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INTRODUCTION 

The incidence of cancer has steadily increased during the 

past century especially in those countries that are industrially de-

veloped. Paralleling this increased industrial development with its 

diversification of industrial processes and products haa been the 

discovery of a mounting number and variety of exogenous carcinogens 

affecting various organs and tissues. These different environmental 

carcinogens, which form a part of both our natural and artificial 

environment, are practically the only known causes of cancer in man 

at the present time, and for this reason have considerable general 

significance. 

A knowledge of the exogenous causes of cancer is essential 

for the institution of rational and effective measures of prevention 

and control of the disease. For that reason biological testing of 

substances for their carcinogenic properties represents a very im-

portant step in the prevention of cancers of exogenous origin. More-

over a better knowledge of the mechanism involved in the chemical in-

duction of cancers may contribute to a fuller comprehension of this 

disease. 

The use of chemically defined carcinogens with inbred 

strains of mice in the experimental induction of cancer constitutes 

an excellent tool for the study of the underlying mechanism of car-

cinogenesis and the factors that May modify this process. A better 
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understanding of these factors not only broadens our knowledge of the 

basic phenomena governing carcinogenesis but also may prove useful 

in providing more sensitive methods for the testing of suspected car-

cinogens. With these general objectives in view, the experiments 

presented here were undertaken. 
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review OF ZHh literature 

experimental carcinogenesis probably had its birth in 1914, 

when Yamagiwa and Ichikawa (84, 85) for the first time reported pro-

ducing cancer by applying coal tar to the skin of rabbits. A few 

years later Tsutsui (80J succeeded in inducing cancer in nice with a 

similar material. Since then painting the skin of Mice has become 

the Most commonly used biological method for testing the carcinogen-

icity of different substances. 

As soon as coal tar had been proven to be carcinogenic, 

the emphasis of investigation shifted to the chemical identification 

of the substance or substances responsible for its carcinogenic prop-

erty. This wa3 undertaken on a very large scale by Kennaway, Cook, 

Hieger, and otherS in London beginning in 1920 (36, 38). They demon-

strated that the carcinogenic property of coal tar was due to its 

content of a mixture of polycyclic aromatic hydrocarbons, mostly re-

lated to benzanthracene, which itself is either non-carcinogenic or 

only very weakly carcinogenic (18, 17). The first known pure chem-

ical compound manifesting pronounced carcinogenic activity was 

1, 2, 5, 6-Dibenzanthracene (39). After further study of the Benzanthracene homologues (4, 39), a number of compounds possessing dif-

ferent carcinogenic potencies were synthesised; of these 9, 10-

dimethyl-l, 2-benzanthracine showed the most extreme activity (2). 

while the English workers were mostly concentrating on 
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physical and chemical properties of carcinogenic agents, many American 

workers led by Shear, Fieser, and Andervont, were more concerned with 

the biological aspects of carcinogenicity (i). Thus these workers 

were particularly interested in factors that govern the responsive-

ness of the animal to a carcinogenic agent. Inbred strains were de-

veloped which showed resistance or varying degrees of susceptibility 

when exposed to carcinogens. Also, the incidence of so-called spon-

taneous tumours was established for the different strains, many of 

which were selected and inbred for high or low tumour incidence. It 

thus became clear that genetic materials could control tumorous growth, 

whether induced or spontaneous. The availability of inbred stocks 

of mice permitted the extension of studies on chemical carcinogenesis 

to experimental animals of known and reproducible genetic behaviour. 

Quite early in the study of chemical carcinogenesis a 

number of workers had noted that the response of animals to a known 

carcinogenic agent was capable of being profoundly modified by other 

chemical and physical factors, . when such factors augmented tumour 

production, either through a higher yield of tumours or a shortening 

in the latent period, the action was termed co-carcinogenic, when 

such factors inhibited tumour production, the action was termed anti-

carcinogenic. The ideal co-carcinogen is a chemical or physical 

agent that is itself non-carcinogenic. 

The earliest demonstration of co-carcinogenic action was 

concerned with scarification of the skin; Deelman (24, 25) claimed 

that such treatment facilitated tar carcinogenesis, when severe 
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scarification was performed, the subsequent tumours showed a tendency 

to become localized close to the healing or healed wound (26). 

Though several subsequent investigators failed to confirm these 

results, more recent work has provided adequate confirmation both in 

experiments on mice (54, 55), and on rabbits (27, 28, 44, 57). Many 

other factors have been tested, for co-carcinogenic action, includ-

ing heat, ultra-violet rays, X-rays, beta and gamma rays of radium, 

and a host of chemical substances, early examples of chemical Co-carcinogens include a basic fraction of creosote oil (15, 68, 69) 

and croton oil and its active component, croton resin (5, 6), the 

latter being the most potent co-carcinogen at present know for 

mouse's skin. 

The results of experiments in co-carcinogenesis suggested 

that carcinogenesis was not a one-step mechanism, but rather a se-

quence of separate and independent processes. These conclusions 

were drawn by Rous and his associates, who worked on the effects of 

wound healing and other forms of irritation on rabbit skin, using 

coal tar (44, 57), and later Methylcholanthrene and Benzpyrene (27, 

28), as carcinogenic agents. They drew attention to the marked ten-

dency for induced warts in rabbits to regress and then reappear on 

subsequent stimulation (e. g. wound healing, application of turpentine, 

chloroform etc. ). They concluded that despite the tendency for regression, the cells of the induced warts were irreversibly different 

from normal cells. This concept of a tumour existing in a sub-threshold 

state, and requiring additional aids for progressive neoplasia (57), 
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was in a later publication (27) formulated in a more positive manner 

by the postulation that carcinogenesis was composed of an "initiating" 

process, responsible for the conversion of normal into latent tumour 

cells, and a "promoting" process, whereby these latent tumour colls 

were made to develop into tumours. 

Berenblum (6) studied the effect of croton resin on car-

cinogenesis, in order to determine the nature of the co-carcinogenic 

action, and its relation to the normal process of carcinogenesis. 

Primary treatment with croton oil resin for a period of 26 weeks fail-

ed to influence significantly the response of the mouse's skin to 

subsequent applications of Benzpyrene. (Jh the other hand, croton 

oil resin applied to the skin subsequent to a limited period of Benzpyrene treatment led to a striking increase in the development of 

tumours, when croton resin was applied to papillomas that were al-

ready established it appeared to facilitate their conversion to 

malignancy. Considering these results, Berenblum suggested the ex-

istence of three phases of carcinogenesis: - (a) the preneoplastic 

or urecarcinogenic (changes taking place prior to visible tumours), 

(b) the conversion Rr epicarcinogenic phase (appearance of visible 

tumours), and (c) the malignant transformation RH metacarcinogenic 

phase (transformation of warts into malignant tumours). He further 

proposed that those were probably not simply stages of one single 

carcinogenic process, but independent processes. Therefore he con-

cluded that the carcinogenic hydrocarbons possess all three actions, 

while croton resin possess only the second and third, and cannot, 
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therefore, produce tumours by itself. 

A further development arose out of the investigations by 

Mottram (52, 53). After confirming the epicarcinogenic action of 

croton oil for mouse skin he investigated possible refinements in 

the technique by testing the effect of croton oil in association 

with only a single application of Benzpyrene. He succeeded in ob-

taining positive results by using croton oil treatments before and 

after the single application of the carcinogen. From his experi-

ments he postulated the existence of three factors in the production 

of warts: (1) an initial sensitizing factor, which is relatively 

non-specific, and represents the conversion of quiescent into actively-dividing cells, (2) a specific factor (a cellular reaction to a 

carcinogen) which represents the specific change, and (3) a develop-

in< factor, which is relatively non-specific, but responsible for 

the actual appearance of the visible tumours. 

The results of Rous and his associates, of Berenblum, and 

of Mottram, although obtained under different experimental conditions, 

and involving different terminologies, are very closely related. The 

sensitizing factor and specific factor of Mottram are two stages of 

the pre carcinogenic action of Berenblum, while the second (specific) 

stage of Mottram corresponds to the initiating process of Rous and 

co-workers. The last is a more precise term, since it implies the 

development of latent tumour cells as definite but invisible foci, 

from which visible tumours may ultimately develop. Also, the epicar-

cinogenic action (Berenblum), the developing factor (Mottram), and 
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the promoting process (Rous), deal essentially with the seme phenom-

enon, namely, the relatively non-specific "precipitation" of tumours 

at the site of latent tumour cell foci. 

Berenblum and Shubik recognizing the importance of Mottram's 

work, used a single application of a carcinogen, followed by repeat-

ed applications of croton oil, as a "model experiment" for the more 

accurate analysis of the component phases of carcinogenesis ( 9 . 

As a result, they presented a new, quantitative approach to the study 

of the stages of chemical carcinogenesis in the mouse's skin (10). 

They observed, that whan the croton oil treatment was kept constant 

but different carcinogens were used for the single initial painting, 

the tumour incidence varied from group to group, but the average la-

tent period remained the same. Un the other hand, when the initial 

painting with the carcinogen was Kept constant but the croton oil 

treatment was delayed for different periods, the tumour incidence 

remained the same, but the latent period varied iaore or less propor-

tionally with the lengths of the intervals. They concluded that 

such results could only have arisen if (a) the ultimate number of 

tumours was predetermined by the single preliminary action of the 

carcinogen, (b) the "latent tumour ceils" produced in the first in-

stance did, in fact, remain latent indefinitely unless stimulated 

to further activity, and (c) the effect of the croton oil treatment 

was to convert all the latent tumour ceils into visible tumours. 

