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INTRODUCTION.

Many substances are known to be cercinogens. ‘Thise
knowledge io the result of a wide variety of observations
end experiments. A8 a consequence considerable
diffioulty arises when attempis are made to eompare one
subastance with another.

iuch of the early work was based on careful
clinical observations, which brought to light the
association of oceupation with the hazexd of deveioping
tunours of certain sites. ILater investigations were
directed towards incriminating <erude substances suoeh as
Pitoh ox Shale 01l ap the cousative sgents in these
ocoupational cancems. In more recent times the search
hae been for more clearly defined carsinogenio agents
sueh a9 pure chemicals or viruses. In parallel with
thege investigations, atteupts wers made to propagate
gpontaneons tumpurs and to induce tumours experimentally
in leboratory aninale.

While reading the literatuxe on certain aspects
of opreinopgenisis a lack of uniformity was evident.
Experinents carried out in verious centres gave results

which Qid not alweye fully support each cther. In
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gome cavges different interpretations could be drawn
f2om similar experimental procedurss. | In paxt thie
wag undoubiedly due to the variéble giroumstances
govexning ocach particuler experiment.

An.invaatigatién into the factors influencing
each of the metﬁo&a of testing potential oaroinogens
waf undertaken. In the course of thia.it was hoped
%0 be sble to clarify the appavent diffioulties of
roproducing similar experiments in diffevent laboratories
and perhaps evolve a simpler and more standardized
procedure.

It wvap felt that the difficulties inherent in
making comparisons from the litexature might be
conoidered pufiicient reason to justify the need for
o simple short texm method of comparing one carcinogen
with another. ‘There is, however, o further and peorhaps
moxe uwrgent reason for veguiring suoh a test method,

With the increasing exposurs of the population
t0 noxious pubstances in regent years, there has developed
& growing cwarencss of the potentially dengercus sequellae.
This type of xisk can be oseupational in origin or oceur

in the normel couvse of daily life., The fact of
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exposure may be known but vexry often it le incurred
unconeeionsly.

The recognition of thoce mounting linzerds has led %o
an incressing intereat in all forms of ftoxicity tests and
of tests foxr potentially caxecinogenio effects in particuler,
That there is e real need for a slandardized test method,
seens to follow naturally from thie. 1o such method is
at present in use as can be demonstraied by attempting
{0 make dirvect compariscns from date already published.

Before doing 80, however, it will be of help %o
make & survey of the events whioh have eontributed %o
our prescnut stats of knowledze of carcinogenisis. In the
following chronological survey the prinoiple sources for
the kistoriosl information wp to the end of the 19th.
century are: Voglom 19133 Bwing 1922; llenetrier 19263
Roussy 19293 Vhitehead 19333 Haddow 19403 lMadsin 1940
Obexling 1954; Willis 1955; Bett 1957, Vhorever
possible the original publications have also besn

consultad.
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CHRONOLOGICAL SURVEY OF THE STUNY. OF GARGINUGANISIS.

A7the GENTURY

Borglwankhed b, 4 high incidence of fatal lung dloecas

in the miners of the Sclweebexng mine of the Ivzegeblige in

Savony @ad of the Joachunistahl aine In Bohemis was
regogoized ot thig time. The incidence being given as
75% for the Schneehors mine and 507% for the Joachmistahl,
mines. L% wos latex showm thet the discase wes puluonery
carcinoms ond it would seecm thet thio was the fivst
reoorded ogcupationnl canger. Hesse end i-Igri:ing (1597)
published £ull clindcal and pathological findings,
zesulting fyom fhedr inveptigations into the dipesse.

& high pevcentage of cohell,; niokel, and avsenic are
pregent in the dust of the mines end the stmospheve has o
high lovel of zallogetivity principally Radon. It is
this latter vhilch ig considered most likely 4o be the
potent cozoinogen which 1o at work in these mines.

19th, CENIURY

1715 Deownard Pevrilho. 7The Acedemie des Sclences et
Bellesn Lettres of Lyons,offered a prize for the best
aggoy on the subject -

YReohercher leg ceuses du virus cancerenk qul pounraient
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nouns conduire o conneltre so natures 563 eoffovs abv leo
nellleuvesnethodes pour 1tevitexr, Peywelbhe, la @ prize
winning entyy entitled "Oulestece que le cancex?" medo the
firpot systemebic survey of the subject sy a vhole, He
dealt with the nature of the disesse, lis monner of growth
and. Sreoatmont,

He alpo posivlated the pregence of a vizus produced
by the locally arzising tumour while uwndergoing
degenerabtion, which in tuvin he considered to be the source
of the genevalized eachexis ¢f the malignoat poatlent,

In an abtempt t0 prove the theoxy he made an
emiglion of hunan breast tumour tissue end injected it
subcubancously into o Aog.

Yot surpiisingly en sbseess arose at the injeotion
pite bubt no tumour, hig servent drowned the dog, which
vevainated the experdment. However exude, this appearas
t0 he the Dlest recoxded abtompt at the expeximental
pegsage of & Sponteneous HUIMCHL.

1715 Povaivel Pobt. Stimaleded by the onzrent climeie of
inberest in the owigin aud behaviour of tuvmours; he mede
hig classical ¢linical observabion that there was s high

inoidence of soxoteld coneer emong chimney swesps. This
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he sorpactly attriduted to constent exposure 0 soob.

19%he CENTURY

1801 Bichat published in Mranco an YAnabomie Genevale!

in vhich without the vee of the microscope he distinguished
betwesn now=cancexons strouy and cancerous parenchymz in
dumonrs.

1602 in London. %he Sceiely Loz the Investigation of

the Wature and Cauge of Cancex wag fopmed in this year.

Tt put forward the nature of the problem as o whole in o
moamer whioh is still spplicable todsys, The Sooclety was

dissolved in 1806,

1808 Alibert, Fayeb, Durand, Le Noble, Biett, These mon

tried 4o tronemid huwen cgncer by lmoculsting each other
in the exm with exudebeo from o bresst bumour, wlihous
SRCSCOSS

3807 Dupuytren oconsidering cauncer to he infections in
nature bried feeding tunouwr tissue to doge. He algo made
integvenonyg iancculations of tumovrs into dogs bub
ohtrined only suppuvating leslons.

1824 in Povig. In thig year the first achromatic

nigroscope was produced sand opened up a new era of

datailed microscople atudy of tissue ond tumouw atructune
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by mony workeros

1826 Rappalls As e result of his microscopic sihudies
recognized that tissue geowih was due bto ¢eld division,

1830 Six Hvergxd llome published a book "A shoxt tiwet on

the formgtion of tumoura'.s This contained the fingt
published drowings of the mlerpscopic sppearances of
Lumouns,

1838 Schwamn consolidoting all thal had been writion
gbout tissve growbth end cell divigion descmibed the
nuelaus and nucleolus.

;Q;Qmﬁgéégg made bhe firet detoiled sbtudy of the
iatology of Benign and Moligeaut tumours snd confivmed
that they hed a cellulaw stwucture. This was proof of
the eeror of the Gallenic theoxry of concentration of
black bile es the couse of btumounrs. (Gallenic influence
on medical thought was 0%ill evident ot Gthat time).

1058 Joseph Leldy of Philadelphie weported the fivel

succeasful transplantation of gpontencous tumours in
animalae

1853 Vixchow ceonsolidated the detailed work of the
preceding half centuxy and fommumlated hils ooucept

"ownis cellule ¢ collula™s  This finally cleszed any
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remmants of Gallenlo theoxy from medical thoughtb.
1854 Remsk laid the foundation of present dey

clasgificavion of tissues by expresaing the view that

cells were type apecifilc.

1865 Thierch expended Viechow's postulate as follows
"omnig eellula @ celliule gjunbom genewis! saying thot
o tumour is not only composed of calls but of cells
similar to thot of the Lissue of ovigine

1875 von Vollmann, o cenbury after Pett described

another occupationed cancer finding cancer of the skin
in Coal Tar workers ot Helle in Saxonye

A876 Bell described skin tumours in wovkers

employed in the shale oil industyy in Seotlands A

few yeoars eavlicr Ogston (1871) had described o chronie
demeatitie ocourring in workervs of the intuestey, but had
uob observed any tumouwrs. His pepew ds very well
illugtrabed.

87 . Yol another scrotal cancew of
oogupabionsl oxigin was described. It occurred in

the *mule spimmexe! of the cotion industry im Lancashizo,

The workers used s rag to wipe mineral oil off & bar of

the spinuning machine over whiclh they had 0o lean. This
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was kapt in thedw tpouser pookobs with the rosult thad
the awlerior abdomingl well wes permanonily sopked in
minoral o3l Lyem koih sovpgag,
L8869 Homan (8) “Promsplonted seeondeyy wodules £30m
o spoutsnecusly oocurving epllernoid Tumonr In g nodk,
into several obher zmatge  Two of there, implonted in
sho fundes veginalisy produced wicesprond peritonsal
doposits within a fow weeks.  Histologically these wera
glmilax to the ordgianl.
(b) o alge painted the noeoiun of

ats vith tar but failed o produge any hunouzs. In
hie he wos unfortunats beooude, had he uveed BICG, ho
wouldd have bheen auoceunitl.

Bl work was ignorvsd by the medicel world of e
lays whioh mugt have added o tho deprepsion vhich
aade hia eventually conwidt suiclde.
4881 Noraw =~ agde suscesoful teoneplents of spomiercously
otoureing mamary tunouss In pice inte othove of the oene
siotke Howevaer, he noted with ovapwise that the fumous
oftexn canme up ot & clte semots from the dmplent,; oveon
aerons the mid-ldne,; on the othey Llnnk,

Altaough he did not soy s¢ in 30 many vwosds he
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promurably thought in texas of tumour sgent separvate
from the cells of the tumour bevause he tried feeding
tumovre to mice, and obtained svbouteneous nodules.

He made vexry clear dvawings of all his tumours
seen wicrcscopically and they vesembls strvongly the
virus induced sdenocarcinomas of breast well known
today.

There was an unfortunaste end o his experiments
whieh he xecomis. VWhile he was on holidey bthe mice
ate holes in the wooden partition walls of thein boxes
end beecsme irrevecably confused,

1894 Casin wes like Henan, unfoxtunate in his cholce
of omimals. Ie painted the ears of dogs for five
months with tar without obbtaining any tumouzrs.

1895 Rehn desoribed tumourg of the urinary hleddex
in three workers in the sniline dye indusixy who were
making magends {fuchsin). After considerable
investigation in leter yesrs ﬁ Naphithylenine whioch ig
an intermediory in the sniline dye production has been
incriminated though it is possible there aee othek

carcinogens also present.
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It is worbth nobing thel Perkin in 1856, while
taying to synthesize QUININE accidentally discovered
the aviline dyes from which the indusiyy later developed.
Thic gave o latent period of 15 to 20 yeows after the
eptablishunent of the indwstzy before Relm roporied his
oRoes,

Phis was loter confirmed by the time lapse
hetveen the introductlon of the industey into the
United Stales and the pppenrsance of the first tumours
in the workens theve.

1892 Roenteenn discocovered X=rays.
1896 Bocanerel discovered redioactivity.

These two very important dlscoveries were not
only tools of thevapeutic value with treatment of
sohoer bul olao vexy potent covelnogens.

31896 ¥eatgon The fivst pewson to deseribe end prectice
the use of Oophopeetomy in the twestment of Bronst
Cancexs.  Although hormones were not knovm at this

time he sugpected spome fouxm of giroulatving overdan
control over breesnt tisswe. Here one apy note thal
John lhunter obsexved thalk castration produced

progrensive asrophy of the proetrate in the male.
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20%k, GENTURY

With the beginning of this ceniury a change in the
pabtern of investigations ocourred which mesulied in ﬁhe.
rapid expangion of leboxatory investigations evolving into
the oxperinental appreach se we undorstend it todey.
1903 Jengen successfully passoged a monse fumour
through 19 genexabions withont ony elteration of the
histologicnl appsaronce.

10006 TFisghew injected Scarlot Red intrvademmally in

the eavs of vrabblis. This dye is closely welabed o
the agowiyes. He obtalned hypovplestic lesgions bub no
higtologloally confizmed melignoat tumours.

1908 Filloemon & Bane studying Leoukaeemls in fowle weve
sble to tranemil the disease o dayw-old chicks by
injooting then intrzavenously snd inbraperitonsaly

vith bloovd from effeoted bixds. They obbained the sanoe
rosult uging serum alone.  Althoungh they Aid not
pursue thio aspect of the problem further as it was
still in doubt at thot time that Loukeemis was a
neoplastic dissase, they were the flwst to show that a
e¢ell fzoe extract could txenomit a nooplastle condition.

1910 Jows =repowrted the succepsful trensnlssion of &
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spontansous sarcome in & fowl by meana of a cell free
filtrates This bird was & Plymouth Rock end the passage
was nede into othexs from tho same siock source. ‘Hhis
tumony which he veoferred to as chickon tumoux Noe 1 has
become wnivergally kuown ag the Bous sarcoma. In the
vext two o2 three yeows o number of other filtrable
swnours vere described by Nous and hie associaies notably
Maxphys

3910 Clunet by exposing rabo to doses of x-rays

profuced arcos of ulcerabion., These were provented fyom
healling by furthexr lrvedistion, Hventuelly two aninals
doveloped savcomns, one 9 monthay the olhey 2 yoeavs,
after the expervimnent bogen. This latter was
succopsfully possaged for several gomerations,

Thin ip the fized record of an enlmal tumouwr
experlneatally induced,

1914 Fujinammi and inamobto reporbed the successiul

passege of & fowl parcoms by means of o ¢ell free filtrate.
This wumour wos later also tronsmitted to ducks.

4932 Bayon dnjected gas tar into the eavs of rabbilg

with rogulting hyperplaosia of the eplthelium but no

tumony formption. Ub i85 probeble that he d4id not
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continne the expeximent long encugh.

1913 Haga applied scot to the cars and sorotun of xabbits
alego without success iu producling tunoung.

1913 Fibigoxr in the vouvse of o study of tubercvlosis
found thet three xats dying in the some cage on the same
day hed in addition to tuberouwlosia massive careinomas

of stomach. These origineted ab the caxdie ol the site
of infestation with & Nematodes

He revonstructed vre of the woxms by serial
scotions bub was wnable to heve it idenblfied by any of
the anthorities in this field.

ALl abtempts to propogete these tumours failed,
After o long period of very careful rwesearxch he found old
reports from 1824 of "Blalta orientalis™ as an
intermediate host for yat nemstodegs  Caxoful
granination of large nwibers of yats and cockroashosn
from bhe warehouses of Copenhiagen falled to denmonstzaie
suy parasites Hill finglly semples from o suger varehouse
gontaining cane sugar from Americs wers found Yo include
Blatic anericomis. In this warshouse the vats and
cockrogches were nearly all infosted with nematodeos.

Fiblger named this nematode Spiroptera neoplastica ox
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Gongylonema Neoplaesticum and suveceeded in iufesting

rats experimentally from the cockroasches of this warshouse
with subsequent tumour development, At this point the
foctory bumned down and the pupply of weterial was
destroyed. Histology of his matervial shows primaxry
squanous cavginoms in btongue and forewgiomach with
metasbanis dlu o lymph node, So eolled metasboses in

the lungs were probably spquamous metoplasie due Ho
Vitamin A deficiencys end Uronchiectasis, the latter
beingz common iwm udvlt rats. This ves sugrested by Passey,
Leese. and Xuox (1935) who made a careful wepebition of
Fibiger!s work end slse me-examined his original moterial.
1915 Yemogiws and Ichikawa weported the successful
induction of skin tumourg in rebbits as o vesult of
painting with tar on the inuner aspect of the eare

3918 Tsubpul  Lollowing up the work of Yeamegiwe ond
Ichikawa induced a high incidence of tay btumours in mice
both papillonas and caveinomas.

1922 Pagssey using an ether extract of soot induced
carcinonas in mice after repeated skin painting.

1922 Yelteh dinduced experimentel tumours with 'mule

gpinners? oil by painting the gkin of mlce.
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1924 Deelman wes the fiwst pevson to demonstvate the
initiating and promoting stoges of ocarcinogenisig. This
he d1d by traumatizing the painted arvea and shorieniag the
latent poriged of tumenx production. This so called
Declnon phenomenon has ainee been vepeatedly confirmed.
3924 Choldin (Russia), Russcell (Foglend) independently
induced marcomas in fowls at the site of injection of tar.

3925 Hurphy and Lendsteiner iransplented tax sarcoms

in fowls but oould not demonstrate a virus.

1923 Gye end Baxnard described a dual couse of cancer

a '"virus! end e 'gpooifie factor'. Tholr experimental
evidence wag however challenged by many workens end 8
pplib developed at sboub this time between those who
adherved 40 & virus thoory of causation of cancer and jhose
who did not.

1924 Kermaway and Sampson nade tar from a) Isoprene

b) Acetylene heated in an atmosphere of Hydrogen. The
resulbing caveinogens ¢ouldd only be Hydrooarbons or carbon.
1927 Mayneord (see Hieger) observed the charscteristie
fluorescence gspoctre of carcinogenie olls. Mayneord
noticed a ginilarity to the spectzum of 1:2.5:6

Dibenzanthracens. This had been described by Clar
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without reference to ceveinegenisis. This correlabtion of
two unrelated picces of work by Mayneoxd was & profound
gdvance in the study of synshetic carcinogens..

1920 Mavtlend described oéeteogenio paxcoma of the Jaw
in women painting luminous munbhexs of clock fzces,

Yhey woed xadioactive material end were in the habit of
pointing the brush in ﬁhe## nouthe.

1930 Kennaway induced skin carcinomas in mice using

132 5:6 Dibenzanthracene. ‘lhis was the first puccess
with & pure synthetie carvincgen.

1932 Cook, Howett and Miesex extracied 334 Benzopyvene
from cozl tar while leoking for 1 2t 5 6 Dibenzopyrene.
This they fouand o be an even more potent carcinogen fox
mice.

1932 Yoshida xeported the production of hepatomas in
vots with orbho-aminosazcetoluenes These animals were
kept on a diet of polished rice, with supplements,; whish
was laver shown bo be deficient in Riboflevine.

1932 Shope descyibed a papillomatous lesion in the ear

of cottontall rabbits due Lo a "filtersble" virus.
1933 Peacock Indueed transplentable non filterable

sarsomas in fowls with (a) Tax (b) 1 2:5 6 Dibenzanthracene,
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3933 Logasgacme induced memmexy btumoure in male wice
vaing a 'follicular' hormone.

19360 Poacoek Traced the motabolisa of fluorescent
carcinogenic Hydrocarbons in chicke, mice and rabbiba.
1937 Kinosits found that Butier Yellow, a dye used
to colour margarine (parasdimethyleanino-azp=benzene)
wen morse oaxdinogenic for the liver of rats than
grthowanino-azo=toluene, Kinosits and Rhoads showed
by adding Riboflavine %o a polished xice dieb, and by
using unpolished wice thot oonsiderable protacticn wad
given to the rats exposed to liver carcinogens of the
BLO=y@® LTOUDe

1938 Hueper oud Volfe succesded where many othexs had
friled in using & caveinogen well known in man
Hephthyleuiney {to induce tumours in dogs. Qhey used
bitches because of the ense with which they could be
oystogcoped and obtained tumeurs of the bladderxr. In
doge the bumonrs are at the fundus of bthe bladder im
econtrast to man where they ewe in the teigone ares.
This suggents the possibilidy of a gravitatlional
influence caueing tumours to arise at the noul depondent

part of the bladden,
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1937 Sheax  fed 2 swino~d azo toluene to mice end
obtained liver tumonys,

1939 Roffoc obteined vumours in the fovewslomach of
rets fed on overheated fats snd oholesterols

2941 Wilson, de ¥ds and Cox while testing 2 acetylamino

fluovene as a pestioide for fleasy bedebugss eto.; found
it to be carcinogenic. But for their work this
substance might well have been used on a world wide
soale a8 o pesticide.

