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Abstract
The Indian pygmy field mouse, Mus terricolor, a wild rodent has to face many stressors in the environment such as 
unpredictable harsh weather, non-static habitats, food shortage, water scarcity, social pressure, risk of predators and 
parasites, etc. Glucocorticoids are known to suppress reproductive functions during the stressful situations in many rodents. 
No report till date exists demonstrating the effects of stress on the reproduction in male M. terricolor, a tropical, wild, 
nocturnal, short day breeder. To replicate stress-like situation under experimental condition, dexamethasone (60µg/100g 
body weight) treatment was given to this tiny rodent during the Reproductively Active Phase (RAP) of its breeding cycle. 
Administration of dexamethasone led to significant reductions in the weights of gonad and accessory sex organs, which 
were accompanied by significant reductions in the biochemical constituents viz., epididymal sialic acid and seminal 
vesicular fructose. The levels of plasma testosterone also decreased significantly while there was a significant increase 
in the gonadal cholesterol after the treatment. Histological observations revealed inhibitory effects of dexamethasone 
on the reproductive tissues. It is, therefore, suggested that the stressful condition due to exogenous administration of 
glucocorticoid suppresses the reproductive functions of M. terricolor.

1. Introduction
The environmental stressors lead to behavioral, physi-
ological and homeostatic deterioration in wild animals. 
Glucocorticoids secreted from the adrenal plays a key role 
in modulating any type of stressful situation. Increase in 
glucocorticoid secretion in response to stress in an organ-
ism is the first line of defense for coping up with the 
adverse condition. The increase in glucocorticoid level 
leads to activation of Hypothalamo-Pituitary-Adrenal 
(HPA) axis and consequent inhibition of reproductive 
functions28 and immunity14,16.

It has been reported that during stress conditions 
glucocorticoid level in circulation increases sharply 
resulting in diminished libido and fertility along with 

testicular involution and significant drop in testoster-
one secretion through suppressed androgen synthesis 
and reduction in the numbers of Leydig cells as a result 
of apoptosis1,13,17,23,25,31,36,37. Increased glucocorticoid levels 
have been reported to disrupt and suppress endocrine 
signaling in the male reproductive axis5,33. Tsantarliotou 
et al.,35 and Gur et al.,15 have observed inhibitory effects of 
dexamethasone on total acrosin activity, sperm concen-
tration, semen volume and sperm motility in rams. Later, 
the findings of Sapolsky31 have suggested that inhibition 
of testosterone level in the blood is partly due to direct 
receptor-mediated effect of glucocorticoid in Leydig 
cells, but during chronic stress conditions gonadotropin 
secretion by pituitary is reduced which leads to reduced 
testosterone. Further, Payne and Sha26 and Orr et al.,25 
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have reported that glucocorticoid directly inhibits the 
transcription of genes encoding testosterone biosynthetic 
enzymes.

M. terricolor is a wild, seasonally breeding4 animal 
and it faces various types of challenges and stresses. The 
effects of stress on the reproduction have already been 
demonstrated on its female counterpart3. Therefore, the 
present experiment was designed to study the effects of 
dexamethasone treatment on male M. terricolor.

2. Materials and Methods

2.1 Maintenance of Animals
All experiments were conducted in accordance with the 
institutional  practice and within the framework of revised 
Animal (Specific Procedure) Act of 2007 of Government 
of India on animal welfare. Experiment was performed 
during reproductively active phase of the animal. The 
mice were collected from the fields in the vicinity of 
Varanasi (Lat. 25º, 18’ N; Long. 83º, 1’E), India, following 
the methods as described earlier7–9,32. In the laboratory the 
animals were acclimated to the ambient conditions for 
two weeks. They were kept in commercial polypropylene 
cages during the experiments and maintained in a well-
ventilated room exposed to ambient conditions (27+2ºC, 
with gentle ventilation). Mice were fed with commercial 
food pellets along with wheat, paddy/rice and water ad 
libitum. 

2.2 Experimental Groups
Healthy young adult male mice of body weight 11+1.0 g 
were randomly selected from the collection and assigned 
to two groups of six each. 

The mice in the first group (n = 6) were treated with 
normal ethanolic saline (0.9%) and served as control. The 
mice in the second second group (n = 6) were given intra-
muscular injection of dexamethasone (Dex) at a dose of 
60μg/100g body wt/day4,16,14 for 15 days during the after-
noon. Dexamethasone was first dissolved in a few drops 
of ethanol and then diluted with normal saline to the 
desired concentration. 

