and wwregular reschions in the other two sera With the
b anligens the serum 5530 gve cleareut results Seven strams gase
strong, and firm reachons to approximatedy the same titres (640 to
1280} Two struns pve weth partiaf agglutination wiih the hitve 160
wnd the remamng siruns were not n glutinated The reactions with
the other two sera ssiure more confusing with sanations of titres and of
the strength of agglutinition In order to elanfs the meaning of thest
ruactions absorphion fests werc earred oul The resulls are shown in
Table 3 Three struns which had given ires of 1280 or 2560 with
serum 3379/b7 were able to remove all a,glutimns reactive with the
homologous antiren whereas the two strams which gave bires of 640
onls removed the agglutimins reacting with the struns thamselves bt
failed fo reduce the homologous tiirc

From the scrum 2941 onls the homolojous antipen wis able to 1t
move all g-jutimins whereas the other strans removed gglutimins
Teacting with themselses but fuled to reduce the homologous tire

Fne struns of B corrodens gave weak and low titered reactions
two of the sera These reachions seem to be of very douhtfy) sigmft
cance 1 parbicular 1n view of the tendency of these struns to form
unstable suspensions Six strams gave entirely negative reactions

In omuenodiffusion all M Awmngu strams gue two or fhrew pre
eipitate binds wath the secy These bands showed Teactions of denhity
Amang the anti,cns prepared {rom the 11 B corrodens strams & gave
two precipitate bands in the sera 3374767 and 2941 after 24k and 5
gue one band after 24 h and a second band after 3 dwvs in the serum
2530 7 strains gme one band after 94h The bands produced by the
B corrodens antigens appered lo show reictions of 1dentily mutuaily

and with bands produced by M kainpu anhnens
In order to exclude the possibility that v of these hnds could be
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due to horse scrum anligens from the medium the tests were repeated
after 1bsorption of {he ser: with horse serum bul the precoipitate bands
were not affected

Among the anir,ens prepared from other Morxelly species and the
olher orgamisms listed i Table 1 only a single one prepared from
M osloensts 8202 productd a single precipiate hand whereas the
others fatled to react

DISCUSSION

The results imdieate that cells of Y Ringu carry 2 thermolahile surface
componenl which blocks ngglutmation This substance which can be
removed by heating to 100 C for 1 h appears 1o he nonanhigemic or of
low anligentctty Thus one of the tmmune sern failed to ngglutinafe un
heated suspensions of ans of the 14 stramns and mn the other sera onhy
weak and irregular reachions were oblained Some of these reactions
might be explained as due to incomplete mhibition of agglutinalion by
the blocking surface component whereas other reachions could not be
thus explaned It seems reisonable to consider these weak and nn
convineing reactions s nonspecific

The results obluned with agslutination and ahsorption tests with
heated antigens suggest that the strains could be Qivided mto 2 imited
numer of serotypes Thus 7 out of the 14 strains gave strong and fairh
high titered reactions in the serum 7530 Availible quanlitics of 1his
serum were not suffterent for ibsorption tests Amon,, the o stramns
which gave furly strong reactions 1n the serum 3379/67 3 which gnve
litres of 1288 or 2560 were able to remoive the i.glulinins reactun,
with the homolo,ous ant gca although mare antisen of the heterologous
strains than of the homolo.ous stram was needed to «xhaust the serum
The two strains whict .ave reictions with the tit ¢ 640 fuled to
remove the homologou agglutinins From the serum .941 onlv the
homologous strain was ible to remove the wglubinins reacting wath the
homologous antigen

Thus by means of thrce smmunc sera 11 oul ot 14 strams could be
ssigned to 3 sciobvpe  Among ilte remammng 3 stramns two gave
marhed cross reactions 1n two of the sera whereas the third gase only
weak rew 10ms in these lno scT

The £1ct the s many s 11 out of 14 strams couid be assipned fo as
few as 3 » olvp s s=csts that the serology of thus speere mas be
farrly stru 11 ¢ v+ 1 put g ore struns witl have to be exar uned before
the numher of «xisting, sero ypes can be estimaled It mas be pomnted
out that there 1s no correlalion between serotype and type of ¢slony or
teogriphienl origin since both the mun serofypes contamed strains in
the smooth form as well 15 in the corroding form and both “Nor
weglan and Amernican strains