1943 Hottleship and lienshay produced s high inoidence
of lung tumours in mioe wesing urethane. They injectsd
pregnant mice and found that the offspring had a greater

percentage incidence of lung tumours and leukoemia than

did controlm.
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Phin suxvey shows the greet divergity of the woxk
from which our knowledze of cazcinogens stemgs The last
tyenty years have not been consldered because of the greab
increase in the munber of publicationg during thig poriod.
To have surveyed these would have sdded much to the size
of the suwvey without adding emphasig to the peint being
eule.

4s this is o personal selsotion from the litexoture,
it is ocknowledged that it might well have been compiled

differently by others.

Commentary on the difficulty of comparing datsa
from @iffevent sovroes..

The preceding survey shows bthet with cach advance in
the stedy of cancer the seope of subsequent investigeiions
has been wildened.  Since the tuen cof the century the rate
of expension of our siate of knovledge has been
particularly rapid so that theve now exists a large volume
of detailed clinical ard ezperimental deta. Attention
wes drevn in the introduction to the Aifficully of compsring

and correlating resultz from diffcerent sources.  Fomerous

faotors contribute to the ¢onfision which can avise, and
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one e list meny varisbles which need 10 be considered
in malting direot compavigons of wesults from different
sourpegy of which the following 220 pOle OXAMPLEY =
a) The wide veriety of expovimental enimale Iin use.
b) The many diffewent methods of expostize to the
egbion of a caxrcinogen vhich can be employed.
c) The orlgin of the carcinogon, whethew £rom a
commerical sonrey O propared in the labozaboxy.
In dllvpteetion of the problemns of comperison
Table T hes beon compiled. The informetion in an
abbroviated form is baker from the following anthoxs
(Hoxtwell 19513 Stoinox & Falk 19513 Stoiner &
Wdgecombe 1952 Avbuzov & Grethkin 19523 Hedler &
Dozchun 1959).
The substances Taken ag examples havo all been
uwnder tent duving the course of the povsonal oxperiments

ta be degexibhed later.
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If we congider the informetion which this fable
given us in respect of 1.2 Benzopyrene, 3.4 Denzopyrene,
and 1.233.4 Dibenzopyrene, we sce thet although all three
are ¢legsed as carcinogens, the totel information oa
whioch thig is based vories conpiderably. oz
3.4 Benzopywene o very large voluno of oxpenimenial
evidence has boen alduced, whevess in the other Two cames
only the induction of o single tunonr by each had been
veported at the ftime of Harxtwell's compilation of
published dato.

A caroful study of this table which covers only &
small number of the subsbtances kmown 10 have been bosted

will ghow other snomelicp of o sinilor natvre.

Attenpts have been mede £rom vime to tine to oivcumvend

thege difficultios by compiling scales 0f carginogoniocity.
fach autho® bhag made arbitexy sitanderde ageinst which the
éoteney of a ¢avcinogen iso Judged. It 13 ineviiable
howevexr that personal variations in the observers shonld
gome into pley lu this kind of study and the resulis have
not been entirvoely satisfaobory in producing & universsl

gtandaide.
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A number of publicptions appeaving in the period
1939 Lo 1959 have been absiractsed to show how thia
peraongl varlabion cen affect the grading of carcinogens
agalnot an arbibtaxy sonle. Shese are compered in
Table 2. Yhe subsitonces taken o8 examples all pppead

in Teble 1 8l50.
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Noien on these Methods of Gradine Usmeinogens,

Ihall  used two measureble indicabions of coxeinogenicity.
Ao % tumour incidence.
B, lotent period of dnduction in daye.

Ho ¢alovlated the Index of ¢caxoinogenicity = %* x 100.

<

Theve was no differentiotion made between benign and
nalisnent tUNOBTS.

Berenblum  determined tumouy ineldeonce ab different
dose lovels end plotied them ageinst latent period of
induction to produce e greph giving a scole of
carvoinogeniclity from I o XIl,

Badeer ueed the following scale -

Very merxked oarcinogenie acbivity - foelrst
Helkad carcinogenic sctivity - o
NModerate careinogenie activity - SR
8light cevecinogenie getivity v 23
Inacidive - 0

Allowing nn exvror of »lus oe minus one symbol (+) in
grading.

Fullwen & Pullmen  do not give any indleation of how
they arcive ab thelr scale but it do based on the concept
of the coxxelation of the xelationship of eclectronie

gtrvetore wlth cercinogonic sotivity.
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Hyndeyr used the following scale -

High caxocinogenie acbivity P

Hoderato carcinogenic sctivity o

Woak cagcinogenie activity P

Veny weak corxcinogenic activity +

NHogative -

Vot tented ?
Gonelnsion,

The degree of variation between these various
scolen is very styilking not only in the grading of &
given submtance by different workers hub also in the
employment of eoch grading systom viseswvis Aifferent
substeneod.

From this commentany it is thevefore clear that
a great denl of difficulty exists in the corveletion of
current knowledge on the problem of carcinogenisis,

It is further true to say thet there is no wniversally
accoptedl standard progedure fox investigating and
compaving the possible carcinogenic effaects of various
substances.

For these reasong this comparstive study of the
verious mebhods of testing fox caveinogeniclity was

undertaken with the objeat in view of evolving a siuple
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ptandordized procedure for the purposes already delined,
and to explore the practicel applications of any

repuliing techniguee



29,

Erelimlnaxy Plamming of tho Tnvestigabion.

In eny comparative study it ie desivebls to have all
the fectors othexr $han the wknomms cleavly defined.
This ip nob entirvely possible in biological systems but in
po fer o 1t was possible oll the elements of this work
werg ptondandized before eny full meale investigations were
undexrtaken.

Uziteria for o Standandized Roubtine Teat for
Cazxeinogenieity.

Mogt workers would agwee that the sbility to

produce a recognizably malignent tumour is proefd of
sarcinogenicity. This is in mavy instonces a tlinge
conguming proceduve reguiving mony eppllcoitionsg of the
caraluogen £ollowed by & long latent period bheforve the
production of & tumou.

It was £l that the ideal test would fulfil
conditions evolved on o theoretical bagis oo follows =
i. “he toest shonld be easlly peeformed and ersily
ro-tupligated in any laboralory.

2o Voxy su=ll quantitice of test substance shouwld be
requived a8 many new naterials eve only oveilable in

Linited gquantitieg.
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3s A gingle spelicabion or procedure would be the Yideall.
de A short latent pericd is necessary = o mabtier of

weeks rabher then of months.,  Sixbeen wecks wan selected
ag the naximm time which any test would ho allowed to
comﬁinue.m It was felt that thisn gave ample time fox any
rapid results to dovelop abd was otill short vuough to be
subgtantially quicker than the majordity of other procedures.

it also permits the fulfilment of (6) below.

5. Thore should be sufficient sdapbability to allow
more than one type of tissue to be exposed to the test
aubstance.
¢, Tho animals should be young encugh 0 be free of
gpontoneous tumonrs gt the end of the besd period.

Yhese polnts wewe therefore used as guides Ho
procedure wailst cach of the test mebhods was being exploved,
with o view to assesaing the value of any modifications
which might be made.

Choice of Hxperimental Animol.

£t hecame ovident from en early stage in the
plonning of the investigabions thal large numbers of
andmal oxporiments would bBe necesssry. Tor this reason

fzom amongst the weadily aveilable laboratory enimals
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it was decided to uge only mice fox the following
ZEABONS,

1., They require less anlmsl house spece than any other
andmal.

2,  They breed well ell the yeax round.

3.  They bave a shoxt 1ife spon.

4o They ave kaown 0 be susteptible to o large ounber
off Coreinogens.

5« Bo that all the methods shounld be applied Lo the
same strain, BALB/¢ mice were chosen for remsons
connedcted with one of the exporiments t0 be described
(see poge 122)., This strain had the further adveniage
that the available colony wes, al the time,; free of
Polyoms vivuss  Being a closely iunbwred strain the
renetic patiern of each individuasl was also very similer.

Ghodeo of Test Materiasls,

It vad necessary 0 choose a number of svbsiances
whose ¢havacteristics as carcinogens vere well established
by previows investigations. This was Vo enable direed
comparinong of various methods te be made, and also to
allow comparison of the substances with ssth other, using

any glven method.
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From the wide rovnge of materials gvailable a nuuber of
possible combinatiovns were selected alter discusgion with my
colleague Dns Go Pell., I am dndebbded to Dr. Fell fox
naking the final choloe withoul telling me what the chemicals
ware, and thereafter prepaving chemically pure samples fox
me b0 test. Until the experiments wore completed they
were hkoown to me only by the code mambers that he hed
given thems. A the experiments were thus o blind tzial,
they were a cwxoss ¢heck both on the value of each
technique and on the previocusly vecorded behayviour of eanch
subgtances

he substaucesn, which were derived Lyxom Pyrene and
Auvthracene, are showm in Tablesg 3 and 4. Two other
subatances each with s symnetries) configuration reminiscent
of that of 1.2:6,7 Dibenmopyrens were aleo ineluded, These
were Triphenylens and 1.2:4.518,9 Tribenzopyrene and ane
shown in Table 5,

Thaly suitability for the preliminary investigations
was determined by the following features.

1. All awre s0lid in tho pure state,
2. ALl fluovesce in vlire violet light, which malkes

theiw preosenge in the tissues eagy t0 recognizos



33e

3+ ALLl have clearly defined ultrs vicled spacira
which permits thelr sccoursie identificabion.

4. The series contain known carcinogens end substances
which though much tested have not proved to be
carainogens.

5. Ome substonce 1.2:6.7 Dibenzopyvene had not been

praviously besgted,
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Code lo. Zehle 3. Reporbed o8
Soxelinoven,
1 Pyrone [ig%;?j o
2 1’2“
Bensopyrone Yo
3 Syd=
denzopyrone Yes
4 1328 394
Dibonzopyrone Yes
5 192840
Dibengopyrens Yes
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Toblo 3 (eanta.l.

Gode No. Reporied as
Lareincsens

Hot
tegted.

6 1’23697*
Dibengopyrene

7 3545549m
Dibenzopyrene | Yo

8 39429910~

Dibenzopyrana Yes
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Table e Reported as

fode Ho., Coreinozens.
9 anthracene (\/\CO o
19 .L 9 .{?“'
Bohzenthincone COéj Yee
11 1 g 23 3 ’ -i]. L]
Dibeuzanihraoshe Ho
12 1,255,6- ~
Dibenzenthracene Yea
13 1,287 98w
Dlbenzontheatens Yes
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fable 5,
Lode Ho., Reported as
' Coxoinosen,
14  Teiphenylene Ho

15 1,204,5:0,9~
Tedihenzopyrene Mo
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Testine Procodures in Common Ube,

Testing Procedures jn Commoxn Ung.

The evolution of the experimentel gpproach to
eanoer researeh has xesulted in o number of laboratoxy
methods becoming accepbed practice.

In veogard to the testing of meterial for
gorcinogenic effect, the most frequently used over the
past half century have been the Lfollowing -

2. Feeding Experiments.

b, ©Skin Folnting,

Ge Iﬁfoeula%ion.

ds  Inmplanbation.
Bach of these four basic techniques wag axplored to
determine thelr potential ag a hasis fox the short tem
sest for which the work wes vndertaken. [IFull soale
investigations were uwndertaken under the last three
headingo, the wvesulbs of which are reported separately.

It should be mede clear at this point thet all the
exporinents wera in progress over the same period of time
but indopendently of each other. The fingl svalyeis of
resulis fvom each approoch was made jointly. Pron those
rasults o short term meithod of besting for carcinogeninig

wes evolved.
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PEEDING BXPiR EMIHTTS,

Ia some ways the simplest method of exposing an
experimental animel to an unknown substance is to incorporete
it into the diet,  Although this method has the appeal of
gimplicity thexe are a mumber of pnoblems svising out of it
which require definition.

Animal Stovase Spaces Fech animol hneeds to be in o
pepavate cege as 1t would be impossible with nepy in one
oage to tell I¥ they were sabing and dwinking eguel
guentitiog of foud and water. Thip greably increases the
eninad house acvomaedabion zeguired.

Brinking watere If tho substonce ig water soluble

then an pocumately measured amount can be given each day
in the dvinking waters There is however always some
gpilling in the coges by the animalps In oxder to
galoulate the dally dosege, the time comsuming procedurs
of meosuring and xecoxding the residusl volume at eaoh
rofilling of the woter bottles must be adhered to. %he
doily dossge glven in this woy is bound to vary considerably,
Solid Food, The even incorporation of a given amount of
tost mebteriel inbto bthe s0lid food is never cagy and ag

nedern practice is 40 have food in pollet foxm from
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commerclal supplicrs it is virtuslly lmpossible under

thene ocimgunstances.

There 18 also always an

vnnessurable emount of wastage of foold by animals.

Thea

dally variation in dosage thevefore also applies here as

in the eass of the drinking water.

Teot Materiel. The wastage of food or waber moans

that o very lazge amount of the. test material would need

0 be aveilable fow this type of exXperimenta

Ronse of Orean Sgpooure. ‘There is no contrel over

which orgen is exposed 4o the careinogenic effech in a

fooding experiment.

S0 many factors aan influence the

site and degree of ebsorption of the ingesited materiel

and 1ts subsequent metebolism that this tends to be a

random technique.

Conelugion.

Ag in effeel none of the theovetical features of

on ideel test as proposed on pege 29 ave met by feeding

experinentn, these wewve excluded from practical tesbting

asn belng vnlikely to produce 2 reasonably accepiable

standerdized short bterm techunique.
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SKIN PATNUING BXPRRIMINTG.

Introduetion.

A suxvey of cuperdments based on gkin palnting
88 o test fow caveinogenicity shows that many hove the
followling features in common,

8. A need for mulilple applicotions of the btest
substanoce,
be A long latent period before tumours axise.

This remsineg true even when initiating and promoting
factors come dnto play, although the effect of these may
resuld in e shortening of the latent perlod ov an
sltovation in the pervcentage tumouzr incidenco.

& notable exception o this genewvalizabion was the
work yeported by Pullingee (1940) on the first effects of
carcinogens on mouse skin. Acetone solutioms of s numbex
of polycyclic eromatic hydrocarbong were used to paint
groups of mice, A higbological sbtudy was then mede of
the changes in the skin at 24 hour iniervgls for the
succeeding ten days., It was stated that the caweinogens
in the sexiea producced changes not shown by the
application of the nonﬁcarcinogens.‘

“his observalion secemed a frultful starting point
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v Besh based on ehin polnting ag 4% net the folloving

boges
B
i

f)
thaopeslond zogniveouents «
2a A pingle opplication of tho oot pubstenso.
be  Unly o gomedld quentidy of bteat subsipnne wos meguived.
2e  Tho lotent poxiod wag ohodde

A9 o fiwsd vtep 36 won deaided Yo zeproduceos iF
possible, dhe oxporivent as depowibed by Follingowms  Nomo
of tho caveinogeun in hew sovien wore anonwst thoos
ghason fov this sbodr.

1% wne neoussery therefore 40 ups 20-Habhyl
cholantheend, the woet readily availsble of hes group of
Mgty sotive capginogens. Thio hes the following

graphlo formolae

CH 4

&0 comaon with many podyoyelie pwonaltio dydroearbong

wiloh ove seralnogzeng it coataing the phonanthzens sueleite
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Tgohniauae ng deseribed by Pullinger (1940).

as  Young mice €=8 wocks old of mixed sitogk weve chosen
fox their velabtive freedom fxom much feclows an varasiien,
wingworm ox biies from Llghting, whioch might cause o
hyperkorabotie lesion.

[+18 wld acetone vae used op o 8olvent ag thio cougen
no apparent histological changes in the skin by iteelf.
¢e Halz was clipped Trom bhe aves bebtwesn the shoulder
blades wsing curveld seipsorn. At this time any mice
cut by the scisoors or showlng parasites ox biten vere
dicoarded. (Pige 1)

de Using a pipette with a double bend (Pig. 2) vhich
sllows acouncate control, an acetone solution of wnothyl
cholanthrene was applisd to the bare avea. One drop of
a 0.3% ox 3 drops of a 0.1% solution wore useds In the
lattor onse each dwop was allowed bo evaporate before
gpplying the next.

@, Sufficient mico wewve treated bto ellow 3 ov 4 to be
killed ot daily iutervals for four days and then on
alternate daye up to the 10th. or 12th. doys.

Whon repeuting Pullinge»'s oxpewvinent, they werse
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Figure 1.
Hoematoxylin and Eosin. X 120

Untreated three months old mouse showing
hyperkeratosis and thiekening of epidermis
due to infestation with parasites.
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given cede lotters at post mortenm exemination gz followsi=

Myst doy. A, A? AB
Becond day. Bl B? B3
Third day. 01 0? QB

pud po forth for succeeding days. Thle allowed acourate
identification of eaoh individual and was found moxve
satisinctory than ear marking for this type of exwperiment.
£+«  Afber cuoch nmouse was Lkilled the askin of the baok

was reflected by msking two latoral incisiong from the
teil foxward. The uwnder surnface of skin wag then
examingd for any evlidence of bhypersomis oy inflammatoxy
resction (Fige. 3).

ge  The painted ares with some of the intect surrounding
fur bearing skin was removed and pinned ouv heir side
down on thin coyk fow fixetion. It is dmporitant not o
have the skin under btonslon when this is done., The usge
of hedgehog guills is wzesonmewnded fox pinning out as they
do not corrode in the fiwative.

he  After fixpblon for 24 houwvs in Zenkew, o thin atrip
of skin wag taken the full length of the area pinacd oub.
As o roubtine this stwip was taken Jjust to one side of what

vas the mid line of the mouse's back, The avea of
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Double bend capillary pipette used for application
of acetone solutioms.

The deep surface of the skin of the back from two
aice 24 hours after painting with lMethyl
cholanthrene in acetone. iyperaesmia is evident
with a dilated vasoular network. In life the
background is a deep red duo to dilated capillaries.



470

gragtest hypernemic was included in this stedp iT possible.
ie These shxlps of skin weve then processed according 0
the procedure set out in Appendixz Ho. L.

As & precticel polant when repeating Pullingez's
experiment, it wag found that in oxder o allow & steady
progression of the btissues throuvgh the vericus stages of
processings & time-table covering @ pericd of two weeks
vas necessary.  The final form in whdeh this wes evolved
is shown in Appeondix No.2e
Jeo  lach sequence of histologicel materiel yprepared in
the manner described was sbudied as a consecutive whole
by Pullingew eand charvactexisile apuesrcances for each day
werg describeds It was on the basis of the overall
pleture bthat & substance was determined 0 be carcinogonis
ox nobs

Iieronconio anpesronces descrlbed by Pullinger (1040).

