








ACTA PATHOLOGICA
ET MICROBIOLOGICA
SCANDINAVICA

REDACTORFS
C G AnLsTRONM O BJiarvason S D HFNRIKSEA
Lund Reykjavik Osta
O Jirvi A B LavRrerL Kk O Rrakonts
Turkuy Lund Helslngfors
J Cnr Sum G Triruwm 0Ly TORCIRSIN
hebenhavn hebcnhavn Oslo

RLDIGENDA GURAVIT

J Cir Sim
hebenhavn



Vunksgaard
ksellers ang Publishers f1g,
Dh-230p Copenhagen § Denmark

Inlerastional Bool
47 Prags Boulevarq

©
Acta pathologien
et microblologica
scandinasjca
1968

5> M.S MEDICAL CULLFGL,
LIBRARY,
J R NoSe — 37
Das 141 “ak

e |




INDEX

VoL 72

Adams Lawrence R
Alm Gunnar ¥
Baess

Bennedsen J

Benat on M Thers 277
396

Brabrand Georg

Bilow F 4 von

Bitlow P

Christensen Hans Ewald
Clausen Ebba
Clermmesen Johannes
Closs Otlo

Dahigren Sven E

478
147

ns
277
Ernstrom  Ulf
Eshildsen Peler (laes
Faarup Poul
Fagerhol Magne K
Fran én Sixten
Frelnksson Torsten'
Frit Hans

Irit on Vils

Gilay Iela

Custofsson Bengt Eo
Hugerstrani 1
Hallander Hans O
Hard! Finn
Hohenes Gunnar
Nederstedt Bengt
Tensen Klags
Jorgensen Lerf
Johnsen Bal lur
Rieler J

Aluge Trond
Rormano Marth
Laurell A B
Loursl ©

Liatag Ivar
Lindberg Lars
Lundbeek I

A

38}‘

——

‘

61 87 103 176

118

FASC 1-1 1968

36t Mantyjarot Rauno 345
353 Meurman 177
295 Medtvedt Tore 313 337 433
330 Mutde Einar-Johan 347
29>  Moe Yarve 519
401 Motler Oie 429
237 Molne Adre 478 491
191 Vasell Mognus 501
314 Mienn Miklo 205
160 \ordbring F 118
233 Vorman Arne 313 337 433
219  Odland B 177
348 Oksanen Aih 192
412 Olsson lngoe 350
561  Ongre 4ksel A 87
231 Jedersen Bent 380
295  Pelerszon Dirger 503
379 Ranlov FPoul 13 233
237 Repstrup G 31
109  Rinder Lennart 350
601  Rodengrem Sven 17
391 Sandberg Giran 379
5 Sandlec O 18
499, Sawtcht W 1
199" §erch Hinssens drne 165
191 Stenkoist Bjdrn 38> 391
433 Suvanto Outr s e
177 Swedish Methat § ciely  Medical
586 Microbiology D tsion 453
115 Swedrsh Patholeywak-Sherety » 118
47T Spluen Beagt 202
O ~Terfront Ok Uu oo 501
219 Thunold Syem 517
519 Turunaraganan M O 263
A1 Tieten leon 103
1 Vergmann B 217 95
244 ton Bulou F 4 374
414 Wedgermuk Jan 3c7
139 Woaler Erch 347
751 Werdelin Ole 13 28
43 Wersall Jan 167
575 X Scedc T Seede O Sce Oc
e O See O¢ A See A2



A%}

Amnloidosis expcrimental transfer Estradiol uterine renin rabbits 27
whole spleen grafts svngeneic Fibrin deposits placenta syn
animals 446 cytium thrombogenic origin 519

-~ transfer spleen cells heat Gastric mucosa mitotic activity
irradiation 23 Colcerms, 13

~ transplantation spleen cclls Gastrin administration pancreatic
casein sensitized 13 A, cells 553

Anaesthesia_endotracheal rats 103 Cant Zell arteritis polymyalgia

Analgesic 1ntake renal biopsies rheumatica rheumatoid
histology  bacteriology 219 arthritis 347

Antibodies circulating immuno (‘ranuluma reticulo endothehiosis
an cytologic diag
atiam 330 n sis 335

- rabbit, influenza virus host Granulomas experimental inter
component 421 stitial fluid enzyme acthvits 205
- Wassermann and TPI Trepo Hypophysectomy adrenocortical
nema pallidum histopathology 125 lipid spontaneous depletion

Antibody  fluorescence membrane mice 191
filter Escherichia colt 118  Immune serum cvtomegalovirus
- — — Shigellae 221 preparation rablats 45

Aorbic stenosis vahular 1 an n
histology 46> disease histology sputum

Asbestos bodies lungs meso cytology 501
thelioma 177 Influenza virus host companent

Aspiration hiopsy fine ncedle rabbit antibodies 71
mjoblastoma 391 Interstitial fluid enzymo activity

Bacteria 1dentification short tmu Q(pcrlmcn!nl granulomas 05
cultivation FITC. t renin
antiserum 412 eat kid nﬂ 109

Bacteriocine tvping coatrivance 396 Lactobacilli anacrobie bile acids

Bile acids 7a dehydrovslation 7a dehydroxslation 313
anaerolic laclobaeils 313 lcukaemia chronle myvologenous

Carcinoma Lhrlich s ascites celly Dht pasitive \O males 3ro
lar reactions splenic weight 512 Leukoplakias oral sitamin 4

~ testis doubling morbitits 348 sulphydrsd groups disulphide

Cholic acid metabolism  decon bonds 314
Jugating and 7a dehvdroxslat tipid adren cortical spontancous
ing bacteria 133 depletion hy pophy sectoms

Complement components trypsin mice 491

uman serum 139 ~ - - mice 478

Crooke s changes pituitary baso 1ung distase inflammatory and
phit cells ultrastructure 367 neoplastic histology aputum

Cylologic diagnosis eosinophilic cytalogy §01

retyculo Ivmph aphy  thorivm di
is 385 oside pericardiat absorption 87

Cyvtomegaloyirus jmmune serum Lymphocytes splenic migration 379
preparation rabbils 345  Membrane filter antibody fluores

Crtophotometrs DM lung cence Fscherichta eolr 18
tumours 561 - = = Shigellae 25

Death perinathal causes 31 Micrcorganisms anactobie bile aeld

Delta Ivsin  staphslococcal  char transformatfon cafs 3
acterization partial purifica Mitotic activits gastric mucosa
tion s8¢ Colcemid 1"

D\A cvtophotometes lung Myc sbacterium arium animals
tfumours 51 is)lation 77

LChrlich s asetes carcinoma celly circulating antibdics im
Jar reactions splenic weight 547 mun lunrescence 330

Flectron microscopy thormm di man $solation 295
oxide pericardial absorption 64  Myc¢blast ma finc needle nspira

Fnzyme actisity experimentsl ttun hiopsv 31
granulomas interstitial flujd 05 N\eoplastic snd inflammatorv lung

Fschenchra coli membrane filter discase histology sputum
antibody flucrescence 18 evtol gy 501



Pancrealic A, cells gastrn ad

Perinathal death

Placenta

Ay

Staphy} cocut enz mes tovins

Reain

Ren

- heat

ronistration 553 lipase tween
Pericardial absorption thormum Staphylococcus aureus phage 6257
dioxide electron microscopy 61
— Iymphangiography 87 ~ —typing phage 6357
— —— - thoracic duct lymph 744 Testicular intra pressure cad
Pericardium  absor tion 176 mium induced changes
causes 31  Testis carcinoma doubling
Pituitary basophil cells Croohes ‘morbidity
changes ultrastructure 3(7  Thormum diotide percardial ab
P1 types serum populations 601 sorption electron microscopy
synertium  fibrin de — = ~1 mpanglography
posits thrombogenic origin 51¢ — — — thoracic duct hvmph
Polvmyalgia rheumatica rheu Thymus adult stresscd dog
matoid arthnbis grant cell Transactions Medical \hcrubmlog)
arterstis 347 Division Swedish Medical
Pseudomonas aeruginosa pvocine Society “ovember 30 — De
production typing 101 cember 3 1967
Renal hiopsies analgesie mtahe - Swedish Pnlhelomcal Society
histology _bacterology 219 December 1-7 196
wlar app T pallidum “nsscrmann
cat hidnes 109 and TPI antibodies histo
i uterme estradiol rabbits 737 pathalogy
Replication time non mahgnaut Trypsin complement components
and malignant cells Colcemid 1 human serum
Rheumatard arthritls polymyalgia Tuberculosts expernmental st eletal
rheumatica grant cell arfentis 347 bobe marr w necrosis guinea
Sensitnity tests solid media time pigs
saving device 4°9  Tumours lung DNA cytophoto
Shiyellae membrance filter fluores metry
cence antibody 751 Ultrastructure Crookes changes
Spleen cells casein sensitized pituitary basophil cells
transplantation amvlod sts 13 Utenine renmn estradiol rabbits
irradiation transfer \ascular permeabilits brain con
oidosis "3 cussion experimental
Staphsloco cal delta Iysin char Vitamin 4 oral leukoplakias
acterization partial purifica sulphydry1 group disulphide
586 b nds

tion

SUPPIFMFNTUYM

Supplementum 193 Jacoblln Lars

Lo\v

160
147

411
348
64

244
19”2

Dose ‘( Irradlalmn and Teratogenesis A

with

Stu
ln(lul‘nce on Dose LEfects Pp 208 1968

to Scasonal



Amsloidosis experimental transfer
whole spleen grafts syngenele
animals
transfer spleen cells
irradiation
- transplantation
casein sensitized
Anaesthesia endotracheal rats
Analgesic intake renal biopsies
histology  bacteriology

heat

spleen cells

A%}

Estradiol uterine renin rabbits

Fibnin deposits placenta syn
evtium thromhogenic origin

Gastric mucosa muitotic acthiity
Colcermd

Gastrin administration pancreatic

o
Guont dell arterstis polymyalgia
rheumatica rheumatord
arthrilis
Granuloma reticulo endotheliosis
eytologic diay,

Antibodies cireulating immuno
it ycob

avum
- rabhit influenza tvirus host
cotaponent

— VWassermann and TPI Trepo
rema pallidum histopathalogy

filter  Eschertchia coli
- — ~ - Shigellae

Aottic stenosis valvular congenital
histology

Asbestos bodies lungs meso
thelioma

Aspiration biopsy fine necdle
msoblastoma

Bacterls jdenhification short time
cultivation TITC conjugated
antiserum

Bactertocine tspiag contersance

Bile acids 7a dehvdrotylation
anacrobi lactohacilh

Carcinoma Fhrlichs ascites celln
lar reactions splenic weight

~ testis doubling moridity

Cholic acid metabolism  dccon
Jugating and Ta dehydroxrlat
ing bacteris

Complement components trypsin
human serum

Crooke s changes pitustars baso
phil cells ultrastructure

Cstologle diagnosss eosloophilic

grannloma reticulo endothelio

sis

Crtomegalovirus Immune serum
preparation rabbits

Catophotometrs DNA lung
tumours

Death perinathel causes

Dedta Ivsin  staphvlocoecal char
acterization partial purifica
tion

DN\A crvtophotcmetry lung
tumours

Fhrlich s ascites carcinoma ccllu
1ar reacticns sy lenic weight

Flectron microscopy thmum di
oxide pericardial abssrption

Faryme actnity experimental
sranul mas interstitial fluid

Fscherichia colt membrane filter
antibods fluorescence

12
396

542
348

203
118

nosis

Granulomas experimental inter
stitial fluld enzyme activits

Hypophysectomy adrenocortical
hipld  spontancous deplction
mice

lmmune serum ¢stomegalovirus
preparation rabbits

Inflammatory 2and neoplastic lung
disease histology sputum
cytology

Influenza virus host component
rabbit antibodies

Interstiial fluid cnzvme activity
experim¢ntal granulomas

Juxtaglomerular apparatus renin
cat kidnes

Lactobacilll auacrabie hile avids
7a dehydroxy lation

Leukaemia chronie msyologenous
Pht positine \O males

Leukoplakias oral vitamin \
sulphydry! groups disulphide
bonds

tipid adrenocortical sy satancous
depletion by pophyscele my
mice
- - - mice

lung discase Inflammators and
neoplastic histalogy sputum
¢ tology

1ymphanglography thorium d}
oxide perieardial absorption

Lamphocstes splenic migration

\lembrane filter antibody fleores
cenee Fachesichia eoli

~ Shegellae

Microorganisms anrersblc bile acid
transformaticn rats

Alitotic aclivity gastrie muccsa
Coleemid

Myenba terium arium snimals
15 Mation
~ circulating entibe dies im
mun« fluc rescence

man  nlation

\lyollastoma  fine needle aspira
th n hinpsy

e glastic and inflammatory lung
disease histol = sputum
cvlology

3ro

3

491
118
501

87
39



The Fibiger Laboratory hongens Lyngby Denmark

THE USE OF N DEACETYL-N METHYLCOLCHICINE
(COLCEMID) FOR DETERMINATION OF THE REPLICATION
TIME OF NON MALIGNANT AND MALIGNANT CELLS
CULTIVATED IN VITRO

By

W Sawickt and J KICLER
Received 174 67

A number of methods for the determination of the duration of the
mfotic cycle have been described (Egstt & Dustin 1957 Patnfer &
Drew 1959 Parher 1961 a o) Some of them are only of Iustorical
value but others are valuable and useful methods m common use
Autoradiographic methods with the use of labelled thymudine and
methods based on cell counts for several consecutive davs are most
frequenily used Howcever all these procedures are time consuming
and sometimes complicated This problem has recently been discussed
i detar] by Sishen (1964)

The experiments o be described 1z the present paper represent an
atiempt to apply the colcermid method to the determination of the
replication time (RT)? of non malignant and malignant mouse cells 1n
vitro In order to compare this method with other methods autoradio
graphy sath tritiated thymdine as well as daily cell counts for five
consecuine days were carried out at the same time

MATERIAL AND METHODS

31x non malignant or malignant murine cells ines were studied 1n the present sork
These cell lines will be described in greater detail elsewhere Table 1 shows thewr
origln the time and place of their explantation the culture age at the time of the
present experiments and tumour producing capacity in new born hosts The cells
Were grown on coverslips placed in a modified tvpe of Carre] flasks—the so called
Fibiger flashs—with two coverslips 1n each The medium contained 20 per ceat
foetal bovine serum and 80 per cent of Eagle s minimum essentral medium (Eagle
1959) with a two fold increase of essential amino seids a four fold increase of

On leave of absence from the Department of Histology School of Medicine
Warsaw Poland

This study was supported by grants from the Daell Foundatton the Danish

Yatwnal Research Foundation hing Chr stran X Y mo al Fund and the Schepler
Foundation

Under the Danish Cancer Societs
1 In the present paper the term repl atios t ' 3«  ithout any distinction
between doubling time and generation time if net th ¢ iod cated
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vitamins and glutamine and with glucose at a concentration of 7 mM The gas phase
contamned 5 per ¢ent Cl

Determunation of Replication Tune (RT) by the Colcenmid Method

Twents four hour old exponentialls growing subcultures contasning 5 ml of me
dium each recenved 01 ml of an aqueous solution of \ deacety] N\ methvlcolchucine
{Colcemid — Ciba Is Inc Basel ) yielding a final con
centration of 01 gg per ml of medium In some expersments the effect of 005 and
10 4¢ was also tested The control cullures recened 01 ml of water

Coverships with cells were removed from the flasks at the beginning of the expert
ment and 1 ? 3 4 6 17 18 and 24 hours after the additton of colcemid The cells
were washed with a balanced salt solution (B5S) and subjected to an  osmobie
shock by dipping the coverslips 1nto tap water for a few seconds A flattening of
the cells and a shight spread of the chromosomes were thereby obtained which made
the jdentification of various mitotic phases easier After gentle drying with filter
papcer the cells were fixed in modified Carnoy s fluid consisting of glacal acetic
acrd and 99 per cent cthanol (1 3) for 30 minutes and stored to the end of the
experiment 1n 70 per cent ethanol Then all the cells were stained with Harms
haematoxilin and eosin The mutotic were Dinally by count
1ng a total of 5 000-7 000 cells from each period of coleermd treatment

Determination of Repl cation Tume by Autoradiography

Pulse labelling experiments were carmied out as previously described (Sawieke el
al 1967) Cells gros n on coverships placed fn Fibiger flasks were treated with thymy
dine 6 3l (Radiochemical Centre Amersham Buchs Fngland) for 30 minutes Each
tlask containsng two coverslips and 6 ml of medium recessed 1% 108 ymoles of
tritiated thymidine dissolved 1n 01 ml of distilled water vielding a final concen
tration of 0166 4\ and an activity of 55 X 10 zC per ml Control cultures received
01 ml distilled water containn, 1 X 10 % gmoles ¢f unlabelled thvmidine After
mcubation with thymidine the medium were re fed with the standard medum
contaming unlabelled thymidine at a concentration of 2> X 10 xM

After re feeding the cultures were incubated for 24-48 hours During this time
cover lips from three cultures selected at random were removel for autoradio
graph at regular mntervals Autoradiography was carried out with the hodah \TB
liquid emulsion as descrbed by Leblond ef al (1963) and b Sawichr & Pawinsha
(1962) After exposure for 3-5 days the autoradiographs were stained with Harnis
haematoxshin and eosin All were d and in
each of them 50-100 labelled and unlabelled metaphases were counted The per
centage of lahelled metaphases was plotted agamnst time of remcubation after pulse

lahelling The rephication time was ealeulated from these curves as described by
Painter € Drew (1959)

Determtnation of Replication Time by Lell Counts

Cultures used for the determination of reglieation time by this method were
Incubated for 5 days Lach day ten cultures were selected at random for counting
while the medium an | the gas phase were renewed in the cultures that remained for
further incubation The cells were harvested by trspsimization suspended in BSS
and counted in a Burher Turk haemo tometer The resulls were read from the

:;g‘ lt)h curves and analvsed statistically by the methed described 1+ Dean & Dixon
N

RFSLLTS

The mulotic mndiees of colcernd treated cultures are shown i Table 2
As 1t can he seen the conlrol cunltures showed relatrely high values
being 1n the range of 1 3-5 per cent In all colcemid treated cullures
the na telo phases and reconstruction phas s disappeared already
during the first hour of coleemid tr wmun S multancouslty arrested
metaphases and sk anaphases  (Fi, 1) stited to appear

1
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TABLY 2
Mulotic Index and Replication Time {RT) of Stx in Vitra I raopagated Vurine ¢ ell
Lines Treated nith Coleenud for (-6 Honrs

Duration of coleemid treatment thours)
Cell Yine Control 1 2 3 1 [
Mitotse index (M1 ~ per cent) and replication time (HT - hours)§

M§ RT MERT Mf RT Mi AT Mi AT

cHF 45 69 3147 79 252 108 275 139 2¥4 274 20
CH M 31 27 341 72 297 103 293 137 232 165 A2
CHL 42 38 284 64 313 98 303 133 300 163 3°8
L.g29 37 49 204 72 217 w2 294 H4 74 178 11
EL 40 41 244 81 47 {04 294 170 235 199 302
ELT 46 39 260 24 83 16 187 20 700 25 240

lean values based on counts of a tolal of 5000~7000 cells
§ Mean salues calculated from the mitatie indices accordiny, to the

where L is the time of incubation and C the milatie Sndex

0 ¢
formula RT = 19
G

With the fime of incubalion the nwmber of arrested metaphases in
creased 1o the coleermd treated cultures m five of thy six ced) hines
studied Only the TLT cultures did not show nv accumuintion of
meliphases Fips 2-6 show the nccumulttion of mulolc fipures i the
other five cell hnes during 8 hours of colcenmd trexlment It appoars
from {12 2 that a hincar accumulation of mitotic fighires ocenrred m

O
MITOTIC COUNTS IN COLCEMID TREATEQ
L £ E CUTIRE

METAPHAES
| PROPHASES

PERCENTAGE OF MITOTIC FIGURES
(S )

3

SN U T
7 & 6 8 HOWS

TIVE OF INCUBATION Wil COLLEMD

Fig *

Mitatic counts in ¢ leeml) treated
8§ rultures

Fig
#54 anaphase™ (2epan 195%) in
colcemid treated € H ¥ culture
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the C;H E cultures from the beginming of the experiment and lasting
until the fourth hour of neubation A similar accumulation was seen
m the CHM CHL L-929 and ELD cultures but only after a lag
phase of 1 hour (Figs 3-6) The linear curve obtained between the
second and the fourth hour of mecubation extrapolated back to a point
very close to or wdentical with the zero point

After the fourth hour a further ncreasc 1n the rate of accumulation
of mitotic figures was seen m lhe C,;H E cultures while the curves for
the other four cell ines started to fall off Fig 7 shows the accumula

8
8

L IN’ (o] I Tl
MITOTIC COUNTS 1N COLCEMID TREATED MITOTIC COUNTS B COLCENID TREATED
U929 cULTURES ELD CULTURES.

METAPHASES PROPRASES METAPHASES PROPHASES

3
T

PERCENTAGE OF MITOTIC FIGURES
7

PERCENTAGE OF MITOTIC FIGURES

PROPHASES

PROPNASES,

2_ 4 6 8 HOURS 2 4 b B HOWRS
TIME OF INCUBATION WITH COLCEMID T 4 OF INCUBATCH VATH COLCEMID

Fig 5 Fy 6
Mitotic counts in colcemid treated Mitat  ounts in oltemid treate}
L-9%9 cultures LLD ultures
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hion of mitohic cclls m I LD cultures during 24 hours of coleermid
treatment s 1l 1s seen the curse conlinued to fall off after the fourth
hour toward the horizontal unlil the 18h hour of icubation After this
time the percenlase of milobic cells deereased ihruplly
In Al Ine cell hines i which colcenmd caused 2 mitolic arrest a
shight mer¢ase i the number of prophases w s usuallv seen This
crease however remamed vers small during, the farst 3-4 hours
In the ELT enltures both arrested metaphases and  sht wnaphases
«could be scen duning the whole period of colecnid treatment but no
accumulttion of mitohic fizures above the mmtial level was obtmined
{Fig 8) On the contrary during the mitl threo hours 4 depression

B L

4

C e
“ve o.‘*."«i

Fiy o
Micronuclel formati n in colcemid treated €11 M culture
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was seen It should be emphasized that stmlar results were obtained
with three different concentrations of colcemud 1e 00> 01 and 10
pe/ml

Swns of coleemid mtoxication were seen i all cultures after some
time of incubalbion Thus micronucler appesred ifter 6-8 hours of
colcemid treatment (Fig 9) After 18-20 hours most nucler were found
to be broken up nto numerous micronucler Besides this sign of colce
mid mtoxication the ELT cells showed vacuolization of the eytoplasm
with the formation of signet ring cells pyvenosis and karyorrheus al
ready after 1-2 hours of trealment

Table 2 shows the mean values of the mitohic indices counted after
1-6 hours of colcemtd {reatment 1 e before the appearance of micro
nucler The table also shows the means of the corresponding RT values

calculated according to the formula RT = 100t where t 1s the time of

t

colcenmd treatment and C the muitotic index at time t As 1t 1s scen the
alues obtuned after 2-4 hours of colcemid {reatment were fairh con
stant except 1n the case of the LLT cells

TABLF 3

Replication Time Determined by Three Different Methods for Six \urine Cell Lines
ropagated in Y ilro

Replication time (hours)

Cell hine Colcemid Autoradiographic Cell count
method method method
CHE 26732 250 30035
CH M 8723 250 290235
CHL 305+43 260 26631
L-979 278+ 24 2335 30553
FLD 259x17 270 205 =20
Lt not determinable 200 23532

Median values with the 95 per cent confidence interval based on mitotie counts
alter 2-4 hours of colcemid treatment and cell counts for 5 consecutive days

The RT values determmed by the coleermd method by means of
autoradiography and by daly ccll counts on five consecutive days are
compared i Table 3 It 1s secn that the RT values determined by the
auloridio,raphic method are 6-16 per cent lower than those deter
mined by the colecrmid method while RT determined by cell counts
showed shghtly higher values n three cell ines and shghtly lower
Values 1n two cell ines These differences were not statistically sigm
ficant It 1s also seen that nerther the coleermid method nor the cell
count method reveiled anv sismificant diffcrences between the replic
ation time of the cell lines imvestigated



DISCUSSsION

The great advantage of the coleemid method for RT deferminations is
its rapid and uncompheated proccdure as compared with the com
plieated autoradiographical techmique and the Lime consuming cell
counts for several consccutine davs However various sources of crror
must be horne 1 muind when the coleemid method 1s used

Tarst of athat 1s essential that the mitotse ctrnity of the eell popul
alion under myestigation 1s asvnchronous and that colecemud has no
mffuence on the abihly of the eells to enter mie mitosss Second alt
dnviding cells in the population should be sensilive lo the eviostalic
effect of coleemid and this effect should be sufficiently long, to alfow a
significant accumulation of mutotic figures If the cviostatie effcet 1s
equal {o or Jonger thin the replication tsme the percentage of asrested
metaphases plotted agunst the duration of colcermd treatment walt
follow 1 hincar cune reaching 100 per cent provided that all the eells
are capable of division Howeser, Stubblefield (1964} has demonstra
fed by emematographs that the melaphase grrest in colcemd trealed
cuftures onls lavts about 12 houss Thus the accnmulition of 106 per
cent of arrcsted metaphaases 1s only 1o be expected in cuftures wath
ver short rephieation tme Third the difference helneen the eviostatic
and the estotoue effect of colcermd should be sufficienihy pronounced
to allow a significant number of arrested metaphases o accumulate he
fore signs of ecllular degeneratson 1re seen

Onlv four of the present cell lnes met wath these requirements In
the CH T cultures 1 hinear accumulation of muolic figures was ob
sersed starhing from lhe inihal salue at the time of coleemid addhion
to the cultures Howeser afler 4 hours of incub tlion an mcreasc of the
rate at which mitotie higures accumulsted was seen This ingrease w15
partls due te an increase of prophases hut mosthy to an ncrersed
accumulation of metaphases

fn Table 2 the replication time was cajeufated on the basis of the
mitotic ndices caunted after 1-6 hours of mecubation In the case of the
C,H T celts these indices represent the swm of the aumber of prophises
and metaphases at the beanning of the experiment pins 1he number of
accumulated miolie figures Thus the il number o prophases
and metaphases al time zero ought to be subiroeleid from the ndices
on the basis of which RT 1s ealculated If this 1s done the following
mean values for RT are obtamed 303 465 411 388 202 md 19
hours After 1 2 3 4 6 and 8 hours respectivehs

These resulfs could be explasned bs a pactial svnchromzatian of ccll
deviston 1 the € H F cultures In previons expeniments (Sawicthi el at
1967) mitolic counts At the begning of the cxperiments and after 18
and 38 hours of incubation did not show ansy KA of synchronization
But this does not exelude 1 short lasling synchronizahion of C,111 cclls
induced by coleemid before metaphiase arrest



Puck & Steffern (1963) found that colcermd had no effect on the G,
S or G, stages of $3 HeLa cells On the other hand Figst et al (1947)
reviewed observations mndicatin, a stummlatory effect on the cellular
processes which mmhiate cell prolifcration In the present experiments
no sigmificant deviations of the prophase curtes occurred during the
first 34 hours of imcubation as one would have expected if coleemud
had an whibiting ot promating effect on cells preparing for mitosis

This howeser does not exclude that colcermd micht hne a sin
chronizing effect on cells in prophase or pro met iphase Puch & Slef
fen (1963) have presented evidence that colcemud s specificalls pre
venied from actin, on 83 HeLa cells which have alrcads entered into
mitosis The evidence was mawnly based on the presence of a Iag mn the
action of coleenud followed by a hinear accumulation of mtolie figures
which extrapolated back to the zere pomnt Simlar obsersalions were
made n the present experiments with the GHM CHL L-929 and
ELD cells but the C,;H E cells did not show any 113 1 the iction of
colcermud Therefore the possibnhity ewsts that the deviation of the
C,H E curve after 3—4 hours of incubation 1s due to the parhial svn
chromzation of celis in prophase or prometaphase

The C,H M CH L L-929 and ELD cultures all showed the lag period
mentioned above followed by a Irmear acetimulahion of mitotic figures
until the fourth hour of menbahion This portion extrapolated bach
close to the zero point indicating that colcemid 1n these four cell hines
did not act on cells which at the beginming, of the cxpcriment had al
ready entered into mitosis Thus no correction 1s required for the num
ber of mitosis present in these enliures at the time of colcenud addition

As 1 the ease of the C.H E eells the prophase eurves remmned al
most horizontal durin., the first 3-4 hours of incubation After that
time a moderate ncredse was seen su..esting that coleemid cven n
these 4 cell hines might have a shight effect on cells which hayve already
enlered into mitosis Howcver the mncrease of the number of prophase
&id not aceelerate the total rale of accumuylation of mitotte fijures On
the contrary after the fourth hour when 13 7-17 0 per cent of the cells
Wwire m mutosts the curves started to hend toward the horizontal and
after 18 hours 1 declme of lhe mutotsic index was seen Srmlar observa
hions were made by Puck el al (1964) m their studies of the Chinese
hamster ovary grown @ pitrn Thewr cxperiments showed that thus
cotrse of the curve w1s due to degeneration of the mitotic cells

In the TLT cultures addition of colcermid led to « decrease of the
mitolic index during the first 3 hours of mcubition Cjlological signs
of cel) degencration were seen at the same time even at 1 concentration
of coleemid as low as 005 pg per mi The decrease did not econhinue
which indicates that the DLT cells were not al equalls sensitise to the
cytotoxie effect of coleenud However even after 1.2 hours of mncubation
the mitotic 1ndex haa onlv reached the mitial xalue

The other five cel! hines were more resistant to the toxic effects of



DISCUSSION

The great advantage of the coleem:d method for RT deternunations 1s
its riprd and uncomplicated procedure s compired with the com
pheated autoradiographical techmque and the ttme consunung cell
counts for several consecutive davs However various sources of error
must be borne in mind when the coleermd method 1s used

First of all 1t 1s essentinl that the mitotic actinily of the cell popul
ation under miestigation 1s asynchronous and that coleenud lias no
influence on the alibty of the cells lo enler mto milosis Second Al
diniding cells 1n the population should be sensibine o the eylostatic
eifect of colcermd and this effect should be sufficiently long to allow 2
sigmficant aceumulation of milotic figures If {he cytostatic offict 1s
equal to or longer than the repheation fime the percentage of arrested
metaphases plotted 1gunst the duralton of coleenud treatment wall
follow a linear curve reaching 100 per cent provided that all the cells
are capable of division However Stubblefteld (1964) has demonstra
ted by einemalo,raphy thal the melaphase arrest in coleenud treated
cultures only lasts aboul 12 hours Thus the accumulation of 100 per
cent of arrested metaphanses 1s only to be expected 1n cultures wilh 2
very short replicabion time Thard the difference helween the ¢ytostatic
and the evtotoxie effect of colcermd should be sufficiently pronounced
to allow 1 sipmifieant number of arrested metaphases to neeumulate be
fore signs of cellular degeneration are seen

Only four of the present cell ines met with these requirements In
the CH 1 cullures a Iinear accumulttion of mitolic fipures was oh
semved stirting from the initia! value at the fime of coleenud addition
to the cullures However after 4 hours of incubation an inerease of the
rate at which mitotic higures acenmulated was scen This increase was
partly duc 1o an increase of prophases but mostly 1o an nereased
accumulation of metaphases

In Table 2 the rephention time was evlenialed on the basis of the
mitobic indices counted after 1-6 hours of ncubation In the ease of the
Gl 1 cells these indices represent the sum of the number of prophases
and melaphases at the beginning of the experiment plus the number of
accumulited mitolie figures Thus the tmtial number of prophases
and metaphases at time zero ought to he subtracted from the indices
on the basis of which RT s clculated If this 15 done the following
mean values for RT are obtammed 303 465 411 388 252 and 2590
hours after 1 2 3 4 6 and 8 hours respectinvely

These Testilts eoulid be expimned by 1 partin} synchronization of ecll
division in the C,H F cultures In previous experiments (Sawied { et al
1967) mitolic counts at the beginmng of the experiments and after 18
and 38 hours of ncubation did not show any sipn of svnchronization
but this does not exclude - short tasting, svachronization of G,H T cells
nduced hy colcemid hefore metaphase arrest



Puck & Steffen (1963) found that colcermd had no effect on the G,
S or G, stages of S3 HeLa cells On the other hand Eigstt et al (1927}
reviewed observations indicating a stimulatory effect on the cellular
processes which mitiate cell proliferation In the present experiments
no significant deviations of the prophase curves occurred during the
first 3—1 hours of incubation as one would have expucted 1if coleemid
had an mhbiting or promoting effect on cells preparing for mitosis

This however does not exclude that colcermd nught hnve 7 swvn
chronizing effect on cells 1n prophase or pro melaphase Puch £ Stef
fen (1963) have presented evidence lhat colcermd s speaifieally pre
vented from actin,, on 83 HeLa cells which have already entered 1nto
mitosts The evidence was manly based on the presence of « lagin the
action of coleermd followed by 1 linear accumulation of mitotic figures
shich extrapolated back to the zere point Similar obsersations were
made 1n the present experiments with the CGHVM CHL L-929 and
ELD cells but the C,;H E cells did not show anv 11, 1n the action of
colcermd Therefore the possinlity exists that the deviation of the
GH E curve after 3-4 hours of mcubation 1s due to the parhal syn
chronization of cells 1n prophase or prometaphase

The C;H M C,H L L-929 and FLD cultures all showed the lag pertod
mentioned above followed by a linear aceumulation of mitotic figures
untl the fourth hour of incubation This portion extrapolated bich
close to the zero pomnt mdicating that coleermid 1n these four cell lines
did not act on cells which at the begmning of the cxperiment had al
ready entered into mitosis Thus no correclion 18 required for the num
ber of mitosis present 1n these cultures at the time of colcemd addition

As in the case of the C;H L cells the prophase curves remained al
most horizontal during the first 3—§ hours of incubation After that
time a moderate wnerease was seen suggesting that coleermd even n
these 4 cell ines misht have 1 shght effect on cells which have already
entered into mitosts Howeser the increase of the number of prophase
did not accelerate the total rate of accumulation of mitotic figures On
the contrary after the fourth hour when 13 7-17 0 per cent of the cells
were i mitosis the curves started to bend toward the horizental and
after 1% hours a dechne of the mitobic Index was seen Stmular observa
tions were made by Puck el al (1964) in their studies of the Chinese
Ramster ovary grown i pire Their experiments showed that this
course of the curve was due to degeneration of the milolic cells

In the FIT cultures addition of colcermd led to 1 decrease of the
mtotic index during the first 3 hours of incubition Ciiological signs

of cell degeneration were scen at the same time even \t 2 concentration
of colcernd as low ns 0 0u ne, per mi The decrease did not continue
which indicates that the ELT cells were not all equally sensitive to the
3totovic effect of colcermd However even after 12 hours of incubation
the mitotic index had only reached the mtil value

The other five cell ines were more Tesistant to the toxie effects of



DISCUSSION

The great advantage of the colecemid method for RT delerminntions 1s
its rapid and uncomphealed procedure as compared with the com
plieated autoradhographical techmque and the time consumng cell
counts for severnl consecutive divs However various sourees of error
must be borne in mind when the coleemid method 15 used

First of all 1l 1s essential that the mitohie actiaty of the cell popul
ation under nveshigabion s asvachronous and that coleermid has no
influence on the alnlity of the cells to enter nto mitosis Second all
dimiding cells n the populabion should be sensitine to the eviostatic
effect of colcermd and {hus effect should be sufficiently long 1o allow 1
sigmficant 1ccumulation of mitotic figures If the eyloslatic effect 1s
equnl to or longer than the replication time the percentage of arrested
metaphases plotied agunst the duration of coleemnd ireatment will
follow 2 hnear curve reaching 100 per eent provided that all the cells
are ¢apable of division However Stubblefield (1961) has demonstra
ted by cinematography that the metaphase arrest in coleemud treated
cullures onls Jasis bont 12 hours Thus the arcenmulabion of 100 per
cent of arrested metnphaases s only to be expecled an cullures wilh a
very short replicalion ttme Third the difference between the cytostatic
and the cytotoxic effect of colcemid should be sufficiently pronounced
1o 2llow a sign:ficant number of arrested metaphases to accumulale be
fore signs of cellular degenerabion are seen

Only four of the present cell hines met with these requirements In
the C,H T cultures a bnear accumulalion of mtolie fipures was ob
served slarting, from the mitial valne at the time of coleennd addition
to the cultures However after 4 hours of incubrtion an mncreasc of the
rate at which muitohie higures accumulated was scen This increase was
partly due to an inereasc of prophases hul mostiv to an mercased
aceumulahion of melaphases

In Table 2 the replication time was ¢alculated on the basis of the
mitobic indices counled after 1-6 hours of incubation In the case of the
C,H1 1 cells these indices represent the sum of the number of prophases
and metaphases at the beginning of the experiment plus the number of
aceumulaled mitotic figures Thus the imtinl number of prophases
and metaphases at time zero ought to be subtracled from the ndices
on the basis of which RT 1s caleulated If this 1s done the following
mean values for RT are oblamed 303 165 4131 388 2,2 and 259
hours after 1 2 3 4 6 and 8 hours respeciinely

These results could be explained by ¢ parlial synchromzation of cell
diviston in the G T cullures In previous experiments (Sauncil i el al
1967) mutotic counts at the bepnmng, of the expersments and afler 18
and 38 hours of incubation did not show anv sign of svnchronization
Dut this does not exclude a shorl Tasting synchronization of G111 cells
induced by coleemid before metaphase arrest
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sunaty to coleermid mtoxication On the contrary mahgnant cells de
rived from the same tumour such as the near diploid CLD and the
near tetraplowd TLT cells showed greal difference in thewr sensitnaty
to colcemid

Thus from the present imvestigation 1t may be concluded that the

colcemud method does not give more information than the cell count
method It 15 a rapid method for the deterrination of the doubling
tume but the cell count method 1s safer 1f the effcets of colcemid on the
cell Iine under mvestigation are unknown The coleermd melhod drd
not reveal any differences between the growth hinehies of non malig
nant and mal,nant cells and no general cerrelhtion between ma
hgnancy and the sensitaiy of the cells to the eytotoxic effects of
coleermd could be established

SUMAMARY

The rephcation time of six non malignant or malignant murine cell
lines grown in pitro was determimned by mtolic counts mt colcemud
atrested cultures by pulse jabelling experiments with triated thvmidme
and autoradiographic techmuque and by dasly cell counts for 5 conse
etttive days In four of the six cell ines the coleermd method was found
to be a quuick angd reliable method 1f the mitotic counts were made after
2-1 hours of coleemd treatment Its only advania,e over the cell count
mcthod was ats shorter duration but yarious sources of error impose
more restrictions to its use than to that of the cell count method

One cell hne was found to be too sensttive to the cylotoxic effect of

colcemud to allow this method for the delermnation of the rephcation
fime while anothier cell hine showed signs of synchronmization which
made the colcemid method unsmlable The experiments did not reseal
any significant differences between the rephication times of non malig
nant and malhgnant cells

o

- e
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AMYLOIDOSIS INDUCED IN MICE BY TRANSPLANTATION
OF CASEIN SENSITIZED
AND NOT SENSITIZED SPLEEN CELLS

By

OLE WERDELIN 1nd PouL Ranroy
Recerved 5 v1 67

In a recent paper we have described a new method of mducing amy
lowdosis cxperimentallv (W erdeltn & Rarlov 1966) In principle this
method consisls 1 transfir of spleen cells from mice with casein
mnduced amyloidosis to syngeneic recipienls The recipient mice develop
spleen amyloidosis m the course of three to four davs Autoradio
graphic studies of the fite of mtravenously injected spleen cells from
casemn treated mice 1n syngenere reaprents have shown that such cells
end up pnimanly 1n the spleen of the rccipients (Ranlop & Werdelin
1967) and thus lend support lo the possibility that the inyected cells
arc concerned locally 1n the production of amylowd in the new host

In the experiments cited above lhe recipient mice developed amylor
dosis only when the donor mice contributing to the cell suspension had
spleen amyloidosis Thus 1t could not be completely ruled out that the
lestions found in the recipient mice were due to phagocstosis of small
particles of preformed donor amyloid

It would be of interest therefore to find out if the transfir of spleen
cdls from casein treated mice without amyloidesis mav promote amy
lowdosis 1n recipicnt mice In the present experiment spleen eells from
Tmice recerving easein treatment are transferred at an carly preamylot
dotic stage of the amgylodosis induction After the cell transfer the re
apient mice are treated with casen for a short pcriod and finally with
nilrogen mustard

MATERIAL AND MF1HQDS

Male and female m1 e 8-16  cek of arc all belonying to the same inbred strain of
C3H mice were used Al ammal wer s leted f - I rge number of cages and
distributed at random 1o the d fferent gr ups Bel = the metho lologieal prinerples
:;’;;Gl;llmed For a more detail d a ount of th m trods u cd se Werdelin £ Ranlov

Donor treatment 0 mice ¢ e treat ¢ with hypo] rmic snjections of § per cent
sodium casemnate p pared according to ¢} sfensen (1563) 6 days a week Two hours

This investigats 1 was supp rted by g nts f om Th Dapish League Against
Rheumatism and The General Scientific Fund of The Danish Gorernment
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after the tenth injection the donors were Ailled by cervieal dislocation ANl donot
spleens Were remorved and poaled in Ringer solution \ <mall prece was tahken {rom
each te serve as a rodtrol for the development of amslosdosis

Spleen cell suspension The suspension was made by means of a lacse fitting glasy
homogenizer The cells were washed three times in fresh Iunger solutlon and the
vishilits of the nucleated eclls was determined by the trypan Dlue test and found 1o
be 82 per cent. The aumber of nucleated cefls per ml of suspension was connted in
a Turl counting chamber and the suspension was adjusted to 950 X 10 nucleate]
cells per mil

Reciprent freatment 0 4 ml of the sus) ension contaming 100 X 305 nucleated eclls
was injected 3n the tal ven of cach reciprent mouse All recipients were then
treated with dails subcutancous casan injechions for 7 dayvs beglaning tao hours
after the cel) transfer 74 hours alter the last ca eln Injecticn treatment with nitro
gen mustard was started 00> my of nitrogen mastard (I rasol IDOR} was given
every second dav as subcutaneous injections 5 davs afier the start of the nitrogen
mustard treatment the reeapients were hilled by cervical dislocation and autopsied

Control mice One group of mice re eived intravenously 04 ml = 100 X 10! spleen
cells of a suspension from normal mice A <econd grup received ¢ 4 m! of Ringer
solution Intravenous!s mnstead of cells After the invculation the mice in hoth groups
were treated nith easein far 7 davs followed by nitrogen mustard for 5 dave

Mistological methods Spleen Iner hidner  ndrenal small Intestine thymus
mesenteric Iymph node and lung were taken for microscopy After fixation in neutral
formalin and embedding in paraffin sections were stained with hacmatoxylin cosin
Congo red methe] violet pyromin methal green periodic ackd Schiff staln and
Thioflavine T

Fuatuation of histological lesions A quantitative estimaticn of the spleen and iver
amsloidosis was undertahen The quaniitation of the spteen amvloidos)s In degrees 1
to [ was carried out according to the principles of Christeasen & Hjort (1943) and
the liver amvlaidosis was graded from 1 to 4 degree 1 meaning o few small pre
cipitates of ams kid al the periphers «f the lobule 2 moddrate perilobular amsl [d
os1s with masses extending from the periphers s me way Inte the Dhule 2 exten
sive lobular amslaidosts with escape of centralchular arca and 4 meanfng extenshve
amylaidosis in central as well as peril bular regivns

The histological materzal fram all groups was sereened and grade § hlindly twice
In cases of disagreement all ¢ tirns from the anumal conceraed sere resised and
the extent and degree of amsloido<is delermined

RFSULTS

\Microscops of the donor splecns showed bsence of amilowdosis i all
cases Members of a1l thrie reeipicnt groups descloped amyloidosis he
merdence tapoariphs and sovenly of the Iusions are tabutatcd
Table 1 and Fuy, 1
TABLF 1

Cells
Inetdence and Topography of Amylot xsis in Reciprents of {asein Sensitt ed
n’:::i‘o[ not Sensite ed (ells and in Runger Injected Conlrol Mice All Recipients

Rereived an Additional Treatment wunth {asetn and subse juently
with Mitrogen Vustar |

Incldence « £ Amlsidisis

Sumber and type of
Liver tung hidney  Adrensl  JIntest

transferred cells Spleen
100 x 10¢ 1Az 1313 13t 1393 oo 3l
Cascla sensilized
100 x 104 W66 160F 1616 1336 St e
Not sensitized
17 15718 mis 117 D15 017

“ene
(Ringer Injected)
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Number of Animals Number of Amimals

Rectpients of
Casewn—
sensihzed Cells |01 234 56

Recipients of
not-sensitized
Cells

Ringer—injected
Controls

0123456
Degree of Spleen Degree of Liver
Amylaidasis Amylordosis
F 1
Degree of spleen (left oumn  and b 1 mviordoss (right ¢ lumns) 0 recipients

of spleen cells from asen 1 at el d nors (upjer columns) in reciments of cells

from not sensitized do1 r (mi1dle columns) and 1n Ringer 1nje ted controls (lower

columns) All recipient 1 re subscqu ntly treated with an add tion 1 course of 7
ays of casein injections follos e1b 5 1 3s of mtrogen mustard



Fig 2 Spleen fr m rectifent 0f 100 X 10 casein sensitfzed leen cells Amv] Idcabs
degree 5 Periadic acid Schiff stain > 30

Fiy 3 Uiver fr m recipient [ 100 X 104 syfcen celfs fr m ca efn sensitized donor
mice hupffer cells distended with amylold Iisematoxslin eosin > 350



Fig &

Fuy s

Figs 5 o
Ihidne from recipient of 100 £ 10 spleen cells from casein sensit zed donors
Depout of amslord n the glomeralar tuft Periodse acid Schiff tan x 350
Adrenal gland from recy Jcnt of spleen cells from casein sensitized donor
mice Deposits of am loid 3n the bounda y zone hetween cortes and medufls
With extensions 1nto the cortical zona reticularis Periodic acid Scmfl x 350
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Feg
Tung from recipient of 100 X 105 51 leen colls from casein sensitized dondrs Vasy of
saniad in afieolar wall Haematotyhia cosin ¥ 1400

The splean sy losdosss prosents the usinil pattorn of rmgs surround
g, the spleme fotheles (11, 2) The digrec of mnnioudosss i roespsents
of cctis 16 hasher than that i Ranger mpected controls

The Isvor amnlmdesis scemrs te sttt he penphery of the b

fobule and to spraad towards the contrd saan The crliest true of
am fosd enn hie diteetcd around the sessof walfs m the poriport sl spce
it the ponplun of the tobule In more wdaattead lessons the procipt
f1les can be iraccd i the smusord al wostls where @ deposit ofton shows
15 1 round globulc exp g the huplloe et the nuekous of which
15 found ruding on the top of the el towards the smusond thiy B
A definste quantittne difforence badween the throe groups s obvious
recipunts of e1sun sinsshzed ceffs showsng sen pronouncod Iner
i loidesss and Hinger myceled controls shiht e amylosdosis onh
fleesprents of not sinsttized cefts deselop bves anniordows of b dopre
between these twa graups

Amviont was found o the hadness of seopuonts of el but not an
Binger myected controls In seapunts of cason sensshized eofhv s}
masses of imslond were found i mdndud cotls of the plomorutae
tuft and ainterststin iy jodows i e form of obfeng dopots was
pronounced (11, 41 Reerpients of not sensihizad eclly showed slight
wmterstittl ann foidosss hut glome rutar loawns were abisent

fn the dronad pf md amsdosd w28 found 1round e vovschoan



B

corlico medullary junction (F1, 5) From herc amsvlowd can be traced
a short distance oul nlo the cortex all deposit Iying mn close relition
to the vessdds In the Ringer injected conlrols adrenal lesions were
absent

Amvloid was found n the intestinil wall of a few of the recipicnls
of cells The amloid was localed around the small vesscls Iying 2t the
base of the crypts of Licherhuhn an deposits were 2lso found tround
the central vessel of the ntestinal vl

In the lungs of recipients of cells were found small round or oval
bodies of PAS positine amgylord like material Iving n the alseolar
ceapiltaries and lun, arterioles (F1, 6) Amyloid was not found n the
thymus 1n any ammal In the mesenteric Iymph node from some recipr
ents of cells was found very small deposits of amylord around 1essels
of the pulp only deteclable 1 Congo stamed sections through crossed
polars

Periodic ac1d ScInff stamed sections revealed the oceurrence of cells
wilh PAS posilive cytoplasm 1n and around the splenie deposils of
amyloid Many of the I’AS positive cells have oval or kidnev shaped
sesicular nucler and granular cvioplsm and resemble rebieulr cells
(Terlum 1906) The lustochemical reactions of the amjloid i different
localizalions 7re the same and correspond to the histochemusiry of
mouse 1myloidosis induced by other means The mylowd 1s PAS posi
Ine and Congo positive It gises 1 brisht yellow fluorescence i Thio
flavine T slmned sechions m ultraviolel liht and displavs green bire
fringence wilh Congo red in polarized ight The amyloid stains orlo
chromalic with methv] violet

DISCUSSION

In the present expernment spleen cells have been lransferred vt an
carly preamslodolic stage of the easewn trealment Afler the transfer
the reeipient muce recenve easemn treiment for 1 period before the
nulrogen mustard treitment This exponimental system of course e
cludes the possibihily of transfer of particles of amylod 1o the recip:
ents who ncvertheless deselop 2 far more pronounced nnd widespread
amyloidosis than Rmeer injected conlrols Thus 1t ean be safely con
cluded Lhat the amvloidosis promotuny, effect of the cell suspnsion 1s
not caused by preformed donor amyloid Inoculation of spleen cells
from norm 1} mace also led 1o severt amylodos s However v compn
son wilh the resulls of inoculation of sple n «cHs from eascn sensihized
Tuce reveals a defimte quantitalive differ n Jn the latter group the
Iner amnloidosis 15 more severe wnd the in 1dence and desrec of exlrn
splenue aind extraheptie imylewdosis s hish 1

The dcvelopment of amyimdosis m Ring 1 injecled control miee 15
the result of casein trcatment for 7 dns followed by treatment with
nitrogen muistard for o dns \When Lhe post transfcr ¢asem treatment

Py



20

1s reduced to 4 days Ranger mjected controls do not develop wmyim
dosis while the majonty of spleen celf moculated reerpients davelop
spleen amn loidesis {W erdelin & Ranlov 1966 unpublished) T xpon
ments which mas have somd beanng, on the amylowlosis enh ey, of
feet of transplantation of Lissues and eells was earmed ont by Letlorer
rends m 1926 {7 elderer 1926} In ovdor to see sf onee formed i foud
ean be resorbed Lelterer iransplanted preces of amnlowlobic ribint
spleens 1o the pentoneal civily of allopencic reaptnts Somewhat
surprisngly a number of these developed splecn nd hner ums lodoss
w the course of weeks Grafing of iner hdney g bran from nor
mal rabbits had the same effect on fenenae reesprents e pundently
of the conditton of the raft whether viable or neerolie In our evpers
ments (W erdelin & fanlov 1966 unpublished} we have tred 1mphint ¢
tion of whole mmyloidotic mouse spleens m the purtoncum of sin
genewe recipients withoul bews, able fo fransfur fhe innlowdosss The
time from the transplintation to death w s onh 6 dvvs duning wWhich
the mice were treated wilh nitropen mustard

More recently Barnes el al {1882} and Bradbury & Micklem (1864}
have demonstrted the deselopment of amyloidosts i mouse ruliation
clumerns After fethat trradinion the miuce had been seddored wath
syngeneie foetal ner cells or by allogeneic hone marrow cells Fin
chimeras deseloped spleen and hier andowdosss 1 the course of 20
to 120 days I w1s emphisized that funchional exhiwstion of i am
mune mechmsms of the chimeras nught plav an smeportumt rof sn
the development of the amylondosis This view 1< conststent with tha
of Tetlum {1964) nccording lo winch nmylord 1s produced by eddls of
the rebeulo-endathetial sustem exhausted dunng 1 profunged antipeme
stimulation

The amylowdosts resulting, from the splecn coff transfor and tin
following, ireatment n the present experyment is romarhablc for os
seversty The role plyyed Iy the transfersed colfs remuns to he ox
plamned In wt e arhier paper (W endefan £ Ranlop 1866) st was suppcsted
that the transferred cells havng, colonzed the reaipunt are smvoalhed
focatly m the synthess of amnviowd under the wfluenee of mtrogen
mustard which 1s 1 potent amy lordosis-enlitnong, dru, (Tednm aly
This sugpestion was supposted by mtforubo,fiplue snvsbrations
(Rarlov & Verdehin 1967) m whieh H? abuiled sploen colls from o
sein troated muee were traced to the recipients spluens and fungs th
actual sites of amslodesis

Do the trapsferred colls howeser mugtite to all the ssies wher
amylosd 15 found sn the prescnt cxpenment® {avesti dions of the fat
of ntrnenoush 1ngeeted Bmphoud ccffs show Bt duffirence of opn
on regarding the earhy evenls after the cdlt transfor (Qrogoe 1850
Weisherger of al 1901 heolnne & Vetealf 1908 Diderholin 1961

rapped 1n the lung capitiaries shorthy allce the myee

auy eells are t
iy ood streum and an

tion Most of them are quickly rele ssed 1nto the b



creasing numbers are found in the spleen during the following 24-48
hours Actually the spleen 1s the place where the highest concentration
of transferred cells 1s found at any hme (Hattler et al 1964 Vurray &
Murray 1964) Concomitantly with the colonization of the spleen la
belled cells can be found in the hver fymph nodes Peyers plaques of
the inlestine and the kidneys and migration to the intestinal mucosa
has been observed bv several mvestigators (Farr 1951 Ambrus € Am

brus 1909 Shorfer & Bollman 1960) Thus the hterature affords ess

dence that transferred lymphoid cells mas mgrate to the locations
where 1mvloid 1s found 1n the present transplantation experiment with
the exception of the adrenal which does not seem to have been sub

jected to lymphohinetic studies with labelled cells

SUMMARY

An investigation has been undertaken in order to find out if the amjy
loidosts promoting effect of syngeneic transplantation of spleen cells
from mice with casein amvloidosis 1s dependent on the presence of
amylowd m the transferred cell suspension

In the present expertment 15 demonstrated an amjylotdosis promohing
effect of the transfer of spleen cells from casein sensttized donors with
out amyloidosis and although weaker of transfer of spleen cells from
normal mice

The parallehty between the distnibution of intravenously njected
Iympheid cells and the topographic distribution of the amyloid 15 em
phasized The possible participation of transferred cells 1n a local syn
thesis of amyloid 1s discussed
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AMYLOIDOSIS INDUCED BY CELL TRANSFER

Effects of Hea! Damaged and of \ Irradialed Spleen Cells
from Casewn Sensult ed Mice

By
O1E WERDELIN
Recelved 54167

An amyloidosis promoting effect of syngenecic {ransplaniation of spleen
cells has been shown on mice by different experimental procedures
by transplantalion of spleen cells from mice wilh cisein amviordosis fo
mirogen mustard trealed recipienls (Werdelin & Ranlov 1966) by
lransplantation of spleen cills from casewn sensitized mice without
amylodosis to reciptents treated with casein + miregen mustard and
by transplantation of spleen cells from normal muce to recipients
trealed with casein + nitrooen mustard (W erdelin & Ranlov 1967)

On the hasis of autoradiographic imvestigations of the fate of labelled
trvenoush {ransferrcd casemn sensilized cells (Ranfov & W erdelin
1967} and the literature on the fale of intravenously mjected Iymphotd
cells (for a review see Diderholm (1961) hechane & Velcalf (1958)
Shorter & Bollman (1960) Cowans (1962) Murray & Murray (1964)
1t was empt that the ¢ phic distribulion of the amylaid 1in
transfer experiments parallels thit of mjccted cells It was suggested
that the transferred cclls miht in some way be concerned n the syn
thesis of amyloid locallv The nature of the role plaved by the trans
ferred cells however needs further clueidation

1t was decided that the amylordosis promoting effect of spleen cells
should be 1mveshigated to see whether 1L 1s A) thermo resistant and B)
dependent on the proliferative capibility of the cells In eapcriment A
the amvloidosis promoting cffect of heat damaged spleen cells 1s com
pated with that of not damaaed and \owradaatad spleen eells from the
same group of nmyioidotic donors Experiment B was designed i order
to determine 1f proliferative capabihty of the transferred cells 1s sigmif
teant for the events after the ccll transfer The amyloidosis promoting
effect of \ irradinted and not irradialed pleen cells from the same
group of casein sensrhized mice without amvloidosis 1s compared
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MATFRIS!I AND UFTHODS

Male and female C3H mice 6-24 weeks old of the same inbred strain wese
throughent the experiments The general methods used have been the s:r:; Aus‘;?»
previoush publnbed expeniments (Werdelin t Ranlop 1906) ynless atherwise de
s¢ribed At the start of each experyment & nor and recaprent mice were selected at
random from a Jarge number of cages and put in new cages, 4 8 Lo gother

Dionor mu ¢ recessed one daily fnjection six times 2 week of 06 ml of 5 per cent
sothum rascinate prepared according to Christensen (1963) After the casein treat
ment the donot mice were hilled by renvical dislocatim and he pleens pocled fa
Ringer solution ANl the spleens nere split alang the long axis and from each a small
preve was tahen for miscr sc |3 serving as a control [ ¢ the desel pment of ams
loidosts

Spleen celf suspension was made by means of a Joose fitting glass homogenizer

¢ crude su<pension was filtered throagh a fine me bed metal sivre (1500 h Jes per
em ) The ftrate 2 the cells was ¢ { far I minutes at 1508 rcunds
pér minute and then resuspended 1o fresh Ringer s lution The washing was repeated
twice Finalls the number of nucleated cells per ml suspensi n wae counted In o
Furk haml the was sadjusted to the desired humber of
cells per ml The stalnlits of the nucleated cells was controlled by the trvpan hlue
test.

Recipient mice were in the natural state at the time of the cell transfer The
sty wlated number of ocdls was introduced by Injeetion In the 1)) seln Aller he cell
transfer the treatment of the recipient moice With casein of nitrogen mustard was
initiated within 1-2 bours

Autopsy and histological methols The reciprent mice were killed by cervical dis
location From each animal was taken spleen liver lung thymus hiiney adrenal
small {ntestine and mesenferte Ivmph node for micres apy After fisation n neutrat
formalin and embedding 1n paraffin  ccticns were stafned with hacmate x3lin-¢ sin
pyronin methvl green Conge red and periodic scid Schilf stain

Quantidation of the spleena amulotdosss was carried out blindlv ot the PAS staine
sections wsing the grading of Chrisfensen & Hiorf {1375 Spleen amdl §insis 4
graded from 1-6 degree 1 expresses a few incomplete amy! 1d rings arcund the
splenic follicles degrec 2 thin comglete rings of amnl id degrees 35 rings of
inereasing breadth, and desree & the maxima) degree famnlcilo is with obliters
tion of splenic structure

The details ¢ f the twn experfments are gisen helow

& ZTranster [ Heat Bamaged Spleen €Cells frem Mice with £ in-nmplalbasis
Recipients Trealed with Nir gen Mustard

40 donor mice were treated with 14 cascin fnfeeti ns. AJ) denors were Ailled on the
dav of the last casein injectinn The apleen ccfl su pen 1sn 2 ffusted to 2,0 » 10%
cells per ml was dnided toto 3 portd ny ) was heated 1y 50 € for 30 minvtes
by was expoced to & dase i 1000 ¢ ustng  Slemens “StatfliscIt” \ rxv machine
[100 ks 12 mA HY! 009 mm Cu d sc rate 56 ¢ min) ani ¢) was not treated
15 muce each recehved ntravencusty 036 m) = 100 ¥ 107 celts {r m sn remvi 1o
13 mice each recerved 0,36 mt = 190 < 10 cells fr m st pension b and 19 mice cach
resehved D34 ml = 164 < 10 celly (eem st pensf nc 7 fo 3 [ urs affer the cell
legnsfer each recipient re-cived an inject) o 1005 mg f nite gen raustsr} itras )
IDDP; sub-utagenushy This was rrpeated 4% and 9 b or aficr the cell transf ¢
xnvd ald recipient mice wese hilled 120 b ues after the cell transfer The st leen wa
Jost at stgtepse feam ¢ ae recipient ¢f suspension a and frem tw reciplent of ey
peaston ¢ The ¢ anfmals were discarded frm the groups

Semiits ed Don rs srath ot
B Transfer of ¥ [rrodiated Spleen Cells from Lavein
tmvh{:d ns f Rergpirats Treated uith (asen + Velr qen Nastard

Ye dav after e
0 donar mice were treated with 7 easeln lajectl n and Milled en t

ln;t c:';nn infecti n The spleen cel} suspemi 0 was 2 Yusted to 1€ v 1em cells per
m] One half of the suspensinn wau lrradiated with .N?f;‘wrnrr.:ri h; 2 (lf::‘(;lg
b " \ rav machine 1100 &y 1% il NV} ¢f mm fu o s ra
r's;‘l’r:?{?;}: om;— palf was 1 1 Irra flaled or damsged by 1her mean 14 mice cach
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recenved 03 ml = 50 X 108 irradiated spleen cells and 17 mice each received 03 ml
=50 X 106 not irradiated cells A thard group of 18 mice each recened 03 mi Ringer
solution iv 1,—-1% hours after the cell transfer the members of all three groups
recefved the first casein injection repeated 24 72 and 96 hours later 24 hours after
the last easein injectson treatment With mitrogen mustard was initiated 002 mg
was given everv second das for 5 days whereupon all recipent mice were hilled and
autopsied

RESULTS

Transfer of Heat Damaged Spleen Cells from Mice with Casein
Amylodosis to Reciprents Trealed with Nitrogen Mustard

Among the 40 donor muce 15 had developed spleen 1myloidosis The
siability of the heated cell suspension was 70 per cent and that of the
not damaged and wrradiated suspensions was 85-90 per cent The re
sult of the transfer cxperiment 1s shown 1n Table 1 Recipients of heat
dnmaged cells deselop spleen amylowdosis with approximately the same
frequeney and intensity as the groups moculated with not dymaged and
wradiated cells from the same group of donors The spleen amyloidosis
1s of degrecs 1 to 3 and presenls the usual pattern of rings of homo

urrounding the spleme follicles (Figs 1 and 2)

H\Slochemmall} 1t 1s PAS posilie Congo positive and 1t shows green
birefringence m Congo stained sections 1n polarized light In the Iungs
of all recipients are found many small lumps of PAS positine amyloid
hle material mn the alveolar camilaries and small arterioles Sections
of liner and kidney were available from all reciptents No amylowd was
found except small preaipitates in the hner of one reaiprent of %
irradiated cells Intestine adremil gland mesenteric hmph node And
thymus were avaslable from the majonty of the recipients and no
amylod was found

TABLE 1
Incidence and Degree of Spleen Amylordosis in \drogen Mustard Treated Reciptents
of Heat Damaged Y Irradiated and Not Damaged Spieen Cells from irce
with Casen Amylordosis

Number of reciplents with spleen  Number of reciptents
Dose and ype amvlodosis of with spleen amylowdo
of spleen cells sts/total number of
degree 1 degree 2 degree 3 rectbients 1 group

100 X 109

heat damaged 3 5 1 9/14

190 % 108

not-damaged 2 10 1 1317

100 X 108

\ irradiated 0 1 0 11/15
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Figs 17

Fiz 1 Spleen rm recipient €100 X 101 spleen cells from ca eln sensltizet d nors
with amviif losis Reelplent treate ! with ollec gen ma tar 1 £ 5 dags Nleen
amy] ilosls degree ? Terredic acld Sehilf stain x 140

Fi2 ® Sileen fr m recipient «f 100 ¥ 10 heat-damaged splcen cells feom casein
semyitlze } dmors v ith amslsi1 <1 Tecdplent treate t with nflrcgen mustar |
for o davs Spleen amslcitosks tegree 1 Ferlofic acld Schiff stain > 140
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Figs 3-4
Fig 3 Spleen amiloidosis of degree 3 Recipient of 50 X 104 \ irradiated sfleen

and nitrogen mustard for 5 davs sul equent to the ccll transfer Periodic acid

Schiff stamn X 140
Same recipient as Fig 3 Detall of am loid in the perifallicular zone of the

splente white pulp Retlcular cells in the amsloid st) stance Pertodic ackd

cells fram casein sensitized donors Recipient treated v ith casein for 7 days
S hiff stain X 560

Fags
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Figs 1-7
Fig 1 Spleen fram recipient of 300 X 105 splecn cells from casein sensitized danors
with amyloidasts Reesprant treated with agtrogen mustard for 5 dass Spleen
amn lordosss degree 2 Peniodic aud Schufl stain x 138
Fig 2 Splecw from recsprent of 108 X 107 heat damaged spleen cells Irom casesn
sensitrzed doners wath amn lotdosis Reripienat treated with mitrogtn mustard
far 3 dats Spleen amvlosdosts degrer 3 Penodse acid Seinff stain X 140
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Measured by the trypan blue test the viability of the transferred
cells 1n the present experiments ranges between 75 and 85 per cent
However cell viahty as determined by the trypan blue test does not
mean that the cells will be able to prohferate or that they have re
tained all their metabolic aclivities Fennant (1964) found that the
cclis 1n cultures irradiated with 2000 r was not able to dnade although
90-95 per cent remained unstamed by the dye Cell suspenstons heated
to 60 C for 3 minutes showed no evidence of metabolie actruaty, and
cultivabnlity was reduced to 1 per cent although the trypan blue viabili
ty ranged belween 80 and 90 per cent

From experiment A 1t scems jusiified fo conclude that the amjylor
dosis promoting effecl of the transferred spleen cells does not depend
on heat labile metabolic activities in the cells In experiment B the
conditions for proliferation of the transferred cells are favourable
during the post transfer trealment Nevertheless the nmylordosis en
hanemg effect of roentgen hilled cclls 1s the same as that of notir
radiated cells 1e it s not dependent on the capability of the cclls to
prohferate 1n the new host

As emphasized in earher communications (W erdeltn & Ranlov 1966
1967 Ranlov & Werdelin 1967) the transfirred splecn cells are se
questered 1 the same areas as the developing amyloid This supports
the possibility that the transferred cells may be involved Iocally 1n the
synthests of amylotd In view of the present findings the role of the
transferred cells scems to De a pissive one while the part played by
the recipicnts own reticulo endothehal cells remains to be defined

SUMMARY

The amvloidosis enhancin, effect of transplantation of spleen cells
from casen sensilized mice to syngenerc reciprents has been compared
with that of roentgen killed and heat dama.ed cells from the same
groups of donors

Irradiation with 1000 T or 2000 r or heating to 56° C for 30 minutes
docs not weaken the amyloidosis enhancing effect of the spleen cells

It 15 concluded thal the amyloidosis enhancing effect of syngeneic
transplantation of spleen cells from casein sensitized nuce is not de
pendent on heat lbile melabolie activities i the transplanted celis or
their capability to proliferate
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THE CAUSES OF PERINATAL DEATH

By

BALDUR JONNSEN
Received 28167

In recent jears intercst 1 perinatal mortality has been steadilv
creasing 1n a number of countries (1 5 8 9 10 12 14 1a)

All are by no means agreed on the chief causes of the relatnnely high
rale of permatal mortahty a rate which has not been reduced 1n con
formmty with reductions n the overall mortahily rate and the advance
of medical treatment

It 1s sometimes difficult to compare the results of individual en
quiries hut this depends on how far they are based on climeal or
pathelogical anatomical nvestigations or on both The vital imporlance
of autopsy mn this connexion cannot be overestimated (7)

However most of those who have carried ont mvestigations 1n this
field agrec about the importanl part played in perinatal mortahty by
anpua congemital malformations and intracramal trauma

The present enquiry has heen undertaken in order to insvestigate the
situation obtaiming 1n Iceland and ennble comparisons to be made with
conditions 1n other countries n fact 1t 1s the first of ils hind to be
made 1n this country

MATERIALS AND MFTHODS

The autapsy reports on all still born babies or habies dving socn after birth brought
for autopsy during the years 1925-64 to the Dej artment of Pathology of the Unnver
sity of fccland were examined This 15 the onls inshitution in the country 1 which
investigations of this kand are carried out In addition all samples obtamed from
these autopsies were re d under the to be
drawn were re 1ened in the light of this examination and with reference to case
histories and clinical diagnoses

A closer stud of these documents revealed th t by far the greater number of
autopsies were performed on bo lies from a single hospital re the Obstetric and
Cynaecoloic Department of the Lan Isp fali (the University Haspital) in Reyhjavih
which is far the largest Obstetric department in the countr and the one with the
best facilities for the ad anced treatment of matern ty ase  nd therefore the one
to which the most difficult cases are sent

To obtaln a summars of the number £ 1 ngi tl Uil b rths nd esrly neo
natal death during the period in question th b thr I fth hospital \ere
examine! These sho ed that neacly 50 per ccrt €th till nc es and 90 per

The author vishes ta conves his gratitude to the head of the Obst and Gynecolog
Dup tmott Profe ¢ P N J Jakobsson for his hindne 1o allowing free access
to th h pital records
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cent of cases of death within sit days of hirth were sent to the Departrn
Pathology for autopsy The majerity of still born bahies not sent lntrpsulo;;‘; ::
83 per cent were very premature (Weight 1003-2000 g) and major or minor signs
of maccrations were seen 1 about 50 per tent of these In the birth secords the
causes oj ?calh 1t some af these cases are also mentiomd $ncluding tnwo eases of
two of b phalus and three others mn which ronstderable malfor

mahons were present while theee are sav reports of Rhesus tncompatibilty

In the present enquirs the sutopaics arc always taken as a baus for dragnosis
though aceount s alse tahen of rase historses ond chnlcal dizgnoses whercver
avarlable and when thete is reasen for so damg

TABLE ¢
Tolal Inrths Shilbirths Early Neonatal Deaths and Perinatal Morlehty iz Iceland

Stll brrths Early neonatal death Perinatal

Total per por mortality
births cases 1800 cases 1000 rate per
burths barths 1000 births
1951-55 21451 337 157 24 ¥ 99 256
1906-60 24033 317 132 209 87 219
1961-6% 23954 328 138 215 102 240

Total hirths

1n feeland the following reculations afply with repard 1o lung and stll Iurths

A child 1s considered te have bten born Ising only if it breathed of ils own
accard o matter {or Bow short a tune after barth and if so there 15 an obhgation
to notify it as such arrespective of haw small or immature 1t may hase been

Chaldren that do not breath after birth are regarded as still born even though thes
mzy show for a short while ather signs of hife They are only registeved as still born
3E the length of bods s not less thay 35 em and the duration of pregnancy was 28
weehs In practice this is squialent to a weight of 1000 g (16)

The expresnion  perimatal mortality 15 used here mn the restricied sense re it
1ncludes alt still births snd neanatal deaths oveursing within sesen doys of birth

TABLE
Antopsy Fiadings n Premature and Yature Stullbirths and Early Meonatal

Sta}l births

C; of death Marerated faetus Nen rmacerated foetus
auses 10012000 over 2000 . 1001-2000 over 2500 o,
otal otat
gm grm §rm grm
Congemtal malformations - B - 7 3 1
Ervthrollasiosts foetalis - 3 s I H
Anowia ] it " 15 28 8
fotracran trauma - Z - b 10 u
Visceral frauma z z - ; :
Pugumontz - 2 2 3 4
11y alme mermbrane disease z z z :
Other known causes 1 - 1 } - s
Undetermned s 5 10
Total 12 27 39 2 37 7




In the text the al brevaation Obst Dep will be u ed fir the Obstetr

and Gynae

cologic Department of the Landspitali HMD will be used for h aline membrane

disease I see no reason why the term  Fespirators distress svndrame  (RDS) shoul
be used since the diagnosis in such cases 1s ba ed chiefly on patholo,ical rathe

than climeal ymvestigation (4) On the cther han t RDS §s a morc o) propriate hedside

diagnosis  hile HMD hardhs can be diagnosed  sth certaints ¢xcent by micros

o1
examination of the lungs

L
r

o

During the sears cosered 1 v this enqiiry 1e 1925 64 15319 Palies were delnered

1n the Obst Dep 1 Revkjavik that 1s about one thir! of all birth
The¢ national birth rate was 8 per one thousand inhabitants

n the country

SUN Yurths 1o the Obst Dep numbered 250 and deaths within seven davs of Inrth

13 giving a tolal of 463 Hence the perinatal mortalits ratc

was 310 per one

thousani nrths During the same period the rate applving to the whole country

as 23 per (ne thousand (Table 1) 17 18)
In the Obst Dep there were 874 premature births 56 1 er cent of the total numbe:

of births Of these prematture births 133 were stitl urths and 73> Inng but 127

died within even davs The death rate for § remature }irths was thus 17 3 per cent

T

The average rate of premature births throughout the country duniny this period was
a4 per cent reducing steadils over the ten vear period from §0 per cent to 31 rer
cent (() The rale of premature births 1n the Obst De; did not fall to the same

cxtent owin to the fact that during the latter y art «f the jer 1 ne v obstetric de

partments were opened m the town and its emvirons so that the rroportion of

difficult cases 1n lading prcmature births dealt with thete became still greater
‘The same applies in the cases of the | ¢rinatal m rtality rate

RFSUITS OF AUTOPSIFS

In Table 2 a summary 15 ghven of the prinapl discases found at
wilopsy From s 1l can be suun thal 4 arcil majonity of the lotal
numbcr of dealhs or about 58 pir cent oceutrred 1n ¢ 1ses of premalure
birth but this pereentage would he still greater 1f 2 substantinl number
of maccrited prematures hnd not eseaped autopsy 1s mentioned above

Far the same rewson the rala of maceraled lo non macerated man
be somewhat distorted thou,h it should serve as rough meisure of
anlep irtum and intrapartum maortahly

»

Deaths from the Department of I othole gy Universily of Teel nd 110 ~146%

Farly neonatal death
1000 grm 1001 500 0 er 500

T tal 1crinatal mortality

1000 grm 1001-2500 yer 00 per

ondles  grm grm  TCUD andless  grm erm T tal cent
1 1 2 3 1 18 5 44 18
- 3 [ 9 3 13 1 5
2 ” 7 31 - £ 50 9 31
1 7 9 17 1 8 19 s g
-~ - Z - 1 1
L 15 3 i ¢ 1 ¥ 30 1
- 6 ¢ 5 4 17
- t 1 10 3 4 17 3
1 e - 0 n 1 3 10
1 1y 57 197 1 15% 131 310 99

3 Tt e 721
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From this table 3t m1v also be scen thal ilmost one third of the
deaths were thie 10 2noun or  miruterine aspliyxta (31 per cent)
Next on the hst comes HVD (37 per cent) then malformation (14 per
cent) and Isthy pneumonia (18 per cent) and mntracramal traums (9
per cent)

HMD s found onlv 1 hving births and 1t 2ccounts of one fourth
part of all deaths i that cate,ory
Congcntal Malformalions

These are grouped in separale clsses in Table 3 Here of course only
malformations thal ean be regirded s pnmary cases of denh are
mnctuded

Heart defects were found only in mature babes Microscopic cxa
mm2hon revealed haemorrhnae of the lungs in p6 per cent of these
Minor heart defeets such s 1 small seplal defect, were not reqarded as
primary etuses of deatls

Aidney defeets were divaded mio groups of ren cystte and aplasia ren
Specinl note was tiken of the fact thai three of the cases of defietne

TABLE 3
Major  sngenttal Malformations 1 Different Organ Systems Ser Distribution
Males Females Total
Central nervous svstem r 9 15
Cardien ascular sistem 4 2 s
Abmientary svstem 6 0 ®
Urinary system bl 2 ‘
\are than one Iethal malformation 4 4 §
Herpia draphragmateca ks 0 2
Tatal 27 17 44

TABLE
Jpalysis of 9o Coses of Anprsa According to Patholope

still burths

Vacerated fcetus on macerated foetns
1601700 over 7 o 1001200 Vx50 o
grm grm grm srm
1]
Pulm haemcrrhrgc i b 8 11 10 2
Puln haemorrhade et . , “ ‘5
aspiratio 3 k)
Asprratio of amnx } ’ )
detrrtus 1 4 5
Intrayentricular -
haemorrhage - B , i .
Qther intracran hacmorrhare -
Total r 15 2 15 "8 EK)
ota
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Kidnev also had HMD two al a very advanced stasc—though the babies
concerned Inved for 6 hours and 9 hours resp~ctinely and were the
heaviest bables among, the total number with D weighing 3000 ¢
and 3800 g In the third case of defectrie hidney with HWD the haby
Inned only for 40 minutes

Anorna

All cases showing symploms of anoxia bul absence of other cvident
defects to which death could be attributcd came mlo this cateqory Cf
Tables 2 and 4

In all these cases haemorrhage was found to be of major or minor
degrec m the various organs At least under the microscope especiilihy
n the thymus glind under the surface of the visceral pleura and ep
cardium and aboie all along the coronary artery There was a very
high blood contentin alt orpans espeeiallv however in the spleen lner
and suprarenat gland In addition a cerlain degree of hacmorrhage was
manifest i the lungs visible sometimes o the nahed eve though ge
gencrally only detectable bt mucroscopy  such haemarrhage might oc
cur erlher in the nteralveol septa or 1n the actual alveoh Associted
with this was the more or fess cvident detrius of ammotie flud m the
alveolar spices together with meconium and mucus n the greater as
well as in the lesser ducts Besides four cases with considerable
haemorrhage of the lungs 1n which the Jungs were completely suffused
with blood are also mcluded m this ealeory

All cases of cercbral haemorrhage without visthle ruplure are also
meluded wn this group Ameong 20 such cases haemorrhaze i the cere
bral ventricles was noted 1n 9—a din,nosis made onlvy however 1f
blood elots m one or more cerchral ventricles were found at autopsy
These cerchral haemorrhages occurred only 1 very smill premature

ratom eal Finltngs 1905-196% (Cf Tables 2 and §)

Farly neonat 1 death

Within 7 days ‘Tatal perinatal morlalits
00 grm 1001200 over® 00 10005 2 1001 2500 o er 2500
nd fuss grm rm Total andless  wrm prm Totai
5 5 16 18 1 19
1 - ¥ 5 19 N
- - - - ' ! 7
1 8 - 9 1 8 9
1 8
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TABLE
Analysis of the 95 Cases of Anoria decording ta Comphications

Stll births

Vacerated foetus \an maccrated foctus
1003-2%00 oxer 2000 1001-00  over 2200
iy T Total it o 2200 7ot

Abruptio placentae 4 1
Ilacenta prasia - : - “\, 5 1§
¢ ompression of unbiircal -

cord ~ 1 1
Other hnown causes - 4 4 - g lO)
Undetcrmined 2 2 4 2 8 10
Total 5 15 2 15 ’8 1

babtes five of whom 4lse had pncumoma whilc three had severc
hatmorrhase of the lungs In other cases of cercbral haemorrhage
preumonty was not found though severc lung haemarrhace accurred
m three

In Table 5 eascs of wnovia due fo v irous complications during 11
bour are recorded Abruptio phicentr or plicenta pruvia as well s
compression of umbihcal cord were responsible 1 the greal maganty
of cases wcounting for more than 50 per cenl of thes»

Traumatic Cerebral Haemorrhage

Relnlivels the groal majorily of these lesions were seen m the cate
oy Non macerated stlf born mfants or i 1nfants who prisumably
died during birth In four such cascs forceps had been nsed

In a further six cises apo¥aa was myolved

In the calesory 1 ark neonatal deaths” mtrieraml trauma wih
hacmorrh e was secnt w abouwt 9 per cent of all eases n suten cases
these irth injunes were tccompanicd be severe hacmorrhage or a pre
sence of ammotic fiwrd 1 the broneinnf ducls nd alieol In one easc
pncumonia v 1s 1lse present and n one putmonary haemorrh e

Other bicth myurses observed were ruptur: hems wnd ruptura gland
suprarcnahis but i thesc cases scrsion v been carrud out on 2cconnt
of faulls position of the foelus and later exiracion had been per

formed

Pacumonta

Onfv cises of pneumonia are included m which e discasc 15 re
garded as the primary eause of denth As menlioned before many cases
of pneurmoma were sun among thosc who apparcatls died of intra
ventrieular hiemorrhage but these are not indhuded

oy
)
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5
at Labour 1930-19¢4 (Cf Tables 2 and 4)

1000 grm  1001-9500  over 2500

Tarly neonatal death

natal mortatits
Wathin 7 days T tal permatal morl

1000 grm  1001-7500  aver 2200

andless  grm erm Total andless  grm gem Total
1 B 2 5 1 1 18 35
Z 3 - 3 - 1 > 6
- - - - - o 9 11
z 3 5 3 - 3 1 1
1 14 - 15 1 18 10 29
o » 7 3t B 1 50 %

Hyaline Membrane Disease (HWUD)

Among newhorn babies H\MD 1s the principal eause of death 1¢ 1t
accounts for one fourth part of all deaths occurring within the first
seven days afler irth \earls three quarters of (he deths occur amon,,
babies 1n the weight group 1001-2000 g (Table 6)

Among, babies wer liing over 2500 g there were in fict 4 with immal
ure glomerul of the hidnevs while 2 hnd pneumoma s well One of
these had also 1 rupture of the falx cerebm with sesere mtracramal
haemorrhage but owin,, lo the size of the hyaline membrane 1t was
mcluded 1n this categors and not classified as an mtracramal trauma

The 1ncrdense of HMD was higher 1n males than fem iles viz 29 lo 23

Vost babes with HIMD ived for a vers short ime as can be seen
from Table 6 The great majorityv died willan the first twelve hours
espectally the smallest babies buf hazards of death ire really highest
after the first six hours Before the first twenty four hours have clap
sed 67 per cent of these habies will in fact alrends have died

Other hnown Causes

Some rare cases are grouped here the principal being hern icterus
hyvdrops foetalis without erythroblastosis sclerema nconatorum nee
rosis hepatis tumor pleure colitis ulcerosa + perilonihis + septicae
min thrombosis of cerebral arters + cerebral emallition

Undetermined Causes

Most of these lesions arc scen mn premiature infants more than 50
per cent helong, 1n the catepory bahies w iching loss than 1000 g
most cases aleleclasis of major or nmor depr was mamfest Also
three second iwins and one fifst twin are inciuded m this group
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TABIF ¢
Hualie Membrane Disease Age Grours and Woght Croups {in Cramms)

1001-1300 15017006 D01-2500  over 2500 Total
06 hours 5 5 1 1
6-12 hours 1 5 4 3 12
12 24 hours 2 1 i ! 5
123 davs > ¢ > 3 13
2-% days ” 1 1 4
Yot 19 19 7 7 5
LOMMIL TS

In the nltroduction to ts study the object of the cngmry was de
serbed as  a search for the chicf causes of perinatai death m fecland

the object hemy to discover whether these ware the seme m other
countnies Touchin, the first point the inmn conclusions to be drawn
from the enquirs hase aiready been deseribed they are based first and
farcmost on aulopsy Tmdings supported in many cases by ease stor
ses When antopsses are earried out thoraughly and nucroscopr, «xam
ination of orgns made by truned pathologists with an interest in
ihis parhesiar field the diagrosts should nol preseat many doubtful
elements though in 10 per cent of the cases any conclusions could not
be drawn  these 1@ por cemt wore grouped under undetormined

[

Anoxia

Anoxan an fact 1s the largest group m the hist of Jethal diseases
accounting for 8 cases In the strictest sense anoxat 1s not 1 patholom:
eal eoncept rather 3t s of a physiological nature But we have no bed
ter commen term for the pathologieal conditron that underhes or
1wecompanes the followang findin.s

1 Mnor haemorrhases in the coverngs of varous mternal oraans

9 General wneess of blood wm organs oflcn with haemorrhages
espeerally in funss and brasn

3 Lungs more or kss full of deposit and mecomum from ymniolie

flnd cf Table 4 Refcrence 1s also nnide to the chmeal reports on

the births of Table §

1dmuttedly the possinhty of doubtful clemcals 1s alwass nvobicd
m these cases espeuwally 10 connectron with severe haemorrhayes of
the tungs which must be considered = sufficient cause of death per se
However (he author has adepled the course according to Which ali
these ¢yses e meluded under the herding of wnovir heeuse some of
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these severe haemorrhages were seen (o occur 1n cases of considerahle
antepartum bleeding when it cannot be preeluded that the child dunnz
partunition has mhaled the mothers blood Scvere haemorrhages hnve
occurred here 1n 4 per cent of the cases There might also be some doubt
as to the proper elassification of some ccrebral hacmorrhages espeer
ally haemorrhages in the cerebral ventricles of which 9 cases are
mnuluded here 1n 5 of these 1s mentioned previously the infanls con
cerned contracted pneumoma The quiestion to arise 1s wether the pnou
monia or the cerebral haemorrhare were the primary cause of death in
these cases Furthermore 1t has been suggested that such haemorrhages
m the cercbral veniricles might be due to intranterinc pressure during
partunition (14) Haemorrhage 1 the cerebral ventricles but absence
of pnetumonia was rccompanied by severe haemorrhages of the lungs
Baltes with pneumonia hxed for an 1verase of 9 hours the others for
43 hours all babes belon,, 1in the same weight group Otherwise stll
births are proporhionlly much more mn evidence in the anoxia group
viz more than two thirds of the fol1l although shill born czses are
altogcther only about half as numerous as the other cases te amon.,
those brought for autopsy

It 15 worth noting however that the mecrdence of anoxia has de
creased Telatinely by more than onefourth ef Table 7 and ndeed the
same apphies to traumatic lestons (p = 00030) 1n this field 1t should
be possiblc to reduce the death rate still more by better hospital service
and above all by improved care of cxpectant mothers this applies
spectalls to mothers hyving 1in remote country areas since 2 large pro
portron of the most difficult cases which the Gbst Dep has o tachle
often arrive from remole rural districts at the eleventh hour as virlu
alls  hapeless cases

Hyaline Membrane Disease (HMD)

‘The mudence of HMD 1s second highest on the list of lethal diseasts
It 15 1ndeed a causc of special 2nxiels that the relatine frequencs of
deaths has doubled 1n the list fue years of the period 1n question of
Table 7 p = 0003 and in fact the merease 1s even more if related lo
the number of Insng births m the Obst Dep  the latter comparison
would be more reahstic sitce this disease affecls only infants horn
e and more than 90 per cent of the fatahities in this categors are
brov,ht for autapsy It shouid be mentioned thal this incrcase 1s gen
wne 3118 not due to the improved diacnostic methods of recent years
since all lung, samples hase now heen re examined

1f early neonatal deaths alone werc tuhen mto 1ceount HMD be
comes I far the largest single cause of death being rosponsible n
thout 26 per cent of the ciscs  Accordin., to Skegstrand & Harnes
(Norway 1960) tlus s also by far largest ¢ wise of death Indeed their
figure 15 36 per cent which corresponds to the figure found here during
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TABLF 7
Persnatal Mortalitty i Fue 1 ar Tennis
Percentnge of all 4atrpsy Cases rarh Perind

195% 29 1900 64
case per cept cases er cent

Congenstal malformatiens 2 13

Frithrohlaste sis Z 3 l‘g l;
Anovia 63 k3l 32 22
Traumahic lestns 2t 12 9 7
Pneumonia 13 30 12 9
Hialine membrane disease o1 1 3 24
Other Lanwa canses e 3 6 >
Usnidetermined 20 FH n 8
Folat 1390 130

Total births tn the Ohst Dep wn the first five vear period were 867% and in the
second £837 Autspsy cases in the group of carhy neonatal deaths were 105 in the
frest five wear period and 9% in the second

the second five vedr pered In this categors Potler has 21 per cent
{USA 1962) and Bulller & Bonham 18 2 per cent (Cr Briiayn 1963)

I we compare the part phived by HMD in peninatal mortality here
and elsewhere we find 2 substantalls b bir rale here parthy hoeanse
of the Jarge number of stll horn cises not brought for wtopsy

ost of the children m Hus group or 70 pos cent die withun the first
21 hours see Table 6 This corresponds closels to Roberison s fridinge
from Stochholm (1964}

A distinel r1se 10 the number of cases during the perod 1902 09 1s
reparted by Aarlicz & Downs {1966) who found the rate of mortahits
due to HMS to mncrease from 17 per cent to 24 per cent of persnalaf
mortalits  they found the s fendeney fow wds an inetcase sn {afer
vears as thal observed mn Iceland

As can be scen from Tabh 1, permatal mortahts has risen during the
last five sear peried nd 1 closer study of the table will show that the
werease mm earls neopatal deaths ts most marhed viz from 97 102
per one thousnd and there i readly no altcrnatine but to atinbute thi

merease to HMD

CLongeautal Valformations

From 2 comprrison buiween the two five ver periods mn Table 7 st
mav be seen thaf the refaine mewdence of congenital malformation
ahout the same i botu geriads or bout 14-1o por eend Dpures whieh
arc stmlar to those found in the US A 14 per cent (12) Great Britain
16 6 per cent (1) and Sweden 148 por cent (18) The Irgest number
af malformations are found m lhe nervous syslem 1 this group the
proporhion of females 1s mgher than that of males
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On the othu hind lhe proportion of malcs 1s much higher s lthis
cate,ory s 2 whole or 27 to 17

Ancncephaly 1s by far the largest individual group of malformations

Aulopsies vevealed 8 anencephalic cases lhough two olhers were
known Although thev were not nutopsied since there can be hittle
doubt about this diagnosis Lhe tolal number of cases can be taken ns
10 amon., 15519 births in the Obst Dep dunng the vears 1900-64
mahing a percentage of 006> of all arths Tins percentage 1s about
the same as that found 1in Sweden 0063 Japan 0063 Greece 0080
but lugher than the fioure obtained m Revk)ik for the vears 1945-
1900 viz 0047 {3) The dating and location of eases of anencephaly
show that they tend to be grouped n specific years e g 3 for each of
the vears 1950 and 1963 (influenza vears) The first two cases 1n 1900
occurred 1n the same distriet and the third ease in 2 fanuls connected
with the first case

This phcnomenon ts known afer alte m I noland (11)

Preumonta

The d of p s 1y hih 10 percent with no
signs of 1 change for the betler ¢f Table 7 The total number of cises
of pneumonia here 15 preportionalls twice that found elsewhere (1 12)
although many pneumonias classed as a secondary cause of death
1ecompanying some other lcthal disease were not included ¢ g intra
cramal haemorrhage as previoush mentioned

Further research 1s necded here both hacteriological and virolo.ieal
with a view to finding the eause of acule diseases of the Iungs 4 more

extensne and reahishic use of antibiotics micht he based on the results
of such research (2)

ST MMARY

The eauses of perinatal deaths were imnvestigated on the basis of 310
nutopsies carried out 1n the Department of Pathology of the Unnersity
of Ieeland in Reyhjavik 1n the years 1927-64

All these cases were recieved from the Obsletric and Gynacologic
Department of the Landspitah (The Unnersity Hospital) During this
Period 15519 births occurred there nearly one third of all births m the
country for the time concerned The perinatal mortahits rate m the Obst
Depariment proved to be 310 per one thousnd premature births
amounting to 5 6 per cent

The principal causes of permatal doths weore ancxia 31 per cent
hyahine membrane disease 17 per cent concnital malformations 14
per cent pneumoma 10 per cent and ml 1+ r mal trauma 9 per cent
of cases brought for autopsy

From the first to Lhe second half pirt o1 the pericd under discussion
the relative frequency of deaths on ccount of anavia and intracramial
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trauma fell by nearlv 25 per cent In the same pertad the relative fre
quency of deaths due to hyaline membrane disease doubled 1 ¢ from
12 to 24 per cent of cases brou,ht for autopsy
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MITOTIC ACTIVITY OF GASTRIC MUCOSA
A Study by Means of ( olcemud

By

Ivar Lisvie
Recenved 143 €7

\litotic achivily has been studied in the normal gastric mucosa of rals
after injection of colchicine (Stevens 1902 Terr ef al 1902 Stevens &
Leblond 1953) and regeneration of gastric mucosa 1 ammals after
experimentaily produced lesions has been studied with histochemical
awtoradiographic 1nd ordmary histological methods (Micolaysen 1921
Hunt 1958 Myhre 1959 1960 Townsend 1961 Myren & Torgersen
1964)

In the human gastric mucosa mmtoses and rejeneration have been
studied by ordinary histological technique (Heyrovshy 1913 Voszho
vic. 1923 Palmer 1952 Terr & Rasanen 1961) and in one patient by
means of irihated thsmmdine and autoradiographs (Liphin el al
1963)

Topo,raphieal studics of miloses have not been reported previous!y
and when this study was carried out 1n 1960 determinations of mitotic
actinity mn the human gastric mucosa by means of kinetostalic sub
slances had not been reported However such a study has now been
published by Su.uks (1966 2 b) The previous studies of nmutoses may
not gne a reliable expression of the cell renewal viz mtotic activity
beeause 1t 15 not taken nto account that the nutotic count 1s dependent
on mutotic duration (Fvensen 1962 Evensen & Iversen 1962) The lon
ger the mitolie duration the greater the mtotic count and vice versa
but mitotic rate may shill be unchanged This error 1s climinated by the
use of 1 hanclostatic substance which permits the cells to enter mitosis
bul effectivels blacks the diviston in metaphase for at least 4-6 hours
By this method the adenbfication of mitoses 1s also made more casy
and safer The hinetoslatic substances colchicine and the rclated Colec
mid (Cihbn Basle) which both are extracted from Colchicum autum
nale fulfii these requirements (Figstt & Dustin 1907 Evensen 1962
Tavdg 1967)

The um of the present study was by means of Colcermd ta 1) re
Listrate topographucally miloses in the epithelum of stomachs resected
for gastric ulecr The mutotically achie part of the epithelium in uleer
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slomachs may differ from the normal pdtern Henee 3§ the mifohe
ally active comparlments of surfice epithchum nnd _lands were re
gistered Mitolie aclnity was related to local pithologiel pracesses
which were supposed to mfluence cell dn s1sion Therefore 3) the distn
bution nd degrec of alrophic gastritis and ntestinal metaplasia was
registered 1) the matolic counts were determined for «lands with mtes
tinal metaplasia and for those without and 5) the mitotic counts were
related to the secretion of hidrochlorie aeid There was no case of
& 1stric caremoma 1 the presenl maternil but the redation of the find
mngs to development of gastrie earcinoma will be discussed

MATFRISL AND MFTHODS

The malerial comprises 5 patients with gastric nlcer hospitalized 10 the Surgs al
Department I Ullevsl Haspital Sex and ace distributton of the matcrial 1s shown
in Table 1 From the studies of gastric secretian there 1s evidence for the dystinetion
of gastric uleer 1nto three categartes 1) Prep laric uleer 2) ulecr of the lesser cur
sature and 3) combioed gastric and duodenal ulcers (sec {agaard 1963) All the
patients in this sertes had gastric uleer on the Iesser cur ature

TABLE 1
Age and Sex of Framined Cases

Patients Sex Age m vears
10T 3 63
2 AB Q 54
3 Ah ¢ 59
4 Ok 3 80
5 MT 9 69
Mean age 65

The secretion of hyvdrochloric acid was determined preoperatinels v the aug
mented histamine test (Aay 19:3)

In experimental amimals there 15 2 dirrnal mitotic rhythm 2nd the number of
mitoses decreases after fasting (Bullongh 195° [eblond & Waller 19a6) hence all
the patients were nperated on at the same time At £ 30 A\l an the day of nperation
010 mg of Colcermd ( Cuba Rasle) per kg of hody weight was grven iptravenously
With this do e mitoses were arrested 1n metaphase and only occastonal Tutoses n
anaphase and early telophase sere ohscrved The general anaesthesia was started at
9.0 A M and a gastric resection was done The resection was fimshed 1 a1l patients
at 1030 AV and thus the Tolcemnid time was about 4 honrs

The resected stomach was weighed opened alang the greater curvature evened
out and pinned on corkboard and a phetograph v as talen It vas then immersed
1 & solutian of 10 per cent farmahin for 24 hours after which 1t was removed from
the corkboard and a schematic drayv g was made of the specimen jn ratio 1 1
with description of relevant measures and ob ervations

A 5 mm wide continuous strp was cut from the pyvlori to the orai cnd of the
specsmens along cath curvature The strip from the lesser curyature passed through
the uleer The trips were dnvided m approximately even blocks the distal end of
those vas marked with India ink and thes were pumbered con ecutniely frem the
distal part of the lesser eumvature (Fig 1) The xact location of each blockh was
marked on the schematic drawing After frsation in 4 per cent formalin and em(
bedding i paraffin a section perpendicular fo the mucosa was eut The sethng of
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Fig 1
Schematic drawing of spcclmen from case no 3 A W shewing the Iocalization of
e examined sections

the ruerotome was 5 microns The sections were stained with haematowhn and
cosin (H+F) and with PAS and haematovylin

Mitoses were counted in mucosal squares b means of a graded ocular diaphra m
set at 016 mm The first square was { cused on a gastric pit and the number of
squares from the mucosal surface to muscularis mucosac constituted a mnccsal
column perpendicular t) muscularis mucosae (Fig 2) lach of the histological
section were livided into four cqually long parts and from cach the mitoses were
counted 1u 5 mucosal columns Thus all mit)ses s ere counte 1 1 20 mucosal columns
from each histological section In the sections with ul er the miloses were counted
in 10 columns on each s le of the ulcer

In order to compare within one and the same specrmen mitotic counts fram glands
presenting intestinel metay lasia 1 ith those 1 which 1t was absent a} out %200 cells
Were counted from each of the tno types of glands and the number of mitoses
among these cells were repistered Only the cells in the mitohieally active part of the
glands were counted in both grow; The mitolic counts may differ from area to
area hence an equal number of cells sere vunted from each of the two gland
types within the same section The mitotic counts al o vary from gland to gland
and 1 order to have a hasis for compasison glands with the highest mitotic tounts
were chosen fr m each of the two gland groups

Mucosal
column
B16mm
Muscular s
mucasas
Fg @

Mitoses \ cre counted in qu r 01t ¥ 01b mm and th number [ squ res from
micosal urface to mu cul s muco e ¢ nsbituted a m  sal ¢ lunm which a3
1 vendiculsr t museularss muc @
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Fig 3

Mean number of eofceraid arrested mitoses (mitotic count) related to orientated
scetions alnng Jesser and greater curvature 411 specimens

RFSULTS

The resected specimens weished from 120-140 g and the uleers were
cither siluated n the transitional zonc between pylorie and fundie
mucosa or within 2 em from thus borderline

With regard to milolie achinily the five specimens fell mto two
groups According to this the resulls of the lopo raphical registration
of mitosts are condensed to show the mean values for the lwo groups
of specimens (Tables 2-5) and for all the fine specimens (Fig 3)

Tables 2 and 3 represent a transverse section of gastric mucosa and
show the distribution of mutoses i different mucosal levels The muto
tic counts given for each histolo_ical section 1s the result of an addition
of the number of Colcemid arrested mitoses 1n parallell squares of the
20 mucosal columns The figures in Table 2 represent the mean salues
of specimens nos 1 2 and 3 and Table 3 the men values of specimens
nos 4 and 5

The mutotically actine pirt of the glands 1s longer and the concen
tration of mitoses 1s much higher in the pyloric than i the fundic
mucosa In the latter the mitoses are localized to the first three or four
squares the deeper layers of the fundic mucosa being, mitoticaily in
active The highest mitotic count of fundic mucosa 1s found n the
second square corresponding anatormeally to the glandular neck The
mitoses of the first square ndicate mitotic actinity al the boltom of
the gastric pits

In more than half of the sections with pyloric mucosa mitoses were
found m all squares but mitoses were sefdom 1 the first and st



TABLI 2

Vean Mitolic Counts at Different Mucosal Leiels Relalel to Orientated Se ftons
along Lesser and Greater (urtature (Spectmens VNos [ ® and 3 )

| Tesser curature ] Greater eurvature
! v le ' | ¥
Seton |1 [o]alsls | 61 8,9 |w|u. '
13 U5 14 13 13 19 18 9 3 % 3 10
56 43 36 53 44 5 47 6D 97 16 23 % 4o
@ 43 18 53 8 53 58 46 2 7 8 6 13
Mucosal m 34 13 15 1 4 79 17 24 o 1 2 0
levels 1013 1 e 7 %o 8 8 1 0 0 0
7 7 3 w0 18 % 2 1 0 0 0 o0
] 1 0 6 18 ” ] 0 0 0 0 o
0 10 o 0 o0 U
Lleer 1n this sectiin 1 =1 loric mucosa F = Fundic mucosa
TABIE 3

Mean Mitolte Counts 1t Different Mucosal Lepels Re ated 1o Ortentated Sections
along I esser anl Greder Curvature (Spe vnens Vos § amd o

| Tesser curvature [ Cr ater curature

¢ e 1 3
Sechion IR .8 2 10 n
% 53 o1 e 3 S5 39 o4 13 48 46
12 148 145 16 171 203 13 216 79 & 10
128 %07 02 88 166 171 %69 61 81 ol 3
Mucosal ot 3 11 6 13133 159 88 8
Texels 3 15 0 0 B 3 5 0 0 0
10 [t 8 11 o0 0 0 o

® ° » 2 0 o

0
Uleer in this seets n P = P lcrie muc s [ = fundi mu  a

square corresponding Lo the superfiend parl of tie gustrie pits and to
e decp tortuons part of the glwds In the pvloric mucost the
hi,hest mutotic counts tre scen m the sceond or therd squares Ana
tomically also this eorresponds to the nech region of lhe glands be
cause the gastric pits e deeper in the pyvioric than in the fundic
mucosa However Iugh natot ¢ counts urc found even m the fourth
square and m scverd s clions from speeinens nos 1 and 5 the poih
of mitotie 1chinity was tound in this square Ther are Iwo reisons for
this Tirstly the mrtoses of ordmary pyloric glands re nol only located
to the neck region hut te the whole straight part ot the glands and
secondly the pyvlorie muwosa often contained glinds of intestinal tspe
{see Table 8) where the mitoses are located lo the depth of the glnds

In Tables 3 ind o the total mitohic count of 20 mnocosal columns the
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TABIF 3
Vean Mitohie Counts Reluted {o Orientated Sections ah nu Tesser and Creater
(urvature {Spectmens Nos 1 @ ami 3

{ Fesser ermvature Crealer cunature {

| 1 v 3 | 3
Section (111 3 4| s { NIRRT
Fotal 34510207 M9 158 281 174 12 80 2 3 36 6%
Per calumn 7171 51 7% 73 116 87 76 45 14 18 {8 34
Per square 1817 14 18 12 23 20 71 p» 03 03 03 06

Ulcer 1 thes section I = Iylne mutoss } = Fundie mucosa
TABUY 5 :

Mean Mifofee Counts Beluted to Ursentuted Sections along ] esser and Gre Hes H
{urtature (Spectmens Vot 4 and

! Tesser eupvature Creater cunvature

Sevtion j ) L 3, 4

Total J82 897 470 288 47 618 Bl 6y 38 T 11

Per column 54 314 M0 140 237 35 308,31 137 85 8

Per square 32 65 58 37 38 70 62 71 3t 3 L
Ulcer s {fys seetren Pz Iavlorie my asa I = Tundic mucosa

mufolic count per column and per squarc is shown for cach stchon
The figures are mean yajuey of the specumens withun each group In
Fi, 3 the mutolic count of ¢ ich section represent the mean number of
Coleenug arrested mitoses of afl the specimens

The nutolic connls are marhedis hisher m pyvlonie than i fundic
mucost The Ptter shows smaller varnfions m omiolic acticaty from
scetion to section In pyloric mucosy however there ys 1 substanting
variabion between the sections trom Fi, 3 it appears thal there are
peahs or platetus of mstolte elinits L soverad sues in the mucosa In
specimen no 1 there were two peaks m no 3 one peak and m nos 4
ang & there were three poaks or plhieaus of mutolic ichivsis 1o tach
specrmen The sites of highest matolie actinidy could ditfer from Spees
men to speeimen

It spectmen no 2 e milohic counls werc small b, farly eon
stant from section lo scchion and showin.g only shy,ht or inconspicsious
differences between prlonc and fandic mucosa On 1he other hwnd the
alrophy of pyloric mucosa Wis greater m this spectmen than i the
ollier four This indieales thal there s no parfichism belween the
degree of atraphy ind regeneration

In the sections witk wlcer mtale whivtly would he expeeted o In



Figs 4-5

aracteristic localization of mitoses to mucous nech cells of fundic glands
o 4 Oh) X 610 H+E

+
Fry 5 DMitoses in parietal and chief cell layer (arrows) (No ¢ Oh) X 640 H4E.

Fig & Ch
(&

higher than 1n other comparable parts of mucosa However mn Tables
4 and 5 and in Fig 3 1t appears that mereased regencration 1s only
present 1n section 5 whtle 1t 1s rather decreased in section 4 In specr
mens nos 1 2 and 5 the sechions with uleer showed a mitotic activity
winch was of about the same magniiude or even lower than that m
comparable scctions without uleer In specimens nos 3 and 5 the num
ber of Colcermid arrested mloses of the sechions containing ulcer were
{wo or threce times higher than that m other comparable sections
Comparable sections contamned an equal number of counted mucosal
columns from the same 13y pe of mucosa

In all speeimens milotic actinity was low close to the ulcer bt could
be normat or above normal at a distance of 2-3 mm from the ulcer

The mtotially active part of the fundic glunds s short and the
mttoses are usually Jocalized only to the mucous na¢) cells (Fig 4)
However wilh the Coleermud method it b s b en f und that the parietal
and chuef cell layer 1s not mitotically 1 tine beco 1sc some mutoses
were also seen amon,, the parietal and chif ceits (Fig 5) The mitoses
were usually locabzed to the superfieial part of the panetal and chief
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\litoses 1n surface epithelium from an area with marl ed atrophy of pyloric mucosa
(Mo 4 Oh) X 640 H+E

Fgs ¢8
Fig 6 High mutotie actnaty of pylor glands Note the lensth of the mitotically
acthe part (\a 4 Oh) X %6 H+E
Fig 7 The numerous mitoses in Fig € are st 0 in mo e letml X 640 H+E
Fig 8 Mito es dn docp tortuous part of pylon gland  h ra € mized by clear cells
with basalls placed disc 1 pe) nu le (D rection to mucosal surface Jeft)
o 1 0T) X 640 H+E
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Figs 10 1°
Fig 10 Great number of mitoses in marl edly atrphic pvlorie glands (No § G R )
3

X 226
Fig 11 One of the atrophic glands 1n Fig 10 1s shown 1n greater detall X 640 H+D
Fig 12 A gland with flat atrophie epithchum and at least 5 mitoses 1s penetrating
decp into panietal and chief cell layer Direction to mucosal surface left

("o 4 Oh) X 640 H+E



Fig 13

\arkedly atrophic deform
gland showing two bud like
thickenings of the epithe
Tum consisting of acgrega
tions of active looking cells
with three mitoses (ar
rows) (\o 4 OK) X 640
H+E

G & AT Mnanks s (gad
”(Q",' X :"I s

Yy

bW N
bt AN A
cell layer just beneath the neck region of the glands and the cells 1
milosts were usually Jarger than dividing cells elsewhere The findings
suggest that division takes place among undifferentiated precursors of
parietal and chief cells

In pyloric mucosa the mitoses were most often located to the straight
part of the glands from the bottom of the gastric pits lo the tortuous
part of the glands characlerized by pale cells with dishshaped basally
placed nucles However the mitotically acftve part of pylonie glands
may be considerably lengthened showing mutoses well up to the mddle
of the gastric pit (Tigs 6 and 7) and even miloses 1n the deep tor
tuous part of the glands (g 8)

In nreas with marked atrophy great mtctic ackiv ty of the surface
epithelium may be found (Fig 9) In atroph c ciands the milolic ac
finity may be considerible (Fis 10 and 1) even where the emithelium
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Figs 1.~15

Fig 15 IMigh mutotic actity of surface epithelum at the margin of ap wleer
(arrow) (No 3 Ah) X 640 H+E

Fig 1o “umeraus mitoses m intestnal glands of pyloric mucosa (\o 4 Oh)
X 256 H+E

s flat (g 12) and buds of active lookmn,, cell agregations with mt
toses may be found (Fig 13)

Increased rmtohe actialy was found al the margin of the uleer mn tvno
of the cases (g 14)

Two mam tvpes of heterolopic mlestinal ,lands were seen mn the
gastric mucosn In one milolic activiby was of about the same degree
as the overall activity of the mucosa The other however reveiled signs
of intense growth actissls wndecated v cells with condensed and haso
philic cytoplasm large hy perchromatic nuecler with promment nucleoh
coarse chromatin dols and numerous mitoses (Fi,s 15 and 1b)

\lifotic activity of Paneth cells has not been reported in the previous
meshigalions According to abseriations in the prescnl series mutoses
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seem to tahe place also among these cells thoush it may not be a fre
quent acet rrence (I'ig 17)

The hmt between pyloric and fundic mucosa 1s of sigmficance he
cause of therr grcat difference in respect of mitolic aclis ity nd deve
b t of local pathol I pracesses The uleers were ether located
to the transitional zone or to sites within a distance of 2 em from {he
latter The extent of pyloric mucosa measured from the pvioric duade

TABLE 6

Extenston of Pyloric Mutosa from Pyloro Duodenal Junction along
T esser and Greater Curpature

Patients Length alony, lesser curve (¢m) Length along greater curve (em)
10T 88 72
2 AB no 85
3 Ak, 105 85
4 Oh i25 85
5 UT (1052} (135}
Yean of 1~ 07 82
TABLE 7

Dustribution and Degree of Alrophic Gastritis Numbers Refer to Orienfated Sections
along Lesser and Greater Curvature
Atrophre gasintis

Patients Shight \loderate Marked
10T g10 11 12 12356178 1§

2 AB - o2 13 173455678910
3 Ah 0 12 13 118 1234080789
1 DK - 178¢ 10 11 1234556

5 MT - 5 1234367891

Sections with fundic mucosa § Sections with ulcer
Uamarked ciphers jndicate p)lorrc mucosa

TABLE 8
Instnbution and Degree of {ntestral Welaplasia Nuwmbers Reler to Drieataled
Sections alony Lester and Grealer Curcature
Intestinal metaplasia

Patients Shght Moderate Marked
10T 43 12367 5
2 AR - - -
367 2 1
i Sf 49 1678 23
5 MT 1§ 10 12366789

Sections with fundic mucisa § Sections with uleer
Unmarked esphers inlieate pylorie mucosa
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nal Junction along the curvatures showed great mdnidual variation
(Table 6) and extended up to a higher site on the lesser than on the
greater curvature (sec also Landboe Chrisiensen 1934 Ot et al 1959
Dean & Mason 19641)

Atrophie gastritis was found 1n all of the five specimens (Table 7)
The changes were most severe in the pyloric mucosa Marked atrophic
gastritis was present 1n all sechions contuning ulcer

In most cases of intestinal metaplasia the glands contained Paneth
cells goblet cells and striated border cells Occaswonally only goblet
cells and striated border cells were present The metaplasin was mostly
located to the pyloric mucosa (Table 8) where atrophy also was most
severe Glands of intestinnl type were only encountered 1n two sections
from the fundic mucosa (Table 8) Metaplasia seems always to be
associated with chromc gastriis (Graham & Schade 1965) However
marked atrophic gastritis mav he present without coexistent meta
plasia Thus 1n specimen no 2 1nlestinal metaplasta was absent though
atrophy was diffuse and marhed Metaplasia was not found 1n close
viemnity of the ulcers Only 1n the specimens nos 1 and 5 shght intes
tial metaplasia was present 1n both ends of the ulcer containmng sec-
tions at a distance from the ulcer

TABLE 9
Mttotic Count of Pyloric Mucosa Showing Intestinal Metaplasia Compared with
Vitotic Count of Pylortc Mucosa without Metaplasia within same
Spectmen and Secttons
Psloric mucasa

Intestinal metaplasia Without metaplasia
Patjents Cell it Per Cell  Mit Per X P
count  oses cent count  oses  cent
10T 2476 301 1221 2470 244 988 704 <001
2 AB ~ - - (2411)  (184) (763) - =
3 AR 2461 345 1402 2455 264 1070 1193 <0001
4 0K 2910 634 2179 2514 480 1917 536 <005
5 MT 2498 394 1577 2548 306 1°01 1507 <0001
Total 10335 1674 1670 9987 179 1298 3779 <0001

The above figures denoling mitotic actiity were obtained from
randomly chosen glands mecluding metaplastic as well as non meta
plastic glands In pyloric mucosa the mtotic actiity was examed
separately for the two types of glands A corresponding study of the
fundic mucosa was not possitbl  becaus~ ntestinal metaplasta was
restricted to the pylorc mucosa only In all .pcaimens with ntestinal
metaplasia the mutotic activity of the heterotopc intestinal glands was

sigmficanlly hugher than that in ordinary pyloric glands without meta
plasia (Table 9)
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The relationship between the mitotic activity of the pyloric mucosa
and the seeretion of hydrochloric acid 1s shown 1n Table 10 In cases 1
and 4 the secretion was within nermal range while the remaining
three patients were hypoacid Case 2 had the lowest output of hydro
chloric acid and also the lowest mtotic count Microscopically the
resected specimen showed marked atrophy of the pylorie mucosa but
absence of iniestinal metaplasin In case 5 the figure denoting acid
secretion was nearly 1s low as 1n case 2 but the mtotic count was the
second highest in the series Microscopieaily however there was great
difference between specimens 2 and 5 Although hoth showed marked
atrophy there was marked intestinal melaplasia throughout the whole
pyloric mucosa o case § Case 4 had the Iu,hest output of hsdrochloric
acid and also the hughest mitotic count Thus accordng to findings 1n
this small series there 1s apparently no correlation between the mtotic
count of pyloric mucosa and the secretion of hydrochloric acad Marked
mitohic actinity may be found m stomachs with normal seeretion or
with hyponrcaidity

TABLE 10

Witotre Count of Pyloric Mucosa Related to Qutput of Free Hyirochloric deid after
dugmented Istamune Test

Patients Per cent of Cells 1n mitosis Free HCI 1n mEq/hr
1 0T 1104 1381
2 AB 763 464
3 AL 1739 911
4 Ok 2058 2066
5 MT 1387 67
Mean 1310 11 00

DISCUSSION

Teir & Rasanen (1961) found in non diseased portions of gastric mu
cosa that the number of mitoses was signmificanily higher i pylome
than i fundic glands In both tvpes of ¢linds the mitoses were located
1o the so called mucous neck cells They did not find mitoses 1n paric
tal chief or pylorie cells and muoses mn surface epithellum was rare
In experimentally produced lesions of the gastric mucos? in rats Hunf
(1958) and Townsend (1961) found greatly mereased mitotic activits
of the surface epithelium at the rim of the lesion until the gap was
covered As evidenced by the present findings ~ simufir mnercase
regencrative activity also seems to tihe place m the human gustrn
ncosa accompanyme conditions wath mereased cells loss as ulcers
roph
{m’ghae! ccisinsus scems to be that parietal and chief cclls are stable and
that these cells do not regenerate in man By a histochemical method
Myren & Torgersen (1964) did not find anv evidence of rchncrallm;
of paretal cells 1o nee following expenimentally produced lestons o
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gastric mucosa Hunt (1958) and Townsend (1961) however who
used an ordinary hstological technique found that experimentally
duced lesions of the gastric mucost m rats healed with complete
differentiation of the glands Myhre (1960) found bs means of tritialed
thyvmidine and autoradiography of intact fundic mucosa m rats that
labelled cells were not only located to the isthmus and neck of the
glands but a few labelled cells were even observed in the depths of the
fundic glands From these observations Myhre concluded that also
parictal and chief cells scemed to be able to divide and that regenera
tion of these cells to some extent took place in the depths of the funtic
glands This 1s 1n ngreement wath observations in the present study

Teir & Rasanen (1961) found significantly higher mitotic counts in
gasine mucosa from patients with gastric ulcer (and cancer) than in
gastric mucosa from pabients with duodenal ulcer On the condition
that the mitotic duration 1s the same in the two groups of patients
the finding indicates a more rapid turnover and/or a fuhng differen
tiation of the epithelium n ulcer stomachs The difference 1 eellular
proliferation and differentiation may be due to a higher frequency of
pathological processes such as cancer development atrophic gastritis
and intestinal metaplasta i stomachs with gasitic ulcer than in those
with duodenal ulcer {(Heyrovshy 1913 Magnus 1904 Larson el al
1961) Atrophic gastritis may influence the turnover time of the emt
thelium and mteshinal melaplasia indicates a disturhance 1 cellitlar
differentiation  Nicolaysen (1921) and Aonjel ny (1947) found that
gastriis always accompanied gastric ulcer and i this series atrophic
gastrihs was present in all of the resected speeimens The mucosal
atrophy indicates mncreased loss of cells and homcostasis 15 only
achieved by ncrease 1n mitohic actinity Hegrovsky (1913) and Vos.
howre. (1923) found mereased regeneration of gastrie epithehum 1n
uleer stomachs In the present series increased milotic aclinity was
found at the margin of two gastric ulcers and n atrophic mucosa a
lengthening of the mutotically active part of the glands was demonstra
ted ndicated by mitoses mn the surface epithelium and in the depth of
the glands

Terr & Rasanen (1961) reported that the mitotic count was lower
11 glands with intestinal metaplasta than in thosc wilhout but these
authors did not use a kmetostatic substance and 1t 1s hardly justified
to assume that the milotic duration 1n the two types of cells 1s identical
In the present investigition there was 1 sigmficantly higher mitotic
actinity n glands with intestinal metaplasiy than in those without The
result 15 1n agrecment wath findings i rats after colchicine had been
mjected The daily renewal of ileal (ritheinm was 70 > per cent while
the corresponding figures for the epithehum of pyloric and fundic
mucosa was 54 and 204 per cenl respectively (Leblond & Stetens
1948 Stevens 1902 Stevens & I eblond 1993 Terr & Rasanen 1961)

Crile (1908) has advanced the theory that the growth of a cell type
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15 controlled by the mteraction between growth inhibiting and growtn
pramoting compounds the former being a tissue specifte signal sub
stance produced by the cell itself the latter 1 speaific tropine hormone
produced by some other type of ecll The mnerdence of gastric earcinoma
1s increased 1n patients with pernicious Anaeny (see Sturala & Seppala
1960 Schindler 1965) anad about 70 per cent of the patients with gastric
earemom have hitle or no free hydrochloric said Grile, therefore
asks whether achlorhydria might result m a prolonged stimulrtion of
the antral mucesa because the negatne feed back s lacking and
whether the fundic mucosa 1n lurn mught be constantly stimulated by
the antral hormone gastrin If so an mcreasing mitolie aciivits of the
p3lonic mucosa with decreasing output of hydrochlonic acsd mi bt he
expected Such a correlation however was not found but a larger
materal 1s necessam af the question 1s to be settled

It mught be relevant to ash whether mitofic actniiy and development
of careinoma n the stomach mught be interrelated 1t 1s well 1 nown
(Nicolaysen 1921 Yorson 1955 b) that the pylonie region and the les
ser curvature t e that part of the stomach which 15 covered by antral
mucosa 1s the site of predilection for a development of circinoma In
the present sertes piloric mucosa shoned significantly higher mitotic
actinity than the fundic mucosa

Already 1n 1842 Cruveiler claimed that earcinoma may detelop in
the marzin of a chrome bemgn gastric nicer 1n patienls predisposed
to cancer (sce Aagaard 1963) This supposttion has laler been ovy
denced by many mvestigaiors {Hanser 1883 Aonjetzny 1913 1938
Magnus 1954 [arson ef al 1961 Precstley 1962 Oota 1983) Vagnus
(1954) found unequinocal ulecero cancer 19 per cent amon., 421
patients operated on for gastric ulcer In the present nveshigation 2
out of the 5 examined spectmens showed mcreased mitotic actmafy m
the scctions contammng ulier compared with that in the surroundmne,
mucosa

Tn the same speamten there were often several peaks of mitohic acly
vity which could be located to the nlcer margin and/or to siles at a
distance from the ulcer Swmdarly Bamforth (1026) fonniin five pr-
tients operated on for gastmie ulcer that the early carcinomitous
changes could be multifocal they could be localcd to the nleer marg
ar to sites at some distanee from the ulcer

Several um estigators clum that intestinal metaplasia 15 msohved m
gastne caremogenests wnd thus may be redarded as 1 preeancerons
lesion (Jarv: & Lauren 1901 Worson 19552 b Graham & Schade 1965)
Thus Jarvr & Lauren {1901) found strinted border cells m 50 pur cent
and wmtestinal type mucus m 30 per cent of a series of 184 carunomas
and 6 paptilomas of the stomach In the present investigation 1 siwmfi
cantly higher mutotic elivaly was found m slands with miestmal
metaplasta than m compirable glands without metaplasn

In concluston there seems to bu 4 correlation between mitotie ac
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tinaty nd development of carcinoma n the stomach When areas
with high mitotic activity scem to be sites of predilection for the deve
lopment of carcinoma the explanation might be that the growth con
trol 18 more easily disturbed by earemogeme 1gents n ctll populations
with high mitotic activity than in those where such actinats 1s low

SUMMARY

By means of the Colcermd method the mtolic actinty was studied
the mucosa from 5 stomachs resected for gnstric ulcer

The mitotic counts were significantly higher 1n the pylone than in
the fundic mucosa The mutoses were more closely packed and the
mutoheally active part was longer in the pylorie than n the fundic
glands

Int the fundic mucosa the mitoses were almost restricted to the bot
tom of the gastric pits and the glandular nechs However at deeper
sites m the mircosa some mtoses were also found among the parietal
and chief cclls indicating a slow regeneration even of these celis

In the pyloric mucosa mitoses were usually located to the straight
part of the glinds from ihe bottom of the gastric pils io the tortuous
part of the glinds

In pyloric and fundic glands the highest mitotic counts were usually
located to the neck region of the glands In arcas of intestinal meta
plasia howeser the hughest mitotic counts were at deeper sites n the
mucosa because 1n ntestinal glands the mitoses are located to the
lower part of the erypts

In atrophic mucosa there was often evidence of ncreased regenera
tion indicated by lengtheming of lhe mutotically actise part of the
epithelinm with mutoses both in the surface epithehum and in the deep
parl of the glands Buds of actwe locking cell aggregations with mito
ses were seen 1n atrophic glands with otherwise flat wnert looking ep1
thehum

In two of the five specimens there was a greater nutotic activity n
the seclions contuming ulcer than 1n the surrounding, mucosa In the
remaming three speeimens the seclions contaming ulcer showed a
milotie activity of about the sme magmtude or even lower than that
n the surrounding mucosa

The mutotic counts espeerally of the pyloric mucosa often varied
considerably from section to seetion resulting in several peaks or
plateaus of mitotic actinity which could be to ated to the margin of the
ulcer and/or far from the ulcer

A type of heterotopic mtestinnl plands 15 de cribed which 15 charac
tenzed by cells with basophilic eytoplasm and farge hyperchromatic
nucler In all sperimens with intestinal metaplasia th~se glands showed
a sigruficantly logher mitotic actinity than the milotieally most acine
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non metaplasiic glands Valoses were sometimes seen among cclls
remnding of Paneth cells
No bsolle correlhion belween the matotic actnily of the pylone
mucosa and the myvsmum oulpul of free hydrochione acid was found
Areas with hichest mutotic activity scem to be sites of preditection
for 1 des clopment of earcinoma

REFENTNCFS

Adpanrd PJ Séudx!e; of Bastrse Ulcer Acta Chir Seand Supp! 328 1963

f arly ear change e

G295 1056 anges i the stomach Brt J Surg 47
Bu"uughzu S The energy relations of mutotre acthety Rrol Res 27 133-168

PIYon

-

195!

