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son Memorial Laboratory, Bar Harbor, Maine, in a single lot
and had been born within the same 2-week period. The experi
ment was begun when the animals were 6-7 weeks of age. They
were housed in clear plastic cages (11X11X6Ã•) of ten animals
each and were fed ground Purina chow and water ad libitum.
The mice were divided into six groups, as indicated in Table
1. The dosage of Perthane was calculated on the basis of the
initial average weight of each group in which the weights did
not vary more than 1 gm. among individual animals. The oral
24-hour LD6ofor dry Perthane intimately mixed with food had
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DDDâ€”2,2-bis-(para-chlorophenyl)-l,l-dichloPerthane administration and, furthermore, might
roethaneâ€”a derivative of DDTâ€”2,2-bis-(parabe reflected specifically by a decrease in the forma
chlorophenyl)-l,l,l-trichloroethaneâ€”causes
se tion of spontaneous mammary carcinoma. In addi
vere adrenal cortical atrophy in the dog (9, 15-17, tion to studies of spontaneous tumors, experiments
25). Larson et al. (9) found that the two chlorines in on transplanted mammary tumor were carried out
the 1-position of the ethane group were critical, to observe any possible direct anti-tumor effect of
with adrenal cortical atrophy failing to develop Perthane.
with the chlorine at the 3 or 1 position, or absent
(Chart 1). These workers also demonstrated that,
DDD
DDT
while the chlorines in the para-phenyl position are
not essential, the phenyl rings must be present.
Substitution of ethyl radicals for the chlorines in
C-Ã‡CI,
the para-phenyl position of DDD results in the
formation of 2,2-bis-(para-ethylphenyl)-l,l-diH H
CI
CI
chloroethane (Perthane)1 (Chart 1). Perthane has
the same adreno-corticolytic effect in the dog as
2, 2-bis-(p-chlorophenyO2,2-bis-(p-chlorophenyODDD (9).
l.l-dichloroethone
I, l.l-trichloroethone
Shimkin and Wyman (19) have demonstrated
that adrenalectomy in unbred C3H female mice of
PERTHANE
the Andervont strain, at the age of 4 weeks, de
creases the incidence of spontaneous mammary
carcinoma from 84.5 to 40 per cent. Martinez and
Bittner (13) reported a 3.3 per cent incidence of
complete regression and a 10 per cent incidence of
partial regression of mammary tumors in mice
after total bilateral adrenalectomy when the spon
2,2-bis-(p-ethylphenyOtaneous tumors were 5-14 mm. in diameter. Al
I, l-dichloroethone
though histologie evidence of adrenocortical atro
CHARTl.â€”Structure of Rhothane (DDD) and derivatives
phy has not been reported in Perthane-fed mice,
the possibility that physiological depression might
occur has not been excluded by previous work.
MATERIALS AND METHODS
Spontaneous tumor studies.â€”Unbredfemales of the C8H/
This consideration suggested to us that greater
adrenal hypofunction might result from prolonged Jax strain were used. All animals were obtained from the Jack
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two to three animals in the treated groups on the last day of
administration. No deaths resulted from Perthane dosage.
In studies of both spontaneous and transplanted tumors,
histologie confirmation of tumors was made at time of
autopsy. A few animals in tumor-bearing groups died unob
served as a result of our attempt to permit accumulation of
accurate data on survival time.

RESULTS
Spontaneous tumor growth.â€”The spontaneous
tumor incidence and survival time are given in
Table 1. Accidental death accounted for a loss of
from one to three animals in Groups II-VI and
occurred prior to the appearance of the first tumor
on day 253 in a Group II animal. The control
Group I and Group II developed tumors in 80 and
89 per cent of instances, respectively. This is an

TABLE 1

THE EFFECTOFPERTHANEONTHE INCIDENCEOFSPONTANEOUS
MAMMAKY
CARCINOMA
ANDSURVIVAL
TIME IN THE C3H MOUSE
ANIMALSANIMALS
TUMORSANIMALS,TOTALNO.
WITH

