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THE FVOLUTION
OF ADAPTIVE IMMUNITY
IN VERTEBRATES

Bu
F M BUr\eT
Teeceired 28 x 63

Anv attempt to trace the evolution of a functional syslem in mammals
must necessatily be speenlatine—it 1s also likely o have an out dated
fiavour as of somethung more swited to the wtellcctual climate of the
1890 s than of loday Yet 1t 1s sl arguable thal it s mmpossible 1o
understand any aspect of Jnang function unless it can be seen agamst
an evolubonary background

1 have a rather speainl personal mnlerest wn the evalution of the wm
mune processes winch arc the subject matler of convenlional mamma
ltan immunotogy In 1957 T shetchid a

clonal selection theory of
immumity

(1) and since then I hasc spenl most of my work and
\eisure 1n hecping the general approach emhbodied 1 that theory up to
date This has meant a conlinnous process of modilicbon <o that
many ways the account differs from that of 1807 hut xet 1t 1s still
basically a selective theory My ampression of current immunologieal
thought as expressed for instance 2t the Cold Spring Harbor Syvm
posium on Antthodies in 1967 was that instructne thiories were no
fonger admnaible bul that a thovough gow, clonal selection theory
was very distasteful to scientists nearly all of whom were biochemists
by trmning This may have been mawty because of the dufficulty of
subjecling such a theory to a crucal experimental test

Ay own attitude has become progressivels {o believe that if one looks
at the over all picture of immunmity there 1s no alternalive to a clonal
selection approach in the broad sense Accepting s my main mterest
has heen to look at the implications of the theory for the understand
g of the less experimentally accessible aspeets of mmunclogy ol
ably immunopathology and the esolution of adaptive mmmunity AHere 1
am concerned 1o discuss how adaptive ymmumt:

Yy a characleristic only
of vertebrales may have ansen i the early stages of Vertebrate evo
lution

Substance of a lecture given on May 29 196

3 to the Dant
4 the State Serum Insthute Copenhagen © the Danish Society of Pathalogy

1 crapamn76 1



Current Immunalugeal Theory

The essence of m up drled selection theory of mmmunity s that m
the hine of cclls ancestral (o immunocsytes there 1s generated by some
fype of genelie process 1 duversits of immume pritern This ts followed
by phenotypre restnichion so that v nenhs differenlialed unmunocle
ean produce onhy on patlern of immunoglobulin with the same pattern
persisting, 1 any deseondant clone Such cells curying immuasglol
ubin seceplors  recogmize  or react with any anligente determinants
which e enowgh sterie complementaty to the immuno.lohulin
combining sile to illow umon which ein stimulate the cell to sigmuft
cant funchion

A more rceent development which 1s of vital ymporfance to any
evolulionary discussion has becn the dinsion of adaplne smmuae
processes mto two rither sharply differcntiated syvstems VY sthout
attempling, morc thn a dogmalic stalement of the posttion these are

1 The thymus dependent system of mmmunocybes responsthle for
the phenement of homodsrift wnntumty  dclaved hyperseunstiisy
and wnmunologic o sueseidlnee These eddls produce ne more than
irice nmounts of immunoslobuhn

2 The GAIT depondont system of mmunocsfus it shick CALT

(gt associnted Pvmphoid hissue) represents the still incompletely

wdentifted mammahan equis1lent of the awvim Bursy of Fabrictus

These are responsible for the appearnce of plasma cells with their

speenized mechniem for prodi firge ts of

globulm (antihady)

Perhaps tie cleirest way of appreetatin, the differcnce befween the
two sustems 1s to compare the unmunoloyic) capauties of the chid
with ¥ 1. ymmaglobubinacmia with those of a normal child
In fected children there 1s no wppear iee of plasmy cils 1 2n \nlL
gomieally stimalited lymph node there are onty irices of mrmh(m;

Jobulia 1nd no des trible antbody production The chie!
weakness of these cluldren 1t the chmeal fevel 1s their mability to
handle bacteril wmilfectons of the rospuratory yrcd The course of ;n
attack of measles howeter shows no st int difterence ftoln‘: (lc
picture m norml uidren pait from Farhure to produce ‘c([)::
Qther aspecls m swhich such chnldren behave noraatly are msrci;;.m”;.
homegraffs beconim., sensitized {o «rmple chemenls such 2

rma armal num
ormal finvmus Mstolo.y and n
chlorghenzene and showing norn S .

bers of cwreul iting tymphaciies These char et rvhns e omic

with Good s interpretition of the condition as rnumn,urundm v

absence of some substnee or funetron meessars for the

of the GALT dcpendent system 112) e
As will emerge 1 fater discussion there £1m be no ﬂull’l)l::lc:l;?én he

tiymus dependent system 1s {he more primitie As ont
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¢ irs to be no genche abnormatty which ean be ke

;v}:';clz;]i:ca:Tncomphculed absenee of the thymus dependent sy slc:;\ e

To complete the broad oulline of eurrent theory mention mu
made of the phenomena of mmunototeat olerance If mimune pattern
15 developed by n randem process of duersificition gt 13 ncccs:’u’}
conscequence thal a proporiwn prrhings 2 {arge proporhion aof cominn
ing site prtterns will he reretne with polentinl b eme delcrnun.ml)s
of the bods s ovn components A mechanism must exist by which wf’l

forindden patterns must be ehinmnted The obvious suggestion (2)
is that when newly differentited wnmuneeries mect an anbienle
determmmant with winch they can yuaet (b aze destrayed The aller
natives that they are rendered functwonally mert or snitched to another
patlern seem hi hiy unbikedy but would be operttionallv equisafent to
destruction Tius capaerty to chininate  self rerclne  clones must
be common o both systems An ntercsiing example from human
patholo~y m whieh acqured tolerance o a piven anbien w doveloped
by the T B system but not by the GALT D syslem 1s 1o be seen
pro.ressne measles virus mfection of the brsn in the rare conditson
qubncube selerosin, pan encephabitis (5)

Irefence Processes v fnvertebrafes

Despite the relative snactivaty of research an mmmunce responses o

day the pis of classteat logy were ali deve
toped 10 relation o wiectious disease An attsck of muld smalipex pro
lected agasnst subsequent mfection with smatlpox buf not agamst
measles and vce versa This 15 the essence of adipine wmmunts a2

specific response 16 one type of antien enhy It 15 charelenstic of
vertebrates only

This munediately ratses a fundemental question How have ipverte
brates managed Lo sunvine without any form of adaptave mmmunsty ?
There has been xtensive study of the responses of mrerlebrales to
Lactertat infection to metazoan parasies and less edensively to irans
plwtation of tissue (e g Sall (11 15) Tripp (18)) One can probably
summarge the swuation M amiriebrites by saying Wial thes have a
fully adequate ¢ ypacity to present mnaston of thewr 1ssu

pathogentc mieso orpamsms o dedl with the early staes of estab
ished infection and withim bmuts to repatr traumatic or wfectne dam

age 1t 15 clear that there 15 a certrn cipacity {o recognize foreignness
prob bl mhberent in the mohute rells—haemor

Yles—of the body casity

Foreign mattrnt snserted into the eas Wy 18 dealt with Ix3 pha oeytosis
X

or encapsuittion but there 1s no e idence that experienee i deahng with
one tspe of bacterim restfs i amy mmproved epacy 1o respond
spuetficatly to that bactenum om o subsequent occaswon There are
often mtibody like tebions of myertebrate body Hands w for example
Inptutinating mammahisn ved colls huy nothing st alt equivalent to
antihody has ever been demonstrated

es by polentially

1
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The essential features of mammahian immune s stems are

1 Athvaius and probibly another primar hmphod system

2 Careulating Ivmphocy tes

3 Immunoglobulins and the plasma clls which syathesize
md hherate them

1 Capaaly to produce wmbbody on inli.eruc stimulation

» Capreity to regeel lissue homogrufls

The possession of ane of morc of these criterny idieates an adapine
unmunc svstem achiered or in the mahin, None have buen estabhshed
far any mverebr e

It 1s possible to txpress the @ffcrence belween unertebrate and
hugher sertebrale m terms of codfufir reactions provded we niihe the
reason thie assumption that the hacmocs tes of mvertebrate body casities
are homologous with and 1 1 cerfun sense mecstrat to the complex of
phasoervhic eells wd mmunocevics found m the vertebrates In the
vertebrate the capacity to reconize foragnness te, diffirence from
self structure s much more refured than o mserfebrates Only
sertehrates do we find an bty to repect skan grafls from other mndt
sidunds of the sime speeies Further there ts the essentiy difference
thal m a bird or mammal stimunlation ot 2 spuerfieally patterned im
munacste undcr approprive condittons wall kad to the production ol
1 destendant clonc of the same mumune pulorn no such prokforibon
has been scen m an terlebrite

TFhe Immune Responses of thy Lowor Vertilrafes

Most tmmunologic 1t ¢xperuments have mde use of the common
frboratory mammals but worh on the doenscstse fowl and a fos other
bird spectes shows essentills sumiar cipiatus Cold blooded w;ul
brates have been looked Wt by fuwer investi itors but 1t 1s c)nrdi ac
unphibrmns and reptides erctd Wmons wnd bont fish < nrl‘llﬂ"a ﬁg
antibods nd rejeet homegrafls he 2 thunus and cireniating hymp "
cvies and huve immunoslobubins with many chemicat stdaribics
mammalt i ones (16)

Next below the fishes m the yohittio
cel shaped marine or fresh water animals with 1 notochord in;.;)‘nz;;\}\'c
vertebrae iching jaws wd now represcntcd Iy Tunpreys wid 1 of 1ls

There are numeraws speexs of Jumpros but latgels s & resu

actielly
a1 L ches of North Anrict pr
o et Siues. o . on the marmy famprey

all mmmunologic il studies have been i e e filter foed
Pelromyzon marinus The larval forms of it Lampreey s 11
ers Ining fthe many small imverichrates on murmcﬂa‘;“sb““ anits
water or mud of fresh w aler streams Mier mu'n;:ori ¥ hat they can
of Pelromyzon normally movc donnt streun tt; 1q thtur}ur emvron
al.o camplete thetr fife escl sn fresh w ater lale

nary seale are the Cacloslomes
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ment they are parasitic en fish Thes aitach by therr sucher mouth nnd
drlt g hole wto the tisstes with the rsp ke tonque They feed pri
morily on hlood hut also hberate n protcobuite secretion which pro
duces focal tissue damnge
Two gesern of hagfish hmve been stutied Eplatrelus 1nd Myowne
(7) These are 1iso parasies on fish parbenlywh wgured or mmo
bihized ones 85 well os scuengiers Like lampress ey penetrate the
body but ence mside desour eservilnng but bove and shin
Insestigatzon of lamprey s and hagfish from the mmunolopieat wpk
fias been Iarpely Limiled to the work of Good and his eoltengues (Paper
master et (11 18y Tinstad & Good (6 7)) bul the resnits yeported
seem o be defimine in showing that the lumprey posscsses + primifive
and relatively mefficient ymmune system The posably more primating
.fisk g1ne no positne findings One gathers howeser that st s 1wy
diffieult anamat o maintaun in the Iabor ttory and there 1s 4 posabihity
hat undermaore Raturi condibions some postne responses might hue
been obtamned In the lamprey Funstad & Good (6) found that sntsbody
was produced to 1 Brucelin vaceme but not to § other standard anligens
mcluding phage T2 In the eputhelwm of the pharyngeat gutter there
are small groups of Ivmphoud cells which mas represent o thymus and
there are cwreulaling, cells resembling Yare and mednun fsmphocyles
There was a clear differentiation belneen skin autografis and homo
wrafts Al */ autegrafts were retaned indefinitely the same number
of homo,rft experiments all showed rejection 11 3 1o 8 weeks Sensilt
zalton to tubercuhn by wjechon of Freunds compiete adjwvent was
dso demonsirated 1L was notable that w these expeniments a high
degree of local senstization often {oliowed by wlcershion deseloped
ey e etn
wus dependent wimunorytes n
mammals arc much more cliarh, demonsteable than antibody produc
tion This 15 abse seen in fish althonb antibady production s con
siderably more versitide than m lampravs Dothing 1s on record nhaut
nm’r;:::nc r‘e‘spon:!es m mm'cl ‘;;mn}inc Chordnta
only evudence nmlably therefore pot
dusion tht the adaptive inmune s\s(ln? e?;sh:t]mfx,‘ixt} ‘l: the con
cyclostomes that ils essentiad characteristies tonk form th brimin
been mant uncd w aly subscquent verlebrate forms Th o and hwe
5 mmmedsalel
Poscs the queshion YWhat evolutionar need was res] alely
far reaching functionat change— the appearance of an Zgnsxhln for this
stdem miwibh b qualtbies anadogous to the thy aptie immune
sastem m mammals? mus dependent
The Fooluliavary \eed

1T there 15 1o weakness m the ahadst
Y of myverteh
chordates ke Amphioxus Lo protect themsehes "m;ﬂ;;? o rimine
wn amon why was iy necessan to wvolie g new ‘xdnptnecsr\os:lcr::\;““?;x
or {
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vertchrates? A closely related questson which prohably provides the
chue to the answer 15 Why do vertebrates not only have the capacity
to reco,mze foreign hissue from another mde ideal of the same speces
but also produce 1 wide e of antiens within the speetes which
atlow this reconition fo f9he place? The firsy sz, eston that immuntiy
wns not wholly coneerned 2 the evolulionary level wath defence
agunst infection was due to Thomas (17) He rused the question
whether the remarkable abilily lo defferentinte befwien fine chemieal
differences mught hwve been related to ulher of Mo other circum
stances of great evolulionary sigmijeance the position of the foetus as
2 vrtunl parasite of the mother s bissues and the prevalence \n mam
mals and ards of malign wat discase 1bse equuralent to a parisitic cell
population Iving at the expense of the host The maternal foetal re
inhonshup occurs aberrmntiv m a few species of fish but only became
standard in the gher mammals It could not hive been concerned m
the early devclopment of the immune mechuusm For several vears [
was deeply impressed with the polenhital importance of canccr as an
evolubionary agent A cancer ansing m 1 pure hne mouse can be trans
ferred by moculation to U other mouse of the same .enehic quahty
but more easilv o a nevhorn thin an oldcr 2mal If there were no
histocomprtibilits differences buinuen human Hrinds cancer WISING 0
old peopir and mvolving primartly or sccondanty Hu surface hissues
would be nfeclious for v mildhy triumitized areas m Ch”drlm
Such 2 process if i comld arwe would ripdhy produce e‘: u
tionarils mtolerable sttuntion There are other reasons too \\hiz a 1{)—
tive immunty might have 1s its most imporiwnt function the “} '“E{"h:
recoqmze and destrov mufant somatic cells arwsin, m the bod 5" 3 :‘“
surverllinee funclion has been discussed elsewhere {3) Loo cn)c
purely from the human (mamumahan) angle 1 very strong iﬂse“c" m’]
made for believinn (Wt the most wmpartant function of “gapm‘eform
munily 1s as an incomplele prohchonf to the sprows agmmst a
of mahgnaney tahing on i eprdemrc form

Adquh\o uiumm(l) however 1s nol 2 immmahn d‘sc,mc:quhrm:
fave emerged first amon.st the cyclostomes or thew eatalls
of Ordavician and Sduriae tmes Caner oniy thnmﬁhpo o equent
portant 1 large ammals g for long purinds ‘"':: ;‘“’n;ﬂc eancer
bodils contact of 2 sort which could 1llosy Lranspor! ‘; & wafer e
cells from one 1o the other Free swimmn., mannc ox; r}crz ot by pre
mls producine, Inrge numbers of offsprin- mostly (el;m f)xscnpancy
dators do not fit mto the preture Winle worry (na‘mu;lemms of both
] began to think tbout the nmquely parasitie © “‘ms 3 clue
chsses of present day cvelostomes Here perhips wa

Cyclostome Evolulon and Adaplwe Immuntty ety
Until the mid 1930 s there was ¢ flournshmg wniI‘ 2; ;::;:\M abcs of
portant fishing ndustry 1z Lake Supertor and the ofh
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Norih Amerie hased manly on the Joke trout (Savelrnus} Within ten
years the trout were vrtaalh extermnated and the andustry rumed by
The entry of the sea lmmpres (Pelromgo on} mto the Inkes There are
sevcral points of nterest about tlus veeurrence AN Limprevs spend
{hiewr 1arval bife sn fresh water sireams and thouph most adults After
nitamorphosss mirile 1o the sea they are equnlhy eapable of spend

ing their adult parasitic penod W frish waler Sen lampress were pre

sent 1 the lowermost of the Great Lakes Lake Oniino presumably
smce s formation but they had heen wnnble 1o piss upwards Beyond
Nizgara Fafls Apparenily the ealargement of the WeHand Ship el

whieh was completed m 1932 provided the opportunity for lampreys o
reach the sther Ikes and to find swtable phices for sprwing and hinvat
growth i their tributars sircams Pestruction of fish i the newds
msaded aren was sartually complete but it 15 sigmfrcant that trout have

dways been present m Lake Ontarso and thowh many show sears

where lampress have been attached a modis pwends biwien host and

parasite hins heen estnblished (8)

The fact that it lampreys and hayfishes are parasihic in the adult
form—the fen non paranhie lamprevs do not feed 1t Wi durmg ther
adult phase—suggests that the halnl has been common 1o the group
sinee e carky days of its evoiution I & wwmlar form of blood suching
parasiism arose i the Stlurxan the only poluntial hosts with « verle
brnte type of blood oireulation weuld have bieen other evelostomes 1tis
eqsy to concene of a form like the existent ammococte Iarva of the
tamprey hving on micio erganums  fmding an ddternatne way of
hving on red eelis from larger forms of the same or related spectes and
evalung vanous forms of parsitism I At thas tume the tissue com
ponents of host wnd parwsite were so sinular that there was no effec
tie way By whieh the host mdmadual coutd mount a defence a qimst
the paraste an intolerable sitnation would eventially arse by :.hn:h
the extinction of the host speetes would sutomaticathy alse chumpate
the parasite A wituation where a group of orgamsms has become &
rided anto (@) prrasites capable of entenng the Gissues of {b) the host
form which was unable 16 react tgawnst the myasion would ealt £
urnent evolationtrs devefopments We are assumun,, that the ar-\fnt(r
huvmg essentiatly the same structure as the host af 1 mxadmf ‘Pi
bc‘m “rg mu:‘h he samie situation 4s 1 cancer celf 5 ol

ieved with the andsisht of what has emer,ed
fation there are two possible wavs of escapin., (:om 1&::{22‘;{: oo
1 The host forms mught develop an impermeable bo
wouid prevent the parasite from enterm, the hs\u(eii conting wiich

A process by which the parasite coutd he
mipht develop

2

recagnized as foreign

A It ss of wnterest thal the first sertebr
are of hently armoured ey elostomen the e fossils fram the Sturian

Ostracoderms n winech bony
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pltes hue devedoped over most of e skan here are ather possible
reasans for these plates than for profcction s unst other cvelostomes
of parasitic haliut ind for obvious reasons ontx armoured forms will be
obscriable in the fossy record

Wihde thss paper was bemg winiten ap mteresbingds redevent anne
bition appered it Nalure e regard to what ss conmdered by piine
anlolo.1sts to e 1 evelostome ancestral to both Inmpres s and hagfishes
This 1s e anddle Sifurian form Jamoytius, an elongate vericbrate well
enough prescrved to show 1 round suctomial mouth with supporting
cartifaae and 2 simple branchil baskel 1t wis about 20 em m lenath
md of 1 clonate tumproy fihe shape but differed from Al hiing
crelostomes m having 1 single row of scales on each side It fived 10 2
manne ensiwonment nd 15 resarded as woadeal anccstor for the
modern cyclostom¢s  (13)

The pomt of major imterest in the present conneclion 1s howerer
the finding that  assecnted with Jamoglins are lirge cirbonaceous
sheets of the problematical orgamism Dictyocarts and Rifchie notes
that these we often perforited by numerous awrculir holes 3-5 mm
cpess which could hve been crused by Jamoglies

Here then 1s 2 cdear suggustion that the present suctorial parasthic
halt of fimprevs and haaft hes poes back to the Sturm thereby
rtber strongly supportin, the hypatheas that 1 h oo prosented abose

B The evolulion of 1+ mcins of rcconmizin, 15 forazn 1 closely
rilated type of orgamsm nd reactm, wamst i an much the sune wy
15 1,2mst 4 prossls different Bpe af picaste would probibly be v lony
and complex process It would demand that the host spreses should
m the atsell different from the parwite by a process whieh the parstbe
wpecies eould not easily neutrilize by muiking the ~unt thmse Agwn
m kg usc of hndsipht the most promsin,, dircchon withn genclic
possibility would b to allow an nerensed flexahity i the patiern of
cell surface components eapable of bung recogmzed A Tndom
series of changes m what we now speah of 1 histocump iblty an
lgens oceurring rather frequentty coutd not b match ¢ hy another
hne or speeses T qually important would he the devdlopment m the
ntolule defence cells of complement uy pilerns «xp thic of recogmzint,
witi,en patterns different from self

l(h\\m?(d be uawise to sput L web of speeulaiion about how the pro-
cess by which immunocytes develop their diversity of paterns mm
hove evolved That may become a legrtunate cxeraise whon we under-
stand the nature of the process as i exists mammais I emnol rr.:ﬁl
however rusing the possimbly that more or less semutianeousiy i :‘f
may hinve deseloped a greater flexthility or mulbabihty of the {,cn{owkl
which conld be seized on by evoluhon (a) at the germin it «,om“xc 0 o
to allow a mathplcits of random Mstocompatibtlits antit nshz g:‘ A
within a spectes (b} 1 (he somatic gencty leaed to How r:‘em; n
random pracess {he development of dnersified smmune pif
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wnmunocytes nd {c) perhaps to apph the snme prainaple of donersift
cation 1nd clonat selechion o the ceftulr differenhinlion of some other
organs or cefl types (8) It conld be equalls concenble thal m un
wanted mamfestation of the same flexititdily sn the genome has been
the emergence of mahignant diseast

Imnuinelogteal Survedlance

The hypothesis then becomes thal adaping immunaty mas hase
evohed s a response to the devclopment of parasitism by earls ey clo
stomes on hosts of sumiar chameter perh s even on Inrgor indavsduals
of the same species 1t should be emphasized anam thit such 1 siu won
1s closehy annlogous {o that of a focus of neoplastwe clis acting as 4
virtual parasie on the wmaf sn which st his ansen The need both
s the development of 4 refined mech imem for recosmzmny, fores,nness
and mounting some form of reaction to destroy or nmumnmze the cffect
of the foreign cells or orgimsm

The genertl wrgument and even the detavied
viously to develop the hypothesss that adaphave
means of minmzing the dangers of malignant dy
therefore he applicable to the present hypothesis If 3 should emrge
that the same Joosening of genetre contrel that was needed for the
development of an adaptne wmmune svstem was b responsible for
the appearance of eancer as a disease of sestebrales st would be wn hne
with ovolutionary prineiples that the new mechamsm of adaplane

diseussion bised pre
immumty arose s 1
sease {17 3 43 would

155, the normat Proc sy
ine of mahiin it disease tha to stry,,.,
of immunoth rapy

CONCILNTON
!1;::xsf‘?:g(;;r:snisls;nhall)l an attempl 1o ye enphasize the unportance of
munologieal sury eitlance 45 g
malnnt disease in man wou ey more.fenout which
@ Probabily be much
mor
imele vounger age BTOUPS 45 olntomy e s et w14
sunverilance was the absenee of apy eredible me;
wdaptiyg tmamumits eapable of survtl,
wtariy moarnne vertelrates presy

ekl of cyelostome t3pe
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I mws never be possible to obtaan dectsive evtdence n favour of the
hypothesis of parasstism of evelostomes by closely related smaller
forms The wdca howescr brings mto reasonable relationship a range
of facts which would othrwise seem to Bave no mutuad relesance viz

1 The lumpres as the most prumine ammal to show adiptue
mmmumby

2 The much yreater mmportance of thamus dependent as compared
10 GALT dependent immune funchion w all the lower vertebrate
forms

3 The parasttic character of most enssuing, evelostomes and almost

certunly of at least one Stlurian form

The armoured sk of many Siluriwn eveloslomes (Ostracoderms)

The dentonsiration of the evolutronary polenhinlhity of e3clostome

parasihism i the Great Lakes 1930 So

O

The addilionad sug.estion tint the evoluttonary solution adapted
which required the desclop t of multiple hust patthility antigens
as well as of molnle cells carrvin, immune pattesn ook the form of
an merensed fleninhaty of genomnc controt 1s equally speculatne It
conld however have heursstie value for the understandin, of ceflular
differentiation and of the hascs of mabnwnl thm.g m eells
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ANEURASM OF THE
AORTIC SINUS OF VALSALYVA
\ Case of Rupture and Myocardial Infarction

By

Jens Owspy
Recefred 20 x 69

4ncurysms of the aorfie sinus of Vsaha are rare The purpose of
presenting this paper 15 to report 4 case of the extremely rare aneu
rvsms onginibing from the Icft tortie sipus This ancurysm ruptured
resulting 10 acute myomalacia becwse of compression of the ndjacent
felt coronary ariery

Furthermore 1t 1s the parpose to draw atfention to the fact that
certam cases surgrcal treatment of aneurysms of the simuses 18 pos
ble and consequently an ¢ s ditnoss is of the sreatest mportance
Previoushy the diagnosis w s rurch mde i i but during recent
years tlus h s been done mcreasingh wnd in such cases primanily by
roentgonologie U studies (2 16) Swce 1Y57 ncurvsms of the sinuses
have been operated on successfully cmplovin, (\irnorporal crcu
latson (11 15 19) dletras «f al (1963) hme published 1 collectne

review of 23 succesful opertions

(i5k REPORT
The paticnt was a 7€ year old woman wh had b bealthy giress v iy Ten davs
before admission she was taben tl with a savere attm) of sten ¢ the wmp:n:
b1 dyspnoen She was admattcd because of cac i m uffien  LE o s examme,
ton on admission s caled pronounce dy po e at nst and mart d B cn‘sx nl"('
Jugular aesns but no eyanosis Bleed gressu o 100 mp K Pu‘;‘t e ostal
repular On auscultation the borders were wnd 1 byt the (.\u(;:‘ lgm;nsm
Tonre and the Ieft sternal horder with the pr 1 smpubu w the Gt SRR
space out tde the medioclacular hne The rhatm wa nioutar and 1 TounIY
P e detcated with cortamty Slight preirbisl oudema Was prusenl

n rmal Dndings Fleuty eardingeam
part of the physical exammation reveald 2l Bl F e

showed reeent mfarct of the anteryr watl of 2re

wd ventricular extrasy teles Treatment wa nshituled with ‘h p&;(z:;‘c“ﬁl{':‘;"lf
rofuston mory hme and otygen whereby the dyspocea w8 mt\cm onsidecabl
A few hours later on the same da 1he patient again brean ¢ extrel ’;"r s
and now au cultation revealed a systahic and dastols $4 wing ml‘:';\mr\ fndsogs
point of maximum tessity ever the aorta Because f the e aused

16y 5 at fal to Chief
1cn to use the chmeal materzal 1 am & pecrd
Pedersen N D davderbro Hosy ftat Lopenhinn Denmarh

Far the permu 3
3
Tens Dlsen Pandehugyersan, 21 340 ol Denmar

Physivsan Jorgen
Hequests for yepnnts



4 The abose

4 Wt perforation of the septum might heve OCCLITT

:;s v:“i":::’::;eaud s?xcces‘\(ulh Duarsng the subsequent dayy the patlent 3;\3(}&

h;n‘:anad greally She was treated with d‘mmlh{ :‘r‘ul ‘d;:ni:::ics and in sddition

it bophichs of the 1!

m(‘;:h::t‘iw%uhms ch: ;x\:!“ ntgenor resealed m delrnh ;artuac tn!argcml;‘n,:
o the aorle arch and maderate bilaiiral puimonse congestis

;:‘}?a[;:(‘;sr;nunal\sns ‘Haemoglahsn 6 8 to 184 £ per 100 m! ervihrocste wﬂlm(nlnt

{ion rate 190 to 79 mm/h red cell count 2% milion yer cmm white et cmm'

14090 to 10000 per ¢ mm Serumlacticdehy drogensse 135 to 101 mine #hél {ancms
$) Strum electrolates narmal

";R:u:"st:e:\ndgzy: alter admission the patients ron Htion deterrorated She beeame

heavily despnoic and svmptems of Bilalera) bronchopneumania develaped Con

sequently treatment aith pemefin and theophtilamine way instituted but the

patient died the followmg dan

FATHOIOLICAT FINDINCGS

The betos Sosenption of ihe attopsy mcludes only sueh Dindings s arc
of wnterest 10 the present connesion The heart wesphed 652 ¢ On ex
amnation of the aorhte onlice hefore the heart was opened prio
nounced stenosis was found The eusps wire thiehened riud and in
flenable The diameler of the orifice was 4 mm and beeause of ealails
citson of the cusps of rrregubar shape Imimediately whase the sem
junar vaive an arca measuring Approamitely 14 % 20 mm was found
to be site of severc atherpsclerosts towards which the strcam ef blood
from the narrow sortie anfice hid been directed (3et phenomenond
The remasning portion of the theracie aorta presented modoraty sthera
<elerolic changies only whirens such chanpes were provounced o the
abdomunal carta
The heast was opened by the commonty wsed methad dnadin, the
it senudunar eusp nto tne The onfice of the lefl coronary arters was
wreewlar and somewhat redaecd w size because of atherosclerotie
hamoes 4n rreguiar apemng n the aortie wall was found 3 mm pelow
iy onificc ahout 5 mmon diameler leading mto 4 cwity approx
mately 2um long and 2 om wide sunated in the muscnlar part of the
mk‘;\‘t‘nlrmuhr stptum This couty was hned with o smooth sluny
;Y:H‘L ‘::’Xr:i,‘ﬁln:')n anndnm‘l‘e;is ;ui!l: blood clots AL the apex of the
throw.h which h!oodp;rc‘mqlh oty oo B e o 1 dianctee
cent musenlar bssue 1 the 1n(;c$:'?eu:!§ml g Deactrated g the i
m the eavtty maintwned g cerhl:\n roomare o i o 21 The blood
e om o pressure so th the aneurysm was
! surface of the heart to the left of gort ) Us postion mmme
‘hlr x:::;x l‘)f-,ln‘:: ti':(;cl:é( coropam arlery crused the anteryor descendmy
upwards and us lumen g b

¢ parrowed 1n the
sorony wrhors there mas a modcrate duituse atherosclerosis but no
sty of thrombosts or emboly
. addihan

the \\;\3\ ol the left sentricte was somewhat by per

trophin up te 17 mm Buch Corresponding, to the septuin md to
Sl porhion of the wterior wall of the tefl venkricl. ap area of th

mocwrdin was strealid walh baemorrha,e and presented sc\er'xel



Section throngh ot
anedism Xufld ﬂ":le‘rlnr wall of the Teft ventrrde 4 Fertph ral portion of the
closels pelated t nh endothehum and situated tn the  rdsac musculature
id to and compres mp B The anturior e ending branch of the Jeft
c ropars artery

Fig ®

Secticn corrcsponding t 1! septum
AW et ders pun Insertcd from the defs arriie
‘iaus into the cra s scetr ned blo)d inled
ancurysm B The anters r de cending
branch of the ket cornar  artery
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Fig 3

st Jogreal section from the septym. & The anterjor g,
teft ¢ ronary arlery B Blastie fibres forresponding to ¢!
Furthirmore cardeac museslature and connecty
tion cells are seen (Weigert s el

escending hraneh af the
he <all of he sneurysm

e tissue tnfiltrated by inflamma
aslss stan 4p X3

mll neeroses The Yemammng vatves and sahyylar anfiees of the heart
Wwere normal

\ficroscoprealls 31 the zone surrounding the ane

of neeroses seatt;
fibres (Fy, 3) No <i50s of speail;

were there any pert artepya) chan

ered between 1hy muscular
se mflammation Were preseng N\ewthey
8€S of forein body gang cells
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DIScUSsian

The aorhic smuses of Valsalin dernve their names from the coronary
irteries amsing, from them Honee thare 1s 1 npht aleft and a non
toronary  sinms Aneurysms from thuse stnuses and m parbintar
from the left sinus are riee Sinee the fiest reporl on Aneurysms of the
orbie sinuses appeared (Tharnam 1840) the number of cascs pub-
fhishied lias mercised to more than 150 Scveral wthers ropert farly
dentiend frequencies ¢ approximately one case per 1000 autopsies
(5 6 7) Amon, o890 ¢1scs of rorlic meurssms  Snpder (1937) found
083 per cent aneurvsms of the sinuses In analy lieal study of 2000
¢ises of congemtal heart disease 4 aneurssms from the aoche sius
were found (21) Aneuryams (rom the rghit ind the non coronary
stnuses 1re much more frequent than thoese from the left Among 49
wenrysms 34 orsgmaled from the right 1% from the nop coronary
wd 2 from the left sinus (1u) On review of the literature Falholt &
Thomsen (1853) found similir frequencies Ruplured incurvsms are
stated fo oceur four times s frequently momades as m temales The
Wernae fungth of fife ss stated to b net more than 33 years (3)

The rweliology of the ancurvsms hs been the subject o discussion
To day i 1 beheved that the cause stucd by Fduards & Barchelt in
57 15 contributory  They showed that the cause was a deheient
communieation between the medie ot the aorts and the mnulus fibro
sus This explanation agroes well with the fact that most aneurssms
e congenttal (8) The non congenutal ncutrssms are paused manty
by athcroscherotic or svphihic chinges  burthermore subacute ot
uleerous endoe irdstis mas be 1 contrbutory cause (11 22) wnd fmally
cases hne been reported in winch presumably congenttl ancunisms
rupiured because of endocardiis {12}

Ancurysms from the night smus rupture friquenthy mio the sight
ventrele the rupture (rom the non coronary siaus is umost alwnays
into the right atrsam (8) and m case of 1 ruplurc of an meurysm
from the leff sinus tns will be into the puimon sy wtrns the left
ventnicl or as i the case reported in the prosent put anto the ep
cardium and/or the myocardium 19 13 14 In cwesof "“el“r)i"‘i
trom the right smus there will often be 4 cntruuly septat defee

15 16
‘ :losl)communl} a non ruplured aneurysIt s Sy mP“’“‘_““ w "’(‘“’1‘:
cases the ruplure 1s provohed by physicst cxertion 117 181) ;‘mqm
4 rule darmung svmploms will Do prisinl severc l’m“‘; "}‘HSMW
dyspuoea and shock (9 17) On amseuhition 2 systolie mtltl\nl ot
murmur will often be found rescmbhng that heard m p; <cconds
irteriosus 123) In cise of rupture death nuy oceur ‘":‘):snhccn ab
although suriiat for up to 17 yewrs after 1he ruptur S rdiae
sered (11 18) The most common course will be mercy b
wsufficienes and detth within a few months {10} - —



1 his not hun posmible to deade with corfamiy whethor the cis
reported m this paper s ¥ punmine {congemtil) neurysmor 1 pseudo
anenrysm Probability sirongls supporied the Jattcr presumpltion swee
the Aneunsm must be censidered to Bave anisen in constuente of @
weakttens of the wall of the aarta brenwsc of ti local bul very pro
nounced atherosclerosts 1 Tepards hoth the made of ongm wd
epicardhd extensian the aneurssm presenls eertun porsts of resum
blance with one of the cases reported v Sorensent & holsaker (1962)
In their case the cotonary arlery w is not alfected and the anenryom
had ruptured into the fi ventriele In the aartble Iderature trce
cascs were found m which an anuurysm from the left sinus or from

the immedrie surroundings of the 1tter Wad cansed compressian ot
the left coronnry arters (2 10 140)

ra SUMMARY

4 casc of ao aneusysm ansing from the Idft aorhe stnus of Valsalha
15 presented which resulled sn owclusion of the anterior descending
branch of the {eft coronary arlery cwusing myocardhal infarction The
ancurysm had burrowed downward wlo the mwuseutar part of ihe
wmtersentnicuiar seplum g correspondin, to the diskal part of ihe
meurysm rupture and diffuse extras wation of blood nto the eardiie
musculature were found The Oindin, was mterpreted as o pscudo
weurssm  ansing heeause of severe atheroscleresis mmd weakness of
the wall of the aorta The mmportance of an eatly dianesis wd o
possihle surgical sutervention i cases of aneurssms s ":en!loned

RFFFRF\CES
i

Metras 1 Mjork V O (ullhed I & Int nu F
"1 the ms of Y aléalie it Aentnocter w7l congenital sacurssm
3 o109
hops H D Ancurysm af the sisus of \
\ et Pt 31 gor-ag e o S cansing coromary eclusicn
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A CASE OF INTRAGCLREBRAL CHONDROMA
A Case Report

By
J trvosed md H HeEwmuwivo
Recelred 1658

Intracramial ehondromas arc rare oceurrences Most usuidhy they are
found at the base of the shull where they may originale i the caritia e
nous remuns of the basal bones or n the nasal earlifagis (Alinger
1951) Another comnnon loeatson 1s the mumn,es espeerathy falx eerebrs
{Russe1 1900) As 7 vule solitary satracramial chondromas Ive bemgn
hastolo,teal and growth patterns and n the rozjordy of cases there 1s
a chintent hustory of some vears Headache drzziness epileplie attacks
or comulsions are frequenthy

present Usnally symploms dis ppear
after extirp ion of the tumounr

True mirwerchral chondromns are extre mely rare Table 1 presents
S1¥ such cases meluding the present one compited from the previous
htersture Chondramns of obuious memin

ool anigin are exeluded The
et prescnted here was wnwsual in the sense that 1t w as found at
mecico leg, 2t awtopsy follown, unexpeeied deat!

h Moreover the leenh
@ition of the tumour drirged from hat other

Wise seen 1 most of the
reported cases of ntracranmial chondromn
THE CASE RISTORY
Anemnes
Th

ac ceprsed £ oaut py was a tpale 53 years of age The man had by
o
h|na!ed 2 m 19 vcars agn T ¢ 2 perd raded ventmeutar uless 12 yearg ag: 5 feua';
ad Kicked D mow the head and une nscrawsness an 3 convuisiany followed The
palient was <b erved 1 a hospital for two weeks but no
b ried sh uthatfase rlater he had & sudi
£ ubara humdal hacm rrhage ang the patrent was exa
e fthe Laners ty

P 1t the man wa
I um tances were und s

1 sight
Iegal autop + wav perfrme ight seemed
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dutopsy Nindungs

The nutnitional slatus of the decersed was qood No sins of violenet
were found The ventnicle had heen resected and conneeted o the et
Gther pathological lindings in the \iscer s were not obser ed

Apart from the neaplasm the Druns were macroscopre iy normat
The vustncles did not scem dilated Tr the left lborad sentnede a tu
mour 4 em m drumeter was stiached to the flonr by n thin short stall
bt otherwise it was bathed freddy s the ecrebrospinat fimnd The cho
rowdal ple were mtact o b wemorshages were abiscrvable The surface
of the tumour was rough and cruliflower bhe The conuisieney ws
firm and elastic and  earhitainous to the touch

Histological Examination

The spectmen had to decalaified before s
m 17 per cent EDTA solthion followed by
seetions were stained with Haemwexyhn
3! fast siolet and Toludine biue for st

eetioning This was effecled
embedding, n paraffin The
Fosim PAS Aleian blue Cro
ochumieal characteriz wion

maticalhy with Tohmdine blue wnd Cresvt fast 4y
PAS and Alewsn blue posttive The fibres were als
statned weikdy metachromaticatty (¥,
chondracytes hut «hiinted g

olet and way tse

© PAS positive and
2} The nee

o e ter TA trevment The tumour
t & connectine bisyue cpsula No yaf
£rowth through the capstiy w ubser thle it

LOVMENTS

From Tabl 1y appe is that
e foc ited
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Py 1
Toluidine blye agg 5 In the

UPPer edgc tvpi 1 chon Irom
metachromatically 1n gne lower half degener (1

tus 1 sue which staing
blasts ape Present N\ote the 1ack of metq hio;

h ndrecyvtes ang a few fiby,
™y un the latter arca
I »
Cressl fast violet 6o 5 1., the Ift o few Iy 4,
the metachromat,e material To the

'~ chondrocytes which b ve seereted
right ¢

he degenerated tem ur tissye
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amount of sround substance and a fews Nibres which 15 1 aceard with
the histological features of hyahne erhiage 1nd sinee the tumour was
not atlacked to the surroundings and no infilralie growth custed the
tumour was to he resarded as bemgn Histochemeal characterizalion
of the ground substance around the chondrocvices rerealed the nmieta
chromabic starming ind PAS and Aleran blue postineness which pont
to acid tances possibly a chond sulphuric aeid content
The necrotic arcas lached carlidage colls s welf s the melachromatic
ground substance

Unfortunately nothm. but speculations ean be made cancermng the
ongm of the tumour The present chondroma notsceably rosembled
those reported by Letferer (Numbers 1 and 2 m Tabic §) The three
tumours were found m men had consisted only of chondromatous
tissue had displaved sohitary gronth witlun the cerebral ventricles and
were well separated as an exception no attachment w 15 noliceable at
the choroud plexus m the present ease Thus mn this eqse

the menngeal

our was thoroughiy firm i consisteney  Con
sequently there temamns the possiility of o melaplastie onn 1n the
!

ssue beneath the ependsma The trauma

REFEREY CES
Chursb 14 J Jar umskr 1 & P
Conee Obstet g3 677—0'38"1'9'1119 £

t

Intracraniay solifary chondrama, Surg
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Jacodb € € ;‘z{laa F 4 Quoled from Chorebshy et al Arch argent Newrol §
13 1983

Ringer 31 Uber hnorpelyeschwilste der Schodelbamis mit mtrahranseller 4us
dehnung Acta peurchte (Wien) 1 337-380 195

Letteser F Uber heterotope Ceschwulsie der Aderhantgeflechte Bertr path
Anat £7 370-415 1920

Rubinstein L 7 The deselopment of contruon
tissue fn intracramal tumonrs 3 Path Bact 2! -H!--(SS 19;6

Russef D § Menmngeal tumours & review J chip Path 3 191-211 1950

Stqutera E B £ Dueg P € Case report Chondrama aftstn, withm a mrved
ghoma J Neuropath exp Neurdl 2o 667-673 1966
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2 Norway
titult for genercl! og ehsperimesntel] patclogh Rikshi s italet O fa
s i {Head Professor © H Isersen)y

CELL RENEWAL
OF THE NORMAL MOUST CORMEA

By
hurefuewn
Recelved 31 ¥ 83
Hecent findings have gnen new nformalion aboyt the «cht renennd
n squamous epithelia Accorting to the old coneept the celf divissons
w the hasat faver sesult 1n one new basal eolt and one

cell Seseral new imveshyations indreate that this mod.
(Jeblond Greulich & Peretra 1964 Greulich

diflercntinting
el 1s meorreel
1964 lversen Brerknes
’s that most celt dinisions

squeezed out mio the jwver of differentiating eells W hen fhe tissue 1o
m 1 steady state the number of cells feaving the basal cells Javer 15
on the averase equat to the number of cells formed by the cell dung
stons

Normal
of eelt rencs alm squamous epithelia s xahd oy m th pttern

1S fassae

METHOD ap MATFRY i1

Noede e hr ket abegt 3 m nths alg wer
(o e om0 v st tha et
S s e gart of the € et epitnani 5 35 Tayers of ponsehiet
B e B e S Sl ¢ hiener a4 3 S are u natie g
3 S e ral PR Th e ithelum 1e o f g trmat o ot
LR R seen in the normat corpen epithetium T Fot Kerating

was 3 .

et 1 somtamed 10 L BT jn phperl S T o7 10 days Lach
Pihers, e atiee Y0 dana Ty ac o8 806 e, 4’y FL0N < miee
actn e ant 4 B I R
utian {1

he e
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24 hours After routive dehydration and paraffin erabedding the specimens were
cut m By sections Autoradiographs were made accarding to the stripping fiim
method wswg hodal 10 AR ilm plates After a 4 week LXposyre pertod in the
refrigerator the films wore developed and the sections statned with haematoxylin
Labelied and unlabelled hasal and diff cells were counted 1000 cells
in the anterior part of the cornca avoiding the thiel er peripheral zone Cells with
their nucleus omented vortieally on the basement mombrane and with thesr cyfo
plasm in contact woth the basement membrane were counted as basal eclls Cells
wath flattened nucleus and wath evtoplasm not In contact with the hasement mem
brane were counted as differentiating cells The background activitv beiag low
cells with 3 gralus or more were vegisternd as Jabelled

The animals examined I3 means of the Colcemid method were jected with
§ 15 mg Coleemid CIBA” intrpentoneally at 8 am and }lled exactly 4 hours
later The eyes {rom these mmce were treated Jn the same way as those In the
previous series and the seetions were stamed with haematocylin eosin and saffrgn
Yistaoses as well as basal and diffcrentiating celfs were counted separately Here too
the perwpheral zone of the carnez was avorded The mitotie rate (defined 23 the
percentage of cells entering into mutests per hour) was calculated by means of the

cquation R=-$ where R is the mutotic rate <nd ¢ the number of arsested

mitoses ¢ hours after the fnfectton af Coleermtd (far discussion of the method
see Fipsty ® Dustin 1925 Flgio 1966)

FYPPFRIWENTS AND RESLETS

A Tritited Thymudine

Groups of 4 1mmals vere hilled dasly at 900 a m The first group was
killed one day after the first injection of *H T and the st group after
18 dvys

The results are shown 1 Iy 1 The purcentase of fabild basal
cells mereased rapdly during, the fuest 2 3 davs Aller 3 days the
percent 1ge of Ibclled hasal cclls showed only mmor varmtions aroutrd
the highest fahelling values (94-95 pur cenb)

After a delny of about 1 day the percentige of 1ibelied drfferentiating
cells mereased rapdiv too It flatiened out at rhout 4-5 davs affer
the beginning of the exprriment but even after the 5ih day the per
centage of 1ibelled differcntialing eclls confinued to £isc stonly 11‘17":0
the 9th dny In this series the basal clls constituted 44 per cont and the
differentiating cclls 56 per cont of (he total cell papulation

B Colcerud

Six animals were inyected with Colcermd as described A)m\ehFr‘ncn;
these ammals only 8 cyes conld be used The rom g £ (4SS mm:l
chromic mfiammators changes with hvperplisu of e «prtheliym
were therefore discarded
! cThe resulls are shown m Tabh 1 The avery.e nutnbf}gcf;?;i;:(‘:
mitases 4 hours afler the mjection of Colecma w3 -u:\:tuch o
1000 cells The ncra.e mitohic rale ameds the bwsnl, ce e
this series constituted 468 per cent of the lotal eclt pop:
er hour The cstunated mcan

accardingly { 2X 100 404 per cent p
e 00 g7 howrs (= 4 dus)
generation fume of the basal cells was { im’! =
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& -~ Basal celis
i Ditferentlating cells
we —

1 N
% A
€ &0
€
]
2 60
&
2 40
g
2 o2
F3
b
1 Ey

1 z 3 & 5 & 7 % ¢ 0

Time in days
kg 1
Auteradiographic Jabelling wdsces of basal and differentiating celfs of the mouse

carneal ephuthehum IH T was gnen at 4-hour intervals for 10 days Groups of
& smce were kalled dady 3t 8 xm

TABLE 1
Percentages of Basol Cells Differentrating Cells and Vstoses & Hours after Ingection
of 01> mg of Coleemtd

o er of Basal cells Dafferentiating Mitases
e
8 4680 £ 193 R ESE 200 = 0 %%

As the mitio betwern the differenhiating cells and the hasal cells sn
thes serses nas on the aterage 109 the turnover hime of the differ
entting cells would be (97 % 199) = 106 hours (= 4.5 days)

DISCLSSION

The ctll renewal of the normal corneal epithelwm af Warous smmnls
has heen studied both by auteradio.raphy after puise labelhing with
MUT (Hanra € O Brien 1999) ond by means of colchicme (Buschhe
et al 1043) Heana & O Breen (1960}

cells were stoughed off be that time Buschle et ol {1843) hare made
exiensine mestiations on the rat corpea by meamns of the colchicme
method Thise anthors counted witoses W a defined area of sheet

differentiating
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prepasations of the eornual eprlhehum Thoir results are thercfore
diflicull to compare with those oblamed 1n the present study

The mitotie rate of the corneal epithelm 15 quile sensilive to sar
ous shmuh Adrenthn or «xeitement one depress the nutelic rate
(I oiedenwald & Buschhe 1944) while estrodens increase (he rafe of
cell prohferation (Lpifanopa 1966) \last local anacstheties also depress
the mytotic rate and (iher even mereases the mitolic durtion {(Buschl e
el al 1943 Smelscr & O.nnics 1943)

A defeet m the cornenl eptthehum s mutnally covered by epithelnd
cells that nugrate over the denuded arcr The rise sn the miobie rile
oceurs wfter the closure of the defects (Friedemwald & Buschie 190)
It 1s not hnown howcover whetnr 1 simtlar mugrition of epithelin!
ccdls nornnilly take place from the peripheral to the central part of
the cornen

In the present study the mean goneralion Gune of the hasal cells
was about 4 dws when cealded by means of the Colcermd method
On the hisis of tlus resull 1f would be expected that the percentr,e of
fabelicd bisal cells should not rech ats maxamum B { davs after the
begsnning of the experiment Actully the percentage of iabelled basal
cells altamed s maximum of about 93 per cent by the drd day This
finding 1imphes that Al eefls in the basal faver had been through
D\A synthesszing phase at leiwt once durmyg the first 3 davs of the
cxperiment Thus there 1s 2 discrep ey between the mean generation
lime of 4 days estumated with the Colcermd method that of 3 davs
tonnd by continons Ibelling with *H T Thus discrep ey ¢ in probabhy
be ¢xplained on the hasts of the new findmgs menhioned n the miro
duction

The equation for cstumting the men ~enertion bime of the hasal
cedls wath (he Colecnmd method 1mplies that 100 per eunt of the basal
cells are continually disichng it certam mterals Accordmg, 1o the
new concept cited above only a4 certun number of the hisal cells will
dnude agan The rest of the cells i the bisal fwner will eventually b
squeeced ont mio the differcntiahin, hser The actud prowth frie
tion s thus represcnted only by @ certun number of the bisal cells
Thus growth fraction 15 nol hnown but s it must be fess thn 100
per cent of the basal cells the real miohe rite of thus prowth friction
will be husher and the mean generation time shorter thm the values
cstumted by means of the Colcemid method The me s ¢ ncrition time
of whout 3 davs found In the 3H 1 methed s therdfore prob ity mare
correet This would mean that wout 7o per cent of the Insal eells
helon., {o the prosenttor cells population m the corae of epribelum .

Fip 1 stromgly suppoerls the nssumplion thal most cell drvsion
resull m two cclls that both remam m the bisil fnver {cr‘ w:;?ﬁ'e!rl:x’lp
before one of them on the merige 1s pushed oul -,mnnix;‘: ll:umlur of

habing, ecdls In the contral part of the moust corned
lnsulacclls s almost equt to the number of hfferentiling cetls §f
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each mtosis had resulled m one basd cells nd one diffirentisting
cell the percentage of labelled differentssting cells woutd have n
creased paratlel fo that of the inbelled basal celis In Ty, 1 there 1 1
delny of about 1 dan before the pereentise of hibidled cells bums fo
werese Tins findin, wdicates that w the cornaal guthddam toe e
maun part of the divasions yicdds bno new basal cells

In the H T experiment  the perceninge of Iilled difforents ding,
cells mereased rapudly from the 1st to the fth dw  \fter thas steep rise
st continued to nerense stowh for nearh the whol experimand o
penod It is therefore difficult on the Isis of the daln to diternng
exactly the turnoser Lime of the ddfurntibing eelfs 1w cvidnt
howeser that the ,reafer part of the old cells were stoughed off dunn,,
the first 4-2 days and subshituled v new Inbcllod cells But the fist
slow mise 1 the percentage of dabedled diffurentinting, celfs Stmtsty
that some eells rem-un for quite 4 long time m the dffercatinling faver
while other cells dissppeir after 1 shorter delay

It 55 probable that the msee used m the 3 T xXperiment wery slressod
by the frequent wycchions As mentioned heve adrenalin or exerle

ammals However the nrowth

parameters of the «pidernal celt popuiation of these animnls appe wred

not te be simfcantly wiivenced b the reperted myections of 3 T
see Tuersen ef al 1969 who exammed the emdermis of the vory sanu
unmals that were used m the present studv)

Thus 1t can prohably be econcluded that the mean seneration bme
of the pro.entter past of the hsal edts of the normat corncal epihe
m s wbout 3 days The pittern of cell rengwal of this tissue seems
1o conform well with that found 1 the acsopha,,eal epsthihum (1 ebland
ol al 1963 Grenlich 1884) and wn the cpudermis {lversen ot of 1968)
As this ecll renewat pattemn imphes th

dns After continuoys Wb i g v
hout 1 day bufore tabetled cells appe. 2

telis Tins probably means that AL et eS8 the tferentitg
result i two new basal celts th
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differentiating lover This ymplies that only a cerfun part of the basal
cells belongs to the progendor el population propcr The thymudine
cxperument suggested that the men gencration time of these progemtor
cells 1s about 3 dwvs The turnover ime of the differentrating cells was
maere difficult to dctermine exacthy but the greater part of the differen
tsating cells heeame fabcHed between the 1st and the 4th day Tstimates
made by means of the Coleemmd method gave a loner mutols rate and a
longer mean generatwon time of the hasal cells than found by the con
tinwous Inhelhng technique This diserepancs ean probably be ex
plamed by the faet that the equations used i the Colcennd techmque
presuppose that 2l basal cells will diide s an
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THE STABILITY OF THC
EPIDERMAL MITOSIS INHIBITING I'ACTOR
(CHALONE) IN WATER SOLUTION

By
heris Freso
Tieceived 23 x 68

Reeent investigations have shown that aqueous extracts of epidermis
contain a tissue speeific but species unspeeific mitosis mhinting factor
named chatone (Buflough 1962 Bullough et al 1967) 1 s assumed
that 1t 15 produced by the heratnocstes and regulates the rate of cell
renewal in the basal cell populalion according {o a negaline feedbach
prineiple (Bullough 1962) In a Drehmmary altempl at 1solation Bul
lough ef al (1964) found that a simple extract of mouse epidermis 1n
awater solution loses 1ts actraty swithim seyeral days at abont 0 € ang
withm several weeks at —20 C Moreover {hese cxpernments revealod
that the actity of Iyophilized extracts can be preserved for up to 12

quite stable at a low pH and wilh a molecylar weht of 30 00040 000
Punfication and concentration of chalone as performed by Hondins
Boldingh & I aurence {1968)

1s diffienlt and can only be done m spe
clally equipped laboratories Accordingly most ey,

Lir0 on the hayrless mouse eptdermss.

VMATERIALS AND MFrOps
Chalone containing extracts w.
After kulling the skin was flay

zeo;?‘f:d?:ﬂo(:;ﬁ‘fm{ of hairless mice (hr/hr)
R D S et e
My grateful thanks are due to 31;

o s Atetl e 7 W Edgeball fos valuahe technleal assistance
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20 mice had been abtained in this was distilled water was added and the pieces
homogimeed in & Turrax Ultra homogenizer for about § mm at 0 C. The hamo
genate aas frozen i Jupod air and ground to a fime powder m 4 porcelain mortar
The frozin ponder was sMoved to melt and was then centnfuged for 20 min at
25000 xg and at 0 ¢ The clear supernatant was withdrawa and lyophilized
Lsing this procedurc cach mouse vielded about 30mg Jyophilized pra ler This
substance was used as chalent Tt was storad at 9 4

T the expersments the hophibizal Trnder was dissolsed in distiled waler at
a concuntration of 10 mg per ml The pH of thi soletien was 765

1resh pu, hver extiacts were used as cantrols to test the effect on the cptdermal
mtotic rate of anjectrons of some non herttingzing epithclial bissuc The Iner
tisste was treated in exactly the same manner as the shin Here too the lyophilized
ponder was dissoalved in distilled water at 4 enncenteation of 10 mg per m!

The gctivits of the various fractwns were studied 1 1110 on the bael skm
cpidermis of the hairless meuse (hr/hr) The rate of cell proliferation of the
updermal el rrpulathion was estimated 1+ means of the Lolcemad method After
watraperstoneal anjiction of 015 mg of Coleesmid eprdermal mutc es are arrestud
during the subsequent 4 hours The ouwmber of miteses ac umulated dunng this
pert d therefore gines an estimate of the number of cclls heginminy, therr dnision
per umit time 2 gren cedl poputation In the prosent stedy matoses arrested
by Colcermid s 4 hours were counted in Srmm jaterfolluwlar epidermis  (For
further discusston of the methe 1 and details [ the expertmintal jrcedure see
Flg70 1966) In all cxperiments Colecnud was angectel at 930 am and 050 m?
{5 my Ivophsized powder) of the fraction 4 be tiated wa  gven nirapuritoneath

0 mmin fater

Fapertments
g
Chalone silution One part of the chal ne ¢ ntammg sclulton was ymjected
immedtatels after preparation Another part wa stored at 37 € and frnr(nlms
were removed for testing 075 050 100 200 1900 and .3 0 h ur after meuba
tion A thard part was filtrated through a \hllmn{re {:j“hr (pore size 6 p) tme
diatelr aflcr peeparation and racubated at 37 G frr 24 hours
Trer sn(ull‘:zllp()ne rart of the solution ccntaming Ivophihized anrcnir;c‘te:;:s
tested Immediatels after preparation Apcther p i was stored at ’3'7 ‘;Mlalrh
stter 200 hours A thimt part was filteated through a Ml cre fiiter tm
fter preparation and staved 2t 37 € f r 74 heurs

1ABIT 1

Water Sotutions of {jophtls ed Aqueaus Extracts | Shin
Various Pertods of Time and Testel fcr thewr Fffe Fon the Wbt
Epi lerims

sl rheptat 31 Cfer
Ratr { the Wouse

Sl cxtract Paver extracts

Age of Number of
dssc Iy ed extract N Numhe f N mitosis
1310+ 128
31 31018 3l

Controls % To0Z079 s mpyx190
02 hr 4 1425 %172
050 hr 8 "37"3;3"
8 23740

2000 3 1opx2D e

17 00 br FoiTs0E 018 £ T £ 180
2400 br 1 1158 14)
8 (7350 £ 142

2400 he (steele)

ip 30min
Each ammal was gren 5mg of extract In 05mf © d’:s:.;“l:? ::‘!:crmull' A he
after injection of Colecemid. The number of mitoses an‘r‘:h o standand error of
3s gnen per 8§ mm taterfollicular eprdermis together \m rachets
the mean The results of filtrated sterile extracts art
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RLSYLTS

Table 1 chows thnt 5 m, of chalone dopressed the muotte rate to thout
30 per cent of the normat salue when admimstered mmediniely fter
besng dissofsed m water After 35 mun 1t 37 € the ehalone sobution
sttt depressed the melotic rile In about 5¢ per cent The solulions
1kt Tod been hept fer 000 108 wd 208 Bours respeetnels had no
si,nthicant offeel on the mulolic rite {(p<BBs) The un fitlered solu
trons thit had been imecubaded for 1200 or 2180 hours depressed the
rite sigmhicanth (p<00s) while the filizrted 21 hour ofd sotubion
had no effect on the matotic rite

The variens bver estrrets dud not wfluence the mutolie rite St
fiemth (p<0Op)

BISCELSSION

Nothin, 1 s vet hnown 1boul the production or the met holism of
chilone 1t 1s by that it would be £ipidiy mudabohzed in o ¥ rom
7 theoretieal pmnt of 1w this shoutd b 4 prevequssite of 9 chomeatl
Stopadan  abornctic ity reout ded systems such 1s the eptdi rmal celt
populiinn. The breahdown of chalone contd he brouht about by a
Spoerd enzame ssstem or o muht be  used up v bemng, bound to
speetfic sies w e nrogenttor eotis

T 1 shows thit the achaly of the t
raased graditly and almost
durin, the first 30 min Thas degradion was accomphshed in a colf
frie solutwn The resnits ther(fore \ndieate that the milosys whibntin,,
PHSOpl s brohon down enzymatielly

The mutosss sl

Sophilized shin exteacts de
proposiionaih to the sneubation frme

perttoncal irrtation
The condusions that cyn be draw
n from the Presented d
summinzd s follons @ dhia ean be

b When aqucons sofuon of skin exirietg o
T 1o he testeg
wloske inhubuting, effeet o 3y of WSt smportance that lheCIsl’xor lulwl"
wved immodiatehy after bung dissot ¥ should be

hed i water
;! The tempervun shontd Be ki

N exipact,
thotr offcet on i mitotie rate  thatare lo e tested for
3 O solutions showid b discarded
i Yy are
many depross the mitolic rale in some umpocxh’c way {nsderie as ““‘)

v mapare gy
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SUNMARY

Water solulions of hophilized aqueous extricts of mouse shin were
kept at 37° C and tested for thewr mitosis inhbitmg offect 2ffer vanous
mcubation times The activty of the extracls was tested on hairless
mouse eprdermis by means of the Colcenud method The water solu
tion depressed the epidermal mutotic rate signific mily when njected
1p immechately after bang dissolved i water After 30 mmn at 37 €
all actisity was Jost This mdicaies that the eprdermnl mifosis inhibiing
prinaple (chalone) 1s rapidly destroyed at 37 G m water solution
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GONADECTOMY AND
TESTOSTERONE SUBSTITUTION IN MALE
MICE WITH SPONTANEOUS
ADRENOCORTICAL LIPID DEPLETION
A Comparison with Ca7Bl Mice

By

hare o~y

Beconed 15 x 68

Adall mice of the ARR/O stram nd the substran

a spontaneaus depletion of adrenocorticnl

stamed sections (1 8) The hpd deplety

males (Figs 1 and 2) whereas in fomal

with considerable varstion from animal

due to the effect of a recessne sene cal

depletion wene (3} A short revies of previous studies of these muce 35
siven in wother paper (%)

Lorstisone treatment has indicate

mentls have shown €4) that ths adrenocortieal |

pendunt upon an intact pilustary funclion How

and lustometne (9) studies of the adrenal gla
of an 1bnormal mlutary actiais

8s C8 1 AG extubit
hipids as revealed by Sudan
on 35 almost fotal 1 adult
es the depletion 15 syblotal

4 (2} and hypoph)sz-ctom) expert
ipid depletion s de
BT granametrse {8)
nds gave ng s sdence

ere used This s a hybrgg line deriveq 1

F Moz Eous for the advenscortians 1rois depletion gene a3 D
* narmal adrenacortical B2 patlern were used 23 controls N
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Fig 1
P drenal gland of AC male monse 12

neeks ald Spontancous adren rcartical

hpid depletizn Sudan {10 % 33

S

g,
1
Fep®
Adrenal glanl of C57B] male mouse
2 1> weels old. Normal adrunocortical
Dipid pattern Sudan {1 % 33

The anum.ls were hept under standardized h w tn and dielars conditions as

described previcush (3)

Al experiments were perfc rmed when the intm Js were 11 12 weeks ald Ap this
age the animals are sexually mature and in th A€ traw the pontancous a lreno
corltcal lipsd depletion is completed (1)

The material comprived 20 cxperimental gr ups v tth 10 ammals an cach group
(Table 1) Gonadcctomics and sham ot crations v ere perf rmel ca groups of A
malcs and the anrmals were hilled at int rvals rancng fr m 1 das to £ weeks after
the operation Other griups of AC ant C5¢Hl amimals were gonude t mized and
recersed sarying doses of testosterone in the po byperatn feriod All these animals
were Luled 3 davs after the operatian The experymental pr edure and bydv wuiht
of all groups arc ginen in Table 1

Operations The ginadectomies were performed thr ush abd mn § ancistons
under cther anacsthesia. Both the epidihmide and the testes v ere remned In
the sham operations the gonads were ex;  od thews b Japar @ my and then heft
intact

Testost rone substitution Te tosterome pr pi pate  Tetm N ¢l !sﬂ‘\cd.r;‘n
sesame o/1) was gren subentanewnsly in the wter aputar 1 g o fvre 211\ The
first inzection was gren at the end of th opcrat o and the latany o [
befo ¢ sicrifice

Fusaton and slumng technrgue AlL amumal v v wenfn A boger """xi’fﬁ
tion The adrenals were i sected free ft m fat 1 u unirthe b eullon 1lnmmﬂ
scope and smmersed sn Balers formaldchide  fubon Cr 4y Ons $T000
gland was embedded s parsffn and oty net at $ mir g The ool B e
stained with haematcxyhin and cosn Th thr drn bt wa emiel GO0
gelatine and cut on the freezing microtome ut Ty ron The selien 8O0
with Sudan Il according tc the method ¢f Daltr te ribad by annsn’ )

Fodduation f sections The paraffin sectr o w1 tuds df with rega
trens of histc] preal architecture am’i] ¢;‘ tol g; ‘l nl1

The Sudan staned sectidns were photo rapb 1 wyic e
Zerss photomicroscepe and a comstant exp are time € nlg‘\cr‘«‘“ "ﬂi';!':"m
under standird conditr ns and marked with ¢ mumbers 1 D o etenl
then ramhed blindl ity 7 cla ses accordms ¢5 the derree 3

mbcr fth t ff Araesen
Sudanephilia cla iftcals b heing made Iy the  ar rme

alera

1
s standard con hiti ns with 3
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TABLE 1

1-1° Weeks O1
! Procedures and Body Weight of 20 Croups of 1
The px"”mlucmnﬂnl ;3;131 Mafe Mice Fa b Group Contans {0 Anumals

Surttsal ‘Testosternne Rads weiht§
Stram O eration after substiution oy o ond range in g
operation (ug ads )

Nene 29 195-540
AC ¢ 1 Nene e opp a1
v ¢ % davs None 1y 195225
s s 2 davs Nnne k] 205950
i ¢ 3 davs None 214 135 230
AL S 3 davs Mrue 2y 195-950
AC ¢ 1 weck None 931 930
a0 5 et \nne L TR TS
i G 3 weels N n¢ g 195 %30
4c s 3vechs ~onc 28 230035
AC © 6 weeks Nonc Mo 230 0
ac s 6 weeks Sone ] 180945
A€ N se - None 23 190-240
AG c 3 davs 175 »mr 21 5-%45
(181 None - N\one 6 995.2
5 11 c 3 days None M3 200270
C3TRL < 3 days None 244 M0 975
cuzst c 3 days 5 537 75255
Ca7m1 G 3 days 00 U7 a5 s
< B G 3 aavs 2080 206 215270

€ = Gonadectomy § = Sham operation

§ Recorded at the start of the experiment

RFSUITS
The adrenal corter afler gonadectonn
operited ammals were studied at inte,

® weels afier the operation In pareffin sections

Y Gonadeclomized and sham
rials varvang between 1 day and

of gonadeclomized
ammals no altcrations were found untd § weeks after aperation At
this time 1 secondnry \ zone was found m 7 out of 10 srumnals Tha

Te n Lonadecfomized

cortex
bsons
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s Untreated C5781
o Untreated AC

7
R ! o Sham-operated AC
L6 o Gonadectomized AC
3
&5
: o [

ARB}
kil
—o—y

Z3 o
-
£ f
o438 i } } }
=z
8 i
© f
al]
a
3
1 i’ '—‘3 - 1 Ly P
Days Weeks
INTERVALS AFTER OPERATION
Fig 3

The adrenocortial lipad content of castrated and sham operated AC muce at differ

ent interyals after the operation The symbnl designate the values for the amth

metiv mean and standard ervor of the mean of each group Seale units 4-5 represent

variations of a normal adrenocortical lipid content scale umts 3-1 varsation of
lipid depletion fach group contans 10 animals

cytologieal changes in haematovilin eosin stamed secfion at any of
the post operative mtervals \one of the sham operated ammals dese
loped a secondary \ zone or other histological changes which could
be 1dentified i paraffin sections

The Sadan stained seclions from gonadeclomized and sham aperated
ammals were evalnated semiguantitativels with regard to the adreno
cortical fipid content and the resulis are gven mn T ble 2 and m Fig 3

In gonadectomized AC mnles an merease of wdrenocorhical lipids took
place from the first dav after opiration This adrenacorhieal repletion
was evinly distrbuted throu,hout the entire permanent corley 'l'ng
days ifler conadectomy the difference belween gondectomized ;}n
sham operatcd animals 1s significnt on the 5 per cent Iewd of pnl)oa!
Iahty (Table 2) and from the third day the renocortical hpd fﬂﬂ ’ flls
seems to have reached A relatnely stable fesel However tus csc'
lower than the normal level of adrenocorlical hpids i C5781 :;;ll‘t;s
{Figs 1-4 and Tables 2 and 3) The differcnce betneen t;zzn]‘:l o
mized AC males survving for one week and presentmy the hig
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TABLE 2

The Adrenocortieal Liptd Content in Arbitrary Units of Gonadectomi ed and
Sham Operated Adult A€ Male Mice Each Group consists of 10 Anymals

Adrenocortical lipid content

Significance level of difference
Survisal (arbitrary umits ) tecen grour s (P)
ater . Gomadectams  Sham operation Student s W ileaxon
operation Mean  SD \ean  SD test Rank Sum Test
1 day 30 00 24 082 001<P<O0a 05 <p
2 days 38 1% 26 067 001<PS005 001ZP<00s
3days 48 091 21 088 poo
Iweek 51 1% 18 067 P00t pont
3weeks 44 067 23 08 pool PO ol
Guoeels 45 087 18 067 P00t P00

The seale ranges from 7-1 7-5 vepresent variations of a normal adrenocortical
Lipid pattern 3-1 variations of hipid depletion
5D Standard deviation

mean alue of adrenocortical ipids and the untreated Co7RI mice 15
statistically sigmificant (Student s ttest P<001 Wileoxon Rank Sum
Tesl 601<P<005)

In the sham operated amimals the adrenocortycal Sudanophilin vanes
belcen seale umits 1 and 3 which 1 our rankine, system s characler
1stie for the imd depleled adrenal cortex

In the C57B1 strain onadectomy leads to a moderate merease
adrenocortical Sudanoplulia after 3 days {Students i 1es)
W dlcoron Rank Sum Test 001<P<005) — Tahle 3 and Fig 5

The adrenal corlex of gonadecton ed males with teslosterone sub
sfifion A postoperative survival time of 3 days was chosen for these
series since gonndectormzed AG males had reached 1 relatively stable
level of adrenocortiral hipids by this time The subshitulion gos f
lcs’}&;]su}mne which were used are shown i Table 1 oo

¢ haemalocylin and eosin stained sections d
vious changes as regards adrenocortical hlslolog)“‘:; r;c‘:‘c;nln:;nihg:c

<ot

Fig 4
Adrenal gland of 5 1”2
weeks old
dC:naIe mouse 3 days after ;o:a
otlormy Cortex partially repleted
With e Sudan 117 % 33
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troups The resulls of 1 minlbitatene cvaluation of Sudan simned
seclions nre given i Tk Yand My 5

\s reg ards adrcnocortien! Sudanophiit there 1s o elenr steun diffor
ence when groups of untrated goenadeclomized or sham aperated AC
and €578} mimals are compwad (P<00t)

TABIF 3
The Adeenseorticat Iipd Cantent of Ccnadectomr ed anl Hormone Substitute] 0
wnd 78 Male Mice Fach Croup Congists af 10 {numals
The Post Operation Survigul was 3 Days

Adrenocortical ipid content

Txpertmental procedure (arhitran umts )
Mean SD

AC no trestment 21 07,
AC gonadectomy 49 094
AL sham operation 21 083
AC, ponadectamy ,
festo terone sulstitution 125 4g dahs 17 g:.,
CoIBY e treatment 64 o4
C57B1 gonadectoms z? A
C57Bl sham operation
€57B1 gonadectomy
testosterone substition 17 g dash 69 033
C3781 gonadiutomn
testosteranc substitution ™50 4¢ dath 63 087
C57B1 gonadectoms
testorcsterone substitution 2500 g dady 57 067

The s ale ranees from 7 1 s ale umts 75 seproucnt wanations of a normal
adrenocortical hipid pattern 2 1 arfaticns of Lpid depletion

SD  Standard deviation

In conadictomized AC mil s 1254 of lestosterone 2 (1"1;":;:;')'::
post operatise pertod prevents the hpd repletion therc 1: n’u Signilie n
difference between this sreup and groups of unln'n o 3C ks
According 1o Solcm (11) s mn he considercd w adequ

terone substitulion m wWdult mice

t“’;‘;i modcrate increase i drenocortical Sudolnophlhzfl ;n‘ﬁ;:?:rr‘l;cc
tomzed C37B1 male mice w s prevented with -.)Ol}h[ (l)m"tm e
dulv m the postoperitive purwod white a dub d‘,‘[][))r;ncq o
12 5 py, lostosterone did not comvnandhy do so 1(”“; e o T nh
corlien! Sudanopalny Studint s ¢ fust l)ﬂl([’)«[m e tosterone
Sum Test 000<P<0 1) Using a duly dose of l..u (1':,'}“1 o compamd
the wrenocorticy) Sud nophilis w s symificantls ,er o 0ep

th untreted animads of the sune strun (Stude o of thesc
“:] (‘]a Wdcoron Rank Sum fest P =~ 005) Houcu‘rlmmc e
:mm'\ls did the adrenacortic 8 Sudwophiliy deerease to

n untreated AC nnce
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7B AC C7B  AC CSUBL CSTRA CSIE(
i o AC ComH £ T T B8
SHAM GONAD:
UNTREATED  GORADECTO- - /RATED  TESTOSTERONE SUBSTITUTED
Fig 5

The adrenocartical lynd content in different grours of male AC and €581 mice
The calumus repre ent mean value anl standard errcrs of the mean are sndreatcd
The arbitrary umits are defined as 1 Fig 3

DISCUSSION

Tle prescnt study has demonsirated thal the sponlanvous adreno
cortical hipad depletion of AC male mice 1s dependent upon an tntact
endocrime funetion of the testes Conadectomy of adult ammnls lends lo
a repletion of drenocortical pids within 3 davs and the hormone
substitution experiments showed that this effect was due to a cessition
of testosteronc production (Table 3 and Fig 5) 1t crmmot be decuded
from the present expertments whether the testosterone acls directly on
he adrenals or through a feed hick mechamsm pia the mtwitary
Although the ncreasc 1 adrenocortical hpids i the AC males after
gonadectamy was quite marked b did not hrin, the hpid content up
1o the level seen in the control strmn {Table 3) Corresponding resulls
were obtamed by prepubertal gonadeclomy 1n muee wilh spontancous
wrenocortical hipid depletion (1) Turthermore excessively uoh doses
of teslosterone i C57B1 males did not bring the Iipd content down to
that of the AC mice (Table 3) The spontancous Itp1d depletion 1n AC
malcs ¢ therefore nol be due Lo n abnormally high seerction of test
osterone alone

A moderate inercase i adrenocorticat Iipds was found even in the
conlral straip after ponadectomy (Table 3) Sumilar findings hwe been
made by Clesler Jones {5) 1 another normal strmn of mice The effect
of gonadecloms may theretore be hasically stmtar in AC mice and i
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normal muce Howeycr the mcrense of adrenocorticat Sudanophtes 15
much mor« marhed 1n AC miee Analo ous resulls hnve hecn ohtamed
after Inpoph)scclomy mAC mice {4)

SUMMARY Anp CONCLUSION

Followiny sonadectoms on dult ke mice with spontanecus adrinp
cortical lipsd dupletion {AC strun) hpsd replition tahes place 1 the
drenal cortex Teslosterone substiintion prevents this hpd replchion
In sham operated anmals no alterthon of the wlrenocortical hpd
patlern 1s found

1 stmdar pattern of reachn s fannd m corresponding experiments
with a contro} strawn (C578Y) bup the accumulalion of hprds 1 the
adrenocortial cells of the Co7P! males after gonwdectoms 1s not so
mirhed % m mice with sponfincous adrenocorlienl bpd depletion
T xcessine doses of festosterone m CoTBI males docs aot result in a hpud
depletion corresponding to that which ocenrs spontaneously m mce
of the AC stram af the time of sexuil maturation

1t 15 concluded that the spectfic adrenoeoriical hpid pattern of male
AC muce 1s dependent upon i wtaet endocrine gonadal funetion Fhe
made of interaction s compheated and the presont study indieates that
the spontneous ndrenocorhicat depletion 15 not simply due to ap in
creased secretton of festosterone

RIFFERENGES

Arresen K The sdrenothyrue constitution and susreptibihity to leukemia m
smee Acta path mg rohel scandmay Suppl 108 1-8a xsshs wolosy of

drnesen K The elfect of eortisone on the lipid pattern and the c)do 'gly "
the adrenal corte 1o mice with spontauenn;qm‘i;aocoﬂical Ttpid depfetios
et th microbiol s andinay 60 437-§!

Jma.snc. ;paLeuken‘mm and sp utaneous adrenseostieal hped dpple(lmxlx in ;-:1:{:
Proceedings of the \IV § andmavisn Coagress of Pathology Takers

9
o 52t st 15 16 ’}‘?)l‘tgf‘?c! af hypophysectomy on the Iipfd pattern

1 £ Malne K
Bra “;fln (:h(c’ admnn}nwnm 1 mice with sponfaretus adrenocortical bpid de

31500 1968
letion Acta path microbeal scandinav 72 4 "
Ch!s{:’rtlmws H T)l:c relationship of the muuse adrenal cortex to the pituitary

Ende lagy +5 514-63¢ 1919
Lhulernlo;l::)lqg’rhc adrenal cortex Lmwersity Press Cambridge 1957 Pp

[V

o

-

a o

sotne & & Beabrand G Spontanous adrenac sl Lid depleirn i mice
Belationship to generdd grc yth  degeneratson ;"f‘ e rerebiol srandings
maturation of semamiferous cpithclium  Acta pa
72 478 490 1968 s adrenocostical Lipld
\Inln2 A‘ ‘Thc adrenal “oig}: .:‘f ‘mlce with spoixegg: ‘and %Biﬁlr’@m”m
treated CS7B] mice Acta path rucrobiol seankm 9 W
Wofns B Hhstometrsc studies on the :drtm\l cortex :“h ;gg
d ! lpi2 deph mp 1-63 1
ACTH treated CoTB1 mmte. Acta p th micrebiol Qf?;’fﬁ'p‘:‘ F’ 25 1018
10 Romeis & hikroshopische Techary | erbmz \cr";‘l!! Cc(l.l‘ reord to sex differ
Solem J H _Pla ma carticostervids in mice With necul regord to sex Glffer
$ Sote ence s adrenocortieal Yesronsisencss tn exogenris

J Glin Lab Imvest 18 Suppl 93 pp 1-36 1366

~

s

@



Acta path microbiol scand 76 43 51 1969

The of Histology Karolimska Institutet Stockhol

Sweden

REGULATION OF OUTPUT OF LYMPHOCY TES
FROM THE SPLELN

1 A Quantifatwe Investigation tn Normal Sham Operated and
Thymectonu.ed Guinea Pigs

By

ULr ERNSTROM LARS GALLCNSTEN and
GoRAN SaNDBFRG

Recerved 2 xil 68

In a previous nvestigation the lymphoacyte content 1n afferent and
efferent splenic blood mn guinea pigs was compared The results indy
cated a migration of Iymphocytes from the spleen (Erastrom & Sand
berg 1968} The first aim of the present mvestigation was to study this
emigration of splenic cells with ifferentiation of the Iymphocyles
nto subclasses

In mice and rats neonatal th
vhocvies and defect 1mmunol
Martine. et al 1962 Muller 196:

ymectomy results 1n a deficiency of lym
ogreal reactinty (drnason et af 1962
2} In animals more mature at birth and
n adult amimals thymectomv does not Tesult i such pronounced mor
phological and immunologieal defects The influence of the thymus may
be due to a thymic  hormon

lymphatic tissue and/or o a
the non thymc lymphatic t
cvles exsts even in adult amy
Ernstrom et al 1965 eissman 1967 Linng 196
tory stream of thymie Iy mphocytes to the sple
Fichtelms (1953) ang others Theoretically ih;
lack of some thymie humoral factor(s) and/or
flow of thvmne cells nto the spleen

3) A directed mgra
N was postulated by
ymectomy may cause
result m absence of g

1s influenced by the nurnber of leue

such a regolation (Dornfest & Piliery 1966) The second aim of the
The expens,

s of this fnyestigaty
Cancer Soergey Batlon were defrayed by a grang from the Swedish
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present uestiprion Wiy to
stads the nfluence of th
v ectom
export of splense Tymphociies B LEINCE Pl v on the

MATIRIAL AND MECTHODS

The etperim
e coprment et oy 10 e s L RS €
;:rm:xl tnmnca s (11 nmmals;‘ g evpenimental schedule was nsed
ymectomized gunea pigs
m:c‘:nm; (11 15 10 10 1‘:3 gme::‘;n;gcgnfmzi‘: rf yiﬁxnxc!!_ynvm‘ 4 davs afier 93
am nperated
I'ATnmmalls l’c‘;pc‘c‘:l“:‘:]a\ ]lu:s cramuned 1 and 64 days after sham o} eraton (15 ast
n
(\\tlxﬁct.h zt;(t:rl()mxcs Tnd sham operations were per{ovmed under local ansesthest
inek Astra 05 yercents 3 Cervacal snetsion was made and the tua th
tobes were remaved or mobilized respectiney The PARN
‘atures TH wound was clesed sl
On“ f procedure was essentially aceordmg to Gullensten (1923}
mdn":‘m(czsrv:gguon l‘lhr anpmals wire anaestietized waith 7§ per st Nemhutal
me kg bn 1pt The perstoneal Ly was opened by an Inoss)
lgcl;\;'c‘n the last fwo ribs o0 the left wde One sun fram the splecn was imn’;‘l‘l‘
“?‘;mrgf‘n:d::)s ::mi;il;? & drv hepatianzed pipette (Hepann®  ditrum Steck
o aftirsardy a splem ariery WS inct ed and artersal
hleod collected in the same w13
an.:;ha\lrlh:;;?rj;‘:‘y'“ “were, used frr white cddle Junts w2 Burter counttny, chamber
atiation hetween 1 hynuclear granul ites and M nanuclesr cclis
Furthermore & bivod sample was wsed for swravital staning of the white cells
and for ¢idferentiation af the Iamphe eyt mmto subclaes
Fop suprarital stumung Janus seeen B <04 per cent) and neutral red (877 3¢7
coent) were dissabed separatthy mopure etfyxt o ahol The actual misture Was
Treshly made hefore nse ond o sted of 1 part [ amu ared {3 and 10 parts of
aeatral red solution This staiams usture was flovded et & lean shide wh B
Nas then air dried A small dr p of bland wav apphied 1 the shde an b covered
by a covershp which was ther ringed with paraffin W% t present evaporatian
After about 10 mntites thy  pe imens were a hight mures ope at 8
macmificatian of 1000 X In cach proy ation
S classes acearding, o the ceflular ontent €
1115 16-°0 21-30 and > 30 mt chondria & mitechondsid
and > 20 was deasted as v smediam nd B B pESPES
content (MG 13 corvelated to e wze € the hmphonles law
small cells medmmm MG to redim et and high MC ta 2
1031 7iehtelues € Tarsson 196 Fru dr m & Tars @ it
YTrom the ccunts of mi poneckar (3 and the & trabutton ¢f vy heey tes 40
the differcnt subctasses the abs 88 umbcr of hmpheoics 78 mms of Bt
frym the splentc artues and the ™ Tept vem Was catentatc} "he splunie AeRe
artertil differenees m the bumber  § lfferent wiute bla 1 ells were ol tanc |
e the ndnsidual ammats and ¥ a stattieatts 1Y
Student s £ test

MC e rresponis to
e cehis (Haseman

prstyTs
Aormel Ansmals
in the porm i non opuratad SHImU Piat
mm?® of bood from fhe splemc van eveetd
srtery (T 1)
A subdsvision of ihe pmphocle pnpul.xmm bised
chandriat content of the cdlls resuited m the followin~
chiferences 30 number of eclls per mm ot hlood passiis

gpleent (M=SF)

contend pev

the I+ mphoeyie
the sphemie

o ot from

on the mite
sono rlerions
throu-lt the
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Clve o te
Shomop it d

LYMPHOCYTES =
W Thymectam red

GRANULDCYTES

NUMBER OF GEL S

VENQ ARTERIOUS DIFFERENCE

aos

Tz 4 ssae M

DAYS AFTER OPERATION
Fiy 1
Differences hetween number of vhite cells per mm? of bl 1 fr m a spleme vein
and a | lemc arterv ot different micrvals after thymeckimy and sham operals n
VMean & SE

Lymphocyles with low mitechondrial content (small cells) 120 = 88
(te an mercase m the venous blood of 20 per cnt)

Lymphocites with medium muochondrial content (medwm sized
cells) 82 = B7 cells (1e n increase of 17 per cenl)

Lymphocyies with high mitochondrial content (Iarge cells) 10 = 3
cells (re an ncrease of 71 per cont}

No difference between the number of grinulocyles pur mms of blood
from the splenic van and arters was found (Fig 1)

Sham Thymectom ed Arumals

Sham thymeetomzed amimals were exammed 1 and 64 days after
sham operation At 1 dav the lymphoesle number was simylar to that
m the normal non-oper ted animals AL 64 days the Ivmphoes le num
ber w1s much hisher (Table 1) This 1s aseribed Lo the normal mcrease
n Srowing guine pi,s (see Lrastrom & Larsson 1066)

The subdnvision of the lymphocyte populaiton showed moere lir,e
Tymphocyles and less small limphocytes 1 dav after surgers Af\:r
b1 diys all 1ypes of Jumphocstes werc wncreasid 1n numhe:lTame 1)

The splemie veno arterl difference w number of hymphocvies was
;al\:elr)\h w 1n the non eperated ammals but not st mificantly (Table 1
The grnulocstes were nercased n number
opertion The first inercase 1s an early zr‘\l’“ul::g}\‘i::(i;‘;d:“;:rﬂ"?r
sery nd aflter adimumstration of adrenal steroids (¢f Crastram & LZ‘;;
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0AYS AFTER THYMECTOMY

CONTRO(S =

a2 splenic artery
Number of Iymphacytes per mm? of blood {rom a splemie vclns:r;)d“t‘vmlfd A
at different wntervals after thymectomy The lympho ytes ':'ré) e S E.
with low medium and high mitachondrial content (
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00 g B
J 0

T s voa

I na pems
L3 sham opent g
LYMPHOCYTES WITH . n,m,dm,w
I3 % wow Mo tsmatn) nEDIUM MC
. MBI SrzeD)
E
g < HIGH MC (LaRGE)
o &«
P 1
1 E
s |2
5
€
°
g
3

LIERTIY T nwme s

DAYS AFTER OpemaTIOY
Fig 1
between number af Iymphoeyles per mmd o
S B st oLy nhocsle after thymectoms and Sham. smratyen
The Ivmphocs ey gra subdssided anto colls with fow medium ang high matachondrial
costent (MG) VMean + SE

{ blood fram a splente voin

son 1967} The second mercase seems o be 10 mcrease with we (of
Lrastrom & Larsson 1966}

Thymectom: ed Antmals

Tymphocites ag welt

as granulocstes were i,
0d 2 days after thymeet,

creased n number 1
the values mn the non
aboul normat wan
number of hmpho
WS mereasing As ng sigmificant differ
nees bebweon the vahues n sham operated and thymee

Wer found the change

tomtized ammgls
S eannot be aseribed to speaific effeet of thy
meetormy {Table 1)

oSt pronounced in the mediim sized l‘»mphoc&les
chondral content (Tig 2)

The splense veng artenal dufforence n total num!
s shehthy inereaseq 1 a1 after lhsmeclcm) but
hd and dud Aot differ from the neretse in shym lh‘mcctomxzcd am
bk fhe difference deereased 1n the neriog from 1 g ¢ days From
4 1o 64 days after operation the spleme 3eno artena} differences m
roved sueeessn ely {Fig 1y

The subehyision of the Yy mphggy 1o Doputation sh,
thvmcetomy ¢4 8 dys) the splense veng arlerion
Inr of hmphacytes of the smatlegy Bipe 0-5 Mitochondry i
B was smag g fomparison to that 1n e Non operateg and shaxif\
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FABLE 2
Effect of Thymectomys on the Splenwc Yena Arterrous Difference in \umber of

-, dria por Cell
s the Closs Charaeten ed bydi-o Mitothon
Lymphacytes Belonging Smativet Lymphorytes) \ |

Dass after operak ols

1 k4 4 8 1 37 [}
Thymdctomized 719 7ki Bx2l 38 "4!13 23x37 6‘:%?
Sham aperated  37%314 44
“on operated 9810

“o per mmd Mean Diffesence = SF
Denotes sigmficant export p < 805

operated (Table 2) A cmlar low oulpul of small and niedsum sized
iymphacytes was found 2-8 davs after thymeelomy Later after thy
meetomy the inereasin, veno arterous difference wn total number of
Ismphocytes was due lo " mcreasin, difference m number of smalf

and medium sized cells wuth Yow and medum miochondrial content
(Fr, 3)

DISCYSSI0™N

in 2 prenious papir & splenie veno wrierious differenee of lymphocytes
was reported ! Frastrom & Sondberg 1968} The present amestigation
has shown that the eteess Ismphoevies 1n the splentie veums compared
to the arters belong to A eategonies of Ismphoestee characterized by
ifferent mutachondrid content and different sume This 1s w contrast
ta the cxport of lymphoevtes from the thymus consisting evelusnely
of smaft celis with few mutochondrin wm thor cytophsm {Ernstrom
1060}

g This seums 1o
WerCase m number of smatt and mo

dium si7ed lymphoe,
0 BrOwIng uiner iy AErnsfrom £ Tarsson 19686}
The splemie veno arterions difference »

0 number of lympho,
“babtiy meredsed 1 and 2 days afler th o hpoeytes was

Yieclomy and deereascd to
nerm anan gt 4 duys 4s Texards the smallest Iymphocey tey ml;x -5
sitochondr s per et the ontput was dinnished 1o subnormal fevel
S dasofter thy mectomy This decrense may be compared to a sumtar
bl more pronounced diereased outpul of splemg Iymphoestes after
sombined thymeetoms, and ster
ot steroud treatment (Ernstrom ¢ Sandberg

At tater mtervals up 1o 64 days after lh}mec!mm 4 Suceesstvely yn
Y our s L1

be the normar
ykes occurring
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creasin, outpul was observed This increase consisting of small and
medim sized Bymphocytes may be 2 Iafe effect of thymectomy but
may 1so be an ncreise dependant ont age The relation belween the
splenic outpul of hmphocytes and the age of the gumea pig, wilf be
further studicd mn a follawing nvests,ation

SUMMARY

The lymphoey te population of hleod from % splenie vun and a splensc
arters was studied in normal intact gunea prgs 1 thy meclonuzed and
sham thymectonuzed nwnea pr,s The wmiesti,ation wis performed
at intervals of 1 to 64 davs aftcr operition The number of hmpho
evtes and granuloevies per mnt® of blood wis determuned The hnpho
evte population was dnided mio subgroups classified by therr mula
chondnal content which 1s correlated to the size of the hhmphoevic
Special atfentron was focused on the difference betuween lymphocyle
pumber 1 the blood from the spleme sen and the splone arters m
dicating migration of cells to or from the spleen The following obsema
tions were made

1 The exported hmphocstes fro
gmnea pigs belong to 1l cate.ories o
differynt mitochondnal content

2 Inereased output of spleme blood hmphoe
after thymectoms followcd by decreise to or
2.8 days affer whieh 1 suceesssie HIErease wis

cxperument , .
3 An early merease m the eutput of hmphoevics was obserse

after sham operatson as well as after thymectoms e the ancreased
export of white hlood cells trom the spleen shorth after thvmectams i
most probably 2 non spectit aperative Wffect

4 The sumber of hmphocstes 1 the bload vaned 1 a symiar wul
as the splenic export of Ivmphocytes The nereascd number and autpu

at fater periods of the exprumenls mas depend on mereasing 28¢ of
the cxpersmental anmnls

m the splen of normal voung
f Ivmphoestes charactenzed by

tes was obsersed 1 day
below morm ¢ Jevels at
found to the end ot the
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REGUI ATION OI' OUTPUT OF LYMPHOCYTES
FROM THE SPIEEN

2 A Quantuatwe Investigaiton tn Sham Operated
and Thymectopu~ed Guinea Pigs During Sicrowd Induced
Involution and Regeneralion

By

ULr CrasTROM tnd GORAN SANDBERG
Recenved 2 ¥ 68

Steroid hormones take parl m the regulation of the grow th and mass
of the thimio Ivmphatie tissue Thus adrenalectomy and castrabion
cause lympbatic hyperplasia while excess of steroids causes lymphabie
lrophy (for ref see Dougherty 1922) The steroid mnduecd lymphatie
mvolution 1s most pronounced n the thymie cortex “uclear pyvhnosis
and cellular Ivsis occur wathm the first hours after admumsirabon of
sterods Inhibition of the svnthesis of protemns and nucleoprotems by
the thymolytie sleroids his lso Deen reported (for ref see Ernstrom
& Larsson 1967) After 1 delay of some davs the sterowds eause 1
muarked reduction m the export of thymue [vmphorstes At least m
guinea pigs (Ernsirom & Larsson 1967)

The first question to be v estzated
possible mfluence of steroids on the output of lvmpho
splecn aither early during the phase of wvolution or 1
phase of lymphatic regener tion

In scveral rodents the ths mus 1s necessirs for normal growth nd
differentiition of the non thymic 1y mphatic Lissue during earls post
natnl stiges (Awsenberg ef al 1962 ArnasoR ef al 1962 Vartine. etal
1962 Vuller 1962 Sherman I al 1953) In anumals more mature o
birth (¢ ¢ the gmnea mg) and m older amumals thymectoms lris hs;
or no simificant mfluence on the Mass ot Tustoloqieal appe xranee @
the Iymphatic organs In agreemunt horewith no onsptetious “;n";'"f;
of thyvmictomy on the output of \ymphocties trom the nolrnn splt
in guinc igs could be demonstr ted (Ernstrom ot ol 19645 nsclased

Eien in mature wmmals howewr quantitative studies fase G5 fier
a role ot the thvmus m the regeneration of [unplnll;‘ :;SI‘,H‘L: 1”96”
volution caused by X irradiation {GlobersoRt et al 1962 Wit =

aved by 3 grant from the Su ed

1n the present paper was the
cvies from he

ate dAnring the

tsh

The expenses of this investigation were def
Cancer Soctety
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willer el al 1063 Cross et al 1961 Globerson & Feldman 1964} rh[‘l 1
pravions paper an snfluence of the thymus on the regeneralion of the
spleen after stermd mduced mclubon wis demonstrated sn gy
pigs —regenerition being retarded 1n thvmeetomized smmels (Frn
yllensten 1963)

3“’;‘){(‘0&%211:1 question 1nvestigated m the present papor was the
possable wfluence of the thymus on the output of lmphociles from
the splecn durin., stevord mduced motution nd regeneration

MATFRIAL AND UFTHODS

200 male guinea pigs nith an nial weght of 2% % 3 g (mean X SE)
‘u.e‘r:“as«?OThc it sens fed om cabbage turmips tarrots an I aiamin petlts
They were dnafed wnto two waln groups

Sham operaled gainea taugs anjected with predmsolone (39 snimals)

Thymectpmized guinea pigs 1nected with predassolone (10 animalsy

Thymectomy aod sham operation were performed unler local anesthesia (sub
utasieons snfiltration of 8% per cent \alocame® Astra} according to the technique
1 Gpllensten (193)

Bregmsalone (Ulteawnttens}d Cibaj was sdummnsstesed $p 1 a single dose of
9 mg hg bw The injectson was ghven Immediately 2fter operation

The animals were investigated 1 3 and 6 hours and 3 3 6 and 9 days after oyere
tt 1 and sterard treatment On investigation the guines plEs were ataesthetized with
75 per cent Nesntutal sodvum (7550 mp/hg bw ) Blood samples were \aken from
a splenic vem and a sphaue artery (for detals see the previous paper in this series)

The binod samj Jes were used for white cell counts in a Burker counting chamber
vith between cells, and for differ
atiah b of hmphosiies inte subclasses Gnecluding cells with dferent mitochan

inal content) 10 preparations staaned supranitally wath Janus green 13 and neutral
st {far dimts see Frostsom et al 1953)

 vmpho vtes with 018 mst ch ndria are donoted as calls witk faw saitochondrial

atent {1 w MO} hmphoostes with 11 20 mitochondna a3 eells with tmeduim
mito b o ral ¢ oteat (medwum MOy and Lmphocytes with 278 mitochondria as
1By with Bugh mit chondrial content (high WO

The number § himph eytes and granulocsles per rom? of bloo 1 from the splenic
fery and the plenic 1o n was caleulatcd The splense veno atbertal Stifcrences in
the number [ daffirent white blood cells weee obtameg

from sach anymal H
LIE cnce wore then snalysid statistrealls ba Student s £ test ond o

RENE LTS
Sham Opeeated Apunals Treated with Sterowd
The totat number of iymphoestes was only shighity depressed by
sterod treatmunt Vommal viues were recorded at § hours and § days
ter sterosd dmmintralion with 4 transient wncrev
5
e o ¢ to the normn)
A subdiaon of the hvm

phocyie population showed
thinge in the hanphoeyte o imbase

number 1w the hlood fter st
T
octurrud ol sabpopulatiens aHkough most e the ecton

markedt,
iites wath low ind mudium mutochonduial cantent (hl" ";)‘hc frmpho
The splenie veno arterial difference 1 number of \b
hy
not deprossed by storoid treatment—ngrma) dlffcrcx)u:pb:: \CZ}‘»;“!
R0 edlls per mme (Frastrom ef of 1969) On the contrary gn hx:h
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Fig 1
Number of Ivmphocs tes per mm? of blood from a splenic vein and & splenis arter
at different nteryals after sham operation and treatment with prednisolone The
Iymphocytes arc subdinided into cells wath low medium and high mitochondrial
content {\IC) Vean = SF

cxport value was registered 1 dany after steroid the difference being
772 = 254 cells (Fig 2) A subdnision of the hmphocytes showed fhat
all eategones of Jvmphocytes were exported m lrge number 1t this
tme (Fig 3) A sigmificant cxport of small lymphoestes with low
nutochondrial contenl was found at all time mtervals after tre wment
(Fig 3) A sigmificant export of medim sized {vmphocyles with
medium milochondrinl content also occurred t A1l tmes exeept # dns
ter treatment (Fig 3)

Pronounced granulocylosts occurred 4 wmnd 6 hours afler “"D"II
admumistration At 24 hours the number of granulocytes i the blood
was normal agamm (Fig 4a) Apart from this early sranulocslosis no
change 1 blood granulocyles was recorded
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THYMECTOMY SHAM OPERATION
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Dnfference hetween m

urmher of ymphorytes pee mow
and a splenic arters

of blood from a splemie yein
at different intervals after sham

operation oy thymectomy and
trestment with predmsolone Mean + SE

Thymectomi.ed \nunals Treated with Sterosd

tow nd medim muochondral content followed the Sanie course
thiz o)

The spleme veno artertal diffy
fuph § day after sterout
operated ammals Thg difference stbsequently
t0 4 mimmud \ 1lue of 109 = 199 cojis er mm? after g days
et export }ag 2) The subdisision of the ¥
demonstrated that the Iymphocites with fow g
drig content behaved wenticatly ¢
Whr 1 dy followed by 4 decrensin
Hier 9 days tFy, 3) as Tepards the
4 5 mitochandrnin ver eell the spleny,
tomized than 1n the sham-operated Ammals gt Ay correspo.
vats after sterorgd 1

reatment Ths deficient CXPart i the th
steroid {reated BUnea pi,s was mogt Pr

Crence 1m Numhe;
njechion ang operat

ot mediy
a farge difference
3 difference to a mim
smallesy ty
¢ oipat v

as present

s fower 1n 4

Y

d
reed affer § oy {Table 1)
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Fig 3
Diffcrence between number of Ivmphcytes per mmd of blood {r m 2 splentc vm;
2nd a splentc artery at different 1nternvals after sham operation r thvm(clm’nvlnn
treatment with predntsolone The Ismphn stes are subdivsded mit - rells with Dw
medum and high mitochondrial content M) Mean = S
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Sumber of granulocytes per mm? of blood from = splenic vein and a splenic ar

l!m;‘ll;:r:mslmzr\nl’s after sham operation (a) or thymectomy (b) and treatment
with prednisolone Mean = SE

TABLF 1

Splemc Veno Astestous Dyffereare in \umber of Lymphocyles Belonging o the Class
Characten ed by 0-5 Matochondria per Cell (Smaliest Tupe of Lymyhorptes)

Interval from operation and treatment
1h 3h Gh tday 3days 6days 9dars

‘Thyraectomized

sterord treated 22£12 1AL 14210 3£18 9x11 B£15 018
Sham operated,

steroid treated 28412 17x9%  15x7  dD£K16 2k =10 98k10
Lower values m thymectormzid than 1n sham operated amimals No per mm?
Mean difference * SE denotes sigmhicant exprt p < 000

The granulocyies mcreased m numikr from the normal values of
around 1000 cells per mm? to about 1000 cells at 3 wnd 6 hours after
thyvmectoms and steroid admimstrabion (Fig 4b)

DISCUSSION

In gwinea pips sath antaet thymus sterosd treatment ¢ yused no de
pression of the splente export of lymphocytes This 1s 1n contrast ta the
decreased export from the thymus (Ernsirom & Larsson 1967) The
difference mn response to steroids ndicates the castence of hological
differences between thymie md spleme lymphocy tes

The present myveshipation as well as 1\ provious one (Ernstrom &
Larsson 1967} disclosed 2 large number of ceeulating blood Impho
wles 21 hours after steroid treatment irrespective of lh)meul:m
Conenrrenthy « Jarge export of hvmphocytcs from the spleen \\;s



a8

&
g = Splenic yein
ts00 g == Spienic 2 tery
H LOW mc
1000 '5
&
8
Wl t’%\%/:/ [
L
g . 3 L) T K 4 *
E HOURS AFTER BAYS AFTER

THYMECTOMYS AND STEROID

@
2
£
150047
g MEDIUM MC
5
]
>
1000
: {
&
g} + f
w0042
z
HIGH MC
° w F T ¥
e ' 2 s ! 3 s 14
5 HOURS AFTER oAYS AFTER
© THYMECTOMY AND SYEROID

kg 5

Number of Ivmphaeytes per mm? >f blsad from a splente vewn and e splenic artery

At different aatersals after thymect my and trealment with predaisolone The

Iymphacstes are subdued nto cell with low medwum and high mitochondrial
content 1MC) Wean % SF

found thc export wnddudin., Wt entegaries of vmphocyles 1t 15 nol
known whether the comgritm., splenic cells are mportant for the
regencration of other fymphaty lissues damaged by the sterords

In the thymectonuzed guinct piys treated wilh sterod the spleme
wyport of Ivmphoevies decrewcd durmg the phasc of hmphatic
regeneration (3 6 and 9 dass after sterord ~Gyllensten 1962) Al 9
days after strond wdmustration the lotal export was onhy 30 per cenl
of that m the sham operated animals nd ne export of the smallest
type of Ismphocvtes occurred  This decrease was much more pro
nounced than that aftcr thymeetomny withon! sterond 1 Frastrom ef al
1969)

Thus thvmcetomy 1nterferes with the cxport of hmphocytes from
the spleen during Iymphatic reacncration ifter sterord mduced umo!u,
fon This finding muy be reparded as an analogue to the retarded
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erordt impinied Ismphatie tisue m thumectomzed
:‘:ﬁz‘;itﬁ;ﬂ(g::nim £ Gyllensten 1960) and to the delayed lm‘r;n‘:
nological Tesbiution After wresdiation of the Iymphatic hlsmé- ;x)x 3
mectomized sdult mce (Glaberson el nl 1982 Willer et af 196
The ressit ma be explamed by 3 pugrators stroan of }ymphoryics
from the lhymus o the reqencrabing spieen thes flow of eells bewy
neccssry for normal splense segLaeration and export of Iymphocsies
However the addittonsl nfluence of » thvime harmone on the <plcen
cannot be etcluded

SLAMMARY

The hymphecyte populations of hload from a splente van nd 2 splense
wtery were studted w sham operated and thymectomszed guines pigs
durme, steroid induced mvelulion and regeneration of the lymphatic
tissue Specnal attertion was focused on tne splemic senp arierind
aifference m humphoey ie number ndieatn, a0 export of smport of
Tvmphocyfes i the spieen The foliowing, obserstions were mude

1 At 24 bours afier steroid admintsiration the blood contuned o
lzrge wumber of lymphocytes trespectine of thamectomy  Conenr
rently a large expact of spleqic Iymphocyvtes sccurred Alsa vrespectune
of thymeclomy

2 o shm operaded gunea pigs no depresson of the splonse cxport
of tvmphotstes was woted after sterowd treatment

% In the thymectonuzed fumea pigs the spleme export of §s mplio
tyles deereased durng bumphatie regeneration afler stesmd induced
mualution This was most prononnced in the smallist lmphacyles 4

mgration of sm hymphogyles from the thvmus to the splewn ey e
neeesswry fur pormal spleme regencraton
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HISTOLOGICAL STAINING PROPFRIIES OF
IN VITRO FORMED FIBRIN
CLOTS AND PRFCIPYTATED T IRINOGFN
ay
Namve Mor md Unrien ABILYE (kD
Recehed 1c13

t13) are most commonty useq

The mmunofiverescence techmgue 1s believed tg he the one most
speifie for the domonstration of fibmin (5 13) The PTAY and the
tnchrome methods seem 10 b¢ more wspeetfic Althouh these methods
ire used 1 sstologient routine work more than the others

The sechwmsm of the slaming reetions ob
PTAH and the trichrome methods s fargely w
cisonally the demonstration of fibrin By ghe
methods stems 1o fast Thy
fibrinogin nd thrombin alo

tawed b using, the
nhaown (2 ) Oc

stamed wilh phosphotung
The dhiaractersshies of thy

siveral futors other thay ESF 7}

Fibrinoun

the pricurser of fibrig
withowt

1 gy Breeiptated
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brin (7 9y g what evtent
¥ au ¥4 v g ants should he
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preamtition oceurs 1 pwo 15 unknosws bul 1t may be 2 polentid
sotrce of error m histologieat stamng of Iibrin

The 2 of this studs 15 1o exanue wader which conditiens fibrn
fihrinoscn nd globubins trealed In histoloteal techmgue mive the
speafic stamng rivetions when the PIAH mughod the Irichrome
mcthods and the smmunohistoch miend techmique are used

MATERIALS

Fibrinogen Purified human fiheraagen (hain Stochholm Sweden) sbout 8o per
cent clottable was used 1t was tuss hed in 63 M NaCl adlusted to pif 74 with
1N NaOH and dialised aganst 83 3 Nald bulfered whth /10 solume Owrens
buffer for 4 hours After the dialvsis the concentration of fibrimoyel was 1% per
wnt

Latrated jlatelet pror locme \ine vclumes of blood frem healths fasting sub
ects were collected fnto boltls ¢ atmning one volome of 315 per cent sodrzm
citrate solufion &fter centrfugation for 60 mimuntes at 7000 ¢ the jlasma was
pelted off recentrifuged sad stored at —26 €.

Plasma with defect FSP (Eibrin Stabil ing Faclars Junction Platelet poor
citrated plasma was obtaned from a 4 vears old female patint {lindh supplicd
Wy e B € Codaf) She had 8 medcrate blceding tindenes thaemorrbages sfier
partys and after {(ooth exlymtion) Labaralery examination reicaled no olher
costulation defect than a Wifaaent FST function Farther studres disclosed the
preseme of 4 strang snhibitar | FSF in the pstient s pla ma.

Seyum Whale laad fram n>rmal subgeets were collected v a glass bottle and
semthated 3t 37 € for one hour fter remnsal of the ¢ by centaufugatton € ¢ 30
mmnutes serum was tncubated al 37 € overmighk The stered serum did not clot
fibrinogen

Srnu&:: [tbrinogen puxture ibrinogen nas dialysed agamst @ 317 per “'I:E 3“‘3";‘3:
estrafe sofution for 24 hours at 7 L. One yolume ¢ f s sofubion was robxe

4 volumes of harmal serum

Vacroglobulin serum was «1toned from 2 89 sears 14 r:.lc pan:::rx‘,.m :l‘a;r‘;\:'
globubinaerma Waldenstrym Ihe patwnt presented mo ra';; .suum PR AN
sternal marrow findings and a maderate blceding tendauy t

about 3 per cont of YN globulin b
I’un[xcpd macroglobulin One \olume nf[ seum :dm‘l‘nd::r n‘ark‘l::ﬂ ;.'zl,':r.m‘x'rzi)otﬁle
Lnacmia “’ii‘hj"“ mzfx ﬂh: ‘lu:m: af :‘S;‘ e N tn 03 I AaCl and repre

cpitated twiee gy
pOwrm 5 buffer \ modified veronl buffer pit 738 mmc{ 7:::;;:;!;?!1}‘5‘7‘; ::’l ey
Thrembin Highls purifted humap thrombia wss ‘"?{‘u{imr
et al (3) and contaned 30 MH umts per mln dlshlc( e surum albumin
Human serum albumin A per wonl siueous s lution ol T reath dritied
was obtamed from haly Stockh tm S“edm‘ Tlus solahon »as
an of 4 per cen a
e o sl concnmn LK 4y o 01311\
«Pharmacta Lppsala Swedent Diutbdas were per!drmsl L Mis aurl LS 3)
Glyeine methpl exter HCE (Sigima « hernreal Company T e mblbitor of
4n 01 M solution was adjusted t plt (& Gl cine meth i
reles
“bf,'.';,f:f;s1';::“1'51;‘:?;: Lommercinl antssess (M hand } aboratories. 1ot ATE
i © %4 were used
(ar!xg:z:u antt humaa fbetn lahellid with (lum"f" ;-n ot
rabbit anty human fibrnosen labelled with b
rabiit ants haman albumin Jabelled with !F\'C -
goat ant rabbit ¥ globulin labdict vat !; G pan pla ¢
By immunoclectrophorest apam 1 ncrmal bt ron Anti Pbrinogen st sno;;
fibrin showed one precipitati p lne n the € :ff.sm e probatty £>rrespanding
a distiact Tune 1p the same p siion nnddlath gty reetpitation line
to o wmacroglubuton nli albug 2 chowed on

wranare FITCH

«ma the anlr ceum against
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$on e ageinst
tests amts fibrinogen serum showed one prechy Hat!
\fs’m!:‘d‘\‘\l\{{:s‘:% and 1 18 and no Yine agalnst pormal human serum diluted 3 2
ﬁnd 1 10 Aot albumn serum showed one precipitation line lgll!‘l,sl ‘human <eruin
albumin (1 m/m)) and ormal human serum diduted 1 3 and 178

VMFTRODS
ey 1 d tubes Unless oth tated the {uhes wure
clots weye prepared in Tustroid tubes Unless otherwise stalte
m:l::r“d w e “Etzrha!h at 37 G for three hours poior to the sdditan of (ixation
fad
}“:bnn cloty prepared from gunfie] [ibrinogen ‘The fikrinegen solution (32 miy
wax mixed with onc of the following test solutions al 3

1) 02wl of Owren s buffer + 0> mtof HO

12, 02 mlof50miCatl + 0ZmliolH O

33 02 m}of 50 mY Catl + 07 mi of ghetue methyl ester
t4; 0.2 miaf sttumin + 02 ml of Gwren s buffer

Thereafter #2 mi of thrombin was edded One sample with each tust solutiin was
18t ynds turbed siter addifon of thrcmhin Clottiag took place within 18 sevands
Anather sample was stirred with a gass or wooden rad during ¢lottinyg sfier addi
4 o of thrombin

Other sample wath test 5 Iuftan (1) and thrombin were sneat ated for three hours
Thereafter nitraventniugation »as carrted out {Spince L 7 rotor 40) at 33008 pm
(111008 g at tigs for three hours at 3> -37 C. ¢t incubated a1 2 € for three hours
prior to fiven

Fibrin 1 1s prepared fr m citrated plasma Citeated pls ma (02 ml normal or
with defect FSF function) was msved wit)

{3y 04 m) cf Orren s bulfer

23 89 m}of 50 mM tald 4 02 mlof Qurens buffer
and 22 ml of thrombin was aife] One sample with sither test siiulinn was left
undisturhed snother sample was stirred_Samples with test selution 1) were also
ubsectad 1o plracentrifugaty n as dessrihed abme

F brin elots prepured from meclures of serum and fibsinogen These wire made
ad tesated ps Lt from (rated plasms
Whole blo ¢ Jots Samples of one mi uf whole bload from normal subjects were
hb“e \:! :\ hxm w s,nhtn;lg\)lquut Without stirring cldtsng took Pace sn abrut ane
wr In the \amples which were 3t
e mm“‘“n rred with 2 glass vd ciothing took lace in
3 fubilaty The elots formed by addition of thrsmbin o yurihied fibrangen were

olulle m 3 per cent Urea or ot P T cent monn Reracetic acd wot]
i luble wher f rmed ta the prisence of LaCl @ thin 3 hours and

41 15 | rmed by additom of thrambin to sunfied Tl ring
ogen in th

{al! and @riane methyl ester mere sciutle in ures or mnnac)\\unz:ucc iifﬂif»?i
sr) urs thus tem nolraumg iohibitinn of FSF Likewise clots Formed by additin

threzrbin t ctteated plasma wath & Tect £SF funetlan s the preseoce of Calt
Wt solublon area ¢ m o0 chldtacetie seid withn 3 hongs ¢ °
Precepitiles

Precipitale ner pregar & i buskeasd tebes w 1

4t L After

; et 21 7008 g for 30 snsnutes The sup:mnhn!ew::“:bah m( he tubes
© flurd adled ta the presspitates moved and fiva

=
B
2
Z
z
E

ot ed fibe 1 g 0 Fibmosgen wolation (89
D Sl 10004 or cont acetic send Y TS Guted with
T4 (S0 mM Gl 4 7Sl K G
P ol £ 13 per rent dextean
1 ubats n time ©as 3 bours
Clrated g ta a
th0dml f atrated plasms 4 45 ml ot 0
[
2ot st plasina - 05 o 10 par coey oot s
n urale 1 tine was 18 howrs e
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Seram febeinogen mixture One ml
of sernm fibrimogen mit:
05 ml of 10 per cent dextran Incubatiin time was IS“ t?m:rls‘ e M‘s bluted witt
gh;‘; l‘llt;!:ﬁle'i/n /(fw‘adom ‘hﬁnn(aol SeFUM (05 i) erum from « patient with macro
imaeyma Waldenstrom
Hlububaaemia 5 ml) ar purified macroglobulin solution (05 i)
:;)) 0‘315 mll ort 010;4 per cent acebic aed
ral of 312 per cent sodium eitrat,

Incubation time Was 10 minutes rate + 95 ml ol D114 per cunt aetic send
P'reparation and Statnng of Sectons v

Studtes using conventional istoloaical fechnt

gne AN clots and precpitates were
.x,'ned an Zenlers fmd £50 24 hours and rinsed in flawing tap water ‘;or another
24 kours or ficed sn 8 per cent formaldehyde with 5 per ccat mercune ehlande
for 3 davs

Specumens fised w Zeakers floid were stamed with Wallorvs phosphotungstie
acsd hagmatoxvlin (PTAH) (19) Specimens fixed in formaldehyde/mereurte chlonde
were stained with Heidenham's azan stain (29) Tendrums Martius scartet blue
method and Masson $4/41 method (14)

In the following red stain using MSB and Heidenhain s azan methods dark blue
using Masson 44/41 and bluish blaed using PTAH will he designated as + {pos1
tine) Blue stain using SR Heirdenhawin s azan and Masson 41/11 methods as well
as red browassh stain ustng PTAH method w1l be designated as — (negatise)
W here satermediate staining occurred the symbol 4+ will be used fn some sec
tions the matenal mostlx gave a positive stmn Fut i smaller areas the stain was
negatne or siee versa These instances will be marked +(~) or ~i 4 Tespectnels

Immunofinorescence stuties The followmg specimens were used

1 fibrinogen precipitated feom crtrated plasma with acclic serd
(2) euglobulin fractions from serum

Tohul from b sernm

(4) punified macroglobnlin
{5) fibrm clots prepared {rom purificd fibrinogen
(€)  as {5) sith addition of atbumin
¢7)  fibrin (lots prepared from citrated plasma
(%) as (?) wath CaCl

‘The precimitates were plaed 1a a shit i a prece of hiver from mouse

The specimens were frozen by CO gas sectioned immediately at 6-8 ucron, ma
Tissue Tek Cryostat (Ames Iab Tek) and stained the same 48y I(\g Ide ;rz;
method of Coons & haplan (4) The sera were applied undifutes aud dilute
with 43 M Nagl

Fluorescence micrnscopy was performed with s Lestz Orthamat ml;c;;’lsmplts‘:lsi‘nn)
LG 1 and BG 38 filtres Photographs were taken with Agfa Tsopan IF m {

Canfrols fugrscen
(1) Unstained sections showed scarcely visible antofudreseente
¢&) There was no binding of gat ant rabbit ¥ gobulin hhl‘élwh“:j“:‘!'(‘{;”};(ua.‘
(3)  Anb fibrin and antt fibrinogen labelled with F”%b“uf\ ’l ;“e'”:ll “ith FITC
amounts 0 6 per cent purified fibnnoges At sl apnn lal e e By
was adsorbed with equal amounts of 1 per cent mmsg :m;:d s fibrano
gel diffusion tests ant: fibrinogen labelled with FITC a 'rb et euth FIIC
gon showed a preeypitation hine aranst snty r;br::ogn; 'ﬂ:nd 10 ants
and mo lne sgamst normal humag plasma dintel OB atien
afburmun labelled with FITG adsorbed mith st wmtn SPARE C L0 CE GG gqg
Iime against ants albumin [abelied with FITC The snti IROSTER B0 Ty
albumn sera are therefore adsorbed in excess ﬁc;lt‘:onsswn“
sera showed no fluorescentce except gor the sutofluore:
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HESUITS

Siudies Using {onvenhonal Histelogical Technupite
Clots .
The results of stainng reachions of fibrin elots are shown an Tabks
d 3
! zk:?sl from normal plasma plasma with defeet FsE funchion and
serum fibrinosen mrcture stuned wdentieat

Surrng with wooden rods and starming with glass rods gave wentieal
staming results

TABIE 1
Fibrin Clots Formed from [ urified Fibrinogen anl Thrambdin

MSB Masson $1/41
PrAN Heidenham s azan

Punfied fibrinogen
Punfied Hbrmogen with

]

+ (=)

+
Ultrgesntntugation + -~
. 4 {=) 4+
CaQt + 4
\ CaCl ~ Stirnng + +
CaCl ~ Glyaine methyd ester + +
Albumn + —
Albura - Stissing + 4
TABLL ©
Fibrm Clots Formed from Cstrated Pleama and Thrombra
PTAG NSB Wasson 44741
Hesdenhan s szan
fatrated plasma + -
Cutrated plasma with

Stirr, + +

¥ Hracel teifugation + —

aCl + —

Call — S drring + +

ot prepated from plasma with defert FSP t
& rmal plaswna, function Behaved bike those from
TABLE 3

Clots Preposed fram W hole Bload

PIAY VISE Masson A$74)

Redenhaw s azan

Whale blood +
Wh te blood ~ Starre? +

“
5 oar P 6
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PTAN Al fibrm clols derned from fiinnosn of notmal plsma
1€l reveled coarse thrends (Iig 1)
and formed By the additien of e
whereas the tack of enterum or fibrin stabilizang faclor (¥ Sk} tande
to resull i more dehieate fibren strands {Ngs 2-5)

W hen stirrms, was performed dunng cloltmg the clots were com
posed of tnisted hundies of fihres of varymg tnshness (D, §) Clots
prepared by purthed fibrinosen and thrombm and hept 1t 2 G before
{ixation had a similar appearance {1 7

Ultracentnsfugation after the clot was formed grse a ceptral comp wt
mass whereas debeate fibnifar structures cowld be diseerned n the
penphery (1. B)

A posstise stamn for fibrin was dependent on the addition of £aCl or
the presence of serum coftoids (whole serum or punified alhummn)
Thus clols formed by punfied fibrinogen and thrombint gave 9 pega
ine stan (Fig 2) whereas 2l other elots gave a posttive seaction
Fao3 Lt 3 )

MSB Masson 44747 Hewlenhains 2 an In fibnn clots the thachness
of the mdrsdual sirands varied less than the thchnoess of slrmds
stamed with PTAH Honwever clots formed by punified fibrinoqen and
thrombin wnd by puniflied Gbregen nd thrembin sath the addition
of glyene methyl ester wmd CaCl, had defimtidy finer strands thom the
others

Strring durm, clothin, cooling or wliracentnfugalion of the clot

reveated a4 mmeroscopienl appearanee simiar to that deserihed for
PTAH staned clots

Figs -8
Fa £ Fiboa bt formed by otrated pirsma 2nd thrombia with the
€ 11 The strands are cowrse PTAH gnes 2 §ositnve stalp P;G{d;ﬁxnﬁvo‘:
Fip @ Fibim <ot formed by punbed hivrnogen ana thrombin The strands are
ey A f w P’\(’-\l( snves @ egative stan PTAY ¥ 1300
3 1hrin § 1 € rmed by purilied fibrinagen and thy
Py L e mhn with the addition

Eester for it stion al FSF-contammants T
trands sre vers fine PTAME grees a1 owrtixe st oo e
Fad Bboacitlmman ; o oty

sarificd fibrinogen and thrombin wath
of albuarin The \iranes are fine PTAR gnes a p e sty Mg o poon
Fu Fibrin Rt f rmel by ateabed plawma {rom g patient with defeet FSE fune
U 5 and thron Fos with th - addition € CaCl The strands prg Tose: Bony
bys R St PTACK 1900 ¢ e BTAN
w6 Yibrm ol tf rmed by junficd Obemogen ang {1
€ lantis stirted with @ glass ro§ dusing £l in | e o S SARPIE 523
w e vl b <h packed and Msted Buadles of finng sl ie ol
. g 3 st staw PTA X 1200 rands PTAN
; tn 1€ rmed by punfied ftwon o aed 4
K1 b€ ge fmatinn The fibris strar s aee ?::ﬁ‘émm“e Sample was
by T enesa st sta PTA X o) coarse bundies
78 Babom 1 tf omcd By g unidie Bhroges and ¢
» amed ut adier the chet was fosmed Thr o en sttt
whe ddediate tand man be discerncd ot the peoyne CTPACE centre
b the stan PTAN x 1200 Pherd PTAN ghes 2
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Inn all sectrons the MSB Masson 44741 and Hewdenhaut s wzan stams
gave corresponding results

A positise stamn wos dependent on the addition of Call or on
phvsieal altertions (stirring or coolin,} of the ciof The presenee of
serum coltords (whole serum or punfied albumin) seemed {o prevent
fibrin from tahing the posstise stam even when CaCl was added Hown
ever, a posttine stun was 1wavs attuned when stiering was carried out
durmmg clottmg

Ikewise whole blood gave a negative reachion (Table 3) If stirrmyg
was performed during clotting the rection was agan retersed

Preaymiates
Fibrinogen precipitated wath dextran showed iraces of fibnilary
structure  The ether precy were composed of lar homo

geneous masses In the presence of CaCl  the granules appeared more
coarse

¥ xeept for two specimens (see Tables | and 3) the MSB Masson
44/41 and Hewdenham s a2n gave corresponding resulis

Dibrinogen precipriates (Table 4) Purified fibrino,en preaipated
by dilufion with acety acd or CaCl gave an overall posinie stuning
result by all methods mvcstigated

When purified fibrinogen was precipated i the presence of dex
tran an ilermedsale statamg reaction occurred

When scrum calloids were present PTAH stll gave a positise stan

hercas the other methods wire neqatie
“)Ser:uam 2ric1mlale: (Talle 5) Luclobuhn from normal serum sh::“;:g
wntermediate stunmg reictions with PTAI and negatne reachio:

methods

* ‘;’t;elcl:fnllﬂ\}t‘:s macroglobulin gave 4 posiive stam with MSB Mnsson
44/41 and Heidunhun s azan whereas PTAH was neguine

TABLE 4
Fibrinogen Prectpitates

AISE Masson /41
rat Hedenhala s szan
Punfied Hibrmogen with e 4
Aretic acid b M
a0 T T
Dextran
Cfrated plasma with v b o
Acetic acld by
Dextran
Serum Hf rmogen mixtiure wath + -
Dextran —
4731 and Herdenhain 8 8237 were pos:

ASH was negatne Massan 4
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TABLE §
Serum Precipitates

NSB Vasson 1911
PR tindenhain s azan

Euglobulin from macroglobubm serum

Englobulin from norsmal seruen + o~
Furthed macrogiobubn —

4

18es

ntiea) reuctions wese sbisiaed with citvated serums. eccept for
M

B was postitve Massar 43741 3nd Hesdenham s azan were negatine

TABLE 6
fmmunofluarescence Studies
antt Ghno antt [ibrinogen ant} atbumin
tlofs
Panfred {ibpnrgen
Thrombin + 4 —
Panfied fHibriangen
Thumia ~ Thrombin + + [Z5]
Carated plasma
Hromha + +
Girated plasma
€a€}  Thrombin + 5 *
Preeipitates

atrated phsina

Acetie annd +
tugl buhn from seswm — - 30y
Englobulin from
marregiobulin  erum ~ ~
Purified macroglobuhin -

)

{4 15 Indicated where weak {laorescencd was obtamed

Immunofluorescence Studies (Table 5)
Fibrm clots and {thrinogen precipstates shoned s
earfic
for hoth {ihrn and Dibosegen (Fios 9 and 19) peciic fluorescence
Fisrmogen preapitated from esirated
plasma showed bind
zn(x :\!humm labeled with FUTC and mostly ot the surface (F(;;ngllu)t
tadar results were obtamed 1 fhrm clots §
s e ormed fram cirated
Tuglobulin {rachions proupitated from sermmn a
sorum showed o weah fiuoreseence for atburmn Preaipitates 1)
punified macroglot showed a Buorescence for alhy g
which could not be reproduced m pholographs Fhuman
Serum euglobulin {rachions and punbreq
raacretobs
bindwg of ant Hiban or anty fibrinogen tahelled :\Rhu;?’fscho“m b
There 95 no binging of musers 1o mouse e

nd macroglobuln
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Fige 9-11
Fig 9 Fibnin clot formel by citrated plasma and thrombin Anti human ftbene
gen lahelled with FITC X 400
Fig 10 Tibrinogen precipifate from citrated plasma produced b acetic ausd Ant!
human fibrin lahelkd with FITC A 400
Fig 1 Parallel section to that of Fig 16 Ants human albumin labelied with FITC
X 400

BISCUSS10N

In the present studs a posihsc stam for Hhrn was found 1o be depen
dunt on the addition of (€1 no matter which method under imvest
gition were wsed Furlhermore 2 posiine stan with PTAIl w18
dependent on the prescnee of serum collowds whereas physieal fictors
during clotting seemed to nfluence {he st unabibity when the trichrome
methods (MSB Masson 43 41 Hedenhaun s azan) were used 4 hether
or not the fibnn clot was wrea soluble did not scem to affect the

stuning rections

Both aleium and fibrn stabhang factor (FSF) are rcquared for
the eonsersion of urea solubte fibnn to the nren msolubly tvpe (16}
When onc of Lhese substances s laching or neutralized the fibtn
remans urea soluble A reduction of the cffert of T ST was ttamed by
sniubilion of the fSF confammants m punsfied filnno.cn 17} i
shvame methnd ester (18} or by use of plasma from 4 pitient wath 1

strong FSF miublor

Fibrn clots formed by punfied Dibnnogen and (hrombm g,auu'l
negatne stun whereas clols prepared from purified hhnna;ﬂ; \\: ;
atlded €rCl gave a positice stam whether ar not ghant met! 1; s;;("
was presnt Furthermord fibnn clots prepwad by plismn rl("l()! i
patient with « FSF intinior staned the fibrin clnlS!prtp.’; P
pormal plasma Thus 1 positne 1 "“‘r’:;:mw for
but the presence of FSF achuly

¢ positine roacton
milg\\e\u‘ 1n histoleoical seetions the atructure of the fll:‘r;rl\, f)‘rll.::)di;
seems to be dependent on the ure solubitty of the ?0‘ ;:M“hﬂm‘ e
clots wath the addition of iUl showed coarsc sirnd

stmn for fihrin s d
dous not scem to br 1 pr
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tack of ealcium of FSE fended to pue finer strands Dacker! et al
16) and Torand et of (1B} fonnd no dilference n the stolopteal
appearance of the fbon clots pripwred from phismt with catennm
whether or not T'SF was present Hut therr experimental conditions
difcred from ours Swnce uniler the present experimental conditions
1 SF appears to be necessany for the formation of consse fibinig steands
onr seskits wmar atse wdieate ithat the stamng reactions are not
definately mftuenced by the calibre thickness of the mdnadnal strinds

The presence of albumin wm fybrin clots formed from punfied Dibrin
open resulied 1 2 positnve stam suth PTAIL This 15 m accordincee
with the resulls obtamed by Gulin & Crayy (8) who gol 1 positne st
with PTAH when albumn was peesent Howenver these nuthors did
not retate the posttiee rerchion to the presence of albumun bt to the
urea wsolible form of fibnn an explanation which does not fit wath
our resulls

Punificd fibrin elots wath wddbonal albumn and tibrin clots formed
from plasma pave a negatne stun with the inchrome methods even if
{alt was added Therefare the presence of serum collowds during
clottm, seems to promote the positine PTAH stamabihty of fibnin
whercas such substances apparently present Obnn from taking the
positis ¢ stamn wath the other methods imveshgated

Argregation of hbmn strands was produced iy stuming, or cooling
durin, clottin, or wliracentrifu.ation of the clot after it was formed
All these procedures mterfered with the slamng resctwns As to
stirrng o coohng the effect was particularly strihang for the stamung
with the trichrome methods sinte thus treatment of the clol afwass
resulted . powtne sting, reactions mdependent of the clolting
medmm Wb constaal stirting durin,, cloting the mechamend s
torsion of the clot produced alleralions which cannot be refated to
werc1sed aupregition of fibres onfy smee witracentrifugation which
resulted i compression of the clots gave negatue ‘\mr;‘mg reachinn
with Abe thece menbioned methods Wuh regard to PTAH hm\e\e:
hhrxlcompro«mn may play o role swtce clots formed durmg stirning
T‘r“\:‘lraccnmhw\hon Miter the clot w1 formed bath gave positne

ke fibmin clols a positive stain of fihmno e
dipendent ont the medivm sn which the (;bnnosg:nl:; '::cr:, "?f"";"f;"")
an the whole the same stamng pattern as that of m)rm!:\: ‘ bt na
when Catd wos addid or serum collowds were present T s o gu‘md
Tonteal sectins equinocal fibrin masses are presumab) “LS[ fm isto
delmpuish from precpitated Dibrinogen  when s\andird‘ﬁmm o
tchmaues are used In this sination the immunoflugrese tincloriat
s 35 not yselul either smee Gbrn and fibrnaen al ence techny
alis mdishinginshable o€TL are wnmmunologie

Preoytated plobulms gase & n
tuglabubn from unrmg!?ﬂmhn se(;:‘::\:ngm;:‘ur:ge: T";\::m\g‘«lh;:;n;as

lohithn
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gave 1 positeve stam with the trichrome methods This 1s m agreement
with presvious findings i iopsy materals from patients with mnero
globulinnemit {11) Thus using the irichrome methods deposits of
macroglobulins or substanhial adsorption of macroglobulins to fibnn
{21) may be mustahen for fHibrmn or Hibrinogen

In conclusion, ameng the standard tincional methods investigaled
PTAH 1s found to he the one most specific for the demonstraton of
fibrin and fibrinogen wr tilro but it fals when fibrin clots arc formed
by purified fibrmnogen and thrombin only The tnichrome methods gne
a positive stun of fibrin when the clot 1s chansed by the mfluence of
stirring during clolting or cooling Immunostoch 11 techmq
scems fo be the method of chorce for the prccise demonstration of
fibrn or Nibrinogen 1n huslological sections However the lalter <ub
stances cannot be distingmshed by am of the melhods used

SUVV4iRY

In order to test the speafiats of the common fustologieal stuns for
fibrin fibrin clots and precipitates of fibrinegen and globuhns were
prepared by hustologtend techmqne and stamed with Maffory > PTAH
method or one of the tnchrome methods {Lendrum s MSB and Masson
44/41 and Herdenhamn s 1zan methods) Immunofinorescence fechnt
ue was afso apphed to the clots and precipiiates
B Al‘l normal If)1117)ru-‘ clots 1o which CaCl was dded showed corse
strands m histological sections whereas the lach of ealetum of f:]lmn
stahilizing factor (FSF) tended to gne more deheate Bbrin sl!r.n:msml
A positive stam for fibrin using the PTAH method was depo
on the addition of CACl or fhe presence of serum collowds deoen
A positine stain for fibrin usmg the inchrome methods \\:lsl lq:;hc
dent on the addition of CiCl or phresical alterations of lhol ck::n" e
presence ot serum colloids seemett {0 prevent fibrin l'rlomC Sllam.,“:“
posttive stun with the trichrome methods but 1 '},)Oﬁll (‘t‘nq
always att uned when stirring was carmed out d\mn}, C\-T'I,lnn
FSI 1s probably not necessary for a positnne stun fo ”n‘ WAL bt
Fibrinogen precipitates gave also positine stun \\1(‘“‘ T ace of
agam this was dependent on the addition of Call 3r mIc\ e
<erum collowds With the trichrome methods flbrmoat'nf ;‘Lrum D orde
reaction when CaCl was added wherens the prescnce of s
ave on the whele negatie sesuiis —
# Euglobulin fractions of macroglobuhin su“mlqndlf‘:;:rt‘l(;:d:‘ e
globulm staned manly s fibrm when the trichrow
used whereas PTAH was negatne
Tmmunofluorescence techmuue 1ppl
preapitates resealed speufic fluoresecn

i
OSIE:‘I‘S concluded that among the standard finctoretl med

ots and Nibrmogen

fibrn cl
o o fibrin and fibomw

ce for bolh

ods mvest
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yated PTAH 1% the one most speaifie for the demonstr shion of Tihrm
1nd fibrimo.en w Piro
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DEPOSITS OF FIBRIN AND
PLASMA PROTEINS IN THE NORMAL
HUMAN PLACENTA

An Imununoflnorescence Sludy

By

NARVE MoE
Recened 1 <68

In the normal human placenta eosmophilic ¢xiracellular deposits of
fibrillar or oranular appeirance are secn n relalion to the various
elements of the trophoblast (Fig 1)

On the surface of the syncvhum of the vill fibrin md Dibun hhe
masses of varlous size arc lad down (16) Op the chonon plate similar
depoastts extend to finally form a contintous laver agunst the maternal
hlood space (Lanshans laver) {16) Further masses of eosinophuhic
material are secn between the cells of the cell 1slands {11) and evio
trophoblastic coll columns (14) and of the cytotrophoblastie shell
(13) In relation to the basal plte pearly continuous deposils are
found both towards the mtervllous space (Rohrs stnia) and at (he
junciionl zone between the cs lotrophoblastie shell and the derutua

(Mtabuch s laver) (13)

Many authors have studied these deposts the exaet nature and

oriom of which have been much disputed (for revien sec Voe (13)
Moe (11) and Voe & Jorgensen (16}) The major problem his been
whether the deposits are composed of fibrin or other substances
Previous studies have shown that Rohr s stria and the catly deposils
on the syncvtium constst of malernal piatelel thramb and that fater
on ncreasing amounts of fibrn are added (13 16} In lbe whsanced
stages the deposits on the syncytium are homogencous b hinht mlc;o
scopy Ultrastructurally  they are composcd of 2 finely granulr
matenal of moderate electron density {16) Brecause 2 fiwn rclnmn;::
platelels and seattered tricts of fibridlars fibrin were h:;;‘m‘::;mm

resent
cannlar masses 1t scems hihely that the masses Tep
{ eleciron mcrascopical apper

(16) Granular masses with a wimlar
he adaressed 1o varte Yoe Lilerd] Hospital Depsit

Tequests for reprints should o o

went of Obstetrics and Gynecology Toschmcsst 30 0510 3y py na a1 001
The author 15 deepls andebted te M Harb ¢ up f

swter D for anyalualle help
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Fig 1
the normal human placenta A} Deposits on the syneytium of the villl
gfpf:i::hl:mhg" CJ Intercellular deposits in the ¢ totrophoblastic cell columns
D) Intercellular deposits an the anchoring villi F) Intercellular depowits in the cetl
islends F) Rohrs stria G) Intercellular deposits In the ¢ytotrophoblastic shell
H) Mitabuch s laver I} Decidua

ance are found 1n Mtabuch s layer (13) and n the intercellular deposits
of the cell 1slands cell columns and shell (13 14) This does not
necessarily mean that the composibon of the granular deposit m all
those sites 1s wdenhical In all locations however the granular masses

are mixed with varymg amounts of fibnillar malerial with the appear
ance of fibnin

In the present study 1mmunohistochemical methods were applied to
plicentas at different stages of presnancy mn order to obtain further
formation about the nature of the various deposits The presence or
absence of fibrin and plasma proteins was demonstrated by applying,
Anhisern against humon fibrin fibninogcn albumin and y globulin

MATERIALS AND MFTHODS
Tissue specimens Five mature and 5 immature

placentas from normal pregnancies
sere evamined The immature placentas we ¢ obtawed from physically healthy
women whose wee n h

indi ations after § to
24 weeks gestation (menstrusl age) Imme liately atter removal the placentas wero
gently rinsed 1n 09 per cent Natl solution and eut 1o st

taken from the central and peripheral parts of the pl.
frozen in & drv ice/ethv? alcohol mixture at —70 G &
Other specimens were placed direetly in the freezer a

were frozen by CO, gas on a freezing stage for 1wemed
tive procedures gare similar results

wees Paeces for studs were
acentas Some pleces were
nd then stored at —2,

t —20 C, and some preces
fate sectionsag AN prepara
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Tor comparisop a fresh endoeardia] thrombus from 4
patient who died fro
myocardial infarctian Was frozen by ¢p &35 aal teeate] 1y the same way “r“::z
placentas
Sectioning The SPectmens were sectioned at ¢-g JRTons 19 g Tis ye Tek ¢
ryo
stat (4mes Lab Tek)  Alternate sections were Preparel for immunnﬁuoresccnc&
study and for 1ight mMiCToscopy
Conventionay hustatogiear techniques Sections were stained with

(1) Haematoyylin az0 phloxine (Hp)
{2) Leadrum s Martius searlet blue methog {MSB)
(3) Mallory s Phosphotungstic agyd haematoxytn method 1A

For the I3 staining sections were fixed in ether/ethvl aleghal (1 U for ap
procimately one hour phy drated through aleohols to water postiited 1a § per cont
formaldehy de %3th 5 per cent mercurie chlomde far 3 days and stained according
to Lendrum et af (9) For the PT4n staraing sections were fixed 10 ether/ethyl
21chal for AppProximately on¢ houp hvdrated through aleohols to water po thaed
n Zenker s fimd over night und stained with the techuigue of Mallory (11)

Tmmunoftuorescence Techmque
2) Antuera The follow g commercil antiscra (Hyland Laborataries Los Ange

fes Cahfornia US§A ) were used

rabbit ant) human fibrn
rabmt anti hymap fibrin 1ahcdle
rabbit anti human fibrinogea
rahbit anti human fibranogen labelled with TITC
1abbt ants human alburmn

rabbit anty human albumin labelled with FITC
rabhit ants human ¢G globulin labelled with FI1¢
#oat anty rabbit y globulin labelted with FITC

d with fluorcs ein wsothiocs anate (FITC)

one precipitation hne o the g Tegion  Ants fibrinogen serum ::;:\ne:‘:
distinet ine 1n the same Position and a very faint Line pruhin!ﬂvI currc:g(‘ o
« macroglobulin Anty albumin showed only one precipitat gn lrnfnt one fo 74
bulin showed a distinet Tine corresponding to ¥G globulin and a fai
Tobuly
i ;)\. gx;! iffusion tests ants fibrinogen serum showed e ":{“L‘:.‘f:ﬁi“",cli'l;
against plasma dilated 1 2 and 1 10 and no hne agafnst nlml’:l‘l“ 3 ne spamet
dunted 1 2 and 1 10 Ants altumin serum shoved ope pYECdr] :do‘ §re apains
humen serum albumin (1 mg/ml) and normal human m-uml l(l vm alin €1 et
Ants ¥G globulin serum showed preapitation lines nsn/mi) '/mﬁs it e
mb 3 globulm (1 mg/mD) and pepun split vC (1 o ne 1o other ¥ Flobuling
the anliscum contamed antibodies tc yG globulin as we fobulim
The anti yG serum wall therefare he desrgnated as o “/Emmm was met detert
The amount of specific antibsds and the degree o 'i‘"‘lc”am f the differint
mined for the different antisera Therefore when the tr g el o the ron
antisera are compared the degree 1{ ﬂ:ores eace ls‘m’: pi in protein t,"
ding antige atensity
CERtrtion way ey S, aben, St diteenes i po

£ fluorescence 1n different arcas 1 an the same day
S technique After sectioning staming was performed an

“sandw ich methad
using either the direct method () or 1 some s;ctlfgn;";h;g’,f" rent natl
121) The scra were apphied undiluted and mlu(eirmmd b & Lets Orthomat

roseos mg UE T I e Thehen e o e Wi ek o
a

By 1mmunoelectrophoresis agamst normal human plasma antisera agatast fibrn
showed

mcroscope using UC 1
pan IFF film (15 din)

ol Frperiments le autofluarescence
Co]’l"hffo/lznuscmce Unstained sectinns showed s arcels sntble

uorescence of [Tt
of g grey greemsh colour different from the lipht apy le green f1
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2 Non spectfic starning Thite was n bimding of goat ant) rabbit ¥ globulin
Tt

h?”;:-';”)ﬂ‘}];;) 4ot hbrin and anti fibrigogen Yabellat wath 1 LTC wsere -d'mﬂ ed
with equal amounls 08 per cent purthed tibtinogen thabt stachholm Swedeny

ARt} atbsmin Jabelled Wi FITC @3y adsorbed with erua) ampunts of 1 pec cul{!
human serum albumin (habi Stockholm Sweden) By gel diffusic n esls and
fibrine gen Tabelled with FITG adsorbed with fibrnogen showed a precipration
Lige agamst anty hbrinogen labelled with FITC and no dine agzimt normal hyman
Rlasme diluted 1 and 3 10 Ant albupm Tabelled 1 1ih I TEC atlstrhed with
Mbumia showed ame precputation line ggaingt ants albumun Jabelted with VTG
The anh fibtincgen and antl albumin sera were Whercfore adsorbed in eveess
Sections treated with adsorbed sera showed no fluoreseence except for the auto
fluorescence

4 Stamng of fionn and fibrtnogen Fibrin clots were prepared from parified
fibrinoges Fibrinogen precipitales were made Irom citealel plasma Both prepara
tons 1 ere staived %ith 2ot Dban and asts fibtinogen fabeiled wuth FITC, 4 de
tarled deseription of these expermoents have been ghen 1 ansther paper {1a)
Cruss resctigns for ibrin and Hibrinogen wete obtained for both Tbrin and fibrin
ogen can therefre not be diferentialed with these methods and the tepm Titrin?
fibrinegen will e wsed In the {ollowing lest Fitmnogen precipitated from estrated
plasma shosted binding of ant sibumin lahelled with FITC, and rpowly ab the

surface Filrin clots fovmel from rurified fibrinogen shiwed no binding of anti
albumin Yabelled with FITG

RESULTS

The direct method and the sandwich method gne the same results
m the Jocahzation of the [luorescence though more stron,, with the
sandwich methad

The Hyorescence with both undiutcd wnd diluted (1 16) antisera
appeared n the same arcas

n the following binding of rabt fibnin and ant Hibnnogen tabelica
with FITC will be designated as “mnding of anti fibnin/Hibrinogen
Red staun wath thy MSB method and blwssh black stan itk fhe PTAI
method ate typieal reactions of fibrin and are designated as positivg

Binding of anti fibrin/fibrinogen was seen throughont the deposits
with 1dsstribution sumuar to that of the red colour seen i hacmaltovy
Lt aza phleuine preparations Generally ihe depostls pave 1 possine

reachion with the MSB and PTAH methods but wah
areas TTAL tended to give a positive rilon compe

of the deposits onls wheteas \SB

stun {o the iibnilar camponent
{he homo,,

e e u CA;’Q\D 2 posihive reachion to some of
S a5 el mpared with the resnits ol

partlim scctons both the MSB and PTAH methods applied to l"‘reodzéz

seehigns tended €o g positive stn am bess exlensine areas {13 11 16)

Budwng of Antr Febrin/Fibrinogen
n e endocardial thrombus bmnding of anyy fnin/Hibrino,n v
sclul\_ 1[1\—(0:@:)?)1;1 ai]l Ias}c)rs but was Pariieunlarly prommenl“ at ‘t;xz
surlace (Fig 2) and at the base towards the engo,
carda:

and PTAI preparaons no ebisons differences x: ﬂ:c :‘iul':lm; g
fne slain was seen and hoth were similar to the distrib, 13 o o
bods Drndime riution of ant



For comparison a fresh endocardial thrombus from a
patlent who died from

myocardral infarction was frozen by €O gas and treated tn the same way as the
placeatas

Se tioning The spectmens were scetioned at 8-8 muicrons fa @ Tissue Tek Crvo
stat (Ames 1ah Tek) Alternate scchions were prepared for mmunatiyorescence
study and for lght microscapy

C hustol, A; Sections were stained with

1) Haematoxshin azo phlowne (HP)
(2) Lendrum s Martius scarlet blue method (MSB)
{3) ¥alory s phosphotungstic acid harmatoxsha method (PTAH)

For the WSB stainung sections were fized in ether/ethy! akohal (1 1) for &
proximately one hour hydrated through alcehols to water postfeved 1n 8 pec ceat
formaldehyde with 5 per cent mercarie chlorde for 3 davs and stained according
to Lendrum et al (9) For the PTAI staming sections were frxed in ether/thyl
alcohol for approtimately ave hour hvdrated through aleohols to water postfixed
10 Zenher s fluid over night and stamed with the techmque of Halfory (11)

Immunofluorescence Techninie
a) Antisera The following ¢ immercial antisera (Hh}land Laboratortes Tos {nge
les California USA) wer vsed

rablit anti buman fibrin

rablat ants human fibrin labelled with flunrescetn ssothinevanate (FITC)
rabbst ant: human fibrinogen

rabhit ants human Dbrinoren labdled with FITG.

rabblt ant: human albumn

rabbit ants human alburmn Jahelled with FITC

rahbtt ant: human ¥( globulin labcted oith FHIC

goat ante rabbit y globulia Ibelled wath FIT(

inst fibrin
By immuncclectrophoresis agamst normal human plasma antisera aga
shm’\td one precipitation Iine wn the § regron  Anti fibrinogen scmm' :2:7;::: I:
distinet Line in the same positton and a very fanl line prubabb’) roml-‘g” L
& mecroglybulin Ants albumin shoeed anlt  ne precpitathn 1,m]- A vt o
Fulin showed & distinct line corresponting to y( glebulin and a fain
lobulin
¥ By gel diffusion tests ant fihrincyen  esum sh wed one prin;‘x:‘n'l::;onst:\(::
agmnst plasma diduted 1 2 and 1 10 and 03 finc against nm‘ma‘ e agaiast
diluted 1 2 and 1 10 Anh albumin ceum Rowed ane pncxp{ta(dorlx hae agsiast
human scrum athummn (1 mg/ml) and o wm [ human serum de ‘[“ttlahulm i
Auts y( globuln serum showed pre wpitation ltacs aulnﬁ G globuln (1 el
ml} N globalin (1 mg/ml) and pep in spitt Y6 o1 mg/ml R or 7 flobulins
the anthserum contained antibodies t y( ghibulm as well ;sblah"
The anti vG serum wil} therefore be designated 2 anty y glos l:hn
The amount of specific antbods_and the degree «f O e ditferent
muned for the different aptisera Thercfore when the reac .:yrllmln) e e ann
antisura sre compared the degree a:‘ Tuoressence s» nat proportional 1o, 1 b
o e o ahEn Intensits
centration was o licated howeser when a single sestion showed varying
of Ruorescence {n different arcas  the same day
lb) Staining technique Affer cotioning stamng \u\(s “5": P::w:‘;; T method
usig cither the direct method (2} «r 1w some sccl‘gn‘“h ¢ g et et Al
913 The sera were applied undilutel and dilatel 1r mc‘d ot s Leitz Drthomat
¢) Wicroscopy Fluorescence micrasecpy Wad per n,:'s o o aken with Agfa T
microscope using UG 1 and BC 3% filtres Phatograp.

pan IFf faitm (15 dinJ

was Bri delert

scarcely slslble autoflunrescnce

Control Experuments
sections showed O oo orescence o EITC

{utoftuorescence Unstained
(x[’a ,.r':; {;rﬂcnhh colur diffcrent from the light apple



Figs 7-10
Placenta at 1% weehs Anti human fibrin labelled wath FITC, An extensive

deposit surrounding a stem sillus (V) exhubits specific fluorescence loter
Mous space I X 1

9
Placenta al 1 weehs Parallel seeticn of that shown in Fig T Poutne
stain appears black Villus 1 Inte willous space 1 MSB X
Pl centa at 12 weeks Parallel scetion of that shown m ng s Positive
Aain ap pears black PTAH X 100
I1acenta at 1 weehs Antl human Albumin labelled with FITC Paralicl
cction of that shovn i Fig 9 Sjcafic fluorescence at the periphery of
lhe leposil. against the faterillous space (1) and agalnst the villus ¢V )
100



Fugs 1118

11g {1 Placenta at tarm Ants human fibrin Jabetle
lasery exdnbit speefic flu rescenee which fs

d with TITC The sub horionte

continuous mass (Langhau
most pronounced at the perphersy of the masses and 2 a halo around pro
liferating eviotrophobla 11 cells which present thomselues as small dork
defects  (arrows) Larpcr defects are arats t tihrous silli (V) and
intervillous space (1) X 100

Fig 12 Placenta at term Ant human fihrin labelled with £1TC Higher magnifica
tion of Fig 11 Rounded lark d fects n arcas of prohifcrating eyto

trophoblastic cells (arrows) X 400
cction of that shown 30 Fin, U Ecsitne stain
Intersailous

Fig 13 Placenta at term Parallel
appears darl prev Collagen Gbres black Fibreus At v
space 1 M5B X 100

Ig 15 Placenta at term faralle] ection of that shown in
of Eibrillar matcrial appearing blick Fabrous sillt
1 PTAH X 100

Fig 13 1 ihve stofn
v Intersill vy space
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and PTAH although the stwmned matestal wis not umforauly distr
buted (Figs 5 and 6)

Particularly w the mature plcenta larger deposils were observed
on the will and the chorion plate {Figs 7 and 11) A narrow zone
along the periphery gave & Bnghter fluorescence of antt fibni/fibrin
ogen Shan the central parls (Fig 11) Where prohferating cv totropho-
Blastic celis were found wilhin the deposits, a halo of more pronounced
fluorescence was often seen around the cells (Tig 12) MSB resulted
m a positive stamn in great areas of the larger deposits (Fiys 8 and 13}
whereas PTAH gave a positine reaction patches and streahs (Figs 9
and 14)

Both 1n Rohrs stria and 1n Nitabuch s faver a bright anh hbnin/
fibrinogen fluorescence was produced throuphount {Fi,s 15 and 18)
Tutther 1n MSB and PTAH preparations abundant positine stamn was
seen in both layers in certaun mstances the positive stan was nearly
as extensive as the fiuorescence in the antibody preparations (Fi.s 17
angd 20)

In the cell 1slands cytotropheblastic cell columns and shell the
tinding of anb fibnn/fibrinogen was found nterceifulary 21 all
gestational stages (Fig 21) Howeser the fluorescence particularly of

the shedl scemed to be wore mtensne m the malure than mn the
mmmalure placentas when compared to the fluorescence of the deposits
on the villi 1 the same section In most areas of the 1slands columns
and shell the fluorescence was more pronounced near the surface of
the deposits lowards the sniervilions space thin m the inner parts As
1 the larger deposits of the vl and in Langhans laver a hala of
wlense fluorescence was surrounding the cells (Fig 21} Fluorescent
material occursed only rarely mn the cytoplasm of these cells MSB and
PTAT gave 1 positive stasth 1 some segsons of the itereelfular material
of the cell 1slands cytotrophoblastic cell columns and shell hut was
negaiive in other areas In the cell columns and cell islands the patt
of NMISB staiming was m accordance with the hinding of anhr;l ny
fibsnogen vi. posiline stan near the stersillons space :mt]I )::Ir:;g
scatlered areas of posilne stam n the central regions (Fig 22) The

PTAH method showud a smilar distnbution
of th
Was n most tases complelely ne; g Samn_hut

galie w central avens {Fiz 2
the ¢y lotrophoblastic shell both \ISB and PT, '3 23) in
In the deeidua only 2 vers f AH were nsmally negative

amnt anis fabrin/fidy
wAs present between the cells MISB and PTAH “er: cx‘lgeeg[;lﬂ‘;orescmce

Binding of Antt Athumin

in the endocardial thrombus antt alby
min (Fy
only found on the surface and was nat ;\rcsex(ﬂ ’);\ 3zef:u:reacence e
4 stmdar distnibution was seen 1n the deposits on !hn b
e vl 2ua the choron plate Ants albumin fluo e e bm of

Tescence was seen mn
6 CrapatE 76 1
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a narrow zone along the perphery of the masses hoth towards the
maternal blood space and at the mner border agunst the villus or
chorion plate hut wis oceasionally present within the deposits s n
the case shown mn Fi, 10

In Robr s strin nfa albunun gave only 2 famt fluoreseence (1, 16)
as compared with that along the surface of the deposits on the villr In
Aitabuch s Iayer onls a weak fluorescence was oeeisionally seen
(Fig 19)

In the ¢l istands cell columns and shelt anty albummn gave 1yn
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funt fluoreseence 1m the intercedlular malrnix  occastonally  patchy
arens with a brighler fluorescence were seen (kFig 24)

Intercellularly wn the deaidun onls a fant anti alburun fluoreseence
Wwas seen

Binding of Antty Globulin

The binding of anti y globulin Iabelied with FITC nearly alwmns
showed the same localization as anti albumin labelled with 1ITC
In Mitabuchs layer anti y globulin fluorescence was not present

DISCUSSION

The h h 1 techmg are sensibine and  seleclive

melhiods for the demonstration of plasma prolemns n lissue sections
Many standard methods hase been worked out for Ihe stuning of
fibnn It 15 2 common observation however thal the immunohisto
chemieal mclhods gne a more extensne distribulion of posilne fibrin
stan than the siandard tinclorial methods (3 6 § 22) This may partihy
be duc to cross reactions hetween fibrin and anty fibrinogen and be
tween fibrinogen and anti fibrin (15 20) Turthermore i js hnown
that anbi fibnin and ant fibninogen react not only wilh fibrin and
degradation

fibrinogen but also wilh some of the sphit products and
Therefore the ymmunohisto

products of these protemns (12 18)

Figs 1,90
Fig 15 Tlacenta at 2§ wecks Aptt human fibrin labelled with FITC, Roh
S ohr s stria
Shk)“n‘blb;(\s‘;gcuhe fluore cence IntersMoys space [ Cytetrop hohlastic
79 46 Placenta at ™4 weehs Anti bumen albumn labelled w
th P
section of that showa in Fig 15 Famt Rluorescence as a M],I;r:‘..m‘l::;n}kl
O trophablastic cells (arrows) Rohrs stria It Intervillous [
€3t truphellastic shell € x 400 space 1
Fis 17 Placenta at ®) wceks Parallel sectio

"
stain of the depont at the surfage (arem ™ AP0%2 28 Fig 16 Pogitiye

BITOWS) At
Intersillaus sace 1 Catotrophoblaste shepy o 8B iy @ willas (V)

Placenta at 24 weehs Anti homan fibein laber,

1 S elled with FITC \ut huch
[ St XIBIE specihe fluarescence. Cytoteophablagte wiugy 'L Deerdua D
Placenta st 24 weeks Anti human albumg

section of that sh nan Fig 18 Area of \‘l‘lallﬂ:::nl:dh“-“
blastic hell C. Decidua D x 400 e

Placenta at 2% weehs Parallel sectisn 1
stain of Nitabuch s I er appears blacy. Eflo‘;:;p;’;;?;nlln n 12 Posune
gun ot Misbue stic shell C. Decrdun

Frg 13

Fiy 18

h FITC. Earallel

T N\ Citotropho
Fiy %



Fig 21

Fig 22

Fig 23

Fig 24

Figs 21-2

Placenta ag term  Ant human fibrin labelled with TITC Furesccn ¢ m

the intcreellular material of a cel) 15lund Rounded dark  defects 1 arcas
of the cells (arrows) Intervillius space 1 X 100

Placenta at term Parallet section of that shawn in Dig 1 Posithe stam

herally and small patches ceatrally

of the material
(arrows) Intervillous space I MSt X 100

Ilacenta at term Parallel section of that shown in Fag 22 Losithve stain
appear black at the perphery of the ecll islasd PTAH » 100
Facenta at term At human albumen labell d wath FITC Parallel section
of that shown in Fig 23 Small patihes nith bright fluore cence nter
00

ceflulary Intervillous spact 1 X 1
¢n md some of their

chiemical techniques demonstrafe fibrin fibrinon
dernalnes whereas conventional histolooteal techmeuis siun fibon
(5 15) and fibrinogen (15) only under certtin condifions s shown m
i mifro experiments

Furthermore the immunolustochemicil method 15 morc speaific
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becanse standard binctoriml methods nay gise a positine stam of sub
stances not refated to fibrm e g a positne stain of y\ globulin by
MSB (15)

Che sml deposils on the syneshium gave a briyht fluoreseence
with the nnh fihnn/Ghana.en preparations

In Light and electron microscopicl studies of human plicentas
these early small deposits in relation to the vl on the chorion plate
{(16) =nd mn Rohrs stma (13) were found 1o hwve the sttuelure of
platclel thrombi at vanons stages of transformation to fibrin thramin
The prisent evidunce of the focahization of Gbnin/fibrninogen 1 these
areas s M agreement uth the previous results

Juded by the findiags m the present study the large slervillons
deposils parheulary found m {he mature placentas confaned a con
stderable amount of fibnin fibnnogen and/or their derivttives  Tins
ity with the theorv that the deposits are composcd of asd hbrin
wsumed to he remnants of old platelet fibtin thromin (15}

When staned with anti fibmin/fibrinogen the boghter funre scence
lon,, the edges of these masses need not reflecl s differences m e
concenlration of fibrin as tn miro immunohistochemieal studies of
fibrin clots resealld a simtfar staiung patfern of the Iibrin strands
o} Howeser the concentrition at the surface might he due to non
speaific reaclions but the negatnve slam with the mhiserum adsorbed
w excess excludes this theorv

Occaswonally fibrin/fibrinogen was ohserved within the cyloplasm
of the trophoblastie cells underlving the interviiions masses Thys may
well he a sign of cell myury {7) and 1t 1s i eeordince wilh the elee
::,:; (nl\éc)ruwomcal findmg of mtracellylar fibiriy strandy wt these

Unlike Lthe dcposits bordering the mtersillons s 2
ln\‘cr‘;m‘d the lnle;cellular materals of the cell xslanlc,kcecnl?'g‘[)l‘:rziz
wnd shell are not of thrombooenic o
thesc locations (13 14 23) o 1 Platells were not found m

In Nitabuch s laser a constant and stron,, fluorescen.