The weah and low htered renctions with unhealed and heated an
ticns of some struns of B corrodens my be suspeeted of hcmcy)
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Results of studies of the serology of Morazella kingu were reported n
a1 previous paper (Holth Hang & Henridsen 1969) This paper deals
with 2dditional studies of other Moraxella spectes

MATFRIAL A\D METHODS

The strains used are the same as presented 1n Table 1 of the preceding paper (Holth
Haug € Henrthsen 1969) M Lingit 5530 was used both for agglutination and im
munodiffusion the remaining strains of Y hingt and the stratns of B corrodens

were used only for immunodiffusion
‘The methods were the same as deseribed in the preceding paper Sera against most
of the antigens were pref ared by hoth methcds deserabed i that paper

RESLITS

Fhe resulls of the agglulination tests are presented i Fables 1to 4
Tables 1 to 3 show that heited antisens of most of the struns of
Y nonhgnefaciens and of the stram of VW bovts lihe M Ktngn
+ agglutinated to lagher titre than unheated wbigcns This was also th
case wath the unclassified straun This suggests that these strams mun
+ have v surface component which mhibits ag lutination nd which 15
remmed by heating The s le strun of Y lacunata {(with the homo
logous serum) 1wd one sirun of ¥ phengipyrouvica did not show
chinge of \g lutinalulity after heating
One stram of ¥ phenylpyroumica nd the iwo steains of ¥ osloensis
acaunst which mmune sern had been prepared on the other hand
showed 1 moder e or marhed reduction of the hitre after heatng
sugwesting destriction or deleroralion of n aggiutimosen by the heat
The 4 struns of 1emelobacter showed s inable behaviour In one
case apglutinability remaimned unchanged after heating nd the
remaning cises heating cused « nirched reduchon of the ilre Others
have had sumlar experience with these organisms (Stuar! ¢ al 1948

Vannheum 1962}
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TABLF 1
Agglutination Reactianx in hamune Sera agatnst Moravella phenvlps rouvica and an
with Unheated (a} and Heated (b) Antigent

Immune sera

tntigens \ T8¢ \-13385/12 17975

a b a n a b
L9533 160 610 - - a0 370
R 9yas o n - 40 80
\ 281 19 %0 10 " 100 40
N 0 0 0 0 80 0
Y 13383/60 n 610 50 10 %0 640
N n 160 0 40 4 1780
\ Beyes 10 40 i 190 80 610
\-3878/80 0 n n 160 80 610
NS 10 640 0 10 8 610
1704 I3 I3 a0 » 510
N 9326 10 0 0 - 80 0
\-2916/61 610 - 10 - 180
\ 17975 10 160 0 80 160 23r
11795 o 20 - 80 [] 80
P-ge3 o o - - 40 0
P 139755 s 0 0 0

kgt done BV boms L M lacunata Lw 4 lwoffi A A calconcettcus
0 ! Kingu N W ponliquefa tens O M osloensis PV phenylpyrouvica U un
tlassihied Moraxella, probabv Y phennylpyrouvict

The strains 0-11990 O-5873 0-8792 0-19116/51 0-10978 P-17928 4-75150
117912 Lu_17985 1 17977 and h-5330 gare cntirely negalne reactions

TABLF
Viglubination R 1t s 1n Immane Sera against M raxella phemvipar uvica anl m
Unelasse  { St an with I nheated {a) anl Heat d (b) Anfigens

Immune sera

Antrgens L9 s P-2873 P 732/52 117923
a b

b a +
1-9333 190 0 40 10 o
\-7784 [ 320 0 8 [ ® D
N-13395/6 160 0 o [ 0 o
N-672/58 0 0 0 30 o 8 3
\-1863/6 0 160 0 [4 [ 0 "
N4378/767 ) 160 a ¢ & & #
N\-179a1 [ 40 0 10 b A o
N 2016761 160 i a
U-1794, o L) 0 0 160 0 0
P 2803 ° n 1o 160 o n °
P 75273 0 - o a0 = 3
P-17953 o I a a0 0 s 160
h-55%0 o 0 0 4 0 v 0

Symbols as i T hle

These 1ra ns gsve onti ¢l negatne re ctions O-1110 O 19116 al 0-10973
0-5873 A 15150 4 1791 1 17938 [y -17977 B-9475 \ 8% \_3398 r0 \-33%
and \-17975



