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The experiments were performed with juvenile rat pups of dams
in wich hypothyroidism had been induced by ingestion of propyl-
thiouracil (PTU). Hypothyroidism was induced during the embryonal,
fetal and postnatal period by addition of PTU to the drinking water
used by the pregnant females and in the course of lactation. The
germ epithelium of the testicles was analyzed by light and electron
microscopy.

The results showed that prenatal and postnatal periods of
developrnent are sensitive to changes in thyroid hormone levels. The
mass of the body, the testicles, and the pituitary were significantly
reduced. Prolonged hypothyroidism of the dams affected raturation
of the testicles of juvenile pups by posiponing the development of
the first generation of spermatogenesis. Examination of the germ
epithelium revealed degeneratively affected spermatocytes, a
decreased spermatid count and gradual regression of Sertoli cells
with accumulation of a large number-of electron dense lipid drops,
dense and necrotic bodies and affected mytochondria in the
cytoplasm. Changes in the Sertoli cells resulted in disorders of germ
cell differentiation control and maturation of the testicles of the pups.

INTRODUCTION

1

Ttiroid hormones are necessary for normal growth and development of
animals)! The same hormones modulate acitivity of numerous biochemical
processes. However, their action and mechanism of action on the reproductive
processes in males have not been elucidated. Our previous results indicated
an intrinsic correlation of activities of the thyroid, pituitary-hypothalamic system
and testicles of both juvenile and sexually mature rats (Sto3ic et al., 1869, 1973,
1977, 1980, 1981, 1990). Some referential data indicate that hypothyroidism
impairs testicular function, while some deny that it has an influence on the
testicles. However, insufficiency of thyroid hormones in the developing organism




100 Acta Veterinaria (Beograd), Vol. 42, No. 2-3, 99-108, 1992,
Stosi¢-Bogdanovié, Nada and Radovanovié, Anita: Hypothiroidism in pregnant
and lactating dams

severely affects its reproductive function. Delayed sexual maturat_ion and
reduced brain development have been detected in mice and rats in which
hypothyroidism was induced by surgical or radiological thyroidectomy or by
ingsstion of propylthiouracil, thiouracil, carbimazole or methimazole (Meserve
and Leathem, 1973; Meserve and Rhodes 1979; Sowers et al. 1981). Beamer
(1881) states that hypothyroid male mice are Sterile and their fetility can be
reestablished by ingestion of food with the addition of dried powdered thyroid
gland. Last year, the results reported by Francavlla et al. (1 991), indicated that
postnatal hypothyroidism in rats decreased serum gonadotropin levels and
postponed spermatogenesis in puberty.

Contrary to previous data, hypothyroidism of sexually mature rams did
not affect their spermatogenesis in spite of the fact that testosterone levels
were changed as well as basal levels of luteotropic hormone (LH) in the serum
(Chandrasekhar et al,, 1985). Similar results were reported by Kalland et al,
(1288) after treating adult rats with PTU, Exposure of adult rats to PTU failed
to change testicle weight, while the seminal vesicles and prostates were some-
what lighter than in controls. The same animals had unaffected testosterone,
follicle-stimulating hormone (FSH) and luteotropin (LH) levels. The findings of
Chubb and Henry (1988) demonstrate that genetically induced hypothyroidism
doss not induce infertility. -

Having in mind the conradictory reports on the effect of thyroid hormones
on reproduction, we studied the effect of maternal hypothyroidism induced by
exposure of the dams to propyltiouracil on days 4 and 5 of pregnancy and
during lactation, on the testicles of the male pups. Possible structural and
substructural changes of some types of cells in the germ epithelium and
blood-testicle barrier of juvenile pups, were sought.

MATERIAL AND METHODS

Healthy adult rats of the Albert Oxford strain (AO) were used for the
sxperiment. The animal were acclimatized to laboratory conditions. Females
were separated from males. All animals were kept in the same conditions in
ferms of food, temperature and humidity. Vaginal smears were taken from
females daily for two weeks always between 8:00 and 10:00 a.m. Mated female
rais were given propylthiouracil (PTU) in the drinking water (1 mg/l) on days
4 and 5 of pregnancy and during lactation. After birth, 30 day old pups born
10 experimental (15) and control (10) dams were killed by cervical dislocation.
The isolated testicles were measured, weighed and fixed in Bouin's solution
d, aiter embedding in paraffin wax, S um thick sections were cut and stained
h Weigert hematoxylin and eosin. For the purpose of electron microscopy
= sections of the testicles were fixed in 4 % glutarldexyde in Miloniq buffer
< postiixed in Milonig-buffered 1 % osmic acid and embedded in epon or
ar2iCie. Ulirzthin sections were contrasted with. saturated solutions of uranyl
acetate and lead citrate. Sperm production per rat was determined from the
mumber of spermatids. Body, testicle and pituitary mass, as well the number

F orormesiA

= SP=TTMEUCs were subjected to statistical analysis using Student's t-test.
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RESULTS

Propyltiouracil ingested by the dams during pregnancy and lactation
significantly reduced body mass (p<0.001), testicular mass (p<0.01) and
pituitary mass (p<0.05).