{ibrinocen suggests that substantial amounts of fibrin l’ﬂffu:.:;ﬂf\ll;:gj

eative of fibrin are founq
debnis (13)

Deposition of fibrin/fibrinogen was fo
und throug)
cellalar deposits of the eel 1slinds eell columa o (e nter
selerd fOibnin fibrls

0seopy fibrils indy
termum.led with gramular masses and eell

masses and ecll debris (13 1
1o areas mosily corsespondin,
therefare not to any Lreal exten
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fibrin bul 1s probably relaled erther to fibrinogen or aged  fibrn
(16}, te 7 materal similr to that of the larger thrombogente depo
sits bordering the mtervillons space

Anbalbumn gmve fluoreseence only at the pessphery of the wter
villous deposuts and L nghans laser This 1s contrary to Broosko el al
(¥} who found albumin throughout the mntersillous deposits In the
present study howcver, albumim w1s aiso located only at the punphery
of the endocardial thrombus The deposthon of albumin therefor
seems to he a non speeific adsorplion to the surface of thrombi Thit
the fluorescence iy contingent upon a specific immunological reaction
wAs shown by 4 negative st un with the anliscrim adsorbed m ¢xeess

In the wntercs linlar deposils of the cell lands cell columns and
shell anti Albumin gave 1 very fant fluoresecnce and occ wsionally
patchy ares with 2 brijhter fluorescence This w45 m contrast fo the
Dbright and even fluoresecnce of fibrn/fibrinogen throughout the depo
sits This could mean that fibrinogen or its dernatnes conshitule 2
component of the deposils more imporiant thap Jbumip At no sta.e
of pregnaney does the placenta synthesize albumun or y Jlobulin (4)
bat the possibilily exists that these cells may synlhesize fibrinoden
they exluut secretory rctnaly ultrastructurally (13 14) However i

1s more hil ely that the fibrinogen and albumin 11 these Joenhions oriqin
e mtervillous space The

ate trom the maternal plasma lealing from th

fact that fibrinogen or its dersatiyes were more extensinely distributed
than albunun may be expluned by the pathcularly ewsy preciptation

fibrinogen or by formatton of fibrin

OIAnh ¥ ;'glolmlm I}Juorescence nearls alwass showed the same locq\l\z'\
tion as antt albumn fluoreseunce The controls as repards (h‘c an : v
globulin serum are considered to be msufficient Stmning with an (‘y
globulin Iabelled with YITC msy therefore bt conlchnll \mslnir:z::n
specific reactions However areas ot stamed with ;ln lylncs;;'"n
Jahelled with FITC ¢g “tabuchs laser most fikds do r[x((:h“hm "
substanhal amounts of y globulm The lich of mm[mnm.‘,ml e o
Nitabuch s layer probably ndieates that tins zone docs

immunological reaction products

sUMM4ARY ‘
il st
The deposits 1n the normal humn placenta 1t \';rlons sll:;(‘nsﬁlogr}x’;(nnn
tion were studied using FITC labelled :;ul)bll mlisert
ogen albumin and y globulin -
ﬂhFr:I[)‘rle\ll:)l;“flllinnoqen was found to be present ll\rnnglg:}t,:r:c“rﬁ;:omd
on the synevbum of the villy and the chonon p;'\lc ‘;:1“ O et
m Milabuch s laye? Fibrin o {ibrinogtl e Glnn]b! stie cell columns
cellular material of the cell 1slands and v\m(m\“mr retectdd of the
at all stiges of pregnancy and

i 1n the ntercelly of
advneed gestationa T
c:,!o!rophob]a:hc shell pirheularfy 2t w
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Albumua was found to be present along the periphery of ihe deposits
on the synestium In the interceliuiar deposits of the eell islands edlt
columas and shell FITC labelled ant albumin gave a vers fmnt
fluotescence md oceasionally palchy areas with n brighter fluorcs
cence Only traces of atbumin wis present an Rohr s st and “afa
buch s layer

y globulms were not present n Mtabuch s tiver

The findings are 1n ngreement with prestous evidency indseateng that
deposits on the synevtium and Rahr s stria develop from platelet Hibrin
throm ‘The mntercelintar deposits of the eell islands ¢l cotumns,
shell and Atabuch s layer are possibly fibnin or fibrino,en preeypiated

from maternal plasma seeping through ihe tissue from the stery ious
space
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SEA DIFFERENCE IN THE GROWTH
OF A STRAIN SPECITIC MOUSE TUMOUR, TA3
By
F HarmvrIT
Recetved 1x168

Sex differences 1 the growth of transplantable tumours are said to
be rare (sec Snell 1953) bul have recentls been encountered af this
Institute Thus the Fhrlich ascites carcinoma a non specific mouse
tumour grows better subcutaneously m male mce (Hartoed 1962 h)
1n which the survival ime 1s alse less than in females (Hartvedt 1962 1)
and the stramn speesfic TA3 earcmnoma grows helter in strain A males
than females (Thunold 1966)

The following cxperiment again demonstrates this sex-difference n
the growth of TA3 1n A muce and also n their F, hvhnds and further
relates this finding to the survisal time of the ammals

One subcutaneous mmjection of 0 25 ml of a saline suspension of TAS
cells made up from 7 sohd subcutancous transplant in a male A mouse
was gnen to cach of 6 male and 6 female A mice and to a sumilar
number of F, hybrids (strain A male crossed with females of our
closed colony) The sum of the two greatest tumour diameters was
measured during growth and the survival time of the mice recorded

TABLF 1
Tumour $t ¢ and Survival Trme sn 4 and F, Hpbsid Mice wnth T43 Casenoma
Tumour size (mm
" T size (mm) Sum\ay.:g {days)
A mice F, wmice A mice F mice
Male 625+ 94 570 £ 17 6 °
Female 370x117 "58% 119 A B
Sce text.

The tumonr measurements 2t 24 davs (te hef
2 ore the first
are shown in the Table 1 The tumour grew betler 5 o tose died)

n male than female

:ll‘ (‘al‘d:l l;;clldu\\ Norwegian Cancer Soclety
am indebled to Professor ¢ Alern f
TA3 careinoma n for supplving our erigimal transplant of the
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:11:22 :fftll;t;llx types (001>P>0001) The difference between A and F,

a2me sex was not sigmficant The survaval time 1s also shown
i the table The male mice ded earher than the females of both tvpes
(A GOf>P>0001 F, 00061>P) The dufference m the survival time
of the A and F, male tmee w1s not sismficant but the female F, mice
outlined the A females (0 001 5P)

The present findings thus confirm that 743 grows better in male
than ut female A muce, \ud «xfends thns obsersation fo thetr F, hybrids
The pessiblity that {lus scx difference m tumour growth s duc toa dh
rect Eiclupald Siunser effect (1955) 1s ruled out as TA3 arose in a female
mouse and the more remole possibihiy of ats being due o an Lich
wald Shimser hi e effcet due o the presence of male host eddls nyceted
with the tumour cclls 1s excluded by Thunold s experument m which
the tumour ws trinsplanted from 4 femate mouse The sex difference
15 therefore likely to be due to t diffcrence in host response to the
tumaur cclls themselses

The findings that twmour growth s sundar tin A and I, mue, and
that the strowal time of the F, mice was ether sumilar lo or grealer
than that of the A mice are at vanance with the general impression
that a tumonr may grow beller in F; hybrids of abs stram of ornign
{Little 1908) 3t 15 argned that the iercased sitahts of such hybrs
provides 1 more fwvourable environment for fumour growth In the
present case the argument that hybrid visour may be accompanted by
2 more miense immune response leadg to inhibntion of tumour growth
would scem more pertinent as the effect was scen femde micc
which may shaw 2 more wnlense immnne response than males (Halpern
1964 Harlveit 1965) This laller explintion presupposes that TA3
carries wath 1t some anligenic factor eg tumour spuafic antigen or
virus that cnables the mice lo Teact agamst the olhersase 1sologous

tumour eefls
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MORPHOLOGIC EFFECTS OF
ETHIONINE ON THE PANCRF\S OF THF
CHINESE HAMSTER
A Ight and Flectron Mwcroscopic Study of Degenerale Changes

By
Ly art Boguise
Recelved %2 v63

Ethionine 15 known to produce destruction of the acinar pancreatic
parenchvma (¢f Farber 1929 Serfert & Gieseling 1961 Eblholm et ol
1962 Herman & Fu gerald 1962 House ef al 1963) and to induce fatts
Inner (cf Farber 1967) and hepatic tumours (Popper ef al 1903) This
compound mas also evoke morphologic alterations m sanan (Loring
& Hartley 1925 Ulmans! g & Ungar 1967) and henmal glands (Benson
1964) gastromtestinal tract (7 ontng & Hartley 1954 Raufmnn ¢t al
1962) testis (Goldberg ef al 1959) and hudness (Aot oure € Warren
1951) The dama.es mduced by ethionine 1n the pancreas hear re
semblance to those scen during protein deprinahion (W eshlum et at
1962) In animals treated with tilhionine the pancreatse )slets are usy
aliv said 1o be prescived and even to show some hiperplasia n Jater
stapes (Farber 1950)

The present study was inttiated as an extension of our previous worl,
on yarious kinds of degeneraline and regenerative tsfet changes m the
Chinese hamster (Boquist 1963a 1 ¢ nd 19692) Hs maun purpose w1
to examine whether aqents known lo damage the acinar Dancrealic pa
renchyma also could affect the 1slct eells To the hest of our hnowledge
there are no previous reports on the morphologtc effecty of ethionine :n
the Chinese hamster The present imvestigation o5 confined to the deene
ralive pancreatic 2Merations oceurnng in this speces dunng the (:rsl 2

ensuing
separatels (Boquust 1969b)

WATERIAL \\D METHoDS

Pourty two non diabetic adull Chinese hara ters of ot

bout vears of age were usl They were hepy o o sl:‘n;i:;’l:{:;: \3 s

Sater af hbitum and were housed in individual copes o 294imal yooms :?:d«':.::;nd
er

This vork was supported b grants from th

(PF 1iet No D89 190 TR gany O 1O the Swedish Med cat Fresearen Counert
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ature of 20-22  Twelve of these ansmals sor
Intraperstoneal imyections of 1 m] of salme. The ather 35 haustors sesimts s
tons of DL ethsonine (Siuma Chemucal Compatty At louis US \)g(hs! \\)al ::
pared daily by dissolving the amount te be used mn saline heated ta 50 Cs ,’:"x‘u
cthionipe was admumistered intrapesite ncalls at a dose of 05 g/hg hody weight
Two cantrol and five ethionive treated hamsters were sacrificed at 1% § 7 10 and
14 days after the heginning of the experiments There were Bo ammals dyving spon
At saenfice were taken frim the pancreas for Hyht and der

tron microscapie examination

For Dight mrero caps panercatic shees were fived m 10 per cent formalin or
Bouwn s fixatne The following stams wers nsed 32n Gewson  stan haematovyfin
cosn aldehyde fuchsin in the modifieation by Waske (195) (hrome alum hagma
toxylin counterstaned with poneesu fuchsin silver mpregnation sccordsng to
Hellerstrom £ Hellman {(1950) and pertodic serd Schilf starn

For electron microscopy multiple pancreatic blocl s of ahout 1 mm? were fived in
1 per cent osmium tetroxide m 034 M veronil acetate huffer adjusted 1o pH 74
The fivation was cavrled ant at 6-4 C for 7 hours After fixation the shees were
rinsed m physialogical <aline dihvdrated in rising concenlrations of ethangl and
embedded 1 Epon 812 (Laft 1961) In order to find appropriate areas for the thin
sections thiel (1 ) sections were stamed with toluidine Blue snd studied in o
hight microscope The sectians were eut on an LkB Ultratome I and were stamred
with uranvl acetate and lead ¢i rake Pyamination of the scetions nere performed i s
Siertess Elwuskap 1 A and a Zeiss TM 9 (at 60-80 kV) and clectron micrographs
werc talen at original magmtications of 2 000-30 000

RFSLLTS
I 1ght Microscopy

Control Anmimals
The morphologs of the (xocrine panereas appe wed Lo conform to 1ht
of otfier mammals and i re were no degenerative ot regentralive alter

ations (Fig 1) The islefs were normal

Ethtonine Treated Antmals

Fiom the second das there were changes of the pancreas in all the
amimals These chanoes vared however in hifferint parts of the same
panere s nd areas with marked lesions and those with normal appear
anee oceurred close to cach other There were a0 v wnations butween
amimals treafed iike Vo set or Toe dHILTEncLs Werr found

After 24 hours ethionine expoure wettered wnflammators cells were

11s showed
£ amm s At 2 dwsthe agnar ce
s of et hsonat The Wffuse wlilration of polymor

decrense of basal basophilia There was ¢ X
phonuclear leueocy tes plasma refls and hmphonlcs Il rnlxln lh;;‘l:l (‘21)
there wer¢ nuelear pyknosis ind cvtoplasmie varuoliz dion 14

e ———

Pancreas o ; “' scnt with smalt Jumins The coaner
Wi
creas of control hamster showing act o

gt
tie tissue compe nent 15 meons) § vous o durng 4 day
th ethl nin e
Pancreas from Chinese hamster to ated »2 e here #re €
met atfinsts of the nclnar,';xoit:m 16 Fyehain

teating decreased staiming
;lasmlc vaenoles (1 duetules (¢l and som 1y
tain X 400
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X 220

Pancreas from hamstcr treate |
Fig & Atrophuz

Fig 3

{ ethjonine €%
wacn Sized

frmph evtes

i dave
Gusen s stain X B3¢

mstes alter
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4 memar tissue «f Chne e ha
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Fig 5

Pancreatic islet from Chinese hamster treated »ith cthionine durng 10 davs con
taining central g

cells (8) There are large peripheral a ~cells (a) exhiting large
nucler and distinet nucleolt and well demnar ated cytoplasm Swollen and neerotic
cells (n) probably g -cells also occur In the exacrine portion there 13 swelling and
decreased staming affimity of some acinar cells {A) Aldehvde fuchin stain X 300

Many cells showed complele loss of basal basophiliy and there were
cells with eostophilic bodies in the eyloplasm In the acim there were
cells of varyin,, size wd staming affimty as well as disintegrated cells
In the acinar lumina there were dark masses and cosinophilic hodies
At 7 days there were irresular aant with dilated and airregubir lununa
{L1g 3) thal sometimes were filled with dark masses and Iiyht amor
phous matenil Atrophy of the acinar parenchyma and replacement In
adipose and fibrous Lssue oceurred manly at 10 and 14 davs In the
alrophied parenchsma unaffected ncint could be seen Infillration of
mflammatory cells ind mtershitial oedemt were found m areis of
arophy (Y1 4)

1n the ducts and ductules there were al 2ll obsesvation times darh
massts nd oceasionally hight amorphons material wwas found n the
ductules In areas of atrophs there were numerous duclules and a
moderate amount of ducts Some of these appeared 1o be ditated In the
duels there were sometimes single or multiple goblet cells The ductule
cells were wnaffected The only alleration observed in the duct cells was
the occastonal occurrence of crsstalline maternal

‘The vesscls o the exoerine pancreas sometimes showed rather thiek
hasemcnt membranes The nerves were unaffected

1n the sslets the B cells often showed digranulanion At 10 and 14
diys there were 2 few aslets with changes of the o, cells (Fi5 5) Thus
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There s efe AUMETOVS ovioptaspuc bedies of varymng s1ze and appear
ance In cells with or withoul other changes there were hodies consist
1ng of fibnillar clements with varying Arran.ement (Fig 8) These were
1entatinely called fibrillar hodics Cnclosed withun them there werc
<ometimes small electron dense rounded or wregular parhieles The
fibmilar bodies occastonally seemed to be connected wilh mitochondria
\embsane-nclosed fibrillar bodics were also encountered

1o addibion lo these cytoplasmic bodies there were more clectron
dense and irreguiar structures of sarying size Alyeln figures and focal
accumulations of degenerated ecllular camponents often occurred (Fig,
9) There was also necrosis of whole cells

The archtecture of the acimt was altered There werc areas suth
aunar atrophy and replacement by adipose and fibrous Lissue 1o the
acnar lumina there were fibrillar material moderatcly electron donse
amorphons masses and structures sugyestine of hemy digener e
cellular components Thus these structures showed varymg cleciron

density and contained parhicles reminiscent of membranes and gran
ules

Duct system The lumina of the duct system contaned moderately
cleetron dense amorphous masses There were apieal blebs in the ductule
cells Crystalline matenal was occasion liv found mn the duct cells (Fig
10} In the ducts there were sometimes goblet cells (Frig 11) Ina fis
of these there was also erystalline material

Pancreatic 1slels Degranulation of the & cells was often found from
the second day At 10 and 14 dags there were a few islets with changes
of the a cills Thus some of these cells showed promiment nncleolt
well developed endoplasnue relteulum and Golop complex as well as
numerous mutochondria and secretory granutes Other a cells disclosed
swelling and disinlegration of the mrtochondrna and cyloplasme vacn
oltizalion There were also cells with marked degenerabive changes wath
disintegration of the cytoplasm and the cellular organclles (Ig'. 12 ;
The a, cells and the agrapular ccls were unaffected Somellmq l-l)
wslet capillaries showed rather thick basement membranes o e

DISCUSSION

Many of the studies with ethionine hav
e whilized amimal
special diels for periods of days fo weehs One of the snfi:lsé%?:uz:

. Fgs 89
10 8 Portion of acinar ecll 5f hamster after 4 dat
Gbnllar bodes (1) contalning smal deciton. Senue gt eyt showing
1o g Tticslam (ER) @ mifochonrion () and mucleus &3 panoptasmie
109 Dancress from Chinese hamster trcated math +thrommne dursg 3o
gn acima ecl i gecumulations of seregulsr dense o o * Showetng
rancous structuces (0) some ol these are muel & e (g oaT or inem
fibrillar bods s (F) > 16000 he () These are als>
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1c bodtes of varving surand | ~
e nuthrol:‘S llclz(l)?lrtﬂ:lsl?:'rcuhanges Ihe « were bodiss ¢y
ance In cells » lIl . ts with sarying arrangement (Fiz 8) Thers
ey emfe;‘nllzn‘ bodies Lnclosed within them §F ~; o
tentatisely c:!jf elle’clmn dense ronnded o arregular patids 7
;uk:?ﬁll;r;ul\)sojles occasionally seemcd to be connected with rifoeboy
l\lIembrnne enclosed Hibrillar bodies were also encountred
In addition to these cyloplasmic bodies there wire mrre 1]
dense and trregular structures of sarying size Mschin fi ures 3,4 ¢
accumulations of degenerated cellular components often occurret
9) There was also necrosis of whole cells
The architecture of the acmi was altered There were areye T
actnar atrophy 1nd replacement by adipose and fibrous hssye 1y
aciner Jurmna there were fibrillar matertal moderatels eleetre, §
amorphous masses and slructures su,gestive of bewng deger v
cellular components Thus these structures showed arging o 4y
density and { d particles r of ! s and g
ules
Duct system The lumina of the duet svstem contaned mod 1y
clectron dense amorphous masses There sese apical hlehs iy the duet,,
cells Crystalline material was occaswopally found in the duct Celle tp
10) In the ducts there were somelsmes poblet cells (Fig 11) 15 ity
of these there was also eryslalline madcrial
Pancrealtc islets Deranulation of the f-cclls was aften found g
the sceond day At 10 and 14 dass these wore a foy 1slets wilh ey, N
of the a ctlls Thus some of thise celis shoned pronunent nye,,
well developed endoplasmue rebieutum and Goler complex a5 wir,
numerous milochondria mnd seerclory grasules Other a, cells diely
sweling and disintcgration of the mitochondr ) and cyloplasmmg vy
olization “There were also eolly v #th marked depeneratine chang g 3
disintegration of the eytoplasm and the e 3
Toe e cells and Ihe agranalar enify vere

fulir organelles (e, 13
unaffeeted Sometings gy
wslet capiliattes showed raffer thiry baseme

i
at membranes

BISET va10n
Many of the studies witly « (g s Bty
7ed ummals §iq
spearsl diels for posseonds o f Bazk lo weeks Onc of the “\;(“S:“'l'\i{"ur
iy

Fig 8 Torty jese
Y I:l"rrllll:r,l':dfn:(ll ’u" 3, ’ ,:l'(:f’ v ‘{“7““" Vrnine treatment sh o1,
e 4 ¢
Fao ;lllrulum ) ag s, 08 . ’:t"l's:c(r\;rﬂclu endayl o
P T e S
bracen st s s i s AR I o vumnur“(;h,:;"‘
[LLEL S 2 R S AR A4 Are maehin ke (m) Thers are al,
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Penipheral porhion of pancreatie islet fr m Chise e hamster treated with ethimine
during 10 days showing cells with degenerative changes (n) In some of these cells
there are secretary granules of ¢, tvpe (o) There is ane cell with sparse gramulation
prohably a degromulated g cells (8) in which there are no ohvious degenerative
changes A capillary (C) with thick basemnent membrane (BM) 15 also seen X 3000

uncertamties i many such studies 1s the large and vanabic decrease
in food intke of anumals gien cthionine as compared to control am
mals (el Farber 1967} 1f cthuonine 1s grien parenterally 1t seems to be
more casy 1o get proper dosage than if 1t 1s gien 1n the diet in rais no
clear cut difference 1s found whelher or not ethuanine 15 admimistered

Figs 10-11
Fig 10 Lancreatic duct of Chunese hamster treated wilh ethy

demonstrating duct eclls which contain eleetron dense paricten ororrc

€ ervstalline nature (srraws) To the duct there ase shop gomioy o0 LY

In osie of the o the contents are discharged (8) 1nto the Jumo e 00
ruptured ce)l membrane X 3000 rough the
Portion of pan reatic duct af hamster after 7 days et
shov fng & goblet celk (CC) In Whas cel as well a sy jhe ::?;,':,’“ expasure
cells there is electron dense apparently ervetallina o o Pt ouring duct

Fo i1

x 17000
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>n of pancreati slet from Chinese hamster teeated my
g\l:‘r)x:(‘;nﬂld':z;“s;n unpg cells with d gencrative changes {‘n\ Ix“ A Te of 1
there are secrelary granules of o tipe (a) There ts one cell w lh)!p‘am; :
rob Yl a desranulated g cells (8) In which there are ne of vings legrn -3
:hanx:s A capillars (C) with thick basernent mesubrane (PM) 13 alen seen . 104y

(AT
LY IR

ws) Tn the duet goblet celly (CCy
¥n one of these the contents are discharged 1d) into the lumen througly the
tuntured cell membrane x 3009
Fett Pattin 1 panereatic duct of hamster after 7 davs ethlonine evposyre
Rywing a goblet cell (CC) In fhis cell as welt a3 in the neignly uring duct
cn\\; \"l‘“l)" Is clectron dense apparently er stalline material (arrnwa
X 1700
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directly mnto the blood stream (Loring & Hartley 195) Intraperitonead
mjections have been nsed in the rat for inveshigahions of the effects on
the pancreas by etluonine (7 oring & Hartley 1925 Herman & Fit gorald
1962) If ammals recene ethionine durm., several davs or longer the
results are dufficult 1o interpret hecause of the ability of the orgamsm
io adapt readily lo this compound within a period of 2 or 3 wechs {ef
Farber 1967) On the other hand House ef al (1963) state that one to
three wecks are required for complete action ot ethionine i the golden
hamster The tume factor 1s mmportant 1n the interpretation of the
significince of expermmental obsersations with ethionine {Farber
1967) In sludies of the effcct of ethiomne on rihonucleic acd s\
thests 1 the Iner 1t has been found that there 1s a fall 1n the incor
poration of Iabelled precursors nto RNA 1n acute expeniments {Farber
ef al 1904) but a stimulation of RNA synthesis i long time expert
ments (Turner & Red 1964) There are differences m the ¢ffects of
¢thionine 1s admmistered prolonged or 1n a large single dose (ef Vel
dolest 1967) In the present worh it was thought mos! appropriate 1o
give the ethiomine as daily nirperiioneal njections By the use of
various obsers ihon himes 1l was boped that difficulties 10 the mier
pretabion because of the hine factor would be dsmmished

The expernments show that the admumstralion of ethonine to the
Chinese hamster evol es marked changes pf the evecrn¢ panereis
Among these changes those exibited by the endoplasmiv reticulunt
were conspictous and early occurtin, It has been poslulnlcd th alter-
ations of (he endoplasme retieufum Delong to the earliest 'xm,! nost
characteristic n ethiomne freated ammals \ELfolm «t al 1962 ller]
man £ Fif.gerald 1962) Reduction of the number of ribosamnics ar,u
altered orpanizabion of endoplasmir relientum have bees thaught to he
consistent with an volsement With &A\A and protesi m('lubohsn;
\Herman & Fifzqerald 1962) and to be equusalent to the drntnution 0

basophilic substance observed i the haht mcroscope (&l holnr el al

1962)

There are different opmions as 1o the effeet of clhlomr(l; t:rl':’j';‘
zymogen prinules Thus there 1re deseniptions of mprms,cd'("[f; ooh)
Popper 1950 Edlund 1962) or decreased (Goldberg & ( 'f“l e 10
number of these organelles The resaits (f the present study s ot
conform to those obtauned by the 1dter wthors The slrltvclu,rll“:‘ o
preted as prozsmogen aranules showud niembrne dx«clm; ”;lﬁllmpl!a P
forming to those seen 1 panereatic acinar cells of rablits
La arus 1967

Fibnllar lm)dles were often encountered The nlu e
hnown but 1t scems probable that they mn be of dq-(‘nf"m“dm"dr”
and possibiy ongnate from endopisnnic reticulunm D:nng g
u actnar cells of chicken cyloplhismic snclasions ;‘gg;; ol these
tubular elements hiwe been found (de Stefane she fbrllar hodcs
meclusions apparentis not exaclly conforat to th

v of these 18 not
jve pafurt
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1t 15 known that these e+ toplasmic nclusions my oceur 1 ssocithion
with mitochondra and endoplasmic reticulum
eerosts of whole acnar cells oceurred 1n the clinomine treated hum
sters There were also focal accumulations of degenerated cellulir
material ncladmn,, myehn struclures This may denote desradation of
part of a cell with possibilities for resorption or exirnsion of the deen
erative matemal (¢f Swift & Hrubun 1964) 1f o 1t scems that remnar
cells with limted lesions may sunse the effeets of ethionine and
pessibly redenerale
The nature of the erystallne material somelimes seen m the duct
culls 15 unhnown and remains to be clarified The sigficance of the
sobiet cells 1n the ducts 15 not clear Though they have not been ob
servedt by us 1n the duets of normal Chnese hamsiers 1t cannot be ex
cluded that they sometimes may oceur narmally 1a this species Lev &
Spcer (1965) state that goblet cells :n man only appear ihe pan
creatie ducts as they approach the duodenum As goblet cell melaplasia
1s found m damaged pancreas mainly 1 areas of scarnng (1% allers
1965) 1t seems however that the oceurrence of goblet cells in the pre
sent sindy may be regarded as a secondary phenomenon to the elhio
nine mduced lesions
\ost works on the effects of ethionine on the pancreas have no re
ports of 1slet cell degeneratian (Farber 1939) In the present study
there were ¢ cells showm,, prominent nucleoh endoplasmre reticulum
Golgy complex as well as numerons mitochondria and secrelory gran
wtes These alierahions seem to ;ndicate mereased actvity of these cells
There werc also a fes « cells wath marked degencrative changes In
one study of ethionime treated rats the a cells showed swelhing degranu
lation and hudropic degeneration whereas the £ cells < ere nnaffected
"This was thought to be duc to reduced actinity of tryptophan peroxidase
ay there 13 need for tnvptophan i the synthesis of glucagon but not
m;};\ﬂ af tasulin (¢f Setfert & Creselang 1961)
e significance of the seemingly haphazar
ethiomine induced lesions wilh un:f?ecle(‘l) '-:11: ‘irg;\s!::h:l:o“ ;}( il;e
cach olher 1s not known Such xanations have been fc(mdc Tc o
ethiomine treated rats (Herman & Fil., 1d 10 ound alsa in
oul by It gerald (1060) that w gerald 1962) 1t has been pointed
destras all aemar cells b 3t w8 very doifaentt af
s by ethiomine andt that th

at 4ll possible to
even high doses of this compound

ese cells may survine
In the rat hiser there is a sex differenc

wd there 15 considerable evidence that fh‘: t‘rt’ac(er?aﬁonms:i ‘z ellhmmnc
{twomine md ethionine sosmewhat more slowly than gos ; ‘;lzcs o
vef Tarber 1967) Sex diiferences as to the effect of e\‘:s o e
pancteas an the golden hamster hwe been recorded ‘;Inme on the
1983) In the present studs scx differences were not mun(d ouse et ol
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direct into the blood stream (Loring & Harlley 1935) Intrapentoneal
mjections have been used 1n the rat for mm eshigations of the effects on
the pancreas by elhiopine (Loring & Hartley 1905 Herman & Fit gerald
1962} If animals recense ethionine dunng <everal daks or longer the
resulls are difficult to interpret becanse of the alyhis of the orgamsm
to adapt readilv to this compound within a penod of 2 or 3 weehs (¢f
Farber 1967} On the other hand Hon<e ef al (1953) state that onc lo
three weeks are required for comp! te »ction of ethionine 1n the golden
hamsler The fame faclor 1s mmporiant mn lhe wnterpretation of the
<igmficance of expenmenfal observations with efhiomine (Farber
1867) In sluties of the effect of ellmommne on nbonuclerc acid svn
thests 1n the liver 1t has been found that there s 2 fall 1o the weor
poration of labelled precur<ors imto RN A m acnte expermments {(Farber
et al 1964) but a shimulation of R\4 svnthesis 1o long tume expen
menis (Turner & Reid 1963) There are differences 1 ihe effecls of
elhionine 1s admmustered prolonzed or 1 a large sinsle dose (¢f Vel
dolest 1967) In the present worh 1t was thoushl most appropnate lo
zive the elluomne as darlv intraperitoneal injectrons By the use of
vanous observation tiunes 11 was hoped that difficullies 1p the ler
prelalion because of the time fartor would b dimimshed

The experiments show that the admimistrahion of ethsonine to the
Chinese hamster evokes marhed chanp.es of the esocnne padereas
Among the<e changes those exhibited by it e endoplasmic reticulum
were conspicnous and earls occurnng [t has been postulated that alter
alons of the endoplasmic rehiculum belons io the earhest and most
characlenshic mn elliomne-freated ~numals  E7 holm et al 1952 Her
man & Fulzgerald 1962} Reduction of the number of nbosomes and
altered organization of endoplasmic rehiculum have been thoucht to be
consistent with an mvolvement with BV4 and prolen melaboham
(Herman & Fiizgerald 1962) and to be equn.lent fo the dmnution of
hasophihic substance observed i the hzht n1 roscope (Ekholm ef al
1962)

There are different epimons as to the effect of elhropine on lh‘c
zvinogen grannles Thus there arc descriptions of mereaced (Fmbér]
Popper 1930 Edlund 1962) or decreased Gt fberg & Ehardoff 1%50)
number of thewe organelles The results of the present study seem o
conform to those obtamned by the latter suth rs The structures m(e’.:
preled as prozvmogen granules showed membrane duconhm",:"""’:‘
forming fo those <een i pancrealic zunarl © 11« of rabluts (Shap
La_arns 1967)

Fibnllar bodies were often encourterrd The nature of these ’szn;:l'
hnown but 1l seems probable that thes mas be of d(.;cncnh‘;m';’d:’
and possibls onzmale from endoplasmic reticntum of m:(oc{' el
In acinar cells of chichen evtoplasmic wmelosions mn:“"-?-f «:ﬂg i
tubnlar elements have been found (d: Stefano l?ﬁ' 1””1};\“,. nodtes
wiclusions apparenth pot exacthe cc afcrm to the fo
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1t 1s known that these cytoplasmic snelustons mas oceur m assoctition
with mitochondria and ¢nd pl reticulum

Necrosis of whole acinar eclls occurred mn the etinonmine trented ham
stere There were nlso focal accumulations of degenerated cellular
materal meluding mvehin structures This m1y denote degradatton of
part of a cell with possibilities for resorption o extruston of the degen
erative matcnal {ef Swift & Hruban 19684) If so 1l scems that 1cinar
cells with Timted lestons mav surine the cffects of ethionme and
possibly regenerite

The nature of the crystalline material somelumes seen 1 the duct
cells 15 uthnown and remams o be clanfied The sigmficance of the
goblet cells 1 the ducls 1s not clear Though they have not been ob
served by us 1n the ducts of normal Chinese hamslers 1t emnot be ex
cluded that they somelimes may oceur narmally n this species Lev &
Sprcer (1963) state that goblet cells in man onlv appear 1w the pan
creatic ducts as they approach the duodenum As goblct ¢ell metaplasia
1s found 1 damaged pancreas mamly m areas of scarring (W alters

1960) 1t seems however that the occurrence of .oblet cells in the pre
sent studv may be regarded s 1

dary phe 1o the ethio
nine induced lesions

Most worhs on the effects of ethiomine on the pancreas have na re
poris of 1slet cell degeneration (Farber 1929) In the present studvy
there were « cells showing nucleoh endopl reticulum
Golgr complex as well as numerous mtochondria and seerelory gran
ules These iterations seem to indicate increascd activity of these cells
There were also a few « cells with marked degeneratne changes In
one study of ethionine treated rats the a cells showed swelling degranu-
lation and hydropic degeneraiion whereas the g cells were unaffected
This was thought to be due lo reduced actinity of tsyplophan peroxidase
as there 15 necd for tryptophan mn the synthesss of gincagon but pot
n u-l:al of msuhn {cf Seifert & Gresehing 1961) b

The sigmficance of the seermingly haphazar
ethionune mnduced lesions with unnf%cclew? am? :lrg;lsl::;h:cl:ruln ?t ll:e

ach other 15 not hnown Such variatians have been (mmldc (;Se .

thiomne treated rats (Herman & Fil.gerald 1962) 1t has hees o "L;

wt by Fit gerald (1960) that 1t 1s very caffieult 5t at all o p;nn(e

lestroy all acmar cells by ethiomne and that these cells L
ven hugh doses of this eompound A sursie

In the rat Iiver there 1s a sex dufference in th
© resy
wnd there 15 considerable evidence that the mal et ihionine

hiomine wnd ethwonine somewhat more slowly ?(hl:r: g‘:lnblohzes me
\ef Farber 1967) Sex differences as to the effect of elhes he female
panereas 1 the golden hamster hase been recorded 1omne on the
1963) In the present study scx differences wore not [Qun(fouse et al
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SUMMARY

DL-ethiomine was adminstered miraperitoneally at a dose level of 05
g/k, bodv wught to 30 Chinese hamsters Twelve anmals n)ected
with siline were used as controls At pre defermined mtervals fhe am
mals were sacrificed md specimens were taken from the paneres for
Iight and clectron microscopic exammation of degeneratine chanoes
In the hght microscope the acinar cells showed deercise of hasal
brsophiha evioplasmic vacuoles and eosmophulic hodies The aemar
Iumina were dilated ind rrregular and contuned hoht or darl masses
and eosinophlic bodies There was itrophy of the acinar parenchsind
with replacement by adipose and fibrous tissue Ultrastructurally the
acinar celis demonstrated dilatation ot the endoplasmic reticulum do
creised number of ribosomes and zymogen granules disintc,ration of
the mitochondna as well as the occurrence of eyloptsmic fibnillir
bodies Focal acecumulations of degenerated ceflultr camponents nd
necrosis of whole aunar cells werc found In the ducls therc s
goblet cdlls and oceasionally crystalline materinl oceurrud m the duct
cells Degranulation of the g cells was found in the pancreatic islets In
a few 1slets some a cells showed signs of ncreascd actity whereas
others disclosed marked degeneraiive chwnges The a cells rd the
sgranular cells were unaffected Thick basement membranes were
sometimes seen 1n the vessels of the exocrine 1nd (ndocrme panere e

parenchyma
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SUMVYARY

DL-cthiomine was adminsiered ntraperntoneatly at 4 dose level of 0%
6/hg body weight to 30 Clunese hamsters Twelve ammals injected
with salin¢ werc used as eontrols At pre determined mtersals the am
mals were sacrificed 1nd specimens were taken from the panere s for
hght and clectron microscopic exumnation of degunepalie changes
In the Dight mieroseope the wcinar cells showed deereasc of hasat
basoplbn eytoptasmie vaenoles and cosnophific bodies The acnar
lumuint were dilated and srregular and contained hght or dark masses
and costnophilic bodses There w1s atrophy of the acimar parenchvan
with replacement by adipose and fibrous tissue Uftrastructurathy the
acig e cclls demonstrated diatation of the endoplasmic rebieulum de
creased number of ribosomes and zvmogen granules dismtegration of
the mutochoudriy as well 1s the oceurrcnce of cytoplismue fibnllar
hodies 1ocal accumulations of deaeneraled cedlular componenls and
necrosis of whole acinar cefls were found In the ducls there wen
soblet cells ngd occastonalls crystalline materiil occurred 1 the duet
cells Degranulrlion of the £ cells was found n the pancreatic islels In
U few slets some o cells showed signs of inereascd activity wheres
others disclosed marked degeneralnne changes The o cells and the
agranulir cells were unnffected Thick basemenl membrines wre
sometimes scen 1 the vessels of the €xocrine nd (ndoerine pereatic

parenchvms
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with 1mpe rted mactivated saceme During the followng 8 ycar period the vacena
trons were extended to all indiyiduals Sia ¢ 1958 snlels nactnated yacone many
factured 1n Sweden has been employed

The vaceimation course recommended runs as follows Two 1pjections of 1 ml of
mactnated vaceine are given 1 to 2 months apart A third nlectton s administered
1 year after and a fourth 5 vears after the first twa doses

Plan of the Study

Altogether 27 day nurscries play schools and first grade school classes 1 Stock
holm city wwere enroled These cymprised close to 1100 cluldren aged 2 to 7 years

Questionnarres were distributed to the parents of the children Distribution and
collection was carried out by aid of the personnel at the different units

The questions concerned the following How many poliovirus sacune mjections
has the thild recersed? In which years were they perfurmed? Do sou econsider 3our
data sorrect probably correct or uncertarn? Do vou consent to finger puncture of
>our chuld for Blood samphng?

Random blood amplings were made from 324 pre school chldren 7 to 6 years
old) whose parents had consented to 1t From the 7 vears old school children the
first 100 samples were randomly collected later an additional number (76) were

tal en from children who had recesved 3 doses of vac e onls
Altogether ;00 samples werc investigated for antibods content AN wee tested
£r tvpe 1 and type 3 poliovirns antibodies Only 104 samples wtre tested for tspe 2

antibodies
RESULTS

Responses to Questionnaires

Almost 100 per cent of the gquestionnures wre answered wmd re
turned Ninets seven per cent clamed Unt thar child hd heen 1m
munized te poliomydihis 2 per cant were reported s unvacanaled
and 1 per cent did not remember whether or not the elnld was \’I(‘Cll
nated Fiohty mme per cent claimed that their answers were rn\;rvc
(or probably correet} while the rest te 11 per ccut were uncerlun

MNnety eight per cent conscnited to blood samphng

Resnlts of Anltbody Delerminalions Anttbady Tevels i P're School

Children in Relation to Thewr Year of Burth
re school chitldren were Aarran- d according,
ony (Table 1) [he daly from the
1 been clumed to b corriel or

The serolo,ically tested p
to year of birth nd vacemation st
children whose \accination data had "
probably correct are deseribed in detul Table 1 ';h‘o\\s th llr l‘nlfcl‘ll‘:ltcfm
20 per cent of the chuldren hid reecnned the first 2 doses nnm\ cine
the ealendar vear following that of Inrth while the my
others recened them one yoar inler | t0 6 vears

The distribution of nbibody levcds mn the 1}!‘(‘" br(;nl,(\):\'l\munlllmd\
arc ilustrited by immunologie profiles m };‘h( ccomelric aien

fesels 1nnst poliovirus Bype 1 wd 3 l'm :h:':\;‘“‘ e fape £ antt
W -

fitres in the diffcrent y.c proups 'Il‘c;l I; N that the o

tested also M

body lanels are hiere also meinded b o
distribution ppears to be furls sumifrom tu";,‘l 20"”'1“‘ s
mean lovels do not dierde Lo any neticc \ble exlun
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antibody titer
o lerent s
1 of anlerent age ETOw
I profiles te titre o ' o
ge 1e the
hool children The vestical axis gives the accumulated percenl
';'v‘iif\ziy"?,[ & huldeen attatg o surpassing indicate ! titre The horrzantal axis
gives the antih dy titre expressed as the yempro o

of the last neatrahizing serum
diutron The different age groups are jndicated 1o the figure

lower mean fitres an the 4 10 5 years old chmidren can be noticed
howeter

Sero-Vegafive Samples

Amon,, the pre school chuldren studied 9 per cent were found to be
sero negative to type 1 and & per cent to type 3 m the lowest dilution
tested e a dilubon of 1 10 The results are shown al the boltom
of Fiy 2

Anttbody 1 evels in Relatton Lo Information about \acctration History

The antibody dala were further analysed according to the vear of
the Dirst injeclton and the number of wjections recened The results
are Mustrated by 1immunologic profiles 1 Figs 3 and 4 and by mean
Wlresin b, 5 Fig 3 shows the anbibody distribulion after 4 wgeehions
The left part of the filure represents tvpe 1 antibody levels and the
nght part the tvpe 3 levels

Tt can be noticed that the type 1 hitres in the cluldren vaccinated for
the Tirst ime 1 the years 1960 and 1961 generally are lawer than
bires in those yacemated Later The bype 3 hires of chldren vaceinated
between 1962 10 1964 show simular distributions however

The type 3 anhibody profiles do not displax any noticeables differ
nee between the ehildren sacemated durtng the years 1960 ta 1964
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with imporfed mactn ated vacene During the fallasis
tans were extended to all individuals Since 1959
factured in Sweden has been emploved

The vaccination coursc recommended rups as f2ll
tnicinated vacene are given 3 to 2 months spart 4 ¢
1 sear after and « fourth o ycars after the firs{ tno ¢

Plan of the Study

Altogether 27 day nurserses play schools and fyrst grad
hoim a1ty were enroled These comprised close to 1300 ke

Questionnaires were distributed to the parents of the ct ¢
collection was carried out by aid of the personnel at the diff

The questians coricerned the following How mans pchos,
has the child reccived? In which years were thes performed? 3
data correct probably correct or uncertamn? Do vou cop ent b
vour child for bload samplmg?

Random blood samplings were made from 324 pre schon) chit
old) whose parents had eonsented to 1t From the 7 vears o} 5
first 100 samples were randomly collected later an additional m
taken from ¢hifdren who had recerved 3 doses of vaccine only

Altogether 500 samples were mvestigated for antibody content A
for tvpe 1 and type 3 poliovirus antibodies Only 104 samples were te

antihodies
RESULLTS

Responses to Questionnaires
Almost 100 per cent of the questionnatres were answered U
turned Nincty scsen per cont elaimed that ther child had beet
munized to pohiomvelilis 2 per cent werc reported as unvacen
and 1 per cent did not remember whetlier of not the chuld w1s v
nated Liohiy mne per cent clumed that thesr mssets were mfnn
tor probably corrcet) while the rest 1 ¢ 11 per cent were uncertal
Ninety eiht per cent consented fo blood sampling
Results of Antibody Dclermunations Anltbody Levtls in Pre Schaot
Ciwddren w Relafon to Thew Year of Burlh
n were arranged according

Bie 13 The dita from the
reet of

The serologieally lested pre school ehldrs
to year of birth nd sacemation story {Tal

he cor
tion dat: had been clammd to
eaba correct re descr I 1 shows that peneral

) Tl
probabls correct e described mn deta e 1
o0 per cent of the cluldren hid recers ed the first 2 dasts n:r:li“of e
the calendar vear followtn., that of Wirth while the moy
others recaved them one vear Jaler ) to 6 \irs
ips 2 to b
The distrbution of mbbody Jese)s m th 9se Fﬂ;\ p()nl\ ntdhods

unologic profes n Fin
e e 3 are shown The geomelne mean

are tllustrated by r
tevels agarnst poliovicus hipe 1 me b 2 anls
uitres 1 the diffrenl aoe roups 1fe shown im ll,.‘ lm’E:u“:‘ L s
bods levels are here alse meluded I e lll):cwr‘&:“l\‘ tsted also e
distrihution ppears to be furly sular n b enralfy shEkitts

nt
mean jevels do ral diverge to 10 noticc 1ble exte
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mofile  of cluldren having recened 3 Injechions of pilimirus
vacerue The year when the two Brst wnzechions were admimstered js mndsealed
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beyinning in 1960 and 1961

2 Teceined 3 and 4 doses of vaceme
Symbals as 1 Fig 3



01f  ———— 3injections 3
PR
PR

1960 61 62 83 64 65 66 |oncerion
Year of the two first injections

Fig §
G ometric mean titres (B S U ) of scrum <amples 1n relation to number of injcctions
and time of the first two mjections Svmbols as i [y, ?

children whose dita were recorded as uncertuin or whese vaccunbions
were ncomplcte (1 e less than 3 njections m 1965 or erhier)

Generally high type 2 mean titres can be observed In the children
mnoculated twice within the last vear low titre levels a,unst i three
Lypes were gencrally found The group in which records were uncer
tan also displayed means below the general levels

Vaccination Record of Sero Vegalwe Cluldrcn

Fourteen cluldren oul of the 500 tested were found te b scro
negative to both tvpes of virus mvestigiled W 1lh one exceplion they
were reportcd as um ranated (7) not fuliv viematad (3} or th
parents were uncertun of the numbet of mjetions pivn (3

DISCLLSSION

Answers (o Questinnnaires

Nmely scven per cent of the childrcn guestioned were npnrhld trt‘r

be saceinated agunst pohomydiis Since 1960 Al chuldren huwe l;u"r

offercd vaccinabion al the Wil baby chinies Gyer mind ty per cu“mr

Swedish cildren are reqularly brouhl to these chmies (hlu"u\u thes
hirst years of Iifc The high froquencsy of vacanabed children
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atfirms that the svstent of enrolmenl for pohiovirus sagcnalion 1S
smt‘s:;cllso:?me per cent of the parents clamed that the information
gs\g‘g wis correct Tlus was 2 surprisin.ls ngh figure \o] DI“:“‘
registration of the names of the indnidual vaceinees ls(un(hcr '\‘ L‘n
However every mother 1s presenied wath 3 health card for her baby
at the matermty hospital and she s supposed to regster all vaecina
fions on ts card She mav alsa oblamn some mformalion from the

Well baby chme Stlt the datvmmy not be as corrcet as it sould be
under controlled cxpermmental condilions The vaceination data { Table
1) of the varous age groups follow a very simisr pattern which
favours the assumplion that the reported dala in general may he
corgect

Anfibody Patlerns wn Relaiion to Age

The antibedy titre distribubion 1n the age groups 2 lo 6 jears were
found to he almost congruent This simmlanits i atself must be rejarded
as salisfaclory Thus the »iccination prosramme follosed 1n Sweden
apparenils has succreded m nduuing an esen Tevel of proteclion in the
insestigated aoe groups at the tume of this sampling

1t must be stressed that no cascs of poliomvelthis have heen reported
from the area of myeshigation smee 1960 nor has any pohovirus been
wsalated (3 4} In the country as a whole an epdenue with 50 para
sl eases oceurred m Gothenburg in 1961 Sinec that hme none or
1-2 cases ( ymported ones ) per year have been registered Thus the

mfluenee of natural infection on any of the resulls presented here can
be disregarded

Antibody Pallerns in Relation lo Y ear of Prunary \ accihation

The diserupaney betwcen type 1 and type 3 antibods lescls m rofatan
(o the dalt of vaceination 15 notewerthy The dissimularily concerns
onlv culdren tecening Wher primary vacaination tn 1960 and 1961

however Thureafter the type 1 and type 3 Antibody fitres follow 4 very
stmtlar pattern The smmunogenic potency ralues of the Swedich 1w

actnated vaceines hd been lested vearly 1 inple negatine children

12 7) Fig 6 shows the yearly means of antibody levefs m triple

nogalive children testud 2 weehs after 2 n)ettions of mactiyated \p:lc

eine According to thesc tests titre lesels tp upe 1 were gunerally found
to be lower 1n the years 1957 to 1961 than 1n the followin, suiZs This
change of immunogenieity has been analvsed i a pre\m;s aper (2}
d was found to be careedental with a ehange of the seed s?rznr:e ;d
for saecme production from the tipe 1 Stothholm 03 stram ‘:o“iht
Brunendcrs stram It can also he noticed in the figure that since 1962

the tap 1 fesels hase been simudar to the gh tyre 2 and type 3 pi st

vucination antibady levels whick had been reached smc:?masl (;nd
8 cr P T8 1
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antibody titer

year of investigaton

Fig 6
Results of potency tests of mactivated vaccine performed 1 triple negative ehildren
The vertical aus gives the mean titres of the children tested the horzontal avis
the vear of mve tigation The type 1 mean titres are illustrated hy a whale drawn
hne when the Stockholm type 3 strain was used as the seed strain for the vacoine
The dashed line represent the titres to appear when the Bruntnders strain was used

1959 respectively Thus the results of the present investigation are in
full ngreement with the outeome of the vaccme tests This fact also
favours a high vahidity of the vaccimation hstories reported

Remarks on Duration of Immunity

Of further mterest in Fiz 3 and Fig 9 1re the remarkably similar
antibody levels to tvpe 2 and 3 i children vacanated fronr 1969 to
1964 and ta type 1 from the yoars 1962 to 1964 Onls (ke v eawnies who
had completed their vacemation with 1 third dosc within the Inst yaar
of this mvestigation showed ngher levels to all types Since the vacetne
potency had not varied considerably mn the years mcnboncd ahove the
resulls of this wnvesti, 1hon sugaest that the titres remn Turly siable
after the first post 1 aceinabion fall of titre hs oceurred during lhe yor
followiny, the  wcemation Although this phenomenon was abserved by
Salk (6) 1n a few cases continuousts 1nvestisaled over oxtended periads
of time 1t has not been supported before by lrpe scale nvestig itron
On the contrary the supposition that anlibodics nduced by ammmni
zation with 1nactinated v iccme should be Jess persistent thin those
rused by saccnation with Ine attanu ded virns has hoan afoost

generalls accepted ] -
The tvpe 2 titres are generalls high shich ¢ m accord mnce \\lx o
experience 1n thns field Previous studies By the author v and u"; c
that the hielies of the anlibods response to fspe 2 anbinen d,. xlx;s
from that of tvpe 1 and 3 (2) The typc 2 wnhibodus i m;) ¢:‘;ro
erease 1 titre for a longer period of tume Thus the hqsos‘;‘m
generally hugher in samples collected 7 months after e 2 pry
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mections thon after 2 we ks 1 phenomenon neser ohsuried m the
case of ihe other bso vrus tvpes

The results sllustrated sn Fig % do not contradict ths obsersabion
The general postvacemalion taire Tevels of type 2 antibodics dechined
fater than those of fype 1 ond 3

The Effect of @ Seconi hooster (the Fourth Dase)

An evaluation of the tifre luvcls 1 children hating recewnnd 3 or 4

doses (he Iatter hasm., recened t second hooster) suegests (Fig 5)
{hat the eifect of the late booster 1s carrelated to the saceinees ammu
nity status prior to the hooster

STMUARY

The poliovirtts saccinition history of close to 1108 children mamlsy
pre schoof ehuldren was collected 1 Stockhelm mn the autumn of 1966
Accardmg to the wformation given by the parents 97 per cont had
been vacanated Incomplete yaccinalions ze less than 3 njechions
admumstered 1 1965 or earlier were reported irom 3 per ent of Yhese
Tighty mmne per cent clarmed that the vacunabion Mistory gnven was
cotreet

Tn 324 randomly selected pre school children aunttbady titrations
showed a sumlar titre distribution m all pre school a,e groups 4 totat
of 9 per cent was sero nepatine to poliosirns type 1 1n the lowest serum
dilution tested 1 e 1 10 The corrusponding figare for {ype 2 and type
3 wis 1 and § per cent respectizely

4nalysis of titres 1 relalion to the date of vacemation suggested a
good correlation helween previously routne yaceipe poteniy fests per
formed m childrcn and levels ohserved i the presently mvestsgated
efnidren The children reporied 1o be primarily vaccmated afler iUGl
shmwd[ demonstrable antibodies of the same ma,mtude to all three

5

a&f‘s‘sﬂ y\lollugnms over 95 per cent had dumonstrable antibodies m the

The results also suppor! the assumplion that the aatthody levels

remain fairls stable after the mamn
; post sacunation fall
e vear iohiowing The ymmumzation fas nceurred
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E\PLRIMENTAL STAPHYLOGCOCCAL ARTHRITIS
IN GOLDEN HAMSTERS
{MESOCRICETUS AURATUS)

By
L4RS LINDBERC
Recelved 17 (8

favcshigation of the caurse of the tissne reaction and other features of
an infection often requires model experimenls in 1aboratory ammals
Seareh of the hteratyre for experimental staphviococeal arthritrs
small 1ihoratery anumals however fals to Teveal more than a fow
myestigalions m which such it chions have been induced Several rele
1ant papers on stiphviococeal arthmbs i the rabt are availabte
{(Rigdan 1942 Frankel et gl 1943 1944 and 1958 Davis & Ring 1960
Rardenhezer et al 1966) hat reports concerning such leswan w the gutnea
g ol ino ral «nd mouse e not avalabk possibly beeause of the Giffy
valty 1 mduemg staphylococeal arthritis i these anuvals The golden
hamsier seems not to have been ined m flus respeet In ecerdmn cxpen

ments shis very diffienlt somenimes e en ampossible 10 se an ammal as
Jarse as the rabbit n investizations requirng very large serics of
immals or m pharmacckineltcal studis using cxpensnve substances
such 1» radioactively labelled anbihiaties (£ wdberg & Lundberg 1960}

The purpose of this miesti,abion therdfore nas to devise a method for

prodnemg o moddd mfection with Staphylococeus aurens 1 a ot of a
Iboratory ammal smalicr than the rabbit

MATFRIAL

AND METHODS
(A3 ce of Bt leaal Strmn

Staghploco us airews \ as used As the
fr m strain to stram elght strams wath pos,
vtz 3la me at 37 C were elected for examnation tf b
17 path
€ a prg and the golden hamstcr The phage tapes ave rg\f‘:n ;gtgl:\i,{) ?r W
ren tns of cach stran were tr pared in the foll wing 1 av ¢ Sus
From the 13014 agar dish wYere the stran had heen grown

pathorenicity can be expected to vary
ttie eoagulase reartion agamst guines

Thi investipali 0 was made nossible b & grant from Affrel & tertun is Stiftelse
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after standardized photometrically by dilution With physiological saline The num
ber z;[ bacteria was 109 per ¢ as judged by dilution series culture and colony
counts

Each bactersal stram was tested by mira articalar mjection of 01 cc of suspen
swn tato the left knee of two Euinea pigs and by injection of 00scc inlo the left
knee of tsio golden hamsters The ammals were ohserved dailv for faur weehs for
any general or loeal reaction & shight swelling of the ] mes Jont durmg the first
1-5 days was the only reaction found in the gminca pigs and a clear snelling Jast
mg throayhout the four weel s Indicating active infection was observed in all
golden hamsters

TABLE 1
Strain Phage t3 pe Group
1a18 294 1
1496 non speeific 59/5%4/80 1
P 3844 994 (9/6557) 1
1132 3A i
5843 7/47/31/15/83A/345/ 957 il
588, 34A ;;r
5921 '
Wood 46 T

the well known
As the strains did not differ from one another 1n pathogenicity

strain Wood 46 was chosen for the continued mvestisation The strain l;;d“b::’l:
hept on blood agar dishe at + 4 C and had been subcultured once a mon

also the phage type and antibiogram had ben cheiked

Antmal Experument were
For this imestigation sesenteen golden hamsters werghing f,,b “{z,{oznir:r:fs each

used 0foec of the bactersal sust enston was seaceted o the Jeft ke of eacl

golaen hamster The anim.ds were sacrified at predstermined fntervals (Table ')

The infected hnee jaint was removed fived in 10 per cenl formelin, decalefiod '8

formic acid embedded n paraffin Histological sections Croaon

and statned with harmatoxslin eosin or according to van

TABIE "

\umber of anymals Kalled after

3davs
341 1 weeh
; 2wechs
3 £ veel's
5
H € nochs
2 S chs
2

S = succumbed during experiment

RFSLLTS e .

hat thed spo!

Three days Owing to postmoriem aulolisis the ’"‘Ifn:l]]l, l(l’”mr o

tancousiy was excluded from (he alysis In h\((l)ln et

the joinls showed moderatels adyanced arthnns : :qm‘ e

contamed nflammatory cells The synovidl r,n;l:\:‘ :‘“” e v

sule and by

tory changes The joint ¢ et
mn;ml‘r:g |nilamm:lun exudate with numerots poly
conta



inftammatory
exudate

fig 1
Hamster kace three davs after myestion of Staphylocoecus oureus In¢iptent
abavecs formation dorsally n the haee fold and un the suprapatcllar recess
Dopsally the muscles show imfiltration of inflammatory cells
<an Cieson 115 X

Yamster knee three davs alter injection of
Sta;
has progressed m re rapidly than m the jout (f;hupl;";" et cartil a
age an

Infe tion
b ne trabeculas 1o both epiphvses are partly destrovel van Gieson 115

This exudate extended down along th

g the muscles of th

jomt eartfaga the epiphsse sl hines and the hone m‘afrtl)(\!\“e:f rb e
b and the femur were of normal appearance The nuch o ot the
the osteocries m the bone near the joint were p\cnolu:c o 1w some of
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Fig 5

Hamster hnee two weeks after injection of Staphylococcus aureus
van Gieson 115 X

In the jomnt of the remanng amimal the infection was more ad
vaneed (Fig, 2) The joint eavily and capsule as well as the penartien
lar Lissue werc penetrited by pus The muscular mterspaces n the thigh
contamed mflammators eells The jomt eartilages were partly croded
(Fig 3} “ecerolic cells were seen 1n the epsphyseal lincs and 1n several
of the honc trabienlae of both epiphsses The entire marrow of Lhe
femoral epiphysis was neerotic

One weel In three of the amimals the miection was more ads anced
than after three davs and e Joint ety was Qistended by 1 large
amount of pus (Fi, 4} Al soft Lissues 1n and around the joint con
tuned numerons polviucleated leucorsles The artiular cartslages
were partly destroved cspecially on the ventral aspect of the femor
«miphysis Smaller parls of the cpiphyseal hines were necrotic Al
Sesses were secnan two of the tibind epiphescs In several osteoc tes
n trabeeul i near the Joinls the nuclet were pynotie

In the remamng ammnl the gross anatomtcal topogyraphy was un
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two nechs after njection of Staphplococeus

Complete destruction of hamster haen
aurens van Greson 115 X

changed but the whote Jownt meluding the cnrtifage hone minrros of
both the femoral nd the tinal emphyses and metaphvaes were totally
necrolic Small scattered groups of polvnuele ted loncoevtes were seen

Zwo weel's In one nmimal the picture resembled that secn iltee ane
weeh but the amount of pus 1 the joint ety had deereised as had
the mfiltration of mflammatory cells m the periarticulsr tissues The
ventral part of the fumoral (piphysis wis destroved (Fi 3)

In the remainimg two anmaly the Jomnts were totilly destroved
Only remnants of the ¢mplnnsts and the epiphyvscal hines could he o
cosmzed (Fig 6) The region between the hone ends was occupid by
1 sranulation tissue rich 1 ecdls wilh seatferad polvnuele ded Tooeos
evtes parthy a.gre_aled to small abscessecs

Lourweels In one mmal the infection w s regre smg 1 tht onft
somc parts of the jont enpsulc md pers artieular bsse contund i
flammalor cells The Joinl ¢ artal e venlralis on (hie fomor i eprphysis
wis eroded nd in other 1reas it was neerotie: Tho epiphyvse dd bine the
bone mirrow 1nd Lhe bone tissue sete of Rernnf pporne
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Fyg 7
ftamster knee six weeks after injection of Staphylococcus aureus Infection healed
after partial destruction of the femoral epiphysis van Cie on

In the remaimmg ammal the picture was the same as i the animal
usirated in Fig 5

Siz weeks In bolh amimals the infeclion appeared to hve healed
and no pus or nflammatery cells was seen

In one of the ammals the fecthion had heated wathout demonsitable
sequelac In the other the jomnt cartila,e of the femur was partially
«rodud and there the joint capsule had become firmly attached to the
bone (Fig 7) In other areas the joint carhilage was necrotic and con
tned no stamable cells but the morphology of the 1010t was other
wise preserved

I ight weeks 1In both of the ammals the mnfection had healed wilh
complete destruction of the jmnt

In one ammal the joint wis deslroved and the area belween the
Yone ends was full of 1 thck fibrous tissue (Fig 8) In the other ani
mal the subsvnovial connective tissue was thickened and the cartilage
Was partls neerotic and partly eroded with the result that the sub



Fig 6
Complete destruction of hamster hnee tno weehs after mjection of Staphylwcoccis
aureus van Gic on 115 ,

changed but the whole jownt ncludin, the cartifage bone marros of
both the femoral and the tibial epiphyses ind metaphyscs were Lotally
necrotic Small scattercd groups of polvnucleated leucocvles were seen

Two weehs In one ammal the picture rescmbled that seen affer one
week but the amount of pus in the joint cauty hd deereased s had
the wfiltration of inflammatory cells 1 the perwarheulr tissucs The
ventral part of the femoral epiphysis was destroved (F1g 5]

In the remaming two anmmals the jomls were totalls destroved
Only remnants of the epiphyvsis and the epiphyseal hines coull b Te
cogmzed (Fir 8) The region between lhe bone onds was occupid by
1 granulation tissue rich 1n eells with seattered polynucleated leuco
c3tes partly a.gre ited to small abscesses

Four weel s In one ammal the mfeclion W 1s reTCssti, 60 that ens
som¢ parts of the jomnt capsule wmnd pert rticnhir tissue contundd
flammatory ceils The jomt etrtidige ventrally on the femara! nnph\:'*
w1s croded and n other areas it was neerofic The eprphvse il hne the
bone marrow and the bone bissuc were of normal appearante
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sumphion also strenglhened by personal unpublished ind unsuccessful
experiments

{)n 1 search for another hiboraters 1mimal silable for Uns hind of
model mfection the mousc proved loo small to allow satisfactory intra
articular infection and 1t therefore seemcd reasonable o try the golden
hamster which has apparently not been used hefore for this purpose

Resulls

Purulent arthritis deseloped 1n mosl of the ammnals (in 14 or 14 of
17) 1t reached a maximum after one weck when large amounts of pus
were scen in and around the joint Signs of ineipient TLEFESSION \p
peared afler about four weeks and after 6-8 weeks no certain sipns of
mnfection were any longer demonsirable

The final meture v wried wilh the seventy of the arthnilis from com

plete or partial recovery (11, 7) to complete (I, 8) dustruction of
the yoint

Only one of the sexenteen amimals succumbed during the experiment
In view of the high frequencs of dealhs otherwise claimed when the
rablnt has heen used for nfections of bone and Jomts (Lindberg 1967}

this Jow loss 1 the present mvestigation underlines the usefulness of
the golden hamster

Jud,ing from the obscrs ions sct forth above the golden hamster

1s a suitable animal for infections of the joints wilh Staphylococcus
altreus

SLMMARY

A method 15 described by which 1t 1s possible 1o induce infeclious
arthnitis m golden hamsters by ntra articular njection of Staphylo
coccus aurens

All animals displayed purulcnt arthritis Si15ns of healing were seen

afler 4 weeks After 6-8 weeks the mfection was healed wilh extensne
destruction of the jownts as end resnlt
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THF DISTRIBUTION
OF TRITIUM LABELLED DIHYDROSIREPTOM)CIN AND
TETRACYICLINE IN STAPHYLOCOCCAL ARTHRITIS
An Autoradwographic Study of Golden Hamslers and Rabbis

By
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Received 79 €3

Antihiotics are the most smportant therapeulics used in the tre atment
of bacterial arthritis Such therapy however often fals o ward off
parhal or complete destruction of affected jonts It appears (hat the
substance given does not reach or docs not affect the bacteria 1n cer
tain parts of the focus

The purpose of the present mnvestt ation was 1o assess the distnibu
tion of dihydrostreptomyein nd tetricyeline o an miceted yownt o
find out whether any parts of the mfceted joml are not rewhed by

these antibiotics

In 1 contemplated series o
The distribution of antibiolics 1 yarious Lo
assessed by bacteriologieal deternunation of the amount of mbbiohe
m bopsy specimens This method howeser 1s relatnehy erude Aand
docs not take mnto iccount the fact that dfferent Lisstes m he bopss
d and that the preees of bissue removed oflen
md contaiming anhibolics 1
method 18 used s wluch
sources of crror of the

f studies other mhnotics % 1l also be tried
s issues 15 comentionally

specimen are intermingle
are contatmnated with blood and tissue 11
high concentration In this imvesligition 1
st 15 possible to moid the above mentiontd
antibiolic i the various lssues of the nfected jomnt The wyestisation
was carried out on ammAls with cxptnmm( W wthrifis using an auto-
radtoar iphic techmque desenibed by Ulibery (1904) nd André (1905)r
wiieh allows loetion of water soluble substinces Simwe the route o
admmstration of these subslances 1s of wterest se climeally the
distribution of the mtibioties 1 the Joml was studid both after parer
teral and wmira articular admunstraition

13 Stiftelse
This svestigation was made possible by o grant fc m Alfre Gstertun 1s 54
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MATFRIAI AND MFTHODS

Lse was made of trtwim labelled dihydrostreptomyein sulphate With a specihic
radioactivity of 29¢ mUi/mg and a Tadiochemical purlts of mote than 90 per cent
and tritm labelled tetracycline with a specifie radioactisity of 418 mCi/mg and 2
radiochemieal purity of more than 97 per cent!

For the sake of economy the of the after y teral
fection was studied m golden hamsters while for technical reasons the distribution
after intra articular inyection of the substances was studied in rabbit

o the stud of the distribution after parenteral injectian staphylococcal arthritis
was produced In golden hamsters by a method described by I ndbery (1969) Forty
animals weighing about 100 g recenved an njection of 00> ml of an 18 hour 1 roth
culture of Staphylocoecus aurens strmn Wood 40 tontaining abiut 10° colomy
forming units per ml Two groups of animals with 20 animals 1n each were used
One group recen ed the other ne Among the animals
in the dihvdrastreptomscin group 10 were gnven an mnjectinn of the drug 2 days
after infection with the bactema and 10 amimals recerve

d it » wechs after infectlon
with the bacteria The dose ted of 0% ml hyd, sulphate
contalming 078 mg of dihyd! in sulphate cor ing to 23 mCi/am

mal In the tetracycline group the ammals recened an injection of 095 m) of tetra
cycling solution containing 0 33 mg of tetracscline cosresponding 1o 13 8 mCi/animal
 days after the 1nfection with the bacterra and the remaining 10 ammals a corre
sponding snjection 2 wecks after the bactersal injection All antibioties were {njected
intramuscularly under the left scapula Two amimals i each of the four sub,roups

were hlled 15 minutes 30 minutes 1 hour 3 hours and 6 hours re pectively after
the 1njection of the antibiotic

Ta the studs of the of injected ntra arthritis
was produced by 1njection of 09 ml of the same bacterial suspension (sec abave) into
the shoulder joints of 20 rabbits weighing about 2 k¢ Dihydrostreptomycin sul
phlx!c was used 1n one series tetracycline in the other either drug bewng Infected
ll;\ r‘: athicularly into 5 animals froe each froup 2 davs after the injechion of the
=c‘:m (acute arthntis) the remaiming 5 animals in each group recenved it 3
Wweeks after (destructve arthritis) the injection of bacteria Lach jomnt recersed
ar mjecticn of 02 ml 01 mg of dihvdrostrept in sulphate corre
s.vn‘:‘::x‘ng 0 300 4Ci or 0007 my cf tetracycline corresponding to 300 4G The
‘nldlz ;\\en- Milled at the same intervals as thosc used for the experiment with
s % hamsters with the exception that none was killed at the 30 minutes inter al
frog, 000 25 the smimals had been sacrificed the infocted joints were removed and
Trens dm : mixture of hexane and carbon diotide snow The hnee joints were
Thoe dned for & weeh embedded in paraffin and tape sectioned (4ndré 1950)
n nmu der 3 ints w re tape sectioned 10 ~—15 C according 1o Ullberg (19 4) The
un“nrmﬁ:l sections were fastened to Ilford € 5 autoradiographic plates After
sep:m:d u: strip with the adherent secticns and the autoradiographic film were
Wit e auta adiogram deseloped and fixed finally the sections were stained
T, Jaematotshin cosin and mounted The e b 1
Were afterwards compared by placing the section over the autoradiogram

NFSULTS
Parenteral Adminsstration

\either 1n the
group that recy
that Tecened 1efeme P ened dihydrostrepiomy e nor n the one

yehne 2 days afler myection of the by
actenal sus
Cunty the distribution pattern of the antibioties duffer with cer
aft ‘om that found when the anhibiotic was not piven unhit 2 ks
°r the bactersal injeclion e

Tension did

! The trrtium |
\al | belled dihydro treptomyein and tetrac
rn;::%n:}:‘ rﬂlslolup\jlansl AB Atomencrgi Studssik s\{:y::nwm chlaned trom
At ¢ sy, ctracyclin and treptomvein sulphate for
B b €5 way cousteousts supphied bh AB Astra Sederiaie o T
e
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Iy

T s Toapm gt ind Bo Tusomire
Receired 98 x (%

Antibiotics 1re the most import int therapeulics used n the treatntent
of hadlernil wthritis Such Iherpy howeser, often fails 1o ward off
partid or complete destructhion of affceted joints It nppears that the
substnce given docs not roch or does not Vffeet the baclerinn cer

tun parts of the focus

The purpose of the presenl nvesti,
tiont of ddisdrostreptomyan e tetrwsyeh
find oul whethier sy parls of the mfectud yoint are nol
these mtibiolies

In 1 conlemplted sertes of studies other intinotics will also be tried
he distributron of intibiotics m v irtous body tissues 1 comvenhionlly
wssessed by Icteriologieal deferimnition ot 1 amount of :mhhmh:i
m btopsy spceimens s method however 15 redatingds ernde and
does not tthe 1o acconnt the Fiet that different Lissues o the bwf?\‘v
speemen e intermingled nd that the preees of tissue remosed often
1re cont umated with Blood and hssuc flnd contuning qnhh\oht; ‘:
high concentration In thus ivestiotion 1 method 1s used by \; :;t
1t 15 possible lo nod Lhe above muntioned sourcs of ururlgmon
\ntibiolic 1n tlie v wnous bissues of the mfceted joint The seshs "
was carried out on ammals with experiment 1l arthnbe \\sml% ﬂ;‘l;:(;‘;
ridioor iphie techmque deseribed by Uliberg (1904) and dndre ute of
which allows location of waler soluble subst mees Staee the rﬁ i
admimistration of (hese substances 18 of nferest iso clm&fﬂ :-mn
distribution of the wmtibiolies 1 the Jomnt was studied both after P
teral and antra artieular administration

Mwion was to assess the distribu
ne i an mficted Jomt o
t reached by
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bene marrow

muscle

At e etk Tt

Fg 5
hstalagual section and corresponding autoradijeram of kner infceled two days
previously  Tre ammal ag tiled 1 hour after the imjection of tritmim labelled
dsh .

myan s still d 1n the pus filled yont
m Magoificab n £ 8

hy
Haematoxyl

tarly tnjceted tetracichne activily was demonstrable only loeally 1
subchondral bone

DISLUSSION

In an planned myestization of a senes of antibiobies with the procedure
deseribed abave divdrostreptomyan angd ldracyehne were selected
first beeause they are eass Lo Iabel wath tritiem 1nd are relatnely cheap
and secend heeruse they are metabohized to only a small cxtent 1 the
bods (Andre 1906 Lindberg 1967)

hhisdrastreplomsen s no longer used m human medicine because
of 1ls occasional side-cffects on the wditery nerve It was however
nsed an the present mnseslization swee it apparently has the same
pharmacchmelic and antibactersal properties as streptomyesm  and
sinew af vs much easier {6 bl with tntum than streptomy ein

Sucressful 1utoradiooraphy with the techmique used here Tequres
first prevention of redhisinbulion of the waler soluble radioactine sub
stanee and second Justolonical stelions of undecalufied bones W tth
the deprees of microscopical magmfweation used m the present invesh
gaton no redistribution of exther antibiotic was observed The posst
biliies of using higher magmfication of the tissue 1s Wimsted by the
faet that the materzal contamns undecaterfied bone which 1s diffieult to
section
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i muscle

AR s o SN S
M ane marrow

pus in the joint
< -
‘\') .= abscess

Py 3
Antoradingram of hnee fnfictcd 2 dav previ wsly The animal was hilled 15 minutes
after fnjection  f tritium lalclled ditvdrostreptcmycin Ditnvdrosteeptomyeln has

not vet entered one abscess In the suprapatellar recess The had quality of the
awtoradiogram is due to difficultics in scetioning the non decaleied bone tissue
Magnifeeati a ¥ I

patella
abscess

Fig

a
tutoradiogram « £ hnev infected 7 dass prevs 1 The nmal was )cld:z:ti c:lr:r‘:ﬂ“(;;
after 1nyection of trithum Yal clicd tetra v Bre Tetra e has nol

abscess 4 rsally koo Magmficats n % 8

acute wthritis untit i feast 3 hours after the mnjeckion The ef[eclu(l)f
wimimstration by tus route appe wred to be contined pnchm\h :o MZ
jomt ey since mo actiuty of wther substance was dnmodnsl:"ilbn
periirlicatarly (M, 8) In more saveredy destroved yomts the dis b,
tren both of dilndrostreptomy e and ot ke traevchne during thls[z:;: o
was maost complete 1n abscesses communn Mg with the snlc‘o 0] o
tion hut neither antibiobie had penctrated mto abscesses Do ;)n rdx:rs
communicrtion with the jomnt nor had thes duffused bevond thr?dlzgs -
of the affected Joints (Fig 9) Al this slase o conlrast lod xomm“m
acute arthntss the streptomyemn perststed b hours 1 ml'!ectcm(cm e
culimg arcas 3 and 6 hours after the mjection of the
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axillary cecess

[ ~

A
L_. pus w arillacy recess

PO
Fip 8
t infected
1 1 sectton and corresp ndmg autoradiogram of shoulder join!
f’h;;:sil::\l:u:h The anmmal was hilled 3 bours after the intra arti ular injection
of tritium labelled dihydrostreptorrycin The antibiotic 15 corfincd tu the casity
and carbila c of the jont Haematotyhn Magmficaton X 1

pus In jomt cavity

Fig 9
1 stologleal scetton and correspoading autoradiogram
weehs previcusly The antmal w s alled 1 hour after the sutra sriicalar fnye fiou
of tritivm lehelle? ddndstreptamen As i arute arthetus the antibiotic 1
confined 1> the yomnt cauity Haematoxylin Magmibication 3 1

ol honlder joant infected
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The prescat snvestigation would nol allow any conclusions hout
diffcrences 10 abisolute concentration values belwern dindrostreplo
myan and tetrieveline boe suse these tvo antiliaties differ constderably
m speeidic ridwactinaty Onls eonclustons about the relatie distriby
hon patterns ean be drwn

The differcnee between the autoradior iphic dislribution of dihvdro
streptomyein and that of tctracyeline 1n heallhy joint bissue follosng
parenleral admunstration desernibed by André {(1928) was seen also m
the present studs  Dindrostreplomscin aceumulates 1n mesenchy mal
tissucs sucht 13 eartilage periosteum connective bissue efe Tetracye
hine tends (o necumulate m bone bissuc but 1s otherwise diffusely dis
tnibufed In 1 few bsecsses produced by mtramuscular mjections of
Corynebacterium pyogenes Andre nlso found the two antibioties to
penetrate the lestons  Here dihydrostreptomyein was cven observed 1
1 higher concentration than that sn the surrounding pissue However
the matertal was too smll to pornut any general conclusions  In an
mvestiy ation with the same techmique [ indberg (1967) found that the
concentration of dihvdrostreptomyun w s rel sivels hijhin tubereutous
osteomschtie ibscesses

Olsersations ntide 1n the present wvestsgation show that vers figh
concentrabions of dihydrostecplomyein ¢in be achwesved i pus in jonts
mfeeted with stiphylococes The weumulation of dihydrostreptomycn
1n pus occurs Fapsdly Afready after 1o 30 nunutes the concentration of
dilnvdrostreptomyemn m pus Glled jonts 15 much gher than n sur
roundmg, soft tisstes (Iig 1)

Telraevcline appears to diffuse into the lissues at the same rate J‘S‘
dibndrostreplomyemn after 15 30 minutes tetraeychne was found 1 ¥
tissues except m the central part of one dseess (3ag 4) However the
distribution pattern i the tissues 1s quite different the mncmlr“"ﬁ:
of letrwychac wn the hscesses wnd 1 hissue rich 10 inflammatory :c‘ s
was roughly the same s in surrounding tissue n ebservahion ais
made by Andre 1n soft tissue 1bscesses

Afler};i houts the concentration of both the dibydrostreptomyen and
tetracyeline s all soft tissues had begun to f41l because of ehn;maln::
of the substance from the hods nd ter 6 hours the autora ‘w&,rn
showed no signs of anhibiolic excuept 10 CZ\lClgleﬂ bone where the con
centration of tutracycline remamed unchiange!

The fact that ﬂu,}conccmralmn of difivdrostrcptomycin “JSKI;;':’“:’;
the conlents of the ibscess while that of whci:;:?l:‘a::;en:‘pl\:“0"
than the tration 1n surr d tissue
0:1 Sle assumption thit lirge amounts of dlh;drostreptonlvm? [I[i:tcgst
of tetracvehne are reversible bound to certain cnmpm\e: bhond " ol
fents of the abscess (7 ndbery 1967) The nature thldch dorostrrvpln
clear but 1t 18 probably a protemn bond The amOl'ﬂ“ "frm:l s\\h]Ch anis

mycm bound would than he able to ct s 2 dlel’;’ when tha coneen
bacternally active dibydrostreptomyein 15 SUppit
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iration 1n the serum and surrounding tissues falls oning io exerelion
of the antibiotic from the body

Two factors which have been considered an the evalttion of the
autoradiographic results of wire articularly myected antibiofic ~re the
extent to which 1t spread w the nfeeted jomt and the tume the antidnotic
persists there after such admuisteation 1t s obvious that s acule
arthnis the jomt cauts 1s completely lilted with antibtotic whether
dshydrostreptomycw ar tetracvehne 18 used ‘This chsimbution can be
explaned on physical grounds and the antiwotic 1s evenhy distribufed
30 the entire Jont cavity In the ammals n which avthribis had persisted
for 3 wecks the sntibioties was distrsbuled necording to the same me
chanism At thus stage of destruchion and repair some eneapsulated
focs however appear inaccessible 1o mntra atliculwrhy snjected anly
Biotie Mo antibwtic was seen perrarhicatarhy Inteslittions with the
same wioradiographic tech m ¢ fiom with mersurement of
the disappeurance rate of I Hippurm and ZePCl {rom the shoulder
jont of the rabbut showed that alreads after 13 manutes the same
solume corresponding to 10 pCi bad spread penarticularly (Lundbery
1969} The humited penetrabibity of the antshioties sludied here 1y pro
bahly due 1o the Jargeness of their molecutes The bivchened areas over
the abseesses exen 6 hours after the mjection of dihydrastreplomyen
idicate the bindimg of this antibiotic 1 the abscess The greatest ad
vanty,e of admnistralion by the mntra arbicular route 15 probably that
1t is possible 1o achiere a high loeal concentralion of anhibiotic The
chme 1t apphication of mira arbicular mjection of these antibiohies n
athnbis seems however fimated espeerally in the treatment of chrome
forms of the disease Qur resulls suggest that symultancous parenteral

admassiraton s necessary of all affecled tissues are to be
thi wmubeotse

reathed by

SUMMARY

the distnbution of dibndrostrepiemyen (for feckment Teasen: 3
mstowd of stroptomyeiny and tetracyehine m experimental sl: I':\%lu
coccsl arthritis has been studied with autorategriphic te h“ e
\fier mtramusenlar injection both sntibatics are found to . mlqﬂf
will yato the infieted issues evin mnto abscesses Dihydrost P:nc von
w found to e concentrated i pus compared to pormal swfp P
whereas tefracyelme 11 found fo he evenly distnbuted am ot bsuos
timues The distnibution afler mtra artientar snjechion anb o soft
Inotics 15 complete but strictty lvmsted to the ou o e anls

nl ea
ating mfections focr untsl 3 hours afler the m;ccho:’n“5 S communy

REFCfRENCTS
tf w'xrm Ml oth dstebsben of Wihom Yat
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fundlerg I Uxperlmental skeletal tubcrentnsis in the gwinea pig Acta orthop
scand Supp! 98 1967

Tindberg 1 1 xperimental staphslocaccal arthritis in goldcn ham lers (Mesocricetus
Auralus) Acta path microbiol scandinay 76 117-1%> 1

Tundberg B8 To he published in Acta Rheumat scand 1969

Uilbery $  Studics on the distributiwn and fate of 3 Jabelled henzslpemeillin 1w
the bods  Acta radeol Supsl 118 194
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SUBTYPING OF HUMAN HAPTOGLOBINS WITH
PRFCIPITATING ANTISERA 1

By
€ Tinvsonn
Recehed 15x 68

Three common ty pes of humnn haptoglobin (Hp 1-1 Hp 1-2 and fip
2 2} can be distinguished on the basis of starch get electrophoresis
unfied haptoglobin
arch gel confaining

mercapto cthanol and § { urea (2) Using this method they found twe

hinds of polypeptide chain o and £ Three bipes of o cham were
distinshable Hp 2¢ Hp 1Fz and 1S« Famuly studees {3) indicaled
that these are the expressions of three alleles Hp' Hp ang Hp at the
Hpa locus The @ ehun 1s the same 1w il

the common phenotypes {4)
Thus 11 1s posmible to div de Lhe Hplayp enotype mig three subly pes

udies of o chans made by
6} revenlad that 1Fe nd 184
n Hp 1Fe 33 replaced by gfat
t the polvpeptide Hp 205 essentially Hip 15,

differ only m one amino acid (lysine t
amne i Hy 1S4y angd tha
plus Hp 150

The subtsping of haptoglobins by electrophorests of purtfied haplo-
wlobins 1 urca mereaplo ethanol gels 15 laborious Thyg reduces the
Practicat usefulness of these charactensties as marhers 1 genahig
studies and forensie serclogsy An smmunologieal method for subltyping
would be sumple and should therefore make haptozlobm sxx]‘)lypma

smore useful
So far a distinetion between Hp 1F-¢p and Hp 1S-15 by serological
methods has not suceceded However there are Several mnstances where
¢ —enes have been

the produts of aliels flerentiated usn
briuptating haero antisera for exa 7 .

Hh 11

subtyped Iy get double diffusion

Fpunfied 1F 15 ang 15-1% ha
The wers wire duabvseg apmnst §
pphud to 8 column of DLAT &,
buffor The column w s washed

Ploglobins by the fnllc\um, niethad
01\ \a acelate buffer PH 47 ang
ephadey equlibrated “ih the same
wath 001 v £ acclale-p 93 vy “aCl



Fug 1
Double ditfusion in agar pel The at st ed anti 1p 1k serum In the conter tested
agalnst sera belonging t (iffcrent hap loghilun subtvpes

bulfce nd duted with 2 buffer contuming 001 M \a acetate 0 14 \{
N The b ploglobnn rich eluile was coneentrited Iy ullrafiliration
wd dialvad agunst Tris (01 M) HOI buffer plf 8 Gdlfiltration was
performad 1 v 2y > 90 em column of Se phadex G 200 (Pharmaca
Swadan) with the syme baffor and flow ratc of b mlshonr The
frictions were tesled immunolodicilly by gel double diffusion with
wmlsery agamst Ly ploslobin md normil human serum (antt NHS
Behringwerke)

fhe frachions contunm., munh haploglobin were then dialysed
a-unst 1 por cent glvene and apphied to an Llectrofocusing column
(IKhB Swiden) 15 m,, protemn/run The column was run for 72 hours
W500% 1 4 pH gradient from 310 6 Erictions of 25 ml werc collecled
amd the protemn contint was delermined by measurg the optical
denaly The frichions were tested by gl double diffusion as before
The fractions givng onlhv one preespilin Ime aganst wmbt Hp and ani
NS antisery were poolcd  didlvsed g unst phosphate huffer and
storad at ——20° € Sera were subtsped iccording to Somtfues (8)
Rabbits and sheep were ymmunized subcutaneously with 05 and 1
mg/injection respeetinely of the pure haptoglobin preparations emul
sified i eomplelc Freunds adjmant (Difeo) The 1njections were
riven weel Iy for one month and then wvery third weck for at least 4
months The ant: Hp sera obtuned hure called wb Hp IR and and Hp
1S usually contuned numute amounts of anthibody aganst other serum
proteins These cont munatin,, antibodics were removed by thsorption

with nhaptoglobinaemic serum (5 myg of hophlized serum to 1 ml of
When severd human sera helongmey to differeat Hp

anbiserum)

groups were lested agunst the ahsorbed antisera no spur formation
could be detected Che anti Hp 1F scrum was further absorbed with
different amounts of 15-1S serum and the anti Hp 15 sumiarly with
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B X

Stareh gel electrophoresis patterns of some camunon haptoglobta subtapes

1k IF serom  Fulensive absorpliom remosed all reachwily agnanst
haptogtotnn from the anlisera bui fess thorough absarption resulted
15 an any 1p 1F scrum thal reacted wath Hp 1F-1F Hp 1718 ¥Hp -2
and Hp 2 2 sera but not wath Hp 15-18 sera (Fig 1) The alsorbed
anl Hp 18 serum reacted wath all but 1F-1F sera

So far § have analysed 20 15-1S sera 10 1F-IT sera 20 1F-1S sera
151 2 sera and 60 2-2 sern and 2% the resulls a.ree with those ob
h{:n‘d by subtipng by electrophorests m wrea merewplo ethanot gds
ity )
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A PAPER DISC TECHNIQUE
FOR STUDYING ANTIBACTFRIAL
SYNERGISM

y
Orve Most ek and Jss TIOLVCREN
Recenned 4 ¥H 63

n rontine sensatinsty testing of bactent v means of the paper dise
wethod we oueasionally observed that Proteas strvins shovwed on
ition zane of an irregutar appearance A the cobistin dise This  wind
sereen wiper zote the prineipal appearance of which s shown w Fi,,
1 was onby secn wm the presence of a sulphontmide dise pinced al @
hmuted dhstance from the colistin tise Our obseryabon confirmmmg
some earlier seports of a posstive wnteraction between sulphonannde
and colistin {4) suggested o us 1 true syncrgmiic effeet of these deuns
on Profens and sspircd a closer study

tudently paper dise methods ean be used o study sHnergsm In
fael such methads hane been praposed (1 3) Inn prelimunry sensy
faly test the mhbition zone drumcters for the different antihiotics are
teeorded A vecond plate 15 then moculated with the s1me stran and
wa dies each contwmin, one of the posstblv synerpistie drn,s are
placed on the ar surface at a distonce from ewch other correspondiy,,
{0 half the yum of the previously oberved zone diamcters 11 the ant
bacterind dra,s have 1 spnerpistic achion on the strun questson an
mereased effeet is observed 1 the tanaential region of the ino inbaln
twon zoney

A preregwsile for Baos methed s obwvionsty thad at Jeast one—and
preferabiy hoth - of the dru,s have some whibitory effeet on 1he stram
1 has also buen wated {1) that 1 drug must hisve some action alont
SRADSE & mucvo ospamsm n ovder to be an effectine member of 4 syner
sl pur - Protews however s 7 species 1hat 18 generally resistant to
sohshin t2) und ofien also Yo sulphon unides and consequently we had
ta modafs s teehogue (o sut wven such contitions

MATERIAL
n we e ol fed from chmical speemens sent to the I
logr a) diogn 2y tn all 33 strans of 7 rof vs m rabis s q‘(’ ?‘::T“ i
A1 ¢ n oof each of Maphplorue us aur a & ¢oh and Eaterveoceny w‘:-: 'l':;!tﬂe:m

BUTNY
'
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Laper dises proparc ! as deserited by Frecsson Hagman € Wirkman (2
oltainc 1 from harolinka Sjukhusct Stochholm The dises contained 2‘4 )m:t;;
sulrhonamide and 30 meg of calistin resy ectisely

UL tests were el rmed on sgur plates prepared from Oveid Blood Agar Base

with the a Wition of 01 per cent glucase

RISUVLITS

In the first part of the study we used Lhe dise arraingemont shown
Iy 1 On wm moctul wed agar plite cohstin dises were placed around a
ceniryl sulphonamide dise 2t varving dislaneds fram the lalter The
istnecs ranged fram 7 5 to 40 mm- A ¢ e drawn on white paper and
phcced under the e sy irent phite was used {o ssmplify the cxact plac
g of the dises The platcs were left for two hours at room {emperature
for prodiffusion nd were {hen inenbaled 1) 37° € over mpht

By means of thus  spueal plate mclhod Whe 2o Protens struns were
mvestigted Afl the slruns had presioushs been found to be resistant
to colistin and 12 of them also o sulphonamide 24 of the strams
showed 1 patlern sumifar to thatan Fiy 1 while the remaining stram
showed no evidonce of svnerpism At the colistin dise miubition zones
were abserved varvng m size wd form with the distance between the
«id colishin dises AL v eertun distance between the dises
the tspiedl  windsesuen waper zone was seen This distance duffercd
for duffurent slrpns An s ianary hne conneching the onler margns of
\he wmlubition zones formed 3 circle with the sulphon ymide disc as
cntre When the distinee blween the dises was too large no hibition

sulphan indc

zont was observed it the

1 xperienee and some prelunmin experiments had shown :: b
whibelernl drugs m e paper dises diffused rather rapidh anto t
agar when the dises were plwed on an auar plate Alter onclzmu‘r xlng;
of the drug apperred 1o be m the medim Basud upon lhlls:) Ser d\ :“D
A dise rephiccment lechmque wis developed Two col 1‘5\"‘ 'ms‘m“n
sulphonamide dises wure phiced on moentated A0 P l\ ¢ :‘\ls shown
m g 2 To ensurc ripd diffusion the dises sere mots :n‘(\ Q‘m(\\(c
foopful of sterile distilled walcr The plite was left at room \.(; p“ e
for one hour ‘Then the <\|lphun1m|dc dises were remosed i ;‘lp eed
Iy 1 colistn dine nd another sulphonamide dise rcspcch\sl\c “:g N
ongna) colishin dises were repheed by a <ulphon umide s e
other cohslin dise The plale was Jeft for 1wo hours it I;O?\r:\
ture for prcdiffusion md then meubaled 1t 37 (llo\cr x:{; W e

By this tcechmgque the svnerpism between sulphonamu o o e
could be further established Clear 7ones of wninbhion ]:g:u: ey
when 1 sulphonamide dise had heen replaced by 4 c:]x“hm e aes
pice versa On the other hind no inhubition ®as om:im(; e i of the
had been replaced by another disc ith ﬂ'\’e sams. ¢ rsll‘;ams D tant to
doubling of the amount of the drug The 12 Prclilus e cement et
both cohistin and sulphonamde were tested wath the

olistint
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Fig 1
5 Protews m reb { s stmn tested by means of the sparal plate  method {ser text)
In the centre » sulphonamde dsse and sy und 1t al vary g distaaees tolistin dises
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BRIIT RCPORTS

INTEREFRENCE 1HTE RS FOR JVIROVED
IMMUNOFTUORFSCE N MICROSCOPY

By Jorgen Ruygasrd ond Werner Olsen

Ixact ealenlalion and production of fnterfirence fillers with high transmission for
use fn flunrescence microscopy is posafle to 1ay thanks to new design methods
based on ¢ mputer teehnlque (5)

In this was a two band interforence filter for use as a primary Dilter for tracing
with fluarescain sothivevanate (8 ITC) has Teen & veloptd The main band used for
excitation of the fluorachrome gives up to 85 per cent transmissicn n the 400-495
nm range (blue) With the light tran mitted in (his hand a briyht vellow green
st ecific fluorescence ean be oblmned with an ordinary tunysten lamp (eg Zeiss
Iow vellage 17 volt 60 watt) Autoflu re cence is negligible using these wavelengths
for excitalion The second hand ghves a1 ut 1 per cent transmission in 8 narrown
ranse around €30 nm (red) Thi band has been added for two purposes namely a0
order 1o oblain a highly contrasting bact crennd ¢ tour € ¢ Lhe fluorescence and
order to allow casy lovalization «f fluire tence For most purposes this red hand

will tender any additional [hase ¢ nir st cquipment superflucus
¢ 15 abtamed by the wavelengths that

The strangest activation of a flu rc hi mi
are maxamally absorbed by the dve /3 Th me L comm nlv u ed fluorescent con
Jugates are with FITC and have an ab  pti o maximum at 195 pw in the visible
part of thp light spcetrum with an dditi 1l m diom high plateau around 300 nm
in the invisible part <f the specteum The omu 10 mavimum of FITC conjugates
15 at A0 nm (%) —

The «plimal primary filter sh uld have high tr nemissien at the l‘snrp 1
mavimum of the fly rcchrome thu goma ampl cneriy for excitation but ntnm
of cour ¢ not overlap the ems sicn maxumum T v jra fieat purpo €5 x‘( has no :P:
far been possible 1o apphy this thioretical ptimum »f actination ;“mﬁn“uleu
FITC because the primars gla  fllcrs comm nl avardable have not permnitey
<atisfactors selcctive filtersng The jrimars futer u ed in most sludlets pub \s;
are the TG 12 flter from Schott & Cen Mamz r wmlar tipes of o herb' m;.mi
often 10 combination with s Ted t pping filter e j tvpe BO 38 Thi< con; nshio
will grve an ultraviolet Blue tran miy won with its maumum at 100 am ; ;Oarnm
dary filters are used vellow orangu glass filter  pomng in the range ol

) falters are used with high 1 1essure mer.
Ty Thew it tran it 'nrl‘\m:“m'm quantity of hipht at the theoretl al
In addih n t beng less

cury lamps Thes will tran mit
og thmum for activation of the fln f TITC
effective nctivators of FITGC the shorter llihl' :imld ?‘s‘:‘ mas i
gegrees ¢ f autofluorescence of tissucs so fhat distit
n:urcscemc and autofluorescence mas be diff ult nd sumellmcit}(‘\A‘ll;;:‘ll’:s;;lur
The use of an jadine quartz Ulumnati oo mbmalt 8 488 SEERG ey
combinations has becn suggested (4 ty Tomimn o1 W «n.nuco{emo e and o1
gelatime filters Nos 32 and 384 qning 66 y¢ - 0t tranemt 380S0 T Seter
per cent transmission at 490 nm Cood re ult were oftun d B8 o cdan
Pombination was hatacterized as hems n t 10c T becau ¢ fhe ) w
at the wavelengths required for eveitation 1
As povnted out by Natrn  There Is no doy bt that retformance of fe L
microscope ean be 1mproved 1f optimum filt ¢ syatem are u 3 ta meet opt
Transmission curies of a new primary wntaf ten € fker de:

i ¢ toxarng

ue rescenty

urunshtul
Reccised 141169 from the Department of Trer "mm'osfrcym“r‘;z;)’;psmlunnbu
9300 Copenhagen S and Iaboratory for T chm al Optt s :
Derumark Regaard Department of
4 to Dr Jorpen Byga
Reguests for rrg{;?::ss):u:nd b adtecs o to B Tken S
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IV
rvay of primars and sccondary Filters (a) Interforence Gilter arrew

T(;‘r‘l‘jlm:::;i”t:s:lrut ba’:\i by B 12/ Seh 1t & Cen fo) OC 1 Seholt K Gen

mnm r grement arc gien i Fig © With FITC ac the trawer a traditional sel up
fer flu ces enice micy s opy has beeo of mpared with the new ssslem in that pry
roary Difters BU 38 25 4 B 1%/3 with the Gseam HEO 200 a3 the bight source were
« mpared wath the tw tanlsterf rence filter an 3 the Zuiss 60 watl tungsten lamp
Forbth ss tem @ Zerss phatomi v ¢ ¢ with the follwang equipment was em
11 ved ndes © desss dark feld ol smmersun byerdne Jei<s Apo $9/10 ait
immor s 5 ptosar 1% x snd sepreces Zen hpl 3 X giving & 400 X magai
ficatorn Sec pdar fallers Zeiss 47 50 and of

The resu R Tay ured the interference filter ¢ mbined 1 1th the 69 watt lamp The
seandany filer of h e was the /uisy 50 (513 wm) filter giving the most soliable
ved lransmi 1 0 of the the ¢ secondars Gilters tested an thus the best background

sirast Test }gect were frozen scctions ¢f Wner thiroid muside and leucomite
smeary Yracing for antinuclear factors and other auloantih hes In human sera A
FITC ¢ nyugated anth human gamma g} bukin » as ysed Seetrng were mounted in
Vulfered givcerat to ad htion the fluorescent treponemal antihodv (FTAY best xwas
terd rme] tece sfullv with the interferen e Glter svstem

The mam & hantages f the inteclerence Diter are the braght syeailic fmmuaa
frre acnitha amph bght soure, the high contrast hetwees fleorescence and
Vo har wnl lssue snd the easy | cshzation T Rasvescent Breas m the relfs or
t 8 there fs also neghgible autoflurre cence Furthermire u so far unknonn
rihne g detasds is sesn uue t both the absence of a1 flusrescenee and the
pumal e 3 ur contrast

Ve beli e that ynmunofla irescence with FITC conjugates il he facilitated by
I n4 satem and that new field in searching for weay aaligens and athondse
mavbe pened g an aula immymty and tem ur fwmunt sesearch, The seatoen
can be atapied for ather flurr cheames a) » The tung ten lamp prav Fe replaced
1y @ halogen tamp

Th ¢ hght sources are stable thus facshitating mi

crophc{ metey &
huatury corl L before wie The shsbils sk ee © %t o€ Inerierene formny <o
récaary gl flcrs Is more than  mpcnsated 1 G Ton pet ot oy
vree and transformer sn i the cmittance )f combined 5 tems eg phase Ruorec
ccnce £ ¢ nrientation
Rejerences 1 Coons & U Creech 3 don s 1S Proc §
Hon 20 Isit—> Farh uni Fitterslas fie Wivenschads und Then toe
Clasmerh, Sch 88 Con Matnz (W Gormans) Publ g aa. "

T p W T
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BRIFT RFPORTS

INTEREIRENCE THTFRS FOR IMPROVED
IMAMUNOT LT ORESLI NP WIC ROSCOT Y

By Jargen Rugurd and Werner Olsen

Eact ealeulatlon and production 1f jnterference filters with high ransmission frr
use in flucrescence microser py (s 1s<ible to das thanks 1o new design methods
based ot computer technique (%)

In this wav a two band Interfercnce filter for use as a primary filter for racing
with flusrescein tse thiccy anate (11TC) has heen dove ) ped The main hand used for
cxeltatiwn of the fluarochrome Envce up to 83 per cont transmis ron in the 400-§90
nm range {(blae) With the light transmitted fn this band : bnght vellnw green
speeific flunresecnce can be oftained sith an ordinary tungsten lamp (eg Zelss
Dt voltage 12velt €0 watl) Autofly weseenee is negligible u ing these wavelengths
for excitation The sccond band gives ab ut 1 per cent transmission In 2 narrow
ranige around 630 nm (red) This bind has been 2dded v two purpeses namelv i

order to obtaln a highly cantrasting bacl ground colcur for the fluorescence and in
order 1o allew casy loealization «f flucre cence Fer most purposes this red band
wl render ans addillonal pha c-c ntrast cquipment superfluous

The slrongest activatin of a fhuyrechrome is obtainel by the wavelengths that
are maximally absorhed by the ds¢ (3) The most commenly used fluore cent CIZ;‘
Jugales ure with TITC and have on abs rpti b maximum at 49> nm in the \:)s ¢
part of the Jight speetrum with an additic nal mediem high plateau around 30 :1;:\
in the Indsible yart af the spectrum The emissi n masimum { FITC conjugs
is at 570 nm (3)

The ¢;timal primary Olier should bave a hiph trun mission at the ab xl)rplll"l:
maximum of the flucrochrome thus gring ample enerss for cxcl(atlonhhu ':rll it
¢l course not overlap the ¢mission masimum Tor pra tical purp ses l: n.;n“m,
far been possible to apphy this theoretical ptimum  f activabion tn (r"er:m(led
FITC, because the primary glass filters  mm nl asvalable have ‘?ﬂ pubhs?‘td
satisfactory sdleetive filtering The primar  filters v ed 1n most sto !e; P hrand
are the RG 17 filters from Schott & Cen Manz H>r ymilar types of of "h"‘;.“m‘
often In combination with a redstopying Oter eg t pe BC 38 {gl;;‘tm;s o
will ghve an ultraviolel }lue transmisst 0 ith it m <imum at 4 S0y
dary filters are used  ellew orange wla s filters pening i the m,:‘: ot 50 nen
g 0C 10r 0G5 (2) The BC 17 primary fllter are used with higl l)’:"ﬂzmrtll T
cury lamps They will tran<mit onls a small quantit of )IKP:K“AI ‘e o Tess
s ptimum. for activation cf the fluore ccnce of FITC In ad Iition uuc . ing
effective activators of PITC, the sharter light wavciingths mav gine n e
degrces of amtollucrescence of tissues o that distineti 1 b tween !:f:-n  nnsible
fluorescence and autoflucrescence may ke diffienlt an i m:ndm:f.snh o e “Huter

The use of an jadine quartz Mumination in combiaati o e W ratten
j) 1 has been ted (4 6y T el ““;‘“‘}'4” ‘am and 1
gelating filters Nos 39 and 294 ghving 66 per cent transmi ;"};’“ <l the filter
per cent transnussion al 490 nm Cood resulls wer nblam[ g eson
wombmation was characlerized as hxm‘l? b ried b sy
at the wavelengths required for excitation e f the fuoresienee

:h pointed out by Yarrn . T‘herl‘:xis no “lll‘l':)rl ::'l:l‘lul‘!1 l‘:rl;ml:‘!‘:‘:! @

d to meet opt!
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Transmission curves { primary and secondans filters (a) Interference fiiler arrow
Cniat g comtrast band () B 1073 Sehalt € Cen (¢} OC 1 Seh W & Gen

WO requitemends are gnen in Fig 1T Wath BITC a¢ the &
for flu vescence micy scopy has heen eom;

racer a tradstional set up
mary filters BG 38/% 5 + BC 12,3 with th

the £l wiag equpment was em
itvd - aden v Zeisdack field off immersion 1 jective Jerar Apy 0710 oit
WRUKE 1 B plevar 17 and eyepriecs Zer s hpl 8 X RIIDE A 400 X magni
fratin Se wiar filters Zwmss 47 50 and 5

Th re nlls Lo e d the interference filter ¢ mbined w

< ndary filter f (howce was the Zesss B {515 am;

th the £0 watt famp The
red fransom

3 filter ghving the most smtable
b0 ef the theeo secon dars filters tosted an thus the heot background
nrast Te 1 of sects mere 5 zen seetions of hser

t oue  thore d norescence Furthermore & so far unknow
n
€ea due to both the alsence of autaflurr:
1tumet ¢ tour ¢ nteast ceence and the
Netd that ymmun fle roseone with FITC eonjugates Wikl by
e {aalif.
B %y lom and that new frclds in searching for weaf, antigens -n;lai\lallif:dl‘?s
ous 2“ pune om am‘?l lmm\;‘mt\ and lum ue bmmunity sesearch e system
an b adapled rther fluornchromes als  The lungston ta
e Tattip may he replaced
TE o0 I sources a e tabic thus farihtating miere phatometry
bratinn perl 1 before use The shghtls haghes o it of snterterence m::‘i [::cd by
Vet rdiase adass filter v m ne than ¢ mpensated by the Loy, e
ur

cast of Light
and tramstorme and the mittance of comt ineg Svsterms
R fr r ontation WS 24 phase fluores

Rf n s \Coms 41 ¢, EHT &Jones o
P00 2004341 -7 bark und Filtesgla fur
it

Proc
tk Schott X Cen Mainz (W

Soc, exp Rio} Ny
\\15:(’!:5:1“!! uod Tech,
ferman) Fubt o 3653 o yo5p X;k‘a‘?aﬁr
I



148
=3 Ilnorcseent Protein Tracing 2nd FA (1d R € Vais
Cdinburih and Tondon 1964 p 44 60 ¢ 6!’:57——1 Jo[;u:l;t)mr( l‘D’ .:J;)’:Iﬁ:;:r,"el’g

Immunofcgs £ 619 €90 1963 —5 O
H Tmimanators 13 923 ) 1007 tsen W Unpublished data—f Tomlinson 4

Acta path microbiol scand 76 143-149 1969

IDENTIFICATION O1 AN ASACCHAROLYTIC \ZISSFRIA STRAIN
CALSING MININCITIS

By Kjelt Boree

1rovious Investigallons rusealed that itatlve genett £ ean be a
saluahle ool for the correct arrangement of hacterial strains In a classifieation
svslem (3) The following demonstrate the practieal disgno tic application of this
method In the identifieation of an sherrant Versserta phenotipe 15olated from a
patient with meningitis

t lintcal Repart

hh a bey born
1 cdlatric Department Ril shospitalet Univerats o
pronounced clinieal signs of meurnzeal irritaticn and his cer
tained numerous lcucoestes Treatment was sucees fully performed »
amide and peniedilin € aceording, to the La ten 1cgaeal Oinding

on Janwar 1 190F was admatted on August 11976 o the

f Oslo Upon admssim he hed
ebrospanal flusd con
ith sulfon

Cont enttonal Bactesiology

The strain B 8152/66 was Isolated on a Bl 1 cpar plate fnoculated with cerehro
spinal fluid from the patient en the dat «f admisston 1t appeared us a_homo
geneous culture of dimethy! oxidase | sitive Cram negatne diplocacei with vals
nial characteristics bypscal nf Nesssert1 m pmngilt Iis without pigment production
or haemolvsis The niteate reduction test (n serum ¢ ntaining medntm} Was negt
the However all colonies examined were ol © negatbve In the otdinar  tests for
saccharolytic sctivities with 1 per cent glue> e maltose and wcrse each Ineor
porated 1n slants ¢f nutricnt agar vith 24 per cont & atle flud Th stram xa

highly sensitise t> sulfonanude pen «iflm € strej tomscin chioramphent ol ov3
1+ o plate diffusion test (&3]

tetracveline and ersthromyein as re cald

On the basis cf the charactcrs mentioned lhese differential dv gn s 5 were ;v;)
sidered 1) istic ¥ tuhis 2 ted {lat escens. dng -
nitrute negatine \ catarrhalis Th de condants of & single ¢ lonv provided the
material for the following myestipation

€ enetic Transformabion
ad as e ipt ol transformation

The wild type of strain B 8157 67 was ¢ °
cxpiament wineh gencralls followc the guantitative proc lure ac ribed (8) lm{r;
o streptoms a resnstant (SH) sutants
o M B

stock transforming DNA jreparatisns
N eatarehalis 19910762 \' flavescens ATCC 13115 aud % ”'d'"’f’«';:.mho P
which had leen employed previousts (3) In order 10 Provivh % 5 stage The
Tranosis 10 & few Gavs autologous SR DVA had to be omille

s 1 pshe Institull

& D Henrihsen)

T Wilhelmsen 09 Friges Dadt
e imtlal

et Osla (Head Professor

Received 7iti 69 fram Kapfetn
i st wt nbo teoh part am th

yniwersity of Oslo and Rukshospilal
Credit Is due to Mr F Salfroe media
diagnostic procedure



149

amsctn tesistant transformants elsited by the three donors per
l,“{“o‘? r«:»: ::x::p:cciplmt population were a5 follows 3 eoturhaby 10 or luse
N flavescens 1 x 10 znd b memagitids 16 X 100 These resulls trongly sn
dicated the speries dragnosis ¥ memnqelidis for the nen tsolate Tor conlirmation
another quanbilative expermment was performed with wdentical aliquats of the
cecrprent B 8159768 simultapesusly vsposed to ¥ meanpthider 5 SRODNA aad ((:
the antologons B $197/66 SR DNA The intcrstrain reaction gave rise (o 38 X 10
transformants per ™1 and the aulolog us reachion reveated 84 X 101 transrmants
per ml (801 per cent of the reriplent count) The resuiting ratlo of snter strain {
\atra strat (autologius) transformation 13 1n the order of 0 which s compatible
with # firs! degree mlerrdationship as found betsecn straind of the same  prutes

€3) The recsprocal quantilatne experiment with \ greninpiids M as reciplent
was corrohorative

Fusther Cultnral Tests

After having establaled the desgnosts by translorsmatlon the saccharolitic po
t alal way retested by dails readipgs for 10 davs af cullures at 33 € and 37 C
» the earhohydr te media desceibed and also on the S2me basts medmm with 10
per sent of the resprelne carbahvdrates Na postive reactian was observed exeept
T ne o tance where $he 10 per cent maltasc aseites agar slant revealed & weak
2 1t reaction after * days at 37 C. Foll>wing 4 successive rrohally nonselectne
subieultures from s stant on blyod agar 3t was fmally observed that ¢ out of 10
smgle calantes tested consistud of eclls with the glucose /maltose Jsuerose pattern
tuiscal of ¥ meniag bdis Limaled stlempts to find & change to fypreal saccharo
Intie pattern also 1 ather sub ulure haes of the same stears including the strepto

mycin resistant matant ol fubed The strain was alse asaccharolytic on sohd and
o Maedler-Hatn media ()

€ snuments

thiasc malt se Jsacrose stratos of \ mentnpiins were descibed as earls g%
at the hegmauny, of the entury 1, However stram B ©157 66 15 the first elimont
t late of thiy atiety Which has been shown tn btV menmghdes by genctie
means Re entdy Jyssum & Jpssum de crbed mutator faduce ! mutants of thiv
sese w th a similar defect 1 carbohsdrate o tabol m {4

Befere ex | Srbwnoht 73§ Hhg 3 105191 $998 <o
R & frson 2 B et 86 3831978
transt smati n DNA sualysis and taxono
W4 St A L Jyesum S

Ben> W, Devine
-3 B ire & Moraxella and Yewserit
s Thesty Universitetsforlaget Osin
Aeta path murcti0l cand 75 93100 1968
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TRANSACTIONS
OF THY SWIDISH PATHOLOGICAL SOCIETY

Meeling November 29-30, 196%

SHseth Ch € Schalirer L. B DISFASFS OF THE TINHOID IN AN SUTOPSY
SERIFS TROV MID SWFDFS

Strongly diverging figures on the frequency of yrimary thyrai) malignant tw
munrs In autepsy serics hase been published I ame large matenals the figures
were as Iow ns 01 per cent but i more recent studie  in which the thirsid was
carcfully examined flyures as high as 1-3 per cent were sep orted

Our malerial was obtained from 500 autipsie performed 1 1968 at the Depart
ment of Pathslogy Neglonsjubhuset 8rebro After weighing and fixalion 1a forma
Jin the therord was sliced and several sldes in fuding such from aif grosshv
visihle change were stitdied using van Cleson as routinC tain

‘The average wuight of the thyrold was found to be hish 324 g and 1t tendend to
incréase with age High figures were alsa obtaincd for the frequencs of goiter which
was constdered as present 3f the thyroid gland weighed 35 § or more

Chronic lsmphoid thyroiditis was found m 17 subscute therorditis fn 2 cases

Thirls twe bunign tumeurs were found

Six primary malignant lumours o1l aranomas
and 2 in women Three were fairly woll differcntiatcd papillary careinomas and 3
were small cler ming rather papillars carcinemas The frequency In our series 12

pec cent corresponds falrhy well & that of reccat reports clalmmng that figures for
ueh spcaisll  studied sertes are 16 fo %0

vere fund 4 occurred in men

yprimary thvrold malignant timours 1
times higher than the figures obtained from  routine materials

Among 115 primary malignant tumours outside the thiroid 14 (1'Z per cenl}
had thyrcid metastases & surprisinghy high figure considering the commun stafe

ment that this condition is seldom cncountered

Frerbdeh L U landvall @ 1IVFN £1L1 FILOBESCENUE IN FORPIDRIA

CUTANE A TARDA (PCT)

The Incr of patients with cutaneius hepatie porphiria rontgins preformoed
ter n Uvatien with ultravwolet or wisible

porih mns were Studred b

Jorphyrins exhibiting red fluore conee aff
and biop sy sc tons from 18

light The praperties and distribubion of hipatic
o fratfon hipp v mear

patients wilh latent or manifest PCT ditrusible
The parphinins were found to occur m It er cett oyt plasm an free)s

form necessitaling the use of special te hmques for demonstration of lhebpr:;{:::
Jocallzation Freeze drving and formaldeh de gas fivaticR or fisats r.hml a‘h:nm
(thatn? followed by paraffin embe iding gme good results previdid t :f e
tions were flattened i the dry state and mounted i waler fres wedia k rsc[cn oo
were floated onto water most of the fleore cent matecral v as extracte hr:’ -
(ctions and the remaining fluorescence vas fund 1a Iner rcdl evtoplas
nuclet or In portal connectise tissue
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Sir deled smears from fine needle 2y ton biapsies ned red fuore
of sarving intensits Jocaluzed lo cytoplasm and nuckl of Diver eclls Yarovs al
femspls to syoud Lhe artefacine nuclear fluarescence were unsuseessful §faer cell
Huorescense was found in all examnud canes of PCT segavdless of stage of clinfeal
actasity of ibe dryzsse and 1n wone of 3 contral subgects withont sigas af the
disease The exiremely uimple method of aspiration hepsy should fe a useful
dragnostie tool in cases of FCT

Bof r P & & lnderssoa B POST MORTEN FINDINGS 1% A CASF OF J AMILIA
AN OIOSES WITH POLVNVELROPATIY

During the last few vears soveral patlents with primary familial amlodosis
with pohspeuropathy hare been nhvered tn the Lmed ho 1ttt vegt o enmprising
the \orthern Ball of Sweden Sa far in 13 cases the diagn st has heen estal hahe 1
by histolegical evaminab » In 10 sd littonal patients bedmping in the same tna
famibes signs spd symptoms suggestive of this dssease have heen ol served,

The present case was 2 5o vear old woman showing progressive sensim tar

sherat 1o the jower She alse had
Gon and viireaus opaetics The diagnocis wes established zate mortem by et

amination of hiopst specimens She died alter sbout 6 vears of illness at the age
of 61

Post mortem examuation revealed amylofdosis of perf-collagen distribution wath
depasits 11 the vesyels of mosd Nssues and organs In periphersl nerves there were
impartast deposits of ameleld but nothing could be detected 1o the eemtral nenvous
wystem Gross geposila were found wn the nmuwscuforis mucosae ant fn the {unfca
mascataris of the gastrofutestinal tract The opacilies of the tHreous wese shown
histochemcally o be srmylond Onls shght dej wits were found fn the spleen and the
Inver The kidoets were moderately Invohed In the myocarhum the amylold wan
sniersiitislly depostted  Abundant deposita were found Yo the skin espeerally In
sclation 1o the soeat glands and in the arrector | ils muscles.

The dagn s of this t1pe of ary lowdosts §s best estal Hshed by by pey of shin
ctal mucoss and j espheral nenvex,

Gebsfom M § € B rge TH ATVEOLAN HEARDOND O5ARLOWA

Three ez ev § aleeolor rhatdoms vareowa were rep rte

w man 34 veare 14 the tom ur was Yoeated in \hrli-s\d\s’nl;n::::};f B

tatinh it hes fescnbed bef re dr ther ea e was 4 3 yeasold ;‘ NN

generslis 4 g7 wih Cimiced embes pal and aliealss thabdosms osarcany T,t.\\ e
ssena aby Zyears olf whowas well and with utsigns [ fum we : o

@ An 4 defaried S eription T Whe pulh | gn was green and thy dnfatrs i

fsagn 1 wa discu sd The finding weve orvelated with Sitcralur, .

Publ am A ta path macroli T scand 5 782 990 1869 3 o

Oling { CASTRIC LLCERA OF \EMBORN INFANTS

tlea fthest mach ffurneh m

n o onatalls are descrbed The time of :ur:':::'l“:-(rl::;s::‘:e: u‘ld vt 55 s on

Birth weght arid betaeen 46 0 50d 3590 gm In two L3 \h‘nd o e
M atibuitts with evere smmunszation of the childsen amd :h e toaestuon

wer perf rmed soon after delivers fa another case the mn!;cra““\ Py
niwa  perated Bone dav bef re debnery and the Infant ,hmﬁs.,;fp:fgk""

evere
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TRANSACTIONS
OF THI' SWEDISH PATHOLOGICAL SOCIETY

Weeling November 29-10, 1969

Stlscth Ch € Schnliver [ B DISFASES OF 1HF TINROID IN AN AUTOPSY
SERIPS FROM MID SWIDEN

Strongh diverging figures on the frequency of primary thyraid malignant tu
mours in autog sy series have heen putlished In some large malerials the fiyures
were as low 1% 01 per cent hut in mere recent studic  in which the thyroid was
carefulls examined figures as high a 1-3 per ¢int were reported

Our material was obtained from w00 autopskes performed fn 1963 at the Depart
ment of Patholony Reglonsjukhu « drebro After weighlng and fixeton 1 forma
lin the thyrold way sliced snd ~everal slides Including such from all grossh
visihle changes were studicd using van Cieson as routine stain

The average weight of the thyraid was found 1o be high 374 ¢ and 3t tendend to
increase with age High figures were also ablained for the frequencs of goer which
was cansidcred as present I the thyrod gland weighed 32 g ar more

Chronie lymphold thyraiditis was found in 19 subacutc thyrotditis in % cases

Thirts two henign tumours were found

Six priman mall tamurs all
and 2 in women Three were fairly well differentiatid papillary carcioomas and 3

were small clerosing rather papiltary caransmas The frequency in cur series 172
ber cent ccrresponds faiels well 4o that of recent reports elaiming that figures for
trimary thyroid mallgnant tumours in such syeddally studicd stnes are 16 ta %0
times higher than the fizures obtained from routine materfals

Among, 115 primary maltknant tumours putside the thyroid 1% {192 per cent)
had thyroid metastases & surptisioghy high higere considerng the common state
ment that this condition is seldom encountered

v ere founl 4 owewrred fn men

Frerbéel L € lundoalt 0 LIWIR CELL F{UORFMCENCF IN PORPHYRIA

CUTANE A TARDA (PCT)
The Mitr of palients with cutancou hepabi [orphyria contains prefurx;;::
porphvrms exhubiting red fluorcseence after a tivati n with ultraviolet 0:1 v:is e
light The properties and disteibution of bepatic porphyrins were smlmm b
fluorescence microscopy on a piration bicpsy smems and biopsy scetions Ira
patients with Jzlent or mamfest PCT 1
l The porphyrins were found ta oceur n hyer cell stoplasm In Irre;vl):lellfliz;‘iic :
form uecessitating the use of special technsques for demnns(rnfml‘; o nb’;()lulc
locahization 1reeze drying and formaldehvde gas freation or !ﬂxa! ;J:hu: bt
«thanol followed by paraffin embedding gnve geod resulls prov de:"ﬂ sH the =te
tions were flattened 1n the drv state and mounted 10 water free rr::dw feom the
were floated onlo water mo t of the fluoresient material was e; rr\(nplasm -
scctions and the remaiming fluorescence was feund in Hser ¢e
nuclel or 1n portal conpective tissue
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dl tron biopsies red
Neraing ateros Tocahusd o cytopeom nd sote <1 Ther ces \avtons o
. :’ mz- artefactive nuclar fluorescence were unsucecssful | iver celt
‘fiﬂr:st:::cv‘ov‘:s found 1n all examined cases of PCT regardless of stage of elmlcal
autnaty of the disease and n none of 30 control subjects without signs of llh:
disease The extremely simple method of aspiration biopsy shoul! be a usefs
diagnostic {ool 1n cases of PCT

Hofer P 4 & ind rsson R POST MORTEM TINDINCS I\ 4 CASF OF FAMII Al
AMYLOIDOSIS WITH POI'YNFUROPATHY

During the Iast fes sears sevcral patients with primars familial amyloidesis
with pohvaeuropathy have heen observed In the 1 mek ho pital reglon com rising
the Northern half of Sweden So far In 13 cases the diagne sis has been established
b+ histological evammnation In 10 alditional patients helonging in the same
familics signs and symptoms suggestne of this disease hase heen ob erved

The present case was a 55 yearold woman showing progressive sensimoloc
nerpheral neuropathy begmning n the lower extremities She also had malabsorp
tion and vitreons opacities The diagoosis was established ante mortem hy ex
amiation of bl psy specimens She died after about 6 vears of Illness at the age
of 61

tar

Post mortem examimation resvealed amsloidosis of
deposits 1n the vessels of most tissues and org:
mmportant deposits of amyloid but nothing co
system Cross deposits were found 1n the
muscularis of the gastraintestinal tract The ap ertles of the sitreous were shown
bustochemueally to be amyload Only shight deposits were found in the splecn and the
dner The idness were moderstcly snvolsed In the myocardium the amslofd was
interstiially deposited Abundant degosits were found s, the skin especially §n
relation to th sweat glands and in the arrector pil museles

The 4 gunsis of this tvpe of amsIndosis 15 hest established by hicpsy of skin
rectal mucosa and peripherad nerves

pert-collagen distribution with
ans In peripheral nerves there were
uld be detected in the central nervous
muscularis mucosae and in the tuntea

Mrkulowsht T € Berge Th AIYFOLAR HHABDOAL 08 ARCONM
Three cases of alvenlar rhbdom,

Oldtng L GASTRIC ULCERA OF \EW BORN INFANTS

Llcera of (he stomach of four new
neonatally are de eribed The time
birth weights varfed betwcen 1670

bara infants (three bovs and one &irl) dying
of survival vassed Yetneen 7 apg 50 hrs ang
and 3470 gm In iy cases {here was Ry m
lion of the shildren ang exchange transfusian,
In another case the mother B0t appendjciyyq
el ey and the nfant showeq stuns of severe
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Immaturits The fourth Infant had a svers cardise malfermation In Il cases
multiple gastric tleera were fpund al autc psv I one case (of IR fncompatibilityy
there was ales pirforation pecitanitis and stptfeacmia due to hlebsiclla bacteria
The ather three eases <howed no perforation and the autopsy culttites were nega
Hye There was no e sery Httle nflammation around the ulecra except in the case
of perforatfon Two tenes of uleern were rasealed In two cnses extensive haemor
rhages in the gastric wall and kaem sechage necroses around the ulcers were found
In the other two eases there was a curfous homogenization of the connective tixsye
at the bottom of the nleeratinn and siher tmpregnation rescaled extensise pecroses
of the reticular fibers probably dae to peptic actfon of the gastric fwee o
notable haemorrhages were seen In these twe cases.