2.3 Sample Collection
Twenty four hours after the last injection, mice were 
weighed and sacrificed by total body anesthesia. Blood 

was collected directly from the heart in heparinized 
tubes. Plasma was separated and frozen at -80ºC till 
ELISA for testosterone (DIAMETRA, Lot no. DKO002) 
was carried out. Testeis, epididymis and seminal vesicles 
were dissected out on ice, blotted free from blood, cleaned 
from extra tissue, and weighed on an electronic balance 
(Denver Instruments, Gottingen, Germany). Testis, epi-
didymis and seminal vesicle of left side were fixed in 
Bouin’s fluid for histology while those of right side were 
kept for biochemical estimations of testicular cholesterol, 
epididymal sialic and fructose in the seminal vesicle.

2.4 Histology
After fixation in Bouin’s fluid, testis, epididymis and 
seminal vesicle were processed for routine histologi-
cal procedure. Some 6-µm sections were deparaffinized 
and stained using Ehrlich’s hematoxylin and eosin. The 
stained sections of the tissues were observed in a micro-
scope (Leica MPV-3, Germany) and documented. 

2.5 Biochemical Estimations
Cholesterol in testis was estimated using manufacturer’s 
protocol (Bio Lab Diagnostics, India). The concentra-
tions of sialic acid in the epididymis and fructose in the 
seminal vesicle were estimated following the methods of 
Aminoff2 and Linder and Mann20, respectively. 

2.6 Hormonal Analysis

2.6.1 ELISA for Testosterone
The plasma levels of testosterone in the respective groups 
were estimated according to manufacturer’s instruction. 
ELISA kit for testosterone assay was purchased from Dia 
Metra (Lot No; DKO002). According to the manufac-
turer’s instruction, 25 µl of standard, control and sample 
were added in each well of the ELISA plate followed by 
addition of 100 µl of the enzyme conjugate solution and 
100 µl of the testosterone antiserum. The ELISA plate was 
incubated with mild shaking at room temperature for 
one hour. Wells were aspirated and washed thrice with 
double distilled water. Then, 100 µl of the TMB chromo-
genic solution was added to each well and incubated the 
plate further at room temperature for 30 minutes. Finally, 
100 µl of stop solution (0.2 M H2SO4) was added and the 
absorbance was recorded at 450 nm using a microplate 
ELISA reader (BioTek). 
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2.6.2 ELISA for Corticosterone
ELISA kit for corticosterone was gift from NIHFW, New 
Delhi, India. According to the manufacturer’s instruc-
tion, 50 µl of standard, control and samples were added 
in each well of ELISA plate followed by addition of 50 
µl of HRP-corticosterone conjugate solution. The wells 
were incubated at room temperature with mild shaking 
for 60 minutes. The wells were then rinsed and flicked 
7-10 times with running tap water. Then, 100 µl of the 
substrate solution was added to each well and plate was 
incubated at room temperature for 15 minutes. Finally, 
100 µl of stop solution was added in each well and the 
absorbance was recorded at 450 nm. 

2.7 Statistical Analysis
Statistical analysis of the data was performed with 
Student's ‘t’-test. The differences were considered signifi-
cant when P < 0.05.

3. Results

3.1 Body Weight
No significant difference in body weight was observed 
between ethanolic saline-treated control mice and dexa-
methasone-treated mice (Figure 1). 

Figure 1. Effect of dexamethasone injections on body weight 
of male M. terricolor. Note significant change was found after 
the treatment. Values on vertical bars represent mean+ SEM 
of six animals.

3.2 Weight of Reproductive Organs
Significant reductions were noticed in the relative weights 
of the testeis (Figure 2), epididymeis (Figure 3) and semi-
nal vesicles (Figure 4) of dexamethasone-treated mice as 
compared with their respective controls.

Figure 2. Effect of dexamethasone injections on relative 
weight of testes of M. terricolor. Note significant reduction 
in the testicular weight of treated mice. Values on vertical 
bars represent mean+ SEM of six animals. * Significance of 
difference, P < 0.05 with respect to control.

Figure 3. Effect of dexamethasone injections on relative 
weight of epididymis of M. terricolor. Note significant 
reduction in the weight of the epididymeis of treated mice. 
Values on vertical bars represent mean + SEM of six animals. 
* Significance of difference, P < 0.05 with respect to control.
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Figure 4. Effect of dexamethasone injections on relative 
weight of seminal vesicle of M. terricolor. Note significant 
reduction in the weight of the seminal vesicle of treated mice. 
Values on vertical bars represent mean + SEM of six animals. 
* Significance of difference, P < 0.05 with respect to control.

