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Summary
The influence of hypo- and hyper-thyroidism on spermatogenesis was studied in 60-day-old adult male
Wistar rats. To confirm hypo- and hyper-thyroidism, the concentration of plasma thyroid hormones were
assayed by radioimmunoassay. The hypothyroid state, induced by administration of 25 mg/kg/day
methimazole for 5 successive days, resulted in significant decrease in the number of Sertoli cells, sperm
count, Leydig cells and the diameter of seminiferous tubules. The hyperthyroid state, induced by
administration of 1 mg/kg/day L-thyroxine for 10 successive days, increased the number of Sertoli cells,
sperm count, Leydig cells and the diameter of seminiferous tubules. Serum levels of FSH and LH and
testosterone were also evaluated. Hypo- and hyper-thyroidism had no effects on the concentrations of FSH
and LH, while the concentration of testosterone was significantly increased in hyperthyroid state; it decreased
in hypothyroid state in comparison with the control euthyroid rats. In conclusion, our data indicated that
hypo- and hyper-thyroidism affect spermatogenesis through their effects on germinal, interstitial and Sertoli
cells but not through the pituitary-gonadal axis.
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seminiferous tubule morphology (VilchezMartinez, 1973; Weiss and Burns, 1988).
Based on reports, the hyperthyroid state
results in acceleration of growth, a
comparative increase in the number of
spermatogonia, interstitial cells, and Sertoli
cells (Amin and El-sheikh, 1977) while
hypothyroid state results in depression of
growth rate, destructive changes of the
spermatogenic and interstitial cells and
adverse effects on the lumen of the
seminiferous tubules (Amin and El-sheikh,
1977; Tahmaz et al., 2000).
Thyroid hormones regulate Sertoli and
Leydig cells function (Maran, 2003). The
presence of functional Leydig cells are
essential for the well-being of the adult
mammalian males at all stages of life,
because they are the primary source of
testosterone and testosterone is vital for
function of the male reproductive system
(Mann and Fraser, 1996). Thyroid hormones

Introduction
Thyroid hormone receptors are exist in
sperm, developed germ cells, Sertoli,
Leydig, and peritubular cells in neonatal,
prepubertal and adult rats (Buzzard et al.,
2000). Recent evidences support the concept
of a critical role for thyroid hormones in
testicular development during perinatal
period (Meisami et al., 1994; Maran, 2003;
Umezu et al., 2004). The presence of thyroid
hormone receptors in the adult rat testis
indicates that the adult rat testis may be
responsive to thyroid hormone. However,
the effects of altered thyroid hormone status
on the adult testis are unclear, and
contradictory results were reported not only
in different species but also in the same
animal model (Jannini et al., 1995). In the
adult male rat, hypothyroidism induced by
thyroidectomy or goitrogen treatment was
found not to affect the testicular size or the
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weight levothyroxine for 10 successive days
(Omarani et al., 1992). Rats in the control
group were received the same volume of
normal saline for the same period of time.

increase the number of Leydig cell
luteinizing hormone (LH) receptors,
stimulate
Leydig
cell
testosterone
production and secretion. LH is necessary
for cellular maintenance of Leydig cells
(Maran et al., 2000; Maran, 2003). The
number of Sertoli cells is the major
determinant of the magnitude of sperm
production (Orth et al., 1988). Sertoli cells
are capable of supporting only a fixed
number of germ cells. Therefore, the final
number of these cells set the upper limit for
testicular sperm production and influences
the levels of male fertility (Walker, 2003).
Thyroid hormones affect the energy
metabolism of Sertoli cells and stimulate
Sertoli cell lactate and IGF-I secretion
(Palmero et al., 1994).
The trophic factors traditionally
associated with the growth and maturation
of the testis and its constituent cell types are
follicle stimulating hormone (FSH) and LH
(Sharpe, 1994). LH triggers differentiation
of Leydig cells and stimulates testosterone
production and secretion by Leydig cells
(Mann and Fraser, 1996). FSH is the major
endocrine factor regulating mitogenesis and
differentiation of Sertoli cells and the onset
of secretary activity (Sharpe, 1994).
The objective of the present study was to
investigate the effects of hypo- and hyperthyroidism
on
seminiferous
tubules
morphology, number of spermatogenic,
Leydig, Sertoli and sperm cells in the adult
male rats.

