
Protective Effect of Grape Seed Extract on Dexamethasone-
Induced Testicular Toxicity in Mice 

Introduction
Glucocorticoids (GCs) are usually used in conditions like 
adrenal gland failure, inflammatory, infectious diseases, 
and some cancers. In recent years, the administration 
of dexamethasone (Dex) has increased dramatically (1). 
Various biological systems may change the exposure 
to GCs like the reproductive system and the high level 
of GCs can alter the quality of semen (2). In addition, 
GCs are globally utilized as a suggested treatment for 
immunosuppressive and anti-inflammatory conditions 
(3). Some researchers recommend that Dex, as GCs, 
may change the reproductive system. Testosterone, as 
the most important sex hormone, has a key role in male 
physiological function and a normal level of testosterone 
regulates the functions and the control survival of all types 
of spermatogenesis process. The inadequate changes in the 
concentration of testosterone can induce male infertility 

as well (3,4). According to these researchers, the weight 
and volume of adrenal gland increased while pituitary, 
testis, and seminal vesicle demonstrated a reduction 
because of the Dex in rats that associated with a decreased 
number of spermatozoa, leading to male infertility (3). 
Dex significantly increases the concentration of the 
gonadotropin-releasing hormone, follicle-stimulating 
hormone (FSH), luteinizing hormone (LH) in males 
whereas it reduces testosterone concentration in the 
plasma that causes poor spermatozoa quality. Therefore, 
the first goal of the present study was to evaluate the effect 
of Dex on testosterone, LH, and FSH concentrations, along 
with spontaneous acrosomal reaction on spermatozoa 
cells and stereology study. Several different approaches are 
applied to treat this impairment although this chemical 
treatment demonstrates various side effects. Accordingly, 
it seems essential to find a suitable supplement herbal 
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therapy for neutralizing or decreasing their negative side 
effects. Grape seed extraction (GSE), which is a sold in 
dietary supplement form and is claimed to have numerous 
health benefits, has a broad collection of pharmacological 
and biological anti-inflammatory, anti-carcinogenesis, 
and antioxidant activities (5). Further, GSE, with a high 
level of vitamins C and E, and bioflavonoid, is known 
as the most powerful antioxidant that can regulate 
oxidative damage. Likewise, this supplement protects the 
cells from oxidative injury, inflammatory mediator, and 
carcinogenic effects (6). Recently, studies have shown 
that GSE has anti-apoptotic and antioxidant effects. (7-
10). The other studies suggested that GSE has potential 
in reducing drug toxicity as a free radical scavenger in 
different diseases. Some researchers also showed the 
beneficial effects of GSE on testis damages. The current 
study further aimed to introduce a protective agent, which 
could be available to the public without any problem and 
can prevent the damage effects of Dex on the testis. To 
this end, GSE was used as a supplement herbal treatment 
(10,11). Considering the above-mentioned explanations, 
the present study sought to find answers to the following 
questions.
•	 Does Dex change the spontaneous acrosomal reaction 

and testis stereological structure?
•	 Does Dex change testosterone, FSH, and LH serum 

level analysis?
•	 Does GSE protect the mice testis and reproductive-

related hormones that are exposed to Dex? 

Materials and Methods 
Animals
The experimental groups included 21 adult male Balb/c 
mice (6–8 weeks old and weighing 25-30 g) which were 
obtained from the Experimental Research Center of 
Shiraz University of Medical Sciences. The animals were 
kept in a temperature and light-controlled room and had 
ad libitum access to food and water as well. 

Experimental Design
According to the protocols of Razmaraii et al (12) and 
Belviranli et al (13), 21 adult male Balb/c mice were 
assigned to control, Dex (7 mg/kg/d i.p), and Dex + GSE 
(100 mg/kg/d dissolved in 0.5 mL of olive oil) groups and 
were then sacrificed after 35 days. They were sacrificed 
under halothane anesthesia as well. Similarly, testis tissues 
were harvested and semen samples were taken from the 
tail of epididymis after taking the blood samples through 
cardiac puncture. Finally, testosterone, FSH, and LH 
levels, as well as spontaneous acrosomal reaction and 
testis stereological structure were evaluated accordingly. 