After coming to these conclusions they abandoned the concept and ter-

minology previously put forward by Berenblum (5), and considering 
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their results in conjunction with the qualitative evidence of Rous 

and his associates, adopted the nomenclature of two stages of car-

cinogenesis of Priedewald and Rous (27): hence the term "Initiating 

process" was used to describe the irreversible change of normal into 

latent tumour cells, aixi the term 'PROMOTING process" to describe 

the conversion of latent tumour ceils into growing, visible tumours. 

In 1949 Berenblum and Shubik reported results that provid-

ed a further conformation of the two-stage mechanism of carcinogene-

sis. These experiments were based on four groups of mice, each 

group having been treated with a single application but varying amount 

of 9, 10-DimetiHyl-l, 2-BetZanthraceNe, each application of which con-

sisted of a sub-thresHOld dose; ineffective in inducing tumours 

without additional treatment. Treatment, was continued four weeks 

later, on the same area of the akin, with croton oil applied twice 

weekly for 25 weeks. The results showed that with the increase in 

the concentration of initiator (carcinogen) there was a progressive 

increase in the tumour yield, although the average latent periods 

showed no differences. The actual number of tumours per tumour-

bearing animal rose progressively from an average 1. 1, in the lowest 

concentration to 3*9 in the highest. These authors therefore con-

cluded that the latent period of carcinogenesis was dependent on the 

efficacy of the promoting agent, whereas the actual tumour yield was 

predetermined by the initiating activity of the carcinogenic dose 

itself (11). 

The carcinogenic agent administered in sub-threshold amounts 
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need not be A polycyclic hydrocarbon, but can ba a source of radia-

tion. Thus, a single exposure of the akin of mice to the moderate-

ly energetic X-rays of thalium, followed by repeated applications of 

croton oil, resulted in the formation of akin tumours with a mean la-

tent period of 3. 5 months (73)! animals receiving the same dose of 

radiation, but not treated with croton oil, did not develop tumours. 

Urethane, applied locally to the akin, is also able to pro-

duce the initial change in mouse akin, preparing it ao that subsequent 

promoting treatment may elicit Skin tumours (65). This was also in-

dependently demonstrated by Graffi at (33) and later confirmed 

by Roe and Salaman (61) and Berenblum and Haran (8). These findings 

were of particular interest because they demonstrated the existence 

of an incomplete carcinogen or pure initiating substance for a specific 

tissue and type of tumour. For Urethane, though itself non-carcinogenic for mouse skin, is able to induce the initiating phase of car-

cinogenesis in that tissue. It should also be noted that although 

Urethane is an incomplete epidermal carcinogen it is a complete car-

cinogen for lung tissue in mice. 

Ritchie and Saffiotti (56) studying the carcinogenicity of 

2-Acetylaminofluorene recorded the very interesting phenomenon that 

this compound was able to initiate tumours in mouse akin when it waa 

given by mouth. Skin tumours were produced when the oral administra-

tion of that compound was followed by repeated applications of croton 

oil to the skin, which did not happen when either 2-Acetylaminofluorene 

or croton oil were administered alone. These experiments pointed out 
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the possibility of remote Initiation; thus it became apparent that 

tests for the carcinogenic action of a substance, on mouse skin might 

be misleading if confined solely to topical applications and if the 

effect of the substance in combination with other promoting or ini-

tiating agents were ignored. 

Salaman (64) showed that a single application of croton 

oil, to the skin of mice that had been previously treated once with 

9 l0-Dimethyl-1, 2-denzanthracene produced no tumours. *with weekly 

applications of croton oil, tumour production began after a latent 

period of 68 days, and continued for two or three weeks after the 

croton oil treatment was stopped, when the applications were resum-

ed after nine weeks' interval, new tumours appeared, again after a 

latent period of days. Klein's recent studies (40, 41) are in 

agreement, for they demonstrate that in intermittent treatments with 

croton oil each period of administration is relatively independent 

of the preceding in promoting the production of tumours. Thus it is 

apparent that the change produced by croton oil is a gradual one, 

and repeated treatments are required for progression toward tumour 

formation. 

Although a variety of compounds are know which possess 

the power to initiate tumour development, only a very few compounds 

have been demonstrated to possess a predominant promoting activity. 

The most commonly used promoting agent is croton oil. The use of 

this compound is limited to mice amongst the laboratory animals, for 

it possesses no apparent promoting action on the skin of rats, rabbits, 
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or guinea-pigs (70). wound healiNg and applications of turpentine 

have been show to be effective promoters of carcinogenesis in 

rabbits (37). Recently, however, Graffi (31) has demonstrated some 

promoting activity of croton oil in rabbits, lodoacetic acid, Chlor-

acetaphenone, (33) and certain low boiling fractions of petroleum, 

(75) have been reported to be able to "promote" tumours in mouse 

skin after these had been initiated by an application of 9, 10-Di-

methyl-1, 2-BENzanthracenE. However, since mice are the moat common-

ly used laboratory animals in the study of epidermal carcinogenesis, 

croton oil will remain the promoting agent of choice until a better 

agent is found. Its use in experimental skin carcinogenesis has 

been of great value in the study of the mechanism of carcinogenesis 

to date. Croton oil is currently used by many investigators concern-

ed with quantitative studies in this field. 

Berenblum and Shubik (12) studied the persistence of "la-

tent tumour cells" induced by a single application of carcinogen, 

by means of delaying the croton oil treatment for 43 weeks. Their 

results showed no difference in the percentage of tumour bearing 

mice in the 43 week3 group compared with results of those in which 

croton oil treatment commenced three weeks after the carcinogen was 

applied to the akin. The mean latent period, which was measured 

from the commencement of croton oil treatment, was the same in all 

the experimental groups. The authors concluded that the initiating 

process is irreversible in nature "since the anticipated incidence 

of tumour bearing mice is realizable even when the croton oil treatment 
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ia delayed for 43 weeks". In drawing this conclusion, these authors 

apparently overlooked the importance of the incidence of tumours per 

tumour bearing mouse, Roe and Salaman (61) in a similar type of ex-

periment with Urethane used the mean number of tumours per surviving 

mouse as the criterion for evaluating the persistence of the initiat-

ing effect. Their results showed that this effect of Urethane per-

sisted for at least 24 weeks, with some evidence of a falling off 

through time. These facts pointed out the need for a reinvestigation 

of the concept of the irreversibility of initiation. Consequently 

one experiment in the present series has been designed to test the 

persistence of the initiating effect of 10-Dimethyl-l, 2-Benzan-

thraCene in the mouse skin; considering both the number of tumour 

bearing mice and the total number of tumours induced. 

A further interesting phenomenon was observed by Shubik 

and Ritchie (74) when a given carcinogenic treatment was repeated 

once, twice and three times idth a time interval of seven days 

between each and when croton oil treatment was begun five weeks after 

the initial treatment in each case. Repetition of the initiating 

dose resulted in an equal or even in a lower tumour response than 

that obtained from the single application of carcinogen. As the 

number of initiating treatments increased from one to two to three 

applications the mean number of tumours per surviving mouse de-

creased from 4. 78 to 3. 46 to 2. 95 respectively. These investigators 

noted that this finding was in sharp contrast with that previously 

observed whan the increasing concentration* of carcinogen had been 
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applied 1a a single dose. They attributed tills either to a "necrotiZ-

iNg action" of the later applications ami/or to a "refractory state" 

induced in cells of the treated area by the initial t r e a t m e n t . In 

two separate experiments undertaken here to test the validity of the 

"refractory state" hypothesis, the initiating treatments were separ-

ated by a 30 day interval (as opposed to seven days in Shubik and 

Ritchie's experiments) in order to see if this time interval would 

outlast the "refractory state", on the assumption that this state 

would be only of a temporary nature, ^t the same; time the possi-

bility that the ultimate tumour response might be influenced by the 

time inter-relationship between the initial treatment with carcinogen 

on the one hand and the time at wHICH exposure to the promoting agent 

was commenced on tne other was taken under consideration. As the 

first of these experiments (81) had suggested positive answers to 

these assumptions, a second larger-scale experiment was undertaken 

to see if the same would hold when a lowered initiating dose was used 

together with a more powerful promoting agent (77). 

The results obtained in the preliminary experiment also in-

dicated the need for re-examining the possibility of the existence of 

a "sensitizing factor" in experimental carcinogenesis as originally 

suggested by *Mottram (53)* Titis author claimed such an effect for 

croton oil when it was applied to the epidermis prior to the first 

carcinogenic treatment, however Berenblum and Shubik (9) and more 

recently, Berenblum and Haran (7) were unable to confirm this find-

ing. nevertheless it should be pointed out that while Mottram's 
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criterion for detecting "sensitizing effect" was baaed on the total 

number of tumours induced, the other authors again used as their 

index the number of tumours-bearing mice. Furthermore our own find-

ings suggested the existence of such a "sensitizing effect" on the 

part of croton oil when it preceded a second carcinogenic treatment. 

For these reasons one of the present series of experiments was de-

signed to assess whether or not a promoting agent, when given prior 

to the initial carcinogenic treatment, would sensitize epidermal 

cells to the effect of the carcinogen. 