Blood sampling, testes collection and
hormone assay
The rats in the hypothyroid and their
control group were sacrificed on day 5, and
hyperthyroid rats and their control group
were sacrificed on day 10 after treatments.
Blood was collected from the heart of each
rat after deep inhalation of ether. Serum was
taken and stored at -80°C until hormonal
assay by radioimmunoassay (RIA). One
testis from each rat in each of the three
groups was removed, fixed in neutralized
formalin solution and used for paraffin
embedding.

Morphology and morphometry
Serial 5-µm thick sections were cut from
each testis tissue and stained with
haematoxylin and eosin. The sections of the
testes were compared among three groups.
Different cell types in the testis tissue were
identified
by
their
morphological
characteristics.

RIA for hormones
Testosterone, T3 and T4 concentrations
in the serum were quantified by commercial
available RIA kits (Immunotech, France).
The serum levels of FSH, LH were
measured by rat specific FSH and LH RIA
kits (DRG international, Germany).

Materials and Methods

Statistical analysis
All data were expressed as mean±SD.
The difference in serum concentration of
FSH, LH, testosterone, T3 and T4 between
hypo-, hyper- and eu-thyroid control rats
was evaluated by one-way ANOVA.
Differences were considered to be
significant at p<0.05.

Animals
Sixty-day-old Wistar rats weighing 250
± 20 g, housed under controlled temperature
(22–25°C) and lighting (12 L: 12 D)
conditions. The rats were fed with standard
dry pellets and drank tap water ad libitum.

Treatments
Three groups of hypo-, hyper- and euthyroid (control) rats (n = 20 per group)
were used. Hypothyroidism was induced by
daily oral administration of 25 mg/kg
methimazole for five successive days
(Francavilla et al., 1991). Hyperthyroidism
was induced by administering 1 mg/kg body

Results
Qualitative morphology
The microscopic appearance (×200) of
the size of seminiferous tubules in sections
differed among the three studied groups. In
the hypothyroid rats, the diameter of the

156

Iranian Journal of Veterinary Research, University of Shiraz, Vol. 8, No. 2, Ser. No. 19, 2007

group (Table 1).

seminiferous tubules was lesser and the
distance between the tubules was
significantly more than that of the control
group. While in the hyperthyroid rats, the
diameter of the seminiferous tubules was
more and the distance between the tubules
was lesser than the control rats (Fig. 1).
Spermatogonia cells in the control group
were in their normal shape and were located
on the basement membrane in a chain form,
while in the hypothyroid group, their
number was lesser and they were irregularly
positioned; in the hyperthyroid rats, the
number of spermatogonia cells was more
than the control group (Fig. 2).

Hormone assay
T3 and T4 levels in hypothyroid and
hyperthyroid rats were lower and higher
than those in the control rats, respectively
(P<0.05)
(Table
2).
The
serum
concentrations of FSH and LH were not
significantly different among hypo-, hyperand eu-thyroid rats (Table 2). The serum
concentrations of testosterone was higher in
hyperthyroid and lower in hypothyroid rats
in comparison with the control group
(P<0.05) (Table 2).

Body weights

Morphometry

In both euthyroid and hypothyroid rats,
body weight was increased while in
hyperthyroid rats, the body weight was
decreased during the experiment (Table 2).

There was a few number of spermatozoa
cells and high secretions in the lumen of
seminiferous tubules in the hypothyroid rats.
The number of spermatozoa was much
higher in the hyperthyroid group in
comparison with the control group (Fig. 3
and Table 1). In the hypothyroid rats, the
number of Sertoli cells was decreased; the
nuclei of these cells were denser and
appeared flat. In the hyperthyroid rats, the
number of Sertoli cells was increased and
their nuclei were more voluminous,
columnar in shape and the nucleolus was
acentric, which showed high activity of
these cells, compared to the control group.
The number of Leydig cells was more in the
hyperthyroid rats; in hypothyroid rats, it was
decreased when compared to the control