T A AL TR

One doy afber Palnbinz. The epidexmis may have increased
up o twice normal thickueps due to incresse 1n mive of
indlvideal cello. HNucleaxr dicmebters may have increaned
wy 0 l.4 bimes noranl. Polred nueledl within cells are
froquent but mitoses awve fews There ie hypewvaenis and

some polymorphonuolesn infilteation. (Mige 4).
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Tyo_deye after Palnbine,  Thickening of the gpidexmie
iz moxg morked and is due %0 -

oe congidevable increase in size of Individual cells,

be dincreese in the mmbew of coll layers of up o 4 o S
Variotion in nuclear sizo i donesidowable and there ave
oytoplasnic vecuolos. Thaove is o thick layer of kerwatbine
Botvh meexoseopically and mioroscopically there ig an
agube inflammatory reaotion. (Fige 6)e.

Thyoo deove afiter Paintinae. The epldermic is now

anyshing wp Lo 1D timeos thicker then normal and may bhe
o=6 cell laoyers desp. Thexe in s striking inceroasse in
mclesr slue up 0 6 timoe normal. Mitoses ave
numerouse Theve io freqguent oybtoplasmic vacuolatici.
Bvidence of ¢eliuler diffcrventiatlion with inberceollular
bxidges is t0 bo soen with the appearence also 0f kovetoe
hyaline granuloss There 1s g diffuse granularity of the
aytoplasn, Kezotin blocks wany sebacecus follicles
whioh show prescure obtrophys (Flge 8)e

Fope days after Painting, There is 2 vefuchdion in

thiokness of the epldermis with cells and ausleld now cnly
4 ox b bimes lavgor than noramal respeciively.

Vacuolation off the eytoplosa is leas morked mnd thove
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in more gvidence of normel differontiotion. Thove io

lose keratin but no cvidenco of rogenexstion of sebaceons
follicles is scom yot. Hypersemia is loss marked.(Pig,10).
Subseguent days show a graduwal rebura ¢ normnl and by

the bonih doy the pleture of normelity is completely

reobored.
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Pergonal Results of Skin Painting with an
0. %% Acetone Solwbion of Methyl Cholanthrene,

& group of 12 R II1 & hybxid mice werxe each painbed
with o single dvop of sclubdion. These were used em
being she only mice of the coxvect age group availsble
at the tine.

Skin sections were prepered as has beon
descyibed and the serieg was examined for comparison
with the published work of Pullinger. The histologleal
potborn seomed o accord well with that which she had
described. As o oconflrmatoxny measure the esections
wezre shown H0 Dr. Pullinger and she vexy kindly examined
them., Hob only did she agree that the reproduction
of her experiment had been sobisfactory (Figs. 9y Ty 9
end 11, and Table 6), she very genevously gave me her
original prepervations to use o8 veforence standavds for

those aud future cxpevimonta, (Figs. 4, 6, 8, and 10),
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Figure 4
ligematoxylin and Eosin, X 120

Fullinger's original preparation, lst. day.

Inoreased epidermal thiockness is ¢learly seen
(oompare with Fig. 12). Some pailred nucled

are present, There is hyperaemia, as shown

by dilated capillaries. A slight polymorph

infiltration has occurred.
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Figure

Haematoxylin and Eosin. X 120,

Personal repetition of Pullingexr's experiment.
lst. daye.

Inorease in cell diameter is seen with
consequent increase in epidermal thickness.
liyperaemia is less marked than in Fig. 4.
Compare with Fig. 4.
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Figure 6,

Haematoxylin and Eosin, X 120,

Pullingex's original preparation, 2nd. day.

Greater epidermal thickening is seen and
hyperkeratosis. Early obstruction cof a hair
follicle by keratin is seen. The polymoxrph
infiltration is more marked, Dilated
lymphatics are evidence of oedema,
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Tigure T.
Hesematoxylin and Eosin, X 120,

Personal repetition of Pullingex»'s experiment.
2nd. day.

The appearances are similar $o those of Fig.6.
The widely dilated capillaries are evidence of
marked hyperaemia.

Compare with Fig. 6.
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Eigure 8,
Haematoxylin and Eosin. X 120

" .
- s - ‘o YA o'\
\ - ‘ N Be * "=o :*-.: .~ N ﬂ
. é > - = {’ e < ‘v !
s / g 7 4 S -¥ ‘\
. % U ’ - ’ 1o
an. o - _ “ o, 4 »

Pullinger's original preparation. 3rd. day.

A great increase in epidermal thickness 1is
evident, Thexre is variation in cell diameter
and nuclear sige, iitoses are present and
there is marked hyperaemia. Cytoplasmic
vacuolation in many cells is seen,
Hyperkeratosis is evident with obstruection of
e hair follicle,
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Zigure 3,
Haematoxylin and Eosin, X 120,

Perscnal repetition of Pullinger's experiment.
3xd. w.
All the features of the original desoription

are present in this section.
Compare with Fig, 8.



oT.

Figure 10,

Haematoxylin and Eosin. X 120,

Fullingexr's original preparation. 4th. day.

There is a general reduction in cell size and
some reduction of epidermal thickness,
Lyperaemia and oedema are absent and the
polymorph reaction is less obvious. Hair
follicles are still obstruocted with kexatin,



28.

Figure 1),
Haenmatoxylin and Eoein, X 120.

Personal repetitiom of Pullinger's experiment.
4th. ‘.’o

Although cells show reduction in eize the
epidermis is still fairly deep. Keraso-
hyaline granules are prominent near the
surface. Hyperaemia is reduced but some
ocedema is still present.

Compare with Fig. 10,
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Pable 6.

Resulto of Expoguve of B LI £ nice to a
pingle dwep of 0,3 Methyl cholenthrene
in agsetone,

Mouge No,
Wl T T P AT W

A

Ay

No naked eye chauges - Chazacievistic
changey micvosaopically. '

No neked eyc changes = 1o mlaremcoch
abnormality.

Mild Hypernemis » chavactoristic chenges
nioroscopieniiye (Fige 5)a

Modernte Hyperamemls - cheracteristie
ghonges microseopleally.

Marked Hyperaenie - gharactorletic
changen mlicroscopically. (Fige T)e

Hloderate Hypovsomia -~ choraoberistie
changes microgsaopioally.

Moflewate Hypereemie « chavacteristie
chongen microscopically. {(Fige. 9).
Hoderate Hyperaomio « Ungultable becmuse
of ‘Wigk bites.

Moderate Hypereeuig -« cheractevistie
chenges micwoscopicelly,

Slight Uyperaenia - Reagtlon only fooal
in ¥pidermis.

Blight Hyperaemia » chavacteristic
enanges nioroscopleally,

Hodevate Hyperaemis = charecteristie
changes miorosecpically. (Mg, 11).
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Factors Infivencing Skin Peintineg Bxporlments.

Faetows Influencing Skin Peintine lxperxlments,

Before prooceding with the compazison of the
fiftcen test hydwocsrbons by this method 2 number of
bechnlesl problems common to all skin painting
cxporinents becane evidenb. It was determined to
clarify these Lizet still using the acefone solution of
Methyl Cholanthwene fox painting., These and subsequent
experiments were made on BALYY/ ¢ mice.

Hedz Uyale. (Roports from the Litorsbure).

It hes been reported Bry (1926), Boxwvm (1954) that
the heir of the movse 19 shed and replaced throughout
ite life in a oyelicsl mammew. Perlods of acblve
growth aliexnating with o resting phase each having a
chayacteristle histologicel appesroncs.

Tan the growing phase the halr shafis extend fo
full thickness of the sub-culis and axe closely packed
$ogethor. (Fig. 12). TIn contrast to this the voating
phese shows small strophic follieles which ore more
widely opaced end extend only sbout half the depth of
the sub-cutis. (Fig. 13).

By vowmliows provedures such as bleaching and

dyeing the helx one growth phase eould be dlffeventiated
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Figures 12 and 13,

Hasmatoxylin and Eosin. X 48

Active phase of hair ayole im Balb/C mouse for
comparison with Fig. 13 below whioh was taken
from a litter nate 6 daye previcusly.

v
-

" - 2w

S
Resting phase of hair oycle in Bald/C mouse.
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Trom thal prec@&iﬁg it end thet Lollowing, In this way
i% was showsn that the wave of growth begins at the head
and travels posteriorly dow the back and exbends yound
the flankes on 4o the gbdomen ap it goes., A new wave
atarts ot the head cad before the provious oﬁe has
reathed completion. fwom thls it follows that there
are arsas of acltive growvth and resting phase alﬁernaﬁing
along the length of the mouse thwouvghont its life,

Subsequent to these findings ebout the hair oyele
it was obeexved by Andregsen end Bogelbzeth~Holm {1953)
and Borum end KlinkeneRosmussen (19§4-56)'%hat the
incidence of tumovrs reeulting from wkin painting
experiments was greably influcnced by tho stage of the
cyale. The skin in the vesting phose being much more
susceptible then in the growing phase. Their resulis
are summerised in Yable T

Thesa and sinilay confivmatory obsnervations
intreduee & significant variebility into the veosulis
ghich can bo expeched Lrom skin painting experiments

made on mice chogon ot random from animael house stocl.
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Hodr Oyele. (Remsonal observebions).

in ovdex to weduce theme vavigtions as much as
possible The growth of the fixet halr coat of the mouse
wvas plotled by killing a total off 27 eninele ab daily
intexvals freom bipth onwards; 11l the duration of the
fivet rosting phasge was plotied., This was found fo
begin at the 1l7«18th. dey and last till the 23xd. or
24th. day. It wes assuned that this firel reatbing
phzse world affect the mouse equelly ell over the body
and this was confixmed by random biopsies. Thewefore
it wounld seem reasonable to suppose that bthe entire
mouse is on thia siﬁgla oscapion in its life equally
susceptible ovoy its whole suxnfave Yo skin pointing
experinents,

A second wepetition of the Pulllnger experiment
uging 14 nice aged 18 deys was made to best this
hypothesis. These were killed at tine iatervals as

follows =

Lets Doy 3
2nd. Day 3
Jrde Day 3
4the Day 3
2the Day 2
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fiptologioally the mosunlds weve sinilawy Lo those
peeviously obtalned glving o poesltive ploture sgoording
o the eribesis layed doun by Pullingen.

Efieet of Xevebine (Beponts, feom bhe literaturs).

B T, AN KT 9 et

Twopt & Twowk {(19356) showed dhot mice nllowed to
o frep on & surface welied by shale oll only dgveloped
fumonre on the fur beaving parts of the body. The foeh
whioh wowe i clozent contaub with the ecrvolnogen
wsounined uneffocted, locossagae (1945) isvediabed nat
bonh migg with vllve violet light over o mavked aren of
the akhin which inhibvdted halw Lollicle deovelopment.
e found thet in thiys oves methyl cholanthweene vae nod
able B0 indnge twmoups. Prom this and other evidenco
in the 1besnturo, L6 would seem thal only vhon halye
folliclen axe present In the okiln can tumours develop.
Jflees of Korstine (Rezsonel. obgervaiions).

o conflwn thio oheervation 24 new borm mice wore
pointed with the seno nethyd cholsntheoue in acotoneg
golution previoutly used and then killed ot the

K

Zollowing ting inborvelo,
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lote Day 3
2nd.. Doy 4
3xde Day 8
4the Day 3

Six wice were eslon by their mothers and lost o
vhe ezperimento. The rather uneven distribution over
the four days is dus $0 the abanfonment of one littexm
by the mother on the thixd dey.

The hisbtology of the skins of bhese mise shows no
gbhnovmality. At bixth the mouse has a thick leyex of
kezatbin not broken by crupbed heir shafte. (Fig. 14).
These negabive findings were thewefore in aocowrd with
the findings quoted in the preceding paragmaphs  The
ability of methyl cholanthpene to induce tumours in other
sguanons eplibelivm such as the fore slomach,; mey be a

funotion of exposure over a peried of btime,

Lonolusion. It would scem from these peracnal

Observations and previocusly meaordaed wovk that the opbimumn
tine at which to coryy oub skin painting expsrviments is

on the 17th. or 18th. day as this ls bthe only time in Ghe
1ife of the mouse vhen the whole body suwface ig in the sane

receptive resling phase with vegerd to the hair oycle.



Hsemetoxylin and Eosin, X 8.

Skin of normai mouse at birti. There is

w thiek layer of surface keratin. XNo hair
shafts penetrate the surface of the skin
but many rudimentary heair folliclesz axe
present,
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Solvents,

It was originally intended to prepare sclutions
of cach of the 15 {est hydrocartons in acelone. Each
vas to ocontain the equivalent molayr concentration o
that which woe prepent in the 0.1% Methyl cholenthvene
solution ueed by Dy, Pullinger.

When it came to meking up the solubions it was
found, thet those hydrocarbons with the largeat molegules
could not be made o go inbo seolution in the appropricte
coneentxatién.

A geaych for allernative solvenis, thch would be
eaprble of giving the appropriate solubions, bul which
were not in themselvesn ixritanbts to Sthe skin to the mousa,
wag made. The following substances were accoxdingly
painted on to the skin of different groups of mice, and
the offect gtudied histologically, over o pexdiod of six
doye ab intervals of 24 houws., The nmbers in
pazenthesis indicate the total number of mice iu svach
BRQUENCo.

1. Tei-neButyrin (9)
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2, PrieneButyrin hoated to 200°C, for thirty
mimmtes and then cooled before applicstion (8),
(his procedure is necessary o evable eome of
the Hydroosrxbonp to go into solution).
3o  DleHothyleFormamide  (6)
de DimMethyl~Sulphoxide (6)
50 I-Mothylwlaphthelone (6)
G Trichlozo Benwene (6)
0f these subsbancas, Trien-bBobyein was found to be
sppavently conplelely nonelrritant, and theveforve the most
promising alternotive aolvenb.
To test Tri-nsBubyrin as o wolvent, a 0.1%
solution of NMethyleCholanthvene was prepared and a trial
painting experiment was mede on & group of 12 mice, vwhich

wereg killed as follows =

lat, Doy 2
2nd, Day 3
Jrd. Day 4
Athe Day 3

Yo affects on the epithelium wers seen in the histology

of these animals,



7Ca

This was an unexpscted resuld and thus it becans
evident bthot thore were some essentlal differences in
properties between acebone and the sbove solvents.

The most obvious is that unlike acelbone, thay arve
2ll oily and nonevolatile.

Viscosity spd Volakility of Solvents.

When ao acebtone solution of a Hydrocarbon im painted
on %o the okin, it evaporaten within o mattor of sebonds.
If thin is obscrved under ulira viclet light, an avea of
fluoresconee is soen on the skin where the acetonk
solution has deposited the solute. (Fig. 195).

If the sndnmal i killed smd a frozen sochblion is
mede of the painted avea for examination under ultxe
violet Light, fluovescence is seen. This is not only
on the surfece of the skin but aleso showe the selution
tracking down the hair shaft inte the hair folliels,

Ghis was desoribed originally by Crammex and Simpson
(31945). It seeme reascmable to conclude thet there is
& oapillery flow Qown the haly follicles, the hair shaft
acting as o wiek, with only & small froceblon of the

originel Jose penebrating the skin.
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Thig would explain why sainting the skia of new bom
mice; whi huve no halw, profduces only negative rasulbs,
Frozen seotionsg of skin, whigh have been pointed with the
non~-volabile golvents mentioned above, show no avidenes
of panctratlon dewn the hailr shaft.

Yhe priwe factor in the falluwe of these solvents
& vebicles fox carxginogens in this procsdure woeld seem
to be thelwr inablility o pencizate the skinvia the hndr
follicly due to theoix phyeieal properiies,

The stickiness snd lasok of volatility of these
solvents have another unssitisipotony aspeot. Even if one
o two drops only arxe applied to the skin, they remain
fluid for many hours, wnllike scelane, which evaporates
rapidiy. This resnlie in e widespread sontaninotion of
the cage and iis contents within o very few minutes, as
can essily be scen if thig lg exemined uuder ultre violet
lights (Mg, 16).  he animal alse in cleening itseld
ingests 8 lewge gquantity of the dose spplied to the skin,
ag can be secn when o post mordten examinctlon io msde
under ultre viclet light o fow hours after painting.

(Fﬁ.ga 17 ) »
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Picture of a mouse taken by ultra-viclet
light. The area of fluorescence on the
back after painting with three drops of

an acetone solution of Fyrene is clearly
Seen.
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A pioture of a standard movee cage taken

by ultra=-violet light. Fine pin points of
fluorescence are seen on the litter covering
the bottom, This contamination ocourred
within ten minutes of the mouse shown imn
Fig. 15 being returned to its cage.




A mouse shown under ultra-vioclet light

half an hour after painting with a solutiom
of Pyrene in Tri-n=Butyrin., Fluorescence

is seen in the stomach and on the surrounding
tissues where leaking oocurred when the
stomach was opened.
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dhe fole of the lalx,

To see how much infliuence the projecting halw
has on the passage of the solvent through the skin
boxrier, various methods of removing the hale pricr to
painting vers tried.
se Use of an epilaboxy agent, 7% Ba Sulphide, dissolves
the halr, lovel with the skin surfece; and leaves a
follicle containing s halr chait which does nodt project
above the suxface,(Fig, 18).
be Shaving bhe skin which gives the neaxest
mechanigal equivalent to the spilatory spent dows nob
lteave any projecting halw. {(Fig. 19).

Cs»  Clipping the haily with mechanical clippers leaves
a short even amount of haiy projecting from each heiw
follicle. (iig. 20).

Glipping the halr with ourved scissors, as was done
by Pullingery leceves an irregular lengbth of heldr projeching
from the folllcles, and carries some rlsk of cuiting the
skin, thereby causing a vesction which can confuse the

subsoquent histologicsl ploture. (Fig. 21).
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Fizures 18 end 19,
Haematoxylin and Eosin, X 120

- ’ .- - . . "~
- - . - - ' 4 -
* - - - '- - il - Ao" P~ ‘.Q‘

Hair removed from skin by 7% Ba Sulphide
during resting phase of hair cyole - no
hair projects above skin surface.

..

Hairrmvodh: shaving during resting phase
of hair oyele. No hair projecting above
gkin surface.
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Figures 20 and 21,
Haematoxylin and Eosin. X120

Haeir out with olippers showing short length
of hair projeoting above skin. Hair in

growing phase of oyole.

T PR N L Lo e L A
.: s i ) B e, o % et P 5 g
- 0 3 o s ‘;"‘. Y ghl, . L <
* . & rg &7 o 2 - . Bt 9 o 2o

-’>'.\" it 8 & e T - el ) s, e v
Skin healed after cut from seissors. Note

thickened epidermis and interrupted musocle
layer, X 240
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A Purther vet of test paintings ueing Vethyl
cholanthrene in acelone were made on three groupse of
12 mice. lach wag peinted imnedintely aftem having
the skin prepared by one of the methods just
described, In each group 3 snimels were killed on
the four consecsubive days after poinving. The
resulin weve poox with only ocecasionel animals
showing vrather equivocsl microsgopls changos.

