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PREFACE 

The intention to study the nature of diseases by ex_Feriment 

led me to experimental pathology three years ago. It was hoped that 

experience of experimental pathology would give me better understanding 

of the many diseases which I deal with daily, as a pathologist. Among 

many subjects, my interest in the behaviour of human tumours stenmed 

from the observation of various tumours while training in surgical 

pathology. 

The mysterious behaViour of human tumours resulted in an 

academie ambition to study the fundamental nature of tumours and the 

mechanism of neoplastic transformation. Thus, carcinogenesis became the 

subject of my study. 

Despite the vast amount of factual material accumulated, a 

theoretical understanding of what occurs in tissue and cella dur:ing 

carcinogenesis is still lacking. The stimulus needed for this study 

is amply provided by any awareness of the human suffering and despair 

mirrored in the face of those with tumours. 

Dr. G.C. McMillan, Strathcona Professer and Chairman of the 

Department of Pathology, McGill University, and Dr. A. C. Ri tchie, then 

}üranda Fraser Associate Professor of Comparative Pathology, McGill 

University, accepted me at the Pathological Institute in Montreal. The 

kindness and encouragement e.x:tended by Dr. McMillan proVided me with a 

unique atmosphere and a ready entry into the new field of research work. 
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Dr. Ritchie, with authority and wide experience in the field, guided 

my experimental work throughout the three years of my research training. 

The strict yet kind instruction and constructive cri ticism helped to 

orient my endeavour. His supervision always gave me the self assurance 

needed to face the many problems encountered in the experimental work. 

When Dr. Rit chie moved to Toronto as Professer and Head of the Department 

of Pathology, University of Toronto, it was very fortunate for me that 

I was able to join his department there and continue my work under him. 

All the members of the staff of the Department of Pathology, 

both at McGill University and at the University of Toronto, aided me 

in many ways. Dr. J. W. Steiner, Assistant Prof essor of Pathology 

in the University of Toronto, helped me through conversation and co­

operation. Dr. B.I. Wigensberg, Assistant Professer of Pathology at 

:t,1cGill University, gave me much help and advice in the work related to 

the chemical study. Dr. J.V. Frei, senior in our project, worked with 

me for two years in Montreal. His brilliance and energetic work 

always stimulated me. Dr. M.C. Patterson joined the project in Toronto, 

and became a consistent helpmate. My discussions with these colleagues, 

and their helpful suggestions were of immeasureable value. 

Mr. H. Nye, Mrs. M. Passuka and ~ws. H. Foley, all of the 

Department of Pathology at McGill University, and Miss G.K.R. Boyd, 

Mrs. J. Cetkovski and Miss H. Williamson of the Department of Pathology 

at the University of Toronto aided me by their efficiency and kindness. 

I would like also to extend my deep appreciation to the 

technical staff who worked on our projects. Hithout their help my work 
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wouJ.d never have been completed. Miss H. Basillières, Mr. W. Kingsley, 

Mr. S. Muity and Mr. L. Sales at Montreal and Mr. P. Burton and Mr. B. 

Eichfuss at Toronto worked to keep the animals and the animal rooms 

in the best possible condition. They worked hard, were dependable, 

and have become good friends. Mrs. N. Geoffroy at Men treal and 

Miss L. Harrison at Toronto did most o.f the histological work, and 

Mr. H. Colleta at Montreal arrl 1-fr. H. Layne at 'foronto did the 

photographical. 'k'Ork. Mrs. H. Hardman of Toronto did the final typing. 

To all those people I am deeply indebted and am sincerely grateful. 

Very humbly, I wish to dedicate this thesis to my mother, 

who unfortunately, did nat live to see its completion. It was she who 

instilled in me the ambition and perseverance necessary to embark on 

this phase of my education. I will be forever grateful. To my wife, 

Maria Anthonine, no words can e:xpress my gratitude. Her deep und.erstanding 

of my studies and never failing encouragement aided in the achievement 

of this goal. 

The work described in this thesis was done in about three 

years. Needless to s~, there is much more to be done if comprehension 

and mastery of the subjects which I have studied are to be gained. 

Experimental work has taught me a new approach to the stuey of pathology. 

It is my hope that the work has made al.so a small contriw ti on to the 

vast world of experimental research. 

This is not the end, but merely the beginning. 

iii 

March, 1963 

H. Shinozuka 
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PREAMm..E 

The the sis consista of five parts, a review of literature, 

an account of the experimental work, a discussion of the findings, a 

bibliography and appendices. 

The review of literature begins with a brief note on the history 

of epidermal carci.nogenesis, and proceeds to discuss the development of 

the two stage theory of carci.nogenesis, and our knowledge of the nature 

of initiation and promotion. 'I'wo stage carcinogenesis other than in 

mouse skin, and the immunological aspects of carcinogenesis are discussed 

briefly. The dose response of mice to carcinogen ani the interaction 

of carcinogen with nucleic acids are also discussed. 

The experimental work consista of eight experimenta. In 

each case, a description of method is followed by a summary of the 

resulta. The discussion of the experimental results is reserved for 

the discussion, at which time, the findings are evaluated and compared. 

In the appendices are tables and figures giving the complete 

and detailed experimental resulta, to augment the summaries given in 

the text. The bibliography lists the many works referred to in the text. 

In the tables and figures, several abbreviations are used. 

9,10-dimethyl-1,2-benzanthracene is referred to as DMBA, croton oil 

as CO, and orotic acid as OA. 

iv 
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I REVIEW OF LITERATURE 

A) INTRODUCTION 

The earliest description of cancer has been traced back 

to records on Egyptian pa.pyri of the fifteenth century B.C. 

Following this, in the era of Hippocrates, in the fourth centur,y 

B.C., the nature of cancer was described as the presence of a 

tumour, and the absence of aey tendency towa.rds healing. Hippocrates 

used the term nklkfJ<Jif(JS 11 , "carcinosn, for all indolent ulcera, 

and 11 ktl.f'KIIflif'ltll tt, "carcinoma» for progressive malignant tumours. 

In spite of many descriptions, and many personal views as to the 

origin of cancer in the following centuries, little came but mere 

speculation. 

Perhaps, the one of the most notable events in the history 

of cancer research was the essay by Bernard Peyrihle(l735-1804) of 

Lyon, 11 Qu1est ce que le cancer? 11 • In this essay, he described an 

attempt to identify the toxin of cancer and to trace the spread of 

the disease, in order to devise a better method of treatment. Though 

his experiment was a failure, he wn the prize for the best essay 

from the Académie des Sciences et Belles-Lettres de Lyon, and has 

been rightly considered as the person who conducted the first systemic 

experimental investigation. 

The microscope helped develop knowledge of cellular pa.thology. 

The early nineteenth century was occupied with a detailed study of the 

morphology of tumeurs, their separation from a variety of diseases, 

the elucidation of their histogenesis, and the writing of the natural 
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history of maligna.nt neoplasms. Cancer research, as an experimental 

science, be gan at the close of the nineteenth century with the study 

of animal tumeurs, and of the transplantability of these tumeurs to 

a new host. The introduction of animal experimenta into the field 

of cancer research has been of great value, for it enabled the 

investigators to study various characteristics of neoplastic disease 

at will, unhampered by the limitations of human subjects. The 

twentieth century opened as a real experimental era with systemic 

study. Although more than two hundred years have passed since 

Peyrilhe 1 s attempt, research into the cause of cancer is still one 

of the most intricate and di:fficult scientific activities of modern 

times. 

A large number of agents of many kinds are now known to be 

capable of inducing cancer in various animal tissue. They may be 

classified into three categories: physical, chemical and biological. 

The physical agents may be represented by X-ray and ultraviolet 

light, and biological agents by viruses and hormones. As for chemical 

agents, Hartwell(l941;1951), listed close to 1300 chemical substances 

which had been tested for carcinogenic activity. Som.e 200 were 

reported to possess carcinogenic activity. Furthermore, Shubik and 

Hartwell(l957), published a supplementary work reporting that many 

more carcinogenic substances had been found. It is, moreover, not 

improbable that as the number of compounds tested increases, yet 

more compounds will be found capable of inducing cancer in animals. 

It must be realized, however, that the primary purpose of these 
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investigators has not been merely to describe new carcinogens, but 

to find important relations among the known carcinogenic agents and 

to acquire information as their mode of action. 

The field of cancer research is widespread. The efforts 

in numerous branches of medicine, such as clinical medicine, 

pathology, radiology, genetics, bacteriology, and endocrinology, 

have all been directed toward the common aim of elucidation and 

control of the neoplastic transformation. As the field is so 

widespread, no single individual is capable of mastering the entire 

field of cancer research, but no individual can work effectively at 

the modern leval in any one of its component disciplines without 

understanding something of the work as a whole and appreciating its 

boundaries. Nevertheless it is not possible to discuss cancer 

research in its entirety in this review. The discussion will be 

confined therefore, to the developnent of experimental epidermal 

carcinogenesis. 

Epidermal carcinogenesis is one of the oldest subjects 

in cancer research. Carcinogenic agents can be applied directly 

to the skin, and the subsequent changes followed step by step by 

direct visual observation. The knowledge of epidermal carcinogenesis 

has been markedly advanced by the huge accumulation of information 

from individuals and groups scattered throughout the world. One 

is confronted with a monstrous and amorphous literature, soma of 

which is hastily ambitous, some controversial, and soma containing 

hopeful hypotheses. In this review special attention will be given 
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to the development of our knowledge of carcinogenesis in the skin 

of mice. Otœr SJ:ecies of animals will, however, be considered 

from time to time, on a comparative ba.sis. 

There are many reasons for the use of the skin of mice 

for the investigation of epidermal carcinogenesis. The advantages 

of using mice in experimental cancer resea.rch wa.s cited by 

Borrel(l909), "Avec les souris qui vivent trois ans au maximum 

et qui donnent des générations nombreuses, il est toujours possible 

de soumettre a l'épreuve expérimentale la notion de l'hérédité 

et dans des conditions de complète certitude. Un an d'observation 

sur les souris, c 1est un siècle de vie humaine. 

Avec les souris, d 1un prix de revient minime, d'un 

entretien facile et peu onéreux, on peut grouper dans un espace 

restreint des milliers de sujets d'expérience: constituer des 

hameaux, des villages, des villes soumises à des régimes variés, 

à des conditions diverses et l 1étude étiologique du Cancer se 

trouve vraiment possible~ This can be translated, as follows: As 

the mouse lives only three years at the most, and produces many 

generations of descendants, the question of heredity can be 

submitted to experimental investigation under definite and fixed 

conditions. One year of observation in the mouse, is as good as 

a hundred years in man. Cheap to buy, and easy to maintain, mice 

can be housed by the thousand in a small space, and hamlets, 

villages and cities of them subjected to the most diverse conditions. 

This sta.tement still stands true, even a.t present, and for these 
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and otœr reasons, many investigations are performed using mice. 

Excellent reviews of the history of cancer research, and 

of epidermal carcinogenesis are available, and were consulted in 

the preparation of this thesis. Valuable information was derived 

from such reviews, particularly about the early developnents in the 

field. The following were especially valuable. For tœ historical 

review; Wolff(l907), Woglom{l913), Ewing(l940), Oberling(l943), and 

Willis{1960). For epidermal carcinogenesis; Woglom(l926), Watson(l932), 

Seelig and Cooper{l933), Greenstein(l954), Cowdry(l955), Huxley(1958), 

and Homburger and Fishman(l959). 

B) EXPERIMENTAL TUMOURS OF THE SKIN 

1) Early Work other than with Tar and Polycyclic Hydrocarbons 

Ne ar the end of the nineteenth century, the discovery of 

X-Rays(l895) by Roentgen and the discovery of radioactivity(1896) 

by Becquerel were soon followed by serious lesions on those exposed 

to the ionizing radiation. The carcinomata of the skin which occurred 

in many of the pioneer radiologists and physicists proved the association 

between prolonged exposure to radiation and cancer. The first case of 

cancer of the skin in man thought due to irradiation was reported by 

Frieben, in 1902, from Hamburg (Frieben, 1902). A thirty-three year 

old man empl.oyed in the manufacture of X-ray tubes tested the apparatus 

w:ith his hand for four years, without adequate protection, and developed 

cancer on the skin of his hand, necessitating amputation of the arm. 
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other reports soon .followed, and the number of victims of X-ray 

cancer in the entire world, are presumed to be counted by the 

thousands (Oberling,l944). 

In man, roentgen cancer never appears immediately a.fter the 

exposure, but is always preceeded by chronic dermatitus which may 

not become manifest .for years. It is known that the latent period, 

between the application of the noxious agent and the inception of 

cancer, may vary from four to fifteen years. In animals, Marie, 

Clunet and Raulot-Lapointe in 1910, (quoted by Marie, Clunet and 

Raulot-Lapointe 1912) reported the induction of sarcoma in a rat 

by X-ray. They irradiated rats until ulcers appeared and kept the se 

from healing by renewed exposures. Two of the animals developed 

sarcoma, one nine months and the other two years a.fter the beginning 

of the experiment. This is the .first experimentally induced animal 

tumour recorded in literature. Following this, Bloch(l924) produced 

carcinoma of the skin by localized irradiation of rabbit ears with 

a dose amounting to about 3 • SOOOr. in 32 months. In his study, the 

importance of dosage was clearly demonstrated. Light exposure was 

followed by super.ficial burns only, and very large doses b.y necrosis 

without subsequent tumours. Intermediate doses gave rise to cancer. 

Jonkho.ff(l927) was the first to report the production of carcinoma 

of the skin in mice by radiation. 

In old references, a number of convincing illustrations and 

descriptions of the carcinogenic power of sunlight are round, such as 

the relative frequency of cancer of the skin among those who pass their 
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lives in the open air, and the limitation of these neoplaems to the 

exposed parts of the body. 

The production of skin tumours in mice and rats by ultraviolet 

rays from mercury vapour lamp3 was reported by Findlay(l928,; 1930). It 

is not necessary to use an artificial source, as sunlight alone will 

suffice. Roffo(l935) exposed 600 white rats to the sun for five hours 

each day over a period of seven to ten months. Among the 235 survivors, 

seventy percent developed carcinoma or sarcoma on the hairless areas, 

such as the ears, eyelids, snout and paws. 

The carcinogenic action of the radioactive emission from 

radium in animals was reported by Daels and Biltris(l931) who produced 

malignant epithelial and connective tissue tumours on mice and guinea 

pigs. 

From this evidence drawn from the early stages of e~rimental 

research, it can be concluded that every form of electromagnetic 

radiation, X-ray and ultraviolet, is endowed with carcinogenic power. 

The search for the nature of the action of these rays has been a 

struggle against many difficulties. Speculation that the development 

of cancer is a result of some action exerted by the rays on the cell 1 s 

nucleus, and particularly on the nuclear chromatin, was derived from 

the frequent observation of degenerative changes in the cell nucleus 

in irradiated cells. With the demonstration of the induction of 

germinal mutations by X-ray {Müller, 1927), the idea developed that 

the action of the rays on somatic cells was similar. The abnormal 

chromatin complexes, and the multipolar mitoses observed after 

radiation favour this idea. The hypothesis that X-ray cancer is the 
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production of a somatic mutation bas long been an attractive conception. 

The hormonal influence in the genesis of cancer is partieularly 

clearly shown in mammary tumours. The sex-limited nature of the 

spontaneous occurrence of sueh tum.ours led directly to this speculation 

(Lathrop and Loeb,l913). Laeassagne(l932) was the first to induce 

mammary cancer in male m.ice by means of purified oestrogen. However, 

so far as epidermal carcinogenesis is concerned, the evidence for a 

direct action of hormones is scanty. 

Bosc(l903), and Borrel(l903) first put forward the hypothesis 

that cancer is of viral origin, basing the theory on the proliferative 

effect on tissue sorœtimes exerted by a virus. In 1908, Ellerm.an and 

Bang(l908), published their classical observation of leukaemia in 

fowls. Leukaemia can be transm.itted from one chicken to another by 

the injection of blood or organ extracts, even after they have been 

ultra-filtered. Two years later, Rous(l910;1911) studied a spontaneous 

sarcoma of subcutaneous tissue in Plymouth Rock hens, and showed its 

viral origin. At about the same time, Fujinami and Inamoto(l914) 

reported a filterable myxosarcoma of the fowl. Later, Shope(l933) 

described the skin papilloma which appeared on the skin covering the 

abdomen, and on the neck and shoulder of wild rabbits from Iowa and 

Kansas. The se tumeurs could be transm.itted with an ultra-filtrate to 

both wild and domestic rabbits, but not to rats, mice, guinea pigs, 

or cats. Subsequent studies by Rous and Beard(l934;1935) established 

the viral origin of these papillomata. 

The old belief that "chronic irritation" is the cause of 
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cancer bas been a constant point of controversy. Num.erous cl.inical 

instances are cited in the old literature, suggesting a causative 

relationship between an irritant and cancer. Virchow, justly called 

the father of the irritation hypothesis, stressed the importance of 

chronic inflammation, which he thought might le ad to cancer, whatever 

its type, be it from burns, soot or sunlight. The idea that trauma may 

be responsible for the development of tumours is also widely held 

by both the public and a number of those in the medical profession. 

Opinion is divided, soma think that as many as 44.7% of all malignant 

tumours may be due to trauma (LOwenthal, 1895), ethers that not many 

tumours have been caused by trauma (Knox, 1929). In consequence, a 

variety of irritants, both chemica.l and physical have been studied by 

many investigators, with oonfusing resulta. For example, Burckhardt 

and Mueller(l923) failed to pro duce cancer by repeated sca.lding or 

burning; Daels(l923) found tha.t eosin, haematoxylin gentian violet, 

picric acid, silver nitrate, phosphorus, arsenic, ichthyol and balsam 

of Peru were all without carcinogenic action; Leitch(l922a;b) succeeded 

in producing carcinoma in mice by crude shale oil containing paraffin 

and arsenic, although he found tobacco tar extract benzene, benzidine, 

xylol, aniline, various dyes, iodine, zinc chloride and creosol all 

ta be without carcinogenic activity (Leitch, 1923); Derom(l924) was 

unable to excite malignant growths with tincture of iodine or with 

dilute phenol; but Narat(l925) succeeded in eliciting carcinomata in 

two strains of mice by painting with 3-6% potassium hydrochloride 

or 3-5% hydrochloric acid. 
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2) The Establishment of Tar Cancer 

Even before the beginning of this century i t had been 

known that those whose occupation exposes them to soot, tar, or 

similar substances are prone to develop cancer. The earliest 

paper in this field is :t=erhaps that of Percival Pott, who, in 

1775, reported in his 11 Chirurgical Observations" on the prevalence 

of scrotal cancer in chimney sweeps. He noted that 11 chimney 

sweepers disease 11 , scrotal cancer, appeared at the age of twenty 

to twenty-five in the men who engaged in the chimney work, in thick 

and sooty chimneys during their boyhood. This indicated that the 

latent period for the appearance of cancer was about ten to fifteen 

years. However, only one hundred fort y years after Pott 1 s paper 

was tar subjected to adequate experimental examination. Earlier, 

Hanau(l889), had painted rats for months with gas tar and similar 

mate rials, but elicited only a chronic dennatitis. In his paper, 

he suggested that a long period of application might prove more 

successful in eliciting tumours. Cazin, in 1894, using a dog, 

failed to produce cancer after five months tarring (quoted by Goedel, 

1923). Tobacco tar was applied to the ears of rabbits by Wacker 

and Schmick(l911) without the development of tumours. Haga(l913) 

similarly failed to induce tumours when he applied soot to the ears and 

scrotum of rabbits. Probably in the se experimenta, the irritants were 

applied for too short a period, to the wrong s:t=ecies, or were the wrong 

kind of irritant. The experiment by Bayon(l912) was considered to 

be the most promising of the early works. He reported abundant 
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epithelial proliferation four weeks after the injection of gas-work 

tar into the ears of rabbits. In spite of these many failures to 

produce epiderm.al tumours, in Germany, France, England, and Japan, 

the problem of inciting malignant tumours at will was on the eve 

of solution at the beginning of this cEnt ury. 

It was certainly good fortune that at least two Japanese 

investigators selected an animal sensitive to the irritant used, 

an appropriate irritant, and continued to apply the irritant for a 

sufficient length of time. In 1914, Yamagiwa and Ichikawa reported 

that they had been able to produce papillomata on the ears of 

rabbits by repeated applications of tar (Yamagiwa and Ichikawa,l916: 

The first complete description of their experimenta; portions of 

which are illustrated in the Appendix VIII). In the following year 

they recorded the development of three cancroids in the tarred 

areas. By 1917, they had produced sixteen carcinomata and forty-nine 

benign tumours in rabbit ears (Yamagiwa and Ichikawa,l917). The 

shortest latent period for the production of a carcinoma was 103 days, 

and the longest 565 daye. Soon after the publication of Yamagiwa 

and Ichikawa 1s work, Tsutsui(l918) painted the skin of the back of 

mice with coal tar every three or four d~s, and succeeded in 

producing cancer after one hundred days or more. Two of the mice 

had metastases to the lung. Tsutsui found mice even more susceptible 

than the rabbit, for the growths arose earlier and more frequently; 

indeed, with suitable technique, he was able to induce tumours in 

ninety to one hundred percent of his animals. Tsutsui's work was soon 
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confirmed by Fibiger and Ba.ng(l920). In mice pa.inted avery two or 

three days, the first papillary outgrowth appeared on the eighty-sixth 

day, while ail those that lived from 275 to 331 days developed malignant 

tumours. Wide confirmation of the work of Yamagiwa and Itchikawa and 

Tsutsui appeared in literature, and the first great period of 

experimental carcinogenesis began. 

3) Analysis of Tar and Isolation of Carcinogenic Hydrocarbons 

After the pioneer investigators had established the carcinogenic 

affect of coal tar, the next logical step was the fractionation of tar, 

and tœ isolation of the active mate rial or mate rials. This work was 

met with considerable difficulties, for in early studies, several 

hundred substances were identified in coal tar, though not more than 

one hundred have been definitely isolated (Spielman,l924). Furthermore, 

the composition of tar varied considerably, depending on the coal from 

which it was distilled. An early observation was made by Bloch and 

Dreifuss(l921), in Germany, who stated that the carcinogenic factor 

in ooal tar was contained in the high boiling fractions (370-440°0), 

and that it was soluble in benzol and contained no hydrocarbons, bases, 

or phenols of a low boiling point. This fraction caused extrem.ely 

malignant tumours in one hundred percent of the mica in about four 

months. Following this, the su.mmary of various investigations by 

Deelman(l922), was that carcinogenicity was associated with certain 

fractions, that the active constituent was roluble in benzol, and 
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that it was probably a cyclic hydrocarbon of high molecular weight. 

After these first tentative efforts, a systemic search for the isolation 

of the carcinogenic fraction of tar was instituted qy a group of workers 

in the Royal Cancer Hospital in London; Kennaway, Cook, Hieger and others. 

Kennaway(l925) was able to prepare a number of artificial 

carcinogenic tars, some of them containing only compounds of carbon 

and hydrogen. The fractionation of coal tar into carcinogenic fractions 

was facilitated qy the discovery by Hieger(l930) that tar and oils known 

to produce cancer in experimental animals gave characteristic fluorescene 

spectra, with bands occurring at 4,000, 4,180 and 4,400 l. Many known 

compounds with natural fluorescene were examined, among them, anthracene, 

but only 1,2-benzanthracene (Figure 1) was found to give bands near 

the wave lengths mentioned above. The substance proved to be weakly 

carcinogenic, but the resemblance of its spectrum to those of the more 

active carcinogenic tars stimulated the synthesis of polycyclic hydro­

carbons related to 1,2-benzanthracene. 

Among the compounds related to 1,2-benzanthracene studied was 

1,2,5,6-dibenzanthracene (Figure 2), which proved to be a highly active 

carcinogenic substance, and was the first pure substance to induce 

cancer in a large proportion of the experimental animals. In 1933, 

Cook, Hewett, and Hieger(l933), succeeded in isolating an unknown 

hydrocarbon in pure form from coal tar, and subsequently this was shown 

to be 3 ,4-benzpyrene (Figure 3). This compound possessed a fluorescence 

spectrum very similar to that of some of the original tars, was present 

in the original tar to the extent of at least 0. 003%, and was powerfully 
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1,2-Benzanthracene 

Figure 2 

1,2,5,6-Dibenzanthracene 

Figure 3 

3,4-Benzpyrene 
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carcinogenic. Benzpyrene became one of the most widely employed 

carcinogens in experimental cancer research, and it is of particular 

interest because of its wide distribution. For instance, it has 

been identified in the exhaust of internal combustion engines, in 

the soot of industrial cities (Goulden & Tipler,l949), in processed 

rubber (Falks, Steiner, Goldfein, Breslow and Hyks,l951), in carbon 

black (Falks and Steiner,l952), and in the atmosphere (Waller,l952). 

The isolation of 3,4-benzpyrene solved the mystery of the carcinogenic 

property of coal tar but in the course of the synthetic studies, it 

was observed that many other hydrocarbons other than 1,2,5,6-dibenzan­

thracene possess carcinogenic activity. Not long after the isolation 

of 3,4-benzpyrene, another potent carcinogenic hydrocarbon, 20-methyl­

cholanthrene (Figure 4) was produced by Wieland and Dane(l933) and 

Cook and Haslewood(l934) from derivatives of 1,2-benzanthracene, and 

by degradation from deoxycholic acid. One of the interesting facts 

about methylcholanthrene is the nature of the starting materials for 

its synthesis. Fieser(l936) derived the methylcholanthrene from cholic 

acid which is a natural component of the bile. Furthermore, it is 

chemically related to the sterols, including vitamin D and sex hormones. 

After the initial success in the isolation of chemical 

carcinogens, two important groups of investigators paid particular 

attention to the examination of the carcinogenic activity of the pure 

substances isolated. In London, Kennaway, Cook, Hieger and others 

started their investigation in the 1920•s and the work continued into 

the early 19401s. In Boston, Shear, Fieser, Andervont and others, 
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Methylcholanthrene 
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1,4-Dimethyl-2,3-benzphenanthrene 
(9,10-Dimethyl-1,2-benzanthracene) 
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embarked, in the ear1y 1930's on a series of investigations of the 

carcinogenecity of the po1ycyclic hydrocarbons of the type isolated 

from tar by Kennaway and his col1eagues. Thus, over a period of 

roughly ten years, two major efforts over1apped. 

Many synthetic hydrocarbons were synthesized and tested 

for carcinogenecity. Another group of compounds that are derived 

from 3,4-benzphenanthrene was studied by the Kennaway group (Badger, 

Cook,Hewett,Kennaway,Kennaway, and Martin,l942). One of these was 

2,3-benzphenanthrene (1,2-benzanthracene). With further substitution 

of the methy1 group, at 1,4 position, thus gives 1,4-dimethy1-2,3-

benzphenanthrene (9,10-dimethy1-1,2-benzanthracene). (Figure 5) 

This materia1 is one of the most potent carcinogen known for meuse 

skin, and is commonly used for experimental studies at the present 

time. 

It is worthwhile to notice that the London group of workers 

consistently tested compounds for carcinogenic potency by painting 

these on the backs of stock mice as a solution in benzene. However, 

in 1932, Burrows, Hieger, and Kennaway(1932), did dissolve 1,2,5,6-

dibenzanthracene in lard, and gave it by subcutaneous injection to 

experimental animals, obtaining sarcomata at the site of the injection. 

The use of stock mice of mixed unknown genetic characteristics by the 

London group, interposed several hazards in the accurate estimation 

of carcinogenic potency. 

The Boston group used an inbred strain of mice of known 

susceptibility, but used the technique of subcutaneous inoculation 
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of solutions of hydrocarbons in fattyvehicles, so the tumours 

produced were mainly subcutaneous sarcomata. It is important to 

notice that findings by these different routes of administration 

were different. For example, the London group reported tmt by the 

skin painting technique, 10-methyl-1,2-benzanthracene was non-carcinogenic 

(Cook, Robinson and Goulden,l9.37), but by the subcutaneous injection 

method the Boston group reported the substance carcinogenic (Shear, 

1938). Such discrepancies have become even more obvious as experimenta 

with different routes of administration and with different species, 

have grown. 

Subsequent studies extended in many directions. The structure 

of the various active substances, biological factors such as susceptibility 

of the different strains and species, the effect of solvants, the effect 

of dosage and many other facets we:re investigated. 

4) Modification of Carcinogenic Action 

After it beca.ne obvious that tar and pure polycyclic hydro­

carbons were effective in the production of skin tumours, but that 

other irritants were not, the old belief that chronic irritation is 

the cause of cancer grew faint. However, the question remained, whether 

irritation as such is associated with carcinogenesis or not. For instance, 

in occupational tumours in man and in experimentally produced tumours 

in animals hyperplasia often preceeds the development of the tumours. 

Irritation, both physical and chemical is well known to elicit a 

continued state of reparative hyperplasia. The trend of investigation 
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moved in a new direction, to consider the study of the influence of 

non-carcinogenic or weakly carcinogenic substances on the action of 

tar or pure chemical carcinogens. Shortly after the establishment of 

the carcinogenic power of tar, many attempts were made to shorten the 

latent period and increase the tumour yield by adding adjuvants. 

For the convenience of the discussion, the experimenta can be 

divided into three groups. Firstly, those in which a non-carcinogenic 

or weakly carcinogenic substance is applied concurrently with a 

carcinogenic substance; secondly, those in which the substance is 

applied for a period preceeding the application of the carcinogen; 

and thirdly, those in which the substance is applied after the 

application of the carcinogen. 

As examples of the modification of the carcinogenesis that 

can be induced by the administration of a non-carcinogenic or weakly 

carcinogenic substance together with the tar or polycyclic hydrocarbon, 

one could quote many examples. The resulta varied from pronounced 

inhibition of tumour formation to pronounced augmentation. For example, 

Findlay(l928) applied ultra-violet light concurrently with tar to the 

skin of mice and recorded that it augmented the tar carcinogenesis. 

Dormanns(l934) reported a similar effect. Other investigators found 

that ultra-violet light had no significant effect on tar carcinogenesis 

(Kohn-Speyer,l929;Teutschlander,l937), and Taussig, Cooper and Seelig 

(1938) found it without effect on carcinogenesis by benzpyrene, and 

Rusch, Kline and Baumann(l942) found that it did not modify carcinogenesis 

by methylcholanthrene or 9,10-dimethyl-1,2-benzanthracene. Yet again, 



- 20-

Doniach and Mottram(l940) reported that strong sunlight weakened the 

carcinogenic activity of benzpyrene. Berenblum(l929) applied frozen 

co2 to mouse skin concurrently with tar, ani found an augmenting effect 

on tar carcinogens at the periphery of the zone of the co2 application. 

Similarly, the non-carcinoganic basic fractions of tar were reported to 

have an augmenting effect on benzpyrene carcinogenesis in mice when they 

were injected subcutaneously or painted on the skin together with 

benzpyrene (Shear,l938;Cabot,Shear,Shear and Perrault,l940). Several 

substances, such as mustard gas or cantharidin, had, when applied 

coo.currently, on the ccn trary, an inhibitory effect on tar carcinogenesis 

in the skin of mice. The inhibitory effect of heptaldehyde When applied 

to mouse sldn together wi th methylcholanthrene was reported by 

Carruthers(l940). 

In the second category, many non-carcinogenic substances were 

thought able to modify the carcinogenesis when applied before the 

application of the carcinogens. Except in a few instances, attempts to 

induce an augmenting action have been unsuccessful. Derom(l924) heated 

an epilated area in mice, using a lead shield heated to a temperature 

of 50, 60, or 70°C. by immersion in water. The thickened and scarred 

skin resulting from the application of the shield at 60 or 70°C. was 

more resistant to tar than normal skin. Burning, applied before the 

tar, does not favour the development of tar tumours (Parodi,l923). 

However, Deelman(l923) found that light scarification before the first 

application of tar hastened the appearance of cancer. An opposite 

result was obtained b,y Ludford(l929) who employed scarification b.r 
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sandpaper before the application of the carcinogen. In view of what 

is to follow, Mottram's experiment is of particular interest (Mottram, 

1944b). He claimed that applications of croton oil bef ore the 

application of benzpyrene augmented the incidence of tumeur formation. 

The most significant effect of non-carcinogenic substances 

or procedure upon epidermal carcinogenesis was obtained by their 

application after the application of the carcinogen. Deelman(l924) 

and Deelman and Van Erp(l926) made a single incision in the skin of 

mice after the application of tar. 'l'hey recorded the appearance of 

many benign and malignant tumeurs along the scar of the incision. 

In contrast, Ludford(l929) scarified mouse skin with sandpaper after 

the application of tar without observing any augmenting effect. The 

application of frozen COz after tar application to the skin of mice 

(Berenblum,l930), and light cauterization after the application 

3,4,5,6-dibenzacridine to the skin of rnice (Rodoni & Corbellini,l936) 

were both reported to have an au:~enting effect upon carcinogenesis. 

Mottra.m.(l938) reported that after the application of benzpyrene to 

the back of mice, irradiation with doses of 800 to 2800r. was followed 

by the appearance of many warts and carcinomata, while a dose of 6000r. 

supressed cancer formation. 

Many other experimenta of the same sort were carried out 

during this period, including the actions of substances on the 

carcinogenesis of subcutaneous tissue. These studies illustrated that 

the response of animals to carcinogenic agents may be profoundly modified 

by extraneous factors, administered simultaneously with, or subsequently 

to the carcinogenic agents. If these modifications lead to an augmentation 
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in tumour formation, the modification is called 11co-carcinogenic 11 • 

If the modification produc es an inhibi tary effect on tumour production, 

it is called 11anti-carcinogenic 11 • The tenn 11co-carcin ogmic 11 was 

originally introduced by Shear(l938), to describe an mhancement by 

a basic tar fraction of the carcinogenic effect of bmzpyrene, has 

since been used to caver a wide range of phenomena. The study of co­

carcinogenesis eventually produced the important dis covery of the two 

stage theory of epidermal carcinogenesis. 

C) TWO STAGE THEŒ.Y OF EPIDERM:AL CARCINOOENESIS 

1) Series of Experimental Work 

The theory that carcinogenesis might be a discontinuous 

process consisting of multiple stages with different characteristics, 

had its origin in speculation by several investigators working 

independently. Though the cœcept of the two stages of epidermal 

carcinogenesis is now wi.dely accepted, many steps in experimEntal work 

were required for i ts establishment. The pioneer work in this field 

began in early 1940 and many investigators contributed in subsequent 

years. 

a) Work by Berenblum 

As has been discussed previously, certain irritants, which 

are not carcinogenic in them.selves, can augment the carcinogenic effect 

of tar or hydrocarbons on mouse skin when applied concurrently or 

following applications of carcinogen. Berenblum(l94la) reparted an 
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important series of ex~riments. He found that the carcinogenic 

potency of benz pyrene was significantly dimished if it was applied 

in dilute solution. For instance, applications of 1% benzpyrene in 

acetone on mouse skin yielded a tumour incidence of 53%-66% of the 

mice at the 20th week, while applications of 0.05% benzpyrene in 

acetone yielded tumour incidence of only ~-6%. If croton oil was 

applied concurrently with 0.05% benzpyrene, the tumour yield increased 

to 26%-37%. If croton resin (a constituent of croton oil) was used 

sim.ilarly, the tumour yield reached to 80%. In other experimenta, 

the concurrent applications of 30% tur~ntine with 0.05% benzP,yrene 

yielded only ~-3% tumour bearing mica, and the concurrent applications 

of xylene only 8%. Berenblum thought the effect of croton oil or 

croton resin could not be explained by a summation of the effect of 

two weak carcinogens, since croton oil or croton resin alone gave no 

evidence of carcinogenecity for the skin of mice. Nor could the affect 

be attributed to a non specifie irritative action on the part of croton 

resin, since other skin irritants auch as xylene or turpentine failed 

to augment carcinogenesis under sim.ilar conditions. Berenblum proposed 

that the co-carcinogenic action of croton oil constituted a specifie 

reaction distinct from the carcinogenic process. In a subsequent series 

of experimenta (Berenblum 194lb), no carcinogenic effect was observed 

when croton resin was applied to the skin and benzpyrene was injected, 

nor was it possible to augment the carcinogenic affect of benzP,yrene 

on subcutaneous tissue by injection of croton resin at the same site. 

The preliminary treatment with croton resin for a period of 26 weeks 

failed to influence the response to subsequent applications of benzpyrene. 
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But most importantly, the effect of croton resin on mouse skin previously 

treated with benzpyrene for a limited period was significant. After 

eight weeks of applications of 1.0% benzpyrene in acetone, subsequent 

treatment with applications of 0.025% croton resin produced tumours in 

86% of the mice. Subsequent treatment with 30% turpentine gave tumours 

in 44% and subsequent treatment with acetone in 18%. This indicated 

that when croton resin is applied to skin which has already been 

rendered preneoplastic by carcinogen, it is capable of precipitating 

the development of warts in a high proportion of cases. There was also 

evidence that when croton oil was allowed to act on warts already 

established it seemed able to facilitate their conversion into malignant 

tumours. On the basis of these experimente, Berenblum classified the 

biological changes occurring in the epidermis after the application of 

carcinogen into three stages, preneoplastic stage, stage of papilloma, 

and the stage of malignancy, and the biological actions of the carcinogen 

as precarcinogenic, epicarcinogenic and metacarcinogenic. He summarized 

the new concept of carcinogenesis in the following five themes. 

111.) Precarcinogenic, epicarcinogenic and 

metarcarcinogenic action represent 

inde pendent processes in carcinogenesis. 11 

112.) True carcinogens are capable of produc:ing 

all three actions, though to a different 

degree in different species ." 

"3.) Croton re sin differs from a true 

carcinogen in lacking the power of pre­

carcinogenic action but resembles them in 

possessing both epi- and metacarcinogenic 

action." 



n4.) It is possible that other kinds of 

incomplete carcinogens may exist, 

possessing, for instance metacarcinogenic, 

but not pre- or epicarcinogenic action." 

"5.) The rarity of response to carcinogenesis 

of different tissue may possibly be 

attributed to a deficiency in one part 

of the chain reaction rather to a greater 

or lesser responsiveness to carcinogenesis 

as a whole. 11 
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Perhaps the important postulate is the necessity of dis­

sociation of the process of carcinogenesis into component parts, the 

whole process consisting, as it were, of a chain of essentially 

independant processes. 

b) Work of Rous and his Collabora tors. 

At the same period, Rous and Kidd(l941) engaged in a series 

of eJq:eriments similar to Berenblum1s. They tarred the inner surface 

of rabbit ears twice weekly for periods varying six weeks to three 

months. When warts appeared, they stopped the tarring. Most of the 

warts then disappeared, but reappea.red quickly when the tarring was 

resumed. There was evidently an increased response to the subsequent 

ta.rring. Retarring called forth warts in grea.ter and greater profusions 

and called them forth earlier. Moreover, each tarring constituted an 
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additional carcinogenic stimulus, turning more cells into potential 

wart cells. The reap~arance of warts, and crops of new warts, were 

also produced by replacing the second tarring by painting with tur~ntine 

or by making punch holes on the ear. The papillomata which turpentine 

and punch holes brought forth on skin previously tarred, were less 

fleshy and had thinner papillae than those evoked on the same animale 

by tarring, but otherwise there were no essential differences. Rous 

and Kidd thought that the stimulus to ~rplasia whether by re-tarring, 

by tur~ntine, or by wound healing caused abnor.mal cells lying dormant 

in the skin to develop into visible tumeurs. They thought that these 

abnormal cells were induced by the previous tarring. They also noted 

that the ability to form warts promptly on renewed tarring persisted 

for at least six months after the growths had vanished. In conclusion 

they postulated that all of the warts induced by tar are conditional 

in nature, fully de~ndent on aid for enduring survival. 

In other experimenta, MacKenzie and Rous(l941) tarred the ear 

of rabbits twice weekly for four weeks, then after an interval of five 

weeks made punch holes. The essential point was to tar the skin of 

rabbits for a ~riod somewhat less than is ordinarilly required to 

elicit growths, and afterwards to subject it to non-carcinogenic 

stimulation. In their experiment, one growth appeared in each of 

two rabbits after the tarring before the holes were punched, but 

after the holes had been punched, thirteen tumeurs appeared in five 

of the seven rabbits. Seven of the tumeurs were at the place where 

re pair was und er way and six were elsewhere on the ears. When tarring 

was resumed four to eleven weeks after making the punch holes, there 
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was a growth of many new tumours, and they were more than three times 

as numerous where healing had taken place. In control experimenta, 

the healing of holes in normal ears never called forth tumours. A 

significant point is that the growths which appeared while the dises 

were healing occurred only on the ears that had been previously tarred. 

MacKenzie and Rous emphasized the need for a sharp distinction between 

tumeur inception and tumeur formation, and between those factors which 

render cells neoplastic and those affecting their subsequent behaviour. 

They suggested that carcinogenic tar applied to rabbit skin randers 

many more epidermal cells neoplastic than declare themselves by forming 

tumeurs. Su ch latent tumeur cells may be present in large numbers, 

and present for a considerable time after a brief tarring, yet give 

rise to no growths unless encouraged by ether means. 

The idea of separating epidermal carcinogenesis into different 

stages was more specifically formulated in publications by Friedewald 

and Rous(l944a;l944b). Their etudies extended the experimental analysis 

of factors affecting the effectiveness of tar, benzpyrene, and methyl­

cholanthrene when applied to rabbit skin. Friedewald and Rous thought 

the carcinogen acted in two ways: firstly it changed normal cells 

into neoplastic cells, an activity Friedewald and Rous called 

"initiation11 , and secondly it encouraged the multiplication of the 

initiated cells, an activity they called "promotion". Using similar 

experimental modela as in their previous work, they applied benzpyrene 

or methylcholanthrene to rabbit ears, and subsequently punched heles 

in the treated are as, obtaining many tumeurs. They also found that 

the applications of chlorofor.m to rabbit ears previously treated with 
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methylcholanthrene was able to elicit many tumours. However, while 

the power to encourage tumour formation and growth was exhibited very 

strikingly by tar, methylcholanthrene had little and balZpyrene had 

less such power on rabbit skin. l''riedewald and Rous speculated on 

the nature of promoting influence, sayj.rg that anything llhich induced 

hyperplasia, turpentine, irritant secretions, trauma, or chloroform, 

might cause growths to appear if latent tumour cells were present in 

the epidermis. 

c) Work of Mottram 

Mottram proposed that three factors played a part in the 

production of tumours (Mottram,l944a & 1944b), a 11sensitizing 11 factor 

which renders cells hyper-responsive to subsequent treatment, a 

"specifie cellular reaction", the essential carcinogenic reaction, 

and a udeveloping 11 factor, concerned wi th the bringing into being of 

a visible wart. In arder to illustrate a developiq!; factor, Mottram 

painted benzpyrene in acetone on both flanks of a group of six mice 

for four dey-s, and both flanks of a secmd group of six mi ce for 

fourteen days. Subsequently, the right fl.anks of all twelve mice 

were painted with croton oil, and left flanks with acetone. No 

tumours appeared on the left flanks, but many tumours an the right 

fl.anks. He claimed that in these experimenta the benzpyrene acted as 

an agent which caused a specifie cellular reaction, and that the croton 

oil enhanced the development of visible tumours. He stressed the 

importance of a developing factor in the experimental production of 
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tumours. In order to demonstrate the sensitizing factor, twelve 

mice were painted only once with benzpyrene on both flanks followed 

by a twenty week treatment with croton oil. On the right flanks, the 

painting with benzp,yrene was preceded by a short period of croton oil 

treatment, on the left no such preparatory treatment was given. A 

great increase in tumeur production was noted on the side where croton 

oil was applied prior to the benzp,yrene application. Mottram claimed 

that the preliminary applications of croton oil acted as a sensitizing 

factor. He also noted that a developing factor is required even 

when a sensi tizing factor is used. During the se ex:t:e riments, Mot tram 

found that a single application of 0.3% benzpyrene in acetone is 

adequate to induce the specifie cellular reaction so that subsequent 

applications of croton oil or croton resin were able to induce numbers 

of tumeurs in the prepared skin. Mot tram' s experimenta are very 

significant for the demonstration of the separation of epidermal 

carcinogenesis in separate stages, and also for the simplification of 

the experimental procedure. The induction of tumours by a single 

application of carcinogen followed by repeated croton oil treatment 

enabled the various phases of carcinogenesis to be analysed in a more 

accurate and quantitative fashion. 

d) Work of other investigators 

Other experimenta which suggest the necessity for the separation 

of epidermal carcinogenesis into stages are the studies of Tannenbaum. 
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In his studies on the effect of under-feeding on the initiation and 

promotion of tum.ours, Tamenbaum. found that the initial changes in the 

epidermis due to the application of carcinogen occur regardless of 

whether the mice are on a full diet or a calorie restricted diet. On 

the other hand, a full diet pramotes the subsequent development of 

tum.ours and calorie restriction inhibits such development. (Tannenbaum., 

1940;1942;1944a;l944b). Tannenbaum concluded that the initiation 

and growth may be controlled by different factors. 

The experiment of Kline and Rusch(l944) is also worth 

mentioning. After a single initial application of methylcholanthrene, 

mice were painted with croton resin, croton oil, naphthylquinone, 

sodium sulfide or were mechanically wounded. Croton resin, croton 

oil, naphthylq.dnone and tœchanical. wound:ing caused a significant 

incidence of tum.ours. 'l'hese findings are in harmony with the general 

idea that cancer formation occurs fQllowing a sequence of biological 

changes. Rusch and Kiine classified the series of changes into (a) an 

induction period, during which neoplastic cella are formed; (b) a 

critical or reversible period1 during which the neoplastic cells may 

proliferate, die or lie quiescent; (c) a progression period, in which 

the neoplastic cella gain ascendency over the forces that hold them 

in control. 

e) Formula ti on of the The ory and Its Terminology 

Thus, by the end of 1944, many investigators had adopted the 

idea of the separation of epidermal carcinogenesis into separate stages. 
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There were, however, still many conflicting pointa and certain 

differences in the usage of terminology and expression. A more 

detailed analysis of the component phases of carcinogenesis by a 

quantitative approach was therefore undertaken by Berenblum and Shubik. 

Mottram1 s(l944b) idea of a sensitizing factor was questioned 

by Berenblum and Shubik(l947a). Using a single application of benzpyrene 

or 9,10-dimethyl-1,2-benzanthracene as an initiator on the skin of mice, 

they showed that the tumeur yield induced by subsequent applications 

of croton oil was not significantly influenced by the application of 

croton oil before the application of carcinogen. This was in direct 

contradiction to Mottram, and as Berenblum and Shubik's experiment was 

on a much larger scala, their view has prevailed. The matter has not, 

however, been further studied. 

Berenblum and Shubik(l947b) found also that when different 

carcinogens are applied repeatedly to the skin of mice without croton 

oil, and the percentage of mice bearing tumeurs is plotted against time, 

the tumeur incidence curve will be as a, b, and c as shown in figure 1. 

When a carcinogen is applied for suboptimal period of eight 

weeks or only once, and the skin is thereafter treated with croton oil, 

the tumeur incidence curve will be as x in figure 1. Though tumeurs 

begin to appear as early as, or even earlier than in the mice given a 

continuous treatment with carcinogen, the tumeur incidence curve rapidly 

reaches a level well below 100% and remains at that level, even though 

croton oil treatment is continued. Berenblum and Shubik thought th at 

this phenomenon could be explained by cansidering the preliminary 
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Figure 1 

a 

Weeks 

A comparison between the effect of painting 
skin continuously with carcinogen of high 
potency(a), moderate potency(b), and low 
potency(c). A single painting with sub­
optimal dose of potent carcinogen followed 
by repeated painting of croton oil(x). 

