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Abstract
Background and Objective: Restraint stress and hypothyroidism impair animal testicular functions. As stress is increasing gradually in
our daily life, there is an increased chance of the occurrence of both stress and hypothyroidism together. Therefore, this study was
designed to evaluate the effect of restraint stress on growth performance and testicular cells apoptosis in adult hypothyroid mice.
Methodology: Twenty-four adult male mice were divided into four groups: control, Restraint Stress (RS), hypothyroid (HT) and RS+HT.
ANOVA followed by Tukey as post hoc tests were used to determine the difference between multiple groups. Results: The results
indicated that the feed and water index, body weight and testes weight, serum concentration of T3, T4 and testosterone exhibited a
reduction but the TSH levels were increased in all experimental groups compared to the control. Histological observations of the testis
from different experimental groups exhibited considerable interstitial edema, broken basement membrane and increased interstitial
spaces compared with the control group. Seminiferous tubules were also morphologically shrinkage and deformed in RS+HT group
compared to control group. Obvious suppression of spermatogenesis by restraint stress, the degenerative population of round spermatids
was markedly increased due to apoptosis in the lumen of RS group as compared to the control group. Moreover, leydig cells, blood vessels,
sertoli cells, primary and secondary spermatocytes are absent in large numbers and exposing apoptosis in RS+HT mice than RS and HT
mice as compared to the control mice. Conclusion: Restraint stress and hypothyroidism together have adverse effects on male fertility
based on increasing of the apoptotic process.
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INTRODUCTION

Stress is an inevitable phenomenon in this modern world.
Stressful situations can lead to many physiological and
psychological alterations1,2. Disturbance of homeostasis is
called stress and homeostasis is challenged by a stimulus is
termed as stressor. Generally there are three types of stressors
physical, psychological  and metabolic. In research stressors
are often used in a mixed type, such as Restraint Stress (RS) is
a combination of physical and mental stressors, limiting
movement and separating the animal from its group3. Stress
has been reported to influence the animal reproduction
adversely1,4. There are proofs that testicular functions may
negatively affected by environmental factors, like chemical,
physical or emotional. Many researchers have frequently used
restraint stress in rodents as stress inducer. Stress causes
obvious suppression of spermatogenesis with decrease in size
and weight of testes and all the phases of cell division and
maturity of spermatogenesis were inhibited5. 

Thyroid hormones play an important role in several
mammalian tissues in regulating development, differentiation
and metabolism6,7. Hyper and hypothyroidism are the major
thyroid diseases with negative effects on male reproductive
system8. Hypothyroidism is a disease of ineffective or low
thyroid hormone leads to a metabolic disturbance. Adverse
effects of hypothyroidism on spermatogenesis and testicular
histology has been established. In production of domestic
animal, growth and development have great importance on
the value of animal how they are produced. Thyroid hormones
are necessary for normal growth. Insufficient T4 (thyroxine)
and T3 (triiodothyronine) resulted in decreased growth as an
effect of reduced muscle synthesis9. Homeostasis is directly
connected with growth and development. Disturbed
homeostasis affected on normal growth. Homeostasis is
maintained by several processes under the control of nervous
and endocrine systems.

Removal of useless cells by a regulated mechanism is
called programmed cell death or apoptosis. Apoptosis is a
tightly controlled mode of cell death10,11. The testis is a
complex  organ   with   multiple   cell   types,   all   of   which
are coordinated to produce spermatozoa. During
spermatogenesis, germ cell apoptosis is a normal occurrence,
which increases when sertoli cells are injured and can no
longer support their normal complement of germ cells. Germ
cell apoptosis can also be induced through direct injury to the
germ cells12. Apoptosis has two pathways,  intrinsic pathway
or mitochondrial pathway and the extrinsic pathway or death
receptor pathway which are active in the animal testes.

Probable, the intrinsic or the extrinsic pathways of apoptosis
are selectively activated by spermatogenic cells depending on
external stimuli13.