In the past several years a majority of publications in 

this field have dealt exclusively with the quantitative side of the 

study of experimental epidermal carcinogenesis, while only a few of 

the more recent papers (59, 60, 66, 67, 71) have bean concerned with 

the qualitative aspects of this problem. It is well established 

that skin tumours may arise after a single application of a carcino-

genic agent, though usually only after a long latent period (13, 20, 

21, 50, 51). Repeated, but limited, applications of a carcinogenic 

agent to the mouse skin induce papillomas of which some regress, 

some grow for a short time as papillomas and then remain stationary, 

some grow progressively as papillomas, and some transform into malig-

nant carcinomas (43, 71). when a carcinogen is applied repeatedly 

throughout the experiment, carcinoma develops in almost every mouse. 

If the carcinogen is withheld at about the time when the earliest 

tumours are expected, papillomas and carcinomas develop as in con-

tinuously treated mice but more slowly (3, 43). A further reduction 
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in carcinogenic action results in more delayed eruption of tumours, 

of which more regressed and fewer became malignant. Much informa-

tion may be gained by studying the life history of tumours induced 

by a single initiating dose of a carcinogen and a limited course of 

croton oil treatments. 

When a single carcinogenic treatment is followed by re-

peated promoting treatments, however, tumours will appear in a rel-

atively short period of time. The number of tumours will increase 

throughout a limited period of promoting treatment reaching their 

maximal value at or shortly after the last application. This situ-

ation offers excellent possibilities for studying the life course of 

induced tumours. The last of this series of experiments will deal 

with a qualitative analysis of tumours induced by "initiating" and 

"promoting" stimuli. In this analysis observations have been made 

on the fate of some of the tumour populations discussed in earlier 

experiments solely from the quantitative point of view. The life 

history of these tumours has been studied from the view-point of re-

gression, persistence, and malignant change. 

All experiments in this series were closely interrelated, 

being designed in such a way that the results obtained might give 

information on the mechanism involved in the stages of carcinogenesis. 

the complete study has been divided into four parts under 

the following subtitles: 

Part 1. The Persistence of the Initiating Effect of 9, 10-

Dimethyl-1, 2-Benzanthracene. 
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Part The Initiation-Promotion Interrelationship (Time 

Interval and Sequence). 

Part An Evaluation of the "Sensitizing factor" in Epi-

dermal Carcinogenesis. 

Part Qualitative Analysis of Tumours induced by "Initiat-

ing" and "Promoting" stimuli. 
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METHODS AND MATERIALS 

Because the treatments varied slightly from one group of 

experiments to the other, each of the four parts of this disserta-

tion will be prefaced by a list of its particular experimental 

groups. MICE 

All the mice used in these experiments were bred end rais-

ed in this laboratory. Animals were kept during the experiment in 

glass cooky jars; five of them in each. They were fed on Standard 

Commercial fox cubes^ and water ad libitum. 

The CyyBl/C^H P^ hybrids (out of CyyBl mothers) were used 

in all experiments except in those presented in Part III of this 

study, in which the C-3H mice were utilized. The sexes were equally 

divided in all groups, and all animals were approximately three months 

of age at the beginning of the experiment. Animals were weighed in-

dividually at monthly intervals throughout the experiment. 

CHEMICAL AGENTS AND SOLVENTS 

initiating aGent: 9, 10-DiMethyl-1, 2-Benzanthracene^ was 

utilized in all experiments and will be referred to as DMBA through-

out the remainder of this paper. The mineral oil solutions of DMBA 

were always freshly made 24 hours prior to their use and kept in amber 

bottles at 4**C. until their application to the experimental animals. 

1. Master Feeds, Toronto Elevators Ltd., Toronto, Ontario. 
2. L. Light & Company, England. 
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PROMOTING AGENTS: a) Croton oil batch 1. ^ 

b) Croton oil Batch 11. 2 

c) DJ-10, 3^ a hexane extracted fraction 

from the seeds of Croton Tiglium. 

Solvents: a) Light mineral oil/* (B. P. ). 

bj Acetone (Dimethyl-ketone). 5 

the stock solutions were kept in the refrigerator at 4**C. 

and only necessary amounts for the given treatments were transferred 

to small container for the immediate use. 

Technique of Applications 

The entire dorsum of each mouse was kept free from hair by 

clipping with small-animal clippers (Blade 40) at the beginning of 

the experiment and subsequently when necessary. The solutions were 

applied to the skin either by means of a single stroke of a number 

five camel hair brush or dropwise by means of an eyedropper or a one 

millilitre tuberculin syringe with a 24 gauge needle attached. Care 

was always taken that solutions were spread as evenly as possible 

over the clipped area. In the experiments of Part II mice were tranquillized prior to the initiating treatments in order to minimize the 

removal of the carcinogen by licking and rubbing off for the first 

1. CoMpagnie Parento Ltd., Toronto, Canada. 
2. Fritsche Brothers of Canada Ltd., Toronto, Canada. 
3. Kindly provided by Dr. J. Sice of the Division of Oncology, 

Chicago Medical school, Chicago, Illinois, U. S. A. 
4. The British Drug Houses (Canada) Ltd., Toronto, Canada. 
5. Merck and Company Ltd., Montreal, Canada. 
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two hours. After two hours the excess of the carcinogenic solution 

was removed by means of a paper towel. The tranquillizing agent used 

in these experiments was Miltown^ (2-Methyl-2n-Propyl-l, 3-PropanedioL 

Dicarbamate) and was given intraperitonealLY as a 0. 8% solution in 5% 

Gum Acacia aqueous solution, 0. 125 ml. /gm. body weight. 

Mice were examined for the presence of tumours periodical-

ly (Photographs I, 11, III and IV). All tumours that appeared were 

charted at weekly intervals, but only those that persisted at least 

four weeks were included in the final data. The latent periods for 

all tumours were measured from the first croton oil treatment, and 

the mean of all these values was designated as the mean latent period 

for the given group. 

All tumours were classed as either papillomas or carcinomas 

by macroscopic observations. Papillomas were further classified into 

the following two morphological types: 

1) SEssilE papillomas were small warts which never grew 

very large, never grew very quickly, and were never markedly keratin-

ized. 

2) PEDUNCULATED PAPILLOMAS tended to grow* more rapidly 

and were usually larger than the sessile papillomas and sometimes 

very large. They had a relatively thin stalk, and were markedly 

1. Wallace Laboratories, Division of Carter Products M. S., Inc., 
Toronto, Canada. 
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keratinized. Often they were of fern-like structure. 

Carcinomas were rapidly growing tumours, with an indurated 

and elevated edge. Infiltration of the underlying tissue was often 

obvious. These tumours sometimes ulcerated (Photographs V, VI, VII 

and VIII). 

Occasionally fibro-sarcomas were observed (Photographs IX 

and 1). 

HISTOLOGICAL EXAMINATION 

Tissues taken for sectioning during post-mortem examination 

or from sacrificed animals at the termination of the experiment were 

fixed in 10% solution of formalin, embedded in paraffin wax, and 

stained by the hematoxylin and eosin method. Tumours were again 

classified in the same way as described above. 

Treatments 

Part DMBA was used, as a 1. 5% solution in light mineral 

oil. The promoting agent was croton oil Batch I, administered as a 

5% solution in the light mineral oil. Solutions were applied by 

brush technique. 

Part ii. DMBA was applied as a 0. 25% solution. 0. 15 ml. 

of this solution was delivered by Tuberculin syringe. DJ-10 was used 

as a 1% solution in acetone and was applied by means of an eyedropper; 

three drops each application (0. 06-0. 08 ml. ). 

Part ill. DMBA was applied by means of an eyedropper - two 

drops per mouse, either as a 0. 5 or 1. 0% solution in acetone. DJ-10 
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was used as a 1% solution in acetone and preceded carcinogenic treat-

ment. The promoting agent was croton oil Batch II, administered as 

a solution in acetone. Both croton oil and DJ-10 were applied by 

eyedropper; three drops per application. 

Part IV. DMBA was used as a 1. 5/6 solution. Croton oil 

Batch I was administered as a 5% solution in the light mineral oil. 

Solutions were applied by brush technique. 
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PHOTOGRAPH 1: Dorsal view of mouse number ten, male, Group VIII. 

twelfth week of the "promoting" treatment. Majority 

of the observed tumours are of the pedunculated type. 

photograph Lateral view of the same mouse. Pedunculated char-

acter of the tumours is more readily observable. 
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PhotoGRAPH III: Lateral view of mouse number eight, female. 

Group IX. Twelfth week of the promoting 

treatment. This mouse bears lb benign tumours 

of different sizes. 

Photograph IV* Dorsal view of the same mouse. 
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Photograph Lateral view of mouse number nine, male, Group IX. 

Five months after the last DJ-10 treatment. Tumour 

on the left hip and the one close to the base of 

the tail are pedunculated Papillomas. Tumour oc-

cupying the right shoulder and the right side of 

the neck is a squamous cell Carcinoma. 

Photograph VI* Lateral view of mouse number 13. female, Group IX. 

Three months after the last DJ-10 treatment. This 

mouse bears a squamous cell Carcinoma. Note the 

elevated edge of the tumour. 
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Photograph VII: Later-dorsal view of mouse number six, female, 

Group VIII. Five months after the last DJ-10 

treatment. The rapidly growing tumour, which 

occupies the left side of the neck showed mi-

croscopically precancerous changes. Note the 

hyperkeratotic character of the tumour. 