Discussion
To explore the effects of thyroid
hormones in vivo on spermatogenesis in
adult rats the hyper- and hypo-thyroid rat
models were established by administration
of
levothyroxine
and
methimazole,
respectively. Serum concentrations of T3 and
T4 in hyper- and hypo-thyroid rats in the
present investigation were in agreement with
their hyper- and hypo-thyroid conditions.
Hair and weight loss in hyperthyroidism
animals
and
weight
increase
in

Table 1: The number of seminiferous tubules per testis and the number of Leydig, Sertoli,
spermatogonia and spermatozoa cells in the cross section of each seminiferous tubule
Group
Control
Hypothyroid
Hyperthyroid
a, b, c

Spermatogonia

Primary
spermatocyte

Spermatozoid

Leydig cells

Sertoli cells

41.00±0.62

41.53±0.42a
31.33±0.39b

81.88±0.43a
67.17±0.66b

264.66±1.48a
207.40±1.12b

17.93±0.23a
9.81±0.22b

30.53±0.32a
20.66±0.43b

42.00±0.71

55.00±0.54c

97.52±0.60c

329.46±0.76c

29.00±0.41c

40.26±0.94c

n

Seminiferous
tubules

20

40.86±0.44

20
20

different superscripts within columns are significantly different (P<0.05). Values are mean ± SD

Table 2: Changes in body weight and serum concentrations of hormones in control, hypothyroid and
hyperthyroid rats
Group

n

Weight
(%changes)

T3
(ng/100 mL)

T4
(µg/100 mL)

LH
(mIu/mL)

FSH
(mIu/mL)

Testosterone
(ng/mL)

Control

20

+5.2±0.23

2.83±0.17

20

+6.4±0.36

4.96±0.19a
2.61±0.11b

4.80±0.17

Hypothyroid

155.70±7.28a
84.30±1.67b

4.97±0.23

3.10±0.19

4.17±0.14a
2.94±0.12b

Hyperthyroid

20

-8.3±0.41

364.20±4.90c

12.57±0.37c

5.04±0.22

3.14±0.29

5.81±0.23c

a, b, c

different superscripts within columns are significantly different (P<0.05). Values are mean ± SD
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A

B

C

Fig. 1: Representative light micrographs of testes taken from euthyroid (A), hypothyroid (B) and
hyperthyroid (C) rats. Seminiferous tubule diameter is much reduced in the hypothyroid rat and
increased in hyperthyroid rat. (×40)

A

B

C

Fig. 2: Representative light micrographs of basal membrane of seminiferous tubule from control (A),
hypothyroid (B) and hyperthyroid (C) rats. Arrows show spermatogonia. (×1000)

A

B

C

Fig. 3: Representative light micrographs of the lumen of seminiferous tubule from control (A),
hypothyroid (B) and hyperthyroid (C) rats. A lot of sperm (arrow) were present in the lumen of
seminiferous tubule in hyperthyroid rats but in the hypothyroid rats much secretion and low sperm
were present (blank arrow) (×400)

diameter of seminiferous tubules may be
related to increased degeneration or arrested
proliferation of germ cells in hypothyroid
state. By contrast, hyperthyroid rats
contained significantly higher number of
spermatogonia and primary spermatocyte
per tubule and greater diameter of
seminiferous tubules in comparison with
control group. These results were
comparable with the findings of the
previously-published studies (Amin and El-