80

N TABLF 3
palutination Reactions in Famune Sera agamst Moraxella lacun:
L
with Unheated (a) and Healed bl ntrgens " "o DoV

hmmune scra

Antigen 19833 B 8pn

a b a 3
19431 a0 650 160
1-94°5 14 o 0 J;g
N-778t 30 U 80 £
N80 150 a0 [ 20
13385702 i [ [ 320
N-677/58 [ 6 0 3%
N-4863/67 86 ] 14 160
-3878/50 [ o o 150
N-4378/8° 80 4 [ £40
N-17954 [ 4 [ 40
N-3395 " i [ 80
N\-"316/51 10 N fad
N\-17973 o o 4 80
1-17935 a 49 o 80

Ssymbols ss in Table 1
The following stralns gave entrrely negatise resctions 0-A19%0 0-19118/531
©-10873 B-5873 A-35150 A-17917 Lw-17885 Lw-17877 P-"863 P-752/5% P-17385

and h~5%30

Tables 1 tnd 3 show that cross reactions are very common withmn
W nonliquefactens wnd between this species and ¥ bowves and W lacn
nala This sugpests that many strauns share or possess sumlw anl
peme delerminants ind s m agreement with the view that these orgt
musms e closely refated But more detrded studics of larger pumbers
of sirans would he necded to clanfy the serology of these speaies

Three of the struns of ¥ phenylpyrouvica give we th cross reactions
n some serq agamst the threo just mentioned specres nd the Diter
tlso show some cross re ichions 1 some sera agunst ¥ phenylpyron
piea Butl no signs of scrologieal relationship of wy of these struns
with the strauns of W esloensis and with Acinctobacter w 1s found The
strawns of W osloensis wd of Y phenylpyronvica appear {o e quile
hetero,eneous

The few struns of Acinelobacter show marked mutul cross redc
tions i scra wunst one another but do mot eross reaet with am
Morixella strun In view of tlk very hmuted number of struns these
findings are of hmted aignafic mnee

The results of unmunadiffusion tests we shown sn Tible 5 It s seen
that anhigens prepred from the struns of Y lacenata M bovis and
W nonliguefaciens show marked eross reachions axd appear lo con
stitute 1 separle group The strams of 4 calconceticns and 4 hwofft
also show marked although mere wrreguiar cross reactions The 10
tigens prepred from the three strams of M phenylpyrounca produced
only very fes or mo precipiite bwds with the corresponding ymmunt
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sera W hether this 1s dud to poor anfincmeaily or to farlure of hiberiion
of antigens by the ultrasonic lretment 1s uncerlain but the Intler
alternative may seem mord probable The two struns of ¥ osloensis
ippear lo produce mmunly strain speesfic inbibodies but lhe stramn 0-
10973 s chrractenized by rather wadc cross reactinaty  hoth of the
antizen i different immune sern and of the immune serum with
different antigens The uncissified strain U 17905 shows a similar
hchaviour No cxplnation of this wide cross reactivts can be offered

DISCUSSION

The purpose of this study was to sech peneral orentalion aboul the
serologienl characteristics of Moraxella organisms and some organisms
which have been thou,ht to be related to Moraxelln Although st was
realized that many perhps Wl the species studied probably were scro-
logtealls inhomogcneous it was nevertheless decided to do a prchmin
s study of single or 1 few stramns of each speeies

W hereas eonsiderable information 16 avaiable about the scrologs of
Acinetobacier calcoaceticus (amitratus) and 4 lwofft (Stuart et al
1949 Ferguson & Roberts 1920 Mannheun 1962 MNelson & Shelton
1960 Friederichs ef al 1967) next to nothing was known aboul the
scrology of the oxidase positive Morasclla spectes Some Moraxella
strams and some strawns of Wuna polymorpha var oxidans (which mav
or mav not hue represented hnown Moraxella species) hue been
mclnded m serological studies of the so calied Vimeae (CLary 1961
Wttehedl & Burrell 1964) but the exact rdentily of most of these strains
1s unknown nd the sigmficance of these findings therefore 1s uncer
tamn

It seemed natural to choose the 2 lutimation cst 1s one of the
methods and to supplement 1t with el diffusion tests with extracts of
ultrasoniclly disrupted celis a method which has heen uscd before
(Viichell & Burrell 19¢4) 1L seemed worlh while to trs to find out
what this method would yieid with struns of known 1dentuty