Hormonal Assay 
In general, 1.5 mL of mice blood sample was centrifuged 
for 15 minutes at 3000 rpm and supernatants (serum) 
were collected for hormonal assay, and then frozen at 

-20ºC up to 2 weeks. The testosterone concentration 
level was measured by radioimmunoassay kit (R and D 
Systems, Minneapolis, MN, USA), Serum FSH (ELISA 
kit, #MBS283243), and LH (ELISA Kit, #MBS2607965). 
All the samples were analyzed simultaneously (14).

Semen Analysis
The right cauda epididymis of each mouse was cut and 
placed in a Petri dish including 5 mL phosphate-buffered 
saline (PBS) with a pH of 7.2 and the spermatozoa were 
allowed to diffuse into the solution. Then, the suspension 
was gently shaken to homogenize and spread the 
spermatozoa at 37ºC for 5-10 minutes (15). The semen 
samples were extended on a Neubauer hemocytometer 
and analyzed using an optical microscope. Additionally, 
the spermatozoa heads were manually counted and the 
data were expressed as the total number of spermatozoa/
mL. To minimize the error, the count was repeated at 
least five times for each mouse by 2 or 3 coworkers (16). 
Then, the spermatozoa suspension samples were located 
on a slide warmed at 37ºC. Next, 10 microscopic fields 
were evaluated and each field was selected randomly. 
Eventually, the motile spermatozoa were defined as the 
mean number of motile spermatozoa ×100/the total 
number of the spermatozoa (Figure 1). 

Acrosomal Reaction Assessment 
All the samples were incubated and washed in PBS and 
centrifuged at 1600 rpm for 5 minutes and then were fixed 
with paraformaldehyde 2% at 4ºC for 30 minutes After 
fixation, the samples were centrifuged and washed in 
PBS, and finally, incubated in fluorescein isothiocyanate-
conjugated to the peanut agglutinin (PNA) lectin (Vector 
Laboratories, Burlingame, USA) 10µL/mL for 2 hours 
at 37°C. The final sample was washed in PBS twice and 
the spermatozoa reaction to PNA was measured via FL1 
channel flow cytometry which was equipped with FlowJo 
software (17).

Stereological Study 
After dissecting the testis, the weight and volume of each 
animal were measured and then the samples were fixed in 
10% formalin.

Figure 1. Semen Analysis. Note. (A) Neubauer hemocytometer and 
counting spermatozoa and (B) Morphometric parameters.
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Estimation of Testis, Seminiferous Tubule, and Germinal 
Epithelium Volume and Weight
The Cavalieri method was used to measure the volume 
of the testes (18) by embedding them in paraffin and 
serially sectioning by using a microtome (4 μm and 20 
μm thickness), followed by utilizing 4-μm sections of 
each testis to measure the total testis volume applying the 
following formula: 

V(testis): ΣA × T
Vv(tubule/testis) = P(tubules)/P(testis)
V(tubule) = Vv(tubule/testis) × V final testis
V(epithelium) = Vv(epithelium/tubules) × V (tubule).

Estimation of the Number of Sertoli and Leydig Cells, 
Along With Spermatogonia, and Spermatids 
The total number of Sertoli and Leydig cells, as well as 
spermatogonia, spermatocytes, and spermatids (round 
and long) was estimated in 25-μm thick sections 
employing an optical dissector method (Figure 2). 
Then, systematic random sampling technique was used 
to estimate the numerical density “Nv” by following 
formulas (17): 

Nv (cells/unit volume) = ΣQ/(ΣA×h) × (t/BA).
 

Statistical Analysis
All data were presented in mean (±) standard deviations 
(SD). In addition, the parametric test (ANOVA) was 
applied to analyze the hormone assay and acrosomal 
reaction assessment, and nonparametric test (i.e., the 
Mann-Whitney U) was applied for stereology study. These 
differences were considered significant at P < 0.05. 