Ceant € 4 Frdsson B Holm A I Inemart B § Wallgrer € THE ANATOVU
CAT TINDINGS IN SO CAILED 1Y OPIASTIC LETT BEART SYNDROMI

Sehnfirer 1 B Fripfsson & Lindgren 4 Magnusson P M & Petlersson
TINL \CEDLF VFRSUS COARSE NIFDIE IN PUNCTION DIAGNOSIS OF
PAOSTATIC CARCISDMY

15 163 cases of suspected prostatic catcipoma fine peedle punction transrectally
according o Fran én and coarse needle punction through perineum accordrag to

Yeenema was performed on the same oceasiun apd the histologiest and eviologieal

findings were comy ared

tlistologically 8% cancers (27 per cent) v er found and the frequency tnereasd

sith age from 5 per cent (50-52 vears) tr £9 per cont (80 vears amd more) A

complete agriement between histology and o3t logs was found in 87 per cent of

the stbjects if su<pclous cases were 1ncludid) among the cancet ases the flgurc 1

91 per cent Amony 37 histolngically proven earcinomas 8 v ere dragno ed cylnd

Logicalls anid annther 2 were suspected Obe case Was eviologically negatine ;)n

three smears 1 efe too <canty Iater an three of the extologacalls porsitne but

Tstodt gicalls suspleious ar mgilns ease weve shown o have eanier

(.on:dumg the gnod agreement hetween results ¢ btatned by the t10 methads and
the fact that fine beedle technigue s less incomyentent to the patient and i'\f; fe[‘:’:f
complications than the coarse nesdle method the suthors recommsn e fine

needle aspiration technlque m en ts of clini afly sugpieted carcin md

wITh
Cranbeeg Ingerd  PROSTATHC ANDIRATION BIOPSIES FR](\\: ;‘-::II,E":(T: p‘i‘o\:
AND WITHOUT SYMPTOMS OR ABNOR JAL 1 SLPATOR

THF DRINARY TRACT—3 [DVMPARSTIVL INVESTICATION

PSIES OF
fherman ¥ Drunk U Halth>f T & Starmby \ € 1IN NEFBLF BIO:
T ANCREAS DURINC OPERATION
ORATIC
Dahlgren S & ¢ Doenfars € ¢ ASPIRATION BIOTSIFS OF INTRATH
NEUROGFNIC TUMOURS
DRt GYN4FCOIO
Schntirer L § & wmed Land Witthorit 5 AN ADL S STF T4
( 1CAL HEAI TH CONTROI
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then those in the lower part 21 Ay gradient & will s thase in the pellet Thest
enzymes ancluded \ADY and NADPH eytochreme ¢ reduiase NADH ferricysnide
redictase and IDPase The highest speatfl actnily of G § Pase was found fn the
fractions exhibiting a sedimentation veloats which was somewhat Tigher than that
14 the top fraction In contrast bath the AMPase and Afge ATPase activilies gra
daelly increased from the upper fo the I wer part of the gradint and reached their
maxiwi in the pellet These results strongly sndieatc the complex nature of the

smooth microsomes ap 1 possible spectativation of 1he funetsons within these mom
Pranes of the cytoplasm

Jalobsssn & 1 (OMIOSITION AND FUNCEHION OF KIDNEY (ORTRN
MICROSOMES

The epithelal cells 10 kidacy cortex have well devel mped plasma mombranes as
el s endoplastuic vetwulum and aL s therefore to be expeeted that the compe

sition of the total microsomal fraction from the cortex showld ke complex Tho
evmpontion of the cortical

was tigated by sub) them fo a
subfractionsting pracedure  After homogeuization of the surtex in diluted trss
buffer the membranous elcruunts of the mitochondrial supernate were concen
trated by centrifugation The suspension lavered ou a Ficoll gradient range 0-9
pes cent w10 per cent sucrose was cenlrifuged in a SW.d rotor at 16000 g for
88 ymn
10-15 per cent of the total microsomal protern Wwas recosered 1n the pellet and
5055 pur cent r¢maimed m the uppes part of the gradient The fractions exhibited a
sinilar PLE/protein Tatio but ihe cholesterol/PY P ralio was higher in the hottom
part of the gradient For enzymic analysis the gradient was dnlded mato pellet and
four subfraction  The membranes of the tno fractiins con hintng the ip of the
gradtent display en a protein Jasis high spearfic actnitics for the enzvmes cata
lyzing the axidation ¢f NADH and NADPH—~the former Including the activities of
favop rotern NT reducts e and e3tochrome ¢ rt Juctase as well as the amount of
et hrome b and the latter measured as the actititics of flavaprotein NT
reductave enzyrmty Iipid peroudation and the am ant of cvtochrome P 459 These
fractions 850 di play an enrichment 1n 1DPa e actilty The pellet and the fraction
bote 1t have shats & eonccntration (up to 80-90 per cent) of AMPase, Mg
{ ATP2 ¢ sud » \F'Past '6Pase acliity in general, eorresponds to the di trn;I
tion of eleetr n transport <nzymes but o muoar ract af (h hydealatic setiid: P
al g altribytable to the membranes 10 the other fractrons s
It apgears that the plasma membrape fragments of the microsomal fract £
ludnes cortex exhibit a high concentration in the gell € on o tae rr\; m\" "
D ey e
stte B
patiern situated with the hughest speeslle actinity close to the top of the gradient

Brunk U & Friessoa I LLE  FINF STRUCTUR,;
N URAL ACF CHANGES T\ PONTINE

Nerve cells sre smtable for studi s of cellular age

T e edlls can be Tairly aceurately determened ‘un‘c}e“:‘g“ romemmala The age

tarh duning ewhr onte develapment gad 2
The present stud

i ny

i hey become dufferentrated
P '+ da not dingde after hurth
\:’:s urlertahen with the atm of studving the settutar alter.
13 n ol lipof n o i
ger
Pacliculde altenlion to the sole of vsosomey and )vsosom:lgt::;‘n; el;s ve
s Sprague
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Dawles £1ls 3 weels 10 * monthes (W sere annesthetized with Nemtutal and
the beains were fived by erfa fon with o provwarmud (37 C) 15 per eont cacody !
ale buffored plntaraldemde sitation  Aefd 1ho phatase was demonstrated by gn
cubntlon af ~ o0 4 thich scetion ¢ ataralehsd fixed Hosues In 8 modified
Cmori medium

Flectron micrascopy of postosmicated  thin seetlc ns revented the ¢ ccurrency of
numersus bipofusein Hhe aeld ph sphata ¢ posithe ovtoplasmic badies in pontine
nerve cells of o)l 119 1o 2d moaaths) rat fnossung (3 1o 8 wecks) rals stch bodles
were fon or absent evtoplasmic crganiles carrving acid phosphata e (and pre
sumed to fepre i} hsosomes) were comparatively fon and small and hai a fine
granular matcrs containing cconsfonal membranous profiles and/or homogenenus
rlobtlar structures  Cellufar autphagocyt sis was noted st s)l agey Appacent
transiifonal  tages hetween evtasegeccomes (sutophagie vacucles) and lpofuscn
hedies were often observed  Acid phosphatase was demon trated in fenestrated
Calgl asscainted cisternae ant al o In coated” vewi les ( primam Iy osomes )
which secmed Lo by budding ons frem 1) ese isternae

The observations tnicate (1) that hpoluscinllse hodtes are lvsosomes ( residual
bodies ) () that these bodies are~—nl least in part—trested threugh cellular

(3} that there §s n conlinuuts 1 W jroduction of 1yso cmal enz mes

autophays
and {43 that newly formed enzymes are

throughwt the Nfe span of the cells
enclosed in costed vesiles budding off from Golgi associated eisiernae (and pre
sumably represent primary Jysos mes) Th  sccumulation of Iyofusan granules
mav result from an jnabilits of neme ol b nd thamselie of waste product

accumtlating in residual bodie

S arander § € Olson Y HISIOLOCICAT (HANCES OF TUF St MPATHETIC

NTRVOUS SYSTPV IN DIABETES MEEIUILS
Tentén 7€ Hugosson R LONG TIME CULFEBING OF NORMAL AND N [}
TTASTIC TIUAAN ¢ TTY

Westermart #1 CROWTH (OSTROL OF NOIVAL AND MAVIUNANT (U4
1N VITRO
tren

Normal himan gha sedis in bssye enlture are ey
depending €cll cvele mhibition which means that the celd divi n st
eclls have £ ot t a confluent mon ager 1< has

The degree of eell cvde snbilay n among o rmal and mdignant blis cells
been studied 10 co cultivatim exjerimonts

In ctjeriment ¢ ne nermal ghia cdl were cded ot gty I"‘i "“H‘L:;;“‘c"‘::’t‘
monolmrer of gha alls As a « nirel sl cell hu;‘td( \mun:u e (h
revealed that the tog cell were comy fetely snbibit &b the o

hmically
ghia eclls seeded alane §raliferated 1ogartt cecded on
In experiment two cells from the e tablished ghioma line 133 MO sere seu

tioma cell
top of a preformed monolaver of pMn ceffs A wonterl :\\;‘n t‘h‘:d "t; aliot
wlane The glioma cells proliferated logarithmicaliv we
seeded ajone or on glia cudls
These experiments show that a confluent phia menolayer ':\lanh\'\(\\c o
malignant sla cells Whether this reflets a quabitative of
the genwth contesl of the neoplastic ccit s mot tnywn

Wby oot tproximaty
when the

rate s hen

hilut normal but 20
t in
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fagerief P & Sundeln I 11 ECTRONMICROSCOT JLAL CILARACTT REZ ATION OF
HAEMOLISIN PRODUCING CFILS IN ANZFLOJD LEURAI MIA TN FOWL

The virn ndyced meloxd leukacmia 30 fo 1l can bt superimposed fy ansesmn €
haemolgtic tpe Some 1f the ammals sh ® transicnt positive € ombs test In ordcr
1o slundate whether thuse findings riflct an actual dasturbasc of the Immuno

lox val behasicur of the chicks we have tested the antibods predueing eapacity of
\amous cells of the Jenkeerma chal by wst of the Jerne haemlvtic plagee
trehmgue The cells from pl en and peripheral blosd of some of the leukaembe
¢h1 ks were shown b be as a the antibod) producers as those from non Jeshacmie
chichs 2fter antigeme stimulation waith sheep red hlood ¢clls  Llectron micr

scopical analvsss showed that the plaque forming cells were plasma cells in alt the
nen lenbaemic case  Similar eclls were found 1n some of the plaque from Jeukaemn
chicks In some eases the cells m the centre f the plague were inds tinguishable

ultrastructurally from myelald deukacrda cells howoier The implications of these
{indings were dis ussed

Midssop A LYMPHOBL ASTOID TRANSFORMATION IN LONC TFRM CULLTURI
OF HUMAN TISSUE

The term Jymphoblastord trapsisrmatten Q1 tr) {Beay sh M et 1963) de
scribes the estabfishment i xitro of permantot Zvmpb d cell Yines frcm human
Iymphotd tis ue Until 1957 1 tr was considered to occut anl in enltures aof malig
nard lymphoma of lenharmic s ue The modence 1Y i 1 Miferent tissue culture
systems has becrt reported ) he very low Presioushy (lut J Caneer 3 183-199
1968) we reported the best resulls so far (50 per cent) obtained In culaces of
aormal and malignant lymph nodes We wse a tnudified Trowcell Jensen  rgan cultupt
and ealh puw eport 1 tr n 17 ennsecutne spuimens from norma) human lmphord
tissues Vorphologically the established cell hnes consist of Blastor! cells in the
smphotd series The cells depend on ibrovlasts Sor Wiear survival and preserve a
bighty differentiated function refle ted by & man clonsl producton of IgC or Ig4
\Lease) or IgM (1 ease) The Lpht chafn 1s alwass happa

Since infrmite growin wn pitro 1s considered & criterson of maligpaney £31 somatic
Tuman tssue it 1 vemarhable that permavent cell hincs from human Iymphout

tissue ean he established i perhap 100 yer cent To ey
plait this find
bypotheses are presented ding thee

A Normal hmphoud ti sue « ntans some cells capable of wtuite prolferats
B “ormal ymphoid hissue contans neoplastic eell cloncs controlled ¢ e
unknown merhanisms " e b

€ Jatinte growth of n rmal Imphoid cells 15 1
nd seed wt
agent (viras? ntigen?) " vilto B3 undnown

Oty I VIATTHNO TOETAI TRANSFFR O 11
SUBJPCTS PHOCYTES 1IN HoMAN

Teaa pla entsd transfer € lymphosytes from mother by fogtys w
as

searching for cclls with a female karyots) ¢ in (he rord blogd of tudid by
feucce te cultuy technlnue of Woorheud et of {1980 pewhorn

haryotype
le and in the other ase 2
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cells out ¢ £ 145 In the other six eascs altogether 423 metaphases were analvsed no
female haryolype was frund In these <ix casts however the otal pumber of
examined eells per individua) yarled betwsen 29 and 177 becawse of yarying guality
of the chromosome preparations and it is possible that the frequeney of trans
placental cell franster might have beun targer than the one fndieated by the result
fny, figures (2/8) if & laryer number of cells conld have been anslvsed The theo
retf al consequences of matcrnofoctal chimerism  might be the praductlon of
{mmunogfobulins by maternal eells 2 the foetus or the faetal abilits of delayed
hypersensilivity reactions acquire 1 from the mother

Hogmar Bt Noeryd ' NTUDIES ON THL EFIFCT GF HEFLARIN ANTIPRO
THROMBIN AND PESILON AMINOCAPHOIL ACID O\ THE FORMATION OF
SPONTANFOULS MPTASTASTS

ntlcoasulants and antifibrind Iy Ges bave been doserihed to decrease and increase
respeetivedy  the formation of metastases an allagenele  yslems The effects of
heparin anlipr lin (phe Marecumar) and epsilon aminocapron
acld {FALA) were now tested on the Hemation of spontancous metastases from

resectable singpenele tumonrs transplanled th the talls (20 mcthvlcholantrene 10

duced rhabdomyosarcoma M(C1 S in LBY micc) The periods of trestment six

days were vamed dn prder 1o affeet different phases of the metastatic pracess The
mdtastasis dissemination started hefwecn dav 7 and 13 after transplantaton and
treatment was first institulcd betwewn these dav  followed by resection of the
tumours Heparin Increascd the wverage and t tal volnmis | metastases lo the

tule TACA de
ungs phenproceumon decreased the nimbir and total velume w
e ot 13 1l wed b trerlment

ereased {fic averape and fofal volumes Ke« G n
during © days r:\enlul nn differences Vets cen realed groujs and r?\gmh ln“
stitution of treatment on day b f Homed by resc i oo days 5 7 lnl h:‘c:cd
bigher incldence of pulmonary metasta €5 1y 12 hug 2rm \restid nn&mnhs)n trm
on day 5 Feparin increased the spontsneous witastasis formatiza “(,'(!m‘:mm-
procaumon dectea od 1t Hleparin seéms to promote an earher reliuse of e
cells from the tumonrs 1 3CA seduced the formatiin of spentanecus meta;

Nersby R Boeryd B hnulson B & Tundin 1M FNPL RINFNTAL NTUDIFS ON
CIRGL Y ATING 70 MOUR CELIS o e
kactors influencing the pattern of secondary mumah: mm.::n:r;;vn‘mm
clinically as well as cspersmentally poorly understood l“u‘g‘: :\Jd PRA
tumour host <vstems MCG 185 (solid) and 24 tas st} s regresmve
16/C>7B1 the number of manodispersel tum vy ccll rcl:u“m Ttatation
tumour grow th after Intravenou  1atraperitoneal and subiw r“ e
was determined In both systems sbout 102 wore cells v\cre’ (:"a,,“.“,nn] o
intrasenous transplantation compared {3 subcutaveous anl o

s 1 13 Adine Jabelled MCG 1SS 1d 4% tumn\:r ;‘el?
Intraenousts tr vorag fie fechn
{1abel Indcx ahoul 85) were studied by radlochemical aud -.:\co:i:';f s eched

Most of the mjected cells were primarily tr pped 22 Ceon e vaurs about 16

g‘:: bound 1s0toy ¢ activaly in the lungs decressed qmrklyn':r‘j";“g roars oals &

£ vent of the injected activity remafned fn the Juaxs e e fhe
l;:w per rent The agtlsity deercascd at the same rate in other

liver
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lantation
1 ore cclls are required for successful traa P
"rhc o I‘hai:::sldell'ah o] and is probablv due to an
f fnt 1 )
extensne and rather quick of

ted cells This
disiotegration of highly viable monodispersed 33 ngeneic tumour cells in the

cireulation 1g Yhus far unexplained These matters nre belng additionally studfed

Jindberg L G YIRUS PARTICLES IN ROUS SARCOMA OF HAMSTERS

Eresson 4 L.E  GLUCAGON INDUCED CFLIULAR AUTOPHAGY IN
HEPATO(YTES

Intraperitoneal admuaistration of erystalline glucagon to rals (30 pg/100 & of body
weight) promplly Induces greatly cohanced cellular autoyhagy [ heyatoeyte
Previous studies of such cells containing prelabelied heterophagre secondary lyso
somes {thorotrast or mon labellcl) indicated that frrmung and esrly extosegrc
somes {sutophagie vacnoles) lacked dysosomal enzymes and » quived these en
2ymes by merger with pre existing lysosomes usually of secondars tape

The present mve tigation was conducted 1n order ta ecllest the origin of the
membranes) constituting the wall of early c)tosegresomes The lucrs of glwagdn
treated rats were {ixed by {erfusion with 15 per cent huffered gluteraldehsde and
30 , thick frozen scctions were incubated in appropriate substrates for the fine
structursl demonstration of typical plasma membrave ¢ndoplasmic reteulum and
Colgl enaymes These included adencaire tnphasphatase (ATPue) for plasma

membrane  glucose § phosphatase (G 6 Pase) and mosinediphosphatase (IDPase)
for endiplasme retieulum

and thiamme pyrophasphatase (TLEase} for Cola
membranes High resolution ele tron micrographs tf thin sections «f Vestpat em
bedded tissues were tahen Witk special refercoces to the wltrastructure of those

membrantes which appeared o be invohved 1a the sigregation of cytoplasmie orga
nellis i glucagon treated wanmals

The findings indicated that the membranes surrounding forming cytoseytesomes
were derived from the endopla mic reticulum since they showed activity of ( 6
Yase and IDPase aud were triple layered sith a thckness

£~ 60 A ATPase
actiity was not demonstratcd 1n these membranes TRPase way present both n
ol and endoplasmic reticulum membrascs of control an3 ex
282 10 membranes participsting in the

perimental anmals
of oy 1
animals gnen glucagon

& in

Med kand Jlansson H 4 & Sourander P LLFCTRONF MILROSCOPICAL
TNVFSTIGATION OF LYSOSOMES IN TONOPLASMA GONDII

Dunggrat 4 THF INTRARENAL VESSFI ARLHITI CTU
HF I\ T.
WY PERTENSION FAPRAREATAL

Falkner § B aqwst L & Hnw \ SULPH HYDRYL ifel A CHEATIC
G
UPS AND PAN

In seder 10 163t Wie \ahidity of the sul
ph b drs] (SH) the b
£ allozan diabttes the 1115 viag experyments « ere m)zﬂe o o the pathasencsns

Assays af the glutathione (CSH) content s mitrodisseeted mammahan pan
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creatic Iviuts with 86 90 per cent B cells by 8 micr wmodification of the ertheph
thalalddhvde procedure showed that the CSIL content of the islet parenchyma
was higher (20 30 mg/100 g) than that of the acinar tissue (10-1, mg/ke) in all
speelcs stadied (man rats A0 mice)

Fouding non diabetle Chinese hamstcrs o dict deficient in evstein methionime dl1
not fncrense the Tow froquency of spontancons disbetcs mollitus that ceurs in this
specits hut eval cd a patholo fenl glucose tolerance in 90 per cent of the animals
Mortorer 3n 2 hamsters (of 38) dedranulation and necrosis were ohserved in some
islits seleetivels affeeting the g cdls

Dhhiol inhibstors as CoCl (4Gl and NatsO, were fonnd to be able to evohe
hyperplycacmia in the daddy sculpin and selective necroses in the dark  central
replen of the princiyal Islels whess the g cells occur Howcver na OSH lowering
cffeet like that «htained after alloxan was observed

1 xeesshve methionme adminstration (05 g/kg i1 for 2 week ) supposed to
) raduce an SH compound imbalance was found to evohe atrophy of the exoeninc
pancrcatle 1 srenchyma in the Chinese hamster In 2 snimals (of 471 selectlve g cell
neerosis was observed 1n the sshts

Theugh the CSH (xperments did nct conform to the SI{ theors the ath r
obseryatlons indicate that SH compounds are of greater importance for the g cells
than for the other {slet parenchymal cells
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RETICULOENDOTHELTAY ACTIVITY
RELATED TO AGE AND SEX IN MICE

By
F Mawrvear and h ANDERSEN
Recelve 1 1%i 63

In the course of experiments prelimnarv lo work on the measurement
of clearance Lime followin., the 1njection of earbon particles 1 iee {13
1t beeame evident that female mice were able io clear such partilis
quucher than males of the same a.e This napublished observalion w18
followcd up ard the resulls are presented here

MATERIAL AND MFTHODS

.

tiee of the closed colony kept at this IgRtitute were used The numbers used thedr
age and bedy weight arc shown 1 Fyd 1

The carhon clearance time was detirmined after the Intzayenous injection of a
wisgenss o Pelikan ok (€13/14312) fn physiilogieal saline containing 1 per
cont gelatine Blond <amples were taken ot tumed antenals afier wmicction and
e mimed microsec picalty for carbin as descrived presionsly (1) the d se used being
equivalent to 8 my/100 ¢ ) ody wergh

After dcternunat n of the clearance fine the mice were killed and the Iner anl
spicen remose 1 and swerghed

RESULTS

{ fearanee ime The results e anan m Table 1 which shows that at
he e of 1 month the clearwec tume was similar i both sexes 1he
derranee it dhen mereascd i both sives with mereasin, 1.e but
‘t';us merease was much more snart ed 1n the males than 1 the femnles
he sux thiference bemg stalistieally «a mificant at 3 »
nd 6 months
19 015>P>0001 and 0 001>P) A
Organ weights Fi., 2 shons that the lner weight increased with age
The spleen werght %08 greater at 6 than ot 1 month but showed great
smaton ol 3 months (Fiy, 3) In bath cascs (e male salues tonded 4o

e greater thm the female values but sigmific it duiferenecs were not
found The 1) dune organ welLht w

as stmifr i
o deercse wath age (Table ) 1 hoth soxes sad tended

Be carch Fellow \or egian Caneer § cuety
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TABIL 3
Mean Carbon Clearance Time (+ SD) Related 1o Age ond Sex 1 Moee

Clearance time

Age
{months)
Male Female
! 132x7 1916
3 936 2863
4 7138 3246

For number of mice see Tig 1

TABIL °
Relatu e Qrgan Weight Relatel to dge in Mice

Orymn weight {mg/g body welght)

Age
(menthsy Liver Spleen
male female male female
1 [y 61 4 5
3 ¢ 3 3 2
b 18 50 3 3

Tar number of mice see Fig 1

5 i
B 8 r 1
Bty weight related to age and sex 1 the
§ b ymee used 1n the present expenments Male
D

values X female 0 £ 5

° 3 ]
AGE of MOUEE (rte)
Neof o 10 6 5
MCE ¢ 10 [ o
—
Fig 2

Luver waght related to age and sex in the
mice uscd 1n the present experiments (For
number of mice see Fig 1) Male valucs
female 0 = SD

LIVER WEIGHT Img)
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Fig 3

S{)q!e o werght related to age and sex In the
e wsel in the present expermments (For
Aumber of mice see Fig 1) Male values ¥
fom le © = SD

4HT fmgl
oy

GPLEEN WEH

I 3
AGE o MOUSE [mths)

DISCUSSION

Retiettoendothiclial actinify s commonly measured by determination
of the time requured for the removal of nert particles from Lhe blood
siream Such particles are taken up by phajacshic cells i all parts of
the body—hnt the majenty are cleared from the erculntion by Lhe
houppfer cells of the lner and thor counterparis m the spleen As the
size of these two orzans md thur rdabionship fo totl hody wer,ht
changes wilh age 1t 1s reasonable to expect this to influence the clear

ance lime when dosage 1§ f1ven according to lotal body weight as in the
present expeniment The mcrease i clearance tme wath increasmn,, age
i both sexes can probably be in part explaumed in this w1y The sex
Mifference 1n clearance time ean however not be accounted for on this
bases as the relative organ weights were remarhably stmilar 1in both
scxes The diffcrence appeared only after Lhe mice had reached maturits

This coupled with the finding that oestrogens may cause an inerease
n phagocs bie actrats in male muce (2) makes 1t ikely that the differ

¢nees observed 1n the present expernment are the result of hormonal
action

SUMMARY

The elearance time for carbon parbicles i mice increases with age and

18 Jess e adull female than male muce The latter 15 probably due to
the shmuiatmy, effect of oestrogens on phagocylosis

RTFERENCTS
Hartrelt F Anlersen R Flatabo € & Cundessen
uptahe by the reticulo endothelial syst m At
71 59 % 91907
2 Nwol T Bulbey D LI Charles [ U Connn,
Ocstrogen The natiural stimulant of Foiy
6

§  \easnrement of carhon
2 path microbiol scandinay

il I L & Yernon Roberts B
defense I T'ndocrin 30 277291
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SALICYLATEINDUCED FOETAL
HAEMORRHAGE IN TWO MOUSF SIRAINS

By

MARCARETA T RIRSSON
Received 15 <163

In (eratologacal expeniments with salieviafes a hugh rate of foelal
resorption has becn found (Warkany & Tal acs 19590 Goldman &
Yahovac 1963 hlein Oblinh & Dalderup 1964 Larsson & Bostrom
1065) An mtercsting obscration 1n earlier expenments on mice Was
the inereasing ncidence of foetal mortahty the !iler i pregnancy
salievlate was admimstered fo the mother (Zarsson & I'rd sson 1966)
The possible mechanisms underlyin, the sahcylatc induced prenalal
mortalily were discussed Haemorrhage has been suggested to cse
foetal death when acetvisalievhic acid his been adminstered to preg

nant rats (Brown & West 1964)

In further investtgations m our laboratory witht speeral reference to
drug mduced Inle foctal death 2 ngh inerdence of superficial haemor
rhagu was found 1n the foctus when salicylate was given to the mother
on the 16th or 17lh gestation dav VMoreon(r a speeril form of sub
capsular hnemorrhage m the Iiser attracted our attenbion when the
abdomen of the foelus was opened for mspeclion of the viseera

The present study was undertaken for further mvestigation of these
obscrvations nd of their possible relation to foct 1l mortality

It also scemed of interes( fo compare 18 this respect two monse
struns with 1 hnown difference 1 thetr suscephibifity to sahicviate
(Larsson & Bostrom 1965)

VMATERIATIS AND METHODS
EY
4 totally of 64 pregnant primiparol’s mice of the A/Jn‘fstlx;ni:‘:nenzﬂm?:gu‘\:;l:’:“
strafn were used They were mated overmght and n ibe ; oTh, gdn e
plug conld easily be observed in most cases (Larsson 1962) This day
as zero day of pregnancs
n
1 tahe this opportunity of expressiny my stncere :rnhk'udle o OD:‘ kY sune f:‘:’i'fr
for vatuable st during preparation of the mamuscript 2 MG RIA yap Foa
Lennart Sifsson for photographical assistance u;d \lcrs olis
Léfren Yor shalful secretarial and techal 3l 2880Sla8c8 ) ooy Reserations
The expenses of the mm estigation were defrayed ; ggw! et foal o earch
anslaget for framjande av. medieinsk forskaing from lle S e Larsson e
Counerl (163-993-07 and 14P-393-02) and fcm grarlnusi Cohxldren R
H Bastrém from the Sssocratron for the 4rd of Cripp
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Sudim saffeylate (10 mgsN g boly welght fn 01 md of distulled water} was
ghen im In a single dose 8 10 am an gestation day 16 17 or 18 The mice in
Jeeted an the 16th and 18th da3s were sacriliced 8 or 24 hours after treatment and
the focluses were pemosed The mlee Jagected on the 17th day were sacriticed after
2 4 8 12 or 24 hours (Tablc 1) I the female delivered hefore sacrificing this
was recorded and the newbarns were not examined

The focluses were dnided into dcad snd slive 1aeh factal resorptians which
hnd evidently occursed hefore the mather had re ened the fugectin were not
recorded

Superficial haemorrhage and Hs exact site were noted The abdomen was apened
and the Nrer was inspected fu situ for hacmorrhage The fnsab ement of different
Jobes by the haemorrhage swas recorded 1 oetuses found dead in the groups sscri
Diedd 23 hours after Injection were homever 100 severely macerated 1o be progerlv
examined The whole foctus was fmmersed In Bouins flull and on the followng
das the liver was removed and once more Cramined —The mother s Jtier nas alsa

mspeeted before and after fivaton
The livers of at least two foctuscs from mast litters were taken for paraffin em
bed ing seeticning at 7p and staining with haematoxslin snd cosin

RFSUITS

Toelal Death

The inerdence of foetal mortalily 3s expressed as the rito of foeluses
dund ate in prognates to the total number of focluses g and hater
dead (1able 1) In the A/7ax strun the myamum mortality of about
50 por cent was roached roady 8 hours fler injections guven on the
16th dav 1€ gieen on the 17th das foetal death of 19 pur ccr:t was
found first § hours after injection mere wing to @ myximum of 54 per
cent after 12 hours In the LBA strun foetal death was seidom noted
of mgection was given on the 16th day te 1t most 7 pt‘;‘ clc;x\ l«,[
njeetions were grven on the 17th day the wedence of foetal dev 11 wa :
lower thin that i the AZJ1x stramn the maumum of 24 per cont bewng
reached so 12 hours after mycetion After ingection on the 18th dy
no dead focluses were o sersed mn other stran & lcndenc;’ to r]lr(;?a
ture dlivery witlun 24 heurs of mjechion was generdlly found after

admmstribion on dnys 17 and 18

Superfictal Haemorrhage

The madinee ol superfieni hnemorshage 1s expressed l\> lhch:r\l:;
of Iuing, foetuses with superficiil haemershage to the totn n:n:; o
Ine foctuses (Table 1) The haemorshinge observed was sifu |hc Mo
the spie {F1, 1) In the A/Jax stram supcrfienl u-nmrrm-:;, s
found 1f the drug, was ndmuustered on {he 16th dn mltI": 245110““
12 per cent after 8 hours to 1 mavmum of vb per cent 3l cem e
If admumistered on the 17th dav the mcidenee was 3 1‘::;1:1“5 e
hours meresing fo a mavimun of of per est ““[“ah;m:[ the same
CBA strain superficial hacmorrhage Wwas noled af ot o
rale s m the AZJax slynn ) syections were given ©

Alyendy reached af 8 hours
however the mwimum of 40 per cent Wis e e S

with 1 decrease o 21 per cent it 24 hours b o ler § hours
well the maximum madence of 56 per eent



Fugs 1-3
Fig 1 Superficial haemorrhage slong the spine in a 17 day old A/Jax mouse
foetus The mother was given sodium salicylate 1m (10 mg/20 g) B hra prior
to sacrifice

Fig ® \aryln, degrees of Iner haemorrhage m a 17 day old A/Jax mouse foctus
The mother was given sodum sahicylate Jm (10 mg/%0 g) 8 hrs prior to

saenafice

Fig 3 HT\ and eosin stammed 7 x section from the It er of a 17 day old A/Jax
mouse foetrs The mother was given sodim salicslate 1m (10 mg/20 )

17 hrs prior fo sacrifi ¢ Normal Iver cells aru seen around the vessels
\aemorrhages are visible sub 60

All dead foetuses that could be examined had superficial haemar
thage

After myection on the 18th day no superfiral haemorrhage was
observed in either stramn

Lwer Haemorrhage

The meidence of Iner hemorshage 1s expressed as the rbo of Ining
foeluses with such haemorrhige to the lotal number of e foeluses
(Table 1)

The hiver haemorrhage was seen subeapsularly and macroscopieally
i not extend into the parenchyma (Fig 2} Histological examimation
fesealed neerosis and haemorrhage extendin, mlo the parenchyma
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from bencalh the eapsule (T1, 3) In a few eases foga) necrosts was
atso present i macroscopiealiy unaffeeled foctuses

In the A/Tweslenn biver hemorrhige was found m approumately
It of the linmg foctuses with superficil hacmorrha.e on the 16th
dry On the 17Mh dyy onfy one Toclns (3 per cent) had Iner hiemor
rhiyge after 4 hours he medinee mercasing to 30 per cent after 12
hours In the CBA strun on the ollier hand Inver haemorrin,e was
onh ocewonally found on both dwe (ht muximum mmadence heng
11 per cent 8 hours after anjection on the 16th day  All ded foetuses
that could he exanuined—cxeept one 16 day old CBA foetus and two
17 dw old CBA foetuses talen $ hours aller injection—had Iner
hiemorrhin,e generally mvolving, il lobes

After mycction on the 18th diy Iner emorrhage and histologieally
domonstrable necrosts were present monly one A/ZJax foctus

DISCUSSION

The man question n this nvestigition 1s obviously the possible relq
fion hetween the hiemorrhiocs and the high foctal mortalits Such 1
redation 1s ndicated by the obscrvation that a lnoh percentage of
foelal hacmorrhage precedes the meresed nerdence of foctal death
\orcover the et thil all derd foctuses which could he examined
showed superftenil hiemorrhage  nd il but 3 CBA foctusis Iner
Iemorrhy,e supports the vew that haemorrhiges are imohed n
the foel1] death There were howeyer Almost alwavs Ining foctuses
with haemorrhase W hether or not these would hne died Iater or
whether therr duniae was Jess severe nd misht e been osercome

can only he speculted

In \IC’\\ of |]|\L fact that the maamum morlabiv on the 17th day \\:\‘;
as ngh 1s 54 per cent in the EVARY slnmI although death occurres
somewh i Iiter than on the 16th d y—1t1s mir
ses exposed lo the dru, on the 18th day were only rarely affe L\ct\ch;x:\\:
snliey Iile Thus difference an the suscephibility {o snliesIite mvper ;:
refleet the maluration of the foetus own detoufichon mz’(:‘m\s&‘c
tem Drugs adnimstered to the mother hwe been shown \n; ;Qéé) e
foctal liver enzsme nctisits (Gordon el al 1961 Ordy l a O
10 cause neerosss of Lhe Iner and delyy its maturation ([hn?‘}c: ;m rxocm
19,3) ‘JIns could presumably 2lso ocenrin the safwvlate a

vor with hremorrlinge and necrosis
" ;l is also mlcrcslmgg to obserse that cvn it the (?h\ f\“/‘_;::icfh'n?l‘::i
superficr (1 haemorrh e to almost the stme cxtent s ! ‘of e cteain
ses most of lhem scemed fo surine The mechantsn
dificrence 15 nol hknown

Another mleresting foture 1

foctus bul never i the mother
]’ll,\(.chl’\l haemorrhages which h

esting to note that foetu

haemortha,e 1M the
certis to resemble the
o1$0n

s Lhe presence of

Theh Jemorrhng o
e heen observed 0 safwyl e p
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t subewlancoush below the serous membranes and
:Zg-:lxin‘x‘cl): ];;c;::ans {ymuth & South 1966) Drugs such ng qulrm;c
thiazide md conmirn hate bren reported tu cruse hierorrhage 1n I';;c
foelus or newborn when admmsicred lo the mother {Posper 10 )
Rodriguez 1884 Vers & Brestner 196} SahievIntes and phenobarbit +
n exeess ke been stated Ap cause neentlal haemagthaag {A pgar 1964}

SUMMARY

Sodium satieviate i 2 single dose of 10 M,/28 ¢ was gisen 1o prepaant
mice of the A/73ax and CBA strams on gestation days 16 17 or 18 ~nd
they were saenfieed 7 sarions inferals afler myeclion

Yoetal denth oceurred after mpeclion on the 16th and 17th day In
the A/dax strun the mavimum morlahiy of aboul 50 per cent was
reached evrlier if snjeetions wese siven on the 16th dy (after 8 hours)
than o they were grven of the 17th das (after 12 hours) The meidence
of foctal denth was markedds less i the GRA foeluses

Superhiont haemarrhrge was ohserved i alt dead foctuses and 1n
ot one half of the Iung ones after mpeclun an the 18k and 17th
day Thus applied to biath struns

In the Azdax stramn dner hremershage with hustologseally demon
strable neerasis was present m 1l dend foctnsey nd 10 showt one half
of the hnang ones with superfical haemorrhage This was vare m the
(BACstrom

After myection on the 18th dm foetuses seem nanly
ficted and onhy those wn the A/dax stram

The possible relation between fontal mortality and 1aduced haemor
rhage 15 diseussed

Tarely {0 be of
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MUITIPLE PRIMARY MAI TGNANT TUMOURS
An Antopsy Siudy of a Crcamsertbed Population

By
Troxerors BescE Lars CFDERQVIST and Ja SCHONFRFCK

Teceived 25 x5 6%

the true number of mulliple cases can be estunnied only by follow
tng the patients up us carefully as posstble to the end of thetr lwes and
by examiming all of them post martem {Malmio 1959)

This s of course Lhe 1deal method but unfortunatels very diffieult
to earry out Another possible way 1s to make us¢ of an autopsy mate
nal and by means of the elimeal records and Ube files of the department
of pathology studvy mahgnancies earhr dgnosed n these subjerds
This 1s the method applied m thns work md smee we hove been able o
perform auntopsy on about 68 per cent of those 1 a wcll defined poputa
tion whe died during the nine years 1958-1966 we think 1} worth while
{o describe the frequency of multiple cancer in these subjects

Ihere are however many problems associated with a study of tlns
Lype A palient with a slowly growing tumonr hke most of the prostatic
careiiomns runs a greater risk of developing another eancer than for
wstance those with a malignant melanema The results ultimately
depend on dagnostic and therapeutic possibdilies whieh may csplan
the different frequencies reported m elimcal and autopsy series

In 1 tater pubhicalion we will desersbe m del ul some of the mere fre
quent tumours wWhere it 1s possible to evaluate the morhodily risk at
Wiferent ages the frequencies of correry chmient diagnosis and the
chan,es af sumax UL Tt shauld then be yesadle to wrirpre Yoe expecicd
frequencies of multiple fumours with those found

MATERIAL AND METHODS
Malm is & town situate ! in the south of Swed n In 1968
¢

hshitants The town offers una ually grod pessibilibes }orh:geg‘;m“:i:s?:mu bt
studles betause 1 hos & well delined p3pslatson snd as far 84 the medinel s oe
is con erned 15 & seperate renion The town has only one general hosp 41 (Matess
Ceneral 1hsputal) one hsmary for chranke diseases one hospltal for merces b
cases and only one department of jathol gv serving the ettue “e: xax: PR
18675 who died during the € yeurs 11098 where aulipsiod. 1o 551 pev sn A
452 anu sex duatribution of the matesial 15 given in Fig 1 The autopnes were :h:
srme according to unlf>rm pring h e
e ! sccor g >rm principles which are dosertted tn some detaal easlier



Number
1800,

o

won

200
Age groups

O9 T4 2620 3037 404D ED69 6069 070 8589 90

Fig t
4ge and sev distribution of the 11 098 subjects eulopsied 1958-1906

Data concerning previous tecatment for canver were taken from the clini al
records which alwavs were aciessible before autop 3 was performed T'urther the
archives of the Department of Pathology were analy «d m order to see 1f the patient
earhier had been treated for cancer

DFFINITIONS

1 The term multiple tumours was used to designate {80 or mre svnchrorous or
metachronous tumours appearing in different organs The terms svochronaus and
metachronous were related to the situation at sutopsy

2 The tumours were histolagically malignant

3 The tumours were not metastases

4 One or mare leslons with the same histologieal (with uneq
signs of malignancy) in any one orean or palred otpans as \ell as primary genc
ralized tumours (e g malignant lvmphoma} were smd to be cne tumour

5 Iatent prostatic cancer was indluded

i Basal cell encer was nct accepted because of the hijlogical benlgnity of this
tumour and because data nn previcus treatment (ten were mncomplele or Tatssing

The group ealled glioma consists of different tipes of sstrocyloma oligo
dendroj lioma medullcblastoma and ependymoma

B The torm cared  1n :l:‘:'s treated for caacer 15 used fn the cnse that reenr
rence or metastases could not be demonstrated at aulopsy

The data were processed with the computer 1 Lunl

Thanks go to fil kand Arne Sundstrom Datacentralen Lund for mest valuzble
assistance
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1M
RESUITS

Amony the 11 098 antapsied subjects 2 895 {411 pur cent) had or had
bad 5523 primary mabgn it lymours

Ihie subjeets with single and multiple lumours are ghen according
to age and sexn Table 1

H s seen from [able 1 that 1 simgle mahun ot tumour eceurred n
1323 sabjeets andd muftiple mabignint tumowrs i 7.2 1¢ 11 7 per cent
(321 106 per cent had 2 46 09 per cent had 3 and > 01 per cent
had A temours ) Tumour was present at autopsy 1 4062 of the sub
Jecls with 1 smgle tumour 1nd i 561 of those with multiple tumours
Among the 021 subjects with donble cwncers 377 had both tumours
133 hnd 1 and 11 hnd none 1L aulopss Among those wilh triplc em-
cers 25 had 3 15 had 2 and 6 subjects hnd 1 1nd among those with
quadrupic cmeers 3 had §nd 4 bad 3 fumours at wlopsy {More thin
4 cancers hd nat been cured m oy subject ) Multipie lumonrs syn
ciranous | autopsy were thus found in 422 subjeets winle the tumours
were ntetnchronotts al aulopsy m 150 subjeels

TABIT 2
\umler of Tamonrs at Different Sites and Types and Frequeney of
Syn and ur Aetachronous Tumours

Frequencey of multiple tumours

site Sumber WOMEE s 3m gt g
Mmonrs mours Jours
Carcinoma . 1
Prostate 808 65 o 26 2 W o
Calon 482 70 92 1 * lgg T
Breast 478 574 kil 9 1 o e
Tung 47a 690 (NS > 1 5 i
Stomach 403 s 13 13 1 8 5
Rhidoey 21 04 ki1 1% 9 b o
Reetum 199 03 10 4 Q b B
Pancreas 3190 r73 4 5 3 " I
Liver 8¢ Y o 5 [ i ur
Ovary 173 639 17 } : " e
Biliary svstem 172 22 "
Uninary bladder W s
rthra dor + 139 76 01 1 g lg }' 5
Uterine cervix 120 808 15 2 g I 29
Small intestine 13 13 41 H o i e
Uterine body 81 e 21 i M I Y
Ocsophagus 78 71 19 ! H 1 a2
Shin 69 5% 4 ! e e
Thyroid 54 £33 u : ! v e
Unknown 43 667 6 s
1pebis »
m\?rlu & * ar 698 7 g g Y 313
Taryne 2 69 4 5 : H : 125
Testis 16 134 ’ Y : " 123
15 1 ! H N 47

Yulva 15
Appendix 14 151 2
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TABLF * {cont}

Frequency of multiple tumonrs

Meanaye
v 3w dw "
Sie R € a1 death :\;“fﬁ mours mours Tots
308
B i [} [ 4
ey womo 40
Frrie w a8 2 [ >
Uterus ynspec 1 b 5 1 g f; g& g
e N H
MaxMary sious w ;f("g ! H a 1 n
v O T T T S
Tongue s ome 3 1o 1 50
e [S 3 1 o0 i 125
Sali ary fland R 0 ° N N -
Epipharynx *ﬁ' L 3 o 1 3 67
oy 16 3 [ 1 mo
Adrenal 3 : o8 ! 3
Japa PR o o0 v -
T 5 e ® ] o -
Tou 50 v 0 0 1 -
eat gland yoowe : L 1 -
Trachea 3 ! 9 0 ! -
Candu 1 se
Otf er tumours 0w e
cosls 27 e M ¢
Eoama y e ot & 2 ] 1]
Retlewlum ce e
sarcoma wooEHy o on I N
wllomatons T4 W 1
\E mesenchy o
e s f10m [ SV Y]
FU H . 167
Hadekia 5 0 ) o7
Mesathelioma 2 03 o
1 Y Y s PR [T
omy osaret ma : 8 om0
Lymphosarcoma o e H ;ow
‘Thymoma L3 644 3 [ 9 2 s
1 {posar oma % ’s 1 o o Y 1%
Dstengeme sarcoma 5 316 0 [ ) 2
Metungroma + %5 1 a a 1 2/0
Ewing sarcoma 4 188 0 [ bl o .
Ghabdervosarcosa 3 497 o 16 1 s
Chordoma 3 o0 1 0 n 1 313
Befll Symmers 2 8o v [ 3 it
Myeosis fungmden 2 s 3 [ [T
Neurc blastnraa 1 e ] [ 0 D
T tal 599 697  td2 138 20 1m0

Treatment for one cancer had beon suecessint m 413 subjects but
102 of these {368 pcr cent) one or more other tumours were found at
swlopsy Sre (333 per eent) out of the 17 patients cured far 2 tumours
were found to have anolher tumonr at qutepsy The frequency of a
second tumour inereased wath time after suecessful ireaiment but these
problems will he discussed m detl = later pabhication

fhe senes consisted mamly of aced subjects The average age at
death was 68 5 vears in those with single cancers 737 Jears n those



TABIE 3
Sumber anl Locations (Tipes) of Mullirle Tumours

Total

Allother tumours
Uaknown sute
Penis

Appendix
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Tarynx

Renal pelvis
—ureler

Ocsop hagus
Thyrewd
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Shin

Biliars system

Urinars bladder
- urethra

Iner

Small intestine
Rectum
Tancreas
Ulerus

lung

hadney

Breast

Malignant
Ivmphoma

Stomach
Chton

Pr state

Aumber

Site
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CHRNDNONSTTCO
MOV HTE M COQ
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B system
Uninary bladder
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Tn malignant lymphoma are included alse lencosis and multiple mydloma

+ urethra
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with douhl‘c\“«ncvn 7% 8 vt ars it those stk dnph eanars wit 776
years i lhos“\\um quadenple ¢meess In the entire udopsy series
21D per eent Wi~ e o2 4 per eont of the subjeets with single tu
mours and 856 pir cent of those wath sultiple malin mi tumours
were men This preponderance of men was due o the gk frequency
of microscopeily dumonstrable prostrtic eweer

In Table 2 are histed the number of inows matmnant twmoss and
their comlsnition with muthple tawours fhe pereent e Dipures e
nunhier than those w Table Tee s bumours and ol mdnsdaals are
Listed and bessdes m enses wilh double cancer hoth organs are hsted
in eases with fniple cxncer the three organs are fisted and i eases with
nuadraple ewnecr the four organs are listed

Table 3 gins the Tocations {or types} and numbers of other cancers
smong the most frequent primacy tumours (> 50 cwes) Consecquenthy
the fiures of tatat nuwber are Jower than those in Table 2

DISCLESION

The occurrence of mulple Mabicrant tumours | one and the same
patent was first desershed 1w 1869 by Balroth ~nd was published as 1
curtosity The cases publishted at the turn of the contury were alsn de
seribed as ranties but in 1932 Warren & Gales whrote thal  Only that
persan whose esperiepce with malignant discase 15 lamled s now
thedied In enconntermy < erse  Midtple malinamd tamours are thus
not so rare a5 {formerly belned snd must be considered 1 climieat
practiee. The majonty of the many publictiions on tlus subjects an
basad on snlle evses on autopsy sertes elinical series or muixed serses
or on complatons of tterature cuses

The seres n Vershenmer of ab {396%) who collecied data from the
Conncebicut Tumaur Bagisley tepresent 4 commumty analyms The
found + 3 2 per cent weidence of muttiple mabiynaney and these set\ei
prahably sepresent one of the hust walible but they haae BANY L1808
of mulhicenine camecr Thare are hovwerer reeent studies {eg ler
many 199G who disenbed 1894 erses dagnosed dunng, 49 rears) v y
nolhay, s sud ihout the basie populirtion of the sm&n;s} frequen i

The onls releble mcthod o estunate the true frequeney 2( mv:{ !
cipeer 15 heveser within v defined poputation ta perform thor :p!&
dutopsus an subgects of whom detaded clinienat records on o
distasis sre wenlable Fombard of af (1948 amon, others lyl)x D\Xrous
emilted from thir sers puients alio were alive h:uxmc ih e;c ma
ot the sccond tummenr was detected at rutopsy 1 half the o
cept i those with shin eancer) Too mws anthors ha o e
LG VTRR ER VTR $121 © not prved due

The enteny of multsple vmeers v §
most wedids aecepted enterin appear lo hrcm&;?l\ﬁ;xk; Jer The
Grles (1032) who stat that th b Warren &

e tumours should he hustolomieally ma
Hoawavam 9
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bignant they should he stparate wnd they should not be melastases In
the present wvestipation we used an 2ddilional eniterion namely that
the tumours shouud by situated n thfferent orgns This was done
beeause it ts difficult or mtpossible 16 deesdy whether more than one
tumour 1 2 ginven organ should be rgirded as smultifoeal primary
tumour or melastasis As 1o primars lner caneer mullifoeal ongsn 1s
probably common (Llias 1960) Whep the Iner s exposed o 1 carcino
renie agent 2t may be assumed that the enlire organ s affected In the
event of multiple foer 1n the Iner 1t 1s however not possible to dearde
whether they should be regarded as mulliple tnmours or melastases
This 1lso applies to tumours of the urnarsy tract and of the colon and
also to primanls generahzed tumours such as the mahgnant lympho
mas Moerlel (1964 )found the rale of occurrence of mulliple primary
malignanl neoplasms o be 51 per cent but only 28 per cent 1f mulh
cenirie tumours of the same organs or tissues were excluded Only in 3
cases in our malerial were multiple tumours i pared organs not re
garded as one fumour 11 one casc of bilaleral mammary cancer where
an adenocarcinoma ppeared an Lhe left breast 7 vears afler radical
{revtment of 4 carpinoma simples on the nght side (and without meta
stases from any of the tumours 4t aulopss 3 vears laler) one case of
bitateral bronetuat earcinom x where one tumour was an o1t cell cremn
omn the other M adenocarcmoma one was < case of an denocirem
omn af the left renal pelvis and 1 caremnoma of lransitional celf fype
m the night ureter

Basal cell carcinomas were wgnored firstly because of the  benign
naturce of this fesion and sceondiv becanse 1t 1s difficult to asertaim the
frequency of previous basal cell caremoma m an aulopsy senies This
difficully also 1pplies to squamous epithehal cancer of the skin In pur
serics such tumours hag doubtless oceurred wathont bemng noted i the
hospital records or so long azo that (hey were not covered by the files
of the Department of Pathology 1t1s also known that squamous epithe
hal cancer 15 mote common m clment thin m awlapsy senes (Ifalmio

1959

Ma)ny of the tumours here designated as metachronous have i Fact
been synchronous since the second tumour (s) hus been diagnosed dmt
1eally or at post mortem shorthy After rdiexd treatment of (hed[xrs
tumour Since we hnow no safe method to decide whether a later 1.13
nosed {umour was present 1 the tune when the frrst tumonr »as cure

the situntion at autopsy was used
The frequency of muitiple mahgn wt tumours Lnen m the herature
saries widels {Table 4) 5 to 117 per ccnl (present mderial)

The frequency v iries belneen 0
This s.ln:hcn ;ym) be due to diffcrent {aciors D([[erc;nld'l;}lchulr; :!;:‘
dufferent criterra for mulhiple cases The series probab ()h ;nnrcanccﬁ
distribution Chinieal series except those deahiag only wil Sand e
{sve Malmup 1059) of course show a lower frequancs
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aulopsy series the tvpe of hosprist and the methods of anlopsy (e g
routime histologic exammatien of the prostude} and of silechion of
cases for autopsy vail mffucnce the resulls

TABLY ¢
Erequency of Unltiple Aalignant Tameays sn Autopsy aad Chnical Uateriats

uly
Toldno Mo or MO of
Auvthrrs Sear invest malgn mul  malign
gated  (omours | HPle tumours
tumours i g,
Aulopsy serres

! Felchenfeld 1951 5g0
2 Fedheh 1807 - o 1 o
1 Cade 1915 - 4ng FLE T
i Be o D15 2513 593 5 31
- 152> o
§ Medi edyy 1921 10‘ égg ! ﬁo jlg :5
T lunghanos % e o gy
8 Coctatowa & Schabad 319 865 1wy 53 1.
9 Brandt & Jehabson WX 14ass g 1 :
10 Muer 1936 S0 oy T
3 Hanlan 1931 3000 950 B 1
1 Veagren . Gates 1030 - 73 o
13 Burke 1936 i o o i
14 Austin 188 5124 887 51
15 Rorshbaum & Shavety L T T I P
2 Hetlengatl 1913 - 3 Bl
17 Warren & Bhrenrerch 1984 pord nooB
18 Adbrechs B S & 4 B b
18 Srred 1958 FT S
20 Rge 1838 513 H Bl
71 Mocrtel ot 2y 1981 ! I
"1 Thows 1903 g T ame
"2 Freseal series T S TE I
Ehnrsatser o mo
I OHerte B dees
2 Schreimer & 1 ke T i T
Desarve ot g1 1939 e o 31
1 idtreta) 1902 3 g 12
Wallace 1957 9% 19 45
S Mol 3006 e
1059 5
7 Poloetat 7
D04 1 23
MU o 3h
See Malmo (1959,

" ) govy PrOgnosis ihg
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rish of developing a next lumour 1s grealer than m mamy other ta
maours To s must be addad that basal cell carcinomas conshiuled
more thin one third of their multiple cases Thev found that not less
than one third of the palienis who survived thewr first ewncer for a
years developed a new cancer As menhioned our enlena for multiple
eatteer are morc rigorous m thal multipl foer i a single or in paired
org s were regarded s one tumour Tien 3f Latent profashe ecancer
were not included m our series the frequeney of multiple tumours
ssould shilf e s gh as 8 8 per cent

The lugh frequency of malignaney 441 per cent among the autop
sied subjects 15 1 result of selection In an allempt lo asceriun the
extent of the selection the records of alf the 2224 subjects who had
dicd m 196> 1 Malmo were anivsed Oul of these 1432 (644 per
cent) were autopsied at the Pepartment of Patholo,s and 752 malign
ant tutnours were dingnosed m 640 subjects which 1s 45 0 per cent of
those autopsied Amon,, the 792 not aulopsied herc 397 werce aufopsied
At the Deparlment of Forcnsie Medine Amon, these (many of them

stbjects) 33 malinnt tumours were found As regards

were soung
" h cerhificates were 1ssuid

the remumn, subjects not autopsied denth
by general prichitioners m priale prictice By studving the acath cer
hificates and the files of the Department of Pithologn 1l was found
that 21 lumours had been diagnosed 1n these patwents An autopsy
would of course have rovealed a number of cancers not dingnosed
mnira pifam Smee lhe of tumours represent less than 10 per cent of
those 111 tutopsied subjeets 1t would be better to corrclate the 'mlu;ysc\
matenial to the total number of denths m the aret Swince such sludlls
are difficult and demand compheted statistical methods we mtend fo

ter publication
relurn to the problem mn 2 Jater p 0 o cent of all rancer cascs

15 seen from Table 1 that 1ppro¥
h'lil! 15 scccnnd tumour 10 per cenl of thost had a thurd lumou\; '::;«:
10 per cent of 1hose had a fourth tumour he are at lh‘e tr::‘r‘::: ot
1ble to explain this resulanty (which may be modent ) e
ihsolut, corrciion between the frequenyy of mulllrlple ca:“:s e
mean 2,0 at death (Table 2) As 2 rule (f we exchude lul::“I A
stinbing enly 2 few eases) low mean s8¢ at death \i f\sslm‘ D ner
low friguencs of muibiple tunours Ths explams the Ot;zehomw oy
of mulliple tumours 1n cascs of ghomn In cases Gf[ m:-‘slu'”"s e prob
frequency 15 very low despile the Tugh mean 8¢ at (g;nlmm.) e the
ably due to the unwillingness of Aingnosin, A mesothe

subyect has another tumo r which possibly cout . responsible for 1h¢
ul 1ch possibly ¢ id b ble for {h

arowth n the serous cavities The il hadness nd <mll wmie
~
assocrated wilh carcinomas of the pros ber of mcroscopietlls

m
shines respectivels depend on the larse n:}\ be? atienl s
diagnosed prosiaic tumours that m the ki Md o ecimom® o
with 2 diamdler of more fhap 2 em Were re-arde
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that many swonlt carcmands of the small intestine were de 1nosed an
A wtops)
c‘d!er:ﬁ’;-ltll‘x‘lc t& the ‘:d}ﬂ and tgpes of PrmItry eancers are piven M ihe
1ft column m ordr of decrensm,, frequiney When togtlions wd
tupes of the other tumour(s) are gaenin the same Wy 1 s seen thet
the disteibution of mulliple mihunant tymours amsons the vanious
orp s of the body 1 approxmateh the swme as that of soltars
tumours
4 question often disenssed o the hteratute 15 whether the risk of
development of a second tumour in a patient wih onc matgnaal
tumour 1s greater than the nsh of development of an unhal mabignant
tymour m a srien population Pelfer {1941) for nastnee Behtved thy
once a inmour had developed it would provent unmunotg.eatly the
development of further tumours The frequency found m some series
(Vuller 1030 Vi afson 1003) and also wn the present one lends o sup
port to such an assumphion Some authors (Werren & Gales 10932
Bugher 193¢ Warren & Ehrenreich 1941) helieve that the frequency of
second and third tumoeurs s gher than that ascribable o chance
Watsen 11953) followed up 16626 cancer patients for whom the
man veirs ceposure to the nisk of developing o second eancer was com
paied and the anthor compared this nish with the sk which Aevordun,,
1o U fioures for the normal U8 populatton s mnolied e was un
1ble to demonstrate ans euidenee of 1 conshitutional tendency (o dme
Yop 2 seeond tumour or of an ymmumty following, the first
Mulnize 119:9) who wcludes mallicenine cancer was not able {o
show th ot ehances of contracting a new tumour were ugher s patients
with 1 single eaneer than chanees of such development 1 the popult
ton W barge He found however Whe Pinhorn & Jacobsen {1964) that
mutliple fltnolrs Were MAre ComImoR among youny subjests than
wmon,, elderly anes Qur series does not <eem o support thss last find
W, Sinec multiple tumeutss 1 the same or i pavred OTLANS WeTe Y
cluded an our matonal bath $he exeeplion of three ¢ases) 3t has not
boen possible to study whether the sk of desetopment of = second
fumour m an orgn alrcady harbournin. a2 tumour 15 grevler than the
rish of duvdlopment of 10 smitial tumour 1 the same organ The exst
ince of surh o sk 15 however apparently well
1933 Veoerfel & Soule 1957 Qualhcm? 3 Galg 19:‘7 :‘Ii‘;‘;:‘e‘f‘z‘:egl (ll“;g;t)d
s nell known faet that patients with mutliple tumours sunvise

tonger than patunts with only one tumour {Wan
Warrer € Ehrenretch 1843 Fombard of of 1945 r\rI: e 1902

imro 1909) but
this seemy onh 1o srans that the patunts b
are 1pt
tumonr bicuse of their long surviial T to develop 3 new
N would be mtorcsting to hnow how ofte
T mutiple tu
wbcrrcbaled argn Theatulieally one mght rm'xnxgc Xh:oc‘:\:shqm o
mears are hormont dopendent and theredn apt {o aceur wm nssac":ﬂm
With one another YWeerte! 119643 was unable to demonstrate 'my‘ il‘::}“x
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nssociion 1t as howeser accepled by I'ried (19,8) and Wershetmer
el al (1961) who su.pes! they gt fie1y possibiy he relaled to an endo
erinologie fictor

Thys problem s xlremely difficuit to anfyse and we do not thini
that 1t 1s possible on Ihe bisis of oar tarpe senes lo give wy delimle
wmswers It s seen from Tible 3 thal 22 other tumours were found
wmong the 173 cases of ovarian mafisnaney. Mne of these 22 ce 11
per cont were eancer of The brest while breast cancer 15 responsible
for less than 20 per cent of all female cancer I we however [ook al
the 478 cases of breast cineer af 15 seen that onls 9 per eent of the other
tumours are found in the ovares which are responsible for 7 per crnt
of femde maliznanes This seems to indieate that subjecls with ovanian
cancer are apt lo develop Droast tumour but nol wiee versa The ex
pltion maght be thal e serum csirogen level s hih csun in cases
of non harmone producing ovarian tumours

It 1s umportant to remember s pomted out by Clemmesen (1965)
that malignant diseases with a9 hih cure rife when oceurring earls m
hfe will offcr 1 possinlits for the desclopment of 1 second eancer
wreater than that of ofher cnncers To this comes the samation in nisk
with 24e for cancers 1t different siles

SUMMARY

In an wmvestiplion of the frequency of multiple lumours 1 2 dchnc(}
popalation (Malmo 250 000 sphabilanls) where appros 60 per cent of
Al subjeets are autopsied at death the following Nindings w e:e obtained

1 Qut of 11098 palunts examned post mortemn 43895 (411 par
cent) had or had had 5523 maliynanl tumowrs found

2 AMultiple tumours s\n- or mettchronots at anlopsy were found
n 572 subjects (117 per eent)

3 The types and localions of mulhiple mahonint lumours were
roughly the same as those of solitary tumours

4-‘ The frequences of muliiple tumours was wilh ceriun excephons

wssoctited to mean age at death

e ¢ with durafion of

5 The frequency of mulliple tnmours uerease
sursvival after lrendment
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THL TWO TYPLS Or
A CILLS IN THU ISLETS OI' LANGERHANS O NORMAL
AND SYNTHALIN TRCATED GUINEA PIGS

By
oLt GUNNARSSON Bircer ProLassov and

CLAFS HIrLLTRSTROM
Recenved 2xn €8

The morphological ind functional charaeterizibion of the various cetl
types of the aslels of T ngcrh s s been 1 maller of growing nterest
during recent vears Tt his lieen shown that th 1slts of most species
studied up o now contun m ddition fo the msubn producing B ceils
also A, cells displiymg n argvrephil reaction with a modified Dwen

port techmque nd A cells which lack this property (Hellerstrom &
Hellman 1960 Hellman & Hellerstrom 1969) Some authors claim that
the A, cddl and the slet D cell of Bloom (1931) wnd Thomas {1937)
are wdenlieal (pple 1964 Solaa & Samprelro 1965 Fugtla 1964 1968

Tulbach 1968), whereas others do not aceept this view without reserva

tion (Hellerstrom & 4splund 1966 Bjorl man ¢t al 1966 Ostbery et al

1966) 1his controversv scems now fo depund m-unly on the observation
1hat 1n the islets of foctuses and certmn lower vertehres the clssieal
granule stuns fal lo diffcrenlinte betsseun the eranular D cells and the
agrnular slet eells (Bjorhman ef al 1966 cistberg el al 1966 Epple

1968)

While 1t scems well established Ihat glucngon s claborated by the
A cells (Unger et al 1967) the hiologieal sigmificance of the A, cells
1s still an eniyma It 1s not cven known with certamiy  hether the
latter eell type should be regarded 18 funchionath mdepcndent or 10
deed f 1t extubils any sceretory aelvity W all Tudence agmnst Lhe
view that the A, cell 1s 2 particular functionl stage of another 1slel
cell type has been dernsed from 1ls specific Tistolotenl and lustochem
se 1l staimin., charactemsties and its renctions Lo varus upmmcn;'\l
procedurcs (¢f Hellerstrom et al 1064 Hellman & Hellurstrom 1969)
On the other hind mied forms of 4, colls nd A cells have l}oLI';x ,:”
ported 1n some studies (Bjor! man et al 1066 Dyorf man Hellm
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1964 Erbengt 1964) The present mvesti,ttion was carned ont fo af
unte further the specific properties of the tno hypes of A colis by
fysing these eclls after administraton of an A eyloloxee tuont Syniha
tin A lo punet pss

AATY RIAY AND METHODS

Sitagether 75 mafe yunea plgs weighing 200700 g wire used The anfmals hed
free access to water and = diet consistipy of hay roct segetables and pellety Sin
thabn, A dibydrochloride L.Light & (o ftd la
hrook Lagland) was diss Iied e stenle Isotonic saline to a eoncentration of 1 gl
et and inyected subcutaneoushy The solulion was ghven either a¢ 2 single mfec
Lign (3 25 mgskg hw ) or #s one dath ngection (2 mg/ke bw ) for three sub
sequent days (Fable 1) The amamals were Killed by a blow { the head and ex
sangunsted 4477 hours after the first snjection € anirel animale serd trestel
samifacls except thel imjecttms conswsted of stenle isolonuc saline cnly

At vauene faterals during the evpenimental persod hlood samples were hr
tawned from the ears aud ot the tme of killing feom the severcd neck vessels The
tlood glugnse concentration was detcrmined with the gluense avidase methol a3
descrhied by Mpelm & & Verd er (1963} After death the pancreas was raplidly te
moved and small preccs of tissue were esther frozen at —70 € o isopentane or
fixel at room temperature tm Zenker form 1 solulion {La araa & Volf 197%) The
ficed tissue speesmens were debydrated and embedded in psrafhin or Fpon 812
(Zuft 1961} Cryastat microtome sections 10 g thick were obtained fr m the frozen
blocks and immediately studied in dark field tllumination Sections 4 ar 7 p thiet
were cot from the parallin embedded matenal aud either ibver Impregnated (Hel
1 rstréim & Mellman 1860 or grannle stained with chrome haematoxsha {fencosme
195%) or aldehyde fuchnim in both these Tatter cases the counter stafn was pon
ceau fuchsin In addition same sections were wlained with phesphotvegstic and
fiacmatovyhin (PEAH Laffiz 1965) The Fron-embedded tissue was eut into sections
051 & thick which were silver smyregnated or stamed with aldehyde fuchass
ponceau fuchsitr after remoral of the plastic with an alcohobe \aOH salution
(fan & Europa 196%) Classfication of the tno tapes of A cells way accamplished
by photi graphy of silver impregnated tslels followed by remaval of the sitver gud
re statning with one of the granule statns (Hellerstram & Helman 1870}

TABLE %
Dosnge of Synthalin A and Surchial Rate in the Different €,
of Frpertmental Ammols 4 fours
Symihatin &
\\m;) o ;m e £ I\ur:!bcr Number 7: anjmals
W at car survhing after
animals seetiony fagections Idays
}’i ':;g 3 140100 ¢y
T 4 1 130 53¢
1 $(41e7)

The ¢ atent bf refrachile sflver white
et gra it v i Frla Baminggios o the A ccxit
t e seetmay the m roscor st hetng confranted with cungrrsn oiAt irs
8 codure w23 applie} in pancreatic material £r m 7 control amrs oo 708 The
W h had roseied duty dnjiclions of Sunthalin 4 (2 mg/hg oy deic g
ecutive tave AL of these snimala hak boen kilied 2 Hoyts s pis (00 § con
Quantitative histol sicat anatysis se5s performed in et tnjection
DI an ateal The treated antmals had
sccondiog to Table 1 and were. cherted among e s’ J1 differ




Fys 4

T 4 Dotart of a vacuctated 4 cell #n a thin chreme hacmatyxshin poncean fuch
s stained section from Iy n emhedded pancrealic matenal Some (aerdo
phl) rranules mas be distmpuished 1n the rcmaining cytoplasm (arrows)
¥ 2000

fg o Mitetie figure in an nlet cell which may repre ent a vacuolated & cell N
tistinet (serdaplnl) cvtoplasmie granules could te identified Tehnigue as
m Fin 4 X 2000

Synthalin myceted anmmals contaned obniousls enlarged nueler with
deereased densits of the chromatm nel Pyenohe nuda were setdom
seen 1 the tnjurcd eells In addition mitolic ficures were recorded 1n a
few 1slet cells which however could not he dlassified according lo type
{Fi, &)
TABLI °
4, Cells

Fffects cf Sunthalin 4 Treatment on the Percentage Contribulion f 4,
to the Total Islet $olume and on the Mean “uclear St e of the Different Tslet Cell
Types Means = SEN

Nuclear size

Antmal A cells {Arbitrary umits)
group % A, cells A eeh B celly
;
Controls (9) 104200 110+ 00s 100 £ 0603 117200
Svnthalin A
treated (8) 88 0€ 109 £ 000 165 £ 010 11400

The quantiiatinge hstologienl methods were apphed to lhoﬂ; S)nlI;:
Im treated animafs in wiuch there were A culls dmph)zln,‘ ccce;:(:nﬂm
phiological chanoes As can be scen 1 Table 2 the pcrcﬁn '11:1 contnbe
pon of A, cells 1o the sslel volume in the treated ammals du
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T 3 ! crean s
NUCLEAR Sz ARRTRaRy (NTS)
ARSTRARY UNITS)
a b
Fig 6

) Size frequency disteslution of the muclear sects
«cell types in normal guinea 1igs B) A correspouding plet from Buten §sgs trealed
with Synthalin & Tt is evidont thal in these 2mimals the peal of the A —colf cume

s displaced ¢o the 1ght znd that the cure 1x censiderably brosdened

on arexs from the vavions sshot

from that 1n the controt mumals (E= 182 P>005) Likenise there
%18 no difference between the two Areups 1n the nucle vy gz of the
Beelle (7 == 128 P>604) By con
s was sl.,m[ncantl;' merensed in the
Svathidin ingected immals (F=371 P<ogl) W hen the nucle) of the
varous istet cell types were ehssified ecording,
curies on the whole showed symme
the Snthihin trented smimals the peak of the
placed towards gher vaues and the

base of the cume was consider
bl broadened

DISCYSSION
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!
A e o ol e e ot
senl differcnt stiges oy w‘;nn\,or(\"fc\l(r:glc:gx:\tlu ‘\hclsc ?if; ol e
ported for exunple that islel B eells wil el o en e
i secrtnom are el cells wath a relvlivels Tow rale of msu
ra o et Lfl ;noro suscephible 1o the tovie aclion of alloxan

Lol o pt rlp.l ‘unchun U owelnits (Fa arus & Yoll 1962)
wiot A cells "‘; ztajm g the mode of action of Svnlhahn A on the
Irinie o o 1 :r y(cn] suagesied thil admmistralion of the drug
i o u;]nmcl\sr;( functionl demand on these cells some of
vaenoks (Crent.f 1(11‘1;)( "h eswdeneed by the presence of evlophismie
e e hcu- « 00} A more dircet evloloxie effeet of Svnthiim

n proposcd and e hypoglciemic effect of the drug

ws then assunied to rcflect 1 deficienes of pltcigon (Holl ef al 195)
In the prescnt studs the A cells displayed both desranylation wd W\
mereased mean nuclear size whereas pienobic cell nucler were rare
even n severely v wuolated eclls These ohsersalions scem lo corro
barate the view proposed by Hultquest (1909) and Crent feldt (1960)
that the A cells respond lo Svnihilin A with mncreastd functional ac
Lty and somelimes esh sustion rather than cvtolovie degeneration

In addition to Synthahin A nd <ome ofher gnumdine dernatives
(€ reafzfeldt & Moenth 1908) cortain salls of heavy metals parbicularly
colnltous chloride have been found to be mnjuriwus to some A type eclls
of guner mg 1slds (van Campenhont & Corpelts 1901) “The jrsions
brought about by these a,ents apprar morphotogically tery sy to
thase ohserved ifter ndmmistr ton of Svaththa A Nioriover the effect
of cobltous eliloride 1lso stems 1o he confined to the glucagon produe
g 4 cells (Pelersson el al 1962) Tius 1s further supporled by the
recent obseryalion of a marked merease of the plasma glueaton actity
affer admimistration of this epmpound lo rats (facknrer ¢f al 1964}
YWhether there 15 2 common mechmsm for the effect of quamdine
dernafises and certun metal siits on the A cells rematns @ matler of
speculilion 11 15 worlhs of note thil m the wunet Py cobaltpus chio
ride does not scem Lo deerease the blood sugnr fesel (Crent feldt &
Sehuud! 1924) whereas Syath thn A brinas hout a ehiretenstie hypo
glycnemie stite

SUMMARY

Li.ht microscomeal wnilvats ot The two types of pancrentic A calls
were performed aftcr subculancous \dmimwiration of Syalhhn Ato
~winea pigs In about 50 per cemt of the treed aminials 1 moderate
number of wslet cells showed 1 conspitious ¢xloplismic s acunhzatton
By analvsing pnereatic sections which had first leen sHver impreg
nated nd later after remosal of the silver e st uned with one of the
granule statns 1t was found that the nffeetcd eclis should be classified
as A edls no morphological changes m the 4, or Bedls were re
corded In 1ddition the 4 cells showed 2 inereased mean nuclear siz¢
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results further
and a marbed degranubibion AHCE e . t}\\;rl:t(\ acally separate
support the view thal the A, and A <ells are p !
cell types
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FINE STRUCTURE OF ARTERIOSCLEROSIS
INDUCED IN RABBIT AORTA
By EPINEPHRINE AND THYROXINE
By
TAKAST B OBAYAST
Recened 5 i1 68

Intyavenous wngection of epmcphrine 1n the rabht produces arterioscle
rofic lessions which are considerably aggravated by simullancous ad
munistration of L thyvroune An increase n the mucopolysacchanide
content and in the uptake of 3§ with unchanged hydroxyproline content
was found 1n such conditions bv Lorer.en {1959 1961) The techmque
of electron mucroscopy of mucopolysaccharide molecules 1s msufficr
enth developed The present eleciron micr pical study was i)
to reveal epmephrime mduced lesions m the rabbit aorta The expen
mental procedure was sumilar to that used by Foren.en (1959 1961)

MATERIAL AMND METHODS
one week three white male rabbits (body wei ht approuimately 2 kg) had
of h

uring the first five days the dose was
increased graduslly from 00%5mg’kg to 0000mu/kg L-thyroxine

005me/l g
dally was injected subeutaneously in an aqueous suspension through the same
persod (Loren en 1961) After one week the rahbits were killed by intravenous i1n
Jecion of 200 mmg of Nembutal® The thoracre aorta was remosved. The intimal sur
face exhibite] three kinds of gross changes 1e grossly normal nodular and paper
like areas Specimens were removed from fhese areas and fixed in ap 1cecold 1 per
eent osm acnd solutton of veronal acetate bulfer pH 72 After dehydration fn
graded alcohols specimens were stalned wath a 1 per cent phosphotungstic acd
solution i absolute alcohol and embedded m prepolymenzed methacrlate Ultrs
thin sections (ahout 500 A) were cut by an LhB uliramcrotome and observed by
@ Phihps 100 B electron microscope at 60kt For histological study 3y thick see
ti0ns were et of the same specimens by the same ultrami rotome After removal
of the methacrylate by acetone the thich sections were staimed by haematoxyli
eosin resorcin fuchsin toluidime blue and calelum red (McGee Russell 1955) ¥

Thraugh
dally mt

RESULTS

Gross findings The mner surface of the thornee orla of all animals
edubited nodules and plaques The nodules were of about five mill
Ths study was supported bv the Danish State Res ar

The author wishes to thank Professor F Bierrin
diseu sions

k Foundntion
g Odenss Unbersity for valuable

13 acrapamu 76 7
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Figs 12 3 anlt
Specimens from a paper Ifke arer Arrows odicate the horderfines between the
plaques (right) and the grosshv normal arcas (lefty 1 Toludine blne staining
2 Acid orcein staining & Haematovylin eosin stanmg 4 Calcum red statming
Fig 1 shows unstaned elastic lamellae The medium darl arcas between the elastic
lamellae are the h stamed 11 spaces In Fig 2 the elastic
lamellae of the discased area show no wavy eppearince Fig 3 shows very few
nuclei 1n the media of the discased area and numerous spindle shaped nuclei out
side the lesion Tig 4 Caleifted arcas are staiped by calaum red

metres m diameler osal cloudy shghtly elesated and well demar
cated agunst the surrounding smooth sur{ces The plmjues were irre
gularly ovat with 1 lon, 1xas of one or two centunetres not clevated
and with a paper ke wrinkled surface

Histologteal findings After lohudine blue slamin., all smooth muscle
cells of the grossls normal areas of the nortic w Wl appeared blue
stamed The spaces belween thes¢ smooth muselc cefls wmd the elastic
lamelle were stuned metachromaticalls (Fig 1) Do changes were
found in the endothelial cells nor mn the ehstic Jamellie In nodulie
areas with 1 smooth surface and areis with 1 paper lthe wrmhled sur
fice the smooth musele cells appeared hife those of the srossly norml
ares However the elastic lnmellac were arran.ed strught and I"“’;"
lel nd each of them 1esealed thmmn s and fragmentations (g 2}

The endothelial cells were flnt and showed desquamabion i certn
areas These changes were more severce 1n the paper like » rihled areas
than 1n the nodular arens Vers few nucles were found in curtatn leﬂo;ls
wilueh were surrounded by numerous spindle <haped nucler (Fig 3 In



Fig 5

A grossly normal area of aortic wall Two smooth muscle cells in the centre of the
photograph are oval and contmn nucleus (N) mitochondria (M) and vacuoles (%)
Arrows indicate the connections of these cells to elastic fibres In the nght sile of
the photograph a smocth muscle cell shows an eyceptionally dense cytoplasm Dense
thread Lihe material is seen on the surfaces of the elastic lamellae (EL) In the
space between the lamella and the smooth musele cells a dense granular material

{G) and collagen Like fibrls (C) cap be seen ¥ 8.400

the paper like area cilerum deposus were demonstrated 1n the medin
by erleum red staming (Fig 1)

Electron nucroscopreal findtngs In the grossly normnl areas some
smooall muscle eells of the snner and mddle layers of the medua were
oval with vacuoles (Fi, 5) or (3shic cyloplismie protrusions cont uning
fine pranular or thread Wil ¢ matenal (Fig 6) Others showed a dense
ovtoplism consisting of myofilaments vacuoles and mutochondma An
At ichmnt of smooth musele cells to elastic lamellag, was seen mn a few
arexs The elashic lnmell te showed no mtcrnal changes hut the sar
faces of the lamellne and therr branches showed de
maternat or thread like figures (Fig 7) The spaces between the smooth
muscle ¢ells and the elastic lamellac were filled withy dense fime granu
tar materinl dense elastic flaments and collagen Il o fibres the latler
13

nse fine granular



A grossly normal area of aortic wall Note large cvstic protrusions of the sarco
plasm of a smooth musele ccll (CP) Arrow ndicates the connection hetween these
protrusions and degenerated elastic fibres The elastic lamella (EL) and the elastlc
branch (E) show dense fine granular matenal on their surfaces (G) This material
15 also seen an the spaces hetween the clastic fibres and the cystic protrasions of the
smooth muscle cells There are collagen Like fibral (C} in the same space
XK 14 81

showing no iransserse banding (Fi., 7) The outer parts of the medit
showed changes similar to those of the mner and mddle layers The
endothehal cells contuned nucler mtochondria and v cucles and
showed clenr ntercellular conneclions However the elashic fibres an
choring the endothelial cells appeared grannlar like the fibres belween

the lamellae (Thg 8)
In the nodular and paper hie weas the cndothelint cells were fiat

or ovnl contaimng a nucleus while other cell orpnelies were ndistin
gwshible (Fig 9) The conncehions between two neighbouring endo
thehal cells were distinct and the anchoring elastic fibres were grani
lar similar o those of the apparcntly normal ared (Fig 9) The
smooth musclc cells below the endothetind cells contamed dense granu
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& grossly normal area of sortic wall Belween the elastic lamellae (EL) a smooth
muscle cell fng vacuoles and fil is shown It has
direct connections to dense elasts fibres (arrows) Dense fine granular material s
fowad o the surface of the elastic lamellae (framed asrows) In the spaces between
the elastie lamellae and (he smoath muscle cell note pumerous collagen fibres (C)

aense elastic fibres {DE) and dense grauvular material (G) >

350

lar matenial hut myofuaments or ather ecll organelles could notl be
identificd Between the clastic Jamellae of the media the smooth
muscle cells showed compact masses of myoflaments The clastic
lamellae were strught and parallel (F1, 9) The spaces between the
elastic lamellac and smooth muscle cells were filled with collagen like
fibrils and degenerated elastic fihnls The onter area of the medin con
tuned spndle shaped fibroblasts (Fi, 10} In the paper ke area cal
cum preaaptates were found as extremely dense granular masses
amnd needle hhe crvstals on the surfaces of the elastie fibres (Fig 11)

DISCUSSION

The mun alterations in rabbat artenosclerosts induced by epinephnne
nlus thyroune accurred 1 the saooth muscle eclls and the elashic fih



An endothelial cell of a grossly normal aren Note mucleus (N) mutachondria (MI)

and small vacuoles (1) The anchorings under the cell sppear destrojed and dense

elastic fibres (DE) are seen Note connections to the adjacent endothehial cells
(arrows) X 1. 600

res of the aorta very much hhe the lesions scen 1n arleriosclerosis of
man (Geer et al 1961 Kawase 1963 Daoud et al 1961 Haust ef al
1967) and domestic wumals (hawase 1963 Shll 1964 Dahime 1965
Geer 1085 Parker et al 1966 hmeriem 1967) In the present siudv
there were no foam cells with fat droplets Iihe those seen m human
atherosclerosis but the smooth muscle cells revealed structural changes
such as cystic protrusions of the sarcoplasm sacuole formalion and
1o0n of the mvof

As to the granular or thread W e materitl of the exlricellular spaces
Hanst ef al (1965) usmng maternal from human “lherosclerosis and
clectron microscopic 1mmunohistochermeal technique demonstrited
the presence of fibrin Hanst ef al {1967) believed that the hipud com
poncnts of human atherosclerosis coexisted with digenerated elastie
fibres remnants of fibrin or detached basement memhrane of smonth
rauscle cells In the present study A munor part of the dense thread hhe




Fig 8

Paper ke aortic area The endathelial cells (E) are flat showing no clear cell
les or There are the 1

cells (arraws) The smooth musele cells (M) reveal demse masses of myofilaments
and a complete loss of connections with elastic larsellae The elastic lamellae (EL)
ave straight Dense elastic fibres (DE} and collagen like fibres (C) are located i
the extracellular compartments X 8500

malerial along the elashic hibres and 1n the area of degenerated smooth
muscle cclls may represent degenerated elastic material and myafila
ments However most of the granular and dense thread ke matenal
could nol be identified as such structures nor as remnants of fibrin
or all nuxed together The numerous collagen like fibrils 1n the extra
cellular spaces showing no dhistinct transverse bands were parallelled
hv inerensed tolal contents of hvdroxy proline in the briochemieal studies
of Loren en (1929 1961)

Degeneration of elashic fibres may give nise 1o disanchoring of the
endothelinl cells and smooth muscle cells (Bierring et al 1963) It may
cause desquamation of the cndothelial cell layer and together with
changes of smooth musele cells loss of waviness of elastic Iamellae The
wreas where the dense Miread like 1nd granular matenial were found



Outer part of the media 1 2 paper hke area Cells contanng endoplasmic reti
cutum (R) probablv fibrcblasts are scen between the elastic lamellae (KLY In
the extracellular pace there are collagen hike fibrin (€) X 77 600

were the same as those staiming metachromatically Howover the dense
material could not be identified with certamnty as the acid mucopoly
sccharides demonstrated carhier by hislochemieal and brochenneal

methods
The snme tvpe of calcificahion demonstrated on the surfaces of the

elastic fibres has previously been found after threc weeks moepine

phrine influenced rabbit aorta by Yu ef al (1960}
In atherosclerosis of man and domeshc arumals the pathogenetic

role of the cndothelinl cells his been discussed by Dafune {1960} Gecr
et al (1961) Geer (1965) and Stil et al (1964) In the present study
on arterioselerosis the endothelial cell changes seemed to he less sipat

ficant than those n atherosclrosis



Fig 11
Calerficatron of elastic lamellae (EL) Fxtremely dense granular precipitates (GR)
snd needle lhe ervstals (CR) are seen This area showed tntense red hustochemical
stamability with caleum red X 35800

SUMMARY

Txperimental arteriosclerosis mduced in the rabbit by epinephrine plus
thyrowune was studied by electron microscopy and ordinary light micro
scopv The mamfest changes were degenceration of elastic fibres cystic
protrusions {rom and vacuoles 1n the sarcoplasm and condensation of
myofilaments of the smooth musecle celts Caleification of the clashic
fibres and degeneration of the endothelil cells were also found
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THE. PULMONARY VASCULAR
PATTERN IN IDIOPATHIC RESPIRATORY
DISTRESS
A Micro Angrographic Study

By
Biory I [vErark and GORAN WALLGREM
Tecened 13 %68
The Idiwpatiue Respiratory Distress Syndrome (IRDS) 1s associated

with the formation of air space hming membranes made up of blood

protem (5) This circumstance together with the recent observilion
that pul )3 1S a

mn the ehnieal eohity (1 2)
has inspired a steadily mereasing interest 1n the structuril appearance
of the microcirculation of the lungs in JRDS

Micro angiographic studies of the pulmopary crculation n the
perinatal period illusirate the pulmonary vasenlar bed down to the
capillary level {18) and 15 a switable tool for this purpose i IADS
studies (3 12) 1t has been suggested {9} that the precapilary and
captlary filling 15 reduced w pulmonary mreroradiograms from [RDS
infants

The post mortem lung of infants dymng from IRDS 1s almost m
vanahiy collapsed dve to termipal resuscitalion efforts with oxygen In
view of the fact that structural changes are known to occur m the
vascular trec when the lung expands {17} and the vascular resictance
1s known to dimiush when the collapsed lung 1s aerated (4) 1t would
seem destrable to mveshgate lungs from nfants with 1RDS with a
technigue that permits the snjection of an isotome contrast medim
mio the pulmonary arculation when the organ has heen adequately
aeraled or preferabily 15 rhvtmueally ventilated during the wnjection
This would serve the double purpose of making the ROS fung more
“normalized with respeet fo the architecture of the vessel as well as
promote the filling of the smaller vessels

The present investigation was undertaken i order to evaluate poss
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MATERIAL

Autopsv specimens from 19 perinatal cases were wsed for the evperiments Five

alrs of lungs were obtained from non macerated 3tiltborn nfants (Inrth wesght
1910-4 060 grams) ez pales of langs from newborn infants who died from extra
pulmonzry rauses and who had no evidence of cardiasascular malformabions (birth
weight 1140-3 150 grams  sumvival time 10 minutes~4 days) ergh! pairs of lungs
were dersved from infants with respiratony distress §n all of whom hvaling mem
branes were histolagieal demaustrable (hirth wewht 1150 89 grams  survival
time 1048 hours) In al) groups about half of the specimens had heen kept deep
frozen at —%0  during preparation for this study The specimens were thawed 8¢
room tempcratire At autopsy great care was tahem not fo cut into the lung par
enchyma and the specimens used for the study were all intact In the last tno
groups the matenial way obtsined less than 20 hours after death

RFSULTS

dicero Angrography

When mnero nngiograms were studied without knowledge of the
chneal data 1l was not possible to delineate speeific vascular patterns
for any one of the groups The only constant finding within all groups
wae that the filling inereased with matunts as reflected 1 the birth
wesghts

All speeimens were found fo he techmcally adequate The puimon iy
wrtery and 1ls branches including the arteroles were nsually filled In
sonie reglons 1n all specimens there was also eapilfary filling In none
of the specimens njected from the artersal side v as there any filling
of the pulmonary or bronchual vems Aeration of the lung caused 2
structural change of the vaseular tree owing to the mnlermixing of wmr
filled spaces but respiratory movements during contrast mjechion did
not seem to enhance ¢apsllary filling nor was the presenee of arterio
venous shunts revealed

’Iln \sxc“ uof findings by other workers i tms field (9) a dufferent
patlern was eapected n the various groups of cases Spearfically \;e
expeeted to find ¢ poor oullme of the pulmonars yasculature o \l\n
case of respiratory thstress In fact 1lns was not the ease in the early

phases of the experiment occasionl mstances of poor t;ll!m., :f“l)h“c
re found 1 lungs from case. of sespir
pulmonary arterioles we G e O

distress but later simlar inslances were tneoun

e —————————————

Pigs 2-3
sraims (PA ingection) from tWo q;c—
t 2700 g gestational age 36 weel 8
r1es s Jeft Jower Jobe
death at 2§ hours

Fig 2 Hyoline membrane disease Micro 2mio
cumnens unthout enttlation A Birth wewh 0 gos
death at 24 hours Poor Ullin of arturolts and cap )
X 19 B Dirth weicht 7170 & gestatinnal age 34 “te" e
Good filling of arterioles and capillanes of nnl;)z\h:\m“m L o wpe

Fig 3 Hyafine membrane disease Micro angograms { n.
cimens after pentilatron 30 mioutes nu‘,l t N
case as Hlustrated 1n Fag 24 Lelf§ 1;5?‘:(:1:“\\;3:““ i

earance as the nom fentaa

:?l'l‘n‘rfgnp; 12 B Same case as llustrated m Fi 2B Modera

lower lobe ventilation X 17

2 4} with poor
1o tiltimg of felt









Fig 6

Aficro angrographyt after ihjection tnto only pulmonarg v tna & Newborn Inrth
neight 29731‘)1 g Ktsu!h(m\ age 37 weeks death at 4 days Alresia of asrtic arch
Normal pattern ¥ 12 B Hyaline membrane disease Birth weight 1699 g gestatio
nal age 31 weeks death at 5 davs Normal pattern including peribronchial venous
- Mexa X 12

7

Fugs A

Fig § Stetlborn wnfants Micro asylograms P\ mnjection aller ventilation {4) and

Fu

without preceding ventilatiin (B) A Noo mareraled twin A Iorth weight
2200 ¢ daonor in placent 1 transfusion yndrome < aod filling of arterioles
and capillames after negalive presture breatling X 17 B Non macerated
tHih o Lir* eiyht 4060 & tentorial tear Poor filling of capillares and
artcn fes Inyected without preceding ventilaticn X 12
Newborn infonts with ut pulmonary teare Macro anmograms {PA ingec
tiom) after ventil ton (A) and wulcut veatilstion (8) & Byrth weight
3100 ¢ ge tatf nal age 3% weeks age at death ?4 hoyrs

Traumatic bilateral
trenal haen rrhage Right upper lobe was ventilated betore mero angio
wrophy P ¢ filling ¢ f arterioles anlcapllarkc X 12 B
Sn

Same case a3 {n A
alated nght Toser ol e shows sood Wby ¥ 12 *

LTINS
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bucth and newborns without ¢y idence of by \line membrane disease The
vasculir pattern m the three groups 1s lustrated n Yigy 2-6

Wath the fechmque used no nwienso senens anastomoses were found
The s une number and type of wnastomoses belween the bronchiat and
pulmonary arlenies 1s desenibed by Robertson (18) were epcountered
m all three groups In 4 fes cases in cach group pulmonary enous
inyechion was performed The \enous miero an.lograms produced dud
not show anv diffcrence hetween the groups (Fig 6)

Histology

The microscome sections from the micro angiographed blochs con
firmed that no ruptures hid oceurred durmg mjection 1n four cases
there was mtershitial emphysema In serial sechions 1o arterso venous
communtcations could be demonstrited All specimens from cases of
eliical respiratory distress showed the presence of hyaline membranes
In no mstanee was there any inflammatory reacion The Iymphatics
of the tungs were studied systemalienlly 1 all seclions m view of the
interest an the lymph flow of the lung i respiralory distress which
recently has emerged {11 16 25) The pernvencus [ymphatics were
marked(s widened in 11l lungs with hyaline membranes This was also
the case i the lobes of such lun,s a5 had not been senfrlated post
mortem The lungs from newborn mfanls without pwlmonary disease
had neghgible dilatation of the pulmonary lymphabics In one of thesc
cases there was a differcnce between ventilated and non sentilated
parenchvma masmuch as the non neraled lobes showed moderate
Iymphatic dilatation while the aerated lobes did not show such dﬂ:x\f\r
tion a fact that might mean tha! ventilation may assist 1n dram'\gzle o
pulmonary lymph The sertes of lunys from stiltberns s\\m\et;n; h\laﬂ
tation of Iymphaties regardless of whether or not the lobts had bee

sentifated post mortem

COMMENT

The hustological exanunation of the lungs following mlcmlmgl:cg:i‘:'(lg
confirmed Ui the respiratory distress group cantawed anly tilz: e
non mflammatory hyalme membrane disease without '\Spll’es oot
lise newborns without IRDS showed no puimonary chan et
final mterstiial haemorrhnge and the stillborns mdsn:“ﬂlylrl;‘\ e
pulmonary changes such as asprration ele The four ca ne( )
mentally 1pduced emphysema bclor:gignlg the gronp
cases) and newborn nfants withoul from
A“)hongh the series 1s small the vaseular pattern Tz?tt;elh’::) ,lcl:-ng:oplc'\l
the three groups scem worthy of a comparlsor‘; B etare m
sections had the well hnown characterishies of ptii rm;(;ph":m‘s e RDS:
respiratory distress The ditatation of pulmo;:;r) n}d B peryms el ul
Iungs sn man as described bv Wade Evans (25) ¢
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{10 11) and 1n lambs a3 desersbed by Normand et al (16) was con
firmed This lymph angieetasis was promnent i all such lunys and 1t
was mmumal or absent 1 the two other groups with one exeeplion
Thns was the lung from a hive born wathout IRDS which had moderate
dilatation of lymphatics 1 2 lobe that had not been ventilated duniny
the experiment but whih had normal lymphaties of the acraled lobes
The possibilily of artifact seems to be remote sinee 1) Rheomacrodex
was used m the contrast medum mstead of waler and b) the rem=n
mg 9 specimens without hyaline membranes did not show Iymphan
mecta 18 It scems possible that deereased ventlation mterferes with
the drainage of lymph as su,gested by Schule (20) 1n a discussion of
the clectton mucroscopie findings of lymphangiectasis 1 tungs after
extracorporeal airculabion That a sumilar explanation should pertan
to the constant finding of lymphangiectasis m the IRDS tunys seem
tess Wikely 'The cause of the—apparently experimentally nversible—
fymphangiectasis in the [RDS lungs still remawns fo be vxplaned

Takewise the artersal pattern in lungs with hyaline membrane dis
ease has been interpreted differently by several v orbers Some con
sider a premature dilatabion of the pulmonary vessels lthe cause of
respiratory distress (24) others consider the pulmonary arterial medin
to have normal thickness 1 e neither dilated nor constneled (8) and
still others describe marked constriction (15 22) and in lambs even
arfenihis of the small arterioles (22)

However ihe vascutar pattern as revealed by our micro anglography
<tudies showed no appreciable difference between the groups At an
mmtual stage of our experunents ymmature TRDY lungs showed areas
with poor arteriolar and capillary fillmg This observation was con
seed to Oy Lauwergns (11) However as our study progressed i
became evident that areas of stich incomplete filling oceurred 1n lungs
from all groups particularly 1n immature lungs In essenee then our
conclusion is that there 15 no anatomical difference 1n the post mortem
pulmonary vascular pattern ;n IRDS as compared with normal lungs
ol comparable gestational ages This statement includes arterial ana
stomoses which were of the same number and appearance as 1n normal
I‘ulrgs deseribed by Wagenvoort & i agenvoort (26) and Robertson

Whether the differences 1n techmque used 1 Lau
expeniments can explain the discrepancy mn the re:ull':)serlgn(;lfggdlfll“
evaluate Lamweryns used a thick water suspensmion of barin luh .
(40 g/60 ml) compared to ours (75 per cent barium sul rlr: sl“)p e
ber cent Rheomacrodex Our medum had a pH of 48 o 310 hat
should fasour “1asoconstriction  rather than diiatation '1“!}1‘a s
flow that we used 1s perhaps comparable to his continuon ef{lulsahle
min inerements but might explam our hetler Nlling An nddst MR
essential difference i experimental moddl 15 that our cmllllruc\x;:)::d
n
"
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sisted of human lungs 1dentically prepared whide Lauweryns used
lungs of tambs

Our mamn findings of watomcally normal artenal pulmonars vasen
I1r pattern 1n IRDS of course refieels the conditions post mortem Ji
I11s no bearing on the previous euislence of an 1 pwo vasoconstriction
s the bachground of n hyvpoperfuston 1n IRDS (1,2 11) Smnce Ihe
pulmonary circulabion 1s under nervous and humoral eontrol {3) and
true pulmonary sschaenmua 1 IRDS 1n all probability 1s mamly second
ary to functional constriclion 1t would seem natural Lhat post mortem
mjection studies would fail to reveal the structural background of an
underperfusion To study such 1 mechanism n viwo experiments seem
desirable  Recent alfempts at muero angiography on hymg normal
piglets have been successful (7)

The controversy concerning the structural bachground of the Inrge
right to left shunt known to be presenl i IRDS (19 23 27) shoyld by
seitled for the time ben,, The absence of arterio senous or large wiery
arters anastomoses 1n the human hung i IRDS as shown by miero
nglography s nofeworthy and the onfy explmation at present of 9
R L shunt in the lung 15 1 passase of hlood through non or poorly
vintdated parenchyma The observations of arterio yenous communt
cations m the fungs by Gromowshe (6) rumam to he confirmed Sobin
et al (21) using a sil last miere It asting method
did not find such anastomoses

It has been dcmonstrated here that there 1s no m cro mglosraphical
evidence of differences m pulmonarv vascultlure after puimonary
arlery or pulmonars vemn 1njection of lungs fiom wfants wilk IRDS
newborn infants without pufmonary lestons or stiliborn mfants This
method of study s 4 valuable tool in many vascular contests but for
the sit1l question of the pathogenesis of IRDS funchional and Iy:u
chemical rather than morphologieal approaches to studies of the
pulmen iry v asculalure and alveol now appear to be more promising

SUMMARY

Nineteen paurs of lungs from permatal Tuiopsy eases werc u::?{:lmf:l;ro?
standardized mero angographic ¢xanunation A contrast mvm o
7 5 per cent barinum <ulphate m b per cent Rhcomacrodex “u]l:m; el
with pulsatile flow for 30 minutes while the fungs “lerc ‘Z?l e
negatny e pressure 1 1 chamber Aftur tormnla fuxal Ion’ o o
micro angographed and serinilv sectioned for xmcroscoy;“cm O ram
Fhe case series consisted of 5 pairs of lungs from st dr‘g Pk
newborns born alise and withou! pulmonars dn;a-;g)':;m proventunt,
fants dying from respiratory distress syndrome { ) e vaseatialh
hyvaline membranes The pulmonary artenal patle e The
similar 1n 1l groups No arleriovenous an'\ﬁlomnic: el oo
filhng of precapiliary artenolcs and cymllanes w
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ventilated and collapsed lung specimens There seems to be no vaseu

{ar anatomical prerequisite n he neonatal lung for the development of
1IRDS
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LFFECTS ON THE LNDOCRINE
PANCREAS IN CHINESE HAMSTERS
FED ZINC DECICIENT DIETS
By
LENVART Boguist and AKE LERNMARK Pecoed 19168

Zine oceurs 1n the endocrine pancreas of many species (Mashke 1927
Y ougt 1959) Following the discovery by Scott (1934) of !helroic of zinc
for the erystallization of msulin the physio} 1r between
2ime and msulim has been the subject of several insesthigations (¢f Vallee
1958) 1t has been assumed that zinc 15 concerned with the occurrence
or storage {Mashe 1953 1957 Logothetopoulos et al 1964) and secretion
(Mashe 1903 1907) of insulinn the 8 cells The role of zinen these pro
cesses remamns however poorly understood (Vallee 1959 Grodshy &
Forsham 1966) An association between zine and glueagon 1n the islets
has aiso been suggested {¢f Vallee 1953) In duabelic prhients an in
creased unnary excretion of zine has heen obeerved ( Tarar 1963b) but
1t has not been possible to decide whether such hyperzineuna is the
cause the consequence or an nsigmficant concomitant symptom of
diabetes mellitus (Constam et al 1964) Increased conceniration of zime
m the urine has also been found 1n alloxan diabetes {Tarui 1963a) The
plasma 2ime conteni 1n diabeties withoul complications has been re-
ported to be wmereased (Constam et al 1964) or unchan,ed (¥ thbladh
1951 Prout et al 1960 (raig 1962 Davies ef al 1968) as compared with
normal subjecls Todd et al (1934) showed that zine was essential
diets fed to rats Deficiency of ziwne wm thas speeses has been observed to
give impaired glucose tolerance (Hove el al 1937 Quarterman et al
1966) To ihe best of our knowledge there are no previous studies on the
mtravenous glucose tolerance of zine defictent anumals

The mun purpose of the present work on the Chinese hamster was
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Zme occurs i the endocrme pancreas of many species {(Yasie 1957
Voigt 1909) Following the discosery by Scolt (1934) of the rale of zine
for the crvstalhzation of insubn the physiologieal relatonship batween
#ne and snsulin has been the sulject of several iny estiations {¢f Yalles
1949} 1t has been assumed that zine 1s concerned with the oeenrrence
or starage (Vas/ e 1903 1957 Logatheloponlos et al 1964) nng secrefion
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The mun purpose of the present sork on the Chinese hamster was

Thls < oek was supported b gr nts from the Swedish
Projects wo ha7 I;{ vy N g e Swedish Mediegr Researcy, ¢,
-12\-718-03 ard BEY 1 \-718-44 ounedt
Vv aty f L - P 2nd the Medieat Facutty the

fequests for 1,
eprints sh ullLe entto Fennart Baquist 3
83 Calscrsity of Umeh ~ 5018 Ut 6o i

& Sweden stitute of Pathg
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conceatration before and Fathcr sdon after the admunistration of glucose the blood
was sampled at 0 and 30 minutes of the expenments The principles of the bluod
slucost determupations 1eve the satme ss those previously deserihed (Roqurst 1967 ¢)
For msalin assay the blovd was <ollected 10 polyethylcne miero tubes and allowed
to coagulate ay +8 € before centrifugation 1hen the scrum samples were frozen
and stared at —25 C The serum msulin level was detertmned with the double
satibidy radioymmunalogical technitme (woettod C) of flales ¢ Rondle (1903)
Crystalline ox 1nsulin (Lot Yo $19744 Sitrum AR Steckholm Sweden) with an
actiity of 18 U pur mg was used as landard The In ulla antibodies and 131
Insulin were supphed by the Radiochernicsl Centre Amersham England The assays
were wade 1 duplicates and the error of estimation was % & per cent

At predh ermined sutervals from 1 day to 4 months the animals were saerticed
and specimens were taken fram the pancreas for hight and electron mrcroscopic
examnations The used for \! 1 studies followed those of
previous investigations (Bogquist 1967aandb) In addition & semi quanttatine
estimation of the pseudo 1sowsamt tea ton (Schiebler & Schiessler 1999) was per
formed In “upkaown random sections (5 p thick) from the pancreas of 10 zinc
deficrent and 10 control I hamsters the metachromatic reiction m the g ¢ells of
§slets was classifred as — 4+ b or +t++

RESUITS
Tissue { onpeeniration of Zine

In Chinese hamsters fed the zine deficient dil for 3 wecks the
concentration of zine m the festes Was reduced as compared with the
controls I (Table 1) No sy mficint difference between the zing defict
ent and control animals was found s to the concentration of zing m
heart idneys hver ind panereas at that observalion tune

TABLL 1
Zine Concentration wt Vartous Tissues of Chinese Hamsters Fed

or Lontral Diet for 3 Weels Fine Defizeent
Tissaes Zine defimient det Control diet 1
Heart 332 2(M 37
hadueys 1525 8y e €§§
Liver 116 £ 2 (10) 108 +3 (7
Pancrens 85 2 3 (8) 87 ::3 (6)
Te tes 97 + 6 (8) 14 3 ()

The Jesels hane Dbeen caicuiated a5 pg/
ue/g wel werght and repre.
B TR numbers of anumals are given within !::;?:A:‘e':an velues &
Control diet I refer to standard laborators diet
Urine Glucose

Gfucosuria was not found m any of the
y of the zine difieien
&roups af control Amimals ent or any of the 2

Blood Glucose Level

Hyperghycaenuc antmals werd not obsersed Th

e fas
€05¢ % ilues in the zine defieient anmimals 4nd in the 2 giol:gs blood glu
nsmals were all within the fmuts 102-121 me/100 1 0 O €ondrol
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Fig 1

The fntraperitoneal glucose tolerance of 3 groups of Chunese hamsters fed expen
fnental diets for 3 weeks 15 shown Clucose at a concentration of  g/ky of body
Meight was mngected intraperstonealls into 28 hamsters fed

h

inutes as well

enote the mean hlood glucose

levels for the 3 animal groups

Intrapenttoneal Glucose Tolerance

In the hamsters fed the zine deficient diet decreased glucose toler
dnee was observed already after this diet had been fed for one week
Repeated tests at various time intervals showed persistent Pathologieal
‘alues Though rather wide indiidual varialions occurreq no cbvious
tendency to a higher or lower degree of decreased glucose tolerance was
present al repeated tests There was no difference between males and
females nor were there any differences betwcen younger and older
ammals The glucose tolerance curves for the controls I anq II were
rather sumlar and showed a peak value of about 180 mg/100 ml a1 39
munutes and then a rather rapid return to the normal leye In Table 2
and kg 1 the results of the Blucose tolerance tests on hamsters foq th
expenmental diets for 3 wecks are given €
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Serum Immunoreactwe Insulin

The results of the serum msuhin determinations hefore and 30 min
utes after the ntravenous administration of glucose have been sum
manzed 1p Table 4 In the zine deficient hamsters there was no sta
Ustreally ssignificant difference belween the values at 0 and 30 munutes
m any of the 3 trme groups The insulin value at 30 minutes was higher
than at 0 mnute in the hamsters fed the control diet I for 2-3 weeks
Tn the {wo other tsme groups of the contrals [ there was no statistiealls
sigmficant difference between the values at 0 and 30 rinutes As to the
serum msulin concentration before the admimstration of glucose there
was no stalistically significant difference between the ammal groups

Light Microscopie Findings

The general appearance of the islets was normal No wfiltration of
wflammatory cells was present Decreased granulation of the 8 eells
ocenrred rather often n the zine deficient amimals The sulphide silver
method for hght microseopic study of heavy metals was posttive i the
central and peripheral region of the islets both 1n zine deficient and
control hamsters Though the positive reaction of this method some

R ok Tt et et Mmoo aneve il o
oY

R

wd
Fig ® Fig 8
Fig ® Pancreatic istet of
a Chinese hamster fed contral d
eaininese I er rol diet 1 for 2 we

me M the central o slhuwnlg

e peripheral a-cells (a) and the exoerme pa el (8

1oy g BoUIRS Ticative Lscuds 1socs amin procednre. e aag " () are umaltecied
03 Pancreatle islet of a Chunese hamster fed 2ne defirent o

tho ving almost no metachromatic rraction with pseadn e g s, © Ve
ouins fxatne 1 seudo 1sory anin procedure y o 0% AR
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{ntravenous Glncose Tolerance

Alreds swhen the diets bl been fed for 1 and 2 dns the blood
shiose Joved at 30 minudes after the aduuntstration of giucase was
meresed in i zine deficicnt st ils s compared with the controls T
The vilues at 0 mnule shawed no dufferenec belween the anunal
wroups At 7 11 20 4, nd 18 dovs there was no difference belween
the Boed glucase kel of the ymmal sroups 2t 0 munute wher s the
fesed 1t 30 mimutes was mercased an the zine deficient hamsters 1t thus
scemed tht the mravenous phucose toleranee ws deercased in Ihe zne
Acficrent hamsters Asan i intriperitoneal tesfs o sex or e dilfer
ences but rather wide ndinidual s irnihons of the blosd glacose 1alies
were found The rosutts have bean summarized in Tahte 3

T 3
Intraven us € fuense Tolet inee of { hnese Hamstees Fed Zine Defesent
op €inleol Inets

Time of tecding the experimental diets

et 1-7 dats 23 weehs 5-8 weeks
* Minutes Minutes inutes
0 0 30 o S
Zine 5 (TS ] W57 0700 21351
deficient 193220 MTEAT L2 o
13) «

diet

Controt WEL14 1802t [9x2 1TE05  WTHIT 18I
dlet I (%3] (U (23]

te1 as me/100 m! and
‘The blood glucose levels at 0 and 30 minutes bave Leen caluta
rtltr:,s:nl Ii\e mean salues = SLAI The nurbers T the amrals are gsvea within

Drachets, Control diet U rlers to stany rd Iabarators died

TARIT 4
inutes and after (30 Winutes}
Serusmt mmunocrenchie ‘Ir:!ulm ferel [’?’z'f?rhrml‘l:c ‘I‘mu ’, (";‘l((l(ﬂ( o e

Infrae enous Cluense
or Conlrof Dief

‘Time of fe ding ¢t xpersmental diels

1~7 days ? 3 weeks 5\? \\:eks
ules
Dlets Minntes Minut 530 N A 30
=11
Fine 31%Q7 21x06 13x06 19=07 av:;smw
defictent P, Yo
ot Ll 1507
6£07 15%
25%07 09x02 0x02
gloc':’lm’ e s} i p< 00 834
um measuyel &s 0%

o
The concentrations hate been calculated as nz in gh';/:"’)‘e e hencnce betseen the
Insulin and sepresent the mean values = SF M When e e srgmC
“sl“ :t‘o o 30 minutes within one time ond dietars gmup‘ds‘m e Brackels
feant he p value Is Included The numb 13 of the animals are e
feant the » Control dict T refers to standard labaratery
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‘mmes was weaker m the zmnc deficient amimals this did not allow any
sstimation of the zimnc content 1n the islets not even semi quantitatively
\o degeneralive changes of the 8 cells were recorded The ay- and «
cells were unaffected

The pseudo 1socyann procedure for msulin was often negatne 1n
the zine deficient amimals as compared with the controls (Migs 2 and
3) The scrm quantitative estumation of the results of the pseudo
1socyamin procedure gave the following results

— + 4
Zine deficient hamsters 3 1 2 1
Control I hamsters 0 2 2

Electron Microscopic Findings

The g cells of the zinc deficient ammals often showed well developed
endoplasmic reticulum and Golgr complex as well as degranulation
(Fig 4) The other organelles were unaffected i these cells Th a,
« and agranular cells were unchanged in the zine deficient animals
In the control hamsters no ultrastructural alterations were recorded

DISCUSSION

In rats fed the same zine deficient diet and given the same water as that
used 1n the present study clear signs of zine deficiency appeared after
3 weeks (Bergman et al 1968) ‘The Chinese hamsters fed the zne
deficient diet showed decreased zine concentration m testes but not i
heart Liver kidneys and pancreas This conforms lo findings 1n zme
defitient rats where the concentration of zine 1s markedly reduced 1n
testes and bones but not m other tissues (Macapiniac et al 1966) Thus
it seems that the zine deficient diet used 1 the present work was

effective This 1s of value to know as 1t 1s hno

wn that a great sk of
conlamination by zinc 1s mvobed 1n biolo 1 .
s o ological experiments (Anony

In the urine and blood glucose deter
mmnations as well as 1 t}
wntraperitoneal glucose tolerance tests where two kinds of control dle:i

—_—

Fig %
se hamster fed zine

Portion of panere
tic islet of a Chi
a af et of a Chine: def,
Tost ot g w0 a,-cells () aud one agranular cell () ew‘f;’ﬁ?,d'“ for 1 weck
ol the greetly sprr, () the occurrence of secretory granules 15 puop, SLerations In
Acells there is a crlum (CH) protruding Into an (nlercelluh;rs:,'?mxl:a’,;"
ce 0
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(P{':’I;::' ;k'm'icnl Futs exhibat norextn nd reduced feed efficsency

d et al 16T} I hos also boen found that the #lucosc toleranee
curse of control rils Fud restrieted diets is low and 191 s comparcd wath
that of zine dificint rils (Macapundac ef ol 1986) Since patholegteal
changes dnefuding, Jes ed plueose tolerance carves apperred
Chanese Bvmstors Fd 2ine dofiercnt dicd but nol 1 1hose fed standard
libortary dicts or zine deficient dicls willt the wddition of zine 1t
stems {o be more probablc thal the zine deficsenes per se 1s the cause
of thuse fcets and Wit posssble diffcecnces 1n dietary intake pliy
subordinate rolc The el thit ne age or sex diffcrences were found
i the prosent studs stems also fo suppost the view that deficiency o
2in¢ Was rosponsible for the pathotogieal alterviions and 1t indieates
that na ige or sox faclors mferfored with the blood plucose 15 n s
Hapin & Rona 1967 Afinar 1963 As to the plasma zine concen
tratron 1a man it is Anown that sex and e differences arc msigmificant
(Davies el al 1968)

Smee thert were nenher Wvperglveienia o glucosnna nor any
marhed morphalogicd) aslet desions w the Chunese hamsters fd e zine
dchicient dict, 15 absions hat the frequenesy of sponlancoush oveur
ring overl dibeles meflitus i {his speews coufd not be imeresed iy
feeding, such o diel b lest not with the presant obseryation fzmes On
the other hnd the ocenrrenee of ducreased glucese toler inee n these
hunsters mipght mdicalc Wit rine delicunss evoked @ pre diabetic
state - Ssmihrly deerdssod plucose loluranee w s found in the (hinese
hiamster also fter pancroatectonn  (Boginsf 1967¢) and ffer the
adnunistrifion of affoxan (Hoquest 1968)

Hove et al (1917) obscrved thal the orn Jlucose tolermee cures
were irregul o and ddl ed i zine doheent rals wheress the thicose
1evel and liver glycoaon were normal Thas was wierpreted as indica
tne of impatred absorption of glucose from the bowel In the Chinese
1 amsters fod the zine deficient did bolh the mtraperstonenl and intry
venons ltteose lolorance was impared  Thus at scems thAt the absorp
f1on of glueose from fhe peritancat enits 15 nol conspicuously altered
n these anumls As a consequence of this 1he mlriperitoneat glucose
toloramec bests were consudored 1o be riprosentatine

On the bisis of 1 slndy of { purs of zine deficunt wnd eontrol rus
Quarlerman ef al (1966) hnve s11d that ihe 2ne dcfuent ammals
hiad deere wsed concentrston of pluoy msubn These wthors alse

f pafs w1s
supsestud thal the rate of sucretton of msulm in zine deficin
e fespon he present study tier

deeresed 1n response 1o plucose Stmubus In U s
%15 10 siemfie mt fference n the serum msuhn luclls :r; f‘":md "
qent and control ammits nd the ¥ stu s conform {o those fol

Gerridsen & Dulin (1967} n nonhelohic non dhabetie { hinese !hvu‘nj::lss
The mnterpretation of the responses of the serum msulm to ]n)n]m‘ ;n e
slucose admmisiration 1 somewhat (ifficuit \o differenee v) \\ms!vﬁ
salues 2t 0 and 30 minutes was observed in the zme deficient R
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seemmsly indic 1hing that Where 15 no such responsc in these anmals In
ihe control hamsters on the other Tnd the values 2t 0 wnd 30 minutes
were found to diifer in one of the Lhree ime groups where 18 no ilfer
ence oceurred m the olher tv o prowps The taust of these wguinvoent
findings 1s still unhnown and will be further analysed o a fortheoming
work

The plasma zine concentrabion m man hias heen smd to show onls
small yarialions normatly (Pavies of al 19G%) possibly because of n
effictent homeosiahe mechamsm for 2me {Aneapmons 1968) Ol or
mtraxenous slucose load m mwn wduces a rapud 11l of the phismn zine
lirel followed by a rather rapid recovery {(Dawmes et al 196%) In pre.,
nat female rats and n growing male rats Dreostr ef al (396%) ob
sunved a L of the plasm zine concentration aliewdy afler a zine de
fiment diet had been fed for ene day  After that tume the plasma 2ine
deerease hecame progressively less marl ed mnd a plateny was renched
bv about 7 days This was susgested to be due 1o the mnathty of these
rats to mobihize thar body deposits adequitely 1o accomodate for ¢ven
& shorl pertod of dictary zinc restriction The glucose tolerance tests m
the resent study show that alsa the Clunese hamster may react rapdls
to diefary zme dificiney and that there are no marl ed alturabions
short or long Lime experiments Clie cause of the impaired giucose toler
ance of the zine defiesent Clunese hamsters 15 nol known Though there
was nn ducrease of the serum insulin concentration 1n these ammals
the hiht and eleetron mucroscopie examnabions mdicaie that Lhe f:
edls had 1 deercased pranulation and thus possibly also n deereased
amount of wnsulin This possibility 15 supported by 1he resulls of the
e quanbitative estimation of the pseudo woevamn procedure Thouoh
the iht microscopic sulphide silver reachon did not allow any quin
tlalive metal estimabion and thou,h 1he Homie hsorplion spectro
Pholomctry Qd not teveal any decreased concentralion of zinc m the
Pwerins af scems however possible that there might be a ecreased
canlent of zinc 1n the slets of the zine deficient ammnls The ulira
stractural finding by Pl & Talkmer (1967) of a decreased amount of
stiphide silver positive seeretion wrnules in the B cells of zine deficienl
TS may Live some support to this view 1f the concentralion of z
thslets 1 dumished and 1f il 1 accepted that zime g1 concers ndlm o
the slora_e of msubin m 1be peells 1t mav he spuetdated xth S
mcunt of stored 1nsulin 1s deercascd n zine defietent animalg :‘\ the
esees glucose 16 administered Lo Lhese nimals as m glucpse tol, hen
tesls i onsufficient imount of nsuln may 3y aadable 1 0"( ranee
Phologieal effeets on the glucose tolerance curves \th (‘Sil ng mn
ot given n txeess Lo the amimals the brodiction 'mdm e 5
M owhin scern to be suihoent and no hyper.yy (Jcmn‘ or slecmlm“ o
obsered The 1wk of msglin Fesponse 10 ghicose m gh, glucosuri 15
ihimals wmd the oceurrinee of s Tesponse in s © zmne delicent
hamslers nught support these speen, ™ of the cenire)

abony Ay it 4 known thal 4 ge
LI TS TR D
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creuscd Lissuc conuendy ihon of 7ime in zine deficint rats 1s combined
woath deeru s actnatics of cartun anzvmes (Prasad of al 1967} the
et of zine di Niewnes (n e Chincse hamster may also be 1honght
to b due to vnzvmlie dernaomem Furthcr studies are requured to
fest the valsdits of these speenl ions

SUMMARY

Three graups of Chinese Baimslors wore fed 1 7ine dehicsent diet a
standard hbortars didd ind o zine defient dil with thy additren of
zine n wdder tespeetingds By atomie absorption <puetrophotometn
the concantr iion of zine w s determned in < mples from heart hd
ns Iner pnercss ond (estes of ammats fud the cxpurimental diels
for 3 weeks A deert ised concentrhion of 2inc was found in the tesles
wdieating that thore aefuatly was i cffeet of thy 2ine deficient diel
Glucosurin or inperplve wm could not he ebiested In feeding the
zine difserent ee?! The e ritone st wd anlencnots glueose toler
ance wWas angaeed e hounstees fed the zine defierent diet The serum
ammgmorochive masuhin level s zine doficient hamsters did not doaate
from tisl 1n the control animils In himsters fed the 2ine deficient
ditt no sipnilic iy snere sy of this luvel ocensrad affer glucose mjec
fron
In the hpht nd eleetren microscopes dieriased armulition of the
astet 2 cofls of zine deficrent hamsters wis obserstd The peeude s
et inin mcthod for wsulin discloscd werher reaction in the g-colis of
antuals fod the zine defiogent diel The e @ nd agrmular cells

showed no morpholoaical licrations
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GRANULOMATOUS HYPOPHYSITIS
AND THYROIDITIS WITH LYMPHOCYTIC
ADRENALITIS

By
Wittss hrer and J O RyTer NorGairp

Recarved 10 xif 68

In rare cases the pitmitary gland of elderly women mav show charac
terislic granulomas not enly with lymphocytie mfiltration and ¢yt
thehoid cells but alsa with true giant cells Independently of Lhe
granulomas guant cells are present also m ntact glandylr tissue The
sranulomas are resumiscent prtly of mibary tubercles but are entirdly
wnrelted 1o tuberewlows of to syphilis  (Stmntonds 1917} Shechan &
Sammers 10 1949 collected 18 such cases ncludimg Simmonds 4 as
piluttary gt eell granulomas  They concluded that the group may
nelude lesions due te a number of different causes such as syphilis
tubirculosis of sarcowdosts bup that m the majority of cases they
appear {o repfesent a specific discase process whose aebiology 1s
unknown

It 15 onr impression from the recent iferature that the granwlomnious
pitwtary lesions with guant cells may be dwided nto 3 ,roups

(1) Cranulomas due o tubereulosis ssphulis or saremidosis

{2} Cranulomas of unknown acticlegy with sceondary changes 1n
other organs especillv the thyrowd and adrenals as 2 canse
quence of mitmiary msutficienev—or withoul such secondars
lesions 1f only a minor part of the hypophysis v insolved

{31 Grinulomas of unknown actiolo,y combmed with chanyes m
other organs espectdlly the thyrowd and adrenats which can
hirdly be sccondary to pituttary msufficiency mt al heeaust
the tustolo,ierl appearanees m these organs are of 2 tvpe
tnlirely dufferenl from that of changes caused In mmpared
pitutars funetion

The objcel of Lhe present paper 1s to

case of the last menlioned ;,ru{:;\] {0 report and diseuss

Wikl am Keer Prosehtir de med

Svendt
sehuset Svendbarg Denmark, endborg Amis Pat Togishe Tnsbitut Central



CASE RIEONRT

A Tveor old aorn nowas plmitted with e diagnoses Vertiso cerebrat arterie
sefermis an 1 arterloxclerntl, henrt discase

Tewr sears presionats she had been admitt A wilh ©ometsstin and fracture of the
cervieal spine No signs of fracture +f the <hull During the cotire Interyening
perio b the patfent had toen sulfering from frequent b uts of dizsiness headacka
snd tinnlins

Cuntae Drgeeal ustory One nermat dilivers at the nge of 35 Aenapause In the

fes

No fuberenl wis §n ber enyir ament

Prevent vfness During the fat ¢ months the patlent had been off colour and
sensitive 1o eyld Threo monihs pri » 42 the present sdmissis n influcnza ke svmp
fems stmultane st with others Sn her ¢onie nment 1rer slnce <he bad been
sulfering from heuls of dizziness inereating hea Jache tinnktus, and impaired
hearing No tendenes tn (3l o nauses or y miting Sbe also cotaplaine 1 ol tender
aesy §n all foints sald 10 have arkren after the influenza Apgetite poor but she
tid not know whether she had Lost wel bt D wwing the past 3-4 weeks she had heen
fn bed The dizeiness hod beun treatc ! with thicthsIpcrazin - meliate (Torcean)
and erg amine tarirate (Hellorgall tallets tut ineffeetunets

Physical examination St 1d za ! lethargle with dull snd sl reactions Shin
drs and s sl Lace 8 mewhat conpested Notritional ernditl n ¢ nsiderably sbove
medium Not In sheel B 170 40 pulse rate 60 temperature 370 € Ny aisible
gollre Ni peur Jagleal slens Achilles reflexes nb cnf Other reflexes normst -

Lalaratory Jinlings TSI 33 €7 mm/honr 1 7480 per cont Ned eells l’
millZg White cells 2100 »700/,1 Differential eount  Relative I\mphﬂ:;\ussr.
Viotekets 219800751 Tetal jretein €67 /100 m) Yoy er electr phnnslx‘ gafen
cont y ¢l bulin {normal 10 18 per cent) and 52 per cent alh umind rmr;'ms‘ m:“
per eanty Other fractins within the normal ranee Scrum electeolstes e r'sq ™
1130 mTad s dium 137-146 miq 1 chlond 99 57 miq/l and tetaf ;‘?“ I~
mba/l Secuim catelum 93 mz/100 ml crum phy phorys 18 mg/100 m‘\, t AE AR
23 un/300 Ml T test F1 and 59 per cent Serum chelesterol 70 ‘ISH ‘:lcon tene
Nlacd supac T1-80 wmg/ 100 ml Antistecptoc ceal bvalurend tase agehu nMI, Ao
Han with hacmolvtic streptocccet as antien It x ﬁnli‘n fest “'A e
globulin consumptisn test ondi nuglear factor [T ¢ Hs n !;r:= l‘m'“m e
fegatitc Test rr eytoplasmic thuemid antil ody new e \;ﬂ "lpars s
208 unit  1¢¢  Aurleular fibrillation (3w jerpetna) oy soltage haly of in
No sbrormalitiis TEC Severly abronmal with runs of L’:‘xdfl‘“}n";‘ lri«x“!nf)
erevsof amplitude especlally bitemp rallh Ceneralhy rt'tl:tl‘q ::'1;\ :‘“sml Teelt

Owing o the patient s appearance an | Itharys 1 vociomn, oon uggedss
an 1 the patient was put n thyrold me L atton €0 T ution of the
particnlar cffect upon the ¢inlent ¢ n htion One ;c “nn‘l B Lo o e
treatment she devddoped fover somuting and diurs‘n:‘ tevramycin \ sample of
wos treated with fluld exveen digltalts o ul“ﬂ;\\ . 'a e g wih af Staph
facces sent in  r eulture of pathogenic fntestinal fac e e K i 24 Byors
aurce The condition raptdly deters 1vted and lh:'cp e vine @ Blnd pres ure
Throurhaut the tay in hospilal he had been hype l} "t ehe ek until ferminalls
ranging from 70/50 11 130/80 withoot haviny heen an chins

1
Anfopsy  (5730) Shiht diffuse enlinment of the lth\rm;::"\c\rl‘zlc;
wis of untform firm consisteney and grevsh red CE o\;ﬁl reoment
pincreas and piltary prossiy normal No Iymph nk? l:olh hones. On
Tronchapneumonie wnfullr wions th the lower l()l:?ﬁ omuhq P
microscopie exammalion chupes wert found n the p
nd adrenals
The ptudary (11,
the niertor lobe Thure were numeraus med
orarrioniar partly confluent granulomas hutlt rn
cclls Nelher the cells nor the granulomas were

throuzhout
2 «d very severe changes

e aerous. fiam sized o Irge round
p of plump cpithehond
as wdll defined 5 1
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CAsE n1pont

A et (1t woman wa o admitled With the divgne es Vertlan cevebral arterio
selerasds ant arterl mcleroli heart dhaga ¢

Ten sear yreshwsly she had bien a mitte ) with ¢ neussi n and tracture of the
cervleal spine N sluns of fracture of the shull Duting the entire Intercning
terfod the patient had den sutfesing from frequint Vruts of dizziness hea tache
an! tinatius

llun tee Digleal Kistorp One novmsd delivers 8% Whe sge of 32 Menopause Jn the

ey

Ao tuberenlnsls In her ensircnment

Tresent filness Ducing the ast 6 wenths the 3 atient had heen off tolour anl
sensitive 10 vld Three months price to the pre ent admissicn influenza hke symp
toms slmultancously with dhers In ket ensir nment [ver since she had heen
suffesing from bouts of divsiness Increasing headache tinnitus and mpajred
hearlng N+ tendeney O €all e nauser or vimiting Ste aly ¢ mplalned «  tender
ne s in all Jolnts <al) lo have arlowen altee the Influcnze Apgetile poor bt she
213t kncw sehethier she hiad 1) Ewel Bt Durlng the past 3-8 weeke she had 1een
In 1e! The dizziness had Deen treat d with thicthylpcrazine maleate (Torecan)
an b ergetamine tartrate (Bellorgaly tablets ot incHectivedy

1§ byaiest examinalion SLcHA and Iethargic with dull and slow reactions Shin
des and s aly Face « mewhat ctngete ! Nalritl nal ¢ ndition considerably above
medinm Not i shock BE 170 70 pulse rate €0 temperature 370 G N visible
£ itre N ncurolo feal sfgns Achilles refleses aliccat Other reflexes normal

Tatoral ey findings TSR 33 €7 mmhour Hb 76 %) per cenl Ked eells 316
mild/pl White cells > 100 5700751 Differotial count  Relative humph ovtoss.
Tlatelcts 239000751 Total protean € ¢ 74 g/100 m) Taper ¢le tropheresis 73 per
cent y plibulin (n rmal 10 18 per cent) and 5% per cent albiming normal €040
per cent) Other fractions within the ncrmal rane Scrum cleetrolstes l‘)(nss(ur!'\
4130 mlg/l sodium 113146 miq 1 chlaride 9 97 miq 1 enl total CO 19 3
ml /1 Serum ealclum 93 mg 100 ml scrum ph ph rus §9 me/100 ml 16121 lnI(l
23 ge/100 Wl T tct €1 and o9 jor cent Serum chale terel 204 920 me/100 m
Mood <wugar 71 80 mng/100 m)  Antislreptococeal halur nidase aggiutination rea
tion with hacmelstlc streptoc cel e antigen atex O ton et ashi human
globulln conwmmption te t anli nuclear fact r 11 clls  n three oicasi ansm "
ngathe Test frr ovbplasmie thyrokd antibods newative  Antistreptoly md ;
'00 units 10¢ Auricular fibrillatica ¢ 1w pernetuc ) {1 voltage {ars 8o b
o abrermatitics 176 Sovereh aln minal with sun ¢f . 3 eps m“\}l\ O er
creased smplitnde e fecially bitemgorally Cen rally v fioed d minoat (r:dmmt“

Owing to the patlent € ap) earance and lethargy My Y ed ma soon e had no
and the §atlent was put on thiroid meficatin (0 me 1 iy lllmm:rl o ot the
particlar effect upon the clinical o nlitwon Onhe v <k fter the ins iwation of fhe
treatment she developed Cever vemuting, and diwerhiea ant went in :‘ssm‘m he
wa treated with flull ovigen digltalis (Ceibym D and mrnn:,mn“m e
facees sent in For culture of pathogenie fntestinal ba t rix hmwd 1::;|Mn 21 howrs
aurcus The condition rapidly deteriornfed ! the nlun: ﬂ‘rg‘; hlond pressure
Throurhut the stay in hosgial she had been vy L n e o e aally
ranging from 70/50 to 13090 withoul having been 1 chinl al shot

of the thyrord which

Antopsy  (5730)  Shght diffusc ¢nlirgement

olour Adrenils
form firm consistency wnd greyish red in e
was of um y o e rorgement

prnerew and priwlry grossh normal Mo O bolh tuias On
Bronchopnoumonie mhltrations n the lower fobes o l\al:m ll:)rmd
microscopic (X umin alion changes wore found n the pitut
and drenals

The piuttary (Iigs 1 wnd
the nterior lobe Thire wre numersus me
orirregular partly conflunl granulomas bu
e Nelhicr the ealle nor the crinuiomas $

1hroughout
2) showed very savere chianiags

" duum sized to large round
alt up of plump epitheliod
ere as well defined asn
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W pres rved the folheles were on the whale small wah sparse collowd
wd more or sy ontarged cpithehnt cells wih eostnaphilic
Hire md thore pranutomas eorre sponding, fo thoss found m the mitw
ey bath moeeapad to quomt edtls wd <pthchod eelt grinuwlomas
thas 4 md



o Hnmmary antopsyoon a 74 soir old woman who had exhinted
steis o plurgladuhr insufficrcnes revesled in e twtary 1t
el pranutomas gy the thy roud goitre showsn,, partly granulomas of
the same vpe ang Pt ehonges ns an Haishimoto s thyrmdilis while
the adrenals oxtubited homphoeslic anfiltr son 1hstologienl «vamm
ation of the hmph nodes shan subeplaneons frssue bram lissue
lptomeninges maocardiom Iiver spleen and haidnevs showed no
Wnormabitics

DIscUssSIoN

There 18 no cadoned to indie e that the mithologic sl ehances of the
ptnhin glod were cwsed by (ubereuloss sareoidosss or syphatis
Gwing o the loebztion the named diseses would be expeeted to
Wnvd beon poneriized In addition sarcndosis myolung the mtuttary
sall i more thag 90 per cenl e rise to diobioes msiprdus with in
rolvement of the postertor lobe syplulis usualls affects the entire
pituntsry und tubcreulosis scldom eses hapopitnlarism (16) Tur
thermore the marphetoact) subnats to the three diseases s farrly
mottist In our case the gnt cefls wire of extremchy varving size and
nuelewiy parth wath arrcaulirly distnbutad nueler and i phices
wath cowrsddy vacuolized vtoplism The epithehord celfs were stria
ing!s plump and the pemutomis il dehned We found nio Tinalinoss
fibrosis e wcous neeroses o gummi formahion The hslological ap
puarances eorsesponded accurilch to provioushy deseribed eises of
munbary prant ecll prnulomas of unhnown actiology

Shichin & Suwmmers (1919 roported two ises of chirone fibrous
Iosions m the prtuitany gland which they mtorpreted 15 sequelae (o
crannl ingury in parbicglar with fricture of the hase of the skull
Ihese autliors suggested thot thore might be v question of hmlcd:,n’nur
lomas Our patienl had 1 huslory of el g 10 scars b l'otrc l)]e
death byt ot secms unlibids that s trwamny cin be relted o the
wlng granulomalous process which was anliredy deved of hbro]sn "

1t 1s nol lihedy cather ghat The wppreenble ehmaes m the ad “l“"‘
could hne heen secondary Lo plutary wsuffciency True the palien!

~ This 15 imdicated
hd riduetd function of the nferior prtustary lob e

In the chinical findings as wodl as by the fad (ot m
quirters of the 'mu‘n:r Jope b undergone dustruchion 21 ‘II)I:‘I‘:S:\:;
from doublful nirrowing of the adreni cortex lhs{]o(:ws; :\ula] i
Iymphocy lie mfitrition winch does not accord \\1(1 ¢ l:‘l ;mm e
riaction to inpopitmirnm On the bises of dhe ‘]‘m(:‘hkcly o e
as the slaloyienl appearinces 1t must be consu;rn el eomdars
entire diseise ran o farly briel course so Hntl “:n‘wre et 1
adrenal chinges did not hwe time 1o dc\m‘opl : : e el granu
pprasse the thyrowd changes n relation to pluil :h); oy fibross
Jomas but they differe d tn esscntinl respects from
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fien seen secondary fo reduced priuitary
?ﬂd 113mphlo:y:yl\lcr“o‘:f)ll:rmllk:g?eo\:as mid gortre wiuch presented tself
x:::n;;nas Hasimoto s Wyroditis but here and there {he lhylrou\
shoned changes wlentieal sith these found m the miwmtary and en
tirely unhke de Quenszans granulomtous thyrewditis wd
1t 1s warth considermng, whether s case may havc represented an
extended Schmidt syndrome involving the pluttary Schumudi, m l‘\l(ir
desershed teo prients wth hypofunclion of the adrenals as well as o
the pttuitary pinnd Che adrenals showed lumphocy tie mbillrabion and
alrophy as in diwpatine Addison s disease nd the Mhvrord chanpes
remmnscent of Hashomoto s thyrouditis Later Bloodworth ef al (18a4)
found sizns of hypolbyroidism n 13 out of 35 palients with primary
adrenal insulficiency Arachi & Hachmeister (1966) inlerprete Schmidt s
syndrome as ihe hnk between auto immupe thyroidilis and those Uy pes
of prumary adrenocorbical nirophy whieh have been consithred an
sute immune disease Nerup et al (1966} found wnhibody 1o cvloplas-
mue aniigen 10 the adienal corlex of 31 out of 48 palienls with *idin
patiue Addison s diseasc Of these 31 patients 21 also had thyrow!
antihodies Bli ard ef al (1967) demonstraied the same nthods
ecombiaation 1 12 out of 64 pihenls with adrenal wsnifiacney They
potntcd oul that among 57 patients with Hashimolo » diseass none hnd
adrenal intihodies and that the maidenee of Addisons disease 1n pa
tients with primary myxoedema 1s low Thirefore the awtommmune
pracesses shich ficl the iwo Slands appear teo represent a distinet
hisease entily and tlus 1s {urther supported by the faet thnt the antt
bodics are organ specific We haiy no proof that our case mght be 1
ingimduiar Sehandt s syndrome with wlo immane processes direcled
against all three glands hut below we shall review ecrlam morpho
losacal studies which have given nise lo reflechions 1 this direction
Goudie & Pwherton (1962) sugeested lhe possiniity of aulo im
mumization 10 A eass of hypephssiis wnd thyrowtiis The thvroid
changes were repnmseent of ours consishing n Hashamato s {hyrot
ditis wilh giant cells hut the hvpophysis showed severe IsmphoeyLic
nfiltralion without giant cells The adrensls could nof be found Hume
& Rolerls (1967) have adduerd simslar suggestions on the bisis of a
ease of lymphoeshic Wpoplyaiis and thy rordilis (without grant celts)
combined with adrenal atrophy antd permeions anaemin Oelbaum &£
Wanwrght (1950) seported 1 case of fvpical siant cell granulomas
s ited with mulbiple granwlomas of the same 3pe 10 the adrenals
which were moreover alrophie The thvront exhihited atrophy f3
brosis and lymphocyhic mfiliralion These authors did nol“l‘u}ilh v
disenss (he aehioloy bul stated Yhat the degree aof atrophy 1n ui
secondiry endacfine organs w1s nat of the vdvaneed 1y pe slzez ; n :
ng long lasting, hypopitustarism This was 3n keeping with th l0 Du‘
hrochemical and histological studies which mndicated that (hecpcn:;\.t?
fetan was subacule Atiout the same apphies to our case anky more srj



Domach & Weight (1051) in one of thir two eascs of mlulares giant
«dl pranutom i« found peanulom s of cxaetls e s ime hustologien!
srehsleclure e sdronals wlieh ilso showed wtrophy The 1hvrend
oxhiibated only  whenomaly  1hese withors loo did not enlos inlo iy
whioloie st dibuls Voegenstern (1961) considered he possitohly of
wtommunizabion m 3 pabent with prlatlars gont eel} grinuloms
comtbined with grnulom atous thyvorhtis 10 o found numurons
K mulonis ain the myoe wdium and 1 fow an b hadneys and wremils
Werecke & Rabuns (10,21 pablstud { enves of winl cefl pranulom s
Tarec sore prosumably due (o sarcordosis but this coutd be ruled out
mthe fourth case The adrenads were tropiie wilh scver diffusc
Ivmphoevtic mhiteation The tharod glind wis not sludied Subbas
wamy el al (1967) reporlcd one cise of mhwiliry gunt eedd zrmn
tom s which the tivrod <hiowed g7 mulom s of the sime b pt The
adecnads wore grossiy normal but nothing s stated coneurning, fisto
logical findings Simce e pitwtary chontes were shight and maohvd
only w small parl of the pland these aulhors did not nforprd the
thyrond Icsions as bang sceondars 1o the print s grant cell granu
Tomas fodmg that e patholoqicd apperinees were more ke lo
b duc to a common agnt of unknosn nture

Al the veported eases of primtars pont cell «ramulomys have had
onhy dihuent or no scrolpqic) sladis with 1 view to nloimmunizy
tion In our ¢ise e anli nueloar fretor bt humn Globulin con
sumplion tesl and studs for G hphismie tnrod ntibody Wy m
munc flusroscence leehmgque wore Beaatne The Tt mentioned tedd
15 posttine m about 94 per aont of sory Ttom patienls with Aiffuse
chironie thyrosditis of the Hashanote Ivpe nd 1 about two thurds of
st from pabients hwang wguired myxocdom s without gotre (ot
berg 19673 Tihis would scom fo andicdd that o mmmune thyrowdiles
wos rather unld el our patent Moreover Condie 11968) Wnd Aerup
(tal (N Qe not find spreifrec pratany mbbodis n pilients wath
whtopathie panhspopituitrrsm bul 31 s not Prowa whether {hise
materls mehnded s of pitbirs wont celt qrnulomas There s
the possthility that e preseat Lechmeue s nob able to (Izmun\:)r'\gli‘
wbbodics m pilwlin pimt ol prnulom s Gondie (19621 (;,’
fuds that the purdds lvmphocsic vpe of iy pophysiles 1y presumaity
of awlo mmmunc mature and this wsumplion s supportad l‘)mf\f\
porment il investigitions (11 while prturtaey gt el proni ¢

and that 1t present if s 1o

1 porhaps anontirdds different disese o S sstintts tiad
possible to decde s nature He Bedicres thare ‘I‘N e el thie
pilwl ey jrnl ecdl granuloma s n wloimmune derahls. Eronn
morpholoaicl signs of the mmune re 1hon dffer conside ol
thil found i most ollier ntoummunc dsg wes i poes m:" v
howarer 51y thal granulomaty are found m :1u “r‘xo(‘:r;,m perific
Bliiry etrrhiosis which corlamly 1 :w_unud “,‘A.‘:‘g arg @ R
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case of diopathie adrenal atrophy i which S‘ro“h|ﬂdr:‘::;,(;“|‘,‘|?¢
anbhibody wAas Qefimtels present and 1n whieh a smTL s.t e
follicle was prusent n the smail amount of adrenal cor cl‘lﬁ o
sursased  (7) Qur case had granulomatous hypophvsilis 3y :
Aitie hut also thyroid and adrenal changes of the type suen 1 mlo‘
ymmumizalion The thyrowd and adrenal changes cannot be nlurpreled
as a consequence of mtwmtary msuffieiency but alt three lewwons are
presumabhy coneurrent

SUMAMARY

4 case of hypophysitis hyroditis and adrcnalitis 1noa patient wath
signs of insuffiectency of the anlenor pilwitary Tobe 15 reported The
pilunlary changes were typieal of Ihe granulomatous hypophy«ibis with
giant cells The thyroid gland exhibited the same hislologieal appear
ances and besides lesions like those seen i Hashimoto s thyroiditis In
the adrenals lymphoeytic filtration was prestnt It 1s considered
lLikely that the disease has been rather short lasting and that the

named organic changes are secondary to the snme aclion which 15 un
known but the bty of aule 1w

1z venbilated
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Laryngology {Head Professor
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ACTINOMYCES IN TONSILLAR TISSUE
A Hustological Study of a Tonsulleclomy Malertal

By
O P N GRU‘ER
Recerved 8 i 69

Achinomgees as the cause of human diseise has been known for 90

sears Its hablat 1s the oral cavity It 1s frequently found i carous
leeth dental caleulus (tartar) and occastonally 1n the tonsils

Actinomy cosis may affect any organ or tissue More {han 50 per cent
of the cases however are localed to Whe face and neck Among oul
patients the cervicofacial form 15 even more predominnt

Aciinomyres is considered ns an opportumstic mucrobe (Uchwmnon
1962 Peabody & Seabury 1960 Ut. 1962) Israel (1889} held (he oral
cayity to be the chief resersoir Ruge (1885) found the granules m ton
sillar erypts but did not believe them to be true Acfinomyces colonies
Lord (1910) and Emmons (1938} solated Actinomices {rom tonsitiar
ussue Emmons found the hyphae by direct cxarmnation m 74 of 200
pawss of tonsils (37 per cent) and by culture wn 14 per cont m a New
Yark matenial U thnson (1929) exanuned the tonsils of 10 000 cases
of tonsitlectomy performed at the \layo Clinue 1923-26 By histologieal
examunation he found granules resembling, Actinomyces 1n 177 cases
(18 per cent)

The frequencics observed by Wil tnson and by Fmmens differ con
wihrably Information on Actinompees granules according to age and
sex 19 searee Furlher study therefore seemed warranted

MATERIAL AND MFTHODS
Dux ng 1867 ton s frem 103 patients were recened in the Department of Pathalogy
L 1teva1 Ho pital The materfal came from the Department of Oto Rhuno 1aryng Jogs
1n 1wo cases onlv ene tensil was extirpated

The indicaticns for removal are gien in Tatle 1

Tor rautime diagnosis the tonsils were fived i
olution for about 74 hours Fach tonsil was v
hedded in paratfin Two sections about f1v2 micr
texslin and eoun (HE)

The seetions have letn re-examine ! for dct

n 4 per cent neutral formaldehyde
ranssect d and a central slice em
ons thick were staised with haem
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TABLEC 1
Indicutions for Tons! ctomy Number of Cases

Chronse tonastlitis 8
Chronse tonsillitls and  adencids 12
Clomerulonephritis 3
Peritansillar al scess 2
Deavnostic 1n bram tumour (eraniophars ngeoma) 1
Total 103

Tdennfication
‘The tvpacsl pactute of an defiromyres colony 1s that of the ray fungus The
‘branching bactenial bodies— hyphae—are tiermingled and arranged libe spohes in

a wheel (11gs 1 and 2) a god se tioos with no shunhage the clublike ends af the
hyphae can be seen in the periphery of the colomes

Actinr myees 13 a Grawm posttive orgamist. Central portions of large colonles are
sometrmes Gram ne stive Ia L sections the colonses are dark wath a sliyht bluish
unt Lake mosk micvefungy Actinemytes takes the P45 stamn which makes the eslo
nies stand out eonspruously so that they are easily reropnized

RESULTS

In all cases celfufar debris and bacterial colomes were found m the
ervpls Artinomyces colomes were found mn 17 of the 103 cases This 1s
a mimmum number as serial scchioning has not been carrred owt The
a4e and sex distnbution 1s given i Table 2 Uncertain colontes (num
bers w brachets) either had a doubtful Gram reachion ar seemed o be
brohen up by a crushing trauma during extirpation Some smatl colo
nies did not show the typical picture of spol es i a wheel

TABLE
Actinomyses Colontes 1n 103 Consecutive Tonsillectom
 Coses 4
Sex Doubtful Coloes wnthin I coontina to due and

rackels
Age laterval Males Females Total

inyesrs Cases  Colonies Cases  Colonfes Cases  Colomes
Under §

T R T

1250}'9* lg } [83) %g 1 g‘) é‘é ; 2;))

2537 4 01} 1 :;u) 12 ?S;
Tova) 16 5 51 (8 103 17(6)

An ncreasing number of colontes a
re found affer ih
(Table 3) Thas incrense does not quite atlan sxgmhc:\nc: 'igeh o
sentional les? of 5 per eent probabilty 2t the con
In 161 of the eases the hustolomeal thagnosis was chrone tonsithilis /
18 actarivm 76



Inperplsin of torsillir Ussue In onc ease the tonsillitss was subacule
and In mother e asecss well was found

Thie ctmomypees granules ire ¢ 19930y overlaol ed I8 fogtine cximina
fion In none of the 17 evses were the colonics reepnized al the first
cxumnation In 6 of thant however  funcus eolomies were deseribnd

TV 3
Actin mvees Celontes Lefore amd ofler fo Years
ire RFoup Celonies Na eolonies Total
14 -under 1(93) 33 43
15~ nver 12177 41 £€n
Total 1o Qe ) sr 103

1 == 803 (Lisher Ining lest)

NISCLSSION

tetenromgees sery seldom affeels the hmphatie system (Lope 1938)
It 1s custom s to regard the Aehromyees granwles found m tonsils as
mere saprophaies Tt shonld be obvions howeser 1h 1t nerther the pre~
sent merial nor any athier tonsillectomy malerial reported in the
Ieraluse ean be considered norml The possibnhily that the granules
mas be conaccted with chronie fonsihtis ¢ wnot be cxelnded without
consideritson

lnl\l I inson s material eollected an the Mid Twenhes the 2g¢ nd
se¢ disinbution 1s nat givenon ddal Although his methiod of e‘x'm";\\x;';\“
tion hiardly differs from the present ot s thercfore somewhat doul !
Lo compre 1t with the presint m weral The differenes flrrzm;:;;»>
fowerver would stitistiealls be found lushly sipmifieant =
N oe = 10827)
Fmmans (1938) cut the tonsids n thin

t oxmination
tenls of the crvpls by direct exan e by hoserer

myces 1 37 per cent of the eases He a

U:ﬁl some of {‘hc filamentous or., W1SM  sein nd hs(ﬂl"l\s :e!.‘cl«&?:xi(‘c;‘s
were not correetly 1denbified md thinks s mmy p:r fvme ;ng e
he only found Yelmomyers by culture an 17 per ccnn? e e be
matenal e heewse of the dilference 18 methods 10d

compareil sillt the presct mq‘m.‘l‘nml tool ed for eranules and the

1 tnson (1929) on the olhur 2 on
dl[‘f‘gr’cncc butween s and the prosent matern b re qulrc;c;n‘flt‘gr\l?c on
1 TFither Wil tnson set up £ more strct cn\en-\u e fhe
sidered to be colomes Accordin, 1o his ]“nm"h“:‘(thg‘\\gh b
casc 2 Or the proportion of cluldren W18 Tngher t‘ o embition
of elhuldren 1 which granules were fonpd s x;)m H :onildcrahon B ald
1nt the total malerial 1s much the same 3 Due

shices and exnned the cont
In this w1y he fouad dchne



243

to the possilrlity that he may yust he overlooked the
i:;l;rﬁisg‘;\cx? 1 The l;ac\ that 1ndications for tonsillcctomy are mch
streter now than four decades 120 MRy offer tix esphnation 1 fewner
narmal tonstls are removed now the Igher penentage of dchiromyees
calentes may ndheate that thes Are 2 agn of disease m the tonssls

Histologieal examunation shows oa the other hand no <hstmel
ference bolwoen tansils contamn, granwies and (he rest of the matercd
Fibrosis ope of the hallmarks of achimomicons 15 not conspeuous
There. 15 therefore not sufficient reason to suppose thit chronwe ton
sillitss 15 actmomy cotie The possibnity should be considercd however
tit e granutes mny aut as forergn bodes hike Soderlend (1927)
clamed they comld do 1 sahvary duets s theory that salivary duct

sleutus ore calefed Aef colonics has on the other hand nof
hieen confirmed by Husted (1923)

Tonsis as the port of eatry m actinomy cosis has been desenbed and
1 o fon eases the dise et started after tunsttlectomy (Cope 1038 Haroey
(tal 1809 Poncet 1964)

The nqy thiference 1n the preseni matenial compares with the &strby
tion found m wctmomyconts The magoeids of cwes geeur botween the
a4, of 15 mad 3 Less than 3 per cent eceur 1 culdren under the age
of Lup ({ gpe 1938)

The sex properiion fovnd 5 mates and 12 females does not conform

with the dotnbution i wetinomycos:s which 18 sometbwg hhe two
wtes to one female  (Cope 1038)

SUMMARY AND LONCIUSION

Tonsds from 103 tonsilleclomy cases were re exanuned Tustologeally
for Actinomyres graoules A positne weatification was wnde w 17
crses PAS stuming was fopnd exceltent for screeming purposes

The mfcstation rate was hugher after puberty than befare and showed
an e dstnbubion siminr o that e chmseal acinomy cosis The sex

proporbion did not show the male predomsnance <haraetensie of the
distrse

Nesther the present not «m ather tonsdlectomy maleral s aoTmal

The posubtity camnol be excluded that def
cliamyees colony
wsoctited with tonsdiay disease ethier as 4 cans ¢ e be

¢ OF 15 3 consequience
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fort ¥ T lhc ctiolony of actinomiccsls The presence of actinomscetes in the
ennients of carfous teeth and the tonsillar erypts of palients withont actlno
myconfs J Amer med Ass o) 1201-1763

Machinnon J I\l cetomas as oppurtunistic wound infeclions Tab Invest 11
2E 1131 190

Trab dp J W € Sealury J I Actinomvcosis and pocardiosls Amer J Med 98
49 115 1960

Ioncet M A4 Actinomicose de lamygdale  phlenmen cervical conséeutif Lvon
med 107 11€0-11€7 1904

Ruge I ll('r Aclinomsces ihnliche { ¢bille In den Tonsillen 7 klin Med 30
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THE SPECIFICITY OF CIRCULATING ANTIBODIES
IN EAPERIMENTAL INFECTIONS WITH MYCOBACTERIUM
BOVIS AND MYCOBACTERIUM TUBERCULOSIS
DEMONSTRATED BY IMMUNOFLUORESCENCE

By
J Bri\EDSEV
Recenved 78 %i 63

In 2 previous paper (1) the presence of circulating antibodies 1n rabhts

infected with M aviurmn and W bovis was demonstrated by means of

tnorescenee The anhibodies produced dunng snfect with

M auim possessed a ugh degree of type speaficity which finding led
to the claboration of a method for serological type identification of
asan and avizn hke mycohacteria (2)

The present studv concerns msestipation 1nto the speetficnty of ants
bodies m Tabbils ifected with M bows {(wirulent and attenuated

(BLG)) and Y {uberculosis The threc parts of which it 1s composed
are

A A mcthodolosical study of the fluorescence antibody test (FAT)
concluding sath a detaded deseription of the tlechmique used
subsequently

B Immuntzation schednles serum preduction and specifienty  of
antisera

C Serolvpng, wild stramns of M bovis and W tubercalosis 1solated
from Damsh patients

PART &

METHODOIOGICAL STUDY OF THE FLUORESCENCE
ANTIBODY TEST (FAT)

The lechnique deseribed 1n previous papers (1 2) was based maml
on studies wilh ¥ apum and was found wadequate for the inve: nlm \
fion of mrmmahan myvcobacteria & positive FAT 15 read as a L”Os ln.}:
Hreen cpnssion {som the baoth when the smear s e‘c\latzd “ills
blussh ultrwsolet beam W hen the FAT 35 negative W quim “I” st
atvpreal mycobacleris emil 1 blwsh autoffuorescence “hl'clhal:(cx;(:ls\‘r



L

distinpisliable from the posilne raachion while mammabin myveo
elerte enut v groash white auloMuorcseence which makes differ
cntiiion difficult T urthermore 1t was found dilficult to keep the
bactll on the slides duning the differenl stiges of the stunmng pre
cedure s phenomenon was particularly evident n lhe posilne
reactions thus rosulling ain o number of false negatines

A nous conditions for the T AT were therefore mvestipited bsing
the (v luation of their smtibidity on the brihtness of the bacilh stuned
In the fluorescenl antthodics Records were hept of the bachground
stuning and the numbcr of bacilli observed using coded smears

I ¢acl reproduciihis was not obtuned but the results of parallel
investipiions alw 1vs showdd the same irends

MATIRIALS
Sulstrale The M ful ercul sis straln (SSG 8°1) was used as subsirate in alt the
E AT studics in this section
gnated Tub 11T {n Fart B) was eoltected

Anfiserumn  The homolajous sernm {des:,
after four consecutive Injections the I AT tilre was 3170

MLTHODS AND RLSUITS

able 1 shows the effect of rarous frzation methods ustng cleaned
uncoted shides nnd shides clemed 1nd precoled with gelatine (sce
belaw), heeping all the other condilions in the test conslant

As will be seen from the tible (he nfluence of thie fixation method
did not vary o any extent Both heat fixion md chemeal frxation
were usable and combinions of heat and chomienl fixalion offered
no ads mlies However shides precoated with gelatine Shu“clil mo;&;{
and pencrally mare hrthant bicil nd 1 less promiment bach.row
than uncoiled bul cleaned shdis On the bsis of these resulls p:ed
coated shides nd the most promsing of the f1x1t1on methots were s
1n the subscquent experiments

Table 2 shows the effect of ncub
in the T AT willh antiserum nd norma
Dbest frxation methods from Table 1 There w
helween the readings at the twe temperatures MHoweve
tendency towards more pmnouncndslzlwcéground st unng W
rabbit serum in shides meubated at ad

In this cxperimenl use of acetone or pyridine fnix‘lvlgr;‘zgr:dcsd“ <
yvantageous nd hitlle 1f any difference betwedn lhc‘ 0 nerous
scen Howestr as pyndine releases \mp\v\s}'m( 1\:; e\;enmonls
vapours that chemueal w 1 ommited from subsequ o s

Tec
Table 3 shows the effect of pH n the I*Al‘tusmgfl;‘) oated e
acctone s fixatne wmd W ncubatian femperature ot ==

z 790t0 750
<een that 2 broad pH optimum was found vz ;n :hacz r]"l::‘l,.]r:]cer i 0 s
The results with pormi Jabint strum show tha g

ation lemperature (22 Cand 37 C}
i b serum using the five
ere no delimte diffcrences
¢ therc wds 1
th normal
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Ryl bereul Serum
the FAT Using dnte M Tuberculosts
Etfect of Pnu(m:m’l’f;:(’ﬁrznlmm ke Homologous dtran

leaned but not Slides cleaned and
et with gelatwe  coated with gelatine

b4 - - R 9 e
Fixation method 2 ¥t sz 4 L sz
€% 3% o 2% E: g%
FE &k <& &~ awr 73
1 Owen at §0 C overnphi 3 ++i— i 3;{ it :tii
2 Open at B+ € for 2 hours 1+t : A R S
3 Ilot plateat 6§ C{for2 hours 4 ++4+
4 Methanel for 1% mm\;m 3 ii— i : +++ ij—_ i
5 Ethanol for 1o minules
& dcefone for 15 minules 4+ o+ + PR T
7 10% formaldchyde for
15 minutes 3oeak w3 b id
§ Pyndine for 1o munuies 4+ + +t
¢ Tsopropanol for 15 minutes 3 e+ 1 A
10 5% phenol for 16 minutes R + 1 44
Method 2 4 4 3 + {+) 3 ++ +44+
ilﬂ \ethod » i 5 1+ + 34 e E4
13 Method 2 + 6 F e f O S
14 Methed 2 + 7 4 ++ ++ L
15 Yethod 2 + 8 FR I~ T =
16 Method 2 + 9 [ T et
17 Method 2 + 10 31 et o+ 4 Fed b d
18 Method 4 + 4 44 R 34 4t
19 Method 5 + 2 34 FFd A+ 4 ddg St
20 Method § + 2 FE T 34 41 344
®1 Method 7 + ° 23 Fhd (R 23 dddh b4
22 Method 8 + 2 b R SR B A A
%3 Method § + 2 34 ++r b 4 Fda g
25 Method 10 + 2 F R 15 St - B 5

Fizaltan methods 1-3 = heat fixation 4-10 — chemieal fixation 11-17 = heat

fixation fllowed by varlous chemeal frvabion methods 18-24 = chemeal frxation
followed by heat fixation

Intensify of speerfic stawning Code 0 — 1
Intensity of bacursund stawmng -+ — + 4+
o of bactlli (+) - +++

The fixation methods fn alics were used in subsequent experiments

there was a tendenev 1o more intense staming of the baailh and with

bolh sera there was a more pronounced hachground colour In subse
quunt experrments a pH value of 7 3% was used

Additional conditions mveshiated 1ncluded the molarily (p = Q15
w18 found superior to p = 030 and x = 007) and the ome compost
tion of buffers (012 \ sodium chlonde 001 A\[ phosphate was found
supersor to 0075 W soium chlonide 0075 M phosphate and 015 A[
phosphale)
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TABIE 2
Fffect f Incubation Temperalure on the FAT using Mormal Rabbit Serum and
Antd M Tuherculosis Sepm as Md tle Fayer n € aon s In birect Technt jue
At Smenrs I recoated uith Celatine

| i<ation Norma! rabhijt serum Antisernm
method 41 ecific Rack No of Speeific Back zo of
stafning ground bacillt staining ground haell
Inenbatéon Temy erature 22 (
2 ] 1=t 4 e 44
3 1 0 4t 4 +4 REy
5 1-2 o b s IS
r 1 1} 4t 1 +4 ¥+
] 1 0 R 1 ++ +++
Incul then Temypeenture 37 ¢
2 ) + Lt b 4 4 +4+
3 1-2 - 4t 3 L Tt
5 1 o 444 3 o ot
# 3.0 + s £ ¥ R
4 ! + 44+ 1 ++ o+t

Method 2 = oven at €2 € fir 2 h urs Mcthod 3 = hot plate at 65 C for ® hours
Vethod § = ethanol for 15 minutes Method 6 neetene for 15 mnutes Method
8 = pyridine for Jo minutes

% Bacilli very briiliant
Tor exjlanation of symhols see Tahle 1

TABIT 3
d Normal
Fltect of Increastng pH an the AT Using Anft M Tubereulossy Serum and
Rabbit Serum agamst X! Tuberenlosis Smears Precoate! Stiles icetope Fization
and Temperature @ €

Normal rabbit serum An(lsnl\rum o of
1 Sneeifl Tacl o of Speaifl Bacl o

W dtaining  ground baciih stunmng  promnd baealh
680 1 ++ +1+ » + iii
€90 - ++ 44 - 5 + Tt
700 1 +++ R ” ¥ oy
710 12 ¥+ 4 3 ; T
720 1 ++ e 1 + rit
730 1 It [ s “+ Hid
740 2 ++ b 4 o e
750 2 + 4ot +++ 4 A e
760 2 +4++ +++

for explanation of ssmbal sce Table 1

TINAL TAT TLCHNIQUE
e was
On the basis of the results of the methodolegical study the i ftovin, technsat
used in all subsequent experiments —
1 Sldes for mitroscopy (Socirex®) sire rinse ) M ‘n:y;‘l;zr?d a;:ilalcmd o
nentralized ;o ammanium hydronde rinsed {n ron v
in cthanol until use
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Ll Slides were coated with 05 per tent gelatine air dried {frxed in

’.{h;c:ls:::%nrmaldzhyde Tor 10 to 15 mimutes tinsed 10n-¢xchanded water
d

3 :Zi?n:‘i:sdr{i:ﬁm tubes with Lowenstemn Jensen medium were emulsified in
buffered saline (BS = 015 M saline O 01 M phosphate pH 735) A drop of the
suspension was placed on the coated shide which was aie drfed before fivation
1n acetone for 15 minules at room temperature {about 22 C) The acelone was
evaporated from the shdes under # fan the process being continued for at
Yeast 30 munutes after the disappearance of any visible acetone

Indurect Techmque
4 4 drop of antiserum was placed on the smear and distributed evenly with a
wooden pis
5 The slides ®ere incubated in moist chamber for 30 minutes at room temper
ature
6 Th shivs were minsed 1 BS for 10 nvnates and the sarplus flud remaved
from around the smear by means of a paper tissue

7 A drop of diluted goat ant: rabhit globulin conjuvatel with TITC was placed
on the smear and distributed

8 Iocubation as meetioned under 5
9 Rinsiug as mentioned under &

10 The shides were mounted with ether rinsed ccverslips 1 glyeerol buffered at
pH 8

Drrect Techmique

A drop of antiserum conjugate Was placed on the smear and distributed as men
tioned under ¢ nbove The Subsequent stages were as in pomnts 5 6 and 10 sbave
Conjupstion of antisera wath FITC was performed acuording to Cherry ef of ()
Rentings were made as described previoushy (1) and the results recorded as Codes
0to 4 (%) Only results desiguated as Codes 3 and 4 were regarded as posttne Al
readings were performed blindly with coded shides

PART B

IMMUNIZATION SCHEDULES SERUM PRODUCTION
AND SPIGITICITY OF ANTISERA

The nfection of rabbuts wath ¥ bovis M tubercalosis and BCG ca

threc different immunolomcal situations W ith \f bowts a virule :1585
fection can be provoked and on the basis of presious expery nn .
used anli ' bopts sura colleeted early i the infechion orvon (1)
more prolonged course was necessar: e

for the
tuberculosts and espearlly wt BCG s)era Production of ant: Af

MATERIALS
Bacleral strane {ar serum
productim The strayn of
I e g v s
ere sclecte: L} S
honed ser o tcal diffcrente betwcen them - T O PPELmmAY resuts shueh
I b s var BCC = ATCG 1018
a tepial straun for specaificaly detes i
Serles 11 suel  1or 20 erunation The 13 straimns ysed [
Coetabt oriomy ernational Worling Group on ]\f}tohacl!rulor;}‘::xx;anr(:ﬂ?;




NG pAUY § anbjuydy 39931 Ay uf 50 B1IG )

anbyuy?a} 3I3PUY 24} UY PIST VIS
0008 0001 - 9IE og1 NRCRT 651 13 0 8 628 DSS Al stsopnasagny jy nuy
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METHODS AND RFSLLTS

fmmuns ation and prade boa of seewm The stramns were geown in Dubos Tausd
mediam with Tween 80 Pefore moculation 1Fe cullures were adjustod to an optical
deasity of D1 fn Coleman Jumor spectrophotometer at 5% nm  using mm
cuvetles Given volumes of these suspensions were fnoculated inta groups al four
rabbits sccordiag to the tmmuazation schelule shown m Table 4 Durmng the
unmunezation pertod blood samples were drawn at raten als from the cor vein and
the FA Htres agesnst homologous stearas were estimated Al the end of the nmuat
zatlon persods the anumals were hled by heart puncture end the serum collected
Phenot and EDTA were added t3 fraal concenteations of 0.5 per ceat and merthislate
10 008 per cent The sera were stored at +4 € or -2

Aate ¥ bavts Seea

datr I boves I serum {Bar I} was produced by o stagle Injecticn of viable bacilly
Among the four sera obtained two showed 2 1A titre of 310 and two a titre of 100
The first named sera were pooled and the F§ titre of the Yool was 3t

8
Anti M bogs If erum was colle ted following bypenmmunization with ghenol
illel banile \one of the sera gave pasitave F 4 reactions

Kt

‘he BCG rmmumzation tonsisted of four conseeutive mfections with viable Lacill
Amung the four rabibs used iwo died following the third mjcction and one follow
ing the fourth The surviving rablut was bled and the FA titre of its secum was 316
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TABIT 5
€ ymparison of Syecificlly of Different Sera tn the Indirect FAT
“ubsteate Serum

Deslgnation SteainNo  Hov € 1CG Tuh I Tub II Tub HI Teb IV
Straing nsed for sernm peoduction
Mol 1 43834/64 + + — - 4 +
A Londs (BCC ) \TCC 19278 + - + + 4 -
A ful erculosis SSC 821 [ + - + K i
A tul ercnlosts A5 8.6 + -+ + + + +
A fuberenlc sis S5C 829 + + + + -~ L
Series fasued by Internttional W orl g Craup on Vpeabart rial Taxonomy
3 atim ATCC15,69 = -~ - — + -
M oantrneeffularis  ATCC 1098 — — - -
A Jansasil \TCC 12178 - — - - -
M marianum ATOC 1920 - - - - -
M ot AN~ - — — + -
A1 Bovis (BLG) ATCOIPTS ¢ + + + - +
3 marinum ATCC 007 - - - -~ -
A fortuitum ATCC 6341 - ~ — ~ - +
M sinegmals ATCC 1490 — - - - +
Al phiel ATCC 19749 - - -
M paecae ATCC 15433 - - - -
o yenorei ATCC 1970 - - - —
o mleroti ATCLIO02 - - -~ -

(niE M tuberenlosis Sere )
1 our diffurent methods were cmyp ey d for the pr luction of anti ¥ lubzr;l: osts
wera usiny visble 1acifll Titre curves during immoniza jon axe s\;o“n :‘ “sgm
Tntt AL tabereutoss serum (Tub 1)) was produc 1 by a sindle \\lrln\ ous 18,
feclion The four sera had FA titres £ 1000 31t 310 n:‘(é.wl) re pectindly
two of these were poolud and the resulting iire was
Inli A tubercutoss 11 serum (Tab 1) w syroduelby tho :;:ns‘rlc::l;::r;nt::n
sencus injections follewed 13 ¢ne subeutane u e tion Among the four sers 13
had 5 14 titre of 316 gnd two a tire of 10D The fiv L t6 sers were oy
the resulting titre was 316
tnti ¥ tuberculosts HI serum (T:{lllll)n\\‘x
jections Among the four fal bits used tw ) dice
two suniving rabbits had 1A htrcs of 3160 and 1000 nd ¢l
2 was 3160 sotea
“rtn;nn\!l tubesculosts IV serum (Tut 13) was produced lv:‘ézr‘gfuro!::rr;ulo:: b
venons Injections of small dose at lony miersals \munz A B
F4 titre of 1000 and three a Gtre 1316 after 188 davs The fir
usedl In the speeifieity compart oS

{ duced Iy four conscemtive in
£ Hewiny the fourth infection The
he titre of the pooled

Spectfrcity Deternunation of Sera | strains
'.Tnlflc ," shows the results of the AT uswne the dlf{:’rfnt my abacterial str
and the sx sera diluted to the penultimate (ltr:.\!m-rll Tuhg 1 rercted it BCC and
[n thus experiment the scra designated Tub [ & e ana Y bows
At Buberentosss oxclusnsly Serum 1ub 3 readed alsa wath I avtiy SR e e
e I sencted with M forturtum o 1 sm gmatie B Loy reactions
tosted repeatedly against other 3 Fortuitum steains they all &
h a frequency of Rhout 10 per cent o
* l':'hcsc rr.guns \were declsive for the selection of lh: llr\:%:rn[x[‘
(Tub 1 und Tub 1) for usc in the wdirect techoia

f fub roulr s S€T8
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PART C

SCROTYPIMNG WILD STRAINS or ¥ BOVIS
AND W TUBERCULOSIS

For the prachied application of the FAT m the lnboratory diapnosis of
{uberculosis 1t 1s essenbial to have 1 hnowlede of the seraloment
relationship belween mavmmahan mycohactena Prehimnary Fesulls
showed some differences between W bowis and W fuberculosis and to
2 certan degree also within the latter speeus A number of wild
strains 1solated from Danush patients with tuberetlosis were therefore
{ested against some of the sera mentioned mn Pt B

ALATERIALS

Bacteral strains tested by the sera {substrate) 10 strams of A tuberculosis and
49 stramms of M ot were selected from strans Jsolated at the Tuberculosis De
partment of Statens werummstitut Copenhagen 1 1965 Before festing they were
kept 1o tubes with Lowenstein-Jensen medism at ahout 7? G fac oue te four
months Smears were made direct from these stod eultures

O eon The sera desymated Bov 1 BCG Tub 1and Tub 11 in Parl B were
used 1p the 1ndirect technique and conjugates of Boy T and Tub III in the difect
Aechrdaue

METHODS
Tor details of the methods used see Part 4

RESULTS

Tables 6 and 7 show the results of serotyping 146 sirans (104 W tuber
cnlosts and 42 M bowms) using the wdirect fluorescence techmique
Table 8a shows the distribution of the results when Tub 1 and Teh
11 were used s test sera Among the 17 inconsistent results with the
A tuberculosis stramns four were read as — Tub 1 & Twb 1 Ths
distribulion has a p value of 49 per cent tn a binommal distribution

N TABLE §
istribution of Resulls when 104 M tubercnlosts and 42 M
O e eatonte atiora (op a3 Dovis ond e Antmonrtoy '
w the Indirect FAT and BCG dntizera (b)

Anusern Straing
A tuberculosis 3t boois

@ — Tub [— Tub Il

—ub 14 Tub 0L N L

+ Tub 1 — Tub I 13 A

+ Fub I + Tub Nt S g
@) — By — BCC 3

~ Bov 4 BCC 3 3

+ Bov — BCG 3 1

+ Bav + BCC & 3‘:
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willbn =17 md p = 8, (The stlistieal cynlution of such distrby
tions s bien desertbed previeusis (8)) The negatine frequencies
wih the two screy e about @ aad 17 per cent respectivels In the
W baves nnterial, about 80 per cent of the strans did not react wilh
the ser

Tiblc Gb shows the enrresponding results when Bov T aind BCG were
uscd as lest serr The two sora reicted equalh well wih negatine
froquencses of 10 and 16 per cont tn the Y (uberculosis and M bopts
miberny) respeetiney

Table 71 shows the distnbutions when 1he reachions willt the Ino
mly W tabercadasis scryare regarded as one double teachion and where
enly ene positise tuading permits nobification of a resnlt s posine
Carrespondingly the rochions wath Bev T and BCG e reparded as one
double reachon In the M tuberenlosis material anly W luberculasis
sernim nd ante W bowns scrum reacked equalls well Howover m the
¥ homs matenal the superionly of anti i bopis serum as e, ards
stuming, officsey 15 agnshieant

TARLL 7
Fraluatt n of Results from Table €
Strans
Antisera W tatereulons ¥ bouts

x — Tub ~- lioy 1 3

= fub + Ttoy 3 2

+ Tub — Rov H o

FTub 1 Do ” 1
an — Tub — Doy 7 10

—Tub + Doy 15 !