Cride G Jr A speculatne revies of the rale of endocrine imbalances m the
genesis of certaan cancers and degenerative diseases J nat Cancer Inst
20 279-243 18a8

Dean A L B % Mason ¥ A _The distnbution of pyloric rwucesz o partal
gastrectom) specimens Gut 5 64~67 1984

Figsty 0§ & Duafan # Jr Colehiome~in Agriculture Medicine Brolagy and
Chemstry The Towa State College Press Ames fowa USA 1957

Evensen 4  Effcets of cartinogens on cell proliferation In Tersen O H &
Eveasen A Experimental Shin Carcinogenesss mn Mice Narweman Um
wesities Press Oslo 1962

Fyengen & € Toersen O H Rafe of cell p m a mouse
e} expcrnoma Nature 196 3%3-384 1962

Graham R I € Schade R O A The of 1 m

‘1 i t method Acta path

- & e

o

@

ated by a b

et microbiol scandipas B 53-59 1983
10 Hauser G Des chromische s Ver und dessen
k1 des WL Verlagyvon I" € W

zur B
Vagel Lewpziz 1883
11 Heyrovsiy H h er % bet tleus
senirienh und Carcmom Dische Ztsche £ Chir 192 359-392 1913
1% fHunt T £ Regeneration of the gastric mucosa in the 7ot Anat Ree 31 193-
211 1958

13 Jaroe O & Lauren J  On the vole of heterolopras of the
an the pathogencsss of gasteic cancer Aeta path et microbiol standinav
29 26-43 1351
T4 Ray 4 W Fffect of large doses of hystamine on gastrac yecretlon of HEI 4n
augmented histarmine test Brit med J 2 77-80 1953
Ronyef ny G £ Ucher dre Bezsehungen der chromischen Castritls st ihrea
T H

b
zur Entwicklung des

>

und des
Magenkrebses Heitr khin Chir &5 455-519 1913
§6 Aonjefzny G F Der Magenkrebs Terdinand Enhe \erlag Stultgart 1933

17 honzef ny 6 E  Die Geschwurshiidung im Magen Duodenum wnd Jejunum
vnd Foiwichl d Foke Verlag

Stutigart 1947
18 Landboe Chrisfensen F Dxtent of the palorus zone in the human stomach
Acta path et microbsol scandmav 54 671-637 1944
18 Zlarson \ € Can I O & Bartholomew F & Prognosis of the medically treated
small gastric yleer | Companson of follow up data in two serres “ew
Tugl ¥ Med 2065 119-1°3 1961
Lebiond € P & Steveas € F  The constant renensd of the ssteshinal eprthelium
1n the albano rat Anat Rec 100 357-377 3948
Leblond € W & Vialker I F  Renewal of cell population Physsol Rev 36
255-276 1956
Liavdy I Carcitoma of the Prostate Unnersitetsforlaget Oslo 1987

2i

4

2
b

w o=



»,

3

s
2

o
by

2

e e W
g 8 8 3

3

M
8

37

w
8 8

=

s

&

63

Lightn ¥ Sherloch P & Beti B Cell proliferation hinetics 1n the gastromntes
tinal tract of man II_Cell renewal w stomach ileum and rectum Gastro
enterologs 4, 721-7 9 1963

Magnus If A The pathology of peptic ulceration Postgrad Med J 30 1331~
136 1954

Morson 8 ¢ Intestinal metaplasia of the gastric mucosa Brit J Cancer 9
3r5-346 19.5a

Vorscn B € Carcinoma arising from areas of intestinal metaplasia in the
gastric macosa Brit X Cancer 9 377-385 1955 h

Vos howre L Zur Histologie des ulcusbereiten Magens Arch f kLlin Chir
122 $44-499 1923

Mykre E  Regeneration of the fundse mucosa in rats Arch Path 67 47-54

X

Myhre F  Regeneration of the fundic mucosa in rats v An autoradiographic
study on the effect of cortisone Arch Path. 7¢ 476 48> 1960

Myren J & Torgersen O Reycneration of parictal cells following expermmen
tally produced Elslnc ulcers 1n mice Acta path et microbiol scandinay
60 142-155 1964

A A h

A Studien uber die

Pa!hngenese des chroms hen \llgengcsrh\\urs Dische Ztschr Chir 67
145-263 1921

Ot M Oshida B € Sugtmura § The location of gastric uleer Castroenterology
36 45-57 1929

Oota &k Role of gastric ulcer 1n the cansation of gastric cancer in Japan A
histopathological study of 3000 gastrectomy matersals icta Ln int
Caner 19 1208-1209 1963

Palmer E D Histology of the normal gastric mucosa 4n inyestigation into
the state of normalev of the stomachs of persons without upper gastro

12-73 1927

Priestley J T Gastric ulceration  Surgical considerations Postgrad Med 32
18-74 1962

Schndler R Gastric carcinoma and gastritis Amer J digest Diseas 10 607-
674 1965

Swrala M & Seppald h  Atrophic gastritis as a possible precursor of gastric
carcinoma and permcions anemia  Results of follow up examinations
Acta med scand 166 455-474 1960

Stevens € E  Rate of rencwal of the mucous epithehial cells in the body of the
stomach of the rat Anat Rec 112 397 1902

Stevens  E & Ieblond C P Renewal of the mucous cells sn the gastric
muco a of the rat Anat Rec ff, 231-245 1853

Su ukt A \itotic actinits and renewal rate of eprthelial celly of digestive tract
in cancer patlents I Obseryvations on the stomach and duodenum in the
patients with gastric cancer or pephic ulcer (ann 57 423-466 1966 a

Su alt A Aitotic activity and rencwal rate of the epithelial cells of dipestive
tract 1o cancer patients Il Vlitotic rate of the epithelial cells of buecal
l]““énl:a in the patients with cancer of various orpans Gann o7 467-475
961

Terr I Schauman 4 € Sandell B Mitotie ratio and colchicine sensithity of
the stomach eprthelitm of the white rat Acta anat 76 233-244 194

Tewr 1I & Rasanen T A study of mitot ¢ rate 1n renesal zones of nondiseased
portions of gastrie mu  ain e of peptic ulcer and gastric cancer with
obscrvations on different ati>n nd o called 1ntestinalization of gastric
mucosa J nat Cancer Inst ®  949-971 1961

Townsend S F Regcncration of gastric mucosa 1n rats Amer J Anat 709
133-141 1961



66

F

, 14
- IR



s

A Partelal Mesothelium

Immed:ately followmng the wnjection of tracer substance no thorium
dioxide was observed 1o the mesothehum (Fig 1) In 14-2 minutes a
few particles were delected on the surface of the mucrovulh (g 2) At
2-3 nunnles morc particles were present on the microvilit and on
other parts of the surface membrane (i, 3} 4t 5 nd 10 minules
evidence of 2 substantil absorption was observed (Fios 4-11} Tho
nium parhicles were present on rucrovillt (Yigs 4 6 and 7) along the
surface membrane (Figs 4 and 6) mside pmocvhic vesicles (Fi,s 4 o
and 6) and apparently free in the evloplasm (Figs 6 and 10) Fre
quently tracer parlicles were 1denttfied 1 imvaginations of the surface
membrine (Fis 4 and §)

At 15 30 ind 60 minuics following apphication most thorium n the
cyloplasm was present nside clectron dense bodies {Tigs 12-18)
These were bordered by 1 single tripie lavered membrane and meas
ured from 03-08 4 mn divmeter Theiwr content of fricer substance
seemed io mcrease during the birst hour (Figs 12 md 17) Thornum
contaming densc bodies were present alse after 2 3 and 4 hours but
therr number was decreasmg with the lapse of time Frequently densc
bodies and mitochondria were l3in, m close provimity (Figs 13 14
1b and 18)

Tracer particies were not observed alon, the membranes of the endo
plasmic rehiculum or nside the mitochondria Golst apparatus and
nucler The mtercellular spaces with tisht Junctions and desmosomes
appeared normal (Figs 3 10 and 11) In a few instinces particles
were obseryved immedaately above or below an miercellular space (Figs
12 and 13) They were however never detected inside the space 1lself

Trom 5 minutes and onwards {racer parhicles were obscried along
the basement membrane sometimes 1n the subcellular space between
the plasma membrane and the basement membrane Frequently they
were lyng close to the opening of cyteplasmic vacuoles (Figs 11 12

ITegends fo Figs 4-D
Pericardial mesotheliym follo ting the imjection of the commercial Thorotrast
solution Varying degrees of cell damage with unsatisfactory preseryation of
c3 toplasmic orpanclles {sec text)

Fig A 10 mmutes followmg snjection Some particles are s attered in the tvto
Dlasm while others appear to hase been engulfed in a vacuole (V) Parietal
surface X 18 000

Fig B 30 nunutes aftor injectron Thorotrast part les are con entrated in electron
dense bodies (DB) The exytoplasm is vacuohzed (V) and pseudopodal fold
ngs (P) of the surface are present M) Parletal
surface X 45000

Fig € 1 four Concentrations of Th £ trast 1 m s thelum (MES) and 10 the
subme othelial 2rea (arrons) Th 1 ¢ 1z tion of particle aggregations is
indistinet Parietal surface X 18 000

Fir D 1 hour Thorotrast-contalmng =il st ular b d  see text) is present
between collagen trb es (COIy Pt Isu { ce » 45000
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and 13) Parlicles were present also 1 the submesothebnl fissue under
neath the basement membrane {(Figs 4 6 8 1nd 10) which somelimcs
appeared wregutar or absent (Igs 9 and 11)

B Visceral Mesothelium

During the first 15 mnates follow i, mjection of thorium dipxudc
no parlicles were cncountered (ig 21 After 20 and 30 nunutes thes
were present m small amounts on micros iy, on other parts of the sur
face mombrane and mside the cytoplasm {(Figs 22 and 23) As 1 rule
they were observed inside vesieles and vacuoles (11gs 24 and 26) 41 30
ind 60 munutes some densc hodies conl nming tracer subsiance were
found (Fig 22) Thewr apperrance scemed wdentical with the dense
bodics 1 the paneltl mesothclium but the number of thorium con
tamng bodies was far Jess m the viscernl cells At 2 3 and 4 hours
thorrum contamnmyg dense bodies were only occasroniiiy detected

The smtercellular spaces were devord of {racer sibstanee The base
ment membrane appeared contintous mn most sections

Parlicles were only observed mn the cytoplasm of vacuole contummng
mesothehal cells The LR cells were not scen to contan tracer sub
stance (Figs 27-31) Howover thar abundant endoplasmie rebsulum
and numerous darh ribosomes somelimes made 1t difficull to exclude
the presence of thartum dioxide parlicles

€ The Submesothelial Tissue

On the parietal side free thorum parbicles wore present m the sub
nusothehal tissue from o fotfowmg i (Fi,s § angd
10) and onwards They were Iyin, between bundles of coHagen (Fios
4 8 and 12) scparstdds or i small clusters At 15 and 30 mmutes
tracer substance was observed also m the cytoplasm of microphnges
swhich gccurred wn lar,e numbers At 60 munutes thorium parlicles
were present i nearly all macrophages observed Occasonally par
ticles apperred free an their cyloplasm but most of these were con
eontrated w vacuoles and particularls m eleciron dense bodies {1158
17 18 and 19) These bodies appeared simiar to the dense bodies ob
served i mesothehal cells (Fios 18 and 17) At 2 J and 4 hours
thorium contmming macrophases were shill present m the submesothe
{ial tissue but wn deere ising numbers (Fi, 20)

On the sisceral side some thorium con{uming macrophases wer
observed after 2 and 3 hours Thar number honever was far Jower
there than n the paretal membrane

Fibroblasts Iymphocyles and granulocytes were Mso prosent in the
submesothehal area of both surfaces (Figs 3 11 15 and 20) None ot
these cells contamned tracer substance [ew blood capiliaries wire
detected Thes were never seen o contan tracer particics m thur

[umen or cyloplasm
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cytoplasmic structure when Thorolrast (7 22), tron saccharate (14
20} and other collordal substances {19 22 23) are apphed to celt sur
faces This has been explained by Swapius (19) as  blasige Quellung
due to heavy accumulalions of hy drophilic collowd 1n the cytoplasm

In the present study changes mndicating acute cell drmage followed
the emplay ment of the cormmercial Thorotrast preparation Vacuohza
tion of cytoplasm and nucrovills (13), pseudopodal folding of the sur
face membrane (21) 'nd general Joss of ultrastructure were observed
Corresponding alterations occurred m mesothelbum exposed lo the
suspension mediam alone

When the suspension of washed particles was mjecled however the
ultrastructure of the mesothehal cells appeared normal Since all other
steps in the three series of experimunts were wdentical 1t 15 suggested
that washing of the parlicles remoses the snjunous effects which pre
sumably are caused by the suspension medium The thorium diovide
particles per sz do not seem to produce acule cell damage as evaluated
from the ultrastructure

Absorption of thorum diouide was found 15-20 munutes earher
the paniednl than n the visceral mesothehum When the first few par
ticles were observed n the sisceral mesothehum ihe absorption
through the parielal membrane appeared to be at ils maximum (Figs
12-17 and Fig 22) Al all sta es the concentralion of thorium particles
was much greater mn the parietal than i the visceral membrane

Systematic comparisons between the absorption from the visceral
and pariel il surfaces of body castiies are very few As far as the
authors are anare electron microscopic studies of this hind have not
been reported Imvesligalions of the pleurn) cavily employing other
techmques mdicate that a flwd turnoser takes place Stewart & Burgen
(21) measuring flwd moivements mto and out of the pleural space
concluded that a passage of fluid from pulmonary cipillares takes
place through the visceral pleurn into the cavits and out through the
parietal pleura Thorsrud (25) myectmg Imferon imto the pleural
cavity obseried won deposits far carhicr 1 the paretal than m the
visceral mesothehum

In the present study {racer particles were observed also m the visee-
ral pericardium alihongh in far smaller amounts than on {he panetai
side Theoretically thus obseryation rmght reflct a re entry of particles
absorhed from the pancial pencardium wath sccondarv deposits n
vseeral Iimny, cells Sescral facts however speak aganst thus theory

a) The mechanism of absorphion appeared 1denficnl on both sur
faces with imtial adhesion of particfes fo the surface membrane
b) Particles were not obsersed wittun capillanes the subepicardind

tissue

¢} Thonum

dioxide 15 transported via the tymph stics and stared i
\he reticulo endothelial system {6 7} Hence a1

e-cniry through



the general circulrtion within a bime interval of 20 munutes 1s
considered very unhihely

1t 1s concluded from the present study that absorption of thorium
drorde tahes place from both pericardial surfaces bul mamly through
the parictal mesothelium The delay and dispanty between absorption
from the two surfaces indicate ihe presence of 1 fluid tusnoier in the
pericardial cavity with the main flud movement directed towards the
parietal membrane

The mechamsms mvolsed in the absorption seemed 1dentical 1 the
sacuole contaning cells of both surfaces Imlially particles were scen
adhering to mucrovilli and surface membrane The cxtensive parb
cipation of mcrovill 1n the process of absorption supports the common
theory (16 23) that therr main function 1s to 1ncrease the absorplive
area

Free particles appeared m the cytoplasm and in the submesothelial
tissue durmng the early siages of absorphion It 1s unhhkely that ths
observation reflects hmife carry arlefacts First the tissue was sec
fioned partiy from the lummal parth from the contraluminal surface
without ipparent influence on the amount and localization of free par
ticles Second the free prrticles disappeated from the mesothelial cells
with the lapse of time If thur presence were duc to kmfe earrving
one would expect free particles to be present at all hme mtery 1ls

It 1s a matier of controversy whether particles can travel through
the cytoplasm as free particles withou! a carner substance  Ferntin
seems to traverse cells without any encirchng membrane 1 mesothe
lium {4 20) and 1n endothehum (4 14) Thorotrast also ts reported to
travel in this manner (3 4) an ohservation which 1s supported by the
present study

From & to 30 mmutes following application tracer substance was
observed mn vesicles and vacuoles some of which appeared to be 1n
communication with the pericardial Jumen or with the subeellular
space These obsersahions ire in 1ecordance with the results of previous
stuches on Thorotrast (1 & 7 22) colloidal gold (17 20) and hprds
{22 23)

With the Japse of lime thormm contumng vesicles were rarclv
encountered It has previously beer shown :n studies on lymphatie
endothehum (3 4) that matenal Iying free or 1n small vestcles raprdly
Ieft the celis while substance 1n Jarger vacuoles was retamed for con
siderably tonger periods of time

Trom 15 minutes and onwards the main concentration of thormum
dioxide occurred inside electron dense cyloplasmic bodies Accumula
tions of tracer substance were present within some of these even 4
hours following application

Electron dense bodies arc commonly present an pericardial meso
thehal cells {11) The ultrastructure of these clemenls scems lo cor
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respond with the concept of lysosomes as classified by previous au
thors (8) In the present study manj of the dense bodies were seen o
contam thorium dioxide parlicles The morphological characteristies
of the dense bodies with and without tracer parhicles appeared 1dent:
cal Accordingly 1t may be questioned whether these bodies should he
regarded as lysosomes or as phagosomes (8 15)

In any event it 1s suggested that the dense bodies do belong fo the
heterogenous group of cyvloplasmic organelles compnsing lysosomes
phagosomes residual bodies a o It 1s also suggested that these dense
bodies plav an imporlant part in the mesothelal absorplion of thorium
dioide

In the present studv a small number of vacuales were seen to con
tan tracer particles together with a less electron demse 2morphous
matenal (Fig 26) Whether this observation reflects an intermediate
stage between pinocytosis and lysosome actnity cannot be answered
on the basis of the present mvestigation

In expcnimenis emploving the commereial Thorotrast preparation
accumulations of tracer substance were observed as large aggregates
or vacuoles Their membrane when idenfifiable appeared similar to
the limiting membrane of the dense bodies described 1 this and i a
previous study (11) The Thorotrast contuning sacuoles and multy
vesieular bodies described by other authors (6 7) also show striking
similartties wath the large vacuoles encaountered in the present study
(F1gs B and C) Itis considered probable that many of the vacuoles or
vesicular bodies reported by previous authors are m fact lysosomes or
phagosomes which have been altered by the Thorotrast suspension
medium and/or the fixahion procedure

Any conclusions can not be drawn as regards the way mn which the
thorium particles {raverse the basement membrane In the provimity
of the thorium wns the 1 t membrane sometimes
appeared irregular or absent (Figs 13 and 16) but this was not the
rule Seseral free particles were observed 1n the subcellular space but
thes were not detected whale actually traversmg the basement mem
brane Large fencstrations of the membrane hke those 1n the diaphrag
matic mesothelim (1 10) were not observed Heavy accumulutions of
tracer particles along the basement membrane susgestng a borner
function (17) were not encountered

The thormm dipxide particles were observed only 1n the ordmary
vacuole contumng mesothelnl cells No absorplion seemed to twhe
place n the scattered wisceral cells containing an abundant endoplas
mie reticulum (Figs 27-31) This ebservation 1s 1 support of the
view that the ER contmmng cells are not macrophages (11)

Thorium particles were never observed 1n the inlercellular spaces
although somchimes they were present close lo therr luminal or basal
termnations In studwes on lymphatie endothelnm Casley Smuth (3 4)
oceasionally obsersed Thorofrast particles m the miercellular spaces
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If the lymphatics were rendered abnormally permeable (5) the cell
Junctions were supposed {o act as nlet vales  Sumlar mechamsms
were never encountered 1n the present inveshigation no matter whether
commercial Thorotrast or washed particles were employed

In the submesothelial tissue free particles were observed during all
stages of absorption With the lapse of time they also accumulated in
macrophages mainly mside eleciron dense bodies with similar charne
teristics as the dense bodies encountered in the mesothelium The size
of these bodies howeser appeared more varitble mn the macrophages
than in the mesothelal cells Their ultrastructural appeartnce suggests
that they belong in the group of lvsosomes/phagosomes and seem to
play an important part in the phagocytosts of therrum dioxide

The other cells present in the submesothehal tissue did not appear
to particapate in the absorption and transport of thorium dicxide
particles

SUMMARY

Pericardial absorption was studied at intervals of from 30 seconds to 4
hours following 1njection of Thorotrast or of washed thorium dioxide
particles into the pericardial cavity of rats

The quantity of absorption scemed to tahe place throu,h the parietal
pericardium A smaller amount of particles was observed also n the
visceral mesothelium Particles were present 15-20 minutes earher in
the parietal than i the visceral membrane indicating a movement of
fluid across the penicardial space towards the parteta] pericardium

‘The tracer substance was absorbed through the mesothehal cells as
free particles 1 pinocylic vesicles and vacuoles and m membrane
bounded dense bodies mlerpreted as Iysosome hike structures

Only the vacuole contatming mesothehal cells were seen to absorb
tracer particles The scallered TR contumng cells on the visceral sur
face did not participate 1n the absorption Tracer particles were never
observed mn the intercellular spaces In the submesothelinl tissue
thorium dioxide was observed 1n the form of free particles and inside
the cytoplasm of macrophages mainly concentrated 1n lysosome lthe
dense bodies

The observalions also suggest that acute cell damage from Thoro

trast 1s caused by the suspenston medium 1nd not by the thorium
dioxide parficles
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PERICARDIAL ABSORPTION
OF THORIUM DIONIDE IN RATS
2 A Iymphangiographic Study

By
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The mmportance of the lymphatic system for ihe dramnage of serous
cavities 1s well established (5 18 24) Several imvesligations have been
carried out on the lymph dranage from the peritoneum while studies
on pericardial lymphatics are few The need for more snformation on
the latter subject 1s stressed by scveral authors (14 23 24)

Previous works on the anatom}y of cardiac and pericardial Iymphatics
have been based upon dye njechions with subsequent autopsy studies
{1 8 15) Lymphangiography does not seem 1o have heen emploved in
studies on pericardial lymph dramage This method however has the
advantage of allowing 1 vwo exammations as performed 1n the pre
sent work

Collodal thorsum dioxide (Thorotrast) was chosen as a tracer sub
stance for {his investigation It 15 absorbed and transported almost
exclusively by the Iymphatic vessels and has been used m studies on
Ismph drainage from the peritoneal cavity (5 12 13 16) and m stu
dies on the thoracic duct (5) At the same time Thorotrast 1s a con
venient tracer for electron microscopy and radioactine analyses thus
permithing a combination of methods

The purpose of the present investigation was as follows

1 To visuahize the man Ivmphatic pathways from the pericardium
2 To obtan information concerming the velocity and direction of
absorphion and dramnage

The nomenclature 1n the present work refers to the analomical stu
dies by Job (8) and Viiott: (15}
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VMATERTALS AND METHODS

23 adull male rats weighing 300-350 ¢ were used 1n the studs Tl

upon 1t endotracheal anaesthesia with ether/aleohol (m; ‘Efvhor]::;l:r;:‘e ‘3’12’;‘&"
formed on the lefl or nght side alternately and 03 cc of Thorotrast (Fellows
Testagar Co Detroit Michigan USA) was 1otroduced into the pericardial cavity
The Tung was re expanded and the chest and tracheostomy closed The animals were
radiographed 1mmediately following injection of Thorotrast shile lving on the
operating table Consecutive radiographs were taken at time mtervals from 30 ymin
up to 48 hours and after 16 days Prior to each examination the animals were
anaesthetized with cther aleohol (2 1) on an open mask Between csaminations
thev were awal ¢ and Nere allowed free access to nater and a standard diet

Supplementary Examtnations

In five animals the thoracie duct was catheterized in the ne k aceording te methods
described by Saldeen & Iinder (19) Dissection was performed after prineiples out
lined by Engeset (6) To visualize the topography of the duct Thorotrast was 1o
Jected 1n a retrograde direction

In two anmmals simulfancous injections were made 1nta the pericardium and the
right pleura with the purpese of visualizing the right pleural and diaphragmatic
lymph dramage

In two animals 2 c¢ of contrast medium was 1njected to outline the borders of the
perreardial cavity In two amimals 5 ce were injected, This resulted in rupture of
the pericardinm

In one apimal Thorotrast was mstilled 1nto the oesophagus 6 hours after pert
cardial mjection

Radiographie Technique

Al animals Were examned on the Siemens ] bnograph using the serial spot film
device Agfa Cevaert Cumx FY$ film was u ed 1n casettes provided with Siemens
Universal Saphir intensifying screens Tacus size was 12 mm focus film distance
about 70 em object film distance about 50 cm giving a magnification of 14

Exposure salues were KV 40-mAs 16 The anunals were positioned under fluoro
scopie guidance in postero anterior lateral and obligue views This method gave a
rapid and easy performanee with reliable posihioning af the anvmals

Six out of the 23 animals were examined po tmortalls Iving on ¢nvelope pached
Agfa Cevaert Ostay DY non screen film the films placed an lead rubber to abviale
bachstatter Focus size was 1 mm focus film distance 42 em and exposure values
1V 40-mis 50 This technique gave a superior 1mage quality and s recommended
where high defimtion s desired in the radiographic tmage

Alle faitms were deyeloped by hand

RESUITS

Immediatels following mjechion the heart shodow appeared with
shahtly ncreased densits (Figs 2 3 and 4) owing to the spread of
contrast medium willin the pericardial cavity The first lvmphaties
were visuahzed 11/-2 hours following mjection (Fig 6) -nd opaaifs
cation of the different pathwavs increased dnnng the first 10-14 hours
(Figs 7-18) From 16-24 hours the density of contrast in the [vmph
aties appeared almost constant {Figs 14-16) At 34 and 48 hours the
opeification was decreasing (Figs 17 and 19) and after 16 dns the
Yymph sessels were no longer visible (T1g 20) Accumulilion of tracer
subsiance m regional Ivmph nodes mnereased from 14 hours onwards
(Figs 13 15 and 19} and was marhed cven after 16 dass (i, 30}
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Legends to Figs 1-79
Figs 1 Postero antcrior view prior ta mjection of Thorotrast
Figs 2 and 3 Anteroposterior and lateral views immediatelv following injection
Medtastinum and heart shifted to the left 5lightly ancreased density of heart
shadow owing to distribution of conirast medium within the pericardial
cavity

Fig 4 Lateral view 3% hour following injection Lymph tessels still not visible

Fig 5 Postero antersor view 1 hour Shght opacificatron along left heart border

Fig 6 Shghtly oblique projecion 2 hours Opa Mication of left mediastinal

Iymphatics {arrow)

Figs 7 and 8 Postero anterfor view 3 hours Increasmng density of left mediastinal

and diaphragmatic Iymphatics (arrows)

Fi7 8§ Lateral view 4 hours Long tortuous diaphragmatic lymph vessel 1s visible

{arrow)

Fig 10 Lateral view 6 hours Arrow indicates beteneen di 1
and diaphragmabic lymph sessels

Figs 11 and 12 Oblique projections 8 and 10 hours Increasing opacification of
parasternal (npper arrow) and mediastinal (lower arrow) lymphaties

Fig 13 Lateral view 14 hours Lymph nodes i upper mediastinum {upper arrow)
collect contrast medum from parasternal and mediastinal (middle arrow)
Iymphatics Communicatfons hetween the two systems are present Lower
arrow mdicates lymph vessels of diaphragm

Fig 15 Oblique view 16 hours Anastomosis betneen mediastinal and draphrag
mati. lymphatues Js yisualized (arrow)

Fig 15 Lateral view 20 hours Antmal hangmg 1n supine position horizontal beam
Parasternal Iymphatics (vertical arrow) draining towards upper media
stinal Ivinph nodes (horizontal arrow)

Fig 16 Shghily oblique projection 25 hours Stll marked opacification of the three
main pathwass (see text)

Fig 17 Lateral sjew 34 hours Several communications between the different svs
tems of lymph dratnage

Figs 18 and 19 DPostero anterior and lateral views 48 hours Contrast medium n

mph vessels (arrow) 1s decreasing Accumulation of Thorotrast in lymph
s

0

Fig 20 Latersl view 16 days Contrast medium 1 lymph nodes (arrows)

Fig 21 Postero anterfor wiew immediately follo ving Injection of 2 cc of tracer

solution The pericardium appears distended

Postero anterior view 8 hours after injection into pericardium and rizht

pleura Left and right parasternal Jymphatics are visible {arrons} Opaci

ficatron also of diaphragmatic lymphatics with drafnage caudally towards
eisternal lymph nodes

Antero posterior view 8 hours after mjection of Jarge volume {5 ce¢} The

pericartium has ruptured Thorotrast Is accumulated in spleen

Retrograde {njection of Thorotrast through catheter (upper arrow) in

thoracic duct Lower arrow indicates lesel of possible anastomoses from

diaphrogmatic Iy mphatics

Same animal rn pitro radiograph Middle srrow indicates level of passible

-om and p; Iymphaties Leakage of con
trast medium lram Yower portion of duct and cisterna chvl (lower arrow)

Caudal position of catheter with the tip above the diaphragm Visuallzation

of caudal segments of thora tc du t v sth ¢ sterna chyh (arrown )

Fig 97 6 hours after injection Demon tr U r ot psrastern I (1) mediastmal (2}
and diaphragmatic (3) 1 mph 1 The r I tionship to the posterior media
stinem outlined by contrast med um In ocs nhagus {arTow)

Figse °8 and 20 S hematic dravwangs of the mamn pathwa s n pencardial Iymph
d a nage Anteropo terior and lateral e 1 Para terna] lvmphatics 2
Medsa tinal Thoracic duct
ivisualized only by v.hrtcl injection) Lev:ls of posslhlt anastomoses with
the thora ic duct are fndicsted by dotted lines

Fig 20

Fig 23

Fig 2%

Fig 2o

Fig 26
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The following pathways were 1dentified

1 The left parasternal lymphatic appeirmg as 2 man lrunk in the
anterior medinsbinum (Figs 11 and 15) It was highly oprerfied m all
ammals and folloned a course towards lie upper mediastinal lymph
nodes (Figs 13 and 15) Afier simullaneous njeclion o the pen
cardum and the right pleurr both parasternal lymphaties were
vsualized (g 22)

2 The medwstinal Iymphaties usually forming 1-2 larger vesscls
n the mddle portion of the mediashinum (Figs 7 12 and 14) These
vessels also appeared to dramn into the upper medinstinal lymph nodes
(Fig 13) TIrequently communications with the Jvmph vessels of the
diaphirigm were demonstrable (Figs 10 and 14)

3 Diaphragmatic Iymphalics were aiso visible n all animals Gener
ally they appeared with lugh density forming a plexus of varable
patiern Commonly the larger vesscls were runmng dorsally (Figs 9
10 and 13) and 1ng with medastinal vmphaties (Fig 14)
After stmullaneous njection into the perteardtum and the right ploura
the diaphragmalic v¢ssels were visualized 1n a greater number Their
pattern suggested dramace also caudally towards cisternal Iy mph nodes
(Fig 22) The thoraciec duct was not opactfied followin, pericardral
mjection of Thorotrast The duct was visualized by retrograde injection
through =« catheler {Figs 21 25 and 26) Anaslomoses from ihe abose
pathways to the thorcie duct were suspecled but could not be demon
strated with certamty n the radiographs The apatomical relations be
tween the Iymphatic pathwavs and other mcdhastinal structures were
determined by mstillation of Thorolrast into the ocsophagus (Fig 27)

A volume of 03 cc was not sufficient to outhine the borders of the
pericardial ety (Figs 1-4) These were visualized by injection of a
larger volume (Fig 21) however a certain degree of cardiac tampo
nade oceurred Injection of 5 cc led to ruplure of the pericardium
(Mg 23)

The main pithways of lymph dramage as outlined 1 this study are
presented 1n schematic drawings (Figs 28 and 29)

DISCUSSION

The present wnveshgation confirms that Thorotrast 1s & convenient
radiopaque substance for studies on 13ymph dramage (5 15) The
emplesed method allowed studies to be performcd in pio which 1s
considered superior to methods simulating heart beat i dead amimnals
“”ﬂ\e assumption set forth by Drinker et al (2 3) that only electro
Istes are absorbed by the perieardial lymphaties 1s not conbirmed by
the present sludy On the contrary our resulls support the concluzlzcn
that collordal substances are easily absorbed from body cavibies (22)

In the present work a small volume of 03 ¢ was mnjected under
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drrect vision to ensure that distention of the pericardial sac was mint
mal This mntention was probably fulfilled as the extralununal heart
shadow (20) did not appear widened following the injection of tracer
substance

At the same time ¢ 3 cc was a suffictent volume for the demonsira
tion of the main Jymphatic pathwass If a larger volume had been
apphed other routes or commumicalions might perhaps have been
visualized However as powmnted out by W ilson et @l {23) large solumes
frequently produce cardiac famponade or cien pencardial ruplure
(Fig 23)

The investigation demonsirated drainage of Thorotrast through 3
main pathways the parasternal dasiinal and dwuaph tic lymph
alies Several ations were d ted belween these systems
masnly 1n the upper and lower areas of the mediastinam It shouid be
considered however that dramnage may have taken place also via other
pathways where the intratasal concentrations of Thoratrast were too
Tow to permut radiographic visualization Minor jndividual varations
m the fymphatie pattern wcre occasionally detected The general pre
ture howeser wasn agreement with anatomrel studies 1n rats (8 15)
and was not influenced by these vanations

The thoracic duct was not opacified 1n any perod following pert
cardial injection This 1s 1n accordance with other studies (5 16) stat
ing, that even the pentoneum and diaphragm are dramned preferably
along pathways other than the thoracic duct and parhicularly via the
parasternal Iy mphatics

When the thoracic duct was visualized by direct injection (Figs 24~
26) no retrograde filing of the abovementioned pathways occurred
Anastomoses belween the duct and the mediastinal Iymph nodes were
occastonally supected but thev were never obuous

‘The Iympho venous commumeations 1n the neck scem lo vary in
different amimal spueies Ffshind (5) demonstrated in experiments on
rabbits that the parasternal lymphatics emplied separately wnto the
verns of the neck Only 1n very rare mstances did drainage take place
through communications with the upper segment of the thoracic duct
1t 1s reported that the paraslernal and mediastinal Iymphatics n rats
drain into the upper segment of the thoracic duct mainly through the
upper mediastnal lymph nodes (15)

No conclusions can be drawn from the present siudy as to the pre
stnee of such The ntery of lymph nodes mny
welt explain that no retrograde fiiing of parasternal lymphaties was
abtained following mjection into the thoracie duct (Min & Saldeen (16)
conciude from studies with Thorotrast that 1 relatnely small amounl
of diiphragmatic lymph in rals 1s dramned through the thoracie duct
‘This observation however 1s dependent on the posilion of the druning
eatheter in the thoracic duct I the parasternal and mediastinal hmp-
haties empis nto the duet in 115 eranial segment a more distally post
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tioned catheter wall oeclude this pathwan and onls the dranage from
the more caudl segments wiil be recorded The relalive tmportance of
the thortcic duct mn perieardial iy mph drunage will be discussed 1 a
Iater publication

Peripheral Iympho venous anstomoses (11) were not detected in
the present studsy Visnahzalion of such commumeations conld not be
expecfed considening (he volumes and techniques emploved Some
authors (7 15) claun that such communieations are artifictal produced
by the injechion pressure

Lymphangyiographic studies on perteardinl dr unage have not to onr
knowledge heen reported In an autopsy sludy on mammalhan hearts
(17) 1t was concluded that perieardial drunage thhes place through
mediastmal lvmphaties 1o the medinshinal Iymph nodes Allen (1) re
ported pericardial drunage of dves from the hase of the heart into the
pretrachenl and Ieft tracheal Iymph nodes m dogs In the present work
the obseriations indicafe that kmph dramage from the pericardinm
takes place also m other directions 1 e anteriorly towards parasternal
Iymphaties and caundaliv to diaphragmatic lvmphaties These resulis
scem to support ebservations from electron microscopie studies (9)
that = large proporiion of injecied thorum dioxide 15 absorbed throush
the panetal pericardium It should be 1dded that the concuntrations
and volumes of tricer substance emploved 1n these studies are identical

Anatonueal studies ont rat hvmphaties (15} suggest that the ivmpha
t1es of the heart praper forms {wo man trunks from the base of the
heart drmmng into the mediastsnal I mphatics and nescer throngh the
parasiernal syatem I a substantial portion of the injected substance
were absorbed from ihe visceral penicardium into epicarchal hvmpha
tics an opacification of these trunks and their commumeations with
the larzer mediastinal Ismph vessels might be (xpected Howerer thes
were not visualized 1n the present study this speaking agunst  heavsy
absarption of Thoratrast from the visceral pericardim

The mam lymph yessels were visible at 1142 hours following Thoro-
trast njection, and mrumum opacficahion occurred from o 1o 18
hours 1iter Ohn & Saldeen (16) reported the opacification of diplirag
matic lvmphatics at the end of 1 hour when Thorotrast was injected
nto the pentoneal cavity  Cxperiments with tagged ery throcyles {18
29 23) alsa suggest that absorphion from the pleura and peritoneum s
more rapid than that from the pericardium According to a riport on
experiments with Imferon njecled nto the plenral ety Thorsrud
{21) found a prompt ncrease of serum tron the maxtmuam bemng
attamned ifter 24 hours The absorption of collod 1l 1ron seemed to take
place through the parietal pleura

11 s to be expected that the results wail differ with the njected sub-
stance concentrition and velume and probably with mechamieal fae
tors {posthon of the ammai heart beat respiratory motvements} 4
comparison hetw een the rate of absorphon from different bodv emvitics



hies beyond the scope of this mmvestigation It 1s suggested however
that \ ray studies with radiopaque tracer substances might vield addi
tional information 1n this respect

SUMMARY

X ray examinations were performed on Ining rats after inyection of
collordal thorium diexide 1nto the pericardral cavity Radiographs were
faken at time mlervals from 30 minutes up te 16 davs The myeshga
t1on suggcsts that pericardial Ivmph drunage takes place alonz 3 mun
pathways, te the left parasternal mediashinal and diaphragmabic
lymphatics Annstomoses between these systems were delected

Other routes of pericardial Iymph drainage were not demonstrated
Communzcations to the thoracic duct were not sisuahized However the

7 y that such 10ns may exist could not be excluded
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Intrathoracic surgical procedures are completely dependent upon reh
able methods of anaesthesia

Vost respirators desiyned for anaesthesia in small amimals are ex
penstve complex and imply the use of mechanical or electrical devices
(2 4 7 8) Siumpler systems as suggested by I umb (6) and Siegler (9)
do not offer facilities for controlled ventilation In rats difficulties con
nected with trachcostomy have becn an obstacle to cendotracheal
anaesthesia (3)

A simple method for anaesthesia m rats submtfed 1o thoracotoms 1s
described 1n the present paper The system combines ideas obtamed
from anaesthesia in human subjecls and 1n ammals and 1s based upon
mtermttent positine pressure venhlation through a tracheostomy

APPARATUS

A diagram of the equipment Is given in Fig 1 Otygen flows through a simple
saponizer contalning ether/alcohol (? 1) The micture of oxygen and anaesthetic
is directed into the trachea through a palscthslenc catheter taserted nto the
tracheostomy By passing of otygen may be obtaned bv an extra tubmg and a
3 way valie An opening of 05 X 1 cm is made in the rubber tube between the salie
and the tracheostomy eatheter (Tigs 1 and %)

PROCEDURE

Anaesthesta Is induced by open mask administration of ether/alcohol (2 1)
Tracheostomv 15 performed by a 2 mm horizontal incision between the 2 and 3
tracheal ring A polyethylene catheter {OD 13 2 mm) is Introduced and connected
with the tubmg system (Fig %) Ovsgen flow is che hed on the flowmeter (Flg 1)
prior to the thoracatomy We have utilized 2 flow of 150-200 ml/min

Artificial is achreved by closure of the hole in the tubing
Inflation of the lungs 15 easily controlled (Figs 3 and 4)

For prolonged procedures p rticularly 1n the posterior mediastinum it mav
hecome necessary to deflate the lung completel in order to get access to the struc
tures in question {Fig 5) In the e instances the ¢ llapsed lung should be expanded
every 2-3 minntes tn synid 4 elanment af atelectases
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Fig 1

Diagram of v system The s finger 15 1o closing
the hole 1n the tubing whereby inflation and deflation of the lungs is obtaned

At termination of the procedure it 1s ensured that the lung 1s completely ex
panded before the wound sn the chest wall is closed The tracheostomy s clased
immediately after withdrawal of the endotracheal tube For this purpase we have
employed a single non traumatic suture of 6-0 nylon which 15 passed arcund the
tracheal ring aboye and below the incision

DISCUSSION

A Venttlation system As will be seen from the diagram (Fig 1) the
design 1s simple and mcxpensive It may be constructed tn a few minu
tes and has no movable parts Breahdoun of the arrangement for ven
tilation and admmstration of anaesthesia has not occurred In our
experiments respiratory volumes and resistance have not been recor
ded These parameters howeser may be recorded by means of additio
nal equipment (1)

In our opmion the described arrangement 1s easter to adjust and
handle than the more complex mechanical and electrical devices
Variahions i respiration ind anaesthetic level can be corrected by
manual adjustments and can be undertakhen immediately and when

ever necessary
The method requires an extra assistant to take care of the ventilation



Figs 9.3
ers The polyethylene cathet

Animal during thoracie Surg
through the lrachenslom) Conn.
small cannyly and the dista)
drawn from, the hole (i) 4
Is made from a safety pin

er (C) is nserted
IR 1s obtained by a
inge (5) The finger is with
e left lung js collapsed The retractor (R)

ecti n with the tub,
1 portion of a sar.
nd th
B0 3 Highe, raEnifieation of the operative frel The left lung (L) s Inflated
The anterior Portion of th ¢y cardim (P) 1s visible The retractor se
Parates the wound edges n » ribs (R) and muscles (V1)



Fugs $->
Fig ¢ The lung (L} 15 partly deflated Eass access fo the attersor mediastinum
with the heart (}) covcred by the pertcardium Tracer substance ls injected
1t the perscardial cauity Ribs (R) Thoracie muscles (M)
Large left thoracotomy The lung (L) 13 completels deflated n order to get
access 1o the posterior mediastinum with the aorta (4) and oesophagus (0)
4 ligature 1s placed around the aorta

Fig o
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procedure It may be considered a drawback that the surgeon cannot
both do the surgery and control the anaesthestn On the other hand 1t
1s an advantage that the anaesthetsst will have one hand free for asst
stance 1n the operatnne field

B Tracheostomy The emplovment of a frachcostomy 1s 1n our
omnion superior to oral wmtubation (o) and to devices where 1 mash
1s made to it tightly over the head of the ammal (6 9) Previous au
thors report on difficulties concerning the techniques of tracheosiomy
mtubation and closure Farrts & Griffith (3) recommend cxcision of a
2 X 2 mm piece of the anterior {racheal wall Thev state that mtubation
through a trachcostomy 1s suriable only for acute experiments as the
tracheosiomy wound cannot be closed This view 1s not supported by
our experience Wi lien a horizontal incision of approximately 2 mm 1s
made between two tracheal rings intubalion ss easy and the subsequent
closure cin be made withoul difficulties A smngle suture has been
found sufficient for complete closure without leahage or delcterious
tenston It has not been neeessary to inhibet the secrehion by means of
atropine

Due to the relatively long distance from the thyrord carhilage to the
tracheal bifurcation the catheter may be introduced several em into
the tracheal lumen Accordmngly some shding of the catheter may be
allowed without interference with the venhilation Leakage around the
tube does not occur if the tracheal snusion 1s of the proper size

C Area of application The present method of anaesthesia has heen
employed 1 more than 200 procedures on the heart perreardium (g
4) and thoracie aorta (Fig 5) On several occasions bilatera] thora
colomies have heen performed as well as repeated intrathoracte proce
dures on one and the same ammal Frequently the surgers has lasted
for more than 1 hour Complications due to the method of anacsthesia
hase not occurred

The described system has been safe simple and reliable for mira
thoracic procedures 1 rits Most probably it will prote to be useful
1n other small Iaboratory ammils

SUMMARY

A method for endotracheal anaesthesta n rats 1s described The syvstem
1s simple and rehable utihzing oxyvgen and a muxture of ether and
alechol No movable or electreal parts arc mncluded The performance
1s casy and nishs of mechanical brcahdown are minimal

Detauls are given concerning the techmques of tracheostoms ntuba
tion and closure of the trachcal weision

‘The method has been employed i more than 200 intrathorscic
T e5 without 1 o0
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RENIN LOCATION IN THE DIFFERENT PARTS OF THE
JUXTAGLOMERULAR APPARATUS IN THE CAT KIDNEY

2 Fractions of the Afferent Artertole, The Cell Group of
Goormaghtigh, the Efferent Arlertole and the Glomerulus

By

PouL Faarup?
Received 13 vi 67

In a previous mvestigation (Faarup 1967) the remin content of the
macula densa and of the granulated cells 1 the juxtaglomerular part
of the afferent arteriole was investigated ‘ore than 95 per cent of the
renin actinity in the two fractions was found to be localized m the af
ferent arteriole In the present paper other fractions of the juxtaglome
rular apparatus were studied the efferent arteriole and the cell group of
Goormaghtigh as well as different parts of the preglomerular vascular
system and the glomerulus

MATERIAL AND METHODS

25 mheron thack, freeze dried sections from Neutral Red stained kidneys from cats
203 6 9 15 and 16 (the preparation of winch has been described 1n the preceeding
paper) were nsed The microdissection was 1dentical with that previously used with
freeze dried sections with the exception of the 1solation of the glomeeruli which
was more easily done by hand using a fragment of razor blade held m an artery
foreeps The further trealment of the tissue fractions was identical with the fore
golng In estimating the remin content m the cell group of Goormaghtigh the cell
number from the seral sections (Faarup 1367) was used as & basis for compar1
son The quantity of renin found in the afferent arteriole from the same juxta
glomerular was also Here only were used
for mucrodissection

Faor the investigation of the renin content of the interlobular arteery of fractions
of the afferent arteriole and of the efferent arteriole the length of the vessel 1o
cluded 1n the assay was used as a basis of compa son The number of cells with and
without juxtaglomerular granules was slso counted i the individual fractions
(Table 3)

The afferent arteriole was divided nto three fractions (Fig 2) 1) the proximal
region close to the nterlobular artery 2) the inte medi ry part of the arteriale and
3) the juxtaglomerular distal part of the c s 1 Afferent artersoles we e selected
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in which juxtaglomerular granules were seen at the branchiog port from the fnter
lobular arters and wn Which granulated cells were absent from the ntermediare
regton (F1s 2} Such as well as p of gk aod of
elierent arteriales were taken from the outer third of the renal cortex

To wdenlsfs the eflerent arteriole in the justaglomerular apparatus il was es en
hial to first determine the position of the afferent arteriole close to the glomerulus
(Fir 3)

Remin estimation 1w the microdissected Lissue was based upon rcubation of the
tissue extracts with angiotensinngen as previoussh des ribed (Faarup 1964)
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Fig 3

The efferent arteriole (EA) has been separated from the glomerulus ((L) (eut
tangentially in the section) ast ell as (rom the afferent arteriale ia 1 hich several
1ls with wlar granules {JCC) are seen The macula densa

A cel
is not included 1n this section DT distal tubule (Freeze dried scetfon vitally

Fuy 1

Fig 2

stained v jth Neutral Red X 770)

Fiys 1-2
In the juxtaglomerular appar tu thec 1l gr uy f C ormaghtizgh (GC) ks
been separated from the affe nt arters Je  cnta nine g suulated epithe
Diosd eells {JE € = £dd 2 from the ma wa den 2 v hab gy previously
remeved Af vma ul zliser M pre entiythova ) i actin {arron)
Freeze drie] section v1tal) ¢ oaned w th Nentral Rel x  £0
In the afferent art 1 le the lurz nk fnd) atcd b the ur  d Line extending
from its or g n ¢ the intc 1 ¥ila arter (A) to the gl merulus (GL) The
arterfol s pa tedn thrce p rt The prowmal f act >n close to the
interlobut  arte v+ B) th nt rme bat fra t on (C) and the distal feaction
near the gl m rulus (D I the rterwle s atatn ng sustsglomerular
graide are foupd at th w1y ant ne vt 4] m orulus (arrows) The
sections hi 1 s parate the d ff rent fra tyons rem hed I v the dotted lines
The 1 terlobula artery was later rem ved fr m fra ton B (X 160)
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1 which juxtaglomernlar granules were scen at the branching point from the inter
lobular arters and in which granulated cells were absent from the intermediary
region (Fig 2) Such preparations as well as preparations of glomernli and of
efferent arterioles were taken from the outer third of the renal cortex

To 1dentifv the efferent arteriole 1n the juxtaglomerular apparatus it was essen
tial to first determine the position of the afferent arteniole close to the glomerulus
(Fig 3

Renin esttmation 1n the microdissccted tissae was based upon ineubation of the
tissue extracts with angiotensinogen as previousshs des ribed (Foarup 1967)
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TABLE 2

Renmin Content in Different Fractions of the Vessels from the Interlabular Sriery

to the Elferent Arteriole {¢f Fig 3)

° 2z
S =2 ] =3
98 et = ~Te
3 SE z BSE.
=8 Sa H gic3
L e E& H ]
s =8¢ Iz & i2es
2 E%E %Ep Cp gXE2
S o] ,28 23 =2 ES
9 4800 20 [ 00
Interlobular artery 15 2180 13 0 003
Mean values 3490 7 0 007
B No of ungranulated cells
e
Afferent arteriole 9 370 15° 19 07
(proximal part) 9 415 22 1 03
9 200 2 12 18
15 293 10 9 02
15 315 31 9 08
Mean values a17 64 13 07
9 632 18 0 02
Aferent arteriole 9 1340 209 0 <01
tmddle part) 9 680 118 0 03
15 990 193 0 <01
15 630 90 1 01
Mean yalues [ 146 0 o1
b 9 600 32 15 42
Afferent arteriole 13 260 3 3 5>
{aistal part) 9 260 4 23 7”
15 13> 6 12 86
15 382 1?7 21 71
15 2J0 1 24 48
Mean values 370 19 2 59
r 335 24 9 04
Tfferent arteriole 9 230 36 4 03
{wrth gradulated cells) 3 205 27 3 02
Yean values 250 o3 [ 03
F 9 470 2 0 <01
Efferent arteriole 15 250 30 0 <ot
(without granulated cells)
Mean values 3 28 [ <01

In each fracts » the number of granulated and ungranulated eells 1n the ve sel was

counted and the 1 ascular Jength was measured, In the fast column the renin content

per 100 mictons in length of the vessel is g ven For each group of fractions tested,

the mean value was caleulated 1Lis scen { ym the table that changes yn renin content

per 100 mier ns of vascular length paraliel the number of granulated cells In hoth
the preclomerular part of the vasculas 63stem and the eff rent artersole

8 acmapir 71
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D) In the distal part of the afferent arteriole, wath 1 1arge number of
cells contuning numerous Juxtaglomerular gennules the repin content
per 100 microns of vascular len th was 42 X 1086 X 10 * GU with
a mean salue of 59 X 10 4 GU (Table 2 D)

T') In the efferent artertole contatmng eclls with a small number of
Juxtaglomerular granules, the remin eonlen! per 100 mcrons of yascular
length was 02 x 10404 X 10+ GU with a mean valne of 03 X 10~
GU (Table 2 E)

F In two preparations of efferent arteriole devord of qranulated
cells 41 X 104 GU per 100 microns of vascular length or less were
found (Table 2 F})

Glomerulus with or withou! the Place of Entrance of the
Afferent Arteriole
It 15 seen 1 Table 3 that the content of renin was below the hmits of
sensitraats of the methiod tn preparations of glomerult m which no
granulated cells oceurred (less than 005 X 104 GU per glomerulus)
preparitions m which granulated cells were found contamed small
amounts of remin

TABLE 3
Rern Content of Nenlral Red Staned Free e Dried Sections of Glomerult with and
without the Site of Entrance of the Afferent Arteriole Renin Was only Found 1 the

Former 1n Which Cells C J) nules W ere also Seen
Glomeruli in which the Glomesrulr 1n which the
site of entrance of the site of entrance of the
afferent arteriole was afferint arteriole was

present not present

Cat no [ 9 ¢ 9
Mo of solated sections of 23 5 5 i
glomerult
Clomerular volume 1n 163 180 389 398
microns X 108
No of granulated celis 7 5 e o

07 13 <05 <05

Renin content In
GU X 10¢

DISCUSSION
4t the amount of remn in the cell proup of
{ at all present In vanous frictions of the
the 1nterfobular arfers fo the
yaseulnr system of the pephron from
efferent arteriole the rensn content was sigtficantly higher in frictions
\n which cells containng Juxta.lomerular granules were present than
10 those where such ¢clls were absent (Table 2 and 3 Tiy $) Thessm

It appears from Table 1 th
Goormaghligh 15 vers low 1



NEOFGRA
nar
CELLS i

WRENIN
CINS OF GRANULATED CELLS
Fig 4
Renin content of dlﬂcrenl fractions of the \ascular svstem of the nephron correlated

to the r granules The renin
content and the numlnr of granulated cells are ;:nen as mean values peer 100 microns
Iength of the vascular fraction (¢t Table 2) In vas ulst segments in which no
Juxiaglomerular granulees were found (the interlobular artery and some of its

1) the part of the afferent artersole (C) and most
efferent arterioles (F)) vers Iittle or no remn was present contrary to the findings
1n the fractions contnining granulated cells (scme proximal segments of the afferent
artersole (B) the distal part of the afferent arteriole (D) and some efferent ar
terioles (F)) In addition 1t 1s seen that the rcnm content per granulated cell was
found to be higher juxtaglomerularly mn the afferent arteriole than clsewhere in

the arterioles

accordance with publications of Bung & 1 tberg 1908 Bing & ha muer
c.ak 1959 and Cockh 1960 in which the interlobular artery and the
glomerulus were found to be without measurihle quantibies of renin
Fig 4 shows that the contenl of remin varies with Lhe content of cells
containing juxtaglomerular granules in the vessels However the
amount of remn per granulated cell was higher o the juxtaglomerular
part of the afferent arleriole than m granulated cells located clsewhere
This findmg 15 1n accordance with the hugher 1mount of granules in the
single granulated cell of the distal part of the afferent arteriole

Bascd upon the results presented 1n this and 1n the preceding paper
(Faarap 1967) the renin distnibution in the Juxtaglomerular pparatus
can be depicted as shown in Fig 5 from shich it appears that the remin
conlent «f the afferent arteriole contributes by n ore than 90 per cent
of the lotal amount found n the Juxtaglomerular ipparitus

As the investigation by Bing & Aa umterc.ak (19684) and Endes et al
(19601 on kidnesvs of newborn amimals had shown that quite a high
amount ¢f nin could be demonstrated in fraclions of renal cortex 1n

8



116

Macula densa

Effee tat

Afferentart

Glomerutus
Goo maghligh “
celigroup

Fig o
Renin distribution 1n the different fractions of the yu ular and
glomerulus in frecze dried Lissue

which onlv immature nephrons (laching cells with Juxtagiomerular
granules) were present the conclusion of the present nvestigation
should be hmited to the location of remin mn the different parts of the
Juxtaglomerular apparatus m the normal fullv developed cat hdney
In such cases location of renm 1s related to the presence of granulated
epitheliond cells 1 the vascular system the man part of the renm bemg
localized 1n the yuxiaglomerular regron of the afferent arteriole

On the basis of experiments on the rat mn which preces of the renal
cortex were qutotransplanted Gomba (1967) has reached essenlially the
same conclusions Simlarly Hartroft el al (1961 1963 1964) usmng
fluoreseent antiremn were ble to locahze remin only to the granulated
cells of the juxtaglomerular apparatus

SUMMARY

In 2 previous study of the location of renin tn the eat kudney (Faarup
1967) the remin content of the macula densr—if present—uwas found to
be sery small In continuation the quantity of remn found in the inter
labular arters fractions of the affercnt arleniole 1he ccll group of
Goormaghligh the glomerulus and the efferent arteriole were studied
i microdissected frecze dried criostat sections vitalls stuned with
Neutral Red

A faiely good correlation was found hetween the occurrence of cells
contmning juxtaglomerular granules (some of the proximal parts of
the afferent artertole the dislal part of the alferent arteriole ind some
of the efferent arlerioles) and the amount of remin present the mun
part being located 1n the distal part of the afferent arteriole The retin
found 1n the eell group of Goorma,high and the glomerulus amounted
10 less than 3 per cent and 1 per cent respectively of the content of the

afferent arteriole



-

wo —o e

H

REFEREMNCES

Bing J & Ractmierc ak I Location of remin In the hidaey II Acta path et

microbiol scandmay 47 105-117 199

Bing J & Razumterc ak J Renin 1a nephrogenie renal tissue devold of both
granular and non granular epitheliord juxtaglomerular cells Acta path et
microbiol scandinay 60 83-89 1964

Ding J & Wiberg B Localization of remin in the hidney Acta path et micro
biol scandinas 44 138-145 1958

Cook & F_ The location of remn within the kidney J Phusiol 15° 27p 1960

Endes P Dauda G & Devenyi L Pressor effects of kudnev extracts and their

granular cells Acta Physiol Acad

to the ju

Hung 27 349-351 1962

Gomba §  Acta path et microbiol scandinav (1n press) 1967

Faarup P Renin location in the different parts of the juttaglomerular appa
ratus in the cat hidney 1 The afferent arteriole and the macula densa
Acta path et microbiol scandmav 71 509-521 1967

Hartroft P M Juxtaglomerular cells Circ Res 12 520-534 1963

Hartroft P M & Edelman R Renal yuxtaglomerular cells in sodium deficrency
Ju Voyer & Fuchs (Ed ) Edema Saunders Philadelphia p 63 1960

Hartroft P M Sutherland L E & Hartroft W § Juxtaglomerular cells as the
source of remin Further studies with the fluorescent antibody techmique
Can Med Assa J 90 163-178 1964



Acta path et microbiol scandinay 72 118-124 1968

The Institute of \ledical Microbiology University of Uppsala Uppsala Sweden

A MEMBRANE TILTER METHOD FOR THE
DEMONSTRATION OF BACTERIA BY
THE FLUORESCENT ANTIBODY TECHNIQUE

3 The Application of the Method for the Demonstration of
Enleropathogenic Lscherichia coly 1n Drninking Waler

2y
D Danersson G LAvrert F Noroprine and O Siwpres
Recerved 211167

A suitable method by wiich to use non fluorescent membrane fifters
(MF) for mmmunofluoreseent 1dentificalion of bacteria in a water
sample trapped on such a fNilter has been described 1n a previous paper
(1) The method allowed 1 quantitative delermination of the bacterma
denbified but its sensitisity was Limited in bacterial concentrations
below 1000 bacteria per tre This dravwback was overcome with the
use of an enrichment procedure and 1n laboratory experiments it was
possible to mahke an 1dentification of bacteria sathin 4 6 hours when
they were present 1 concenirafions of 2-50 orgamisms per hitre of
water (5)

The present paper presents the resulls from the applicalion of the
fluorescent antibody (FA) technique combined wath the MF technique
for a rapid demonstration of enteropathogenic Lscherichia eolt (EEC)
it aecdentally conlamunaled drinhang water i two communilies m
Sweden In one of the communitics the contaminated drinking water
caused an outbreak of gastroenteritis probably due to TEC

MATERIAL

The supplies of drinking water in two commumtics of Middle Sweden were accrden
tallv contaminated during the summer and autumn of 1365 Water samples were
examined for the caliform density and also for the occurrence of EEC. The hack
ground of this 1s shorily outlined befow

Community I An ovtbreak of gasiroenterstis accurred in the summer of 1965 in
to residential areas (Bergsbrunna and Vilan) m Uppsala Sweden Four hundred
and fortv two indniduals fell ill wnathin a pertad of 14 days with a concentra
tion of 261 sik persons on 28th~30th July Bacteriological examinations of faecal
specrmens shomed the oceurrente of FEC. Duriny, the course of the epldemic three
serotspes of FFC, 076 B6 0111 B4 and 0198 BI2 were isolate ! Ixaminations for

his amveshigation was supported by granis from the Delegation for Medical

Defence Research




Salmonellae and Shigellae as well as virologieal examinations gave negatne results
The epidemic, which has been fully described elsenhere () was suspected to be
owing to 1its losy was supported by the

fact that the supply of drinking water was in common for both Bergsbruuna and
Vilan and a bactersological examination of the drinkung water revealed high numbers
of coliform bacterta Water samples were collected from the municipal supphy of
drinking water and examned for cohform denutv and for FEC as described under
Methods

Communaty I This commumty called Gime 1s situated 50 hilometers north of
Uppsala It has one new and one old deipking water supply A small river (the Oland
river) runs close to the new water supply Early n October 1962 after a period of
heavy raniog a bacteriological examination shawed that the new drmling water
supply was polluted with coliforms Water samples were then collected both from
the old and from the new water supplies from the Oland river and also from a well
nearby They were all examined for the coliform density and also for the oceurrence
of EEC as described under Vethods

From the epidemiologieal point of view 1t shonld be noted that a few cases of acute
gasiroenteritis occurred during the time when the drinking water v as polluted
Unfortunately faecal specrmens from these patients were not exammed bacterio
logically When st became known that the new drmking water supply was polluted
sufficient chlormation of 1t was rapidly nstituted and after no coliforms could
be demonstrated n the water and no more cases of gastroenteritis accurred

METHODS

Estimation of Coliform Density

The standard multitube methed (MPN methed) was used for the estimati n of
the coliform density (1)

MF I rocedures

Water samples of 1 hitre were filtered through black non flucrescent MF (Millipore
HAB(P)G 047) and through ordinary white MF (Millipore HAW (P)C 047) From
the black non fluorescent MIF eireular preces 125 mm 1 diameter were stamped out
with a metal die and subsequently stained with FA as described elsewhere {4) Each
of two or three white MF were put 1nto tubes contaning 10 ml of nutrsent broth and
ncubated at 37 C for enrichment After 4 and 6 or 14 hours the broth was filtered
through black non fluorescent MF (Millipore HAB(P)G 075) and subseguentls stamed
with FA This technique 13 called the two step p ocedure and has been folly de
seribed before (5) The broth from the remaining tube was centrifuged after enrich
ment for 14 hours Ordinary smears were prepared from the sediment and subse
quently stained with FA in the usnal way

FA and Ft

Sera for the different serotspes of EFC were obtamed from rabbits immunized
according to the directions of Edwards & Ewtng (1) The followmg serotypes were
used 0% BE 03 BS 086 B7 0111 Bi 0112ab B13 011%c Bl4 0114 B?
0119 B14 0125 BI5 0176 BIS 01’7 B8 and 0128 BI2 The globulin portion of each
antiserum was conjugated with flaorescen 1sothtocvanate (11) or lissamme rhod
amine B (10) as desenibed elsewhere (3)

FA stamng of ordinary smears and n n fluorescent MF as well as flnorescence
mi roscopy were pesformed 1n th v sdesc ibed before (4 5)

€

Culture and Procedur s
Conrad: Drigalshi s blue agar plates were inoculated with b oth in which ordinary
white VI had heen nriched for 14 hour  Aft ineubation at 37 C for 20-21 hours
about 40-50 colon) 5 were tested with 1de agglutination tests to determine the
K antigen The O ant gen was confirm d hy the current tube agglutination technique
after the growth of positive colon esin} oth and boil ng at 100 C for 90 m nutes (7)
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RESULTS

Bacteriological Examinalion of Drinkang W ater tn Communtly I
(Bergsbrunna & Vian)

The results of the bacteriological examnation of the water supply
for Bergsbrunna and Vilan are presented in Table 1

It will be seen that the drimking water contamned 9 000 thermolabile
and 3000 thermostable coliform orgamsms per hire EEC 0111 Bt
was demonstrated on FA stained non fluorescent MI through which 1
litre of water had been filtered Counts of the FA stained orgamisms
revealed that they occurred m concentrations of 3-3 per 10 fields of
wvsion This corresponds to a concentration of about 1000 ergamisms
per litre (4) TEC 026 B6 0111 B4 and 0128 B12 were demonstrated
on FA stuned non fluorescent MF through which broth enriched for
6 hours (see \Methods) had been filtered (the two step procedure )
The FA stamned bacteria occurred rather abundant on the filters \ega
tive resulls were obtained wilh broth enriched for 4 hours The 3 sero
1ypes of ET'C were also demonstrated on FA stamned ordinary smears
prepared from broth in which white M[F had been enriched for 14
hours

The same serotypes of FCC demonstrated with the MF techmique
combined with the FA method were 1solaled from faccal specimens of
sich persons using conventional culture and serological procedures

Bacteriological Examunation of Drinking Water and Riwer Waler in
Communuty II (Gimo)

The results of the bacteriological examination of drinkin,, water and
myer water 1n Gimo will be found 1n Table 2

The cobform density was found to be lowest 1n the old supply of
drinking water while 800 thermolabile and 300 th table coliforms
per litre were observed 1n the new supply of dninking water and 900
thermolabile and 300 thermostable cobforms mm a well nearby The
Oland river had a cohform density of 20 000 thermolabile and 6 000
thermostable organisms per htre

Direct FA staming of non fluorescent MF gave negative results Two
serotypes of TEC 026 B6 and 0114 B? were demonstrated mn water
from the new drninking water supply after 1 hitre of the latter had been
filtered through an ordinary white MF and enriched in broth for 14
hours (the two step procedure 2and ordmary smears) Serotype 0125
B15 were demonstrated in water from a well nearby and from the
Oland rver A presence of EEC in water from the old supply of drink
g water was not d. rable All these were com
pleted 16-18 hours after the samples had arrived to the laboratory

By means of conventional culture and serology FEC belonging under
the serotype 0114 B? was isolated from the new drinhing water supply
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and serotype 0125 B15 from the well nerhy and the Oland river These
examunations took 10 days before they were completed

DISCUSSION

Only few papers m the Ierature have becn concerned with the occur
rence of CEC 1 drinking water (2 8 9 19 13) Durm, the summer
and autumn of 1965 the drnjong water 1 ino communitties of Viddle
Sweden was 1cerdentaily contaminated ang hih densities of cohforms
were noted With the use of the MF technugue combined walh the ¥ A
method a rimd demonstration of LIC could be done In one of the
communitics the contammated drinking water eaused an pulbreah of
castraentertlis probably due to TI C This epidemic has been desenbed
elsewhere (2}

One of the advanta,es of the modifications nsed was the rpidity of
the combined MF technique and FA method (4 o) With the techmque
deseribed m the present paper 1 preduminary dingnosis conld be estab
lished witlun 2-8 hours t¢ on the stme day as the watcr samples ar
rived at the laboratory as comparcd with conventional methods the
fime thus s ned was more than one week

Another advantage of the combined MF lechmque and TA mothod
was the possinhiies thus opened for 1 quantitation or serm quantitation
of the bactersnl serofvpes demonstraied In an earher paper (4) 3t nas
shown that direct FA staining of non fluorescent MF aliowed v quant
tation when bacteria were present i concentrations of more {han 1 000
organisms per hire of filtered water and wath the use of the so ¢lled
two step procedure a semi quantitation conld be made when balerin
were present in concentrations helow 1000 per hitre (5) Judging from
this LEG 0111 BY were present in about 1 000 per hitre of the drinking
water it commumty T and the other 2 serolypes 026 B8 wna 0128 B12
m concentrations of iboul 100 per hitre of water T'IC D111 By ws
the most frequent serotspe 1 faceal spectmens from indiiduals with
gastroentershis during this epidermic outbreak (2) Concerping com
munity 11 the concentrations of TT'C were probably fower than 100
per hire of filtered waer

The MF technique combmed with the A method should not of
course he used merelv for a bacteriologic dl examination of contamn
ated water It was shown n the present paper howeter that ths tech
mque may be a good complement o conventional bactcriotogieat meth
ods It might for example be of preat unportance to have 1 rapid hie
teriologicnt information so s to have carrectine treitment promptly
instituted In this connection 3t should also be horne m mind that TA
techmques used for wdentifications of FFC may gne false pasiine 1c

sults owma 1o serologieal cross reactions with other bicterin (61 A
prehminary diagnoss obtuned with FA fechnigues should therefore
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be followed bv attempts at confirming the findings with well estab
lished conventional methods

SUMMARY

During the summer and autumn of 1960 the drinking water supply
m iwo commumttes (Commumty I & II) of Central Sweden was acen
dentally contamnated and high densities of cobforms were noted In

y I the t d drinking water caused an epidemic
oulbreak of gastroenterihs probably due to enteropathogenic I'sche
richia colt {EEC) The drinking, water 1n both communtties was exam
ed with speeial regard to EEC with the use of the membrane filter
{MF) technique combined with the fluorescent antibody (FA) method
With these techmiques 3 serotypes of EFC 026 B6 0111 B{ and 0128
B12 were demonstrated mn commumty I 1nd the same serotypes were
1solated by conventional methods from faecal specimens of affected
mdivudoals In commumty IT the serotypes 026 B6 0114 B? and 0120
B15 were demonsirated with the combined MF techmque and FA
methed Two of these serolypes 0114 B? and 0125 B15 were 1solated
by conventional culture Rapidity was one of the adiantaes of the
combined MF techmique and FA method A diagnosis could be arrived
at within 1 day while conventional culture and serological procedures
took more than 1 week The hmitations of the techmques were dis
cussed
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A STUDY ON THE WASSERMANN AND TPI
ANTIBODIES IN RELATION TO HISTOPATHOLOGICAL
FINDINGS IN 7' PALLIDUM INFECTED ANIMALS
AND MAN

By
TorsTEN FREDRIKSSON Brser HepERSTFOT and

SvEN ROSENGREM
Recerved 241v 67

The serology of expcrimental syphilis 1n vanious amimals particularly
the relationship between rcnqms shown by standard tests for syphilis
(STS) and Trep (TPI) antibodies 1s
rather incompletelv described 1n the hterature while there 1s an abun
dance of information regarding man in this respect For instance 1t 1s
known that Wassermann reagins appear earlier than immobihizing
antibodies i experimental syphilis 1o human volunteers as well as n
accidenttl human syphibs (Vagnusson et al 1956 Hedersled! & Shog
1964) ™o corresponding miestigations hase been performed 1 expert
mental nmmals where susceptibilily and pathology are quite different
from man

The present work emanated originally from an 1dea to try to cultivate
T pallidum under new experimental eonditions namely 1n mahgnant
cells of human ongim as well as 1 nermal cells of rabbst origm mocul
ated 1nto the cheek pouch of the golden hamster Mesocricetus auratus
Such experiments iclude sterord treatment of the hamsters to depress
the rejection of the mplanted tissue which necessitated controls re
garding the serological and h h 1 cffects of fated
T palhidum 1n nontreated and cortisone treated hamsters These pre
Itminary experiments on the hamster gave somewhat unexpected scro
logical resulls It was therefore decided to extend the serological as
well as the listopathologieal study to other amimal species rabbit and
rat In addibion the result of a scrological study en human syphilis s
reported for comparison
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MATIRIALS AND METHODS

Treponoma jellidum The Nichol stramn of T pallidum was used throughout this
uuestigation The theponemes were extracted from nfected rabbit testicles and
suspended in TPU test medm (Iederstedt 1961) In some inoculation experiments
killed treponemes were used The treponemes were killed by exposure to 456 C
for 40 minutes followed by the addition of merthiolate {1 1000) and starage aver
nmght at +4 €

TPI fest and Wassermann reactton (WR) The TPI test and the WR were per
formed acconding to methods described earher (Hedersfedt 19a1) The TE1 and the
W R ires were expressed as the reerprocal of the highest serym difution immobyhz
fng ot feast 50 per cent of the treponemes nr eausing not more than 50 per cent
haemolysis respeciively

Human syphihitic cases Sera frm 361 human syphabs patsents were tested Thys
materizl represented the total number of untreated  erologically 1eactive cases of
early <3phili investigated serolagieally at the National Bacterwolonical I abirator)
during the period 1959-19¢1 The criterdn for the diagnosis of early syphilis was
either the finding of treponemes an the Jesion or signalicantly inereasing TPI titre

Hamsters Yaung adult ¢lien hamsters of hoth sexes 90-140 g weight sere \n
oculated with 01 m} of Ji tt the b of the mest
the treponemes were mnyceted into the everted cheel pouch under Lahit anae thesis
(01 mi per 100 g body weight of a 6 per cent sodium pentobarbital solution ad
ministered 1atrap ritneally} Later usiog no anaestheties the suspension was in
oemlated under the slin of 1he neck Prer to imoeulahion approvimately ) ml of
bleed was drawn from each antmal by cardiae punclure After varving periods of
time the animals were bled to death &rom each animal -5 ml blood was obtained

Rats White male rats serhing 400-500 ¢ were 1noculated into one testicle wath
05 ml of ar 1v snto the bael ebout D1 m) at
4 6 differcnt sites Blood was drawn immediatddy prior to snoculation and at varyving
fntervals after the inoculation by cutting the tails of the animals

Rabbits Young male rabbits welghing abont %308 g were wnoculated with 16 ml
tre onemal suspensian into cach testicle Blood was drawn from a marginal ear yein

Pathological etammation Most of the animals were disserted Part of the tissues
from the site of incculation as weil as of reional Ivmph nodes were examined under
Aerk fiekd micrascope for treponemes and specimens were formol fived and stalaed
for lustoloqicn]l examination

RESL1ITS

Hamsters Inoculaled wiih 1 wng Treponemes

In one cxpersment two groups of hamsters eight anmun s i each
group were nfected with 40 X 10° and §0 X 10¢ trcponemes re
spoctinely Sera from the 36 ammals lalen prior lo the inoculttion
were all found to be TPT and W R negitise One ot two antmals from
each group were hlled 91 varumg mlervais (1-32 weeks) after the
1noculalion and serum was collected All serum samples were examuned
by the TPI test or the WR i the same dav s tests

As seen in Table 1 serum from onc ammal recening 90 X 106
{reponcmes w s found to b reactsie five weeks 1fler wnaculriont wath
2 TPI tatre of 5 ATl ammals from both groups cxsan,ainated six weehs
of lnler after weculabion were found to be TPI positive the aphest
fafre bewng 160 The W R was not found to be positne m any anmal
unli! exght weehs ier inoculation Tour out of the six vmimals tested
8-12 wechs alter wocutabion were found 10 be WR positne (he lnghest
WER filre being 60 There were no obvious difference int scrolog:lcgf
behayior between the two groups P hus 10 a0 woculum of §0 X
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treponemes there scemed to he an excess of lreponemes guarantean.,
a high per cent of infechinify of the golden hamster

The TPI ws thus found to be positise and the WR negine i sera
from mme of the sixteen amimals In none of the remamm, scven am
mals the W R wns found to by positive and the TPI negative

TIBLE 3
TPl and VW R Titres wn Sera from 16 tolden Hamsters 8 of them Fnoculated with
90 X 105 {Group J} and 8 with 90 X 70% {Group 1} Freponemes Fach Anunal Was
Bled ta Death and Ileod Was Sampled 1~17 Weeks after Inoculalian

WE ulre WR utre
Tirme 1n weeks Group Group
1 u 1
1 <5 <o <75 <75
5 5 <5 <18 <15
© 5 H <75 <75
6 10 10 <75 <15
7 K o <75 <75
8 20 2% () <ia
9 20 8 <15 75
12 e 80 15 15
320 . »
1607 oo ea oo oo
807 &3
o 40 [T 2 3
=
T w1 e
=
10 1
5 4
<5
R e LA nanas S S
<75 7% 15 30 60 120 240 480
WR titre
Fug 1

4t {ordinate) and WR (abscissa) titres in sera from 18 goldea hamsters inoculated
with 90 X 10 ertponcmes 12 weehs prior to the s2mpling of blood.
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Another experiment, idicating that the TPI antibodses might deve
lop earhcr than the WE reagins i (xpernmental syphilis i the golden
hamster 15 illustrated 10 Fig 1 Mane out of 18 hamsters all Taifed 12
weeks after moculation, were found 1o he TPI positive but WR nega
Ine In two of these amimals a TPI fifre as dugh as 160 was recorded

In due time afl nfected hamsters seem to develop WR reagms s
welf as TPI antibodies The mdvadual sern from a total of 17 hamslers
sampled four to twelse months after inocnlabion were found to be WR
and TPI positive

Front the experiments summarnized 1n Table 1 3t appears that TPl
antibodies can be demonstritcd 2-8 weeks earher than YR reagins
experimental hamster syphubs However the resulls from the expert
ment usirated m Fig 1 sugeest that the tsme from TPI reactisits
uniit WR reachivity vanies considcrahly

TABIE 2
TPI and B R Titres 1 sera from 13 Corlisone Treated (Group [) and 7 Non Trealed
(Group 11} Colden Hamsters Inoculated with 90 X 10# Treponemes Each Apimol
Yas Pled to Death and Blood Was Sempled 4-12 Vieel s after Inoculation

THL tatre TPI titre
Time in weebs . Group ; Group
1

4 H <5 <Ta <5
6 80 10 <15 <15
8 10 10 <75 R
8 40 30
10 40 37 <78 17
1 40 <15
1° ki3 40 <75 170
12 80 40 <74 1970
12 160 2°0 <78 248
12 376 610 <79 >4l
12 320 <15

12 320 30

12 300 55

Cortisone Treated Hamslers Inoculaled with Livtng Treponenes

Sicteen hamsters pretreated once weehly for three months with 27
m, of cortisone {Cortone acelate 2o my, per c¢ Merch Sharp & Dolime)
and eight untrented control hamsters were mocujated with 90 X 14
\reponemes Three corfisone {reated antmals <ied from intercurren!
atfcehions The other ammals were bled to death at \arving intervals
(4-12 weehks) after treponemal moculstion and att serum samples
were ex wmned by the TP test and the W R 0 same dass cxpersments

3
2 the TP and WV R titres from us experunent are growpe d
T chs after the woculation ene cortisone treated am

i Tour we
topet e be TPI positinve wnd six weeks or more afler mocy!

mat was found lo
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ation all amimals—12 cortisone treated and 7 untrealed—appeared to
be TPI positive Positive WR was demonstrated in all six untreated
amimals killed erght to twelve wedks after moculation whereas only
three out of eleven cortisone treated were found to be WR positive dur
ng the same period

In the present experiment no obvious difference in TPI titres be
tween the corhisone treated and the untreated group was demonstrated
whereas the development of WR rei5ins was depressed or delayed in
the cortisone treated group s compared with the untreated group

TABLL 3
TPI and WR Titres in Sera from 1% Hamsters 3 and 1( Days as Well as % Vonths
after these Sur of these Had Been Inoculated with Luing and Fight nith Kilted

Treponemes
Hamster TPI titre. WR titre
D0 3dmvs 14davs 4months  3da s 14darvs  4months
Inoculated 1 <5 5 640 <75 <15 480
with iving 2 <io 5 P0 <15 <7s 30
treponemes 3 <5 5 1 <75 <75 1
4 <5 5 1 <75 <15 1
5 <5 5 t <75 <7 +
/ e <5 5 80 <75 <7a 50
Inoculatiu 7 10 10 5 <75 <75 <7s
with killed 8 <5 t t 75
treponemes 9 5 <5 <5 <75 <75 <15
10 <5 10 5 15 <15 <7a
11 10 10 20 75 <75 <75
17 <5 5 <5 <75 <15 <30
13 5 5 5 <75 <175 <75
14 <5 <5 <5 <75 <15 <75

Hy ters I lated with hilled Treg

Eight hamsters were moculated with 90 X 10% hilled and six con
trol hamsters with 910 X 105 hiing treponemes The treponemes 1n
the 1wo anmimal groups were dernved from the same rabint Blood was
drawn from the hamsters by cardiac puncture 3 and 14 davs as well as
4 months 2fler moculation (2fler the first puncture one animal mocul
ated with killed treponemes died and after the second puncture three
ammals mnocnlated with hving treponcmes dicd)  Alredy three days
after moculation the WR and TPI were demonsiriated to be positine in
sera from three and four animals respeetnnels mocul ted with kalled
treponemes (Table 3) However the apnc irine of WR r yns was
1ust lranstenl Fourteen days as well as four 11 rt1s «f (r inocunlation
no WR reagins were detected 1n the sera tested while five and four
ammals respectivels had developed TPI antibo I s within the same
time periods In the control amimals WR reazins ind TPI anlbibodies

9 act pamn 771
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were not defected until four months after whoculalion A companison
of the resulls obtained from different experiments indicaled that the
bme nlernal betnween the moculahion and the first demonstration of
anfibodies 1n the hameter scrum seemed to vary with different mnoculy
¢ g proxumalels the same number of freponemes dersed from differ
enf rabbits A vanation i the number of treponemes (90 X 10°-00 X
104) m noculn dernved from one and the same rabbit howeser did not
ppear to give rise fo any variition 1n the corresponding time ntersal

W Inte Rats Inoculated with Lwing and Klled Lreponemes

Eight seronegative winte ris were inoculated with 45 X 10 trepo
nemes Blood was drawn at varying terials after woculation and
scrtwere tested with the TP test and the WR n the sime day s expert
ment {Table 4)

TABIE §

TPI Titres tn Sera 1 90 Days after inoculation wito 5 Rats of Lunn wnta 3 Rats of
Aulled Treponemes

TPI titres

Ratno 1 ] 3 v 1 % 60 90 360 dmy
Inoculated 1 <5 <5 5 10 2 80 40 10 t
with Ining 2 <5 <5 5 10 20 80 40 80 80
treponemes 3 <5 5 10 80 40 80 40 20 20
£ <5 5 10 8 40 80 80 8§ 40
5 <5 5 10 80 3% 160 %0 40 80
Incculated € <3 <3 5 10 0 B 0 5
withhilled 7 <5 <5 <6 5 40 i 4 5 5
treponemes 8 <5 <5 s 10 8 80 80 0 10

As early as on the second day ifter moculation three out of five rats
1pocnlated with Ising treponcmes were found to be positine wn the TP1
test On the third dw 2l hut one eat wmoculated with hilled trepo
nemes showed TPI reactnaty After one to two months the TPI lilre
seemed to reich ifs maximam wnad st after one vear 1) sera from b
seven ammals tested {one animal moculated with Ining treponcmes
died three months after moculation) were found o be positive 1n th
TPI test especially howetver n the ammus mocufated with hild
treponcmes 1 which 4 regression of the TPI titre was observed [he
W R was negatne m all serum samples

In anothes experiment three vals were tnocul ded with Ining thro
with hilled treponemes The number of treponcmes mpentted anta
e1ch ammal was onfy 45 X 105 No TPI roactivily was domonstrated
in the hlood drann 4 7 14 ind 60 dms after anoculion



131

Rabbits Inoculaled with Lwing Treponemes

Oser a pertod of time 75 TPI negative rabbits recened n single 1n
jection of 2 ml contamning 90 X 10 27 X 10% hung treponemes per
ml The amimals were bled to death 2 to 14 days after moculation WR
and TPI tests were performed on sera from blood samples drawn prior
to moculation and at death (Table 5) A pre examunation of 100 non
treated healthy male rabbis had shown that 82 rabbifs were posilie
m the WR while no TP reactivity could be demonsirated Only a
significant rise of the WR titre (more than one titre step) after in
oculation i coruparisont with the titre found preor to moculation was
mdicated s WR posttive’ 1n Table 5 Two to mine days after mn
oculation a rise ;n WR tilre was demonstrated mn 20-30 per cent of
the sera tested while there was 4 nse m 90 and 100 per cent of the
sera respectively after 12 and 14 days The TPI test was not found to
be positive until cight davs after mnoculation Twelve and 14 days after
moculation TPI test reactivity was demonstrated in 40 and 80 per cent
of the sera respectinely

TABLE 5
Vumber of Rabbuts in which a Rise in WR Titre T as Demonstrated or TPI Reaction
Had Set in 2-15 Days after Treponemal Infection

Number of days Number of

from 1moculation rabbits WR TPI
to death imocutated positive positive

M 10 2 0

] 10 3 0

7 12 3 P

8 35 10 2

9 8 2 1

12 10 H H

“ 10 10 8

Rabbits Inoculated with kalled Treponemes

In sera from six rabbits inoculated with 8 0 X 107 hilled treponemes
any TP1 reactrvity could not be demonstrated 1n tests carried out 7 14
and 28 days after moculation Six other rablnts 1n which WR was
negative preor to the wmoculation were moculated weth 3 6 X 10 hrlted
treponemes Blood was drawn 7 14 and 21 days later Seven days after
oculation the WR was found to be postlive in sera from three of the
ammals Fourteen and 21 days =fter inoculation only iwo anmals were
found to be WR positise In the TPI test all spccimens were found to
be non reactne On the 21 st day after inccvlttinn each ammal was
challenged with 90 X 107 killed treponemes Scyven diss later the WR
was found to be positive 1n all six amimal he hit o, ranging belween
60-480 The TPI test was found to be posit ve n se 1 from four ani
mals the titers being 5-10 I ourteen days after tne challenge all am

9
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TABLE 6
TPF and WR Titres 1 Sera from Six Rabbits Inocufated uith 34 X 18 Ralled
Tteponemes ¥ 14 20 28 ond 32 Days Prior to the Sampling of Rlaod On the ,Vl‘xt
Day after the First Inoculalion the dnumals Were Chollenged with 90 X 10 Kilied

Treponentes
Rabbit 7 dass 14 davs 21 days 28davs 35dass
no Wi P! wi TP WR TP WR TEL WA TiS
1 <75 <5 <18 <% <IE <5 6 <5 60 5
2 in <3 30 <5 15 <5 130 5 60 25
3 90 <5 30 <5 15 <5 480 <% 230 <5
1 <15 <5 <73 <8 <75 <5 30 5 15 <5
3 1 <5 <7o <& <715 <8 20 10 120
& <75 &5 <15 <5 <75 <5 0 5 30

mals were still found 1o be W R positite but enly 1wo of them were TP
posiine (Table §)

Serological Fndings tn Human Early Syphilis

In human eardy syphbs the WR 1s most often found to be positisc
carhier than the TPI test (Vagnuson el al 1926 Hederstedt & Shog
1964} Fig 2tlustrates the WR and TPI titres m 361 cases of fiuman
earh syphifis It was obtrous that eises with lngh WR lires oceurred
m connection with low TPI titres

From the present malenal some conclusions nught adso be drawn 3
regards the fength of the pertod of Lime betwieen the ¢arftest appearince
of W R reagins and the appearance of TPI antibodies 1 earcls syphilis
o atlempts to calculate that sntersal seem fo have been reported be
fore Thus m 62 out of the 3G1 cases the first sernm sample was tihan
at a pomnt when only one of the two reachions was posstine In 51 190
per cent) ont of these 62 cases the W R was demonstrated to be positne
earhier than the TPI test In 41 out of these 55 cascs the TPT fesf wes
found to be posine in serom samples collected 2-31 davs (averist
09y latcr the {requency of the serum simphng was every eighth dn
or tess When the WR was first found to be positive it o is unpossibile
111 most e 1ses Lo deleraune for how many dns the pahirnt atreads bl
had domonstrable WR reagins In that respeet the WR litres 1 the
first positine specrmen 7 5-960 average 73 ean pive onks hnmted in
formation When the TPI test was furst demonstrated to be positne
(2-34 dms Jater) the WH llre was 30-960 werage 142 while ihe
TPI bire on thal occasion was o 10 average 58 The penod roqusred
for thy WR titre as compired with the TPI titre to reach a maumum
1n unireated earhy syphubs wsualh secms to be shorter but mndndual
. mations w s respeet may be grent (Hedersted! & Shog 1964)

DI test was demonstrated to be positive earher

In seven cases the T
evenied

than the WR Thorough examunalion af the wnamaestic daty
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Fig 2
TPl (ordimate) and WR (abscissa) titres 1n sera from 370 cases of aquired
human early syphilis

that three out of the seven patients had a listory of medical treatment

on account of other apparently infectious diseases during the possible
meubation period

Pathological Examinaltons

In the present mmveshgation any systemalic pathological examma

hions were not performed neither in the cases of human svphilis no1 in
the rabbits mfected with Treyp idum since the hno iudge of

the pathology 1n these two species being well established Thus 1 holh
species marhed symptoms appears at the site of infection where also
mobile treponemes are to be found during a houted perrod of time
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In the hamsters the site of infection {the cheek pouch or the shin of
the bach of the nech) was exanuned daly for the first four ans
weekly for up to eight weeks and then every second weeh up to 14
wechs afler wnocuiation of ireponemes At least two ammnids were

1on each o The were bled to death and most
of the cheek pouch tissue or & prece of the shan (about I em of size) as
well as the regional lvmph nodes were taken for examination for the
presence of treponemes and for histological examsnntion At the site of
lation mobile tr were neter seen From the fifih to the
twelfth weeh however mobile treponemes were delected n smears
from the lymph nodes Most treponemes observed nt the twelfth neek
and 2l treponemes observed at the fourteenth week were non mohile
Usually only a few trepomemes per mucroscopic field were seen Histo
togical exammmnation of the cheek pouch and skin tissues faled to de
monstrate any pathological changes The regional lymph nodes were
enlarged up to 2-3 limes the size seen 1 normal untreated ammals 10
the cortisone treated Is no such enl t was seen Histology
cal examumation showed only signs of nonspecific inflammation 1 the
syphihfic animnls whether or not they were treated with cortssone

The while raf exanuncd the first seven days and 14 30 60 and 90
days after moculzhion did nol on any vecaston show Justologent alter
ations or mobile treponemes at the site of wnoculation or at regony
tvmph nodes I trep were detected already ene day
after wmoculation Transfer of popliteal Iymph nodes from six rals
(three of the rats 1€ days afler mecutation and three 30 dass after
inoculation) nto rabbit testes did not reveal anv dark field postne
tesions or TPI antibodies wilhun an obsersation period of two months

BISCLSSION

! The obsers tl:on that the TP test m serum from sy philis snfected ham
sters ws found o be reactive earhier than the W R was oppostte to the
well hnown serologient behavior i man The hamster 1n conirast 1o
man showed onhy rague symptoms of disease The question arose if
there mght exist any correlatien between these serological findings and
the dsfferent pathologiend symptoms m man nd hamster It was sun
gested therefore that a serofoqteal nd chinieal studs of experiment
syphalis in other speews as well m kit throw some hight on that ques
tion In Table 7 the bme from the onset of sy phihis infechion untd the
carhest demonstration of serum positinity the WR and the TPI test
hns been related to the occurrence of ssphihtic symploms i man
rabbt hamster and wlute rat In man and rabbt o whom chmed
manifestnlions of svphihs are elear cut the WR was found to be post
t1sc eacher than the TPI test In the hamster i which symploms ;:rc
relibingds weakly pronounced the VW1 was found to be posiine i c;
than the TPI fest and finally m the rat i wiich no svmplems o
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syphilis are perceptible the YR was never found to be positine Thus
the more pronounced the symploms of disease the carlier the develop
ment of WR reagins as compared with the development of TPI anti
bodics This obsertation suggests that the development of WR reagims
partly or totally might be a result of the host reaction to the tissue
destructson caused by the living treponemes

TABLE 7
Tke Shortest Pertod of Time it Dags from the Onset of Syphilis Infection uatl the
Demanstration of Sertm Reactiwify 1n the WR and the TPI Test in Man (dccidental
Syphilis) Rabbit Hamster and 1§ hite Rat The of § fttee S

Is Indicated

WR TPL Symptoms of disease
an 20 30 +
Rabbyt 5 1 +
Hamster 56 3 *
Rat >360 2 —
See text

In order to test this hypothesis the ammals were moculated with
killed treponemes Any symptoms of disease were mot demonstrable
m any of the anumals Serologically the white rat reacted mamly as 1f
1t had been inoculated with living treponemes e g the TPI antibody
was detected already within three days WR reagins were not detected
even one year after the inoculation These observations as well as the
finding of 1mmobihized treponemes at the site of 1noculation the day
aflcr anoculation of Iiving orgamsms probably indicate that trepo
nemes are rapudly hilled in the white rat possibly wathin the farst 24
hours In the present investigation n contrast to other publications
(Turner & Hollander 19,7) the white rat appeared to be resistant to
T palidum This result was also substantiated by the failure to trans
fer the diseasc to rabbits by popliteal Iymph nodes from syphilis in
fected rats The fact that unheated serum from normal while rats
Imarniably immobihizes T pallidum tn vitro within 30-60 mnutes (He
derstedt 1963) might be of some mmportance 1n the resistance of this
amumal

TPI mbibodies n the rat demonstrated as early as 2-3 days after
‘Noculalion may have developed as a result of a renchion of the second
ary response typs which might suggest that the rat normnlly lodges

which anl Uy are closely related to T pallidum

In the hamster the TPI antibody was deteeted 7-10 davs afler n
oculation of killed treponemes Low titres of W R reagins were detected
in some of the animals three days after inoeulation but not Ialer on
during the ohservation period of four months \\hen the same number
of ning treponemes were injected TPI anlibodies were not detected
Until frie weeks after inoculation Thus obsersation suggests that TP1
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anitbodies will not dev elop upless the treponemes are hilled e g hne
Jost thewr superficial shmy nonanbigente layer as ongmally proposed
by Turner & Hollander (1920) However the fact that the WR was
demonslrated carher than the TPI test upon woeulation of hiiled
trcponemes into the hamster while the reserse held truc upon nocul
ation of hving treponemes was a most puzzling observalion One
explnation of this finding mught be that heat Xalling of the treponemes
mvolves that the action of hieal may affect the two anbigens to \arying
deyree

In contradistinction to the hamster and the rat e rabint dem mded
a challenge vath killed treponcmes lo desclop demonstrible amounts
of TPI antibocies In the rabbil WR reagins often of huh tiires
developed 1 each anmmsl upen lation of hilled treponcmes In
agreement with the findings bv VeI cod & Vagnusen (1923) he rea
zims appeared 1o develop earhier than the TPI antthodies This result
docs not seem to fit with the assumphion that the WR reagms devclop
as a result of a reaction of the host fo 1ts own issue However n more
than 80 per cenl of the non infected rabbits  natural WR reagins
were demonstrated wineh mu ht play some role for the dincrgent sero-
logical behavsour of the rabbit

Weagnuson ef al (1926} found that moculalion of hiled Ireponemes
wnte non svphiliic human subjects had no measurable scrolo,ical ef
fect In subjecls previoushy treated for syphuhis there was howeser a
definite anamnestic response as measured by the TPI test whife the
W R did not show ans sigmificant inerease 1 blre

Corlisone freatment was gnven to the hamster prior to as well as
after ton of ltiing trep s primarily to suppress ils homo
graft reaction The cortisone dosc recommentled fo suppress this reic
tion was 2-3 mg {Toolar 1%4) o information seems to be avulihle
as regards the dase of cortisone that will affect the anhibody formation
1 hamster In the rat (Berglund 19>6) and in the guinet pig (Germuth
ef al 1942) the lonest corlisone dose reqmred to depress the antibody
terel nas found to be 4 m., per 100 g body weight However when such
doses were guien to hamsters most of the syplils mnjected ammals
ied from intercurrent affections In hamsters treated wath 2o mg
corlisone doses {most of the nnymals suruved such treatment) the WH
reagins were defected later than m untreated amimals and lilres were
jower At the same func the regtonal lsmph nodes in these anim s
were less enlarged macroscapiells than m untreated syphats wnfieted
ammals Mowerer the development of TPI anhibodies the hamsler
&l not appear to be anfluenced by cortisone treatment 4 possibi
ese resulls 1s (hat the dose of cortisone used wis to
smll to depress the development of anhibodies but f.rcat enough to de
press the tissue reaction Thus {be formation of TP antibodics would
e amaffected while the formalion of the WR ragins of desdloped as
& resull of host (issuc reaction would be suppressed

explanation of th
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A mmnor study by Turner & Hollander {1954) on the effcct of corti
one on syphihs seroloyy m the rabbil ndicated that the WR fitre was
Iightly lowered 1n nmimals recenving larger doscs of corlisone while no
.orresponding reduchion i treponemal immolbihzing antibody was
roticed

A detailed study of the cortisone cffect on the WR reagmns (natural
securrence included) and the TPI antitbodies 1n vartous species would
se a desirable testing of the abotve explanation of the present serologt
:al results obtaned n experiments on corlisene Lreated hamsters

The nature of the W assermann reagins s stil 1 matter of discus
ston Thus according to some frequently quoled theories the WR rea
zms have been considered to be antibodies asanst lipoids of the tre
poneme (Eagle 1937) or auto anitbodies (Werl & Braun 1909) or
antibodies agamst tissue haplens combined with ireponemal proteins
{Sachs hlopstoch & Wed 1925) The obseriation by Sclupper & Ches
ney {1950) that the Litre of WR reagins was directiv correlated to the
number and extent of syphiblic lesions suggested that WR reagins
developed as the resull of a host tissue reaction to the parasite This
obsersation 1s 1n agreement with the resulls obtamed 1 the present
miestigalion viz that the WR reagins were demonstrated earher than
the TPI antibodies 1n species devclopmg marked histopalhol 1 le
sions while the reverse held true in species wilh no or va,ue sympioms

It has often been suggested that the iptd antizen taking part i the
WR 15 ubiquitously distributed i nalure In the present myvestigation
treponemal Itpids as well as hpids from untyoidable rabbrt testicle tis
sues right also have grven rise to the development of WR reagins

Extrapolation of resulls obtained 1n amimals to m 1 1s often a doubt
ful task Howeser the resulls obtuned n the present myveshigation
especially 1n the cortisone experiuments supgest that 1 man at least
such WR reagins as develop early during the disease are mainly the
result of = host reaction to tissue destruction eaused by the treponemes

In the ammal expcriments the TPI antibodies regularly developed
after 1noculation of hilled tr T It scems that these
antibodses are formed upon treponemal antigen stimulation

As long as eultisation of T pallidum in witro 1s nnsuccessmul e g
as long as a pure suspension of T pallidum free from rabbit tissue de
1S 15 Dot v arlable 1t will certainly be difficult to get an unambi,uous
answer as regards the nature of the WR reagins

SUMMARY

Inhamster rabbit and white rat the period of ime required for the dove
lopment of W assermann rengins and TPL antibodies upon inocal stion
of Ining or Mtled T palhidum was determined and cocxisting bislo
Pathological symptoms were esamined The results were eomparcd
wuth corresponding fmdings observed 1n cases of acquircd syphilis in
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man The Wassermann reagins were demonstrated earlser than the TPI
anttbodtes i human syphilis and m rabbit inoculated with Ining
T pallidum both species showing clear cut symptoms of the disense
In the hamster 1 which only small hustopathologieal alterations were
noted TPI anlibodies were detected earher than the reagms Upen
treatment with relatively small eortisone doses the devclopment of WR
reagins mn the hamster was suppressed while the production of TPI
antibodies was unaffected Although TPI antibodies were found mn the
wiite rat symploms of disease and reagins did not appear Upon tn
oculation of Julled treponemes all anmmals produced TPI antibodies
The rabbit and some of the hamsters developed reagms In 82 per cent
of the non nfected rabbits naturally oceurring Wassermann reagins
could be demonstrated

The results obtained 1 the present investigation sug,est that Was
sermann reagws fo appear early in human syphilis develop mamly as
a result of a host reaction to issue destruction caused by the trepone
mes while the production of TPI antibodtes 1s caused Iy treponemal
antigen stimulation
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EFFECT OF TRYPSIN ON COMPLEMENT COMPONENTS
IN NORMAL HUMAN SERUM

By

A B LaureLL
Recerved 16 v1 67

In the present work 1t was found that mcubation of normal human
serum with trypsin i an amount corresponding to less than 10-20 per
cent of the nermal trypsin inhibitor capaaity of serum activated C1
lo C 1 esterase and reduced the concentr thions of G 1 esterase mhibitor
C4 and C2 Under these conditions B¢ was converted and thereby
sular obsersations by Laurell, C B 1nd Gaarol, P O (personal com
mumeation} were confirmed

MATERIAL AND METHODS

Yormal human sera Blood was obtained from normal subjects The serum was Jeft
for ® hours at room temperature and separated It was then stored al —69 C.

\ acetyl L-tyrosine ethyl ester (ATFe) from Calbiochem Luzern Switzerland

Agarose from L Industrse Biologique Francaise S 4 Cennevilliers France

Sodrum ethylendiamine hydroclonide (Na H EDTA) was added to the serum to
final cancentrations of 0001 M and 001 M respectively

Trypsin (Navo A'S Copenhagen Deomark) Chrystalized

Trupsin treatment of normal sera Ten mg of trypsin Was dissolved 1 1 ml of
80095 N hydrochloric actd Fresh mixtures were prepared for cach experiment To
one ml of serum 0025 ml of the trypsin solution (0% mg) was added and the
mixture was incubated at 37 C for 45 minutes & control tube with serum containing
a diag volume of h acid was b for the same period
of ime at 37 €

(€C) and
actording to Prilemer et gl (1956) The smi
tenl‘haemol)!ls was taken as one unit

c capactij was as d by Lanrell & Siboo (1960)

Acetyl fyros ne ethylester (1TEe} hydroly tng capa 1ty was determined vith the
#H stat (Radiometer Copenhagen Denmarh) as described by Laurell et al (1962)
with the exception that the buffer used nas 600 M Enzyme actinity mes expressed
fn umits according to Lewy & Lepow (1929)

C 1 esterase inhubitor was measured according to Lanrell cf al (1965) The unt of
C11 esterase snhibitor 35 defined according to fery € { epow (1959)

](‘onuemon of B,c globultn 1n serum was determined by antigen antibadvy cros d
lectrophoresis (Laarell 1962) o Ca* was added to the buffers used The ant1  um
:ud reacted with g,c globulin and its consersion products and also containcd anty
T:\dms to the B lipoproteins The degree of conversion way estimated by plan m ¢
the amonmts of B,c and of §,c conversion products was evpressed in p Tt
otal surface of converted and non-conserted anti en in each exp imeat No or

wer
allest amount of serum producing 50 per

This work was supported by Stwefish Medical Research Cour Jf (raot number
16X 63038



140

reclion was mad

sm(x:: ot e for the difference 1n diffusion rate between By¢ and the conver
1

“95:‘{)[:! ration on Sephadexr G 200 was performed according to Taurell & Sitbon

RESULTS

Effect of Trypsin on Total €. lement and Compl, 1 1

Indnidual normal human serz were meubated with 062 mi of the
irspsin solution per ml of serum (0 20 mg/ml serum) A control with
the corresponding volume of 00025 N hvdrochloric aeid was prepared
The total complement and complement componenls wcre measured In
repeated tests a sli,ht decrease of the total complement was found 1n
serum treated with {rvpsin C 1 activiiy was al most shightly reduced
C 4 actinity was reduced to aboul 21 per cent and C 2 acliy wty 1o about
50 per cent When serum was heated 2t 52 C for 30 mmutes before
treatment with irvpsin no reduction 1 G 4 actnvity was demonstrated
An ffustrative example of these experiments 1s given 1 Table 1

TABLE 1
Effect of Trypsin on &4 €2 and €' of Yormal Human Serum
Units per mi

ct c2 (21

Serum 1treated with trvpsm 1200 156 158
Serum control 1200 300 500
Serum heated 5 C 30 min then treatud with trypsin 10 10 300
10 10 300

Serum heated 52 C, 30 mip

Gel Filtration on Sephadex G 200 of Normal Serum Treated wilh
Trypsin

\ormal serumt (reafed with frepsin 0 20 mo/ml serum 2 37 { for
45 minutes wis dialvsed agamst TRIS buffered sahne (TBS) with an
somie strength of 015 pH 74 and contmmng 0001 M IDTA G it
tration was performed with TBS I'DTA as chienl The fractions were
tested for €4 inactinating capacily as an expression of €1 eshrase
The fractions located between the second and third peaks had the
power to machsate C4 (Fi, 1) Afler tenfold concentrition of these
frictions ATEe hydrohsing rctnaty was also demonstrable

Serum not treated with Ly psin was myeshgaled in the same wy In
accordance with eirlter findings (Laurell & Siboo 1966) the fractions
abtaned did not maclivate C 4 or hydrolyse ATFt

4 hen gel filtration was performed on untreated or trypsimised serom
sn the presence of Ca  the first peak shaned destruction of C 1 (see
Laurell & Sthoo 196G} mdicaling 2wt aon of C1 1o G esteras in
macromolecular form Mo mactination af €4 was found with the frac
tiens from the second or third peah
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Fig 1
Gelfiltration on Sephadex G 700 of trypsin treated normal human serumn The serum
was dialysed against triethanolamme huffer with an jome strength of 01> pH 74
contaimog 0001 M EDTA The same EDTA containing buffer was used as eluent
®—90—@0D 28Imy  X——X

X C 4 destroying actity
Effect of Trypsin on C 1 Eslerase Inlubutor of Normal Serum

After sumilar incubation of normal serum with irvpsin the C1
esterase mhibitor was reduced to 20-35 per cent of the onginal con
centration (Table 2) Trypsin also reduced the C1 esterase mhibitor
when mcubated with serum containing EDTA 1 a final concentralion
of 0001 M or 001 \{

TABLE 2
Effect of Trypsin on C'1 Fsterase Inhibutor 1n “ormal Human Sera

C 1 esterase whibitor U/ml

Serum VII

Serum VI
Serum I
Scrum AT
Serum X1I
Serum NI
Serum \Y

Serum not treated with trypsin
Serum treated with tevpsin

3
"
@
=
=5
I

FDTA serum (final concentration 10 3 1)
not treated with trypsin 12
treated with trspsin

FDTA serum (final concentration 10 M)
not treated with trypsin 17
treated with trypsin
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Effect of Trypsin on B¢ Globulin 1n Serum

Incubation of normal sera with trypsin resulted w the conversion of
Bic In most sern a spontaneoys B conserson was obsersed which was
not appreciably mncreased when the sera were preheated 2t 37 C for 30
minules {Fig 2 and Table 3) The reproduciinlily of the resulls ob
tained wath this method 1s seen 1n Table 4

TABIE 3
Buc Conversion on Trypsin Treatment of Normal Human Sera

B,C tonversion 1m per cent
Serum prevarmed 37 €

Serum ncpbated with 30 min aod then
incubated with
trypsin HCl trvpsin Har
Sernm I 3> 6
Sernm 1If 41 L]
Sernm HT 46 5 34 L3
Sernm It 67 12
Serum { 48 6
Serum VI 47 15 42 21
Serum V1Y 47 10 a2 20
Serum VI 81 17 82 18

In sera hieated at 02 C for 30 rmnutes and 1hen incnbated with tnp
s a small merease of ¢ conversion was demonsirated compared to
the spontaneous consersion in the control sample When the sera were
heated at 06° € for 30 nunutes addibion of trvpsin chd not inerease the
cCONLersinn

On mcubilion with trvpsiz of normal sera contmmin, EPTA in

1 2 3 4

Vad *
— | S ol a——

-

Fig 2
Crossed antigen antibodv electrophoresis of normal human serum

1 Normal serum I incubated with HCL
2 Normal serum I tncubated with trvpsin
3 “ormal serum I (heated 37 30 mia s then imcubaled with HCH
£ Normal serum I (heated 27 30 min) then meubated with tryp in
Precipitation pesh to the left = g ¢
Precipitation peak 1o the nght = converted £,o.
drate pi peak = B hpoprot
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final concentrition of 6001 M the comersion of Py was the same as
that obtained with normal scrum freated wath trypsin in the absence of
EDTA (Table 5 and Fig 3} Tius dose of EDTA completely inibited

wmune hacmolysig of sensttized sheep red ecdis wath the sera lested

On the other hand trypsin treatment m $he presence of 0013 EDTA

reduced the comyersion of Be, But this tahubilion of 2,¢ conversion was

neyer completc The spontancous comversion was mhnhited or marhedly

reduced i the presence of 001 M EDTA

TAB!

LE 4

of fton of fi,c C
Antigen Antibody Flectrephoresis

by Crossed

£,C tomversien in per cent fn serum
neubated with

Irypsin Het

Normal serum

first test 43 5

secand test 47 13
Narmal serum VI

first test 50 15

second fest 47 17
Normal serum V{11

first test 81 17

second dest 85 15
Normal serum \{

frst test &5 13

second test 50 18

TABLE 5

B ¢ Conversion on Yrypsin Treatment of Normol Sera 1n Absence and

1wt Presence of EDTA

BLC comversion in per cent
Normal serum

A%

A} X
Serum + tryp In 48 17 12
Sceum 4+ WO & 17 a
Serum + EDTA

(final concentr 0001 M) + tnypsin 58 50 a
Sersm 4+ EDTA

(final concente 0001 M} + HC 10 kal 41
serum | EDTY

fwal concents 001 M) + trypsin 28 31 40
Serum -+ EDT4

final ©yvcentr 001 M) 4+ HCY ) 3 [




. A |
— 4 v b —
5° & 7 8
1]
—— — -— -
Fig 3

Crossed antigen intibods electropharests of normal human serum
MNormal serum -+ HC!

