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ment and suggest that the ability to produce tu-
mors in these mice is a property of the croton oil.

The effect of different samples of croton otl.—Tu-
mors have been produced in mice treated with
four different samples of croton oil, as identified
by the dealers’ lot number. In one experiment,
three groups of 30 mice each were treated with 0.5
per cent acetone solutions of three different sam-
ples of croton oil, respectively. The samples may
be identified as follows: sample 1, received from
Magnus, Maybee, and Reynard in July, 1952
(code: 7/52); sample 2, received from S. B. Penick
and Co. in October, 1952 (10/52); and sample 8,
received from Magnus, Maybee, and Reynard in
December, 1953 (12/53). The results are given
in Table 1, Experiment 3. The three samples were
about equally effective in eliciting both papillo-
mas and carcinomas. The amount of oil deposited
on the skin at each application was less than in
experiments 1 and 2 (the concentration of oil was
0.5 per cent vs. 1.5 per cent), and the incidence of
tumors tended to be lower.

The effect of the level of CO alone.—A fourth
sample of CO (received from S. B. Penick and Co.
in October, 1954, code: 10/54) was tested at two
levels in benzene: 0.5 per cent, or 125 ug. CO/
mouse twice each week, and 2.0 per cent, or 500 pg.
CO/mouse twice each week. The incidence of tu-
mors in each of these groups is given in Table 1,
Experiment 4. The 50 per cent papilloma incidence
level was reached by the 16th week in the mice
treated with 2 per cent CO, but not until the 32d
week at the 0.5 per cent level. The first carcinoma
appeared by the 24th week in each group, and by
86 weeks five carcinomas had been recorded in the
mice treated with 2 per cent CO and three in those
treated with 0.5 per cent CO.

Thus, this sample of CO is at least as active as
the three tested in the third experiment of Table 1.

At 16 weeks the number of papillomas per sur-
viving mouse was 0.6 and 1.8 at the 0.5 and 2.0
per cent levels, respectively; at 22 weeks the num-
ber of papillomas had increased to 0.7 and 2.0/
mouse, respectively. Although there were clearly
more papillomas per mouse in the group treated
with the higher level of CO, the response was not
in proportion to the quantity of CO applied.

Susceptibility of mice.—Because the mice used
in these experiments were obtained from a com-
mercial breeder, it was possible that they had been
exposed to a subthreshold carcinogenic influence
such as a creosote oil prior to our acquisition of
the mice. Therefore, on two different occasions, a
breeding colony of these mice was established in
our laboratory, and exposure to carcinogens was
prevented. Young female mice (first generation)

from each of these two colonies were tested and
found to be as susceptible as the original mice to
the induction of papillomas after treatment with
CO only. The data are shown in Table 1, Experi-
ments 5 and 6.

The response of 46 female albino mice from a
local breeder (Stokely-Peterson, Inc., Madison,
Wis.) to repeated applications of 0.5 per cent
CO in acetone was compared with that of the
susceptible (Sutter) mice. The Stokely-Peterson
mice remained refractory to CO for 80 weeks, and
it was not until 32 weeks that a gradual increase
in papillomas began.? By 64 weeks the incidence
of papillomas was approximately 40 per cent. In
contrast, a group of Sutter mice, run in parallel
and treated with the same solutions of CO, passed
the 40 per cent tumor level between 22 and 24
weeks. Although the Stokely-Peterson mice were
treated with CO continuously twice a week for 83
weeks, no carcinomas were detected.

The susceptibility of C38H and of CAF1 mice to
biweekly applications of a 2 per cent solution of
CO (10/54) in benzene was tested. At 36 weeks
no papillomas were detected in the CSH mice,
and only one papilloma appeared in the CAF1
strain (first seen at 30 weeks). Epilation and the
usual signs of skin irritation were fully as evident
in these mice as in the Sutter controls, yet the in-
cidence of papillomas in the Sutter mice treated
simultaneously with the same CO reached 50 per
cent by the 16th week (Table 1, Experiment 4, 2.0
per cent CO in benzene).

Comparison of treatment with CO only vs. carcino-
genic hydrocarbon plus CO.—Groups of 33 female
mice (Sutter) were used. The mice of the first and
third groups received a single initial application
of 25 ug. (25 ul/mouse of a 0.1 per cent solution)
of DMBA in benzene. Group 2 was not treated
with DMBA. One week after the initial DMBA
treatment, biweekly applications of 2 per cent CO
were begun in Groups 2 and 8 and continued
throughout the experiment. Thus, the mice of
Group 1 received a single application of DMBA
alone, Group 2 received multiple applications of
CO with no DMBA, and the mice of Group 3 were
treated with both.

Treatment once only with DMBA alone (Group
1, Chart 1) was not an effective tumor-inducing
procedure; the first papilloma appeared at 11
weeks, and only two mice, 7 per cent, bore papil-
lomas by 24 weeks. Treatment with CO alone was
an effective tumor-inducing procedure; the first
papillomas appeared by the 9th week, and 45 per
cent of the mice had papillomas by the 24th week.

