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CHAPTER I

INTRODUCTION

In fch© past, a great number of Investigations 
have been conducted to study the various effects of 
carcinogenic agents on laboratory animals. Some of the 
earlier works were devoted to observing the effect of 
certain carcinogens In relation to those viruses which 
had the ability to produce tumorous growths in experi
mental animals. It has been shown that these animals, 
pretreated with certain carcinogens, which included 
20-methylcholánthrene, exhibited marked alteration as 
to characteristics of these tumor-producing viruses.
Other organisms have been reported stimulated in growth 
by its presence. This obviously suggests the possibility 
that the carcinogens might have imparted a conditioning 
effect to the cells rendering them more susceptible 
to these infectious agents. The primary purpose of 
this investigation is directed towards the observation 
and explanation of the effects, If any, this predis
position of such treated cells would have in terms of 
multiplication and growth of vaccinia virus.

The Carcinogens.--A large assortment of agents 
have the ability of inducing cancerous growths in 
various tissues of animals. These may be classified as
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physical, chemical and biological agents. Furthermore, 
some of these are agents presumably foreign to the 
animal, (extrinsic factors), others are produced either 
by the animal itself, or by other living organisms of 
different species, (intrinsic factors). It is of 
Interest to note that to the myriads of agents already 
known, new ones are added every year. Hartwell, in 
his publications of 1941 and 1952, listed close to 
1300 chemical substances which had been tested for 
carcinogenic activity. The purpose of these Investi
gations has not been primarily a tour da force to 
discover how many agents will produce cancer# as 
Hartwell states, but to observe some relation among 
those known to be active and to acquire some infor
mation as to their mode of action.

The carcinogenic agent used in this Investi
gation Is 20-methyleholanthrone, which is one of the 
most powerful carcinogenic agents known in the class 
of polycyclic hydrocarbons. It is generally considered 
as an extrinsic factor in the experimental induction 
of cancerous growth.

It might be advisable at the very beginning 
to define what is meant by a carcinogenic agent. 
Obviously, reference is made to an agent which will 
produce cancer in a animal, but this is far from the
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whole story, as generally believed. The whole exper
imental animal Itself participates In the proses».
An agent earcinogenlcally active In one species of 
animal may be Inactive In another species. Further
more, an agent may be active under some modes of 
administration and inactive under others. Thus, 
these and many other observations indicate that the 
carcinogenic potency of an agent does not merely 
reside in the nature of the agent alone, but Is a 
function of the following factors:

1. The dosage of the agent.
2. The nature of the vehicle.
3. The mode and length of time of admini

stration of the agent.
4. The strain, the species, the sex, and the 

age of the test animal.
5. The site of application.
6» The presence of concomitant factors such 

as the level of essential dietary 
constituents and the number of animal© 
in a cage.

7. Those factors a® yet unknown.
Therefore, In the use of 20-msthylcholanthrene In 
this investigation, It Is understood that such 
activity of this specific agent Is exhibited under



the limitations of the experimental conditions employed 
and not necessarily under any others. Obviously, 
since the chick-embryo technique Is used, there will 
be some over-lapping of the above suggested factors, 
while some (4 and 6) have no bearing to the problem 
and may be disregarded.

This investigation utilises the chorio
allantoic membrane of the embryonated egg as the 
experimental animal only In so far as It provides a 
suitable living substrate for the vaccinia virus.
The use of the carcinogen, 20-methylcholanfchrene, is 
not for the sole purpose in attempting to produce 
neoplastic growths in the ehorie-allantolc membrane 
per se. but to observe predisposing alterations, if 
any, it has on the susceptibility of those cellular 
components of the membrane involved in the production 
of vaccinal lesions.



CHAPTER II

REVIEW OF LITERATURE

The Carcinogenic Activity of Coal Tar 
and Coal Tar Derivatives

The problem of cancer Is still an obscure 
one, even to this present date. There h a w  been a 
great number of experiments conducted dealing with 
the subjection ©f various animal tissues to treat
ment to a host of chemical reagents. Through the 
latest report by Hartwell In 1951 (1), of the 1300 
compounds surveyed for carcinogenic activity, 322 
exhibited themselves a® causative agents of a benign 
nature.

Coal Tar.— It may be said that the cumulative 
knowledge of carcinogens which science possesses 
today had its beginning back in the 18th century 
because of a simple clinical observation that workmen 
In certain occupations were particularly prone to 
develop certain types of cancers. Sir Pereiv&l Potts1 
description of cancer of the scrotum in chimney 
sweeps may be said to have been among the earliest 
observation on the subject. This, indeed, was among 
the first efforts which provided the necessary 
stimulus in the launching of a continuous series of
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Investigations In the field of cancer research as 
we know of It today. During the century which followed, 
with the development of the coal tar industry, it 
was noticed that workers in the tar distillation 
plants showed an abnormally high Incidence of skin 
cancer. At this point the realisation was had that the 
causal relation which could he shown to exist between 
tar or Its products to the initiation and development 
of cancer had more than just significance as an 
occupational hasard. Should it be definitely esta
blished that cancer could be produced by a known 
chemical substance, it would at once explode the 
aceummulated hypotheses of centuries, based solely on 
conjecture and substitute instead of the possibility 
of an exact knowledge of the external agents of 
cancer production and the means of combating the 
effects of these agents.

In the light of these possibilities, the 
early workers proceeded In experimentations on 
laboratory animals, since the proof of these 
possibilities could only be ascertained in this 
manner. At the beginning, the era of this trend of 
investigation was marked by many years of fruitless 
attempts to Induce cancer by the application of tar 
to the skin of experimental animals, chiefly rabbits.
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It seemed as though experimentation along this line 
was doomed to failure. Finally in 1915 (2), as a 
result of a long and patient application of tar to 
the ears of the rabbit, the Japanese workers, Yamagiwa 
and Ichikawa, were able to announce th® first success
ful production of cancer in an experimental animal.
They proved that the major cause of failures In 
earlier investigations wa® attributed to the relatively 
short period of time that the coal tar was applied 
to the animals under observation. Thus, with the 
production of undoubted epithelioma, the study of 
chemical carcinogenesis began. Equally as striking 
as the discovery that a chemical substance could 
produce cancer, was th® inference that different 
species (here man and rabbit) might be susceptible 
to the same carcinogenic agent or agents. However, 
work performed much later revealed that this Inference 
is not generally true, although in the early studies 
on several rodent species there was sufficient 
justification to encourage this notion of universal 
carcinogenic agents.

The Coal m r  Derivatives .-Following the 
pioneer investigations establishing the carcinogenicity 
of coal tar, the next logical step was concerned 
with the fractionation of th® coal tar and the
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ultimate isolation of the active material or materials.
The task of discovering the active carcin

ogenic substances in coal tar war® undertaken by two 
major group* of investigators namely, (a) the London 
group, whose ranks included Kennaway, Cook, Hie.ger, 
and many others? (b) the Boston group, consisting 
of such outstanding tenets as Shear, Fieser, and 
Andervont. Xt Is of interest to note that although 
there were relatively few discrepancies In the 
findings between the two groups, most of the differ
ences were due to the techniques of application and 
bloassay employed. These difference were and are 
still considered as crucial (3). Where the emphasis 
of the London group was primarily chemical and the 
use of experimental animals in so far as these 
provided a suitable testing system, the fundamental 
contributions of the Boston group consisted in an 
acquisition of and the subsequent!*! cognizance 
for the biological significance of carcinogenic 
susceptibility. These two major exponential 
groups, whose arduous labors began during the 
1920*8 and ended In the early 19*0*e, have laid 
down the substantial foundation on which further 
exploratory efforts of later workers have been 
based.
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It was then the synthesis and screening 
of these coal tar derivatives that were the chief 
concern of the English workers. Among the literally 
hundreds of synthetic polycyclic compounds examined 
was 20-methylcholanthrene.