Results
Serum Testosterone, Luteinizing Hormone, and Follicle-
Stimulating Hormone Concentration
The serum testosterone concentration reduced while 
LH and FSH levels showed a significant increase in Dex 
animals compared to the corresponding control rats 
(P < 0.01). This parameter diminished to a lesser extent in 
the Dex + GSE treated animals compared to the Dex rats 
(P < 0.01), the related data are presented in Table 1. 

Semen Analysis
Spermatozoa Counting
As shown in Table 1, there was an average 50% reduction 
in the spermatozoa counting in the Dex group when 
compared to the corresponding controls (P<0.01). This 
parameter decreased but to a lesser extent in Dex + GSE 
animals in comparison to the rats which only received 
Dex (P<0.01).

Spermatozoa Motility
Based on the data in Table 2, the percentage of motile 
spermatozoa in the Dex group reduced to one-third of 
the motile spermatozoa of the control rats (P<0.01). The 
reduction of motility occurred to a lesser extent in Dex + 
GSE animals as compared to the rats which only took Dex 
(P<0.01).

Spermatozoa Morphology
Likewise, the percentage of normal spermatozoa 
represented a decrease in the Dex group in comparison 
with the control spermatozoa (P<0.01). Further, the 
number of abnormal sperm decreased but to a lesser extent 
in Dex + GSE rats in comparison to the spermatozoa of 
the rats which only received Dex (P<0.01), the details of 
which are summarized in Table 2.

Figure 2. The Point-counting Method for Obtaining the Volume Density of 
the Components.
Note. B. H & I. Two optical sections of the testis for estimating the numerical 
density of the cells by an unbiased counting frame. The comparison of the 
changes of seminiferous tubules and histology scattering cells exposed to the 
dexamethasone (DEX) and grape seed extract (GSE). C. Control; D. GSE; E. 
DEX; F. DEX+ GSE. Remarkable differences can be detected between groups 
regarding the population cells.

Table 1. Mean ± Standard Deviation of the Serum Testosterone, LH and FSH 

(ng /mL)  in Control, Dex and GSE+Dex groups

Groups Testosterone LH FSH

Control 7.1±6.1 3.4±0.4 13.2±0.4

Dexamethasone 4.4±2.0* 9.9±0.3* 18.3±0.1*

GSE+Dex 6.4±9.4* 5.4±0.6* 16.9±0.2*

*P<0.01 (Control vs. Dex) or (  GSE+Dex vs.  Dex) or compared with Control 
group.
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Spermatozoa Reaction to Peanut Agglutinin 
PNA can be applied as the marker of the intactness of the 
acrosome. As shown in Figure 3 and Table 1, a significant 
decline was found in the Dex group regarding the 
percentage of the PNA-reactive spermatozoa as compared 
with the control group (P < 0.01). The level of reaction 
improved in Dex + GSE spermatozoa in comparison to 
the spermatozoa of rats which received Dex (P < 0.01).

Stereology 
Weight and Volume of the Structures of Testis, Seminiferous 
Tubule, and Germinal Epithelium
Based on the data in Figure 2, the weight and volume of 
the testes, seminiferous tubule, and germinal epithelium 
reduced in Dex-treated animals compared to control 
mice (P < 0.05). These volumes were also reduced in the 
Dex+GSE group, but to a lesser extent compared to Dex-
treated mice (P < 0.05).

Numbers of Cells
The results (Figure 4) demonstrated that the total number 
of Sertoli and Leydig cells, along with spermatogonia 
A and B, spermatocytes, and elongated and round 
spermatids decreased in the Dex group in comparison 
with the control mice (P < 0.05). Furthermore, the total 
number of the above-mentioned cells changed to a lesser 
extent in the Dex+GSE group as compared to those mice 
in the Dex group (P < 0.05). 