(Berenblum. and Shubik 1947b) 

:r 

carcinogenic action to cause an irreversible conversion of a few 

normal cells into a few latent tumeur cells, and by assuming that the 

subsequent applications of croton oil convert all these latent tumeur 

cells into visible tumeurs. The height of the curve x could thu5 be 

taken as a measure of the carcinogenic action of the single application 

of carcinogen. This relationship was illustrated when it was shown that 

if the croton oil treatment was kept constant but different carcinogens 

(benzpyrene, 1,2,5,6-dibenzanthracene or 9,10-dimethyl 1,2-benzanthracene) 

were used for the initial painting, the tumeur incidence varied from 

group to group as shown in .figure 2. 



Figure 2. 

Ti me 

Different carcinogen used for initiation 
(Berenblum and Shubik 194'7b) 
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The average latent period in these various groups remained the same, 

suggesting that this measure was controlled by promotion. 

On the other band, when initial painting with carcinogen 

was kept constant but the beginning of croton oil treatment was 

delayed for different periods, the tumeur incidence remained the same, 

but the latent period varied according to the length of the interval. 

It was, however, also constant if measured from the beginning of croton 

oil treatment as sh9wn in figure 3. Using 1.5% 9,10-dimethyl 1,2-

benzanthracene as initial painting, croton oil treat.rœnt was started 

after interval of 3 days, 5 weeks, 10 weeks or 20 weeks. The tumeur 

incidence and the latent period as measured from the start of croton 

oil painting remained constant. 

That initiation and promotion are different in character is 



Figure 3. 

When carcinogen is kept constant and 
croton oil treatment delayed for 
different periods. 

(Berenblum and Shubik 1947b) 
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shown by the necessity of giving the two agents in the right order, 

namely initiation first followed by promotion. A single application 

of 9,10-dimethyl 1,2-benzanthracene followed by repeated applications 

of croton oil produced tumours in half of the treated animals, whereas 

repeated applications of croton oil followed b,y a single application 

of the carcinogen produced tumours in only two out of twenty animals 

(Berenblum & Haran-Gehra,l955a). Roe(l958) painted the skin of mice 

with 5% croton oil once, then repeatedly with 0.01% 9,10-dimethyl 

1,2-benzanthracene in one group, and with 0.0025% of the same carcinogen 

in a second group. No tumours were produced in the second group only 

a few in the first group. The number of tumours in the first group 

was indeed less than were produced by 0.01% of the same carcinogen alone. 
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This clearly demonstrates that the reversa! of the order of carcinogen 

and croton oil abolished their combined carcinogenic action. 

From these studies, Berenblum and Shubik(l947b) stressed 

the following three points in the formulation of the two stage theor.y 

of carcinogenesis. 

a) The ultimate num.ber of tumours is predetermined 

by the single preliminary application of carcinogen. 

b) The latent tumour cells produced by it remain 

indefinitely, until stimulated to further activity. 

c) The affect of croton oil treatment is to convert 

all the latent tumeur cells into visible tumeurs. 

The first stage, in which it was postulated that a conversion 

of a few normal cells into a few latent tumeur celle occurs, was 

called by Mottram(l944a) "specifie cellular reaction", by Kline and 

Rusch(l944) an "induction period11 , and by Friedewald and Rous(l944a) 

an 11 initiating process 11 • The second stage, in which it was suggested 

that latent tumour celle were converted into visible tumours, was 

called by Mottram 11developing phase", by Kline and Rusch a 11 progression 

period11 and by Friedewald and Rous a 11promoting phase 11 • Berenblum 

and Shubik proposed the adoption of terms "initiation" and "promotion" 

to describe the separate two stages in the formation of epidermal 

tumours. 

2) Initiation 

a) Introduction 

After the postulation of the theory that the carcinogenic 
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process in the epidermis can be separated into two stages, attempts 

were made to study the nature of ttinitiation" and npromotion11 • We 

have seen that initiation or the initiating process is, according to 

Berenblum and Shubik(l949a), a sudden and irreversible change affecting 

a small minority of the cells of the treated area, and giving rise to 

iso1ated "latent tum.our cells", apparently indistinguishable 

morphologically from the surrounding normal non-neoplastic ce1ls. 

Initiation can be achieved by the administration of a specifie substance 

or agent called an 11 initiator". 

b) Different kinds of Initiator 

The experimenta so far discussed show that carcinogens such 

as tar, benzpyrene, methylcholanthrene, 1,2,5,6-dibenzanthracene and 

9,10-dimethyl-1,2-benzanthracene are able to act as initiators on mouse 

skin. other kinds of initiators for mouse skin have been rep::>rted. 

Perhaps the most interesting and unexpected discovery, was the 

initiating action of urethane on mouse skin (Sa1aman and Roe,l953 

and Graffi,Vlamynch,Hoffman and Schulz,l953). A detailed discussion 

of the carcinogenic action of urethane will be found later in this 

review, but briefly, urethane has a significant degree of initiating 

action on mouse skin, yet most workers found it incapable of inducing 

skin tumours by itself (Salaman & Roe,1953;Berenb1um & Haran-Ghera,l955b). 

A few rep::>rts are to the contrary. Lindsay(l956) produced a small 

number of skin tumours on male NCZ mice by the application of urethane, 

and Deringer(l962) produced a few papilloma.ta and carcinomata on HR/De 
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mice by painting "W.i th urethane in ethyl glycol twice weekly. These 

are both unusual strains of mice and it should be noted that Deringer 

aJ.so obtained skin tumours in control groups painted with ethylene 

;:;lycol alone. It thus remains tha.t for most investigators, and unlike 

the hydrocarbons so far mEn tioned as showing initiating power, urethane 

has proved as non-carcinogenic for mouse skin. Thinking it to be 

non-carcinoGenic but capable of initiating action, Salaman and Roe(l953) 

called urethane an incomplete carcinogen for skin, or pure initiator. 

Subsequently, urethane was found able to induce its initiating 

action on mouse skin not only when applied topically, but also when 

given orally (Haran-Ghera & Berenblum,l956), or by intraperitoneal 

injection (Ritchie,l957;Berenblum & Haran Ghera,l957a). 1-!oreover, 

though urethane is a potent initiator for the skin of mice, it does not 

produce any significant histological alterations in mouse skin after 

a single or repeated applications or injections (Salaman & Roe,l953; 

Ritchie,l957). 

other kinds of carcinogen are also able to induce the initiating 

changes in the skin when given by injection. Graffi, Scharsach and 

Heyer(l955) are able to induce initiating change in the skin of mice by 

intravenous or intraperitoneal injections of 9,10-dimethyl-1,2-

benzanthracene. This observation was confirmed by Berenblum and Haran­

Ghera(l957b), who also demonstrated that mouse skin could be initiated 

by intravenous or intraperitoneal injections of methylcholanthrene, 

benzpyrene or 1,2,5,6-dibenzanthracene. 

Numerous substances related to urethane either in chemical 
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composition or in biological character, and many other substances, 

have been tested for their initiating action. Many initiators were 

found. i!.ID.ong them are triethyl melamine (T .E.M.) (lioe & Sal.aman,l955), 

1,2-benzanthracene (Roe & Salaman,l955), beta-propiolactone (Hoe & 

Glendenning,l956) and N-N-DI (2 chloroethyl) p-aminophenyl butylic 

acid (CBI348) (jaJ..aman & Roe,l956c). Acetylaminofluorene, a potent 

carcinogen for many organs, was shown to have initiating action on 

mouse skin when given orally (Ritchie & Saffiotti,l955). Not only 

chemical substances, but physical agents such as beta radia ti on 

were shown capable of producing the initiating change in mouse skin, 

preparing it so that the subsequent application of crotcn oil becanes 

able to elicit skin tumours (Shubik,Goldfarb,Ritchie & Lisco,l953). 

Even mechanica.l irritation such as burning can induce a significant 

number of tumours when followed by repeated applications of croton 

oil (Shubik & Saffiotti,l956a). 

c) Biologica.l characters of initiation 

It is known that a single application of a suitable carcinogen 

can elicit skin tumours in mice if given in a large enough dose and 

under favourable conditions. Findlay(l925) succeeded in producing 

epitheliomata on mice after a single application of tar. Mider and 

Mortcn(l939) and Cramer and Stowell(l943a) demcnstrated the occurrence 

of bmign and malignant tumours of mouse skin after a single application 

of methylcholan th rene. Similarly, 9 ,10-dimethyl-1, 2-bm zanth racene 

is able to elicit tumeurs of mouse skin after a single application. 
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~aw,l94l;Roe,l956a;Terracini,Shubik & Della Porta,l960). 

The significant point in two stage carcinogenesis is not that 

a single dose of carcinogen can induce the initiating change, but that 

the dose necessary to convert normal cella into latent tumeur cella 

is much lesa than is needed to induce tumeurs. A single apPlication 

of a suboptimal dose of carcinogen, a dose too small to induce tumeurs 

alone, is able to initiate the skin so that tumeurs can be elicited 

by subsequent applications of croton oil. As little as 0.16 ug of 

9,10-dimethyl-1,2-benzanthracene has been shawn to be capable of 

preparing the skin so that significant numbers of tumeurs appear when 

repeated applications of croton oil follow (Klein,l956). At least 

100 ug is required to induce skin papillomata by a single unaided 

application of 9,10-dimethyl-1,2-benzanthracene (Terracini,Shubik & 

Della Porta,l960). 

As previously mentioned, the number of tumeurs elicited by 

a single application of the carcinogen followed by repeated applications 

of croton oil depends upon the potency of the carcinogen. Berenblum 

and Shubik(l947b) used 1,2,5,6-dibenzanthracene, 3,4-benzpyrene or 

9,10-dimethyl-1,2-benzanthracene, as initiator and found that when 

croton oil followed that the yield of tumeurs varied with the strength 

of the carcinogen. In a subsequent experiment, Berenblum and Shubik(l949a) 

painted mice once with different concentrations of 9,10-dimethyl-

1,2-benzanthracene and they gave a standard course of croton oil 

treatment. An increase in the concentration of the initiator produced 

an increase in the tumeur yield. The tumeur yield varied more or lesa 
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with the logarithm of the concentration of the carcinogen. A 

quantitative study of the initiating action of a single dose of 

urethane by Berenblum and Haran-Ghera(l957a) also demonstrated 

approximately logarythmic relation between dose and tumour yield. 

If one adopts Berenblum and Shubik 1s assumption that all latent tumour 

cella appear as papillomata, this means that different strengths of the 

carcinogen must produce different numbers of latent tumour cells. 

The theory that a single application of carcinogen leads to 

production of a definite number of latent tumour cells in epidermis, 

however, has been questioned. Friedewald and Rous(l950) noted that 

after a limited treatment with methylcholanthrene, there was a gradual 

accumulation of tumours on the ears of rabbits for as long as five 

years. They demonstrated that this gradual increase was the result of 

a steady appearance of new tumours and a steady, but slow, disappearance 

of old ones. They concluded that the stage of initiation was better 

described as the creation of a latent neoplastic potentiality in the 

skin. 

The tumours produced by a single application of carcinogen 

followed by repeated applications of croton oil differ in many respects 

from those produced by repeated applications of carcinogen (Shubik,l950b; 

Shubik,Baserga & Ritchie,l953;Salaman & Roe,l956b). Tumours produced 

by a single application of carcinogen followed by croton oil, are mostly 

benign papillomata, and show a high rate of regression. The tumours 

produced by repeated applications of carcinogen are papillomata at first, 

but often turn into malignant tumours. Moreover, various histological 
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types of papillomata are produced by an application of carcinogen 

followed by croton oil. To explain this variety, Shubik(l950b) 

suggested that the process of initiation should be considered as a 

graded one, inducing graded degree of growth potentialities in the 

latent tumour cells. Shubik, Baserga and Ritchie(l953) agreed with 

this explanation of the variety of characteristics seen in the tumeurs 

produced by initiation and promotion in mouse skin. They, too, 

suggested that latent tumour cella are not all similar, but differ 

over a range of potentialities, giving rise for example, to tumeurs 

of different histological structure, growth rate or invasiveness. 

The assumption that the latent tumour cells produced by 

initiator remain indefinitely has been further supported. Berenblum 

and Shubik(l947a;l949b) showed that the yield of tumours produced by 

a single application of 9,10-dimethyl-1,2-benzanthracene followed by 

repeated applications of croton oil after intervals of five weeks, 

fifteen weeks, twenty weeks, or forty-three weeks was the same as 

that obtained When the interval was three days, and that the rate 

of papillomata production was unaltered. Roe and Salaman(l954) also 

demonstrated that the initiating action of urethane on mouse skin 

persista for at least 24 weeks. Thus the specifie change or changes 

produced by the initial treatment of carcinogen remains unchanged for 

a long period. 

d) Histological changes by initiator 

There has been much speculation about the cellular changes 



- 42-

underlying the initiating action. Histological studies were performed 

by many investigators in order to find sone specifie change, or changes, 

that occurred in the skin after the application of carcinogens. 

Pullinger(l940,1941) investigated the affect of methylcholanthrene, 

benzpyrene and 9,10-dimethyl-1,2-benzanthracene on mouse skin. She 

described characteristic and possibly specifie reactions after the 

application of carcinogen. These included swelling of squamous 

epithelial cells and nuclei, and vacuolation of cytoplasm. These 

changes were not observed after treatment of skin with non-carcinogenic 

hydrocarbons or other nonspecific irritants. 

Cramer and Stowell(l942) after histological studies of mouse 

skin treated with methylcholanthrene, concluded that the carcinogenic 

properties of a polycyclic hydrocarbon for the skin of mouse depended 

on its ability to inflict on the tissue an injury of a specifie kind 

which lead to epithelial proliferation. They also noted that an area 

of skin exposed to carcinogen does not react equally, but shows 

considerable variation in the degree of response. G1Ücksmann(l945) 

counted resting, differentiating, dying and dead cells in the epidermis 

of mice treated with benzpyrene or non-carcinogenic irritants. He 

observed an increase in both the relative and absolute number of resting 

cells after treatment with carcinogen but not after non-carcinogenic 

treatment. He proposed that the hyperplasia resulting from carcinogenic 

treatment involved a delay in the maturation of the epithelium. 

Davibhadhana(l952), in experimenta similar to those of GlÜcksmann, 

counted basal, spinal, and granular cella and dividing, degenerating 
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or dying cells in mouse skin treated with methylcholanthrene. He 

observed a prompt and continued rise in the granular cell population 

in the epidermis. Dividing and degenerating cells also become quite 

numerous. He concluded that the epidermal hyperplasia following 

carcinogen application was induced in a different manner from that 

of the usual type of regenerative hyperplasia, since the increased 

mitotic activity appeared to be permanent and to result in structural 

alterations in ail cell types. Berenblum(l954), discussing Glückmann 1 s 

histoquantative study, stressed this theory that initiation is an 

irreversible change in a few cells only. Therefore he thought any more 

general changes in the skin must be irrelevant. 

A definite localized epidermal and follicular alteration was 

observed in methylcholanthrene treated mouse epidermis by Liang(l948). 

The first indication of an epidermal change was the presence of cell 

clusters which usually appeared at the junction of hair follicles with 

the basal epidermal layer. Later, extensive multiplication of these 

cells caused disruption of the follicular pattern and eventual ulceration 

in the center of the follicular area. 

Since epidermal hyperplasia is one of the characteristic features 

after topical applications of carcinogen, the mitotic activity in the 

epidermis after carcinogen application was studied by many investigators. 

Cooper and Reller(l941) initially reported that methylcholanthrene 

acted as a stimulant to cell division, but that this effect later waned. 

Subsequent studies revealed that the first effect of hydrocarbons on 

mouse skin was to decrease mitotic activity. A marked increase followed 
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(li.eller & Cooper,l944;Iversen & Edelstein,l952). The time of maximum 

decrease in mitosis, and the degree of decrease is seemingly different 

with different carcinogens, and with different ccncentrations of the 

same carcinogen (Evensen ,1962). 

In contrast with these widely accepted findings, Danuaert(l96lb) 

reported that increase of mitotic frequency on mouse skin after 

applications of 20 ug 9,10-dim.ethyl-1,2-benzanthracene in acetone 

is due to the action of acetone alone. He stressed that 9,10-dim.ethyl-

1,2-benzanthracene acts constantly as a mitotic inhibitor. There appears 

to be an inverse relationship existing between the rate of mitosis 

induced by carcinogens and the length of induction periods of tumours 

(Daoust ,1959). 

SetiUa, Merenmies, Stjernvall, Aho and Kajanne(l959) reported 

on the changes seen in the skin after the application of metbylch olanthrene 

and 9,10-dimethyl-1,2-benzanthracene, using electron as well as light 

microscopy. A single application of a carcinogen produced a taxie 

alteration and reparative hyperplasia in the mouse epidermis. Continuous 

treatment caused cellular and nuclear atypia, and a severe disturbance in 

organization and differentiation. Setàla and his colleagues claimed 

that these changes were completely different from thœ e produced by non­

carcinogenic irritants. However, the importance of the changes is still 

in doubt. The apparent lack of histological alterations in the skin 

when carcinogens were administered by systemic routes, or when urethane 

was given, cast a question on their significance. Reca1tly, ha-.rever, 

moderate hyperplasia of the epidermal cells has been reported to follow the 
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oral administration of 9,10-dimethyl-1,2-benzanthracene (Set81a,Niskanen, 

Merenmies ,Nyholm and Stjernvall ,1961). Further studies are apparently 

necessary to evaluate the significance of the epidennal hyperplasia 

produced by carcinogen. 

The dermal changes in the skin after applications of carcinogens 

were particularly studied by Orr. In his earlier experiments(Orr,l934; 

1938), the development of dermal fibrosis with resulting ischaemia was 

stressed as a precipitating factor in skin carcinogenesis. other changes 

occurring in the dermis during skin carcinogenesis, include; ccnversion 

of the parallel bundles of collagen fibers to loosely disoriented fibrils, 

alteration in the elastic tissue, and passive congestion of the blood 

vessels. In subsequent experimenta, he and his colleagues stu.died the 

autologous transplantation of methylcholanthrene treated epidermis to a 

normal site, and of normal epidermis to a site denuded of epithelium 

but in which the epithelium had been painted with this carcinogen. 

Tumour developed in the latter case, but not in the former (Billingham, 

Orr & Woodhouse ,1951;1-ferchant & Orr ,1953). From etudies of skin 

grafting and skin histology, Orr conCluded that the evidence gave no 
.. 

support to the view that carcinogenic hydrocarbons cause a direct 

intracellular preneoplastic change in the epithelial cella themselves. 

He thought that the essential changes occurred in the deeper tissue of 

the dermis (Orr,l955;1958;1961). Others have remained skeptical of 

these claims (Berenblum,l959). The.y remark particularly on the technical 

difficulties in Orr's work, and the likelihood of contamination. 

Furthermore, Ashley(l961) claimed that one of the ultimate steps in 
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carcinogmesis was inhibited by skin transplantation. Experimenta with 

whole thickness skin grafts by Salaman(l959) and Cowen(l959) failed to 

support Orr 1s theory. One group of mice wo,s given an initiating 

application of carcinogen. After three weeks, skin from these mice 

was grafted onto untreated ro.ice of the same strain and sex. Similarly, 

untreated skin was grafted onto mice pretreated with carcinogen. After 

the croton oil treatment, the mie e which were carcinogen treated and 

had an untreated skin graft showed a large number of tumours on the 

host skin, but few on the grafted skin. '-Che mice which were untreated 

but carried carcinogen treated skin graft showed a few tumours on the 

host skin but a considerable number on the grafted skin. From these 

experimenta, it was concluded that the state of initiation is a property 

inherent to the skin. It should be noted that by using whole thickness 

grafts, Salaman and Cow en greatly modified Orr 1 s experiment. 

e) Chemical changes by initiator. 

The changes in the skin after application of carcino;~en 

have also been studied chemically. The group of investigators represented 
• 

by Cowdry should be particularly mentioned in this respect. They 

analysed the changes in skin after carcinogen treatment by histochemical 

methods and by direct chemical analysis. They hoped to fini some 

chemical changes which occurred in the skin during transformation from 

nonnal to the neoplastic state. :r-fice were used as experimental animals, 

and methylcholanthrene as the carcinogen. The number of subjects which 

they investigated was numerous, including desoxyribonucleic acid, 
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ribonucleic acid, alkaline phosphatase, mineral components, S-H groups, 

iron-nucleoprotein phosphorus ratio, citric acid metabolism, cholesterol­

protein nitrogen ratio, lipid-protein nitrogen ratio, vitamins, enzymes 

such as succinic dehydrogenese, cytochrome oxidase, adenylpyrophosphatase, 

cytochrome C and arginase, and many amino acids. The results were 

summarized by Cowdry(l945;1951;1955) and Carruthers(l950). No clear 

lead has emerged. Hieger(l961), vbile admiring Cowdry 1s works, states 

11when the dictum th at scientific method con sists in measurement is 

taken too literally the result is sometimes a mere complication of 

numerical data; how to fit findings into other line of investigation 

on the subject are a much more difficult task 11 • Another group of 

investigators headed by Baumann engaged in a systemic study of the ch anges 

in sterols which occur in the skin af'ter carcinogen treatment. Their 

significant finding was that there is a decrease in the concentration 

of ~ 7 cholestanol in carcinogen treated skin whereas there is same 

increase in amount of cholesterol (Kandutsch & Baumann,l955;Brooks & 

Bauma.nn,l956). 

Another group of investigators headed by Miller and Heidelberger 

engaged in another interesting line of chanical studies. They have 

investigated the interaction of carcinogenic hydrocarbons with the 

tissue com.ponents of skin following a single application of carcinogen, 

in the belief that they were studying the key reaction which led to 

the induction of tumours. Their study stemmed from the important 

observation by Miller and lvü.ller(l952), who demœstrated that during 

azodye hepatocarcinogenesis carcinogenic azodye was bound to liver 

protein. Miller(l951) studied the binding of carcinogenic chemicals 
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to skin protein. After painting benzpyrene on mouse skin, the content 

of benzpyrene bound to protein was estimated by the fluorescent method. 

Binding was maximum at 24 hours after the last application of benzpyrene, 

remained for several days, then gradually declined, and none could be 

deteeted three weeks later. Methyleholanthrene, although a more potent 

earcinogen than benzpyrene, was protein bound to a lesser degree. These 

observations were confirmed by Weiss and Heidelberger(l953) employing C~ 

labeled benzpyrene. c'~ labelled dibenzanthracene was also bound to 

the protein of the skin of mice after topical application. There 

proved to be an excellent correlation between the extent of protein 

binding and carcinogenic activity of hydrocarbons for the skin wi th 

only one exception, namely the non-earcinogenic 1,2,3,4-dibenzanthracene 

which is bound to protein (Heidelberger and Moldenhauer,l955). Moodie, 

Reid & Wallick(l954) reached the same conclusion, employing spectre­

photometrie methods for their determination. They observed that non­

carcinogenic hydrocarbons such as 1,2-benzanthracene, anthracene, 

fluoranthene and phenanthrene were much less effectively bound to skin 

protein than were benzpyrene, 1,2,5,6-dibenzanthracene and 9,10-dimethyl-

1,2-benzanthracene. Studies by Woodhouse(l954,1955) were opposed. 

Using fluoroscopic techniques, he found that the amount of hydrocarbon 

bound to the skin protein was the same whichever the hydrocarbon, be 

it strong carcinogen, weak carcinogen, or non-carcinogen. On the basis 

that there is a considerable amount of non-metabolic zero-time binding 

of the non-carcinogenic hydrocarbons to mouse skin protein, and also 

significant zero-time binding of 9,10-dimethyl-1,2-benzanthracene, 



- 49 -

Hadler, Darchun and Lee(l959) also questioned the validity of the 

correlation between protein binding and carcinogenicity of hydrocarbons. 

Heidelberger opposed Hadler's view after demonstrating no zero-time 

binding of 9 ,10-dimethyl-1,2-benzanthracene to skin protein, using a 

finer method of detection than Hadler 1s (Heidelberger & Davenport,l961). 

The significan ce oi' prat ein binding of carcinogens in terms 

of carcL"logenesis is not well establiahed. Miller and Heidelberger 1 s 

demonstration of protein bound carcinogen led to the formation of the 

11deletion-hypothesis 11 of carcinogenesis. (Potter ,1958;Heidelberger,l959). 

Brieny, it postulat es that among the proteins to which the carci.nogen 

is bound there are enzymes important to the control of growth. As a 

result of the binding, the enzymes are inactivated, and in subsequent 

cell division, a few cells are produced which lack these enzymes. 

These cella which lack the growth controlling mechanism becane tum.our 

cella. 

There is seme evidence which suggests that carcinog enic 

hydrocarbons are bound to the nucleic acida of epiàermal cella 

(Heidelberger & Davenport,l96l;Boyland & Green,l962), and the 

carcinogenic action might be related to this interaction (h'vensen,l96l). 

The matter will be reviewed elsewhere in this thesis. 

There is much controversy over \<!arburg 1s thesis (i·Jarburg,l956), 

that the initial change of cella uniergoing malignant transfcrmation 

was damage to cellular respiration. According to his the ory, due to 

damage of respiration, some cella die, but ethers became capable of 

replacing respiration by glycolysis as the main energy p-oducing reaction, 
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and are changed into cancer. His evidence was based on some paral.lelism 

between carcinogenic action and respiration inhibitory- properties of 

carcinogens, and on high anaerobie glycolysis in cane er cella. 'l'he 

view is not widely accepted because there is some discrepancy, such 

as that some normal tissues are capable of anaerobie glycolysis almost 

as high as that of tumours, and that it is not clear whether a high 

anaerobie glycolysis is a cause or a result of carcinogenesis. 

Cell metabolism during skin carcinogenesi s was also studied 

by Iversen(l960,1962), who investigated the endogenous dehydrogenase 

in the epidennis of hairless rrice after a single application of various 

carcinogenic and non-carcinogenic substances. He employed the tetrazolium 

reduction method as a rough measure of the metabolic rate of cells. The 

results show a close correlation between the carcinogenic potency of 

a substance and an increased value of formazan deposit on the epidermis 

two days after the applications. However in his e:xpe riments, the type 

of reaction after the application of 9,10-dimethyl-1,2-benzanthracene 

was about the same as that after an application of croton oil, and 

that the action of urethane was similar to that of non-carci.nogenic 

substances. 'fhis brought forth questions as to the significance of 

his work to initiating action. 

Calcutt(l96la;l96lb) and Calcutt and Coates(l96l) concentrated 

on the change in sulphydryl levels in mouse skin after the application 

of carcinogens, on the assumption that a rise in target tissue 

sulphydryl levels during the tumoln" induction period is a prerequisite 

of tumour formation. There was an apparEnt rise of SH levels in skin 
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after applications of carcinogenic hydro-carbons, but their resulta 

were not consistent. 

Thus, though so much work has been done on the chemical 

alterations in the skin, no conclusive evidence has been obtained to 

account for the specifie change that the carcinogen induces on the skin. 

f) Somatic mutation hypothesis 

Berenblum and Shubik(l949a) stressed that the initiating 

action exhibits three striking features: its specificity, its speed 

of action, and its irreversibility. Since these three features are 

also characteristic of mutation, the mutation hypothesis was put forward 

to explain the underlying rnechanism of initiation. 

Somatic mutation as an origin of cancer had been proposed for 

many years. The theory postulates that the transformation from normal 

to malignant cells or tissues is analogous to the formation of mosaics 

of aberrant elements in normal tissue. The pleomorphism of cancer 

cells and the irregular atypical mitosis, so characteristic of their 

nuclei, had been observed and studied since the middle of the nineteenth 

century. The presence of multipolar mitosis and ether abnormal mitotic 

figures in tumeurs was introduced in the idea of von Hansemann(l890) 

of the anaplasia of cells in malignant tumeurs. Boveri 1 s theory (1911) 

on the nature of the origin of cancer stemmed from his observations 

on atypical mitosis on sea urchin eggs. The irregular distribution of 

chromosomes to daughter cell in the case of polyspermy led him to compare 
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this cell w.i..th an abnormal. chromosomal. complex to cancer cella. 

l·Jhen aneuploidy occurred, he noted that the cells frequmtly did not 

develop normally but divided independently to yield atypical groups 

of cells. Boveri stated 11the essence of my theory is not the a bnormal. 

mitosis but a certain abnormal chromatin complex no matter how it 

arises~' The theory has since been refin ed an:i supported by Bauer(l928), 

Lockhard-Mummery(l934) and Strong(l949). 

The most vigorous attempts to test the mutation hypothesis 

have been made by comparing the mutagmic effects of substances with 

their carcinogmic effects. iunong the physical agents, l>!üller(l927) 

found that x-rays are mutagenic and later Koller(l934) described 

chromosomal. damage follow.ing irradiation. The mutagenic action of 

ultra-violet light was described by Altenburg(l933). The first 

convincing demonstration that chemical. agents may be mutagenic was 

reported by Auerbach and rtobson(l946), who used mustard gas to obtain 

lethal mutation in Drosophila. Tatum(l947) studied various types of 

mutation induced with methylcholanthrene using neurospora as an indi cator. 

'J.'est.ing various carcinogenic and non-carcinogEnic hydrocarbons on 

drosophila, Demerec(1948) was able ta find some correlation between 

carcinogenicity and the power to produce mutation, though the correlation 

was not absolute. Latarjet(l948) in similar experimenta failed ta find 

any correlation between mutagmic and carcinogenic potency. :F'urther 

support for the somatic mutation hypothesis was the demonstration of 

an increased incidence of mutations occurring in mice treated with 

methylcholanthrene by Strong(l945), and with 1,2,5,6-dibenzanthracene 

by Carr(l947). Obviously, these investigations show tmt while there 
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is a large degree of overlapping of the two properties, mutagenicity 

and carcinogenicity, there are also many cases where the two do not 

run parallel. Burdette(l955) reviewed this matter, and he favoured 

the view that there is no parallelism between these properties. 

Nevertheless, as Schultz(l959) pointed out, the partial correlation of 

mutagenicity and carcinogenicity was at least circumstantial support 

to the somatic mutation hypothesis for the origin of cancer. The 

cytological studies of experimental tumours and tumeur cell strains 

cultured in vitro revealed that in respect to chromosome number and 

morphology, these tumours are composed of a highly heterogenous cell 

population. Furthermore, it was noted that neither a chromosome 

number nor a chromosome pattern has so far been found which was 

characteristic and specifie for any neoplastic cell type. This was 

interpreted by Koller(l960) to mean that the chromosome abnormalities 

are secondary phenomena which follow malignant change and occur 

independently. 

Among the difficulties in the somatic mutation theory of cancer, 

is that mutation is thought to be a comparatively rare event, whereas 

neoplastic transformation occurs more frequently, and that mutation is 

of an instantaneous nature whereas tumour formation is remarkably slow. 

Berenblum and Shubik avoided these conflicts by saying that only the 

initiating stage of carcinogenesis is nmtational. However, Berenblum 

(1954) later stated "while the mutation hypothesis remains the most 

attractive and plausible explanation of the initiating action, it can 

not yet be said to have been established 11 • He stated further "the more 
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we learn about carcinogenesis, the less plausible the somatic mutation 

hypothesis appears, and the more attention we have to pay to the 

alternative concept of the neoplastic transformation being the nature of 

an abnormal irreversible differentiation 11 • 

The term "mutation" implies one of the three possibilities: 

a change in the nuclear genes, or in the cytogenes, or in the structural 

arrangement or completeness of the chromosomal system. Darlington(l948; 

1959) offered the plasmagen theory of the origin of Cancer, emphasizing 

the cytoplasma as the source of the change leading to cancer. He 

described self propagating particles in the cells similar to those of 

the nucleus, but consisting of ribonucleic acid protein instead of 

deoxyribonucleic acid protein. These particles which he called plasmagenes 

were, he thought, the basis of development and differentiation. Changes 

in these particles could be held responsible for the origin of all types 

of tumour. The theory that neoplastic characteristics are due to 

extrachromosomal factors was reviewed by Haddow(l944), who mentioned 

the possibility that mechanism which caused continued growth in tumeurs 

may reside at least in part in the cytoplasm. 

The recent spectacular progress in nucleic acids chemistry, 

brought evidence that nucleic acids constitute the probable repository 

of genetic information. From the chemical basis, reasonable evidence 

is accumulating to support the concept that alkylating agents act 

directly on the nucleic acid molecules, and that their mutagenic and 

carcinogenic actions may be similar. However, there is no substantial 

evidence that polycyclic hydrocarbons or other agents which are able 
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to prodœe initiating action act directly on nucleic acid molecules 

(Goldthwait,l960), though it bas been suggested how they might do so. 

The subject will be discussed elsewhere in this review. 

Thus, while the somatic mutation theor,y remains attractive, 

particularly as an explanation for initiation, it also remains unestablished. 

3) Promo ti on 

a) Introdu. cti on 

Thus, the initiating phase of carcinogenesis is believed to 

be an irreversible conversion of normal cells into latent tumour cella, 

and the subsequent phase is that in which the dormant tumeur cells 

become visible tumeurs. This second stage is called the 11Promoting 

Stage", and the substances which induce it are called 11Promotors 11 • 

b) Different kinds of promotor 

As has been dis cussed, croton oil is a powerful promotor for 

mouse skin. Croton oil is expressed from seeds of croton tiglium, 

L.buphorbiaceae. It is known to be powerful vesicant, andwas formerly 

used as drastic purgative and cathartic. The vesicant action of croton 

oil was studied by Gohnheim(l889) in his work on the vascular reaction 

in the early phases of inflammation. Ledoux-Lebard(l885, quoted from 

Wolff ,1907) reported the induction of epitheliomata of lung in dogs by 

intravenous injections of a croton oil emulsion. Despite these early 



COlmECTION 

Due to the considerable difficulty in obtaining a copy of 

the original work by Ledoux-Lebard(l885), his work was reported as 

quoted by ~iolff(l907). It was found that there is a discrepancy 

between the original description by Ledoux-Lebard, and that by Wolff. 

Ledoux-Lebard describes an experiment by Martin saying 11Ayant injecté 

dans la veine jugulaire d'un lapin de l'huile d'amandes douces rendue 

irritante par l'addition d'un ou deux centiemes d'huile de croton 

tiglium, il produisit dans les poumons des lésions qui rappelaient 

completement cette forme d'épithélioma decrite par Malassez, sous le 

nom d'épithélioma muquoide, et par leurs caractères anatomique et 

par leur mode de développement. 11 

It can be translated 11Having injected into the jugular 

vein of a rabbit, sweet almond oil made irritant by the addition 

of one or two hundredths of croton tiglium oil, it produced in the 

lungs, lesions which completely recall the form of epithelioma 

described by Malassez, under the name of mucoid epithelioma, both 

in their anatomical character and their mode of development. 11 

ref.) Ledoux-Lebard,A.: Le cancer, maladie parasitaire. 

Arch. generales de medicine. Series 7, vol. 1-

413-441, 1885 
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reports, croton oil was seldom mmtioned in experimEntal work until 

Berenblum(l94la) demonstrated its strong promotirg action for mowe 

skin. Various other agents have been reported to have pranoting power 

in initiated mous e skin. In testing substances for promoting power, 

a model experimEnt, a single application of carcinogEn followed by 

repeated applications of the test substance, has usuàlly been employed. 

It is not always easy to choose a suitable concentration of the substance 

tested, to determine the proper interval spacing between ag;lications, 

or to choose the sol vent to be used. However, a large num.ber of 

si.bstances, including agents previously regarded as ha.rm.less, have 

proven to have sane pranoting power in mouse skin, though very few have 

anything like the potmcy of croton oil. Iodoacetic acid alli cbloro­

acetophenone (Gwynn and Salaman,l953); phenol (Rusch,Boscb & Boutwell, 

1955;Salaman and Glendenning,l957); several fractions of catalytically 

cracked mineral oil; and the straight chain hydrocarbcn, n-dodecone 

(Shubik,Saffiotti,Feldman & Ritcbie,l956;Horton,Denman & Trosset,l957) 

a1.l sh011ored sane promoting power in mouse skin. 

A new but not physically well defined group of promoting agmt s 

were reported by Setila, Setalâ and Holsti(l954) and b,y Setala(l956). 

These are polyoxyethylene sorbitan canpounds, such as Tween 40 (sorbitan 

monopalmatate), Tween 60 (sorbitan monostearate), and Span 20. The 

pramoting activity of Tween 60 was confirmed by Della Porta, Shubik, 

Dammert and Terracini(l960) and Ritchie(l958). Like croton oil, Tween 

60 was initially thought to be a pure promoting agmt, but later, it 

was found that Tween 60 also produces an appreciable num.ber of skin 
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tumours when applied repeatedly. (Setala,l956:Della Porta,Shubik 

Dannnert & Terracini,l960). 

Intradermal injections of sclerosing agents like proflavin and 

ethanolamine acetate are also shawn to act as promotcr on mouse skin 

initiated with carcinogen (Salaman & Glendenning,l957). 

Twort and Twort, (1939), showed that continuous local treatment, 

five times per week, with undiluted oleic acid given after preparatory 

administration of a carcinogenic hydrocarbon favoured the formation 

of local skin tumours which in a number of fatty acids, indluding oleic 

acid, were later reported to have promoting power, provided that they 

are applied with sufficient frequency (Holsti,l959). Shubik(l950a), 

however, applied oleic acid twice weekly and showed no tumour pranoting 

activity. 

other new promotors are the phenolic fractions of cigarette 

smoke (Gellhorn,l958:Roe,Salaman & Cohen,l959), and the acidic fractions 

of cigarette smoke (Y.lynder and Hoffman,l961). 

Citrus ails derived fran the skins of the orange, leman md 

grapefruit have also found to be promotors. These ails contain a 

terpene fraction and terpeneless fraction. The former consista mainly 

of monoterpene, auch as d-limonene, and the latter of oxygenated 

substances such as methyl anthranilate, ci tral and decanal. It was 

found in the case of orange ail that only the terpene fraction had tumour 

promoting ability (Roe,Salaman & Cohen,l959:Salaman,l961). Latices of 

Euphorbia ingens, a plant belonging to the same farrdly as croton tiglium, 

the source of croton oil was also shawn to be a patent promotor for 

mouse skin. (Roe & Peirce,l961). 
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It is known that croton oil, though it is potent promotor on 

meuse skin, is not effective on the skin of rabbits, guinea pi~s and 

rats (Shubik,l950a). Similarly, wound healing and chlorofor.m are patent 

promotor on rabbit skin, but are not effective on mouse skin (Friedewald 

& Rous,l944a). These facts lead further complexicity for the study of 

the nature of promotion. 

c) Biological Characters 

How the promoting action brings about the change to pzugressive 

neoplastic growth, and wha t kind of biological processes are invol ved, 

is still unknown. Only a few facts are known. In order t o elicit 

visible tumours after the treatment with initiator, repeated applications 

of promotor are necessary. For instance, various concentrations (1.25%, 

2.5% & 5%) of croton oil applied once only to meuse skin after the 

initiating treatment by 9,10-dimethyl-1,2-benzanthracene failed to 

elicit any tumours (Sal.aman,l952). Or again, as discussed previously, 

a single application of lOO ug of 9,10-dimethyl-1,2-benzanthracene in 

acetone produces only a few tumeurs on meuse skin, while 200 ug produces 

a significant number. 100 ug is, however, an adequate initiating dose 

(Klein,l956). A single application of 0.2% or 2.% of croton oil given 

after 100 ug of 9,10-d.imethyl-1,2-benzanthracene did not cause aey 

significant increase of tumeur yield (Tomatis,Terracini & Shubik,l962). 

Similar resulta were reported by Klein(l953b), who painted meuse ears 

once with methylcholanthrene. Thereafter, croton oil was applied three 

times a week to the same site. Although few or no tumeurs were observed 
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!ollowing one, five, ten, or twenty paintings with croton oil, a 

de!inite effect was obtained when the number of applications was 

increased to thirty. Not only must the promotor be applied long 

enough, it must be applied often enough. Shubik(l950a) ahowed that 

twice weekly applications of undiluted oleic acid have no promoting 

action on initiated mouse skin. Holsti(l959), while confirming Shubik's 

observation, showed that twice daily or once daily applications of 

undiluted oleic acid did have a potent promoting action on mouse skin. 

Holsti(l960) also applied 0.2% croton oil twice daily, once daily and 

twice weekly on the initiated mouse skin, and found an increasing 

potency of tumour pramotion with the increasing frequency of applications. 

A similar relationship was demonstrated when Tween 60 was used as 

promotor for mouse skin. (Della Porta,Shubik,Dammert & Terracini,l960). 

'fhe change induced by the promotion is not permanent. Salaman(l952) 

compared the effect of continuous and intermittent applications of 

croton oil. 'fwo groups of mice were initiated with a single application 

of carcinogen. One group then received weekly applications of croton 

oil from the sixth week after the carcinogen application to the 34th 

week. The other group received croton oil from the 6th to the 13th 

week after the application of carcinogen, and from the 22nd to the 34th. 

No croton oil was gi ven between the 14th and the 2lst weeks. During 

the interruption, no new tumours appeared. itv'hen croton oil treatment 

was restarted new tumours ag ain began to appear, but only after a latent 

period of about the same length as noted when croton oil was first 

started. Salaman concluded that the change produced by croton oil in 
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mouse skin previously treated with carcinogen is a gradual one, 

requiring repeated treatment and that it is reversible. 

Klein(l953a) also studied the influence of continued and 

intermittent painting of croton oil after a single application of 

methylcholanthrene. He observed that new tumeurs continued to appear 

on the tumour bearing mice for a time after the cessation of croton oil. 

Klein agreed that repeated applications were necessary to induce visible 

tumours after a single application of methylcholanthrene, but thought 

that once a certain stage in tumour promotion had been reached, further 

applications of croton oil were unnecessary. 

As mentioned above, in the earlier experiments on two stage 

carcinogenesis, treatment by croton oil alone produced no tumeurs, or 

only an occasional one (Berenblum,l94la;l94lb & Shubik,l950b). Later 

several investigators found that croton oil induced a few tumeurs after 

a long period of treatment (Roe & Salaman,l955;Roe,l956b;Ritchie,l957). 

The question of whether the promoting action of croton oil was related 

to its low grade carcinogenic activity arose. Saffiotti and Shubik 

(l956a) paL~ted groups of mice with a single application of a strong 

carcinogen and followed by repeated applications of 0.01% 9,10-

dimethyl-1,2-benzanthracene in one group, and by repeated croton oil 

treatment in another. The group treated with a low concentration of 

carcinogen showed a considerable number of tumeurs with hi~h rate of 

malignant transformation, while the croton oil treated group showed a 

large number of benign tumeurs with a low ratio of malignant trans­

formation. Saffiotti and Shubik concluded that the primary action of 
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croton oil could not be explained by its feeble carcinogenic action. 

The observation of Setala(l96lb), that the histological, cytological 

and chemical reactions of mouse skin treated with carcinogen and promotor 

are different, gave further support to Saffiotti and Shubik's view. 

Allsopp(l951) suggested that croton oil inhibited the production of 

malignant tumours, but later Salaman and Roe(1956a) were unable to 

confirm this suggestion. On the contrary, they found that simultaneous 

application of croton oil and carcinogen actually increased the yield 

of malignant tumours in mice treated with repeated applications of 

9,10-dimethy1-1,2-benzanthracene. 

The tumour yie1d is direct1y related to the frequency of 

the promoting treatment (Ho1sti,1960; Della Porta, Shubik, Dammert & 

Terracini,1960), and to the concentration of the promotor (Merenmies, 

1959;Frei & Ritchie,1962). In experimenta by Frei and Ritchie(1962), 

groups of mice were initiated by the sarre concentration of carcinogen 

but were given repeated applications of different concentrations of 

croton oil. The tumour yie1d increased as the concentration of the 

croton oi1 increased. Severa1 possibi1ities were proposed in order 

to exp1ain these findings. One of the suggestions was that croton oil 

might be able to act on the initiated cells in more than one way. One 

or more of these actions might lead to the growth of the initiated ce11s 

into papi11omata, whi1e another or others might prevent their growth. 

A stron~r concentration of croton oil favours the chance of tumourous 

change, while a weaker concentration favours the other possibility. 
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d) Histological Studies 

Histoquantitative etudies of the affect of croton oil on 

mouse skin initiated by a small dose of a chemical carcinogen were 

carried out by Salaman and Gwynn(l951). The skin treated with croton 

oil for 1.5 to 3 months after previous treatment with carcinogen showed 

an increase in the percentage of the resting cella, and this increase 

was maintained. In normal skin given croton oil applications only, 

the percentage of the resting cells rose slightly at first, but returned 

to a normal level. Salaman and Gwynn concluded that the effect of 

repeated applications of croton oil on skin initiated by an application 

of carcinogen is similar to the affect of repeated applications of 

carcinogen and different from the effect of croton oil on uninitiated 

skin. 

Histological studies of the affect of Tween 60 on mica initiated 

by 9,10-dimethyl-1,2-benzanthracene were carried out qy Dammert(l96lb). 

The characteristic reaction of mouse skin to this sequence of treatment 

was that immediately after the commencement of Tween 60 treatment there 

was a huge rise in the mitotic frequency, accompanied by inflammatory 

changes, with hyperplasia and hypertrophy of the epidermal cella, and 

with an increase in the dermal tissues. Following this, the mitotic 

frequency dropped rapidly, and continued to decline in spite of the 

continuous treatment. Despite the decreasing mitotic rate, the 

hyperplasia was maintained. If Tween 60 treatment was started four weeks 

after a single application of 9,10-dirnetnyl-1,2-benzanthracene, the 

epidermis reacted to the promoting treatment with Tween 60 with the 
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same degree of mitotic increase and hyperplasia as when it was 

started after an interval of one week. 

The changes produoed in skin by Tween 60 differ from those 

caused by similarly applied carcinogens (Set8la,Merenmies,Stjernvall, 

Aho & Kajanne,l959). Treatment with Tween 60 did not produce 

retrogressive alterations such as a disturbance of organization or 

differentiation in the epidermal cells. Rather the reaction is an 

intense cell multiplication which commences immediately after the 

applications begin. Continuous treatment with Tween 60 caused neither 

cellular nor nuclear atypia, and no disturbance in organization, but 

the number of cells in differentiation increased significantly. Setala 

and his colleagues concluded that tumour promotion is not a phase of 

the carcinogenic process itself, but is an intense, continuous, reparative 

cell multiplication. The following table (Setala,l96lb) illustrates 

the opposite reactions of carcinogen and promotor. 

Electron microscopie studies of mouse skin treated with 

carcinogen and with Tween 60 or Span 20 further confirmed these 

observations (Setlla,l-Ierenmies ,Niskanen,Nyholm, & Stjernvall,l960; 

Setala,Merenmies,Stjernvall,Nyholm & Aho,l960). 