20-Methylcholanthrene 
The synthesis of this compound was not 

done simply as a matter of course. It came about 
by the Inference that carcinogenicity of 1,2-benz
anthracene was enhanced by the alkyl substitution 
at 5 and 6 positions. What evolved proved to be
more actively carcinogenic. It was through an

-

earlier reported synthesis of this related substance 
effected by Clar (4) which resulted in the formation 
of 1,2,5,6-dlbenzanthracene. It was the first



representative of this class of substances which in 
the pure form, would induce cancer in an experimental

1,2,5,, 6-Di benzanthracene
animal (5). From this knowledge, the English in
vestigators proceeded in the synthesis of more 
complex compounds. The degradation of desoxycholic 
acid was undertaken by both Wieland (6) and Cook (7) 
in 1933, Although the proposed alkyl substitution 
of this substance had been unsuccessfully attempted 
through a misconception, the resulting preparation 
nevertheless proved to be one of the most potent 
carcinogens synthesized, 20-methyloholanthrene.

Desoxycholic acid Methyleholanthrene (7) 
In 1935 Fieser and Seligman (8) were successful in 
deriving this hydrocarbon source more abundantly



present in bile, cholic acid (norchol&nic acid)»
With the addition of more synthetic agents 

by newer and Improved methods, it became apparent 
that some of these were carcinogenic under certain 
conditions and relatively inactive under others.
The generally accepted method of application of 
such agents was by skin-painting the experimental 
animal. Shear and Andervont (9) noted that 10- 
methyl-1,2-benzanthracene, formerly reported by 
Cook e_t al. (10) as osreinogenically inert by the 
skin-painting technique, induced the formation of 
sarcomas via the subcutaneous route of injection.
It was later indicated also that the suspending 
agents for these compounds may Influence the degree 
of their carcinogenicity as suggested by several 
investigators (11*18). It had been definitely 
established by Burrows, Hieger and Kennaway (23) 
that 1,2,5,6-dlbenzanthracene dissolved in lard 
produced tumorous growths in a relatively shorter 
time (4-5 months) than it had when in solution with 
benzene(£-9 months). The question of whether these 
vehicles were of themselves carcinogenic posed a 
problem for these investigators. Since these 
hydrocarbons are nearly insoluble in water, and if 
homogenous solutions are to be applied, it was
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obvious that the fat solvents must be employed 
(11?12). Some of these solvents reported to have 
been used are benzene, chloroform, ether, acetone, 
sesame oil, lard, lanolin, and trlcaprylin. Stowe11 and 
Cramer (14) observed that some of these solvents 
although satisfactory as pure liquids with reproducible 
properties, produced untoward pathological symptoms 
whe-n applied to some tissues. This was found es
pecially true for the volatile solvents, such as 
benzene, ether, chloroform. In the case of benzene, 
for example, upon application of benzene-methylcho- 
lanthrene on the skin, It caused a change in the 
blood picture qf the host. As for those solvents 
nonreproduclble but naturally occuring, such as lard 
and sesame oil, was considered as an acceptible 
vehicle of hydrocarbons being screened, for carcino
genicity. However, Lelter and Shear (16), Shimkin 
and Andervont (12) found that when comparisons of 
relative carcinogenicity between agents were desired, 
discordant and nonreproduclble experimental results 
were frequently obtained. In order to avoid the use 
of vehicles of such doubtful properties and repro
ducibility, Shear et el. (9) developed several 
methods of administration based upon the subcutaneous 
injection of hydrocarbon crystals moistened in
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glycerol. Equal successes were reported In the use 
of cholesterol (16) and trlcaprylln (11) as solvents. 
These generally were solvents of known composition, 
of favorable physical property, and of readily 
available purity.

In contrast, Simpson and Cramer (17) found 
that certain of the highly active carcinogenic 
hydrocarbons loso most of their activity when dis
solved in certain fatty solvents. Methylcholanthrene 
dissolved in anhydrous lanolin completely loses 
its activity for inducing skin tumors In mice.
Several of the hydrocarbons dissolved in the fat 
of animals similar or unrelated to the test animals 
suffer considerable loss in potency for Inducing 
subcutaneous tumors (18). It was suggested that 
the phospholipid fraction of these crude animal 
fats used as solvents was partly responsible for 
causing the decrease in tumor incidence.

The Specific Effect of Methylcholanthrene 
and Other Carcinogenic Agents

Since this investigation concerns Itself 
primarily with a virus disease which has been 
extensively cultivated on various specific living 
tissues, the detailed consideration of the effect 
of both chemical and viral carcinogens on these
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metabolic substrates Is of prime importance. It 
was not surprising to find that little mention is 
made in the literature of chemical carcinogenic 
studies specifically utilizing the intact chorio
allantoic membrane (CAM) of the chick embryo because, 
obviously, by reasons of field of interest and 
impracticality, and since the brunt of earlier 
investigations primarily rest on the use of rabbits 
and, to a larger extent, mice. The sake of 
expediency, the lack of suitable bioassay methods 
and certain genetic properties are given as some 
of the reasons these animals were first chosen. 
Andervont (19) demonstrated that special inbred 
strains of mice were extremely susceptible to the 
development of subcutaneous sarcoma following the 
injection of these hydrocarbons subcutaneously. 
Methylcholanthrene is reported to be one of these 
hydrocarbons.

On Tissue Cultures.— Since the early 
recognition that viruses can be cultivated ony 
in the presence of living cells, it is not too 
surprising that many attempts have been made to 
propogate them in vitro. This was successfully 
accomplished by Parker and Nye in 1925 (20).
Among the first to be cultivated by the tissue
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culture technique was the vaccinia virus.
The study of the mode of action of carcin

ogenic agents by means of tissue cultures has certain 
obvious advantages over similar studies using living 
animals. Thus it is possible to control two factors 
which are generally recognized as Important In 
pharmacological research, namely, the concentration 
of the compound and the time during which the 
compound exerts its Influence on the biological 
object under investigation. Should there by any 
pronounced deviation from the normal rate of cell 
proliferation, this would be readily determined in
tissue cultures. Should finer details be desired.1 *
cytological examinations would reveal more minute 
changes in cellular morphology. However, the tissue 
culture technique has its llmitlations, since the 
conditions in the cultures are not identical with 
those of the same tissues in situ. This is par
ticularly true of any systemic action exerted by 
carcinogenic agents in vivo, an action which may 
play a role in the genesis of cancer cells.

M. R. Lewis (21), in her paper on 
photosensitization of chick-embryo cells by 
methylcholanthrene and dibenzanthracene, states 
that these reagents in amounts up to 0.1 per cent
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did not Interfere, to any marked extent, with the 
growth of the tissues. The cells In the treated 
culture and the cells In the control cultures 
were found to be similar In appearance and behavior. 
However, It was noted that in many of the dividing 
cells of the latter one or two chromosomes lagged 
at one of the poles of the spindle. While this 
lagging of the chromosomes did not occur in all cf 
the cultures nor In all of the dividing cells of 
any one culture, It was considered to occur often 
enough to make It seem characteristic of cells 
growing in the presence of these hydrocarbon. 
Furthermore, it was shown that cultures which 
contained dibenzanthracene and methylcholenthrene 
appeared to be photosensitized by these substances 
to the action of light and as a consequence exhibited 
rapid and degenerative changes upon irradiation.

Earle and Voegtlin (¡¡¿2), in a later and 
more exhaustive study on the mode of action of 
methylcholenthrene on rat and mouse fibroblast 
tissue cultures, noted similar findings. Their 
results showed that methylcholenthrene caused 
severe growth retardation and degeneration of the 
cultures. This effect was reported as being roughly 
porportlonal to the concentration of the reagent



17

end the time of exposure. Although the action was 
most accentuated In concentrations of 2 mg. of 
crystalline methylcholanthrene per e.c., detection 
of its activity was had in concentrations as low as 
0.0002 mg. per c.o. Generally,, a consistent finding 
in all cultures exposed to the range of concentrations 
of methylcholanthrene used was a striking growth 
inhibition, which became more apparent after a latent 
period of some days and subsequently resulted in 
complete, or nearly complete, cessation of growth.