Restraint stress and hypothyroidism impair testicular
function both in animal and human models. As stress is
increasing gradually in our daily life, there is more chance of
the happening of both stress and hypothyroidism together.
However, the harmful effects of this combination on testis
have not been studied. Based on the obvious different
mechanisms by which stress and hypothyroidism impair testis,
the combination of restraint stress and hypothyroidism would
be expected to result in a greater impairment of testes than
either condition alone. The purpose of this study was, thus, to
define and characterize apoptosis histological as a mean of
germ cell loss in the stressed hypothyroid testis.

MATERIALS AND METHODS

Animals: Young adult male (30-35 g) Swiss ICR (Institute for
Cancer Research) mice were purchased from Qinglongshan
Laboratory Animal Company (Nanjing, China). They were kept
under control environment providing a room temperature of
22-23 C, humidity at 60-70% and a 12 h light: 12 h dark cycle.
Standard balanced rodent pellets were fed to mice. Feed and
drinking water was made available freely. Animals were
accommodated 7 days before for adaptation the environment
to starting of the experiment. The trial conventions including
mice were acknowledged as per the Guide for the Care and
Use of Laboratory Animals arranged by the Institutional
Animal Care and Use Committee of Nanjing Agricultural
University, PR China.

Experimental design: The study was carried out on 24 adult
male  mice.  The  animals  were  divided  into  two  groups of
12 each. Group A: Served as normal (without treatment).
Group B: The mice of this group were rendered hypothyroid
by the administration of 0.5% potassium perchlorate and
0.05% methimazole-MMI (both from Sigma Chemical Co., St
Louis, MO, USA) in their drinking water until the end of the
experiment14,15. After 35 days, groups were divided into two
subgroups (n = 6) and made four groups as follows: (1) Control
group-mice without exposure to RS and treatment. (2) RS
group-mice were  restrained  in  a  conical  tube  for  2  h (for
7 consecutive days). (3) HT-hypothyroid mice. (4) RS+HT-
hypothyroid mice were restrained in a conical tube for 2 h (for
7 consecutive days). All animals were sacrificed after 7 days
restraint stress period. Blood samples were collected and
centrifuged  at  4000  rpm  for  10 min to retrieve sera and then
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Fig. 1: Experimental mouse during Restraint Stress (RS) in white transparent tubes

stored at !80EC until use. Testes were collected and weighed
and portions were stored at !80EC, while others were fixed in
Bouin’s fluid for histological analysis.

Restraint stress procedure: According to protocol as reported
by Iwakabe et al.16, 50 mL conical centrifuge tubes were used
to physically restrain the mice and 0.4 cm diameter of various
holes were made in the tube by drill machine for ventilation.
Consecutive 7 days individual mice were restrained in a 50 mL
tube for 2 h daily without food and water (Fig. 1). Same time
control mice were kept in their cages without food and water.

Measurement of body weight, food consumption, water
intake and gonadosomatic index: Body weight, food
consumption and water intake of every group mice were daily
measured. Food consumption index (g/10 g) and water intake
index (mL/10 g) were calculated as follows: Food consumption
index = total food consumption per day/body weight×10;
water intake index = total water intake per day/body
weight×1017. Gonadosomatic index (GSI) was determined by
using the following Eq. 118,19: 

(1)
Testes weight

 GSI = 100
Body weight



Radioimmunoassay  (RIA)  for  serum  hormone
concentrations: Serum was used to determine the
concentrations of testosterone, TSH (thyroid stimulating
hormone), T4 (thyroxine) and T3 (triiodothyronine) getting
commercial RIA kits from Shanghai University of Traditional
Chinese Medicine, China and used in the General Hospital of
the Nanjing Military Command, China. 

Histological  analysis:  Testes  were  fixed for 24-48 h in
Bouin’s   fluid.    After   this  a  graded   series    of    ethanol
were used to dehydrate  the  tissues.  Xylene  was  used  to
clear   the  tissues  and  paraffin  wax  for   embedding.
Sections were cut at 5 µm thickness and stained with
hematoxylin and eosin  (H  and  E)  (Nanjing  Jiancheng
Bioengineering Institute,  Nanjing, China) and examined any
histopathology changes under a light microscope (Nikon
Tokyo, Japan). 