As discussed previously, Orr(l955), emphasized the importance 

of the dermis in connection with epidermal carcinogenesis. He suggested 

that the promoting action may result from an indirect effect on the 

dermis such as ischaemia or fibrosis, and claiiœd that intradermal 

injections of ephedrine augmented carcinogenesis by repeated applications 

of carcino,~Zen (Orr,l935). However, Ritchie(l952) was unable to show 
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TABLE 

Difference in Reaction between Carcinogen and Promotor 

1. Tumours 

2. Epidermal 
hyperplasia 

J. Hair Follicle 
Sebaceous Gland 

4. Cells 

5. Cell Morphology 

6. Nucleo-Cytoplasmic 
lîatio 

7. Cell Volume 

g. Cyt oplasma 

9. !.fi tochondria 

10. Cell Contact 

11. Localisation of 
Mitosis 

12. -SH concentration 

13. -S-S cane entration 

14. Keratinization 

15. ATP action 

Carcinogen 

tumour development 

irregular, 
progressive 

destroyed 

increase in 
basal cells 

atypia and anaplasia 

increased 

decreased 

high ultra­
structural change 

accumulation of 
electron dense bodies 

tight 

all layera of cell 
with nuclei 

increased 

decreased 

slow and irregular 

promote keratinization 

Promo tor 

usually no tumour 
development 

regular 

intact 

increase in 
resting cells 

no atypia or 
anaplasia 

no change 

inc:œased 

no mange 

no change 

ccn sidera ble 
intercell ular 
spa ces 

only in basal 
layer 

no change 

no change 

s ecan dary delay 

no action 

(setala,l96lb) 
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that the injection of ephedrine beneath the painted areas during 

promotion influenced tumour promotion. 

e) Chemical Studies 

The chemical analysis of the croton seed was first undertaken 

by Cherbuliez and Bernhard(l932). From a purely chemical standpoint, 

it contains a nucleoside, (9-ribofranosylisoguanine), which is isometric 

with ~anosine and gives on acid hydrolysis D-ribose and isoguanine 

(Chargaff & Davidson,l955), and glycerides of stearic, palmitic, 

myristic, laurie and tiglic acids. 

Several attempts have been made to isolate chemically from 

croton oil, the active principle responsible for its tumour promoting 

action. Gwynn(l955) separated a number of fractions from croton oil 

chromatographically, all of which, like the parent oil, produced gross 

epidermal hyperplasia but only two of which had promoting power. 

Lijinsky(l958) has submitted methanolic extracts of croton seeds to 

silica-gel chromatography and obtained fractions, comprising about one 

percent of the whole oil, that appear to have all its promoting activity. 

Sicé(l958) succeeded in extracting at least two different tumour 

promoting principles from croton oil by chromatography. They were 

labile to mild alkylis, which implies the probability of an ester 

structure, an essential requirement for activity. 

The affects of Lijinsky 1 s fraction on the active transport 

of glucose by the isolated surviving guinea pig intestine was studied 

Du Ruisseau and Quastel(l959). The croton oil fractions were found to 
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depress the absorption of glucose under aerobic conditions to that 

observed under anaerobie conditions. Other oils were without effect. 

This finding was interpreted as shown that croton oil depresses the 

yield from oxidative phospharylation of the adenosene triphosphate 

required for the active transport of glucose. Du Ruisseau and Quastel 

claimed that there is a correlation between turnour prornoting activity 

of croton oil and its ability to depress the glucose absorption of 

isolated guinea pig intestine. 

The fractions from croton oil responsible for turnour promotion 

were studied by Allison and Lightbown(l961). They investigated the 

effects of the fractions on cellular respiration using rat liver 

homogenate, rat liver mitochondria, rnouse skin and heart muscle. The 

results show that these fractions inhibit the cellular respiration 

mediated through cytochromes. Allison and Lightbown assumed that 

initiated cells are more able to utilize anaerobie glycolysis than are 

other cells, and envisaged promotion as a process by which the small 

number of tumour cells produced by an initiator are placed at a 

competitive advantage over normal cells, the growth of which are 

handicapped by respiratory inhibition. Under the continued influence of 

the promotor, it was supposed that turnour cells could forrn clones 

sufficiently large to become self-perpetuating. 

They extended their hypothesis to explain the action of sorne 

co-carcinogenic viruses on chemical carcinogenesis (Duran-Reynolds,l962; 

Tanaka & Southarn,l962), suggested thus, the viruses too inhibited 

respiration, so placing the initiated cells at an advantage because of 
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their greater glycolytic ability. 

Endogenous dehydrogenase in the epidermis as measured. by the 

amount of formozan deposit by the tetrazorium reduction methods shows 

an initial increase after a single croton oil treatment, followed by 

a decrease (Iversen,l962). The reaction is similar to th at obtained 

with carcinogens, such as methylcholanthrene or 9,10-dimethyl-1,2-

benzanthracene. 

The estimation of sulphydryl groups in mouse skin epidermis 

after the application of croton oil showed that there is a constant 

increase of S-H levels regardless of whether or not the skin was treated 

initially by a carcinogen (Calcutt,l96lb). 

In the dermis of the rat skin, after the injection of croton 

oil, there is a loss of acid mucopolysacharide and insoluble glyco­

protein, with a small decrease in the amount of sialic acid (Houck, 

Jacob & Vickero,l962). 

f) HYFerp1asia vs. Promotion 

The most obvious reaction of the skin to most promotors, 

croton oil, turpentine, Tween 60, and wound healing is marked epithelial 

hyperplasia. It was thus quite natural to think that a nonspecific 

stimulation of growth, by encouraging the dormant cells to di vide, might 

be responsible for the promoting action. Indeed, Fr.iedewald and Rous(l944a), 

in their study of initiation and promotion in rabbit skin, concluded 

that anything which induced hyperplasia in the epidermis, turpentine, 

irritant secretions, mechanical trauma ar chloroform, was capable of 
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acting as a promotor. In the case of mouse skin, the matter is much 

more complicated. 

Shubik(l950a) undertook an investigation to test the promoting 

activity of several substances which are able to induce epider.mal 

hyperplasia. The various substances were tested on mou se skin prepared 

by an application of 1.5% 9,10-dimethyl-1,2-benzanthracene as initiator. 

The hyperpl.astic response and tre promoting power of the various substances 

were compared. Turpentine, acridine, fluorene, phenanthrene, castor oil, 

oleic acid and silver nitrate were tested. None of them had any tumour 

promoting effect, but acridine and silver nitrate produced a significant 

degree of epidermal hyperplasia, though not as great as that produced 

by croton oil. Shubik concluded that epide:rmal hyperpl.asia and tumeur 

promoting activity are not related in any simple fashion. Holsti(l959) 

threw sorne doubt on this work by suggesting that the test for promoting 

power was not delicate enough. However, Gwynn(l955) also failed to show 

a correlation between promoting power and the ability to induce epithelial 

hyperplasia. Among the substances he tested, iodoacetam1ne, p:>dophylin, 

and 1,4-naphthoquinone produced significant epidermal hyperplasia, but 

lacked promoting action. Gwynn expressed the view that hyperplasia 

mi~ht be a necessary, but was not a sufficient condition for carcinogenic 

action. Sic~(l95S), isolated two different tumour promoting principles 

from croton oil. No parallelism was found between promoting activi ty 

and Epidem.al hyperplasia or dermal inflammation. 

Despite these negative correlations between hyperplasia induced 

on skin and promoting potency, several groups of investigators favour the 
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view that hyperplasia is the essential element in promotion. Nhile 

studying the tumour promoting activity of citrus ails, Roe, Sala.rnan 

and Cohen(l959) found that the ails produced and maintained active 

hyperplasia. Subsequently i t was shawn that the terpene fraction 

of orange oU is a strong hyperplasia i.nd ucing substance and is a 

patent promotor, but the terpeneless fraction lacks hyperplasia inducing 

capacity and also lacks promoting power (Salaman,l961). 

Similarly, in the study of the tumour promoti..ng action of 

the latices of Euphorbia ingens, ltoe and Peirce(l961) tested nine species 

of Euphorbia. On the whole, the tumour promoting effect seened ta be 

directly related ta the degree of hyperplasia. However, in one case, 

the latex of Euphorbia obovalifolia produced a significantly high degree 

of epidermal hyperplasia, but its tumour promoting effect was very weak. 

No explanation for this paradox can be given. 

The promotors Tween 60, and Span 60 produc e a degree of epidermal 

hyperplasia which correlates weil wi th the prcrnoting power of the agents. 

(Setala,Merenmies,Stjernvall,Aho & Kajanne,l959). Setala(l96la) presented 

the following conclusions concerning the role of epidermal hyperplasia 

in tumour promotion. 111) All tumour promotors tested sa far have caused 

a high degree of hyperplasia; 2) This hyperplasia is of a regular type 

and tissue preserving, and it lasts as long as the treatment. Morph­

ologically, that is, light microsopically, electron microscopically, 

and histo-quantitatively, it does not in any way differ from simple 

reparative cellular proliferation, for instance from that obtained by 

painting with water. 3) The degree of hyperplasia induced by treatment 
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with dipole-type substances shows positive correlation with the frequency 

of treatment and with the concentration of the substance in an aqueous 

solution. 4) Similarly, the degree of hyperplasia induced by treatment 

with dipole-type agents has a positive correlation with the tumeur 

promoting efficacy of the substance in question." 

The difference between simple reparative hyperplasia and the 

hyperplasia induced by croton cil was discussed by Berenblum(l954). 

Repara ti ve hyperplasia is me rely an enhancement of the normal growth 

cycle, where the rate of division of the stem cells is balanced by the 

maturation and the death of the cells at the surface. Thus, the increased 

rate of division in simple reparative hyperplasia is attended by a 

comparable increase in maturation and death, so that a new equilibrium 

is reached involving an increase in maturing and dying cells, but not 

of stem cells. Berenblum postulated, in contrast, that promoting action 

evoked an increase in the number of stem cells including those which, 

through previous initiating action, had became dormant tumeur cells. 

Since the piling up of stem cells is normally prevented by the process 

of maturation, it follows that promoting action is essentially a process 

of delayed maturation. Delayed maturation alone is insufficient, however, 

to explain promoting action, as it falls to account for the fact that 

the resulting tumour, once established, usually continues to grow without 

the need for further promoting action. Berenblum, suggested that the 

most far reaching implication of the delayed maturation hypothesis was 

that the evolution of a tumour may have little or nothing to do with 

the problem of growth. The initiating action results in a sudden, 
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permanent change in the potentiality of a few normal cella. Promoting 

action, b,y delayin3 maturation, allows a sufficient number of un­

differentiated daughter cells of the altered cell to accumulate, and 

thus reach a cri ti cal sized colony. Once this cri ti cal colony size has 

passed, the tumeur can grow and survive independently of promotion. 

The difficulty in accepting non-specifie proliferation as an 

explanation of promoting action led to several ether hypotheses. One 

is that pramoting action is a successive mutation, either in an adjoining 

cell, or in the same cell (Rusch ,1954). By the math ematical analysis 

of the age incidence of cancer in man, Fisher and Hollomon(l951) and 

Ar.mitage and Doll(l954;1957) supported the theory that a sequence of 

mutations is the origin of cancer. However, the fact that tumeurs arise 

when promoting action follows initiati.ng action but not when promoti.ng 

action cames first, argues strongly against the successive mutation 

theory of promotion. Danielli(l952) proposed an explanation of the two 

stage theory of carcinogenesis based on the concept of cytoplasmic genes 

(plasrnagenes). He thought the deletion of a chramosomal gene by 

initiation would produce no effect so long as plasmagene reproduction 

continues, but if the plasmagene is eliminated by promotion, an ab­

normality would quickly appear. Thus, Danielli suggest ed that the 

initiating action of carcinogEnesis may be due to a deletion of a 

chromosomal gene and promoting action to a deletion of a plasmagene. 

g) Summary 

More studies are necessar,y to bring a clear theoretical 
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explanation of promotion. From our present knowledge, however, it 

seems reasonable to think that the hyperplasia produced by many promotors 

plays at least sorne part in promotion. Other actions, such as successive 

mutations or alterations in tissues other than epidermal cells may, 

however, play a major part in the process of promotion. 

D) URETHANE (ETHYL CARBAHATE) AS A CARCINOGEN 

The narcotic action of urethane has been known from the time 

of Schmiedeberg(l885). It has frequently been employed when a prolonged 

mild anaesthesia is desired, and has been found particularly useful 

for keeping animals quiet during long exposure to X-rays. Phenyl­

urethane has been shown to arrest the division of the sea urchin egg 

at metaphase (Warburg,l910). Vogt(l948), described sex linked mutations 

in Drosophila after administration of urethane, and Bryson(l949) described 

mutagenic action of urethane on bacteria. Its leukopenic action in 

animals has been well known since Hawkins and Murphy 1 s(l925) description. 

This action of urethane later had its application in the treatment of 

hwnan leukaemia. After a series of experiments in animal leukaemia and 

lymphosarcoma (Murphy & Strum,l946), Paterson, ApThomas, Haddow and 

Watkinson(l946) introduced urethane for the treatment of human leukaemia. 

Due to certain side effects on human beings (Meacham,Tillotson, & Heinle, 

1952), and the development of new chemotherapeutic agents, the use of 

urethane for antileukaemic therapy has diminished. It is listed as the 

first choice for the treatment of certain forms of tumeurs, such as 

multiple myeloma (Rundles & Coonrad,l95?). 
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In 1943, Nettleship and Henshaw found that repeated minimal 

anaesthetizing doses of urethane given by intraperitoneal injection 

increased the incidence of lung tumeurs in C3H female mice from less 

than 5% to more than 75%. This finding was confirmed by Henshaw and 

Meyer(l944,1945), who noted that urethane was also capable of inducing 

pulmonary tumours in mice when administered by the oral route or by 

local implantation. Rats were also susceptible to urethane's carcinogenic 

influence on the lung (Jaffe,l947). After the establishment of the 

carcinogenic action of urethane {ethyl carbamate) on the lung, a series 

of esters of carbamic acids were tested in a similar fashion, and it was 

found that the high carcinogenic activity of the ethyl derivative was 

low in the isopropyl and n-propyl derivatives and absent in methyl, 

n-butyl and isomyl derivatives (Larsen;l947). The lung tumeurs that 

urethane produces are mostly benign adenomas. Their histological 

structure was well described by Orr(l947). Klarner and Gieseking(l960), 

demonstrated by electron microscopy cytoplasmic inclusion bodies in the 

cella of urethane induced lung tumours, and regarded these bodies as 

viruses of possible aetiological significance. However, the existence 

of such viral particles could not be confirmed by Svoboda(l962). 

The initiating action of urethane on mouse skin has been 

mentioned already. Salaman and Roe(l953) painted the skin of the backs 

of mice once or a few times with doses of between 60 and 360 mg. of 

urethane in watery solution, and then gave repeated applications of 

0.5% croton oil for twenty weeks. They found thirteen papillomata on 

the eight survivors at the sixteenth week, and eleven papillomata on 
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the five survi vors at twenty weeks. In further studies, using twenty­

six mice, they applied 240 mg. of urethme (120 mg. on the first day 

and 120 m,s;. on the eighth day), and followed on >vith croton oil to 

produce 115 tumours on twenty-two survi vors. vJhen urethane was applied 

in the same dose without croton oil, no tumeurs were pro duc ed. In 

order to test for a possible promoting action of urethane, mice were 

painted with 0.3 mg. 9,10-d.imethyl-1,2-bmzanthracene once, and then 

with 60 mg. urethane weekly for eighteen weeks. No tumours were produced. 

In the same year in Germany, Graffi, Vlamynch, Hoffman and Schultz(l953), 

tested the effect of various substances on mouse skin, applying the 

substances alternately with croton oil, for a period of twelve manths. 

They found that urethane applied with the croton oil produced significantly 

greater numbers of tumours than did croton oil alone. In contrast, the 

administration of urethane together with 9,10-dimethyl-1,2-benzanthracene 

in the initiating stage was reported to reduce the tumour yield produced 

by the subsequent repeated applications of croton oil (Gwynn,l956;Shubik, 

Della Porta, Spencer & Pietra,l958). 

Uretnane is also able to initiate skin tumours not only when 

applied to the skin, but when given by oral administration (Haran­

Ghera & Berenblum,l956), or intraperitoneal injection (Ritchie,l957; 

Berenblum & Haran-Ghera,l957a). 

At present, most of the known initiating agents are able to 

produce skin tumeurs alone when applied in large doses or repeatedly. 

In contrast, urethane is usually said to possess only irdtiating action 

on the skin, and to be unable to produce any tumours alone. It is 



- 75 -

sometimes called an incomplete carcinogen, or uure initiator for the 

skin (Roe & Salaman,l954). However, as mentioned before, Lindsay(l956), 

applied urethane once or twice to male mice (NCZ) and found a total 

of twenty-four neoplastic skin lesions in eleven of fifteen mice treated. 

There was one souamous cell carcinoma, fourteen papillomata and six 

sebaceous adenomata. More recently, Pietra, Rapapport and Shubik(l961), 

injected 0.04 mg. urethane intraperitoneally to twelve hour old mice 

and noted one carcinoma and one papilloma in the surviving mice. 

In contrast to the incomplets carcinogenic action of urethane 

on the skin, urethane is a complete carcinogen for the lungs. A search 

for the possible promoting factors active in the formation of lung 

tumours by urethane was suggested (Boyland,l960). For that purpose, 

Dipaola(1959) investigated the significance of the oxygen concentration 

in the air after the administration of urethane, and found a high tumour 

yield in a group which was exposed w hyper-oxygenic environment. The 

opposite was reported by Mori-Chavez(l962), who oompared the incidence 

of lung tumeurs induced by urethane in mice at sea level and high 

altitude. A high tumour yield was obtained in the group kept at high 

altitude. Mori-Chavez attributed the increased yield to the deficiency 

of oxygen. 

The initiating affect of 240 mg. urethane on mouse skin is 

approximately equal to that of 0.03 mg. 9,10-dimethyl-1,2-benzanthracene 

(Salaman & Roe,l954). On the assumption that a lower dose of urethane 

might prove to be relatively or absolutely more effective, Roe and Salaman 

(1954) extended their work on the quantitative analysis of the initiating 
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power of topically applied urethane on mouse skin. The backs of mice 

were painted wi.th different doses of urethane, 240 mg., 180 mg., 50 mg., 

10 mg., or 2 mg., and eighteen weekly applications of 0.5% croton oil 

followed. The dœ e of 2J.I) mg. and that of 180 mg. could not be given 

in a single dose as were the others. The former was given as two 

applications of sixty mg. urethane with fifteen minute interval s on 

the fir st and e ighth day a, the lat ter as three a ppli cati ons of (;{) mg. 

given at two hour int ervals. Whm the tumour yield was expressed as the 

average number of tumours per survivor, the relationship betwem. the 

total dose and the tumour incidence was a linear. This linear relation­

ship between dose and tumour yield is in contrast to the logarithmic 

relation noted wi.th carcinogenic hydrocarbons given in one dose. The 

difference might be due in part to the administration of the larger 

doses as s eparate sma.ll doses. .H.oe and Salaman(l954), also investigated 

the effect of altering the interval between applications on the 

initiating activity of 180 mg. of urethane. One group received 180 mg. 

urethane as three applications of 60 mg. urethane given at two hour 

intervals, and another the sam.e dose given with four day intervals. The 

tumour incidence was demonstrated to be about the sarre. Roe and Salaman 

also demonstrated that the initiating effect of urethane persista about 

twenty-four weeks. 

A quantitative analysis of the initiating action of urethane was 

also carried out by Berenblum and Haran-Ghera(l957a). They studied the 

effect of: a) varying the total dose of urethane given once by mouth; b) 

varying the number of urethane feedings given but keeping the overall dose 
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constant; c) different routes of administration; and d) variations 

in the interval between the end of initiating action and the commencement 

of promoting action. The results are summarized in the following tables: 



Effect of dose of urethane, administered 
orally, as initiating agent 

Initiating 
Agent 

Mi ce 
bearing 
Papilloma/ 
Survivor 

Single dose bz Mouth 

Urethane 64mg 24/24 

16mg 15/24 

4mg 6/14 

lmg 3/24 

Omg 2/20 

Av. no. of 
Papilloma 
per Meuse 

5.0 

L2 

0.4 

0.25 

0.1 

Different numbers of urethane feedings, 
totalling the same overall dose 

6L.mg in 1 dose 24/24 5.0 

6L.mg in 2 doses 37/37 8.0 

6L.mg in 5 doses 17/20 2.6 

6L.mg in 20 doses 21/24 2.2 

Urethane action by oral, subcutaneous, 
and intraEeritoneal routes 

64mg P.O .. 24/24 5.0 

5Qng I.P. 28/28 5.7 

50mg s.e. 22/22 4.3 
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Av. Latent 
Period 

8 

14.5 

20.5 

16 

15.5 

8 

6 

10.5 

il 

8 

8 

10 

{Berenb1um & Haran-Ghera,1957a) 
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As we see from the table, the findings are in agreement 

with those fourrl using polycyclic hydrocarbons. \üth a single dose 

the relation between dose and tumour incidence is approximately logarithmic, 

but divided doses were lesa effective than one large single dose. 

Urethane was more or less equally effective given orally, intraperitoneally 

or subcutaneously. Varying the interval between the initiation and the 

commencement of croton oil treatment from thirty minutes to fifty-six 

days did not significantly alter the tumour yield. The resulta of these 

experimenta are consistent with Berenblum and Shubik 1s original hypo­

thesis (1947b) that the number of tumours produced is a function of the 

initiating action, while the latent ~riod is a function of the promoting 

action. 

In a more complicated recent experiment by Pound(l962), mouse 

skin was initiated qy feeding urethane orally, for five consecutive days. 

The tumour yield was higher if the croton oil started on the second day 

of urethane feedings rather than if it was started a week after the 

urethane feedings. 

A carcinogenic action of urethane other than on the skin and 

lung of mice and other species has been reported. Tannenbaum and Silverstone 

(1958) and Tannenbaum(l961) described urethane as a multipotential 

carcinogen for mice, reporting the formation of pulmonary adenomata, 

mammary carcinomata, malignant mesenchymal tumours, cystoadenomata of 

lachrymal glands, blood cysts of the liver, and Harderian gland adenomata. 

Papillomata of the forestomach may follow oral administration of urethane 

in mice (Berenblum & Haran-Ghera,l957c). 
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The induction of hemangiomata in the liver, intestine and pancreas 

in mice of the AkR strain and of the 058 strain was reported by Kawamoto, 

Kirschbaum, Ibanez, Trentin and Taylor(l961). A leukaemogenic action of 

urethane, and its power to potientate the leukaemosenic action of X-rays, 

oestrogens and methylcholanthrene have also been reported. (Kawamoto, 

Kirschbaum & Taylor,l958). Similarly, the formation of lymphoma (Toth, 

Tomatis and Shubik,l961) and thymie lymphoma (Doell,l962) by oral feeding 

of urethane have been reported. Della Porta and Shubik(l960) and Toth, 

Tomatis and Shubik(l961) reported the multipotent carcinogenic action 

of urethane in the Syrian Golden hamster. Helanotic tumours of the skin, 

papillomata and carcinomata of the forestomach, adenomata polyps of the 

caecum, pulmonary adenomatosis, mammary tumours, he pa toma and hemangio­

sarcoma were all produced. 

The mechanism of the action of urethane was investigated from 

two points of view, its carcinogenic action and its tumour suppressing 

effect. Haddow and Saxton(l946) described the inhibitory action of 

carbamic esters on tlalker rat tumours, and suggested that urethane might 

belong to the group of caryoclastic substances, and that inhibition of 

growth and mitosis might be due to an u:pset in purine metabolism. The 

in vitro effect on the growth and mitosis of normal and malignant cells 

was interesting. Ail cultures obtained from normal tissue showed a 

reduction of ~owth R.nd .!'t fall in the number of cell division. However, 

in the cultures of malignant tumours, a stimulation of growth and mitosis 

was observed (Lasnitzki,l949). Decreased mitotic activity and cellular 

degeneration in the crypts of Lieberkuhn in mice (Dustin,l947), and 
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inhibition of all stages of mitosis in rat cornea (Guyer & Claus,l947) 

have also been reported. In connection wi..th the suggestion made by 

Haddow and Saxton, Cowen(l949) reported the inhibitory action of pentose 

nucleotides upon urethane induced pulmonary tumours. He postulated that 

pentose nucleotides might act by directly supplementing the normal cell 

purine, and so rendering the urethane ineffective, or might produce a 

leukocytosis which neutralized the leukopenic action of urethane. The 

changes in nucleic acid metabolism ind.lced by urethane were further 

discussed by Boyland(l952) and Boyland ani Koller(l954). In their study 

of the effect of urethane on mitosis in the ~valker rat carcinoma, they 

observed that urethane produced abnonnalities of nuclei, wi.. th chromosome 

fragmentation and anaphase bridges, in a portion of the dividing cells 

in the tumour. The frequency of these abnormal mitoses was reduced, and 

recovery was accelerated by the simultaneous administration of thymine. 

Thymine did not affect the frequency of abnormal mitosis produced in the 

vlalker rat tumour by nitrogen mustard. Boyland and Koller suggested that 

urethane might interfere with cellular synthesis of thymine, by in­

hibiting the methylation of uracil to thymine, so leading to a deficiency 

of thymine. noe(l955) thought that if suitable purine precursors were 

supplied in high concentration at the time of urethane administration, 

the carcinogenic action of urethane might be reduced. He found that 

urethane's initiating action on skin tumour formation in mice was 

inhibited if formate and glycine were both administered together w:i.th it, 

though neither had any effect when administered alone. 

The suggestion that urethane might exert its card.nogenic action 
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by disturbing the synthesis of nucleic acids was further strengthened 

by a series of experimenta by Rogers(l957a;l960). The cellular 

nucleic acids are known to be important carriers of genetic information, 

and so might be expected to be involved whether the neoplastic change 

occurred through an alteration of previously exist:i..r:g cellular infor­

mation or through the mediation of a virus bringing new information 

into the cells. Rogers attempted to modify the response of the animals, 

as measured by the production of lung tumours induced by a single 

injection of urethane. He administered known precursors of nucleic 

acids synthesis, and found an inhibitory effect when pyrimidine or 

pyrimidine precursors were given. In particular, orotic acid had a 

striking inhibitory effect on urethane carcinogenesis in the lungs. 

Orotic acid is known to enter the pathway of synthesis of both ribo­

nucleic acid (RNA) and desoxyribonucleic acid (DNA) (Carter,l956). 

However, thymine, which is known to be incorporated only in DNA, 

also had an inhibitory effect, which suggested that the action of 

urethane is on DNA synthesis. Thus, Roger's resulta taken together 

indicate that urethane initiated the neoplastic chmge in the lung by 

interfering with pyrimidine synthesis. The inhibitory influence of 

orotic acid and other pyrimidine precursors point toward a site of 

action below orotic acid, as probably being the site of the primary 

carcinogenic action of urethane. 

Recently, Bresnik(l960) reported that urethane in vitro is 

an antagonist of the en~e converting carbamyl phosphate to 

ureidosuccinate. From the point of inhibitory action on certain 
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tumours, Elion, Bieber, Nathan and Hitchings(l958), postulated an 

interference with the amylation of the uracil moiety. 

Another study was cene erned w:i th the metabolic degradation 

of urethane, on the assumption that a metabolite is responsible for 

its carcinogenic action. The chemical formula of urethane is relatively 

simple. It is known to be hydrolysed quickly after injection into the 

body, giving end products such as ethanol, carbon dioxide, and water. 

It is distributed rapidly throughout all crgans of the body in equa.l 

proportion, (Archer, Chapman,Rhoden & vlarren,l948;Boyland & l(hoden, 

1949), and is almost completely excreted from the rody w:i thin twenty-

four hours (Sk:ipper,Bennet,Bryan,White,Newton & Simpson,l951). Therefore, 

:it would seŒJ. that the carcinogenic action of urethane is over w:i thin 

twenty-four hours. A number of derivatives and analogues of urethane 

were tested for carcinogenic power in the lung and for initiating power 

:in the skin, in the hope that in this way an active metabolite might 

be identified. Seven canpounds w:i th a modification of the carbamyl 

portion, four phosphorylated derivatives and four compounds of a 

complex of ketoacid with urethane were tested (Berenblum,Ben-Ishai, 

Haran-Ghera ,Lapidot ,Simon & Tra:inin,l959). Most of the compounds 

proved to be :inactive, and those that did give positive results were 

weak. I~one of them see:ned to be the sought for metabolite. Injection 

into mice of rabbit plasma obtained from rabbits injected with urethane 

2~ hours previously, increased the :incidence of lung adenomata, as well 

as producing the ini tiating change in the skin, so th at papillomata 

arase at the site of subsequent croton ail applications (Berenblum, 

Kaye & Trainin,l960). These resulta were not obtained if the rabbit 
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plasma was lyophylized or dessicated, removing of free urethane. 

The condensed vapour collected during the process of lyophylization, 

on the other hand was carcinogenic. These results could be entirely 

accounted for on the supposition that the carcinogenic effect was due 

to urethane itself, without participation of any metabolite. Supporting 

the evidence for this view presented by Kaye(l96oa), he chromatographed 

plasma from rabbits given an injection of c'~ labelled urethane 2i 
or 3! hours previously, and plasma from mice given an injection of C~ 

labelled urethane 2!, 4, or 6 hours previously, and a urethane solution 

in which mouse lung, liver, and skin had been incubated. In all cases 

a single migrating canponent was found, and its rate of migration and 

volatility corresponded to those of free urethane. The result again 

suggests that no metabolite is involved in urethane carcinogenesis. 

In the study of the relationship between the rate of urethane catabolism 

and carcinogenesis, Kaye(l960b) found a greater retention of urethane 

in the blood of young mice than in older ones. He concluded that the 

greater response to the carcinogenic action of urethane in young mice 

suggests that the length of time urethane remains in the body is a 

critical factor in determining the tumour yield. 

E) TWO-S'rAGE CARCINOGENESIS OTHER THAN IN MOUSE EPIDERMIS 

The two stages of carcinogenesis have been well demonstrated 

in the skin of mice. There is also evidence that initiation and promotion 

are involved in the induction of tumours other than in mouse skin. Indeed, 

Rous and Kidd(l941) and MacKenzie and Rous(l941), were among the first to 



- 85 -

postulate a two stage theory. From the etudies of the behaviour and 

structure of tumours induced by repeated applications of tar to the 

skin of rabbits, they deduced that warts produced by tar are conditional, 

and depend for their growth on continued extraneous stimulation. Tumours 

that regress during an intermission of tarring, recur at the same site 

when tarring is resumed. Moreover, wound healing or turpentine can 

evoke growths from previously tarred skin. Rous and his colleagues 

distinguished the two separate elements in carcinogenesis in rabbit 

skin by tar, and, as has been mentioned, called them initiation and 

promotion (Friedewald & Rous,l944b). The carcinogenic action of 

9,10-dimethyl-1,2-benzanthracene on rabbit skin was demonstrated by 

Berenblum(l945;1949), and Shubik(l950a) applied this carcinogen to 

rabbit skin in a sub-optimal dose and followed it bymechanical wounding, 

turpentine applications or croton oil applications. Only wound healing 

acted as a promoting agent. It is of interest to note that croton oil, 

the most patent promotor on mouse skin, was not effective for promotion 

in rabbit skin. Roe(l956c) also reported the ineffectiveness of croton 

oil to promote tumours on the rabbit skin after the applications of 

9,10-dimethyl-1,2-benzanthracene. However, a promoting effect of 

croton oil on rabbit skin initiated by the applications of 9,10-dimethyl-

1,2-benzanthracene was claimed by Graffi(l951). 

A more difficult problem is whether two stage mechanism is 

peculiar to skin carcinogenesis, or whether it also operates, perhaps 

in a modified form, in other organs. The evidence on this subject is 

rather scanty. The reasans are perhaps more teehnical than basic. It 
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is relatively easy to design suitable experimenta for this purpose in 

the case of skin, but it is difficult to do sa for other organs. 

In several instances, induced hyperplasia of a particular 

organ has been shawn to enhance the power of a carcinogen acting on 

that organ. Partial hepatectamy has been reported to hasten the appearance 

of hepatomata in rats on a diet containing butter yellow (Glinos,Bucher, 

& Aub,l951). Law(1956) reported a similar result in rats fed acetyl­

aminofluorene. In these cases, there were no significant differences 

in the tumour incidence. Various procedures Which lead to hyperplasia 

of the thyroid, partial thyroidectomy (Bielschowsky,l949), or the 

administration of allyl-thiourea (Bielschowsky,l944;1945) result in 

the development of multiple thyroid tumours in rats fed acetylaminofïuoren. 

A very small dose of acetylaminofluorene is able to accelerate greatly 

the appearance of thyroid adenomata in rats subsequently fed thyouracil 

(Hall,l948;Hall & Bielschowsky,1949). It seems reasonable to assume 

that in these experimenta the carcinogen, butter yellow or acetylaminofluorene 

might act as initiator, while induced hyperplasia had a promoting function. 

In experimental hepatocarcinogenesis, subcarcinogenic doses of dimethyl­

aminoazobenzene were able to elicit tumours in rats when they were 

followed by painting of the skin by tar (Muta,l943 quoted by Odashima, 

1959), methylcholanthrene (Odashima,l959) or 4-nitro quinoline N-oxide 

(Takayama,l961). In these instances, the action of the promoting agents 

is obscure. Maltoni and Prodi(1960) reported that carbon tetrachloride 

acts as a promoting agent in liver carcinogenesis if p-dimethylawino­

azobenzene in noncarcinogenic dose is used as the initiating stimulus. 
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Cytochemical studies of carcinogenesis by azodyes in rat liver indicate 

that separate processes occur duti.ng developm.ent of tumours. t.faini and 

Stich(l961) studied the action of several hepatocarcinogens, with 

particular regard to their ability to provoke a proliferation of hepatic 

cells; to induce the formation of highly polypoid cells; and to cause 

mitotic irregularity. There was a correlation between the carcinogenic 

activity of substance and its ability to induce both proliferation and 

a relatively large number of mitotic irregularities in the precancerous 

liver. They concluded that hepatomata are only produced when two factors 

are present, namely, an injury to the chromosomes and an active cell 

proliferation. Also, Fiala, r'iala and Glinsmann(l961) claim that 

hepatocarcinogenesis in rats induced by 3-methylaminoazobenzene consists 

of two phases. They proposed induction period in which sudden and 

irreversible changes in many cell parameters occur during a critical 

period, and then an unrestricted proliferation period. 

A few instances of yet ether organs aside from the liver 

which indicate a two stage mechanism in tumeur formation will be 

mentioned. A summarized list of experimmts relevant to this matter 

will be found at the end of this chapter (Table). Berenblum and 

Trainin(l960) postulated a possible two stage mechanism in experimental 

leukaemogenesis, based on the augmenting effect of urethane on 

leukaemogenesis by X-ray, men urethane follows radiation but not when 

the sequence is reversed. X-ray might act as the initia tor, ani urethane 

as the promotor. In an e.Jeperiment by Peirce(l961), tumeurs of the stomach 

in mie e were induced by oral adninis tration of benzpyrene as an ini tiator 
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followed by lime oil feeding as the promotor. 

Dao(l959) made an interesting observation while inducing 

mammary tumours in rats by feeding methylcholanthrene. When pregnancy 

follows methylcholanthrene feeding, there is an augmentation of tumour 

induction, though when methylcholanthrene is given to the pregnant rats 

there is no augmentation. On the basis of these observations, Dao 

claimed that the first stage in the induction of mammary tumeurs is a 

chemical one, but the second stage is physiological one governed by 

same hormonal effect. Kim and r11rth(l960) showed that although a single 

dose of methylcholanthrene, or the administration of mammotropes alone 

failed to induce mammary carcinomata in rats, a single dose of methyl­

cholanthrene with mammotrope induces a high incidence of carcinomata. 

Perhaps methylcholanthrene acts as the initiator, the mammotrope as 

the promotor. The effect of mammotrope was studied by Yokoro and Furth 

(1961) on the induction of mammary tumeurs on rats by radiation. It 

was shown that while a single dose of 50r. or 150r. of radiation was 

unable to induce mammary tumeurs, subsequent administration of mammotrope 

gave rise to carcinomata. Thus, in sum, this work shows what appears 

to be a genuine promoting action of hormone in mammary tumeur induction 

in the rat. 

In mice there was no apparent promoting action of mammotrope 

on the mammary glands initiated by methylcholanthrene (Haran-Ghera,l961). 

This apparent difference between mice and rats is attributed to the 

different characteristics of mammary tumours in the two species. 

Mammary tumours in rats are in most cases hormone-dependent, in mice 
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they are not. Recent studies by Yokoro and Furth(l962) have, however, 

disclosed that in mice mammotrope acts as promotor for the induction 

of manunary tumours initiated by virus. In the C 571/J X A/HeJ strain 

of mie e, treatment wi th mamm.ary t umour virus (Bit tner 1 s), mammotrope 

or diethylstilbesterol alone failed to induce mammary tumours, but 

treatment with the mammary tumour virus followed by mammotrope 

administration induces high incidence of t umours. 

Finally, we should consider the critical question; whether 

or not two stage carcinogenesis has any significant role in human 

carcinogenesis. There are interesting facts in the problem of age and 

human cancer W:Lich are relevant to this topic. Nordling(l953) and Stocks 

(1953) independently suggested that the develoJE.ent of cane er was the 

end result of a series of discrete cellular changes. Nordling(l953) 

studied the frequency distribution of cancer in adults in relation to 

age, and found that the log of death rate increased in direct proportion 

to the log oi age, but about 6 times more rapidly. He suggested that 

this relationship could be explained if the cancer cells are the resulta 

of 7 successive mutations. Armitage and Doll(l954) took up this 

statistical approach in more detail, consi..dering different kirrls of 

human cancer individually. They later offered an explanation of data 

in terms of the two stage hypothesis (Armitage and Doll,l957). Haenszel, 

Loveland and Sirken(l962) engaged in the epidemiological investigation 

of lung cancer. They found a high urban to rural ratio of incidence 

and mortality from lung cancer. The higher Iisk for certain groups 

with a variety of residencial exposures, and the obvious presence of 
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more than additive effects in the ratio for specifie cambinations 

of smoking and residence histories, together wi th the possi bili ty of 

multiplier effects, were interpreted as suggestive of a multi-stage 

hypothesis for the aetiology of lung cancer. From the gEiletic point 

of view, Court Brow.n(l962) expressed the opinion that a two stage model 

has value in the ccnsideration of the human carcinogenesis. He states 

11 0ne may postulate that the initiating agent, whatever it may be, has to 

act through the inception of gEiletic damage. One may further postulate 

that under the influence of promoting agents, cella carrying the initial 

damage will proliferate and that during this stage of proliferation, the 

initial damage itself may lead to an increased liability to the 

establishment of further genetic errors - some of these mB\Y become 

obvious in the appearance of cel.l lines w:i. th visible chromosomal re­

arrangements or id. th a.bnormal chromosomal numbers". 

The value of these hypotheses is difficult to a.ssess, and 

it is obvious that more investigations are necessa.ry. 



- 91 -
TABLE 

TWO STAGE CARCINOOENESIS arHER THAN SKIN 

Investigator, Target 
(year reported) organ Animal Initiator Promotor 

Muta li ver rat dimethyl tar 
(1943) aminoazo 

benzene 

Hall thyroid rat 2-acetyl allyl 
(1948) aminonuorene thyourea 

Glinos,Bucher li ver rat 4-dimethyl partial 
& Aub arninoazo hepatectomy 
(1951) benzene 

Law li ver rat 2-acetyl partial 
(1956) aminofiuorene hepatectomy 

Odashima li ver rat " methylcholanthrene 
(1959) 

Berenblum & blood mouse X-ray urethane 
Trainin (leukaemia) 
(1960) 

Maltoni & li ver rat 4-dimethyl carbontetra-
Pro di aminoazo chloride 
(1960) benzene 

Takayama li ver rat Il 4-nitro 
(1961) quinoline-

N o:xide 

Peirce stomach mouse benzpyrene lime oil 
(1961) 

Murphy endocer mouse me thyl estrogen 
(1961) vix cholanthrene 

Kim & Furth br east rat me thyl mamm.otrope 
(1960) cholanthrene 

Yokoro & Furth br east 
(1961) 

rat x-ray mammotrope 
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F) IMt-ruNOLOOICAL THEültY OF CARCINOGENESIS 

The immunological theory of cancer evoked much interest recently. 

Over many years, mu ch has been wri tten about cancer immunology. The 

first era of immunological study in cancer research was mainly concerned 

with a search for a tumour specifie antigen, with the hope of the production 

of an anti-cancer antibody. The second era was concerned with tumour 

transplantation. Changes in the antigenic make-up of transplantable 

tumour is a cammon observation, and it is clear that many immunological 

characteristics of transplanted tumours are the result of the genetic 

difference between tumour cells and cells of the host. The analysis 

of tissue specifie antigens, or self markers, lead to a further under­

standing of immunological processes. More recently, the suggestion that 

an immune reaction might be conceived in the process of carcinogenesis 

itself has been raised. 

Recent studies provide evidence that chanical carcinogmesis 

might involve the gain and persistance of new antigenic properties. 

Prehn and Main(l957) found that methylcholanthrene induced sarcomata, 

but not spontaneous fibrosarcomata, produced immunity in subsequent 

transplants. This indicated that the antigenicity of induced tumours 

is in fact tumour specifie, since spontaneous tumours do not show such 

antigenicity. Further studies (Prehn,l959;196o) showed that the removal 

of a methylcholanthrene induced fibrosarcoma in an inbred strain of mice 

reduced greatly the incidence of sarcomata resulting from a further 

injection of methylcholanthrene. It was assumed that methylcholanthrene 

had altered some cellular constituants so that the,y had become antigenic 
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to their own immune system. R~vész(l960) also showed an antigenic 

differences between transplanted methylcholanthrene induced sarcomata 

of recent origin and their isologous hosta. In his experimenta, mie e 

were twice given befcre tumour transplantation, injections of irradiated 

cella derived from the tumour to be transplanted. In the pretreated 

mice, the tumeurs were accepted in fifteen percent of cases, as compared 

with fifty-six per cent of takes in the coo.trol mice. The inmunization 

of the primary host to its own methylcholanthrene induced sarcomata 

was reported by Klein, Sjorgrene, Klein and Hellstram(l960). They 

demonstrated the immunization in the primary host ai'ter excision of 

sarcoma, followed by serial pretreatment of the host wi th irradiated 

tumour cella and a series of subsequent challenges wi.. th viable cel.ls 

de ri ved from the animal 1 s own sarcoma. A. direct immunologie al meth od 

to analyse the antigenecity of these chemically indue ed tumours is, 

ha.rever, not weil established. Furthermore, the host recognition of 

such antigens must be reflected in an immune response if the change in 

the im.munological properties is related to the carcinogenic process. 

Though Narcissov and Abelew (cited by Zilber,l958) claimed to have 

found canplement fixing antibodies in sera of rats carryiqs tumeurs 

induced by 9 ,10-dimethyl-1,2-benzanthracene or methylcholanthrene, the 

evidence for such an immune response in animal carrying primary tumeurs 

has been inconclusive. 

In 1954, Green(l954) first presented his immunological theory 

of cancer. His theory postulates that when normal tissue is treated 

with a chemical carcinogen, the carcinogen combines with a protein which 
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conf ers tissue spe cificity, th us forming a marker-carcinogen complex. 

This combination behaves as an antigen and elicits an antibo:ly response 

unfavourable to the cell containing the antigen. By an adaptive process, 

a new type of cell appears, wh ich is lackir:g in the tiseue specifie 

antigen or self marker capable of combining with carcinogen. As a result, 

the cella are no longer identifi.ed and can proliferate regardless of 

tisate boundaries. The starting point of his hypothesis was the 

observation that the tumour inhibitory power was present in some non­

carcinogenic hydrocarbons, which was the same na'b.l.re as induced by 

carcinogens. He assumed that these tumour inhibitory powers were due, 

not to a cytotoxic action in the tumour, but to an enhancement of 

immunity to homologous tumour tissue. Accordi.ng to a more recent report 

(Green,l96l), cancer is due to the loss of tissue specifie antigens. Green 

speculated that the tissue specifie antigens are lipo-protei.ns, located 

in the endoplasmic reticulum, and that the hi.niing of chemical carcinogens 

to such lipo-proteine, is the first stage of chemical carcin~enesis. 

Speculation goes further to e:xplain the process of initiation and 

promotion in carcinogenesis. An initiated cell is one showing a 

marg:inal lœs of identity protein, as the result of an immune reaction 

to cyto-s~cific auto-antigen. Hyperplasia of such cella may tend to 

select the most deficient, which will have a competitive advantage, as 

they are a.lready less susceptive to the normal growth inhihi.tory control. 

Green considered this pro cess as promotion. On this basis, initiation 

would not be a completely separate process fran promotion, rut is the 

f:ir st stage of deletion of tumour specifie antigen, a process which is 
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continued if repeated applications of carcinogen or promotor are 

administered. The initiated cells would be a qualitatively feeble 

counterpart of the malignant cells, and would remain in this stage 

indefinitely, provided a normal environment prevailed. 

Due to a considerable lack of supporting experimental evidence, 

Green 1s hypothesis was not widely supported (Hieger,l961). Experimental 

demonstration that seme chemical carcinogens are bound to protein of 

the cells in a target organ (Miller,l95l:Miller & ~aller,l953). lead 

to the 11deletion hypothesis 11 of chemical carcinogenesis. This hypothesis 

considera the key change in the formation of malignant cells the deletion 

of seme specifie protein or enzyme, by the binding of the carcinogen 

to protein, and is in accord with Green 1s view. 

G) DIS'l'URBANCES OF NUCLEIC ACID Mb"TABOLISM AND ITS RELATION TO 

CARCINOOENESIS AND INITIATION 

Nucleic acids play an important role in cell physiology and 

biochemistry, because of their unique ability to transfer information. 

The foundation of the present knowledge on the importance of the nucleic 

acids, as significant cellular canstituents, was laid by Miescher(l897) 

and Kossel(l891) at the end of the last century. These workers showed 

for the first time that the nucleoprotein is an essential component of 

ali the cells of the living organism. One of the fundamental contributions 

in this field was the finding that there two types of nucleic acid in 

the cell, namely deoxyribonucleic acid (DNA), and ribonucleic acid (RNA). 

In spite of chemical similarity, the biological properties and roles of 
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DNA and Rl~A are strikingly different. The ~A which is present in 

the cytoplasm, nucleoli, and nuclei of the cells is a labile and active 

substance which undergoes a considerable quantitative change during cell 

metabolism and plays an important role in protein synthesis. Canversely, 

DNA which in normal cells is confined to the nuclei and chromosomes only, 

is remarkably stable and is more or less independant of cell metabolism. 

The idea of the extreme importance of DNA for cell life and cell continuity, 

and the intimate association of DNA, chromosome components and the genetic 

material can be cansidered as derived mainly fram the following three 

fundamental observations. Firstly 1 the chromosome complement is a 

constant characteristic of each cell for each species and carries the 

genetic material (Morgan,l919). Secondly, the chromosomes have DNA as 

an essential building stone (Feulgen and Rossenbeck,l924). Thirdly, 

DNA is an essential chemical constituent of the genetic material (Avery, 

UacLeod & McCarthy ,1944) • 

On the basis of x-ray diffraction studies of DNA from a variety 

of sources, Watson and Crick(l953) canstructed a DNA model and made the 

classic proposal that DNA cansists of two helical polynucleotide chains 

of opposite polarity which are twined around one another. The two chains 

are held together by hydrogen bonds between their bases, each base being 

joined to a companion base on the other chain. The pairing is specifie, 

adenine binding with thymine and guanine with cytosine. The ~A of 

animal cells, bacteria and viruses appear to be single stranded 

macromolecules containing helical regions and intramolecular hydrogen 

bonding (Kit,l960). According to Watson and Crick(l953), in duplicating 
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its structures, the twin stranded DNA molecule partially unwinds and 

each base attracts a complimentary free nucleotide already available for 

polymerization within the cell. These nucleotides, whose phosphate 

groups probably already possess the free energy necessary for poly­

esterization would then link up with one another after being held in 

place by the parental template chain to form a new polynucleotide 

molecule of the required nucleotide sequence. Thus, each DNA strand 

serves as template for the synthesis of a complimentary strand. With 

the idea of structure and synthesis of DNA as described, there canes the 

hypothesis that a change in the DNA sequence of one or a few nucleotides 

would be mutagenic. Mechanisms for spontaneous mutation and experimentally 

induced mutation have been suggested on the basis of this concept. 