Photograph VIII: Caudo-lateral view of mouse 25, male. Group 

XIII. Two months after the last croton oil 

treatment. This mouse bears a squamous cell 

Carcinoma. Note elevated edge and the ulcer-

ative character of the tumour. 
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Photograph Lateral view of mouse nine, female, Group IX. Five 

months after last DJ-10 Treatment. This ulcerative 

and rapidly growing tumour is a fibrosarcoma. The 

other two visible tumours are Papillomas. 

PHOTOGRAPH Lateral view of mouse seven, male, Group VIII. Three 

months after the last DJ-10 treatment. This mouse 

bears a Fibrosarcoma. Note the tendency of the skin 

to grow over this rapidly growing tumour. 
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PART I 

**he Persistence ^ e initiating: Effect ̂  DMBA 

EXPERIMENTAL GROUPS 

The mice were divided into six groups each containing 

twenty animals and were treated as follows: 

Group Single application of DMBA - seven day interval 

followed by croton oil three times weekly for twelve paintings and 

then twice weekly for 21 paintings. 

Group Single application of DMBA. followed after 40 

days by croton oil treatment aa in Group I. 

Group ill: Single application of DMBA. Followed after 

240 days by croton nil treatments as in Group I. 

Group Single application of DMBA - followed after 287 

days by croton oil treatments as in Group I. 

Group V: DMBA control, receiving a single application of 

this substance. 

Group VI,: Croton oil control, receiving 33 applications 

of croton oil aa in Group I. 

RESULTS 

The tumour response obtained in each of the groups is listed 

in Table I; in ail instances maximal response had occurred by the 

112th day after the initial croton oil treatment. Text figure I 

shows the mean number of tumours per surviving mouse throughout the 
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Text Figure persistence OF IHh "INITIATING" effect OF DMBA. The 

mean number of tumours per surviving mouse from the 

appearance of the first tumour till the time of maxi-

mal tumour response. Time was measured from the first 

croton oil treatment. 

— Group I: Interval between the single DMBA applica-

tion and beginning of croton oil treatments was 

seven days. 

... ... Group II: Interval between the single DMBA applica-

tion and beginning of croton oil treatments was 40 

days. 

_____________ Group III: Interval between the single DMBA applica-

tion and beginning of croton oil treatments was 240 

days. 

Group IV: Interval between the single DMBA applica-

tion and beginning of croton oil treatments was 287 

days. 
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period of croton oil treatments. Table 11 presents distribution of 

tumours at the tiMe of maximal response and Table 111 lists the la-

tent periods of all tumours. 

Tumour responses observed in tne different groups showed 

a tendency to decrease as the time interval between the application 

of the carcinogen and the beginning of croton oil treatments was in-

creased. Groups I and II, having been exposed to the promoting 

agent within 40 days following the application of the carcinogen, 

showed higher tumour yields than did Groups III and IV, exposed to 

croton oil from 240 to 237 days after the initial treatment. The 

mean numbers of tumours per surviving mouse in Groups I and II (Im-

mediate Promotion Group) were 4. 30 ami 4. 45 respectively while 

these values dropped in Group III and IV (Delayed Promotion Group) 

to 2. 43 and 1. 70. 

An analysis of variance of the mean number of tumours per 

surviving mouse was performed according to the Interaction Table 

(Table IV). 
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This analysis showed that a significant difference exist-

ed between the immediate and delayed groups (P<^. 0. 05), while dif-

ference within the groups and interaction were not significant. 

The average latent period varied from group to group, 

ranging from 10. 76 weeks in Group III to 12. 61 weeks in Group I. 

The analysis of variance snowed that a highly significant difference 

existed between the immediate and delayed groups (P<^0. 01). This 

difference has been due to the greater numbers of tumours with long-

er latent periods in the immediate groups than in delayed groups. Mo 

significant difference existed within the groups. 

DISCUSSION 

The results presented above demonstrate that the initiat-

ing effect of a single application of D M A tends to fall off with 

time, similarly Roe and Salaman (bl) have shown that the initiat-

ing effect of Urethane persists for at Ieast 24 weeKs, with some 

evidence of falling off of this effect in time. Consequently it 

seems that the concept of the irreversibility of the initiating 

process should probably not be accepted at this point aa a definite 

fact, as originally hypothesised by Berenblum andShubik (12). It 

is possible that the lower tumour response in the delayed groups might 

be attributed to the more advanced age of these animals at the time 

of commencement of promoting treatment (over one year), such an ex-

planation would only be tenable, however, if there were evidence 

that the promoting stimulus became less effective with advancing 

age. However, the experiments of Graffi (31) do not support this 
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latter concept, as this investigator has shown that ages of three 

months and one year failed to affect the number of tumours induced 

by a single carcinogenic exposure when this was followed immediate-

ly by repeated croton oil treatments. Thus it would seem probable 

that the reduced tumour response in Groups III and IV of these ex-

periments is most likely a function of the delayed promotion. Dur-

ing this long treatment-free period some originally initiated foci 

must either have lost their latent neoplastic character or have been 

lost entirely through cytomorphosis. As there is at present no evi-

dence to show which of these processes is the more active in reduc-

ing the number of initiated foci through time, the need for further 

experiments is indicated. In the interim, however, the fact stands 

that the delay of the promoting treatments results in lower tumour 

yield. 
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PART II 

THE initiation-promotion Interrelationship 

(TIME INTERVAL SEQUENCE) 

EXPERIMENTAL GROUPS 

Three hundred end sixty mice were divided into six groups. 

Treatment was as follows: 

Group VII: Single application of DMBA - seven day interval 

followed by DJ-10 treatments, twice weekly for 33 applications. 

Group VIII: Two applications of DMBA separated by a 30-

day interval. DJ-10 treatment was commenced seven days after the 

second carcinogenic treatment, and was continued as in Group VII. 

Group IX: Three applications of DMBA with an interval of 

30 days between applications, seven days after the third applica-

tion, DJ-10 was begun and was continued twice a week, as in Group 

VII. 

Group X: Two applications of DMBA with an interval of 30 

days between applications. DJ-10 treatment was commenced seven days 

after the first carcinogenic treatment and was continued as in Group 

VII. 

Group XI: Three applications of DMBA with an interval of 

30 days between applications. DJ-10 treatment was commenced seven 

days after the first carcinogenic treatment and was continued as in 

Group VII. 

Group XII: Thirty-three applications of croton oil, twice 

weekly. 
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RESULTS 

Tables V and VI present the distribution of tumours for fe-

males and males respectively. As the analysis of variance did not 

show any significant difference in tumour response between the female 

and male groups the results observed in females and males in the cor-

responding groups were combined and presented in Table VII. These 

results show that, the increased frequency of applications of carcin-

ogen, when followed by the repeated applications of DJ-10, will in-

crease the number of tumours induced. The mean number of tumours 

increased from 3. 0 in Group VII that was treated only once with car-

cinogen to 5. 08 and 6. 32 in groups that were exposed to carcinogenic 

treatment twice or three times respectively. The same phenomenon was 

observed in either sex but it was more pronounced in males than in fe-

males although not significantly (Tables V and VI). When the carcin-

ogenic treatments were not completed before DJ-10 treatments began, 

but alternated with them, the same trend in tumour induction was ob-

served as before but in an even more accentuated form. The mean number 

of tumours per mouse increased from 3*0 in group treated only once 

with carcinogen to 6.66 and 8. 81 in groups exposed twice and three 

times to carcinogen respectively. 

An analysis of variance of the data as presented in Table 

VIII, was done in order to assess the effect of the logarithm of the 

frequency of applications of carcinogen on the tumour yield (mean 

number of tumours per surviving mouse). This analysis showed that 

there was a highly significant variation in tumour incidence due to 
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Text Figure II VARIATION IN TUMOUR INCIDENCE DUE TO DIFFERENT 

FREQUENCIES OF DMBA EXPOSURE. DJ-10 treatment 

followed the last carcinogenic application. 

The line corresponds to the theoretical equation 

Y - 2. 99 + 6. 96 log. DMBA frequency. Standard 

error of the slope - 1. 3817. The data of the 

eighth column of Table VII provided the points. 
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Text figure 111' variation IN TUMOUR incidence DUE TO DIFFERENT 

FREQUENCIES OF DMBA EXPOSURE. DJ-10 treatment 

began after first carcinogenic application. 

The line corresponds to the theoretical equation 

Y - 2.98 + 12. 17 log. DMBA frequency, standard 

error of the Slope * 2. 1839. The data of the 

eighth column of Table VII provided the points. 
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TEXT figure IV: THE EFFECT OF DIFFERENT frequencies OF DMBA EXPOS-

URES ON THE NUMBER OF TUMOURS INDUCED. The mean 

number of tumours per surviving mouse from the ap-

pearance of the first tumour till the time of maxi-

mal tumour response. Time was measured from the 

first DJ-10 treatment. 

— . — . — . — . Group VII: One application of DMBA. 

Group VIII: Two applications of DMBA. 

Group H : Three applications of Di4BA. 

In all three groups DJ-10 treatment began seven days after the last 

DMBA application. 
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Text Figure V: THE EFFECT OF DIFFERENT FREQUENCIES OF DMBA EXPOSURES 

AND THE CONCURRENT "PROMOTING" TREATMENT ON THE NUMBER 

OF TUMOURS INDUCED. The mean number of tumours per 

surviving mouse from the appearance of the first tumour 

till the time of maximal tumour response. Time was 

measured from the first DJ-10 treatment. 

— . — . — . — . — Group VII: One application of DMBA. 

Group X: Two applications of DMBA. 

Group XI: Three applications of DMBA. 