Discussion 
Previous studies confirmed that Dex could change 
normal homeostasis on various bodies and disrupt an 
endocrine system (19,20). Some other studies reported 
that Dex changes the pituitary-testicular axis (21,22) by 
sex hormone reduction, delayed ejaculation, low sexual 
desire, and low spermatozoa quality, leading to male 
infertility (23-25). The findings of the current study 
revealed the elevated concentration of FSH and LH in 
mice that were exposed to Dex. Moreover, Sertoli and 
Leydig cells were controlled by the concentration of LH 
and FSH (19). In the Dex group, a decline in testosterone 
led to a decrease in the responsiveness of Leydig cells to 
LH through inhibiting testosterone production. On the 
other hand, the enhancement in serum FSH concentration 
indicated the destruction of spermatogenesis in the 
experimental group and reflected the germ cell loss or 
Sertoli cell damage. Likewise, the reduced levels of serum 

testosterone with the increased levels of FSH and LH 
in experimental rats represented a damaged pituitary-
testicular axis. According to Wang et al, a reduction in 
testosterone level could be explained by an increase in 
cortisol concentration that might suppress the Leydig cells 
through binding to the GC receptors on the cell surface 
(26). Our results demonstrated that GSE can improve 
the reproductive hormone (i.e., testosterone, FSH, and 
LH) levels in the Dex mice. This might be due to the 
protective effect of GSE on Leydig cells (8). In line with 
our findings, previous research approved the protective 
effects of GSE by using properties such as anti-apoptotic, 
anti-oxidative, and antigenotoxic (27). In addition, several 
researchers like Abarikwu et al, Hawkley et al, and Enyeart 
et al reported that GSE inhibited cortisol secretion by 
suppressing adrenocorticotropic hormone and increasing 
mRNAs coding for steroid controlling proteins (28-30). 

According to previous evidence, serum testosterone 
concentration significantly increased after GSE treatment 
(8). In this study, a significant reduction in testosterone, 
as well as an increase in serum cortisol, LH, and FSH 
concentrations strongly led to a decrease in the following 
parameters:
•	 Spermatozoa counting, motility, and normal 

morphology;
•	 The percentage of the peanut agglutinin-reactive 

spermatozoa;
•	 The total testis;
•	 The somniferous tubule;
•	 The germinal epithelium weight and volume;
•	 The total number of Sertoli and Leydig cells, 

spermatogonia A and B, spermatocytes, elongated, 
and round spermatids in the Dex group. 

Other studies recognized Dex as a strong mediator of 
apoptosis and showed that Dex significantly increases 
the levels of gonadotropin-releasing hormone, FSH, 
LH (3,31), which corroborates with the results of the 
present study. Khorsandi et al also indicated that Dex 
reduced spermatozoa counting, motility, and the normal 
morphology of spermatozoa. Similarly, it was reported 
that Dex leads to an apoptotic loss of germ cells and the 
Leydig cells (3). Correia et al believed that a change in C+2 
may cause an acrosomal reaction and GC changes this 
channel (32). Additionally, Shannon et al. and Lee et al. 
found that Dex-induced reactive oxygen species (ROS) 
production in spermatogenesis cells and increased DNA 
damage were considered as the mechanisms throughout 

Table 2. Mean ± standard Deviation of the Spermatozoa Count (×106), Morphology, (%) Motility (%)  in Control, Dex and  GSE+Dex Groups

 Groups Count Normal Morphology
Motility 

Rapid Slow Non-progressive Immotile

Control 7.1±6.1 90.4±0.4 42.1±5.4 18.3±3.1 15.6±2.4 23.8±6.2

Dexamethasone 4.4±2.0* 74.9±0.3* 10.7±2.6* 10.4±2.3* 26.3±5.2* 52.4±6.4*

GSE+Dex 6.4±9.4* 88.4±0.6* 24.0±4.0* 13.0±2.6* 21.4±6.5* 38.3±1.9*

*P<0.01 (Control vs. Dex) or (GSE+Dex vs. Dex) or compared with the control group.
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Figure 4. The Scatter Plots of the Study Parameters in Control, DW, DEX, GSE, and DEX+ GSE Groups.
Note. A. The weight of testis; B. The volume of testis; C. The total number of spermatogonia A; D. Spermatogonia B; E. Spermatocyte; F. Elon-
gated spermatid; G. Round spermatid; H. Sertoli cells; J. Leydig cell of the animals; DEX: Dexamethasone; GSE: Grape seed extract. Each dot 
represents an animal and the horizontal bar is the average of the values of animals in each group. 

