


KLEIN—Promoting Action of Croton Ol

429

following the second period of treatment with
croton oil as described under Stage II above. The
total number of applications of croton oil varied
from 89 in Group B to 64 in Group F (Table 8).
Tumor incidence now ranged from 43 to 56 per
cent, while the average number of tumors per
mouse increased slightly (Table 8). Latent period
measured from the start of renewed treatment
with croton oil did not vary much among Groups
B-F (102-118 days). This interval was comparable
to the latent period observed for Group F in Table
1.

Although one of the tumors induced in Stage I1
developed into a squamous-cell carcinoma, the
others did not progress beyond the benign, papil-
lomatous stage. Before a growth was recorded as
a tumor, it had to measure at least 1 mm. in
diameter and, in addition, persist & minimum of

tion was longer in Group F than in the other
groups (Table 1). To eliminate the possibility that
this may have contributed to the higher tumor
incidence observed in Group F, a count was made
of the tumors which had appeared within the first
155 days of the experiment. This interval cor-
responded to the shortest observation period in
Table 1. The result, entered as Group F1, showed
that tumor incidence was not altered significantly,
for it decreased only from 21 to 17 per cent. This
indicates that the high tumor yield in Group F
(Table 1) probably was due to the longer period of
painting with croton oil.

After a lapse of 20 weeks, the mice in Groups
B-E were again painted with croton oil. This af-
forded an opportunity to compare the influence of
continued as against interrupted treatment with
croton oil on carcinogenesis. The “continued”

TABLE 38

CO-CARCINOGENESIS IN STRAIN DBA MALE MICE FOLLOWING RENEWAL OF SKIN PAINTING WITH CROTON OIL

All mice initially were painted once with MCA and then 1 to 80 times with croton oil.
Following a 20-week period of nontreatment, painting with croton oil was resumed.

Renewed Total Av. Total obser-
paintings with applications Tumor Av. tumors Av. latent observation vation period
Total croton oil  croton oil Mice with  incidence Total per tumor period t periodt  from MCA

Groups mice* (Av.) (Av.) tumors (Per cent) tumors bearer (days) (days) (days)
B 28 38 39 12 43 21 2 118 178 328
C 7 40 45 15 56 17 1 102 172 385
D 26 39 49 14 54 21 2 109 178 349
E 28 39 59 12 52 15 1 111 178 875
F 23 84 64 10 43 14 1 106 172 402

* Survivors at time of first tumor following renewed treatment with croton oil.

1 Measured from start of renewed painting with croton oil.

2 weeks. Several days before the end of the experi-
ment, ten growths were observed among mice not
previously susceptible, as well as ten in others
already bearing tumors. Since these new growths,
some of which exceeded 1 mm. in size, had not
been observed 14 days at time of autopsy, they
were not recorded in Table 3.

DISCUSSION AND CONCLUSIONS

When croton oil was applied once to an area of
skin previously painted with MCA, few or no
visible tumors were observed (Groups A, B, Table
1). In a recent study of skin tumorigenesis, Sala-
man (8) painted mice once with 9,10-dimethyl-
1,2-benzanthracene and then once with croton oil,
and also reported a lack of skin tumors. It is evi-
dent from these experiments that a repeated ap-
plication of croton oil is needed for effective co-
carcinogenic action. Thus, a promoting effect was
observed only after mice had received 30 paintings
(Group F, Table 1). These results demonstrate
that promotion, unlike initiation, is a gradual
process.

It will be observed that the period of observa-

group, represented by Group F, was composed of
mice which had been painted repeatedly with
croton oil and in which effective promoting action
had been observed. The “interrupted” series was
represented by Groups B-E. As may be seen in
Table 2, the average period of observation and the
total applications of croton oil in all the groups
were the same, or nearly so. Despite this similarity
in treatment, however, the number of mice with
tumors in Group F exceeded that in any of the
other groups and almost equaled the tumor yield
for all the other groups combined (Table 2). In
Groups E and F, the total number of paintings
with croton oil was identical. However, tumor
incidence in these two groups was 4 and 21 per
cent, respectively. Thus, it may be concluded that
a continued series of paintings with croton oil is
more effective in co-carcinogenesis than an inter-
rupted one.

The mice in Groups B-F which initially had
received one to 30 paintings with croton oil, re-
spectively, were again painted with this promoter.
Now, however, the mice received approximately
the same number of paintings, and these were
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administered over a similar period of time (Table
3). At autopsy, the incidence of tumors in Groups
B-F varied from 48 to 56 per cent. If the promot-
ing influence resulting from the initial series of skin
paintings with croton oil had produced lasting or
permanent alterations in the direction of neoplasia
among the latent tumor cells or cells with latent
neoplastic potentialities already present, one
would have anticipated a rise in tumor incidence
in going from Group B to F (Table 8). Thus, a 21
per cent tumor incidence already had been ob-
served in Group F before painting with croton oil
was resumed (Table 1), and it is likely that other
tumors were also present but had not yet pro-
gressed to the point of visibility. Despite this ad-
vantage, tumor incidence in Group F following
the second period of painting was as low as or
lower than that in any of the other groups (Table
8), indicating that the alterations produced in the
skin by the first series of paintings with croton oil
probably had regressed during the 20-week interim
period of nontreatment. In contrast to this ob-
servation on the reversibility of the promoting
influence is the observation of Berenblum and
Shubik (2) that one application of a carcinogen
initiates a lasting or irreversible effect on the skin,
which may be demonstrated even after a lapse of
438 weeks.

Another indication that the initial treatment
with croton oil had failed to influence subsequent
co-carcinogenic action may be seen from a com-
parison of latent periods for Group F following the
first and second periods of treatment. Thus,
counting from the initial application of MCA, the
latent period was 124 days, or 104 days when
measured from the first application of croton oil
(Table 1), while a latent period of 106 days was
observed following the renewed series of paintings
with croton oil (Table 8). In Salaman’s experi-
ments (8), some of the mice were painted con-
tinuously with croton oil, while others received
croton oil during two different intervals, a rest
period intervening. Since it was observed that the
latent period did not vary significantly in the
“continuous” and ‘“‘intermittent” groups, the
author concluded that the skin in the latter group
responded as though it had never been exposed to
croton oil prior to the start of the second series of
paintings. The results in the present experiment
serve to reinforce this conclusion.

The mice in Group F were given three paintings
per week of croton oil during Stage I, while during
Stage II they were painted only twice per week.
These mice received approximately the same num-
ber of continued paintings in both Stages—30
versus 34. Despite a shorter observation period,

tumor incidence for Group F in Stage II (Table 8)
was more than twice that in Stage I (Table 1). It
would appear, therefore, that co-carcinogenic ac-
tion is more effective when croton oil is applied
twice weekly than when applied 3 times per week.
The greater amount of skin damage which is ap-
parent following the latter mode of treatment may
be directly related to the observed decrease in
tumor incidence.

SUMMARY

Strain DBA mice were painted once on both
ears with methylcholanthrene. Approximately 2
weeks thereafter, croton oil was applied to the
same site. Although few or no tumors were ob-
served following 1, 5, 10, or 20 paintings with
croton oil, a definite co-carcinogenic effect was
obtained when the number of applications was
increased to 30.

When croton oil was painted continuously dur-
ing an extended interval and, following a rest
period, this was repeated, it was observed that the
first series of paintings had little influence on the
second in promoting the development of visible
tumors.

Croton oil was more effective as a promoter
when applied continuously rather than intermit-
tently and when applied 2 times as against 8
times per week.
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