hypothyroidism animals were other signs of
hyper- and hypo-thyroidism.
Histologic analysis of testes in the
hypothyroid rats revealed smaller-size
seminiferous tubules and a significant
reduction in the number of spermatogonia
and
primary
spermatocyte
within
seminiferous tubules compared to the
control group. These results are consistent
with other reports (Francavilla et al., 1991;
Tahmaz et al., 2000). The decrease in
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rats. Serum concentrations of testosterone in
both hypo- and hyper-thyroid rats in the
present investigation closely reflected the
cellular changes taken place in the testis.
The
decreased
serum
testosterone
concentrations in hypothyroid rats and the
increased serum testosterone in hyperthyroid
rats compared with the control group rats
were attributed to the decreased and
increased number of Leydig cells in hypoand hyper-thyroid-states, respectively, as
compared to the control rats. Furthermore,
the changes in serum concentration of
testosterone in the hypo- and hyper-thyroid
rats could be due to the effect of thyroid
hormones on steroidogenic function of
Leydig cells. In keeping with our results,
Antony et al. (1995) showed a decrease in
serum testosterone and a reduction in
specific activity of Leydig cell β-hydroxyl
steroid dehydrogenase in hypothyroid rats.
LH has been suggested as a possible
candidate for triggering proliferation and
differentiation of Leydig cells and
testosterone production by Leydig cells
(Mendis-Handagama and Ariyaratne, 2004).
Serum LH concentrations were not different
between hypo- and hyper-thyroid rats. This
confirmed the finding of previous reports in
which hypothyroidism did not change serum
LH concentrations (Armada et al., 2001).
In conclusion, morphometric and
hormonal findings of the present study
revealed that spermatogenesis in adult rats
testes were decreased by hypothyroidism
and
increased
by
hyperthyroidism.
Decreased and increased number of Leydig
cells, Sertoli cells, in hypo- and hyperthyroid rats and decreased and increased
serum testosterone concentrations in hypoand hyper-thyroid rats, respectively, beside
the lack of difference in concentrations of
LH and FSH in hypo- and hyper-thyroid rats
suggest that the effects of hypo- and hyperthyroidism on testis may be due to direct
effects of thyroid hormones on testis and not
due to their effects on the pituitary-gonadal
axis.

sheikh, 1977). In addition, the number of
sperm in the lumen of seminiferous tubules
was decreased significantly in hypothyroid
rats and increased in hyperthyroid rats in
comparison with the control group rats. It
was shown that thyroid hormone receptor
expresses in the germ cells from
spermatogonia to primary spermatocytes
(Buzzard et al., 2000). It suggests a possible
direct effect of thyroid hormone in
proliferation and maintenance of germ cells.
Alternatively, these effects can be attributed
to the effects of thyroid hormone on the
number of Sertoli and Leydig cells. Sertoli
cells are the major determinants of the
magnitude of sperm production (Orth et al.,
1988). Sertoli cells express thyroid hormone
receptor and thyroid hormone control
proliferation and maturation of Sertoli cells
(Cooke et al., 1994). Consistent with another
report (Tahmaz et al., 2000), findings of the
present study showed a significant reduction
in the number of Sertoli cells in the
hypothyroid rats. We also observed a
significant increase in the number of Sertoli
cells in hyperthyroid rats. The increased
number of Sertoli cells could be responsible
for the secondary changes such as the
increased number of spermatogonia, and
sperm production in hyperthyroid rats.
FSH has been demonstrated to be a
major
endocrine
factor
regulating
mitogenesis and differentiation of Sertoli
cells and the onset of their secretary activity
(Sharpe, 1994). Serum FSH concentrations
were not different between the hypo-, hyperand eu-thyroid rats, although the values were
somewhat variable. In agreement with an in
vitro study (Cooke et al., 1994), the current
results indicated that the majority of effects
of hypothyroidism and hyperthyroidism on
the Sertoli cells may be its direct effect on
these cells.
Adult’s Leydig cells have utmost
importance for the mammalian male due to
many functions associated with reproduction
(Mann and Fraser, 1996). Leydig cells
express thyroid hormone receptors and
thyroid hormones control their proliferation
and differentiation (Mendis-Handagama and
Ariyaratne, 2004). Our results showed a
reduction in the number of Leydig cells in
the hypothyroid rats and an increase in the
number of Leydig cells in the hyperthyroid

Acknowledgements
We are grateful to Research Council of
Fasa University of Medical Science for their

159

Iranian Journal of Veterinary Research, University of Shiraz, Vol. 8, No. 2, Ser. No. 19, 2007