In the event of possible complications 
caused by a photodynamic effect on methylcholanthrene, 
proposed by the investigations of M. R. Lewis (21), 
a special series of tissue cultures was set aside 
from the rest. All white light was eliminated and 
the only light permitted to reach these cultures 
was of wavelengths longer than 490 mu. According 
to previous investigations (23,24) and work done by 
this group, there is no appreciable light absorption 
by methylcholanthrene of wavelengths beyond about 
450 mu. There were no significant differences found 
as a result of this experimental group. The same 
degenerated and retarded growth of the tissue was 
seen. On the basis of this finding, the comment is 
made by Earle and Voegtlin that the growth Inhibition
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reported by Lewis could not be expected within such 
a short time. Other noteworthy conclusions were 
also drawn. Among them is the statement that in 
no instance were methyloholanthrene and 1,2,5,6- 
dibenzanthracene observed to have a stimulative 
effect on the tissue cultures.

During the same year, Hearne (25), using 
0.005 mg. of methyloholanthrene per c.c. of culture 
medium, on mouse fibroblasts, observed at the end 
of three days many abnormal mitotic figures of 
various types including chromosome pairing and 
chiasms formation. ,;x i

These investigations have been furtherI
substantiated as recent as 1947 by Strong (26).
He discovered that methyloholanthrene produced at 
least seventy-nine different germinal mutations in 
the epidermis and epidermal appendages of mice.
Not only was his work in accord with the findings 
of earlier workers, but definitely demonstrates 
that, in sufficient concentrations and length of 
exposure, the effect of methyloholanthrene on 
cells in vitro could be attained in an intact 
biologic organism. He further states that this 
owerful carcinogen may also bring about mutations 
that may condition malignancy since it is so
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highly mutagenic.
On Embryonated Eggs.--Although the liter

ature makes no mention of the specific use of 
methylcholanthrene on the Intact embryonated egg 
of the chicken, there have been, however, numerous 
Instances reported where the cells, both embryonic 
and extraembryonic, and various fluids of the egg 
have been used as the principal tissue In or 
nutritive addition to tissue culture techniques 
Involving studies of the Influence of certain 
carcinogens in vitro. Generally, it was found that 
these embryonic components proved to be contributory 
to these observations, even to the extent of being 
altered cellularly, as reported by Lewis (21); 
Mackenzie and Storm (27); Levine (28); and 
Tannenbaum ®t al. (29,50).

It must be mentioned, at this point, that 
the much utilized avian chorio-allantolo membrane 
in the cultivation of many viral and rickettsial 
agents owes its origin as a result of studies 
conducted on a tumor producing entity. The chorio
allantois was first brought into use by Rous and 
Murphy (31) for studying the growth of abnormal 
tissues (rat and chicken sarcomas), whose 
etiology was later proven to be of a virus origin.
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Later, other similar tumor-inducing viruses of 
animals were discovered. A marked tissue 
specificity characterizes these organisms. B. I, 
Shrlgley (32), in his paper on virus-induced 
tumors of animals, presents an excellent survey 
of the literature on all investigations using 
these * carcinogenic’1 viruses.

This not only suggests that the ability 
to cause cancer Is limited to the chemical carcin
ogens alone, but the possibility that cancers may 
be initiated by viruses (33). However controversial 
this subject may be today, the statement that some
cancerous growths, at least, have viruses as their

\

etiological agent has been generally agreed upon 
by most Investigators. It is hoped that, in time, 
this important issue will be completely resolved.

As a result of investigations on these 
animal viruses, particularly those of Rous and 
Murphy, Rous No. 1 Sarcoma, (31), another technique 
was added to the list of methods employed in the 
propagation and studies of tumorlgenesis. This 
technique may be referred to as a method of tissue 
transplantation to the chick embryo. Subsequently 
a voluminous amount of Investigations on tumorIgenesis 
have been recorded by later workers who have adopted



these principles in application to living systems 
other that the egg.

21
w

It must be pointed out that the Rous chicken 
sarcoma virus manifests Itself in a characteristic 
fashion. Several accounts are made by Rous (31,54), 
that, after tissue inoculations were made to eight- 
day old embryos, all of these invariably died seven 
or eight days after transplantation. Ee noted that 
a large amount of hemorrhages appeared on the GAM, 
particularly prominent about the tumor transplant. 
Karnofsky et al. (35), reported similar findings.
Ee further discloses that the death of the embryos 
were apparently due to a massive hemorrhage not only 
oi the CAM but also of the liver. In young chicks, 
devoid of virus-neutralizing antibodies, Sugiura
(36) , observed that a "hemorrhagic” disease was 
produced characterized by the development of lesions 
confined to the viscera and consisting of blood 
blebs and extravasations of blood. In pullets, 
gross tumor nodules were found, together with
hemorrhagic lesions. In adult birds tumors were 
usually produced at the site of injection. Keough
(37) , using cell-free filtrates of Rous sarcoma, 
obtained both ectodermal and mesodermal proliferative 
lesions of the CAM.



The route of injection of the Rous sarcoma 
agent has been found to be of great Importance. In 
this way it bears a remarkable resemblance to its 
chemical counterpart, the carcinogenic hydrocarbons. 
Experiments involving intramuscular injection of the 
agent into two-day-old chicks fail to produce this 
"hemorrhagic” disease, according to Carr and Harris
(38). Injection of agent intravenously or intra- 
coelomically into the chick embryo, carried out 
by Milford and Duran-Reynals (39), elicited no 
tumors but produced "hemorrhagic" lesions only.
However, Intravenous injection of extract of these
lesions in pullets or adult chickens gave true

|

tumors. Duran-Reynals further remarks on the 
probability that neoplasm in fowl, following the 
intravenous Injection of tumor agent, manifests 
Itself when the host is endowed with a certain 
resistance against the agent. In chicks with a 
low resistance or none, the necrotic, hemorrhagic 
lesions appear.

Carr (40), found that injection of 20- 
methylcholanthrene into fowls carrying a Rous 
sarcoma produced a violent local reaction at the 
site of Injection. The established tumors 
regressed, but new tumors arose some three weeks

22

i
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later at the site of injection of the hydrocarbon. 
These were found to be filterable and similar to 
the original Rous sarcoma. However, similar re
gressions and reappearances of tumors have been 
reported earlier by McIntosh (41) and Haddow (42), 
both claiming that these filterable fowl tumors 
produced by injection of tar or carcinogen may 
have arisen by localization of a latent preexisting 
virus in the fowl.

To conclude, according to Peacock (43), 
the assumption is made that Rous Bo. 1 agent infects 
a cell of the monocyte or related type and converts
it into a malignant cell. In the cell division

\

which follows, the agent, which also undergoes 
multiplication, must be distributed among some, 
i*f not all, of the progeny of the first Infected 
cell and probably multiplies yet again within some, 
if not all, of them. With the continued existence 
of the agent in vivo, this agent, as it were '’goads 
the cells on to useless multiplication'’.

On Rabbits.— Past experimentations conducted 
on the rabbit presents interesting and pertinent 
information In regard to this investigation. It 
has been thoroughly exploited by both fields of 
cancer and virus research.
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In attempts to study the nature of the 
vaccine virus, it found that most laboratory 
animals were susceptible to this Infection. The 
hosts most frequently used in general studies of 
this agent are embryonated eggs, previously mentioned, 
and rabbits. However, specialised studies reportedly 
may be had of mice, monkeys, and guinea pigs.

Such investigation as the titration of 
vaocianal infactivity devised by Parker (44) and 
the preparation of ”dermal vaccines” by Cralgie (45) 
comprise only a few of the studies on the rabbit 
in microbiology.

Prom a meager beginning in 1915 (2), the1
rabbit has, today, become one of the most utilized 
host-system in the field of cancer research. Since 
this time numerous reports have been recorded as to 
the effect 20-methylcholanthrene elicits in the 
rabbit. An excellent collection of this data is 
provided by Hartwell’s recent Public Health 
publication (1).

As disclosed in the previous section re
garding fowl tumors, a similar relationship of 
carcinogen and virus may also be seen. Up to the 
present time, the problem of rabbit txunors has 
not been as completely resolved as the agent of



Rous No. 1 Sarcoma since far greater attention has 
been directed towards it during the last forty years. 
However, the study of rabbit tumors, particularly 
Shope's Rabbit Papilloma, provides some possible 
explanations of the mechanism of carcinogenesis.
These possibilities are fully discussed in Shrigley*s 
review (32).