In all three groups DJ-10 treatment began seven days after the first 

DMBA application. 
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the different logs of applications (P<^0. 01), and there was no 

doubt that the regression line was straight. This was true both 

when DJ-10 treatment followed or alternated with the carcinogenic 

treatments (see text figures II and III). 

However tumour yield was higher in Groups I and XI in which 

DJ-10 treatments alternated with the carcinogenic treatments than in 

those where DJ-10 treatment followed carsinogenic treatments. To 

assess the significance of the effect of promotion-initiation time 

relationship (sequence) an analysis of variance was performed accord-

ing to plan presented in Table X. 

TABLE X. EFFECT OF PROMOTION-IMITATION time relationship 
OH TUMOUR yield 

The analysis of variance showed that there was a signifi-

cantly higher (P <^0. 05) tumour incidence in groups in which the 

promoting treatments alternated with the carcinogenic treatment, 

than in those groups in which promotion followed carcinogenic treat-

ment. Text figures IV and V show the mean number of tumours per 

surviving mouse throughout the period of DJ-10 treatments. The mean 
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latent periods of all tumours with corresponding standard errors 

(last column of Table VII) were calculated from data presented in 

Table IX. An analysis of variance of these data showed the latent 

periods to be significantly longer in those groups in which the in-

crease in the mean number of tumours per surviving mouse was doubled 

(Groups IX, X, XI). 

DISCUSSION 

The observations presented are of interest because they 

are suggestive of additional factors that may influence epidermal 

carcinogenesis. These factors are! 1) The association between time 

interval end the effect of frequency of "Initiating" treatments, and 

2) the time sequence of the "initiating" and "promoting" stimuli. 

Analysis of variance demonstrated the existence of a linear 

relationShip between tumour yield and log. of frequency of applica-

tions of "initiating" stimuli. This observation is in complete agree-

ment with our recent report in that two applications of carcinogen 

resulted in a higher tumour yield than one Such application (81). 

However, in the earlier paper adequate statistical analysis was not 

feasible due to the relatively small numbers of animals used. In 

the experiments presented here each group contained a sufficient 

number of mice. Furthermore as an additional safeguard mice were 

tranquilIed at the time of application of the carcinogen ao as to 

minimize its removal ty licking and rubbing (16, 45, 46). After two 

hours the excess of the solution of carcinogen was removed by blot-

ting. It would seem probable that this procedure was responsible 
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for a more uniform tumour response within the groups. It has been 

shown that the variation in tumour incidence may oe affected not 

only by different concentrations of applied carcinogen but also by 

the duration of exposure (47). The concentration of the carcinogen 

used in all these treatments was the same as was the duration of ex-

posure leaving only sequence and frequency of exposure to vary from 

group to group. 

In assessing the observed results in Groups VII, VIII and 

IX, in which all treatment with the carcinogen preceded the first 

promoting stimulus, one might combine the frequency and duration of 

exposures to determine the effect of total time of exposure on tumour 

yield. Conversely one might combine frequency of exposure and con-

centration of carcinogen to determine the effect of total dose on 

tumour yield. As duration of exposure and the concentration of car-

cinogen were constants, the frequency of applications was the only 

variable. Thus frequency was the basic factor influencing the vari-

ation in tumour incidence in this instance. Earlier experiments have 

demonstrated the effect of the concentration of carcinogen and the 

duration of exposure on the variation in tumour incidence (11, 47). 

The present results, interpreted in either of these two ways, con-

firm these findings. 

Shubik and Ritchie, as previously mentioned, failed to ob-

tain a progressive increase in tumour yield after treating mice one, 

two, and three times with DMBA. Although the observations recorded 

here are at variance with the results obtained by these investigators, 
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they may be interpreted in part in the light of the hypothetical ex-

planations of their findings suggested by these authors. Thus it 

might oe assumed that the increased time lapse between carcinogenic 

treatments from SevEn days (Shubik and Ritchie) to 30 days was suf-

ficient to outlast the "refractory state" induced by the preceding 

application( s ) of carcinogen. This would seem to be an adequate ex-

planation, in view of the fact that the whole initiation process it-

self must be considered to be influenced by the responsive state of 

the exposed cells as well as the potency of the carcinogen used. In-

creasing concentrations of a single carcinogenic treatment resulted 

in correspondingly higher tumour yields. Even though such an addi-

tive effect can be observed in the present experiments (Table VII), 

a comparison between these two types of experiments is not complete-

ly Justified. When a single-dose technique is used, the carcinogen, 

regardless of its concentration, is applied only to previously un-

treated skin. On the other hand, when the carcinogen is applied in 

more than one application, only the first exposure comes into contact 

with untreated skin, while the subsequent exposures act upon cells 

whose responsiveness is almost certainly altered, temporarily at 

least, by the preceding treatment. 

Roe and Salaman (61) investigated the effect of time lapse 

between applications of Urethane on the initiating activity of a 

total dose of this compound. In one group the interval between ap-

plications of Urethane was two hours while in the other group it was 

four days. As the tumour incidence was about the same in both groups, 
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the authors concluded that this alteration of spacing of Urethane 

applications did not affect the initiating power of the total dose. 

They concluded that the effects of individual applications of Ure-

thane were additive, without mutual interference. 

Cramer and Stowell (22) while studying the effects of re-

peated applications of 20-Mathylcholanthrene to mouse skin, found 

that the carcinogenic effect of monthly applications was greater in 

relation to total dose than that of weekly applications. They con-

cluded that when the interval between two applications of a carcin-

ogen is short the second application diminishes the carcinogenic 

effect of the first by initiating cellular proliferation. 

Roe and Salaman (61) have attempted to explain the exist-

ence of a "refractory state" induced by carcinogenic hydrocarbons 

and at the same time its absence after Urethane treatments. These 

authors thought that the above difference was due to the fact that 

Urethane does not produce any detectable histological changes in the 

skin, whereas carcinogenic hydrocarbons produced a characteristic 

hyperplasia. However, this explanation is not adequate, whan one 

takes under consideration the observations made by Haran and Berenblum (37). These authors investigated the existence of the "remote" 

initiating action of Urethane; administering this compound orally 

to the mice and then applying croton oil topically to the skin. 

Such a treatment resulted in the induction of tumours at the site of 

croton oil treatments, demonstrating the ability of Urethane to ini-

tiate remotely. These authors, however, observed the similarity in 
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tumour yield when A single dose and ten weekly doses, respectively, 

were given prior to croton oil applications, Haran and Berenblum 

stated that these results are reminiscent of those obtained by SHUBIK 

and Ritchie in experiments with one, two, and three applications of 

DMBA, for in both of these experiments the initiating actions exhib-

ited mutual interference. A3 the topical applications of Urethane 

fails to produce any detectable histological changes in the skin, 

one would hardly expect such effects when this compound was given 

orally. For this reason it seems doubtful that the explanation put 

forward by Roe and Salaman would hold true in the case of their ex-

periments but not in those of Haran and Berenblum. 

The discrepancies discussed above are not readily explic-

able. However, the experiments of Shubik-Ritchie and Haran-Berenblum 

have two features in common: first, a constant time interval of one 

week between successive applications of the initiating agent, and 

second, their failure to exhibit an additive response. The results 

presented here are of interest in this regard as an additive response 

was obtained with the lengthening of the time interval to 30 days. 

Even though length of interval is probably not the only factor gov-

erning the expression of the phenomenon of mutual interference, it 

is apparent that the time interval between successive initiating 

treatments influences epidermal carcinogenesis. 

The analysis of variance showed that there waa a signifi-

cantly higher tumour yield in groups in which promoting treatment 

alternated with carcinogenic treatments, than in the groups in which 
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promotion followed carcinogenic exposure. roe and Salaman exposed 

two groups of mice to 13 weekly applications of Urethane, and 13 

weekly applications of croton oil, but while in one group the treat-

ments i; ere alternated (a croton oil application four days after each 

Urethane application), in the other group croton oil treatment began 

three weeks after the end of Urethane treatment. At the end of ex-

periment the group, in which the Urethane and croton oil treatments 

were alternated, showed a tumour incidence almost double that of the 

other group. The authors concluded that this difference in tumour 

yield suggests a loss of initiating effect with the passage of time. 

However, these results might equally well be interpreted as suggest-

ing an enhancement of tumour response as a result of the altered se-

quence of the "initiating" and "promoting" stimuli. Certainly, the 

additional variable of altered sequence makes it difficult to draw 

conclusions about the persistence of the initiating effect of Ure-

thane. Thus this experiment may be thought of as being of the same 

type as the one reported here, where higher incidences of tumours 

were observed in the groups in which "initiating" and "promoting" 

stimuli alternated than in groups in which "promoting" stimuli fol-

lowed "initiating" treatments. 

Haran and Berenblum (37) observed the same phenomenon in 

experiments in which epidermal cells were initiated by Urethane 

after oral administration of this compound. Ten weekly feedings of 

Urethane and 20 twice-weekly applications of croton oil given concur-

rently, followed by an additional 16 croton oil treatments, resulted 
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in an average of twelve tumours per mouse. However, when all 36 

croton oil applications followed the sane treatment with Urethane, 

only two tumours per animal on the average v w e induced. The common 

denominator of all these three groups of experiments is the enhanc-

ing effect of alternated or concurrent initiating and promoting treat-

ments on tumour induction. 