The cancer cella possess the property of more or less 

uncontrolled growth in the host. Since the uncontrolled growth is a 

hereditary property of the cancer cell, it is possible to consider the 

nature of this cell in terms of an alteration in the normal transfer 

of information at the subcellular levels, namely genes, chromosomes and 

DNA. 

There is sorne evidence which suggests that the carcinogenic 

substances act on the DNA of living cella, however, the question of 

whether the neoplasms result from a disturbance in the replication and 

function of nucleic acid is not completely answered. Since there are 

so many agents capable of inducing tumours, the action of all these 

substances cannot be resolved by any generalization. The nature of the 

disturbance of nucleic acid metabolism might not be the same, and the 
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initial action may vary, but the end-result would be a modification 

of the genetic structure and function. It is, of course, only assumed 

that a disturbance of the nucleic acid metabolism may in several instances 

be the basis for their carcinogenic action. 

The carcinogenic action of ultra-violet light on skin has been 

observed in many species and the incidence and latent period has been 

studied as a function of the intensity and duration of the dose (Blum, 

1959). The action spectrum of ultra-violet light for carcinogenesis is 

below 320 mu., while that for mutation in microorganisme has an optimum 

at 260 mu., which is the point of maximum absorption by nucleic acid. 

Because of the action spectrum, as well as the inactivation of transforming 

DNA by ultra-violet light, the production of mutant forms in bacteria 

has been cansidered to be due to an alteration of nucleic acid structure. 

The action of ultra-violet light in carcinogenesis could perhaps be similar. 

Ionizing radiation is also known to be carcinogenic. Its 

action has been related to its direct damage to, and deletion of specifie 

genetic material. It is known that ionizing radiation will produce 

morphological abnormalities of cell nuclei. Following radiation, a 

series of chromosomal abnormalities, breaks, stickiness and crosses 

can be observed, as well as delation of specifie chromosomal segments. 

(Biesele,l958 & Puck,l958). In vitro experimenta, it was shown that 

irradiation induces a partial degradation of DNA, characterized by a 

change in viscosity (Shooter,l957), and a change in its chromatographie 

profile (Bendich,Pahl & Beiser,l956). vanEuler and Hevesy(1942) first 

reported that x-radiation inhibited the incorporation of radioactive 
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phosphate into the DNA of Jensen sarcoma, a find:ing of which was 

:in terpreted as an inhibi. t ion of DNA synthe sis. Subsequent studies show 

that radiation inhibits the synthesis of DNA in microorganisme (Lwoff, 

1953), and in a variety of animal cells (Kelly ,1957;Beltz & Applegate, 

1959) by inhibition of a key enzyme, or by damage to the template. 

Alkylating aga1ts, such as nitrogen mustard, sulfur mustard, 

triethylene melamine and diepoxide etc., are widely known as cancer 

chemotherapeutic agents. It is of int ere st th at some of the se substances 

also act as carcinogens. Boyland and Horning(1949) de:ncostrated that 

nitroga1 mus tard is a til e to :in duce lung tum.ours, lymphosarcomata, and 

spindle cell sarcomata wh en gi. Val by subcutaneous injecti en to mie e, 

and Roe an:.i Salam.an(l955) dencnstrated the initiating action of triethylene 

melamine on mous e skin. Since chromosomal abberations in di vi ding cella 

are an outstanding feature of mustard intoxication, most hypotheses as 

to their mechanism of action postulated that the target site in the cell 

was the genetic material, nucleic acid. Auerbach arrl Robscn (1946) 

observed that nitroga1 mustard was the mutagenic agent in drosophila. 

Nitrogen mustard reacts with DNA in vitro to decrease its viscosity, 

which is evidence of breaks in the double helical structure of' the molecule 

(Conway,Gilbert & Butler,l950). The effects of the alkylating agents 

on the biosynthesis of nucleic acids have been investigated by many 

workers. It is gmerally agreed that biosynthesis was impaired by 

alkylating agents (Goldthwait,l952;Davidsœ & Freeman,l955;Drysdale, 

Hopkins,Thomson,Smellie & Davidson,l958). Many kinds of polynucleiotide­

mustard reaction are ci ted, auch as an attack on the 3 1 , 5' linkage of 
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DNA with disruption of the polymer, alkylation of two adjacent phosphoryl 

hydro.xyls within the polymer, alkylation of purine or pyrimidine bases 

with production and incorporation of 11base analogs 11 into the polymer, 

and alkylation of guanine at ?-position with subsequent opening of the 

ring, losa of base and formation of an a-purinic acid-like structure. 

'l'he mechanism of these actions is a complex one, and furthennore, there 

are suggestions that, targets other than nucleic acid, are attacked by 

these agents and partially responsible for the biological effects 

produced (Trams,Nadkarni & Smith,l96la & 196lb). 

Urethane is known to possess multipotential carcinogenic action 

as well as initiating action on the skin of mice. Experimenta on urethane 

induced pulmonary tumours by Rogers(l957a,l960) was cited in a separate 

chapter of this review. It had been mentioned that a disturbance of 

nucleic acid metabolism may be critically involved in carcinogenesis by 

urethane. 

Among polycyclic hydrocarbons, benzpyrene and methylcholanthrene 

are known to induce chromosomal translocation and fragmentation (Biesele, 

1958). There is less evidence for the interaction between hydrocarbons 

and nucleic acids. Using dibenzanthracene on mouse skin, Weiss and 

Heidelberger(l953) obtained no evidence of interaction of this carcinogen 

with the nucleic acid of mouse skin. However, recent studies by 

Heidelberger & Davenport(l961) demonstrated that there is a finn 

binding of 1,2,5,6-dibenzanthracene to DNA and RNA in mouse skin painted 

with isotopically labeled carcinogen. This finding is unlike the weak 

association between hydrocarbon and nucleic acid that Boyland and his 
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associates (Booth,Boyland & Orr,l954) demonstrated in an in vitro 

experim.ent. However, more recent studies by Boyland and. Green(l962) 

on the solubilization of benzpyrene by calf thymus DNA, and the 

fluorescene quenching of benzpyrene by DNA, showed that there is an 

appreciable amount of binding of benzpyrene to nucleic acid. They 

estimated that about fifty benzpyrene molecules are bound per DNA 

molecule. It was also shown that this characteristic is abolished by 

the destruction of double helical structure of DNA by heat denaturation. 

They suggested that the binding results from intercalculation of the 

hydrocarbon between base-pairs of DNA molecules. The significance of 

this binding in relation to carcinogenesis of the skin is still not clear. 

With the technique of radioautography using the radioactive 

DNA precursor thymidine, Evensen(l961) showed that the incorporation of 

thymidine into DNA of an epidermal cell is significantly decreased after 

the application of methylcholanthrene to mouse skin. He proposed that 

methylcholanthrene interferes with the synthesis of DNA in the epidermal 

cella. Further studies (Evensen,l962) demonstrated that a similar decrease 

of DNA synthesis occurs shortly after the application of 9,10-dim.ethyl-

1,2-benzanthracene and benzpyrene on mouse skin, but not after the non­

carcinogenic agents. 

The importance of viruses as carcinogens may be related to 

the fact that viruses cm tain nucleic acids. Some tumour virus es have 

been shawn to cmtain DNA and no RNA, others cmtain RNA and no DNA. 

Some are seen to reside in the nucleus, others in the cytoplasm and still 

others at the cell membrane. One can easily see that virus infection could 
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allow the introduction of information into the cell in the for.m of 

virus nucleic acid. The evidence that nucleic acids constitute the 

probable repositories of genetic information (Butler & Davison,l957), 

and the discovery that the replication of an entire virus can be initiated 

following cell infection with viral nucleic acid alone (Fraenkel-Conrat, 

Singer & Williams,l957) led to the idea that action of viruses in 

carcinogenesis is very much similar to that of other carcinogens. 

Tumour viruses will doubtless be found to act through a variety of 

mechanisms (Kaplan,l962), but one model of virus carcinogenesis has been 

propounded in which the cell-virus relationship is conceived in terms 

of lysogenic host and provirus (Luria,l960). That is, the virus is 

believed to be integrated with the host genome, and the DNA altered by 

virtue of the incorporation of the viral genetic material. Alternatively, 

viruses might act as mutagens through interference with, or competition 

for DNA synthesis pathways, or through "activation11 of latent mutator 

genes in the cell genome. A virus might be a stable independant particle 

which acts as an added template for the synthesis of new molecules of 

nucleic acids or protein. As for the RNA viruses in the cytoplasm, it 

is possible to conceive of integration of a RNA tumour virus into the 

ribosomal particles of the endoplasmic reticulum, and that it might then 

direct the synthesis of a new molecules of RNA or protein. 

Thus, the oncogenic viruses leads to important suggestions 

to solve the mystery of the intracellular events leading to the neoplastic 

transformation. 

The production of neoplasms by the injection of nucleic acids 
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has been recently reported. Latarjet, Hebeyorette an:i Houstacchi(l958) 

innoculated nucleic acids (DN.A & HNA) isolated from AKR leukaemic cells 

into newborn mice. Seven out of eighty innoculated mie e developed 

multiple tumours including parotid gland tumours, subcutaneous sarcomata 

and carcinomata. Bielka and Graffi(l959) were able to induce leukaemia 

in 10% of their mice with a rtNA preparation isolated from ~~eloid 

leukaernia. 'l'he induction of anaplastie tumours in mice innoculated 

with ill~A extracted fran Ehrlich ascites mouse tumour has also been 

reported (Lacour,Lacour,Havel & Huppert,l960). There is also gocd evidence 

that nucleic acid, sensitive to Dl~A-ase but insensitive to H.NA-ase, can 

be extraeted from polyoma virus and can cause tumours in mice (Dil1ayorca, 

Eddy,Stewart,Hunter,Priend & Bendich,l959). As for the skin tumeurs, 

Ito and Evans(l961) succeeded in inducing skin papillomata in domestic 

rabbits, after the innoculation of DNA preparation extracted fran the 

papillomatous tissue of wild cotton tail rabbits. The activity of the 

preparation could be cornpletely abolished by exposure to DNA-ase. iffitisera 

against Shope virus papillorna did not block the oncogenic activity. 

These experimenta are further evidence that the pro duc ti on of 

neoplastic change involves nucleic acids, and that this mechanism must 

be related in sorne way to the problem of information transfer within the 

cell. The extraction of a partially purified virus preparation also 

yielded extracts with omogenic potency. Although speculation that the 

introduction of nucleic acid molecules into a cell could alter the 

metabolic pathways so as to transform the normal cell into a neoplastic 

cell is plausible, the precise mechanism is not fully understood. 
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H) DOSAGE OF CARCINOGEN AS A MODIFYING FACTŒ OF CARCINCGENESIS 

Among the many factors that modify the response of animale to 

carcinogenic stimuli, is dosage. In general, two different aspects 

should be considered when evaluating an epidermal carcinogenic response. 

One is the host condition, such as genetic type, sex, age, the phase 

of the hair cycle at the time of administration of the carcinogen. The 

other is the extrinsic state, such factors as dietary condition, and 

environmental conditions. All play an important role in the induction 

of tum.ours in experimental animal a. 

Before entering into a discussion on the effect of dosage, 

brief mention should be made on the effect of the solvent. In the early 

days of chemical carcinogenesis with tar, the solvent was considered 

a simple diluent need to render the tar more manageable for skin painting. 

Later, it was cansidered a differential solvent to extract the active 

component. Still later, it was thought to be an adjuvant which increased 

the irritating quality of the tar and perhaps its carcinogenic potency. 

Various solvents have been used for chemical carcinogens. Among 

them chloroform, ether, sesame oil, olive oil, lanolin and tricaprylin 

were in common usage. wben pure chemical carcinogens were used, the 

choice of the solvent became narrowed to one that would dissolve the 

relatively insoluble chemical in a sufficient concentration. Among the 

volatile solvents used for skin painting, Orr(l938) concluded that acetone 

was best, as it wa.s the least damaging to the skin. Stowell and Cramer 

(1942) observed that epidermal carcinogenesis was more rapid if acetone 

was used as a solvent for methylcholanthrene, than if benzene was used. 
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But on the WJ.ole, the problem of choosiqs a satisfacto ry solvent from 

the volatile agents for skin carcinogenesisi.s not a d.iffi.cult one, and 

usually any of the comnonly used solvents, such as acetme, benzene, 

ethanol, ether, chlorofœm, were satisfactory ani had little infiuence 

on the potency of the carcinogenic hydrocarbons. 

For the quantitative study of à<in carcinogenesis, the application 

of a constant effective concentration is obviously desirable. For this 

purpose, a fatty vehicle su ch as mineral oil (liquid paraffin) is 

frequentJ.y used. \\'hen the car ci. nogen is dissolved in a volatile sol vent 

and applied to the skin, the sol vent rapidly evaporates, gi ving a very 

high concentration of the carcinogen. On the other hand, when a carcinogen 

dissolved in a non-volatile sol vent is applied to the skin, the sol vent 

remains for a certain J:eri od, gi ving more constant concentration of 

carcinogen. Clearly, the quantity of carcinogen needed is much greater 

when it is applied in a fatty solvent. For instance, in a two stage 

exper.lment in the mice using 1~een 60 as a promotor, 25 ug of 9,10-

dimethyl-1,2-benzanthracene dissolved in acetone wa.s equivalent to 250 ug 

of the sa:ne carcinogen dissolved in mineral oil, as judged by tumour 

incidence (Della Porta, Shubik,Dammert & Terracini,l960). 

rJhen lanolin was anployed as a sol vent, no s kin tumol.!t's w ere 

ind'I.C ed on mice given repeated applications of methylcholanthrene. 

(Simpson & Cramer,l943;Simpsan,Carruthers & Cramer,l945). Simpson and 

Cramer postulated that lanolin was anti-carcinogenic. H~ever, Berenblum 

and Schoenta1(1947) attril::uted the apparmt anti-carcinogenic effect of 

lanolin to the retention of the carcinogen in the lanolin, so that the skin 
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was exposed only to the low concentration in the lanolin, instead of 

to the very high concentration left on the skin as a volatile solvent 

evaporated. However, the matter is still in same doubt. Plaut and Sobel 

(1949) inveatigated the effect of benzene, lard, human sebum, and lanolin 

as solvents for methylcholanthrene in mouse skin carcinogenesis. They 

observed no tumours when lanolin was used although tumours were numerous 

with the other solvents. Gillman, Hathorn and Penn(l956) applied lanolin 

to areas of skin previously treated wi th methylcholanthrene and found that 

lanolin delayed the onset of tumours and diminished the total incidence 

of tumours. They postulated that lanolin may act metabolically by 

replacing skin lipid which is known to be diminished by the application 

of carcinogens. 

Substances which possess both lipid soluble and water soluble 

properties have been introduced as solvents of carcinogens. Polyethylene 

oxide introduced by Stamer(l945) and glycol carbowax introduced by Setalâ 

(1949) are examples of these substances which facilitate the transfer of 

the fat soluble hydrocarbons to the aqueous phase within the living 

cells. They have no particular advantage, and do not greatly alter the 

carcinogenic process. The initiating action of urethane, for example, 

is not altered by substitution of the viscous solvent, carbowax, for 

acetone (Roe & Salaman,l954). 

In order to evaluate, in quantitative terms, the response of 

animale to the action of carcinogenic agents, dosage must be taken into 

consideration. In most of the early works on epidermal carcinogenesis, 

arbitrary doses large enough to ensure that the experimental animals 
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responded to the more active carcinogens were employed. It soon became 

obvious that several factors, such as the total amount of carcinogen 

applied, the duration of the application of carcinogen, and the interval 

between the applications, were significant. The importance of the 

duration of the exposure of the carcinogen was demonstrated in the work 

of Bang (quoted by Woglom,l926), who, in 1922 showed the following 

relationship between the duration of painting with tar and the response 

of the animals: 

One month 1s painting with tar -No carcinomata in fourteen mice 

Two month 1s painting with tar - 3 carcinomata in sixteen mice 

Three month•s painting with tar- 9 carcinomata in thirteen mice 

Four month's painting with tar - 12 carcinomata in twelve mice 

The importance of the interval between the applications of 

the carcinogen was discussed by Deelman(l924), who gave the following 

summary: 

11Twenty-two applications were required "When tar was 

applied at two days interval; nineteen applications 

with four days interval; seventeen applications with 

six days interval; eighteen applications with seven 

days interval. n 

He stated that the development of carcinomata depended on the summation 

of the quantities of the carcinogen applied, but also that when this 

cumulative effect has reached a certain point, malignant tumour formation 

proceeds inexorably, whether the irritation by the carcinogen is ccntinued 

or not. 
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Cramer and Stowell(l94l;l943b) also studied the effect of 

varying the interval between applications of the carcinogen used to 

paint the mous e skin. Groups were painted wi th methylcholanthrene once 

every two weeks, every three weeks, or every four weeks. The total dose 

necessary to induce carcinomata in lOO% of the animals diminished as the 

ex.posure of the skin to the carcinogen became increasingly infrequent. 

It was also noted that if the paintings were performed thrice weekly, 

the amount of the carcinogen necessary to produce the first tumour was 

as large, or larger than was required to produce tumours in all of the 

mice painted every two, three, or four weeks. Varying the concentration 

of the carcinogen used within the limits of 0.3 to 1.0% had relatively 

little effect on the neoplastic response. (Hieger,l936;Beck & Peacock, 

1940). Fieser(l938) stated that 0.3% of polycyclic hydrocarbons in 

benzene is the lowest standard concentration for the carcinogenic agents. 

Many other reports with similar findings could be noted. 

To express the response of animale to carcinogenic agents, 

several formulae are in general use. 1Umour incidence and the latent 

period are among the most popular. The tumour incidence may be expressed 

in various ways, as the average number of tumours per survivor, the 

average number of tumours per tumour bearing animal, or percentage of 

survi vors bearing tumours. Latent periods can be expressed in tm ways. 

One is the latent period of all tumours, and the other, that of tumour 

bearing animals. On the basis of such measures, a quantitative relation 

has been established between the dose of the carcinogen and the neoplastic 

response. However, different methods of measurement led to different 

conclusions. For instance, when methylcholanthrene, benzpyrene and 
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1~2,5,6-dibenzanthracene are compared on the basis of the minimum 

quantity used to induce tumours when injected subcutaneously, their 

order of potency is dibenzanthracene, methylcholanthrene and benzpyrene; 

whereas, if they are compared on the basis of the minimal latent peri.od, 

this order is changed to methylcholanthrene, benzpyrene and dibenzanthracene 

(Bryan & Shimkin,l943). 

The development of the idea of two stages of carcinogenesis 

brought a clearer quantitative relationship of dose of carcinogen to 

response in epiderm.al carcinogenesis. In the two stage experiment, 

the number of tumours produced after a single sub-optimal dose of the 

carcinogen, followed by repeated croton oil treatment, was thought to be 

determined by the potency of the initiating dose of carcinogen. When 

a single application of 0.3% benzpyrene, 0.3% dibenzanthracene or 1.5% 

9,10-dimethyl-1,2-benzanthracene were followed by croton oil, the tumeur 

incidence varied according to the potency of the carcinogen used, but the 

latent period remained the same (Berenblum & Shubik,l947b). Furthermore, 

if different concentrations of the same carcinogen were used, as an 

ini tiator in a standard two stage experiment, the final tumour yield 

differed according to the logarithm of concentration of the carcinogen. 

After a single application of 0.06%, 0.17%, 0.5% or 0.5%, 9,10-dimethyl-

1,2-benzanthracene, the tumour incidence expressed in terms of tumours 

per tumour bearing mouse, was 1.1, 2.4, 2.7, and 3.9. The increase in 

the concentration of the initiator brought an increase also in tumour 

incidence expressed as percentage of survivors bearing tumours, or as 

the average number of tumours per tumour bearing animal (Berenblum & 
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Shubik,l949a). McCarter(l956) and McCarter, Szerb and Thompson(l956) 

used a modified technique for the application of the carcinogen, to 

avoid the possibility that the mice might lick it off. They found that 

the tumour yield in the skin of mice w:l th 9 ,10-dimethyl-1,2-benzanthracene 

in 1iquid paraffin as an initiator followed by repeated applications of 

croton oil as promotor, varied direct1y with the area of skin covered by 

the carcinogen, directly with the time allowed for its absorption, but 

with the logarithm of the concentration of the carcinogen applied. Later, 

McCarter(l959) suggested that the tumour incidence is related to the 

amount of benzpyrene that penetrated the area of skin in a given time 

fo1lowing the application of a solution in acetone, and in subsequent 

studies Ball and McCarter(l960) stressed that the yield of tumours was 

determined by the amount of the carcinogen absorbed by the skin, rather 

than the amount app1ied. By the chemical analysis of the amount of 

9,10-dimethyl-1,2-benzanthracene absorbed into the skin after the initial 

painting, they showed that the absorption of the carcinogen increased 

as the amount applied increased from 7.5 to 75 ug then decreased to 

becane constant when 300 to 1500 ug were applied. This is illustrated 

in the following table: 

Concentration DMBA A'11ied DMBA in Skin 
(in acetone) (ug (ug) 

0.005% 7.5 0.50 
0.01 % 15 0.81 
0.05 % 75 3.48 
0.10 % 150 2.44 
0.20% 300 1.87 
0.30 % 400 1.38 
0.70% 1050 1.55 
1.0 % 1500 1.88 
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The amount of careinogen absorbed into the skin also varied 

with time. For instance, when 75 ug of 9,10-dimethyl-1,2-benzanthracene 

in acetone was applied to the skin, chemical analysis shows an increasing 

absorption up to five hours. In the following table are the resulta 

using 75 ug of 0.5% 9,10-dimethyl-1,2-benzanthracene in acetone. 

Time after application 
of Solution (in hours) 

0.25 
0.50 
1 
2 
3 
5 

Am.ountofDMBA 
in skin 

0.15 ug 
0.41 ug 
0.89 ug 
1.91 ug 
3.48 ug 
4.75 ug 

On this basis, the final tumour yield after various applications of 

carcinogen followed by standard croton oil treatment was determined. 

Tumours per survivor increased as a logarithmic function of the amount 

of carcinogen absorbed. It is of interest to notice that the amount 

of 9,10-dimethyl-1,2-benzanthracene absorbed by the skin became constant 

when the applications are more than 300 ug and the final tumour yield 

also becomes constant after the applications of more than 300 ug (Ball 

& McCarter,l960). 

A similar dose response is noted when a single application of 

the carcinogen is applied to the skin of mice and no other treatment is 

given. A single dose of 9,10-dimethyl-1,2-benzanthracene in concentrations 

of 0.04%, 0.1%, 0.2%, 0.4%, 0.5%, or 1.0% in acetone, representing 20, 

50, 100, 250, 500 or 1000 ug was applied to the skin of mice. \Vith doses 

of 20 and 50 ug no tumours were produced. A sma11 number of tumours were 

produced with 100 ug. With 200 ug, benign and malignant tumours were 
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produced in large numbers. With doses of more than 2:>0 ug, there was no 

increased effect (Terracini,Shuhik & Della Porta,l960). 

Wnen 9,10-dimethyl-1,2-benzanthracene is disso1ved in a 

non-volatile so1vent, the high est concentration possible is ap proxlmately 

1.5%. In arder further to increase the dose of the initiating carcinogen, 

Shubik and Ritchie(l95.3) modified the method of application of the 

initia tor by applying the sane concentration of the carcinogen one, 

two, or three times wit.h an int erval of one week betwem applications. 

In this way, the mie e were initiated wi.th different amounts of the 

carc:inogen of the same concentration ani the standard croton oil treatment 

followed. T\«J experimenta were performed, one w.i.th 1.0% and the ot.her 

wi th 0.2% 9 ,10-dim.et.hyl-1,2-benzanthracene in liquid paraffin as the 

initiator. In both, the number cH: tumours p:roduced after croton oil 

decreased, as the number of applications of the initiator increased. 

This une:xpected result was interpreted as pœsibly due to the necrotizing 

effect of the carcinogen upon the skin (Haddow & Robinson,l9.39;Pullinger, 

1940), or to a refractory state produced by the first application of the 

carcinogen which made the skin no longer susceptible to the further 

applications of the carcinogens. 

The influence of severe ulceration of the sk:in was studi ed 

by Dammert(l96la). Mice were given five ulcerative doses of alkyl­

dimethylbenzylammoniumchloride (Zephiran) after initiation by a:> ug of 

9 ,10-dimethyl-1,2-benzanthracene in acetcn e, Tween 60 followed daily. 

'rhe ulcerati:ng doses of zephiran enhanced the tumour fucidence by 

shortening tbe latent period, but lowered the tumour incidence as measured 
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by tumour bearing animal. a and the total number of tumour s. 

Similar experimenta to those of Shubik and Ritchie were 

carried out by Vesselinovitch and Gilman(l957). The tumour incidence in 

mice wnich received one application of 1.5% 9,10-dimethyl-1,2-benzanthracene 

in mineral oil followed by repeated applications of croton oil was 

compared to that in mice which received two suàl applications of the 

carcinogen at an interval.. of thirty days and then croton oil. The tumour 

incidence of the former group was 5. 7 tumours pllr tumour bearing mouse, 

but in the latter, it was 10.0. Vesselinovitch(l95S) extended the 

experiment, giving the carcinogen once, twice or thrice at intervals 

of one month. Croton oil followed. The group which received a single 

application of the carcinogen had an incidence of 3.0 tumours per survivor; 

the group which received two applications had 5.08, and the group which 

received three applications had 6.32. Vesselinovitch though that this 

result demonstrated a logarithmic relationship between the amount of 

the initiator applied and the tumour incidence. It should be noted that 

the interval between applications in these experimenta is different to 

that used by Shubik and Ritchie. The affect of altering the interval.. 

between carcinogen applications in this way is complex. Salaman and 

Roe(l956b) investigated the effect of varying the time interval between 

applications of carcinogen in mice painted ~th a small dose of 9,10-

dimethyl-1,2-benzanthracene followed by a course of croton oil treatment. 

Two applications of the carcinogen were gi ven at int erval..s of fran one 

hour to ten weeks. Unfortunately, no comment was made on the number of 

benign papillomata produced in the experiment, but the resulta suggested 
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that the incidence of malignant tumours was greater if the two doses 

were given with an interval of four days or less. The malignant tumours 

in groups given the two doses at intervals of three weeks or ten weeks, 

tended to arise as early or earlier than in those given the doses at an 

interval of one day or four days. 

In the experimenta of Vesaelinovitch ani Gilman(l957), and 

Vesselinovitch(l958), another interesting point that influences tumour 

yield was discussed. That is the modification of the time of the 

commencement of croton oil treatment. After one, two, or three applications 

of carcinogen at monthly intervals, the croton oU treatment was usually 

commenced seven to ten days after the last application of the carcinogen. 

But when croton oil treatment was started sevan days after the first 

application of carcinogen in groups which received two or three 

applications of the carcinogen, the tumour yield was significantly higher 

than in groups which received croton oil only after the last application 

of the carcinogen. As mentioned earlier, Pound(l962) performed a 

similar experiment using urethane as ini tiator, a.rx:l reported a similar 

result. 
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I) SUMMARY OF THE REVIEW OF LITERATURE 

The historical development of our knowledge of epidermal 

carcinogenesis was summarized at the beginning of the review. The 

establishment of the two stage theory of epidermal carcinogenesis was 

discussed, and various studies and theories on the nature of initiation 

and promotion were described. It was noted that the precise mechanism of 

initiation and promotion is not yet understood. The multipotential 

carcinogenic action of urethane was also noted. 

The possible significance of a disturbance of nucleic acid 

metabolism in relation to carcinogenesis was reviewed. It was shown 

that there is an increasing arr1ount of evidence suggesting that the 

primary effect of a carcinogen is on nucleic acid. 

Finally, the dose response of animals to carcinogen was 

considered. It was noted that increasing the number of applications of 

an initiator does not always increase the tum.our yield. The theory 

that initiation may induce a refractory state or necrotizing reaction 

in the skin was discussed. 
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II EXPERIMENTAL WQRK 

A) INTRODUCTION 

The progress of our knoWI. edge of experimEntal epid ermal 

carcinogenesis has been discussed. A vast amount of literature and 

much information has been accumulated from numerous fields of scientific 

work. Despite the ever increasing number of reports f'rom the various 

fields, the fundamental mechanism of carcinogenesi s is n<t. y et complet ely 

understood. There are many theories, as to how normal tissue transforma 

itself from the normal into the neoplastic state. In each discipline of 

science, be it chemistry, biochanistry, virology, biology, or pathology, 

there are still a considerable number of controversial matters and a great deal 

that is y et unknown. The experimental work in this thesis deals wi th sane 

of the points currently under discussion. 

One of the matters in doubt, the dose response of mice to 

the carcinogenic stimuli used as initiator in the two stage rœchanism, 

was chosen as one of the subjects of the present investigation. A 

complicating factor is that the dose response is influenced qy several 

conditions: 'l'he anount of carcinogEil applied, the interval betwem the 

applications, the number of doses given, and the use of different carcinogens. 

The investigation further extends to the estimation of the amount of the 

carcinogen in the blood, and the analysis of a possible promoting action 

exerted by the carcinogen used as initia tor. 

'rhe refined methodology of biochemistry has led to the remarkable 

adva.nce in the study of the structure and function of nucleic acid. The 

suggestion has been made that the malignant transformation of normal tissue 



- 117 -

nùght be related to an alteration in the nucleic a cid. The question 

of whether tœ change induced duting the initiating stage of epidermal 

carcimgenesis is related to an alteration in nucleic acid metab::>lism 

was undertakEn as another subject of the present experimental work. The 

infol"'DBtion derived from the eJqJerimmts previously reported by several 

investigators was parti cularly helpful in the design of the present 

expetiment s. 

The gmeral :rœtho:is used will be dis cussed first, and then 

the e:xpetiments themselves. 

B) MATERIAL AND METHODS 

1) Location of Animal Room 

Experimenta were performed in two locations. One in the 

Pathologica.l Insti tute, McGill University, }.fontrea.l, and the other in 

the Banting Insti tu te, University of Toronto, Torm to. 

2) Exp erimm tal Anim.als 

Swiss mice, bred in the Pathological Institute, McGill University, 

or purchased from Rockland Farms, (New City, N.Y.), were used. At 

McGill Uni ver si ty, the mie e were housed in a well ventila ted room, 

kept at a temperature of between twenty and twenty-five degrees centigrade. 

The lighting was cmtrolled autanatically, so that the room was lit 

between 6 a.m. and 6 p.m. and da:tk for the remaining twelve hours. Groups 

of ten mice were kept in plastic cages. The bottom of each cage was 

covered by a layer of wood shavings, which were changed at least twice 
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per week. The mice were given free access to water and Rockland Mouse 

Diet. (A.E. Stanley Manufacturing Co., Chicago, Illinois.) 

At the Uni ver si ty of Toronto, mi ce were housed in similar 

experimental rooms, but without lighting control. Groups of six mice 

were kept in metal cages. The bottom of each cage was covered b,y a 

layer of wood shavings, which was changed once a week. The mice were 

gi ven free ac cess to water and 11Purina Chow 11 mi ce cakes (West End Feed 

Company, 3348 Dundas Street West, Toronto, Ontario.). 

When mice were purchased from the outside, they were isolated 

for at least three or four weeks before the commencement of an experiment. 

Only virgin female mice were used for the experimenta designed to evaluate 

tumour incidence. The reascn for avoiding the use of the male in this 

sort of experiment is that males readily fight one another, resulting 

in an undesireable scarification of their backs. This scarification 

might modify the tumour yield. 'fhe mice were usually six to seven weeks 

old at the start of the experiment. The animals were weighed before each 

experiment and only ani••nals which weighed over eighteen grams were used. 

The younger mice and the underweight mice generally tolerated poorly the 

initial paintings with carc:inogen or the injection of an initiator. The 

mica were randomly distributed in each cage, according to weight. The 

skin on the backs of the mica was clipped, by means of an electric clipper 

(Oster, Modal 22, No. 50), the day before the first painting, and then 

once a week, until the end of the e:x:periment. Male mice from sevan to 

eight weeks old were used for the chemical determination of the quantity 

of the carcinogen in the blood. 
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3) Initiator 

Two initiators were used. The hydrocarbon 9 ,10-dimethyl-

1,2-benzanthracene (7 ,12-dimethylbenz (4') anthracene, Eastman ürganic 

Co., Rochester, N.Y.) was dissolved in purified mineral oil (Nujol, 

Plough, (Canada) Ltd., 36 Caledonia Rœ.d, Toronto) by shaking ovemight 

on a mechanical shaker, after the coarser lumps had been broken up by 

means of a number four camel' s hair bru sh. The concentration of 9,10-

dimethyl-1,2-benzanthracene was calculated on a weight per volume basis. 

Two different concentrations were used, 1.5% and 0.1%. The carcinqgen 

was applied to the backs of the mice by two parallel strokes of a number 

four camel 1s hair brush dipped in the solution and briefly wiped on the 

inner free surface of the container. Special care was taken to paint the 

skin of the mice uniformly, and to give each mouse appro.ximately the 

same amount of the carcinogen. The tl«:> brush strokes deli vered 

approximately 1.0 to 1.5 mg. of 9,10-dimethyl-1,2-benzanthracene when 

a 1.5% solution was used. In arder to give each mouse a more accurate 

quantity of carcinogen, the dropping method, employing a syringe was 

used in some experimenta. By this method, the carcinogen was applied to 

the mid-line of the back of the mouse, by dropping, using a number twenty 

gauge needle attached to a tuberculin syringe. Each mouse received 

five or six drops of the carcinogen, amounting to exactly 0.1 mg. The 

amount of the carcinogen given to each mouse was 1.5 mg. if the 

concentration was 1.5%, and was 0.1 mg. if the concentration was 0.1%. 

Urethane (ethyl-carbamate, Eastman Organic Co., Rochester, N.Y.) 

was also used as an initiator. It was dissol ved in distilled water as 

a ten percent solution (weight per volume). It was given intraperitoneally 
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uaing a tuberculin syringe with a number twenty-five gauge needle. 

Each mouse received 0.3 ml. of urethane solution. 

4) Promotor 

Croton oil ( Oleum croton, B. P.C., Boots Pure Drug Co. Ltd., 

Nottingham, England) was uaed as the promotor as a 5% solution in Nujol 

(volume/ volume). A single brushful was painted over the desired 

area in three or four strokes, using a number 4 squirrel 1s hair bruah. 

The croton oil was applied twice per week, commencing one week after 

the last application of initiator. 

5) other Chemicals 

Orotic acid (Nutritional Biochemical Corp., Cleveland, Ohio) 

was given to mice by adding it to their drinking water. When orotic 

acid was given during the period of initiation, it was added to the 

drinking water for two days prior to the day of initiation, given on 

the day of initiation, and for three dqys afterwards, that is for a total 

of six consecutive ~a. When glven during the period of promotion, it 

was added to the drinking wa.ter, seven da.ys after the initiation, and 

maintained for the remainder of the experimental course. The orotic 

acid was dissol ved in water, and sodium hydroxide was added to give a 

final pH of 6.8. The concentration of orotic acid given during the 

promotion period was 0.05%. 

'l'hymine (Nutritional Biochemical Corp., Cleveland, Ohio) was 
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given by intraperitoneal injection, one day prior to the initiation, 

on the day of initiation, and one day after the initiation. It was 

given as a four percent suspension in distilled water. Each mouse received 

0.4 ml. of the suspension. 

6) Charting the Tumeurs 

The mica were inspected once per week throughout each e:xperlment. 

Any changes, such as areas of epilation or areas of ulceration, were 

carefully noted on special charts. ~lhen tummr s appeared, they were 

charted as to their position and size. As there is considerable difficulty 

in identifying new t'Uill.ours as papillomata until they have persisted for 

more than two weeks, only tumeurs that were present for two or more weeks 

were considered as tumeurs. The mice were identified by an ear punching 

code, or by toe clipping. All dead rnice were autopsied, arrl if necessary, 

sections were examined histologically for the detection of the cause of 

death or the nature of the tumeurs. 

7) Histology 

In preparing the skin for hi stol ogy, the hair on the back of 

the mice was clipped one day before sacrifice. After killing by 

cervical dislocation, a flap of skin from the back was placed on cork 

board and pinned at the corners. The tissue was then placed in ten 

per cent neutral formalin, or buffered neutral formalin, for twenty-four 
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to fcrty-eight hours. Three blocks were taken from each mouse. Sections 

were eut 7 mu, arrl stai.ned with haemato.xylin and eosin. 

Other tissues from autopsies were also fixed in ten per cent 

formalin, eut, and stained. 

EXPERIMENT I 

Epidermal carcinogenesis induced in mice by one or three applications 

of 1.5% 9,10-dimethyl-1,2-benzanthracene followed b.f repeated applications 

of croton oil 

Introduction 

The number of tumours produced in mouse skin by a single 

application of carcinogen followed b,y repeated applications of croton 

oil is determined by the potency of the initial application of carcinogen, 

and the tumour yield is roughly in logarithmic proportion to the 

concentration of the carcinogen (Berenblum & Shubik,l947b;l949a). However, 

when the concentration of the carcinogen was kept constant, but the 

number of applications of the carcinogen was increased from one to two 

or three given at intervals of one week, the number of tumours produced 

by subsequent applications of croton oil did not increase. Indeed, the 

number of tumours induced decreased as the number of applications of 

carcinogen increased (Shubik & Ritchie,l953). Similar experimenta in 

which one, two or three applications of carcinogen were given at intervals 

of one month instead of intervals of one week did, however, show a 
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significant increase in the tumour yield (Vesselinovitch & Gilman, 

1957;Vesselinovitch,l958). Shubi.k and liitchie suggested two explanations 

of their failure to increase the yield of tumours by iœreasing the 

number of applications ofcarcinogen rhen the applications were given at 

weàüy intervals. They suggested tha.t the repeated applications of 

9 ,10-dimethyl-1,2-benzanth racene at irt erval s of one weEk might produce 

a necrotizing reaction in the mouse skin, so that the latEnt tumour 

cel.ls induced by the carcincgen were destroyed. Alternatively, they 

suggested that mice might develop a refractory state after the first 

application of the carcin ogen, so that the second an:i third applications 

of the carcinogen were not able to irrluc e more latent tumoœ cells. 

Vesselinovi teh and Gilman suggested tha t the inter val of me mm th used 

in their experimenta might be sufficient to outlast the refractory state 

produced by the first application of carcinogen, so that the second and 

third applications of carcincgen were able to give an additive effect. 

The present experiment was planned to clarify these points, and, 

in particular, to determine if the interval between applications of 

carcinogen is important rhen tumours are induced in mouse skin by three 

applicaticns of 9 ,10-dimethyl-1,2-benzanth racene followed by repeated 

applications of croton oil. 

Iviethod 

A tct.al of 390 Swiss mie e bred in the Pathological Insti tu te 

of McGill University were used. They were divided into nine groups as 

shown in 'l'able l. Groups I and VI receiv ed one ap plie ation of the 
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carcinogen. Groups II and VII received three applications of the 

carcinogen at daily intervals. Groups III and VIII received three 

applications of the carcinogen at intervals of one week. Groups IV 

and IX received three applications of the carcinogen at intervals of 

four weeks. Groups I to IV were given croton oil twice weekly starting 

a week ai'ter the last application of the carcinogen. Group V received 

croton oil treatment only, the croton oU starting on the same date as 

did croton oil in Group I. Groups VI to IX received no croton oil. 

The experimenta were staggered, starting at seven different 

times. On each occasion, either 90 or 50 mice were initiated, so that 

at least 10 of each experimental group was started. 

The carcinogen used was 9,10-dimethyl-1,2-benzanthracene at 

a concentration of 1.5% in pure mineral oil. 'l'he experimental Groups 

(Groups I to V) consisted of sixty mice, except for group IV, which 

consisted of thirty mice. The control groups (Groups VI to IX) consisted 

of thirty mice each. 

Results 

The resulta of Experiment I are summarized in the Tables I 

to VII and figures I to VI in Appendix I. 

Various methods of mensuration have been used to express the 

yield of tumours. The most comm.on measures used in this sort of experiment 

are the average number of papillomata per survivor, the average number 

of papillomata per papilloma bearing mouse, and the percentage of mice 

bearing papillomata. All three were used in this experiment. Two latent 



Group 

I GAA 

II GAB 

III GAG 

IV GAD 

v GAE 

VI GAF 

VII GAG 

VIII GAH 

IX GAI 

Table 1 

Schema of Treatment of Mice 

Initia ting 
Agents 

1 application 
of DMBA 

) applications 
of DMBA 

) applications 
of DMBA 

) applications 
of DMBA 

nil 

1 application 
of DMBA 

) applications 
of DMBA 

) applications 
of DMBA 

) applications 
of DMBA 

Interval. 
between 
application 
of DMBA 

1 day 

1 week 

1 month 

1 day 

1 week 

1 month 
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Pranoting 
Agent 

croton oi1 

croton oi1 

croton oil 

croton oil 

croton oil 

nil 

nil 

nil 

nil 

DMBA 1.5% 

co 5% 
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periods are given for each group. The 11Average Latent Period of 

Papillomata11 has been obtained by considering all papillomata, and 

the ttAverage Latent Period of Papilloma Bearing Mice 11 has been obtained 

by considering only the first papillomata to appear on each mous e. In 

each case, the latent period is the average time between the first 

application of croton oil and the appearance of the papillomata. The 

various figures are given because different authora have used different 

measures of the latent period. 

The mortality rate in this experiment waa rather high, particularly 

in the groups painted wi th the carcinogen three times daily or three timea 

weekly (Appendix I, Fig. IV). Judging fran the mortality curve, the 

beat time for the evaluation of the tumour yield is at the thirteenth 

or fifteenth week of croton oil treatment, when the experiment had 

proceeded long enough to give a reliable result, but the death rate 

waa not yet too high. 

In general, the reaction of the skin to croton oil after three 

applications of the carcinogen gi ven at intervals of one d~ or one week 

was more severe than after a single application. This was manifested by 

prolonged epilation and a high degree of focal ulceration or necrosis 

of the skin (Appendix I, Fig.V). The skin reaction to croton oil after 

three applications of the carcinogen at monthly intervaJ.a followed by 

croton oil applications was not so severe, being of the same order as 

that seen after. a single application of carcinogen. 

The single application of the carcinogen followed by twice 

weekly croton oil treatment (Group I) resulted in the usual pattern of 

tumour formation. Papillomata began to appear after five weeka of croton 



- 127 -

oil treatment, and there was a steady increase in the yield of tumours 

until the twelfth or fourteenth week. This is true, whether the yield 

is expressed as the number of papillomata per survivor, the number of 

papillomata per papilloma bearing mouse, or the percentage of mice bearing 

papillomata. However, the flattening of the curve fourteen to sixteen 

weeks after the start of the croton oil treatment was not as striking as 

one might have expected. Papillomata kept appearing at a slow rate until 

the end of the experiment. The tumours produced in this group were all 

benign. 

The groups 'N'li ch recei ved three applications af the carcinogen 

a.t interva.ls of one dq, one week, or one mon th and then repeated 

applications of croton oil showed samewhat simila.r curves for the 

appeara.nce of tumours. However, pa.pilloma.ta. bega.n to appear four weeks 

after the start of the croton oil trea.tment in the group with one day 

intervals, two weeks after the croton oil treatment in the group with one 

week intervals, and only one week after the croton oil trea.tment in the 

group wi th a one mon th interva.l. The initial increase in the tumour 

yield in these three groups was steeper than in groups given a single 

application of the carcinogen. It reached its peak after about thirteen 

to fifteen weeks of croton oil treatment. After this period the curves 

of tumour yield in groups given three applications of carcinogen dissociate 

without any constant pattern. This dissociation of curves is probably 

due to the small number of survivors. 'rhe tumours produced in the groups 

given three applications of the carcinogen were mostly benign papillomata. 

A few carcinomata appeared in groups which received three applications 
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at intervals of one week or one mcnth. 

The following table (Table 2) gives a summary of the tumour 

yield in each group at the thirteenth and fourteenth weeks of croton oil 

treatment, expressed by the three different measures. 



Groups 

DMBA lx & CO 

DMBA 3x daily 
&CO 

DMBA 3x weekly 
&CO 

DMBA 3x monthl.y 
&CO 

CO only 

DMBA lx 

DMBA 3x daily 

DMBA Jx weekly 

DMBA Jx monthly 

Table 2 

Summary of Tumour Yields 

Papillomata 
per 

survivor 

week of 
CO Treatm.ent 

12 16 20 

2.5 3.6 4.9 

7.0 6.8 7.3 

7.4 9·5 7.0 

8.1 8.0 9.0 

0 0 0.3 

0 0 0 

0.1 0.1 0.1 

0.3 0.4 0.7 

0 0.1 0.2 

Papi11omata 
per 

Papi11oma. 
Bearing Mous e 

week of 
CO Treatment 

12 16 20 

4.9 5.3 6.0 

8.9 9.2 10.0 

10.2 12.1 9.8 

11.4 8.9 11.5 

0 0 1 

0 0 0 

1.0 1.0 1.0 

3.0 2.0 2.0 

0 1 1 
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Percentage 
of mice 
bearing 

Papillomata 

week of 
CO Treatment 

12 16 20 

50 67 71 

79 78 75 

76 77 71 

67 90 80 

0 0 3 

0 0 0 

1 1 1 

24 19 37 

0 10 16 
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It can be seen that the yield of papillomata was much 

the same in the three groups given three applications of the carcinogen 

and then croton oil, and that it was greater in these groups than in 

the group given a single application of the carcinogen and then croton 

oil. 'l'he ratio of the yield of tumours in the groups given three 

applications of the carcinogen to that in the group given only one 

application is 3:1, if the papillomata per survivor are considered, 

2:1 if the papillomata per papilloma bearing mouse are cmsidered, and 

1.5:1 if the percentage of mice bearing papillomata are considered. 

The average latent periods of the papilloma bearing mouse 

and of ail papillomata are shown in the following table (Table 3). 

Group 

DMBA lx & CO 

DMBA ,3x daily 
& co 

DMBA 3x weekly 
& co 

DMBA 3x monthly 
& co 

Table .3 

Average Latent Periods 

Average latent 
period of papillomata 
bearing mie e 
in weeks 

11.1 

6.1 

4.8 

,3.6 

Average latent 
period of 
papillomata 
in weeks 

13.9 

9.8 

8.,3 

8.1 

week 
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The latent periods are shorter in the groups given three 

applications of the carcin~en than in the group given only one, and 

grow progressively sharter as the interval between applications lengthens. 

This is becaus e papillomata began to appear in the first week of the croton 

oil treatment in the group gi ven three applications of the carcinogen 

at monthly intervals, in the second week in the group gi voo three 

applications at weekly intervals, in the fourth week in the group given 

three applications at daily intervals, but only in the fifth week in 

the group given a single application. 

The groups which received no carcinogen but only repeated 

croton oil applications produced only one papilloma on one mouse. 