The Shop® papilloma agent*s propagation 
has been limited chiefly to the rabbit since the 
activity of the cell-free papilloma extact was 
found to be at its maximum in its natural host 
(46,47). In 1933, Shope (48) described a spontaneous
papilloma occuring in the wild cottontail rabbit.

|

He was successful in transmitting these benign 
growths to other wild rabbits by the Injection of 
a cell-free tumor extract. Later, Rous ejt al. (49) 
observed the regression of these induced tumor in 
the skin after some time with malignancy rarely 
occuring. It has been reported that, through 
successive passage of growths in these animals, a 
gradual diminution in potency to Induce papillomas 
usually was obtained (46,47).

In contrast, when the extract of papilloma 
from the cottontail rabbit was injected into the 
skin of the domestic rabbit, Friedewald and Kidd (50)

25
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observed the induced papilloma became malignant 
within several months. However, extracts prepared 
from these growths failed to show the presence of 
a transmissible agent. This fact is in accord with 
the investigation conducted by Syverton et al. (51), 
further stating that the transformation from a benign 
to a malignant growth occurs during what he terns as 
the BinvolutionaryM phase of this tumor.

The period during which the malignant 
growth developes has been reported considerably 
shortened by treating the skin of the domestic 
rabbit with tar or with other carcinogenic agents 
before injection with the extract. More Important, 
the significance of a masked pathogenicity of the 
Shope papilloma agent in the extract must be pointed 
out, since it apparently regains the capacity to

a  t  y

produce the characteristic skin lesions after the 
latter has been rendered hyperplastic and more 
sensitive (52). The fact that methylcholsnthrene
by itself and the papilloma agent by Itself each

' 1induces only benign growths in the domestic rabbit 
in a limited period of time, whereas both acting 
together within a same period produce malignant 
growths, suggests a complementary action, as 
reported by several investigators (52,53,54).



27

According to Rous and Frledewald (52), as has been 
encountered In the fowl tumors, agents may reside in 
harmless form for some time in tissues and only 
Induce pathological changes when carcinogens such 
as methylcholanthrene. Thus the carcinogenicity of 
a given material may be markedly effected by the 
introduction into the host of substances which are 
themselves either very weakly carcinogenic or non- 
oarcinogenic, which need bear little or no chemical 
relation to the specific agent, and which may be 
applied subsequent to the application of the agent 
and at a site far removed from it.

In investigating the affinity of vaccine and
|

herpetic viruses for the cells of the Shope rabbit 
papilloma, Levaditi and Schoen (55) discloses that 
the vaccine virus has a strong affinity for these 
cells. Ho matter whether introduced by way of the 
rabbit's skin, the blood,stream, or the tumor itself, 
these viruses enters the cells of this neoplasm and 
there causes such changes as vacuolization and in
filtration with polymorphonuclear leukocytes. Now 
and then its presence is shown by the development 
of Guamleri bodies. The ultra virus of herpes 
(Strain B), on the contrary, is not thus attracted.

On Other Organisms.— Reference may now be



made to the work by other investigators concerning 
the biological action of methylcholanthrene and 
certain other carcinogenic hydrocarbons. Reimann 
and Hammett (56) briefly reported enhancement of 
developmental growth of Obella geniculate, a marine 
animal, under the influence of sea water saturated 
with methylcholanthrene. Owen, Weiss, and Prince
(57) observed similar results in another lower 
animal. 1,2,5,6-Dibenzanthracene not only enhanced 
the reproduction of the whole animals in planaria 
but facilitated a more rapid regeneration also.

Hi$ier on the phylogenetic scale, the
literature gives references to work involving1
microorganisms. In an attempt to effect a micro
biological test for carcinogenic hydrocarbons,
Goldstein (58) claims that bacterial growths may 
be stimulated by the presence of certain carcino
genic agents. Culture medi% into which 1,2,5,6- 
dlbenzsnthracene and methylcholanthrene had been 
incorporated, used in the culturing of Escherichia 
coll var. comrnunior. showed in the eighth to ninth 
hour of growth about fifty per cent more organisms 
that control cultures containing the non-caroinogenlc 
compound phenanthrene. A similar experiment was 
conducted using yeast cells. Cook, Hart, and Joly (59)

28
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observed increased proliferation end respiration of 
yeast cells with optimal concentration of 1,2,5,6- 
dibenzanthracene .



CHAPTER III

EXPERIMENTAL 
Method Used

Em  Inoculation Procedure .--The technique 
utilized in this investigation is patterned after 
those methods of viral titration on the cfaorio- 
allantoio membrane (CAM) by Burnet and Paris (60), 
end of the evaluation of subsequent experimental 
results by Beveridge and Burnet (61). These are 
but two of the many publications written on the 
potentialities for the experimental investigation 
of infectious diseases, which Includes vaccinia 
virus, inherent in the chick-embryo method. These 
techniques were first emphasized by Goodpasture 
et al. (62) in 1932. The chick-embryo method used 
in this investigation is a modified version of it.

Since many viruses^ among which is the 
vaccinia virus, have the capacity of inducing 
visible lesions on the CAM of the embryonated egg, 
the quantitative "pock counting" method (61) was 
devised and is employed as a means in determining 
the number of viral particles present. This method 
primarily involves a successful contact between the 
virus end the CAM. As shown in figure 4, this is
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accomplished by the application of suction to the 
air sac which causes a corresponding displacement 
or "dropping” of the membrane in the immediate area 
of inoculation. As the CAM is dropped, the inoculum, 
consisting of virus suspended in fluid, is drawn 
in and spreads out uniformly over the area of the 
membrane. The method used in this investigation may 
be described as follows:

1. Suitable eggs, which have been incubated 
for 10-12 days at 37° c., are used. This 
procedure facilitates an accurate location 
of the CAM and air sac of the egg (Fig. 1).

2. The area of the CAM is then delineated with 
a wax marking pencil and painted with a 
1:1000 solution of merthlolate for surface sterilization (Fig. 2). The delineation of
the air sac is also had, although not depicted.

3. The delineated area of the CAM and air sac 
are carefully drilled with an electric motor
ized handpiece equipped with carborundum 
abrasive disc. A triangular cut is made over 
the CAM area. A single linear slit (approxi
mately 1.5 cm.) is made into the sir sac (Fig. 3).

4. The site of inoculation is further prepared 
by the careful removal of the triangular 
piece of egg shell with a dissecting needle. This exposes the inner shell membrane.

5. The CAM lies directly below and up against 
this shell membrane. The successful separation of these two is effected by the application
of suction, supplied by bulb "A” (Fig. 5), 
causing the "dropping” of the CAM (Fig. 4).
This is done by placing a drop of sterile 
50% glycerol on the inner shell membrane 
(Fig, 5), which is then carefully punctured
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with a sterile 27 gauge needle. This allows 
the glycerol to enter and, by acting as a 
fluid wedge, causes a gradual separation and 
descent of the CAM. The inoculation la done 
with a sterile 1 cc. tuberculin syringe fitted 
with a 27 gauge needle.

6. The CAM is now inoculated with a prepared virus suspension onto the partially dropped” 
membrane in a similar fashion described in 
step 6 (Fig. 5).

7. The exposed inoculation site is next sealed 
with scotch tape (Fig. 6) and returned to 
the incubator.

8. After an incubation period of 72 hours at 37° C., the eggs were removed and autopsled.
The typical Infected CAM in situ is shown
in figure 7.

9. Upon autopsy, the shell is cautiously broken 
away at the site of Inoculation When sufficient 
exposive is had, the membranes are carefully 
removed from the egg with scissors end forceps, 
pieced in glass dish, and examined against
a dark background. A lealon-count is then made.
At this point special notations must be 

had in regard to certain steps of the above technique 
which are critical end of prime significance.
Failure to recognize deviations from these criteria 
frequently leads to the erroneous intorpetatlon of 
results in the chick-embryo method.

