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 Stress is an unavoidable state in day 
to day life of every individual. Fine balancing 
mechanism acts against forces of stress which is 
called as equilibrium. Maintaining of equilibrium 
is called homeostasis. Selye proposed the concepts 
of “eustress” and “distress”. Eustress is positive 
stress recognized as a pleasant form of stress 
caused by desirable stimuli. Distress is identified 
as a threat to the quality of life and homeostasis. 
An organism is intended to respond and adjust 
to surroundings in an attempt to endure. Once 
homeostasis has been endangered, a complex series 
of behavioral and physiological processes respond 

to restore equilibrium, known as an “adaptive stress 
response” or simply “stress response”1. Stress 
initiates the hypothalamus to release corticotrophic 
releasing hormone from paraventricular nuclei, 
which activates the hypophyseal gland to secrete 
ACTH which activates the cortex of adrenal gland 
to secrete of glucocorticoids into the circulation. 
This affects the metabolism of carbohydrates, 
fats and proteins which reduce blood testosterone 
levels and spermatogenesis. Stress causes reduced 
activity, interact with the environment and 
diminished searching behavior2. 
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 Every human being is exposed to the stress in one or the other form in the day to day 
life. Most of the existing studies on the impact of stress on the male reproduction were assessed 
by using single stressor, which may lead habituation to that stressor. The present study intends 
to estimate the consequence of stress on motor activity, sperm quality and histopathology of the 
testis in stress-induced male rats using multimodal stress one per day. Four weeks old Wistar 
albino rats were randomly split into 4 groups and induced multimodal stress at different ages of 
life span. After induction of stress serum corticosterone levels, muscle strength and coordination, 
quality of sperm and histopathology of testes were estimated. Elevated serum corticosterone 
levels and body weight, reduced muscle strength, coordination. Sperm concentration and motility 
was significantly reduced and increased morphologically abnormal sperm in stress induced 
animals but sperm viability was not altered much.  Histopathology of testes in stress received 
animals showed decreased tubular diameter and increased intertubular space. Multimodal 
stress caused elevated serum corticosterone and body weight, decreased motor activity, sperm 
quality and degenerative changes in the testis.
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 According to World Health Organization 
(WHO), Infertility is disease of reproductive 
system defined by failure to achieve clinical 
pregnancy after 12 or more months of regular 
unprotected sexual intercourse3, 4, 5. Infertility 
affects between 9% and 25% of couples globally6, 

7, 8. Male infertility is the inefficiency to cause 
conception in a fertile female even after 12 months 
of regular and unprotected coitus4. Male infertility 
accounts to half of the reported infertility cases 
3, 9,10. Decrease in the quality of human sperm is 
increasing substantially worldwide over the past 
few decades11 - 14. The male factor alone contributes 
to 20–25% in infertile couples and both factors 
contribute to 30–40% 15  The infertile couples in 
child bearing age looking for medical assistance 
are around 56%.7.
 The male infertility is increasing 
alarmingly Indian subcontinent, according to WHO 
estimates, the overall primary infertility rate ranges 
between 3.9% and 16.8%16. It varies extensively 
amongst Indian states from 3.7% in Uttar Pradesh, 
Himachal Pradesh, and Maharashtra17 to 5% in 
Andhra Pradesh18, and 15% in Kashmir19. It also 
varies across the tribes and castes within the 
same area in India17, 20. Reports suggest that 40% 
of infertility is due to male factor, 40% due to 
female factor and remaining 20% because of both 
sexes21. In Indian couples looking for treatment 
for infertility, the male factor accounts up to 
23%19. Recent findings on the status of infertility 
in India, suggests that approximately 50% of 
infertility is due to male factor22. Reproductive 
abnormalities of male partners are an important 
factor in one-third of the cases and it is one of the 
considerable contributing factors in an additional 
20% of infertile couples23. In male reproductive 
health, semen quality is the important marker. 
Identification of neuropsychological risk factors 
like stress is very essential in improving semen 
quality for fecundity and fertility24. 
 Many studies have stated that there is 
a correlation between psychosomatic stress and 
sperm quality such as concentration, motility 
and morphometry25, 26, 27. In human beings, 
emotionally stressed individuals had reduced 
sperm count and motility28. Stress during academic 
examinations altered luteinizing hormone (LH) 
and testosterone levels29. Various studies have 
suggested decreased testicular weight, viability 