Statistical analysis: SPSS Version 19.0 (SPSS, Chigago, IL, USA)
and Excel were used for statistical analysis computations. All
values were expressed as Mean±SEM. One-way analysis of
variance (ANOVA) followed by Tukey as a post hoc test were
used to determine the difference between multiple  groups.
p-values of less than 0.05 were considered statistically
significant9.

RESULTS

Feed and water intake: The control group mice had good
body health and their activities were strong. There were no
changes in food consumption and water intake of control
mice during the whole experimental period. Feed index
showed a reduction in all experimental groups but RS and
RS+HT groups reduced significantly (p<0.05) as compared
with the control, while the HT mice were not statistically
(p<0.05) different in feed index as compared with the control
mice. Water index exhibited a significant (p<0.05) reduction in
mice of all the RS, HT and RS+HT groups compared with the
control (Fig. 2).
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Fig. 2(a-b): (a) Feed index and (b) Water index in the control, RS: Restraint stress, HT: Hypothyroid, RS+HT: Restraint
stress+hypothyroid groups
Different superscript letters indicate significant differences among groups (p<0.05) (n = 6, Mean±SEM) 

Body weight, testes weight and gonadosomatic index: The
control group of mice showed better body weight gain but all
experimental mice exhibited significant (p<0.05) reduction in
body weight; while, the RS+HT group has the lowest body
weight among the all groups (Fig. 3a). In addition, a significant
decrease (p<0.05) in testes weight was observed in all
experimental groups compared with the mice in the control
group (Fig. 3b). Moreover, the gonadosomatic index was not
statistically (p<0.05) different in all experimental groups
compared with the control group (Fig. 3c).

Serum hormone concentrations: The effects of different
experimental groups on serum T3, T4, TSH and testosterone
levels were investigated in the control, RS, HT and RS+HT mice
(Fig. 4). Compared with the control group, the serum
concentrations of T3 was markedly decreased (p<0.05) in the
HT and  RS+HT  mice,  while  no  significant  (p<0.05)
difference was observed in serum concentrations of T3
between the RS and control groups (Fig. 4a). Furthermore,
serum T4 concentration was prominently diminished (p<0.05)
in all experimental groups as compared  to  control  group
(Fig. 4b). Moreover, the TSH levels in the RS, HT and RS+HT
mice distinctly augmented (p<0.05) compared with the
control mice (Fig. 4c). To study the direct effects of thyroid
hormones and restraint stress on testes function, serum
testosterone levels were measured. The results showed that
serum testosterone concentration was markedly decreased
(p<0.05) in all experimental groups as compared to control
group (Fig. 4d).

Histological   observations:   Histology   of   the   control
testes exhibited the normal testicular structure and
spermatogenesis. Regular morphology of seminiferous
tubules showed the presence of spermatogonia, primary and
secondary spermatocytes, round spermatids, elongated
spermatids and spermatozoa. In addition, seminiferous
tubules of control group indicated normal presence of sertoli
cells and basement membrane. Moreover, seminiferous
tubules were confined together by loose intertubular
connective tissue in control  group.  These  have  blood
vessels, collagen  fibers,  fibroblasts  and  groups  of   leydig  
cells (Fig. 5a, b).

