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gle doses. Even this hypothetical amount of
5 pg DMBA is insufficient to cause malignant
lymphoma, as was shown in our previous ex-
periments (7).

Consideration should be given to the fact,
that in the present instance a malignant
lymphoma of the stem cell type was filtered
and injection of this filtrate resulted in more
differentiated types of lymphoma, either of
the lymphocytic or the histiocytic types.
Whether or not this phenomenon represents a
biologically different course is not clear.
However, in our experience virtually all
malignant lymphomas occurring in carcinogen
treated or untreated Swiss mice above the age
of 35 weeks were of the lymphocytic or his-
tiocytic types(7). Except for one instance
the animals injected with cell-free filtrate
were above this age when they died or were
sacrificed (Table I).

It is tempting to speculate about the inter-
pretation of the present finding, as to whether
DMBA activated the latent lymphoma virus,
if it exists at all in our untreated mouse col-
ony, or a carcinogen-altered nucleic acid is re-
sponsible for transmission of this neoplasm.
Further experiments are in progress.

Summary. A cell-free filtrate was pre-
pared by the Gross technique from a thymic
tumor induced by a single subcutaneous in-
jection of 100 ug DMBA in a Swiss mouse
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and diagnosed cytologically as a malignant
lymphoma, stem cell type. Out of 7 surviv-
ors injected with the filtrate at birth, 6 devel-
oped malignant lymphomas, while no such
tumor occurred in 10 mice treated similarly
at the age of 8 weeks. Cytologically they
represented the more differentiated malignant
lymphomas, namely the lymphocytic type in
5 cases and in one instance the histiocytic
type.

The author wishes to express his gratitude to Dr.
Henry Rappaport for helpful criticism and to Mrs.
Irene Boreisha for technical assistance.
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Pfeiffer (1) implanted testis into very young
female rats and observed that at puberty their
vaginal smears consisted of predominantly
cornified cells. Other investigators by inject-
ing androgens(2,5) or estrogens(3,4) were
able to induce a similar phenomenon. Wil-
son(3), on the basis of impaired mating be-
havior, suggested these compounds had an
effect upon the central nervous system (CNS)

* Supported by Nat. Inst. of Health grant.

and Barraclough(5) presented more direct
evidence that the steroids modified the CNS
area(s) concerned with ovulation. Everett
and coworkers(12,13) concluded that the
pituitary and CNS were involved in the ovu-
latory process in adult cycling female rats.
Because of interest in this induction phe-
nomena and the consequences of such treat-
ment on the differentiating reproductive sys-
tem a more adaptable system of analysis was
desired. The prepuberal period was there-
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fore investigated because of the general uni-
formity of the reproductive system and be-
cause prepuberal rats can exhibit many of the
capacities of mature animals if properly
manipulated.

Parabiosis of immature female rats to cas-
trate partners(6) and cessation of antigona-
dotrophin serum injections into immature fe-
male rats(7) both result in precocious forma-
tion of corpora lutea. Subsequent experi-
ments in which the intact female of the para-
biotic pair had been hypophysectomized(8,9)
indicated that the pituitary was necessary for
formation of corpora lutea. Cole(10,11) ob-
served that a single injection of pregnant
mare serum (PMS) would induce ovulation
and corpora lutea formation as well as mat-
ing, fertilization, implantation and mainte-
nance of pregnancy in prepuberal rats.
Strauss and Meyer(14) extending the obser-
vations of Cole also concluded that the pitui-
tary and the CNS were involved in PMS in-
duced ovulation in immature female rats.

It was therefore of interest to determine if
early postnatal treatment with androgens and
estrogens would induce abnormalities in go-
nadal reactivity in immature rats treated with
PMS as well as in animals put in parabiosis.

Materials and methods. Female rats ap-
proximately 20 days pregnant, obtained from
the Holtzman Rat Co., were kept in a room
in 14 hours of light and 10 hours of dark-
ness. Temperature was maintained between
74 and 76°F. The presence of pups was
checked each day between 5:00 and 6:00
P. M. and the day on which young were
found was considered day zero. The young
were left with their mothers until day 5 at
which time the number and sex of the pups
was determined. All of the males and fe-
males born on any one day were combined
and randomly divided into the various experi-
mental groups, treated and returned to the
lactating females. Males were added to each
litter until each litter consisted of 8 young.
On day 24 all of the young were weaned. On
day 26 all of the animals were weighed and
only those weighing 60 g or more and in good
health were used in subsequent experiments.
Parabiosis of the experimental females to cas-
trate males was performed at 26 or 36 days
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of age according to the method of Bunster
and Meyer(15). The castrate male partners
were either littermates of the females or were
purchased from the Holtzman Rat Co. The
pregnant mares’ serum (PMS) (Gonadogen)!
was dissolved in physiological saline and in-
jected subcutaneously between 10:00 and
11:00 A. M. on day 30. These animals were
autopsied during the evening of day 33, un-
less stated otherwise, and the presence of
corpora lutea, ovulated follicles and oviducal
eggs was recorded.