Figure 3. Lectin Histochemistry of the Spermatozoa of Mice at Exposure to the DEX and GSE.
Note. A. Control PNA; B. DEX PNA; C. DEX+GSE PNA after incubation; DEX: Dexamethasone; GSE: Grape seed extract; PNA: Peanut agglu-
tinin.

the Dex (33). In addition, GCs were shown to increase the 
susceptibility of unusual testis regions, particularly the 
Leydig cells. Further, GCs can increase the production of 
ROS in Leydig cells (33,34). Gao et al and Juárez-Rojas et 
al demonstrated that GCs control mitosis and apoptosis 
induction in testicular cells (31,35). Based on the findings 

of our study, GSE increased testosterone while reducing 
LH and FSH concentrations, which might be due to the 
protective effect of GSE on the Leydig cells. Furthermore, 
GSE improved the reduction of counting, motility, and 
the normal morphology of spermatozoa. This is also in 
conformity with the findings of Abdel-Kawi et al which 
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showed that GSE as a phenolic compound can inhibit 
cortisol secretion, improve spermatogenesis, control the 
stimulation of gonadal function, cause the enhancement of 
testosterone concentration and spermatozoa production, 
and reduce FSH and LH (36). GSE inhibited the apoptosis 
of Leydig cells and led to high motility and counting of 
spermatozoa by increasing testosterone concentration 
(8). Moreover, GSE, as herbal medicine which has an 
antioxidant effect, can improve spermatogenesis, which 
is in agreement with the results of Abdel-Kawi et al and 
Alkhedaide et al, which revealed that herbal phenolic 
compounds including GSE might improve spermatogenesis 
due to the stimulation of gonadal function, as well as 
the enhancement of testosterone concentration and 
spermatozoa production (8, 36). Our results showed that 
Dex considerably damaged testis structure and acrosome 
reaction, which could be protected by GSE. Thus, future 
studies can evaluate the impact of the signaling pathway of 
Dex and GSE on the male reproductive system. 

Conclusions
Overall, exposure to Dex altered the hormonal levels, semen 
parameters, spermatozoa membrane glycoconjugates, 
and testis structure in the mice. In addition, our findings 
showed the possible protective role of GSE, as an easily 
available natural component, in recovering the changes of 
testis after exposure to Dex.

Acknowledgements 
This study was conducted in the Histomorphometry and 
Stereology Research Center, Shiraz University of Medical 
Sciences (Shiraz, Iran) and the Neuroscience Research 
Center of Iran University of Medical Sciences (Tehran, 
Iran).

Conflict of Interests 
The authors declare that they have no conflict of interests. 

Ethical Issues 
The experimental protocols were performed according 
to the Ethics Guideline of Iran University of Medical 
Sciences. Moreover, the care and treatment of the animals 
were in accordance with the Ethical Guidelines of the 
Committee (approved No. NRC-96-1).

Financial Support
Research company of Rayan Extreme Development of 
Enterpreneurs, Tehran, Iran.

Acknowledgments
This study was conducted in the Histomorphometry and 
Stereology Research Center, Shiraz University of Medical 
Sciences (Shiraz, Iran) and the Neuroscience Research 
Center of Iran University of Medical Sciences (Tehran, 
Iran).