Normal serum -+ trypsin

Normal serum + EDTA 10 V[ (fin conc) + HCI
Sormal sertm -+ EDTA 10 W (fin conc) + trypsin
Normal serum + EDTA 103 M (fin cone) + HCH
Normal serum + FDTA 103 M (fhncene) + ey psin
Normal serum 4 \aC! + HU

Normal serum 4 NaCl + trypsin

Precipitation peak to the left = Ac

Frecipitation peak to the right = comverted g,
Intermediate precipitation peah = g hipoprotein

BT O

DISCUSSION

Addition of 2 small amount of trypsin to normal human scrum rosubiod
m mactinthion of C4 and €2 1nd 1n comversion of B¢ { 3) to
electrophoretically faster product Inactiv ihon of €4 wis provental
when the serum was heated al 52 ¢ for 30 minutes bifore the addition
of trypsin W hen the serum was heated at 5b G for 30 minutcs widr
tion of frypsin did not result in comversion of B¢

Since C 1 esierase 1shrfown Lo destros € 4 and L 2 hnentaly e actinaty
{Lepow et al 1906 Mauller Eberhard & 1epow 1960) and to penerate
the f,¢ comseriing acinntty of C4 nd € 2 mn the flurd phase {Pondmun
1964 Da Stlva & I epow 1966 Muller Eberhard et al 1967) the question
artses whether the cffect of trvpsin on C2 €3 #nd € 1 could he ox
plaeed In aetivation of C1 to C1 esterase p 15 possththity s sup
ported by recently published work of Ratnoff’& Maff (1967) who &
monstrated that purified CIs can he converied to L1 esterse 1y
inpsm

In the prescat mvestigation the amounl of trypsin dded to whole
serum was enly 10-20 per cent of the tmount normails inmbited by
serum (for references sec Frikszon 1963) Nevirtheless this imount
was sufficient to mactnate C2 and C4 2nd 1o convert fie to in elee
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trophoretically faster component The fact that this effect of trypsin
disappeared when the serum was heated 1t 56 G for 30 minutes indic
ated that trypsin did not act on the components directly but rather
exerled its effect by a serum factor sensitne to heating It 1s suggested
that this heat labile serum facter 1s :dentienl with C1 which can be
activated 1n serum by cven small amounts of trypsin This hypothesis
may be supported by the finding that on incubation of serum with
trypsin the C 1 esterase inhibitor concentration decreased to 20-3o per
cent of 1its imutial value This deeretse might be duc to 1 consumption
of the inhilntor by C1 esterase But the possibiity remamed that the
C1 esterase inhibitor was hydrolysed by trypsm However such
effect of trypsin would not explan the nciivation of C1 esterase [e-
pow el al (1965) showed thal C1 esterase inhitor delayed but did
not prevent the achivation of C1 to C 1 esterase

Serum treated with trypsin and subsequently separated by gel filtra
tion on Sephadex G200 i the presence of FDTA exhinted C4 de
stroying actinty in an aree-located between the second and third pro
tein peak eluted No such actinity could be demonsirated in serum
separated 1n the presence of EDTA without preceding exposure to tryp
sin This finding provides evidence for the generation of C1 esterase
actraty on trypsin treatment of serum

In view of the¢ mndications that B¢ conversion s a result of {rypsin
activation of C 1 esterase and subsequent activation of C4 and C2 1n
the fluid phase it was surpnising to find that conversion of f,¢ was
abolished onlv to about 50 per cent m the presence of 001 M EDTA
In the presence of 0 001\ EDTA the conversion of 8¢ was the same
asn the absence of EDTA

This leads to the question whelher the conversion of 8 ¢ by small
wnownts of trypsin may be brought about also by medinting factors
others than those represented by C1 €4 and C2 Such a system was
recently demonstrated by Muller Eberhard el al (1966) who showed
that a factor of cobra venom interacted with a serum factor formng a
Bic converting principle This converlins, system 1s however mhibited
by 001 M FDTA

A possible cause of the 8,c conversion besides the early factors of
the complement svslem and the cobra factor system nught be the

aflikremn system hallikrein was found to be activated by trypsin
possibly owin, to the destruclion of an actnator as suggested by
Werle (1955) Smce the C 1 esterase mtubitor also mnhibits halhikremn
(hagan & Becher 1963) the ble role of the con ton by C1
esterase of this mhibitor m the aclivabion of the hallikremn system
should be studied furlher Seo far no mveshigation has been made of
Bic as a possiblgAubstrate of hallithrein

10 AcTAPATILTO 1
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SUMMARY

1 Addiion to normal human serum of trpsinan an amount of Jess
than 10-20 pcrlccnt of the trvpsin inibiting caprely resulfed in aelina
tonof €1 torC 1 esterase partial nactivation of G 4 and C 2 and partial
conversion of f,¢ C I esterase inhibitor decreased 1o 20-:
orion of ed to 20-35 per cent the
2 Addiion of 0001 M EDTA to normal serum before frvpsin treat
ment did not mhubit consersion of B¢
3 Trvpsmn treatment of normal serum in the presence of 001
EDTA reduced the conversion of g,g but never whibited 3t completely

REFERFAN\CLS

DaSifoa W D € Lepow I H Properties of anaphylatoun prepared from pun
Eral et u of buman 1 3 497 1918
. S;;I’l i—l" l;xgdsl:s in @, anhitrvpsin deficiency  Acta Med Scandmay Suppl
Kagan L.J € Becker E L Inhibition of permeabilits globulins
\nkibitor Fed Proe 39 613 1963 globaling by €1 esternse
Lourell { O & Siboo B Actination of €1 to €1 esterase on gel filtration on
Sephadex G 200 Acta path. et micrabrol seandinay 68 230-242 1966
Laurell 4 B Luadh B & Malmguist I Inabilite of highly purified strepto
hinase preparation to mach ate complerncnt 1o serum Acta path &t micro
biol scandinay €3 318-3°8 196>
Laurell C B Antigen antibody erossed electrophoresis Anzlvt Biochem 10
328-361 186>
Lepow I [1 Ratnoff 0 D Rosen F S & Pdlemer L Observations on 2 pro
esterase associated with partly purified first component of complement
(C1) Proc Soc Exp Biol Med. 9 32-37 1926
Lepow Y H Naff & B & Penskyy J Mechanism of activation of C1 ant in
hibition of €1 esterase CIBA St on 3
& & Churchil! Ltd London 1965 pp 74 92
Levy LR & Lepow I #  Assay aund properties of serum inhibitar of C1
esterase Proc. Soc Lxp Brol Med 10} 603511 1959
Wuller Eberhard 1 J & Lepow 7 B C'1 esterase elfect on acthaty and phssico
chermucal properties of the foyrth component of complement J Fxp Med
127 819-833 196>
Maller Eberkard 3 J  Misson U R Dalmasso 4 P Polley M J & Coleott
molecular concept of [mmune Cstolysis Arch. Pathol 82 205-

-~

oo e s

~ o

o

Py

1

S

217 1966
3aler Eberbard B 1., Polley M 1 & Calcot! M 4 Formation and functional
sigmificance of a molecular complex derved from the second and the
fourth component of human complement J Exp Med 1% 359-390 1967
13 Pillemer L Blum L Lepow I H Wur I & Todd EW The properdin svs
tem and immumts 11 The Zvmosan assay of properdin § Fxp Med 103

1-13 1926
Pondman K W & Peetoom F The signifieance of the antigen antibody com

8

15
plement reaction IV The transforntation of B,c xlobulin into g4 globu
lin Immunochemistry § 65-90 1963
1S Ratnoff 0 D & \aff C B The comversion of Cls to €1 esterase by pla min
-328 1967

and trepsin 1 Exp Med 1% 337
16 Werle E The chemistn and pharmacalogy of Lallikrein and hallidin In 3 1
Gaddum Palvpeptides which stimulale plain muscle £ & 5 §uningstone

Ltd., Edinburgh and London 1925 pp "0-27



Acta path et mucrobiol seandmay 72 147-159 1968

The Diagnostic Bacteriology Depatlwent {Chiefl La‘:ﬂmp M)
Statens Capenh D

A NEW EPIDEMIC PHAGE TYPE OT
STAPHYLOCOCCUS AUREUS
1 The Experimental Typing Phage 6257

By

P Burov
Recerned 201167

Duning the years 1962-65 the Damsh Staphylococenl Regstrafien af
Statens Serumnstitut recorded omlbreaks in several hospitafs of m
fections due to non typable struns with certawm properties in common
The strans were dishinguished by thewr muiliple antibotic resistance
and parbicularly by thewr resistance to erythromycin neomyan and
brcttracm Most of them were Tween{80) negitise 1¢ they fmled to
give a hipase reaction on Tween 80/calomm agar (Sterra 1907) They
were non lypable with the nfernational basic set of tvping phages
{Blair & W alhiams 196%) bhut phages able to bvse staphslococer of group
111 frequently caused inhibition reactions In our search for a new 4p
g phage n this sualion we concentraled on one designated as

phage 6557 the properties and appheation of which will be reported
presently

Preluninary 1ovestigations (Bilow & Rosendal 1984) showed that out of a tolal
of 560 strains non typable with the conventional typing phages 382 could be lysed
by phage §337 Only 2 per cent of these strams Sere exther semsitive to aff ants
biotics {sens ) or resistant o pemaitiin (P) or to both peaicillin and streptomycin
{PS) whereas about 3t per ceut were ressstant to pencilin streplomyein and te
tracyclwe (PST) including some strarns also ressstast o chlorarphemcat (PSTC)
and sbout &4 per cent nere renialant ool only to pencillin streptomycin and tetra
cychine but alse to erythromscm (PSTE) Incduding 18 per cent which were also
resistant to chloramphenical (PSTCE}

Among the *18 stralns not Issed by phage £357 §6 per cent were cither sens (35
per centy or P ac PS abowt »0 per cent PST or PSTC, and 3 pes cent only PSTE or
PSTCE ta in an was not m estigated

Thuas these prelimi that phage 6357 used as a pang
phage might be abfe fo divide the non typahie strains 1nto two gronps with diffe
rent anlibsotic resistance and possibly be useful in the new staphylococeal siin G

In other countries the same problems had amsen  outhreaks of staphst o 2l
infections duc ta pon typable sirawiny and stypseal group HE strams wer vepo ted
from USA (Thomas ¢ al 1960 Allemeier ef af 1963 Loveme et af 19t ) f om
Great Britamn (Temple & Blaekburn 1953 Jacobs ef al 1363 Turner 196} J o as &
Parler 1961) and from Canada (Comfors & Bypnoe 1983 Comto = 1915 Most of the

Worh on this Teport was aided by a grant from The Pad r fourt [ dexsens
Faaadation

b3
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strains were reported to be high
e I o ke hc'fl ur;;f,i'f:aﬂ' to sexeral antsbiotics inclading geo
t(r;‘e !,)‘pmg of such straigs The H;‘:;:l:e to 1s0late suitable phages for
allmar] § Finland 1951 gated comprise phage D
13100 (Gepons & Parher 1951) woroten by boeser n vt cf A964) phages 15 and
UC18 (Thomas et al 1960) Tsolated by il (omme oy (Glarke respectively phage
SF fslated by Hurst {1965) and phage H6 1salated py ferdome ooy, Qo) phage
Rochester Minn (Comtors 1065) The first foe phoscs wrarar at the Maso Clinie
Ler (195) im & surev of nox typable sivams T distereot o gocions ¢ Par
(USA Nornay Switzerland and beru) 1o spate ap b ey mpegobraphical areas
reactions with the phages 1ysing strains of mroup (113 Ty oAty (inhibition
expected heterogenaity as rexards susceptinlety by Loaie o ains shoned an un
Whieh were found entirels satisfactors a5 1y ping phe e the five phages none of
In a study by Ilurst (1965) 55 out of 80 non fypuble h
by phages 15 7740 UCI8 SF and 1 som Cnsina ]c ospital strains were lysed
Hurst thus pattern may define a previously cm-nreusz - s:ab: phage D According to
ﬁmer;c-; T!:]xs suggestion is suppatted by Lavige g;;'fx( }?}22’,’”2;’;“&" i? ,r::; th
ospital epidemic due to mulliple resistant staphyvlococe) not typable e n of
i3 £
glce"xgnl:;gn;?ml basic set of {yping phages but able to be bscg by "l:c :I:a;?: S[
‘The first four phages mentioned 2nd
cprdemistgically “related o eipabie hosiel e aLied Yo colloctions of
Canada by Comtors (1965) Most of the strams could b rzdr:m l’) Lr;xm e ot
the phages BS sod T7Ad " furtheemore. same of the. strsins Troet 1y tnea ten
Phases could be differenbited wsng the phages I VCI3 ang g e twe
n Denmark phage 6557 has been wsed routinel
Togleal parposcs snce April 1953 1 the following Stiohes the Eecntts nto
il De reporte The present paper will £ive an decoual of phage 6937 ad theee
International oxpersmental phages (D B5 and 77Ad) Turthermore & comparison
of the lytic abilities of these phages has been made partly by usin, se{:m‘xén'n‘sol:
strains partly by applying the phages to a number of cpldcmrologic:ll :‘fnrzl ‘cs’
staphylococcal strains with a common characleristic property ze \h’n ard g u\
Iysed By the typing phages from the basic set at RTD fowever these strains co“;:'d
be divided sty seseral sub groups according to antibiotls resistance and suseent]
bilits ta some phages of the basic sct at 1000 X RTD and to some pool phages at
RYD The fnsestigation was 1atended to proside & basts for the cholce of 2 phage
or phages suitable in the given situation

MATERIAL AND MFTHODS

T}lcil;l;;crlll referred to ss ihe tolal materlal has been described by Rosendal ef
al (1963)

sipce 1960 phage tvped Staphplococcus aureus strams have becn repistered at
Statens Seruminstitat which serves az a 1ypng centre for the whole of Denmark
“The registration comprises the first strai isolated from patients and staff mem
bers of hospitals and the number registered per vear amounis to 1200014 080

(Rosendal & Biilou 3967}

“The strains have been phage typed (Rasendal ef al 1963) and examined for Tween
80 sphtting enzvme by the method described by Jessen ¢t al (3963) using Sterras
medium (19o7) Since 1962 alf strains hase been examined for resistance to mir

euri¢ chloride (Yoore 196D

Antthrotic sensitivity tests have teen performed in several 1shoratarses (Iosen lal
et af 1963) Furthermore since Serember 196} the “prediffusion method sy de
senbed by Thomsen (1902 1964) has been used routinely at Statens Seraminstitut
The drameter of the inhibstiza zone has formed the basis for the division bels een

seasitise and resistant strams
070 strafns fncluded In the tota) material from 3973 and 1883 and v o
typable (N1) wth the standard set of typing phaces have been used for evaluab &
the sustabillts of the following experimental phages
Phace 6557 isolated by the chloroform method (hjems 18 5) frar 2 Staphist

cocclts qureus strasn (specimen o 6;93/1960 F1) and propagated (soft sgar o
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method Swanstrom & Adams 1991) on stram (specimen No 6257/1960-61) For
further details _see Table 1

m:l"hi phages D 774& and BS the omgaes of which wwere desersbed 1 the sntroduc
ton to this paper were received from The Cross Infection Reference Laboratory
Colindale London The two last mentioned phages have later (Moscow Congress
1966) been designated 84 and 85 respectively and included 1n the basic set of typ
g phages

RESULTS
1 The New Experumental Phage 6557

Donor strain and propagating strain Phage 6057 1s a temperate phag
found 1n a culture of Staphylococcus aureus 1solated from a pleural
empyem1 {bacteriological specimen No 6794/1960-61) The donor
strain has the phage type 834 as deterruned by the standard proce
dure 1t 1s furthermore Iysed by pool phage 31B 1t RTD nd at 1000 X
RTD by the hasic set phages 29 47 54 75 77 and by pool phage 52B

A stram (PS 6557) with very similar properties also isolited from 2
specimen of pleural empgema (bactertological specimen o 6557/
1960-61) was choscn as the propagating strain Typed by the basic set
of phages it has the type 83A 1t 1s lysed st RTD by pool phage 31B
and by the experimental phages D 77Ad and B5 and 1t shows mtubi
tion phenomenon with the phages 7 47 51 and 77

TABLE 1
Properites of Donor Stratn and Propagating Strain for Phage 6257

Propagating strain
Donor strain 5 6557)
FPhage tv) e at RTD 834/31B 834/6257/31B
Phage type at 1000 X RTD  338/29/47/5475/17/31B578  B3A/6557/7710/BHA1B
Resistance to mercuric
chloride (Hg) + +
Tween 88 reaction (TW) —_ -
Seasitivity to
penteilln (P) resistant resistant
steeptameein (8) Tesistant resistant
tetracyclines (T) resistant resistant
erythromjein (k) sensitive sensithve
aeomyern (M) sensitive stositive
bacitracin (B) sensitive sensitive

The donor strain and the propagahing strmp are resistant to pen:
cillin streptomyem and tetracychne but sensitiie to erythromyecin
chioramphemcel neomyer and bacitracin The strams are resistant to
mercuric chloride (Hg+)and do not form extracellular Tween 80
sphiting enzyme te they are Tween negainie (TW —}

The properties of the two straws are summanzed 1 Table
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TABLE 2
Lytic Spectrum of Four Ezperimental Phages { Host Range )

Propagating strains =
g g i
: <ZEoug g I
o E] a % 2= S8
£ F88.c-285989F58adigspnersEf S
11 5 6 31 2 51

77Ad 1 1 5 5 33 2 B 1 5 ; g 4 g

B5 1 5 5 22 3 5 13535 55 B

6557 55 3 2 225 55 35 B
Strength of phage reaction

5 titre on homol. strain

4 6 1-10 of titre on the propagating strain

3= 10 3-10 4 of titre on the propagating strain

2 0 &-10 6 of titre on the propagating strain

1= very weah lysis

Serological grouping Phage 6557 was found to belong i the sero
logical group B According to the results g1ven by the The Central Public
Health Laboratory Colndale London (Parker 1964) the phages D
77Ad arnd B5 belong in the serological groups F, F and B respectively

Iytie spectrum The resulls of a determnation of the Iybic spectrum
of phage 6557 arc hsted in Table 2 where 1t 1s compared with the
spectra of phages D 77Ad and B3 as determuned by The Public Health
Laboratory Colmdale {Parler 1964)

It 1s seen that only minor dufferences i host range are found be
tneen the phages 774d B5 and Bo57 whereas phage D duffers from
the other three phages iy thal 1t 1s unable to Iyse PS 29A PS 53 and

Ps 77

v 2 The Smlability of Phage 6557 as a Typing Phage

Phage 6557 and phages D, 77Ad and B5 applied lo a maleral of NT
stratns In order lo compare thewr smiabihls for tymng purposes these
four phages mentioned above were applid to 1 matenal of 1029 slrains
non typable by the standard procedure with the basic set of phages at
RTD The stramns were 2 consecutne series of VI struns recenved dur
g the period from the rouline typing labornfory

The antibiotic sensilivily of each strun was recorded when wvailible
and the Iytie reactions were tested with the followiny, phages the four
exprrimenial phases at RTD the pool phages 1t RTD 2t at 1000 X
RTD -nd the basse set of phages at 1000 X RTD The typing procedure
divided the material into the following ealegories
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A Lysed by one or more of the experumental phages only 350 strains

B Lysed by one or more of the experimental phages and
1) typmg phase 83A only (1000 X RTD) 115 strains
2) typug phage 53 and/or 77 only (1000 X RTD) 93 strains
3) several phages of group III (1000 X RTD) 43 strains
3) phages of group I and group 1 (1000 X RTD) 70 strams
5) pool phages 31B and/or 52B (RTD) 99 straims
6) pool phages 42B/47C (1000 X RTD) 7 straas

€ Not lysed by any of the phages 250 strains

Total 1029 strains

In Table 3 the above mentioned groups have been subdivided ac
cording to antibiotic patterns

A) Of the 350 strams lysed by one or more of ibe experimental
phages only 78 per cent are Iysed by all four expertmental phages
Furthermore each of the phages lyses the following percentages of the
strams D 7 per cent 77Ad 17 per cent B5 15 per cent and 6557
about 6 per cent

B 1) The 88 strains with known antiotic sensitivity lysed by phage
83A at 1000 X RTD only distinguish themselves as a unit by mcluding
many strains (88 per cent) with the combined anhbiotic pattern PST
In all respects the stramns resemble type 83A strams lyscd at RTD
(Rosendal & Jessen 1964) also as resards erythromyein resistance (9
per cent) Practically all the strams in this category are lysed by all
four expenimental phages

B 2) The majonity (95) of the 138 sirmns lysed at 1000 X RTD by
group III phages are lysed only by the typing phages 53 or 77 or both
Of the 91 sirams with hnown antibiotic sensitrnty 66 per cent have the
combined antibiotic pattern PST(C)L 26 per cent have the pattern
PST(C) and as few as 8 per cent are of lower resistance or fully
sensitnve

Most of the strain (88 per cunt) are lysed by all four experimental
phages Furthermore each of the phages lyses the following percent
ages Phages D 77Ad and B5 6 per cent phage 65457 5 per cent

B 3) The remaming 33 stramns with known antibiotic sensitivity lysed
at 1000 X RTD by sevcral group III phages are on the whole resistant
to fewer anlihiotics than the strains lysed by the phages 53 and/or
7 only Fourteen stramns (42 per cent) are either fully sensitrve or re-
sistant to penicillin alone or i combination with streptomyain or tetra
cychne 12 strams (36 per cent) are PST and 7 stramns (21 per cent)
are PST(C)L

Only 33 per cent of the 43 strains are Iysed by all the experimental
phages each of the phages furthermore Ivses the followng percent
a.cs D 40 per cent 77Ad 25 per cent B5 15 per cent and 6457
33 per cent

It appears that strams lysed by group 1T phages at 1000 X RTD
do not form a homoycncous entitv but form at least two cate,ories
B2 and B3) Nevertheless 1f the 124 strams with 1 nown antimotic
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TABL
Dustribution of 772 Nor typable (V) and Various Group T Strgn
Antibiotic Sy
bt ensitne P PS or PT PST(+C=13¢)
E B B B
Category A 1 b B A B B 8 B B
m @ & @ M @ @ @
Phage = g =
typeor - B = 8 e g g
wew £ &2 g 2 Y E 5 3 § 5z % £
g o 3
D 4 3 5 8 31
7744 3 4 6 s 32 4 3
B, 1 2 2 1. 2 :
6557 1 1 1 3
Df774d 1 1
D/6557 1 3
774d/B5 - "oy ! 5
B5/6557 1 1 5 1
T1Ad/6557 3 - z
D/T7Ad/B5 1 8 1 !
D'B5/6557 1 5 1 1 1
DJ71Adj6557 ? 2 1
T7A4/B5/6557 1 1 1 2
D/77A/B5/6557 9 3 1 - 1 91 74 21 4 9
Total 19 3 7 4 27 7 1y 77 24 12 20 16
Percentage 6 3 8 47 43 8% 40 87 26 36 32 17

Percentage of strains with hnown antibiotic resistance within the same phage group
Categories 4 B(1) B(?) B(3) snd B(4) tested with concentrated phage suspensions

1000 X RTD Categary B(5) tested at RTD

resistance are considered togelher they are characterized by ineluding
many struns (54 per cent) with the comlnned antibiotic resistance
PST(C)T This 1s 1 conirast to the ordinars group HI strams hysed at
RTD of which onls 25 per cenl are PST(C)1

For the combined categories B2) + B3) the percentage of stramns
Issed by all four experimental phages 15 68 per cent n nddibion 17
per cent are lysed by phage D 12 per cent by phage 77Ad 9 pur cent
by phage Bo and about 1t per cent by phage 6457

B 4) This ealegory comprises 70 struns Iysed by {yping phages of
group I as well as group I at 1000 X RTD The antibrolic palterns
are PST(C)T" 25 per cent PST(C) 32 per cent lower resistant or
fully sensitive 43 per cent

Onls 30 per cent of these struns are lysed by all the experimentat
phages 1n addition 24 per cent are lssed by phage D 27 per cent by
phage 77Ad 31 per cent by phage B5 and 38 per cent by phage 6557

I 1s scen that the strauns in ths category are vers stmilar o those
in the preceding category (B3) as regards anlibichic resistance and

suscephibility to the expersmental phages
B 5) The characterization “non typable of the 99 strans Ivsed by
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carding ta Ther bulity ta Four Ex ! Phages
PSTE (HC=19%) Antibrotic sensitnvity nnknown
_Autibiotie sensstinily wmhnown
B B B n B B B B B B
4 (M @ 3 W 5 A a2 @ W @
= § = &
£ s - E RS-
g g g 2
¢ 3 5 8 L 2 % &2 g 8 L 5 F
2 56
g 1 36
1 1 1 17
' 1 1 5
- . H
1 1 1 - 2 5 64
2 1 8 - 19
1 1 ”
1 - 5
2 - 2 11
1 - 1 1 12
. . t
2 1 1 - 7 1 22
193 L] 55 5 11 31 % 3 5 1 501
157 8 60 7 16 0 57 27 4 10 1 6 772
34 3 66 21 25 Q

the group HI pool phages 31B and/or 52B at RTD 1s evidently a mere
Togical sequence of the conventional mnclusion of these phages m the
pools and not m the basic set the strams are typable by means of
diluted phage suspensions Actually they conslitute an enbity distinet
from the remaindcr of the non typable stram matenal as regards anty
biotic resistance Only 16 (17 per cent) of these stramns have the com
bmned antibiotie pattern PST 83 per cent have 4 lower anhibiotzc re
sistance—and these mostly resistant to P oonly (re about 70 per ceal)
whereas the remainder are esther sensitive or PS or PT The very low
modence of strams with the comhined antibiotic pattern PST s even
more strihing it view of the fact that 8 of the 16 strams seem to form
a separate umit besng 1ysed by one of the phages 77Ad or B5 Only
one of all the 99 sirains was lysed by all four phages

B 6) A small but remarkable collection of 7 strawns Iysed by the pool
phages 42B and 47C at 1000 X RTD may be considered as a distinct
enlity There 1s probably no eprdermological connection between these
strains Five of the siramns are known 1o be resistant to pemedlin
streptomyem and tetracychine The 7 strams were only Iysed by the
expenmental phage 77A0 at RTD
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€) This category of 250 stramns not Iysed by amy of the manable
phages corresponds to the 278 strains mentioned previously (Bulow &
Rosendal 1964) and mn the mtraduction of ths paper they will not be
commented on further

An evaluation of phage 6557 Summing up we may say that the 1029
non typable stramns do not form 2 homogencous colleclion of sirains
but fall nto several more or less distinet calegories the last three of
which must be excluded 1f we are 1o have a material of strams we
can use {o assess the value of 6557

Category B 6) 1s excluded because the strams are not really non
typable with the conmventional typing phages but form a specaial umit
within the group 111 staphylococer (type 31B/52B)

Categories B6) B7) and C) have been omtied from the follovang
esaluation of phage 6557 Furthermore the siramns wilh unhnown
antibiolic resistance have been left out The rematning 568 strains have
been divided according to antibiotic sensitinaty 434 strains lysed by all
the four experimental phages have been entered 0 the bollom hine of
Table 4 134 strams resistant to one or more of the espermental
phages have been placed according fo Jytic response the outeome of
which forms the basis for the fmal comparison of the swtability of the
phages When arranged separately ecach phage type 15 scen o doffer
from the combmed {spe lysed by all four phages and m different
ways

TABLE 4

Comparison of the Distribulion of Strains Lysed by One or \ore of the
Ezperumental Phages Accarding to Their Antibrotic Patterns

Patterns of antibotic resistance
Sensutne  PSTor PSITCor Tatal
P PSorPT PSTC PSTCE

Strains resistant to one D 30 17 7 5:!,
or more of the cYper? 7744 13 42 '1‘6 7
mental phages but Ba “ 2 21 €9
Ised by 6257 25 13 15 53
Stramns lysed by all four

expernmental phages 13 199 27 434

(\B! Qne strain may be registered several times according to its Iytic pattern}

Tahing the 134 strains Jysed by only one iwo oF three of the four

at phages (1e the first four lines 1n Table 4) ot can be
1 In one of the phages differ

sin other words whether the
sent 2 random s lechion
hages seems o seleet a

experiment.
estimated whether or not struns lysed
from strams lvsed by anolher phage
strmns characterized by one phage rm;, rl?prc
of the 134 strains or whether cach of the p
section of the materal diffenieg in antibtolic pallern from the section
selected by another phage
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Type 77Ad seems to differ from type D from type 6557 and prob
ably from B5

Type D differs undoubtedly from type Bo but probably not from
type 6557

The types B5 and 6557 do not seem to differ from cach other and
may be considered 1dentical

Phage 77Ad lyses many strains with the antibiotic pattern PST(C)
(42 out of 72 strains) Phage D defmes an assemblage of strains often
of low resistance (30 out of 54 sirmins} most of them resistant to
penteillin only (20 out of 5¢ strans) only 7 oul of these 54 strams
had the pattern PST(C)C Phage 6557 has also a tendency to lyse
strains of low resistance (25 out of 53 stramns 12 of these being re
sistant to pemeillin only) nevertheless it lyses a number of stramns
with the pattern PST(C)E (15 out of 53 strams)

Thus no tery important differences between the smtabilty of the
four phages as {yping phages have been revealed

In order to determine the typing capacity of phage 6557 1t has been
used 1n the daily roubine typing of staphylococcl together with the con
1entional phages at Statens Seruminshitut since Aprst 1st 1963 The
number of stramns tested from this date until December 31st 1964
amounts to about 24 000 about 17 per cent of which were non tvpable
by means of the basic set Among these non typable strams obout 54
per cent could be typed by phage 6557 About 98 per cent of strams
Iysed py phage 83A (RTD) and about 85 per cent of those Iysed by one
or more of the group Il phages (RTD) are also Iysed by phage 6057

whereas staphylocoeet of phage groups 1 and 11 are unaffected by the
new phage

DISCLSSION

Each of the four phages exarmned D 77Ad Bo and 6557 can lyse
many of the new eprdemic NT staphylococer that show inhibition reac
tions with the phages normally lysing strauns of group III Among
the strans Jysed by one of the four phages 74 per cent are also lysed
by all the olher threc however the lylic abiliies of the phages are
nol quite sdentical

As regards ils capacity for lysing strams 6557 1s neither superior
nor mferior to the others

Using phage 6557 alone instead of the four phages tested 1n this in
veshigation only 11 stramns (5 per cent) out of 248 with the antibiotie
paltern PST(C)T and 38 (15 per cent) out of 2,0 strains with the
pattern PST(C) hase been missed Out of the 70 strans of lower ro
sistance (or fully sensitine) and of a more doubtful epidemiolozical
significance as many as 32 (46 per cent) would have been missed by
using paage Goo7 alone

‘The overlapping of the phage rcactions shows that the aroup of
strams hutherto designated as \T 1s not homogencous as regards phage
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suscephibihly  This heterogemeily has been pot
(Jevons & Parker 1964 Comliots i965 uuml;oieggdgg,::i‘,:r:;nns%gf:;
l):}:la;ﬁcs B5 zlmd 77Ad 15 smlable yping phages exther singly or i com
nation whereas he thought the phanes D UCIS and H might be used
for subgrourimg Smuth et al (1965) also proposed that the phages
77Ad and B5 should be mncluded m the basie set and in 1966 The
International Committec on Phage Typing of Staphylococer (Moscow
Congress) included them under the designations 84 and 83 respec
tnvely Aundsin el al (1964) proposcd that phage UCI8 should be
adopted in the basic sel whereas Hurst (1965) found the phases UCI8
and SF nadequale for typin.,

If onis the phages fo be used for typing might be sclected on the
bass on their number exclusively there would linrdly be any disagree
ment about adopting more thin one phage among those used for char
aclenizing the topieal staphilococer But the prinesples underlying the
seleclion of tvping phages mav need lo be reconsidered

The classie eriterta for 3 ping phades (Fisk 1942 Wilson & Athinson
1945 Wauliams & Rippon 1952 Willams ¢! al 1953) smiable for m
clusion n the basic set were 1) they must have the same Iylic effect
on stramns with a probable eprdemic conneclion—in olher words the
susceptibihiy for the phages must be sufficiently stable i 2 grnen ep
denue situation  2) on the other hand the Islic field of actnily must
not be so broad that too manv irrelevant staphylococer are Iysed and
the purpose of phage typing 1s wasted The 1mportance of mvoiding
too large and foo heterogeneous groups of strains has been illustrated
by Jevons & Parler (1964) they pointed out that if phage D n 1958
had heen tneluded m the basic set of lypin,, phagcs instead of phage
83A the emerpence of the new eprdemuc 13pe as an andividual type
would have passed unnoliced

However such eriteria are not adequate if the phage tymng were
desizned not only 1o recognize the eprdemic conneetion between mding
dunl strains but also to clanifs the emergence the spread and the
characienistic propertics of the varving epdemse struns I this were
the case the suscepuibnlity to the phages should demareate as clearly
as possible 1 group af sirains that are homo,encous as repards other
known properties foo Wilhin such a homogineous group there should
be a chance of finding, the susceptibtlily to phages corrclated also lo
properfies which might nflaence the eprdenuc or palhogenic chir
aclers
So far thus principle has not been generally recognized Unfortunately
the number of bacternl properiis available for an estimation of the
homogemerty of the strains 15 somewhat himated In the present
vestigation we have made use of the susceptibility ta concentrated
phages (1000 X RTD) of group II together with the antibotic pat

terns
As the stramns have heen collected during 2 hirmited pertod and within
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a lmited geographical area they are not necessartly epidemiologically
ndependent of one anolher which in this connection 1s no disad
vantage

In view of all this at scems that phage 77Ad (Table 4) differs from
the other ones morcover 1t can lyse 74 per cent of the strams lysed by
all four phages and strans with the antibiotic pattern PST and also
strans of type 42B/47C at 1000 X RTD In addition io the 74 per
cent phage D lyses strains which are pemeillm resistant only te
stramns which might form a distinct umt If one of the phages D or
77Ad was chosen as typin, phage the menlioned categories of strans
(type D P only lype 77Ad PST and possibly type 12B/47C) might
pass unnoticed designated as type D or type 77Ad

The phages B5 and 6207 have so much in common that :t scems tm
possible under the present circumstances to say which one 1s the niore
swtable

Consequently 1t 1s preferred 1o employ more than one phage because
(his would make it possible to observe the emergence of new strans
with blocked susceptibilily 1o one or more of the phages (dependent
upon the degree of lysogentzation )

In the first place this pomnt of view s supported by previous ex
perience of the importance of the bloching phenomena caused by Iyso
gemization (Lowbury & Hood 1953 Rountree 1906 Rounltree & Ashe-
shov 1961 Asheshov & Winkler 1966) For example m Great Brilain
and Denmark 1t seems probable thal the new NT stramns or some of
them have ansen from type 834 which has acquired a bloching pro
phage (Jevons & Parher 1964 Bulow & Resendal 1964) It rmught be
mentioned that type 83A has not been found to be the ancestor of the
epidermc NT strains 1n US A (Hurst 1965) and Canada {Comlows
1965), thrs shows that the same or related phage type withm various
epidemic areas does not necessarily mean the same stramn

Secondly this pomnt of view has been strongly supported by later
experience (Rosendal & Bulow 1968) after {he phages 77Ad and BS
(now designated 84 and 85 respectively) were included in the mter
national set of typin, phages phage 6557 was shil applied to all
slaphylococeal strains m the routine typing at Statens Seruminstitut
This has provided tnformation that seems to be of theoretical and ept
demiological importance suggesling that the types 84/85/6557 and
0557 —both resistant to P § T and E—differ from each other since
the latier includes rather many methicillin (M) resistant strains which
most often are also resistant to chloramphenicol (C) whereas the
former 1s never \[ resistant

An account of the staphylococe lysed by phage 6557 will be grien
m the following papers Laler an attempl will be made to elucidate
the consequences of a spread of bloching phages among populations
of hospital staphylococer
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SUMMARY

A new experimental phage 6557 has been 1solated It belongs 1o scro-
type B and its Iytic specirum 1s reported and compared with (he
spectra of the three phages D 77Ad and B5 1solated clsewhere

These four phages have been apphed to a large mateninl of strams
that were not typable by the comventional set of typing phages at RTD

The suitability of each of the phages has been estimated according
to its ability to delimil categories of staphvlococer which might be re
garded as entities by virtue of their common propertics such proper
ties being antibiotie semsitivity and suscephibihbty to standard phages
at 1000 X RTD and to pool phages at RTD and 1000 X RTD

The spectra of the four experimental phages were rather vniform
although the sections of the \T material Iysed by cach of the phages
were not 1dentical Thus no mportant differences between the st
ability of the four phages were resealed

Used 1 the routmne laboratory phage 6267 was able fo Ivse 54 per
cent of previously non typable siramns Furthermore 98 per cent of
strams lysed by phage 83A and 85 per cent of those lysed by onc or
more of the phages normally Ivsing group III staphvlococes (RTD)
were also lvsed by phage 6557 whereas staphslococer of the groups I
and II were unaffected by the new phage

Criteria for ihe selection of phages to be mcluded 1n the typing set
are discussed

It 1s concluded that 1n the study of the dynamics of the chan,es in
staphvlococeal populations 1t 1s an advantage to supplement the basic
set with other new particular phages

REFERENCES

Altemerer W A, Hummel R P & Il E O Staphylococeal enterocolitis follow
g antibiotic therapy Ann Surg 757 847-8:8 1963

Asheshoo E H & Winkler K C Staphylococcus gureus stralas in the 5% 5°4 80
81 complex “ature 209 638-639 1966

Blarr J E & Williams R E 0 Phage typing of staphylococei Bull Wid Hith Org
2% 771-7834 1961

Bulow P & Rosendal K Epidemic spread of a new tvpe of Staphylococcus aureus
Proc IV Scand Comgr Path \hicrobiol, Oslo 1964 (Norweg Univ Press
Oslo) pp 230-232

Comtots 8 D Untvpable staphslococci—lvsis by experimental phages and other
charactepistics Canad 1 pub) Mith o6 199-204 1965

Comtots R D & Dynoe E T Report on a particular phage tvpe of staphylococeus
1sofated jn some hospitals in Canads Jbd 43 357-363 1953

Fish R T Studies on staphilococns 11 Mentification of Staphulococcus aureus
strams by means of bacteriophage J Infect, Dis 71 161-165 194

Furst 3 The possible relationship of ome recently recognired strains of staphy

1 i Hith [ab Sei 2 129-1% 19fa
Iucobsugoclc Wuhs 4 T Ludlam G B & Goodburn € M Studies on aewly re
cogmised strains of staphylococcus aureus assocated with hospital infects o

Lancet f 9:2-973 1963
Same properties ¢f
o R dof A Faber v Hote h & Friksen E R
h“mSluphuIZ::::us aurens possihly related to pathogenicity Acta path et micro
bsol scandinay o8 85-98 1963



159

Tevons M P & Parker M T The evolution of pew hospital strams of Staphylo
coccus aureus J clin Path 17 43250 1964

Ziems £ Studies on streptococcal bactersophages 1 Technique of 1solating phage
producing strams Acta path et microbiol scandav 36 433-440 1955

Sundsin R B Walter C W & Morin P Staphylococens aurens UC1S  agent of
nosocomal infectians Science 155 1329-1393 1964

Lavine B Hurst ¥ Grossman M & Lee Y of a newly
bacterrophage type (Report of a hospital outbreah) J Amer med Ass 192
935-938 1965

Lowbury E J L. & Hood A M The scquired resistance of Staphylococcus aureus
to bactertophage J gen Vicrobiol 9 574 535 1353

Moore B A mew screen test and selective medmrn for the rapid detection of eps
demmic strains of Staphylococcus aurens Lancet 2 453-408 1960

Parjer 3 T Personal communication 1964

Rosenda! K & Bulow P Staphuloceceus aureus stratns isolated 1n Danish hospitals
II From January Ist 1961 to December 31st 196> Acta path et mecrobiol
scandmav 71 427 138 1967

Rosendal & & Bulaw P o bepublished 1968

Rosenda! K & Jessen O spread of
83A Acta path et micrabiol scandinav 60 571-576 1964

Rosendal K Stenderup A Helms P & Erthsen A R Staphylococcus aureus
strams isolated m Damish hospitals from April Ist to December 31st 1960
Acta path et microbiol scandinav 58 72-84 1963

Ronntree P M Varations 1n a related series of staphylococcal bacteriophages J
gen Microblol 15 266-779 1956

Rountree P \{ & Asheshop E [ Further ob ervations on changes in the phage
typing pattern of phage tvpe SU/BL staphylococes J gen Mierobrol 26 111-

961

Sterra G 4 sumple methad for the detection of lipolstic actvity of microorganisms
and some observattons on the influence of the contact between cells and fatty
substrates Antonie v Leeuwenhoek 23 15-22 1957

Smuth J A Wallis A T & O Conror J J New eprdemic strains of Staphylococcus
aureus Lancet 2 77°-773 1965

Swanstrom H & 4dams M I Agar layer method for production of high titer
phage stocks Proc Soc exp Biol (NY) 78 372-375 1991

Temple N EI & Blaclburn E 4 A newly d strain of
aureus associated with epidemics 1o six hospitals Lancet 1 581-583 1963

Thomas D ¢ Hill E O Culbertson W R & Altmeier W A Development of new
bacteriophages for staphslococeal typing Surg Forum 10 334-339 1960

Thomsen V F  Correlation of the plate dilution method to the agar diffusion
method (dise and tablet methods) with a special view to the importauce of
pre diffusion Acta path et mierobol scandinav 5% 107-190 1962

Thomsen ¥ F The relation between ioculum and zone size m sensitivity tests
by the agar diffusion method Ibid 61 303-316 1964

Tarne G C DNewly strams of
hospatal staphylococer Lancet I 1156 1963

Valtmark G & Finland M New phages actine against staphylo ocer that are
resxstgasr;l to the conventional phage set Proc Soc exp Brol (NY) 706 73~

1!
Wiihams R E 0 & Rippon I E
J Mg (Lond) 50 350-353 1952
Williams R E 0 Rwpon § E & Dowsett L Y Bacteriophage typing of strains of
staphylococens aureus from various sonrces Lancet 1 510-514 1953
Wison G § & Atk nson J D Typing of by the b me
thod Lancet 1 647-518 1945

aureus phage tpe

aureus with

typing of aureus

The author s present address
Dept of Medical Bacteriology hommunchospitalet Aarkus C, Deomark



Acta path et microbiol scandinyy 72 160175 1958

The Diagnostic Bacterfology Department (Chief H Lautrop) Statens Seruminstitgt
Copenhagen Denmarle

A NEW EPIDEMIC PHAGF I'IPE OF
STAPHYLOCOCCUS AUREUS
2 Characteristics of Staphylococer I'ysed by Phage 6,57

By

P Burow
Rectived 20vn 67

In Part 1 of this studv a new experimental phage 6557 was deseribed
It 35 the primary purpose of the present report by using a larger ma
tersal to confirm the findin s published w a1 prehminary report (Bulowm
& Rosendol 1964) pr. that this phage 1s able to lvse strams character
1zed by bemng non typable muitiple resistant 10 anhibioties Tpase negh
tive and resisiant to mercurie chlonde

Farthermere the properlies of these sirams are compared with those
of strams Jysed by other group 11I phages {(mel 83A) as well e lhe
various types willun the 11 83A 6557 complex

These strans attract interesi hecause they give us our first opportum
ty to follow e evolubion of » new epderic tvpe since these struns—

tvpe 6557 (Bulow & Rosendnl 1964) or atypical type 834 (Jevons €

Parker 1964)—seem 1o be derved by lysogenic comversion from type
83A strawns which m thewr 1orn n o corresponding wny probably on
gnate from group I strains

Somte of these cvoluhonary problems hase recently been subjected to
insestigations by Jevons et al {1966) who confirmed the Tindings by
Bulow & Rosendal (1964) thal the new hvpe could have anisen from
83A by Isso.enzalion with a prophage blocking the production of the
Twecn splitten., enzy me and the susceptibility to typrn, phage 834 They
did not suceced m demonsiraling that other cultural charactenistics
apart from lemon yellow promentahion could be chanped by the pre
<ence of the blachtn, ph e such as produchion of beta fvsin and staphs
Iohinase and reststance o ncomyem nd bactrion s mipht be ex
pecied 1f naturally occurnng sirams of tvpe 834 were comparcd with
the new type

Tn the presont and followany, papers the relationstup between the ypes
witlun the complex 11 834 6657 will be reviesed with specind repard

Tork on this report was atdeed by a grant from The Peder Taurtls Jrlersens
Foundatton
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the prephage content of the strams In order to characterize the
ramns the examinthion mcludes resistance to mercatic chloride Tween
B9 reqction and antibotic sensttinity  Speeial 1ttention has been prud to
ihe distinction between dissocrted and  double resistanee to ery
thromvein {Garrod 1957) Struns with the first menbioned type of re
sistance are sensstive to oleandomsein consist of cells of vanous degrees
of reststanee 10 erythromyen and are mfiuenced antagonistientiy by the
two antslnoties i mtre { Chaber! 1908} Struns of the double restant
tape are resistnt to oleandomictn as well s fo erythromyon and all
cells w a cutiure are squilly resistaut 1o high concentrations of both
aniibiotics This distmetion seems appropriate 1n the characienzation of
strams smee the  dissoented resistamce 15 an ndueible properts
{Patfee & Baldwin 1962 Vi eaver & Paitee 1964} whereas the double
resistance seems o depend on 4 conshitline enzyme system

MATERIALY 4™D METHODS

Two materials of phage typed Staphyleca cus aumxs stralns hate been avalable
203 the strains apphed fn the present have heen ane
ar both
The total material cowprises about 73000 sirsins end s desenbed 1 Part 1
of this study
Strasps smeluged in this matenial
1799 strams type 8347657
1846 strains fype ©357
4736 strams $3sed by group I phages with or without additional Ivaes bs phage
834 anad/or 6557
258 nan typable stralas
The bacteraesmua material comprises 1534 strafus oblained from cases eramsned
in the period from 1337 to 1962 Part of thus material hias heen described previously

by Jessen e2 al {1873) The antibyobic sensilnaly of these strans has been checked
10 one single laborato;

Shams nclnded in \hxs materal
23 strams {37 695

54 strams 145ed by group 11T phages as well as phage 6257 bnt nat by phage 834
173 strmins (1ype not conndered) resistant to PST and PSTE

urthermoore 13 type 83476337 stralns resistant to erythromiein have heen col
lectel from both matersals

‘The methods iu\c heen desersbed an Part 1 of thus siudy with the eveeption of the
for xersus  double™ resistance sn erythro
msem and

zand
Honmer pesistauce to oy lhmm}cm has for some s(rams bem delermmed hy &
mare relined meihod etween

tonsmu(wc ( doubte ) \yPe of rcslsunf.a 'I\\u papcr dxscs mnuming 10 3 ol

B of Iy have been used for preparmz
pla\es (o7 the predilfusiom test (Thomsen 196%)

{Chaber! 192}
nt‘ \hg mduuhlc type of crvwrum)un resxsunce

m Fig 115 characterssts

by one toor {1 f
o 14 e mm culture msw utoent ngar pintes contmming 5 p% apd 15 4p L )
P

The Rel abiity of the E: of to Ery

u

As mentioned under Methods some of the senubivily test emy dh eleen
performed wn dufferent laboratorses and as the ressstance t5 tee gy 6 gems
Play & particular role as a charscteristic of type 6557 sp sal T t 5 ha bien

W a2t



Fig 1

The 4 or d erythi y i O = ol d F =
ersthromycm The appearance of the inhibtion zones shows the “antagonism phen
omenon  ch the d o induerbl f resistance to ertyhra

typs
mycin (The plates have been flooded with an 18 hour brath culture and ncubated
at 32 C for 48 hours }

gralvux to the reliability of the information concerning the sensitivity to this ants
1ot

According to Freksen et al (1960) the size of the Inoeulum as well as 1 prolonged
tucubation period (48 nsiead of 18 hours) is dectsive if resistant cells present in
the cultuses are to be revealed

Tahle 1 shaws a comparisan between the resuits olitamed variaus laboratorfes
all aser Denmark and those found in ope single {aboratoryt tahing the above men.

TABLE 1
The Resulis of Sensitivity Tests of 173 Stratns wnth the Anlibrotie Patterns PST anl
ISTF from the Barlernerma Mat ral Colle led in 1963 and Studied i Seceral fabor
atories al? ot er Denmark as Compared nith Those Studted 1n One Laboratory only

Snlibiolle patterns Antibfotic patterns estimated in
e e ™ one Taboratory only
PST ST PSTL
79 strains 63 strains 16 steans (207%)
PSTF PT PSTr
14 strains 2 strafns (45%) 47 strains
tioned m tests of 10 erythr tr 1 is seen 1hat 16 out of %

strains previousty found seasitive 16 errthromsan were resistant to erythramcin
when re tested by the more refined provedure wherers only 2 out of 43 strams
determined as ersy thromyein ressstant nere sensithe 1o ery thromyein

Thas 1} may be concluded that the fizures 10 be (Hained when the results tr m
yarous are used +alues

&

1 Institute of Medical Wicrobiology Universitet of Copenhag n (k. Tueneriz }
sen MD Reader in Medical \ficrobiotory )
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The Rehabiity of the Estunztion of Senutiity to Some Othes Antibiotics

The rehiability of the statements recened fram different labarstaries concerning
the to 1i; and tetracyelines can be Judged from
Table 2

Table 2 jpcludes 1,99 ype AJA/6057 strawns v the total malenial eollerted during
the years 1963 and 1964 4 randomly selected section compristng 316 strains has been
ve cxamined and as appears from the Table the results da pat disagree canssderadly
from those obtained in other laboratories vven i the prohability of « more intumate

epdemiotogieal connection ta the minor matersz) and the Inmied numb r of steazos
are taken ynle aciount

TABLE 2

Results of Tests Perf } war Varwus L 1es as Compuared unth
the Author s Re examinotions of a Section of t} ¢ Material Camprising Tyy e 83476257
Strains from the Years 1963 and 195%

EA Percentage of strains resistan? to
Tspe 83476257 senstise P BSHPT PST(C)  PSTL

1793 steans 1a the

total matertal 4 10 4 76 &
Ho strawns casually
selected for re examimation 3 7 § ™ 9

Thus it seems permissible to conclude that the 1aformation recersed from the
dufferent laboratories concerning the antiblotr sensitisaty of the staphylococer for
wared ta the phage typrog laboratory is acceplable and may form the basis of the
followsng studies of the antshsotic patlerns of the mata types within the phage f5pe
complex 1Y 834 8057

RESULTS
1 Stramns Lysed by Phage 6547 only ( Type 607 J

Antibuotic resistance Survey of the tolal material Previously st has
been stated {Bulow & Rosendal 1964) thal staphylocores Iysed by phage
a7 alone « ere usually vessstant to several antinotics m conlrast to
those not Iysed by any of the consentronal phages

A comparison between the bwo calegories has been summanzed m
Table 3 1t shows that sensihivsty to phaae 6557 1s correlated wath mul
faple antibicotic resistance and that parbeular (he combined whbiotic
paltern PST(C)HT 15 common within 1vpe 6507  bung shared by about
48 por cunt of the straans

Howeyrer two ercumstances tend to bring about an unduly low est
mat d nwmber of stramns with this pattern and a too b percentage for
strams with the comned pattern PST

In the first place as mentioned in Table 1 1n roubine sensitate 1 s
made i diffcrent Jaboratories ressstance {o ervthromyem ¢

Pass
t}x}nsr,xrorl‘med w same cases and the pattesn be reported as PS1in

ad of

Sccondly the strans entered n Table 3 as type 603/ arc not 2
homogeneous entits they melude a number of strair s t at <am b Iysed
i
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Antebrote Rest TABLL 3
niibtotie Resistance on Mon typable Strarns 4 Co.
mparison bet,
by Phage 6.57 and Strains St \,v;ﬂ f’[]l':lbl: ween Strawns Lused

Percentage of strams resistant to

Sens r s T c E
Strains Iysed by phage 15
6557 at RTD (575) ® o S0 »e 18 1
Stramns not lvsed by any 400 537 2 198 14 i

phages at all ("\T ) (250)

Pereentage of strains with the antibiotic patterns
only P PSorPT PST 18TC PSTE  PSTCEC

Strams hsed by phage 39 25 33
6557 at RTD (575) * i oo !
Stramns not Ivsed bv any 312 92 78 10 41 0

phages at all ( \T ) (220)

P = pemieillin § = streptomsern T = tetracychme € = chloramphenicol
= ersthromyam

by phage 83A 1t 1000 X RTD and which more properly should be con
sidered s tvpe 83A struns or more correctly tspe 834/6557 (see Parl
1 p 151) The desirable distinction d ding the use of undiluted
phne 834 1s howeser mconventent 1n a routine Inboratory procedire
and has not been made Consequentls too many siruns with the ro

sistance pattern PST typreal of type 834 (see later) hwe been included
under the designation Ivpe 6257

If 1n spate of the probable heleroencaty strams lysed by phage 6007
at RTD but not by anv other of the convenlional ts ping, phages at RTD
are accepled as a distinet type tns would comprise 1 very high pro-
portion of mulliple resistant strans n parhicnlar ot would be far
the most ervihroms cin resistant tvpe known in Denmark (Rosendaf &
Biilotw 1967) Table 3 shows that bout 50 per cent are strains with the
pattern PSTI and 10 per cent strmns waihi the pattern PST (or of the
figures are corrected according to Table 1 the pereentages will be about
60 and 40 respecliels)

Anlibolic resist, Detatled ¢x tion of the
The sclected matenal of bacteriemia siruns collected 1n the sears
1963-1960 was studied separately and more extensnely It included 158

1ype 6257 strams which were examuned for antibtotic resistance lo
P S T C and Cinone laborators  altention was paid to the mentioned
difficulties 1molsed m erythromscin sensttssts tests The anltitnatics
tested also included methictllin (M) neomyein (\) and bacstracin (B)
In this materiai resisiance o the two last numed anlibiolics nas s
combined and il was correlated to multiple resistance to the four or five

lected material




165

copventional anubiotics apparently in particular to erylhromyen (sce
Table 4)

Out of 98 strains resistant to P S T and L (re the patterns PSTL
PSTCE PSTFM and PSTGEM) 81 strains (83 per cent) were nlso re
sistant to neomyein and bacitracin as opposed to 2 (5 per cent) of the
41 strains resistant to P S and T (e PST PSTC and PSTV)

TABLE 4
C 1 between and B and Resistanie to the
Conventional Antibiotics
“Type 6557 strains 1n the bacteraemia material collected n the years 1963-1965

Antibiotic patterns

2R,

- ¢ B m 2 = B =

g = h B F 5 B ¥ & s

g & & & & Z & A& - & =
Total number 2 5 2 3% 3 ° 6 ™ & 3 148
of strams
Neomiein and baci 0 0 0 2 0 0 6 19 0 o 83
tracin resistant (56¢%)

Eleyen out of 148 struns were methicillin resistant and nonc of these
were N or B resisiant (If the M resistant strains were omitted from the
E resistant combined patterns the proportion of strawns resistnt to N
and B would be 81 out of 89 (91 per cent mstead of the above mentioned
83 per cent)) The incompatibilily of M resistance with N and B resist
ance 1s probably 2 constant finding 1t will be commented on 1n a sub
sequent paper (Rosendal & Bulow 1968)

4 total of 56 per cent of the Lvpe 6207 strams were resistant to neo
myvein and bacitracin

Wercury resistance and Tiween 80 reaction A positine correlation be
tween antibiotic resistance and resisiance to mercuric chloride (Hg) has
been demonstrated ( Voore 1960 Jessen et al 1963) and a negative cor
relition between anlihotic resistance and the production of diffustble
Tween 80 splittm,, enzyme (TW) (Jessen ef al 1959 1963) The Hg
and TW reactions of type 6557 stramns have therefore heen tabulated
,ai0st the antibiotic resistance using a material of 1946 strains Among
these strains 79 per cent were Tween negalive (TW —) nd 83 per cent
mercury resistant (H,+ )

As seen from Table o the positne correlation betneen He resistince
and mulliple antibiohic resistance has been confirmed

The lack of demonstrable Tween 80 sphiting enzvme s~ m> most
closely related to the resistance to streptomvemn and possibly to ery
thromyein but more dependent of the resistance to pemuilhn tetra
cyehines and ehioramphemcol
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2 Strans Lysed by Phage $3A and 6357 (Type 834/6457")

As previously menhoned (Part 1 55
p 155) 98 per cent of struns lysed
Zisl:e f: x;mq ]‘;l;qac 834 are Ivsed also by phage 6057 hence lhsn )l;;[(
121t e 7
et s 834/6057 1s virtually 1dentical with the pe previously
TABLE 5

Percentage of Hy+ and TW— strans wnllun Certatn Groups or Types of
Dinded Accord ntibtotse Patlerns

Antibiotie patterns

.
E Sens Pand PT rs PST+PSTC PSTE+-PSTCT
EH | | |
5
8y R A U - S S S
£Z g% BT £ R B3 = K T3 £ £ sz £ £
2 £% T2 & ¥ B o o RE o @ 0% .
6057 1946 17 20 20 2 87 73 37 9 83 44
8A/ss7 1199 16 16 28 2 a0 81 77 95 0 o 85 o
1 4236 83 11 % 1 54 A0 10 81 56 3 93 83

Tvpe II” means strains Iysed by one or more of the group ITI phages with or

wathout additional Ivsts by the phages 833 and/or 6557
Hg+ = resistance fo mercuric chloride  TW.— = Tween negatie
Comprised in the total material 1963 and 1964

Antibiotic resistance About 77 per cent of 1799 sirans 1solated 1n
1963 and 1964 were reporied to be resistant o P S5 and T nclnding
about 1 per cent that were resistant to chloramphenicol as well (Table
5} Onls 6 per cent of the struns re iso resistant {o erythromyemn The
selected malerial of strains isolated from hacleraenua cases ehiserved in
the years 1963-65 mncluded 100 strams of byvpe 834/6057 which were
examuned with regard to their resistance (o antitnoties including M N
and B s described on page 161 None of the 100 struns were found to
be resistant to the three antibhiotics However 3 type 334/62)7 strmns
among, 700 i the total matenal of 1960 werd found resistant to N and B
(Table 7)

Vercury resistance and Tween 80 reaction A total of 62 per cent of the
strans were TW nejative and 79 per cent were 1, +

The ralia TW—/TW + 15 correlated with the anbibiotic resistance
but less sumplv than for the type 6227  stramns {Te %) The
highest proporfions of TW —strauns (1hout 70 per cent) werc found
ameng strams with the patterns PST nd PSTC whereas the perecnt
age 1s lower (53 per cent) amony strams that we so resistant 1o
erythromyewn

This tvpe of strun follows the rules for positine correlation bitwuen
He resistince and resistance to an ncreising number of antibiolics

{Table 5)
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3 Strawns Lysed by one or mote of Group I Phages, with or unthout
Accompanying Lysis by the Phoges §3A and/or 6307

1t has been stated cirlier (Part 1 p 155} that ibout 87 per cent of
struns [ysed by one or more group HI phages from the baste sct at RTD
are lysed also by phage 6557, consitubing, the typus T1E/83 476057
11176557 1117837 (not lysed by pha~e 6057 ) wnd III (not lysed by ny
of the phages 83A and 6507 ) In the total malenal (1963-61) 4236
strans of the four mentioned phage patterns hase heen sunveyed

Antibiotic reststance Most of the strams are only resistint to no
antibioties or less nameiy 83 per cent including about 18 per cent fully
sensitive to the conventional anhibioties (60 per cent resistant to P
only) Ten per cent of the strams hae the patiern PST or PSTC the
additional percentage of ervthromyemn resistant struns 1s as Jow a5 3
per cent (Table 5)

Mercury reststance and Tween 80 reaclion Among, the group 111
strains coffechivels 30 per cent were 1 W-——and 21 per cent were Hy+
Correlation belween these properties and the antihiouie resist mce will
appear from Table 5

Phage pafturns correlated to antibtohic resistance TV reaction and
Hg resistance In order to show 2 possible correlation between the above
menbioned charactenstics and the sensitiity Lo the comvenlional typing
phages of group 111 1 smaller matenal of 327 strains rccerved from one
taborafors was examned

It was not found feasible to correlate the chosen properties to sus
ceptilnlily to single Lyping phages as the vanous phase patierns were
numerous

1t was Tound Yhat rbout 38 per ccnt of fhe stramns were }ysed by phage
6057 but not by 834 whercas about 50 per cent were lysed by both of
these phages less than 2 per cent were Iysed by phage 834 but not by
897 If a sinnle phage reaction 18 combined with suscephibnlity o
phages 834 and/or 6357 1t 1s most often due to phage 53 or phage 77

Thus the mater1al ¢an he dinided nto three subgroups by the ad of
phages 83\ and 637 »pt  those with the pafterns III/83A/6:57
T1/6557 and I (not Ivsed by any of the phanes 83A or 6257 ) In
Table § ihe two patterns 111/6057 and 1 have been combined because
4 primary division Gid not show any difference between the properbes
of the strams within these two subgroups

YHowever a conspicuous corrclation 1s seen hetween susceptimliby to
pha,e 834 and antibiotic resistance TV reaction and Hg resistape
{sce Table 6)

Struns not lysed by phage 834 vi. the type patterns IT /€57 and
1 zre resist 1t to moTe antibiotics than the strams of type HI/83A/
6557 are It 1s seen that 23 per cent of the strans an bue first group

and less tan 1 per cent in the second group have (he anhbiotic pattern
PSTE(C)
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'(Il‘he perccnh!{:_c of TW-—str uns among the {wo groups HI/6057 + 111
and I11/83A /0557 15 56 wnd 31 respectinedy the peicentnoe of Hg
ststant strams 1s 42 and 11 respectively N "
These corrcintions confirm the cone
t that
are dufferent enbities P that the the groups ot fpes

1t sas true of all the recorded h
pes belanging to the complex I
S: 8327 834/0357 111/6 57 4 Il und 111/B3A/6557) thlleno corr:{‘ano; \?2216553
cineen the TW reaction and the He resistance e

. . TABLE ¢
et een S 1 to Phage 831 Aatbeatic Path
and Hg Resistance among Strawns fysed by One ‘;r Mo:!mo:, l?e‘ Reastion
Group NI Phages at RTD

Antibiotie patterns

Sems P PSTand  ISTTand b
Py and PT  DSTL PSTCI out
™— 50 5 o 56
[
WAz ey MR 13 ¢ i ”“
ne,
Total 17 8 1 !
number {327 {47,) 067%)
™ 50 1 23 9
176557 56%%)
and 1T g 22 It W 3
(S 3]
Total 123 1 10 i
sumber (703 8%) (235

3 Furiher Studus of the Prythromyetn Resistance of Straws Bolonging
1o the Phage-Type Complex {11 831 6237

Trom the results reported here o seetus tht resistnce to L Nond B
mav be propertses of sy,mitcanee for 1 teniatng tistinclion hetween the
tvpes with the T 837 6557 complex Thereforc 4 sdechid mnterad
of 167 eprdemiologialls unrchited struns has heen tested for tvpe of
eryiliromsein resistance {cissocrted or doubk Garrod 1907} Furifnr
more resistance to N and B has been corrcdaled to the midnuble nd
canstitutionat forms of eryihromiun risistanec wd resislance te
oleandomy e

The resulls of this myesliaton ppear from Table 7
noled that the stramns are diaded nto three anlinolie pitterns

The first two wttotic patterns belong to Garrod s dissoctted tvp
ho 1o the nduesble form of resstance (18 eaver & Palic:
the third hclon,s ta the doublc type—~ o7 i harstroms br
m of resishanee 1 appors (it
wodue &oon

1t shouh b

corresp
1964) and
munoloss (1938) the constitutng  for:
the «rvthromyein resistance fypedd of “lypc Goo?
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mducible system namely 1n 93 per cent of Lhe strams whereas the
double or conslitutive form of resistance seems fairly rare (7 per cent)
Neomycmn and baeitracin resislance is exclusnnely combined with the
mducible T resistance which feature has also been found within the two
other phage type patterns of Table 7 Double resistant strains are chiefly
found within phage group III (here 31 per cent) \eomycn and/or
haeriracin resistince has never been found among struns of the double
resistant form 1n other words oleandomnein resistance and neoms cin/
bacitracin resistance is never found withm the same staphylococeal
stram in this Inboratory This seems to be i clear contrast to the finding
bv Jansson & W ager (1962) who reported that 54 per cent of N resistant
staphylococeal strams n Finland were also resistant to oleandomyein
But {he two matenals are probably not comparable as the latter was
collected m 1959-60 and seems to mmelude group I as sl as group 11
staphylococer

TABLE 7
The Relation between the inltbiokic Patterns and the Phage Types of the T §34
65,7 Complex wnth Special Reference to the Type of Erythromyein Resislance

PSTE PSTENB PSTEQ
Phage type ¢ 1 (inducibl
E E ) F )
6557 (100 strans) 7 8 4
834/6557 (13 strains) 7 4 2
X or ITI/6557 (54 strains) [ 31 17
“IN” means reaction with one or more of the group IT1 typing phages
P o= to 1 = to strep n T = to
tetracycl = t to ery = to B =
to b 0= to ol

Laght stramns among the types 6557 =nd I11/6557 included in Table
7 were methicilhin resistant they were all sensitive to neomyein and
braitracin whereas five were oleandomyein resistant Another remarh
able fact 1s that all strains within the two latier phage types were TV —
wherens five of the 13 type §83A/6157 sirmns were TW+ all of which
had the inducible form of resistance This will be discussed m a sub
sequent paper

Furthermore a materal of strams within the ITI 83A 6557 complex
with the antibiotie pattern PST has been tested for sensitry 1ty to oleando
myen ncomyemn and breitracin The resulls were as follons ou* of 69
S}l‘nns of type 6057 none were O resistant while two stram  were
Nand B resistant out of 50 strams of iype 83A/6057 none wer Mor B
resistant but one was surprisingly found to be O resistant out of 14

Struns of txpe I11/6557 3 were found to be B resistwnt but nonc were
N or O resistant
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An analysis of the sensitiaty to
the tvping phages of groep 111 st
antibiotic patterns shown 1n Table 7 has revealed some lnfcrpsll’ln:zlfi;l::yl:tss ‘\'\“l:".c";;

DISCUSSION

The results confirm the conception previously advocated by Bulow &
Rosendal (1964) that phage 6557 1s suitable as an additional hping
phage because 1t 1s able to Ivse the great majoniy of non tep ible
strains characterized by having othcr properties 1n common thus seph
rafing a group of multiple resistant strams from those less ressstant
(Bulow 1968)

These multiple resistant strains hase probably both i Denmarl
( type 6527 ) and 1 England (atvpiel 83A Jevons & Parker 1964)
ansen from 834 staphylococer by yvsogenic conversion with a prophage
blocl ing the sensilivity to typing phage 83A as well 15 the production
of the Tween 80 sphitting enzyme The properties of Fn,lish and Danmish
strauns of the new type seem to be stmular they are lssed by the same
experimental phages (Jevons & Parker 1964 Bulow 1968) and arc char
acteristie 1n that they are mulliple resistant (PST(C)I\VB) TW — nd
Hg+ But the type 83A strains 1solited 1 the iwo countries differ with
respect fo resistance to erythromvein 6 per cent bang resistant
Denmarh as opposed to 68 per cent in Fnglind (Jevons ef al 1960)
The svme authors 1lso found 2 percentane of TV 4+ struns that wis
much Ingher (96 per cent) m their matenial thon the percentisne re
ported by the Damsh authors (19 per cent Rosendal & Jessen 1964)

Howeter m recent sears envihromven ressstnce of the Damish 834
strains has become much more frequent and among the resistant struns
he pereentac of TW+ strains ruises 1t tbaut 50 Preliminary exper?
ments later to be published (bulow) secem to indicale thal resistince
to ervthromscin ind Tween posttesity may be dependent upon propes
ties of prophages thus being subject to variations

As staphvlococea! phages have plaved an important role in the evolu
tron of the new epidemic ivpe some problems artse Tirst do the phages
spread ep ! 2lly 1mong hospital staphilococer or dots anewly
Ivsogenized strun spread rmong hospital patients? Second  are the
phages responsible for the new properties of the hast eells which mahe
them mord fit to survive and spread in the hospita) mslicu?

The answer to the first question 1s probabls @ ves and no It is
common hnowledse (W tlams et al 1960) that a particular staphylo
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coceal stran with certamn  eprdemic properties (thus also the new
epdenme Lype) 1s able to spread among patients but epidemic spread
of staphslococcal phages 1 a population of hospital staphylococc: has
never hecn demonstrated

Some of the results discussed in the present paper su,gest that phages
eapable of blocking the suscephibility to phage 834 mught be present
bothin type 6057 and 1n other group III staphslococer as resistance
to phage 834 15 correlated with resistance to ervthromyein neomyein
and bacitracin

If 1t were possible to de monsirale tdentical phages 1n eprdermuologual
1y unrelated mulliple resistant strains of these types it might be per

ble to an i spread of one spectal phage among

hospital staphylococer and the two evolutionary processes

1) 834/6557 — 6057

2) I1/83A/6557 — 1I1/6557
mght be expluned as the outcome of this

At the present moment 1t 15 not possible to answer the second question
cither It 1s impossthle to tell whether resistance to crythromveir neo
mjyctn and bacitracin properties characterizing the Ivsogenized typesn
the right column are phage dependent Jevons ef al (1966) fauled to
show whether the mutation rate to resistance to neomyein mnercased in
hsogenized cultures of 834 strain if compatred with the parent strain

It does not scem Iihely that staphylecocer are able lo acquire resist
ance to other anuibiotics either as a direct result of lysogemzation
although a few reports on this topic have appeared Some confusion
seems fo have existed abont the ) 1on nnd transduc-
tion Thus Cavallo & Terranova (1925) claim that dexelopment of re
sistance to streptomyein can be caused by lvsogenizabion of staphylo-
cocer but mention that the phenomenon observed 1s a transduchion
and as a malter of fact 1t cannot be denied that an inerease of the
mulalion rate possibly caused by hvsogemzation man have taken place

Blar & Carr (1961) describe gam s well as loss of resistance to pemt
allin as a cause of Iysogemzation However according to reports pub
lished during recent years pemcillinase production has apparently been
proved to be a transduuble property {(Rit. & Baldunn 1958) the pro
duction of tlus enzyme being controlled by extrachromesomal plas
mid(s) (Movich 1963 Harmon & Baldwin 1964 \ovich & Richmond
1962) which are Jost from the baclerial cell with a frequency of 10 *
n all staphy loeoccal cultures (\owich 1963) Blair & Carr s results m.
probably be explaned as transduction of plasmids and — where ]«

1s loss of resistance—as a loss of these plasmids even 1f tt  lutter
Phenomenen might he a result of Iv sorenization (by analo.y witn the
phenomenon called prophage substitution) Thev discuss thor results
m relation to those obtawned by Worse (1959) who transduced reshist
ance lo streptomycin and novobiocin and to those obtained bv Comtors
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{1960) who did not succeed v z
resull of lysogenization of v pgscg};r;q:?r:u!:: antitiohe resstanee as 1
Since Btz & Baldwin in 1938 dumensteated (hat the abibits to produce
pemicsthnase was a transducible property among Staphylococcus aureas
sirams several reports dealin, with transducthion of reststanee lo
vanious ntibotics withun s group of orgamsms have heen published
A surves of the hiterature from recent vears and the hind of antihiolic
marhers uscd are grnoen in Table §

TABLE 8

Survey of Filerature Dealng with Transduction of Anhbiotic Resistance
belut een Strains of Staphslococens aureus

Antilnotic resistance marher

References

Penseslbn

Streptomyan noyohrocin
Tetracyveline

Peniallin telracychme novolocm
Tetracvchne

Streptomycin noyehoem
Streptormem

Frythromyem
Erythromyein oleandomycmn
Chioramphenicol novobiocin
Tetracschae ervthromyon
Tetracschne

Peminaflin (plasmd)
Streptomryein

Pentesthin (+ Hg)
Tetravvehine (i tuo)
Tetracychine

Rit € Baldun 1943
Marse 1929

Mitsuhosh: et al 1961
Pattee & Raldwn 1961
Catlins € YMeDonat 1 1963
Doy ell & Rosenblum 1902 (a and by
Kirman £ Berman 1962
Mitsuhashe et al 1962
Patfee C Baldyn 1967
Catlins € Koy 1963
Awrahara et al 1963
Yewa el ol 1963

Vouich 1963

von Graereml 1964
Rechmond € Jakn 1964
Jarofmen et al 1%ta
Mitsuhashs ef al 195
Yeponald 1966

Peascidlia teteacscline

It scems bevond doubt that transductton ol resistance mirhers
amon., staphslococes 15 1 genertl phenomenon Transduction m fio
was first demonstrated bs Velaudapillas (1060) who studicd Salmonefla
nfechions in chich embrvos and mree In 1965 Jarolmen et al were 1hle
to transduce resssianee to fetriesehine fo staphsiocacer 11 vivo By intrs
senotss smjechon of stiphiiococeal phitaes propagited on tolrieveling
resistant strans followin., previous mjechion of scnsiine staphnlococct
I tedracy chne were admimstered the injected staphslococe 1t cells would
chan.e more readils from sensiting to resistant

These results may help to chnfs the doselopiint of antibiatie r
sistanec amon,, hosptal stiphsfococer which mn b the resull of
transduction of resistwee markers oocther with 1 saleehive pressure ¢ f
(he antshiotics admimstercd Howeser it 1s still possible that e hugh
mui tion rite among staphslococer m be v suffiennt explanatson of
the emcrgence of reaistinee when the use of mhiotics 1s mvobed

In the Bight of these consideritions fulure mmeshgtions st folon
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two hmes the copsumplion of antibobics in selected hospitals will be
correlated wath the emergence and spread of the new multiple reststant
type within these hosprials Furthermore i witro expermments with
transtuction of resistance 1o erylhromycin among staphy lococe wall be
performed

SUMMARY

An expernimental phage 6057 lysins, 2 magorils of non typable epidemic
Staphylococens anrens strams 1s fonnd to be swtable as an addiional
typing phnge

The properlies of sirams Ivsed by the experimental phage are de-
scribed

atrams lysed by phage 6557 alone are characlenshic in that they are
multiple resistant Tween negatue and resistant to mercuric chlonde
mor frequenth than the other strams investigated

Resistance 1o erythromyemn neomsem baciiracin and methwalin s
Tess frequently encountercd m strains lysed by typin,, phage 834 than
1 strains resistant to this phase te stramns lysed by phage 6007 alone
or it combination with other group 111 phages

T'robabiy the same prophage can bloch the susceptibility to phage 834
m all strams mvestigated It 1s discussed whether the deselopment of
resistanee to erythromycr ncomvein and bacitracin also 1s phage
dependent and f noured by consumption of the antibrotics 1n queshion
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BRIEF REPORT

ABSORPTION FROM THE PLRICARDIUA
By Trond Rluge

Absorption of tracer substances from the pericardial cavity in rats was studed by

electron microscopy lymphography and analysis of thoracie duct Ivimph
Therium dioxide (Therotrast) was absorbed 1n the form of free particles by pino
cytosis and was incorporated into electron dense bodies 1nterpreted as Ivsosomes
Thorium particles were not observed in the intercellular spaces Absorplion was
more rapid through the parietal than through the \isceral mesothelium The visceral
n ab did not participate 1 the

cells a 7

absorption
Horseradish peroidase a protein of MW about 40000 was mainly absorbed

through the intercellular spaces Small amounts of reaction product were ohserved
aside cytoplasmic vacuoles and electron dense hodies The passage of protein mole
cules between mesothehial cells indicates that the tight junctions (zonulae ocelu
dentes) do not as previously suggested (1) seal off the intercellular spaces Simalar
oabseryations on endothelum have recently heen reported (2)

Bs lumphography dramage of thorium dioxide through the jarasternal medix
stinal and diaphragmatic lymphatics was observed Analyses of thoracic duct hmph
indicated that lymph from the pericardium entered the duct in jis cranal as well
as 1n jts caudal portion ———

References 1 Farquhar M G & Palade G E  Junctional compleves in variou
epithelia I Cell Biol 17 375-41” 1903 —2 Rarnovsky M J The uftrastructural
basis of capillary permeability studied with perovidase as a tracer J Cell Biol
in press 1967

Recerved 13 xii 67 from The University Institute of Pathological Anatomy Riks
hospitalet Oslo Norway (Head O Torgersen}
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Unversity Department of Pathologv General Hospital Malmo Sweden

ASBESTOS BODIES IN
THE LUNGS AND MESOTIHELIOMA

A Retrospectwe Exanunalion of a Ten Year Autopsy Valeral

By
1 HaceErsTRAMD L Meurwsy and B OpLinp
! Recerved 295167

Since the thiries when pulmonary carcinomas i patients with as
bestosis were reported (6 11) asbestos has been suspected 1o be car
cmogenic In recent years the question of a possible relationship be
tween exposure to ashestos and mesothelioma of the pleura as well as
the peritoneum has attracted interest (20) We therefore considered 1t
of value to study the autopsy materal of mesothehioma at the Patholo
gical Department General Hospital VMalmo Sweden with regard to the
presence of ashestos bodies Siular studies have been reported from
several other places (5 8 10 12 14 16 17 21 23) In order to throw
further hight upon the problem of asbestos and mesothehoma we
meshigated the frequency of asbestosis n our autopsy material as well
as the presence of ashestos bodies 1n the lungs 1n autopsy cases m an
oceupational group said to be exposed to ashestos (electricians)

MATERIALS AND METHODS

The material 1s dersved from autopsses during 1957-1966 at the Pathological Depart

ment General Hospital Malmo Sweden Malmo fs a town with about 220 000

habitants siltated on the southern coast of Sweden Workers within the tectile and
hipl and snsul workers are the ones most heavily
exposed to asbestos in Malmo The town has only one hospital with one pathelogical
dcpartment where post mortem examinations are performed on about 98 per cent
of patients dymng 1n the hospital corresponding to more than 60 per cent of deaths
In the town The tolal number of autopsies during this ten year period was 1% 763

The distribution with regard to the different years as well as the sexual distribution
are shown 1n Table 1 Teq per cent of the material consisted of children under 1%
years of age In every case of malignant tumour routine evamination was made |
lymph nodes from various sites and from Iungs liser spleen hidney and the pro
state 1n addition to the primary tumour and the macroscopieally visible m t  tfases
A total of 25 pleural mesathchiomata were diagnosed during this per od and i
addition 2 mesotheliomata 1n which cases 1t could not be decided whether the
tumou had started in the pleura or the perscardiam (these two cases w  in luded
among the pleural i ) as well as 8 mesot of the

(sce Table ?) The eriteria for a diagnosis of mesothelioma were strict A complete
and (horough post mortem examination where no other pnima  tumour could be

demonstrated was required The histology 1n each case 1as well ¢ nsistent with that
of mesothelioma,

12 AcTapatH 7 0
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T4BLE 1

The Distribution of Mesoltheloma wn the Entire tut psy 1af wilh Regard
Entire tutopsy Hat.
Yaterial wulh Rega:

Vales  Females

Year Vales  Females under  wnder Tatal 1:1)1‘:;;“ Pc;:i::nl

15 years 15 years thelioma  thelioma
1957 467 472 5% 47 938
1958 451 487 89 51 938 : 2
19,8 547 557 59 63 1091 3 0
1966 612 377 69 48 1194 2 o
1961 521 £95 2.3 58 1223 2 1
1962 730 530 64 59 1320 4 1
1953 709 699 €9 51 1408 1 0
1364 716 48 61 53 1464 5 2
1960 703 9 7 5¢ 159 2 [3
1968 819 846 20 61t 176y 2 0
Torat 6349 6394 at 539 17463 27 L]

The welude { the follawiag items

1 Furery case of mesothelioma Was re assessed the post mortem record was
reviened aod the ustolony re examined

2 Thirts four mesotheliomata (11 one case of pleural mesothelioma no blocks of
lung tissue were lefl) were examiae! for the preseace of asbestos bodies in hungs —
The control series comprised 34 autopsy cases of mat huog a<e and scx choden Bt
random exclyding eases of pulmonars tuinours {see Table 3)

3 Simee there was no hagnosis of asbestosts in the entire autopsy material dursng
the years 1957-1964 we reveenod thes material {o see whether the disease might hune
been overlool €d, We re assessed ecerd post martem record by re exanuaing the short
ehmeal history that was available as ned} as the patholo,ical anatomical dlagn »si
and the macre and micros opre deseription of Jungs and pleurse M was suspected
that 15 cases of uncertain Jung changes expecially pulmonary fibrosss might have
been asbestosis The lung sectrons from these 15 cases were re examine

During 1982 and 1986 when this imvestigaticy was gosng on we followed the dailv
antrpsv wark with <pectal attentian to ashestosts

4 Lung scchions from 23 electrictans included in the avlopsy matrial fe m the
vears 1927 1964 were examuned for the presence of asbest)s hodies Tlectrictans were
the onh ones who by nay of their profession were Lsposcd to ast estot among whom
we could get enough cases i the autop 3 material, stuce the o cupation was ot
asually noted

I eyers ¢ase examened for askestos badies two sections from healthy lung tssue
30 mrcrons thick and unstained were nyed The ervleria for asbestos bodies were the
same as those sel up iu the classical des ription by feaer (1) AN bodies sisitle in
ordinary lizht microscope were counted serardless of their length See Figures 1 and
“ The countings were made by one imestigator (Seurman)

Figs 3-%
Fiz 7 Asbestos bodv (Aulopss o 48 r4) X 1600
Feg 2 Ashestos bodv {yutopsy “o TH0/841 X 1700
Fig ¢ Macraphola o 1 1 with grape lhe growth (Autop ™o
e 53& {Aytapsy No 435 38) Abd munal

Fig 3 5 @ il by
4 muscle at bottom of picture Hiz-e X 35






180

TABLF
Anamnestic and Patkolog cal Pata
Autop  Ageat Site of
Ye D Age al
" symo death 5T Oc upation Phmary  Lymph node metastases
tumour
Plenral mesotheliomata
a7 54 4o 8 watch maker 1t pleura mediashaum
57 285 58 3 engimneer {foreman vt pleura
af shipyard)
87 510 67 ? house wafe perieard mediastinam
plenrae
57 665 82 2 house wife 1t pleura medastioum
58 102 60 9 hospital nurse Tt pleura
58 854 69 3 police officier Tt plewra
59 186 57 3 dealer (frame rt pleura mediastinum  nech pars
manufacturing) aortal mesenterium st
mgue rl axilfa
59 531 72 & stevedare penicard
i pleara
59 593 66 -3 shop assistant rt pleura para nortal mesentiriu
mediastinum
60 317 67 3 sugar mll worl er ¢ pleura mediastinum
60 321 60 3 electric fitter 1t pleura
61 1004 3 8 cabinet maker It pleura
61 1089 ¥4 & plater won sorher rt pleura
t2 87 k] & ship vord worker It pleura
6% 3y 72 sugar mill worher pleurac
2 601 71 F housing agent ¢ pleura mediastinum 1 and B
fosya supraclay
n @ 70 9 wilew £t pleura hilys para aortal
o 1 st pleurn medisstinum 1t and R
R 2 % ¢ housewife fossa supractay  rt adill
&4 3 ) Fi raflnay plater rt pleura
£t pleura 1 hastinug

61 981 16 &  rabway fler
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Nomber of Histologucal pattern
Other distant metastases lsbf;t;::m; 1es epithelial sarcomatons
4 Tupg liver pancreas hidneys not imestigated +
1 adrenal bralp vertebrse
1t plexra Xt laog Tner kdnevs 2 “+
pertoneum
[ +
{psammoma
bodies)
et pleura st fung rt breast hner 0 + +
adrenaly myocard stn {in vertebral
Tetastases)
1 + +
o +
lungs Iner kidneys vettebrae 1 + +
* htoveum Qin vertebra)
wmetastases)
Tang hver rt laduey vertebrae 8 + ~+
€in vertebra]
metastases)
pleurz peritoneum L] +
(psammonna
bodies)
1 +
yocardum >100 + +
2 + +
pleira 1t lung Iner 2 + +
wichrae Uin vertebral
metastases)
o +
iner perstonenm 40 +
4 + +
t pleurs peritonesm [ +
vleurs lungs rerebrae ¢ +
(also sertebral
metastases)
ner vertebrae 100 + +
(in vertebray
metastases)
33

+



TABLE
Near Autop Age at Site of
s no  death S¢¥ Occupatton primary Lymph node metastases
tumour
64 548 66 3 sanitary inspector It pleyrs
64 786
63 Fi workshop assistant  rt pleura mediastingm  axillas
o \yae It fossa supraclay
1 &4 [ haus wife 1t rteura mediastinum  axillas
fassae sapractas
para aortal
65 117 72 3 engine driver rt pleura mediastinum paca portal,
rt fossa supraclav
85 945 ki 8 instructor 1 textde  r@ pleura mediastinum
factory fossae supraciay
66 308 72 9 unknown It pleura mediastinum  para aoctsl
66 633 53 2 charsoman 1t pleura
Peritoneal mesatheliomat
232 65 8 pipe laver peritoncum
58 286 57 Q heuse wafe peritonenm
] W1 83 v g
mediastinum
58 488 80 3 carpenter peritonenm para gortal
61 161 65 3 engine driver peritoneum rt ingue
62 148 45 k4 mender peritoneum
64 177 83 9 cook peritoneum
64 740 78 3 stock room man perttoneum
RITSULTS

In the following report of the results the same figures s shove will be
used fo denofe the detarl studies

1 Siomficant datn that emerged from the roview of the meso
Meltoma material are summanzed i Fable 2 yery pleural meso
thehiomn grew as fluck grevsh whife fumour masses cneasing i
enlire lun, or parts of it (the upper lobe) and obhieraling the pleurnl
casits  The tumour gress into mleriobar s well as interlobudar sept
In many eases the tumonr was macroscopic il mucord The phucd
mesotheliomata shawed a marhed tendeney to nfiltrating growth mio
the thoracic wall pericardium  mediastimum and throush the du
phragma wnto the petitonieam or relropertonetity 2round the 1dren s
1In addition m 15 cases there wece metnstases to lumph nodes and 10
18 cases metastases ta other orgrns (in 12 cases to the lungs and cr he
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2 {vemt )
Jumber of Histologieal pattern
ther distant metastases asbestos ses
Other du in tungs epthelial sarcomatous
0 +
1t plenra longs pentoneum 5 +
pentoneum 1t m psoas 0 +
It plewrs 1t lung Iner o -
fungs Iner perionewtm myocardism 0 +
5 +
1 Kdney 3 +
tner 5 +
Tiser [ +
+t plenra ¥ *
ner [ +
8 +
2% + +
° +
>0 +

other pleura m 11 cases o the hver m 8 cases to the peritoneum n 7
cases to bone and 1n 5 cases to the kadneys) Al the metastases registe
red wm the {able represent frue metastases not direet overgronth
i1y the X of the per {3 eses) had the
SAME IMLCrOSCOPIC appearance as those of the pleura growing as greyish
white musses on the partetal pertoneum as well as on tke surfaces of
abdominal orpans In 5 cases the perrtoneal mesolhehornala trew n
numereus greyish blue polyps or grape bhe formations rangmg from
afew mm to about 5 em wm drameler on the panetal as well 15 on v ¢
™ pcnl:mcum (see Figure 3) The lumounr was often mueord The
§ ta of the pertl did ot metastasize 15 extinsinedy as
thase of the pleura etther to }ymph nodes or to other orgais
The histological appearance of the periloneal mesothelidmatn was
of epithelial characler {see Pigure 4) sarcomatous fe.tures were noted
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in . TABLE 3
amnestic
and Pathological Data about the Control Seres
Nember of
Year  Atiopsy  Ageat oo
Sex 0 asbest
oo death cupation Dodies.  Main discase
n lungs
Cantrols match
o 5‘0 ;n] putm;l; wuhépleural mcsat:yelmma
SR C:
57 532 67 2 hous:,\,v:(len :) Cancer ventrieuly
57 533 84 ° house w1fe 8 Cancer yentrieuls
53 16 50 ¢ hospital fucse 3 Lancer aesophagt
;’wpassnszcm Intoxnatio barbiturica
ouse mad
58 865 89
50 199 f & emmmer O Infarctus cordis
E 41 3 bank cashrer 1 Rethoular ccl
3 5 7 1 headwmaster B Chronte.py lonapmetti
et 35;9 67 ? gymnastics teacher [ Lung (uh”c ;mepl:rm:
E‘D 33; g? 3 traveiling agant o Cancer p;r:cc:c::::
P 1008 4 g :;'h‘n(a(b‘ ltﬁ:c:a* 0 Cancersesicac urmarlac
a1 1121 n H g man 14 1 ymphatic lewhemin
a8 A u H mere t: Y [ Infarctus cordis
i 5 a g bool bindes 0 Cancer oesophag:
r2 pind o7 4 !loc)\”:zgm ma g Grant ecl) arterstiv
€2 975 70 < hrose wife (hu’; o }:fnnrr::\l‘ﬁ t(l)';”!l
- s 7& band electric Dtter) cntriet
64 52 73 ; :‘:rul:(?r“ e ; Emmr yeatewolt
o3 283 2 1rrhosis ot cancer heprts
¢ waork shop master ] Diabetes mellstus +
T
123 578 &3 3 colour sergeant a ll:'l‘:l;r:l{,xtsl:;r:ﬂ;m &
(33 807 i 3 police constable 0 Infarctus cordi
g; ﬂzu 8 2 hatse nife o Fmbulia p‘;ﬁm *
o ;gg ég & stoker care taher 2 Infarctus cordl
3 painter 5 Fneephalomalucia
66 am 74 ¢ unknown o {arcinokd
66 891 L33 ? sto h room woman 1 Cancer b utent
{later house wie/
ntrols matching patrents with peritoneal m soth Loma
5 243 68 Es smith Q Gancer sesicac urinaris
58 307 57 12 cook 0 Valignant gllnma“ rine
58 493 62 ® house wife k4 ultiple myelotma
53 488 32 é traselling inspector 0 Cancer coli
61 164 9 3 plater e Subarachnoid
- \ haemorrhage
& 346 47 ? unknown o Cln";,t ?rrrsl during
anasthesta
& . &7 4 unhnown 0 Huplura speurysma a rtae
64 753 0 & regestration elerk o Iafarctus cordis car er
coli cancer prostata

only 1 one case Among the pleursl mesothchiomata only 2 were of
purely sarcomatous appearnee put tn addition sircomatous features
were observed 1n 9 among 1he 27 cases \ ertebral metastases expectally
tended to grow m 1 sarcomalons pattern (sce Frgure &) but 10 one cise
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there were eprthelinl structure m a vertebral metastasss as well In tso
of the pleural mesothehomnta, psammoma bodies were present (sce
Figure 6}

As the entire qutopsy matenal included 12 763 cases the frequency
of mesothchoma was 0 27 per cent 021 per cent of this were ploural
and 006 per cent pentoneal Figures will be shghthy different 1t chil
dren under 15 vears of age are excluded~03 023 and 0 07 per cent
respectivels

2 Asbestos bodies were found m 15 of the 26 casos of plenral mese
thelioma mosth 1 few bodies were found hut m 4 cases, hodies were
numerous ¢ ¢ more than 260 \o cises showed pulmonary fibrosis fn
the control series asbestos bodies were found 1n 10 cases but never n
farge numbers

Ashestos bodies werc fonnd 1n 3 of the B cases of pertone ]l meso
theliom sn 2 cases bodies wire numcrous Thire was no pulstonary
fibrosis In the conlrof serics one casc had many asbestos hodies one
£ase had tho

3 Among the 15 eases suspected of asbestosis only one ¢1se showed
adyvinced pulmonary fibrosis and numerous ashestos bodies { wtopsy
No 123/60) This pitient was n eleefrie fitter who dicd At 54 from
metastasizin, adenocaremoma of pulmonary ongin Durng 1965 and
1966 while this imveshizilion was gomg on 2 etses of insiymbicn
ashestasis were encountered One ease (autopsy No 613/60) died fram
i aq 3 sck This 53 vear old man who i heen
an msulation worker for 34 vears so had apreal cascoencrnous pul
monary tuberculosis The other ease was 1 6o year ofd wsuirbion wor
ker wha died from carumom) of the urinars bladder {aulopsy o
$97/60)

4 Amon, the 23 electrictans asheslos botes nere found in I8 cases
i 17 of these only fon hodies were scen whereas 1 ease showed 37

hodies
DISCLSSION

Al studics of mesotheliom suffer from 2 certun degree of uncert ynly
owing to dingnostic difficullies The eascs of mesothefioma pre<inted
here fulfit the critenia generally requred for this dir,nosis i that no
other primary lumour wis found i smie of 1 carcful post mortam
exanmnation and also w that the macroscopic made of grownth and the
fustologte appearance were typrent {313) (1w g et al (3) demmnd {ha!
the tumour preferably should pol have metrstasize d but of ot hind tlu:
only 1o tegional hhmph nodes ’l‘l}x)lsl criterion was fulfuied only
ur cases of plenril mesothchoma

m1\2?5?m\1ld lihe to!slrcss the fact that perstonen! mesotheliom often
ow as polypord grape he grevish blue anid Haemoerth vaic

e T heen desersbed W Crcero hoier

tumovurs This (inding h1s previoush
(4) and others
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As to the stologienl pritern of mesothehoma we should Iike o
pomt out a few detals only Our eases confirm Hourshane s obsersation
that vertebral melastases from plesral mesothelioma tend to prow n a
sarcomatous pattern 1t has been clumed (8) thal the presence of
psammomsa bodies m 4 tumour makes & diagnoss of peritoneal meso
thelioma unbkely In this connexion s of nferest to obsere that
psammoma bodies were present m 2 eases m our materat of pleural
mesuthehoma

R s difficult to compare the frequency of mesoiiehoma m onr
material with that m other autopsy materials owing to differences in
their composition As mentioned abpre i our matenal the frequency
of mesothehioma was about 0 27 per cent 021 per cent of which were
pleuraf and 0 08 per cent perstoneal homg (10} reporied = frequency
of pleural masothicloma of 0 7 per cent and of pentoneal mesothelioma
of § 16 per cent (13 307 consecutine autopsies bul no cases of ashesiosis
from the 8t Georg Hosplal Hamburg)

From Dresden Rotizsch (16) reperted 20 pleural and 2 perrcardial
mesotheliomata among 21 Ga1 antopsies (@ 12 per cont)

In the Bernhard Baron Instilute of Patholo.s London (9) the fre
quency of mesothelioma duning 1920-1963 was found to be 03 par cent
Vighans (23) found pleural mesothelioma i 0 3 per cent 1 an tepsy
matersal comprismyg 24 700 indviduals over 40 years of age from Tu
o Mt and Paver The frequency m our material s thus m furky
good agreement with iindings 1 previously reported materials

C ably higher freg of mesplhel have been reported
from wilopsy materials consishing of cases of asbeslosis or cases ex
posed o ashestos Vigharu {23) discovered 3 mesothehomata ameng
172 aulopsy eases wath asbestosis (17 per cent) Selthoff (17) found 10
mesothehomata in an autopsy matenal comprising 307 ashestos wnsule
hon workers ta New Yoth and New Jersey (22 per cent} In our meso
theboma matenial there was no ease of ashestosis and an the entsre
autopsy mater] from the jears 1957-1866 only one cast of frue

bestosis coutd be d rated

Asbestos bodies were encountered m 15 1mong 2€ eases of pleurat
mesothelwma and 1t 10 eases 1w the mtchunyg control senes ¥ Chur, s
striet erifena for the dingnosis of meselhehoma were obsersed and our

melastasizing mesothehomia of the plenra thus excluded 8 cases re
mamed b of which showed ashestos bodies Bodies were numerous only
n one of these Asbestos bodies nere encountered tn 3 amon,, the 8
cases of perstoneal mesotheltoma n 2 coses 3n the controt gronp The
high frequeney of malignanl tumours mn the control series mav e
cribewzed since makignancies other than mesothchoma also P4t bun
said to be refated {o ashestos exposuce (7) It has not feer p uihie to
esamne the matersal with regard to exposure to wsbist s durin, lsfo
bt n most enses ocenpations were hnown Cases with sbundwnt as
bestos bodiwes had had an occupation m which a certam evposure to
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la:!besms m1y well have occurred According fo our opuion the most
portant difference between the mesotheliomn and the control series
seems to be that cases with abundant ashestos bodies were matnly
founq mn the mesotheliomn series (6 aganst 11n the control serics 20
asbestos bodies being taken as Iimut value) It s remarl able however
that asheslos bodies were numerous only 1n one of the electiricians who
by way of their profession are smd {o be exposed o asbeslos A possible
explanation of this may be that ashestos 1s so closely attached to the
sulating material that no dust occurs At ary rate there was a higher
percentage of cascs with ashestos bodies among, the elcetricians than
among mdividuals with pieural and peritoneal mesotheliomata {78 per
cent 1gunst 57 per cent respectively 33 per cent) The averase age of
patients included m the mesothcltoma materinl and that of electrict ms
was pproumatncly the shme but there were 9 women among the pa
ttents with plenral mesothelioma 4 amon., the patients with pentoneal
mesothehoma

Several studies of the presence of asbestos bodies m lungs 1n cases
of mesothehroma have been published since 1960 when Wagner (21)
ponted to a possible connexion between this tumour and exposure to
asbestos It deserves to be mentioned that as early s m 1903 Wetss
(22) Germny reported the presence of ashestosis mn three cases of
pleural mesothchomn and suggested 2 connexion hetween the two dise
ases Most insvcstigations info the oceurrence of asbeslos hodies mn the
lungs of patients with mesothelioma indicate 2 marked positine corre
lation and thus differ from the materal presealed here Among 4o
pleural mesotheliomata reporled from Belfast (5) asbestos bodies were
secn 3n 34 cases (72 per cent) whereas onlv 2o per cent an ihe controt
series had asbestos bodies Owen (158) Iverpool observed 1shostos
hadies 1n 7 eut of 10 c1ses of mesolhehoma in contrast 1o 19 pur eent
frequency of nsbeslos bodies 1n 200 consecufnne autopsies [rom Lon
don Hourthane (9) reported that ashestos bodies and/or ishestos
fehires were present mn & out of 7 defimte plenral mesothehomata and
mn 7 out of 11 definte perilonen! mesolhehoniata wherc1s neither
ashestos bodies nor ashestos fibres were observed 1n 50 consecutive
autopsies excluding cases of thoraeic tumours On the other hand i
studies m which the presence of ashestos bodies o lungs has been
taken s starting point 1t has not been possibfe to demonstrate positise
correltion helween the occurrence of asbestos bodies and misothe
fiom1 Among 100 autopsies m Pittshurg Canna (1) found ashestos
hodies 1 41 cases none of which had mesothelioma Fsen more 1t
marhable 1s Veurman s report (14) from the area surrounding, the
ashestos mine at Paakkiie in Finland  He examined 264 eses and de
monsteated asbestos bodics 1n 57 6 per cent of these but he found no
case of mesothchoma

1t 15 sery difficult to draw anv conclustons {from our own nvestthad

Lion as well as {rom the ather unestigations related above Trom our
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- - - Fig 7
So called psendoasbestos body
Carbon needle covered with
segmented protein layer
(Autopsy Mo 780/63) > 1200

7

work and from earlier observalions by Weurman (14) as well as by
Thomson (20) it can be concluded that a small amount of asbeslos
bodies 1s a normat finding 1 adult individuals Thomson (20) studred
500 consecutive autopstes performed 1in Cape Town South Africa and
500 performed in Miam: Flornida using smears from the lung bases He
found about the same frequency of asbestos bodies 1n the two matenals
te 30 per cent among males 20 per cent among females In 85 per
cent of the posiive eases bodics were few In our opmion inveshga
tions 1nto the frequency of asbestos bodies should be based on wdentical
criteria and 1f possible performed by one and the same investigator
Since a lugh percentage of asbestos bodies 1s normally seen n lungs
the number of bodies must be much higher 1n cases with mesothehoma
than o the controls if a positise correlation between ashestos bodies
and mesothelioma s to be proved Among our 34 cases of mesothelioma
6 were found to have an abundance of bodies as compared with one
case with numerous bodies among the controls

The presence of nsbestos bodies 1s not equsalent {o exposure to
asbestos sinee other materials as well may give rise to a development
of such 1roncontaining bodies (14 g 7) It must also be kept in mind
thal asbestos may be of different types and the carcinogenic effects of
these mav differ Exposure to ashestos does not always lead to a per
manent deposilion of ashestos bodies m the lung and there 1s no stmple
relabion belween the degree of «xposure to asbestos and the frequency
of asbestos bodies 1n pulmonary tissue Thus Vigham (23) found no
ashestos hodies n the lungs 1n 10 cases of mesothelioma wilh a hnown
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cluneal history of exposure to shestos A study from Cape Town (18)
companing asbestos mine workers 1n the North Weslern Cipe and the
Transvaal showed a similar frequency of asbestos bodies 1n Juna see
fions from the two groups whereas the Irequency of asbcstos badies m
the sputt of hsing patients differed (35 per cent i males from the
North Western Cape 16 per cent 1 males from the Trnsy 2al)

SUMMARY

Cases of mesotheloma (27 of the pleura 8 of the pertoncnm) mn 2 ken
sear autopsy matenal (12764 autopsies) are presenled Thirly four
have been re examined for the presence of ashesios bodes 1w the lungs
The contral scries was compostd of randomly chosen aulopsy cnses
(34} of matching age and sex Asbeslos bodies were found 1n 18 ¢1ses
m the mesothelioma group and an 12 cases n the wontrol series Lhe
differences 15 thus rather small In this regard the present study dif
fers from most simiar nvesbigations whah report @ evident differ
ence between the presence of ashestos bodics 1n eases of mesolhehoma
and 1 {he control series We should fike to stress the fact that a smail
number of asbestos bodies normally can he seen n lnngs If a positine
correlalion between ihe presence of ashestos bodies and me<othehom
15 to be proven bodies must be numerous in the cases of mesolhchomn
In the present insestigation abundant bodies were found in 6 cnses 1n
{iie mesothelioma group and mn 1 case 1n the control senes

Add This matenal has earlier been presented fo {he Swedish Societs
of Patholo,v in Slockholm December 1966 by Hagerstrand bdlund At
that ime the fiLores were asheslos bodies were phserved 1n 7 cases n
the mesothehoma group wnr 2 cases n the control group Only classic
bodics about the fength of 70 microns had heen counted W are vers
pleased because Doctor Meurman kindlv particspated 0 this work nd
re exammed the matenal that t mught be comparable with tus own
earlier work {14)
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THF THYMUS OF THF
ADULT STRESSED DOG, A PREDOMINANTLY
LPITHELIAL ORGAN ’
A Histological, Histochemienl ond Statistical Study

By

A1 Oxsay
Recenned 1844 67

Watney (1882) (3u) was the first to deserbe epithehal cysts n the
thyvmus of the dog Hammar (1905) (18) claimed that they occurred
fairly frequently i ilus amimal and (1921) (19) stressed the em
thehal character of the thvmus Marne (1928) (22) observed that they
were more frequent in the endeme goiter region then elsewhere Barg
mann (1934} (3} @nves an account of them 1n {he dog nd elmms that
their amount 1ncrenses with a,¢ so s even fo domnate the fstologieal
pcture of the thymus

There hive been accounts of epithehial formntions rosettes or cysts
in the thymus of other ammals cals pigs cattle rablats mier and
rais (Hammar 1800 (19) Bell 1906 (4} Lrdleun 1806 (14} Dearth
1928 (9) Tschassownil ow 1929 (34} Selye 193G (28) Koss et al 1941
(27) Plagge 1914 1916 (25 20) Dawmdson 1951 (8) Dunn 1905 (12)
Arnesen et al 1928 1961 (1 2) Ihrderholn et al 1908 (10} Csaba ef
al 1963 (7) Cowan el al 1963 (6) Limhartova 1964 (21} Friedman
el al 1964 (15) Oksanen 1966 (23) var Haclst 1967 (17))

Dubots (1850) (11} regarded thvmus evsts as pathognome for sy
phulis in man, and n the extensne autopss material of Wewse (1939)
(36) 1n the thymus emthelnl formalions which fie fermed Frinutn
horperchen  were pencralls distnbutad

The histochemical aspeel of thymie cvsts has hoen imvestipated
tmuce by Snutk (1964) (29) and i rats by Ol sanen (1966) (23) The
epithehial cells of the evsts showed relivty of nan specilic csterase suc
e debvdrogenase acd and afkiline phosphatase and DPN dirpho-
rase (MADH hipoannde debvdronenase)

To the hnowledge of the author there hne been four lustalogiead
accounts of cvsts of the camsne thvmus bul no study of their Insto
chemustrs and none of therr modence i ifferent g proups the
respeeling SCXes of I varous conditsons of disease
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For this reason the present mmquiry was made concerning the fre
quency of mnerdence of thymie cysts in the dog and their proportional
relationship to the iymphocytes as well as the distribulion of the two
types of tissuc m Aifferent age groups n the sexes and m association
wilh various diseases At the same time a histochemical studs was
made of the localisation and activity of six different cnzymes 1o the
cells of these c3sts The chemical reaction of the ¢ysts was also ex
ammed by means of PAS staimng and Aleian blue technique

MATERIAL AND METHOD

Random samples for this study were collected fram autopsy material in the Depart
ment of Pathology of the College af Veterinary Medicine over the period 11 9 1962~
141966 the total being 107 thymus specimens from dogs above 6 months of age
The animals varied in age were of either sex and had died or had been destroyed m
various conditions of discase The histological samples were taken from the pre
cardral mediastinum on the ventral side of the oesophagus and the trachea For the
most part the thymus was macroscopically recagnisable onlv in joung animals or
0 those which had died snddenly In emaciated mdiniduals the mediastinum swas
athin almost brane with roundish grey violet nodes of

tissue 2-3 mm 1 diameter In fat dogs there was in the region of the precardial
medsastinum a layer of fat up to 5 cm thich divided nto s ctions reminiscent of
the Jobules of the thvmus Marked hyperacmia was frequently observed in the pre
cardial mediastinum

The samples were fixed in 10 per ceat formalin embedded 10 paraffin sectioned
at 4 4 and stamed with haematotyhn ecosine For the histochemical studv thymic
samples were taken from 8 dogs which had just died or been destroved Thes were
frozen with solid CO and shiced to a thickness of 17 x in the eryostat microtome at
—18 C or where the preparation was very fatty at —24 C. For the acid and alka
{ine phosphatase tests the eryostat culs were fixed 1 sce-cold acetone and treated

® the Gomor: methad for a pertod of 30 minutes aad 1 hour s lacubstion respec
tnvels For the following reactions unfived cryostat sawples were used to ascertan
non spectfic esterase by the acetale method for 3 minutes and for succimc dehy
drogenase by the nitro BT melhod according to Vachlas incubation time being 20
minutes The were m for DPY (NADH)
by means of the Nachlas Walker and Seligman method applied for 30 minutes
20d LAP (lencine anuinopeptidase) by the same method with an incubation time
of 2 hours The PAS staiuing was carried out as recommended by Hoeluss and
Steedman The“aining methods used are deseribed in the manual of Pearse
gglﬁhl)ﬂ(u) Controls laching the specific reaction agent were provided for each

o

In order to try to obtaln a comprebensie nicture of the different elements 1z the
hislalogical preparations these were classified on a scale of 0-10 If no cysts were
observed m the hust the freq was assessed at 0 while the
highest incidence was signified by 10 in which case the preparation was more or
less domi by evsts C 1y th

N e complete ab ence of Iymp
]ome: was signified by 0 and the most abundant presence hy 10 where the
ymphoctte count was carried out i the thymus of & voung healthv dog

RESULTS
Ihstalogical Stndy
In the histological ex wmination 83 of the 107 cantne thymus ,lands
contuned epithehal cvsls There were considerable sartab ns 1n the
tustological pieture for example in the amount of Ixir phocytes hyper
acmit and evsts an therr form and content as well as mn the texture of

B acmaramn 10 2
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the wall membrane The thymus of (he healthy ~oung mdinidual con
tains a parheularly lirge number of lymphoevtes The lobules are
clearly divided into cortex and medulla Hass il corpuselcs e seldom
observed i the adult do4 although thes are occasionally found 1n
young individuals

In those thymus glands which diverged mosl from the above mchure
tarymng amounts of fatly tissue were observed winch were divided
into units corresponding io the thymic lobules The centre of these
contamed cysts of varying size often surrounded by Ivmphocyles
(Figs 1 4) The forms of the ¢ysts ranged from cireular to nirrow and
oblong They were bordered by cube shaped or eylindrieal eilinted ept
thehnl cells The large sometimes oblong nucleus of the cells was
situaled closer to the basal membrane than to the edrited end (I 1, §)
The cysts frequently contamed an eosinophilic PAS and Alaian blue
posiiie structureless mass cell detritus de.enerated celis and oflen
some presumably post mortally desquamnated mtact ciliated epithelsal
cells Bloodfilied arteries 1nd veins were directly connected with the
cysts In many cases the wall of the cvsi surrounded the blood vessel
n such a way that the form of the cyst was distorled The cyst re
sembled a lahe with 4 broken shorcline in which the blood vesscls
were hike headlands or at some levels of sectioning hke 1slands therd
being nevertheless alwavs an epithehal Tiyer of the evst wall between
the Dloodsessels and the confent of the cyst

In the most radically changed thymus glands with marked hyper
aemma and 1 ¢yst emihelism of high inbael and active appearanee n
abundance of enzvme activily 1 the epithela! cells could be shown
histochemically Marked sipns of DPN dwphorase (NADIT) (Eis 11
12) non specific esterase (8) and succime dehgdrogenase were ob
sersed 1 the cvloplasm of these ctlia epithelinl cells The ctlin were
only famtly visible A small grammed reaction of all altne phosphatase
was obtamned m the cvioplism 1 the nueleus a funt reaction n
places and 1 the eilir a particularls marhed reaction (ki 9-10)
Actd phosphatase cwsed a marhed reaction in nuclet nd ¢3loplasm
{Figs 6-7) All extoplasm reactions were stronger in the aren belween
the nuclens 2nd the calza than between the nucleus and (he basal mem
brane o traces of LAP acliats were observed The content of th
evsts was PAS positie and showed 1 light blue reclion la lein
e
“l}llu\sc\er sometimes the picture of the thumus cysts show a dif
ferent histological structure In some cases it was possible (“‘ See "‘5““
of the form descrihed But thes appeared 1o be empts and “““'t W ;
were covercd waih flat cells In these eases the thymus rcp,mlll\ <'|_:x:\ru‘ts
no hyperaemia Many ifferent variations between the oxtreme form
of evsts described were observed n the maten



Figs 5-7
Fig 5 Cilated epithelial cells on the wall of a esst in the camne thymus He
X 1600

F1g 6 A part of an epithelial cyst jn the canme thymus Acid phosphatase X 700
Fig 7 Desquamated epithelial ¢ells fn a canine thvmus cyst Aad phosphatase
00
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Fig B A m&) of an epithelial ovst in the canine thymus W n peckfic rsterase
i

X
Fig B t part of an ¢fithelial cast in the cammne thyvimus Abkaline fhe { hatose

X

Fig 10 Desquamated epitbelial celis w the eyst [ the canine thvmus § nzvme
setfuifs s strongest o the esba Mkabne 3 phatase x 1306

Fig 13 A part of 31 epshelsal ovst o fhr cantne thomy DN diaph ra ¢ {(NADID
X 460
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Presence of Cysts and I ymphocyles and their Relafwe Proportion

The material used 1n this study compnised 107 canine thymus glands
In 83 cases or 77 5 per cent of the total cvsts were found to he present
On the basis of the mode of assessment mentioned n the section on
Malerial and Method the average frequency of meidence of ¢ysts was
415 and that of Iymphocytes 2 80

A correlation analysis of the frequenctes thus ascertamned for cysts
and lymphocytes revealed a hughly sigmificant negative correlation R
was —) 383 The regression cocfficient was B = —0 306

The Effect of Age

The age of the animals studied was known n 83 cases A correlation
analysis gase the following results There was an almost significant
posilive relationship between nge and the presence of cysts R = 0283
B = 0309

Belween age and lymphocyle densily agawn there was a hughls sigm
ficant negatine correlabhon R = —053s and B = —0773

The Influence of Sex
The meidence of cysls averaged 4 3 in the fcmale and 4 6 1n the nale

The Role Played by \ arous Conditions of Disease n the
Incidence of Cysts

The matenal was divided into groups according Lo different patho
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logienl conditions Because of the small number of eases 1n the diff

rent groups the material could not be trcated statistically Tn;);c c1
shows those groups of different pathological conditions which diver.ed
marhedly from the average as well as the group called varn cbm
bracing all completely 1solited cases and finally the groups which
came closest to the average The group designated negatine comprises
8 antmls which did not show any pathologieal anatomieal changes
:m(lil which were destroyed on 2ccount of maintenance difficuliies as
;;im:: two mndividuals which had died mmmediately subscquent to

TABIE 1
Average 1
N No of 1erage
1agnosts cases madence incidence of
of cysts Tumph ey tes
Neoplasms 20 504 220
Diabetes and adipositas 7 613 0s8c
Nephritis interstitialis
chrontca (without uraemia} 5 &00 040
Other chronic
inflammations kil 4fs 204
Vana 39 373 257
Negative 10 020 550
Tolal material 107 115 280

DISCUSSION

Histolo,teal examinations ware earried out on a total of 107 eanine
thymus glands Lven 1n cases where it was not possible to recogmise
thymus Ussue macroscopically samples for histological study wert
tahen from the precardinl mediashnum on the ventral side of the
oesophagus and the trachea Only ndunidunls over 0% vears of age
were mncluded Thymic cvsts were ascertuned 1 775 per cent of the
material This figure 1s deaidedly Iarger than the 20 per cent gven by
Marne (1928) (22) ‘The reason for tlus mav be that in the present
work samples were also taken when the thyvmus could not he recog
msed macroscopically

Belween cyst and lvmphacs te density there was a hiphly simficant
negatine correlation (R = —0383 B = —07306) In other words
an abundance of cysts occurred 1n connection with Ivinphoeyte de

crease 1e mmvolution Age and lymphoestes were found to be correlted
negabinely to a1 highly sigmificant degree (B = —05%0 B
—0773) Hammar (1903) (18} called tins phenomenion ae nvolu
tion Between cysts and age on the other hand there was only 1l
most siamficant positne rel

ation (R = 0283 B = 01309) Themc
dence of cysts was thus onlt partls dependent upon the ke of the
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indivdual or upon age nvolulion and 1n fact they were found to be
associated above all with mvolution not deriving from a.e the 1ca
dental mvolution Hammar (1905) (18) obseried m various eases of
stress such as disease or hunger

The material nas too small and heterogeneous to allow for statistienl
treatment of different groups of disease It was however possible to
ascertamn 1n some groups of disease 'werage frequencies of ncidence
for cysts which did diverge from the rest While the average for the
whole material was 4 15 1n negatne autopsies (10 cases) the average
weidence of cysts was 020 a figure considerably lowcr than any other
m the materinl This supports the findmgs of the correlation analvses
of age cysts and lvmphocvtes The emergence of cysts 1s largely de
pendent upon external conditions of disease In a number of the discase
groups the frequency of medence of cysts showed an aserae higher
than that of the total malenial Chronie mntershhal nephnhs (5 cases)
averaged 8 00 dinbetes and adipositas (7 cases) 614 ncoplasms (20
cases) 504 and chrome inflammations (26 cases) 460 From this it
may be concluded that thymus cysts occur abundantly n associntion
with a vanety of palhologic conditions Thev are not bound to anv
particular disease but are rather a sign of a general reachon of the
organism to stress

Hammar (1902) (18) observed mn the canme thymus the presence of
cysts whose characteristics corresponded to those noted by the present
author Hemmar (18) however nlerprcted them as degenerative
changes sequesterta whereas m the present work the cihaled epr
<thehal cells surrounding the cysts were found lo be intict and have
the appearance of hife and actiits Thev were obsersed both 1n amimals
which had dicd from natural causes and in dogs which had been de
stroyed at various stages of disease Thus the 1bundant enzyme activity
observed n the cells may be attnbuted rather to Inely cell function
than to degenerative processes The findings of the present study
would scem to support more the opinion of Wewsc (1939) (36) Arne
sen (1958) (1) Clark (1968) (5) and van Haelst (1967) {17) 1e that
these cells have a special function an endoerine sigmificance

Vamations n the proportional relationship belneen the thymus
Ivmiphocytes and the epithcliar retrewdar cells associated with msoly
lion have often been noted Greenberg et al (1962) (16) in therr histo
1 and och ! studies 1 that even the number of
epithelial cells increases in various siress situations hhussar (1964)
(20) again noted mitose activity occurring 1n the epithelial reticutum
cells subsequent to \ ray treatment and associated with lymphccvie
loss The highly sigmficant negalne correlation noted i the present
Material between lymphocytes and emithelal cysts may also be inler
Preted as a sign of antagomism hetween the different types of cells
Lymphocites dominale in the voung healthy ammal while epithehal
formations emerge 1n connection with disease
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Senl Gyorgys et al (1962) (30) using a bochemical techmaque
1solated 1n the thymus two active and mlagomishie components the
growih promoting promine and the growth relarding  retine  In
the opimion of these writers both are present i balanced proporiion tn
the thymus of the healthy amimal and thus cancel cach others 1
fluence m thyvmus extracts

Tallberg s studtes (1966} (31 32} hhewise indicate two possible m
fluences m the thymus He found from the thymus of rat two thymus
speeific anligens

If i fact, 1s the above mentioned studies would su,qest the thymus
dots contarn two simultancously present and mutnaths ntagomstie
tissues emerging 1n different proportions under cuifierent ¢ xtern 1t con
ditions this mught explun the fact that m anumerible thymas ex
tract studies described in the Iliterature (refer to Tesseranzr 1909 (3317
conflicting resulls have been obtuned especially n cases where the
relaionship of the thymms to yartons endocrmye organs 15 imyeshigat d
These studies s usualls lchin., on the histalogieat preture of the
thymus

SUMWARY

A Tustologieal study was carried ont on 107 camne thymus glands
macroscopreally visible or already amvolaled taken from aulopsy mi
tenal of oser 6 months of age but otherwise rindom sympled The
specumens were (ahen from the precardrl mediastmum In 775 per
cent of the matersal cysts of varyn, size and form were observed
The frequenes of meidence of cvsts vared The wills of thesc cysts
were generally surrounded by culne or evhindrical eihated pithelium
Between the frequencies of ncidence of evsts and Iymphocytes 2
lughly sigmificant negative correlalion w1s ascertauned ihewise he
tween a-¢ and lymphocites while between 14 wd eysts only
most sigiificant posdise relation was found In soung hethhy dogs
{vmphocytes demmnated the hislologicil preture whercas the cvsts
dominated m chromically diseased cases The epithiehal cells rescaled
the actinily of athaline and acid phospltitase succine dehvdroganase
DP\ dinphortse (NADI diaphorase) and non speethic esterast
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ON THE CHEMICAL
PATHOLOGY OF INTERSTITIAL FLUID
a9

2 Intracellular and Interstittal En yme Actindy in
Experntmental Granulomas

By
Minko MEMI! and BENGT S1LVEN
Recerved 131167

The mononuclear phagocytes play a hev role m chrome nflamma
tions and m many non bacterial inflammatory processes Increased at
tention has therefore been focused on the morphological and cylo
chemical mode of reactivity of the inflammntory phagocyles m spe
cific (Grogg & Pearse 1952) and non speafic chronc inflammations
{Gedigh & Fischer 1560) as well as mn delayed hypersensitivity reac
tons (W aksman 1962) and in homografl rejection {Perex Tamayo &
hretschmer 1965)

Resting macrophages are hnown to show inconspicuous enzymalie
reactions (Gragg & Pearse 1952 Gedigl & Bonthe 1957 Suter & Hul
liger 1960 ao) Morphologieal studies under the hight microscope
(Metchnikoff 1892) eclectron microscope studies (Dumont & Sheldon

1965) and cyvtochemical inveshigations (Gedigh & Fischer 1960) have
shown mcreased actinity in 1

macroph in Tesp to
wflammatory stimuli It 1s known that active macrophages show in
ereased activity of histoch Ny lable 1y ! enzymes at the

site of an inflammatory process (Gedigh & Bonthe 1927 Mustakallio &
Azemt 1966) Direct evidence of the itricellular events mn the macro
phages during the inflammatory process stem from the e pilre studies
of Gohn & Wiener (1963) (reviewed by Cohn (1965)) who have shown
that the h responds hroch ally to the act of phagocytosis
by 2 rear of its Iy shich 1s subsequently followed by
a discharge of the Ivsosomal enzvmes to the phagocytic vacuoles and
leal ag. of some of these enzymes to the extracellular space
The biochermical events taking place 1n macrophages v

e

This work was undertaken during the teoure of an Eleanor Roosecelt Int r wational
Cancer Fellowship of the Amertcan Cancer Soctely awarded to Dr N em by the
Tnternanons] Union Against Cancer 1t was ol o supported by grunts from the
Julilee Fund and the Cancer Society of Stockhotm

1 Present address Department of Anatomy Universitv of Turku Finland
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targely unknown and hitle 15 hnown about the compaosition of the ex
tracellular flind envir of the reachive bissue It was thorufore of
iterest 1o study the enzvmatic paltern of the mterstitsnl fluid of carhy
granulomas 1 which the macrophnges form the predonunant cetl
type Further comparison wilth sumilar enzyvmatie data from solud
tumours {ep Sylven £ Bots Svensson 1901 195a) wiil apperr i 4 sub
sequent paper

‘The present contnibufion will cover three particular aspects rddaling,
only {o expersmenit) granulomas namely

1) Thentra and extracelinlar huistochemical enzyme reachions
2) The occurrcnee of cell igury ind Ivae on the past of macro

phages and
3) The enzymahic actnaly patiern of the cell free mlerstilital pra

nufoma flurd

MATER{4LS AND MFTHODS

Foreign body granufamas were produced fn adult rats of both scxes by mjc 1
aseptic suspensions of ta} um powder preheated o about 140 € far 4 431 ar

From 2 10 5 m} of saline suspensions were injected subcut of (m int cach ¢ t o
both sides of their bach muscufature fats were Litled 8t § 7 11 8 and 61 days
after the injection and pleces of the granulomatous tlssuc Were preces cd t r his

olomy and histochemistes
! Thi pature of the inflammatory ecll response na  assessed on stained smears of
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cetral granuloma fhuid and detritus taken derectly {or fnspection In this wa) cases
with hacterial contammation presenting a turbid flud rich in lewhoestes were
grouped separately

Tvaluaiton of cell 1nguny) —The frequency of icreyersible inpury in the cell popula
ton aof gon nfy was B e eveh est of
Hol 1 4

) i o and other eells were yroduced by
shal tag thin shices from the fibrous capsule a0d the centeal tateym detritus sepa
ralely in saline 2t 37 C After centrilugation the free floating cells were resuspended
10 a 1 per cent solution of hissamine green and the frequenty of cells permeable to
the dve were counted Lysed sells and coll remnants were al o noticed In sections
tar ordisey histology

hstalaqr ol and hestochemscal fechnques —Tissue preces were eather fresh frozen
’n 150 peatane challed dn sohd earbon dioxide or fited asesal Bt §u formol calcrum
At 4 € The Iormer preves were cut In o cryostal marmtasned ot —2o C Formol
cal jum fised materral was transferred to Holt s gum suerose mediam tHolt 193%)
hept at +4 € r st teast °f hours and cut vathout any further treatment fa the
+ryostat dlternate serqsl sections of each sansple swere tahen for routme. hastologrcal
taiming with haematevvim and cosin (H & E)

At phosphatase ( WcPhased artinaty was demonstrated both m fresh frozun and
formol-ialetum fived tissues by the technigues of Gomarc €1852) and Bacla £
Andersoc (196) naphehal AS VN phosphate served g substsate 1o the latter te b
dlgue and sodim @ glycerophosphate 1n the former techarque 2 Clucuroniia ¢
acth v was Visualized using naphthol AS Bl B glucuranide as sybstrate ang *
7olized pararasans! ne s the coupler (Hayash: 18 497 Psterase ctnaty wa 1 -
strated at pH &8 by the techninue of Noft (18 8) us ng 4 chloro 5 br m  nduv 1
acelale s & substrale 10 M F600 (paranitropkenvl phosphate) w 5 1 t 7 ¢s used
25 xn nhibit ¢ included hoth 15 a 1 retacubation bath for 38 mm 720 0 the sub
strate mfxture

For the dem at hthylamid

noacyl act
smice (LNA) was used as a substrale The 1ncubations were

3 Uu vl 2 naphtt 1
arried out at pH 53
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6 and 65 for 2 hours s the medim of Vachlas el T(197) cont
added Mg sons Ouh unfived fre T eontating o ankde and
e pons, Onl unfived sh frozen and drrea™ eclions were used for the

Tu order to mexd arfefacts control sechions of all
e ithout s SR T s o ST bt
crystallization was prevented by shortened mcubation times and diminished dye
cancentrations Another effectne was to avord erystallrzation way lo add enzyme
mhibitors such as 0.8a A EDTA or 0005 M periedate

)’n(;rsh{;mltgmnuiar:m fiuid was sampled at 4 7 and 11 days but older granutomas
were toa dry far The were di & from the decp side hlunily
opentd up by forceps and the free fluid was collected by glass eamilaries wath an
snternal diameter of 01~03 mm witheut applsag fressure ta the tissue At feast
20 to 200 p1 of flid could usualls he obtained fram each focus also fn cases of dry”
granulomas when necessars indisidual samples were poated to obtain enough finfd
for assas Admixed cells were effectivels remaved 1n a capidlary centrifuge

Samphing of bleod plasma and nterstitial fiuid fram the perrtonen! cavity (P
flusd) of normal rats of ufferent age groups was performed as prextously described
Sulien & Bows Stensson 1865)

Dok assea A, ~Fresh unf cell and blood free fnterstitist
granulema fluid was suitahle diluted and processed for the assay of jrofein con
teat (Vaypar & Ghek 1954) degree of UV absorption and actnity of a selecton of
enzymes These incladed some of lysosomal origin and athers such as dipeptidases
considered fo orcur an a dissolved state 1 the ¢ytaplasm The lotal Lhase autnaty
wat assayed wath speesal anterest although the precise subceHular comp hs
tion still is an open guestion (ep below) Tor comparisen sumilar data nere eallucted
on fresh saraples of normal rat plasma and IP flud. Al technfeal specifieats ss
hase been compiled in Table § In the case of Acthase g glucuronidase arsl ul
phatase lactic dehivdrogenase (LDH) and glutathione (G550} reductase stand o
sssay methods were followed In the case of L\ase acid protemnase and dipeptid:
assays the pH distmbution rumes of actuaty were determined for each material
separately 10 order 1o asecertain the optimum pEl under present condstions of assay
(Table 1) Conviderations regardsng emzyte stabihty neressitole the use of fres!
materale considerable fosses of actively by sterage over might 8¢ refrigeratar tem
perature ar by deep freezing and thawing have been notreed particulardy in case of
the metal-dependent dipepiigases L\ases and AcPhase as well as to a lescer degree
with the cathepsins The otber 4 enzimes under studs were less affected by freezing
and could be processed the day efter samphng

Separate experiments are further recorded in the text in order ta study the reasons
for the low cath and & idase activities of 1 fluid o separations
hate heen made in order to characterize the composite nature af the different acl}
protenases (mamly eathepsin B and D and posstts some ) responsible for the
total catheptic actnsty assaved {cp Robert & Cambier 1964)

RESLLTS

Our interest was manly attached to the first two weeks of earls 11
aulomn formatien characterszed by non bactersal inflammatory chan

7 Figs 33
tame witt
Fig 1 A frosh frozes section of a § dass old talcum (1) granuloma s
¢ I & E A collection of mononucledr cells around the forciga body and six
of c21} destruction « 709
Fig @ AcPhase actssity an a § davs old granutoma (Naphthol 45 U\ phosp! te as
substrate) High enzeme aetivits around the taletsm deposily and an p o 38
cular phagacvies X 00
Figs Sand $ pl.\ast reaction in £ snd 6 days old sranulomats On}
marvophages in the forel,n bodv showed high enzyme activit

Fig 4 x 200

She the
T I
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Figs 5-6
Fig v Non speaific esterase activits an a formalin fixed section of a 4 davs 11
granuloma Reactine macrophages showed distinet actiity and some diffu
extracellular reaction around the taleum (T) as well x 300
Fig 6 The h showing 8 activity were less in number but
often contained large intracellular lags or werc heavily staine 1 throughout
the evtoplasm X 300

ges and massive tecumutation of actine macrophages All cases subject
to bacternl infection presenting a turbid fhud nch in feukoertes werc
discarded from histochemical evaluation but are for the purpose of
the records mentioned under Section IMT

1 Ihstology and Histochemical Observaltons

On the 4th dav 2fter injection the taleum deposils were surrounded
by marhcd oedema and 4 cellulir reaclion cont unming 1 fow teuhocvle
and masses of actinels phagoesyting macropha.es forming, 1 dense wall
around the deposits (Fig 1) In 4 to 7 dmns old granulomas most of
the enzymalic activily was concentraled to these cells The AcPhise
(with both substrates) and I\ase actinities were especinlly pronnnent
(Fig 2 3 and 4) The B glucuromdase and T600 resistant indoxwd
esterase achivities studied onlv in formahin fixed tissues were afsoy v
actsve i the most prominent macrophages w which large cnzvine pest
tive conleseent grinules or vacuoles wery seen (Iig 5 and 6 Mcro-
phatcs located further oulside the narrow reacline Inver genorahy ex
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Figs 7-8
Fig 7 Al glant cells of a 98 days old granuloma showed jnlense L\ase actnity
X 200

Fig 8 A smear from the central detritus of a 11 days old granuloma A number of
arge | Nase positine bags in damaged macrophages ¥ 600

hibited a strong AcPhase activity i many small granules but only a
weak or mconspicuous L\ase activity localized to a few small vacuoles
per cell This lends fo suggest that the two tvpes of enzvme activity
may not be located in the same subcellular compartment or may not
be actnated under sumilar biologieal conditions

The AcPhase and L\ase reactions showed some diffuse cytoplasmic
staining i macrophages as well as positive reactions also in the inter
stitial protein rich exudate (e¢p Section III) especially around the tal
cum parbicles The increased extraccllular enzvine reactions suggest
that enzymic proteins have leaked out into the mterstitil phasy

In granulomas older than 11 days the granulation tissue penctrated
deeper 1nto the talcum deposils massive phagoevtosss by macrophages
occurred and an ncreasmng number of multinuncleated giant cells was
seen All the mvestigated histochemical activities were high through
out this granulahion tissue including the fibroblast Tspecially marked
achuty was found in macrophages engulfin, talcum particles as well
as diffusely in the cytoplasm of giant cells (Fig 7) With 1 view to cells
shed 1nlo the exudale cell injury and death was more prominent (cp
bulow) Such dimaged macrophages and other cells contained large
enzymatically reaclive vacuoles most cells were filled by one or a
few giant L\ase positine  bags typrenl of advanced stag edlm
uny and wtolysis (Fi, 8 Sylvén & Lippr 1965)

"
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I Frequency and Results of Cell Dealh

Judging from the lustological sections « modcrate number of macro
phages scemed Lo die it the course of tlcum phaJocs tosis mostly hon
e 2 ta 11th dass of granuloma formalion heavils «acpolized hat
laaued cells were seen nuelear fragmentation oceyrred and brohen
cells were found That palvmorphonuelor leshoeslos centuadly dud
was elear swnee they disappenred from the cxudite dunng the same
time ore cxacl mformation was however deried from the hss
amne greea dye exclusion test on suspensions of eelis from tifferent
parts of the granulomas

Brieflx wboul 1 per cent of cells suspended from the epsniar Iner
were permetble 1o the dye at 4 and 7 days This 1s posstbh due to the
fact that only 2 hited number of eells hecame delxehed Suspenstons
of the cenlral Ileum 3cr generalts contamed ofler the Hi fo #th
day up lo 10 per cent of derd cells (Table 2) On the $1ih div the
clear eentral fhnd contuned few dead cefts while the eentril dotrtus
was estimated to cont nn ahout 66-100 per cont arrtversibly damn,ed
macrophages Most of these cells were I maly loaded wilh taleum par
ticles nd may moreoves Bave got 2 1op long diffusion path for sursinad
The frequensy of damaged nd dead cells was much mercsed 1 n
fected granuifomas t'Table 2 Sechion B)Y

TABIE 2

Estemated { ercentage of Irres ersibly Damaged € elly sn Different {arts
of Talcym Crenulomas

Age of granulomas el suspensions from

avs the eapsulc the flusd the cent | 11 av
{nuraber of cases) ‘o -
1 4 w1 -1 110
(1]
1 -1 t-1e i1
142
11 11 -50 -1 o 100
(L5
] 1 EUE] € 91 0 10
118y

4 “on tafected grapul mas wath clear fluld
B Iafected cases wih turhsd Gaid

Antong the cnzvme renctions the 1N s 2.2 proved of s e Tor 151:
duagnosss of injured and wilohvsin, cetls the apperance of r»\ i ;ry;‘
vacueles or “ba.s with 1 strongly positint 13\ ase reachion

suggestine gudmee (Hig B)
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11 Biochemical Qbservations

The non mnfected cell and blood free granuloma flurd was water
clear or shghtly yellow 1t contamed no detntus and did not clot spon
tancously As compared with normal IP flwd the total protemn content
of 4 days old granuloma flud was ncrensed from about 3 to 58 per
cent The protein content at 11 days was shizhtly lower about 52 per
cent (ranges 4 4-6 1 per cent) No increased UV absorption was found
at 260 mp

The average figures of relative enzymatic actisily per 1 volume basis
presented a characteristie profile with a balance marhedly n favour of
certamn lysosomal ¢nzymes (Table 3) At 4 days the AcPhase g glucu
romdase and aryl sulphatase acinlies were mereased about 8-10 times
over the normal levels of IP fluid The LNase activity showed 1 in
crease of abhout 10 tumes while the LDH and GSSG reductase activities
were less increased The total eatheplic activity was only shghtly in
creased but the dipeptidase remained very low Later on at 7 and 11
days all activities went down except the cathepsins which showed a
further rise During the sequence of these events no apparent correla
tions were noticed between enzyme activity and actual volume of gra
nuloma fluid high enzyme activities were found both in very dry
cases and 1n those with large amounts of flud

The enzymahic pattern was on the other hand marhedly changed
m infected cases presenting 1 turbid leuhoceyte rich exudate contun
g a large percentage of dead cells (Table 3 bottom section) At 4
days all enzymatic achivties including the cathepsins LDH and GSSG
reductase werc much higher only the dipeptidase activity remained
low The subsequent sariations with hime were grossly related to the
extent of cell death and releasc of lysosomal and other enzymes There
was again a marked decrease of lysosomal enzyme actrvity with time
with exception for the eathephic actinily

1t 1s fully reahzed that these in vwo activity data sllustrate the situn
tion 1n situ without due information of the possible influence by en
zymahc mactivabion with time presence of natural inhibitor levels
rate of flmd transport and exchange etc A puzzling result was the
low rise m total catheptic and negligible dipeptidase activaty 1n clear
flwd necessitating further experiments Granuloma flid was thus
added to partially purified cathepsin B and D preparations from hyver
The cathepsin B actinity was marhedly inhibited while the D acinity
remamed uninfluenced (data to be published) The dipeptidase ach
vity of liver homogenates was not influenced by added granuloma flud
for various lengths of time up to 4 hours Henee the granuloma flmd
conlained 1 cathepsin B imhibitor but not a cathepsin D or a dipeptidise
nhibitor

The important fact remamns that the cell frec non infected granu

loma flwid presented a patlern of increased en yme actwrly character
t ed by mostly lysosomal ones and L\ases
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TABLE

Average Data on Protein Content and Frn ymalic Acttwily of Cell Free

Materiat o at
Age of granutomas coses ntem I
and weight of rafs fasest % /30 min 10 mln
Normal plasma
Rats 60 g 5 55
164 ¢
Rats 300 g u 62 160 13
Normal IP fluid
Nals 60 g 5 ”e
016 8
Hats 200 ¢ 1 30 018 15
A Clear granutoma flud
Rats 300 ¢ £ davs 11 58 160 178
7 dave 27 56 136 o6
11 davs 15 52 124 9
B Turbid granuloma flud
Rats 300 ¢ 3 doys 3 54 290 36
7 days 2 55 360 416
11 days 15 57 240 170

U = umts  Helative units cp Burgess € Spluén (196 and 1963)

DISCUSSION

Tissue macrophages contun a substantial number of lysosomal hydro
bases (review by Woessner 1965) Thewr AcPhase actiilv 1s markedly
mereased during phagoevtosis 4t sites of inflammation and physio
logieal or pathological cell disinte,ration (Weber 1963 1) oessner
1960) The 1n viro observations by Cohn & W iener (1963) have de
monstrated that this mcrease of enzymatie activty 1s most hkely due
to an mtraceliular rearringement of the existing enzymes besides an
apparent discharge of Iysosomal enzymes to the phagocybic vacuoles
some of the enzvmes also feak from the macrophages to thewr surroun
ing medmm The resulls presented 1n this paper fall well in hne with
thesc investigations Thus a very ntense nlracellular histochemical
stamning of reactive macrophages for some lysosomal enzymes was de
monstrated both mn the form of cytoplisouc granules and 1 diffuse
over all stuning of the cyloplasm On the other hand the LNasc re
action regularly produced onc or a few heavily stamed miracellular
yacuoles Moreover 1n the histochemical specimens the LAase reaction
product could oflen be seen extracellularly  Additional observalions
on the appearance of grant LNase positive bags ndicate serious cell
damage and cell death when previous experiments on mjured cells and
autols lic tissues are tahen into account (Sylven & Iippt 1965) It was
possible m the hight microscope to identify autophagic vacuoles by
their intense LNase reaction at nbout pH 6 This conclusion 1s strongly
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aterstitial Granuloma Flad (Cp Table 1 and Text)

Aryl Lhase Cathepsin Dipeptidase G55 reduct
sulphatase oy arolysis/ o hydrolysis/ sl NaOR/ Lot reduc
% ;ngl}u/lg'sls/ v 10 Al Aok U0 sl/ma U/I0 pl/min
#l/he
14 - 11 - 5 2
08 01 73 005 15 2
<08 - - - 5 2
o8 04 101 09, 75 1
16 53 213 065 360 135
1 20 169 030 285 8
12 17 6 0°0 230 7
s 140 G017 120 865 37
610 131 133 090 80 2
135 15 687 065 1375 2

supporled by our results with counts of the non viable cells Further
more pplying the dye exclusion test and the histochemical reactions
directly on cell smears from granulomas the presence of large mtra
cellular  bags with a strongly mereased L\ase reaction could be
defimitely locahzed to wnjured cells It 1s also of interest that an in
creased L\ase reaclion constitutes an early sign of radiation damage n
salnary glind and lymph node cells (Greenspan ef al 1964) Thus
both the dycexclusion test and the LN\ase reaction appear usefut for the
thagnosis of injured cells

Little 1s known about hfe span of macrophages at the sile of the
nflammatory process (Policard 1947) Previous (Allison 1965) and
present resulls illusirate how a non bacterial nflammatory reaction
1s associated duning the first two weeks by some cell death on the part
of macrophages floating free 1n the exudate