However on repealing the peinting of thres
similax groups, first allowing 36 hours to clopse
aften preparing the skin, the xosults obitained wexe

pimilar %o those described by Pullingex.

Gonelugions.

I% would appesyr from the wesvlis obteinsd with
these T2 mice that it is necesssry Lo the hair %o
project to & cerbain mindmum exbent shove the skin
surface before successful reprodustion of FPullingents

pasults can be obdainod.
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Conditions for the Basis of o Skin Painting Teohnique
Darived from Peoxsongl Observetbions.

Prom these preliminary studies on the problems of
okin painting experiments whioch involved a totel of
202 micey 1t wounld sppear thab the following foctors
ased to be coungidered in standardizing a teclmigue basged
on Pullingexts originel observation.
e  Polunbling should begin on the fixsh day of
the £iret pesting phese of the hair oycle.
(L7-18 day of life).
be Haix should be cul with olippers 24 to 36
hours bhefore peinting tekes place ¢
allow minimom projection of the halw above
the skin sueface.

2s The solvent musd be non irritant
volatile
of low viscosity.

It ds impoxtant 0 zemembor thabt solvents
which fulfdl these criteria may not be cepsble
of dissolving the test subsionce.

d. 43 the changes (0 be assesseld are essentially

oeliuvley in nabuve, they mey be easily obeoured
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by any iaflammstory xesetion in the skin and

all pogsible precantions must be taken to

soleet mice accoxdinglye

In addition to the risks of causing this
already nenbloned it must be rencubered that poxvasltea
are ofben present in labowatory snimals so that &
sareful campaign of disinfestatlion should precede
the experinonts. In pmactice it is found thatv the
simplost method iz to disinfest o pregheni female
and dsolate her in a stewdlized box in which her

Littor is kept till vhe time of the experimont.
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Personal Hesults obhained by Skin Palnbing

with the tast sexies of iHydxogarbong,
From the expeovience geined in the pralindnaxy

inwes%igatibn atetone was chosen as the solvent, Because
of the wveporitedly melatively weak caﬁ#inogeniaity of some
of the series, the ooncentrations weve increased.
Solutions equivalent to 10 times the molax concentxabion
of 0.1% WMethyl cholanthrene were prépared. U0 onsure an
adeguate penetration of the skin barrier the nuuber of
dyops used to paint esoh enimal was increased from 3 to
9 which is approxinately equal to 0.2 ml. of solution.
(This was applied with the double bend pipette illustrated
in Fig. 2 on page 46). |

An positive results coourzed within the first four
deys in Pullinger's experiment,; this was made the limit of
the txial. If & promising pabtbern ¢f zesults emexged a
more extended sequence of painting was to be nade.

Subject to the svallability of stoek & to 12
nioe weve painted with each solution.

A detailed post morten examination was wmade of
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each aninal end the painted erer examined microscopicallye
The wesuvlbs were loler summorized on a chart ag show
in Appendix No. 3. It was found thet Hypswaewmia of the
subcvlbuneous tissues deep o the painbed svea was thoe
only significant £inding vecorded on naked sye
exsnination. In the agsessing of the wmicrompcopie
changes features which could not be dirvectly atiribuied
to the spplication of Hydrooarbons were Lrequently seen
end these luncreased the difficuliy of assessing s given
pequence as to ite specifieity of resction,

The results obtalned with the pyrene end
sathracens serles of lydroearbons using 117 mice axne

sumnarized dn Tables 8 and 9,
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Analysiz of Res

From these exporiments the followleg poiate

SMATER

a

be

Ce

de

Ho falae poaitiven wore recovded.

Sowg animalse showadl definite histological

@hangeé dug to factors other than exposurs

0 bhe ﬁeat polutions, This nede

interpretation of opeclfie changes Aiffioult

in some instances.

Those substonces graded ng csxcinagenic on

the beaig of spesific wionoseopie changes wore
211 kunown cansinosens

ihe changes pzrodueed by bthis grovp of Hydwrocerbons
Wos. 3, 4; 11 awe illueteated in Pigs. 22, 23,

24, 25 Lor oompoxison with Fige. 4 to 1l.

Wo. 12 whieh was vory diffionlt to nesess was
podaibly positive.

Gompardison of the last two eolumns of Tables 7 zmd
& showa thet thres false negatives were xecorded.
Themse wors with Hydzocarbvon Nos. 5, T 8.

The latter is partionlarly surprising as it ie

o potent careinogen vnder obher cireumstonces.
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In order to produce o tesh sequence which io
satiafactony for exominetion meny pretsubtions required
$0 bg tnken. Bven so theve wes Aiffioulty of
interpretation in cerdein lunstances and false negotives
gocurred, For thoepe weasous 1t in felt thabt the
aflepbation of the owiginal obsewmvalblons of Pullinger
to a short term method is noh sufficieuntly weliaoble
$ox rontine une,

Duriag the course of this pext of the
investigation much wes clarified ond systomatlzed in
regard to procedures spplicsble to 21l skin peinting
nethods end it ls felb that the principles pyoposed
on page 79 should weduse the nuber of variables
inhevent in this type of study for whatever purpose it

is wndertskena
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Figure 22,
Haematoxylin and Eosin. X 120,

Skin of mouse 1 day after painting with a
solution of 1.2:3.4 Dibensanthracene in
acetone. Epidermal thickening and
hyperaewzia can be seen clearly. There i»
also some inorease in surface keratin.
Compare with Figs. 4 and 5.



Figure 23,
Haematoxylin and Eosin. X 120.

SN

. .-' :.Q; ' '-.;.-\"
¥ SIS

Skin of mouse 2 days after painting with a
solution of 1.213.4 Dibensopyrene in acetone.
The epidermal changes are the most
characteristiec feature here. Hyperaemia is
not very marked.

Compare with FPigs. 6 and 7.



Elgure 24,
Haematoxylin and Eosin. X 120.

Skin of mouse 3} days after painting with a
solution of 3.4 Benszopyrene in acetone.

The characteristic changes described for the
third day after painting are seen in this
Bpeeimo

Compare with Figures 8 and 9.
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Figure 25,
Haematoxylin and Eosin, X 120,

Skin of mouse 4 days atter painting with a
solution of 3.4 Benzopyrene in acetone,

The ehanges here are focal in distributionm,
The mouth of a hair follicle is still
plugged with keratin. This ploture is not
as clear ocut as the original.

Compare with Figures 10 and 11,
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IVOCULATION FXPERIMINES,

The majority of incouletion technlgues have made
uge of o non-toxie end none-irzitent solvent as the |
vehicis for the test subetance. A delibercte esception
to this ie the employment of the vehicle as a
cowgcoreinogen or promoting agent. Host comnonly the
route of injeotion has heen subcubtanecus ox
intraponitoneal although under spacial conditions othex
roules have been used in ettempis to induee twaours.

Tt haps often been the cage that the test subslbance,
the vehicle, ox both have wapidly diffused away from the
injeoction site with subseguent nebtabolism ox excretion
within a few hours, This has weent thal xrepetition of
the injections has been necesesry in oxder to maintain s
logal 0w systomic level of topt material.

if o pinple method of locglizing the injooted
material were avallable the neod for ropeated injectiona
would be eliminoted.

Pletza, Spenser & Shubik (1959) desoribed o
nethod of prepaving a colloidal suspengion of Hydrocarbon

in gelatine, This wes done by injeeting an acelone
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golutlon of Hydwocaxbon rapldly inte a 1% aguenus gelatin
golution in & tube kepd ol 56°¢ in o water bath end then
driving off the ncetone by passing nitrogen through the
gelatin golution, With e solution of 314 Beazopyrene
prepeved in this mennex they injected new born mioce and
produced o high incidence of Lymphoma after o period of
sbout siz montho. Ros & Salamsn (1961) followed up this
work and veporied multiple tumouwrs in new bozn mice
injocted with a number of different hydrocarbons prepaved
in o similar menmer.

Those results showed promise fox further
investigation as they eatisficd the following theorstical
critewla for o standavidized teat procedure ~

ae A aingle epplication.

e Smnll quentity of test materlal.

c. Simplicity of exzesution.

&e 49 the lotent period was gixm mentha all the
animals were ptlll young enough %o have a vexy
low incidence of grontancous tunours,.

0. %hera ie the further point that all the mice
helag undex 24 hours old arxe relatively

speeking "staudaxd.
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The only obvious digsodvantage te be seen on examining
the method wes the faet thet the 1% gelatin golution tends
to set at room temperature and reguires to be melted
before injection. This introduces the theorebtical xek
of trauma at the injeotion site if the tempersture of the
inpoulun is toc high. Thore might also be a remote risk
of protein shook from the 1% gelstin,

Alternative Colloid,

In oxder %¢ cireumvent the theoretical problem of
protein ehook it was decided Vo make use of Sodium Algenate
in place of gelatin in preparing the sclution, This is a
corbohydrate devived mainly from ses weed which amongst its
other properiles has the sbility to produce in 0.2
consentration the same physicsl offects as o 1% gelatin
solution and it remains liquid at room temperature. This
neans bthet each injeetion would oontain less colleid than
when gelatin is used.

a» A 0.20 solution of Algenste in water was propared
using a motor driven stizring rods . This was necessexy
as the liguid is viscous during the dissolving of the

algenate which takes about an hour. 200 mi. 19 a
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eonvenient quanbity to prepave at eny one time for this
reason. Sucsh o sodubion will keep in the refrigerator
for up 0 two wesks, beyond this time it sometimes
beaomes conteminated by & growth of mould.

be 04 mgmes of Hydwocaxbon wore weighed oub indo a
small pieco of aluminium foil on the scale pan of the
balants, The foil with the Hydroterbon in it wvas then
dropped into a tube conteiuning 2 ml. of acotone.

¢ 5 mie of the 0,2% algenate solutlon wes measured
into a wide bore boiling tube and & mavk aede on the
glass o regowd the fluid level.

ds The avctone solution of H/C was then added do

the alganate as followsze~ Yhe acetone solubion

drawn into w double bend pipette {mee Iig,2) was sprayed
zapidly into the algensbe solubion from a distence of
aboul 2 ons., the resulting nixture beeoming turbid
and the flwld leveld rising iv the tube.

@e¢ The boiling tube was sealed with o Tubbor bung
theough which fwe glase tubes pass ao shown in Fig,26
and nltrogen bubbled slowly through the mixbture meking
sure the tip of the delivexy tube was woll below the

5 wl., markse In this way the acetone was driven off,
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Light suckion was gpplied o the outlet tube to remove
the froed acetone. {(See Flg. 26).

o TWhen bhe finid lovel zeturned to ihe 5 mls mark

on the level of the tube, the acsbone was held to have
boen ecouwlotoly driven off leaving behind a suspension
of Hydrocarbon in plgenate,

ge Thisz algenate Hydsocarbon complex will keep in

the vefrigerator fLor wp to ten days and only weguires $o
ke brought up to body temperature befowe injeobtion.

This means 102°F. fop the mousw.

4 dose of 0.9 ml. was caloulated 4o be
equivalent o 50 ugm, of Hydrocayrbon. This volune
though emall is in fact quite o lurge one to give
subcutancously o inbraperitoneslly to o new born

HGUSG.
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Figure 26
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njection Dxperiments using an algenate
suspension of HydrooaxbonSe .. ...

An agsiotont weaving wubber gloves, t0 avold any
eontaminebion from the Hydrocaxbon solution, beld the
novbhorn mice for injectlon,  This wesn made with &
tobereunlin ayringe and using o No. 20 naa&lgy5 Jﬁhe tern
nevborn mesning mice under 24 hours old. It i@ |
howaver 00t a good principle $o hondle mice in the fivst
& to 8 hours of 1life. Disturbing the nest et this
tine often means that the mothew enls her 1ittew.

a. . Subcubaneous Injecilong.

The needle was passed under the skia of the
beek low down and the solution injected vpwards betwesn
the shoulder blades. L the needle polnt is
suffieiently far from the skin puncture bhen there iy no
logs of injected material dune o back fiow.
be . Intreporitoneal Tvnjectlion.
The needle entered the abdomined cavibty in bthe
left iliag fossae and keeplng the point well up under the
enberior abdominel wall injeobion wes mede medisily towasyds

the llver, thus avoiding injury to the viscezo.
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Veaning,

Af%er injection the beby mice wove loft with the
nother $ill due for weaning. This was usually four weeks
eiteyr birth. At this time they were gexed and
negregeted, alse numbered by ey punehing, It was often
found that theve hmd been a considexable wantage during
thege Livst fow weolks due to desths.

Buration of xperimenta.

A% 16 wecka all animsls were killed with ether
and & post mortem exemination nede. Any auspicicué
noked eye lesion was token for histological examinetion.
Thig included aveas of residuwal Iluorescence.

Posi Moxrten Procedure.

o Snbeutanecus Injactiong.
The skin of the baok wes reflected Lfrom the tail

end, forwand over the skull, by making two lateral
ineleions and any erythems of the eubeutis or enlexsement
of lymph nodes noted. The animal was then exemined undex
ultza violet light for evideuce of fluorescecnce prioxr to
completing the post morten examination.

be JIntraperitonesl injections.

The skin of the snterdor aspest of the hody was
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refleoted laterally, from & mld line incislon, avd examined
under ultza violet light o be cerbain that the injeotion
had not besn eceldentally nade suboubtancously. The
abdomen was then opened and eny abnormality op residusl
fluorvescence noted, csre being haken not to damage the
diaphragme

Bo__ Jrauination of the Thoraz.

The twaches wos sxposed by & mid line inclsion in
the neck, snd a fine hypodermic needle introdueed
theovgh the wall polinfing towards the bronchi. 4 sobure
was passed wader the traches and tiled fixwly in a aingle
knot sxound the needles The lwngs were then inflated
with 2 %o 3 ml. of Fommel Saline. Vhen £fluld flowed
back round the needle the suture was tighbenod, o second
knot $ied snd the needie withdrawn. On opening the
thorax it was now found that the lungs had taken up
their normal weletionship ineide the chest cavity.

(Fige 27)+ Smell bumowrs were then ewslly seenas white
translucent avess, usually placed subpleunally at the

pewiphexry of the lobos.
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Diptzibution of Txperimental Materinl.

Digtzibutiion of Bxveximental Matexiala

A total of 282 mice wers njeoved eithez
subcutensously on intyvaperitoneally. OFf these only
185 sumvived %0 the age of weanding:s This nesns that
87 of the snimals vnder oxperdment were loot in the
fipst fovr weeke (ive. sbout 3074).

The zeason foxr this was thet the mothers
elther ale their litters oz abandoned them and they
dLed.

The numbers Injected by cach roube with the
different golubions of Hydroscarbon in algenate which
survived to the end of the expeviments ls given in

Tablesld and 1l.



101.

The lungs of three different mice are shown.

A is ihe disphraguatic surface of lungSinflated
by formalin injectionm.

B stiows the apical aspect of similarly injected
pair of lungs.

¢ is & pair of lungs as normally aeen within the
cheat at post mortem examination.

Ybe greater ease of examination of the inflated
lungs is seen from this comparison.
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Resulss of Hydrogerbon in Algenote Injections.

Both rounben of injection ghow somewhat sunprising
vesulss.  Although the rumbers involved for cach
individual hydrocarbon are not lavge the falluve of
soveral of the known caxcinogens o produce ﬁumaurg waS
unexpeoted. In the case of the Subcubanecus
experinents, frenkly malignent lesions ocouxwed at the
incoulation alte in 7 ouk of 8 eninals woing 3 42 6 9
Divengopyrens and in 5 oub of 7 andmegle uwaing 3 4¢ 9 20
Pbengupyrens, whioch indicates o good positive
corxelation with the known effeets of those substances.
Hovever the felluwve of the J other Imown carsinogens
in thene sewies to dnduce similar tumours is nod
voudily explained,; especlally in those cases whoro
rogiduel fluoresvence was presont ot the dnooulation site.

The presence of igolotod anlmals with pulmoncuy
adenonse is considered of gome significance in view of
the oge of tho animels in which they hed devoloped.

Bhen the intrapewxltonenl injecticn experinents ave
congldered we agaln find the same two hydroearbone
responsibleo for the profuction of twmours et or near

the albe of inoculation.
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The total number of pulmonary adenomes 1s groster

in this groupy and the diotribution is wider. 1 20 5 6
Dikenzanthracens heving the highest inoidence in 4 oud
of 6 nice compered with L out of § for the suboutenecus
voubte., Yhis suggests that the absorption of the
Bydvocerbon from the inoculunm is more easily accomplished
via the intrapexitonesl zoute.

Histolony.

ge All the suboutanecus tunonrs ooourring at or noar
the sitay of Injection were of n pooxrly differentisted
or anaplestic type often showing many mitooes.

Invesion either of the deoper subsubtonecus tissues oy
of the overlying squamous epithelium is evident.

The genernl appesvences wesemble those of the type of
gsareoma often experimentzlly induced in suboutsneous
sites in animals. {(Pigs. 28, 29).

e  The two splenic bumours ocourring with the
intraperdtoneal injestion of 3 4: 9 10 Dibenzopyrene
ware probably dug to the accidental direct injestion of
gome of the solution inbto the spleen. Thesa tumours
gppeay 0 be sarcomas ariging Lrom the sonngotive tissue

of the spleen iteelf, (Figs. 30, 31).
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¢, In each gnimal showing the presence of pulmonary
adenomae these wore found to be multiple. There was &
variasion in eize fxom nodules Just visible naked eye
to lesions only vieible microsecpioally. (Pigs. 32, 33).
There geem %o be dweo ptinﬁiﬁiﬁ gites of dlgtzibution,
a subpleural pawmipheral nodule (Fig. 34) often pvather
solid and somebimes showing & papillary type of atructura,
(Pig. 35). The other 1o & centrally placed tumour
which is often in cloee association with o small blood
vessel and indeed oflen surwounds it., (Fig. 36). Theoe
seem in thelr eaxly stages to be a less solid type of
ZR0vthe
de  The histology of the fluorescent areas noted at
post mortem in which ne twocurs were found 8l1) showed the
presence of algeonste swerounded by & simple fibrous
copsule (Figs 37). Viewed with an ultra violet light
gource this meterial fluoresced brightly in the wmicxoscopie
preparebions.

Theso oObserxvationg held true bobth for aveas of
subentaneous and intraperitoneal flucrescence seen ab

post morvtem exemination.
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X 48

Haematoxylin and Eosin.

with 3.418.9 Dibenszopyrene in algenate.
This is a sarcoma whish is infiltrating

Subcutanecus tumour at site of injection
widely in the subcutanecus tiasues.
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Figure 29,
Haematoxylin and Eosin, X 120

Paxt of Figure 28 magnified to show
infiltration of subcutanecus tissues
more ¢learly. The anaplastioc nature
of the tumour is well seen.
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Higure 30.
Haematoxylin and Eosin. X 120

Spleen of mouse injected intraperitomeally
with 3.418.9 Dibenszopyrene in algenate. A
poorly differentiated tumour is seen arising

within the substance of the spleen.
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Figere 3.

Haemetoxylin and Eosin,

X 430.

A magnified view of part of Figure 30

showing the sarsomatous appearance of

the tumcur with a number of mitotie

figures.
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Figure 22,

Haematoxylin and Eosin,

X 48,

Adenoma of lung large enought to be vieible

Arising in an anlaal injeoted

subcutanecusly with 1.2:5.6 Dibensanthracene

in algenate.

naked aye.
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X4B.