Histological observations of the testes from different
experimental groups exhibited significant changes (p<0.05)
compared with the control group (Fig. 5c, e, g). There was
considerable interstitial edema in HT group (Fig. 5e, f) than RS
and RS+HT groups, while broken basement membrane were
more in RS group (Fig. 5c, d) than HT and RS+HT groups.
Moreover, interstitial spaces were more increased, leydig cells
and blood vessels were absent and showed significantly
higher (p<0.05) apoptosis in RS+HT group (Fig. 5g, h) than RS
and HT groups. In addition, sertoli cells, primary and secondary
spermatocytes were absent in large numbers and exposing
apoptosis in RS+HT mice than RS and HT mice as compared to
the control mice. The degenerative population of round
spermatids was markedly increased in the lumen of RS group
in agreement with obvious suppression of spermatogenesis as
compared to the control group (Fig. 5c, d). Seminiferous
tubules were also morphologically shrinkage and deformed in
RS+HT group compared to control group (Fig. 5g, h).
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Fig. 3(a-c): (a) Body weight, (b) Testes weight and (c) Gonadosomatic index in the control, RS: Restraint stress, HT: Hypothyroid,
RS+HT: Restraint stress+hypothyroid groups
Different superscript letters indicate significant differences among groups (p<0.05) (n = 6, Mean±SEM) 

DISCUSSION

The present study objectives were to explore the effects
of restraint stress on spermatogenesis in testis of hypothyroid
mice. 

Feed and water  intake  are the variables sensitive to
stress and it is particularly interesting in stress research not
only because of  the  impact  of  food and water on growth
and health but also  because  it  can be measured with
minimal disturbance of the animals20. In the current study,
effects of  different  experimental  groups on feed and water
intake were  examined. Feed  and  water   intake  were
reduced in RS, HT and RS+HT groups. These findings are
consistent with previous reports of decreased  feed  and water

intake in restraint stress and hypothyroid mice21-23. When an
animal combats with stress, numerous  stages  happen  to 
avert  the effects properly and to help surviving mechanisms.
In  case  of  acute  appetite  regulation,  paraventricular
nucleus (PVN) of the hypothalamus releases Corticotropin
Releasing Hormone (CRH) in response to the stress.
Additionally, pituitary discharges the adrenocorticotropic
hormone (ACTH) and a number of incidents resulting release
of glucocorticoid, hypothalamus is also secreted CRH to
suppress neuropeptide Y (NPY)/agouti-related peptide (AGRP)
neurons there. These cells population is usually important for
inducing feeding behavior and inhibiting energy
consumption, thus CRH secreted following acute stress
suppress appetite24.
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Fig. 4(a-d): Serum  concentrations  of  (a)  T3,  (b)  T4,  (c)  TSH  and  (d)   Testosterone   in   the   control,   RS:   Restraint   stress,
HT: Hypothyroid, RS+HT: Restraint stress+hypothyroid groups
Different superscript letters indicate significant differences among groups (p<0.05) (n = 6, Mean±SEM) 

In this study, changes in body weight, testes weight and
gonadosomatic index were also investigated in different
experimental groups. The present study showed that the RS,
HT and RS+HT mice had a lower body weight and testes
weight than the control mice, which is similar to previous
studies25,26. The current results exhibited that restraint stress
rapidly induces a marked decrease in body weight that may be
due to a reduction of food intake23. The decrease of body
weight in hypothyroid animals was already expected. This
change in the body weight of animals due to thyroid
dysfunctions22. Reduction in testes weight in restraint stress
and hypothyroid group of mice is similar to the earlier
reported studies27-29. In the current study, gonadosomatic
index showed no considerable change between RS, HT and

RS+HT groups compared to the control group, which is not in
agreement with previous studies30,31. Gonadosomatic index
was significantly lower in stressed animals30, while it was
higher (p<0.05) in hypothyroid mice between 5 and 15 days
of age as well as in adult animals31.