Although at present no satisfactory explanation exists for 

the apparent increase in tumour response through the alteration of 

sequence of initiating promoting stimuli, it is possible to present 

two alternative speculative hypotheses on the basis of the available 

data. Firstly, it might be assumed that in our experiments, those 

applications of DMBA which were applied during the course of DJ-10 

promoting treatments contributed the additional promoting effects 

which resulted in a higher tumour induction. However, such an ex-

planation would not seem to be applicable to the experiments with 

Urethane as this compound has not been show to have promoting activ-

ity. 

Secondly, it might be assumed that the promoting agent in 

some way enhanced the responsiveness of the epidermal cells. The 

exact nature of this enhancing effect of a promoting agent is unknown; 

however, it is of interest to mention that Mottram claimed "sensitiz-

ing" effect for croton oil when it was applied to the epidermis prior 

to the first carcinogenic treatment. Berenblum and Shubik failed 

to confirm this finding. A tentative explanation of this "sensitiz-

ing" or "enhancing" effect of a promoting agent when alternated with 
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DMBA has bean presented recently by Vesselinovitch end Gilman (81). 

There it was assumed that "the primary exposure to the carcinogen 

gave rise to several levels of cellular initiation, only some of which 

were of sufficient degree (sensitivity) to respond directly to the 

promoting agent as visible tumours, while others may have been so 

conditioned by this subsequent exposure to this promoting agent that 

they became capable of responding rapidly to a second or third car-

cinogenic (initiating) exposure. " The question of levels of cellular 

initiation will be discussed in more detail in Part IV (Growth poten-

tial). 
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PART III 

evaluation & "Sensitizing factor" in epidermal Carcinogensis 

EXPERIMENTAL GROUPS 

Two hundred end ten mice were divided into three groups of 

70 each and were treated as follows: 

group XIII: Single application of 1% solution of DMBA; 

seven day interval, followed by croton oil treatments twice weekly 

for 33 applications. 

Group XIV: DJ-10, ten applications twice weekly, followed 

by single application of carcinogen and croton oil treatments as in 

Group XIII. 

Group XV: Single application of 0. 5% solution of DMBA; 

seven day interval, followed by croton oil treatments as in Group 

XIII. 

RESULTS 

As no differences in response were observed between the 

sexes within the corresponding groups, data are not presented separ̂ -

ately for each sex. Table XI summarizes the maximal tumour responses 

obtained in each of the treated groups. Text figure VI presents the 

tumour yields (mean number of tumours per surviving mouse) in all 

three groups during the development of the tumours. Table XII shows 

the distribution of tumours in each group and from these data the 

analysis of variance was done in order to assess the significance of 
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the variation in tumour response resulting from different treatments. 

Group XIV which was exposed to DJ-10 prior to the single 

carcinogenic treatment, showed a lower tumour response (91 tumours) 

than did Group x111 (174 tumours) in which such pretreatment was omit-

ted. The mean number of tumours per surviving mouse showed the same 

response pattern, as this value dropped from 2. 71 in Group XIII to 

1. 40 in Group XIV. This difference in tumour response proved to be 

very significant as the probability of obtaining these results from 

assumed same population was very small ( P ^ O . Ol). The per cent of 

tumour bearing mice was not affected by treatments with DJ-10. 

Group XV, that was exposed to a half of the concentration 

of carcinogen of that used in Group XIII, showed a significantly low-

er tumour response ( P ^ 0. 01) when compared with either of the other 

two groups. In this instance the per cent of tumour-bearing mice 

waa also significantly lower (28 %) than in Group XIII (73%). 

Table XIII presents the incidence of malignant tumours ob-

served in the different groups. Table XIV gives the distribution of 

malignant tumours within each of the groups. It is of interest to 

observe the effect of DJ-10 on the incidence of malignant tumours 

when it preceded the carcinogenic treatment. Such a pretreatment 

significantly lowered incidence of malignant tumours ( P ^ 0. 05). 

Group XV, which was exposed to the lower carcinogenic treatment (0. 5% 

DMBA) showed a highly significant reduction in incidence of malignant 

tumours over Group XIII ( P < 0 . 01). 
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Text Figure VI: THE effect OF DJ-10 PRETREATMENTS ON THE "INITIAT-

ING" POWER OF DMBA. The mean number of tumours per 

surviving mouse from the appearance of the first 

tumour till the time of maximal tumour response. 

Time was measured from the first croton oil treat-

ment. 

Group XIIl: One application of a 1. 0% solution of 

DMBA. 

Group XIV: One application of a 1. 0% solution of 

DMBA. This treatment was preceded by DJ-10 treat-

ments. 

— . — . — . — * — Group XV: One application of a 0. 5% solution of 

DMBA. 

In all three groups croton oil treatment followed DMBA treatment. 
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DlSCUSSlON 

From these results it ie immediately apparent that DJ-10 

did not increase the tumour yield when it was applied to the epi-

dermis prior to the initial carcinogenic treatment. In other words 

DJ-10 fails to manifest a "sensitizing" or "enhancing" effect under 

these experimental conditions, although under different conditions, 

(Part II) it may exhibit this quality. Contrary to expectation, the 

promoting agent used here actually seamed to desensitize the pro-

treated epidermis, in that the numbers of tumours dropped from 174 

in Group XIII to 91 in Group XIV. This difference in tumour response 

proved to be highly significant as the probability of obtaining these 

results from the assumed same population was significant (P^LO. OIJ. 

The per cent of tumour-bearing mice, however, was not affected by 

pretreatment with DJ-10. This fact shows the importance of using the 

mean number of tumours per surviving mouse as a criterion in experi-

ments designed to gain information on the variability of the incidence 

of the initiated foci as a result of variations in treatments. 

The fact, that DJ-10 pretreatment did reduce the number of 

induced tumours but not the incidence of tumour-bearing mice is of 

interest from the theoretical viewpoint. It is commonly visualized 

that when a carcinogen has acted on a population of cells in its 

specific way, certain of these cells would represent the potential 

tumorous foci, ready to manifest themselves as visible tumours when 

exposed to additional carcinogenic or promoting stimuli. In any given 

groups of mice exposed to a carcinogen followed by promoting stimuli, 
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tumours may be expected to develop only in those animals for which 

the initiating dose of carcinogen was above the individual's toler-

ance threshold. Thus if two groups of mice, exposed to different 

treatments but receiving the same initial carcinogenic dose, exhibit 

the same per cent tumour-bearing mice, one might be tempted to as-

sume that no effect resulted from the differences in treatments. 

However, what this really means is that mice of the same population 

are exposed to an equal initiating stimulus which happened to be of 

a strength to be effective on only a given per cent of the individ-

uals exposed. Furthermore, all doses eliciting a response in the 

order of 100% will patently be unable to be differentiated by this 

index. However, when in such cases a second index in the form of 

mean number of tumours per surviving mouse is taken into consider ac-

tion and it ia observed that these figures demonstrate significant 

differences between treatment groups showing the same per cent of 

tumour-bearing mice, it becomes apparent that the former index ia 

the more sensitive measure of carcinogenesis at the cellular level. 

Group XV, exposed to a half of the concentration of car-

cinogen used in Group XIII, shoved, as expected, a significantly 

lower tumour response than the latter group. This observation ia in 

agreement with the results previously reported by Berenblum and 

Shubik (11) and more recently with those of McCarter e^ a^. (47) 

showing the existence of a relationship between the concentration of 

initiating dose and incidence of tumours that develop under influ-

ence of the promoting agent. Nevertheless it seems unlikely that 
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promoting agents completely lack the ability to influence the number 

of induced tumours (34). 

Group XV was not introduced into this experimental aeries 

with the primary object of allowing a comparison between the effects 

of two dosage levels when given as a single treatment (1. 0% V. S. 0. 5%), 

but rather as another group for comparison with Group XIV. The dif-

ference between these two groups was significant both when comparisons 

were made between the percentages of tumour-bearing mice and between 

the mean number of tumours per surviving mouse. Therefore, although 

DJ-10 PRETREATMENTS decreased the responsiveness of the epidermal 

cells to the initiating activity of the carcinogen at 1% concentra-

tion this decrease did not approach that induced by the 0. 5% carcin-

ogenic dose. 

The results presented here showed a different effect for 

pretreatment with a promoting agent prior to the initial carcinogen-

ic exposure, to that observed when such promoting treatments were 

alternated with subsequent exposures to the carcinogen (Part II). 

These observations may be considered as further evidence that the 

time relationship between the promoting and initiating stimuli modi-

fies the ultimate tumour response. 



PART IV 

QUALITATIVE ANALYSIS Of TUMOURS INDUCED BY "INITIATING" 

AND "PROMOTING" STIMULI 

(The fate of induced tumours after the termination of 

treatments. ) 
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PART IV 

qualitative analysis of tumours induced "Initiating" and 

"promoting" stimuli 

(The fate of induced tumours after the termination of the 
promoting treatments. ) 

EXPERIMENTAL. groups 

The first four groups of a previous experiment, of which 

the results at the time of the maximal tumour response were recent-

ly published (81), were kept under observation for 28 weeks follow-

ing the last croton oil treatment, at which time the survivors were 

sacrificed and all tumours were examined microscopically. 

The mice had been divided into four groups each containing 

twenty animal, a and had received treatment as follows: 

Group Single application of DMBA - seven day interval 

followed by croton oil three times weekly for twelve paintings and 

then twice weekly for 21 paintings. 

Group II: Single application of DMBA. Followed after 40 

days by croton oil treatment as in Group I. 