Trauma.— Abnormalities produced by mechanical 
injury of the CAM should be avoided at all times 
primarily to insure proper maintenance of membrane1 
properties, and functions.
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Fig. 1.--A sketch to show the method of 
candling eggs. Note the appearances of the 
highly vascularized ohor 1 o-a 11 ©,nto 1 c membrane 
and the translucent sir sac area (B). (A)

l
i

Fig. 2.— The painting of the delineated 
chorlo-allantoic membrane area with merthlolate

MT
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tig. 3,— Iho triangular driving of the 
delineated chorio-allentoio membrane area on 
the outer shell.

Fig. 4.-**A aemldie^rsumaatic sketch showing 
the fluid wedge action on the chorlo-ellantolc 
membrane during auction. Hot© the relative 
position of membranes Involved,
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Pig. 5.— The placing of the inoculum on the 
exposed shell membrane.(A) Rubber bulb which effects suction 
(one-way valve).

(B) Rubber gasket which maintains suction.
(C) Tubing between bulb (A) and gasket (B)

Fig. 6.--The sealing of an egg with scotch 
tape
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Fig, 7 .«— Pictures of the typical appearance 
of vaccinal lealona on the chorio-allantoic membrane.

Since this membrane la relatively delicate 
end highly vascularized, it may easily suffer severe 
hemorrhagic damage and necrosis should certain 
precautions fell to be observed. This may even 
result in the loss of the embryo Itself. Hemo
rrhagic damage is frequently encountered during the 
triangular-cutting of the eggshell (Step 3). It 
must be ascertained that the shell membrane lies 
directly beneath the shell itself with the underlying 
CAM. There la practically no separation existing
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between these two membranes at this stage. Therefore, 
any damage to the Inner shell membrane by drilling 
also traumatizes the CAM which usually results In 
the hemorrhage of the Injured area. As a result of 
this loss of membranal "homeostasis1'1, low vaccinal 
pock counts usually are encountered on the commonly 
called unresponsive membrane (60).

Similar membrane damages are also Incurred 
during the Improper removal of the triangular piece 
of outer shell by the dissecting needle (Step 4) 
and by a faulty puncturing of the shell membrane 
(Step 5). In the conjunction with the latter step, 
the application of a sudden and excessive suction 
In the "dropping" of the CAM may also be a contributory 
factor. In this rapid descent, the membrane is 
literally t o m  away from Its adhesion to the shell 
membrane causing massive hemorrhages.

Obviously, when the eggs have been sealed 
and returned to the Incubator (Step 7), extreme care 
must oe exercised at this point to minimize agitation. 
Also the Inoculated eggs must always be Incubated 
with the exposed 0AM on top.

Examination of Lesions.--Since the experi
mental results are based principally on the visual
manifestations of the vaccinia virus on the CAM it

.
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is mandatory, therefore, that a standardized method 
of evaluation be followed. Upon removal of the 
membrane from the egg, Burnet and Paris (60) suggest 
that the membrane be rinsed, then wet-mounted on & 
glass dish, and examined against a dark background 
with a hand lens. For more critical work, a 
dissecting microscope may be used for counting the 
foci.

In counting the specific foci (lesions), 
some experience of the virus under study is needed 
to become familiar with the various appearances 
which the lesions may take on different membranes, 
especially the nonrespensive variety. One of the two 
types has been previously pointed out in the pro
ceeding section. The other consists of those membranes 
almost completely devoid of minor nonspecific blemishes 
in which the specific lesions are abnormally small 
as well as exceptionally low in number. According 
to the chief exponents of this method (60), when 
working with viruses producing smell foci, interpre
tations should be baaed on the following features 
of the specific lesions:

1. almost circular in form
2. more central opaque area of necrosis
3. surrounding haze due to an inflammatory
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reaction in the mesodermal area 
As a good working rule, if two of the features are 
present the lesions can be interpeted as specific.
There is an ectodermal proliferation of the CAM 
which almost Invariably occurs.

According to Beveridge and Burnet (61), 
the general belief of what occurs when a number of 
virus particles is deposited on the membrane, is that 
some of these particles will find opportunities to 
infect a susceptible cell and results in the production 
of a lesion. There also occurs a certain wastage 
whereby virus particles may lodge in such a location 
as to nullify their potential contact with and 
entrance into a susceptible cell. However, for any 
given strain of virus the relation between the 
number of lesions produced will essentially be 
constant so long as the inoculation procedure and 
the susceptibility of the embryos remain unaltered.

It is obvious that with a virus of which 
every active particle is capable of inducing a lesion 
under optimal conditions, abnormally high counts 
beyond the range of random sampling may also be had. 
These will only be obtained as result of technical 
error, particularly during inoculation (Step 6) or 
the failure to recognize nonspecific lesions as such.
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Even though It is difficult to prove, it Is recognized 
by some that with those viruses suitable for work on 
the CAM the actual count obtained under optimal 
conditions is very close to the actual number of 
virus particles present.

Material Used
The materials used in the following ex

periments are eggs, and suspensions of me thylcholanthrene 
and vaccinia virus. The eggs were all from the White 
Leghorn chicken and they were all supplied by the 
same source (62). Without exception, all eggs were 
incubated at 57° C. before and after inoculation.

Onlyione carcinogenic agent was used in this 
study. It was mechanically suspended in sterile 50% 
glycerol in all cases and was obtained from the 
following source:

Methyloholanthrene —  20-Methylcholanthrene,
(Crystalline) Reference No. 4305, Eastman

Kodak Research Laboratory
The concentration of the carcinogen suspension 

and the amount inoculated per egg will be mentioned 
in each of the experiments. All suspensions of this 
agent were stored in the refrigerator at 4° C.

A stock suspension of vaccinia virus was 
prepared using sterile 50% glycerol as the suspending 
agent. Its source is as follows:
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Smallpox Vaccine, Sharp end Dofame, Lot So. C12X,
No. 4546

Between experiments the viral suspension was stored
In the freezing compartment of the refrigerator at-5°C.

Experiment I
Effect of Various Concentrations of 

20-Me thylcholanthrene in Embryonsted Eggs
In the light of past Investigations relatively 

small amounts of methylcholanthrene were able to induce 
neoplastic changes in animal tissue in vivo and in 
vitro. However, with the exception to work done by 
W. L. Ryan (63), the author failed to find any material 
published concerning this particular experiment. 
Therefore, this is an attempt to study the effect of 
raethylcholanthrene with regard to toxicity, the 
establishment of a minimal lethal dose, and the 
observation of other manifestations in the embryonated 
egg, principally the condition of the CAM, secondly, 
the embryo itself, since the membrane Is Interrelated 
functionally to its condition. Eggs at two different 
stages of embryonic development were used.

On 7-day-old Eggs.--‘Embryonated eggs at this 
age were used for the purpose of observing the overall 
toxic effect that methylcholanthrene may have at 
various concentrations, since later experiments require



foreknowledge concerning pretreatment of such eggs 
with the carcinogen before Infection. What Is sought 
for Is a minimal lethal dose of me thy1cholanthrene 
which still retains its effectiveness for localized 
response only.

Four concentrations of methylcholenthrene 
were prepared eseptically In sterile glycerol at 
strengths of 1.0, 5.0, 10.0, end 20.0 mg. per cent.
Since the solubility of crystalline methylcholanthrene 
is extremely low, these suspensions were vigorously 
shaken for approximately a minute, withdrawn in 0.5 ml. 
quantities with a sterile lee. syringe, and immediately 
inoculated in appropriate doses. These were inoculated 
into four corresponding groups of eggs as follows:

1. Seventeen eggs were inoculated with 0.05 ml. 
methylcholanthrene at a concentration of 1.0 mg.$

2. Thirteen eggs were Inoculated with 0.05 ml. 
methylcholanthrene at a concentration of 5.0 mg.$

5. Fourteen eggs were inoculated with 0.05 ml. 
methylcholanthrene at a concentration of10.0 mg. %,

4. Sixteen eggs were Inoculated with 0.05 ml. 
methylcholanthrene at a concentration of
20.0 mg.$.

5. Fifteen eggs were Inoculated with 0.05 ml. 
suspending agent (50$ glycerol) as a control group.
All inoculations were made on the CAM as
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w©a described in detail previously. After inoculation 
the eggs were returned to the incubator at the 
perecrlbed temperature of 37° c. However, these four 
groups of eggs were Incubated for 144 hours or to an 
a >;e of x3-days. At this point readings were taken 
with regard to per oent survival and are complied 
in the following table. (Table 1)

TABLE 1
EFFECT OF VARIOUS COECKHTRATIOMS OF 

2 0 -MKTHYLCHOLANTHRENE IN M BWrHATED BOOS

Concentration of Me thyloholanthrene
!