The groups which received one application of three applications 

of carcinogen at intervals of one day, one week or one month, but received 

no croton oil application, produced few tumours except in the grrup given 

three applications of the carcinogen at intervals of one week:. In this 

group, papillomata began to appear two weeks after the last application 

of the carcinogen, and reached a maximum in the fifth and sixth week 

after its last application. Twenty-seven papillomata were observed on 

nine mice. Many of these papillomata turned into carcinomata (Appendix 

I, Fig. VI). 

Su.mm.ar,y 

Groups of mice were initiated by a single application of 1.5% 

9,10-dimethyl-1,2-benzanthracene in pure mineral oil, orthree applications 

of the same carcinogen at intervals of one day, one week, or one mon th. 
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Twice weekly treatment with 5% croton oil followed. Three applications 

of the carcinogen followed by croton oil, produced more tumours than did 

a single application of the carcinogen followed by croton oil. Tumours 

began to appear earlier when three applications of the initiator were 

given, than when a single application was given. 1'he control group given 

three applications of the carcinogen at intervals of one week, but no 

croton oil, showed a moderate tumour incidence with a high rate of malignant 

transformation. Control groups given three applications of the carcinogen 

at intervals of one day or one month but no croton oil, or a single 

application of the carcinogen but no croton oil, showed no significant 

tumour yield. 

EX.PERIMENT II 

Re-examination of latent periods of papillomata induced in mice by 

three monthly applications of 1.5% 9,10-dimethyl-1,2-benzanthracene 

followed by repeated applications of croton oil. 

Introduction 

In Experiment I it was shown tha. t if tumours are indue ed in 

mouse skin by three applications of 1.5% 9,10-dimethyl-1,2-benzanthracene 

followed by repeated applications of croton oil, tumours begin to appear 

after the fir st week of croton oil treatment. The latent periods are 

significantly shorter than those of the group given only a single applica­

tion of the carcinogen, then repeated applications of croton oil. 
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It was assumed that the shortening of the latent periods in 

the group given three applications of 9,10-dimethyl-1,2-benzanthracene, 

and then croton oil is due to the promoting action of the repeated 

applications of 9,10-dimethyl-1,2-benzanthracene. It is known that 

the topical application of benzpyrene or methylcholanthrene possesses 

a prcmoting action on rab bit sldn (Freidewald and Rous, 1944a), and 

that a low concentration of 9,10-dimethyl-1,2-benzanthracene can act 

as a promotor When it is preceeded by a single dose of a high concentration 

of the carcinogen (Saffiotti & Shubik,l956b;Klein,l956:1960). On the 

contrary, urethane does not possess auch promoting action (Salaman & Roe, 

1953). 

The present experiment was planned to test this hypothesis 

and to evaluate the shortening of the latent periods observed when the 

three applications of carcinogen were given at manthly intervals. 

Material and Method 

One hundred forty virgin Swiss mice bred in the Pathological 

Institute of McGill University were used. They were sixto eight weeks 

old at the beginning of the experim.ent. The experiment consisted of 

two groups, each of seventy mice, (Table 4). Group I was given three 

applications of 1.5% 9,10-dimethyl-1,2-benzanthracene at intervals of 

one month, followed by t~ce weekly applications of five percent croton 

oil. Group II was given three applications of 1.5% 9,10-dimethyl-1,2-

benzanthracene, at intervals of one mcnth, but no croton oil treatment. 
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Table 4 

Scheme of Treatment of Mice 

Interval. 
Initiating Between 

Groups Agent Applications Promotion 

3 Applications 
I.GCA of DMBA One Month Croton Oil 

3 Applications 
II.GCB of DMBA One Month Nil. 

ResuJ.ts 

The resulta are summarized in Tables I and II and Figures 

I -IV, in Appendix II. 

The same measures as were used in Experiment I were used 

to express the tumour yield. 

To make the comparisan easier, the tables and figures 

include the tumour incidence of the group given a single application of 

the carcinogen followed by repeated applications of croton oil in Experiment 

I. The findings in this group are typical of many such experimenta 

performed at McGill University. The following table (Table 5) gives 

a summary of the tumour yield at the first, sixth, twelfth and the 

eighteenth weeks of the croton oil treatment. 



Table 2 
Summary of the Tumour Yields 

Papillomata Percentage 
Papillomata per of mice 

per Papilloma bearlng 
Group Survivor Bearing Mouse Papilloma.ta 

week of weà<: of weà<: of 
CO Treatment CO Treatment CO Treatment 

1 6 12 18 1 6 12 18 1 6 12 18 

DMBA lx & CO 0 0.1 2.5 4.0 0 1.5 5.0 5.5 0 7 50 72 

DMBA 3x montlùy 
& co 0.02 2.0 8.5 11.9 1.0 3.2 9.7 11.9 1.8 62.5 87.5 lOO 

DMBA 3x monthly 0 0 0.16 0.09 0 0 2.5 1.0 0 0 1 1 

1 

1--' 
\....) 
Vl 
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In the group given three applications of the carcinogen followed 

by repeated applications of croton oil, tumours began to appear in the 

first week of croton oil treatment and then steadily increased in number. 

The tumour yields were very similar to the corresponding group in 

Experiment I. One carcinoma was observed in this group. 

The group given three applications of the céll'cinogen, but no 

croton oil, produceà only a few tumours in a few mice. 

The latent periods are shown in the following table (Table 6). 

They are of the same order as those seen in the comparable group in 

Experiment I. 

Experiment II 

Table 6 

Average Latent Periods 

Average Latent Periods Average Latent 
Group of Papilloma bearing Mice Periods of papillomata 

{I) (DMBA lx & CO 11.1 

(I) (DMBA .3x monthly 
& CO) 4.5 8.9 

(Weeks) 
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Summary 

Groups of mice were initiated with three applications of 

1.5% 9,10-dimethyl-1,2-benzanthracene at intervals of one month. In 

one group, twice weekly applications of 57;; croton oil followed, the 

oth er did not recei ve croton oil. 

In the group with croton oil treatment, tumours began to 

appear in the first week of the croton oil treatment an:l the 1 ata:1 t 

periods were considerably less than when a single application of carci.nogen 

is given as initiator. 

EXPERIM~-rr III 

Epidermal carci.nogenesis induced in mice by one or three applications 

of O. 9,10-dimethyl-1,2-benzanthraceœ followed by repeated applications 

of croton oil. 

Introduction 

In Experiment I, it was shovm. that three applications of the 

carci.ncgen at intervals of cne dey, one weEk, and one manth, followed 

by croton oil, produced more tumours than did a single application of 

carcinogen followed by croton oil. The concentration of the carci.n ogen, 

used l'l'as 1.5% in pure mineral oil. The results appeared to contradict 

the findings of Shubik and Ritchie (1953), who demcnstrated that the 

number of tumours induced decreased as the number of applications of 

the carcinogen increased, but supports the find:i.ngs of Vesselinovitch 
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and Gilman(l957) and Vesselinovitch(l958) who showed a significant 

increase in the tumour yield when t'WO or three applications of carcinogen 

were given at intervals of one mooth. During the analysis of the result 

of Experiment I, it was found that there was a fairly high mortality 

rate in the groups in which three applications of carcinogen were gi ven 

at intervals of one dey-, or one week. 1'he reaction of the skin in these 

groups was more severe than after a single application, being manifested 

by a prolonged epilation and a high degree of focal ulceration or necrosis. 

One might ccnsider that the high mortality rate produced the discrepancy 

in the resulta. It could be that when 1.5% 9,10-dimethyl-1,2-benzanthraeene 

in pure mineral oil was applied three times at an interval of one day 

or one week, many mice which developed a refraetory state died in the early 

stages of the experiment, and only mice which did not survived. 

The present experiment was planned to clarify this point. In 

order to avoid the prolonged epilation, ulceration and necrosis of skin 

after three applications of careinogen, the concentration of carcinogen 

was reduced to 0.1%. 

Method 

A total of 370 virgin female bWiss mice, purchased from the 

Rockland Farm (New City, New York) were used. They were about four to 

five weeks old at the time of purchase. The mice were divided into 

nine groups as shown in Table 7. Groups I & IV received one application 

of 0.1% 9,10-dimethyl-1,2-benzanthracene by dropping method. Groups 

II & VII received three applications of carcinogen at one day intervals. 

Groups III & VIII received three applications of carcinogen at intervals 



Group 

I GJA 

II GJB 

III GJC 

IV GJD 

v GJE 

VI GJF 

VII GJG 

VIII GJH 

IX GJI 

Table 7 

Scheme of Treatment of Mice 

Initiation 

1 application 
of DMBA 

3 applications 
of DMBA 

3 applications of 
DMBA 

3 applications of 
DMBA 

1 application of 
DMBA 

nil 

3 applications of 
DMBA 

3 awlications of 
DMBA 

3 applications of 
DMBA 

Interval 
between 

application of 
DMBA 

1 day 

1 week 

1 month 

1 day 

1 week 

1 mcnth 

DMBA: 
CO: 
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Promotion 

croton oil 

croton oil 

croton oil 

croton oil 

nil 

croton oil 

nil 

nil 

nil 

0.1% in Nujol 
5 % in Nujol 
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of one week. Groups IV & IX received three applications of carcinogen 

at intervals of one month. Groups I to IV were given 5% croton oil twi.ce 

weekly, starting one week after the last application of the carcinogen. 

Group V and Groups VII to IX received no croton oil. Groups I to IV 

consisted of sixty mice each and Groups V to IX of thirty mice each. 

Resulta 

The resulta are summarized in tables I to IX, and Figures 

I to IV in Appendix III. The t umour yield was expressed :in the same 

mensuration as used in Experiment I. The average number of papillomata 

per survivor, average number of papillomata per papilloma bearing mouse, 

and the percentage of mice bearing papillomata were used. 

The mortality rate (Appendix III, Fig. IV) was relatively 

low, and the number of survivors in the experima1tal groups at the 20th 

to 22nd week of croton oil was satisfactory. In general, the reaction 

of the skin after three applications of the carcinogen followed by 

croton oil was mild. No ulceration or necrosis of the skin occured in 

any of the groups. 

The single application of carcinogen followed by twice weekly 

croton oil treatment (Group I) resulted in the usual pattern of tumour 

formation. There was a steady increase of papillomata from the sixth 

week of croton oil treatment and the flattening of the curve had become 

manifest by the terminal stage of the experiment. 

The groups which received three applications of carcinogen at 

intervals of one day or one week, and then repeated applications of 
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croton oil (Groups II & III) showed samewhat similar curves for the 

appearance of tumours. The initial increase in the tumour yield in 

these t'WO groups was sharper than in groups given a single application 

of carcinogen and then croton oil. It reached its peak after about 

16 to 18 weeks of croton oil treatment and then became flattened. 

The group which received three applications of carcinogen at 

intervals of one manth, and then repeated applications of croton oil 

(Group IV), showed intermediate curves for the appearance of tumours. 

Papilloma began to appear after six weeks of croton oil treatment 

and followed the usual pattern. 

The following table (Table 8) gives a summary of the tumour 

yield at the 12th, 16th and 20th week of croton oil treatment, expressed 

by the three different measures. 

It can be seen that the yield of papillomata was much the same 

in the groups gi ven three applications of carcinogEil at intervals of one 

day or one week, and then croton oil. It was greater in these groups, 

than in the group gi ven a single application of the carcinogen and then 

croton oil. The ratio of the yield of tumours in these groups to 

that in the group given only one application of the carcinogen is 2:1 

if the papillomata per survivor are cansidered, 1.5:1 if the papillomata 

per papilloma bearing mouse are considered, and 1.25:1 if the percentage 

of mice bear:ing papillomata are ccnsidered. The yield of papillomata 

in the group given three applications of carcinogen at intervals of one 

month and then croton oil is slightly lower than that in groups given 

three applications of carcinogen at intervals of one day or one week. 
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Table 8 

Summary of Tumour Yields 

Papillomata Pere en tage 
Papi11omata per of mice 

per Papilloma bearing 
Groups Survivor Bearing Mouse Papillomata 

week of week of week of 
CO Treatment CO Treatment CO Treatment 

12 16 20 12 16 20 12 16 20 

DMBA lx & CO 3.8 5.3 6.6 7.4 9.3 10.7 51 57 21 

DMBA 3x daily 
& co 10.3 12.5 11.2 14.0 14.4 13.3 74 87 85 

DMBA 3x weekly 
& co 7.1 10.7 13.5 11.6 12.7 16.1 62 84 84 

DMBA 3x monthly 
& co 6.6 7.2 8.1 11.0 11.7 11.6 60 62 69 

DMBA lx 0 0 0 0 0 0 0 0 0 

CO only 0 0.3 0.4 0 1.2 1.7 0 16 24 

DMBA 3x daily 0 0 0 0 0 0 0 0 0 

DMBA 3x weekly 0.2 0.4 0.4 4 7 8 3 3 3 

DMBA 3x montbly 0.3 0.2 0 2.6 1.6 0 12 12 0 
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It is, however, definitely higher than that in the groups given only 

a single application of carcinogen and then croton oil. The ratio 

of the tumeur yield in this group to that in the group given one 

application of carcinogen is 1.5:1 if the papillomata per survivor are 

considered, 1.2:1 if the papillomata per papilloma bearing mouse, or the 

percentage of mice bearing papillomata are ccnsidered. 

The average latent periode of the papilloma and of all papilloma 

are shown in Table 9. 

The latent periods are approximately the same in all four 

groups. There are no particular differences between the groups given 

three applications of the carcinogen and then croton oil and the group 

given a single application of the carcinogen and then croton oil. 

The group which received no carcinogen but only repeated 

applications of croton oil, produced 7 papillomata on four mice. 

The groups which received one application of the carcinogen 

or three applications of the carcinogen at a one day interval, but 

received no croton oil, prnduced no tumours. 

The groups which received three applications of carcinogen at 

intervals of one week or one month but recei ved no croton oil produced 

a few papillomata on a few mice. 

Summary 

Groups of mice were initiated by a single application of 

0.1% 9,10-dimethyl-1,2-benzanthracene in mineral oil, or three applications 

of the same carcinogen at intervals of one d~, one week or one month. 

Twice weekly treatment with 5% croton oil followed. Three applications 
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Table 9 

Average Latent Periods 

Average Latent Average latent 
period of papilloma period of 

Group bearing mice papillomata 

DMBA lx 
& c.o. 10.5 13.3 

DMBA 3x daily 
& c.o. 10.1 12.2 

DMBA 3x weekly 
& c.o. 10.8 13.5 

DMBA 3x monthly 
& c.o. 9.9 12.2 

(weeks) 
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of the carcinogen followed by croton oil produced more tumours than 

did a single application of the carcinogen followed by croton oil. Three 

applications of the carcinogen at intervals of one day or one week 

produced more tumours than three applications at intervals of one manth. 

There was no significant difference in the latent periode of papilloma 

bearing mice or of all papillomata between the groups given three applications 

of the carcinogen and the group given a single application of the carcinogen. 

Groups given a single application of the carcinogen or three 

applications of the carcinogen at daily intervals but gi ven no croton 

oil, produced no tumours. 

Groups given three applications of the carcinogen at intervals 

of one week or one month, but no croton oil produced a few papillamata. 

EXPERIMENT IV 

Histological studies of the skin of mice given three monthly applications 

of 1.5% or 0.1% 9,10-dimethyl-1,2-benzanthracene followed by 5% croton oil. 

Introduction 

In the preVious experimenta (Experimenta I, II & III), it 

was shown that when mice were initiated by three applications of 1.5% 

9,10-dimethyl-1,2-benzanthracene at intervals of one month, papillomata 

began to appear after one week of croton oil treatment. The latent 

periods of papilloma bearing mice and all papillomata were significantly 

shorter than those in groups given a single application of the same 
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carcinogen followed by repeated applications of croton oil. On the 

other hand, when mice were initiated by three monthly applications of 

0.1% 9,10-dimethyl-1,2-benzanthracene, papilloma began to appear only 

after five or six weeks of croton oil treatment. That is to say, the 

shortening of the latent periods did not occur. 

It was assumed that applications of 9,10-dimethyl-1,2-benzanthracene 

at monthly int ervals exerted a promoting action. Three applications 

of a 1..5% cmcentration at monthly intervals almost completed promotion, 

so that visible tumours were rapidly manifested by the croton oil. 

Failure to induce such a promoting action by three applications of a 

0.1% solution at manthly intervals might be caused by an insufficiency 

of pranoting action, due to the lower concentration, sine e, apparently, 

the action of promotion is related to the frequency of promotor 

applications (Holsti,l9.59) and the concentration of the promotor (Merenmies, 

1959;Frei & Ritchie,l962). 

The changes induced in the skin of mice by applications of 

promotors have been studied by many people (Salaman & Gwynn,l95l;Set8la, 

1961). No histological change has been found to be peculiar to the 

promoting agents. To study this matter further, advantage was of the 

observation noted, and histological changes induced b,y three applications 

of a 1.5% or a 0.1% solution of 9,10-dimethyl-1,2-benzanthracene at 

intervals of one mcnth were compared. 

Material and Method 

A total of forty-four virgin female Swiss mice purchased from 
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Rockland F'arms were used. 'l'hey were seven weeks old at the beginning 

of the experiment. 

Four mice in the resting phase of their hair cycle were 

sacrificed for the study of normal skin. The remai.ning forty mice 

were divided in two groups. One group received three applications of 

1.5% 9,10-dimethyl-1,2-benzanthracene in mineral oil at intervals of 

one mcnth by the dropping method. The other received three applications 

of 0.1% 9,10-dimethyl-1,2-benzanthracene in mineral oil at intervals 

of one month by the dropping method. Both groups then received twice 

weekly applications of 5% croton oil beginning one week after the last 

application of the carcinogen. At the time of the first application of 

the carcinogen, all mice were at the resting phase of the hair cycle. 

Three mice from each group were killed four weeks after the 

first application of the carcinogen, three four weeks after the secmd 

application of carcinogen, and three one week after the third application 

of the carcinogen. Three mice from each group were also killed one week 

after the beginning of croton oil treatment, and three two weeks after 

start of the croton oil treatment. 

Resulta 

The epidermis of normaL mice consista of two or three layers 

of small cuboidol cells of undifferentiated type (Fig. 1). Mitosis are 

infrequent. The dermis consista of interwoven, rather coarse bands of 

highly refractible collagen in which many hair follicles and sebaceous 

glands are seen. Underneath the layer of collagenous tissue, is a layer 
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of adipose tissue. No cellular infiltration is seen in nonnal skin. 

Four weeks after a single application of 1.5% 9,10-dimethyl-1,2-benz­

anthracene, the epidennis became four to five cells thick and the cells 

assumed a typical squamous appearance {Fig. 2). It is possible to 

distinguish a stratum malpigii, a stratum granulosum, and a superficial 

keratimic layer. Signs of differentiation have appeared in the for.m of 

intracellular bridges and keratohyaline granules. Many cells and nuclei 

are now twice their normal diameter. There is slight hyperkeratosis. 

The dennis is slightly ede.matous and is infiltrated by a moderate number 

of acute inflam.matory cella, as well as by chronic inflamnatory cells. 

The hair follicle and sebaceous glands appear to be intact. 

Four weeks after a single application of 0.1% 9,10-dimethyl-

1,2-benzanthracene, the epidennis still re.mains two to three cella thick 

with no appreciable differentiation in stratum spinosum and stratum 

granulosum (Fig. 3). There is a marked hyperkeratosis. The hair follicles 

and sebaceous glands are intact. The cellular infiltration is less than 

that of the skin treated with 1.5% 9,10-dimethyl-1,2-benzanthracene. 

Four weeks after two applications of 1.5% 9,10-dimethyl-

1,2-benzanthracene, the epidermis becames still thicker, consisting of 

6-7 layers of cells (Fig. 4). Many cells, nuclei and nucleoli have 

enlarged to three times normal. Mitosis can be identified frequa:1tly in 

the basal layer. The hair follicles are now altered. Many of them 

are transformed into a short club-like extension of cells from the base 

of the epidermis. The number of sebaceous glands is slightly diminished. 

The dennis shows slight oedema and cellular infiltration, but of the same 
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FIGURE 1 

Normal Skin 

( x 430 ) 



FIGURE 2 

4 weeks after a single application of 
1.5% 9,10-dimethyl-1,2-benzanthracene 

.. 
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FIGURE 3 

4 weeks after a single application of 
0.1% 9,10-dimethyl-1 ,2-benzanthracene 
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degree as seen in sections taken four weeks after a single application. 

The appearance of the skin four weeks after two applications 

of 0.1% 9 ,10-dimethyl-1,2-benzanthracene is very similar to that of the 

skin after a single application of this concentration of the carcinogen 

(Fig. 5). The epidermis still remains thin, consisting of only two 

to three layers of cells. 

One week after three applications of 1.5% 9,10-dimethyl-

1,2-benzanthracene, the epidermal hyperplasia reaches its maximum, 

being seven to eight layera thick (Fig. 6). Many of tœ cella, nuclei, 

and nucleoli have enlarged still more, the cells and nuclei to five to six 

times normal. The cèl..ls, particularly in the deeper layers, become 

irregular in size and arrangement. Cella near the surface are flattened 

and keratin has increased in amount. The dennis shows swollen collagen 

fibers and occasional fragmentation and wide separation of bundles. 

In some areas, there is proliferation of fibroblasts, and the inflammatory 

reaction is intense. 

One week after three applications of 0.1% 9,10-dimethyl-1,2-

benzanthracene the epidermis is hyperplastic being four to five layers 

thick (Fig. 7). The arrangement of cells is still regular. The size 

of cells and nuclei is about half the size of the cells treated by 1. 5% 

9,10-dimethyl-1,2-benzanthracene. There is marked oedema of the dennis 

and swollen collagen fibers. 

One week after the start of application of croton oil in the 

group given 1.5% 9,10-dimethyl-1,2-benzanthracene, the epidermal 

hyperplasia remains as before. In one focal area, there was a marked 



FIGURE 4 

4 weeks after two applications of 1.5% 
9,10-dimethyl-1,2-benzanthracene at monthly interval 

FIGURE 5 

4 weeks after two applications of 0.1% 
9 ,10-dimethyl-1 , 2-benzanthracene at manthly interval 
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(x 430) 

(x 430) 



FIGURE 6 

One week after three applications of 1.5% 
9,10-dimethyl-1,2-benzanthracene at monthly intervals 

FIGllliE 7 

one week after three applications of 0 .1% 
9,10-dimethyl-1, 2-benzanthracene at monthly intervals 
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(x 430) 

(x 430) 
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down growth of epidermal cells which penetrated deep into the epidermis 

(Fig. 8). A marked hyperkeratosis with many acute inflammatory cells is 

seen on the epider.mal surface. The dennis shows an intense infiltration 

by acute inflammatory cells and capillary engorgement. 

'rhe striking feature in the skin one week after the start of 

applications of croton oil in the group given 0.1% 9,10-dimethyl-1,2-

benzanthracene is the greatly increased degree of epidermal hyperplasia 

(Fig. 9). The epidermis is sixto seven layers of cella thick, ~th a 

fairly regular arrangement. The differentiation of the epidennal cella 

into strata has become clear. Alteration occurs in the hair follicles 

so that solid buds of cella extend into the dermis. There is also an 

intense cellular infiltration, consisting of mainly acute inflammator.y 

cells. 

Two weeks after application of croton oil in the groups given 

1.5% 9,10-dimethyl-1,2-benzanthracene, there were three small papillomata 

on one mouse. Histologically, the proliferating epithelium is raised up 

in a polypoid fashion (Fig. 10). The remainder of the epidermis is 

hyperplastic as in the previous week, and focally shows pseudoepitheliomatous 

proliferation. The dermis shows a similar appearance to that of the 

previous week. 

1~o weeks after the start of applications of croton oil in the 

group given 0.1% 9,10-dimethyl-1,2-benzanthracene, the epidermis is in 

its maximum hyperplastic state (Fig. 11). There are sixto seven cell 

layers. There is an increase in the cell size and in the nuclear size. 

However, the arrangement of cella is still regular giving even thickness 



FIGURE g 

one week after applications of croton oil 
in the group given three applications of 
1.5% 9 ,10- dimethyl-1 , 2-benzanthracene 

(x llO) 

FIGURE 9 

one week after applications of croton oil 
in the group given three applications of 
0.1% 9,10-dimethyl-1 , 2-benzanthracene 

,..._ -- -- .... :- ....... ..,.. -. 

(x llO) 
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FIGURE 10 

Two weeks after applications of croton oi1 
in the group given three applications of 
1.5% 9,10-dimethy1-1,2-benzanthracene 

(x 45) 

FIGUhE 11 

.. .,. .- .... ... . 

Two weeks after applications of croton oil 
in the group given three applicdtions of 
0 .1% 9,10-dimethy1-1,2-benzanthracene 
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of epidermis. Intense cellular infiltration and engorgement of capillaries 

are the features of the dennis. 

Summary 

Groups of mice were initiated by three applications of 

1.5% or 0.1% 9,10-dimethyl-1,2-benzanthracene at intervals of one month. 

One week after the last applications of initiator, twice weekly 5% croton 

oil treatments were begun in each group. Mice were killed after one, 

two or three applications of initiator, and after one or two weeks of 

croton oil treatment. Histological studies of the skin of the mie e in 

each group were carried out. The significant changes after 1.5~ 9,10-

dimethyl-1,2-benzanthracene were intense epidermal hyperplasia, with 

slight dysplasia and a considerable degree of cellular atypia. Subsequent 

applications of crotoo. oil did not change the histological appearance 

significantly. Papillomata appeared from hyperplastic areas of epidermis 

after two weeks of croton oil treatment. 

The change of the skin after applications of 0.1% 9,10-dimethyl-

1,2-benzanthracene showed a minor degree of epidermal hyperptasia without 

dysplasia or cellular atypia. Subsequent applications of croton oil 

induced rapid epidermal hyperplasia and an intense inflammatory cell 

infiltration in the dermis. 

EXPERIMENT V 

Epidermal carcinogenesis induced in mice by one or three injections of 

urethane followed by repeated applications of croton oil. 
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Introduction 

Urethane possesses a striking initiat~g action on mice skin 

when applied topically (salaman & Roe,1953;Graffi,Vlamynch & Schultz, 

1953). Later it was shown to have initiating action on mouse skin a1so 

when administered orally (Haran-Ghera & Berenblum,1956), or by intra­

peritonea1 injection (Ritchie,l957). 

As mentioned ear1ier, Shubik and Ritchie(l953) reported that 

the number of tumours induced by initiation and promotion were fewer if 

two or three applications of 9,10-dimethy1-1,2-benzanthracene were used 

as initiator, than if on1y one was used. The need for further investigation 

of their results were discussed in the introduction to Experiment I of 

this thesis. One of the theories Shubik and Ritchie suggested to exp1ain 

their results was that the second or third applications of 9,10-dimethy1-

1,2-benzanthracene might damage the skin so severe1y that the ce11s which 

might otherwise have deve1oped into tumours were destroyed. The re is no 

doubt that such applications of 9,10-dimethyl-1,2-benzanthracene do damage 

to the skin (Pullinger,l940;1941 :G1ucksman,l945 :Setilla,Merenmies ,Stjernvall, 

Aho & Kajanne,l959). However, urethane, on the cantrary, produces no 

significant histological change in the skin when administered topically 

or by intraperitoneal injection (Roe & Salaman,1954;Ritchie,1957). Thus 

the use of urethane as the initiator should avoid the necrotizing effect 

of 9,10-dimethyl-1,2-benzanthracene. The second explanation Shubik 

and Ritchie suggested was that a refractor.y· state might be induced by the 

first application of the carcinogen, so that the second or third applications 

of the carcinogen were not able to act as the initiator. If more 



- 159 -

papillomata were induced when three intraperitoneal injections of urethane 

were given as initiator, than were induced when a single injecticn was 

given, the evidence would suggest that Shubik and Ritchie's findings with 

9,10-dimethyl-1,2-benzanthracene were due to the damage dane to the skin 

by this carcinogen. If no more papillomata were induced wi th three 

injections of urethane than with one, the evidence would suggest that the 

initiating agent does indeed induce a refractory state. In the present 

experiment, an attempt was made to clarify these points. 

Method 

A total of 420 virgin female Swiss mice from the Rockland Farms, 

New City, New York, were used. They were abcut four to five weeks old 

at the time of purchase. The mice were divided into nine groups as 

shown in Table 10. Groups I and VI received one injection of urethane. 

Groups II and VII received three injections of urethane at daily intervals. 

Groups III and VIII received three injections of urethane at intervals 

of one week. Groups IV and IX received three injections of urethane at 

intervals of one month. Groups I to V were given croton oil twice weekly, 

starting one week after the last injection of urethane in each group. 

Group V received only croton oil, starting on the same date as in group I. 

Groups VI to IX received no croton oil treatment. Groups I to V consisted 

of seventy mice each, and Groups VI to IX of thirty mice each. Each dose 

of urethane was 0.03 ml. of a ten percent (weight per volume) solution 

given by intraperitcneal injection. The weights of the mice were recorded 

every week during the first six weeks and thereafter, once every two weeks. 



Group 

I GBA 

II GBB 

III GBC 

IV GBD 

v GBE 

VI GBF 

VII GBG 

VIII GBH 

IX GBI 

Table 10 

Scheme of 'freatment of Mice 

Initiating 
Agent 

1 injection of 
Urethane IP 

3 injections of 
Urethane IP 

3 injections of 
Urethane IP 

3 injections of 
Urethane IP 

nil 

1 injection of 
Urethane IP 

3 injections of 
Urethane IP 

3 injections of 
Urethane IP 

3 injections of 
Urethane IP 

Interval 
between 

Injections of 
Urethane 

1 day 

1 week 

1 month 

1 day 

1 week 

1 moo.th 
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Promoting 
Agent 

croton oil 

croton oil 

croton oil 

croton oil 

croton oil 

nil 

nil 

nil 

nil 
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Result 

The reaction of the mice to the injections of urethane was 

demonstrated by a short lived deviation of the average weight in each 

group. (Appendix IV, Table I). After one weEk, the average weight 

of the mice was reduced approximately 0.5 gm. b,y a single injection, 

and 2.7 gm. b,y three daily injections. One week after the last injection 

of urethane, the mice usually began to resume a normal average weight. 

There was a high mortality rate in groups that were given three 

injections of urethane at intervals of one day or one week, followed by 

repeated applications or croton oil. The high mortality rate in the group 

given only repeated apptications of croton oil was somewrrat unexpected. 

It may be due to a severe epidemie in the very early part of the experiment. 

The evaluation of the mortality curve reveals that the best time for the 

evaluation of the tumour yield was about the thirteenth or fifteenth week 

of croton oil applications, wh en the number of survi vors was not too low, 

but the experiment had continued long enough to give a reliable result. 

No obvious skin changes were observed in the groups given 

urethane alone. However, the skin reaction of the groups given urethane 

followed by croton oil treatment, differed markedly from one another. 

The skin changes seen when croton oil followed a single injection of 

urethane were more or lesa similar to tho se seen in the mie e 'Wh en croton 

oil followed a single application of a polycyclic hydrocarbon. However, 

mice given three injections of urethane at one day intervals and then 

croton oil showed severe skin changes after three to four weeks of croton 

oil treatment. (Appendix IV, Figure V). The mice W'lich showed this sort 

of change eventually died. Similarly, but to a lesser degree, the group 

gi ven three injections of urethane at intervals of one week and then 
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croton oil, developed dermatitis. The group given three injections 

at intervals of one month ani then croton oil showed skin changes similar 

to thœe of the group given a single injection and then croton oil. 

The tumour yields are expressed by the same measures used in 

Experiment I. The results are summarized in Tables II to X, and Figures 

I to IV, in Appendix IV. The following table shows a summary of the 

tumour yield in each group at the thirteenth and fifteenth weeks of the 

croton oil treatment (Table 11). 
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Table 11 

Summary of the Tumour Yields 

Papillomata Percentage of 
per mice 

Papillomata Papilloma bearing 
Groups per surv:i. v or bearing mous e Papillomata 

week of week of week of 
CO Treatment CO Treatment CO Treatmen t 

13 15 13 15 13 15 

Urethane lx 0.8 1.2 2.4 2.4 39 46 

Urethane 3x daily 2.9 3.6 7.1 8.6 43 40 

Urethane 3x weekly 
& co 1.4 1.9 4.3 4.7 35 46 

Urethane 3x monthly 
& co 3.1 2.4 5.8 3·9 57 58 

CO only 0 0.2 0 2.0 0 9 

Urethane lx 0 0 0 0 0 0 

Urethane 3x daily 0 0 0 0 0 0 

Urethane 3x weekly 0 0 0 0 0 0 

Urethane 3x mon thly 0 0 0 0 0 0 
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It can be sem that the yield of tumeurs was grea ter in the 

groups given three injections of urethane at daily or monthly intervals 

and then croton oil, than in the group given a single injection of urethane 

followed by croton oil, but that the yield in the group given three 

injections of urethane at intervals of one week and then croton oil was 

little more than in the group given one injection ani then croton oil. 

The yield in the groups given three injections of urethane at intervals 

of one dé3if or one mon th and then croton oil were much the same. The 

ratio of the yield of tumeurs in the group given three injections of 

urethane at intervals of one day or one month to that in the group given 

a single injection or three injections at intervals of one week is 3:1 

if the papillomata per survivor are coocerned, 2:1 if the papillomata 

per papilloma bearing mouse are concerned, and 1.3:1 if the percentage 

of mi ce bear.ing papillomata are conc erned. 

The tumours induced by a single injection of urethane or three 

injections of urethane followed b,y croton oil were all benign papillomata. 

TWJ papillomata turned into carcinomata, one in the group given three 

injections at intervals of one d~, and the other in the group given 

three injections at intervals of one manth. (Appendix IV, Figure VI). 

In all experimental groups, papillomata began to appear, on 

the average at five to six weeks after the commencement of the croton 

oil treatment. The average latent periods of papilloma bear:in g mi ce 

and all papillomata are shawn in the following table (Table 12). 



Group 

Urethane 
lx & CO 

Urethane 3x 
daily & co 

Urethane 3x 
weekly & CO 

Urethane 3x 
monthly & CO 

Table 12 

Average Latent Periods 

Average latent 
periods of papilloma 
bearing mice 

12.3 

10.1 

10.0 

9.0 
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Average latent 
period of 
papillomata 

15.2 

13.8 

14.4 

15.8 

(weeks) 
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It can be seen tha t the average latent perl ods in the group 

given three injections of urethane are slightly shorter than that in 

the group given a single injection of urethane. Hawever, the differences 

are rather sma.ll. 

In the group given only repeated applications of croton oil, 

papillomata began to appear at the fourteenth week of the treatment 

and six papillomata were observed on two mice. 

No tumours were induced in the groups given a single injection 

or three injections of urethane, but no croton oil. 

Groups of mice were initiated by one ar three injections of 

urethane given at intervals of one dey, one week or one month. Twice 

weekly applications of five percent croton oil followed. The tumour 

yields were canpared. The groups given three injections at intervals 

of one day or one month showed a higher tumour yield than the group given 

a single injection of urethane when followed by repeated applications of 

croton oil. The group given three injections of urethane at intervals 

of one week showed a lQ<Jer tumour yield than the groups given three 

injections of urethane at intervals of one dey or one manth, developing 

not a much greater yield than did the group given a single dose of 

urethane. The groups given one or three injections of urethane at 

intervals of one dey, one week, or one mmth, but no croton oil treatment, 

showed no tumour formation. 
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EXPERIMENT VI 

Estimation of urethane in the hl ood after a single and three daily 

intraperitoneal injections in mice. 

Introduction 

It has been suggested that the carcinogenic affect of 

urethane is due to urethane itself, ld. thout the participation of any 

metabolite (Berenblum,Kaye & Trainin,l960). Fu.rthermore, Kaye(l960) 

suggested that the greater response to the carcinogenic action of 

urethane in young mice, is due to a greater retention of urethane in 

the blood, than in the blood of older mice. Urethane is known to be 

hydrolysed quickly after injection into the animal body, giving end 

products, such as ethanol, carbon diox:i.de and water. It is also known 

that after injection, urethane is distributed rapidly throughout all 

organs of the body in equal proportion (Archer,Chapma..'1,Rhoden & Warren, 

1948). It is almost completely excreted fran the body within twenty-four 

hours (Skipper,Bennet,Bryan,White & Newton,l951). 

In the previous experiment (Experiment V), groups of mice 

were initiated by one or three injections of urethane, given at intervals 

of one dq, one week, or one month, and repeated applications of croton 

oil followed. The groups given three injections of urethane at intervals 

of one day showed a higher tumour yield than the group given a single 

injection of urethane. The difference of the tumour yield in these 

groups might be due to a difference in the retention or concentration of 
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urethane in the blood. 'rhe pattern of disappearance of urethane from 

the blocxi after a single injection might differ from that after tlree 

daily injections, because the f:ir st injection of urethane might modify 

the excretion rate of urethme from the bcxl.y. The pattern of excretion 

of urethane from the blood was therefore studied after a single intraperitoneal 

injection, and after three daily intraperitoneal injections. 

Materials and Method 

Swiss male mice bred in the Pathological Insti tute of l-ïcGill 

University were used. Each mous e was apprax:imately nine weeks old, 

and weighed 24-25 grams. One group of thirty-two mice receiv ed a single 

injection of urethane and a second group of thirty-two, recei\ed three 

injections of urethane at daily intervals. The drug was givm intra­

peritoneally as 0.3 ml. of a 10% (w/v) aquaeous solution. In the first 

group, mice were killed 0.5, 1, 2, 3, 4, 5, 6, & 7 hours after injection 

of urethane. In the second, they were kil led at similar intervals, 

after the last injection. The mice were killed by cervical dislocation, 

four from each group, being killed at each interval. 

The method used for the estimation of urethane in the blood 

was similar to that used by Boyland and Rhcxim(l949). The basis of 

this estimation is the hydrolysis of urethane ta ethanol by caustic 

alkalies.lml. of 0.025N K2Cr2Ü? in lON H2so4 is placed in the central 

compa.rtment of a Conway Unit. 0.1 ml. of blood which contains an unknown 

amount of urethane is incubated wi.. th 2 ml. of IM K2COJ in the outer ring 

of one unit ani wi th 2 ml. of 2N KOH in the other. The units are sealed 
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and incubated at 37oc for 19 hours. At the end of the incubation period, 

KI is added to the acidic K2Cr2ü7, and the liberated I 2 was titrated with 0.1 

N Na2S20J· The difference in titre between the tvo units is proportional 

to the amount of urethane present. At the beginning, a standard curve 

(Fig. 12) was obtained by estima.ting the amount of Na2S2ü3 used for the 

titration of I2 liberated from acid K2Cr207 after incubating 0.1 ml. of 

distilled water, oontaining a known amount of urethane (0, 50, 100, 200, 

-c: 
;::, 
0 

Exp eriment VI 

(ml.) 

0.75 

0.7 

e o.55 
""t 

Standard Curve 

o.s--~--~------~----~r-~---r--~----
0 100 300 500 (1) 

Amount of urethane in Water 
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Resulta 

The resulta of the experiment are illustrated in Table 13 

and l<'i.gure 13. In the table, the amount of urethane recovered from 

0.1 ml. of blood was expressed as 1. 

Table 13 

Amount of Urethane in Blood after a single 
Injection and three Injections at daily intervals 

( o per 0.1 ml. of blood) 

'l'ime after Urethane lX Urethane 3X daily 
last injection 

I II III IV Mean I II III IV 

1/2 185 125 167 135 153 190 167 219 190 

1 53 103 80 145 95 80 90 103 125 

2 156 90 135 65 111 80 114 125 90 

3 53 0 80 53 49 114 145 65 90 

4 7 36 0 0 11 65 0 23 23 

5 7 0 7 23 9 7 0 36 36 

6 0 7 0 23 8 0 0 0 7 

7 0 0 0 0 0 0 0 0 0 

Mean 

191 

99.5 

102 

104 

28 

20 

2 

0 



FIGURE 13 

Pattern of disappearance of Urethane from Blood 
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It can be seen that one half hour after the last intraperitoneal 

injection there was about 150 to 200 urethane per 0.1 ml. of blood. 

The group which was gi. ven three injections of urethane shows a slightly 

higher concentration than the group which was gi ven a single injection. 

One hour after the injection, there was about 100 of urethane per 0.1 

ml. of blood, but little difference between the groups. Thus, the 

excretion of urethane from the blood took place quickly in both groups. 

Seven hours after the last injection, there was no detectable amount of 

urethane in either group. As can be seen in Fig. 13, the overall pattern 

of the disappearance of urethane from the blood is v:ery similar in the 

two groups. 

Summary 

The groups of mice were given a single injection or three daily 

injections of 0.3 ml. of ten per cent urethane intraperitoneally. The 

amount of urethane remai.ning in the blood after the last injection was 

estimated. The pattern of di sappearance of urethane from both groups 

was compared. It was shown that urethane starts to di sappear immediately 

after the last injection. No detectable amount of urethane was present 

seven hours after the last injection. The pattern ofdisappearance was 

approximately the same in both groups. 

EXPERIMENT VII 

The Effect of Orotic ac id on Initiation ani Promotion During Epidermal 

Carcinogenesis in Mice 
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Introduction 

The possibility that carcinogens might affect nucleic acid 

synthesis has been mentioned. Cowen(l949) demonstrated the inhibitor,y 

action of pentose nucleotides uponurethane induced lung tumeurs, and 

concluded that pentose nucleotide might act by directly supplementing 

the normal cell purine and so rendering the urethane ineffective. The 

changes of nucleic acid metabolism induced by urethane were also discussed 

by Boyland and Koller(l954). In their study of the effect of urethane on 

mitosis in the Walker rat carcinoma, they suggested that urethane might 

interfere with cellular synthesis of thymine by inhibiting the methylation 

of uracil to thymine, so leading to a deficiency of thymine. Roe(l955) 

investigated the influence of purine precursors on epidermal carcinogenesis 

by urethane followed by croton oil. He found that the initiating action 

of urethane on the skin was inhibited, if formate and glycine were both 

administered together with it, though neither had any effect When 

administered alone. 

Rogers(l957a) did a series of experimenta to find out to what 

extent the number of lung tumeurs initiated by a single injection of 

urethane might be infiuenced by simultaneous exposure of the animals to 

DNA, RNA, their chemical components, precursors, and substances infiuencing 

their rate of synthesis. He demonstrated that a single injection of DNA 

hydrolysate immediately prier to exposure of mice to urethane profoundly 

reduced the number of tumours initiated. Aminopterine, known to inhibit 

nucleic acid SJ~nthesis, increased the carcinogenic activity of injected 

urethane. Trds increase could be prevented by the injection of DNA 

hydrolysate. Of the components of nucleic acid tested, the pyrimidines 
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proved the most active ir~ibitors. Of the pyrimidine precursors, it 

was shawn that orotic acid and dihydro-orotic acid exerted a profound 

inhibitory influence upon urethane carcinogenesis. Furthermore, orotic 

acid was also show to inhibit the lung tum.ours induced in mice by 

painting with methylcholanthrene (Rogers,l957b). It was suggested that 

the mechanism through which methylcholanthrene initiates neoplastic 

change was also related to the synthesis of nucleic acids. 

There is little experimental evidence to atggest that polycyclic 

hydrocarbon carcinogens may interfere with nucleic acid metabolism, 

though Evensen(l961;1962) has reported that bath methylcholanthrene 

and 9,10-dimethyl-1,2-benzanthracene interfere with the synthesis of 

DNA in epidermal cells shortly after their application to the skin of 

mice, and Heidelberger and Davenport(l961) presented evidence to show 

that dibenzanthracene or its derivatives are bound firmly in vivo to 

DNA and RNA. 

Orotic acid is known readily to enter the pathway of synthesis 

of nucleic acid pyrimidine. It is relatively non-taxie, and might be 

expected to antagonize the action of the carcinogen if it acta by 

interfering with pyrimidine synthesis. The present experlment is designed 

to deternùne if the yield of tumours induced by a single application of 

9,10-dimethyl-1,2-benzanthracene followed by repeated applications of 

croton oil was modified by the administration of orotic acid. 

Material and Method 

A total of 420 virgin female Swiss mice purchased from the 
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Rockland Farms were used. They were divided into six groups as shawn 

in Table 14. Groups I-IV received a single application of 1.5% 

9,10-dimethyl-1,2-benzanthracene followed by twice weekly applications 

of croton oil. Group I received no additional treatment. Group II 

was gi ven orotic acid during the period of initiation. Group III was 

given orotic acid during the period of promotion. Group IV waa given 

orotic acid during both initiation and promotion. The orotic acid was 

given as a 0.1% solution in the drinking water 'When it was given during 

tœ initiation, and a 0.05% solution when it was givEn during promotion. 

\'Jhen given during initiation, it was begun 2 days before the application 

of carcinogen, and ccntinued for 7 deys thereafter. WhEn given during 

promotion, it was begun on the day of the commencement of croton oil, 

and continued throughout the experiment. 

Table 14 

Scheme of Treatment of Mice 

Group Initiation Promotion 

I GFA DMBA co 

II GFB DMBA + Orotic A cid co 

III GFC DMBA CO -t Orotic A cid 

IV GFD DMBA + Orotic Acid CO + Orotic Acid 

v GFE DMBA nil 

VI GFF nil co 
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Results 

The results are summarized in l'ables I to VI, and Figures I 

to IV in Appendix VI. 

The oro tic acid was well tolerated by the mie e. 'l'he re was 

no danonstrable ill effect on animals which received orotic acid during 

initiation, promotion, or bath. The mortality rate was low, so that 

number of survi vors in four groups at the 20th week was satis fact.ory. 

The tumour yields were e:JqJressed in the same measures as used in the 

.Experiment I • 

The pattern of the appearance of tumeurs was similar in each 

group, and followed the usual pattern. Tumours began ta appear at the 

5th week of croton ail treatment, and gradu.ally increased in number until 

about the 14th or l6th week of the croton ail treatment. The followi.ng 

table (Table 15) gives a summary of the tumour yields in each group 

at the l2th, 16th ani A>th weeks of croton ail treatment. 

If the average number of papillomata per survivor is concerned, 

there is no significant difference in the tumour yields betwem the 

group given a single application of carci.nogen and then repeated croton 

ail énd the group givm the sane treatment wi.th supplemmtal orotic 

acid during initiation. If the papillomata per papilloma bear:in g mouse 

are ccnsidered, the group gi ven supplemental orotic acid du.ring initiation 

showed a slightly lower tumour yield than the group given no oro tic acid. 

However, the difference is slight. The group given supplement al orotic 

acid during promotion showed a moderately higher tumour yield than the 

group given no orotic acid. This is true bath when papillomata per 

str vi vor and wh en papillomata per papilloma bearing mouse are considered. 
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Table 15 

Summary of Tumour Yields 

Papi11omata Percentage 
Papi11omata per of mice 

per Papilloma bear.ing 
Groups survivor Bearing Mouse Papillomata 

week of week of week of 
CO TreatmEnt CO Treatm.Ent CO Treatment 

12 16 20 12 16 20 12 16 20 

DMBA & CO 7.S 9.9 10.0 11.9 13.6 15.1 65 73 66 

DMBA + OA & CO 7.6 10.2 10.4 10.7 13.4 13.5 71 76 77 

DMBA & CO + OA 10.4 14.3 15.7 13.2 16.0 17.4 78 89 90 

DMBA+OA & CO + OA 8.3 9.9 9.5 11.3 12.S 11.6 74 77 B3 

DMBA only 0 0 0 0 0 0 0 0 0 

co Only 0.05 0.1 0.2 2 1.3 2 0.2 1 1 
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The group given supplemental orotic acid both during initiation and 

promotion showed appro.xi.mately the same tumour yield as the group gi ven 

no orotic acid. 

