The Influence of Thymectomy and Steroid Hormones in Neonatal Rats
(35162)

V. ZBuzkova aNp FrED A. KiNcL
(Introduced by S. S. Koide)

The Population Council, The Rockefeller University, New York, New York 10021

Treatment of neonatal rats of either sex
with androgens or estrogens results in alter-
ations of the hypothalamo-hypophyseal-go-
nadal interrelationship leading to sterility in
the adult animal. It has generally been con-
sidered that this deleterious effect is due to a
“damaging” influence on those hypothalamic
centers which in later life are destined to
control the synthesis and/or release of pitui-
tary gonadotropins (1).

We have noted that neonatal animals are
less susceptible to hormonal treatment if they
were previously injected with a suspension
of thymic cells (2). Since a dependence be-
tween the thymus and brain centers has not
been established to date, the above hypothe-
sis may not be entirely tenable.

The basic function of the thymus is to
establish initially immunological competence
in rodents (3). The gland may also produce
humoral factors which control lymphoid pro-
liferation and differentiation during onto-
genesis (4), and may mediate trophic hor-
mone stimulation of adrenal, thyroid, and
gonadal endocrine systems (5).

In view of the paucity of information con-
cerning a possible relationship between the
thymus and the gonads, we have undertaken
a series of experiments to study this problem.
The present communication describes the
effect of injecting steroid hormones into
5-day-old male and female rats thymecto-
mized within 24 hr after birth.

Materials and Methods. Sprague-Dawley
rats (Holtzman Laboratories, Madison, Wis-
consin) bred in our laboratories were thymec-
tomized within 24 hr after birth under hy-
pothermia. The sternum was cut with small
scissors, thymus was removed by suction
(glass pipette about 2.5 mm in diameter) and
the wound was closed by one or two sutures.

Sham-operated animals were handled simi-
larly. Several groups were injected subcu-
taneously at the age of 5 days with the fol-
lowing hormones, dissolved in 0.05 ml of
sesame oil: testosterone propionate (TP), 10
or 100 ug; estradiol benzoate (EB), 10 or
100 pg. The pups were weaned at the age of
25-27 days and were maintained under stan-
dard laboratory conditions until autopsy
which was performed at the age of 56 days.
At autopsy, completeness of thymectomy was
checked macroscopically (animals with res-
idual thymus tissue were discarded from the
study). Selected organs were weighed, gonads
were fixed in Bouin’s solution, sectioned at 6
p, and stained in hematoxylin—eosin. The
status of seminiferous epithelium develop-
ment was evaluated as described previously
(6) by examining five fields in each slide. In
each field about 50 tubules were graded ac-
cording to the development. The following
stages were recognized: (i) normal tubules
with free sperm in the lumen; (ii) absence of
free sperm but presence of spermatids in
various stages of development; and (iii) ab-
sence of spermatids, presence of spermato-
cytes or spermatogonia.

Results. Mortality during thymectomy was
about 10%. The thymectomized (Tx) animal
survival rate was lower than sham-operated
(SO) pups and was lowest in animals inject-
ed with estradiol benzoate. Mortality in es-
trogen treated (both doses) Tx groups was
45% for males and 29% for females; whereas
in estrogen treated sham-operated animals it
was 22% for males and 0% for females.

The effect of different treatment on body
and organ weights of 56 day old males is
summarized in Table I. Thymectomy (or
sham-operation) performed within 24 hr after
birth had no significant influence on any of
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TABLE 11I. Influence of Thymectomy and Steroid Hormone Treatment on Body and Organ Weights of
56-Day-Old Female Rats.

Organ wt (mg + SE)

iroup Treatment No. of Body wt

no. (ng total dose) rats (g + SE) Ovaries Uterus Adrenals Pituitary
1 0 7 145 + 10 38.5 + 5.4 170 + 33.5 45.6 + 3.0 7.8 +0.8
2 Shani-operated (SO) 8 163 = 2 482 + 2.7 237 + 176 46.1 + 1.8 79+ 04
3 SO + EB, 10 10 168 = 4 26.6 + 3.0®* 183 +209  53.0+20 8103
4 SO + EB, 100 13 157+ 6 16.3 = 1.2* 121 +220 491 +15 6303
5 SO + TP, 10 13 169 + 14 40.5 + 4.2 292 +16.3 481 +13 923+05
6 100 8 146 + 9 26.8 +1.3° 241 +12.7 45721 10405
7 Thymectomized (Tx) 9 170 = 3 514 + 4.4 241 + 25.5 50.6 = 1.9 8.7 +- 0.8
8 Tx + EB, 10 17 142+ 9 21.9 + 3.8° 121 #+ 22,07  50.6 = 3.1 6.1 + 0.57
9 100 14 146 + 11 13.0 = 1.6°7 86 +17.0°" 512430 6.2+ 0.5

10 Tx + TP, 10 7 176 + 10 41.7 + 9.7 255 + 345 519+34 9309

11 100 7 132 + 15 18.3 = 1.5° 150 = 37.1 54.5 + 2.0 6.4 + 0.7°
“EB = estradiol benzoate; TP — testosterone propionate,