The results of the present study showed that the serum
concentration of T3 was not changed statistically in RS group,
while the serum concentration of T4 and testosterone were
significantly decreased (p<0.05) in RS group. These findings
are in accordance with those of previous studies32. There was
not any significant change for the serum concentration of T3
in depressed animals, whereas markedly decreased T4 was
observed for Chronic Mild Stress (CMS) group when compared
with  control  group32.  Commonly,  T3  level  is  not affected by
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Fig. 5(a-h): Histological changes among different experimental groups in mouse testes. (a, b) Control, (c, d) RS (Restraint stress),
(e, f) HT (Hypothyroid) and (g, h) RS+HT (Restraint stress+hypothyroid)
SG: Spermatogonia, PS: Primary spermatocytes, SS: Secondary spermatocytes, RS: Round spermatids, SZ: Spermatozoa, SC: Sertoli cells, LC: Leydig cells,
BV: Blood vessels, BM: Basement membrane  and  IS-Interstitial space. 1: Interstitial edema, 2: Broken basement membrane, 3: Increasing interstitial
space, 4: Leyding cells and blood vessels are absent, 5: Sertoli cells  absent,  6:  Primary  spermatocytes  absent, 7: Secondary spermatocytes absent,
8: Degenerative round spermatids in lumen, 9: Shrinkage and deformed seminiferous tubule, 10: Spermatogonium. Scale bar: a, c, e, g: 100 :m and
b, d, f, h: 30 :m

stress, whereas in some studies on stress it is decreased due to
incidence of stress33. It is indicated that decreases in T3 in
major stress cases may be because of secondary effect of
stress such as starvation, swoon and anti-depressant drugs34.
But T4 level can be changed due to depression or
environmental stresses35. In an idea, loss of serotonin was
announced as main cause of change in thyroid activity. It
seems that T4 decreases in stressed animals were in related to
serotonin losses, minor energy intake and subsequent
declines in basal metabolism32. Previous studies indicated that
serum testosterone concentration is decreased by restraint
stress36. Orr and Mann37 reported that plasma glucocorticoids
concentration was augmented by restraint stress and
testosterone concentration was diminished without any effect
on LH concentration. They recommended that higher
glucocorticoids concentration worked on leydig cells by
glucocorticoid receptors to inhibit the testicular response to
gonadotropins37. The serum level of TSH was significantly
higher (p<0.05) in RS group compared to control  group.
These results were consistent  with  previous  study  that
found increase in TSH  levels  in  depressed  patients  than
non-depressed counterparts38. A possible hypothesis for the
increase in serum TSH in depression stems from the
observations that the plasmatic level of this hormone is also

influenced by somatostatin, which suppresses its release by
the hypophysis. Some reports found a reduction in
somatostatin in the Cerebral Spinal Fluid (CSF) of depressed
subjects39 and this may contribute for the increase of serum
TSH in depressive conditions40.

The serum concentrations of T3, T4 and testosterone were
significantly decreased (p<0.05) in HT and RS+HT group, while
the serum concentration of TSH was markedly increased in HT
and RS+ HT group compared to control group. These results
are in accordance with previous studies25,41-43. Serum
concentrations of T3, T4 and TSH in hypothyroid mice in the
present investigation were in agreement with hypothyroid
condition. To study the direct effects of thyroid hormone on
testes function in hypothyroid mice, serum testosterone levels
were measured. It has been reported that hypothyroidism
decreases LH, Follicle Stimulating Hormone (FSH),
testosterone and Sex Hormone Binding Globulin (SHBG)
concentrations44. Decrease in testosterone concentration
following hypothyroidism perhaps due to a reduction in
serum  Luteinizing  Hormone   (LH)  concentration.  It  is  a
well-known fact that testosterone synthesis is stimulated by
LH in leydig cells of animal testis25.

In experimental groups, considerable interstitial edema
was  observed  in  HT  group  than RS and RS+HT groups, while
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broken basement membrane were more prominent in RS
group than HT and RS+HT groups. Tahmaz et al.41 found
significant interstitial edema in hypothyroid rats whereas
Swami et al.45 found the basement membrane was broken and
the germ cells sloughed into the interstitium in stressed rats,
which is similar to present study. Moreover, seminiferous
tubules were also morphologically shrinkage and deformed
while interstitial spaces were increased in RS+HT group than
RS group compared to control group. Present results are
consistent with previous studies, which indicated that the
diameters of semniferous tubules were decreased and they
were deformed so the interstitial spaces were raised in
stressed animal27,46,47.