Animals treated with steroids on day 5 and
not treated with PMS or put in parabiosis
were autopsied at various times and the con-
dition of the reproductive tract noted. These
are designated as “terminal” controls.

All hormones were injected in cottonseed
oil subcutaneously in a volume of 0.1 ml. All
doses of steroids used had in preliminary ex-
periments been shown to induce anovulatory
animals with predominantly cornified smears
when examined postpuberally. The steroids
were testosterone propionate (A*-Androstene-
17(B)- propionate-3-one) or estradiol dipro-
pionate(1,3,5, estratriene-3, 178 dipropio-
nate).

Results. Parabiosis experiments. Regard-
less of the amount of steroid injected on day
5 corpora lutea were not formed after 10 days
of parabiosis in the intact partner. Control
rats, however, had greatly enlarged ovaries
filled with numerous corpora lutea and the
vaginal smears mostly consisted of leucocytes
(Table I). Ovaries of the steroid treated fe-
males were ischemic and uteri were filled with
fluid, in marked contrast to the hyperemic
ovaries and uteri of the controls. Uteri of the
controls contained no fluid. All of the ster-
oid treated females responded to the castrate
serum in a uniform manner although terminal
controls autopsied at the same time as the
parabionts showed reduced ovarian weights,
especially in animals treated with 1.0 mg of
testosterone propionate or 10 ug estradiol di-
propionate (Table I).

Injection of 10 or 100 ug of testosterone

t “Gonadogen” was supplied through the courtesy
of the Upjohn Co. According to the Company, one
Cartland-Nelson unit is equivalent to approximately
20 International Units.
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TABLE I. Response of Intact Female Rats

877

Treated with Steroids on Day 5 of Life to

Castrate Male Gonadotrophins After 10 Days of Parabiosis.*

Avg organ weights at autopsy Terminal

\ control,

Amount  No.of  Body wt  Uterine  Ovarian ovarian

Treatment (ug) pairs () (mg) (mg) Range wt (mg)
Test. prop. 1000 2 104.0 133 66 ( 57 - 75.5) 17.0
? ” 100 2 88.0 204 69 ( ha - 72.5) 26.0
v 10 2 92.5 234 70 (63 - 77 ) 25.5
Estrad. diprop. 10 2 95.5 264 70 ( 69.5- 71 ) 145
Cottonseed oil 2 96.5 156 198 (178 -218 ) 27.0

* All animals represented in Tables T

and TIL were horn on 2

2 consecutive days. Eaeh group

in each table contains animals born on both days.

propionate on day 5, 7 or 9 of life prevented
formation of corpora lutea in the intact para-
biont (Table II). When these quantities
were injected on day 13 luteinization of the
ovaries occurred except in one animal in-
jected with 100 ug of testosterone propionate.
Injection of 1.0 mg of testosterone pro-
pionate on day S and 7 also prevented
formation of corpora lutea in 5 of 6 para-
bionts. The possibility exists that the ab-
sence of corpora lutea in the animals treated
with doses of 1 mg of the androgen may be
due to a prolonged inhibitory effect on gona-
dotrophin secretion. This hypothesis was
tested by injecting 8 pups with 1 mg of tes-
tosterone propionate on day 13. Four of
these were put in parabiosis at 26 days of age
and 4 at 36 days of age. All females united
at 36 days of age had luteinized ovaries. No
ovaries were luteinized in those united at 26
days.

PMS-treated animals. Animals treated
with steroids on day 5 and injected with
PMS on day 30 (Table III) did not ovu-

late, except for one animal treated with 100
png of testosterone propionate. These rats,
like steroid treated rats put in parabiosis,
had ischemic ovaries and uteri. The uteri
were fluid filled. Typical hyperemic ovaries
and uteri were observed in the animals which
ovulated.