Turning to the biochemical data 1t scems concennable that most of
the exudate has accumulated by nereased filtration from the blood
the protein content of granuloma flind was raised to a level close to
that of plasmn and was bv far lugher than the normal filtration rate
of about 45 per cent of mterstitial flnd Tentative cotrelations could
equaily well be made between granuloma flmd v npormal plasma or
nterstitial IP fluid at 1 per volume basis When catenlated per 1 pro
tem basis 1t should however he noted that several enzvm it achivities
are higher in P flwd than 1n the blood (Table 3 cp b irgess & Sylvén
1963 Sylvén & Bois Svensson 1965 due to add d enzymatic terms
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from loc 1) ecitular sources Furthermore there 1s little doubt that the
major part of the loeally inercased enzymatic activities 1n the grany
toma flutd 15 dernved from leaking and/or damaged macrophages
conformily with the tn tmire obseryations by Cohn & Wiener (1963)
A releasc of lysesomal enzymes from mjured cells has also heen su,,
tested by Thomas & Wewssmann (1962) Additional very consyderable
enzymalie terms are further contrmibuted as result of cxtensise cell
death in mfected enses of granulomas (Fable 3 bottom part) For
Inck of dctuled dynamice dita furlher discussion of the relabive ma,m
tudes and lime relabions of these enzyvmalie actisities have to be post
poned

Einally  the implicrtions of such increvsed enzymatic aclnaties of
the extracellular flnd as to the course of an inflammators process
might be considercd Refurring {o 1 delaved type of hypersensitivity
reaction Wal sman (1962) discussed the possiility that macraphages
by release of enzvmes might mibile an extracellular proteolysis of
antisenie proteins (urran & Clarl (1964} have further demonstrated
that macrophages secrete matertals into their external miieu which
bring peritoneal implants of denaturated proteins imto solution even at
some distanee from the cells (cp the extracellular proleolysis by tumor
cxplanls of Santesson (1935)) It remains to be seen whether the en
thepsins of the granuloma fluid may have a similar effect The naph
thylamdases are active 1t 2 physiologieal pil range (Sylvén & Bows
1962) they may have 1 bearing on the hberation of bradykimin 1n
local infinmmators compariments (Hopsu Havu et al 1966) ind may
thus excert an imporlant physiological function

SUMMARY

Cxperimental talcum granulomas 1n rats were investigated histochemi
cally for the presenee of some Jssosomal hyvdrolases (acd phosphalase
B glucuromdase and non specific esterase) and amnoacyl naphthyl
amdase actinaties Cell free interstiial fluid was further collected from
4 1o 11 days old granulomas for biochemical assav of lysosom il and
other enzyvme actinities The macrophages of the reactive tissuc showed
mntense hislochemical enzyme aclivty Coarse ntracellular vacuoles
and a diffuse eytoplasmic reachion appeared during phagocs tosis Leak
age of enzvmatic protems nto the extraceliular space was hhenise ob
served The giant cells and fibroblasts of the older granulomas were
also enzymatically active

\ficroscopie evidence of cell death was obtuned bv ordinary histo
lo,y and by means of dye exclusion tests on cells suspended from dif
ferent parts of the granulomas Up to 100 per cent of 1rresersibly damd
aged macrophages were found 1n the central detritus while few dea

cells were found mn the capsular layer
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The enzymahic composttion of the cell free granuloma flnd showed
a bal wee markedly sn favour of Iysosomal hydrofases and aminoacyl
naphthy lamidase actinaty Thisas terpreted as bemg caused primanly
by enzyme leahage from active macrophages during phagocstosis
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RENAL BIOPSIES FROM
PATIENTS WITH A HIGH ANALGESIC INTARL
Hustol ! and Bacteriol 1 Study

By

Lasa Crausen and hLius JENSEN
Recerved 27 v167

In the course of the pnst 14 years it has been repeatedly reported
especially from Swatzerland and Scandinavia that a high analgesic in
take may entail chronic renal disease Spuhler & Zolltnger (1953) were
the first to call attention to this problem pownting out thal many pa
tients with chronte intershitinl nephritis had a mistory of a high intake
of analgesics contaming phenicetin They interpreted this nephro
pathy as a touic phenomenon bacterial infection if any being of
secondary mmportanee

Numerous chnieal and experimental studies have been performed i
an cffort to throw hght upon the problems concerning the nephro
toxic effect of analgesics The resulis of these studies have frequently
been inconclusine or directly confhicting 1nd 1 reeent years this has
g1ien ise to amimated discussions

The reason why 1t 1s so difficult to decide whether the intake of
analgesics m large quanlilics may mvolve toxie damage to the hidnevs
1s perhaps that most chnical and pathological studies on Uhis ¢ tegory
of patients have been done at a time when the patients have had bacte
mal infection of the urinary tract In that case the chimical as well as
pathologieal appearances may be 1dentical wath the picture of chronie
Melonephntis Consequently it has been widely behieved that n fact
these patients deselop chronic pyelonephritis

In an cffort to approach the solubion of this problem renal biopsies
were obtamed from a group of patients with a high analgesic mntal e
nd the histological findings were compared with the bacteriole <l
fimdings 1n the Mdneys and urmne
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VATIRIAL AND METHOD

M)l patlents admitted to Medseal De,
partment C of Bispebjerg Hospil.
S;c earefully questioned abont thelr intake of drugs O\\lnjg li !hu:?m:l‘;cl?loax:c;'xmiﬁ;
splased ia the enalyesic prohlem fn this Department great stress 1s lawd on peen
rnl[;- d;:ln (cloncrrr;lr:’g the analgesic consumption
uring the perfod August 1973 to Angust 193 repal biopsies we b
30 consceutlic patlents who had had a daily cansumpll[:m of Zr:clncalszl'nlbg {:”:;
rhenacetin and/co atd,s}fa)lﬂ”t acsd through at least §0 years These patients
::::’Trl;l‘»n hﬂns f,rm'n 27 ](o l’l: 31”(“ Zh) were females and only % males (Table 1) The
3d bheen admitied for head
majorih, had | cadache or dyspepsia onhy a very few with

TABLF 1
{ge Distribution and Sex Rafio of 30 Pitrents #oth & Uigh {analjeste Intake
Age 2130 3140 11-50 >51
No of paticats ¢ 2 5 7 0
& 0 1 1 3

The hiopsy technique was that deseribed by Iversen & Brea (1951) The specimen
Is & tissue cvlinder 15-40 mm 1 Jength and 17 mm in drameter Tno biapsics nere
removed from each patient. One was used for histological and the ather one for
bacteriolopical studs The biopsy ta be used for the histology was immediately fixed
in Lillies fixative and carried after 1-° hours through the usual processes cm
bedded fn paratfin_and cut into serial sectrons The staining methods were hacma
tovyhin cosin yvan Cleson Mansen and perfodic acid Schiff (PAS) The preparalions
were exartuned {n an ondinacy lhight microscope

The tissue specimen to be studied bacteriologically was placed o a sterdle
serum broth from which It was removed as svon as possible at the latest after
tno hours and crushed in a sterile mortar The crushed tissue was then suspen it §
in a new portion of serum broth and seeded on blood agar plales on modifrcd
Conradi Drigalshi plates and on a thioglucollate medinm to detect anzerobic
bauteria if any The plates were incubated al 35 € and read at the end of 21 and
48 houss Therenfter the colontes were counted and the bactersa ssolated angd iden
tified The serym brolh 1n which the renal tissue had been placed primanls sa
also incubated at 35 C to ascertatn whether bacteria had been preseat oh the sur
face of the hiopsy There raight have been a question of contaminat: n durning the
removal of the Biopss ar of hacterta from the renal Lissue proper 3t should be
emphasized that the patients had not recened antilwotic trealmend prior to the
insestigation

On the last two datvs hefare aod on the 42y ol the biopsy procedure cultpres
of the urine were done These cultures were made on mid stream urine (Fffersoe et
ol 1963) dilnted wath sterile saline partly 1770 and partly 17200 02 ml of these
dilutions were seeded on blood sgar plates on Dloed agar plates pretreated with
alcahol to present swarming of Proteus and on modifred Conradi Drigalsha plates
which were then incubated at 35 ¢ and read at the end of 24 and 48 hours The
calanies were counted and representalrie colonics 3f any were removed Ior 1dentsf?
cation A bacterial eount of t0s/ml urine or more was kaken to indicate infecticn
Ao anaecabic cyltures were made from the urine

The identification of the cultared bacteria Was done by the methods used at
Statens Serumuastitut Copenhagen 4 few renal functron studres were done rater
alia & of the serum an learance and
the Addss Sheshy concentration dest

RESULTS
Table 2 hats the patients data Half the patients were women under
50 yoars of age (Table 1)
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It was endeasoured to obtun a tablet history as aceurate as pos
sible The patrents often feel ashamed of thewr high drug ntake and
therefore pretend that they have taken and are taking less than they
are The dulv mtake was usually between 6 and 12 tablets n 2 few ca
ses up ta 20 or even 50 tablcts This ntake had been gomng on for 10-50
years None of the present patients had been taking powders only tab
lets The most used analgesics are Codyl® Codeiphen® Celomdil
Sanidon® (coff1zin® Coffiplex® and Aspirin® A number of these
drugs contun per tablet 200 mg of phenacetin as well as of acety!
salicylic aeid On the hasis of the islory the total intahe of phenacetn
and acetvisalicylic acid 1s estimated to have ranged from 10 to 50 hg
of each of the numed substances In other words there 1s a queshion of
aclual abuse An estimated total mtike between 10 and 20 Lg of each
of the two subslances was most common There 1s no demonsirable
relalionship between the size of the total dose and the renal function
assessed by the creatinme clearance and the Adds Shevky concen
tration test

The histological appearances of the rennl tissue were farrly uniform
Most hissue specimens contaned corhical as well as medullary tissue 1
a few cases also pamilary tissue Only one hiopsy contained exclusively
cortical tissue (No 972)

The glomeruli were normal m the great majonty of cases However
most specimens showed a few hyaltnized glomeruh and biopsies from
fine pabients (Nos 949 960 975 978 and 674) contained a number of
hyalimized glomerul In 2 few cases periglomerular fibrosis was ob
served

The distal part of the nephron comprising the loop of Henle 2 few
distal tubules and collecting tubules showed degenerative changes The
¢pithellum was 1 many sites atrophic or desquamated Frequently
there would be thichemng of the basement membrane A few tubules
were dilated others atrophic (Figs 1 2 4) Table 2 mncludes a serm
quantitative evaluation of the tubular changes which were 1n some
cases mild (+) 1n others moderate (+ +) and mn others agun severe
{+++) The proximal tubules were nearly alnays normal

In all the biopsics there was connective lissue prohiferation locahzed
to the medullary and papsllary tissue while no or only very shight con
necline tissue proluferation was seen n the cortex It was a characte
nistic finding that the amount of connective tissue mereased from the
outer medullary zone towards the papillt which 1n some cases showcd
fibrous degeneration and obliterated structure (Figs 5 6) Table 2
gnves the senquantitative estimation of the connectiie tissue prolife
ration + signifying mild + + moderate ind +++ considerable
connective tissue proliferation

In seven biopsies (Nos 947 975 976 936 927 1027 and 1028) the
papillary and medullary tissue had undergone complete fibrous degene
ration the ordinary strueture was obliterited and there were areas of
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TABLE
Survey of Various Nata for 0 Patrents with a High Analgesic ImBal\e
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accrosis (1, 3) None of these biopsies showed on nfiltrative zone of
‘eucocvtes around stich necrotic areas
+ Eight biopsies exhubifed moderate (+ +) to conmiderable (44}
nfiltration with inflammatory cells 1 ¢ lymphocytes and plasmn cells
md a few granulocytes In the remamin, 22 bopsies there was ver
ittle (+) or no mfl immatory infittration (Table 2)
The vessels were normat m all the biopsies
Tn Tahle 3 the bopsy matenal 1s diaded mio 2 groups Group 1
:omprises paticnts 1 whom uo nferstibial wilammatory mfiltration
»as demanstrable 1n the renal tissue Group 2 patients with such inter
ititial inflammatory infiltration (ef Table 2) This 1s then plotted
1gainst the various paramelers Ik 1s apparent that the estimnted con
jumption of analgesics 1s equally great both zroups
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2
In ddition the t tian of the f Reaal Changes
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From ihe table 1t 1s evident that four of the patients of each group
had had symptoms of recurrent uninary infechons One and two pa
tients respeelinely had had symptams of annary tofection and had also
vorded papiliary tissue Two patients of the group without intershitial
mflammators wfiltrion had souded papillare tissue but had neser
had sympioms of urnary nfection The papillars {issue had heen
hustoloienlly confirmed Fiffeen and tno patints respectivelv hid
neser had any wrinary svmploms and at the time of the exam  on
they were not anare of any renal disorder

The renal tissue was stende m all the oxamuned cases B 1 ere
cuitured from the urmne of only three patients of cuch & p These
bactera were E colt in a quantits of 10 bactena, vl vrme In all the
others the urine was sterile on repeated culture
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Figs 1=
Fig 1 Tubular changes 1 the medulla The epithelium 15 atropbic or le
Some tubules are dliated athers atrophic There 1s considerable

tissue proliferation (Biopsy no 95}

Fip ® The same changes as in Tig 1 but the tubular chonce  more ,
f the b t {Broy R

There 1s
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Tigs 3-3
Fig 3 Fibrou ! cneration and necrosis of the papilla (Biopsy no 947)
Frg 4 Modera ¢ bular deseneration From the cortico medullary junct on (B

opsy n 9
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TABRLE 3

The Vatertal Grouped by the 1 the Rennl
k¢

of
vssue This 13 Plotled agunst the 3 artous Parameters

Histelogical changes

@ Interstitral 4 Anterstitizl
infaitration infiltration

Do of patients 2> B
Ab 2 21
e (k) 0 15 2
Symptoms {rom infection 4 1
the yrinary tract anf 4 voided papiila 1 2
volded paprila 2 8
Bacterolopeal findmgs 8 -2 &
1 the Tenal tissue 0 ]
Bactessologread findings & 18 &
i the unine + 2 3
= 9 ]
Creatfalne clearance o3 10 3 :
{mlsmn < 20 2 t
= > 122 b4 0
Addss Shevhy 1915 - 10% 4 3
< 1014 9 5

In the group without iterstityal inflammatery nfiltrition n the
renal Uissue 9 patients had z creatinine elearance of 70 mi/mm or
over and 7 pabienis coutd concenirate thay unme to a spealic gravhy
of 1022 or over Al palients m the group intersithal wflammatory
filtrahion of the renal tissue had mmpaired renal functwon As already
mentoned the majonty of patients m ths group hod a hstory of
urinary sympt Vihen also g the result of the renal fune
tron studies this mught ndicate that the renal disease was more ad
Aanced 1n patrenis where histolomeat exammation of the repal tissne
shawed interstitzal inflammatory infiltration than in those without this
bistologicat abnormahty

The erse hustonics of the 30 patients are fmirly wmform The magonty

had been taking the tablels for headache Four charicterisise histories
will be grven helow

Cose 1

A 31 sear old single man wath a femils history of megraine Sitce puberts he
had Yedn taking 10-0 mi<ed anal esic tablets dafly Agver any U wmare f cub
Daning & stay 15 the \eurological Department hus serum creatigme con eat

™83 found fa be elevated ‘The tatal Infake of pheancetin and acetvisalt | 13
¢ tumnded 10 Bave been 29 hg of eacl

h
Haomo,lobin concertratson 110 g/100 mi ©SR 22 wm sulpbaesy T con
23 £7100 ml, meth on 10 §/180 b vt
8ine concentration 16 mg/100 ml creatinine clearance {2 mi mn n Sheviv
€ fcenteation test 130 mi/1014 urmary pH 331 erman ¢ sten fursn
no growth BP 12070 mm He 11 pretagraphs  pamsllary 1 ath okt
I strtagical exomunatian of renad biopsy (va %)

9 Tom by normal atk t
(rom very wild periglomerntar fibrosis Proxsmal tubuh nrw @ tnth md b
15
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the tubitddar sewments wore allghtly dllated with
Uil werins PN An abionbly degeneraded cthedam
mm“““t'l'li e e thasue g roliforallon Vensels sl S tuteratfiiel tfll

{oaged

8 G voar Hht atuklc woman who fod ever mnee her yon
analgesde tabilets dudly Becanse of o Np dumage I)mln;{)u) ;‘u‘l; llllr‘ :y‘)n::l:::‘:nﬂ rln
;v:rll;ul A.mmuum of urlitey fufctfon fapiliney Heshe hiad v ien uhﬂtnv‘ll
“v( “::hw e Jotal fotphe of phenneetin npd Beetylaalbostle neh b entbmubiid ns 39 by

Hacreadoddes ¢ weentoation (16 /(00 wh 1 oy 16
cerdrutton 4 methamoglohin con cntentlm 68 y/i00 |nll“l:n‘rrm‘;llvnl':"n:t‘;u‘l‘:l':h:“mr:‘;:
fratfan 08 ma/ 100 w1 Crontinloe elearanie W mlZmin A ldin Shesds ¢ ecttention
dest 73 and/t00d urfinry pd0 8 4 wefomy oty 0 anflwre [ othe wdno 108
I oeofffmt urfne 1610 120700 s g )y 3 vctag iy nornand

HMietabglcat evuninal noof penal Pispag (M 49731 I the cortex 17 glumernll
10 af which swae fyaltotrat tHo others wey g ponnd, o iy sery wilbt perf
wlomernbor fibrosts Certtulnilan filieosts urimd g fow of he pr xhmn) tud wlex In
the coddex Muilnry tiasue ehpracterfecd hiy Munownied connective e g0 1k
ratin ateoghy and degencoation of e gtthactom tn the docp of fonfe tstnt
tubules nmd ollectbng tobuloe In plases 1 hignep way sthdithy Mated de thee
Places atrephic T dhin blobay oe wior ample paphitaey Heae with x Yoot
degenerntfm fnopiseen meceatfo Wit aobitftecnted steaatiose Mo futerstilng fufilten
Hon Veands povmal (Lig 8)

Cone

A B yeng ol nnen witt diffone headache thenughomany xomn foeabwl 0y ey
Be fonal Doen Wldng 610 nialesk tabicts dally  1he ostimated total dnd f
Phapscelin and actyIaliis e mdd was 22 55 oF cach Never uplpms tomde 3o
pitient war ndinttt § boenuse af wangina pecton gy

Toemagh b Cmcentodlon 185 7100 md F N1 3 mm walphaemoglhln © s
contration 0 melmcsog) bin concoteation & seum orgatining pongentindl 5 14
mp/ 160 il crentinlor choatonce 76 mizmin Addis STvky concential? w tea 106
mbAL wrinwty I BY wielnsry wotdn 0 oillure of the wiluct ny gt 111
330 00y Mg s ) velography posinn)

fiistobpf of craminatfon f renaf bfrpay ANa (04110 Apset from mi T porl
Wamentlar s the glamautl were nonmnl I the medulln Cnndteruble om
nevthve Nasue ps Vferatien Atsophy an b degoncinglon bt cplihicim fu o nim
W of Mondo s Jonpn This blopry contatned §aplifary Usae With mmbed Gigons
degeperutlon Vexneln termsd Neo intostitial Wfihesti 0 (Vig 61

Citne §
A W yenr (0 womnen who bird Been suffering e Al{fuse hea liche fur iy
yearn hromgh 1D 15 yenra n dably Intnde ¢ f ol ot 18 anuliesl tohlets 1he entima
ted totnd Intaha of g Bouacetin sm€ actyisatlevite soid sean (7 g of caeh {he patfent
B pevee bl ans arinary fonble Admittal £ the Nowalbloel Department to
Tinve the epttne of ha Biemtng o efi tanted

Traemoglobin concontintion 13 g/108 el U ST 0 nun andphacmeglobtn eonecn
Srutlon 2 ) K100 mY nethnemogicbin o mentrition 62 /U0 tl serum crentinine
caticenteall m DN /100 b cremdindne elenabor 140 ul/min Addia Shevle con
wuntvistlan (st 0 IR artneey pHBID mdnny protetn 8 uiltnse of oring: wy
P OHI6/70 un Mg by pychgenphy notnin}
of renal {apan (o 1EE e Apart feam R pedlgl wae
sotbug £ ote tie @lomeralh e aorpsd A5y 6F te poxiond tupkos wee
Tonndi § by mi posdtehmlar conncdive Ussue profiferntton I the maintle g1y
powmgcd conncctive Csus profiforatfon wteepy ani{ dogonctntlm o thie eplihellnm
af ey Henke bmopa diatal lubmles ond oo fleeting tupufes Somsels uoomal Ny
ftys ptitfal fufiitintion

Hronth B
Hiatological evaminatin

NISCUSSNION

JRennt Bopstes wore oblained from 30 tonsceutive paticnts with n
tilghe analge sl ik In prdes 1o Investignte whether o high annfgeste
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mntahe damages the hidneys and to assess the role of bacterial infection
mn the development of the nephropathy which so commonly affects
these people

All the biopsy exhibited nstol 1 ch though
varied as s apparent from Table 2 One blopsy {No 972} contamed
only eorhical tissue which was normal but the patient had repeatedis
voided histolo.ically confirmed necrotic papillars tissue It 15 reason
able to assume therefore that the medullary and papillarv tissue
would have shown changes stmilar to those found 1n the other brop
sies

It 1s apparent from the present study that patients with a high anal
gesic mtake may have well preserved renal funchion n spite of severe
histological changes in the renal tissue The findmg of a normal erea
timne clearanee 1 1 number of the patients 1s not surprising in view
of the shiuht glomerular chanses The histological eximnation goes to
show that the changes affect especially the medullary and papillary
hissue It s strange therefore that the concentration ability 1s so rela
tively well preserved in some of these patients Thus the conventional
chimeal renal funetion tests cannot disclose with any certamtv whether
patients with analgesic abuse are suffering from renal disease Soren
sens {1960 1963} conclusion that a findin, of a normnl creatimine
clearance and Addis Shevksy concentrahion test in patients with a ugh
analgeste infahe should be taken to mean that analgesies do not damage
the idneys 1s therefore hardly correct To ascertain whether all per
sons with a Iugh analgesic minhe develop renal disease or whether
mdwnidual factors are operating renal bropstes must be obtained from
these patients to a far greater extent than hitherto

The renal tissue was sterile 1n all the present cases It was onis in
six cases that bacteria were cultured from the urine As already men
tioned only one third of the patients had had symptoms or signs of
uripary nfection On the whole the result of bacteriological studies
indhcates that hacterial infection 1s not a decisive factor n the develop
ment of the renal disease in these patients

The histolojical changes were 1 all essentials 1dentical with those
described by Gloor (1961) m so called chromic sclerotic mtcrstihial
nephntis  Gloor interpreted this nephropathy as a toxic phenomenon
bacterial infection bemng merely of sccondary ymportance Rubinstein
et al (1961) studying renal biopstes from a few patient «ith  hi_q
analgesic intake poimnted out that the interstitial fitresis « as more
pronounced and the interstitial nfiltration less pronounced i these
Pients thap in cases of pyelonephriis These findings arc 11 1eepiny,
with the present observations Only eight of the present biopsies
showed major nterstitial mfiliration and in these cases the histolog:
cal appearances were 1dentical suth those seen m pyelonephnitis Six of
these patients had had chmeal symptoms and signs of pyelonephniis
The renal function was on the whole poorer m these pabients than in
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THE “INVERSION STAGE” OF EXPERIMENTAL MOUSE
AMYLOIDOSIS DETERMINED BY THE ACCELERATING
EFFECT OF NITROGEN MUSTARD AFTER VARIOUS
LENGTHS OF PREIREATMENT WITH CASLIN

By
Pour. Raneoy and Hans Ewarp CHRISTENSEN
Recened 13167

The first observations of the enhancing effcct of nitrogen mustard on
the development of experimental amyloidosis in mice was reported by
Teilym n 1954 In his onginal experiment mice pretreated with daily
mnjectrons of cascin for 4 weehs were subjected to a subsequent treat
ment for one wech with nitrogen mustard mnjected subcutaneousls as
25-50 mg/kg every second day The resulting chan,e from a shght
to a very heavy spleen amyloidosis 1n such treated ammals was verified
by comparison with spleen b obtuned hately before the
inthatton of the accelerating nitrogen mustard injection series

This accelerating effcet of mirogen mustard on the formation of
expermmentally induced amylold in mrce has been repeatedly utilized
n.a number of expermments performed mn this laboratory (Werdelin &
Ranlov 1966 Ranlov & W erdelin 1967 Ranlov 1967b)

According to the two phase cellnlar theory of loeal amyloid secretion
(Tedlum 1964) 1t 15 Lo be anticipated that a componund which accelerates
amylowd formation when applied durin, the second (vmylod) phase
Will prove an nhibitory effect on the development of amylord when
applied before the onset of and during the mubal pyronmophilic (pre
2myloid) phase This was shown to be true for cortisone the accelerat
ing effect of which was demonstrated by Tedum (1922) winle Chre
stensen (1961) showed a marhedly dimimshed meidence and severity
gf the resultling amvloidosis m mce treated with cort: one i fore and
“‘llﬂﬂn the first weeks of casein treatment Simlarly it Fas be 1 hown

al mitrogen mustard applied from the be.inning of =1 2 treat
ent resuited in preveniion or even mhibitor t th o kb 71 nt amy
lodosts 1 mice (Ranlow 19671)

Thus during the course of an amyio d ~duuing treatment there

Aff s imestigation was supported by a grant { m I g mo af Frederthssund Soren
ed Andersens Legat
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scems 1o ewist a eritical moment before which acceleration of amvlmd
formation cn not be achieved And after which such an acecleralion
for example, with nitrogen mustard may be achieved provided proper
deosage Tlus turning point may aceordin, !y be considered to mark Lhe
so ealled Inversion Stige butween the two well defined phaises of
experimental amyloid formation i the mouse

In order further to define the lime of onsct and the Approvimate
dunl;on of this Inversion Stage the following experimenl was de
Sinned

MATFRIAL AND METHODS

The material comprised 140 adult (34 months of age) G3H mice of an inbred stramn
70 anfmals were females After randomizatian to avord box effests thes were
divided nfo 7 groups with an equal sex distribution within the single group

Thus each group consisted of 10 male and 10 female yce Each ammal m all
groups recerved daffv subeutancous myectians of a 5 per cent solution of casein 1n
0% per cent NaOH 6 Umes a weeh The farst group recened a total of 8 casem
tnjections per snimal the econd group 10 the third group 17 the fourth group 14
the fifth group 16 the sixth group 18 an{ the seventh group recened a fotaf of 20
casein jections per mouse

On the day of the last casein inlection each grawp was divided one hall of the
group (10 mice stx distribution equal) recewved subcutancously *» mwl of a splution
of mitrogen ustard 1 notmal saline’ the mjected amount representing ¢ 6a mg of
mitrogen mustard (Frasol®) cach amimal recened a total of 3 injections with twe
davs 1ntervals and wa fufled the dav afier the last nitrogen mustard itjectiop The
ather half of each group served a controls and were sumilarly mgected with 1 ml of
normal saline subrutancously recenying a total of 3 myections every second day and
accordingly heing hilled the dav after the last saline 10jection

Spleen lner ladney adrenals and intestines were fixed 1 10 per cent neutral
buffered formahin for 24 hour  After beiug embedded 1o paraffin sections were cut
5 merons thacl and staioed with haematoxylin eostn meths] green pyronine alka
Line Congo red and with the P A S techaique

Coded sertions were rxamined indej endently by the two authors and the individoal
degrees of spleen amvlaidosi were estimated by means of the semiquantitative
techninque de cribed by Christensen & Hyort (1929}

RESULTS

As shown in Fig 1 1t was impossible to obtan an acceleration of the
casemn wadnced amvioidons earhier than after 12-14 casemn wjections
After 12 days only one out of ten casesn nitrogen mustard treated
mice developed spleen amsloidosis and only to a very shyht degree
Afler 13 easein Injections ihe miro en mustrd induced acceleration
appeared far more obvious —§ out of 16 of this group of ammnals re
vetling sigmuficant though small mounts of spleen amg {od

In the varous contrel groups wineh, vpart from cwun reeenved no
further treatment than saline njections ne amylord occurred uniil
after 18 days of casein at which stage 4 out of 10 amimals were fou{\d
to have descloped shight to moderate spleen am+loidosis Unfortunately
the control group recerving casein tor 16 days was due to canmibhsm

i period
reduced from 10 1o 6 anmmmals durmg the experiment
Thos 1t seems that the most prononneed nceelerating effect of nutro
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127 §
Todovidual degrees of splecn $ 131/ showing of araylond
it casem treated mice with pitrogen mustard (J%2) Compared with casein treated
sahine wfected controls

6¢n mustard wis nchiesed during the expersmenial period between 14
and 18 easemn injections the ncceleratin,, effect afler 26 casein wgcc
tions being less marked ss the controls in thus group did show 1 com
parable though less marked degree of amvlaidosis

DISCUSSION

The results of the present experiment mdicate as nas to be expected
i hoht of the two phase cclalar theery that 1t 1s smpossible to acceler
e a casen induced mouse amylowdosis at any stane arher than the
ond of the primary, pvromnophhic phase that s after approamatehy
2 wecks of evsem treatment

The most obvions reason for this scems to be that the atleged ey
haustion of the immune meehanisms  which apparenily causes the
change from the prrominophihic to the P A S posine wmyloid phase
{Tetlum 1964) needs t least 12-14 s ta devidop n our expersmental
ststem This 15 an agreement with several histologeend studies earhter
performed m thas taboratory {Christensen 1963) 4s the nceeler ting
elfeet of nire.en mustard 1s behieved Lo rely on i acceleration of this
tthaustion 5t secms reasonable that sts acerler tirg £7 (1w dependent
on the ewustence of a4 certam level for quabits s he actrady of the
Mmanc wpparatus—a level which apparcnt v s s 12-14 dass of
fasein treatment 1o develop

In the Tace of a long standing casenr t ins exhnustion wall
S spontaneously efter 17-18 d ¢+ » qudged by the tume
of appear ince of spleen umdoid rwen ¢ «osntrols After addifonal
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Fig 1
Individual degrees of spleen amylordosts showing acceleration of amylod formation
1 casesn treated mice with mtrogen sustard (N2 Compared with casein treated
salin anpected coatrals

8tn mustard was achieved durmg the cxperimental period belween 14
and 18 casem angectians {he weelerating effect afler 20 casemn wjec
tions bemg less marked as the controls m tius group did show 1 com
Parable thoun,h less marked degrec of amylodons

DISCUSSIGN

The resulls of (he present experiment mdicate as was to be expected
ikt of the two phase cellular theors that st 1s mpossible to acceler
e a casen induced mouse amn loidosis at any stge carlicr than the
end of the primary  prromnophthe phase that 1s after approxamntely
2 weeks of evsein trealment

The most obvious reason for this scems {o be that the ileged ex
Taustion of the mamune mechamsms which apparenlls caunses the
change from the pyrommophilic to the PAS positive amniowd phase
(Tetliom 1964) needs at least 12-14 davs 1o deveclop 10 our cinerimental
stsfem Thas 1s i agreement with seteral histolagical tuds s ariar
Terfarmed an thns Jaborators (Christensen 1060) As tF 1 o
<ffect of mitrogen mustard 1s beheved to reh on an a ! 1 ¢ s
exhaustion 1t seems reasonable that its acceler iR, el s dependent
on the existence of a certun fevel for quatity  >f the aehiuats of the
‘mmune apparains—a level whieh appurcntly reguires 12-14 dags of
€asem trealment to dexelop

In the face of a long standm,, cascin trealment s exhaustion will
setin spontancousts aftcr 17-18 dmys tkig 1} as judged by the time
of appearance of spleen amvloid amony, the controls After addihional
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treatment of parallel groups with nitroen mustard umyloidosis may
be achieved 1s early s after 12-14 casemn mjections (Fig 1)

The Inversion Stage may thus be considered defined s the penod
between 12 nnd 16 days of ensein treatmenl afs duration bemng ap
proxumately 4 days Of course these figures can only be considered
\afd for the present experimental system which furthermore was
confined only to the spleen T urther 1t should he emphastzed that anv

phase determination  theoretically should he restricted to the single
cell as the cells gradually become involsed m the process—not neces
sarily simultancously—and that such a determination on the whole
organ only represents a rough statistical ex duation which however
should be an allowed stmplification

SUMMARY

The approumate duration and onset of the so called Inversion Stage
between the mitial pyromnophilic and the second amgsloid phase of
experimental mouse amyloidosts was determined

Groups of mice pretreated with casemn for various lengths of time
were subsequently mnjected with mitrogen mustard As controls failcd
to develop amvloidosis until after at least 18 casemn injechions while
mtrogen mustard proved eapable of accelerating imyloid formation in
mice after 12 14 and 16 davs of casemn treatment 1t was concluded
that the Insersion Stage m this expenimental system cosered approwu
mately 4 days
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INFLUENCE OF LSTRADIOL ON UTERINE RENIN
IN RABBITS

By

Jess Bing and PETER CLAES LShILpsen
Recenved 4411 67

The reproduclive organs of some mammals have been found to contain
renm (Sfal emann 1960 Gross el al 1963 Bing & Farup 1966 and Ferrs
etal 1967) The remin content of the rabbil uterus was found to merease
m the sccond third of the pregnancy period and reach high values n
the last third It remains high the first twenty hours or so after term
and then rapidly falls to the non pregnaney values It was further found
(Bing et al 1967) that the concentrahion of uterme renm 1s very low 1n
mmature rabbits the values rising from less than 05 to about 15 to
3 Goldblalt Unuts per g at an age of about 5 months when the amimals
weigh between 25 and 3 kg
As the pronounced changes n uterine remin concentration i non

pregnant pregnant and post pregnant anmals occur at the same time
s changes are found 1n estrogen secretion 1t was the aim of the prescnt
work to study the relabonship 1f any belween estrogens and ulerine
Tenin content For thus purpose the concentraiion of nterine remn was
determined both m non treated and 1 estradiol treated castrated mature
rbbits as well 1s 1 non treated and estradiol treated immature animals
and an mature ammals recenving very high doses of estradial In some
of these rabbits determmation of the remmn content of 1solated endo

and isolated myometrium as well as of the kidneys wns performed The
study further mncludes the d ration of an angiol Tike pressor

substance 1n extracls of uteri of immalure 1nd of castrated mature
ammals

MATFRIAL AND MI 1HODS

Mbino rabbits of the strain from the State Scrum Jnst tut were usc | 10 most of
the experiments The uterine and renal ti sue was weiohed and frozen (—20 G)
shortly after removal Biopsis of uterine tisste were performed by remo al of
€ supravaginal part of onz of the ts  horns
Isolation of enlometrial and myomel al tissue was obtaimed by  uttmg open
flattening and freezimg the uterns by placing it on a bra s plate on the top of a

Suproried by grants from Arng hristan \ 2 Foundation and the grant of Re n
holtt W Jorck and W ife
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For the separation of isolated endo or myometrium an u
and flattcned on a brass plate which was placed on me!:;;a“earh:":t::?slfx‘l‘: Ocl:;;n
taining dry 1ce and surrounded by a plastic tube wWhich fitted Into the turmng
lathe In order to minimize the formation of frost the plate with the preparation
was covered by a ploaglass cap before and after the turning

steel tube which was filled np with dry iwce{Ig 1) and placed in
In this 8y the frozen tissue could be turned either wu}l:‘ﬂfcdmuc:s;u;:l:‘)fc 1;1(::
cular cost facing the plate Before turning a representative strip of the frozen
tissue was removed cut in a Pearse cryostate to sections about & 4 thick staincd
and used for measurement of the width of the two layers the endo and myoe
metrium The turning lathe could thercafter be adjusted to remove a little more
than one of the layers leaving most of the other ifter this 1solation procedure
strips of the preparations were removed cut and stamned so that the punty of th
preparations could be determined

Fxtraction After repeated thawing and freezing the tissue was minced and ex
tracted in a h with a pyrophasphate buffer (pH 53) containing 1 drop
of toluene per ml After extraction for 4 to 24 hours the extract was centrifuged
and stored at —20 C

Rentn broassays we e performed with the direct method when the extracts con
tamned more than about 00° Goldblatt Umit per ml and with the indirect method
when they contained less renin In both methods a highly purified hog remin pre
paration was used as a standard ! The bioassays were performed on female albino
rats weighing about 200 ¢ anaestbetized with 20 mg of amjytal and pretreated with
0005 mg ergatamine tartrate or if used for angiotensin assay further preterated
with 75 mg of pentolnium tartrate The indivect assay was performed by deter
mining the amount of angiotensin formed by incubation for ? hours at 37 € of
100 41 of extract after dilution to a renin content helow 003 Goleblatt Umit per ml
with 100 41 of plasma from rats nephrectormized 24 hours previously fn arder fo
diminish angiotensinase aclivity hoth the extract and the plasma were subgected
toapH of 39 at 25 C for °0 munutes before use While the angiotensinase activity
of the plasma was eliminated by this treatment the extracts had to be further
diluted 1o order to escape this achivity durmg the incubation The incubation mit
ture was covered by 06 ml of a muxture cansisting of caual parts of toluene and
paratfinoil (L oulsen 1947) After the Incubation period 800 1 of trisbuffer ptl 75
and 10 gl of 2 n HCl was added The tube was theo placed 1 boiling water for 10
munutes the precipitate removed by centrifugation and 10 4l of 2 n NsOH added
to the supernate which was stored at — 20

The estrathol preparation used was Ovex (Leo) contmmng ”5 mg estradol
benzaate in 1 ml vegetable 011 which in most cases nas further diluted with sesame

oil hefore use

1 This preqaration was hindly supplied by dr Haas and 1s identical with that
donated by dr Iaas to the WHO L. for Biul 1 (Nat Inst
Med Ies AL il London} from where also the standard angiotensin was

obtaned
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Fig 2A and 2B

The weight of one horn fn g and the renin concentration in Goldblatt Umts per g
in jmmature and mature rabbits One horn weiphing 59¢ 15 not ncluded 1n the
figure

RESULTS

1 Untreated Normal Immature and Valure Rabbus

The influence of matunty on uterine weight and renin content 1s seen
m Fig 24 and 2B which include some valttes given in a previous paper
(1967) The fi,ures show that the weight of one ulerine horn as well as
the renm content are very low 1 unmature ammals and are nismg with
increasing degree of malurity In mature rabhils the values both of
weight and renin content seatter over a broad arca independently of
cach other

2 Castrated Vature Rabbuts

The effect of castration of mature rabbus 1s seen in Fig 3 which
shows that castration 1s rapidly followed by a pronounced decrease o
e uterine remin content The figure further shows that while values
below @3 Goldblalt Umit per g were found until about 5 months afler
the lime of castration some ulert remoyed hetween 1 and 6 months afler
the linu of castration had a remin eontent holween ¥ and 2 Units per 4

Contrary to the rerun conlent the weight of Lhe uterus decreased



240

Goiaslat U 7o

S8 5 u Som T e

g s
The remin concentration in Goldblatt Units per g m mature rabbits at dufferent
times after castralion

slowly resulting in the finding of normal uternc weight but very low
remn content in the two first weeks after eastrition In animals hlled
later than two wechs after castration there was so far a correlation
between ulerme weight and remin content as all amimals with a renin
content abotve 1 Goldblatt Unit had a weight of one horn that w ei hed
more than 1 g while both values were below these imils in the rest of
the animals

8 Effect of Estradwl or Ulertne Remn Conterl of Immature and of
Casirated Mature Rabbils

The cffect of subcutantously njected doses of 10 ug per kg of estra
diol mn o1l per day in four days on immalure ribhts weishing abont
151 g1s seen 1n Fig 4A showing that the treatment resulted 1 2 pro
nounced ncrease mn the ulerine remin content due to an mecreased
weight and remn concentration these fwo values ncreasmg indc
pendently

The control ammals the values of which ire also gren mn Fig 44
were either unlreaied or mnjecied subentaneously with the same sesame
o1l 1s was used for the solution of estradiol Any difference between the
snlues from these two hinds of controls was not found

Three ymmature rabbits weighing 2bout 14 kg were freated with
as massive doses as 25 mg per dav in 1 to 3 days This treafment re
sulied m the same pronounced mcreases m remn content the weight
of one uterine horn and renin content being 013 g and 22 GU per g
respectnely after 24 hours 019 g and 18 GU fter 18 hours and 0 74 g
and 10 GU after 72 hours the total renm content thus bewng 0 29 0 34
and 073 GU ifter 1 2 and 3 davs of ireatment

Tz 4 B shows the result of estradiol tretment of castrated mature
rabbils weighing from 26 to 37 hg while untreated the uterine remn
conlent had been ctermned 1 a bopsv of one horn from some af these
rablnts In this wav ik s clearly shown that treatment with doses of 5 to
10 pg per kg per day qmckly normalizes both the renin concenfration
and the uterine weight resullin, m the pronounced mncreasc 1n renin con

tent seen n Fig 4B Thus in one anmmal 11lled 24 hours after a single



Fig 4

Fig § 4 The renm content 1 Goldblatt Dog Units of one uterine horn of non treated
(N) sesame il treated (S) which are both marked (O and estradiol treated
(E) immatute rabbits (marked @) The values from the ymmature rabhits
who gat massive doses of estradiol from 1 to 3 davs are marked

Fiy 4B The results of estradiol treatment of castrated mature rabbits (marked @)
In some of the cases the remmn content was stodied in the same ammal,
while untreated (marked O) The values from the castrated rabbits treated
with massive doses estradiol are marhed

wjechion of 5 pg per hg the weight of one horn rose from 05 to 09 g
nd the remn concentration from less than 003 to 25 Goldblatt Umt
perg

Three of the cistrated mature rabbits 1n which the typrcal decrease
m yterine size was confirmed by laparotomy were treated for one to
three days with massive doses of about 700 pg per kg per dav With
such large doses the weight of one utermne horn rose from 05510 15 ¢
the remn concentration from 18 to 47 GU per g and the total remn
content of one horn from11t0 70 GU

4 Distribulion of Remin in Endo and Myomelritm

In cleven norma! mature rablts in wluch the uterus was parted so
that endometrial and myometrial issue was obtained 1t was found that
the endometrium m 6 cases contamed from about 2 to 5 times as much
Tinn as the myometrium the rahio of the remaining salues mn three
<ases being about 1 and n two about 04 In a hmited number of non

treated and estradiol treated castrated tmmals sumiar scattered vatues
were obtuned

S Iffect of Fstradiol on Renal Remn

Conlrry to the pronounced effcct of estradiol en utertn renin the
femn content of the kidness was the same 10 untreated 4t d estradiol
treated smmature rabbits with individual vanations from about 8 to

ahout 21 Umils per g tn hoth groups and with no d ferences mn the
weight of the hudness

16 acturars 70 2
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6 Angotensin Wl ¢ Pressor Substance in Cxtracls of Utert from
Immature and Castrated Mature Antmals

While thc uterine extracts from mature rabits save a typieal remun
hike pressor effect some of the nlen: from immature or castrated rabbils
contuned a substance which gasve an angiotensin Iike pressor enrve
Thus substance which could be found m trations correspond
1o nhout 200 ng angiolensin per ¢ Was termostalnle resisling boding for
10 mmutes Further identification of the substance has not et been
performed

DISCUSSION

It 15 well known that estrogens control the biosynthesis of ribonuclere
acid wnd protemns mcluding ensymes i the uterus The present study
shows that uterine remin 1s influenced n this way the remn content
decreasing after castration and inereasing after estradiol treatment both
of immature and castrated mature rabbits The studies do not give any
answer to the quesiton whether renin 1s formed both 1n endo and mvo
metrium The fact that normal values for uterine weight and utering
renin conlent were observed 1n some of the rabluts 1f studied more than
1 month afler the ime of enstration speaks for an extra ovarian estrogen
formation probably n the adrenals

SUMMARY
1 The uterine remin content 1s low mn immalure rabbits and increases
when the animals come to matunty
2 Castration 1s rapidls followed by decrease i remmn concentration
while the decrease in uterme weight occurs more slowly In some
castrated animals studied more than 1 month after castration normal
values for both uterine weight and renin coneentration were found
3 TFstradiol treatment of immature and castrated mature rabbits re
sults 1 ncreased remn content and ulerine weiht the effect on the
renin content being more rapid than that on the weight
4 Remn s found both in endomelrium and myometrium the ratio 1
most cases bemng from 1-5 but m a few cases below J
5 Estradiol treatment 1s wathout effect on renal remin content
6 [Cxtracts of uter: from 1mmature and castrated mfure rabbils con

tamn an angiotensin hike substance
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PLRICARDIAL ABSORPIION
OI THORIUM DIOXIDE IN RATS
8 Analysis of Thoracic Duct Lymph

By

I'ronp hLtGe
Recerved 13 ¢ 67

Studies on consiriclive pericarditss 1 dogs (1) and human subjects
{18) suggest that lvmph drained from the pericardium normaily en
ters the thoraeic duct An [ and roent ! 1 studies 1n rats
{9 15) seem to support this theory

In a Iymphangiographie study employing colloidal thorum dioxide
(Thorolrast) the mun lymphatic pithways from the percardinm n
rals were visualized (8) Anastomoses from these lymphalics to the
thoracic duct were suzggested but could not be unequivocally demon
strated

In order to obtain additional information concerming pericardial
lymph drunage Thorofrast was appled in the pericardial cawvity of
rats The thoracic duct was dramed and the radioactiaty of the col
lected Ivinph was measured The purpose of the study was

1 To mnveshigate whether lymph from the pericardium collects in

the thoracie duct

2 To observe whether this lymph enters the thoracic duct n its
cramal as well as 1 1ts caudal portion

3 To study the rate of absorption from the pericardial cavity

MATERIALS AND METHODS

Thorotrast (Fellows Testagar Detroit Michigan USA) This 15 a stemle filtered
dispersion of collondal thormm droxide It contains 24~26 per cent radioactive
thormtm dionade (W/V) 1u a solution of 20 1er cent dextrn and D15 per cent
mnethviparaben 03 ml of this preparation was 1njected nto the pericardial cavity

of each anmimal

Collection of Lymph
PORTEN nylan cannulas (Portland Plastics Ltd Hythe Hent England) were
e thoracie duct Two calibers were employed 18 gauge

D 075 mm The wmner plastic bag surrouad
ph Prior to use 1t was ensured that
ere than flushed with

or Michigan USA)

used for canuulation of the
with 0D 063 mm and 17 gauge with O
1g each eatheter was used for collection of Lym:
catheters and bags did not gnve radioactive ermssion They w
21 6 saline dilution of hepano 50 microg/ml (Upjohn halamaz
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Erpertmental Procedure

A total of *% adult male rats weighing 250350 g were used for the experiments
They Were anaesthetized with ether/alcohol (2 1) through an endotracheal tube
(10) The chest was opened through a left thoracotomy and Thorotrast was injected
inlo the pericardial cavity The chest wall was closed and the thoracic duct was
immediately calheterized in the nech by the techvique of Saldeen € Linder (17)
Once 1ntroduced the catheter could be passed distally as the rat thoracic duct does
not possess valses (16) As experienced by previous authors (3 17) the duct allowed
the 1ntroduction of a catheter somewhat larger than the duct 1tsell Hence it was
ensured that no frie space evisted hetween the catheter and the wall of the thoracic
duct

In 10 animals the tip of the catheter was placed in the cramal segment of the
duct central to the ] mpho venous yunction In 10 other animals the catheter tip
was positioned In the caudal thoracic segment Just above the level of the diaphragm
(Fig 1) The catheters were connected with the collecting bags and were fixed to
the neck muscles and to the skin The tracheostomy and neck meision were closed
and the anumals were placed in restraming cages They were allowed a standard diet
(Telleshjopet Oslo) and free amounts of water during the experrmental period

Lymph was collected 1n different bags 1 2 4 € 8 12 16 20 and 24 hours after
the injection The volumes in the bags were measured and the lvmph was trans
ferred to heparimzed plastic tubes at 4 C At termination of the experiment the
posiion of the catheter was controlled during autopsy In tv o additional amimals
subjerted to pericardial §nyection and lymph drainage 02 ml of blood were obtained
at the same time intervals The blood was aspirated from the tail sem into a svringe
contaiming 18 mi of heparin in saline (1 6) Two animals were sham operated 1e
lymph dramage was established without pericardial injection of tracer substance

Lymph was collected at the same time ntervals and studsed as 1a the experimental
ammals

Counting of Radwactinty

Portions of 2 ml were taken from the 1ymph pools collected at different time
fntervals If the total volume in a pocl was below 2 ml 1 m? of lvmph Nas diluted
With 1 ml of normal saline The conteats were placed in & seintillation counter with
a well crystal and counted at an energy range of approximately 350 he\ At Ieast
1000 counts were recorded for each sample The bachground actinity averaged 50 cpm

RESULTS

Frie of the ammals 1n the two experimental groups were discarded ow
ng to deficient lymph flow In three ammals this was caused by
displacement of the catheter 1 two obstruction by clotting of 13mph
W1s responsible In the latter X\ ray e 10ns revealed 1 d di
asterna chyli and Jeakage of contrast medium 1into the peritoneal
cavity (3)

The results are based on the remmming 15 ammals nme 1 which
the catheter was in the crantal posibion (H) and six 1n which the cathe
ter was i the caudal posstion (L) (Fig 1)

Tymph Flow

In both groups the tolal output of Iymph per ammal during 24 hours
Was approumately 30 m! The volume dramned per hour was highest
during the first 2 hours follovung cannulalion with an aserage of
about 3 ml per hour From 2 to 8 hours the flow appronched a level of
1 5-2 ml per hour and then gradunlly decreased (Tab™ =~



Fig 1
The man pathways in pericardial Iymph dramage and (hur rcla(mm (.v the (harauc

duct Lateral vew P Perr ardivm § Parasternal ly
1y 3 s 4 Thoracie duct The lclcls of suspected

anastomoses with the thoracic duct are indicated by mterrupted hnes The dramning
catheters were placed 1n the eranial () or in the caudal (L) portion of the duct

TABLE 1
The Wean Yalues of Lymph Flow (ml) and Radwactlivity (cpm/ml) at Each Time
Interval Frr Each Fryute * 25¢ Are Indicated

Wean solume of lymph Mean ¢pm/mi

Hours 3w s 25 o 2se L% 2
6-1 29£02 28£0° 83 30 % % 18
1-2 30£02 1003 173 £ 59 39 312
2-1 3808 14412 2374 18218
15 4008 3305 215 2 59 13327
6-8 36207 37£05 26 % 74 38 % 14
8-12 12208 1114 181 % 61 52 = 3¢
12-16 3308 30205 146 £ 37 v ® %
16-20 28+ 04 27£01 14 = 42 52 %29
20-04 242403 2002 61 %31 30 %3
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The total amount of radioactity at different time intervals (see text) H and L
indicate cranial and caudal position of the catheter For each mean value = 2se
(standard error) are indicated by a vertical bar

Radioactwty

The mean 1alues {cpm/ml) for samples from the 9 H ammals and
the 6 L-amimals at each Lune intertal are presented 1n Table 1 In the
H groups a maximum was recorded between 2 and 12 hours while the
L-values showed onlv moderate vanations (Table 1) As will be scen
from the standard error (s € ) marked differences between the differ
ent amimals at cach time interval were present Nevertheless the min
mum counts recorded in the H samples were always lugher than the
maumum counls in the L-samples As expressed by the mean values
(Table 1) the difference between the H group and the L-group was
sigmficant at all time intervals up to 16 hours

o specific radioactivity was detected in the blood samples from the
{wo amimals subjected to pericardial injection and thoracic duct dran
ge Analyses of the fymph from the twe shamoperated amimals afso

were negatine 1 e they did not show ridioactivits above th back
ground level

Counts Relaled to Tolal Lymph Flow

The figures for epm/ml were mulupt ed with the corresponding
lymph oulput at each time mterval These dita give an expression of
the 1ot1l radioaclinity and are presented 1n Fig 2 A maumum of
riudioietiily appeared belween 2 and 12 hours in the H group while
Yartations in the L-group were minor



248

DISCUSSION

Thorotrast 1s considered n rehable traecr when lymphatics arc to b~
mvestigaled (19) It does not leak from lymph capillaries (2) has a
low toxieilv in short term expermments (4) and 1ts removal rate 15 not
wnfluenced by cther narcosts (6) Thorotrast has previously heen used
mn studies on penitoneal ymph draunage (16) but not for investigations
on the perteardium

In the prescnt study only two ammals were disearded owin, lo
clotling of lymph 1 the eatheter This low meidence may be due lo the
employment of heparm (3 12) and to the anticongulant propertics of
Thorolrast (7 14)

The Iymph flow rate per hour was lughest durmn the first two hours
after Thorolrast mjection 1t remmned eonstant at 2 lower losel during
the next six hours and then gradually decreased n the following
period These obsery wbions correspond well with those of Olin & Sat
deert (16) who used a smiar technique {n amimals drinking & salne
dextrose potassium solution (12) outputs up to 100 m! n 24 hours
hnve been recorded

The flow rate did not differ sigmficanlly wath the posttion of the
catheter In the L-position the catheter probably occludes the ana
stomoses to the cramal segments of the duct (Fig 1) Hence one might
suspect that 2 certamn portion of the lvmph be diverted from the cranial
route and dram through the caudal anastomoses However the inter
position of Iymph nodes and valves (9 15) spcals against this posst
Inhty It seems more hkely that the amount of Iymph dramned through
anastomoses at both levels ts low as comprred to the total dramnage
through the thoracic duct which collects lymph from the entire intes
tinal tract the pelvis and Iower extrermbles (15 16)

The presence of radioactivity in all Iy mph samples shows that lymph
1s draned from the pericardium through the thoracie duct It seems
hikely also that the thoracic duct 1s the maim reapient of pericardinl
lymph dramnage

The absence of radioactisty mn the blood of the conlrol animals does
however not exclude the possimiity of other lympho venous communt
cahions First blood from the tail vein has passed through the reticulo
endothelial system where most Thorotrast parficles are retamed (7
13) Second weak emission from the small blood samples may have
heen lost 1 the background achivily

The sigmficant differcnce between the two experimental groups dur
ng each time interval permuts the following conclusion Lymph 1s
draned from the pericardium both through a cramal route via {he
rnal/mediastinal lymphatics and throngh a distal roufe s1a the
mafic fymphaties as mndicated m Fig 1 This conclusion 1s 10
suth earlier anatomical (15) and lymphographic (8)
tudy also indicates that more penicardial [ymph

paraste
diaphrag
good accord ince
studies The present s
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1s draned through the cramal than through the caudal anastomoses
Thus agrees with the findings of Olin £ Saldeen (16) who stated that
only a minor portion of diaphragmahic lymph enters the thoracie duct

R whioactivity was deteeted in 1y mph samples already dunn,, the first
hour of drmnage (Table 1) In an electron microscopienl study (8)
most of the injected thorum dioxide was absorbed through the meso
thelium during the first hour By lymphography however sisunhzahion
of lymphalics was delayed until the second hour {9) This difference
between resulls obtained by lymphography and radicactive analyses ss
probably due to the grealer sensiinity of the latter method

The concentration of radioactivity in the Iymph samples increased
dunn,, the first 2 hours and atimned 1 maximum between 2 and 12
hours Studies on absorption from other scrous cavifies (5 113 also
indicate that an equilibrium 1s established 1 1-2 hours and lasts for
longer periods of time

SUMMARY

Lymph dramage from the pericirduum was studied by njection of
Thorotrast into the pericardia) eavily of adult rats The thoracic duct
Was cwnulaled and lymph was collccted from the cramal or from the
caudal portion of the duct Samples were collected at different time
wiertals and analysed in 2 well sentitintion counter Radioclivity was
present m lymph samples already 1 hour following pericardial injection
and reached a maximum between 2 and 12 hours later
The results indicate that {ymph dramage from the pericardiam en

ters the thoracic duct 1n the cranial as well as i the caudal portion of
the duet More pericardial Iymph was dramned throngh the eramal thin
throu h the caudal Anastomoses
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A MEMBRANE FILTER METHOD
FOR THE DEMONSTRATION OF BACTERIA BY THE
FLUORESCENT ANTIBODY TECHNIQUF*

4 Experumental Studies of the Demonstration of Shigellae
i Waler from Varous Sources

Dby
Dan Danterssov and GUNVAR LAURFLL
Received 21 vi 67

The application of the membrane filter (MF) method 1n comination
with the fluorescent antibody (FA) technique for the d tration
of hacterin i water was desenibed earlier (2 3) After water had been
filtered through a non fluorescent MF the latter could then be stamned
direelly with FA for subsequent cxamnation with a fluorescence m
croscope This techmque allowed & speafic bacterological dingnosts
withun 2 hours and also a quantitation of the bacterr 1n queshion 1f
the number of orgamisms was at least 1000 per htre of filtered water
{2) The sensitivily was mnereased by allowing orgamisms trapped on
an ordinary white MF to multiply 1n nutrient broth and then filtermsg
the broth through a non fluorescent MF for subsequent FA stuming
This technique named the two step procedure  allowed the detec
lion of bacterta within 4-6 hours at concentrations of 2-50 organisms
Per lire of filtered water The same sensibivily was armved 1t with a
corresponding enrichment procedure for 14-18 hours followed by FA
staming of ordinary smears prepared from the sediment of centnifuged
broth (3) These 3 modifications were successfully emploved for a
fapid demonstration and quantitation of enteropathogeme Escherichia
colt m accrdentally contaminated drinking water (4)

1t 1s known that shigeilosis can be an important waterborne disease
Therefore 1t was of interest ta test whether the MF methods n com
Innation with FA techmiques also could be used to demonstrate Shigel
Lie 10 water The present paper presents « study of the speethicily of
fluoreseein conjugated ant1 Shizellae globulins and the resulls of the
applicalion of the combined MF melhod and TA technique for the
d of Shigellac m exper
Polluled water of duwverse ormns

lly infected and naturally

* This
Defen eni.",‘,f,s,l:;mw was supported by grants from the Delegation for Vedical



1

=3

11

13
14

&

16

3

-
=

250

Rluge T & Tveten I cic surgery in rats
Acta path et microbiol scnmhm\\ 72 103‘103 1968

KRruger S Creve D W & Schueler F'W  The absorption of fhud from the
peritoneal cavity Arch Int Pharmacodyn 137 173-178 196°

Tee DS & Hashium S 4 A new catheter system for eapnulation of thoracic
duct of the rat J Appl Physiol 2f 1887-1888 1966

Lettner Z A Sequelae of Thorotra t Brit Med J 5469 1062-1063 1965

McGehee W G Hjort P F & Rapaport S I Effects of thonum dioude upon
hlood clotting and platelets I In wito studies in rabbits Thrombos
Diathes haemorrh 16 324-370 1966

Mottt R Die Lymphlnoten und Lymphgefasse der weissen Ratte (Rattus
norvegiens Eplmys norvegicus Berkenhout) Acta Anat £2 489-5°7 1963

Olin T % Saldeen T The lymphatic pathways from the perttoneal cavity A
Iwmphangiographie study in the rat Cancer Res 2% 1700-1711 1961

Saldeen T & Linder F A method for lang term collection of 1ymph from the
thoracie duct Acta path et microbiol scandinav 49 433-437 1800

Servelle M Bouvrmun Y} Tricot R Soulie J Turpyn H Fuu( F Cornu C
€ Madlin € Lymphatic 1 constrl bt s J Cardio
vasc Surg 7 18°-199 1966

Yoffey § M & Courltce F € Lvmphaties lymph and lymphoid tissue Edward
Arnold Co Londen 1956




2563

examined for the coliform density with the standard multitube method (MPN
method) aceording to current techniques (1) and for Shigellae with MIF techniques
in combinatiop with FA methods as described bclow Water samples that gave
positnne FA tests for Shigellae were cultured on Copradi Drigalsk blue agar plates
before and after they had been enriched in broth (see below) Laclose negatne
colonies (at least 156-20 colomies) were studied further with biochemical tests
(manmtol positnity lactose sucrose negativity mdol negalnity and urease nega
traty) and subsequent agglutination tests with polvialent antl Shigellae sera after
suspicrous colomes had been remo ulated on blue agar plates

Rwer water Water samples were collected from the saver Fyris at 3 different
stahions (statons A B & C) and examiped 1o the same wa)y as described sbove

Filtration Procedures Handhing of MF and ¥4 Staiming

Water samples of 1 litre were filtered through

1) Black non fluorescent MF (Vallipore HAB(P)C 047) From these filters cirular
pieces were stamped out with & diamcter of 125 mm Thes were stained with FA as
described before (?) When river water was used it was possible to pass only 250-500
ml of water through the filters

) White MF which were put into 30 ml of nutrient broth and mcubated at 37 C
After 6 hours enrichment two 10 ml samples were passed through anotber blach
non flyorescent MF (Villipore HAB(P)G 075) and thes. were treated as deseribed
sbove This technique a5 called the two step provedure (3) The remajning broth
was Incubated for another 16-18 hours 4 5 ml of the latter was centrifuged for 20
mm at 3000 rpm the supernatant was decanted and the sedument suspended in

sahne Ordinary smears were prepared on shdes and subsequently stained with TA
in the usual way

Fluorescence Wicroscopy

A Zesss fluorescence Mmicroscope equipped with a dark ficld condensor and an
Osram HPO 200 mercury lamp was used A BG 12 (3 or 4 mm) was used as primary
Iiler and a Zeiss 47 or a Zelss 50 esther alone or 1 combimation as secondary
fters The microscope vas fitted with Zetss for meident

for the inspection of FA stamnel non fluorescent MF as described elsewhere (2)
Ordimars smears sere examined 1n the usual way

RESULTS

FA Statming Properties of FITG Labelled anti Shugellae Globulins
before and after Absorptions

T'A statming of Stugellac The conjugate of antt S dysenfertae scro
type 1 gave a4 3~4 4 reaction with its homologous stram (Tahle 1) No
reacttons were obseryed with other Shugellae strams In the carrespand
™g way the conjugates of ant1 § flexner: serotype 1 and ant1 § boydu
serotype 1 gave 3~4+ reachions only with thewr homologous strams
§ flexnert serotvpe 32 however also gave a 1-2+ reachion with the
conjugate of anty § flexner: scrotype 1

The polysalent conjuqates of anh § dysenteriac (cove snf, {1 wera
types 1-8) of anlt S flexrert (1-6 x vamant and v 31 mt) of b
S boydu {covering serotypes 1-11) nd of S sonnet 1 arc i gave
31+ reactions only with the struns within their cor  onding
groups

FA staining of 1 schericlua colr and tienlescens dispas The polsra
lent eonjugates of anh § dysente & [’ xnert boydu and sonnei were
lested agamst the infernational strains of Fseherichia ¢l representing
Yhe scrolvpes 01-0147 ind agmast the struns of Alcalescens dispar
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represcatmg the serotypes 01-08 Struns cross reaching with ant: Shn
geltac zlobuhins are hsted 1 ‘Fable 2 Yt will be seen that no cross reac
tions were ohserved between the antt S sonner conjugate and the lested
stramns The anh § dysenlertae conyugate gave 3+ or 3-44 reactions
with Escherschia coh 038 0121 0124 and 0130 and 1-3+ reactions
with 614 058 and 0112ac The anlt S flexnert conjugate gave 3-4+
reactions with Eschertchi colr 013 and 0147 and 24 reactions with
Escherichia coli 019 and 0129 The antt § boydu conjugate gave 34+
reactions with Eschertchia coft 003 and 0105 and 1-3+ reactions with
01 03 014 030 0162 and 6143 No cross reactions were abseried be
tneen the congugates and the other strams of Dscherichia coh and the
strawns of Alealescons dispar
TABLE 2
F4 Staning Reactions between Pofyvalent anti Shigellae Conjugates and Strauns of

Eschenichta colt Representing O Groups 1 through 157 and Slraras of
Alcalescens Dispar Representing O Groups 1 through

TITC Jabelled polys alent anty Shigellae globuling

S dgsenteraa 8 fleznert S Boydtc S sannes

Straimstested (serotipes {seratspes (serotypes {seratvpes

1-8) 1-6 x ) 1-11) 1& 1)
Testdil 1 10 Testehl 1 30 Testcal 1 10 Test@l 1 70
E o ot - - 2-3+ ~
03 - - -2 -
013 - 344 ~ -
(353 124 - 1-24 -
019 _ oy - -
038 34 - - -
038 z - 2+ z
033 - - -
038 - 4+ z
0107 - 2 Z
3 . éji -
Mizac - - -
vi2} - N -
[ Z - z
0128
8130 3”’ - T
0143 N z » -
b - 3 1-24 -
Alealescens - -
Bupor 0103

“glal;:lorlpho‘t‘u of the polyvalent antr S dysenteriae conpugate \ith
X‘\:qmrcdo the cross reactions observed absorption experiments w r
thepes H‘! order to obtun specific conjugates Separate pertions of
s )c';;l en! anh S dysenteriae conjugate were absorbed \ ¢ 1 Esche
vy m:dufx?e (‘!:g ‘0;211 and 0130 and then tested 1« 1 st these
Prosented e prpt 31 wduat strams of S dysenleriae The results are

1t wrlt be scen that absorption of the conjugate with Fschernichia colt
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The time needed for the d, atlan using fl hod of varl us
numbers of different pes of Shi rganisms in

contamnated tap water

from sediments of enriched broth The addition of an unrelated strun
Lscherichia coh 0119 B14 n concentrations of 200-400 orgamisms per
hire did not interfere with possibilities of detecting Shigeliae organisms

Examunation of Rwer Water and Well Waler with Regard fo Coliforms
According to MPN Procedures and with Regard (o Shigellne with
the Use of the Combined MF Techruque and FA Method

Water samples werc collected from 3 different places of the river
Fynis and from 10 different wells The results of these mvestigations
are presented m Table 6

It will be scen that the river water was heawly contaminated with
coliform bacteria Directly FA stained non fluoreseent MF through
which river water had been passed could not be examined owing to
the occurrence of numerous coarse particles With the use of the
two step pracedure  and ordinary FA stamned smears orgamisms were
staned with conjugates agamnst § flexner: sonnel, dysealerae, and
boydnr The same results were obtained with unabsorbed 1s well 1s 1b
sorbed conjugates No Shigellae could however be isolated by con
ventional methods

The coliform density n two of the wells was 500 thermolabile and
10 respectnnely 80 thermostable cohiforms per 100 mi of water [xa
mmation of the water from these wells with directly FA stamned non

fluorescent ME gave megative resulls After ennichment of the wnier
msms were stamed with conjugales agunst § flexnore

rga
howerer org Iwo step procedure s well as witfi FA

and S dysentertae wilh the
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statned ordinary smears o Stugellae could however be 1solated hy
consenlional methods Water extmuncd from the other 7 wells gnve
negative results with directly FA stamed non fluorcscent MF as well
as with  the two step procedure and FA staned ordinary smears
fter enrichment The walcr from these wells had low eobform den
sities

DISCUSSION

Difficulties mvolved 1 attempls to preparc speafic fluorochrome
Inbelled polyxalint anli Shgellae Jobulins have been reported by La
Bree ct al (5) and by Thomason et al (9) In the present paper anh
sens preparcd by the Roschha method were used for immunization (8)
This seemed to result 1 immunofiuorescent conjugates quite com
parable s to specifieity with those obtained by Thomason of al (9}

When testing the polyvalent anti Siugellae conjugates aganst 147
mternational serotypes of Escherichia colt and eight serotypes of Al
calescens dispar the ant1 § sonnet conjugate showed complete spect
ficitts  The other three polyvalent anti Shigellac conjugates showed
however eross reachions with seseral different serots pes of Escherichin
colt This 1s 1n agreement with the results obtained by Thomason et al
(9) Ceriain differences were however noted The conjugates used by
these authors gave also reactions with Escherichia colt 04 01§ 032
079 083 and 0135 which was not the c¢ase 1 this mvestigation On
the other hand we observed strong reactions with Escherichia colt
013 and 0147 The latter stram was not however mecluded by Thoma
son et al

There can be several explanahions of these differences The conjn
gates used by Thomason el al covered a few more serotypes than ours
On the other hand the working dilutions of our conjugates were hiher
than those used by these worhers and a higher difution usuafly in
creases the speaifieity by ehmmating some of the non speeific reac
bons Finally the techmque used for the preparation of antigens for
immunizabion might have been of mmportance smee b anfigens may
occyr 1n some serotypes of S dysenterwae, S flexnert S boydu and §
somnet (9) The presenee of these K antigens cn be expected to in
1ensify non specific reactions It 1s not known however whether the
Roschha techmgque for the preparation of anhigens completely ehimin
tes b antigen(s) bul probably 1t dinumshes the rish of production of
k antibodies

The cross reactions between the polyvalent antr Shigellge conjugatcs
and Escherichia colt could be ehminated by absorbing the comjugafes
with these strains It was fonnd that certamn stramns had better 1bsorb
g capacits thi others The absorphions had however some dis
advantages Thus the conjugates had lower FA titres after absorpiion
and the stumng reactions were greatly reduced i mtensity with some
of the mdiidual Shigellae serotvpes A possible way to solte this pro
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blem would be to supplement the polyvalenl conjugates with these
mdivadunl serotypes

The polyvalent anti Skigellae conjugales could be successfully used
n combsnnbtion with MF procedures for a rapid demonstration of Sht
gellae organisms 1n experimentally infected lap waler A specific diag
nosis was arrived at within 2 hours at concentrations of about 1000
Shigellae orgamsms per litre of waler and with the use of an enrich
ment procedure called the two step procedure within 6-8 hours at
coneentrations of about 5-50 orgamsms per hitre These results are m
complete agreement with reported results obtamned with enteropatho
genie Escherichua colt (2 3 4)

The experiments with naturally polluted waters have been less pro
mismg With heavily polinted water such as that from the miver Fyms
non fluorescent \F for direct FA stainin, could not be used because
too many coarse and dense pariicles were present With the use of

the two step procedure orgamsms were stained with all the poly
valent anti Shigellac conjugates nsed unabsorbed as well as absorbed
No Shugellae could however be 1solated by culture This mi ht be an
expression of the higher sensitivity of the FA method but for several
Teason 1t 15 more hikely that 1t was a false positive reaction One reason
1s that diarrhoea caused by Smigellac has been extremely rare i Swe
den wilhin the last ten years It would therefore be surprising 1f many
types were found although any chnieal cases had not occurred mn the
community Lfforts to 1solate Shigellae were also ful

It was of mlerest to note that non specific FA staiming reactions
were not observed when well waters with coliform densities lower
than 300 thermolnbile coliforms per 100 ml of water were exammed
These resulls suggest that fluorescent tech bined
with MF methods could be of value if less heavily contammated water
sources were to be cheched for example in the casce of drinking water
actidentally contaminated with sewage water or 1n the case of bro
togical warfare when 2 preliminary dragnosis 1s promplly requured For

the time beng however the experiments are too himited to permut
more general 1 ory dation:

SUMMARY

El:n;rescem labelled polgvalent anh Shigellae globulins were prepared
v dysenteriae S flexnert S boydu and S sonner If tested agamst
b scrotypes of Eschertchia coli and eight seratvpes of Alcalescens
Ihcpa:h the ant1 § sonnet conjugate showed complete specificity while
o cThcrs Zave cross reactions with several serotypes of Escherichia
N rclg cross reactions were removed by absorptions This resulted
Shy cll:\ uction of the staiming reactions with some of the mndnadual
Rt’nis “c serolypes After these inveshigations of speesficity the rea
ere used 1n jon with b; filter (MF) hod:
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for the delection of Shigellne organisms m water of diverse onigms
Using expersmentatly snfected tap nater Shugellae orgamisms were de
monsirated within 2 hoars at concentrations of 1000 Orgamsms per
hitre and within 6-8 hours at concentrations of about 5-50 organisms
per bire If heavils polluted river water and well water with coltform
densittes of more than 508 coliforms per 100 mi of water were ox
anuned orgamsms were stamed with all the polyvalent anty Shrgellae
conpugates used unabserbed 15 well as absorhed The results were re
garded as false positive reachions Any non speesfic reactions were not
observed when well water with cobiform densities lower than 300 colt
forms per 100 ml of water was exammned The possibulity of usmng

fluorescent techmques m ination with \fF methods with
a view to cheching less heavtly contamunated water sources for entere
pathogeme bactenia has been discussed
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INVESTIGATIONS ON THE ENZYMES AND TOXINS
OF STAPHYLOCOCCL

Assay of Lipase Using Tween as the Substrale

By

M O Trrovarasasas and H Lisosech
Recerved 61u €7

The properts of coagulasu positive staphylococes to cause opreith n
egg yolk was furst deseribed by Gellespte & Alder (4) It was shown
by these anthors thit a good correlation existed between the egg yoik
Teachion  and the capacity to hnvdrolyse lard The reaction on egg voth
was thercfore thought to be due fo a ipase Imvestigations by Shah &
Wuson (10) as well as Tunnarayanen & undbech (12) confirmed
that the eag yolk reaction was eaused hy 1 hipse which aeted on the
fipoprotesn Lipovitellenin an egg yolk and hberated falty acids Analysis
of the fatty acids ruvealed a hugher content of patmitic acid than ste
aric or olew acids (12) A symiar observalion concernmng the relaine
amounts of Lberated palmibie steane and olexe ands was made by
Vadehra & Harmen {13) during studies on the actwon of staphvlo
cgceat tipase on mulk fat It has also been found that staphviococeal
lipase hiberates stearie palmitic wnd olese aeds qunbtatnely from
syathetie triglyeendes independent of the posttion at which the fally
acuds are subststuted on the glycerol molecule (1)

The myvishigations so far perfarmed dedt with the anabvsis of the
end products of the reachions whereas the rates of hydrolysis of the
sndisydual ester bonds were not very much tmestigated Drnmmond &
Tager (3} studied the hydrolysis of different inphycendes and found
that only tributyrin was hvdrolssed by the staphalococcal enzyme On
the other hand Stewar! (11} observed that the hipase from staphvlo-
toues hydrolysed triutsrin as welt as other triglycerides

Certamn difficultics were encountered while studving the effect of
staphviococcal ipase upon the triglycendes of hugher fatty amds be
cause of their nsolubibiv 1 water and the ¢ffeet of their patticle size
o8 the rate of enzvine reaction The dfferint fatfy acd csters of
Tween therefore seem bitter suned for enzyme kmetie studios s
they are readily miseible with water

The usability of Tweens as substrates far ot » Fas previousty been
established Thus Hurlein € P stud o1t determimation of tipo
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protein hpase (clearing factor) n human sera and found that the re
actialy was twice as great with Tween 80 as 1t was with Tween 60 (5)
In the present study the action of staphylococcal lipase on the Tweens
W1s studied by = spectrophotometric as well as by the agar plate assav
method described previoush (7)

EVPERIMENTAL

The adenhilication of the lipoprotesn hipositellenin as the substrate and the latty acids
as the end products in the egg volk reaction indicated that the enzvme 1nvolved
was a lipase (10 1%) The hiberation of palmitic actd 10 amountts greater than either
stearic or oleic acids (12) suggested that esters of palmitate were more readily
attached by the cnzyme than esters of the two other acids In order to study this
phenemenon further a number of expertments were performed in which the different
faltv acid eslers of Tween were used as the substrate

Lipolstic actinity can be deseribed as a hvdrolstic cleavage of the ester bond
between an alcohol and a fatts acid The enzvme reacts with the ester to produce
an aex) derivative Under the usual experimental conditions the acceplor for such
acvl dersvatives 55 water Where the fatty aeid 1s 1nsnluble caleium or proteins can
function as acceptor Thus under such conditions a measure of the caleium salt that
ss formed 1s proportional to the enzvmatic reaction With Tween as the sobstrate
no fatty actd, even 1f msoluble in water 15 precipitated in the absence of calaum
There 1s no change either 1n the pH of the reaction mixture The precipifate which
1s formed in the presence of calerum 1s homogenous hecause of the surface actne
propertics of Tween until the concentration of the fatty acid salt formed exceeds
300 4 Mol (5) Thus within this range of fatty acid concentration optical density
measurement can be performed with good aceuracy especrally using a spectrophoto
meter with a light path of 0001 mm

The spectrophotometric method was useful to studv the rates of the reactions as
well as to establish the requirement for optimal actrity hke for mstance pH
caleum and magnesium aons The agar plate assay method was consvenient to use for
routine testing of acttssts with uppurified supernatants

HIDROLYSIS OF THE TWEEN COMPOUNDS
STUDIED WITH THE AID OF
THE SPECTROPHOTOMFTRIC METHOD

A Unicam spectrophotometer model SP 800 equipped with an 1ulo
matic unit for repeated changing and recording of the absorption of
four cusettes together wilh their corresponding blanks was used The
repetition of recording was set at 1 minule nterval and the cells were
mamtaned at 37 C by crcnlating water from a thermostated water
bath through the cell holder The blanks contamned all the components
of the reaction muxture for the test solution except for the substrate
which was replaced by buffer Unless otherwise stated the reaction

muxture consisted of

01 ml 10 per cent Tween in 005 I Tris HClpH 76

1Tris HC1 pH 76
o1 LN e O e o source or puriied enryme prepanation
%7 ml of 00> I Tris HClpH 76
the hiberated fatty
were hvdrolysed by the enzyme and
e octed « Tuble salts which mcreased the

acids reacted with caleium to form 1080l
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Spectraphotometric recording of the hydrol sis of Tween %0 by culture supernatant of
Staph aurens 41 =3, B=6u C=124 D=2ty

turbidity with time The turhidity was measured at 400 mp For the
spectrophotometric studies the culture supernatant of Staph aureus
of phage group IIT having the laboratory number 44 was used as the
¢nzyme source The experiments were done with a preparation chro

r(!;alogmphed on a column of Scphadex G 100 as described elsewhere
3)

En yme Concentration and the Rate of Hydrolysis

The effect of different amounts of the enzyme preparation on the
hydrolysis of Tween was studied The spectrophotometric recording
of the hydrolvsis of Tween 20 showing a change 1n optical density at
400 my 15 shown 1n Fi, 1 A final concentration of 3 6 12 and 24 pl
of the enzyme soluhion was used The rale of formation of precipitate
was high with 24 #l and dechned with decrcasing amounts of the
Sgemutnut The imhal reaction velocity expressed as the increase 1n
;‘h orption at 400 my per minnte (E,q, per mn) was plotted agunst

¢ amount of the enzyme (Fig 4) A linear relationship was obtamed

Effect of pH on the Hydrolysis of Tween

For the study of the effect of pH onr the hydrolysis of Tween 20
;m;roprnle buffer solubions were used 02 M Na acelate acetic acid
uller was used for the pH range 40-7 4 and 01 I Tris HCI buffer
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Relationship between the pH and the rate of hvdrolysis of Tween 79

was used for the pH range 74-90 Latle achintly was demonstriblc
belaw pif 6 The mstixd reaction veloesty was plotled agamst the pH At
wihitch the reaction was studied (Fi, 2) It was observed that as the
pil was rused from 6 the rctiaty inereased and reached 1 mamum
between 78 and 82 Further increase i pH decreased the enzymue
actnvily  fhus a pH between 78 and 82 was found te be optimal for
the enzyme ta hvdrolyse Tween 20 A hvorder pH optunum between
74 and 86 was found for the hydrafysis of the other Tween com

pounds

Tifect sf Lalcinm and Magnesiun lons on the Hydrolysis of Tween

The rate of hydrolysts of Tween 20 i the presence of varsing
amounis of ealosmrm md magnesium ions {as chionde) was studied
ustng 6 pd of the epzyme preparalion Na enzyme achisily was demon
strable in the hsence of either of these wons as no precpitale or chnge
m pilocearred At the concentration of 33 X 19 9 A or less of cnleiam
there w18 no renction Increasing the concentrabion of enleum resulted
in a gridual iperease 1 the miteal renchion veloaty reaching a man
mum betwoen 33 X 10 2 and 10 X 18 3 Further snerease m endeyum
concentration decreased the reaction velocly (¥i1g 3) The actinaly of
the enzvme m the presence of masneswm was sunitar to that of el
cum bul Ingher concentritions of magnestum were required ho
wetnaty was demonstrable wih magnesum up to a coneentrilion of
23 X 10 M With furtber snerease the activty mcreased rapadiy nd
reached n mavunum arcund 79 X 1072 M Shl} higher concentralions
& mot ffeet the enzyme actisity Thus magnesmm was found lo be
less acline than calemm as fatfy cid acceplor dunin., hydrolysis of

Tween 20
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Rate of Hydrolysis of Different Tween Compounds

A final concentration of 033 per cent of the Tween compounds as
the substrate was found to be adequate to study the rates of hydrolysts
in the presence of different amounts of the enzyme preparation A
{inear relationstup was obtamned when the mmninl reaction velocify was
plotted against the concentration of enzyme with the four Tween com
pounds used (Fig 4)

Maximal activity was obtained with Tween 20 as the substrate and
the reactivity with the other Tweens decreased in the followmng order

Tween-20 < I'meen—60 < Tween~60 < Tween-80

The relative ratios of the reaction velocity as judged by the change
1n optical density wath the different Twein compounds was 10 5 25 1

respectively

Effect of Substrate Concentration (s} on Reaction Velocity (v) and
Evaluation of Michaelis Constants for Tween Componnds

The effect of different concentrations (between 10 and 0003 per
cent w/v) of the Tween compounds on the actity of lipase was stu
died For the evaluation of the theorelical veloaity maximum (Vmax)
and the Michaehs constant (hm) the values of 1/v and 1/s were plot
ted as shown 1n Fig 5 At high concentrations of the substrate therc
was no mhibitory effect on the reaction velocity by Tween 20 whereas
the other Tween substrates showed inhibstion From the plot the values

for Vmax and km were calculated
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Substrate Vmar Em (per cent) hm (per cent)
Tweea~0 0102 043 043>
Twecn~40 4074 Q162 aost
Tween~60 0073 0570 0393
Tucen 80 0147 0833 0208

On the basis of proportional molccular weight

On the basis of waght the renelinaty of staphylococeal lipase was the
lughest with Twcen 40 and decreased in the followin. order Tween
40 < Tween 20 < Tween 80 < Tween 60 The numbers which follow
the Tweens (T 20 T 40 ele ) also represent the total number of ovve
thylene Iinkages (9) 'Thus the number of such hinka,es increases
proportionally the molecular wercht of the Twiens Because the cen
tral core of the malecule foyether with the fatty acid form the mimor
part of the molecule 1t 1s concluded that the relative proportion of the
molecular weights for T20 T40 T 60 and T80 lie in the rahio of
1 2 3 ¢ respectnely This does not hold true for the polysorhates
which are also designated as Tween the thiferences m molecular nesght
bewng due o duffrences only 1 the weight of the fatty acids

STUDY OF THE HYDROLYSIS OF TWEFN COMPOUNDS
WITH THE AGAP PLATE WETHOD

Deternunation of En yme Actwily by the Agar Plate Assag Uethod

The nutrint agar used had the compouttion described earher (7)
and was sterlized at 120 G for 30 mmules together with the Tween
Unless otherwise stated 0 75 per cent Tween 60 was mcorporated into
the agar 002 per cent sodium methiolate was added 10 mhibst bactenal
gronth The pH was cheched and adjusted to 7 8 before pourmg the
agar inte Peint plates As the medwum contauned cnough caleium and
masnesium tons it Was not necessary to add these co factors Prior to
the mncorporation 1n the a.ar the Tween compounds were treated wath
dry calctum oxide and filtered This removed nny free falty acids pre
sent m the preparations

To demonstrale the enzyme actiufy 015 ml of the culture supcr
natants was filled with micropipeties 1nfo 10 mm diameter 1nd ¢ mm
deep holes cut 1n the agar The reaction w1s noted afler ncobation for
24 hours at 37 € Addition of more supernatant and further 1mcubn
tion for 24 hours nercased the zone of re wetson (T1g 6) Low activity
was delected Ly fillin, the holes darlv and incubatin, up fo 4 days
After this per od the reactions were diftus¢ 1nd not readily readabie

Hydrolysis ¢ Diffc rent Tween Compounds

In an ¢ 1her study (7) the reaction given by cwlture supernatants
of staphnlococer on ¢gg 3o0lh agar was studied Laperunents with dif
ferent concentrations of «gg yoll showed thal the best resulls were ob
tuned wath 070 to 1 20 per cent egg volk Bulow tlus concentration
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= no enzyme control B and C = two of culture
Reaction given by culture supernatant of Staph aurcus 44 oo Tween-60 agar

the reactions were diffuse and with higher concentration they werc
difficult to read Tests with Tween compounds were performed mn 4
simtlar manner

The concentrations of the Tween compounds used were 62> 050
075 and 100 per cent The actiuty was tested using three concen
trations of the culture supernatant (undiluted 1 10 and 1 100) The
reactions were read daly afier apphicalion of the enzyme for a period
of up to three days (Table 1) No activily was demonstrable with
Tween 80 as the substrate whereas preciypitation occurred with the other
Tweens The reactions given by culiure supernatants with Tween 20
and Tween 10 were frequently diffuse and 1l defined to permat accu
rate measurement of the zones of reactions On the other hand Tween
60 gave a bright zone with good demarcation and the results could be
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read with ease and accuracy Thus for routine purposes the studies
were done with Tween 60 as the substrate bearmg mn mind the lim
tations of the test due to the fact that ifs reactivity was lower than that
of Tween 20 or Tween 40 For his reason Horlein & Pz (5) also used
Tween 60 although the reactisity was twice as great with Tween 80

TABLF 1
Hydrolysis of Tween Compounds Studied by the igar Plate Method
Tween enzyme ‘Txeen-20 Tween-10 Tween-60 Tween 80
conc ‘.‘::f;:‘ zone of reaction In mm diameter after  days
=
2O (i) 12 3 1 2 3 1 2 3 123

undiluted  2* 29 336 21 275 335 295 29 345 0 0 O

0% 1 10 16 705 275 15 20 20 17 21 27 0o 0 0
1 100 0 13 20 o 4 16 o 15 20 o 0 0

undiluted 2% 30 32 21 285 35 25 29 345 0 0 O

050 110 16 21 2% 15 195 24 17 21 26 0 0 0
1 100 0 135 195 ¢ 14 15 0 15 20 0 00

undiduted 2° 28 33 215 28 345 °15 375 33 D 0 0

o7 110 15 21 23 16 20 25 16 2 2 o 0 0
1 100 0 13 17 0 13 15 0 13 175 0 0 0

undiluted 20 285 33 21 28 335 20 265 30 [

100 1 10 15 19 26 16 20 245 14 19 235 0 O O
1 100 0 13 14 o 135 18 0 13 175 0 0 0

The Jack of reaction of supernatants with Tween 80 as the substrale
by the plate method was probably due to the lower concentration of
the substrate or hmiting amounts of caleium However cullures grow
mg on such Tween-80 agar gave pesitne reactions The problem whe
ther this 1s due to iberation of larger amounts of the enzyme by grow
mg colontes or to theiwr ability to split Tween at sites other than the
ester linkage needs further study Delmotfe (2) also found a low
actiaty with Tiween 80

Relationslip of En yme Concentration to Formation of Prectpiiate

Although no great differences it the diameter of the zones of Teac
tions were obtamned with the different Tween substrates when using
a single enzyme concentration there were differences when the enzyme
conlent was varied (Table 1) It was thus apparent that the concen
tration of the enzyme played a greater role for the magmtrde of the
reaction than the type of substrate u d The effect of different con
centralions of the enzyme was studied using § per cent Tween 60 as
the substrate The enzyme solution. were f lled o iy for 4 days and
read 24 hours afler each filing Under these = ttions a lmear re
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INCUBATION PERIOD IN DAYS
Fg 7
Reactions grven by culture supernatants on Tween 60 agar plates

Supernatants glving 21 mm (O—) 18 mm (@ —@) 17 mm (W-—W) 16 mm
(1~ 13 mm (A—4) and 12 mm (X—X) after 24 hours'mmmlmn

lationslup was oblamned betwcen the ircubrtion period and the zone
of reaction (Fig 7) Thesec results were stmilar to those oblained with

eag yolk as the substrate (7)

Hydrolysis of Tween 60 by Chinical Strains
Supernatants of cultures of 402 clinical strains grown for five davs
wn Difco brain heart influsion broth and centrifuged at 20 000 ¢ for 30
mnutes ai 4 C were tested for their activity to hvdrolsse Tween 60 by
the agar plate method Sodwm merthiolale was added to the super
natants to a final concentration of 002 per cent to prevent hacterinl
growth The diamefer of the zone of reaction obtained 1fter repeated
daly applicahion for a period of four days was plotted aganst the num
her of struns gning the reachions 96 struns (24 per cent) did not
gne any achivity (Fig 8) 72 struns (18 per cent) gave 1 low degree of
actinity (between 13 and 20 mm) 193 sirains (48 per cent showed
moderife acinity (from 21 to 30 mm} and 41 strains (18 per cent}
had high achivity giung a reaction of more than 30 mm diimeter
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Tli;\‘ls 75 per cent of the strains gave a positive reiction on Tween 60
plates

Earlier studies using egg yolk as the substrate (7) wilh these 102
cullure supernatants showed that 99 {25 per cent) had no acllwl;
while the resi gave various grades of actrvity Thus similar resuits
were obtamned with Tween and egg volk substrates

Lxperimenls with Tween 60 and ¢gg yolh plates were also pcrformed
using Lhe same cullure supernatants of 102 strains which made a ready
comparison possible The asverage values of the diameter of the zone
of rcaction with eilher substrate were plotted and an $ shaped curve
was obtamed (Fig 9) Supernatants which showed activity lower than
14 mm on egy, yolk agar plates did not give any reaction on Tween 60
plates It as obvious from the figure that the egg yolk reaction was
more sensitive than the reaction on Tween 60

DISCUSSION

Larher studies (4 7) demonstrated that staphylococer produced a fac
tor which reaeted on egg yolk giving clearance and precipitation This
reaction was found to be due lo a hpase which acted on the Tipoprotein
Lipovitellenin of egg volk and hiberated fatty acids (10 12) The occur
rence of hipase 1 the majority of clinieal strains and 1ts assocration
with coagulase (4 6) suggested a possible relationship to the virulence
of the bacteria A delvuled nvestigation was therefore made on the
properties of the hipasc produced by staphylococet

Among the several substrates used for the study of the lipases there
are few water soluble esters of higher fatty acids Triglycerides of
stearte (Cys) or palmutic (C,) acids are nsoluble m water and could
therefore not be used On the other hand the Tweens are puscible with
water and therefore sutted for such studies The relabive rates of hydro
Iysis of the different Tween substrates at a concentration of 03 per
cent showed that Tween 20 was hydrolysed at the maximal rate How
ever evalualion of the Michaelis constants for the different Tween
substrates gives a hetter mnsight mlo the reactinty of the lipase with
the fatty acid esters Thus it was found that on the basis of their mole
cular weights the palmitate ester {Twecn 40) was the most reactive
followed 1n decreasing order bv olete ester (Tween 80) stearate ester
(Tween 60) and laurate cster (Tsieen 20) By calcufation the falts
acids released correspond to the proportion of 2 3 mol lauric acid 123
ol paimitic aad 3 1 mol stearie acd and 4 8 mol oleic neid Thus 61
per cent palmitic 15 per cent stearic and 24 per cent oleie acids wontd
theoretically he released from an equumolar muxture of the fly acid
esters The resulls of the gas chromatographic 1nalvsis of the fatly
acids 1solated from egg yolk plates after reaction with the slaphfococ
cal hipase ndicaled a content of 63 per cent palnulic 12 per cent
stearzc and 22 per cent olerc acids (12)
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These studies support the earhier findings where a larger amount of
palmutic actd than stearie or oleic acids was found to occur 1 the fat
from egq yolk plates (12) and in milk (14) Howeser these resulls are
not supported by the findings of O Leary & Weld (8) Weld hean &
O Leary (15) Weld & O Leary {16) and Shah & Wilson (10) whe
obtaned larger amounts of oleic than stearie or palmitic acid A care
ful consideralion of the cxperimental procedure reveals that thesc
authors have directly extracted the fat with an organic solsent without
prehminary acid ireatment Thus they probably missed extracting the
higher fatty acids which occur as caleium salts insoluble in orgamc
solvents

SUMMARY

The actinity of staphvlocoecal lipase was studied using the different
fatty acid esters of Tween A spectropholomelric analysis showed that
the enzyme had a pH optimum between 7 8 and 82 Between 33 X 103
and 10 X 10 M caloum or 70 % 10 M magnesium were needed for
ophimal reaction with Tween 20 as the substrate The reactivity of the
Iipase with the palmitate ester (Tween 40) was the highest and 1t de
ereased m the following order Twecn 80 (oleate ester) Tween 60
{stearate ester) Tween 20 {(laurate ester)

The enzyme actnaty in the cullure supernatants of 402 climical
strains was studied using Tween 60 as the substrate by the agar plate
method Comparison of the activity on Tween 60 and on egg volk agar
plates ndicated a good correlation between the tnwo reachions The egg
yolk reaction was found to be considerably more sensitine than the
Tween 60 reaction
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MYCOBACTERIUM AVIUM

A Bacterwological and Epidenuological Study of M avium
Isolated from Amumals and Man i Denmark

Part 1 Strains Isolaled from Anumals

By
H C ExgBEk B VERGuMAnY 1 Baess and M W Eis Benrzon
Received10 vir 67

This work 1s a bacterial study of M avium 196 strains isolated i Den
mark from ammals and 22 strains irom Danish patients Forty one of
the amimal 1solates and all the human 1solates were serotyped (Schaefer
& Reggiardo (7) Schaefer (5 6) Bennedsen (1)) and some distinctive
charactenization of serotype Avian II (43 strans) and of serotype
Davis (7 stramns) was possible The results obtamed are a contribution
to the species description of A auium the boundaries of which are i
much dispute at present Furthermore the data elucidate mmportant
eprdermologtcal problems such as the sources of nfechion and inter
relationships of ammal and human nfections

The strans studied are all from Denmark Thev do not necessarily
Tepresent the world population of M avmym Almost all the strams
205 out of 218 are from sources other than birds

The study 1s divided 1into two sections The first comprises the ex
amnation of stramns isolated from ammals Since these represent all
the mycobacterial strains 1solated during 1 certain period an indication
can be gamed of the 1ypes responsible for the mamfest infection of the
ammals concerned On the basis of the examnations i the first part
of the work a description 1s given of the typical pattern of W avium
as it oceurs 1t animals 10 Denmark as well as details concerning the
few dnergent results The second part (2) consists of struns isolated
from man thoush limited to those with such 2 degree of virulence
for rabnt and hen that on the basis of that finding and the results of
other tests thev were classified as V qowum Lach of these strans s
compared with the typical pattern described m the first part of the
worh The second part concludes wilh a ¢collective discussion of all
the results

‘The wniters are grateful to Dr W B Schaefer for hasing s rotvped the strams in
question
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MATERIAI AND METHODS

aterial 196 strains were isolated frem swine cattle
poultry and ot
;ul et)cc;?t the 13 enginating from poultrs were receved rmx); Skalcn:’e\re??rl:::h
Lerum 2boratorium? during the period November 1961 to August 1963 as cultures on
owenstein Jensen medium or 1n Besredka The strams were 1solated from material
sent to that lab for 10n for nmycob ‘When pathol 1 pro
cesses are found tn cattle such baet, 1S 1 ];)
mark while as regards the other amimals 1t is voluntary > om e
The material from hens and from chicken runs (so1] manure) was collected from
one district where special examnations were carried out by the \eterinary Directo
:;:zk;l:m! organ;‘ \verlehfr;mddlsaased hens and the soil and manure specimens from
uns where the birds were
Tated oyns where the hirds w infected with W aviem Al these stramns were

TABLE 1
M avium Anumal Isolates
Mumber of Speermens Duwnded According to Ammal Group and Vatertal
from which the Mycobacterta Yy ere Isolated

A ) A . oth Specimens
nimals esenteric ther Manure Total
gland glands Organs ol o
Pigs 62 as o 0 9
Cattle§ » 12 0 0 81
Hens ] o 8 5 1
Otherst 1 2 0 0 3
Total 135 8 3 5 196

Some consisting of bath glands and organs
§ 55 of these from calses and heifers
1 Horse sheep munk

Table 1 shows the disiribution of strmns according te ammal group and Iind of
specimen The majority of the sfrains from cattle originated from the mesenteric
glands As regards the pigs many of the 1solates were also from that localization
but mycobacteria were found qurte frequently 1 the submandibulsr glands (recorded
under other glands )

Distribulion according 1o countp 58 pig strans were from Bornholm (an 1sland
1 the Baltic 1solated from the rest of Denmar} ) and all the 13 strains from hens
were from another county (Holbzh) Yihen these two sets of strains are excluded
the remaining material from pigs and cattle was distributed evenly over the various
connties this applies also to the serotyped strans The evaluation does not take
Into account the size of the animal population 1 the counties concerned

Serolyping was performed on {1 strains Schaefer examined 40 strans which had
been sent to him on Lowenstein Jensen medium (6) These were 10 strains from pigs
14 from cattle 13 from hens and 3 from other anmmals Subsequently Bennedsen
exammed part of the same material and one further strain (from a hesfer) using
the metbod described by him (1)

Table 2 presents the distribution of the material according fo serotype within the
indry1dual animal geoups It will be seen that serotvpe Av II dominated only one
Av I strain beipg found among the cattle 1solates The stramns of serotype Yandle
(SSC 637) and Unclass special (SSC 812) ssolated from cow and soil respectively
(shown under cattle and hen 1o Table %) failed as the only two out of the 196
straias exammed to show defimte allance with 3/ avium and therefore do not lie

+ Thanhs are due to Dr JI E Olfosen Statens Veterinare Serumlabaratorium for
the supply of this material
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withma the framework of the present snvestigation Thus they are omitted from the
malerzal an the subsequent part of the work and will be mentined further only in
the discussion

TABLF 2
M aviem Animal Isolates
‘umber of Specimens Duwided According to Serotype within the
Indwidual Antmal Groups

Anmals

Serotype Pigs Cattle Hens Others Total
a1 3 v 0 1

Ay 1r 10 10 17 2 31
Spont. agel 0 1 o 0 1
Unclassified 0 > 0 1 3
Mot tested 86 6 o 0 155
Aandle o 1 0 0 1
Unelass special 0 » 1 0 1
Total 95(10) 83(15) 13013) 33) 196(41)

Figures In brackets represent the total number of sirams serotyped

Methods A detailed description of the techniques used and the sistem for re
gistratron of the results was given ta a recently published paper (3) A survey of
these methods 15 1ncluded in the preseat work in Tables 20 and 21 covering the i
vitro and an pivo exammations vespeein ely

Al the experiments described subsequently were performed with actively growing
cultures standardized to abaut 1 mg sems dried bacilli per ml (standard culture) or
dilutions of 1t (3) On the basts of colons caunts on Lowenstein-Jensen medum from
& series of dilutions it was determuned that 114 of the 120 strawns examimned ta the
n biLa experiments had 107 to 103 and six 109 to 10 viable units per ml The varia
ttons seemed to have no mfluence an the results For fastance the above mentoned
51X strains killed all the hens 1 18 to 56 days and all the rabbits 1 14 o °7 days
The hacterial doses used 1n the wark will therefare be stated 1 rulligrammes

At the strains were not subgected to 2)! the examinations The number of strains
cxamined by the different methods can alsa be seen (rom Tables 20 and 21 As
resards the 170 strainy included in the majority of the in o experiments 55 were
frem pizs 50 from cattle 12 from hens and 3 from ather animaly

All the 191 strains are facluded 1n the ¢valuation of the results to the extent to
Shich they were examined hy the various methods These farm the basis for the
deseription of the typrcal strain

uberculin tests with diffecent sensttins were carried aet with 19 strains only and
therefore the results are not included 1 the present work

RESULTS

Evaluation of the cxpertmental dafa In order to facihtate esaluation
of e data collected not onhy from the peint of view of the presen
work hut also for use mn other taxenonue studies all the results were
Dunched on to IBV cards and tabulations were made on an eleetrome
computer The resulls were evaluated for each ammal group separately
accordiny, 1o whether or not serology was performed However onls
TINOE irregtl1nities were found hetween the anmmal groups as regrds
the distrbubion of results within the features examuned Tor mstance
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m the rabbit experiments the strams isolated from cattle gave onlt
shghtly prolonged median survival times (3-4 dnys) as compared with
those 1solaled from poultry and pigs No such displacement could b
seen 1n the experiments on hens In consequence the source of the
1solalcs was not taken nto further consideration

Serotype Av Il predomunated among the serologieally classified
strams This will probablv also apply to the other strams desiznated
undetermined  but the proportion 1s not hnown The results pre
f)cnled here are for two groups 1) the strains known to be Av II and
2) the undetermimed strans comprising As I spontaneously 2g
glutimable and unclassified strains and those not tested serologically

On account of the umformuty of the findings some of the resuils
are given for both groups toether

Colony morphology on Lowenstemn Jensen and oleic acid albumin
agar media was examuned on 153 strains generally after three weeks
using, well 1solated colonies Where growth on Lowenstein Jensen me
dium was typical the colonies were dysgonic and dome shaped with
shiny smooth surface On asar medium the colonies were small and
flat with somewhat irregular edge and undulated surface gregish
whte, quite translucent and smooth 148 strams showed such small
variations i colony morphology that they could be characterized as
typical on both media Disergent results took the form of rough col
omies 1 pure culture on both media 1n the case of two stramns and
manlv rough colonies with one strmn The lalter was separated nto
rough and smooth colonies but only the smooth form 1s mncluded in
the present material A few rouh colomes on the agar mcdium only
were found with two strans

Colomal prgmentation On Lowenslem Jensen medium 124 strains
showed pale yellow colomes 28 were shightly paler and one had col
onies of stronger yellow colour though not so strong that the strain
could be regarded as scolochromogenic (+ 5) Short exposure to Irght
had no effect at all on the pigmentation The examinations were made
n the majonity of cases after three weehs growth at 37 Three diln
tions were used so that the resuits of exposure to hight could always be
registered on test tubes contaiming few and well 1solated colonies The
cultures were then kepl in dayhght at room temperature until they
were eight weehs old (long exposure) Reading at that time showed
nereased pigmentation 1 46 cases

Drug resistance using Lowenstemn Jensen medium to which the dif
ferent drugs were mcorporited was examined on 194 strains The
resulls are shown 1 Table 3 (hmits of growth quantitatively stmlar
to that on control tube)

Dhstribution of the strains according to drug concentrahiens showed
resistance 1o the majority of cases as compared to the highly sensiline
cullure of M tuberculosis (stram No 5) used as control That strain
was nhibited by the lowest concentration of all drugs exeept vromyein
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TABLE 3
M avem Amumal Isalates
Drug Resistance
(Figures indicate distribution of 194 strains according to the highest concentration
of drug (¥ per ml) permitling quantitatively similar growth as on control tube
Medium Lowenstern Jensen )

Concentration (code}

Drug [ 1 2 3 4 5
M 0 0 17 146 1 -
Pag [ [ [ 7 187
¢ [ 5 2 ¢ 183
INH 0 0 0 14 143 4
Viomyein 0 7 177 10 [
Cycloserine 184 7 1 U 0
Concuntration of drug y/ml
Code
[ 1 2 3 [ 5
su [ 20 10 180 840
Pis 0 04 1€ 64 256
T5¢ 0 04 16 64 226
ny [ 208 032 198 80 500
Viomyein 0 100 100 1600 6400
Cycloserine 0 kadd 60 1280 2560

which intubited growth at the next lowest concentration Only to eyclo
sermne were almost all the stramns sensitive It will also be scen from the
table that five strains pave growth onls up to concentration 04y per
wl thiosenicarbazone (TSC) One of these showed ripeatedly this 1o
creased sensitivity at concentrations 16 and G4y only at 256y the
number of colontes was agamn sumilar {o that on the control tube
though the colontes were shghtly smaller On account of the sensitnaty
ta TSC these five strams were examined by all methods

Commparison ssith the hmits for any growlh (not given 1n the table)
showed a displacement 1 the distribution corresponding to almost four
limes higher concentrations or one dilution step for streptomycin 1so
niazide and viomyain

Sensthwily to 100 unts pentcilin was exarmned on 153 strans
Twenty one could he considered strongly resist nt since growth oc
curred with the same number of colontes as on the contrel medim
Withonl penicillin 132 showed a smaller numi er of colontes but still
Seme growlh

The effect of lemperature on grmuth on I owenstrm Jensen medium
was examned on o3 strams The resulls ret r g tc the first ttme (0
weehs) al which well isolated colontes wer visible are hown i the
column dirgrams i Fig 1 It will e seen that as regards growth at
Yarious temperatures lhe struns were ibsolut s uniform m the two
mun groups The magorily grew though slowly t 22 At 37 and 40
all struns gres the majonty n the course of two to three weehs At
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1 the rabhit experiments the strams 1solated from caltle gave onle
shightly prolonged median survival times (3-4 days) as compared with
these 1solated from poultry and mgs No such displacement could be
seen m Lhe experiments on hens In consequence the source of the
1solates was not taken into further consideration

Serotype Ay II predominated among the serologically classified
strains This wil probably also apply {o the other strams designated
undetermined bul the proportion 1s not known The results pre
sented here are for two groups 1) the strains known to be Av II and
2) the undeterruned strams comprising Av I spontaneously az
glutinable and unclassified strains and those not tested serologically

On account of the umformity of the findings some of the resulls
are given for both groups together

Colony morphology on Lowenstem Jensen and oleic acid albumin
agar media was examined on 153 stramns generally after three weehs
using well 1solated colonies Where growth on Lowenstein Jensen me
dium was typical the colontes were dys.omie and dome shaped with
shiny smooth surface On agar medium the colonies were small and
flat with somewhat irregular edge and undulated surface greyish
white, quite translucent and smooth 148 strains showed such small
variations 1n colony morphology that they could be characterized as
tvpical on both media Diverpent results took the form of rou,h col
onies m pure culture on both media 1 the case of two strains and
mamly rough colomes with one strain The latter was separated mto
rough and smooth colonies but only the smooth form 1s mncluded mn
the present material A few rough colonies on the agar medium only
were found with two stramns

Colonial prgmentation On Lowenslein Jensen medium 124 struns
showed pale vellow colonies 28 were shghtly paler and one had col
ontes of stronger yellow colour though not so strong that the stram
could be regarded as scotochromogeme (4 5) Short exposure to light
had no effect at all on the pigmentalion The examinations were made
mn the majority of cases after three weehs growth at 37 Three dilu
tions were used so thal the resulls of exposure to light could always be
registered on test tubes contmning few and well 1solaled colonies The
cultures were then kept m daylight at room temperalure until they
were eisht weehs old (long exposure) Reading at that time showed
ncreased pigmentation n 46 cases

Drug resistance using Lowenstein Jensen medium to which the dif
ferent drugs were incorporated was examined on 194 stramms The
results are shown n Table 3 (hmits of growth quantitatisels stmilar
to that on control tube)

Distribution of the strains according to drug concentrations showed
resistance 1n the majonty of cases as compared fo the hi hly sensitive
culture of M tuberculosis (strain No 2) used as control That strain
was mnhibited by the lowest concentration of all drugs excepl viomycin
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TABLE 3
N asmum  dnunal Isolates
Drug Resistance
(Figures indicate distribution of 194 strams according to the highest cancentratron
of drug (7 per ml) permitting quantitatnely similar growth as on control tube
Medium Lowenstein-Jensen )

Concentration (rode)
2 3

Drug 0 1 4 5
NS [ [ 3 146 1

PAS 0 0 0 7 187

T5C 0 5 2 4 183

nH o 0 [ 4 148 42
Viomycin 0 7 177 10 0
Cycloserine 184 7 1 2 0

Concentration of drug y/m}
Code
L] 1 2 3 4 5

M 0 20 10 160 640

TAS 0 04 16 64 256

TSC [ 04 16 64 256

INH [ 008 032 128 80 500
Viomycin 0 100 400 1600 6400

Cycloserine 0 320 610 1780 256 0

which inhibited growth at the next lowest concentration Only to cyclo
serine were almost all the strains sensitive It will also be scen from the
lable that five strains gave growth only up to concentration 04y per
ml thiosemicarhazone (TSC) One of these showed repeatedly this in
creased sensitivity at concentrations 16 and 64y only 2t 256y the
number of colonies was again smular to that on the control tube
though the colonies were shightly smaller On account of the sensitivity
lo TSC these fine stramns were examined by all methods

Compartson wilh the hmiis for any growth (not gien in the table)
showed a displacement 1n the distribution corresponding to almost four
times higher concentrations or one dilution step for streplomyein 1so
mazide and viomyein

Sensttwntly fo 100 umis pemictllin was examined on 153 strains
Twenly-one could be considered strongly resistant since growth oc
curred with the same number of colomies as on the control mednun
without penieilhin 132 showed 1 smaller number of colontes but still
some growth

The effect of temperalure on growth on Lowenstemn Jensen medium
was examined on 58 strains The results referring te the first ime (1n
Wechs) at which well 1solated colonies we « stsible are shonn in the
column diagrams n Fig 1 It will 1 seen that as regards growth 1l
varous temperatures the strun< were absolulcdy umiform n the two
main groups The majority grew though slowls 1t 22 At 37 and 40
2l strains grew the majority in the course of two to three wechs Al
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NUMBER OF STRAINS

0 Mo growth after B weehs
Fig 1
¥ aotum Ammalasolates
Effect of temperature on growth on Lowenstein Jensen medium

43 there was growth of all strains except one but with a displacement
towards slower growth At 45 this phenomenon was even more pro
nounced and many of the stramns had not grown m the course of eight
weeks
Comparison of the number of colonies after 8 weeks observation at
the different femperafures showed almost identical germination it 37
and 40 There were fuwer colonies 1n abont 30 per cent of the strans
at 22 1 abont 40 per cent at 43 and 1 about 80 per ccnl at 45
The anudase fest was carried out with 152 struns the results are
given 1n Table 4 All stramns except one gase positive reichion to nico
tinamyde and pyrazinamde with an almost equal degree of positivily
to the iwo amudes Repeated tests with the neative strun (Av 1) gave
the same result The reactions to the other eight amides were all nega
ne
! The sulphatase lest was carmed out with 59 sirains The resulls are
guven in Table 5 which shows both the time and degree of Lhe first
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TABLE 4
M avium Ammal Isolates
Amidase Reactions

No of “rcotinamtde (Armde 5} Pyrazinamide {4mide 6}
strains L i e 0+ 4 At
15 118 93 10 124 104 23

Reaction 0=<2y +=>2vy ++=3510y +++=>10¢

TABLE 5
M avium  inumal Isolates
Sulphatase Test

Frrst reaction Maximum reaction
- @ " =z Total = P z ¢ Total
Degree a < = S no of % = < = ¢ no of
F 0% 0F % % awans 8 2% % Estrains
s A & & = & A A e o=
49 %4 26 2 o o0 » o0 2 6 0 0 2
+ 0 6 L] [] 0 6 0 10 4 7 2 33
++ [ 0 0 0 0 0 L] 0 0 0 18 19
+++ o 0 0 0 0 0 0 0 0 1 3 4
Total 2 3 2 o 0 58 0 17 14 8 21 58
e stramn completely negative after 4 wechs
Highest savetoon 44+ not 4+ as stated previously (3)
TABLE 6
A avium Anwnal Isolafes
Catalase Test
Reaction Total no

Medium and Techmique 0 4+ 44 44+ it of strams

Lowenstein Jensen * 5¢ 1 [ ] 59
ne
Lo venstein Jensen 64 ns  n [ [ 193
Ord nary
Lovenstein-Jensen + INH 138 5 1 [ 9 194
rdinary

Highest concentration permitting growth [ > 100 ¢ol nis

positise reaction and similar obseriations for the maumum reaclion
It was found that most of the strams achry @ 1 weak d Lre of post
ity duning the first weeh Onlv one strun wis eompletdy negative
after four weehs This was not the strain thet zave 10 reachion m the
wumidase test The distribution of the maximum retchions was spread
over Lhe period one to four weehs with th .r ate t number of reae
lions around + to + +

Table 6 shows the resulls of the catalase test using «qual parls of
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10 per cent Tsseen 80 and 30 per cent hydrogen peroxide The fest was
performed with the special tcchnique described by Wayne (8) us well
18 on slants of Lowensien Jensen medium and on the same medium
contamng the maximum concentration of INH permutting growth of
2 160 cofomes £t was found that the majority of the strans gave weah
reaclions or were negative with the largest number of negatie reau
tions using the ordinary technique The depree of reaction was less on
the medium con{mming INH 188 of the 191 strains heng negatine

The macn fest was carried out with 59 strans Al the resulls were
recorded as negalne (1e < 4y per ml)

The Tween degradafion test was performed with 59 strams Al re
sulls were negalive when read after 7 davs

The result of the nitrate reduction test was negative with all the 59
siramns examumed (e < 2 y per mi}

Pathogemcily and Virulence

Hens (5 mgsv ) The ex immations were performed with 120 sirains
It will be seen from Table 7 that the distribution according to survival
tumes 1s the samc in the two mamn groups All the ammals died the
majonty 1o less than 40 dave The spleen was enlarged m most of the
hens (101} Macroscopicalls visible processes were found n the Iver
of only few of the amumals and only exceplionally 1n the lungs

TABLT 7
M avium Amimal Isolales
Hens Surcnal Limes (5 wgav)

Survaval time 1n dasvs Total

F3 2 no of

Serohre . 2 £ 8 5 3 g § IO
L 2 &8 8 = 2 g 8 =

Av 11 1 16 10 5 1 0 0 0 33

Undetermined 0 6 29 37 10 1 0 0 81

Tatal 0 7 15 47 15 5 1 [ 0 190

Table 8 shows the resulls of microscopy nd cultyre Again there
was no definite difference between the two mmn groups The spieens
contained farge numbers of bacemna afson the (wo cases wliere miero
seopy was negative The varsability 1 muwroscopy findings was much
greater m the Jam.s which st he taken as a sign of fewer baclerta
in that organ even thouyh culture gnve mamal resulls i the majoriy
of cases There was a conspicuously farge number of negatune miero
ts from the lungs in the undetermuned  group
examnations were carned oul wath 120
distribulion according {o survival times

scopy resul
Rabbits (5 mg v ) The
strmms Table 9 shows the
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TABLE 8
M avium {Anumal Isolates
Hens Findings by Microscopy and Culture (5 wgiv)

Ao of stramns giving indicated results
Serotype Method Spleen Lungs
1

[ 2 0 1 hd 3
A 1L \lcroscopy 0 0 1 32 1 6 17 9
Culture [ [ 0 22 [4 0 0 27
Undeternuned  Mieroscopy 2 0 6 79 1B 16 3 2
Calture o o o 84 0 0 0 ksl
Index M1 roscopy Culture
0 0
1 +) + +
2 ++ +++ o+
3 o +++ oo
TABLE 9
M avium Amimal Isolates
Rabbils Survival Times (5 mg 1v)
i
. Survival time 1o days Total
erotvpe « @ £ @ @ g g T voof
o = 8 B = B 2 % 2 sums
~ % & 8 & @§ g8 & =
Ay [ 21 10 1 1 0 0 o o 33
“Undetermined™ 1 61 22 0 2 0 0 0 1 87
Total 1 8 3 1 3 0 0 0 1120

from this aspect also there was umformity 1n the two mam groups
Onlv one anumal surtived while all the others died the magorily mn less
than 30 davs

Macroscopical obscryation showed enlarged spleen 1 almost all of
the ammals (118) Processes 1n the Joints were seen m about 15 per
cenl of the rabbits but only rarely m Iner kidness and lun,s

It will be seen from Table 10 that there was no difference in the
distnbution of resuits of microscopy and culture betsween the two mam
groups The spleens contained large numbers of bactern and the find
ngs n the lungs particularly by microscopy showed gr 1t varabihily
thus indicating the presence of fuwer bacteria w that organ The vara
tion sn resulls and the few maximal valucs found by culture from the
Joints were doubtless due to the short survnal imes

Guinea pigs (1 mgav) 120 struns wece «xamed cach wngected
mto two amimals the first injected called guinea s 1 nd the second
suinct pis 2 Since the distnbutions of survisal himes for these two
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TABLL 10

M avium Animal Isolates
Rabyits Findings by fficrascopy and Culture (Gmgivy

No of strains giving indicated results
Scrotype Method Spleen Lungs Joints
¢ 12 3 0 1 2 3 0 1 23

32 3 6 15 g

Ay 11 Microscopy 0 B 1
100 3 ¢ 0 2 ng 0 "t 10 2

Culture

Undetermined Microscopy 0 %51 83 14 23540 9 -
Coiture D O p 86§ 6 1 3 8% § 57 75 4§

Ior Index see Table 8

Mieroscopy o
§ One rabbit sursived the observatson period
Not examined

TABLE 11
M avium Ammal Isolates
Guiniea Prys 1 and 2 Survival Times (1mgiv)

Tatal
Serots Sursaval time in days oot
rotspe
erony 191019 2099 5099 404D 5050 hailew uinen
pigs
Av 1 11 7t o1 1w o 66
Undetermmed 1 1 30 36 45 m @  1m
Total I 6 a1 e 240

TABLE 1°
M avium Anumal [solates
Guinea Prgs 1 and 2 Resulls of Micros opy of Smears from Organs (1 mgiv)

Total
Microscopy no of
Organ o +) + 44+ et euinea
23
Spleen a0 7 15 47 47 83
Lungs 145 33 41 17 2 0 2318

groups were the same they are shown together for all 240 imimals m
Table 11 Tt will br scen that four anmmals died wathm 20 days nd
that only 61 surswsed the whole obsersation period te 25 per ecnt of
the nfected ammals The survival Gmes for the remuming s
were fairly evenls distributed over the peniod 20 to 59 days The splecn
was generally enlarged i one or both of the amimals and only ocea
sionally were there macroscopicallv visible processes mn the lungs
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TABLE 13
M avium Ammal Isolates
Guinea Prgs 1 and 2 Results of Culture from Organs (1 mg1v)

Total

Cultare no of

Organ o + 4+t o0 Cont  Bumen
Spleen L] 13 8 12 205 2 240
Lungs [] 22 24 64 129 1 240

Cont = contaminated

The results of microscopy and culture from the spleen and lungs
were also analysed scparately for all the guinea pigs in the iwo groups
Here a.ain the distributions were so alike that the resuits could be
taken togzether It will be seen from Tables 12 and 13 that there were
more bacteria in the spleen than in the lungs and that this difference
1s more evident by microscopy than by culture

TABLE 14
M avum Anemat Isolates
Guinea Pugs £ and 2 Comparison of Bactertal Index (Spl en) for Guinea Pigs
Infected with the Same Stram (1 m=1v)

Guinea Gumnea pig 1 T"‘:lf
mg2 [] 1 2 3 4 5 :l‘:alns
[} [ [ [ [ 0 0 [

1 [ 5 2 4 0 1 12
» [ 1 2 3 2 3 10
3 1 'r 3 13 3 1 0
4 0 1 1 1 5 13 32
5 0 » 6 5 5 23 41
Total [ 1 1 37 14 4 117

Tndex Microscopy Culture
[ [ °
1 0 ok bt
» y 0 ol
1 () +L1+ oo
3 + ++ All oo
1 +++ M s
5 o0 1o

The resuits of microscopy and eullure are o8 nauth { vm of a bac
ten! index On account of the superiority of cullure to microscopy
he baeteria corresponding to € + + by culture could not be demon
strated by microscopy (wilh oceasionat exeeplions; Therefore the re
sults by the two methods are supplementary 1o each olher by graduat
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ing the low and high numbers of bacteria Tins relation belween the
two methods forms the basis of the index covering values from 0 to 5
(for details see Table 14) Comparnison of the ndices for the iwo
guinea pigs nfected with the same strain showed great differences
and there did not appear to be any relation between the results This
can be seen clearly 1n the case of the spleen examinations ( lable 14)

TABLE 15
M avium Anmal Isolates
Distribution of 190 Strawns According fo Sarvwal or Death of Two Guinea Pigs
Infected with the Same Strawn (1 mg 1v)

Guinea pig 1

Guinea pig 2 Survival  Spontaneousdeath  Total no of strains
Survinal 10(78) 22(243) 32
Spontaneous death 19(212) 69 (667) 88
Total no of strams 20 91 190

Figures 1n brackets represent expected values due to random distribution

TABLE 162
M avium  Anumal Isolates
Guinea Pigs (1mg 1y ) Distribution According te Average Bacterial Index for Spleen
Within the Groups of Stratns W here both Antmals Survived or Were hilled
by the Infection

Average bacterial ndex — spleen Total
n
Sunmors g 55 10 15 20 25 30 35 40 45 50  jirams
2 o 0 5 1 & 0 0 06 0 0 0 10
9 o o 0 o o0 o 1w 17 7 11 2 67
TABLE 16b

Distribution According to Baclertal Index for Spleen W ithin the Groups of Strains
¥4 here only One Antmal Survived the Infection

Bacteral 1ndes ~ spleen Total
Gumeapig  Fate 0,5 29 30 40 50 grams
0 5 4 7 1 2 19
2 S H 5 N 7 1 a1
0 3 7 3 8 21
2 I S S S S T SR -

s = survned the chservation pertod d = died spontaneously
For Index see Table 14

din,, to survnval or death
The distribution of the 120 strains accordin,
of the two ,mnea pigs 1s shown 1o Table 15 179 out of 240 gmnea pins
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died (75 per cent) The figurcs m brackets mdicate the expecled values
due {o random distribution There seemed to be only shight prepondc
rance of equal results for the two ammals this weakly positive correla
tion was not sy nificant

Howesver exarmnation of the bacternal index and the fatc of the
amimals showed 4 clear relalionship betscen content of bacterin in the
organs and survival or death For the strains where both qumnea pigs
died or survived the infection therc w1s a betler correlntion between
the bacterial mdex for the two ammals It was therefore considered
reasonable (o caleulate an average index Tables 16 2 and 16 b show the
distribution of these averages for the spleen ¥ hen both animals sur
sned the index was low and the distribubion quite different from that
observed when both guinea pigs died W here only the one ammal died
(Table 16b) the findings lay between the two other groups with a
considerably higher mndex for the animnls that died though not quile
as high a value as i the group where both guinea pigs died

Guinea pigs (1 m. 1p) 120 strans were cxamined cach njected
nto iwo ammals Fiftecn of these died spontancously spread over the
whole observation pertod Only m one nstance did both ammals die
(28th and 31st days) Since fne out of the six cullures were contam
inated and the remamming culture {spleen) gave growth of only few
bacteria the two amimals probably died of intercurrent diseise

AMacr P y visible local p mm the omentum were ‘ery
frequent only 1 13 cases could they not be demonstrated

Since few ammals dicd and microscopy of the organs showed bac
teria mn only a mmonty of the smymnls the content of bactenain the
organs of these guinea pigs 1s 1llustrated only by an average bacterial
index based on the results of culture (Table 17) It will be scen that
the spleen contained more bacleria than the lungs and that only few
of the mmumals showed maximal index values

TABLF 17
Al avium  Animal Tsolates
Guinea Pigs Dislribution of Strains According (o Aierage Ba terial Index

. (Culture Only) (1mgip)
Orean Average bacterial index (Culture) ::‘:1‘
oo 03 1e 1% 20 st amns
Splecn 0 G 103 7 0 116
Tungs 10 10 61 4 o 18
Index Culture
0 0
! + o+t
o

19 acTar TH T2 2
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TABLE 18
M oavium  {nimal Isolates
Mice Distributron of 59 Strawns decarding fo Aumber of Survivars {10 mg1p)

Na of Serotype
Surviving AT Updetermined

mice a b 3 a b .
0 1 [ 4 G 0 0
1 0 3] T [} o 4
2 2 I K 0 [ 1
3 0 [ 4 1 ¢ 8
4 7 1 > 5 1 10
5 7 9 5 9 3 7
6 10 17 2 17 28 2

a = House mice b = W hate mice ¢ = Red mice

Wre (16 mg 1y ) 59 stramns were examined each injected on six
mice per mouse breed Spontancous deaths ocenrred with varying fre
quency in the different breeds Table 18 shows the distribution of the
struns with regard to the number of survinors at the end of the obser
vation period Spontaneous deaths ocenrred to a different extent among
the three brecds of mice (16 57 and 157 amimals ruspecinels) Lhere
was no defimte difference i the distribution of these deaths witinn
the iwo mumn groups The deaths among the white mice were spread
evenlv over the whole observation period As regards the house and
red mice there was an accumulation of deaths during the first ten
days

TABLE 19
I avium  dmmal Isolates
Mice Distribution of Strans According to Averase Bacterial Index (Murroscop 1)
Calculated per Mouse per Organ (10 mg 1p )

Serotvpe

Average Al DUndetermined
Organ ndes a b ¢ a b .
1 9 Q 0 0 0 0 [
Spleen 01-11 0 0 5 0 0 5
15 24 2 1 5 1 0 13
22-30 21 2% 11 31 32 13
0 o [ 2 0 0 1
Lunes 01 14 Q ¢ 5 2 1 15
15-~24 9 15 9 17 15 &
75-30 17 17 ki 13 16 1

Only the mice that survised the two months obsersation persod are included
in the evaluation
= Housemuce b= Whitemice ¢ = Red mice
Index (rmicroscopy )
= 2 = 41-300 bacterfa
O D N htnis. 3= 7 per sight field to ao bacteris



291

1 0 [ o | 2 (q) (v)
sujens 60 (2) uopaupar apupn {q) vopppuilop ussul (v) 183} upmiy
9 [ }Canutpto 3N :
0 44+ o §A1uupLO ¢ + i aufeyy
suNS JrGL SE6T 69 1437 )
woyjIvaL u govas
13 44+ 03 + REYPEN] 2ssod 1 + 03 (4+) \ a282q isod
o ExoIn g 01 | owiyy  wnwisely z 3aaw 1 o) ¥ep € aurpy, 1t
sureays gg §59} sspoydng
ﬁ 1 +4+ 01 + H 9 spruy
o 0 sop1me § YO 1 44+ a0t A puy
Supests (ST 3533 Ssvpray
I3 s og o o) san g 2 5t
° s i3 JRTIEN 1 N g ol e o
0 s ¢ pasdutod 4 . snpoi g o
0 s ot $311]03 £ on ol e
0 5 T jo o\ ¢ o ggopsyry < T | Y 08y
suleays gg yp nodf U0 dangvradaa) Jo 302fd
€ Lee s autdsopPs) L Los -#9 o8l
[ & 091 - 01 uIaCtwory 0 Lgg, -9 svd
v Aos-g HAI X Lot~ s
smiens §g1 2UDISISAT B
aquptey asnsodsa Fuop 3497
0 tofumyaupy | oansodsa 330ys jydi] g 123] 235 v O £dofoy Loy,
1 Mmoqa€ apeg £ uopEuIWS | € 12 2% r1 Aoyl
SUpBd)S ggl 591HOI0I fo UOUUUNUDT]
sanuad satouas
das1p 29ued jrapdAy, a1njeay EEIVI) afuwns quapd{y, umeEn]
3 ON 30N

spuar 122dT,4 ongs Uy
Guoasdg S)
Sapoualso 1 1 Jo daqu tny, puo SUIDNS WONAY I ysjund Jo uIap I 10040L
0o TTGYL

1%



(S [l 1 “suesiol X3{ up
e -1 # sfuny xapur 0 a0 > u gc._,_v o,.:L:
¢ -1 uasdg, a7raany | apqersey | (9 30) s10r1ung
SUENS 69 A Sw gp svnw pay
{ 3arm) nEEJ Xaj up
1 £-3z s3uny *aput 0 ! 90> | 4 a0ig aeaany
1 € wapdg, afvady 0 | 9-% (9 30) s10aung
SuIEns g0 418w gp s oy gy
 1opury sardso Japur
z £~z a_:__,_v xopur 0 S0> | g soag aesany
€ e uadg, ey £ g9-¢ {3 30) s10spvang
suiexs g dtSws gy o asmopy
k (231ds 3o a1myuo) |
9 so< 29put afedasy o >0 2 yyoq 4o 2uo ur 4 $35520004d ju3ar]
Suteldis QoL o1 fw | sHid aung
1 < xaput 2ts (u2agds Jo | sd 8 yloq s9uny
g ans sd 3 qyoq 3y () 2403[M2 pug adrur) 0 10 2Ug ut sassadoad op asuy
ap *opar afrasre sd 3 o J—
sd 3 yioq 20 aug (&) PUE By e srsing ‘ 0 40 puo ut pajzemy |
SUIBNS 021 A1 W | #61d paung
9 ©0 oy + sjutop qruey sjutof
9 00 0} b+ sgun ERNSISNY ¥ 1] sfung FE
H o0 ua0pdg e 0 | stoupuy
o[quuan y sguny o M podaujuy ud[dg
I3 ©0 0} ++ uadg T g step gg — ol Wy feApsIng
SOpEnS 0o At w ¢ spggny
0 ©0 03 4+ sdung
° oo uaagds [mm) F3 0 n.::iv ey
olqenavy sguny - Spquuae udapdy,
z ©0 0] 4+ waagdg h 1 | $€9p g ~ 0 sutty [earaang
SRS 031 At Bw g suayy
saauad 5313093
T241p afuea yedtdsy aanyeag 1ap Ifued rEndgy, ~ aamjed]
o oy 30 o |

$319UABIAMrr f6 330

Spuawiradra oaa up (uay 1ad S 3) R




293

Autopsy after two months showed vers few macroscopically visible
processes 1n the organs The numbers of bacteria in spleen and lungs
deterrmned by microscopy are shown i Table 19 Only muce that sur
wnved the whole obseration period are included 1n the evaluation The
strams that killed all the mice are therefore not stafed in the table

It will be scen from the distnbution of the strains according to
average 1ndex that the surviving house and white mice reacted fairly
uniformly to the infection The results of microscopy of the spleen
were almost constant at the maximum value while the results from
the lungs were more variable Red mice had on the whole fewer bac
teria tn the lungs

TYPICAL PATTERN OF Y AVIUY

The Iimuts for {ypical results bv the yarious methods were determined
as repards the quantitative evaluations in such 1 way that at least
05 per cent of the strains were within that range The procedure was
jushifiable since none of the distribubions shewed more than one mode
Correspondingly with the qualitative evaluations the results were con
sidered typical if they were achieved with about 92 per cent of the
stramns Since there was only httle missing information (including un
successful exammnations) the crror i mncluding such resulls among
the typical 1s of no practical importance

A feature was considered vartable 1f all the possibiities were re
presented 1n at least 5 per cent of the stramns

Duwergent results were those lying outside the stated limits They are
not registered for features regarded as varable

Tables 20 (1n wtro) and 21 (in vwo) show the indiidual features
together with the limts for the typical results and the number of diver
geneies for the total number of struns included n the various ex
periments

It will be scen that the total number of features txamimned was 74
40 mn the tn pitro and 34 m the 1 viwo experiments Of these 1 and 5
respectinels are regarded as varable

The number of dwcrgencies with the 59 strains examined by all the
methods was 73 34 from the in vitro and 39 from the ir vwo exper
ments Dislribubion of these divergencies over the sndividual strains
showed that 23 sirains had from one to two 11 strains from three to
four and only one stramx six disergencies This distribution was in
dependent of the hind of ammal from which the stramn onginated and

whether or not the strains were serotyped The Av I strun showed only
one dierpency

(For Discussion sce Part 2 of thus studs (2))
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MY COBACTERIUM AVIUM

A Baclertological and Epidemiological Study of M avium
Isolated from Ammals and Man in Denmark

Part 2 Strains Isolated from Van

By
H C Encers B VERcvass I Bakss and M W E1s BEnTZON

Received10 111 67
MATERIAL AND METHODS

As mentioned presiously (16) the strains isolated from man included In this study
were limited to those which could be classified as ¥ aprm There were 22 strains
(Table 1) all of which were serotsped 16 by Schaefer (4.) and 6 by RBennedsen (1)
Part of the materal was reported 1n previous publications (see Table 2) though
before 1t was possible to serotype the strains The table shows the SSG (Statens
Serurunstitut Collection) nuwbers and references to the previous paper:

1t will he seen from Table 1 that 17 strains were 1solated from specimens from the
Tespiratory system and 5 from estrapulmonary processes The four strans of no
chinieal significance sere isol.ted only once and with anly few colomes One person
‘was completely healthy but had participated in routine group tuberculosis examina
tion (Av I} One patient had pleural following h ost
mortem examination revealed that the lunes were normal (Av 1II) One patient had
cor pulmonale (Davis) The stramns were regarded as chineally significant when they
were 1s0lated repeatedly (pencrally with many bacteria) from patients with pulmo
nary processes ncluding silicotic lesions chromic bron hitis and bronchiectasis
or when the paticnt d ed before further examinations could be performed The
extrapulmonary processes were located in the glands in three cases (one Ay 11 two
Watson) one 3o tendon sheaths (Av 1) and one in bones (Davis)

1t will also be scen from Table 1 that Av 1T and Davis serotypes formed the main
part of the material with 9 and 7 strains respectinely Av IV as represented with
one strain and the other serotypes with only one or two These latter have been
assembled in one group called other types in seme of the subsequent tables Av T
is not included in that group since a strain of similar serotspe jn Part 1 of this
studv could not be distinguished from Av

The methods used were as described 1 Part 1 of this stedy (16)

RESULTS
Colony morphology on Lowenstein Jensen and olcte acid albummn agar
mcdia was typical wath all strains
Colomal On Luwenstetn Jensen d the colonies
were pale )cllm\ only one strun (Av 1) gave growth of shichtly paler
colonies Short exposure to hght had no «ffcct on U ¢ [igmentation
while long exposure increased Lhe colour m 1 caes (1 A 1 3 AV

7 Davis 4 “other types ) The seven strun < hech were not affected
were 6 Ay J1 and 1 other tapes
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TABLE 1
[ avium  Human Isolafes

Yo of Strains Dunde dccording to Localt ation of Disease and Clintcal Stgnificance
for Person Concerned

No of strams

Serotspe Pulmonary Extrapulmonary Total
o
Significant stgmireant Sigmficant

Av ] 0 1 0

Al 6 1 2 s;
Davis 5 1 1 7
Ay I [ 1 0 1
A1V 1 [ 0 1
Watson o 0 2 2
New tvpe 1 4 4 1
Taotal 13 4 5 2

TABLE 2
M avium Human Isolales
SSC (Statens Serumtnstriut Collectron) Numbers and References
fo Prevrous Publications

No of Reported m previous paper as

Serotype strams 55C o "
Av 1 1 3% 11 (erroneously stated as SSC 321)
44 I 9 314 114

318 11

319 1115 (case %)

370 11 12 (pt no 18)

779 14 48

794 —

580 1o (case 4) 14

602 15 (case 3) 14

1101 -

7 ana —

Dans e a

330 13

619 15 (case T) 14 46

784 -

1007 -~

1167 -~
Av I 1 8 -
AN 1 315 "o

° 321 12 (pt no 2%)

Watson o 2
New type 1 317 n B
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TABLE 3
M avium Haman Isolotes
Drug Resistance
(Figures indicate the of 72 strains ding to the highest
in y per ml of drug permitting quantitatively similar growth as 1o coatrol tube
edium Lowenstein-Jensen)

Concentration (code)

Drug [ 1 2 3 4 5
s\ 0 0 4 1 7
Pas 0 0 1 0 21
TSC ® 2 1 o 19
INE 0 0 0 9 4 9
Viomvan 0 0 13 8 1
Cyeloserine Lt 1 0 o °

Code
L] 1 2 3 4 5
sy [ 20 40 160 610
Pas 0 04 16 64 256
TSC 0 04 18 64 256
INH 0 008 032 128 80 500
Viomyein a 100 00 1600 65100
Cycloserine 0 320 640 1280 2560

The results of drug resistance deternunation on Lowenstein Jensen
medium are shown 1 Table 3 where the whole material 1s taken to
gether The disimbution of the struns in this tolal matenal was dif

~ferent 1n some respeets from that of the W avtam stramns m Part 1
Table 3 These differences are as follows

S 7 struns under code 4 (64 y) w1s a parhicularly large number
(1AYVI 1Ay I 3Dwisand 2 other iypes )

PAS The one stram under code 2 {1 6v) was Daus

TSC This distribution was 1n itself remarhable with 2 strains under
code I As both these sirains were Datvis 1t was thus shown that as
with W aviuman Part 1 this seroly pe also included some TSC sensitine
strains

INH The 9 struns under code 3 (1 28 y) was also a remarkably large
number (7 Davis 2 other types )

100 unils perucillin 9 struns were considered strongly resistant as
they gave growth of the same number of colonies as on the control
medium without pemcillin (6 Davis 3 other types ) 12 strams had a
lesser number of colonies but gave some growth (1 Av I 9 Av IT 1t
Daus 1 olher tvpes } The New type strun was iphibited completely
and was thus the only sirain that was strongly sensitine to the con
centralion of pemcithin used

Concluston  As compared with Av I the Dius strains showed 2
tendeney towards 1 higher degres of ressiane  to M and pemicilin
and a lesser degree to INH
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.