The present study showed degenerative population of
round spermatids was markedly increased in the lumen of RS
group in agreement with obvious suppression of
spermatogenesis as compared to the control group. These
results are in accordance with previous studies showing that
the primary spermatocytes and round spermatids as the
primary germ cell stage undergoing apopotosis and these
stages are the most sensitive to stress48,49. When seminiferous
epithelium is damaged seriously numbers of multinucleated
germ cells appeared mainly round spermatids and rarely
spermatocytes. They do not have the ability to differentiating
into spermatozoa and are completely removed. These cells are
also occasionally observed in common testes but are, for
instance, big numbers in heated testes. When a single round
spermatid undergo to degeneration first chromatin is
condensed into a circle shape around the nucleus boundary
and it looks continuously for a long period during the
degeneration process. Next procedure can be held as quite
apoptosis-like and was founded in cultured spermatids50. In
rats, apoptosis of testicular germ cells is associated with
decrease in testosterone concentration and increase in the
corticosterone level followed by restraint stress. Thus, it is
thought that apoptosis is mediated by androgens in the
seminiferous epithelium and primary spermatocytes and
round spermatids have been shown to undergo apoptosis in
result to withdrawal of androgen51.

In the present study, apoptosis of sertoli cells, primary and
secondary spermatocytes were also found in HT and RS+HT
treatment groups. These findings are consistent with previous
reports41,52. They found significant reduction (p<0.05) in the
number of sertoli cells, primary and secondary spermatocytes
in hypothyroid and stressed animals. It was shown that thyroid
hormone receptor expresses in the germ cells from
spermatogonia to primary spermatocytes. 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. Sertoli cells express
thyroid hormone receptor and thyroid hormone control
proliferation and maturation of sertoli cells. The current results
indicated that the majority of effects of hypothyroidism on the
sertoli cells may be its direct effect on these cell43. It is already
described that primary spermatocytes are the most sensitive
to stress and testicular tissues particularly sertoli cells are
sensitive to temperature changes and to preserve their
exposure to heat stress induces a chain of protective
responses, including modification of communication and flow
of materials between cells. These modified connections
between cells in the heat stress harmfully causes more flow of
many apoptotic factors which enhance the apoptosis and cell
death52.

Herein, this study reported that leydig cells and blood
vessels were absent and showing significant apoptosis in
RS+HT group than RS and HT groups. Present results are in
agreement with previous findings27,41. Kumar et al.53  indicated
that thyroid hormones regulate leydig cell development and
steroidogenesis. Thyroid hormone (T3) is essential for
differentiation of mesenchymal stem cells into leydig cells in
adult rats53. Chen et al.54  exhibited that due to increased level
of glucocorticoids, stress can disrupt endocrine signalling in
the male reproductive axis. Their earlier report showed that a
stress level of exogenous glucocorticoids could induce
apoptosis of rat leyding cells, which are the primary source of
testosterone. It is well-known that glucocorticoid caused
apoptosis in rat leydig cells is mediated by receptors of
glucocorticoid, which transmit from cytoplasm to nucleus.
These findings exhibited that due to stress augmented in
corticosterone level resulted in leydig cells apoptosis and thus
diminished testosterone synthesis54.

CONCLUSION

These results revealed that restraint stress and
hypothyroidism combination has adverse effects on body in
terms of feed intake, water intake and body and testes weight.
It also reduced thyroid and testosterone hormones, as well as
caused obvious suppression of spermatogenesis and
increasing the germ cells apoptotic process. 

SIGNIFICANCE STATEMENT

This study discovers the combined effect of restraint
stress and hypothyroidism on growth performance and
testicular  cells  apoptosis  in  adult mice. Findings of this study
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may be helpful to uncover the critical problems caused by
combination of stress and hypothyroidism leading to male
infertility that many researchers were not able to explore and
will also be supportive to understand related pathways and
their preventive measures. Thus a new theory may be arrived
at on restraint stress and hypothyroidism.
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