Haematoxylin and Eosin,

Mieroseopie centrally placed adenomas.

Axising in a mouse injected intraperitoneally

with 1,2:15.6 Dibenzanthracene.
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Figure 34,
Haenmatoxylin and Eosin. X 48.

Subpleural type of adenoma in mouse injeoted
intraperitoneally with 1.2:4.5 Dibensopyrene.
There is a suggestion of an early papillary
arrangement in the tumour.



Figure 135.
Haematoxylin and Eowmin. X 120

Papillary type of subpleural adenoma arising
in a mouse injected intraperitoneally with
1.2:7.8 Dibensanthracene in algenate.
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X 120.

Haematoxylin and Eosin.

Early adenoma showing arrangement eurrounding
This was one of

a small blood vessel.
intraperitoneally with 1.2:15.6 Dibenzanthracens.

several similar tumours in a mouse injected
See Figure 33.
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Figure 37,
Haematoxylin and Eosain, X 48.

Subeutanecus encapsulation of an incculum
containing 1.2:3.4 Dibenzanthracene in
algenate. This nodule was brightly
fluorescent at post mortem examination
under ultra violet light,
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Somuentary.

From these expexdments cerbain comclusions can he
Arawne
e There was a high westoge zate of auimals in the
garly weecks after ingoulation resulting in o oonslderable
reduction in numbors svallable fox £inal anglysis. In
order to oblain auy given tolel nuuber of xesultn for an
experinent of this type it ils cstlmsted that the
injoction of 30% in excess of the finsl number desived
wonld be neeessary o mllow for this eawly Loss.
be As the mothers clesy theolw babiee affer they are
rovurned o the neet they »wm a high wisk of ingesting
some of the inooulum from leaking at tho inocculation aitbe.
For bthip zeason each mother has b be kllled ot the tinme
of weaning the litter ag she camnot be uped foxr fuvther
breedinge. Tho resulting strein on the brseding stock was
at tines vexry greab.
Ge  The timing of cxperiments was dependent on the raite
of breading and deys of bixth of litters. The resulting
linibatlion made Lo difficuliien at bimes with vegord 40
the prepazation of the algenate solutions aund other

aspects of the experimants.
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de  Only two of the known carcinogens gove o neally
gebisfactory positive wesult %o coxxelate with the
known behaviowr of the substaonces wdee tests These
tumours were passaged bthrough at least three fuythewx
animal hosts and grew to transplantoble size within
three weeks of grafting.
gs The incldence of adenomaps of lung in mice of this
age croup is of conpidewable iunlerest es acoording o
Shimkin 1995, sponboneoun tumounrs of this kind are not
recordsd in mice under g year 0lde Thig would seem do
imply some aspoviation hotween the experimentel
procedures snd the incldence of these tumours, particulexly
in the cege of 2 41 9 10 Dibenrzopyrelo.
£«  Although brilliantarees of fluorsscence present ol
death in&icake satigfactory localization of the
inceulum the lovel of bumour Incidence wop diseppointingly
lowg contrary to the reporled hehoviouwr of naxy of the
hydrocarbons.

It woy be that the algonate has o proteciive ow
inhibiting effect, or simply that it stimsletes the
production of o protective reaction around Hhe injected

matewial which is thus provented frxom belng sbeorbed end
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netabolized.
Altbough this line of investigation would be of
interest to pursue it was not within the ssope of the

presoent study and was not extended furthen,

This teehnique though simple snd fwlfilling

many of the postulated rsguirensnte failed to producs a
convincing degree of coxrelation in a sufficient nuuber
of ceses to warrent further exploration of the method.
No further irisls have becn made to explore the

rearons foxr the appavently satisfactory bLehaviour of

soue of the test substances and the lack of response

on the part of others.
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LAPLANTAPTON EXPHRTMISELS,
Review of Implantation Procedures.

It was considered thaty in the context of the work
being carzied oul in this study, the proceduwas fox
passaging exporinentally induced tumours did nod
conatitute a method of tumour inductioq;/ /ﬁko comnonly
employed methods being the subcutenieons implentetion of
tumonr feragments with g trocar and canmula, oxr the
injeootion of tumour mince through & wide bowre neodle.

&y Hapan Tumour Pxplante.

A method of comditioning expoximental snimals by
X-irvediation which made possible the sugcessful cuplonting
of humen tvmonr waterlal into the prepered hosteo was
described by Toolan 1951. Laber the pre-tveatument by
X=irradiation was combined with cortisone injeoctions.

Ae & zesult of her work o nmumber of humen tumours became
pormavently estoblished in successive generabtions of
prepored animsls.

From these straina;of which H Tp ¥ and I Bp I¥
are well known exemples, successful establichment of
tissne eulture lines wae made by lMHoove 185%. Muny

studies have been made on the factore influencing btumouw
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growth waing both the solid tumours and the tissue
culbure cells derived fwom this mwan maborial.

It must be recognized however that this vexy
importent work does not fall inko the ¢lassical mould
off tumove induetion by The application of o caveinogen,

be Ihe Yse of an inert vehiecle for o coveinocen,

In ou atbtempt to obtain geod loczlizationr of a
carcinogen in the tissues with resuliing long texm
exposure of o single site to the action of the substonce
sull 1951 incorporated methyl oholanthrene in paraflin
vax fyom which small pellets were made. These pellets
were gurgleslly lmplented intoe the urinary bladder
in mlce. The pogte-openative morbaliby was zather high
but the pewcent tumour induction in the svrviving mice
was good. Ho used &5 and 3070 concentrasion of test-
materdel dn his studles.

¢. Varlation 1n physicel siate of an inert matexigl.

I weo noticed by Oppenheiner 1956 that if an
inert materiel such as plasbic was introduced
subsutaneoualy in o single sheet 2 2 1 om. then & sarcons
ayrose around the inplant sites I however a series of

holes were made in the plastie or the plaestic was
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ground up priow to implentabion no tuuours axose.
Further sny substanse that was chemleally asctive
failed Go induse sarcoms formation.

de Implantabtion of tissues in conjunchtion with a csrcinogon.

Rous & Smith 1945 made a fine miuce of ambxyo skin and
injected this deeply into the thigh muscle of adulis of
the some strxain with the mesuliing formation of imclusion
cysts lined by well Aifforentiated skine

These experimonts wers made uging Dalb/C mice
a highly inbred straln as other work had shown that no
growth of embryo implants cccurred using mice of mixed
strain origins, This sbrain is the Bagy albino €
viich was the wresult of 50 generetiona of brother and
sigter nating. TH was the need $o use this sbrein in
these cxperiments thed detewmined the uge of Balh/C
mice throughout the whole of this investigation.

Whan methyl cholenthrene digsolved in oldive oil
saturated with Schariach R wag ineluded in the
inoculwn squaﬁdua garcinomas were induced in the

implanbs.
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used adult monse tissue, both
progtate and lung, in which ho wrapped cxystalc of nethyl
gholanthrens prior Lo suboulenccus implantation.  With
both types of tissue theye was successful induciion of

squanous fumonrs.

Whilet all these progeduren were successiul in
sshieving the object of the experluental conditions
descxibel, they wexe not in thewselves sufficiently
cloarly defined that they could be modified o fwlfil

the reoguizements of o roultine tegl procedurce

Before describing the dmplant techuigue used for
these cxperiments it in oppropriate at this point to
oxplaln the procedure whiech bocaome necessaxy to provide

an adeguate supply of experimontal animals,
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Henagement of the Howse CGolony.

The Balb/C strain of mice was chosen eb the
beginning of this study becausge of the report that tumours
had been induced in embryo dmplants of this strain.

When these implantetion experinents were begun the
skin peinting, snd elgenste solutlon inj@ctio%;"exPerimaﬂts
had already boen in progress for some weeks. It was
clear tharefore thet heavy demands for embryo tisoue
would repilly deplete the bresding colony. For the
embryo implant experiments alone two groups of animels
would need to be congbtanily aveilable.

Le Preguant females as sources of Lubryos,

Il, Host animals of approprlate age for the implants.
In oxdex to ensure thal these demands as well as thoge
of the other experiments could be met, the following
routine was adoplod.

ae  Mige woere mated two fomales and o male per bHox,
this having been fowd 4o be the opltimum watic fovy this
strein of mouse in the avelloble colony,

be Cages wewrse examined dedily end all pregnant mice
segregeted in oingle boxes,  Some were set sside ag

sources of embzyo maberisl and others were keph fox
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¢. The date of bhirth of litters was recordsd and
thoy were weaned ab four weeks. At this time they were
poxed and segreogated & L0 8 per cage.
de  Mice helwsen 8 and 9 weeks old wers used a@
hopts for the lmplanting of embnyo tlssues. This
agao group was chogen iorx the ollowing weasons.
le They wewe almost aduli in size and
therefore easy o hendle from an
operabive point of view.
2« They wowe Goo young 4o have
spontanconsy tumonrs.
3y Afbex the 16 weecke of the expeviment
they were stlll only iz months old
and gpohbaneous tumour incidence
would still be vexy low.
e If mice passed the age of 2 weeks uwnused for
inooulation experiments tho females vere sll kept for
future breeding end some males slso to replace breeding
males.
£« Taoch prognent female killed to provide enbryos

was waplaced by anobther female over 3 months old. To
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simplify the vapid acoessment of the state of the colony
at any time with regord to the aveilability of the
vevious groups, the oage caxds illustrated in Fig, 38
were deslgned and changed ap sppropriate with the

poosege of n group of mice fyom one gtage bto the next,
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Porsonal Fmbxyo Tissue lmplant Teehnlgne.

Peorsonal Embxye Tissue Implant Teelmions.

It was felt that en open swegical teclmigue would
allow o more precise localization of the implonted embryo
tigsue than in previously described methods, and would
aleo veduoe thoe degree of tigsue btrawan in the hoslh.

Seleation of lmbryo Moterial.

ae FPrognant femnles near term weve killod by ceyviosl
dislocation. This mebhod was chosen so as to aveid any
popoible effeet on the ewmbryo hod an snacuvthelie been
noed,

be The sbdomen wes then opened and the intaet uterine
horan removed to o storile Potrd Dish. Plastic
dlgposable dishes were used throughout these exuperiments.
Sterile instruments were used to remove the uterus but
no antiseptio wan used on the skin to aveld
contomination of the abdominel eonternts,

6.  Uith fresh eterile Inatruments the foetuses wore
vemoved from the smniotic secs end seperated from the
placentac. They were then stored in s socond sterile
Peotri Dish contelning sterlile saline.

d. Pach individual foetum was pinned on s cloeow sheod

of pepexr on a cork mat for dissection, by pessing g
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gtoel pin into the mouth and through the skull.
The tail end was immoblllzed by e pin through the reot
of the tail.
€. Using a mognifying leng on a head band it was
Found 0 be quite easy o ddentify individual organs.
Pine ingtrunents weny of them Jdesigned fox oggghalmie
surgery were used 4o remove the tissues required.
£« The tisones weore placed in pterlle saline in
previouwsly lsbelled potrl dishes. Thoy counld he
kept in this neoner at yoom temperature fox up to an
hovur before impleniation and still give sotisfaoctory
wosul .

The normeld histologleal appeavancte of some of
these tigsuves prior Yo implentation ig shown in

Figures 39 40 49.
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Figure 39,
Haematoxylin and Eosin, X 120

Formal foetal skin near term. Overlying the
squamous epithelium is a layer of keratin.

No hair is present. Only ooceasional rudimentary
hair follicles are seen.

Compare with Figure 14, page 67 and Figure 47,
page 144.



Figure 40,
Haematoxylin end Eosin, X 120

Part of embryo lung from mouse foetus at
term, showing prominen$ bronchi and
unexpanded alveoldi.

Compare with Figure 49,
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Figure 41,

Heematoxylin and Eosin. X 48.

Part of a normal embryo mouse stomash
showing the two types of epithelial lining.
Squamous epithelium in the fore stomaeh and

glandular epithelium in the body of the
stomach.
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Eigure 42,
Haematoxylin and Eosin. X 48

Whole urinary bladder from mouse foetus at
term including a cross section of ureter at
the upper edge.

Compare with Figure 34.
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X“-

Haematoxylin and Eosin,

Whole embryo kidney from mouse foetus at

texrm.

Compare with Figure 85.



Nornel emoryo adrenal of mouse. Small
portions of spleen and kidney are seen on
either side of the adrenal.
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Haematoxylin and Eosin,

Vain .ow...
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Whole embryo thymus from mouse foetus at

term.

Compare with Figure 59.
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Mothed of Tmplombation of Umbrye Wigeue.

a. The outer aspeebs of both hind legs of the nmice wove
clipped with electrie clippers. Those used were bthe
patbern supplied by Wahl Ltd. of London and ealled
Clukes olippers which have & specially narecow head fox
use with small animals.  Wilth Balb/C mice this can be
done wibthout ansesthetizing the anlmelss  Stock mice
and some vther stnaing will not stay otill eunovgh and
guite soverce skin cutse can resull.
be The mico werg ansesthetized in o wide neek glass
jaw with a scvew top. The best method iz to have a small
basket attached to the wnder surface of the 1dd in which
cobton wool sonked in ansesthetic ie placed. Futbing
the wool in the bottom of the jor zesulits in the animels
wetting the fur of the face area with conseguent damoge
0 oyes and mucus menbranes

PFrichlor Bthylene BP (Txllene) was used ap
anacathotic having heen found hy pevsonal experience 0 be
very sulbable forx meintaining ansesthesia in small enimelg
fox long pericde of time with subsequent rapid wvecovery.
e A small skin incision was made posterior vo and

porallel with the line of the femuw using a Jlo. 19
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Swane-iorton blade on & number 5 handle,

ds Tne fibres of the thigh muscle mer® sepurated in the
gsome line as the skin incleion by stabbing o sharp
pointed palr of soissors deeply inte the musels then
vpening the points. Carefully done this caueea no
blecding, but if the solssors ars t00 8luse to the
feiny the femoxral vessels nay be danaged with conseguent
haemorriinge.

e The ocavity so formed was held open with a prir

of curved foreceps, whils the implant was placed deeply
intc the muscle with another paixr, The zuscle was then
allowed to olose over the implant, Ii this precaution
is not teken movement of the leg can make the implent
vwork loose £xom ite intrs musoular site and it mey
pessibly e last through the skin wound in the imnediately
post operative pericd,

£. The skin was ologed with one or two interrupted
stitches taking osre not to stiteh the musele which
would oxeite a foreign body reaction.

& Daoh animal was nunbered by ear punching.
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Tuis operative procedure ean be narried out esingle
hended but Lt Le waob moxe rapiily dene 1f an assistuant
holds tho aninals and controls the ansssthetic, With
praotice it wan found possible fo make both implants iun
an aninel in soms three minutes.

A different typs of tissue implant in sach leg
was found uzeful in helping o avedd possible sonfusion
at o later date when Vvissues were provessed snd sections
prepared for mieroscouplo examination.

Cora of an g after the lmplantabion procedure.

e All animals were kept in stendard mounse cages with a
diet of pellet food Ho. 41 sud waber  ad libidum.

e Veckly examinaiion of eaeh animal was mede t¢ note
logelized or diffuse swelling in the hind legss  The week
of first appearance of any sueh abnormality was noted.

A Low aningls were killed before the 16 week period had
elapscd due to ulceration of the skin over a swolldng,

or to the exceasive size of the nodule.

In the najority of oases the presence of a large
swelling was later found to be due to reliention of
Keratin ox Sceretion within a oyst. For this reason the

presence of a palpeble nodule carmot be taken as a
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dofinite indication of the development of o necplasii.

Pogt Yorbem Proaciures

o« A% the end of the 1othe wook oll animels wore killad
with ethex.

be The skin of the hind legs wae dlesected off and
vieved wnder ulira violet light when some of those with
tumours were found 4o be fluovescent. (Fig. 46).

They were then disarticulated at the hip Jjoint.  They
vere placed in separate jJovs of {ixabive and labelled
with the number of the nouse and the side fron whieh
they came, IMunthor prooessing of the tiswwes wos then
sareied out according to the Schedule deteiled in
Appendix No. 4.

¢e The remainder of the awimal was cusmined foxr eny
neked oye sinormalldty and suspiclous lesions taken Lor

histologioal oxaminabtion,




The hind legs of a mouse 16 weeks after
implantation with embryo tissue and 3.4:9J00
Divensopyrene. This photograph taken by
ultra viclet light shows fluorescenoce in the
left leg at tho centre of a tumour. In the
right leg flucrescence shows through the
undisturbed host leg muscle.
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Reoults of Homologous Imbxyo Tissue Implants.

As g preliminary control investigotion a wide
variety of embryo tissues were implanted in order to
deternine if there was ony selectivity in the ability of
the Balb/&lstrain 4o accept embxyo mabterial. A fow
aninals wére killed at vamying time intervalm to see
how moch it wos poseible to deteot that the implants
were viable, This was found to be as early as twe
woeky but.little growth in gize of the implante occurred
undexr 6 weeks, The results for those implants which

were allowed to survive for 16 weelts are shown in

Toble )2
Yable 12,
Eubryo Tissue Noe. of Implants No of ITmplants
AnEabeyo Tigsue, madg. cxowing ab 16/52,
Anplented
gkin 3 3
Lung 4 4
Stonach 3 3
Blagder 4 4
Kidney 5 2
liver 4 o
Thymus 3 3
Ndrensd 3 2
Heaxt i G
Iye 2 1
Brain 3 0

% The surviving tisoue eppeared to be of Bile
. Quet origin.
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i
g0 principle feabures wore noted on the

aiorosgopio exaninabion of these implanted tissues.
ae A complete lack of zeaction arcund the implant on
the part of the bost onimal which reswlted in the
appearance of a well tolevatoed but cbunoruelly placed
tigoue growing in the ley wuscled.
be Active growth and diffewentiation on the part of
the eubxyo tissues themselves with formetion of an
adult type of histologlieal pattern omly modified by
the physical constraint of heing in the desp intra
nugeular gite.

The appearance of some of these unkreated
emb#yo tivsue implants after 16 weeks in the host

animals is shown in Figurss 47 to 59.
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Figuxe 47,
Haematoxylin and Eosin, X 120
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Control implant of skin showing differentiation
from the foetal pattern to form hair and keratin.
Note the absence of reaotion to the skin on the
part of the host tissues.
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Figuxe 48.
Haematoxylin and Ecsin, X 120

Control embryo skin iaplant showing laminated
keratin due to desquamation over 16 weeks to
£ill oyet cavity. Hair shafts in oross
section are also seen deeper in the oyss.
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Figure 43,
Hasmatoxylin and Zoein. X 120.