] n
WEEKS|T 23480 123480 125555
a7 20

NUMBER OF $TAA Ns

1
123480 [{23480
43 4

0 No growth after 8 wecks

Fyg 1
M auiem Human 130lates
Effect of on growth on Lo Jensen medium

The effect of temperature on grovth on Lowenstemn Jenscn medium
was examuned on the following number of straas 1 Av 1 6 A I 4
Davis 4 other types (one of each serolype) The results referring to
the first time ( mn weeks) at which well 1solated colonies were visible
will be seen from Fig 1 There was a characteristic difference i the
distrihutions between Av I and Dawis at all temperatures Davis
showed carlicr growth and at 40 43 and 45 all the stramns gave
growth in the course of one week At 45 the difference was most pro
nounced Four of the Av II stramns showed no growih m the course
of eight weeks Of the other types the New {3 pe strain was distinet in
that no growth could be registered 1n the course of eight wecks either
at 43 or at 45°

As regards the number of colomes after aght weehs observation at
the different temperatures both the Av II strains winch grew al 45
had fener colonies at thal temperature than at 37 Only one of the
e1ght other strams that grew at 45 showed similar growth

Concluston Temper iture expeniments (from 22 to 15 ) showed that
stramns of serotype Dauis grew more rapidly than Ay Il stramns 4o
provided the sharpest distinchion betwecn the strains The new type

stramn was different from the others at 43
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Apudase test (Table 4)  All strains were positive to amides 5 and 6
and the degree of positisity was distnibuted fairly umformly with the
two amides independent of serotype There ssas no reachion to any of
the other eight armdes

Sulphatase test (Table 5) The majonity of the stramns gave a weak
degree of posilive reaction 1n the course of two weeks and there was no
systematic difference belween the various serotypes either with regard
to the tume or degree of first registrable and maximum reactions

TABLE 4
M aviam Human Isolates
Amudase Reactions

Ne of Nicotinamide (Amide 5) Pyrazinammde { Amide §)
strams g 4 b4 44 0 4+ H+ b

” ] 4 13 5 0 5 12 5
Reaction + =25y ++ =510y ++4+=>104

TABLE 5
M avium [Human Isolates
Sulphatase Test

Furst reaction Maximum reaction

- 2 2 % Total . 2 =2 g Total
Degee 5 % % & % moof 3 E % F G moof
- E E 3 £  strams = Z z z z straios

L w e~ m

4 5 8 4 1 [ 18 0 0 0 0 [ 0

+ 2 0 t 1 0 14 o 1 3 & 2 10

++ o 0 0 0 o 0 o 0 o 1 5 6

+++ 0 0 © o o 0 o 0 1 1 1 6

Tota] 78 5 2 o o 9 1 4 6 m 2

TABLE 6
M aviam Human Isolates
Catatase Test
Reaction Totalno

Medium and techmique 0 4+ 44 44+ t44+ ofstrams

Tosenstein-Jensen 0 9 9 1 o 19
Ve
Lé\v!ns(nm-.lenstn 4 6 3 0 15
0O dina
Luv«g\slclndmscn + 1N 1 3 © 1 0 1
rdi

Higaest concentration permeitting ge vt { 2 160 calomies
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The results of the catalase test are shown 1n Table 6 With the special
techmque {Wayne (44)) therewasa remarkably large number of siruns
with > + + reaction Of the ten strams 1 was Av 1 6 were Davis and
3were other types With the ordinary technique 4 Davis and 1 Av 111
gave rcactions > 4 + On medium containing INH reactions > + were
found only with Davis strams

The macin, Tween degradation and niirate reduction tests were all
negative except for one Dawis strain that gave 1 weakly positive reac
tion 1n the macin test

Conclusion Serotype Davis and other types generally gave stron
ger catalase reaction than Ay 11

Pathogenicity and ¥ trulence

Hens (5 mg 1v) It will be sten from Table 7 that there was no
difference between the varous serotypes as regards the distribution of
survival times except for fwo other types stramps that were not ahle
to Jall the hens mn the course of the observation period (Av IV New
type) 4l the other animals died mn less than 50 days

TABLE 7
[ avium Haman Isolales
Hens Sursiwal Times (5 mg 1% )

Survival tume in days - Total
Serotype z 2 & 2 E, a g & moof
I ¢ & 5 2 2 s g 3 WO
1
Av I 0 [ 0 1 [ 06 0 0
A I [ 0 3 4 2 0 6 0 0 9
Dats D 1 s 5 1 a 6 9o 0 g
Other types 0 0 0 1 2 0 ¢ 0 2
Total [ 1 3 o1 5 ¢ o o0 7 22

Microscopy (Table 8) was not carned out systematically and the
resnits are thus thificult to esaluite However they wmdicate more bac
teria wath Av II than with Daus and  other bypes  stramns

By culture from the spleen the maximum number of colomes could
be recovered with all struns excepl one {(New typey but there were
shghtly less colonies from the lungs with Davis strains thain with As 11

Robbifs {5 mg 1y} Table 9 shows that there was no difference 1n
the distribution of sursnal limes between the various serolypes [cl‘
cept for two strams (Davis New tvpe) where the ammals sur\nc[()] ‘\c
ohservation period Al \hcdresl died 1 less than 40 days This Davis

37 days
S(r\n[l\r(:ttlslc‘(e;wm(’ifzle]c”llo) \\as) not earried oul svstematically but the
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TABLE 8
M avism Human Isolates
Hens Findings by Microscopy and Lulture (5 mg iv)

Ao of strams grving indicated results

Spleen Lungs
Serotype Method 2 1 -3 [ 2
Al icroscopy o o 0o 1 o 81 [
Culture o 0 0 1 o o0 o0 1t
A It hicroscopy [ | 0o 0 1 0
Culture ¢ o0 0 9 o o 0 7
Davis icrascopy [ 1 1 3 o o0 0
Culture [T T . | o 1 2 4
Other types Microscopy 1 1 [} 1 T 0 0
Culture 1 o 0 3 1 o 1 2
Tadex Microscopy Calture
0 0
1 ) + +
K ++ +t+ ++
3 o0 +++ oo
TABLE 8
M avium Human Isolates
Rabbits Surcial Trmes (5 mgIv)
sursnal tune 1a davs Total
Serotrpe @ P - S & & Py < no of
o = « - - v ht bt = strains
P 2 e g = @ ¢ @ 1
4 2 ¢ 8 3 8 8 g8 2
Av 1 [ 1 0 [ 0 0 0 0 [ 1
AW 6 6 3 0 0 0 0 9 0 9
Daus o 5 o 1 0 0 0 0 1 7
Othertspes® 9 1 2 1 o © 0 ¢ 1 5
Total 0 13 5 2z & @ o6 ¢ » el

resulls indicate more bacteria with Av II than with Davis and  other
fypes strans Table 10 also shows that by culture meximum values
were oblamned from the spleen in the majorily of cases However 2
Davisand 2 other types  (Av III New type) gave fewer colontes and
there were shightly lcss eolomes from the lungs with Davis strains than
with As 11

Tt should be mentioned that experiments carried out 1t mntervals of
SOMeE vears with three strans {Davis v IV New typo) gave varable
resulls 25 regards virulence for both rabbits and hens

Gutnea pigs (1 mg tv) The experument comprised the following
struns 1 Ay I 7 Av II 7 Daus and o other types It will he seen
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was no defimte differcnee mm the frequenes of deaths cansed hy Av 11
and Davs Autopsy after two months showed serv fen macroseopically
svisible processes m the organs The pumber of bacteria m the organs
determined by mieroscopy (Tahle 14) showed no marked difference in
Lhe resulls for the three mouse breeds (omparison hetween Av 1T and
Davis as groups showed defindely less hactersa yn the organs afler
mfcetion with Davis strams The resulls with  other types  strains

were 1bout the same as with Davis

TABLE 13

{ avium Human Isolates

Wice Distributeon of Strains According to \umber of Survivors

No of Serots pe
surviving Ay I Davis Other t res

mice a b [4 a b 3 a

0 4 ] [ D) 0 0 [ 0

1 e 0 1 [ [ 0 0 0

2 a [ 1 0 0 1 0 0

3 a a > 1 0 1 0 [4

4 1 4 1 " 0 2 0 0

5 a 1 0 1 o 1 0 o

6 4 4 0 3 7 2 3 3

\louse experiments not pcrformed with Av I strain
= White mice

a = House mice

TABLE 14

e = Red mice

M avium Human Isolates
Mice Dustribution of Strains Aecording to Average Baclerwal Index (M1 roscopy)

Calculated per Mouse per Orpan (sce text)

o

cHrmmc oo

Seratype
Average Other types

Organ Av I Davis y
wndex a4 b & a b e a b o«
Spl 0 1d 0 1] 1 0 2 0 1 0
pleen D1-14 o 2 1 2 3 4 1 0 2
15-24 [] 1 1 ? 4 1 0 1 1
25-30 5 4 3 0 0 2 1 o
o L] 0 2 2 4 1 1 1
Luoss 01 —0~ 14 1 1 k4 4 2 3 2 1 b3
15-24 1 3 1 1 3 0 0 1 L]
25-30 3 1 2 e Q 0 0 o o
Only the mice that sarvived the two months obsersation period sre incinded

1in the evaluation

a = House mice

acteria

= 0b
= 1-50 bacteriz

b = White mice

Iodex (microscopy)
2 = 51~300 bacteria
3 = 9 per sight field to oo bacteria

¢ = Red mice
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Comparison wilh the Typical Patlern of M avium Stramns
from Anunal Sources in Parl 1

Fifteen of the strans 1solated from man were extmmed by the same
number of methods as were included in the description of the typical
pattern of the ammal sirmins These were 5 Av II 7 Dnvis 1 Av IIT
1 Watson and 1 New type The number of divergencies from the 1y pical
paltern was counted for each of these strans according to the same
principles s sn Part 1

TABLE 15
! aviem Jluman Isolates
ding t from the Typical Pattern

Al

of Strains 9 to
of M avum It

No of No of dnergencies

Serotype straios 0 12 3-4 59  10-19 2079
Ac ll 5 1 3 o 1 ] 0
Davis 7 0 [ 0 0 7 0
A I 1 0 0 0 0 1 0
Watson 1 0 L] 0 n 1 1]
A\ew tipe 1 [ 0 0 0 0 1

The resulls of this comparison are shown 1a Table 15 It will be scen
that Av II strains are not distinguishable from the strains isolated
from animals Three struns had from one to two divergencies and
only one had fine The Davis strains Av 111 and W atson all had more
than ten divergencies and New tvpe the Jargest number viz 22 The
duersent results are fairly evenly distributed between the i pwo and
in vutro expermments 1 the latter mainly under the temperature ex
permmenls and the calalase test and 1o 1 lesser degree n the resistance
determmnations Onlv the New type stram had the majontv of its diver
sencies (18 out of 22) n the wnr pwo experiments

DISLUSSION

The present work shows that manfest infechions with mycobacteria 1n
animals 1 Denmark are almost alwavs caused by W goum vrulent
for hens and rahlnts (for desenption of Y atinm see Feldman (18))
Only 1n two cases were other mycobacternl strains 1solated The onc
from a4 hefer was elwssificd b Schacfer (42) s serotvpe Yuandie
Whether or not the other strun (Lnclass speeal) s of pathogenic
sipntlicance cannol be delermuined since 1t was 1 ofited frem a spect
men of soil from 2 poultry run

The matenal comprises a large numrb rof t ns ard ne resulls for
each fealure were umiform independert of elre  the stramns were
Av Hlor unddtermined Simee nere of { ¢ <1 U 1 tions showed more

M acTar TH "
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than one mode the hnuls for the typrent results for i amum for each
feature were determmed m such a way that the range coscred about
92 per cent of the strams Comparison of the mdnadunl strams with the
typical pattern s made as 1 census of the number of dnergencres In
tus way each feature 1s fforded equal weight even though il feiturcs
are not independent of cach olhicr, eg the effect of temperainre on
growth In the sirnlince exemmations also there 3s 4 relntronshsp be
tween the sursnal ime the processes i the oryans and the number
of hacterin No consideration has been gaven wn this work as fo whether
it 1s reasonble o welude all the 74 featurcs examaed 1 the oyatua
tion of the strauns

The 78 dsscrgencies were distributed fasefs evenly among the struns
resardless of whether or not the strains werc serotvped one to two
dnvergencies being found with 23 strams and three o four with 11
straws ‘The {arge number of dnvergencies with one strun (six) 1s due
ta the dependence of the fetures on cach other (rabbit witk long sur
nal bme and consequent processes i organs) Smer serotypin. of 3
representainne part of the materiy shonwed tht As 11 predominated
thrs will probably alsa apply to All the stramns The typreal pattcrn of
Y avien based on all the resulls i the first part of the stude will
therefore presumably alse dosershe scrotype Ay I From the dis(ed ¢
tion of the duergincies it cn thus be predicted that a strun which
shows more than six featurcs dneraing from the typreal pattern wit
be found to be of a serotype other thin dv I (or Ay 1)

This conclusion 15 not restricted by the speeal selechion of the mn
terial synce sirmns ehminated by the prumary screemng hwe a cun
siderably larger number of dnergenctes than «ix eg¢ VW boms ¥
xenaper

This mntenat provides ne mformhon concerning the degr ndence
of the divergeneies on vanations m technique and cxperunental amt
mals Repeated experiments would be necessary to asceriwn ths Tor
the same reason it 18 not possible to deternune whether the different
distributions m bacterial mdex for guinea pgs tafected mtravinonsly
have any connechion with spccral chrractertstics of the stran The
drvergent resuls m the resislanee delermunations 1o TG g i the
amidase test have been confirmed by repeated «tanunations thus show
1ng that they are connecled with the siruns Strains weth relative sert
sty to TSC were not found by Marks & Richards (27) Marks £
Troflope 128} Coltins (10) and habw et &l (29) who used 1 highest
concenirabion of 10y ror mi and found alt strams to be stromgly re
sistant However Weissner (34) fourd 1 fess stramns with partnl 1

to 1y per mt
Sls';;r;cie:myo’; the amidase test was extraoschnars with onc strun
there bein,, no positise reaction to nreotinamude {amde o) and pyrazin
1 1o qur gwhn expurl
amde (anude B} Aecording te Bonwle (7 8) e

ence posiie reachion to these amide s ts typeeal for W aviam
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Only a few other results with ¥ avuem will be discussed here

The optimal growth of ¥ avurm at 3740 1s 1n agreement with
Feldman (18) and Bergey s Manual (5) where 1t 1s stated that growth
accurs at 3940 and 40 respectively The temperature range mn these
worhs 1s gren 1s 2040 nd 3044 The present resulls with ¥ aviam
at 45 are m best concordance with Warks & Richards (27) who report
that onls one third of the strains gave growth at that temperature 1n
the course of ihree weeks As stated by Runyon (39) Aovacs (21) and
Marks & Trollope (29) growth at 45 suggests M avium

Since V aprm grows slowly at 22 the lensth of the obseriation
period 15 of sigmficance 1 comparmg the results Taking this factor
nto consideration there 1s gootd correlation between our results at 22
and those reported by hovacs (21) and Verssner (31 30 32 33) after
an observation period of 3—4 wechs

Concerning the ochemical fests the weak catalase reaclion 1s not
n agreement with Feldman (19) and our finding of weahly positiie
reachions 1n the sulphatase test does not confirm the results of Aubica
& Beam (23) nor those of Tarshis (43) Rungon found a distinction
“but 1t was a quantitative difference and thought to he not sufficrently
dependable to use routmely (39)

The human 1solites comprise only strumns classified s V avium
Tuven theugh three of these (Dasis Av IV New type} showed different
degrees of virulence n repeated experiments at intervals of several
vears the results obtuned with them justify the dragnosis The onls
s(llrxm that caused some difficulties was that classified as New tvpe

3)

The special selection of straws n this studs must be borne 1 mund
when comparng with works dealing with avian Iike stramns which by
defimtion 1nclude only struns attenuated for hens (2)

The fact that the material mecluded seven different scrolypes do
minated by Av II and Davis (42 4) provided the possibibity for 1 new
evaluation of the results by comparison with the typieal pattern of
M avium

Fifteen of the human isolates were examined to such an exfent that
they could be compared ndisidually with the pattern described m
Part 1 This comparison shoned a charactenistic relationslup between
Serotvpe and number of disergenctes The Ay 1I struns from humans
Tesembled the tvpical pattern and the Av I showed only few diver
Bencies {The examinalions with the latter s'ruin were not complete)
The other struns however were clearly diffirert from 4v I with
more than ten disergencies

The malern] of Dais stramns 1s fairly rep 1 v tul 1t 15 5O
small that 1t provides only a hmited desert snof 1 D4 s sirains 76
a group

Tt will be seen from the tables that it in rd i bwo the Davis
strains g1ie results that deviated from tnus 1 our §in simlir examina

20
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:‘onls \\11:’11 Av I struns If these differences lie wilun the sclected
muls thev do no! reveal themselses by the number of ditergencies
{eg resistance to \iomven) In other msiances where part of the
distribution hes oufside the hmts 1t becomes fortmtons wath which of
the struns dnergencies -re obsersed This reduees the number of diver
generes with the sarious strums but scems fo give 2 more realistic (3l
uilion of the results

Iz compartng v M and Davis 1t is of speerd wmieres? that with (he
doses used here the Davis strams were generally only shightls Joss viru
Jent than As 1 for the elassical experimental wnunals (hens and rab
bits) The imfections eqused 1 quite different pattern from that obt uned
with suntlar doses of 4 number of Batles strans from US & e vamined
herc (11) These struns hae not 3ot been seroliped Furthermore the
distribations according 1o survsval times in the present worh show
shorter survival imes, for rabhbils 1lian for hiens infected w ik e same
dose This applics both to V avium and Das strains The contrast be
tween the marhed resistince of rablils and the varions degrees of
suscephbibty 1 chicl ens to Group 111 mycobacterta (mnfection dose
10 * me) reported by Feldman £ Ruls (203 has thus not been demon
strated with Davis steans e the present worl Howeser such a con
tr st has been found to bie ehicacteristic for W zenoper (17) The quite
farge dose of § mg was chosen because 1 number of experiments with
atlenualed strawns had shown that 1hat dese provohed chrome pro
ces<es 1 yainls and tendon shcailis of rabbits within the obsery Mion
periad aof three months It 1s possible that this Iarge dose may haw
effaced some virulence differences hetween the struns (Rungon 39)

The growth of Pasts strams at 41 must also be emphasized s
mentioned previously growth at that temperature has been thouglit to
be mn favour of ¥ aptum and agunst Batley orgamsms mamn bkt
strams Group UL (Rattev) and non phofochromogens (39 J1 21 6
95) Qur experiences with the above mentioned Battev siruns from
US4 support thns However m other worhs no defimte @lfcrenct
could be found in such growth experiments (10 40 45)

Other resulis 1 the present work phice the Dyis struns nearcr
Baltey than Y avtum, 11z the stronger etalise reachion 16 38) the
earlier growth (21 39) and the displacement towards Tugher resistance
ta S and lower ressslanee to INTE (47 31 90 32 3%)

Tt will be necessars to examne 1 lrser number of Davis sirins
before the trvonomic relationshup to ¥ avmm nd Bitles ean be de
termuned On the basis of cushing mformabon at must bu assumed
(hat Davis struns would he ¢hissified s M amum of perhaps shghtly
reduced virulence Differentiation between these tvpes 1s of imporiance
from epudemtofogici nspeels

In the first part of the study brief mention 15 made of two struns
e and Unclass speern) 1solated from a heifer and from

serotype Yand}
o Al ron These struns were more different from the

soil from 2 pou
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tvpical pattern than Davis showing 24 and 22 divergencees respechively
The results of the various examinations pliced them outside the frame
work of the present matenal

The Yandle strun was non pathogenic for rabbits and hens the
colonies werc orange in colour there was no growth at 43  and it gave
a posilrve reaction to amides 3 5 and 6 According to Bémcke (7 8) the
latter result cxecludes the possihility of the strain being classified as
avian Ithe This combination of positive reactions {o three amides has
heen found previously 1 own experiments with strains possibly class
fiable as W scrofulacenm

Unclass spectal wns also non pathogenic for hens but 1t provohed
marked jomt processes 1n rabbuits there was growih at 22 i the
course of a week 1t gave positive reactions to amides 5 and 6 showed
strong catalase reaction and (of particnlar interest) 1t gave strong
posttive reaction 1n the course of four Itours in the Tween degradation
test It 1s possible that the strain 1s identic?l with the W lerrae sp n
deseribed by W oyne (45)

The strains 1n the previously published study of W xenmoper (17)
were also compared with the typical pattern of ¥ apuzm The number
of dierzencres with those strams was between 19 and 27 that 1s to
say defimtely different from the typical pattern This 1s 1n agreement
with the conclusions drawn mn that study

The results of our exarminations mahe 1t justifiable to conclude that
A aviam serotype Il 1s the predomnating cause of 1ufections among
hens eattle and swine in Denmark The sensitivity of the other animals
from which such strains were solated 1s stated by Feldman (19) to be
mink readiy nfected sheep moderaltely susceplible horses highly
resistant 1t 15 of special interest that all the struns from pigs were
virulent as has been reported previously by ( hristiansen (9) Plum
(32) and F'eldman (18) Infcctions with attenuated strains as described
by Baumann et al (3) hovacs (21) and Vallmann et a! (26) stll do
not occur n Denmark Serolvpin, of hovaess strains has been per
formed by Schaefer (hovaes (22)) who demonstrated that the
fections were caused by different serolvpes

W avizm as the cause of mfections 1n antmals 1 Denmark has been
reported previously mn a number of works munlv from Statens Vet
crinere Serumtabortorium (for references see Feldman (18) and
Plam (36)) and studies from recent yeirs have shown that such 1n
feclions shll present problems {1 37) Accordin, to Schaefer (42)
Av 111s the only seroty pe that causes eptdemics among hens as 1s also
evident from the Damish material Iurthermore sinue that type dom:
nates the findings amon., the ammal 1solates 1t 15 ju t fiable to regard
the infected hens and the soil contammited by them as the mam
sourees of infcefion

There were also Av II strans among the han an isolates but in the
present materinl 1t was found that there v ere cquaily mam cases both
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P wy and extrapul ity caused by six other serolspes (maunly
Davis}

It should be mentioned that the three Patients 1n {he previously pub
hished study (13) have been shown to be mfected by New type (ease 1)
and Davis (eascs 2 and 3) It 1s fhereforg quite probable that thev
were not infecled directly by the hens The assumplion that case 1 was
not the source of infection for the two other cases 15 confirmed by the
serojo,ical findings

Sice serotypes must be considered to be constant characteristics
(Schacfer (41)) infections 1w man with the yarous seroly pes ather
than Av II have no eprdennofogien] relationslup to sfictions m ~m
mals Thus it mav be expected that these mfechons will continue fo
occur m Depmirh despite cradication of avian disense among the
mmals

SUVMMARY

This work 1s a hacterial studv of ¥ avim 196 stramns 1sol ied m Den
marh from 1mmals and 22 strams from Damsh patients

The ammal 1solales opgmatid mamby from pigs calile and hens
Only two of these struns farlcd to show definile allimnce with M avint
As regards Lhe olther sirams there were only munor irregularstics be
tween the anmal groups in respeet of the distribution of results with
in the fe ttures extmined

The typieal pattern far M aviam 1solaleq from ammals 1s deseribed
on the hasis of 74 features 40 from wn pifro and 34 from i piwo ex
periments Serotypmg of a representalive part of this matcnal showed
that seratype Av Il predominaled As this probibly also applies to nif
the anrmal 1solates the typical pattern presumably alse describes sero
iype Av 1

Among the 22 human 1solatcs seven different serotvpes were fornd
with Av II and Davis predomunating, Based on the whole mafenal
spme thishnetne charaetenization of scrolypes Av I and Dwas was
possthle

}rom the distnibution of dnergencies from the tymeal patlern it
can be predicted that a strain with more than six divergent features
will be found to be of a serotype other than As I tor Av §) Al the
Davis strams showed from 10-19 divergencics

It can further be assumed that infected hens and the soul contr
mimated by them may be the mun souree of the wfcction of amimals
Qerotype Av I{ was afso found among the human 1selates bul i ad
Qstion there were six other types These latter infections would appesr
to hne no epreminlogenl retalionship fo qnimal infections and mas
thus be expected to conlinue to occur in Denmark despile erudication

of av1an discase among anmals
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PARAMETERS IN
70 DEHYDROXYLATION OF BILE ACIDS BY
ANAEROBIC LACTOBACILLI

By

Tore VibTi£DT! and ARNVE Norus
Recenved 10 3111 67

The microbal 7« dehvdroxylation of bile acids plavs an important role
m the metbolism of these compounds both 1 man and ammals (1)
This reachion has been shown to be carried out by seieral strams of
anaerobic bacteria isolated from rat and human facead sumples (9)
These strains probabls belong to the tnbe Lactobacilfeae (11) and are
the only bactena so far 1selated capable of 7e dehndrotylation w vefro
The 1solated strains capable of 7a-dehydroxylation of chenodeoxycholic
acid were also able to ovadize the hyvdroxy! groups at (-3 and C-7 to
keto groups

Onc of the 7a dehsdroxslating stramns Strain 11 was selecled for
further study of bile acid transformations Thus report describes siu
dies of the follown, phenomena—7a dehydroxsylation of chunodioyy
cholic actd m different culture media effect of pH on the reaclion
flucnce of incubation time on oxidation of the hvdrowl sroups 1t €-3
and C-7 and on removal of the 7a hydroxst group presence i washed
cells and cell extracts of enzsmes capble of perfornnng these reaw
tions and the nature of the metabalites formed 1 cultures origmally
containin,, either conjugated bile acids or free bile acids

MATLRIALS AND METHODS
Ba teriotogieal Proce lures

Straia The bacterial strain used Stram II had previously been asolated from rat
facces (3) nd tentati el idenbificd as an anacr bic lactobacillus {11)
Culture technique Unless otherwise stated the cultures scre grown n Todd Hematt

This investisation w s supported by L S Public Health Sertt e g ant 4-1933 and
by the Swedish Medical R seatch Caun 1 ¢ ants 203 and £02

Bile Acids and Steroads No 147

The foll wing syvstematic name areg ot mp unls fe ed to fn this report
By tenial names cholic acid da 7o 12 t ! 4 32 h'a & d ch aoleoxy

ch Jic acid 3 7a dibydrov s3-chalen 11 v bl d3aladihvdroxy
A~holanole acid Tithocholi  cid 3a ™ d T 1o aud
Fresent address hapten & W I y b i bteri logiske Institutt,

Ols Norway
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Cottm 1t *
% {u, 95y

€ tan plug —»

Sterlle s Lut n—v +TH broth

T
Sampling  May ete str 497 Pyogatte a d
10 7 NaHCOy

g 1
Apparatos for sampling of batch cultures For explanation see text {p 314)

broth (Oxoid) (TH broth) and incubated at 37 ¢ for 7 days The 1
001 ml of a 7 day TH broth culture n 5 ml of the mn\e’med}l\\imnoj‘l:'{:ﬂ:sbﬁi \2::?
:::ﬁ:?ﬂ“g)e obtained using the pyrogallol method after heating and cooling of the
Sampling of batch culture In these expermments a stmple hateh culture systers
was uscd (Fig 1) The apparatus wath the culture i sk contatming 495 ml! of 1H
Broth with 100 41 chenod holic acad was sterl y laving and the broth
was mnoctlated with 05 ml of a 7 day I'H broth culture of Strain Il Stopcochs a b
and ¢ were opened and a muvtare of 9 per cenl H and o per cent €0 was bubble}
through the TH broth for 15 minutes to obtain anaerobic conditions 1n the culture
flas] Trace amounts of otsgen were removed by slowly passing the gas muxture
thraugh a solutton of equal amounts of 40 per cent pyrogallic acid and 10 per cent
NaHCO, 1n water After mnoculation the apparafus was kept at 37 C At intervals
aliquots of the hroth culture were withdrawn while maintaming anaerobic con
ditions m the culture flash by opening the stopcochs a b and ¢ to let the gas mix
ture bubble through the broth Stopeock ¢ was closed and d opened After desired
amounts of the TH broth had heen collected 1n the sampling tubes stopcocks a h
and d were closed A magnetic stirrer was used for 5-10 minutes before the samples
were withdriwn to get homopeneous samples During the experiment the samples
from the culture flask were checked for the presence of microorganisms other than

Strain I

Chemucal Procedures

24-Cis labelled ble actds Lithocholic chenodeaxvcholic deoxycholie and cholie
acids were prepared according to the method of Bergstrom et al (3) Coujusated bile
acids were synthesized hy the methods of Bergstrom & Morman (° 15) 3a hydroxv
7 keto 5 cholanaic acid was prepared according to Samuelssor (17) and 3 keto 58
cholanoic acid as described by Sorman € Patmer (16)

Unlabelled bile actds Sources and references for synthesis of dernatives of cheno
deoxycholic acid are given 1n an earlicr publication (9) Derivatives of deoxveholic

acid (6 7) were kandly supphied by P kneroth & J Sjovall
Extraction methods After the free hile a ids were extracted with ethyl

acetate from the broth following aci to pH 1 with h 1 ocid The
conyugated bile acids were extracted with butanol The cthyl acctate ov butanail ex
tractts were evaporated dissolved 1n acetone and aliquots were taken for chromat

graphic analsysis

Chre matographic technique The phase svstcms used for chromatography are lsted
10 Table 1 Columns for reversed phase partition chromatography consisted of 4 ml
of stationary phase supported on 45 g of hydrophobic Hyflo Super Cel Clohns
Mamille & Co US4) Two mi fractions were collected and titrated whth §

NaOH in methanol
Aluminium ovide chromatography of the tile acld methyl esters was carr




315

TABLE 1
Chromatographic Systems

Phase it it
system \loviag phase Titres Stationarv phase tres
1y Methanol water 150 150 Chloroform 1seoctanol 15 15
F1(18) VMethanol water 162 135 Chloroform heptane 4 5
S10(8) ‘Trimethylpentane 60 90 05

1s0propy? aleohol

acetre acid
81°(5) Trimethylpentane 5 2 07

ethyl acetate
acetic acld

S15(5) ‘Trimethylpentane 20 20 02
ethyl acetate
acetic acad

18 n Butanol water 50 6 5
acetic acid

with alummium ovide grade i (Woelm Eschvege Germany) elotmg with
ereasing concentrations of benzene in hevane or ethyl acetate in benzene (1)

‘Thin layer plales were prepared using a suspension of 53 ml of distilled water
and 39 g of hreselzel G (Merch, Darrastadt Germanv) The chromatoplates were
activated 1n an oven at 110 C for 1 hour before use Spots were revealed by spraying
wath concentrated sulphutic a 1d and charrng at 250 C

Itotope determinations The isotope content 1o Liquid samples was determined by
nlating aliquots and counting wath a Friesehe Hoeplner methane gas flow counter
Alter thn layer raphy spots were loeated by auto
;;dlosraphy Tor quantitation the optical density of the film was measured at

Mg

RCSULTS
1 Formation of Lithocholic Aewd in V artous Vedia

Strain 11 was cultivated i 10 meda to investigate the formation of
Iithocholic acrd from chenodeoxychiohe acid (Fible 2) In 8 out of the
10 medha the formalion of hthocholic acid could be demonstrated
Thus even thousgh growth occurred mn the remamming medi this could
vol be correlated with lithocholic aeid formation

2 Effect of Vartaton in pH on Growth and I ithocholic ¢ 11orpat on
wm TH Broth

As s evident from Table 8 no growth v ef in ¢ r 1 with
it plivalues of 50 and@ 55 ArpHbH(s ' v abtauned
bul therc was no formalion of lthechelt i d In dia watl pH
salues between 6 5 and 80 modcrate 1o abund nt growth was obluned
and hthochobie ae1d was formed heto dernabives were formead 1t 2l
the pH v ilucs studied Fnzymes in the thoculum were responsible for
the appe irinee of metabolites i media where no growth occurred
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TABLI 3
Effect of Variatfon n pll on Growth and Lithocholic cid Formation of Strean IT

After 7 days incubation at 37 C

et Metabohtes
i " Unchanged _ with  without
o~ it Gronth  thenodeoxy  hydrotsl  hydroxy)
medim " cholie orheta  orheto
medium acid group Eroup
atC-7  ate7
P’ % o
50 50 - 86 1 0
55 55 - 8 16 0
0 60 + 78 2 0
65 65 ++ 1 9 80
70 70 ++ 2t 17 6
75 IR ++
80 73 4 19 2 56

TIH broth was adjusted with 1 N NaOH or 1 N HCI to the pH selected and phos
phate buffer (final concentration of 1715 M) of the same pH added Sterhzation
‘was by filtration through a VMillipore Filter Type GS 5 m! of broth was trapsferred
to sterile tubes labelled ch holic acid to gne an original con
eeatration of 10 zM The inoculum was 01 ml of 7 day culteres of Stran H in TH
broth and 1ncubation was at 37 C for seven days

— no wisible growth + slight grovth ++ maderate to abundant growth

3 Effect of Incubation tune on Transformation of Chenodeoxycholic
Acd

In batch cultures (Fig 1) keto derivatives were formed rapidly from
chenodeoxycholic acid (Fig 2) Half of the onginal amount of cheno
deoxycholic acid was transformed mnto keto dernvatives within 24
hours  Lathocholic actd could be demonstrated when visible growth
occurred Therefore 1n 20l following experiments analyses transfor
mation were made after 7 days of incubation

4 Presence of En ymes Capable of Transformuing Chenodeorycholic
Aetd in Pemelltn Trealed Cultures Resting Cells and Cell Exiracts
The resulls of experiments shown 1n Tig 3 show that a pemeillin
treated culture lrge of enzymes capable of trans
forming chenodiotwscholie acid TLC analyses of the metabolites for
med mdicated that they consisted mamiv of 3« hydroxy 7 keto 2
cholwnowe 7o tindroxy 3 heto 58 chalanote and 37 du eto-58 cholanoic
acd No enzymes capable of removing the Invdroxy! group at €-7 could
be demonstrated
The location of the enzymes capable of oxidizing the hydroxy] groups
W C-3 and C-7 1o kelo groups was studied in the experiments reported
n Table 4 The enzvmes were mamlv present mtraccllularly and only
shight actuty was Found 1n the stenle filtrate of the culture The
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TOTAL CONVERSION IN PER CENT

2 24 48 7z 96 1200 144 168 hours

PER CEMT OF METABOLITES

a Pad A A & A
[ 24 48 72 96 120 %4 168 hours
— " A e
x
S { i F4ar TP
<]
2 + + 4+ + +
Fig ®
Change in of b during of Srain It Jna medium
origmally contamng 100 4\ chenodeoxyche hie ackd -3
Lpper part Total conversion of rhrncdzot;chr fie xrm
b ®—@ metabltes

liddle part t of cid
walh hydroxvl or hete group at 07 A--4 hlhachnhc acd 4 A 3 ket
5p-cholanorc acid
no wisible growth {+) harily visible growt

Lower part Bacterial growth
+ slight growth -+ + modcrate to abundant growth

wished resting cells were highly active and after sonificalion the en
zyme ctivily was present i a soluble state The hydroxy! group al
C-7 was always oxidized fo a greater extent than that 1t € 3 No
appreciable formation of 3 7 diketo 58 cholanoic acid was dclected It
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100 +

25-‘

Total tonversion in per cent

1 2 3 4 5 6 hous
Fig 3
Aerobic of acd 1 Lin treated cultures
5 ml of a 7 day TH broth culture of Stram 11 was transfurred to & tube contaming
labelled chenodeoxscholi acid and penicillm G fo gne a concentration of 100 M
chenodeoxycholie acid apd 1000 TU peni ilin G/ml broth The tube was shahen
aerohically at 37 C Samples {02 ml) were withdrawn 0o 1 7 4 and 6 hours after
the reaction was started and the samples were analysed for unchanged
chenodeoxycholie acid

was observed that 001 ml of a broth culture (approximately the
amount 1n the inoculation loop) contamed a sufftcient amount of en
zymes to cause detectable oxidation of chenodeoxycholic actd 11 a 5 ml
solution of phosphate buffer with a bile salt concentration of 10 Al

5 Interconverswn of Vetabolites Formed from Chenodeoxycholic
Acad

The mun metabolites formed from chenodeoxycholic acid by Stram
Il are 3a hydrovy 58 cholanoic 3 heto 58 cholanoic and 3« hydroxy 7
keto 58 cholanoic acids (9) These metabolites were mcubated with
Strain 1T The labelled metabolites in the broth were sepurated by TLC
(Table 5) 3a hydroxy 58 cholanoic and 3 heto 7/ cholanoic aud were
not transformed into compounds with a hvdroxyl or heto 7 ot = it C-7
Behydrogenation of the hydroxyl groups at € 3 and (- 7 was found to
be reversible However reductions of the hito groups 2t 1-3 and -7
onlv produced Lhe 3« and 7a epimers 3a hydroxy 7 k to 52 cholanoic
acid was transformed into compounds wilhout a hydrovyl group at C-7
or reduced to 3¢ 7e dithydroxy 58-cholanoic ac d
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TABLE

Presence in Penicitlin Treated Cultures and Cell Frtracts of Stran I

Results
Material for studymng Origmal
enzyme activity chenodeoxy

cholic acid Unchanged

Sample Amount concentration chenodenxy

eholie and
\ «
Batch culture 0, m 4 1
100 9
Sterle filtrate 05 ml 10 a7
of batch culture 100 160
Washed cells equinalent to 05 ml 10 57
from batch eulture hatch culturc 100 8
Cell free extract after  equnalent to 05 ml 10 7
somification of the batch culturc 100 2

washed cells

A 7 day batch culture at 37 C of Strain Il 1n TH broth was prepared from an original
filtration through a Millipare filter type GS W ashed cells wcre obtatned by three subseqient
cells was in MSE Ultrasonic Disintegrator (20 1¢ 60V ) operating at 15 A in 15 X 4 sec
20 munutes at 4 € followed by filtration of the supernatant through a Millipore filter
from chenodeoxycholic acid after 2 hours of aerobic incybation
Penicillin G was added to gnve a final concentratfo

Iatercont erston of

1ARBLI
Wetabolites Formed fron

Ct4 Jabelled bile acid

58 cholanow

Per cent
3a
74 dibvdros
84 cholanoic
acid

3
hydroxy

acid

chenodcoxychalie acid
3a hydrowy 7 keto 58
cholanese acid

Tithocholie acid
3 Leto 58-cholanoic acid

Oniginal
bile acid chenodeoxy Ta
concen cholie ac1d
tration
M
"10 f
100 47
10 14
100 61
10 -
10 —

Vel

6 Velabolism of Deoxycholic and Cholic Aculs
s Deorycholic acid Prelmmnary fractionilion of metibahies of
deoxs chohe actd was obtammed with reversed phase parfition cliromto

graphy and the metabolites werc separated int

Group I
Group 1 312 dihydroxy 54 cholwgic acids
heto 151)? cholanote ~cids and 3 ]\ET(\JW?OX\ 5 clf

ohiree groups (F1, H—

1 3 lydroxy 12
1ol inoic arids—
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of En ymes Capable of Traasforming Chenodeaxichalic Acid

after 2 hours incubation at 37 €

Per cent of metabolites with the T1 G mobihites of Metabolites
without

3 To dibylroxy 55 35 YO TSy 3 Tdietosg  hydrosyl or

chotanaic setd cholanoie acid chotanose zoid ¢holanoic acid lfe:;) 1(1;:'_07\!»
] 46 5 3 0
[ 0 1 [ o
[ 2 1 0 o
o 0 a 9 0
o 37 5 1 [
1 12 2 0 0
0 15 5 1 0
o B 3 o 0

cultyre of the same agy {n this medium A steeile feltrate of the culture was abtawmed by

centrifugations and washings m phosphate buffer (1/15 M pll 74) Sonification of the

The sotuble fractton was separated from the cell ressdue by centrifuging at 15000 X g for
d by di he

tvpe €S The enzyme activity was nvestigs ¥
8137 G in 5 m! of phosphate buffer (1/15 M pH 74)

af tl farme}

of 1000 TV /m? of incubation mivture

5

Chenodeosycholie Actd by Strawn i wa ™ Day Cultures

Tatiabolites with TLC mobihities of

34 hydeoxy 7 hydroxy

3 7 diketo 5 38 hyd oxv o3 3 keto ap
Tadoss  3ketodp T potnee’  Phoehole *00ol™ enotanone
werd o acid a1 a1t
4 — — 80 - 10
” 17 — 15 - D)
— 14 - 80 - 2
8 8 - 21 - 2
— — — £ - 3
- = by -7 b 3
o
Group IIT \retaned 1n the stalionary phase) 312 diketo vB~cholanae

acid and & tndroxyviated dernalnes As shown in Fig 4 &roups | 1
11 contuncd hibelled compounds o labetled compoungs Were refa: et
mn the statwon ity phase {(Group IiI) Lahclied compounds s G e
were separated by TLC \nlo tne fractions 1z and 1 b (I rrcup u
mumum oxide chromatography of labelied compounds jp G’:ﬁx;s); %Illua
2 actar Tw 72
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Separation of mctabolites fiom fraction I (Fig 4) by TIC,

Phase svstem S12 Radioactne spols were detected by nutoradiography and a

of the aph 13 shown

and H b did not gine further separation '1LC of these frictions wilh
phase systems $10 §12 and $15 (Fig 6) revealed compounds with

the TLC mobilities of—1

unchanged deoxveholic neid—IT v da liy

droxy 12 Leto of cholanoic acid—1I b 12a hvdroxs 3 heto 38 cholanaic
acid Thus Stran 11 contans chzavmes oxidizing the hydroxyl proups

al C-3 and C-12
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Deoxrcholic a sd metaholites formed by Stram 8f TLC fgr up [ (Fig i
Ha M (Fig 5) and standard
thase svstem 512 The hlach 1ois represent rad va t metad Do ditected by
aulyra lionraphy and the crass hatched spots rep rescot st ndard  dete rrd 1 pra

g with sulphutic acid fleference st ndards (3a OF 17 UH 1 nood
(3 0N 12p LIV 35 12g dihsdroxs Sg-ch>lanotc a g Ol )I' 1
diiydroxy 54 cholanore  acrd (S heto 1% OH 1. b 1 < Skt an ¢
#¢1d (32 DI 17 ket ) 3a hy droxs 12 heto 58 ¢h ¢ T t 312
diketo 33 chatanm 1
B Cholic acid Sictibolites of chohe acwl | ST 1 orovarsed
phiase partition ehromntosraphs with phase  sam € Aft 1 clution

of the column with 200 ml of movin,, phas  tFrictiwn € 1) the tn
hydroxyeholanoie acids 1s wehl as thur heto de 4 itis s worc obtuned
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Chohe acid mctabolites formed by Stramn If TLG of greup € 1 and standards
Phase system 512 Tor ] see F1g 6 R a cholic acid

b deovscholic acsd c 3a 12a dihydroxy 7 heto 5g-cholanolc serd d 3a hvdrovy 7
12 diketo 57 cholanowc acid ¢ 3 7 17 triheto 54 cholanoi. acid

Dihydroxycholanose acids and thur heto demsatines were retamed
the stationary phase (Fraction C2)

Labelled compounds 1 Fraction C1 were separated with TLC (11,
7) and appeared mn the same zone as dihydroxy monohelocholtnoic
acids m addition to unchanged cholic 2c1d No Inbelled compounds oc
curred 1 the position of monohy dro<y diketo or tniketocholinoie acids

Labelled compounds 1 Fraction C2 were separated as deseribed 1n
section 6 A They were present m groups I 11a and I'b wilh different
phase systems revealed the following ds with TI C mobil
of—1 3a 12a dihydroxy 58 cholanoic actd—II 1 3« hvdroxs 12 hcto
58 cholanoie acid—II b 12a hvdroxy 3 heto 58 cholanoic acrd  Thus
Stran 11 was able to 7« dehydroxylate cholic 1wcid and to ovadize th
bydroxy! groups at C-3 and C-12 of the deoxscholic 1¢id formed

The «{fect of substrate concentration on the formahon of cholie acid
metabolites was studied and recorded w Table 6 In broth cultures
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onginally containing 10 x\ chohc acid most of the 1solated metabohtes
lacked hydroxy! or heto groups at G-7 In cultures ongwallv contamnmg
100 4M or more of cholic acid onlv a munor fraction of the solated
metabolites lacked hydroxyl or kelo groups at C-7 The capacity of
Stram II to oxadize the hydroxyl groups at C-3 and C-12 was very
shght The larpe amount of helo denvatnes of chobie aud formed was
due to the great capacity of Stramn II to oxidhze the hydroxsl group at
(7 as most of these heto dertsatsves had the TLC mobility of 312
dihydroxy 7 heto 58 cholanoic acid

TABLE &
Concentration of Cholic dct1 Metabalites in 7 Day Cultures of Strawn I

After 7 days incubation 2t 37 C

Original Concentration of metabolites with TLC
comemi G mobilities of
of cholic acid  of ynchanged heto derrsatnes 12a hydroxy 3 keto
i THDbroth  cholic aerd  With hydroxyl deosycholic 5@ cholanoic acid
or Lketo group acid 3a hydroxy 12 Leto
at -7 58 cholanoic acid
M M M M oM
ylo "0 5 l‘(l 1 92 02
100 5 44 27 4
200 50 99 47 4
400 172 162 64 2
600 297 210 63 0

Metabolites of labelled cholic acid were separated by column chromatography
followed By TLC as described 1n sectron B The spots were docated by avloramo
graphy and the percentage distribution of labelled products was caleulafed from
densiometric determmations of the film

C Quantitatwe differences in the 7a dehydroxylation of cholic and
chenodeoxycholtc acids Fig 8 shows that cholic acid was dehydroxy
lated to a sigmificantly Ingher extent than chenodeoxycholie acid How
ever when hoth chenodeoxycholic and cholic acid were presenl the
extent of dehydroxylation was the same for the two compounds

7 Vetabolism of Taure and Glycocholic Acids

No splilting of the conjusates was obsersed 1ffer in ubation of
taurocholic acid and glycocholie acid with Strun I but part of the
bile acid conjugates had been transformed 1nio less polar compounds
The incubation mistures were hydrolyzed with 2 N NaOH for 24 hours
1t 134 Cin a sleel bomb and the free bile actds were analyzed with
TLC One haif of the lahelled compounds nppearcd at the position of
unchanged cholic acid and the other half in one fraction with a TLC
mobility of 3 12 dihndroxy 7 heto of cholanoic acid



Chenodeoxycholate .24.¢cM m
Chenodeoxycholate M m

Labeled metabolites without
hydroxyl or keto group at £-7

Fig 8
Quantitatnve differences in the Te dehvdroxslation of chohic and
chenodeaxchalic acids
Serics of 10 tubes contaimng either choli acid (100 or 200 4\ or chenode ey h lic
acud (€0 or 200 43} or both scids (100,31 cach) were mo ulate § with 01 ml € the
same culture of Strain If and were mcubated for seven davs

DISCLSSION

The resulls show thil 7a dehvdrovalahion docs nol alw 1ys occur m
medi supporhin, srowth of Stramn I (Table 2) nd that 1t occurs onhy
m mediy with pil above 60 (Tible 3) TIH broth extensively used n
other myvestignbions for delechion of lithocholic acid (9 10 1% 19)
characterized by 1 rather hugh wmtial pH (approumately 803 &fter
Straun I has been cultured i tus meduas for 7 dass the pIl salucs
are approumateh 78 1t would appear neetssary however to buffer
the medm to ensure the mamlenance of 1 suitible pH for hthochelie
acid formation Iy Strun 11

Sem¢ of the pathw 135 of clienodeoxveholic vord met ibolism by Strun
1§ are summanzed m Ty 9 T dehydroxilalion was not reve rsibie
sinee no melaboliles with helo or hvdroxyl proups at { 7 were demon
strated tn eultares onginally conluning 31 hvdroxy g choloie or 3
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Metaholism of chenodenxveholic acid b Stram It

keto 58 cholanoic acid Dchydroginabion of the hydroxsl groups at C-3
and C-7 was reversible Reduchion of the heto groups jiclded only «
hydroxs! groups

The fact that Stram II 1s able to 7o dehvdroxviate cholic acid hrs
been established W hen acting on cholic acid the dehydrogenases of
Strain I were much more aclrve 1n oxichzing the hvdroxyl group at (7
than that at € 3 or C-12 Thus choliv acid was mamnly transformed
wmto de 12« dibvdroxy 7 hete 58 cholanoie and 3a 12« dthvdroxy 58
cholinose acid The last mentioned metabolite was further (ransformed
by ovrdation of the hyvdroxs] groups at (~3 nd £-12

Analysis of the faccal Inle actds 1in man has shown that the mamm
microlnal transformations are sphittin, of congugates ehmmation of
the hydroxy) gronps a1 €7 and oudabion of hyvdroxs] groups 2t C-3
€-7 and (12 to helo groups (1) wclo groups ean be reduced to both
@ and g hndroxsl groups (1) Strun 1T could perform all these reac
trons except the sphitting, of conju,ates wd reduction of heto groups to
A hhvdroxy! groups

Since human bile normalls contains large amounts of deoxycholic
acid and only trace amounts of hithocholte wid 1t was of mierest to
comparc the eapacity of Stramn II to remove the 7« hvdrass | group from
cholic and chenodioxscholic acuds 7a-dehydroxslation w i frund to be
of the same order of ma.nitude 1z culturcs contumng ¢ qual amounts
of these two compounds Thercfore atis reaser st e 1
degree of debvdroxalation of cholic and th n Ay 4
tipe of nucroory ntsm i the human nt sl n

mtar
s thas

SUMMARY

A stricthv nacrobre mntestmal bacterium Strun 11 tenlatinels adentt

ficd as v m mber of the trihie ] actobactileac was further studied for
transform ition of le acxds
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a dehydroxylation was not found m all media supporting growth
and wns only present i medra with PH above 60

Enzymes capable of oxidizing the hydroxyl groups at G-3 and C-7
were present in penieallin treated cultures but no enzymes capable of
7a dehydrox;y lation were demonstrated The oxidizing enzvmes could
be extracted from somificated cells with phosphate buffer

Transformation of 3a hydroxs 58 cholanoic acxd 3 heto 58 cholanowe
and 3« hydroxy 7 heto 58 cholanoic acid showed that the heto groups
at C-3 and C-7 were reduced but only to hydroxy1 groups m « position

Transformation of cholic and deoxycholic acids showed that the 7a
hvaroxyl group of cholie acid could be removed and that oxidation of
the hydroxyl groups at C-3 C-7 and C 12 pecurred

No quantitative differences in removal of the 74 hydroxy! group from
chenodeoxycholic acid and chohe acid oceurred m cultures with equal
concentrations of these acids

Taurocholic and glveochohie 1eids were not transformed into taure
deoxycholie or glycodeoxycholic neids
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The Tuberculosis Department Statens Seruminsting € opeshagen Denmark

THE SPECIFICITY OF CIRCULATING ANTIBODILS
IN DXPERIMENTAL INCECTION WITH MYCOBACTERIUMN
AVIUM DEMONSTRATFD BY IMMUNOLLUORESCENCF

By

J Benaroses
Beceiced 1011 67

‘The presence of antibodies i the serum globulin of expeniment s} ang
mals infected with virulent myeobacterin has not often heen reparted
It has been considered thal it s more difficult to prose the existena of
such anlibodies than of those causcd by mjection of kabled mycob «
tena or more or less purified mycabactertal tigins (Boyden 19,8}

Tal ahashi ef al (1961) compared several hiemagglutination techns
ques and were able {o demonstrate anlibody wctinaly in rabbits mfceted
with ¥ tuberculosts or BCG However as regards the questian of spury
fiedy of the anibodies hacmagplutmation reactions are of no s e
when tvpe specsfic anlipens are not asadable

Using immunadiffusion Lwnd (19,9 1960) demanstealed proapst o
ing anttbodies m rabbils infected with W tuberenlpsis The reictony
were weah and were fonnd late mn the infectson period In our Jibo
riory we have not been able to resenl the presence of proamting
wmtibodies 1 serum from rabbits nfected wilh AW avtear or W boms

In a pressous paper (Bennedsen 1966) st was roportud that wl
bodics could be demonstrated In means of inmunofluorcscened i se
rum from rabbis safected with virulent myeobactertt Howos shown
that the antibodus produced carlv m the nfection posscssed a fph
degrec of spectheriy for the infecting taent In order to «xumine that
wpeet further stuehes were performed with 2 colfection of steans
The present paper reports the demonstration by mens af unmuno
{luarescence of nime different scratypes of W amuar apd pom hhe

strains

MATIRIAL

! (18693 have examined a series < tran 1 lated mainlsy fr m

:n"l{lr,::\u):s ﬂins and man Some of hese strains were mi secte § to ser Inglesl u-p:n(

tn Sehaefer (19671 sho Lound nine differept sevot pes wn the  Huiets n’b\ mcla::nl;

asglutisation tests Nime strains were clecte? an the J2 bs [ hi resulls n:; R
era against them were §r Queed Alf the trawmna ners then teste ! agsinst the

1 pe sers
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pretation of the Hindings mentioned sbove test stram Dasis {SSC 1007}
was found to react with both t3pe serum IV wnd D

‘Table 3 shows the resulls of all 62 strans tesled by both the indsrect
and direct techniques The struns are grouped and designated aceord
mg to the resulls oltasned by Schaefer (left hand eolumn)t Only the
test stram was present i the Ay I group Of the 39 sirams in the Av 1
group 38 gave 4 postine reachion with test serum 1 One strun did not
revct with anv of the nine test sera but when the strun was used for

TABLE t
Fluorescence Antibody Reaclions with Nine Test Strans and Corresponding Mige
Tesl Sera Using the Indirect Techntgue
(The hgures in wtahics are the homologons resctions)

Test strain Test serum

Sehacfer s Stram I n om oK B W 10 H
serotype 0o

Av I 55C 691 4 Q9 1 o k4 2 R 1 1
Av 11 sSCs S 4 1 1 > 2 % 1
oo SSCT 1 1 4 1 1 1 0 1 1
Ay v 5sC 315 2 2 1 4 o 2 kd 1 1
Davis sscwer b 1 % 0 & o 2 1 i
W atson SSC 999 1 1 8 o L] 4 2z 1 1
Yandle SSC 637 & 1 )3 o @ 9 4 1 1
Aew tvpe ssC A7 2z 1 1 2 1 1 b 3 1
Howell ss€3 2 6 1 4 oz 1 1 o 3

§SG == Statens Serummstitut CoHlection

TABLF 2

Fluorescence Antibody Keactions with \ene Test Stramns and Feght of the
Corresponding Test Sera Usning the Ihrect Techmgue

(The figures 1 atahes are the homologous reactions)

Test strain Test serum
Schasfes Stram oy omr Bt DOW Y OF M
serat e no
a1 $SC 691 R
v SSC 796 108t 2137 ome
a1 8¢ 789 LT T N T T Y RS
P $5C 315 2 3 1 1 1 S
Dasts scam 2z 103 4 1 41w
Watson SSC 893 T T ST R A
Yandle ssC 637 I T T A T T T
New te s5€ 317 T T O I B
Howell §5C 371 12

ollection

SSC = Statens Serummnstiut &
1 Conugates were produced fccar:
ne = not examined

ding to Procedure B (see texty

1 pur readiogs were performed without prior knowledge of these serolvpe
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rect lechnuques 1n the Davss group Two sfrun
s reacted with both test
serum IV and D, one of these bemg the test stram Davs

DISCUSSION

Schacfer (1965) found scveral scrologienl groups of ¥ qomm wnd
relled strams by means of agglutinition reachions Since we arc not 1
1 posthon. at prusent Lo scrotvpe by 1hat method the resulls of Schne
fer s delermmation of our colleclion of stramns forms the basis of this
study Thus tt1s not exactly the sme cullures that were subyccted lo
Schrefirs and our examinatons Moreover the immunization proce
dures for production of antisera were diffcrent m the iwo systems
Sehaefer used hypertmmumzation with heat 1 illed phenolized mvea
bactcria winle our sera were obtuned from an carls stige of Jhe
infeetion Some of the inconststencics might thus be explaned by s
fach of parallelism However comparison of the resulls of smmune
fluorescence with those of Schacfer s ag lutinalion fest shows il 3t 2l 15
possible ta distinguisk bictwien serologtenl {3 pes of M apwm and afiud
strams by mecans of the fluorescence method It should be emph 1s1z¢d
thit nonc of the ser1 used for immunofluorcscence lyping was b
sorbed

1 wish to siress that the resulls in fable 3 mvolve only the reaction
between our test ser1 and the strams exnmnned Interpretiron of thest
results 1s regards the scrolype of ny particular siramn s dependent
on Schiefer s serotyping of the corresponding, test strun The appur
ance of 4 stran or group of strams 1n Table 3 does nol necessarily
wndicate that they ean be desy,nated as M avizm or wian like struns

Our results are comparable with those of Jones ef al {1960) why
coucluded that one of the major ady infayes of the immunotluorsscence
technigue 1s the possihahity of typm,, autoagglutin ible and rouch forms
of mycobacterta We were 1n fact able o lype some of such strunsn
Schaefer s unclassified group Another pownt of terest ss the minut
amount of anhigen neeessiry for the immunofiuorcseenct rexction I
15 possible to select single colontes from 2 plate and inveshigate rapdly
the serological sigmific inee of any virations One of the slruns exa
mined gave meonsistent rechions when taken from Towenslen Jensen
fubes The stram was then cullivaled on oleic wend 1w plates and g ne
growth of a rough and a smooth form The smooth form p1ne positise
reactson to test serum I and the rouoh form gt no rection to ny of
the nine test sery

Comparcd wilh other serological mcthods both the mmunofiuores
cence and the agglulinalion procedures seam lo be speeilic Both me
thods ulihze lhe sutfrce antigens for thar roichions and it seems
probable thnt the tvpe speafic antiens ar lovalud on the surhice of
ihe cell Further serologieal myeslilion on the morpholo,

rcquired to prove this assumplion

1e) hasis 15
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In the Vleum the tot1l number of microorgamsms was 10-10  and
these values werc obtamned under hoth acrobic and anterobic condt
tions In the caccum conlent the total number of ba tersa was 10 —101
Thiese vatues were obtamed under anacrobie condilions whe eas under
acrobic conditions they were lower 107-10¢ Under anaerob: conditions
the total number of mucroorganisms present in Lhe facces was 102-10%
and under aerobic conditions 107-10°

o0
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TABLE
A Comparison of the Properlies of the 19 Frotated

Test perfarmed Strains No
i 2 3
Microscopy G
TAm Neg Gram n,
vads ; eg Gram neg

Uniform turbidrty fn TH o
Wotihty + Tl broth ha * *
Gas 10 TDI medsum + * n
Fermeatation of § +

1]3 aralin se —
extrose o

Lastose A & 4w
Litmus math = = z
Liquelaction of gelatin — = -
Production of H,§ + : ”
Production of mdol + £ N

Survival after exposure 1o
4 G 20 minufes —
serobus culture —
condrtions 24 hours

ti

The sign (+) = positine results obtained tn the test
TOI medwm  Difeo Trioghcollate Medwm without
§ (An) = pH between 6 00~650 (1) = pM below 660

Zransformation of Bile Acids i Caltures from the dnacrobic Dilution
Sieps

Sphittin, of taurecholic and glscocholic acids and {ransformaton of
labelled ehenodeovscholie acid were delermuned in wnacrobie TH b oth
cultures from all the dilutson steps The metabolstes formed were sepa
rated by thir layer chromatography (TLC) with differcat phase sy
stems The results are summarred 1n Figs 1-3 (upper parts) Romevsd
of the 7a hydroxyl group w1s demonstrated by 1solating the metabohtes
ithocholic actd 37 hvdrovs 38 cholanore wid and 3 heto §4 chabonae
acid Oxidation of the hydroxy} group at €-3 1o 2 helo group gne Iise
to the metabohits 7o hydroxy 3 kelo 58 cholnose acid 3 7 dihelo of
cholanoic amd nd 3 keto 58 holanoie acsd  wnd oxuidation of the
byvdroxy) group o C-7 was vadenced by the presence of the metn
balites 3« hydrovy 7 keto 58 cholnoie et 38 hydroxy 7 kelo 58
cholanoic acid and 3 7 dihelo 58 chiof inore sexd

Removal of the 7a hydroxyl greup Llumnahon of the 7a hvdroxy)
group did not oeenr 1n the cultutes of nucroorg unsms from the thum
Aliroorganisms capable of removing the Ta hvdroxs! group were 3
ways demonstrated mn the caccum content and faeecs The number of
orgamsms 1n the caccum contunt and the faeces wt onc and {he same
rat scemed {o be of the same order of mannstude whereas wide varia
fions 1 e pumber of orgatasms presept i he different £3ts were
olsserved (103-10%) The microorgamsms capahle of the 7a dehy droxs



2

34

Strains Capable of Sphtting Bile Acid Conjugates

Strains No
4 5 6 7 8 9 10
Gram neg  Gram neg  Grampos Grampos Grampos Grampos  Grampos
rods rods rods rods rods rods rods
+ + + + + +
+ + — — — - -
—_ — A A A A :
A Avw A A A A
—‘-v — A A A A A
— — Aad clot Aed clot  gad clot Aeid clot Acid clot
— + —_ — — — —
+ + — — —

[N

i

+1
+)
+1

T ¥

performed and the sign (—) = negative results
Dextrose or Indicator

{—) = pH above 650 in the TDI medium

lation of bile acids do not scem to be among the quantitatinely demn
nant anaerobes 1n {he intestinal tract

In order to ascertain if the culture conditions were favourable to 7«
dehydroxytation the trinsformation of chenodeoxychohic acid was tes
ted m cultures from all the dilution steps added to broth cultures of a
previously 1solated anaerobie lactobacillus Stram II capable of per
forming this reaction (9) 7a dehydroxyiahion svas observed mn 2ll the
cultures
Oxidation of hydroxyl groups at €~3 and C-7 The hydroxyl group at
C3 was oxdized n cultures of the leum content from all three rats
(dilution steps 10°~10¢) and the hydroxyl group i C-7 was oxidized 1n
two rats (dilution steps 10%~104) In cultures of the caccum content and
facces oxidation of these two hydroxyl groups could be demonstrated
at hihier dilution steps (107-101) 1 all the rais

Splitting of conjugates In two out of the three rats mvestigted
decomjugating nueroorgimisms were present an the hr he  Alutior
steps of the ileum content that showud growth In the hird ~at the
numher of deconjugating MICrOOTLTNISMS P es2r, was 10 hereas
growth occurred up to dilution step 100 In the caccum ont nt of ail
three rats deconjugating microorginisms v re presen 11 the ighest
dilution sleps showing growth Sinular r suils wer obtamed 1n he
facces from two of the rats and i the third no plitin,, ot conjugates
was observed ra the lughest diluton step shov ing grov th
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Isolation of microorgamsms capable of splilting conjugated bule
acids From the anaerobe cullures of the last dilution sleps showing
deconjugation single stramns of microgrgmisms were solated and
tested for therr abihiy to spht bile acid conjugates Ten oul of 17
stramns of anaerobic microorgamsms 1solated from the ileum conlent
of one rat and from the caccum content and facecs of all {hree rals
were capable of performing s reaction These 1etise strins Mbelled
1~10 were sclected for further identification procedures The data pre
sented n Table 2 indicate that the Gram negative strains 1-5 might be
members of the family Bacteroidaceac and the Gram posttive struns
b 10 members of the tnibe Lactobacdleae

Struns 1-10 were tested for thewr ability {o transform free il acids
by subculturing them in TH broth oriinally contuning either 10 0\
cholic acid 24 C* 10 gM chenodeosycholic acid 24 G+ or 10 M htho
cholic acid 24 C All the Gram negatne strams were capable of ot
dizing the hydroxyl group at €7 1o a helo group whereas none of the
Gram positive strains was able to transform the frec bile acids (Table 3)

TABLE 3

The Metabohsm of Free Bile tawds by Isolated Microorgomsms Capabl of
Splitting Consugated Rile Acuds

The TLC mobihities of metabolites formed from

St RO el acid d holic acad cholie actd
1 0 3a hydroxy 7leto dihydroxymonoketo
»8 cholanore acsd d mative of
cholaneie acid

cooos
ccoas

SPO Mo en a3 1
coocosssme

DISCUSSION

Bucterial Counts wn Intestinal Conlents

One of 1he difficulties n esimating the quantily of m:croorgu;m;:;
10 intestinal contents 1s the use of suitable media The cholc;: o "
broth used in this mvestisation was because this medium has )‘('cn x
tensively used by us w sludies of microbial hle acid lrnnsfm'm'nf on !
8 9 10) and ss 1bie to sustam growlh of microorgamsms ll‘l;ﬁ orn;lnx;
Dile 1a1d i undefined mixtures of faceal mlcrcormmsme‘ (l) :Imwn
struns belonging to 18 ginery normally found 1n the nteshin

tents of man and rat (10)
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The tesults given 1 Figs 1-3 show n predomunance ol mcroorgn
nisms grownt under anaerobic conditions over those grown aerobically
Such predomm nce has been previously emphasized by several inves
tigators (14 12) These 1nacrolnc microor,amsms are found to belong
to the groups of bacteroides and lactobieilll (14 15) The mieroor.a
nisms 1solated m this vestigation may be ncluded 1n these two
groups

Microorgantsms Transforming Bile Acid

The mucroorgamisms that nccount for the 7a dehydroxylation were
not shown fo be present in the ileum content but a small number were
found 1n tht crecum content and the facces Allity to cause 7e dehy
droxy lation had been previously observed in anazerobie lactobacilh 1so
lated from human and rat faccal samples (7) but could not been de
monstrated 1n o5 strams belonging to genera normally found in human
and rat intestinal contents Hence this reactton which 1s a major
feature mn the mtestinal hile aaid transformation scems to be n rare
properly 1n mtestinal microorgamisms and 1s present onlv 1 orga
msms found m the ecaccum content and faeces

The demeonstrated ability of the 1solated strams m the group of
bacteroides to oxidize the hydroxyl group at C-7 bul not at C-3 15 m
agreement with previous findings n siramns belenging to this group
{10) The 1solated strains of annerobic lactobacilly capable of sphitting
bile acid conjugates failed to have any effcet on the hydroxyl groups
al C-3 and C-7 Allitv to ouidize these hydroxyl groups vanes m
strains belonging to this group of microor,amsms (10)

It was shown Lhat the 1solated stramns of microorgamsms capable of
splitting bile 1eid conjugates can be eluded wn the family Bactero:
daceae and the tribe Laclobactlleae Abilty to split conjugated bile
acids has previously been demonstrated in many strains belonging to
these two groups of microor,amsms (10)

Thus 1n contrast to the removal of the 7e hvdroxyl group the ahility
to oxidize the hydroxyl groups 1t C-3 and C-7 and to split conjugated
bile acids s found among the most common anaerohic mtestinal m
croorgnmisms kHowever 1l 1s rensonable to assume that the miestinal
contents nclude several lypes of microorgamisms capable of trans
forming le ands and present in varymg numbers Therefore 1t 1s of
nterest 10 ascertun which types of microorgamisms are of importance
for the mn transformations of bile acid occurrin, t treo This can
bz imvesticaled by contamination of girmfree rats with m Goorpa
nmisms the effect of which on bile acids 1 tefro 1s hnown

SUMMARY

Bile acid transformations were studied m ar aerobte cultures from dilu
tion steps of the inteshinal content from the small intestine ¢recum and



344

faeces from three rats No microorgamisms capable of the 7e dehy
droxylation of bile acids were observed mn the contenis of the small
mtestine they were present however although 1 varving numbers
{10'-10%) n fhe caecum contenl and the facces Anaerobie mucrorga
msms capable of sphiting conjugates and oudizing the hydrovy)
groups at C-3 and C-7 o kelo groups were present large numbers

From the last dilution step where hydrolysis of conjugates occurred
10 stramns able to spht conjugated hile acids were 1solated Fiye of
these stramns tentatively 1dentified as members of the famnly Bacteror
daceae, could ovidize the hydroxyl group at C~7 to 2 keto group The
other o stramns which might be wncluded 1n the tnibe Lactobacilleas
were not able to transform free bile acids
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freczing and thawing The stpernatant was agamn the fmmuni;
rabhits were moculated 5 trmes subculﬂneousl)s\\ 1th 02 te 01'; mllatlil??h::ll?l;m*n;":
two week intervals Tiest and second micctions were given with Freund s complete
adimvant Serum specimens were obtamed at times indicated 1n Table 1

The sera were tested for LF antihody against cytomegatosirns herpes simplet
virus and uninoeulated control fibroblast antigens using Takatsy Seter micromethod
{Sever 1967) Antigens for CT tests were prepared by freezing and thawing sirus

fibroblasts Tor neutrahzing antibodies the sera were tested with plague reduction
neutralization technique {Plummer ¢ Bengesh Melmel 19 1)

Results of the CP tests are shown 1n Table 1 With both immumization antigens
quite satisfactary homologous CY titves were obtaned The rise of antihody was
quite prompt a high titre being detected jn three weel 3 protongation of the im
munization Was not advantagesus As could be expeeted CF antibody against contrel
fibroblast antigen was also farmed especially fn Rebbit No 1 ymmunized with
frozen and thawed antigen In Rabbit Ao 2 this undesirable antibody was al &
slightly lowcr level The titres against hirpes virns were sumilar to those anainst
control fibroblast antigen The five week specinens were tested after ab rption
with fibrohlasts The absorption had no effect on the anlicrtomegalaviru  titres
The absorbed scrum specimen of Rabbit No 1 had titres of 1/8 and 1/16 against
herpes and control antigens but the specimen of Rabbit o Z showed no antib wls
against these anticens at the dilution of 1/8

The results of neutratization fests were less encoursging (Table ) The nine
weel specimens had some neutralizing antihodies but in ralher low titres

TABLF °

Aentrali tng Anttbodies tn Rabbits Immunt ed wwith Two Alkahine Treated
Citomegalotirus Antigens

Weeks of immunization

I a 5 7 9
Rabint No 1 - - 9 <8 18
Rabbit No 2 <8 <8 <8 <8 53

Not tested Reciprocal 80 per cent plaque reduction titre

Sec the Jegend of Table 1

it 1s possible to produce €1
The resalts of the §resent experiments indicate that
anubmﬁ:s agsinst citomegaloviruy in rebbits by immunfang m(t; athaline “l
tracted antigen Obsiously aff afine treatment eqther releares from eedls some :‘!r
antigen which is more immunagenic than the e hb:x!pt‘l, P23 rnn\rn::nul'!:‘lnli:l h;;
1 tetns thus uaterling some normally h n
:!:‘u;’:x“sc:lslcdejrzda“nn o V'r: o e antjhods litres might P"“l‘ : \l:
in the test virus sto
§ by an unfascurakile tnfectivits particle ratio
}’f:'l‘szz,l,';:.ht)c "‘;‘al antiveds produced sganst afhaline treated viral antigens £ ae

only 4 weak neutralizing eapacitsy

forsch fo 411 196 —
1 Hallaner € & Rronawer € Arch ges Virus
2 ;sl(nf:y’.::e:sﬂ t’n:nnesh Stelnief tf Pro Soc exp ftial tll7 1:;[1]9;;7—::!;::5::
2 ener F Benyesh Velmel 3 & McCombs R0 3 Sirol f 24

7 L. 1 lmmunol £§8 370 18>
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BRIEC REPORT

1S THERE A PELATIONSHIP BETWEEN GIANT CELL  ARTERITIS WITH
POLY VMY ALGIA RHEUMATICA AND RHEUMATOID ARTHRITIS?

By Erik Waaler & Ewnar-Johan Milde

The sendrome which to day usually 1s ealled polymyal fa rheumatica bas attracted
spectal attention throughout the last 15 vesrs (? 3 53 7 9 34 and 15) Tcrentls some
authors have noticed that a granulomatous arteritis often is connected with the
condition (1 6 8 10 12and 13) and the name polymalgia arteritica has been comed
(8) Mowover Bagratum (4) clayms that none of his patients deselaped arteritic
The aetiology and pathogenests of the condition are unknown but some authors
have suggested ats close relationship to rheumatoid arthritis (% 3 14) One recentls
obseried patient prestnted changes which may throw seme hight upon the patho
genette mechamsm aid our findings will be reported briefly

Case Report

An 83 year old v oman was after a period uth general malaise admutted to
hospital with severe headache Both temporal arterses were swollen ESR 133 mm
Westergren haemoglobulin 69 per cent o globulin increased rheumatoid factor in
setum nepatlhe (Latex Waaler Rupley) A hiopsy from the temporal arters showed
a granulomatous arteritis alfecting aft layers and with tvpical giant cells In
syme areas fibrinoid necrosls was found together with a stight palisading tendeney
of the cells similar to the picture seen n rheumatoid granuloma This 1aspired us
10 rv to demonstrate a rheumatold factor 1n the lesion and we asled for fresh
material A frozen section from one temporal arters was examined using the mreed
agelutination techmque {16) Sheep red cells sensitized by rabbit antiserum were
usel as ipdicator s3stem (11) The sensit zed cells adhered to the tissue secfion
while non sensitized cells did not The reaction was blacked by aggregated gamma
gh':bulln. These findings indicate thal rheumaloid factor is present in the d?scascd
artery

D scussion

In this patient with granulomatous arter tis and general sympt

factor was present in the lesion hut not I the sesum . The sondriron 1. 1o iold
simifar to the so eallod sero negalive cases of rheumatn d srtherive Ta Lo e CFOre
the seasitized sheep cell rea tion 15 negative in the serum hut most of 1h,
positive reactlons 1n the discascd Joint capsules Wilde & Tonder (1g) °F 0% have

The demonstration of theumateid factar in tissue section fram the dyse

1n licates a relationship }etueen rheumatoid srthr fis and grant coff rrnicd 2rfery
palvmyal ia rhenmatica The name grsen to the condition by Bagratuy /05 With
tle theumatoid dise 86 appesrs {0 be adequale The ansee ta var mrpl 0" AFthrt
title therefore should by i the affirmatne uestion 1n the
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BRIET REPORTS

A DOUBLING OF MORBIDITY FROM TESTIS CARCINOMA
IN COPFNHACEN 1943-1962

By Jolannes Clemmesen

In an analysis of English mortality data from 1911-1955 e
for cancer of testes showing one broad peak formed by ai:!gml‘?x:f g:t‘::‘;ff;o“:‘:«:
5)5 :s:an raml a semlnda;") I;ISI: thII'l:o“i“ the 60th 3ear He found no trends charae
eristic of successive coharts of the populati a
degmte hange e vates population and grouped testes as showing no
rumel & Mac Makon 1958 studied martality data for New Sor! -

1954 for the United States for 1933-1938 zud3 registry data for CD?:::J‘?‘:? };;g—
1940 They confirmed Case s age curve for white men as well as the observation by
Schrel 1944 that mortalty rates for Negroes shaw only the smaller old age peak
This may be well in keeping with the extreme ranty of testis cancers reported from
Africa (Oettlé & INgginson 1966) although fear of castration among primitive men
should not be entirely disregarded as a possible factor Howtser nerther the data
used by Grumel & Vac Mahon nor later US data on marbidity (Dorn & Cutler
1959 Eisenberg 1960) allow the separation of testis ncoplasms from those of Male
Genitals exel Prostate but for this category Crimet & Mac Mahon found upward
secular trends during 1933-1954 resulting in about 50 per cent higher rates for ail
age groups between 15 and 44 almost certainly acconnted for by an jncrease n
mortahity from testis tumours

The joint international UICC report on morbidity data from various cancer
registries from 1966 allows a coarse comparsson of age eunes for frstis jumonrs It
appears that most age curves are of similar shape but thst differences in level
mostly affect the 1544 ear peak so that eg Finland and Israel with a low number
of cases approach the age distnibulion of mortalitv among US Aegroes

Danish morbidity data on testis carcinoma cover more ease< than most f not alt
other umts They cover a racially uniform populativa and in contradistinct: n to
mortalitv data they are smmune to the difference 1n prognosis between semin ma
and embryonal carcinoma During the period 1943-19a7 this site was unusual in
showing higher rates for Provineial Towns than for the Capital this uggesting that
other differcnces should he evaluated with some caution (Clemmesen 136 5 Hw
ever recent analvsis of the entire pertod 1943-130% shows rigulac treads 1a good
conformity with results rcported from other countries although the doubling of
morbidity rates in the Capstal shows a more certain tise and tugher rates thaa other
vesults on record

Fag 1 Nustrates morbadity rates for “‘:c Scandinavian countries as given lln the

jomnt UICC report Fig 2 showig urban ruraf in
1 ta ! in such inter

suggests the adsant o i ut

astional comparisons
Table 1 by means of morbidity rates age adjusled for the US Standard popala

tion of 1950 {llustrates levels and trends for three habitation areas Cspital Subr
bdng excluded The rise i the Capital seems to have occurred Tater and to have
beea steeper than in the Provincial Towns The constant and high percentages of
hospital d of histol fication lend to confirm that the in
crease is not due to changes in diagnostic procedure .
On the whole our resulls s0 in organs apa t
from the inner and outer surfaces of 1he bodv may be exposed 1> exogenoua car

cinogemic influence Studies are heing continued

i-Cancer
21 68 from The Damish Cancér Reqistry under the \ationat Anl
Lz’t};:li"g’!jr:ndbnuleurden 19 Copenhagen Denmark With support from (he L.
PHS grant Ptah 03087
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Fig 1 Fig 2
Denmark 1958-62 595 cases Testis Men Denmark 195862
orway 1929-61 186 cases ——— Capital

1959-61 790 cases -
Finland  1909-61 71 cases
A A A Iceland  1955-63  15cases

— Provineal towns
Rural areas

TABLE 1
Testts Carctnoma Danush Cancer Registry 19 3-1962 Cases and Incidence Rates
per 100 000 Age idjusted for the Unifed States Standard Population of 1920

Capatal Pro mncial towns  Rural areas Denmark
1943-47 80(3 %) 98 (38) 153 (3 0) 340
1948-50 86 (3 6) 100 (38) 169 (3 4) 371
1953-57 100 (43) 1 6(48) 180 (37) 438
1928-62 134(63) 147 (53) 174(37) 5%

Per cent of Cases hospitali @ and per cent of these verified by
H talog cal exammation

Capital Provincial towns Rural areas
InHosp Hust Verf InHosp THist Vemf InHosp  Hist.Yemf
o e o o o

194347 95 92 93 91 94 97
1948-5 9% 9 93 98 96 96
1953-57 99 9o 97 86 97 94
1958-62 99 96 97 99 98 94
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BRIEF REPORT

VASCULAR PERMEPABIIITY CHANCTS I\ FAPERIVIM\TAL
BRAIN CONCUSSION
A Preltminary Report

By Iennart Rinder and ngie Olsson

The relations between the symptoms and lesions obsersed ani the fmmediate
mechanical course within the sl ull follow g blunt violence to the head are of great
importance for the elucidation of the pathcgenies 1n head injuries Theoretical con
siderations have predicted and modd] and cadaver experiments have shown that
pressure changes of a few milliseconds duration regularly occur within the shull if
blows to the head occur (Spsuall 1943 Sellier & Unferharnschend? 1963 find
gren 196F Thomas ef al 19f7) These pressure changes mas produce deformations
of the brain bissues (Gurdnan & Jissner 1961) —\ ascular factors are of con ider
able 1mportance 1n head injuries (¢ £ Sangfitt et al 1966) Increase of vascular
permeability Is a major factor in the development of hrain oedema (Alat o 19¢7)
We have studied vascular permeabilit changes using fluorochrome labelled al
bumin as wdicator 1n expersmental brain concussion produced by frief and well
defined pressure pulses within the skull simular to pressure changcs recorded tn
experiments with hlows fo intact cadaver shulls ({trdgren 1906)

Matertal and Methods
Experiments were performed on 24 rabbits —In a parietally trephined hole (dian
175 mm) a tight filting plexiglass tube was applied and copneeted to o o sci
plunger svstem The whole svstem was completely filled with phssiol saline R
hitting the plunger pole a predictalle and measurable fluid volume (02 04 ml,

was sudden]s Introduced extradurally mto the shull eavity Thus a bricf pres u

pulse vas generated withm the shull cantents The pressure pulse was mez ured b
a transducer near the brain surface and recorded on an ostilloscope The duration
of the pressure pulse was 5-15 and the peak ampl raricd from 05

to 25 atm
Through a catheter introduced into the aorfa the blood pres ure anf (Fe & art
rale were recorded. The resp 'y movements were v occrded and th

vonditions of some reflexes were nhsersed
Increase of saseular y ermeability wath formaticn of brain cedesma was studied hy

observing the distribution of boune altunun lshelled with fians flue (FEA)
(Steruwall & Klat o 1976) FBA was injerted mto the aorta 5 minutes tefore the
snduetian of the pressure pulse or at varving times thercafter The anmals were
sacrificed immediatels or same haurs after the pressure pulse and the ONS fived by
perfusion through the catheter with 10 per cent formalin Frozen sections (10 my)
from several tesels of the brawn and cervical cord were examined sn & fluorescense
microscape and FBA traced by its intense red fluorescense (Sterntvali & Alat o

1966 Hamberger & Hamberger 1966)
12 rabbits Zer\ed as controls and were subjected o all atove mentioned proce

dures except for the tnduction of the pressure pul e

e b d outside the blood 1s except for th
he controls FBA was nerer ohserved outside the blood 3esscl

pri-l::;llesl;a“ellkno“m areas (Klat o el af 1967) —Following the induction ¢f an

edish Multiple Sclerozis Soctety {orsIhrengs AR

dicime L nlversity of Cotel g
hotogseal Labo

Supported by grants from the Su
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Fig 1
a Lxudation of labclled albumin (white areas) within the lateral part of the
medullx oblongata

b Nerve cells with uptake of labelled albumin within the lateral part of the
medulla oblongata

mtracramal pre sure pulse with a duration of 5-15 milliseconds and with peah
amplitude exceeding 10 atm  vascular permeabslity was increased and FBA penc
trated 1nto the brain parenchyma (Fig 1a) The areas with exndation of ERA were
strictly confined to the lateral parts of the brain stem and the first and secand cer
cal cord segments No significant exudation was observed within other parts of the
C\S In amimals sacrificed ymmediatels after the pressure pulse these areas were
distinctly demarcated and multifocal and later became confluent The vascular leah
age diminished considerably  1thin 15 mmutes after the pressure pulse The exuda
tion of EBA was more extensive as the amplitude of the pressure pulse v as mereased
The concussive reaction as judged by the blood pressure rise bradyeardia apuea and
loss of reflexes for a period generally used as indi ative of experimental bran
concussion (Denny Brown 1945) al o was mo ¢ severe with increasing pressure
amphtude and the ammals died within a few minutes followmg pressurc pulses
exceeding 7 5 atm peak amplitude

In the areas with an increased vascular permeabilits EBA coull also be traced
t3 nenrons and ghal cells (Fig 1b)

Discussion

The uptake 1n walls of blood vessels and penctration outside the vessel followiny
the brief pressure pulse was strictly confined to the lateral parts of the br m stem
and the upper parts of the cervical cord It may be that the deformations of the
brain tissue are of high magnitudes within these parts 1 this type of nyury In
similar amimal experiments (findgren & Rinder 19u6) and also 1n cases of blo vs to
intact cadaver skulls (Lindgren 1966) m  hed pressure differences oceur 1n the 11 1
nity of the foramen magnum and pressure differences are considered to produce
she r deformations 1n these regions (Gurdjian € Iissner 1961)

The labelled albumin had extended into the bram parenchvma m animals sacr:
ficed within 30 seconds after the pressure pul e Therefore a direct mechanical
lesion of the vascular system of ccrtain parts of the CNS may be a factor of 1m
portance for the deyelopment of bramn cedema 1n head injaries

Diffuse cytopla m1 and nuclear IBA {luorescense was often seen within neurons
and glial cells in areas with exudation of the labelled albumin Stmilar phenomena
:: ¢ been observed in brain oedema induced by cald lesions aud by the injectron of

Teury they have heen to denote mjury of the cell 7
wall ¢ Riat o 1966 Hamberge & Hamberger 196€) s (Stern

Summa g
Increa ed vascular pe meabilit with exudation of labelled alb
umin ha:
(red 1n experimental bram concus ton n tabbits fnduced by a pressur:sx)sf::onfb;
lu\ milliseconds duration within the shull The exudation was confined to the
ateral parts of the brain stem and fation

the upper eertcal cord
%23 observed in other parts of the C\S ord o simificant evudation
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EFFECT OF 3,4 BENZPYRENE ON
THE DEVELOPMENT OI' THE CONTACT ALLERGY TO
2,4 DINITROCHLOROBENZENE IN GUINEA PIGS

By

GUNNAR ¥ ALv
TReceived 11 v 63

Carcinogenic polycyclic hydrocarbons have been shown to depress the
humoral antibody respense (Valmgren ef al 1952 Dawvidsohn el al
1956 Stjernsward 1965 19663 b Ball et al 1966) and impar the
homograft rejection (Rubin 1960 1961 Styernsward 1962 Linder 1962
Ball et al 1966)

It was suggested by Prehn & Main (1957) that the impairment of the
mmune response may be related to the carcmo,enic achinaty of 3
methylcholantrene

There hve been no previous mmeshigations on the effect of carcy
nogens on delayed type hypersensitivity reactions hike the contact al
lergy to sumple Such 1 I reactions may be clas
sified as cellular immunity together with homograft immumty (eg
Chase 1965)

The present inveshigation was therefore underfaken to study the
effects of 3 4 benzpyrene on the development of contact allergy to the
simple 2 4 dimitrochlorok n guinea pigs s measured
by the allergic shun response

MATERIAL AND METHODS

Amimats 20 female albimo gusnea pigs each weighing approumately 300 grams at
the beginning of the experiment

Chemtcals 3 4 benzpy rene (Siyma) was admimstered as a 1% per cent solution
in equal parts of acctone and ol ¢ o1l 2 4l was apphied on the left shoulder of the
Kuines prgs Control ansm Is were given the acetone oline oil solvent onl

2 4-dinitrochlorobenzene wa uhilized as the coutact alleryen The gumea pigs
were sensitized with %5 gl of a0 per cent solution in acctone applicd adyacent to the
34 benzpyrene treated area on two cons utne days The animals were skin tested
by the topical appl cation of 10 41 of @ ®  per cent solution of DNCB in ethanol on
2 ¢m? area on the right shoullc

The vork was supported by th § e lish Medieal Research Counct! and the Faculty
of Med tne Unnersity of Upps |

Present address La T hid Unne 1 of Chieago Inshitute the University of
Cheago Tast 65th street ot Lake M hy an Chicago Nlinols 69749
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TARF
DNCE test Readings 1n DACH Sensify ed Animols
Group B = Short Term 34 Ben pyrene Trerbment

Croups and amimal number

Time after

festing A

(haurs} |1 2 3 4 5 6 7 8 9
) A4 3 + + + + = + £ 44
3 FEE REE hd b b dbd kbbb LA hid
2 A R S s T v T L i AN
8 R T T S o b i

Design of the expersment Three groups were ncluded 1n the experiment

A 10 animals were treated with 3 § henzpsrene esery other da for 14 da  and
on davs 14 and 15 immumzed with BD\CH

B 5 animals were treated according to the same scheme with only acetone lve
ol and with 34 benzpirene on day 14 and subsequently immuntzed on da 14
and 15 with DB

€ 3 antmals were treated with acetone olne ol for 14 days according to the same
scheme as group B and then immunized with D\CB on days 14 znd 15

Recording of the tests The shin tests were vead at 0 4 12 "4 and 48 hours Vi g 1
obseryation with grading of the test reachions wath reference to the degree of cr
thema and spduration fram — 0 +++ was pesformed according £ Groth (18647
% nd: uncer 3 of & fold of the shin in the test arc
was measured by means of skin calipers (Schnelltaster System hrophn Tepe A
02T H € hropha Geblf Schluchtern Hessen Germaa )

At 48 hours the shin fests sere excised and B g paraffin sechons were stalned « 1tf
Maver s haematoyvhn-eosin The number of Iyvmphoc tes miiltrating the tpyderm
was estimated utshzing the method devised hy Croth (1964) A total 406 cett « «
counted 1n the epidermis of the test ares

RESLLTS

All qumea pigs sensized with DNCB exiubited strong allerpie rew
tions when tested by epeutancons apphication of the atlergen 7 davs
after sensitization

Naked eye tnspechion ond palpation (Table 1} Groups A wd L ex
hiluted reactions ssith a peak at 12 hours {his 15 most clearls seen
Group C Group B revealed 2 somewhat dafferent patiern as the allergee
reactions were generally mote intense at 24 hours and tended to persist
untsl the excision of the {ests at 48 hours

Shin thichness wn test areas ‘Table 2 1 gives the pereentage increse
m skin thichness The mean salues of the B group are simficantis
tugher than those of groups 4 and € from 12 hours on N\o differences
between gronps A and € were noted (Tahble 2h)

Epdermal nfillration of lymphocyles wio the test areas The per
cenlage of $smphoeiies in the epidernus in the ceniral parts of e fast
arcas at 48 heurs are gnen in Table3a Groups A and B showed bothi 2
sigmifreanth larger pumber of miltrating {small} hmphocvies than
GroupC No difference hetween Groups A and B could be detected

{Table 3 1)
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{ == Long Term 3+ Ben pyrene Treatment

Group ¢ = Untreated Controls

Groups and ammal number

Time after
B c testing.
1 B 1 15 6 17 18 18 %0 (hours)
A+ A+t T+ 4+ =+ 1
S St b bt A | R REE R b e 1
O I T s i o i A S i 24
i N T o R S o 3

DISCUSSION

The present mvestigation demonstrates that 3 4 benzpyrene 1n com
paratively small amounts administered during a short time enhances
the mflammatory reaction 1n contact allergy to the simple chemical
24 dimtro 1 chlor The st effect was recorded as an
nereased oedemalous reaction n the test areas and an mcreased epr
dermal infiltration of small lvmphocyles

‘TABLE 2a
Percentage Increase wnt Shin Thickness tn the DNCB Test Area
Vean = Standard Error

Percentage ancrease m skin thickness time after
¢ roup n’:]nng skin test application (hours)
1mals

4 12 21 13
{ong term
treated (A} 10 7619  374%41 PP2247 374y
Short term
treated (B) 5 1839 55733 47833  606%4
Controls (C) 5 3629  304%75  2W6£T78 2wy

TABLE 2b

Stat stical Eraluation of the Resulls Gwen tn Table 2a The Students t-test W,
Used Group 4 Long Term 3% Ben pyrene Treatment Group B Short Term
34 Ben pyrene Treatment Group C Untreated Controls

Tested groups Time after shin test apphc;:lon (hours)

14 » 1
A-B L= 107 =279 t= o1 t=3
00 <P P00 P00 P<og
A-cC t=111 t=0% t = 052 t =0
00<P 00:<P 005<P 00
B L= 169 t =303 t =233 t=g
005 <P P<00> P<00s PO
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» tore Eond TABLF 32
ercentage Epidermal Lymphacute Infiltration in 48 it
Means of the Cronps = Siunal’:rd Ell::r' PG Stin Testa

Group %6 of animaly mg::rf"_”;g”("ﬂ
= 3

Long term treated (A) 10
Short term treated (B) 5 T2 E 0
Controls (C) 5 55 % 050

TABIE 3p
Statistical Foaluation of (he Hesnfts Gipen m Table 3a
The Stadent s 1-test Was Used

Tested groups t = values and probability
,: - xcs P0G
s -C PLOBO
- P <6001

A larger dose of 3 4 benzpsrene administered during a longer perrad
caused anly an increased number of mfMrabng cpidermal smoi
Iimphoevies

The carcinogen 3 4 benzpsrene can nflnenee the oulcome of he
allergee fest reactions mn al least two ssass

Frrst st can act on the mduchion of the allergme siate Second 1t can
affect the wflammalors response m a more or less ponspecific w n

As to the possinitty of an effect on the induction of the aflergs st 55
hnown from earlrer works by Stgerrsward (1965 1866 b that poh
r3ehie hydrocarbon esranogeens hke 3 4 benzpyvrene suppress Mu
immune response m Mmice {o ervthroestes as measnred by the plague
technspue of Jerne {Jerne & Nordin 1963) Molmygren of al 1802) and
Davedsokn ef @l $315926) demonstratd that 3 methylcholantrene depres
sed the bumoral antibody sesponse and Yolmgren el al 1n addion
showed that other carcinogens but not their noncarcinogenie analogues
depressed the smmune response Fuslher Bofl et ol (1966) regstered
2 lon, Iasting depression of the antibods response after injection of
9 10-dunethy! 1 2 benzantbracene snto newhorn miee Finder (3962
and Styernsward (1962) shosed a prolonged homogr i sunnal in
methsIcholantrenctreated mice hoseser anfy afler the tumor bad ap
peared Thus it 1s obviens 1hat carcigogemc polvetchie byvdrocsrhon
can depress immune responses In ihe present mvestigation 3 stunily
f10n of an immupe reaction was noted fubin (1964) obiserved o ok
mulating effect of the carcinogen 19 methsicholanirene on Imphed
Ussue and a profonaed homograft sunnni i the carcthogentri stod
ammals Tie postulated wn adjusant effect of the carcmo,en ssith stumu
tation of the svathesss of antibodies that cansed n enttincement of



857

tumour growth If an adpuvant action of 3 4 benzpyrene 1s anticipated
this might then divert or enhance the immunogentc stimulus of lhe
D\CB

Adjuvants Iike Freunds adjuwvant are since Jonz, hnown sclectivels
to enhance delayed tvpe allergy of which the contact allergy to DNCB
1s an example It 1s also hnown that manv other substances can en
hance the immune response e g endotoxins (hind & Johnson 1929)
and anhmetabolites like 5 fluoro 2 deoxyuridine (Werritt & Johnson
1963) when admimstered under certamn conditions Of specia] mlerest
with regard to the present communicalion s the recent report that the
fluoroptnimudines 5 fluorouracil and 5 {luoro 2 deotyuridine enhanced
the existing delnyed hypersensitinily i treated cancer patients (Blom
gren et al 1965) There are also manj other examples indicating that
adjuy ints cnn cause quahlalnne differenees in the immune response
(W hute et al 1963 Benacerraf et al 1963 Coe 1966)

The action of the carcinogen can concervably also be direct on the
mflimmatory process It has been shown that 3 4 benzpiyrene 1s ac
cumulated inlracellularls in the lysosomes and the Golgi apparatus
{Allison & Young 1964) of cells where 1t increases the permeability of
the cell organelles Lysosomes nnd lysosomal enzymes have been 1m
plied as mediaters of the inflammatory response {1 etssman 196,)
3 4 benzpyrene mi ht therefore enhance the mflammatory response hy
fialitating the release of hidrolyhic <nzymes or olher wnflammaltors
agents from the Iysosomes

Vitamin A which has sumular effecls 1s 3 4 benzpyrene on the Iyso
somes of cells (Allison & Young 1964) has heen shown to mnduce the
rejection of both nutografts and homografts i the rabbt (Aelken ef al
1960) perhaps by actinating proteolylic enzymes (Picl ef al 1963) at
the site of grafl rejection Uhr et al (1963) have shown that also the
delayed hyvpersensitivity response 1s intubited by pronounced expert
mentally induced A hypervitaminosis This inhibitin,, effect may be
explained by the results obtamed by Dingle (1961) Janoff & VcClus
T ey (1962) and W etssman & Uhlr (1963) which indicate that large do
ses of vitanun A depletes Iy of acid phosph s and othcr
Ivsosomal enzvmes Convereably thus would dimimish the tn vwo reac
tiaty of cells white small doses only labihize the cells and thus m
crease the reaetinily & similar meelinmism would explun the discre;
ancy batween the effeets of small and large doses of 3 4 henzpyrene fn
the shin renctisily obsersed in the present s estigalion

Anv explanntion of the apparent inerease of mbltrating epidermal

iymphocstes both 1n long term and short term 3 4 b
s CnZpY
ammals can not be found prrene treated

Turther investigations using also non-careinogenic hydrocarbons are
necessary if a choice 15 o be made buiwedn the discussed alternaties
relative to the action of 3 4 benzpy rene on the contact allergy to D\C;}
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SUMMARY

Th'e snffuence of 3 4 benzpyrene on the deselopment of conlact allerys

{0 21 dmtrochlorobenzene has been studicd iy adult female Mo pips

The following ohservalions were made

ml Lo:]]gblerl:lx: lrcai}mcm l(1-& days) mereased the allergie TESponse as
castred by the eprdermal wfiftration of small k mploe: b

not affect the degree of oedema phocstes but did
2 Short term lreatment (2 days) at the time of sensilization 1

creased the epsdermal mfiitratian of smali lymphoestes as well us the

degree of oedema
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MALES WITH \O Ph! POSITIVE CELLS
A CYTOGENETIC AND CLINICAL SUBGROUP OI'
CHRONIC MYLLOGENOUS LEUKALMIA?
Report of n Case

By

Bot Proersen
Reeehed 43087

Smce 1962 2 pumbir of male patients with chrome mytlogenous lu
haemua hive been dusuribed o whom the hone marrow and peripheral
blood contuned Ph? postttie cells with 45 chromosomcs tachtng 1
small 1crocentnie member in one case 1t was not passible to decuir
whether the ¥ or a (21 22Y member was lachwn, a5 the ¥ chromosom
greatls resembled the smalt acrorentrne autosomes 1Engel ot al 19bs)
In another ease the alisent chromosome was probalily 1 (Atfin &
Taglor 1862) In thesr patient Grouchy ef af (19661 were able to
cide that 3 was absent m the majorsts of the cells In the remaming
patients (Tough et al 1963 Spred & [owler 1964 fawler & Gattun
1966} o seomed to be possibie to deniify the absent chromasome s
the}
In 7 out of thesc 8 palients lumphocstes and or shin fibrabl ists
were found to have normal karvotspes L4870 & Taglor 1962 Tougl «f
al 1963 Speed & Fawler 1961 Engel ef al 1964 Grouchy of af 1960+

Tough et al (1963} su.-ested thit patients with \O PP positine
cells belonged 1 2 evto~enclically defined subgroup of chronic myvelo
wtnous lewhaema Speed & Fawler (1964 ohserved yvery protrctad
courses of discase sn 2 patients with such ccdly md stressed the posst
fihis that the protrcted charaetor of the dise ise i these paticats
was due 1o the NO PR postiise harvotspe Gromiy b al (196505 wor
Wie to confirm thes sugpestion and ponitd ol that thar patient bt
no children as w 1s the €as¢ with 2 patients published by Ahin & Iy
tor (1962) and Fngel ef al (1960)

These obseriations scem to autlmne 2 subgroup of chronic myclonrn
ous lenhacmur consishing, of males with MO Pht posstive colis o

Fiasnela) support {x st the La1) Tata Menomol Trust is gratefully scha 1 ihed
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frequently characterized by childlcssness and protracted chronic cour
ses of discase

It 15 intended with the present paper to describe a patient with
chrome myelogenous leuhacma who seems lo belong in this group
The patients 1s a male aged 49 years He 1s married but has no children
After 1 years of chromic myelogenous leukaemsa he 1s stil mn the
chrome phase of the disease In the mihal stage of the disease his Phr
posilive blood culture cells shoned YO/%Y mosaicism

CASE HISTORY

4 male aged 45 vears was admitted 1 July 1963 on account of extreme fatigue after
2 febnile periods 3 months and 1 montk earher On the whole his previous health
had been good He 1rosed moderately anaemic The sex characters were pormally
developed The spleen was found to reach the transterse wmbilical plane The Blood
status appears from Table 1 The bone marrow was hyperplastic with a violent dis
placement of myelopoiesis to the left and scanty erythropoiests During treatment
with busulphan good chinical and haematological remission nas obtained in the
course of a few weehs Durmg continuous treatment with small doses of busulphan
(1-2 mg a dav) the condition remaimed stable with 5 000-30 000 leuc xcytes per mms
no mieloblasts and 0-5 per cent promyclocy tes 1n the peripheral blood and without
palpable spleno or hepatomegaly The haematological status on May 8th 1967
appears from Table 1

C togenetic 1nyestigat ons of blaod cultures were performed 2 weehs 8 weeks an 1
nearly 4 vears after establishment of the diagnosis Tim s of sampl ng and relevant
hacmatologt al data are ¢ ven s Table I Whereas the first 2 culiures showed Iivelv
prot feration very few mitoses were found mm the last culture (see Table ) o hone
marraw samples were obtamned from the patient

TABIE 1
Haematatag cal Data from the Tume of Diagnosis and the Times of Sampling for
Chromosome Investigalion
Before  Juls 13th August %6th  Mav sth
treatment 1963 1963 67
Haemoglobin (g/100 ml) 105 104 131 11
Teucocytes (X 101/mm3) 179 1040 156 72
Thromhocytes (X 103/mma) 291 430 3 213
Mreloblasts (¢5) > 4 - -
Promcloestes (¢ ) ~ 4 - -
Myelocytes ¢ ) i3 19 16 5
Metamiclocvies () 1 1° 6
TSABLE

D stribation of Ph tn Analysed Blood Culture Cells

Mood culture Analvsed cells
Ph1 positne Ph negative Pht Total
Juh (3t 1963 1 > o
August 6th 1963 21 » 3 i
M v 8th 1967 - 2 *
- >
Tot 1 67 6 » 93
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TABLE 3
Karyotypes of Pkt Postlice Ceils from Two Blood Cultures

barsotspes
Absent Fxtre
chromasomes chrt mosgmes

Number
of cells

Blood Chromosome
culture number

Jul 13th ©
1963 2

1
ﬁ (19-20)

(1% %

44 (19-70) )

3

Y

[

4 (6-X-1)
iz (612} (19-20)  (21-2%)

.

iugust 26th 46
1953 n 3

44 (17-18) %

19 (33-15)

41 (6-X~1%)

MLTHODS

The blood samples were cultured for 48 hours m the presence of phytohacmagubuts
the 1ech )

nin p accordance with a shght by Moorhea!
et al (1960) The shides were afr dried and Cremsa stined Mitoses were analyse§
directly under the microscope srrespectsse of presence or absence of Ph The num

bers of analysed ceils appear from Table

RESULTS

Table 2 shows the distribution of Pht an the anabvsed eclts wmd Tibic 3
the haryotypes of the Ph? positne cells from the first 2 euliures Both
cultures contamed diplard Pl pastine (Fag 1) and O Pht posine
cells {Fig 2) m roughis cqual proportions The Pht prev alence de
creased from 948 per cent in the culiure established on 137 1963 to
48 § per cont n the culture from 268 1963 The decrease Was npol w
companied by changes n the relatine proportions of diplowd Ph

positnve cells (478 per cent nd 37 6 respeetnely of the totit Ph

positie cells of each culture) and 3O Ph' posttave cells (413 per cond
and 3% 1 per cent respeetneby of the total pht pasitine cells of cxeh

culture)
The culture from 8 1967 wielded no analvsable Pht postine cddly
and onh 2 Ph nesative cefls The Kargotypes of the latter were normnd
A totad of 26 Ph? neuaine colls were malysed (Table 2} Three ont
of these fached a small acroceninie chromosome 2 (24 224 mewmber m

2 and the Y chromosome th § celt
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45 \O Pht positne 1arvotype of blood cullurc mctaphase from the same patient
as Fig

one patient with a 10 year course of disc isc Nothing, 1s stated 1hont 2
patients (Tough ef al 1963) and 1 prtient was examined shortly after
establishment of the diagunosis of chrome myelogenous leukiemit
(Athwn & Taylor 1962) The present patient has had the discase for 4
sears The clinical and hacmalological conditions have been extromly
stable and good wathoul any siin of meipnt acute transform wion of
the disease

These obseriations seem fo mdiexle 1 ¢iusal connection in some pa
tients belween the extogenctic picture on one hand wd low forlibty
and a protracted chromie course of discase on the olher

In all 6 cascs where it was miesti,ated lymphocvtes and/er shin
fibrohlasls were found {o contamn the Y chromosome In 2) out of the
26 Ph? ne,ative blood culture cells from the present patient the Y was
observed Probably absence of ¥ in the remamin, cell 15 due to arli

ficial chromosome loss
Abscnee of Y seems 1o be restricted to the cclls produced in the

bone marrow On this bachground il 18 verv difficult to explun the
apparentls Jow fertibts of certamn patients wilhh O Ph? posibive cells
Fven the assumplion of frequent losses of Y in the gonadal eells ean
not explun the childlessness On the assumption of an abnormally high
tendencs to non disjunction dmasions in these pitients a fow fertihity
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might be explamned but the protracted ¢hromic course of disease with
out ans s1zn of cvtogenetic evolution m the Ph! positive cells observed
In an essential proportion of the patients mndicates a low neidence of
abnormal cell divisions 1n the bone marrow Apparently there are no
observations suggesting low fertiity n patients with other aneuploxd
Pi positive clones
It must be stressed howesver that there 1s no conclusive esidence of
low fertility 1n the patients 1n question Including the case reported by
Engel et al (1965) 4 patients are apparentlv childless and 1 has 4
sobs Trwo out of the 4 chuldless patients were unmarried and nothing
18 hnown concermng the fertility of the female partner in the other 2
cases Fially the patient material 1s so small that 1t 1s 1mpossible to
exclude that the occurrence of # childless patients 1s accident it
It 1 generally acceplcd that the ¥ chromosome contans few genes
besides the sex determmin, ones If this 1s the case SO Ph! positine
and \Y Ph* positwe diplowd cells have probably similar cellular pheno
types and must be expected to respond sumilarly to the selectional pres
sure of the leuhnemie orgamism If the \O Ph? posttive hine has deve
foped from the diplord Ph* positive line 1t must however n most
cases have outgrown the oniginal diplowd cells and must the refore prob
ably possess a relative 1dvantage But acting during mans cell genera
tions even g very modest relative advanta,e may lead to this result
It has been shown that aneuploid Ph! positive clones develop prim
arily in the termmal stige of chromic myelogenous leuhaema and that
they are characterized by 1on of super ary chromo
somes (Pedersen 1966b) Additionally hyperdiploid Pht positne cells
S¢m to originate from the most prumtive myeloid cells (Pedersen
1866a) These ohservations indicate that cyto,enetic evolution n the
Pt Positive eell Ppopulation may be responsible for ehinical 1nd haema
tological cxacerbabion of the disease If diploid Ph? positive and \O
P2 positiye cells have much the same ¢ipacity of probferation and
;“‘l':“ 3l 1n leukaemic orgamisms the chimical and haematologieal sia
lm‘ns of the patients 1s likely to be due to absence of cytogenelic evolu
tn ;\n the Pht positie cell populrtion rather than to the \O Phr post
duser z“"“’lle eo ipso This assumphion 1s 1n accordance with a case
s d by Lawler & Gaiton (1966) (Patient DC) After a chronic
ila(slf lasting 71/ years the disease underwent an acute tranef srmation
® same time the 45 chromosome \O Ph positive cell population

of the chronie phase was replaced by a hvperdiplord \O Phs positine
Populaiion

SLUMMARY
& number
deserypyeq
cells haye
Al of the

of patients w tt chromic mielogenous leuhaema have heen
n the literatu ¢ 1 whom blood culturc and/er bene marrow
excJusnely o | redominantly NO Phopositine haryotvpes
m are males Tn majonity of eases fror which rele ant 1n
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formation 1s 1vailable are charactenstic 1n that the patents concerned
are childless and have protracted chronic courses of disense In the pre
sent report A 49 year old male 1s presented whose Pht positive hlood
culture cells consst of roughly equal proportions of 46 \Y and 45 \0
cells He ts married but has no children He has 2 4 year chromic course
of discase behind him but absence of climcal or haemntological signs
of acute transformation of the diseasc

It seems to be impossible to deny but very difficult to explan 1
causal connection between the evtogenetic picture and the apparenlly
low fertility of these patients In most cases acute transformation of
the discase 1s preceded by cytogenchie evolulion Ieadin, to estabhish
ment of hyperdiploid Ph? positine clones If \O Ph? positive and 2}
Phi posilive cells are assumed to have stmilar cellular phenoty pes and
consequently lo have roughly equal capaetties of sursnnal and prolife
ration m the leul acme organism  the protracted chrome wourses of
disease 1n many of these patients are probably not due to the \O Ph!
positive karvotype eo tpso but a consequence of absence of cytogenelic
evolution 1n their Ph? positive eell populations
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ULTRASTRUCTURAL FEATURES OF CROOKE'S CHANGES
IN PITUITARY BASOPHIL CELLS

By
Jan WAcERMARK and Jan W ERSALL
Recenned 16v11 6/

Patients s 1th Cushing s disease have changes 1n the prhwitary basophil
cells orimnally deseribed by Crooke mn 1935 The nature of these
changes myolving the nucleus as well as the cvloplasm has been de
bated (5 7 11) nowadays they ire generally accepted as deneneraline
changes secondary to overload of corticosteroids (16) Since therr ultra
strizctural features have not been described we are presenting electron

micrographs from a patint with typical Croohe s changes 1o the mtut
lary basophils

MATERIAL 4ND METHODS

The patient was a 29 year ald woman with advanced signs of Cushing syndrome
An expanstve process could be demonstrated radiolegically 1n the sella region and
since laboratorv tests indicated 1 truaty a PO
physectom was performed At operation material was taken for histological ex
amnation (formalin fivation and paraffin embedding) and for electrone miero
scopy The latter material was fixed 1 osmuum tetroxide (14) embedded 10 Epon
(10) and cut with an LKB Ultrotome Sechion staining with urany | acetate and lead
acetate (15) increased the contrast To achieve the best comparison between light
and electron microscopy thick Epon sections were sefained with PAS and Swdan
blacl.