¥ Tub — By 2 f

£ Tub + Loy 7

two
tisera are regarded as one test and
S e e Itie result permits positve

Two reactfons with
tne notifi ation m (b)

reactions with M Foris antisira as one test One pos
notilication in (&) and hoth realts myst ¥ e positive for po 1l

hiling resulls with the double reactions

Table 7b shows the correspol e

when posttive rendings from bolh rections ire neecssary for 2
noltfictton
Tables 8 and 9 show the resulls of testing e 42 ¥ Bowms strams by

hnque
the direcl ymmunofluprescence lec tested
Table 81 shows the distribution of Tesulls + hen the strams 1re te

nesatne
twice wgnnst the antt M tubercnisis conju ate fhe merase Nes

t and the distribution of meon
e utls tors 5 i 1 y I‘L: clf:‘forhuluus Table 8D shows the

sislent resulls {(p1- 6 and 10} ma o
corresponding, results when the strams nre tosti;:“:(\\;c:' ;:r o
M bovts congugate The negatne Jregnency 18 2

each reaction
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Table 9a shows the results when the two consceutine reactions with
the anti M {uberculosts conjugate and the ants ¥ bovts conjugate are
reparded as double reactions and where one posilive reading per double
reaction permuts notification of a result 1s positine In Table 9b both
readings m the double reaction must be posilive for 1 posihive nolifica
tion In both cases the results dumonstrate the supirionty of ¥ bowms
conjugite for staming U bowms

Finally mention should be made of a prehmin wy seres of mvesliga
tions where 485 struns of \ tuberculosis were tested once qgainst the

W tuberenlosis conyugate The negitine frequenes in that series was
9 per eent

TABIE 8
Distribution of Results when §2 \ bovis Strawns Tested Ticr oga nst Anti
U tuberculosis Conpugate (a) and antt M bovis Conugate (b) tn the direct FAT

Conjugate W bowms strams
{a) —tub 1 —tub 18
—fuh 1 4 b 2 [
+ tub 1 — tub © 19
+ tub 1 4 twb 0 8
by —hov 1 —bor 2 [
—boy 1 4 bov 2 5
4+ bov 1 —hov 2 5
+ bov 1 4 hav ? 30

TABLF §
Fualuation of Results from Table §
Conjugate 42 M bous strans

_—
@) — tah — boy 5

-~ tub + bov 18

+ tub — hay 0

4 tub 4 boy i
™ —~ tub — boy 9

- tub + boy g

ot b 1

+ tub + hoy 7

Tw) reactions with anti 3 tabe;
reitasss confugat
0 reactions wath anti Y Bovis consugate ae fmi‘nﬁ,z' O o, 5 ane test and
Loaitlee wotifs ation {n (a) and both tesults must be positn s for pongpr, Permits
1on in

e positve for positiye Bothiea

DISCUSSTON
The mm of this study was 1o exn
mine the specifieit:
mll;hmhu produced by nfection with \mhlcplulbec;clye le Clll;cuhlmg,
ribbits were used for antibody production g “irulent ml’c?l‘i‘on‘ dsmtl:c
ue to
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A boms could he provohed ang anlihodies ot wned earis i the m
Tielion coudd e eximined on the tmes of Presious imvestigations {1 25
It( ;’:‘:’\“::I':‘:“"ll;w plrl;duclmn of anbisert 2 unst W tubereuosts and
NORDA r:\r;:;;r t;r Ix 1;:»«1):)4 wnd fferent immunization sched
Bl 1o tho ‘mm‘c wopled an vrder ta feian the multiplication of
nlanfection It was possibic In rept ited inyeclions

of sible biedh to produce nlibodies s unst N tuberculosis wmd BOG
m rbbits e techne problcms myvolved the risk of death of the
autun il Wil one to (wo dive affer the later fyections and the pos
siility of abtunig, an antibods response g nnst mnor anhgens due
to the prolon,«d mmmunization schedule One of the serr used was
prodaced bs o siogle mycehion of viablc belli and showed a b
degree of fape speaifialy thoush a long, 1mmumzagion perod was
feeess iy

The specilictds of the ntibodics ablined v,mnst dfferent myco-
Badernd trugs was censonbiy pood as will be secn from Table 5
Ante M nberenloses ST panve reactions with the Vf avem 13pe stran
el cansequentls was not ased m (he idireet techmque Howesur on
account of s fugh tritre tlns serum was used n the direct teehomgu
The other sera cmplotved v no cross reachions with such 1mportant
bcterrn as M awvwm, W intracellularrs ) Ransasu and ¥ zenopet, but
all of them revcled ocersionslls wilh W forfmlum Thus olher types
of sera might he neetssary for use i routine hboratory typing

The fluorescence antthody lechmigue nsed was based on the resulls
of 1 methodologica! studv porformed m an allempt to decrease the
number of fasc neative resulls An ymportint detut of the fechmqgue
15 the use of precoated shides wingh duning the snbsequent manspult
tans retun the fixed baaill better than clened but nnconted shdes
Poridine and acelone gave Lhe best resulls but becawse of the un
pleasant sapottrs Jiber e d by pryoxdine cetane was prelerred The final
technique used in the subscduent $yping shil gave a certam number of
filse negatines which necessilted 1 stabisticd esaluation of the resulis
In routine 1ypmg the exammation of % numbes of paralie! shides would
be requnred !

In scrofsping the M tuberclosts and A beows struns the freg.ency
of negative resulls and the disinbntion of the nconsistent results were

deciste for the evaluation Al the sera exammed showed the ;ng;?
trend s regds stainung property Angs f fows sera tncluding “w
stmned M tuberenlosts and M boms while ant ¥ tuberculpsis SeT

cnerally stawed M {uberculosts only
Ny The OI)’mxom of various worhers taffer concerning serologcal differ

entation belvwecn mammalian myeobaclerin Most “or}\(‘rs do ntot drl:
ungwsh between M tuberculosts ang Y Zowis but a e: Htll?::ssh]:d)
sent possibihbies for differenhation simlar to those foun: u: B
Schaefer (8) working with palvsaccharde and prolcmk :u; ;qm e
culture filirates found a protemn antien 1o the filtrate froi
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strains that was not present in filtrates from BCG or hnm',m s}\]r 3\:2
Laler he reparted the same possibility of differentiation wath a hs |
chlarie 1t exiract from 3 hole bacle (7) By means of xmmunodcdc(;
(ropharesss and immunodiffusion  Castelnuovo ef al {4) reveaied &
ference hetwein W tuberculosts and Af bovis The hiter possessed 1n
wligen that was not found n the former or 1n BCG Musthcrmore an
other antigen found both m W tubercnlosts and M bovis was laching
n BCG

nThe difference found 1 the present study stems o Pu paraticl to that
described by Schaefer and might be explained n the same way v
(he existence of mn wtigen common lo W bovis and Y tuberculosts
and an antigen speaiic for Vf bovts Howerer we found that BCG was
able to induce antibody production agamst the speeifi 1 bopts anbigen

Tar the practieal apphieation of these results 1t 1s necessars to place
1 boms 1 one serobype and M fnherenloms m moiher so far s
wmmunief{uorescence work gs concerned In the material examned we
found no dcfinite evidence of surologieal variations wilhin the lna
species The different strams of M tuberculosts emploved 1 serum
produchion were sefected on the basis of prelunthary resplls where
vanations were found As mentioned m Part C the difference be
tween the two ity M fuberculosts sera was on ihe borderhine of
statistient sigmficance and thus the serolooical varabing of any must
be shuhf The Boy I and BCG sera showed a slihtly higher frequeney
of nedative results with W bouvrs than with W {uberculosts This phen
omenon miht be explaned by a hugher degree of varmabon m the I
bouts struns Howener the conditions for the FAT were established in
experiments with ¥ tuberculosts and those conditions muoht he less
Imvourable for M bowts strams

If the smmunofluoreseence fechnigue 15 to he tmploved m roubing
Iaboratories for lhe specific staming, of tuberele hacillh anty 1 bouts
?cmm should be wsed i order to stun both W tuberenlosis and M
hovis and anty W tuberculosts sera stamned strams of W tuberculpsis
wilh equal effieaen but that ants ¥ hot s serum was significantly mare
suspecled tuberculosis patients smears from W tuberculons should be
used as substrile or allernalively smers fram hoth species nust be
employed

SUMM4ARY
Circulating anhibodies in rablits infe led with ¥
cittosis were examined from the point of view of lhifrv:;:cr:;l\c:tl ‘x:‘\bie!:
fluorescence antthods test (TAT) Statistieal esatuation of thcyr IlP
of serotspng strains from tubereulons patients showed that E\s“\s
tows and antt W tuberenlosis sern staned strams of Y tub. o
Wil eqaal efficacy but that enioss

mh ¥ bovts serum w
as s
more effective 1n stunim., Y Papis strasns mbicants

17 actiraTn o6 7
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The conditions for the AT were examined m « methodologicat
study the results of which ire ineluded i ttus paper
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Submitted to smtable culture condibions blood lvmphocvies can he
duced o prohferate by several stmuli such as unspeaific mitogens
antidens azamnst which the lvmphocyte donor 1s sensitized antibodies
agawnst deferminants on the 1y mphocyle surface and {ransplantition
anligens both n the form of ntact cells and s cell free preparations

The present ivestigntion 1s hased on 1 method of culture which
allows good cell suryival and early occurrence of significant thymidine
Incorporation 1n lhe stimulated cultures Three 1inds of stimulation
have been used 1) phyichaemagglntinin (PHA) as an example of an
unspeeific mitogen 2) purfied tuberculin and 3) nuxed cultures of
atogeneic cells

Several investigators (2 3 5 9 11) have stressed the mportanee of
standnrdizing culture conditions and assay methods Lach of Tepro
ducibihity has heen a mAjor pro
cvie response by means of morphological methods such as the counting
of transformcd cells and mitoses or of labelled cells i autoradiographs
Therefore n systematie study

tilation was obtuned by mew: a modificabion of the assay method
proposed by Vosedale & Parl e (8}

It s been shown that the maximal thymidine uptake 1 cultures

¢ peak response
appears that the response 1s best quanbital o l‘l‘x(\“::::s‘fx?exnil::‘se(‘]z:xnll
the peak Tesponse occurs >
‘“zh%":x::::'i:;’:‘:ﬁ ‘:’E:SE“’:&E‘& i‘}: é:g;::“"‘l:;:‘;”" Eg:::::i:tal Immunology Unier
konndation” The Damish State lle:z‘x’:nhrg;f:d;l:o:oz::a;l;:rxl:;'snll-“:;‘gd?h::"’ :
17
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MATFRIAL AND VI THODS

dreparatisn of the Cultures
0 ml of hlcod from nermal adults js defibrinated Iir 10 mingtes
i aa Ielen
meyer flisk contalnlng 16 19 glasy heads and mixed wilh eqoal volumes olr!he

Tll:c sediment Is centrifuged (1000 ¢ 15 minutes) for preparation of cell free
mdfum

The aumber of lymphocytes and granulocstes in the liucosyle susyension Is
determined by phase oo ntrast mlerdscopy using an ordinarv haem evtometer The
voneentratfon of lymphocytes is sdjusted to 1 million per m! elther by conceatta
tion of the suspension In centrifugation (00 ¢ 10 minutcsy or by dilution with
cell free medium Narmally it iy possihle with this mcthad to obtals $0-80 msllson
lsmphacites with a geanufoeste content of 05-2 millfon per millinn lymphecstes

The suspension Is transferred to culture vials nsunlly 2 or 5 ml per vial Brown
serew eapyed medicing bottles have Yeen used debseset 2 eptic from PISt Mano
faktur Timmared Sweden The volume of the vial is 10 ml the internal dismeter
heing 19 mm

The gas pha e of the sials §3 5 por cent €O in atmosphene aft The calures sre

malntained at 37

Stimulalion of the Cultures

leconstituted PHA (Murroughs Welleome) or purilied tul ereulin #0% mg rer m!
(Statens Seruminstitut Coj enhagen) is added to the cultures 1n the concentrations
staled Stimulation with lubereulin was investigated In eultures from person with
a positive tuberculin skin test

Mitogen is ad led o the remaining ecll free me ham in the same concentration as
in the cullures and I is stored at 4 { fer later change of medinm

Mixed cullures are jrepared using equal olumes of lewcocyte suspension from
two unrelated persons total volume 2 or 5 ml per ulture

hange of \elium

Unless otherwise stated change of mediam 1s perf rmed on days 7 4 and § T“)::
upy er half of the culture mebium 3 rom ved wath ut disturbing the cells at
bottom of the vial and is replaced Ty an equat s tume of cell free m:du;m p‘rhze
warmed to 37 C The cultures are re flushed with 5 per cent €O g aur before

caps pre closed

Haruvest of the Callures p
fter a careful resuspension o

The cultures are ferminated at ®4 hour mtervals 4
the tl;lls 1500 ) s transferred to ncw culture vials contaimng radipactne fracer

d smears

emaining suspension is uscd for visbility te tng an
.{l"lel'.‘l‘r |nc’:lhﬂl|gnn \\ll\h trncer‘(nr 240 mn‘;x\\es ’;l;)i'l {:;1::4‘: :c":)!g &[;;;é,su;,?:;i:gx
and 1000 i ds sollected on W hatman glass fbr e
128 mm thounted fn \illmore filterholders sonnected to a water sucticn

The rest of the labelled is used for B & ssotonic sobioe
q suceessiely with 66 mit of 1
The cell deposit on the filter is treated sh e ol
he ced) ¢ ated

of cold trichloroacetls acid and 49
40'?;M'ch|cmm_ experiments the filters were counted d;rec% m:e:hmp‘ o
surfyce upwards fn 15 ml of drowan emfifistor (naphtalene ‘ Kup ethangt 100
ethyvlene slicol 99 m] PPO 5 dimithyl TOPOP 03 g made

digran) 11 material on the Tilters has beest
1} subsequent experiments the actne ce e els and
o i he dried Diltees are transforved to cxl)(u:t 3_;{: e

1 d with hyamme (10) T

;t;gugml of hivamime (I ackard) 15 added Ater 24 hours xnnslhc d:hm 7 Clem)
¢ taluene sentilator (170 8 ¢ b dmethy} POT 5 Semtillation Counter

2dded Fhe samples are counted in @ Facl wd T2 Carh Ligud S
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lts are expressed as
1 counting error below 1 per cent AN rest

Zaylll’:lzll;iv};n‘nu\g pae\‘ 1 Torilion lymphocste of the mnitial culture The background
counts are subtracted from a1l data

Tracer

ture, Undine
T dine 2 G (spearlic achimty (45 mCi/mY) 01 xCr per ml cul

'2“2):\‘322(“ actwnty 381 mCi/mi) 01 4C1per ml culture and DL 1eucime © 3C
{spenfic activity 51 mCy/m\) 10 4Ci per ml of culture hive been used AN tracers

have been purcha ed from The Radjochemical Centre Amersham Fngland

Y ability Counting
Viakility connting 3s performed by direct counting af Living and dead cells under
phase confrast fllumination in an ordinary haemocytometer The dead cells are

characterszed by cytoptasmic ocdema and nuclear pyknosis o results of the vi1a

Dty counts dunag the first 3 days are given as Uhe presence of polymorphs d1s
turbs the counting durng this period

RESULTS
Assay Vethod

W hen nssaying the mcorporation of YC lahelled tracers the cdlls can
be depositedl on a glass Tibre filter and counted dmrectly mn a dloxn
sanhifator (8) With this method the actiity remans localhized to
the fulters (10) It 1s however possible to dissolve the achive cul)
wntenal on the filters with hyamune In the case of non hy mune treated
filters The highest counting efficiency was obtained using dioxan semn
tillator winle hyamine treated samples were counted wilh the greatest
efficieney using loluene semtillator

It 15 seen (Table 1) that the hyanune trealed filters—in spile of
hyamme guencinng—constantly L e Wgher counts than the non hy 1
mine treated filters After turning the non hyamine treated fillers wilk
the el side downwards the count rate deereised by 5-10 per cent
When the non hy vmine trealed fillers were transfirred fo new cauntin.,
wials the activity was transferred with the fillers while the seinity
remarmed n {he countine iaky after removal of the hyamine treated
fillers showng that the achive cell matertal was dissoh ed

Both methods showed a hincar relationsip between the amount of
tahclied cells collected on the filters and Ihe actuats, found ang both
methods may thercfore be used The hvamine method which was
worked out primarnly for counting of *H Jabullcd fracers (10) was pre
ferred for counling of YC labelled tracers too due to the hu. her 1‘1‘ t
w,, effictency and the independence of geometrieal hclor; cou

Change of Vedutm

The surtis A and proliferation of the cells ar
By ehanae of mediam 1ig 1 shows the 2;;:11711‘::5 rlt:x\nﬁ Cv:ms‘!dcrahl)
number of Ining cells 1n muxed enliyres when . on pur{:\ ot
chan,e of medium had been performed on days 2 4 ang :} seh s
conirol set only flushing of (he eultures with 5 per gent 0(;‘ ;Tm‘:‘\:-:z
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Comy sreson bet, L 1
mison
el cen Assays of Non hpanun Treated and Hyammn Treated Filters
c{ ™ after
unf
Culture  ulon  Assay thefilie & CPWafler . epm
N filter method P™  ithegy, g Femoval T innew
down of filter vaals
wards
0oy 3007 2983
500 y 2923 atr2 9 " nléf
1000 gt 6274 L6 s 60
. w00y 3700 5319 65 3 5013
a1 1500 ) 9147 w8 o7 23
1500y 8138 “HE 8 3 8537
2000 o ge9x; ¥Ir 11 383
2000 U 1495 0761 fa 2 10,33
0 g1 130 9wy g 163
500 U 113 3800 10 24 3815
000w 2051 2008 o 137
000y 8271 780 6 1 Caa
312 00 ) 13159 w2 e
1500 U 19012 11430 5 10 11146
000 11 19960 18176 05 333
9 10461

2000 u 1«0 1,330 10

R 1lvamin treated filters counted in 15 ml of tnluen scintillator
U “on hvamin treated filters counted In 1% ml of dioxn seintillator

Two different pools of TH A stimulated cultures were harvested on flters in the
intillation flnd the non hyamin

amounts indicaled 24 hours after addition «f
treated filters were turned with the cefl wde downwards 48 hours after the addition
of scintillation (lufd all fifters were remorved from the origimaf counfing vials and
transferred to new vials (the orientalicn of the filters an the new glasses was not

controlled)

donc on the same diws It s seen that due to 1y lugher proliferatine
achvily {wice s mans Iiving s were found 1 the culfures on das
8 when the mudim was chinged s compased with control cultures
Surpnsingly  datly chan,.e of medim did nol further improve nedher
cell surviy i nor thymidine meorporition Ghatine of mudtum oa drv 3
only gme less than optumal achsats These resulis heid true hoth
PHA and tuberculin stimutaled cultures

The cullure medyum w1s diluted by 30 per cent Intradex Fo mvest
pate whether the need for chinoe of modium was due to the decru ised
concentriion of nutritive factors m the medis PHA and mixed cufture
experiments were performed 1w which the edls were iselated by cen
trifugation and cullured n medim with and without Intradex ‘e
significant difference w1s observed implung that cutturng of celfs (1
undilted medium could net subshituty for thange of medm

Ihe wddilion of 25 or 5 m- of glucose lo the cullures instead of
chan.e of medium on dwvs 2 4 and b dud not 1nerenst the actuaty 2bove
thal oblamned m cultures m which ihe medmm W s not changed



263

» 0 o
¥
[
- d s
z H &
= 0o 5 Y
&
0 s
L]
T G unre o' or Ganee
Fygt Fig 2
parison hetween mived cultures Mixed ¢nltures Increasing volumes of
:‘u:\‘;“:’nd ithout change of medmm medium have been added to diffcrent
O (hange of m_lLum cultures while the medinmn has been
X ™o change of medium, changed in one culture
Dolied hines Murber of hving cells See text. The numbers mdicate the
Fully drawn lines Thymidine 1ncorpo

volume of eculture in mi
ration

In stimulated cullures the pIf of the medium deerenses To mvest
gate whether the effcct of the chinge of medmm was due to a partial
normalizalion of the pH in the cultures trmiplicale mixed culturcs were
sct up To one senes bicarbon e was added on days 2 4 and 6 re
storng neutral pH as eslimaled by the colour of the ndicator This
resulted 1m 2 thvmidime neorpor thon higher than that in the control
cnltures but the actisity did not reach the same lesel as m the cullures
m which change of medizm wns performed

To wneshigale the possiality that the medium mught be exhausted
due to an excessive concentrafion of cells the following expermment s as
made Lqud volumes of leucoeste suspensions from tso donors were
muixed and dispensed into 5 groups of ¢ cullure vials each containmg
2ml To the 2nd 3rd and 4th group was added 1 2 and 3 ml of cell
frec medwm respectinely se that the finil lymphocyte concentration
m Lhe 5 gronps were 100 067 050 040 and 100 nullions per m!
Change of medim was mnde m the cultures of the bth group only
while the remaning cultures were flushed with 5 per eent €O m air
on the same dnys It is scen (Fig 2) that no sigmificant differinees
were found 1n the cullures 1o whih no change of medwim was per
formed arrespeetine of cell concentration while the cultures 3n \\k‘:\g\\
the mchim was changed showed muach higher and longer lashing
thhmuding incorporation =
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Cullures from a tul erculin kyperscast

tive person which have been stimulated

with different cancentrations of pun
fred (uberculin

X=X 004 per ml

Y

A comparison belween mived cultures
with different numbers of cells per
eulture Sce text

09 yg per ml
AW 1 ¢ per ml

The resulls in Tig, 2 1so imply that the her it of the medwm n the
cultures m which no change of medmm has heen performed w s of no
mtport inee for the thymdine mncorporation The same finding has con
sislentdy been made i cultures i which the medium was changed

Number of Culls per Cullure

To evalunfe the syymfie mee of the cell density al the botfom of the
cullure vinls mixed culture cxperiments were made 1n winch the cell
coneentralion was hept constint e 05 mithon pur ml while the num
ber of )y mphocyles per cullure werc 05 2 and 3 mllion respeckivedy
(Liy, 3) It 1s scen thal ne si,mfieant difference m thy miding meo?

mung 2 and 3 million lymphocyles was
ng 0 5 mlhion

poration between cultures conta
h hgher rell

found wlnle the thvnudimne incorporation 1n v ials contum
fymphocstes wis delnved compared to the cuitures wil
density

In other mixed culture experiments and m cxperiments m;h hﬁ):;‘
culn shmulabion m winch the lymphocyte concentration wis , ml"ﬂ[>
per m! no difference i the thymidine mcorportion was found
contamng 2 and 5 million cells

On the basis of these expersments 1t 1s not possible to dclcrnlr;::fl!ql;sc
optimal density of cells per squarc umit {7) as the bottont o
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15 shehtly curved so that the cells seitle with the Tughest density along,
{he persphery

Cancentration of PHA and Purifted Tuberculin

The optumal concentration of PHA was found to be 0 010 ml per mt
or%:“:;hmal concentration of ptrthed tuberculm vared from mdy
vidual to mdiadual and must be determned n each case Fig 4 shows
A tubereulin titration In other experiments a similar smail difference
between the ophumal concentration and the toxi. conceniralion was
found ‘The oplimal concentration vared belween 02 and 15 pg of
purihied tubercalin per ml of culture

Protein RNA and DNA Synthests

In PHA sumulaled culiures sigmieant RNA 'nd prolein synthesis
s seen wilhun one hour after the mshatian of culture whercas DN4
<ynthests commences al 21 hours (8) The time course of RNA protesn
and D\ 4 synthesis in antigen stimulated cultures 1s shown m Figs 5a
and 5b The ohserved parallellism between the mcotporation of urdine
leucine and thymidine w 1s also found n cultures with weaher respon
ses On the first dav of culture significant mncorporation has never
been encountered

Tn most of the figures thymudine incorporation by the unstrmulated
control cultures has been oputted The results demcted 1 Figs 5 and 7
e however representative 1t 1s seen thal the actuuly in the control
cultures was shghtly increasipg towards the 8th day s 1 rule the
thyvmidine incorporation m the controls was abont 200-500 CP\{ In n
few control cultures an inereise to 1000 CPYM was seen on days 7 and
8 As scen from Fig 5 a considerable 1ncorporation of lewesne apd
unidine was found m unstimalated cultures

‘These results indiente that sy of DNA synthests 1s the most sm
table parometer for quantitation of the lymphocyte response

Reproducibtlity

In order to assess the varaton Lebween wndiwidual vals m mmxed
cuftures and tubcrenhn stimulated cultures the coefficient of vamation
was calentaied on the basis of 43 determinations duplicate and 14
delerminations n tipheate The result was 102 Per cent for mixed
cullures and A6 per cent for tubereylin stimulated cultures wh ch
“’;f a weighted mean of 10 0 pur cent e
our out of these 58 expiriments s
(coefficrents of varalion 2!; o 254 26),10‘:‘;:31 gs:r;ird:;xii;‘:g B
some unknown technieal error If these faur Lxpevimenls quCdﬂmg
grded the coefficient of samabion was reduced to 7 N

per cent and 7 2 per ecnt respeciively O pez cent 78
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DAY OF CULTURE DAY OF CULTURE
5a 5b

Tyl
M Teueine MC Uridine 1nd 1 Thymidine uptake in lencocyte cultures
¥- HClcucine Q-0 * Thimudine @ O HC Uridme
%a Vived enltures  3h Cultures from na str nulv tubereulin hspersensitive person
stimulated by 02 g ) urificd tubcrenlin per ml
Three lawer lines show the avirane actinty  f the unstimulated cultures

The felter to filler partation was (shimated on the basts of 49 expent
ments m duphieate The coelfiexnt of vartilion was 3 3 per eent

To gt an ampression of the day lo doy variation mixed cultures
from the same lwo persons wore prepared b micrvals of 3 days The
result 1s seen from g 6

Cell Deathi—Peal Response
A leucocsle cnlture 1s Doth 1 stowin, nd 1 dymng cullure Among

the pranulocytes the polymorphs e during the first davs bul Lhe eost
nopluls survive unhil Il i the enlinre The number of Ining 1ymphoid

cells deereases from the first day of culture 1t 1 rile which 15 Iarsels

deternmined by the culture conditions (11g 1) When stimulition c'msc:
mtensive prohferabion 4 frmsitory nercase m the number of Inm;
cells oceurs see Fi, 7 After dav S o rapud deereise m the number 07
Iivin,, cells alwass oceurs m the culture system deseribed Fizs 1 qn:l :
show furthermorc fhat the thymidine mcorporation by the slmmhﬁ:
cultures begins to decrease at 4 tine when tlie number of hning cc”

i Lhe cnllures 1s still mercasing showmn., that thymdine 1corpe

Lion 15 mkubited already Lefore massive cull dealh occurs
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Fig 6 Fig 7
her
tures prepared from the same Thymidine corporation and num)
\‘\‘:E%z?; ::;-cao:s vath an mterval of of hyving cells i mixed cultures and
3 days cantrols
The powts represent the average of Tully drawo liges Thiymidine incorpo
dunli ate or tripheate deterssinations ration

Dotted limes Numlber of hing cells
Mixed cultures

X-Y Average of unstimulated con
trols

Fig 8 shows the thymudine incorporation m the expcriment described
1 Fig §b compared with the thymuline incorporahion in cultures from
aperson who showed a we ther shin test reachion to purified tuberculin
1t 1s scen Lhat the stronger shin reactor showed an early and siolent
response with a peak already on the 3rd day of culture whtle the
weaher reactor showed 1 slower but shitl mereasig thymrdine mcorpo
ration on dv 5 In other cultures stimulated by tubereulin, the peak
response was found on diy 4 or 5

In PHA stunutatcd culinres peak responses were found on day
2or3

In mixed cultures m which change of medium was performed (of
Fies 1 2 3 and 6) the peak responsc was found from day 5 to 7

DISCUSSION
When icorpor ttion of D\A precursors 1s employed ta quantitate the
profifuratiie response of lvmphocy tes tn vitro, the measurement 1s often
cirried out at a fixed lime when he response 1s belteved to be maximat
g onthe 3rd or $th d7y m PHA simulnted cullures on the 5th or 6th
dw an fubereulin stonudated cultures and on the Gth or 7ih day m
mixed cultures The present mieshigation shows howeser that the
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Fig 8
Thymidine inenrporathn In cuftures from twa different test persons shimulated
I parlfied tubesvalin
O-0 The same person as in Tig 8b vho bs shin test using 002 yg purilied tuber
culin shawe ! reddening an | edema of the whole antehrachium
® ® \person who by shin bt uang 00 #¢ purilicd tubereulin showed redden
Ing end induratinn 3n an srea of 1X 1em
Botls cultures were stimulated by 02 ab pussfic { tubereulin which ja other expens
ments was found to he thd optimal conientratron for both test persons.

pek response mas oceur on diffcrent diys when the same nligenic
stimulant 1s apphed to hmphocste calturcs from different persons

Iives (1) has reeenthy reported amproved ecll survaal i maved cul
tures fromt ihred struns of rats Iy chmge of atedium 1n the cultures
In cultures of binmn Jumphorstes fop change of mcduim will smprove
celf sursnal and thvimdine mcorporttion (Fros 1 mnd 2) The charae
teristic lindimny, s that e peth response s therehy mereased and st
occurs Jaler m the cultare poriod thus demonstrafim, that peah re
sponse 1s determmned not onls Iy the prohifcration of the cells but 1s
also groatly mfluenced by cullure conditions

Turthermore {1gs { and 2 demonstrate thd the thymidine meorpe
ralion on day $ and 4 15 1dentieal 1 enltures from the same radrudualé
whether or not chnge of medium has been performed suggusting that
the errly response 1s much luss infiuenced by the culfure condifions
and therefore 4 betier measurc of the celinlar response

In muxed cuitures from mbred struns of ris wnd thew Fy Wybnds
W dson ¢t al {12) have shown that new celis e wnlmnousr; enlt”rs
1ag mulosis for the first tume from day 2 to day 7 and that the ‘c.(;u
i miosts then proceed through a successive series of dmsmrsu i
1 constant genertion pme In mixed culfures from man W dson

have found 4 generalion ttme of 1+ honrs



260

The unmunologieal sigmficance of the finchine, that somlc cclli ;Y‘O
not start prohferation untd fate m the cultures his not vet been c“nhc
fied However due 1o the shorl seneration time the rcsponsle l“x >
domnated by the cells winch begin proliferation early why e“cc s
wineh enter inlo mitosts fate cultu{c contribule onls {o a small ex

§ {hvmihne ieorportion
(H};;ﬁ :Ez S;rnenhal rise of the thyandine weorporalion curve lovels
off hefore the peals 1s reached shows that some of the cells already af
this fame it out of the nutotic eyele The reason for this 15 presumably
celf death whieh at least in part 1s due 1o suboplimat culture <condibions

In the gquantitaiton of the tvmiphocy e response st therefore seums
more reasonable to measure the thyimdme |eorpor tion
fivst daxs of proliferison rather than the peak response F
that the optiml tuberculin eoncentration e be determmn
3 and 4 as well =8 later 1w the enliures Py
2 valent reaction to tubereulm st test shows an earh stron., re
Sponse wr odra 1 companson 1o a person with a smaller degree of sen
sttty and that assessment on day 5 only would have been nnsleading

In mrxed culture evperiments the Tesponse ean hkewise he quanh
tited durin., the first three 1o four days of eulture Investioations e

W present o proyress using one way cultures between HL-A fHyped
frmh members in order to determune the correlation hetween the early
response w vitro and the degree of HL-A mcompatibisty

duriny, the
1g 4 shows
cd on days
8 shows that person with

SUMMARY
The present mrtestigation was undertihen m an allempt to define the
ophimum conditions for quantitation of the fymphocyte Tesponse i
tHro
The ecliniar uplahe of W
tion of the method Propos:
was shown to be of m
rtion

The peah respanse was delermined poy only by {he mhigen concen
trion g the sensitinily of the celis but also by the culture cong,
tions The mliat Tesponst was much less wiluenced by the culture
conditons i therc fore from 2 techneal bownt of \iew wag a belter
merare of the celluiag sesponse
The results obtatned with cultures
¢nt cancentriions g from person:
eulm hy persensinats, su
quaniitated by mesurn,
th first deys of enlture

C-lhytmding was meastred ¥SING T modificn

ed by Vosedale & Parke Change of medmm
A1oT muportance for ecly surynal ang prohfe

stimulated by tubereutin differ
S With hefcrent

degrees of tuber
~Fest that the Iymphaesie TeSpanse mav he
8 the rate of Whymidine mey



1

(8

e

- e e

-

@

-

E

w

2i0
RITIRINGLS

Baeh I Albertint R Rlostermann I ¢ Da
Testing Munksyaard Copenhagen 1967 p g5 ¢ [Trcomiatibilis

Bain B & Touenstein { istocompatibility Testing 197> Series Nomatologica
£ p 217 (Suppl Scandinas J HMacmat )

Chatmers D € Cooper F Il Frans ¢ € Topping \ E Quantitation of the
Response of Tymphocstes In Culture to Speeific and Non Specific Sthmuta
tion It Arch Allerys 3 117-130 196

Flies M W “The Wixed Leucocrte Reaction in Inbred Stramns of Rats™ Yo
Sang 13 7-11 1967

Eestenstern I Antigenie Strength Tnyesthyated by Mised Caltures of Allogene
Mouse Spleen Cells  Ann N1 Aead Sci 199 Arlicle 1 567-573 1970

Kay JF froceedings of the S The D 1 Fffects of Phyto
hacmagplutinln The liobert Jones & Agnes Iunt Orthopacdre Hospital
Manayement (ommittee Oswestey Englani 1960 p 37

Moorhead J F Conolly JJ € MeFarlanl ®  Factors Affecting the Reac
ity of Human Tvmphocstes 1n Vitro 1 Cell “umber Duration of
Culture and Surface Ares J Tmmun 99 413-119 1367

Mosedale Ml B € Larke J 4 ¢ Droceedings of the Sumposium  “The Biolo
gical I (fects of 1 hvtohaemaglutinin The Robert Jones & Agnes Hunt
Orthopacdic Mosg ftal M tC Oswestry Eagland 1966

I~viophouste Transformation in W1
anl Q Clin

p 9

Schellehens I T 4 € Fuyse ogel ¥ P
tra 1 Tissue Culture Cond
exp Immunol 3 571-581 1968

Sarensen S I Andersen v € (eve J A Rapid Method for Quanlitation of
the Incarporation of 3 thymidine Iy Laymphocyles in Vitro Acla path
microblol scand 70 308 o11 1969

Wilson D B Analysis of 5 me of the
Yferative Response of Homan | ymphoid Cells in Culture
162 161169 1906

VWoson D It Blgth J 1 & Nouell I € Quantitathe Studies on the Mixed

Lymphocrte Interaction 10 Rats 111 Luneti s of the Response J Fwp

Med 728 1157-1181 18

Vardalles dssnciated with the Pro
3 Lxp Zool



Acta path microbiol scand 76 271-278 1969

L
he Department of Virology Unmersity of Turl
The Depar Turku Finland

GLL PRECIPITATION REACTIONS
BETWEEN ALRALINE EXTRACTED RUBELLA
ANTIGENS AND HUMAN SERA

By
A A Sarwnt

Recerved 24 i1 68

In a prelimnary report (10} we have recently demonsirated two
speaifie gel precipitation hines with rubella antigens and rubella con
vilescent human sera Schmudt et al have also reported rubella gel
precipitation mn agarose gel (11) They were able to show at least one

possibly two separate lines and the reactions were found both with
vital and “soluble antigens

This report describes the del precipitation haemagglutination inly
bition and complument fixation reactions of sera from rubella patients
as well as of randomly selecled female sera

At least three possibly four precimtation lines specifie for rubellq
virus were demonstrated with some of these ser:

a

MATERIAL AND METHODS

Virus The rubella virus stramn employed was the
at the second and thurd

t microscope for virgl
sary A proper amount of sodim bicarpy
the pH to peutral After Incubation for 6-7 days \h: m:‘\::lgrew::a:d}?:gwt:(:t’iﬁ:g;
Aided by grants from Yryu Jahnsson Foundation o
ud ¢
The excellent technieal assistance of Mrs Pirkko Lehhl:rel
nd \Mrs feena Sount is gratefull

Uniuersity of Turky
schnowledged

en Miss Anzg Pajasmea
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cunfrifuge § for 30 minutcs at 20000 ™m jn Spinco model | uitraccatnfuge using

T r o 30 Y 1 per cent suspenshon of xediment was prepared fn 01 V[ Rlyelne

NaOH buffer pH 96 and Incubated ot 35 ¢ far § hours with a sigorous shahing

at hourds ntersals The suspension was left overnight a8 4 € and the antigen was

sonicated with sonleator (MST 100 watts model}) for 5 mnutes Frnalle the
antlgea was contrifuged In ap International centrifuse (Mo lel PR 6 Head 234} for

16 minntes sl 2000 rpm The supernatant way the g¢l precipitation antigen and it

was stored at 44 { The procedore for prepariag control antigens was fdentiea)

exeept the cells were not fnoculated with rubella virus The potency of the control
antipen was tesled by gel precipiation against BHK 21 antiserum propared In
rabhity

M and CE {eats Disposable mucroditre U plates were used [he HI method s
deserlbed v Halwnen ef al (4) In (F tests the mfcrotechnique of Sever (12) was
usd Vqropal huffered dRuent (VBD} with 61 yor cont gelatine was the difucnt

The hacmalstic system consisted of equal parts of 2 per cent sheep ervihrouvtes

and & dilution of haemalssin contalnbny, 6w il units Tour antigen umts and teo

full units of complement were emplaye ! ¢n the test ifter overnight ipeubation aé

F4 € the harmehtie sistem was adJed wnd the plates were focubated at 437 ¢

for 1 hour Then the plates ware placed at 44 for 1-2 hours and read by ‘“c‘lud

estimalion of the degree of heemh<is The inh:huln‘: ngdhnu:u;!h:ls was records
om 4 -— and readings 4 + and 3+ were considered poutds

(n(‘":l ,:r{r'uounzmn (CP Irsfe. The ricre, mltiation of cel doubte dl;fuT‘;fﬂ de

seribed by Wadsu orth (18) and medified by Araus ef al (6) was u“lr ;‘51""’

were prey ared op the 5 rm X % em photographuc slide glasses The ””;0 prhrcnd&
stecl beads jn thelr holes were put on the gar flmed stides Tour ‘;:i’ h" threads
snpported the matriv  Agar wax sllowed to flow info the N4 n]lm \fonrlhrefldi
chamber from one af the oren sifes After ibout 30 T e T Attt woth

were earefully remosed and the ades of the matrix were scn'o e o

agar Fxcess agar apd the stecd buads were rem ngl In;;l (‘m“as :std o con

Siectal Agae Soble Jo phosphote bulfered sshne 111S) sll 4 o3 used o @ von

centration of 1 per cent The gels alsn contained 001 per t]fﬂ f Dm sat le capmary

hole were Cilled with 2> microlitres of reactant by stenlize l‘ Id’ e

pipettes  Affir the reactants weee addel the sitdes \\(re‘p a znm“ LY

chambers The precipitations were allwud B f rm & r(\;’r;‘l c'mpln Tt by mahe

reading wax performed after 72 to 1°0 hours nsualhy § ;gx’rsmd e Fatst

the precipitation Jines more visible the shides wert \v]ass :h‘m ot aar sheet

the plexiglass matrices sere carcfulls removed and the gla 30 tomes The shd <

were nashed fn PBS for 26 hours PBS solution was cm:‘xi agar Excess statn w8
o .

e e e B e v tea't om the flims \ 1th & magmtyng gl
%’an fitrafton method The method is described by ¥ thery ol (36)  bors
The sera Tho sern trom clinical rubrila +anss tnfections sere Yondly supphed by

tory ;ru:;"hnspllnls of Turhy district and some of t{m ?;Jw\;fr:arneﬂ Tt toom the

Dr Teena Titma (17) Random ssmyhne o pol s 120 Sl 20

beyinoing of April 1o the el of Auess, 2ot Turkn Tnweraty for diseases olher

patients treated in the Childrens )lnsnl}:’ ‘“’b’ roatermits chimi of the Uosversity

Py vubelis The sl specmars were Som £ S NS oL e ar HI tests

Hosputal The sera were troated \nll:i}\:\il‘;n“‘nﬂs Cfe 30 mmmtes In the gel pre

¢ 103¢

Cintatton te'ta ntscated servin specimens mere used
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TABLE 1 .
d CF Tutres and Occurrence of GP Antibodtes i Sera
Rubella HI and CF Tx from Rubella Patients

Weeks after Number of
Patient the onset HI titre CF titre GP hines
of disease
0 <15 <1 [
v M 0 <5 3: g
0 160
no 1 160 16 g
0 10 1
T A 9 <m H g
[} <10 1
Sk 1 $40 4 g
i [ 160 <4
M ° =640 32 g
Ve [ 80 <t 0
2 §40 I [
HR [ 20 <4 [
> 0 32 ¢
TA 0 80 14 [
2 =640 8 1
PT 0 10 <4 0
3 160 16 1
sP 0 <10 <4 °
2 =610 16 1
3 610 18 1
1 =610 16 3
o1 30 16 2
T3 [} <10 <i [
18 640 8 1
T\ 0 <10 < o
18 a0 18 1
MS [ <10 4 0
5 320 1% 2
- ﬂg =640 16 2
<10 s
5 =640 <ls ?
15 %0 8 3
KB i % by 2
<10 4
3 160 <u; ®
8 320 32 -
81 160 8 1
MaAC [ <10 <1 v
4 370 32 1
1 320 16 H
63 160 B 1
13 [} <10 <t :
3 320 3 H
5 370 3 1
ra 0 <10 <a !
7 30 15 1
n 390 1¢ H
B 40 AD H
RY 3 <10 <t !
s 320 32 1
17 160 P H
TN v et T2 1

18 actamr o 2
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Immunoditfusion reactions between an alhaline extract
ed rubella antigen (AG) and
a pair of serum specimens of a rubella patient The first serum (SI) was tabon
maonths before rubella and the sccond serum {S11} 4 months alter the Maess Theee
clear precipitation llnes are indicated by 2 b and ¢ a faint line bvd

m the second serum These sera exhubited no reactions with the bk
control anti,ens The first scrum formed no preaipitation hne with the
rubelln antinen but the sccond scrum formed at least three separale
precpitation ines A fourth hine (in Fig 1 line d) could he demon
strated 1n some expersments but it was very fant and only 1rregularly
formed The hnes 2 and b were easiy reproducible bul hne ¢ conld
not be found in some expersments In the ultricentnfu,ilion of the
anligen al 96000 g for 3 hours almost Wl G’ activaty remamed 1 the
supernatant onfy 4 very funt hne (1) conld be delected m the pellef
but the whole HA actinty was sedimented

TABLEF °
Relation of G Reactrons to the HI Titres in Randomly Selected Female Sera
© GP
Number of GP positine sera  Dumberof
HI it GP negative  Total
M Ylme  2lmes  3lmes  serm positive
<10 1 t - 9 94 2
19 - - - a 31 0
20 1 - o8 29 4
0 1 - - 36 ] 16
80 10 - - 34 11 23
10 13 5 1 1 b »
=320 1 7 4 ”
95 19

n sera after rubella infecltons The
from cliumeal rubella mfections

Jevels mse raprdly the CF hitres
ease dur

The occurrence of GP anlibodtes &
HI CF and GP results of some sera

are shown 1n Tabie 1 The HI wnbibody o
more slowly and the HI and CF hires have 1 tendency to decl
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bservation period as demonstrated earlier (7 13) GP
‘rr;icz\x\ol:::?:rg found n m‘:ne of the sera during the furst 10 days :\ﬂm;
the on.et of illness but after fwo weeks 2 from o patients showed ge!
preapitation lines Almost 1l the sera taken 3 or more wechs after
llness exhibited one or more precipit thion hnes The shest number
of defimite hines was three which were found 14 15 wecks after the
onset of 1llness Tater the number and intensily of hines showed a
tendeney to decrease bul as long a fime as 63 weeks affer the illness
there wire still positive GP reactions (a line)

TABIE 3
Relation of GP Reacttons to the LF Tilres in Randomiy Sele tel Female Serq

Number of GP posttive sera  Mumber of .
GP negatnne  Tital o

CRufre e Stmes  Blmes hegathe T positive
<4 3 ! - 9 9 1
H H i 38 »
5 : X i i = P
15 3 2 1 H # 3
= 3 3 - 2 s %
Total o1 7 1 ™ o -

The occurrence of GP antibodtes 1n randomly selcled serq The GP
reactions and HI fitres of the randomly selected seyn are indicated 1n
Table 2 Two of the 84 HI negative. sera demonstrated GP lines These
sera gave however GP reactions with the control BHh antigen too

2 sera gave reactions with the contral antigen
This third serum was the only serum Tahle 2

g1ving three GP hnes
One of these lines could be demonstrated with

= er 2
sera exammed had GI* antibodies PF Sent of o 29

1n Table 3 are shown the results of the sa;
titres Over 100 sera test

18
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wn the voungesy age groups abont 70 per cent Th

e two oldest groups
linve only 10-20 per cent positine rite among rubella posilive scxgl
Only about 30 per cent of Wl rubellh positne sera have GP anhibodies
when lested m s system

TABIL 4
Relaliant of G Reaclions to the [hfferent dge Groups in Rubelia NI
and (1 Posilue Sera

Hi posithe sera CF positnpsera

ANamler  Number Number  N\umber
Age group oGP oGP o[GP  orcP  of

rositive  negathe posilive  negals e

sera sera Postthe Ty sera Posne
f- 8vears 3 4 67 8 3 3

10 12vears 13 & 0 10 3 17
17-2% 3 ears 18 Ll 29 7 1% 2
23-98 vears 12 o2 19 4 1% 18
J0-35 years 3 40 7 2 b1 3
Total &5 ey 27 3 57 35

DISCUSHION

The risulls of the present study mndieate that with the {echmque ustd
reproducible preaimiion reactions ean be obtamed with all aline cx
tracted rubella anligens The speaifiaily of the reachionis was proved
by acute el convalescent serum purs of pitients with serologically
confirmed rubella ind using 1 control BHL 21 ntigen Only 3 of ihe
286 serum specimens fested showed renchions wth the controt antiens

Schmult et al {11) wese sble to demonsiratc mmunodiffnsion
reaclions with rubella virus usmg 1garose and chamber  techmique
but Luled 1 mutsal 1ltempts by using 22 i shide technue How

himque
1 studs 1007 gel and 1 modified thamber ted
O e ot sount e P The hih sensitaly

fine
produced al Teast three speeific preapitabion
of this modified chamber teehmique has been demonstrted b‘," I\ruuﬁ
et al (6} by detecting conceniritions 1s tow s 603 mlcrnﬁrmr(nhm
anhigen Iater cxpenments m ihis Inboratery have cc»nhrmt:lﬂhe
agarose may be slightls belter than agar A long incubation lume 10 )
development of the precpitation hneo seumed to be neccssr\rslrmwn
first 1isible hines were observed dler 3b hours but fonger metl
tumes enhanced the line formation

The tesulls of the serum specimens colfeeted seriaily frokx)ndrlzingf:
patients cleirly demonstrate the late dev Llopmen&‘:scft;d{’o;?‘l‘; :nly *
the time of peak HI and CI litres GP antibodies Y e of

and the lughest nut
Lo e ot 4 hﬂvuitt'nl::lshs after the tiness 4 siandar

were demonstrated 1s late 1s !
i::;gsﬂ;&pe-lr ince of GP antibodies has been observed with the resp
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tal virus and arbevirnses m mmmumzed ammals {3 5
::;21 :i;echmcnlal herpes ke ratoconjunctivatis (8) In this connection
it 1s also wleresting lo note the very fale occurrence of neutratizing
antibodies to subelln virus demonstrated by Leerhay (7} In the ran
domly selected scrn the presence of GP antihodies was in good corre
lalon with the results of HI and CF fests Prachietily no sernm with
taw Hl and CT" bilres showed GP reactions and 1imost aif with high Hi
and Ck titres had positive GP reactions There was also some correla
tion between the HY and € bitres and the number of the GP hines which
increased s number when HI and CF titres were hugher In the 1 and
CF positive sera the rate of GP posiinve specimens decreased in ofder
2ge groups This may be corrclated with the simificantly igher
number of higher HI and CF ttres in younoer age groups than n the
older t9)

The antigents used i the present study were  soluble Thev remained
in the supernatant § hen Al the haomagg!ulmahng achuly nas pelle
ted §f means that {he viral partscles and miectinity (14) were already
at the bottom A fant acinaiy was afso demonstrited m the pellet as
fas been reported by Schmudf ef al (11} ‘The most constantly deson
sirated hine was the a bne ¥t was clearer and heavier than the other
hnes and hecuse 1t was nearcst to the anligen well st mas be due to an

SUMWARY
\ gl diffusion (GP) technigue usiog an athals
Vras At foast 3 uens

The preept Wng anlibodies appeared ¢
vnset of rash The highost nnm{;‘; of b;:;n\zse:\\ir‘zrs‘z‘:;r;ﬂ" n}lle
after the iMngss Among rndomiy selected <ern only 20 pe, ot s
Praptaling anlibadies The otcurrence of s o Tiad
correlttion with the 11 and CF litres gy
Persons havng HI tyire of 160 or mor. ang Ci
P antibodies The mishest percenta_e of Gp
e youngost age groups °
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The Neisseria Department Statens Seruminstitut Copenhagen Denmark

COMBINED USE OI' FLUORESCENT
ANTIBODY TECHNIQUE AND CULTURE
ON SELECTIVE MEDIUM
FOR THE IDENTIT'ICATION O
NEISSERIA GONORRHOEAE

By
Inca L1no
Recerved 9 xu1 68

In a previous study on identific \hion of Aersserta gonorrhoeae (N go
norrhoeae) a companson was made of the results obtamed by culture
and by fluorescent antihody test (FAT) (3) When FAT eas puriormed
after ennichment of the material by culturing (the delaved FAT) 1t
was found to be shohlly more sunsitive than conventional callure fol
lowed by baclerologic 1 idenhification The higher yreld of positive re
sults origimated from the more heavily contaminaled speetmens cspecy
ally from reetal swabs

During recent vears a sclecine medium for 1solation of Lonococel
W1s gradualls developed and finally established by Thayer & Martan n
1964 (9) They combined the addition of nstocetin recommended by
Berger in 1961 (1) wilh the addition of polimyxn B sulphate ang
nyslatin This medium  ealled TVI medium (after Thager & Martin)
was found fo give resullts superior to those ohlmned by Deacons de
laved  FAT (2) when incubation on the IM medium was carred out
for 40 hours (6)

Sinee 1965 the Newsserin Department al Statens Seruminstitut has
used 4 selecine medium of the TV type for Touhine 1dentification of

Teauests for reprints should b Mressed to De Inga L
Statens Serumnstitut \mager Boalevard 80 »300 c‘m o
o Thle clinical specimens were Yandly  wpplied by thy
ut Latients Department 4t Rudolph Bergh s H
drup D PR D 71 Bersh s Hosput

This stuly vas supported by grants from the R o

sscria Department
op nhagen §

e doctors at the Venereol

ot Cors ereological

agen (Head A Per
wld JTealth Organr ation
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MATIRIALS AAD MFTHODS
Vedia
Seleetlie medimm The HYL medigm deseribed by Moller & Regn (7) was used
tut with enc modification 3, haemoglabin was replaced bs defibrinated herse
blood (12) The following sntiblotics were affed polymyvfn B sulphate (Plizer)
» I Mycostatin® (Squibb) 25 (U and Sponbin® {ibbatt; 10 pg/mi
Von sefectire meditm ‘Ihe same mdivm without antthiat! s

Huorescent Antibody Test (FAT)

13 tan of rabbit ant), ! sertv and rabbit astistaphylococeal sera
labelling with fluaresceln Jsnthje crauate (FITC) and y erformance of the test were
as deseribed prosiously (3 4)

Hleadiag 444 denates a beitflant ~clowish preen fluorescent laser corenng
uniformls the surfuce of each boeteria) celt + A4+ and 44 4 indicate increasing
degrees of hamogeneits and intensity of the fluote cence of a bacterial population
@ denotus a pate Bluish flucreseence (barprer filter Zetss Ao 473

1he specific positise reaction fs characterized by the morphology of the miero
vrganiyms tn casu tspleal diplococe! and he degree of fluorescence (+ -+ and

+++4)
Hacleriat Strains (sec Table 1)

Trentment of Specimens
Daplicate spcermens were obtafncd from | atients alending the Yenerrological
Dut 1atlents Department at Rudolph Herwhis Ifospital Copenhagen The specumens
were transported to the laboratory on charcoal steple nooden sprdies
tors In a modified Stuart mediem (10) The transportation time never exceeded

onyventional culture on

s1x hours " .
One swab was used for [}
selrc!hz medium The gonococel were identified by Cram staining exidase reaction

and fermentation tests
n1h¢ other swal nas Inoeulated on to both selectise and non sﬂm]we,ngd"":
the two mcdia being #t ed alternately After 18 hours incubation at ¢ :‘nm
moist atmosphere contatning 10 per cent carboa dionde duplicate slm;hfu BN
made from cach plate irrespective of whether grouth va_wisible or\r‘:lo hh’! ol
were fixed jn methanol and stained with a nustare of TITC lahelle :; ‘l) The
gonococcal glohulin and unlabelled rabbit antistaphylococal st:rum o e
stained smears were esamined by fluoresceme murescopy on tf eest‘x:ml T e
corres onding plates were Tept until the results ubumedﬁ by oni‘;‘l\a e entity
were avaflable When ceulture was negatine and  delayed  FAT positiv
of the straln was eonfirmed by the usual baclenofogieal fe ts ne procedure %t
In the ease of specimens received on Saturday afternnons l::nzulated e e
slightly modificd »; the swab intended for routine cubiure “‘ns4 e
diately but the one for FAT was kept 1a Stuart medum a
morning and then used s described above

RFSULTS

Preluminary and Supplementary I'xpernau nls by FAT
exammed by
13fly freshly solated strams of M gonorrhocac wre ‘m B b

1 non sclectivt mediw
after growtl an bolh seleebive "mphulozs o they alter tht stun

tics did not wnduce ¢hn.,es 1 mor,

Ity of the gonococel -
rlh{'::tr)mus slr'\gms of saprophylic Newsscria dwd spcmlcs alclcx;:: ;Smﬁs
cies md Morazella species plus 14 strums of fmtphg::.ccdlum e
were moculed op fo both selective and pon seitc 1\\ e s an
leetive medium growih of all strawns except some
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i Selectiwe Medim
Selective and Von Selechiwe
ot O e an Smsars feam Selsstuve Medsum

Growth on FAT
Non
Selective  qetne 1 u
Strams A smedmm
4 +4 [
% catarrhahs ATg% 2}3: 3 H it °
% catarrhalis ATC(‘?Q()O M 3 o o
A catarrhalis A’({H o H i § o
¥ catarrhalis nte 1 ! : A M
\ catarrhalis §S 405/ H H 1t M
\ catarrhalis S5B8% s H A 0
~ flavae ATCE 14771 H s g
\ pertliee AR i ) 4 ] 0
\ subflave ATCUM,'0 ! i 2 H
N flavescens ATCC: 3 ; H 2 :
A seeca ATCC 901 ¢ H * ¢
A haemolysans ATCC 1039 i ¢ °
V canwcalt ATCC 38080 a : 0 0
A eumcultvar gigant  ATCG 14683 1 4 ¢ o
N eoms ATCC 13687 2 0 0
A caviae ATCL 14659 0 4 °
N demtrificans ATCC 1466 0 : 1 0
Mema polymorpha ATCC Y957 2 4 i 0
Mumd polymorpha ATCC 10973 3 ] 0
Herelica species ATCC.9955 2 4 o
Herell aspecies ATCC 9954 o 1 »
Hereltea species ATCG 11949 > 4 5 °
Vorazella bovts ATCG 10900 [ 4 a o
Vorarella species ATCL 12499 1 n @ H
S aureus (7 rea the stralns) 1 4 o b o
S agreus (7 non reactie strams} 1 3 o °
\ gonorrhneae (URI)  ATCL11688 1 1 Gt A
N gonarchoeae IC)  ATEL 11688 4 4 Sdad ks
\ gondrrhoeae (fresh controly 1 M P
1 with TTTC-labelled rabbit
11 Stainabality

globulin

1 one step Intubstion test 1e with a mixture of FITC labelled
rabhit antigono occal globuln and unlabelled rabbit antistaphylocaceal serum
el reference Mo 4

one stramn of Vime polymorpha var oxydans was strongly or com
pletels anhubited (Table 1) The degree of mhibihion was cshimated
roughilv by comparison with the growth on non selechve medium
Macroscopenlly dentical Tesulls were recorded as 4 and 25 per cent
50 per cent 75 per cent and 100 per cent whibition as 3 2 1 and 0
respectinely In order to obtun more quantiatng nformation concern
mg the degree of mhibibion a few representative strams were retested
using 1 known moculum followed by cotony counting For snstance on
sefectne medium Sfaplylococcus aurens (growth de
medinm) prodaced < 10 colomes from an 1nocy
Muna polymorpha ATCC 9927 (growih degree 2
producud < 10 colonies from 107

gree 1 on selechive
lum of 2 X 107 cells
on selective medium)
cells and Vima polymorpha ATCC
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10707 (growth degree 3 on selectine mediim) produced 150 colonies
from 10* cells Jven ¥ catarrhalis 69/ (growth degree 4 on selecine
medium) was inhiduted theels fold

As regrds afl struns listed i Tabl 1 dupheate smears were made
from the selectne medutm whelher or not there was ssible growth
One smewr was stuncd with antionocpees) conjugate diluled n safing
nd the other with the usual nuxture of anligengcoccal conjugale and
unltbelled ribbat scrim The anhibiolies used n the <cletive mediam
did not induee anv changes i slan iy s compred to previous
cxaminabions (3) The two gonococel struns ATCC 11688 and 11689
were mceluded beewse thes 1 reacled poorly with antionococe 1l con
JuRUe m 4 previons expenment £3) Thes now showed 1 13picn) specifte
retetion

Tucas el al (5) reported that after exposure to Ithal doses of pem
cllin streplocaces of proups A and B changed their stunabibly with
intigonococeyf conjugnle Three streplococeal strains of gronps A B
ind G were exanmned by AL before nd after treatment with 1090
umits of pematlin per mi for 21 haurs without the stamnabiity of the
strums bang altcred The onc group A stram which was prevwously
shiown to re et non speafieally t3) wis stuned both before and after
treatment withh pomesthn wind ths sbuming was imhidnted when un
fabelled ribbit serum was added to the conjusale

iy 1t was oximined whither the stamabibly of gonorore: »78
mfluenced by testin, wili oxidise teagunt (feframelhs! p phensiene
a1 vinehivdrochloride)  Gonocoecd! colonics found after 24 and 18
hours sneubihon of primars cullures and 18 hour subcultures were
exumined al \artous himes after the widition of oxidise reacent Urom
df n hour lo 21 hours) Simultaneoush 1 subculiure was made 18
A testof vidnliy 1he oxadase eergent noither mduced changes m stan

bility nor Jalled ihe bacterr

Identification of N donorrhocte by Means of T AT effer Ennchment
of the Matertal on Selective and Mon Selectpe Medum

wm

Tble 2 shows the results obtamed by culture on sclecl‘nchnriii‘rm“

folloswed cilher by bactertolopteal or immunotinorescent den o
of the gonocoecr In addition the T AT wis performed after mo:

d of §15 duplicale
fium [he matennl consiste
O eorme st e Trom a scnercolagueal chnx

specimens obtuned from patients attendmng ey
“{)“ patients were either suspected of suffermg from gnm;:'srl:&c‘:‘:;d P
were under control for the effect of treatment The resu e the
FAT from swabs which bad been hept from S-:tur(:u 1;1 e erelore
1ecbox did not diffcr from the rest of the malertl and

cluded without comment re and
mTl\c agrecmenl hetween Tesults obtaned by cont emx;:;xcﬂ;z:'lzl!lme o
by FAT wns ood By both methods 610 specimens % &t
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TABLE 2
Identification of N gonorrhoese n 815 Duplicate Specimens
entel Compartsan of Culture and Delaged FAT

FAT positie FAT negatire
Culture on -
selective Select Non Both Total
medmum Both e ective selective media
media medm Tediam
Day 1 131 7 1 3 2
Positive  Day ? 44 5 1 5 55
Total 175 1 ki 8 197
Negative 4 k4 2 610 618
179 u 4
D
Total 197 618 815
R I
Day 1 = visible colonses after 18-24 hours ncubstion

Day ? = visible colonses after 48 hours incubation

TABLE 3
Hdentification of N gonorrhoese tn 175 Female ¥ atients {1of Duplicate Specimens}

FAT positine FAT negate

Cultare  goth  Selectne _Nom T
selectine  Toty Both otal
meda  medum  Sethe Total  Joth
posithe 50 2 ) 3
Paticnts negative 0 0 1 5\ !"g lg:
total 50 a 1 53 1 17
positive 37 7 1
Lrethea  negative 2 0 1 3 12 13
mm“ 39 7 2 13 197 175
positive 45 o
Cervix negatue 0 1 8 4 11y 1%
total o
o n‘ :Z 1 0 16 123 169
positie 3
Rectum  negatune 1 o . 5 3 5
total 13 3 0 b i
tout s 16 9% it
sitive 10
Allsites  negatne 1 H e 3 H
total a7 11 2 a5

5
343
110 346 456
189 were positne The remaumn, 15
~ specimens
follows 8 positine by culture nlone anq 8 by FAT“:;:n:hSl"hMCd .
70}1\ cullure on selecing medium 197 specimens were foung
ber cent of which had shown Visible ponocoeca] culomr::. :?lscm‘;l
T
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fours incubation The remaumng 30 per cenl were delected after 48
hours speamens recened on $ turd < Afternoons meluded

Onlv one of the gonocoeenl strams was unable to grow on the selce
bse medinm but was deteeted bs TAT on smerrs from non selecine
medsum The strun was idenbified by the usuad Bacleriofogical tests
nd the snhibilion of grov ik on selectise medim was confirmed

As rtqards speesmens from male pabients the discrepancies mn the
resulls obtuned by the differenl methods were ne higble The resulls
of 150 duplieale speeimens from famale pilints are shonn i Tabl 3
Only 13 spccnmens gnie differing, results 8 were found posttive b el
ture lone nd 5 by 1TAT alonc  [he most strking fiunres are fasth
the lugh degree of s.riement between e resulls of eutture and FAT m
the c e of reet 1l specsmens ma sceondls Wt four cerviel specimens
were posilise by enllure and negative by TAT In )t four cises very
fon (1-9) ponococcal colomies were found alfler 18 hours jncubation

TABLL ¢
Idenlefiration of \ gonorthoee by FAT (1630 Duplicate Smears)
Bath One Both
Cullyre on smears sm ay smears
pa e positive negative
73
Selective medum 85 1
Males Non selcetne medium 80 5 LY
345
Seleclis e medium 101 10
Temales  yon selective medim 2 4 6
Tatal 3 k(1] 1748
TABLT 5
Identification of N gonarrheae Compirtson of 1 AT and Cultare
nd series
16 n
Coliore an Cultare on
non selectine medim clective medum
kAT 64 spectmens 815 gpecumens
Positive Negaline ’ Poatine Negative
! 189 8
Positne m g‘; | H 510
I

m

Table 1 llustrates the simfcance of mking d"pmm(u::‘:s:jrf::qu

cach plate for the FAT In spceimens from maic p‘\hcn}(‘s N aer

15 pummal when selectne medinm 1s used fot ennd mcncocu i

unler the same conditions 9 per cent {10/111) of the :.l;nttl)le o heate
m specimens from patients were detected m only one

smears
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Table 8 shows a comparison of results obtamed by AT and culture
before and after infroduction of the selective medium mnto our rouhine
cufture method In the first series when non sefeetive medm was
used both for bactenslogical wentification md for enrichment 1n FAT
the ad antace of the TAT was sigmficant a further 13 per cent (277
210) positive resils were found and these were available much carler
In the second series after the introduction of selectne medim, the
two methods detected the <ame percentage of posilive resulls How
ever the results of FAT were avallable 24-48 hours earlir than those
obtained by culture

DISCUSSION

Swce Deacon 1n 1959 introduced the usc of Coons immunofiuorescent
Lechmque in the diagnosss of sonorrhoes the relbility and sensiivty
of this test have heun confirmed by several workers In order to get
results equal to those obtuned by conventional eultnre an nterposed
ennchment of the malcrial by moculthion was found necessary This
fluorescenl antibody test { delaycd FAT) was often found to be more
seasithive than eulture folfowed by bacterrologieat wentifseation even
when the hiter was performed under optimat contitions The selerine
T medum mtroduced by Thayer & Vartin 1n 1964 was claimed to give
results supenior to Deacons delayed FAT when mcubation op ?hxs
medim was carried out for 40 hours (6) These recent desclopments
1 the lahoratory dagno<s of gonorrhoea hyve been rcviewed by Reyn
{11} 1 a paper which meludes a comprehensive list of references v
The present experiments were performed )

ydrochloride as reag

. The resulls obtained i the cnse of 815 r:Iunhnal( s

‘mnls"suspoc!cd to be suffern,, from ganorrhoea orpc:l::imms o pa

OWINg treatment confirmed the usefnlness of hoth n‘:elhi:i:m(;(m‘ b
ompary
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san with 4 previons exanunation of specimens from a simiar group of
milicnds alhundmg, the same chinie (3) (Fable 5) praved that the ntro
duction of selectine medmm hd chiminated onc of the advantics of
LAT o1 Ahe la her vield of posiive results obtuned from heuly
conlmmm ded speeitnons

It should bie menlioned et PAT hias heen given some Rondieaps 1
thise cxpermunt scries Phe swab used for bacterioloyieat denlifien
hon s strethed on to one plie while the swab mtended for FAT
was used twgee Futthermore the moculum w15 spread as m bactero
lagreal procedures (10) s implies 1 difution of the FATD specimen
wineh mos he paclienlarly erticl when a seleetnve medium s used for
enrichmant over an 18 hour period (profonged generation hime de
crosed germunabing power) Thns 1s illustrated by the unexpecled find
mg that four ccrvaerl speaimens were positine by culture and nepatne
In 1AL only one wositne result was found by FAT alone (Table 3)
¥ arlier experuments had proved the relationship fo be the opposite 'The
sme problem s reflecled m the finding 1hat nbout 10 per cent of the
wonacoecer from female prlienls were detected in only one of the duph
eate smers thus ndieating that the number of orgnisms present after
18 hours was shill very small

1he statement by I peas of al (5) thot AT “is unsustable for testing
the efficaey of pemelin wnd otler antibiotic therapy since residual
dend baclerial forms or cross Tencling orpanisms may be present i the
speetatens  could not he confirmed Nerther could 1t be confirmed that
pemetlin induecs non speesfic stuning in group A and B streptococer
at least not 1n the few struns tested by the author

Only one strun w 15 encountered which did nol grow on the sclectne
medium The mlubitory agent was rstocetn 10 pg/ml {11 The gono-
coceal struns 1selated m Denmark foday are senerily more sepsine
to the wmtibioties commonly used for treitment than was the case a few
years 2o Since struns scnsibive to less thon 30 g nistoectin tend to
oceur mamly among struns which are sepsitive to pemeifin the pro
portion lost on scletine medium may now be hugher than at the '“Q’]“
when the experiments reported were performud Rastorehn ns rcwnMV
heen repliced by vancomscn €3 pg/mi) s our routine medun
thoush yancomsyein seoms Lo be less inhiatorv to gonococa than "s\“l
celin recont i estigations hy Reyn (11) wndicate that about 3 p‘cr ;011"
of the presenl population of gonotogeal strans ¢ sensitive fo 348

vancomscin/mi

It may be concluded that idenily ench specimen should he m";";:!ig
hoth on to selectine medium for hactestological adentificition ?nfarmcd
non selechise medimm for FAT the latter possibly heng Ide:e e
affer locahization of suspicious colonics by meams of the ?lx::umbtr o
fion It would thus be possible both 1o detect  verd smz‘\ e the
gonococe: 1 a speeimen and fo detect strams that do not g

seleetive medium
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SUMAMARY

A serles of 815 duplicale specimens was obtmned from palients attend
ing a vencreologictl out patients department N gonorrhioene was ch‘n
tified by culture on selective medium of the Thayer Varlin type and by
fluorescent 1ntibody test after enrichment of the matenal by culturing
on both selectine and non selectine medium The tolal number of posi
e results was 197 Out of these 179 were positine by both methods
8 by cuiture alone and 8 by fluorescent antibody test alone One strain
was encountered which was not able to grow on the selectine medim
te 1t was inhibiled by ristocetin (10 ug/ml)

Thus the percenlage of positive resulls found by noculation on to
selective medium was the same whether idenhified Dbacteriologicaily or
by the flnorescent antibody lest Yowever the results oblaned by the

1

t fue were available 24 48 hours earher than
those obtuned from the rouhine procedure
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ANTIBODY INDUCED SUPPRESSION
OF THE IMMUNE RFSPONSE IN ANTIGEN
STIMULATED CULIURES

By

J O Tuvnx
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In the tntact anmmal mhibtion of the cellular md humoral wmmune
response has been observed when speeific antibodies are admmnustered
together with the shimulating anhiyen (Uhr & Baumann 1961 Woller
& Woegzell 1960 Wigzell 1966) YIumoral antibodies have been regarded
2s feed back factors regulaling the cellular ymmune response (Ubr £
Motler 1963) Moller & Wig ell (1960) nd Wig.ell (1966) have done
extensne stndies on the effect of yM 1nd yG antibodies on the humoral
response nnd the formation of cells with plague forming ahility m
spleen suspenstons from muce unmuntzed «ganst sheep red cells They
presented evidence that antibady exerts an inhibilory effect on the
mhigen whether 1t 1s extracellular or mn phagocytic cells in the spleen
but found no evidence that passivelv admimstered antibodies had anv
direct inhintory effect on antibody synthestzing cells

The purpose of the present work was to study the effect of anti
hodics on an antigen induced immunological reaction n vifro The
effect of anti sheep red cell antibodes on cellular proliferation and
specific immune response m sheep red cell simulited cuftures cor
taiing blood lymphocytes from sheep red celf immunized rabbus was

myestigated
MATCRIAL AND MFTHODS

Cell Cultures

The cell culturcs were prepared with Iymphacytes from sheep red cell (SRC)
immunized rabbits as previously described (Lamot/ 19684) The cultures wers
stimulated with SRC as outhned below They were harvested nfter § days cum:lr:'xn
apart from two culture series that were harvested after 6 dass The tul(url:imt ’;1 Y
was changed after 4 days incubation The culture medium was prepare ml—:nch
parts of Parker s tissue culture meaum \TC199) and 1 part of rabbut serum Eoch
enlture tube contained 25 X 10 cells suspended 1 2o m! of medmn (1)“7)5 et
ol TC199 with 1 per cent SRC was added to each \nblu :«bsnmuxuar while

93 withoul SRC was added to each of the coutral tubes

Tcﬁx one series Sef cultures rabbit serum with yarying amounts of ““’”p“",’.fmc‘n\:
used 1n the medium Two poaled rabhit serum samples one fresh containing

This work was supported by a graut from the Aorwegian Cancer Soctely
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fferent pro
t the other mmactivated at 5¢ G for 30 mum were mived 1 di

,“;Li??iL to fve # selative yariation m frash seram content in the final mediim
from 0 to °U per cent

Antt SRC Antibody Sern
Twa sera were fested for suppressive eftect au the cellular reactions

2) One rabbit was Bled § days after one single wtravenous fnjection of 1 m) of
S per cent washed SRC The serum which 1s ralled early serum  showed an
agplubimn bitre of 64 and a Iytic titre of 10°3
b) One other rabbnt was bled 4 weeks after the cnd of a 6 week immunizing
course const ting f one ntravens.as wyecton of 1 ml and 14 inyeetrons nf 05
wl of 35 per cent washed SHC The serum whick 15 called  late serum™
showed an agglutiam titre of 512 and a lyhic titre of 1094

The easly and late sera were both diluled 1/2 1/20 and 1/200 1 poled normal
rabint serum which had been adsarbed with SRCG to remave hetcrophil antihody
(Kabat & Mayer 1961) The fmmune serum diutions were then uscd 1 the calture
experments in t%a ways

In most experiments the SRC used frr stimulabing the cultures were pre Inen
Bated in sactivated smmune serum dilutions (1 per cent cell suspension) for 3 hour
at t om femperature washed Whr e times 1 phosphate buffercd saline and fus
pended to TC199 to 1 per cent §

this way were adsorbed
%o the antigen {n varying amounts hefore the antigen was added as shmulalor 1o the

culture tab ¢ Coutrol cullures were strmulated with SRG pre incubated in nacth

bated SR( or were cultyred sithout
stimulation Poeled adsorbed rabhit erum wa used 1z 1]

he enlture medium at the
statt of culturing as well as for the change of medium
Ia some enlture experiments the 1mmun

Cell Reaction
The cell reactiun 1 th

RESULTS
No dcfimite effect of complement content on th

¢ blastord transforma
ure tuhes contaming raryug relatyive amounts
n the eulture medium (Table 1) A shoht hut
n the numbers of p! .

laque for;
ticed concomilant with the nerease 1n com

19 acrarari 76 2
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Cultured cells Medium Stimufator
8lood TC199 SRC Incubated in
a tymphocytes with immune serum
from SRC normaf diluted 172
immunized rabblt 1720
rabbits serum 17200
8lood TC 199
Iymphocytes with Immune
b from SRC serum dilited
immunized 1r2 SRC
rabbits 1720 SRC
1/200 SRC
Fig 1

Fxperimental programme for testing the cffect of antibodies on the immune re

spansc tft tifro The cullure vanants were checked at the time of harvestiog for

blasterd transformation plaque forming cells and agelutioms  Control eulture
variants are deseribed 1n the test

30 mun after addition of complement Wathout thuis procedure the un
Iysed SRC which were conted by anti SRC wntibodies present mn the
culture medwm were transferred logether with the Ivmphocytes (o
the sncubation chimbers and gnve diffuse Iysis m the sheep red cell

monol 1yers
TABIT t

Celtular Transformation and Numbers of Plague Forminy Cells m Iymphocute
Cultures Contmning Varytng Amounts of { omplement

D Celfular transformation Paqu. formins
s por
medinm All transformed Bla towd ce .
rcatine cells el harveste T eells
amounts %
- 35+ 8%
20 175200 20 £70 It
10 4925417 77 207, 363313;‘
» 440 15 C19E07, 233k 9
2 380 235 85 £05 2q311
0 3775474 7910y I

Means and range of results from duplicate culture tubes

In cnltures stmalated with SRC pre mcubated with dx:h;:"“ﬂ:
amounts of earls nd late immunc scwn (bi, 1) 0o S\IPI"‘ZSS"c
effect was obsersed on the blistoud lransformition A sul‘{’ i 2
effect on the spiific ymmune FespoRst Wds however found

shows the results of one of sovrl simir cufture sancsm coumtersct
Late ywnmune serum n Higlt concentrahion appears
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Ccliular transformation

(a) and numbers of plaque forming £ells (h) n enlures
ontmining lymphacytes

from SRG immumzed rabbit Ia ritro stimulator SRC prc]

bated in early or late immunc scrum diluted 172 1720 and 1/200 sn porma!

::lcs:r:gl( ra“bl:l :erum tontrol cultures stimulatel with SRG withsut pre men

bation Means and range of Tresults from duplicate cultur tubes after 8 days
culturing

the shimulating action of SRC so that no plique forming cells duvclop
in the cultures Late immune serum diluted 1/20 gave a moderile
reduction 1in the numhers of plaque forming cells compared to the
effeet of ymmune serum diluted 1/200 Tarly mmmune serum i dif
ferunt concentralions showed a stmilar cffeet on the simutabing ability
of SRC The diffcrences between the results following the use of dif
ferent serum dilations were however shoht and probably not sigmifi
cant Cultures stimulated with SPC pre trealed with i h dilubions of
immune ser1 gave about the same numbers of plaqueforming cells
1s cultures sbmulated wilh non treated SRG

The pooled results from two other cullure senes are shown n Fig 3
Late immune serum was used for preincubatin, the SRC before addi
ton to the enture tubes The results are compared wly the resulls 1n
cultures siimulated with SRC pre incubited wilh normal rabhit serum
containing trace amounts of antt SRC anlibodics Agam a detinite sup
pressne effect of late immune serum on the shimulaling action of
SRC on the development of plique forming cells was found (F1g 3a)
Serum diloted 1/20 had an effeet inlermediate between that of normal
serum and immune serum diluted 1/2 The same trend was observed
with lhe agglutimin bitres i the culture supernatants (Fig 3b) In the
culture lubes stimutated with SRC pre wenhated with |n\: dilutions of
immune serum agplutiming in low titres were found at the time of
12
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Fig &
\umbers of plaque forming cells at harvesting and agglutinin titres at time of
medium change and at hanesting In lymphocyte cullures from two SRC immunized

rahibits In titro shmulator SRC pre Incubated in immune seram dilutions and in
normal rabbit serum as jndicated Tight davs eulturing

Agg utinin 1§ ters
»

modium ¢hinge probably due to iberatior of antibodies from the SRC
Mo neresse m apglubiin titres was noticed during the last 4 days of
culluring In cultures stumulated with SRC pre treated with immune
serum 1n higher dilutions or mn normal rablut serum agglutinins ap
peared in the supernatants i the last davs of cwlluring The agglu
tinin titres were highest i the latter cnlture vanant

In cullure sertes shmulated with SRC and contmming »arymng
amounts of Inl¢ mmmune serum mn the culture medm (Fig 1b) re
sults sumlar to those outhned above were obtamed Immune antibodhes
caused suppression of the development of plaque formng cells while
no defimle effect was observed on the degree of cellular transformation
n cultures harvested on the 6th (Fig 4) as well s on the 8th day of
culturing The suppressive cffect on the speafic immune response
was usually stronger than 1n culture varants timulated with SRG pre
meubated m immune serum dilutions possibly due to higher antfibody
conlent 1n the former cultures

The supernatants mn the culture vanants to which immune acrugrg
n high concentrations had been 1dded at the culture start cun(::;r; .
agalutinins at the time of medium change also These passively '\‘ (nels
ayglutinins were still present m small amounts in the sunLﬂ(mﬂ o
after chanse of medium since the cells were not washed at the l;}:gys
medinm chinge Due to this contammation any shght ne\;’ f‘i’(‘h .
of agglutinins would not he detected 1n cultures prcl’ﬂ"'lh e
mune serum diluted 1/2 and 1/20 In cultures prepared Eld oF non
serum 1 high dilubion and with normal SRC adsorbe:
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Fig &
Celutar transformation (a) and numbers of plaque forming cells (b} in SHC
stiyaulated cultures Contaimng dilfereat didutrons of late ymmune serum 1o the
mediat comgpared to enltures contatning normal rabbit sermm Means and range of
results from duplicate culture tubes after 6 days cultuniag

adsorbed rabbit serum agglutimins appeared between medium change
and hanesting on the 8th day

DISCUSSION

The first part of this study was concerned with the posmible effect of
complement on the stimulating effect of SRC mn blood Iymphocyte
cultures Culture series contaimming varying amounts of fresh serum
demonstrated no definite effect of complement on cell transformation
and development of plaque formmng cells Another observation 13 prob
ably related to these findings Culturc medtum contamung SRC ad
sorbed serum supperled the cellular reactions agaminst SRC as did
medium contaming, non adsorhed serum  although the strongest re
actions were usually found in cultures with the smal amount of anh
SRC Iyhe aniibodies (heterophi! antibodies) ypresent 1 the pooled
normal rabbit serum usid m the medm with non adsorbed serum
Thus the siumulating effect of SRC on the cultured primed lympho
::]\dc;dxsggzl dependent on though 1t may be facilitated by 13s1s of the
The main cxpersments outlined 1 Fig 1 conee,
suppressne effect of rmmune antibodies in the silr::fl:h(!:’: e‘!"?:cst‘bﬁ
SRC [afe immune serum with strong SRC agglutinating ahility wa:
found to suppress the deselopment of rlaque formng cells com: y;ew( ‘s
and at the same time o prevent any detcctable hibcration of a Xl‘ S:l(y‘
ngglutmns . Ths latter effect could only be esalualed when ::nlmune
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tﬂcrum w1s used for pre ncubation The suppressie effect was found
o depend on the unount of 1mmune antiserum used Although the
eshimation of plaque forming cell numbers sn smero mneubation cham
hers gises only semu-quantitative dala on the immune response {Zam
vih 1968h) the sime trend ws obseryed 1n a1l culture series

Fasly immune serum willt kit Iyhie and low agglutmating Ability
fowards SRC showed m low dilulions onh a weal and nsigmificant
suppressise effect on the development of plaque formin, cells

Tate immune serum dded direelly to the culture medium gave the
syme effcel as pre meubalion of the SRC m the immune scrum dily
tions The wntibodies tdded to the modia would presumably be bound
rapidds 1o the simalating SRC so that the final effect of the antibodics
m the catlures would be the syme The suppressive effect was usvally
more complele when immune serum w 1s added to the medium possibly
due to larger amounts of anlibodies applied m this way

No suppression of cillulwr transformation was seen m the cullure
tubes to which mmune anlibodies had been added despite the signs
of innlytion of the immune response which were demonstrated The
morphological esaluation of cellnlar irinsformabion was done m wilal
preparalions stamned by acridine oranse The harsested cells were well
sepirated i such preparitions Cell differentintion was performed
without difficulties due to cleiwr puclear and cvioplasmabie stuming
n all mntact cells Pormnent preparitions fixed and staned with May
Grunwald Giemsa demonsirated also clearly the cell transformation
n the eunllures where the specific immune reaction had been sup-
pressed by addition of immune serum Due to clumping of the cells
wenrate differential counts could not be done mn such preparations
however

The resulls show thit mmhibition of the complete ymmune response
wilh suppression of antibody synthesis may occur Without whibition
of the cell prohferation afler anhigen stimulation Cell proliferation
normally precedes the development of antibody synthesizing eelfs
itro as well as in vwo (Baney Vazque. & Dizon 1564) Moller & T
zell (1965) found that humoral antibodies given to mice 1 fes duys
after the immumzing wnhigen gave suppression of antibody nbcrntwr:
after a lateney period ‘This ohservation ndicates that antibodies do I\)‘:!
mhibst antibody svnthesis 10 already commmited cells They (lmllt{‘c
that the prineipal in Lwo effect of the addad antibodies was to rcmu'_I
or counteract the stimulus for proliferntion of the precursars oi;:w
body producin, cclls This view 18 supported by the findinys by om
ley & Fuich (1964) and Safiar & Schwart. (1966) that the mtf:,n the
sploen wesght and the morphologient (hanges whch accompiny

togeth T
spomse 1 mpp 1s suppressed by anhibodies gisen tog
Stk the ntrgen rl?tmmd no suppressive offect of antt

with the antigen Rowley & ifc o
bodies on the secondary response iz piPo The fmdx;ngls xs}:};ig;;(;:“
11 mtro culture experiments which may be eomparable to
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#1 Pivo Tesponse, suggest an abibilory effect of the dded antibodies
on the speufic pammaglobulin svathesss which probably gecuss 1n
ihe progeny of the prohferatng eells withont Suppression of antigen
induced celt prolferation The dviferences between the 1 vetro Tesults
and the previousty reported 12 vwo findings ma, possibly be expluned
by guantitatie differences w stamulaty
wmportance of he quantsty of the stimy
tindings by Rowley & Iifeh (1952) that

small doses of antigen induced
unresy eness to sul

q wiections of Iarger dases of the b
ranng effect of Inrger anligen doses
ve been reported to Buve en ancronsed
antthods response m some Uto experiments (Uar & Moller 1963y
Qur 1 mifro resnils may be explamed by 2 change 1y (he speeifieity
for the mduction of celt proliferation W ien Whaen 15 added to the
primed bmphocyfes eell proliferation oceurs faliowed by development,
of anthods producing cells If anpaen antthody ¢
25 1n the antibody wiiiniion expermments the co

SUMMARY

Serum trom sheep red ¢ely immurazed
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ANTIRODY SYNTHESIS IN CULTURES
Or BLOOD I'YMPHOCYTES FROM TYPHOID IMMUNIZED
RABBITS FOLLOWING STIMULATION IN VITRO
WITH KILLED YPHOID BACTERIA
By
J O Lawsin
Recerved 23 i 68

Previous expenments (Lamoik 19682 196%e) have shown that blood
lymphoevtes from sheep red cell (SRC) immunized rabhils were ahle
to transform from a restin, stage to speaific antibody synthesis Thas
trawastormation 15 dependent on antigen shmulation n pitro Antibody
production was demonstraled in two ways by the presence of plaque

formung, eells with Ivhi action towards SRC and of ant1 SRG agglubinins
1n the culture medium

Thus report deals with the use of bacteria] anbigen as stimulator 1n
cultures contaimng blood lymphocytes from rabhits ummumzed with
the same bicterial antigen Fig 1 shows the experimental programme
n general terms incliding the tests performed for signs of antibody
production Gram negaline entero bactera are conventent for ymmuni-
zation and stimulation since they eontain Iipopolysaccharide s easily
caated on crylhrocytes {Landy, Trapant & Clark 1953) which then may
be used for testing the cultured cel

s for plagque formung abshty and
the culture supernatants for Lbcrated agglutinins

MATERIAL AND METHODS
Antigens

Salmonella typhosa Lilled hy heat at 60 C for 1 bour was used for it pivo
immunization and in prtro stimulation Lipopolysac haride from § tgphosa was
btained frem Difco Detroit Aach The Lipopolvsaccharide (code 3946) prepared by

mixed 10 equal solyme S bﬁcfex'c made up to a 1
umes with t4
solution and incubated at 37 C for » howrs foltmeey By washonn 1o Sacchande
saline

This work vas supp rted by a grant from the Norw,
The Gagon of Deat hitled S typhosa was Mndle prepaeq b 1y CVICP Soctety The
the Gade Yastltute D

v prepared by A
cpartment of \icrobiology ¥ Mrs. Gunvor Fretheim
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Schcmate drasfng with an outline of the <xperimental pPro-ramme

Imnunt ation

Tour adult slhino tabbits were fmmunized agmnst § fyphosa Finst 0, ml of
soline uspension cantalming 10 bicteern was given ntrayvenously folloned bv 1 m)
2 X 107 hacterin) twice weelly for four weeks Thereafter one myection weehly
was given for 6 weel s fallowed by four bi weebly dases Three boaster-dses wese
then tlven In the course of one weel and the rabbiis were bled 5 or § dags after
the last dase At the time of blcedimg the serum ngylutinin Uires against S 1yphosa
lipopalssavcharide conted SRC saried from 1000 to 8000 Lytic snhbodies seve
found 1 titres from ,00 10 4000 No agglutimns and Iytie antibodies (ant: SRC) 12
Tow titres only were found i the sera from the controf rabbats

Culture Techpique
Cell suspensions for culturing were prepated as previotsly deseribed {Lawm i
19:8a) from the four immumized rabbits and from two contral cnes Fach culture
tube contained 25 X 100 cells in 25 ml of ¥ digm compused of Parkers Wsue
culture medium (TC199) with 20 per cent pooled normal rabbut scrum The eufture
tubes were stimulated at the start with heat killed S liphosa 1 Susts van We
from 109 1o 10 haclenta susprnded i Do m of T199 Duphcate or quadsupbeate
tibes werc sumulated with each dose Duplicate culture tubcs were supplied with
05 ml of TC199 withont stimolalor Some colture Yubes were harsested atier 5 days
incubation Others were cultured for 8 da s with a chan,.e of medium on the fourth

Tests for Immune Reacfion Ints were
The eclls used for cultunog from mmuni ed anl non mrmusized rs:’d‘:l‘h p
tested before meubation for plague formine abdihy a amst SRG{ ;:::-lvcshm. e
tiphosa fipog ofysaccharide as deseribud budow 4t the time o e ator
culture supernatants were separated from the cells and """i “"(r The harvested
checked for agglutinlns against STIC coated ~vitt Lipopalysac haride anasted
Tt nd suspended Io 0
cells were washed onee sn 5 ml «f Riowr sletiog a 2 o per eent
TG199 The suspended cells were then mived 1 tqual volumes “l‘r BRI
suspension of SAC coated wath Jipopelvsa chande With .0 per cen " e i for 1he
serum in TC199 The mixtures were tested in micro mcubﬂdlmn chambers for e
formatian of Ivtic plagues 1n the mono layers af S formed on
chombers (Lamoik 1968 b) 8 mde
The degree of cell transformation 1b the culture “q; :;g::r:feldh ;Lm o
orange stuned rell suspensions tran forred fo wncshaticn cha s e ording 15
elassed as small lymphocytes ntesmedinte ccils and ?bl!'nsk;;w csc s groap pro
morphologieal eriteria defined previovsiy (F anase? 19"" ! sosme of the proveny of
bably comy rised partls transtormed dympheoiies as nell as so O ke that of
blastord cells jncluding some cell with a morphol; Lal :x"lp; T ation spparatut
lasma eclls | eemanent eell preparations » ere made in a sedim piauon 0
VDot Homt & Sohaborg 19545 frved and stamncd ath May Qe e ehange of
The culture supernatants from the time of hmeshﬂls a of sacchande conted
medwm were tested for . Whmirs by titeation @ am { 1ipopol SIchibS 2
SRC (1 per cent i saline) either directly or )“o‘\“ -rn e; :‘:1 Capex trays and ruad
nsing polyethylene plenl The titrations Were performs

trom the setiling pattern
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RISULTS

No piaque forming ccls and no a.glubmns agunst lipapolysaccharide
coated SRC were found w the cell suspensions preptred from am
munized anl non immumzed rabints Less than § per cent partly
transformed coils and no blastowd cells were found in Lhese cell sus
pen wons After four days culturing when the medium was changed
in tubes which were harvested after 8 davs there were still no azzin
fimns present

W hen the cullure tubes were stimulated with 10% or 10% Lilled bac
feria and harvested after 5 days many transformed cells including
blastmd cells were found n the cultures containmn,, cells from the 1m
munized rabbits A bacteral dose of 10' or less gave no delnile
morphologieal response Despite signs of blastoid transtormation in
the cultures harvested sfter 5 days weubation only very few plaque
formung cells were found Mo agglulinins were present 1n the culiure
supernatants

n the culture tubes harvested after 8 days mcubation a clear dif
ference was observed between nou shimulated and anligen shmulated
cultures of cells from immumzed rabbils The response tawards st
mulabion was dose dependent From 25 to 40 per cent transformed
cells meludmg from 3 to 12 per cent blastoid cells were found m the
culture tubes stumulated with 10° or 10° 11led bactersa (Table 1)
When the stimulatimg dosc was 10 or lcss the Tesponse wis shoht
with 10 Lo 15 per cent enlarged lymphocytes wilhout definate blastond
chanse The non stimulated cultures contained no blstoid cells but
sate partly transformed cells were present

TABLE 1
Btasfoid Cells 1n Anfigen Stimulated Cultures Contatning Blood [,
from S tyghoss Imman o1 and Non I e fabings. panyLrnehOCHeS
Days Culturing

Blastoud cells o
Stimulating dose

1w 10 None
1
Knmunized 2 gg) gh o° H
rabbsts 3 60 35 [ ’ g
1 ns
Non immunizig 1 335 g H
rabhits 2 ° [ 0 8 g
Means of result from duplicate culture tubes

Phque formun, cells
tamng eells from 1mm
bactena h,

turmp (Table 2) \o plague forming cells were present |
fated enltures or an the cultures of celly from non immuy

davs when
start of cul
N now shimu
nized rabhits
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cultures
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bacterial 2 Plaque forming ability
antigen against SRC coated with

bacterial lipopelysaceharide
3 Agglutinins in sypernatants
Fig 1
Schematic drawing with an outline of the experimental programme

Immuni atron

Tour adull albino rabbits were immunized agamst § typhosa First 05 ml of
saline sushension containing 10 bacterta was wrven ntravencusty followed by 1 ml
€2 X 107 bacteria) twice weelly for four weeks Fhereafter one injection weehly
was given for 6 wecks followed by four bi neekly doses Three hooster do s were
then given in the course of ane weel and the rabluts were bled § or  days sfter
the laxt dose At the lime of Dlceding the scrum agzlutinin titres agamst § 1yphosa
lipopolysaccharide coated SUC svaried from 1000 to 8000 Lyhic antibodies were
found fn titres from 100 to 4000 \o agglutining and 1y lic antibodies (anti SRC) in
low Utres only were found In the sera from the control rabbits

Cullure Technique
Cell suspensions for culluring were prepared as previoush deseribed (Zamod
1968 a) from the four immunized rabbits and frem two ontrol opes Each culture
tube contained 25 X 108 cells 1n 75 ml of mcdium compnsed of Parker s tissue
culture medium (TC199) with 20 per cunt pooled normal rabbit serum The culture
tubes were stimnlated at the start with heat killed S fpphosa in doscs rangmm
from 108 to 16 bacterla suspended in 1 mi of 1€ 199 Dupleate or quudruphr(n(ht
tubes were stimulated with pach dost Buplicate culture tubes were supplied wi!
0o ml of TC199 without stimylator Some culture tubes were hacvested afler 5 d!il:
ncubation Others were cultured for 8 davs with a hinge of medium on the fourt

day

Tesls for Immune Reaction d rabbits were
The cells used for cul from ted with §
tested before incubation for plaque formn, alabity agawnst SR eva the
he time of harvesting
typhosa My opolysaccharide as described heliwm At the o€ and laler
culture supernatants wire separated from the cells uad stored at =20 € aad B
chedd ed for agglutimins a anst SRC oated with Iy 1pjlysncchﬂﬂdc‘ 09 ot of
cells were washed onee n 3 ml of funger solution and suspendel in b7 .
TC199 The suspended cells Were then mivd gl volumes sath & %0 per i
suspension of SIC coated with lipopolysaccharyde 1 1th 20 per cet fresh LAE8 b,
serum In TCI99 The muttures were fested in micro umeubation chambers (6 0
formation of lytic plaques in the mono liyers of SRC formed on
chambers ( amot! 1968 by aeridme
The degree of cell transformation i the cultures n1s zsgm:k_}lhcm"m were
orange stained cell suspenstons transferred to mewbation (-h:-ﬁ gm gecordin” 0
classed as small lymphocytes ntermediate cells and h;,“%o ‘second group PTO
morphological criteria defined previousls (Tam th 1968 D) e ot the progcny of
bably compriscd partly transformed 1y mphoestes as well as some of 116 R of
bla tod cells including some cells with a morpholoical “‘;“'mum;m, apparatus
tla ma cells Permanent cell preparaticns were ma ’;lml\!na “crum\nm Grems1 ¢
(Bots W nt & Schaberg 1964) ficed and stawned with M35 000y change o

d ani pan

The culture surernatants from the tme o R cehartd
ted for a glutimos hy titration aginst hip /3 volame
medium were tested for a ¢ dm{h e Rowin ctmu‘ﬂ""m“é‘;:s el

SRGC (1 per cent in saline) either o
usms(ng’l\elh\lcnc glveol The titratrons were nerformed 1u L ersp!

from the setthns pattern
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ineubation chambers where they wggegaled around possible antibody
Uiberating ceils wd seemed o prevent (hese antibodies from diffusing
out nte e red cell monolayers thus praenting plague formation
The appearance of agglulmns i the culture supcrnat inis correfates
well wth the deselopment of plaqueforming celfs as ag,lutimns (fitres
up 1o $) wete onty found m the culfures of Iymphocyies from 1m
musnized rablits stmulated with an anhgen dose of 10° hactcris
Supernatants concentrated 1/3 showed a hugher agglutinating abihly
corresponding 1o the wneresr m prolem concentration {Table 3) “o
agglutinuns were detecied wn concentrated supernatants from control

culture series or wn the supernatants from the reacting cullure tubes
after 4 davs ncubalion

TABLE 3
Agglntimns dgasnst SRC Coated Hith S typhosa Lipopolysecchartde in Lon entzaled
Cullure Super? atants from dnhg a Stimulaled Laltures Contmmag Bload Lympho
cpter fram Immunt ed and Non Immunt ed Rabbits Shumulating Dose 105 Kall
Bucterta

Agglutinin titres
Culture time

ddays Bdays
1 <1 2
Immunized 2 <1 4
rabbits 3 <1 9
4 <1 %
Non immunized 1 <1 <1
Tobbits 2 <y <t

Supernatants from duplicate eulture tubes nere pooled and concentrated to 173
value usiag podethylenc glycal

Cultures showing plaque forming cells or agglutmms against lipo
polystcchande coated SRC were cheched for plaue forming ability
and agglutmins agatnst SRUL with negative results

DISCUSSION
The presemt experiments demonstrale the dey
aching plaque forming cells and ag.luhimns 1 bl

oad tymuph
tures following 1o vitro stimulation sith bactersal anhjen“’l‘?t?::b;\l‘:s
that supplied the Tymphocyles were hled 5 or § days afler the last of
ti;rec b(;csler mjections following a long ecourse af immunization 1:)0
plaque forming cells were found b
praaue Form ovever w the cell suspensions used
The culture experiments showed that
cell transt

blastord cells and some cells Irke plasma celfs occurre:]“\‘:r‘l?\m‘(‘h P
lures were shmulated with 1he priaung antigen No such \m {e o
lion was seen when the anhiyen was added fo cuftures of ;:xsp::\md

e

elopment of spearfic re
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Iymphocyles Cells with speaific Iytic aclivily a,unst antigen coated
SRC were found m the antigen shimulated cultures of primed lympho
eyle afler § duys culluring and agglulinims against simalarly {reated
SRC were present m the cufture superntants The development of
plque forming cedls as well as apslutining 1s thus dependent on
Vo priming and in miro anligen stimulation
The numbcrs as well as the size of the Iytic plagues found m the
test chambers were smaller than the numbers and size of the plagues
previously registered wn most cullure expenimentis using [ymphocytes
from SRC immunized rabbuls (1 amou 1968¢) The small size of lhe
pliques 1s comparable fo the findings reported by Cunningham Snuth
& Mercer (1966} who uscd the same techmque for testing cells from
sheep Iymph nodes and cfferent Iy mph for plaqueformwng ability
agunst SRC caited with S munchen hpopelysaecharide The aggh
tmins found i our cultures were also present in very low bhilres
some culture tibes detectable onlv 1 the undiluted supcrnatant The
map reason for thest low titres 1s probably that the w miro condibions
for cell growth and diffcrentiation arc mferior to those e the lymphod
orguns The low titres may 1n addition partly be explained by low cell
numbers 1nd relatinely large volumes i the culture tubes
‘1he ymmune reaction found o our culiures 1s clearly different from
the spontaneous tn vfro hberhion of antibodies from peripheral hiood
leucocy les reported by Tandy et al (1864) and by Hulltger & Sorkn
(1963 1965) Tins ntibody hberalion from leucoevies without antigen
stimulation wn pilro 15 probabh due to the cscipe of antibodsy produurs
cells from the Ivmphoid organs mto the pertpheral blood The results
also appear to differ from those obtaincd by W esslen (192) and h‘(
Hallander & Danselsson (1962) on the liberation of antibodies agasms
$ typhosa and horse scrum from thorieie duct hmphocyles tal iz
from ribluds fter tmmunization and wmeubated m wiro without "
miro shmulation No evolubien of plaque forming CEI(I‘S osl'h::;e!z:;
of ngglutinins was noticed 1n our c“I::e:.v:‘;?:“rl:ofnzl::dy e sation
s ot cuffunng Cotrelated
stumutated cultures s
g and

In the presenl experiments the s
developed betwecn the 4th and the §th dxy
with fhe Iae] of immune reachion n non
evidence. 15 Indicatne of tn vitro formation of nntibody mlud“ccl:: ot
Nberatin, cells m the cultures and the evoluhion of sucl :mchnmud‘
resting Iymphocytes that lack the allity to dexclap Sp

(o antibody producing cells Jated
m'l‘lu resultyspare closely simlar to the Dindings ,S?(;;I;(tlsm(u]ﬂﬂl
cultures with blood Ivmphoeytes from SPC \mmumz:l dla“ e parted
pih 1968¢c) and appear to be simular fo some of lhel | md I:mphr!(“ o5
by Gerard (1968) on antibody svnthesis by rabbut 1324:’8”31 D aens
e vrtro following shmulation by different anti.ens ol transforma
as well as heterologons red cells are thus able to m{duc'c'c‘mpmm o eul
tion with speaiftc intihody synthes:s i r1bbit blood
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thod of registration
s also show that the wmdirect me

h;m;a’lz‘eef;:r‘:\n; ability uswng red cells coated with bacteral lipo
goli)sagchandes 1s switable for testing cultured fvmphocvtcs for spe
aific immune reaction

SUMMARY

Birstowd transformation was demonstrated 1 eell cultures ccntaml’ng
blood lymphaceytes tram tvphoid immunized rabbits stimulated m vitro
with lulled § typhosa Plique formin,, cells and hberaled agglutinms
agamst SRC coated with hpopolvsacchande from § typhosa were
found wn such cultures The blastord respanse 2s well as the speaific
unmune respon e ws dependent on the stimulabing dose gnen wn nitro
However althongh a strong hlastad Tesponse occurred following
very large bactersal dose this w 1s not followed by the appearance of
pljue formung cells and agglutinins possibly hecause the transformed
cells hecame voated by the excess bactina
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In 1943 hanffmann reported that afler elimmation of hewt labile
emvclape anbigens I colr strans could be grouped with agalutinating
aolisera 5,9nst the heat stable somatic anhigens {20} This provided
the hey to the anlipemic anvsis of Lsehericluia The elissical coh
serology reviewed by e g hanffmann {21) 1s based on three anhgens
designaled O h and H The thermostable cel wall O anliens labelled
O1 through 0149 ¢ well charclerized Iipepoly sacchandes {26 31)
Amang the K ntigens there 1s 4 distinetion befween L A and B on
GLigens The L antigens are thermolabile 1 e destroyed by bojling winle
the B wntigens lose their immunoteniuty but retaan thewr agglulinm
fixing ability after such heat treatment The A wtifens are thermo
stable capsular anbigens Howeser thesc éifferences between the h
anligens are not alnays quite distinet {37) The A and B antigens
mvestigaled so far have been found 4o consist of acid polysacchandes
(18 29)) whereas st least some L antigens have heen desmonstrated to
be protems (20 34) The flasellar H anbigens ate of 4 protemn nature
{1 40}
Much of the wark on the somatie anligens of Gram negative bactersa
PR &iffusion fech have had

has been done on Sall ¥
exlenswe 1pphieation to Salmonella (12 4 18 23 33 3o 36 42) but

such studies on Eschertchita are not ¢quaily numerous (2 § 10 11]13127
19 27,29 34 35) Most of these meshiaations hate been partieil Isy
concerned with the degree of heterogenerly of various hacternl extrac!

The purpose of the pre: ds w1s to obtamnm 2 omplete
18 «1s to obtamn 2 more compl
purp { the present studs

wcture of the complex antigeme pattern of h
tphc antigemc formult of Aauffmann hripseinldt Vahine (21) and to

g and Miss Ingefe

Thanks are due to Miss Bugsita Bergind Mres Brita Drew ,
1l techoical assistance » Coune
g”;';g;’::;l!-ﬂ:::sk;u:po;rd by grants feom th Swedish Medieal Researe)
(KG7-19%~"15~04) and the Facalfy of dedicine Gotebarg
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belween the O h wd

te {he possibilities of & dfferentiation
;‘;‘S\it:fg‘:x\z by :\e s of immunodiffusion methods [ins charcterizy
lion o? E colt mtiens 18 part of 2 study of the hactenolopy nd
smmunology of urmary tract infections m chldren (3 13 17 43 44)

MATERIAL AND WMETHODS
Ba terial Strains
The following E_cali fype strans andly sapplied by Drs 1 & F Orslov at the
WHO Internayonal Eschesichia Centre Statens Seruminstitut Copenbagen Were
wsed

Seruminstitut Serotype
designation [v] k H
us/il 1 1 F]
ua/41 2 1 1
RAZTANY 1 k) 5
Bu 7438711 6 222 1
Sy 4314/41 6 13 bl
By 7009/41 7 1 z
G 3404741 8 8 4
Su 4411741 14 7 -
F 10018741 18 1% 1
” 13 1
FAE 75 2 H

1n add tion %9 F coli strams 1<olated from children with urinary tract Infections
were Gnployed All of these were O grenjed as @ wribed by Luveoln (%5 The O
antigen groups O1 04 06 07 and 018 sure each represented by fowe sirams 00
Iy three strains and 03 011 02 02> 011” and 0128 by one strain each

All the aforementioned straims were af the smooth colony type Prom the 018
nif HI3 train we isolated a rough eolony varcant designated O1BR which was
a1 o emplovid

+ rolt OF 1732 M1 was chrsen as a moadel strawn for the aotigenic analyses

inee 1 1clon s Yo an O greup very often fownd m paticnts with vrnars foact

Intecteons {23) and is a serologiea)s well deliged stram (M1 37) wit
to convert from the S to the R fagm. ? it no tendency

Antigents Preparat ons for 1 nntuno iffusan Analyses
Wok npumsions wer prepared I the fallaswrng wa
t ctemaof whi hoshaaed na anta agpluttantion on hefum; J\\e:,c“:en\'t,:\:: l:;\ :::: S\e
The Dacterla were eults ated n 07 per oont nutefent sgar gl fes. racubaled { o
18 24 hours at 37 (. The grov th was suspended in stersle sakme The sloc;« Y
peosions wen adjvsted fo correspind to 3 mg of acetone dnied bacter; -
Vercnal Loffer extrnct (VE a1t geal Tue & of acetone dried basters s ep o o
tenlctin 100 mi of seranal bfer ¢l 86 snd [ept ot 31 © fou 25 howes AL,
centrifagation (3000 rpmy 30 min ) the supernate was de anted ang e o4 o gt
U method for prepaning anti eq is known nok 1o Geaature protome (4o b oo
gen was prepared from the model straln (0% k 2% 1) and G re e ¥ 10
O M3 B0 ATt an (6% 115 T srains o the 0% Wi 11
rasom  slroct The stack susqen 1on of the malel
e led {118 Mo gt 50X and 2D hefsee i an T e ) s
4 Yondon) The supernate ol tamed by centrifugation aes wxop o5 MO
Free ¢ press extract was prepared Irom the stock sust ensvon ot thy wmodel st
ata
LIRS
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(06 K24% [{1] as described by Fdebo {7) The bactersal debris was spun down
and the supernate used av antigen

Ileat extract antigen (1fA) The stock suspension was heated at 100 C for * hours
After centrifugallion the supernate was used as antlhen HA prepsrati ms were made
from each of the aforementioned strains

Turified lipopolysaccharides (1PS) prepared accanding to W estphal et of (41)
from F colt 01 02 04 05 07 08 G18 and 075 were also used snd are referped
toas O1 115 021D ete These preparations were Vandly supplied by Drs B & K
Jann at the Max Planck Instlut fir Immanbiologie Freiburg 1o the 1mmune
|llf[n7!u;a studies the preparations were emploved at a con entration of abyut
1 mg/m

Anligenic Preparations for Immun ation

Three ts pes of antigenie preparations were used for immunization live formalin
hilled and heated cullyres of bacteria The cultivations were performed fu an sali
£en free mediem (15) at 37° € for 6-8 hours altaining a density of 200-500 milhons
of hacterta/mt (viable count) The bacteria were killed by adding formalm to Whe
eultures to a voncentratfon of 05 per cent or hy bathing the cultures 1n a water bath
{or two hours (heated cultures)

Antisera

Antlsera were produced in rapbits welghiog 2 3 kg be two series of imtravenous
Injections of antigenic preparation The injection volumes i ml m Yhe first senes
were 625 05 10 and 10 in the sccond 10 20 40 $0 and 40 all given at Pye
day fntervals During the course of the tmmunizations the animals 1 ere bled tath
week and a final bleeding sas taken at sacrifice ten days after the last mjection

ORI antisera against £ coli 06 K% 2 111 and 014 K7 }L\\ercprodutrdns\n%
formahin killed cultnres for the first sertes of inyctions followed by injections o
hive cultures in the second

0 antitera were produced by inpecting heated euttures an both lmmuniznhscn“s;r:;s
against the typed strains of F colt belonging to O groups 12 4 6 7 8 3 ﬂl e

RAH anliserum was produccd tu the same way as ORM antisera exc;a e
formalin killed and lse cultures of the R varrant of D18 176 Hit (018

used

Immunodiffusion ethods
Immunological analyses were pcr(m[';’n
cl technique described by W adsworth t W

l;nd comp:?rali\c Immuncelegtror horetic fechpigues an the m“‘;“‘“'&":{ :lw' P

worth € Hanson (39) The clectrophoretic separation \:nshpn bnlx:: 8 e vactots

af 5 ¥ /e during 80 min n §05 \ veronal butfer pif 87 he resulls of the 1100,

antigenic analvses are bhased upnn repli fe experiments ““'"i-;‘:: aaimal

from different rabbits as well as different bledings from the s oo methd
As regards O grouping of E colt strains a simphified 1Mmunos

? mn
was employed Paper disl s soal ed with different O an\\sen"\\ere r}:;:;l ;:(;:nns of
thick agar layer 1 which basins were cut and filled w\x‘th e;q‘: t!:‘u; i
the strans to he groured {cf 6 8 34 and eyperimenl sho ¥n

uble diffustos in
ghorebie
s

ed with the microplate do
3%) and wath the namunceleetrs

ate (4
Tutratian of igglatenrns 1o E coli was performed as deseribed b {inc

Block Flectrophorests trom E eolt
$F antigen
2! trophoresis \ as performed on the O eppnrhng
osﬂg\rz':oz:tallnb-f:-t; léﬁrrhfd:x G-25 (Pharmacia Vppssh‘ ;:;;f:% A
medium A slurry was made of the Sephadex with veronst bV gy len was
and spread 3-5 mm thick on a glass plate {38 X 1"61“\) o Thae .
applied m 2 o £ 90 mm transverse basin eut 1w (he g apon the block was el
o performed at a soltage of & Viem for 16 hours wherenpon Hhe 2 o
ansversely mm 3 em steaps which were ¢luted with the vero b The
were tested b double and comp
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06 K20 2¢ HI
a VE o tgen
AN
i
®202¢ ///\\\ﬂ\
" N
o5

ant, Q6 K2n 2 H1
(QKH anf ¢ )

+ mﬁﬁ -

3
06 K20 2¢ H1
VE ont gen

oy ag B Pz ¥ dleb
Fig 1
uble diffusion () and immunoelectiophoreti (b} analvses
antiven developed with OKH antisera Lines formed by O
T} and H precipitino cns 1d ntifred by the experiments described 1 this paper are
ey ated The electrophoretic distribution of human serum protemns s included
as a reference

Schematie dilagram of do
of the model stramn VL

carbshvdrate content of the fractions was determtned by the anthrone reaction (14)

With dextran as standard Protein was deterrmned with the Folin Crocolteau reac
tin (75) with tyrosine as standard

RESULTS
The Anfigeme Complexity of the Model Strain

By means of comparaline smmunologieal 2nalyses of various antt
genic preparations 1 ¢ veronal buffer exirzet (VE antigen) ultry
somse exlract frecze press extract and heat extract antigen (HA) the
model £ coft stran {08 h212¢ H1) was shown to contain more than

20 separate antigemie faclors The VF antigen was found lo he the
most represeniative anligenie preparation

conlainng the largest
number of demonstrable preaipitinogens and was therefore chosen for

the detuied analyses In thus anhigen at least 12 separate preaipitating
factors {Fig 17) were resealed by comparative double diffusion ana
1yses using differcnt corresponding ORH antisera and other apligeme
preparbions {rom the model strain Immunoelectrophoretsc leLhes
demonstrated a good eleetrophoretic separation of the faclors resoly
mg the VI anlizen into «tolal of at least 1415 Yprecipiinogens (.
1) Some of the OhH anliser s agunst the modet stragm hck:d d .
strable antibodics to ane or 4 few of these anhigente factors demen
20
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K2a 2e
K2q2¢
anfigen 06 Lps anfigen

O\ O O
O MO

O anbserum OKH antiserum

ant € eoh
06 K29 2¢ H1
rg 2
Sihematic representation of comparative double diifusion precipitation patterns

formed by the 06 LES and the 1solated K22 ’c anticens from E colt 06 h2a? Kl
with an O amd an OKH antiserum against E colt 06 K2a% Ht

Separated
+ _

06 LPS [5+)
Co=——————"""7 anh 06

(O anhserum)

Fig 3
Immunoelectropharctic pattern typical of those formel by the electroseparate
E coli LIS antigens and thar correspanding O antisera

Identification of O, h and I Antigens w the Model Stratn

The O anfigen When analysed with 06 O antisera by double dif
fusion threc heat stable antisenic factors were demonstrabie wm the
punified O6 LPS anligen (F1, 2) Py comparatine double d:f{us;;n
these faclors could also be demonstriled m the VI anligen frnr: hl'
model O strun using enrrcsponding O or ORI antisurr ef FAI. "
In immunodlectrophoresis the eleelroseparated 06 LPS dcwbur;m
with 06 O anlisern a broad fuzzy precipitale close to the 'mtl::m, ;m
(F1, 3) In the cnse of some antisery this precipiinie cunsglmm(:s”a
least two pnrallel lines The 06 IPS only r 1cted willt :mc p
agunst I colt 06 and not with any of the O antisery a,uns
roups 1 2 4 7 8 180r 75 he
iy E‘I]:enmenls with the purpose of 1denlfymg the o] al’;(:c;‘];gc‘m
VL anligen preparation from the modecl strun “Lreﬁﬂksm T and
which the strans of the serolypes 06 h2a2e H1 OOG hage 11
022 K13 H1 werc compared with QI anbisera lot S (;5 clvams
Fig 1 shows two antigemc fictors common to the tw
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VE antigens from E colt \
022 K13 H
2¢ W1 06 K13 H1
0B K20 « " 06

.

.
anky OB K2a 2¢ Hi
{OKH antiserum)
Fg 8
! double diffusion analvsis 1entifvaing the h and O preerpitinogens 1
;n\p?:r::l‘-:mn:n;amm of the model tra m wilh an OKH antsserum agaiast this

rain The third O precipihniogen < ¢ Fig 12 was not deseloped with the employed
antiseram

Juch are not present i the 022 strain Comparative double diffusion
malysis of 06 LPS and VI anligen from the model stram showed
hat these two faclors corresponded to two of the 06 factors indicated
nFig la

The h anligen Ihe comparison helween the strains 06 h2a 2 H1
06 K13 H1 and 022 K13 H1 m immunodiffusion with ant1 06 h2a
2c 111 OKH immune serum dllustrated 1 Fig 4 was used to 1dentify
the h2a 2¢ antizen Two hines formed with the model stram 06 h2a
2¢ H1 were not found o by tormed with the stram 08 k13 HI which
according to the Aauffmann hmpschildt Vahine antienic formula
only diffcrs from the modcl stran 1n kb antigen Another experniment
with 1 view 1o 1dentifyin, the h anuigen was performed 1n which the
mtt 06 h212¢ HI immune serum was absorbed with VI° anlygen
prepired from the stramn 06 k13 HI This absorbed anliserum should
only contam anttbodies to the ha 2¢ antigen The \[ anligen from
the modcl strun (no 4 basin m Fig 5) was analysed with the ant
06 h212¢ HY OhH mmmune serum

(no 1 hasms) and with ke ah
sorbed anliserum  ant1 k2 2¢ (no 2 basins) The fu,ure shows that
only one dense preeipiate possibly consisting of two

hines 15 formed
with this absorbed scrum In immunoelectrophoresis
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anlt 06 K2a 2¢ HY
(OKH anhserum)

anh HY anti K2a 2¢

K2¢2c

basn 4
VE anhgen {06 K20 2¢ HY)
Fig §
Immunodiffuston apalysis identifying the K (night side) and thermolabile (lelt
side) precipitinogens in VE antigen from the medel stramn {basta no 4) by means
of anti Ot K93 % k1 (na 1 basins} and absorbed antisera In no 2 hasms  ast
“a% = ant1 O K% 2c H1 absorbed with VF antigen from 06 K13 H1 In no 3

hasins  sutt HI = ants OC K22 HI absorbed with HA from 06 K?a % H1

h2a 2c anhigen uncontaminated by other anhigume materinl by pre
piralise zone electroplioresis i Sephadex G-25 The h antigen con
taming fraction was rich m carbohydrite and could be freed from
protem by t a precipilation with (NH,) SO After healing to 100 C
for 2 hours the k antigen was shil precipitinogeme and formed two
Iines with 06 k21 2¢ H1 ORH antiscra but no lnes with O anlisers
By double diffusion analysis of E colt 06 LPS with OhH antisert
agunst the model stramn the k21 2c wnhigen could be identified as %
fourth factor 1n the 06 LPS 1n addition to the three factors demon

strable wilh O antisera (Fi 2)

The H anligen The comparison bebvween the three stramns diifenng
1 O and & anhgens but having the same € anfizen shownn Fig 4
illustrates that these strans have many antigenic faetors 11 cOMMOD
one or more of which can be of H antizeme natyre At least ten such
factors were observed some eight of which fost thur antigenicity ﬂflm'
heating to 100° C for 2 hours Most of these commeon factors \\)erclnl;;l
found 1n struns with other H designations {eg E coh 02}
and 014 k7 H-

In an effort lo)ldenht) the 11 anhigen the OLH anbserunt mtol?x Y\‘?";‘:
9¢ H1 was ahsorbed with HA from Ihe same stran Analyss of the
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antigen from the model sttain (no 4 basm in 11, 5) usmg thus b
sorbed antiserum (no 3 basins) showed at least three antigemie fac
tors In an attempt to mahing the absorbed anliserum monospecific
for the H1 antien it was further absorbed with VI' antigen from the
cross teacting struns 02 h1 A4 and OlL K7 H  After these 1bsorp
tions the antisernm formed only one bine with the YF antigen from
the modcl stramn Thus Jine was presumably formed hy the HI nfigen
(fig 6)

Identification of O Aaligens in Qther L Colt Sirains

Immunor lectrophoretic analvsis of LPS preparations from £ el of
the O groups 1 2 4 7 8 18 and 75 with therr respective O anbisera
showed broad proospitates of the same form and localization as Ihe
precipitate obtaned with the Ob TPS and 08 O anliserum shown m
Fig 3 With the exception of LPS from E coli 018 and 03 whieh

cross reacted {Fig 7a and b) the {P$ antigens only reacteqd with therr
matelung O antisery

TARLE 1
0 Grouping of ®9 E coli Strauns Usin

g O Antisera agaunst Type St
wn the Sumplifred Tmmu, e T S

rodiffuston Technigue

HA preparation 0 antiserum
Ogroup Mo of strams 1

g
3

o 06 o7

o
g
e
s
=1
bl

RN EENAREY
*

RN NSRS
!

SRR

-1
=
®
e ot s 0 o e e

Yrreirrrrett

1

+ lndicates faint precipitate

-+ indicateg dense precapitate

07 0% O18 wnd 075
thi, 8) Oned
0ncﬁ strun 11:(;?:::;[&}1)"4 O antiscenm T l;’s {'H preparation from
1 0 Addiion
h‘le l;:m 018 strawns mulually cross reacled the he(cr‘o"l‘e o 04 ana
¢ however bewng Funler than the homologous These ;‘:;:Sr prftcxpx
eactions

Ipae was formed by
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VE anthigens

014 K7 H- or
02 K14

O

06 K20 2¢ H1

K20 2¢
H1

O

ant H1 ant: 06 K20 2¢ HI
{OKH antiserum)

Fog &

Comparative double diffusion anabvsis wentifving the H1 preapitinogen m the

A1 antigen from the modil slrain using ant1 08 h% 9 H1 and this immune serus

absothed with the HA preparanyn frym the madel straia as well as with \ E antigens

from F role 014 K7 H~ snd I' cole 0% ki H4 The triple absorhed antiserum b5
nd ted ann W

04 LPS 018 LPS

anh 04 {0 antierum)

04 LPS
Resciisisr
anh Q4
T S — |
+ [ e -
018 LPS
Fig 7

g
Comprrative dooble diffusion (a) wmd 1mmunoelectraphorctic (b) onalyses et
cross reactivty of the E eolt Of wnd 018 LIS ntigens 1sibs @ an
E colt 04 13 H5
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) of analy es auth the dish immunodiffusion technique for O grouping
x).‘:l:: sr:l‘:l}:'aled with O antiserum against the O antigens from left to right OL
¥ 04 OF (fir t and third 10%s) and 07 08 018 075 (second and frurth raws)
onyitud n 1 basms filc  with HA preparations from F enlt stratns helongang fo
075 (upper bs 1n) 07 (middle hasin) and Ob (lower hasin)

were vinfied 1 microplates by comparssons with the homologous
systems as showninTig 7a A preeimtate was also formed by the 025
strun and the anh 07 O antiserum In comparative double di{fusion
annlyses usme, the microplate method this precipitale was shown lo
£t 1 reachion of fuston with one of the two lnes formed by the 07
1PS and the anli 07 O antiscrum On testing for cross g, lutination
the 025 strun was positine with the 07 antiserum at 4 dilution of
L 400 shereas the O7 stram was agqlutmated at drlution 1 3200 of
this anliserum  Cross agglutination between the 04 and O18 strams
was also obtuned

The 1A preparations from the 29 E col struns were also tested
with the same O atiscra m microplates with resulis corroborting
thosc an Table 1 Yor practicl reasons the ant1 02 and 08 O antisera
wire excluded n these tests

‘

Comparison of S and R \arants

Anothcr experiment with the purposc of identlsing the ¢ antigen of
F coli was performed i which the 5 wd R forms of 018 K76 H14
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HA from o HA from
018 K76 Hi4  LPS 018R
{S form)

OO/ 0

o O

anh O18
{0 onhserum)

b HA from
018 K76 H14
anh 018 T Q. — (8 form)
{0 anhserym) CC—————————"
[o] HA from
o18R
Fig 9
« double diffusion {a) and (b) amals ses showme

the difference in precipitinogenic content 1n HA from the smooth and rough forms
of £ coli 013 K6 H14 The O antigen was not demonstrable m the preparation
from the rough form

were compared Immunodiffusion analyses with 018 O antisera showed
the presence of three hent stable antigeme factors in the S form of this
strain Two of these factors were also present 1n the 018 LPS anhigen
bui were not found in the HA preparation from the GI8R strun
(Fig 91) Immunoelectrophoretic studies usmg the HA preparahons
of the S and R forms of the 018 sirun with several 018 O anfisera
confirmed this finding 2 charactenistic broad preeipitate close to the
wligen basin was deseloped by the § form while no line was found
with the R varnant (Fig 9b) Anticerum to the O18R sanant {RRII
antiserum) did not form any precipitate with the HA preparation of

the S form
DISCUSSION

Through extensine studies using bacterial agalutmation the Esche
richia genus 1s serologicilly well defined by its O I and M antigens
(21} Among the mans anlizeme factors reveled n the present studrs
of a model L colt stram (06) by immunodiffuston methods some
could be wdentified s related to O h and H antiens In '\ddlfhogy
severnl other anhizens were common n struns which differed rﬂr
the model strun 1n therr O k and H anhigens Presumnhly none @

hgen of Aunt?

an
these common anligens corresponds to the common
according to reporls 18 nat

Beard and Haimagyr swnce the latter ]
preaipitinogenic (22) The Af anfigen (11 18 30) mught be one of the
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common antiens since it has been found to be anligennally 1denbien)
in sever U different strams {(32)

I various nays 2t conld be demonsirated that the Q6 model strun
comprised precipiipogens which eorrespond to the 06 hpopolysae
chande In immunoelectrophoresis the O anligen appeared as a brond
and dense precipitate m the region correspondin, to thnt of the human
serum B, globulm yegion The form of the preamiate mdicafes a
poorly hifusin, antigen of Wb molecular weight (g Ib} This
precipitate most offen consisied of fwo or more paraliel Ines with
sumilar clectrophoretic loe dization O antiens (LPS) purnilied accord
g to Westphal et al 41) isom E colt of other O groups gte
sumlar smmunoelectrophorehie patterns with their matehing O ant
sera Consisient with the nohion that these preaputates corresponded
1o O nnhigen » as the obseryation that 4 sinular precipitate w as formad
hy the § form but not by the R farm of 1n O18 strun This 15 m agree
ment with the concept of Weller that there 1s no serological relation
Belsveen heat stable anhigens of R and S forms of E coft {28} In this
telatiot 1t 15 noteworthy that recent chemucal analssis of the O antigen
of the O18 strun used 1n the presenl worl revealed thit rhamnose was
the only earbohydrate i addibion to the basil cashohydrate core pre
sumed to be the same in the R and § forms of this as well as of other
coli stromns (31)

The punfied 06 lipopolysaccharide preparabion formed three pre
apitates with O antusera An additional precipitate only formed with
OLIf antiscra was due to 2 contammation with h antigen in the O
antisen preparthion (Fig 2) Whether v other of the three remmmning
preesputates s as {ormed by an smpunity or they were all formed by a
heteragineous O anlien cannot he settled af prosent Olher workers

(35) hate also obtained more than one precipiate with runfied (;
anhiens from I' colt These obsersations together with the
cm:a reaelions observed between varous E coli O T
nation experuments {31} mas be ta
Orshov et al (31) that the O m;;:"c:: :‘fm;"p\ ([)f ihe suggestion by
composed of several factors as in the S. o e complex and

almonella O gr, Such

view 15 consistent with the finding that two preemt; D e a
mon 1o the 03 and 18 lpopolysaceharide wmture oS ere com
(F1g 4) and the similar ohsers 11 Yhat oo of lﬁ‘en‘s «nd one was not
m the 07 T PS was also found 1 ay B colt Q25 s‘e "o precipilinogens

The k anligen was identified m the Y [* .mh-(-n -
model strun by 1o absorphion experiments p dprEpamhon from the
clectrophoretic mollily 1t could be obtain dan beeause of s hugh
Praline zone eleclrophorests Reeently I\c 18 4 bure state by pre
wolated by mens of frachionated pre‘c‘ ““’lnlla'cns hue also heen
precipitates acidse polysaccharides (o lg 30])”1'““)] cetmlon which
often obluned with the i antigen 1n immunoct n
mav amndicate 1 heterogeneits of the K anh“oC “arophoreltc analsses

fen Such g helerogenuty

groups 1n agglutc
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might 2lso cxplun the findin,, of the twe taclors m the model stram
But not m another strun wineh actording lo the Aauffmann hmp
sefuddi=Y ahlne mb,enie formula only dilffers i als h antigen 1t exnngt
be definiteds shted howeser that holh af these faelars realls an i
mbacns sttec thore mas he migens ather than k ang not meluded
the clissical inbigenie focmuly wiiich differ in the two strams

Th k2a Ze nhaen of the model O stram has been classifted 15 a
theemohibiie I wmbgen (21) In spile of this we found that it retained
s preaptinosenic alahly fter boiling, for two hours However the
R2ile mbpcn e or boiled was precymtated onty by OhH ants
scrbul not by O ntiscrn These properlies ndictte that it 1s rather
B aligen ! ard P (sl ov hase also demonsiraled & intigens of the
BUpum sivuns of P ooolt (29)

I’ ¢colt baelena bedonaing to the O group 6 are often found lo he
the cwsitive orgamsm m urinary tract nfechions in children (44)
Qur earhier studies have shown that children with pyeloncphritis
cused by £ coli form antibodics agminst the O antigen of (he infecting
bacteriy (3 4%) Prelimmars experiments however have shown hat
sueh emldren 2se ean form mbibothes 1gmnst aniiens other than the
O ntigen (17) Thus lo gel 4 more complecle picture of the |mmm;c
response i patienls with urinary tract infections it 1s necessary lo
obt un 1 more deluled knowledse of the anligene mosmc of the nfud

g sirauns
SUMMARY

The nbigenic pattern of an E colt 06 type stram was wnseshigales
using mu?\unmlrl)ffusmn methods VMore than 20 anfigenie fu:ko}:s ;:ul{
he diseerned using various types of wntigen preparations ? mﬂc .
antigens counld be wdephified Usmn., 06 O anhisera three anf :;Z:mn« d
tors were found in the purified O6 hpopolysaccharide u: t hor:ht
possible helerogeneity of the O antigen Due to its h].ih olec‘::pdqdm
mobihity the K antigen could be 1solaled by prepratne zo

horesis R .
? By comparison of the E colt O aubigens of the O groupshlmﬂ“ﬂ‘l’sﬁd’
& 18 nd 75 using double difiusion technique nﬂf:xrmth ot
served between O4 and 018 1n addrtion 025 reacted wi

e crum Was
A Qouble diffusion method s disks soahed with anlis

applied for O grouping of £ colt strans

REFFRLNCFS
P L T D s s
and properties of ﬂa?cllar anti, n from st
Bial med Sc1 47 7T sé,"z:”rh(: w Coliame B 10T Tj‘e;:m‘;’% s
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Salmonella and Fscherwehta Arch Immunol Ther Exptl 11 247-°7 w,“

Trus ¢ ttasht M € Slu ewsla \f  Antigenie structure of Salmonella wp"!
murigm 1 Immunochemical prop;rlllcgsgl‘;:;nc(s obtained by vanol

Acta Vlierabol Pl £3 2

)ahlnr:ml!"ho?erolon‘}ml tplng of the colen hacteria Acta path microbiol sean

uppl 67 1H,

" ml:?ul:rnl‘h (§| p}\’ slide mlcmlcchm;me 3{:‘: lll;;.,annlysh of ymmune precipitates
in gel Int Arch Allergy 70 350~

i\ mmmffh € € Hanson ! 1 Comparative analvsis of -mn;:lne’;zlc:;:;x;':;';ﬂe
tre precipitates emploving :;;r;;?:)ﬁcd mmmune electrophoretic

t Arch Allergy 17 1651

" erb:lx?l rm\xmcmeﬁ In The l[in/c]:mdn (Egsor C Gunsalus & R Y Stamer)

pp 153700 New Yorl /Landon "

" esl[:;l)r]llll)”;ﬁderd 0 ¢ Bister b Uher dio Extraction von Bahtenien m!
Ihenol/Vasser 7 Maturforsch 76 148-155 1952 e typhose 08

Whiteside R F € Baler F L Antigenic an hsis of Salmonella
related Salmonellas J Immunol 83 r.’)J—Iﬁ'hO ;16 . Studses on urlns®y

Winberg J  Andersen HJ Hanson L 4 & Ime in b Studies o et
tract mnfections in 1nfancy and childhood I Anlbody response o AU AEY
{ypes of urinary tract infections caused by coliform bacteria
11 224-5°7 1963 K yeganrd

Vinberg § Andersen I J Bergstrom T Ila]nsocl‘lm'!czlmcilﬂé‘:”:’ & opstructive

Orstor F ¢ Orskor I Round tible 4 Seamd Suppl 177 47 81
uriary tract infictions n hildren  Acta Paed Scan
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THE DISIRIBUTION OF
TRITIUM-LABELLED BENZYI PENICILLIN IN
STAPHYLOCOCCAL ARTHRITIS

An Auforadiographic Study n Golden Hamsters

By
Lans LINDBERG
Recesved 151 69

[tas well hnown that 1t 15 often difficult to cure infections 1n the skele
ton and in Jounts with antibioties It appears that the substance gnen
does not reach or does not affect the bacteria m corlain parts of the
focus For this reason a serics of mseshigations about the distribution
of anfibnotics 1n mnfectious lesions 1n the skeleton and Jomts hve been
started As a link m this research programme the distribation of 1)
tium Tabelled dihydrostreptomyein m experimental tuberculous osteo
mychitis and of tntium labelled dihydrostreptomycin ang fetracychn
i experimental staphy lococeal arthntis have been desertbed m two ear
Wer papers (1 indberg 1967 Lindberg & Lundberg 1968) Thys Daper m

which the dstribution of tritium Inbelled bensylpemellin experl
mental staphylococcal arthritis 1s deseribed 1s a continuation on this
program

MATERIAL AND MFTHODS
§ v detaled descriplion of the method 15 found fn the paper of a
Lundberg 199) orer of Lindbers &

Th enlv golden hamsters weighing about 1
“ath 005 ce of & susp

109 coleny forming wnit:

This tasesti,

1on was made possihle B a grant fro 4
e rad oacthe penleiflin l)cnt)lptmcl"m T4 %
vadioaclisity of 0 45 mCi/milol a;

Ured Bstertunds Sufterse
Amersham The radinchemieal

(G) pot
nd was bought § gm ";'h“’mm ol &y speafie

¢ Tadl
UTIN Bas over 93 per oyt 0 CoPemical Center



partly dEStroyed
femoral epiphysis

musele

ht knee infected two
m knee

) and correspund ng hu t 1y 1 Al (;ll‘:l:hf:‘:mgttxln nt lmx::ld
Amcmdmgrmk(m;hcﬁ:mmql was hilled 15 mmm:; aJ:{mmDmm ‘m"m]:‘y e
Feeks prosiously ied 1 monutes e

roprevent ! ahn an hugh e p
labelled henzy Ipenial e fo

autoradiogram w



muscle

ectopic bone
plood vessel in meniscus

abscess

Ty °
Autoradiogram of knee mfected two davs pres ously The ammal was lulled 15
Svies. aiter injection of trtrum labelled pemoillin' Note the high concentration
o ihe Jarc tbial blood vessel The auforadioyram was exposed 219 days
Magnifi stion X 125

bedd d and tape sccti ned  The tape mount @ scelioms were Tastened to Tiord G5
autoradisgraphic plates and the autoradsograms exposed 7-8 months After cxpo
sure plates and secticns were processed 1 the usual way (Jinlberg € Lundberg
1969) The sutor and the h sc tions were after
wards compared by placing the sections over the autoradiograts

RFSULTS

The thsinbubion patiern of the pemesthn given two days after myechion
of the bacteral suspension did not differ with certamnty from that
fonndt when the penteitin was not 4iven until two weeks after Lthe bac
terni njeclon

The istrbution of lhe pumaillin scen 1 the wnfeeted 1nee jomnts of
mimnls at different nlery ls afier the injechion are given below

Alredy afler 15 nunnles the pemicilin had diffused mte all the Ls
sues of the injected jornls excepl the calcified bone tissue (Figs 1
wd 2} The lughest concentration was found 1n Lhe pus of nbscesses
nd n soft lissues penetrited by mflammatory cells where the blachen
M, of the antoradiograms was of comparable wntensity The Mackenme
orer blood vessels was somewhat lower than (hat ever the pus and u;

M sy 76 0
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ectopic bone
In meniscus

bane marrow

muscle

&

T
13 AP

[R% NS S
Wyt

(!f-“‘__

g 3

Autoradiogram of Inee infected thwo weehs previousls The animal was killed 30

minufes affer mfection of trtium labellid henzvipcn: Min The relative concentrs

tion of pemuallin s the same a5 that 1 minutes after imyection The autoradiogram
was exposed 219 davs Haumatoxslin Magmification X 195

whout Lhe same intensilty as that oyver the perostenm and over the fibn
ous streahs butween the muscle bundfcs 4 stll lower concentration
was found 1n jomt earbilae memser muscles and bone marrow The
blackening over the epiphyse 1l limes was very low and resembled that

oter caleified bone fissue
After 30 nunutes the distribubion pattern seumed to be unchanged

(F1, 3)

Aafler 1 hour the concentration had d:creased considerabls m all bis
sues The concentration 1n the infected fissucs was sl hugher tan
that 1 norml tissues (Fig 1)

After 3 hours and 6 hours the concuntration i all lissues was <0 [o%
that no nutoradio rams were oblamnable

DISCUSSION
According, to different authors 40-70 per cent of ialra muscl}d“]l;'r‘t

2l
given benzylpemieithn 1s excreted unchanged m the urine a sm



pus
muscle

bane mMarrow

Flg %

Autoradinram {lop) and corresponding section from knee nficted tw) weels
prevignsh The animal was killed one hour after inycction of trrtmm labelled pent
cillin The concentralion of the penicillin 1s still s>mewhat higher in the pus in the
knee jolnt than In olher solt Yissues “ote that the antoradiopram has been exps d
241 days to o) tain this degree of blacl enfng Tor this reason it is nol possible to
© mpare the absolute htacheniny, of this ligure with that of Figs 13 Hacmatovshin

Magnif catien ¥ 125
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15 also cxerdle
. ('X(,rclﬂd“lll[lll“ll[;e“l:'lll: whereas the remmiming part 30 50 per
Halter & Hedmeyer 1963) “0 “dlmc‘“c metsbolites (Ulbery 1004
15 theso ke s ars g il 15 diffieult to obtun more cxact values
sedetble tadn l(Inaél: N lr:q::l,ty[h“}:tm methods md ammals nsed Con
excrebion wm humn bun,,s ISI :n(\’csllllfd:ci:ucs are also found whep the
In thus wnvesbiaation ot s thus possible that pirls of the blachentny
Ofl”w 'l"“‘)l'“ldloal"llns 1s cwsed by radioaciine melabolites Axﬁuag:?xa
:;:ct::l’ tc;s‘l‘:"lr:m:‘ut)ln patfern however s renched wreads 1o minptes sfter
) of the pemteillin this risk 15 versy small 4s no large amount
of the pemseifin ean he heen broken down m such a sh Some (0
Perg 1924) The rish that the & | n such a short time (Ul
tromels ipid ¢ « breakdown of the pemeilhn oceurs ex
et b e "rII r:iuslor inflammatory cells nalurally can exist and
fries oaen e I(K; n spife of s the mulhod has cerlain advan
cn;cn.nlrnlmn bo elerminations of the penicillin concentration
cuncenquhon;’;f :;;psw spoclllmcns s 1t 15 possible 1o 1ssess the relatie
s mnh:[s::ncx 1 1n the v irous Lissues al a microscopical
1y, them with blood or other tissue flunds con
tumng diffcrent amounts of the antibiotie
mé]lll:‘r(: (1954) u’sm: autoradiographic {echnigue has mvestigated
penctration of *S labclled benzslpemcilhin inlo cxpurimental ab
scesses produced by ntramuscular and subenlwncous mjechions of
Corynebacterium pyogenes sn mice The bscesses were helween 6 and
90 davs old The penicillin was found to penetrite the abscess wall and
was 30 ynules after the ingection found i a thun 1cr of the abscess
contenl immedi itelv inside the wall The concentration of the penseitin
i this lJager was lugher than that m the abscess wall and nas mgher
than or comparible {0 that m the blood bul most part of the abscess
content was lotally devoid of pcnieslhn
In this investigation the pumestiin had completely penetrated the ton
tent of all abscesses and All other mteeted hissues trcady 15 minutes
after the injechion Moreover 2 higher concentribon was fornd n thes
fussues than 1n the blood and 1n otfier Lissues 1s long as autoradtograms
could be obtmned
As o the penetration of benzy Ipcntaliin into the abseesses the differ
ence 1n the results oht nned Iy Ullberg and he results of s mestia
tion ean be caused by suyeral factors 1s ¢ g differences @ the age the
content or the wall of the hsecsses However the rusults do not
allow iy conclusions aboul thiv queslion
The resulls from both iy eshigiions howesst show that benzy Ipent
ol has a tendeney to be concentrated m pus ‘The reasont for this 15
not 1nown As the concentrabion w the pus was Ingher than that
nts reason

the blood or any oilier part of the histolo~teal seclion 1t see
botites of the pemcyl]m) m

able to assume that the pemeillin (or meld 1
some way was bound to the conshituenis of the pus Duffusion alone
trition from bfood to pus The

cannot explam tus merease of concin
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same tendency was found for dihydrostreptomyein both n pus from
staphylococeal arthritis and 1 tuberculous pus {Lindberg 1967 Lind
berg & Lundberg 1969) where the high concentration was shown to
depend on a resersible nnding of the dihydrostreptomyun to eellniar
remnants stamable with haematoxslin probablv nuelear remnants

SUMMARY

The &t Uribution of henzsIpemenlin 1 expermment il staphylococeal ar
thntis has been studied with autoradiographic techmque After intra
muscular injection the penscilhin 1s found to penetrite into the nfected
tissues even abscesses It 1s also found to be concentraled 1n pus com

pared to normal soft tissues and blood The reason for this concentra
tion 15 discussed

RLETFRENGES

Tindberg L T tal sheletal tube 1 in the D A methed for
producing loeal lesions and an autoradiographic studv of therr accessibility
o tntom labelled Uhydrostreptomymn  Ada orthop seand Sappl 95 1967

Lindberg L Expertmental staphylaco cal arthritis 1o goldin hamsters (Veso rice
tus Aurafus} Acta path microbfol scandinav £ 117 125 1oud

Tundberg L € Lunibery B The distnbution of tritwm labelled dibydrostrepto
myan and tetracyelin m staphvloecoceal arthritts An autoradiographse study
.lnsgnnen hamsters and rabbits Acta path microbol scandinav 76 196-136

969
Uitbery S Studhes on the distnbution and fate of $? lab
the body Acta radiol Suprl 118 1904 of § labelled henzylpenieillin in

alter 4 M
va g u?‘o Hertmeyer L Avtibiotiha Fibel G Thieme Verlag Stuttgart 1965
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PEROPERATIND ¥\ AL UATION OF THY SINTACIOMERDI AR APPARATUS
IN HUMAN NIDADYS

1 Rapid I'rs en Seclion Technique Fape 1ally spplicable to Hypertensive Patienty
By Poul Iaarup and Michael Peln

In human hypertension structueral hanges in the Juxtaglomerular apparatus (JC4)
of the stenased Lidney have been found to be of dragnostic interest (eg Genest el af
1966 Faarup et al 1967 1909)

 a number af cases it mas he un lesiesble te run the nish of fhe pre operstive
needle biopsy Thus a peroperathve histologieal mcthod by which the octursence of
hy perplasia or hnpergranulation of the ¢pitheliond cells 1n the JG4A could be rapadly
estimated in a peroperatise biopsy has been considered chinically important, o
cases with segmental lesions bioy sies mav aid the surgeons i Yocalizing the lnyohed
segment during the surgleal procedure

Crocler (1904) has shown that the use of gencral Lis ue stans on frozen seeltons
may d cases of p A Inp f lhe JC1 In such preparghions

hawever the identification of the 3 ular cell types s difficult and the
Justaglomerular granules will remarn unstained Therefore a statniag methed whick
gives a rehiable definition of these structurcs has heen worl ed out

Techmgne
Cryo technique Unfixed kidney Lissue was frozen in a mixture of 1sopentane and
dry dce {app —(5 £) or in isopentane cooled by higuid matrosen {app —160 C)
Thin seetions were cut on a freczing microlcmy or— preferablhv—on a cryostat "
Slalnirg procedure A number of quantitatne yaralions of the penodic nt“l
Sehiff method was trfed in urder ta speed up the procedare It was found (hnmx:
rellable and repraducsble method for frozen se tians was obtstned by haliing "
time traditionally used whale 1 ecping the fluids in constant agitation by a magne

stirrer

b 1ls with
I'g t In the wall of the afferent arlernle (A3) several epi:heh?\ddccns: i
Juvtaglymernlar grapule mas be seen (arreWs) MD Aacu n:c(‘,on fis
T fferent arteriole (€ (cll group of Coormaghtish (Frezen s
dar
in which justagiomeny
Fig 2 t ctjon of an afferent arteraale (A1) ol
v ;!l:n’:‘lglf{:'sl:‘rii‘nsﬂ‘ sdentificd m the £}l DT Dustal tubule (Frozen sccl
TAS X 710}
Fig 8 Juxtaglomerular granules ace found 1 most e 1thel iokd e
avteriole (AA) Futheliond «clls ocuur in the 1re & e en cction
Moderate inter titial fibrosis s presest (2r

Jinid cells uf the atforent

acteriole 2% I:\;'g

(arcowl »
Cramal Jomerular appartus ¢l
Frg 4 Granulated epitheliaid cell carrows) in tue ,m,{:‘,fm erular sprsetss O

to the distal tubwle (DT) The plomeralac ani;;)
are well defined (Paraffin ectm P1S X

o g tlerl
Reveived 61 €9 from the Unn rsiy ’"“"“x‘”a‘”r”.“.’,f;.’i';’i'n’"é,‘n".ﬁm ’
Guonar Telam (D) Frederdh d ¥ s il # M09 Coptnkadss TR, peyngts
uﬁunpﬂrtcd by grants fram  Statens ifmundeiige 1cfens
Tegat and Rasl Orsted Fondet
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Sehiffs rrient was yrepared acecrding to the cold” Scff precedure of Lithe
{1902} Counterstaining was done by celestine blue prerie ord after Pelry (1963
The contrasting green colour obtained greatly facilitates the recognitton of PAS
posthise structures such as yuxtaglomerular Eranules

Sulphite rinses (05 per cent) were prepared fresh from o 10 rer cent stoe
solution of sodium metabisulphite

Time
1 Tleriodic acid 1 per cent % min
7 Rinse ia tap water 4 min
3 Schiffs reagent o main
4 Sulphite rinse 05 per cent 3% min
5 Rinse in tap water m'n
6 Celestinc blue ‘rae
7 Saturated aqueous picric acid 3 ma
8 Delndrate quichlv by absolute ethanol clear mount 1n DP\ 1 min

Time of staining procedure 9 min

Results
While the 25 minute frazen section procedure is beng earred out one may of
course dn a general tissue stain of shert duration on a few sections Ve found van
Creson s stan well suited for estimating general kidnev mrphology However the
PAS method gives a differcntiation of the general kidnev structure wh‘ich l:
superior to general tissue stalns used f r1outine diagnostic work Thus lh]n n)ln mgnc
tubular segments of the nephron s well 1s glomerular and arterial morpho olgy “fh
well demanstrated tn Tig 1 a JCA from the stenosed hidney of a pnhlen ‘(;in
renoyaseular hypertension is secn In the distal part of the afferent nrmn}denat?hed
the Conrmaghtigh cell region a large numl er of epitheliod cells can I')‘c'x i L'C o
In some of thesc cells the juxta.lomerular grinules are rect gnized Jn thin sec
1t is possible to demonstrate single granules n the evtoplasm (angh )o tension will
The results of the present method np;;l:«s.)d to surgical cases of hyper
be published separately (I aarup et al 1 e
chr: connwclinnp\\ 1th the present studies on a method for rapid Exta;::‘\,:m \Z‘t; L{:e
Juxtaglomerular apparatus in peroperative Inopsits we tme “fm‘“gsa) e ety
modification of the PAS melhnd{\ presiously ?{E:”Peldnhy'\lli;e{;ih o the JG4 was
araffin embedded tissue o1 what
ﬁ'&i:r7r1g1/4> than that pbtained with the Bowte stan The latter x;‘n;;nlr;;m
more trickv and less reproducible method and even more time t[:mdsucellbnrﬂ e
with the P'AS method the different cell groups ate well dlalmg‘uls ;nchl e colout
more easil scen and the ustaglomerular granules stand out iv 2 bracht 1ed lOL
It should be mentioned however that 1n some specte of anim;
PAS method for the JG4 15 wnferior to Bowie s method

Summary and Conclustans o1 stalome
By u\é frozen section PAS methed described ¢ rapid clmuct::ll‘;h:;:f“l(” e
wmethod has heen devised for peroperative kidney biopsies p;;e e ead was und
for estimating alterations in the juxtaglomerular ap1 am":ii 2 b Helly s Puid In
switable also for paraffin cmbedded tisue proferably ficed by Mo © ),
addition 1n both frozen and fixed tissue general [1iney the elomerular basment
entiated including important tiagnostic details eg
membrane
—Faarap I Math
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INVMUNOT OGY

Vera Beckman % G Moller Tr tory The al

Stockbolm 5L PRESSION OF L3 \[PHOCYTEMEDIATED CYTOTOXILITY IV
VITRD BY ANTISERA AGAINST HIMIAN GAMMAGLOBULLINS

la our experiments rahh

1t antt ora sganst differcat haman y globulin classes
(1g6 IgA snd Igd) were used Wath cach of these antsera it was passible to
demonstrate a wedl. stimulation of the DNA s nthesss 1o vitro 1 human lympho
cvits from perspheral blood 1 2 expe m nis out of 7 perDyrmed The mavimum of
the stimulation was yeached on the hifty day In the ather experiments these anti
sera hal no demonstrable effect on the D\A svnthesis Turthermore stuches of the
cytotovie effeect of buman lvmphocytes agamst human fibrob’asts in vitre were per
formed The lvmphocyte wore added to monola ers of fibroblasts on pre mmdteated
siles where the fibroblasts get damaged and give a clear plaque whach 15 graded from
4 10 ++++ “ormal lvmphocrtes were induccd by phytohaemagglubunn (PHA)
o Wil allo cnee Dibroblasts and this cvtototic effect could be partly or totally
suppressed by each of these aotisera In the same dosages these anlisera alone with

out the presence of PHA could mt be shown to sduce 2y eyt toviaty an the
1 mphacytes agmnst fibroblasts

B Bloth & § E Svehag Departinent of Natienal t

1 Labe
ratory Sted holm ULTRASTRUCTURE OF PAPAIN DICESTED I;\!
TRAGMENTS

To be publi hed in J Exp VMedicine 1969

@ Strannegdrd The Department of Virology Institute of \ber blolegy Unsversaty

of Gothenburg  REACIN RESPONSE IN RABBITS TOLLOW IN
G PARE
AND ORAL ANTIGFN ADVINISTRATION NTERAL

[ rmation af reaginic (himoc totropie) antibod:
es was obtaned 1n rabbit:
follo ving Immunization with hovine serum albumin (BSA) or dmnrnphtnyh\‘t;
B4 4D\P BS4) By means of chiomatographic experiments and absotptions with
::nt‘ﬂ(l‘: eotf heavy chain ani ot light ehamn sera strony eyidence was obtained
n the rabbit veagins hel ng i a
s it 14 n immunnglobulin class which 1s distinet from
The Initial Jogarithmie phase of the primary Teagin response proceeded rapdl;
tndieating a doubling thme ¢ € 7 8 hours The anti D\P reagins generally s eared
earlicr and disappeared more ramlly from the eireulation than dia np?f:;d
reaging After hooster antigen inge trons & secendary type of reagin rc:pu:xe s .
as

eoked in yme eases Thls response was more readilv obtafned in rabbits with I
ow
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TF 309 335 199
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serum titres of agglutinating antibodles than iy these with hivh titres suggesting
the possible existence of antihody induced suppresslon of reagn response
Following oral adpuaisiration of antlgen a reawfn response was evohed in one
out of 13 rabbits which had been fed BS4 and In one out of 13 rabbits fed egs
atbumin The surum fitres of anti BS ¢ reagins persisted for everal manths follow

ing ion of antinen ton

Hedurstedt B Lind J % Tundblad € National Bactersodagica] I wboratsry § ok
holm  STUDILS O\ HFAT AGCRFCATION OF SFRUVM PROTEINS

Normal human sera were heated up to 40 G3 € for vaning time Interals
Sephadex €-200 gel fultration of heated sera resesled a proten nise of the 198 peak
and a decrease of the 75 and albumin peaks In the ca ¢ of 2 serum heated at 53
for 10 minutes st 56 for 30 minutes or st 40 C for 5 davs the 195 pesh increased
be 140 80 and 20 per cent respectively

With gel diffusion precipitation lines were formed bet veen matersal from the
fncreased 195 peahs and anti IgC and ant: albumin sera Lsing 3 390 em column
af Bio Cel A-13 m the macramolecnlar material was separated further snd heat
aggregation of IgM and IgA was demonstrated

Dilgted syphilis sera of high TPI and T'TA anbbody bires (L€ wals) were
heated at 56 € for 24 hours Sixty five per cent of the ¢S globulins were aggregated
which led ta a deerease of mave than 2 two fold TPI ttre steps but anly one FTA
titre step Neither TPI and FTA antibodis nor ant y attidy was
demonstrated in the cnlarged 195 peaks The Drloning questions were rased Vs
antibodles be heat Inactn ated withcut being acgregated? are certamn 156 antibadses
more readily aggregated than athers?