and motility in epididymal sperm and increased 
adrenal gland weight because of stress in rats30, 31. 
Earlier studies carried out to estimate the effect 
of corticosterone was by either administration of 
exogenous corticosterone32 or by inducing stress 
like noise stress33, forced swimming stress34, 
immobilization stress35 etc. One major limitation of 
this method is the animal might get acclimatized or 
adapted to that stress. Moreover during application 
of single stressor for prolonged time might harm 
the animal. In order to avoid these five variable 
stressors as multimodal stress were used in the 
present study in random manner. The novelty 
of this study lies in the fact that application of 
variable stressor and its results can be extrapolated 
to stressful condition in humans rather than using 
single stressor which is purely applicable only 
in experimental animals. Thus present study 
variable stressors have been applied to assess the 
consequences of stress on motor activity, sperm 
quality and morphology of testes. Assessment 
of semen analysis in experimental animals after 
inducing stress using variable stressors yet to be 
reported and hence this study.

Materials and Methods

animals
24 male Wistar albino rats 4 weeks old were 
acquired from Biogen, Laboratory Animal Facility, 
Bangalore - 562107. Karnataka, India. Registration 
number: 971/bc/06/CPCSEA, for the present 
study. They were housed in clean transparent 
polypropylene cages, in a 12 hr light/12 hr dark 
cycle with ambient temperature around 23°C and 
relative humidity of 55 - 60%, free access to food 
and water with provided ad libitum.  
statement of ethics
 Animal experiments were conducted 
according to the guidelines of Committee for the 
Purpose of Control and Supervision of Experiments 
on Animals (CPCSEA). The experimental protocol 
was approved by the Institutional Animal Ethics 
Committee of Chettinad Hospital and Research 
Institute (Approval number: IAEC 1/Desp.No.7/
Dt.02.03.17) 
study design
 Animals were randomly split into 4 groups 
of six males in each. Group 1 was control  (n=6),  
Group 2 animals received 42 days of multimodal 
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stress from post - natal day 28 to 70 (n=6), Group 
3 animals received 42 days of multimodal stress 
from post - natal day 70 to 112 ( n=6), Group 4 
animals received 84 days of multimodal stress from 
post - natal day 28 to 112 (n=6). 
stressing Paradigm
 Stressors were carefully selected so as to 
they don’t get habituating, do not cause pain and do 
not influence food or water intake. The following 
stressors namely 36 hours constant light, the new 
object in the cage during the nighttime, restraint in a 
conical tube for 15 minutes, multiple cage changes 
and Saturated bedding overnight were employed 
for this study at the rate of one stressor for each 
day36. 
 The body weight, serum corticosterone 
levels and motor activity was measured prior 
to induction of stress. All the above mentioned 
parameters were again repeated after induction of 
stress, subsequently all animals were sacrificed and 
analyzed semen parameters and histopathology of 
testes.  
serum corticosterone assay
 Serum corticosterone levels were 
assessed by using ELISA kit (Cayman Chemical, 
Catalogue No: 501320). Determination of serum 
corticosterone was according to the instructions 
given along with the kit. 
Motor activity
actophotometer
 Spontaneous motor activity was done 
by using Actophotometer (Inco Instruments & 
Medical Devices). Apparatus contains an activity 
chamber of 30 x 30 x 30 cm in dimension with a 
grid floor. Twelve light transmitters and receivers 
were arranged in the walls of the activity chamber 
at a suitable height from the floor of the chamber. 
When the animal interrupts any light beams, it was 
recorded as a locomotor activity. Animals were 
introduced in the chamber and recorded number 
of counts recorded per minute37. 
rotarod
 This instrument (Inco Instruments & 
Medical Devices) contains a metal rod of diameter 
4 cm with a roughened surface for the animals to 
grip. It rotates on a horizontal axis by a motor and 
pulleys which can be tuned to rotate at various 
speeds (5 - 25 rpm/ min). Rats were made to cling 
to the rod, which rotates forwards at 15 rpm until 
they fall off from the rod. The rationale of this test 