Group XVI: Two applications of DMBA, separated by a 30 

day interval. Croton oil treatment commenced ten days after the 

second carcinogenic treatment and continued as in Group I. 

Group XVII: Two applications of DMBA separated by 30 days. 

Croton oil treatment began seven days after first initiating treat-

ment and continued as in Group I. 
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Text figure VII: THE FATE OF INDUCED TUMOURS AFTER THE TERMINA-

TION OF THE "PROMOTING" TREATMENTS. The mean 

number of tumours per surviving mouse from the 

time of maximal tumour response till 28 weeks 

later. Time was measured from the time of the 

maximal tumour response. 

... ... Group I: One application of DMBA; croton oil 

treatment followed after seven days. 

Group II: One application of DMBA; croton 

oil treatment followed after 40 days. 

Group XVI: Two applications of DMBA; croton 

oil treatment followed second DMBA application 

after seven days. 

Group XVII: Two applications of DMBA; croton 

oil treatment followed first DM*A application 

after seven days. 
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RESULTS 

Text figure VII shows the mean number of tumours per sur-

viving mouse through the 28 week period following the time of Maximal 

tumour response. One can see that, as soon as the mice were no long-

er exposed to croton oil, the numbers of tumours began gradually to 

decrease. Table XV presents the mean number of tumours per surviv-

ing mouse and the distribution of benign and malignant tumours at 

time of maximal tumour response and at the end of experiment. The 

results listed in this table bring out the following points: 

1) A lower mean number of tumours per surviving mouse at 

the end of the experiment, indicating a high regression rate (over-

all regression percentage * 70. 95). 

2) No quantitative difference existed at the end of the 

experiment between Groups XVI and XVII, exposed twice to the same car-

cinogenic treatment but differing as to time and sequence of croton 

oil exposure. 

3) An apparent qualitative difference between the same 

two groups. 

4) A great increase in the over-all percentage of malignant 

tumours by the end of the experiment - 45. 28% at 28 weeks as opposed 

to 2. 83% at time of maximal response (calculated from all tumours 

that persisted till the end of the experiment). 

DISCUSSION 

It has bean stated that repeated croton oil treatments 
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following carcinogenic exposure will only infrequently produce malig-

nant changes (71). The observations recorded above demonstrate that, 

a limited course of croton oil treatment (33 applications within 14. 5 

weeks) may promote malignant changes if the animals were maintained 

free of treatment for a sufficient period of time so that those changes 

have the opportunity to manifest themselves. Out of the 29. 05, * of 

tumours that persisted for 23 weeks, 13. 15% became malignant while 

the remaining 15. 90% stayed benign. In other words nearly half of 

the tumours that were observed at the end of experiment were of the 

malignant type. This suggests that once a cell has attained a 

specific level of submicroscoplc change in the direction of malig-

nancy, no additional treatment may be necessary for the visible man-

ifestation of malignancy. 

One may conclude that tumours resulting from the combined 

"initiating" and "promoting" stimuli were of at least three differ-

ent classes in regard to their growth potentialities: 

(1) Benign tumours that regressed with time. These con-

stituted the largest group. 

(2) Benign tumours that persisted throughout the whole 

period of observation. 

(3) Malignant tumours that increased with time. These 

originated from benign tumours by progression. 

It seems that the simplest explanation of this picture is 

that initiated latent tumour cells do not constitute a uniform pop-

ulation but that they are a mixed population of cells possessing 
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different growth and/or neoplastic potentialities, such an explan-

ation in turn assumes the existence of graded levels of initiation. 

Further consideration of the mean number of tumours per 

surviving mouse and the distribution of benign and malignant tumours 

at the end of the experiment in relation to the differences in treat-

ments (Table XV) reveals additional support for the concept of grad-

ed initiation: Double carcinogenic treatment Groups XVI and XVII 

both exhibited a higher quantitative response than did the once 

treated Groups I and II, at the time of maximal tumour response as 

well as at the and of experiment. However, when similarity of se-

quence of promotion-initiation treatments is taken as the basis for 

a qualitative comparison one observes that the excess (mean number 

of tumours per surviving mouse at 28 weeks) in Group XVI over Groups 

I and II is mostly restricted to the benign rather than the malig-

nant class. 

furthermore, at the time of maximal tumour response Group 

XVII had a significantly higher tumour response than did Group XVI, 

while 28 weeks later the quantitative tumour incidences in both these 

groups were very similar. However, a qualitative comparison showed 

ttiat there was a much higher incidence of malignant tumours in Group 

XVII than in Group XVI. Thus, it is apparent that, at the end of ex-

periment, the effect of variation of the initiation-promotion sequence 

manifested itself in qualitative rather than quantitative changes. 

Besides supporting the concept of graded levels of initiation 
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and presenting some factors that nay influence those, these observ-

ations, also show the usefulness of a qualitative analysis of exper-

imentally induced tumours. It is apparent that, if the data had 

been analyzed only quantitatively, less information would have been 

obtained than was the case when a concurrent qualitative study was 

made, thus, it would seem that future experiments of this type 

might profitably be extended so as to encompass a qualitative as well 

as the more common quantitative approach for a combination of both 

lends more information than either one alone. 



GENERAL DISCUSSION 

- -
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GENERAL DISCUSSION 

The preceding four parts of this investigation possess 

unity in that each was designed to contribute additional information 

to a specific aspect of a single problem, namely the mechanism of 

carcinogenesis. It is intended in this general discussion to relate 

the results of all the experiments in this series to this central 

problem. 

As a result of the work of Rous and hiS associates (27, 

23), Mottram (52, 53), Rusch and Kline (58) and Berenblum and Shubik 

(9, 10, 11), the hypothetical two-stage concept of epidermal carcin-

ogenesis became widely accepted. According to this theory there are 

at least two separate stages in the development of epidermal tumours 

induced in the akin of the mouse by chemical carcinogens, the first 

being termed initiation and the second promotion. At initiation 

some of the cells exposed to the initiating agent, undergo a specific 

change by which they become potentially neoplastic, such cells may 

manifest their tumorous characteristics if they are subsequently and 

sufficiently exposed to promoting stimuli, constituting the second 

or promoting stage of carcinogenesis. As a result of this latter 

treatment latent cells multiply and as soon as cell colonies reach a 

certain size they become viable in the form of tumours. 

Berenblum and Shubik originally stated that croton oil had 

the capacity to promote all initiated cells to visible tumours. They 
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proposed Initiation to be a single step process, thus tacitly assum-

ing that all the initiated cells had the same growth potential, BERENBLUM attributed three main features to the Initiating process: 

specificity—speed of action—irreversibility. These features may 

be considered as being compatible with the concept that the initiat-

ing process may be seme form of somatic mutation. 

Shubik and Ritchie (74) in further studies of the stages 

of carcinogenesis put forward the hypothesis that each initiation 

may be followed by a "refractory state" during which period the same 

carcinogen is not able to initiate additional cells in the treated 

area. 

In contrast to initiation, promotion was considered to be 

a relatively non-specific stage, as during this period only those 

cells already initiated could be promoted to visible tumours. The 

promoting agent, thus, was assumed to have no influence on the final 

tumour response; this being predetermined solely by the initiating 

agent. 

In addition to the foregoing two stages of carcinogenesis 

Mottram (53) suggested a third - "sensitising stage" - which Supposedly preceded the initiating stage. During this stage cell a were said 

to be sensitized in such a way that they responded in greater numbers 

to the initiating stimulus, resulting in increased numbers of latent 

tumour cells. 

since the formulation of the two stage hypothesis, many 

questions have arisen out of attempts to interpret the observations 
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presented by various investigators in the light of this explanation 

of the stages of carcinogenesis, rhe four parts of the present ser-

ies of experiments wore undertaken in an attempt to gather further 

data on whether: 

1) the initiation process is irreversible in nature. 

2) initiated cells achieve one or several levels of growth 

potentialities. 

3) a "refractory state, " imposed on cells by an initiating 

agent (DMBA) will diminish within 30 days. 

4) a "sensitising factor" could be demonstrated in chemi-

cal carcinogenesis. 

The data presented and discussed in Part I of this invest-

igation still leave the question of the irreversibility of the ini-

tiation process unanswered. Other phenomena than "reversion of ini-

tiated cells" could also account for the reduction in tumour response 

observed as a consequence of the increased time lapse between the in-

itiating treatment and the beginning of exposure to the promoting 

agent. The importance of the answer to this question lies in the 

fact that irreversibility is a strong argument for the somatic muta-

tion concept of tumour induction. Thus it would seem that further 

and more extensive experiments should be undertaken in an attempt to 

determine whether the tendency to a loss of initiated cells through 

time, observed here, was a function of the periodic reversion of in-

itiated cells to normalcy or their loss through time due to some other 

cause, as it was suggested in Part I. 
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In regard to the question of whether or not the exposure 

of ceils to an initiating agent may result in affected cells achiev-

ing several different (rather titan all one) levels of growth poten-

tialities, the results of our initial experiment along with the second 

and fourth parts of this study strongly suggest an affirmative answer. 

Other authors (41, 42, 71) have also expressed similar opinions. If 

it can be assumed that initiated cells present a heterogeneous group 

with different growth capacities, then it becomes less difficult to 

explain certain findings in regards to the mechanism of initiation 

which otherwise we would not be able to comprehend. For example, one 

can readily visualise a single carcinogenic exposure, given under un-

iform conditions to similar animals, resulting in tumours of widely 

divergent types and latent periods; differences difficult to explain 

with a single level initiation hypothesis. 