Animals injected with PMS but not autop-
sied at 33 days of age gave essentially the
same results (Table IV). All were injected
with 16 1.U. of PMS on day 30 and vaginal
smears were taken after day 33. On day 34
all were unilaterally ovariectomized and pres-
ence or absence of corpora lutea recorded. The
vaginal smears of animals injected with ster-
oids on day 5 remained cornified for 3-5 days
after unilateral castration. This was followed
by a short period of leucocytic smears after
which cornified cells reappeared and per-
sisted in all of the animals prior to the sec-
ond laparotomy. Two of 5 animals treated
with 100 ug of testosterone propionate on
day 13 did not have corpora lutea at the
time of unilateral castration but did so at

TABLE II. Effect of Day of Injection and Amount of Testosterone Propionate on Capacity
of Treated Intact Females to Form Luteinized Ovaries After 10 Days of Parabiosis.

——Avg wts at autopsy—— No. of
. airs
Day of ug of No. of Ageat Body wt Ovarian wt lutI(’zinized
treatment test. prop. pairs parabiosis (g) (mg) Range ovaries
5 10 4 26 116 706 ( 54- 90) 0
7 ” 3 ” 96 64.7 ( 54- 70) 0
9 ” 2 ” 97 70.0 ( 67- 72) 0
13 " 4 ” 108 226.8  (150- 207) +
5 100 2 ” 95 78.5 ( 67- 90) 0
7 ” 2 v 82 55.0 ( 50- 60) 0
9 ” 1 ” 80 54.0 ( 54- ) 0
13 " 3 " 101 232.0  ( 52-338) 2
5 1000 3 ” 103 48.3  ( 25- 72) 0
7 " 3 " 97 159.0  ( 60-332) i
13 ” 4 ” 09 67.5 ( 60- 90) 0
13 ” 4 36 137 195.0 (120-285) 4
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TABLE 111,
Steroids

Response of Tmmature Female Rats to 16 .U

REPRODUCTIVE ABNORMALITIES

PMS After Treatment with

on Day 5.

Avg wt at antopsy

Animals demonstrating re
sponse “total No. of animals

Treatment ug No. of Ovarian - Body wt Ovulation
day 5 dose animals (mgH (2 points Eggs*  Mating
Test. prop. Lo 3 31K 106 0/3 0/3 2/3
R 10 ; 4+4.0 103 1/3 1/3 9/3
S 1o 3 34.8 109 0/3 0/3 2/3
Estradiol dipropionate 10 3 17.0 107 0/3 0/3 2/3
Cottonseed oil 3 66,2 95 3/3 3/3 3/3
“Any animul in which 1 egg or more was found in the oviduets was considered @ positive

animal.

the time of the second laparotomy. All 5 of
these rats showed normal cyclic changes in
vaginal smears before the second laparotomy.

Terminal controls. From a total of 12
terminal controls treated with 10 or 100 ug
of testosterone propionate on day 5 and au-
topsied 3-8 months later only one animal in-
jected with 100 pg had ovaries containing
corpora lutea.

Discussion.  Wilson et al.(2,3) was the
first to observe that age at time of initial
steroid treatment is important in determin-
ing the postpuberal reproductive condition of
the female rat. After approximately 10 days
of age steroids were incapable of inducing
anovulatory rats.

We interpret our data to mean that the
same type of phenomenon is present when
animals treated at various days of life are
put in parabiosis or injected with PMS pre-
puberally. That the absence of luteinization
or ovulation in animals injected with steroids
prior to day 10 is not due only to gonado-
trophin inhibition is demonstrated by the
presence of luteinized ovaries in animals given
10 or 100 pug of testosterone propionate on
day 13 and tested prepuberally (Table II).
We conclude, therefore, that early postnatal
injection of steroids induces a defect in the
hypothalamic-pituitary-gonad axis which can
be detected prior to sexual maturity.

It is evident from our data and that of
others(2,3) that a marked decrease in sensi-
tivity to testosterone propionate or estradiol
dipropionate occurs at about day 10. In ani-
mals treated with 1 mg of testosterone pro-
pionate on day 15 no difficulty in conceiving,
parturating or lactating was observed. It is
reasonable to assume that a marked change
occurs in the metabolism or maturation of the
animals by approximately 10 days of age.
This maturation appears to involve the hypo-
thalamus and to be a prerequisite for the nor-
mal differentiation and functioning of the
ovulatory mechanism(s).