References
1. Mazzantini M, Torre C, Miccoli M, et al. Adverse events 

during longterm low-dose glucocorticoid treatment of 
polymyalgia rheumatica: a retrospective study. J Rheumatol. 
2012;39(3):552-557. doi:10.3899/jrheum.110851

2. Kirby ED, Geraghty AC, Ubuka T, Bentley GE, Kaufer D. 
Stress increases putative gonadotropin inhibitory hormone 
and decreases luteinizing hormone in male rats. Proc Natl 
Acad Sci U S A. 2009;106(27):11324-11329. doi:10.1073/
pnas.0901176106

3. Khorsandi L, Mirhoseini M, Mohamadpour M, Orazizadeh 
M, Khaghani S. Effect of curcumin on dexamethasone-
induced testicular toxicity in mice. Pharm Biol. 
2013;51(2):206-212. doi:10.3109/13880209.2012.716854

4. Kotitschke A, Sadie-Van Gijsen H, Avenant C, Fernandes 
S, Hapgood JP. Genomic and nongenomic cross talk 
between the gonadotropin-releasing hormone receptor 
and glucocorticoid receptor signaling pathways. Mol 
Endocrinol. 2009;23(11):1726-1745. doi:10.1210/me.2008-
0462

5. Yilmaz Y, Toledo RT. Major flavonoids in grape seeds 
and skins: antioxidant capacity of catechin, epicatechin, 
and gallic acid. J Agric Food Chem. 2004;52(2):255-260. 
doi:10.1021/jf030117h

6. Alkhedaide A, Alshehri ZS, Sabry A, Abdel-Ghaffar T, 
Soliman MM, Attia H. Protective effect of grape seed extract 
against cadmium-induced testicular dysfunction. Mol Med 
Rep. 2016;13(4):3101-3109. doi:10.3892/mmr.2016.4928

7. Sehirli O, Ozel Y, Dulundu E, Topaloglu U, Ercan F, Sener 
G. Grape seed extract treatment reduces hepatic ischemia-
reperfusion injury in rats. Phytother Res. 2008;22(1):43-48. 
doi:10.1002/ptr.2256

8. Alkhedaide A. The Anti-inflammatory effect of grape seed 
extract in rats exposed to Cadmium Chloride toxicity. Int J 
Adv Res. 2015;3(7):298-305.

9. Cetin A, Kaynar L, Koçyiğit I, et al. The effect of grape seed 
extract on radiation-induced oxidative stress in the rat liver. 
Turk J Gastroenterol. 2008;19(2):92-98.

10. Achs A. A natural alternative for treating colds, infections, 
herpes, candida and many other ailments. In: Sachs D, 
ed. The Authoritative Guide to Grapefruit Extract: Stay 
Healthy Naturally. Mendocino, California: Life Rhythm; 
1997:775-795.

11. El-Ashmawy IM, Saleh A, Salama OM. Effects of marjoram 
volatile oil and grape seed extract on ethanol toxicity in 
male rats. Basic Clin Pharmacol Toxicol. 2007;101(5):320-
327. doi:10.1111/j.1742-7835.2007.00125.x

12. Razmaraii N, Babaei H, Mohajjel Nayebi A, Assadnassab 
G, Ashrafi Helan J, Azarmi Y. Cardioprotective effect of 
grape seed extract on chronic doxorubicin-induced cardiac 
toxicity in Wistar rats. Adv Pharm Bull. 2016;6(3):423-433. 
doi:10.15171/apb.2016.055

13. Belviranli M, Gokbel H, Okudan N, Buyukbas S. Effects 
of grape seed extract on oxidative stress and antioxidant 
defense markers in streptozotocin-induced diabetic rats. 
Turk J Med Sci. 2015;45(3):489-495.

14. Orazizadeh M, Khorsandi LS, Hashemitabar M. Toxic 
effects of dexamethasone on mouse testicular germ cells. 
Andrologia. 2010;42(4):247-253. doi:10.1111/j.1439-
0272.2009.00985.x

15. Nirupama M, Yajurvedi HN. Durational effects of chronic 



Mohamadpour et al

                                     Crescent Journal of Medical and Biological Sciences, Vol. 7, No. 1, January 2020 65

stress on the testicular damage and its reversibility in albino 
rat. Eur J Exp Biol. 2013;3(5):229-239.