Control Embryo lung implant. Well formed
bronehi are seen surrcunded by unexpanded
alveolar tiassue.
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-

Figuxe 20,
llacmatoxylin and Eosin. X 120

Control embryo lung implant showing dilatatioa
of a bronchus due to retained secretion.
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Elgure 21,
Haematoxylin and Eosin, X 480

Part of Figure 50 enlarged to show detail
of ciliated columnar epithelium of bronchus.
This demonstrates the retention of normal
struoture in these implants.
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Figure 52,

Haematoxylin and Eosin, X 48

Control stomaeh implant showing both types
of gastrie mucosa. The squamous epitheliunm
of the fore stomash and the glandular
epithelium of the body of the stomash.
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Figure 23,
Haematoxylin and Eosin. X 48

Control stomash implant. With the passage
of 16 weeks the successive layers of Keratin
desquamated by the growing squamous
epitheliun have formed a laminated struoture
filling and dilating the cyst cavity.
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Figure 54
Hsematoxylin and Eocein. X 48

Enbryo bladder implant showing the filling
of the oyst cavity with desquamated cellular
debris. As with other implants there is no
reaction on the part of the host tissues.
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gi ure 25 -
Haematoxylin and Eosin. X 120

Control embryo implant showing part of
prostate gland implanted with a urinary
bladder.
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Figure 56,
Haematoxylin and Eosin, X 120

Contxrol embryo implant showing croas sectiomn
of geminal vesicle found in association with
a urinary bladder implant.
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Figure 57,
Haematoxylin and Eosin. X 120

Contrcl eambryo adrenal implant situated in
fatty tisscue between two muscle bundles of
host. The struoture of the gland is well

maintained.



Figure 23.

Hasmatoxylin and Losimn, X 120

Control embxyo spleen implanted with stomach
of which the glandular mucoss is seen above
and the squamous lining below the spleem.
Unless ocare is taken t0 remove the spleen it
cften aoccompanies stomaoh implants.
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Eigure 59.
Haematoxylin end Eosin, X 48

Control Embryo thymus implant showing well
diffexentiated gland with normal architecture

surrounded by host's muscle fibres.
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Results of Heterologous Dmbxryo Tigsue Implants,.

In view of the high percentoge of succesaful implanto
with enbryo issues of Balb/c stroin origin it woe decided
0 tost the possibility that this was due to sone
alteration of the immune nechenism in this strain whieh
prevented the nejeotion of foreign tissue. This wan done
by making inplants with embryos of cothor strains. In
one group of 6 mice hoterologous embyyo lmplants were made
in both hind legs.

In another group of 7 mice Dolb/C embryo tissues
were implented on one slde and heterologous enbryo tlseune
in the other. Both oxperimonts wore terminated at six
waeks ag 1t had beon previously estublished that viable
inplents would show evidence of differentiation by this
tine,

The reeulis of theme two experiments are

summerized in TPablea 13 and 14.




158,

deble 13.

Implente of RIXIL/CLH Hybwid Rmbreye Tissues alone.

Tisous. ¥e. of Implante No. Burviving
made. at O weocks.
Skin 3 M1
Tumg 3 Mil
Stomach 3 Wil
Bladder 3 Wil
Table 14.

Combined Implantes of NILIE/C
. _Dabxvo ‘.Eissueé

H Hybrids and Balbh/C

Souree of Tissues. Hoe. of Implants o, Surviving
Hmbrvo. - made, ot 6 wecks,
Hybzid Skin 2 Wil ;
t Lung 2 133 Left
W Stonach 2 il % legs.
it Bladder 1 Wil
Balb/C Skin 2 2 )
" Yang 2 2 ) Right
" Stomach 1 1 § legBe
" Bladder 2 P2

Three sonclusions can be drawn from theoe resulis.

ae Heterologous embryd tissues along 4o not survive.

e Hotorologous embryo tissues do not survive in the

presence of Homologous embuyo tissue in the same hostb.

oy Hebewologous embryo tlssves do not Inhibit the gvowth

of Homologous cuwbrye tissues in the gome host.
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Balb/C Bmbrye Tissue implants in Conjunction with
the test series of polveyelic aromabic hydrocarbons.

The final.fowm eflthe implant test method was thab
Juet descrlbed fox the gwowth of conbrol cmbyyo implénts
with the following addlitionel step.

Just prior to the lmplantation of the ewmbxyoe
tissue it was btouchod on lo the surface of a single
gryotal or a aiall group of crystals of the hydrocerbon
to be testeds Due Vo the vesidual surface moisiure on
the embzyo tissue the trystels adhewed clogely to the
amplent and both could be inserted inte the host legy
migcle in close aposition to e&éh othex,

This teelnlque was evolved when it was found
thal much emaller quantities of the hydroocarbon could be
handled in this wey than by txying to pick up orystala
with Cine forceps. By weighing 1t was ootimated that
the quantity of hydrocarbon used in each iuplant wes

never in excesn of 150 uge. This is & mueh smallex
&

quantity of nmateriel then is noxmelly xequirzed for most
accapbed test methods.
Ia the [ivst instance, Lmbryo Skin, luvng, Stomaeh

and Bledder wexe oxposed to cach of the tost hydrocarbong.
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After the fivat sexdes of expormiments cextain hydrocarbons
wore implanted in eonjunctlion with other oubryo tiesuen.
117 pice were used in these implant experimenis. OFf the
234 dmplants thus mede; 38 were, for various messons, not
vocovered ab the btermination of the experiments., The
digbribution of tumour incidence foﬁ the 106 succassful

implante is chown in Tables 15 and 16,



161,

Table 15.
Gode Ho. Bydrocarhon, Zocrm Slcia, ORGe Stomach. Sisider.
Careinogen,
b3 Pyrane o 2% 1 {1 &f3 (i} 071
2 1.2 Benzopyrere o 1f2 ww\ QW G/4 of2
3 3.4 Bexoopyrene Tosn 2/2 {1} M\W 4 /3 81 (2]
& La2:3.4 Dibengopyoene Yes 2/2 2243 1/3 /3
S 1.2:4.5 Dikensopyrens Yes /5 {12 G/l 12) 68
g 1.2:5,7 Dibenzopyrone Hot tosted 0/3 of3 a3 8/3
7 2.458.8 Dibenzoprvens o 142 1z/2 {1} ofs 75
84 3.453.10 Bibsvsopyrene Yas y1{2) 3538753 33
& @ p 3 3/ w»v 343 2/
9 &rtiratene /4 3 {3y 0f2 0/r (1)
104 1.2 Benganthracera Dol /3 w&mw 3/2 {1} 643
163 » 5 G/32 25/3 o/e 8/
108 s i o2 {2y a2 o2 /2
1 1.213.4 Divensanthracons Ho o/ {1} 343 {1} o/ /3
12 1.2:5.6 Dibouzanthimcene Tes 6/3 2:{38} 545 a/5
5
13 1.2:7.8 Dibenzanthzacere Teg o7t {3y 2f2 0/3 (33
14 Dripherglenc o o1 (1 of2 a2 ol {1}
i3 EeR22.528,8 JoL) o/ (1) €f3 ©/3 f1{2)

Sribenzcpyrens

Bigures give o, Imolurts with bumcuze Hunbers im {) are of implepts made Lub uob Tecovered., 4 = idevoms
Hoae Zmplants recoveped zregexts

{i} Throe separate ssmples of B/U Fo.f were teetsd cmly because ihere vae sowe gueshice a¢ o wiether the original
spacizen was free of Inpovities.

{33} B/C Go. 13 io an interesting swhsianece in thot 34 has been zapozted otk 26 a esroivcgen and ee failing in
zttempts to produce tumours. + wes felt thet thie night be Zo the state of purity of ithe cubsitence at the
tine of the jest. To try oué clarify Ghis the thmee gpecivent used, wore dhieined = followss

Bxve sateriel as chbiained fzon & clunerelal soumee.
A me-purifiod semple of specimen L} uesd immediately $o aveid omidadicn,
Pazt of 3} left to oxidise in the air on ihe hench in sn unssaled container for 8 weeks.

It ig of indevest %o node that oii et spesluerms give comparnbie Tosuits,
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Toble 16.
Gode So. Iydrossrbon. ¥nown. . Hidney Eiver Spleen Thymas Adpenal Zye Brain Zeart
Sergiuosen.
é 1.236.7 Divenwopyrene ot tembed {1) (1 0/1 6/1 (13
7 3.458,9 Divenzopyrene Teos G1 /1 o/1 8/
&h 3442510 Dibanzooyrens Yeg 2/2 {1)
50 & g Yer zfz iz i3 {2} /2 172 {1} {1}
w0 2.2 Renaspilracone Dovbtal - {1
06 I i3 3 Q.xu.w
iz Sriphenylons Fo g2 (1)
5 2.254.5: 503 :
Tedbenoopyrene o o\ i O\M

Fignves give fo. Juplorks gith tumours

S0. Impiords recopovad.

Beshers in {) sve of ioplents mede bub not
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Undor the conditions of thisg teut proceduxe thore
is exaelh sorwelation bebween the coreinogonie actlvity of
the test geries of hydwocarbons and theix previously reported
behaviourn.

All the known careinogens induced tumours in more
than one type of emwbryo tissue, the non-carvcinegeus did not
induce any tumouns. Thore wove thorefore no folse
pogitive or false nogative x»eswlis., The previously
untested 1 25 6 7 Dibenwmopyrene did not induce any tumours.

Positive resulis wore vecorded only when a
hisiclogically recognizable coxcinomn O sareons wos
presendy axising in the embrye ilmplant. I will be
remonbered that st this time the hydrocarbons wore only
idenhifilable by & ecde number.

In some of the lung implants adevomase were presend
These were wecorded separabtely and not considered as proof
of careinogenle activity by the svbstance under teot.

The distribution of tumours and adenomas in embnyo
implants with regaxd to exposvure to each of the fifteen

test hydrocexbons is shown in Table 17,



ioble 17.
Incidence of Tumours in Bubuyoe luplents Fxposed
to HyQrocarbong,
Byduocarbone Noe of luplants No. of Implants  Tumouyx
. made., e TECOVEOTE, Incidenae.
1 10 8 14/8
2 12 11 G/11
3 12 8 5/8
4 X 11 6/11
5 14 22 2/12
6 18 15 0/15
7 12 11 3/8
8 35 28 26/28
9 12 10 0/10
10 34 30 T4/30
13 12 10 34/10
12 20 19 9+34/19
13 10 6 2/6
14 12 8 0/8
15 14 11 0/13
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liatologye
&, Nalisment Tumours, The majority of the tumouxs

wore sguamous ceroinomes showing verdations in the degree
of differventiation. The degree of differentiction did
not seem to depend on the type of tissue luplanted or the
hydxooarbon under test. Invasion of surrounding host
tisous wee seen in most oaces.

It is of paxticular interest that this type of
tugour should ariae in lung iuplants as it is not resoxied
among the spontaneously oocurring tumours of lung in mice,

Examination of lung implants exposed to ¢araeinogens,
whioh have not developed tumours, shows albieration of the
mucose of the bronehi in some cases. Thewe is & loas of
the normal eiliasted columnax epithelium which is replaced
by a simpler type of epithelium of a sguemous type.
Although prickle cells were not slearly seen it can
reasonably be said that the chenges resemble those of
squemous mnetaplesia as seen in hunan waterial.

In lung implents with squamous carcinonas aveas of
metaplasia of this kind are seen {see Fig. 65) and it would
scem thet this is sn intoxmediate stage in the development

of these tumours in the embxryo lung timsue,
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In & small nunber of cases & spindle cell
tumoun wog present, sither alone ox in gonjunction sith
& squamous sarelnonas  This type of tumour may be a
Saxoome 0 & very ansplastic cavinoms. Il is more
likely thet these are in faet sarvecmas bub it 4o not
clear whethey they avise sclely in the ocopnsctive
tissue of the embryo implant or if the host connective
tiesue is also affenteds. The majority of these
pareonas ooourréd vhere a tumocur wos found ot the
implantation site but little or no suxvival of the
nornal ewbryo bissue implauteld wao seen,

Exeriples of the tumours induesd by the vaexrious
hydrocaxhons in the dilfevent embyyo implanis axre

shown in Figares 60 to 75
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Figure €0,

Haematoxylin and Eosin.

X 48
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Implant exposed to 3.4:5.10

Dibensepyrene.

Embryo skin implant showing an invesive
squamous oarcinoma infiltrating the host

tissue.
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Eigure 61,

daematoxylin end Ecsin, X 120

Part of Figure 60 enlarged to show well
formed epithelial pearls. The carcinoma
is arising from the oyst lining which is
seen at the centre of the picture,



Haematoxylin and Eosin, X 120

Another field from Figure 60 enlarged to
show early invasion of the host tissues.

In this area the tumour is less well
differentiated.
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Figure 63,
Haematoxylin and Eosin, X 48

Embryo skin implant showing a very extenasively
invading earcinoma arising from the epithelium
of the oyst. In the mid zZone there are many
tunour giant cells present.

Implant exposed to 1.2: 4.5 Dibensopyrene.
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X 43

daamatoxylin end Eoain,

Embryo lung implant ehowing a well differentiated
carcinoaa arising from clearly identifiable lung

tissue and invading the host muscle.
Implant exposed o0 3.419.1C Iilensopyrene.
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Ziguxe 63,

liaesatoxylin and Bosin. X 220

Paxt of Figure 64 enlarged to show three
bronohi, In the central one there is
squamnocus metaplasia affecting half the
oirourference. In thc left hard cne there
is much aocumlated keratin, This seoms
to bo one stage in iLie lsvelopment of
squamous carcinome in lung implants.
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Figure 66,
Haematoxylin and Eosin, X 48

Eabryo lung implant showing the origin of
a oarcinoma from the wall of a bronchus
with looal invasion, Normal lung is seen
above adjacent %o the host leg musele.
Implant exposed t0 3.419.10 Dibenzopyrene.
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X 120

Haematoxylin and Eosin,

Enlergement of part of Figure 66 to show the

tumour arising from the wall of a bronchus,
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Figure 68,
Haematoxylin and Eosin. X 48.

Embryo stomach implant showing a moderately
well differentiated squamous carcinoma. Normal
epithelial lining of both types is seen at the
edges of the tumour. Implant exposed %o

le2 3+ 5.6 dibenszanthracene.
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Figure 69.
Haematoxylin and Eosin, X 120

Embryc stomach implant showing the presence
of & squamous carcinoma with normal
glandular muocosa present enclosed by eolummns
of tumour eells.

Implant exposed to 1.215.6 Dibensanthracsne.
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Figure 70,
Haematoxylin and Eosin. X 120

Embryo stomach implant showing early squamous
carciroma invading the wall of the implant.
The Jjunction of squamous and glandular mucosa
is olearly ssen. Implant exposed to
3.419.10 Dibensopyrene.
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Iigure J1.
Haematoxylin and Eosin, X 48

Embryo bladder implant showing a rather solid
adenocarcinoma which invaded widely into the
host.

Implant exposed to 1.2:15.6 Dibensanthracene.
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Ligure 72,
Haematoxylin and Eosinm. X 48

Eabryo bladder implant with & different type
of tumour to that of Figure 71. This
resenbles more & poorly differentiated squamous
carcinoma, It is in this tumour that the
stromal changes shown in Figure 82 were seen.
Implant exposed to 3.4:9.10 Dibensopyrene.
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X 120

Haematoxylin and Eosin,

Implant exposed to 3.4:9.10 Dibenzopyrene.

arising in the epithelium of the bladder and

Eabryo bladder implant showing esarly careinoma
ivading loeally.
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Fi >

Haematoxylin and Eosin, X 48

Enbryo kidney implant showing failure of
survival of parenchyma but a rather anaplastio
tumour developed from the ureteriec pelvis is
present and invading widely. The ureter is
eapily identified in croes section.

Implant exposed to 3.4:9.10 Dibensopyrene.



l8e.

Haematoxylin and Eosin. X 120

Enlargement cf part of Figure 74 showing
poorly differentieted nature of the tumour

and part of the ureter in which the muccsa
eppears hyperplastie.
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be__ Pulmonary Adenomas. Some of the lung lnplants
showed the presence of sdepomes of the type whieh occcur
gponvangously in edult mice. Both the golid and the
poapillary type of strueture wore sesn. Figs. 76 and T7.
Their appearance not being significently altexsd by the
confining intramipcular gite, 2 will be secn by
comparing these illuvetrabtions with Pigures 32 to 36.

Adenomas ocsunved both as the only lesion in a
lung implant end in conjuncbion with a sguamouns earcinoma.
Becange of their known spontaneous ineidence in mice
they were weoorded geparately.

It is of some interest that they svhould have
arisen in lung tissue only six monthe old, os Shimkin
(1955) states thnt thay are not zecorded in mice undex
a year old. In mice over that nge he given the
incidence as between 107 and 30/, multiple lesione being
infrequent.

That these bumours should heve ocourred in
subgtantial numbers in the implantation experiment amnd
also with injection of hydrocarbong in slgenate suggests
that they arve related to the oxposure of lung btigsue

to the action of the hydwocarbong.
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flowever in neither sel of oxperiments has their
occurrvence been ineluded ag positive evidence of
caxclaogenic oobiviby.

The dlstzibution of sdencmzp in relstion to the
incldence of other tunonrs in lung inplants is show in
Table 18.

@, FPopillones. An ocoosionsl syuamous papillomns

was seon in some of the stomach implents. Fige 78,

in some ingtancen this geens o have heen s preliminazry
stage in the formabtion of a squamous corcinoma. Fige 79
Qo . Other Tosions, A gbromal degenexetive lesion was
geen in some of the stomnoh and bladder implants

(Figs. B0=B82) which was nobt et fivst welated 4o any other
featurae. It was then noticed that two bladder implente
with well diffexentiated sguanous caroinomss showed &
gimilar apposrance in smell aveas elsevhore in the implant,
Lt would mseem thevefore thot this mey be a pre-malignont
change although the euact nature of the lesion is not

clear,
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Figure 76,
Haematoxylin and Eosin, X 48.
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Lung embryo implant in which a solid type of
adenoms has developed after exposure to
1.2: 3.4 Dibensanthracens.

Compere with Figures 32 and 34 (pages 111
and 113).
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Eigure J7.
Haematoxylin and Eosin. X 120

Lung implant showing a papillary type of
adenoma after exposure to 1.2:13.4 Didbens-
anthracene. Compare with Figure 35

(page 114).
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Figure 8.
Haematoxylin and Eosin, X 48

=\
S0

Eabryo stomach implant with a squamous
papilloma arising from the fore stomach.
Normal squamous epithelium is present at
the lower edge of the lesion.

Inplant exposed to 3.439.10 Dibensopyrene.
This implent also had a complotely separate
squamous oarcinomas present.
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Figure 79,
Haematoxylin and Eosin, X 48

This ie a similar lesion to that in Figure
78 but in this case there has been further
progression to form a frankly invasive
squanous careinoma as can be seen at the
top of the picture. This implant was
exposed to 3.4 Bensopyrene.
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Figuxe 60.
Haematoxylin and Eosin, X 48

Alteration in the squamous epithelium of a
stomach implant expyosed to 1.2:5.6 Dibens-
anthragsene. This appearance affected the
whole of the fore stomaeh. Similar
changes were seen in some implants which
had developed a squamous carecinoma.
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Figure 81,
Haematoxylin and Eosin, X 120

An enlerged view of part of the same
speoimen as Figure 80 showing that the
appearance seens $o be due to an alteration
of the supporting stroma rather than in

the squamous epithelium itself.
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Eigure 82.
Haematoxylin and Ecsin, X 120

——

Two separate fields are shown from an embryo
blacder implant expoczald %0 3.4:0.10 Ditenzopyreng.
The appearances are similar to those seen in
Fige. 80 and 81,
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Site of Action of Tmplented Csreinogend.

hera & Squémoue ecareinoms developed in these
experiments thera can be no doubt that the tissue from
which the tumour avose was that of the enbryo tissue
Inplant.  In the case of the enaplestic wmdifferentiated
tumonrs there was the poesibility that some at loast
were surcomas avising Irom bthe howb'a conneotive
tigsus,

In ovder to tegt this hypothesis, hydrocarbon
crystals olone wers Implanted into g number of host
avimals.