It is unknown whether these 2 gonadotro-
phins (PMS and castrate gonadotrophin) are
incapable of inducing ovulation for similar
reason(s) in steroid treated rats. Adequate
knowledge of the sequence of events required
for ovulation and the degree of replacement
of these by the 2 gonadotrophins is not avail-
able. Data obtained from adult cycling fe-
male rats(13) and in prepuberal PMS treated
rats(14) indicate that there is a “critical”
period on the afternoon of proestrus during
which the ovulating material is released from
the pituitary. This period in which the pitui-
tary is required and which appears to be un-
expressed in steroid induced anovulatory rats
appears to be the last of the sequence of
events needed for ovulation to occur. The

TABLE IV, Response of Animals Treated with 16 LU. of PMS on Day 30 and Their
Subsequent Postpuberal Reproductive Condition,

No, of animals

No. of animals with
corpora lutea at

Day of 60 g or more
Treatment treatment at 26 dayvs of age 34 days 58 days
10 pg test. prop. B 17 0 0
w0 7 ” 13 5 3 5
Cottonseed oil 5 5 5 5




PrREPUBERAL DETECTION 0OF REPRODUCTIVE ABNORMALITIES

parameter(s) of this “critical” period affected
by steroids is unknown. Rising levels of es-
trogen have been implicated in induction of
ovulating hormone release and subsequent
corpora lutea formation in the parabiosis
preparation(8). Everett and Sawyer, how-
ever(13,16), in a study of adult cycling rats
found that both estrogen and progesterone
were capable of advancing or retarding ovula-
tion and we have found both steroids capable
of inhibiting PMS induced ovulation in nor-
mal rats. Different secretion rates or ratios
of these 2 steroids stimulated by either gona-
dotrophin may therefore be possible in in-
hibiting or facilitating ovulation(17).

These data also raise the question of
whether the defect seen in the animals tested
prepuberally is the same as that seen postpu-
berally. That there are differences in reac-
tivity of the gonads to gonadotrophins, which
is age dependent, has been recognized(10,18).
Interestingly, PMS injection before day 10
appears incapable of inducing follicular ma-
turation(10). Cole(11) was also impressed
with the ease of induction of superovulation
and superfetation in prepuberal animals with
PMS as contrasted to the adult animal. Pre-
puberally detected anovulatory rats have
large fluid filled uteri, which is the only
grossly observable contrast with the normal
postpuberal anovulatory rat. Postpuberal
parabiosis of testosterone propionate induced
anovulatory rats respond in much the same
manner as prepuberal animals(20). Tt is in-
teresting that animals which are anovulatory
and exhibit constant vaginal cornification after
early postnatal treatment with estrogens(4)
respond to postpuberal parabiosis with
marked luteinization of the ovary. Whether
these differences in response to postpuberal
parabiosis are due to a difference in the dose
or type of steroid or are a reflection of a dif-
ferent site of action of the steroid molecule is
not clear. This dichotomy in response to
postpuberal parabiosis is of interest when
compared to data obtained in anovulatory
rats produced by electrolytic lesions to the
hypothalamus(19). A proportion of lesioned
animals with constant vaginal estrus ovulated
in response to subsequent injections of pro-
gesterone.
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Preliminary data obtained on mating be-
havior in PMS injected prepuberal animals
treated with 10, 100 or 1,000 ug of testoster-
one propionate on day 5 indicate that mating
can occur in all of these groups. Wilson and
co-workers(2,3), however, observed impaired
mating behavior in steroid treated animals
castrated postpuberally and injected with es-
trogen and progesterone. Estrogen followed
by progesterone is considered to be more ef-
fective than estrogen alone in reproducing
normal mating behavior when injected into
adult castrated rats(22). Wilson and Young
(23) found that estrogen and progesterone
were capable of inducing a lordosis response
in castrate prepuberal rats as early as 20 days
of age. Injected PMS in the immature female
rat may cause secretion of progesterone as
well as estrogen prior to ovulation.

Attempts to induce pregnancy have been
unrewarding; one pregnancy has been in-
duced which terminated near mid-pregnancy.
Pfeiffer(21) noted that animals made anovu-
latory by early testis implants, ovulated,
mated and implanted eggs after a single injec-
tion of pituitary gonadotrophin but were un-
able to maintain pregnancy beyond mid-term.
It is interesting that hypothalamic lesions
made during pregnancy can unfavorably af-
fect the duration of pregnancy(24).

Other altered responses have been observed
in steroid treated animals. Wilson and co-
workers(2,3) observed impaired responsive-
ness of the uterus to estrogen. Noumura(4)
found that corpora lutea formed after post-
puberal parabiosis were maintained for long
periods of time in animals made anovulatory
with estrogen injections. He was able to
produce vaginal anestrus females with longer
periods of estrogen injection.

It would appear that the use of prepuberal
animals would be of value in helping to de-
lineate the mode and site(s) of action of hor-
monal and non-hormonal substances on the
differentiating hypothalamic-pituitary-gonad
axis and within a reasonably short time.
Their use would be of value because various
hormones, as well as variations in their dose
and duration of injection into animals of dif-
ferent ages, appear to play an important role
in determining the level of functional response
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of various tissues and behavioral aspects of
reproduction. The ability for full reproduc-
tive capacity to be realized with PMS primed
immature rats allows for sequential analysis
of deficits or defects and their interrelation-
ships.