was to assess the latency of an animal maintains 
itself on a moving rod, animals having defective 
motor coordination, dropped off early from the rod. 
Three trials were given per animal and the duration 
was recorded in seconds38, 39. 
inverted screen test
 The inverted screen (Inco Instruments 
& Medical Devices) is a wire mesh containing 12 
mm squares of 1 mm diameter wire. The animal 
was placed on the screen and turned upside down. 
The time of an animal maintains itself holding and 
gripping is recorded. Latency to fall from the screen 
was recorded in seconds40. 
semen analysis
 The animals were sacrificed by the 
overdose of halothane. Removal of the testis 
(Orchidectomy) and collection of spermatozoa was 
performed41, 42. The incision was made ventral to 
the scrotal sac and the testes were taken out of the 
incision site. The testes were exposed by cutting the 
tunica vaginalis. The spermatic cord was identified, 
ligated and incised43. The sperm were acquired 
from caudal epididymis by incising longitudinally 
and squeezed thoroughly then minced by scissors 
in 5 ml of phosphate buffer saline (PBS), placed 
in the Petri dish, incubated at room temperature 
for 2 minutes and analyzed immediately for sperm 
concentration, motility, morphology and viability 
of spermatozoon. The investigator was blinded 
while performing all the investigations of the study 
to avoid bias. The result was again confirmed by 
another assessor.
sperm concentration
 1 ml supernatant was mixed with 100 ml 
solution consisting of 5 g sodium bicarbonate, 1 ml 
of 35% formalin and 25 mg of eosin per 100 ml H2O 
(1: 100 ratio). 10 µl of this preparation was pipetted 
and charged into the counting chamber after placing 
the cover slip on it and left for 5 minutes to allow 
even distribution. Sperms were counted under a 
light microscope at 40× magnification. Total count 
represented as N x 106. 
Motility
 10µl sperm supernatant was placed on 
a sterile slide and covers with 22 x 22mm cover 
slip and incubated for 1 - 2 minutes. Slides were 
observed under a light microscope (Carl zeiss Axio 
lab.A1 microscope) at 40x, 200 spermatozoa were 
counted in total from several fields. Sperms were 
classified as PR = Progressive motile (forward 
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movement, large circles), NP = Non progressive 
motile (on the spot movement, twitching), IM = 
Immotile (no movement). 
sperm Morphology
 Sperm analysis for head and tail 
deformities was done as per WHO Laboratory 
Manual44 for semen analysis. Around 20 µl of 
sperm suspension was placed on the slides and 
smeared. Slides were dried and fixed with fixative 
then stained with hematoxyline and eosin. 200 
spermatozoa (intact sperm) per slide were analyzed 
under the light microscope at 40× magnification. 
Vitality
 Around 20 µl of sperm suspension was 
placed on the slide and mixed with same volume 
of 0.4% trypan blue and incubated for 2 minutes at 
room temperature then smeared with another slide. 
Slides were viewed by bright-field microscope 
under 40 × magnifications. Dead sperm loses their 
membrane permeability, allowing the dye to enter 
into the cytoplasm making it appear thick blue in 
color. Whereas the cytoplasm of live sperm is not 
stained with trypan blue and appear lighter. 200 
sperms were counted for each slide and viable 
sperm percentage was calculated. 
histology of testes
 Tissues were fixed with 10% buffered 
formalin, dehydrated with alcohol, cleared with 
xylene, impregnated with paraffin, embedded in 

paraffin wax, sectioned with microtome to obtain 
4-5 µm thick paraffin sections, Dewaxed sections 
were stained with hematoxylin and eosin and 
microphotographs were quantified with image J 
software. 
statistical analysis
 Data obtained were expressed in Mean 
± SD. Statistical analysis was done by one-way 
ANOVA followed by multiple comparisons by 
two-tailed t-test by SPSS 21.0 software. The values 
for P < 0.05 were considered to be statistically 
significant. 

results

Body weight
 All stress induced groups gained more 
body weight than control. Among the four groups, 
group 4 gained more body weight when compared 
with control and other stress-induced groups (group 
2 and 3) [Fig-1]. 
Corticosterone levels
 Serum corticosterone levels were much 
elevated in group 4, followed by group 3 and group 
2 stress induced rats [Fig- 2].
Motor activity and coordination
 Rotarod, Actophotometer and inverted 
screen test result showed reduced motor activity 
in group 3 and 4 but not in group 2 as compared 

Fig. 1. Effect of exposure to stress on body weight in control group compared with various variable stresses received 
groups. Values are represented as mean ± SD of 6 rats per group.  Superscripted stars (*) indicate statistically 
significant differences *** = P < 0.001, ** = P < 0.01, * = P < 0.05, ns = Non – significant. 
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table 1. Caudal epididymal sperm count, motility, morphology and viability in control 
and stress received groups. Values are represented as mean ± SD of 6 rats per group.