The substences used wore 3 41 ¢ 10 Dibonzopyrene
{(No.8) which had showm itself to be the most potent
carcinogen under the conditions of thls experimental
procedurc and 1 2¢ 7 8 Dibenzanthracene (No. 13) which
wag neskly ¢sreinogenic.

Leber o non carcinogen 1 2% 4 53 8 9 Tribenzopyrene
(o, 15) was eleo implanted by itself for control

purposes. Teble 19 shows the results of these implents.
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Table 13.
Hydrocarbon o, Ho. of Implants, No. of Tumcurs,.
8 : 6 6
13 6 Hsl
15 6 il

fhepe vesults show that & potent carcinogen
implented for 16 weoks cen induce e sarcoma in the
hoet animal. Fig. 83. The wesk carcinogen and the
non=carcincgen both stimaleted a foreign body glant
cell reaction which in the case of Hydrocarbon 15 was
vartioularly merked. Fig. 84.

The presence of embryo tissue ig thevefors an
eggential part of the test procedure as withoub it a
falpe negative result was obtained with Hydrocarbon

Hoas 13,
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Figure B3,

X 129,

Haematoxylin and Eosin.

Site of implartztion of crystale of 3.4:12.10

Dibenzopyrene slore.
4n anaplactiec sarcome im secen invading the

host musgle.




Haematoxylin and Eosin, X 120,

Site of implantation of cxyatals of 1.2:4.5:18.9

Tribenzopyrene.
There is a foreign body glant cell reaction at
the implant site.
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CONURUSION

This otondendized implanigtion vechnique fuifils

the postulate proposed Lox & theoreiically ideal test

peoveduve given on pages &9 and IO whieh mey be swmavized

ad followp -

e

e
Ge
de

e

A pimple procebuxe essily pexdovmed and easily
reduplicgled.

A stiort latent period - 16 weeks.

Sdeptabllity to saveral types of tissus.

Freodom of avdmals fxom spontaneous tauous.
Small quantity of test material xequired -~ less
than 150 ug. (in shis context it should be noved
that the test material is used pure and thove is
no golven$ or other 'vehiocle' involved whoue
acbion on the tissues mush elso be considered).

The use of this method for the blind testing of the

fifvecn Hylroocarbons gave resulis whioch corrvelated exuctly

with thelr known beheviour ap caxeinogens with no false

positive or false negative resulis.

Thms fthe Iflrst objective of this study wae achieved.

A new shoxt term method of teating fox carcincgenicity

[f\_ it

having hoen evolved from the conpideration of the factors
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influeneing the resulbs obtained by ourrently accepted
metheds,

An account of the method and the wesults obtuined
vas prosented at the Oth. Internationel Cancer Uongress
in Mogoow in July of 1962 and subsequently published in

the British Journal of Cancex. (Peacook, 1962),
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Applicetions of the Uwbryo Impisnt Teshnigue.

Ariging oul of the succesuful completion of the first

part of this study weve 2 mumber of paoblems reguixing

further experimental investigation.

b,

Qa

e

e

In brosd outline bthese were =

Could & quantitetive assessuent e wode of

the amount of a given garcinogen reguired

to induses a tunour,

there a subatance had given sguivooal avidenca
of varainogenic zedion, sould wore posiiive
resulte he ovtainad by this mothod.

Some corplnogens bave o long latent pexiod,

"

right thig method shomten The time requined

o produpe similay wesulds.

Bevause gone subeisnces only accumniote

slowly in the body thewe is o long Hiaze interval
111 fboxicity affests awe built wps  The consiant
exposure of this method wlght Jdemcnalrats

toxie effects goonar than ohher tsshunlgused.

To one particular ticsue more sensitive than

any othow iy roaching to carcinogonic offeoots,

A pories of expariments wane designed to btxy o
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anowey those questions and in sddéition some straightforward
toxicity tests were carried oub on #m:'a‘.cma substonces for
some of my colleaguesn ko supplement sypexdnentel wordk in
whish they wore engaged and on othexr curginogende agents

not related to the Hydrooarhon saries,
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Quantitntive Study of the Effeat of o known Uareinosan,

Having shown that vexy smali“qu&nhitiea of &
corginogen cowld induce tumoursfby direet welghing me?gggp,“
& guantitative study was widertoken as the logical
extension of this obsexvabion.

344 Benwopyrene, Hydrocsrbon No. 3 of the test
series, vas chomen as it had given evidence of careinogenie
offeot in nost types of embryo implant.

The procedure was 28 {ollows =
a. A amall plece of aluminiwn foil was weighed and

then re~woighed with & emall crystal of the
Hydrocarbone The Hydrovarbon wes handled on the
foll %ill vhe time of ilmplentation. The amounts
used were deliberately varied and all wore larger
then previously used to increzee ease and acouragy
of measurements.

b. 4An embzyo implant was mede incorporating the
welghed amount of Hydrocorbon, Only lung tisoue
wes used and six dmplants were mode each iutc a
different mouse.

¢« ‘the empty foil was them pleced in o measured

amount of acetone and the instruments rinsed in

e N

/ .
12 RPN
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the mame sostone to mecovexr any btraces of
hydrocarbon prorsnd,

The amount of hydrocarbon if any in the acelons
wap estimated uweing o »ecording spectrophutometsy,
Tn one case only was a very suall trace mensured.
After 16 woeks the aninpls were killed snd a
smoll fragment of the ftumour present was haken
for higtology in oxder to confirm the action of
the carcinogen.

At post mortenm 1% was noted thet inr four cages
the crystals were otill present and fluworeaceni.
These weve labelled and placed in individual
containers.

The leg uped for the test was ampubated and skin
and foot removeds The remaining tisoua was
emalsifled and extracted with benzene.

The amount of hydrocarbon remaining in the leg
tissnes van estimated se in (d) using bthe recoxding

gpeoctrophotoneber end wheroe epplicable the omount

of the residual cnyatal was also detexmined sepavately.

The differcnce bobween fimel figure of xecoversd

hydrocarbon and that originally inplanted wag
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held to be the aaxinun gaount which could heve been
netaboliged dn the process of inducing each

pantionlar tunour. Seo Teble 20,
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The procedure for s qualitative approach was thue
successfully esteblished and the previous sonclusion
that very small quentities of materizl wero‘suffiuient
to induce tumours confirmed.

There is no evidence thaﬁ the total unrecovered
amounts wera in fact necenssyy to induce these tumoura.
A titration type of experiment would be neecessary in
oxder to deformine a lower linit for the amount which
could be carcinogenie under these circumstsonces.

This would be quite an extensive study and at
the present time has not been undextaken.

It is probhable that the mejor part of the
carcinogen was absorbed by the host and exareted
unaltered or as a metabolite,

This probability would need to he taken into
acoount in designing further experiments of s

quanbitalive nature.
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Erbryo implants with "Imferon',

Inferen is an iron prepavation for intramsoulax
injeotion used in the treatment of iron deficiency snaemia.
It was veported by Richmond {1957) and Haddow & Hoxning
(1960) that this substance could induce sareomas in
experimental animals. The tumours arose at the
suboutansous site of injection.

Then the smbryo implent method was presented at the
Canger Congress in Moscow cne of the gquestions asked was
if embyyo implants had been exposed to Imferon. At that
time this had not heen done, but subsequently it was felt
that it would e of inberest to make such a sowles of
implants.

An Imfexon is & liqui(i. the embryo tigsuos wore
immersed in the f£ivid before implentation so thot thore was
g close contoct between the tissue and the test matorial
and £airly high dose levelsfor the size of tlsoue ensured,

Altogother 48 implonts of voxious ewbryo tissues
vere nade the distribution of whiech is shown in Taoble 21,

The eolumn headed "Lesions present” prefers to any

variabion in microscopic findings from the noxmal, as
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judged by compavison with the contwol series of implants.

A sinilar heading 1a used in later tshles.

?&hl. 21-

Tabryo implants made with imferon.

Tissue Implantas Tuplants liemionm Totels,
: nade. Recovered. found.

Skin 10 6 Nil 0/6
Lung 11 9 A 54/9
Stonach 11 10 1 1/11
Bludder 9 7 Fid 0/7
Kidney T 5 Mil 0/5

A = gdenona,

Higtology,

The principig nicroseopie findings were ag foliowsse
g A high incidence of adenomas in the lung implents,
These were sinilar in appearence to the solid sdenomas
recoxded in previoug experiments.
be A mingle gtomsch implant ghowsd etromal changea of
the type that wers described on page 184,

ce AlL the tiesues exanmined showed macrophages laden
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with pigment around the implantetion sites In some of
these the concentration was considerable. Iven when
the embxye timsue had failed 10 survive the site could
be identified by these pigment laden celle.

de Severel kidney implanis wewe made to see i this
tissue could survive. In three cases theto wag
resognisable pareno}wmai tissue prasent efter 16 weeks.
(Fige 85)s his wae rather suxprising as previous
atbempts &t implanting whole kzdney@ showed evidence
tgxaﬁ “the ureterie epithelivm could survive.

e+ Skin which normally gives a satisfactory implant
showed & vexry poox survival rate in conjunction with
imferon.

Conclusions,

A high incidence of pulnonaxy adencmas is reconied
and a poor suxrvival rale fox most of the tissues compared
with conbrols, this is moet marked in the case of the gkin.

Yheoe findings seen to iudicote a degree of boxicity
on the part of Imferon towards the eubryo implants.

Other than the poaslbly accepiable lung adenowas no
evidence of tumour induction is seen. This may be

explained by the great disparity in dogage belween this
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series of exponinents and bhose of Hicheond & laddow
sugoesting that the level of fmferon which heeds to be
zeached before a lesion cooura ney in fact ho fairly

higlhe
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Figure 80,

Haemstoxylin and Fosin, X 120

Bubryo kiduney implanted after exposurs to
Imferon. There is a recognisable cortieal
area presenc with well formed glomeruli.

The large spaces in the implant are presumably
due to dilatation of tubules or parte of the
ureterie pelvia,
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Iubzye Ioplents wikh Agetyleinino-Tinorine.
Thera ave substances whioh are careinogenie but whioh
- wequire meny appiivetions over a period of bime to produce thelx
effects. This may be due to the interaciion of vhxee factors.
a. The substance way be elther rapidly metebolized oz
olowly obsorbed. = The intexpley of these two means that it
tokes a long time for & toxic level o be reached and then
ugintained in the bodye
be The vhnixd faotor is the latent pewiod of
induction of a given {tigoue once it is exposed to & toxle
dose level of & givan caxoinogslle

Acebyl=iminoeFluorine (Ashel's) & chemioal with the

: : :: NH CO CH,

was found to be a vexy satisfactory pesticide and in the

graphic formrula

courss of routine toxieity tests Wileon, DeEis & Cox (1941)
found that it was also o potent carcinogen. The exporiments
involved feeding lazge quantities daily mixed in the diet
of the experinentsl aninmgla.

ALYl mubseguent xoports of tumour induotion by AJAP,

have mede use of high dossge, freguenily repented. This
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hag probobly been necessory due to the fairly repid rote
of metabolism of AJAJ, by the body,

As the impluent rothod cnouvres locslization of the
sanget tissue end the test subsbonce in olose aontach
it wos folt thet adequote exposure to AAP. might ba
obteined over o shorter veoriod of time then previously
resorded.  Further it was possible thet the rate of
moboholism in thin site might be weduwced so that the
single dose glven st the tims of implsntotion might
exert its gotion over a nurnber of wecks.

Ta o1l 56 implents ware moede; their distzidbution
being shown in Teblie 22.

Table 223,
Babeye Implants made with AcetyieAnino-Rincrine.

Tissue Inplants Implants Lesion Totals.
wuade. recovered. proesent.

Skin 13 13 W1 0/13

Tang 13 12 5A 58/12

Stomach 15 14 ik} 0/14

Small

Intestine 3 3 Wil o/3

Bladder 32 11 §il 0712

A = adenona

AT i
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Higtolog.
The pulmonaxry implant sdenomas wers of the sane

type as previously reocopxded. They were all smaller than
in any of the cher implant experiments suggesting perhaps
a lower level of astimulation of the érhbryo tﬁ.naﬁo by ALAWF,
than was obtainoé_l by other substances under teast.

all types of embryo tissue showed & normal ﬁattem
of growth and no othey microseopie ahnormalities wore seen.
C:onclus}_g’ e

This aubstance which ig known to be rapidly
metabolized and {0 reguire a high dose level to produce
ite effect failed 10 creste any significant changes in the
embryc tissues under the oonditions of this exporiment.

From this one would conclude that impleantation of
a gimiler substance with embryo tissue is not capable of
producing a aufi‘ieient degrec of stimulus as & result

of a single exposure,
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Bubxyo Implents with Urethane.

It was shown by Nettleship & Henshaw in 1945 that the
offepring of prognent mice, injected near term with
nrethene, had e high incldence of Leukaemia and pulnonaxy
tumours. These conditions only manifest thomselves in the
adult life of the mice affected in utero, so theve was en
interval of up to two years before those resulis were
obtained.

This group of implants was made to see if the influence
of urethane injections on foetal tissue in utero could be
demonstrated in o shorter period of time. The procedure
edopted wae se follows. Prognamt Palb/C mice were injected
intraperitoneally with 0.2 mi. of a 1.07% solution of
urothone. The injections were made within 48 hours of
death and were sometimes gingle, sometimes multiple.

At the chogen time interval after injection the mothers
were killed and the foebuses vemoved for dissection im the
usual way. Only lung ftissue wes taken fop implantation
and the impleats woere made without any further treatment.
Aftor 16 wioeks the host animels wore killed and the
inplants examined niloroscopically. The time intervals

for the injections of the proguant femalos were as
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follows -
8. 48 hours and 24 hours before desth.
b 24 hours hefore desih,

¢. 24 hours awd & hours befove death.

The results of the iuplants made from the embryos of

these groupe of treated females are shown in Table 23.

Tgble 23.

Embxyo lung implants exposed to urethane
in utoro, .

Injection Tmplants Implanta Lesions Totale.
Timesa, 1nace, Regovered. Pregent.

48 hours and -

24 hours, 14 u / 5/12
24 houxs, 8 Vi Wil /7

24 hours and

¢ hours. 4 13 8 8/13

iistologzy.
Threo main features were pyesent in these embryo

lung implants.

8. A diffuse but heavy infiltzmation of the implant by

cells which bave the appearance of small lymphocyles.

Somotines this dg a fooal infiltration lesving zones of

noraal alveclaw lung tissue,. 'Fig,mre 86 illustrates
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this type of lesion.
bs. Often quite lavge amounte of thymio tissue were seen
in gasociation with theee fmplants. Fig. 87. The {hynus
in these ceses having beer accidentally inplonted with the
embryo lung. This had been noted in obher experiuents
but only in this sexies hawe such large amovnis of tipsue
been seen, which sugpests it may be under the stlmulius of
the urethanes This tissue may be the source of the cells
infiltrating the lung implents, though no direot
corvelation could be established.
¢. 4 compact mass of pale stalning rathex poorly
differentiated colls fooming o distinet nodule. The
precise origin of these oells hss been difficult to
detewwine. They zosemble in many ways smooth muscle
fibres and it may be that they axe of origin from the
smpooth mugele of the bronmehds Thls mppears o be 2
benign lesgion, It has not boeen observed in any other type
of implan® experiment. The appeavances are illusirated
in Fig. 66 and Fig, 89.
Lonoclusion,.

Ib would seem irom a study of Table 23 that mors than

oie dnJevtion needs to be given Lo the wother before any
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lesion is seen in the subusquent embryo tissue implant.

The exacet tining of these injectione appears t0 be lmmatorial.
As all the implantc survived equally well in each

group, failure of survival doea mob account for the lack

of legions occurring in those only exposed to one matexnal

injeotion.

With regexd to the type of changes taking place in the
implanta these scem to be benign in so far as they do not
affett the host., lowever, as they are characteristic
only of embzyo lung exposed fo urethane it neens
reasonable to suppoese that they are eaxly evidence of
potential later changes of the type firet described by
Vettleship et al. The objeot of demonstreting evidence
of this chuvige in a ghoxrter period than the normal life
epan of the atffected fontus inm held to have been

succesgsful.



Figure §6.
Haematoxylin and Eosin. X 48

v

Implanted lung exposed to Urethane
an area of diffuse round cell infiltratiom.

Haematoxylin and Eosin. X 120

£ ) : o
. ,

S Al T .f.

Higher power view of another lung showing
the focal type of round cell infiltratiom.



29,

i e 87.

Haematoxylin and Eoein, X 48

Embryo thymue implant exposed to Urethsane.
The great inorease in size due to hyperplasia
is seen when compured with Fig. 5%, page 156,
which is at the same magnificationm,




X 48.

Haewatoxylin and EZosin.

is clearly

Lung implant exposed to urethane showing an
associated nodule of smooth muscle origin

The contiauity with the lung tissue
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Figure 89
Haematoxylin and Eosin. X 120

An enlarged view of part of figure 88 showing
the structure of the smooth muscle nodule,
There is clear evidence of continuity with the
embryo lung.
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In 1957 it was reported that large doses of isoniazid
{TH) injected intraperitoneally induced lung tumours in
micg/ HJuhasz, Balo & Kendrey, 1957; As this substance
i a well eshablished Qrvug in the treatment of imberculosis
‘the roport was of considexeble significsnce. Repoxte
from other workere soon confirmed these findings, iori,
Yasuno, Matsumoto 1960 and Bianchifiori 1961.

Tbreye lung tan be influenced in utero by a carcinogen
a8 we know fxom the experiments of injecting urethans into
prognent nice,

It seagmed reasoneble as IVH had been shown to be
g caveinogen for the adult mouse lung that it might also
effect embryo lung tissue in utero.

o test this hypothesis a nunber of pregnant Balib/C
mice wore injected with a sclution of INH. A similar
goneentration to that used by Juhasz of al wav employed.
100 mg/Kg. of body weight. It should be nobted that the
therapeutic dose in man is of the order of 3«8 mg/lz. body
weight. This solution proved o be very toxic gilven
intraperitoneally, 0.5 zl. csusing abortion in many

mothers within 6 to 8 hours. It waa finally established



that 0.2 ul. was the waximum dose which could be given
in 24 houmrs without caﬁsing gbortion.