Table 1. Body, tasticular and pituitary mass of the control pups (C), and those from dams =
treated with PTU (Pt) :

Tissue Cc Pt

Body mass (g) 58 + 8.838 431 + 6.685 ***
Testicular mass (mg) 539.99 + 129.61 349.81 + 98,65 **
Pituitary mass (mg) 3.089 + 0.61 227 £ 1.017 *

Values represent mean + SD
*** .significantly different (p<0.001)
** -significantly different (p<0.01)
* -significantly different (p<0.05)

Components of the blood-testicle barrier in 30 day old pups from PTU
treated dams were represented by complex structures surrounding the semi-
niferous tubules and Sertoli cells. The barrier was composed of cellular and
intercellular structures containing homogenous electron-light zones in which
collagen fibers were clearly visible. In the cellular part elongated myoid cells
with a small number of micropinocytotic vesicles participating in transport were
seen. The substructure of the myoid cells, collagen fibers and basal membrane

Figure 1. Unaffected substructure of myoid cells, collagen fibers of the acellular layer and basal
membrane as a part of the blood-tasticle barrier of the testicler of a pup born to a PTU
treated dams. 4 % glutaraldehyde, uranyl acetate and lead citrate. x 14000.
Mi — myoid cells; C - collagen fibers; BM — basal membrane, SG - spermatogonia.

—
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was not changed (Figure 1). In the germ epithelium, Sertoli cells, as a part of
the blood-testicle barrier were in gradual regression. Nucleoprotein granules
were distributed along the nuclear membrane. Numerous dense drops of lipids
of different sizes were present in the cytoplasm. Many of dense and necrotic
bodies, short and single edematous mitochondria with vacuolized matrix were
common features of the cytoplasm (Figure 2).

Figure 2. Substructure of testicular Sertoli cells of a pup from a PTU treated dams. 4 % glutaral-
dehyde, uranyl acetate and lead citrate. x 16000.

N — nucleus in regression; DB ~ numerous dense bodies; M — mitochondira with

vacuolized matrix and disintegrated cristae; LG ~ dense lipid drops; L - lysosomes; Lf
- fipofuscin granules. d

In the germ epithelium of control PUPS spermatogonia, spermatocytes
and spermatids were grouped into well defined cell associations distributed in
definitive cycle of the germ epithelium. Spermatocytes in all phases of meiotic
division were seen. More than 50 % of the seminiferous tubules were filled with
spermatids (Figure 3A).

In the testicles of pups born to PTU-treated dams the adluminal compart-
ment of the germ epithelium showed disorganization of the normal cell associa-
tions and a small number of cells had matured beyond the spermatocyte stage.
In the germ epithelium preleptotene and zygotene spermatccytes, as well as
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occasional pachytene spermatocytes, were seen (Figure 3B). The percentage
of seminiferous tubules containing the most differentiated from of germ ep-
sithelium - the spermatid, was decreased by 57 % (p 0.01) as compared to
the controls (Figure 4).

Figure 3. A: Germ epithelium of the testicles of a conirol pup. Bouin. Hematoxylin-eosin. x 460
x 550.
L — leptotene spermatocytes; ZS — zygotene spermatocytes; PS — pachytene sper-
matocytes; ST — spermatids.

B: regressively altered pachytene spermatocytes (PS) and unchanged (S) germ
epithelium in the testicles of a pup from a PTU treated dam.
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Figure 4. Spermatid number of pups from PTU -treated dams (PY) compared to controls (C).

DisCussion

Our cytological and substructural analysis showed that PTU consumption
Oy the dams produced damage to the seminiferous tubules. In the germ
Spihelium derangement of the cells, degeneration of Spermatocytes, gradual
regression of Sertoli cells and decreased spermatid counts were recorded.

Our previous studies had revealed that exogenous thyroxine (T4) and
surgical thyroidectomy of sexually mature rats and juvenile pups inhibited or
stmulated the activity of neurosecretory cells of hypothalamic nuclei,
fwyreofropic (TSH), gonadtropic (GTH), GH and PRL pituitary cells with cor-
responding changes in the germ epithelium (Stosié et al, 1969, 1973, 1980,
1981, 1990).