Ihe results of the agglutination tests show that the strawms of W
Iacnnata (in het rologous 'mmune seva) W boms and ¥ ronltque
facuns hhe the struns ot M Aingu studied n the preceding paper are
agglutinated to a hiuh titre f er heating, of the antigens The mn
erc 1se I most cises ranges frem 4 feld to 32 fold s sugg,e sts thal
all thest o - imisms have 2 thermolibn  surface component huch 15
seelf nonant w1 of low antigemiity and which inhubiis gplutt
wition The un 'watiea tran 1790 showed the same bchaviour and
W 1s worth nolt @ that many heated but not unhealed \oraxella
(1ens cross Teaci d w th this serum This slrain was reccined Tabell d
M nonliquefactens nnd i most characters it behaved hike this s
but it deaminated phensialamn hike W phenylpyronvica an¢
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M nonfuquefaciens  Further studies 1 necessary {o establish {he
wenbity of thus stram
The struns of ¥ phenyipyrouvicn nd of W osloensts e agluly
niled Lo the swme or 1 lower titre after than hefore heating In this
they resemble the strams of A caleoacelicns and 1 Twofft Three of
the four siruns were appiubimated 1o a lower hitre afler heating md
the fourth ~trun was unch wmged  Those strams  therefore have a
thermolabsle surface anbigen which s dunaged or destroved by heat
mg It hns been shown m previous studies (Staart et al 1949 Mann
hetn 1962) that many struns of the two Acinetobacler speeies have 4
thermeolabile surfice antigen which ¢iuses the bactena lo he aggluh
niled to 2 vers b hitre and winch s destroyed or 4 ymaged by heat
mp Other wligens which Yannfienm calis O antigens appear after
heting to 100 € Autocl vang, hrings out shill other antigens which
Mannham classifies as deep abiens  ( Tefenantigene ) whereas
Stuart et af caf] them U antizens 4 cafeoaceficus often appears i an
neapsubnted from which can be distded into numerous capsular types
The relahgnship bebween the eapsular anhigens md the thermolale
surface anti,ens does not appear to be clear
The different behaviour of the elassicil VMorixelly speews (incled
g the unclassified strun) on ene hand and of ¥ phenylpyronvicn
M osloensis and the Acmetobactcr siruns on the other 1s nferesting
hut difficuit to mterpret
The results of the i lutmihion ests demonsirate froguent cross
roxhinvaly but so marked hoterogenedy belween struns of the (hrec
cinssical  Moraelin species The unclassified strain apmars to be
related to the sumc gronp Cross rewhions with W phenylpyrouvica
we few nd werh d thert arc no cross reactions wilh Y osioensis
or the Aemtlobicter struns These prehmnars resuils siaqest that st
mi-ht be practicable to clanfy the surology of the classicnl Moraxella
species furthier but that inclusion of more strains and the use of ab
sorption tests would he necessary
The struas of ¥ phenylpyrouvica appcar to be serologically hetero
encous hhewise the struns of W osloensis The four Acinetobacter
/, <truns do nol cross reict with any of the other orgamsms In view of
the hnown great heterogenerty withn ihis group this finding 1s neither
surprising por sery significant
The cxpericnce with the mmunadiffusion ncthod mticates ihat
s 18 @ vers difficult method 1o standardize satisfactorsly Esenaf a
reasonsble »iand irdization of the bacteriil suspensions 15 possible, ih;
oirains apper to varsy considerably senaitiv ity to uitrasound anh
Aifferent strans need tifcrs nt lengths of nltrasont treatment to reac
sumilar states of disintegration Ther is veason to suspeet mcrcl‘orel
that vanations m the numbers of precipitate binds P"Od“t;‘l ‘;““Sm:"n
jeast 1 some mstances rither be due to “nsn(xshctanl sln(n‘ar Jj;_l .
than to el stroloateal differences Another serons hmtation
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method 1s that the nature of Lthe anlizens demonstrated 15 quiie unecr
tamn and the significance of positine reictions therefore impossible to
assess If e g the reachions were due to protemn antigens they mught bhe
highly si,ntficant Cross reachions betwcen polysaccharide intigens on
the other hand 1re so frcquent and so often dut to aceidental structur it
similarities  that their si,nificance 1s very uncerlamn VWhen these
Imutations are hept i mund it mav be stated that some of the results
oblamned hate a cerlain nterest Thus the marked cross ruactnaty be
tween all the struns of W lacunata M bows and M nonliquefactens
1s 1 very good agreement with the view that these organmimsms are
closely related