DOSE*
XLDso/

GBOCP
I (control)
II
III
IV
V

DAT
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been previously determined for female mice of this strain in our
laboratories and was found to be 9,340 mg/kg/24 hours. The
maximum sublethal 20-day oral dose of Perthane mixed with
ground chow was found to be 0.5 X LD6o per day. Doses ex
ceeding this level resulted in death for the majority of the mice
in less than 10 days.
The animals in Groups I-IV were administered Perthane
for life as indicated in Table 1. Animals in Groups V and VI
received higher initial doses to determine whether early high
Perthane levels would result in greater tumor inhibition than in
Group III (0.2 X LD6o for life).
Perthane for oral administration was prepared by being dis
solved in acetone and by a thorough wetting of the ground
Purina chow. The acetone was permitted to volatilize com
pletely, and feeding was begun 24 hours later. The fraction of
the LDsodose was determined by the initial weight and was not
altered thereafter. Inasmuch as Perthane is stored in great
quantities in body fat, it was considered that the upward ad
justment of dosag with increasing animal weight would result
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TCMOB8No.withouttumors22818Av.survival(days)S12477MS553COM

withmammarytumors81<!100No.
oftumors1680121Ã•Latentperiod(days)4103734160Av.survival(days)460437468679WITHOU
DOBATION

t10181819No.

Life
Life
0.1
0.2
Life
0.3
Life
0.4
20 days]
514
18
452
0.3
10 days\
10
12
Life
J
0.2
0.5
20 days]
VI
8
427
489
0.4
10 days}
17
8
Life
I
0.2
* Oral LDSO= 9,340 mg/kg body weight.
t Twenty animals were started in all groups except Group I, in which ten animals were used.
ÃŽ
One animal in Group IV was found to have a subcutaneous sarcoma.
0

in excessive toxicity. The animals were weighed and examined
daily during the initial 30 days and once weekly thereafter.
Transplanted tumor studies.â€”C8H/Jax males, 6-7 weeks of
age and housed in cages (11XHX6ÃŒ)of ten animals each, were
used. BA mammary carcinoma obtained from Jackson Memori
al Laboratory and maintained by trocar transfers to several CSH
animals at 18-21-day intervals (10 mm. tumor size) were used
in this work. Transplants (2-mm. size) were introduced subcutaneously in the right lateral abdominal area by a trocar
method. Animals were nearly uniform in weight, with a varia
tion of from 1 to 2 gm. among individuals. Animal weight and
tumor size were recorded daily. Tumors were measured in their
greatest single diameter with a special caliper (Buffalo Dental
Manufacturing Company). Ground Purina chow was fed ad
libitum, and Perthane-dosed feed was prepared by the volatili
zation technic described under "Spontaneous tumor studies."
The animais were divided into four groups: absolute con
trols, tumor controls, and Perthane controlsâ€”each containing
ten animals; and the fourth group, containing twenty animals,
received both the tumor and Perthane. This general plan was
used to study: (a) effect of 10- and 20-day courses of Perthane
started at time of tumor transfer; and (6) effect of a 20-day
course of Perthane started when the tumor measured 10 mm. in
diameter. The maximum sub-lethal dose of 0.5 X LDso X 10
days, and 0.45 X LDso X 20 days produced animal toxicity in
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539