VIROLOGY AND CELL BIOLOGY

Mlarianne Forsgren Central Bactcriologienl 1aborator  of Ste chholm €
FCHOMIRUS 6 ANTIGENS "
The antigen compositien of chonus 6 preparatims has been slumzdu\\l:xc
diffusion f: 1 phe staimng of prioriia es with the :mrv!c
acid stalming scradine (range pnhigen sy arahl nom Lo} denslty gmdm)n:c:m T
ment fixation and electronmicroscopy 1 re ipitation a¢ w t husman comsd emms .
and acrfdine orange stamng of the preciritates sh w that natue :)rc':’:‘r‘ s
echauirys 6 contain tno different antigens one he 1 lafule INA ]s nl‘r?nh"rl‘i“ o
(M) and one heat stable RNA negatnve (M) anhgn In \mmunr;[c;'; o antien
uH §2 (agaro €) the tno antigens migrate at equal veluoty at.;\ T e

magrates slowser than the H antien In Cst) den 1t gradient a sep

Hy
3} carpre max fnfecttt
two antigens is a hieved onc band (dew aty 1 PR . foe e,

frang and pr petaty £ N ..lmra;lrr iontatiag setrit
(@enssty 130) earnes low anfetivity  omplement :\“;‘b an n‘;::; el Dl
4 cut by Lanra i
¢ H character Electron microscopy (€drmc N
N arg empts cap as an the 10

SPL) shows complete virions 1n the N band
Antibodies agaymst bath the N and H anh 18 are

jafections 1n map

‘This study was supported by prants from the WHO

develaped durlng e



Acts path mur biol scand
76 329 136 1979 .

{ dical Microbiolopy Unhiersity of Lund

t € H O S)dgren Department of M

! {"qu’!:; ;‘\'Eden CROSS RFACTION BETWEFN TUMOUR ANTICTAS OF ADIND
7 AND 17 SARCOMAS

With a €1} cytotomie test developed 10 v rk on nonlvmphoid target te[lls h:r\:s::
adeno 7 a0d 1% tumours were shown ta be sensiive to the tumoue speertic c]y oo
antihodies of mouse antisera aganst syngepese adenn 12 tamours When the ﬂ:m;;
sera were tested agmnst contral hamster cells (BUh-C13) ne anttbody sctivity cou’
T detected the isotnpe release being similsr with active and with wnactne com
nlemunt The eviolowie effect on hamster adeno 7 tumonr cells was confirmed by
the colony imhibition techuique Farthermore it 3 as demn trated by transplanta
tion tests Jn mice that the hamster aleno 7 tumour eells were immunoge nie causing
an isograft immunity to adeno 1% tumours sumilar to that jnduced by adeno 12
hamster and Twse tumour cells

G Wadell harohm ka Institutet Stockhslm  HAEMAGCLUTINATION WiTit
ADENOYIRUSES BELONGING TO ROSEN § SURGROULS 11 AND T

These adenoviruses have previusly been shown 1o agglutinate rat red eells com

pletely and partially vespectisely [he haemagelnlination sith punified iclons and

evide sirLs cnhanced by helern!

5y and 815 (T0) was studied Wath all tfese pre|

@€ st red cells and slso haemagglntinatim of hue
Fxperiments concerning adsorptions of virions

antisera of serolypest 2 § & §
aratitns complete sgglutinatian
man O was demonstrated

by red ¢ ls cumpetitive inter

and complete R4 s the number
of recettors on the ved ralls and possibh als qualitative diffcrences betseen the
recer tors

Hacmugslutination of rat eells at %0 G by the tested serots Pes was considered
more efficient than the use of human 0

group T for hoemagglutination mhubiticn devts 1,

ngiug in sub
ontaiming heterolagous antisera were ricormend;.

‘afractionated \irus prparations

4

Pettersson UIf & Noglund § Do
fory and The Tnstitnte of
CHARACTFRIZATION OF

partment of Mier bueo
Biochenustrs Uppssla
EENTON ANTICEN Fiy

F3 The W allinberg Labora
PURIEICATION AND
OV ADF\GYIRUS TYIE »

presaratine polyacrslamide elcetropho,
The puiee product sediments a5 & hrmogencous P ax wath an § valug of 107
and enshyliea) ¥ haerslamide eloctrophoresss gad MmN electropharesis
one sfngle component
Immunodiftu ian shows that gy

ber cent agarose apd
Tesis

vertex capsomer iy mamly sul gro,

while the fibre containg b o specificites on subgroup and one upi ,.“Z.Z":“m
The pure yenton acts as an Inderect hacmagyuting 1a the Presence of hetcro
Uple pent n 3t dies but fs in the grgen ©f 5 Bmes less etfective (hay ghe fiby
o & welht Lasts as could be expicted from the differe ol

Ree 17 molecular weight
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ture penton indyces cytopathic effect at a level of 01 #g penton/108 1B cells
Thi effeet could be Voched by antisera Against pentons but not by antisera agamst
fibres

Trypsin abolishes the evtopathic effect of the penton completely but leaves part
of the antlsenicity of the sertex capsamcr intact

Fure peaton induces high titres of neutrahzing antibodics when measured hy the
fluoresecnt focus assay but not when measured by the plague assay

Amimno acid analysts shows that the pomary strocturc of the verfex capsomer
must be different from that of the hevan prostded byth structurcs are composed
of one single poly peptide chun

Electronmicrostopy revcals the classical structure composed of a spherica) part
with a central hole—the vertex capsomer—and the clongated fibre

BACTIrRIOLOGY

it O Hallander Rothrine Dornbusch & G Ianrell Department of Medical Mo
halogy Unnversity of Uppsala Uppsala Sweden DETFRMINATION OF
METHICH LIN RUSISTANCT INE[UENCE OF STAI HYLOCOCCAL
HCTEROGEATITY O\ THC DISC DIFI USION \IETHOD

In this study 43 methiailhin resistant reniellm g lactimas producing skrsx:s(:)(
Staphyloroccus aurens (met p ) sclected nccording to Rarber € Viaterwort, ¢
were compared ta 50 methisllm sensitine but stk penicillin g Tactaraas producing
strains (met p ) All met p strmins were shown to be heterogeneous with 4 \:;;’
constant frequency of about 1 cell per 106 resistant to 400 4 and 1 cell‘:rcrmm
resistant to 125 x methicallin Colomies selected from plates with 400 4 meths

dinary reedim
quickly resegregated when cloned on or "
1n a strietly standardived dist (30 ) diffusion test with ordinary :h;mcm:m
agar mdium and incubation at 37 € according to Eri sson ef ol (2) 4 pdrlrum
of the resistant straips were fal ely negatne The zone of lnh:“]lhﬂn varie
0 to 25 mm None of the met p variants gave 4 zone 1 ss than %6 mm o factors

Because of the very constant hetcrogeneity this varati o must he du gt
10 the dise diffusion method unfavourably affecting the relatryelt mstable
cillin resrstant mutants deraos

A somewhat hefter separation between the fwo groups ot strans was de
strated with weal er dises (10 ») nes for

When the meditm was osmotically stabihzed with 5 per cent NaCl tl:lc‘:"“sum
met p bactersa werc on an average 45 mm less with no falscly nepal

t p stratns
No change at all could be shawn for mef diascy heep
hated on ordia

The hest results were obtaned when the strains werc e » average 195 7
blood agar medtut at 30 N\ow the mhibition zone were on
Yess for met p with no change for met p vanants
hale

fd;::::: i ¢ Waterworth P Y Peniallinase resistant pemaliins and e
sporms Brit \fed J 2 324 wﬁz \ paper i ¢ method for u,{, d‘m::nci;;
2 Eneson B opman C € Wichman b | setherapeue and antbiol
a’:)and J Clin Lab Invest Suppl 11 vol 4 1954
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Car? Erteson Jastitute of Clinical Bacteriology Allmanna syukhuset, Malmo
RESISTANCE TO ACRIFLAVIND AND CADMIUM AND CHANCED PHACE
RCACTIONS —~ MARKIRS OF A NEW STAPHYLOCOCCAL PONCULINASE
PLASMID?

Staphutocaccus aureus strain Fr 837-2 produced pemeillinase (pen ) and was re
astant to several antibiotics It was ressstant to acrflavme (MIG 200 pg/ml) and
€a (3G 80 X 10 5 M) but sensitive to Hg (MIC23 X1
(NT) with standard phages at 1000 X RTD

Pemertlinase negatne {pen ) vapiants wero fsolated on Water Blue agar (00 per
cent water blue Merch Darr 005 yg/ml methicrllin After 2 days
at 37 C and flooding with 3 per cent benzyl penieiflin pen colopies turned dark
blue

Pen clones were sensitive to actiflavine (MG 125 pg/mly €4 (MIC 24X 106
V) and Hg? (MIC 23 X 1053) and had the phage type 7/47/54/75 at RTD but

otherwise seemed identical with the parent stram Mo &fference m 1ysogenioty
could be showrt

05 \) It was non typable

All markers 1e peniciliinase produchion the NT state temstance 1o acniflaine
and cadmigm were segregated together and at increased frequencies on treatment
With acridine orange {25 gg/ml) or wmeubation at 42 C

The change of phage reactions was from mhibition reactions at 1000-10 000 X
STD to ploques at RTD There way he some analogy betw.cen this effeet and loss
of plasmid 1nduced phage restriction in Enteroba teriaceae

45 yet the data point to acrifiatine remstance and changed phage reactions as
probable markers previously not described of a peni illinase plasmid

Transduction experiments are under way

faula B anefors & Pdt Henry Jeppton Department of Bacteriology and the Depart
ment of Ear Nose and Throat Diseases Sahlgrensha Sjukhuset Goteborg

HAEMOPHILUS INFLUENZAE AND ACUTE EPICLOTTITIS -
LOCICAL AND SEROLOGICAL STUDY BACTERIO

iz patients four hildren and two adults with the clmical diagnosss of acute
epiglattitis were studied from bacteriologieal and serological points of view

Hiemophilus wnfluen ae type b was isolated from th
epiglot
patients Blood cultriation before antsbiot e epiglottic region n all the

treatm!
1 five cases

t showed #l imfluen ac type b
Blood samples for the serological analvses were talen on admission to hospital
.l.n"d one week and after three weeks The serol gical analyses were pcrformel:p\l‘:lh
l:elhe“::r‘«(:’&‘"“s‘un 0 gel technique Tree capsular substance b was demonstrated
. rum sample of three patients and was considered as a sign of m:
cteraemia (apsular b antibadies conld n ¢ be demonstrated 1 th sonim
sample from any patlent and oals trregularly 1n the second and th rac e
patient  hoyever had precipitating sntibod es agaast the l‘ e
ml-niuglc;\) even o the first serpm sample et melt zatigen
L is therefore jossthle that 3 lo
Clammatory rescacn <oused b he hactoros s vl 07 1 1
swelling of the epiglotue tssue s I8 the often excessve
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Snna Shaa Malmborg 8 O frijedahl § Vestrom Sto Seam & T Sysberg Surgical
Clinic and Taberatory fcr Clinyeal Racteriologs  Rarolinska Hosputal and the
National Bacterlologicnl laharatary  Stochholm INFECTIONS WITH
PSIUDOMONAS IN A BURNS UNIT

The contaminatlon of burns and of the ward covirenment with Psewdomonat
aeruqaosa was studted in  hurns unit for f months

The studs comprised 41 patients {sex lommcnas aernginpse sirains wern isolated
frot 17 of the patieats maindy from patients with extensive hurns Osls a few of
Lhese patients hai elinscally obsersable fnfections Ths is probabiv mainly due ty
the principles of treatment o) en treatment with warm dry awr and restricthic anh
Mclic theraph 1 seudomonas asruginosa strams were alsa tsalated from the ward
environment mainh from wash hasins and sinks

Tifty three phage patlerns were found among 205 pseudomonas strams Fing
phage patlerns of similar tvpe were groupeld togelher These 5 patterns comprise
47 per cent of the jsolaled strains

An attempt was made ta cantral the contamination of the eavironment by routize
use af Sgubv{t 4 defergent for cleaning wash basins and sinks The detergent 1
bactenaidal due to selease of chlortae The introduction of this bsglenic preced re
was fllowed by @ tempirary reduction fh the number of strams xsi1 ted from the
eavtronment The number of strains 1solated from the patients was considershls

redyced

H Cnorpe & { Ofding The Institute of Medical Microbiologs Department of E;ac
teriology and Thy Institute f Iathologs Uwsver ity of Uppsala Lppsala
RETROCHRADF PROTFNS FYLI ONFPHRITIS IN BABBITS

In Proteus nduced urinary tract infuctions the arsaaey findimgs of Jeucocvies ::::

often sparse and Ireegular T avlier an vty xperiments ha € <bown that lcu:::\ p

are papraly disintegrated 1n aff sling media te when Preleys orgamsms £

m:::s worl was done to test the e flndings i experimental meloncphrmlsr::“?::

were gnen retrogradt pytionepbrtis with a method modifid (m‘:u]lcd sftor

urinary findings of leatoeytes brelena ard the toaary phH \u'rle ‘mu" o the

sactifice urine and kidney cultures wese male and the microsiopi p

tudied
inflammatory changes in the kidpess were s o 19
In 75 per cent of the rahbils nfected wth Pretens there w:h:s:g;n:z;‘;\m
urinary pH 1Gvels above 80 Ih¢ urinary Tindimgs of ku m\t ;m ot per ecnt
parse 1 spite of pronounced inflammatcfy Feactin i the ‘un:\a s
of the Proteus infected cases there % 1s #o rise ip the vrmarn o
{ leucocytes were found n the unoe found 1o bt
° “El(h the awd of fluorescent amtibodhy techmaue the bacterla were
localized interstitially an the Iidoevs
l
te of Medical
1 Holmgren G Eggertsen Lars Ve Hlanson & K Tineoln ;\;s:!\l;\;rs o TiE A
A robrolegy Tnnversity of Geolebors {oteborg ﬁ\slv\;len
AND H ANTICENS IN AN P (OL1 08 TyIf STRA sttuson ethods
An F coli steain servtype 06 k?a %c HI was studied by smmua e
. ticens
with the aim of sdentifying the K% o ant {Fe mv‘mm eznm“ e
gations this strain used as med ! strain, was knmﬁn Mreen
penuc factors three of which were related to the 06 o

Inestt
From prestous
by an 0 ant)
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ExH)

By rompanisen in dowble diffusion of the model stramn ani an OF KI3 W1
stramn and 1y shworption of anti O k72 % 111 immune serum with the lasd men
tioned strain the W% 7. anllgen of the model strasn was identified  fn immune
electroy horetie anulysis the h2a % antigen was founid to be the faslest migrating
antigenie factor 1 the medel straln This made it possible to solate 11 by means of
preparative zone electsophoresis In Sephadex G-75 The asalated h antigen could
sensitize untreated sheep red blood cells for passne haemagglutinataon In k%2 %
antibodies This capacts as well as its abilits was 1 un
affceted bs howing for 2 bours although the model strain is classified es a thesmo
lahlle L sntigen stran The antibody response in vabbits agawnst the B 2¢ antigen
was studsed srfer alia by pessive haemsgaintinall n A ramd tesponse with passne
hacmagglatnation titres up 1o 175000 nas observed aftcr o single Ix injection of
£ olt 06 W32 ¢ Hit hacteria

Many of the antigenic factors In the model sirain were also found In F roly O
KN4 and OLUKT U By absorplion of ants 06 h22 % H1 with haclerial extracts
of these teatns and with the feat stable sntigen factors of the m del strain ap anti
serume tas preparcd which was mono peestic for an antigen presumably the 11

smtigen which by camparative double diffusion was identified In the complex
antigunic patlern of the model strain

Aar! Azet Raeleson § Dahlstrand & Hanko & O Soitrtind Research Institute of
Nalr nat Defeace Sundbvberg National Bactersological Laboratory and \ationa)
Veterinary fastitute Stackhalm OV THF 1 SEFULLAFSS OF THE
FA TFGHMOQUF 1IN THI DIAGNOSIS OF TULAR

AEMTY

fo connection with sn epsdemic authreak of talaracmia in BE7 19 gyivatic
smmals predominactly hares have been fov estigated rearding tularaerma In a}l
¢6 ¢ the ¥4 techmgue was apphed Lesides histopathologieat and/or eonyentsonal
s tons 1 geeal i estigations

tn 124 ¢a e all theee macth ds were wsed
B &5 (30 b stine 85 tegating
ereas the bacteriological unestigations were

MmASIAe 4 cae were prntine with th, ould not he cont, 3
e confirme

¢ FA techmgue but
S8k the nlher methads : i
In measc the b technigue
Eare 2 ugatlve resut
e wdurc mary o result but the othee e diagnostic

In 10 antmals the £ 4 teckni
0}
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F Hommarstrém € Rlara Thiringer Department of Chmeal Bacteriology The
Sundswall Hospital Sundsvall THC INFIUENCE OF TFMPERATLRE O\
THE TRANSPORT OF MENINCO(OCCAL, CONOCOCCAL AND URINE
SPECIMENS

To be published in Acta path mcrobiol s and
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tel 2 Oslo Institatt for Patoloysk Aax )
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DEGENERATIVE CHANGES IN THE
PROMIMAL RENAL TUBULES
FOLLOWING ADMINISTRATION OF BACITRACIN
Ar Ultrastructural Study n the Vouse

By
ASMIND harruEn: ang Qpp E Hovssgy
Recenncd 23 <1183

Plwma protems are normally filtercd through the slomeruh of the
hadnevs and gre subscquvnll) reabsorbed by the epithelial celis of the
proumal fubules dccordin,ly profanunn can be caused by three
the urine of

permealnhiy of the glomerul

The first of these mechimsms has been demonsirateq expernuntally
by way of mtravasent o 0100 of differeng protemns Amony, oihiers
L riesson (3) wid Veflep 34 used homale,
studied the tuhud o reabsorplion of this pr
microseope Profomypgq due tp the Second
wrmeabthty of the slomeruly oceurs in elinieny nephrosis in man and
m mphrosss wdneed by Ammonnucicoside 1y experimental Ammals In
fhose conditions the most striking, change wilun the slomeryl; wag
Fusion of th piihehal fom Processes Usmx, forniim 3% 1 fracer 3 »ay
demonstrateq uitrastracturalty (ot the Permeabitity of the slomerul,
oanercased i nnonuch osidp nephiros:y {4} These anthgrs clumed

1 the basemeny membrane ang that
Drocesses acenrg secondarily

In bot Dpes of wrotemnury vacnoles and round de

e ol vy dectron mxcrostumcalb  the tubglay cells

AR Strugtyres are thought g Yeprisent reabsorbeg
probahly COTTOspong to the k. lets obseryeq by

~0uS B iemogiehin and
olem with the clectron
mechamsm 1o wmerensed

Protem ang

ght mery

Proltsnnng gy °n the reatsor
PR capqest,

the tabul epthchium g deereascg Howerep there ape !‘usp i !:.mzr

ATarme o0y
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clear ent exymples of ths cheqary m swhich the glomerufar funchion 15
undoubledly normal In the present paper which 1s the first eom
prehensne report on the fine sfruclural lestons withm the provimal
tuliules following bacitracin we sugsest bacstraen intoxication as an
cypersnental model of this type Ths suggestion s based on e
olisers tions made i thys sludy nd 1s supported by previous hght
steroscopic ! demonstrations of woll mamlaned slomerular Ditralion
(7} and reduced tubular re thsorption of 1vans blne {6) n ihus con

dilion

MATERIATS AND METHODS

Twents ane female white miee n greups of 7 were gnen a single intraperitonest
Injection of 15000 TU of haaitractn (A/S Apothekernes Laboratorsum for Spuonl
preparter Oslo) per kg hody weight The 1mimals were hidled svith ether siter 3
6 and 18 hes Thin shices of Lidney tissue were smmediately immersed an ¢hlled
1 per cent osmium tetroxide in yeropal acetste bulfer at p¥i 74 for 2 prs &

Indrated i acelone and cmbedided 1n Vestopal W Alternating thiek sections for
Hght microscopical orientation and nltrathin sectlons for electyon mitroscepy [‘:‘,‘u

cut on gn {RB Ultratome I Ihe sections for light mi roscops vere s(mncg w n.
solution of 01 per cent tolwidine nlue sn phosphate butfer at pH 3¢ for —%‘ t;ug
thie ultrathin sectons were stained with fead accordms to harrosshy s m?‘on“m
(12) A Siemens Dmskop 1 electron microscope cquipped with 50 mlcrm;\s ) ;ccllrun
objcctive apertures and donble condensor iliumination was used for the el

microscopy

RLSUITS
Ight Microscopy -
The major portwon of the lumens of the provumal inbuls “Q)“;-p:\erc
and degencrative ek wges m the form of dark droplels or bo(fl ‘s“d "
ohscrved witbin the tubnlar epithelim Protemn ¢ lsls]\\c::;‘;l o 1’0mc
the tumen particalarly in the distal and collectny tubules The ¢

il were essenfially normnl d
hie pathologicl lesions were present after 2l tume mlgr)\ :h]l?l!:rdlhc

but were more pronounced mn the nimals sacrificed 1 l! eencat

admimstiration of hicitriun As the lesions were Gualitalvely

the resulls re 1nken to ether m the foflowing

Elcctron Microscopy -

Tha fiae structure of the glomeruh did not «kvn((c“fm;l; ”;‘71: i
35 1llustraled in the surves electron m:crogr:‘lph (l n![‘s ot e
thelia} cclls posscssed fenestrations wn nofm t;lmo i e eimmn tho
basemcnt membrinie w1s not thief ened tnd ; '17;)09500 A
foot processes were sathm the normal ran,e ol 2 R bl

The main pathologteal changes oceurrcd waithun e e

115 and were obsersed m (1) the ameal porhonl i S e
i‘c’)slhe dense bodies () the endoplasmic rulwultt

mitochondrid



Fus 12
Fy 1 Sumev peture of several cells from the renal glomerulus of 4 mouse 18 hr
sfter u sinyle injection of bacitracin \o pathotogicst changes are visible
7000

X
Fig ® Portitn of glomerulus from bacitracin treated mouse (18 hr) The sl pores
betwien the ep thelisl [ ot processes are of narmal size There 15 no thieken

ing «f the basement membrape Normal pumber of fenestrations fn the
endathelial cells X 15000
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{1} The apecal ctoplasae This recion was narrovwer than rormal
and cont uned sesicles of yaryin, szes (T, 3} Vacuoles conlmnmg
4 somewhal denscr materl as seen n normal tubul e epithelium
were not obsersed after administration of bretterem The mierosifly of
the brush border were less closely pached than normul {Fi, 4)

{2) Dense bodies One of the most promment changes i bacilraum
mfoxieation was i presence of numcrous membrine bounded dense
bodies wilh heteragcncous contents (F155 3 4 5 ad 9) The myonty
of these botes were larger thm the dense bodtes usually observed 1
other gclls wnd measured 0 5-1 mycron They contuncd parallel stachs
of electron dense lamellie o dark homognions maternl resembhn,
O and finely pranular masses of varyng densits In some places
remnants of evtoplismic structures such as mitochondna md pho
somes were observed willin the dense bodies The large dense bodys
were observed lhroughout the (ol and were not as n normal eclls
Testricted {o the apienl nrea

(3) Agrannlar endoplasmie retreulum This or,anelle wis ohserved
as clusters of closely picked smooth vesicnlar and fubular clements
measuring 200-700 X 1 diameter (Fig 6) In othier ares of the tylo
plsm mewbr ine pars were observed surrounding nutochondrin {(Fig
73 or round homosgineous struclures resembhing microbodies {Fig 6)
The pured membranes formed spirals which were ofien confmuous
with smull tubunles (dameler 200 300 &) Iong ot the mner or the

oufer surfaces of the spiraly (g 7

{4) Mitochondria In mosy blocks the milochondna were adequ ‘(dl;
fixed 1 they wcre nol swollen nd ther mner membranes were we
prescrved {Figs 8 md 9) Several mifochondna contuned den e m;:
malrical granules 500-800 {n diameter 2 e Inrger thn tlx;:se ocrc .
ng n normal muilochondrit of the tubular cells The oul u:clo s
granules was wrregular somehmes pobyryehie with a central

electron dense red

Fus 0 £ haeit The apleel

hel 18 hr after a e Targe
fr? ::ﬁﬁf\ror the cvtoplasm s marrower than i unlre;lsdr::g:b!j \tudie
dense body (Db) with heterogeneous Tacmbrane boun
within the narrow fnbular cell X 1000 th bacstrscin for 18 hr The
fubular epithelial cells fellovsng freatment wil e o have Feen
lumen 15 patent The miroyill are rregular mdbi:n;hmughbv! e cylo
detached Numerous den ¢ hodes (Db are MK
plasm X 16000

Fig 4
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DISCUSSION

The phservation of normd glomerult i bacilreem ireated mice 35 W
good ayreement with previous morphologicst and phestolocical data
Yo the effect that the glomerular fltrabon 1 well muntuned afier
adunistration of baaitracm (8 73

The chservation of patent tuhulir lumens 1 bactraen mtoacition

sheds seme Iipht on the problem of agonal and earhy postmortal pro
cesses Yeatin, to changes w the tubulay lumen fa normaliy funchionms
ladnevs the Jumen 18 considered to be patent (3 8) In Ratnevs fixed
by rmmersion howeser the fubulir lamens are almost tvarebly
collagwed The reasen for s seems lo be 1hat the tubular wnne s
reabsorhed pust mortem O the ethor Band the tubutar reabsorplioa
of urine and subsequent collapse of the Jumen can be prevented hv
manmiel due ta the osmohie actiaty of this subslance (83 Simutardy

the presedee of patent Iumens m bacitracn miovicalion mias be caused
hy mcrensed osmune actraty of protuns w the fubul «r urine sinee the
reabsarplion of protems s decreased wn fhis condition

The narrew apical zone eonlavung numterots vunielcs of YAr3myg size
has the same appearsnce as m hidness fixed w vws (9] This zone
aisp has some fentures 1 common with the appearance after psmone
dwresis induced by monmiol Here agun the inereased osmoli e
naty of the protein neh tubular uninesn bacslracim mdoacabion induces
1 preture resembiing the w vivo sinalion By conlrast normal tubules
fixed by wnmersion fixtion exhabit 4 considerably broader apieal
zone with sacuoles contamm, dense maternal (14)

The prosence of darge t5 of dense ) 1 strue
tures resembling digesing vacuoles and antophagte vacuoles was a
tymeat inding w the majonly of proamal tubular celis i this study
Ercssor (3) and Mdler (19) insestyated the ultrastryctural changes
m fhe tubutar cells followtag plomernlar filtration of ratrasaseniar
myectd hacmogiohin Thet followed the tubidar absorption of haem, ¥
glolne and its {ranstarmation wilhup saeuoles 1o stenctores }0
lotenlis adentiet wath those obsersed n thys s mareha

study Since the 1
abisorplion of pralemn was decreased s bacsirrem mivxicatran {6) th
materol withm the membrane hoanded dense hodies prabably nr)g:

. Demse bod Figs o6
5 v Dense body within 2 ludutar epithelsal cell fro
m
'Ilhc’i’md))nnusls of myclin figures a demse &;’lii‘ﬁ?fﬁ ‘reu:l:bd reere
S b it ling "3::‘ 1Ly and finelv granular masses ¥ 59046 ¥ subsiance e
of ag dapl. el
i F,
:y;}}‘.: ‘;:;:\;n;’l:g“a m}g \"!mtjmml wath bacstrsein for Ig v:: Q‘uy:wi:lx:z)(’xrbqlﬁ
n diacetes C arcn
B, T e e e e
ectroa s e granules sub tance are vidble (ayerobodies Wl
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nles from the ey loplasim rather than from the tubular lumen The mayor
portion of Jarge dense bodies probably reflects cell degeneration eaused
by the tovic influence of bacitracin <nd they should therefore be coy
sidered to be autophagic vacuoles However the passihility remams
thal at Ieast some of the dense bodies ma contun bacilracm tahen up
by the cell eiher from the blood stream or {rom {he tubular lumen
during the mutial phase of miovieation thus being digestise vacuoles
{12

The lesions observed m the endoplasmie reliculum of the tubular
epihelial cells were almost 1dentical with the smooth tubules and
lamellar sprrals seun n hepatocvtes after trcatment with « naphtol
1solhigevanate: Simttar but tess conspienous alterabions have also been
demonstrated i the Iner following admmstration of 3 Me DAB (17)
Herman & Fitzgerald (10) found myelin fiqures and the formation of
sshorls and wranular endoplasmic reticalum m the pancereas following
treatment with cthionine and the same authors obhsersed simalar
changes m the lner as well after othionine treatment (11) Swce
changes 1n the endoplismic reticulum may ocenr 1n different organs
tollowing raraus types of novious agents 1t seems reasonable h;
presume that these alterntions are unspeefic and express 2 generdl
response fo mnjury

The most striking chan,es in the mitochondria were ning shaped or
dense intramatrical structures suggesting that an electron dense slll'D
stance may have preemitated on a preformed less dense core Sumi ?:
structores within eardiac mitochondrin m magnesinm deficient rnd
hase been reported by Mishra & Herman (15) These null\orslp"cs;";;:‘n
that the deposits consisted of caluum Intramatrical granules n\ute
type have also bren desenbed 1 normal mascle mitochondna m e
brates (13) Peachey (18) mnstilled barium or strophum sons il o
toad urmary bladder and obsersed the desclopment "]r ‘“‘;f‘:of the
chondral gramules 1n the epithelinl as well as the muse ;ce . o the
bladder These granules were tahen to mdicate 1 dstur a“;co e
water and elertrolyte balance Granules of {he samu '\m:t"c\}l‘\tndm o
been produced by mcubahion of isolated rat l“erh:leo(f)) on i
medin contmming caleium 1ons and werganic phosp der the lrr
basis of these obsersalions 1t seems reasonsble 1o oSy

Figs 73 spurats of
fe retcuturm Sp
Fig 7 Pathologieally altered smooth surfaced f"dom,q\?l!:e mee and outer S07
a

panre b sury th tubules

uous
faces of the spiral the pawed Wm‘“:"‘; ‘A“w‘;"“"
200-300 A in diameter Bacitvacin for $hr X 40000
Fig 8 Altercd mitochondria m a tabular cell from 2 baciechs (0,
" (¢ he) The fntramatrical granules often gossess e or seallpe
The edge of the granules s frregalar often polyet
grapules measure up to 1000 A in diameter X

ed mOUSE
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Portion of the cytoplasm of a tubular epsthelial cell
6 hr A major part of the mitoch ndria contain 1rres
with a Yess den © core In this electron micrograph 1
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magnesium probably ag

nyles as deposits of eaterum or

;;:;:;ﬂtgaformed 15 & result of altered salt and water melabolism
tabular epithehum

mll:‘:ulzilc!;ugon our ultrastructurad obsersyations suppor‘l l!:c ‘cr:nc‘e}xx\el

toxication 1s restracted to

Timary lesion w baestracm nd

nx]'ztn(rg:!];ubulz\i celts and that the protemuria oceurrn, 1n this con

Ill,x(um 1s crused by decreased tubylar reabsorplion of proley
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THYWIC DYSPLASIA
WITH IMMUNOLOGICAL DEFICIENCY

Report of Two Unusual Cases

Ly
Lawvik and PETER Jomaw Mot
Jox Rereived 23 xij 68

The charactensiic clinieal features of the Swiss type of hypogimma
globulinzerma are reduced nuwmbers of lymphocytes 1o the peripheral
blood reduced amounts of serum immunoglobuhns and mnereascd
susceplibihity towards 1nfections (Glan.mann & Rumker 1950 Tobler
& Cotlter 1908 Hil.ig et al 1958) The patients usually develop signs
of 1mmunological deficiency n the first months of lite  Reeurrent
wfections partirularly mn the respiratory tract domunate the chimical
course nd the patients usually die before 1V years of age The char
actenshic puthological findngs at post mortem are hypoplasia of the
thymus with absence of the normal cortico medullary differcntiation

and a marl ed depletion of thymocytes In addihon there 1s 7 marked
cellular deplefion 1 the winte

pulp of the spleen and 1n the lvmph
nodes (Cood ef al 19bi)
4t the Gade Institute post mortem examnation has recently been
performed on iwe unrclated wfanls boih hning dysplasia of the
thymaus nd marked reduction of the splente white pulp and the Iymph
nodes One of the patienls had sranulocytopenta lhmmbocy(npema
and a haemoly bie process At post mortem a hypocellular bone marrow
was found The other patient had a §

histologieally mali,nant Iympho
reticular tumour i the spleen
CASE MEPORT
fase t
ATH 8

prematurely bora male nfant hirth werght 1830 ¢ and length 4
s were unrelated the mother nax 28 Jears old Gravida 1 Pazrs T :i’::?
entiul unttl 8 wecks before ferm when the mother had vagnal
afant was horn threg 3 ceks Jater and {ransferced to the Chsldren s
y after delivery becanse of primaturity Physica eXaminalion on
aled a ane hour old Infant having no distress and with 70 signz of
m(cclgnn (';:pamuv h“t"%hbln was 187184 ¢ per 10y 1l lencocyte count 80g
or g} wi e
ﬁue&ym per cent granulocyles and with §4p nucleated red cells per 109
On the fourth dav of Nfe the tafant Was hoarse but th,
10ecumonia He had, howeser on the following day shortly llllerr l‘:ad‘mh“n;‘g“lz “15
T apnoea with convulsion and Fespiratory lstress Pulwanary sajen g\vne L:id
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and antibiotics were given Haemoglobin swas 134 g per 100 m) lcucoeytes 800 per
#1 and platelets 18 000 per 41 1ater on he had seyeral episodes of respiratorv and
cardiac arrest and died 3% hours after the first s1gns of respiratory distress

Autopsy At post mortem exmimation performed 5 hours after
death 2 premature infant was found without external signs of mal
formnlion

In the trachea and night bronchial tree sermisolid aspirated matenal
was present The lungs showed atelectasis with patchy haemorrhaaes
and with a more soltd consistence 1 the risht upper lobe

The thymus was very small weight 15 g compared to a normal
waight of 8§ The organ was pale colourcd and had a my xomalous
consistency

The other organs shewed no macroscopie \bnormally The spleen
(5 g) was of normal weight No lymph nodes were found At the gross
e mination

The following changes were observed microscomically In the lungs
acidophilic exudate was prescnt n the ternunal bronchiol and 1 the
alveoll In addibion mnsses of bacteria (kg 1) wWhnch showed a post
tive reaction with Grams stmn were found There was practically no
mfiltration of inflammatory cells apart from some macropha.cs and
nomidentified mononuclear cells in the connectrve hissue septa Plasma
cells were not scen No inflimmatory foct and no signs of bactenal
mvasion werc found m the other organs

The thymus (F1g 2) had 4 lobular architecture with pale cells witk
an appearance like epithelial cells and retwulum cells Fhe cells were
m some ireas arringed wm pseudoicim Mo Hassals corpuscles were
found Scatlered between the epithelial cells some ceils with acidopht
lie grinular (ytoplasm were found The cells gave 1 weh PAS l’"i;‘
tive stamng reaction and showed mefachromasia after staming ‘“'e
toluidine blue Simular cells were 1lso found i small numbers i “t
Iymph nodes No differentiation n cortex and medulin \ws'prc‘s‘el;c
and tvery few cells with an appcarance ke smail lymphaciles »
found between the epithehal cells

The spleen Showeg a normai red pulp but enly a fes rmllér:l:n(l:;)
\alpighian corpuscles were present (Fig 3) In lhe m“‘;‘ lm'd Dt
neclive tissue lvinph noedes with 1 retienlu stroma “cr('dﬂ’. el
with 1 very sparse lymphocyte popul ithon The hver ha L oand
lobular wrchitecture A few seatlercd hiematoparctic fou “he acella
1 the Inner smusords The costal bone marrow (11 1) “‘: K{Fﬂ) o
lar with poorlv defined lencopoiesys Megal aryocytes we Al ntestine
merous The tunica propna and the submucoust of l}w Sm“w it
contuned some Ivmphocy hie a-re-tes but fachug of read
No abnormality w1s found i the other viseeral organs J—

No abnormahty was found op 1mmuno ehclroi’ho{“:l(hom sigas o
sers The mother had recently born a girl mfant ¥

disease
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and antibiotics were given Haemoglobin was 13 4 & ptr 100 ml, Yeucocvies 800 per
£l and platelets 18 000 per gl Later on he had several episades of respiratory and
cardiac arrest 2nd died 3% hours after the first 51208 of respiratorv distress.

dAufopsy At post morlem examimation performed o hours after
death 2 premature infant was found without external signs of mal
formation

In the trachea and night bronchial tree semisohd aspirated maternal
was present The lun,s showed atelectasis with palchy haemorrhages
and with a more sohid consistence 1n the right upper lobe

The thvmus was vers small werht 10 & compared o a normal
weight of 9 .. The organ was pale coloured and had a mvxomatons
consistency

The other organs showed no macroscopic abnormality The spleen
(5 g) was of normal weight \o tvmph nodes were found at the gross
examination

The following changes were observed microscoprcatls In the lungs
acidophihic exudate was present 1n the fermmnal bronchioh and in the
alveoli In additton masses of bactena (Fig 1) which showed a post
tive reaclion with Gram s stain were found There was practicalls no
mfiifration of wflammatory cells apart from some macrophades and
nonidentified mononuclear cells tn the connective tissue septa Plasma
cells were not seen \o mflammators foci and no signs of bacteral
invasion were found 1n the other organs

The thvmus (Fig 2) had a lobular archntecture with pale cells wath
an appearance hhe cpithehal cells and reficulum cells The cells were
tn some arets arranged 1n pseudoncint No Hassals corpuscles were
found Seattered belween the epithelial cells some cells with acrdophi
lic granular extoplasm were found The cells gave a weah pPAS Pﬂsl;1
tne staimng reaction and showed metachromasia after stamning Wt
tolusdine blue Similar cells were lso found in small numbers i lbl?
tvmph nodes \o differentiation mn cortex and medulla was presen
and verv few cells with an appearance like small fvmphocstes were
found between the emthelial cells

The spleen showeg a normal red pulp but onlv a few nldlm?ﬂ:i:
\[alpighian corpuscles were preseat (Fiz 31 In the mpsmlenc‘ ot
nectre tissue bvmph nedes with a retwnlar struma werc found ol
with a verv sparse vmphocevle population The hver had a n?aund
lobular architecture & few scattered haematopowtic foct “’en' gl
in the Iner siusoids The eostal bone marros (Fiz 1) was ;:{;‘;‘\c -
lar with poorl defined leucopoiesis Mgahariocvles “"'e,, ntestine
merous The tumea propria and the submucousa of the smtﬂu S anges
conlamed some lymphocvtic agarezales but laching of reacly
“o abnormalits was found mn the other sisceri or:-"’”s‘s of the parenls

\o abnormalitx was found on lmmuanclu”l}hD:rs‘\uhaul s o
sera, The mother had recently borm a gurl nfan

disease
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Fus 1-2
Fig f Cae 1 Vawsne bacternal imosion fn the lang without inflammatory re
spans¢ H4E, X 150
£ig ® Case 1 Thymus with lobules of medullary tissue swithout Hassal s eorpuscles
and with very few thymorytes H+F X 150






a3

Case 2

A ale anfant sho died at the age of 7% months Iy parents who were
sez‘:nd ("0:\’;!”: ‘!nd 3 wblings weve all healthy A sister died at the sge of 2%
months in the Children ¢ Huspital from Stephy taeaceal seplicaemia probably pre

mutated by wrinory tract mfectlon She had no lymphopisia snd autapey revenled
2o evadence of thytmic dysplasia

“The male infant had rceurrent eprsodes of aphtous stomatitss from the sge of 3
anths and recencd sesersl courses of antibiolic Thevepy At the sge of 5 monthy
e was sdmiited ta the Chitdren y Hospital The stomatitis had cleared up but he
dereloprd mEns of & gastro enteritls shortly after admission One monih later while
stalt in hospilst be developed » pheunmcnta aod the spleen hecome palpable The
lungs had gest betore Sten normal soentgenalogieally He was treated with defferent
types of satfbictles withuat effeet Oral thrash was demonsteated and candids
Sibicans cultured lromm the stools and bronthial sesreliony Mycostatin bad only
temporary effect an tus oral theush Terminaliy Fe had eviensne puimonzry wn
Volcement considered to be due lo momlasis He dwed Yrom respiratory faiure

‘encacs te count ranged between 4200 and 13800 and the pereentage of lympha
ovies fearm 30 1o € Stadies pesformed 4 davs prior {o death rovealed tatal protein
of 55 g per 160 ml Paper efectraphoresis shaced no peak in the xammaglobulin
region

‘Yramuno sheosrophorests examfnstion of the seoum from the parents and two
rothers disclosed no deficienties in the ymmunoglol ulins

Auiopsy At post mortem exarmnahion the tung,s were found o be
freasy with a solid consistence wet hung three Gunes the normnd weight
Cyish snhiltrates were found on the cut sechions ‘The thymus {weight
1 g} was small with 8 lobutar appearnee The spleen wewht was 79 g
four times the normal weight The consistenee was more sohd than
usunf In the central part of the spleen o sohd grazish tumonr with
+ diameter of about 20 mm was found No Iy mph nodes were found on
4FOss examunafion

On microscopeat examinabion the Inngs showed i all lobes a com
plex preture vwith alelectras and emphvseren The alseol: were fited
with a proteinaceous matertal with saenoles hike those found Poen
mocyshs carmn (Fin 5 In 2ddidior gant zells with <sioplasmatic
wnd some nuclear melusions were found Granulocytre nhilirates wer
present hut few )y mphoid eells and no plasma cells The Al eolar -
by mes and the walls of the termmnal bronehioh we! i

re Twed by hyal
membranes The brosehend epithelium sha S psatng
webiphst v wed extensne epudermord

In e thymus ne corbico medullary differentia

dutlyrs lobules composed af slmma)i cells and :;01;323 (ct;x’x]nd -
surronnded by fatts tissue (T 63 Yery few thesmocytes wer et
wd no thvesads carpuseles were seen Thers was mmce ctprewnk
fibrosis awnd some acidophilic granalar cells whieh gave it
powtene AR cenchan were found m the mierstilal U o el
the nmdoiiam tobules s as mellas
om0 o bt Yooyt er
centralh plaecd fwmaur was cnnf;;x?:gfcg‘;ﬁso‘:‘due lpteseni The
o aecas had o guite uniform ppearance hike med; oy ek
«stes md with 1 generad structuce tike oo ed Yimpho

2 Iymphosarcoma (Fsg 7} In
[ N % 1
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F1g 5 Case 7 Lung with foamy matertal m the alieoft and mo lerate chron!
ntershitial inflammation H+E X 150 t Hassals
Fig 6 Case 2 Thymus with medullary lobules of stromal cells withou oetiesl
corpuscles Ihe lpbules are surrcunded by fatty tissue without an ¢

Iayer contamming thymocvtes HA £ X 150



355

é"‘
¥
‘,.

A

A
VRS KA A
VS AT N €
P S g WA ST
RS T IS et

%
St
=
2

7
4
i1
s s
!
sy

-,

M

&
o
F
4
e
‘-‘
%.
')
)
AT
)
i\,
3
e
“‘ v,
Bk e

P INRTNR YL Y +
B e I TSR MY
S RN R u.»'% aE
Fegs 3-3

Fio 7 Case 2 Lart of splenfe tumour with quite uniform celt preture composed
of cetts ke medium sized lymphacytes H4E % 370

Fig & Case 2 Part of splome tumsar with pleamorphic eelf pitture showing seme
steplen! glant cells H4+E X 340
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Fig 9
Case 2 Part of spluuic tumour wath pumerous plasma cells
eths] green — pyromin X 370

other areas the tumour showed marked variation mn nuclear size and
chromatin content (Mg 8) A number of glant cells were present some
bnucleated with prominent nucleols In some places fibroblast prohfer
ation with hibrosis was conspicuous In large aress of the tumour
numerous cells wilh eccentric nueler and stronghy pyromnophilic
cytoplasm were found {(Fig 8) Most appeared lihe mature plasma
cells but some were larger with immature nucler In the central pirt
of the tumour neccrosts with cnlerfication was present

No lymph nodes were found i the mescntery or the medastnal
connective tissuc The bone marrow appeared to have a normal celit
lartty In the stomach duodenum wnd tleum very few 1ymphoid cells
were scen and no Paver s pitches noticed

No definile abnormalls was found i the hidneys adrenals pan
crens or thyroud Fatly degenerahon was found in the lner Some
small ares of Iner ccll necrosis were found especralls bordertng the
portal Lracts Some Inver cells shoned \ntranuclear inclusions pper

g hike bird eyes

PISCUSSION .
The cases reported showed the characterishie pathological {mll‘;]r;:n:’
the Swiss type of hvpogammaylobuliniemia dysplsta of “:; e
and Iack of proper development of the peripheral Tymphon
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Le the lymph nodes and the white pulp w the spleen Both P“;W“tts
showed msufficent reststnee agamnst infections which caused the
death 11 hoth This lach of resistince tosards mfections which s
naticed 1 patients with thy mie dysplasaa s probably partly due o the
reduced mnmber apd fusctonal msufficiency of lvmphoeyles 1
lyraphoid organs and circulating blood and partlv due to teficient

roduct lobul Our first patient bewnp a hewborn
jafant was probably stll supphed with tobul from the
mother transesred thraugh the placenta The second patient at 7
months of age showed a markedlv reduced amount of serum gamma
globulins determuned by paper electrophercsis n spite of protracted
wnfections

The first palicnt showed virtually no sign of cellutar inflammatory
respon. towards an overwhelming bacterial mnfeetion mn the longs
This lack of cellular response 1s most Iilelv explamed by the lencopena
with granplooylopera which was noticed 1n the blood smear on the
second day of hife al a time wWhen no chnseal spns of wfiction were
present Granulocylopersa and the thrombocylopema and haemelytie
anaemia which ilso doveloped are not usually seenn the Swass type
of hypomymmaglobulinaemia althou b several patrents with severe

| 1 defs <nd

g have developed bone marrow
farlure. and 1t least one developed haemolyhic maema and thrombo
cytopenia (Rosen et al 1966} In most cuses the haematrparelic dr

ficsencv developed in a fale stage at 1 time when the pahienls were
alteady suffering from sevcre miechons (Glan.mann & Rimher 1950
Good et of 19684 Fireman ef al 1966) Therefore the infections might
have been the direct cause of the bone marrow farture

In cur patient an nfectious cause for the granulocytopema appears
1o be unbkely 3 an snfechion had been the primary cause of the
marrow falure one would expict a eellular response to aceur at the
slart of nfection A cellalar mfammatory preture should be present
at post mortem i some arcas of the lungs or i oller organs How
cver no cellular imvasion w s feund apart from n fow maerophages
and ather large mononuclear cells n the sepla of the tungs Further
more granulocylopenia was present soon after birth qf 2 hime when no
sugrs of diserse were noticed It appears thetefore thay the granuloeyto

pemia hd been the predisposmng cause for the fatgl

al pulmonary
fection The lermumnal drop 1o haemesglabin and platelet cmm’tyrr:a
howeter welt be secondary o the infechon 4

The post moriem Dinthngs m our fu €,
those reported by Gullin ef 5] (19p1) xf'xr:; A:;;n?‘:::o‘d(\‘:l f\‘l“;‘.’:‘)(; -
of agt beeawse of W drerwhelmung baclerial mfechion without Ny
flammatory sesponse A simular disorder but with complels ab: nce o
blood leucoeyles m twa male newhorn twans vas deseribed by P
& Sepnhueve (1929) This disorder was lermed reficular d!;s‘:;r:ez?;
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and the authors suggested that the thymie dysplasia may represent ap
mcomplefe form of thig disorder

A grafl versus host Teaction nduced by maternal lvmphocytes pass
mg over anto the foetal errealation 1 the prenatal perrod appears to
be a4 possibility 1n our first patient as well as the ease reported by

mmmunologically deficient infants 1 parallel with the graft versus
host reaction nduced expernmentally m immunologically deficrent
ammals (Porfer 1960 Budlingham et al 1962 Stmonsen 1962)

The second patient died following 1 chnteal course which was qule
tymcal of the Swiss tspe of hypo,ammaglobulinaerma The lach of
cortico medulinry differentiation and Hassal s corpuscles 1n Lhe thymus
and the lack of delectable lymph nedes and lvmphoid tissue in Lhe
mlestmes are also charactenstic of the disease No abnormahty was
found m the central nervous system

The most remarkable post mortem finding 1n this case was the
presence of 1 grayish white fumour n the central part of the spleen
surrounded by dark coloured pulp without obvious abnormahly on
gross ¢xamination The tumour hissue was composed of closely pﬂckf:
lymphoid cells The majority were larger than small [ymphocytes wil
more 1rregular nucler and more abundant cyfoplasm In some areas
defimte vatiation 1n cell and nuclear size and chromati content ¥;ﬂs
noticed suzgestmg a malignant lymphomy In some parts of the "e
mour numerous cells with strongly pyrommnophilic evioplasnt ‘;:;rd
found The majority were ke malure plasma cells whie some o
mmalure nucler and some were binucleated Lymphord cell :\gtz}:'fé'a #
and plasma cells were not found ;n any o‘thel" organs “‘:‘ ¢ po
morlem fmdings gave evidence of a iy
with 1mmaturegangd mature plasma eclls i the spleen of paient
suffering from thymic dyspl with hypogam e "

M'lllqsant lymphomas have been found to be nssocu;lhd ‘:"(‘:,;‘”;”c
immunologically deficiency states more common:)’E;)"‘:nd Rersman
expected on the basis of chance alone Page ef al ( 1’7/ \ Jymphoma
et al (1963) hive reporied the occurrence of ma 1;:"“"1 Tobylinac
and leukacmia i three patients with congemital 1§1mn;r;e-d several
mia Lymphorehicular malignant tumours have heen rz:qu”‘ celg
times in patients suffering from alavia |eienng1cct.1lsm etoen i n de
wich 1958 Peierson ef al 1964) This disorder 1s ¢ 1lr!il ot of Tz and
fects mn the central nervous svstem a low scrum ;0:"';‘5 often shows
mncreased suscepthility towards infections The thy
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a0 abnormality simular to it desernbed 10 the Swiss {ype of hypo
gammaglobulinaemia
In the Saiss ivpe of thymme dysplasia w»uh bupogaramaglobulinae
smia malgnant tomours hase Jutherto not been reported However
Pecause of the sssecaton huincen other forms of wnmunologcal
states and 1l t Yympt 1t 13 nal sueprising that
a lymphoma has also been found 1 thhs disorder Schwart. et al
{1966) have recently reported a high madence of mali,nant neoplasia
1 the hnphod orgns of hybrnd muce with cheone ruat disease after
mjection of parentil lymphoid cells This observation may be an ©y
penimental eguinvalint to the walgnant lymphomas scen m pahients
with immune defiiency states
The preseuce of numerous plasma cells i the tumonr suggestise of
a plasmocyloma 1s mast remarkable Patients with the Swiss of hvpo
gammaglobulinaemia usually lach plasma cells Howeser Ne.elof el al
(1964) and Fireman et al (1966) have reported two cases of thymie
alymphoplasir wiih plasma cells i the lymph nodes and with the
abihity to produce one or several types of immunoglobubin Expen
mental studies n rats and rabhits have also given evidenet of plasma
ell differentiation 1n ihymeclomzed ammals Waksman et al {1962)
howed that rats thymectomized at birth had normal numbers of
lasma cells and normal cencentration of gammaslobulin Yet the
mimals showed deplefed Iymphotd tissues and failed to make ant
sodies after jection of hovine sevum albumuin {Janhovic ef al 1962)
'n the rabbit absence of the thymus may lend 1o plasmoeytoss io
unmune phenomena and amvievdosss {Sutherland et al 1965) This
findmg may be relevant to the plasmoevtosis ehsersed w the splense
tumour [he patient shoned howeser no reachive plasmoeytass m the
tungs wiich were infected with organisms which nsually grve = marked
(([E(Ucc of [’lasm&:cylosm Thus the aggregation of plasma cells t;e
umour appears to be an expression of neopl
nol a celfular reaction induced by nnhg:r:’: este eell probferation and

SUMMARY

Two infants with thymie dysplasin ang poo:
fections are reportcd One infant dc‘elupedpgr;n:elzl:;:;:n::“t;rds ho
cytopema and haemolytie waenma shortly after birth No nfl oo
reachion Was found in the lungs where a marked degre: ;lmmalory
usasion was found The other miant suffered from pgol:ﬂol gﬂClErml
}l\lfﬁlmul and pubmonary fungus mfechons and died 1 cre st
.ulnrc At post mortem A malignant hmphoma wath h“memesplrlainry
:::I s was found 1 lhe spleen No plasma celt reaction oo
¢ fungs which showed a chromie mflammatory rcaclx:;‘: presest i
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HYALINE MICROTHROMEI IN AN
AUTOPSY MATEFRIAL

A Quantitaiwe Study with Discussion of the Relationship fo Small
Vessel Thrombosis

By
FREDRIK SKIORTEN
Recehred 15169

Hyalme microlhromin {WIMT) {22 23 24 25) are glohular eosinophtlic
structures which are found . the mucroerrculabion of many organs
usually unattached to the vessel wall (Fig 1) HMT have a duameler
which varies between 2-3 5 and 30 40, They gne posilive sianing
reachions for fibrim Sueh structures were first 1eported by Welt: {26)
Apt. (3 1) stated that they were formed by aggre,ation { hoazirva
Gon ) of fibrin ns a result of pathologieal coa.ulation He clmmed
hat this usually toak place after death and therefore sugaested that
HAL wer of no significice Zink (27) on the other hand eonsidered
them fo be a speetal form of thromhn formed tn vwo 1n streaming
blood

Skyorten (25) restudied the nature of FAT
thes suemed fo consit of fibrinogen or fibnn U]Irastrnclurall; how
ever they duffered fram ordwars fibrin thromiy by beg composed of
an wrregular mosate of fine filaments whickh only occastonally showed
the penodierty of fbrin

o routine hustological secty
observed them an fibrin stain

nated miravasewdar cogulate
be the

T Immnnuhlstochemxc'ﬂl)

ons HMT are not easity, seen We furst
ed seclions from patients with dissermy
on {DIC) and Proposed that they might
primorditl bodv 1 such condshons (23} Subst quently h:\\

Requesty for reprinty should be addressed
Pethology Ultevat Uoxptal Osto’ Voruay . *° °F ¥ Skorten Depastment of
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MATLCRIAY AND MFTHODS

This report is based on the s
tu
Department af Pathology Ullovan) Hoasait oosscutive sulopsies prrformed in the
and autopsy FepOrls Were unhnoua b the somer b e OLot) Case bistories
were carried out Furthermore six cases zfmﬂho,. ]“h'"‘ the microscopical studies
sioush ‘reported (24) were restudied ot merazed Shuartaman reaction pre
of HMT 1al reference to the occurrence
Sections from all aymlable ts:
5
cal exemmnation The h\lmb:r o[\:gslioil:i}:vcrctrecut and subjected to microscopr
Ther 1idne 1 1th sections available from the pituitary
ys and lungs i3 indicated 1n Table 1 Blocks from only 12 b
available brains were therefore exeluded from the stud nis 12 brafos were
Autapstes had been carfied out 12-58 ho .
¢ Autapsi urs post mortem Tissues were fived in
per cent unbuffered formaldehyde solution and embedded in paraffin Sections
?vcrc cut at 5-10 u and staned ‘with haematoxyhin and eosin {H4-E) hzcs ;:
ungstic acid haematoxslin (PTAH) (16) and Marfwus scarfet blue (\(SB}) (1%
AL MSB sections were systematieally screened at 300 times magnification using
a Reichert Zetopan Microscope wilth a caltbrated cross table Fvery HMT fulfiliing
zh'ekd::gnosllc (;mcrh stated above and hasing a diameter larger than an erythre
czufus:‘;\g“:.:ﬁ mne'nch section In the pituitary particular care was taken not to
e m?ru ;:!r;ncc;us material lying centrally In glandutar acinf hecause
fibrin Only th quently shovned red colowr in MSB stamed sections similar b0
e ose HMT which with certamnty were lying within vessels were
In the following ronyentional mural or occlusivi
g e thrombi composed of platelets
:"-l:l;lrl:n?r both l;\ﬂl he called thrambr The occurrence of thrombi 1n small vessels
es capillaries and venules as well as the presence of precipitated fisrua in
tissues was studied 1n PTAM sections Mo attempt was made to quanhitate thrombl
ar tissye fibrin but their presence or absence was recorded
‘The exact outlime of each scctign was drawn on thin cardboard cut out with &
parr of fme saissors and weighed on a Mettler H 4 seale (F Mettler Zurch
Switzerland) to determine the area studied i each section The wurber of HUT
per em? section area was then computed for each orgam in all cases studied sad
will subsequently be called density
When the quantitative evaluation was finished all case histories and autopsy
reports were studied and pertinent information regardin, past and present If
nesses as well as autopsy findings were recorded
The results were subjected to statistical analvsis camputiag x? with Yates modt
ficabion or the Fisher exact probabilitv test m 2 X 2 ontingency tables a7 the
Students t test (8) and the coefficient of association (24) All P values below the
5 per cent level were considercd sigmficrat Tuo tarled tests were found suitable

1 all situations studied
RACSULTS
1 Consecultve Series

Occurrence of Hyafine fhcrothrombe (HMT}

In the comsecutrve series HMT were found 54 out of 100 cases
(Table 1) More than half the cases showed HMT tn the pitwtary The
Iver kidneys and lungs showed a considcrably much lower frequency
of HMT (Tables 1 and 3) In other orgnns only oceaston il VT were

found

Fugs -2
Fig 1 Hvaline microthrombr (HWT) in pituitary sinusoid. PTAH ;‘G:'Z.u’i-l alsr
Fig 2 Conventional thrombi in salveolar capiilartes (arroms) an
fibrin formation 10 branchoppeumonia PTAH 240 ¥



i

.m
&y

ey




364

TABLE 1

Frequency and Density of HUT
n Vartous Organs C
and Shwart man Series i onsecultoe

Frequency
Organ Total  pyr No Al fay
P nyr
cases  HMT cases cases

Pituitary

Consec 87 45 42

shw 5 4 1 N ~eH o
Tver

Consee 97 2

Shw 3 4 K <065 i tH
Kidneys

Cousec 97 15 34

Shw 1] 5 & <eon t "
Tungs

Consee 95 1 88 02 16

Shr 5 3 2 <00 04 08
Other

Consec 96 3 93 34

Shw 3 1 2 <0000, 4 70
All organs

Consee 100 54 % 23 I

She ] 3 0 <o 84 &4

Total = total number of casis with scetions avalable P = probability of drfferense
hetween oceurrence of HMT in consecutive and Shwartzman series Density =
number of HMT per cm? section area Consec == comsecutlve seris
Shw = Shwartzman series N s = not significant

The mean density of HMT per cm section are1 was 10 imes higher
i the prtwitary than in the hver while the kidneys and Jungs showed
an even lower density The mean density of HMT was 2 3 for the whole
series and 4 3 when cases without HAT were cxcluded \Table 128
¢1ses showed HMT in onlv one organ 13 cases 1n {wo 11 1n three and
two cases showed HMT in four organs

Occurrence of Small Vessel Thrombosts

yessels—artenoles €
5 of which also showed BMT Scctions
enses Thromby m small pulmonart
32 hrd Jronchopneumo”
he pert
pare M

Thromh: were found 1n small apillarics and ven
ules— n 45 cases (Table 2) 3
from the lungs were av-ulable 95
vessels were found n 36 cases Among thest
ma and showed thrombi mn the nflamed arels frequently at !
phery of the bronchopneunomce noduls (Fig 2) HMT were
{hss Joeation Withm the hronchopneumonic nodule. there »18
marhed ntra alseolar fibrin formation In the consecutsse scnrssm
per cent of the cases with bronchopneumont® showed thrombr 1

pulmonary vessels
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TABLE 2

tige
all \essel Thrombosis tn artous Organs Consecu
Frequency of Sm and Shwart man Series

Frequency
Casis Cases P
Organ Total with wailhent
thrombr thromt
uitary 9 "%
Conse 87 H Ns
She 5 1
rer
Consec 7 2 8 Ns
Shw 3 1
dneys
Consec 9 s 88 < 00005
Shw 6 5 1
1ngs
Comsec 95 36 5% Vs
She 5 ! 4
ther
Consee 9 3 93
Gors H H o <0000
ﬂl(t:)r&ans 100 5 55
nsec
Cons H H H <005
Total = total number of cases with sections avarlable P = probability of difference
between occurrence of small vessl in and Sh
series Consec = comsecutive series Shw = Shwartzman series
N s = not sigmificant

TABLE 3
Diastribution of HMT and Small Vessel Thrombi w Various Organs
Conseculwe Sertes

Pitutary  Luver Hudneys

Tungs Heart Other Allorgans
Ter cent of
eases showing 517 216 155 16
NMT 1 28 e
Per cent of

ases showlng
small yessel w3 21 93 315 02 gg 50
thrombosis

The distribulion of small vessel thromb: 1n variou
5 Qrga
m Table 3 About 10 per cent of the s Shown

ttuitaries
simusords of the anterior lohe while ‘l:me l;?rsc::?‘:efdt:l‘;ml:n: ey
showed thromdbn i arlersoles glomerular capitlaries and m d‘ ‘X;eys
vemns The luer and hieart showed a low frequency of small th: “bxy
In the consecutive series 25 cases showed small vessel \hr:\‘:h;sxs
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inonly one ot 14 1 {wo organs and six eases i Lhree organs Ir
27 eases small vessel thrombosis w28 thou, it lo be sceondary to patho
to,ienl processes ad)icent 1o the thromboscd vesscls such as hroncho
bacumonin infirclion or mahignani fumours In 18 cases no such loea!
causc of small vessel thrombosis w 15 found These cases fatled to show
sygmficntly lugher frequencs of hronchopnenmonty than the rest of
the mueral Furthermare the frequency of HMT was not higher 1
ttus group than mn the 27 ¢ases with smnf vessel thrombosis seenndar
1o Joc il pathological processes

Hyaline Weerothramby and otfer Patholoctcal Fundings

With 1 view lo the followmg stalistic it cvaluation the consecntse
autopsy sertes was divided m eases with and without HMT The mean
scetion areq studied per east 1 the HAMT gronp was 127 em? and
c1ses wilhout HMT 115 cm?® The difference was nol sigmheant {8 =
129 020<p<038) The enlire miernal showed a prepondenrance of
maies and of pitients above 60 vears of 4,e 15 was to be expecled m
an autopsy matenial The sex rate in the HVT cases correeted for the
preponderance of males 1n the entire material was 125 1 In spite of
chffcrence . sex rafio between HMT cases wnd the enfire maleral 3
companson hetween the octurrence of vaious chinieal and patholo-
mieal findings m eases with and without HMT 1s considered pLTmlsslh‘?)

Study of the case hustories and autopsy records {Table 4) emealed
that there was 1 sirong association hetween HMT and smesoscopeally
serified bronchopneumonyy sigmficant 41 the D1 per cent Jovel The
assocrition belween HMT and thrombr mn small vessels was uf[r‘l
stronger honever and sigmificanl al the 0 05 per cent level C.:ses x‘u .
thromb1 n small vesscls showed a mean of $2 HMT por ent se«; ;;)l
wea while eases withon! thrombs 1 small vessels had a mean o o
HMT per em? secfion arca This difference 15 sigmifieant at ‘:en?n}:g
cent levdd (¢ = 196) When cises with brounchopreutonia anb i
nant tumonrs were excluded from the mAalenal the associbion cr e
HAT and small vessc] thrombosis v 1s sigmificant At the 21'1 [sv:.s e
tevel (Table 43 Finalls when ewscs wath sma)) vessel throml :ocmhnﬂ
excluded from the matcrial hmnnhnpncargg;\)m showed wo
with HAT (coelficient of associ Hion = anant

Ne smignificant assoerahion was found hetween H\ﬂ‘l nl‘:dor:l“‘l:;:t‘"
fumours without bronchopnenmoma When cases with 11’  helween
mon11 were excluded thore was so ssnifreant qss:c[’]':rl:mhose‘ or
HMIT and deep ven thrombosis nrierial embolt nln serves incladed
atherosclerofic heart disease |'T bie 4) The consecu! 1;;‘10“ 50 st e
only there caces of shoch defiued as bood pressu{r;hesc ™ e stioned
systohic for more th i 6 hours before death Two o ‘

did not g5 and
mzi’f; l::s(f):;;,wn between the me elapsed from death to autop:
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TABLE 4
4ssociation between HUT and Yarwus Autopsy Findings Conseculive Sertes

Per cent Per cent Cnei’h{c[enl
cases n cases of
Findins \\lll:h HMT withcut HMT association

00005
i 648 (35/54) 217 (10/46) 0738 <
IS}!:;&;}:h\;;s::‘l":’l;:::lhcs * 574 (31/54) 217 (10/46) 0858 <0001
Vahgnant tumonrs excluded 1000 <0003
190 (29/47) 00(0/30)
;r;;:‘l:h\’;s::lr:l::?bnﬁs 595 (75/47) 100 ¢3/30) 0856 < 6000,
Bronchopneamoma excluded s o512 .
th bosts 304(7/93) 139 (5/36)
ga‘lﬁlgln;:isilm;?r‘: * 261 (6/23) 250 (9/36) 0003 Ns
Mahgnant tum urs an; o
clude:
brg’;:l’ipc:sus'er;“r;x:uﬁhosls 355 (¢/17) ¢ 00/27) 1000 < 00075
thrombosis
l:l::lpp‘l':;l:\on::) embolism 471 (8/17) 296 (8/27) 0363 N
bosi:
f;:"ﬂ&:‘:: ost 294 (5/17) 222 (6/°7) 0186 N
Atheroselerotic heart disease 58 5 (10/17) 515 (14/27) 0140 Ns

Absnlute numbers are grven within parentheses N s = not sigmificant

TABLE 5
Association between Small ¥ essel Thrombasis and ¥V arious tutopsy Findsngs
Consecutive Sertes

Per gent 1n Per cent

Sosensrith - cases withont Cocfficient
Finding small ves el small vessel o
thrombosis  thrombosis ~ #$50iation

Bronchopneumonia IG5 145 (8/55) 088t <0000,
Walignant tumours exelu led

Bronchopncumonta 193(93/29) 116 (543 0933 < oooos
Br nch prenmama excluded

Malignant tumours 58311 1708/ 04 <ogos
Val gnant tumonrs and
bronchopneun onta excluded

Deep vein thee mhosis

and pylmonary embolism 500 (3/6) 342 {13/38) 0316 Ns

Arterial thrombosis

and el slism 330 (%78, 937 (9/39) 09
Atherosclerotic heart disease 500 (3/6) 55° 0138 0198 N
theohute numbers ate given withia parentheses < s

= not signtficant
the occurrenec of HAIT was found The possibie relationship by

etwees
stasis and oceurrence of VT was studieq but not sul)]cclm'[l, to quann
ttatie anaivsis The finding of H\T al

one or adjacent tg scatlered
red cells was as frequent as the findm, of HMT se wing
ny
\ ' o essels showing reg
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Small Vessel Thrombosis and other Palkoloqicat Findings

Associations belwecn thromr m small vessels and varsous pathe.
logieal findings are iven in Table 5 Microscopieally vertfied brancho-
pneumomn showed 2 strong assocrbion with small vessel thromb
sipmficant at the 005 per cont Jovel When bronchopneumonia was ex
cluded from the material mahgnnt tumours showed a posidne asso-
ctrtion wilh thromln an sma)! vessals sigmbicant 1t the 25 per cent
level \lanv of these thromi however were located m necrolic arews
within the fumour Nother deep vein thrombasts and pulmonary embo-
lism atherosclerofie heart disense nor avtenal thrombi and embols
showed any associabion with thromb: i small vessels shen eases with
bronchepneumonia and with malignant tumours had been exeluded
from the matcrial

TABLE 6

Assocfation belween IUT and Small Vessel Thrombosis for §arious dutopsy
Fundings Consecubwe Series

Per cent of Per cent of
cases with cases without  Coefficrent

Funding H\IT showiny, HMT showiug o
small vessel  small vessel  asso 1atlon
thrombosis thrombosis

Bronchopneumoma 90 3 (28/31) 500 (5/10) 0805 <0075
Mahgnant tumonrs exciuded

Brgnchnpnc\lmonm 820 (%3/2a3 00 (0/3) 1000 0006
Bronchopnenmonia exeluded

Malignant tumours 333 1%/8) 555 (5/9) ~047% N
Malignant tymaurs and
bronchopnenmoniaq excinded

Deep vern thrombosis

and pulmonary embolism 375 (3/8) 00 (0/8) 1000 NS

Artertal thrombosis

and embolism 460 (2/5) 00 (0/6) }ggg ; :

Atherosclerotic heart disease 300 (3/10) 00 (0/14)

Fisher s exact probabihts test is emploved in all mslancl;s ::v‘:epi for
bronchopnenmonia (first group) 3 = net siguifi

Hyaline Microthrombt and Small Tessd Tarombosts ]
MT nd thrombn i small vessels W
8 findhngs (Table 6] Cvser
shiowed a positne 1590
¢ sigmfieant at the 25
Iuded the associ2hdd
t (umours Wil
1 assoc1?

The association belween H.
studied for sanous clinal wnd pathologic
of microscopic illy venfied hronchopneumonn
eration belwcen HMT and small ves.l theomb,
per cent Jevel 3% hen malionant tumours were n(lc ‘
heeme significant 2t the 06 per eent fuael M ‘é[‘“:[lcnxﬁc’ln
ont bronchopneumonia showed 1 ne,aine but ao elicth s o
tion between HMT md small thromin W hen bronchop!
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but not sigm
saligpant tumours were excluded there wdas 2 positne

lcan&i assocribon bevween sl vesset thiowdy und HMT 1 eases wilh
Jeep vem 1hrombosis and puimonary embolismm atherosclerotic heart
scase and arterial thrombosis and embelism

2 Shwarf.man Series

The {requency and density of HMT m the Shw wrtzman serigs ary given
m Toble 1 All organs showed a bigber frequenes of HWT than 1 the
conseoutine seties ‘The thifference was sigmficant mn all inst inces except
for the prtwitanes Table 2 shows that the frequeney of smal} vesse)
thrombosis wns fugher 1 the Shwartzmem <eres them i {he consecn
Gie Taterial There was a siamieant difference for kidneys othet
organs Jnd il organs

The mean HMT denuity per em? sechion area showed large vanabon
from tase to case 1n the Shwartzman series Cases In whych the intersal
between the last episode of d ted mmtravasenlar fabon
{DIC) 7md death covered {rom one o four dans a5 yndded ftom case
histories and microscopical findings had the hhest HVT denauly
{Table 7) AU cases had widespread small vessel thrombosis

TABLE 7
Denuity of HMY and Temporal Relattonshir ta DIC Indy jdual Cases
Shiwart man Series

Case number 1 2 3 1 B §
Density of RAT 195 en 3136 649 731 ¢
Iaterval DIC to

drash days 10 % 12 34 33 28
dumber episodes

of DIC 1 1 several  several 2 1

Deosity of AMT = number of ANT per em® section 4
Interval DIC to death = interval from last episode of SICT:: death

DISCUSSION
Occurtence of Hyaltne Wicrothromby

UMT were fonnd m 51 per eent of our cansecutive aytopsies We axe
unaware of 1ny previcus study of the oceurrence of HVT 1 a con
seculive matersil Apue (3) staled that BMT wen

study shows that they are not © % rare fmdmg, our

HMT were found wn more than haif the

pPrluttares
the Iners somewhat less frequenth o the Iungs m‘xd ul:fl:::mbu{
rardy i other organs Furthermore the dunsity of HMT sn the Ir o
W ene tenth of that m the pionary  the hidneys showed o
lower density of 1TMT and the heart sho S

wed onl.
ftow per gram tissue 15 high 1 the hidnevs ho\wei: (f;;‘ ::"\dl'fo‘fﬂfsd
erm
3 oaerieati 7 3
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the Iner (13) pitutary (18) and heart (7) The different density of
HIMT n these organs ean therefore not be aseribed to differences m
blood flow

Apiz (1) found HMT mos} froquently i the brain e had 1o es
clude the few hran sections present from our quanliatie study It
s our impression howeser that HMT are considerably less comman
m the braun than i the pitwtary

In 1 previous study (27) we presented evadence that HMT are formed
i pwo In the present studs there was no association botween oeeur
rence of YIMT and mterval hetneen death and aulopsy This finding
further supports our view that HM{ are formed wn vivo

Occurrence of Small ¥ essel Thrombosis

In our consccufine series small vessel thrombosis was found n 42
per cenl of the cases Close {0 40 per cent of the lungs and abonl 10
per cent of the pilmtaries ind hidneys showed smatl thrombr bt enly
two per cent of the Dvers and hearts Hacrem (11) found thrombr
small arferics i 1bout three per cent of 215 hearls n 1 eonsccutne
autopsy matenial We have been unable to find other figures on ibe
frequency of small vessel thrombosis 1n a consecutive autopsy matenial

In our malerra! smill vessels were manfy occluded by fibrin
thrombn Dhut oceastonal platelet thrombi were 1lso seen Edles £ Sentt
(1¢) madc stmilar findings 1 a sludy of small vessel thrombosis
myuries nd burns
Relalionship of Hyaline Acrothrombt to Small ¥ essel Thrombosts

In our conseentne seres there was 2 highly sigmficant associalion
Between HMT and smll vessel thrombosis In spite of Uus the d““ﬂ"
bution pattern of the two types of thromb was different with ma‘;:l\\th
frequency wn Mifferent orsans This could mean that conﬂmonsr\vm‘
Tead to the formtion of thromin in small vessils promotc ﬁ:c inXNT
tion of HMT by altering the composition of 1be plasma so \mSlhsc
are formed n streamung blood 1 sug.ested by Zmh (},27)nu<:ndaf
quently HMT nught tend to become cauybt m °“~".)"5 wil :;lc 4 that
blood flow or complic ded sascular pattern Zinh ('~7) Sgﬂlﬁ el ale
slow blood flow fasoured the formation of HMT W tried to
the relationship of strss to HMT wath negatne resulls e assacts

In our material bronchopnenmenia showed 1 strong D": e 1o hese
fion with HMT which howeser rarely were foundn e Y\:“;‘k.d fromt
cases When eases valh small vessel thrombosis Wl‘:ﬁp: reuenty of
the matersal bronchopneumonia fuled to show 4 hl:\nlho\\l concho
HM [ than the rest of the maternal Furtl\crmor:‘ C:S‘C)c“wm AT and
prneumom also showed 1 sigmificant 1550017 u: Tdcation \hat
small vessel thrombosis These fmiings are 2 3 :‘)‘“i‘:cssc[ {hrombosss
the formation of HM1T s cansally related to sm:
and not o bronchopneumonun
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In 2 preswous paper {23) we proposed that HMT nught :cw tolsrgt

cssine thrombosis after hrumg been embobized {o sl vessel
t‘:rmus tissucs Changes winch might indieale progressine lhltomh;)sxs
around HMT arc rare howerer We hve seen such changes less than
ten imes Zink (27) diseussed the possthility of pro.ressise thrambosis
around HMT but siated thit he had not obsered 1t Hardaway el of
{12} suggested thal progressnve rombosts nucht ocenr around VT
bt this phenomeaon 1s not itustration m their report

The obsertabion of HMT <urrounded by comentional thrombi wnds
cates thet HMT are formed m viwo but net necessaniy that FNET have
wmtwated progressive thromboss During the formation of convenhional
thrombs m smabl vessely HAT might ocenstonifly be fornud wear by
and wm rare mstanees become strraunded by comentional thrombus
materml

ishford et ab (5) found b,k fibrinots e aety

meter less than 50 4 HMT are stronghy assoonted with smatl vessel
thrombosis Skrorten (25} demonstrated that the ultrastructura] i
tern of HMT differs from that of ordinary fibrin micicating a dafferent
mode of pohynuriz wwon dlfhjaersig ef of (2} have shown that Dl
ogen split products miterfere with the pormat polymenzation of fihrp

Fhierefore the formation of INE nu kit possibly be reinted 1o activa
teon of the fibymoh tie systum mmtiated by smalf vessel thrombaosiy

Ay mems with « din

Senall ¥ essel Thrombosis and Bronchopneumoma

0518 w7t )
minlioned 1 most texts on the pathelegy of preamomsa
Inexporimental DIC produced by nteasenous thrombin mfus
ks of fihrim are foung m pulmonary sessels smali and large (1)
o thes stunton howeser there 18 very Wil or no fibng 1 Mulmonary
Wiaol On the other hand m bronchqpnoumom'\ mntre alyeolay fibrin
s formed 15 4 part of the milammatery exudate Caprltary thromby are
forund « ke i the persphery of the hmnthopncumomc nodules angd
notan parts of the tungs which are

unnffected by fhe mflamm
ory
Praciss: This wdicates that mn lxmnchopnulmonm smoll vessel lhrur‘;\}

frosis i e fungy s refajed to the m(lammalmn and is nigt o tesult of
B or cmbohzahion Howeser m exceplional eases (g 24} massnye
pRumanss sith preumococeat $eplicemia may precipilafe DIC

100 large

1ty ahae Murolhromy ond Small ¥ esset Thrombosis 1 other
Patltseat ¢ snditions

My nant tumonrs

shoned - Stomifseant
Sttt vossel thrombosy

positine 3ssoctalion way,

3
% even when cases with broncl\opneumoma were
I
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cxeluded bul no assocition with HMT Wehay (17) veporied theee
c1ses of malignanl Iumours with disseminaled small vessel thrembo
s1s 1nd proposed that thrombosis mi kit ive been preeipitated by the
release of thromboplastin substanec fram the tumour iteslf Dor cor
seeutine series meluded 28 cases of malighant fumours Nong of these
showed disseinated small vossel thrombosis In most of our cascs
swll vessed thrombosis was found n the fumonr Hsell yn er adjacent
to neerolic wreas m wiich there appeared to be verv lunited cwenta
tion Thrs mught explam the ek of association hetwern HAT und
small vessed thrombosis 1 our tumour cases

The consecutise series meladed 16 cases with deep vem thrombosss
antd pulmonary «mbol when hronch and malignant {u
mours had heen exeluded These cases showed neither a si;mficant 25
sectition with HIMT nor with small vessel thrombosis The numbr of
cases m each of these groups i1s small and daes not justify an con
clusion regardin, the relabionship of HMT and small vessel {hrombosts
fo thromboesis in large vessels

Hardaway et al (12) found H\IT m small vessels m 29 out of 3°
cases of shock In our Lonscentnve senes enly three cases of clinceal
shack were recorded two of which showed HMT One of the lalter alo
showed small vessel {hrombosis In a retrospetise study Iihe ours how
ever many cases of shoch mav have esuaped recogmition and been 1
duded m other roups Owm material grves no inforniafion on (he oceur
rence of HMT 1n henlths subjects dving suddenly Remmele & Harms
(19} found HAIT in onls one ont of 56 cses of sudden death which
mdicates that HMT are rare 1n this condihion

Remmele & Harms (1) studied 112 casts of shock and found smafl
vessel thrombosis i 61 cises with a 50 per cont frequency i et
Rdncys and lun,s These figures mclude EMT 15 well s onhm;\
thrombr Still they show 4 considerably Rusher frequency of thrombt
thin that obscrved 1n our conseculnc seres and s support exper!
mental nd chmeal studses reviewed by Vehay (17) uluch mdiit
that shock 1s frequently assocrated with widespread sttt sessel thm:‘l
bosis Eeles & Septet (10) studied the occurrence of small vessel thr;ym
bosts 1 severe mjurtes wnd burns and found 2 lower (hrumbl;sn o
quency thin the one obscrsed I our consceuting series Technr
differences nryy 1ccount for this apprent diserepaney

lation
Hyaline Mrerothrombi and D { Int: far o 04l
In the Shwarlzman scries the density of IIMT saried fr“rxlh ol
31 1 per e section trer A high density was found i c15L8 song o
dence of two or more eprsodes of intravasenlar cna,u\a\loh“:ot Znh
unhil the last dvs before death Two cises \\hlch)sh‘(‘)\\td‘?;?mc drth
onc ¢pisode of DIC having tiken place 10 and _?\ \atljc mechamsnis
respectnely showed fuw INMT This might mean thal
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acshiate the formatson of YT were 1o tonger active nnd that
‘!\{!\l;f[]“pfrenousl) formed had been ehimnated from the cirentthon O:
the ather hand a case of mentasococeat seplicrenna winch led Lo ded
1 12 bours had the lowest number of AT 30 thas senes m spile of
the fact That there was extensne st yesse} thrembosts . glomersdar
capilanes adrenals apd skn In thss sttuation the mechanisms pro
moting the formation of HMT rm-ht stiit he poorly actnated becautse
of the short duration of the dusease

PIC 15 an ntermedrary mechamsm of disease {17} m a number
of different ond Ifrequentls fatal conditions m winch small sessel
thrombosts mny tary m alenuty from cses showing ondy a few
thromin tn seattered organs o cases with a gemerabzed Shuartzman
reaction In aur consecutine series 18 enses showed small iessel throm
hows which could not be 1sersbed to local processes adjacent to the
thrombesed vessel sueh as inflimmation and necross We believe that
these eases may represent a tow degree of DIC which therefore seems
1o be a4 fasrly tovvmon event w entically 3t patients The generalszed
Shwarizan seaction on the other hand s vare havin. x prevatenc
w our laboratory of ahaut ane per 3000 wwlopsies (24}

In ~ presious paper (23} we suggested that HMT were the first
thrombs formed m DIC and that small vessel thrombosie miht take
phiec around  embelized  HMT The present paper has fasled to sup
port thus theory Ve have fovnd HAT in patunts with small cessel

bosis caused by bronch as well a5 by DIC 1L scoms

that the oeewsrense of HMT 1s sndependent of the eause of smabt vessel
“hrombasis The presence of HMPE w roer

pical sections s = strong
wndication that small vessel thrombosis has ~lso taken phee byt pot

necssaniy an the same organ The presence of HMT w sechions from

severl organs mdicate Yhat DIC may have taken place hut 1s not dwn
snastie of s condition

St MMARY

The accurrence of haavine mcrothrombi {H\WT) was studied guanh
tainely m 100 constentne autopsies and s six fatst cases of general
will Shwarizman yeachion HMT were found m 54 eases m the con
\;!cuu\rc i(‘;\c‘ \;luhhq mean densits of 23 HMT per em? sechion area
hes found i it Shwartam
A w eases with 4 mesn denwils of § 3 XY
Smalt veseed thrombosss was found 1n 4
mternd 20 of these had thrombn i tuo orsﬂi:(s'cnso;:ags‘eScr::::fc“mB
thromboscs which cosld not be aseribed to local processes ad B,
i thrombosed vessils were found n 18 eases HMT sho\\ed!aclcm "
~6aific 1nt Assoes won with small vessel theambonis and had by
fragmney e praty shite small sesset thrombos: -
commonis found sn the tungs . relatson fo broncho nels e st
ults Small yosset thrombosis was found et T8 per cmfaiu\r‘::“cx:snmt
es o
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bronchopnenmonia studied Smnll vessel thrombosis appears 1o fac
tnie the formation of YIMT, possibly through the simultancous adlia
tson of the fibninelvhe system
Itss concluded thit the demonslrabion of HNIT 1s 1 sfron., indicalion
that small vessel thrombosis 2lso has taken place but nol neeessanty
w the same orpan HNIT ovear will bk frequencs w cases of disse
nunafed nirayaseolr corgulrtion bul are not dingnostic of ths con
dition
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QUANTITATIVE STUDILS
ON CORTISOL INDUCED DE(AY OF LYMPHOID CELLS
IN THE THYMOLYMPHATIC SYSTEM

By

MocErs HrrwFe CLaesson and CArsteN Rorne
Recerved 8169

Several altempts to estimate the number of pyknotic cells mn the thvmo
Iymphatic system of the normal rat and mouse have been madc [C3ne}
I8 21 23) I[n a recent studv 1t was shown that a Ingh number of dead
and dying lymphoid cells could be registered through the usc of Dye
Exclusion Test (D T) on unfixed lymphoid organ suspensions (4}
The number of dead and dyng cells registered 1 this manner exceeded
several times the number of 1bove mentioned pyhnalic cells

In the hsht of this obsersation (4) we searched for an expermmental
ngent which would ch inge the ratio betwcen normal and dying lympho
cytes m the thymolymphatic system It 1s well known that a smgle
mjechion of cortisol grien to  anunal or a human betng will canse
a rapid fall i the number of circufating Iymphocytes and z strong
myolution of various lymphoid organs The microscopic preture of the
msolution shows massne pyknosis karyorrhexis and cyfoplasmatic
buddimg of the lymphocytes These changes arc followed by = “p";
phagocytosis of nuclear fragments The most pronounced degrec o
imolubion takes place n the thymus (5 8 18 22 25) .

The aim of the present studv was by applieation of the th ‘S
myestigate (1) the cortisol induced nvolution of the (h)ﬂ“’l)l“g r‘ol
svstem (2) the ratio of the number of pvhnotic cells to the mlmhl‘ .
stamed cells an the thymus during treatment with corlisol (3) € : :‘hc
of stamed thymolymphoid cell number 1s a kinetic param}c,“‘\‘”:‘mm
study of cortisol nduced mvolulion and re,eneration of the

gland

MATERIAL AND MITHOD

fmals wert
Male and fomale albine mice of the C straim were c‘(;n;ml;(‘l‘n'l':: ;;,m.n;mrdlnl
haused under standard condittens Th v were separated in Dehe of agel

("5 mece 2 mol 7
d expersmental procedure In the first group o) 1 me o
z:c;g:n‘::ml nl:celw:d 5 mg In the seccond grmm‘ (Sgcmﬂm; ;z:"‘::x:ll' (;:nf‘e o iation
cortisol (hvdroccrtisoncacetate dissolved mo s'?d"‘ after the Injection 4o

LEQ) injected intraperitoneally One hour t
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amimals from each group s ere examuned As tontial several unteeated animals were
experimental period
eramned duning L eiest dulocation o the st group the thymus
inesenteric and axillary Tymph nodes were removed anl smmediately transferred
1o chulted Hank Soluts . 1a the second group only the thymus wes removed Single
cell syspensions from the varlous lymphoid organs were prepared and the mgnm:ll
dye exslusion test performed as de crhed mm detasl elsewhere (4) In the secoud
group the thymus gland was weighed wet and one 1obe iransferred to Lillies
fixative and embedded in paraifin Six merons shees wese sectioned 10 an crdsmary
microtome Siices stawned 1 HE, Feulgen and gallagyampe formed the basis for
estimaly 1 of the degree of ravolution and the incidence of mitosis and pyhuosis
Seyral technical factors ate of importance with regard to the result of DTT
Tt e peeralle smyportant that the dye concentration the staining perod the density

of the suspension and the temperature are kept within certain critical imuts (2 4
9 20 28) Preln ity a

2 @i ensures ol the DFT was
stndied fn Iymphoyd cell suspensions (3)

RESULTS

W ith present suspension techniques the ratio of iree lymphoid cells to
actdental fised rebicular cells 15 app 50 1 as deenbed wn detail else
where (4 21) In Iymphowd organ suspensions from apimals treated
walh cortiso) the number of free Iymphoid cells pr my organ weight
deereases sharply yet the rabio of {ree to {ixed cells remams unchanged
Fip 1 shows graphically the percentage of free mizrosin stamed
cells m relition lo the total number of frec cells m vanous lymphod
organ suspensions Each point represenis mean percentwe of stuned
cells 1 susp of thymus ferte or axillarsy lymph nodes
from 5 fo 10 animals Bars represent standard desiabion of each sub
proup The abscissa indicaies hours and dvs afler myechion of corlisol
the ordinate indieating the percentage of slamed cells
As ndicated in Fag 1 a rapid increase 1n the number of staind cells
from vanous Jymphoid organs follows wnjection of 5 m, of corlisol
reacfung a maximum on the 5th day It shows furthermore the party
cular seasitiaty of thymus Yo cortisal The number of stamned thymus
Yymphowd cells inereases 39 himes whilte the number of staned I)m h
node edlls increases only 2 {o 2 times 1nd does nat rezch umh'olsl \p {
at the (:’nd of the experimental persod o
Fig 2 shows vamahions i percenta,e of sta
cells afler njechion of 1 mg of corfisal it xx;c¢lnlﬂz]n.qtzzt:.n;)(1§mvl:;klxd
table meludes relainve thymuos werghls {mg thymus/g mouse)gQI; .
powt represents the mean weights of all thyraus glands in a sub, o
In this experiment vanations daring the first 24 hours were of o
'nterest In ihe first § hours the number of staimed cellg mcu syt
to tatce the control lovel At 12 hours the number reaches 2. :‘:‘3::’.;‘:1{;‘1‘
du]
mum on the 4rd das On the 10th day lo?sci:;:::\s\o;“\;hmg et
stamed cells reaches control Yene) agmmn Also Fig 2 shy eu:mmber of
:‘l:')rilr:‘ml;‘\ellghl (éocrcam to about half the weight Z\[ ll\;vzc“::z‘\re\l\:hw
13
& the Tirst 6 hours Throughout the following 18 bours Ihys “c?;;,‘(
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} ! A =axitlory nodes C\cn\tml
—_— T

~ s

=

}' ® =mesenteric nodes  control

per cent stained lymphoid cells

8 JZZ o=thymu.. control

01 2 4 [ " %
doys after injection
Fig 1
Certisol induced vanation an the number of migrosin staimed 1ymphboid eclis In

single cell suspensions from thyvraus me enferic and asiblary lymph nodes from
mace injected 1p with & me <f cortisol at bime

remans relatively constant A decrease follows lasting from 24 hours
to the 8rd dav the weight reachms 7 mummum of app 1/4 of the
weight of the control group From the ird day and through thymts
weight inerenses hut never reaches control level fest
Cell pyknosis and harvorrhews oceur partieutarly during the ll‘"
day after cortisol mnjection appeiring in lhymus suspensions a': ‘;:xs
s n fixed thvmus preprations Mumerieal estimations of cell py "nm
were based on fixed preparations where pyhnases arc casily nl‘o—.:’md
ble For the same rcason estimalion of mitohie frequency w1s pl‘ff‘:“:bﬂ
on these fixed preparations In the 6 hour ,10up 2 nsen “mll:llnmm‘
of pyknoses 1 the thynuc cortex 1s found The pyhnoses ‘ho“'{;nows M
distribution Also 1n the thvinic medulla the inedence of pv i
shi,htly 1ncreased Later in the 12 hour group pyknoscs ‘;‘nr g
gather around fixed reticular cells filled sith hemphocste o
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— —— stained cells
oo mg Thymus/g body weight

[ YA 2 % 273 [ 9 10
fime ofter neeuon
Fig 2
( hange {n number of migrosin stained Jymphofd cells i single ¢cll suspensions from

latlve thymus veights
thymus, mduce] by eortisol ingection Also change in Te
e induced hy cortisol inection

ments Sl there 15 1 tendeney toward dilfuse eell prhnosis 1 corlex
and medulla Tn the 24 hour nroup pyknoses have disappeircd In the
cottex howover a few retiewlar eclls are visihle, foaded wilh nuclear
frigments At this time the corlex 1s nearly depleled of small lvmpho
cyles

}Thc number of miloses during the first 12 hours does not chanJge
althoush mamy itoses in ibe 6 hours group have an abnormal Ap
puarance At 21 hours mitolre frequencs has decreased to a point where
fut a few immature eells are found {o wndergo mitosis On the 3rd day
the number of mitolie crlls inereases strikingly From then on mufotie
frequiney remaims L controf tevel

DISCUSSION

Accarding, lo studies by Dougherly et ol {1964) and others (5 8 22
2.} cortisol induccd njurs to Ismphoid cells invalves both thymus and
other Jvmphoid organs Iogury 3s heaviest 1n the thymus gland how
ever These studies used thhvmus weight cell pyknosis harryorrhexis
and 17 hvdrowy debndrogentse winnity i varous lymphod organs
1 expressions of cortisol induccd mvolution The change in Ihese pact
mefers roiches a mavimum shortly after myection af cortisel Avcord
g 10 the Dae T xelusion Test however Jymphod cell decay conlints
and ncreases several davs after mjection of corlisol see Fig 1 Ap
pueotly asan the ibove menlioned studies the thy mee lvmphod cells
are parinlirls sensitine to Lortisol The etfeet of cortisof seems lo
persist smee the number of sluned edlls continues and mereases a

& n& & o mg thymus/g body weight
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long Lime after chsappearance of cortisol from the organism The half
Iife of free cortisol mn the blood of mouse 1s about 40 to 50 minutes
thus by 100 minutes all the administered cortisol 1s removed {5)

The number of dead thymie lymphoid cells (Fig 2} registered by
DET does not follow the pyknotic frequency found i the ficed
preparations Like others (5 8 22 25) we find a maximum degree
of pvhnosis within the first day after injection of cortisol

We¢ believe that cell pvhnosis and 1 aryorrhets both are cxpressions
of an acute cffect of cortisol on small lymphocvles while mi.rosin
staining mostly results from 2 protracted effect of cortisol on more
primitine lvmphocytes incl inhibition of DNA rephication and kb
tion of mutosis at the metaphase stage Thus we find no simple re
lattonship between the number of cell pylnosis and the number of
cortisol induced stained cells Rather the two hinds of transformation
registered here appear to be independent expressions of cell decay
Megers & Wolfe Slade (1964) who studied the effect of \ rradialion
of thymic cell suspensions share this view

During the first 6 hours the decrease 1
(from 4 mg to 23 my sce Fig 92) 1s an actual result of changes of
which massive cell pyhnosis and 1ncrensed cell stunage are simultane
us mndieations Migration of small Iymphoid eells nto the blood stream
may perhaps account for part of the thymus weight decrease (1) The
following reduction 1n the number of dymng cells shows thal & major
proportion of cortisol sensilne thymus cells hve already d|s|ppc<!rt‘lll
This agrees with the fact that thymus weight remauns nearly constan
for from & to 12 hours From 12 to 24 hours thymus weight 1s hept
constant in spite of a rise m the number of dyng cells Considering ﬂ\lﬂl
the number of mutotic figures 1s $erv low 1n the 24 hour group “‘l‘
increase n cell death rate must be nterpreted in the hght of recen

studies (11 13) that show blood bornt cells entering the thy mltls-l(lui"m‘:
the course of steroid or N\ 1y induced thymus '\Imolnhon [h;m;mnc
to believe that these blood borne cells arise |

e mimce this ther msensitive to a single mjection

marrow since this organ remauns ra
of cortisol {26) However 1t 15 posstble that the observed mllo:’“il;“clt]‘l‘llls
tv n the 12 hour Lroup may partly u:'pl'un the conslancy ©
weight during the 12 to 94 hours periof
T{i,lel furthef' Inerease 1n the death rate of thvmus cells 1ms .
thymus weight decrease from the Ist to the 3rd (}w) dscid oo
that blood borne cells are rather short Ined Cortisol IIII‘I e i mus
of DNA replication and cell mitosis destroy such cells l;l”w onls
environment Autoradiographically the short life sr"“‘l"‘s been showa
of the primiree thymic Iymphoid cells (about 8 hours) h

nia
1n numerous studies (12 17 19) At the last dav cl;llh;‘ z:ll;:‘nxr::‘dm
pertod (Fig 2) the number of dymg thymic I}mfm?\lll e stolas
control level At this

pomt the {hy mus wethl 18 NO
cally the gland shows complete

n relative thymus weiht

long with 2

regentration
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SUMMARY

Qne and 2 months old albimo mee male nd fcm’x\c‘ \l\c(rle 1lmtt3c2
wirapentoncally with catlisal The Drve Iyelusion Tes l:.sc o;)cc e
striking deeay of hymphoid wlis w the thymotymphntic system Dee \i
cantinued several days after injection The thymus wns mofe sens ;h
{o cortisatl than varous msestigated Iymph nodes In the th? m]u? le
pereentape of slamed cells wereased up 1o 4 tunes the con x;o {c\cd
when the effect of cortisol wan muxunal the percenia.e ‘o staine
hmph node cells mereased up o 2%, tmics the control Jovel

Findings sndreate that no simple relationship exists between the num
per of pyknobie cefls wd the stamed cells durwg carbisol wnduced thy
mus miolation using teationat entenia and she Dae T xelusson Test
respectively Only during the fsrst 12 hours after wjechon the number
of pyhnotie cells exceeds normal vrlues The number of staned cells
teached normat levels at the tune when weight and hustatorseal appear
apce of the thymus was normahzed

The number of dead and dywn., lymphod cells measured with the
e Dxelusion Test appears to be 2 useful parameter iy kinetic studies

of hymphewd cells dunng corbisol snduced mvelttion and resbsiution of
the thvmus gland
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ABNORMAL RILE DUCT EPITHELTUM
IN LIVER BIOPSIES WITH HI510LOGICAL SIGNS
OF VIEAL HEPATITIS

By
Hesnnne Povtsen «nd PER CHRISTOFFERSEN
Recelved 15169

Durmg Tecent yuars ab 1 Inle Quet hel m d of the
fiver s atiracled conmderable attention Some workers (Popper el al
1862) arc of ihe impression that 3t 1s W 1wpostant teaddy diagnoshic
findhng, 1n primary bihary cierhosts wnle others (Bionehs 19687 Veplr
& Waildlur! 1968) though only m a smaller number of cases have
described 1t 10 chrome hepatiis

The mata objeet of the work presentcd here has been to pblma an
trapression of how frequently hile ducts wilh abnormal epithelium are
encountercd 1 a consceutine series of Mver hiopsies all showmg tvpr
eal changes of the parenchym as m viral hepatitis

VATERIAL

The material cons: ts of a tatal af 83 percutancous lver bapsies all wsth a hysto
logical appearance a¢ scen In yiral hepatitis characterized by 1) focal liver cell

necroses ) condensation of retsculum fibers ) focal Rupffer cell prohiferation
43 focal with Iviaphos

of Iner cells 6) pleo:
of aucter 7) mitosss andsor B er cells with tho or thres pucke) anl\ l’;; 4’:‘?}2}1‘:;‘:
bodies These changes #re wmainly centolohular fn distributtan and gre oft n as

so fatcd with central vera ocdema

The bioj sies have been selected frony 2 total material of 1582 conse
cutive biopsles
recevved 5t Abe pathological dcpartment hommung !
\\“\3"§~‘ e » hospitalet during, the period
The bispsies nere obtamed by the Tacthod of Uen
e and ha
from ssx medical departments (Copenhag a Iiver Study Croup) '\l‘;&b?(“o :‘;iemd
114 mm thick and 15-45 cm lony peics wre
Tle tistue has been fixed 1m newtral formalin and b
beginning of the perjod 10-1 sectionis were cut n g s];fd::drg? ::&fx;?{::\‘:‘!t“\ N
on 30 scrlal seclions were af on a ratary microlome She sectinns morens
mstely § m 10 thickness are Rogros
The a5 esment has been performel by the two auth
ut any yrevious knowledge of the climical data nnnl::e]!:a?::;l::a:t?hun N
¥ Gieson Han en stalned cctious as well s on sections stained fac setieut .
Tiequests for reprints should e addressed to He
tomish Tnstitat Wommonehosmtalet Coponhagen eomtay ' ® FAEtomsk Ana
Our thanks are due to K Wonkler M D fHead of
h mmunchospitalel for evaluation of chinical dat.

of dept for Chuaneal Physiology
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Fig 1
Tortal area contaiming a bile duct with shghlly abnormal epithehum The cells sre
somevw hat enlarged with lightly staned partly vacuolated cytoplasm and here snd
there show karyopvknosis There 1s only a shight inflammatory iafiltrate In the
connective tissue consisting of lymphoeytes and histiocytes X 140

In addition to bile ducts with shnormal epithelizm, the degree of hepatitis (1-3
according to the number of focal Inver cell necroses and the variation In size of the
hepatocytes and there nueler) and the degree of fibrosis cholestasis bile duct pra
Uferation portal mflammation and piece meal necroses (o 3) have heen recarded
Cholestasts has been registered when 1ndisps or lular bil
thrombs have been demonstrated

RESULTS

Abnormal bile duct epithelinm has been demonstrated an 14 out of the
83 hopsies These 14 hiopsics are 1 the followin, pages Jesignated
group 1 while the rem.aning 69 are called group 2

The emithelium of the hile ducts n the portal arcas 18 when 1t 15
abnormal enlarged swollen with hghtly colourcd cytoplasm partly
confluent with 11l defined cellular limits and generally with arets with
an ndistinet basement membrane and mfiiriled with Iymphousles
and sometimes plasma cells 1nd granulocytes The fumen 1s complelels
obliterated 1n four cases partly in three In the viemty thery 15 a con
siderable infiltration wath Iymphocytes and lishocytes but no nccrhsn:
or oceurrence of bile pigment Only m a few cases 108 of dcwlol’""""n
of germinal centres are observed In eleven cases there 18 pmhfcr; wls
of hile ducts in the same portal area as In wwhich abnormal bile ducl
are secn

In serial sections 1t 1s found that the chinges are semenbl am} l:)ﬂ:"
only embrace part of the circumference of the Iile duct In each op
only one or possibly two or three abnormal Infe ducls "f: u]‘t;" o Ihe

In one biopsv only quite shght changes are seut (rig
others the changes have been quite pronounced (T1g 2and 3)
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Figs o3

£ w o ntanmg a Ve duct with markedts abnorma) epithelhum The
B o« <ol

R 3 taulated and how haryopsknosts apg kuryorrhexts

andarein sid 4 n nfsltrated by iIxmphocytes The lumen foRtamns enllytae

ML an) nth vt g neumeey miektration with flammatory cetyy
50

TUwm partly Mt ay $uman x a5

[N



386

0 -+ 0 4+ + + o ++ 8L & 1018 T
++ ++ 0 A+ +4 0 0 ot [CR Y 1963 £
[ ++ 0 ++ +4 +4 [ ++ 9 5 Lz Tl
0 + 0 ++ + + 0 4+ 78 ) 62to u
0 ++ o ++ 0 + + ++ sy B ¥t ot
+ [ 0 + [ [ + + 69 ) 9Ll 6
+ + 9 o + + 0 +4 w3 ¥eol o
+ + -+ ++ ++ + + ++ 08 3 8481 L
0 0 0 + + 0 0 +++ L 5 1891 )
0 ++ 0 +++ + ++ 0 ++ 8 5 toul ]
0 + 0 +t + + [} + L9 ] aLl 13
+ [} 0 ++ + [ [ +t++ [ ) oLyl €
[ +4 0 +4 ++ + o ++ 99 & JEPL [
0 0 o ++ 0 v 0 ++ <9 & 161 1
ot sanued
IO, i G e, s (S e e wo
1eR0p anp a1 wand £y 30 apufaqq Juaaiag  JoWIRA oy aag  wdopy
Jo 918 .wc owhu_unw u.w PR RE 10 ._Euu\n_l e - AR uane |
8jo0J}) JUpieg vuliyau g

(1 dnos)) wniayid § NG SN (oW Iouqy ypar sasdolf LI 4} U Sayond
joorbojoysiy Juatajiiqg pub @By 1ag 0 BAIPIOdIY UoyNQSI Y} SMOYS QUL L

1 4749VL



187

As far as mny be Judged on the basis of nnaffected pasts of the bile
ducts the lesion has i all cases affected ducts of medium size This ts
furiher supperted by ihe size of the concomitant branch of the portl
<emn and the central position of the pathologieal duets in the portal
areas

Tble 1 shows the distribution fo sex nge and different Instological
qualities 1 the 14 bopsies with abnormal hile duet epitheliom Wiife
all 14 biopsies m group 1 cofue from women the sex distrsbution mn the
remaming part of the matenal {69 topsies} 1s 33 men and 36 women

The 1ge distnibution m group 1 3% butween 45 and 82 vears with an
average of B2 years © hule group 2 has an age distrihution between 16
anad 81 years with an average of 22 vears

Onlv two biapstes m group 1 show shght hepaiis while the other
twelve present moderate or severe hepahiis Submasswe hepatie nee
rosis has not been seen Tn three of the biopstes there 1s a shight chole
stasis In none of thuse three cases is the lumen of the lule ducts with
abnormal epithehum secn to be obhterated

“fore than half (in all nme) show piece menl necroses of vhich two
are pr d Theru 18 ation of the portal tracts in aft
iopsies two only n liht degres and portal Nibrosis i twelve In fne
opsis the portal fibrosis 1s heavy with partial distuption of the

penipheral portions of the Jobules 1 four casrs Nodular regenerstion
has not been demonstrated Only 1n one nopsy typical germinal centres
are found In ten biopsies there 1s prohiferation of the bile ducts This

15 pronounced 10 five cases Periduetal fibross 18 demonstrated m six
biopsies

Ihe degree of hepatilis and the frequency and degree of piece meat
necsosts portal fibrosis wmd inflammation as well as bile duct prodife
ration 1s greater in group 1 than in group 2 A companison of these
quilities 15 shown m Table 2

In group 2 a total of 18 opsies with cholestasis has by

wen found OF
these 16 show Iizht and 2 moderate cholestastis None contyin germnal
".( r::rcs and only onc has penductal fibrosis Cholcstasis 1s 1 all cases
both 1 proup 1 and 2 t .
both proup d 2—centrilobular Bile lakes have not been demon

Furlhermore 64 ¢ases with portal mifla

mm hon have been founy
troup & Five cascs i et
ronp were suthoul nflammatary cells 1 the connective

In ten hiopsies subm:
assine neeroses defined as lar,
er coher
et necroses are found The submasstve neerpst S e
centnlobularly and there 15 oni:

315 1n all eases Jocalized
to st In ewght cases the subm:

y a sight whammators cell response

assne neerosis 1s foun,

v::c(k:-alcc or sc:‘ere hepalitis 10 two cases with a4 hghldh::a?lllausmg:xla
ase 1s withoul pora) fibr :

e e P brosis {ane of the two cases with light
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DISCUSSION

From our resulls 1 appears that we m 84 consecutrne bopsies with a
Instologieal appearance typical for viral hepaliis have found bile ducts
with abnormal epithelium 1n 14 cases

Fue of the fourteen showed viral hepatiis without picee menl
pecroses Of these four had na ot sery shght fibrosis of the pertal
areas without bile duct prohferation while one had 1 moderalc
crease 1 the amount of connectrve tissue W 1th some hile duct prolifer
ation The remxmin, mne cases had 2 histoloical appearence as seen
sn chronie aggressive hepatitis with moderate actrity and with features
of acute hepalitis (de Groote et al 1968)

A Iner biopsy 18 considered to be the hest way to armne al a dm
gnosis of siral hepatitis (Smelana 1963) and it must he considered
overwhelmingly lihely that all or nearly all the patrents have Arral
fiepatitis 1t 15 somewhat more difficult to prove that the abnormal bile
Quct epithehum s 2 part of of a seyuel to hepatitis

n 20 per cent of all biopsies with hepatitis we hase found abnermal
Pile duct epithehum and 1t 15 rather unlikely that this should be a pure
comeidence

n this connection 1t shonld be mentioned that in the stated period of
time 1t has not heen the rule of the departments from which we recene
Iiver biopsies 10 perform biopsies on patients with uncomplicated acute
hepatis

Furthermore 20 per cent s a mimmum figure as 1t must be con
sidered very likelv that n addittonal wcrease in the pumber af surial
sechions from The mdnidual biopsy supplemented by procurement of
more and larger biopsies from the mndividual patient Wil result i a
more frequent demonstralion of the bile duct changes censidered here

In none of the fourteen cases do the climical or biochemteal dati
supgest an affectan of the larger bile duets or a pumary bilia
airfhosts The chnteal condition of all the patients corresponds ?’
subchromi¢ or chrome hepatitis and three of the patients h 1 .
developed portat eurrhoms axe later

Changes 10 the portal hile ducts of the s
article have previously heen dcmonslrale;:f;zlx:rexni;‘i;?f:heg mhthS
mggm‘:mnln 12 :: };)Im) m a few eases of chrome hemm?g' &;fm?f;,s,

epler wdherf 1968) and u
admnstration of « naphthyl ‘S)Dtyan'qrc\ ?:;:‘;f;‘g?;::n:slgg\\m\mg

Previously abnormal possibly necrotic hide duet Y 1
portal areas hns heen consdered di sgnostie fo uet epithelium 1o the
hosis This seems on the basis of {he abate nx:}\mm?ry oliacy crer
and it must be assumed that some eases of he y Ll?gs 0 be less ikely
hepalilis alse myalve the portal hyle duet S»Ali‘\ '+ opecalls chronic
previously classified as primare bila S o ihat some of the cases
abnormal bile duct epitheliym ™ orthosis are hepabtis waith
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SUMMARY

83 consecutive biopsies with typreal histological changes as in viral
hepatiis have been examined in serial sections 14 bropsies showed
abnormal bile duct epithelium with swollen and necrolic cells and
with nfilration of mflammatory cells predomimnantly Tymphocy tes
The chan,es are only seen i some portal areas They are seymental
nd have mn 9 eases been found in biopstes with an \ppearence s seen
1 chromie aggressuwve hepatitis with maderate activaty

All 14 pitients are women 1n the age group 45 to 82 years (wera e
62 years)

It 15 rendered probable thal changes of the ale ducts are part of ora
sequel lo hepatitis and arc thus not diagnestic for primary bian
cirrhoss
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THE INVOLUTION
or THF FOETAL ADRENAL CORTLY
A Ight Microscopre Study

By
haBnE Brer Ince ThoSTRUF and Jorn NrRus
Recerned 20169

It has heen hnowp since 1911 that the mcroscopie meinre of the
foetal adrenal cortex differs from the appearance of that of the aduit
osgamsm (Elliot & Armour 1911)

1n abont six © eehs old foetuses Lhe adrenal corlex 15 differentiated
nlo two clearly separated zones The lotial zone also catted the
xzone and the permonent zone (Uofda 1940) At this ae the
foetal zone forms about 90 per cent of the whole cortex 1t consists of
Jarge polyhedral cells with hoht apdophihe evioplasm and larse pth
nulet The cells are arranged n cords with nterjacent sinusemdal
eymitanies (Fig 1) The permandat zone of the foctal cortex is a narrow
i of smaifer cefls with sparse darker vadophbie cytopiasm and smatl
nucler with dense cromatine arranged n formations reminding of the
structure of 20na glomerutosa m the adult adrinal cortex

The ab wetht of the ad 1 1t hout the foctal
fife In relalion lo the total body wesght it 1s greatest m the fourth
month (L holm & Memuneva 1950) and i pevwborn mfants it 1 09
S‘;‘(.‘, cent of the bodv weight while i adult it 1s 0 01 per cent (Martson
1963)

Abont the fune of arth the purmanent zone comprises 15 lo 25 per
ceng of the whole adrenal cortex (Swinyard 1913 Tul) o 1951} hut at
thus time the foetal zone starts to de.encrate while the permanent zone
proliferales lowards \he cenire and diiferenniates mio the three well
hnown zones (Fi, 2)
The process of wvolalion has been described Iy

1911 lewis & Pappenhermer 1916 Benner Xd‘.);(;{ €Z:'?{l~x;‘h2"{1;£
Rotter 1949 [ anman 1933 Dhom 1965 and Hutakeyania 1966 but some
abscurity s seems 1o exist sbout bath ils course n fime and 3‘1

nilure of the process Fhe purpose of thus mieroseopic veshiaad .
has I(mcn to study the relation of the ivolutien to the tune u[‘qlz‘l::l:l
::“Ll::l:{:;cnhc more exactly the morphological elemenis that form the



Fig t
Adrenal from a foetus weighing 65 g and measuring 148 cm crown heel It shows
the broad foetal and the small permanent zone Haematovyhn eost staining
Magnifieation X 140

M ATERIAL AND MEIHODS
The present material comprises adrenals from 100 autopsies of children rangiag it
age from 16 weeks of foetal Iife up to oe vear after th birth The study includes
adrenals from 17 stillborn and 83 live born mfants 82 per cent of the wnfants wert
prematate the composition of the matersal appcars fram Table 1 No attempl has
been made to select cases with respect to chinieal findings in mother and fnfant m{‘
to the diagnoses at antopsies Homever the adrenals from foetuses and infants o
mothers with rhesus immumization and diabetes mellitus and frem aneacephalic
foctuses have been excluded becanse these adrenals drverge morphologially from
the group as a whole (Miller e ol 1944 Durne & Langley 195 Dauid et al 1
The cause of death was hyaline membrane complex 1u %6 cases 1a 21 casy s‘z‘\:\:
malformations 1n 5 cases treuma during debnery and fn § cases infectiohs ‘:&
over 8 cases had kernicterus without haown mmunization In the remafning ¢x
only atelectasis mostls 1n comnecticn with seyere prematurit was found.

All adrenals were removed 6 to 24 hours past mortem and fived 1n 10R% fp
neutral formalin Routine haematoxylin eosln and yvan Ciesm slnlnt:l’ { e
Seclions have been msed 1n all cast  Speeial stans hase been employed 2



Fig

m an infant who died 4%

Seasurlng 52 cm crown heel The foetal zone js almost completely replaced by the
permanent zone Haematoxylin eosin staining Magnification X 140

g 2
Adrenal fro; weelc after the birth weighing 3100 g and

jnstances such as PAS fibno stalmrug methylunlet and Sudan Blach Sudau I
and ofl red O in formalin fived or unfrced freeze sections

‘After cutting at @ right angle through the centre of the hilus sections from each
spe iraen were estimated with respect lo 1 5
ne rosis and vacuolation n 1l
permuanent zone

of
he foetal zome together vith proliferation of the
1n this work haemorrhage Is defsned as the fiading of isolated single cells com

TAELE 1
The ige Dustribution of the 100 Foeluses ani Infants

Sullhorn infants

Lise born {afants
Foetal wechs Days Months
Age 167 2640 01 4 58 9 3 a2
Numbers 1 10 30 2 7 [ 1 3
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Haemorrhuge ia central part of the f ctal zone HacmaloxsD: a stargiog
e f ctal zon em:
aloxslin eosin staag

Fig 4

Cellulsr pecrosis 1n the foetel zone
\fa wmification X 400

Hacmatoxyhia eosin stalning



Fig 5

yarn Yes Jocated In the central part of the forial zene Haemaloxylin eonn staining
Magmlieation X 1D

4ed hy ersthrerstes (Fig 3} An examimaticn of the condition ¢f the
'e‘m;f ‘c; :11::“:1 the :.; slary wall was pot {ussible 1p this materisl The degrec of
bacm rthage »as graded as lows (1) No haemirrhage (9} baemorrhape In the
centre of the foetal curttcal zone (3) haemorrthage a the whale zme, and (4}
\oas s, hacmacchage af b th the foctal and the permanent zine

N\ ¢r fe sells are defined cither ss swallen cells with hght fragmented e3toplasm
an pale «v cntively mdistinct auclet often eymhined with destruction of the cett
m wbrane or ay <hrunhen cells with acidophillc evtoplasm and pyhaosts af the
mide (fig 45 Because of the hading of single teerotic cells 1 all ca es ncluding
the mallest Ullh n @fants we have demanded more than 21 per cent of ne ratse

115 an every field studied with 2 r gmificaticn of X 400 1o call 2 regron necrohic
The ner 3 was gradid as follows (1) No necross {2) pecvosns i the reatral
part 11+ cntral ucerasts camhin 1 with facal peripheral necrotic parts and (4}
mas we conflsent neuritic parts I the whle Joetal 2one

The 5 unll b clear spits which were fuund scatlered in (he fuetal corlex both
wtra an} cxtracelularh ace described as vacuales (Fig 5) We have chosen o
twh the acuslat n with 2 maambeation ¢f X 100 In order ta quanhitnle this
finting thrie degree have Been set up (1) “o vacvoles (M vacaoles located
entrally ond (3¢ acnoles dn the wh le foetal zone

The gr wib of the permanent o rlex 33 seen ax cords of small peemanent corlical
cclts straching mt e fo tal cortex whi b s consideser as cell pr W( ration of
the y rmanest rone The width  f bnth cortics} zones was measured at 2 magaife

atin §¥ 31antls nlieated Bs percentage of the folal o

ortex, The adrenal weight
5 Eno»oa per cent of the tnta) Tody wewht. adrenal w elg!

RESULTS
fhe rosults of the exanunation are shown m Table ¢

By the mtcroscops exammation of the wnatulion of the fostal cortex
we naover found sids of snflammaltory processes yn the {orm of jafd
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tration with granulocyles lymphacvtes or macrophages and no depo~
sits of fibrmn

According to the above mentioned critena of haemorrhage this was
nearly always found 1n the central parl of the foetal corfux Among
stillbarn infnts in the second trimesler this smallest degree of haemor
rhage donunated Hnemorrhage hoth centrally and peripherally i the
foctal zone wrs found m neark half of the stillborn infants wn the
last trimester n mfants who died after delvery lhis seemed to be
predominiting Haemorrhage was seen during the whole procuss of
myolubion and was humiled to the foctal zone VMassive hacmorrhage m
both the foelal and the permanent zone was only found in one case

TABLE 2
The Vorphol: Etements in the Invol: of the Foetal {drenal Corlex
Stillborn infants Live horn mfants
Age Foetal weehs Days Months
16-20 9640 01 24 58 914 B3 31
No haemorrhage (1) 1 o 3 6 2 [ 0 o
Haemorrhage 1n the cen 4 4 1B 1 1 1 0 [
tral part of the foetal
zone (2) s
Haemorrhage in the swhole 2 6 u 8 4 5 7
foetal zone (3) . .
Massine haemorrhage (1) 0 [ 1 o 0 0
0 ¢
No necrosis (1) 5 4 u 71 [
5 3 1 0 [
Necrosis m  the central 1 0
part of the foetal zone
@) 0
3 0
Necrosis wmn the whole 1 5 9 11 3
foetal zone (3) .
1 2 1 ” 3 7
Massive necrosis (4) o
5 12 12 3 6 8
No vacuoles (1) 1 . : 0 ;
Centrally lacated yacuoles 3 3 4 3
™ o 1 0

Vacuoles n the whole 38
foctal zone (3)

i sttt
Necrosis of the foetnl cortex was enly seen to adshgh’l”dll.‘;;';“ccm e
born infants In the majority of mfants who die m.‘cu T e et
necrosis was found and all wfanls who Inned 1mor“cc}\s e el
showed necrosts This mereased with me and ]\:}r: e ke
the foetal corlex was massnely necrolic and the e lssoe
:\L;gr one month the foctal cortex consisted muniv ofct:nll:;cc ¢ onlhs
with single neerotic cortical cells In wnfanis who wer
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TABLE 3

Adrenal Weight
the Two Cortical Zones and the Relatwe
The Width of fhe n Relakion to Age

Stillborn infants Live born infants onth
Foetal weehs Days onths 2
16-25 26-40 01 sy 58 914 9-3 3-
m < < 3 5 5
T 8§ & & & & & i
g% o8 o5 s E v el oriotog
Sorg otz id : 2 : 2
wmmper 23 2 E £F EE SE RE 2P OSog
ut of the 7§:§?EEE§E§§§§§§
< & % & B T B 14
wenes 5§ %5 TE BE PR oE2 PR OEZ
8 15 84 186 82 18 79 7N 75 2 58 42 37 63 13 87
ht
?:r‘ient‘:f 036 0% 029 029 021 021 018 009
»ndy meght

0ld the foetal cortex was only a narron run befween the permanent
cortex and the medulla and had not totally disappeared even at the age
of one year

In the foetal zone m some of the stillborn infants we found both
ceniral and peripheral vacuoles From delnery up to fne days of age
the vacuoles were mainly located peripherally and later on the few to
be found were located centrally exclusively Lipid stuning of adrenals
{rom 1ht neonatal period showed a distinet ipid accumulabion corre
sponding 1o the vacuoles The staimng ntensity did not seem to vary
with the different methods employed

Cell proliferation of the permanent corlex was not found m stillborn
wnfants 2t & gestation age less than 25 weeks After harth growth was
seen to 1ncrease concurrently with the imvolution of the foetal corlex
Al mid term the foetal zone constituted 85 per cent of the total cortex
At bieth it was 81 and 82 per cent for the stllborn awdt hne born
miants respectively Two weeks later the foctal zone was 8 per cent
3 0 T2 TouVns Tater it was onlv 13 per cent nd was seen as a narrow
nm

The relaltve adrenal weight was slowly decreasing before delsvery
but very rapidly afler In the period from the 16th to 25th weeh of
foctal hife the ndrenals constituted 036 per cent of the total body

weight al birth approximately 03 per cent and ong
009 per cent (Table 3) ¢ year alter oy

DISCUSSION
“The results of the present studv are m accordance
with the
Uohla {1949) and Erholm & Ntemuinevg {1950) showing lha‘:"l]llxl;grse:):
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tive adrenal weight as greatest n shilborn mnfants at a gestational age
olflless than 25 weeks At this ume the adrenals 1 our malenal co;l
stituted 1bout 0 4 per cent of the total bodv werght while at harth they
Z?f?i?::ézdh::’\m“ 0 3 per cent Tahha (1951) showed that there was no
seen the relative adrenal weight of premature and malure

nfants This point could not be exammed here as the prematore mfants
dommaled m our mater1al

In the Iitterndure there 1s some disa reement as regards the question
whether haemotrh ige or only hypertenna is oceurring during the mo
fution of the foetal zone which 1s so richly supplied with smusoidal
eapillartes In highit microscopie studies of an autopsy malerial the
capillary endolhelnnn ¢in not he exammed Eleclron mcrostopi
studies of rat and hum n adrenals have shown howeser that the endo
thelium of fhe smusord il capidlses 1s apparentls mncomplele {Ross
1962 use 1967) and fhnt cytoplrsmatic fragments ean be seen wa the
sinusard d ¢pularies duning the mvolution {(Hatakeyama 1966) Based
on the errterta used m this work the haemorrhage in the foet 1 zone
1s an obhugatory and charactenistic element 10 the molubion Tis
haemorrhage starts centrally s the foelal zone already m utero, while
at Iarth 3 meludes the whole zone We saw such haemotrhage 1 21
the adrenals studied A massive haemorthise Doih 1n the foetnl and the
permanent zone wis only sten in one case In contrast 1o the snpposed
physiolosinl haemorrlinge n the foetal zone haemorrhage n the pet
manent zone should be considered 1 pathological fmndin,, possidly
corresponding to iindings m the chinteal syndrome of adrenal haemet
rhage 1 the newhorn described by Cold.teher & Gordon (1932) Mamy
authars (Ellot & Armour 1911 Gold 1eher 1944 AMorison 1963 Nhom
1965) doubl that the hyperaemin of haemorrhage himted to {he focfal
zone 1s a pathological phenomenon but dn not siolomeally distingmsh
sharply hetween this consiantly appeariny physiologieal haemorthn?
and the pathological one

The occurrenc of necross m
ally charactenstic and obligatory element n the s olution The nev
rosts begins at the same time as the hacmorrhage It my start P'l"
natally and s pronounced shortly after urth This sequence of c\}c'n s
15 1 accordance with the obsert vtons by bennrer (1940) and b o]l:
{1965) and should be reqarded as the pormal course of the m‘croi[lb ”
infants aged one year we found e foelal sone shruohen and '(11;‘106)
completely replactd by connecine bissue Tawns& Pappenheimer oy
have shown that the necrotic remnants hsve nat disappersed ¢B
until after the thard year

In this material vacuo
foetal corfex were found i some 0!
Inrth iacuoles were found wrdespread 1 {he whole foet llbcrt:lf‘“; :l“e:
lar.e part of the infants who died wilhip fne dass afler Icrosxs au
fewer or no svacuoles wert found at the same fime as

{hie facial zone 15 shov 0 to he an eqi

les Joeated centelly and peripherally mfl:;:
) the stilfborn mfanis Just 2
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1aemorrhage bec ime more marhed Thas lpud accumuingron m the foelat
cortex 15 perhaps Yhe first sisn of involution ad mav be considered as
art expression of the ierrupted hormonal connection with the pla
centa In contrast fo the present findings Dhom (1863) has Tound
numerous—mainly centrally 1oeated—hpid vacuoles thronshout the
foet 1 hic and he calls this central region 1 zoe of lymd deqeneration

\te found no cases of inflammaiory changes w1 conneriton with the
physiolagteal process of involution

On the bass of the litter tture and our own examinalion W seems
Jushbaable to characternize the miolubion as 2 hremarrhagie necrosis
without nflammatory reaction starbing before Inrlh but chicthy set
tng w wathin the first two weehs of exir ujerine ufe

1t was shown by Nerup et al {1969) that hoib the forlal and the
gecmancrd zones of the adrenal corlex confun antigcns t,unst whieh
anit adrennf humoral and cellular hy persensitivity can be demonstrated
m the 1dwopathic Lype of Addions discase This hind ol anli adrena}
ymmumty 18 seen only w thus condibion The demonstrted haomerr
thaziw non wnflammatery necrosiy of the foet1l zone with followmng
yesorplion might expose the immunological apparatus of 1he mdnidaal
1o 4 sudden masstie anttgen shimulation at a me when mmunotogieat
{olerance ¢ n he wduced 1 man {{ohen et o 1983 Halclunson ef af
1967 Joncs 1968) This hypothetical (nhanced lolerance may ex
plam why anl adrenal aufo immunity 1s 2 very rare phenomenon

SUMMARY

A istological study of 100 adrena) glands was ¢ rried oul 1 order to
clucdate lhe wxolution of the foctal adrenal cortex tts Telation fo the
time of birth \nd the components of the process i
Necrosis and haumorrhage ire considered ag obligatory clements 1
\be involution of the foetal zobe Necrosis seems o begin centrall
around the ime of birth After a few days the vhole zane 18 mn{uded‘
In the samc puniod the local errenlation nereases and haemorrh u
ppear flaemorrhage of the permanent cortical zone was seen 1n :T
one ease 1N our series and must be considered as a pathological fm(;)n N
The saenalation of the foulnl corbieal cells which was shown t e
uready an ulero nercased i mtensify around (he time of b t‘:(;‘s‘
disappenred complelely 1o the conrse of fng days This l“b; iy
presents the first sign of snsolution The foctal zone ¥a; Pé;) ki
ler bicth and coneurrenthy the refalne werht of ihg“ d3 s
ereases showany, that the mecraiie producis .m; resarbed Xt rinﬂl e
time the pormanent corlex proliferytes and at 3 to 12 e e
brr{h it cnmxrm\c's nearly the whole adrenal cortex menths after
0 Sign of
oy g mflammalion m connection with (he mvolitlion has been

Eimalls 1t ss diseussed of the msolation of the foelal cortex wh )
whieh
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can be regarded as o haemorrhagic non mflammatory 1 ecrosis m h
induce a state of enhanced smmunological talerance to adrenal tls:ue
anbigels  explamning why n auto immumne reaction aganst adrenal
tisse 1s such a rare phenomenon
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THE CYTOTROPHOBLASTIC CELL
OLUMNS AND ThE CELL ISLANDS OF THE NORMAL
HUMAN PLACENTA

Elcctron Mieroscopie Study with Parlicutar Reference
{o the hature of the Intereelinlar Material

A Light and

8y
NARVE Mog
Recerved 3169

In the normal fuman placenia columns of cytotrophoblastic cells
mostly eovered by syncytum eatend from the termmal porlion of
some of the ulll They eiher end free or are altached Yo Yhe bigat
plale fornung the so called anchornn, vith The eotomns are satd to he
present mawmh in carly months of prepnancy but remnants of evlo
tropheblasthie cells of anchorm, «illi persist untit lerm 3

The cell 1slinds are rounded isolated collections of cells parlly
corered by the syneviium Occasionally fibrous vills are seen withm
the 1sfands The cell yslinds are found throughout the placenta from
earfv stages of pregnancy until term (3) Thar origin has been much
discussed

The eclls of the columns and partienlans those of e cell 1stands
e separated by an intercelinlar matenal wiuch has been desi,nated
ibrinosd {4 11 12 1% 44} but s nature has not been clearly estab
ushed Grosser (13) and Wesloclt & Bennell (41) re.arded « as a
seretion product of the trophoblastic eclls admuxed waith fibrn of
malernal ongin whereas Boc (2} mruntamed that it was transformed
foctal tissue

Depostts which by bt rucroscopv have 2 similar appearance are
seen on the svnevhum of 1l and chorionie plate and on the surface
of the basal plite towards the wntenllons space (Rohr g stra) as well
In prcvious pagers (ns malersal was shown o be of thynmbo.en
onipin {21 22 27) Yurlhermore deposits are found between lh\ .
dnxdutl edlls of the eytotrophoblastic shell and m the 1unchon:|le .
between the trophoblast and deeidua (Matalnich s layer) The ‘:?;ﬁ

Rt quests for reprints shoul 1 be addressed to Narve Mot Ulte:

m nt {0l telries an) ( rnerolags Josefines i Hosputal Depart
gt 30 Osl
Th wib v s Qeeply fndebled 1o F Boe MD tor X:v‘;l:liuhh help

6 cTieam W 3
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cellular material of the cytotrophoblastic shell was found to b com
posed of ecllular debris fibrin and granular masses gssumed o re
present 4 mixture of plasma protemns aged fibrin and a seeretory
product of the cytotrophoblastic cells (21 22) Natabuch's laver con
sisted of ccll debris fibrin and granular masses probably represenling
precipifated fibrinogen or aged fibrin (21 22) Thus the deposits
n the pheenta studied so far seem 1o be of different ongin dependent
on localization and cellular relationship

The present study concerns the nature of the nterec]lulsr deposils
of the cvtotrophoblastic cell columns and that of the cell ss)ands which
have been mvestigated by Ii.ht and electron mucroscopy The deposits
mn be derned from the maternal blood or alternatively they r
present secretory products of the placental cells Therefore morpho-
logienl signs of secretors activily in the cells of the columns and 1slands
will be of particular inferest Further evidence will be presented wiich
may throw light on the ongin of the cell 1siwnds Tt wil be shown tha
the ceff 1sfands in the smmature sfages are deseloped from the evlo-
trophoblastic cell columns and remam attached to those The deseribed
ceil 1stands 1n the mature placenta may possibly be cross sections of
the placental sepla

VMATERIAL AND METHODS

Ty hght m 0’
ealths women 3 1o

Thitty three mature and 26 lmmalmem ntas m‘:r:hysw“’ 3
only The immature placentas were obtained fre o
24 \’wcks preghant (x]x’wnslrual age) and removed b‘p“ c‘ur:\lagf or minor cagsares
t: The wire P o f re
Sl‘fnl;:l’e mature and 3 immature placentas of 10 13 and 74 weeks gestation ¥
d bnth fight apd electron microscopy re
“ZZ;;;Em?;rwfc‘;y glmmema:m after delivery or aperation lhzsphcl:::: e
¢ently rinsed m 09 per cent NaCl solution and cot i thin shcul “:;d o In
taken from the ceptral and the peripheral parts of the plzcenna; e odded it
Puffered {ormaline Zeukers or Helly s solution dehydrated ai

paraffin The following stams were used

1) Haematoxslin azo phlotine (HPY

((2) Iendrums Martws searlet blue method (MSB) (‘:g)d ®TA

(3) Vallory 5 phosphotungstic and haematoxsiin methor ot
mm

Sevial sectioming was yerformed of tis ue hlocks from 5 ‘nature and 5

placeatas

Fugs 1-3 e
Cvt trophoplasts cell colmmn comim; u‘;;,:«;:?‘; g
The cell column Is partly ¢ vered by the s neviium (‘?;;;v\; JRis
distant from the villas appear vacuotsted & s WD X
a2 Pl ta at 17 weehs Migher magnifieation of Mg ™3 fistinet nuele Yos.
T s et newclated The nuelet are Tar ¢ and hase
Priantic pucler are secn B ¥ wou::h ot g M
1 cclumn a
e e hlos (14) T glycogen sreas Tnrerecilar e (8
u
é::ll a:ro“; 1ndycate Jateral part of cells X &

Fig 1 Placenta at 17 neeks
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Efectron microscopy Tissue blacks from the hasal middle and upper parts of
the placenta were removed mmediately after delivers or operation and fixed for
1%-2 hours 1n chnlled 1s0tonic 1% per cent glutaraldehyde 1n M/0 phosphate huffer
(pH 74) postfixed for 1% hour 1n 1 per ent rsatonic osmie fetrovide (5) nd
embedded 1n Epon 812 One micron thick sections were cut on a Huxles ultramicro
tome {Cambndge Inst Co ) and stained with 02 per cent teluidine blue for orienta
tion by hoht micrascope Surtable areas werc sclected and ultrathin sections stained
with nranyl acetate and lead citeate (32) The preparations were examined 1 a
Ze1ss EM-9 electron mieroscope

RESULTS
Cell Columns

In the ymmature placenta the eytotrophoblastic cell columns (Fig 1)
were composed of oval to polygonal cells of maderate size (8-12 m
crons) often with a4 laroe nueleus and a distinet nucleolus (Fig 2)
Near the stroma of the villus the cells were closely packed with few
vacuoles i the cytoplasm With nereasin, distance from lhe stroma
of the villus mereasing number of cytoplasmie vacuoles were st
\Fig 1) Many of these cells appeared emply but shrunhen eclls with
pyknotic nucla were also encountered In this loction the ntercells
Jar space was larger wnd often fillcd with 10 eosmophilic granular 1o
hyaline matertal Wuh MSB it tamed Plue and with the PTAH
method brownish red

In general the cell columns were covered by A layer of synevium
In some arcas the synesbium was mterrupted leaving the ntercefiufar
space apparently m direct communication with the ntervillous Sp’;‘t‘l;

Ultrastrueturally (Figs 3 and 4) the cyloplasm of the ¢y totrop! §
blastie cclls contmned moderate amounts of ranutar endoplasm
reticulum  frec rihosomes nnd mitochondria of termcdiate s12¢ N

A well developed Golgi complex (T'igs  and 4 nscrd) l::“‘,“‘_‘“
located 1n the juxtanucleir zone Was found 1 many of the ce

e

Tigs +6 .
1 sspect of
Fig 4 Placenta at 13 weels Cell column !atera
v Tubits Colet complex (C) mitochondria (M)N 30:\'15 s.'lp)::’
(arrosws) and large vacnole VA Nuclous (T) :( ]?xl:\rﬁmns ar
(D) connecting neighbouring cells at 1eft TiE
% 17500 —
g+ (Insert) Placenta at 13 wichs (el column Colas mmﬂ:;‘;vx nines
9 ' (arrows) contalmng material [ modurale sletiolt LIS, o paining
seucles contaiming same materials Smooth surrnc[f snhﬂsﬂmn e
Temse matenal are seen adzacent to oig comples Tres
X 31000 el
Fig 6 Placenta at 13 weehs Cell colamn e on af <l ¥ ne
4 apical cell membrane 16 cb
}?lrfgng:l!:ear:p;:cn in the cytoplasm \rro\\s““;;;:l::;;c s
E granular endoplasmie reticulum 1 m\e\;;khr e with eranules '"I(‘(‘;
ks Cell column Intercellul R gn pee
Fuot "“3“'22‘,‘“‘22(',3,;‘;“:51 Gebris Glytogen bl e ﬁ"";”;’“‘gf’mt 1o
:rn;ular masses (GR) are also seen C evtotropl

the cell The 231833
gen like granules
ght De mnsomes
e not sk

33 fog drreed
ib somes an
yoles.
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Golgi complex consisled of the nsual arrys of closely piched smoath
membrmes forming flattened cisternae with saccular dilatations (1
4 sert) Usually the Golgt complex contamed 1 homogeneous granu
Iar materal of low or moderate clectron density Vacuoles contamin,
a similr materal were found m the newhbourhood of the Golg com
plex (Fig 1 inserl) Further m the area of the Golgt complexy there
were smooth surfaced sacs which had an wrregular shape and con
tuned material of lower densitv than that 1n the vacusles deserihed
above (Figs 4 and 4 insert)

Near the cell border (Fi, 5) many »acuoles contamed ~ granular
materal wath fhe same elctron density as that of the ntercellular
space

In manv c3iotrophoblastic cells therc was a great abundanee of
granules (150-400 &) smy,le or arranged m roselles (Frgs 3 and 4)
probably represcnting giveooen (31) Occasionally the granules ocen
pied the entire evioplasm except for the peripheral parts In the regons
rich i granules  emply <ncuoles were 1 frequent finding {Figs 3
and 4) some were hmited by a thin single unit membrane others
vere not

The apical cell membrine was irregufarly folded and formed nucro
villus hke projections into wfercellplar lakes  these ltkes were
Iimuited by hbouring cylotrophoblastic cells (Fi, 8) The lateral
cell membrane formed manly an ¢ven smooth outhne of the eull wd
showcd scaltered desmosomes (Fios 3 and 4) bul complele junctional
complexes (10) were not scen The lateral terceflular spaces 3““:“:
widih of approximatels 200 A and appeared lo communicate Wi
wtercellular  lakes
l-"Ie‘he mtereellular lales  contamed 1 finely ranular matertl :;1!
medium electron density palchify distributed usually close to 1:1:‘:“‘
membranes (Fig 3) Frcquently the matersal was seen i lT:enu -
mtercelular space s well (Fi, 4) The amount of this m'\"c’S e
creased with advancing distance from the stroma of the vl

Figs 1-11
land
Fig 7 Placenta at 13 weeks Isolated cell is!
v tinuity wath the central ceil masses shown m Tig 8 Arrows l
it s <1 ferable
Fig & Plie:xta at 13 weeks Cell columns Origmating l;ram ‘\lullllll (‘\“) im;s
amounts of tercellular matenial most distant from ey povepes 568
Placeuta at 17 weehs Cell 1sland The cells (15-38 mlcl;!: Dol devele ped
oles mamly located yoripherally Intercellular mass
tarrows) MSB X 1200
Fig 10 Placenta at 14 weehs Cell island with el
At penphery  fibrillary material sl;lme S .
Fibrous willi (V) at ujper left PTAH X et ctl rom » e
Fig 1f Placents at 14 weeks Probiferating ¢ totrcphoblastie celle (00 L% ity
@ wiltus (V) Considerahle inferccliular material Mo

HP X 200

showed ¢ 8

Ser1al se tions s il

Fig 8

material
1t descloped ml"“““lﬁ:; ek

Q blush }lach {epy
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ultrastructural appearance of fhe graaular matenal was simlar to lhat
withun the eyloplasmie vacuoles located near the cell border (Fig 5}
to that wilhin the vacnoles found adjacent to the Golg: complex sad
to the content of the Golg complex Nself (Frz 4 ansert) The mter
celfular srmufir mtenal wac offen miced with clusiers of giveogen
hike granules and cellular debrs (F1g 6) Iibnin was not observed

In the maturc placenta the cell eolumns were not present remnants
of cytotrophablastic cell collections were scen only near the basal plate
none of thesc cells were «wulahle for eleciron microscopy

Cell Islands

Immalure placentas Durin, the sindy of smgle sechions by hight
microscops  tupieal cell 1slwnds were seen as more or less roundud
1solated collections of cells {(Fiz 7} Sometimes vilh with 3 Dibrous
appearance were found within the islands (Figs 7 and 10) The cells
showed hustological stmilanbies to eclls of those parts of the off
columus which wire awav from the sirema of the villus as m th
latter cells the eyfoplasm of the 1sland cells often appearid vacuolated
(Fig 8) However they were mosth Jarger (15-30 murons) thn the
column cells and the shape showed greater vanation Shrunhen cells
with fra,mented cell membranes and pyvknotic nucler were aiso sen

The cells nere separated by an intercefinfar matenal winch icreased
n amount with advancing gestational age In the light mieroseope fs
material appeared as finely granular or nearly hyaline masses t?;;
tamimne, small vacuoles (14 9% In the peripheral areas of the i
near the mtervilious space the intercedlmlar material had 1 mofe

CH
nhllr’:r:}]:e }?\'I;Tlrﬁ:]:ﬂer the mntercellular material usuaily slmnvd‘bh‘s‘r
with the MSB method Laler 1n prednancy the matersal p'lrhc‘\:i\arm
mn the periphieral 1eions stuned rcd s fibrin Occasionally 21 1l

gs 12-16

Tasiot
Feg 17 Placenta st 12 weels Cell whand Woll desiloped granpfar en boTas

s
Tasm N pucleus Arow
nd empty ares o the “icpl T
:;:iecr‘:glrl?l:l(f:p:cc -\el low r part synevilal cell at the xurlhu'w:ia:"m‘ .
Fig 13 Placenta at 12 weehs Cell 15t nd Clusters of small \;;u?a:m T
’ material of moderate density {arr ws) Ceanulr :nl ht S o0
are seen Note fine filaments Nuclew (V) nllum c:hrt:um“ o e tran
ts Celbsstand Large acuole Wil e ad free
ot E;::e::s::slé(“x‘\z)e ‘At lower left gran ilar end plasmite feh ulw
ribosomes N nucleus X 189009 ¢ crtatroph Tt e
Fig 1o Tlacenta ay 32 weeks (ellosland S s sevtum ey rane P
1 ular deposit mostly focated near 1t trophel lasttc :e‘ e g <l
16 Tlacenta at 17 weehs Cell asland Intercctular ;":n":mer«i T e
Fa dcgru granular masses and fibels 1 ugesh e f Dbl
lastic cell (G) to the nght /180K
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Ws apparent throughoul 1he masses With the PTAH method miost of
the micreellular materal stamed browmsh red in the peoiphery (he
fibritlary component took the blush black colonr characlertslic of
fibrin (Fig 10) Occastonalls tr ices of blmsh black materml were seun
m the imnferior of the wlands (Fig 10)

In longitudmal or shghtly obhque scctions of cell columns the cells
most distant from the villus were stolo,ically sumilar te eells of 1so
lated siands (Fig 11) In an mtermediars zone betweun the typieat
column cells s described bove and the typreal asland cells the cells
formed tightly pached cluslers In areas mast distant from the slrama
of the villus the cells were separated by mtercellular matersn the
maunt of which seemed lo merense with advancing distance §rom the
strom= of the villus

In serrnl sections the pparently 1solated cell slands (Fig 7) were
seen to origmate from the distal end of cell columns as pratrudiag cell
collections (Fig, 8) which howeser had a structure thal was distinetly
different from that of the cell columns The desionation eell island may
still be used as a desenipiinve ferm

Llectron microgriphs of the cells of the 1slands revealed thal ther
structure differed from that of the cells of the columns especaally from
those near the stromn of the vilfus The endaplasmie reticutum of the
1sland cells was more promuncnt (Fig 12) and often formed dilated
cisternte 1 ree rihosames were more numcrous The Golgt compler vas
more extensiely developed and more numerous m each cell Vesichs
(F1g, 13) sumilar to those found 1n the cells of the colymns were seen in
the ner hibourhood of the Golgt complex Oceastonalhy large lipid gran
ules were encountered The 1sland cells contamed large empty ‘"“‘l‘)‘[
oles (Fig 12) lihe those of the column rells Townards the perphery o
the vacuoles small clusters of fine granules were frequently sef

(Tig 14)

Figs 1721 @ of taeerlle
1, mounts o
Fig17 Flacenta at term Cell ssland with conside a ke
O natenial 1ibreus wiilus melosed nt the masses ;srr;\;) 117““: -
term Same cell collection as seen in Fi (o
o1 532;5?’& :;:e estte blocl. Apparentls tipical placental se tum In co

te {B) HP ~ 7%
Bt e o ellular matenal mostly locaic

9 Placenta at torn Cell island  Intersy P ke
fa 1 su]’:rf\clnl parts staincd red {apmars dn\“l; ;:;c ) Tibrous ¥
at periphees and at mside of island MSB ”
Fip °6  Placenis at term Cell $stand Well dL\clu‘c;! Pt:ng}"“
abundant vacuoles 1n relation to the Gold ll‘o o ot par
plasmuc reticulum N nueleus M munch‘;)‘;\dra
space with dense granular masses < 160! Jond. Intssellalar 8
37 Placenta at term From superfictal part of eddt o o eamilar maves
Fa tLrlZl containing fibrin (arrows) and uncharacterfstic

X 18000

1
wy)

n
cemplex (arsons) 2

l-p‘ granular enio
t nterceltulsr
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In the cells of the 1slands differentiation between lateral and aprcal
cell membrancs was more difficull s the mtercellular spaces were
wider Oceasionally a narrow nfercellular space and desmosomes were
flf:;:xmsrn:ex:;sr to what was observed mn the lateral speets of lhe ¢o

My of the cells particularly 1n the central part of the islands
shawed swigns of domage {hewr ¢ytoplasm was erther darker or lighter
thin usual their organelles were partly lost and the periphesal eel)
membrane was fragmented

The mtercelluiar space was partly filled with cellular debns and a
finelv granular materaal Che latter wns mainly scen close to the pens
pheral cell membrane and had an appearance stmlar to the conlent of
the vesieles of the Golm complex In the space helween the peniphural
syncyfium and the underlym, 1slaind cells the jranulir masses were
mamly located close to the cell membrane of the eytotrophoblaste
cells anad only traces were seen adjacent fo the synevhum (N 1)

In the penipheral part of the islands fibrils arranged in thick hundles
with 2 higher clectron density than the granular matenal were fre
quently found (Fig 16) The fibrls were sumlar to fibrin although
characleristic cross striation was not with cerlainty encountered i e
scctions vvalible Collagen or imylod fibrils were not found

Vature placentas By hght meroscopy the cells of the 1slands (1.
17) 1 the mature placentas were stmlar 1n shape and stze to those of
the immature ones but vacuolization was tess developed The nuclet
were oval shaped relatvely large moderately dense and had a distinct
nucleolus In the central parts of the islands smaller cells with small
rounded dark nucler werce often encountered Cells showing defimte
signs of damage were more rarely seen 1n the mature than m the
mAature placenins the ones which did ocuir were most frequentls
located 1n ihe central parts of the i1slands

The cells were mostly separated by an interccular material with a
struetural appearance and stamme reactions smufr fo those of the
cell 1slands of the immature placentis (Fig 19) Lar.e apparentfy
emply mtercellular spaces ( pseudoeysts (10)) were often suen
within the slands

In serial secfions the seeminyly 1solated ccdl 1slwmds appeared to be
cross sechions of placental septa (Fis 17 wd 18) i

Tlectron microscops of the cells (T, 20) revenled a well dc\cloru"
granular endoplasmic retienlum and frec ribosomes The m““dmntl';lr
were of mtermediate size Glscogen hhe granufes were nfrequent lh|c
Golgt complex was prominent and vesicles sumlar to thost mhnnd
1sland cells of the immature placentas were seet1n the nmhhln;ur
of Lhe Golma complex The peripheraf cell membrine nas fo)ded s of

The cells were mos! frequently separated by 3 Arving amoun! o
intercellular materal mostly composed of ccllular debers and g::',’gml
masses In the periphers of the isind there werein addition acc
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trsation showing a periods
undles af electron dense hmis ~ath cross o
sty of approximateir 230 & indicatnve of hbnn (Dg 21} Uncharacter
stic filamentous structures were also scen whereas collagen fibres ot
imylerd filaments were not ohsessed

DISGUSRION

The orizm of the cell wlands of the normal human placenta has been
much disputed a foetal (2 8 28 8¢ 43 M} and 2 maternal (11 15
17 19 42} otimn of these structures have been suggested

Tins study sndicates that cell sslands in the immature plicenla mas
e developed from the eytolrophoblastic ccll columns This 15 10 ac
cordanee with Boe (2) who heheved that the islands 1 the 1mm dnre
pliecnta were formed by locahized proliferations of the cviolropho~
Bastic cell columns The stsonuest sroument for a maternal ongim 18
the demonstration by Rlinger & I udng (19) thal the 15land cells m the
placentas from two immatuse male embryos showed femie sex
chromntm pattern However 1 have heen unable 1o confirm these ro
sults (2») Both by lLght -nd electron microscopy the cells of the
wlands showed a great resemblance to the cytotrophoblashic cell co
fumns Further thev appear sumtar te cells of the ¢ytotrophoblastic
shell described by others (3 7 21 28 44) The dicidnn) eells {6 7 21
45) have a dufferent appearance

Sawme differences however do exist hetween the alls of the wslands
and thosc of the cell eslumns notably the more abundant Golgr com
plex and endoplasmic reticulunt of the former This may ndiete a
arfferenttation of the 1sland cells toward a more highly developed
secretorv achisity On the other hand the cells of the enlumns are
aclnnely proliferating cells (7 29 28 20 46) whereas no signs of
mulatic -)ch\ln) -\r'.i found in Lhe cells of the 1slinds (24} T ;{h ad
vanein., gestational age the proli g

3 pein uﬁls ationa) 2 prolierating activity of the cytotropho

In the matitre placenta the cells of the islands

struclure sinplar to that of the celis m the cvtnlru‘;‘;lilxal.\gxtcoxz:]sm:
tumns and cold 1sends m the immature placenta Serial sections s;Im\c d
that the 1slands scemed {o he cross seetions of nlacental septa ;;‘
opimons concerning the origin of the eells comprising the sepla .
dneriing Steeoe (38) and Will m (43) mazested that n?:m d oo
of cylolrophoblistic cclls might fusc to form the septa (;ucompuscd
dusershed septa as enliteds eomposed of decdual cells (15 lgm:rii h::’\e
This conclusion kas partly been based on sex chromatin st i
Howerer similar studies {20 35) hase piven results 1 I:; Studies (19)
composison of the eNs This view 1s also maint nog g o dual
Hrmulion (31 who found mans of the cells with :t‘)r;o{;:)tffnlbf}cn{}%d .
the extotrophoblshie eells The present study canngt deerde \\‘;::lshzf
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the 1stand cells 1n the mat
or[}-lclprc?enl a speaial dc\e‘lgxcmlx):xctc:t!i;;Z:cfnjcz;?t:]ﬂwmasm orem
I
fare 1:1“ ;‘lulcturqll) unspecific grinular masses are found wtereell
all locations inveshgaled Two possible y
ntercellular masses may be den e from which lhe
of the el ernved are obvious the consiiuent cells
columns and islands and the
sprce mternal blood m the itervillous
All the &
Golin oo pelleli S:f(;‘:c: ;\;:1:;0;5 w:‘ﬁfs m re\lalmn to a well developed
s of the cyloplasm This strongly sug
£ests a seetetory acthivily becanse a promunent G eepen
allv ohserved i secretory cells (30? an(ll izg s:lél e e
cretory vesicles anse
tl_)l;wyrtshcé)ragllzlan of saccular dilatations from the Gol c)umplc\ (8 A
sdence of the secretory nature of the vesieles 1s the structurat
sumlarity of the content of the vesicles and that of the saceular dilat
tions of the Golgt complex In the pancrcas (29 37) and 1n lc}:lc l.llulA ;
(9) sumlar secretory vesicles condensate into larger zymogen é‘r,anu;‘c?
4 transformifion of this kind was not seen Neither was zymogen
}511:‘(':::1:\1]1;:::?1(0111 It;bﬂ‘f:-\;d n previons studies of placental cells m
21 33 36 41) or rat (18)
qp:::rf‘:;:lll;; (‘1:?\2:: i !;hc mntercellular space showed the same
abper ; as the materal w the diated saccules of the
t1 complex and 1n the vesicles related to the Golg complex and
beneath the cell membrane 1t 1s therefore possible thal sterctory
vesicles are relevsed from the Golgi complex move towards the surface
of the eell and drain their contents mto the intercellular space This 16
wm agreement with Boyd & Hamulfon {3) who found secrelory achild
of the cells of the columns 11 their electron micrographs and interpreted
the mtercellular fibrinoid  as a possible secretory product of the celfs
The granular masses may also partly derive from maternal plasmt
becruse immunoflucrescence studies have shown the presence of fibimin/
fibrimogen and bumn n the snterceliular deposits (22) Fibnn and
fibrinosen which are immunolooically indistinginshable werc more
extensnely deposited than 1lbumin although more fibrn/fibrimo.s
generally was found near the surface of the deposils towards {he yoter
illous space than m the inner parts (22) In the presenl study fibrils
with the nlirastruciural characters of fibnin were found punphesally
m the mtercellulr space of the 1shnds The ebvious sourte of thi
fibrin would be crreulating matermil plasma fibrmowen which s el
precimtated The preferential locahization of fibem and fibnpoan 1
the periphers of the 1slands w1s so confirmed by the MSH nd the
PTAH stumng mcthods However thos methods do not differentint®
belween fibrin and fibnimogen (20) Further aged fibtin m) fake
on the appearance of pranular masses (27}
The mlercellular space also cont uned glyco.en h
@il present i the eviotrophobiashc el columns pear
bise Symlar pranules orenrred Aiso wathun the €3 toplasm cspeenlly 1

e ;,r'lmllt‘S abun
e wiflus
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the cells of the columns It 1s Likely that the mtercellular granules arc
dernved from the intracellular ones The granules are probably irue
glycogen since hislochemical studies have shown small clumps of
PAS positive material that could be digested by diastase both intra
and extracellulary (23} The large vacnoles most frequently encoun
tered 1 lhe cells of the islands in lhe immature placenta contuned
small amountis of granular masses or a few glycogen ke granules but
thar sigmficance 18 unknown

With mereasing distanee from the stroma of the willus cellular
debns was scen 1 the intercellular space of the cell columns and
1slands of the immature placenta This 1s 1n agreement with the Lheory
of Boe (2) that the cells mav transform into the masses

Allhough desmosomes were often encountered espeeinlly mn the
columnar cells Light junchions (10} were never observed Thus it
seems to be no obstacle to lhe transport of flud through the ntercellu
Inr spaces of the cells studied On the other hand tight junctions nre
vanably present in the amniotic epithelium (16) m the \ cells m
seplal cysls they are uncommon (34)

On the hasis of the availabl information one mav try to reconstruct
the following life istory of the cell columns and eell islands  The cell
columns develop from localized prohiferitions of cviotrophoblastic
cells From Uhese columns the cell 1slands develop as masses of non
prohiferating cells increasing in size by apposition of new cells from
the proliferating cells of the columns and Junctional zone As the
eclls mose away from the zone of proliferation ereasing amounls of
mtercellular matcnial appear between the cells This matenal 1s partly
leaking out from the mterstllous
space Fibrinosen which 1s most eastl;

ormed i part from
tached to the septa
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SUMMARY

Studies by bight and cleetron mucroscopy of the normal haman placenta
dicte that the cell sskands in the 1mm ure stages are developed from
the eytolrophoblstie cell cotumns and remain aftached to those The
deseribed cell sslands m the mature plncenta scem to be cross sections
of the placental septa

1he eells of the sslands at all gestational stages and the cells of the
cylotrophoblastic cell columns are found lo possess well developed
Golgi complex and «igns of secreforv activty related fo these structures

The mterceltular materals are camposed of granular masses fibnllar
fibrin glycogen hke granules and cellular debris

The grannlar masses probiably represent a mixture of secrclors pro
ducts of the cclls and matenial dertsed from the maternal blood The
giycogen I ¢ granules probabfy orisinate from the cells
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HISTOLOGICAL AND HISTOCHEMICAL STUDY
OF THL EXTRACELLULAR DEPOSITS IN THE NORMAL
HUMAN PLACENTA

By
NARVE Moz
Recewved 4119

aght clectron microscopre and immunolustochemical studies of the
ormal human placenta showed that the deposits on the syncstum of
he vilh and of the chortomic plate (Langhans laver) as well s the
leposits covering, the basal plate against the mlervillons space (Rohes
Arn) are thromby derived from the maternal blood (13 14 18) The
hrombt are origially platelet thrombi which underso secondary
:han.es including aceumulation of fibrin Gradually the thromM trans
form wio a material suggested to represent aged fibmn (18) In the
present study histological and histochemical methods are appled to
thie normal human placenta for a further characterizabion of the trans
formed thromb: Onpe problem 1s whellier any methods or combnation
of melhods are specilic for aged fibrin Since the depesils have heen
snggested partly to represent amyloid (8) they will also be stucied by
melthods specifie for the demonstration of this material

“aihuch s Imver the deposit between foelal and maternal cellular
clements in the basal plate was assumed ta be A zone of demarention
composed of preaipitated maternal plasma proteins and cellular debris
{13) Whdher this materinl gives reactions similar to that of aged
fibrin nd whether other substances ave smpetiant tornponents will be
nvestizaled One possibility 1s that Mtabuch s lager represents rem
nants of an implaniation hacmatoma If so one would expect 1ron and
NEMo0bin Acrnatives 10 he present

The interecllular depostts of the cell 1slands (he cytotrophoblashe
cell columns and the eviotrophoblastic shell were found to have certan

chiraclenshics 1 common with Mtabuch s layer although seeretion
products of the cells are most hikel

y wdoaxed (15) Thie study tries to
>|huﬂ Turther lizht on (he natusc and genesis of thesc wtercellular
deposits

Ttequests for reprints should be ad iressed ta Aay e M
ment  { Obstetrics and Gynee flogy Josefine 5t 3; Dslgtﬂ
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The mterstilial ground substance. of the decrdua differs n compos:
hion from the deposits i the placenta {9 13, 21 25) Histologseal and
tustochenueal stuning methods will be apphed {o the (Iccnlu: to con
firm previous observabions and to examme whether malersat sunilar
to that of Nitabuch s laver m2y penetraie mmlo the maternal fissue

MATERIAL AND METHODS

Thirty three mature and 28 1 were ed The immature
placentas were ohtaincd by therapettie abortions in women % to 24 weels pregoant
{menstrual age) Fhey had no somatic disorders and the pregnancies were inler
Tupled on psychiatnc indications Immediatelv after delivery or removal the pha
centas were genily rinsed 10 09 per cent Nall Specimens wore tahen from the
central and penipheral parts and fised m buffered formaldehyde solution (20/100)
Some of the specimens werk fryed for 24 hours jn Zenher s flud for PTAN stamiag
Helly s solution for Lendrum s MSB staiming and in Carnov s flmd at 4 € for te
rosmdole reaction Paraffin sections were stamed with

Haematoxyhin azo phloune (HP)
Statning vesctions for fitrin  Lendruros Martes scarlet blue method (VSB)
(10) Tendrum s Masson 44741 metho 1 (44,41) (10) Mallory s phosphotungstic
actd hacmatoxtlin method (PTAH) (12) Heidenhain s azan stain (42m) {27
3 Statmg reactien for Urmptophan (smins acid present m pla ma protens
especaally in fil ronogen and ats denvatnes (20)) Rosindole rea tion (8)
counterstained with nuclear fast red
Stainiog resetion for ghcogen and glicoprotens M Manus perfodic sad
Schuff technque before 1ud after diastase (PAS PAS drastase) (7 19)
Staiming reactions for acid mucopolysaccharides Toluldiae hlne method ¢n
Alrian blue method (7) J
Staming reactions for imsload Modificd Cobgo red method (11) evamune
b polarized light for pusitive birefringence Thioflavine T method (°3) 1">
Staimng reactians for comncctive tissue Van Giesons collagen stun {
Yerhoeff s clastre stun (191 Gotmerts stan oy rebiculin fibres (1)
Staining reaction for ferric iron Turnbull method (17}
Staming 1ea tion for haemoglobn Iy ehnes method (27)

ontrast
tcr were uscd to increase ¢ e for Maorts
F fiim {15 P}

o

e

.