RESULTS
I1ght Microscopy
The tissue obtamned at the operation consisted only of the peripheral

parts of the ptwtary surrounding the tumour All cells types of the
glnd were present ze huls b hil

and chr bes The
basophil cells were more numerous than normal and the majorits of
them had obvious changes correspondin,, to Crooke s changes the cylo
plasm was parlly hyal 1 and + lated the nucleus

m more advanced phases irregular 1n shape

and

Electron Vicroscopy

On the wholc the cyloplasmic changes dominate the meture while
the nuclear chanyes seem to be subordinated

Cytoplasmic ground substance A fibrillar mass of low electron den



368

S T
RSl NI Al
w? Y

.

vy S ,‘:%ﬂ

¥

v -
&,

A
((‘,

-’-

[ Je X

‘«

o
- )

%4
e_>

e

N
BN

R

]

Fug 1
Moderately granulated basophilie cel] with parthy diantegrated ecretoty granule
accumulated near the nucleus (¥ 5000)

sity appears n the cytoplasmic ground subsfance It ts most prominent
1n areas devoud of cell organelles In the less severely aflccled cells the
fibrillar mass occupies e peripheral zone and surrounds secrelory
granuls and other organelles ncarer the nucleus (g 1) Somelimes
however the empty fibrilar zone which corresponds to the i ht
microscopic hhvahmzation 1s located centralls The most severddy af
fecled cells had this emply  fibrillar change throughout the cylo~
plasm (Fig 3)

The mdnidual fibrls are thin and measurc 40-80 X i dinmeter
They mav run singly but are more often arran,ed n trreguiar bund
les The orientalion of these varies and no speciai patlern can be de

monstraled
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Fig ®
Crooke s cell upper rigcht with fibrillar zone alyn tF trk fe Nt th b
<nce of a pla ma membrane The cytoplasm of th n ghi ool ge
Bo lies which apj ear o represent A5 po itive gr 0 ¢ 1 1n
(% La 0200
Cell membrane Wath few excepttons 1« ' =1 nbrine ould be de

monstrated rround the Crooks cells to 1 u bt 1 moan direet
conhinly with that of the surroundin, « i< (lig 2; The pheno-
menon cwmnot be due to an artefact sincc celi b un Dirtes are present
between the other eellular components of the speum n

Endoplasmms rehientnm The endoplismic reticulum as spirse n cells

M oactaran 703



Fig 3
Crooke s celf with the fabrillar change tavalving almost the whole o1t | lasmic ars
Note the lipid bodv pear the nucleus (X 5000}

contaimng thy Hibrlar material Some dilated exsternae belonn,, both
1o the smooth and rou,h surficed tspes persist ¢ven m groiths allercd
cells

Ribosomes In nddition to ribosomes allached (o the endoplasmie re
frcutum a fow Iy free 1 the estoplasm singly or i rosctte formahion
{polysomes) even m areas with the fibnihir chinge

Secrefory granules The number of sceretors grinules varkes greoilh
They are numerous 1a many of the less aftured eells but sparse in tu
most affected ones The distribution of granules folfowed different
patlerns but they were usitly concentrated near the nucleus

The granules are strongiy PAS posiine n the thieh Fpon scchions
They hme a2 mean diameter of 04 4 (range 095 040) When intact
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Fig &
Secretory granules some of which appear to be disintegrating The fibrillar male
tial 15 seen between the two groups of granules (X 47 500)

they arc strongly electron dense and surrounded by 1 membrane In
the altered cells however their outhines are less distinet and their den
sity dimmished (Fig 4)

Witochondria There 1s some swelling and rupture of the mitochon
drial enstac possibly due to the fixation

Other cytoplasnuc bodies In addition to the well known organelles
described above the cytoplasm of Croohe s cells contamns bodies of two
mam tvpes with many intermediate forms One type 1s rounded or
shightly elliptic and has considerable densits (Fig 3) The size 1vanes
but often the drameter of the bodies reaches several micra Thev are
often located near the nucleus The sgger bodies 1 particular show
atregular holes and have the morphology of hifid particles In thick
Ipon sechions the e bodies stain with Sudan bi ¢k

The other type of evtoplasmic bods ts o o redatvels |« ¢ p 1
some nucer at least i one dimension) The «le trond n v o5 tT
than that of the cytoplasm but definstinely Jess than [+ ot the fat
particles and of the scerctory grinules {F1g ) A< n vt 1 st type of
bodyv there may be holes in the matnix 1 Iode ar capiy PAS
posilixe tn thich Fpon sections

Bodies of comined 1vpe (Sudan black anl 1S positise malerin)}

exist espeaiallh as 2 PAS posihive emvelope surrcundin,, a sudanoplic
globule

24
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lA\uclws The nuclear changes were apparent in paraffin sections
dT‘esZ;chl are !enlnrged irregular 1n shape and with a somewhal con
ensed chromatine material eyenly distributed 1h
Nicteah mag o oo y u roughout the nucleus

DISCUSSION

In 1935 when Crooke described the changes m the basophil pitustars
cells from patients with Cushing s syndrome the discase was generally
considered to be caused by hormone overproduction from a basophilic
adenoma or from the mtmtary gland itself and the alteritions were
regarded as signs of hyperactivity It was later shown that the majorily
of Cushing patients had a pnmarv overactinity of their adrenal glands
Thus a possibility existed that the Grooke lesions might be of a de

generatine nature From cytological and c3ytochemcal analyses 1 ilon
Thorell & Sundwall (1954} also oltamned evidence for this It 1s also
hnown that similar changes can be induced tn mitwitary glands of am

mals after cortisone admimistration (6)

The microscopical appearance of the hasophil cells 1n our case fits
well with the desenption in Crooke s original article (3) The granules
mn the cells are considerably Jarger than seerefory granuies observed
1n basophil cells of rats (8) Howeter large granules in normal human
glands and i rat mtwtaries under pathological conditions for ex
ample after castration have been described

The dominating change seen with the light microscope 15 hyalimza
tion 1e the conversion of evioplasmic areas fo  glissy  amorphous
parts with moderate hilia This ph 151 find
ing m pathological matersal both mntra and extracellularly In the
former position the hvaline 1s generally regarded s a degenerafive
sign Chemeally the hvahine material prohably represents protein

In the electron microscope the hyahne maferial shows different mor
phological patterns In studies of hyaline degencration of rat Iiver cells
Brum (2) demonstrated that the matertal was composed of vesicles
and tubulcs bel to the endopl reticulum In ofher studies
the hyaline was found to consist of amorphous finely granuiar or f
brllar material (4) In the cells imestigated ultramicroscopicalfy iy
us the hualimized areas have a fibrillar structure and wsualiy lack cyto
plasmuc organelles They show no simbnly o the endoplasmic et
culum It 15 mlerestin., lo note that Crookes cclls usually are desead
of hmiting cell membranes and that an extensive fibrillar zone hurc
appears o conslitute 2 boundar

Fme filaments occur normally within different cells for example
tonofshrils tn shin epith and myofy) ts 1n smooth muscle In
addibion 1o these more well known cases several outhors hwe de
serbed fine hlaments 1n a wide variety of cell types De Penisetal (12)
others concluded that these structures are normal or s sto

amon.,
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Toateal conshituents of the cells  {not artefacts) though of unknown
function It 15 not possibie to ascertun whether these filaments arise
by conversion of cytoplasmic protemns by an achine svnthelie process
or n some other way

SUMMARY

Electron micrographs are presented showing the alterations tn Croohe s
celis of the pitmtary gland Therr donunating feature the hvalmiza
tion of the cylopl corresponds uliramorphoto,ically to a fibrillar
mass enclosing, only small amounts of ell oranelles The angm strue
ture and function of the fibrils 15 unknown
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STUDIES IN ORAL LLUKOPLAKIAS

14 Sulphydryl Group and Disnlpmde Bonds in
Normal and Leul oplakic Cpithchum before and after ¥ stamn A
Application
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F A voy Burow and G Rewxstrup
Received 193177

The conient and distribution of sulphsdryl croups and disuiphde
honds mn the oral mucosa have been the subjeet of onk 2 fow myeshgy
tions Turcsky Crowley € Ghelman (1957) studid the oceurrence
and distribution of sulphydril sroups nd disulphide bonds m i,
They found a greater content of sulphydrvl groups in § eratimized and
paraheritumsed lavers than i the deeper Inwvers of e epithelim
while the disulplude bonds were distributed evenly throuliout the
epithelium {nvesti,iting oril feul opltkic epithelium Turesly € licl
man & Provost (1961) found the greatest content of sulphydrs] groups
m the granulir layer of orthoheralimzad epithehum In the stratuy
corneum the content of sulphvdrd groups was Joner than m e o1
nufar {ayer and i the Malpighiin laver 1t was the lowest In pary
leralotie epithelitum the greatest concentration of sulphydm groups
accurred 1n slritum cornenm The grelest concentration of disulphady
hounds 1n orthoher itotic lesions was found 11 stritum corneum whert
os parakeralotic fesions were megitive In giogisal epithelinm Zoto €
Grandel (1966) found thaf the heratinized lvyers hind a greater contcnt
of sulphvdrsl groups than the remunmg cpithehnd Jwers They also
found thal the disulphide bends were more freguent in stratum cot
neum and str um gerawlosum than m stralum sprosum and strlam
bLasate The authors rciate the increased contunt of sulphydrl groups
m the keralimzed layers lo an anereasc 10 densily of tono fibnls n
these Iyers Cohien (1967) found 2 disercpaney in the contenl of i
saiphide bonds in gingiy 1 s, the DD melhod by RBarrneltt & Stho
man {1852) wd using, the fluorochrome method by Jarrel of al
(19,9) Wath the DDD method the disulplinde bonds wcre found
—13 8 from (he vationat fnsfitule of fental Kesear X
"
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throughont the epithelum wath the highest reaction intensiy m the
horny Iavers of hyperorthokeralotic and hyperparakeratotic epithe
um while the fluorochrome method did not reseal any disulphide
bonds In the normal human buccal mucosa histologieally showing an
unkeralimzed or slightly parqheratimized epithelium Biilow (1966)
found Mhat the content of sulphvdryl groups was neghgible in the sur
face Inyer low in the stratum spinesum and a hitle higher in the basal
layer Ip bonds were d trated with an «ienly low inlen
sity 1n all epthehal hiyers

The purpose of this myestigation was 1} to compare the content and
distribution of sulphvdri] groups and disulphide bonds mn the ept
thelium of oral leuhoplahias with different herabimization types 2) to
compare these findings with those of normal unkeratmized oral mu
cosa and 3) to studs f Vitamun A had an effect upon the correlation
between the conlent and distribubion of sulphivdry! groups and di
sulphide bonds and the type of 1ecratimization

MATERIAL AND METHODS

The same fifteen patients with oral leuhoplahias as used 1 previous snyestigations
{Renstrup ef al 1965 Bfilon { Renstrup 1966) were studied Lhe age vanied from 37
o 74 years and the sex distribution was ten men and five women The lenkoplalias
were locahized to the cheeb and commussural area 1n eleven cases and to the mferior
susface of the tongue in four rases

Vitamin 4 was guen as deseribed previously (Suverman ef al 1963 a b) Ten
troches of 70000 unit Vitam n 4 acetate per dav for two to three weehs were pre
seribed and the patients were instructed to place a troche unti] dissalved agamst
\he Tesfon to be studicd

Blopsres were taken from the leukoplakic lesiops and from the adjacent clmnically
normal mucosa of all patrents hefore as vell as after Vitamun 3 apphication

After 2 Jocal {nfiltration anae thesia (lidocain 2 per cent) was established in
whch care was taken not 1o amyeut direelly nto the site of biopsy 5 mm punch
blopsie were tahen The tis ue was fived {n neutral formalin embedded 10 paraffin
and scctioned at 6 ym

Suiphyvdrsl groups wcre demonstrated by the method of Barsnett & Sel gman
(1924) u g 22 dibndroxy 6¢ dsnaphtvl disulphide (DDD) and the shazonium salt
1 5chloro o anruding (Fast Red RC) Di uiphide b nds were demonstrated with
the DDD method after blocking of the sulphsdrsl gr ups (Birka € Anderson 1963}
a0} reduction of the d sulphide bonds 1ato sulphydrvl groups (  rha € inlerson
1983) As a control erved scctions stained with the DDD meth d after blosking of
the sulphv irv]l group  The controls were never ompletelv negan e

RILSLLTY
Sulphydryl Croups

The stratum corneum of the epitheliun  Puraclerr d v nper
orthoher itosts and hyperparaher stosts v i crular i yc  -ave no
reaction for sulphvdrs! groups In the tr um cranu! 1w e reac
tion :ntensits was very high while t w1 u d rat i the spinous
Iyers and o the basal laver of the epitn vum of b th types The
stratum corncum of hperparakeritohic epilliclinm without a granular
Inver gave 1 vurs low reaction for sulphvdeyl groups and the reman
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The 1ntensity of staning rcaction for sulphydmyl #r ups (—SHY anl tisulphiic
honds (—SS—) 1n the different laycr ¢ f faur types of haratinizatl n
of oral epithelium

~— nmo reaction + 44 444 and ++ +4+  digrees of intensits [ tamnwng
reaction a keratin layer b granular laver ¢ spinous lavers and ba al laver

ing, emihchial lavers gnve 2 moderile renction The unherihimized opt
thelum gave a moderate renction in all favers Fig 1

Disulphide Bonds

The reaclion for disulplude honds showed 2 1ery high inlensily m
slralum corncum of hyperorthokeritotic eptthehium and of hyporpar
heratolic epilhielium with 4 granular laver In the stratum prnutosum
the reaction was high in hyperorthohor tolic ¢pathelim and modar te
1n hyperparheratotic epithehinm In the outer spinoats favers of hapor
orihoher itohic epithcltum the reaction for disutplude bonds w is mode
rale winle the remaining spinous lavers nd bhasal layer give 3 low
reaction as did all spmous favers and bisal Liver in the byporpars
keralolie ¢pithelium with 2 grnular Liver The strilum corneun of
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hyperparakeratotic eprthelium without a granular laver showed a mo
derate reachion and the remamine epithehial lavers showed 4 low
reaction as did all the layers in the unkernbimzed epithehum Fi, 1

DISCUSSION

The resulls of the present investigation show that the stratum corneum
of hyperorthol eratotic epithelrum and of hyperparakeratolic epithe
hum with a granular layer have a very high content of disulphde
bonds but contmin no sulphydrsl groups while the granular laver
for these iwo types of epilhelium hase a very high content of sulphsy
dryl groups ind 1 moderate one of disulphide bonds This indicates
an oxydation n the surface lasers of all the sulphsdrvl groups into
disulphide bonds Hyperparakeratotic ¢pithelium without a granular
layer contains moderate amounts of disulphide bonds and small
amounts of sulphydryl sroups n the siritum corneum mdicatin, a
lesser dey,ree of oxydation of sulphsdryl groups into disulphide bonds

The only difference i1 content and distribution of disulphide bonds
and sulphydryl groups between hyperorthokeratotic epithelium and
Inperparakeratotic epithelium with 1t granular layer s that the oxy
dation of sulphydrsl groups nto disulphide bouds scems o start i
alower lasver mn the epithelinm in the hyperorthoheratobic epithehum
In the surface Inyers of hyperparaheratotic epithelium without a gra
nular Inver the oxvdabion of sulphsdryvl groups tnto disulphide bonds
seems to be incomplete This may indicate that the keratimization pro
cess mn the Iy perparakeratolic ¢pithelsum without a granular layer has
not been carried throu,h

The sulphyvary! mch transiional zone between siratum corncum
and stratum grinulosum described by Tureshy of al (1961} in hy per
heralotic epithelium was not observed n the present mnveshigation

Vitamin A s not found to have a direct effect upon the conlent and
thstribution of sulphydryl groups nd disulphide bonds of upon the
content of acid phosphalase (Rensfrup el al 1962) or upon the con
tent of glvcoen (Bulow € Renstrup 1966) Thus the wav of action of
the vitamun 15 yet unknown

SUMVMARY

The occurrence and distribution of sulphydryl groups ind disulphide
bonds i the epithehium of or il louhoplakae lesions and of normnl orit
mitcost were studied The resulls have been Crredated wath the type of
heralimization and with loeal apphicition «f v tmun A Sulphyvdnd
8roups could not be detceted an the <irxt 1 « = un of hyperortho
keratolic epithelium and of hvperpacah 1 tic epithehium with a gra
mulrr laver moall other epathelinl fa r 1 hph Irvd groups were pre
sent The hu hest content was for 31 @+ .. aanlar Iners of leuho
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At wyestigation the normal and vactnated amimals were anaesthetized with
25 per eent Nembutal sodigm (25 50 mg/hg bw ip) The peritoneal cavity nas
opened by an mcision betneen the last two ribs an the Ieft side One of the vems
draning the splecn was incised and blood collected 1n a heparimized pipette (Hepa
nn% Vitrume Stohholm Sweden) Immediately afterwards a splenx. artery sas
neised and arterial hlood collected 1o the same way The level nf anacsthesia was
tughly ymportant as too deep anaesthesia caused contraction of the spleme srteries
Amials with an jschaemie spleen were not « Yamied

The hlood samples were used for white cell counts 18 o Burker ehamber ami for
dilferentzal counts of white cells 1a blood smears starned with Giemsa solution
Dxtlerenu‘atmn was made between Ivmphocytes monocvtes and neutrophilic

a hal s

AN & 2!

The results in yplenic artenal and venous blood were compared 1n the ndividual
ammals the statistical analysis being based on all the differences m ecl! content
and performed by Student s £ test

In 1. additional males of the same age and weight as stated above the bliad
from a splenx xein and a splenic artery Wwas compared %ith respect to the haemato
erit value and the number of erythrocytes per mms? of blood

RESULTS

Normal Amumals

The number of lymphotyties wt hloed from 1 splemic vein exewded
that m blood from the splemic arfers the mean difference = ST being
123 2 57 cells per mm® (t = 22 d2f = 30 p < 002) No differance w s
present between the number of monocytes and granulocytes (cosine
phlic basophilic and nentroplbe) mn fferest and effirent spleme
blood No sijnificant difference was demonstrated belween the haemt
toerit values and the number of ervthroevies of vinous and artend
blood from the splenic vessels (Table 1)

TABIE 1
Number of Erythrocptes per mms and Haemaloerit V alues (Fer Cent) tn Jtlood fram
Afferent and Efferent Splear Vessels Mean £ SPV Nuwmber of \numals uilen
Drackels The Statistical Comparison Yyas Bosed on Pawe l Differunces No Differ
ence Was Demonstrated

Do of Haematoerit
Source of blood ersthrocytes/mm> s

(X 10%)
Splenic vein 50%00 (7) 2013 (8)
Splentc artery 1902 (1) 12609 (8)
Difference 01203 (D) Zoext1

Pertussts Vaccinated Ammals

A single wmyechon of pertussis yaceine cansed hmnphocvtosis wn tu
blood with 2 dstinct mavimum 12 days after the igeclion when th
number of fymphocstes 1 splemie arterial and <enous blood was
creased by 76 and 112 per cant respectieds s comparad with the
control values Vacemnalion 1iso produced an tperease in arcut xl\h,l.
neulrophilic (pseudo cosingplulic) granuloesles which were tpere ised
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Fig 1

Number of lymphocyles monoryles and granulacytes per mms of blood from the

splenic artery 1o normal and pertussts vaccinated guinea pigs (3 6 9 12 and 15
ays after a smgle mjection of vaccine) Mean = SEM

1 number as early as 8 days fter injection and later increased further
to 1 maxsmum after 12 davs (Tig 1)

At 3 days after antigen 1njection no significant difference was found
between the lymphocy le content of splenic venous ind arterinl blood
whereas at 6 9 and 12 da3s a larser number was demonstrited in the
senous hlood (p< 005 p < 001 and p < 001 respectively) The max
mmal splenie 1eno arterial difference 602 = 179 Ivmphocvtes per mm?
of bloed was noted 12 davs after antigen njection (Fig 2) and was
siymficantly higher than the sveno artenial difference i the normal
ammals (t =255 df = 45 p < 001)

The conlent of other Mlood cells than lymphocyles did not differ
sigmficantly an afferent and efferent splenic blnod exeept 12 davs
After the vacone injection The number of moenocyies and ne atr~phti
granulocyvtes was then higher in the venous bluod than m the rrenial
the dsfference bang si,mfieant md almost siqmificant rospe Faey

DISCLSSION
The present anvesbigation diselosed a higher number »f Ivmphocites
m effercnd than in afferent spleme Wood The haem ocnit values and
the number of crvihirocstes in Blood from the splenic van and the sple
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Fig 2

Splenic veno artersal difference in content of lymphocytes monocytes and neutr

philic granulacytes 1n normal and pertussis vaceinated guinea pigs (3 6 9 17 an?

15 days after a single mjection of vaccme) An emigration of lymphocytes from the

spleen m normal animals aud an emigration in snimals 15

demonstrated. The statistical analvsis 15 based on the differences in the individual
«mimals Vean difference & S E AT

nic artery were 1dentical The finding indicales proliferation of [ym
phoid cells 1n the normal spleen resulting 1n a greater number of
Iymphocytes leaving the organ than entering 1t The existence of
mmpeort nfo the spleen of thymie [ymphocyvies s postulated by fch
telirs (1943) and Linna & Stillstrom (1966) must denote 2 still grealer
export of lymphocyles from this organ than mdwcated by the splenie
veno arterinl difference i content of lvmphocytes ohserved m the
present investigation

The splenie veno arterial difference mn content of jymphocstes
ihe normaf guinea pigs 1238 = §7 cells per mm?* 15 less than the corne
sponding, difference 1n the thymus 614 = 157 cells per mm® (Frastrom
& Larsson 1967b) obtamed with an identical techmique (differentnl
counts of blood smears combined with lotal white cell count in 1
Biirher chamber) However without an evaluation of the blood flow
through the spleen as performed n the thymus (7arsson 1966) no
direct comparison can be made belween the output of lymphoestes
from the two organs

In the periussis vaceinated puinea piys the splenic veno artenal af
ference 1 number of Jvmphocsles mereased the maximal difference
being noted when the lvmphocs tosis m the blood was most pronounced
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Moreover at this time a significantly higher number of monocsies
was found m the splenic venous blood than in the arteral The resulls
directly demonstrate a contnibution of the spleen to the airculating
lymphocytes and monocytes 1 pertussis vaceinated guinea pigs and
are thus 1n agreemenl with the observations of Cannon & Vssler
(1960) 1ndicating that lymphoid cells almost certamly formed i the
spleen enter the blood stream during the period of maximal spleme
hyperplasia provoked by antigen

Concurrently with the maumal export of lymphocyles from the
spleen an emmigration of granulocyles was demonstrated This was not
the case in normal anmimals which implies that these granulocytes mav
aither have been produced 1n lhe spleen or have accumulated there
and been released during mimumzation

In contrast to the present result in the spleen the same dose of per
tussis vaccine produced no significant increase 1n the venous output of
Iymphocytes from the thymus (Ernstrom & Larsson 1967a) The re
sult fasours the view that an mncrcased number of Iymphowd cells enter

the blood vessels m the spleen aflter immunization with pertussis vac
cine

SUMMARY

The content of different blood cells was compared 1n afferent and ef
ferent splemic blood of normal and pertussis vaceinated guimea pigs
The following results were obtained

1 In normal gumea pigs the content of Iymphacyles in efferent
splenic blood exceeded that 1n afferent blood by 123 =57 cells per mm®
No difference was present between the content of other white cells or
Dbetween the content of erythrocvtes

2 In the pertussis vaceinated gunea migs lymphocylosis was seen
it the blood Three dnys after vaceine mjection no sigmificant spleme
veno arterinl difference 1 content of Iymphocytes was demonstrated
whereas at 6 9 and 12 days the difference was greater than n the nor
mal amimals The maumal difference 602 ~ 179 cells per mm? was
found at 12 days when the lymphocytosis m the blood was most pro
nounced Turthermore at this time the effer nt spleme blood had a
higlier content of monocyles and granulocy tes tron the afferent blood
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nosis was established by some other method The series comprised 7 patients Io 6
of these patients incrstonal as well as aspiration biopsy had been performed and
the results of the two evalnations could be compared

Five patients were folloy ed up for at Jeast 2 vears One patient was a newborn the
others ranged 1n age from 3 to 67 years Two had soft tissue tumours and 5 had
skeletal lesions

METHOPS

The asprration technique has been des ribed 10 detasl elseshere (3 13) A 10 ml
Luer Lock syringe furnished with a special one hand grip was used for aspirating
the specimen while the palpating hand held the tumour in a suitable position Soft
Jesions Were punctured with a fine (°7 gapge) needle and bome lesions with a
sternal puncture needle

Smears provided by the aspirates were dried 10 air The cells were stained by the
May Gruowald Giemsa method

RESULTS

The data for the 7 cases of reticulo ¢ndotheliosis are summarized m
Table 1 There was full a,reement between the dia_nosts bascd on the
aspirates and histological sections The features seen at cylological
exanupation of the aspiration biopsy specimens and the preture pre
sented by histologieal sections from {he same lesion are iHlustrated
Fig 1-6 A shortcomuing of puncture ¢ylology s possibly that 1t does
not reveal the partly granulomatous ippearance thalt 1s seen hustologie
Ally In none of the pahients in whors a diagnosis of reticulo endothe
liosis was made on ineisional biopsy specimens had the disease been
averlooked 1n the preceding cytolo.rcal exammation of aspirates

DISCUSSION

As Lichtenstein (10) savs there s hittle if any difficulty 1n recogmizin,
the histological picture n eosinophilic granuloma provided that there
are no arlefact alterations that affeet the eosinophiha or simultancous
fractures that can result in a picture dominated by the sear 1ssue for
mntion
In view of the close agreement between the mucroscopic appearance
presented by the smear from the aspirate and the hustologienl spc1
mens there 15 little duficatiy 1 obtwaing, o cotvect dragnasis of ety
culo wndotheliosis by aspiration biopsy provided that representatise
pe can be oh as was | hle 1n these 7 cases
The problems presented by differential diagnosis on smears aft r
aspiration biopsy are the same s those mvolved mn histological s
Lons the furly common occurrence of mitases can be «scurce ot mis
terpretation wath a nisk that cosinophulic granuloma ma
cases be taken as sarcoma or malignant Ivmphoma csp 1y rets
culttm cell sarcomn or Hodghin s diseise Arart from th  prescnce of
mtolic figures there 15 nothung o the mucroscopic prcture of eosin
opilic grinuloma lhat 1s indicatne of mali,nanes  The nucler are
regular stain pale and contain small nucleoles While both Hodghin s

in some

25
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disease and ¢ 'tk i disphy hiliz and hase eells
with two or more nucle: lhc nuctear ahnormahities in Hodgkm s dis
ease are considerabls mor. marked and the enlargument of the nu
cleoles 1s more prominent The moderate charges mn the nucler of refr
culum cells i eostnophiltc granulama together wath the pronounced
costnophilta rule out other diseases such as osieogense sircomn or
mabignant giant cell tumour

Simpl. bone cvsts hone changes resultmn, from hyperthvrowdism
reparative grant cell granwloma and giant cell tumours s bone are
other possibilities that must be kept i mund bhut since cosmophihic
cells hardly accur m these feswons and since stroma cell components
such as fibrocytie or fibroblastic cells are consideribly more strongly
represented here than 1n reticulo endothehioss the differenbial diag
nosis 1s a farrly simple malter In addstion the giant cells that occur
1n reticulo-endothcliosts are not as prortnent as m the previously men
tioned trsions and s a rvle they do nol coniam as many nucly as
for instance gant cell tumours

SUMMARY

Sexven cases al reticulo endathehosis are reported i winch 1 dignosis
could be made on the basis of aspirabion biopsy examinabions In 6
cases the nmucroscopte miclure presented by the aspiration specimens
was compared with the histological appearances Ihe characterstic
features of smears usin, the ahote menboned starming methods are
deseribed The differential diagnosis is discussed In this small serses
the diagnosis of rehiculoendotheliosis could be made with an apparent
iy Ingh degree of acenrney on smears from aspiration specimens

Fuys 1-6
Cutological picture preseated by the smears of an asptration specrmen of the
neck tumour in case 3 A large number of eosinnphit granulocytes foam
cells veticulum cells with bas phil cyteplasm  the ane w the mildle has
2 ouclei MCG x 500
Histologleat Nc(ure of the tumour in case 3 A large eumter of casine phah

massive b of s disper e It m celt
fiaematosylin and eosin X 500

Fig 3 Cytolagical plcture presented by the smear of an 3 pi aton perim  F th
claviede tumous in case 5§ A large number of 14 philic fos t
culum cells eostaophilic granvlocstes di per e} faam o} 1 2P0

Fig & Histologleal ection of the tumsur dn ¢a 5 Simer ¢ ¢ onl
rettcutum cclls and & few {oam cclls Noic th fitr

Fig 1

Fig 2

' Wary
vessels, Haematox lin and eosin X 500
Fig » Crtological picture presented by the snea ! an 3 b raen frem
case 7 Numtrous basoplulic rutieulum et ¢ T cells and
oceasional foam cells some multi nu lear AX!
Fig 6 Histologlerl plctuse of the tumour in ca Al ¢ ¢t culum anl
an inanbitie relle wnd came L [RRP
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DIAGNOSIS OF GRANULAR
CELL MYOBLASTOMA BY FINE NEEDLE
ASPIRATION BIOPSY
&y
SixTF FranzEY and BIGRN STENRVIST

Receited 9163

“he object of this studv was to examine the microscopic picture of gra
ular cell myoblasloma n fine needle biopsy specimens and to study
vheiher the application of this techmque would make the tumour
denlifinble pre operatively without need for incisional bhropsy

MATERIAL

“he case series consisted of 3 pmems in whom fine needle -spnranon biopsy exam
1absons had yielded smears with features o In al
ases the smears were compared with histolog) al sections of the specimens obtained
Wt operatian

METHODS

~—The has been described jn detail else
where {2 8) The cells were aspirated {rom the tumour by means of 2 dry air tight
10 mal Record svringe with a Luer Lok connection and a thin (22 gauge) needle The
syringe was specially designel to permit one handed manipulation while the pal
Pating hand held the tumour in a suitable position \o anaesthesia was nece sary
Staining methods —The aspirated cells were spread on a slide with a thick cover
g1ass (Burker chamber)
The slide was then drled in afr or fixed immediately in 85 per cent aleohol The
ate-dried cells were stasned by the W2t Grunwald Giowmsa method (MGC) and the
aleohol fived cells by the method of Papanicolaou

RESULTS

The morbid history of the 3 patients 1s summinzed 1z Table 1 The
similanty between the cilological and lustolagical pictur 16 1lu
straled 1n Figs 1-3 and 4-6 and alsown Tablc 1 which he s the close
agreement between the cslologieal and th  histological ¢ a ses One
of the patients (case 3) had a malignan s mant of n vollastoma as
was ¢videnl from the presence of melast s and the high proportion
of polymarphous cells observed hoth ¢vtebenrcalis ard hstologically
{Figs 4-6) In none of the cases 1 which myoblastoma was found at
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the histological examination of 1 or surgieal sy had 1t
been overlooked at the previous aspiration biopsy at this department

DISCUSSION

Ayohlast 15 usually ed to be myogenic in onigin but some
workers favour a neurogenic derination while yet others propose that
Lhe tumour anses from fibroblasts or histiocytes (3 4 6 7) Despite
this diversity m views on the hustogenesis of the tumour there 1s agree
menl on the highly specific histological appearance Differential ding
nosis poses no real problem since there 1s no other hnown tumour
that 1s composed aimost exclusively of cells with the typical largely
cosinophilic granulation of the cytoplasm displayed by myoblastoma
Histocytes possess a more 1rregular granulation and are for the most
diserete wilh no cytoplasmic contact between the cells The only
tumour that might concenably he considered as an alternative diag
nosis 1s the speeific hishiocybie tumour xanthoma but this has a high
lipd content and contains crystals that are birefringent 1n polanized
hight In addition xanthoma contans a large amount of cholesterol
and hpids which stam with Sudan IV None of these characteristics 1s
associated with myoblasloma “None of the tumours found in the 3
patients displayed marhed nuclear polymorphism 1n the aspiration
specimen from case 3 however a few cells contained bizarre nucler
which suggests malignancy this was also indicated by the fact that
the tumour had metastasized

Swce 1926 when Abrihossof (1) described the pecubiar granulated
tumour which he called myomn and which differed distinctly from
other lumours by virtue of the granulation of the cyloplasm =a large

Figs (-6
Cytological picture pre ented by an aspiration biopsy speeimen from case 2
after alr drying and staining by the May Crunwald € femsa method The cells
have pale regular nucler and a typical greyish violet finely granulated
eyipolasm X 500
Aspirate from case 7 affer fixation jn 95 per cent aleohol and staming by
Papanicolacus methol As in Tg 1 there are regular nuclei and distinet
characleristic granulation of the cytoplasm X 500
Histological appearance of the tumour (m oblastoma) from case 2 Typic !
sranulation of the cells regular nucler and sparse fibrocstic st oma
Haematoxylin and eosin X 500
Asplrate from case 3 showing the grevish v slet finely granulated t pl m
U pieal of mioblastoma and a few slghlly polymorphous 1t nuclei
Haematovwvlin and eosin X 500
Aspirate from case 3 stained b Papand ol us method fie § wation in 95
rer cent alcohol Here tao the typieal gr nul ti nis e 1 nt io some cells
larger granules an ! some pol morphouse 1rwl1 X 6 F
Fig € st logical pleture of excised ne h met st in a In the histological

pleture too nuclear polymarphism is evident m r ¢ Iy than in the benign
case in Fig 3 Hacmatoxvhin and easin X 500

Fig 1

Fig 3

Fig 8
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number of cases of this type of tumour have been published With a
hnowledge of the typical gross appearance a histological diagnosis pre
sents hitle difficulty The possibility of mahing a diagnosis pre opera
tively by fine needle asprration biepss has not however been reported
hitherto

The charactenstic microscopic picture presented by myoblastoma n
histological specimens 1s also displayed by specimens obtaned by fine
needle aspiration biopsy and 1its recogmition suffices for 4 rehable
diagnosis It 1s also possible that a grading of malignancy of the tu
mour can be made on the basis of the degree of nuclear polymorphism
seen m the aspiration biopsy specrmen but as the material contained
onlsy one such case no definttine conclustons on this pomnt are per
missible

SUMMARY

In 3 cases of myoblastoma a diagnosis could be made pre operalinely
T dhe dasis of o readits aspindron Sopss Gine o dewe presandad
clinieal signs of mahgnanes The characteristic prcture presented by
smears wilh the staiming methods used 1s shown Because of the ty

pical features of this tumour there 1s hittle risk of confusion with any
other discase 1in the microscopic exanmunnhion of representative spea

mens
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A CONTRIVANCE FOR BACTERIOCINE T} PING
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Bacteriocine typing 1s based on the ability of bacteria to produce
growth inmbiting substinces Although 1t was related to Iytic bacterio
phage at the tume colicine was the first such substance to be observed
(4 5 7 8) Abbott & Shannon 1n 1908 (1) deseribud 4 technique for
the demonstralion of colicine production of Shigella sonnet s an
eprdemuiological marker Colicine typing of Escherichia colt has been
cmployed also (6 1I)

Potentially bacteriocine tsping 18 a valunble supplement to other
methods of typing like phage pattern and serological characterization
Sensilivity to the ordinary hind of antibiotics has limited value in this
respect The dependence on amino acids (1) and olher metabolie pro
perties are useful tags for epidemiological surveys

In 1954 Jacob (9) described an 1ntibiotie Ithe substance synthesized
by Pseudomonas aeruginosa psocine

Wahba et al (3 12) put this into practical use by elaborating a me
thod for pvocine 1yping I have worked wilh a set of indicalor strans
selected by this group

The method entarled streaking out cach of the strains to he lyped
diametrieally across separate plates Pyocine production took place
during over mght incubation within a specified range of temperatures
After hilling with chloroform a set of twelve Pseudomonis strains
were sireahed perpendicularly to the former The presence of bacterio
cine was evidenced by growth inhibition of the indientor strauns

Repeated cross streahings of the same indicalor strains heeame
necessary (1 6) Carried out onc by one this was 1 tedious and time
consuming task

Mechanmieal devices for mulliple simultancous cross slrenhings have
heen constructed (2 10 12) Lidwell & Carpenter (10) used 1 bar from
which were suspended nine loops that were moved across the plates
simultancousls The Barrow & Fllts svstem (2) transferred the mdien
tor strains with microscope shdes 1 1 spe11l wooden holder and blot
ting paper strips soaked wilh the struns Sterlization of the devace
however proved to be difficult and the set of paper strips had to be
replaced repeatedly to proide an oplima! moculum (12)
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Wahba s device (12) was more satisfactory but 1t also emploved filter
paper strips Quite unsatisfactory was the arrangement for transfer of
indicator strains Using steel blades mav cause an uneven distribution
of the indicator strain broth because steel 1s a non wettable substance
Inoculated with this ipparatus the mdicator lines are of uneven width
(3, 12) The construction has led to the formation of a pocket between
some polviiny! tubes and a cenlrally located rod which keep the blades
n position This pochet was easily infected and hard to sterilize by the
methods employable for the materials 1n question Besides the appara
tus 15 unnecessarily complicated to build

A sumple apparatus entirely made of plex: glass holding twelve
ndges for the indieator strains will be described

CONSTRUCTION

Che apparatus consists of a stamp and a multiple well tray (Figs 1-3)
Exterior measurements of the tray are 75 X 4 X 3 cm with one tray
at theend 09 X 5 X 3 cm The plex: glass laminae of the ouler walls
hase a thickness of 3 mm the ridges between the compartments are 2
mm The stamp laminae are 2 mm eleven measuring 35 X 25 em and
one 45 X 25 em The handle 1s of metal and 1s screned nto a hole of
the 03 X 7 X 35 (45) em top of the stamp The picces may be glued
together with contact glue or by chloroform which momentanly dissol
ves the materiaf

Since one of the blades 1s longer than the rest the stamp fits into
the wells 1n one position only Thus error n the distribution of indica

Fg t
The stamp Above Lateral view E ch plexi glass 1 f is p inted solidly blach.
Below View from above The whit crel outl nes the handle
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Fig 2
The multiple well trav Above Lateral view The white line indicates the boundary
of the longest well Below Ilan of the trayv seen from shove The solid blach
indicates the plexs glass lamina imiting the twelse compartments

tor strains becomes impossible This also guides i recording resulls
since slarfing from either end there 1s a fixed succession of indicators

In order to produce a fully hydrophule surface for even distribution
of broth the rough edges of the blades were streaked wilh penes) Jead
This only had to be redone after weehs of constant use

Decontamunation

The stamp and the tray were rinsed in hot water and Talosan !
Before use 1t was exposed fo ultraviolet hight for three hours This
process was adequale for the purpose The apparatus sustans heat of
80 C for one hour

Wethod of Use

The wells were filled with 2 5 mm depth of 2 standard opticnl den
sity (O D) brolh suspension of the indicalor strams of logarithmic
growth phase Such a volume sufficcd for about 200 plates VMore
broth al 2 time should be avouled sincu (hat increases the chances
that the inoculum will be excessine and mvolves 1 danger of smlling
drops of hiquid Txcess fluid on the stamp will run off when the
stamp n n oblique position louches the walls of the wells on ats way

ont

1 A 163 per cent parachlormetacresole { roduct with oa; an1 164 per cent con
centrated ethanol



Fig 3
The typing aj paratus & The stam; B The multiple well trav

Apar plates (15 per cent agar) are noeulaled with the twelse hines of
mdicators simultancously by gently touching the surface Two plates
can be attended to before recharging

DISCUSSION

This apparatus aifows a ramd transfer of the mdicator strains Vith
single Joops 1t 1s ble to assure distance hetween the
hnes and the dose of indicator bacteria s mnconstant and unesen along
tach line Filling the wells wilh a suspension of av n OD  one 15
assured of equal quantities Sumilarly th r s an rves distribulion of
the baclersn along the blades sinee they or s ! 2% there was no ken
dency towards a dropwise {ransfer Suct o 1w ns reduce nishs of
technical error With this apparitus hunarcd plales could easihv be
moeplated willvn an hour
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SUNMMARY

The construction and usage of a new conlrivance for bacterocine typ
g 1s presented The apparatus 1s made enlirely out of plexi glass It
1s simpler to bwild and allows for more cffictent sierihzation than
other set ups It has been used for pyocine typing of Pseudomonas

aeruginosa
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BY PYOCINE PRODUCTION
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In 1925 Gratia (8) reporled a phenomenon of growth inhubttion of one
stram of Escherichia colt by another The author pomted out the re
semblance to bacteriophage luste The effeet was caused by 1 grawth
mhibihing substance called cohine (5)

Coheine production 1s exiubited by All the Enlerobacteriaceae and
has been used successfully in the Ivping of Shugella sonner (1)

In 1954 Jacob (13) published his ohservations on the synthesis of
pyocine an antibiotic hke substance by Pscadomonas aeruginosa
This 1s a proten or possesses a proteinaceous fraction and 1s hberated
upon the death and lysis of the bacteria (9 13) It 1s not dialyzeable
(9 13) bul diffuses through agar gel mn the concentrations commonly
used for bactertological media Pyvocine 1s resistant to deoxyribonu
clease and may or may not be inactivated by trypsmn and pepsin (9
20) Itisinactinated by heat at 75 € and 1s precypitated by ammomum
sulphate (9 13) It 1s ressstant to two hours exposure of ultraviolct
hight as opposed to phage T2 which 1s mactinated 1n fen seconds under
the same conditions (13} It has 1n common with phage that liberation
of pyocmne 1s mereased by ultraviolet hight (9 13) Indeed the coli
cmogeme factors goverming colicine production appear as episonies
or 1s autonomous geneclic clements (6) Reecently the morphology of
what appears to be pyocines has been demonstrated by eleclron micro
seopy (10)

Colicine and procme arc closely related substances They have sim
lar physicil properties and their action depunds upon speeific recep
tors of the bactenal cells The generie term bacteriocines has been ac
cepted for <uch substances (14)

Pyocine scems to be lethal not bacteriostaty (9 It 1s active 1gainst
Pseudomcn v whereas E colr Salmonella (typhe and paralyphi B)
Stugella wnd Profeus are resistant to pyocine 1n the S but not 1 the
R forms (9) It 1s noleworthy that colicine has no effect upon I seudo
maonas

Hollowy (11) studied pyocinogenieity and 1ssogenieily and sugges
ted that pvoeme production might be useful for epidemiclogical pur

6 actav T4 3
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poses Papavassilton in 1961 (18) reportcd his Atlempls to (stablish
pyocine typmyg system He demonstrated reciproc il srowth mlubibion of
crossing streaks of Psendomonas aeruginosa Pointin,, out several of
the difficulties involved he was not able to proposc t formal typing,
system Wahba (20) studied conditions for oplimal pyoeinc production
and together with Darrell pubhshed a techmique for procme typmg (3)

The purpose of this study was to apply pyoune typing to 1 maternl
of Norwegian hospital strains However differentiation and rpro
ducibility of the system (3) proved to be somewhat erude Altempls
were consequently made to analvse and modify the method to render it
more sensitive nd dependable

MATERIALS AND MITHODS

Producer strains were obtained from the diagnostic routine in (his institute 87
strains are included in this collection

Identifrcation of strains Pseudomonas Werce ysalated on hlaad agar using Trip
tose Blood Agar Base (Orotd) with 5 per cent human blond added !actosc hrom
thymol blue plates with 2% per cent agar showed lack of lactose utilization The
colonies were obscrved for typical appearance and charactersstic smedl Cram stain
were made the owidase reacticn was tested (16} and growth at 42 C was «heened
Resistance to antibiotics was assaved by a di ¢ meth (4}
P Brochemical properties were recorded after four davs at 37 € and ex imined a
ollows

1 ihility to svnthesize indole from trvptop hane using a casan broth (19)

2 VMethvl red and Voges Pros! auer s riactions according to Rarrif? (10)

3 Use of citrale as scle source of carboen in Roser s medium (15)

4 Production of urease on ( hristensen s medium (15)

5 Reduction of nitrate When no reaction occurred after the addition [ U
reactants zinc powdcr was added to test the presence of mitrate 115)

6 Production of H § in s meat extract puj tone agar medium with 01 per cont
lead acetate
7 Liquefaction of elatin in breth with 1% per cent gelatin
8 Clucse fermentation was tested in Hagh € feifson v medum n tules (1%
9 Crowth and red colonses were ob ericd as described by Sefenl ¢ on a stant
nutrient agar with triphensItctrazohumehl ride (TTC) (19)
10 Abilits to proJuce procvanin {vorubrin and pyofltrescein was conte Vet on

king s media (15)

Indicator stramns were kindls furnished by Dr ¥ T Tatler Dirceter af the (r ss
Infcction Reference Laboratory Central Fublic Health [aboratary Lendon They
were labclle] AS? - B10 - B20 - 1339 - M983 ~ S17 - 8/39 - 10/55 - 148 577 -5%4 593
The strains had been selceted by Darrefl ¢ Wahba (3 1) suwven of the e strains
had been mentioned n earhier reprrts To heep growth charactersstics an i 1y cint
susceplibilitv as constant as possible the strains were transferred weckls e iny
Tryptese Blond Agar Basc (OroiD) slant Jishleen heur lant caltore were u )
for assavs

Standardt ation of tadicalor sttmn inoculum The density «f the glucy ¢ br th
«usg cnsion of indicatar strains was flxed to produce a 3hainlng but sef arate « 1m
This was obtamned by suspending a fonj ful of a 74 hour sfant calture fnts 34 ml
of glucose broth The hacteria were emulsificd with a Pacteur pipette which wa
cmptied completely and rinscd out suecessisely in an ther twy tubes af broth Th
third tube should read 0005 0007 OD on a Heckman Molel ( Colatimeter wit!
green filter of 510-580 my Te avold error the third br th tube wa used for Pant
and Jeft 1n the same positicn in the colorimeter while the finctte was rin ¢f wtinl

Medium for typing is descril «d by Darrell € Wahba (1 N

Pyocine typing technique The strain to he tupel was streaked out diametrt »
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across the plate using a 4 mm loop and incubated at 3¢ C (3) for 24 hcurs Chloro
form (ca 09 ml) was then poured into the lul of the Petra dish and the agar ex
posed to the vapour {r 30 mmutes To remove the streah of bacterial grosth a1
cm strip of the acar was removed Subseouently the plate was e<posed to LHCL,
vapour for another half hour and finally te air for ome hour to esap rate the
ctiargform Then the plates were woculated by an apparatus described earlier (°)
with the taelve mndicat r stramns and incubated for 18 hours at 37 ¢ before reading

RESULTS

W udth of the primary streak Using loops of 02 04 and 10 em din
meter the width of the streak of Pseudomonas to he typed was vared
A 04 em wadth was found to be optimal

Pyocine nactwators A study of the influence of unspewiftc bacternl
substnces was undertaken When chloroform hilled colomies were
pawted on acar without leaving visible trace there was growlh inha
bition of susceptible mndicator strams in the area punied Likewise
findings obtaned by scraping off the bacterial growth were compared
with those obtained when the chloroform killed growlh was left un
louched The zones of inhibition were narrewer m the latter casc

Also cirenlar a5 patches with chloroform killed dense 24 hour
growth of hospital slrains were placed en the surface of an agar plhite
some with the hactenat growth turned up and some with 1t turned
down The aiar patches were 1 em high and 1 cm in dinmeter The
plates were inoculated with indicator strain suspensions of such 4 den
sity that discrete but densely situated colopies would emerge After 3
hours premcubation at room temperature the plates were exposcd to
37 C for 18 hours The patches with the hilled bacterinl ¢ronth down
were lhen sutrounded by zones of belter growth than the patehes with
the Iayer of hilled bacteria turned up This eccurred even when the
combinations of pvoen producer/indicator strun had given negatne
reactions by Darrell & W ahba s method (3)

These ohservabions indicated that the Jalled bacteria contained pyvo
cme inactnating or intubihing substances 1t was therefore concer ible
that macroscopically unnolicehle remnants of the chloroform hlled
hospilal strauns could influecnce the results of procine tsping by
Actnating the pyocine It has also been shown that Pseudomonas pro
duce other growth mnlting substances than pyoene so that rem
nants could cven cwse stronter imhibibion Fhirefore 1o word un
speaific anlerference with ndteator stram growth alt traces

f th
hilled hospital sirun would have 10 be remoted compd v nth
tn,, method developed

Removal of chloroform Lalled Psendomonas Byt t muthods
(I 37 21) the diametnieal streak was scr p d off 1 glass shde
ffowerver somu matenatmevitably beeam 1 1 on the Tough sur

face appearing after seraping off the Pseu! m na  «nce il adherad
fiemis 1o the agar uscd Consequentls cofrors are possibly mtrodueed
with the scraping techmque Besides seripung 1s time consumng, mid
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4 A stenle filfer paper stop was placed on the g 11 sueface and
strealed with Pscudomonis Afler 21 hours (he stop was simply
Liken off 1o remove the bacleria growing on (op of 1t

A plate was hewily scedud with Pecudomonas Affer 21 hours 1
1 em strip was cut oul nd transferred fo « sceond plate moeyl
ited in ady ance with {he mdiealor strains

(X

Ihe results wre hsted in fable 1 Lo summanize the welb nd the i ar
strip mcthods vieldad the most satisfactory differenlintion and wider
mtibbion zoncs Rumosal of agar 1o produec 1 trough 1s consider thiy
sunpler o porform than the (eansfer of 2 (hin strp of agr o wothor
plitc  Ihe former mcthod w s therefore adopled s o stdard pro
ccdure

Density of tndicator straie growth Proviows mcthods for bicdiore
anc tsping ive cmployad a dense growth of the indieator stramns (1
3 7 18) Application of Darrcll & Wahba s metliod (3) 1o Norweptin
hospital strams of Pscudomonns aeraginosn rendered momy hoands
poor diffcrantiibon mostly without mlbition or with qnal inhsiion
of all sndicators Some rachions were difficull to mterprat as ather
positive or nep e yidding poorly reproducibic results Inissiys of
resstaned 1o commorery) mnbbolics 1l s accepled thot 1 varnhion i
ocutum influcnees the resulls (4) In a lube dilution leehnique, MIC
wppears b 1 higher concenlrilion of the substinee swhen the number
of hacterta por ml s nercased considerably or the dise teehmigue of
I ricsson (1) the oplunum 1noculale 18 norly confluent prowth of
colonus

Jo imvestipale the oplimal mnoculum of mdicilor struns duplicites
of the plates lisled (1 %) an the preceding seehion werd mnculiled with
incicalor strans i two concentrilions

(A) e rse o naarly conflucnl colonsts and
(1) produced y dense prowdls ad podum Wahba (21)

Ile resulls e pecorded in 1ble 1 Nl conflucnl growth showed
inhibition 1n combimalions where 1 doense srowdls was pot influcnecd at
all Fhe formor dso pave 1 beller differentsiion wsth sarymg zones of
mbilbion from one mdicilor stroik to another on the <ume plite
Iherefore norhy confiuent prowlh wis considered oplamal ind adop
tud for the stindard typing proccdurt

Time for wndicator strain incubation An arringonenl was sel up
wherdy the pyoeme diffused from crculwe one centimeler dimeter
pitches of apar with chloroform Jalled 21 hour cullures of hospitat
ofruns These were placed on plates Snocuhiled by flooding the indi
cvlor struns Tistod 1in Table 2 Friplicates of all combmtions wore pul
up watht the biclernst prowth of the patches down s well as up to sec
whelher any diffcronce 1n zones of mhibition would resull “1he phitis

swerc road st 12 18 24 and 36 hours
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Fig 2
Distribution of positie and negative inhibition of the indicator strains for £y scine
tvping Tach column represents one indicator strain

mm guang a 14-18 mm diameter of the zones of inlubition when

measured according to (4)
Reeording The results seem to warrant a simple separation nto ne

gatine and positive reaclions An arhatrary division line at 25 em
secmed adequate

Inhibition zones == 2 5 ¢m are recorded 15 +

Intibitton zones < 2 5 em are recorded as —

Using nearly confluent colony growth theress a transihion zone of 2
3 mm hetween no growth and no inhsbition Only the complete inin

Intion 18 measured
Typing of Pseudomonas hospual stratns Tsping, of 87 stramns wis

carried out according to the lechmique oulhined 1hove All sirans hve
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been typed 2-4 times Type distnbulion 15 shown mn Table 3 The
different susceptimlity of the indicator strains to pyocine 1s evidenced
from Table 3 and Fig 2

DISCUSSION

The nearly confluent growth of mndicator strans should render this
techmique more sensitive to pyocmne and allow for a greater differen
tiation than otherwise scen when dense growth 1s employed Compari
sons of results from different davs should also become more vahd 1f
the mocula were stindardized Technical errors are redueed further by
removing the strun to be tvped i folo with the underlving agar This
prevents inlerference from munute amounts of unspecific substances
from the killed bactena

Howerer none of these measures were sufficient fo ehmunate the
vanabihity that could be observed from time to time (Table 4) and
which was also seen wilh the origml method (3)

TABLE 4
Yaration of Pyocine Typing Pattern by the Same Strawns

Tndicator Strains

Hospitat -

Strains 2 e & 8 f = g £ 45 L 4
- m = = P » = = =T ¥ R =

1103 /bs 0 25 2 2z 6 ©o 0o o O O 0 O
3 25 25 25 2 35 95 25 2 95 3 3
3 3 25 2 ©6 0O 0 0 0O ©0 O O
35 35 5 2 15 35 ° o5 2 25 2 3
+ = = =~ = - - = -

9703/6a » 3 2 2 15 25 15 0o © 0 0 1
2 2 » 2 2 2 2 9 2 » 2 3
25 35 2 2 2 25 2 15 2 2 2 35
”5 25 2 25 2 ° 2 a2 2 1 1 25
- + - - - - - - - - - ¥

The examples show the reactions of two randomly selcc(:d samples which were typed

four times The numbers indicate zone of

10 the mearest half centrmeter At the bottom is listed the resalting B3 oeme trpe
of the strain

+ = Infibition zone wider than 25 em — = Inhibiyon zone less than 25 em

Darrell £ Wahba (3) were able to separite 1he frans 1ato 12
groups Gillies & Govan (7) used 8 indicatar ns an1 chserved 36
subdnisions 1 found 27 palterns vath ¥ k! L) v tramns Ap
Praximately hatf of the strains mhibat 3 ! mar and ca 1/0
Bave negatne reactions in all cases

Darrell & Wahba (3) reported » smwi p ¢ rt1.e of discrepancy
Gulltes & Govan (7) stated that they sav- dift rent pyoecine tvpes from
the same specimens but 1t 1s difficult 1o assess whelher that might be
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due ta methodological inadequacies Afler 2688 strasns had been Lyped
partls by Darrell & W ahba s method (3) partls ustng 32 C meubation
and their own eght indicalor stramns these authors found that fur
ther studies are required to confirm als [the melhod s] rehabilily
They considered the method sufficiently consistent lo be 1 valuable
asset The reproducibiits of pvoetne 1y ping, should be cvaluated more
closely with the mdieator strams selected by Gellies & Govan (7) to
establish whether those might be belter swmted than the sirams em
ployed here

The consistency of pyvoeine typing 1s 1lso dependent on the stability
of the indicator strains It has heen pointed out earhicr that thewr YO
cmne suseephibility did vary with time requirmg perodic1l typing, of the
indicators themselves to ascertan that their spectrum 1s mamntained

From Ig 2 1t 1s scen lhat the indicators had markedly differunt
pyocine suscephibility Strains A52 B39 and S17 were only shghtly
resisiant showing reactions of mmhibition with approximatels 3; (735
per cent) of the hospataf sirns It 1s Dhely that such struns miht be
less valuable as lools for a separation mto different citeyories than
struns ike 148 577 and 284 with their almost 50-50 distribution Wilh
this collection of hospital struns however these iwo sets of indicators
have both been equalls valuable Within each sct of three strains therc
was different sensilinity patterns 1o eleven hospatal struns (Table 3)

Osman (17} has devised another procedure for pvocme lesting but
this method 1s rathcr labomous for routine use Tlus consists of de
positmg drops of pyocmne on plates much hle phage suspensions in
phage typing The mun objection 15 howerer that the indie vor struns
could ecastly slarl to hberate phage (due to presious lyso.emzalion or
simple contamination) this would 4ller Lhe reactions but mui ht not be
deteetable The morphologs of mhition of growth due to phige or 1o
procine 1s timost 1dentical

The advantage of pvocine 1yping 1s 1hl 1t entals Ittle maintenanec
work nd 1s consequentls simpler than phage and serotyping Il may
be used under relalisels primitine condilions From Lhe findings re
ported I would however recommend that this method be used merels
as 1 supplement fo other methods It 1s imperalive that each sirmn be
typed more than once (Table 4} At leasl this applies to the imdicator
struns used here

ST MMARY

An attempt was made to elaborate a more sensitine method for pyocine
typing It wis found necessary to make certamn that all the bactennl
material was removed before ndienor stran tnoculation ‘Therefore
the strp of agar on which the Pseudomonas grew was romoved mn folo
W hen secded with a specini apparalus the indicator strauns rendored
hetter differenlialion when asing bacternil suspenstons of st nd ired
density vielding, newls confluent growth
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Pyvocine typing 1s recommended for use only in conjunction with
other emidemiological typing svstems Repealed typing of the same
slram s advised
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RAPID IDENTIFICATION OF SMALL NUMBIERS
O BACTLRIA ATTER SHORT TIME ( ULTIVATION IN 11F
PRESENCE OF I'I'TC—CONJUGATED ANTISERUM
Report on a Method

oy

Orro Cross
Recefved §1v1i1 67

Small numbers of bacterin present in a hquid can be delected by filler
1, the hquid throu h 1 membrane filter and stunig the fitter either
with convenlional stams (1 2) or with fluorescent anlibady (FA) (3)
While the farmer method allaws only quantiitise estimation of the
bacteria present staming with FA also enables the mveshiantor to
wdentify the bacteria serolosicilly However neither method gives him
amy 1nformabion about the viabihity of the bacleria

Damelsson (4) mtroduced 1 two step enrrchmenl procedure which
allows wdentification of as few as 50-2 lining bacteria por symple e
filtcred the sample through a membrane filter and mmeubaled the filter
1n broth at 37 C for a few hours The broth was then fillered throunh
a non fluoreseent membrane filter on which bacteria could he deteetcd
after staming, with TA Dantelsson states thal the method funchions
well for mixed cultures Tlus refers howeser fo an experiment wherc
Shigella guanabara and iwo struns of I' colt were used as lest orgn
wisms If wstead onc intcnds to wdenlify 2 nuxlure of baclernt wath
wreatly differing growth rates the method would appear lo be less well
swited Due to great sensiivily melliods based on enrichmentl 1lso
imply 4 nisk thal even nunule contaminilion may mterfere wilh the
results

To woid the possible disadvantages of enrichiment culture 1t scemed
worthwhile to try to develop an equalls sensitine melhod bised on
short lime cultivalion of bacteria on solid medin The use of I A tcechm
que would allew wlentification of small numbers of microcolonies at
an earls stage of the mncubation T\ sluning of microcolomes had pre
viously been done eilher wath intact colonies on non fluorescent mem
brane filters (5) or with heal fixed ympressions of colonies on ghss
shides (6)

The present arlicle desenibes 4 method based on short time cultin
tion 10 the presence of fluorescein isothioey nate (TITO) —conjup it d
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Incuhated filters reads for microscops

see th ¢ the conjugate vas ¢venls distribuicd an the FA dishs to obtain as nearh
as possible the origmal concentration [ conjugate 1n the disks Ongmnally the
entire membrane filter was placcd wpon the nutrient dish Later [ found 1t more
convensent to stamp aut small circular | 1cces of flter about 10 mm in diameter
and to put one picce on top of cach FA dish One piece was put i the centre
Wrere there was no 1 A to serve as a blanl (Fig 1 nght) Finallv the plastic b x
wa3 glosed (Fig 2) and incubated at 37 {

Y. Fluorescence M1 roscopy

A Leitz Ortholux mucroscq) € with an Osram HEB 200 Ismp was used Most often
& combinalion of primary filter L¢ 1 thichness 1 mm and secondary [lter K 430
was used as Dlter system To le able to inspect the black membrane filters the
micrasecpe bad to be fitted with equipment for inadent dlumination (Lltropak)
A dry 50 x chjeclive 1 as u ed te Jook for sinile bacteria an! the smallest micro
colontes When searching for the omewhat bigger micro ¢ lomes less po serful ob
Jectines could b uweed the least jowerful a ail bl beog a 65x C ndensaty n of
humidity ¢n the surface Jen of the ¢byectse astmy 1 | prsent but 11 not
€ o ttute apy sersous | roblem ALl ol jectives \ er 1 mb nstion 1 th a
18 p ir of oculars

Imme hatcly prior to mi ro cop Wb pla b ) t 7 hein ubator
the caver remove ] and the id pla e 1a s ree 3 s made to 't
e stage of the microscope (115 35 Because th 1T dwhiet sas

under the m cros ofe the reaction with 41 uld apilly te
tested
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guntly with PBS  [he information given 1n Table 1 however refc
to untreated filicrs

Cultnalion 1n the presence of FA was not found to be infcrior
other tcehmaques regarding specifioty of the st umng reaclion As ¢
be seen from Table 2 the specificily was entinddy satisfactory e
whea the filters were cotttasmsnated with staphy fococer which fivar
ced weakly with all the sera tested This flyprescence howewver w
not detectable during the first 2-1 hours of cultination and cused
confusion

TABLE 2
Staratng Reactton after 2-4 Hours of Incubation betuseen the Different Test Str.
and Several FITC Copyugated Anhserq Diluted 1 12 oot S

Microbe _ . wsmm
15 16 14 26 Normal
H1ypee + - —
1 typed - + — — —_
Pasteurella haem -~ -— — —_ —
A L7760
Fasteurella mult ~ - + — —
I'roleus rettgert - - ~ + —
1 roteus reltyers ~ ~ - — —
3200
Staphslococer (+) (+) (+) (+) +)

Serum 14 was preduced by immunization with 1he pre cat strain f 1 steurclt
multcida

DIsCLSSION

A melhod has been cliboraled that pernils rapid idenlification o
bacteria after cultination m the presence of fluorescent antibody  [he
bacteria were trapped on non fluorescent membre ine fiffers and the
fillers incubated on nutrient dicks contaming both T A conjupate anc
fiquid prowlh mudium During, mncubation the |\ conjunate toyethe
with medium components  diffuscd to the fuller surface where
reaeled wilh aniinen and became faxed Hirst to simplt bactena tater
microcolomies This resulled 1 proaressive concentration of TA ind
fed 10 the duivelopment of Brighthy and sporfically staned mueracolo
nies that could be dclected m the fluorescciice microscope affer 2 {
hour< As one mughl cxpeel F A slamed Mierocolonies Wire more
easily discorered on the fuller than smgle bacteria sinubarly slamncd
The sensitiniiy of the melhod 1 terms of i nuninum number of
baclenia delectable was nol estabhshad an 1he prosent studs but ob
stoushy 1l 1s dependent on the solume of the sample Lo o nvtsbgaled
Small sample solumes are Balurally advantagcons as they purmt h
use of small [ifter diamclers Which spasn Jead {o ) butter conecntralien
of bactena on by filer surface making 3 small aumber easier 1o do
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teet I sample volumes are less than 100 mi Diters 10-12 mm sa dia
meter could probably be used permuthing numbers 1n the order of len
bactera per sample lo be delecled

The present method permus identsfication of microcolonies more
rapidly than otherwise possible when stavung 1s done after cultnation
The imestiyalor may also 1 order to be able to sce the microbes as
soon as they become detectable inspeet the Dilters repeatedly dunng
cultsshion without addibonal Lime conswmmng stammn,, procedures
Great elforls have been exerted to make the method simple as vl as
tamd In this respeet the arringement shown m Fios 1-3 seems lo
offer a cerfain advaniage However the stalnhty of dned FA conjugate
w disks of filter paper remuains fo be wmveshigated (no definite fall i
acliyity was seen after 68 wecks)

Althou,h the method functioned well with the bactenia tested 1t must
be siressed thwt only & small nunber of stramns i Gram ne,itive has
been used If the method proves reliabte m 2 more extensne stndy of
might hecome a valuahle i to several lech m present
use not only as a rapid means of wdentsfying bacteria present i smatl
aumbers but also as 1n aid te the early diagnosis of slowly growing
pathogente bacteria 1t would alse seem to offer a simple way fo sero
fape certain bacteria by means of FA fcchnmque

SUMMARY

A fiuorescent anttbody methed 1s described that pernnds rapid identifs
cabion of smal} numbers of bactersa trapped on a non fluorescont mem
brane filter The mierobes were culiured on the filer sonhed with
growth medium condamnmg FA conju.nle In 24 hours speesfically
stained microcolonies developed which could be detected in the fluores
wenee mrcroscope The sensisvity hinutations of the method are briefhy
discussed and some possible uses are mentioned
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THE NATURE OF RABBIT ANTIBODIES
AGAINST HOST COMPONENT OF INFLUENZA VIRUS

Ly

Gk Haukenes and Hepa Gitay
Recenved 1311167

The haema,glutination (HA) caused by chicken allantoie influenza
virus can be mhibited to high litres by antiserum to non mnfected
chuchen allantoic flmd The allantoic fluid blocks this haemaggiut
nation inhimtion (HI) when added to the antiserum beforeband (2 9)
The allantoic antigen responsible for this serological cross reachivity
has been punified and was found to be a suiphated mucopelysaccharide
{7 8) Itis assaycd serologically by its abihty to bloch HI anhibodies 1n
the haemagglutination inhibilion blocking (HIB) test The purified
anligen and the host component of the viral haemagglubmin show com
plete serological cross reactsvity Bemng the only host component of the
sirus which reacts in the HI test (6 10) the allantoic anbgen will be
referred to as the host anbigen The same host antigen has been demon
strated 1n high contents 1n the bile of embryos as well as of adull
chichens (4) It has also been demonstrated serolosically in chicken
ammobic flmd No other tissues have been found to contain this sub-
stance (3)

HI and sirus neutrahzing antibodies produced in mice and rabhis
by immunization with mfluenza virus were studied by Styh ¢t al
{20) The antibodies were separated by pet filiralion on Sephadex
G200 and by ultracentrifugation and they were found mamly i the
75 region In order o delect the 7S anlibodies which appear early they
added a normal serum cofactor which was not present mn the 7S frac
tions being a lugh mok cular weight substance (16 18) The cofactor
“as thermolabile and was dishinet from 1nown complement factors
and normal virus inlutors (17 19) The mechamsm of action of the
eofactor was assumed to be an aug,mented sterte Jundrance of the antr
bodies which increased their neutrahizing capaaity It was also assumed
that the cofactor increased the wnciden ¢ of collisions helween anti
body molecules and viral particles thus shfin  the equblibnium of
formation and dissociation of ant ¢rp irtibed  complexes n favour
of complex formation (15)

The aim of the present worh was ts a« th nature of HI anhibodies
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to the host component of allantoically srown mfluenza sirus Hherr
dependence on cofactor ind therr relation to precimtating antibodies

MATERIAIS AND METHODS

Virus strains The two prototvpe mnfluenza A and B stratus PR 8 and Tue were
emplcved throughout the present study bor use 1n HA and HI tests the virus was
purified by adsorption to and elytion from chicken grythrocyles in « rder to el
minate allantaic flud contamination

The host antigen was punified as described 10 7

Antisera Most experiments werc earried out with two rablut antisera one againet
allantoic ER 8 virus and one against purificd host antigen The antiserum against
PR 8 was by three sub ou. 1 with allantoie PR 8 mixed
with Freunds complete adjuvant one ml of cach The interval hetween the two
first 1njections was 14 days the third dose bemng given two manths later The ant
serum against purified host anigen was obtained by mving one intraculancous
dose of 02 mg of the substance in Freunds complete adjuvant The animals were
bled three wecks after the last injection

Treund s adyuvant was prepared with tubercle baalh grown on an cgg free me
dium {Santon)

The HT test was performed agamnst 4 agglulination umits Hf the virus and with
an 85 per cent chichen ervthroeyte suspension The antisera were pre treated with
crude RDE (Cholera filtrate Philips Duphar Amstcrdam) thereafter healed at
56 C for one hour and absorbed in the cold with 10 per cent chichen erythrocyte
In order to chech for non speaific HA 1nhubitors the serum fractions were first ab
sorbed with host antigen and then cxamined i1n the HI test aganst B/Lce sirus
The fractions were also cheched for hacmagglutinins If neccssary trealment with
RDE and absorptien were performed as above HI antihodies to the host compancnt
of the virus were titeated against the B/Lee strain since the host antigen 1s th
anly substance which cross reacts seralogically 1 this test

The HIB test was used to titrate the host antigen and was carricd out as de
scribed 1n (3 9) with 4 HA doses of sirus and 4 1 doses of the sertm

‘The diluent 1n all titrations was saline Luffere 1 with phosphate (PBS) 001 M to
pH 77 Cofactor preparcd as described bdow was added to the PBS when this
was used for dilution of sera or scrum fractions 1n the HI test

Cofactor The source of the cofactor was normal guinea pig scrum In pilot tests
the guinta pig scrum was found to gise maximal antibody enhapeement up Lo o
dilution of 1 120 In the present expeniments a dhlution of 1 60 was u ed ‘T!u
serum had to be pretreated wilh RDE 1o the same way as the antiscra but with ut
subsequent heating at 56 C in order not te destroy the cofaclor Thercafter the
serum was thoroughlv absorbed with chiken ersthrocytes fn the :‘loltl e rcmru\c
normal agglutinins and BRDL, So trealed the gminea pig  erum did nol h\lt‘r ere
with the virus A When cofactor had been added all titrshions were carne ?1“1
in the cold, the readings being made aller tv o hours Ior comparison llnlm t:
titraticas we e sct up with heat aactnated (30 min o6 ©) cofactor xzsr ad ‘\;w:lll

Density gradient ceatrifugution was pcrformed in a Spinco ultracentrifupe mn‘ cd
L/50 a 1040 per cent sucrose gradient bewng emploved. One ml of serum ! ute:

1 2 (or 1 3 after mercaptocthanel treatment) was lavered over 4 ml"o( ln,-‘lgrn

dient. The centrifugation was carried put for 18 hours at 32 000 rp n|1 with a ;’\"lll‘g‘

g bucket type SW 39 I r lor fractions of apjroximately 02 m‘ were ¢of oo

after needle puncture at the bottom of the tube The collecte ] fractions vu:e T

bered from the holtom llp\\ll'dS‘ A monu;mclflas:;; s_ﬁ'um ::I“;;: as 4 control fo
S glcbulins (fractions 2 an he

:‘flrcat‘;?(s:im’“a‘;s ;9) \\“ﬂs 1ceated ll'b) adding ne drog of 1 per cent [ romopheni blu
e the siparation

m(‘l:‘le[:;:lrl‘:l?:age[?:le gl I'Hrl)rallon was tarrl(‘l ol:t in (‘hc ;:I;ld:‘:iu:‘hxgc (: Illmh‘

L Aiflander (1) Columns of € 200 (1 harmacia \ppsala " he e b

e dialysed scrum was layercd on fhe Segha
sore emyloned Ten ml of e dtiscd srum was Tavercd on the S loes b
e’ hommlons were cxamined serologically for 11 activity and precip tin

The {r
(he optical densits at 280 my was recorde

a
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cl phy on DEAE (. ethyl) cellulose DLAE cellulose (pa
Sena Heidelberg) was employed with columns of 26 X 30 em Elution was
achiered through three successive steps 001 M phosphate buffer plf 8 01 M NaCl
1 phosphate bulfer and 03 M NaCl i phosphate buifer Fne ml fractions were
colleeted at a {low rale of about °5 ml per hour

The fractions were examined as mentioncd under Gel filtrabion above

he test was performed to establish the equivalenee

zone for the alsorptions Portions of 025-05 ml of serum «r serum fractions were
mixed with cqual amounts of various dilutions of the host antrgen m PBS After
incubation for 30 mmn at 37 C and 3 to 6 days at 4 C the tubes were centrifugated
at 1800 X ¢ for B0 run 1 the cold The precipitates were washed twice with cold
saline and thereafter dissolved 1n alhali for antibody protem analysis by the I owry
modification of the Folin test (11) The antigen protein content was so low that
1t did not anflucnce the results The supernatants were tested for execss of ants
bady or antigen in the nng test and 1n the HI and HIB tests

Double diffusion in azar was to (13 14) Six
eienlar wills were arranged around one ceotral nell all with a diamuter of § mm
and 1 to o mm apart Since the 195 antibodics drfuse slowly in agar the respectlye
Fractions were applicd to the wells 1 to 2 hours before addition of the antigen and
the other serum fractsons Upless otherwise stated the antisera and erum fractions
were tested against 01 mg per ml of purified host antigen

Mercaptoethaniol (ME) treatment ME i PBS (2 Vercaptoethanol Fluha AG
switzerland) was mixed with cqual volume of serum to yteld a final molanity of
02> The muxture was incubated at 37 C for 2 hours The reduction was stopped
Y add ng an equal yolume of freshly prepared 1odacetanude (Fluka) in 10 per cent
molar excess Dialysis was thereafter carrsed out 10 the cold overnight

EAPERIMENTS AND RFSULTS

The two immune scra were examned for viral HI antibodies agarnst
B/Lee virus and by agar preapitalion agamst purified host antizen
Both scra gave an U1 itre of 1 1024 to 1 2048 They also produced the
Iwo prectpitation lines deseribed n an earher publhieation (7) one
near the serum basin sharp tiun and strongly concme towards the
basin the other midway belween the two basins wide and more diffuse
wnd strm ht

After ME treatment of ihe sera the HI fitres were reduced about
four fold The sharp precipilation hine near the serum basm could no
longer be demonstrated while the other hine remained unchanged Tins
show that the macroglobulins arc the most polent HI antiboducs 1 these
sera and Jise that they produce the thin sharp linc near the serum
bhasin Sexen other anlisera agamnst allantoie PR 8 were exanuned 1n the
same wav All of these gave lower HI fitres after ML trcalment the
deerease varysn, from 4 fold to 16 fold

Mter densuts gradient centrifugation of scrum the fractions were
tested for HI anthibodses with and sithout cofa + The resulls are re
twrded m i, I which shows that siron, HI inbibudr s Lo the host

tomponcnt of the virus were present both 1 ¢ 198 and "S reqions In
une serum {ants T R-8) the J{I an'th 1 te found predommantiy 10
the 19$ region The other serum ! 1Tidinte d 195 and 7S pezks

but the Jaller 1s obvioush inc « d by som: overlipping 198 anh
hodses

Y15 1 also shows thut the bitrcs of 195 and 7S HI antibodics were
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#Fig 1

activity +f fractt s obtalned 1y fensity gradieat ultracentrifugaticn «f an ant
uin against the host antigen The 2ffect of ME treatment and addition of cofactcr
s ey {ractions with acthe cofacter dfresh Luinea §ig serumd
®  Serum fractions with fnactnated cofactor {(guincea pig serum

fieated at a6 € for 30 min)
O M1 treated sonm fractiny with active cofactur
B MJ treatcS serum fractions wath beat inactisated cofacior

sossed when cofictor wis added  The mereise was more marhed
B 7S mbihodics whieh 1s 1 anrecment with the findings by Styh ¢
118}
rseostnfugation of MI troated sory shiowed that the 198 HI ae
1y was compliiady destroved % fiad mobards of 020 of VI was ¢
red s 91 M for X houss at 37 C althounh «ffeeline with reqard fo
nonuck oss anbibothes Jeft ressduad 3195 HE asetinatis In Fi, § the
os of the 79 frichions 1y st somewh it reduced but this may
th b due to destruction of oveshipping 195 nbibodics as mentionesd
AL
wus speafic ntthodies were s ved with PR 8 vrus a, unst the
s PR 8 scrum The serum had first to be absorbed with punfied host
10 to noud wterfurenie by the strong anlibodies o the host
wponent The verus speerfhic I antibodies of this serum were found
he 78 fractions exclusndy {Ty, 2) and showed lower Lires than
wmtibodies 1o Lhe host component Idenbical results wese obtauned
v amttatie virus whiclos froe of host nliaen (14) wnd ean be used
he 1T tost for virys speafic anlbodies without absorption of the
sm with the host mbigen
N 1527 precimt stion the purified host inligen preduced the sharp
_near the serun bsn witl serum fractions 2 3 wnd 4 while fre
is 5 and 6 pase the more diffuse line midw iy belween the breans
s was 1 accordanee with the results of MI-treatment of the whele
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Fig 2
NI activity of denstty gradient centrifugation fractions of an antunfluenza 3/IR 8
serym The serum was absorbed with the host antigen before testing with PR 8 virus
.

HI titres with A/PR 8 virus
o O HI titres with B/l ee virus

serum and confirmed that the two lines were produced by 195 and 78
“nhibodies respectively

One of the main purposes of the scparation of the antibodies nas to
ascerlain whether the 7S and the 19S preciprtins had the same serole
bical speesfiaaty

The first question examined was whether the two Iines fused w the
form of a loop when the respective tnlibodics were placed 1n adjacent
basins However the diffcrent diffusion rates of precipitation of 19S
and 78 precipitins and the curved appearance of the hue of the 195
anlibedies made this difficult It was not possible to obtan hines at the
same fesel and no defumte conclusion could be drawn This preblem
“was approached 1n another manner by ab<orbing the antigen with
separated 7S and 198 antibodies The proccdure of the absorption was
as deseribed 1o the quanlitatise precipilation test 1 th a shght excess
of anligen

The absorbed anligen was thercaiter lested by agar preupitalion
1gamst 78 nd 198 preeipitins respectively and failed to gne any
preerpitalion hine Controls wath the same concentration of unabsorbed
antigen gave preaipitabion lines in agar Thus tndicated that the 198 and
78 anbibodies react with the same antigen molecule
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DISCUSSION

Athntoicalls grown influenza B/ ce virus 1s inlutnted mn the HI 1¢st to
tugh Gitres by ribbit intiscra to allantoie influenza A/PR 8 The ciuse
of ths serolopie il eross reaction ts the chichen il intorc host anti.en
teseribed i Carhicr public tions No other substined has been demon
Mrated to eross react belween these two Ivpe strans 1 the HI test

Ihe serum pamst the PR 8 strun of influcnza virus uscd here
showad Ingher HI anlibody Litres g unst the host component than
punst the virts nbipen Usually howeser virus speafic tihodies
e more potent When struns 1soliled from allinters are typed m
t1bint immune seri these should first be Wbsorbed wilh normal allan
tote flurd or prefuribly with the 1solated host inligun

Lhe presence of HI intibodics 1o the host component of the virus
somcbimes even i igher titres than vird speeific anbibodics seems to
hne heen overlooked by many investigitors It 1s uncertamn however
o which catent thur resulls have been iflucnecd by these inbibodies
heewse the host antipen prosent i the virus snfected allmtoe fhud
thsorhs b least some of the eross ruacting anbibody Normal allinton
fiwd from 12 d n-old chichen cmbryos contuns about 10 g, per ml
af hosl wntigen (8) Thus mounl Wil purnit absorption of 800 1§l
Wnts af the flnd as usad undiluled The more diluted Lhe flnd  the
fare nterforenee from antibodies to the host component Purified
Mirus s usad here will accordingly be vven more sensiline to cross
Feacling, wmtibodics Amniolically grown influenza sirus has been found
to be lmost frce of e bost component (14) This virus s to be pre
ferrcd mn tesls for virus specilic antibodus if the sert cannot be ab
sorbed wilh the host inliyen

HI wnbibodies 25 unsl 1he host componant of allantore influenza virus
Were predomin intly of the 195 Ivpe n 1} sera exummed even i sera
olt uned after prolonped inmunization Virus specifie HE antibodies
howaver were predominntly or solcdy of the 78 1ype n accordance
with findings by other investigators (10)

The 195 antibodics ire usually considercd to be poor precipitins In
the presenl double diffusion expermments Uhie 195 precipiling mught
Cisily have buen overloohed hiad the serum not been apphed some hours
Phior to the mlien Smee 195 antibadies diffuse slowly the precipita
lipn may somectimes tahe place witlun the serum basns  Another
difficulty mct wilh in agar precipilition when bolh 7S and 198 pre
€ipuilins are present 1s that most of the antiyen 1s taken up by the more
ripidly nugrating 78 anbibodies The 198 precipitation lmc s readily
demonstrated after the antibodics have been scparated by ultracenin
fy_ation

Allhough the 198 precimtation hine was clearly visible 1t was rather
weah and could only be demonstraled with undiluted sera When 198

md 75 antibody fractions with the same HI activty were comparcd for
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production of precipitation hines 7S antibodies could be diluted up to
10 tunes more than 198 antibodies It w1s to be expected thal 198
antibothes would be very acine mn the HI reaction wiuch 1s based on
mechanical bloching of the virus HA

SUMMARY

1 Anhbodies 1o the host component of influenza virus and the purified
antigen were found to be of the 198 and the 7S type 1n the HI test as
well as on agar preeipitation

2 The two precipilation lines produced by the purified antizen
were shown lo be due to 195 and 7S antibodies reacting with the same
anhigen molecule

4 The vrus specific mlibodies were found m the 78 region 1 the
serum examined

4 The wrus specific HI anhibodits as well as the HI antibodies
agamst the host component of the virus were made more potent by the
serum cofactor describied by Styk et al (20)
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TIME SAVING DEVICE
FOR READING SENSITIVITY TESTS
ON SOLID MEDIA

By
Ovc MoLrer Hans Fritz and N\its FriTzon
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Routmne mcthoeds for determinmn, the suscepltibihty of bactenia to che
molherapeulics ind antibiotics were developed at the end of the 1940s
~—first the 1par cup technique (6 7) and then the dish lechnuque (3 1)
The size of the zone of infubition measured with disiders (6) shide or
outside calipers (4) classifies bacierial strams as sensilne fairly <en
sitise shghlly sensibie or resistant usually accordmmg io recommen
dabions given by lhe manufacturers of the anhibrotic disks (4) A stan
dard gauge can sumplify readng of the sensitivity fests (1) Such a
81use designed for transautied hght has been used routinely i our
Iaboratory since October 1966 The method nd 1ts time saving capacity
1s described below

The agar plate was placed on an tngraved perspex wauge lununaled
from below It was possible for the examuner immediately to decide
whelher the strun was sensitive fairly sensitie cle to the anht
inotics 1n question The results were noted mn chnical terms

DESCRIPTION OF THF DEVICE

The gauge consists of a prece of perspex 13 X 11 < 04 m vith  pumber of
engraved circles (Fig 1) ¢« one 8 cm m diamele rre p pigy ¢ the circum
ference of the petri dish and tvo concentric cirel  for € ch ft e Jdsk on the
Plale  Slightly sen stine™ and resistant st ain a ¢ gener 1 s feda re
st tant” in gur outine tests To facilitate readng »r b rle 1 n s the di
melers of the ~ ntrae cir les are § mm  harter thar those ¢ th ¢s of
btion corresp - 1ing lo the grades sens e and far Iy s s tve re pe tivels Thus
the zone of inb 11t on hould for a susceplible stran extend at least 05 mm out
side the engra cd ¢ cle

Two tubu)  Jami 1o the upper part of a box illuminate the gauge (Mg 2) nd
the culture pi t The 1 ht opening can recene Ino gauges side by side The e rest
onafillet fa t n d to nc side of the opening 2nd otherws ¢ only o Uhe edge of 1t
With the tar; 1ot the top of the box the light impinge upon the gauge at a
large angle fon {lence The floor of the box iy lined with black cloth, A titled
posiion of b lox fac Mitat s worl,
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Fig 1
A gavne with zones rorr::pondlns ts thc ndu senshtive”
R -
sespestived  for sulpha §enfeiliin : i ‘n:l h‘.”:ﬂ;“:‘::l‘ I;.lr
sade » nsithe  for kamm\cin ’

200

M
Fig ©
The box uscd T r the iMluminalion of the per pex Laugc

RISULTS

Thu dovsee wos used m unly m our unndvsis scetion In 1966 as many
1s 30000 urme samples were recenved for culture For pricuical rea
sons reading of {he scnsilialy tesls by comentional mcthods with
cilipers or dividers coukd no longer be used The measuring of Lhe
mbubilion zones was very Lune consttnung, 1 ven the transition of the
diameters of the inabiion zones mto elimeal lerms required at least
one hour 1 day Replacenment of the compasses by the prupe meant a re
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duction by 50 per cent of the time necessary for reading and recording
the results

The results obtawed with the gauge sometrmes appeared uncertain
and were therefore checl ed by measurement with calipers The fre
quency of the resulls judged as uncertamn when read with the gauge
was studied

In a series of 277 sensiivity tests ihe results were read with the
gauge by one laboratory assistant with calipers by another All strains
classified as  sensmibve  or  fairly sensitivxe by one method were
¢classified as such also by the other method In 92 per cent of the cases
the gouge allowed a clear cut eshimation of the suscephibihiv In the re-
maimng 8 per cent the judgement was uncertain

DISCUSSION

A report 1n 1964 (o) based on inquuries at 16 laboratories in different
countries recommended measurement of the zones of inlubition with
calipers or driders No information was grven about the use of a gauge

In 1965 Chabbert gave a report on a gauge printed on white paper
with the concentric eircles 1n different colours (1) Using that model
1m0 speaial illumination 18 required for the reading of the sensitivity
tesls of strains with dense growth or with pigmented colonies e g
slaphslococer With the nse of transmited hight as described mn this
paper the mhibition zones are well oulined even when growth 1s
seanty

Regardin,, the 1llummation of the gau,e various designs are possible
Thus a model used in immunology (2) ean be used for the readmg of
microbic <ensitivily lests with the transparent ,auge The size of the
hight opeming howeser should be adjusted Lach mrcrobe 1s tested
with a selected series of chemotherapeutics and antibiohies Such a se
7188 13 covered bv two readily exchangeable jauges side by side on the
“iewing boa

SUMMARY

Routme microbic sensiivty tests m solid transparent media can he
read i transmitted hight a,amst an engraved perspes gauge In our
hands the method requircd about half the bime requured af other in

slruments were used such as proporhional compasses outside ecalipers
or shde calipers

REI EREN\CES
' Chabbert 3 4 Communicalion ut the 1\ intrn t n 1 Cong ess of Chemo

therap  Washington 196
2 Croale 4 J unodilt

i mmunodiftusion p o 4 demne Pess \e York and Lon

on 1961

3 Ercsor 1 llagman € & Wiekin A t¢ dis m thot for determination
of bactersal sensita ity t ¢ v peut ¢ and antibiotic agents Scan

dinay I Cha & Lab Inve 1136 194
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bresent mvestip iion doafs with the problem whether and 1o what
extent deconjusation nd 7a duhsdroxyiition would occur when bhie
teri capible of such reiclions 1 vitro had been eslablished 1 the
wdestinl tract of pormifree ammals

MATIRIAIS \ND METHODS

taumnats

Conlamnation «f germiree mice In a preliminan ing tnal to
scrmfree animals 4 male mice 270 days 11 from the germfree N MIUT strain on
diet D 7 (o) were transfurred from the §reeding unit in single animal is lators used
hy Custifsscn ot al (10) The baclcrin were introduced by [ raying approsi
tml »f a 72 hour culture {n Todd Hewitt broth (Oxofd) (TH hrsth) into the solator
by means f a sterile syringe which picrced the air filter 3t the end of the £¥pery
ments fe after 14 davy, the mice were killel by exsangulnalion under cther an
aesthesia The fast faccal y cllet In the rectum was collected and examined bacterio-
Iugleally The prosence of Strain I was alsy controlled biochemicalls using in tetro
methods (11}

Contumn ttion f germfree rats The rats used were of the Swedish germfree
trafn an § reared ace rding 1o the technique described by Custagsson (3) They were
wisen semisvathotle did B 7 and sater uf Bibdum (o) Cholic acid 24 C14 was ad
ministered 7 er ss as sodjum salt lissolse§ in saline The rats were hept in melabol
ism canes and facces were cullicted and frozen every 24 hours The facces collected
fir 4 Javs wire pooled combine and analysed for the labelled comy ounds excr ted

The baclerial trains were grawn g fH broth or Huid Thi plycollale mehum
Nilco) (FT medium) ki ml of the cultures were 1ransferred into sterule glass
am ules and put into the Isslator using techniques descriied el ewhere (4) The
tats were contaminated by iving cach animal 1-2 ml of lhe broth cultures tolh
ser ox and per reclum The femaining broth was swabbed on te the shin of the
ankmals as well as befng distributed 1n the dict

Bictersol gical Proce lures

The strains used (>r expiriments are listed in Table 11 wether with their sou «s
anlthe transfcrmation ta titro of bile acids. Quantitative detenninations of d o
Junaling and sa dehydroxs lating microoraanisms were performed on faccal samy les
tahen ot fntervals a3 described carlice (15)

Chemcul Proce lures

Fxtrachion metho s [ acces were hamopcnized fo 40 ml water Lthanol was adied
10 wive a final concentration of 80 § cr cent and the mixture bailed for 12 hours an)
filtered The Dltrate was evaporated dissolved in water andified to plil 1 % th
hydrochilonie acid and extracted first with cthyl ether and then with butanol Un
conjugated bole acids and glyene copjugates of dihvdroxsdholancie acids can be
extractcd with cther from an scidilicd aqueous solution whereas glycine conjupat s
5t trihydroxscholanote acids and all taurne conjupates must be extracted with
butanol Therclore the labclled material in facces was separated into tv o grours
accarding 1o extractibility with ether The labelled compuunds 1n these groups Were
further separated with chromafography

Chromatogr 1y e technique For the description of the chromatopraphic techmque
and the phase svstems used f ¢ column chromatography and thin laver chromate
graphy (TIC) sce (1)

Fr of labelled Is in ether exiruls lrehminarsy fracthionation
of Iabelled metabolites was f erformed by roversed phase partition chromatography
an colymns with phase system Cl When 200 ml of moving phase had passed the
columns the gheine conjugates trihydrox cholanoic acids and their heto dernatives
were cluted Dihy Iroxscholanoie acids and their heto derivatives were relnmu’\n:n
the stationary phase and were rechromatographed using pha e sistem Fi le
isolated labelled fractions were further analysed with TLC to establish the adentity

labelled compounds
u‘;:":clwnalmn of labelled comnj ounds it butanol extracts The fabelled taurine con
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Jugates were separated as one group from the slycine conjugates by chromalography
oft columns with phase system Cl The tausine conjugates were hydrolysed in N
N\&QH fur 6 hiours ut 126 C fn & sealed tube After acidificstion the free bile aclds
were extracted with ether and analysed with column chromatography and TIC s
described above

RISULTS
I stablishunent of Stran I
Hice The results of the sereemng, trial with contummations of germ
frec mice e islud i Table 2 Thes andicated thit it w is nol possiblc
to ostabhish the fistidious  obligalcdy anacrobie 7a~dchvdroxsl wing
Strun II 35 1 monocontammant Straun 11 nmght be ostibbshed how
aver when ntroduced topelher wilh a sceond contamnant

T 2
Establishment of Strain 11 1n Germfree Mce

Strain 11 in facces

Bacterial straing e 14 s
Strain 1 -
Strain {1+ Baclus cerens 14711 63 4
Strain 1§+ Bacilius sublits ATCC 6633 3
Strafn {0+ Clostrideusn perfringens (N 1491 +
Strafn 11+ Facherichua calt 3901 ¥
Steain 1T+ Jactobucillus lelbritekis \TCL 9495 +
Strain 11+ I roleus muirabilis 1198 +
Strain IF 4+ Streplococcus [ iecalis \ 19 —
Steain 1T 4 Steeplococcus faecahs ATCL 8043 -

Rats Asshownan by, 1 ostablishment of Steun 11 o germir rats
was not alw 1ys obtained Intrials 1 2 and 3 eullures of fets were all
negative 3 das after cont munation ¢xeept n anumal number 1 when
13 day old cullure 1 LH broth was uscd However even i this rat all
control cultures turncd out 1o be negative afler 14 days In trals -7 an
ummediale estibhshment was obtamed i all the amimals afler mtro-
duction of a 3 dry old culture m TI broth and Strun II could be
recovered for scveral months as 4 menoconlanunant n these anunals

Strain Il was casily estabhished m permiree rils when it was ntro
duced with Streplococcus foecahs ATCC 8043 or wih § faecalss,
ATCC 8043 and other bactenal slrams (Fig 1 tnals 8 and 9)

In another scries of contammnation expcnmenls 2 rats placed
metabohism cagcs on one side of a Lirge 6 X 6 fool jacket 1solator (kig
2) were infueted with faeces from a rat harbouring Strain I as a mono
contaminant On the olhier side of the wolator 2 germfrec rats were
infected with a 7 day eudture of Stramn II 1n TH broth One uninfected
ammal served as a control on cach side of the 1solnter Stram I be-
came established in both the animals infected with facces and in the
control rat on the same side of the 1solator Jowever all the animals
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Fig 1

Contamination of germiree tats with diiferent cullures of Strain 11 esther alone
or together with other bacteria
Aplmals no 1-10 were volunlarily contaminated with

4) day culture of Strain 1l m FT medium
(B} = 3 day culivre of Straw 11 1n FT medium
(C) = 7 day culture of Stram I in TH broth
(D) = 3 day culture of Straso IT 1n TH broth
(1) = Streptococcus faecalis ATCE §033

(2) = Lactobactllus caset ATCC 7469

(3) = Dacillus cerens 14/11 63

Clostridiam perfsingens CN 1491
Clostrudium 69”
{6) = Eschenichia colr 3°01
Examination of faeces was made twice 2 week (~—) no gm“lh {(+) growth of
Stram 1§ O growth of microorgamsms 1~

Fg 2
Plan of jacket isolagor with metsholism
“umbers rcler to animals (l\l;'; 1“‘“
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ANIMAL
NUMBER
S++++D+++++++++-44

Nivm @4+ ++ b+t 4+ +4

Ve @Dt ++++ 4+ ++ 44

Rfm e d b+ bbb+ 44

61 2 3 ¢ 10 Weeks
Fig 3
Contamination of germlree rats with Strain I in jacket fsolator (1ig 2)
(1) = Mat no 6 (1ig 1) with Strain 1l established before trapsfer to isolator
Animals no 11 12 14 and {6 were voluntarily contaminated with
(1) = Facces from rat na &
D = 7 day culture of Strain I in TH broth
Examination of facces was malfe twice a weeh
{-—) = no gronlh {+) = growth of Strain 11

ccted with the TH hroth cuiture of Stran IT and the control rat on the
pposite side of the 1solator ramnined permifree for 5 months aithough
hese imsmals were handled by the same jackel attired ttendant s
hose m winch Strun 11 had been eslablishied with the fiecal cullure
P, 2and 3)

luantifative Deternunahon of 7a dehydroxylating and Deconjugating
Wicroorganisms

The number of the 7o dubnvdroxvlating microorgamsm  (Siramn 11)
resent n he facees of all mono di  wnd polycontaminated rais w s
f the same order of magniude (Table 3) Stran I and the deconjugt
15 microorpamisms reached approvumalely the same levels (10-100)
1 the faeces of both dicontamnated am! polycontaninaled rats
Transformation of cholic actd 1 vive Cholic actd 24 $ was adnun
ered orally to conventional germfree mono di and polycontanm
ted germfree rats and the nalure ind wmounts of Libelled metabolites
cereled m facces were deternuned The resulls are summarized o
able 4

Sphiting of conjugates ‘The orally admimstered cholic acid 1s ab
>rhed and appears m bile 1 a conjupated form mainly as taurocholic
ud In germfree anumals the bile acids are cxercted m faeces as con
1pales whereas 1 comventional rals the faceal bile acids are mainly
nconjugaled duc to sphtting by wiesuinal microorganisms (6) Mo
slitling was obsersed 1w the rat monocontanunaled with the Ta
chydroxylating bacterium {Stran 11) Sphtting occurred 1 the
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sermiree rats contaminated with baclena hnown to spht conjugates
(S faecahs Clostridium perfringens and Closindmm, G62) The ex
tent of hydrolysts (10-20 per cent) however was much smaller than
that observed in convenbional rats on the same diet

TABLE 3
Establishment of Strain 11 1n Gesrm{ree Rats

Apimal Mo of bactersa per gm of facces
Contaminating bacterial strains

ne  Decomjugating 7a dehydroxylatis
Strain 11 7 —_ 1010 1010
Stran 11 4 Sireptococcus faecalis ATCC 8043 9 100 10w 108 1010

Steain 11+  Bacillus cereus 14/11 63

Clostridram 662

Clostrs tam perfringens CN 1491

Escherichia colt 3701 3 10e 1000 1010 1010
Lactobactllus caser ATCC 7

Streptococcus faecalis \TCC 80“

R

Two separate readings 5 months after contamination

7a dehydroxylation In the germfree rat wilh the 7a dehydroxy
lating bacterium as a monocontarminant no 7a dehydroxylation was
observed In the polycontaminated rats Strain H was able to 7a de
hydroaylale the formed unconjugated hile acids “o deoxycholic acid
was found 1mong the conjugated Inle acids in any of these rals

Oxidation of hydroxyl groups In the rat monocontammated with the
7a dehydroxylahing bactersum analysis of the conjugates showed the
presence of {wo labelled metabolites of cholic acid The major mela

bolite had the TLC mobihty of 3 12 dihydroxy 7 heto 58 cholanoie
aad

DISCUSSION

It has previously been shown that bhis] of stnetly L
microorgamsms such as Baclerowdes or anaerobie lactcbaailh often
faled 1 germfree ammals (3 16) Our difficultics concerming the
¢slabhshment of cultures of Stramn II are 1 a.reement with these
ohservations

Stramn 11 was never cstablished when 7 day cultures . TH broth
were introduced Our findings imndicate that cullivation of St am I in
TIH broth for 3 davs gives the best result if an cstablishment as a mono
contamunant sa the animals 1s achieved although Uns mcthod fmled
in 3 out of the 7 rals imeshigated Stram 11 was howeser eastiy
«slablishicd when accompamicd by olher bacteria The fact that Strun
II 1s not ablc to 7a dehydrorylale conjupiled hile acid (14) does nol
seem Lo be of any imporlance for its establishment as 1t could casily
be estabhished 1 germfrce mice with Escherichia colt Bacillus cereus
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b a s dehiydrozylating Bacterum (Strawn i) was Established as a Mono Dy or
er Admtmistration of Cholie Actd 24 €14 was Analysed

Per cent of labelled compounds in different fractions after chromatography of

d conjugated bile acids
exereted uncanjugated bile acids excreted conjug:

after hyvdrolysis wn vitro

y = g
¢ &3 e S Bz o -
2 gmed = Z 0z == I=ig =2 3=
PR S Zg3 &% zuif = 2p3
EOR-T-T RS PR et H =52
3 =gl 7o =32 £3 330 Fx 323
- =24¥s% &3 Fwg 5§ FFEe 2T 2%3
2 6 72 20 - - -
- 100 0 o 0
- - - - 87 13 0 °
% ¢ o [ 100 0 4 0
5 18 27 0 82 18 ° [
# 1% 10 0 83 17 0 0

In germfree rats, bile acids are exerefed in facces n conjugated
forms manly as taunne conjugates (1 6) Stran II1s unable to sphit
conjugated bile acids and to form taurodeoascholale in wilro, and the
Present investigation demonstrates the same wnability i1 wwo An ad
dstional contamination with deconjugaling mcroorganisms shons that
Straw I1 1s able to 7« dehydroxylate the free bile acids formed hy thus
second contaimnant However transformatton of the labelled cholie
acid administered to different metabolites wis constderabls loss than
In conventional rats on lhe same diet (9) This could n t be due to the
facl that the bacteria had not been established m sufficient Tarpe num
bets Qu the contrary the numbers of Stram 11 in the facces from the
ex germfree rals in this inveslization were found to be hijher (100
“ersus 10 10 per pm of facces) than in the convenhional rats on the
same diet D7 (12)

D1 and polycontarmnated rats have nol been convenlionahzed with
regard to the quanbilative extent of deconjupstion and 7a dehvdroxyls
tion of e acids This has not been obtained even though the 7a
dehydroxylating baclertum m the intestinal tract of these rats has
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Mtnned equal or higher aumbers 1s compired with those in the con
venhionl rat on the sune utochived dict Other factors such as intes
tnal pH rudox polentiil symbiosis with other nlestin il microorpa
msms efe  ma phy smporlant roles for the extunt of the intestinal
microbial transformiion of ile 1cids

SUMMARY

A Daclennm (tentalwely dentificd as 2 member of the tnbe Lacto-
bacilicae) with the in vitro \nhily 1o 7a dehydroxylale hile acids was
eshibhished as 1+ monocenlimm int m germfree rits I xanunation of
Ihe faeces of these rits afler wlmunstribion of cholic acid —24-C1
showed that bile seid congugitcs hid not boen sphid or 7 ddiydroxs!
itad but had been oxidized to compounds with helo groups at C-7
Whn deconjugiting bacterin hid boen established in lhe digesine
tract of permfrec rats 10-23 per cent of the cxcreted hile acids were
unconjupated In rals polscontaminated with both deconjuyating and
Ta dubndroxyhating baeleria 7a dehvdroxylition of the formed uncon
Jugaled bile acids was observed
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CADMIUM INDULCED CHANCES IN THF INTRATESTICU LA § RLSSLAE
IN THE IWT

By Martti Aormano & Outi Suranto

‘The Injurlous effict of cadmi salts on the testis and caput epidl
dymidis has been well documentd during the past len years, More recent ohsena
tions (Cunn et al 1)03 (htjuoine 1964 Vason et al 1964 Mackaua et al 19F5
Neeml € hormano 1965 Waites € Selchell 1J66) have male It possible t localize
the primary site of actim of cx Imium salts to the testicular cag itlars endi thelium
interiubular oc luma and spurmatcpenic damage being later ¢ nsequinces of the
vascular damage An Increase §n the Intratesticular pressure has heen rep rted bul
not repisterud after calmium a lministralion and this increased pressure has been
claimed to Interfere with Blood supply and drainage 1) produce an I chacmic neero
sls af the testis (Massn et al 1964) Iu the present studs the Intralesticular pressure
in the rat shortly after cadmium injccticn was studicf wWith a vew fo esaluating
the role « [ pressure changes in the process of ca Imlum iInduced testicular necrosis

‘The U lube manometer uscd for measurement of intrateslicular pressure is de
seribe d i detall by Sundell (Sun delf 1964) The fluid was brought inte contuct with
the subalbugineal space through a 17 gauge ncedle In rder to obtain the zero
pressure lescl the apg aratus was adjusted to the level of testes to be measur @ The
peedle filled with the test fluid was insertcd carefulls inlo the testis to avord
damage to the blocd vessels A thin metal wire was passc ! through the ncedle to
remove any obslructions in the tip of the ncedle After the saline in the man meter
was broupht to the atmospheric pressure with the syringe communicaling 3 1th the
air sy ace the pressure within the sy tem was slowly ralsed until the fiuld 1 the
adapter and the needle startcd fo mose 1o the tissuc This pressure measured in mm
of water was considercd 1o represent intratesticular jressure As little as pos ible
of the test fluid was allowed 1o (low into the lissue

Altogether 10 cadmium injected (004 m\/kg)  lult Spraguc Dawley rats and 6
uninjected control animals were subjected te measurements under light cther
anaesthesia 0 2 4 8 24 and 48 hours after the beginning of the experiment The
pressures in hoth testes from cach animal were measured

The results are graphicalls pre enled in Fig 1 The mean initial pressure was the
same in the experimental and Lhe conlrel testes The pressure in Lhe control tesles
remained approximalely ¢onstant {n every measurcment execpt for a slight lowering
at four hours possibly caused by the frequent piercing of the tuniea albuginea

The mean Intratesticular pres ure in cadmium Injcetcd animals did not differ
sipnificantls fram that in the ¢ ntrols at 2 hours but 4 8 24 and 48 hours after

injection the mean | ticular pressure was s 1 (p<0001)

Tugher than the resp cctive contr 1 value

The normal subalbugineal pressure 1o the rat observed in the present study s of
the same order as the intratesticular j re< ure {n the rabint (Holstetn € Weiss 1977
In the rablut rhyithmical chanpes in the intralesticular | ressure jroduced by
smooth muscle ¢dlls in the tunica albuginea hasve been observed (Holsteut & Weiss
1967) Since the tunica albuginca <f the rat testis d es 6l contain smeoth muscle
cells rapid inherent samations 1o the intratesticular | ressire cannot be (xpected
A significant increase in the intrate ticular pressurc appearcd alreads 4 hours after
subcutancous cadmium injection and the pre sure remaincd high for the whle
two day observatin period The pressure change eems to et in imme lateh after
the first changes in the capitlars wall and hence wtensifies the rapidity and the
extent of the tissue damage by sccondanly interfering with the capillary and venous
circulation However there 1s evidence that the damage to cayjllary walls is evere

Received 24168 from the Department of Anatomy Unwersity of Helsinkt Stia
puorenpenger Helsinhy 17 Finlan
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enottgh to produce hutritsonal disturh. evenal

the pressure 1s relicved by opeming the lumcn ;ﬂ)mglne:l at the hme of cadmium
wjection (Aormanp $ Vzemt 1962)

Sammary

The intrate ficular pressure in the ral was measured al intervals from 0 to 48
hours after a subcutancous sjeclion of 004 mM/kg cadmium chloride 4 hours after
the mnjection the pressure s de tunses albupinea was found o he sigmificantly
devated. The mean pressure at 8 hours was mare than twice the cantral value The
pressure remamed significantly clevated for the rest of the two dav obsersation
period Havever direct vascular damage and nof pressure changes are sugge ted to

be re ponsible of the extensive testicular Injury following cadmium chloride in
Jection
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Acta Anat. Nippon 30 200- 08 1962 —WMason R E 6 wnJ 4 } g JO & Nes
bt R R Anat Rec 149 135 137 1964 —Neen M & A rmans [ Acta path «t
mcrobiol scandinas 63 513-521 1962 —Sand 1 14 Ann Chr C nae. leon o3
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BRILLI RCPORI

TRANSELIL OF FNITRIMENTAT MOUSI AMYLOIDOSIS WITH WJIOIT SILELN
GIATTS BETWIEN SVNGENEIC ANIVALS

By Fian Hardt

The lranslcr of amyloid disease from amsloldutic animals to syngedacic recipients
with sy leen eudl su pensfons «r homogenates hereof has ) raviously been deseribed
(Werdeltn & Ranlov 1966 Ranlov & Werdeltn 1967 Ranleo 1967) In the present
paner transfer of amyloidosis is careid out by means of transplantation of intact
splecn tissue from am)loldolic mice to syngenelc son amylofdcUic recipicnts

Ueth s

The rand mized animals derlved frum our inbred ecluny of the CIIE strain all
mice being bitnecn 8-10 wechs of age welghing from 23 to 27 gm

Donors 10 mice were isen a daily fnjcclion of 'y ml of a 5 per cent solulion
af sedium castinate subcutancously for 21 davs In additisn 5 untrealed coatrol
donora were wncluded

Transplaniation 1 nder anacsthesia (Averting) two small shices of spleen were
remose from each donor and grafled to right hidneys of two recly ients according
to the method described by Wheeler et al (196b) The remaining part of the donor
splcens was hept for histological examination

Reciprents The reeclp leots recosered rapldly from the operation (ne sigmificant
myrtalits occurrcd) The grafled aaimals were hept for 10 davs on oats and water
On days 11 and 13 cach anlmal was given 005 mg of nilropen mustard (I rasol®) in
3 gul saline sub n order to lerate the presumed amyloid formation
(Teilum 1954) The day aller the last nitrogen mustard Injection that is on day 14
after the transplantation all recipients were killed

‘The graft Learing kiduey the contralatcral hdney liver lung and spleen were
fixed fn neutral formalin Scctions were stafned with haematoxslin cosin metbn]
green pyronine alhaline Congo Ned and the PAS stain Amvloid was identifred
by s morphology apd 1y its birefringence with Congo Rud under crossed polars

The degrees of amyloidosis—if an)—were cvaluated on sections of spleens and
spleen grafts ding to the d—ranging from 0-6—described
by Chrisfensen £ Hyort (1949)

Results

The main results are oullined in Table 1 Erom the histological examinations of
the donor spleens at the lime of grafting it appeared that amyloid was present in all
of the casein treated animals 1o degrees ranging from 2-4 and that no amyloid was
found in any of the splecas from the unlrested control donors

In the control group amyloidosis developed in one out of 10 animals in the
remaining 9 amimals no amylold was found In contrast all of the mice of the
experimental group showed a severc and widespread amyloidosis in particular
localized to the graft bearing kidnev and the host spleen

Dhscusston

Transfer of amiloldosis has earhier buen accomplished by means of splecn cell
suspensions and spleen vel) homogenates while the present expenmcnt demonstrates
a similar transfer wath rafts derived from easein trested amyloidotic whole spleens
These results feature two pertinent cvents Tirstly reahsorplion of ihe prafted
amsloid in the normal reciprents did not occur and secondly The amylordotic
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TABLE 1
Mean degree of VMear degree of
Number of Type of amyloid 1 amyloid 1
recipients graft eraft host spleen
(range) (range)
Experimental 20 Amjlordotic 254 3%
grou spleen (1-4) (3-9)
Controls 10 Normal {non 0 0
amy loidutic) (0-3) (0-0)
spleen

grafts proved effective in inducing generalized amsloidosis 1n the host tissues thus

supporting the concept of &

trigger ubstance or inducer

responsible for the

mitiation of amyloid formation from reticuloendothelial cells (Ranle 1967)

References 1 Christensen H E & Hjort G H Acta path et microbiol scandinay
47 140152 1959—2 Ranfev P Actapath et microbiol scandinas 7¢ 321-33> 1967
-—3 Ranlot P & Werdelin 0 Acta path et microbiol scandinav /0 949-258 1967
~—4 Teum G J Lab clin Med +3 367-374 1904 —5 Werdelin 0 & Ranlov P
Acta path et microbiol scandinav 68 1-18 1966 —6 Wheeler H B Corson J U &
Dammunt G 7 Ann N3Y Acad Sci 179 118-129 1966
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TRANSACTIONS
Ol THI SWLDISH PATHOLOGICAL SOCIETY

Meeling December 1-2 1967
Recerned 25§ 63

Ustberg Gorel TENMEORAL ARTERITIS IN AUTOPSY \\D BIOISY M ATLRIAL

Hassler 0 BRAINSTEM 11AFMORRIIACES SECONDAIY, TO EAPANDING
SUPRATLATORIAL CONDITIONS

Several recent studics of scoondary haemorrhages of the hrainstem some of which
com; rise serlal sectioning have mdicated the hacmorrhages 1o be of arterial origin
{(focal arterial ncerysis and rupture  dissccting haematomas alony, the arteries)
The pathogunesis of such hacmorrhanes was studied with acterial and vepous
microangiography The paramcdian arteries and vems in the supenior part of the
bralnstem were found to have a diversent mere cranic eyudaf dircetion than the
middle and lower paramedian ves cls. Thes are therefore highly clongated by the
caudal disglacement of the bralnslem that occurs 1n the bresence of an cxpanding
supratentorial con litfon This stretching is added to the one pesulting from the
broadening and shortening ¢f the brainstum that als  penerally occurs in these
co»nditions The two hinds of stretching in combination cayse Lhe ruptures In rar
cases of (xj anding supratentoral candition the bran tem is got di placed caudally
it is neither broadendd nor shortencd but flatlened apainsg the elivus If so there
is no strctehing of any 1 aramedian vcssels and apparenl!s no hacmorrhages

Obel 4nna ftsa MONENOLOGICAL CHANGES IN ENUDATIVL, ELIDERMITIS OF
11Gs

Tontén J & Thyressan Mils GRANULOMATOUS CHEILITIS—AN 1 PITHF OID
CFI1 1Y MPHANGITIS

Wellén B Bery Rebelha Hansson O Norlbning ko Sotfinder I & Slenram L
FALAL VARICILLA CLNFRAIISATA IN A CIED WITH INMMUSNOPATHY
AND N UROLOGICAL RITARDATION

A 4carold girl with fmmunopalhy (Acta pacditt Soand 45 964-2,2 1966)
succumbed 10 varicella generalisala M autorsy  eallered crusled black brown
lesions of healing varicella n the skin were observed The lungs were sites of
cochade shaped gresish white Jesions with a haemorrhagie ymbilicated centre and
& periphcral haem rrhagic zone In Iner panereas and spleen there were hacmorrh
agic necroses Light 3 showed lear incl hodies in Liver lungs
and pleen and by cleetr n microscopy viral § articles were demonstrable o these
organs as well as 10 the ancreas The viral parlicles were of two mam types with
a hollow centre and with an electron dense centre They Were mainly found 1 the
nucler but were also seen 1n the cytoplasm close lo the nuclear membrane ln the
cerebrum lhere was & retarded evolution of nerve cells in the cortex Unspecific
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degeneration was scen In the cerebellun lumbar nerve cells and spinal ganghons
Virus isolation and eulture on human embryonal cells from hesrt blood skun and
lungs was positive with charactersstics of varcella

Henschen F THE FIRST MEETING OF THE SWEDISH PATHOLOGICAL SOCIETY
A 50 SEAR ANNIVERSARY

Bergstrand 4 THE STRUCTURE AND FUNCTION OF THF MICROSOMAL
MEMBRANES

Jahobsson Sten STABILITY OF LIVLR AND KIDMEY MICROSOMLS

Subfractionation of subcellular particles requires an effectine hamogcnization
procedure. In this procedure 1t 1s of great advantage to obtamn spherical particles
1 order to predict their sedunentation propertics The particles also must be con
stant in thewr physical chemical and enzymatic properties

Rough and smooth vesicle of liver show m
stability Dilutson of the total micrusomal fraction gives rise to a severe aggregation
of the smooth particles but the rough fraction ss stable Aggresation of smooth
membranes can be prevented by addition of albumin Rough microsomes are less
sensstive to mechanical treatment and show a highce enzyme stability than the
smooth counterpart

Renal cortex microsomes have a helcrogenous comgposition containing €ompo
nents bolth of endoplasmic rcticulum and plasma membrane Iollowing homo
genization 1 025 M sucrose the microsomal fraction consists of sphercal and
<longated particles Howcver when homogenization 1s performed in diuted buffcr
at a neutral pH all particles appear an sphenical form, 1ollowing dilution these
spherical casily of the pellet results
in tctal sggregation By centrifugabion over a cushion of dense sucrose concen
lration of the material 1s achieved without aggregation of vesicles

Duning

ma gradsent the
size 15 the greatest factor deciding the sedimentalion properties of Lhe particles
Renal microsomes are probably fully permeable to sucrose For this reason the
density and the hydration water 1n a sucrose gradient will be of importance but pot
the particle size By addihon of a substance of high molccudar wepht such as
Ficoll which cannot penctrate the parlicles vesieles with diffcrent size can be
separated Therefore 1t 13 possible to obtaln microsomal subfractions from remal
corlex which display diffcrent properties

Glaumana I FUNCTIONAL RELATIONSUIP AMONC VARIOLS  {[ICROSOMAL
MEMBRANES I\ AT LISER

Liser micro omes serarated 1oto rough sm th I ani m th {1 membrancs
differ in ultrastre ture and chem cal compos tion A far a 15 ds ar conc rned, it
has been jo tulat 1 that the various membranes h o dent 1 yhospholip d
comj osition but that there arc diffcrences in ncutral hip d comp lion Lihewise
the memprancs differ as to the rale of incorporation of 1 pid pr ursors The ques
11 1 Lheref e arises wlecther the three subfractlons derive from the endoglasmie
Tcticulum o wlether membranes from other eell organelles contaminate the frac
tions.