572

533

incidence expected in unbred females of this strain.
It is of interest that the ratio of the total number
of tumors to the number of animals with tumors is
distinctly higher in control Group I than in the
minimally dosed Group II. There is no appreciable
difference in first tumor incidence between Groups
I and II. A definite inhibition of tumor formation
is present in animals receiving 0.2 X LD6oper day
(Group III). At the dose of 0.3 X LD50 per day in
Group IV (Table 1), no spontaneous mammary
tumors were noted. One animal in this group was
found to have an ulcÃ©rationin the abdominal wall
which was proved histologically to be a sub
cutaneous sarcoma. This tumor was transferred
successfully to healthy C3H hosts and did not
resemble mammary carcinoma in any way.
A group containing 25 animals and receiving
0.3 X LDso per day is being studied currently with
suitable controls, and after 540 days of Perthane
administration none of the treated animals has de
veloped spontaneous mammary carcinoma. The
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control group has demonstrated eighteen tumors food intake per mouse in the treated group was
3.22 gm., and in the control group 3.49 gm. This
to date.
The incidence and total number of tumors in represents a difference of 8 per cent in total daily
Groups V and VI are comparable to those in food intake.
The effect of reduced dietary intake on the for
Group III. The ultimate effective dose in these
mation of spontaneous mammary carcinoma in
groups, therefore, is 0.2 X LDso per day. It ap
pears that initial high dosage under the conditions mice has been reported (22-24). White et al. (24)
demonstrated that a caloric reduction of 50 per
of this experiment does not affect spontaneous tu
mor formation. The maximum sub-lethal chronic cent in virgin C3H mice reduced spontaneous tu
dose of 0.3 X LD6o per day is required to inhibit mor incidence from 100 to 12.5 per cent. Mice on a
restricted diet weighed an average of 13.7 gm. and
tumor formation completely.
had a nose-to-anus length of 8.9 cm. Animals fed a
The interval prior to the appearance of spon
taneous tumor in Perthane-treated animals (ex normal caloric diet weighed an average of 30.7 gm.
cept in Group IV, in which no mammary carcino
ma was seen) varies greatly. No significant delay
MÂ«Perthane â€”¿^1
in the average time of onset of the spontaneous tu
0.45 X LD50 X 20 days
mor formation was noted in Perthane-treated ani
mals, except in Group IV where no breast tumors
occurred. Survival time does not appear to be
greatly influenced by Perthane administration
apart from its effect on tumor incidence. Survival
time of tumor-bearing and tumor-free animals re
ceiving no Perthane (Group I) and that of those
receiving 0.3 X LD6o per day (Group IV) are sig
nificantly different. However, the greater average
survival time of the animals in Group IV (555
days) reflects the absence of spontaneous tumor
occurrence in this group. The two animals in
Group I which did not develop tumors had an
average survival time of 512 days. Group I ani
mals generally experienced a high tumor incidence
and a resultant lower survival period. Tumor-free
animals receiving 0.2 X LDso per day of Perthane
10 12 14 16 18 20 22 24 26 28 30
(Groups III, V, and VI) had average survival rates
DAYS
comparable to that of Group IV. Their combined
CHART2.â€”Effectof Perthane on tumor size; 20-day drug
average survival, however, was slightly lower than administration was begun when tumor was implanted.
that of the optimally treated group (Group IV).
and had a body length of 11.0 cm. (24). In the
Therefore, animals not developing tumors demon
strated no increased survival rates purely as a present study, body length was approximately the
same in all groups. The weight differences noted in
result of receiving Perthane.
the present study are not considered to have a sig
The initial weight loss induced by Perthane
stabilized during long-term treatment. Mice re
nificant effect on spontaneous tumor incidence.
ceiving 0.3 X LDso per day weighed approxi
Animals fed Perthane over an extended period, as
mately 13 per cent less than untreated animals up compared with control mice, demonstrate body fat
to the time the first tumor was observed. At dosage depletion which may account for the decrease in
levels of 0.1 and 0.2 X LDSOper day (Groups II, body weight.
Transplanted tumors.â€”When Perthane was in
HI, V, and VI), Perthane-treated animals weighed
from approximately 4 to 8 per cent less than the stituted at the time of tumor transfer and contin
control group. The cause of this weight difference ued for 10 days, no inhibition of tumor growth oc
curred. WThentreatment was continued for a pe
has not been determined. Special feeding experi
ments using five animals each from the control riod of 20 days (Chart 2), a brief delay in the rate
Group I and the optimal treatment Group IV were of tumor growth was noted between days 16 and
carried out in metabolic cages. These animals were 20 of Perthane administration. This change in rate
observed during a 16-day period beginning on day of growth was only temporary with subsequent
418 of the experiment. Tumors had not yet ap
growth rate of treated tumor running a course
peared in the control animals. The average daily parallel to that of the controls after discontinua-
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tion of Perthane. To rule out the possibility that
the newly transplanted tumor was damaged dur
ing the first 14-16 days of Perthane treatment,
Perthane effect on the 10-mm. tumor was studied
(Chart 3). It was considered that, if Perthane were
effective, it would inhibit the rate of growth of a
healthy, well established, small transplant. It is
apparent from the diagram that no such effect oc
curred, with the growth rate in treated and un
treated groups almost identical. No significant dif
ference in survival time occurred between the
treated and untreated groups (Chart 4).
Perthane
0.45 X LÃ›50 X 20 days

30
28

treated animals. The adrenal cortex in treated
mice demonstrated no significant histological
changes, and adrenal weights were not altered
from the normal.
Physiologic activity of the adrenal cortex was
not evaluated in this study; however, adrenal cor
tical dysfunction has been reported by Brown in
rats treated with DDD (3).
Bleiberg has indicated that, although adrenal
cortical atrophy does not occur in Perthane-fed
rats, ACTH-stimulated adrenal weight increase
could be partially inhibited by Perthane (2).
Cobey et al., working with dogs (4), and Taliaferro
and Leone, who studied humans (21), report a de
pression of plasma 17-hydroxycorticosteroid levels
following ACTH stimulation and Perthane admin
istration. The failure to observe histological
changes in the adrenal cortex in the present study
does not preclude the presence of some undeter
mined physiologic effect.
Perthone
TUMOR

26doys|
29 5 days|

18doysl

Perthane

Perthane

19days|
23.5 dayÂ»!