@w o

For photo raphiy green or blue Bl
A I bz Orthomat nucrascope with UG 1 and BG~38 filters w18

cence micrascopy of Thioffavine T stumned sections Agfa I opan bty
was used for the photographs

RESULLTS

The results ar¢ summarized m Tible 1
In most enses the findings were sipular n
pregnaney and n those i hiter sta-es althou,,
ences existed Unless otherwise stafed the followmng dse
to all specimens examined X P starm
All deposits exhubifed 1 red colour with L
The Mplsson 44741 method 15 <nppostd 1o dastingsh hr\\\r[r?rl::::
(red colour) and old (dark blue colout) fibrin (10) Such 2 diffe
hon &id not seem 10 be vald for deposits in the placent -
Fluarescence microscops of unstuncd scetions showed TV
qulofiuorcscence of all deposis

placentas of 8 wechs
h quantitatne hffer
riphion appiies

etk
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TABLE 1
Staning Resulis of Deposits i Different Lacali ations

Intercellutar  Interstitial
Deposits 08 e Jighrsstna  depostts of  grownd
syneyham itebuks eell aslinds  substanee

Immature Mature laver cefl eolumms of Ve

stages stage and shell decrtua
Azau + o + +— —
4741 + B 4 4 — -
PTAH ¥ 4= + - —
MSB + T+~ + — -~
Rosindole &+ Y 4+ + —
PAS + + + + 4
PaS/diastase + + & L h
Tolwdine blue - —_ — - r
Aletan blue — — — _ T

Congo red

birefringence — — —_ - _
Thioflavine T + ES 4 b -
Yan Gieson — - — — —
Veshoeff —_ - — - -
Gom 13 — — - - I
Turpbull — — — . x
Lepehne — — _ - -

4— is u ed when only lumited areas gne a positive stam

Deposits on the Syneytinm (Intervillous Deposits,
Langhans !ayes) and Rolr s Stra

Cenerally the stmning renchons for fibnm differed w (he immature
and the matuse placentt T early stages almost all deposits not com
posed of platelets exhibited a posilive stun throughout (1e red with
MSB red or dark blue with 43/41 bluish black wath PTAH red with
Azan} (Figs 1 and 2)

In the mature placenta recent smalt deposits n
composed of retaned platelets also gave apposm\easthrx‘xrac(lll?xx:’"?‘:a
{112 3) The large mtervillous deposits and the conlnuons Lan, ril:m
layer oflen exluted an extensive positive stamin, reaction mll? ’\IS?}
(Eigs 4 1nd 5) whercas the other stamng reactions for fibrin (44/41(
DTAN Azan) were only oceasionalls posilive throughout the
\fare often 41741 PTAH and lzan gave 1 positine st ond: mQSS\e y
penpheral part corresponding 1o arcas of distrnct Gibrillars strb ‘? o
The eentr il repion on the other hand was mere hyaline and t oo e
gne a negative stun both with 44/41 (blue) PTAH (b S
iF1, §) nd Azan {blae) {browmsh red)

In all placeatas nsestigated Rohr

By the rosindole reaction a h)ucs s{‘;;:xﬁ::\ce) “cxo’;:‘xhw fbnn staw
lln'rl,);x;s',hcml all deposils (g 7) © was ebluned

gise 1 moderate posilive reacly

Judged by the nephine reaction \:; xl‘:l‘u?t]oxlru:n!f{:izn:rc\: l;\)\md ‘:S\‘;se

Q] ue
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acid mucopolysacchandes were nol prescnt TOll"(im%:ﬂ“i;:?‘D‘(Vf)‘ er
calfed negatie metarhrom
oflen gave a grernish colour so st metarhromesn ()
red gave patchy positnne stam of the depy
shg\tzﬁolmgmie irefringence bv polarized hoht Thioflavine T revealed

pronounced {inorescence (s 8 and 17) although lcss fhan
amylosd

Nuabuch s Layer

The stmming reactions for fibrin were positne throughout {Figs 9
and 10) at 211 stages of pregnancy

All other staining reactions were the snme as those of the miervllpus
deponits Langhans layer and Rohrs stria (Table 1)

Argsrophilic fibres were demonstrated i Mtabuch s layer close io
decidu {Fig 18)

Intescelludar Deposuls of the Cell Islands the Cylotrophoblastic
Cell Columns and Shell

All staiming reactions for ibrin were nepative in the deposits of the
cell columns ot the immature placenta except for Azan whieh sonje
tmles showed patches of red stun i the areas adjacent 1o the ipter
villous space

The deposits of the el islands mostly gave a negative Dbrm stammg
reaction carly i gestabion As the bregnancy advanced paiches of
positive stamn were seen particularly m the periphera} parts {Fags 11
12 and 13) NMSB seemed to slve more pronounced positne stamn than
the other methods (F1g 13) PTAH tended to react with material of
fibrous strueture (Fig 11)

The findings were sinilar n the deposits of the cytotrophoblastic

—_—

Fugs 16
Fig 1 Placenta at 3o weeks Fibrons villys surroundej by a deposit
ElvIDg a Posa
tne stain Ly MSB (arcons) Note absense ot i e
e sain by 45D o e Tanghans cells and
Placenta ay 1> weeks Same ay Fig 1 statned with FTAIL
stracture of deposit s more arparent. PTAH 3 200 The fbrillar
Hacents at term Depasit on synestrimn of i statned red
5
T pdmevture of darh blae (apears brsek oot Masson 147 s
ern Large deposit enclosiag fibrous il sapeps
ten e
Tekative stain for £ tin Occassonaly ppsrees sy Tocatea
$iFaee of encloscd vill and eytotrophontasti co Ot Tacated at the
X 0

Fig *
big 3

Fig 4

Tastic cells (arrous) Magan 11741
Fo  1acenta ot term Suhchoronte deposit (Langhans |

slain \ote proliferation of r_\talmphnbl:sh ey o
Fig 6 Hlacenta at teema 1 ang

c cells (g
h

YET) grses & positine
0N
peripheral party with it

o : o) MSB X o
NS laser reveals o Dositise gt
brillary stemetare PTAH x 503‘“ Fredomnantly i
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shedt and w the cell slands Posiive fibnin stun was obtatned near
the tntersllous space md Mtabuchs luyer (Fig 9) . o

The rosmdole reachion % as positive with mercasing mtensity as ;;‘ g
nancy advaneed (Fig 14) Howewr the reaclion was mory funt than
m the deposils on the syncylmm, Rohr s striy and Nitabuch s Inyer X

W 1th the PAS techmgue strongly positine reaction was found hoth
intra and extracellulatly the fndings were most pronounced in the
cell columns (Fiz 15) After diastase (Fig 16) the intraceliutar PAS
positive reachion was abohihed whereas a thffusclv postline renchion
p d throughout the deposits at all stages of pregnaney This
reaction was stronger hert than m the deposits on the syneytium
Rohr s siria and Nitabuch s laner

The stasnmg veactions for ymylovd gave re.ults suwlar to those de
senibed for deposits on the synevtium Rohr g stria and Nitabuch s laser

although fivorescence with thwffavine T was less prominent and
scattered {Fi, 17)

Interstitial Cround Substance of the Decidua

The simmng reactions for fibrin (Fig 10) and the rosindole reachon
~ ere megative whereas PAS showed moderate posihive reaction not
nfluenced by diastase

The presence of actd mucapolysacchandes was indicated by a purple
colour 1 the tolmdine hlue preparations and a posttive stain with
Aletan biue

The (hwflavine T method exlubited & fant fluorescence

Gomon s stmin for reficufar fibres was positive where1s other stun
g methods for connective tissue were negaine

g 7-12
Fig 7 Placenta at term Stem villus surrounded by d
(appears black) RosinLle X 200 ? femomt stamed futense biue
Placenta at 12 weehs. Tibrous willus (3 »
fluore cence Thioflavine 7 5 d00 > 7 *"7oUb8ed by deposit exhibiting
[lacenta st 24 weeks Dasal plate wo

h cytols
uel s Tayer ) wnd dccidus (D) Kot bugh s 1gme pe S Zell (€1 Mata
positive stain In the int )

Juch s layer stamed as fibrin Some
:ft;lcl}ri::n:?;/r:rlxluou?)nlnhuchs Jover Tohrs staer e mlssm:h:xlnl fn2
T bt oyt o (5 Trows o Joge M5B st e
Nitabuch s laver MSB X 500 otly adiacent to
pear ety ke, €l STt R 5 (e bt b ke epe
Fig 1 ::ragln:: o :“‘r\‘;ctts \f:,ll ll:lix;?‘l]"))(zrg‘l,;r dark blue (appesrs black) ma

Fu &

Fig 9

Frg 10

Fug 11
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DISCUSSION

ts on the syneytum (intervitons deposils, Ianghans layer)
:znd[;;g::l:sslrm The,presm\ study shows that depositsin the m\lm'\lgrc
placenta gave positite siawmin,,  yeac tions hoth by hustologiral (MSB
431741 PTAT Azan) (10 12 22) and histochentieal methods {Rosindole
reaction PAS/diastase} (6 19) for the demonstration of fibrin These
findings #re consistint wilh our previets abservations that the deposits
are thrombs (13 18}

The lnrge mtenvillons deposits and Langhins Jager espeenlly found
in Ahe malure placenta frequently gave a positine stan for fibrin m
the superfieial areas adjacent to the ntervillous space whereas the
deeper parls gave a negaltive slainng reaction However i 1 previons
papes (14) 1t was shown that with antihuman fibnn/fibrino,en
1abilled =tk FITG the material gne a positne reaction throughout
te alson the deeper parls Ultrastructurally the deeper paris of the
deposils consisted of gromnlar masses which merged with fibom strands
towards the surface A few more or less preserved platelels were located
n lacunae within the granular masses Therefore the granular masses
were considered to represent a.ed™ Iibrin i unresolved thromin {18)
That aged fibrm often gnes nedatine stan with  speeifte  fibrn
mecthods 1s 1n sgreement with I endrum et al (10) At the surface the
yositive material most hikely represents more recently deposited fibrin
<ince the b 1 going on 5 or
entire pregnancy (18)

tedly during the
The rosindole reachion (6) gavt a positive stain throughout the de
posits This method 15 therefore not swted for distinclion between

recent and aged Bbrin and cnnot be econsidered specific for the
latter form

s Figs 13 18
#ig 13 Plocenta at term Celd ssland Vaterlal
Pracenta AL et ol sstan Mstertal wsaoed as S at the susface and

Fig 5 Dlacents a1 12 megks Celt sstond [nfereelial
vears dark grev) Tosindole X 200 " demos stumed Bue fap
Fig fs Placents at § weehs Coll column Stron
2 PAS
exten and intracllular Carrows) matenal PAS 5 agp TTUOR of doth
Fig 1 Placents at & neeks Same spe men as Fy
g 15 treated with sal
stsiming TS postive ey Vot
Sainiag TAS positive reaction of intescellulze maturial (sreowey  Eiigy
Fig f 1lacenta at lerm Fluoressence of &
cposits around stem vl
and ik e perghery of el {lani () Patehes of Taoreseint entotr
famal e Intercctlular deposit of the sl fsfand Thatery o
Fig 18

Tlacents at term Basal plate wit
ol oy e ! 'nph“r;c ':"‘:"sv argyrophilic fibres surrouading greydual
Gomors s stala X 200

s In foctal part of ba al plale Vvl
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The palchy posiiise reaction with Congo red and the fluoreseunce
with thioflavine T method may suggest the presence of amslod Horn
& Horalel (8) also found that the superficial areas of the deposils gave
a positive stain with Congo red Ultrastructurally however no amylod
fibrils are found within the deposils (16) The Congo red method fre
quently gives false positive reactions and a negative hirefringence when
examimned by polarized hight makes the diagnosts of amyloid doubtfuf
(4) The thioflavine T method was ongmally supposed to he speaific
for amyloid (23), but can also demonstrate fibrin (21) as well as other
substances (2 3 21) The positively staming areas observed mn s
study may thereforc well be due to the presence of fibrin or dervatises
of fibrin

2 Nuabuch s layer 1s not n immediate conlact with the nterssllons
space and 1s therefore not of thrombogenic ori,in Nevertheless the
histological methods for fibrin (MSB 44/41 PTAH Azan) and th
rosmdole reaction were posttive throughout the layer at all slages of
gestation  Immunolustochermeally  fibrin/fibrmogen fluorescence 1S
seen throughout the laver (14) Ultrastructurally Nitabuch s layr
consists mostlv of unchartcteristic granular masses although cell d
brs and fibrin threads are found (13) The ulirastructural granutar
masses mav represent precipitated fibrinogen ased fibrin or both
oriainating from the maternal plasma (13 14) That the entire mm[
Dbuch s laver gave posttive reactrons for fibrmin contrast to the cenlra
areas of the large mntervillous deposits and Langhans layer mw)lsuzr
gest that the ultrastructurally granular masses 1 Nuahuchls :;"xcl
rather represent precipitated fibrinogen than a.ed fibnn Tli“ )
that the layer 15 stamned as fibrin does not speak agmnst this cI;r
thests since Woe & Abildgaard (17} showed that under ':crl':l::f e
cumstances fibrimogen also gives 2 positive reaction with severa

methods used m this study t th
The absence of wron and hacmoglobin does not supporl Jaema
that Nitabuch s layer represents remnants of an implantatront
ma fie
h‘)3 The wntercellular deposits of the cell slands the cylloll;zll{!::’c";m_
cell columns and the cytotrophoblastic shell The cell1s afmcclls ety
trophoblastic cell columns and shell are collections oms secrelors
bounded by the intervillous space further the cells 1[70: fho 10 the
activaty (13 15) The histoloical stunin, re“““"s“‘l’y n gestation
deposils of these structures were usually negalwe ¢ ellatar doposits
With advancing gestational a5 however the l]"lcrcr(‘;,mns perr ke
became positrve to an increasmg extent partieular ‘I '"m Ticreasina a¢
ntervillous space The posiine stan conld be tlufc1 On \S1 tended to
cumulation of fibrinogen partly conerled nlo “lr; ds did this mav
tain the deposit more extensively thm the other melho > for fibrin or
e n that the MSB method 1s a more sensitne method - " hor thn
;?If:-lmc en Another possibulity 15 that MSD stuns substane
o

e Ihcors
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fipmn or Bhnnogen thus n vitro this method 1s shown fo sfmn macro
i as well (17)
g‘%)ll::as!rucl\\m‘(l) ihe miercelinlar deposits were composed of eclt
debmis uncharaeteristic granular masses and fraces of fhwn espeetally
m the penphery near the intervallons space (13 15) Immunohiste
chenuenlly fibrin or hibninegen was found diffusely located throughout
the masses whereas aibumin was more syrregolarky distributed (14) 1t
was conelnded that the interceliutar deposits consist of mnterinl derneid
from the maternal blood and from the colls wn the tissue (13 14 15)
The rasmdole reaction which was positive throughout the interceliu
1ar deposits may reflect the presence of Bibrin or fibrinogen If so the
rosidole reaction 15 more sensiine than the other methods for the
demonstration of fibrm Hibmnoegen or dernatives Howeser the post
tinn rosindole reaction may partiy be dac o the presence of other sul
stances with a heoh content of tryptophan
The intra and extracellular PAS positise matenial diested by da
stase probably Teprescnls glveogen (5)  1ins 15w agreement with the
finding of plycozen hike pranules by electron microscopy (153 After
diastase the sntercetludar deposuts revealed a dffuse PAS posttive reac
tion throughout at alf stages of pregnancy ¢ before the hustologreal
staimng reactions for Hibrn were posine The riachion was stronger
(han 10 i other deposits And may therefore represent colindar seerchion
produets of Rlycoprotem nnture
Amyiod was not found cither with the Congo red methed or uitry
structur dly {151 The flaorescence with tuoflavine T may thercfore
he unsprerfie attributed to fibnn Hnmnogen or othier substances
The thscnce of ron by Turnbull s method 1s cantrary to the findings
by Dempsey & Wasloek 1 (5) who found 4 dense concentration of 1ron in
e mitereciitiar matenal ted with the cytotropheli
On the bisis of present wd prevao s {33 14 1) obsersations one
my condnde that the wnlercellular deposits of the cell slands the
uitotrophobinstic cell eclumns and shelt are partls composed 6f mate
u(ﬂ s protewns espeer sty fibirinogen wath s derivatines parll‘)
\(\\ ‘ cm:w: :‘\|\:\s\ wies of gheoptolem nature probably 1 seetc bion produet

4 Th wtarsifin! ground subsanee of
manner quie didfercit from {that of the de
posits on {he
All stuin,, reactions for fhinn were neptas e foctal sute
Armraphilic Tibres and aetd mucopal
sacel
the deeidna and this Diet 1s an m, ortant featime oure present mn

portant f
iween maternal and foetad clements (13 2;3«{1\;? for dstinguistung

the decidua behaved n 4

SUMMARY
Deposits w the noemnt huma
D placenta from 8§ wee
form were cxamined by staning reactions for hbn:sﬂf“:ét:on “\X;S,;
LR
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and Masson 44/41 methods PTAH Heidopham s azan) the rosindole
reaction for mdole dertvatives periodic nerd Schuff techmaue before
wmd after dinslase staning reactions for acid mucopolsvsacehanides
(tolmdine blue Alerm hlue) amylotd (Congo red Wrefringence thio
flrvine T) econnective tissue (van Gieson s Verhoeff s Gomort s sfams)
won (Turnbull s stain) and haemoglobin (Lepchne s stam)

The deposits on the syneytim {mntervitfous deposits  Lan,hans
laver) Robrs stria and Mitabuch s layer mostly stamed Iike fihrin or
fibrinosen with the hastologial stunmg rcactions for fibrin the rostn
dole reiction and PAS/diastase none of the methods used scemed to
be speeific for aged fibrin The other statning reaclions were negitin
except for thiofiavmme T which scems to be an unspecifie stumng of
fibrin fibrinogen or their dernatives sinee there w1s no other syadence
suggestive of the presence of amylod

The wlercellutar deposits of the cell 1slands the cs totrophohlistic
ccll columns and shell gayve a posittve stun with the histolosien! methods
for fibrin 1n more advanced gestational stiges mostly located lo ares
near fhe inlervillous space mdieatin, the presence of fibrinogen orits
dervatnes The PAS technique showed the presence of glycogen md
a subst ince of glveoprotein nature which may partly represent @ seure
tion product of the cells

Thz nterstinl ground substance of the decidna differed from lilt
deposits on the foetal side as the stuning reactions for mmn'mz
decidun were negatine and those for acid mucopolysaccharides

argyrophilic fibres were positive
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REVERSIBLL AND IRRLVERSIBLE LDH
ISOENZYMATIC ALTERATIONS IN MALIGNANT AND
NON MALIGNANT MURINE TISSUES

DURING CULTIVATION

1 Correlation belween Tumour Morphology and Iscenzyme Slruclure

By

T LanGyap
Received 29163

Cells of the mammahan organism exhibit a wide arrm of morphological
and functional characteristies which represent yanous facels of celtular
differentiation  Differentintion masv be considered as a process of
phenoty pic repression due to a continuous chain of restrictions bein
enforced upon the genctic code derned from the fertilized ovum As
a result of lhis process structural metabolic and antigeme diffurences
gradually develop between yarious organs and tissues of the indimdu!

during its embryomc and early life

As 1 mamfestation of differentiation
1soenzymes has attracted the inlerest of numcrons Worl
cent years Thus the glycolytic enzvme lactate dehvdrogenase (LhID
has been found to appear mn fnc molccular variants of 150LnzyMEs
Each 1soenzyme 15 a fetramer ban, composed of four pol\p(‘plld:
chamns which may be one of two lvpes ¢ Wled sub unt M and “111:“;‘;‘

H The synthesis of each sub umt s controlled by separale peb
1socnzymes represent the e

random association of sub umts the finc

hle tetr uneric binations raneing from LDHy (M) teIDIL (l:.{)
the hybrid enzymes being LDHpn (M HD LDHyy (M11) and T ml:
(M,H,) Distinct catalytical physical and immunoloscal pmpcrl .
are conferred on the tetramers accordin, lo the relalne rpro senlal IO‘
of each sub umt Thus the substrate affintties of the e :sncnf;lll;:
vary n such a way thal LDH; (H ) 1s inlubited at prrsale clvﬂz ar
Lions where the function of LDHy (M) s umffucted ( {pella 106t
Lert 1961 Cahn et al 1962 Dawson cf al 1964 haplan & (l‘w;“]%m
Mar] ert & Apella 1961 Varlert & Voller 1909 Plagemanit I;r:m 1961
Plagemann et al 1960b Yesell & Bearn 1997 Vesell &
r Soctety

aell Foundaht 1t

the eustance of a number of
hers darins ¢

Sponsored by the Dantsh Cancel
This work was supported by the D
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letderer 195%) Tlectrophoretically Lhe soenzymes exhibit
::efrl::sﬂl’n; I:nft)ill\l\le% accordmg 1o the relle tepresentation of sub
tterns of the mature organism are stable
umt M ‘The LDH 1seenzyme pa tern: PN
and speabie for cells and organs wiihin the same speaes Durnng foetal
developruent characiensue seqaential siterations of the LDII 1soenzyme
patlerns occur consisun? of 1 Temsinbution of the total LDH acmrl)ly
among the five 1oenzymes {(Philip & Vesell 1962 Yesell ¢t al 1962)

While 1 the smtact ordamsm il iruts of (ifferentsalion are main
Lamed withm nariow himils remosal of a cel} from s pucro envran
ment leads to rapd loss of differentinbion evidenced at both the mor
pholagieal and moleculor Jevel This s cleatly seen in hissue culure w
which alterations of the LDII 1senzvme patiesn occur {Philip & Vesell
1962 % esell et al 1062) In long term cultures derved from different
non mabgnant bssues 1 uniform 1soenzyme patiern domimied by sub
unst M wall eventually result This deselopment has Peen shown 1o be
accompanied by 1w creased plycoivic tapanhy {Pont & Pearson
19572 b Briand 1969)

In most malignant Lissues a similar shift lowards LDH 1socnzvme
patterns domunited by sub unit M s a common feature This 13 m
agreement with the high glyeolyhe tapacity of neoplastic tissue

In the prescnt study the LDH wsoenzvime patiern has heen used as
an indicator of dsfferentiahion The 1sounzymatie structure of normal
and mahenant murme tissues has been studied before apd during
cultivation in piiro Altempls have becn made tp correlate the 1so
enzymatic chan,es oceurring in vitro with the process of spontaneous
malizaenl transformation and wath the morphological differentiation

of tumours produced m suscepitble ammals by remoctlation of cul
tured mnhgnnnt Lissues

MATERIAL AND METHODS

Normal and malignant tssues derived from Inbred $T/4 CIH or DBA/? i
cxplanted to Fibiger flasks using the follawing echaiue The hissues were mineed
Vith fune scrssors and spread on the battons of the etapty tulture flashs wwith stente
tainless spatuls The Tlasks were then turaed upside down And & nil of cultare
mediuma Fib 1B (I owa ¢ al 1938) were added Afier gassing with § per cont
€0 'in 20 per eent O the Masks were tlosed and placed 15 an mevbatoy of 97 C
tf) upside down_ After 20 minutes of Jncubation when the explauts adhered firml:
to the boltom the Nlasks Were turaed round carefulle so fhat the tissuss mor
(oo51eA wilh the mudnam yng s procedure the explrats remaraed adhered to

sthout the use
|hgrﬂu O rahout the use plasma clots for more than two weeks provided that
Issue for remornlation or Lop Isoenzy matle assay
was b
seelats of enfiation. Prior 10 hemegentaatios tesoe Tor enrymatie it
atedly S 0rd £ 1o remove culthvation mednim and et
physiologieal s Tine with 0 %> m} of EDT4 added Panracyies first m
e with ¢ per 1000wl aad f
T R e e M e
ot iomogenizer After contrulugation

ates 30 41 sammples < Cihe auperaateat erc wed Tor e Bin e} 1o o T
Bofahe i evzyines AN Brocedures wore earled aut st temd ratines b e &
oeThe diee el ett sphorelly proceduces a5 well as the s sty ang. momobi,
e enzyme activities were g5 previously describ . (Lanhend og b Lo
%

14 18683 b) Usming
3 acTatasin 76 3
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spacer and separation gels of 3 and 75 per cent acrylamide at pl 67 and 88
resrectivelv and a glveine Tris/{hvdroxymethyl)/aminomethane buffer {St ma St
Lours Mo USA) at pH 83 five LDH 1soenzymes were resolved from mutine tissue
homogenates Under 1dentical conditions only four LDH 1soenzymes are resolved
from human tissue homogenates since herc LDHy does not eater the separation gel

Biopsies from tumours were divided onpe half being used for enzymati studies
and one for histoloical examination The tissues werc fixed m 5 per cent nevtral
formalin Paraffin sections at 3 , were stamed with haematoxyhin and eosin

The C3H L, C3H M and C3H E cells were established tn 1964 the Lu 310 Lu 3120
Lu 3100°0 AcP and STR in 1965 The STL cells or inate from 1966 whte CIHP
C3H SB and C3H-TVV were established in 1968

The antily mphocytic sera used n this studs were kindly supplied by dr Ralii
kowslt They were produced by the immunization of rabbits with mouse sphen or
thvmus Adualt animals were treated with 01 m) of ALS subcutaneously for 10 con
secutne davs starting one day prior to transplantation of the cells to be tested for
tumourigenecity

The sub unit M mediated LDH activity expressed as per cent of the total LDH
activity was calculated on basis of the known tetrameric composition of the fine
1soenzymcs and was used as an mdicator of the 1soenzymatic structure

RESULTS

The LDH 1soenzymatic structure of normal murine tissues s shownin
Table 1 In Table 2 nduced or sponlaneous murine tumours e hsted
m order of decrcasmg sub unit M mediated LDH actiaty 1t appears
that all tumours with M activities of less than 90 per cent were ighly
or fairly well differenttated Typically sarcomas and anaplastic car
cinomas exhibnted activites above 91 per cent

TABLE 1
r Cenl

Sub Unit Y Mediated LDH {ctunty m_Vormal Murine Ttssaes as Pel
of Total Actwity

per cent sub umt M activity

Tissue
Cerebrum 310
Gsvarv 408
Whole hidney 438
Heart 444
Adrenal 620
Glandular stomach 667
Uterus 70g
Post pubertal testis ;2 H
Lung ns
Mamma K
Non glandular stomach ns
Striated muscle He
Subcutaneous hissue HK
Oesophagus 01
>
Small 1ntestine gog
Spleen 93
Pancreas ars
925

Liver
Full thickness slin

th
Is were cxplanted by J Kueler
res were established by the author

e Lu cells bv I priond

The C3HL M and T
while the remainng cell 1
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531 MONTHS

4 31 MONTHS

5 & ZMONTHS

T 2 3456768 9100 21 DAS
Fig 1
De elopment of LDI M aclivity 1 primary explants of normal murine lung fissue
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Table 3 tllustrates the development LDH M activilies in primary
explants of nont mahgpant murine trssues While 1n explants of spleen
and kidney an mmitial decrease of sub unit M actialy was noted a rapd
merease was found m all explanted lung tissues It appears from
T1ble 3 and F13 1 that after 2-1 davs of cultiation normal Tung Lssues
etxhubited an LDH 1soenzymatic composilion sinular to that of a lughly
differentinted adenocarcinoma of the lung (T4ble 2) while 6-7 dvs of
ultisation led to an enzyme pattern comparable to that of wn m
plistic carcinoma of the lung, m the s une straun of mice

The LDH M actiity 1 long term cultures of ongmally non mak
nant Gissues undergoing *spontancons mabgnant transformabion i
shown . Table ¢ It appears that following the rapid imbiil chan es
the enzyme pattern stabilized af a Jevel 2bove lhe omgmmal Finall
when mahgnant transformation occurred a concommilant Secondars
rise of the sub um¢ M mediated LDH activaty was noted

TABLE o

LDH W Aclwnty as Per Cent of Total LDH 1ctuwly of 1 vitro Transfarmed Munne
Cells and the Corresponding Transplant Tumours

Per cent M actnity

Strua Tissue oF orign Cell line Cylture  Transplant tumour
%1
5T/a Luny, Lu 3105 901
5T/a Lung Lu 3190 937 gg?
»>T/a Lung Lu 3106”0 83 e
C3H Lung (3HL 967 o
c3l Lung C3H P 331 %3
C3H Spleen CIHM 996 ”
N Spleen C3H 54 987 i
3N Spleen £°HSB s1e 2o
CIH Whole Fetus C31I-E a4

The LDH structure of tn mtro transformed ccll \mt;% ?):\(;;Tz‘n"):“;:s
responding lumours are shown In Table 5 Histolomeally c]m;, o0 per
were all undifferentiated sarcomas with M aehuities exc'tr(;r(’d " en o
cent Onls shisht modifications of the LDH structure occi e explanta
remoculation the transformed eclis produced 3 lumourh e €3
tion w vifro of malignanl hisstus the LDH 1smnz}m':‘h;‘:;m Pt
hibited an nstability similar to that found for non [m{kd of culina
It appears from Tablc 6 that enzvmhically the L,cm\'t‘ fl “Allbough 1
tion was that of un inerease of M medinted LD ac “i 2““"““% n
some cases an nitial decrease “’Ils niol\‘(‘l prolon,ed

case of M chimity o
suj’lfﬁlc, ;L‘s:l?:g:;f;;??:x:;;nMllon of culinnated tumour (é:slu;d"',’;‘;(;’ w
sented m Table 7 Tt appears that the enzumatic dl;::.eh Torcrable
tumour tissues during short hime cuitnaton “'})':m(‘nl f o intaet
when the tissue was remtroduced mto ihe envird
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niting from
orgamam 1l e e shov period of Lme fhe
Jation of tumour bssue vultared for a short p
remo‘cu 1 atructure of the ongmal tumour was more or less repro
}(;ﬁc\odﬁg:i?er prolonged periods of cullivation the tumourigencaty was
r‘elhemcd 1n many chses but the ability ta produce differentsated mmomﬁ
was lost completelv and the XD!]{l 1soenzyme pattern failed to reve!
d 1n trssue culture

fltii‘\‘\ ;:‘t?:re:;:::i:g iumourigenectty seemed to be entirelv lost both 1n
6 days old ruce non conditioned adult mice and m adult mice treated
with antiymphoecytic serum (Table 8) Thus ot may Pe scen from
Tible 7 that the chondram: cultivated for 2 6 and 9 days was fully
capable of reproducing the onmimal tumonr morpholoLy 35 W ell as the
mitial 1socnzvmatic structure Between the 9th and 14th dvy of culina
fion {he tumoungenectly howeser was fost while at the same time
the M mediated LDH actiaty exiubited a sharp increase €oncom
matantly the chondrocvles were noted 1o dwindle and eveniually dis
appuar from the cullures which were overgrown by stromal cells

At 33 months the ccll line AcP derived from the pulmonar adeno
careinoma (Table 6) which on remeulation had regularly produced
anaplistie caratomas had lost its tumourigenecity while the 1soen
zymatic pattern remained the same with an M achiily above 96 per
cent Similarly the cell hne STL which had undergone malignant frans
formation 1 pifro ¢ventuatly Jost its tumonrigeneaty while at the same
time the LDH N activity extubited a further mcrease {71 able 4)

DISCUSSION

1t has heen masntaned that the i vitro conditions favour the selection
of a ubxqputons cell type Thus Sato and colleagues (1960) found that
rat luer cells propagated wn virp possessed antigens common to the
antigens found mn cultured cells derived from Lidney while they acked
certain anhgens found n liver cells tn vivo A seleclion in vttro of cells
common to dutferent argans certanly would lead tonards the estahlish
ment of an LDH ssoenzy e pattern commion for cultures derived from
diffcrent beswes

The theory of selection 1s countered by a theary of dedifferentiation
sopLeshng At e cetiutar and biochemicay teractions present in viwo
are responsible for the mawmtenance of differe;
wm mtro conditions cellutar differe ntintio,
ance of the complex nicre eovironment

The obsenations made mn this st

ntiition Therefore under

n s Jost due to the disappear
al factors

able explanation
The finding that the 1soenzy matie alterations developed during short
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time culiivation are reversible on ramtroduction into the m;’wl ox;_;,an
wm ndicate that the enzymalic modifications are resultin, (x]'om
alterstions of the functianal state of the yenes controting the produc
tion of sub umil M and sub umt H due to the withdrawal of controlling
send th tivo

S‘E;I‘:;:Lsg::ccuable that the celtular apparatus necessary for the recep
tion 1nd interpretation of intereellular biochemical siznals remams
mtact during short tume culin alion wiile protonged cultination leads
to a premancat loss of these funections which umfs all cells inte an
orgamsm Thus the reversible fluctuntions of the molecular patterns
abserved 1n primary explants appear to be due to the loss of controlim,,
environmentt factors while the wrresersible changes observed after
protonged periods of cultnalion my be cellular structural chamges
caused by a degradation of the phenolspe estabhished through the
process of differentiation

During prolonged culination progressme alterations occur Iso
enzymatic and anhigeme patterns onginally speaific for the celis are
tost a3 well as the complex of abilities necessary for the pirticipation
w organized hssue formation and at the sante tme new properiwes
such 15 new antwens my develop When eventuatly  spontancous
malignizadion oceurs tus may be considered another step of dediffer
entirlion

It has been pomnted out ((Lakn ¢f al 1
the cathodic LUH 1soenzy mes
these hest suited for 1nacrobie
tumouts vaseutarization and o
«rzymatiec modifieahons chara

962 Dawson of al 1964) that
predormnating neoplasiie lissues are
metabolism Since in many fast growin,
XL genation mav be msufficient the iso

clerizing, tumour tissue would Fepresent
t metabolie ribonale The isocnzymatic chan.e per se however 15 no
erstenon of maly nancsy since 3t may be wduced i cells witch are non
tumouruzente Although in the present malenal 1soenzy matiec motificn
fians were found i all tumonrs no conclusions ean be drawn s to the
Sipmificanice of this metabohe chage 1 the ptlern of malignant
bohiavions e

However 1 chur correlbon was e

slablished between the LD 150
N7 me pitomn aad the histolo et differentiation of murie tumonrs
in welt fferenhated carcmomalous hissues cells exhibny ah
of normal quatibes present in
both at the wmarphological nng

ation found in tum,
mgin iy ghiy diffesentiated ty; e for 1
,ulrm«h,er time was Aceomparied by mereased \f 2ctmaly prolonged
0 cultured nop makignant lun,, Lissye:
ter thove of ap iphistie cnrcmom“n ey o o ahes g rTablo

were mdneed within o matler of days
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while spontaneous malignizalion was v late event occurnng after 30
wecks of culfivation or more

While mahgnancy as evidenced by tumour produemg eapaeily was
mn all cases accompanied by an mereased LDH actity  culturcd
tumour t1ssue and tumour produeing cell cullures might lase tumotre
genecity while retuning a high level of \ activity In the case of cul
Iivated ehendrema tissue this was clearly due to a selection of stromal
cells In the case of the cell hne STL and that derived from 2 pulmonar
adenocarcinoma both of which eventually lost therr tumour producm
capacity while retainin,, lugh LDH M actisities no morphological ev
dence of selection was found Also the loss of tumounsgenecily could
not be explained by antigente changes since no tumours were produced
neither m 6 davs old nor i adult animals conditioned with antilympho
cyvhic sera

Thus murme neoplasia 1s accompanied by mereased M activities but
the enzymatie change per se 1s no mdicator of tumourigenecity

The prolonged latency from the ecstablishment of 1soenzymabic
changes tn vitro unill the occurrcnce of mahgnant transfotmation
mught indicate that the 1soenzyvmatic changes bear no relationship to
neopinsia Studies of human ncoplasit howeser support the assump
tion that these 1soenzvmatic chan.es may be verv carly indicttors of
advancing carcinogenests LDH isoenzymatic changes comparable lo
those characterizmg neoplastic tissue are found n apparently non]
affected regions of tumour bearmg orpans (I angvad 19681 b) as \“cl
as n vanous condibions recogmzed s being potentialls prencoplastie
(Yastn & Bergel 1965 Leese 1965 Langvad & Roed Pelersen 1969(} o

Thus the LDH 1soenzymatic pattern of murnine hissus subjecte the
expermmental carcmogenesis tn pitro 4s well as human lllssuci”‘lr\c of

rocess of maligmization exiubit alterations preceeding lhe sty
Pu:::u\u v and morphological malisnaney  The correlthion :’f
1soenzyme pattern and histological differentialion mn mllﬂﬂ;‘ “ll(-l:]r:fflclr
dicates that the enzvmatic modificattons are early signs ur o
entiation rather than criternia of established malignant transio

SUMMARY

non
The lactate dehvdrogenase 1soenzyme pattern of n;nh;'[:::f:;,:“mh
mahgnant bssues explinted m wiiro exhbit ramd i b e o
preponderance of 1soenzymes domimn ated by sub—um] N folloed i1
rymatic chan-es m cell hnes propa, m'dl tn miro hwe bet
taneous malignization e
lh?l‘!‘llcmﬁ:::pzilosj:o:f non culiured tumours correlited :::-:xlrlm‘;r::: ot
isoenzyme patterns Thus  sarcomns and nn'\;\lnsh(c)lcpcr oL while
exiubited sub umit M mediated I DI wetivaties T}D‘E\\c” et
A activaties below 90 per cent were reqastered for

carcinomis
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The bt ssoenzermatie changes induecd m cultnnated lnmou‘r i\:\;ue
I’d 10 be reversible on semoculationt inte suscephible ammals Also
f;g‘:rl ?tnl tumour morphology was reproduced m the CnS\;I;IK ‘tl;
i ton however resulted in rrercrsible 1s
:Y:\L’zl;:al{:-mc‘ﬁ:::‘e‘s c;‘:\:l“\:ss of the ability lo reproduce the orgmal
lm]n‘:u;l:\‘g:lz}:::;g:mn matignant hing Lissue was followed by a rapd
mcreX:;se of LDH M activity $hin m long lerm culfures of non mahy
nant Ussues  sponianeons  mnhgmization oceurred tfns was aecom
panied by 2 further inerease of subumi W meduted LDH telivaty
The LDII 1soenzymatic modsfications ghserved dunng earcinogenesis
sppear to reflect at the molccular 1cvel the loss of differentsation ob

st
servable at the morphol 1 level in neoplastic tissue
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Fg 1
Principles of Celloscope 202

gonococe: were derrved from a culture on solid medim suspended jn PBS These
bactersa were incubated m a CO_atmosphere

Construstron and use of the Celloscope The tastrument was described m detsl
m with the deter of gel and sand particles 1 viscous salutions
(Rolos & Tretber 1961) Therefore only 2 brief description will be given here

The principles of the instrument are shown n Fig 1 A fixed yolume of & particle
suspension 1o a suitable clectralyte (usually physiologcal saline) 1s sucked through
3 vory marrow channel (the aperture ) i a glass tube An electric current flows
through this aperture between electrodes on each side of 1t

Each time a particle passes through the aperture the resistance of the efrcult
\ncroases giving rise to an electric pulse the amphtude of which s proportional to
the velume of the particle The puls 15 then amplhfied displayed on 2
screen and passed through a discriminator to an electronic recorder The discrimi
ator Blochs all pulses below a preselected level Since diseriminator and lmr’"“"‘"
levels are both adjustable the mstrument can be used fo measirc the size o
particles The oscilloscope displays a picture of the size distrabution which guides
the discrammator settmg 1ud

Apart from the two recorders butlt i (F1 in the siy
was Slightly modified 1 that & third recorder was connected Since this secorde?
o mot am direct mechanical contact with the instrument the acoustical ::‘lc:"
e wccastonally drsturbed the counts at hugh amphifieation were eliminated Lal
models of the Celloscope consist

Ampliftcation 1s varied either by mea
factors or by means of a potentrometer which regulates 1

¢ 1) the Celloscope used

o to the size of the

electrodes
The settings of the nstrument bear the following relationshi|
parhicle
a1
“re

tiele
where d 1s the diameter of a sphere having the same volume as lhl:hn: ::'tc'r';; the
{the  equivalent sphere ) c a constant which 1 dependeat on the ST st
aperture and the conductinty of the electrolyte and D F anl P e Blline
o ea for discramunator setting amplifying factor and potents

respectively
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ter and
Tor this study of bacterla wat 38 murans diame

:b’r‘)’l’x‘lt ;g)g}::n?ﬁ:::ng!h The sperture tube and instrament were calibrated with

of 117 and 285 microny fn duameter
hlf‘y:’:::(‘xc\l‘::i(c Tor using this cabbratton for cousting and sizing bactersa s {hat
erther thetr conductivity 15 neghgrble fn relation to that of the suspensson medium
ductivity m the solution is known

or'r‘;‘:“;:;:numttntsy)zerfarmed 1 this studv demansteated that indhdual vable
bactenia of the strains employed rould he regarded as rsulators when suspengded
an physiological saline therefore the hacterial size could |

e given directly as the
1 { the equisalent sphere
m;":‘:c:;: ns wt:‘e taken 1o keep dust and eleetrical and asoustieal disturhances
&t 4 minimum

The solutions used for the bay

etenal suspension were passed 1l
filtres with 2 pore stze of 03 ms

hrough membrane
crons This fiitration reduced the number af extra

and matang all measurements in a dust free enstronment

o solume of suspensiog used for each count was 05 1l The time Tequiced to

RESULTS
an electrie field A fer
the actial counts a
haetera 1n ph;
en they come

Behamour of bacteria in
into consideration when
tion whether indwdual
widered as msulatars wh
field of the wnstrument

If 2 particle has an apprecable condnetyy
medinm 1w which af s suspended the pulse {o
will be smatier than tha eaused b3 2 com

the same solume This toss pulse strength wati become more marked
i the conductivty of the electrolyte 15 reduccd by difulion provided
such a dibulion does nat influence the volume of the pasicle ttself

The mean size of Bacternn from o cutture of Escherichg colt was
determined 9 three differeng tleclrolyte COncentrations ¢ 92 Der cent
90 per eent ung 48 per cent \agy The Celloscope ang aperture tub,
were calibrated with Ingey Darlicles for each of these toncentrations °

iz 2 shows the e distrbution of bacteria at the three ¢on,
Iritions Ther, 15 complete reement of the mewn swe \\sthmcle!n
Fmge of experimontat erpoy Therefore yyahte bacteria can pe .
subered 3y wsulitors withy, ths rang¢ of coneentralions which Ny
“ponds 1o roaastyy thes of 14289 ohm em Miffereny fundings ; Hcorre
Cxported mothe cyeq of dead bacleriy (chendmg on !hg tepint be
(Imnwgr-mon ¢ !logrce of

W powls has to be taken
e made chiefly the ques
stolapcal saline gan Le con
mio contact with the clectrie

Uy m relation lo the
which it wii Bive rise
pletels msulatng parisele of



Relgtive
Number

& — = 022/ NaCl
————09 { NaCt
T — =40 / NoCl

diameter
076 085 05 107 120 134 150 mlcrons
Fig 2
Size distrsbution of E colr at three different electroh tic concentrations alter 1o
cubation for four hours Size expressed as the diamcter of the equivalent sphere

the noise ievel due to the slronger current passtng throush the aper
ture The real gan thercfore does not fully corruspond to the m
crease 1 the sensibisity of the nstrument Later expenments wen
performed with 09 per cent sabine which gave wholly acceptable
resulls

Influence of cowncidence effects
inercases the mstrument exlubils wm mereasimg  comnedence loss 1€

when Lwo or more particles pass simullancously (hrough the “aper
ture channel and are recorded as onc The tosults were carreeled for
this loss by using the following exprission

As the concentrabion of bichrd

__ n
T 1Y ten}
where N 1s the corrected number n the reading on the counter l'or;‘
000 ml of suspension and ¢ a constinl which for the 30 micro
aperture used was guen as 3 10
Fig 3 shows that counts correcled for comnadence loss nune;l;‘t)elﬁr‘
were 100 Tow when the concentration of hacterra excecded 60” o ll‘;l
ml Therefore this level was chosen as the upper lmit for 2 s

ments
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Bumber of calls /7
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Fig
ope connt
Bes eulnre S E eol

s cell concentrationg
2}

darmess
W ic gng

8% 285 35 1g, 120 93

Fig g
CH e pe oumg op p 2l 83 8 functio o g, 3trument
settin,
* e drameter of ype AU ekent sphrere Tecorded (5 hee f:;:i’::’)”"m“d



Number
20000
|
10000 :
}
soon 1
4000 |
30004 |
|
2000 |
|
1000 :
1
1 diameter
——— T ———
075 085 035 107 120 134 150 microns
Fig 5
Celloscope count of Salmonella typht murum as a fanction of the Instrument st
ng Setting exp as the d of 1l sphere recorded
(4 hrs culture)
Number
20000
)
10000 |
i
soo0]
4000 |
3000 :
2000 |
[
I
1000 I
|
diameter

076 085 095 107 120 136 150 168 150 213 2£0 mierons
Fig &

Celloscope count of Streptococcus faccalts as a
Setting expressed as the diameter of the equbalent sphere

ting
tron of the fnstrument set!
A anhe recorded (4 hrs culture}

Setting of the instrument for estimating the total number of lra;’ll's":r
The most swmtable size threshold was arrived at Dby repeated coll:
the vartous cultures at gradually decreasing dlscnml"“a:]lc‘:m!t e
InFigs 4 5 and 6 the counts of three struns are plollg ag
diserimmator level The counting levels also are mdlc-xlcr o bactern
In prineiple the setling should permut the counting o‘Jus th“
at the same time as any disturbing faclors and exirane
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are hept 3t a mismum The counting level chosen for afl the stramns
corresponded to an equivalent sphere of 080 microns As will appenr
from the figures {he mavumum size of the streptococr pperred 1o be
considerabit larger than that of the other two strans This 1s duc to
the fact that several cocer arrmnged 1 chams wif] be recognized as one
particte

When the very narrow sperture (30 muccons) accastonally beeame blocked, the
count had to be rejected and the apevture cleaned hefore @ repeat rount could be
made If it was fouad that blochage was more than usually frequent the entire
bacteraal suspension was hittercd through a nylon net with 2 mesh size of 10
mucroas Separale experimenls demoustrated that the loss of basteris taused by
thus extra fiitration did not eveeed 7 per cent of the total mumbes at the partientar
roncentration vsed

TALLE 1
Aulomatic Porticle Caunts Compared uilh Colony Caunts on Callures of
Bsuherichia cob: afler an Incubation Period of 3-s Hours

Celloscape count n 10 Plate countlag X 104

4.58 44
840 592
340 352
E¥13 430
28 324
488 4

2N 259
288 28y
24 248
130 0

TABLE 2
Autrmat e Parteele Connts Compared with Cotony Counts on Lyt
SalmencHla tvpht muristn ofter an Incabation Period of 3"5 I.lja:rr:‘ o

Celloscape count X 108 Plate connt X 106

220 any
200 194
43¢ 700
190 1985
213 235
480 165
430 116
i 523
220

i 220

TARIE 3
At matic Partiete Counts Compare | it
Streptocnceus faceslls af it Oilony Caunts

ter o Incubition Period of &g griret o

48 Houss
Cellasrope count x 108 Plate comnt » 18
113
oy

4 hes 113 lﬁg

133 130

118 T4
1 hey 50

50
B
Hats 1 for the colony counting made I minytes later the Cellr scagy, i1
€ counting



Number of Counted
bacteria per ml ounted n the
per m -’_‘___‘_Cillistﬁpimz
T
9 —
10 Fle
P

Counted an plates

7
107+ ; . - -
50 100 150 200 hours

Ig 7
Comparison between the number of particles counted by the Celloscope and the
number of colonv forming units of £ cols after various wcubation perfods.

Reproducibility Twenly imndependent counts of a bacterial suspension
of E col at the same mstrument settin, resulted n a standard devt
ation of (=) 053 per cent for about 20 000 bacternia

Automatic particle counts comparcd with colory counls on plales
3-5 hour cultures of E colt and S typht murium were counted hoth
mn the Celloscope and by the plate mdhod 4 number of comparatne
counts were performed also on § faccalis The results e guen It
Tables 1 2 and §

The differences were within the experimental error The svsiem e
error of the Celloscope itsclf s considercd to be less than 2 per cent
for the conditions of this study The differences hetween the rusuffs
obtamned 1n a serics of counts followed 1 poissonian distnibution Thc(l
error for colony counting of E colt using dupliente plates was foun

to be 1n the region of () 4-5 per cent £ dead
The longer the pertod of incubation the jreater the numbers @ p
cells Since the clectronic equipment counts all particles above ? lﬂ\(‘
tain size 1rrespective of whether they are viable or dead wd smf;b“
plate method of counting providis an 1ssessment of only the nl"mds
of viable cells the differcnce between the results of the two mel s
wncreases with increasing ncubation time g 7 llhutr:;’t‘:‘“ 10
relationship The two mcthods gave ;lmtll:\rl rpsucl(s up to
hours above ths level the results began to divcrgs "
Size delermnation of Eschericlia colt The resulfs of <th5:’::§3”‘“
nation of a 4 hour broth culture of Fschericha colt 'lrcp[vr;! P ounts
Fig 2 The assessment was made by performmne 11 sr'lr:‘m’v the tol
beginning 7t the diseriminator sciling used for del crl:: \\l:t et
number of bacleria and then Twsing the level mm 1 slc;'c e a0
for cich succeedmng count so that the recorded partic
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Fuy ¥
Suze dstesbution of F oot niter an tneubation pened of 200 boars Size gxpressed
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e diamettr of Yhe sywvslent sphere
o numbe
5000
5000

<000

vabt cefls

4 at g It 4 ameter
0% BES 120 130 190

microng

Fig B

€ mpanison of the size distribation of Safmonelta typht murum i rltares
of viable 204 Wolled organisms

cresed by the Dretor 11 2 al each slep The mean s1ze of £ colt as shown
tn the curves i 1y, 2 was approunnitely 103 microns expressed as
e diameter of the equnalent sphere

The size distriiution of the same culture of B colt after 200 hour s
meubtion 15 shown m Fig 8 These are now two peaks i the cunve
ome 1t 207 microns nd another at € 0% mucrons
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The purily of this culture was tested by subcullures and mecroscops
of siumed smears to sec whether there had been contamimalion b
other bacteria during wcubabion No contamination was demonstrable

In an aliempt to test whether the two different peahs ropresented
dead and hving cells further experunents were made with cultures of
Salmonella typht murunn m the Ining and the dead statc The Salmo-
nella bacteria were hilled by the additron of one tenth volume of 014
potassium cyamde

The results of the dclermnation of the size distributions of the two
cultures ate shown mn Fig 9

The size distribulion of l1v1ng or de 1d Salmonella cells were wentien
showing a mean size of 103 nucrons

DISCUSSION

The experiments of this study were performed chiefly on gram nedatne
rods of the Enterabacteniacear group which are parbenlarh smtobl
for counting m an automatic parficle counter because of therr 1l
tnely large size and because they do not regularly 1ppear m aggrc;:nlt‘;
A number of expersments were performed alfso on streptococel whi
oceurred 1n chams consisting of an average of 3-5 cells exch

The companson of wutomatic partiele counting and colony col;nl:;:
by the plate dilation methed agreed well for cultures of 1 few w( .
wicubation fime The good tgrecment betwceen the iwo mithods ax\p\l;c
to bacills as well as to ch un formme cocer The latter showed ‘lh‘-ﬂmm
particle counter recorded the chuns 25 enlibies as s the case 1 &)

nimn

w;‘)lftf)cincts hetween the two methods of counling were x‘mn;d:::::
the cultures were weubated for more than 10 hours Abmc‘l ’c’ubnll‘d
there was 1 gradual dnvergence o} results so that for culfures ﬁnm oy
for 200 hours the Celloscope gave values which were )0 m:‘renmn p
as those obtamed by the plate dilution method One ob;‘m\:rm“s ot
this discrepancs 1s the fact that the apparatus counts al ;15 T e
viablc and dead and the plate dilution method record

L arlicle
Lel“slhen the size distribution of E colt wns dmrm'";‘:;’:‘olzipgn(l o
counter the sppearance of the distribubion w42 ID“‘ strihution could
the nge of the eulture After 4 hours mcubation the d ‘nn e o
be characterived s moro of less norm! e '; mch'\nd the sam¢
micrans After 200 hours weub ton b e ton m;( {he dhsteibution
enlture showed two peaks on Lhe differentiated forn(! 0 06 swecons 12

e one at 103 microns as before and another 1 a4 which I
o le that the latter peak was caused by ded bacteny " ity
po:“‘;lcdn?n!cz.lc'alcd 1t 15 reasonable io yssume that lhc“c;:mh would
nl? Uv bacteria increases before they finally dmﬂl(‘ﬂf‘“‘h eterrs woul
:‘J“‘:‘sc to 1 smaller pulse mn the instrument 1 e the
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be recorded as bemg smatler than they actuallv were However the
distnbution curse of the cutture meubated for 200 hours showced that
the Taymber of cells 1 the populations at the two peaks with different
wran sizes Are approvumately {he same whetcas the ratio of vitble
cells to dead celis was 1 50

The determmation of ihe 2 daginbution af Salmanella bactera
favmg of Wlled by KCN did not support 1 hypolbesis that aft dead cells
wrrespectice of the circumstances will gue smaller electrical pulses i
the Celloscope Turther studies are i progress 4t present Wt a view
to mieshigating, whether desd and viable cells really behave difterentty
1n \he mnsteument

The necessary condiions for countng and determuimng the size of
bacterta—te obtammg a suffiaently low baclerial conduetivity 1
relation 1o that of ihe suypension medwim —were found to be given by
0240 per cent NaCl for the cullures imnvestigated At the higher con
ceniration of NaCl te wath greater conductiity the pulse strength
mprosed 1 relation to the background interference 1n the instrument
However Gus diiferential mav be altamed for any concentration of
NaCl by making a simple change m the electromue cireut of the am
phfier All the experiments 1 this study were performed with phy
stologieal saline which provided satisfactory resulls Howeser when
malang counls of bacleria which ave smaller than those employed in
tins study 1t 1s recommended that the MaCl conceniration be mercased
ar that the above mentioned change 1n the mstrument be made

Bacterial conntin, m the Telloseope 18 aceurate within the concen
tration ringe of 40 080-600000 cells per ml The lower lant 15 go
verned bv the need to hep the suspending flnd free from extraneous
particles Under v £ 1), Y
made at considerably

T fa counds may be
fower baetenal coneentrations The pper it
of bacteral concentration 18 governed by the uncertauty of correction
for cowneidenec loss 12 the reduction m the number of tecorded cells
beeause two or more particles mas pass through the aperfure channpel
t the same bime and be recorded as ane However since the eell cn

Cl;n‘r‘ll‘:ln ¢an always be reduced by dtuton the humt drasn upol?y
“::“s udy does not really restrict the rance of the use of the mstru

SUMMARY

The nunibers of bactenta 1o suspensions

Salmonetla typht muraem and S’;replc:oc:éxg;:e‘::;g \E\secze:lwhm o
n an atematic parhicie connler the Celloscope 202 rll c!lErmmed
compared wilth those obtamed from 51 bl counts b; ll:e leslu e
method These methods provaded atmost wentical results : ﬂ‘ o aon
ane of the bactenal enllure was less than 10 hours Wk s the
were allowed to grow for longer pertods  the party ‘\en e acteria
inereasingly higher figures than the plate dilybion miliuc;“m“ fme
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The determination of the size distribution 1n the particle counter of
E coli after prolonged mcubation showed two population peaks of
different mean sizes
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CORRODING AND SPREADING
COLONIES IN
MORANLLLA NONLIQUEFACIENS
By
S D Hevmnses and hoers Bovar necemed 21150
th wath depressed  corroding  colomes with a tendeney lo
g::x‘;!x\:t:‘(‘sme:(f on the surface of blood agar plates was first de

scrtbed by Henrt sen (8 n the orgamsm nnmed Bacterowdes corrodens

by Eden (3) Reecntly 2t was reported that some sirans of Morazellq
Yingn also yrow m 2 simgdar manner (7}

In previous work with Vorazella P
struns have 4 tendetcy
colonses which mav be

eties we have observed tht some
to produce pitting of the meditm uader the
wible a5 Aty groove around the margin of
Decomes Visible when the caleny 13 removed

v oseveral days the colonses Irequently be

@ oF fess dentate or undulaie margins {6}

Bul we have not pad due attention 10 these phenomena iy We ¢ame
ART0SS an unusul stram of Woraxclla nrontiqurfaciens which 15 the
bsis of ths TLport

Alse afler weubation fo

VATERIAL AND UFTHODS

Fre strans § 73 69 G0AS/68 6097/69 und 8121768 were a1l isolated from
call s of B e vnahs The Yype stralg of Morazelia
CATEL 1097y NG 1046

4883/02
1) had been preserseg Bophilized By eoincide,

rrun 3003 78 veceived the same regrstration nurahe

E Herent vears

Cilturad 1y chems al and Lrans

formation fests we
vsel b forets Yy wo

Fe £arned aut by the ey

th manor wediticat; ma 7 fhe methods

DFSCRIPTION QF
fhe prmary cultun co
colons of Vornretla §,
arof 0 g | oy
sure andad Iny gh e
vultur « soung colonses muntamed
*neub taon the conite of the colome:
morcarngutar g the margins o

STRAIN 1663/83
nlamed numergus calonies which fooked Hihe
g or B corrodens gimap depressions 1 the
dameler wuy 5 Ly smooth central papiia
3 wranular bottom n sub
s appeapange On continued
s became raiseq Bemispheneat [13
1 the colonses spread Peripherafly
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Afler 4 to o days the colonies w cre surrounded by one or mort zones
of thin finely granular film of growth (Figs 1t0 3) When the colo-
nies were scraped off depressions tn the 1gar surface correspondine lo
the growth became visible

In senial subcultures transferred every 4 to 5 days the strun man
Laned these charncleristics but there were considerable variations
the appearance of different cultures

A Search for Other Strans with Sumilar Growth
Three strams with the appearance of Morarella stramns (6093/63
6097/69 and 6121/68) were 1solated within a couple of days Tho all
had the wsual nppearance of M nonliquefactens When these strams
were subcultured and incubiied for 4 to 5 davs a few colomies showed
tongue lthe or film hike offshoots from the margins whereas the majo-
rity of colonies remained more regular On subculture of such offshools
as well as of the smooth regular colonies each of the three stramns could
be separated mto two vartants or dissociants one of which showed the
peculiar corroding and spreading colomes of stram 4663/63 wheress
the other produced more regular smooth colonies withoul piting or
spreading Only two of these three stramns have been studied more
closely and m both cases the two vanants have remamed stable over
several months with transfer to new media every 4 to 5 davs The cor
roding and spreading variants have shown no tendency to change {o ”‘;’
smooth form Well separated colonies of this variant somelimes n]\plt"al
smooth when the depressions become covered by bacteral grow th uxlle
when such smooth lookin,, colontes are subcultured they produce
orroding and spreading type of growth
¢ The srﬁoolh \Iz])rmnlsgalg;p appear to be slable but occnslonlmllyl‘llfll;‘)
have produced colontes which show offshoots and a tendency lop
(Figs 410 6)
The four strans 1 all the morg
chemurcal chnricters of M nonliquefaciens A differ

hologteal cultural and bio-
cnee between stab

Figs 1-6

8 3 da
Fig 1 Y nonliquefactens strain 4663/
pherical centre surrounded by granutar mmdarmw'
Same stram 4 davs blood agar X 4 Ruscd smooth o
surrounded by srregular depresse | arzinal zo

filled with growth {l1as su
Fig 8 Sl:m:c :trnmgﬁ dass blood agar X 4 (eutral smooth pap "

shallw moats with finely granular hnuam1 1 agar X 4 Colomies ™
I'tg 5 M nonliquefartens strun 6083/68 5 davs blood K ot
raised smosth centres surrounded by granular

35 blood agar # § Smooth hemls

1!
gm“h or irregular ceatrss
"~ hasc paril¥ beet
rrounded BY

ding varlant
Fug » S rain 5 vs blood agar 4 smooth ﬂ:"ﬂ:z:f"; 4 Tatse ! ceatres
F:g € M nonliquefactens strain 6121 68  dnis bloo opes of growth with sram
d with granular surface surround (b ¢ neealrc 2

lar surface Corroding variant
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cullures m senmsohd swarm 2%ar of the two sarninis was noled The
corroding, and spreading varants (necluding stramn 4663/68) produced
2 woolly growth around the stab after a dav or two due lo 2 marhed
tendency fo penctrate into the agar wound the stob The smwooth 1a
nants only showed this phenomenon m a redneed scale and after
fonger incubation

On nutrent 1,11 plates the corroding vartnts produced the sime
type of colony as on blood gar

In ordcr to venfy that the struns really belonged to V nonligue
factens, transformation fests were carried out with DVAs of streplo-
myewn resistant smgle step mutints of lwo of the spreading varuants
as well as of the type stran with the streptomycin wcnsitise wild fspe
of the Iaticr as reeiprent The resulls are shown i Tible 1 Tha
mdicate dugrees of compatinlity between the three strains corruspond
g to those usually found between strains of the same species Thre
can therefore be no doubt that these strams belong to  nonhgue

faciens
TABIE 1
Trapsformation of Stref tomyein Sensttioe Voraxella nonliguefaciens Yeotype s':mn
4663/62 (ATCC 1997 DCTC 10:6+} unth D\ 4 from Streplomyctn Resistant Mulane

DNA Quantit Streptomvein resistant colanies
an!
Onigng (lei’ Number/ml Ratiot
- None <10 (0) <8104

4663/68 SR 44 LRl 2‘7;
6121/68 SR 6 98 £ 10 0
4603/62 SR 12 30 - 10t -
4663/62 SR 48 3F 101

ts of

The procedure was essenbially as previusly de eribed {13 Ideptieal clu(un;\‘
19 matnutes sn flutd medum i

were Lhen spred
e rest tanl
1 of agsr
her 3
the

the recipient were exposed to cach D¥4 for
uptake was torminated with DNase Ahquot of the mixtures A
on blood agar and incubated for thenctyp1 espression of smf men
transformants during 6 hours Thereafler ab 42 of streplom c; Sty
wa  added by diffusion from helov and m ubation connr‘mr oIl
hours hcfore counting of resi tant col:)me{; Fucr:t for absen )
control varallel (hne I} was analo ous in alf Tespects 500 58 ©
S‘g‘ = ‘slrepl(\m)rm resistant mutant sele tud 1o a single step at ¥
streptomyem per yal {ntrastent
% A\::;th ’at re]:ustam colomes dvided ty the number appearing in
transfarmation at DNA saturation (lme )

DISCUSSION e
o
The study of Lhe stran 4663/68 mndiate that the -\{n(;(‘ o‘tf'b? oot
corroding and sprendimng colonies is nol 7 unkjue I‘"—‘!‘”lz’m A
and B corrodens, but also can oceur i M ncn((q:u’il‘l;'lm be woltted
more the fact that corroding and spreading yannnts s n fact e

e
from threc randomly selected struas of the s":‘r::;‘ (bll:"-‘;r e have seen
first three strains studied with this pomt m x:“S e e 2 common

addifsonal sumlar stramns) Stl,Lests that ¢
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Tether The same phenomenon
speates It deserves study w X
42:111:}2 Re:;;sﬁ'nted tn other Yorazella spec(xesh'!'hr ﬂpp\:tin: ;::1\:\!111“;
. ihe eise W
variants 1§ SUrprisi, i view o
o “::intr:‘rfomnz:nks could be 1solnted from reccntly wolated skl:u:\s un
col"lfhc n:e‘chumsm helupd this remarkable max:\nc:l oﬁ- gl:[“” ,smgm
hat some kind of molihiy
1t 15 temptmng o suggest U
kno;;]n :&;l\nnnhon Thys 1s also sugaested by the appearance of s;:(x]lx
m\\uees sn sermsohd agar It may he recalled thyt Prechand ( ‘)]
ccllla\mred to hace demonstrated the ivpe of motihty first d;m‘tlmsxr:;t"c
raxelle
spectes by Lautrop (9) 1 all species of Mo

\13;‘"2!:;:;717?:;"0“? the other hand failed to detect this mothly mn
'llnnanhquefacxcns A rencwed study of this question perhaps inelud
ing n comparison of the spreading and smooth variants mht be Te
Walrldlnr:gmhreshnq that M ponhquefaciens and M hingu shove the
roperty of producing spreadin,, and corroding varanls but before
[z:m conclusions can be denwn from thus fact 1t wall he necessary to

find out how widely dustributed this pecular property 1s among the
bacteria

SUMMARY

A stromn of M nonliquefaciens srowmg with corroding and spreading
cofomes hifke those found wm M hangu s descmbed Vamants wath

~preading wnd corroding colomes were 1solated from three racdamly
selected strams of the same specics
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SUBDIVISION OF M TUBERCULOSIS BY MEANS
OF BACTERIOPHAGES
With Special Reference to Emdenuological Studies

By

InGA BALsS
Recelved 13162

Phages that Jvse W tuberculosis were 1solated for the first ime in 1004
by Froman et al who also reported that the strans examined shoned
cifferent phage patterns Differences 1 the phage susceptibility of ¥
tubercnlosts strans were demonstrated in subsequent worhs (Takeya
et al 1959 Murohash: et al 1963) particularly in a study by Sugita et
al (1965) who found that some strams of M tuberculosts were 1¢
sistant to a phage that lysed the other strams examined
The value of mycobacteriophages m epid 1
illustrated by Baess (1966) with a matert
from whom M tuberculosis was 1solated n this Iabora
BK, used 1n that study divided the M tuberculosts stra
group with phage susceptibihty and a larger group with phage ress!t
ance It was shown that except for a few enses A1l straws from pabients
with presumed eptdemiologreal connection were erther phage suseep-
tible or phage resistant Tokunaga et al (1968) found sumdar results
m a study where strains of M luberculosts from patients wilh epide
miological connection were Iysed in the same way m contrist Lo strams
from pabients with varving sources of infection where the phage sus

cephbility was different

The mum of the present study 15 to gIv
larger material comprising 230 strams of tubercle b
groups of patients with 2 presumed epdenological connection

each group
Subdision of th
ralue epldemm]uz:wal stul
were tested on M fubercu
1solated 1 this Iaborators and some were
A few of the Iatter were adapted to other host s
s of the sarious tul erc
1rgieal connections Spee
agen Tubereulosls Dispensar

1 studis w1
1 of tuberculosis pafients
tory The pha €
1ns nto a smll

e the results oblmned with
aellls from
within

Josis would be of greit
larpe numbes of phaats

of hese phikes were
ser worhers
< with

¢ two groups of A tuberc
dies nd therefore 1
losts The majority
recenved from oll
truns The resull
31 peosacies 10
1:1;5:;‘.“,; b“"l":‘h::

The writer 15 grateful to the chie!
! d 1ynsl

inf £ e ep
Dr Birte Croth County of Coperh
great interest and assistance
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d
the evpenmenls were performe

hages are gren here Since

se\‘t‘n (}:[fegrem phage concentrations they provide mlnrmuho‘:\ cm:
Tmmg the wmportance of the cboice of test concenlration for the ou

&3

me of phage tvping This aspect 15 menbiomd insther 1 the s
€0
eusston

MATERIAL AND METHODS

or pstients with epidemiolagical Connection Sere
B the = S ron provided by the D nish tubercutosts dispensaties
d":ls"}‘. e tral register of Damsh tuberculysis patieats kept at the Statens s"""}
and e e ias gone through the case histories of all the patients concerne
matiut The nrster s oo e wenated at this laborgtory and thase from amimals
Tl e eterinary Serum Laboratory The moterial which origmates from all
o e B etk ancluding Greenland consists of 203 straing of ¥ teberealosss
Bk o0 D S ovis from 203 humans and 22 ammals (vpe sttaln per 1pdt
B romprises U gronps of from twd {0 mme straws with pre umed epide
kel conne tuam The hacterra were maintaine 1 un Towenstews Tensen mediam
Bacteriog hages BE, 1solated ab tins laborators has been descriled previously
(Baess 1966)

Do was adapted to A tuberculonis 112480 from D32 which was recened from

Froman (Froman 1954) D32 did oot Ivse tost

usually employed hut produced & few plagues 1n concentratton 108 party Yes per m}
719450 Afier Dye suecessive transfers from onc of these planues on L 12480 the

ohage (designated DITa) was conentrated wsing V17480 as host steasn That stearn.
was Iys d bv Bls,

Do3a was produted 1m the same wa¥ from D8 (Froman 18 4) wsing M tubercalo
s E41171 as host strain That strain was not lysed by Bk,

D34 and Db were recesve ) from Froman {Froman 1954 Bogen & Froman 1929)

DSb1 and GSHF v ere recerved from Redmond (Relnend 1963

Redmond s phage BG, was received from Bates (Bates 1967)

Vedie The phages were suspended 1 heart mfusion broth to which was sidded
1 per cent tryptose 03 per cent sodium chlorde and D001 M ealerutm chtorsde The
etp riments were performed b the agar layer wethod Twn different wedia wese
used m BC an) RVA20a The BG medmrn 15 Birdet Gengon agar base with pro
tease peplone and & sems flwd mediam with yeast extract and tryptone (Froman
1934 Eroman & Scammon 1964) RV 49%a sas desembed by Redmond {Redmond &
Vard 1956) and consists of RVAI7 with th changes mentioned 1 the postsenpt Lo
s article The ems Tluid m duwm uset an thos study was RY A2 but with oalv
08 piee cent agar added

Be rensan { r using two different media was that R\ 478 whick had rot been
deseriled ap the time the experiments were Cormenced solved the problems ia
vohed in phake Lypiog of the W boow strains wnd 23 of the ¥ tuberculoss strains
which gres md!l: on the lm‘ medum.
Wethals 1 mlof a Dutos culture of ¥ tuberculosis or 15 m) of M bopss 1
™ snysation of about 1 mr sern; dried weseht per motlihire was mixed wxfh‘se::ln
fluid melum taken from waterbath 22 5% The mixture was distributed evenly
aser the medium 1n the pete dishes After sohdifymg up 2o erght different phage
dilutions were apphied to the plates by wean of platimum needles suspended 1o dsely
fr 0 a melal plate The tlatinum loops wacd grasided shout 70 Grops per mallire
T phage su pension When the drops had dried the plates were 1cubated at 37
and after two d23s put It plastt B1,5 1o 3y01d desiccation
The MV a plates were inspected far the
plates after elght days Double diferm nations

were pecorded v ennfluent Yyats, rems con
Anvhand (1§

uded Tn The experiments
Phag s the test concentrations and 1 B
183 2n1 30 strains Sere part of the total matepial of 230 :ﬁm‘:s “'}7\?‘!(}?&:\::::
I actapamt 76 3
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TABLE 1
Phages Phage Concentrations Number of Bacterial Stratns ond Meder bead
No of stratns Phages Phage concentration el
230 Bh 108
. BG VA
230 B 105 5 10 BG RV 19
230 osir w0y 1 RVAS
104 D38 100 5 10 ne
104 D24 07 5 I BC
30 DS54 w 5w RY AR
30 282 108 3 108 BG
10 DiZa 01 5 30 BC
10 BG, [T 9

Part of matersal published m Baess Amer Rev resp Dis 93 1969

were tha ¢ asajlable at the time phaces D56 and D3¢ were examined and the 30 sére
selected b cause of thar good grovih and hecause they represented a yeasonsble
distribution of strains Iysed by Bk, and stratns resistant o Bh, Bk, snd GSIE
were tested an all 230 strain and gll phages were tested on the 30 stralns

RESULTS
Fpidenialogical ezamination According to the case histories and 1t

formation from the tuberculosts dispens iries the 230 strams examined
could be distributed on the basis of presumed cpidenmologiel connce
tion mfo groups as shown s Tables 2 and 3 There were 88 groups o
¥ ‘taberculosis one orgipating from one human and four Anmals
Tour of the five groups of M bobis were from both humaes ond
ammals

TABLT

Distribufion of 905 Strawns of Al tuberiulasis dccarding 1o
Epudemologiral Connection

Presumed

No of  Seof

I pidemiological connection group adn2Ioalt
2
Married couples ;} T
Tarents and ¢hildren 4 ]
Brothers and sisters M 18
€ randparents and grandchildren g 13
Other relations : 0
Adnlts and children not related to each otrer 1 i
Persons with same residence ° 1
Persons with same place of employment pe 4
Nesghbours or acqualntances 8 Iz
Aixtures of aboyve connections 7 4
Aedical staft and patients 1 5
1

e b womtant to data from tuberculosit R

dispensaries
03
Total 88 z
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TABLE 3
Dustributton of 25 Strains of M bosis According fo Presumed
Epidemyologieal Connection

No of Mo of
Epidemiological conne tion groups indmdnals
Humans and animals 4 23
Bro hers 1o law with same residence 1 ”

Total H ay

The assumption of epdemological conneetion was supported 1n nme
rroups by the finding of resistancer to streptomyein PAS or INH or
combinations of thosc drugs all the strams m the proup hasung the
same drug resistance patiern

In eight olher groups (he epidemological connection was confirmed
by the findin, of poor growth on BG medium so that only RVA20a
could be used for testing

In two groups each of two patients the epidermological connection
was refuted by the differcnt morphology of the bacteral eoloms 1n
the one ease and the different growth on BG medim in the other Thys
finding was confirmed by the results of phage typing (see below)

TABLE 4
Phage Typing of M tubeseulosts by Different Phage Con entrats ns

o Concentration
age 108 0 108 108 100 100 10 101
Bh, + 62
+ 0
- 183
B, + zla; 67 6 33 57 3 9
* 3 ¢ 5
SRS LR LS S T Sy 152 1};'
s + 133 7 3} 6 19 9 [
30 4 [ 11
pul L R T T 1% 20}
D36 + " 2 3 3 1
p 3 1 ] 0 g 8
— 81 $ W0 3 g [ g
oM + 5 »
2 1
* a 0 0 1 (‘) g 0
O LR U R 104 m?.
£ Dire t
rRent re ul:;vy s: l::ﬁbll;:h; crron {oectrred only in the Jomert h
Same strang i e Iraedy e

30
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In the other groups the results of (he pnior hacterrologial examma
tious were so uniform that they peither confirmed nor refuted e
chmienl evaluation of the eprdemiological connection

The two experimental senes with Bh, dinaded the 205 3 tuderculoss
struns nto 62 phage susecplihh, (30 2 per cent) and 143 phaoe resst
ant (698 per cent) {Tahle 4) When distributed mifo the 89 pabient
groups 22 {25 per cent) contuned only phage susceptible and 61 (697
per cent) only phae-resistant struns Five (57 per cent) containd
hoth phage susceptile ind phage rcsistant strams Thus 1n five groups
Ihere 1s discrepaney between the chmcal evaluation of the epidemioly
scal conneelion and the result of phage {ypi,

One of these five yroups consistcd of four phade suseeptible strams
<nd one phage resistant A renewed request to the tuberenlasis ds
pensars revealed {hat 1t 1s most Il ely that the patient with the phi ¢
resislant stram was 4 ed dentally durng e of

environments f
Another of the groups consists of two adult hrothers from Greenlant

On vccount of the wide extent of the disense m that part of the country
1t 15 possible thai each can have had his own source of infection Fur
thermore the stramns did not resemble each other morpholoeally
A third group copsists of 2 mother and son The mother hs pum:‘c‘
nary processes of older dute The son 1. a fisherman and an alkol t?r
with 1 large arcle of acquaistances Une of his associates had tu L“‘
culbsis at the same time but 3t has not been possible 1o sy the stea
from that patient
Tno p'th;n!s i the fourth of these groups are from fnmnhcsbl)n il::;\
contact with each other Howerer the strans dud not ns;‘m :\h“m
other s reards growth since only the onc grew well on B mM the
The last of the fiye groups 13 2 marricd couple and m l‘h:s ¢ o
discrepancy betwecn the epidemiolopieal eyaluzbion and) phase
nnot be ¢xplamed "
C“Furlher cwgluntxon revealed [hat the phage suscephibibly :.{d::\clcui"
enlosts to Bh, seems to be mdcpendent of the age St‘x n;“_ P
BCG saccmation of the pittent and the stage ]ac-xhzu‘um arplolo ¢
the discase Nether does 1t have any relahon o the cn]l:)n;““mm’ o
of the hactria the drug resistince (lso to furfuroy) 2
1 the macin fest weft
UI;;Z;! t\\l')yfmrz of the Y boms slr‘n)ns 1s not possible sinee u
Lsistant to Bk, (not shown in tables < Bh, tBe
r 3;hlage :‘S/il-, ’suhdmdcd Y labercniosis n the sm\lr:u‘(\‘ﬁ]‘o I“(T\b;h B
same 62 slrains being lvsed by the phagem cnncenln‘kd e mane of
As with Bk, the ¥ Bboms strams cnnot e suh(ln‘lo‘ (nol shona 8
them are Issed by GS$L in coneentritions befow
bles 0% and four
ml;:ib‘) Iysed two out of 104 struns m conr‘e‘::f;l:xln: Looh. the for®
conceniration 105 The Isis of one of the 1
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TABLE 3 e
Phage Topwg of M tubereulasis bp Different Phay Coneentraltony

Concentration
Prage @ w1 e ¢ 10 IV ]
[
& 6 [ & 4 3
Bh, -\_; H o o 0 2 [} M‘)
= P YRR T B T .
e e T T 1 8
et oYL, s 1 2 e
* 13 19 Py ag k23 21 30
W
BC, * ® T H 1 o ! (3 [}
= a 1 3 13 24 4 30 30
13 [ § 8§ &
1322 * H H H N 1
= 2% 2 21
3 20 30 30 24 4 [) ]
DA & S ] 0 o [ 8 1 0
- ) 0 ) [ 6 18 29 30
3 W 3® B
D282 b S IS 5 1
— ° L o 1
5 3 -v [} 0 [ 0
08 b > 9 9o 9 o 0 0
= 25 27 28 %0 3 3 30
v 3 2 2 1 1 o [
o by ¢ s s U & ¢ &
z 27 %8 3 = B/ g 30

& D rgent vesults in double determinations (occurred ouly i the losest phage
cantentralipas by whick the bacterta were hv e
Sare strams

of tarhst parindly confluent plaques The four strams form two groups
cach conlaimung two patients wilh epmderologienl connection Que of
the groups was Iysed t Dab only wnd the ather also by Bh,

0331 contributes nothiny, to the subdivsion of V¥ tuberenlosts sinec
i contenitations 1% and 10 Yhe phage Jyced onlv two out of 104
struns producing smalt tertid plaques These two strams helong
an ¢prdennologie 1V group of four patients

BC, and the adapled phase D32a subdnzde tn the same way as B,
and CS41 <ince both tvsed the srme sic of he 30 strams. ex'\mmel;
tTable 3
B2S64 wd the ndapted phage D28a tysed alt the 30 ¥ tuberculosis
and \his it of no sizniftcance 1 an e

1demtological ex:
s Sand 12 & examin ihion of
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Test concentrations of the phages It will be seen from Tables 4 ang
5 how different are the resulls obtamed by phage typing using varyin,
concentrations Table 5 shows that the four phages which dinde 30
struns of M tuberculosis into 6 pha.e susceptiblc and 24 phage re
sistant do so within varying concentralion ranges »  Bh, and D3%
n three dilution stages GS4E m two and BG only one The humbr
of phage suscephible strains becomes greater as the concentration
crenses and the number of phage resistant strains becomes oreater as
the concentration decreases This can be seen most clearly as re ards
BR, and GS4E from the larger materal shown m Table 4 Here the
presumed correct distribubion oecurs at only one concentration The
increase 1n the number of phage susceptible strams occurs most rapidly
with phage GS4I Esen though the majonity of the experiments with
Bh, were performed on BG mediim and those with GS4I' on R\
medim the results ar¢ comparable Control experiments hase shown
that the host ranges of the two phages are the same and that they Iyse
the bacteria to the same degree on both media As 1s the case wilh the
other phages DSB4 which Iyses all the W {uberculosis struns m con
centrations above 10° lyses fewer straws as the concentration decreasts
(Table 5) 1y s

Subdivision of the strans with D34 and D586 1s onls secmmzly §
Inr since 1t 15 not the same siruns that are lysed by both Phﬂnfj 1

Bh, did not Iyse any A/ bopis struns 1n concentrations upl fcs n
GS4E l3ysed one stramn of M Dbows on one of the two siulir [;li!‘m »
concentration 10¢ and five struns in concentration 107 {nat she

the tables)
DISCUBSION [
relt
The most frequent finding m experiments with phage typlln‘g U[clslx,s’;:ntt
baeill 1s that all the strans examined show either complele T

oIt
ndividual phages ""mm”dhitlnmr

r complete suscephibility to the 1
gl al (I;D:'A) described phage patterns for M tuberculosts,
findings could not be reproduced by the » rifer centibibit o

A few works mention differences in the phage sussc‘l;m e
W tuberculosts strams but such findings hme not bcc;x ll;m Dhoe s
eprdemiological problems Takeya ef al (1909} [al""(l e
ceplibihity of virulent strams to be creater than (hal o oms morphe
strams and they assumed the reason to bt the vlr\lnf:”c e desket
logs Wurohasht et al (1963) demonstrated 1 (’h[l'c‘rzo“
ofolysm wath phage GS4E 1n 1 concentration Ofld X rages epderne

As mentioned previously the use of my cobac cr;og) e o e it
Togieal studies of patients with tuberculosis was desc Tihe) 0%
24

the same phne {
time by Baess 1n 1966 In the present worh o atrime of W ml;:;

nsishing o

examine a larger mlerial o e Boloc

ll:?:s:: from 88 groups of patients with 1 pre su?‘:'m{‘ans et By
z;nnccllon wathin each group It was shown by (hi
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aded the 205 struns mio 82 phage susceptibife and 143 pliage ;m;ls;,

L \When Qistributed nto the 88 patients groups 1t was seen that 22
“ infected with phage susceptible 61 with phage resistant and 5
:’;‘I’}: both phage suseephible and phage resistant strams Thus & con
‘wctwn st emst between epidemiolosy and phage susuphb\éﬂ}
stpee with a pair wise {ortwstous distaibution of the strawns eeording

ta the frequency of phage susccptinhty found 1w the present work
~bout 4¢ pur cent of ihe groups {1 3>} would be infected with both
phage suscepbible and phage resistant strams

4s stated earher Tol unaga et ol (1963) ohtawed simular resuits n
a matenial comprising, tho patient groups Using geographical dhstribu
Lion of the strams Bates (1967) was not able to contribule to a solition
of epdemiological problems  Thus would net have been possible in the
present work exther had Poprapeal classification alone been nsed

Tt would scem from the present study that the phage lype M tuber
enlosts 15 a constant characteristic The experiments with Bh, and GS4E
hase stretched over a period of about three years durin, which the
struns have heen subcultured st imes Despite this the tesults have
Been absolutely umforrn Inn fow cases the examnation of more than
one \ran from ihe same patirnt—some 130lated from different organs
—showed svstematically either susceptibility or resistance 16 Bh,

This vonstaney of the phase tvpe 13 of speeial importance m this
study for evluation of the five patient groups from which both phage
suscepbible and phoge resistant bactena were asolated Based on the
assumphion of thus constant chiracteristie these five groups must have
nen erroncously cvaluated and therefore forltutously composed as
regards phage suscepltility As mentioned above about 40 per cont of
such strains randomtzed pair wise wonld show different phage suseep-
ibstits nd thus be reconmized as being erroneounsly grouped Therefore
the fuse proups represent only about 40 per cent of all the groups eva
luated incorrectls The remamder of the errors must be m the other
groups the majonty being among the pha,e resistant struns of which
here are most

It shonld be stressed that elinical evaluation of the cprdemiologieal
conneetion helween two tuberculosts patients may be complicated by
the long, thteryal helween the infechion and manifestabion of the discase
Such a siteation may explain the diserepaney belween the ability of the
:\::I‘:it:oul.‘:mmc Jysed '31‘;“’ “;‘\““ Pabents who become 1l sumultane
i rroneous evaluabion has :‘5:! \::e:n (‘0\ ieal conneclion possible

andd previousty in thig department
In mc:‘ms of type determimation of tuberele bacill where the one patient
was shos
N lmvu“:‘} :.t;,lv:,\u;(l;;g)cd with ¥ tuberculosts nd the othur with
llowever 1t caonot he excluded complef
v mas oceur so that the chinseal cpldc‘;x\ltnellggll(-l;:;le:laf:\:l:‘;r: l‘sn Phase
1 spite of the result of the phage examnation 1t 15 known ll:::l":::-
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mstance n staphylococcus epidemics lhe phage tvpe may become
changcd by lysogemzation of the baclera

Liforts to subdivide M tuberculosts by means of other phaes shoned
that GS4C BG, and D32a divided the sirains mnto the same two groups
as Bh; GS4I was tested on all the material (Table 4) and the other
two phages on only 30 strains (Table 5) It 1s also hnown from the
study of Bales (1967) that GS{E and BG, Ivse the same struns of ¥
tuberculosts and Tohunaga et al (1968) found that Bh, and GSF
resemble each other It 1s noteworthy that three of these phuses wib
the same host range have such widelv differing host strams 1s ¥ fuber
culosis, Battey bicillus and M smegmatis

DSBA and D284 Ivsed all strains of M {uberculosis and therefore an
of no assistance in subdivision (Table 5)

D32a which Iyses some and D28a which lyses All strains of W fuber
culosis are dapted to 2 Bh, susceptible and a Bh, resistant stran
respectivels However GSYE and DS6A which show the same dalference
m lvsis as D82a and D28 respeelively have the sume Bl suscephible
M {tuberculosts strun as host This 1s not 1n accordance watl the s
sumplion thnt the difference between D327 and D28a 1s due to 2 host
mnduced modification

Since D56 1 concentration 10° Iysed the struns m two groups of
patients with epidemiological conneclion this phage may contribute to
 subduvision of M fuberculosis D34 lysed only few struns of VI luber
culosts, and since the Iysis was turbid and weak its value n cpxdtm;i
logical studies 1s only limuted Bates (1967) 1s more optimsii ‘“scd
gards D34 Dbut does not mention the actual phage concentralion U n
or the character of the Iysis It 1s possible that small dll‘[crmc:‘ls”w
medium may explun the divergent resulfs with D34 m Bates s an

present work

The results m the present study »
subdivide M tuberculosis mto other t
Bk, D36 can be used tentatitely 1 supp
connection with epidemioto-ical :l{;;}(g(s This 1,108
the findings of Tokunaga ef al {1968) of

llﬁ:m lfc seen fromyTxblcs 4 nd o how mmportnl ﬂ:n::“:":h‘
phage concentration 1s for the result of the npcnmcnl;r e pesulls
of only one stage m 1 tenfold dilulion seres can give (11; \lens are 10

It has long been accepted that igh phine f""ﬂ‘"cml“om““l
switable for phage typing One could periips 1,r0C f"sl e subdin 508
ly lower pha.e concentration for all phincs nd ccep atss (1969
of the bacterin thus ohtaned s has been done by eru e an et
However 1t will be seen from [ables 4 wnd o tht llxlﬁr 1o HTD can
solutron It 15 still an unclanfied question 15 to whe slinrlf‘ considh?
be used for mycobacleriy smce the s1ze of the ph;_ll;(‘ pores wilh the
ably dependent on the phages used Tie RTD l;’m {-‘nnunlrll"’" a
smallest plaques hes around 10 which 15 naw

£t s very hiffreult to

ndicate Lhal et

han the two groups ach ;
lementars experymunts
in prineiple wil
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which lysis from withoul can be sten Furthermore the rate of growth
of the host strans vanes often qwite considerably from that of lhe
bacteria tested which nflncnees the size of {he plaques and shich
turn affcets the RTD Should the RTD be deternuned on a stram of the
specses to be tested or on the host strawn of the phase? In any cvent of
the RTD 1s used for mycobactema very varying test concentrations
would be nsed for festing baclema whose growth rate often deviates
considerahly from that of the host stram on which the tost concentrn
Lions are hased

A time consopming and difficull resort 1s to <heek the vanons dilu
tions on 4 serns of mycobactina with the same growth rite and pos
sibly of the sime speeres as those ta be tested {(Tabk 5) The results
would tben wmdieate m which conecniration range the phage can be
nsed and how wide that range 1s

it will be scen from Tably & that the first four phages which snb
dmde the bacteriy m the same way are not equally «pproprate for the
purpose Bl and DI%a are the miost switable since they show con
cordant resnlts in the widest caneuntration range Table 4 shows that
the smtable concentration rate of Bh, 15 narroned down in the larger
matenial It can also be seen that m the first experment the stromns
could be dinided wlo 62 phage susceptible and 143 phage resistant by
woncentration 108 hut only Lv concentration 10 1n the s

Thus would ndicate a reduction 1 the switabality of BY,

econd attompt
{rom a possiily s

» Bince phages
ogenue host strun should not st e bie 1o Damifesy
themsclves by diluting to 10% and 10 thus 1 probably on account of
Admaxture with mutants with a difforent host range Thus could also
be e explanition for the poorer quality of GSIT apd BG, In tha

event the phages could be improved by propa.ation from singl,
1t s not hhely that the < wal i B Dihaves

lions m the results of phage t
ufferent concenlralions are e of e oy (e

S MVMAPY
The proesemt matennal g n extens,
on of ihal reported 1n o

xl(ud: from 1966 It now comprises 204 stratps of 1 lubeuulg:f:musl
2o struns of ¥ pops consisting of 83 and 5 sroups of patients \:l::;x
cu‘nnccho? from the two Speeles respeetively
Sbrams of W tabercuiosts o 2
eeplible md 143 phage sistant When distrtnited lnnll:lll;\-c ‘g‘;uielsusl

atien
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groups 22 contained only pha,e susceptible and 61 only phage-resistant
struns  Frve groups contamed both phace susceptible and phage
resistant stramns Thus a connection must exst hefween epidemiologs
and phage susceptibility All the M bopts strams were phage resislant

In addition o Bk, the Iysis of M tuberculosts by a number of other
phages was examined in an attempt to further divide the two subspeens
The resulls with seven of the phages indieate that 1t 1s vers difficull fo
subdivide W tuberculosis into other than the tno groups achieved with
Bk, D56 can be used tentatnvely an supplementary experiments 1t
conncction with epidenmological studies

Comparative examination of all the eight bacteriophages in tenfold
dilutions shows that 1t 1s necessary to be entical n selectin,, the phage
concenfrafions for use n feshing mycobacteria It 13 possible that m
stead of the RTD the pha,e concentration msed should be that deler
mmed by tenfold dilutions on mycobacterin of the same species or
having the stme growth rate as those to be fested Furthermore the
expertments indicite that st 1s necessiry to check the punty of the
phages from the pomnt of view of adruxture with mutants or pha s

from l3so.enie host stramns
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ANTIGENIC DETERMINANTS
OF AQUEOUS ETHER EXTRACTED
ENDOTOAIN FROM
NEISSERIA GONORRHOEAE
By
J A MiLswp

Recetsed 28168
tizations showed that the crude preparations obtained by
‘e);::"\::zx‘\“;;zuiumcm wilh aqueous ether alkal: trichloroacetic acid
or heatwng conlmned nn antigenic polysacchande determunant called a
and a proten deternunant eatled b (11) Purified phenol water hipo

polysacchande possessed the actily of a but not that of & These
findings were based on the indirect haemagglutimation and haemag
glutination h t was ted that the a deter
mnant was assoctated with the polysaccharide component of the

endotoxin of gonococer whereas determinant b may be associated with
the protein component

The mm of the mveshigations desenbed 1 this paper was two fold
1 A studs of the refationship betneen the determinants a and b 2

Tsolation and purification of these determinants The agueous ether
exiract of gonococer was selected for these sludies

MATERIALS AND METHODS
Veisseria gonorrhoeae strain 8551/6% way employed The methods for cultivation
nd harvesting of the hactera and for preparativn of antiserum to whole gonococel
(anti Ge) have been deseribed earher ()
Lxfract 1t with aqueous ether was careled out as earlier (11)
Serologicat Methods
Sensiti ation of sheep eryth

which eryth
with determinant a were prepared #s follows Armecus ether endototin

was treated
Bith 00 \ \aOI at 37 C for 18 hrs followed by neutralization with HCI and dia
$usts ax inwt 1715 M phosphate buffered saline bH 77 The preparation was then
dugested with nre nav The enzvine was fnsctivated 2t 108 C €or 5 ypims
reparations which sensitized ervihrocytes with determinagt
treatment of the endotonin with 9008 N N S Tor T8 by i Frcpared by
preparation was oxtdized with perl date to destroy d
ronning tap 1 der and finalls agamst buffered sahine
of sensitlzetion equal solumes of & one per cent suspension of sh
svtes and an antigen solution were mized Th. sohutic n eantarer s irnen fﬁl)}:;o“
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:::(l]:c:; of antigen sensitizing erythrocy tes to mavimal aglutination {jtres with
“:‘r))m experiments which Ted to these procedures will he described in another paper
Zhe wndirect haemaggtatination test and fest for inhibilion of haemagglutinat
were performed according tn earlier reports (9{ 11) The sero[{)glen{"nggllnl\ nn}u:
and b was determined by the mnhubiition test Mimmal mhibiting dose (MID) was
the least amount of a preparation (in gg) which completely inhabited 8 agglutinating
::;::cts) of the antiserum (8 times the amount of antiserum corresponding to the

Dreparation of specrfecally absorbed antisera Antiserur containing antibodies t
a (anty Ge ) but not to ¥ was prepared by absorption of anti Ge with gonococt
treated with persodate The treatment was earried out by suspending otie gram of
wet baeteria 1 5 ml of 004 M sodam metapersodate The suspension was hept in
the dark at %0 C for 76 hrs The packed and washed bacteria were then used lor
absorption of 05 ml of antt Ge Antiserum containing anuhodies tn b {ant Ge B
but not t a was prepared Ly absorption of anti Ge with pumfied phenol water
endotoin (113
Complete absorption was cheched by testing a 1 % dilutson of the sbsorbed 37
aganst appropriately sensitized eryihrocvies
2 of end by specific p tron was carred out as folluns 1
solution of the endotoxin was contrifuged at 1500 X ¢ for 15 mins MID of the
supcrnatant was determuned and equivalent solume were added to 07 ml of un
diluted anti Ge q and ants Ge b After incubation at 4 € for 44 brs the preciptstes
were collicted by eentrifugation at 1000 X g for 1o mins and washed 3 bmes The
washed precipitates were suspended m a small volume of buffered saline heated in
2 bosling water bath for 2 muns to denature the antibodtes and were then tested

for serqlogreal actnity 1
Precipitation by rang test and by gel diffusion were performed aceordmg to the

techoiques deseribed previously (10)

Fractionation Wethods
Dltracentrifugatian was carried out sn the 57 inco Model I 50 preparative ulte
centrifuge
Prentment of the endotozin with aqueous ph_iol Wa_performed by mising sats}
volumes of 2n aqueous solution ontmpin, @ me f endatovia per m? r‘f" " ‘z’“
cent phenal The musture wa stirred w37 v 5 ins cooled o 4 € apd o,
trifuged The water phase was withdrawn dialvsd ag unst rungiag lu; “}‘:nz The
Iyophilized Tour volumes of absolute ethanol were wdled ta the phenot IS¢
mustise was kept at 1 € for G t1 24 hrs and n s then centnfuged 1;]0.]
was tal en up in water dialvied agapet runming tap water and Dophitlze | butler
Paper eleclrophorests was performed a1 room tem; evature Using vn’on_lgm T 96
PH 86 1omic sticngth 01 or a phosphate buffer pif 12 tome steenglh 0376 7/
21 0f a one per cont soluticn of e endotorin xere applied to the sBpe, & S
of 8 mA and 60§ the voltage gradient I)elm.":(;,\ cmhl n\v‘n; ;‘p(pllﬂ or
The paper strips were stamed fcr protem w1 ramphenol bl e
Block eleetronhorests was pert fmed wsmg Bosil an € 870 ocbholts S bl
Cabriks AB Stockholm Sweden) according to the method of Fahey 2 Keliily s
(4) The pevit an block was nrepared 1 phox glass tray mw:u{ n‘g” b X iy s
om A phosphate butfer pit 17 jume streasth 006 aas used The eleetrinf 00 0y
carried out for 14 hrs at 4 € and o const at soltuge of 300 3 and 50 2 0]
applied After the electrophonesls the bloch was dividel fnto }5 & 80 1) oy
Fach scction was stspénded 2n o m} of phosphate buffered safte 0T} 5 £ 0oy
trifuged at 1000 X p for 15 mmns 1k up rnatants were dia \":n“ contedl were
saline for 48 hrs and the optical density serological activity and padee
deteemined pas of Sephade
Gel Jltratron of 10 to 20 ms of cndotoxn wus carried out ¢ €Ol B Loy yn
G-200"af 25 X 50 cm according to Plotin (8] £he SAATGY i haeghate huller
eluted either with 00> M phosphate butfer 118 74 ar s fth 6 OF IR Ceey ne
pH 19 with a flow rate of .0 ml per hour The um;zc\v;‘:z(‘m;“h agoln ¢ water 14
and the or tical density at 280 myy 93 lerm{mﬂ” S aere determintd
serolomseal aetirify and DNt ¢ ntent cf cach fracl
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Themu al 4nalyses

Aeutral sugar was cstimated by the sulphuric acid oremnal method (20) Glucose
gala tose 1 1 was used as standard

Protein wa defermuned by the Folin Cacalteu method according fo Lowry et af
(8) wath hovine serum albumim as standard

Lapid was determined by the method of Snyder & Stephens (17) as modified by
Tauber (18) wilh tripalumutin as standard

Muelere acids were exsmiued spectraphofometrically at 960 mu DA was osty
mated 1+ the diphenslamipe reaction of Dis he (3) DNA from ealf thymus {Sigma
Chemcal Company) semed s stondard

Otfer Methods

Onidation soith p eeodate and digestian with pronase wece carred out as deseribed
earlier (11)

Treatment uith Duse (DNase 1 B grade Calbiochem) of the ernde end.
wa_carried oul 1n 1 M acetate hutfer pH 55 4t 37 C for 60 smins The enzvme te
substrate (DNA) ratio was 1 50 {W/W)

Th epin ghrine shan fest was emplaved ta demoustrate end toxic actisute sceord
ing to the procedure deserabed prestously {(11)

EXPERIMIENTS AND RESULTS
Samples contmming 2 to 10 my, per ml of erude endotoun m wnater were
centnifuged at 60000 X g for one hour The supernatants contamed
great amounts of nuclae Jeids whereas the determmants a and & were
quantitativelsy sedimented The pellet was washed once with water g
the final sediment was lsophilized
In the gel diffusion tests Doth

ent with
ton with specifie anlisern queous
On paper electr,

ophoresis in veron
the maternl ey

! buff
rred Using the ph, or {PH 8 6) no my

4
osphale buffer (pig 13y I;';“;‘:p::
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Optical density
Tt es of fract ons

1 ¢ @ v
Fraction no
Fig 1
F ractionation by Pevikon block electrophoresis of 25 mg of ultracentrifuged eado
toun Phosphate buffer pH 17 10mic strength 006 and electraphoresis for 1 hrs.

—— Optical density at 780 my

Titres in the h 1 test of

© Titres 1n the haemagglutination 1nhibition test of determinant b
Arrow ndicates application of the sample Anode to the night

ta

was stamed by bromphenol blue over an aren coterin., various distancts
from the origm towards the anodc depending on the duration of the
electrophoresis In order to study morc thoroughly the behaviou? of
the endotoxin 1n electrophoresis 25 m., of endototin was subjected to
block electrophoresis n the phosphate butfer The oplical density at
280 myp and the serologicil activity of the 18 fraciions obtamcd are
demonstrated 1n Fig 1 The UV absorption curve shows Iwo maxima
correspondin,, to fractions 5 and 16 Materinls inhibiting haemangly
tination were found m fractions 1 to 10 showng that the bulk of (he
endotoxin had mugrated towards the anode The distribulion over Iins
wide area agrees with the results obtained by paper z'Icclml’h‘"i”'s
and ndicates heterogeneity of the endotoxin & rough paratle ’::
existed between the optical densily of fractions 1 to 10 and the ¢

logical activity of these fractions The proportionale actisity of @ .‘;‘lhc
wns the same in nearly all the frictons ~nd the same 1s that o{ e
corresponding crude preparation This shows that no separafion od "
components had been achieved Ancleie acids were onh fnur;_m
fractions 12 to 18 and were thus separnted from the endolovin o
tons 1 to 10 were combned and hopinhzed lowever lhe l’“p:;"b 1o
contamed substantial amounls of puvihon prticles Proinbly [H“:n
this contamnation the serological activity of the drd m'\lcrll:"

somewhat Tower than that of the correspondin, crude prep T

1ts
1 endoloxin with aquee
After tretment of the ultracentrifupet ot Ry

henol the water phase contuned nuclese c eno!
gnhsem m the sercﬁogxc:\l tests The mterial recoy ered frol:‘lu'cl;f]g!;c'

phase contuned both the determin wts @ and b but “omrﬂf‘”‘ sen
showing that purification had becn ohtmned Umn,g ;‘n Hase of this
sitized with the a determnant the mummal mhibihing
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preparation was 625 pg te half the amount needed of the erude
preparation (125 yg) The actinity of @ was not influenced by exposure
of the preparation to phenol for up to 24 hrs Howeser the actity of
determnanl & was lower than that of the erude preparation Prolonged
exposure of the preparation o phenol resulted 1n a proportional de
crease of the activity of b The preparation which had been left in con
tact with phenol for 24 hrs had no longer the actinity of determinant b
The loss of the actiaty of b was probibly due to a denaturing effect
of Lhe phenol or phenol alcoho! mixture

In gel filtration of the ultracentrifuged endotoxin essentially similar
results were obtained with the two buffers pH 74 and pH 12 The
preparation was soluble at pH 12 but formed an opalescent suspension
at pH 7 4 Both the determmanls @ and b and the DNA were eluled m
the fractions corresponding to the void volume of the column Only
the scrolocically active fractions absorbed Uy hght at 280 mp Neilher
separation of a and b nor further
ohtamed by gel filtralion

Altempls were made o 1solate the endotowin by precipitation with
anh Ge a and ant: Ge b A preuipitate was obtamed with both antisera
whereas mncubation of the anhigen with normal rabbit serum gave no
preeiptibion The preeipitates were collected nd washed by centr;
fusation al low speed (1000 X g) in order to wyord sedimentation of
free antigen Some of the precipitates were lost probably due to this
low speed After the antibodies bound m the

punfication of the preparation was

Effect of Treatment of the Endotoxin with DYase
In order to remove DNA Without exposur:
phenol the crude endotoun o P recten to alhalt ox

was treated with
bation sith the enzvme the anbisen se:]lmeml e During e

1 the e
increased tendeney 1o agg e ed el
centrifigation at 30 009 X g for
distitled water the fina] et s e Ater
about 03 per eent based
electrophoresis ang gel filtraty,
0
like the ullnccnlnl‘u;,cd s e aphio
Some serologieal and chen
heal data of a cruge
preparalion are shown in Table 1 The scmlogma;l:gtrnll))\zic lrcfnl;d
@ of the
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Fig 1

I ractionation by Pevikon hloch el of 25 m| e
toxin 1hosphate buffer pH 17 lonic strength 00F and eleclraphoresis for 14 hrs

—— Optical densily at 280 my

Titres in the h test of a
O Titres In the h bition test of nt b
Arrow fndicates application of the sample Anode to the richt

was stuned by brompheno! blue over an rea covering various distances
from the origin lowards the anode depending on the durthon of the
ucctrophoresis In order o studv more thoroughly the behaviour of
the endoloxin mn clectrophoresis 25 mg of endotoxin was subjucted to
block electrophorcsis i the phosphate buffer The opticl density at
280 mp and the serological activaty of the 18 frachions obtamed are
demonstriled i Tig 1 The UV absorption curve shows two maxim?
correspondimg 1o fractions 5 and 16 \falenls mbibiting haem 1 [
tination were found 1n frictions 1 to 10 showing that the bulk of the
endotovin had migrated towards the node The distribution over {his
wide area agries with the results obtaned by paper flcm"phlm;es:x:
and mdicntes helerogeneity of the endotoun A rough I“""[e'so‘
cxisted belween the optical density of fractions 1 to 10 and the st’;b
logtenl actualy of these fractions The proportionate activily Ofﬂ"f“m
was the samc i nearly 2l the frictions and the same as that 2[ e
corresponding crude preparation This shows that no separ’\fl;)u‘md m
components had been achieved Nucloe acids were only fo Frae
fractions 12 to 18 and were thus separated from the endotoan bon
tions 1 to 10 were combined and Ivophilized IHowever the Pr;p:’dr;e io
contaned substantial amounts of pevihon particles Probabl¢ al w8
this contammation the scrological netily of the dried mater

ton
somewhat lower than that of the correspox:]d1nadcx;ud?np::1]:;maq‘leous
ultracentrifuged endotox
After treatment of the ul o mot , et wlh

leic )
phenol the water phasc cont uned nuc. the pheno!
antisera in the serological tests The materal rcco‘ercld frolﬂ:mmi’ sl
phase contuned both the determmants @ and & h“(-m’[hwcy(cs @n
showing that punification had been obtmned Using e15! b

dose of S
sitized with the a delerminant the mmmal mhubibng
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an area of about 13 cm shows that the preparation 1s composed of
components with different phyvsicochemieal properties This 1s 1n
accordance with the findings by Nowolny et al {14) By 1on exchange
chromatosraphy they demonstrated heterogeneily with respect to
h 1 tion  hiol 1 and logical properties of endo
touns from Serratie marcescens and E colt

The following findings are relevant in the evaluation of the relalion
ship hetween determmants @ and b 1 Both determmanls were sedi
menled by centrifugation at dilferent speeds 2 After lre& tment with
aqueous phenol « and b wete recovercd from the phenot phase despite
the fact thal « 1s of polysaccharide nature 3 Sepiration Was not ob
tamned by block electrophoresis the proportionate aclinity Af @ and b
being, the same 1n each serologically achve fraction (Fig 1)
propertionate amounts of @ and b were found 1n the anligen \ontaning
fractions After el filtration 5 The precipitates formed with antisera
agamnst each component contamned both a and b

These findings strongly wndicate that the determmants « and b are
closely associated 1t 1s therefore sugeested that ¢ and b are the re

speetive determinants of the polysacchande and the protemn compo
nents of the aqucous ether endotoxin The nature of the lmkage be
{ween these components 15 not known The use of pH 12 buffer 1n
block electrophoresis and gel filtration wilhout separtion of ¢ ang 14
indicates stability of the linkage

aganst alkal
Swnce the prepiralions obtamed

Identreal

aerugtnosa Resently Barber el
1o protemn deternunants are iy
nella straing

ysates of Pseudomonas
2) have shown that antihodies
m the O agglutmation of Salmo

al (1,
olved

The endotoxin was separated by ultracentnfy
gation from a th,
lale preciplinogen but was syl found to he contammated \\\thelrlr't\ll‘:x
which eould hase been present either as a D\J endoloxin com lex
associated wath other sedimentable maleral Both were thys ext)clud:;
ll:l) the lS:ph'ulcx di'} 200 calump duspite the app ireny disaggregation of
ie endotosin in the pil 12 buffer used for elution fy
urther
n{‘(lu‘ullrrccmnfnlgcd endolovn was chieved bath b l\re’e{’\‘r‘;:fr::a\t\‘g:
phenol waler and by bloel, clectrophoresis 11
wever t.
vhenol water deslroyed the achisily of b Punificalion b;:li:;n:n: b
pl::rom lsfr;'llhcr clumbcrsomc for large scale Preparation ang 1;:::")
exposure of the antigen 1o alkali and conta e
minat,
These methods were therefore noy salisfactory ’l‘““ ok o vera]
o S punfication proce

N emranye g
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Digestion wath D\as¢ followed by repeated washin,s was the most
convenicnt method for removal of nuclue acid consliluents without
Tesorting lo draste or compherted fry Ument of the anbigen It 15
diiftcult to establish the ¢ xtent of purificalion In pracedures desigred
{o check the homogenerts of the purified preparation the whomo
eeneity of fhe endotoxn Hsell has to e considered Howeser a ar
preapifaion paper el clropherests and gel filtration fmled fo reveal
strologieadly active or thaictise mmpunties with the exception of smal
amounts of D\

Fhe chemcl datn presented n s paper show that fhe aqueons
cther endotoxin s 1 hipopolvsaccharide protein complex with a major
protem component On 1 weiht basis the serologseal actinty of the
errhohvdr e component was fir greater {han the aetisits of the
protein motets  Diluttons of the punfied eodolonin corresponding Yo
27 g, of protun were equus ilent o 8 umits of aniibodies to the proten
ddferminwt whercas dilutions corsesponding o 01 pg of neutral
sugar nenltribized 8 umls of mbihodies to the pelysacchande dider
munant

SUMMARY

The reltonshnp butween wd purificition of one polysacchande 20d
one protemn antigenie diterminant i the wqueeuns ether exiret ﬁ“ﬂt‘
gonococct his been studied  Separation of the components was l}m
achiwsed by ultracentrfugation troatment with aqueaus phenol i'cCt
trophoresis or gl filtration  Antiscra specific for each comgoﬁl:’"
preeipitated both dutcrmunmls Presumably both determinants bel
to the endotoxin complex of gonococet .
Freafment with DN\ase followed by repaaded washings wis the mos!
sitisfaclory procednre for purifie tion of the endotoun o o
The cndoloxin wis composed of protun earbohydrate and P
protein bein, the major conshiluent
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Previous imestipations showed thit the aqueous ether extract from
wonococer contuncd one antinenic determipant of polysacchand.
nature nd ane of protein nature designated a and b respectivel {°1)
Attumpts were made to seprrate these components by severat frae
{1onafion mclhods wilhont success (22) Presumably both determmnants
lelong, 1o the aqueous <lher ¢ndotoxin Chenueal analyses showed
that the endotoxin was composed of liud carhohydrate and protes
the lalter bang the dominating compo ient

Turther immunochemical inalyses have Yeen performed and this
paper presents absersstions on 1 the qualitatine nd quanhitain®
composilion of the aqueous cth r endotoxin 2 the ymmunodoeminant
sugars of the polysacehiride determinant 3 the cetiufar oniit of the

endotoxin

MATCRIALS AND METHODS

1ty ation ani
occt

the
n 8551’64 was eml loyed Cul a hnn&:&;\;i‘zlmm
jon of rabbit antisera to whole gonoc (ants
od
f1 atton of the agueous ether ©
n 1 steaction and pardy 200 B gurificatien price’®

N gonarrhoeae stran

bacteria and preparat.

deseribed earlier (19)
Preparation of tndotors

toxin were carred ont as described previoush 1

included treatment with DNase and washing with distille 1 nater

s i rams of wet bacteria Were
Preparation of cell walls e R bacterial press (the % press/ (390) e

passing the frozen bacteria thrice through 3 "
bnd purification of the walls were performed according to losh'«l;r"'m Lot 3t 1100
sucrose gradient centrifigation and the pile centrifugation were «

hed walls nere fyophilized 4 DAA G

X g for 30 mins The was! "
Analytical methods Prolewn (14} neutral suyar BN hpd O7 79) a
were determuned as described before 12%) hod (1%
Aitrogen was deternined by the mrcro Iyeldahl metha U supparow ®
Total phospharus was determuncd bvmt)he cthod of Fiske
modified by Youngburg ¢ 1oungburg {
Hexosamne was estimated by the “method of Rondle & Vorgant
mine as standard. e (5
: Heptase was sought by the cysteine sulphuric acid reaction of Dus

(6) Witk glucos:
y meths?
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pentase by the me(\hoa of Duche &
action (4
“rshrﬁ?’cn:fd t‘vﬂs sngm wstug {he Ehriich & reagent accar
and the test for thiobarbitutic aad Teactive ©
10 Warren (36} 4 anad N
were estimated on a Be kmann 120 B ammo a }d analyser according
(uADZ::)"rZ :lc':lils (1?) and Spackman et al (78) The substance was hydrolssed 1n § i}-{
YCi 3t 105 € for 18 hrs and the sample was dned wn va w2 at & € over Na®!
m:‘:zt;” chromatopraphy Gl wall matersl was hydrolssed with 3 N 1iClat 100 €
for 3 hrs and the @ was vemose L by evaroration in Lacuo at 4 G Hydrahvsis of
the endotoxin was performed with 2 N 108G, at 100 G for 8 hrs The acid was
neytralized wih barinm hvdtoxyle followed be centrifugation at 30800 X y for £0
mins and lyophibzation of the superuatast The sugars were then eviracted with
pandine dried dissolved 1 distilled wat v gnd subjected to circular chromato
using Whatman No 1 paper
g;“\u‘\‘\yem sygstems €4) n butanol acetic # 14 water {3 1 1) {13) and (B, ethyl
acetate pyriline water (30 11 6) (8) Developng reagents Aniline hsdrogen
phtbalate (74) or the sifver mitrate reagent of Trevelgan et al (33)

Treatment wth en ymes T the with a gl {hoch
Ight) P giveo 1fase (Sigma) and g galactosidase (Sigma) were carred out tm DO
B phosphate buffurs at pH (6 o” and 77 respectively The enzyme to substrate
vatts varied from 1 5 10 4 50 Digestions ware performed at 31 € for 9¢ yrs

Lyophifized cell walls were digested with trspsio {Trvpure Movo) in phosphate
ullercd salime 10 74 5t 37 € for 7 hrs The enzyme to substrate Tabio was 1 50

After treatmuent with enzyme th  misture including contrals were heated at
100 C for 5 mins and then dialysed agamnst phosphate buffered salme

“erofogieal methods Sensitt oltin of sheep ergthroeytes with the determmant a
or b s performed usmg, preparations of the aqueous ether endoitsin as desersbed
previously {® )

Shettles (6) and wromc acid by Dische s

ding ta Barry et al (1)
as ¢l Y

The indirect haemazgluttnation test and the test for ihibition of haemag tutina
ten were rerformed as desemibed Y previous papers (19

21) The serologial
activity of anligen preparations was delermined by the whibition fest using 8
anylutsnating usits (2%) of the antserum

Teats for wih bition of the direct haemagglutinthon with commereial mono
anl ol soccharides wore performed as follons Each sugar was prepuved as § 28
and 050 Al concentrations 1 distilled wates Twofold dilutions of antisera wero
prepared fn 01 mi volumes in buffercd saline 1o each row of diluted serum was

dded 01 m of the sugar solution After incubahion at 37 € for one hour 01 m] of

4 65 per cent susjension of sensitized erythracytes was added Incubatio
reasing of the agglhutination weve performed as wsual (19) acubstion and

FXPERIMFNTS AND RESULTS
Chermical Analyses

The quantiatise chemeat datn are shown 1 [abl
e 1 and Tahl
Whether bastd on the Folin vsue the tolal heldahl mitrogen or i:\il

wdentifible amupe ands approuimatel
5 8% per cent of
found The preparihion conluned all 4 Y oo vas

he commanty oee

T,

acrds cxcept evstemne eysting and dammommchie acd 8 e
The amounts of neviral ap

~ar hexosamune and fatly ac

smafl none of them cxceeding 3 per cent of {he m:slermlb 'l’o:gj ‘;ﬂ&

pliorus accounled for 03 per cent of the endotoxm and canta) s

DNA one per cent In all the dta aceonnt for about 9. N

maternl > Per cent of the

The su s wn the 3 N HE! hadrot
o vsales aof the endot

be adentified This was probably due to mlt‘rt‘cre:l:em;:: :glem} x;;t

rge
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amounts of protem hrcthdown products [Hvdrol
ysts with 2 \ H S0,
wnd extraction with pyndine gase good results provided all the pyn‘
dine-extractable material from 2t least 20 mg of hydrolvsed endotoxin
was applicd to the paper
TABIY 1

Quantitative Analyses of dgueons Ether Endofoxin fram \erssersa gonorrhoest
fLer Cent of Dry Wewht]

N\ Protein ¥ Ncatral sugar Hexosamine Lind [t
10

10 a9 035 180 117 300

The values listed are mean values of tao or more determinstions

TABIY ©
tmino Aetd Compontion of the Agueous Ether Endotoziz
4imino compound u meles/160 mg mg/100 mg
11sine 478 70
Histidine 07 17
{mmonia 434 07
Arginine 301 57
Clucosamine It 06
Aspartic Acid 34 pLE
Threonin 3 40
Scrine 33" 35
Clutamle Acld 81¢ 128
Irline 7 32
€ lycine (] 49
Afanfne 141 86
Valine 15 137
\ethienine 3 o1
Iscleucine 313 Jg
1 eucine 5¢ n
Tyrosine 1m0 1
Plienslalanine b
143 876

Tutnls

Evcluding glucosarmne and amsmonia
Not corrected for water uptike
af
plucos imine were detected 1 the ::I‘;im
&
systams A and B Giucosumne (06 pur cent of dry weichl} s
detected on the amuno neid analyver 1o acit
The absorption curve of the products of the eystene sulph“,;" 1
1 390 mp tod at 500 ( "

rection for heptose shows maxnua e
The former m ramum 1s due to huxoses whereas the lnl:e ts?xmt
heptose (o) So far no attemp

Glucose gnlactose and

the presence of small amonnts of
been made to 1destify the heptose duct w1
The thioharhituric acid reaclion p1ve no culour:dml’({:tmm wilh
fhiydrolyss of 3 mB © b, s &

unhydrolysed endotoxin After

01N H SO, at 80  for 60 yuns 2 small nbsorphon M
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a ©
[ R

o

opteal @ 0ty

a0 400 450 500 550 600
Wavete gth mp
Fig 1

d reaction of Dische

the products of the cystene sulphuric act

i"?’o’“‘é"?r“ﬁ"gf,’c‘liu B galseto heplose 2 38 mg of aqueons ether endolotin
H

hieved at »32 mp Thus 1s the absorption maximum of deovssugars (36)
and probably origmated from contammation with trace amounts of
DNA No second peak appeared at 548 mp the region for mavimum
absorption of swmlic actd and 2 kete 3 deoxy oclonate {hDO) The
modified Ehrlich procedure for detection of neuraminie and was ne
gatne Methylpentose and uronic acid were not detected

Inhubit

of H alton with Mono and Olgosaccharides
Effect of En yme Treatment

The results of mlubition experiments with { 2§ and 0 56 M concen
trations of glucose galactose glucosamine and « and B lactose are
scen from Table 3 Glucose and glucosamme did nol mnhiht the anty
bodies to the a determinant Inhibition with 0 28 M galactose resulted
n moderate reduction of the titre of these antibodies The tilre reduc

tion occurred 1n repeated experiments ang. with antisera from different
fabluts The inilating effeet of « lactose wa

s equil o that of g lactose
both bemny, considerably stronger than that of galactose The ncrease
from 023 Lo 0 56 M concenlrations of galactose and lactose resulted 1n
A proportionate reduction of the titre

TABLL 3
Fifeet of Inhbation wath Sugars on the Ha

emagglutination Tty of 1,
Antibodies to Determinant £y € of the
Inhibitor
D glucose D galactose D glucosamine alactose p Tactgse
g oz o o= = o o T
A
‘- 2 2 F tog &g T
Titre of
A 7810 sz opeg gy S1250 g g5 g 16
Anti (e Antiserum to whole Eonocoeci
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Galactos inne  rhamnose Iacvulose mannose maltose mehibiose
and stachvose did not reduce the bire of the antiserum None of the
supirs fesled inlubited the agglulintion of erythrocyles sensibized
with deterrmnant b

The endoloxin was treited with virious concentrations of g galac
tosuhwse and « and g plucesidasc The scrological actiily of deter
minants @ wnd b was not affected by the enzyvme treatments Digeshion
with a g1l wetosidase was not performed

Relation of Determuinants a and b to the Cell Wall

After densits gradient centrifontion of the disrupted bactersa the
game 3 lnvers s those described by Yoshida et al {39) were recoqnized
The vicld of ecl! wall materii! was vers small 15 mg per gram of wet
bacterin Considerable wmounls of wall matersal had therefore beent
sedunentud together with the unbrohen cells 1n the sucrose gradunt
tube

W hole cells were not seen i Gram staned smears of the wall pre
parations The diphenslimine roiction for D\A was negatne Papef
chromatograplue analysis of the 3 N\ H(1 hydrolvsate of 1 mg of wall
malerinl showed the presence of glucose _alaclose and glucosamine
whtreas ribose or other pentoses were not detected The prcp:lmllol;
was therefore probably frec of nuclew yads The small amount o
matcrial available did not allow further chemical analyses s

The hvoplihzed ccli walls did not form homogeneous snspenslozs
tn buffers Afler digestion wath trypsin an opalescent homogenco
suspension suitable for serological work was obtawned

TABLT 4

Cell Watls and of iqueous Ether End!
Tnhibition of Haemagglutination

otoxin Determuned B
Serological Acticity of

AMID with envthrocvies sensttrzed with

Determinant b

Preparation Determmant @
2 6%

Cell wall e

1 ndetoin 6% —
the antl

MID  Mimimal Inhibiting Dose 1nt x& with 8 agglutmating units of the

glutmation of

nt or with the b deter

the
11 matersal neutrahzed 1nhb:’d‘lf: t\:)hcrt‘ﬁs
determinant lo a degree atmost equal to that of lé]e:l:gud:lermmﬂ"l a
the latter ncutrahized somewh it stronger antibot lg Oh 1 me of wall
After absorption of 16 m} of anti Ge diluted 11 ”‘: oles scnsml‘d
material the anhiserum no longer agglutimated erythro Sy

\gested preparation mhibited the ag!

The trypsin di
e 1 lhe a determnd

erythrocytes sensihized watl
minant (Table 4) The w7
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with the a or b determnant The fatres of the unabsorbed anhiserum
were 512 and 1024 respectrvely

DISCUSSION

The present studv has shown that the aqueous ether endotoxin (mbml
ates from the cell wall of gonocoeer The dfference 1w serologica
activity of the wall preparation and the endotovn was small and the
cndotoxin ihest fore most probably conshiutes a major cell wall com

ponent Previous miestipations showed that the determmant group of
the yhall extracted endotoxin was located superficially m the bacternt
cell (20) The endot fore probably the outer portion
of the cell wall This agrees with the general concept that endoloxims
form part of the celt wall (15) Moreover MWergenhagen et al {17)
found that the Veilonella lipopolysacchanide omgmated from the
outer exlt membrane and it was recently shown hy Cesarint et ol (2)
that the outer b m ocer d td afier extrve

on with agueous ether The thermostability of determinants a and b
(21} and thewr relation to the cell wall su,gest that these determinants

are wdentical to or part of the so called thermostable somatic antigen
of gonococer (7)

Prateins accounted for nearly 90 per cent of the aqueous ether endo
toxin whereas he values for each of the components carbehydrate and
tipid did not exceed 3 per ccnt Investipations now n progress have
shown that aqueous ether endotoxin from 2 other sirmns of gonococer
have ¢ssentially the same composition Inasmuch as the constituents
vere found to be closcly associated (22) aqueous ether endotoxin
from goneroce are lipopolysaccharide protein complexes with a do
munating protewn component Most imvestigators working with endo
toxin from Gram ne.ntise cocer have 1solated the endotoxin by phenol
water extraction Such endotoxins are hpopolysaccharides with 1
small peplide component Tauber & Garson (31) thus found that the
hipopolssaccharide from gonococar contained only 03 per cent of Folin
protean carbohvdrate and hypd bemng the dominating constituents By
contrast these sume authors (30) found that the alkali extracted
endotoun from gonococer was a protein Their findings have largely
heen conflirmed 1n our laborwtory {unpublished data) The method of
pn;)pr;r lhunilherrforc murhedly affecls the composition of endotoxie
substances from gonococct as 1s als

nten b G 1Y o the case with endototns from

b etal {25) miroduced extraction of enter:
cther as 4 me!

hpid contenl
cocenl endotoxin was therefore ny
ther endotoxins from the Fnferob
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less protein and more c¢irhohydrate than the endoloxin from gono-
cocet

The aqueous cther endotoxin contamed all the naturally ocenrnin,
amno cids exeept cystine cyvsleme and dinmnopimelie acd  The
same wmno acids hve been found in cell wall prepirations from
menmgococet (30} nd avarulent Mersseria spretes (11) The absence
of diamunopimelic 1eid ndicales that the mucopeptide was not present
1n the preparation examined

Glucost palactose  glucosamine and heptose were found 1n the
aqueons ether «ndofoxin Since the content of carbohydrate was very
smull the presence of othcr sugirs i small amounts cannot be ex
cluded Glucose galactose and glucosamine have been found by other
micstipators i hpopolysecharides from gonococe: (32) and men
gococel (16) In addition o these sume su s Yamakawa & Ueta {38)
found glvecro mannoheptose m whole cell ¢xtracts from gonococcl
menngococer and avirulent Metsseria species 1 hether the occurrence
of glucose galactose wnd glucostnune among sey cral Metsseria species
Ieads to seroloniel cross reactinty of polvsaccharide anli.ens from
these bactern 1s not vet hnown KDO was nol detected m (he endo-
toun examinud Nearls alt «ndelovns from aerobne Gram negatne
brerlh examined so £1r cont un both hDO and heptose (for rfercnces

see 15)

Galactose wmd lnclose nhibited the rglutinabion of erythrocytes

sensitized with the a deterninant but rot of erthrocyles sensitized
with the b determmant Galactose thu scems to De the xmmunudo;l;
nant su,ar of the pol\s'lcclnrldc deterninant group (or gmup? -
munodommant sugars usully but not nvanably hold a nonre uclhc
terminal position Udduda et al (34) haue shown that mannozle e
m 1 it su, i of Sall lta O faclor 3 15 nontcrmllndc Ihe
Inek of nlubition of glucose nd glucosamine does not fxfl‘l‘:c e
possibnhily hat these susars are part of the @ dc!emm:an P
biling, effect of lactose was stronger than that of galac o(scn: s
lactose (a and @ galnctosy! (1-1) glucost) had equally s ro) -.dld ot
g ecifeets whereas melibose (e galactosy] (1-6) qll:c;sli anomertc
inhubit the agglutmation It 1s therefore probable thl:: e e spe
configuration of the galnctosy! residue docs not 1 luen okt
aficity but that this i part 18 determined by the posxclfn et
Although 1t 15 probable that there 15 1 termmal galclos! O efons At
rmunant  (1-4) linled to the next sugar further 1;1\ Ie(;rmlﬂﬂﬂt
needed 1o elucidnte the structure of the polssacehande €

SUMMARY

n from gonococcl contaned
per cent of each of the cons .
nd were glucose galael

nearly 90 PF
tituents carbo

The aqueous ether endotoxl
ose gloce”

cent of protemn and <bout 3
hydrate and Iipid The sugars fou
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sammne and heptose Among the 16 amno aads detected {vsue ar
gaine asperhic acid glutame ~ad alamne vahne and leucime ot
curred in the largest amounts

Galactose and lictose mbted the reaction of antibodies to the
polysacchande determinant

Roth the polysacchande and the protew determinant were found lo
be components of the cell wall
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BRIEF REPORTS

SARCOIDOSIS
4nn vitre Koerm Reaction Rased on the Leucocyle Migration Test

By Fran Hardt ¢ John Wanstrup

Dae tv and the 1at t hyeim
test has proved useful an the diaguosts of the complex syndrome termed sartordosis
(Stt bach 1967}

This hvesm test however when performel according o tradiional technique
» ‘szsssesv:unsplcuuus drawbachs 1 that 1) the fest 1g time conswming (4 o 10
weeks) ) the ainterpretation of the histolopical changes in the l‘uops)‘ is often
difficnlt and may he 3 as the nplics an int of
ANUEeD 1nto the organism the test may alter the peuific reactivity of which an

eslimation 1s desird Repealed exammation will accardinglv be of very limsted
Talue

For these reasons an in pitro test has alwa;
for detection of cellular hvpersensitivity 1o man have 5o far not been ayanlable

nHro s stems for an estimation of speeific immunclogical reactivity of Iympho
eytes dependimg vpon thew ability ta transform into blast cells i the presemee & ¢
antigen have been widels uted and the method was employed by Hursehhom ot of
1904 1 sarcosdosts using I veira antigen as the provoking agent

Although these results proved promusing lmasmuch as sareod Irmphocytes
tespanded positnely Dittle progress has been achieved in this Teld This mas o
due to methodological difficulties as the technigue mecessitates maintenance of
tymphacstes o culture for 6 to 8 davs Further 1t 15 probable that the antigen
indueed Yast transformation af Iymphouyles is an 1 bitro Indscation mot only of
sellular hypersensitinity but of humoral hvpersensitis sty as mel}

The antigen induced mhihition

ys been desirable but in pitro assays

igration tect nique (

& Suborg 1959, appears to be an i vitro parameter of cellular
Yo possible hamoral hepersensitrvsty

The present study reports the preliminary results of fhiy test used n a sareard

osis—hvelm antigen system

¢lsewhere (Rendixen
h 1}

Materal aad Vethods

The case materlal comprises 7 patients werth sarco
In vavious stages of discas actty as judged by
and § patients with active tub,
fiealthy pereons

1 eripheral leneocy
then pla ed in o

1dosis newly verified by iopsv
the degree of fihro b i
eredlous Infretion The contral gramy oy 0058

Reccived 1 59 from Medicat Bepartiment 1
hospitalet (i
Mot naen) and fnatitute of pthol W Testas K Brochner
Laperman, a1 Inslitute of Pathologicat inat myofocn % Terlum) L argessity of
We are ind ted to Dr T 1
o i Tiea o ey oval Welboume Hosuist Austearn who

e K eims reagent,
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ot 1o ot The migration areas arc measured 24 hours later
by paper planimetry Migration index (M1) 35 eal
culated n the following wav
i
Migration In chambers contaimng sntigen
Migration in chambers without sntigen

Thus M1 principallv indicates an intibition of the

T cell mipration if these values are lower than 10+
* and a stimulatlon provided salues greater than
unity
2 Resulfs and Comments

A+ apparent from Fig 1 all of the lewcocstes
detived from sarcoid patiests shosed consideral
inhibition of thelr migration 1n witro when 1
cubated with the hveim antigen In contrast the
cotrol cultures from healthy or fuberculous per
sns showed no or only vers slight inhibition

These restlts prove to us the diaguostic relesanee
P of this 1 silro hyeim system as leveocyles from
° sarcold patients mvariably showed pronounced it

pancuons hibition Thus 1t was possible 1 24 hours to obtaia
¥ co 1o rrobably the same nformation as from the mll;
Fig 1 mlr:culnnmu‘ hverm test which demands 6 to 1
weeks
We are anare that larger matersals are n«essa{{:
and that a comparative wn 1wo—in 1ifro § vern atudy is desirable before dcﬁ]ﬂ
concluslons can be drawn regarding the jossible chinkal smportance of this

hyeim reaction

a4

d
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QRAL CONTRACEPTIVES AND CERVICAL CANCER
4 Preluminary Report of an Exp rimental Study

By Ewnd Muhre & Rnut Bicro

he effect of varous hormonal In
he exptriments were undertaken to investigate the o
'frlu:nece‘; :nd of antifertiity comyounds oo chemically ndoced caretnoma of the

cervix uters 1 mu e ‘The complete repott will appear in “orwegian Monographs
on Medial Science Universitetsforlaget Oslo

Matertal and Vethods

More than 400 mice of the WLO stran were employed In two mamm semes bne
lang term chservation of shout 30 weels and a short term ahsersation of abont
15 weeks Cervix ut ef af all anumals were painted with a 1 per cont solution of
916 dimethyl 12 tenzonthra ene (DMBY) i acetone once weelly throughout the
vhservati o time ba h mam seres was draded yn grovps of about %) mice which
wer exposed to different treatments The h rmanes and the synthehic hormog
acting compounds were administered by sub utancous implntation of pellets con
Saiming 40 per cent of the active agent and 60 per cent cholesterol The actiye agents
in the pellets were 78 mg p 10 mg chtor
mad nate acetate 5 mg quingestanol acetate 35 mg norethisteron  acetage 5 my
and ethyn loesteadiolin 10 5 25 and 1 5 my pellets One group was eastated The
conteal amumals were only pamted with DMBA—A)] apmals were autopsied ang
several sectior s of uterus and vagina were theroughly examuncs microscopically

R sults

The fang term abservation series res aled 18 (47 per cent) ceracal Cardn mas
in the 19 cantrol amimals all 11 castrated ansmals des efoped careinomas as did the
19 chlotmadinone treated amimals 20 (909 per cent) of the 2y qumgestanol treated
micc displaved carcinomas 16 (812 per cent) of 19 myce 1w the norethisterone
treated group had carcinomas only &

The short ferm abseriation s ries &y elo od 1

:I-:nel;\nl :mm:‘ls t (‘91 ner‘ tent) an the (46 per cent)
¢ 7 chlormadinone treated s

e e B, ST )

arted hTin 18 o 3 ammals)~ The ethsas] oestradipl treated gryup v(;s

5 01y 5 survived more than * yeghs {average

caramoma The dose of ethynyl oestradiol

{24 per cent) carcmom.
11 castrated ammals apd 1 3 e 1

Reet1n el 30 ¢ 19 frym Inst dat for Generyt
partment of Obstetrios an | it
R ] Gunaceeology Riksh

Hequests 1

RIL hosputalet

nd Expersm ntal Paghop,
i)
ospriatel Loy iy Haspl‘:al l:;’f‘dO!DIfJ

T 7y rints should e ad
Orl 5 harold be addsessed to Ewtad Wyhre Blopstavdelingey
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of 2§ mice with varying dases of ethvnyl oestradiol survived more than § weehs
{avernge B3 weeks) and 12 (50 per cent) of them deseloped carcinomas

dhscussion

The most imporlant result of these experiments 13 that ethynyl oestradio) acted
as a strong promaotor of the DMBA induced carcinogencesis In mice as judged by the
higher 31eld of carelnomas and the shorter Intuction time compared with the con
trol ankmals Thus this syothetic oestrogen produced 50 per cent cer feal catcinomas
in o liftle more than 9 weel's wherens only 24 per cent of the control mice de-
viloped carcinoma in 15 weehs

Another impartant result is seen 1n the long term observation series where the
progesterone treated animals develog ed earcinoma mn only 5 per cent of the ammals
while the other groups Including the control grouy doveloped 100 or rather elgse
te 100 per cent carcinomas except the testosterone treated group

All oral contraceptives applied fn the combination and the sequential pills con
sist of an oestrogenic and a jrogestational component The oestrogenic componest
in most if not all oral is ethynvl oestradiol or Its 3 methy! etber
¢{mestranal) The results of the present expernments indicate that the composition
of the oral contraceptives should be altered 1e cthynyl oestradiol shml|g e

a e

amitted The doses of ethym) drol an1 1 for oral
now to be about tume for the

true enough gradually been reduced but it seems
| ission of ds Obuiously _species differeaces
may be of general bolopual

do exist hut b infl on
consequence

Conclusion

The composition of oral rontraceplives ou
using progestational compounds only Our experiments ind
of the svothetic oestrogemic compounds will possibly reduc
eancer devclopment Further the potential anticaremogenic e
substances 1s supported by our studv

ght to be guided 1 the direction of
cate that the exclusion
¢ the exsting fear of
ffect of progestational
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MICRO X RAY DIFFRACTION
Or' CARTII AGE BIOPSY SPECIMENS IN ARTICULAR
CHONDROCALCINOSIS
By
AnpERs BIELLE and BeNGT Sthpstrov
Recaved 7u 69

Articular chondrocaleinosis was first deseribed as 4 clinical entity by
Zitnan & Sitay in 1958 (for reference sce Zilnan & Sitay 1963) Working
an erystal sdentification m gouty arthriis McCarly and collaborators
(McCarfy et ol 1982 Rohn et al 1962) acadently found atypical
erystals in the svnowial flmd of some patients The crystals were iden
tified as calewym pyrophosphate dihydrate The syndrome was called
pseudogout but furlther studies revealed that it probably was the same
disease entity as the earlier deseribed articular chondrocalemosis Daur
mg the last years an nereasing number of cases has been reporied {far
Teviens see MeCarty 1966 and Lagergren &

Olhagen 1967)
The present lon describes a q 1c lech

que hased
on micro X ray diffraction of cartilage biopsy specimens

MATERIAL AND MLTHODS
mall cartilage biapsv speermens
remored from the dorsal

negative ery fow erystals were seen 1n the Synovial
Iight nueroscopy
Tip 1shons microradiograph
Dl of a sawn section wh

Pithologieal eateihications A7e seen i the tuddle zape gl;l!‘;\:.ocarfi‘ls o

The marked mineral conteny in he lower half of the fiure rc(.::cls:r%lc
5

32 AT T g



Fig 1

Fig 2

Fig 3

Figs 13
Micraradiagraph of 200 4 thicl cartilage spe troen Two areas of yaﬁm]nﬂl::
caleaflication are seen in the meddle part >f the figure The lower white -:N
represeats bone tissue and the tinv deposits at the upper left {arrow)

close to the articular surface X 28

X ray fiber pattern obtaimed from the larger (right) area of pl'hahf“:(‘,’
caleification seen m Tig 1 The pattern 1s that of calentmpyropho Dl
dibydrate x 15

Electron micrograph of a non decaleified ultrathin section of the :;lhl::‘d
pyrophosphate dihydrate deposit Crvstal size and orentation 13 vark b
se tions The occurre 0
ength 13 nated X &0

cannot be m two
however of comparatively large crystals >4 p 1n I
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the normal bone and the tiny deposits seen at the upper part (arrow}
are close to the artienlar surface Both areas of pathological caler
fication ware easly seen macrascopteally as delicate white pon trans
lucent areas 1n the sawn specimen and the lar,er one was postttoned

front of the collimator
d":‘::y;:ho:s the obtamed ¥ ray patfern Itas evident that the de
postted crystals show no preferred orientation within ihe yvolume in-
testigated This finding was also evident m diamond hnife cut ulira
han sections as viewed by electron microscopy {Fig 3) When calen
lated the crystallographic spacings {d values 1 Angstrom wmis) as
well as the visually evaluated mntensity of the x ray reflexions justify
an unequivecal denhifteation of the calaified deposils as crystals of

calerum pyrophosphatedibvdrate {for d vilues sce McCarly 1966)

DISCUSSION

According to McCarly and collaborators the diagnosis of dehimte
articular chondrocalcinosts shonld mclude demonstration of the spe
afic erystals by defimtive means e g characternstic finger print by
« ray diffraction pattern {McCarty 1963) Ths analysis has generalty
been carned oul by macrotechniques (Debye Scherrer cameras) on
crystal preparations from synovial fluids In a rewised elassification
VcGarly (1966} considered the diagnosis as
tals compabible with h
by d

defimte also when crys
ydrate are d

rated
pol d light and typreal calaifications
are scent on comventional roentgenograms of the jomis The demon
stration of tymeal crystals by polarized hght mucroscopy 15 often dif
ficult especially i synovial fluds from patients wth chronically
symptomatic Joinls (WeCarfy 1966) The present diagnostic techmque

has enabled 2 defimte diagnosis i cases where prev
1wusly d
diagnostic procedures have faled ? by deseribed

To further eluadate the palhogenesis of the dise:

ase the d
stration of the erystals by definitive means for diagno 1s 15 of e;:;:?\
entar importance The present techmaque allows additignal histological
miestigalions ¢ ¢ the relationship between the crystals and the sur

rounding carlilage matrix can subsequent],
ly be mad
from the same biopss specimen ° on fasthe sections

SUMMARY

A method for the dingnosis of arl

rcular chondrocaleino:
mure x ray diffraction patlerns from eartilage b\ops)S\ss :!)' .
delscnhm ‘The technmque requires moimum amount of cp m(mlegs .
sit 1tas comparatnely rapid and enshles furlher ullraslructqs\q a
gntions of the crystals 1n situ in the carlilage matrig et
»
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DIMENSIONS OF SOME WALL
COMPONENTS OF SMALL ARTERIFS AND ARTERIOLES
N THE NORMAI HUMAN KIDNEY

By
Fivw JoRGENSEN and AcE C€AR Fuowsey

Recer od 21469
In a previeus paper (1) we described the quahitalne electron miero
scopic conditions m the small arteries m rena) biopsy specimiens from
mdtviduals without renal diseases On the basis of tht same matera
the result of the measurements of vanous components n the arteria]
walls are now described Admttedly the number of measurements
presented here 1s small and ts 18 due to the fact thet pomanty the
nt of the glomerular basement mem

ho ullra structural measurement
renal vessels Therefore we found 1t Jushiftable to publish the resent
Tesuils

MATEMIAL AND METHDDS
The § rocurement of the materig) 20 the critena of Hormality %,
o nste (11 The matertal comprised renal huoj ey speclminsa;ni:x cf':y:f::hcd
#nd k%o men aged belween 33 224 76 years \ope of the patients rre ented, i
toms of renal diseases ellitus Light mscrose s

ing
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Sefwnstion of Type of Arteries

\bed 10 & presious paper (1) 1t was possible by means of elettron micre
swA;{zde:lc\:d\gs to tlgsslfy inro three types the arterioles and the smallest srienes
present 1n the avatlable Tenal bropsy specimens .