  Sperm parameters Group 1 Group 2 Group 3 Group 4 p-value

  Sperm concentration  66.6 ±   2.9 64.0±  0.91 47.61 ±  1.31 39.0 ±  0.65  < 0.00001 
 ( ×  106) (mean ± SD)
Sperm  Progressive motile  61.7 ±  4.2 57.8 ±  4.5 46.8 ± 2.6 36.8 ± 1.2  < 0.00001
Motility (mean ± SD)
 Non- progressive motile  19.3 ±  2.1 19.7 ± 3.1 19.2 ± 3.1 18.2  ± 1.9 < 0.84868
 (mean ± SD)
 Immotile (mean ± SD) 19.5 ± 1.8 22.5 ± 4.1 34.3 ± 3.8 45  ± 2.8  < 0.00001
Sperm  Normal sperm (mean ± SD) 66.8  ± 3.2 64.3 ± 2.9 55.0 ± 1.4 47.0  ± 1.2  < 0.00001
morphology Sperms with tail abnormality  26.5  ± 2.4 27.5 ±  3.4 30.8 ±  1.1 39.8 ±  1.3 <  0.00001
 (mean ± SD)
 Sperm with head abnormality  6.6 ±  2.1 8.1 ±  1.7 13.8  ±  1.1 14.8  ± 1.8  < 0.00001
 (mean ± SD)
Viability Live sperm (mean ± SD) 96 ± 1.4 91.3 ± 1.2 91.3  ±  2.0 83.2 ±  2.5 < 0.00001
 Dead sperm (mean ± SD) 4 ± 1.4 8.7 ± 1.2 9  ±  1.5 16.8 2.5  < 0.00001

Fig. 2. Effect of exposure to stress on Serum corticosterone level in control group compared with various variable 
stresses received groups. Values are represented as mean ± SD of 6 rats per group.  Superscripted stars (*) indicate 
statistically significant differences *** = P < 0.001, ** = P < 0.01, * = P < 0.05, ns = Non – significant

to that of control [Fig- 3, 4, 5]. All stress received 
groups showed a significant reduction of motor 
coordination. Moreover, the result indicates that 
adult stress causes a considerable reduction in 
motor coordination than pubertal or prepubertal 
stress. 
sperm Concentration
 Sperm count showed considerably lower 
concentration in all stress induced groups when 

compared with control. Among the stress-induced 
groups, group 4 animals had a severe reduction in 
sperm count [Table – 1]. 
sperm Motility
 Sperm motility was graded as progressive 
motile, non-progressive motile, immobile. 
Progressive motile sperm number was reduced in 
all stress induced groups compared with control. 
There is no considerable change in non-progressive 
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table 2. Histomorphometry of testes in control and stress received groups. 
Values are represented as mean ± SD of 6 rats per group

  Testes parameters Group 1 Group 2 Group 3 Group 4 p-value

  Weight of  1.7 ± 0.05 1.4 ± 0.04 1.3 ± 0.03 0.85 ± 0.04  < 0.004957
 the testes 
Histomorphometry  Diameter of  53.8 ±   0.2 46.9 ±  0.4 42.8  ±  0.2 32.06  ±  0.6  < 0.00001
of testes seminiferous 
 tubules 
 Intertubular  1.6 ±  0.2 11.1 ±  0.16 21.7 ±  0.4 33.9 ±  0.4 < 0.00001
 space 
 Number of  353.6 ±  6.02 265.6 ±  6.1 230 ±  4.0 60 ±  3.0  < 0.00001
 spermatogonia 

Fig. 3. Effect of exposure to stress on coordination measured by Rotarod in control group compared with various 
variable stresses received groups. Values are represented as mean ± SD of 6 rats per group.  Superscripted stars 
(*) indicate statistically significant differences *** = P < 0.001, ** = P < 0.01, * = P < 0.05, ns = Non – significant

motile sperms between control and stress-
induced animals but the significantly high amount 
of immotile sperms in stress-induced groups  
[Table -1]. 
sperm morphology
 All stress induced groups showed 
significantly less number of normal sperms than 
control. Tail abnormalities were substantially 
higher in stress-induced groups than control. 
Teratozoospermia was markedly observed in group 
4 animals with head and tail abnormality. The 
percentage of normal sperm was severely reduced 
[Table -1]. 

sperm viability
 In trypan blue staining, control animal 
had significantly more number of live spermatozoa 
than the stress induced groups, group 4 shown 
significantly less number of viable cells than group 
2 and group3 [Table -1]. 
Weight of the testes
 Testicular weight was significantly 
reduced in stress received rats than the control; 
the weight of group 4 animal’s testes was much 
lower than the remaining stress induced groups  
[Table – 2]. 
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Fig. 4. Effect of exposure to stress on locomotor activity by Actophotometer in control group compared with various 
variable stress received groups. Values are represented as mean ± SD of 6 rats per group.  Superscripted stars (*) 
indicate statistically significant differences *** = P < 0.001, ** = P < 0.01, * = P < 0.05, ns = Non – significant