Amount 
Inocul'ted
*pxiO ~z

Survival after
6 lays Survival 

Per Cent

Control, sterile glycerol only 13/16 eggs 86.7%

1 mg, per cent -h0.05* mg. 16/17 egg* 94.1%

5 mg, per cent 4 *0.Ü5 mg. 1/13 eggs 7.7%

10 mg. per cent • j iO.SO'mg. 2/14 eggs 14,3%

20 mg. per cent • j *1.00*816. 0/16 eggs 0%

The concentrations used in this experiment 
were roughly determined from a preliminary study of 
methyloholanthrene concentrations ranging from
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0.5-500.0 mg. per cent at intervals of fifties.
Owing to a shortage of suitable eggs at that time,
4-5 eggs were assigned to each group. With this 
relatively insignificant number at such broad magnitudes 
in concentration, an all or none survival effect was 
sought. Prom this the previously mentioned concen
trations were prepared and proved to be fruitful 
as evidenced by fables 1 and 2.

In this experiment the carcinogen suspension 
at 1 mg. per cent manifests a pronounced high incidence 
of survival. Upon autopsy, the CAM of this group 
Is characterized by the absence of membranal abnor
malities attributable to methylcholanthrene, although 
four of these possessed minor necrotic areas. However, 
these were definitely established as caused by faulty 
technique from their appearances.

As for the effect of methylcholanthrene at 
higher concentrations, a sharp rise in mortality is 
had. A very striking and predominating feature was 
observed to exist in those eggs which were dead.
The entire CAM seem to have disintegrated with a 
concomitant presence of caseous matter In large 
amounts. With this uniform condition occuring in 
all fatalities, the author was highly suspicious of 
possible bacterial contamination of the carcinogenic
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suspensions used. However, a sterility check of 
all four concentrations revealed no growth of any 
kind on blood agar which had been incubated at 37° c. 
for 48 hours. Thus it can be assumed that methylcho- 
lanthrene, at levels above O.Ostng. per egg, was too 
toxic for the embryonated egg. Although a small number 
of surviving membranes did occur, these concentrations 
obviously were not being used in order to avoid making 
future projected experimental systems too sensitive 
to oe of any value. It would be far from what is 
desired in regard to that concentration that would 
promote a localized response of the membrane only 
and not affecting the entire embryonic system g e r se. 
Therefore, in light of this rationale, the prepared 
methylcholanthrene stock suspension of 1 mg. per cent 
concentration (to contain O.Oblmg. per standard 
inoculation) will be used in subsequent experiments. 
However, one should be cognizant that the selection 
of this minimal lethal dose may possibly have 
sacrificed and affected the carcinogenic activity of 
methylcholanthrene In relation to its latency period.
lhe lf‘Lenc> perlod hea been defined by some authorities 
as mat time elapsed between initial contact with the 
carcinogen and the appearance of cellular neoplasms.
,This scheme of studies has been carried out by many
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of the earlier workers generally on the basis of 
visible manifestations of the tumor followed by 
microscopic examinations, in most cases.

More recently radioisotopes have been applied 
to tumor studies, which includes this problem, and is 
reviewed at length by Heldelberger (64). He is of the 
opinion, "Since the Isotopic tracer technic has only 
recently become available as a tool that can be used 
in any laboratory concerned with problems in metabo
lism the application of the technic to special 
metabolic situations la just beginning. It seems 
likely that»,.there will be available a description 
of the metabolism of nearly every individual metabolite 
in terms of the alternate pathways that it pursues 
in different organisms, in different tissues, and 
under a wide variety of special situations." Thus 
far, as reported in this review, the synthesis of 
three C14-labeled carcinogenic hydrocarbons, which 
includes radioactive 20-methylcholanthrene-ll-G^4 
have been effected.

Further, it must be mentioned that on occasion, 
accorilng to some writers, it may become necessary to 
do microscopic studies, particularly during tissue 
culture studies, since most induced growths of type 
benign in nature, exhibit no discernible proliferation
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which only Involves a proportionately small number 
of cells. Thus one can see that these are other 
means of attacking in aid to resolve the projected 
problem contained In this paper, at least only In 
so far as the use of a carcinogen is concerned.
Due to technical Inadequacies, these may only be 
suggested at this time. This may partly explain 
the occurence of those surviving membranes, apparently 
normal in appearance, subjected to various concen
trations of methylcholanthrene recorded in the above 
table. The possibility, however, of technical errors 
in inoculation should not be completely discounted.

TABLE 2
EFFECT OF VARIOUS CONCENTRATIOKS OF 

20-METHYLCR0LANTHRENB IN EMBRYONATED BIOS

Concentration of Methylcholanthrene Amount Survival after Survival 
inoculated 3 days Per Cent

X 1 0  " 2

Control, sterile glycerol only 10/10 100.0%

1 mg. per cent 0.05** mg. 11/13 76.9%

6 mg. per cent - Î -0.25*mg. 3/12 26.0%

10 mg. per cent 0.50"* mg. 1/10 10.0%

20 mg. per cent -b1.00*mg, 1/10 10.0%
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On 10-day-old Eggs.—  The same concentrations 
of methylcholanthrene used as in the first part of 
this experiment• Basically, a similar rationale is 
also applied here.

Egg groups were treated under the same 
conditions as previously stated. The data is recorded 
in the following table. (Table 2}

In the comparison of all eggs treated with 
methylcholanthrene at two different ages, there is no 
apparent change in survival per cent as shown in 
table 3. The 10-day-old eggs were purposely divided 
as close as possible to simulate the proportionality 
had in the first phase of the experiment. From this 
table one may Infer that methylcholanthrene, at the 
various concentrations studied, does not significantly 
alter the relative susceptibility with respect to 
embryos at the ages of 7 and 10 days.

Experiment II
Effect of a Predetermined Concentration of 

Methylcholanthrene on Vaccinia Virus 
in the Embryoneted Egg

The following experiment was conducted to 
observe the influence of 0,05Img. methylcholanthrene, 
established previously In the initial experiments, 
on the formation of vaccinia virus lesions. The
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TABLE 3
STATISTICAL EVALUATION OF EXPERIMENT I

Survival 
7-day

per cent of 
-old eggs

Survival per cent of 
10-day-old eggs

Mean 42.7%; 48.4%

Average
deviation 39.9%, 36.0%

Standard
deviation 40.1% 40.0%

Sharp and Dohme vaccine preparations was the source 
of the vaccinia virus. These are dispensed In capillary 
tubes containing a 0.05 ml. of unbuffered glyceroleted 
virus suspension. As suggested by one of the author’s 
associates (65) the suspension of the contents in 
35 ml. of sterile 50 per cent glycerol would probably 
give a suitable number of lesions. This was done and 
tested In & small preliminary group of eggs. It was 
found that a suitable number of lesions occurred 
(roughly 20-50 lesions per egg). Another vaccinal 
suspension of a higher dilution was similarly prepared 
by aseptically emptying the contents of another 
capillary tube into 100 ml. of sterile 50 per cent 
glycerol, giving a dilution of 1/2,000. These two 
dilutions, 1/750 and 1/2,000, were used to provide
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two series of virus concentrations to be studied 
in this experiment.

To nullify the possibility of contamination 
by microorganisms, all reagents to be used, with the 
exception of the virus suspension, were autoclaved 
under 15 pounds of pressure for 15 minutes at 121° C. 
Series 1.