If the percentage of mice bearing papillomata is considered, 

there were no significant differences between the four groups. 

The average latent period of papillomata bearing mice and all 

papillomata are shown in the following table. ('l'able 16). 

Group 

DMBA & CO 

DMBA + OA & CO 

DMBA & CO t OA 

DMBA + OA & CO + OA 

Table 16 

Average Latent Periods 

Average latent 
period of 
papilloma bearing 
mice 

s.6 
8.0 

Average latent 
period of 
papillomata 

10.9 

11.9 

11.1 

11.6 

(weeks) 

It can be seen that ail four groups show appro.xima.tely the same latent 

periods for the induction of tumours. 

The group given a single application of carcinogen but no 

croton oil produced no papillomata. 
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The group given repeated application of croton oil but no 

initial carcinogen showed a relatively high tumour yield. The observation 

of this group was continued up to the 40th week of the treatment. At 

the 25th week, there were 44 survivors, in which six mice bore 18 

papillomata. At the 3oth week, there were 42 survivors, in which 16 

mice bore 35 papillomata. 

Su.nmary 

Several groups of mice were given a single application of 

1.5% 9,10-dimethyl-1,2-benzanthracene in mineral oil followed by twice 

weekly 5% croton oil treatment. The first group received no additional 

treatment. The second group received orotic acid in the drinking water 

during initiation. The third group received orotic acid during the 

entire period of promotion. The fourth group recei ved oro tic acid 

both during initiation and promotion. The administration of orotic 

acid during the initiation did not modify the tumour yield. The 

administration of orotic acid during promotion slightly increased tumour 

yield, but the difference is probably not significant. The group given 

only croton oil showed an unusually large number of papillomata at the 

la ter stages of the e.x.periment. 



Experim.ent VIII 

Effect of higher concentrations of orotic acid and of thymine 

on the initiation of epidermal carcinogenesis in mice. 

Introduction 
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In the previous expeiiment (Experiment VII) it was 

shown that the supp1emental administration of orotic acid in the 

drinking water during the period of initiation of epidennal carcinogenesis 

did not produce any significant alteration on the tumour yield. l'his 

is in contrast to the experimenta of Rogers(l957a,l957b), who demœstrated 

that the supplemental orotic acid did decrease the number of tumours 

of the lung induced by injections of urethane or by painting with 

metqy1cholantrœene. 

'rhe failure to modify the initiating action of 9,10-dimethyl-

1,2-benzanthracene by supplemental orotic acid administration can be 

e.x:plained in three ways. Firstly, the mechanism of action of hydrocarbons 

in the initiation of skin tumours m:ight be different from that of urethane 

or methylcholanthrene in lung tumour formation. Secondly, the amount of 

tDrotic acid added to the drinking water might be too small to overcome 

the large dose of carcinogen used. Thirdly, the 1evel of disturbance 

of nucleic acids synthesis by 9,10-dimethyl-1,2-benzanthracene might be 

beyond the 1evel of orotic acid. 

It was shown that among the pyrimidine bases orùy thymine 

reduced the number of adenomata induced by a single exposure of the 

animals to urethane (Rogers,1957a). Also, Fink and Fink(l955) reported 
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tha.t supplemental administration of thymine diminished the incidence of 

spontaneous pulmonary adenomata in mice. Furthermore, the frecpency 

of abnormal mitosis in the Halker rat carcinoma induced by urethane 

is reduced, and recovery is accelerated, by the simultaneous administration 

of thymine (Boyland & Koller,l954). Orotic acid bas proved to be one 

of the substances most effectively arrl universally incorporated in 

nucleic acid synthesis (Carter,l956). It is incorporated both in RNA 

and DNA. On the other hand, thymine has been shown to be incorporated 

specifically into DNA (Chargaff & Davidson,l955). 

In the present experiment, the effect of orotic acid on the 

initiation of epidermal carcinogenesis was reinvestigated, using 

a higher coo.centration of orotic acid than previously used. The 

investigation was also extended to determine whether the administration 

of thymine during the stage of initiation by 9,10-dimethyl-1,2-benzan­

thracene modifies the initiating affect of the initiator. 

Materials and Methods 

A total of 318 virgin female Swiss mice purchased from 

Rock.land Farms were used. They were divided into five groups as shown 

in the Table 17. The mice were 7-8 weeks old at the beginning of the 

experiment. Group I received a single application of 1.5% 9 ,10-dimethyl-

1,2-benzanthracene in mineral oil by the dropping method but no further 

treatment. Groups II, III and IV received a single application of 1.5% 

9,10-dimethyl-1,2-benzanthracene in mineral oil by the dropping method and 

then by twice weekly applications of 5% croton oil. Group III was given 

supplemental orotic acid in drinking water as a concentration of 0.6% 
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during the period of initiation. In the previous ex:perimmt, the 

concentration of orotic acid used was 0.1%. Group IV was givm three 

daily intraperitoneal injections of thymine in distilled water, a day 

before, on the day of, and the day after initiation. Group V received 

twice weekly applications of croton oil without recei. ving an initial 

application of the carcinogen. The experimental resulta are recorded 

up to the 16th weà( of croton oil treatmmt. 

Group 

I ACA 

II ACB 

III AOC 

IV ACD 

V ACE 

Table 17 

::>ch erne of Treatment of Mice 

Initiation 

DMBA 

DMBA 

DMBA + Orotic Acid 

DMBA +Thymine 

nil 

Promotion 

nil 

co 

co 

co 

co 
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Results 

'rhe results are stll!'.marized in tables I ta V, and figures 

I ta IV in Appendix VII. 

The administration of 0.6% orotic acid in the drinking water 

and intraperitoneal injections of 4% thymine were well tolerated by the 

mice. The mortality rate was law, so that the number of survivors at 

the 16th week of croton oil treatment was satisfactory. 

Tumours in the experimental groups began ta appear at the 

5th week of croton ail treatment, and then gradually increased in 

number until about the 13th to the 14th week. The usual pattern 

of tumour production was followed. By the 15th and 16th week of croton 

ail treatment, the number of tumours was becaming more or less stabilized. 

Table 18 gives a summary of the tumour yields in each group at the 14th 

and the 16th weeks of croton ail treatment. 

It can be seen that the tumour yields were higher in the group 

given an application of 9,10-dimethyl-1,2-benzanthracene and then 

repeated croton ail than in the groups ::;;iven the same treatment with 

supplemental orotic acid or with injections of thymine. 'l'he tumour 

yields in the group given supplemental orotic acid administration 

were about the same in the group gi vm supplemental thymine. 

The difference in tumour yields between the groups with and 

without orotic acid or thymine is more apparent if the tumour yield 

is expressed as the average number of papillomata per survivor. The 

magnitude of the difference is about 1.5:1. The difference in tumour 

yields was less impressive if tumour yield was expressed as average 
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Table 18 

Sur.mnary of Tumour Yields 

Papillomata Percent age 
Papillomata per of mice 

per Papilloma bea ring 
Groups Survivor bearing mous e Papilloma ta 

weeks of weeks of weeks of 
CO Trea.tment CO Treatment CO Treatment 
14 16 14 16 14 16 

DMBA lx 0 0 0 0 0 0 

DMBA & CO 12.8 13.2 18.4 17.7 66.7 74.5 

DMBA + OA & CO 8.7 8.5 14.8 14.0 58.5 60.9 

DMBA + Thymine & CO 7.8 7.9 13.8 13.2 56.1 60.0 

CO only 0.3 0.4 2.3 1.6 1 4.2 
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number of papillomata per papilloma bearing mouse or percentage of 

mice bearing papillomata. 

The average latent period of ail e.xperimmtal groups is 

sh own in table 19. 

Group 

DMBA & CO 

DMBA + Orotic acid 
&CO 

DMBA t Thymine 
&CO 

'l'able 19 

Average Latent Periods 

Average latent 
period of papillomata 

bearing mie e 

7.8 

7.2 

7.8 

Average latent 
period of 

papillomata 

10.3 

As can be sem, the average latent peri ods are more or 

less the same in the three groups. 

The group given an application of 9,10-dimethyl-1,2-

benzanthracene but no croton oil produced no tumours. 

In the group given repeated applications of crotoo. oil but 

no initial application of the carcinc:gen, tumours appeared in a few 

mice after the 9th week of treatment. At the 16th week, there are 
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16 papillomata on 10 mice. 

Sumrnary 

3 groups of mice were initiated by an application of 

9,10-dimethyl-1,2-benzanthracene, twice weekly applications of 5% 

croton oil followed. The first group rece:i ved no addi. tional treatment. 

The second group received 0.6% orotic acid in drinking water during 

initiation. The third group rece:iv ed injections of 4% thymine duri ng 

initiation. The group given the standard application of 9,10-d.im.ethyl-

1,2-benzanthracene and then croton oil but no supplement prod.uced more 

tumours than did the group given orotic acid or that given thymine. 

The group given orotic acid, produced about the same yield of tumours 

as did the group given thymine. The group given an application of 

9,10-dimethyl-1,2-benzanthracene wi thout subsequent croton oil did not 

develop any tumours. The group given twice weekly cro tcn oil wi thout 

an initial treatment of carcinogen produced only a few papillomata on 

a few mice. 
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III DISCUSSia~ AND CONCLUSION 

The resulta of the experimenta bring up several. points for 

discussion. The first parts of the experimenta were desi~ed to investigate 

the response of mie e to different doses of ini tiator when initiation 

was followed by promotion. In partie ula.r, the effect of varying of 

the interval between the applications of initiator \<ben more than one 

dose of initiator was given was studied. Other experlmmts deal t with 

the :trob.lan of whether or not an initiator, particularly a polycyclic 

h;ydrocarbon, exerts its action thrrué_P the interference wi.th nucleic 

acid metabolism. Several e.xperimmt s were desi~ed to promte better 

understanding ani give further support to the major points to be 

discussed. 

1. Toxicity of Carcinogen 

There was a hié_P mortality in the groups given three applications 

of 1.5% 9,10-dimethy1-1,2-benzanthracene at intervals of one dey- or 

one week and then repeated applications of croton oil. On the contracy, 

the mortality rate in the groups given three applications of 0.1% 

9,10-dimethyl-1,2-bmzanthracene at intervals of one dey- or one week 

was ver.y low. It is known tha.t large doses of polycyclic hydrocarbons 

applied on the skin have seme retarding effect on the growth of mice 

(Haddow & Robinson,1939). It has also been à'lown that acute and delayed 

intoxication occurs in mice when they are painted with a large anount 

of 9,10-dimethy1-1,2-benzanthracene (Shubik & Della Porta,l957). Daily 
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applications of 0.08 ml. of 2% 9 ,10-dimethyl-1,2-benzanthracene in 

acetone produced more than 50% mortality wi.thin 16 dqs. Furthermore, 

a single application of 10 mg. of the same carc.inogen as a 2% solution 

in acetone produced more th an 80% mort ali ty wi thin il deys. A single 

application of 1.5% 9,10-dimethyl-1,2-benzanthracene, as used in 

Experiment I, amounts to a dœ e of appro.:ximately 1.0 to 1.5 mg. of the 

carcinogen. Three daily applicatioos equal 3 to 4.5 mg. However, wi th 

an 0.1% concentration, as used in Exper.iment III even three applications 

total less than 0.5 mg. of the carc.inogen. The figures of Shubik and 

Della Porta can not be applied directly to the present experimenta, 

since the solvent used was mineral oil, not acetone, and the susceptibility 

of the mice might be different. Nevertheless, mice givt':l'l. total of 3 to 

4.5 mg. of 9 ,10-dimethyl-1,2-benzanthracene at daily ar weekly intervals 

showed considerable degree of intoxication, and applications of a total 

of less than 1 mg. of 9,10-dimethyl-1,2-benzanthracene demanstrated no 

toxic affects. These findings are compatible with the findings of 

Shubik and Della Porta. 

Although the number of mice used in Ex:periment I is snall, 

in the group given three applications of the carcinogen at one mooth 

intervals, and then croton oil, the mortality rate was about the same 

as that of the group given a single application of the carcinogen and 

then the croton oil. This irrlicates that the prolongation of the 

interval between the carcinogen application from one da.Y or one week 

to one month, lowers the degree of acute élld delayed intoxication in 

mice, which is produced by the carcinogen, or allows for recovery between 
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applications. The higj:l mortality rate in the group given three 

applications of the carcinogen at mcnthly intervals in Expetiment II 

appeared to contradict this thought. However, the mcrtality rate 

in this group was modified greatly due to an infectious epidemie in 

the colony, so tha. t no conclusion can be drawn. 

The mortality rate of the group gi ven three injections of 

urethane at intervals of one day or one weà{ and then croton oil was 

also high, but it was again low in the group given three injections 

of urethane at intervals of one month ani then crotcn oil. Again the 

interval of one month seem.ed to allow for recovery from the intoxication. 

As expected, the re were no appreciable skin changes in the 

mice given a single injection, or three injectio:œ of urethane, but 

no croton oil. However, a severe necrotizing reaction occurred in 

the skin of mice given three injections of urethane at intervals of 

one day ar one week, and then croton oil. This might be due to a 

non-specifie decrease of the general tolerance of the mouse to irti tation, 

for croton oil is a strong irritant; or it might be to some specifie 

change or changes which alter the reaction of the skin to the subsequent 

croton oil applications occurred. Salaman and Gwynn(l951) claimed that 

such specifie changes are produced in the skin by 9 ,10-dimethyl-

1,2-benzanthracene. They found tha.t the percentage of resting cella 

in the epidermis rendered hyperplastic by croton ail was similar to 

that found after repeated applications of 9,10-dimethyl-1,2-benzanthracene, 

if the croton oil was applied to skinJrepared by an application of 

9 ,10-dimethyl-1,2-benzanthracene, but not if the crotcn oil was applied 

to normal skin. No such change is known to follow initiati. on by urethane. 
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2. Refractory State and Necrotizing Effect 

Shubik md Ritchie(l953) found that two or three applications 

of 0.2% or 1.0% 9 ,10-dimethyl-1,2-benzanthracene in liquid paraffin, 

given at intervals of one week and followed by croton oil, prowced less 

tumours in mice than did a single application of the carcinogen followed 

by croton oil. In ccn trast, Vesselinovitch and Gilman found that two or 

three applications of an 0.25% or an 1.5% solution of the same carcinogen 

in liquid paraffin given at intervals of one mcnth produ.ced more 

tumour s when followed by croton oil than did a single application of 

the sruœ concentration of the carcinogen followed by croton oil 

(Vesselinovitch & Gilman,l957;Vesselinovitch,l95S). 

It should be noticed in these experimenta that Shubik and 

Ritchie allowed intervals of one week betweEn the applications of 

carcinogm, while Vesselinovitch and Gilman allowed intervals of one 

month. 

Shubik and Ritchie suggested two explanations of their failure 

to increase the tumour yield by giving more applications of initiator. 

Firstly, they suggested that the applications of carcinogen in the 

concentration they used might p:roduce a necroti zing effect on mouse skin, 

'Which might destroy some of the latent tumour cells produ.c ed by the 

carcinogen, so that repeated applications of carcinogen would destroy 

more latent tumour cells than they produced, and so w:>uld not act in 

an additive way. Alternatively, they suggested that mice might develop 

a refractory state after a single application of carcinogen, so the 

subsequent applications of carcinogen were ineffective. 
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Vesselinovitch and Gilman explained their resulta by suggesting 

that the one mmth interval between the applications of carcinogen was 

longer than the refractory state prowced by the previous applications 

of the carcinogen, and so an additive effect was produced. 

The work of Ball and McCarter(l960) also suggested the 

existence of a refractory state. Using 9,10-dimethyl-1,2-benzanthracene 

as initiator, they shawed that the amount of carci.ncgen in the skin 

increased when quantity of carcinogen applied was increased from 7.5 ug 

to 75 ug, but decreased as the anount of carcinogen applied was increased 

from 75 ug to 300 ug. The tumour yield in mice given 75 ug of 

carcinogen and then croton oil is about the sane as the yield in mice 

gi ven 300 ug of carcinogen and then croton oil. •rerracini, Shubik and 

Della Porta(l960) also failed to increase the tumour yield on mice in 

which tumours were induced by a single application of 9,10-dimethyl-

1,2-benzanthracene when amount of carcinogen applied was increased 

above 200 ug. These resulta indicate that a refractory state may develop 

in mice if an excessive anount of carcincgen is applied. 

The problem of a necrotizing effect was investi.gated by Dammert 

(l96la). Five ulcerative doses of Zephiran after initiation by 9,10-

dimethyl-1,2-benzanthracene was reported to enhance the tumour incidence 

by àlortening the latent period. However, the tumour incidence was lawer 

if measured by number of tumour bearing animals or the total number of 

tumours. The resulta indicate that ulceration of skin after an application 

of initiator might destroy some of the latent tumour cella induced by 

initiator. 
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In Experiment I, the tumour yield in the three groups 

given three applications of 1.5% 9,10-d.imethyl-1,2-benzanthracene was 

about the same, whether the carcinogen was given at intervals of one day, 

one week or one month, but the yield was definitely higher in the groups 

given three applications of carcinogen and then croton oil, than in 

the group given a single application and then croton oil. The magnitude 

of the difference varies according to the measure used. If the yield 

is ex.pressed as papillomata per survivor, the ratio of the tumour yield 

between the group given a single application of initiator and the groups 

given three applications is about 1:3. If the ~~eld is expressed as 

papillomata per papilloma bearing mouse, the ratio is about 1:2. If the 

yield is expressed as the percentage of mice bearing papillomata, it 

is about 1:1.5. 

The resulta in the group given three applications of initiator 

at intervals of one month and then croton oil are in agreement with the 

finding of Vesselinovitch. Vesselinovitch expressed the tumour yield 

as tumours per survivor, and gave the ratio of difference in tumour 

yield between the group given a single application of 9,10-d.imethyl-

1,2-benzanthracene and then croton oil and that of the group given three 

applications of the sam.e carcinogen at intervals of one month and then 

croton oil as about 1:2. 

The resulta of the group given three applications of 1.5% 

9,10-dimethyl-1,2-benzanthracene at intervals of one week and then croton 

oil are, however, in contrast with the findings of Shubik and Ritchie. 

The resulta of the present Experiment I do not show that ei ther a 
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refractory state developed or that the skin was excessively damaged. 

It is difficult t o explain this discrepancy. 'l'he re is sorne difference 

between the experimenta of Shubik and Ritchie and those now being 

discussed. The dose applied was slightly higher in the present experiment 

tha:n in the experimt:nts of Shubik and Ritchie. Again, there might be 

a difference in the susceptiblli ty of the mie e to carcinogen between the 

present experiment and the experiment of Shubik and Ritchie. These 

differences might pro duce di!! erent reactions on the mie e, and so lead 

to the discrepancy of the results. 

One might consider the high moctality rate of the present 

experiment as evidence of such a difference in the mice, for no such 

mortality occurred in Shubik and Ritchie's experiment. It could be that 

when 1.5% 9,10-dimethyl-1,2-benzanthracene was applied three times at 

intervals of one week, for instance, many mice which developed a refractory 

state died in the early stage of experiment, and only mie e which did not , 
survived. In Experiment III, this high mortality was avoided by using 

a low concentration of 9,10-dimethyl-1,2-benza.nthracene as initiator. 

In this experiment, even three applications of 0.1% 9,10-dimethyl-

1,2-benza.nthracene at intervals of one dey-, produced no apparent toxic 

effect on the mice. 'rhe tumour yield was again higher in the groups 

given three applications of initiator an:i then crotcn oil, than in the 

group given a single application of initiator and then croton oil. 

However, the tumour yield in the group given three applications of 

initiator at intervals of one month and then croton oil was lower than in 

the groups given three applications of initiator at intervals of one day 

or one week and then croton oil. The ratio of the tumour yields between 



- 194 -

the group given a single application of initiator and croton oil, and 

the groups given three applications of initiator at intervals of one day 

or one week and then croton oil was about 1:2 if the tumour incidence is 

measured as tumours per survi vor. The ratio of the tumol.r yields between 

the group given a single application of initiator and then croton oil 

and the group given three applications of initiator at intervals of one 

month and then croton oil was about 1 :1.5. The reason for the low 

tumour yield in the group given three applications of carcinogen at 

intervals of one month then croton oil is not clear. Nevertheless, 

the results do not support the theory that many mie e which developed a 

refractory state died in the early stages of the e:x;periment in which 1.5% 

9 ,10-dimethyl-1,2-benzanthracene was applied th ree times at intervals 

of one day or one week. 

It can be concluded that three applications of carcinogen 

produced more tumours than a single application when followed by croton 

oil, whether carcinogen is given at intervals of one day, one weè:c 

or one month. Z..1oreover, in spite of the minor differences, the findings 

are compati ble 'Wi. th the theory that the yield of papillomata on mice 

varies directly with the dose of carci.nogen, as proposed by McCarter, 

Szerb and Thompson(l956) and Ball and McCarter(l960). 

The findings with urethane in Experiment V were somewhat 

different. Three injections of urethane at intervals of one dBjy or 

one month produced more tumours when followed by crotcn oil than did a 

single injection of urethane followed by croton oil. Hcwever, three 

injections of urethane at intervals of one weàc followed by croton oil 
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produced no more tumour' s th an did a single injecticn of urethane followed 

by croton oil. 

With topically applied urethane as initiator followed by 

crotm oil as promotor, Hoe an::l. Salaman(l954) found tha t three applications 

of urethane gave the sam.e number of tumour's per mous e when gi Val at 

intervals of four deys as wh en given at intervals of two hours. These 

periods are too short to be ccmparable wi th thos e of the present 

experiment. Haran-Ghera and Berenblum(l956) gave urethane by mouth 

and followed w:i th croton oil. They found that the tumour yield was 

the sane, W.1en ten doses of urethane were giva1, as when a single 

dose of the same total quantity was given in the ten doses. 

The restù.ts of unpublished e:xperiments perfarmed at Pathological 

Institute McGill University (Ritchie,l958-1959) should be considered 

at this point. The experimenta were designed for the same purpose 

as was the present experiment. In cne e:xperiment, one injection or 

three injections of 0 • .3 ml. of 10% urethane were given intraperitoneally 

at intervals of one d83'", one week or one men th as initiat<r and followed 

by croton oil as promotor. In a seccnd experimmt, three injecticns 

of 0.1 ml. of 10% urethane were given intraperitoneally at intervals 

of one day, one week, or one month and followed by croton oil. The 

resulta are shown in Tables I to V in Appendix V. The tumour yields 

at the 150th day and the 175th day of croton oil treatment in the 

first experiment, and 16Bth and 196th day of croton oil treatment in 

the sec end experiment, are summarized in the following table (Table 1). 



Table 1 

Summary of Tumour Yields 
(Experiment I and II - R.itchie,l958-1959) 

E?g?eriment I 

Average num.ber 
Average number of papillomata 
of papillolllliil.ta per papilloma 
per survivor bearing mice 

Days after CO 150 175 150 175 

Urethane lx 
and CO 0.1 0.3 1.0 1.4 

Urethane 3x 
dai1y and CO 1.9 2.0 3·5 3.0 

Urethane 3x 
weekly and CO 0.5 0.6 3·3 3.5 

Urethane 3x 
month1y and CO 1.2 1.6 3.8 3.7 

CO only 0.2 0.2 1.4 1.4 

ExEeriment II 

Days after CO 168 196 168 196 

Urethane 3x 
daily and GO 0.3 0.4 2.7 2.2 

Urethane 3x 
weekly and CO 0.3 0.6 2.0 2.1 

Urethane 3x 
monthly and CO 0 0.1 1.0 2.3 

CO on1y 0 0 0 1.0 

- 196 -

Pere en tage 
of mice 
bearing 

papillomata 

150 175 

20 20 

54 59 

17 17 

31 43 

13 13 

168 196 

11 18 

17 27 

14 21 

0 3 
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As can be seen, the number of tumours induced in the secmd e:xperlment 

was very small. This mey be due to the reduction of the dose of urethane 

given, orto the different susceptibility of the mice used. It is, 

hcwever, evident tha.t differences between the groups are small. Because 

of the small number of tumours induced, the result of the seccnd experiment 

i s unrelia ble. 

'l'he fir st experimen t, h cw ev er, is ccmparable t o the present 

one. It shows that the group given a single injection of urethane and 

then croton oil developed few more tumours than did the group given 

only croton oil, but that the group given three injections of urethane 

at daily intervals ani then croton oil developed a great many tumours. 

'l'he group given three injections of urethane at weekly intervals and th en 

croton oil developed few more tumours than did the group given only one 

injection of urethane am then croton oil, and the group given three 

injections of urethane at intervals of one month and then croton oil 

developed an intermediate number of tumours. This is a pattern of 

response similar to that which was seen in the present experiment. 

Thus when three injections of urethane are used as initiator, 

varying the interval between injections results in different tumour 

yields. If the interval between injections is one week, three injections 

of urethane produce about the same tumour yield as does a smgle injection. 

If the interval is oo.e day or one month, the yield is about 2 times 

that observed when a smgle injection is given. In order to explain 

this finding, the possible role of a refractory state and of a necrotizing 
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reaction should be considered. 

The high yield of tumeurs founi lben three injections of 

urethane were given at dai.ly intervals can be explained by assuming that 

three injections of urethane served as a single injection, coming so 

close together that no refractoty state developed. The high yield with 

three injections of urethane at monthly intervals followed by croton oil 

could be because after a men th the refractory state was passing. The 

poor tumour yield found vil en three injections of urethane were given 

at weekly intervals and followed by croton oil could be becaus e a 

refractory state developed after the first injection, so that the seccnd 

or third injections were ineffective. However, the failure to demonstrate 

such refractor,y state when three applications of 1.5% or 0.1% 9,10-dimethyl-

1,2-benzanthracene were givm at weekly intervals stands against this 

theory of a refractory state. 

The severe necrotizing reactions which occurred in the skin 

of mice given three injections of urethane at intervals of one da;y or 

one week and then repeated applications of croton oil should be also 

considered. Such severe necrotizing reaction might destroy the latent 

tumeUr' cella indu ced by t be injections of urethane , and so re duce the 

ultimate tumeur development. However, in spite of the severe necrotizing 

reaction which occurred in the skin of mice givm three injecticns of 

urethane at daily intervals and then croton oil, they developed many 

tumeurs. As the necrosis occurring in this group was at least as severe 

as that occurring in the group gi vm. weekly injections and then croton 

oil, it seems ur.J.ikely th at the necroti zing reaction can explain the 

lower tumour yield in the group givm. three injections of urethane at 
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weekly intervals and then croton oil. 

'fhus on balance, the results of Experiment V suggest that 

the theory that three injections of urethane given at weekly intervals 

induce a refractory state in mouse skin, is more satis factory than 

the assumption that the results observed are due to a necrotizing reaction. 

In Experiment VI, direct chemical measurernmt of the concentration 

of urethane in blood after a single and three daily intraperitoneal 

injections was deterrr:ined. It was assumed that there might be some 

modification in the blood level of urethane when more than one injection 

of urethane was given. Earlier, Berenblum, Kaye and Trainin(l960) 

suggested that no metabolite is involved in urethane carcinogenesis, 

and etudies by Kaye(l960b) suggested that the greater retention of 

urethane in blood might result in greater response of mice to the 

carcinogenic action of urethane. Archer, Chaprnan, Rhoden and ''larren(l948) 

and Boyland and Rhoden(l949) estimated by chemical methods the amount 

of urethane in various organs of rats after subcutaneous injection. 1'hey 

found that the urethane was distributed rapidly throughout all organe 

of the body in equal proportion, and was excreted from the body within 

Z4 hours. The detection of radioactivity after the injection of 

radioactive urethane by Bryan, Skipper and \;'hite(l949) and Skipper, 

Bennett, Bryan, White, Newton and Simpson(l951) confirmed these 

observations. 

In the present experiment, the estimation was based on the 

measurement of ethanol yielded from hydrolysis of urethane by caustic 

alkali, a method which was used by Bmyland and Rhoden(l949) The theoretical 
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disadvantage of this method is that the blood may contain compounds 

otl:e r than urethane which on hydrolysis wi th alkali ma,y yield volatile 

oxidizable substances. However, the estimation by Boy land and Rhoden 

showed no indication of any substances which react as does urethane in 

human blood or the blood of normal rats or rabbits. 

As previous investigators observed, the present. study showed 

that the catabolism of urethane took place shortly after the injection. 

The concentration of urethane in blood was largest one half hour after 

a single injection of urethane, and there was already a slight decrease 

one hour after the injection. This is in accord with the findings of 

Boyland and Rhoden, who found the largest amount of urethane in the blood 

of rats one hour after subcutaneous injection. More than half of the 

urethane had disappeared fran the blood three hours after the injection. 

7 hours after a single injection of urethane, there was no detectable 

urethane left in the blood. In this exper.iment, mice were anaesthetized 

within 5-10 minutes, and remained anaesthetized for 5-6 hours. The 

recovery from anaesthesia occurred about the time free urethane disappeared 

fran the blood. The studies with radioactive urethane showed that some 

radioactivity remained in the blood of mice 24 and 48 hours after an 

intraperitoneal injection of urethane (Bcyan ,Skipper & \>'hite,l949). 

However, the presence of radioactivity need not indicate the presence 

of free urethane. The activity might be the result of fixation of c"o.z. 

which was produced from the catabolism of carbonyl labelled urethane. 

The pattern of disappearance of urethane from blood in the 

group given three daily injections of urethane was ve:ry aimilar to that 
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observed a.fter a single injection. The amount o.f urethane recovered .from 

the blood one hal.f hour a.fter the third injection o.f urethane was slightly 

higher than one hal.f hour a.fter a single injection, though the values 

observed overlapped. One hour a.fter the injection, the amount of urethane 

in the blood in the two groups was ap}X'oximately the same. 

The repeated injections o.f urethane, thus, do not induce any 

change in the capacity o.f the mice to excrete urethane fran blood. 

Since urethane is completely excreted .from the blood 7 hours a.fter a 

single injection, no urethane was present in the bl. ocd at the time o.f 

the second and the third injection. 

It follows tha. t the tumour yield was grea ter wh en three 

injections o.f urethane were given th an with only one, not because the 

cmcentration o.f urethane was greater, but because the tissue was 

ex:posed to it .far a longer time. 

To sum.marize, neither a re.fractory state or a necrotizi.ng 

reaction could be demonstrated in the experimenta with three applications 

o.f 9,10-dimethyl-1,2-benzanthracene followed by crotcn oil. When 

followed by croton oil, thr ee applications of carcinogm consistently 

produced more tumours than did a single application, whether the carcinogen 

was gi ven at intervals o.f one dq, one week ar one men th. 

On the other hand, the experiment with three injecticns o.f 

urethane .followed by croton oil did demonstrate what could be considered 

a re.fractory state in mouse skin. i'llien three injections of urethane were 

.followed by croton oil, the tumour yield was relatively high, when the 

injections were given at daily cr mcnthly intervals, but law when the 
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injections were g:iven at weekly intervaJ.s. 

3. Latent Period 

The shartening of the time int erval betwem the commmcanent 

of croton oil treatment ani the appearance of tumours in the groups given 

three applications of 1.5% 9,10-dimethyl-1,2-benzanthracene and then 

croton oil in Experiment I was not expected. Papillomata began to appear 

in the first week of croton oil treatment in the group givm three 

applications of the carcinogen at intervals of one month, in the second 

week of croton oil treatment in the group givm three applications 

at one week intervals, ani in the fourth week in the group given three 

applications at intervals of one day. ~men a single application of 

carci.nqgen is givm, papillomata began to appear in the fiftl:1 or sixth 

week. 'l'he s hortening of this time int erval was shown both wh en the 

latent period was calculated as the latent period of papilloma bearing 

mice and when the latent period of all papillomata was calculated. This 

finding was confirmed in Experiment II in which mice were initiated by 

three applications of 1.5% 9,10-dimethyl-1,2-bmzanthracene at monthly 

intervals and croton oil followed. Papillomata again appeared in the 

first week of croton oil treatment. v:'hen the concentration of the 

initiator was reduced to ü.l% this shortening of the latent periods 

was not observed. Papillomata began to a};pear about five to seven 

weeks after the canmencement of croton oil treatmmt, even wh en initia tor 

was given three times at mcnthly intervals. Similarly, the latent perioda 

were not shortened when three injections of urethane were used as initiator 

(Experiment V). 
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The shortening of the latent periods in the group gi ven 

three applications of 1.5% 9,10-d.imethyl-1,2-benzanthracene and then 

croton oil was interpreted as be:i..ng due t o a promoting action exerted 

by the carcinogen. It is known that carcinogens, such as ba1zpyrene or 

methylcholanthrene possess promoting action on rabbit skin (Friedewald 

& Rous,l944a), and that repeated applications of a low concentration 

of 9,10-dimethyl-1,2-benzanthracene can act as a promotor when preceeded 

by a single application of a high concentration of the ca.rcinogen 

(Saffiotti & Shubik,l956b;Klein,l956;Kle:i..n,l960). On the contrary, 

it has been claimed that urethane does not possess such promoting action 

(Salaman & Hoe,l953). 

The failure to demonstrate any promoting action wh en three 

applications of 0.1% 9,10-dimethyl-1,2-benzanthracene were given might 

be explained by assu.ming that the lower concentration of this carcinogen 

lacked pramoting power. This assumption is supported qy the observation 

that the promoting power of Tween 60 and croton oil is dir ectly related 

to their concentration (Merenmies,l959;Frei & Ritchie,l962). A similar 

explanation vlould be applicable to the experimenta of Vesselinovitch 

(1958) in which three applications of 0.25% 9,10-dimethyl-1,2-benzanthracene 

were given at monthly intervals as an initiator, but did not cause 

shortening of the latent period. Once again, the concentration of 

carcinogen might be too low. 

In Experiment I, the three applications of ca.rcinogen given 

at intervals of one month had almost completed promotion, so that visible 

tu.mours were rapidly manifested by the croton oil. No tumours were 
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induced in the group gi ven three applications of the same carcinogen 

at monthly intervals but no croton ail. Thus, in arder to complete the 

process of promotion, ani to elicit visible tumours, the applications of 

croton ail were necessary. 

The rapidity with which croton oil completed the promotion 

suggests that the mechanism of promotion was the sane with croton oil 

and 9,10-dimethyl-1,2-bmzanthracene. This conclusion is important, 

for it in turn su.ggests that the œchanism by '1\hich the carc:inogen induces 

tumours is also staged, and that the stages may be the same as those 

of the carcinogen-croton oil se~ence. 

The strong promoting power exerted by 1.5% 9,10-dimethyl-

1,2-benzanthracene was in striking cm trast to the negligible promoting 

power exerted by an 0.1% concentration of the sane carcinogen when they 

were given three times at intervals of one month. In arder to elucidate 

this difference more clearly, the histological investigation of mouse 

skin treated with 1.5% or 0.1% 9,10-dimethyl-1,2-benzanthracene was performed 

(E:x:periment IV). Many investigatœs studied the histological changes of mouse 

skin treated wi th various carcinogenic hydrocarbons (Pullinger,l940;Cra.mer 

& Stowell,l942;Setala,Merenmies,Stjernvall,Aho & Kajanne,1959). Their 

main obj ect was to find any change or chang es in skin specifie for the 

carcinogenic or initiating action of hydrocarbons, and their descriptions 

were focused oo the skin reaction imœdiately a.fter or up to 2 weeks 

after the application of the carcinogen. The first and the most 

striking difference between the skin treated with 1. 5% and 0.1% 

9,10-dimethyl-1,2-benzanthracene was the degree of epidermal hyperplasia. 

Epidermal hyperplasia was apparent and intense 4 weeks after a single 

application of a 1. 5% solution of the carcinogen, and increased 
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progressively to reach its peak after the third application of the 

carcinogen. On the ccntrary, the skin of rnice treated with an 0.1.% 

concentration of the carcinogen was close to normal in appearance 4 week s 

after a single application, and 4 weeks after the second application 

of the carcinogen. One week after the third application of the carcinogen, 

th:l epidermis was slightly hyperplasti c, but the degree was much less 

than that not ed wi th 1. 5% carcincg en. 

The secœd striking feature of the skin treated with 1.5% 

9,10-dimethyl-1,2-benzanthracene was the presence of cellular atypia 

and an irregular cell arranganent in the hyperplastic epidermis. The se 

changes were not ooserved in the skin treated with m 0.1% solution 

of the same carcinogen. The dennal changes in both groups were very 

similar, exhibiting sorne alteratioo of collagen fi bers, hair follicles, 

sebaceous glan:l.s and an intense inflammatory infiltration. 

\Vhether the difference in the degree of epidennal hyperplasia 

is responsible fer the difference in promotir:g power between the 1.5% 

and the 0.1% solution is not kno\tll. However, the lack of any epidennal 

hyperplasia after injectioœ of urethane (Ritchie,l957), and lack of 

promoti ng power of urethane su ggest that lack of epidermal hypa-plasia 

after treatment with 0.1% carcinogen mey- well be responsi. ble for the 

absense of promoting power. The rapid development of epidennal hyperplasia 

after the commencanent of croton oil treatm.ent in the group given three 

applications of 0.1% carcinogen dencnstrates that one of the striking 

actions of croton oil was its hyperplasia induc:ing power. This is not, 
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of course, to say that promot:i.ng power and the ability to induce 

hype:rplasia are the same. 'rhe ev:i.d en ce suggests tha t they are not, 

for not all agents inùucing hype:rplasia can promote (Shubik,l950a). 

It may weil be, however, that the ab:i..lity to induce hyperplasia is 

a necessary part of promoti~ power. 

The firrlings also suggest that 9,10-ùimethyl-1,2-benzanthracene 

i.s an efficient initia tor, evEn W'len gi VEn in law dosage, but is a 

relatively poor promotor, being efficient only when gi ven in hi€tt 

concentration. 

Both in Expeiiment I and E:xperiment II, a few malignant 

tumours were produced in the groups given three applications of 9,10-

dimethyl-1,2-benzanthracene ani then croton oil. In e:xperiments with 

a single application of the carcinogen followed by repeated applications 

of croton oil, the tumours are almost all bEnign rapillomata. It might 

be that this diH'erence arose because the promoting power of croton 

oil is able to induce only benign tumours, while that of carcinogen 

can irrluce also malignant ones. Papillomata induced by a single high 

concentration of carcinogen and repeated applications of a low concentration 

of carcinogen as promotor show a high rate of malignant transformation 

(Saffiotti & Shubik,l956b). Alternatively, the croton oil might inhibit 

the power of 9,10-dimethyl-1,2-benzanthracene to induce malignant tumours 

as suggested by Allsopp(l951). 

4. Tumours induced by 9 ,10-dimethyl-1,2-benzanthracene alone or 
by croton oil alone. 

There have beEn reports that a single application of 
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9,10-dimethyl-1,2-benzanthracene is able to elicit many tumours on 

mouse skin. (Law,l94l;Salaman & Hoe,l956b;Terracini,Shubik & Della 

Porta ,1960). In Exp eriments I and III, the groups gi ven a single 

application of 1.5% or 0.1% 9,10-dimethyl-1,2-benzanthracene in pure 

mineral oil developed no tumours until twenty-five weeks after the 

application. The use of different strains of mice, or different solvents 

and different doses may account for this discrepancy. 

Three applications of 0.1% 9,10-dimethyl-1,2-benzanthracene 

(Experiment III) induced no papillomata when given at daily intervals, 

a few papillomata When given at weekly intervals, and a few papillomata 

when given at mcnthly intervals. 

It was therefore perhaps surprising to see that a relatively 

large number of t umour s were produc ed in the gro u.p gi ven thr ee applications 

of 1.5% 9,10-dimethyl-1,2-benzanthracene at intervals of one week, 

particularly as practically no tumours were produced in the group given 

three applications of the same concentration of the carcinogen at 

intervals of one month or one day. 

Cramer and Stowell, (1941;1943b), stated that the total dose 

necessary to induce carcinomata in one hundred percent of animals 

diminished as the applications became i:œreasingly infrequent, and 

Salaman and Roe(l956b) who compared the incidence of malignant tumours 

induced in mice by two applications of carcinogen given at different 

intervals concluded that more carcinomata appeared if the two 

applications of carcinogen were gi ven at intervals of twenty-two deys 
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or more. The general conclusion may not, however, be always true. It 

may be that there is a certain optimal time interval between applications 

of carcinogen when several applications are used. This may differ 

according to the strain or the ccncentration of carcinogen used. 

It is also possible that the fai.lure to induce many tumours 

with three applications of 1.5% 9,10-dimethyl-1,2-benzanthracene given 

at daily or mcnthly intervals was becaus e the promoting activity of 

the applications were inadequate. It is known that crotcn oi1 must be 

applied continuously for at least five or six weeks if it is to promote, 

and that if applications of croton oil are interrupted the promo ting 

effect is 1ost, so that on resumption of croton oil treatment it is as 

if the croton oil were bei.ng given far the first time (Salaman,l952; 

Klein,1950a;l953b). It could be that when the carcinogen was app1ied 

at daily interval s i t was not present long enough t o promote, and tha. t 

when it was applied at monthly intervals the promoting effect was lost 

between applications. On1y ...tt en i t was g1 vm at weekly intervals was 

it g1 vm long enough and often enough to promote. As far the failure 

to produce more than an occasional tumour when three applications of 

an 0.1% solution of the carcinogen were used, this may well be because, 

as stated earlier, the weak concentration of carcinogen lacks pramoting 

power. 

A high rate of malignant transformation was seen in the group 

given trœee afplications of 1.5% 9,10-dimethyl-1,2-benzanthracene at 

intervals of one week. 'rhis difference of the nature of the tumours 

induced by carcinogen alone and the tumours induced by applications of 
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carcinogen and promotor is well documented b,y Shubik(l950b and Shubik, 

Baserga and liitchie(l95J). 

In earlier experimenta on two stage carcinogenesis repeated 

applications of croton oil alone produced no tumours or only an 

occasional one (Berenblum,l94la;l94lb;Shubik,l950b). This was significant 

in the formulation of two stage the ory of epid ermal. carcin ogenesis, 

because it suggested that the promoting action of croton oil was specifie, 

and not due to a weak carcinogenic action. Later, several investigators 

found that croton oil could induce a few tumours alone, usually after a 

long period of treatment (Roe & Salaman,l955;hoe,l956b;Ritchie,l957). 

This can be explained by the different susceptibility of the mice used 

by various investigator s. Also, sine e croton oil is not a pure ch emical, 

its constituants vary accordingly in different batches. 

In Experiment I, twice weekly applications of 5% croton oil 

produced no tumours during 25 weeks of treatment. In E:xperiment III, 

similar treatment resulted in an occasional papilloma. At the a:>th 

week of treatment, there were 4 papilloma bearing mice with a total 

of 7 papillomata. In Experiment VII, the group given only crotœ oil 

bad 5 papilloma bearing mice, w.i.th a total of 10 papillomata at the 

2oth week. Treatment was continued, and there was an increase in the 

number of papilloma bearing mice. The highest incidence was at the 

30th week of treatment, wi th 16 papillomata bearing mie e w:i th a total 

of 35 papillomata. None of the papillomata induced in these experimenta 

became malignant. 
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The discovery that croton oil has some carcinogenic power 

does not weaken the tv.o stage theory of epidermal carcinogenesis. The 

important thing is that the action of the carcinogen and croton oil 

are different. As has been mentioned earlier, a weak solution of 

carcinogen is an efficient initiator but a poor promotor. Croton oil, 

conversely, a poor initiator but a good promotor. Initiation and 

promotion remain clearly different, and can be easily distinguished. 

5. Eff ect of Oro tic Acid a.rrl of Thymine on Initiation 

There is some evidence Wî.ich suggests that carcinogenic 

substances may act on the DNA of living cells. The disturbance or 

inhibition of DNA synthesis induced by ionizing radiation (Kelly,l957; 

Beltz & Applegate,l959), and by nitrogen mustard (Goldthwait,l952; 

Davidson & Freernarm.,l955) favour the view that neoplasia might res'\.Ùt 

from a disturbance in the replication and function of nucleic acid. 

Although direct evidence for such an action of polycyclic hydrocarbons 

in vivo is lacking (Goldthwait ,1960), it is lmown that carcinogenic 

hydrocarbons can be bound to DNA (Boyland & Green,l962). 

Experimenta by Heidelberger and Javenport(l961) suggest that 

there is a considerable binding of 1,2,5,6-dibenzanthracene to DNA 

and RNA in meuse skin after its topical applications. Boyland and Green 

(1962) demonstrated the binding of bmzpyrene to DNA in vitro. The 

significance of this to epidermal carcinogenesis is not c1ear. Evensen 

(1961;1962) showed a decrease in DNA synthesis in epider.mal ce1ls shortly 
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after the application of methylcholanthrene, benzpyrE!le or 9,10-di.tœthyl-

1,2-bmzant:h racene to mous e skin. He proposed that the initial action 

of carcinogm might be an interference in the epidermal cells 'Wi.th the 

synthesis of DNA. 

Rogers(l957a) postulated that tœ carcinogmic action of urethane 

on the lung might be exerted throuf#l a disturbance of DNA synthesis. At 

the time of urethane injection, he administered known precursors of 

nucleic acids, ani found an inhibitory effect on lung tumour fornation 

when pyrimidine or pyrimidine precursors were given. In particular, 

orotic acid had a striking inhibitory effect œ urethane carci.nogmesis 

in the lung. Orotic acid is known to enter both the pathway of synthesis 

of DNA and RNA pyrimidine. 'l'hymine which is known to be incorporated 

only in DNA, also showed a striking inhibitory effect. 

Earlier, Boyland and Koller(l954) showed that the fre~ency 

of nuclear abnonnalities produced by urethane was reduced and recovery 

was accelerated by the simultaneous administration of thymine. This 

suggests that urethane might inter fere with cellular synthe sis of thymine 

by inhibiting the methylation of uracil to thymine, so leading to a 

deficiency of thymine. 

The observation by Fink and Fink(l955) suggests that 

not only urethane induced pulmonary adenomata, but also the developmmt 

of spontaneous lung adenomata in mie e may be si gnifi. cantly inhibited by 

the administration of thymine. Furthermore, the incidence of lung 

adenomata indue ed by methylcholanthrene was also reduced by supplemental 

administration of orotic acid (Rcgers,l957b). Since both urethme 
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and methylcholanth rene are potent initiators in mouse skin, it was 

asked whether the action of these agents on epidermal cells might 

not be similar to their action on the lung. 

In Ex.periment VII, the effect of orotic acid on the incidence 

of skin tumeurs induced by an application of 9,10-dimethyl-1,2-

benzanthracene followed by repeated applications of croton oil was 

investigated. Orotic acid was added to the drinking water during the 

stage of initiation, promotion, or both. The resulta were not consistent. 

Mice given orotic acid during promotion produced more tumeurs than 

did control mice given no orotic acid. This might indicate that orotic 

acid accelerates the action of the promotor. However, the group given 

orotic acid during bath initiation and promotion have virtually the 

same tumour yield as did the cmtrol. Probably the administration of 

orotic acid during promotion is without effect. Orotic acid given 

during initiation, in the concentration used in the first experiment, 

did not influence the incidence of tumeurs. It was remarked earlier 

that this could be interpreted in several ways. Firstly, the 

initiating action of urethane or methylcholanthrene on mouse skin might 

be different from the carcinogenic action of these substances on the 

lung. Secondly, the failure to modify tumour incidence by supplemental 

orotic acid administration might be because the amount of orotic acid 

given during initiation was tao small. Thirdly, the initiating action 

of 9,10-dimethyl-1,2-benzanthracene might disturb DNA synthesis at a 

level of disturbance beyond that of orotic acid. 
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These posai biliti es were investigated in Experimmt VIII. 