{1} Small arteries and the frst part of the vas afferens (Fig 1) AN these vessels
have & distinct lamipa lastica 1nterna The tunica media comprises from one 1o six
ayers of smooth muscle cells of the common tvpe Measurements of all these sessels
are collected 1n one group 1rrespective of the thickress of the vaseular wall

{2) The jurtaglomerulsr past of the 1as affercss (Fig ?) The vessels are re
cognized by the high content of granules i the tunica medis and by the epitheloid
character of their cells and the absence of an actusl Tamuna elastica Interna Close
fo the glomerufar hifum rregular deposits of basement membrane like material
‘re seen Because of Ihe extremely varying conditions in the vienuty of (he ystculst

surements of this 13pe of vessels were made in the present study

(3) Vas efferens (Fig 3) The efferent arteriole has no aclua) Jamina clastiea
interpa On the other hand one or more subendothelial lamlnae ave seen conusting
of the basement from the cells and the underiying musele
cells and the intervenlng ground substances The muscle cells are irsegularly
branched and they contain few granules The content of myofilsments 1s higher

then In the vas alferens Veasutements of all arteries within this group have been
descrabed eoliectively

Petformance of Measurements

‘The measurements were taken from the photographieally magnified preturey by
means of a ruler at an accuracy of about 05 wm For each series af measurements
the values found were then converied lo the magnifications 13000 or 24300 tlmes
The results of the measurements from specymens of arlerses of the same type were
pocled from a1l the persons examsned and treated statistieally and then the +alucs
were comverted futo gm

of Objects of Me (Fg 13 4
’glh)a {.},lllo':vmg mn;uremcnh were tahen
nckness of the vascular wall From the lumunal plaswm
endothelium where the endothelinm was Jowest to the pSn:he:n;n;?s‘;:::lz; g
by of he tunies media measured alng 3 adics e
ickpess of the endothelym From the luminal to the }
ey, Thel o the lassl plasma mem
beane messurements wore taken pastly where the endtheliam swas lomest
(31 on & Jevel with the centre of the oued o3
) Thickness of the endothellsl bascment membrane This mems was oft.
‘r r‘; ;1 ‘:‘:‘:‘; \:,2 l\;gw;:elss\h; m}n]phery -ni‘l sometimes it could not be d:su:;uf:h:’l
of the lamina elastica jnt
W aiets here e shemtane s Trmoest i otk homgeman e e taken
ess of the lamina elast,
of the cuduihelis) cel 1o the Tumondh Plosim e g e Plesma membrane

endotheliat cetey eptiam of pownts of contact

——

£en fibrils (Co)
sawulas wall Dotted arrow  thicl e e &
X
nuﬂeusl Thich double arrow  thickoess Qu‘t ‘:‘hte Pt
oucleus Thin donble arroy  distance l)clwcenn\i\;\?‘

rrow  thickness of th
™ on g level with th:
e cell on a level with the
uscle eells {13000 )



Fig 2

Juxtaglomerular part of vas afferens The wall of the vessel
hum (En) and modified smooth musele cells (MC) There 15 no res
AL artepiolar lumen

5 consists of endothe
1 Jamiua clast ¢
imtcrna In tuniea media numerous typical granules (G) fum
B basement membrane N mucletts er  rough surfeced endoplasmic wehity
(15800 X)
(6) The thickness of the smooth mus le cells was measured on a level with the
centre of the nncleus
(7) The thickness of
site
(8) The dstance betwe n the muscle cells Measured betncen cclls which /O
regular and rusmog parallel 1 areas where two independent or on¢ TR, V%,
ment membrane was found between the cells On a level with points of co
measurements were fal en
In all cases the ohject was
verse sections of the vessels assessed on t
of the vascular lumen and the outline of the plasma membrane £ wall {hichness
In order to examne a possible mutual relationship the alues OF BF Foyerle
the thickness of the lamina elastica mnternt and the distance btl‘;“ urpose &0
cells were recorded n the individual yessels 1 some cases For h:ﬂrlv Tttern ard®
photographs 1n which all three structures wore visible conld be ‘;m coprelaled
fhe three <ets of mensurements from a number of photographs

ssme
the nucleus of the muscle cell was measured at t5¢
hoyert

alortan

£ purely longitudin
to take meagurements of purely Ion8tel o ppcce

he bass of course of st!



Scetian of the wall af the vas afferens Indothetium (kn) and modifred smooth muscle cells (MG) ace shawa Na actus] Jaming elasticn

fnlerna enn be seen The muscle cells eoptam no granules or only sersy fey 31 arterdolar Jumen B ba em nt membrane (13000 X )



s Fig 2
uxtaglomecular part of vas afferens The wall

f the vesseds consists of end the
1 Jarasa efastie

fmm (En) and momfed smooth musele cells (MC) There 15 B0 Fe2
rterrolar fapen-

jnterna In tunica medis mumerous v
prcal granules (G} AL al
8 hasement memhrane “ nauclens er rough surfaced endoplasmy reneula®
€15800 X3
with L

s was measured 00 & tevel
s measured at the sam®
g eells which wert

one coramen b5t
cantsct 20

(5 The thikness of the smooth musele cell!
centre of the nucleus
m(:) The thachness of ke puclens of the muscle ¢ W wa

(8) The distance hetwern the mu ele cells Measored beteee
regnlar apd runmng parallel i areas where two mdependent of
Teeat membrane was found between the cells Ou a level with pounts of
measurements were tahen

Tn all cases the object was to take megsurements of purely Tonmtudital o7 in::‘
verse sections of the vessels sssessed on the basts of course of struct& € appedT®
of the vascular lumen and the outhoe of th= plasma membrane Jekness

1 order 1o examime & possible mutual relafionship e values of wall B
{he thichness of the lomma elastica interna and the
cells were recorded 1n the indindual vessels i somE CASEE
photographs 15 which all three struclures were oyble could be used 3ot
T thiree sets of measyroments from a nombir of phutographs wEFE €07
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Part of an arterslar wall win
cndothelium  (En) and lammna
elastica {fnterna (arrow) The
endothellal basement membrane
(double arrows) is clearly demon
strated AL  arteriolar lomen
MC muscle cell. (13000 X)

RFSUITS

A surves of the results of the measnruments 15 presenled m Table 1
which shows the number of individunl measurements mesns slandar{l
devintion 1nd range 18 re,rds each individual object of mcasurcl}!}hlﬂ
The number of mensurements depended on the avalable p\;;".
wraphic matersil and varied considerabls from one object to anol .
Also the rnge was wide s regards all the structurcs measul "
and 1 no case was the coefficient of variation below about 25 pe;::m
1t appears from the {able that the afferent vesseds differ rrom"l‘lemj
efferens by hawving (1) thieker wall (2) thieker Jamina ehshmﬂer o
(8) thcl er subcndothelial hasement mexlnbr'\lrlle and (4) gre
more varying distnees between the muscle cells 38
Apnrt }l‘ﬂﬁl an extremcly varyng height of endothehum n:;r;ms
offerens shaws 2 more hamo-enous structure than the s\as{cms i
The relationship between wall thickness of the n”ﬂcmg“ﬂomv or
other structures was studied in 9 trterres There was e(:sm" call
the lammna el istica mterna to merease m width \\lthﬁ;ng> 0;‘ on
thickness but the merease was not sigmific mt {r =D (anee bebeen
the other hand there was a sigmificant merease 1n the dlss-}2 o < 001)
the muscle cells wilh mcreasing wall thikness (r = 0

DISCUSSION
wns

wilt
Measurcmenls of distinces n 4 histologic 1 m*\le:l’\lm e stractare
subject to considerable inaceuracy becse of (:h’ln,,e:ds e e same
of the hissnes caused by lhe preparition As rest
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changes 1n the degree of contraction may alse oceur after remosing the
vessels from the fissue This wall often he of the nature of wrinkhog
of the vaseultr wall Some of these disadvantages mav be overcome
mmal experiments e g throu,h fixation by perfusion but they can
not be asotded in A human matern! of renal hropsy specimens

1t 1s 1 further disadvanlage that it may be difficult by eletron
microscope studies o adenlify 1 cert un vessel and to decide whether
it s 2 fobular artery or the first part of the afferent arteriole Since
our meniaf represented vessels of the same dimensions and of the
type which is seen most often 1n renal Tiopss specimens we decided to
pool the results from the two types of rleries Arcuale arlerws are not
meluded 1n the study

The third diffrculty 1s to ensure that the vaseular structure exauned
15 not eut obliquely bul transversely or longitudinally This cannot be
caeried out wath cestainby and thercfore thichness measurements as 2
rile will provide too high average valves Statishical analvsis of 2
sufficient material orentited and cut at random will provide mfor
mafion as to a probable werage value but for thus purpose a larm
number of miisurements and uniform morphological structures are
requred The method 1s surtable for mitochondrial measurements (4;.
but the present matenal 1s too small and too 1nhomogenous for sud
nalyscs

In)ordcr to assess any possible changes mn a pathologieal mnlemsl
{3) we had therefore fo trent the normal mifersl and lhegd:s“:h
presentimg, pathologieal changes m exacth the same way ol s The
girds the histological techmque and the actual ’“eas““"‘““ ad
absolute values found have a beanng upon these c°“dm°’;)s onh:amed
1t must be expected thal somewhat different values will be vam”w
when a different hustologieal techmque is employed (e g usibg
embedding agent)

n;t 15 ‘\lja pgrobdble that measurements of vesstls of grﬂ:eih?f]:::l
sions (both m the hidney and 1n other regions) mt“) g“nlernﬂ and
values as regards the thicl ness of fhe lanmuna elastica ¥
other measurements ¢t that

The applicability of the normal materal 1s S“DPDﬂei:)t::s‘_gn ths
we succeeded 1 demonstrating <ignificant dl““enbeuc atsenfs (3
material and a corresponding material compnsing dial P

SUMAMARY e renal 65
Clectron mucroscopic studies of biopsy specimens fr::;? :hsccases The
sels were undertthen m seven adulis without :; basement 10
thickness of the vascular wall the endulhch\\m{ mt] \he musel ceV
Dbrane of the endothelum the lnpuna elastica ;ln i uscle cell and the
on 1 level with the nucleus the nucleus of i e;::f on the
distance between the musele cells were measi

Jeclron
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microscopie photographs The measurements were taken in two groups
of vessels comprising (1) the lobular artery and the first part of the
vas tfferens and (2) the vas efferens The values found are {abulated
showin., means and standard deviations

The material will serve as reference material for a study of corrc
spondmg sessels 1 diabetic patients
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PULMONARY BONE MARROW EMBOLISM FOLLOWING
EXTERNAL CARDIAC MASSAGE

By

PER HENRIL BrCHER CARSTENS
Recered 8316

Pulmonary hone marrow cmbolt were first descrsbed by Lubarsch i
1898 Since then strong, emphasis has been placed on the role of
trauma in producing hone marrow embol Rappapor! (1951) pointed
out that fractures resulting 1n marrow embol: are not necessarly due
to external myury but mny resuft from sudden muscular contraction
s they occur in convulsions from a variety of causes such as aceidentat
electrocution generalized comvulsions after eclampsia fctanus 2nd
treatment for cirtam mental disorders Two cases of bom. masros
embalism followine, sternal puncture have been descrthed (3 oell 1991
With the publication of A h s work (1960) op 1 smopl
method of external cardiniec mnssige a new aetologic factor nrmel
Reeently Paashe ef al (1968) wnting on :1he complications of e«\ﬂ:‘!
cardiic massage 1n farensic cases found only on¢ example of puimon 3‘
bone marrow embol amon,, a tolal of 268 pahints who prier i denn
had recenncd external crdiae massane Since our experienee ‘\nsut;oor
siderably different a survey of the hustological sechions of the hlex:‘ibc
all patients m the 1utopsy material af Lomswile General Howmen(s
tween January 1 and December 31 1967 was performed on K
who had external cardiae massage prior to death

MATLCRIAL B
found to have
Among the 510 patients who were autopsied that yesr 58 were O alear 12
e\fernil cardiac):nassagc prioe to death The mformation c(m:;i:fc"gg i‘ ere under the
massage was taken from the medical record Seven out of e it n Tustolo
age of four months and were escladed none had bome marrow sEAC RSy a0
gical examunstion of the remaining 51 patients (32 f:mahcts :m ere found
average ake of 59 and a range from 16 to 50 years) eight 8858 CEE o t
pulmonary bone marrow emboli The embol were ot noticed o8 KL% B3 pers o
1 any of the cases Pulmopary bone marraw erhols R‘:IC myolacs tes agd Bor®o
haematoposelic cells especially megakasyoovtes eomnoptulie MIBEEL Ll h,,;:
blasts together with fat cells all snthin a vaseuler Tumen wifh 208, s
fragments (Fig 1) The average number of lides per ¢
t. roup and n the eight cases ¢ group
usrnalbi I shows an even destubation between :hesgﬂiirlsf' ::ng‘;'n & from
nary bone marrow emboh The average age was 3

th pulmd
et B



h of pulmonary bone marrow embolus completely occluding the
"°‘°""°J.“;‘!u’1‘;, Tamen The myelotd eloments show actise hacmataporesis
(Haematotslin and eosie X 400)

«ears The canse of death aud underlying disease 1s wndicsted All eight patients
‘ecerved eardiac massage and oxygen In addition a few of the patients received
intracardial adrenahin injections None of the eight patients had recetved eardiac
massage before and none of the eight responded to the resuseitation attempts Only
two of the eight patients were noted to have fractures of ribs sternum or vertebrae
Tn none of the patients was there wdication of other trauma In most of the cases
the hove marrow emboll were multiple and on an average were shown in over half
of the available lung slides The bone marrow emboli were found 1n vascular Iumma
from the smallest to those up to 250 mrcrons i diameter In none of the cases was
Ihe pulmonary hone marrow erbolism thought to have cansed death In fine of the
cases, the bone marrow embolism was noted m the antopsy report In two patrents
here was ¢oincidental pulmenary emboli No effort was made to determrue the
extent of at embolism slthough seseral reports (Elhs et af 1968) hase 1ndicated
that bone marrow intracellular fat is the usual sourc of embolic fat followsng
trauma,

DISCUSSION

In s matenal eight out of 51 adult palients whe recerved exterpal

cardiac massage prior to death develaped pulmonary bone marrow
embolism giving an incidence of 16

ver cent This 1s 1n agreement wath
Baringer ¢t al (1961) who gave an meidence of 13 per cent (6 out of
196 patienls) also with Byn

um et al (1963) who reported 12 per cent
{6 out of 0 patients; Tt is n contrast to Lane

el al (1965} who re
ported 62 per cent (10 out of 16 patients) and Yanoff (1963) who
reported 91 per cenl (10 out of 11 patients) These figures however
must be mterpreted with some reservation The madence must of
course vary with the group of palients ang the techmque wsed for
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TABLE 1

Tegends to Table 1

Numher of stides
with bone marrow

Cause of death/

Case Age  Sex
emboli/Total 1 ractures
numher of shides underlyimg dsease
A7-100 €0 @ 7
No Septicaemia/diabetes
mellitus Y
AGTATT T8 3 376 N
o Lobar paeatoma/edens-
carcinoma of prostate
with melasta es 2 lung
" and hidoey
67-307 60
hd /6 Na Lobar pneumoma
A6T-3U4 3
3 1 o Pulmonary congest!d
and oed ma/congesiine
heart fature
187419
oo 22 Multiple Anasarea/duabets heat
bitateral and renal faflure
fractures
AGl4908 87 ¢ 24 No Retention ot bronctis
secretions/imeareersted
right 1ngmnal herma
A67-501 65 9 2/6 Multsple Mas 1ve pulmonaty
balateral embolus/mlral steoos ¥
mb and fnsufficieney
fractures
46/ 502 60 3 arn No Heart failure cardist
aervthmia/ chrome
obstructrve luog dseet

uxternal eardiae massage It s also noted that the wmeidence dTops with

an 1ncreasing number of patients

e lun., dur’

The mechamsm by which the bone marrow comes io Lh
ugh fractures

external cardiac massage 1s generally accepled to be thro
olata (194

1t the sternum nibs or verfebrie By injcchion studies P2

has demonstrated that a communieation eusts bets
This commumeca!

marrow cavity and the mammary sem

been hnown to tlimcians who admmstere
sternal route 1 the early 1940s The
mn such a way that rmmmal trauma woul
murrow fragments In the vertebral bodu
situated with haemnloporetic tissue separ?
only a single cell himting membrane

1t 15 surprising In our group of pa

es &

tienls to note how fe

d parenteral
vertebral column 1s CO
d result 1n 2 dis]
Targe sinusotd pl
ted from the Smuse

cen Ihe stems!
tion mtist ke
flud via (he
structed
placement of
exus 18
wds BY

¢ have fra¢



513

tures of either sternum ribs or vertebrae It 1s easy to see why frac
tures of the vertebrae would be missed durng an autopsy There mav
be several explanations for the urunvolvement of the mbs the most
Itkely being that the fracture 1s a microfracture without involvement
of the cortex and therefore escapes yross recogmition The fractures
may also be noted by the prosector but disregarded since 1t was thought
lo be poslmortem Pulmonary bone marrow embolism can oceur very
raptdly in these eight patients howeser 1t 15 impossible to know how
soon {he embolism took place They were given external cardiac mnas
sage for a period vargng from 10 to 60 minutes

Ogata (1912) has been concerned with the ultimale fale of the
pulmonary bone marrow emboll He mjected a suspension of hone
marrow fragments from rabhils wmnto other members of the same Iitter
and studied the lungs of the amimals after varying mtervals He noticed
that the bone marrow fragments underwent gradual disiategration and
finally were transformed into a caleified mass Lubarsh n 1905 arrived
at some figures which are likely to resemble the situation mn man He
injected the animals with an emulsion of Iner and kidney and produced
embohi th1t originated from the amimal s own bone marrow Bone mar
row fra,ments were still recognizable as such afler
two weeks before 1 gradual
for completion

In general il ¢an be sad that the presenee of pulmonary bone marrow
fragments regardless of orgin has medico legal sigmfieance since they
ndicate an underlymn,, bone fracture tven if such was not found at
autopsy The lotal significance of pulmonary bone marro y emboh 10
external eardiac massage has not yet been determmed W hen found
they may be an indication that the resuseilation measuares were too
\igerous

six days It took
dismtegration oceurred and four wechs

SUNMMARY

8 M dureement with several other

reporls on the syh
ship between fraetures of ribs ste pran e arclation

ThuUm or serlebrae ap,
bone marrow emboli s emphasized 8 pulmunary
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LACK OF RESTORATION
OF THYMIC TISSUE FOLLOWING PARTIAL SURGICAL
THYME(TOMY IN THE MOUSE

By
hirstine Boruw
Recerved 11169

The thymus 1s dertved from the third branchial pouches of the mam
nahan embryo During development the thymic hissue moves anteriorly
ind the nght and left lohe fuse 1 the mudhne One can consider the
mammalian thymus as onc organ with two lobes or as a parred organ
In either case one mught expect to find a proliferative respanse upon
remorval of onc of the thymus lobes

It was the aim ot the present work to study the weight changes over
long periods of time n the intact lobe of the mouse thymus following
the surgical remosal of the other lobe 1n order to see whether early as
welt as fate changes might ocenr

In miuce of the CBA stramn the thymus inereases 1n s1ze from bieth
um 1965) After six to seven weeks

n size the so called age mvolution
takes place Because of these hrolo,

mical charactersstics of the normaf
thymus mice of different AZes were mestigated

MATERTAL AND MFTHODS
94 Witters of an Inhrea CBA strain were used is far ag possible each Tuttey was
divided 110 wn equal number of sham or non operated and partially thymectomized
mice within each sex The thymus wvelule durng bregnancy and lactation so the
female mice had to he hept as virgw myce Four different ages were studieg In
Croup 1 (including 53 males and 52 females} the mice DT 1% days old ag the
moment of operation and possessed

2 {31 males and 44 females) were ¢

ectomy  theyr th

vmus glands had
todi weight but wers

e of six q.
518 anaesthesia The sk ap 27, 24

skin of the veq
Requests for reprints

should be addressed 1o Inst
of Lund 2005 Lund § Sweden, netiate of Datn
This imvestigation was supported by the Swedish Canger Socrety

ologs Unwersity
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tral thorax was shaved and an incision made in the midline The sternum was e
to the fevel of the second costa The laver of the pretracheal muscles was sphit in the
midlime and the upper poles of the thymus lobes were thus exposed One of Ihese
was gently dissected frec from the underlying tissue and the whele labe was sucked
aut through a glass tube Immedfately upon removal of the lobe the ineision was
closed with three silk sutures in the skin A thin film of Nobecutan® was spraved
upon the cicatrice Sham operation was perfyrmed 1 the same way except that 5o
thymic issue was vemosed The 1ight and the Jeft thymic Jobe are mot of exactly
the same size thercfore the right and the Jeft thymee Iobe was remved alternately

The animafs were killed 1 2 3 4 5 and 10 wecks after the operation and thelr
thymic tissue dissteted out and weighed In pre weighed plastic tubes with i
Routine histologieal sections of thymus tissue from each experimental group were

studied

In order {o studv the restorative response when more than 50 per cest of the
thymic tissue was removed an additional experimental group of 3¢ {14 males and
25 females) 50 wechs old mice had an amount estimated to 3/4~9/10 of the whole
thymus gland remaved This operatinn also conveys upon the thymus lobe under
study a lesion which might gise a further stimulus to regenerative growth The mic
were killed 3 5 and 10 wecks after the operation

RESULTS

As the size of the thymus gland 1s different in the four ase groups
under studv and also shows differences between the two sexes 118
necessary lo present (he resulty for each age group and for each s‘elx
separately As can he seen from Fig 1 the weight of lhe thy mus 1o 1?
left 1n situ following the extirpilion of the other lobe amounts 1n 2
enses to about half of the weisht of the thvmus gland m the s&'ar;’
operated or unoperated contral anumal irrespeetive of the age at ‘;h(ltcm
the operalion w s performed and irrespective of the length © a
observation period The themus tissue left mn «itu diud not s:w‘“d ’
compensatery weight ncrewse Apparantly it grew angd 1nvol “r:d e
cording to the ae of the amumal as 1f no operation was donc al
contra lateral lobe was still there

0’?‘1;!0 1 shows the weigh! of the remammn,, thyme "“"’"{f‘f'f‘;?oxf
and 10 weeks after the extirpation of esimated 3/4-9/10 o: e
thvmus gland from 2 wecks old mice The drastic rcdu: lr?:d e
amount of thyrmc hissue together with the lesion tneounte o
remamning thymus fragment do rlm{tl seem lto n
weight mcrease n the remnant feft in st thymus

H%sloloqxcnl sections did nol show any dnffercncc“l:{eel:{\::zc il
glands from lobectomized and from sham or non ope

experimental group cated

ea;glb tII;ymus “elgth of sham aperaled ndnviduals and non ope
indiniduals did nol differ within the same 15¢ and sex

duce any compens?
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mice (a total of 378) at varous times after surgical

NN a1 e s bt G and 10 S OF mon OpERStEE coatre] e

—~— X The mice in Croup 1 were six days old the mice 10 Group 2 were three

eks old the mice in Group 3 were six weehs old and those in Group 4 were thres

anths ol1 at the moment of operation Each point 1s the average value obtained
rom at least three me e

TABLE 1
wght of Thymuc Tissue tn Mice (@ Total of 39) 3 5 and 10 Weels after the Surgr
1t Extirpation of Estimated 3/3-9/10 of i

he Who!  Thymus Glond ond i Sham
¥ Yo Operated Control mice The humber wn () [ndicates the Mumber of Animals

Males Temales
Obscryation Partiany Sham or Partsallv Sham ov
teviod thyme tomized  non operated  thymectomized  non eperated
3 weehs 1 my (%) 62mg (1) 11 mg (3) T4mg (3)
3 vecks Ymg (2) 40 mg () 73 mg (7} 53 mg (2)
10 weeks 8me (7) 37 mg (4) 5 mg (8) 2ng (5)

DISCUSSION
In contrast to lhe restoration of liver I
and the compensatory hvpertrophy of ¢

ssue aller partial hep tectomy
unilateral nephrectomy the thymus

he remmning kidoey Iollaw-mg
gland shows ng restorative or
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compensatory response following partial surgical thymeclomy The
homocostabie mechanisms goverming, that the amounl of lwer and
hulney tissue respectinely tends 1o by constant do apparently nol
function 1n the ease of thymus

Another indication of the same thing 15 the antonomous growth of
multiple thymus grafls 1n one amimat reporled by Melcalf (1963) Each
umplanted thyvmus grew and ivoluted independent of the presence of
the olhcr thvmus glands though e wxperimental mice sometimes
carried as many s Ofts grafls Hoshins (1921) found no compensatory
hypertrophy of the remaimin., thymus after partial thymectomy in the
tadpole and implanlation of a thvmus gland to 2 recaipient ladpole dd
not influence the size of the graft or the size of the aulochtonous
thymus

When however the amount of thymic tissue ts reduced by means
other than surgieal extirpalion eg treatment wilh corlicosteronds o
omzing ridiation 4 rapid weisht increase 1s observed folloning the
acule myolution (/to & Hoshino 1961 Borum & Berglund 1964 Smith

hicffer 1957
¢ Onc”mffcrcn)cc bctween the drug or radntion induced mvolation
and the surgienl removal of parl of the thymie hissue 1s that !h;‘, fun::
procedures extinet mosth Ivinphoceytes 1 parhicular cortical ‘tmsl;uc
cyles while the latler one also involves removal of mcdullzmt ;ue "
Welcalf (1963) has pointed out thal the presence of medullary I_l: T
necessary for the successful lahe and growth of 2 thymie gra  the
suggests the sigmfiennce of the thy mic medulla for mamtenance of

hymic cortex
! :\nulher difference 15 that the reticular framewor] wnd clsrs:;‘:ll:;
thnt of the cortex seems more or less intact following thcﬂtre'll -
corticosleroids and radiation but 1s removed by the 5“"'*‘?"_ Ihe e
tion This framework nmught be  neccssary prereql"ﬂllcm:d thymus
population with Ismphocyles of the expertmentally mso

Iand al 1o
" The two here mentioned possible explanitions of llhi d:,g;r:gllon
generative response following parlial surgical u"'“"cd‘;“ r}wl mutaall
g corticosieroid or radiation wndueed m\oluhlonr 0 utiary st
exclude each other It may be that 1 given moun! oﬂ\ and therebs 8
can support a certun wmount of reticular [ramc\;rlxlrgwnl romoval of
certatn proportion of lymphocytes 1n the lh\m[us S sonal parts of
part of the thymus glind molves removal of prop e responst

d does not mtnte 1 restorals fln

frimcwork and medulla an ¢ of thymic hissue el

One could question 1if the lobe or fragment o Iugher rife escn it
situ after surgical extirpation does function r“dano _;ncrcnsﬂ 1 ool
does not mnerease 1n size Vetealf (1964) rclunnrsl 48 hours after 17
activily n the remuning fra,ment dunnf |l| \:‘ e mtolie rle and lh;
tial thvmectomy It 1s also worth recalling ‘l thymie glnd 18 ndee
cell production under normal conditions m the
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he cell producthion m the
f As shos ed by Borum (1968) 1|

:ﬁ;{nzlznrlcx amounts lo the rene al of a mass of tissue corresponding
1o the whole cartex every 27th hour m the mouse

SUMMARY

378 muce of both sexes of an wbred CBA slrain were used 182 of the
wimals were partially thymeetommzed 1e¢ had one thymus lobe re

moved and 196 were sham operated or non operated controls Iour
age groups were studied I} siy days old 2) three weeks old 3) six
weehs old and 4) three months old at the moment of operation One
two three four five and ten weehs affer the operation the mice were
lafled and the remaming thymic tisswe weished The weight of the
thymus remnant was always nhout half of that of the themus of the
conirel animal within the s une sex— irrespechive of the a.e at eperation
and the length of the observation peried It s concluded thal there 3s
no regeneration of thy mie tissue following partial surgieal thymcclomy

the thymie tissue left 1n sitn grows and mvolules as under normal
conditions wantivenced by the removal of half of the orginal amount
of thymie tissue In a smail additional group of 39 two weeks old mice

among which 21 had the estimated 3/4-9/10 of the thymus gland re

moved and 19 were sham or non epesated controls no weight increase

1n {he thymus remnant was found No histologteal changes betw pen the
thymus from control ammals and from partially thymectomizeq ang
mals nere deteeted

nephrectomy as well ag the Astfer
ence belsween parhal surgical exbirpation and the partial removal of
thymie tissue hv means of e corlicosteroids or omzaing radiation
1s discussed
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THE OCCURRENCE
OF VIRUS PARTICLES IN ROUS
HAMSTER SARCOMA
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It 18 well known that some struns of Rous virus are capable of indue
g sarcomns m Syremn hamslers (dhlstrom & Forsby 1962 Alement &
Svoboda 1963 Shevlyaghin 1963 hlement 1961) A connection be
Lween the viral and the hamster el genome 1s mdicaled by the stecess
ful back grafting of hamster sarcoma eells to chicken yelding a Rous
virus producing sarcoma (Ahistrom & Forsby 1962 Vigier 1966 1967)
and by the finding of CF anti,ens in the hamster sarcoma cells (FHueb
ner el al 1964)

So far no infectious Rous virus has reqularly been 1solated from
the Rous virus induced hamster sarcomas (1 Ha sarcomas) but it has
been reported that the sarcoma cell oceasionally nught be able to
synthelisize infectious virus (Svoboda & Rlement 1963 hlement &
Vesely 1965)

In the clectron microscope virus particles morphologeally sumfar
to the avian leuhos:s group have been found in the Rous dog sarcom?
(Rabolt1 et al 1966) and recently m the Rous rat sarcoma cell in tissue
culture (Valentine & Bader 1968)

In the present paper a report 18 given on the findings of virus par
ticles m three different Rous hamster sarcoma lines tn pwo Virus pn;
ticles could also be demonstrated 1n the RHa sarcoma cell after 1 b

been cxplanted and grown in vitro

stitute
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MATERIAL AND METHODS

-] used The virus suspension was
Rous purus Strasn Schmdt ﬁt:g::nt h(]i&;‘i:r)c:r::s urifred b “"mmmm;;,oa
agenates =
e e “Tne viras suspensions were paoled and kept in saae 2t =20 C
%“}::l\‘:i"r:xys Wtre tested at regular wtervals sccording to Temm
15 x 105 FFU/m) ¢ the
e arater sartoma Tumours “ere(l::g;x:cer:hf{! ;:»‘3‘;"3’;:) o tion
Bay sutpension 1nto new bom bamAIE L e right Thigh ot the ower lumbar
needle was passed theough fhe mIerles T ¥ ot the Injection site and sometimes
region After ahout 2 weeks & tumon s B ached to the skin The tamars rapidly
maltple twmours develaped o the Bagy &0 and often hemorrhagse The in
inereased became solter i ihe smmals +-b weeks after the Inoculation
v oo 0 s i S vl e U oitr,
Farsby 1962)
m;om’ fxiht’:::'c';w:m,:cm]n site were exaised on the first day after the snjection
pecime third day uatil the appearance of tumours
d then on every second or >
e L e mametars. Tumour tissue %as then removed everv third or
et gt szr;(‘s . ls“; cemens were alse tahen from a serially propagated
o ted s 1008 by STRSY and hept In continuous seris] iramster
e en Maten sages no 62 85 114 194 and 13 Ultra
snce then Material was taken from passag t t tas
3 exapuation was also done of semally trunsferred tumours from tw
e e which wors snduced for the present study o1 passages no 1
e e ine e the six furst tumeur generations 1a the other The latter
tusmonr line was anduced by SR RSV sirus purified from sarcomas 1n a leukosis
tekens
e orer of ‘s wn Rifa sascoma cells tested on chuckens and nis born
hamsters AN Ria sarcomas have regularly been tested for the presesce of the
RSV gonome Specimens from primary or serially transferred tumaurs were fnely
minced aduted with phosphate buffered salme 05 md of & decanted tell suspenston
was Injected ito the wing web or the pectoral muscles of chickens aged 3-8 weehs
In parallel crude and purified cell free homogenates have heen tested i an
analogous \ 2y The homogenates were purtfied according to Moloney (1900) Thus
technique allaws a large amount of tumour tissue to be concontrated 10 o small
valume of flasd after the frmal step Cende and pucitied homogensies Have peen
prepared and tested from most of the RHa sarcomas which ulirastructurally con
talned evident virus particles
The same ests were alsp performed with cell suspensions from RHa sarcomas
established 10 tssue cullures and from several sub ultures of the tumous cells 1n
Which virus s\nthesis was seen 10 the electron mieroscope Virus sspeasions wers
ditained through hamogenusation or sonication (see below) followed by wentil
fagation of the cell material In addition culture medim from seram boliles with
\irus producing cclls was tested
LBl free preparations sere injected 1n bolh chichens and hamsters 1 parallel
sad as controls parallel series of chick o and hamsters were injected with the
tlginal pool of SR ASY The (atection. {n ohackens was dome in the wing o b 1
lguots of 17 ml and 1 the new barn hamsters the virus Suspensiong ery. 1o
Jected into the lower back through the thi b museles i volumes between 0705 ml
AN test animals were observed during three months

T ssue Cultures

Rous han ster sa coma cultures Tumour
"

132 of the serfally propagaled RHa sare
s ential me Hum watl

d the f
Syt oot be obtalned uabil after 10-1 days Gradually the tamoon oon LU
&dapte! and it was necessary to Prepare subey! fourt]
unfil the tum ue cells hecame less viable atter 10-13 wesly” CVT(P OF filth day
tor electron microscopy the eell layer was ¢,

ove 10ized and 4 small peliet of
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viable cells was obtalned afler centritugation ut 166 & of {fie resuspended Rl
sarcoma cells

Sonication of cell suspensions was parformed at & € wsing 3 MSE Ultrasonic
rower unit (18~20 hG/sec) during 10 X 30 see

Chiclen embryo fibroblasts Primary cultures of 9-10 davs old Jeukosis free
chicken embryo cells were prepared {n scrum bhottles or 100 mm petrr dishey
(Falcan) and virus noculations wire made on secondary cultures according Yo
Temin € Rubin (1958)

Uamster embryo {ibrodlasts Tibroblasts from 19-15 days old hamster embriss
were cultured in the same way as deseribed above AN fe bs were besformed o
secondary cultutrey

In parsllel serum bottles contasnng chicl en fibroblasts and bottles with hamster
Dibroblasts were hept al +33 C. In addiion poth cell cultares were 1ept m 2
meditm with sodium hydrocartisone added 1n cone of 01 10 and 100 w8/ml cul
ture flurd both at 87 C.and 33 C (Wrdrocortisone sodum sucemate 5P Upjoa
€Co halsmazoo Michigan USA) L

AlL sub which were i Inted with virus Wwere
i continuons sersal subcultures for 8-10 weeks It was as a rule possible to gt
enough viable cells in smAll pcllets for electron microscopy as deseribid nhove

Tests for veral actwily 05 ml-20 ml of undiluted cell free preparations ':”"
Rifa sarcomas were ]! into the first subeul of chichen or hamster § bra
blasts in serum bottles All 1 % wsere d dmlv o m:j
sceond das 4t regular intervals subeultures in petrs dishes were prepared cosert
WRh agar and starned with Ciemsa after a switible interval te fuged 11

Electron Wt roscopy Small tumour fragments were as soon a3 prisble o;_ﬂm
3 per cent glutaraldehsde in saline (pH adjusted to 7% with a few dmpsmp‘“k
phate buffered sabne) at ¢ C for about 24 hours After waship s m Tm“fl‘dm
buffered saline the specimens were post fixed in 333 per cent ?540‘(:! o was
(Wood & Iuft 1965) Osmium fication was performed for 60 min a S i v
followed by repeated washings The specimens were deh3drated in ;nh?m! ant
and embedded 1 Fpon 819 with propilene ovide as lnlermcdin}e sohent (1]
1961) Some specimens were embedded in Vestopal W (Ruler U Jl\r 1,'"“\ simssl“
and then praded acetone was used as a dehydration agent. As 2 r:;d\ i ﬂm ‘e cant
to enhance contrast In g 1 per cent " ot the dufwirt
othanol and allowing 1t to infiltrate the specamens for 60 Tmn TIE nd some g7l
tion procedure Sectioning was performed on LB Llotome [0 il SO0 £5,,
were post stained in Iead citrate according to ¥ enadle € Cogges: ”:‘he specimen grids
were coated with formear films stabilized with carbon vapor The spencl By
wnere examuned 1n a Zewss EM 9 electron microscope cqmp‘phe 5“‘“ way 88 desenbed
pellets obtained from the tis ue eultures were treated ;n : eat glataraldehyde 1
sbove except that the imtial fixation tool, place m 1 per o
phosphate huffer (Maunsbach 1966) at 4 € for ” hours

RISULTIS

The Ultrastructure of the Rous Hamster Sarcoma Cell

ell®
The ultrastructural appearance of the Rous Jmn)slrrts‘::‘l;gt:'!:\; the
shown m Figs 1-2 wlich were obt uncd from pnmarznst e scmr’lk“’
carly stage of the tumour development the sarcom ldcrd S morphots
by bundles of collagen but 1iter they e surrout O o addion
cell material probably debns from dead or nccmql;c ;c . pmmlm‘“‘
red blood cells are found n increasing .lmo“nts( l('“t B vy of
wntershitial oedema which widely separates the m:x‘mﬂ g e
the sarcoma cells show evidint signs of severe d("mn;icnhhon ' o
gration of outer cell membranes swelbin, and mz;bunes A )
chondra s well as dissociation of the pucle s mc:ie the prman ar
Two tvpes of cells can be aistingmshed AsaT



523

coma 1s dommated by wregular large cells wath severl long and slendes
cytoplasmic processes intermmgled with peighbour cells The cells
always show 2 well developed undoplasmic rebiegtnm coated wath nbo
somes T sexeral cells a loose fibrillar matra ean be found 1 the een

tral part of the cytoplasm One or several Golgt systems can usually be
seen There 15 1lwavs a

large amount of free mibosomes or poliriba
somes 1 the evtoplasm of the viable cell The nucleus 15 huge with a
fimidy granular esenly dispersed chromatin and as a rule onty a very
small brym of condensed chromatin is found along the rather distinet
<omelimes folded nuelear membrane This type of cell s demonstrated
w Fig 2 The other el {B1, 1} s generally smaller but forms even
more wregular cytoplasmic provesses In the eytoplasm there is a sparse
endoplaspuc reticulum and enly a few mitochondria can be scen The
ast progument feature af thus cell 14 the proportionally large nucleus
somewhat irregularly outlined with heavv condensation of chromatin
alon,, the nuclear membranes

The RHa sarcoma cell established in biire generslly has the ultra
structure of the first type desersbed above and virtually no cells re
semblng the other type have heen obsersed The cell membrane 15
coated with several micrevall The cytoplasm 1s fairly rich moderately
electron dense and conlams several Yarge rmiochondria and an abun
dant endoplasmne reticulum sometimes dilated and formmng vesicles
There 15 also several primary and secondary Iysosomes i1n the cylo
plasm contaumng in,ested material from the culture medim A Golgs
apparatus s usually found as well as the central fibnllar matrix de
senbed above The latter 18 evin more prominent in the cultured cells
and 15 especintly prominent 1n cells winch show si,ns of minor damage
Characlerstically  all mutochondna  secondary hysosomes and lnr;er
vesicles as well as Lhe endoplasmic rehenlum are distrihuted perspher
ally and outside this fibnillar zone (Fig 9}

s the primary fumours several of the cultured
1o b g red cells were found

The Finding of Virus Particles

Virus prrticles were found m eells from the Primary RHa s
as Well as n the serally Urnsferred sarcamas In § out of lh’f‘m‘:m“s
WAty sdteamis Mwras parhicles were observed and huddy A
parhicles mto intracytoplasmyc sesicles could be dcmonslrnlnﬁ s
Al virus particles were very umiform and showcd an uulE BN
meraging 7 mp Parlicles not 1n rontact with Gl memby o emeler
a morpliologir aphearance alun 1o that of the o tes showed
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viable cells was obtained aft
o o ed alter centrifugation at 160 g of the resuspended M2
of cell fons was performed at 0 C u u
pné\’el‘ ,l\lnil (11—20 1C/see) dunng 10 X 30 sec 9108 & MSE Ullrsone
icken embryo fibrob
chicken mbrva cels, were. prepssed T sornm Doty e iy o etk
{Falcon) and viras 1 es or mm petrt dishes
(Palcon) Rubmxzmssr;ocuhlions were made on secondary cultures according lo
Hamster embiyo fibroblasts
alamster embryo “mélx‘m)ﬁn};ro']:‘hsl;’ rdrom 12 15 days old hamster embryos
DS it ok desershed abose ANl tests were performed oo
In parallel serum hottles containing chi
g chicken fibrobl:
Eibrsblasts wers hept at 133 C. Tn-adition ot el seies were Leph a3
ﬁ:‘crci;m (;w{)ﬂ:}:mzx:l;;n ({ummcaomsonc added sn conc of 01 10 and 100 gg/ml cul
oth af and 33 C. di
LoMl\nhmuzoo A I8 (Hydrocort: one sodtum succinate USP 1lpjohn
1 es which were with +
frus tamed
in continuous serial subcultures for 8-10 weehs It was as a rule“;:ess?l‘:?:n::“;ﬂ
enough siable cells in small rellets for electron microscopy as described above
m{:sl: for vizal actwity 05 ml-20 ml of undiluted ecll free preparations fram
sartomas werc into the first of chicken or hamster fibro
blasts 1 serum hottles Al inocul 1 ner 4 duilv or every
second day At regular intervals subcultures 1n petrs dishes were prepared covered
with agar and stafned with Giemsa after a suitable nterval
Electron Microseopy Sma)l tumour fragments were as soon as possible fived in
3 per cent glutaraldchyde in saline (pH adjusted to 72 ath a few drops 6f pF 3
phate buffered saline) at 4 € for about 24 hours After washings m phosphale
buffered saline the specimens were post fived 1n 333 per cent 0s0, s colldint
(W ood ¢ Taft 1965) Osmum freation was performed for 60 mn at 4 C axd 03
followed by repeated washings The specimens were dehs drated 1 graded ethanel
and embedded In Epon 812 with propylene oude as intermediste sohent Uuft
1961) Some specimens were embedded in Vestopal W (Ryter & Kellenberger 1981
and then graded acetane was used as a defiydration agent. As a rule it was Dreessiry
to enhance contrast by dissolung 1 per cent phosphotungstic scid i 8 per eent
cthanol and allowing 1t to anfiltrate the spectmens for 60 mn duniog the dehydrt
tion procedure Scctioming was performed on a LKB U ltratome III and some gods
were post stained in lead citrate according to § enable & Coggeshall (1965) Al grlxd:
men gr

were coated with formvar films stabilized with arbon vapor The speet 1
were cxamned 1n 4 Zelss EM 9 electron mucro cope equipped with & condensor Cfd
pellets abtained from the tissue cultures were treated m the same wav as dcacr!b:n
Thove. excent that the Initial frvation fook place 1 1 per cent glutaraldehyle
phosphate buffer (Maunsbach 1266) at +4 L for 2 hours
RESULTS

The Ultrastructure of the Rous Hamster Sarcoma Cell

a el 18

The ultrastructural appearance of the Rous hamster SATCONT e
shown in Tigs 1-2 which were obtuned from primary tuniours ln‘
carly stage of the tumour development the sarcoma cells are stpatar

ded by amorphots

by bundles of collagen but later they are surroun orphe?
cell material probably debris from dead or necrofic Sells In add "
ts There1s promind!

red blood cells are found n mercasing amoun! ans ©
miershiial oedema which widely separates the tumour cells M4 Jk
such as dis®

the sarcoma cells show evident signs of severe damage it
gration of outer cell membranes swellm, md frngmenlnllon” 3
mbranes (F185 o
<

chondria 15 well as dissociation of the nuclewr me

Two types of cells can be dishingmished As rule the primart
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ns)ucent centre and no \ntermedinte zone {Fig 8) Mo par
:::else l:\;\‘llltrzevmlm morphology :‘\ere h{o\x:\d ot '\:z'emrl\clc‘: with a
larger size of with a doughnut appeara

ng:;l;cra:‘telsu;lci were several particles mn the sume eell olten clusiered
snside one ot a few rather centrally located vesicles in the cytoplasm
A\ yrus particles were seen most frequently mn cells demonsiriting severe
damage Thus particles were especially numerous in the central most
neerobic parts of the tumonrs but thex could also be demonstrated 1n

her parts of the sarcomas
0\\ xn‘:s particles werw also sees 1n the serially transferred RHa sarco
mas Faly tich vieus production was observed both 1 passage no 13
feom the new indnced tumour hine and i passages oo 62 90 114 116
124 and 136 from the tumour lme propagated at the inshitute for over
5 years In the third tumour hne only 6 transfers have been cxumined
In ol of them virns particles were observed althongh the amount of
parlicles was low and comparable to thal seen in the primarv lumours
Subcequently the production of virus particies was most prominent
w the late passaccs of the scrally Lransferred sarcomas as is ¢xemph
fied m Figs 3-6 Distinct budding of wirus particles was frequently
found (lig 7

So f1r no virus pariicles have been seen i any cell from the serially
transferred RHa sircoma unless 1t has been severely damaged as seen
1n the electron microscope {T5gs 3-5) Mo sirus particles were seen 1n
primary tumours younger than 14 days and i passa,e tumours youn
~er than § days o virus particles were found in hssue specimens
Irom the 1njechion site before the development of sarcomas

It ean also be stated that i the in o RHa sarcomas the virus pro
duction lakes place onls 1n the larger cell 11pe deseribed 1bose

The virus parlicles 1 lhe m vitro established RHa sarcoma cel)
showed a somewht different picture Cell pellets from tumour no 122

wnd tumour no 139 which were observed ultrastructurally duna,
subculture no 1 2 S5and 7 and 3 5 8 and 11 respectively ::unn

tained nlmost mvanably several virus produeing cells As before irus
parlicles were seen i wntra cyloplasmuc vesicles mn the central fibrillar
matnix especially numerons 1n the border zone hetween the contral
part nd the rest of the cytoplsm (Fig 9) The sirus particle was

processes Infermingled wath nerghbau, T % od slenger
Fig 5 Sarcoma eell of the larger 1pe Tom aoy S,
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nd 1o be sinele and sometimes chustired particles were
i(;a?::\“ezeinrﬁm or several vesicles 1n the same cell In many vesicles
there were chaplet Iike chams of vus particles huddmg from the
same part of the vesicle membrane apparently not bﬁ“‘b able to
sepacate from each other {Figs 10 13} As many as 10-13 partseles
the same chun could be found Budding, of single particles was also
found 1 many cells simular to that seen n the r wwo sarcom Most
of the mature and complete particies which had been detached from
cach other and from the sesicle membrane showed the morphology
desembed shove (Fig 10) Howeser several exceptions were observed
Virus particles about the same size but with a translucent contre sur
rounded by a thin membrane like nucleoid were seen and in many par
licles the arculyr form was not pleted guung the leaid the
appearance of A horse shoe (Figs 11-12) Some cells showed much
Jarger virus parhicles (up to 130- 140 mu m diameter) also several
twin forms were noted Sometsmes small tiny spihes radiating from
{he dense nuclend were seen (Fig 10) a findin,, which was suggestive
m some of the particles from the wn pwo sarcomas as well (Fig 5)
Al types of wirns particles were seen 1 the same cell and even n
the same 1ntracytoplasmic vesicle In no cells so far examined have
wvirus particies been seen to bud fram the onter cell membranes and

no parhiles have bicen observed exiracellulanly This was also true wm
the in pwo RHa sarcoma cells

In contrast to the in vwo hindings +irus production wn vitro was seen

w eclls that were only slightly damaged The wvirus produeing vells bad
A evtopl which was abl

less electron dense than n the
other sarcoma cclls and contamed a lob of dilated vesicles + sth rihe

somes atlached to the outside of the membranes {(Fig, 9) The central
Dbnllar matris was shundant and many of the mitochondria were
dilated Several odd shaped forms were also found resembling those
deseribed by Bernhard ef al (1965) and Bernhard & Tournter (1966)

. adenovtrus indaced tumours 1n hamsters The amount of abnormal
mutochondria 1 the virus producing

g cells Lar exceeded 1h
rest of the tumonr cells d that scen i the
Biologteal Tests

Viable RHa sarcoma cells from tn vwo tu
Tmours were njected
the wing web or the pectoral musele of ten chickens In a’llcucf t;:’;“?
typienl and virus produaing Rous chuchen sarcomas appeared aft. i
latency period of 13-25 davs " alter a

Fig 3
Haus hamster sarcoma cell from se)
r1al bransfer n,
in |nmc:l;:)phsmlc vesicles are seen. The cell xl’ fjuﬁi_ux’(:;’n( he mrpicles
membrane and shows other evident signs of d:slnle:nlm:gx‘h]e7l‘)’;‘;er et



X

by

2,
,
F

:(

!
»
i

e - PR
4 “..J'” L otu o*
gl > Fpon
b - TR -y
L A PSS SN s =3
- - = At )
N ~ ML N [ RE AN ]
N : v'f'eq*h“ " \,ﬁ,&ﬁ’é,‘ﬁm‘:\ s
3 23 'fg.)-‘(\]'}-'- R ALY .
4 T A D B Pp o
e ¢ Y AD ni..,(‘..” wnd 4
N ¥ ,«Fu'ﬂ —ehe g’ 3 {?’*‘s }'
ST T LA -3
. & e ».\‘”v"\;‘:‘ Ry 3

b % A
71 NG Y TS
E37 e ?& e o = oy f S LA
ek ion et WA SRR T )
M :‘} 3 ~'¥v o ‘}jk\\ ‘ww‘.:"‘\ia? ™, v
p S ) [ Ay W 1
hpy A A e lnet i @
2 O ot M I e e
Fus -6 s
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500
trimary Nous hamsler saveoma o¢dl Budiing of a virus partcde into nn
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at the peripheral margin of thus zone In addition seteral dilated »esicles
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TABLE 1
Fleelron Microseopy of Normal Hameter Fibroblasts Exposed fo Virns Suspensions
from RHa-Sarcomas and Chicken Sarcomas
VIRUS POOL

SR-RsV N
SR~RSY 2
SR~RSY o
SR-RSY et

SR~RSV
SR-RsV
RHa~124 e 1
RHa-124 s 2

RHa 124

RHa-124 1
RHa-124 2
RHa-124

RMa ~124 e 4

RHa 124 freteoee o 2
RHa - 124 Pty 3
RHa ~124 brrr ey
RHa ~}18 om0

RHa -119
RHa 116 o
RHa-116 —
RHa-114 e

0 8 16 24 32 40 48 56 6ADASS

it

INOG OF

VIRUS

Electron meroscopy of cell samples
9 Electron mucroscopy of cell samples ¢ wa at 433,  catture flund 7 10 it

Sodium hydrocortisone added fn conc of 1 104 mi of cultute IS ©

of culture fhud. 3 01 p/ml of culture flud  + Varus p

DISCUSSION st

Y} ap
The rcports on the occurrence of sirus particles mﬂlh:[fi;c ol
mammahan sarcoma cell are contraduwlory In momrml eoll m-um'd
contrihutions it was stated that the mrumaln s;:lw T ossucs
the RSV genome but when cell free prepirations
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TABLE 2
Suspensions
1 Fibrablasts Exposed to Yiras
st oy o N S T s

VIRUS POOL

SR-RSV
RHa 124 1
RHa 124 2
RHa-124
RHa 124
Ria=124
RHa 124

+

0 8 16 24 32 40 48 56
1
INOG OF
VIRUS

11 les
e eorcory of el smuples grona at +33 €

Mure {fnd 2 10 gg/ml
hydrocorfisomne added m cone of 3 18 pe/ml of cu) &
2?‘:‘:"2::: flun‘!’ 3 01 gg/ml of culture fluid + Varus particles found

64 DAYS

were analyzed no mfectious Rous virus could be found In the Syrian
hamster this was demonstrated mn vuwo (Ahlstrom & Forsby 1962
Shevlyaghin 1963 1961) and n vitre sumlar resulls were oblamed
(Tesely & Svoboda 1965 Yesely et al 1966) Examwmation of a RyY
mdnced hamsier ghoma in ihe electron microscope did not reveal amy
sirus particles {Buectarelle et al 1967 h) nor were particles found w
hamstes sarecoma eclls cultinated in vitro (Y alentine & Bader 1968)

On the other hand there are some reports that the mammalian Rous
sarcoma cell ymht be able to synthehisize virus In the Syrian hamster
sareoma ¢ell s was thought occasionally to oceur m primary tu
mours (Rlement £ Vesely 1963) and also in the serally transfersd
tumaour (Svoboda & hement 1963) Vitus praduction was dse abserved
w rat tumours mdneed by a cincken sarcoma virus probably related to
Rous virus {Allaner & Spec 1968} Tn the electron microscope virus
vathcles morphotogically sunilas fo the avian lewkosis group ha e
been obsered m the Rous memingenl fumour in the dog {Bucmarells
et al 1967 2) and w e rat (L indberg 1868 1 alentine & Bader 1968}
o hologicnt tests however have confirmed that the ultrasteucturaliy
observed particles are infectious Rous virys

In the present inseshigation \irps svathests was seen 3n Rous hamster
sarcoma cells tn vwo and tr wilre The evustence of buddmg clearly
mdicates that the sarcomn cells achively produce the virns The par
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uelcs in some respecls re morphologically similar to Rovs virus but
:‘:’f" I““:\ sarcomn cells were crown tn rtro, several morphological
105;};' ere seen which differ from the Rous virus (cf Fpstewn 1926

guenai el al 1950 1962 Naguenau & Beard 1962) In addilion
the budding process seen 1 niro did not conform with previous ob
servations on Rous virus claboration from chcken sarcoma cells
(Dourmashl i et al 1962 Hewne ef al 1962) The virus parbicles were
seen m almost everv sarcoma althoush i varying amounls Usually
the amount of virus particles increased with number of sersal Irans
fers The fulure to obscrse particles 1n some of the primary tumours
and enrly passa.es was probably due to the fact that the sarcomt
specimens were removed loo early n the ltumour grow!h This was
donc 1n order fo secure n successful serial transfer which is best
achieied when the grafted speamens are as vital as possible This
might explamn the fauure of Bucciarelli et al (1967 b} to find any virus
parbicles 1n the RSV mduced hamster ghomy the ammal may sue
cumb hefore the tumour has reached the degree of matunty which
scems to be necessary for virus elaboration

So far all atlempts lo demonstrate hiological ctivity of the obsersed
virus parbicles have prosed complelely negative This was equally the
case 1n the present mvestigation If 1t 15 assumed that the nucteod of
the particles contans the RSV _enome the viral capsid produced by
the RHa sarcomn cell must have rendered the particle highly non
mnfectious This seems less probible as « virus with a capsid produced
Dy 2 hamster cell ought to be mnfectious towards other hamsier cells
which could not be demonstrated

The budding process indicates that the host cells supply at least a
part of the viral eapsud The viral particle might then acquire new cott
antigens wnd perhaps other biochcmical propurties which could ex
plun the loss of mfectinity tonards normal chicken fibrablasts {con
sistent with results obtuned by Hanafusa & Hanafusa 1966 Stech &'
Rubin 19662 b Courtngton & Vogt 1967 Ishiaht & Vogt 1966 ‘0?
& Ishizali 1966) For the same reasons howcever the sirus parhele
might acquire such physical properties that the preparation and pUrt
fication methods used n tlus work are madequale '

It has been demonstr ited that varions stocks of Rous virus cof nl:
several stramns of closely relited viriants Some of these m(fuclé}‘wr
resistance m the host cell tow wds superinfections (RIT") whie (1,963
strains {(RAV) show helper achivittes (Hanafusa & Hﬂ"ﬂf“;ﬂdmm
Y ogt 1967) Recenlly a new strain of RSV demonslravhng a }:'Sl 1967)
of bologieal non activily  has been 1solted (RSY 0) f”:’y s esel
1t mmght be suggested i parallel to this & nfection s
mn the hamster cell there 1s a sclecton o
brought to complete maturation

The existence of a latent or 2n
BHL hamster cells and 1n hamster cells transformed

hat durmg the 1
£ one strmn which th

been prov ed 1

digenous virus has
. into malignan
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cells by varwous siruses {adeno polyoma and SV 40 virus} (\chh«lu;l—
& Tourmer 1951) The worphalogy of this virus was found 1o be sy
to the man lew} osis group of Virus n some respects but "e‘;‘"l‘%gs
crepancies have Deen noted {Thomas et al 1967 Thomas el a )
g0 far na teporls concerning the Drologieal properhies of fhus swus
have bren published and at present it 1s thoughi to be an indizenous
\irps van 1hly present in different hamster tumour cells 1t1s suggesied
{hat thus virus only matures m cells exposed to varions etiernal stimul

A comparatnve morphological analvsis between the sieus an the
ecrotic RHa sarcoma cell and thus latent hamster virus 1s diffieult
due lo techmenl obstatles n prepanng and frang the necrolie cell
material However when studied tn pitro the Rfln sarcoma virus de
monstrates several morphological detuls which comaide with descrip
toms of the latent hamster virus ‘Thus {he vanabion i size the
hotlow nucteasd (he radiating spikes emer,ing from the nucleord and
{he hudding 1 chams was found to be tvpeal of the “latent viras It
13 also interesting that when the RHa sarcoma cell 15 grown 2 pilro, 2
Quferent morphologie varant of the budding process regularly ap
peared and also scveral other characterishics of the latent virys were
noted 10 a ngher frequence than in vwo 'This mizht ndicite thal
some ngairory mechamsms rmght suppress the sirus synthess e
vwo te ymmunological phenomena

‘The production of complement f1xing antibodies mn the Syran ham
ster carrying a SR RSV mdueed sarcoma favours the hypothes:s that
the ohsersed particles are associaled with the avian leukosts group of
virus It seems hhely that the antibody titre will be enhanced if the
tumotr actively synthelisizes virus particles contaming antigens be
onging Lo the group of antigens common to several stramns of louhosys
virus (gs antigens) As 1t has been found that the capsid can be ainter
changeable between related virus strams 2t might be suggested that
the observed parlicles are coated with a capud contaming anligens
from the Rons virus particle but the nucleoid could eventually be
de;{l\ed from an indigenous virus

s several morpholoswal findings 10 mfre am

monstrable hiolomical actiuty favour the hvpolhistl};cﬁxl;stﬂ;gz 0}‘}}2(
:’n‘con’&:\ ctlls harbour an idigenous virus prohably rclated to :r
;::;;;5:‘(‘;3:;;‘)““ the visus which has been deserbed by Bernhard &

Synthesis of 2 Jalent hamster virus i 4

conlrast la the negative finding 1n the Ra:s ::lcl ?::20:::\60:11 orll
”‘"cﬂ wis) st;?norts DPrevious opimons that the Rous mﬁmeriﬂgx
does not svnthelisize infeels

ablaned from dsfferint \abz‘:z\{l‘:lv,: ‘71117;‘;{ ’gwdcommdldo“ results
contaminations or mdigenous 1 1) - due to the fact that
anang the spo 1rus strains caz be uneventy distnbuted

8 pre1es and among different laboratories
The Ginding of s svnthesis in vitro

i motphologealls dighinet
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cells 1s noteworthy It may reflect that the virns winfection converls the
cell 1in a particular way or it nught be suggested that this cell 1s har
bouring an indigenous virus mnfection which 15 suppressed mn the
healthy anmimal When a progressne tumour growth leads to cell
necrosis or 1f the cell 1s explanted 1 vitro then the virus synthesis
may be released The fact that no virus particles were seen 1n normal
hamster cells exposed to the virus but several cells ultrastructurally
showed Lhe morphology of virus producers  yught indieate that the
normal hamster fibroblast I1chs a promoting factor for the maturation
of the virus This unknown factor obviously could b of dnergent
nature eg supermfections with varions virus struns both caneero
genic nd non carcinogemie Further experiments are needed to clandy
the nature of the observed virus In addition the iologieal role played
by the virus and 1its relation to the Rous virus 1s open for further
myestigations

SUMMARY

Thrie lines of Rous virus mnduced sarcomas m the Syman hamster
were found to contuin virns particles when examined m the electron
nucroscope In nddibion sarcoma cells explinted and grown vre
regularly synthetisizcd virus parhicles The morphology of the ;\uu:
particle varied but 1 some respects was sumilar to the avitn leuhos:
group of virus but especally n bitro the virus demonstrated lanli?fr
pearance akin to the latent hamster varus descrbed m several of
hamster tumour cells

I'xperimenls were designed 1n an attempt to demonstrate 2 bll:lc‘:)!"l::s]
aclmity of the observed particles So far no ability to m(lm:‘ei i: o
m chickens or new born hamsters could be detected nor dll Ems“c
seem to be mfectious towards normal chichen or hamster cells m"J o
cultures or mz vwo It can be suggested from the ol)sernltl::lcs e
electron microscope that the virus particle does not nal ot
normal cell but might be able to do se under the influence

exaternal stumuli applied to the host cell
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COMPARATIVE ELECTRON
MICROSCOPIC STUDY OF ROUS SARCOMA
IN SYRIAN HAMSTER AND RAT

By
LaRs GuRAN LIADEERG
Recefved 2711 69

Certam strams of Rous sarcoma virus (RSV) are able to nduce sar
comas i a wide range of ammals The tvpe of tumours varies to a
cerlam extent with the spectes of ammal but two types of cells ean
usualls be distingwshed both in the Rous chicl en sarcoma and i
manv Rous mammalian sarcomas a spindle shaped fibroblast lihe cell
and a rounded macrophage ike type (Svet Moldavsky 1961 An!
strom & Forsby 1962 Ahlstrém & Jonssen 1962 Landa et al 1962
Rlement el al 1963 Alement & Svoboda 1963 Svoboda & hlement
1963 Shevlyaglun 1903 1964—for comprehensine reviews see Ahl
strom 1961 Zilber 1965) It rmight hypothetically be presumed that the
celt genome determunes certain charactenstics of the satcoma eells
while others might be dersved from the RSV genome which 13 known to
be present both 1n the chicken sarcoma and most of the mammahan
sarcomas

The uMrastructure of Rous mammalian sarcomas has been described
only briefls and mostly 1n connection with i estigations undertaken
for special purposes This does not allow a companison belween Rous
sarcomas 1n different mammalian species

‘The present analysis was carried out 1 order to elumdate the elec
ron microseopical structure of the two types of cells in the Rous sar
comas of hamsters and rats respectnely and mn addition the hypo
;hclllcal presence of common wltrastructural details wrespietive of the
103!

Tequests for reprints should be addressed to Lavs Goran L
o Pathology University of Lund 37005 Luad 5 Saade 03bere MP Institnte
15 snvestigation was supported by gants from the $
from I eonie Deshayes fond * Sweliah Cancer Socety and
The suthor is gratefully judebted to Ass Pefer Vorwerh BA f
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:::u“‘w:s and help with the statistical apaly 15 and cvaluation of the morphometric
Miss B Andersson Wrs 75 Hedstrdm a

nd Miss B V.
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MATERIAL AND METHODS

Rous sgreama prrus Thy
e Mo
obtaned from ehicken cs. i e pmid! Rupoin (SE-RSY) has bosn
ere b
ultracentrifugation accorting to Voleney (1960, and punified through
al 70 C and the Hitre of the susscason s oiTus SUspension has been bet
when tested on cherion allantois ;Spegsmn ofter storage was 14 X 105 PFW"?’
'gi,s embranes of embryonated leukosis free chicken
ous sarcomas tn the Syna
were injected wath D1 mi a[“u:‘:”l?Sl\" (Rila sarcoma) Newborn Syman bamsters
Solid partly hemorrhagle somet suspension 1n the lower part of the back
imection I &1l amamale nﬂe: a}c,;l‘::g:;n;ump’! tumours developed st the site of
Whole bods pertusion (ot eoraad$ The animals were sacrsficed through
th;‘ size of a small pea qt 3 described below when the turaours had reached
ons sarcomas in the ral (R
after about 34 weel 3 10 abogt 80 us virus as used above Tumours appeared
Nes alto soem %o the tumourpl(;rdmm of the rats and a few hemorrhagic cvits
Jolled by whole bods: prfamn ad reached the size of & pea the amimal was
Fizalion through whole b
Jceting £ mg oF bavbital sudl?xﬂl ;;crr%xomn TLu- ammals were anaesthetised by m
{Nerabntsl Abbot Lab Ll;d 100 2 of body wcju:htr llil:lD )thc peritoneal eauly
apened and a swall 1 hept Logland) The chest s
e Nl;zﬁ;m:u‘l::s“r:ade 1n the left ventricle of the heart pear the
T nd 5 smell plastic tube was mserted towards the base of the sorta 4
parble After & Ton eronds P“h and the perfusion was started as soon 59
1o Tlow cantiamousty far 20 Et rlgﬂt atrium was opened 1o allow the perfusate
Hept between 15018 anutes The hyvdrostatic pressure of the perfusale was
0 cm H O The perfusion flud
e o e wsth 2 n flmd was saline buffered with Sura
ety o e £ with 2 per cent glutaraldehyde added The final o0
olanty of the 1<atine sared between 300-330 mitliosmol (pH = 7°)
oty tetron bl::cnﬁs‘;:ﬁr’,i After !h;’per(usmn tumour specimens Wese eitised and cut
into small preces with a razor Iade and kept in cold fresh perfusion flud over
nleht at 44 pectmens were then washed in 0 1-n carodvlate hulfer post
fred fn 3 e cent 050,-s_collidine buffcr at ~+3 G for 6 minutes (Wood &
Taft 1965) er repeated washings in cacodylate buffer the specimens wert
el drat cd e}:?dgraded acetone Most of the specimens were stained dunn the 7“
B e ::::::c:m_‘ghh: soal ing them 1n 1 per cent phospbo-turastie agid m
c Spec]
ethanol Jor 15 munules The (x.;gslsr;:ens were then embedded n Vestopal W accord
A1) sections were cut on a LI B Ultrotome 111 and mounted on carbon stabllred
formyar films covering copper grids Several sections were post stained ¥ 1th lead
citrate according to Venable { Coggeshall (1960)
. The electron microscopsc examnation i been perform d tn & Ferss FAL 9 ¢lec
con microscape tqupped with 4 con fensor and N photcmicrosraphs hase beet
processed from Selentia negatnve film (Cagverts
Luahit microseopy Sections about 1 u \hicknes haye been processed from 8l
the specimens embedded m Vestopal W They werc stuned with & solution of 01
per cent methylenc blue B 01 per cent thioma and §1 M Na HPO, 1 34 dest
which was hestod to about 80 C in < gl amount of 86 per cunt ethanal 1mme
;ately before the staimng The staining time 13 a rule was 10-30 scconds sod the
shdes were rinsed 1 distilled water
In sddyftan sections from formalin fived tumour 10 a parallel serics of 42
were processed aceording to conventional methods
Cytomorphomelnic methods In order to malc & cimpst
srea in the RHa sarcoma and RR sarcoma respectively Sofumetric
been, madc from the murogray hs based on cytomeryhometse prigciples
by Tt (1967) Baste commgerations and formulas axe also guea by Her
T e (1962) Henntg et af (1963) Tt erbet (1963) apd Boud el al (1962) oy
e ade. I measarine, the aserage cross el
curfce aen om the mirogrephs by means of 8 transparent sheet of plastc fil.
onto which  lattice of short lines was en,raved The pattern of these Jines s sh0t &
fn Fig 1 The plastic sheet was applled to the micrugeiphs and the total Tength of
the iacs which transgress the cell the nucleus 4nd the mutochondria g meAsuEs

mals

atne study of the ceils

calenlations haie
Summare

IR



Fig 1
tm was placed over
sheet of transpatent plastic The fil
11’1: n"i,:-r:r :‘:‘;ehs::tg ::azdix‘: “nd the twial length of the hines situated over different
o e cells and cell organelles was determined

our cells ectioned in every
e e Sa g peocPane pis Shoughn o eceiuie th S eaer
T et direeioom ol Thetcole o the Tlerooraphs - sHhpcan y uence of
fromToge 2 3 and 7 that occamonally the cells are arteuted parallel fo e other
The degree of homogeneuty 1o the separate group of cells ean be estumated trom
diagrams obtained by plutiing the average values of cach group of cells and cell
arganelles against the number of transsected cells With ncreastng mumber of
transs cted cells the average values approvimate towards a straight loe It is
thought, that if cells from an outside population are falsely wcluded in The de
trminations this will be dete ted as an irregularity mn the diagrams when the
average determinations for all parameters in the same group of cells are compared
The sutfa e area of the endoplasmic membrane system has been evaluated by
the vumber of A between the apphied hines and the paired
metmbranes in gach cell As these are wostlv oriented parallel to the long axis of
an elongated cell 3t hay been necussary to mimimize the mfluence of this preferen
tial direction by rotating the 60 twice and calenl, the average
number of three determunations yn each cell,
Samphing pr cedure

For practical purposes all micrographs ave considered to be drawn randomly out

all micrographs was §100 times
“en in these selected sreas several neerotic cells with distupted cell meémbranes

were found which were not included 1n the calculations Mast af (oo cells 1 the
éiffesent sertions have howerer been measured

As the ag pearance of the nucleus was the o parameter dividing the ¢ells mto
{ferent groups in each animal it is obvious that onty celle  (ho nuclex of which
were transsected were included in the determinations

Ceneral const tettions and 10

lumetric culenlat on

plasmie reticulum) are assessed

components with 2 spee
lechnique

t random by a modific:
The Iargest volume which has been
parison with the total valume of the

al shape (e the ends
ation of the evaluatson

determined can be considired small in com
tumours
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The section thickness is thought to be neghigible m comparison with the smallest
organelles which are measured

The lengths of the lines across the different cell organelles 1 the micrographs are
directly proportional to the surface area of each component. Thus the average
cross sectional surface area for each cell organelle can be ealeulated and related f
the fotal surface area of the indnsdual type of cells It can be proved that lhe same
relation exists between the volume of the cell organelle and the total volume

:l‘he relation between volume V and the average cross sectional surface area I

from the micrographs 15 { by the formula \ = X 537 where

1sad coefficient d on the shape of the evalualed body but
mot on sts size The numerical value of g can be calculated when the shape can be
bv a hnown body 1e a sphere a evlinder or an ellipsoid

(Wetbel & Gome.. 1962)
If the value of g s not known or cannot be caleulated 1t 15 obvious from the
formula above that in order to compare the volumes of separate cells or cell
organelles which have been calculated from their cross sectional surface area m
micrographs the values of g for the cells must be close to each other else a
systematic error is introduced If it 15 assumed that the compared cells are reason
ably symmeirical the influence of shghtly different values of g can be neglected
The morphometric determination is made cnly on those cells which show o
nucleus large enough to allow classification This results 1 a too large average
cross seetional area of the cell m relation to the same area determined from sll
tons This of the average cross sectional surface area con
be calenlated 1f 1t 1s assumed that the shape of the nucleus located in the ﬂ-nlr;
of the cell 1s congruent to the shape of the whole cell In Table 1 the cor,re:lts
figures are given in brachets In addition 1t can be calculated that if the volumes
of two t d sy 1 cells are when the nuclear areas vary
from 31 per cent to 41 per cent of the determined average area (values Dbhm;L
from Table 1) the error in the relation hetween the volumes 1s about 8 rru;g "
It can also be stated that no cell organclles will be over or under represens Tl
the deterrinations as it is thought that lhe]cellil :s ;e&l:hduned I every poss
direction and that all cell organelles are evenly distrimte e
The number of particles per umit volume can be ca‘w‘n‘gdifd"l:;l};m{:}:‘:r pe

actional volume is determined an

T'mmph :fr ‘l}llleilsr ,‘r..c. olar cel per umt area is counted Thus
d

B ere N is the number of particles per unit volume (equal sie 2
44 it area in the

? nd n 1s the number of transsectrons of these particles per he
:‘x?:;gr:ph: p their fractional volume and g the same dimensionless coelfrcrent
described above dependmg onlv on the shape of the p:\rhcl{es roptasm 15 gnen for

In Table 1 the number of mitochondria per umt volume of tyx ap)wmina e equsl
the different cells assuming that the vast majority of lhc}l;n lac; o e value
in size and shape and that their shape can be approximated by a sp!

of @ 15 then 138°

RESULTS
Light Microscopy

cro
The Rous sarcoma 1n the Svrian hamster 1s seen 1 the h(?::a:?;rm
scope (Fig 2) as a spindle cell sarcoma of varyng degrecs o

ler In spite of he
often contummng giant tumour cells with bizarre nuc! llh D eudated

hic cell morphology as a rule one large cell ™1 e
gflecolr;losrgmd anch axxr,muntbof cyloplasm often conlmm?,g lcx:gs:dﬂ:mbb
can be distingmished These cells are mtermingled w1 [1[ o als of
smaller cclls showing hyperchromatic nucler Ivmrfms:\cnscen
cytoplasm In the former cell promunent nucleoli ¢

ogenous ns a
The Rous sarcoma m rals (Fig 3) appears more hom
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Figs 33

Rovs hamster sareoma demonsteating & pleomarplue charcater with irregular
<«lls  asmewhal ef agated Several lstge cells with vesiculated sucler are
seen and Weve are a Jew colly showing rather chromatin dense nucler and
# small amount of cstoplasm Swucleol are scey m some cells s well as ane
03] m mitetic division X 14

Tious rat sarvama tecn as » somenhat pleomorphic spindle-cell sarcoma
with @ few large cells dem sastestsnn chremsalin looss nuclei and promment

nucleols The ma)onity of the eelly are smaller showing a small eytoplasmie
margm and cheomatin-dense nucler, X 1440
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rule, resembling a fibrosarcoma composed of spuadie shaped cells
arranged 1n parelle) bundles A few gunt cells with huge veswulated
nucley and a rich amount of eytoplasm can be scen In addition the
tumour s cormposed of smailer elongated cells often with chromatin
dense nucla The smaller cell might be wrregularly outhined but often
has 4 fibrohlast like character

Electron Microscopy

In the electron mucroscope, 1t 1s 1s a rule possible to confirm the
ebservalions made in the hyht muerascope Thus two distict types of
cells are seen m both the RHa and the RR sarcomn It was found
that the ultrstructure of the nuclens could be used as a parameter
duiding the tumour cells mto two main groups They have been desy,
nated A cells and C cells respecliely while the B ecells represent
those cells which conld not clearly be classified

The Nucleus of Cells Classified as A Cells

This nucleus 1s generally Jarge rounded or oval with a few infoldints
of the rather distinet nuclear membrane often demonstrating seseral
promunent nuclear pores The scanty chromatin 1s finely granular and
evenly dispersed bhut oceastonally small 1solated irregular clumps are
seen A small electron dense rim of chromatin 1s seen along the nuclear
membrape Usually one or tno promment pucleoh are found m ihe
central part of the nucleus (Figs 4+ 5 7 8)

The Nucleus of Cells Classifted as C Cells

This nueleus 1s smaller usually shghily oval but sometimes more of
less clongated Several deep infoldimsgs are frequently found ‘The mlz
leir membrane 1s usually distinct with several and conspietious m:){
lear pores The most characteristic feature 1s tre heavy :lumpl::g o
the chromatin especially along the nuclewr membranes npplenn Zlm
4 broad electron dense margin In manv cells the agdregated chrom
forms continuous bridges across the nuclens The rest o e e &
18 considerably more clectron dense m comparison with thal :e\er o
cell nucler There are nucleolt 1 some cells but they —nrc4 Ty
promunent and distinet as m the nuclens of the 4 cell {T1g

{ the chromalm

The Auclens of Cells Classified as B Cells
Cells with nucler not distinetly bilonging t
classified as B cells (Fig 4)

o erther group have feen

The Rous Sarcoma in Syran Hamsters sty
As seen n Table 1 there were 92 transsected cells chasn!;:‘ Tr s
cal A cells and 86 as € cells while 20 o7 approamately 12 p
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A DU A
L e e R
29

2 43

]

RHa arcoma Surves of eells of all three type  The dificrence in the appearance of

the chromaten is evident, and there 15 2 large amourt of endoplasnue retiewlum in

the A tells The mitochondela appear swollen 1a this ficld where scveral cells are
parll disinteprated X 6900

could not be placed inte erther group The typical heavy clumping of
the chromatin in the C cells cm easily he distingmshed (Figs 4 6) The
nuclear chromatin of the B culls usually resembles that of the A cell
nucles The twverage cross sectional surface area of the A cell 1s found
to he about 3 lumes that of lhe corresponding 1rea of the C cell and
their nucler oecupv 32 per cent and 44 per cent of these areas re
spectnely

The tolal mitochondrial volume relaiud 1o lhe volume of the eylo
plasm averages 71 per cent and 10 4 per cenl i the two types of cells

35 acreramn 16 4
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TABL
and of Cells o
Nuclear
Tumour Average Average area “Average
el transsected cell nuclear per eent estoplasm
cells area area of average area
cell area}
A 92 130 (101) 10 372(47) 88 (60)
RHa B 25 85 3 381 53
[ 86 41(36) 19 436 (53) " (1)
A 3 13 (107) 41 309 (40) 9
RR B 7 g 18 466 0
[ 302 55 (43) 20 365 (4D 35 (%)

+ In brackets the nuclear solume in per cent of the whole cell volume 1s given

Using the formula given above and calculating the average number of
mitochondrin per umt volume m each cell 1t 1s found howeser that
approumately the same number of mitochondra per unit volume 15
scen 1 both cells 150 and 15 1 respectniely

The morphologic appearance of the mitochondria 15 rather h
genous and the amount of odd shaped forms 1s not conspicuou
both the A and C cells the magority of mitochondna 1s spherseal or
shghtly oval In those, which are undamaged and well presersed #
homogenous occasionally rather electron deuse intrymitochondrial
matrix transversed by a rather few cristae 1s een In some mutochon
dria a myelin hike nest of membranes 1s found probably duc to 18
adequate fixation and/or shght cell dimnge in pwo .

The endoplasmic reticulum 1s more abundant m the cytoplasm o
the A cell than i the C cell When the calculated average figures an
comverted to number of 1t rsections per umt volume 1t 1s found "“I}
the endoplasmic reticulum of the A cell 1s about twice that of the [ ‘l‘}ie
(10 9 1n relabion to 52 mtersections per unit volume) Generally .
endoplasmc reticulum 1s seen as & rough surfaced system of P““m
membranes and only 1n the immedrate neighbourhood of 2 Golgr C‘;m
plex can the membranes be smooth Oceaswonally the P“"’“‘; ::“w
branes are separated forming vesicles contmng amorphous subs

om0
s In

The Rous Sarcoma n Rals aes
¢

ted cells classified as typren!

o 387 il tatal (= 111 t) Of the rumaining colls onft

among 387 cells 1n fotal (= 11 per cen a8
7 were 1mpossible lo accurately classify (= 2 per cent) “]l‘]llc(llr;lcc :csl
majority of eells 302 out of 352 has been assigned as C ce sm e
have not becn determned due to techmical reasons} Thc!;u;;“ ot the
A cells always have the typeal appearance VCT. e 2 T
A cell n the RHa sarcoma The nucleolus also

y sumilar
may look



 Organelles wn Primary Rous Mamster and Rat Sarcomn

547

o of
o of mite Avevage
Aitochondr Average “hondria no of |n|crsc((|o!n§
ASETSEE  orep per  mo olmito  poymg  nterseeled  per um
teshosds  cent of choudna  Glume of  endoplasmic  volume of
pres cytoplasm per cell estoptasm  membrames  eytoplasm
150 98 108
g m mww
tH 104 088 151 13 5
97 134 145
W mo oo
i 19 108 195 36 102

' In brackets the corrected average areas are given

uma.¢ of its counterpart in the A cell of he RHa sarcoma The nucleus
of the € el 1n the RR sarcoma 1s not so charactenistically chromatm
dense as in the RHa sarcoma The chromalin always shows elumping
but nol to the same extent as n the RHa sarcoma and chromatin
bridges across the nucleus are seldom found (Figs 7-9) The morpho
fogy of the B eells 1s usually found to be more akin to thit of the C
eells

The averace cross sectional surface area of the A cell of the RR
sarcoma 15 almost exactly as large as in the A cell of the RHa sarcoma
while this area in the C cell of the RR sareoma 1s about 25 per cent
larger than in the hamster The RR nuclet ocenpy 31 per cent of the
average cell area in the A cell apd about 37 per cent in the € eell
However the nucler of the C cells and the A cells m the RR sarcoma
have almost the same 1verage area as 1n the corresponding eells of the
RIA sarcoma

The mitochondrial volume averages 9 3 per eent of the cytoplasm of
the A cell and 129 per cent of the C cell The caleulated numbers of
mitochondna n the A cell and the C cell of the RR sarcoma arc alse
found to be equal 97 and 106 per umt volume of cytoplasm

The endoplasmie reticulum is more abundant i the A cell 1 the
RR sarcoma (Table 1) The numbcr of mtersections per vt valume of
cytoplasnt in the A cell 1s about 1 5 yimes hugher than 1n the G cell The
WR sarcoma cells however hmve larger surface areas of the endo
plasmic reliculum per umt volume of cyloplism i companson with
the corresponding type of cells in the RHa sarcoma

‘The morphological of the mitoch
plasime relieulum in the two 1y

CRE 12 and of the endo
pes o sarcomn eells d
essentially from that in the RHa sarcoma cells The s do not differ

number of §
or dernged mitochondna s ess in the RR sarcoma cells 1han‘::]:;‘1’;
Ria sarcoma ¢ells and consequently no myeln hike figures 1n the
mutachondnn of the RR sarcoma eells are feund The average numbep
35
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of nutochondrinl crstae n the RR cells seems o 1:;‘ stightly \ul&hgrc
In adthition there scems to b

Ithough no counts have heen made
:l:«h:\\; more, tod shaped or eshindrical mutochondria i the RR sar
co;'na ccdls but this might be a false 1mpression as due to osmotie
(orees damaged mitochondria in the RHa sarcoma cells attend a sphen
¢al shape In the AR sarcoma mutochondria a moderate or rather dense
matrix ean be seen between the enstay

Tue B cells of naither the RHa nor the RR sarcoma show am‘mm

a

cular charactensties as regards the mit hondna or the
retientum ‘1he values are not summarized as {he Jon mumber of eells
will mahe the ealeulations ynreliable especally m the RR sarcoma

Olher Cell Tonstituents n the RHa ond the RR sarcoma

& promunent nucleolus 18 almost iariably found w the & cell of
the RR sarcoma cells but the frequence 1s not so high 1 the A cell
nucler of the Rila sarcoma Most nucler wsually show only one nucleo
lus but two or even more may be found The nucleolus of the A cell 1s
charactenssticalls located m the centre of the nucleus and approw
mation towards the nuclear membranes 1 rare Fhe shape of the
nucleolus 15 2lmost spherical but mzht be shightly oval i elongated
nucler A typical nucleolus 15 scen 1n Fig 8 from an A cell nuclens of a
RR sarcoma cell

In the G cells the nucieol are not seen as frequently and as regularly
as 1n the A cells The number 18 found to be somewhat higher mn the €
cells of the RR sarcoma The nucleol are sometimes multiple as 2 zule

not so distinctly outhned as o the A cells and their shape can be rather
LTINS

The Nuclear Hembrane

The nuclear membranes are very distiet 1 211 tvpes of cells and are
snterrupled 1t regular intersals by nuclear pores No difference 1n this
sespect has been found between the A and the G cells nor 1s there anv
hiference beiween the species The membranes show 1n hoth species
many and deep infoldings especralls 1n the € cells dn weegular spage
belween the two membranes can he seen some cells Tt has been

fos s Figs 56
4 wrtoma cell From the Rots sarcoma in th
demanstrating a smAll amonat of st ramSter A typiial 4 ol

rr‘lcmbmnl‘ where distla ¢
cleus there are crystalline hke aggreget

b 58 cadoplisnlc et calurs ot T e rougy
rregular RHa sarcoms cedl f3pe € The conde:
chramatin forms coslescent ' lumos 1 the ashs re SR nuslear
ong slendles processes contanfng time e icles & 19058 OPASM forms
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regarded as a s1gn of necrosis 1 DIUG, as inadequale frzation does not
re,ularly create {hs type of artefact

The Golgt System

The Golg: system s regularly found 1n most of the 4 cells m both the
RHa and the RR sarcoma Il 1s also seen in some of the C celis n the
TR sarcoma but s an exceplional obscration 1 the C cell of the RHa
sarcoma JIn the large Rlia sarcoma cells they are usually mulliple
and are seen as convoluted and lamellar membranes of smooth ap

often ted with small sesieles and oceasion
ally large vacuoles As a rule the Golgs svstem 15 found 1 the per
nuclear part of the cytoplasm and mosthy m the centre of the cell

The Lysosomes

Only very few and rather small Iysosomes are presenl in the primary
sarcoma cells of both the hamster and the ral They are more common
m the © cells n both speescs The avesage volume of the Lyseaommes
can roughly be estimnted to be under 0 1 per cent of the cytoplasme
volume m cell type A and under 05 per cent in cell type

Free Ribosomes and Fibrillar Cytoplasnuc Matrie

Free ribosomes ippeanng as polyribosomes are seen n all of the
tumeour cells Judging from the micrographs 1t might he concluded
1hat there 1s a larger amount in the A type of cells in bolh spectes

The fibnilar matnix deseribed elsewhere (Bernhard & Tournier
1964) has been seen i 2 few of the A type of cells but only 1o the
Rila sateamn
The Cell Membrane

“The sarcoma cells are deltmited by a plasma membrane of normal
Appearance No morphologie details deviating from normal celis have
been observed Espeaially n the C cells long and stender ¢ytoplasmie
processes are formed which miermingle with several ne:ghbourmg

fer s Figs 7-8
20 arsey of Nogs rat sarcoma Yo the upper
part a Jary
n(|d below 1o cells belonging to the C growp The ;xflne:::l:t‘ ly;pe e e,
of the nu Jear chromatin 15 sadent % 5908 © 7 appearance
Fig 8 Nucleus of tvpieal A cell in the



552

Fig 9
RR sarcoma demonstrating three rather irregular cells of tipe C The el
chromatin as well as the prominent condensation along the nuclear me
obvious Only few endoplasmic membranes are found and the mitocho!
rounded contaiming, Jnterdigitated eristae X 8700

umping of
mbran {#
ndria T¢

cells In the solid sarcoma no true microvilly are scen m contrast 10
the 1 viiro findings m explanted sarcomna cells (Febure et al 1954
Lindberg 1967)

Other Morphologic Observalions

In the A cell type of nucler 1n the RR sarcomn but more frequentlV
in the RHa sarcoma sarious morphologic details of unknown on.in
are seen Small granular crystallme like ag,regales cin be obsersed
occasionally surrounded by a membrane hke condensation of the
nuclear chromatin (Fig 4) f

In a few of the A cells mostly i the RR sarcoma contlensaliont L;a:’
fibrllar material just inside and parallel to the cell mcmhr:m;b;
been observed This phenemenen has beent deseribed i normal ll :;
blasts te 1 collhgen forming mouse fibroblists mn bissue o {ur



553

(Goldbery & Green 1984} and w s producing chichen fibroblasts
(Gourington & Vogt 1967}

Remdual bodies mostly ae mvelm hike figures ave infrequently
found No abvious difference n thus respect exists between the two cell
{ypes of between the two anmals

No crystalline matersal has been

found sn (he cyloplasm of any
sarcoma cell 1n exther ammal

Accuracy of the Volumetric Deterninations

The average cross sechonf surface srea 18 dependent on both the
sue and the shape of the transsected cells In order lo compare Vol
umetne calenlations of different groups of cells exther the size or the
shape of the cells must be hnown If 1t 1s assumed that within each
group of cells the varations in size are mummal a good estimation of
the dimenswonless coeffscrent § can be obtamed by plotting the deler
mued areas n a distribution diagram  and by calculabin,, the relative
standard desiation within each group it can be proved that the rela
tve standard deviation 1s independent of the size of the celis The
relafive standard devrabions of the nuclesr areas 1n the present mate
r1al ave numenically so close that it can be assumed that the values of
@ are the syme Compamng the same values for the “averige cell
areas 1t 15 found that the RR sarcoma C cell might be approximated by
2 sphere while the other cells have their relatne standard deviation
comparahle o that of the nuelear areas and here the nuclear shape 15
eongruent with that of the cell However the differences are so small

that assuming the same value of B for all cells and thewr nucler, the
efror ¢an be neglected 1n this inveshigation

TABLE 2
Percentage Lhange of Average Determnation

3 of Talls
Sttcom of Hamster and Rat soith Tnereaena xans, Clf Oroanelles n Rous

easing Mumbers of Observatsons
con Total Nuclear Mitochandrial No o

are area aren endoplasmic

‘membranes

Rita-a — 4 T
Rhia ¢ 7 = +8 o
RR ¢ = —35 -1 e
T —2 —1 +2 =

are
nelers when the number of observations progressusl,}::nfo;!)a:\' rpam
er cent
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RR sarcoma three rather
chromatin as well as the prominent condensation along the peclear mesgiraze ¥
obvions. Oalv few endoplasmic membranes are fu=nd and the mitechondme &7
rounded confaming interfizitated en tae x 9303

calar cels o tvpe C The clom,—g &

cells In the solid sarcoma no true mcrovili are seen cunlmol:“
the wn vitro findings 1n explanted sarcoma celis (Febpre el al 1
Lindberg 1967)

Gther Morphologic Observations
In the A cell txpe of nucler 1n the RR sarcoma but more frequen'is
1 the RH7 sarcoma sanons morpholagic d=tuls of unhnown en<?
are seen. Small far cr 1 hike azzresates can be obseried.
11 s“l, ded bv a Ite ¢ of tke
nuclear chromatin (Fig 4) 3
In a few of the 4 cells mostlv 1n the RR <arcoma condensation L(
fibnliar matertal just inade and paralle] to the celf mcmbmﬂ;m’o-
been observed. This phenomenon has been desenbed in normal Hores
blasts e m collagen forming mouse fibrob'asts wm liscuc €t o
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(Goldbery & Green 196%) and mn vrus produeng thichen fibroblasts
(Connngtan & Vogl 19687}

Residual hodies mostly as myeln Iike hgures are infrequently
found Mo obvious difference i thus respect custs betw een the two cell
types or hetween the iwo ammals

No crystalhine material has been found in fhe cyfoplasm of any
sarcoma cell 1 exther animat

Accuracy of the 3 olumetric Deternunations

The verage cross sechonal surface area 15 dependent on hoth the
s1ze and the shape of the transsected cells In order to campare Vol
umetric caleulzhons of different groups of cells either the size or the
shape of the cells must be known If 1t 18 assumed that within each
group of cells the varations 1m size are muumal a good estunation of
the dimensionless coeffictent R can be obtaned by plotting the deter
mined arcas 1o & distribution dagram and by calculating the relative
standatd deviation wiihan each group It can be proved that the rela
v standard deviation 1s independent of the size of the cell The
relative standard desiations of the nuclear areas m the present mate
rtal are numerically so close that tt can he assumed that the values of
£ are the same Comparing the same values for the mverage cell
ateas 1t 1s found that the RR sarcoma C cell might be approumated by
a sphere while the other cells have thewr relaine standard deviation
comparable to that of the nuclear areas and here the nuclesr shape 1s
congruent with that of the cell However the differences are so small
that assuming the same value of g for all cells and their nucler the
error can be neglected o tins mvestigation

o TABLE 2
ercentage Change of {perage Deferminations of Cells and C.
eil 0,
Sarcoma of Hamster and Rat with In reastng “umbers of n{f:rz:’:f;nl:" Sious

et Total” Muclear itochondrial Do of
area area area endoflasmie
membranes
M & -1 -
Rita( ~7 f,g “'g ~15
RR A 45 s + § +8
BB ¢ ~2 -3 ‘_;2 -:

As \hic appearance of the nuelen:
meter of the different cell grou;
Ps 1t 1s Decessary fo as

:zx\s h‘omf w emside population are included 4 rcmar;\cnt}:laml e

pc:ze “lns"emx;:d n cach group of cells of all parameters In %a(?(“ 2 th

pere crns 1‘:‘ cl 1:3:. of the average enleulations are given for allc 3 the

e o the number of obsers ationg progresscd from 80 p Foon

er cent

s was the only disparating para
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to 100 per cent of the whole population 1 each group Less than 10 per
cent change was scen which favours the assumphion that the cell
population i each graup 1s rather homogenous

DISCUSSION

In most of the ultrastractural stydics of both human and expenimental
tumours, the quantstatine evaluation of cells and cell organelles 1s ex
pressed 1 ferms of 2 Jarge amount of  very rich m or I
scanty  whieh 1s then wlustrated with a few ind selected micrographs
This makes ans aftempt to compare one tumour with another rather
speculative Using estomorphomelric methods more objectine 18
formation ean be oblamed from the micrographs
One difficults 1 using morphometric methods i the eleciron mere-

scopreal analysis of a mahignant tumour 1s the fact that only a verv
small fractwon of tissue can be studied The sampling procedure might
fie mfluenced by many factors diffrcult to control 1 e non homogenods
perfusion ot the ficatives loeal variations n the osmolanity of the
extracellular fluds cell necrasis 1nadequate vascnfar supply causmng
anoxie damage nferrupted Iymph dramage sbnormal pH from pre
if anaerobic metabol and several other factors In the pre
sent mvestigation the sampling procedure 15 based mmnly on evalaa
fion of scveral tissue blochs n the light mmcroseope from whch sut
table specimens have been selected for further analyns m the ekctl‘mn
microscope Jt1s well hnown that the Rous mammahian sarcomnsi 0w
wide vanations 1 their morphology and tlus s evident espeesal "‘:‘“
the Syrian hamster As far as possible representative areas from hal
ster and rat sarcomas have been selected for comparison

Prevtous Repords on the Uitrastructure of Rous Mammalan and
Chichen Sarcoma Cells

The ultrastructure of the Rous mammalan sircoms:
seribed 1n only a few mvestigations osed

The Rous hamster sarcoma 1n the bran 1s reported fo be ::‘:?uded
of two types of cells (Bucciarelli et al 1967 b) and 1t V\:\s e [he
that ope type probablv represented an abnermal as\roch) :m o
other was not classified The description of the Bcimtsh YA il and €
cells scems to be 1n keeping with the appearance o h :s  Salture 5
cell 1 the present study The RR sarcoma ccdl (: “mducma o
deseribed as a polvgonal irregular immbh“r‘(‘kzr:)m'\pm oo 138
brils of collagen (Febvre et al 1964) The RR s o vt e ad

Jis one
found {o he composed of two tvpes of cel wed (1ind
one smaller electron dense thought to be more wndifferenltate

bery 1968) +a sareo
The ultrastructural appearance of a few other mamm e

s has buen d¢

mas
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1y deseribed The Rous menhey sarcoma is composed of
R?Zeciflesn:t:::eigunded and one elongated fibroblast like cell (Wurroe
ef al 1964 Rabolit et al 1967) In the dog a lepto menimgeal sarcoma
was deseribed as pleamarphic Pale and dark cells occasionally wrap
ped around each other were found and ntracytoplasmic fibrils were
seen 1 bundies near the plasma membrane (Buccarelle et al 1967a)
Epstern (1957) grves a detaled ultrastructural 1nalysis of the Rous
¢hncken sarcoma cells A large fusiform fibroblast lhe cell 1s found
together with varying amounts of rounded macrophage like cells The
Tormur contamns a puclens typieal of fibroblasts with « finely granular
chromatin and well demarcated nuclear membranes The mitochondria
were rod shaped relatively few and the amount of enstae and the mito
chondrial matrix scanty
Later publications essentially confirm the morphological descrip
lion (re Haguenan & Beard 1962) In Rous virus producing cells
sliht or moderate clumping of the chromatin can be found 1n contrast
to the normal cells (dr Stefano & Doughcrty 1965) The number of
mtechondria has been described both as inereased (Goldé 1929 de Ste
fano & Dougherty 1965) as unchanged (Hampton & Etdinoff 1962)
and as decreased (Gaylord 1955 Bernhard et al 1956 Epsfein 1957
Courtngton & ¥ ogt 1967) Most observers agree that several atypeal
mitochondna are seen The Golg system 1s generally found to be
hypertrophic and the endaplasmuc reticutum 1s well developed espees
ally 1n the large cells In virusproducing chicken cells dense hodies
are found and structures thought to be related to the production of

virus have been described even the evistence of pro virus in particle
hke shapes has been d (Hi 1960 He

et al 1960
1961 1962 Haguenau & Beard 1962)

1t seems that the Rous sarcoma both in chickens and mammals 18
mvanably composed of two types of cells One cell 15 generally larger
and 15 duseribed as Dibroblast ke showing some ultrastructural de
tals usually seen 1n normal fibroblasts This cell 18 found to have a
Tather large amount of cytoplasm and the cell demonstrates a sub
cellutar morphology with i h metab and/or synthetic
achivity The other cell 15 described as a small electron dense cell irre
gularly out Iined but more ded this
cell has becn described as macrophage hhe but there are Bo ixllr

structural findings supporting this view ?

Comparison of the Ultrasiructure and the I,
rph
the Rous Hamster and Rous Rat Sﬂrcomancgllomd“c Findngs
A volumeine analysis of the Roi

us sarcoma cell.
can be mfluenced by many extrancous factors It
that the osmolarity of the fixatives 15 of great ym;
body perfusion methods are employed for the ™

s from Ticrographs
has heen pomnted out
portance when whole
Timary {reahion of the
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tissues (Maunsbach 1966 Sjostrand 1967) Of several buffer systems
tried 1 pilot studies nmone was found to be superior 1o a fivatine based
on a commonly used buffered salme solution with 2 per cent glatar
aldehyde added ind with the total osmolanily close to the fomesty of
serum It 1s thought that the total cell volume the nuelear volume 3nd
the total surface area of the endoplasmie reticulum has not been artt
fictally altered 1n the tumours by the fixative although the lomaty
might not have been optimal The influence on the mitochondnal vol
umes howeser 1s more difficult to esaluate but mn 2 comparatne
study this can be partly overcome by convertmg the determnabons of
volumes o number per unit volume of cytoplasm using a caleulation
procedure where the influence of erroncous volumetric determinalions
1s munimized As seen m Table 1 this procedure transforms the shghtly
disparate volumetric figures 1nfo two homogenons groups one for each
antmal 1€ seems probable that the mitochondral velume s influenced
by artefrcts Judging from the micrographs the RHa sarcoma m g
neral shaws the greater number of damaged cells It can therefore b
expected that an arhficial swelhng of the mtochondria will be highet
mn the RHa sarcoma cells than ma the RR sarcoma cells Thus the
percentage volumes i the two species would m fact differ more from
each other In addibon it cannot be excluded that a certan numbct
of abnormal mtochondria may have reacted in unpredictable ways
towards the fixatwes (ef Bernhard ef al 1960 Bernhard & Tournier
1966)

The condensation and aggregation of chromatin in the nucles 13
dependent on the fixatives used and i1s admttedly an arbirary pm"ll
meter dividing the cells mnto different groups In spite of thus it mus
reflect certamn physical or btochemieal differences betseen the ceﬂst
The reactions of the chromatin are reproducible even 1 mah.nan
cells as demonstrated n the present mvestigation The morphometric
evaluation of the cell organelles demonstrated that the different ar‘n
pearance of the nuclear chromatin rather strictly CO!"LSPO":"‘S:““"“:
specific orgamsation and morphology of the cell organelles ! ¢ the
that the artificial reactions reflect different brologreal propesties o

cell

Specific ¢y tomorphol patterns to the Rous sz\rcom‘whcr(;l‘[:
were found 1n both the hamster and the rat Apart from the s\:rlt‘ el
in the nuclear morphology the A cells 1 both the RHa '.ml:ll n‘ic n
sarcomn have about the same volume and the same nuclear ‘fll(]- e e
addihion  the mtochondrial volumes 1 both cells are m(he]A o
range The well developed endoplismic reticnium found \:\h e e of
of both species 1s also a conspicuens finding In ~ddition v\goui e
both species are similar 1n many respects The nucler :(\irc o fanger
w volume 2nd thus the differcnce n cell volumes 15‘ ncru“ o
cyloplasme volume of the RR sarcoma C cell It 15 N0 C“soc e e total
thns cell the difference 15 paralielied by an al olute mcrea
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surface area of the endeplasmic rebiculum per unil volume of cyto
plasm 1 companson with the C colt 1m the RHa sarcoma The ugher
frequence of nuclelt w the RR C cell 15 also consistent waith the as
sumplion that the © cell of {he RR sarcama 1s more actise 1n its meta
bohe and/or synthetic functions The mitochondrial volumes in the
ino C cells are 1150 1 the same Tange

Another pattern which transgresses the host barrer 1s the morpho
logy and character of the A cell 1n relation to the C cell In both the
RHa and the AR sarcoma the A cell demonsirates oitrstructoral
truts ndiating lngh syathetic and/or metabolic actiuty while the G
cells demonstrate a merphology suggestive of a much lower degree of
meinbohc turnover possibly a resting state The A cu)l compared with
the G cell shows m both species sbout a 3 fold larger solume of the
nucler about 3 5-% times larger volume and between 1 5-2 fames Jarger
surtace rea of the endoplasmic reticulum and this is parallelled by the
appearance of promunent nucleoh and hvpertrophic Golgt systems

The number of mitochondra s heen found to vary only shghtly
between tumour cells m the same ammal 1t 1s about 15 per umt vo!
ume of cyloplasm mn the hamster sarcoma cell and about 10 m the rat
sareonia cell As the mitochondna perform the aerobic metabohsm of
the cell thus producing, the energy supply 1t might be expected that
the mutabolte turnosver 18 greater mn tumours mn the Syman hamster
than mn the rat This s 10 good agreement with the much faster growth
af the tumotr enerally noted 1 the hamster The lesser number of
nutochondria in the RR sarcoma ccll however s at least partly coun
terbalanced by their Jarger volume

As1s seen 1n Table 1 the B eells 1te 100 few i the RR sarcomas fo
allow any condusions to be drawn fram the volumetrse delerminations
¥n the RHa sarcoma these nndecided cells are more numerous and 1n
mTny respeets are transitional cells Thes are mtermediate between the
A cell and C ¢el! not only ns regards the size of the celis but siso ns
:?l:nnc::llzr;he size of therr nucler and the amount of the endopfasmic

The biolomical properties of the two iv

pes of cells are duffy
;‘\n\u te Trom the resulls of the preseqt morphometnie and mc:z“h!:
ogic imveshigation It has been suggested that hoth cells are anrcp
ceu\s ?s they seem to be reprisenied m the same ant
metastasis in \anons organs s 1 the primar;

'y tumours {Ahlst
1:7'(!}:“;':‘]:9:2)‘ It secr{ns likely that the A cell is true (sar::gni;n::eﬁ
rnant properties although the

1o 1 normal fibreblast ell Shae o ey Tespects 15 il

proportions in distant
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It cannot bc excluded that a few normal cells could have been
cluded in the volumelnc determmabions as it has been shown that
stroma cells rapidly integrate m an invasie growth of Rous tumours
(Marh 1967) As the analysis of the y of the del 1008
shows however 1t seems lhiable that the amount 15 Tow

If it 15 assumed that both cells are tumour cells the volumelnic
characterisation might indicate that the C cell could be a metabole
less nctive varant of the larger A cell The tumour might produce s
own stroma by modifying a varying amount of the sarcoma cells
from metaholic active prohferating cells into still mahgnant but less
active cells This 1s hed by red the cylopl volume
the amount of endoplasmie reticulum the nuclear volume the nucl
olus and the hypertrophic Golg: zone while other conshituents of the
cell probably more hasic are retamed ¢ the general shape of the
cell and the nucleus the amount of nuclear pores the morphology and
number of mitochondria This hypothesis has also been suggested
from in vitro studies where 1t was thonght that the two types of cells
were mnterchangeable (Doljanskt & Tenenbaum 1941)

SUMMARY

Primary sarcomas n the Syrian hamsters and rat mduced by Rous
sareom virus (strmn Schmidt Ruppin) were studied mn the electron
microscope It was found that m both the hamster and i the rat the
tumours were composed of fwo types of cells with charnetenstic \\lh:
structural morphelogy Using cytomorphometric methods and calcu;a(
mg the volumes for different cell organelles and cells it was found thy
1 both the hamster and the rat there are speufic cytomorpholo&ic
patterns which resemble each other over the species barriers
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INTRARENAL VASCULAR ALTERATIONS AND
THE PERSISTENCE OF RXPERIMENTAL HYPERTENSION

By
ARNE LaunGovisT
Recersed 6 1169

It 15 a common experence that hypertension due to umiateral rena}
arlery stenosis 1s less likely 1o respond fav ourably 1o surgical corree
tion the longer 1t has been present This feature 15 also well dpey
mented m the cxpenimental ammal On the basis of therr classical
expertments T ilson & Bgrom (1941) concluded that the hicod bres
sure elovation would m the end mduce arteriolosclerolic changes
the contralateral kadney which would be capable of mamntaining a form
of renal hypertension even after removal of the kidney with renal
arlery stenosts This hypothests has later gamed support by expen
mental resulls obtamed by Floger (1951) and observalions 1n hmnan
bengs (Vertes ef al 1965) Fisher et al {196%) pomnt out hewever
that although ntrarenal arterolosclerosis masy promote the develop
ment of a renal phase of hvpertension 1t can hardly be the primary
defiet m hypertensne disease smce 1t appears also m a number of
normotensie disorders Others mamtam that neither histologieal
features nor tunchional data support the view that arteriolosclerosts 1n
the cantralateral kidney 1s of tmportance for the persistence of the
hypertensne state (Flasher et al 19511

Previous studies on kidneys from human bein
tension have shown that

Sy $nd was supp eted by the Swedrsh 1

Medical Research ¢,
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artery stenosis did not Jower the blood pressure and from rals in which
the nephreclomy resulted o normalization of the blood pressure Since
1t 1s hnown that the degree of grannltion of the juxtalomerular cells
n the kidney undergoes charulenshic changes 1 varous forms of
hypertension {Tabian 1966) the study mncluded a determination of the
degree of Juxtaglomernlar granulabion mn the Judneys

MATERUAI AND MLTHODS

Tifty female Sprague Dawley rats were used They were kept on tap water af
{bitum and a commercial diet contamng 04 rer ¢ nt sodmim chlonde

Al the begrnnung of the esparments the rats weighed between 180 g and 200 £
and therr blood pressures were normal This was assessed on three dufferent
oceasions using the tail pletysmographic method (Willam et al 1939) and wib
the rats under brief etber anaethesia The rats were divided into two groups snd
subjected to operstian

Group I Tn these 40 rats a left Jumbar ;naision was made und 7 ether anaesthe
s1a and a siber clip placed around the Ieft renal artery close to its origin from the
aorta The wternal gap of the clip was 01s mm The blood pressurts were then
measured at weel Iy imtervals Hypertension was considered to be prescnt when the
blood pressure beeame stapilized at or ahove 140 mm Hy, provided that th 3
cluded & rise by at least Io per ccnt of the imtial blood pressure level

In 29 rots hepertension developed within 7 weehs following operation After
hypect asne periads of 2-37 weel's the clipped [idney was removed followed by
weel s control of the blood pressure far a farther § weeks According to the effert
of nephrectomy on the hlood pressure the rat were divided 1nfo fwo sibg aups
subgroup 1 consisted of 15 rats which remained hypertensiie after remoyal of the
clipped hidney and subgroup B of 14 rals in wmch the blood pressure dropped 1o

normal value

In elght rats chipping of the left renal artery did not resuit 1n
alterations These rats were subjecte] te left nephrectomy 30
artery clipping and followed for a further 8 weeks Thev cons ¥

the Croup I rats
In three rats the
tenstve. levels following rena
material d
Group I In this group of 10 rits a sham operation wis yecformed mmcluinh
o Ieft lumbar meision under ether ansesthesia and the application and lmmcd"hf
removal of a 0156 mm wide silver ¢lip on the eft renal artery Tew weeks after ":
aperation the left Jadney was removeed and after snosther 8 weeks the rats ¥
1ficed The blood T were 4 nce & Wee Lt s
e ihe Teft hidaey of the rats of Group I was expused for removal 1t T2
ascortained by careful inspection that the clip was il corgert yositlon ©
removal of the left kidnev this was injected with a 16 per cent nqucm!lf w:vsm”
of fine grain barum sulphate (Micropaque) and proressed for & di‘ZZ?nfi’é‘ o
mero hie and as b a
auret 1963) The finding 0 these ludoevs w il be the subject of a laltr ;:m':u,ir
e esont stady however a determupatin of 1ha dedree o tter fum
s was imeladed to see wh ther this woutd dlfer B

granulafion of the left 11dne;
ht kadners For this purpose the kfdﬂc);c“m!u“o“ of

any blood pressurt
weeks after renal
tute subgemp G of

hlood pressure fluctuated between hypertensive and norme
: e exeluded from the

1 artery clippung These rats wer

that of the corresponding g
a mothiied Helly s solution (Ljungguist € ‘Rwhardﬂsn:l:fcf:";lf‘:i“"‘v‘"‘ e Bowie
contrast medmm Thin sectlons of these )ue g:)\s_c: :[ o emulation w25 atermined

method for juxtaglomerular granules Th se TR
bv caleulating the Juxtaylomerular ndex
(1953)

e rats were 1illed by the miection of 2 10
Micropaaue into the artenial system d\:;mg c::::”;;d !
The ngmu(untnuchcm‘ 11dneys were o processed {oe oo

staglomeralar cell granufes

(1G1) sceording to Hartro

fon of
or cont DOUedus suspen’
P aesthesin (/jungquist 19667
¢ combined streom(cnd
of histofogieal £€

and
tions with the Bowie method for Ju
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at dar lestons developed in the hed | ldney in
mi;;-::;::(wﬁn:ni;n;d(sl:; results) and there appeared to be dilferences between the
vamous suhgroups 1 the degree and extent of these lesians a glomerular lcs;on
index (GLI) was determines for each of these ludneys This indloded the counting
af alt glomerul: in & frontal sextion of the hidney and evaluation of the degree
and extent of the lesion in each glomerulys affected The glemesular Jesions were
athey £ &\ ot the entire tuft was affected to & yarying degree. A glomerulus was
considered shghtls sovalued (4) when alterations regardless of severty were
restrcted to 173 of the tuit and less or when the entire tult was slightly affected
(Fig 1) Moderate glomerular changes () ndicate that 1/3 to 2/3 of the 1uft
was affect d, or that the entiee tuft was soderat I altcred {[ig 2) Severe changes
{4 +) indicate that teore than 2,3 of the tuft was <evevely affceted The number
of glomeruls denoted as (+, {++} snd {~++ +) was multiptied by factors 1 ¢
and 3 respectinely The sam of these praducts per 100 glomeruli Lonstitutes the C11

RFSLLTS
 teeal Fandings (Talle 1)

In no rat was the blood pressure at slart of the expcniments above
135 mm Hg All groups of rals gamed v aght steadilv dunng the ex
periments ‘This g un was slo ver in the presence of hyperlension the
merease 0 ewght 1 ronp [A and TB wis reeorded over aversge
periods of 38 1nd 29 weeks and that in grovps 1 C and TX over  period
of 18 wecks

In the rats in group T A hvpertension had been preseat for an aver
1ge period of 23 weeks when left nephrectomy was performed At ths
fime the blood pressure range for the rats was 145-210 mm Hyg (mean

180 mm He) When the animals were killed {he range was 140 225 mm
U (mean 170 mm Hg)

TABLF 1
ch
”ll;l'tnlﬁt)ald ﬁ rats with Left Renal hle_:y St nosts and Perststent Hyperter stan

{1 and {1 €) A Coay
Sham Operated Rats 1s Included [13) The Figures are Wean ’{;;)u!e?mup of

Group of rats o of rats Bp!

B! Bpd Weghtt  Wogns
iy 110 W 11 130
1 [ 11 110 #0115 19 %?g
" 8 11, 110 15 195 b
n Woow g Rt 290
Brt Blood pressure at start of ey enment
»

Blood pressure at left neph
phrectomy
Bp3  Blood pressute at end of experment.
Weight! B dv we ght at start of experiment
Wekhi? Bots weight at end of experiment

1n the rats in group 1 B hypertension had
bey
periad of 14 weeks when left ney o
phrectam
(‘lmL Lhe blood pressure range of the rats \\15“;:;E“8r;mmed A s
60 mm Ha) When the rats were halled the gan, Soart
(maan 110 mm Tig) 60 s 90-135

e present for an average

(mean

mm H,
36
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Figs 1-2
Fig 1 Cortical glomerulus from the right Iudney of a rat i which hypertension
persisted after removal of the clipped Jeft kidney (Group 1 A) There is {4)
glomerular lesion with ocelusive eapillary alterations in top right part of the
tuft The unaffected glomerular capillaries contain contrast medium Note
that the contrast filled afferent arteriole (larger arrow) and the empty
efferent arteriole (smaller arraw) are distinctly separate vessels Cf Tigs 6 B
and 10 Ladewsg X 450
Feg 2 Cortical glomerulus from the right kidney of a rat in which hypertension
persisted after remosal of the chipped left kidney (Group I A) There I
(+4) g lar lesion with ercl capullary alte in top hall of
the tuft The unaffected part of the tuft and the afferent arterfole (right)
contain contrast medium Cf Fig 10 Ladewig » 450

In the rats in groups IC and II no sigmificant blood pressure alfer
ahions were recorded during the experimental period

Morphological Findings ( Lable 2)

Persistent hypertension (Group IA) In the untouched kidney 10
these 15 rals the preglomcrular arteries and the medullary vessuls
were usually well visuahzed n the miero anglo,rims whereas the
fillm,, of the glomerult and the pe tglomerufw cortictl vasculture
was mcomplete (Fig 4j Vewns were clerly visualized m the jusit
medullry zone and 1nncr cortex but rarely 1 the more peripheral parls
of the corlex (Igs 4 5A and 74) 1

In the corfex the micro angiograpine pattern of manv of the nsml
1zed glomeruh was sumplified to a v rymy degree and thew pos



Fugs 3 4
Towerutus from the right kidoey of a rat mn which hypertension
F3 0»2::::&1&‘3\- temoval of the chipped left kudnev (Group 1) There is
(4 +4) glomernlar lesion with occlusive capillary alteration In the entire
tuft This contains pracieally no contrast mediwm whereas the afferent
artertale (arvow) s filled. Cf Fig 10 Ladewig X 450
Big 4 Miera anglogeam from the right Juduey of a rat 1o which hypertension pur
sisted alter vemaval of the chpped Jeft hidney {Group 1 A) The arteries
Qarger arrows) and vems smaller arraws) io the juxtamedullary zone are
well visualized In the cortev the atterioles end blindly and there 13 hardly
any visushzation of glomeruli and 1 The 1
af th medulia 13 cempletely visualized Cf Fig 8 X 30

wlomerular seseels were not seen (F1, 5 A) Other glomerult werc not
visuahzed at all their affurent arterioles cnding blindly {Fig 5A) In

the hustelogical sections 1t was found that the sumphified and non
visuahzed cortieal glomeruli were

partially or completely degenerated
(Figs 1 3d 5B)

In the jurtamedullary one pumerous arterioles were scen . the
micro ansio,rams to have a simphified glomerular tuft (Tig 6A) orto
be entirely devond of a tuft {Fig, 74 Nevertheless the postglomerular
parts of these arterioles were well visualized and were seen Io spht ap
mto arleriolne rectac Jeading to the medulla In the ustologieal see
tions :_hc n;ncmbnniglug,raphm features of the Juxtamedullary glomeryl
sere found to be due to parlial (B,
the tae g1 15 o P (F1g 6 B) or complte degeneration of

Both m the corbical and Juxlamedullary zones the glomerular de



Fig 5
Micro angiogram from the nner cortes of the right kidnes of a rat in which
hypertension persisted after remaval of clipped left krdney {Group 1 A) One
glomerulus appears normal (bottom right) but most glomeruli show varous
degrees of simplification of their capillary patterns (larger arrows) \umerous
arterioles end blimdly Venous filling 1s prominent { maller arrons) ¥ 15
Tig 5a showing

m
filled with conteast

b Histological section of the glomernlus at middle arrow
liferation of the

occlu wve alterations of the tuft This 15 only partially
medium Capsule adhesions are seen Top right there is pro
capsule with myoliement of part of the tuft Ladewrs X 4o

generation consisted 1 hyalme or fibrinowd thickemn, of the capillan
walils leading to occlusion of the lumina and fibro<is and hyalnization
of the tuft These lesions were often focal with partial or cven €om
plete occlusion of the capillaries 1 part of the tuft (Figs 1 2and 5B)
This part of the tuft was sometimes mcorporated the thichened Bow

man s capsule {Fig 3B) W hen the enlire tuft was affected there »a
aries with fibrosts and byt

usually complele occlusion of manv cipilf

hmzation (Figs 3 and 7 B) The degree of glomerular damage (GLY)

varied from one hidney to another but for the whole group the damase

d than for the olher groups { Tible 2)
In the nterstihial tissue there was some dearct of fibrosts and lnl'(l'

tration of Iymphocyles particularly 1round the vessels Three of e

Midnevs haid arferiolosclerotic changes These consisted of ln'\lm;‘
one hidney and fibrinod

thichenung of the wlls of the ricrioles o
necrosis with mural thrombus formation and pernasenhie anflant
tian of the arteriolcs and finer arteries in two

was more advance!
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Fig 6

Justamedullary arteriole glomerular vt o the nght
hidney af a rat in which hvpertension subsided following remoy al of the clipped

Micro angiogram of &

left kodney (Group 1 B) The arteriole end at the level of the
:Il“ (’n::gw() Thg capillary pattern of the taft is simphfied Both ihe pre
flomeruler (above the bend) and the postplomerutar (belaw the bend) parts
of the arteriole are well vismalized X 225

forms a sharp b

=

One sersal hystological section of ihe tissue at arrow i Fiy 6a shivin, the

sharp bend of the contrsst filled arteriole (arrow) and the farly mildly
damaged glomeralar taft Ladewsg X 450

As regards JGI there was a sigaificant difference between the left
and night kidney 1 the rats m group I A (Table 2)
Reversible hypertension (Group IB)

The injechion of conirast
medium faled 1n one of the rats m thus group In all the other rats the

unlouched hidney had a good filling of the intrarenal vessels hoth
he cortex and the medulla (Fig 8) Some glomeruli however were
wncompletely filled or not visualized at all but this feature was much
less prosmnent than i the s a0 group T A The peritebulnr capilary
network m the cortex showed only mmor filling defects and the vemns
were famntly visnahzed or not Hilled at all

In the lustoloeal sections alterations sipnlar to those the kudneys
of rats in group 1A were obsersed bul the glomerular degeneration
was less advanced and extensise than m the bidneys of tats m that
group (Table 2) In one of lhe hidneys there was a moderate degree of
hyabne thickening of the walls of \he preglomerular artertoles
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Fig 7
Viicro anglogram from the right hidney of a rat mn which hypertension per
ststed after removal of the clipped left Judney (Group I A} There is poor
visualization of the cortical vasculature (top half of picture) wherras the
medullary arterioles are well visualized (bottom half of picture) Some of these
are aglomerular (eg white arrow) There Js venous filling n the corteo

medullary area (black arrows) X 30
tissue at white arrow in Fig 78 The

b Ope seral lustological section of the
contrast filled arterole (arrow) is seen to ru
degenerated glomerulus the tuft of which s al
Ladewig X 240

n through the vascular pole of 2
most completely oceluded

As regards JGI there was a sigmiwcant difference hetween the It

and night kidney 1o the rals n sroup I B (Table 2)

No hypertension (Group 1C) The micro angiographic and ste
logical features i the untouched kidneys of this group of rifs were
indistinguishable from those i the kidneys of the rats with reu.rsxblj
hypertension Thus glomerular lestons were encountered (Fi, 9) ﬂ!;s
they were as pronounced m these kidneys 15 10 the kidneys of the r2
1n which hypertcnsion had been present but reversible (Table 2) IHJ??
kudney was there any evidence of arteriolosclerosts As regards J0

there was no significant difference between the feft and right leﬂé‘d)sn
ys 10 {hese rats show ¢

Sham operated rats (Group I1) The kudne, Y and
completely normal morphology both in the micro AngLoLram et
mn the histol I sections Arter osis was ibsent Th;‘rc :‘”c
practically no signs of glomcrular degencration and the tufts
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Fig 8 .

ngiograr rom the right Lidney of &
];l;tcr?n. ‘fhlﬁh hypertension subsided afler
Temonal of the dlipped Jeft kidney (CTonp
1 B) Mo major abnormalilies are descern{
ble fn the vascular patiern although some
clomerulr are incompletely visuslized. There
35 o venaus filllag Cf Tigs 3 and 7 A
X 25

TABLE 2
Marpholagieal Findings tn Rats wiih [eft Repal Artery Stenosis and Persistent
Myp rtenston (I 4) Reverstble Hypertension (I B) and Normotension (1 ¢)
4 Control Group of Shant Qperated Rots 1s Included {I1)

Group No of  Typical P a1
of rats Tats microang left night
A 15 + 664201 417£28 7313
1 B 1 — 129+ 34 25283  122%123
[ 8 — BT 41 1747y U907
n 10 — 06% 03  175::48 13460

GL! Glomerular lesion index 1o right hidney (see text)
361 Juxtsglomerular granulation jndex
Index values are means * standard error

The difference 1 CLY between Croup Il and all the other groups 1s siguificant
(P 000 for all gronps) The difference 10 GLI between Groups 1 A 2nd 1 B 19
also sigmficant (P < 005) and that betseen Groups I A and I C is almost signif
lcan:ﬁ(ﬂ 0a < P <010} The difference sn GLI between Groups I B and I € is not
mynificant

The difference in JGI betw the Teft and right kid ¢

T Aand B (B<0001) but mot for Croups I Cana 1y ® VEmheant for Groups
usually completely hilled with contrast medm (Fig 10) Accordingly
the GLI snlue for the night hidney of these rats was stpmficantly lower
Wn that of all the other groups of rats (Table 2) As regards JGI
there was na sigmificant difforence between the left ang nght Xidneys

DISCUS>ION
The prisent investi,ion has shown that alt,
erations develop 1n th
stereoscopic micro angioarchitceture 1n Lhe conlratatera) k:dneI; of ra\i
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Fugs 9-10
Histologreal section from the cortex of the right kidney of a rat 1o which

g9
Zeft renal artery clipping did not lead to hypcrtcnsion (Group I €) Ove
glomerulus 1s pormal (bottom) whereas the other two glomeruli show
degenerative changes with partial and complete ocelusion of the tuft {top)
The tubules and nterstitial tissue are normal Iadewg X 170
Fig 10 Histological section of a cortical glomerulus 1a the right ludney of 2 shu:’n
are

operated rat (Group II) The tuft 1s entirely normal and 1its capallanies
well filled with contrast medum Cf Fis 1-3 Ladewiz X 475

with umifateral renal artery stenosis These alferitions differed 1 de
gree rather than m type m the kidneys of rats winch remarned hyper
tensive nfter remosal of the chipped kidnevs and m the hidn¢ys of rals
m which the blood pressure dropped to normal levels or had never
been clevated The fully deseloped micro angio.raphic Wlerations were
seen 1 the hidneys from persistently hypertensive rats and consisted
of (1) mcomplete visuahzation of the glomerult and pentubular €2
pillaries n the cortex although the filling of the medullary yessels was
complete (u) the appearance of 1ncreasimg aumbers of mednfian
arterroles the glomeruli of which were exthir mcompletels filled or not
visualized at all (m) mncreased desree of filling of the venous systutt

particularls n the juxtamedullary zone
t visualization of the corlical

Histologically the mcomplete or absen et
and juxtamedullary glomerulr was due to progressive d«,,encrulh
changes 1n these glomerult Such glomerular lesions Tiave presto!
been observed m the untouched 11dney of renal hyperiensine 7

ts and
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therr morphogenesis has been analysed by electron mieroscopt {Ben
19
M;:\y\geaic:?e‘i )the. glomerular damage was assoctiled % x\hnmcl;n;\
plete filling, of pentubular capillasies Tius can be ascribed to the 1\
thal the cortical ¢fferent artersoles from which the pentubular c.u;x
laries derne are formed through the conflnence of the S\Ul"m“ T
capillanies and are devoud of any further connechion with I\mr;;)rcd
glomerutar vasiulature This anatome featyre has bien deseribe
eahier {Lyungguist 1963 Ljungquist & Wagermarl) and as demon
m the present Fig 1

s";xic?he“;mtmx;edulhryione degeneration of the rlomeruli did nol
affect the postglomerular (medullary) fitling This can be aseribed 1o
(he fact that these tlomernlar sapilames afe laternl off shoots of
continuous artcsioles which deseend nlo the mednlla where they form
arleriolae rectre This anstome feature has been deseribed earlier
(Ljungqust 1964 Lyungquist & Vagermark) and s demonsirated mn
the present Fig 6

Since the passage of contrast medium from the pre 10 the post
glomurular vasculature was rendered difficult w the corlical but not
w (he juxtamedutlary zone of ladneys with extensne glomerular da
mage 1t s most probable that the mnereased degree of venous filling in
thes, kidneys was the result of an increased passage of contrist me
dium through the medullary vaseulature This 1s further supported b
{he pheervation that the vems i the juxtamednllary zone which
recenne the medullary venocus flow, were regularly belter visualired
thin the veins further peripherally 1n the cortex

Sinee rats with umil-eral renal artery stenosis develop glomerular
tesions n the contrnlateral kidney which mnduce alterations in the
mirarenal vaseular paitern iwo mam guestions anse By what me
chamsm hme the glomerular lesians been produced and are the
dlterations 1n the imtrarenal yaseular pattern responsible for the per
s1stenee of the hypertensnie state after removal of the chpped hidney ?
Bufore 'n altempt 1s made to answer these questions it 15 worth men
tomng tht Wilson & Byrom (1941} and Floger (1951) observed
irteniolosclerolic lestons m the untouched hidsey of rals wath per
sistenl hypertension These lesions were behieved to be praduced hy the
tiypertensive state and to be responsible for its further mamtarance
Inv Ane presem materisl howescr onls three of the fifleen rats with

persistent hyperlension showed arierrolosilerosis 1
n the untouw
huiney “Morcover some renal artepola e

Sclrosis was seen 1 on
with reversible hypertension These findings indicate that t'.'.: ;e::)\
stence of iy pertension ean not be aseribed to renal artertoloscle rosyg
) Glowerwar aMerauions unassociated with renal arlerioloscleroms
:;nluz l}r:crl\ Irlxh‘stcr;ln;ll u\g hpesiensing 1sts with chronsc pyelotephriis
eplinsial I 1967} and wm rats with stermd
duced
tosion (Ml & Heplinstall 1968) In both instances the ?;clom}gﬁ:r
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alterations were regarded as secondary o the hypertensne slale
Lyunggist & Richardson {1968} found sumilar glomerular lestons m
both normotensue nd hypertensine rals with chronte pelonephrils
Although the lestons werc more severe and extensive m the hyper
tensive rits These findings indieste that arterial hypertension 1s not 4
necessary prerequistle for the development of the glomernlar lestons
Moreoser similar slomerufar fesions were found n the group of
operaled rats of the present study i which no hypertension was
recorded {1C) aod they were as extensive and sesere m these anumls
as m the amimals wath reversible hvpertension (I B)

The glomerular lesions can hardls be the result of an inereased load
of function on the kidney since no such lestons develop 1n the remam
g kidney following unilaferal nephrectomy 1 normal apmals {group
1) Nor can the development of the glomerular lesions be ascribed lo
ageng (Beregr 1958 Ljungquist & Iagergren 1862} since the rats of
group I werc of aboul the sme age as the rats of group 1C allhou-h
the GLI salues were lughly different The glomerular lesions therefor:
seem to he directly related 1o the presence of a chipped hudney This is
m agrecment with the findings by Makao et of (1966) that extracts
which are capable of producing vascular lesions without elesating the
hicod pressure ean be obtained from chpped kidneys

It would seem quite plausible that the vascular alterations obseried
1 the untouched hidney may induce a rena) form of hypertension ln
the rats i which hvpertension persisted followng remosal of lhé‘
chipped hidnes (I A} there were morphological evidences of an lmi‘ed(‘d
cortical cireulation but 2 well mantamed and possibly even enhance
circulation through the medulla va the aglomerular .lllﬂarntd\\lla:;\f
arterioles This situabion would be capable of mdpong 2 relewse :
renin from the yuxtaglomerular cells of the cortex and thus h}‘r;e(
tension In the untouched hidneys of roup I B the s'g““““"“{ m‘mm‘
glomerular damage had not produced alterations in the \ensr:‘:c o
sascular pattern that were sufficient for 4 renal hyperfensw

deselop

fo
It 1s known that umlateral renal artery stenosts when leadmg

)
hypertension also leads to an mcreased degree of ]\n(n-l:!o;n::z;l;:dﬂ('o
granulation 1n the ipsiateral hidoey This 1s gencrally : :h g
reflect the ncreased production and hibcration of re(;nn l;:e et
cresse mn yuxtaglomerular pronulation was obsenve f mm’n Pt
hidneys of the buvpertensite rats n the preseat mies! 1:1—0" e
1A and 1B) If after removal of {he chipped fdney lx]n g’om{pprmum
untouched hidnex had taken over the rele of heeping l(h:n oo P e
high through a reduction of the cartical blood Ilr;\\\d T bo €1
degree of juxtaglomerulwr granulaton this m)suc" e 1
pected Tt can be seen from Table 2 howerer that r;lo e olner
JGI was recorded The findings are m aysecment “;L’:IS[:\(‘ o ahich
yattons that the contralateral hidney in renal hyper!
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\lated when the chipped kidney 1s present tends to
Irse:s]::tt; :e:;f;\al degree of granulation when the chpped hidney Ihus
been removed {Tobtan ef al 1928) Itis known however that prolon
gatton of the hypertense state 1s assoctated with a fallin plasm'l‘rem:
actuty to normal lesels (holetshy et al 1967), although the ¢l xppct
kidney remams hypergranulaled (Sumpson 1965) This suggests thal
arious states of equihbrium between the produchion and release of
renin may be established at a constant degree of juxtaglomernlar
granulation In extreme situations a low degree of granulation might
aclually reflect a rapid iberation of large amounts of renin and a hugh
degree of granulation reflect a storage of renm due to a decreased

liberation  These possibilities have presiously been emphasized by
Thuran {1964)

SUMMARY

Hypertension was mduced 1n a series of rats by the wpplication of 2
stenosing chip on the left renal arterv The clipped Lidneys were re-
moved after hypertensive periods of v rtous lengths This resulted 1n
normalization of the blood pressure m some rais wheress m other
rals the blood pressure remamned hgh The contralateral hidneys in
these two groups of rats were examined by a combmation of stereo
miero angographic and histological methods for a comparison of therr
vaseular patterns A comparison was also made using the contralateral
hunev sn a number of rats m which umilateral rcnal artery stenosis
1 not resulted 1n bypertension and hidnevs of sham operated rats

In all rats with umlateral artery stenosis glomerular lesions were
sten m the contralateral kidney These lesions were particularly severe
and extensive 1n the kidneys of rats in which hypertenston persisted
after removal of the chipped kidney In these rats ihe glomerular
lesions had 1nduced micro anglographic alterations suggestine of a
;clnh\e cortical 1schiera This may constifute a morphological basis

oF the persistence of the hypertensive state Arterioloselerosis was
Sten only in a limited number of the kidneys
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The purpose of the culture €xperiments to be described i this paper
was to study the possible influence of an mereased proportion of large
Iymphocytes and of the presence of antibody productng cells on the
viro reactity to anbigen Therefore cultures were prepared with blood
cells from rabbits shortly after hooster mnjection and stimulated
pitro with the immumnizing antigen as 1 previous expermments

MATERIAL AND METHODS

Sheep red cell immumized rabbits were bled three days after the last of three
booster injections each of 05 mi of 35 per cent Washed SRC 1n saline gien m the
course of one weeh Leucoevie suspenslons were prepared and tested for plagee
formuing cells 10 micro 1ncubation chambers as previously described (Lamyth 19682)
The leucocytes were cultured 1n tubes contaiming 25 X 106 cells 1n 25 ml of Par
ker s issue cultare medwm (TG 199) with 20 per cent pooled normal rabbit serum
The tubes prepared from each rabbit were devided into two series In one series
from each rabbit 1 per cent SRC 1n 05 ml of TC199 was added to each tube 8s
antigen stunulator while 05 ml of TC 199 without SRC was added per tube in the
other series from each rabbit The tubes were hamested 1n dupheate at regular
mtervals The medium was changed on the #ih and the 8th days in the cultures
1ncubated further Cell counts with differential counts numbers of plague Sormws
cells and agglutinin titres were determined befare culturing and at the differeot
times of harvesting ding to ) 1y (Lamoih 19682 b)

RESULTS

Numerous large Iymphocyles were present i the cell suspensions pre
pared from booster injected rabbits and nsed for culturing In four cell
suspensions the mean number of enlwrged lymphocyles was 64 (S‘D‘
15) compared to 20 per cent (SD 09) large Iymphocytes e\g\d
leucocyte suspensions prepared from non boostered SRC 1mmumzip
rabbuts (Table 1) Some of the enlarged cells present in the \euco:[y(

suspensions from boostered rabhits showed plaque formng ability

wards SRC (Fig 1)

tolrf cultsurcs (\ntghout wn vitro simulation the numbers of Inrge ym
phocytes showed a gradual dechine and no defrmte blastod chnngc’r\;::
noticed A few plague formung cells were found m the cu\lurcs’ e
showed no tendency to increase m numbers Agglutinins aguas o
were liberated 1nto the culture medium m some of the non stimui

TABLE 1

112l Connts 1 Blood Cell Suspensions Prep
Differen MIE:.;}I:I Aon Boostered Shecp Red Cell Immu

ared from Faur Boostere { ond
nt ed Rabbils

A Smalt Large
Grc';":gsh cl:u s Temyhouvtes Ty mphocytes
*£15
?:l?}f{:{:d 231 %81 5026 55+ 10 64
20209

Non hoostered
ra‘l‘abh:(s 187473 7037 3z 73

Mean and standard deviabion
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NON STIMULATED CULTURES
BODSTERED RABBITS

CULTURE TIME DAYS

Fig 1
SIC
3 duphicate cultures prepared with bloud leniocytes fram four
e ’“'““‘“",mm“.‘imud rabbits three days after booster injection

Figs 13
tton in the numbers of blastofd cells and numbers of Iytic plagues per 1
‘c;;‘:‘h:?: c:nm;n plated from culture tubes havvested alter Silferent culture
periods The agulutim titres 1u the supernatants from each tube are alto shown

cultures The hitres were however never more than one dilution step
hagher than that found at the enlture start

I the anticen stimulated cultures different resulls were obtawed
{Fag 2) Celt transformation with appearance of biastoid cells was
evident after 4-6 days mncubation m all culture series Concomutant
with or stightly afier this cells transformatien plaque forming cells
increased to a number several tumes the number of plaque forming
eefls present m ihe non stimulated cultures In the sniigen shmulated
cltures ag latinns aganst SRC were not found before the 6th day of
culturing but were present 1n almeost 11l culture tubes harvested after
more than  days mmcuhation Plasma cells were numerous atter 6-8
davs cultunng

¥z 3 gves the samation n the nombers of blastoid cells plaque
formng cells and apgintimn hitres 1n 8 enlture series prepared with
cells from non boostered rabbils These data which pressously have
been presented separatels for each culture series (7 amuh 1968b} are

colleeted 1 one figure to make possible a comparison with the enliyre
SO Jirep ared wah eells from hoostered amimals

DISCLSSION
The resuMs show that pha

que forming cells are found in the periph, 1
Blood of rabbus fow dws alter booster myect Do thn
el armouttl of aeane Jechion wath SRC and that

tinabing ankhodies may be hberated mte the
3 ariparn I 4



578

STIMULATED CULTURES
BOOSTERED RABBITS
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CULTURE TIME DAYS
Fig 2
SRC stimulated duplicate cultures prepared yith the same eell suspensions
as in Fig 1

culture medium when blood lymphocytes from SRC hoostered rabbits
are cultured without tn piro anfigen stmulation These resulls ar¢
comparahle to the observations by Landy et al (1984) wnd Hullger 3
Sorkin (1963 1965) that antibody hiberating cells appear m the perr
pheral blood of rabhits shortly after one njection of Salmonella
anbigen and after hooster injection of humn serum They may afs0
be equivalent to the findings of 1 esslen (1952) who found that rahint
thoraeic duct lymphocvtes callected shortly aficr antigen mnjection
were able to liberate antibodies 1 oitro after 1-2 days sncubatwon
althongh the clls did not appear to contan antihodies when collected
from the ammals Hallander & Dantelsson (1962) confirmed Wesslen s

Fig 3

SHG stimulated duplicate cultures prepared witl
immunized rabbits more than six weths a

b biood feucocvtes from eight SHC
fter the last immunfzing dose
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STIMULATED CULTURES
NON BOOSTERED RABBITS
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findin,, of antibody liberabion tn vilro, but found evidence of antibody
content mn the cells before in vitro meubation ns well The small num
bers of plaque forming cclls and minute amounts of 1glutimns de
tected 1 our non stimulated culiures are probably due to anhibody
hberation from antibody producing cclls tiat have enterd the blood
from the lymphord organs and therefore are present in the tubes fram
the culturc stact A sumilar eseape of antthods producing cells inlo the
thoracte duct and peripheral blood 1s the most hkely explanation of the
above mentioned teports on antibody production and lberabion by
blood cells shortly after antigen mnjection

No blastord transformation and no 1erase 1n numbers of antibody
lberahing cells oceurred mn the non sfrmulated cultures m the present
expertments In antigen shimulated cultures contaming blood cells from
the s 1me rabbits blastord reaction with developmunt of plague forming
cells and agglutimns was evident These reactions of the blood cells
from booster-injected rabbits showed the same time schedule for the
blastoid response and for the appearance of plague formng cells and
agglutmmns as that observed culfures cont nming blood eells from
non boostered rabbils The same time mntersal (4-6 days) was found
in hoth culture varanls from culture starl up to the time when a de
fintic rise in numbers of blastowd cclls set 1 followed by the develop
ment of plaque formung cells The simlanlty m the timing of the cel
fular and ymmune response sug.ests that the samy coll tvpe veacls
towards antigen shmulation mn both cnlture variants

The blastoid response nofred n the culture sertes contaiife
cells from non boostered ammals wais stronger than that obsened
1n the eulture series of cells from boostered animals while no s1zM
ficant difference in the magmtude of the immun¢ response 1 the 180
culture variants was found Although this may ndicate that the spuafic
immune response n relation to the degree of blastord lmns(ormai::g
m the anhigen stimulated cultures 1s increased when the cell donor .
been booster mjected no conclusions are permussible sinee {here “11
great vamation m the magnitude of the response 1 the diffecent c:u
ture semes within each vanant and sinee the 1wno types of cell 8
pensions were not cultured at the same hime

The morphalogiral changes observed 1n the cu
of the assertion that the small lymphocytes e thy
1 the precursors of blastaid cells md antibady producin)
trophl granulocytes can be exclnded as possible precursor: locs les ar°
clearly observed degenerative changes Tosinapml grany Z?chnn o
better presersed but do mol show 2 defimtc morplmlorzrl‘c e prol
Monocytes present mn the cell suspensions used for <:ul(liunmg‘s”md n
ably changed to large macrophagts as has also heen em’ 1065) N0
skin window preparations m the rat (Volf man & Gaﬁt;;‘lnrmn(mn of
morphological evidence was found to mdicate the l;n,hagocyllc eells
monocytes 1nto blastond cells However the preseace ol T

1tures spek n favour
o reactmy cell 1¥pe
g cells hett
s beeuse of
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to be of ymportance Lo the immune response nito

};22’1:57(;;\ {glﬁlg;l The Tole of I;‘\h’-lgoc\_,hk cells may be w evudence on the
a¢ferent atek of the immune reachion handling the antizen for further
{ransfer 1o the precursors of nntibods producing cells

The only othes possible precursors for the antihody protucing, cells
10 the rabbit Phood cell cultures are smll lymphocs tes {resting, cells)
and entarged tyrapbocytes which may bo actssated cells, which possibly
may have beent 1n recent contaet wath anbigen in the lymphoid organs
If the latter type played 2 mjor role as feaclors low irds anbiyen
stimutation 1 vifre the eclfular response m cultures contmning blood
cefls trom booster 1pjected rabbits would he expecled to be stronger
and possibly earlier than that m cullures from non booster mjecied
animals contrary 1o the observalons made Thercfore the emlarged
Iymphotytes beng more numerous 0 the hload shorthy after anbigen
mjection are probably not the cell type ta react fowards antigen sbmyl
ahon in sirg presumably since they have been shmulated already 2
vwo The only candidates left as precursor cells are the small iy mpha
cytes

Only a small proportion of the cireulating lvinphocyles will probably
respond to a given anbigen dependent on the magmitude of the 1in vwe
uumomization WY fren entening the blood siream thev may be considered
to be resting cells without bilily to change nto antibodv producing
cells wathout a new contact with the mtigen used for priaming In vwo
they may enter and leave the Ivmphoid orgwns {Gowans & hmght
1964} uatd they come mto contact with the same "nbigen When this
contact oceurs 1 an artihicial mihey hibke a culture tube the Iympho
cytes apparently need 3 -4 day< to achreve blastond transformation and

close 1o one week for antibody synthesis in the Mastord cclls and thar
progeny

SUMMARY

Taque forming cells and agglutinims 1n low titres were found m non
stimulated cultures contamin,, blood lymphocyies from booster ;o
Jected sheep red cell immunized rabbils These signs of antihody pro
duetion had atmost disappeared within one week s culturing In sm?\lar
cultutes stimwlated with anbigen i 22570, Blastord transformation and
a sexeral fold increase 1n plaque formung cell wumbers and ::.g ntin

titres wire noticed The reachion was sumilar to that obln%n cln .
anticen shimulated cultures contaning bload ells from non boy Lt o
'mmumized rabbits The findings mdieate they smait restin: ID eIﬂd
evtes arc the eelt dvpe whach responds to antigen 5hmulmmgx lin:)‘:lx
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SPECIFICITY AND TMMUNOLOGIGAL
CHARACTERISTICS OF THE ANTIBODIES PRODUCED
IN SHEEP RED CELL SIIMULATLD RABBIT
B10OD LYMPHOCY1E (UI'TURES

By
1 0 Lok
Recenved 17169

[he blastoid response with development of plaque formmg cells and
agglutimmns agaast sheep red cells (SRC) which follows in vitro SRC
stmulation of blood lymphoeytes from SRC immumazed rabbits ap-
pears to be a specific response 1o the stimulating anhigen 1n contrast
to the blastord response foll g Phytoh mn (PHA) stimn

fation where no sige of specific antibody synthesis 15 observed {Lam

vtk 1968c) The response to SRC 15 dependent on i vwo priming of
{he ¢nltured cells whercas PHA gives blastoid transformation of lym

phocytes Irom all normal human subjecks and most Iaboratory ammals
The functional meaning of the PHA response 1s however unknown

The blastoid response which occurs i muxed lymphocyte cultures con

taimn blood iymphocytes from two mdividuals or two outbred anmmnls
of the same species appears to be a beiter moddl for companison with
the antigen 1nduced blastoid response The leucocyle anfigens appear
1o be true mstocompatibihty anhigens (Terasahe et al 1968) Therefore
the mixed Iymphocyte reaction may be considered an n vifro reaction
comparable to the allograft reaction in the mtact animal Transplanta

tion reictions depend on the presence of small lymphocytes {Gowans
et al 1963) whsch are probably also the responders to the SRC anlien
1 vitre

1n the expertments to be yeported the speerlicity of the blastmd
response following SRC stimulatiop has been mveshy,

he reactions in rabbat lymphocyle enltures stimud:

culls maith the cdllular and wmune reactions afis

Mixed lymphocyie cultures conlaming hleod cells from SPC ammunzed

“md non immumzed rabbils have been cheeked for blastond res onee

and sians of anti SRC immune response and compared to the resp "

after SRE stimulalion of non mized and mixed cell cultures ponse
This worh was supported by a grant from the Aorweman Cancer Soctety

gated by comparmn,,
ated with allogenesc
er SRC stimulation
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The Iytic and agglutinating, ayents produced i SRCG-stimulated eyl
fures behave like Iytic ind aggintinating antibodes produced tn vipo
s far as dependence on complement wnd temperature 1s ronecrned
(Lamunk 1968b) Antibodies are best characterized by a specific reac
tion towards 1 well defined anligen used for immumszation In addi
Lion they haxe charactershie chemical properties They are gamma
slobulins  mainly of yM or ¥G types Antibodies produced mn the
primary response i the intact ammal are usually composed of yM and
¥G globulins while yG production predommate 1n the secondary im
mune response (Ukr & Finhelsternt 1967) yM globulins are more pofent
4s lytic anlibodies than ¥G (Wig.ell et al 1966)

The pericellular Iytic factors hberated from transformed cells are
ifficult to define immunochemially since no definite nise m lyle
titres against SRC has been observed 1n the cultures On the other
hand awgtutmmas aganst SRC have been found regularly n the culfurc
supernatants of SRL stimulated cultures after more than one weeks
mcubation In the steond part of this paper some physico chemcal
tests apphied to the berated ag lubinins will be reported

MATERIAL AND METHODS

SRC Si ¥V ersus Allo; 2 .