Por comparative purposes the seme injeotion
schedules wére uged a8 in $he uret‘hane ex}geriments
described in the preceding section. The nuabers of
implants nade frbm eagh growp of maternai injectione

ip shown in Table 24,

Injection implants fmplants Legions Potals.
times. . nade. . Racovered. Frosent, -

48 hours and :

24 houvs. 28 26 ,Lraa 1+44/26
24 hours. 28 23 4+1A 4+1A/26
24 hours and A

& hours. 22 22 3434 3+34/22

A = adenons

Thig table shows that there is & good survivel rate
in gll the group of implants. In contrast to the
urathane series o single moternal injection produced

higtologicel changes.
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Hatolozy.

as As in the cage of some other substences tested a
nuaber of adenomss of lung sceurreds One of these showed
an pnusuel appearvanse growing into the lumen of & small
bronehup in & polypoidal manpex. (Mg, 90).
bs In jwo implenta from the single injection group
there were ewean of intra bronchiel keratinization
chavactoristie of aguamous metaplasis, (Figs. 21 and 92).
¢. HNodules of smooth muecle origin of the type first
seen in the urethane series ocourred in all three
injoction groups. Altogether there were six of those
nodules. Specially siained scotions confirmed thelr
oxigin from gmooth muscle.

The fact that they were not scen alone in the
host tissues but always in close ssscciation with embryo
lung strongly suggeste s foetal orvigin and not an orxigin
from the host. (Figs. 93 amd 94).
ds. MNany of the implants showsd marxked alveclar
dilatation ao their only microscopie abnormality. This
was due mainly to the retention of secretion. In some
cages active pecretion Ly the lining ¢ells could be seen

(Figs. 955 96 and 97).
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Fram the expericnce of examining over 800 ilamplands
of various tiesues 1t can be eiated that this type of
appearance had not previously been yevoxded. A definite
increape in the secrebory sobividty of these lung implante
had ocourzed.
a8« Plgnent laden macvophages vers present in many of
the implants. This piguent was shown by specisl
stalus to be a lipofuscin,

A definite effect on the subsequent zrowth
retteorn of embryo lung implenis ds evident as a xesuld
of injaoting the proguant mouse with INH,

The pxineiple feature common to the changes
observed was & stimulus of growth or activiby by a
paxticular ¢ell type. It de of interest that this type
of reaction was seen only in the two wseries of experiments
whers exposnre of the foetal tissues ocourred in utero.
The tissues vere at least five or six days younger at
the time of exposure by this wmethod than if implanted
in conjuncbion with a test subsiances Thig difference
in tissue nay have been the deciding factor in this

group of implants,
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Ho melignent lesicns vere seen but the difference
in dese lovels of exposurae by this wmethod and that of
Juhasz et al was considorable.

It 19 £elt that this oxperiment spproximated

moxre nearly vo the levels given therapeutically in mau,



227.

Ficure 9C

Haematoxylin and Eosin. X 120

Embryo lung implant exposed to iscniazid showing
an atypical adencma., The adenoma has grown into
the lunsn of a tronchus giving a polypoidal appoarance.
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Figure 91
Haematoxylin and Eosin. X 120
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Embriyo Lung Implants exposed to isoniazid showing
squamous motaplasia in a smsll bronchus,



Haematoxylin and Eosin. X 120
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Embryo lung implant after exposure tc iscriazid.
Squamous metaplasia is seen in a bronchus. Compare
with preceeding illustration and figure 64, page
172,
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Haema torylin and Eosin. X 48

Lung implant exposed to isoniasid
showing a smooth muscle tumour similaxr
to that shown in figure 88,
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Elpure 24
{lasnatoxylin and Ecain. X 120

An enlarged view of part of figure 93
showing the arrangement of smooth muscle
fibres. Compare with figure 89, page 221.
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Figure 92,
Haematoxylin and Eosin, X 48

Eabryo lung implant exposed to isoniasid.

There is very obvious dilatation of many of

the alveoli which contain eosinophiliec material.
“Foeal round cell infiltration is also seen.
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Eigure 96,
Haematoxylin end Eosin. X 48

Embryo lung implant exposed to isoniazid,
Some alveoli are dilated but the striking
feature in this case is dilatation of
terminal bronechi.
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Figure 27
Haematoxylin and Eosin. X 48

Dilated alveoli in lung implant treated with
isoniazid showing active secretion by the

lining cells.



235

Lmbryo Implents with Witrosauing.

The aitrosamines are a group of substances which
hove been reporbed to be highly toxic undeor experimental
condibions. Tumours of various zites heve been
induced dn nice including lung and liver. Drukrey 1962

Thore is also evidenos 0 puggest that where they
are used in certain indusirial provesses the opereivives
handling them ave af riske. A significent associnbion
batween exposure 0 those c¢hemloals and pulmonany
tumoury apresrs o exlat,. Drukrey pegsonal conmunication.

The nitrosamines ave odly voletile ligquids.

Sevorsd semples of them wers obteined from Frofessoyx
Drukrey efter the 8th. Intexnationgl Uancer CGongress in
1962,

A high incidence of pwimonnry twnours hatl been

chtained with ¥. nitroso Diethylamine.

CH3-——CH2

N—N== 0O
€ Hg—— C H,
Thig member of the growmp was used fox the Following
toxicity studies on enbryo tissue implants.

Bocause of the volatlle naturs of tho substance
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ppeeial precantions were taken In coxrying out the implant
procadurt.
8. BSoth opeyvator and assisiant wors zwbber gloves whioh
were disposed of afior each implonting session aund
bs A persﬁex hood with an exhanst fan in the oullet
vent wos installed oven the operating tables. This
allowed ell the escmpod vapour to be extrected slong the
duct to the oubside atmospheore.
c. The tissues for iaplantetion were placed around the
peripbory of a wide diameter pelwl dish. At the centre
of the dish was placved a small watch glass., The
nivrogamine wag pub 1o the waich glass and the pelxid
dish covereds This exposed the tissues to a concentrated
vapour of nitzroszmine without dixeot contaet with the
liquide

Exposure was foxr 10 minutes before implantatbion
end 0«9 ml. of nitrosamine was used.
¢e Harlier implants were male using tissuves dipped into
the nitrosawine but these were found to underge rapid
necropis and within 49 hours vere no longer vlable.

The distrivution of embzyo implanits made after
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oxposure to the vapour of niteosanine la given in Table
2D
Table 25.

Results of fmbryo Tigsue Taplauts expossed o
Sitrogemine Vapour,

T sone Wou of  Tos of Neorosis Yyperplasia

Implanted. Implants  Implanis Present, Prosent,
Jnada. Reoovared, .

Skin 12 10 3 3

Iang 24 19 7 1

Stomach 13 10 4 2

Bladder 10 2 i 3

Bia%olosy.

Vanying degrees of neorosia wore noted in thens
implantae In some cazes thers was & nearly norngl tissue
pags pregent,in others small dslands of viable celle were
seen swrounded by necrosed tissue.

Pamage did not extond to the host tissues bud
where there way nassive necrosis of the iwplant o chronic
inflammatbory roaction was sometimen Szen srouwnd the ambxyo
tisoue.

a. lung was the mosat sensiltive tissve with un incidence
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o€ necrosis twica that of any other. Only a few
implanto recovered were in a generxally good stale of
prescyvation and ovidence of normal funcbion such as
masus gecretion was not found. Flg. 58.

be The glandular pert of the stomach shewed a
somowhak aimilaﬁ aensiﬁ&v&iy w0 that of the lung.
Guite wide gones of necresly sepnrabed aveas of viable
Bu0os8. Fige 99,

ce  Tho most giviking féature vhere thewme vwan good
supvival of ewmbryo tissuss was in sguanous epiitheliwa.
Altereation of the pattorn of kesslinizabion was seen
bobth in skln and the squamous pard of the stomach.

The ¢alls of 8ll levels reunined nucleated end thewa
were prominent kevato-hyaline gramules. The thicknass
0f the spltheliun waw glso invxeased in a nuaber of
areag. Figsas 100 and 101,

fonglusion,.

The marled degree of toxielty of We unitxose
Biethylonine fox more than one type of tisoue was
confimed,

The sensliivity of this mothod of toxicidy testing

vag underlined by the mebthod of exposure to the
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nltropanine, There was no phyaical contect betwesn
the ¥tlegaues and the nitrosamine except as & concentyated
vepour in a confined atmosphere for a meapured time

before implantaiion.
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i 8.
Hagmatoxylin and Eosin, X 120

: .”‘_,_ b -. "
- w S L N
e ’{4'ﬂph_i*§?'g

) &
RS

v o

\

' ;"‘\"’.’.‘

o, . 4 )
oy N & !
A A

LD 2 ] : N \

Embryc lung implant exposed to nitrosamine.
Much of the tissue is neorcsed and only
small groupe of cells seem to be visble.
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Eigure 99,
Haematoxylin and Eosin. X 120

Embryo stomach implant exposed to nitrosaaine.
Glandular mucosa showing marked necrosis with
only the bases of the glande appearing to be
viable.
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Figure 100,
Haematoxylin and Eosin. X 120

Embryo stomach implant exposed to nitrosamine.
Squamous epithelium showing alteration of
keratinization pattern and necrosis.
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Pigure 101,
Haematoxylin and Eosin. X 120

Eabryo skin impiant exposed to nitrosamine.
Marked alteration in the keratinization pattemm
is seen and only some of the tissue remsins
viablae,



As pard of a general abudy of the assoclation of
tobaceo with the development of caveinoma my colleague
Dy, Fell was studying fndisn Tobaceo leaf. This leaf
is usuwally wced for chewing zather than suoking and is
.made up into & 'wad' containing g nmuaber of congliituonts
vhich givee an alkaline solution when masticateds In
an abtempt to simulate this,; an alkaline agueous extract
was proparad which gave a brown amorphous residue on
ovaporations This extract was freze of known careincgens
of the polyoycelic avomabic hydGrocsrbon bype.

Toxiclty tests using the implant method were made
ubing this tobasco extract.

Some ilmplants were also made using tobacco oxtract
alones

The distyibution of these implants is ghown in
Table 264

It is of inberest to note that within o few minutes
of the implaniabtion of tobaceo on one side, the host
mouse became deeply wneonscious guite unlike the normal
state of anacsthesias The vesplratory vote dropped and

long periods of apncea occurved with intexvening episodem
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of Cheyne-dtokes type of reapivation, If the sccond side
wag dnplanted also the host failed to rogelh consciousness
oud died in sbout 1) minutes, This was possibly due o a
high nicotine content in the tobacce as the sympions closgely
resembled thoge of nicotine poigoning, In practice it

was found possible to use sach host fox only one implent

in which oase congciousness was regeinsd in sheut 10

minutes instesd of the usuel 3 to 4 minmates,.

Table 26,

Empzyg Inplants with Tobacco Ixtract.
Tigsue. Implants Implants Iegicns Total.

_gde, Recovexed, nresent.
Skin 5 3 0 /3
Iung 21 17 TH4A, 1+43/17
Stomaeh 16 16 1 1/16
Bladdex 5 5 1 1/5
“obanoo 15 13 0 0/13

e r 1y
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Histologys

a« Vhere tobaeoo alone had beon implanted the site was
cagily identified by golden brown pigment free in the tissues
and algo in maorophege. Figs 102, No leeioms of any other
kingd than a mild inflaumatory reaction wore seen in this
ELOuDe

be A fow of the lung implanis showed the prescnoe of
adenonan, of the type ssen in other experiuents, with no
distinguishing features.

d. One lung implent had s hyalinized eros present in

a bronchus similar to others seen with sguanous meteplasie.
Tig, 103. In this cose no traueition zone from

glanduler o squemous cpitheliwn wag seen in & bronchus.

de  One bladder luplent had a vexy marked papillons
prosent, 4 change in the bladder cplithelium which had

not beon seen in eny obhey experviment. Fige 104.

This nppenrs to be a benign lesion.

e. One stomach implent showed & degenerative sondition
affgoting only the glandulay nuaoea. 'This ls in contrast
{0 the changes in the squamous epitheliwn described on

poge 184« Hearly all the cells appear to be in a

degenorative sitate with the exaeptien of a few of the



247,

poriotal celle. Vigs. 105 and 106.

M immediate toxie effect on the host wns seen ab
the time of opowabion, With vegard to the implented
embryo tissue there has heen a selective toxic effect on
the akin which is the only tissue showing o pooy survival
for the pericd of the experinment, Thyse isolated
impleonits each of a diffevent tissue showed distinet
abnormalities which eould be attributed to the exposure
%o tobaceo extract. As in other experiﬁeﬁfs a nunher
of ndenonag of lung were observed.

Thense findihgﬁ point to the presence of g toxie
element in this froctlon of the tobacco but no positive
proof of a carsinogenic effect was Seei.

Further investligetion %o detexmine the nature of the
toxic substence or subsiances would reguire a detailed
analysis of the composition of this possibly complex
gauaeons extraolt followed by separéate toxieity teste for

each component.
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Figure 102,
Haematoxylin and Eosin, X 480

Pigment laden cells from the site of
implantation of tobaceo alone.
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Figure 103,
Haematoxylin and Eosin, X 120

Eabryo lung implant exposed to tobacco extract.
Hymline material is preesent, an appearance
previcusly seen in association with squamous
metaplasia in the bronchi. Compare with

Fig. 65, page 172 and Figs. 91, 92, pages 228
and 229.
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Figupe 104,
Haematoxylin and Eosin. X 48

Embryo Bladder implant exposed to Tobaocco
Extract showing a papillomatous lesion of
the bladder wall.
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Figure 100,
Haematoxylin and Eosin. X1

Embryo Stomach Implant exposed to Tobaceco Extract.

A degenerative lesion of the glandular mucosa is
present, the squamous epithelium being unaffected.
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Figure 106.

Haematoxylim and Eosin. X 480

Part of Fig. 105 enlarged to show the changes
in the glandular micosa. Only an occasional
dark staining parietal cell appeara to be
viable.
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Dieougsion of the Fubryc Implent Method,

Thiz suzgical prosedure has been found very sdapiable
vhile cazrwying out the expeviments which hove besn
described in the pre¢eding sectiona,

in the cowrse of evolving and applying the method
over 800 implants have been made end stulied microscopically,

Fron this experience certain conclusions have heen
A1ARN.

a. Untroabted embryo tissue shows no nlgroscopie
ahnormalitles of development ofier 3 montho in the host,
Normel diffsxentiation tekes place and certein cvidence
of functionsl rmetivity ic secen.

b Exposure to non-toxdic or non-carcinogenic subatences
at the lmplant site does not produce any lesions in the
implented btissues.

¢, Uhere a substence knownt to be toxic orx carcinogenie
hos been implanted in association with embryo tissue,
microscopical lesions are seen. These vary in degree
from mild hyperplasias to frank nglignaney with invasion
of tha hoat tiscuas.

de ﬁhVOIVement of the host tissues in these reaotions

does not oceur directly oxeept in the case of ocue oxv two




potent capecinogons.

e, UNore then one voulz of exposure of the implant to
the test substence wae used %o produce miovoscopically
recognizeable ¢hanges, HNach hag baeen in ite own way

equally successful.

Subseguent to the publication of a papse
describing the methed and zome of the rosults obtained
{Pencock 1962) many requesta for roprints were received.

It wog 2izo a privilege to vecelve requeste frow
o by of Ingtiduies bo train members of their staff
to praotlce the ewbryo lmplant technique. In
particular it was an honour that some of these visitors
should have come fyvom othex eountyies for this express
PUTPOSE.

The possible applications in the fields of
physiology smd pbermscology have heen dlecussed with
those interesbted in these Pields, It is a method of
providing igoleted vormel tissues free of the rest of
the orgonisn yet pohtentially they can be reached
via the blead supply of the host, or where eysts form
can be divectly spproached by in%cculaﬁion e tewlb

subsbtances.
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SUMIARY,

The accepted standard methode of testing substances
for their toxic properties wore examined under the
following general headinger- Ohkin Painting, Injection
Mathods, Implantation ilsthodsa.

From published work it was evident that many
factors influenced the vesults obtainable by any given
procedure.

Animal experimente were therefore devised %o
investigate the influence of these factors. These
studies involved large numbers of animals from whioh
congiderable histological material was examined, The
results go obltained made it poasible to systematize and
standardize mahy of the methods to a degree previously
unygcorded.

Theresfter comparative studies were nmade of the
improved tevhniques as tests for carcinogenicity. As a
geries of test substances fifteen polycyelic arcmatic
hydrocaxrbons were used. These were tested blind and

only identified after completion cf the experiments.
It was found that the implant method peracnally

avolved gave the best results as a teat for carcinogens.
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Bxploration of the potential of this method of
enbrye organ homografbing has shown that in eash case
the objectives of the application have heen fulfilled.

It is felt that this work has produced a veny
edaptable and sensitive experimental procedure for which
there ere many appliosbtions.

An account of the mathod has been published
prior t0 the writing of this thesis. It was intended
to inciude a repxint with the thesls but these were all
exhausted by reguests within three moniths of

publication,
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APPENDIX Wo.de

Leceeduze fom Processing Skin after Zenker Fixabion.

Waah in waber for 24 howrsg minlmwm,
707% slcohol by day.

90/ alechold overnight.

Abgolute aloohol I 2 hrs.

Abgolute alechol I1 2 haese

Bylols  absolute aicohol 50:50 1% hus.
Xylol T 2 hrs.

dylol Xf 2 haioe

Poraffin Vexs Xylol 50850 overnight ab 36°C.
Povafiin Wax X 20 mino.

Poraffin Wax XI 20 nine.

Pexalfin Wax IIT 20 mine.

Block in Povaffin Vex of melting point 56°C.
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APPENDIX Nos2,

Pirst weeok.
Hondey Paint all aninals.
Taesdoy Fix Group 4.
Wednasdey Mg Group B Vash Group 4.

Thuesdsy ¥ix Grovp C Wash Group B.

Fridey Fix Group B Wash Group C.

Saturday Wash Group D

Sundey Leave Group A & B in 70% alcohol Group € & D
washing.

Seoond week.

Yonday =

Groug 4 & B 90% aleohol Geoup C & D T0% aleohold.
Tuesday -

Group A & B Gmoup ¢ & D 90% alcohol.
Ahsolute Aloghol=Xylol

fedneaday =

Group A& B Geoup € & D Absolute

Through Pexeffin & Imbod. Algohol = Xylol,

Thurgdey -
Group C & D
Ehrough Parafifin & Hmbed.
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APPINDIX Heo 3

Date of Paintinge
¥ Number of Drops:

Neked Lve Appearancess

Skin fluorescence.

Skin datiaze.

Deep surfmce fiuoresscence.

leap surfece hyperasmin.

licroseopie Aunearances:
Stage of heir oyole.

Hyperkeratoais.
Fpithelial hyperplasis.
Collular infilbrations
State of vessels.

Oedenn,.

*en drops = 0,2 ul.

(approx. ) .
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APPEVDIE NOo 4o
Iigene Progeasing Froceduve,

Piasbion was for e minimum of 40 hvs. in 10% Fonuol
Salines

Decaleification was then ceryied oub fox § o 7 doys
in o mixture of 5% Yowmiec eoid and ea'hion exchanae
resine ‘Phe resin usel was seolarb 225 mewufaciured
by the Pexoutit Co.

Afber decaleification the legs were hilssoled in the
sagiiutal plane giving bwo halves b0 be called A znd B,
These were then provessed in an autonmatic tigsue
procegsing maohine to the stage of cnbedding in wax.
If the implent wes visible the btisoue waso ombedded so
as to place it on the face to be cut Lirvet,

Serial sectlions were out and every benth seotion

wvag nounted and etalned with Hoemaboxylin and Fosin
$ill the implont woes identified. Thon o short ribbon
of § or 6 sequentinl sections wes movntbed eud stained

£or exominablon.
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