The data from Part II are also interpreted as indicating 

that a second initiating treatment may bring some already initiated 

ceLLs from a lower to a more advanced level, thus demonstrating the 

additivity of the initiating action. Graffi, in his articles on the 

mechanism of carcinogenesis, expressed the opinion that one of the 

characteristics of initiation is its summation or additivity (31, 32). 

In his view the summation of individual initiating doses was complete 

or in other words each initiating treatment produced an equal effect 

which was added without loss to the effect of preceding treatments. 

OUr findings suggest that the summation of initiating action is not 

without loss. One should emphasize here that the additive effect of 
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initiation does not mean only the addition of newly initiated cells 

at each such treatment, but that it may also involve re-altering the 

growth potential of previously initiated cells, converting them in 

some cases from a relatively dormant to a more active stage (closer 

to becoming visible tumours or potentially more malignant). This 

then would mean that additivity of individual initiating treatments 

may manifest Itself not only in a quantitative but also in a quali-

tative way. Graffi has postulated that initiation is essentially an 

extra nuclear mutation, taking place not in chromosomes and chromosom-

al genes (intranuclear) but in plaSmageneS. He based this assumption 

on fluorescence microscope studies in which he did not observe poly-

cyclic hydrocarbons within the nuclei but only in the cytoplasm, es-

pecially in mitochondria and microsomes. This author further suggest-

ed that depending upon the concentration of initiating agent or fre-

quency of exposure, different numbers of plasma gene a will be affect-

ed, resulting in lower or higher mutation levels, responsible for 

different growth potentialities. Regardless of whether or not the 

plasma gene concept is tenable, the point that would seem to matter 

at this moment is the evidence suggesting the existence of several 

levels of growth potentialities being manifested through tumour pro-

gression (29, 30, 72). 

As mentioned before, Shubik and Ritchie have shown the ex-

istence of a "refractory state" induced when using a polycyclic Hy-

drocarbon as initiator. Part II of these results have demonstrated 

that this state can be outlasted, although not completely, within 



30 days. Other investigators have reported somewhat divergent ob-

servations on this phenomenon particularly when Urethane was used as 

the initiating agent (61). however, there can be little doubt that 

the application of a polycyclic hydrocarbon (here DMBA) confers a 

"refractory state" upon treated cells and that this refractoriness 

tends to fall off with time. This fact readily explains the incom-

plete summation of repeated individual treatments and the Increased 

effectiveness of a lengthened time interval between exposures. 

In attempting to explain the sequence of events that may 

result in the occurrence of a "refractory state, " one must briefly 

review the events that most probably occur at the molecular-cellular 

level at the time of initiation. It is generally accepted that an 

initiating agent forms a complex with a given protein within ceLls 

and that this reaction is the first of a chain of reactions leading 

ultimately to latent neoplasia (23, 41, 82, 83). Although in all 

probability a majority of the exposed ceils combine with the hydro-

carbon, only a very few seem to do so in such a way as to react 

specifically. During the life of this hydrocarbon-protein complex 

it seams unlikely that additional hydrocarbons could be bound at the 

same site. Extending the same line of reasoning, one might expect 

that even after the hydrocarbon had disappeared from the cell, the 

"specific" cell protein could well be changed so that it would not 

be able to combine with additional hydrocarbon for a certain period 

of time. Disappearance of such a protein, as result of the action 

of the hydrocarbon, is also possible (49, 78, 79). The "refractory 
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state" induced in CELLS by an initial carcinogenic treatment with a 

polycyclic hydrocarbon is thus visualized as resulting from the fact 

that such a hydrocarbon can not act effectively upon the cell until 

the "specific" call protein has recovered its original integrity—an 

event that would vary with both dose and type of hydrocarbon protein 

complex involved. 

In regard to the fourth question, investigated in Part III 

of this series, the results obtained did not support the existence 

of "sensitising factor" in chemical carcinogenesis as originally con-

ceived by Mottram. In fact it was observed that pretreatment with a 

promoting agent tended to reduce the effectiveness of the initial ex-

posure to DMBA. 

The literature reviewed in the course of this investigation 

and the experimental results obtained and discussed here, collective-

ly reveal a number of facta that are not in complete accord with the 

original theory of a two stage mechanism of Carcinogenesis as pro-

pounded by Berenblum and Shubik. One of the assumptions upon which 

this hypothesis was based was the belief that the promoting agent, 

croton oil, was devoid of tumour-inducing power. However, there is 

strong evidence now that croton oil when applied repeatedly over a 

long period of time to the skins of mice will produce tumours in epi-

dermis that had not been previously exposed to a carcinogen (14, 60, 

62). Croton oil seems capable of inducing tumours only in certain 

highly sensitive strains of mice and after relatively long latent 
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periods. In this laboratory we have not encountered this tumour-in-

ducing capacity of croton oil or DJ-10 on the mice used in our experiments. No tumours have appeared either after the standard 33 expos-

ures or after prolonged treatment, although in both instances the mice 

were kept under observation throughout their life spans. This nega-

tive observation does not necessarily conflict with the positive evi-

dence mentioned above, as it may simply mean that the C^H and Cyy/t^H 

hybrid mice used in these experiments were so resistant to tho induc-

tion of tumours by those agents that these could not develop during 

the life span of the mouse. However, it must be noted that the 

standard croton oil treatment following a single carcinogenic applic-

ation promptly resulted in the induction of tumours. Assuming the 

validity of a weakly carcinogenic activity for croton oil, the fact 

that pretreatment with this agent does not enhance tumour induction, 

would seem to argue against the view that the effect of the carcin-

ogen-croton oil treatment represents a simple summation of their car-

cinogenic actions. The alternative concept of some compound or com-

pounds contained in croton oil having the ability to promote the de-

velopment of tumours previously initiated by a carcinogenic agent is 

favoured by this investigator. This does not preclude the possibility 

that a complex substance such as croton oil may also contain a weakly 

carcinogenic fraction. t«hen a carcinogenic agent is sufficiently weak 

or in sufficiently low concentration its action, if deprived of any 

additional stimulation, might fail to manifest itself during the life 

span of the treated animals. A substance or substances present in 
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croton oil coma clearly to have the ability to enhance this carcino-

genic action, regardless of how weak it may be, by promoting the de-

velopment of tumours so that they appear in a relatively short time. 

The fact that croton oil may possess alight carcinogenic 

activity and the fact that a carcinogen is able to induce tumours on 

ita own after only a single application to the akin, does not by any 

means invalidate the hypothesis of a two-adage mechanism of carcino-

gens si a. The general principals envisaged in this concept would atiU 

seem to be tenable and those findings that seem to deviate from strict 

interpretation on the basis of the original hypothesis in reality only 

point to the fact that the mechanism of carcinogenesis is more complex 

than was at first assumed. 

Taking under consideration the various results and findings 

that have been discussed, one might tentatively modify and expand the 

initiation-promotion concept of the processes underlying chemical car-

cinogenesis as follows: 

Exposure of the epidermis to a carcinogen may "initiate" 

the process of carcinogenesis in some of the treated cells. Cells, 

whose neoplastic potentialities have been "initiated, " may start a 

very gradual but automatic progression towards visible tumours, while 

the rapidity with which this process progresses within a given "ini-

tiated" cell population will be largely governed by the following 

factors: 

1) Dose of the "initiating" agent (type, amount, frequency, 

and duration of exposure). 
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2) Tina interval between successive "initiating" exposures. 

3) Intensity of the "promoting" stimuli. 

4) Sequence of successive exposures to "proMoting" and "in-

itiating" stimuli. 

It appears that the concept of a "promoting" action is of 

great practical importance in carcinogenesis. Particularly is this 

so in view of the fact that minute amounts of a carcinogen are all 

that are necessary to initiate the carcinogenic process in a cell (23, 

42, 76), which in the absence of further stimulus would quite probably 

fail to progress to a visible tumour within the life span of the host. 

Thus agents possessing promoting activity, regardless of whether or 

not they are weakly carcinogenic in themselves, represent a consider-

able environmental cancer hazard. 
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SUMMARY 

1. A number of factors are presented that may influence 

and modify experimental epidermal carcinogenesis. 

2. 730 mice of Cyy/C^KF, and C^H strains of both sexes 

were utilised being distributed in 17 experimental groups. 

3. 9, 10-Dimethyl-1, 2-Benzanthracene was used aa "initiat-

ing" agent, while two batches of Croton oil and a Croton seed extract 

(DJ-10) constituted the "promoting" stimuli. 

4. Delayed exposure to the "promoting" stimuli after only 

a single "initiating" treatment reduced the number of tumours induced. 

A thirty-day interval between the successive "initiat-

ing" stimuli was sufficient to allow for recovery from the so-called 

"refractory state". A direct relationship between the tumours induc-

ed and the frequency of "initiating" stimuli resulted. 

6. Concurrent exposures to the "initiating" and "promoting" 

stimuli were more effective in inducing tumours, than if the latter 

stimuli followed the former. 

7. Pretreatment of the epidermis with DJ-10 reduced cellu-

lar response to the "initiating" stimulus. 

8. A higher concentration of the "initiating" agent result-

ed in a higher incidence of both benign and malignant tumours. 

9. Tumours induced by n*ans of the "initiating" and "pro-

moting" stimuli possessed different growth potentialities. 
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10. The significance of the results were discussed in the 

light of the two-stage mechanism of carcinogenesis. 
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