Hypothyroidism and hyperthyroidism of sexually mature merino rams did
not afect their spermatogenesis and daily production of sperm. However, the
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mobility of ejaculated spermatozoa and serum testosterone levels were
changed. Basal LH levels were lower and TSH concentrations also differed
from those of controls (Chandrasekhar et al, 1985). The results of studies
conducted by Kalland et al., (1888) showed no difference between the testicular
mass of adult rats before and after ingestion of PTU. Nevertheless, weights of
seminal vesicles and the prostate were significantly reduced. In the same rats
TSH was elevated, while T4 was lowered and LH, FSH and testosterone were
unchanged. Contrary to the previous findings, in the earlier stages of develop-
ment, hypothyroidism of male rats reduced the biological activity of FSH, probab-
ly due to a direct effect of thyroidal hormones on FSH production (Ruiz et al.,
1988). According to their own results, Francavilla et al., (1991) suggested that
postnatal hypothyroidism of rats reduces serum gonadotropin levels and
postpones spermatogenesis in puberty. Numerous studies have indicated a
correlation between testicular changes and changes of pituitary hormones or
corresponding receptors for these hormenes in the testicles. Thus, fetal gonads
like the testicles, have receptors for pituitary GTH and PRL. The beta TSH
subunit (BTSH) reversibly binds, with relatively high affinity, to receptors in the
rat testicles. It has been proposed that the same receptors are used for BTSH,
hCG (choriogonadotropin) and LH. or that they interact. The BTSH subunit, like
hCG, stimulates cAMP production in Leydig cells (testosterone production) and
Sertoli cells (including androgen-binding protein) (Amir et. al., 1977). Propyl-
thiouracil-induced hypothyroidism significantly decreased PRL binding to the
testicles (50 %). The modulation of PRL receptors by hypothyroidism suggests
that thyroid hormones play a role in the regulation of PRL receptors (Kharroubi
et al, 1984). Luteotropin is synergic with testosterone in stimulation of the
seminal vesicles and the prostate.

It has already been established that thyroid hormones are important for
development and maturation of the central nervous system. The rat brain is
thyreosensitive from 8 to 14 days of postnatal life. This period is characterized
by differentiation and multiplication of glial cells prepared for myeliniza-
tion(Tsukada et al., 1977). Thyroxine stimulates the development of glial cells
and the production of myelin in the brain neuron culture (Amur et al., 1984;
Kawasa et al.,, 1988).

The results of our previous studies, as well as the results of the aforemen-
tioned authors suggest that prenetal and postnatal disbalance of thyroid hor-
mones affects the development of neuroendocrinal mechanisms. thyroid
hormone disbalance affects the development and maturation of the
hypothalamic mechanism involved in the regulation of biosynthesis and release
of GH, PRL and the glycoprotein hormones. The alteration of TSH, GH, PRL
and GTH cells are accompanied by cellular alteration in the germ epithelium.
The delay in the first generation spermatogenesis in the testicles in rat pups
delivered from hypothyroid dams results from an alteration in the Sertoli cells
and degeneration of spermatocytes, thus preventing maturation of the germ
cells.
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EFEKAT HIPOTIREODIZMA MAJKI TOKOM GRAVIDITETA | LAKTACIJE NA SEMENIK
JUVENILNIH MLADUNCADI

NADA STOSIC-BOGDANOVIC i ANITA RADOVANOVIG

SADRZAJ

Eksperimenti su izvodeni na juvenilnim mladuncima poreklom od majki
kod kojih je indukovan hipotireodizam unoSenjem Propiltiuracila (PTU).
Hipotireodizam je izazvan tokom embrionalnog, fetalnog i postnatalnog perioda
dodavanjem PTU u pijacoj vodi gravidnim majkama i u toku laktacije. Ger-
minativni epitel semenika je analiziran primenom svetlosnog i elektronskog
mikroskopa,

Rezultati ukazuju da je prenatalni postnatalni period razvoj organizma
osetljiv na promenu koli¢ine hormona &titaste Zlezde. Znac¢ajno je smanjena
masa tela, semenika i hipofize. Dugi hipotireoidizam majki deluje na sazrevanje
semenika juvenilnih mladun¢adi odlaganjem razvoja prve generacije procesa
spermatogeneze. U germinativnom epitelu su degenerativno promenjeni sper-
matociti, znacajno smanjenje broja spermatida (p<0.01) i postupna regresija
Sertolijevih celija. U citoplazmi Sertolijevin éelija su brojna gusta i nekrotiéna
tela, akumulacija lipidnih kapi i izmenjenih mitohondrija.

Posledica promena u Sertolijevim ¢elijama je poremeéaj kontrole diferen-
ciranja germinativnih éelija i sazrevanja semenika mladundadi.