TUMOR

34doys|
22.5 daysI

Perthone

10 12 14 16 18 20 22 24
DAYS

CHART3.â€”Effect of Perthane on tumor size; 20-day drug
administration was begun when tumor was 10 mm. in diameter.

DISCUSSION
The results of this study indicate that Perthane
has a potent inhibitory effect upon the spon
taneous occurrence of mammary carcinoma in the
unbred C3H female mouse. Decreased caloric in
take does not appear to be a significant factor in
the as yet undefined mechanism of this effect.
Weights of animals fed Perthane remained at a
level well above that required to influence tumor
incidence or growth. Survival was not affected ma
terially. Experiments by Finnegan et al. (6) indi
cated similar weight changes and unaltered sur
vival in the rat.
The ability of Perthane to prevent spontaneous
mammary tumor formation appears to be related
to its influence on the endocrine system. In all
treated animals the ovaries were reduced in size,
and luteal tissue was greatly decreased on histo
logie examination. Uterine and vaginal epithelial
atrophy were accompanied by vaginal cytologie
evidence of impairment of the estrous cycle in

TUMOR

120

days20
days30

|27

days
doysl

doys^>SAC.7ldays>Ã->50
69

CONTROL

)

10

20

30

40
DAYSSAC.

60

CHART 4.â€”Survival time of animals with transplanted
tumor. The first segment in each bar represents time required
for tumor to reach 10 mm. The arrow indicates 10 or 20-day
course of Perthane administration.

The effect of ovariectomy in lowering the inci
dence of spontaneous mammary carcinoma has
been reported by several authors (5, 10, 11, 14, 19,
20, 26). More recently, King et al. (8) and Pilgrim
(18) have suggested that the formation of spon
taneous mammary carcinoma may be unaffected
by ovariectomy. Pilgrim (18) describes a method
which carefully considers the influence of acci
dental death in the interpretation of results. It is
likely that adrenal secretion of estrogens stimu
lates delayed mammary carcinoma formation in the
ovariectomizedCSH mouse (12,18). The complete
inhibition of spontaneous mammary tumor forma
tion in this study may be explained by the inabil
ity of the adrenal cortex in the presence of Per-
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SUMMARY
1. Perthane, fed to C3H unbred female mice
in a maximum tolerated dosage for life, prevented
the formation of spontaneous mammary carcino
ma in all animals treated.
2. No direct anti-tumor effect could be demon
strated in studies of transplanted mammary car
cinoma in the C3H mouse.
3. Decreased ovarian size, depressed corpus
luteum activity, as well as uterine and vaginal
epithelial atrophy occurred in animals treated for
long periods. No evidence of adrenal cortical
hypoplasia or hyperplasia could be demonstrated
histologically in animals receiving Perthane in our
experiments.
4. Possible mechanisms of the action of Per
thane are discussed.
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thane to respond to the relative decrease in ovarian
activity. Studies being carried out in ovariectomized mice may supply further information re
garding the ability of the adrenal cortex to substi
tute for ovarian estrogen in the presence of Per
thane administration.
Although it appears that Perthane may prevent
spontaneous mammary carcinoma by interfering
with estrogen formation by the ovary and adrenal
cortex, the fact that ovarian atrophy is not more
nearly complete and luteinization is primarily af
fected suggests that some estrogen is formed. In
this event, Perthane could act as a metabolic
"blocking agent" preventing estrogen stimulation
of uterus, breast, and vaginal epithelium. This
mechanism could also account for the failure of the
adrenal cortex to hypertrophy inasmuch as trophic
stimulation from the pituitary would not be in
duced.
Finally, the effect of Perthane on pituitary func
tion requires further investigation. In hypophysectomized female mice injected with estrogen,
mammary glands fail to develop (1, 7). The possi
bility that Perthane inhibits some "mammotrophic" substance must be considered. This may
be of particular importance in view of the com
plete depression of the formation of spontaneous
breast carcinoma observed in this study.
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