Fig. 5. Effect of exposure to stress on muscle strength and gripping by Inverted screen test in control group compared 
with various variable stresses received groups. Values are represented as mean ± SD of 6 rats per group.  Superscripted 
stars (*) indicate statistically significant differences *** = P < 0.001, ** = P < 0.01, * = P < 0.05, ns = Non – significant

histology of testis
 Microphotographs of testes suggesting 
the reduced diameter of seminiferous tubule 
and increased intertubular space in all stress 
received groups than control [Table - 2, Fig- 6]. 

Group 1, 2 and 3 showed normal and complete 
spermatogenesis, group 3 showed mild incomplete 
spermatogenesis but group 4 showed less than 25 % 
complete spermatogenesis, remaining 75 % tubules 
showed incomplete, only primary spermatocyte and 
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sertoli cells were observed. Sever maturation arrest 
and calcification of capillary wall was observed 
[Fig- 6].

disCussion 

 Stressors activate the sympathetic 
nervous system and the hypothalamic pituitary 
adrenal (HPA) axis to assist the individual to deal 
with the situation. The initial one is short which 
turn-on the fight or flight response. The second 
mechanism is a slow and more extended hormonal 
reaction mediated by the HPA axis, this is initiated 
by neurons of the paraventricular nucleus of the 
hypothalamus, they secrete corticotropin-releasing 
hormone (CRH), which will give signals to the 
hypophyseal gland to release adrenocorticotropic 
hormone (ACTH), which in turn activates the 
suprarenal glands to produce glucocorticoids (i.e., 
cortisol in human beings and corticosterone in most 
of the rodent species). 
 After the withdrawal of stress, the 
glucocorticoids act though negative feedback 
mechanism on the hypophyseal gland and various 
parts of the brain, such as the hypothalamus, 
hippocampus, and prefrontal cortex, finally ending 
the reaction by decreasing the further secretion and 
release of CRH and ACTH45. So, in the context 
of the Hypothalamo - hypophysial axis to stress, 

the brain is both the activator and target of the 
glucocorticoid response. The glucocorticoids are 
accountable for many of the adaptive physiological 
and behavioral responses to stressors namely 
mobilization of energy provisions, increasing 
the immune response, and intensify learning and 
memory abilities. Though, continuous exposure 
to these hormones can result in several defective 
transformation outcomes, such as metabolic 
problems and defective immune response and 
cognitive functions. Stress significantly raises the 
plasma corticosterone, frequent activation with 
a lower potentiality stressor leads to habituation 
of the HPA axis, but the lower frequency and/
or higher potentiality will induce more elevation 
of response46. The role of the hippocampus is in 
the control of various vegetative functions, such 
as ACTH secretion, and provides confirmation 
that repeated exposure of immobilization stress 
can leads to atrophy of hippocampus47.  Taking 
into consideration the impending role of the 
hippocampus in glucocorticoid production, 
dendritic atrophy because of stress may have 
contributed to high corticosterone levels after 
continuous restraint stress. In the current study 
results conclude that stress can cause a considerable 
rise in the serum corticosterone levels due to 
activation of the hypothalamic-pituitary-adrenal 
axis. 