* Indicates the group from which it is significantly different (p < 0.05) by analysis of variance.

the modalities studied as compared to un-
treated controls. Injection of increasing
amounts of estradiol benzoate to sham-
operated animals resulted in significant atro-
phy of testes and accessory sex organs (ven-
tral prostate and seminal vesicles) and hy-
pertrophy of the adrenals. When the same
amount of this steroid was injected into thy-
mectomized rats the degree of atrophy of the
gonads and of the accessory sex organs was
significantly higher (analysis of variance). In
the SO group injected with 10 ug of estradi-
ol benzoate, testes atrophy was 15%; ventral
prostate, 0%, and seminal vesicles, 23%. For
Tx animals injected with the same dose these
values were 39, 70, and 71%, respectively.
For animals injected with 100 pg of the estro-
gen the values for sham-operated animals and
thymectomized groups (in parenthesis)
were: testes 40% (56%); ventral prostate
45% (86%); and seminal vesicles 79% (92
%). Injection of 10 ug of testosterone prop-
ionate had no influence on organ weights. A
dose of 100 pg produced a modest atrophy of
the testes in both Tx and SO groups. Seminal
vesicles were atrophied only in Tx animals
but not in the SO group. Table IT lists the
results of histological evaluation of the testes.
There was a significant increase in the aver-
age number of tubules lacking spermatids in
Tx groups injected with 100 pg of EB (27.8

=+ 4.6) as compared to the SO group (12.5
=+ 1.7).

Results obtained in 56-day-old females are
summarized in Table III. The data show that
steroid hormone treatment produced atrophy
of the ovaries in all the groups with the
exception of animals injected with 10 ug of
testosterone propionate. The decrease in the
weights of ovaries in Tx females injected with
100 pg of TP (18.3 = 1.5) compared to SO
group (26.8 =# 1.3) is significant when an-
alyzed by Student’s ¢ test. The uterine weight
difference between the Tx and SO groups
and pituitary weight differences in the group
injected with both doses of EB and 100 pg of
TP are also significant. Corpora lutea (CL)
formation was prevented in groups treated
with the high dose of both steroids. In the
groups injected with 10 ug of EB, 6 of 17
animals had luteinized ovaries (Tx groups)
as compared to 5 of 10 in SO group. Corre-
sponding values for TP treated animals were
5/7 (Tx) and 9/13 (SO group), respectively.

Microscopic  examination of atrophied
ovaries confirmed the absence of luteinized
tissue. Secondary, Graafian, and regressing
follicles were, however, present in all animals.
In 2 animals, a few large cyst-like follicles
were noted. The endometrial lining in the
uterus consisted only of low columnar cells
without proliferation, consistent with the pic-
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ture of moderate estrogenic stimulation.

Discussion. The effect of steroid hormones
injected into neonatal male (7) and female
rats (8) was shown to vary with the age of
the animal at the time of the injection and
the dose. The increased atrophy in groups
injected with higher doses of steroid hor-
mones observed in the present study is in
agreement with these previous observations.

Ueda ef al. (9) observed that administra-
tion of 100 pug EB to 8-day-old rats produced
anovulatory sterility in thymectomized fe-
male rats, but not in control animals. The
authors suggested that “neonatal thymectomy
seemed to prolong the postnatal steroid sen-
sitive periods to induce permanent sterility”
and added that the action of estrogen may
not be specific in respect to the neonatal
hypothalamus.

Our study shows that neonatal thymectomy
influences the sensitivity of gonads to
steroid treatment in rats of both sexes. This
is apparent by comparing the weights of tes-
tes, ventral prostate, and seminal vesicles in
SO and Tx rats injected with 10 ug of estra-
diol benzoate and ventral prostate weights in
the groups injected with 100 pg of this estro-
gen. In thymectomized females injected with
estradiol benzoate, uterine weights were sig-
nificantly decreased whereas no atrophy was
seen in sham-operated animals. Thymectomy
alone had no apparent effect on sexual matur-
ation when the animals are sacrificed at the
age of 56 days. This is in agreement with the
observation made by Ueda and collaborators
(9). In contrast, neonatal thymectomy in
mice was reported to result in developmental
arrest of the ovary, but not of the testis (10)
possibly due to a viral infection affecting
mostly the ovary. Should this be the cause in
thymectomized mice our results would indi-
cate that rats may be more resistant to such
an infection.
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Our present data are not sufficient to per-
mit speculation concerning the mechanism by
which thymectomy increases the sensitivity
of rats to steroid hormones. Additional
studies are needed to clarify possible relation-
ships between the thymus and neonatal steril-
ization induced by steroids.

Summary. Extirpation of thymus within 24
hr after birth increased the sensitivity of
rats to steroid hormones injected at the age
of 5 days. In 56-day-old males the atrophy of
testis and of accessory sex tissues produced
by a single injection of estradiol benzoate
was more severe in thymectomized animals
than in sham-operated controls. In female
rats the atrophy produced by injecting the
same steroid resulted in greater atrophy of
the uterus in thymectomized animals than in
controls. ‘
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