Blood cell suspensions for culturing were prepared from SRC-immunize
non Immunized albino Tabbits AS presvionsly de eribed (Lametk 1968a) Cells lr::z;
cach rabbit were cultured with or without SRC styimulat: n These Cu](u;e! “hu
brepared as 1n previous experuments (Lamuih 1968a) In addition mited “\m(pmm
eyvte cultures were made each prepared with equal numbers of hlood cells B
each of two rabbits SRC immunized or non immunized I'ach mized cnltqll;e v
contained the same cell number as the non mixed opes 25 X 108 cells in ul“:u"
medium The mixed lymphocytes were cultured with or wathout gﬂﬂfs‘ums z::lars
Just as the non mixed cultures All cnlture tubes were hamested Br ;:rvesllﬂl
incubation with a change of medium on the fth day At the time ac s
cell numbers with differential count numbers of plaque fnrm(‘lillg em s
monolayers aud agglutinins against SRC were determuned according

described previously (Jamuth 1968b c)

Spectfrcrly of Reaction of Plaque Formuny Cells and 4gglutinns founlin
ted Caltures
e Mu:e"]:: m:d pernatants from SRC )! cultures of l)lonld Irlyl;np:l,:'d
cytes T;am SRC immumzed rabhits were tested for nlnque(rnrtl;}lxng‘xfd}" T
agglutination towards rat rabbit and human (8 &b rtu hc Roliaigivyiiied
methods described before (Lamutk 1968 ¢) The supernatan
checked for agglutination of gumea pig and goat red cell

thanol
Tm;mm’ e ""m:f:: s;'::u cultures hanested after ",""ﬁ".‘affgl
w1

(uf:x::x:ellds were devided 1nfo two paris One part of Lac?'; 1’;‘:’:’1’:’;::;".1‘31 added
to equal volumes of 02 ¥ 2 mercaptoethanol in saline nln o of 011 (i
30 mia Therealter 1oda acetamide v as added to o fioa .idl O aalnst 015 3
The samples were then left at room temperature for 1h 3 a\zlume g palt
aCl over night, followed by concentration to the ongna oelume it ied
ethylene glycol Non treated and ® weresy toethanol tr ate

for agglutination of SRC
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Ad arphon Elnton of igglutinaz thad of Lamistemer & Miller
mofsfication of the h at elution methad of Landsfetnes
n);ré:\n:i]ﬁy ugcd ﬂSupernatants from several culture tubes harvested after identical
culture periods were pocled 75 rob of the poaled supernatants with saviahle ag
Elntinin titees were adsorbed with 05 ml of packed formol trested SRC at 37 €,
ollawed by thorough washing ard elution 1 85 ml of saline at 5f € Secoundsrily
the adsorption elution technrque of Ratre {1983) was used without formal treat
meat of the SRC This method depends an the princirle of sther destruction of red
¢¢ll membranes
‘Tlvztd\utcs obtained by both methods were tested for an:l SRC agglutining and
for signs nf preopid tion by goat m by lob i agar
aceording to the double diffusion plate techmaue of Ouchterlony (19:8) The eluates
were tested undiluted against four fold diluation of goat antiserum from 1/4 to
174096

Following adsorption and washvg some SRC samples wire tested for the pre
nce of rabbut gammaglobuln on the cell surfaces by on antighbuhn reaction
ang four fold diluttons of goat antirahbat gammaglobulin anliserum obtained
om Hvland }sboratories Los Angeles This goal amtiserum also used in the
wble diffusion tests showed on imrunoelectrophoresis agamnst poolei rabhat
rum 2 precipitation line only 1n the ¥C region 1n additinn to a wesk hime In the
tbum:n region The antiglobulin te L was performed on Perspex trays using 01 mi
¢ sntiserum dilutions and D1 ml of 1 ver cent suspension of the adsorbed SRC.
he rea tions were read from the setthng pattern

werose Gradient Uliracentnfugation
Some culture supernatants wrer

e coucentrated 3 tumes by ihe use of polyethylene
ycol Mwt. 20000 F fon of the )y sucrose
sradient ulteacentrifugation was landly performed by cand real Bodil Larsen
Broegelmann 3 research Yaboratory

Incorporation of ClLabell d Amino Actds wto Tmmunoplobuiins

€iffabelied | rnelencine and 1 lysine monohydro Worde (both with
tivity of 150 me/mM) were obtamned from The Raliochemal CL:n!r: sﬂx’:nc::;‘;x:r:x
Cogland 30 4o of e b radioactive amlno acid were added to 100 m) of somplete
culture medum (1C193 with 20 per cent pooled normal rabbat serumy wmich,
contamed * g of won raduoactive I isolencine and 7 ma of noa radigactive 1 lyses

he speafic activities of the radio:
active
78[0 #E(,T?}i for 1 §soleucine and to about
unts of the same non ragjoact
acuds presumsably pre ent s novmal rabint worc prahy
xbg‘- esamably pre ot m mo s rum the specifie actinities were prob
C- timalated cultures from three ymmunized and tw.
)
“rere cullurcd m the prcscace « radivacinng amms acidn 1o penenized raiuts
{-hnun radisacttve medinm natil the first change of medmm sfter 4 da; mcl“ e
C‘\-eai\er Wilfevent peria1e were chosen for mepbation with 03 ye fys ;ul ot
amino acid 1n 3 ml of complete medium per tube 6 of each [abelled
At Harvesting the calture media were separated fro

cent salme, dried and staned with pmde Plack They were overlald with X ray film,
1 el
(Rodak Dental X ray Film Ultra Speed DF 45) and exposed for varyiny, persods
u
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Mumbers of transformed cells and numbers of Iyt1 plagues per sncubation chamber
plated from culture tubes hanested after 8 days culturmg The agglutinin titres
In the supernatants from each tube are slso shown Sit eulture varfants were
studied as 1ndicated on the abscissa mixed cultures and non mixed cultures €08
tamning cells from SRC immunized (primed) ond mon 1mmunized Tabbits were t

tured with or without SRC stimulation Each walture variant consisted of three
cultures tes from three rabbits (son mized)

lood
o three rabbit pairs (mived cultures)

RESULTS

In three culture series the speerficity of the stumulating effect of SRC
anhigen was inveshigated by comparmg the functional expresston ol
the blastoid response nduced by SRC with that induced . M€
Iymphocyte cultures contaning cells from immunized or mon im
mumized rabbits In addition the effect of the combined stimutation
of SRC added to mrxed lymphocy le cultures w78 exammed sac
The resulls are gisen 1 Fig 1 Transformed eells deseloped 1 <
stimulated as well as i mixed ccll cultures and i the eultures ﬂ;:?on
lated with SRC and allegeneic cells The degree of cell transfornt



587

ound to be leher 1 the double stimulated cultares than
‘:na sc\:‘lslz:vlsl: ‘fllh one type of stmnlabon vegarding the total numbers
of transformea cells (1 = 2323 df =10 P<0 05) as well as the num
bers of Jarge blastond cells {1 ==2123 df = 10 P<01)

Na derelopment of plague formug ceils and agglubinins was notced
10 the muxed cely nltuscs without SRC stsmulation despte 2 ddfmnte
Blistord respense Ou the other hand plague forming cells nd agglu
imns were found 1n Al cultures mxed or non wixed where SRC had
been added to lymphoeyte {raw SRC immunized rabnts The immune
response. 1 SRC stimul ted cultures conimning cells from single SRC

d rabints was equivalent fo the m muxed lyraphocy te
wultures « hen hoth donors to the mixture were primed although the
Tlastod Tespomse W 13 uswally stronger ia the latler culture varant In
the SRG- tunulated cultures contaimng mixed lymphocytes from one
iomunized Jnd one non ymmunized rabint the numbirs of plague
formung cells and the agglutinm titres were both reduecd which 15 m
aceordance with the reduced number of primed cells m the cultures
Mixed cultures confamming cells from non immumzed rabbits showed
no immune response after SRG stpulation

The speetficity of the periceflular lytic reaction was exammed by
testing two harvested cell D from SRC stimulated enitures
for plaque formng ability 1 monolayers of sheep red cells rabht red
cells gwnea puy red cells and human O Rh+4 red cells Numerous lytic
plaques were found i the SRC monelayers while no plaques werc de
tected m wanolsyers of rablaf guinea pig and human red cells

The supernatwnts from two SRC-shimulated culures wheh gave
streng agclutination of SRC were tested for agglubinating actnaty

doainst rabbit gunea p1g rat goat and human O R+ red cells with
no sipn of agglutination

The second part of this study was related to the character of the ag
glulinins found 1n the supernatants of SRC stimulated cultures Dif
ferent physico chemucal techniques yere nsed

The agglutimn titres were determined 10 culture Supernatants hefore
and affer treatment with 2 mercaptoethanol followd by concentration
tu the ongmaf solumes Culture supernatants ohtained after different
culture periods were tested A one step reduction in titre was obsetved
ulx nl:anydsupcrnalanls 1llc\wwr some were
shzht reduction n agglutinating abiltly observed
ably without sigmficance There \usyno ober\::{J‘l i 1 prcb
effcel of 2 mercaptocthano! trealment o
vested after short or lon,
agglihinins are globub

not affected at all and the

e difference 1n the
0 supernalants whether har
8 culture’ perods The resulls mdicale, that the
ns mamly unafficted by 2
an't; therefore mamty composed of ¥G globulins ¥ Emetcsplo ethanol
he adsorption-clution lests for turther ehar.
acterizaty

slutimns were done with hoth techniques deserihed 1: lrm‘ ::c!‘he i
methods The agglulimins were eastly adsarhed out of {he :13\\?1-“

o
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supernatants so that only trace amounts or no detectahle agglutining
remamed Heat elution of agglutimins from formol treated SRC
085 per cent as well as m 156 per cent sodwm chlonde solution was
tried bul agglutinins were not found in the cluates and there was no
preeipitation 1n double diffusion tesls agunst goat antirabbit gamma
globulin antiserum The adsorphion elution technique of Rubin ac
cording to which the red cells are broken by ether gave eluates which
agglutinated SRC when supernatants contaming agglubiming were ad
sorbed However the cluates gave no preeipitation line wath the goat
anhiserum i agar

In the adsorplion procedure SRC were used m excess of the ag
glutinins present 1n the supernatants so that no direct agglutination
of the adsorbed SRC was ohserved A positive antiglobulin reaction
was obtained when the adsorbed cells were tested agamsl goat anh
rabbit gammaglobuhin antiserum (Table 1) The resulls demonstrale
the presence of gammaglobulins on the surfrce of cells adsorbed with
supernatants contaimng agglutimins Since the antiserum used showed
an immuno electrophoretic reaction towards yG globulin only the re
sults indicate that yG has been adsorhed to the red cells

Agglutinins present m supernatants after 8 and 10 days culturing
were found n fractions 5 and 6 after gradient ultracentrifugation

TABLE 1
led

Antiglobulin Reaction of SRC Adsorbed with Culture Supernatants and Tes
Against Goal Antt Rabbit Gammaglobulut Ankiserum

Supernatants Dilutions of antiserum reciprocal

used for "
adsorp 4 16 64 256 1074 4096

16384 Salive

4days — —
cultures

8 days —
cultures —
Control no 3 B
adsorption  —

++
+ 4
+4
o+
i

|

!
|

TABLT 2 pent
Agglutinin Tilres 1n Fractions of Culture Supernatants after Grak
Uttracentrifugation

©
s

Culture medinm

Fractions after ctntnmx;linn s
concentr X 3 1 1 5 6

(B
F 1y

Before culturing —
1days culture — =

8 davs culture
10 days eulture

— titre <1

|
P
P
[



i
Fig 2
mmuno b sad hy ol
tao SHC Tated cultures meubated with G
#1h to the 10th day o

p from

and G Yysine from the
O itunng Radionctive Jabelling 1s shows n the yG precipita
B e toaly. demonstratng de nooo synthesls of YC globulin in the eullures
Anty SRC agglutimng were detected 1 dilutions 1 8of

oth supernatants before
concentration

(Table 2} Fractions 1lob contained the yG of the normal rablnt serum
used m the culture medium while richons 1 and 2 contamed small

amosnt of vl without the presence of agplutimins The findings agam
gne evidence. of the yG composition o

f the anti SRC agglutinins which

yre liberated n the shimulated cultures
Ymrauno electrophoresis and autoradiography of enlture superna
tanls from cultures incubated with radioactive amne acids shewed
labelling of the ¥G premipitahion hine only From each of three wm
mumzed and two pon immumized rabbils cultures were examned 10

TABLE 3

Ineorporation of Cit Labelled Amino Acids into vG Global,
SRt Sumulatel Crllyres Fmmuno R nm} Antorad o of
Concentrated Calture Vedia
Donors of Cultare pecfods with (1 awmne sexd:
enltured eells s dars
1 6-10 8-10
Immunized rabbits +
“on immuaized rabbits — ‘L.:? +
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duplicate following wcunbation m radioacine medium for the ntervals
shown 1n Tible 3 which gives separatels the pooled resulls of cullures
from 1mmumzed and non mmmumzed rabhts Duc to the low speafic
actrvities of the radioactive amino acds m the culture medim the
film exposure times had to be extended up to 10 weehs to obtam
labelling of ymmunopreeipitation lines In cultares from ymmunized
rabbits hartested after 6 days most preparations showed no labelling
A tery weak yG hine was notwced 1 autoradiosrams from two § dvs
cultures 1n these agglutimms were also present In sapernatants from
cultures harvested on dav 10 labelling of the yG hae was found i all
except one The line was howeter wetkly labelled 1n several prepara
tions particularly mn those prepared from supernatants with fow ag
glutinin titres The labelling was most defimte 1n radiograms prepared
from cultures harvested after 4 days incubation m the radiactne
medium (Fig 2) In cultures contammng bleod cells from ponm
munized rabbits no agglutinins and no sign of amino acid mcorpora
tion mto gnmmagiobulin were found

DISGUSSION
show that SRC stimulation of blood cells {rom
SRC-immunized rablts gives a cellular reaction which 1s functionally
different from the reaction winch follows stymulation with allogeneié
cells Spectfic Igtic and ag,lnfinating antibodies directed lowards SRC
are found 1 the SRCG shimulated cultures while allogeneie cells ave
anable to chiait ths response 10 SRCG primed Iymphocevtes despite a
defimte hlastoid transformation Howeier the blastoud response found
w the mexed lymphocylc culiures m1y be part of another speaific mxl
mune reaction possibly directed towards allo.eneic anhigens present
in the cells from one or the other of the two donors

The combmed situation of SRC stmulation 10 myxed cell eu
conturmung cells from SRCammunized rabhits gave resulfs which :;:LI
compatible with 1 complete dissontion between the eellular hmlrl“:lar
mmmune response to SRC stimulation and the seemmngly pure ¢ !l““
rusponse due to the presence of celts with different genetic co:; port
tion Despite a stronger bl sstord renchion 1m SRE stimulated T s
cultures than i non mixed ones no 1nerease 1p plaque fz;rmlr:r;:l e
and agglubinins was found The mcreased mymbers of {rans! om:xed pie
are therefore probably due to the muxed cell resction This mrcactmn
reaction does pot on ihe other hand suppress the ummunc e
to SRC 1s no decrease 10 numbers of plaque forming cells and &
tinin titres was noticed h s

There appear therefore to be two Lypes of Iv mvh‘:lc““:‘;‘d'":c” p
with blastowd transformation m the SRC-stimulate l(;ls ihe aaded
tures One type previously primed agmnst SRC rcqmz‘lcs e 7
SRC and probably not towards the allogeneie lewco

The culture expermments

TLures

et
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preseal 1n the cuttures The oiher type starts to probicrale becanse ng
contact with allogeneie cells wthout response to SRG and ~i1fhou
subscquent antt SRC antibody production The tymphotytes 1 pert
pheral blood whuch have the funchicnal abilily (o react towards atlo
grafts may thus belon, 1 4 cell population separte from that which
contaims culls primed for antibody synthes:s
The resnits of the 2 mercaptoethanol treatment the antiglobuhn
reacton grathent uitracentnifugation and amino acud mcorporation ex
permments af) give tvidienee 0ok the agglutiuns which are hiberated mto
the culture supernatants arc of yG plobulin type PFurthermore the
demonstration of labelled 4G preaipttation hines in the autoradiograms
show that 4G globuln has been synthesized de novo i the cultures
1t appears haghty probable that the newly synthesized gammasgiobuhn
s wdentical with hiberated antt SRC agglutmating antibodies The re
sults do not exclude the produchon of small amounts of yM globuhn
If y\{ were synthesized however the methods used would not be sen
sitive enough for its detection
One problem of nterest 1s the relation between the lytic antibodies
which cause the plagues around the transformed cells and the ag
gintinins found mn the colture medwum In vwo yM as well as yG glo
bulins are formed after prumary anfigen mjectton while ¥G production
predomunates 1 the secondary response (Uhr & Finkelstein 1987) ™M
globulins are more aclive as 3t antibodies than yGr 1n ihe fest fubes
as well as i Sesne s agar plates (Wig.ell ef al 1966) In our cubture
expenments asghitinins which appear to be of yG type were regulacly
detected in the second week of cultunng while no nerease m lyhie
antibodies was found n the same period 'This 15 10 accordance with the
fact that primed lymphocyles are necessary for the m miro reaclion
which thercfore seems to be equnalent to the secondary n pwo ro
sponse However Lhe first sign of specific immune reaction 1 our qul
'Sl;{::‘ :‘; the appearance of eells with perrcellular Iy ic reaction fowards
acroscopically visible lytic plagues found mn Jerne s agar plates
are thought to be due to hiberition of yM from Jymphod eells (Jer
et al 1963) yG liberation usually gives visible plaques only after tgc
addition of ants yG antibodies (Dresser & ¥ orhis 19809 limzle\ere [ N
mngham s miero meubation techmque 1s more sensitive than Jen o
agar plage techmque (Larmnghaat 1963) obsviousty due to the fact :‘e 2
the Iyhic renction m the former oceurs m a monojayer }t: act that
reaction m the latter 15 three dimensional Seme of the lw( e
l‘“’:‘lsbc]nl mlhlhc incubalion chambers plated with culturc:iJ iﬁl‘?ﬁz
(stble with the naked eye Probably the cells would net
plagues on the agar plates Also 1n the meubats nol Bae visible
sonily of the plagues w 1on chambers the ma
poss e “mpml; p!aqs:efg:}:x ::f-:;:esd :;::ﬁsflﬂplca") It 1s thercfore
:\m:uhtcd cultures mainly Wherate G uith ri;f}&?])"‘x‘ (hﬁ i.mhgcn
131 ea,
wily There ss howeser a marked sanation 1 the size of fhe ;i::uz:ss
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(Lamoih 1968¢) the larger ones predomunate affer relatively shorl
culture periods The presence of ¥M produein, plaque forming cells
it these short term cultures 1s therefore quite possible The experimen
tal findings nevertheless ndicate 1 type of reachion mn the cullure tuhes
which 1s comparable to the secondary respense tr bwo There are two
man differences between the i vwn and the n vilro responses First
the in vitro immune response 1s delayed until the 6th to 8th culture
dvy whle the w pwo cellular reaclion with antibody synthesis 15 con
spicuous 2-3 days afier anligen mnjection Secondly the wn wilro e
achion te antigen simulation gives a weak 1mmune response as com
pted to the tn viwo reaction The most Itkely explanation of these
differences in timin, and quanhity 1s the obvious faet that the condt
Lions for cell srowth and cell function are infertor in the culture tubces
as compared fo those mn the Iymphord tissues of the mtact antmal The
low titres of antibodies found 1n the culture media may m addition he
explamed by low cell numbers and relatively large culture volumes

SUNMMARY

The effect of SRC stimulation on cells from single 1amunized rabbits
was compared with the effect of SRC on mned Iymphocyte culturs
contmmning cells from SRC 1m and non 1m d rahbits Mo
sign of antibody synthesis was found mn mixed cell cultures without
SRC stimulatron despute definute blastord transfarmation The response
to SRC stimulation ppeared lo be related to the number of SRG primed
Iymphocytes 1n the cullures and unrelated fo any sumultaneous reac
tion of the allograft reaction type m the culture tubes The antibodies
produced showed a specific reactivity towards SRC used for in pwo
priming and w2 vi{ro stimulation "
The agglutimins produced 1n the cullures appeared to be composc

m unly of yG globulin as shown by 2 mercaptoethanol treatment 1t
direct antiglobuhn reaction gradient ultracentrsfugation and the up!
take of radiocactive amuno acds followed by immune clectmpho,rt'sn1
and autoradiography The latter experiments showed de noto svnt ::scld
of gammaglobulin These findings tosether with the fact lhnl"p:tl The
lymphocytes are necessary for the tn pilro responsc mdmn(cl 1l i
SRC mduced nmmune reachon in the culture tubes 13 equnalen
secondary 1mmune response m the intact antmal

RETLREMCES
t
1 Cunningham 4 J A method of increased sensivity fo ;igcal;cllng sfngle anf
bods forming cells Nature tLnd ) 207 1106-1107 1o detect el
® Dresser DW & Wortis H i Use of an antiglobulin scrum (end) 08
producing antibedy with Jow haemelytic efficsency \ature
e et le of small Iymphocstes
MG DD & Cowen DM The role HAYOIEh
’ ('0"’”1;1‘: theLrl.‘ch‘u{::Drf{ homografts of shin In The Tmmunc i wieally
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Institute of Mcdical Microbiology Ui rsity of Ci 0 and D of
Toxoplasmosis and Viral Diseases Statens Seruminstitut Coy enhagen Denmark

LACK OF EVIDENCE FOR
ONCOGENIC OR AMYLOID INDUCING QUALITIES OT'
MYCOPLASMA NEUROLY TICUM INOCULATED
INTO BALB/C MICI

By

P Emstsen and k Lino
Recerved 7169

A connection hetween leuhtenna wnd mycoplisma was first mdicaled
by lhe finding of mycoplasmas mn tissue cultures of biopsy specimens
from leukacme patients (12 10) Soon aflerwards mycoplasma Tthe
struclures were observed by lhe cleciron microscope 1 leuhaemie
tissue of both muce (6) and man (1) and mycoplasma Wwas also
1solated direclly on cell free medium from leukemie patients (14)
It has furlhermore been reported that tissue culture cells mfecled with
vartous mscoplasma species of man may suffer irreversible alterations
i their growth paltern comparible to those found 1 cell cultures
mnfected with leuk iemogeme viruses (16}

In previous works it has been demonstraled that plasma cell neo
plasia (9) and to some extent also amsloidosis (8) are transmissible
i BALB/c mice wilh subeellular extract of feukaemic tisuc 7uffy
& Rask Nielsen s finding (22) that Mycoplasma neurolytieum (M net
rolyticm) 15 prescnt wn the BALB/c muce prompled the present l‘r
perniments on the possible leuhaemogente and amylowdogenie effect o

M neurolyticum

MATPRIALS 4ND MFTHODS
m
Inbred BALB/c mice were kept sex scgregated from 4 + (nge(:{' "":‘r;i":::\m
stramn IONN 13 fsalated from one of the BALB/c mice 1 od hmi ") e ke
1n a standard PPLO broth (3) The "0th subculture 3 htane { ;I ;CL;“‘I iy
growth phase and inoculated {nto ” month old m:  }a h nn;m‘ﬂl rm.“y iy i
the fcllowing dnses either 10V tolony forming umis «f1 ) Intran;

delige o
This investigation was supr rted in part by grant {r m S’I”’r:;:’l::;’l‘;d T lt
denskabsford Anders Hasselbalchs Tond 11l 1 uhem ens il s
F [sen €5
e authars are indepted o 9 G Talty PhD b rators of Dastesol DO
National Institutes of Health Bethesda Marlani [ oo e unmark  for
PhD Department of Biochemistrs U Unisersts f Copenhiag
recenviog the isolated Vf neurofylicum
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01 ml of broth or 103105 ¢ fu mtrapertonestls (1p ) or sub utancously (s} in
1 ml of hroth (Table 1)

A shghtly modified A2 medium {°0) with and without 1 per cent urea was used
for cultivation of T straips of mycoplasma

Al 2prmals were killed shortls hefore expected death Lung Iner spleen fidney
perspheral Iymmph nodes thymus and thyroid gland were taken for micrascopy and
stafned with hacmatotyltn eosin and penndie acd $ hift (PAS) To sclected cases
staming with alkaline Congo red was also performed. Haematornt serum electro
phoresis (191 and white ecll couat were execufed 1n conneetion with the atltopsy
The spleen amylaidosis was graded from 1 fo § (€9

RFSULTS
Lenhaemias

Uninoculated muce revealcd the hr hest leuhaermiy mesdenee (Table
1) In mice grven broth either 1n or paranasally the inerdence seemed
mdependent of the presence or ibsence of M neurolyftcum n lhe
moculum (01 < p < 095) Females revesled the highest inadence of
leukaemia and the longest mean survinal time  furlhermorc most
leuhaermas ppeared 1 old mice (9)

The lenkaemuas showed macroscopic and microscopre m imifesiations
as previously described for BALB/c mice (9} Most of the lethacmas
were reticulosarcomas usually of type B (7) The malign iney of hissue
from five of these reticulosarcomas was confirmed by lransplantstion
to syngeneic mice all of which developed rehiculosarcomas Four c'\s‘c‘s
of immature plasmt cell neoplasias of differenttation grade 111‘—
(18) were found Ne serum abnormalities were obsersed by eeliyl DIS»
acetate electrophorests Another four mice devcloped lvmphoeytie
leukaemia and one mouse exhinied a granulocs e Tewl aemi1 ”

In one 24 month old mouse with reficulosarcoma mnbignant ccnf
1 the lung were surrounded bv Ing cclls contansng brown Iug{n;d
1n thesr eytoplasm and what scemed to be remnants of ph"l‘hui).“:mc
nucler (Fig 1) This monse recerved W neurolytrcum m le\: e
spleen and lymph node tissue were suceessfully transphin ﬂf “:ms
four svngenere recipients In one of these mice Jeuhaemic 10 ;r\mma
m lymph nodes were nterspersed wath iy mcrophages con

dving cell o
‘Trlllge onl: other neoplasias ohserved were four fughly differentrat
Iung adenomas (Table 1) -
uTir’;e different subenlinres of the present stram of ¥ nenrolyglicit

mee (2t}
were found meapable of producin, rollin., discise i h‘ah)k;:““c -
Allempts to 1solate T strun mycoplasmas from two jeu

con
which had becn moculated with ¥ reurolyiicam ot from e

trol mice werc unsuccessful

Amyloulosis -
Amyloid was confined to males which at mlmr;((’)(;xn :"z:‘ o
spleens and sometimes m §idney glomeruh too In holth p
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Figs 1-9
Fig 7 Sc it n of dung fr m 23 months old BAIB/e wale moust with generalized
r ticuln r oma Clusters of hig cells contaieing br s psgment clumps m
Mo ytpla moourr unds sn arca with malignant cells PAS technique
* 840

4 g ester ynagnificatson of the section shown in Fig T Remnants of 2 nu
e 1 fble in the ytoplasm of one of the g pigment cells farrow) Pos
sEIv the tvo no ler are from phagoeviosed malignant cells PAS U chnique
X 100
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amsiold L3¢ a4 positng stuning reachion with alkajine Congo red
Ihe development of amylowd appered unreiaied fo moculabion with
M newrolylicum {Table 1) Histologic it cnidence of ehronte mfection
was not encountered mn the mice Leucowyte counts (about 6000 per
wl} nd hiemafoent values (ahout 42) were normal and nesrly the
same mn the different groups

DISCUSSION

From the low incidence of neaplisias and other tumonrs i mie
wocwlaled with M nenrolyticum as compared 1o the npon moculaled
controls 1t 15 concluded that thus micro or.smsm was without
oncogemie properties . BALB/e mice The mncidences observed m
the controls arc mn accordance with previousty published findings
BALB/e muce (9 2 5)

The possibiity that BALB/¢ mice due to nconatal mfection are
{olerant to M nreurolylicum <hould not exclude the defection of a
lcuknemogenie effect by means of the present type of experiment it
1s well documented that AKR muec harbour 4 lcuhaemosenie \irus
(13) to wineh they arc tolesant (23) and that ALR nuee develop
leul acrma subsequent to moculation of this v.ent (15)

The faect that lenknemias assocyited with sirus ke particis mn
be nduecd by arradiation of germ free muce (24) which are froe of
myeoplasmas (17)  also andieates that the murine mycoplasmas are
not causafive ngents for leahacmias n muce Gerarde el al {11) fur
thermore failed 1o demonstrate oncogenic properties of two human
strans of mycoplasm (Y paeumomac and ¥ spp } which they i
oculated mie hamslers

rhe syerall shiuhily Jower inerdence of lenl 2emis i mice moeutated
with broth irrespcetnne of the presence of W newralyticum indie vied
that some factor{s) n the broth mught inlubit the leukremo.eme
agent Solels the possindily was tested that thallium acelsle prosent
m the broth mshl be such a faclor mubtting a supposed T strus
mvcoplisma However altempls to 1solite T strun from feuhwmue
mice Wwere unsuccessful

Che pparent phagoestosis of mahignant cells abiserved i one mm;:c
m)3 be an example of a defence reyction to hmorail cells npm}r;‘ A
as the phenomenon reappenred after transplnt wwon Infuetion o {x:
malignant cells with Y nenrolyticum mht boof 1ml"““"‘“°,"’n
eheifing (his reaction (161 wiuek b not preovion been olnersed
the case of our leuhnemins

Oceurrence of 1myloidosis indipendent nf 1115 ubtson of W ﬂﬂll,l;
Iphienm  and laci ing Wstololedl evidene of dhirome ‘“f“‘;"?,u“
wnocutated mice mdicate that this micro ot m dud not dn

! noarolgtican hardly 18
amylowd developmen)t 1t also means that 1
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cousative of ihe amslowdogenic effect of subetllufar extricts of ku
kacmic tissye from muee with plasma eell leukacmias (8)

SUMMARSY

A broth culture of Mycoplasma neurolyltcunt 1solaled from a BALB/c
mouse was moculated into 2 month old BALB/¢ mice of bolh sexves
BALB/c mice gaven broth ilone and unmnoculated BAT B/e mice served
as controls Lenhaemia developed 1n about 20 per cenl of the femalcs
and m 5 per cent of the males whereas amylowd occurred 1n most
males and not at all in femaks The oculation of M neurolyhicum
had no disecrmble effect on the development of the ino diseases In
ane leukaemue mouse moculated with W rewrolyiteum phagoes losis
of mali,nant cells by b1, macrophiges seemed o occur
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THE FLUORESCENT ANTIBODY TECHMQUE IN
THE DIAGNOSIS OF ENTEROPATHOGENIC LSCHERICHIA
COLI WITH SPECIAL RETERENCE TO
SENSITIVITY AND SPECITICITY

By
Dan Danietsson  and GUWAR Lavrers

Recened 1169
The lechmque of tmmunofluorescence was first described by Coons el
al (5 b) and was subsequenily furlher desveloped by Cuons & haplan
(7) 1t has proved a valuable techmical aud 1n various branches of
mcrobiology meluding the dentification of bacleria (4) It seems
particatarly applicable for the diagnosts ot enteropathogenie Fscherichia
colt {(LEC) in connevion with epidenic mnfantile diarrhoea Since afs
mntroduction bv W hutaker et al (20) 1 1958 1n the investigation of an
epidemic caused by FI'C of scrotype 0127 B8 the technique has been
used 1n 1 number of epidemuies {2 8 16 17) meluding Swedish out
breaks (1 8 9) due to different serotypes With the aid of the fluores
cent anttbody (FA) tcchmque st has been possible to demonstrate
small numbers of LLC n drinking wler and polluted tivers (10 11
12)

Conthions for the satisfactory working of the FA techmque 1re high
sensitinity with a low meidunce of false posilive reactrons The diag,
rosis of 1 EC has to date fulfilled huph demands m this respeel but
false positive reactions have beun reported and are thousht usually to
be due to wnhisenie relationship with olher enterobactera (1) Ths
haw been closely studhed by Daws & Ewing (13) who suceeeded m 150
Vit one Salmonella one Arizona four Citrobacter s1x I'scheriehua
coli onc Aerobacter and one Providencia all of which gave fluores
eener-of varying inlensity with one or morc of the antibods conjusgates
prepared aaumst OB intigens of different scrofvpes of LEC It ha;a\

been clearly demonstrated thal enlerococer are capable of Lang st .
fluorescence hut these Organmisms are redvy dishingumshable iri:\ ‘;?g.é
backiria In their morphology (4) On the whole the meudence of {als,
r'f‘l;llrllm\estluallm was supparted by grants from the Suedigh Medical Research

Present addr
bro Ss eden

ess Department of Clinical Bacteriology Regiousl Hospital, tre
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posilne reaclions ftas been regirded la he foo fow fo nterfire with
routine diagnostic worh with nfanls

There e however sory fow dvia on the sensitivity ang speetiicity
of the T'A techmque for delection of 11 C 1n other than infant e
groups In an epidemuc of nfinnle iarrhoen al 1 childrens home
published by Damelsson of al m 1965 {9} the F4 techmque showed
apparently false posttive rections n specimens from both staff and
mothers Fluorescence was obiuned with one or nat uncenmonty
several different serotypes despite fulure to 1solate the correspondmn
straun by comentional cullure and serolo,y

The purposc of the prosent wvestigalion wis to examune the use
fuiness of the FA lechnique with parfieular regard to sensunily and
speafieits for the detection of EI'C wn infantec m children af vanots
28es and in 2dults To oblan a wide age distribubon the malersal was
obtaned from different mshitutions for infints chuldren nd idnils
and also from non hospitalized mdivaduals

MATERIAL
The samples of faeces elassified accordng to age of the subject and place of callec
tion are shown in Tablu 1 4 total of 849 samples were taken from £07 persons The
places of collectran are briefly deseribed below

TABLEL 1
Collatron of the Talal \tmber of Frapuned Fae al Specimens with Regard £y the
Ages of Patients and the Places of Calle hon

1 2 3 4 5 3
Age group Vilan UAS Sater Lind~ Gillb Othcr Total

<1 17 23 - - 59 5 g:
1- 2 3% 5 > 43 2 a
21 16 ‘s ;; - g 5
- 67 1 -
1:‘!41;3 19 7 2 10 4 73 49
Ttal 787 a 13 e 143 106 39
Jan Community outside Uppsala

i :!‘\t;n Children s Department of the Uppsala T nwersits llo pitat

3 Vental Hospital Sater

4 Children s Home Lindgirdcn

5 (dihergsla Hame for Healthy Children

6 Other Regional hospitals

of tafned
Vitan This is a small crmmunity outside Upn el Th ‘m:““;ﬁf{f, nteritit
during the summer of 190, when there was ap cutlic k f ;In ntants chl] tren and
and almost €0 per cent of the pcpulation weie taben 1F B cansed by a 1 akege !
adults were infected 1t was probally a haterh o B L N en fully dererled
sewage water 1atg the drinking water Hstem The ¢ hz\‘l aved per ons wene alsd
elsewhere (1) EFC of the same tyyc fiund am on 1 cm‘;‘m hut O 6 B4 and
1solated from drnking water (1) Scrot pu Ot B4 4 " megimens « cre al talned
0129 D12 were also ssolated Tn bundred and erghty e+ o

from {75 persons
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mersity Hospital Uppsata Tifty fne samples weve taken from 43 chiidren at

\he[’]r)‘:[:r:rjl{tlflsx:]f Pned:z{'rua These 1 abieats sere selected without regard to ¢
ente of diarrhoea

"gzirpﬁ;«mf; “Yhns §s a mental hospital 1 central Sweden Duesng the summer ol
1965 there was u widespread epsdemme of gastro-enteribis due to Salmonclia tithin
gen To cnlarge fhe 3auNt seyies 1) samples « ve taken from 140 persons

Gillbergs Home for Infants several epidemis outbreaks of Infantlle diarthoea
s to vartous types of EFC, oceurred in this home dung setent vears As we hare
mentioned ap the mteoduetcre paragrarhs false po wne teactions had heen oh
tamed there during a previous pidemic {9) I the present imestigation 143
ssmples were collected Srom 98 {afaats gud from the staff

Landynrden Thus is & hame for children over one year Altogether 116 samples
were taken from 51 children and trom the staf!

Oth ¢ The Bacterl togical Lab ratmy at the
Tnner Wy of Uppsala seres
ho pitals and practitioners wi
of ratentis among patrents
various ages were cxamined

Institiste of Medical \crohlalagy
a cortain area and receives specimens from different
thin 1t Saruples are as a rule _ent awing to symptoms
\ total of 106 such samplcs Irom IDD jadividoals st

METHODS
Cogr entional Culture and Serolegy

Faceal specimens were cultured on Conradi Drigalskis acar using petri dishes
wath & drameter of 15 cm The plates were incubated at 37 € and@ 20-%1 hours later
typieal Fscherielua colt colomies were examuned by shide agglutinations with rabbit
antl EFC sera (OB seva) produced s deserthed by Pduards ¢ Ewng (314 Twe
pyals cach of them eovering »1¥ serotypes were used for this sgglutination The
fellowta,, serotypes were rupreseoted 006 B6 035 Ba 036 BY O111 B3 O119%ah
B13 O11 ac Bil O114 B2 O119 B4 D15 BI5 019 B16 0127 BS snd DI2% B1®
Cclontes grviny, positive agglutimation reaction were pure cultured on glucose agar
plates and tested by slide apglutination agaist the indwvidual types of sera jo luded
m (he pools [inal cinfirmatien was performed bv tube agplutination of the
O antigen with speerfic era according to current technigues (14) At least 2>-30
tolimes were tested by shide agylatination before a culture was regarded as wegative

Frtenled Culture

The culture procedure nas extended 1n the ease of specimes g

aulls Tor EFC w 1) the FA techolqus hut ne alhve resu 5 “nh"iuifiﬁiﬂ.‘f‘c‘?ﬁz“
and seralogy Th se 81 e mmens weic inoculated 1n acrodie eulfure on she. mure
agar cho lafe agar and sodum azdy agar 12 snserobr falfure on sheen m"“g
8gar tryp in digest agar Inur digest agar egg yolk agar and sulphit, Foraycin
salphadiazine agar (SPS agar) ehite polymy<ia

e o 10 representative calomies were select

growth and suspended 1 saline Smears w:n: pr:ﬁjrg
with such ¢ pjugate a5 gave a posihive re
stspension of the corresp nding { ecal spe

m each of the plates showuny
d and stained 1o the 1. usl veay
coctian With swmears prepased from tho

FA{ Techmque

remaining siv with RE 200 !;; oLt sy B s e B
© configates wete s
;:;xhzrg,u) !hcnnkalmng three conjugates labelled :x‘thu:‘llv?c(o“? o ned o
" ! 1 etarately for Lping of such ypecrmens ag rmc‘:“ﬂ -
b P I €anjugates contaned the same scrof; he v

s gfl“"nmnn YPes 23 Whe two pools used for

11 fla t ¢ al steains for specifient,
m test

useVE test ihe sy ecificity of the lnli’Fé:Il:’:Jq:i Th: o
Fepreseating the international seraty pes RN

lowing bactertal strabns sere
01 0147 Th
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rich
£y were obtatned frym \i‘:\t:h’;



604

Seruminststut Copenhagen br the courtess of Dr 1 (rs?op b) Cight strafns of
the Alcalescens Duspar group helanyiny, 1 the scrotypes 01~08 Thes were obtained
from the National Communicable Disesse Center Atlanta Ca 1'% 3 €) Fifeen
straas i1 atified as anaerobic members of the tribe Lactobacillacae were obtained
from Rarohinsha Instttatet Stoel halm by the courtesy of Dr Urdipedt These bae
tera had heen 1solated from human and rat facces and they are associated with
the metaholism of hile auds

() Handling of faeccal spectmens for FA fests Alout 01-07 em® of facces
was suspended tn 1 ml 3f physiologieal saline and allowed to stand for 1-2 hours
at 37 C During this time coarse matcrial seamented Smears were made of the
supernatant on well clcaned glass shdes They were dased at ronm temperature and
genth fived by heat Stanung washing and maunfte, of the shides were earrfed ont
1w the usual way (15

(1v} Finorescence Pl A Zeiss fl pe equipped With &
dark freld condensor and a high pressare mercurs lamp Ostam HBO 900 was u ef
Bt 12 as primar filter 1n combnation with Zoiss 50 or 53 as se ondary filters gave
the best results

RESULTS

The mun results of the myeshigition are summanized in Table 2 This
shows (hat b4 patients were posiline with the TA fest for I'TG wiile
40 patients were positive with culture and conventional serology There
was complefe agreement between the FA teehnique and the consen
tional procedure in 39 posilive cases nd m 542 nesatine cases Twents
five pabients had positise PA fests but negatne eullures while 1he
reverse occurred 1 only one pttient Table 2 ilso shows that the
majority of patients posttive for ECC were from the Vilan commumiy
In Table 3 the results of {he investigation are rranged according te
age distribulion Rather surprisingly the highest yield of pnsm\t
results was obt uned withn the age group 2-1 vears re 31 4 per een!
of this group Posiline findings were rddatrvely uncommon unong in
fants under 1 year 54 per cent The corresponding fiures for the l,.‘t
groups 1-2 ycars 4-12 vears nd those over 1.2 jears were 16 4 per conl
21 2 pur cent and 55 per cent respectnedy !
T able 3 also shows the number of patients within yarous age franp
with positive FA tests but negatne cultures and those with a..nur:l-l‘
tests and cultures It will be secn it there was complete Agreemt

TABLT ?
Framuned for FFC
Dragnostic Resulls Achiei ed wn €07 P reons
Comparison of {he nlgllh ¥4 Tests ani{ Caffure Pr fur s
tat
Vilan vis Sater 1 ds Cillh Other  Tol
3 100 on?
Number of persons 175 44 140 1 &
Positive culture o 0 N o 1
Nedathe Fu 1 L3 .
Paositne FA R » 1
Negitine culture 18 [ -
" 1
Possthve FA N N . f
Positine culture 3 v i

Negative culture g
\eiulnc T 121 k) 138 8 ’
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between the FA lechmque and eulture procedures on speeimens from
patients under the ¢ of one year Williincreasing age however there
was n snercasing number of pabients with positive FA tests but nega
tive cultures In all this occurred in 20 patients Cihieen of these were
from lhe Vilan commumts Ten of the Vil palienls disclosed posilive
FA lests for one or more of the seratypes that were responsible for the
epdumic 1 lhis commumiy  the posiive dingnosis was constdered
likely as these 10 patients (1 1 the age sroup 1-2 years 3 in the awe
group 24 years 4 m the age group 4-12 vears and 2 1n {he age group
12-60 years) also had svmptoms of gastro cnterthis

TABIE 3

Comparisn of the Iwajnost: Results Achieped 1n Different Age Croups by ['A Tests
and Cullure Proce lures

Neg F& Pos TA Pos Fy

Neg 14
Age groups Pos Neg 05 of Total

calture enlture cultyre culture

Numl er of pers ns
1 sear ¢ 0 3 5.

e 5 2 3 W i
- 4 years [ 5 11 3, 51
1412 years 1 8 [ 83 80
17-80 years 0 10 10 M 364
1 % 39 540 o7

Teaction: ih th e dou o
S W1
o 1 e e ot o e W e anh CLC wonjugate
A more detailed analysis of the findings from ihi
el allention 15 rpud to FA
& cult
e but culiure Rregatwe resylys Fture
Ireumstances of an outh,
oTr;)l:r‘xll:]dne lo LTGin s commumly was deseribed elsrec:]}\l o St
: 01« 0 s amon., affected Patints were dominated b L oy a2)
sl[cud 11 B4 but cases with 026 B6 and 0128 B12 2} S o 70
- Lg‘inclﬁl?r positive cultures wag Tugh among Chl{dl‘(::’ ocf’urmd e
e L nmne eases ocenrred among ndniduals - ed more ol
o anfants were doubty wlected worh sero%ypersmgflllh;]‘}n 2
18

¢ different sources

Vilan The epidemiological ¢
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026 B6 and O111 B4 & 0128 B12 Al three serolvpes were dumon
strated by FA tesls and subsequently 1solated by culture from lhe hwo
nfants In five eases the findings obtuncd by culture changed from
0111 B4 mbally to 026 B6 or 0128 BI12 m laler speermens It all
cases showing positise culture the same serotypes were also demon
strated by the FA technique This was also truc when more than one
scrotype was isolated by culture

Assessing possible false posttives the most inferesting group s that
comprisimng the 18 mdaduals 1n whom the FA lest was posttne ba!
conventional culture negatine In 10 cases analysis disclosed fluores
cence for one or more of the serotvpes th were Tesponsibie for the
eprdemic viz 0111 B4 026 B6 and 0128 B2 It was also found that
= posttine FA fest was usunally obtuned among individunls from whom
the serols pe 1n question had been 1solated on =1 previous or subsequent
occasion Tible 4 shaws howeser that entirely different scrofypes
were detected by FA testing mn eight cases Thus among mfanls under
one vear of age lher. were none among children aged 1-2 years one
case was F4 postine for 0126 B16 and 086 B7 amon, children waud
24 years iwo were FA positne for Oll2ac Bil and Ol121b BI3
respectinely —one of them to both serolypes and imon, higher a-¢
groups two were positine for 086 B7 two for 01121 B11 and one

for 0127 BS
Salcr Hospital Specimens obtuned . this ho.pital sere only from

TABLL 4

Collation o] EEC Serolypes leabfied by FA Tests and Regarded as Possible

False Posttive Reachons Iistribution with Regard to Instifution and dge Group
x
1
s H [
Age groups % £ ) E .
g E £ 3 & oy
K £ = R
- - 3 ] v
0
1 year 0 NSE 0 ASP 0 \
1- 2 vears 0176 08¢ \SF 0 0 o
2
O112ac N NSF ] 0
2-43ears  g130ah 011220 a
0128 0 1
036
4-12 years D112ac NS NS o197
112a¢ o107 017 0 ot 8
2-60 years 0% oltase Ol
o127 "
2 1
atal 8 2 ? 2 :

for two
Double designations as eg 0126 036 mtical § st ¢ flugrescence
wrent serotvpes In the sme sample
\SE Ao specimens examined
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adults In no casu were DG wsolated by culture Table t shows that
no cases gave positne F 4 tests for 0127 B8 and O12ac B1Y, respee
tnely

Gulberg s Home for Infanis During recent vears several outbreahs
of nfanide diarrhaca have ocourred here In the present mesbigation
LI of serotvpe 005 By were wsaolated from a nurse hut not from ny
of the mfants The same resuits were obtamned wath the FA technique
Specimens from two nurses gave posttive FA tests for the serolypes
Oll2zr BIL and Q127 BS respectinely These scrotypes were not
however 1solated by culture

Lindgarden Home for Children Y.LC of serotype 0128 BI2 were
wsolated by culture and demonstrated by the 1A techmque from
healthy child aged 3 years Table 4 shows that two 4 vear old children
gate positive FA tests for 0127 B8 and 0128 B2 but negatuve cullures

Other Two positive cultures were obtained one of serotype 086 B7
from an mfant and the other of serotype 055 Bo from a child aed 2
sears FA tedts for these serotvpes were positine mt both eases LIC of

serofype 0111 B4 were demonstraled only with the FA method in a
12 year old gl

Cross tesing Againsi ¥ artous Enterobacterta

The results of cross testing with the inlerpational L coli 01-0147
showed that only conjusate for CLC of serotype 086 B7 gavc moderate
to strong reactions (2~-3+ )} with serotvpe 014 090 and 0107 Further
more conjugate for ELC of serotype 086 B7 and 0112ab B13 gave
shight reactions {1+) with serolype OS1 as &l conju.ate D127 B8
and serotype 090 Mo cross reactions against the strns of the Alkales
cens Dispar group or those of the tribe Lactobacillae were notcd Pre
Immuge rahint sera labclied with FITG or RB 200 gave no stawing
rcactions with any of the stramns included 12 the spectfietty testings

DISCUSSION
The FA techmque gave a higher diagnostte yeld of TEC than conven

Lional procedures In the case of or
gansis of the
as those subscquentis 1solated by e o serotypes

0
tosls were obtamned wn all enses c\zr;lnl‘ Zl:zilmo';a»lmujiu::g W:\l:\e o
exeeplion culture was posttie and the FA test negaty a’rl‘hs e
henerlly agreed with those reported by others 23 \L Yo
aursclves i earhier papers (1 8 9 : o 17 and by
Speeral attenbion was

possitabity 1s that ke posily § Another
Detiled analvsis i o T lests were [tse

sclosed that a positne FA test with negatyve
14
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culture somelimes oceurred unong mdiiduals i whom on a previous
or subsequent occaswon the syme serofype was 1sofated by conven
tional procedures Bascd on these obscrvations and also on epdemio
Jogrcal exrcumstances the resulls 1 10 of the 25 patients with posilise
FA tests but negative cultures may be ascribed to a grealer sensitinly
of the FA method This explanation does not seem to be vald for the
other 15 patienls 1nd their positive FA lests are therelore regarded as
false Liforts to 1solate LLC were unsuccessful even thotigh the numlicr
of fluorescing microorgansms was often as great as that in cases
which 1solation was successful Lxlended enliures were ewry case
unable to reveal the organmisms gnang fluorescence

False positive reactions did not ecenr n nfants less than 1 year
old but with mncreasing age therc was n inereasin, number of prob
ably false positive reactions Thus the relation between the number of
patients with posttwe FA tests but negatwe cullures and those wilh
posilwe FA lests & posiwe cullures were 1 8 for the aje group 1-2
years 1 7 for the age group 2 vears 1 3 for the a group 4-12
vears and 1 15 for the age group 12-60 years These caleulations are
based on the figures listed in Table 3 after corrcction for such postine
renctions as could be aseribed to the greater sensitnvaty of the FA
method

Some seroltvpes were more pres tlent than others amony, the patients
mn whom the positive FA tusts were consudered to be false posilise
rcactions This was the case for serotypes 086 B7 0112ab BI3
O112ac BIL and 0127 B8 wiile sporadic f{alsc positise reactions
occurred 1n cases of the serotypes 0111 Bf 0126 B16 and 0128 B12
It shonld be pointed out thit 40 per cent of the false posine 14
reactions were against antisera to either O112ab B13 or 0112ac Bl
Conjugates representin, these two serolypes were not vsed by Tho-
mason ef al (18) and their assoctition with nfantile diarrhoey 15 un
clear The occurrence of false positive reactions will prohably mere1se
if conjugates for other k. colt e g 020 k1l 044 K74 and 0124 ll(”
are also added lo the pools uscd for screemmny, fucal speaimens (19
At the present we do not know which bactcria are responst
false posilne staming reactions We have no mndicatien that pre
immune rabbit sera contributes to non specifiuty which 1s ngree
ment with other mxeshigations (4)

Altlo-.elher 15 out of (;’07 1ndisiduals exammed gave posine FA IP;’];
for CEC without ghing comventionnlly pusitive tesls If these were b
false 1he meidence of false positines would he 2 3 per ceat An rm:)ml
tant finding m lhis mnvestigation 1s the fict that the m;ut "“grmﬁlic
a,e group mfants under 2 vear his shown 4 low menlence wof

> \\1th inerensing ge thens
positive reaclions (roughly 1 per cent) & method 15 hoth
false positive reaclions mereises In conclusion the I'A r:in O wted for
rapid and relible 1 the wdenbification of I C and 1t s

this purpose

Dble for the
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SUMMARY

The sensihimity and specifieity of the FA techmqgue for detechion of

EEC has been studied Faeesl specimens
ages were examined Througha

{rom 607 persons at different
d epid »tea] and bact

serological study 1t could be shown that the reliability of the FA tech
mque was ahout 98 per cent False positive reactions occurred more
frequently among older age groups buf was 1 the most important
group infants under 2 vears only about 1 per cent
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STUDIES ON ANTIGEN PREPARATIONS FROM
STAPHYLOCOCCUS AUREUS

6 Influence of Extraction Processes on the Chemistry and
Seralogical Properties of Polysaccharide Preparaitons

By
Arne Grov
Teceived 1% 11 69
Palysaccharide A (poly A) of Staphyl, us qureus 1s posed of a
nitutel tewchore acd and a small mucopeptide motety (12) The poly
saccharide thus constitutes 1 part of the Saph aureus cell wall Sero
logically the teschoic acd companent gives a speesfic preaipitation hine
on agar gel diffusion (14) Poly A also sensitizes tanned sheep ery
throcytes (TSE) for ag,lulinition by anhisera lo Staph aurens, anq
this abildy has been found to be d with the
ronent (20 8)

No separation of the teichoie acid and the mucopephide cotpenents
of punfied poly 4 has been achieved by electrophoresis at varions pH
values or by 1on exch chrom pby This ndicates a stable
lnkage between the two components Armstrong et al (2) suggested
that the techoic acid which was extractable by cold trichioroacehe
acd was assocrated tonieally with other cell wall componcnts How
ever the exisience of a eovalent linkage between teichoie acid and
mucopeptide now seems to he senerilly accepled (24 1 18) The
chemical nature of this hinkage has not yet been unequivocally estal
hished but 1t 1s characterized by high lability to ged (16 17)

peptide com

Atriktsen Cher,
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worthwhile to stody the efficacy of this method for extrachion of
texchoic acid from Staph aurens

This paper 15 concerned with a comparison of the physicochemieal
and serological properties of two polysaccharide preparations one of
which was 1solated by a neutral buffor extrachion at 37 C and one Iy
phenol extrachion mn the cold

MATERIALS AND MFTHODS

Strair The Staph aureus tvpe stram 1503 (15) was employed The bactera were
grown on nutrient agar plates at 37 € for 18 hrs harvested by scraping the sur
faces and sfored at —25 G unbil used

L reparation of polysaccharides Pols & was prepared according to Haukenes (1)
except that the Iist fractionation on Dowex ! was replaced by rechiromatographv on
DEAE cellulase Desalting was performed on a Sephadex G 95 column This pre
paraton 25 referred to as buffer extracted polssaccharide (BEP)

Phenal cxtracted polvsaccharide (PhEP) was prepared as follows Forty g of set
hacter1a were suspended m 40 ml of a 20 per cent solution of phenol and mixed
thoroughly with a vibrator for 30 mins The suspenston was then centrifuged for 15
mips 4t 9000 X g snd the phenol and water phases were separated All operations
were carried opt at 4 € The bactersal residue was extracted once more 1a the same
manner and the combined water phases were preciptated at pH 12 by the additing
of % HCI After centrifugation the pH of the supernatant was adjusted to 57 and
4 volumes of ethanol were added [he resulting precipitate was collected by eentrf
fugation drssolicd 1 water aud the precipitation with acid and ethansl was
repeated once The final aleohol precipitate was desalted (Sephadex) sed lso.
philized Fuither pusification of the aleohol precipitate was rarmied oup on DEAR

cellulose as deserabed for BEP

aper Ir ion of acid hyvdrolysates snd paper chromato
graphic analvses were carried out according to the method deseribed earher (183
Ap additional solvent spstem  the orgamic phase of BuOH LiDK H O NH 4 083
(46 16 49 1 v/v) (2) was used for identification of sugar alcohols

Quanfitatu e analyses Arino components present m 6N HCL hrdrolysates were
determuned by an sutamatic amno acid analyzer {Beckman Spinco Model 120 B)
according to the method of Voare ¢t al (18) und mitrugen pho phorus and hevo

ariaes were measured accarding to the methods reported i {19)

] with phosph o1 hatase from wheat germ (Tvpe 1 Sigma)
was added tq an 01 per cent solution of polysaccharde 1n 01 M eitrate buffer N'l
18 at an enzyme/substrate ratio of % (v/w) After 2§ hrs at 37 C the mmrlsd
was precipitated by 10 per cent trichloroacetic anid (4 mt pec ml of digest) an
filiered The filfrates were analyzed fov N tasphate Coatrals
polysaccharide or phosphatase oaly were saclw

Ir)!frarzd sntclmp These were secorded on a Unjcarn 5P 100 MK 2 in;(l;\l:n;:l“
fitted with NaCl prism as well as gratng rphics The dises were made o
Pnl}vﬁaccbande and IBnTx:f hBr were cnrrlcld ‘n“l \‘\-l(h
the Spineo Model E anals tical ultracentrifuge wang the Schllercn optical system
The xx‘hotographlc plates were measured with the md o€ ¢ Leutz W ct:'hrs lzl:"r:’
comparator All centrifugations were pesformed at %0 C. and the solvcn} ;‘r:m e
06> VW citrate buffer pH 48 The Vas n the cos
Schlieren cure formed in the val ¢ type synthetic oundary tek “lm cdately
empty ing at approvmatels 10000 rpm The first photagrag h was hlcl'\‘en ;\: plaviss
after the houndary had formed and four more pi tases \erc then e 8 730 rpm
intervals for the diffusson ealculation The speed was then increase e T
for the determnation of the sedimentation cactficient 1 the u]n I‘;‘( r"\l\cluhl s
caleulations were made according to Schachman (°3) The “lm “‘t‘ ufﬂr{rnls oy
thits estsmated by substitulion of the diffu {cs aud scdmz‘m:‘lan_ orcm/n e

cled to water and zero concentr into the - = O e
;fﬂ\ent density (p) was determined by wesghiag racsured Vﬂ;xmcs :{)S;Ir‘;m -
water 3 1 eighed capped hottles at 20 C A partial specific volume
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found by Ghapsen et al (1) for a techawe acid glycopeptide complex was used
Thas value 18 conmistent with those found for other polysaechardes ()
Serological methods Production of immune Sera agglutinstion on shide ring test
i agar gel & b of antigen ond antibodies Imdirect
haeraegglubimation and mhibition of bacterial agglutmation were earrjed out ac
cording to the technrques used earlier (10 2 20) nhiltion of indirect haemaggly
tination was tested as follows Serial twafold dilutions of the substan ¢ to be
fested weve made with salinc i 025 ml volumes To each tube was then added 029
ml of a serum which was diluted 8 times lower than its haemagglutination titre
The wuxtures were incubated at 37 C for 2 hrs and st 4 C overnight and then
examined for ability to agglutinate sensitized TSE

RESULTS

‘The BEP was eluted from the DEAL cellulose columns m the range of
012-030 M hCl After the second rup the fractions conluning sero
Jogieally achne materal (ring test) showed practically no UV absorp
gzoon at 280 mp. The yreld from 50 ¢, of wet hacteria was approximatels
mg
The PHEP was liberated from the column 1n the range of 0 16-0 32
M RCl The absorphion at 260 as well as at 280 my was negligihle The

resulling Iyophilized material was white and amorphons and the yield
w1s approuimately 25 mg

TABLE1Y
Analpticol Data of Boffer Lxtrocied (BEP) and Phenol Bt 13
(PREP)} Polysaccharides racts

BEP PhEP
Matrogen
Phospharus {organie) ?,'},f\ Z", e
Pospht;‘my released ) oroct
by phosphomonoest:
3 Phrosgio oesterase 014% 0 g
{23 glucosamine free pas
ey ? 507 Bay
:}mame sady 1 99; -
o
e 0915 none
§tanun 118 trace
Glveme T trons
Clutawmic acid f ;g Zc e
Are
Galactose & »
Molecular weight ;r;;; Y
64
Determined as In (10) .

% Detesmined by the amuno acid analyzer

On 1mmunoclectrophoresis carried out w
with
lrl;‘ea rg;ep(ﬁ)r‘:.euos:s klmh“ed Wentieally and sho:we:t;m: : sll,:ff)er i
hTaphy fluanlml:: ofu l;]t: l;dlc“ed homogeneity By I’“P“ghnegahw
Ly | 1 N Hcl hydrolysates correspondn, ; ;oqma\o
Tides gave no spols relating {o p‘nrmgs ?md’i)m .
I
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Fig 2
S hlieren patterns of buffer extracted (BEP) and phenol extracted (PRIP) poly
sacchensdes (4 mg per ml 1 005

[ citrate buffer pH £8) m the ultracentrifuge
59 mins after reaching 59 780 rpm

mudines when exammned under a2 UV lamp By this technique less than
1 ug of adenume and guanime was detected This ndicates 1n accordance
wath the lack of absorbance at 260 mp that the polysacchanide pre
parations are free from detectable nuclerc acid contammnants

“ost of the analytieal data have been compiied 1n Table 1 In ~ddi
lion to the amino acids histed for the BEP trace amounts of aspartic
acid threomine prolne and argmine were found The trace amounts of
palactose demonstrated in both preparations are probably due to a
contarmnant Strihing differences between the two preparations were
found 1n the content of muramic acid which was demonstrated m
BEP only and m their content of amwno acids In BLP the molar ratsos
of Mar A Lys Ala Ser Gly Glu A werc 092 0.81 176 046 405 100

Glycerol was not detected 1 hvdrolvsates of the polysacchardes
This andicaled ccording to standards that less than 003 per cent
cowld he present Mo amuno aerd was released on hydrelyms m N
NLOH at 100 C for 5 mns and the presence of alk Wlilabile alapine
linkages may thus be exeluded (13)

Phosphate was released from both preparations on digestion wath
neid phosphatase In digests of PhEP free phosphate corresponding to

©73 per cent of the total was found This gtves a ratio of

phosphomono
esler fo total phosphale of 1 159 For BEP the corre:
were 25 per cent and 1 40 sponding values
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The mnfrared spectra of the two polysaccharide preparations show
dissumiarities i the 860-700 et r.gion together with some minor
variations in the intensities of corresponding hsorption bands {I1g 1)

In the uifracentrifuge both polystccharides gave single symmelrieal
and rather slow moving sedimentation boundarzes (Fig 2) No
crcase of the diffusion coefficients (Dapp ) with time was observed
suggesling homogenecous preparations (23)

The calculitions gave S a9, = 131 109 and D 20w =111 107
for BEP and S g9 = 11 10% and D gy = 114 107 for the
PhCP with moleculnr weighls of approximately 8000 and 6400
respectively

Both polysaccharides gave 1 smyle preepitation hne on gar gel
diffusion The hnes showed reaction of 1dentity (poly A Ime) The
ring test titre n rabbit anhiserum to stram 1503 ppeared to be one
dilution step higher for the PhEP than for the BEP 1/3200 and 1/1600
respechively The BEP sensitized TS in contrast to PRCP TSE sen
sitized with BEP did not scem to absorh precipitins as judged by the
precipitabion tests In accordance with this no decrease was observed
m the precipitation fitre of a solution of BEP afler absorption with
TSE None of the 1wo polvseccharnides mhibited hacterial aggluting
tion whereas both of them d ndrrect h lulination of
TSE sensitized with BFP (Table 2)

TABLL 2
Serologrcal Data of Bulfer Extracted (BEP) and Phenol Fxtracted (PhEP)
Polysaccharules Tested with 1503 4ntiserum

Tests BEP PhET

Ring test (dilation

from 1 mg per m1) 111600 i/a‘;a‘:’)n'
Agar precipitation poly A line pol y—
Sensttization of TSE , ‘
Inhibition of haemagglutination

(TSE s w polysaccharide A) 1/51° 1128

TSE = tanned sheep erythrocy tes I which eompletly inbibitel

Highest dilution of the antigen (from 1 mg per m
haemagglutmation in the serum difution used

DISCUSSION

ell as
de preparations cxhubited qualitatine as
The two polysnccharide prep e e ) “The s

quantitatine differences in chemmical compost Dons
contains all the components of mucopeptide  and the ll“'“::;; :mll
Mur A Glu A Lys Ala Ghy compare will with those of llﬁ o s
mucopeptide (7 21) Serme was present an relatinely smil

and may have replaced alanine re
The PhEP seemed 1o be frec from mucopeptide and apparently
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by
Imost pure tochme and This suggestion 18 supported
Is)::;:;sc: rcsnhz The prectpriation e m gar gel which Ix‘sn guz :10
oo tewhowe 2cd (14) was sdentieal for both preparations e ‘n
tans mucopeptide and accordingly sensiizes TSE for agplutind won
(8) n contrast to PREP Lack of mucopepbide and nability 0 scnsxx
ize 1ST were previou 1y shown with pure Staph anrens teschoie aend
(20) The PhFP is howeier an effective mhibator of the agglutination
of TSE semsttized wath BER This abildy of the PREP wilt be farther
discussed 1 a subsequent paper

A varaton of 001 1 the parhial speaific volume (V) changes the
caleulated molecular weight about 3 per cent {23) A possible differ
ence m Vv of the two preparations can not howeser necount for the
observed difference in molecular weights The dilference 15 compatible
with the absence 1 the PhEP of a umt of N acclylplucosamunyi™
acetyimuramic acrd pephide According to the murame acsd and amo
acsd confent far from all tewchote acid chams of BEP contam 1 muce
peptude umt In arcord with s s the release of phosphate by dies
tion with phosphomonoesterase (Table 1) Teichore acids haue been
found ta cautam only oxe termmal phosphate group which has been
assumed to effect the linkage between lewchore acid wnd mucopeptide
n the cell wall {23 18) A dmg) X

By ase has bren
found to have no effect on cetl walls (16)

The malecular wewght of PhEP (6 100) 1ndicates a tewchoe 1ad
chain {ength of 14-15 umts when ester inked alanne 15 not mnetuded
Thus 35 m necord with the ratio of phosphate released by phosphatase
1o the total phosphate (1 1u-16) In BEP the ratto of termunal phos
‘Phaie 1o total phospbate was estimated 1o 1 4D Assurming the same
chan lcngth of tachoie setd as i the PHEP (14-15 umis) 34 to % of
the terchore acid chams 1a the BEP contan bound mucopeptide This s
e consistenl wiih the aming acid and muramie acd content
Reported tifferencrs 1n moleeular weights or 1 the chamn length of
teschote aeids may be dependen! upon the 1solation technique G5y 1t
has also been suggested that difference may be a characteristic of the
:lt‘rl:‘x:;sa((lf;;gnmsms or Alternatinely mmy be due to the enlture con

Punified samples of mibitol techore zerds ext

racted by tnchlo
acid have been found to hase molecylar weghts m lh:range o;?:)?)‘(;i
5000 {16) These ligures are based on results obtaned with persodate

ondabion a3 well s on delermination of ter;
minal
groups Ghuysen et ol (7) found a moler e phemanacster

wlar werght of
i};lr ndr;,bunl teichore ]ncxd from Staph qurews slmgn ch::\?:gteiogg:
ved by enzymatie Iysis of cell wall materral H
acelic aeid extracted teichose acrd from o St
Sanderson et al {22) was found to e gy e stran studed b
h

Sunders N d llxa\e:tzg{l: 1133 and 2 ratse of
The present results

with PhEP closely resemble {hose of Sanderson
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et al (22) and are alsp 1n reasonable agreement with the values re
ported by Hay et al (16) On the other hand this observation 1s not m
accord with that of Burger, where teichoie acid extracted bv trichloro
:(1;«)3&1: acid was found to be 15—V the size of that extracted by phenol

The nfrared spectra of the two preparations show that the PhEP
gives 1 smaller peak than the BCP at 1575 em * which could reflect the
absence of mucopeptide 1n the PhEP Absorption at 1575 ¢cm ? as well
as at 1660 em ! 1s due to monosubshituted amide groups {3) which are
present 1n hoth acetylaled ammo sugars and n peptides Furthermore
the small peak at 710 cm ! i the specirum of BEP may be due lo the
presence of mucopeptide Ch 1 tions have mndicated that
the linkage between teichote acid and mucopeptide may mvolve a phos
phoramidate bond hetween the termmal phosphate of terchoie acid nd
one of the amino groups m the mucopeptide {1 16) Infrared spectro
scopic studies of compounds contuning phosphoramdate linhages
have shown common bands 1 the 750-680 ¢cm ! region thought to be
due to P-N stretchung vibrations but therc 1s no esidence for speailic
bands due to such linhages (4)

The hinkage between teich acd and tide can readily be
disrupted by the solvent action of aqueous phenol solutons and since
there 15 no loss of serologieal ity the method could be of wide
spread value 1 1solation of teichoic acid In econtrast to the trichloro
acetic acid extraction procedure phenol extraction procecds rapdiy 1t

low temperature

SUMMARY

Isolation of a polvsaccharide by phenol cxtrichion of whole Sla;lw:l‘
antrens baclena is desenibed Comparison 1s made physlcuchcnucl'lon
and serologieally with a polysicchande isolated by huffer extrach

olysacchinide A)
(P(‘.h)emlml tions indicated the ab of m lide 1 the

I{
phenol extracted polysaccharside which had a somewhat smalfer mole-

cular weight e

Serologically both preparations gave the Isfxmc }I:cil?“c::::lnl::g
cchary

(poly A) whereas anly the buffer extracted po }sls e ellalian

throcst
mucopeptide sensihzed tanned sheep ery bac
Both preparations mhibited ndircet hiemagglutination but not
lerial agglutination
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STUDIES ON ANTIGEN PREPARATIONS FROM
STAPHYLOCOLCUS AUREUS

7 The Component of Polysnccharide A Senstlt ing
Tanned Erythrocytes

By
ARSE GrOV
Tecenned 151169
Staphylococcal polssacchande complexes of teichoic acds and muco-
peptides sensitize tanned sheep ergthrocytes {TSE) for agglntnation
m both homologous 1nd heterologous staphylococeal anbsera {21, 31
18152

Tnvestigations reported previously {21 6 9) showed that sensiuza
on of TSE by polysacchande A (poly A) of Staph aureus 1s con
nected with the mucopepbde morety The teichoie actd which 15 a spe
ehie precipitinogen (12) showed no sensstizing ability However pre
parations ot texchoic acids have been found to be capable of mhibittng
the 1gglutination of TSE tized with staphyl al poly Wes
(13 2 7) This sugecests that hoth teichoie acid and mucopephide are
vecessary for seusitization and agglutination of TSE Nevertheless a

mucope phide preparation {ecll wall residue) which 1s free from teichowe
acid 1s stron. ly active as sensihzing agent

Thus study was undertahen to clarify the role of the mucopeptide in
wmdirect haemag,lutination

MATFRIALS AND METHODS
1.
Straun The Staph aureus steasn Wood 46 (10) was nsed throughont s fosestiga
dntigen preparatons Bulfer-extracted polssacohunide (pot
extraled polysacchande (ewchine and) were propared s haoymﬁ\)han-ghem;::;
!
co::vme 'przrvarll on used was that prepared eathier (3) {rom Steph aurews stram
Polysaceharide 4 contanlng P (poly A P1) was prey
pared
ure of strain Waod 36 i, 100w of the e Er
nto 7 1 of fresh mudim Aflter § wans 500 41 of PS-inorganic phosphats e
:ind*lcd and incubation continued for a further 1% hrs with shaking Th, )mgg e
T;lmdlb centrifugation (30008 % g) and washed 3 Yimes ig ,,hy,mlngc‘cciu were
e colls were extrscted wuth buffer followed by the preparat al saline
TRy deseribed (1 1o of goly A us
egr ded antigens Poly A was digested with ¢
& before (8) Oudation Way termnated by the ﬂﬁ;‘n’é’f Taized sith pertodate
agueous glucose {N05 of total volyme) per cent solution of
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Nucleotides The preparation and 1solation of UDP N acetylmuramic acid penta
peptide (UDP MurNAc pentapeptide) UDP » acetylmuramic aeid alammne (UDP
MurNac Ala) and UDP N acetslmuramic acii (UDP MurNAc) were earried out
esscntially according to the methed of Its of al (17) rIhe bactersa were pre in
cubated 1 the medium (18) (500 m]) in 1 1 Roux battles at 37 G for 1012 hrs
with continuous shaking Thereafter 500 ml of fresh medium _containing pemailln
G (AL Cryst) 10 give a total concentration of 250 48 per ml were added to each
Roux battle The incubation was continued for 90 mins during which the pl was
mamtained at 70 The bacterza were isolated by centrifugation at 30000 X g and
washed twice with water Nycleotides were extracted by heating an aqueous sus
pension of the cells {0 ml per g of wet bacterza) at 100 C for 10 mins and were
separated from the cells by sub equent centrifugation Achvated charcoal (Darco
G-60 Atlas Chem Tnd ) was then added to the extract (500 mg per g of wet hacterda
extracted) and the suspension was shaken for 30 mins Before use the charcoal had
been washed three times 1 25 p r cont ethanol and dried at 50 C The charcoat
was | olated by centrafugation washed twice with water and extracted with 50 per
cent ethanol contamming 003 \f NH,0H (1 ml per 50 mg of dry chaccoal used) The
alcahol extract was reduced in tacuo and lyophilized Mucleatides were then pre
pared by fractionation on a column of Dowex-1 (formate) (16) The column {1 em
X 3D rmm) was washed with water (100 ml) prior to elution with & pradient of
0-1 N ammonmm formate The miting vessel contaned water (750 ml) and the
zreservorr M amtmomum formate (200 ml pH 195) Fractions (5 ml) were mmr;:d
for UV absorption at 260 my and for hexosamine conlent (22) The eluates witl ;\
each peak were bulled desalted on a column of Sephadex G-?5 and Ivoyhll[;gE

Sera Rabbil immune sera against Staph aurews strain Wood 46 and mins} o
sensitized with pols 4 were praduced as earher (1} The latter serum is referre!
to as serum TSE poly A

Chemical anaipses Hydrolysates (3 N and 6N HCH) of the prepared :"”s':nl’m‘l‘:
well as of the nucleotides were eximined chromatographically according to B tid
descripfions (8) Amino components were assayed using an autum:hc a:r;"l;mm
analyser (7) Unhydrolysed nucleotides were cxamined by descending elroms
graphy on Whatman No 1 and Do 3 paper in the solvent systems 4, lso itC
aod 19 NILOK (5 3) (I7) and B EROH 1M NH Ac pH 70 (75 3) A7) Tor
spots were delected under a UV lamp Paper elcctrophoresis was ear!

uffer pH 86 I = 01 500V for o hrs “
ve;?:ezlnitht"pmznsunmenls The test materials were evaporatedd ;ﬂmﬁ?d\“’:" Iy
crreular plexiglass troughs (25 mm 1n diameter 3 mm high) A o e
Flectronic counter with an endwindow GV tube detector type Philip obtuned
5 cpm was
window thickness was 15 mg per e A stable background of 35 <rim B30 0 JHeE,
All samples were prepared in duplieate and the radicactivity o e small or 80
measured to more than 1000 counts at least twie Sampltscshfmd a7 Nuctear
radioactivity as measured with the GV tube d:':cc(or ‘t‘Ermsho“td s ‘stable back
Chicago Mark 1 hq'llx.ul scntillation cl::::lcl:eT e CoUD eT SHOn e - 25 —(N;
round of 10 cpm The e .  cthano! dioxan
Phemlosasal ~22 - 5 ghesylene bs & e piogen parovile (O3
Samples contawng erythrocytes “z"; ‘;z:"l“"" y yimhrccl
a Iyses Ring test aga
a ?ie:;ll?ﬂ;fhf::n:f”xuduec! haemagglutination were performed
21 7) By d the inhibitory ¢ i1 {[‘ the seru
of the antigen which completely inhibited haemagglutmation fn

used

as reported earher
fest dilutiont
e m ditution

RESULTS ,
{ the
buffer extracted) confuned
Hydm]gsmI shfo“chthat"cl‘l:Ie(pol) 1‘\ (ux o acouamine) \"5;\‘1:“
S0 2 !

s those of the mucopeptide The molar proporlécnz ;Jg ‘::s:»tfclnl")

Glu A Lys Gly obtamned were 094 180 100 05‘;]50 oresent i1
A sigmfscant amount of senine (04 cent) wa

ctected
dition trace amounts of Asp A Thr

per
Pro and Arg were d
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The absence of muramic acid and presence of only lrace amounts
of Ala Glu A and Gly ndicated that the phenel extracted matenal
was free from mucopeptide Ths preparation s further referrcd to as
terchore atud

Poly A and teichote acid showed reaction of identity on agar gel dif
fusion In the mdirect haemagglutination test poly A sensitized TST
for agglutination m contrast to teichoie acid 1n accordance with pre
vious findings (6) poly A after digestion with irypsm did not sensitize
TSE but retmmed its preapitating ability Oxdation with perrodate
destroyed both actiities In wmbubition poly A, poly A digested with
trypsin teschorc acid and the tide pletely mnhibited g
glutmation of TSE sensitized with poly A Periodate oxidized prepara
trons were mactine (Table 1) Mimmum whibitory concunirations were
i the range ot 1-15 pg per ml Standard D acetylglucosamne did not
att ss 1hubitor 1 concentrations up to 100 mg per ml

TABLE 1

Seralogical Aetwitics of Varwus Preparations Tested by Induect Haemagglulination
and Inkibition of Haemaggintination by Staph aureus Wood 46 Antiserum

Preparations A of fagh foib
sensitized TSE Gf TSF's w poly A
Paly & 1280
trypsn dgested 1 B
Nal0, pudized -
Teschofe zerd

Mucopeptide (from Cowan T cell wall) 8
Crude UDP-Mur NAc-pentapeptide

- 128

0 84

UDP-Mur Nic-Ala - b

»  UDP-AMur Nde - i
TSE = Tanoed sheep erythroevtes

TReerprocal of highest serum dilution which
§ Ronproea) O fyghest serum dilution whieh gine sgglutimation
cave complute taha ey, Giution of the substance (from 1 mg per ml) which

A ypieal elution curve from the fra
ctionation
Dowex 1 1s dllustrated wm Fig 1 Chyomato; o cleolides on

15N
tative and quantitative analyses showed l%\alp]gel;gezl‘}:;“gh qu:h
;’\onlalned UDP MurNAc pentapeptide  UDP MurNAc Ala and aGDPc
TurNAe respectively Glucosamine was also Tresent in all th
nuclechide preparations together with trace amounts of g s e
m-gf Suu::]r alcohols were not detected ereral amno
he erude nucleotides showed no actny ity on agar
. T
t:‘rn:i‘ Slie:slscfx:\\:ev;:r :::ll three preparations mhlbl%ed Fh:c;zlg‘r\:x: la -
o m‘“\“:“ 704 {;\I POy A (Table 1) The mmimum coneent; tion
Sy nuc‘mrlyde eel was i the range of 60-120 .g Per m} 1m“°n
1des were further refreated with activated :}n)arA u}u;zlls
coal fo
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Separation of nucleotides from extract of penfciln inhibited Staph aurens straln

Wood 46 by chromatography on Dowex 1 formate The arrow mdicates the start

of the gradient 0-1 M ammonium formate pH 492 The peaks A B and C contam
UDP MurNAc pentapeptide UDP MurNAc Ala and UDP MurNAc respectively

lowed by gel filtration on Sephadex G 25 which removed glucosamine
together with the mhbitory effect

Descending chromatography of the crude unhydrolysed fractions {A
B C) was performed with the solvent system B Strips 0-2 em wiich
showed no colour m UV light were eluted These fractions wnhibited
agglutmation of TSE semsitized with pols A Hydrohsis gue glucos
amune and muramie acid together wath the mino acids Al Glu A
Gly Lys and Ser all of which are mucopeptide components

Paper electrophorcsis of the crude nucleotide prepriion resulted m
a wide separition of the mbubiory substance from the nuclectides
The former showed shght anodic mobility and remamned manly at the
ongin The lowest mobility of the nucleotides w15 at least 8 em Fhese
conditions also result 1 2 rapid Anodic mobilsty of poly A f\n'xhlsﬁ
of the mhibitory substance showed 1t lo contain almost cquimo! ‘nl‘
proportions of glucosamme and murame acid Insufficient matera
was avalable for further chemical examinations P

Paly A P sensifized TST for 1.glubination The mimmal dose for
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<
sensitization of 0 00 m) packlul‘ TSLw l'\s];ng]{;l:‘x:x;:t(\}go}‘(; c;:::.t (\]\:]u;’rc’l;
\he Tommal dose 1 the wiubition svster ) 51
arements shoned that alwguols of ddution

’:‘sep;t\\?l::;di‘; l'l‘)lx:;asm poly A - alone of togelher with B05 mi :;i
packed TSC gase 30-35 cpm with the GV fuhe detector Me mmm‘clxh
of drt @ TSE only were milinn the backerouud count In \hfr snm‘ }: X
tion counter akiquots corresponding, {0 005 po of poly A P wifh or
withont erythrocyles gyve 1520 tpm abose the hackground m";ls
Samples of 0 0> ml packed TSF were sepstlized wilh 1 mg poly A
and washed 5 times m sakine One of the sumples was tested serolopic
alls and was found o be agglutinated by antiserum [he other samples
were measured for radioactnity but no adio ettty above e back
zround was ubsenved

Serum TST poly A ngglulimated TSF stasitized walh poly A ol a
ddution of 1/160 but no preapiing were demmonsteated This anls

serum fave the same results as Wood 46 anhiserum with respeci to
whitwtion studies

DISCUSSION

The present findings agrec with presious seports (21 6) 4nd confirm
that erther the mucopephide ot ats prphide subumt 1s neeessars for sen
sitzation of TSE Whether teichote acud 15 atlached lo TSE and effects
e hinka,e 1o antibody or whether this hinhage 15 throuh e mure
pephide moety has heen obseure The amount of sensihizing substance
linked to TSE 18 small and experimenis 1n isolation of antigun from
TS have hutherto heen unsuecessful

Hawever the findings in the present studies using I stron ky
dieate that tetchoie aad does not become attached to TSE by senstiiza
Gon with poly A P? No radioaclivity was found n 1ssociation with
sensitized [ST Accordingly 1f present, less than 25 per cent of that

nount of terchoie acd required 1o obtamt intubition of haemaggintina

on would be hinked or adsorbed 1o the ery thracytes

"Oagx:gr :;K;:;: :Lsg:x;:ﬁ:g“?: same conclusion Fassthy no preet

Aed i serum THE by A Also TSR

tasttized waith poly 4 did not absorh
preciptins fiq
an lhe precipitation titre of a . e add:

poly A solution svas not reduced
Esorpt:;)xzq\;;lhs'l‘sr whereas the hacmagglutinogens were cum;“lcl:‘lgv
moved (2 nce only the mucopeptide component of
o be altached fo TSI 1t ; TR A eems
— 1t must also be responsible for the serological
According to strurtura) determmat
tons of the mueopcptide (5
crxe);r:‘y;:mc{n: does not contam vhosphorus 1 ng b1sa¥ fh'uch(lre) !I"]}is
"am‘“ur :‘o:)ww:ﬂdupcnmm\ with P2 g aq agreement with th; :
ncopeplide preparations or coll w 18 "
TR
!r;\»e from delectalle amount of terchae acd a(v\a‘:u“ g
phosphotus (1 9) Such preparation 2% foiaan, Same

S are acttve hoth ag ensihzng (9)
40 acta patr 3 4
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and mhiitmg agents To exclude the T bihty that the logical
actiuty was due to tewchoie acid mucopephide precursors were 1solated
Neither nucleotide precursors contaimming muramic acid as the sole
amino sugar nor N acetylglucosamine were acfive whereas Pprepara
tions which contuned both glucosamine and muramie acid 1n additton
to peptide inhibited agglutination of sensthized TSE This suggests that
the serologieal activily 15 due to a disaccharide or 1 disacchande
peptide umit The structure of this sacchirde may be related to those
wsolated from cell walls and examined by Ghuysen & Stromnger (4)
It 1s possible that the inhilbting subsiance 1s ydentical or similar fo the
NAc glucosaminyl NAc muramc acid pentapephide which linked to 2
phospholipid carrier has heen 1solated from pemcillin treated Staph
aureus (23)

Inhibition studies carried out with ¢ and g pheny! acetylglucosamine
{19) have shown that both the configuration 1nd the nature of the sub
shituent are involved in the haemagglutination reactron On this basis
the inlubntory effect of teichoic acid of Staph aureus 15 due to the
glycosidically linked NAc glucosarmnyl residuc The resulls of this
study show that teichoic 1erd does not actively parhicapate m the 1
direct haemagglutination reaction The hacmagglutinms and preeyphins
directed against poly A are undoubtedly separate antibodies The in
lubition of h lutination by teich aeid must be due to NAc
glucosamine since this 1s the only constituent which 1s common to
both mucopeptide and teichorc acid

Examnation of other strans of Staph aurens (unpublished) hune
demonstrated different specificities of TSE semsitizing substances
These specificities apparently depend on variafions i the mucopeptide
structure Thus there mav be an analogy with the teichoic acuds lhi
specificities of which depend on configuralion of lhe zlncosaminy.

substituents (3)

SUMVMARY

The component of staphylococcal polysacch irides responsible for sen

sitization of tanned sheep erythrocytes (TSLC) has been studied for 1
Polysaccharide A (poly A) of Staph aureus sensiizes TSF bf:mcd

glutination m staphylococcal nnhseradThl? ;eac:;on 15 also o

with mucopeptide bul not with poly A dusested with

oxidized pxr))lypA or teichoic actd The reaction was ho\\c(\e'r xr:'!:'ll‘l‘llll,"!:

with pols A digested with trypsin teichoic acid mucopeplide a

preparations contaming both glucosamtae and muramic :;c:.]c acud o
Using a poly A preparation contumng P3 labelled lc’;_cs}' e he

radioactraty was found in assocration with scnslhzcdI . rtaimed

fact that 1mmune serum against TSF scnslll;zlecdh‘\):::ll:c);:g ;ummrhd The

h lutinins but no precipitins agunst tc 15

view that teichore acid 15 not fred to TSL by sensltxznlla:n\(\ll‘(ll]lep:rbfh“
The mucopeptide of the cell wall1s serolagieally ke

trypsin periodite
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of poly A to effect indirect haemagzlutination s due to the mucopeplide
molety
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STUDIES ON ANTIGEN PREPARATIONS TROM
SFAPHYLOCOCCUS AURLUS

§ The Substance of Crade Proteir A Sensttt g
Tanned Ergthrocyles

By
Arnr Gros

Recerted 15169
Crude prote A {extract A) of Slaph aurcus prepartd aecorthing o
Jensen's procedure (12) exmbited suveral serologienl achnibses (16 2
6) The double line appeatin., on ngir gud precipilation aganst Staph
aurens sntisera is due lo tno different but closely related wnligens
which hane been designated protan A and protem B {o} The pre
apitation 1n normAl human sera msohves protein A only txlract A&
also contaned two sensitizing anhigens (9) one of which sensstized
normal sheep ervihrocytes {NSE} the other tanned sheep erylhroeytes
UTSC) Corresponding frictions have been 1sofafed on DI AE cellulose
(9} The NSD sensiting substance was found to be polysacchande
md could be guanbhiatnely separated from the precpitinogens white
the TSE senstizing substance Tound o bu pepide wis nof quanhita

trvely separated from the preeipiinogens
Rusults of crass absorption experiments (16} have mdieated a struc
tural relationshup between the TSE senstizing substance of polysne
eharde 4 {ihe mucopepiide motety) 2nd that of wrude protun A pre
Tarations Polvsacchnde 4 as woll as protemn A are Jocalized 1 Staph
aurens cell walls (10) and 1t 1s tempting to assume that both contnn
an adentienl or similar peptide chamn dernved from the mucopeplide

The mtuntion of the present stud

y has heen (0 eximune the <alidity of
ths ssumplion .

MATERIATSN AND METHODS
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Anttsera Rabbit antisera agaist the Staph
sern e e phaureus strawms Cowan 1 and Wood 45
e I8 Eig sy‘g and scrum TSE crude protemn A were obtained as previously
Gel filtration Sephadet G-15-120 (bead size 4612
(bead size 40-120 4) from Sigma Chem Co were tsod fon a0l PHmmn 02
Chemucal analyses Preparation and qualitatne Paper chromatographic analysc:
of hvdrolysates were carried out according o the methods described in (2] Anfln‘
compoRents were determined using an automatic amino acid analyzer (5) N ma
mmal amine acid restdue was determined using both dimitro fluorobenzene (DNTE)
aad phenyl 150 thiocyanate (PITC) as earlier descrtbed {2) The optieal contigura
tion of the amino acids glutamic acid (Glu 4) lysine (Lys) and alanine (Ala) was
cxamu}ed using stereo specific enzymes The amino acids in the hvdrolysate were
P d by paper ch hy and eluted The concentration of each isolated
amino acid was d by of colour development with d
(9 4) and proper amounts were then subjected {o enzymatic digestions Isolated
Glu A was 1ed using L-glut dehyd: from beyine Iner (Type
Sigma) essentially according to the method of Strecler (19) A mixture of 05 ml of
sample solution 03 ml of 01 M Tris buffer pH 80 and 02 m] of 084 W diphos
phopy ndine nuclestide (3 DPN Sigma) was mixed with b xl of enzyme solution
(10 mg per ml) Increase of absorbancy at 340 my was measured over a period of
2 hrs after addition of the enzyme Isolated Ivs and AlR were examined nsing
L lysine decarbotylase from B cadaverss crude acetane powder (Type I Sigma)
and D ammo acd oudase from hag kidney (Sigma) respectively The methods of
Pelzer (17} were followed The amounts of Lys and Ala not consumed by enzyme
were estimated (9 4) after paper chromatography of digests together with enzvme
blanks in the solvent system BuOH Hic H,0 (41 1)) Standard D and L Glu A
1-Lys and D Ala (Sigma) were uicluded as’ controls
Serological tests Ring test and agar gel indirect
bacterral agglutination iohibition of indwect haemag lutinatiop and absorption
of antigens and antibodies were carried out as before {(1f 7)

EXPERIMFNTS AND RESULTS

The sensihzing substance of polysaccharide A and of erude prolein A
cross rencted serologically (Table 1) Cross absorphions showed Ihat
TSE sensitized with polysacchanide A (TSL poly A) were able to ex
haust the sera whereas TSE sensitized with crude proten A (TSI
crude prolemn A) did pot give complete absorption of agglutimns o
TSC poly A Thus there sectus to be 1 serological difference hetneen
the two substances sensthizing tanned ervihrocytes

TABLE 1
res (Reciproeat Values) in Sera after Cross Absorphion wifk

llaemagglutination Tt
TSE Poly A and TSE Crude Protein A

Waood 4 antiserum

Cowan I antiserum
Sensitized sheep absorbed with ahsorbed with
erythrocstes TSE TSF erude TSI TST crude
poly A protem A poly A protein &
ly A - 80 - 80
TSEpely (80 (70 430}
TSE crude protewn A - - - -
(20 480) (30)

protein A Tonned sheepn erythro ies sensitized with

pectively
fore absorption

TSL poly A and TSF-crude
wlysaceharide A and crude prolein \ rts)
In brackets Reciprocals of the tilres be
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TSE poly A wd TSD crude protem A were agglutin \((':l l:‘): t\,‘(‘:;
. hsera Cross reactions nere alsp obtmned bul
resytch\ac!a\:;) gher m the homologous sera than in the hclcm\ogons’
app: l;e/ﬁou.u-:l 1740 respectnely Preapitins oF agglutimins toward
i‘e:xole Ine staphy were not detected w Lhese serd

TABLE 2
Aaemagglutination Inhibition

'SE-crude proteln A TSF
Inhilntors

poly A
in Cowan 1 anhiscram 5 Waod 46 anliserum

90

Crude protemn AA \07:;; 1008

Lok omiiryg Mo sahibition 1o

Trypsin digeated “o inhibition st2

polysacchande

“ucopeptide 61 61

Crode proters A from which 64 >3

sensihizing substance 15 Temoved

The figures piven are reciprocals of the Tughest difution of inhibitors (fram.
1 mg yer mly which gave cxmplete inhibiien

TSE crude protein A and TSE-poly A see Table 1

Crude protesn A miubited agglubimation of TST: poly A m Weod 46
anbiserum ab a dilution correspondmy, 1o a concentration of 39 pg per
ml and agglutmation of TSE crude prolein A mn Cowan I antiserum at
a concentration of approximalely 1 pg per ml {Table 2) VWil poly
sacchande A {be corresponding inhulntory concentrations were 1 and
301, per mi respectively The mucopeptide preparation intubited both
systems sinularly the munmmal mhibitory concentration being ap
proumately 15 pg per mi

In contrast to polysaccharide A neither teichoic aeid nor trvpsin
digested polysaccharide A imhibited agglutinabion of TSE erude pro
tem A

A crude protem A soluhion was absorbed with TSE until all sen
slizin,, substanee was removed as indicated by s mability to sensityze
THF This absorbed solution still ninted agglulinabion of TSE crude
protem A af a concentration of approximately 15 #g per ml {Table 2
Hydrolysatcs of ssolated TSD sensitizing, substance have catlier heen
Tound 10 contan Iys Gy Gl 4 Alr Ser and {race amount of Asp A
(9) Chromato,raphy of crude protemn A {9) was rcpeated n the

present studv and the rsolated TST sensitizang substane
e chromalographed on DI AE-crllnlose P iorind

The serologically actiy
terial »as recovered w the second 10 mi § oty
l1on 1o the column materal Taetion wndeating no pdsore

On el filtration using Sephadex 4
e TSE sensihzing sub
chuled i the mmbibed volume through G 15 (exclusin lx::\:\lrclesa‘ﬂa)s
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wherens 1t was cluted mn the voud volyme tirough G 10 (cxelusion hmit
700) Teichoic nad Mw 6000-7000 was medé to dc(cg-mm(. the voud
‘Vcolux[nes The scrologically achive materals were focaled using the rin,,

st for teichote acid and indirect haem toglutmation for the TST sen
sitizin,, substance

Btfore hydrolysis the sensitizing subslance w1 examined for free
NH group reactions Chromatographic exatmination of DAP dernatnes
showed the presence of DAP Al and frace amount of ¢ DNI Lys With
PITG only PTH Ala was detected Thus Ala 1s the only N terming)
residue

The TSE sensitizing substance was then subjecled {o further chemic il
analyses No phosphate was detected and the 3 N H() hvdrolssale con
taned no redueinyg su,ars sugar aleohols or gmino sugar components
Ammo acid analvsis gave Ala Glz & Lys Gly nd Ser Thus Asp A
1s not 1 componcnt of the sensttizing, subst wee as reported earher (9)
The molar ratios of Ala Glu A Ljs Cly Ser were found 1o It
181069 29 03 A considerable amount of NH; was nlso detected
(90 mol per mol of Glu A) the origin of which 1s unknown

The results show thit the sensibizing subslanee 1s a pephide The
molar rahos of the component amino acids comneide well with those of
the mucopeptide moety present in polysacchande A (8)

One hundrcd mumole of standard L Glu A menbaled with L-,lut ime
dehy drogenase 1n the presence of excess DPN increased the absorbaney
at 340 mu due o ruduced diphosphopyridine (DPNH} from 0 to 056
Mramum was reached within 40 mins Standard D Gl A (100 mp
mole) gave no detectable mncrense m absorplion Isolated Glu A (140-
150 mamole) gave a smill mcerease 0 to 00y A sumular lest with ap
prosimately 150 mamole Glu A 1solated from polysacchande A (the
mucopeptide molety) showed an cqual nereasc of absorplion al 30
mp Thus most of the 1solated Glu A had the D confiurthion Isolaled
Lys (100 mpmole) was completels consumed by L-lysine decarhoxylase
Isolated Alz was only partly consumed by the D amno acid ovidse
Althou,h the contamunated enzvme preparation reduced fhe aceitracy
of the quanfifaine determmation approximudefly 40 per cent of the
1solated Ala was estimated to be D Ala

DISCUSSION

Cross reactions and mhibntion experiments showed that crude pralmln
A and palys iccharide A have a common mmunologial delermin llrl‘m
No sugar was detected n the 1solated TSI acnsitizing substance I
common delerminant therefore 1s apparently a peptide This s ¢

1 poly
t neither luchme 1e1d nor trypsin dipested
e & mled 14 £ ST erude protem A Further

saccharnde A mhibted gglutmalion o
more bolh sensitizain., and mhibibing, abiilies of crude proton A wert
destroyed by profeofvtic enzymes (2}
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(NH ) ()
L-Ala 1Al
Glu A 0L-D-Git A ,
SOOI DL /8 ,
4 L-Lys-NH L-Lys (N )
D-Al ¢ D-Ala
«cdom (COOH)
Fig 1

Proposed towo dimensional hasal structure of the 1solated TSF seasitizing substance.

Wilh few exceptions natural pephides and protens are composed
of L 1somers of anuno acids The presince of I 1somers of Glu A and
Ala and somelimes Asp A (18) m the cell wall peptide 1s umane and
distinguishes this peptide from other naturdly occurring substanees
The amno acid sequence of the Staph aureas eell wall pephde has
been shown to be L AlaD Glu 4 L-Lys D Ala {18) The linhape be
tween Glu & and Lys 1s effecled through the v COOH group of Glu A
and the « NH group of Lys (16) L Aln the N teroumil residue 1s
tinked through 1ts NH group to the COOH group of muramee acid (18)
A further character of the cell wall peptide 1s the umque cross hinkage
structures revealed by the unusual behaviour of cell walls or muce
peplide to DNFB te relatnely few ¢ NH groups of Lyvs react with
DNFB {14 18) This has been found o be due to « eross inkage be
\neen the ¢ NH group of Lys in the one site and an available Cter
minal residue on Lhe adjacent peptide chain 1n the other sile 1 Staph
aureus by penlaglycyl pephide brdges (14 1 15) Thus staphylocaceal
mucopeptides 1n general (18) contan Glu & Lys Ala Gly wn the
tabos of 1 1 2 5 respectisely

Almost all the conlent of Glu A of the 1solated TSL senstizing sub
stance {above 99 per cent) was D Glu A while hoth D Ala and L-Ala
were present Ala was the only N terminal residue detected These dala
together with the amino acid eomposition and thewr molar proportions
strongly suggest that the TSF sensitizing substance 15 a cell wall pep
tide and sumtlar lo that of polvsacchanide A (8) A common pephide
group thus expluns the cross reaction belwaen polysacchande 4 and
crude protein A m mdircet haumagglubination Tur
sacchirde A the pephide wnit 1s hinked 1o an amin

which induces ddihional snecifie anbibodies (8) an

thermore 1 poly
‘omien) difference observed

0 sugar component
d cxplams the sero
The Sephadex Diltration experiments may indieate a mq
of the 1solnted substance between 700 and 1500 Since

moleeutar waght for Gly Ay Lys, Ala Glv, s 703 the s

lecular weight
composed of 2 tetrapeptide wnils

the caleulated
uhstance may by
{L-Ala D Gin A L-Lys D Ala) crcs:
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linked through a pentaglycyl peptide bridge (Fig 1) Such a structure
and size (Mw approximately 1100) also explains the relatively low per
centage of Gly demonstraled

The 1solated TSE sensitizing subslance hears a strihing resemblance
to the Staph aureus cell wall peptide polymer studied by Fisafsiune ef
al (11) These authors concluded that the « COOH of Glu A was am:
dated (CONH,) and that the cross linhage by pentaglyeyl peptide
bridges was effected through the ¢ NH group of Lys and the COOH
termmal group of D Ala Resulls from other studies on Slaph aureus
mucopeptide have led to the same conclusion (1)

The behaviour of the TSE sensitizing substance on amon exchange
chromatography indicates a neutral or weakly positively charged com
pound The great amount of NHj resealed by the ammo acid analyzer
mahes 1t 1impossible to decide whether or not an amude struclure 1s
present However carboxypeptidase digested the sensttizing substance
of crude proten A (2) and also thal of polysaccharide A (3) Since
the precipitimogen protem A was not destroyed endopeptidases were
not present Consequently a C termunal residue must be present n
both the 1solated TSE scnsitizing substance and 1n pol hande A
Providing the structure described above v telrapeplides cross linked
by pentaglycyl hridges the bridge 1s most likely effected through the
@ COOH sgroup of Glu A Thus D Ala should be a C-termmnal resulue
in agrecment with the structure origmally proposed by Mandelslam &
Strominger (13) Incomplete digestion of the peptide of polysacchanide
A with carboxypeptidase (3) may indicate the existence of both types
of linkages This mny depend on whether the two tetrapeptides inked
are derived from the same amino sugar chain of the mucopeptide or
whether they occur on two adjacent sugar chams The possibilily that
there may be at least two types of glycine cross bridges has also been

ggested by Ghuysen et al (1)
su’i‘ie cell iwall I?ephdc polymer of Hisatsune ef al (I1) hﬂ‘"{f;
greater molecular size than the present sensitizing substanee lm’sc :;L;r
found fo be precipifated by Staph aureus antiserum ‘The mole: l“c
size of the sensitizing substance 1s apparently too small to gine p

cipitation

l::\gglutma!mn of TSE crude protemn A and TSI sensitized wath (I:‘c

lated substance was mhibited s1th the pure preespilinogen prolleln A

indicating common determinant groups between proten A nr:::llc:lc :l:“
sthzing substance Recenlly Live & Ranu (13) ha\i rep SN
aldehyde tanned erythrocvies adsorb the preclpllmolicn I;:g o e
Howeser more data are needed before further conclusio
drawn on a posstble conneclion n structure and function

1 mucopeptide thus
The basal structure of the Staph aureus cell “:x”: e .’,,,“,m, e

ternunants

cont uns two serologieally specific de el
chain (8) and the peptide umits hinking the sugar chamselo;;cc!lllz;’rm s
variations m these structures from stram to strun are exp
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ss reaction
sise to dferent speaificities which should be revenled hy cro
expeniments

SUMMARY

The substance of erude protem A preparations sensllm;g" :'\:ncc;l“si:‘c:ﬂ
erythrocytes for aggluhnation has been chamcllc)nzc“d L Ths
pophide Acid hydrolvsates contamed D Glu A, : ‘a

Gly and small amounts of Ser Ala was found tobe

he only N terminat
residue In gel filtration the sensilizing substanee was cluted mn the

brongh Sephadex G 15 (exclusion limit Aw 1500)
lanrlngn‘)\c;ls ‘ell’lll‘:i‘:u\l the :old \l:J\llmE through Sephadex G 10 (exclusion
lmﬁtx}s\lmg&ed {hat the sensitizmg substance of crude protemn A 15
sdentical 1 structure to the peptide unil of poly sacchanide A 1¢ lo the
peptide subumt of the mucopeptide The common peplide unil thus
explams the serological eross reactmty of these prepasations i ndurect
haemagglutination The amino sugar cham of the mucopeptide exinbits
an additional serological specificily
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GROWTH OF RESPIRATORY STNCYTIAL (RS) ¥ IRUS
IN HEp2 CEIL CLLYURES

Infference in Effect of Proflavine and Actinomyeu I

Py
Arran VoRNsFTe

Tieres eff 2R 6T
flasne acceles wes the develop

1 bas been described previousty that pre
ment of the cstopatime effext {LPT) ond wereascs \t})c -\‘x:\ou{\\l :;Is
complercnt foang antiges produced by NS visus 0 W P2 eel C\‘\ \: ’n
(@, The effect of profiavne and of achmomytin 1} on the prodachul
of nfections RS wiwws s reported m the presont paper and for comparnt
srh the effect of these compounds on the produchion af wlectious ndcnl:\
Uype 3) virns m s celf ime 35 alcq desenbed The Timdbings presuatc
gue Inrther support io o

be conceptian that The multiplication of W&
vicus tabes place m the eviop

1gsm mdependently of the DN Y direeted
B and prodarn syathests of the host cell The

afference w the ob
sened effery of proflavine md achnowy e B on the mulbiplication of
e tao ands of 1iruses mentioned above tan probally be explamed Wy
the different sutes of action of these compounds o the host eells {18)

UATERIAL AND METRODS

Toser catture HEp 2 cells wern grown i 5 em Petel dlshes and in 156 X 12 mm
tibes gs described previously {3) For acridipe orange (AD) expernmcpts HEP-"
cefls wese geown pn exershps m Toghtrn Jobes Mantenance wedm was In sl
exp runents anstant fissue culture powder medium 199 {with Hank s salts snd
1 glatamine bub withon! bieashonalet supplemented with ® per cent chicken serumy
w0d 647 prr vent heard mate

1 rething andd bitrstton of pirus O rat\ions of virus mlccted monolayers of
NEp-2 cells 15 Petrs dishes were harsested 1n 1 hosphate buifered saline as deseribed
Prevacasly (1 fafectiuty titeations were cartied aut 1 tube cultures of WEp 2
cells v 1ng 1095 (1 5) Ddutien Increments and tbree tubes per dilytion and the
wamber 7§ Uity per ent Yissue enftare mmSeiend dases (T(OD §0) weve caleulaled
w tording 1o the mcthod by R ed & Wuench (1938) The standeed devigtion 1f the
e detemmaned D) Yy smahod o5 03 I Jog 20 units ay determined by the method
giver l‘sv Baves st at (19613 whath yoeans e tihe Yices obtamed showld daffer mope
l(h;n 11 Qn log 10 nautsy to shosy sigmfs apt dufferences ith Y3 per cant tog
semet :i :;Im W ;\h the method of litrakion w ¢d in the present paper the difres
Dound 4 er more than two diluhion steps hefore sgmOseant &fterences are
Requests for
Microbiudogy %

reprints shopld be addeessed to Allan Hornsl,
" Joluane Maxies Yo} DR-S100 Copenhagen EDC n]‘}e{l“l:;‘:“\e of Motk
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Virus strains employed The Lobg stramn of RS viees adapted to growth m
HEp-2 cells through more than 40 passages in this cell line and an adeno type 3
strain (kindlv supplied by the Enterovirus department of the State Serem Inshinte
Copenhagen) passed seven times m HEp-2 cells before being employed in the
experiments to be described

AO staining of HEp-2 cells The techmique described by Pearse (1960) was em
ployed with the following i) A citrate buffer with a pH of
30 and a staming period of 45 munutes was used

Corerships with HEp—? cells stamed with AO and mounted on shides were viewed
under a Leitz microscopc emploving a Mescurs high pressure vapaur lamp HBO %00
a Lestz BQ12 exarter filter and a Leitz k530 parrier falter

Compounds used Proflavine hemisulphate was obtained from T & H Smth Ltd
Edwburgh Actinomvein-D was kindly supplied by Merck Sharp & Dohme and
Aceridine Orange N (AQ) was obtaincd from Edward Gurr Ltd  Lindon

Concentrations of proflavine and of D loyed
2 ug of proflavine per ml or of 008 ug of D per ml of
medivm cansed some rounding up of the HFp-2 cells after incubation of the tissue
enltures for 48 hours in the dark at 35 € In all expersments to be reported a
proflavine concentration of 1 g per ml or an actinomycin D concentration of 004

t. per ml were used and with these concentrations ho visible degeneration of the
nominfected control culturis was observed dunny, the evperimental periods em
ployed The effect of proflaviae or of actinomycn D on the cell number was

10n of

followed by counting the cells m a after tryps of lh:
monoelayers The cell number of fected cultures i with the las
d co of these ds always varted less than teofold

e
{with one exception to be described) 1n comparison with control cultures (duplicale
cultures w re counted) when the counting was performed at the end of the expert
mental pertad According fo earlier findings (10) a less than twofold vaniation ir
the cell number does not nfluence the titres of mfections RS virus obtawned In
HEp- 2 cell cultures

EXPCRIMENTAL
1 i i il th Proflamine
Effect of Su g the M ¢ wt
before, during, or after the Absorption of RS Virus to HFp2
Cultures

Prelimnary expertments showed that proflavine only exeerted \l§
accelerating mfluence on the virus mnduced CPE when a mulliphaty of
mfection number of TCD 50 per cell (MOl) lower than 01 “n;ocg'l
ployed Fig 1 shows the results of two expenments where a \l?:l)(‘ao “-:
or a MOI of 0 005 were umployed with an absorplion perrod of ;)\l'(]
The Litres shown reveal the differences hetween the titres (log TCd ‘\)h:
per mi of cell fraction) obtaned 1n cultures with pfcn’l\;;l(; n\n“mcs
titres (log TCD 50¢ per ml of cell fraction) obtarmed 1n paa-:(me culw e
without proflavine In the experiment with the MOI of ad e e
fractions were hariested 48 hours aftur wfection (PI)’ ;‘wsw, 91
expermment with the MOI of 000 the cell fractions \;crc \'mcrc o
hours PI Fig 1 shows that profiavine gives 2 signiircan ded ta the
infectious virus with the lower MOI and only when it 1\: a e aelern
cultures after the absorption period In both experimen Ten:cnhd ath
tion of the cytopathic effect nwas scen1n the cultures i\li‘gcm A0l of
proflavine but most pronounced the expermment w
0005 w1s emplosed

Tig 2 shows the results o

ed
f an cxperiment where proflavine svas add
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~— MOl 0005

~0-=-0= MOl 005

increase 1n titre

—

4 5 hours
———————e— absorbtion period

Fig 1

The effect of adding proflavin to HEp-2 cultures at different hours befare during
or after the 3 hour absorptien period of RS virus The figure shows the increase
m titre of infectious viras obtained in the proflavine contalning cultares The
1esults of two experiments arc shown one with a MOI of 002 and the other with
& MOI of 0005 Abseissa Time (hours) of addition of proflavine (3 pg/ml) Or
dinate Log,, TCD30 per ml of cell fraction of eultures containing proflavine (P)
mimus log, TLD50 per ml of ccll fraction of control cultures (C) without proflavine

lnngcbsn per ml
of cell fraction

cultures with proflavine

(1 ug per mt)
2 cultures without profiavine

1020 30 40 50 hours ofter infection

Fig 2
Tncrea en irus yueld pr duced hy ad
'y adding proflavine (1
HEP-? cultures (MOI 000 } immedistely after dﬁe( ﬁ?:(;:‘a)b‘s;:;:lsl:;r::rigsmm
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005 but the added proflas e could nof produce 4 sigmficant merease m
virus yield with this MOI

Effect of Supplementing the Mamnlenance edum anth Proflavine
before during, or after the Absorpltion of Adenomrus to HEp-
Cultures

A number of HEp 2 culiures (in Petrr dishes) were nfecled wilh
adeno (tvpe 3) sirus (MOI 0005 absorption period 4 hours) and at
varwous lerials before during or after the absorption period the
mauntenince medium of dupheate cultures was supplemented with
proflanine Fortyeight hours after infection the virus vield was deler
mined 1n the cell fractions of cultures both with and without profivine
Mo signmificant differences between the adenovirus titres measured could
be found even though proflavine deereased the titres approximately one
fog 10 unit when added to the cultures before or durm., the absorplion

period

Effect of Pretreating Hep-2 Cultures with Proflavine or Actinomycin D
before Infection with RS Virus or Adenovirus

A number of monolavers m Petri dishes were wmcubated with pro
flavine or wilh actinoms ein D for 24 hours prior to infection with either
RS virus (MOI 002 absorption period 3 hours) or adenosirus (MOl
005 absorption period 4 hours) Before the absorption of virus the
cultures were washed lhree times m maimntenance medium and pro
flavine or sctinomycin D was not meluded during the rest of the ex
permment  Fortvfour hours PI the virus vidd was determiuncd m the
cell fractions of the different cultures The results are shown in Table 1
which 1ndicates that pretretment of the cdlls with ehimomyen was
1wle to decrease the infections hire of both hinds of viruses concerned
while proflavine did not hive this effeet Determination of cell numbers
1n nonmnfected cell cultures at the end of the experiment showed that
pretreatment with proflavine had produced 1 30 per cent decrease mnd
pretreatment with achnomycin D had produced a 50 per cent decrease

ronce i th esther
HFp-? Cultures wi
‘l;’t;:?';zl,‘jlpzr mi) for 3 Hours befrre

Effect of Supplementing the Maintenanc
r of Adenorirs (MO 002}

Proflaine (1 ug per ml) or Actmomycin-
the absorplion of RS Virus (Y01 603} o

Log, TCD 50 per ml of cell fraction 4§ hours It

Pretreatment of HEp-2 cells for »§ hours with
ment

flavine

imvestigated _ l";g er 1 001 g per ml
17
ns 66 i 27

Adeno 51
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ul
1 the celt number compared with (he el number m cutlures W ithof
these. compounds % hen the decrese 1 sirus yuld

f cwsed by actino
msem 1Y (Table 1) 15 evaluned the deesense  cell number m pon

n inio
infeeted eattures ¢iused by achinomyein must of caurse he trhe
consideration

Effect of Adding Actinomyctn D to the Mawnlenance Vediunt before,
during or nfter Absorption of RS Yirus

A number of monolmers {m Petri di hes) were infeeted with RS-
sirus (MO1 02 absorption periad 3 hours) and achitontiem D was
added (to duplicate cultures) one nour before together with just after
and three hours after the absorption of the virus Cell fractions were
harvested and titraled for sirus vield 24 hours PE but no si,mbeant
dilferences 1m lhe ires obtamed were found The expenmnnt was
repeated with a MOI of 0000 the cell fractions were harvested 48
hours PI but no Mifferences m th titres obtamed were seen

Lffect of tddwng A D (o the i Meduun at the
Beqinming of the Absorplion Pertod of Adenovirus

A number of monolayers in Petnt dishes were tnfected with adeno
s (MOT 65 and ab orption period 4 hours) and maimlenance me
diym was supplemented with actinomyemn D from the start of the
absorplion period until the cell fractions were harvested and bLiraled
44 hours P1 The virus titre in the cultures contaimng achimomscm D

was approximalely 3 log 10 umits lowcr than Yhe corresponding titre n
{he cultures without this compound

A0 Staming of RS Virus Infected Cultures Supplemented with
{ctinomyan D

Conflucnt manolayers of HEg 2 cetls on coverslips in Laghten lubes
were infected with RS virus employin, a MOI of 0 0o and follow my n
absorplion perod of three Wours \he mantenante mednim was supplec
mented with actinemyea ) w a concentration of 0 04 g per mt Fiy
3-8 show the effect of actnomven D on the distribulion of AO stun
able BNA 1nd DA foilowing incubation for approximately 48 hours of
nominfected (Fi, 3 and 4} and infected {F1g 5 and 6) monolavers
T1g 315 a normal monolayer without actinomyemn Fig, 4 shows a loss
of the major part of cytoplasmi RNA and of pucleol: eaused by mc\;
bation with actinomyein Fig §1s an wfected wonolayer without aet.
pomyen \part of a syneybia 1 scen to the left e
shows the cffect of actmomvem D on an
accumulition of RNA 18 seen 1n dhe rus wndus

An
ced
rest of the cells (probably noninfected) have gi poyneylmm and the
w1

I appenrance Lhe those



Figs 3-6

HEp-2enltures noninferted (Figs 3 and 4) and RS virus nfeeted (Tigs 5 and 6)

AQ staiming 68 hours PI Actinamyein-D (004 #g per ml of mamtenance mediym)

added :mmediatelv followtng an absorption period of three hours tn some of the

nfected enMures (repre ented by Fig_6) and at the same time to some of the

noninfected culturcs (represented by g 4) No actmomycin-D added to cultures
represented by Fig 3 and Tig 5

DISCUSSION

Some differences 1n the effect of aclinomycm D and proflavine on non
infecled cells and on virus infected cells hase heen described Actino
myei D binds to host cell DMNA thereby selectnvely inhubiting hiosyn
thesis of cellular RNA (11) Proflavine lnnds to both host cell DNA
and RNA preferably to DNA (18) and should 1 this way have a more
direct mhibiing nfluence on cellular prolein synthesis possibly by
binding to transfer RNA (21) Proflmine causes primanly a destruc
tion ot cytoplasmic structires (3) and preduces also a characterisic
change 1n the structure of the nucleol (16) Lucn low concentralions
of actinomyemn D can inlutut ecll growth and cause a decrease 1n RNA
bath n nucler and n cytoplasm (15)

Actinomyein D does not nhibit the prowth of pabovius m Hel
cells {15} but another small RNA virus fool and mouth disease virus
15 mhibited by profiavine when grown n swine hidney cells (5) Ack
nomyein D produces  shorter latent poriod of multtplication of Sendat
Mirps m ehick embryo cells (6) but proflavine miubits the production
of Sendai virus in HEp 2 cells (2) Some of the observed differences n
the effect of achinomyein D and profinvne are probahly eauscd by the
different test systems ¢mploycd bul some are probably caused by (he
bmding of proflatine lo host cell RNA as mentioned tbove

In the present paper n enhancement of growth of RS virus I l";"
flavine has been described but enl incement of growth of this "r'“‘ ’15!
actinomycin D could not be produced with the concentration emp ow‘
nd the MOI ysed Furlhermore actinomyen D added Lo 11Tp 2 rulhm‘f
infected wilh either adenovirus or RS virus only caused iubilion o
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on of adeno

s e & Gnshery (1962) sttt PO gy o
g 3) yeras growth by D Lc hebltan of 1dena {1vpe
1001001 In the present Teport ne _«,)Umix)mn“m ; whi be achieved em
3} s growih by proflavime w NLp 2 celds o

las MOT of 0005
qu:i\%;:mim“U and profia we cause cesentially the same (;{ﬁ)»c:“(;)l‘
(he mfluenza subyrowp aad on the huweastle disease yiruls (NI At
group of myxoviruses (19) Bath corapounds iniubit the ('.l{(:\\l:“l"‘ u“";[
plague virns m concentrahions which do not u\(h\cncul \.~ hg e bers
DV (4 18) T has been diffienit fu classify RS vivws willh ! LR <
of the DV subgroup (20) and 3t docs not belong sn the wfluenza s .
eroup This aspeet misht explae why actmomyean 1y and profiavme do
not have a sumiar effect on RS virus :

Senral examples of enfiancement of the growth of myxoviruses wnd
arhoviruses by actmomycn D but net by proflavme have been de
serbed {3 4 B 23 23 25) The tesults reparted 1n this paper show that
an mhancerient of gronth of a mytovirus Lan alse be achiesid v pro
flzvie Tins enhaneenment of growin was ohimned onty I emploving
2 Tow MOI ang eowld only be delecled two days afler mfection of the
1 sue culture at & time when a second generation ol virus frowth must
have taken place Shigela el @@ (1968) hme shown that 2 myjor part
of the spread of RS virus i HEp 2 cell cultures can t ke place by direct
{ransfer from cell to cell It vemuns a possthility that profiavine pro
motes the el ta cell transfer of RS sirus

The resuits of AQ tawmun, of RS wirus wfected ecdls deseribed n
this paper confirm the results obtuned by hiseh of of {1962) that no
tusien bodies and no change 1 mienaty of BNA or DVA simmng
would e seen 10 RS sirs wfected cells stamed by Ihis method  Afier
wntubation of RS yirus infected HEp 2 monolavers with a low concen
tration of actmomyem U for 2-3 davs AQ stainin,, nescrtheless re
e ted that BhA arcurpulated 1n syncytia and m a number of single
cells . these cultures at the same time as parallel noninfected cultures
Iost 1aast of thewr stamable RNA Thus techmique confirmss that the

mutbipheation of RS virus 15 wdependent of host coll dreeted BNA
synthesis and lahes place m the oy toplasm

SUSMMARY

The wfluence of proflasne and of actinomyein D on (hy

of RS wirus (wng adenosirus) m HLp 2 ce?ts has beenztx::(\;}c‘::{muhon
Proftwine woes atity 1o Promole the grosih of RS virys wien, o |

MOUwas amploved and YHus compound was added after o poson

Penod of Vorce Nours Thes mereased virug ndue

flasine S8 ident tno days afser n,
A concenlfation of actinomser

adene {hpe 3) virus did not wnflug

absorplion
ield mduced by pro
fection of the HER 2 cells

D whiel tafubsted i prosth of
ence the growth of RY virus when
a
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this compound was added either before after or logether with this
yrus

AO stuning of RS virus infected HLp 2 cells incubated with actino-

mycm D showed that RNA accumulated 1n the cytoplasm of virus
mfected cells (syncyhia) at a time when nomnfeeted cells hnd fost most
of their RNA

The differences n effect of profiavine and actinomvein D are dis

cussed

(RN

[N

o R -
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BRILF REPORT

ANTIBODIFS AGAINST VYCOPT 454 PNEUMONIAE
IN BRONCHIAL SECRETIONS

By Gunnel Biberfeld and Curan Sterner

Antibodies present i r 3 are dered to he forre
sistance to r Ant of the IgA class usually predom
inate in respiratory secretions (4)

Mycoplasma pneumomae 1s an ymportant respiratory pathogen fn man (3)
M pneumontae often persists in the respiratory tract for several weeks or manths
Previous at to in nasal secretions
were unsuccessful (5) The present prelimmary communication describes the de
monstration of antibodles m sputa from cases of ¥ prexmoniae infection

Sputum specimens from 16 cases of respiratory disease assoctated with ¥ pnen
monae infection were examined Thirteen of these cases showed 2 fourfold or
greater rise of complement fixing (CF) antibodies in serum during the course of
nfection and the remaining 3 cases from which only convalescent phase sera were
avalable had high titres (5 1/256) of CF antibodics to W pneumoniae In adds
tion sputa from 6 cases of respiratory infection lacking CI' antibodies to W pnen
momae 1n serum were tested Sputum specimens were diluted % in phosphate
buffered saline homogemzed and centeifuged at 2000 rpm for 30 minutes The
supernatant was used for anfibody and Tobull:
were measured by the mdirect i escence (INME) techni and the com
plement fixation (CF) test Colonies of ¥ premmontae transferred to glass shdts
were used as antigen 1n the IMF test (1) The following fluoresceinconjugated antl
sera were used a sheep antthuman gammaglobulin serum reactive with Igd IC

and 1gVl and monospecific rabbit antisera to IgA IgC and IgM respectively
lobul were by the single radial diffusion

method (")

Fourteen out of 16 cases of ¥ preumontae infection had demonstral le NI an(:
bodies 1n sputum In some cases a fourfald or greater increase of sputum ant
badies was demonstrated duriny, the course of infection Sputa from 9 casey were
exammed 1 the IME fest with monospecific antisera to lgd and Igt Al these
cases were found to have bath Ip4 and IgG antibodies to W jneamonuat fn sputur,
In addition sputum antibodies of the Ig\ clas wcre demonstrated in 3 out of
cases Serum antibodies were of all three rmmunoglobulin classes Antihody mTr;:
and 1mmunoglobulin levels mn some representative cases are gnen in ‘rabtcl 1 Tie
IgA levels would prohably have been about 3 times higher than the 1alies o
corded 1n the table if an 11S IyA preparation had been used as standard Inste
of a 75 Igd (3)

Eight ofn of 9 cases of U pnewmontae 1nfectim examined for symmml (T Mx'(:‘
badies were found to have such antibodies ;l‘hcu.!n(n:;hodfcs could only be If
or IgM smnce Ig4 antibodies do not fix «mplemen

ug, neumoniae was 1solated from throst or stutum speeimens of § cases whieh
at the same time had IMF antibodies to ¥ preumoniae In rmh"“l it and Gi

Stx scronegative control cases wWith resr;:rntnrv infections Jached
antibodies agamst V[ preamomac in spulum

Anhbodlcxgha\c hcerI: demonstrated fn respiratars secretions !:;110“1{’::5 .,I:crnf:
tion or immunizatian with several dilferent respirators pathogens (4)

Depart
Recenned 63169 from the Nattonal actestological lelbnn;[‘::b;':nl the Dep
ment of Infections Diseases Danderyd Hospital Shekliolm Suefeh /o ooy <o
This worl was supporte! by the Swedish Vedical Rescare
B 62 40\ 2380 02)
The sl llful technical assistance of Mirs Aarin Anufeson and Miss Jana
15 gratefully scknow ledged

Ronnerfors
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TARIE 1
JUF and CF Antitbody Tilres tn Sputa and Sera and Immunoglcbulin (Tg) Levels In
Sputa of Cases wnth M preumoniae Infection The Titres are expressed as the Reel
procal of the Dilution

Days after

Antibody hitres
Case rnset of nr

Tg levels mg/100 ml

Specimen 8}
No respirato
,’f;ness“ IgA IgC 1M Igs  JgC TeM
1 N sputum 3 1f nd§ 8 13 36 nd
30 sputum s 16 4 8 % 70 trace
0 serum 193 512 ad 512
30 serum 178 512 104 2,6
" 5 sputam = <% <2 8 4 29 103 1
12 sputum 16 8 32 3 1B 2 0
5 serum 8 16 173 64
10 serum 64 oot 1624 517
3 9 sputnm 16 1% nd nd % 2 nd
23 sputum L 8 <2 nd ] 6 nd
9 serum 65 198 37 37
23 serum 517 1024 $12 26
4 10 sputum 4 2 L2 nd 62 10 7
53 sputum 1 4 nd nd 33 28
1 serum 3 61 1€ 10
2 serum 128 "6 04 64
53 serum 6t 198 3 »
5 3 sputum 4 2 g° 9 34 18 —
3 serum 64 ™6 16 256
8 ke sputum 16 8 8 37 o !
2% serum 32 %6 512 512 6
A 78 IgA was used as standard

§ nd= not done

Tence of antibodies 1n_ seeretions from cases of M pnenmo

Mhercoe 10 be expected However_sputum sntibodres fn 1t ncirmonat wtso 2t

o g4 and YgC class and in some cases also of Iz class whereag varal M :‘s

Podkes 1n resprrators “secretions have bren showa to be assoerited prman

TR Igh (4) 1t 15 also n teworthy that ' pneumonice orgamsms persrsies
o respirators tract in the presence of spetfic seeretion antibodies o t0 1P

References 1 (lar] HW Fowler R € & Br
own T \
1961 —2 Mancini ¢ Carbonara A O & Heremans I F lfnm:‘moB;\c:m\iIl 550—-5’02
In Recent Adsances in Medieal Macrapiojocy (324—
—4 Tomast T B & Bienen

Immun 9 1-96 1963—5 Seuth C B & Chanoel R 4T ‘A pen

v
Acad Ser 153 471483 1907
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BRIET' REPORT

ATYPICAL ADF\OVIRUS TYPE 1 STRAINS
1501 ATFD FROM PATH \TS WITH LARY\GITIS

By € Start Malmberg and £ Vorrhy

Fo the course of a study on the actiologs of subglottical Lirvngitis (psendocroup)
in children (6) three adenovirus strains were jsolated which could not be typed
by the neutralization technique routinelv emploved for type identificatlon cf
adenoviruses During the same period one similar adenosirus straln was isolate
from an adult who among other svmptoms suffered from an acule lamvnudls
with severe hoarseness The results of virological characterization showed that these
four adenovirus strains belonged to Rosen's subgroup I (3) However a n b
parallehsm between 4 reactions and il ton re
actions was demonstrated

AlL four stralns were 1solated from throat swabs two of these (4307 and 4930}
I a human fibroblast strain and the other two (4960 and 1878) in Hela celle
The neutralizaion technique emploved was desised by Aellen et af (%) and its
application to the typing of 1salated virus strams was deseribed bn Sterner el al
(5) This technique 1s based upon the capacity of a serum to delay the appearance of
adenovirus cytopathic effects (CPT) in cell cultures which 1s taken as s measure of
the neutralizing activity of the serum Virus strains were used i a concentration
known to give an exltensie o\topathic degencratton within ane to two days after
moculation Tvping sera were used at a dilation which caused a homotipic deh;
of appearance of this degeneration of at lea t 10 dayvs A mummum delay of
davs was required for type identification of an unknown strain Tiping sera
were produced 1n rabhits which were inyected with antugens prepared from prot
type strans The hacmagglutination snhibition (HI) tests were performed accord
g to Rosen (4) Recenthy washed rat cells the agglutmability of \\hu]h nae
controlled in tests with a type 6 stork material were emplayed Comp ‘:‘f:‘
fixation tests were carried oul according to Stedmyr et al (7) Dala coocerad
the four patients are preseuted 1n Table 1 The alult patient hesides b s e
larvngitis displaved a swellin, of Doth parotid glands and signs of h‘;c‘r iseae
Liver Iuopsy revealed degenerative changes Liver function tests returoed 19 A% 0
values m about a month Serum specimens for vir logical examinalion were €0
lected 12 and 20 days respectinels after the onset >f the discase There B 10
titre rise of complement fixing antibodies to aden virus mumps or cslomest 08 f7
Both sera however neutralzed the isolated adenosirus strain for
days —Serum specsmens were not available from the three Ch"([rtﬂ"‘l“ the same

The virus stramns were all isolated from specrmens ollectel nitkin the S
month (Apnil 66) Hoth the Hela cell line and the fibroblast siraln A0 0
for virus studies before and after this period wathout appearancc o {‘;ﬁ’c ‘e mens.
Reisolation was not attempted until 17 months after the collection of "ol s the
The two strams 1solated in HeLa cells were then recovered agafn as

aramflucnza ype 3 strain atin
i All four slrai)nps were sdentified as adenovirus strains by tamn::""-";’“lﬁ“ i
tests against a ptol of human consalescent sera as well Mh-gam‘ e rabbit
immune scrum However the strams were nct neutralized \”nn‘ Department o
immune sera to adenosirus 1vpes 1-7 and 9-17 prepared al the Viras Brf
harolinsha sjubhuset On the other hand all four 1501;":‘;‘;‘:” foun ) examined
Tike type 1 in HII tests When these data were blamed the straffis B 00y
b nentralization tests using both the type 1 serum prepared &

rlal g0
gy Aa

1 Bacte
Recerved 73109 from the Section of Verology nr,.am;n'enl,o’lmr(ﬁ;n;; et
Aarolinska sjulhuset S 103 81 Stockholm 60 :mé’lfliim;zl ’(_"(,m
rolinska Institutet Scheol of Medicine S l‘oiu{mn.:c" o chtolm S velen

Present address \ati nal Baclerinle gical
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930) The results
une serum prepared to one of the four Isclated strains (4
e Thess tusts ar shawn an Table ® As ean be seen She hehanfour of the differcnt

tsolates was clearly \c from that of protetss
The findsng that anc of the sp 1 bpe 3 Virus i
addition to ad rus Jed to

for h 1 tion and
tion of gumnea pre erythrocytes af several different psssapes <f the ather three
strarns These tests were ivamably megatise

TABLE 1

Chnieal Data on the Patients from whom Alupical ddenotirus Type  Stratns
were fsolated

Strain ho  Pahient aged Thagnoss Anamnestic data
4905 59y Acute laryngitis One year earlier
+ suspect parotalss similar symptoms but
falty degeneralion not hospitalized
of the liver
1930 2y Bm, Subglottical Recently paratitls
laryngatss Ho pitalized once hetore
{pseudocroup) beeause of pseu locroup
1960 2y "mo Subglottical
Tanyngtss
(pseudacroup)
1978 (+ 13 2mo lﬁuhgloltlcal Nosptallzed once before
para aryvagitss beranse
Infuenza (psendocroup) e «F pseudocroup
irns
type 3

TABLY »
Serologi Tests with the Atypical 4 lenoverus Tu

pe § Stramn
Porototupe Strmn 13 and with the

N Neutralization test HI e

0 of davs of delas of |

Spevmen Nersslated  adenourus GPE by serum e of [Alest
tollected  Sept €7 AQ115 AQ1KI Aub493p  cAusing mhibition
diluted diluted di

1
Hute e ]u;.sd AW Ann agan
490> 4prad 6§ No 3 3

D0 4pnl 66 N H 3 1: o i
4900 April #6 yes 3 10 o o
98 apml o Nos § § = o

b thstrasns) 0 0

Adeno

sarus Pprotat

pr ot pe 19 1 7 i 390

Paramfluenzavirus type 1 yanlated from re same

§ The presence o rectn
read dema irus CPE.

us precluded the passibality to
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The maost probable explanation that can be derived from the present lahoralory
data 1s that at least the three strains 4905 4930 and 4960 share some property
distinguishing them from the tvpe 1 prototype in the neutralization test but not
in the M test Siner these two tests are based on 1vpe speeific antibodies rescting
with hexons and fibres respectively (ef 3) 1t seems likely that differcnces regard
ing propertics of the former structural component are responsible for the present
findings The same type of results have proviously been obtained in studies of some
members of Rosen s subgroups I and IT but not of subgroup 111 The only yarfant of
a subgroup III member which has been deseribed was an isolate of type 5 This
1solate displaved a marl edly increased cross reactivity with type 1 in neutraliza
tion and I tests (1) None of the strains described above displayed an immuno
logical relationship to prototype 5

Parainfluenza viyus type 3 1 not an unexpected finding in a child with ub-
glottical laryngitis There were 9 more patients out of those investigated during
the same period from whom this virus was isolated (6) In some cases the pare
influenza type 3 infection was verfied scrologically as well There is no serolo
grcal evidence to support a hypothesis that the atspical sdenovirus type 1 strains
isolated were the cause of the disease of the patlents One can only speculate
on the possilality of an unrecognized agent activating a latent adenovirps infection
and taling part in the pathogenesis of the laryngitis

References 1 Brandt © D Wassermann F E & For J P Proc Soc Cxp Biot
Med 123 513-518 1966—2 Kjellén I Sterner G & Svedmpr A Acta Pacdist
Scand 46 164-176 1957—3 Morrby E_J Gen Virol In press 1969 —§ Roser L.
Amer J Hyg 71 120-128 1980-—5 Sterner G Ger én P Ohlson L/ ¢ i‘uzr:‘
Malmbery € Acta Pacdiat Scand 50 407-468 1061 —6 Svart Malmberg
indren I' Caristrom G Wadstrdm T & Wersall 7 Lakartiduiogen 6> 14 13
1968 (with a summarv in Fnghsh) —7 Svedmpr 4 Enders J F & Hollawar
Amer J Mg 57 6010 1933
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Thorei! B ENZYME KINFTICS IN THE JIVING CLLI

Pynidine nucleatide (DPN or NAD) partictpates as coenz me in o variely of ovida
tive reactions which supply energy to the cell These reacions involve reduction
otidation transitions of the coeazyme (NAD NADH) The redoced state exhibit a
charactenistic blue fluprescence which mtensitv can be measured with a micce-
fluormmeter sithin Jocalized parts (nteleus mitochondria and extramitochondrial
space) of the siagle lnmy, cell

A beam sphitter mucrofluorimeter is used for the hinetic assas of NAD \ADH
Assoclation with various enzyvmatie reactions in the different cellular compartments
Is acueved by the microinjection of selected glycolytic or hrebs cycle substrates

Tor instance 1 mM of glicose 6 phosphate grven to a 1 g 1 cell causes a fluores
cence pulse” in the extramitochondrial space v 1th a peal level of 200100 pev rent
over imbial salue and a half hife (pertod) of 10 sccands The pulse represents the

summation of mainly two enzymalic reactions Rusing part = NAD redection at
2y eraldehnd

and  decending part = reoxidation at
lactic dehydrogenase
The microfl

mieromjection has alloned the study of fnter
achion or competition hetween the different metalolic compartments of the cell

e ab lie comparison between different types of eells such as normal an1 tumour
celly I

of patterns by h
Irradiation ete

drugs %

Heylen ¢ (Osto) ENZAVE HISTOCHEMICAL FINDINGS IN HARD TISSUES AND
SOVE \MIETHODOLOGICA! RESULTS

Will ghogen R G 7 (Lexden)  ENZYML HISTOCHEMISTRY OF HUMAN TUMOURS
D seussion

Hézerstrand I & Yorden J G A biopsy from a Lier tumour was presented A
Hagnosis of a hepato-cellular carctyoma was made 91 & support from
Tes tons for and h

u the staimug
an nsperhdase 1y their capacrt
ta visualize ile analscular structures of the tomour pacty

Aonsen K F Hagerstrand [ Vordén J G & PIRUR  ENZAME 1
STO
OF THE LIVER IN TUMOUR DISEASES CHEMISTRY

The serum actnvity of alkaline phosphata ¢ and gamma,
Inereases in cases of tamour growth invelving the hver B,

glutareyl transpepuidase
T tumour diseases of the liner were examumed by str

10psies from 95 patients
BIRg Teactions for these
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two en.ymes The biopsics sncluded tumour growth affecting surrounding hepatic
tissue and sn some cases Iner hssue free from tumour growth 4n sncresced
enzyme activity was demonstrated an hepabic tissue mainls in the periphery of
turour growth in canalieuh for gammaglutamy] transpeptidase along stnnsods
for alkaline phosphatase It was ¢ i that an in d enzvme actinity from
henatocvtes and a pathologecal passage of enzvmes praduced wn hihary tracts b
the blood were the two possibilitics to be regarded 2 an explanation of the serum
increase 1 enzvme actinity

dronsen A F Hagerstrand I Yorden J G € Pthl B FNZYNIP HISTOCHESRSTAY
IN BILF STASIS

In extrahepatic biliary stasis the reaction for alkaline phosphatases n the Iner
was nereased along the sinusoids an man dog and rat and forther in the d ¢
marl edly so in the bile canaliculi alreads after one dav ATP ase was Increased
in the three spectes sinusoidally but was often dimimshed 1a the camalwult
L leuey] amunopeptidase has a weal reaction in the rat n men a moderate smus
e1dal merease and a marked reaction in dilited canaliculr with visuahzation of
diverticula The acid phosphatase reaction was in all three spectes increased in
pershihars Iysosomes Dogs with one month of brliary stasis showed aerd phos
phatase positive reund bodies 1 the intermediary zone somewhat smaller thes
hepatoestes In human lwers i association with clumps of bile pegment o the
centrolobular zane there were ular h acid phosph positine
hodies bigger than hepatocytes —Enzyme reachions with complete canalieutar hes
agons exclude the old concept of hej atocellular trabeculae and demonstrate the
Dver cell plates

Tiungberg @ HISTOCHEMICAL STUDILS ON MLDUILARY TiliROID
CARGINOMA

Medullary thyraid carernoma from two cousins who had also umilateral phaeo
chromocytomas were studied with the following histochemical methods for de
monstration of certan mono amines the argentaffin chromatfin sn! 10 fate
reaction (according to Hiltarp Hol felt) fluorcscence reactson (accopding o Takck
Hillarp) and the diaza and ninhydrin reaction In both tumours arz‘“““;"
cells with long cvtopl 1c were § often localized I

date
close relationship to blood vessels Positrie chremaffin s well as mmw: g
The fluorescense method show

charaueristic of promar

reachion were seen in vnevenly distrbuted cell
cells with a green ntracvtoplasmatic fluorescence
calccholamlneagand certain closely related substances The diazo and ni!\hrd':!:
methods fer demonstration « f 5 hydrows tryptamine ware nesative Th stud ! -n
demonstratud the existence of mono amine contaimng cells in the thurend tumos
and lends support to the hypothesis that medullary thyrold carinms b
eprthehal tumour or at least contams a metro epithelial erlt compoaent

, @ neurs-

Frusson J € Arbsrgh B THOROTRAST ISDUCFD SYNTIH SIS OF 1YSOSOL
FNZYMES IN BAT LIVER ith
Current evdence indicates that endous tosis vesicles mose tovard and :'u :Nm
Iusosomes This concept is mawnly based on fine structural studies of the
of ¢lectron dense aor radicactivelv labelfed macromolccules

fueed end>
In avder o studs the morphological and }ichemical effcets of infi
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citosig un Iysosomes and hsosomal enzymes expertments were performed 1n which
thorm dioxide {thorotrast) particles were ingected intravencu 1y jate ralg, and
quanniaine brochemiedl measur ments ot Wsosomal en2vmes were vosrelated with
the £ ne steactural findings Electron microscopy showed that thorotrast particles
were rapidls endocytoscd Dy the hupffer cells whick berame Tnded with pav
ticle contarming vacuoles appr tmately 30 winutes after the injection Manv of
the thorotrast filled vacuoles shiwed presence of acld phosphatase At Jater inter
e ql 7 4 19 24 and 7 L %4 hours after the snyechion) the number and <ize
of thorotrast vacunles was approximatelv the same as at 30 minules howeser
all the sacnole appeared to cortmn lvsosomal enzyme (sell phesphatasey
fepatic parenchymal celt Jysosomes took up thorotrast particles al a slow rate
ard @ not show apbreciable 1ncrease in smize or number

Beshemucolly tofal actisaty f two lysosomal nzymes teathcpsin D and arv)
sulphatase) in homogenates of the Inver was shightly dimnished 2 and & hours
after the sniection and modecatels {20 per cenly intressel sfter 24 hour
Seven & ys after thosotrast 1sductton 3f endaeytosts in the lser total enzyme
actiity 7as calemlated yor mg of protein) was more than doulled The thowro
rast mdyced 1gurease s lysosomal enzyme actiaty eould be blncked by acting
myaa D Followtng cessation of avtinomyain D effects 8 rise In Lysoscma) en
zgimes was recorded

The ftading {udicate (f} that endoevtosts vacuoles and Nsosvimes interact and
K thert tontents whereby the shsorbed maternals are hrought m contact with
Ivsosomal enzyme (9) that the i rease In Iysosomal enzvmes is due to (genc
aclivated) andu hon of synthesss and 13 that the incresse in size and pumber

of secon’asy lysosom s (rathee thon the endacytasis Prociss per se) triggers the
anduction Of synthesis

Veflens L CHONDROITING SULTHATF PATILRN IN FIMOKAL CORTIN b
VIDULLA IN OSTEO PLTROSIS

Dergstranl L FUNCTIONAL AND YOBFPHOLOGICAL Pt LATIONS
BL:
RIPOSOVMFS AND MICROSOME MEMBRANI S TR

Fridgson [ TURN OVIR OF MICROSOMAL MIMBRAMS COMPONTNTS

Ouin r 6 THE LARIY EFFECT OT CARCINOGENS OV
TH NI
UEVBRANES OF T6F LISy 18 FNDOPLASYIC

{daumann I SINTHESIS AND TRANSPORT OF 4LBU MIN

The bver mucrosomal fra bion 15 made up of & namber of ssseles which

from the rough ul smooth urfaced endnplastase retieatoms Thos o oo
the may © site of scrum rrotetn s nthesis The syathesis and traas \m—?mmc .
m the Inee ell were studied after wgeet on o€ HC lewome gy« TP
i rr The were o a d
suct se gradient system nte rough  smocth

\ehfeactionated mcrosomes Werc sonleated n‘nd’nldhe “:(;::?n:\( M ™
‘lectrophores ‘The a¥bumin cast o on & membran g olued en dise

e protemn basis of rough micro

into v m sentens »
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somes 15 01 that of the smooth I 013 and that of the smooth II fraction 017
After 2 min of mcorporation the albumin of rough membranes shows about
7 times the activity of the smooth counterparts The curve for rough membranes
reaches a mauumum at 6 min followed by a rapad decrease which is sccompamed
by an mnerease of two smooth fractions with maxima at aboxt % min 5 mn
later radioactive albummn appears in the blood There are no diffireaces in the
time curves of the smooth I and II microsomes which hoth partieipate in the
process Cycloheximide {005 mg/100 g) nhibits the protein synthesis almost com
pletely a few minutes after venons admimistration Injection of evclohcumide
two min after admimstration of %C leucine shifts the incorporation mavmum
of rough microsomes from 6 to 3 min and that of the smooth I and I micro
somes from 20 min to 14 min These results demonstrate that the rough part of
the endoplasmic reticulum 1s the site of albumin synthests followed by transport
to the smooth counterparts where the protein remarns for about 10 min before
bemg lLiberated nto the blood

Jakobsson $ DOE> THE hIDNEY PARTICIPATC IN THF DETOMICATION OF
SLEEPING DRUGS?

Dahl 1 & S ogt § LYVPH NODE BIOPSIT'S IN A COUNTRYSIDF HOSPITAI

Berge Th LYVPH NODL MCTASTASLS IN FOSSAE SUPRACLAVICUI ARTS $\D
MEDIASTINUM
A
The frequencies of metastasis to the supraclas: ular and mcdummololm;;,
nodes were studied 10 an aufopsy series consisting of approvmatels Jﬂl;” c:m"
nomas Mediastinal lymph node metastases were sigmficantly (p <0

o
common than to the left supraclasicular fossa ln::;ﬂ;;)
supraclavicnlar fossa were more common than those to the right fossa (pdmd v

The greatest number of metastases to all the thrce locations were pl’v‘ B~
carctnomas of Iung breast and stomach respectively By means of a :;2 ol
Tist and the histological picture the pathologist should he able to guide

1c1an an hus search for the site of the primary tumour

Zettergren T LIPO TUSCINOSIS IN ABDOMINAL 11MPH \ODI S

1
Brandt P € Ransiny A 11MPHOPROLITFRATIVI DISEASE WITY

AW LOIDOSIS

Amylowdosss 15 a well Inown comphication of muelomatoshs 1 W0
seen with lymphoproliferatise discase With electrophoretica ,;g v man
munoglobulin—spikes Three cases were deseribed one biu‘u ‘z;n oite who devl
with a lymphatie leukaemia like disease with a macrof agv: o an with
oped generalized amyloidosis The second case was 2 1,:\ml Jomg hoplasms
prostatic bleeding and FST 150 mm/br who at aulcr’:{.‘m:u‘ Haswe o electe?
cytoid infiltrates with amglord material in the retropel 10 weman with classieal
phoresis performed Case no three was a 50 vear "“l autopsy polymorphon®
Waldenstroms macroglobulinaemia since the sge of de s oide sis
lymphoreticular Infiltrates in the pelvis with localize

sis It mev 2t be
us i
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Rusng ¢ PROGRESSIVE MULTIFOGAL LI LCOINCFTRAL 01 ATHY—1 0110V
VIRUS
Progressise multifocal Jeuce encephalopathy is a demychinating disease usus¥iy
s en a5 2 compheation in maligrant hone marrow or vmph node disease Polyoma
sirion ke structures 1o the diseased glial cells have been seen n the clectron

microscope A case is described confirmung this finding for the first Ume in
Scandinavia

Brehmer Andersson E Mdnsson T Wiltbeek B € Grubb B AQUARIDM
ACQUIRED INPECTION OF AN COBACTTRIUM MARMNUY

Rrutson F Tundin 7 M & Verrby A O\ THF VIABILITY OF INAAVATICALOY

DISSOCIATED TUMOUR CELIS IN SUSPLASIONS DURING SHORT TIMF
STORAGE

The aim of this work was to study the effect of various media and temperatures
on the viahiitv of enzvmatically produced mouse sarcoma suspen ions during
short trme storage in wmiro The viability after T 3 4 and 21 hours st § 22
and 37 C was measured as the totzl number of viable cells using cell counts and

the trypan blue exclumon test In some evperis &

tions of the incorporation of iritiated thymidine were also performed. The tn uitro
test model used seems to he of relevance in most tumour cell and tissue trans
Tlantation procedures

Suspensions stored at 3¢ C showed a reduced viabiity Storage at 0 C con
stantly showed the bighest vialulty but marled differences agalnst suspensions
stored at ™ € did not alnays appear until after 3 hours

Storage of suspensions in ssnibelic mediim 199 always presented reduced via
bty as compared with protein contaning media Suspensions In pure 199 stored
e 9 € also showed a further loss of about 10 per cent viable cells after warming
for 3 miputes at 37 C a loss that did not appear m suspensiuns protein
contausing m dia

The proten contwining mudix Lested contamed 199 wath 20 per cent foetad bovine
TUm syn eneic mouse serum and syngeneic asaitic flud respectively No defimite
thiferences hetween these threz media were obsersed

Prelimn rv results indicate that the growth and distributton of experimental
metastases in vivo 35 mftenced by the storage conditions of the test suspensions

Hagmar 1 & Brergd B ACTION OT HEPARIN AND COY
UMARIN O\ TH
TRIBLTION OF GXPERIMENTAL METASTASES THE pis

tn allogeneic systems ant coagulants have preiously been reported to reduce
from 1 1

ingected tumour cells Op A
Whromboses found histolog: ally around tumaur tells 3n vessels have 1},’: povs
sld\emi important or necessary for metastasss formation " eon
0% fte effects of hepann and a coumarn antioa;
sulant phenpro v
tested on intrs 1y nduced to two 3 \um:urc):}:sm stoms
KiGl S5 1 CBA mice and melanoma BI6 fa €3 BUSI mice * vstemns
feparin reduced pulmonary rmetastasis for
wation 1 hath sysy
I8 ¥easing the transpulmonary passage of tumour cells Thxs) e{e('::\ o:;\m: )
ed as an
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mnerease of extrapulmonary metastases became evident in the case of melanama
BI6 only after the cell dose was raised and the survival time prolonged

Phenprocoumon Increased the total outcome of metastases to both systems In
the ease of melanoma BIS this occurred tn the lungs n the case of \ICGESS it
occurred extrapulmonally

The results indicate that thrombus formation contrary o carlier concepls
rather imparrs the development of metastases

Heparm promotes the dissemunation of tumour eells probably by a mechanism
other than impaired blood coagulation A binding to the tumour cell membranes
seems at present 1o he the most hlely explanation

Lundberg S & Berge Th MICROSCOPIC CARCINOM[A OF THE PROSTATE

In a consecutne autopsy series of 292 men aged 40 vears and more clinically
vwas found in 116 (39 6 per cent) After 80 vears
of age the frequenty was 44 per cent Early carcinoma was found n the peniphery
of the prostate Without preference to any lobe The number of sections with carct
noma increased according to age and so did growth 10 pursneural spaces

Milulowslt P PURE SARCOVIA OF THE BREAST

A retrospective study of pure mammary sarcomas diagnosed at the Unfiersity
Department of Pathology 1n Malmo between 1956 and 1968 1s presented Amoog
about 1200 mammary malignant tymours b cases of sarcoma without epthelisl
praliferation sere found Chinical and pathalogical data of » malignant Irmphomas,

1 sarcoma 1 and 1 alveolar rhabdomyosarcoma are dis

cussed . s
The brological properties of breast sarcomas are sitilar 1o those of sare

t
cIsewherc 1 the body and histological classification seems to be most jmpt;r‘ﬂ:‘
for prognosis and adequate trcatment Radical maslectoms ts indicated on

cases of malignant 1vmph and rhal

N
Towhagen O Enerba ] L & Séwe Saderberg I GENFRAIIZED MASTOCYTOSI

Ziadstrom ¢ G DESQUAMATIVE INTFRSTITIAL ENTINVONIA (DID) N
tly heen
Two cases of DIP first described by Liebow ef al in 1905 h'f;]\c rri::“"‘:u o
diagnosed 1n Mialme oa open lung hiopsics They seem to be the
DIP reported frim Scandipasia duspnae
The patients are males 24 and 46 years (12 respectivels “uh\.;mc::ln:oumvxnd
gs the mamn symptom The younger had also clubbing and tht ol< n;'");m o
an cpisode of bilateral spontancous pneumothorax \ ray xht;:\c;":g' hases
glass Nl e densits 1o the first patient most 1 ronguaced on the

h sizns
trictive tape wit

of low diffusing capacity Histologically the alveol and d o ettered maltl
v large eosimophilic PAS positive granular pneumocsles & Thickening of the
nucleated giant cells of the same type and with some mnns:sbm e ae present in
alveolar walls was shsent or only slight in the first 1alien! s
the other Therc was scattered interstitial round colfections o

Steraid theraps has had good rffict In beth J atients