Tumours were induced by a single application of 9,10-dimethyl-1,2-

benzanthracene followed by repeated applications of croton oil. In 

one group, a concentration of orotic acid 6 times that used before was 

given during initiation. In another, thymine was given by intraperi.toneal 

injections during initiation. 'l'umour yield in the groups given orotic 

acid or thymine was considerably lower than that in the group given 

neither. The inhibitory effect of thymine was apparently a little 

stronger than that of orotic acid. 'l'hus, the resulta of Experi.ment VIII 

are in accord with the finding of Hogers on pulmonary adenomata. Both 

thymine and orotic acid had an inhibitory effect on the initiation by 

9 ,10-dimethyl-1, 2-ba1 zanthracene. 

The resulta suggest that initiatirg action of 9,10-dimethyl-

1,2-benzanth racene on mous e skin is similar to the carci.nogenic action 

of urethane or methylcholantb rene on lung. This is reason able since 

both urethane and methylcholanthrene are also alil.e to act as an 

initiator on mouse skin. Both thymine and orotic acid are known to 

be precursors for the synthesis of DNA, and their inhibitory effect on 

initiation by 9,10-dimethy1-1,2-benzantbracene suggests that the action 

of the initiator might be related to DNA synthesis. What sort of an 

effect 9 ,10-dimethyl-1,2-bEnzanthracene is exerting on tbe DNA is more 

difficult to assess. The speculations proposed by Rogers(l957a) to 

explain tbe inhibitory action of orotic acid and of thymine on urethane 

induced pulmonazy adenomata can also be applied to the present experiment. 
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The initiating action of 9,10-dimethyl-1,2-benzanthracene 

might be due to a nonspecific reduction of the quanti ty of thymine 

available at the time of DNA synthesis. However, there are substances 

which act to reduce the synthesis of thymine, and which show no 

initiating activity. For example, aminopterine is known to interfere 

with the synthesis of thymine (Chargaff & Davidsan,l955), but it has 

not been known as an initiator or carcinogen. Alternatively, the 

initiating action of 9,10-dimethyl-1,2-benzanthracene might be the 

result of temporary interference in the synthesis of certain nucleic 

acid components, which in turn might ultimately lead to a modification 

of the final structure of the nucleic acid molecule. 

The fact that the inhibitory effect of thymine is slightly 

stronger than that of orotic acid might indicate that the nucleic acid 

affected in initiation is DNA rather RNA. ThJ~ne is incorporated 

into DNA only, while orotic acid is incorporated into both DNA and 

RNA. The difference between the two inhibitory powers is, however, 

too slight to deserve much weight. 

In conclusion, the present experimenta suggest that the 

initiating action of 9,10-dimethyl-1,2-benzanthracene on mouse skin 

is similar to the carcinogenic action of urethane or methylcholanthrene 

on the lung. Its action might be related to metabolic interference 

in the s.ynthesis of nucleic acid, probably DNA. 
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SUMMARY 

1. The litera.ture concerned with the development of our knowledge 

of epidermal carcinogenesis and the theory of the two stage carcinogenesis 

is reviewed. Carcinogenesis w:i. th urethane and current speculations 

on the mecha.nism of carcinogenesis, pa.rticularly as related to a 

disturbance in nucleic acid metabolism, are discussed. The dose response 

of animals to the carcinogen used as initiator in the two stage 

carcinogenesis is reviewed. 

2. The dose response of mice to the initiator, 9,10-dimethyl-

1,2-benzanthracene, in two different ccncentra.tions, was studied in 

the two stage process of epidermal carcinogenesis. One or three 

applications of carcinogen given at intervals of one day, one week 

or one month were followed by repeated applications of croton oil. It 

was found that mie e given three applications of the carcinogen at 

intervals of one day, one week or one mooth and then croton oil developed 

more tumours than did mice given a single application of the carcinogen 

and then croton oil. 

3. A similar experiment using an intraperitoneal injection 

or injections of urethane as initiator was performed. It was found 

that mice given three injections of urethane at daily or mcnthly intervals 

and then croton oil developed more tumours than did mice given a single 
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injection of urethane and then croton oil. Mice givEn three injections 

of urethane at intervals of one weEk and then croton oil developed few 

more tumours than did the mice givEn a single injection of urethane and 

then croton oil. 

4. It was shown that three applications of 1.5% 9,10-dimethyl-

1,2-boozanthracene e;iven at interva.ls of one dq, oo.e weEk or oœ month 

ani fo11owed by croton oi1 shortened the latent pericxi, the shortening 

increasing as the intervals between the applications of carcinogen 

1engthened. Three ar;plications of 0.1% 9,10-dimethy1-1,2-benzanthracene 

or three injections of urethane did not ind.uce this effect. 

5. Histologica.l alterations in mouse skin treated by 1.5% or 

0.1% 9 ,10-dimethyl-1,2-benzanthracene were compared when the carcinogen 

was gi ven thr ee times at monthly inter vals. Intense epid erma.l hyperplasia 

with atypicality of epidermal cells was observed in the mouse skin 

treated by the higher cene entration of carcinogen. 

6. The effect of nucleic acid precursors, particularly orotic 

acid and thymine, on the initiation of epidermal carcinogooesis was 

investigated. It was found that administration of orotic acid in high 

concentration and of thymine induced a significant inhibi tory effect 

on tumour formation. 

?. The findings are discussed in the 1ight of the theory of the 

two stage mechanism of carcinogenesis. 
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8. It is concluded that three applications of 1.5% or 0.1% 

9,10-dimethyl-1,2-benzanthracene at intervals of one day, one week 

or one month do not induce a refractory state or a necrotizi.ng effect 

in the skin, but that three injections of urethane at intervals of one 

week may induce a refractory state. 

9. It is suggested that the promoting action of 1.5% 9,10-dimethyl-

1,2-benzanthracene is similar to that of crotcn oil, and that a low 

concentration of the same carcinogen ani urethane has little promoting 

action. 

10. It is suggested that the promoting action of 1.5% 9,10-dimethyl-

1,2-benzanthracene is p3.rtly related to the marked epidermal hyperplasia 

induced. 

11. It is net ed th at though three injections of urethane gi ven at 

daily or weekly intervals gi ve rise to no obvious change in the skin 

of mice, the occurrence of extensive necrosis when crotcn oil is applied 

subsequently to the skin so treated show tha t the urethane did indeed 

produce sorne change in the host, which is manifested in the altered 

reaction of the skin. 

12. It is suggested that the ini tiating action of 9 ,10-dimethyl-

1,2-benzanthracene on mouse skin is similar to the carcinogenic action 

of urethane on lung, and i ts action might be related to the disturbance 

of desoxyribonucleic acid metabolism. 
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CLAIM OF ORIGINALITY 

1. The experimenta clarify the conflict as to whether 

initiation induces a refractory state in mouse skin or a necrotizing 

reaction. Several new observations have been made. 

2. Mice given three applications of 9,10-dimethyl-1,2-benzanthracene 

at various intervals and then croton oil produced consistently more 

tumours than thœ e gi ven a single application of the same carcin ogen 

and then croton oil. These findings show that 9,10-dimethyl-1,2-

benzanthracene did not induce a refractory state and did not produce 

a serious necroti zing reaction. 

3. Mice given three injections of urethane at weekly intervals 

and then croton oil produced about the same number of tumours as those 

given a single injection and then croton oil. This finding pemaps 

suggests that the injections of urethane induced a refractary state, 

but other explanations are possible. 

4. Three injections of urethane given at daily ar weekly 

intervals induce no obvious change in the skin, but extensive necrosis 

develops when croton oil is applied subsequently to the skin so treated. 

The resulta indicate that urethane is responsible for a changed 

sensitivity in the host. 
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5. The shortening of the latent period of papillomata induced 

by three applications of 1.5% 9,10-dimethyl-1,2-benzanthracene at 

intervals of one d.é\}r, one week, or one month followed by croton oil 

has not been reported. The theory that the shortening of the latent 

period is due to the promoting power of the carcinogen and that failure 

to induce the shortening of the latent period by three injections of 

urethane or three applications of 0.1% 9,10-dimethyl-1,2-benzanthracene 

is due to poor promoting power, is put forward. 

6. The theory that promoting action of 9,10-dimethyl-1,2-

benzanthracene is partly related to its power to induce epidermal 

hyperplasia is proposed. 

7. An estimation by a chemical method of the concentration of 

urethane in the blood after intraperitoneal injection has not previously 

been done on mice. 'l'he finding that urethane disappears from the blood 

about seven hours after intraperitoneal injection, and that the pattern 

of disappearance after a single or three injections was similar is 

original. 

8. The supplemental administration of orotic acid or thymine 

during initiation by 9,10-dimethyl-1,2-bmzanthracene reduced the tumour 

yield when croton oil followed. It is proposed that the initiating action 

of 9,10-dimethyl-1,2-benzant.hracene is similar to the carcinogenic action 
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of urethane or methylcholanthrene on the lung. The resulta also 

gi ve further evidence for the theozy th at the action of 9 ,10-dimethyl-

1,2-benzanthracene is r elated to the disturbance of the synthesis or 

the metabolism of desoxyribonucleic acid in the epidermal cella. 
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60 0 
60 0 
59 0 
59 0 
59 0 
58 1 
58 6 
56 19 
56 44 
51 79 
50 91 
47 114 
44 109 
43 117 
41 134 
39 133 
36 128 
36 132 
35 137 
34 145 
32 157 
31 145 
28 128 
27 123 
24 120 
19 99 

Papil1omata Papillomata 
bearing per 

surviwrs survivor 

0 0 
0 0 
0 0 
0 0 
0 0 
1 0.02 
4 0.10 
8 0.34 

13 0.79 
19 1.55 
21 1.82 
23 2.43 
22 2.48 
26 2.71 
23 3.27 
24 3.41 
24 3.56 
23 3.67 
25 3.97 
24 4.26 
25 4.90 
25 4.68 
21 4.54 
20 4.56 
19 5.00 
15 ;.21 

Papillomata 
per 

Papilloma. 
bearing 
surviwr 

0 
0 
0 
0 
0 

1.0 
1.50 
2.38 
3.46 
4.16 
4-33 
4.95 
4.95 
4.50 
5.84 
5.54 
5.33 
5.74 
5.48 
6.04 
6.28 
5.80 
6.10 
6.15 
6.32 
6.60 
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Percentage 
ot 

survivors 
bearing 

Papillomata 

0 
0 
0 
0 
0 

1.7 
6.9 

14.3 
23.2 
37.2 
42.0 
48.9 
50.0 
60.5 
56.1 
61.6 
66.7 
63.7 
71.5 
70.6 
78.1 
80.6 
75.0 
74.1 
79.2 
78.9 

TABLE I 

SUMMARY OF RESULTS OF GROUP I (GAAl 

Humber 
ot new 

Papillomata 
appearing 

0 
0 
0 
0 
0 
1 
5 

12 
26 
36 
17 
30 
25 
18 
28 
13 
14 
14 
8 

10 
18 
10 
9 
5 

12 
3 

Number 
ot 

regressing 
Papll1omata 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
5 
2 

11 
7 
8 

14 
1 

11 
3 
1 
6 

16 
6 
6 
4 
3 

Papll1omata 
per 

survivor 
by 

increment 

0 
0 
0 
0 
0 

0.02 
o.u 
0.33 
0.79 
1.50 
1.84 
2.48 
3.05 
3.47 
4.15 
4.48 
4.87 
5.26 
5.49 
5.78 
6.34 
6.66 
6.98 
7.17 
7.67 
7.83 

Papillomata 
per 

Papilloma 
bearing 

by 
increrœnt 

0 
0 
0 
0 
0 

1.00 
2.25 
3.75 
5.75 
7.64 
8.45 
9.75 

10.89 
11.58 
12.80 
13.34 
13.92 
14-53 
14.85 
15.38 
16.10 
16.50 
16.93 
17.18 
17.81 
18.01 



J.PPENDIX I 

TABlE II 

SUMMARY OF RESULTS OF GROUP II (GAB) 

Weeks of Total 
Croton Oil number 
Treatment Survivors Papillomata 

on survivors 

0 60 0 
1 58 0 
2 55 0 
3 52 0 
4 49 s 
5 44 26 
6 42 49 
7 41 83 
s 40 134 
9 35 170 

10 33 196 
11 30 207 
12 28 196 
13 27 225 
14 26 210 
15 23 165 
16 19 129 
17 13 86 
18 9 59 
19 8 55 
20 7 51 
21 7 52 
22 7 48 
23 6 46 
24 6 46 
25 6 45 

Papillomata Papillomata 
bearing per 

Survivors survivor 

0 0 
0 0 
0 0 
0 0 
6 0.16 

10 0.59 
16 1.17 
21 2.02 
27 3.35 
26 4.86 
26 6.00 
23 6.90 
22 7.00 
22 8.33 
21 s.os 
18 7.18 
14 6.79 
s 6.61 
6 6.55 
6 6.88 
5 7.28 
5 7.44 
5 6.86 
5 7.67 
6 7.67 
6 7.30 

Papil1omata 
per 

Papilloma 
bearing 
surviwr 

0 
0 
0 
0 

1.33 
2.60 
3.06 
3.95 
4.97 
6.54 
7.53 
9.00 
8.91 

10.20 
10.00 
9.17 
9.21 

10.67 
9.83 
9.17 

10.02 
10.50 
9.60 
9.20 
7.67 
7.30 
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Percentage 
of 

survivors 
bearing 

Papil1omata 

0 
0 
0 
0 

12.2 
22.7 
.38.1 
51.2 
67.5 
74 • .3 
78.7 
76.7 
78.5 
81.5 
81.0 
78.2 
7.3.7 
61.5 
66.6 
75.0 
71.4 
71.4 
71.4 
8.3 • .3 

100.0 
100.0 

TABLE II 

SUMMARY OF RESULTS OF GROUP II ( GAB) 

Number 
of new 

Papillomata 
appearing 

0 
0 
0 
0 
8 

18 
24 
.34 
52 
46 
26 
19 
19 
25 
8 
7 
9 
4 
5 
1 
0 
2 
0 
0 
2 
0 

Number 
of 

Regressing 
Papillomata 

0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
4 
2 

12 
5 

15 
1.3 
6 

11 
6 
5 
2 
1 
4 
2 
.3 
.3 

Papillomata 
per 

survivor 
by 

increment 

0 
0 
0 
0 

0.16 
0.57 
1.14 
1.97 
.3.27 
4.58 
5 • .37 
6.00 
6.68 
7.61 
7.92 
8.22 
8.78 
9.09 
9.65 
9.78 
9.78 

10.07 
10.07 
10.07 
10.40 
10.40 

Papillomata 
par 

Papilloma 
bearing 

by 
increment 

0 
0 
0 
0 

1 • .3.3 
.3.1.3 
4.6.3 
6.25 
8.18 
9.95 

10.95 
ll.78 
12.64 
1.3. 78 
14.16 
14.55 
15.19 
15.69 
16.52 
16.69 
16.69 
17.09 
17.09 
17.09 
17.49 
17.49 
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Percent age 
or 

survivors 
bearing 

Papillomata 

0 
0 

9 • .3 
21.7 
.36.6 
51.4 
6.3.6 
68.8 
75.0 
75.8 
76.0 
76.0 
76.0 
79.1 
87.0 
76.5 
78.5 
77.7 
71.4 
71.4 
71.4 
8,3 • .3 
8.3 • .3 
80.0 
80.0 
80.0 

TABLE III 

SUMMARY OF RESULTS OF GROUP III (GAC) 

Number 
or new 

Papillomata 
appaaring 

0 
0 
8 

11 
25 
51 
54 
.30 
.35 
.32 
18 
20 
17 
1.3 
18 

6 
4 
1 
0 
0 
0 
1 
1 
0 
0 
0 

Number 
or 

regressing 
Papillomata 

0 
0 
0 
0 
0 
1 
2 
0 
6 
7 
5 
5 
9 
5 
2 

1.3 
17 
6 
2 
7 
6 
6 
4 
2 
.3 
0 

Papillomata 
par 

survivor 
by 

increment 

0 
0 

0.15 
0 • .39 
0.98 
2.44 
4.08 
5.02 
6.11 
7.21 
7.9.3 
8.7.3 
9.41 
9.95 

10.7.3 
11.16 
11.45 
11.56 
11.56 
11.56 
11.56 
11.7.3 
11.90 
11.90 
11.90 
11.90 

Papilïomata 
per 

Papll1oma 
bearing 

by 
increment 

0 
0 

1.60 
2.70 
4 • .37 
7.20 
9.77 

11.1.3 
12.58 
14.0.3 
14.97 
16.02 
16.91 
17.59 
18.49 
18.95 
19 • .31 
19.45 
19.45 
19.45 
19.45 
19.65 
19.85 
19.85 
19.85 
19.85 
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Weeks of 
croton oil Survivors 
treatment 

0 26 
1 23 
2 23 
3 22 
4 21 
5 21 
6 21 
7 21 
8 21 
9 20 

10 19 
11 18 
12 17 
13 13 
14 12 
15 ll 
16 10 
17 9 
18 7 
19 5 
20 5 
21 3 
22 2 
23 1 
24 1 
25 1 

TABLE IV 

SUMMARY OF RESULTS OF GROUP IV (GAD) 

Total 
num.ber 

Papil1omata 
on survivors 

0 
5 
8 

19 
42 
69 
86 

113 
137 
131 
133 
130 
137 
108 
102 

92 
80 
68 
50 
49 
46 
33 
18 
11 
15 
15 

Papillom.ata 
bearing 

survivors 

0 
3 
5 
8 

ll 
14 
15 
16 
15 
13 
12 
12 
12 
10 
9 
9 
9 
8 
5 
4 
4 
3 
2 
1 
1 
1 

Papil1omata 
}:'8r 

survivor 

0 
0.22 
0.35 
0.86 
2.00 
3.29 
4.10 
5.38 
6.52 
6.55 
7.00 
7.22 
8.06 
8.22 
8.50 
8.36 
8.00 
7.56 
7.14 
9.80 
9.04 

ll.OO 
9.00 

ll.OO 
15.00 
15.00 

Papillomata 
J:8r 

Papilloma 
bearing 
surviwr 

0 
1.67 
1.60 
2.38 
3.82 
4.93 
5.73 
7.06 
9.13 

10.08 
ll.09 
10.83 
ll.4l 
10.80 
11.33 
10.22 

8.89 
8.;o 

10.00 
12.25 
u.;o 
ll.OO 
9.00 

ll.OO 
15.00 
15.00 
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Percentage 
of 

survivors 
bearing 

Papillomata 

0 
13.0 
21.7 
.36.0 
52.4 
67.0 
71.5 
76.2 
71.5 
65.0 
63.1 
66.6 
70.5 
76.9 
75.0 
81.8 
90.0 
88.9 
71 • .3 
80.0 
80.0 

100.0 
100.0 
100.0 
100.0 
100.0 

TABLE IV 

SUMMARY OF RESULTS OF GROUP IV (GAD) 

Number Number 
of new of 

Papillomata re gre seing 
appearing Papillomata 

0 0 
5 0 
3 0 

13 0 
21 0 
28 1 
21 4 
37 0 
26 1 

5 10 
12 9 
13 1 
li 4 
6 2 

1.3 2 
2 12 
0 12 
1 6 
1 2 
2 2 
2 5 
0 4 
0 3 
1 0 
4 0 
0 0 

Papillomata 
per 

survivor 
by 

increment 

0 
0.22 
0.35 
0.94 
1.94 
3.27 
4.27 
6.03 
7.27 
7.52 
8.15 
8.87 
9.52 
9.98 

ll.06 
ll.24 
ll.24 
11 • .35 
11.49 
ll.89 
12.29 
12.29 
12.29 
1.3.29 
17.29 
17.29 

Papillomata 
per 

Papil1oma 
bearing 

by 
increment 

0 
1.67 
2.27 
.3.90 
5.81 
7.81 
9.21 

ll.52 
1.3.25 
13.6.3 
14.63 
15.71 
16.62 
17.22 
18.66 
18.88 
18.88 
19.01 
19.21 
19.71 
20.21 
20.21 
20.21 
21.21 
25.21 
25.21 
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Weeks of 
croton oil 
Treatment 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

TABLE V 

SUMMARY OF RESULTS OF GBOUP V ( GAE) 

Survivors 

60 
60 
59 
59 
58 
58 
57 
54 
53 
51 
49 
48 
47 
43 
41 
40 
39 
38 
35 
31 
30 
26 
25 
22 
22 
21 

Total 
number 

Papilloma.ta 
of survivors 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
0 
0 
0 

Papillomata 
bearing 

survivors 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
0 
0 
0 
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Weeks of 
croton oil 
Treatment 

0 
1 
2 
.3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
1.3 
14 
15 
16 
17 
18 
19 
20 
21 
22 
2.3 
24 
25 

TABlE VI 

SUMMARY OF RESULTS OF GROUP VI ( GAF) 

Survivors 

29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
25 
24 
2.3 
21 
18 
17 
16 
16 
15 
14 
14 
10 

9 
9 
7 
7 

Total 
Number 

Papil1omata 
or survivors 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Papillomata 
bearing 

survivors 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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Weeks of 
Croton Oil 
Treatment 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
li 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

TABLE VII 

SUMMARY OF RESULTS OF GROUP VII (GAG) 

Survivors 

30 
30 
30 
28 
28 
22 
22 
20 
20 
20 
20 
20 
19 
17 
17 
13 
li 
11 
11 
10 
10 

9 
9 
9 
9 
9 

Total 
number 

Papillomata 
of survivors 

0 
0 
0 
0 
1 
1 
3 
2 
2 
2 
2 
2 
2 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

Papillomata 
bearing 

survivors 

0 
0 
0 
0 
1 
1 
3 
2 
2 
2 
2 
2 
2 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
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TABLE VIII 

SUMMARY OF RFSULTS OF GROUP VIII (GAH) 

Weeks of 
croton oil Survivors 
Treatment 

0 30 
1 28 
2 27 
3 27 
4 27 
5 26 
6 24 
7 23 
8 23 
9 23 

10 23 
11 21 
12 19 
13 18 
14 16 
15 16 
16 15 
17 10 
18 9 
19 8 
20 7 
21 6 
22 6 
23 6 
24 5 
25 4 

Total 
number 

Papillomata 
on survi vors 

0 
0 
7 

19 
22 
27 
27 
18 
18 
17 
16 
15 

5 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
5 
5 
4 

Papll1omata 
bearing 

survivors 

0 
0 
3 
7 
9 
9 
9 
8 
7 
6 
6 
5 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

Papillome. ta 
per 

survivor 

0 
0 

0.27 
0.70 
0.71 
1.04 
1.12 
0.78 
0.78 
0.74 
0.69 
0.71 
0.26 
0.33 
0.37 
0.37 
0.40 
0.60 
0.67 
0.67 
0.71 
1.00 
1.00 
0.83 
1.00 
1.00 
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TABLE VIII 

SUMMARY OF RESULTS OF GROUP VIII (GAH) 

Papil1omata 
J:8r 

Papilloma 
bearing 
survivor 

0 
0 

2 • .33 
2.71 
2.44 
3.00 
.).00 
2.25 
2.57 
2.8.3 
2.67 
3.00 
1.67 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
1.67 
1.33 

Percentage 
or 

survivors 
bearing 

Papil1omata 

0 
0 

11.1 
26.9 
29.6 
34.6 
37.5 
34.7 
30.4 
26.0 
26.1 
23.8 
15.8 
16.7 
18.7 
18.7 
20.0 
33.0 
.30.0 
37.5 
42.9 
50.0 
50.0 
50.0 
60.0 
75.0 

Number 
or new 

Papil1omata 
appearing 

0 
0 
7 

12 
3 
6 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Number 
or 

regressing 
Papillomata 

0 
0 
0 
0 
0 
1 
0 
1 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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Weeks of 
croton oil 
Treatment 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
ll 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

TABLE IX 

SUMMARY OF RESULTS OF GOOUP II (GAI) 

Survivors 

29 
29 
29 
29 
28 
28 
26 
20 
19 
18 
16 
14 
13 
13 
13 
13 
10 
s 
s 
8 
6 
6 
6 
5 
5 
4 

Total 
num.ber 

Papillomata 
of survivors 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

Papillomata 
bearing 

survbors 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
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FIGURE I 

PapiUomata per Survivor 
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FIGURE II 

Papillomata per Papi/loma Bearing fV/ouse 
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FIGURE III 

Percentage of Mtce Bearing RJpillomata 
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FIGURE IV 

Morta li ty Rate 
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GROUP II 

DMBA 3x daily 

and CO 

One week after 
CO Treatment 

FIGURE V 

REACTION OF MOUSE SKIN TO CARCINOGEN 

GROUP I 

DMBA once and CO 

One week after 
CO Treatment 



APPENDIX I 

GROUP VII 

DMBA 3x weekly 

No CO 

FIGURE VI 

CARCINOMATA ON MOUSE SKIN 

GROUP VII 

DMBA 3x we ekly 

no CO 
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SUMMARY OF THE RESULTS OF EXPERIMENT II 
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Weeks of 
croton oil Survi vors 
treatment 

0 59 
1 54 
2 44 
3 37 
4 33 
5 33 
6 32 
7 31 
8 28 
9 28 

10 27 
11 26 
12 24 
13 22 
14 19 
15 14 
16 13 
17 11 
18 10 
19 8 
20 s 

TABLE I 

SUMMARY OF RESULTS OF GROUP I (GCA) 

Total 
number 

Papll1omata 
on survivors 

0 
1 
4 
6 

17 
46 
64 
93 

120 
146 
179 
199 
203 
182 
181 
140 
138 
125 
119 

58 
58 

PapUlomata 
bearing 

survivors 

0 
1 
4 
6 

11 
18 
20 
21 
22 
24 
22 
20 
21 
18 
16 
12 
11 
10 
10 
8 
7 

Papillomata 
ptr 

Papillomata Papilloma 
per bearing 

survivor survivor 

0 0 
0.02 1.0 
0.1 1.0 
0.2 1.0 
0.5 1.6 
1.4 2.8 
2.0 3.2 
3.0 4.4 
4.3 5.5 
5.2 6.1 
6.6 8.2 
7.7 10.0 
8.5 9.7 
8.3 10.1 
9.5 11.3 

10.0 11.7 
10.6 12.6 
11.4 12.5 
11.9 11.9 
7.3 7.3 
7.3 8.3 
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Percentage 
of 

survivors 
bearing 

Papillomata 

0 
1.8 
9.0 

16.2 
33.3 
54.5 
62.5 
67.7 
78.5 
85.7 
81.5 
76.9 
87.5 
81.8 
84.3 
85.7 
84.6 
90.9 

100.0 
100.0 
87.5 

TABIE I 

SUMMARY OF RESULTS OF GROUP I ( GCA.) 

Number 
of new 

Papillomata 
appearing 

0 
1 
3 
2 
ll 
31 
16 
29 
29 
29 
34 
25 
13 
19 
11 
12 
11 

2 
1 
0 
2 

Number 
of 

regressing 
Papil1oma.ta 

0 
0 
0 
0 
0 
0 
0 
0 
3 
3 
0 
5 
ll 
ll 
1 
2 
8 

11 
7 
2 
3 

Papillomata 
per 

survivor 
by 

increment 

0 
0.02 
0.09 
0.14 
o.; 
1.4 
1.9 
2.8 
3.9 
4.9 
6.2 
7.1 
7.7 
8.5 
9.1 

10.0 
10.8 
11.0 
11.1 
11.1 
11.4 

Papillomata 
per 

Papil1oma 
bearing 

by 
increment. 

0 
1 

1.8 
2.1 
3.1 
4.8 
5.6 
7.0 
8.3 
9.; 

u.o 
12.3 
12.9 
14.0 
14.7 
15.7 
16.7 
16.9 
17.0 
17.0 
17.2 
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Weeks of 
croton o1l 
treatlœnt 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

TABLE II 

SUMMARY OF RESULTS OF GROUP II (GCB) 

Survivors 

60 
59 
54 
46 
43 
38 
36 
35 
33 
30 
28 
28 
28 
27 
26 
23 
22 
22 
21 
21 
21 

Total 
number of 
Pa pillomata 
on survivor 

0 
0 
0 
0 
0 
0 
0 
1 
2 
3 
4 
5 
5 
5 
4 
3 
3 
2 
2 
2 
2 

Papillomata 
bearing 

survivors 

0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
2 
2 
2 
1 
2 
2 
2 
2 
2 
2 
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SUMM.A.RY OF THE RESULTS OF EXPERlMENT III 
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Weeks ot 
croton oU Survivors 
treatœnt 

0 52 
1 51 
2 50 
3 50 
4 50 
5 ;o 
6 50 
7 50 
8 50 
9 50 

10 49 
11 49 
12 49 
13 48 
l4 48 
15 46 
16 44 
17 44 
18 44 
19 44 
20 44 
21 44 
22 42 

TABlE I 

SUMMA.RY OF RESULTS OF GROUP I (GJA) 

Total 
number 

Papillomata 
on survivors 

0 
0 
0 
0 
0 
0 
3 
9 

31 
62 
99 

133 
186 
201 
236 
235 
233 
239 
235 
273 
290 
287 
259 

Papillomata 
bearing 

survivors 

0 
0 
0 
0 
0 
0 
1 
3 

10 
16 
19 
23 
25 
27 
27 
25 
25 
25 
24 
26 
27 
26 
25 

Pa.pillomata 
per 

survivor 

0 
0 
0 
0 
0 
0 

o.o6 
0.18 
0.62 
1.24 
2.02 
2.92 
3.79 
4.19 
4.92 
5.11 
5.30 
5.43 
5.34 
6.20 
6.59 
6.52 
6.16 

Papi11omata 
per 

PapUloma. 
bearing 
survivor 

0 
0 
0 
0 
0 
0 

3.0 
3.0 
3.1 
3.9 
5.2 
5.8 
7.4 
7.4 
8.7 
9.4 
9.3 
9.6 
9.8 

10.5 
10.7 
11.0 
10.4 
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Percentage 
or 

survivors 
bearing 

Papillomata 

0 
0 
0 
0 
0 
0 

2.0 
6.0 

20.0 
32.0 
38.8 
46.9 
51.0 
56.2 
56.2 
54.3 
56.8 
56.8 
54.5 
59.1 
61.4 
59.1 
59.5 

TABLE I 

SUMMARY OF RESULTS OF GROUP I ( GJA) 

Number Number 
or new or 

Papi11omata regressing 
appearing Papil1omata 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
3 0 
6 0 

22 0 
31 0 
37 0 
36 2 
54 1 
29 1 
37 2 
15 4 
10 9 
15 9 
11 15 
45 7 
19 2 

6 9 
0 11 

Papi11omata 
per 

survivor 
by 

increment 

0 
0 
0 
0 
0 
0 

0.06 
0.18 
0.62 
1.24 
2.00 
2.73 
3.83 
4.43 
5.20 
5-53 
5.76 
6.10 
6.35 
7.37 
7.80 
7.94 
7.94 

Papillomata 
per 

Papilloma 
bearing 

by 
increment 

0 
0 
0 
0 
0 
0 

3.0 
5.0 
7.2 
9.1 

11.0 
12.6 
14.8 
15.9 
17.3 
17.6 
18.0 
18.6 
19.1 
20.8 
21.5 
21.7 
21.7 
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Weeks of 
croton oU Survi vors 
treatment 

0 49 
l 48 
2 48 
3 48 
4 48 
5 48 
6 48 
7 48 
8 47 
9 47 

10 46 
il 46 
l2 46 
13 46 
14 46 
15 46 
16 46 
17 46 
18 46 
19 46 
20 46 
21 46 
22 46 

TABLE II 

SUMMARY OF RESULTS OF GROUP II ( GJB) 

Total 
number 

Papillomata 
on survivors 

0 
0 
0 
0 
0 

14 
39 
61 

108 
205 
216 
355 
475 
523 
546 
554 
574 
551 
523 
545 
517 
477 
440 

PapUlomata 
bearing 

survivors 

0 
0 
0 
0 
0 
2 
5 
9 

14 
25 
24 
30 
34 
35 
37 
39 
40 
40 
38 
40 
39 
39 
38 

Papilloma.ta 
per 

survivor 

0 
0 
0 
0 
0 

0.29 
0.81 
1.27 
2.30 
4.36 
4.70 
7.72 

10.33 
11.37 
11.87 
12.04 
12.48 
11.98 
11.37 
11.85 
11.24 
10.37 
9.57 

Papillomata 
per 

Papilloma 
bearing 
survivor 

0 
0 
0 
0 
0 

7.0 
7.8 
6.8 
7.7 
8.2 
9.0 

11.5 
14.0 
14.9 
14.8 
14.2 
14.4 
13.8 
13.8 
13.6 
13.3 
12.2 
11.6 
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TABLE II 

SUMMARY OF RESULTS OF GROUP II ( GJB) 

Percentage 
of 

survivors 
bearing 

Papillomata 

0 
0 
0 
0 
0 

4.2 
10.4 
18.8 
29.8 
53.2 
52.2 
65.2 
73.9 
76.1 
80.4 
84.8 
87.0 
87.0 
82.5 
87.0 
84.8 
84.8 
82.5 

Number 
of new 

Papillomata 
appearing 

0 
0 
0 
0 
0 

14 
25 
22 
39 
97 
20 

109 
140 

47 
44 
24 
37 

5 
5 

75 
14 
0 
3 

Num.ber 
of 

regressing 
Papil1omata 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 

ll 
16 
17 
28 
33 
53 
42 
40 
40 

Papil1omata 
par 

survivor 
by 

increment 

0 
0 
0 
0 
0 

0.29 
o.81 
1.27 
2.10 
4.16 
4.59 
6.96 

10.39 
ll.4l 
12.37 
12.89 
13.69 
13.80 
13.91 
15.54 
15.84 
15.84 
15.91 

Papillomata 
par 

Papilloma 
bearing 

by 
increment 

0 
0 
0 
0 
0 

7.0 
12.0 
14.4 
17.2 
21.1 
21.9 
25.5 
29.6 
30.9 
32.1 
32.7 
33.6 
33.7 
33.8 
35.4 
35.8 
35.8 
35.9 
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Weeks of 
croton oil Survivors 
treatment 

0 48 
1 45 
2 43 
3 42 
4 42 
5 41 
6 40 
7 40 
a .39 
9 39 

10 39 
il 39 
12 39 
1.3 38 
l4 .38 
15 .38 
16 .38 
17 38 
18 37 
19 37 
20 37 
2l 35 
22 34 

TABLE III 

SUMMARY OF RESULTS OF GROUP III ( GJC) 

Total 
number 

Papillomata 
on survivors 

0 
0 
0 
0 
0 
0 
0 
0 

17 
62 

145 
195 
278 
3.34 
.356 
.374 
405 
504 
522 
50S 
498 
474 
444 

Papillomata 
bearing 

survivors 

0 
0 
0 
0 
0 
0 
0 
0 
7 

15 
20 
2.3 
24 
27 
28 
.31 
.32 
.32 
32 
32 
31 
30 
29 

Papillomata 
~r 

survivor 

0 
0 
0 
0 
0 
0 
0 
0 

0.44 
1.59 
2.1.3 
5.00 
7.13 
8.79 
9.37 
9.84 

10.66 
1,3.26 
l4.ll 
1.3. 73 
13.46 
13.54 
13.06 

Papillomata 
~r 

Papilloma 
bearing 
survivor 

0 
0 
0 
0 
0 
0 
0 
0 

2.4 
4.1 
7.3 
8.5 

U.6 
12.4 
12.7 
12.1 
12.7 
15.8 
16 • .3 
15.9 
16.1 
15.8 
15.31 
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TABlE III 

SUM.MARY OF RESULTS OF GROUP III (GJC) 

Percentage 
of 

survivors 
bearing 

Papillomata 

0 
0 
0 
0 
0 
0 
0 
0 

17.9 
38.5 
51.3 
59.9 
61.5 
71.1 
73.7 
81.6 
84.2 
84.2 
89.1 
89.1 
83.8 
85.7 
85.3 

Number 
of new 

Papillomata 
appearing 

0 
0 
0 
0 
0 
0 
0 
0 

17 
45 
S3 
50 
83 
57 
24 
31 
38 

12.3 
33 
4 
8 
6 
3 

Number 
of 

regressing 
Papillomata 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
2 
3 

17 
24 
8 

18 
18 
27 
21 

Papillomata 
per 

survivor 
by 

increment 

0 
0 
0 
0 
0 
0 
0 
0 

0.44 
2.59 
4.72 
6.00 
8.13 
9.63 

10.26 
ll.08 
12.08 
J.5.,32 
16.21 
16.32 
16.54 
16.71 
16.80 

Papillomata 
per 

Papilloma 
bearing 

by 
increment 

0 
0 
0 
0 
0 
0 
0 
0 

2.4 
5.4 
9.6 

u.s 
15.3 
17.4 
18.3 
19.3 
20.5 
24 • .3 
25.3 
25.4 
25.7 
25.9 
26.0 
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Weeks of 
croton oil Survivors 
treatm.ent 

0 52 
1 44 
2 44 
3 44 
4 44 
5 44 
6 42 
7 42 
8 41 
9 41 

10 40 
11 40 
12 40 
13 40 
14 40 
15 40 
16 39 
17 38 
18 37 
19 36 
20 36 
21 36 
22 33 

TABLE IV 

SUMMARY OF RESULTS OF GROUP IV ( GJD) 

Total 
num.ber 

Papilloma.ta 
on survivors 

0 
0 
0 
0 
0 
0 
9 

21 
46 
94 

119 
194 
263 
267 
273 
280 
280 
276 
282 
291 
290 
284 
263 

Papilloma.ta 
bearing 

survivors 

0 
0 
0 
0 
0 
0 
4 
8 
9 

13 
15 
20 
24 
24 
24 
23 
24 
25 
24 
25 
25 
24 
20 

Papillomata 
per 

survivor 

0 
0 
0 
0 
0 
0 

0.21 
0.5 
1.12 
2.3 
2.98 
4.85 
6.58 
6.67 
6.83 
7.00 
7.18 
7.26 
7.62 
8.08 
8.06 
7.89 
7.97 

Papillomata 
per 

Papilloma 
bearing 
survivor 

0 
0 
0 
0 
0 
0 

2.3 
2.6 
5.1 
7.2 
7.7 
9.7 

11.0 
11.1 
11.4 
12.2 
11.7 
11.0 
11.8 
11.6 
11.6 
11.8 
11.4 
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Percentage 
of 

survivors 
bearing 

Papillom.ata 

0 
0 
0 
0 
0 
0 

9.5 
19.0 
21.9 
31.7 
37.5 
50.0 
60.0 
60.0 
60.0 
57.5 
61.5 
65.8 
64.9 
69.4 
69.4 
66.7 
69.7 

TABLE IV 

SUMMARY OF RESULTS OF GROUP IV ( GJD) 

Num.ber 
of new 

PapU1omata 
appearing 

0 
0 
0 
0 
0 
0 
9 

12 
25 
48 
25 
75 
69 
6 
8 

16 
19 
8 

16 
19 
4 

12 
0 

Number 
or 

regressing 
PapU1omata 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
2 
9 
9 

12 
7 

10 
5 

18 
20 

Papillomata 
per 

survivor 
by 

increment 

0 
0 
0 
0 
0 
0 

0.21 
0.50 
1.11 
2.28 
2.91 
4.79 
6.52 
6.67 
6.87 
7.27 
7.76 
8.08 
8.27 
8.55 
8.66 
8.99 
8.99 

Papillomata 
per 

Papillom.a 
bearing 

by 
increment 

0 
0 
0 
0 
0 
0 

2.3 
3.8 
6.6 

10.3 
12.0 
15.8 
18.7 
19.0 
19.3 
20.0 
20.8 
21.1 
21.8 
22.6 
22.8 
23.3 
23.3 
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TABLE V 

SUMMARY OF RESULTS OF GROUP V ( GJE) 

Weeks of Total Papillomata 
croton oil Survivors number bearing 
treatment Papillome. ta survivors 

on survivors 

0 27 0 0 
1 27 0 0 
2 27 0 0 
3 27 0 0 
4 26 0 0 
5 26 0 0 
6 25 0 0 
7 25 0 0 
8 25 0 0 
9 25 0 0 

10 25 0 0 
ll 24 0 0 
12 24 0 0 
13 24 0 0 
14 24 0 0 
15 24 0 0 
16 24 0 0 
17 24 0 0 
18 24 0 0 
19 23 0 0 
20 23 0 0 
21 23 0 0 
22 23 0 0 
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TABLE VI 

SUMMARY OF RESULTS OF GROUP VI (GJF) 

Weeks of 
croton oil 
treatment 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
ll 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

Survivors 

26 
26 
22 
21 
21 
21 
20 
19 
19 
19 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
17 
17 
17 

Total 
number 

Papillomata 
on survivors 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4 
4 
; 
6 
6 
7 
7 
6 
7 

Papillomata 
bearing 

survivors 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
3 
4 
5 
5 
5 
4 
4 
5 
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Weeks or 
croton oil 
treatment 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

TABLE VII 

SUMMARY OF RESULTS OF GROUP VII ( GJG) 

Survivors 

24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
22 
22 
22 
21 
20 
20 
20 
19 
19 
19 

Total 
number 

Pa pillomata. 
on sur vi vors 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Pa.pilloma.ta 
bea.ring 

survivors 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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Weeks of 
croton oil 
treatment 

0 
1 
2 
3 
4 
5 
6 
7 
g 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

TABlE VIII 

SUMMARY OF RESULTS OF GROUP VIII ( GJH) 

Total 
number Papilloma.ta 

Survivors Papillomata bearing 
on survivors survivors 

30 0 0 
29 0 0 
29 0 0 
29 0 0 
29 0 0 
29 0 0 
2S 0 0 
2S 0 0 
2S 0 0 
2S 3 1 
2S 4 1 
2S 4 1 
2S 4 1 
2S 7 1 
2S g 1 
2S g 1 
2S g 1 
28 9 1 
28 9 1 
28 9 1 
2S g 1 
2S 8 1 
28 7 1 
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Weeks of 
croton oil 
treatment 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
ll 
12 
13 
14 
1.5 
16 
17 
18 
19 
20 
21 
22 

TABLE IX 

SUMMARY OF RESULTS OF GROUP IX (GJI) 

Survivors 

26 
25 
25 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
23 
22 
22 

Total 
number 

Papilloma.ta 
on survivors 

0 
0 
0 
0 
0 
0 
0 
8 
8 
8 
8 
8 
7 
5 
5 
.5 
4 
1 
0 
0 
0 
1 
1 

Papillomata 
bearing 

survivors 

0 
0 
0 
0 
0 
0 
0 
3 
3 
3 
3 
3 
3 
3 
3 
3 
2 
1 
0 
0 
0 
1 
1 
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FIGURE II 

Papillomata per Papilloma Bearing Mouse 
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FIGURE III 

Percentage or Mice Bearing papillomata 
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FIGURE IV 

Mortality Rate 
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SUMMARY OF THE RESULTS OF EXPERIMENI' V 



APPENDIX IV 

Weeks after the beginning 
of experiment 

Group I 
Urethane lx & c.o. 
Group II 

TABLE I 

AVERAGE WEIGHT OF MOOSE IN EACH GROUP 

0 1 2 3 4 5 6 8 10 12 

21.~-- 21.1 21.3 22.2 24.2 ?4~9 25.2 26.7 27.4 27.3 

Urethane 3x daily & c.o. 21.4 18.7 19.5 21.8 23.1 24.6 25.5 26.3 27.8 29.7 

Group III 
Urethane 3x week1y & C.O. 21.3 20.6 19.8 21.6 22.9 24.7 25.7 27.8 29.2 30.4 

~çD 

Urethane 3x month1y & c.o. 21.6 21.0 21.3 23.9 24.3 23.8 24.8 26.1 25.7 27.2 

~çV 
C.O. only 20.6 21.2 20.7 22.3 23.2 23.8 24.6 26.3 26.9 27.6 

Group VI 
Urethane lx 

Group VII 

20.3 20.9 21.1 23.1 ~.4 ?4.0 24.5 25.0 25.9 ?7.3 

Urethane 3x daily 20.9 18.8 19.9 22.4 23.9 24.1 24.8 25.9 26.4 27.4 

Group VIII 
Urethane 3x week1y 20.6 20.5 21.2 22.3 24.6 25.5 27.0 27.9 27.8 29.0 

Group IX 
Urethane 3x month1y 20.3 20.6 21.4 23.4 24.1 23.2 23.8 25.3 24.8 25.1 
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Percent age 
of 

survivors 
bearing 

Papillomata 

0 
0 
0 
0 
0 
0 
0 
0 

1.7 
13.6 
22.8 
32.1 
38.8 
34.7 
45.7 
48.9 
51.2 
55.0 
59.5 
65.7 
71.9 
74.2 
70.0 
75.0 
79.1 
77.3 

TABLE II 

SUMMARY OF RESULTS OF GROUP I ( GBA) 

Num.ber 
of new 

Papillomata 
appearing 

0 
0 
0 
0 
0 
0 
0 
0 
2 

13 
14 
9 
6 
3 
6 
7 
2 

10 
5 
7 

11 
3 
4 
4 
3 
6 

Number 
of 

regressing 
Papillomata 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
7 
1 
1 
2 
2 
0 
0 
1 
5 
4 
5 
5 
3 

Papillomata 
per 

survivor 
by 

increment 

0 
0 
0 
0 
0 
0 
0 
0 

0.03 
0.25 
0.50 
0.67 
0.79 
0.85 
0.98 
1.14 
1.19 
1.44 
1.58 
1.78 
2.12 
2.22 
2.35 
2.49 
2.62 
2.89 

Papillomata 
per 

Papilloma 
bearing 

by 
increment 

0 
0 
0 
0 
0 
0 
0 
0 

2.0 
2.87 
3.35 
3.52 
3.64 
3.70 
3.83 
3.99 
4.04 
4.29 
4.41 
4.61 
4.95 
5.05 
5.18 
5.32 
5.45 
5.72 
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Weeks of 
croton oil Survivors 
trea.tment 

0 69 
1 67 
2 65 
3 63 
4 61 
5 59 
6 59 
7 59 
8 59 
9 59 

10 57 
11 53 
12 49 
13 49 
14 46 
15 45 
16 41 
17 40 
18 37 
19 35 
20 32 
21 31 
22 30 
23 29 
24 24 
25 22 

TABLE II 

SU:MMARY OF RESULTS OF GROUP I ( GBA) 

Tota.l 
number 

Papi11omata 
on survi vors 

0 
0 
0 
0 
0 
0 
0 
0 
2 

15 
29 
38 
44 
40 
44 
52 
53 
61 
66 
73 
82 
80 
78 
77 
72 
71 

Pa.pillomata 
bearing 

survivors 

0 
0 
0 
0 
0 
0 
0 
0 
1 
8 

13 
17 
19 
17 
21 
22 
21 
22 
22 
23 
23 
23 
21 
21 
19 
17 

Papilloma.ta. 
per 

survivor 

0 
0 
0 
0 
0 
0 
0 
0 

0.03 
0.25 
0.51 
0.72 
0.90 
0.82 
0.95 
1.16 
1.29 
1.53 
1.78 
2.09 
2.56 
2.58 
2.60 
2.65 
3.00 
3.23 