Fig. 6. Morphological evaluation of H&E staining showing testis of control and stress received rats. Seminiferous 
tubule (star), Interstitial space (arrow). Fig. a,b,c,d Scale bars =200 ìm. Fig. e,f,g,h Scale bars =100 um
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 Most of the studies have engaged with 
one stressor to check the consequences of stress, 
which may cause habituation to that stressor and 
an increase in the intensity of the same stressor 
may cause pain. In the present study, five different 
stressors have used at the rate of one per the day, 
so that animals do not get habituated. Serum 
corticosterone is one of the stress markers in 
animals, results of this study support that stress can 
cause significant elevation of serum corticosterone 
levels. 
 Stress is also one of the risk factor for 
obesity48 stress might elevates the incidence of 
obesity49, 50, stress causes reduced appetite in the 
beginning, but chronic stress actually increases 
hunger and stressed people intended to take more 
saturated fat and carbohydrate51, 52. Our results 
suggest that variable stress received animals show 
significantly higher body weight than control, long-
term stress can induce more obesity than short-term 
stress. 
 Chronic restraint stress causes hypoactivity 
in Wistar albino rats which might represent a 
reduced input to interact with the environment 
which might justify the diminished searching 
behavior2. In the present study variable stress as one 
per day also causes decreased motor coordination, 
locomotor activity, and muscle strength and 
gripping. Interestingly animals in the pubertal age 
receiving stress didn’t show any significant loss of 
motor activity due to age factor and weight of the 
body. 
 There are numerous factors l ike 
environment, Certain drugs namely, supplemental 
testosterone, anabolic steroids, tobacco, marijuana, 
narcotics, 5-alpha-reductase inhibitors, PDE5 
inhibitors, ketoconazole, and some ecological 
and lifestyle factors like sedentary life, exposure 
to heat, varicocele, industrial chemicals (e.g. 
benzenes, toluene), pesticides and heavy metals, 
processed meats, soy (contains isoflavones which 
mimic estrogen, a primary female sex hormone), 
Smoking, Alcohol, heat and radiation from mobile 
phones, radiotherapy, Obesity, Reactive Oxygen 
Species, Skipping sex for too long, untreated 
infections like epididymitis, orchitis and some 
sexually transmitted infections (STI), including 
HIV and gonorrhea53,54, can have a harmful 
consequences on male fertility. Interestingly 

Nonsteroidal Anti inflammatory drugs (NSAIDs) 
like nimesulide also diminish the motility of 
the sperm55. The reproductive act of men is 
estimated via semen analysis, by evaluating sperm 
concentration, motility, and morphology. These 
parameters give an idea about sperm quality56, 57. 
 Effect of stress on human spermatogenesis 
was first researched by58 on death-sentenced 
prisoners and has found a considerable decrease 
in spermatogenesis. Immobilization stress may 
cause hyposensitivity of interstitial cells of Leydig 
to gonadotropin59, elevated glucocorticoids act 
through glucocorticoid receptors on interstitial cells 
of Leydig, hence decreasing the testicular response 
to gonadotropins60. Stress produces a deleterious 
effect on animal and human semen quality,61,62 
reduced spermatid production, the density of 
spermatozoon, testosterone concentration in 
plasma and amount of sustentacular cell of Sertoli 
in the cross-section of the seminiferous tubule. So, 
chances of alterations in the spermatogenesis are 
more, which might lead to reduced fertility rate 
in stressed males observed63. ACTH increases the 
serum corticosteroids levels, which will reduce the 
episodic secretion pattern of luteinizing hormone 
and testosterone and conjointly decreases the basal 
secretion rate of testosterone28, 64. Stress initiates 
the HPA axis, which inhibits the sperm production 
by reducing the hypothalamic pituitary- testicular 
axis65. Long term restraint stress elevates the rate of 
acrosome reaction of sperm and head abnormalities 
in a rat66. So mild to severe stress reduces the 
testosterone levels resulting in compromised 
spermatogenesis and quality. The changes in the 
histology of testis suggestive of degeneration such 
as immature giant spermatids and alterations in 
cytoearchitecture of testis intestitium are usually 
observed following administration of certain drugs 
especially NSAIDS67. Administration of Trazodone 
to treat depression and anxiety result in toxic 
effect on male reproduction68. Histopathological 
examination is usually employed as an essential 
biomarker in toxicity study69 decreased sperm 
quality and quantity will be combined with 
Histopathological changes in the testes70.  Our 
study results concluded that short-term stress 
causes reduced the seminiferous tubular diameter, 
reduced number of spermatogonial cells in the 
tubules and increased intertubular space. 
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s t r e n g t h s ,  l i m i t a t i o n s  a n d  f u t u r e 
recommendations
 The present study has used multiple 
stressors, one per a day to avoid the animal from 
getting acclimatized to a particular stress. Since 
multiple stressors have been applied it is difficult 
to estimate or identify the impact of every single 
stressor independently. The notion of changing 
stressors randomly is mainly to extrapolate the 
results in humans in future.  
 Further studies are necessary to estimate 
the amount of stress caused by each stressor 
independently and transgenerational epigenetic 
studies are necessary to analyze the impact of stress 
on their off springs.

ConClusion

 To conclude stress induced at different 
age period of animals using multimodal stress 
leads to elevated serum corticosterone and body 
weight, decreased motor activity, sperm quality and 
degenerative changes in the testis. This may be due 
to the disturbance in the hypothalamic-pituitary-
testicular axis as mentioned above. 
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