recovering from early hypothyroidism: a
quantitative study. Cell Tissue Res., 275:
503-510.
Mendis-Handagama, SM and Ariyaratne, HB
(2004). Effects of thyroid hormones on
Leydig cells in the postnatal testis. Histol.
Histopathol., 19: 985-997.
Omarani, GH; Zarifkar, A; Varedi, M and
Nasseri Moghadam, S (1992). Effects of
intracisternal TRH on basal acid output and
serum gastrin in hyperthyroid rats. Irn. J.
Med. Sci., 17: 87-91.
Orth, JM; Gunsalus, GL and Lamperti, AA
(1988). Evidence from Sertoli cell-depleted
rats indicates that spermatid number in adults
depends on numbers of Sertoli cells produced
during perinatal development. Endocrinology. 122: 787-794.
Palmero, S; Trucchi, P; Prati, M; Fugassa, E;
Lanni, A and Goglia, F (1994). Effect of
thyroid status on the oxidative capacity of
Sertoli cells isolated from immature rat testis.
Eur. J. Endocrinol., 130: 308-312.
Sharpe,
RM
(1994).
Regulation
of
spermatogenesis. In: Knobil, E and Neill, JD
(Eds.), The physiology of reproduction. (2nd.
Edn.), New York, Raven Press. PP: 13631434.
Tahmaz, L; Gokalp, A; Kibar, Y; Kocak, I;
Yalcin, O and Ozercan, Y (2000). Effect of
hypothyroidism on the testes in mature rats
and treatment with levothyroxine and zinc.
Andrologia. 32: 85-89.
Umezu, M; Kagabu, S; Jiang, JY; Niimura, S and
Sato, E (2004). Developmental hormonal
profiles in rdw rats with congenital
hypothyroidism accompanying increased
testicular size and infertility in adulthood. J.
Reprod. Dev., 50: 675-684.
Vilchez-Martinez, JA (1973). Study of the
pituitary-testicular axis in hypothyroid adult
male rats. J. Reprod. Fertil., 35: 123-126.
Walker, WH (2003). Molecular mechanisms
controlling Sertoli cell proliferation and
differentiation. Endocrinology. 144: 37193721.
Weiss, SR and Burns, JM (1988). The effect of
acute treatment with two goitrogens on
plasma thyroid hormones, testosterone and
testicular morphology in adult male rats.
Comp. Biochem. Physiol., 90: 449-452.

kind cooperation.

References
Amin, SO and El-Sheikh, AS (1977). Pituitarytesticular function changes in hypo- and
hyperthyroid male rats. Acta Anat. (Basel).
98: 121-129.
Antony, FF; Aruldhas, MM; Udhayakumar, RC;
Maran, RR and Govindarajulu, P (1995).
Inhibition of Leydig cell activity in vivo and
in vitro in hypothyroid rats. J. Endocrinol.,
144: 293-300.
Armada-Dias, L; Carvalho, JJ; Breitenbach,
MM; Franci, CR and Moura, EG (2001). Is
the infertility in hypothyroidism mainly due
to ovarian or pituitary functional changes.
Braz. J. Med. Biol. Res., 34: 1209-1215.
Buzzard, JJ; Morrison, JR; O’Bryan, MK; Song,
Q and Wreford, NG (2000). Developmental
expression of thyroid hormone receptors in
the rat testis. Biol. Reprod., 62: 664-669.
Cooke, PS; Zhao, YD and Bunick, D (1994).
Triiodothyronine inhibits proliferation and
stimulates
differentiation of cultured
neonatal. Sertoli Cells Biol. Reprod., 51:
1000-1005.
Francavilla, S; Cordeschi, G; Properzi, G; Di
Cicco, L; Jannini, EA; Palmero, S; Fugassa,
E; Loras, B and D’Armiento, M (1991).
Effect of thyroid hormone on the pre- and
post-natal development of the rat testis. J.
Endocrinol., 129: 35-42.
Jannini, EA; Ulisse, S and D’Armiento, M
(1995). Thyroid hormone and male gonadal
function. Endocr. Rev., 16: 443-459.
Mann, DR and Fraser, HM (1996). The neonatal
period: a critical interval in male primate
development. J. Endocrinol., 149: 191-197.
Maran, RR (2003). Thyroid hormones: their role
in testicular steroidogenesis. Arch. Androl.,
49: 375-388.
Maran, RR; Arunakaran, J and Aruldhas, MM
(2000). T3 directly stimulates basal and
modulates LH induced testosterone and
oestradiol production by rat Leydig cells in
vitro. Endocr. J., 47: 417-428.
Meisami, E; Najafi, A and Timiras, PS (1994).
Enhancement of seminiferous tubular growth
and spermatogenesis in testes of rats

160