With 8 groups of eggs, the procedure carried 
out for this series was as follows:

I. 15 eggs (7-day-old) were Inoculated with 0.10 ml. 
sterile 50 per cent glycerol. (Glycerol control 
group for 7-day-old eggs)

II. 15 eggs (7-day-old) were inoculated,with 0.05 ml. 
methylcholanthrone, to contain O.O^fmg. per 
inoculum, / 0.05 ml. sterile 50 per cent glycerol. 
(Carcinogen control group 7-day-old eggs)

III. 15 eggs (10-day-old) were inoculated with 0.10 ml. 
sterile 50 per cent glycerol. (Glycerol control group for 10-day-old eggs)

IV. 15 eggs (10-day-old) were inoculate^ with 0.05 ml. 
methylcholenthrone, to contain O.Offfmg. per 
inoculum / 0.05 ml. sterile 50 per cent glycerol, 
(Carcinogen control group for 10-day-old eggs)

V. 28 eggs (10-day-old) were Inoculated with 0.05 ml. 
of a 1/750 dilution of vaccinia suspension /
0.05 ml. sterile 50 per cent glycerol. (Virus 
control group.

VI. 15 eggs (10-day-old) treated with 0.05 ml. sterile 
50 per cent glycerol at the age of 7-days, were 
inoculated with 0.05 ml. of a 1/750 dilution of 
vaccinia virus suspension. (Treatment control 
group)

VII. 28 eggs (10-day-old), previously treated with
0.05 mg.*|*methylcholenthrene at the age of 7-days,
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VIII. 28 eggs (10-day-o.ld) were treated simultaneously 
with 0.05 ml. methylcholanthrene, to contain 
0.05 per Inoculum / 0.05 ml. of a 1/750 
dilution of vaccinia suspension.

The Inoculation of all eggs in this series
was made on the chorio-allantolc membrane by the
chiok-embryo method as previously described. All egg«
were placed in an incubator at a temperature setting
of 37° C., end were autopsied at the age of 13-days.
As was suggested by Buddingh (66), embryos which were
dead within 24 hours after inoculation without visible
signs of infection may be disregarded. This was done
during the eighteenth hour of post-inoculative in-|
cubation by candling each egg. The results of this 
series are recorded in the following tables. (Tables 
3 and 4)

In this experiment the establishment of a 
base line for mortality Is extremely Important since 
the disease entity studied, vaccinia virus, is 
responsible for a fairly constant number of deaths 
In eggs per given strain under optimal conditions. 
Therefore, the various controls are considered 
separately as well as in relation to the tre> ted- 
infected experimental groups.

As previously described deaths attrlbutible



52

TABLE 3

Effect of a Predetermined Concentration of Methylcholanthrene on Vaccinia Virus 
in the Embryoneted Egg (Series 1)

Chemical Control 
Groups

Survival to 
13-day-old stage

Survival 
Per Cent

Glycerol (7-dsy-old) 10/12 eggs 85.0%

Glycerol (10-day-old) 13/16 eggs 86.7%

Carcinogen* (7-day-old) 8/13 eggs 61.6%

Carcinogen* (10-day-old) 
tr-rrr-rrrsrrtrTrr'.yir.

7/9 eggs 77.8%

to technique or possible inherent abnormalities in 
certain eggs were permissibly eliminated from all 
groups after 24 hours of incubation. However, the 
occurrence of the latter in sufficient magnitude per 
egg population will affect the results on incidences 
of survival. It was observed the lethal abnormalities 
occur rather at a sporatio and incalculable rate 
throughout the entire egg population used. Possible 
causes for such abnormalities may be ascribed to one 
or a combination of the following. Seasonal influences, 
inherent weakness in the flock, the age of the bird 
itself, poor storage, excessive time lapse before
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incubation, Improper handling during shipment, to 
mention a few, may serve in possible explanation of 
these deleterious effects (67). Since the author 
and his associates did observe an abnormally high 
percentage of infertility and death, too frequent 
end constant to be considered fortuitous or ascribable 
to technique, the consideration of the total egg 
population as predominantly normal and the treatment 
of results as alterations in terns of normal eggs is 
obviously out of the question. Although the author 
was attentive in his selection of suitable eggs during 
candling, and provided Incubative conditions deemed 
optimal for egg work, the recorded results in this 
investigation must nevertheless be reviewed in this 
light.

The study of the control group expressed in
terms of survive! percentage reveals that there is
no significant difference in the comparison of the
2 egg groups Inoculated with glycerol. A Macroscopic
examination of membranes in the surviving eggs yielded
a negative finding as to the presence of non-specific
or bacterial lesions, as did the CAM of those embryos
that had succumbed in this group. The comparison of

4*survival percentages in eggs subjected 0.05 mg.i 
methylcholanthrene, on first inspection, leads one
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to believe that a significant difference exists in 
relation to age. However, in the light of the many 
preliminary experiments, although of a qualitative 
nature, which culminated in the performance of 
Experiment I, unaccountable marked differences 
between treated egg groups of 7-day-old and 10-dey- 
old embryos did not occur. The difference of 10-20 
per cent shown in the table may be explained and 
accounted for in the light of the presence of inherent 
abnormalities. In comparison to the experimental 
group, there is no significant rise or lowering of 
the per cent mortality.

In Table 4 the results and statistical 
evaluations of the experimental groups and controls 
are presented. Without a doubt there exists a 
significant decrease of vaccinal lesions on the 
GAM. As a check for the possibility of a so-called 
"test tube” reaction, Group VIII, a group of 10-day- 
old eggs Inoculated with virus and methylcholanthrene 
simultaneously, was included in this series. Although 
its deviation values are slightly above the rest, 
possibly due to technical error, the carcinogen 
apparently does not influence the infeetivity of the 
virus at this point. As indicated by the results of 
the treatment control, group VI, the addition of
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glycerol In eggs of 7-days subsequently Infected, 
does not show any departure from normal lesion values.

In the light of past work on earclnogen with 
reference to the effect of roethylehol&nthrene has on 
normal tissues, a similar general degeneration of the 
GAM of a low grade imperceivable nature Is possibly 
had. This further Indicates that the non-lethal dose 
(0.05 mgj) still retain some activity. The character 
of the lesions In the group pretreated with methylcho- 
lenthrene, generally of weak Htake” on the CAM, led 
the author to believe that, not only were the available 
susceptible cells decreased, but also, the remaining 
susceptible cells were altered. Prom this one may 
conclude that the pretreatment of the CAM of the 
embryonated egg with O.OB^mg. methylcholanthrene 
does not enhance the formation of vaccinal lesions.

One may also say that the enhancement shown 
by some animal tumor viruses can not be had In this 
manner by the strain of vaccinia virus used In this 
investigation. It is apparent that these tumor 
producers possess a cellular-toxic and invasive 
principle which enables them to produce these mani
festations. Indeed, the shortening of their latency 
period in animal tissues by some carcinogen and 
general enhancement, strongly Indicates a reTa-Clbnahip
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TABLE 4
Effect of a Predetermined Concentration of 

Methylcholanthrene on Vaccinia Virus 
in the Embryoneted Egg (Series 1}
. Croup

V
Croup
VI

###GroupVII
GroupVIII

Egg Survival 8/12 10/14 18/23 21/25
(15-days)

Survival 66.7% 71.4% 78.3% 85■.0%
Per Cent

Lesions 19 16 40" 16 0 34
Counted 20 22 7 17 10 35
per CAM 29 23 10 18 20 36

55 30 11 20 22 37
54 31 12 21 23 41
54 35 14 26 30 45
59 36 14 30 30 49
44 36 15 31 49

38 52 50
41 33 56

Total
Lesions 252 308 241 633

Av. Lesions 31.5 30.8 13.3 30.1
per CAM

Average 6.5 6.4 6.9 11.6
Deviation

Standard 7.9 7.6 6.0 15.2
Deviation

-Virus control group ..^^-Experimental group
'^-Treatment control group -Experimental check
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of biologic carcinogenesis and chemical carcinogenesis. 
Series 2.
This second series of experiments is in study 

of the effect of methylcholenthrone in eggs infected 
with higher dilution of vaccinal stock. In the light 
series 1, it may be used as a qualitative check. As 
previously described the Sharp and Dohme supplied 
virus Is diluted to a concentration of 1/2,000.
Similar experimental conditions provided for in the 
first series were prepared as follows:

I. 10 eggs (7-day-old) were inoculated with 
0.10 ml, sterile SO per cent glycerol.
(Glycerol control group for 7-day-old eggs)

II. 10 eggs (7-day-old) were inoculated with 
0,05_jnl. methylehoisnthrene, to contain 
O.OShmg. per inoculum, / 0.05 ml. sterile 
50 per cent glycerol. (Carcinogen control group 7-day-old eggs) 1

III. 10 eggs (10-day-old) were Inoculated with 
0.10 ml. sterile 50 per cent glycerol.(Glycerol control group for 1 0-dayold eggs)

IV. 10 eggs (10-day-old) were inoculated with 
0.05 ml.fmethylcholanthrene, to contain 0.05 mg.Yper inoculum, / 0.05 ml. sterile 
50 per cent glycerol. (Carcinogen control group for 10-day-old eggs)

V. 10 eggs (10-day-old) were inoculated with 
0.05 ml. of a 1/2,000 dilution of vaccinia 
suspension / 0.05 ml. sterile 50 per cent 
glycerol. (Virus control group)

VI. 10 eggs (10-day-old) treated with 0.05 ml, 
sterile 50 per cent glycerol at the age of 
7-days, were inoculated with 0.05 ml. of a 
1/2,000 dilution of vaccinia suspension.
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(Treatment control group)
VII, 18 eggs QO-daya-old), previously treated

with O.OSVmg. methylcholanthrene at the age 
of 7-days, were inoculated with 0.05 ml. of 
a 1/2,000 dilution of vaccinal suspension.

VIII. 18 eggs (10-days-old) were treated simultaneously 
with 0.05 ml. methylcholanthrene, to contain 
0.05'irag. per Inoculum / 0.05 ml. of a 1/2,000 
dilution of vaccinia suspension.

The results of this series are recorded in
the following tables. (Tables 5 and 6)

TABLE 5
Effect of a Predetermined Concentration of 

Methylcholanthrene on Vaccinia Virus 
in the Embryonated Egg (Series 2)

Chemical Control 
Groups

Survival to 
13-day-old stage

Survival 
Per Cent

Glycerol (7-day-old) 6/9 eggs 55,6$

Glycerol (10-day-old) 10/10 eggs 100%

Carcinogen* (7-day-old) 9/10 eggs 90.0%

Carcinogen* (10-day-old) 6/8 eggs 77.8%

"'-to contain 0.05lmg. per inoculation
As evidenced by the decreasing working

number here, as well as in previous series, the egg 
supply during the time these experiments were conducted 
were relatively poor. Therefore, it was no surprise to
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the author that these effects at times may express 
themselves. Although attempts have been mad© to 
rid all groups of abnormalities, it must be reiterated 
that the proposed elimination at 24 hours post- 
inoculative incubation may fall to remove those eggs 
having latent or residual lethal effects. From the 
inconsistencies of survival percentage, there is a 
good chance that this has occurred. With this in 
mind one should provide sufficient leeway in this 
respect. A comparison here with the mortality 
studies recorded in Table 6 may be made only in a 
conjectural nature.

The results of the experimental groups 
(Table 6 ) shows the marked decreased that is indicated 
in the first series. Although methyleholanthrene 
treated eggs infected with & relatively low concen
tration show a decrease of vaccinal lesions by some 
83 per cent In Series 2, as compared a 57 per cent 
decrease In Series 1 (see Table 7), and in view 
of the fact that relatively few eggs were, the 
skewness of the former percentage is quite possible. 
Although each of the virus suspensions were prepared 
separately, the theoretical value of & 1/2 ,0 0 0  dilution 
if prepared from a 1/750 stock (diluted 2.55 times) 
is within range of the actual value by 0.4. However,
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TABLE 6

Effect of a Predetermined Concentration of 
SSethylchol&nthrene on Vaccinia Virus 
in the Embryonated Egg (Series 2}

«•Group
V

■SHIGroup
VI

#♦»Group
VII

4MHMIGroup
VIII

Egg Survival 
(13-days) 7/10 6/9 11/15 11/16

Survival 
Per Cent 70.0$ 56.6$ 73.3$ 6 8 .8$

Lesions 
Counted per CAM

0 11
2
3
8
b
9

1
6
8
9

10
11

_50 4
1 
1 
1
2
2

0 3 10  
1 14 
3 
6 
8 
9

Total
Lesions 42 46 11 52

Av. Lesionsper CAM 6 . 0 7.5 1.0 4.6

Average 5.7
Deviation 3«3 0•9 4 . 4

Standard 5.5
Deviation 2 . 8  1 . 6  4 . 8

Virus control group 
-Treatment control group ^»^■Experimental group 

.-Experimental check
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whether this i® purely an accident can not be proven 
at this time.

Until more improved methods are made 
available, particularly In regard to the problem 
of latency period of Mnon-carclnogenic* virus, such 
the vaccinia virus, will continue to remain in 
obscurity.

TABLE 7
Comparison of Results Prom Series 1 and Series 2

Series 1 Series 2

Av. No. Lesions (At 1/750 dll.)
per CAM ;:l.

(Virus control) 31.5
(At 1/2,000 dil.) 

6 . 0

Theoretical
Value (dil. from 1/750) .... (6.4)

Av. No. Lesion Decrease
per CAM 18.2 5.0

Percentage Decrease 57.4$ 83.3$

The author has spent much time fruitlessly in attempting 
to observe and correlate latency time in relation to 
membranes untreated and treated with methylcholanthrene. 
No results can be reported at the time this paper is 
written.

M.
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The chorio-allantoic route in the chick- 
embryo need purely for the study of chemical carcino
genesis is apparently a poor system for bioassay. It 
obviously fails In establishment of the latency- 
concentration relation during the induction of 
neoplasms since a relatively short period for study 
is provided by this system.

It is hope that In time, along with the 
previously suggested supportitive investigations, 
this facet, as well as the entire problem of cerclno- 
genia influence on virus reproduction and growth, may 
be more highly resolved.

t X i o



CHAPTER IV

SUMMARY

in® eff set of fcO-methylcholanthrene has been 
studied In relation to the ohiek-embryo method 
of -nfecting the chori o-allantoic membrane with 
vaccinia virus.
All results must be reviewed In the light of 
abnormalities which exists prior to treatment. 
Following the chick-embryo method modification 
by Beveridge and Burnet all eggs have been 
subjected to the constant total amount of 0 . 1 0  ml. 
per inoculation.
In a preliminary study of establishing a non- 
lethal dose of methylobolanthrene an amount 
of 0.05 *»g. per egg was found suitable for this 
investigation. Apparently, methylobolanthrene 
at various concentrations does not show any 
significant difference in survival percentage 
to exist in 7-day-old and 10-day-old embryos.
In no case was there reported visible signs of 
neoplastic induction on the chorio-allantoic 
membrane treated with methylobolanthrene.
Although these changes were occult, a comparison 
oi the controls and experimental groups shows
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a definite decrease in the production of 
vaccinal lesions caused by methylcholenthrene.

7* The stu<ay of the effect of methylcholenthrene
was conducted with two concentrations of vaccinia 
virus. A 68 per cent of lesion decrease is seen 
at vaccinal concentrations of 1/750. At 1/2,000 
a slightly enhanced value of 83 per cent due to 
an insufficient number is considered skew.

o. In no case was there seen any stimulation im
parted by methylcholenthrene to vaccinal re
production.

y* In t*1® of past investigations on the
carcinogenesis in animal tumor viruses and tissue 
cultures, the general condition Imparted by 
methylcholenthrene to the chorio—allantoic 
membrane, in terms of susceptible cells present,
is not conducive for optimal growth of vaccinia 
virus.

10. The study of chemical carcinogenesis utilizing 
the ohorio-allantolc membrane as shown by this 
Investigation is not feasible at this time.

11. Suggested supplementary studies to this investi
gation as well as relative topics have been 
individually discussed. |

x  I 0 ~ Z
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