Papil1oma.ta. 
per 

Pa.pilloma 
bea.ring 
survivor 

0 
0 
0 
0 
0 
0 
0 
0 

2.0 
1.88 
2.23 
2.24 
2.32 
2.35 
2.09 
2.36 
2.52 
2.77 
3.00 
3.27 
3.57 
3.45 
3.71 
3.67 
3.79 
4.17 
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TABLE Ill 

SUMVJ!RY OF RESULTS OF GFIOUP II ( GBB) 

Percentage 
or 

survivors 
bearing 

Papil1omata 

0 
0 
0 
0 
0 
0 
0 

5.7 
11.1 
20.0 
36.4 
36.4 
42.9 
40.0 
40.0 
42.1 
44.4 
41.2 
40.0 
42.9 
38.5 
41.7 
41.7 
41.7 
33.3 
36.4 

Number 
of new 

Papillom.ata 
appearing 

0 
0 
0 
0 
0 
0 
0 
3 
7 

13 
13 
7 

10 
6 
6 

10 
6 
4 
3 
3 
3 
2 
2 
2 
0 
2 

Number 
of 

regressing 
Papillomata 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
2 
2 
1 
3 
3 
6 
0 
2 
0 
2 
5 
0 

Papillomata 
per 

surviwr 
by 

increment 

0 
0 
0 
0 
0 
0 
0 

0.09 
0.35 
0.87 
1.46 
1.78 
2.26 
2.56 
2.86 
3.39 
3.72 
3.96 
4.16 
4.38 
4.61 
4.79 
4.97 
5.15 
5.15 
5.33 

Papillomata 
p:Jr 

Papilloma 
bearing 

by 
increment 

0 
0 
0 
0 
0 
0 
0 

1.50 
3.88 
6.~ 
8.10 
8.98 

10.09 
10.84 
11.59 
12.84 
13.59 
14.16 
14.66 
15.16 
15.76 
16.16 
16.56 
16.96 
16.96 
17.46 
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Weeks of 
croton oil Survivors 
treatment 

0 64 
1 52 
2 46 
3 39 
4 37 
5 37 
6 36 
7 35 
8 27 
9 25 

10 22 
il 22 
12 21 
13 20 
14 20 
15 19 
16 18 
17 17 
18 15 
19 14 
20 13 
21 12 
22 12 
2.3 12 
24 12 
25 11 

TABLE III 

StmMARY OF RESULTS OF GROUP II ( GBB) 

Total 
number 

Papillomata 
on survivors 

0 
0 
0 
0 
0 
0 
0 
3 

10 
2.3 
36 
43 
5.3 
57 
61 
69 
73 
72 
52 
44 
30 
.30 
32 
.32 
27 
32 

Papillomata 
bearing 

survivors 

0 
0 
0 
0 
0 
0 
0 
2 
.3 
5 
8 
8 
9 
8 
8 
8 
8 
7 
6 
6 
5 
5 
5 
5 
4 
4 

Papillomata 
per 

survivor 

0 
0 
0 
0 
0 
0 
0 

0.09 
0 • .37 
0.92 
1.64 
1.95 
2.52 
2.85 
3.05 
3.63 
4.06 
4.24 
3.47 
3.14 
2.31 
2.50 
2.67 
2.67 
2.25 
2.91 

Papillomata 
per 

Papilloma 
bearing 
survivor 

0 
0 
0 
0 
0 
0 
0 

1.50 
3.33 
4.60 
4.50 
5 • .37 
5.78 
7.13 
7.63 
8.63 
9.1.3 

10.29 
8.67 
7.33 
6.00 
6.00 
6.40 
6.40 
6.75 
8.00 
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TABLE IV 

SUMM.ARY OF RESULTS OF GROUP III ( GBC) 

Total 
Weeks of numbe r 
croton oil Survi vors Papillomata 
treatment on survivors 

0 50 0 
1 46 0 
2 43 0 
3 42 0 
4 41 0 
5 41 1 
6 34 1 
7 34 2 
8 33 5 
9 30 10 

10 29 16 
11 29 23 
12 26 22 
13 24 34 
14 23 37 
15 23 42 
16 22 43 
17 19 ;o 
18 18 55 
19 16 50 
20 16 48 
21 13 .38 
22 12 34 
23 11 31 
24 10 .31 
25 9 26 

Papillomata 
bear:ing 

survivors 

0 
0 
0 
0 
0 
1 
1 
2 
4 
8 
8 
8 
8 
8 
8 
9 

10 
10 
10 

8 
7 
6 
6 
6 
5 
4 

Papillomata 
per 

survivor 

0 
0 
0 
0 
0 

0.02 
0.03 
0.06 
0.15 
0.33 
0.55 
0.79 
0.85 
1.42 
1.61 
1.87 
1.95 
2.63 
3.06 
,3.13 
.3.00 
2.92 
2.83 
2.82 
3.10 
2.89 

Papillomata 
per 

Papilloma 
bear:ing 
survivor 

0 
0 
0 
0 
0 

1.00 
1.00 
1.00 
1.25 
1.25 
2.00 
2.88 
2.75 
4.25 
4.63 
4.67 
4.30 
5.00 
;.;o 
6.25 
6.86 
6.33 
;.67 
5.17 
6.20 
6.50 
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TABLE IV 

SUMMARY OF RESULTS OF GROUP III ( GBC) 

Percentage 
of 

survivors 
bearing 

Papilloma.ta 

0 
0 
0 
0 
0 

2.4 
2.9 
5.9 

12.2 
26.7 
27.6 
27.6 
30.8 
33.3 
34.8 
39.1 
45.5 
52.6 
55.6 
50.0 
43.7 
46.2 
50.0 
54.5 
50.0 
44.4 

Number Number 
of new of 

Papillomata regressing 
appearing Papillomata 

0 0 
0 0 
0 0 
0 0 
0 0 
1 0 
0 0 
1 0 
3 0 
7 0 
4 0 
7 0 
2 3 

12 0 
5 2 
8 2 
4 3 

10 1 
6 1 
5 3 
2 3 
1 3 
2 4 
1 4 
3 0 
0 4 

Papillomata 
per 

survivor 
by 

increment 

0 
0 
0 
0 
0 

0.02 
0.02 
0.05 
0.14 
0.37 
0.51 
0.75 
0.83 
1.33 
1.55 
1.90 
2.08 
2.61 
2.94 
3.25 
3.38 
3.46 
).63 
3.72 
4.02 
4.02 

PapUloma.ta 
per 

Pa.pU1oma. 
bearing 

by 
increment 

0 
0 
0 
0 
0 

1.00 
1.00 
1.50 
2.25 
3.13 
3.53 
4.41 
4.66 
6.16 
6.71 
7.60 
8.00 
9.00 
9.60 

10.23 
10.52 
10.69 
11.02 
ll.19 
ll.79 
11.79 
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TABLE V 

SUMMARY OF RESULTS OF GROUP IV ( GBD) 

Total 
Weeks of number 
croton oil Survivors Papillomata 
treatment on survivors 

0 63 0 
1 62 0 
2 62 0 
3 62 0 
4 62 0 
5 61 0 
6 60 7 
7 59 12 
8 58 32 
9 56 80 

10 51 93 
11 42 104 
12 38 102 
13 32 99 
14 31 80 
15 26 62 
16 23 48 
17 20 40 
18 15 34 
19 14 33 
20 14 32 
21 14 31 
22 13 25 
23 12 23 
24 12 21 
25 12 19 

Papillomata 
bearing 

survivors 

0 
0 
0 
0 
0 
0 
4 
6 

14 
24 
26 
24 
21 
17 
18 
16 
14 
12 
li 
10 
10 
10 

9 
9 
7 
7 

Papillomata 
per 

survivor 

0 
0 
0 
0 
0 
0 

0.12 
0.20 
0.55 
1.48 
1.82 
2.48 
2.68 
3.09 
2.58 
2.38 
2.09 
2.00 
2.27 
2.36 
2.29 
2.21 
1.92 
1.92 
1.91 
1.73 

Papillomata 
per 

Papilloma 
bearing 
survivor 

0 
0 
0 
0 
0 
0 

1.75 
2.00 
2.28 
3.45 
3.58 
4.33 
4.86 
5.82 
4.44 
3.88 
3.43 
3.38 
3.09 
3.30 
3.20 
3.10 
2.78 
2.56 
3.00 
2.88 



APPENDIX IV 

Percent age 
of 

survivors 
bea.ring 

Pa.pilloma.ta 

0 
0 
0 
0 
0 
0 

6.7 
10.2 
24.1 
42.8 
51.0 
57.1 
57.0 
53.1 
5S.l 
61.5 
60.9 
60.0 
73.3 
71.4 
71.4 
71.4 
69.2 
58.3 
63.6 
63.6 

TABLE V 

SUMMARY OF RESULTS OF GROUP IV ( GBD) 

Number 
of new 

Papillomata. 
a.ppearing 

0 
0 
0 
0 
0 
0 
7 
5 

2S 
41 
15 
20 
21 
13 
6 
4 
1 
5 
2 
1 
0 
2 
0 
0 
1 
0 

Number 
of 

regressing 
Pa.pilloma.ta 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
1 
4 

17 
s 
7 
5 
3 
3 
1 
3 
5 
2 
2 
2 

Papilloma.ta 
J:Sr 

survivor 
by 

increment 

0 
0 
0 
0 
0 
0 

0.12 
0.20 
o.6S 
1.41 
1.70 
2.28 
2.8) 
3.24 
3.43 
3.5S 
3.62 
3.S7 
4.00 
4.07 
4.07 
4.21 
4.21 
4.21 
4.31 
4.31 

Papilloma.ta 
per 

Papillome. 
bearing 

by 
increment 

0 
0 
0 
0 
0 
0 

1.75 
2.5S 
4.58 
6.29 
6.87 
7.70 
S.70 
9.46 
9.79 

10.04 
lO.ll 
10.53 
10.71 
lO.Sl 
lO.Sl 
ll.01 
11.01 
11.01 
11.15 
11.15 
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Papillomata 
p:~r 

survivor 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.17 
0.18 
0.18 
0.24 
0.30 
0.30 
0.32 
0.33 
0.43 
0.50 
0.50 
0.50 

TABLE VI 

SUMMARY OF RESULTS OF GROUP V ( GBE) 

Papillom.ata 
per 

Papil1om.a 
bearing 
survivor 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

2.00 
2.00 
2.00 
2.50 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 

Percent age 
of 

survivors 
bearing 

Papillomata 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

8.7 
9.1 
9.5 

10.0 
10.0 
10.5 
ll.1 
12.9 
16.9 
16.7 
16.7 
18.2 
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Weeks of 
croton oil 
treatment 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

TABLE VI 

SUMMARY OF RESULTS OF GROUP V (GBE) 

Survivors 

68 
62 
56 
49 
47 
38 
31 
31 
27 
27 
24 
24 
24 
23 
23 
22 
22 
21 
20 
20 
19 
18 
14 
12 
12 
11 

Total 
num.ber 

Papillomata 
on su rvi vors 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4 
4 
4 
5 
6 
6 
6 
6 
6 
6 
6 
6 

Papillomata 
bearing 

survivors 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
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Weeks of 
croton oil 
treatment 

0 
1 
2 
3 
4 
5 
6 
7 
s 
9 

10 
ll 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

TABlE VII 

SUMMARY OF RESULTS OF GROUP VI (GBF) 

Survivors 

27 
26 
26 
26 
26 
26 
26 
25 
23 
22 
22 
22 
21 
20 
20 
12 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

Total 
number 

Papillomata 
of survivors 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Papillomata 
bearing 

survivors 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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TABLE VIII 

SUMMARY OF RESULTS OF GBOUP VII (GBG) 

Weeks of 
croton oil Survi vors 
treatment 

0 26 
1 24 
2 23 
3 23 
4 23 
5 23 
6 23 
7 23 
s 23 
9 22 

10 22 
11 22 
12 22 
13 22 
14 22 
15 21 
16 17 
17 16 
1S 16 
19 16 
20 13 
21 12 
22 12 
23 12 
24 10 
25 10 

Total 
number Papillomata 

Papillomata bearing 
of survivors survivors 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 



APPENDU IV 

TABLE IX 

SUMMARY OF RESULTS OF GROOP VIII ( GBH) 

Weeks of 
croton oil 
treatment 

0 
1 
2 
3 
4 

' 6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

Survivors 

22 
20 
19 
1S 
18 
18 
1S 
1S 
18 
18 
1S 
17 
13 
10 
10 

9 
9 
9 
8 
7 
7 
7 
7 
7 
7 
7 

Total 
number 

Papilloma.ta 
of survi vors 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Papilloma.ta 
bearing 

survivors 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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'l'ABU: X 

SUMM.ARY OF RESULTS OF GROUP IX ( GBI) 

Weeks of 
croton oil 
treatment 

0 
1 
2 
3 
4 
5 
6 
7 
s 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

Survivors 

26 
26 
26 
24 
23 
21 
20 
19 
19 
19 
19 
19 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
16 
15 

Total 
number 

Papillomata 
of Survivors 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Papillomata 
bearing 

Survivors 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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FIGURE I 

Papillomata per Survivor 

Urethane 1X + co ...... _ ... _______ 
Urethane 3X dai/y + co 

----·-·-· Urethane 3X week/y • co 
4 JI lt JI JI urethane 3X monfhly + co 

3 

2 

1 

0 1 2 3 4 5 6 7 8 9 10 11 

' -·· .. 
' 

' 

' 

12 13 14 15 
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9 

8 

7 

6 

5 

4 

3 

2 

1 

0 

FIGURE II 

Papillomata per Papilloma Bearing Mouse 

Urethane tX + CO 

--------- Urethane 

--·-·-·-· Urethane 

Jt K Jf K Urethane 

JX daily + co 
JX week/y + CO 

JX month/y + CO 

1 2 3 4 5 6 
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r/J 
70 

FIGURE III 

Percentage of /VIice Bearing Papi/lomata 

UNJthane 1X * co .. _.., _______ 
Urethane 3X daily + co 

--------- UNJthane 3X weekly + co 
li • Il 11 • urethane 3X montty + co 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 t~wksJ 
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FIGURE IV 

Mortalit,y Rate 

urethane tX + co 
urethane JX dai/y • co 
urethane 3X wttttkly • co 

• • • • urethane 3X monthly .. co 

10 

0 2 4 6 10 12 14 16 



APPENDIX IV 
FIGURE V 

SKIN REACTION AFTER THREE DAILY 
URETHANE INJECTIONS FOLLOWED BY CROTON OIL 

GROUP II 

Urethane 3x daily and CO 

5 weeks of CO 

GROUP II 

Urethane 3x daily and CO 

7 weeks of CO 



APPENDIX IV 
FIGURE VI 

CARCINOMATA INDUCED BY URETHANE INJECTIONS 
AND THEN CROTON OIL APPLICATIONS 

GROUP II 

Urethane Jx daily and CO 

GROUP IV 

Urethane Jx monthly and CO 
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SUMMARY OF THE RESULTS OF EXPERIMENTS I, II (RITCHIE 1958-1959) 
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TABLE I 

SUMMARY OF THffi RESULTS OF EIPERIMENT I (RITCHIE 1958-1959) 

Days of 
croton oil 
treatment 

Survivors 

Total 
number 

Papillomata 
on 

survivors 

Urethane once followed by Croton Oil. 

0 41 0 
25 40 0 
50 38 0 
75 36 0 

lOO 36 0 
125 36 3 
150 36 5 
175 35 9 
200 34 15 
225 31 22 
250 30 23 
275 27 40 
300 17 35 

Papillomata 
bearing 

survivors 

0 
0 
0 
0 
0 
3 
5 
7 
7 
8 
9 

14 
12 

Urethane three times dail.y followed by Croton Oil. 

0 37 0 0 
25 34 0 0 
50 30 0 0 
75 28 0 0 

lOO 25 9 3 
125 24 26 9 
150 24 45 13 
175 22 43 13 
200 21 45 13 
225 20 69 14 
250 17 69 14 
275 15 S6 15 
300 14 85 14 
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TABLE I 

SUMMARY OF THE RESULTS OF EXPERIMENT I (RITCHIE 1958-1959) 

Average 
num.ber 

Papillom.ata 
per 

survivor 

Average 
number 

Papilloma.ta 
per 

Papilloma 
bearing 
survivor 

Urethane once followed by Croton Oil. 

0 
0 
0 
0 
0 

o.os 
0.14 
0.25 
0.44 
0.71 
0.77 
1.48 
2.06 

0 
0 
0 
0 
0 
1 
1 

1..39 
2.14 
2.75 
2.55 
2.86 
2.92 

Percent age 
of 

survivors 
bearing 

Papillomata 

0 
0 
0 
0 
0 

8 • .3 
19.9 
20.0 
20.6 
25.8 
,30.0 
51.5 
70.5 

Urethane three times daily followed by Croton Oil. 

0 
0 
0 
0 

0.36 
LOS 
1.87 
1.95 
2.14 
.3.45 
4.06 
;. 7.3 
6.07 

0 
0 
0 
0 
.3 

2.89 
.3.46 
.3.91 
3.46 
4.9.3 
4.9.3 
5.73 
6.07 

0 
0 
0 
0 

12.0 
.37.5 
54.2 
59.1 
61.9 
70.0 
82.4 

100.0 
100.0 
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TABLE II 

SUMMARY OF THE RESULTS OF EXEERIMENT I (RITCHIE 1958-1959) 

Days of 
croton oil 
treatm.ent 

survivors 

Total 
number 

Papillomata 
on 

survivors 

Papillomata 
bearing 

survivors 

Urethane three times weeldy f'o11owed by Croton Oil. 

0 32 0 0 
25 32 0 0 
50 28 0 0 
75 27 2 1 

100 25 5 4 
125 25 ll 4 
150 24 13 4 
175 24 14 4 
200 24 17 5 
225 20 21 4 
250 17 21 4 
275 17 26 5 
300 16 26 5 

Urethane three times monthly fo11owed by Croton Oil. 

0 43 0 0 
25 43 0 0 
50 41 0 0 
75 38 ll 4 

100 38 19 7 
125 36 34 10 
150 35 42 ll 
175 33 52 14 
200 32 52 15 
225 30 54 16 
250 23 40 11 
275 22 44 11 
300 20 43 11 
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TABlE II 

SUMMARY OF THE RESULTS OF EXPERIMENT I (RITCHIE 1958-1959) 

Average 
number 

Papillomata 
per 

survivor 

Average 
number 

Papillomata 
per 

Papilloma 
bearing 
survivor 

Urethane once followed by Croton Oil. 

0 
0 
0 

0.07 
0.20 
0.44 
0.54 
0.58 
0.71 
1.05 
1.18 
1.5.3 
1.62 

0 
0 
0 
2 

1.25 
2.75 
.3.25 
.3.50 
.3.40 
5.25 
5.25 
5.20 
5.20 

Percentage 
o:t 

survivors 
bearing 

Papillomata 

0 
0 
0 

,3.6 
16.0 
16.0 
16.7 
16.7 
20.8 
20.0 
2.3.5 
29.4 
.31.2 

Urethane three times month1y :followed by Croton Oil. 

0 
0 
0 

0.29 
0.50 
0.94 
1.20 
1.56 
1.65 
1.SO 
1.74 
2.00 
2.15 

0 
0 
0 

2.75 
2.72 
,3.40 
,3.82 
.3. 71 
.3.46 
,3.,38 
.3.69 
4.00 
.3.91 

0 
0 
0 

10.5 
18.4 
27.8 
.31.4 
42.5 
46.9 
5.3.2 
47.8 
;o.o 
55.0 
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TABLE III 

SUMMARY OF THE RESULTS OF EXPERIMENT I (RITCHIE 1958-1959) 

Days of 
croton oil 
treatment 

Croton Oil Only. 

0 
25 
50 
75 

100 
125 
150 
175 
200 
225 
250 
275 
300 

survivors 

43 
43 
43 
43 
42 
4l 
40 
40 
35 
34 
31 
30 
29 

Total 
number 

Papillomata 
on 

survivors 

0 
0 
0 
0 
0 
2 
7 
7 

13 
24 
34 
4l 
51 

Papillomata 
bearing 

survivors 

0 
0 
0 
0 
0 
1 
5 
5 

10 
12 
13 
14 
15 
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TABLE III 

SUMMARY OF THE RESULTS OF EXPERIMENT I (RITCHIE 1958-1959) 

Average Average Pere en tage 
number number of 

Papillomata Papillomata surrlvors 
per per bearing 

survivor Papillom.a Papillom.ata 
bearing 
survivor 

Croton Oil only. 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

0.04 2.00 2.4 
0.17 1.40 12.5 
0.17 1.40 12.5 
0.37 1.30 28.6 
0.71 2.00 35.4 
1.10 2.62 42.0 
1.37 2.93 46.7 
1.76 3.40 51.7 
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TABLE IV 

SUMMARY OF THE RESULTS OF EIPER:IM&NT II {RITCHIE 1958-1959) 

Days ot 
croton oil 
treatmerdi 

Survivors 

Total 
number 

Papillomata 
on 

surviwrs 

Papillomata 
bearing 

survivors 

Urethane three times dai1y followed by Croton Oil. 

0 29 0 0 
28 29 0 0 
56 29 0 0 
84 29 3 1 

112 29 7 3 
140 28 8 3 
168 28 9 3 
196 28 11 5 
224 28 16 7 
252 27 15 7 
280 25 29 11 

Urethane three times weeklz to11owed bz Croton Oil. 

0 30 0 0 
28 30 0 0 
56 30 0 0 
84 30 2 2 

112 30 2 2 
140 30 10 5 
168 30 10 5 
196 30 24 10 
224 30 24 10 
252 29 34 12 
280 28 43 14 
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TABLE IV 

SUMMARY OF THE RESULTS OF EXFERIMENI' II (RITCHIE 1958-1959) 

Average 
number 

Papillomata 
per 

survivor 

Average 
number 

Papillomata 
per 

Papilloma 
bearing 
survivor 

Percent age 
of 

survivors 
bearing 

Papillomata 

Urethane three times dai1y followed by Croton Oil. 

0 
0 
0 

0.10 
0.24 
0.29 
0 • .32 
0.39 
0.57 
0.57 
1.16 

0 
0 
0 

3.0 
2 • .3 
2.7 
.3.0 
2.2 
2.3 
2.1 
2.6 

0 
0 
0 

3.5 
10.4 
10.7 
10.7 
17.9 
25.0 
25.9 
44.0 

Urethane three times weekly followed by Croton Oil. 

0 
0 
0 

0.07 
0.07 
0 • .3.3 
0 • .33 
0.57 
o.so 
1.17 
1.54 

0 
0 
0 

1.0 
1.0 
2.0 
2.0 
2.1 
2.4 
2.8 
3.1 

0 
0 
0 

6.7 
6.7 

16.7 
16.7 
26.7 
.3.3 • .3 
41.4 
50.0 
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TABLE V 

SUMMARY OF THE RESULTS OF EXPERIMENI' II (RITCHIE 1958-1259) 

Days of 
croton oil 
treatment 

Survivors 

Total 
number 

Papillomata 
on 

survivors 

Papillomata 
bearing 

survivors 

Urethane three times monthly :followed by Croton Oil. 

0 30 0 0 
28 30 0 0 
56 30 0 0 
84 30 0 0 

112 29 0 0 
140 29 0 0 
168 29 1 1 
196 28 4 4 
224 27 14 6 
252 27 23 7 

Croton Oil only. 

0 29 0 0 
28 29 0 0 
56 29 0 0 
84 29 0 0 

112 29 0 0 
140 29 0 0 
168 29 0 0 
196 29 1 1 
224 29 3 3 
252 29 7 3 
280 28 s 2 
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TABLE V 

SUMMARY OF THE RESULTS OF EXPERIMENT II (RITCHIE 1958-1959) 

Average 
number 

Papillomata 
J:er 

survivor 

Average 
number 

Papillomata 
per 

Papilloma 
bearing 
survivor 

Percentage 
of 

survivors 
bearing 

Papillomata 

Urethane three times monthly fo1lowed by Croton Oil. 

0 
0 
0 
0 
0 
0 

0.03 
0.14 
0.52 
0.85 

Croton Oil only. 

0 
0 
0 
0 
0 
0 
0 

0.03 
0.10 
0.24 
0.29 

0 
0 
0 
0 
0 
0 

1.0 
1.0 
2.3 
3.3 

0 
0 
0 
0 
0 
0 
0 

1.0 
1.0 
2.3 
4.0 

0 
0 
0 
0 
0 
0 

3.4 
14.3 
21.2 
25.9 

0 
0 
0 
0 
0 
0 
0 

3.4 
10.3 
10.3 
7.1 
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SUMMARY OF THE RESULTS OF EXPERIMENT VII 



APPENDIX VI 

TABLE I 

SUMMARY OF RESULTS OF GROUP I (GFA) 

Total 
Weeks of number 
croton oil Survivors Papillomata 
treatment on survivors 

0 80 0 
1 79 0 
2 78 0 
3 78 0 
4 78 0 
5 78 15 
6 78 153 
7 76 216 
8 76 254 
9 76 347 

10 73 431 
11 72 528 
12 69 537 
13 56 477 
14 55 506 
15 52 523 
16 49 485 
17 49 481 
18 49 463 
19 47 450 
20 47 469 
21 46 466 
22 45 457 
23 44 442 
24 42 407 
25 40 364 

Papillomata 
bearing 

survivors 

0 
0 
0 
0 
0 
3 

22 
34 
37 
41 
44 
48 
45 
38 
37 
36 
36 
36 
35 
32 
31 
33 
34 
34 
32 
30 

Papillomata 
per 

Papillomata Papilloma 
per bearing 

survivor survivor 

0 0 
0 0 
0 0 
0 0 
0 0 

0.19 5.0 
1.96 7.0 
2.84 6.4 
3.34 6.9 
4.57 8.5 
5.92 9.8 
7.36 11.0 
7.78 11.9 
8.52 12.6 
9.20 13.4 

10.06 14.5 
9.90 13.6 
9.82 13.4 
9.45 13.2 
9.57 14.1 
9.98 15.1 

10.01 14.1 
10.01 13.4 
10.00 13.0 
9.69 12.7 
9.10 12.1 
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TABLE I 

StOOU.RY OF RESULTS OF GROUP I (GFA) 

Percent age 
of 

survivors 
bearing 

Papil1omata 

0 
0 
0 
0 
0 

3.8 
28.2 
44.7 
48.7 
53.9 
60.3 
65.3 
63.8 
67.9 
67.3 
69.2 
71.4 
73.5 
71.4 
68.9 
65.9 
70.5 
75.5 
77.3 
76.2 
75.0 

Number 
of new 

Papil1oma.ta 
appearing 

0 
0 
0 
0 
0 

15 
138 

63 
39 
96 
95 

100 
76 
61 
35 
46 
33 
19 
16 
19 
24 
10 

6 
6 
4 
3 

Number 
of 

regressing 
Pa.pilloma.ta 

0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
1 
3 
3 
6 
6 

13 
16 
23 
34 
17 

5 
13 
15 
15 
24 
18 

Papilloma.ta 
per 

survivor 
by 

increœnt 

0 
0 
0 
0 
0 

0.19 
1.96 
2.77 
3.28 
4.54 
5.84 
7.24 
8.34 
9.43 

10.07 
10.95 
11.62 
12.0 
12.34 
12.74 
13.25 
13.47 
13.60 
13.74 
13.84 
13.91 

Papilloma.ta. 
per 

Papil1oma 
bearing 

by 
increment 

0 
0 
0 
0 
0 

5.0 
11.3 
13.1 
14.2 
16.5 
18.7 
20.8 
22.5 
24.1 
25.0 
26.3 
27.2 
27.8 
28.2 
28.8 
29.6 
29.9 
30.1 
30.2 
30.3 
30.4 
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Weeks of 
croton oil 
treatment 

0 
1 
2 
.3 
4 
5 
6 
7 
8 
9 

10 
ll 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

survivors 

80 
77 
74 
73 
72 
71 
71 
71 
70 
70 
70 
70 
68 
67 
67 
63 
59 
59 
58 
58 
57 
57 
55 
52 
51 
48 

TABLE II 

SUMMARY OF RESULTS OF GROUP II ( GFB) 

Total 
number 

Papillomata 
on survivors 

0 
0 
0 
0 
0 
9 

81 
131 
163 
231 
310 
41.7 
514 
573 
625 
646 
6ol 
586 
579 
581 
592 
583 
556 
543 
527 
440 

Papilloma 
bearing 
survivors 

0 
0 
0 
0 
0 
4 

22 
31 
34 
38 
40 
46 
48 
48 
49 
48 
48 
45 
45 
45 
44 
44 
43 
40 
40 
37 

Papillomata 
per 

survivor 

0 
0 
0 
0 
0 

0.13 
1.14 
1.84 
2.3.3 
3.30 
4.43 
5.96 
7.57 
8.55 
9.33 

10.25 
10.19 

9.9.3 
9.98 

10.02 
10.35 
10.23 
10.10 
10.44 
10.33 
9.17 

Papillomata 
per 

Papilloma 
bearing 
survivor 

0 
0 
0 
0 
0 

2.3 
3.7 
4.2 
4.8 
6.1 
7.8 
9.0 

10.7 
ll.9 
12.8 
13.5 
13.4 
13.0 
12.9 
12.9 
13.5 
13.3 
12.9 
13.6 
13.2 
ll.9 
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TABlE Il 

SUM.MARY OF RESULTS OF GROUP Il (GFB) 

Percentage 
of 

survivors 
bearing 

Papillomata 

0 
0 
0 
0 
0 

5.6 
30.6 
43.7 
48.6 
54.3 
57.1 
65.7 
70.6 
71.7 
73.1 
76.2 
76.3 
?6.3 
77.6 
7?.6 
77.2 
77.2 
79.1 
?6.9 
78.5 
77.1 

Humber 
of new 

Papillomata 
appearing 

0 
0 
0 
0 
0 
9 

72 
50 
37 
69 
79 

107 
99 
60 
52 
33 
22 
18 
14 
32 
31 
20 
9 

12 
8 
0 

Number 
of 

regressing 
Papillomata 

0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
1 
0 

10 
40 
33 
21 
30 
16 
30 
35 
31 
15 
40 

Papillomata 
per 

survivor 
by 

iœrement 

0 
0 
0 
0 
0 

0.13 
1.14 
1.84 
2.37 
3.36 
4.49 
6.02 
7.18 
8.07 
8.85 
9.38 
9.77 

10.08 
10.32 
10.87 
11.41 
11.76 
11.92 
12.14 
12.30 
12.30 

Papll1omata 
per 

Papilloma 
bearing 

by 
increment 

0 
0 
0 
0 
0 

2.3 
5.5 
7.1 
8.2 

10.4 
12.4 
14.7 
16.8 
18.0 
19.1 
19.8 
20.3 
20.7 
21.0 
21.7 
22.4 
22.9 
23.1 
23.4 
23.6 
23.6 
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TABlE III 

SUMMARY OF RESULTS OF GROUP III ( GFC) 

Total Papillomata. 
Weeks of number Papillomata. Papil1omata. per 
croton oil Survivors Papillomata. bearing per Papilloma 
treatment on survivor survivors surrlvor bearing 

survivor 

0 80 0 0 0 0 
1 80 0 0 0 0 
2 79 0 0 0 0 
3 78 0 0 0 0 
4 76 0 0 0 0 
5 74 22 6 0.30 3.7 
6 72 149 31 2.07 4.8 
7 71 205 39 2.89 5.3 
8 67 250 37 3.72 6.8 
9 66 340 41 5.15 8.3 

10 61 422 43 6.92 9.8 
ll 56 441 42 7.87 10.5 
12 51 528 40 10.35 13.2 
13 50 576 40 ll.52 14.4 
14 49 627 42 12.84 14.9 
15 47 673 39 14.32 17.3 
16 46 656 41 14.26 16.0 
17 46 672 41 14.60 16.5 
18 46 680 41 14.80 16.6 
19 45 683 41 15.17 16.7 
20 42 660 38 15.71 17.4 
21 40 616 36 15.40 17.1 
22 38 534 34 14.05 15.7 
23 36 486 31 13.50 15.7 
24 35 48.3 30 13.51 16.1 
25 34 441 27 13.26 16.3 
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Percenta.ge 
of 

survivors 
bearing 

Papillomata. 

0 
0 
0 
0 
0 

8.1 
43.1 
54.9 
53.7 
62.1 
70.7 
75.0 
78.4 
80.0 
85.7 
82.9 
89.1 
$9.1 
$9.1 
91.1 
90.5 
90.0 
89.5 
86.1 
85.7 
79.4 

TABLE III 

SUMMARY OF RESULTS OF GROUP III ( GFC) 

Number 
of œw 

Pa.pillomata 
a.ppearing 

0 
0 
0 
0 
0 

22 
127 

56 
62 
85 
82 
59 

108 
57 
58 
57 
32 
29 
18 
23 
16 

8 
0 

13 
7 
2 

Number 
of 

regressing 
Pa.pillomata 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
7 
4 

27 
10 
13 
20 
8 

20 
43 
15 
10 
36 

Pa.pil1omata 
per 

survivor 
by 

increment 

0 
0 
0 
0 
0 

0.30 
2.06 
2.85 
3.78 
5.07 
6.41 
7.46 
9.58 

10.72 
ll.90 
13.11 
13.81 
14.44 
14.83 
15.34 
15.72 
15.92 
1.5.92 
16.28 
16.48 
16.54 

Papil1omata 
per 

Papilloma 
bearing 

by 
increment 

0 
0 
0 
0 
0 

3.7 
7.8 
9.2 

10.9 
13.0 
14.9 
16.3 
19.0 
20.4 
21.8 
23.2 
24.0 
24.8 
25.3 
25.8 
26.2 
26.5 
26.5 
26.9 
27.1 
27.2 
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TABLE IV 

SUMMARY OF RESULTS OF GOOUP IV (GFD) 

Total 
Weeks of number Papi11omata Papillomata 
croton oil Survivors Papillomata bear.ipg per 
treatment on survivors survi vors survivor 

0 80 0 0 0 
1 80 0 0 0 
2 80 0 0 0 
3 80 0 0 0 
4 79 0 0 0 
5 79 10 5 0.13 
6 79 112 25 1.43 
7 78 146 30 1.88 
8 77 238 37 3.09 
9 77 318 44 4.13 

10 77 433 46 ;.62 
11 77 520 51 6.75 
12 77 642 57 8.31 
13 77 711 56 9.10 
14 76 748 59 9.84 
15 73 736 56 10.08 
16 70 692 54 9.88 
17 67 638 55 9.53 
18 65 617 55 9.34 
19 63 584 53 9.27 
20 63 6oo 52 9.52 
21 62 568 51 9.16 
22 62 571 52 9.21 
23 59 531 48 9.0 
24 56 496 46 9.04 
25 53 416 42 7.85 

Papillomata 
per 

Papilloma. 
bearing 
survivor 

0 
0 
0 
0 
0 

2.0 
4.4 
4.9 
6.4 
7.2 
9.0 

10.2 
ll.3 
12.7 
12.7 
13.1 
12.8 
11.6 
11.2 
ll.O 
11.6 
ll.l 
11.0 
11.1 
10.8 
9.9 
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Percentage 
of 

survivors 
bearing 

Papillomata 

0 
0 
0 
0 
0 

6 • .) 
.31.6 
.38.5 
48.1 
57.1 
59.7 
66.2 
74.0 
72.7 
77.6 
76.7 
77.1 
82.1 
84.6 
84.1 
82.5 
82.3 
8.3.9 
81.4 
82.1 
so.8 

TABLE IV 

SUMMARY OF RESUL'!S OF GROUP IV ( GFD) 

Number Number 
or new or 

Papillomata regressing 
appearing PapU1omata 

0 0 
0 0 
0 0 
0 0 
0 0 

10 0 
102 0 

.34 0 
92 0 
80 0 

115 0 
87 0 

12.3 1 
70 1 
57 10 
58 12 
.37 .39 
11 25 
15 .35 
28 .37 
34 18 
15 22 
15 12 
6 30 
9 49 
7 30 

Papi11omata 
per 

survivor 
by 

increment 

0 
0 
0 
0 
0 

0.1.3 
1.42 
1.86 
.).05 
4.09 
;.;s 
6.71 
7 • .31 
8.22 
8.97 
9.76 

10.29 
10.45 
10.68 
11.02 
11.56 
n.ao 
12.04 
12.14 
12.30 
12.43 

Papillomata 
per 

Papi11oma 
bearing 

by 
increment 

0 
0 
0 
0 
0 

2.0 
6.1 
7.2 
9.7 

11.5 
1.).0 
14.7 
16.9 
18.1 
19.1 
20.2 
20.8 
21.0 
21 • .3 
21.8 
22.5 
22.8 
23.1 
23.2 
2.3.4 
2.).6 
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Weeks of 
croton oil 
treatment 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

TABLE V 

SUMMARY OF RESULTS OF GROOP VI (GFE) 

Survivors 

50 
49 
49 
49 
49 
49 
49 
49 
49 
48 
47 
46 
45 
44 
44 
44 
43 
42 
40 
40 
38 
38 
34 
33 
32 
31 

Total 
num.ber 

Papil1oma.ta 
on survivors 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Papilloma.ta 
bearing 

survivors 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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Weeks of 
croton oil 
treatment 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
ll 
12 
13 
14 
15 
16 
17 
18 
19 

TABLE VI 

SUMMARY OF RESULTS OF GROUP VI ( GFF) 

Survivors 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
48 
48 
48 
48 
48 
47 
47 
47 
46 

Total 
number 

Papillomata 
on survivors 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
2 
2 
2 
2 
5 
5 
5 

10 
10 

Papi11oma.ta 
bearing 

survivors 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
2 
1 
1 
1 
4 
4 
4 
5 
5 
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TABlE VI 

SUMMARY OF RESULTS OF GROUP VI ( GFF) 

Weeks of 
croton oil Survivors 
treatlœnt 

20 46 
21 46 
22 46 
2.3 46 
24 44 
25 44 
26 44 
27 42 
28 42 
29 42 
.30 42 
.31 41 
.32 40 
.3.3 40 
.34 .34 
.35 28 
.36 2.3 
37 21 
.38 20 
.39 18 
40 18 

Total 
number 

Papillomata 
on survivors 

10 
10 
17 
17 
17 
18 
22 
26 
29 
.30 
.35 
.3.3 
.32 
28 
17 
19 
15 
17 
17 
18 
16 

Papillomata 
bearing 

survivors 

5 
5 
6 
6 
6 
6 
7 

1.3 
14 
14 
16 
15 
15 
1.3 
9 

10 
9 
9 
9 
8 
7 
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FIGURE I 

Papillomata per Survivor 
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FIGURE II 

Papillomata per Papi/loma Bearing Mouse 
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FIGURE III 

Percentage of Mice Bearing Pap/llomata 
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FIGURE IV 

Mortality Rbte~ 
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SUMMARY OF THE RESULTS OF EXPERIMENT VIII 
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TABLE I 

SUMHARY OF RESULTS OF GROUP I (AGA) 

Weeks of 
c.o. 

Treatment 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
li 
12 
13 
14 
15 
16 

SUrvivors 

54 
54 
54 
54 
54 
54 
54 
54 
54 
54 
54 
53 
53 
53 
53 
53 
53 

Total 
number 

Papi11omata 
on sur vi vors 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Papil1omata 
bearing 
survi.vors 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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Weeks of 
c.o. 

Treatment Survivors 

0 66 
1 66 
2 66 
3 64 
4 63 
5 63 
6 63 
7 63 
8 63 
9 62 

10 61 
11 60 
12 58 
13 57 
14 56 
15 55 
16 55 

TABLE II 

SUMMARY OF RESULTS OF GROUP II (ACB) 

Total 
num.ber 

Papillomata 
on survivors 

0 
0 
0 
0 
0 

10 
62 

179 
280 
436 
531 
647 
689 
714 
717 
728 
724 

Papillomata Papillomata 
bearing per 
survi vors survi vor 

0 0 
0 0 
0 0 
0 0 
0 0 
4 0.16 

18 0.98 
27 2.84 
31 4.44 
34 7.03 
38 8.70 
39 10.78 
38 11.87 
38 12.53 
39 12.80 
41 13.24 
41 13.16 

Papillomata 
per 

PapU1oma 
bearing 
survivor 

0 
0 
0 
0 
0 

2.5 
3.4 
6.6 
9.0 

12.8 
14.0 
16.6 
18.1 
18.8 
18.4 
17.8 
17.7 
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Percentage 
of 

survivors 
bearing 

Papil1omata 

0 
0 
0 
0 
0 

6.4 
28.6 
42.9 
49.2 
54.8 
62.3 
65.0 
65.5 
66.7 
69.6 
74.5 
74.5 

TABLE II 

SUMMARY OF RESULTS OF GRCUP II (ACB) 

Number 
of new 

Papillomata 
appearing 

0 
0 
0 
0 
0 

10 
52 

117 
101 
158 

97 
121 

58 
45 
24 
45 
30 

PapU1omata 
Number per 

of survivor 
regressing by 

Papi11omata increment 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0.16 
0 0.99 
0 2.85 
0 4.45 
2 7.00 
2 8.59 
5 10.61 

16 ll.61 
19 12.40 
21 12.83 
23 13.65 
34 14.20 

PapU1omata 
per 

Papi11oma 
bearing 

by 
increment 

0 
0 
0 
0 
0 

2.5 
5.4 
9.7 

13.0 
17.6 
20.2 
23.2 
24.7 
25.9 
26.5 
27.6 
28.3 
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Weeks of 
c. o. 

Treatment 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
il 
12 
13 
14 
15 
16 

Survivors 

65 
62 
58 
58 
58 
58 
58 
57 
57 
57 
57 
56 
56 
56 
53 
51 
46 

TABLE III 

SUMMARY OF RESULTS OF GROOP III (ACC) 

Total 
number 

Papillomata 
on survi vors 

0 
0 
0 
0 
0 
2 

42 
135 
212 
324 
394 
457 
476 
476 
459 
457 
393 

Papi11omata Papi11omata 
bearing per 
survivors survi.vor 

0 0 
0 0 
0 0 
0 0 
0 0 
2 0.03 

14 0.72 
23 2.37 
25 3.71 
29 5.68 
29 6.91 
29 8.16 
30 8.50 
31 8.50 
31 8.66 
31 8.96 
28 8.54 

Papi11omata 
per 

Papi11oma 
bearing 
survi.vor 

0 
0 
0 
0 
0 

1.0 
J.O 
5.9 
8.5 

11.2 
13.6 
15.8 
15.9 
15.4 
14.8 
14.7 
14.0 
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Pere en tage 
of 

survivors 
bearing 

Papillomata 

0 
0 
0 
0 
0 

3.5 
24.1 
40.4 
43.9 
50.9 
50.9 
51.8 
53.6 
55.3 
58.5 
6o.8 
6o.9 

TABLE III 

SUMMARY OF RESULTS OF GROOP III { ACC) 

Number 
of new 

Papi11omata 
appearing 

0 
0 
0 
0 
0 
2 

40 
93 
77 

115 
71 
70 
33 
20 
7 

23 
19 

Number 
of 

regressing 
Papi11omata 

0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
1 
7 

14 
20 
24 
26 
32 

Papillomata 
per 

survivor 
by 

increment 

0 
0 
0 
0 
0 

0.03 
0.72 
2.35 
3.70 
5.72 
6.96 
8.21 
8.80 
9.16 
9.29 
9.74 

10.15 

PapU1omata 
per 

Papil1oma 
bearing 

by 
increment 

0 
0 
0 
0 
0 

1.0 
3.9 
7.9 

11.0 
14.9 
17.4 
19.8 
20.9 
21.6 
21.8 
22.5 
23.2 
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Weeks of 
c.o. 

Treatment 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

Survivors 

67 
66 
65 
64 
64 
62 
62 
59 
59 
59 
58 
58 
57 
57 
57 
56 
55 

TAm.E IV 

SUMM:ARY OF RESULTS OF GROOP IV (ACD) 

Total 
num.ber 

Papi11omata 
on survi vors 

0 
0 
0 
0 
0 
7 

34 
118 
215 
306 
36o 
418 
449 
453 
443 
435 
432 

Papil1omata Papi11omata 
bearing per 
aurvi vors su rvi vor 

0 0 
0 0 
0 0 
0 0 
0 0 
4 o.n 

14 0.55 
25 2.00 
30 3.64 
31 5.19 
33 6.20 
33 7.21 
32 7.88 
32 7.95 
32 7.77 
33 7.77 
33 7.85 

Papi11omata 
per 

PapU1oma 
bearing 
survivor 

0 
0 
0 
0 
0 

1.8 
2.4 
4.7 
7.2 
9.9 

10.9 
12.7 
14.0 
14.2 
13.8 
13.2 
13.1 



AFPENDIX VII 

Percentage 
of 

survivors 
bearing 

Papillomata 

0 
0 
0 
0 
0 

6.5 
22.6 
42.4 
50.8 
52.5 
56.9 
56.9 
56.1 
56.1 
56.1 
58.9 
60.0 

TABLE IV 

SUMMARY OF RESULTS OF GROUP IV (ACD) 

Num.ber 
of new 

Papillomata 
appearing 

0 
0 
0 
0 
0 
7 

27 
84 
97 
91 
57 
66 
49 
23 
12 
19 
20 

Humber 
of 

regressing 
Papillomata 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
8 
8 

19 
22 
18 
23 

Papillomata 
per 

survivor 
by 

increment 

0 
0 
0 
0 
0 

0.11 
0.55 
1.97 
3.61 
5.14 
6.12 
?.26 
8.12 
8.52 
8.73 
9.07 
9.43 

Papi11omata 
per 

Papi11oma 
bearing 

by 
increment 

0 
0 
0 
0 
0 

1.8 
3-7 
7.0 

10.3 
13.2 
15.0 
17.0 
18.5 
19.2 
19.6 
20.2 
20.8 
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TABLE V 

SUMMARY OF RESULTS OF GROOP V (ACE) 

Weeks of 
c.o. 
Trea.tment 

0 
1 
2 
3 
4 
5 
6 
7 
s 
9 

10 
11 
12 
13 
14 
15 
16 

Survivors 

54 
53 
52 
52 
52 
52 
52 
51 
51 
51 
46 
45 
44 
43 
43 
42 
42 

Total. 
number 

Papillom.ata 
on survi vors 

0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
3 
3 
5 
5 
7 

11 
16 

Papillom.a.ta 
bea ring 
survivors 

0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
2 
2 
3 
3 
3 
6 

10 
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FIGURE I 

Papitlomata per Survivor 
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FIGURE II 

PaPillomata per Papilloma Bearing Mouse 
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FIGURE III 

Percentage of Mi ce Beari ng Papillomata 

--- DHBA ·······CO 
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FIGURE IV 

Mortality Rate 
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ILLUSTRATION OF PAPEB. BY YAMAGIWA AND ICHIKAWA 
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TABLE I 

The First Page of The Report on Experimentally Induced 
Papillomata on Rabbit Ear by Yama.giwa and Ichikawa 
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TABLE II 

Translation of TABLE I 

Tokyo Medical Association Journal Volume 30 January 5, 1916 

Experimental Studies on the Pathogenesis of Epithelial Tumours. 

The First Report (With 21 Illustrations). 

We wish to dedicate this work to our teacher, 

Rudolph Virchow. 

Contents: 
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FIGURE I 

Photographie Illustrations of Papillomata on 
Rabbit Ear by Yamagiwa and Ichikawa 

A: Macroscopic Appearance 

c.e. c.~· 

c. 

B: Microscopie Appearance 

St., 