Albumin synthesss and transpo t are connectcd with the endoplasmic rett

2% actaratn. 23
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sulum snd partici; atfon in the process fndicat lationship with this it
The albuwin transport was studied o to 35 minules after § v Infection of MCley
cine $ftee subfr. and fon of the liscr mi {raction the

albumin was tsolaled linmons dectrophoretiealiy AL o min, most of e 12dl0
activity (~ 50 per cenl) was recovered In the rough fraction which exhibsted
almast & thmes more sy ecific actlvaty than the smoath counterparis, The spreilee
activity then Increased rag fdlv and reachied s maximam at about 1o mun fallowed
by a rapid deeroase

The twa smooth fractions whish displayed an slmost fdentical j attern exhubited
& constderally luncr actisity in the beginming an reached thuir masimum somg
what Jater at = 20 win The tarhy wcorporstinn oS and rapid dierease in scnity
of the reugh fraction along wath the inftislly low but Jater considerable speatfic
activity of the two smooth fractiung soyport carhier data suggesting a tran jort of
newly swnthesized profeis from ihe rough to thy stnooth part of the cadoplasmic
retleulum The simitar pattern of Incorporaticn of the two smocth fractions ind
cates that both of these might be part of the same functionsd svstem In order to
exclude a josstble contamination by other cll organcdles an cuzyme analysis was
performed fur variows “roarhir enzvines” locluding Iysosomes (pexd 1ase) plasma
membranes (AMlasc and h 43 Bens) Pase) and
(muirs sminag oxida ¢ and eytochrome ¢ oxidased OQaly minimal parts of the tutal
activaies were sueovered ap the three microsomal subfractions The rosulls imdicate
that the dilferent microsomal membranes of the liser mahe up & system of close
functionsl integration

Dalleer € 1ROLLRTICS 01 THI ROLGH MICROSOMES

From & murpholgical point of e raugh surfaced endoplasmic reticudum is o
sery homopenons orgnekie The puspose of this insestigation was fo find out whether
Ahe veseles | roduced by the ¥ ton do or du not t @
population with jdcntical jroperties and a sinular role 1 membrane and enzywme
svathesis fHugh macrosomes were Isolated from rat Iner wath a distontinuons
sucrose gradient system and this fractive suspended s § 33\ sucrose was layercd
on a confiouous suerose gradient, extending from 20 to o per cent. Centrifugation
21 60000 g for one hour resullel ia 2 sedimenlation of 30 pir cent of protein and
4G per cent was recovered trom the upper third of the yradient The RNA/protein

3 pretein and it 1/phost holipas ratio dnd put txhibat fzmficant
dsffetences The sedsmcntation cocllicicat vanicd between 04 X 103 ard 12 X 103 5
and the 1sopyenie pqubhbrinm densits between 117 and 195 Anabysis of NADR
and NADPH-eyt e rd wedl as glucose 6 phosphatase actiyilics gave sb uneven
dstribution the specsfic activities of the top fractions significantly excecding those
n the pellet A pronounced enzsme synthe 15 occured following starvation phety
barkita) trealment and (afier birth) was scen also in the newborn For this reason
{he Tough Tacrosomes of suth svstems were also aaalysed The newly syathesized
cnsvmes appeared first in the top fractions glucose 6 phosphatase after starsatson
N\ADFH.c3t ¢ red aftce phenobarbilal trestmest  avd NADH ferripyatide and
\ADPif-cst. ¢ yed in the pewbors In aiult and newbora rats glyceral A mcor
poration was distubuted evenly but wa deergased 1p the top fractions of rough
microsomes from phenoarbital treatcd rats 3 min alter p wnechion of Jeunne
3G all subfractions in the adult rat contaimed a high radsoactisty A stimalation of
the wnecorporatiol rtale oceused after phenobarkutal imyection especially i the top
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fractions It also appeared that the microsomes from the upper part of the gradient
were the most active In nesbora rats
These results indicate that the rough mucrosamcs of the liver are remarkably
The 1 of this can be at Jeast twofold The
first alternative 1s that a picce of the membrane 1s built up for a specific purpose
the second that enzvmes and perhaps also membranes are synthesized 1n one com
partment and later transferred to another one

Ericsson J IV VIVO LABLLLING OF CYTOSOVLS FOR FINE STRLCTURAL
STUDIES OF AUTO AN\D HETERO PHACOCYTOSIS

b b 1

Cyt are sho ving actinaty of acd
hsdrolases and hence appear to represent “lysosomes Although cytosomes are
readily recogmizable 1 cells under normal conditions labelling of these organelles
with electron of aque matesial appears to be ymportant for thewr proper dentifica
tion during with other cytop! n ccrtan
conditions Exvgenous compounds which are piched up by ¢ells through cndocytosis
of otherwisc and are resistant toward attach Iy lysosomal enzymes appear to be
stored 1 cyto omes

Quantitative labelling of cytosomes with electron dense material was attamed
with the followin, methods 1) Iotramuscular injections of Fe ** to rals or mice
Qiron sorbitol-aitric acid complex  Jectofer) 4 mg/100 gm of body weight for 10
consecutive days (labels cytosomes 1o renal proxumal and distal tubules and col
Jecting ducts hepatic parenchymal cells hupffer cells and macrophages and certain
secrctory cells) 2) smtravenous jnjections of thorium dioxide ( thorotrast ) (25
per cent solution 05 ml/100 gm of body weight) 3-5 injections on consccutine days
(labels cylosomes 1n hepatic parunchymal cells Kuplfer eclls and macrophages)

Iollowing induction of autophagic actiaty with hypoxsa {rat hepatic paren
chymal cclls) or £ p injection of bacitracan (smouse renal proximal tubule cclls)
forming and carly cylosegresomes were separate from prelabelled eytosomes Later
cylosegresomes contained label while ordinary labelled cytosomes were reduced
10 number or absent These observations suggest that cytoscgresomes allmin lyso
somal enzymes by fusion v ith pre existing cytosome A sumlar fusion aj peared to

oceur between endoeytosis vacuoles in renal proximal tubules and prelabelled eyto
somes

Bran 4 £ Brual U 1IISTOCHEMICAL STUDY OF HLAVY METALS IN THI RAT
BRAIN AT VARIOUS AGLS

Sprague Dawley rats of both sexes aged 3 and 8 weehs, and 9 12 aad 18 months
were used A bram slice containng the neocortex and hippocarpus wa  treated
aceor ling to our modification of the salphide silver method

The metals a3 peared as small and large grapules 10 the cylopl m f  ocostical
nerve cells muc oglial and vascular endothelial cells and o some  t at 1 asiro
e3tes but not n ligodendroglia or myeln A diffu ¢y low deep b n olouration
was also seen o th nerse cell cytoplasm corts 1 nour thu 1 hit pocampal
mossy fibre la r harjly corresponding to the It —-H area <f Ro e A succe s1 e
inere se of gr ol 5 and diffuse stain ng cunstantls 2 companicd ageing indicat ng

accumulation of ! metals At all ages the newo tcal ne  eclls of 1 mina 5
were richest {9 1 5 m tals f llowed by lamina 2 and 3 6 ad &
The distbuty appearance of the small and large granules strongly sug

23
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sesled  that the heavy mctals wore Jicated in differcut ayes of )ysusomes. The
diftuse staining of the neuronal extoplasm may be due to the presence of free heavy
mutals The sccumulaling free as woll as the 1vsas mes bound fractions are likely to
excrt toxie (ffeets on the agung nerve cell

Bovum hurstine THL ABILITY Ol RLCEMNERATION OF THE MOUSE THIVUS
AFTER PARTIAL SURCICAL THY M CTOMY

fagerlof 11 CYTOLHOTOMFTRIC ANAIYSIS OF THL DNA CONTENT IN \ RAY
INDLCED T3 MOMAS

The D\ U ccntent dn thymus cudls of CoTBL mice under various oxgerimental
contitions has been analyscd Iy means of ovtopholomctrical measurements on
Feulaent stamud smuars. Thyvmus cudls from normal untreated adult smice have
very uniform DN A values and show a very sharp peak in the wiploid reyion in the
DN histograms  Regunerating thymus fobes from frradiated mice which faled to
develsp tumours hase signs of slightly incrcased DNV synthesis 1n \ ray inducc}
thymcmas harvestd when very small and thus 1 a very carly stage of develop
ment there was esvidence of increased DNA synthesis but no indication of aneu
tlokds Ia the late dissceninated thymomas harvested at Uie trminal stage of the
disease the thymoma cells showed serv acthe DNA s nthesis with broadening of the
diglowd teak sad mumy ccdls in % and ¢ 2 phase In a <pleen metastasis o large
proportion of the cells scemed to be of tetraploid nalure and in another two cases
there was shght indiestion of anueploidy  No definile correlation betwern 1he
histological depree of diffurentialion of the tumours and the jallern of the DN
hislcarams was found and thore was not ether any correlation belween the mean
and the deviations of the DNA values

Stenram U “ilsson Eshid € Berg Rebella THE YFEEECT OF SOME CANCER
THI RAPLUTIC AGLATS ON THE TRANSPLANTABITITY AN\D GROWTH OF
AN SV 40 SARCOMA IN AT

‘Lhe effect of some cancertherapeutic agents on a previoush deseribed (Int J
Cancer 1 139 1966 scta path et murobiol scandinay 1n press) tran | lantable
SV 40 1nduced vat sarcoma has been studid In culation of 1000 tumour cells
produced progressively prowing fumours in all conlrol rats Rats that had been
treated with evelophosphamide or thiotepa did not develop progressively growing
tumours The difference was statistically sigmificant (P < 001) The effect of
evclophosphamide has slse been studied on prowing palpable tumours Caclophos
phamide instially retarded the (umour growlh so that a stabistically sinificant
ditference in tumour size was obtawncd (P < 0001) However most of the tumours

grew progressivels also in the treated rats

Linelt ¥ THE MEMOIRS OF ROKITANSKY

Kyellgren O Ehwsson € Lowhagen T Schnilrer 1 B € Angstrém T PATHO
LOGICAL AND CIHINICAL MEANING OF THE GROULS OF 14PANICOLAOU

Itnell F & Roneus 0 SLIDF SEMINAR O\ PARASITIC DISEASES IN MAN AND
ANIMALS
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TRANSACTIONS OF THE MEDICAI MICROBIOLOGY
DIVISION OF THE SWEDISH MEDICAL SOCIETY

Annual Meeting 30 November—3 December 1967
Recessed 02167

IMMUNOLOGY

Tundgren G Moller G & Zuhoskr Ch 1aboratory of Tran )l
Department of Surgery Serafimeriasarettet Stockholm FFFECTS OF HUMAN
GRANUIOCYTES A\D LYMPHOCYTLS O\ HUMAN TIBROBLASTS IV VITRO

Human fibroblast monolayers were nitiated from shin biopsies Lymphoid cells
and granulocytes were isolated from defibrinated blool by gelatin sedimentation
97-99 per cent pure lymphocyte suspensions were obtamed by treatment with
carbonyl iron powder which facilitated the removal of the granulecytes with a
magnet 01 ml of the appropriate cell suspensions were pipetted onta the surface
of the monolayer at indicated siles The destruction of the monolayer (plaque
formation) was read after 1-6 days —3 X 105 granulocytes caused plagues wilhin
4-8 hours whereas 104 cells required 96-144 hours for a delectable effect. Plaque
formation was ummunologically non specific sice allogeneic and autochthonous
target cells were affccted to the same extent Phytohaemagglutimin (PHA) was not
required Plaque formation by granulocytes was not abohished by treating the
cells at 56 C for 30 ounutes or by disintegrating them with ultrasound —\on
immuae pure Iymphocytes only caused plaques 1n the presence of PHA and thelr
effcet was completely abolished by pre treating the cells at 43 C for 30 minutes
or by ultrasound disintegralion -—The plaque forming ability of the granulocytes
was probably due to a release of enzyme from the granules It 1 as shown that the
fibroblasts only detached from the surface of the petrf dishes and remained viable
in the medium since 1L was possible to recultnate them from the suj ernatant. In

contrast plaques caused by PHA t eal(‘d lymphocytes revealed a true cytotoxic
effect—~The stadies the of

eparating the
granulocytes from Iymy hocytes 1n studics of the c3totoxicity by Iymphoid cells A

granulceyte costamination of 1-5 per cent 15 sufficient to cauwse false positne
results

Wassermn J Lackilen Th Perfmann P & Fe ! 1ann Hel 4 G t 1 Bacte fo
logical Jab ratory €St chholm City and The Wenne G enf t u  “tockholm
CYTOTONIC IYMIHGQID CILIS AND ANTIBODIES FROM (1 IN[A PIGS
IMMUNIZED WITH TUBLRCT & BACILT T

Guinea pig were inje led once with BC( v cage and sub ¢y ntly 7 times with
Wiled tuber le } ili in parafCin ol Syleen cells r lymph stes from the e
righeral bla 1 f 1 ese animals were incul ated witl \Cr labelled fow] erythroeytes
coat d s ath F 1D Dmmune lymyhoid cells 1 s d the PID ¢ ated ¢ throcytes within
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20 hours as assesscd by measuring fsotope rdlease 10 the me lium Serum from
immunfzed animals centaingd an antibody which rendered Yymg hold cells from
normal suinea pigs cylitosic in the same system Cylotoxiests of normal Jymphosd
cells was observed after preineabation of (he PID coated erythracytes or of the
Iymphoid cefls with 1mmune serum Incubalion of the cells n the presence of
Immune serum gave similar resulls. Cuinea 1igs lvmphoid cdls could he re
tlaccd by buman pabbit or even autol gous fonl lymphocsies but nol by guinea
pig hidney cells thymeeytes or human Burkitt Iymphsma cells \ddili n of
complement was nct required for these cytolixic reactions which could be inhi
Iited by mcans of rabbit anti guinea pig globulin serum «r by addition of PPD
in the medium

Morklund B X Norén Dugtife Nat nal Bactiriological [aboratory  Stochholm
DISTRIBUTION OF CUARACTLRISTIC ANTICENICITY 1N MALIGNVANT AND
NORMAI HUMAN TISSLES

In previous stulies characteristic antigenicity could be attmibuted to a pool of
human as to a pool of normal human tissues (Int
arsh fny 8 143 19 6 10 o6 1957 10 153 19573 Immunothemucal studics
revealed that the pertinent tumour antigenicits was linled to lipoproten struc
tures (Int. Arch Allergy 17 241 1958) Cross reacting antyemicity was found i a
sariely of human carcinomas anl Hela cclls {3 Nat Cancer Just 26 533 1961)

Izevious studies had heen performed by cytotaxicity inhibilion technique Com
man antigcs have naw Leen obrerved also by other techniques such a3 hacmagsta

tination hacmagy! hibition and immuno il b 4 popu
lation of 47 humsn catel was 1 with of 48 normal by
man tissues Anti fleLa scrum was used to demonstrate the antigen within the
tissue 1 4 statistcall [ (P < 0001 1 distribu

tion of the tumour anligen was found in the malignant Lissucs as compared to the
normal ones These findings atiost to the validity of the oniginal concept of com
mon antigens 1 a wide vancty of carcinomas

Isnsson Jonas Hiberfeld Guanel & Fagracus Astrid The National Bactetiological
Laborators Stockholm THE INCIDI \CF OF AUTOANTIBODILS IN A GROUP
OF API ARLVIIY NI ALTHY TEOTLL

The of aganst thyroglubulin the sccond collowl antigen

the surface and evlog lasm of thyrowd epithelial cells against gastmic parietal cells

and aganst cell nucled was investigated 1n 200 males and 184 females who « erc

apparently healthy atl the vime when \z\nud samples were obtained Che sera werc
i ummunof] comp lement

examined Wwith the passive I
fixation and mixed hacmadsorption tcchmiques At a fow titre level (21/10) the
incidence of antibodies against all the tissue components examined was relatively
low (0-8 per cent) and about equal for males and females in the age group "0 40
years The incidence then inereased with increasing age to 15 40 per cent for
females and 7-76 per ceat for males at 60 80 vears of age The lagnostic sig
mbicance of aute antibodies wWhen found 1 low titees must therefore be cvaluated
with dug regard 1o the age and sex of 1he patient According to our experience up to
the present tume the following average titre 1eacls 1 a single serum sample may
and non reactions

serve lo betwcen
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Antibodies fo \ethod of examination Titre
ntibodies o Tt
Thy roglobulin Passne haemagglulination > 1/1600
Second collosd autigen Immunofluorescence >1/10
Thyroud cell eytopl >1/10
Complement fixation 175
Cell nucles Immunofluorescence > /10
Gastric parsetal cells Immunofluorcscence =10
Brtton 5 Dept, of B Karohast Stockholm INDUGTION OF

IMMUNOLOGICAL PARALYSIS IV 1780 AND IN VITRO

By treating phenolextracted hipopoly saccharide (the O antigen) of F coli 025 Ba
with weak alkali 3t was pos ible to detox:fy the molecule without obtaining any
apparent changes In 1ts antigemaity Waith this detoxified matenal the antigen dose
could be tacrea ed ta the lerel where immunological paralysis was mduced
nbred mice The rasge hetween immumizing and paralysing do ¢ of this antigen
was found to be more narrow than that protemn antigens. Since 1t was possible to
study single antibody forming cells agamst this antigen using passively sensitized
sheep red cells as targets 10 s modified agar plaque test of Jerne the cellular hine
tres of tolerance ynduction 1n virgin and ymmune cell populations could be followed
No significant cellular antibody formation could be observed before paralysis was
expressed 1n & non immune animal If an immunized animal was given a paralsto
gemic dose of the immunizing antigen a constant lag period of 50-80 hours was ob
served before the paralysis was expressed at the cellular level This lag period
which proved to be of the same order as that of antiserum mediated 1nhibition of
the Immune response m the same system indicates that antibody producing cells
dnde for a certain number of cell generations without further aptigeneic stimula
tion

Furthermore it was shown that normal 1ymphoid cells treated with the same
detoxificd antigen in oiiro (60 in 37 ) 1o the ratio 01-001 mg CIS$/106 lvmphoid
cells were rendered unresponsive to an 1mmunizing dose of the homologous antigen
1 a lethally g host This was spee fic since
cells treated fn the same way responded normally to other antigens e g sheep red
blood cells With extrnsicalls labelled antigen one could estimate that less than
02 per cent of the antigen remained on the cells after washing in vifro The results
support the hy pothesis that the direct contact between antigen and immunologically
competent cells results 1o speafic tolerance

Chesebro B Bloth B & Siehag S E Department of Immun 1 &7 N\ ti ol Bacte
riological Laboratory and Department of Virus Resear h Kar hn k lastitutet

Stockholm THI ULTHASTRLCTURE OF NORA4L AND P41HOLOGICAL IgM
IMMUANOC LOBLLINS

Eree IgM immunoglet ulins were examined in the electron m croscope us ng the
negative contrast lechnique “Normal human and 5 bbit Ig\ and Waldenstroms

vere from one another aad revealed flexible
spider 1 he particles With five appendages joining a central ring The average total
span of the molecules was 300 A The were aboat 125 X 30 A and the
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central ring had an outer diamcter of approximately 100 A and an inner diameler
of 40 A

Some purificd 195 1gM preparations tended to £irm massive aggregates (> 50S)
which when examined in the electron microscoe revealed cnormous clumps of
1&M molecules whose ag pendages were entangle | will one anather

Flectron microsccpy of reluced alhylated IgM revealed total absence of intact
spider like molecules [he predominating structure observed was & round (lectron
dense hnob about 50 { fn dfameter which 1o some cases had a fine fiher hike ex
tension with approximate dimensions 100 X 15 &

Rabbit and human 1gM molecules with antibody activily to poliovirus dried in
sodium tunpstosilicate on a carbon film as in prejaration for electron micro
scopy were shown to relain nearly 100 per cent of therr polwovirus ncutrallzing
activily follawing redissolving in a physiological buffer

Karlsson Aarl Azel & Thal E Rescarch Tustitute of National Defence Sundbyberg
and National \eterinary Institute Stockholm NI ERIMENTAL STUDIES By
ME ANS O FILOALSCENT ANTIBODIES (1 4) I\ ANTISLRA OF YERSINIA
I SELDOTUBLRCLT OSIS
Globulin fractions from antisera of the § groups of Yersinta pseudotuberculosts
(3 pstb) Yerstia pestia (F\ 76) Yersima 1t
and Salmonella dublin were conjugated with fluorescein isathiocyanate The FA
reaction with O and OH sera of } pstb was O group specific The serological
relationship between O group 11 of 1 pstb and Salmonella group B and between
O group IV of } pstb and Salmonella group D is reflected by the FA technique In
OM sera also the specifity of the fluorescence is determined by O anlibodies The
quality of the FA conjugates howeier does not depend on the O agglutination
titre No T4 cross reactions hetween 3 pstb and 1 pestis occurred

Cnarpe I & Laurell G The Inslitute of Medical \herobtology Department of
Bacleriology  Lnnversity of Uppsala Uppsala O GROUPING OF URINARY
E. COLU WITI THI AID OF FLUORLSCENT ANTIBODY TLCHNIQUER

Coloform bacteria cause most of the urmary tract infections Recently 1t has
been found that O groups 01 02 04 06 018 and 075 are responsible for nearlv 50
Per cent of the infections of the urinary tract In the present investigalion the
authors have performed O grouping with the md of direct fluorescent antibody
(FA) technique of coliform bactera 1solated from a selected pacdiatric materaal
during the period from January to June 1967

In cases 1n which there was sigmificant bactcruria 1 e mere than 10 bacteria
ber ml O grouping in 32 out of 72 specimens was possible Where the bacteriuna
Was not considered sigmificant 7 ¢ less than 105 bacteria per ml O grouping was
possible 1 36 out of 128 specimens

The clinical material was analysed In 9 out of 14 patients considered to hae
\nfcctions of the urnary tract the bacterial strains were groupable 90 patients
were considered as noninfected and O grouping was possible 1n 19 of these

With FA stamung of shides prepared from centrifuged urme the suthors could
find and group the bacteria in 6 urlne specimens from 6 paticats later considered
to be suffering from urinar) tract infections among 19 patients who were con
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sidered to be noninfected this was possible ooly m three cases Flaorescent bacteria
were verified by convenhional culture and tube agglutination test

Holmgren J Egertsen ¢ Hansson Iars & Jodal U Lincoln A € Winberg J
Institute of Medical Microbiology and Department of Pediatrics Unnersity of
Coteborg Sweden THE ANTIBODY RESPOMSE OF CUHILDREN WITH
IYLIONEPHRITIS TO DITFCRENT ANTIGENS O & COLIT

Using immuno diffusion methods complex antigemie palterns could be de
mon trated 1n strains of E colt of the O groups most frequently found 1 pa
tients with uninary tract infections Vore than 20 antigenic components were ob
served in various antigen preparations such as veronal buffer extracts freeze
pressed bacteria and ultrasonically disinlegrated bacteria O antigens prepared ac
cording to Westphal contamed 2-4 precipitinogens They only precipitated with
their homologous O antisera with only one exception the eorlier known cross
reactson between the O antigens of coli 018 and coli 04 This specifiaity favours
the assumption that one or more of the corponents 1 these Westphal preparations
correspond to the O antigen

Sera from infants and chuldren with farst ime and recurrent pyelonephrilis were
studied with the double diffusion method using various antigen preparations of
the wnfecting E colt strains Precipitating antibodses against the O antigens as well
as against several other col: antigens were found 1n sera from the patients with
recurrent nfections Mo such aotibodles have been observed 1n prelimmnary stu
dies of sera from children wih theiwr {iest infection and from blood doners These
precipitating coli antibodies have heen Jocalized 1n the 78 fraction after gel fil
tration of the patiest era The antibody titres of the era obtained with passhe
haemagglutination did not relate to the presence of precipitating antibodies The
haemagglutination titres found after reduction of the sera with 2 mercaptoethanol

given by IgG antsbodies sho ved a good correlation to the amounts of
precipitating antibodies apparent froms the ymmuno diffusion analyses

This study shows that the smmuna diffusion methods are useful 1o the analysis
of the antibody response to the 1nfccting # colt strain m children with pyelonephri
tis By revcaling the presence of antibodies to several different coll antigens these
methods add to the results obtained with the usually u ed passi e haemagglutina
Lion techmique In aldition the precipitation wethod demonstrates manly the 7§

antibodies whereas the passne hacmagglutination techmique f vours the 19§
antibodies,

VIROLOGY AND CF1i 8I1010GY

Vorrdy E De; riment of Vi clogy harol n i+ Inst tutet Steckholm

STRUCTUHAL ANTICENS Of 3DLNOVIRUS TYPE 3 To be pul lished 1
Virology 1703

Wadetl € N #rly b X Skaar t P Dejartment of Virology har ln ka Institit t
Stockholm  THE SOLLBLE HAFMACCILTINING O ADINOVIRE SIS
BrLONCING TO HOSLN G SUBCROUL IE T THI RAKIDIY SLDIMINIING
HACMACCTUTININ Subnutted for put lication in 1 Cen Virolopy
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Petiessson Ul halipson Tennarl & Hoglund S Divlisian of Cellblology The
Wallenberg Iabiratory and The Institute of Biochemistn Lppsala
TUNEICATION AND CHARACTE RIZATION O1 HENON AND TIBIRE ANTIGEN
10N ADPNOVIRUS TYPF 2

Celfiltration o 4 per cent agarose was used as a method for partial purilication
of the structural proteins of adenovirus type 2 The hexon antigen was further
purificd by DI AV chromatogruphy preparative polyacrylamide clectrophoresis and
sucrose gradient centrifugation

The fibre was cxlunslvedy purific] by DEAL chromote praphy  isoelectric separa
tion and gelfiltralion ¢ 6 per cent agaruse

The final products were | hy analytical nolyacryl
amide cl wresis el capy and 1 The hexon
has a calenlated molecular weight of 400 000 and the fibre (0000 The pure hexon
centains only one antigenie determinant which appears to be groupspecific
Necutrahizing antibodles cauld not be induced when purified hexon was injected
Into rabbils Tleclranmicroscopy showed that the hoxon bs a complicated structure
with a central whole and probably six subunits. Six fold symmetry of the heson
could be demon traled with the strohosccple technique The fibre appears as a
rodffhe structure with a spberical unit a1 one end Amino acxd analvsis of the
hexon rescaled a low content of arginine as coympared to intact virns which speaks
in favour of an internal component rich in this aminoacid

Tycke E & Ronn O Department of Virologs Institule of Medical Microbiologs
Universits of Gatchorg Cotchary Sweden STUDIES ON NON GENETIC
REACTIVATION OF VACCINIA VIHUS

Uberg B & Phithipson [ ennart Division of G The Wall Lab
University of Uppsala Uppsala Sweden RI PIHICATION OF POLIOVIRLS R‘\\
STLDIED BY GLITILTRATION

Cuifiltration on sphere condensed agarose (ScpharoscB) has been shown to be &
camenient melhod to separate single and double stranded poliovirus RNA The
rate of P4 labtlling of smgle stranded viral RNA i3 ten times higher than that of
double strandcd KNA Tabelled double strands are synthesized early in infection
I xtrapolation of the ratio stngle to double stranded RNA to the addition of I3
\ndicates that double stranded ItNA is synthesized prior to single strands

Less than 5 per cent free mimus strands was recovered after a P32 labelling for
1-25 hours | ost infection less than 1 per ecnt when labelling from 1-3 hours and
less than 01 per cent when labelling from 1-5 hours pest nfection The parcn
tal genome coul 1 not be delecte ) in double stranded viral RNA after infection with
high activities of P2 labelled poliosirus Chasing with cald phos hate for 25 hours
after P3 labeliing for 1-3 hours post Infection did not rusult in a decrease of the
label 10 the plus strands of the double stranded complex Infectivity of single
stranded BNA from purified virus and double stranded RNA purified by gel
filtration was 60 X 107 PFU/uxg for single stranded and 63 X 104 PFU/ug for
double stranded RNA when delermined on monelayers in the presence of DEAE

dextran
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lteden C G & Moltn O Bact Bioeng., 1 D at, harolins}

Institutet Stockholm LARGE SCALE CULTIVATION OF HUMAN DIPLOID
CELLS ON TITAMUN DISCS

An apparatus has been developed which can be adapted for large scale eultivation
of cells growing 1n monolaser The cells are grown on rotating htanmum discs 1o a
1006 ml culture vesscl The discs could be exfosed to sarving ceutrifugal forces
while m the culture vessel This makes it possible to selcctinely harvest cells
Tianiem was found to present an excellent eulture surface Cells attached rapidly
and Lhe growth rate and maximal cell densities were comparable or better than
tho e obtained on glass or plastic surfaces

The apparatus has manv advantages for instance a large surface to volume ratio
{a maximum of abcut 7000 cm  per 200 mt medrum) Rotating the dises also en
sures good mixing of the medium and an efficient acration The design further
prosides means for an easy separation of Lhe tissue eulture cells from the medium

BACTERIOLOGY

Yofstrom G Hallander H O & Laurell € of \edical b
Diusion of Bacteriology University of Uppsala Uppsala Sweden
IDENTIFICATION OF STAPHYLOCOCCAI HARMOLYSIN STIMULATED By
PENICILLIN IV LOW CONCENTRATIONS

Attempts we ¢ made to 1dentifs the haemolssin which was produced when cer
lain strains of staphylococel grew in the presence of low concentrations of penn
allin G The concentration of 003 1U of the anlibiokic in broth was used and the
haemolysin (003) 1 as compared vith haemelv 1n (0) produced without stimulation
by pemcillin 1t was already shown 1n a previous paper (1) that two active frac
tions ap; eared by separation 1n a Sephadex G 100 column There was evidence thal
the 003 haemols 1n eluted in 2 second peak, which also was the peak contaimng
alysin In Sephadex C 2o the hacmolysin eluted at the voil volume and using
Scphadex G 50 the haemolysin appeared 1n a fraction immediately after the void
volume These results indicated that the haemolytic substance n question had a
molecular size which was of the same order as ordimary a lysin This Ivsin has a
molecular weight of about 40 000

In immunoelectrophoresis 1 urilied a Iysin could be identified agawnst anti « Iysin
as 2 welldefined precipitation band

The haemolstic substance of a 003 culture was found to occur sn a defimtely
higher concentration in comparison with a O product 1a a precipitation loe which
showed ijdentity with a a lysin band

It was al o found that anti O serum could fully neutralize the haemolvle ac
4331 of the O Iysin as wll as that of the 003 lysin

Ord nary a Ivsin (O Iysin) s destroved by heat (100 f r 1 m pute) and also
destroyed by trypsin (37 for 30 min) The 003 Ivsio hat the same ¢ aractersstics

1t was considered that the evideace indicated that the 5 o1 i n of haemolssin
stimul ted by pemicrlin consisted of an in rea ¢ an the g1 lut n of alisin
There was however also evidence that a cert s let n ¢ e of various other
staphvlococeal enzymes occurred Examinati n3  re o these questions.

Reference

Lofstrom, G., fallander H O & Fairell ¢ Act p th ct microb ol scandinay ¢
633-510 1967
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Lincoln K € Lidin-Jansson Gunilla Institule of Medieal Microbiology Department
of Clinical Bactersology Unlversity of Coteborg Culcharg EFLICT ON THE
FAICAL COLT FLORYA OF ORAL SUI PHONAMIDE TRI ATMINT

bout 20 chuliren with diagnosed febrile urinary tract infecti n were treated in
hospital with Cantrasin® 200 mg/hg/day for 10 days Samples of the rectal con
tenl were taken with anat swabs and cultured acrobleally on blood agar and
Drigalsks agar 6-10 & ¢t colonies were scleeted from each culture and subjceted
o sensilinity Lesting and to O grou Iny with erght E colt O antiscra (Q1 02 04 06
07 08 018 and 075)

Before treatment an E enly train «f dentical sensitisafs patlern and O group as
that of the inficting urlnary stramn was found ts domlinate the faecal flora in 6
out of 10 infants aged 3-6 months In anolhcr 3 [nfants such a strain could be
jsolalc I sn small numbers only In only one case was It not possible to find the
urinary strain o the faccal culture with the method used In mast cases these
primary strains were sulp honamide sensitive

Dutring sulphonsmide \reatment there was in few days a remarkable change
of the faccal flora The scnsitine £ colt trains disappearcd and were replaced by
sulphopamde resistant coll strains and enterococes Irom the fourth to the tenth
Qay of treatment 91-88 per ccnt of all seliclid faccal F eolr strafos were sulphona
mide resistant tn a group of seven infants from which 31 anal swabs were cul
tured doring & jeriod of two weehs

One of these infants a by of three months presented sulphonamide sensitive
E ecolt 02 in the urine and In Lhe faccal flora On the sccond day of treatment this
strain had been replaced by sulphonamide resistant coli 04 and 018 The coli 04
strain dominaled the faccal cultures of day 3 4 6 7 and 8 One weeh after cessa
tion of therapy the boy was returned to the hospital with fever and with about 1
million sulphonamide resistant £ colt 04 per ml of urmne Me was then treated in
four perrods with npitrofurantoin but 4 months after the initial sulfonamide treat
ment hus faecal flora was still domunated by suiphonamide resistant E coli

The rapid development and somctimes long persistence of sulphonamide re
sistance of the fae¢al flora caused by oral sulphonamrde 1n large doses offers a
good explanation of the very bigh frequenes an children of sulphenamide resistant
recurrences of nnnary tract anfection oecurnng after an anitially ser) succesful
suiy honamide treatment of the pnmary mfechion as ricently reported hy Berg
strém £ Lincoln (Acta Pacdiat Scand 1n press)

Liljedatl S @ & Wickman Aristina Qlnie of Surgery and Central Iaboratory of
Clinical Bactertology h linsha Syuhhuset holm BACTERIAI GROWTH
AND ANTIBIOTIC SIASITIVITY IN EXTINSIVL BUIRNS OBSERVATIONS
TROM A FURTHLR FIVL YFAR PCRIOD

During the years 1924-28 38 patients wath extensise buras were studied 1°0 of
these hasving third degree burps over 15 per cent or more of the hods surface

Among 314 patients treated durtng 1969-(6 211 had third degree burns ever 15 per

cent or more of the body surface During this  eriod the burns were treated by the

open exposure method and protem loss was compensated fully and early Anti
biotics were given according to a principle of utmost restriction

The mortality rate was stgmficantly lower durmng the second period namely 4%
time for extensive burn

deaths as opposed to an expected 105
cases was <hortened During the first perid 0 per cent of the deaths vere cau e}
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by seplicemiz as against 30 per cent m the sccond period The {requency of severe
broncha pcumonia was reduced from 0 per cent o 10 per cont

The bacterial flera was the same dunng buth punods but reduced o amount
during the secsnd The number of specimens without growth of pathogenic bacteria
tacreased even from paticnis who were treated in the ward for longer than a week
There was no increase st evere mnfrcfions caused by gram pegatise reds Detailed
sensitiyily tests performed throughout the patients stay in ho pital showed that
most of the bacteria found in the wounds dunng ihe second persod had 3 higher
semsitity to mosd anhbiotics

During 1966 when contipuous treatment of extensive burns with warm dry s
was started these fasourable tundenties were even mose noliceable

Unger P ¢ Waikimar) G Blood Tr nsfusion (entre and Bacteriologreal Loboratory
Solersjubliuset Stockholm 4 VACUUM SYSTEY FOR TARING BLOOD FOR
CULTUREF AND SEROLOGY

Blood culture 15 tmportaat for the detcction and adcquate treatment of septicse
mz Blocd ss oftcn drawn with a sterile syringe and transferred to a bottle with an
anticoagulant This method taralies 4 consulerable rish of contaminating the blood
To reduce this risk and to samplily the collection of blood we harve suggesied &
ddesed yaccuum systern wWhich is mow available as Vac ampin It conststs of a
sterile vacuum hattle w th an antwwoagulant added connected Ly means of a short
plastic tubing with a annula The fakmg of blood with ths equipment 1s suuple
2515 the handlog at the laborators It ean be stored and thus always be at hend
The sterthsty seems to be rehable

Altogether 563 blood cultuies on blood tahen with this s3 lem were reported the
biood bemg cultured 1o 2 sohid and 3 hguad media 71 per cent showed no gronth
20d 11 per cent ssguificant growth of a varscds of pathogenic species o 18 por ceat
ope or a few colonies were observed all prot blv 1 horatory contaminations

A varant of the system with & Vacuum tube 1ostead of botile s suitable for
tshing blood samples for scrology chemistry blkod pre ervation by means of
Ireeting tegging of relfs by smeans of isotojes ete The fube 13 stenle and »s thus
als0 sustable for samples to te transported

Mat,

¥ Anna Stine Department «f Chmea} B harelinsk L
Stockholm A NEW PFNICILLIN ACTIVE AGAINST PSIUDOMONAS
ALRUGINOSA

A new sepnsiothete temaillin carbemenlin (BRL 081 s acthe against cer
fain strans of 1 endomonas acrustnosa (4 red et al Sature > 5 1967) 32
Patients suffiring from m nmifest infections of the erinsry tra t due to Pseud monas
trugmasa hane been trested with coxbontedim wtsamis tlarh for 10 70 dovs
Quanbitalive urine ultures have been performed dmly k0 the ! catment and in
2 post treatment (ollew up The P ewdomona t

t ped before and
after treatment AN patients suffered fron 1

u 1 r tactam

fections € ¢ example hidn \ or bladl r t ¢ Lo lasms or bladder
Jaralvsis due to paraplegia 14 patrent b EEEE R 1 tr

o 4 {aticnts P cudomon s v g elun r th « u ng treatment and
e unine remained sterite furing th f Je 1 1 days In 11 palieals
P cudomonas was ehmimil { but fr  t Iwupg ) they were rerafecled

“ith ather bacteria weh s £ ol (1 ! ¢t a wud Iroteus. In 13 patients
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the urine was 1 ity 1 but 1 reag peared in the urine
after the cessalion of trealment Ihage typing showed that the majosity of the
relapscs was due to Uie orpinal phage type In 4 patunts Iseudomonas was not
elimnated duning the treatment.

The favourable chinfcal results obtained indicate that carbenscillin s useful In
the treatment of urinary tract infections caused by Lseudomonas aeruginosa

Tunevall € & Irieh 4 & Central Racteriological Laborators and Medieal Servace
Lesta Hospital Slochholm 10TASSILM 6 (D a AZIDOPHENYL ACETAMIDO)
FLNICITLINATE, £ LW 1 LNICILLING

ihe new compound n the folluwing called szulopenicillin was testcd wath
parallel scrial dilution and dish tests agaimst 82 recentls asplated bacterial sirains.
It was found that zone diametcrs could be interj reted into terms of minimum in
Inditing concentration according o the same regression as yiven by H Eviesson for
1eniclin G in 1954

Ihe effect of azidopenicillin did not differ sipnificantly from that of pemicilhin G
or ampicillin Whereas penicathin v most used as oral penaillin was less active than
amp icillin agamst H afluinzae In a larger matenial 4 o strans tested only with
disk method a better cffect was found against enlerowcier for azidepemieathn than
for jemcillin & 1n all other respiets these two compounds behaved similarly

In cross over cxpuriments in 18 cumvaliscent patients he serum concentrations
siven by an oral dose of 03 g and pamiailiin were compared with those following
the same dose of penicillin v Oue hour aftcr this dose the mean salue for azido
puniollin was 263 = 025 as against 1¢7 £ 017 for pemallin ¥ After four hours
the values were 021 = 002 as agamst 006 % 001 These diffcrences are highly
sigmificant In another serics with 14 paticnts 06 g azidopcmiailin gave almast
twice as high levels as the 03 4 dosc Considering 1ts good activty and favourable
pharmacological propcrties the new substance seems promising

Wallmark & 03t C B & Sallmgnler U Sodersjukhuset Stockholm
BACTERIURIA AMONG WOMLN APPLAIUNG IOR HEALTH EMAMINATION

In the courst of a programme of health cxamination among employces of the aity
of Stockholm 1662 women at the age of 40 to 67 ycars were studied by means of
quantitative urmary culture The steond portion of a clean vauded specimen 1mme
diatdy ehilled was cultured Lighty 48 per cent had sigmificant bactersuria 1 e
more than 10 bacteria per ml 1n two E. cols and colife tod
(97 per cent) The counts were in general above 108 3lmost all negative cases had
a count below 100 Fifty five of the bacterunic women Were studied more carcfully
All but one had one or several cpisodes of urinary tract infection and 98 had shight
symptoms at the time of study Intrayenous urography was performed on 51 ani
six cases of previously unhnown pyelonephritis was detected

Griess mitnte test (Stat test®) was compared to quantitative culture Provided
that the patients had hept the urife 1n the bladder at least 5 hours before the test
the reaction was positne in 84 per cent among 160 unines with a count of 10s or
more 1alse posiline veaction was observed 1n 01 percent

1 The pemcillins used an thas study was placed at our disposal by AB Astra
Sodertalie
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1t 13 concluded that the detection of bacteriuria in women 1s important and
should be included as a routine 1n health The b
cases should be treated and followed up by means of new cultures

Larje O & Frostell G Institute for oral microbiology haroliaska lnstitutet
Stockholm ACID PRODUCTION ALTIVITIES OF CARIESINDULCING
STREPTOCOCCI

Some years ago 1t was demonstrated at the National lnstitutes of Health Be
thesds Md USA that dental caries i rodents could be induced by specific

hese produce pol handes out of sucrose and are
very important components of dental plaque The mentioned micro organisms are
not to be found 1n Bergey s manual.

Stnce aead production by plague micro organisms 1s generally considered to be a
predominant cause of apatite dissolution in dental caries 1t was considered of
interest to study the acid production capacity of caries mducing streptococct 1n

to that of

Acid production 1n su 1 ensions from carriesinducing sireptococct was studied by
means of an automatic titrator lrom dextrose fructose and sucrose was noted
the production of acid of the magnitude 100-200 X 109 E/ mg dw/min From
lactose sorbitol and hydrogenated hydrolysate the acud
was very low

fexd production from related but non camcsinducng streptococer was also stu
died The acid production performed by these streptococer was of the same maga
tude as that of the canesinducing streptococer

The rate of acid produclion performed by a certamn hind of filaments (Odonto
m)ces v1scosus) was also very low These micro orgamsms had been shown to form
dental plague but not anduce carses mn rodents

This study supports the theory that a canesinducing micro orgamsm must be
able to form dental plaque as well as producing a great amount of acid,

Myrback A E Ringert O & Dahisirand § National Bacteriological Laboratory

Stockholm  AND TPIDEMIC OF TULARAEMIA 1N SWEDEN DURING THL
SUMMER OF 1967

The winter epidemic of tularaemia 1n northern Sweden dechined during February
1967 The lutest cases occurred in carly May

In the eod of June new cases of human tularaemia were reportcd—this time
from the county of Norrhotten When this new eptdemic began to decLine by the
end of August 1499 cascs had been reported in the northern part of the country and
amoag these 1308 occurred 1m the county of Norrbolten

This outbreak of tularsimia was more dissem nated th o an  other therto

Laown 1o Sweden and it slarted about thiee we ks ¢ ! r tl a carlier summer
epidemics

The majority of cascs sho ed tle uler gl d1rtp f tulara mua and the
Toute of 1nfection was in most instan s m squt a a { transms fon well
kaov n from carlier summerepideni 0 <

The agedistribution of cases shoved 10t dscrey n y to th t of the popula
tion There was no overrep esentation 1 3 x up tion
A serological surves sh wed an infection ate that as lower than that seen in
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the aithorne winterepidemic The Incidence of infieted individuals without clinical
symploms was extremely low 37 ger cunt

To expluin the carly af pearance aad the magnitude of the epidemic the following
points can be mentioned, Yoles and hares were known to be infected by 1 tularen
88 in an unusual high rate The <afmaltribc kad pot been reduced as much in the
county of Nwrrhotten as ka the county of Jimiland The hot snd long summer made
opthnal conditians as to density and sursisal of the mosquitus

Iungerl O & Daklstrand 5 Natlonal Bactersologicsd §aboratvry Stockholm
CUNTURL OF I 704 ARLASIS IN THI 1966-67 OUTBHL ARS OF
TLLARAL MIA IN SWEDEN
LABORATORY MITHODS AND J HLCAUTIONS AGAINST LABORATORY
INICTIONS

During the two outbriahs of tularacmia In Sweden in 1966 67 culture for
I dulnrenmis was cayried vut in toial on m re then 200 samples me &y | leeq and
Hver tissue from hares or velus The materisl was suspeaded 1o saline and injecled
intrapenioneally fato suinea 1igs The suinca pins died withia 3-91 days and
material from Hver and splaen vas transferred to a cullure medium contamng,
iy ptose brath oy stcia HCL sodiumthioglycalate glucose and rabbit bload {Guspar
161y P tularensfs bacteria Were isolated {rom 34 out of 107 harcs and 18 vut of
49 samples frcm soles Positive cultires were also obtaincd from sole facees eol
lectcd on snow cutside 2 barn from contaminated hay and from 4 out of 7 spe s
mesns {rom human tulsracmic ulcess

The 1aboratory work was casried vut 10 3 scparately venlilated laboralory Ero
teetive clolling gloves mouth shields elc were used Most mfatious werk vas
done in a safely cabupet

The v 1 was ted against with a Ine vacane recened
from U S Armv Hiwological Laboratories Fort Delnieh  Local resction was ob
taired in 92 per cent of the vacanated subjeets and general svmploms mostly
headache and faligue os roperied by 25 per cent Agglutinsticn tlres were faund
fn 94 per cent o cases of laboratery infection accurred in the vacenated per
sunnel while 4 cases occurred among workers {n & velerivary laharatary before
the saccisation had been carvied out there

References

Daltsirand § Eniksson ¥ Rangest O & Zetlerbesg 8 “ational Bacterologieal
Laboratery Stockholm AND kI IDLMIC OF A1R BORNL 7 TULAREVSIS
INFECTION To be published in Acta path et microbiologsea scandinav Suppl
187 1967
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CONGENITAL VALVULAR AORTIC STENOSIS

Iistologreal Changes in the V alves and Myocardiam it 3 Cases

By

ARNE_SERCh HANSSEN!
Recenved 61167

Aorbic stenosts 1s one of the more common congemital malformations i
the heart Abbot (1936) found 23 cases amongst 1000 autopsies Camp
bell £ Raunl.e (1903) found nearly 3 per cent amongst their cases of
congenital heart disease and Madas (1963) 5§ per cent amongst lus
cases

Although subaortic and supra aortic locahizations of the stenosis
occur Vadas (1963) stales that the valvular type represenis close to
75 per cent Pechhorn heith & Evans (1964) found amongst 83 cases
61 valvular and 19 subvalvular slenoses

The mcreasing frequency of surgical correction of all types of con
gemtal heart discase including aortic stenosis mahes 1t important fo
have a full understanding not only of the pnmary pathology of the
heart but also of the sccondary changes

The purpose of {lus commumcahon 1s to present the morphological
changes n the valses and myocardum 1 3 cases of congemital aortic
valvular stenoses A comparative histological study has been made of
the malfornted valve and the foctal aortic valve wilh the purpose of
saming an understanding of the gencsis of the malformation The
morphological findings are related to 4 functional study obtaned by

cardiac catheterization of one of the cases (case 3) § days prior to
death

CASE REPORTS
Chntcal Extracts

Case { RF Born 23/1167 Died 8/1(3 Autop y no 4 3 Health parenls
Spontaneous debnverv 6 weeks before estimated te m Weight at h th 00D gram
The day after b rth slight cyanoqs Wwas noted and s toh 1 m r wa head
Angiocardiograph  through the ymbilical ve n re ealed that tf  night side of the
heart was nermtl Iavestipation of the left side was umsatisf they for fechmical
reasons Hi ¢t ¢ gradually improved and tewas discharge?! n De mb r 13th

only to be r¢ 1t 1 one veeh later be au ¢ of respiratory hte  pallor and
anoxia The ' ! nurmus had greatlly inerea cd 1o tntensitv and there vas a
Palpable thnl! 1 1 mically considerable enlargement of the b art particularly to

1 Preent 11 s Deparlment of Pathology Makercre Los U Medscal School

PO Box 70 1 mpala Lganda

30 acTaparu 7 4
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the right of the weenum T was Lreatod wath digstalis with considerablc Improve
ment but on Junuary 0tk he was found disdin hed

fose > SHK Hore 111163 Dic) 3A2E3 Anlopyy ne 1630/833 IleaBihs
parents, Spontancous delisery at term Nothung wrons was noted at the maternity
by pital Jrom 371203 symplems of plurie sten sis appuared and he was treated
with Jymudrm drops On december 1th e was 2 dmatled §5 hospitsl hecau ¢ of
re guratory distress tle vas voev 3l wath symploms of shock and the sespiratery
distross fncreascl and torminet in death the flfowing day without a duagn sis
hasing reached

Crse 3 LB Boen 2283 Dicd 337768 Autopsy nc 23/64 Nealthy parents
Spontanes gs delbvery at ftrin atgearcd o cmat € ¢ the Dirst 3 days Aftee that there
was wradually wcrcasing yamesi and & sslohe mermur was heard He was al
mitted to the chuldrem s department On {ehruary 14th a curdiac cathenzation was
performcd resealing 4 ©om ddurable Jeft fo rght shunt st atisal loel dopether ath
2 ury high julmenary erterial pre ure (Table 1) On 1ebraary 19t while beng
fud the chift { vomatest sopirated aad dugd n the Hur ¢ «f 3 {0y minute

TABLE 3
Resulls of Cardrac (alhetery afsn it Case 3

3 oessaand b eavasup  Hoalpum §oatnum Losemt Bosent 1alm Art

0,0 ¢ 88 a6 8% 92 817 87
1 ressure 1, 13%  98:6%  SLO  100/47
11 mm F,

Auntopsy [ indings
The changes n the hearls were ¢sseatnih the sanre w all 3 cases
Heart aind body wesshbs were
Case 1 Heart 48 yrams Bud 2800 grams
Case T Huart 56 yrams Bods 3740 prams
€ase 3 Heart 51 grams Hody 30°0 gram
Al cases had a suvere aorlie stenosts due to greatly thichoned no
dular valves The nodules wore smooth wd shimny (ks 1 and 3)
projeching to the aorhe onfice whilst the sinus of Lalsahua was free
The greatly tuckened vahes occupsed at 4 souph estumate from Y te
/s of the eross sechional srea of the sorhie outlet {(Fys v 6and 7) Al
cases had bicuspid vahos
Al cases hid a marhed left veatrieular hyperirophy and a conswder
able hypertroply of the ripht ventricle as wet
“Fhe cut surficc of the myocardsum had laspe pale hbrous lookang
areas parbeularly w the posterior part of the micrventricular sepium
The left antersor papillary muscle of the mutral ralves had a hjht
brown te yelow colour s all € wses (Fi, 2)
The endocardium of the left ventricle was shi htly thichened m all
cases espeerdly wm the subaorlic reqon
\one of the cases hd mdomenl chosure of the ferwmen ovale and

m Case 3 a sickle shaped defeet at the free marsin of the septum pri
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Figs 1-2

Fig 1 Nodular thicl ened aovtic valve (arrow) and left veptricular hypertrophy
From Case 1

Fig 2 Left anteriar § apsllary muscle revealing pallor due to necrosis cxtcnding to

1ls ba ¢ From Case

S
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4=y
ey
. ~ §
~..7 17

3 ¢
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kg 3
‘ortic onfice viewed from above revealing greatly thichened bisu pid valie and
and origin of coronary ve els (arvows) From Casc 3

mum was convuincingly demonstrated while the left atrium was shll
undisturbed and distended by blood (Fig 4)

Ductus Botalle w15 closed m Case 1 by a combmation of thichened

inhima and thrombosis whilst no anatomical clostre was «ff et d 1n
Cases 2and 3

‘The coronary irlcries of all cases were normal with 1 norm il 0 1Zin
{F1, 3) No muformalions were noted 1n ny other orw ins
Microscopy

The valves The hasc of the aorl 1 wlich had been opencd lonituds
nally wn Cases 1 ind 2 but left mtact in Case 3 was removed with Lhe
vilves Seclions were made 1n a plane traasierse {o the direction of the

30
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Creatly dilated nipht atrium  Arrow polnts at sichle shapcd defect at margin of
septum yomum The hypertrophy of the night ventricle 1s evident 1rom Case 3

hlood flow Scetrons were stuned with i & T alenn preen aenn bive
PAS and Verhoe{l's elistic fissuc stun Alf valves revealed (ssentally
the same chinges 1 ¢ a greatly mereased wnount of prinutive mesen
chymal issue prrify in a nodulr fisluon nlerposed between ihe en
dothichial layers of the valses (Figs 5 6 and 7) lhe primilive mesen
chymal hissue had a loost myxomatous ground subsiance thal slamned
hphl pinh walth H £ Lo hght green with alewan green dishinet blue wilh
alcian btue and famtly positive with PAS The cells embedded m the
ground substanee were rather smaitl spindle or star shaped of the {ypc
usually scen i mysomtous fissue (Figs 12 13 and 14)

Small omounts of Hibrn were occisionally scen wn erypts on the
surfice of the valves There wire no inflammatory chanses or vas
cularizalien In elashic Ussue sl some elashic fibres were seen at the
allachment o the aorl: but ne fibres were seen in the bull of the
thickened valves (Iig 6)

The myocardium  Sectons of the myocardium and papiiiary muscles
were stamed with IT& I Van Gicson s and Mallory s stain for coliagen
Von Kossa s stan for calcium and Verhoeff s elashic hissue stun See
tions from a1l eases revealed essenhially the same changes 1 e exten
sive intersiiial fibrosis wilh well formed wavv bands of collagen
{Fig 9) areas of marl cd pernvascular fibrosis (Fr, 9) and extensie
coagulation necrosis n the core of the papillary nuscles (g 10) In
Cases 2 and 3 arcas of calcification and fibrosis were also seen mn the
papillary muscies o wmflammatory reachion was scen anywhere

The cndocarduun  The ¢ndocardium 1 the subaortic reqion was
shyhtly thickened with some clastic fibr¢s penetrating a few maih
meters mnto the myocirdm
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DISCUSSION

In these 3 infant boys who died 46 30 and 17 davs old respectively the
follown,, morphological changes were found in the hearl

1) Valwular aortic stenosis with marked general cardiac hyper
trophy

2) Ealensive myocardial hibrosis

3) Ischaumic neerosis of the anlerior papillary muscle of the left
ventricle

1) Shght endocardial thichening 1 the subaorhic region of the left
yentricle

Angiocardiography was performed only m 1 case (No 3) Ths
revealed

A) Left to right shunt al atrial level
B} Pulmonnry hypertension of severe degree

Incidence

1t 15 evident from Lhe hierature that there must exist a wide spec
trum of severity of ihe condition from cases that present with symp
loms of cardiac msufficiency at or shortly after birth to cases pre
sumably not g1ving symploms until secondary changes such as cala
fication occur 1n adult ife The exact meidence 15 therefore very diffa
cult to ascertain

Duning the 5 year pcriod 1960-1964 32774 children were born 1n
the City of Oslo In 3 of these congenulal valvular aorhic stenosis was
the causc of dealh in early infancy One furlher child 1s attending the
cardiac chme under this diagnosis Thus provided there 1s no accumu
lation of cases in this 5 year period approximately 1 child out of 8 000
appears 1o be born with severe or at least carly symptomalic valvular
stenosts

It has been impossible to obtain any rehable fisures regarding the
wmadence of latent cases It 1s possible however that a substantial part
of the cases of aortic stenosis seen n adults without a proven rheuma
tic aefiologv may have developed on the basis of congemitally thickened
valves This view 1s also eapressed by Campbell & haunt.e (1923}

The Valvular Aortic Stenosis (Figs 5-7 11-14)

Although considerable attenlion has been paid to the various macro
scopic ivpes of valvular aortic stenosis (Gould 1960 pp 408—09)
htlle 1s wntlen aboul the mucroscopic appearance and the possible
pathogenesis of (he condition

‘The bulh of the greatly thichened valve 1s made up of prumilive em
bryonal connective hissuc avascular and wilhout wflammatory reac
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Tigs o €7
[rans crsc sections of the aorfa Caves 1 2 and 3 re pictnedy {really thichened
wodular bicu pid val es Aluan Blue Verh off » clastic stain and Alclan green % 12

aon (Fips 12-14) The nucroscopic (indings thercfore do not support
an snflammalory genesis The lnslology and stamng, propertics of tins
lissue are very simular lo thuse of the primine endocarduil cushions
5f the fodus {Fig 11)



Normally an imvigmation or cxcavalion takes place frem Lhe distal
surface of lhe cushions wilh the formation of the sinus of Valsalva
(Hanullon Boyd & Mossman 1962) and the layer of loose connecinne
tssue 15 thinned out and achieves the dense struclure of mature con
nectine hissue In the case of valvular aorhic stcnosis there 1s 1 per

sislence and probably also conlinued growth of the embryonal con
nective tissue The actiology 1s unhnown

The Myocardial Fibrosis (Fips 8 9)

Fxlensive fibrous and degcnerative changes in the myocardium of a
3 dav old infant who died with severe aorlic stenosis have been de
senbed (Brown 1934) Otherwise the myocardium s tately commen
led on or has been duscribed as normal (DuShane 1904)

In the presented cascs lhe young age of the patients and the far
advanced fibrosis with malure collagen fibres mahe 1t probable that
the fibrosis at Iuast n part must have been established duning, uterine
hfc In the absence of iny evidence of inflammatory changes the only
likely cause of I Dibrosts 1s an mtrauterine myocardial hypoxia This
may be «xplamed by the aortic stenosis Normally dunn, foctal hfe
oxycnaled blood reaches the left alrium through the foramen ovale
This trans seplal circulition s conditioned by a lower pressure m the



Fig 8

Myocardium from Case 2 vevealing diffuse anterstital fibrosis Van Giesons stamn
for collagen X 723

left than 1 the night dnum sccondary to the small pulwon ity circula
tion

1f the aortic stenosis 18 sufficiently m irked to reduce the oulput from
the left sidc of the heart the pressure in the left atrium will increase
and the admialure of oaygenated blood will be correspondingly re
duced Thus the blood flowin, through the coronary artenes will be
Icss than normally oxygenated

Other possible explanations also applying to the penod after birth
are a) The suction effccl on the coronary ostia by the high veloaty
flow through the small aorlic openin, b) the squeczing effect on the
coronary arlenes by 2 high \enincular systohe pressure and ¢)
shorlened diastole (due lo tachycardia)

The Papillary Vuscle Necrosis (Figs 2 10)

The necrosis of the ccniral part of the anlerior papillary muscle m
the left ventricle can only be explained by condilions aggravatin,, the
mechamsms referred to above

The lft inlenor papillary muscle normally derives 1its blood supply
from the left anterior descending branch of the left coronary arlery
and lies at the greatest distanec from the ostum of the artery (Gross
1921) A fall in the coronary circulation pressure would [ead fo the
Inost serious consrquences 1n thus distant area of supply In adults the
left anlerior paptllary muscle 1s the favourite site of scarring probably
for the same reason { Woncheberg 1921)



Figs 9-10
RF X 85
Myoca dium from Case 1 revealing marked pernva cular rul::(‘)s;: l,:“n,s.s o
F19 10 Papillary muscle from Case 3 retealing exlensne coag
entral part H4+F X 35

Egg

Endocardiat Thicherung

nital

Left venincular endecardial thickeming associated \l\:::dc\z:s.;s 2

2orhic stenosis 15 well known At times the cndocnrl.llu:hc el
Volves the whole Icft ventricle and 15 so marhed tha
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Longitudinal section thrsugh the endscardial cushwons {L4.) and ascending sorta
of 2 18 mm human foetus The nuileated red cells are secn gust above the jrmsiie
ralve HAY x 225

sumes the appar e seen  diffuse undor irdhal Gbroefastosis Thus
1s probably the reason why 3l has heen suggested thai the torhe sie
nasis 18 seeondary lo the fibraclistonis and 1s & result of fibro elashie
fissue growmy mto the qorbie vales

In the cases presented hore the aorlie stenosis 1s very marked The
endocardial inchening, however s siishl and histologically there 15
na evdence of {ibroelastic Lissue from e endocardum extending to
the aorhic vabves It 1s felt therefore that the endocardial thickening
1s secondary to {he aorlic stenosis and probably the result of a comby
nation of inereased teft ventricular pressure and anoxmia inoma as a
cause of endocardinl Dbroelastosts has been desenbed by Jolinson
{1942) m a study of 210 casts with conpenitally malformed hearts

I eff to Right Shunt at Airal Ievels (Fig 4 and Table 1}

In Case 3 ihe oaygen saturation values of hivod oblamed by cardine
catheterisation revealed a large communtestion at atnnl jevel Morpho
lopteally ap msufficient closure of the osbum secundum was noted
This defect was judged to be due to a dilatation of the alna with a
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4 TN Wb ap 2P parts of the thichcned
O A WP aortic valves m Cases 1 2
r and 3 respectinely The
similanty to the histology
of the foctal cndocardial
cushions 1s evident H4+E.
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considerable 1ncrease 1 the diameter of lhe ostium secundum with a
resuitant defect in the valvular closure by the septum primum It )5
possible however thal the defect may have been caused by under
development of Lhe septum secundum  although this 1s considered less
likely A simlar defcet 1n the valve of the foramen ovale 1n associa
tion with mfantile vorlic stenosis has been desenbed by DuShane 4
left to right shunt was presumed to have exisled although cardiac
cathelenizabion was ot performed

The great similanly of the 3 presenled cases bolh wilh regard to the
degree of aortic stenosis nd the secondary changes in lhe hearl makes
1t probable that a lefl to rnighl alnal shunl had eusted also 1n Cases 1
and 2 although no note was made at the fime of autopsy of an snatom:
cal defect Such a relatng defect may easily be overlooked however f
the examinabion of the atrial septum 1s not undertaken while the left
Arum s distended wath hlood
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Pulmonary Hyperlension and Right Ventricular i
{i1g 4 and Table 1)

Although 1 considerable pul ity hyperiensi
cardiae cathelenizalion only i Case 3 all cases b
hypertrophy of the ripht sentncle Tt 18 probable tics
1 mnd 2 alse had 1t severe pulmonary hypertension |
that the hvpertraphy of the nght ventricle developed |
Ufe and partly after birth The pathogenesss hewever, me
in the two periods

1n .ccordance with the abose statements an abhormalls |
of blood reaching the night aluum must have passed int
ventricle duning foetal lite The work perfornted by the sents
hase bren wmereased but not as a result of mereased pressui
foctal putmonary vessels have @ considerable resenve eapaciis
Wegeltus 1954} and the ductus arleriosus 1s open

After irth 3t s farr fo assume that the faling left ventrielc «
mereased pulmonary pressure with secondary right ventricular b
trophy The pulmonary artery pressure i Case 3 {Table 1) sug,
that it would be n advantage 5f the ductus artersosus remamned fus
tionally patent If so the foctal direction of the flow from the pulin
nary arfery lo the aorfa would be maniamed In Case 1 the ductu
arleriosus was closed by a thrombus and 1! 1s not impossible that thus
was the eanse of the ralther sudden detenoration m the chuld s conds
tion 3 weehs before death

SUMMARY

Ihree infants boys with cangemtal valvalar aortre stenosss died al ages
ravging between 17 and 46 days {after hirth)

The stology of the deformed vabves s compared with the hustology
of the foetal endocardial cushions and it 1s conciuded that the stenosis
probably results from persistence and conbnued growth of the em
bryome connective bissue of the cushions

In additon to the valvular deformity a marked fibrosis of the imo
eardium and a necrosis of the astenior papiitary muscle of the left ven
tricle was found The myocardial Nibrosss 18 believed to have deseloped
partly during mtraunterme hic beeause of hypoxia due to reduced rizht
{0 left shunt through the foramen ovale The necrosis of the left
anterior papillary wascle 1s explained on the same basis with the add
tional effect of the remoteness of this part of the myocardium from the
ostium of the coronary artery

In one case cardiac catheterization 5 days prior to death revealed a
left to right shunt at atzal leved ‘Thus shunt 1s beheved 1o be seeondary
to & dilatation of both atna leading to 1n sncreased dameter of the

ostium secundum
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SPONLANTOUS ADRINOCORTICAL LIPID
DEPLLITION IN MICE

Relalwnstip o General Growth Degeactation of Adrenal \ Zone and
Valurahon of Seiferous 1 pithelam

By

hdne Mowss and Grorc Branssso
fecened Tasii (7

In the ARR/O siran of mice and i he hybrid lines C% and AL derned
from ths stram ritesen and s co warhers hanve dosenibed a spon
tancously occurrmg ignd deplihion of the adrenal corlex which s duc
o the achion of a sinple reecssise pene ald € irnesen 1950 1556 198
1963 1064 u md b 1966 Mulbert & Arnesen 1969 sce also Green 1966}
Tigures 1 and 2 show Sudan 11 stained frozen scetions of adren s from
adull males of the AC substramn and the C37B! stram the haller «x
ibsting, o normal pattern of renocostical lipids

Fhe ARR/O stram has o high merdence of sponlancous leukaenia
1 rom bvhridiz ition experniments ¢ arrscd out bolseen the ARR/O stram
aud a nonr leukacane stram W10 e twg different vbrid substrams
Cs and AC hase emerped Both substramms domonstrate the same
mheriled adrenocorlic it hpid deplebion as the YhR/0O sirun The sub
straan (5 has 0 inadence of Iymphatic leuhaema of about 6878 per
cenl whereas the AC stram s free from leul deaua {d rresen 1964 by

1 arbier myestipabions hasc shown that the adrenocortical bipid deple
hon tikes place belueen 38 davs and 12 weeks of e and probably
comades with seaual maturation {Arnesen 1906) Ing 3 shows a
Sudan NI stamned sectwnr of an adrenal Sland frum a prepubhertal AC
male tmouse 21 davs old Mice with spontancous adrenoeortieal hipid
depletian howeser have not hcen svstematieally studied with 2 view
1o defming the snlerrelation of lovs of adrenocorfical hpids agc of
the atmmals their body wes it wid e sipns of therr sexual maturation
In the present paper such msestiy ihons wsli be reported

The first part s @ study of the adrenoeortical hpid pattern of male
AC mice al a,.es rangmy between 1 and B8 days It s shewn that the
adrenogortical upids we rapidly ost whea the ammals are hetween 30
and o0 davs old which roushiv corresponds to the period when the
adrenal \ zone doseneration 1s hnown lo dake place 1 male mice from
other sirmns Due 1o the cowcdince m time the adrenal \ zone de
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Fig f Adrenal gland of AC male mou ¢ 50 davs old body waght 230 grams
Spontaneous adrenocortical hpid depl tion Sudan 11T < 33

Fig 2 Adrcnal glasd of (5751 male mouse 81 da s 0ld_ body weight 270 grams
Normal adrcnocort eal 1 pud pattcrn Sudan 111

Ftg 2 Adrenal gland of AC male mouse 1 dayvs >ld

1 X
pods weight §0 grams Normal
adrenucortical hipid pattern Sudan 11T X 33
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peneration i male mice has been rod ted to scxu ot matur ition No swste
matie corredilive studies hewever have bun undertaken to fest this
hvpothests In the sccond pirt accordingly the hipid deplelion of the
wrenal cortex s studied in relhion to the \ zone de.cneration as well
1 {o the maturatton of the sumuufcrous (pthuhum m mude AG nne
30 1o 56 dnys old

WMATLRIAT AND M3 THODS

The matenal consists of 2 senes of AC males The animalc wore hept under standard
contditions as Jescribed tlsenwhere (Molne B In prep) The animals were tahen at
random from 1he cages They wire weighed to fhy nearest 05 g and killed by
frscturing the neck The organs 1o be examined vwere quickly dissected free and
f1xed as described below

Sertes 1 Adrenals from 80 AC male micc 1~80 days old were studied o amymal
for cach & days mterval The adrenals were fixed 1 4 per cont neutral formaldehy da
(Baher s { Idehyde} for 2 days hiodded s gclatine and cut on the freezin,
microtome with the microfome set at 13 mucrons The sectons were stawne | with th
Sudan I method of Paddi (Romess 1848) the nuclear stasmng being omitted Micro
photographs wore 1ahed with a /Zoiss photomicrosiope on 3gfa Isopan I F lan
chiromatic film (15 dint } using, filters 1o obiain maximum contrast On the nepdfives
the image of periadrenal Fat wos rctouched to csvare dusturbing factars durtng the
evalusticn Csntact copies were made from all the nepatives in one § orfsrmanee The
ropies were signud by code numbere The senfor member of the staff {Arnesen} then
ranged the copres bhndly  into 7 classes asccrding to the relative content of hipuds
The scale nans 7-5 were interpreted as sepresenting variations of a nosmal adrenn
cortical lipid pattern and the units 31 vartatioas of the state of lipid deg Klion
Fhe results are expressed m Fables 1 2 sod Tig 4

Series ' Adrenals and fesies from off AC malcs wert studied The animals wer
20-19 days old one annmal for each day The oryans werd fised m Boman s flud for
1 dav dehydrated ant cleared in tetrabnvdrofuran and (mbedded fn fHibrowas Sec
Hens wese made with the microtome sct st 3 microns and staned with hacmatoxy
1in £0 10 The sections of the adrenal gland and the tostes were evaluated  blindly
and separately and classified into 3 degrees of deselopment according to the follaw

mg enitena

Adrenal X Zone
Immature state {ulls preseried X zone v athoul any 1gn of degeneration (Fag 5a)
Transifional stafe Diminsition of the width of the \. zone signs of degeneration
of the \ 7one cells no medullar capsute cells (Fig 5b)
1dadt state N\ zent complrivdy disapplared movdular  capsule  cstablished

{Fsg 5eY

Tesits
Immalare stafe Sobsd vords of wils no tubule farmation ua s; evmatids oF sper
matozoa prasent (Fig 6a)
1 Some cords {ransformed

r state
mg; tubulcs Spermat:ds and cven a few permatoroa present but giicture of the fully
maturc tostis not establt hed (Mg 68)

{dult state Distinct tubules prosent
dwstrabation and diffc at cells ¢k 4

results obtasned 0 lependently by the 2 imvcstigators were compared withogt
br’eri;ﬁmg the code Four adrenals aut of 38 were differenthy indery reted wath re pect
to the state of the X, 70me by the twa wmiestigators These cases nere Liscassed wath
out breaking the code and 2 final decision accordimy, to the ranh srading was made
The renlang of all testis seelions was consistent Thereaftcr the code was broken
The results are expressed Tables 3 anid

atgre

us
tec of adult age (Fig 6c)
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RESULTS

The Relationship between Body Wewght and Age in ) otng AC Males

The ohsemyalwons are presented m Table 1 and Fig 4+ The body
weight increases following a shightly curved hine probably 2 parabel
The growth has apparently not come lo 1n end at the age of B0 davs
n spite of the fact that sexual maturity has been reached before this
age Prognanoes resufting from brother sister matings i the eight and
minth week of age are common m AC mice

TABLE 1
The Relationship between Age and Body VWepht 1a 80 Vale 4C Mice
The Figures Indscate the “amber of Anunals withtn Each Age and W eight Group

Body werght Age s dags
wograms il 10-19 2023 4038 $0-18 5058 6068 r0-79
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Pt mmmtet

BT LN
pwwny ) )b
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BODY WEIGHT UFI0 CONTENT
IN GRAMS (o} IN ARBITRARY UNITS {x}
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' e s
» ‘_“
" e
L5
1%
o 4
10 . Ty k]
e x
s * x 2
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2] ]
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o W B 32 0 s 6 70 @
BAYS
kg A
The relationshrp hetneen age and body werght ( and the elate mship hetween age
and adrenocartical pid cantent < X | 16 3 ung S male mice

31 acvararn 77 3
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The Change w ddrenocortical [ynd Patlern of Young AC Males

Ehe dita oblumed ire dononstrded 1 Table 2 and Tig 4 1E seems
comvensent to studs the told ape mierval 1-80 days  disided into 3
peniods Ve voungers thn 36 dys those betwoen 30 and 59 days
ind those helweens o0 nd 80 days

TABLE &
The Relationshep betsoen 4pe ond {drenvcortical id Lantent kack ige Group
Cantains 10 Snumals The A lrenals were Classified wlo 7 Graups According to the
Tipul Content the Figuses Indicate the Number of Snimals unthun eack Group
Croups 7~o irc Considered to Represent Vanafwns of a Sormal idrenacoriwcal
7571d Pattern Croups 3-1 Varsations of fipid Depleteon

Lipid Age n dins
content .- I
maAL 16 1019 2009 039 4049 5028 6063 s0-i?
7 2y 5 o o 0 vy o
6 abe o 3ir 3ty 2k ede ele elr elw
5 24 1 9 2 0 if 9
1 B3 11 T3 i, i,1 1,1 B30
3 1 2 4 2 7} 3 1 3
2 el el ele tls 3ty als als ot
i of @ o 3 2f 3 5 "

Fuenty four out of 30 amimals vounger than 30 days had a normy
adrenocartical ipid confond (sedde units 7-3) 3 were m a transibion
state {scale umit 4) and 3 showed the shiphtest degree of hmd deplehion
according to our ranking system The greatest v rmtion in Sud inoephiba
is evident snomice 4t 15es hetween 30 angd 50 dayys and it appears thnt
the roduction of cortical hipids mundy tal es place m thas porod Tw
ther the decrement of lipids secms o start rather thrupth m the
group 30 to 3% days In the age group 50 to 80 days ondy onc out of 34
males was judged to have 1 norm ¥ adrenocorticat ipid eontent 2 wer
1 a transibional state and 27 out of 38 wnnnals showed hyd depletion
1ccarding to the criteria adapled

The \ Zune Degeneralion e ) oung AC Vales

The resuits are gven wn dotad in Eable 3 and summorized s Fable 4

From the a,e of 37 days the adrenal \ zone had disappeared m all
ammsts In msee sounger than 29 diys the \ zone was present In the
mtersal bitween 29 and 37 days there was @ Jreat varittion m respect
1o the status of thus zone In the majority of the ammals younger than
37 days the \ zonc degeneration Was judped to have started it should
be emphasized however that the carly phases of the \ zone dejenern
tion m many cases are hard to asses There ary few €)lological sins
of degeneration and the diagnosis must be based upon the wadth of the
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actual cortical zone ¥ rom Table 3 5t appears thol the \ zonu degenera
Lion may he soemewhal beller correlnted o body weight than to age

TABIT 3

Age Bodi Weght and Stale of the Adrenal \ Zone and Senuniferaus Fpobhelium
af 30 AC Males Arcanged According ta Increasing $ge {One Lmumal for Faoch Dop}

Age Body welght Adrenat Semiferous
{Days) {Grams) \ zone epithehinm

20 50 1 1

21 Go ¥ i

29 15 I T

23 10 T i

23 65 T T

25 85 T 1

26 55 T I

27 a4 T T

28 185 T T

a3 140 A i

30 8¢ T T

31 145 i A

32 1035 T T

33 s i A

32 165 A A

33 ne T T

36 160 T A
371-49 165765 4 A

1 = Immature state T = Transitional state A = Adult state

The Maturation of the Semuntferons Epithelutny in Young A€ Vales

The results are presenied imn detayl mn Table 3 and summanzd w
Table 4
TABLE 4
Correlation belween fhe Stale of the idrenal \ Zoae and the Seruniferous Epithe

tutm an 30 AC Vrce 20-59 Days of dge The Vaterial 15 subdwided into 3 dge Groups
The Figures tndicate the number of tnimals

Semamferous epsthelium

Adrenal \ zone =
Immature state  Transitionsl state Adult state

10 amimals 70-38 days of age
Immature state 2 1
Trannitional state 3 3
Adult state - -

10 anumals 36-39 days of a5¢
Immature state - ~ h
Tran ti0ual state - 3 H
Adult state - -

10 anmimals 40-13 dass of oge
Immature tate - -

Transitional state - - 1
Adult state -~ -
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Tram the e of 36 dwes i anun s had o duit type of semmiferous
epithchim Indivduals younger thm 22 days were mmmoture m re
spect fo this paruncter Belween 22 and 36 dws of e the males
showed varyig, degrocs of Westicular devdopmant Apun the matura
tion seems etler corretited to hody waght than (o e

Lhie Correlution belween the Adrenal \ Zone Deyeneration and the
Yaturatton of the Sennferous Lphefuim

fhic resulls are piven m Tables 3 and 4 Scetons of the drend cor
tex nd the tostes from cach ammal had sepiratcdy been el ssified mto
onc oul of 3 clisses wecordmg lo Yhe degrec of moaluration In 23 oul of 30
cascs the degree of development w s the same In o animals 1t differcd
but eniy by one gradc Among the 3 cases no systumatic trend i the
variation could be fipured eut {n one case the semuunferous (pithetium
was more malure 1 4 cises 1l was Jess mture as compared with e
state of developmenl of the adrenal corien 1ecording to the emlena
adapted

Thus m AC puales the adrenal \ zone digencration comnades with
the histological matorabion of the sunmimferons cpithehum

DISCUSSION

Methods The adrenocortical hipid pattern is dehned by the Sudan
stammng can hiardly be characlerized m absolute umits m 1 consentional
system of measurement but it mas well be referred to an arbitrary
range scale Tlis kind of semigu nlilation prosved valuable in an earher
studs of mice with sponfancous adrenocortical lipid deplction ( irne
5611 1906) The method used mn the present study 1s 2 shght motihica
Lion of the former Micropholographs of the Sudin stamned secltions
were bhindly evafuated by an unbissed obsenver Since the specimens
passed through maulliple steps 1n the tustologtcal and photographic
processing, there are several sources of error However the procedures
were standardized as descrsbed previounsly 1 Uhus paper and possible
methodologteal errors should be raindemiy distnbuted

The paraffin sections of 1be adrinal Jlands and the testes were also
evaluated blindly according to cerlain crileria charactenzin,, the pre
pubcrtal maturating and adult strueture of these orpans The lustology
cal sipns of the prepubertal and the adult state m thse oryans an cleat
cut The transitional state 1s rather v gucly defined sinee at represents
a series of successive stages of development This might be Detter cha
raclerized 1 more spcaahzed studies Howeser for the presenl pur
pose a further subdivision seemed unneccssary

The adrenocortical ypid depletion Arnesen (1926) slaled that
ALR/O muce at the age of 3U days the adrenocortical hpd content
started to be reduced In tselse week old nuce the Lipd depletion was
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complete The mterval betwen the former and the latler stage had not
been sysiematically inseshi ated

In the present siudy the degree of adrentocortical Sudanophihia of
male AC micc 1-80 days of ¢ has been studied The majority of nuce
younger than 30 days hras 2 normal adrenocoriicai hpid content Be
iween 30 and 10 days a rapid depletion of bpids occurs and i animals
older than 50 davs the adrenal cortex is generally hipid deplefed It 1s
noteworthy that during the pertod of ripid decrement of adrenocortical
hpids {30-50 days of a.e) 1he weight gan curse does nol ndscale a
slressed situation (Table 1 and Fig 4)

‘The hitcriture deling with the adrenocortical prd pattern of oun,
normal mice 1s sparse To our knowledge there 1s only onc report on
tins subject Whitread (1934) studied the adranocorteal iprd content
of muce of various colours He found thi i male mice 10-17 days old
the hipids filled the entire permanent corfex Twenly eight days old ans
mals had a2 tipoid band  which occupicd the outer 8/10 of the perma
nent corlex In males which were 57 days or oldcr the relatine width of
ihe bpadband was about 6/10 Thus from the third to the cighth weeh
of postnalal life 1 certain rcduction in adrenocorhical hpids generally
tikes place 11 male mice Willun tlus 1. period the adrenocortical
hpid depletion takes place i AC mice The possibility thercfore evisls
that the adrenocortical Iipid depletion of these mice represents an ex
treme vanant within a nermal range of distribution Iloweser in the
adrenal corlex of adull ARR/O hybrids the Sudan stamnable lpad drop
Iets are few and wregulary distnbulcd and ne  hpoird band  of con
tnous sudanophilic material 15 peesent (Fig 1) This peture resembles
the adrenal from severely slressed mmal

The degencration of the adrenal % .one The first parl of the present
study showed that the onset of the adrenocortieal hpid deplefion of AC
males takes place when the animals are at ayes between 30 and 10 days
This comerdes roughly with the period of adrcnal X zone degeneration
m male mice (Howard Muller 1927 Deanesly 1928 Wartng 1930
Ve Phait & Read 1942 Chester Jones 1918) Accordiny, to these authors
the degencration starts at the ay¢ of about 3 weeks and 1s complete when
the animals are o6 weel s old In the present study it 1s demonstraled
(hat 1n some AC males (he mnvolution had started at the ag of 23 davs
and 1 all yndiv: luals older than 36 days the \ zonc had comgpletels
disappeared € 1sequently 1n respect to the age period of wdrenal \
zone degenern 1n the AC mice seem to behave hike olher mouse stram

The matur «f »n of lhe scnumferous epithetium There are fow re
ports concurn ng, the histology of the teslis in malurating mice Y ocom
(1917) four 4 that m 3 wedl old mice there were no spermauids or
spermatozo s In o weel old mice 1 fuw sporm dozoa were found but
apparently thev were not fully malure bun, firmly allached 1o Sertols
colls Parl s (1922) made smears Irom the epidiaymus of young mice
and correlted the findings 1o sections of the testis In cases where il
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usbis showed evidence of malunly aclhine spermatozoa wire afso found
in the smears In ammals older than 30 days the scomierous epithe
hum showed an tdult pattern In our study of AC ks the lnstolo,y
of senmimfcrous tubules was consudered adult from the age of 36 days
Consequently our results wre roughly consistant with the reports re
{urred to

It s notewortly that the maturabion of the senmmferous cpthelitim
and the \ zone degeneration probably reprosent early steps in thic pro
cess of sexual maturation Howard Miller {1927) found that when the
adrenal X zone degencration took place the mesicula sennnalts had not
reached the aduft size Hawlie (1961} stated that the differentiation of
the secondury scx organs m male mice 55 not fulfiffcd unlil the eyht
week of postnatal ife In AC nuce the e of the first ferftle maling has
not been systemabieafly mvestigated bul pregnancies rusufting from
swler brother matings before the seventh week are very rire Sexual
maturidy occurs ol the sasnie tune 1 males and fon des or perhaps
samewhat Liler in males (Bronson Dagg & Snell 1966)

The relabionsiup between the sponlancaus adrenocortical lipd deple
twn and the sexual maturation In this study the onset of the adreno
corhical bpud deplction 1 male AC misce 13 shown lo comnaide with the
adrenal N zone degeneration and the maturabion of the senunifesons
epsthelsum Arnesen (1906} found that prepubertsd gonadectomy pre
vents the oceurrence of spontancous adrenocorbieal hpd deplction
These results sndicate that the spontanecous adrenocortical lipid deple
tion 1s a funclion of the complx process of sexuf maturation

In AC males 1he decrement of adrenocortical ipids may be explasned
as the result of the cndoenne mech wsms wvolved s the maturation
of the seoumferous epithchium and the adronal \ zone dogencration
‘The maturation of the seomfcrous epithehum and the devciopment
of androgin producng cells s poverned from the pitutlary gland
through differint gosadotropse horatones The \ zome degeneralion
male mice seems 1o be caused by androenic hormones (Deanesly &
Parkes 1931 Chesler Jones 1949) Consequentdy he speaific adrens
cortieal hmd pattern of AC uiee may he related cithier to the funchion
of the prlmtary glang or fo the endacrine funchion of the gonads

ihiese possiinhies may be elucidated m hypophysectomy and gona
dectomy experiments Such mveslipations are m progress o our fabo
ratery

SUMMARY
Histofogreal studses on male muce with spontancous adrenocorbscal
Liprd depletion hase showsn that there 1s a corrclation between the
adrenocortien lptd content {he adrenal \ zone degencration and the
maturation of the sesmniferous epithehum
Before puberty the adsenocortical lipid conlent 35 normal 1w all ant
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mals In the majoritv of the ammals ihe hpd deplebion tahes place
when the amimals are between 30 and 50 davs old The adrenal \ zone
degeneration and the naturation of the seminiferous epithelum occur
stmultaneously and both processes appear fo be completed at the age of
36-37 d1ys Thus the onsct of the adrenocorhical hpid depletion coin
cides with the lale stages of maturation of the festis and the adrenal N
zone degeneration

The resulls arc discussd with respect lo possible connections be
iwcen the spontancous adrenocortical hpid depletion and the endocrine
function of the gonads and the pitwitary ,land
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THE EITECT OF HYPOPHYSECTOMY OMN
THE LIPID PATTERN OF THE
ADRENAL CORTEN IN MICE WITH SPONTANEOUS
ADRENOCORTICAL LIPID DEPLETION
4 Hustologreal Study

By

Georg Brabranh and KARg Motan
Recenved v 67

irnesen and lus co workers have deseribed a spontancous hipid deple
tian of the adrennl cortex seen m adult mice of the ARR/O strain and
of the hybrid substrains AC and CS derved from the later 1t 1s de
termined by a single recessne gene the adrenocortical hpid depletion
btne designated ald (see Green 1966) (Arnesen 1900 1946 19238 1963
1961 a and b 1966 Volbert & Arnesen 1960 Wolne & Brabrand (in
Press))

Before puberty the corlical ipids are present in normal amount and
thstnbution 1s judged by the staming with Sudan 11 At the time of
sexttal maturation the hpids disappear rapidly and in adult males the
depletion 15 almost total (F183 1 and 2)

The adrenocortical ipid deplelion may reflect 1 primary abnormality
of the drenal cortex or it may be secondary to abnormal mnfluences
from other endocrine organs In this paper we shall present studies of
the effect of the mituitary yland on the adrct > ortical lipid pattern The
possible effcct of clher endocrnine organs (5o ds see Wolne & Bra
brand n press) 1l not be considercd here

Experime *s  th ACTH and cortisone have shn n that bpid re
‘ceumnlation may Lake placc in these adrenals i adult age suggeshing
that the spontanesus adrenocorhical Iipid deplelion 1s related to the
function of the prituitary gland ( irnesen 1906 1961 a) However the
hormone | reparations used in these experiments were not specific for
mice and the doses were probably far outside the physiolosieal range

1 xamunation of the adrenals a shorl time after hypophsscctomsy

We arcindel 1 d 1o dr Jan Solem wha jcriorm d the determinat ons of the plasma
corticosteran  and 1 the { ead of i e [ife Insurance Compan s Instrlute for Medical
Statisie 1 the 01 Citv Hosp tals dr Anut Westlund for h s hel; ful advice
regardu g th t Ui tical analvses.
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tive but also qualilative diffcrences between the adrenal cortex of nor
mal ammals and that of the AC strain 1 their responses to ACTH st
mulation Howeser 1t cannot be excluded that these differences may be
due to the unspecificily of the ACTH preparation used or to madequate
dosage

The maimn conclusions to be drawn from these sludies must be those
drawn from the experiments in which ACTH substitution was omtted
These cxperunents have clearly shown that a marhed adrenocortical
hpid re accumulation tahes plice m hypophyseciomized mice with
spontancous adrenocorhical hpid depletion In shim operated animals
the adrenal corlex s further depleted Consequently the specific adre
nocortical ipid patiern of thesc miee 1s dependent upen pitwitary m
fluence The results sugyest that the pitwitary adrenocorlical relation
ship 1n normal ammals and 1 mice i the AC stram differ but anv
further information concernun,, this difference 1s as yet not avaiable

SUMAMARY

Following hyvpophyseetomv of male mice wilh spontancous adreno
cortical hpid depletion eatensine hipid re aecumulation lal es plice 1n
the adrenal cortex In sham opcrated and in imcomplelely hypophs<
cctopuzed anumals the hpsd depletion 1s even more ¢xtreme Post
operatine wlensive ACTH treatment largely prevents the adrenocorhical
bipad replebion 1 completels hypophyscclomuzed mice

Itss luded that the adrenocortical ipid depletion 1s
dependent upon pituttary influence

The results suggest an altered pituitary adrenocortical relatianship 1wt
ntice exhsbiting this speeiiie adrenocortical hpid paitern
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COMPARATIVE HISTOLOGICAL AND
SPUTUMCYTOLOGICAL STUDIES OF THE BRONCHIAL
EPITHELIUM IN INFLAMMATORY AND NEOPLASTIC

LUNG DISEASE

By

MAGNUS N\ASIELL
Hecened 12 ix 67

In previous studies (16 17 18 19) wi have demonstrated a distinct
connection belween varous alterations in the bronchial mucosa and
lung cancer These altcrations described 1 detail inelude bronchal
metaplastic changes as well as certain abnormahtics of the respiratory
columnar epithehum The purpose of lhe present mveshigation was o
sludy the occurrence nd extent of these changes 1n cases with differ
ot 1y pes of ehromic inflammatory lung diseases 1e 1 tuberculosis and
Lronchieclasis and 1n cases with bronchogenic carcinoma using histo
Togic1l as well as cytological tcchmiques Incidencee fipures of the alter
ations in various series are given taking, differences tn age and sex wto
consideralion

Several mvesti ators have found a relationship belween melnplastic
allerations and lung cancer and assume that broncho.enie carcinomn
1s preceded by such chan.es 1 {he respiratory epithehum (1 3 12 1a
20 34) Other authors found no support for this opiion (6 9 30)
and some inveshigators consider melaplasia to be more strangly as
socialed with olhier conditions than lun,, cancer (29) and particularhy
to chrome mflammatory lun, disease (20 32 3, 36)

The cyvtopalliclogy of bronchial melnplisia based on studies of cylo
logical malcrial has only been discussed bricfiv 18 11 13 14) and
wnaidenee figures have not been meluded Reporls on the possible

course of bronchial melaplasit bised an ¢stol o 1 ud nee have also
been fow (21 28) One retrospeelne stuly (25 n fides some figures
of histological and cyloloatcal ¢han < 1 n mn 1 as melaplastic
but not Latubiting an unmistakaby j1tC fey Tl metaplasia
Vartous abnormahbies m st ~Shumn lls occurming I1n
evlologienl speaimens hay b on ot t n Hm  udies (11 13 1

The authior 1s indcbtes t D ' Myt b im fcr tatist ¢ Lanalysis
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Certam speaific chianyes of ciliated respirtory celis called Cihioeyto
phtheria (CCP} by Pipameolaou have heen deserthed greater detml
Fhese reports comprise mcudence studics on the occurrence of CUP m
pulmonary dssetse (22 23 27) The highest frequency of CCP has buen
shown to oceur m patints with pulmonary carciionia and n patients
with pulmonary mfechions parbeularly i these of viral origin

MATERIAL AND METHODS

The histolagical matcrial of caneer wcludes surgseal specimens frem 35 ca es of
b h cell ses of § hy sty
carcinoma and 28 cases of primary pulmonary adenocereinvma surgieal lung spect
meas from 81 patients with non specifie and specihie chrome inflammators lung
disea es hase 2lso been examaned 1 33 cases with bronehiectasts lacking signs of
active tuberculosis and 57 cases with active pulmonary fuberculosss 5o autopss cases
without pramary tung cancer and lacl g the infl 'y € onditions menticacd
abave have served s cantrol materal 9 of these cases extubuted acute taftammators
lusg changes In previous reports this control series included 56 sutopsy cases (17
18) howeser ang case wath pulmonary tuberculosis was excluded nov AN cases
 ere unseleeted except for the demand that the mean age i the control matersal
should be semtlar to that of the cancer enes This aze distribution was not posssble
10 attamn in the groups with bronchiectasis and tuberculosis as the majonty of these
eases were surgical patients hdenging in sounger age groups (Table 7}

TABIE 1
Type of Specrmens and Amount of Epithelam wn the Histological Sertes

Bronch Tuber Adeno  Squattous

Controls "o taws  culosis carcwmoma ndiff Ca
Total no of cases 55 34 57 3 55
Na of cases with specumen
Compilete lung 5% 3 5 26 13
Lobe - 2 44 & 7
Segment - ) 8 - -
4 crage no of
ectigass case 95 13 25 4 5
A erage no cm
epsthchumriase 198 28 161 243 182

The eyt | @eal material consists of 457 paticats from Lfferent chest clinies The e
patients mclu e 140 (s ¢ of lusd cancer with a final chateal diagnosis of caresns ma
ncluding 2 histopathalagieat diagne sis of the turgoer 1ype There were 88 tases with
squamous ccll arcsnomas 47 eases v 1th undifferentiated cartinoma and 33 cases + 1th
primars pulmowar  adenocarcinoma The tuber ulossy group s composed of 119
patients L ath o prmeqpal clineal dragno 15 of agtive pudmonar  tuberculo s The
series of hronchiectasy compriscs 26 palients § ith 2 priatipal chinical diagnosis of
bronchiectasts  Rhaut an <lement of actsve tuberealc 15 tn ew carher report (18)
a Yarger consecutive er 1 Of chest chme patient  without fung cancer 1 &5 use § as
a coatrol material Thi maler 1 mcluded patients with <arsous chrone pulmonass
isarders AN such case have no v leen excluded and she remaning 137 § abents
vhe exmint acute inflammatcesy tung disea o3 re acule pneumensa bromchite
plenrstis (93 1 atients) or 608 fe pirat ry diseases (49 paticalsy hsve been use;lllns]
control straes 1n the present stod Tt had becn preferable to use healthy wadi idus
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but this has not yet been po sible because of the difficults to abtain  putum from
such cases All carcinoma ca<es but 11 adenocarcioma cases and all tuberculosis
patients as well as 10 of the b h patients arc ‘The 14" control
pattents are also consecutive The 11 cases wath adenccarcinoma and 16 palients with
hronchiectasis were choen st random and were added 1n order to gne largir csto
logical groups and Lhus more rchable frequency figures (Table 3)

Radiation tr¢ tmend or ¢ neer chemotherapeutic agents had not becn given m any
case before the sputum samphng or the histologteal preparation

The type of speamen 1n the different hisiological materials is esident from Table
I This table show that the majority of the hronchiectasis and tuberculosts cases
werc composed of Jobectxmy pecimens and that the carcinoma ca es mostly were
romposcd of one complete lung as was also the case in all controls In every cases
everal sechions were examined incleding wheneser possible sectrons from marmn
bronih lube bronehi 4s well as peripheral bronchi In all cases wilth complete lungs
ouly «ne lung has been used One third of the sections were taken from the mam
bronchi one third from the Jobe bronchi and the same number from the peripheral
bronchs In cases with Iohectomy pecimens one third to half the scctions were taken
from the lobe bronch: and the remaiming scctions from the perspheral hronehi In
segment spectmens ections were alwass taken from the largest available bronchi
This studs did not a1m at indicating the exact location of the dsfferent changes 1n the
bronchial mucosa but to point out the occurrcnce of the sarious alteraticos The
histclogieal technique has been descril ed 1o detail elscwhere (17) No sections from
the immedlate neigh! ourhood of the tumours have been included sn this study

The spread or extent of metaplastic changes was studied according to the number
of sections per case exhibiting this alteration (Table 4)

In the eytological scries all patients had at least one adequate putum specimen
the majority had three or more with an ascrage of four smears preparcd AH eito
1o 1cal s ecrmens were siomed Al o the 1o thes
stady sputum specimens were chosen as these represent a wider arca of bronchial
muc sa than secrelson specimens obtatned by branchoscopy

Statistics In order to evaluate the frequency fures in the different matersal &
2 test (al a sigmficance level of 03 and one degree of freedom) was uscd combined
With the standardized population method The following 1s a brief description of
the procedure

Some of the frequency differences in the compared materials could depend oa
different ex rahios or different age distributions With the standard zed population
methed the materials were I 1ded with respect to sex and 1n 10 year aye groups
St ectal werghls were chosen for each of the intervals A weighted mean vas computed
fur each cI 1} e compared maferals If the weighted means differed from each other
allo ay et (two b Iwo contingency table) v ith Yates corrcction for ¢ ntmuify
was uscd to compuic pussible sigmficance hetween the matcrials

DI FINITION OF TFHMS o

Stt formafion m the bronchial ¢pithclium mews thit there 1s 2 shit
between the columutar cells and the bis i cells {Fitw I} The columnar
<lls are abw ivs altered above the el wage and may show tie preture
of Loblcd eudls or ciliited cells with different di nrees of deaencritne
alterations The intact ady want cpithehhum do ol show these changes
m the columnar eulls (16 17 19)

Tow epitheliny without caha 1+l rpred d b resull of sht
formation nd expulsion of surfa 1 oand et ! reat sumlarty
to the hasat part of the uptthehon 1 hi torn 116 17 19} The
surface of low (pithelium s ' uhl nshes at from an
arfefuct where the surfae L1 r F._ 2 It has lately been

shown (10) that similr {1cte P v, notd ospirlory mucosa
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Fig 3
Tran stional metaplastic epithelium There 15 an increa e in the number of basal
cells with 2 rows of tlattened cells on the surface o cthia are present.
Case with y cell ¢ (+ Greson X 155)

and Jow eprthelium as a resalt of eafohalion of degencrated surface
cells can be produced experimentally

Velaplastic eprtheliunt n ihe bronehnql mucosa rmpiltes transition of
the special ccll type of this epithelun mio the cell type of another
epithelium In the bronehal mucosa this usually iwmplies the occurrene
of trnsitional epithehium and more varely of 4 squamous eprihelium
nstead of the ordinary cthated epitheliunmn (17) The eviomorphology
of melaplastic cells of bronchial origin has been desenbed m defnl m
a previous report (13) (Fiys 3 wd 4)

itypreal taple Ccllular abnormalities prinaipally of the same
type as in carcinoma but less pronounced may oceur 1n the bronchral
epithcium  duch alerations occur almost only m metwplistic ept
thchium In @ few cases some refawmed cilty were obseried on the
surface but the general appe wrance v v thot of mel iplasia as desershed
Wore In e momun sMu (non imasne  t momay the epitheimm
1 compos 1t cireimoma hle eclls but 1h « no submueosal an
Vasion Su W Jueritions were only scen an oot lie epithehum
(Figs % 1id o)

Microp anllom tosis Thus alleration which nearl  {w ivs eceurs 1
medapias opiti b smphies the oceurrened of sticma papithe m
the bron undd epthehuam (aliinting the appearance ¢} stromal herm
wions i) the wu o 2 The epithehum belween the strom il herm
ons v also simulate cord ke downgrowths 15 1 srrc ulir 1can
thosis 1) (Fig 7)

Abn rral columnar cell findings (A1) w evtaloaer! sputum
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Group >f metap! stic cells vith puclear abnormahities The nuclet vary 1 size and

shape as well us 10 nucleat chromatin density Sputum Climical diagnosis
Tulmonary tuberculosis (Papanicolaou staim X 748)

L]

specimens 1s the result of degeneration and desiruction of large num
bers of columnar cells 1 the bronchial epithelium This 1mmplies the
occurrence of an abnormaily large number of colunmnar cells in cyto
logical specimens with non speaific degenerative alleralions (19) (T, 8)
as well as the occurrence of Papamicolrous CCP (Ciliocytophthoria)
changes the latler changes include varous characteristic allerations
mn the columnar cells such 1s frigmentation of cells occurrence of
eosinophilic mclusion bodis and sanous chromatin abnormalifics
(22} (Lig 9) ACCF 1s mnterpreted as lhe spulumcylological resull of

sht formation 1n the bronchial mucosa which results m low ¢pithelium
16 17 19)

RLSUITS

‘The frequency fipures for the epithehal chinges i the different  rics
are shown in Tables 2 and 3 Tible 2 accounts for the histolo.:
materials and Table 3 for the cylological In bolh Libles th
we recorded only when a statistically siomificant differ » )
certam roup nd the conlrols eould be fc nd Th m
cases m Lhe different series 1s <hown in 1wt
of the diffcrent frequenes figures wecordn
lalion melhod did not show any my srlant Ju
the malenial

It 1s cvident from Table 2 that sl f rmati 1 was most frequent in

\ vitues
twan a
n ¢ of the
2 a1 17 Isamnation
the st nlardized popu
FelC 1D ARC OF SLX I
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the squamous undifferentinted {sq u) carcinoma series The incidence
was sigmficantly hugher than that of the conirols The incidence 1n the
bronchiectasis and tuberculosis groups was also increased 1n compar:
son with the controls The difference beeame sigmificant when the two
inflammatory groups were combined (x = 4 2 for the combined group
The obtained x value exceeds the critical value of x? at a si;mficant
level of 05 and one deyree of freedom) The adenocarcinoma serics
exlubited a stnmlar ineidence as the controls

Low epitheltum was also most common n the sq u carcinoma ma
tenal and least frequent 1n the control yroup The bronchiectasis and
tuberculosis series exhibited almost as high values as the sq u cara
nonia materinl the rate of all three groups was sigmficantly lugher
than that of the conirels while the rate of the adenocarcinoma group
was only moderately clevaled (Table 2)

The cytolagical phenomenon ACCF which seems to be related to sht
formalion and low cpithehum showed the highest rate in the squ
carcinoma material and the lowest in the controls while the inflamma
lory and adenocarcinoma series took an intermediate posihon The
tuberculosis adenocarcinoma and squ carcmoma materials differ
significantly from the controls (Table 3)

The meidence of transitional or squamous melaplasta was very hgh
m the histological sq u carcinoma matenal (88 per cent) and sigmfi
cantly increased m relation to the frequency of the controls The
meidenee in the histological series with bronchiectasis and tuberen
losis was on the same level as 1n the conlrols while that of the adeno
carcinoma gronp held an intermediale posihon belween these and the
sq u carcinoma cases (Table 2) The frequency of melaplasia 1n the
cytological sq u carcinoma series (80 pur cent) was almost as high as m
the corresponding histological group The lowest value was found n
fhe control material (36 per cent) which showed a sumlar value as the
lustological controls (35 per cent) The cytological bronchiectasis and
tuberculosis series and also the adenccarcinoma group exhibited
moderately elevated values the rate n the tuberculosis as well as i
the sq u carcinoma group was sinificantly mnereased (Table 3)

Fys 7-9
Fig 7 Micropap llom tosis There re seversl prt dag trom 1) gillae ! h
arec er d b amet plashh ¢pithelum C € mall I tnd flc ent ated

carcii T of the lung (v Cieson X 1u5)

Fig8 Rep at column r cells vith uncharacters tic desen Uy hanges Tle
ot pl n  disintegrating and there aren ¢ a They Iivar m size
Sputum C s of lungtul ercul sis (P janicolacu stamm > 300)

Fg9® Colunna ¢} 10 sputum 1\ \h pronounced leg n r t alt raticn of the
CCl type (11 re al ent Th nucd i exhibit 13hn + and  hromatin
clump o One ai eularhi t ocvtein theleftulp ¢ ner Ca e of p dermo d
Ir ncho,en ¢ ¢a cinoma (Papan colaou stan X 300)



TABLE
Incilence of the Histological
Totalno of cases ¢ otrols Bronclucetasis
55 34
Meun age 589 371
No A
cases ( “) cases (ﬂ“) AY 1’
Wath slit formalion 5 ) 5 (0 \S
With low cpithelium 1 00 18 Oh 89
With metag lastie (uthchium [EI 9 (0 NS
Of Lhese eases with alypia 2 “ 2 ) NS
With micropapllomatosis 1B @ > (O] NS

1 The x values are valid for the comparison with the controls and recorded onlv i con
NS = Not Sigmificant compared with the control group

TABLE
Iacwdence of the Cxtalogseal

Controls Bronchicetasis
Iotal no of cases 142 26 B B
Mean age €03 613
o o
cases (e} ca s (o) x t

With ACCI 27 19) 9 G0y NS
With mctaplastic cells 51 a0 13 (50) NS

Of these cases with at p1a a3 23 7 @n NS

+ The x values are vahd for the comparison with the controls and recorded only i con
\S = Not Significant compared with the control nroup

The i of at I metapl was increased only in the squ
carcinoma sertes the incrcase was slabistically sigmficant The other
histological groups reveiled simlar rates Al fie cases wilh carer
noma in situ were found imon, the sq u cirenoma cases The rte of
alypical metaplasia in the cviologicl series was nlso sigmficantly
creased 1n the sq u earainoma material and only shghitly elevated the
mflammalory and adenocarcimoma groups {Table 2 3)

The spread or ext of lapl I m the bronclual
epithelium as illusiraled by the number of seclions per ease exlubiling
this alleralion 1s shown n Table 4 It 1s evident that the grealest ex
tent was found in the sq u carcmoma maternl m which 74 per cent of
the cases showed metaplasia 1n more than one section and 46 per cent
n more than three sections The corresponding hipures m the adeno
carcinoma group was considerably lower e 39 per cent and 18 per
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'
(hanges tn the Different Sertes
Tuberculosis —Undiff Ca
57 23 50
375 571 597
~ o N o
s B xt a9 xt o gu (2 xt
129 NS 3 (10) \S 16 (323 72
29 (51} 10 10 36) NS 30 (60) 16
23 (40) S 1 &) NS I (88) -
4 [U) NS 1 [} NS 25 (50) 27
3 5) NS 7 (30) NS 30 (60) 13
nection with a ata level of 02 and one degree of freedom
Ler cent of total no cases
3
Changes in the Different Sertes
Tuberculosis A —Lndiff Ca
119 33 137
552 645 635
o o o
e ) xt PGSt at cres (B x t
49 (1) 1 13 (39) 59 6 (50) 38
60 (50) 59 16 (48) NS 109 (80) 53
3° @7 S 1 33 NS 63 46) 12

ne tion with a sipnificant difference at a significance level of 0o and ane degree of freedom
Per cent of total no cases

cent and in the conlrols shill lower (20 per cent aind 9 per cent) In the
bronchicetasis and tuberculosis series the changes were most hmited
mel iplasia 1 more than three scctions was not found i any of these
cases According lo the same table these results are not influenced by
the number of scetions per case n the different groups

The sq u carainoma series also exhibiled the highest ineidence of
mrcropapillomatosts The difference in relition to the ~1f ols was
slalistically sipmficint The adenocarcinom: group shoy ed bout the
san frequency as the controls winle th  wo nfinmu itory scries
revealed a eonviderably lower inesdency (Tabk 2) Inta conirel group
only 4 oul of th 13 cases with micropapulomalosis did not «xliint 1
clear cut metaplastic eprithelium (17) The ¢ aneclion between the two
altcrations s sipmificant (x = 72 which exceeds the crlical value of
¥ at 1 symficance level of 0o and one degree of frecdom)
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TABLE 4
Eaxtent of Metaplasia in the Histol Materals
o of cascs o of cases
with meta Vrerage with meta drerage
plasia in plasia
1 sections "‘:;‘;:’/ >3scetions/  Sections/
case case case
Controls 11(2060) 93 5 (9%) 88
Bronchicetasis 1(12%) 103 - -
Tuberculosis 7 (1370} 101 - -
Adenocarcinoma 11 (39¢0) 130 5 (18%) 138
Squamons - Undiffer
cotisted catooma 37 (74%%) 101 23 (46%%) we

DISCULSSION

Shit formation m the bronehial epithehum 1s hikely to be a fragile proc
ess which probably 1s casily destroyed durin, the histologienl prepn
rabion and henec difficult to preserie m the sectians This dufficulty 1s
also due to the fact that shorlly after the completion of the epithelsal
clemvage the surface cells will be exfolialed On the other hand low
epithellum must be 1 more resistant and a longer evsting alteralion
and thus (asier 1o dumonslrate in seclions This may explan the facl
that the frequerncy of fow epithehum n it lustological groups 1s Iigher
than that of slil formation (Table 2) ACCI has constantly been found
1 lugher numbers n the cytological sroups (Table 3) than sht for
mation i the histologreal The reasont may be that such loosened
columnar cells are more easily caughi 1n cyfological specimens {han sn
histological ones

There appewrs to be a parallebsm between the lustologieal phe
nomena sl Jormation—low epithelnun and the cytological ACCY mn the
different groups of the miterial Thus the frequentey 1s lowest m the
controls and highest i the series with sq u carcimoma The two groups
with chironie nflammation hold an intermediale posihion with respect
to the stolopical as well as the cylological phenomena low ept
thelium however 1s almost as frequent m these groups as in the sq u
carcinoma series It 1s of interest that the wdenocarcinoma materil
does not show the same high mcidence as the sq u carcmnoma group
Concerning ACCF the adenocarcinama senies s suular to the groups
with chrome mflammation and with respeet to the histologieal chan,cs
1t 15 mor¢ sumlar to the controls

It 1s reasonable 1o assume Lhat this group of alteritions 1s due to one
or more factors which has an wnjunng effect on lhe respirntory ept
thehum parbewlarly on is superficial cell Iyyer Repated wnjury dur
g a longer Lime conscquently resulls m chronic nflammation For
{hat renson it 15 comprel ble that the freq of cf 1 1
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ereased 1n the groups with chromie mflammation thouph the nflam
mation 1n these groups has been imtiated not only by an mjury lo the
superficial Iayer of the ¢mithehum hnlf\"llso by a deeper pencirating
njurs to the tissue particularly by baclepiological mfections The high
mncidence n the sq u earcimoma ,roup lr)dlcates that a sumlar injury
1s an even more pronounced phenomenoi in this group although the
wflammalory reaction n the bronelal vall here s less marked than
i the bronchiect tsis—iubcreulosis Scricy On the other hand 1z ndeno
carcinoma the marks of imliry of the surface cells are less pronunent
1t was also repeatedly obscryed during this investigation that the in
flammalory reaclion 1 areas with metaplasia was nol more pro
nounced than n areas with a normal ¢pithechum In an carlier report
(17) 1t has been pomnted out that low epithchum which 1s the result of
epithelial eleavage and surface cell expulsion dunng lhe subsequent
repair may devclop into a metaplashic epithehum and not nlo a normal
respiratory epithehum

The lugh inaidence of melaplasta n the histological as well as the
cylologicnl sq u carcinoma series shows that there 1s a slron, and
sipmificant rdationship belween mictaplaslie changes 1n the bronehal
epithelium and thus type of lung cancery Il 1s of mierest thal the fre
quency fi,ures are sinnlar in the lnstological and cylological malerals
1s 10 sq u caremoma and controls In the gifferent histological groups
the melaplasia frequency s dishinetls incrgased only 1n the sq u carcr
nomn series wnd only moderately n the wenocarcinomnt group while
the cylolosical malersnl exlubils a distineg mncrease also in the tubereu
losts materil and a more modcrate 1n the olher groups 1lis difference
between the Iustological and cviological matenals may be duc fo a
graater possibilily of cytolony to deteet metaplasia (18) The mean a.e
that 1s lugher 1n lhe cytological than n the hislological inflummtory
groups may on the other hand mdicate fhat melaplasia 1s more com
mon at a higher age however standardized populition analvsis did
not show any mmportance of the dilfercnces in age

It has been a somewhat controversial question whether cclls inter
preled as metaplastic always originate from the bronchi or whelher
sumlar cells may ori,mate from olher regions te nasophiwrynx To
fesl lhis a malcrial of 46 ptients from all the evtological groups
«xeept Lhe cancer proups was used These ¢iscs were chosen at random
among patients exlilnting adequale as W 1 as madequ ile specimens
and 1 presence of melaplastic edls m eilher the first wdequate or m ihe
firsl nadcquale sample The defimtion of wn adequale spulum sawple
15 1 speeimen wilh alveolir macrophages In 42 case m taiphistic cells
were found in the adequate spectmen while one ¢ise ¢xmiited such
cclls i the wdequale as well as v the mad quale ar ple and three
only 1n the inadequate simple

A\dmuttedly thus lest 1s not quile deeisnc becau ¢ 1t cannot be ex
cluded that n wdequate spulum spc i n aleo nas cont nn some

33 actavata 24
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material from the upper resprratory lract The distinel association
betwecn the occurrcnce of mdlaplastic edlls and adequate spulum
samplcs ndicates however 1hdt this sourcec of errar 1s not largc

Altymcal changes n metaplastic epilichium with celluiwe abnor
malities stnilar to those 1n precancerous lcstons (dysplasia and caral
noma 1n sitn) of the ulerme tervieal (pithchium were alse found with
the highest frequcncy m (hg‘sq u carcimoma serics This ¢ircinoma
group was the only stolo,ical group which showed devated valucs
25 out of the o0 cases ealinted atypical melaplasi1 o out of these 20
cases reveiled abnormalities consislent with carcinoma in situ—a
picture only mct with 1n 1his group In the cvlologic 1l malernl there
was some elevalion of the values also 1n the other groups but a sigmfi
cnt increase m relabion to the controls was only found 1 the squ
carcinonia serics

Also with respeet to metaplasia lhe adenocarcinoma group eahibits
a lower incidence thin the sq u carcmoma series In the histological
material the adenocarcinoma group shows a mederalcdy hisher meta
plasia frequency than the groups with chronic inflammation In the
cytologicdl serns the rue 1s simuiar to that of the mflammalory
groups This 1s m agrecment with the opmion thal pulmonary adeno
carcmomt may origmale from the submucosal glands and not from
the respiratory surface epithchium (7 20 26) Sever il studies of smok
crs show lhat pulmonary adenocarcmnomua exhibils less dependence of
cxtrinsie factors than sq u eircinoma does (31} The higher incidence
of metaplasia in Lhe sq u carcinoma sertes mdicites that (vogenous
faclors are responsible for the davelopment of melaplasia as well as
sq u carcinoma

As the metaplastic Wlcration n the bronehial ¢piticlium htis to be
considercd as a bisis for the development of squamous and undiffer
enhialed carcinoma and the mcidence of melaplasii s siomficantls n
creased 1n the eytologic tuberculosis sroup such inflammatory con
dilions mny be of importance 1 carcinoginesis beeause of their meta
plasia producing inlity These circumstances support the assumplion
that chrome inflammatery lesions of the lung are of sigmficance i the
pathogeness of pulmonary cancer (2 4 5 24 33 37)

It 1s however obvious that m cases where squamous or undiffer
entrated circinom i has deselopcd more effective factors than those of
these chronic inflammatory condilions hune produced an cven lugher
frequency of melaplasia Furthermore m lus cancer group there 1s a
high neidence of cellular atyma in the bronchial mucos

The mcidence of itypical mclaplasia 1s Jow m the non mahgnant
lustological groups but comparatnvely hiph (23-27 per cent) 1 the
evtological This facl has becn discussed carhicr (18) One eaplinition
may be lhat the esvtological techmque 15 more scnsitiie thin the
histologieal because 1t enables «xanunation of cells from a wider are
of bronchinl mucosa A number of tests with represenl itive shdcs from
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our maleral have been performed 1n order to exclude overreading of
cytological atypia in the presented malerial Thus our cnicna of
alypical melaplasia have been checked. with those set up by several
independent pathologists with different: professional background In
lhe evaluation it has constantly been found that atypical metaplasia
15 more frequent than non alypical |

The extent of the metaplastic changes m lhe bronchal epithelium as
evaluated by the number of seclions per case exlubiling ilus lesion
revealed that the of pl 1 non cancer materials 1s
mferior to that in cancer materials (Table 4) The lower extent m the
two series with inflimmatory disease as compared with the contirols
may be eapluned by the lower mean age of patients i the former
groups The great extension of metaplastic changes m the sq u cara
noma material may ndicate that not only the occurrence but also the
deyrec of extension of these alterations 1s of importance for the de
velopment of bronchogenic carcinoma It seems also possible that the
degree of extension 1s dependent upon the duration of the factor which
produces mietaplasia as the mflammatory ,roups with their lower
mean age exhubit such a limited extent of melaplasia

The sq u carcinoma group also cxlubited the highest number of
cases with mucropaptllomatosts 1 the bropchial mucosn A significant
relationship between this cancer group and mmcrepapillomatosis was
established This was not the case in the other series (Table 2) The
controls and the adenocarcinoma cases showed 1 simlar incidence
while the figures in the bronchiectasis nd luberculosis series were
considerably lower The lower mean 1,¢fin these latter groups mav be
an cxplanation for this condition 1 e the occurrence of micropamllo
matosis seems lo be related not only to 2 particular tumour type but
also to the agc of the patients This assumption 1s not possible Lo test
by statistical analysis because of the small frequencies As mmcro
papillomatosts almost exclusisely occurs in cases which also exhibit
metaplasia (17) the same factor may be responsible for both chanses

When estimaling the occurrence of the diffcrent changes and part
cularly the extent of melaplasia in the different matersals 3t has to be
consulered Lhat all eontrol specimens and the mijonty of the carer
noma 1 of one 1 lung whereas the Iron
elneetasis and tuberculosis specimens mqs(ly werc composcd of 1bee
tomy specimens (Table 1) Tlus mav mean that if complete lungs hid
been avarlable also i the mflammatory groups nnd thus th sctr ns
could hnve been collected from 4 wider epithehai arev h chance to
defcet 2 ligher number of changes might have been 1 riosed It 15
however more probable that the pres nt situation vun all sections
from Llie diseased part of the lun, as 1t -as the case 11 the mflammn
tory proups offered the highest vield of 1! ered epith + m
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J sUmMMARY

Tins investipation 15 1 comparatine tustolooieal and sputumeytological
study of the occurrence of epithelial changes m the bronehn 1 a control
seris and 1 cases wilh 1) Uronchacmie epidermiond or undifferents
ated careinpma 2y primary pul ry adenoc v 3}k
tasis and 4) achne {uberculosis The epithehal altcrations studied are
the Istologsial changes sht formation m cotumnar (uthdlium and
Tow cpithehum (result of expulpion of decnerated surface epathchum)
and the connecled cyliolo,icsl phenomenon ACCE (accurtence of in
abnormally larye number of columnar cdlis m eytolojical specunens
with varous degeneratne alierabions) hurthermore metaplisia with
and without cellular atypin the hastologieal alteration micropamito
matosss and ilso the extont of metaplasia hs been studied

Fhe results show that the sguimons undifferentiated carcingni
group extubiied the ughest frequency with respeet lo alt ehanges
whereas the bronchiectnsis tubereulosts and adenocaranoma groups
took an micrmediale posiion belween these and the controls The
oreat extent of metaplasian ihe squamous undiiferentiated carcinom
senes emphasized still more the Gifference beiween this yroup wnd the
otlier groups

fhe clear diffcrence butween the adenocarcinomn and the squanous
undifferentiated caranoma groups concerming ail ehauges studied s
m close conformmty with the opinion that extrinsic factors affecting the
surfice epitheltum passess much greater careinogenic sipaificance
the latter gronp

The chrome {aclors which injure the eprihehum and <eem o be
aclive w chirone mflammalory lung disease ciuse an mereased rate
of ¢piiliehal melaplasia These factors may accordingly bt of mmpor
tance by ereximg a basis for carcinosenesss The ngher medinee of
melaplisia and particularly of epitheliat atypia in sguamons vnasffer
enfiated carcinoma indicates that i this instance addiiional causatne
elements have been added
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FIBRIN DEPOSITS ON THE SYNCYTIUM
OF THE NORMAL HUMAN PLACENTA EVIDEMNCE OF
THEIR THROMBOGENIC ORIGIN

By
NarvE Mok and Lewr Jagceases
Recersed 16 vae 67

Deposition m the human placenta of a malenial considered to be fibpn
was first described by Langhans m 1877 (07) He found a laycr of this
malenial on the chorion plate composed of two parls one compacl
component directly overising the choron and another fibriliary stra
tum borderin, the maternal blood space Laler Achermann (1 2) ob
served that what appeared {o be fibrin ofien covered paris of the sur
face of the vslli Eberhardf (28) found fibnn deposits wathwx the ith
betsseen the trophoblast and the siroma

There has been disagrecment 25 1o the ari@a af these Ghoia or fibein like deposits
1anghans (57) claimed that the laycr covering the chomon plate nas Hibna derved
from maternal blood As to the matenal assocfated with villl a spslar view was
adopted by £be hardt ("8) Fden (30) Huguemn (51) and Grosser (11) Schickele
{87) conznidered the malenial between the vill to he Lihrin dernved from materpal
blood whereas that wathua the villi was Dibrin of facts! ergn. Aime (58) claymed
that the fibrin masses were of foetal orsgin extending from foetal vessels through
hreaks 1a the trophoblast secondanly the fibnn masses became covered by sya
e3tum growang from intact viili or trunks However he rarcly obsersed thrombi
0 foetal veszels

Sufdall & Harf nan (92) Huber et al {50) and For (33) suggested that the fibnn
depesition was simply due ta stasis of maternal blood 30 the snterallous space

Ashwarth & Stouffer (8) observed a lasge number of blood platelets in assoniation
%th vecent deposits of fibrin and described the lesions as thrombe 1o older depo s
platilets s ere no longer apparent They shion ed that the svncytium v as often leckang
at ihe mite of sttachment of the thrombd Ul Iy Boyd 16)
{ und fibnin {Hibrinoid) on the surface of vilh 1t appeared as a densc network and
an occastonal platelet could be wdentified 1n the suterstices

Schay et al (62) rclated the deg osttion of Gihr 0 to a focal loss of antre ag § n!
acinity af the syncytausm assumed 1o be pr sent Rormally Later M A T 7

berg (61) 1nduced accumulation of platelct and Hibrn o rat (lac nt d b h
w oxidized lipid snd they clasmed that th dep siks ould b o o de
Eeoerahion of the trophoblast

Anuther group of anthors bare quest ¢ & whether 1 mat ' ted on the
chorion § tate and 1tk is Gheia Alterna ¢ uggesho  fave b V1 the depo sy
e ccltular e r bwo preduct of the ¢ R bast (4@ U« nae ed ¢t
trophoblastic cell (2) or the result 1 immu 1 g von 119

The purpose of the present st e aalu th o tmeoltn

deposits on the chorion plale ane an mman ceat s waing betn
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hiuhit and electron nuerascaps Envidence will be presenied thai the de
posils are thromiy formed from matcrnal blood and undirgoing secon
duary changes

MATLRIAL AND MPTHODS

Thirty three mature and 26 1 1 d by Yight

onls The imimature placcnias were obtamed by therapeutse abortions in omen

8 to 24 weeks pregnant They had no somalic disorders and the proguamcy was
hiatne indeaticas § & after dednery the jlacentas

were geatl  nimsed in asotonsc sahine dnd cut w slices Specimens were laken from

the central and peripheral parts fixed o buffered formalhin or Helly s solution for

24 hours defindrated apd embedded w paraffin The following stans were néed

(1) Haematgyylin 2zo phiovine (HP)
(2) Lendrum s Marttos scarlet blue method (MSB) (58)

{37 Mallort s phosph acid Ha methad (1 TAH)
(4} Van Gieson s staim

Fhree mature and 3 immature placentas of 10 to 13 weel s were examned Doth by
Ught and electron mucroscopy ¥ or electron microscopd tissue bloct s frowm the basal
middle and upjer parts of the placenta were removed ymmedsately after delisery
They were fixed for 1%-7 hours i chilled 1sotonic 1% per cent slutaraldehyde wn
M/20 phosphate buffer (pH 74) and post fixed for 134 hour a1 per cert isplome
osmue tetroxade (21) apd embedded 1o Epon 817 One mieron thye sections were cut
on a Hualey witramicrotome (Lambridge Inst Co) and stained with tolmdine hlue
for ortentatron by lhight wmcroscopy Sumtable areas were sclected and ultratihin
sectrons stalncd weth wracn ] acetile and Jead citrste (81) Thev wece examined
a Zerss EM-9 cledtron micrascope

RLSULTS
The findings wn placertas at 8 weihs of pregnancy 1nd 1ler up to tetm
were essentially the same although quantialyve differcnces cxisted

Unirss othersise stated the following desenphon apphes to all spect
mens studicd

Frgs -4

Fig t Placcnla at term Loosely packd platelet sgpregates are apparentf floating
free n the tnter allous space At Jower left (arra v}« lightly g ached platelet
aggregate altachod to the sngytium of a villus USB X 640

Fig 2 Placenta ot 17 weals Small projecting platclel thrombus on the syacy tium
The thromby s cosercd by a fark fibnin cap The ynovham s pot defimte
iy altered MSB X 500

Fig 3 Placenta at 8 veehs Flat depasit consisting af a basal fibrin 1a or and a
superfiess) platelet aggregate The underiyiny, 1rophoblast 1s thun the 3n
evtial cvlopla m 3s vatialated anl the nucler are yenotir MSB x 500

Fig & llacenta at teem Small platefet aggregate attached to the ynevpem (8)
QOne of the platclcts (P! ) has parily lost is organelles Betueen the plate
Yets and surface of the ssneytwm there 1 a flocculent wranular to filiiliar
substance of molerate elirirun density la some Nbpllary fracts a ctoss
striation with erodiaty of about 236 A can be disecrned farr v ) The
s acvtiem shows atraj &y of micronilh and some \mumaln nlx cadt pn:smu-
reticutum Ia ansert 3 single platelel s in eontact sith the ynodvimm
1 seudupod {arraw ) buned bety een the microvath X 12000 {in ert X 80087









<
»\. uFMqW
A

A d \’h
PR

R

7
PRI i Ao AR PR



624

Recend Platelel Fibrin Thrombt

Light mucroscopy of immature and mature plicentss revealed some
apparenlly free floaling platelel ag regates i the mlervillous spice
(Fi; 1) Other plaldet aggregates were adhening to the syncylium of
the chorion plate or villi (Fi, 1) Commonly the platdet apgregates
were surrounded and/or iravirsed by fibrin strands identified by
charactenstic staming properties m MSB and PTAH stains (F1, 2)
Some depusits were fiat and scemed 1o be composed entirely of fibnn
or thes might consist of two layers one bisal layer of Dibrin and
another superficial one composed of plalddets (Fig 3) Some neutrophl
granulocyles and a fow other leucocyics or erylhirocytes adhercd to the
surface or were embedded within the mass

o thrombi were found n ihe foetal capillarics of the vilh

Elcetron microscopy of the placcnlas revealed smgle or small groups
of plalelets i contact with the svnevtium (Fis 1 and 19 nsert) Lien
single lcucocyles or red blood cells appeared occasionallv to be attached
lo the syncytium The plalelets or the other blood cells were either
partly buried belween projecling mucrovilh or they scemed lo com
press and bend the mucrovith The dislance between the superficinl
membranes of the platclets or cells and that of the syneytium v ried
considerably Usually 1 a shorter or longer part of the caircumferunce
of the platelels or culls the distanee helween adjacent mombrines was
only 2-300 X t ¢ about the same as hetween adhering cells in general
Some of the plalelets showed moderate morpholosical chinges such 1s
pscudopod formalion and be,innming loss of organelles On the surface
of the syncylium at siles of adherin, platelels wnd beween loosely
aypregited plalelels there was oceasionally a flocculent granular to
fibnllar subslance of moderaice clectron densily (Fig 1) In reas where
the Dbnilary structure was disiinel a eross stnation with penodicaty of
about 230 X w1s observed indicunve of fibrin

Figs 8-10

Fig 8 Placenta st 13 weehs For companson normal ssncytm (S) and 3to
tropheblast (L) % 12000

Fig 9 Ilacenta at 13 wecls The decpest part of the depusit secn 1n T1gs 6 and 7
T the left there 1s a fibrin et (F) wall sacuoles and other ecllutar debris
The syncy lum (S) sy nearly destroved and paorly outlined Its auter I rder
13 probably along the arrows Within the ctoplasm thore are vacuoles and
fibrin strands some of which appear to be in direct continuity with the
fibran an averlyng deposit A dense hody (D) probably 1ipid 15 cen to the
right Eart of a svncyUal nuclens at upy ¢ hight (N) The cytotr pheblast
(1) at the boltom 1s ncarly unchanged X 12000

Fig 10 Tlacenla at 11 wechs I ragmenting granular mass (C) cocompu scs mem
branes +acuoles and platelet (PLT) This deposit is probalily undersuing
spontancous hsis The syncytium (S) shows shrinkage loss «f microvillh
and marhcd \acuobizalion Yacuolis appear to be rcleascd from the syn
cytum ¥ 12000
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Tlectron microscopy of the larye hyaline deposits showed that they
were mostly composed of compact granular masses of moderate clec
tron densily (Fig 12) Cellular debnis including myehn figures or more
or less preserved platelets were wlermungled (F1, 1o} Occasionally
strands of fibrin wilh charactenistic cross siriation could be discerned
wilhin the mass Towards the surfuce the granular mass merged with
fibrin associaled with platelets wd cellular debris (Tig 16) In olher
mslances the jranular masses were covercd by plalelets (Fi, 17)

Coagulalion Thromb:

In a few mslances masses of red blood cells trapped m fibrin ncls
were found n the inlervillous space These structures had an ap
pearance of coasulation thrombt Ususally they were connecied at one
or morc poinis wilh 2 villus or a platelel fibrin thrombus covering a
villus

Trophoblastic Changes

Light microscopy showed Lhat the syneytium underlymg the pltclet
fibrin thrombi was somelimes norml but usually st showed shrinhage
allered stamability of the cytoplasm and pycnosis of the nucles (Fiy
3) In some areas thcre was no syncytium underneath the deposit n
stead the deposit was parlly covered by prohfcraling syncytium The

hyahnce deposils were Iikewse parlly or enlirely covercd by syncy
tium (Figs 11 and 14)

The cylolrophoblasis m associntion with the platelel fibrin thrombi
were less 1ltered but occasionally they showed sipns of prohiferation
This was more evident 1n the hyaline deposits (Fig 11)

In the clectron micrographs the syneylium underlying the small
platelel agpresates was either without changes or more often 1t showed
atrophs of the microvill: and dilatation of the endoplasmic reticulum
{F1; 4) The syncytium showed no breaks and the basement mem
brane or colli,en fibres of the chorion stroma were not denudcd in
association with these aggregates

Figs 1a-17

Fig 1o Placenta at term Granular dej csit (€) of moderate elcetron den Ity with
a lacuna contaiming platelets ¥ LT) and a myelin fiyure (M) Nole the close
contact bet scen the platcdcts and the myelin frgure In o ert fbrillary
iracts are scen within a granular mass A cross striation of abrut 230
may be discerned (arrow) X 12000 Onsert X 36 000)

Fig 16 Placenta at term Near the surface of a granular deposit (G) 1t merges Wath
fibrin strands (F)_X 36600

Fig 17 Placenta at term. The surface of a granular deposit (6) 15 covered by loosels
angregated platelets (PLT) X 12 000
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‘The syncytiem underneath the layered piatelet Hbrin thrombi
showed varous degrees of struclural alicrations from shght swellng
of Lhe endoplasmic reliculum and disappearance of microvilh up to
shrinha,e marl ed vacuohzation increased electron densily of the cylo
plasm and blurring or loss of organelles (Figs 9 9 and 10) Inlra
cellular dense bodies and myehn fi,ures were alse encountered The
cett membrane coutd show multiple paps and yvesicies scemed to be re
leased from the syncvitum {Figs 9 and 10) In some areas there were
even infraccllular fibnn strands occasionally 1 direct contmuuty with
fibnin strands of Lhe overlying thrombus (Fi, 9)

Simtilar changes in the syneyhinm could be found also mn arcas not
covered by any thrombus (Fi., 18)

The syncytium cosering some of the deposits contuned as usual
m iy mitochondria but otherwise the celis cont uned rdatively fow
organelles (Fig 19) The endoplasmic reticulum was dilated and the
microvilli were few and short At tunes platelets were adhering to the
ouler surface of this syncyltium as well (fig 19 msert)

In the mmmature placenias the cylotrophoblasts were usually mtact
underncath the alicred syneytium covered by platelet fibrin thromb
(I'g 5) O Iy the cylotrophoblasts showed changes simular to
those of the syncytium but to a muld degree The cyiotrophoblastic
cells withun the hyaline deposits were well preseryved

DISCUSSHION

The deposits on the syney hum of the human piacenia were composed
of more or less altered platelets and fibrin Thus we have been able to
confirm the observations by Ashworth & Stouffer (8) that the earhest
deposils 1n placenta are thrombr They have the appearance of platelet
thromn 1n sarious stages of transformation to fibrin thromn (31 o2
55 91)

Bu o ero (12) and Eberth & Sclnmumnelbusch (29) showed that the
mihal step 1n thrombosis is adherence of platelels to the vascular wall
followed by ag,regation of addilional plalclels That the same may
happen m the placenta 1s evident from the obsersalion of plateiet

Fgs 18-19

Fg 18 Placenta ot term Svncytum (S)  th loss of mat lint fa to ether vith
3y pearan ¢ »f vacuoles m elin fig & nda ( w d 6 ¢ bodies The n
tiem s not covered b any dep U T t s hat spp 7S to be strand ol
Gbrin (F) are a0 conlact with th  rfce hs ™ 3 ke a remnant of 2
Trsed deposit X 1000

Fip 19 llacenta tterm Syncsbium (51 oy a wyraoul ¢ d posit (G} Tre syn

cytm is rich o mitochondria  asaal but o | the or an lles are
rel tinels fev In msert splate t PIT 18 5 t1 0 with syneytinm (5)
overlying a g anular feposit ¢ T eoanct  9000)
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aggregales apparently stiching to the syneytium The occurrence of
fibrin 1n association even with some of the smallest aggregates cannot
be taken as an indication that fibrin formation 1s the primary event n
placentar thrombosis Single platelets or small plalelet aggregales were
seen to be in contact with the syncylium without ke presence of fibrin

In vessels observation of the earliest stages of thrombus formation has
not shown fibnn 1n the region 1n which platelets were 1n contact with
the vessel wall (36 75) On the other hand platelet aggregation n

duced by adenosine diphosphate (ADP) has been shown to accelerate
clotting (20 65) wd morphologically fibrin formatien wn vwo 1s
closely assoctated with platelet aggregates { 52)

The increasing amount of fibrin n association wilh the thrombi and
the destruction of the plalelets are prohably not ciused by any influcnce
from ihe underlying Lissue since Hovig et al (49) observed the same
changes with time m thromi resling on a sihicone coated plastic sur
face m an extracorporeal shunt More hikdy the changes are relaied
o coagulalion of maternal plasma sceping into the mass Thrombin
not only lcads to fibrin formation hut may also causc platelet desiruc
tion (47 103) As m expermmental thromix (49 59) he soaking of the
mass with plnsma appeared {o be Dieilitated by separation of the plate
lets 0 its deeper parts Plasma must have penetrated even lo the
underlyin, syncytium judyed by the occurrence of intracyloplasmic
fibnin  Accordingly Shirasawa (91) found fibrin within endothelial
cells underncath plalelel fibrin thrombt m vessels

The large placental deposits consisied mamly of a hyahne sub
stance which by electron microscopy was shown to have a granular
structure the electron density of which was less than that of fibrn
fibrils Scveral observations suggest that this material 1s derved from
fibrin or a closcly relaled subslance 1l slams hike fibrin by Lendrum's
\MSB stamn n part 1t also stuns like fibrin by the PTAH method
fluorescein conjugated rabint anti human fibrin 1s bound bolh to fibrin
strands and {o the hyalinc substance (63) finally by electron micro
scopy bundles of Nibrils with a cross striation of about 230 % were found
within and on top of the ranular masses often merging with 1t Masses
ultrastructurally :dentical 1o those deseribed here have been fermed

fibrinoid by I arquhar et al (31) Vassallt el al (102) and Qoneda et
al (71) Inthe lwo lnst mentioned papers fibrinoid 1s considered 1o be
munly compostd of or derved from fibrin The fact that the granular
masses predominanily were found n large deposifs in mature placentas
may ndicate that they represent aged fibrin The finding of cellular
debris even of an occasional more or less preserved platelet ssithun the
Jarge deposits mdicatc that these masses are orginally derved from
platelet thromby

The presence of thrombr or layers of thromb of obviously different
ages suphesls that placental thirombosis 1s a continuous or repealedly
reeurning process as it 1s 1 ntravascular situabions (52)
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Three sels of factors connected with the maternal blood circulation
throu,h placenta will concernably promole thrombus formation

1) Irre,ulantics of the blood flow 1n the intervillous space
2) Increased coagulation aclivity of the maternal blood and
3) Decreased fibrinolytic activity

In each placcental cotyledon the villi are arranged n the so called
“drum system They are anchored to the periphery of the cotyledon
leasing the central part relalively poor m termmal vitli (100) Fre
quently the ulero placental arlerses open into the cenlre of the mater
nal cotyledons (13 95) z e 1n the nuddle of the drum system (107)
Blood 1s ejected hhe a jet (14) under mgh pressure (100 mm Hg} (19)
The blood jet reaches the chonon plate wilhout notable lateral dis
persion (14 107) In the subchorionic reglon the circulaiion 1s slowed
(77) and from there the bloed ads inces slowly through the intervillous
space (14) It drains via the utero placental veins which orgnate ran
domly n the basal plate (18 42 76 97 106) At term the diastohic pres
sure m the intervillous space 1s about 10 mm g carher in pregnanes
1t 1s about 5—b mm H, (4)

These circulatory conditions are bound 1o give marhed irregulanties
of flow First the arferial blood jet which 1s forced inlo a blood mass
with a slow general movement 1n the opposite direction will entail
very high veloeily gradients and edds formation peripheral 1o the jel
Sccond as Lhe blood jet reaches the chorion plate the flow 1s split and
the direclion and selocity 15 abruplly changed Third the wvith pro
Ieclin, into the maternal blood space are forming obstacles to the flow
Behing these obstacles eddies are probably again formed The sigmfi
cince of such flow disturbances for thrombus formation has been
repeatedly stressed (8 26 29 02 64) More specifically Dintenfass &
Ro enberg (27) showed that hih veloaity pradients will fayour platelet
apgregation This may be relaled to the srealer chance of collision be
tween the formed elements of the blood m such a flow Not only will
this bring the formed eluments closc together but they may be mechanie
ally damaged Beeause of therr laroe volume and therr fragqility (22) the
red blood cells may be the most mumportant elements i this connection
Mechanically damaged erythrocytes relras ADP (43) which cause the
platelets to aggreate (37 44) These m char  ns may possibly tend to
tive free floating plaldlet aggroate Sudd agoregates were apparently
tncountercd 1n the placenla Sceoul v pt telet angred ites may adhere
fo the syncytium just as smal mural plutcdet throa bt may anise se
condary to € ¢ floalin, aparesate 10 the mieroetretintion (54) How
ever the oh 1 ed apparently froe floing, ggregates could also be
detached fra.m nts from growin, platdet thrombi attached somewhere
to placenta] t wturcs

Anolk s wch may wtensify the tendene 1o thrombosts i a
lurbulen '3+ &t 1t such a flow seems to fuvour an indiseninun ate
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deposition of nv flow born matersnl on the wall (82) The formed cle
meats are probably thrown agunst the hnuing cells and therehy perhaps
d unaging both themselves and the syney linm Such collision damage will
presum abls be marhed in the areas where the arterial blood jet reaches
the clorion plate In favour of the view that this mechamism is umpor
tant 1s the observation that thromhbotic deposits were particularly con
slant and exfensne on the chorion plate I urther single rud ind winte
blood eclls as well 15 single platelels were obserscd Lo be m contact
wilh the synevtinm  mdicalun, that tlus att ichment 1s a rather un
speeifie ph perhaps d tent on mechinieal factors mnhe
rent in the flow patlern Due to the particular {endeney of platelets o
dnpregate 1t 1s possible that one or 1 few single adhering platelets may
become the mdus for a thrombolic process

Whether the possible dma,e 1o the syncylium plavs any role for the
mnthiation of the thrombosis 1s diffrcult to ¢y luate Singic platelcts or
small platelet 1pgresates were oceasionaliy attached 1o morphologically
uniliered syney tium Underneath most of the deposits were signs of In
Jury to the svneyhium reseded by shrmk e marl «d vacuolizabion
atrophy of microsvillt and loss of or, wnellts Occasionally the syncyhum
was lachin, However ilise chinges could well be secondary to the
thromh caused by 1novi1 and/or by influence of factors releascd from
the platcdels (54 66) Allcred but nahed  synestrum were sometinmes
cncounlcered but this could be explamned 1if we assume that 1n overlyimg
thrombus had been dissolved The obsers ation of fragmented deposits
loosels connected wilh allered syneylium supports such a view

Immunological rections i the border of the maternal hlood and the
foelal chorion tissuc re probibly nol imporlant for the placental throm
bosis since trophoblastic cells do not express antizemeaity (93)

Whalever the mechamism of anihiation of the thrombolic process
primary aggrepation or primary adhesion the platelets appeared to
stick to an uninterrupled ssvncytium with 2 continuous liyer of eyto
trophoblasts underneath lhere was no possibality of contict belween
the platelets wd the basetent membrane or the calligen fibres of the
chorion strom 1 In vessels adherence lo these conneclive tissue compo
penls ire considered to be umportant for the imtiation of thrombosis
(7 15 35 36 94) Howuver at sates of disturbed flow it exlricorporenl
shunts plucdcd masscs may adhere to sitlicomized plistic surfaces (64)
or 1o fibiin (48) Furthermorc when the surf ice of o rgulnlion thromin
arc eaposed 10 flowing blood plalclet a.gregates may stich to the
thrombus (5 22 100) In the plicenth pltelets scemed lo adhere not
only to normal or altered syneylium bul also to the presumably  ged
fibrin All these observalions aive streng evidunce for the view that
platcdet wdherence tn o may lirgels be independent of the character
of lhe exposed surfice or materinl nnd 1s rather governed by the flow
pattern

The second set of factors which probably contributes to the pre
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disposition to thrombosis in the human placent 1 1s associated wilh the
mereased coagulilion lendency assumed lo be present durin, preg
nancy m oeneral and i phicenta m parbicular The fibrinogen con
centration 1s mnercased from the first trimester (17 20 39 74 83) In
Inte pregnanes shghils clevated values of prothrombin (68 79 101)
and Faclor V (101} are seen tosether wilh a marked increqse in Faclor
A1 (24 68 72 101) a moderate mncrease in Factor VIII (69 99 101)
an snercase i Factor I\ (69 78 101) nd Factor \ (69 72) Russel al
(84) eaamined women 1n Jate pregnancev and found an increase m
plasma phospholipids Renkonen (80) and \elson (67) obtaned the
same rcsults when they delermined the serum phospholipids These coa
Sulalion studics have not been performed early 1 pregnaney when the
thrombotic tendency appear lo be already manifest

There 1s no simificant change m plaleldt counts durn, presnancy
(25 68 79 96 99 101) Mchay el al (60) found platelet adhesnveness
shphtly elevated hut the resulls were not statisheally sigmficant

The content of lissuc thromboplastin (88) 1s very ngh locally m the
phicenta and decidua The (hromboplashic activity m chorion cells 1s
associated with an intracellular parhiculate material capable of acceler
ating clotting in gh dilulions (23)

If the lugh values of con,ulation factors generally and locally refleet
a more castly Irisered or fasler coaguliion this mav favour lhe
thrombotie process bolh by a more rapd formatton and stablization of
platelet ag,regates (53) and by hasteming, the fibrin precipitation in
assoc1ition with these aggregates In spite of the assumcd mereascd
coagulation activity conulation thrombi in the intersillous space were
not frequent The ones observed were oftcn continuous with platelet
fibrin thromb: 1 ¢, they were coagulation parls of mixed thrombi How
wier we cannol exclude that an occasional coagulation thrombus mas
have formed indcpendent of plaiclet aggregation n areas of retarded
flow (02)

The Unrd sct of factors winch may favour the occurrence of thremh
1 the human placenta 1s connected with the marhed reduction of N
brinolyhic aclinity during the preynancy (17 39 59 89 90 108) Al
brechtsen (3) and Beller et al (11} found that hissuc actnators of
plasnunogen were absent m human pla enta and deaidua However
Phillips el al (73) found some arti alor acinvily m human placental
extraels

In the plicentas studied here there was morphalogrcal evidence of
some denrec of thrombolysis (4> 22 85 8b) but to a large eatent
the masscs yppeared to remain undissolsed That may indicate that the
spontn ous fibrmolylic achisity in plicenia s relativdds weah Tysis by
neutrophal grankcestes dous not scem to be of impe riance either since
they were not attricted by the thrombi in large numbers

If we wccept that the deposils are thromb promoted by cireumstanccs
mhercp n cerlmin charactertsties of the human plicenta and the pren
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nant slate why do the deposils not become organized as thrombi n
vessels? Thus there was no invasion of fibroblists or smooth muscle
cells even though animal studies on the organization of thromln on
synthetic malerial exposed {o blood flow have given evidence that
mesenchymal cells 1n organizing thromb: niay at least partly be derived
from blood cells (38 25 70 98) It 1s possible that the caplanation of
this 1s related 1o the fact that the thrombn scemed to atiract relatively
few monocytes or macrophages On the other hand the proliferation
of cytolrophoblastic cells also described by provious wuthors (32 62
87 104) may be considered an vquisalont te ory, 1mz whion 1n this special
organ
Syncytium formed partly or cntirely the ouler iming of many de
posits as shown by Aline (96} Ashworth & Stouffer (8) and Zacks &
Bla.ar (109) Theoretically this could be regarded as a precipitation
of fibrin underneath the syncylium sccondary to i ncrease of its
permmblhl) or as a result of mtravitllous fibrin deposit due to other
such as thromt of foctal cypillaries (56 87) The pre
sent study did not provide any evidence in support of these views Even
the sillus Itke apparently isolated deposits partly or entirely covered
bv syncyhium need not be explamned by mtravillous fibrin deposthion
because serial sectioming revealed thit thes were cross seclions of
polyp like thrombs atlached to a villus or to the chorion plate The
syncy hialization of the deposits must be considered an aclive prohfera
tion analogous to the endothelial overprowth of thromlyn 1n vessels

SUMMARY

Studies by hight and elcelron microscopy show that the deposils on the
syney iunt of villh and chiorion plate i the normal human placenta are
Ihrombi derived from matcrnal blood 1hey begin as platelel thrombi
and scecondarily fibrin 1s formed

Fhe thrombosis 15 nof mmtiated by w1 inleraction between plalelets
and eaposed basement membrane or collagen fibres since the platelets
wdherc to an uminterrupted syneyliwm with no possibilily of contact
with the underlying conneclive lissuc componcnls

In more adsvanced stages the deposits ire masses without characte
rislic structure Thev are considercd to represent  aged Hibnin The
following observations support this view  the masses were predon
nantly found in large deposits 1nd 1in mature placenlas hstologieally
they were at least partly stammed as fibrin  they staindd positively with
fluorescein conjugated rabbit anh human fibrin (unpublished obser
valions) and electron microscopy showed that Lhe masses merged with
fibrin strands The occasional finding of more or less preserved plate
lets wilhin the mass indicate that they re onginilly derived from plate
let thromb:

Ihe usual orgamzalion of thrombi does not take place However
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cytotrophoblastic cells proliferate mio the deposits and svseytium s
partly or entirels formun,, the outer hmng anilogous to endotheliahiza
tion of thrombs m vessels

The lendency to thrombosts m placenta 1s probably caused by n
extraondinary flow patiern of the malernal blood mcreased concen
trabion of maternal coaulation factars nd deereased smaternal fibnno
hie actnaty
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entzal counts were made on smears from the peritoneal flufd from the following
control groups

(3) mormal uce

(1) normal micc with intrapentoneal mnjection of ssline

(o) previously 1mmumzed mice without further treatment

(6) previously non specafically timulated mice

(7) previously non d mce with mtr tumour

teansplants

Group (7) was added to exclude the possibiity that a special contact phenomenon
(vide infra) observed 1n the ymmunized mice with intraperitoneal tumour trans
plants was due to a general activatron of phagocytic activaty by the previous tail
tumour In this control group the phagacytic activity was stimulated with Glveerol
trioleate (Triolewn) prior to tumour injection A Trivlein suspension was prepared
as stated by Stuart ef af (1960) and 00> ml (92 mg of Triolein) was gnen intra
venously The effect on the reticulo endothelial system was measured 24 hours later
by means of the phagocy tie 1ndex according to the method described by Bio & et al
(1923) Each mouse recenved 01 ml of the carbon suspension in saline ( 8 mg/ml)
intravenously The mean phagoeytic :ndex 1n 4 stimulated mice was 0098 = 0027
whereas m 4 untreated controls it was 0039 & 0006 This difference was significant
{t=14110 P < 005) Twenty four hours after a similar dose of Triolein 20 mice
recened EAG 1ntraperitoneally The pertoneal flusd of these mice was exammed
after % 2 6 74 and 48 hours as stated above.