The stramns of W phenglpyronmea &l nol scem to he well smuted for
this kand of study Very few preaipitile bands were produced probably
suggesting unsahisfactors disintegration of the celis

Table 5 also shows lhal there are rather numcrous cross rc ictions
which are dufficult to explamn thus the numcrous reactions of antigens
from the strain 17955 sn different immune <era and of othcr intigens
m the immunc serum aganst thys strain and the sinular cross reac
f1ons of strain 10973 and of 1ts immune serum

Although serological studies of well defined bacteriil antigens e g
extracellular proteases have given very useful resulis the studs of un
known antigens obtuned by disruplion of the cells appe irs to be much
more Aifficult

SUMMARY

Serological studies were carnied out with representative strans of spe
cies belonging to the genera Worarella and Acinetobacter

Strains of W lacunata, M bowis and 3 nonliguefactens showed
marhed cross reachivity 1 agglulination "nd immunodiffusion but
s1,ns of heterogeneily were also apparcnt

In the cases of W phenylpyronvica and W osloensts mainly stran
speetfic anti,ens were demonstrated There was no cross reaction be
tween Actnelobacter strams and Woravella strmmns in agglutin stion
lests

In immunodiffusion 1 number of cross reachions were demonstraled
which arc difficult to explun The imitations of the method for such
studies are disenssed

Aggluhination lests shoved that the agglubinabibty of th strains of
W bovts and W nonhguefaciens, the Awmngu s ancreased by heating
The apslutinablity of W phenylpyroustca M osloensis and Acinclo
bacter on the other band was unaffected of reduced by heating

REFERFACTS
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¥ nonbiquefaccns Yurther studies are necessary o estublish the
wentily of this strain
Lhe struns of W phenylpyrousica and of Y osloensis are a,gluh
nifed (o the samc or 1 lower tilre after than before heating In this
they resembife the struns of A calcoacettenrs and A fwofft Three of
the four struns were ngglutinated to a lower hitre after henting and
the fourth strun was unchinged These strams therefore have a
thermotabnte surfice antigen which 1s damaged or destroyed by heat
g It has been shown wn previous studies (Staart et al 1949 Mana
et 1962) that many strains of the two Actnetobacter species have a
theemofainie surfice antigen which eauses (he bacferia to he aggluly
nated to 2 very hugh Bitre and which s destroved or d imagad by heat
mg Other anlions which Manrheun calls O antigens appear after
heatmg fo 160 G Autoclaving brings out shil other antigens which
Mannham classifies a5 deep antigens  ( Tiefenantigene ) whereas
Stuart ¢ al el tham O antigens 4 calcoaceftens oflen appeirs m n
cneapsulated from, which ean be divided inlo numerous eapsular types
The rcdatronship hetween the capsular antipens and the thermolabile
surface nti,ens does not appear to be clear
The different bchaviour of the  classical  Moraxella species (includ
wg the unclnssified strun) on one hand and of W phenylpyrouvica
W osloensts i the Acinetobacter struns on the other 15 interesting
hut difficult to intcrpret
‘The results of the azglutinabion tests demonsirate frequent cross
reactinity but lso marhed helcrogenenly hetween struns of the threc
classieal  Morixella species The unelassified stran appers to be
relaled to lhe same group Cross reactions wilth M phenylpyrouwica
we fes and weak and there are no cross reactions with M osloensis
or the Acmetobacter stramns These prelimimars results supgest that it
might be practicable to clarify the serology of the eclassical Moraxella
species further bul that inclusion of more strams and the usc of ab
sorphion tests would be necessary
The struns of M phenylpyronvica appear to be serolojically hetcro
§ pencous hkewise the struns of M osloensts The four Acinetobacter
? strams do not cross react with any of the other orgamisms In s1ew of
the } nown great heterogeneils within this group this finding as nexther
surprising nor iery signficant .
Che experience with the immunodiffusion method mdicates
Ihis 15 a very difficult method to standardize satisfactonly Lvenaf n
reasanable standirdization of the bacterial suspensions 1s possible lhcx
strains appear {o vary considerably n senstinaty to ultrasound an;
Qiiferent stramns need dhfferent lengths of ullrasomc treatment to r;n:kl
similar states of disintegribion There 1s reason lo suspect llhcre oq[
that varations 1n the numbers of preeipitate bands Pmﬂ“c;‘ dran’:l)hOn
Jeast 1 some mstances rather be due to unsatisfactory SM\nuanl;x e
than to real serological differences Another serious Lianta
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