3.3 Biochemical Parameters
A significant elevation in the content of testicular (Figure 
5) cholesterol while significant reductions in the epididy-
mal sialic acid (Figure 6) and seminal vesicular fructose 
(Figure 7) were observed in dexamethasone-treated 
group as compared with the control. 

Figure 5. Effect of dexamethasone injections on the testicular 
cholesterol of M. terricolor. Note significantly elevated level 
of cholesterol in the treated group. Values on vertical bars 
represent mean + SEM of six animals. ** Significance of 
difference, P < 0.01 with respect to control.

Figure 6. Effect of dexamethasone injections on the 
epididymal sialic acid of M. terricolor. Note significant 
decrease in the level of sialic acid. Values on vertical bars 
represent mean + SEM of six animals. * Significance of 
difference, P < 0.05 with respect to control.

Figure 7. Effect of dexamethasone injections on seminal 
vesicular fructose of M. terricolor. Note significant reduction 
in the level of fructose of treated mice. Values on vertical 
bars represent mean + SEM of six animals. * Significance of 
difference, P < 0.05 with respect to control.

3.4 Hormonal Analysis
Significantly decreased levels of peripheral plasma testos-
terone (Figure 8) were noticed in dexamethasone-treated 
group when compared with their respective control 
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groups. While dexamethasone treatment led to a signifi-
cant increase in the level of plasma corticosterone (Figure 
9).

Figure 8. Effect of dexamethasone injections on the level 
of plasma testosterone of M. terricolor. Note significant 
reduction in the level of testosterone of treated mice. Values 
on vertical bars represent mean + SEM of six animals. * 
Significance of difference, P < 0.05 with respect to control.

Figure 9. Effect of dexamethasone injections on the level 
of plasma corticosterone of M.terricolor. Note significant 
increase in the level of corticosterone in treated mice. Values 
on vertical bars represent mean + SEM of six animals. ** 
Significance of difference, P < 0.01 with respect to control.

3.5 Histological Observations
The testis of control animals showed normal histological 
features. Majority of the seminiferous tubules showed full 

Figure 10A. T.S. of testis of M. terricolor following saline injection. Note the active seminiferous tubules presenting complete 
stages of spermatogenesis. EL: Epithelial lining, L: Lumen, ST: Seminiferous tubules.
B. T.S. of testis of M. terricolor following 15 days of dexamethasone injections. Note the regressive changes as indicated by 
thinning of tunica propria and loss of some stages of germ cells. EL: Epithelial lining, L: Lumen, ST: Seminiferous tubules.
C. T.S. of testis of M. terricolor following 15 days of dexamethasone injections showing sloughing of germ cells. EL: Epithelial 
lining, L: Lumen, ST: Seminiferous tubules.
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Figure 11. T.S. of seminal vesicle of M. terricolor  following saline injection. Note the wide lumen filled with secretions. EL: 
Epithelial lining, L: Lumen.
B. T.S. of seminal vesicle of M. terricolor following 15 days of dexamethasone injections. Note the regressive changes as indicated 
by excessive inward ramification of epithelial lining and scanty secretion in the reduced lumen. EL: Epithelial lining, L: Lumen. 

Figure 12. A. T.S. of epididymis (Caput, Corpus and Cauda) of M. terricolor following saline injections. Note the lumina filled 
with spermatozoa. EL: Epithelial lining, L: Lumen.
B. T.S. of the epididymis (Caput, Corpus and Cauda) of M. terricolor following 15 days of dexamethasone injections. Note the 
lumina devoid of spermatozoa containing sperm debris and few exfoliated germ cells. EL: Epithelial lining, L: Lumen. 
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spermatogenic activity with successive stages of trans-
formation from spermatogonia to spermatozoa (Figure 
10A). Dexamethasone treatment induced marked regres-
sive histological changes in the seminiferous tubules as 
evidenced by thinning of tunica propria, loosening of 
the germ cells and loss of spermatocytes. Lumina of the 
majority of the tubules were devoid of spermatozoa, con-
taining sperm debris and only few stages of germ cells 
(Figure 10B and C).

The caput, corpus and cauda epididymides of the con-
trol mice showed normal histological features (Figure 
12A). In mice treated with dexamethasone, the epididy-
mal lumina contained debris of spermatozoa and few or 
many exfoliated germ cells (Figure 12B).

The seminal vesicle of the control group showed nor-
mal histological features of abundant secretion in the 
wide lumen (Figure 11A). By contrast, seminal vesicle 
of mice treated with dexamethasone showed marked 
degenerative changes, as indicated by excessive inward 
ramification of epithelial lining and scanty secretion in 
the reduced lumen (Figure 11B).