3 The results of the first 24 weeks have been reported (12).
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This was a somewhat lesser response to 2 per cent
CO than was found in Experiment 4, Table 1.
The combination of a single application of DMBA
plus repetitive croton oil treatment exhibited the
well established synergistic effect; 75 per cent of
the mice so treated had developed papillomas by
12 weeks. In this and many similar experiments
we have observed no difference in the nature of
the tumors resulting from treatment with DMBA
plus CO or CO alone. In both cases the papillomas
were mostly permanent, and malignant tumors
ultimately resulted in either case, though more
slowly and in fewer mice that were treated with
CO alone.
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CHART 1.—The incidence of papillomas in groups of mice
treated with DMBA.

Group 1: A single application of 75 ug of DMBA /mouse;
no other treatment.

Group 2: 500 ug of croton oil/mouse twice a week for 24
weeks; no other treatment.

Group 3: A single application of 75 ug of DMBA /mouse
followed after 1 week by 500 ug of croton oil per mouse twice
a week for 28 weeks.

DISCUSSION

Since the discovery of the promoting (cocarcino-
genic) property of croton oil by Berenblum in
1941 (1), this substance has proved to be a popu-
lar tool to analyze the biological aspects of the
carcinogenic process. As a result of this work, cro-
ton oil is considered to be the most effective pro-
moting agent (with but rare exception [9]), and it
is said to be noncarcinogenic (2, 14).

However, in the experiments reported here, cro-
ton oil was not merely a promoting agent. It was
able to initiate as well as to promote tumor forma-
tion. It has been a common experience of many
investigators to observe a few papillomas in mice
treated repetitively with croton oil in the absence
of a known catcinogen (1, 7, 15). In contrast, only

rarely has a high incidence of skin tumors been
observed in mice treated with croton oil alone.
For example, Roe and Salaman (11) reported an
average of two tumors per mouse in seventeen
survivors after 57 weeks and three tumors per
mouse in twelve survivors after 66 weeks of treat-
ment with croton oil alone. By 72 weeks, three
malignant tumors had developed. Berenblum and
Haran (4) described papillomas of the forestomach
that developed in 14-16 per cent of mice fed 3-9
mg. of croton oil once a week for 80 weeks. Selye
(16) reported that a high incidence of sarcomas
developed as a result of several injections of cro-
ton oil into air pockets formed in the subcutaneous
tissues of the rat.

Recognition of the carcinogenic property of cro-
ton oil does not invalidate the concept of promo-
tion nor the usefulness of croton oil to promote tu-
mors initiated by apparently incomplete carcino-
gens (11) or by subeffective doses of the stronger,
complete carcinogens. But the interpretation of
certain previous experiments in which croton oil
was assumed to be noncarcinogenic is opened to
question by proof of the carcinogenicity of the oil
(e.g., 3, 5, 17). Rather, the synergistic effect of
croton oil applied in conjunction with a subeffec-
tive dose of a strong carcinogen appears to be anal-
ogous to the cumulative action of two different
carcinogenic hydrocarbons applied sequentially
(8) or of the interrupted applications of the same
strong carcinogen (6, 13), and the interpretation
of the croton oil experiments are subject to the
same limitations.

According to the experimental data available
and to contemporary theory, it is reasonable to
conclude that croton oil is a weak carcinogen and
a strong promoting agent. The former is apparent
from the slow rate of appearance of tumors in
susceptible mice in these and other experiments
(10, 11), while in more resistant strains no tumors
resulted unless the croton oil was allowed to act
in consort with the strong carcinogen, DMBA.

Because a small amount of DMBA applied prior
to croton oil treatment caused the rapid develop-
ment of papillomas in comparison with croton oil
alone, the possibility exists that contamination
with a trace of strong carcinogen might explain
the response to CO alone. This explanation is un-
likely for the following reasons.

1. Special care was exercised to prevent ex-
posure to carcinogens of young mice born from
“Sutter” mice in our laboratory. These mice de-
veloped papillomas when treated with croton oil
alone.

2. All solvents were purified, and croton oil
from several sources was used.
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8. C3H and CAF1 mice were not responsive to
croton oil alone, yet they were tested simultane-
ously with susceptible mice in adjacent cages with
the use of the same solutions of croton oil.

Instead, the intrinsic susceptibility of the mice
was the major factor determining the appearance
of tumors. The prolonged induction period and the
low ultimate tumor incidence of ““‘Stokely-Peter-
son” mice plus the refractory nature of the C8H
and CAF1 miceillustrate the difference in suscepti-
bility between strains of mice.

SUMMARY

The influence of small amounts of croton oil ap-
plied to the skin of mice for periods up to 83 weeks
was tested. After a latent period of 8-10 weeks,
papillomas appeared in the more susceptible
strains, and usually by 20-24 weeks at least 50
per cent of the mice bore one or more tumors.
Carcinomas appeared between 28 and 36 weeks,
and the incidence was as high as 25 per cent of the
effectual total* by 1 year. Other strains of mice
were tested and found to be less susceptible. The
response to croton oil was much greater, and the
latent period was shorter, when the mice had been
previously treated with a subcarcinogenic amount
of 9,10-dimethyl-1,2-benzanthracene.
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