Summary. Subcutaneous injection of 10,
100 or 1000 pg of testosterone prop. in a sin-
gle dose into female rats on the fifth day of
life prevented luteinization of the ovaries after
10 days of parabiosis with castrated male rats.
Injection of 10 or 100 ug of testosterone pro-
pionate on days 5, 7 or 9 of life also pre-
vented luteinization of the ovaries, but ani-
mals injected with the same amount of hor-
mone on day 13 had luteinized ovaries. Ani-
mals injected with 1 mg of testosterone pro-
pionate on day 13 formed no corpora lutea
when put in parabiosis at 26 days of age.
Animals joined at 36 days of age, however,
did form corpora lutea. Animals treated with
hormones in the early postpartum period and
injected with PMS at 30 days of age did not
ovulate. Animals treated with 10 pg of tes-
tosterone propionate on day 35 and injected
with 16 I1.U. of PMS on day 30 did not have
corpora lutea at 34 days of age or at 58 days
of age.

1. Pfeiffer, C. A, Am. J. Anat., 1936, v38, 105.

2. Wilson, J. G., Hamilton, J. B., Young, W. C.,
Endocrinology, 1941, v29, 784.

3. Wilson, J. G., Anat. Rec., 1943, v&6, 341.

4. Noumura, T., J. Fac. Sci,, Univ. of Tokyo, 1V,
1938, v8, 317.

Effects of N-Ethyl Maleimide and Insulin upon Adipose Tissue.

Aprrost Tissuk, SH-BLOCKERS AND INSULIN

5. Barraclough, C. A, Endocrinology, 1961, v68,
62.

6. Kallas, H., Compt. Rend. Soc. de Biol. 1929,
v102, 280.

7. Kupperman, H. S., Meyer, R. K., Finerty, J. C,,
Am. J. Physiol., 1942, v136, 293.

8. Biddulph, C.,, Meyer, R. K., Proc. Soc. Exp.
Bior. anp MEb., 1946, v63, 92.

9. Witschi, E., Levine, W. T., ibid., 1934, v32, 101.

10. Cole, H. H., Am. J. Anat., 1936, v39, 299.

11. , Am. J. Physiol., 1937, v119, 704.

12. Everett, J. W, Sawyer, C. H.,, Markee, J. E,,
Endocrinology, 1949, va4, 234.

13. Everett, J. W, Sawvyer, G. H., ibid., 1949, v45,
581.

14. Strauss, W. F., Meyer, R. K., Science, 1962,
v137, 860.

15. Bunster, E., Meyer, R. K., Anat. Rec., 1933,
V57, 339.

16. Everett, J. W., Endocrinology, 1948, v43, 399.

17. , Sex and Internal Secretions, W. Young,
Ed., Williams and Wilkins Co., Baltimore, 1961, v1,
497.

18. Price, D., Ortiz, E., Endocrinologv, 1944, v34,
215.

19. Greer, M. A, ibid., 1953, v53, 380.

20. Johnson, D. C., Witschi, E., Cancer Research,
1961, v21, 783.

21. Pfeiffer, C. A., Yale J. Biol. Med., 1942, v14.
619.

22. Boling, J. L., Blandau, R. J., Endocrinologyv,
1939, v25, 359.

23. Wilson, J. G., Young, W. C., ibid., 1941, v29,
779.

24. Gale, S. C.. McCann, S. M., J. Endocrinol.,
1961, v22, 107.

Received January 14, 1963. P.S.E.B.M., 1963, v112.

(28197)

F. THomas OTT AND LILLIAN RECANT*
Nutrition Research Laboratories, Depariments of Prevenlive Medicine and M edicine,
Washington University School of Medicine, St. Louis, Mo.

If the action of insulin is dependent upon
the integrity of disulfide and/or sulfhydryl
groups on the cell surface, alterations of these
groups should interfere with the response of
the cell to insulin. There have been conflict-
ing reports referable to this question, particu-

* This study was supported by grant from Nat.
Inst. Health.

larly in the case of rat diaphragm(1) and
heart muscle(2) as well as adipose tissue(3,
4). The present report concerns the effects
of N-ethyl maleimide (NEM), a sulfhydryl
blocking agent, the response of the rat epidi-
dymal fat pad to insulin.

Methods. Modifications of the rat epidi-
dymal fat pad assay for insulin-like activity