4. Discussion
The suppressive effect of induced-stress has been reported 
in female M. terricolor3. The present experiment was car-
ried out to study the effects of synthetic glucocorticoid 
dexamethasone on the reproductive functions of male 
M. terricolor during its reproductively active phase. The 
suppressive effects of dexamethasone treatment on the 
reproductive functions of mice were reflected in reduced 
weights of gonads and accessory sex organs accompa-
nied by significant reduction in biochemical constituents 
like epididymal sialic acid, seminal vesicular fructose 
and plasma testosterone. However, the levels of plasma 
corticosterone and testicular cholesterol increased sig-
nificantly following dexamethasone treatment. Increased 
gonadal cholesterol indicates low steroidogenesis since 
cholesterol is the precursor for steroidogenesis.

Whenever an animal is confronted with a stressful 
situation, the increased level of glucocorticoid leads to 
hyperactivation of HPA axis. The different components 
of HPA axis, consequently, act on HPG axis to suppress 
the secretion of GnRH, LH, and gonadal steroids, thereby 
the reproductive functions. Maeda and Tsukamura21, 
very nicely explained the logic behind this suppression 
of reproduction during stress; they say that the suppres-

sion of reproductive activities during stressful condition 
is to give priority to survival of the individual rather than 
propagation of the species. 

In M. terricolor dexamethasone injections led to a 
reduction in the process of steroidogenesis as evident by 
the increased testicular cholesterol and decreased level 
of plasma testosterone. This reduction in the plasma 
testostosterone might have led to suppression of the sper-
matogenic activity as exhibited by the histological sections 
of the testis. The reduction in the weights, biochemical 
constituents and degenerative changes in the histology of 
the epididymis and seminal vesicles can also be attributed 
to the reduced level of testosterone following dexa-
methasone treatment since these accessory sex organs 
are androgen dependent22,27. Our results derive support 
from earlier studies which have also reported reduced 
testosterone level following glucocorticoid treatment 
and consequent inhibitory effects on male reproduc-
tion17,24,25,31,35. Blood testosterone level and consequently 
acrosin activity was found to be reduced in Chios rams 
following dexamethasone injections35.  Orazizadeh et 
al.,24 reported in mice that dexamethasone induces histo-
pathological alterations such as epithelial vacuolization, 
atrophy and reduction in testicular spermatozoid. Yazawa 
et al.,36,37 demonstrated that stress and dexamethasone 
administration induced testicular germ cell apoptosis in 
rats and found it to be associated with increase in serum 
corticosterone and decline in serum testosterone.

Different workers have proposed different mecha-
nisms for the action of this synthetic glucocorticoid. 
The Hypothalamo-Pituitary-Gonadal (HPG) axis can 
be affected at three levels by the glucocorticoids. One of 
the levels is brain, which will affect the neurosecretion. 
The second level is pituitary which will lead to altered 
secretion of gonadotropin. The third level, gonad, affects 
gonadal secretion28.   

Several studies have reported the suppression of LH 
secretion following glucocorticoid administration in dif-
ferent animals. This LH suppression consequently led to 
suppression of gonadal action1,5,12,13,17,23,25,29,30,31. So there 
is a possibility that in M. terricolor dexamethasone treat-
ment might have inhibited LH secretion by decreasing 
responsiveness of the pituitary to GnRH or it might be 
a direct action on the pituitary itself. Baldwin et al.,6 and 
D’Agostino et al.11, suggested the direct action of cortico-
steroids on gonadotropin release at the level of anterior 
pituitary.  Suter and Schwartz33 and Kamel and Kubajak18 
demonstrated that corticosterone and cortisol can sup-
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press GnRH as well as basal LH release from rat anterior 
pituitary cells incubated in vitro. One of the mechanisms 
adopted by corticosteroids may also be modulation of 
opiod and catecholaminergic systems in the hypothala-
mus and higher brain centers10,19,34. A direct inhibitory 
effect of corticosteroids on coupling of GnRH receptors 
to second-messenger systems, leading to impaired release 
of LH in response to GnRH stimulus is also reported by 
Kamel and Kubajak18. In the present study the reduced 
gonadotropin might have affected the secretion of gonadal 
steroids. Specific measurement of LH is required to sup-
port this inference but this measurement was not done 
due to lack of specific antibody. 

M. terricolor is a wild and seasonally breeding rodent4 
Therefore, it has to face various stressors and environmen-
tal challenges for its perpetuation. The, induced-stress 
following administration of dexamethasone, a synthetic, 
glucocorticoid, led to inhibition or suppression of repro-
ductive functions of this tiny rodent. Thus, from the 
findings of this study, we infer that during stress the HPA 
axis of this rodent becomes active leading to inhibition of 
reproductive functions. 
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