Splentc ueights and haemoglobin contenf The spleen was remoied 10 tumour
beating mice and in the controls and the relative splenic werght calculated as pre
viously deserabed (Thunold 1967b) It has been found that the pleen of tumour
bearing mice contains a large number of red cells (Thunold 1967a) As the effect
of this high red cell content on the splenic enlargement was not clear haemoglobin
estimation was made on splene tissue from the tumour bearang mice 1 order to get
an ympression of the amount of red cells present The procedure was as follows a
piece of splenc fisste was weighed ground 1n a mortar and su pended 1 4 ml
005 per cent ammonia The suspension was left for 24 hours at 4 C and then cen
trifuged The amount of h lobin 1n the
Unicam Spectrophotometer at 340 mp From this value the hznmnglobm conlcn! m
the spleen was calculated (mg Hgb/100 mg splenic tssue)

RESULTS

Cytology

Roseltes of lymphocyics were seen to surround well preserved tu
mour cells (Fig 1a b) as well as injured tumour cells (Fig f¢) be
Iseen ¥ hour and o days afler tumour njection but rarcly later
Table 1 shows the number of Iymphocyles rosctles 1 ten consccutive
tugh power fields and 1t appears thal the phenomenon was more fre
quent in immunized than 1n control mice and that it appeared later 1n
the controls

Rosettes of lushiocy tes and tumour ¢ Hs (Fig 2) oceured occasionally
from the second day m bolh unmun 7 d and contrsl mice However
this phenomenon showed no diff rrnce hetween the two .roups

Presions stimulation with Troluin did not gne ¢t inges different
from those nn the pressousiv untrested controls 1 hagocstosis of
tumour cc* 15 mot secn 1n any of the groups

Differents ris

Table @ <h «  he mean and the range of the differcnt cell types in
the periton £+ 1 1 from normai mice The wmduividual + nation 1n the



tig 1
Cells from an immunized mouse % hour after mnjechion of Ehrlich s ascites
carainoma May Grunwald Giemsa stam
a Aggregate of lymphocytes and morphologically well preserved tumour cells

X 610

Greater magmfication (X 1500) of Iymphocytes surrounding well preserved
tumour cell
Lymphocytes surrounding injured tumor cell. X 1500

a



Fuy 2

Cells from an tmmunized mouse 2 days after inyection of Ehrlich 5 ascites carcrnoma

Tumour cell 1n close contact with histiocytas There is no esidence of phagoc tosts.
May Grunwald themsa X 1 00

TABLE 1
The Number of Roseltes between Tumour Cells and Lymphocyles tn Smears fram the
Pentoneal Flued in Immune ed and Control Mice unth Ehrlich s dscites Carcinoma

Groups of Time after tumour Jajection

mice Hours 4 2 [ 24 48 Dags &
Immunrzed 12 240 13085 90x45 BE20 383235 3815
Contro} 2010 33£20 25+£05 08+05 18x15 18210

Ten consecutn e high po ver fields (X 800) < ere counted 1n each smear
fries means of tde ndn idual ¢ oups = S5

TA 1T
The Ranges 1p ent) and Me ns for th D [f rent Ceil Ty s of the Perifoneal
el 7 N wl Wi

Lysophot t U Loy tes ¥ 1 phis Neutr i s WMa tcells

4708600 1 ¢ 1 110(2°8) 010{(04) 0036 05206003

3> acTar N
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number of lymphocytes and histiocyles was great Injection of sabine
alone to normal mice ¢ wsed a shght rise m the number of neutrophils
sath relurn to normal values m 2o duvs The peritoneal flmd from
mice m which a primary tal tumour hid been removed and mnce
stimulaled with Triolein showed a sumilar cell distribubion to that m
the normal muce

In general the relative distribulion of tumour cells and host cells was
sinnfar 1 smmunized and controf mice after wtraperitoneal mjection
of LAC and 1t was m agreement with findings 1n previously untrealcd
mice reported by Alewn (1951) As Lhe absolute amount of fumour cells
and host cells was different in immumzed and conlrol mmce from the
tenth day (Thunold, 1967 (c)) comparison of relative values was of
only hmited value m late transplants

However some difference beiwcen the groups was seen m the carly
phases of tumour growth The percentage of well preserved tumour
cells was lower i timmunized mice than wmn the controls The difference
was onlv sipnificant on the second day (smm 117 = 56 per cent
contr 373 =91 percent t == 4803 P < 001) Contrary to this the
relaline pumber of tnured tumour cells was larger mn intmunized than
m control nuce at ¥ hour pmm 34 = 10 per cent contr 22 %05
per cent t = 2550 P < 005) These cells, simlar to those previously
described (Thunold 1966a fi, 3b) were large with marked cylo
plasmatic damage while the nucleus and the nucleoli were reiaticely
more 1nlact

In addition o thus eosinophils and neutrephils which were only
oteasionally present m normal pentoneal flid appeared rogularly be
tnween % hour and o days both 1n the conlrols (cos 0 4-15 per cent
neutr 6 5-25 per cent) and mn the yimmunizcd mice (cos  15-35 per
cent neutr 05-17 per ecent) There was no significant difference he
tween the groups

The relitne distribulion of tumour cells and host cells wn mice
recerving CAC afier earher sbhmuiation with Triolein was nol different
from that seen in previously untreated controls

Splente W eights and Haemoglobin Conltent

Fig 3 shows the changes in relatne splenie werght and spleme fissue
haemoglobin after transplantalion of EAC to control and unmunized
muce The standard deviation of the mean 1s only given when a sr,mfi
cant deviahion from normat values occured In the controls the splenic
werhit increased reaching 1ts maximum after 10 days Subsequently
it showed a tendeney to duerease The haemoglobin content of the
splcnie bissue also nereased but this reached its grealest value after o
days At 10 days when the relative splenic weight was at ats maximum
1he tissue haemoglobin bad returnced te normal values

In previoushy ymmumzed mice the spleme weights were above nor
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mal and following intraperitonea) tumour transplantation no further
merease could be seen The h temoglobin content of these spleens did
not change from normal values after tumou i jection

The changes n splense weight and hirmo lolmn cortent in mrce
treated with Triolemn prior to tumour tn clion wers rt different from
these mn the proviously unireated e nt 1 Torc v s no mereas 1n

rehilive splenre waght after antrep rfen 0 t n of sithne onhy

DISC 5S1an

Transplantation of CAC mto the o foiloy ¢d R/ e ¢ ion of the tarmour
has been shown ¢ mhibst 2 1« qual ant inoreat 1 1 of lhe
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same tumour (Thunold, 1967 (¢)) In the present experiment the
trapentoneal cellular reaction and changes m splenic weight follow-
g the growih of this homotransplantable tumour have becn examined
The changes observed fiave been compared with those reported n
vwo and 1 vilro studies on homografls of known anligenicity

There was a marked aggregation of lymphocytes to tumour cells as
early as % hour after transplantition ind duning the first 5 days of
tumour prowth i immunized mice Similar roseties of lymphocyles
and tumour cells were found m the previously untreated mice after
tumour tr lantation but tlus resp was significnntly less mar
ked than that observed in the d group Lymphocytes are
not known lo possess phagocytic properhics \ather did shimulation
with Triolewn prior to tumour transplantation give any increase in the
number of such rosetles It 1s therefore unlikely that they should be
due to a genernl activahion of the phagocytic capacity by the tail tu
mour Thus the strong aggregation of Iymphaid cells to the tumour
cells in the immunized mice may probably be attnibuted to a sensitiz
mg effect of the previous tanl graft This 1s also sug.esfed by the
immedinte recogmtion of tho tumour cells which 15 1n agreement wath
the behaviour of primed lymphocytes i the ymmune response to a
specific antigen These findings show that EAG imtiates cellular reac
lions 1n the hosts similar to those seen in ordinary homografts and
that these reaclions can be sigmificantly strengthencd by Pprevious
trealment of the mice with the same tumour EAC grows non specific
ally and probably only possesses weak antigentc strength These find
mgs however show that there 1s a residual antigenicity which can be
visualized after pre immunization

The weak lymphocyhic response found i the control mice has
apparently none or only limited mnfluence on the tumour growth On
the othcr hand the simultancous findings of tumour growlh nhimtion
and rosette ph 110 the d micc ponts to a cell bound
inhibiting effect on the tumour The morphol 1 study also 1nd
that a process mvolvng surface contact between tumour cells and
wmmmunc lymphoid cells 15 2 main point m the iImmunized mice and may
be of umportance to the general tumour mhibition A cylotoxic effect
of cellular factors may 1iso be mvolved mn the increase 1n number of
mjured tumour cells found 14 hour after transplantation 1n these mice
However eaperiments have shown that unmune lymphoid cells and
tumour cclls requure 18-140 hours of incubatian before cytotoxic ef
fects occur (Rosenan & Voon 1961) Lien if these wn vitro results can
not be directly compared lo those obtained 1n the present experiment
humoral anfibodies and/or differences i complement level may thus
be of greater importance 1n these eariy cytolytic reactions Such anti
bodies can also be imolved n the outcome of lumour growth which
would complicate the sigmificance of the morphological results How
ever 1t has been repeatedly shown i wr vilro experiments that asciic
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sarcomas and carcipomas have a low degree of sensitinly to cylotoxic
antibodies (reviewed by Winn 1962) and the only hnown i pwo ef
fect of humoral antibodies 1 sumlar tumour systems 1s that of facy
Ilating tumour jrowth (Aaliss 1908)

Thus even if humoral antibodies are :mplied the more hikely mecha
mism in this expernsent 1s an mlubitin,, effect of cell bound immumty
A simular close contact between tumour cells and Iymphocyles can be
seen at the time of rejection of primary solid and ascitic homografts
(hudd & Toolan 1950 Weaver et al 1955 W eaver 1958) but the im
portance of an intimate surface contact between these cell types has
heen more clearly shown in tissue culture {Rosenau & Voon 1961)
On the whole the present findings stress the role of the lymphoid cells
m the ymmune response This 1s well established and recently resiewed
by Gowans & McGregor (1965)

A weak roseite formation of tumour cells and histiocytes occured
from the second day and with simular frequency 1n 1mmunized mice
control mice and in those treated with Triolemn prior to tumour {rans
plantation Thus 1t seems that thesc cells plas a part i the primary
reaction aganst the tumour s the reaclion could not be strengthened
by previous immumzation of the mce 1t 1s most probable that the ac
tion of these cells 1s non specific and not 1immunologrcally determned
A more pronounced aggregation of histiocyles to tumour cells than
that oblained 1n the present expertment can be scen at the time of
rejection of incompatible ascitic tumours transplanted subcuataneously
or iutraperitonenlly and phagocytosis by histiocytes does not play a
major part n the destruction of the tumours {Gorer 1906 Amos 1962
Bakher ¢t al 1962) even though 1t 1s accepted that histiocytes possess
phagocytic properhes (Fagreus 1960) The mode of action of the
Instioey tes in tumour homografling thus remains vague Recent expert
ments on the mitiation of the immune response have shown howeser
that antigen may be acted upon by histiocytes and that these cells play
a part as carriers of antigentec stumulation to the lymphoid system
{I'shman 1961)

Lostnophilic cells also appeared regularly w the early phase of tu
mour growih both n 1mmumzed and i1n conirol mice but they were
not scen 1n close contact with the tumour cells \everlheless this
finding 1s perbinent to the question of tumotr antigemicity 1 the pre
sent system Losinophilie cell infiltration has been found 1n the homo
graft rejection reaction (Rogers ¢f al 1953} and the more recent stu
dies by Litt (1961 1962) provide convineing evidence that cosinophils
are atlracted by antigen antibody cormplexes According to this the pre
sent findings indicate that LAC 1s ~ecogmzed a, fo er<n and that anth
bodies are produced aganst 1 In cenlrast to the es.nophilic response
early appearance of neutrophils could al o b s n1n saline treated con
trols and may thus be due to a 1an spe f ¢ wnitant effect of the tu
mour cells
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During primary mtraperitoneal growth of LAC an nere 1se 1 splenie
weight tahes place which reaches its maximum after 10 days It has
previously been reported that such hyperplasia is associated wath m
croscopical changes eharacterishie of an immunological stimulation
(Thunold 19672 b) The inerease mn splenic wes,ht howcver can enly
be accepted as a direct (xpression of mmimune responsc 1f the weight
increise 1s due to 1 prolifcration of the lymphoid system An mereasc
in phagoes lic activits after tumour transplantation has been reporled
by Old el al (1960) and Thunold (19671) discussed the sigmificance
of an creise 1 haemalopoletic achivily and blood conlent on the
splenmic weipht merese As far as the haemo,lobin values can be tahen
as an expression of the red blood cell content the present expenment
shows that tlus may play 1 part m the splenomegaly in the early phase
of tumour growih It should be siressed that the haemo,lobin conlent
has returned to normal when the splenic weight 1s highest This means
that the main increase m splenic weight 1s due lo proliferation of cell
clements and not to the content of red cells This wei ht merease also
comeides with the mncrease m immunological function The spleen 1s
penerally accepted 25 a major orgin m the production of humoral anti
bodies and the tinnn, of the incrcase n weight in the present expert
ment 1s in agreement wilth the appearee of hacmagglulinating ant
bodies after transplantation of olher homografts { Witcluson 1945)

Splenomtsaly wis present 1 the immumzed muce at the time of
mtraperitoneal tumour transplaniation as an expression of an activaled
Iymphoid system The splenie wei ht remaimed abose normal values
durning tumour growth In these mice tumour growih cansed no fur
ther increase in splenic weight or any mercase in haemo,lobin values
This was in contrast to the conditions 1 mice with a primary lra
peritoncal tumour The chanse m splenie weight i control and im
mumized mce confirm our findings of U local cellular primary and
second iry 1mmune response to the ntripentoncal tumour It is also
strikingly simlar to features observed by Andretnt et al (1955) after
primary and secondary fransplantation of sarcoma I to mcompatible
hosts

Hislological evidence of immune reactions wainst LAC have heen
demeonstrated n Lhe spleen and lymph nodes of nuce (Zhunold 19671
b) The present sludy reveals a weah loeal cdlular response to the
tumour These rcactions have evidently no inhibating effect on primarsy
tumour growth However lhis experiment 1lso shows that pre immun
zation of the mice causes a marked Jymphocylic reaction to a subse
quent tumour graft Tlus 1s similar to the reactions found to oceur
when a primary homografl of hnown antigemiesty 1s rejected and to
the reaction between immune lymphoid cells and neoplashic target cells
1 vilro The reaclion 1s accompanied by mcereased resistance to the
tumour
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SUMMARY

The cellular reactions and changes 1o splenic weight were studied after
ntraperitoneal injection of Ehrlich s aseites carcinoma n normal mice
and 1n mice immunized with a tail transplant of the same tumour

The growth of FAC mn prevously untreated mice caused a weah
reaction of lymphocyles hustiocyles and easimophils wdicating a pra
mary unmune response The progressive growlh of the tumour was not
mhibited by these ruachions In contrast {o these findings a distinet
aggregation of lymphocytes lo the tumour cells was found in the 1m
mumzed mice mdicating a reachion between sensitized lymphocyles
and tumour cells Simultaneous yrowth mhibition of the {umour was
observed sn this group This was probably due to a cytotoxic effect of
cellular faclors

Intrapentoneal tumour transplantation to normal mirce gave a pro
nounced merease 1 splemie weight while an already exishing splenome
galy m the immunized mice did not change signmificintly after mtra
peritoneal tumour injechion The change mn splenic weight 1s 1n agree
ment with the local cellular findings n control and pre immumzed
nice

The data of the present eaperiment indicate that the growth of EAC
can be inhibited by local and general reachions which are sinular to
those shown n i vwo and in pitro studies on homografts of known
anligemieity
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STUDIES ON THE PANCREATIC A, CELLS
AND THEIR REACTIONS TO GASTRIN ADMINISTRATION

By

BIRGER PETLRSSOM
Recened 29111 67

As mn many other species the eaistence of 4, 4  and B cells has been
demonstraled also m the pancreanc islefs of guinea pigs {Pelersson et
al 1962) For the proper identification of the different cell types it is
necessary to re stamn sthver impregnated sections by a ,ranule staming
method (Hellerstrom & Hellman 1960) This re staining procedure has
so far been used only on paraifin embedded pancreatic malerial In
order to provide a more detmied morphological evaiuation of the differ
ent 1slet cell lypes Epon embedding should be preferred lo paraffin
embedding, shrmnkage artifacts to develop after the former procedure
bemng fewcer than those to develop afler the latter, besides Epon em
bedding purmds the cutting of thunner sections Epon embedded pan
creas has presiously been used for the demenstration of 4 and B celis
without removing the embeddmy, mednum ( Munger 1961) This methad
i1s-not swiied for siher impregnation (Petersson 1966) By a recently
desenbed method 1t 1s however possibile 1o remove the I'pon before
the stauning procedure (Fan¢ & Europa 1965) In the present worh this
method was appited fo sechions of guinea p1g pancreas suhsequently
sibver impre,nated and re stained to demonstrate A, A; and B cells
While the function of the A, celis 1s obscure there 1s now strong
eudence {hat the A, cells produce glucason After tong term adnum
strahion of glucosan to gumea piys there was a regressive change of
the &, ccn fraction while the A, cell frachion remained quile un
h 1 (Pef. & Hel, 196‘” This vrew 15 also supporied by
dnl.l on the ¢]1ci.0n content of pure samples of A cells (Unger ¢f al
1967) Sin ( it has been su.sesled that the A cells may be related to
the gastr o production {Cavallero & Solcia 1960 Thiery £ Bader 1906)
it scem 1 reasonable {0 test their reachion to gastrin adminystration In
the pre ent work (he functienal state of the islet cclis was tested by
caryonictry after 5 d2ys 1dmnistration of gastrin te gine pigs

R reh car sed out with the I aancial support of the Laite { Stat s Publ ¢ Health
Sert  (AM-0 779-05) the Swedi & W dical R s ar I Council (12\ 467 04 17\~
8 1t and the Melwal I ully ¢f Uyggsala Umeersity
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MATERIAL AND METHODS

Six male guinea pigs weighing 400-550 g were used in studies of the secretion granules
1n the different types of 1slet cells Pancreatic specimens from the animals were dis
sceted out and fixed in Zenher s solution (with and without glacial acctic acid) or
Boun s solution The pieces were then dehy drated and embedded an paraffin or Epon
(Luft 1961) The paraffin cmbeddcd material was cut into 4 4 thick sections the Epon
embedded material being cut with an uvltramicrotome into 05-1 » thick scchions
The paraffin was removed with vylol and the Epon with alcoholic NaOH solulion
as deseribed by Lane & Europa (1965) The sections were first silver impregnated
(Hellerstrom & Hellman 1360) and photographed for the subsequent idenlification
of different cell types after re staimng This was performed either with chrome
hacmatoxsltn and ponccau fuchsin (Etnusmz 1952) aldehsde fuchsin trichrome
(Ia arus € Volk 1962) phosph erd h PTAH (Lulie 1954) or
Hodenhain Azan staining (Ferner 19;2) Consecutnne sections were also directlv
granule stained using the same procedure

I'very third hour throughout 5 days mine male guinea pigs recenved subcutaneous
mpects os of gastrin (Lea Pharmaceutical Products Ballerup Denmark 135 Leo
umts/2 ml of physiological saline pH 69) according to the following schedule

Injection Nos  1-24 o0 pl
Injection Nos 95-38 75 ul
Ingection Nos 39-11 100 4l

Nine anmmals were used s controls and recesved a corresponding amount of
physiological saline The animals were decapitated 1-2 hours after the last injection
Two preces of the pancreas one from the caput the other from the cauda were fixed
in Boumn s solution dehydratei and embedded 1n paraffin 1n a uniform way (Hell
man 1959) The picces were cut anto 7 p thicl sections

The gastrin effcct on the islet cells was evalualcd by caryometry The sulets an
the silver 1mpregnated pancreatic sections were photograpbed the nuclear measure
meots bung performed alter subscquent re staiming with chrome haematoyyhin and
jonccau fuchsin (llenpn:mz 1902) In each ammal the arcas of the largest optical
wross sections of 20 4, 20 4 and 20 B cells were calculated after measuring the
largest nuclear diameter and the diameter at right angles to the latter by means of
an ocular screw micrometer at a magmification of 1875 \ (cf Hellman & Hellerstrom
1959) The data were samjlcd from at lcast two sslets in the caput and the ame
aumber 1n the cauda Onlv nucler with their centres within the sections were
measured

RESULTS

Thin scctions of the Zenker fixed and 1 pon cmbedded pancrealie
pieces were well suited for the dislinet differentiation of A, A, and
B cells by the methods used The cytoplasm of lhe A, cells was di
stinctly blackened after silver impregnation while the nucler showed
1 weaher staiming At ingh magmfication lhe cytoplasm of these cells
scemed to be filled with black gramns Afier re staining with aldehyde
fuchsin inichrome the A, cells displaved a bluish homogeneous colour
but lacked the large blue granules characteristic of the B cells In the
B cells lhe numbers of the blue granules vaned greatly from only 1
few up to larye numbers Hithng up the whole cytoplasm The A, cells
were more difficult to identifs when this staiming, method was apphed
to Cpon embedded seclions After re stamin, wilth chrome hnematoxy
lin and ponceau fuchsin Lhe A, cells had about the same appearance as
the B cells even though the granulation w s of a finer character (Figs
1 and 2) By contrist the A cclls had o distinet red cyloplisnuic
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MATERIAL AND METHORDS

Sia male guinea pips werghing 100-550 g were used 10 studies of the secretion granules
16 the diffcrent tvpes of 1slet cells Pancreatic specimens from the animals were dis
sected out and fixed in Zenker s solution (with and without glaeral acetic acid) or
Bouin s solution The pieces Were then dehydrated and embedded 1n paraffin or Epon
(Laft 1961) The paraffin cmbedded matenial was cut nto 4, thick sections the Cpon
embedded matersal being cut with an ultramicrolome g §5-1 » thick scchions
The paraffin was remosved wath xylol and the Tpon with aleghohic NaOH solution
as described by Lane & Europa (1965) The scclions wWere first silver impregnated
(Hellerstram & Hellman 1960) and photographed for the subsequent identification
of dilferent cell types after re staming This was performed eilher with chrome
haemat»x\lin and ponccau fuchsin (Bencosme 1952) aldchyde fuchsin trichrome
(Ia arus & Volk 1962) ph acid h T PTAH (Zillie 1953) or
Heidenhain Azan staimng (Ferner 1902) Consceutne sections were also directly
granule stained using the same procedure

Lvery third hour threughout 5 day  mine male guinea Pigy recerved subrutancous
wjcehions of gastrin (Leo Iharmaceutical Products Ballerup Denmark 132 Les
umts/2 ml of physiological saline pH 69) according to the follawing sche lule

Injection Nos  1-94 50 4l
Injection Nos 25-38 75 ul
Irpetane Ws R840 200 )

Nine apimals were used as conlrols and recenved a torresponding amount of
phy sialogical saline The amimals were decapilated 1-2 hours after the last mnjection
Two preces of the pancreas one from the caput the other fram the cayda were fixed
m Bown s solution dehvdrated and embedded sn paraffin 5 5 yoiform way (Hell
man 1929) The picces were cut into 7 4 thick sechions.

The gastrin effect on the islet cells was evaluated by taryometry The islcts an
the silver impregnated pancreatic ections were photographed the nuclear measure
ments haing performed after sub cquent re stainng with throme haematosybin and
poncean futhsin (Bencosme 1922) In each ammal the arveas of the largest optical
cross sections of %0 A, 20 3 and 20 B cells were calculated after measuring the
largest nuclear diameter and the diameter at night angles tg the latier by mcans of
an ocular scres mcromcter at a magmification of 1875 \ (¢f Heliman & Hellersirom
195J) The data were sampled from at least two 1slets 1 the caput and the same
number in the cauda Onls nucles with their centres within the sections were
measured

RESUITS

Thin seclions of ihe Zenker fixed and Lpon pmbedded pancreatic
pieces were well suited for the distinet differenligion of A, A and
B cells by ihe methods used The cyloplasm of he A, cclls was di
stinetly blachcned after silver impregnation whije the nucler showed
a waaker stammn, At lugh magnification Lhe cytoplasm of these cells
scemed to be filled with black gramms After re styning wilh aldehydd
fuchsm tnchrome the A, cells displaved 1 blish homogeneous colour
bul lached the large blue granules characlerisbic of the B cells In the
B cells the numbcrs of the blue granules v ared preatly from only a
fcw up Ho large numbers filling up the whole cytoplasm The A cells
were more difficult to dentify when this staming mcthod was pplied
1o Lpon embedded sections After re slamming with chrome hiematoxy

lin and ponceau fuchsin the A, cclls had about the sime appearance 4s
the B cells even though the granulabion was of a finer character (Iigs
1 and 2) By conlrist the A cdls had a distinet red cyloplasmic
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after Zenher fixation nd Fi o emledding X 1450
Fig 2 The same iskt after v taining with chr me haem t xvlin and 1 nce u
fuchsin Note the hiner granulati n 1 the 4 €Il a compared with other

islet ecells X 1400
Tig 3 Part of an islet with three 3 —cells in the centre Sihver impregn hion sfter
0

Dousn fixalion and j araffin emb dd ng %
Fg 3 The same slet sectscna in Fag 3 flerre taiming with hrome h emat 2y
Iin and ponceau fuchsin Note the pale ajycar nee fthe evl pl moftle

A, eells x 1450

slaming  \fter slammng sith PTAIL or Hodenhamn Azan it was nol

possible 1o distmguish 4, cells from B edls
In par reabie scelions from Zenher fixcd and
matertal the 3, clls had a blue or green ual

pralfim-cmbdded
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TABLE 1
The Nuclear Areas of the 4, 4, and B Cells in Gastrin Injected and Control
Groups The Mean Values = Standard Errors Are Given wn Arbitrary Units

Nuclear area

Cell type Gastrin treated animaly Control animals
A’ cclls 123 =002 126 =004
A cells 142003 1182003
B cells 124002 12 2002

aldehyde fuchsin trichrome and ponccan fuchsin while the 4, cells
had a distinct red cytoplasm In nddition to the A, A, and Bcells
few cells were of a hight appearance and they lached the characternstics
of the other cell types In the largest 1slets the number of these cells
did not amount to more than one or two After staiming with chroe
haematoayhn and poncean fuchsin ihe A, cells showed a bluish colour
sumilar to that of the B cells After fixation in Zenker s solulion con
taimming glacial acetic acad or Bowins solution the A, cells were of a
hghler appearance than the B cells when stamed with (hrome haema
toxyhin and ponceau fuchsin (Figs 3 and 4) After staiming with PTAI
and Heidenhamn Azan it was not possible to disingwish the A, cells
from the B cclls mdependently of the fixation used

3C

20

NUCLEAR AREA
0 20 O LREHRARY Ursi
Fig 5

The frequency curve of the nuclear surface in arbilrary units of the A, (X—X)
¢ and B (. — O) cells 1n the nine gastrin snjected guinea pigs

2
20 vbser ations from each apimal
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NUCLEAR ARE,
0 20 TO RSt Rrss

Fig 6
The frequency curve of the nuclear surface 1n arbitrary umts of the A, (X-—X)
{ and B (O~—0) cells 1n the nine control anmimals
20 observations from each animal

At the start of the gastrin injections the eaperimental animals had
a body weight of 517 = 18 g the body weight of the controls bang,
217 = 17 g (mean values = standard errors of the means) Afler 5 days
of injechions the respective body weights were 534 = 16 g and 619 =
228 As shown m Table 1 the mean nuclear size of the A, cells m he
8astrin injected group was 123 = 002 and in the control group 126
= 004 (arbitrary units) The values were not sigmficantly different
{1 =08 P> 005) The corresponding values for the A, cells were
142+ 003and 148 £ 003 (4 = 10 P > 005) and for the B-cells
124 > 002 and 125 = 002 The frequency curves of the A, and A
cell nuclear areas appeared simlar i both anymal groups and with a
dislocation to the right of the A curves In both amimal groups the
B cell curves had a steeper rise and fall than the A cell curves (Figs
5 and 6)

DISCUSSION

It emeryed from the present work that even for studies of the pan
creatic aslets i the light mieroscope plastic embedded material 1s
preferable to paraffin embedded matenial owing lo the negigible
shrinha,c arlifacts and the possibiibes of mahing thmner sections
Aldehyde fuchsin and trnichrome stanng bas previously been used on
plastic-er bedded pancreatic seclions for the identification of the A
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and B cells 1n the 1slels of Langerhans ( Munger 1964) It s donblful
whether Lee (1967) was able to recogmize 4, cdis with Jus silver
mipregnation method smnee he had 2 pH of 90 n the silver solulion
and the composilion of the staiming solution differed from that in the
ntodified Davenport method In the present study A, A and Bcdls
couid be properly 1dentified by the modified D ivenport silver impreg
nation melhod and subscquent re staming with chrome haematovyhn
and poncean fuchsin {Hellerstrom & Hellman 1960) Although il these
cell tvpes can be sitisfactorily demonslrited also after paraffin em
bedding the cells have 1 more distinet appcarance afler Epon embed
ding Besides the three cddl 1ypes mentioned very fow eclls were
churielenzed by a lich of cyloplasmie granules It 1s not reasonable at
present lo resi nate these cells as 1 special cell type They many repre
sent temporanly degrinulated cells or degranulated parls of cells It
also remains lo be decided whether they have any connection with the
few aranular cells observed under the elcetron microscope m lhe
suinea pi, islets (Bencosme & Pease 1958 Caranua el al 196a)

In lus classical deseription of the guinea pig pancreas Bensley
(1911) distinguished besides A and B cells also a tiurd cell type
which he called clear cells These cells lacked the granules characten
stic of A or Bcells If 1s rcasonable to supposc that s A cells arc
identical with the A cells and 1t has been susgested that the clear
cells arc identical with the \, cells (Petersson et al 1962) The pale
appearance of the 4, cells often scen after fixatton in Bouin s solution
ind subsequent stamin,, with chrome haemaloaylin and ponce i fuch
sm may be explamed by the presence of glaeial acchie aeid i the
fiantion solutwn (of fa.arus & Vol 1962) Tlus view 1s supported by
the prescnt finding, that the A, cdlls offen werc of clear appearance
even when Zenhers solulion was complemented with glicial acetic
acid The fixalion solution used by Bensley (1911) also conlamed this
acid After fixalion m Bensley s solution 1t was not possible lo apply
successfully the silver mmpregnlion method (Pelersson 1966) D cells
onipmally described 1 man (Bloom 1931) havce been found only 1n low
frequency 1 e sslets of guinea pis (Thomas 1937 Gomort 1939
Ferner 1902) W hether tins cell type 1s 1dentical with the A, cells also
1 the gumea pigs s has heen clumed to be the case in cerfamn other
spueies (Epple 1963 Fujita 1964 Solcia & Sampielro 1960) renrains
to be setlicd In various other species a lach of correspondance be
tween A, and D cells has been demonstriled (Bjorhman ef al 1966
Hellerstrom & Asplund 1966)

Mans authors have postulated that the argyvrophil slct cclls demon
strated by the modificd Dawvenport method mas constitute a functiont!
umt (Epple 1963 Hellerstrom et al 1963 Solcta & Sammelro 1969)
Their morphologieal sinularities with the argyrophl cclls m the pilorne
anlrum have cvohed the idet that the argvrophil islet cdlls produce
gastrin and are the orioin of the Zolhinaer Flhson lumours from which
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also a gastrn hke substance his been 1sol thod (Zollinger ef al 1962
Jackson et al 1963 Gregory & Tracy 1964 ¢ (avallere € Snlcia 1962)
The present work provided no evidence of regressne Jimges of the
4, cell nucler after o days treatment with a substance 1 ' ted accord
W, {0 Gregory & Tracy (1964 a) The frcquencs curs the 4, cell
nuctes had abont the same protde as the % cell nu curses hoth i
the gastrin ingected ansmals and in the controls avd were i ether case
dhistocated to the left as compared with the A cell nx 63 curses The
gastrin doses nsed tn the present work were of thout the same stze
{eofrespuntm, 10 16-3 2 ug per kg body weiht) 75 these stimulatm,,
the gastric sceretron w dogs for up to 3 hours (Grejoiy & Tracy
1964 h) In evalualing the present result it must however be con
sidered that the dose response 1n ,UIna pros ts not exactls hnown
Opwions on the identity of the substance here used and the hormone
o8t are also diverging (Tauber & Vadison 1960 Gregory & Tracy
1966 Tauber 1966) Further tests usin, olher subsiances which display
a gastrin like actinily and alse tesls on other 1mmal species must be
performed 1 order {o analyse the relationstup between the 4, cells
and the Zollinger Llltson fumours It should also be stressed that the
tumours may onginatc from many other cell tvpes such as the atopie
antral mncosa cells for example

SUMM4RY

A technigue to be used for the stumny of thmn pancreatic sections of
Lpon embiedded material served to provide a detaled marphologteal
evaltalion of the 4; A and B cells n the islets of Langrhous in
Hwnea pigs Wath a view to testing the bypolbesis that the A, cefis mav
syathiesize gastrin s substance was mjected into tinea pigs every
third hour for 5 days \a quahtatine or quantitative changes were
found 1n ny of the three tvpes of granulated slet cells
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CYTOPHOTOMETRIC MEASUREMENTS OF THE
DNA CONTENT OF LUNG TUMOLRS

By

LawrEncE R Apavs and Sven © DanGrEN
Recerned 3x 67

Fine needle aspiration cytology has come into cammon use 1w drag
nosimg {umours in seseral organs eg¢ lymph nodes thyrod  hsan
glands mammary gland the prostate etc (Soderstrom 1966 L 1 stre*
al 1967} Duming the last ycars techmques have bewn deve el at
harolinsha Sjukhusct which allow cytologic samples fo be v 1 awn
from ali parls of the lungs and mediastinum These technig h e
been especially useful when malignant {umours were lo be t1 "us
and have aiso proved to be of diagnostic vatue i cases of ber o0 tu
mours and iflammalory lesions The criteria for a morphologica juds
ment of such specimens have been standardized and systematiziy
{Dahigren Aordenstrom 1966)

Some recent studies have md d that 4 i jud is oy
be possible on the basis of quantitative measurements of nuclear D\ A
contents (4¢Awr 1964 Wied 1966) However with the exception of a
recent work by Sandriiter et al (1966) where cylophotomeiric DNA
assessment was performed on six lun, biopsy specsmens there 1s a
dearth of cytophotomciric mformation about lung tumours and none
relafive to diagnosties as opposed fo that wvarable concermn, post
operatnne specimens

In tlus study we have combined our experiencc concerning the lung
puncture t¢chmque and the cylological diag,nosis of such specimens
with quanhtahine measurements of nuclear DNA Ve have also when
ever possible followed up these delerminations with others on surgical
or tulopsy material In thus was we seck to relate the per cell nuclear
DNA values and the DNA distribution patierns lo the common cvlo-
logical and lislologieal classification of the same specunens The main
purpose of this myestigation 1s {o obtamn mnformabion 2bout the DNA
distoibution 1 lung tumours and to find out whether the mformation
ohtuned 1s of di1,noshc value

r Soct 2y (nr
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METHODS
Needle Bropsy Techmque

With the md of television fluoroscops small radiologically detceted lesions 1
the lungs and mediastinum were punctured and biopsy material thus obtained by
aspiration The tcchnique used permitted punctuning of and aspiration from lesions
as smail as 5 mm 1n diameter located any where 1n the lungs or mediastinum Very
small lesions which were difficult to localize were punctured during simultancous
telovision fluoroscopy 10 t v right angle planes

The biopss needles usually emploved were 9 1o 16 cm long With an outer diameter
of 09 to 11 mm The tips were sharp and obliquely ground Each ncedle had a
ground 1n mandnn which during insertion presents tissue from entering the ncedle s
lumen Aspirations were performed with ordinary 10 or 20 ce syringes For further
suformation about the h and ‘other detarls the reader
15 referred to Dahlgren & Yordenstrom (1966)

Cytlol and Techmgi

Aspirated biopsy material was smecared on glass shides Slides intended for com
mon cytological evaluation were immediately fixed 1 a mixture of equal parts of
absolute ethanol and ether whereas those prepared fir cytophotometric DNA
studics were air drie

Fixed slhides were stamed with haematoxslin eosin according to Harris (Lilhe
1962) Air dried shides were fixed for ten minutes in chloroform Carnoy s solution
and stained according to a modificd Feulgen pracedure previously described the
hydrolysis was carned out for a period of six munutes at 50 Cin 1N\ HCL (ddams
1964 1967)

Crtophotometrie studies were also performed on surgical and aulopsy specimens
In these cases single cell suspensions of exeised tumour material were made 1u one
of the following wavs (1) If the tumour was soft a pea sized portion of the latter
was minced with a razor blade and drawn through successively finer guage hypo
dermic necdles with saline until a single cell suspension was obtamned The sus
pension was then centrifuged to bring the cells down as a soft pellet the super
natant discarded and a volume of calf scrum approximately equal to that of the
pellet added The cells were resuspended in the calf serum by surring and this
suspension was painted onto microscope shides with a sable brush (B) If the
tumour was hard (fibrous) 1t was scraped with a hnifc and the mushy mass col
lceted on the hnife blade was uspended 1n saline by shaking The saline suspension
was then centnifuged resuspendcd and placed on the microscope shdes as deseribed
above In both cases shidcs were air dried fixed in chloroform Carnoy s solution
and Feulgen stained in the same manner as the slides of aspiraled malerial

The surgical or autopsy for istol 1 were fixed 1
10 per cent neutral formalin and cmbedded 10 paraffin Scchions were prepared
and stained with haematoxylhin eosin according to Harns (Iatfre 1965)

Cytophotometric Method

Cover glasses were meunted on the Feulgen stained shdes with mounting oil of
refractive index 1546 (RP Cargille laboratcries Inc) As many abnormal cdlls
(1e ccls which y vere nt aafl 3 cells or normal cpithelial
cells) as could be located on each shide were photc micrographed on Lastman hodah
High Contrast Copy 35 mm film using a Latz Ortholux micrascoy e fitted with sn
Orthophol camera and a 22\ \1050 Ilan ebjectine The NA 095 achromatic con
denser was stopped down to approximatels N1 04a and the microscope s huill 1n
tungsten illumimation was ren lered approximatcly monochromalic at 560 my with
a Schott line tinterference) filter Exposure sellings and (ilm development condy
tions were chosen on the develojed film to ibtain a background transmission of
about 30 per cent The film was developed in hindermans tanks with hodak de
sdloping formula D 90 diluted with two parts of watcr for 70 munutes at 20 C
(Potassium broruide was omilted from the dcveloperd Under these conditions of
staining and photomicrograph  ihe transmis 1 n of the lightest portions of the
negative nuclear 1mages remains under 70 per ent A previously deseribd lincar
relationship between the specimen ahsorhance ( vhich 1 proportional to the amouat
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of hound Feulgen staia) and the transmission of the developed film then allows
the direct photoynetnc estimation of DNA per nucleus (idams 1967)

Photametes of the deseloped nuclear images was performed with the previously
desenibed photometer and data collection was faubtated by the use of a sem
antomatic electromechanical system (Adams 1967) The results given below repre
sent the difference A T hetween the trapsmission of a nuclear unage and that of
an wfentieal sized background ares adgacent to st As shown in carhier publications
(Adams 1963 1987) the AT value 15 proportonal ta the total extinction af the
Feulges DMA cosuplex 1o each nucleus under the prevahng expennmental conditions
To conlrol the varations ir the Feulgen stawsing precedure a shide of wouse
themus Iymphorttes has bren stained together wath each group of lung puncture
steats According to the results there 15 a good correlation in Feulgen DNA distri
bution between normal mouse thymoeeytes auvd normal human granulogytes The
AT values for mouse thymus 3ymphocyies have been taken to indicate the normal
diplard post mitotic VA safues

Natdre of and Selection of Specimen Materral

The lumour specumens can be classified as follaws (1) cell material for csto
logical examupation obtaned by transthoracic needle hiopsy {18 ¢ases) (2) tissue
material for histolagical examination frosm prumary lung tumours shiawed during
surgery or at aufopsy (18 cases) In tuelve of these cases it has heea passible to
obtainl specymens of both categores from the same tumeur Citolegical and/or
histologieal specamens from the tolal amount of 23 patients have also been c3to
photometrically examined The fumour material has been grouped histologreally
accarding to Kreghberg et al 1967 The tumours ha\c Iurlhcr been cvaluated \v»!h
2 vew to delerminmg \‘helhcr the cells were high

i Table 1 shaws the ongia of the
specimens studied here and P the vstological and the hisiological classifications
made at the time of puncture beps sucgers oc auatopsy

To {ind out + hether the DNVA distnbution differcd in the central and peripheral
portions of a tamour specimens from different porbions have been collcefed 1w
1no cases

In chronic inf] lesions the cells can show raarked morpho
logical nuclear changes (Grunze 1955 Aass 19613 The inflammatory changes can
simulate the cell plclurc of mahigaant tumours and thus 16 cases of lung puncture

cause errors (. 1987) In erdcr to pompare the pattern

of DNA d 1 chronte 1 and that of malignant lung tumours
we have studied the DNA distnbubion i epithelial cells m four cases of praved
chronie tubercalosis of the lungs Same of the epithelinl cells showed nuclear ab
normahlies although thev were not as marked as those goeasionally seen to be
responsible far diagnostic ervors o cases of tuberenlosis (Daklpren 1967)

RESULTS

‘The results are prescited sn the form of histograms n Figs 2-7 The
hisiograms show the distribution of the Feuloen DNA salues for each
cytologically or lustolosically predimgnosed somple Fhe fumour cells
{o he measured were schcted after compamnson with cells found in
the haematoxy lin cosin stamed shdes prepared from the same tumour
thus facthitaling the seleclion of tumour cells for I culgen DVA micasure
ments Since Peulaen stamed shdes show onhy nuclear siructures i
cans not he totally excluded howeser that 2 fow abnormal but not
mabppant codis mnht have been included an the tumour ccll populr
tions Some I culgen stamed tumour cills sclected for cylophoiomelric
apatyses are domonstrated m Lig 3 Fhe totat number of cells measured
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FPeulgen stained slide showsng how tumour cells have been selected for ey tophoto

Mmelric analvses In this specimen (C14) there 15 a relatt ely high content of non

temour elements manly macrophages In other cases the shides show 2 more pure
tumour cell population Measured cells are indicated 1 to Io

n the populalions 1s given for each specimen (Table 2) VWhen pos 1ble
100 cells were assessed for Feulgen D\A measurements

Mormal Vouse Thymocytes

The DN A values for the 15 thymus Iymphocyte popuialions used as
controls show a farrly symmetrical distribution around the mean valtes
Wit a smail degree of vanation (Fig 2} The coefficient of variation
(100 % standard devsation/mean) for the D\NA valucs ran.e from o
to 18 The mean values arc tahen lo mdteate the normal diploid post
Dudefic DN values These values are used as standards for the inter
Dretalion of the other hustograms and are designaied 1 relatne unit

Mormal Human Cranulocytes

Human grinalocytes were studied in lung punclure material from
two cases of acale unspecific nflammatory reaction In Fig 2 a com
Parison beciwcen the D\ A distribution 1 mouse thymocs tes and hum in
granuloestes 1s demonstrated The Foulgen DNA hislograms for the
%o hum in zr inulocs te populations show a narrow distribubion sumlar
1o that obscrved w mouse thymoestes The mean values for the |eul
Ben DN\ slues are 10 and 0 9 relatine umits the coefficunts of vana
bion bewne 11 and 190 respechinely



Fig 2 Comparison he
tween Feulgen DNA dis
tribution 1n two cases of
normal mouse thymoestes
(TC) and 1a two cases of
normal granulocstes (C30
C21) Diplad post muo
tic DNA values for the
control thymocytes desig
nate 1 relatinve umt
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TABLE 2

Feulgen D\A Values in 29 Specimens with Malignant Tumours

Histologseal or Cy tological

Feulgen DNA values

diagnosrs
Case
no Topeof Dcflree Mean Coetficucnt Rumber
tumour Offerentiation TIANE angon €T
c1 Lpidermaoid ca slight 25 56 9%
H1 Tpidermoid ca shight 23 49 100
c2 Epidermord ca shipht 26 71 27
n2 Epidermord ca shight 28 68 €3
H3 Epidermoid ea shight 15 53 100
Hi Fpidermoid ca moderate 17 43 100
H5 Epidermoid ca moderale 15 31 70
He Epidermond ca moderate 23 Frs 55
ci? J pidermord ca moderate 36 61 59
cs8 rpidermoid ca shght 28 15 5
c9 Epidermord ca moderate 22 10 7%
G110 Fpidermoud ca shght 17 31 100
c1n Adenocarcinoma moderate 22 42 90
€12 Adenocarcinoma shight 25 36 100
Hi2 Adenocaresnoma shight 29 38 7
€13 Adenocarcinoma shight 27 33 33
H13 Adenocarcinoma shight 29 32 100
C14 Adenocarcinoma hagh 35 35 90
c15 Adenocarcinoma slight 50 18 88
H16 Adenocarcinoma shight 1% 37 97
€17 Small cell ca anaplastic 15 3 100
ni? Small cell ea anapla Lic 12 47 100
c18 Small cell ca anaplastic 20 45 100
c19 Small cell ca anaplastic 18 21 92
C 20 Small cell ca anaplastic 26 29 100
H21 Largecellca anaplastic 1y 29 100
c22 Targecellca anaplaslic 16 32 93
ca23 Ca anaplastic 21 41 100
C24 Ca anaplastic 0 8 100
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Ihistogeams of the Feulgen DNA distobuticn 1o the ten cases of epsderm id car

ctaoma Prplard post mitohic DNA values For control thy mocy tes designate 1 relatene
ut

Tumour Cell Popnlations

As shown by the histo,rams there 55 a marked thifercnee between
the D\ distnibution of normal human granulocyle and narmal pousc
thymocyte populations (Fig 2) and that of tumour cell pepulafions
(1,8 3-5) The tumour cases hase a wider varalon in therr DNA
distribution paiterns The mean values of the tola! Feulgen DVA valucs
n tumour cell populations are ssgmfrcantly higher than the correspond
wg salues for those of normal cells In Table 2 the mean value and
he coctlicient of vartation 1 the wdivtdual cases arc summanzed The
menn vatue of the Feulgen DNA valucs for the tolal number of tumour
celi popul tions 15 2 3 rdalne umits
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Histograms of the Feulgen DNA distribution 1n the eight cases of adenocarcinoma
Diploid post mitotic DNA values for control thymocyles designate 1 relative umt

Eptdermoid Carcinoma

VWhen the tumour matenal 1s elissified and grouped according to
istological or cviclogical type of tumour the mean Feulgen DNA
value m the group of epidermoid carcinoma 1s found to be 2 3 relative
units As apparent from the lslograms mn iy, 3 and the valucs for
the coefficient of viriation 1 Table 2 the degrec of vanahon m the
Feulgen DA values 1s high 1o the casc of the epdermoid earcinomn
the coefficicnt of varahon ranging from 31 1o 77 The histograms de
monstr ite some bimodal distribution of the values the peaks ranging
between 10 to 2 0 relative umits and around 2 5 {o 3 5 relative umts

Adenocarcinoma

In cases of adunocarcinoma there s 1 tendeney to exhulat Feulgen
DMNA values higher than these scen 1 cases of epidermord earcinoma
(Fig 4) Thus difference however 1s not slahistically sipmficant The
menn Feulen DNA v ilue i the group of adenocircinoma 3s 29 rela
tine umits The adenoc wreinoma hislograms char elcnistically have the
DM values i one faiely tall peak In inost of the samples llus peak
1s found hetween 20 and 30 relatine units In two cases (Ci4 Clo)

- B o T 77 clative units respeetnedy
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Iistograms of the Feulgen DNA distribution 10 the nige cases of undifferer  tel
carcmoma Diploid post mitotic DNA values for control thymocytes desigt te 1
relative unst

In cases of adenocaremoma there 15 a fendency for the Fewlgen DNA
values to spread symmetricallv around the demonstrated peak The
coelficient of variation for the sroup of adenocarcinoma rangcs fram
18 to 42

Uniifferentialed Carcrnoma

In undifferentiated carcmoma the mean Feulgen DN valuc 15 18
relatne unts Undsfferentiated carcinoma hase a shiuht tendency lo
show DAA « tlues that are lower than those obsersed mn cases of ep
dermoid carcmoma and adenocarcinoma  These findings could frow
&ver only be proved with some significance (0 01< ’>0002) of the
values were compared with those oblamed i cases of adenocarcinoma
As demonstrated in the Justograms s Fi1,, 2 the Feulpen DN A values
IR undifferentiated carcinoma show one narron peih situated between
101020 ¢ tatwe umits n eiplit cases and hetwecn 20 to 30 rddatine
unils i gnc case The cocfficient of variation rmnaes from 21 o 47
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Fig 6 Histograms of the Feulgen DNA
distribution 1in cells from the central

(¢) and peripheral (p) portions of 40
one epidermold carcmoma (HY) and
one small cell anaplastic carcinoma 10 Hac Hire

(H17) Diploid post mitotic DNA val
ues for control thymocytes designate
1 relatine unit
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Comparison between Central and ‘Peripheral Tumour Cell
Populations

The listoyrams in Fig 6 demonstrate the disitibution curves ob
tained 1n two cases 1 which 1t was possible to study the Feulgen DNA
values m cells from different portions of a tumour The distnbulion
of Feulgen DNA salues in central and peripheral portions of the tu
mours were not found to differ One case was a centrally situated
epidermoid carcinoma (3 em in diameter) the other was a small cell
anaplaslic carcinoma (oat cell type) centrally situated and measuring
about 10 ¢m 1 dimeler

TABLE 3
Feulgen DNA Values in Four Cases of Tuberculosis

Feulgen DNA values

(relatinve units) vamiation measured
c26 14 53 b
E 12 a0 100
cas 11 7 H
&og 16 3 100
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Fig 7 Feulgen DN A Disteil ution 1a four ases
of proved tuberculo + Diplaid po t mitohe
50 cae Gar DNAvalues for cout  thymocytes designate
I relatrve um
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Tuberculosts

The four cases of tuberculosis eahubit fairly narrow distribution
curves with a peah near 10 relative umt (Fig 7) The mean values
and coefficients of varation for these four cases of tuberculosts arc
demonstrated in Table 3 In this group the average value of the Feulgen
DNA miean values 1s fairly high m cell populations from patients + ith
;ubcrculosls The mean value for the coefficient of variation 1s about

7

DISCUSSION

In agreement with carlier cylo chemucal 1 vwo studics on human
malignant tumours (among others Woberger 1954 Vellors 1900 Cas
Persson 1964 and Sandriter ef al 1966) the cylopholometric resulls
obtained in the present study show that the cellular D\NA distributions
1 mali,nant tumour ceil populations of the lung show a great vanation
of the DNA values above the normal diploid one The difference we
observed between neoplashie cell populations on the one hand and nor
mal human granulocytes and mouse thymocytes on the other may de

bend to some extent on the fact that we have compared prohferaling
cell populations with non prohferating The difference sn Feulgen DNA
distribulion between tumour cell populations and normal thymocy f

granulocyte populalions however seems to be too large lo depend only
on the cnhanced prohferation of the ncoplastic cells The majorily
of the tumour cell populations demonsirale Feulgen DN A values clearly
ahove 2 rilatine usits which corresponds lo the normf pre mitolic
\alue and indicales the presence of heteroplody The heleroplowd pat

tern ts most evident 1n the groups of adenocarcinoma and epidermond
carcinomn
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According to wn vitro studies (hullander 1966) the presence of ab
normal non dinviding cells also causes vangations m the wtercellular
DNA distmibutton In our tn pwo studs 1t 18 not possible fo determune
the stage at which the cell has arrmed 1n the nistotie cycle On the basis
of histological and cytolosical methods howeyer, we can classify the
abnormal cells morphologically In epidermemgd carcinomas the nuclear
size and form are more helerog than iy ad and un
differentiated carcinomas  especially ns regards the small cell (oat
cell) type It is nleresting to notice that the degree of vamation 1
the Teul,en DNA yalues follows to some extent the morphological
classification of the tumours eptdermoid carcinoma exlubits the largest
degree of DNA differences and the monomgrphous oat cell carcinoma
show a narrow Feulgen DN distribulion curve The differences 1n co
efficient of variation for the three groups of tumours are however
statistically not stomfieant

In the different groups of lung tumours the degree of Feulgen D\A
vanation changes from one casc to another especiaily mn the group of
eprdermoid carcinoma

In some of ihe cpidermord carcinomata and the undifferentialed
carcmomala a concentration of cells 1s found at normal diploid DNA
vatues This can to some extent be caused by the fact that a few ab
normal but not malynant cells have been measured together with
the tumour cells an nevitable error partly due to the difficully
differentialing certan cells morphologically on Feulgen stamned shdes
Tyven af there exist some differences i the D\ A distribution pattern
m different tvpes of tumours 1t 1s nol possible to dufferenhate sta
tisticalls between epidermoid caremoma and adenocarcinomn of ihe
lun, only on the basis of Feulsen DNA measyrements The st mifieant
differences 1n mean Feulgen DNA values for gdenocarcinoma and un
differentinted carcinoma however mav be of diagnostic value

In agreement with Sandritier ef al (1966) any distinct differences in
Feunigen DNA svalues i samples from the eentral and the pcnphcml
portions of 7 tumour are not demonstrated The matenial studied—two
cases-—i1s however too small to allow any definite conclusion to be
drawn Sandridter et al (1966) suygested on the basis of his findings
that celluiar svnthests of DNA occurred m ajf layers of 1 carcinom?

Whencver abnormal cells found 1n enses of tuherculosis are measured
there 1re no statisticnily sipnificant differcnees 1n Feunlgen DN A valucs
15 to 1he normal thymocs te granuiocy te populations The small pattern
differenees existing can be ciplamed exclusiyely by the proliferafive
actnaly of the cclls i the eases of lubereulgsis There are sigmific
differences belween the Feulp,en DNA valucs for abnormal cells from
cases of tuberculosis and those from cases of epidermord earcinom?
and adenocarctnoma I 1s howeser of particular interest lo compare
the histograms n cases of tuberculosis wilh those of small eell ana
plistic caremom Some of the histograns in these two groups are of
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sumlar type and show no statisticalls signibicant diffeiences  huoe
resnlts can to some extent explain the difficullies mvolsed m mu
pretalion of the morphological pattern of cvtological specamens frc
cases with marked chronic inflammatory reaction

In the five cases studied by cvlophotometric aralyses of both «vlo
logical matenal and matenal obtamned at surgery or aulopsy  thire
is a good correlation 1n Feulgen D\A distribulion patterns iFi,
and H1 C2and H2 Fig 4 C12and H12 C13 and H 13 Fig o C1
and Y 17) The small differences mn distribution patlerns can be
piamned entirely by the fact that the specumens are collected at differe
times In some of these cases more than three months have elapsed fron
the first examination o the final examunation of surgery or autorsy
specimens

The resulls obtained 1n this my estigation mdicate that Feul en D\
measurements on aspiration hiopsy specimens can protide u with n
formation which 1f added to the subjective morphological criteria car
be of diagnostic value As {ransthoracic needle aspiration bropsy 1
casily performed and modern technique allows rapid ¢ytophotcmetric
analysis even on large malerials the mcthods can he used te gcther
In that way 1t may be possible fo obtain a broader basis of informatios
about the Feulgen DNA distribution in different types of lung tumours
and possibly to corrclate Feulgen DNA distribution patterns wih clin
ical data Such continued studies may he useful m the futur when
aulomatrc cylologieal methods may become a reahty

SUMMARY

In order to correlate the per cell nuclear DNVA values and the DNA
distribution patferns with cylological and histologteal classifical on of
lung tumours cytophotometric analyses have been performed on 29
Spectmens from 24 patients The eell material was obtaned by fine
needle aspirations by surgery or at autopsy Cylophotometric analsses
demonstrated a clear difference between mean 1alues and distribution
Dbalterns of the Feulgen DVA values obtamed from normal inflammn
tory cells and those oblamed from tumour cell populations Differences
in the Feulgen D\A values and their distributions also indcate a ten
deney of certam tumour types fo show specific distnbution curves
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A METHOD FOR PRODUCING EXPERIMENT 4L
SKELETAL TUBERCULOSIS I\
BONE MARROW NECROSIS IN THE CUINLAFIG

By

Lars I 1\bBERC
Reca d 4

The production of shelet 1l mfections mn experurental anumd faoar
ways proved difficult ¢spectnilv chrome <l cletal tube:culous isions
small laboratory ammals \iempts fo produce such lestons in rabbii
OF guneapr,s (71radel 1933 Zappio & de Blasio 1932 Boquer & L1
porte 1936 hoch 1920 Bastos Vora & Portal 19,3) bave lwer L
successful esther because the animals died loo ear  from sv tema
tubereulosts or breause the method used fated to produce any shaiet
lesson at alt Recently however Iindberg (1987) deserbed «n toc
which almost mvariably produced chronie sleletal tuberculon
€LS5es 1 guincapi,s Accordin, lo thus method a porous fore 4 n
hurdened gelatin sponge Spongosian  1s placed for one weehinl ho
hiquid medium moculated with tubercle bacills and then depos ! a
the marrow cavity of the fomur through a hole drilled n the hor  The
Aammals survive for 1t least 4 months within which time a Lypr d tu
berculous abscess develops in the marrow cavly

Sinee the production of shelclal infcctions i expernmental anumnals
has proved to offer serious difficuities it was thought worlhwhile also
to describe anolher method which will almost invariably mduce shelfc
tal tubercuiosis 1n gumeapigs The method 1s bascd largely on the proce
Qure yeed by Scheman et al (1941 1943) to induce staphyvlococeal
osteomyehiis m rublits They inyected first sodium morrhuate (which
Wnds o Pproduce neerosis and 1s also used as a sclerosant mn the treat
Tunt of varicose veins) through a hole drilled m the tibta of rabbils
md half an hour lalr staphviococer throush the same hol Tiis
brocedure v anably produced staphylococeal ostcomvehlis In the
@aperiments described below tubercle bacilli were used mstead of
staphslococer and smncapigs mstead of rabbits

Manufactured by AB Ferrosan n
This investigation va« made po 1ble I3y a grant fr m S nska Vati aalforen g

wot Hyart o h 1 ungsjubdamar
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VATERISL AND METHODS

Tubcercle Baclle

Mycoba lerinm tuberenlosts strain H 37 Ry from the Central Bacteriologieal Labor
atory of Stockhelm City was used, The bacilly were cultured 1n the followiag way

From cultures in Lewenstein-Jenven tubes 10 loom‘uls were lr:nsk‘crred to & dish
homegenized with a glass rod and 1a 5 ml of ph 1 salhine 05 ml
of this suspensicn was transferred to o m} of Dubos Jiquid mediura The tube was
then incubated for one weeh at 37 € dunng which time it was thoroughly shaken
once a dav After one weeh 05 ml of the culture was transferred to a second tube
with 5 m) of Dubos hquid medinmm. This tube was treated 1n the <ame way as the
first one and after one week the hactersal culture was used

and Tech
The anumals were h, with meb 1] 11y and a hole was
dntied 1n the Jateral distal part of the left femur 00> m} of sodium meorrhuale was
sngeeted through the hole After half an hour §Ga mi of the hacterial culture con
taiping about 125 X 106 bacilly, was 1ujected through the hale and the wound was
closed. The number of bacilh was counted accordsng to arkeprang (1960) (see
Discussion)
The uxmals were Talled aﬂer aarving iplersals the operated leg was removed
and 1 paraffin Histological sections
were prepsred and stajned wnlh haematoxylin eosin and according to van Gieson.

immals and Yaccinalion Procedure

/1 guinea pigs weighing about 200 g were used When purchased, aod lgam Just
before use the ammals wer with og 01 ml of
tubersubin, diinted 1 100 mlo the right flanh. All amimals 1n which the rea:lwn
was equiyocal were rejected

4 troublesome problem 1n experumental sheleta) tubereulosis 1s the short duration
of survinal of the amimals owing to massive spread of tubercle bacille. This problem
15 seTions beeause a 4)preal sheletal lesion with reactive changes requires a fairly
Jong trme fo develop The duration of suriisal can be prolonged by prestous xaccina
tion with BCG (Bogen & Loonus 1935 Spiess 1953 Griesbach 1954 Rosenthal 1957
Tiniberg 1967)

According to the same authors immunologicel factors may also decide the site and
logation of an snfection and esperimdents carried out by Lurie (1939) Spiess (1923)
871 s8 & Poppe (1924) and Strom (1923) sugcest that tubercle bacill: are retained
lopger at the site of woculation an vaceimated amumais than 1o unvaccinated ones.

1o the present work the experimental ammals were vaccinated for two reasons ta
prolong the duration of surinal and to gne 1f pessible a better location of the
wfection to the site of moculation 1n the heletal forus. The cexperrments wesc
carried out on the following 4 groups of antmals

Control group (23 amimals) Onlv morrhuate was u ed. The anumals were billed
after 24 hours 1 2 3 4 6 and 8 wechs respectinely and the leg anto which the
morrhuate had been snjected was removed In this group the purpose was to fimd
out how extensie the necrosis produced by the morrhuate was and haw long a tune
such lesions required to heal

proup ithe 1 cheme has becn deseriled previoushy by
Im herg 1967) Group I (14 animalst Lmvaccinated snimals were operated upon and
sodium morrhuate and tubercle bacilli were ampected inte the bone in the was
decenbed above The unvaccinated animals 1n this series were hept untreated unlil
the taccinations of the animals m groups 1 and §51 had been concluded so that the
ammals 1 all series were at the same age al the time of operation. The atervals
betsween the o cration and death or sacrili ¢ [ the anmmals are given in the table
on page 247

Group I (1> amimals) was made up of animals vaceinated subcutancousiy with
01 mg BCC wet weighl (from Statens BCC laboratorium Cothenburg) three times
at one 1 c¢k iplenals Two months affer thi vaccination had been concluded mtra

11] tubercabin was receaved 1n 1909 and 1900 from the \atronal Bacteriological
Laboratory Stockbeim
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TABLE 1
Surey of niruls
Interval ;n

weehs between
operation ang  * 2 % 8 < B ! 1 Total

sacrilice

Croup 1 1 2 0¢) 2 i 11

Group 11 2 0 0 1) - - 1

Group IIT T2 2() 1 -1

“umerals 1 brachets denote number » al
¢utaneous njectson of 01 mi of tuberculin 1 4p I ila
ing with erythema about 10 mm 1n diamete ubz = hat
been read the animals were operated upon = ukerel \
)ected snto the bone 1o the way deseribed t be ne ac t
or sacnifice of the anamals are ginven 1a the tak [

Croup 11I (19 animals) consisted of antmia atif 1 aton nter

3 Is with a total dose of 30 wg of BCG wets | ne 1 1o Freuna I an
One month after the cad of the vaccrnabi n atracut ue us 1 tion I m
tuberculls 1 100 produced a strong local re ¢l n with acer 1y Wass 1
had also reported such a strong reaction Aft  the Iast tuber ubin reacti h b
read the amimals were operated upon _mor huate was saject d and tub H
denasited in the way deserabed above The amm fs dicd or were acnifsce r

intersals alter the operation (Talle page 57

RESULTS

Control Groups

After 24 hours an irreyular area of neerobic bone marrow an 1
morrhages was seen at the site of the mjection This area con
scatlered polynucleated leucocyles

Afler 1 weel the margn of the necrolic focus was bein, repla 1 by
sranulation tissue which had formed osteord calius 1n some arcas >ome
small necrotic bone trabeculae were seen

After 2 3 and 4 weeks the hone marrow at the site of opcration
showed 1 small area with sclerolic hone trabeculae as the only trace of
the operation and njection of sodim morrhuate The bone marrow be
tween these trabeculae was normal

After 6 and & weeks the whole marrow cavity was of norm il appear
ance

Comment According lo Scheman and co worl ers (1943) an mjec
ton 03-0 § ml of 5 per cent sodmun morrhuate solution mto the bone
marrow of the tibin of Lhe rabbit produces local necrosts of the bone
marrow ind of some of (he bone lrabeeulae The lesion begins lo heal
afler one wech and alfler 3 weehs “reparatine changes are well ad
Vanced et

In the present experiments the resuils were largedy mml.}rrpnlcn
Ing, loeal necrosis of 1 small arca of lhe honc marrow nd a fow m( e
Irabeculae of the lower femoral diaphysis Affer one weeh the necrotie

37 Actavara 712 4
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focus was partly replaced by grnulabion tssue with some osteoid
trabeculae The pranulabion Lssue was replaced by sclerobie catius
whieh was rapidly resorbed and afler about 4 weehs completely re
placed by normal boune marraw

Graup 1

After 1-2 weel s the bone marrow at the site of operation showed an
arca of granulation Lissue with small selered groups of epithehoid
cells and Langhan s cells These areas icreased m size and wallun
monih they developed nto lurge productine tuberenlous foes (Fig 1)
scattered m the marrew After 6 and 8 weeks these foes were shill seen

After 12 weehs-6 months the preture sared from wmmal o wnumal
In one anmmal (12 weehs) both the diaphyseal marrow and the com
pactt had become necrohie and an mvolucrum  had formed (Fig 2)
In one 1mmal exnuned 4 months after the operation 1 cwwcumscnibed
abseess had formed {Tig 3) In 3 anumnds (12 weehs § and 6 months)
there were productnne foci of varyin, size In one annnal (4 months) no
tuberculous lesions could I found

Group I

After 1-2 werks as i Group I the marrow cwaly at the sie of ope
ratton showed an area of granulalion hissue with epthefrond celfs But
ihe further deselopment of inbereunlosis m this ,roup differed cleasty
from that sn group 1 Afler 7 months-6 weel s the anmals had dese
loped only small mubary foar (Fi, 4) i the marrow and after 2-4
months 11l the preparalions showed a distinet tendency to heal eveept
i one vumal in wiich lar,e productive foer with central necrosis were
seattered m the mawrrow In the othor 7 ammals large parts of the
marrow cas iy conlamed more or less selerotie bone trabecwlac indicat
mg the presious presence of tubereulous foer (I indberg 1967) Three
of them showed ne sins of tubereutosss while the remaming 4 ex
libited small areas of epithehowd cells

Group HI

Already after 1-2 weel s larce tubcrculous foa {Fig 5) appiared and
in one preparation an abscess m the marrow cnity Afler 7 months- 6
weel s howeves there was s an group I 4 eloar tendency to healing
the focs at the site of the oper:lion often bang surrounded by new
formed bone (Figs tmd 7)

2-4 months afler e operion 2 of the Is showed no sipn of tuber
culosis while the remaiming, o contamed smalt foos of epihchoid celis
and sonic bone trabeeulae as the ondhy porsistent signs of the feswon
After o months none of the 3 hones showat si.ns of tuberculosts
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DISCUSSION

1t 1s clear from the results set forth above that the wfections caused
by the miethed vsed produced tubereulous lestons 1 the marrow cavity
of mos! of not all of the animals and that the tendency to healing was
sirons, 1 the Hwo groups of vaccinated wnynls

In group I the development of the lesions was fardhy umform m all the
mim s durin,, the first 8 weeks after which the extont of the leawon
varied {rom anoiial fo ammal Tubereulons leswons devefoped w13 of
the 14 ammals used

In groups {I and I the lesions showed a clear tendency to heal al
reads iftar 1omonth and in some of the wmumals examunced 2~9 months
fice the operation no si,ns of tuberculosts wore seen 1 the operated
fumur Tubcsenlous lesions were found m 12 of the 1u aumals in ,roup
I wd w14 of the 19 belonuing m group 1! This finding 35 m accord
wilth privions experience that guineapins vacemnated with BCG surn
longcs (Criesbach 1901 Resenthal 1957} and that the bone marsow
often reeoers cotupletely from infections both tubereutous and non
tubtrentous (Noan € Sabin 1927 Vandelstanun 1993 I indberg 1967)
This may explam why at 1s difficult to producd expermmental sheletal
wfections in amim s

In group HI large tubereulous focs dovddoped already within 1-2
weeks winde proups 1 and H st showed onty s adlor arens of pransla
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tion tissue with scattered epithehoid cells and m some preparations also
Langhans cells Also this finding 1s 1n agreement with the known fact
that a superinfection with tuberele bacilli 1n a BCG vacainated amimal
smtially may cause larger tuberculous lesions at the site of moculation
than a corresponding infection in an umvacemaled amimal (Griesbach
1953 Rosenthal 1907 Lindberg 1967) The lesions howeier tend to
regress 1 vacanated ammals but to progress in unvaccinated ones

Out of the 48 anumals 17 dicd sponlancously 41n group I o m group
ITand 8 1 group III (Table 1 on page 277) This mortality 1s lower than
that reporled by the aforementioned authors (page 577) but 1s never
theless sufficient to hmt the practical application of the method The
Spongostanmelhod desentbed by Lindberg (1967) claimed no deaths
dunng the experiments (4 months) and 1s thercfore preferable n this
respect

Since the development of the tuberculous lesion varies wilh the num
bir of bacteria njected attempls hive been made to deternune the
number of hacteria per mllilitre of the cultures usced by the method of
Mackeprang (1960) According to this method the aggregates af bac
{er1a in a iquad cullure are brohen down by ultrasound and the bacteria
are counted 1n stamned smears and mn culture dilulions grown on schd
medium In experiments of the present iype finely dispersed cultures of
bactenia are unswitable A culture with large ag rejates of bacteria 1s
preferable because the risk of spread of the bacteria from the site of
inoculation 1s probably smaller Therefore an untreated culture was
used for anjection while the baclenal counts were made mn cultures
srown at the same time and under the same conditions as the one used

Culture for Bacilli tn the Varrow

Since the diagnosis of tuberculosts cannot be considered estabhished
il tubercle hacilli 1n the tissue are not demonstrable marrow specimens
from 4 animals operated upon and injecled with tubercle baaill n the
manner deseribed above were removed and tested by cullure for the
presence of tubercle baaills (Lindberg 1967) The ammals were not
vacanated and they were killed after 2 4 8 and 12 weeks Tubercle
bacilh were found 1n all of them

Furthermore 1n lustological scchions stained according to Ziehl
Neelsen a presence of acid fast rods was obsered in specimens from the
lungs hinver and spleen of most of the ammals in groups I-IIT

In sections of the operated femory even 1 those with histologieal
signs of tuberculosis na acud fast rods could be found it would thus
appear hal the deealeifying proccdure abolished or severely reduced
the slaunalnlity of the naid fast rods (7 indberg 1967)
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A method by whieh {o induee a local tuberculous fesion of the skelelon
of the guneapig 15 desenbed

A small amount of sodmm morrhuate s snjecied inlo the marrow
cudy of the femur & suspension of mycobactersuin tubereulosis s
then wngected into the marross necresis produced by the sodium morr
huate & local tubereulous leston almost unarably deselops Most of
the anunals surcne for periods sufficiently long (3-4 months} to permmt
the lesten to assume 2 histelogrealiv typreal appearance and reachions
from the surrounding tissue such as newformation of bone

The effect of two forms of vaccmation with BCG on the lesions was
also studied As regards the (lu\-nucm of survital persods any difference
belween une ted and { Is was not observed bul the
hething tendeney of the lesions was stronger 1o those anunals that had
been vacainaled most intensely
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CHARACTERIZATION AND PARTIAL PURIFICATION
OF STAPHYLOCOCCAL DELTA LYSIN

By

Havs O Harranper
Recelyed 181x67

Among staphylococcal tovins those having cylotoxie effects on human
cells are of medical mterest Oul of several eatracellular preducts ex
anuned 1in an mves {i ation descnibed elsewhere (13) delta Iysin exerted
the most pronounced effect on human erythrocytes and human hadney
cell culturcs

Relatnely httle attention has been paid to this toxin since 1947 when
it was first desersbed by W dlliams & Harper (28)

A tommn partiaily punified by means of ethanol extraction was pre
pared by Warhks et al {21) and Jachson ef gl (16} In the Jalter work
evidence was presented that delta lysimn consists of one heal stable etha
nol soluble and one heat labile elhano! mnsoluble {rachion Hoffmann
et al (11} presented evidence of two haemolisins capable of haemo
fysing human erythrocytes Hallander (30 13) showed that delta Iysin
eluted 2t the 1014 “olume on Sephadex G 200 well <head of alpha Iysmn
and beta lysin thus indieating that 1t 15 a vers lar,e moleenle These
resulis were laler confirmed by hayser et al (17}

Yoshida (29) obtmned delta lysinn erystalline form after chromaio
graphy on calewm phosphate gel and triethy laminoethy! cetiulose
Chemical analysis mdicated that delta Iysin s a protem with 1 wole
cular weiht of approa 70000 and a sedimentation constant of 6 1v
Crude toxin was completels soluble m chloroform methanol (2 1 v/v}
but cnvstathine delta Iysin was snsoluble 1 the same solsent ™o
formation w1s grnven about the immunologieal properties Later Glad
stone reported t7) that these preparations were smmunologieatly he
terogenous and contained beta haemolvtic as well as RMAase actinily

Viarks et al 1213 and Jachson et al (16) found that crude delta bssm
was thermostable The erystalline product ebtamed by Yoshida howeser
lost 8o per cent of ats actinily upon healing at 100 € for 30 mun (28}

Also the anhigemic properties of delta Jssin hase aroused some cont
troversy el cod €22) and hoyser et al (17} desenbed the production
of neutrahizing antibodies by smmunization Other worhers ohtamned the
same neutrahizing capacity with normal scrum from rabbit horse man
and calf (7 8 15 21)
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In the sepost by Jacksan et al (15) the Cohn Fractions IV 1 and
I\ 4 contmming mainly alpha and bela globnlm were shown to be
more inhibitory than the whole yiobuhn frachion Gladsione {7) ob
served marked mnhulntion wilk Fraction I (fibrinogen) Fractions m
and IV (beta and alpha jlobulin) aud Frachoen VI (mucoprotein)
Albumn and gamma globulin had hittle actiaty

The partiallv purificd product obtamned by Varhks et al (21) was
toxic {o exythrocyles from a wide range of spectes These resulls hnve
been confirmed by Gladstaene et al (7) and Hallander et al (13) for
erylhrocy tes as well as for varous cells 1n tissue culture The loxmn s
tovtc to human leucocytes and has been named leucolysin (6) as dis
lmnet from leucocidmn Furthermore Hoffmann et al (14) reported that
partialiy punfied dettn ivsin demonstrated antibiotic activity agamst
certain gram posiine bicleria However no evidence was presented
regarding the identity of the antibiolic material(s) and the delta
hsns

The capacity to produce deila lysin has been transduced lo non
haemolytic strains by iemperate phages (2)

In this report the purification and some properiies of staphylococeal
delta lysin are described

MATERIAIS AND METHODS

Strains  Staphylococeus aureus strain 56 an I sccopted
B producer and 196E, the wlernational protolspe strain for enterotoxin A were
nsed for tbe production of delta 1vsin The toxn spectra of these strains have been
described sn detal elsewhere (13)

A stramn belonglug ta the genus of Corynelacterrum was used as indicator stram
for the as ay of hacteriocio lke actiaty

Preporation o} crade tosan for fi and For
toxin prodachion staphylococer wers cultured on selid media covered with tello
phane as described carlier (11 21) Crude toxin and pooled fractions were con
eentrated with polveihyleeglycol (19)

Assay of haemolyptic actinty 1) The delta Ivsin fitre nas routtaely measured by
incubating 05 ml of & 05 per cent susy ension of washed human ¢ry throcvies group
O Rit wath 0% ml of senal ddutions of the sample to be msvestigated 1 phos
phate butfer saline The Utralions vere read after 1 hour at 37 C and 1 hour at
Toom lemgerature The hizhest toxin dilution sho ving complete haemolyss
1ahen as eadposnt The reciprocal litre indicstes the pumber of umits

2) Erythrocyte membrancs prepared according to Phuilipson ef al (26) were used
(ot analysis of the 1ime haemoly sis curve and the mfuence of certan sarisbles such
a3 pi cations and EDTA 0° ml of delta Iys1n 10 phosphate buffer saline € 1qrov
titre 1/64) wire added to 3 ml of a membrane su peoston that had an extis t) n of
03-07 in n Bechman Colorimeler tvpe € at a wa clength 4 my gre  { lter)
2t 90 C The extipction value v as recorded at various ntenals

istay of 1 pas and alkaline phosphatase was performed as de or be 1
{10}

vea

her

Assay of ba ! roctn like @ lieafy 002 ml f cach preparats u to he 1 ed 4
dropped on dhocolate agar medium together with buffer natr 1 ALt

acing at
reom t myer ture for 1a min the di hes were treated with ¢hd r £ v ap ¢ f
15 min ap i subsequently sezded with a salinC su pension £ 1 tic t oo

Readings were made after incubation at 37 C for 24 and 48 h s 4)
Vaccine @ prepared and rmmani ali n perf rmed a de rioed elses ber (12
Cetdiffts noar s 51w re peef

s ribeu ar » rre
\ious paper 123 One pet cunt agarose hewe er 1 4< u ed as 4 81 Dpo tn, B edium
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i both wethods When haemalytee actisity was ta he localized the shides were over
Iaved with a 3 per cent solution of washed human ervthrocy tes 1n phosphate bulfer
sahine (PBS) After 1 hour at 37 C the shdes were riased in PBS

Nenlral ation of delta lystn octwty was performed o two wavs 1) Sera were
titrated 10 a manmer stmiar to that used 1 anty staphs lalysin titvatians (ASTA} by
makhing a two fold senal dilutwn of a muxture of 018 md of sera inactisted at
56 € for 30 min and 084 mt of phosphate buffer saline (PBS) To each dilution
was added § 5 ml of a gel filtered detta biga (1968) preparation contamung 5 hu
man haemolitic units After 15 mun at 37 € 08 ml of 15 per cent human yed
cells was added The tritration was read after an additionat 30 mun at 37 € followed
by 18 hours at 44 C

2) Undiluted 25 i samples of the same delta lvsin preparations were mured
with enual solumes of serum wmactivated for 30 mua at 56 € or fractions of this
serum After ancubatron of the mixtures at 37 G for 1 hour thes were bach titrated
for un nontrahzcd delta Iysin actnity

Trypsin wactuation of della ipsin 02 ml of 2 trypan solution~—81 mg/mi
phesphate buffer sahine pt 72 (1 8S) (Worthington Brachemrcal corp N3 US4
3 X cryst }—was added to 18 mi of purified delta Lysm ptl 72 After varous wter
vals at 34 € 01 ml of sovbean trypsia inhibitor—0 1 mg/ml 1 PBS (Sigroa Chem
Comp Wiss LS4 2Xeryst)~uas added ta 04 ml of the delta hsin trypsm
maxtnre After coohing o an rce hath detts hstn actnite was determined

A3 controf one per cent suspension of washed human erythroestes was treated
wath tripsin at a concentration of 3 mg/ml for 30 mn

The protein ¢ was di d routinels by the U} absorp

(53
fiom at 280 e 1n @ Beckman DU Spectrophotometer Bavine serum atbumin (dggre

(1 per cenl) = 6 8) Was Used as a reference For recosers studies the solstions ta
bemeasured were first adfusted to 002 M 1n sodsum phesphate and 01 M 15 sodwm
chloride pH 72-74

Gel f of taxin pi was on hadex G 100 and Scpha
vose 23 and 4B (Pharmaua Fine Chemicals Uppsala Sweden) One gluss columae
48 X 35 em and one commerciat calumn 4o X 25 em {Type h23/4% Pharmacta
Uppsala Sweden) were used The elution haffer was 807 M sodium phosphate can
taiming 03 M N\aCl pH 72 Flution was carricd aut at 4+ G at 15-2 ml/em fhaur
and the effluent was collected m fractiuns of 5 ml

Preparatve electrophoress was prrfermed on a vertical column (50 % 22 )
pached With Sephadex G 25 (Pharmacia Fine Chemucals) tord volume 65 mi The
column was cooled to 4 with a coolng Jacket The material was run towards the
anade at 300 % for 24 hours mx 005 M baratal buffer pit 82 Ia some experiments
0035 M sodium phosphate buffer pH €0 was used Elutfon was carrsed out at
4 Cat 1o~ ml/em hour The fractin volume was 25 ml

Fxrteaction 1ato lipid solients 1) Eraporated crude town~—1 g—was extracte?
mts 2 mi of defferent ipid solvints Twenty mi of the extracts nere Hliered eva
orated once more and then disselved in the same volume of phosphate buffer saline
‘The delta hvsin tikres wwere cantrolted belore and after extraction

2) \on evaparated material usualls 1 ml was shaken at room temperature for
30 sec_wath an equal valume of chlorofsrm {2 13/} The Iston wa
ceninfuged for 15 min at 4500 rpm The upper and lower phases and Bhe Iater
faves were evaporaled separatehy and the restducs were taken up 1a the ongna!
solume of phosphate buffer sahine (1 BS)

f henol exiraction was performe b accor ing to Goekel et al {3)

RESLLTS
Punfication Procedure
Defta lysm was purified 1n a two step procedure intolsing gel fiftra
fion and preparatse electrophoresis Different approaches 1o a thurd
step were tried Delta lysin was punificd from cerude toxin of stram §6
as wedl as 1964
Step 1 Ten fold concentrated erude toxin was get Ditered through
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Fig 1
Gel filtration of 10 ml erude toxin from strain $6 through Sephadex G 100 1 a
glass column 48 X 35 cm The elulion buifer was 007 M sodum phosphate buffer
contarning 01 \[ NaC! pH 7 Elution was carried out at ¢ € at 15-2 ml/em /hour

= 4 2 pose
oo pejta Wisn

2 € 0 1= lazzzs:ro

feach m::l»an 5 ml}
Fig
Preparative electrophorests of 2 ml pooled and concentrated materral from the first
peak of the Scphadex G 100 step The electrophores s was rua agairst the snade
500 ¥ an 00a Ml barhutal butfer pH 82 for 24 hours

Scphadex G 100 As shown previously (10) deltn hvsin and V1l
phosphatase clufe at the vaid volume together with the I, 15c in
elulion pattern typreal of slrain S6 toxins 1s shown i F1g 1 DNefu
Iysta frem 196L cluled stmularly This Jatter stram produces ro ipas
The fractions with the highest delta hsin filres were farthe  fri
Gronated

Step 2 Delta lystn material from step 1 was po d  ncent at d
dalysed aganst the barbital huffer and subsequentls purif ed ‘urther
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by preparatne clectrophoresss The delta Iysin from strams 86 and 196L
were both negatnety charged at pH 8 2 and nugrated towards the anede
Tig 2 shows a good pattern for 86 defta lysin The toxin 1s completely
separated from the more slowly nugrating bipase In some experments
tmling occurred and the lipase frachions were thus contammated with
delta ysin Hovwenver even i Iig 2 delta Iysin actioly 1s seen o be
spread over a relatnely broad zone ({rachions 2~9) Alkahne phos
phatase activity could not be recovered afler electrophorests When
barbital buffer was replaced by 0 045 M sodum phosphate buffer pH
60 the positions of delta Iysin ind lipase were reversed

Delta Iysin from siramn 196E mugrated at a lower rate {about 10
fractions later) than that of $6

Recovery of Purified Della Lysun

The recoseries of 56 toxm oblained af different steps m 1 typenl
expeniment are ginen in Trable 1 Fifty per cent of the enginal actiuty
was lost durmg gel filiration 17 per cont during concentration nd
12 per cent during clectrophoresis The {otal yield was 21 per cent with
n ten fold increase m spectfic activity  Simalar resulls were obtamncd
with delta hysin from stram 1965 It 15 not clenr why the speaific ac
{rvaty as hagher m the unconcentrated than m the coneentrated Sepha
dex peak

TABLE 1
Recovertes of Delta Lysin wn the Purification Procedure (S6)

=
2 T 5E 885 g - 8z

38 g 2 il i o 8
o 5 5w sogb FUY G ¥
5% T %% £§izEsY el 23
zZ P4 25 JF£2 3¢ I8 a2

Crude toxsn contrt

fuged conecntrated 10 8400 8u0 008 Qo8

Laconcentrated

Sephadex peah 10 300 30 50 40000 008

Cancentrated

Sephadex peak 48 o112 o 33 42990 005

Yrep elphares peak 20 1170 €3 21 159510 o8

Before the protem content Was measured all fractions wore dsalysed agmn t
002 % sodwm phosphate buffer contaming 01 Y sodsm chlonde plil 72-74

Atlempls al Further Purifreation of Della 1 ysin

13y Effect of extraction with Iipid soluents To evaluate the eilicieney
of lipid solvents crude cevaporated toxin from strun 1961 s ex
tracted with various lipsd sobvents Oul of the tetal thy s
recovered when the ressidue was re dissolved m dis &
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Fig 3
Gel filtration of 28 ml eyude toxtn (stramn $6) through Sepharose 4B 1n a h 25/45
column, The elytion huffer was 002 M sodium phosphate buffer containiag 01 M
NaCl pH 72 Elutwon was carrzed out at 4 € at 15-2 ml/em2/hour

cenl was extracted by methanol or chloroform methanol (21) 20
per cent by ethanol 05 per cent by butano} and less than 0 3 per cent
by chloroform carbon tetrachlonide ether benzene and hexane

Therefore the most actine fractions from step 2 were further pun
fied by shaking with an cqual volume of chloroform methanol (2 1)
With matersaf from both strams a whie precipitate was formed at the
mterface S6 delta Iysig activily was evenly dustributed hetwecn the
waler phase and the iterface The total recosery was 20 per cent This
“asn contrast to 196E delta Issin most of which appeared at the in
terface Qut of a fotal recorery of I5 per cunt no more than alout 1/32
Was present in the watrr phase When he aclie preparations from
:lﬂn 2 were freeze drnd before txtrachion the recovery was about the
ame

2) Pheno! extrachion Phenal extrachion of matcral from step 2 abol
Isned all activaty

Studies on St ond Homogenedy of Delta I ysin

Singe delta Issin dad nol penetrite the malnx of e Sephdex G 200
gel (10) separation was tricd on the more poraus Seplysrose 18 nd
218 gels The cxclusion himils of Sepharose $ 13 (1 per eent oSt} wnd
2B (2 pir cent agarose) were estimated ot 3- 13100 and 20 10> 100
expressed as moleenlar weipht of dextran (24) Iructonation of cruds
86 foxin on a column pached with Sepharose 4 B ss ihustrated tn Tig 3
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Fig §
Gel filirstion of 4 ml erude toxin {strain $6) through Sepharose 2B in a K 25/45
column The elution buffer was 002 M solum phasphate buffer contasning 01 M
“NaCl pH 72 Elvtion was carried out at 4 C at 152 ml/em shour

Part of the matenal shil cluted at the void volume but the distrsbution
3s rather broad and a larye retarded peak is present The dedia fysin
achimity s spread throughout The lipase activily closely followed the
delta Iysin actiaty but atkaline phosphatase was maimnly srecovered at
the voud volume The same disinbution was obtamed with delta Jysm
from stramn 1968

On Scpharose 2B Sb delta lysin actinily distribuled over a very
broad zone (Fig, 1) encompassing both the alkaline phosphatase which
«luted maids 1 carly fractions and the hpase which eluted laler A
simuar elution curve was obtained with 196k toan Delia lysim purs
fied by Scphadex G 100 and preparalive electraphorests gave the sime
activity pattern as the crude material when run on Sepharose 4 B

Recoveries from both Sepharosc pels vared between 20 and 30 per
cent To merease the recovery 080 per cenl Tween 80 was added to
the buffer (2) A separition of $6 toun onr Sepharose 4 B m the pres
ence of Tween 1s shown 1n L1y, 5 The tolal recovers amounted to 120
per cent Della Ivsin penetrated the matnix of the agarese gel and was
separated mto two peaks most of the lipase actinaty being associated
with the first peak  Alkalhine phosphatase still eluted close to the void
volume There was no change 1w pH during the experiment

{mmunclogical Studies

The punfication p ture was cd logteally Frac
tions from sarious stages of the punfication procedure were used for
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Gel Hliration of 4 m) crude loxin (straia S6) through Sepharose 4B m a k %a/4>
¢olumn The elutson buffer was D02 M sodiim phosphate buffer coptaimng 01 M
NaCl pH 72 and 005 per cent tncen 80 Eludion was carried out at 4 C at 15-2 ml/
em3/hour

mmunization All sera were tested by immunoelectrophoresis using,
trude loxin as antigen Figs 6a and 6b show three preciptation ares
after slep 1 And {wo precipilation arcs after step 2 Precipitation arcs
that are present also in the Ppremmune sera are drawn with brohen
haes The massne arc m Fig 62 probably consists of several ares in
¢luding normal rablut antthodies to crude toxir When ammals were
mmunized with malenial obtamed afler cloroform methanol and phe
ol extraction no ¥ pitation arcs were obt d with the
$¢7a The toxins from strains $6 and 196L gave stmular results

When deita {ysin from the sccond punfication step was used as anll
e ane long precipitation are developed with antiserum a,amnst delta
Iysin prepared m bwo steps {Fiy, 72 o precipdation are descloped
with pre nnmune serum The loeatizalion of the precpitalion e cor
responded to the zoae of hacmolysia obsersed alter flooding the im
munoelectruphorelic shde with human red blood cells {Fips 7y md by

However the wdentily of ths are and delta fysin cmsot bo wncgu
vocally estahhished since the tests uscd failed to ilisclase 1 meuts ihain,
capacits n HAMUNe serum compared Witk pre e soram Nornial
serum pscif had a eertain nuutrahzing capacilly Newther was thery apy
rise i neutralizing capacity of anl erude toxin compared wilh iy pre
mmuae serum though the number of antishiphvlobysin unts (o1

alphay rose fram 08 o bl
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Crude S€
O S
fommmmsepsTeomeenszzn And d slep T
A

Crude 56
$ne e

Eesoermecopmenesssomeceny And 4 step §
B

kg 6 a nnd sb
b at analysis of crude toxun devel
oped with a rabblit serum against step l (6‘) and siep 2 (6b) material The broken
hne tepresents pormal rabbit antibothes to crude toxm

Fig Taand b
Fleetroph retic analists 1 S5 delta hsia purified i two sieps The loeatizati n of
the toxin Wa revealed with 3 per cent washed hurran erythrocstes
The same shides as ¥ ¢ 0 devel jod with antidelta serum prepared against delta
Tisin puntiicd in two steps

Tune-Haemolysts Rilatinships Effect of Varwous Faclors

As demonsirated in Fr, 8 dolty Isin Ivsed red blood celf membrines
at a hugh rate \ready after 10 sec or as fast s readung was possihie
70-80 per cent of the tolal effeet was reqsstered
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Time hagmoly sis rehllonshlps for ervthrocyte membranes and diflerent Jysin con

The a had a Iytic titre of 1/64 before 3t was mixed

with the membranes

The effect was sludied m 10 2V solutions of vanious buffers m the
P range 3 0-10 0 wath 05 step ntervals Any differences 1 actiuty
s ere not observed \eilher was the actinaty nfluenced by the addition

of 10 "\ LDTA or 10 2\ MgCl ZnCl Co€l or CaCl m 10 M sohum
phosphate buffer pH 74

Heat Stabiluty

Turified delta Iysin from both straws was completely 1mperstous to
bothing for 30 sun The delta lysn recovered from the water phase or

mterfice after chioroform methanol extraction was also found to be
heat resistant

Trypsin Inaclwalian

Whan.dalla bryua, b LM o waesd ' evea, lowtects e
lost withn 5 mun Active delta hsin Iysed untreated and trvpsin tr wt d
human erythrocyles equally well

Bacleriocin ke Actinly

In addit: n to the haemolstic elfeet dela hysin showed a bacteriocn
Ithe activity (Table 2 and Fig 9) wiinch however w: much weaher
than the 512 molyhe actinily 1960 toain seemed to b somewh t maore
potent thn 5b toxin which never gave complete lysis of the test stram
used Dunin  the punification procedure 106E bacterioan lihe actinity

]
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Fig 9
Bacterracin Uil e activity of I96E delta lysin putified to various degrees From below
crude fomin step § and step 11 matenal 3 dlubions of /3 1/2 2nd 14

closely followed the hiemolytic actividy In the case of the §6 toxie
the vo5y weak mhbhiotic effect disappeared alrcady o step 2 The bac
terioemn hhe actisity was as heat siable as delta Iysm and was also ;n
acinated by trypsin

TABLE 2
Bacterrocun Like Actwsty of S6 and 196F Delta Lysta Pusfied to Varwous Degrees

Hacmolh fie actiaty Bactertocin like
Type of material fitre actusats titre
Crade taxea 12048 @
Step 1/2048 am
Step 2 172048 -
86 CM (7 1) extracted
over g hase 37160 -
wterface 1/160 -
Crude toxin 1 8187 14
Step 1 11004 1/2
196E  Step? 1100 172
M {2/1) extracted
aver phase 18 -
iaterface 1 220 -
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DISCUSSION

Biologically delta lysin 1s characterized by its cylotoxie effect on a
wide range of species meluding human cells {7 13 21)

In the present study dellalysin from iwo stramns—S6 and 196E—
were studied separately and punified primarily by gel fillration on
Sephades. G 100 and preparatine electrophoresis the total recovery
amounting to about 20 per cent As shown earlier (10 3) deltalysin
elutes at the void volume on Sephadex G 100 and 1s completely sepa
rated from wtfer alia alpha and beta lysm

Delta lysin from both strans was also partly eacluded by 2 per cent
as well as 4 per cent 1garose which would suggest a molecular neight
of several rmllions This 1s not 1 agreement with the resulls obtaned
by Yoslida who eshmaled the molecular weight of delta 1ysin at ap
prox 70000 (29)

‘The $6 toxmn differed electrophoretically from 196E toxin in that it
was more negatively charged at pH 8 2 The difference was emphasized
when purtfied materials were further extracted with chloroform metha
nol accordin,, to Yoshida (29) Della lysin produced by stramn $6 was
evenly distmibuted belween the water phase and the mterface white
maost of the delta Iysin produced by strain 196E collected at the mnter
face

However m addition to the differences between the two delta Iysms
studied each toxin also appeared to be helerogeneous in character
Tlus was mdicated by gel filtration on agarose columns On Sepharose
4B delta lysin from both strans eluted from the vo1d volume to nearly

the total volume of the column The marked taiing m clectrophoresis
also poinis to helerogeneity After analysis by paper chromatography
Hoffmann et al (14) suggested that two subsiances might be present
delta A and delta B which were capable of haemolsin, human red
blaod cells Jachson ef al (16) described one heat stable ethanol soluble
and one heat lahile ethanol insoluble fraction

On Sepharose 4B delta lysin entered the el 1 the presence of
Tween 80 possibly because of de aggregation Tween 80 1s a substrate
for the hpase present 1n $6 toxun but not in 1960 toxmn In the absence
of Ca* jons (27) however lipase actnity s very low at 4 C results
were simalar with 86 and 196 loxis

From the immunological experinients 1t 1s not possible to draw any
final conclusions as regards the antigenieity of deha lysm Wiath the
methods used there was however no mse m neutralizing capacity
which 1s 1 accordanee with the resulls obtauned by some other worhers

(7.9 1o 21) This suggests a low anhigenicity but th problem will
be the subyect of further mvestigation

The heat stabilily of delta lysin 1s also controversial arks et al
(21} heated crude toxin at 100 for 2 hours and Gladston ef al (6}
heated it at 115 for 20 min but the change 1n tire was small only
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Onec of the two frachons descnbed by Jackson ef al (16) was siable
at 60 C The crystalline loxin oblamed by Yoshida (29) lost most of
its activity atfer 30 min at 100 C In the present study delta Iysin was
resistant to boaling for 30 min even after extrachion with chloroform
methanol

The very rapid lytic effect of the toxin igrees wath the findings ob
tained by Jachkson (13) but the minimum of actnity found by this
author mn the pH range 6 5-7 3 could not he confirmed Neither CDTA
nor heavy melal 1ons had any detectable effect on the Iytic activity

There 1s general agreement concernin, the sensitivity to trypsin (17
29) However that delta Iysin should be mainly protein s contradicted
by the large molecular size combined with the low antigemeily the
solulnlity 1 chloroform mcthanol and possibly also by the heat stabil
ity In s connection however the bacteriocin hike actinaty 1s very
mntcresting since all the properties of delta lysin correspond to those
of other bacteriocins nd bactcrioein hike substances (4) It was about
the same m both strains Many authors have demonsirated the bac
teriocdal actinty of staphylococeus Lacl owitz (20) 1solated and de
scribed staphylococcin A winch was used for local treatment of pa
tients suffcring from staphylococeal lesions In 42 cases the treatment
lead to complele recovery Siaphylococein A was not desiroyed by tryp
sin but evidently more than onc type of staphylococen may exisl
since Barrow (1) has deseribed an antibiotic subslance obtained from
Staphylococcus aureus phage type 71 that was mactnated by trypsin
Parlly purified preparations of delta lysin have also been found to be
associated with nm antibiotic actinily apainst certain gencra of bac
teria (14) although the identity with delta lysin could not be estab
lished In the present study the staphylococein of stramn 1961 was
present m the punficd delta Iysin preparations whereas S6 staphylo
coccin was lost i step 2 but the antibiotie effect was very weak evin
before preparaling electrophoresis

Coliein I has been shown to be a hipo polysaccharide protein com
plex (8) When phenol was used to split this complex the coliain ac
ity appeared in the plienol phase but 1t could not be completely se
paraled from the lipo polysaccharide without loss of actinty In this
work delta Iysin was mactivated by phenol

According lo O akt et al (24) megacin A was found lo be phospho
lipase A that wis actinated by Ca* ions and nactnated by LD1A
Megacin A therefore scems to be unrelated to delta lysin Strams S6
and 196L produce no phosphiohpase A as shown by Vygren el al (23)

The combmation of antibiolic and haemolylic activity has also been
sugoested n the case of enlerocm 1 (3) 2 substance that resembles
della lysin as repards heat stabibty trypsin sensitinaty  and low b
semaly

The identity of the haemolytic and bacleriocin ke aclivities will
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prohobly be dilficult to provc defimitely becanse of the great difference
m sensitnvily between erythrocytes and bactena

SUUMARY

Staphy lococeal delta hsms from strmns 6 and 396E were punihied by
wel filtration on Sephadex G 160 follawed by preparabive electrophorcsis
:md a total recovery of approa 20 per cent Attempls at a further pur
fication wcluded exlrachion with chioreform methano! (2 1v/v) and
phenol
Sera oblamed after mmmumzation with the punfied preparahons
developed a precipiiation are m immunoelectrophoresis the are was
closely related to the zone of haemalysts abserved after nid cefls were
added to the plates However there was no rise i neutralizing capacity
In gel hlirabon delta Ivsin appeared to be macromoleenlar with 4
helerogencons and complex structun, Punfied della Jysin Jysed human
erythroeyte membranes at a fugh rate it was net affected by pH EDTA
or cations but ot was mactnoaied by trypsin It resisied bothing, for 30
.
s the detta lysin aclivts accompamied a bacleriocm ke achiuty
througheut the punification procedures the two achinities are probably
associated with the same or \ery stmulor molecules
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SERUM P1 TYPES IN
SOME EUROPEAN, AMERICAN, ASIAN
AND AFRICAN POPULATIONS
By

Macse R FacErHoL and OLE W TENFIORD
Recened 81x 67

The serum alpha l anhitrypsin has been shown to occur 1 a sur
prisingly high number of genelic variants when a special starch gel
electrophoretic techmque 1s employed (1 4) These vanants constitute
the P1 system (P11s short for protease inhubitor) and to date the fol
lowing codommant alleles have been described PiF Pit PiM P8 P
Pe and Pi# (1 2 3) The alleles have been given symbols according to
the relalive electrophoretic mobility of the allele products which de
crease i the mentioned order The following phenolypes have been
desctibed FF FM FS FZ I\ IS MM MS MV M\ MZ 5§ SZ \Z
and ZZ (1)

The last mentoned {ype 15 associated with a high nisk of severe
Izulmonar) disease often resulling 1n death at ahout 50 years of ag
2)

The studies reported here were made to examime the distribution of
P1 tpes 1 some non Norwegian populations To detect all the Pi
phenotypes a special starch gel technique has to be used This techm
que has previousty only been applied on sera from Norwegians

WATERIALS AND METHODS
As part of a routine health control our laboratory recerves hlood samples for syphi
Uis antibody screemsag from most seamen hired on Norwegian shibs i \orwcgien
Ports Sera from all foreign seamen hured during ome vear were selceted for this
study The samples were coded by serial numbers and st red frozen unul te e After
the lypings we e complet d the names and addresses of the seamen were Jisel s ¢
to be gr upcd nlo the d ffe ent pepulat on  mples Sera fr m 47 Tikctan refuges
bovs were alse 10 Inded 3n the matersal The distributi n of blovd gr ups am ng
these bovs has re ently b en published (6) SU r hgel ¢ was geefl rmel
using a horizontal discontinuous system of bulfers P tato stareh (o} tsinc) fr m
Jazren Potetmelfabrikh hlepp Norway) was hydrolysed at 44 C fir 7 mins (F ml
conc HCI + 600 m] acetone + 300 g starchy The folluwing huffur s Tull na were
used anodie ¢ el "3vgatncacd & 314 \a,IPO 20L,0 aquade t d 7 litrex

The aythor thank Mrs Jurunn Hasli Jacobsen { r skilful technic ) assislonce
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Cathodic vessel 185 g H,BO, + 6 g VaDH aqua dest ad 2 litres These buffers mav
De used for 2010 runs Stadh solution for preparation of gels 21 g aitric actd +
23 g tnis (hadroxvmethy]) amino methane agua dest ad 1 hire 08 1) of gel was
prepared Iy heating over an open flame 24 g of starch suspended in a buffer made
by adding 132 ml of aqua dest {o 15 m! of the stock solution The gel was poured
mte a tray measuring 22 X 12 X 04 cm ecovered by a glass plate and allowed to
harden for 30 mmas at room temp and for one hour at +3 C, Preces af filter paner
dipped 18 serum were snserted into a shit eut in the gel 8 em from the cathodic end
Twents samples could eanily be run an one gel The gel was connecied to the eleelrode
vessels by fifter paper wicl s (8 layers) overlapping the gel ends by 2 cm The el
trophoresis was performed with ade of 8-10 V/em To present esapsration and
excessive heating the gel was tovered by a sheel of thin transparent plastie znd on
top of this a layer of nater The runs were campleted when the hrown butfer zone
had reached 10 ¢m past the nsertion hioe The sample Nilter papers were removed
when the buffer zone had rmigraled $-5 em The gel was ent horzzentaily mte tvo
halses and the boltom part stained with amedo black 10 B malung sure that the
hattor surface of the gel was adequately stained since this surface often gave the
most distinet Pi zones for typing The gel nas destamed by acctie acd/methanol/
water (1 2 5) The Pr typing 1s hased upon the migration rates and relatise staming
wmntensitics of the Puzones (1) As pmnted out sn (4) this techmigue wall not detect
with certaints all cases of phenolype M7 the Z zones mn this phenotype bang very
wealk {about 3-7 per cent fo the M\ zones) The sera which on repeated testig
showed M\ patterns with only about 50 per cent of the normal staning sntensity
were classified as U7 These are the same cntena as those nsed for the Hhypng of
the mdividuals i the Norwegian population sample (1} Antigen antibods crossed
2 m (3) to Srate

ph wa
differences among the Py zones

RTS5LLTS

In Table 1 15 yiven the occurrence of different Pi phenotypes m siX
popufation samples according te the country or part of the world
where the mdniduals are tnng 1t 1s evident that the distsibution of P1
phenatipes m Spamards nd Portuguese differ from that w Nor
wegians These differences are cansed maunly by hgher frequencies of
the phenotypes MS and 88 and lower freguency of FM m Spanirds
wd hgher frequency of MS m Portuguese \When lesied by the four
fold table the geme Pi$1s significantly more frequent antong Spmards
wid Portnguese than among Norwentans (P less than 0 0000) The fre
quency of PF s simifieantly lower among Spamsards than among
Norucpans (001 < P < 0020) when lested bs the four fold table with
11tes correction

In addition o the indisiduals histed m Table 1 nine subjests from
Alperiy wd Marecco were exapuned  thew were alt of phenalype MM

The populabion sample called I urope except Norway Spamn and
Portu 1! m Mible T mcludes the follawing number of subects and
phenofvpes from Auditerrmean countnies Irince 9 M\ Greeee 8
MM Baly 9 MM 1 M8 Jugostavia 17 MM When tlus sample com
prisin, indiaduals from Medierranean countries s compired with
findings 10 Spantards 1 1s found thal S 1s significantly smore fre
quent s Sp un (P Loss than 00005 than n the other countries)

More than 60 per «ent of the Spamards studied e hismg, near the
north western €oast f Syan W hen the frequeney of Prs among these
were compared with that obaerved 1n the rest of the Spanirds 23 value
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Photograph of part of a0 amido blach stained starch gel showing the P1 phenotypes
Y OMS A MW and MY

06 < P < €7 w s obtamed which indieates that this materal did not
provide any evidence that PiS ts unevenly distmbufed sn Span 1 con
trast to findings concerning the ABO blaod groups (7)

The 63 subjeels from Asia were il of phinotype MV while s or
seven helerazygotes would be expected among a stmilar number of
Norwegans This difference i distiibution of Py phenotypes 1s signifi
cant P = 0005

The .ene frequencies m the different population samples ealculated
by direct counting of genes are given an Table 2 By way of comparison
the gene frequencies in Norwegians are Listed below

According fo Table I two cases of 2 new phenotype called MW were
obsened among the Spamards This phenotype mav be compared
with the MV phicnoty pe since hoth consist of four magjor zones of whach
the two m front correspond to the M ones except that they possess
about half thewr staimng, miensity The two magor zoocs behind 1 the
MW phenotype are somewnhdt slower and W ker than the V zones
as judged from the U\ phinclsp I . 115 @ pholograph of i amudo
blach stuned starch gel whare th wn tvpes MV oand MW arc com
pared g 28 2 phologrph of fonr wmugen antibody erossed eleelve
phiorests .els showing the relatne proton coneontrations of the diffe
rent Py zones in the phonotypes MM MS MY and MW 1t appears from
hoth phot gt 1phs thal the two slow m yer zoaes  the W phenotype
are stower nnd wevker than the corresponding zones i the MV pheno
type In the MV phenotype s ki, 2 VM zone no 6 and V zone no 4
ov rlap and praduce Lvery hinh peah whate the corresponding peak m
the M3 | henotspe 3s barefy as high as the peah m front (M zone sio |
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MM MS

M zones B8 7 654321 M zones 87 6 421
S —i—  B76 4 21

MV MW
ﬁ T M )
M zones 8 7 6421 Mzones 8 76421
y —— 87 6 421 We—sr— 8§76 421
Fig 2

1 helograph of antigen antibady crosscd clectrophorctie patterns of Pi phenotyy es

MM MS MV and MW The first electrophoresis was j erformed in audic March gel

with the anode to the right as shown the sccend electrophoresis was perliemed i
agar ¢ gel contasnmng anti alpha 1 antitespsin from rabbat

+ W zonc no 2) Sinularhy V zone no 6 and M zone no 7 overlap nd
produce 1 hih peal while W zone no 6 ind M zone no 7 are so far
apirt tha they produce a double peak showing directly the rudative
protein conecntritions

The MM pattern shown i Lig, 2 consists of 8 prolem pt whs Wthough
peak no 3 15 secn only as 1 shoulder lo the nght on pu ik o iIn
phenotype 95 peah no 3 s clearly demrhaled from § v 4
thus there s reison to helieve that the allele product
el eleclrophioresss i 1 pattern of 8 protein zones (8)
phenotypes several poaks consist of two or mor
and pedhs no 3 my H can seldom be seen In f
Jow cach peak indt ate the mun constitucnt zo
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The observahions suphest that the MW phenotypr 1s 1 new helero
2ygous phenolype resuling from Lhe combination of P and a new
allele for which the term PP 1s proposed Fanuly studics witl be necded
to provide the defimte proof of the correctness of thus theory

DBISCUSSION

Unfortunateiv this matertal includes too few subjeels {rom ihe mdivi
dual Mcditerrancan countries io allow any companson bebween the Pr
gen( frequencies 1o thesu and ain the Ibenan poputations Since samples
obtamed from Spamards differ from the population sample of non
lherian \edilerranean subjeets there 1s reason to believe that Putypin,
of a larger number of subjects from each country mi,ht give teresting
wformhion concerning the mterrelations boiween populations 1n the
Mediterranean arca

Because of the high freguency of 215 (he lhenan populations should
be espectally well suited for studies of the possible nhage between the
1 systum and other genehic marhers

Swnece 1t has been shown that the P1 phenotype ZZ s associaied with
a high rish of suvire pulmonary disease 1t 1s possible that also other
Farc homozygous types ¢ ¢ S5 nusht have asseciations to disease
Fyen m such mveshi,ations the Iberian populations would provide the
best materat

There 15 no reason 10 beheve that all the atldes withun the Pi system
have heen delected yet It 1s quite possible that studies of lar,e popula
Lions ¢ g those of African origin might reveal new alleles In addition
i should be remembured that the clectrophoretic technique mav nol
detcet mutant 1vpes w which the net charge on the protan moleculc
has not been alered Such viranis may be detected (f the mutation
causes 1 significant change 1 the moleeular werght or yn the prolen
toncentralion of the allele product 1o serum when compared with the
MM phenotype

SLMAMARY

Serum 1 phenotypes were studied w boa foreipn seamen on Norwe
slan ships nd i 42 hibetan retu,ee bovs The distribution of Pr
phenoty pes w populalion samples from Spam Portu,al aad sty dif
fered si mificantly from that 1n Norwegians The frequency of P15 was
01124 ,nd 011410 amon,, Spantirds 1nd Portugucse respectitely as
compared with 0 023 1 Norwepans 1he frequency of PiF was siamily
cantly liwer amofl, Spaxmsards than among Norw .gans (0 002b and
00133 respechively) In 63 subjacts from Asir onhy phenotype MV was
aheorved A new phenofspe called MW wa (bsery ¢ in two Spantrds
Tius i probably a heterozysous phenotsp 1 suttung from the comhina
tow of P and 4 new afleie for which the t rm 7% 15 proposed
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