16. Aminsharifi A, Hekmati P, Noorafshan A, et al. 
Scrotal cooling to protect against cisplatin-induced 
spermatogenesis toxicity: preliminary outcome of an 
experimental controlled trial. Urology. 2016;91:90-98. 
doi:10.1016/j.urology.2015.12.062 

17. Aliabadi E, Karimi F, Talaei-Khozani T. Effects of 
L-carnitine and pentoxifylline on carbohydrate distribution 
of mouse testicular sperm membrane. Iran J Med Sci. 
2013;38(2):107-115.

18. Noorafshan A, Karbalay-Doust S, Valizadeh A, Aliabadi 
E. Ameliorative effects of curcumin on the structural 
parameters of seminiferous tubules and Leydig cells in 
metronidazole-treated mice: a stereological approach. 
Exp Toxicol Pathol. 2011;63(7-8):627-633. doi:10.1016/j.
etp.2010.05.004

19. Arab Dolatabadi A, Rezaei Zarchii S. The effect of 
prescription of different Dexamethasone doses on 
reproductive system. Biomed Res. 2015;26(4):656-660.

20. Rafacho A, Goncalves-Neto LM, Santos-Silva JC, et al. 
Pancreatic alpha-cell dysfunction contributes to the 
disruption of glucose homeostasis and compensatory 
insulin hypersecretion in glucocorticoid-treated rats. PLoS 
One. 2014;9(4):e93531. doi:10.1371/journal.pone.0093531

21. Jeje SO, Akindele OO, Balogun ME, Raji Y. Maternal 
treatment with dexamethasone during lactation delays 
male puberty and disrupts reproductive functions 
via hypothalamic-pituitary-gonadal axis alterations. 
Pathophysiology. 2016;23(1):43-49. doi:10.1016/j.
pathophys.2015.12.002

22. Page KC, Sottas CM, Hardy MP. Prenatal exposure to 
dexamethasone alters Leydig cell steroidogenic capacity 
in immature and adult rats. J Androl. 2001;22(6):973-980. 
doi:10.1002/j.1939-4640.2001.tb03438.x

23. Hanafy AM, Khalil HA. Influence of Chronic Dexamethason 
Administration on Reproductive Parameters and Semen 
Traits in Male of Japanese Quail. Asian J Poultry Sci. 
2015;9(4):223-232. doi:10.3923/ajpsaj.2015.223.232

24. Kumi-Diaka J, Townsend J. Effects of genistein isoflavone 
(4′, 5′, 7-trihydroxyisoflavone) and dexamethasone on 
functional characteristics of spermatozoa. J Med Food. 
2001;4(1):39-47. doi:10.1089/10966200152053695

25. De Almeida M, Jouannet P. Dexamethasone therapy of 
infertile men with sperm autoantibodies: immunological 
and sperm follow-up. Clin Exp Immunol. 1981;44(3):567-

575.
26. Wang FF, Wang Q, Chen Y, Lin Q, Gao HB, Zhang P. 

Chronic stress induces ageing-associated degeneration 
in rat Leydig cells. Asian J Androl. 2012;14(4):643-648. 
doi:10.1038/aja.2011.183

27. Mureşan A, Alb C, Suciu S, et al. Studies on antioxidant 
effects of the red grapes seed extract from Vitis vinifera, 
Burgund Mare, Recas in pregnant rats. Acta Physiol Hung. 
2010;97(2):240-246. doi:10.1556/APhysiol.97.2010.2.11

28. Abarikwu SO, Akiri OF, Durojaiye MA, Alabi AF. Combined 
administration of curcumin and gallic acid inhibits gallic 
acid-induced suppression of steroidogenesis, sperm output, 
antioxidant defenses and inflammatory responsive genes. J 
Steroid Biochem Mol Biol. 2014;143:49-60. doi:10.1016/j.
jsbmb.2014.02.008

29. Hawkley LC, Cole SW, Capitanio JP, Norman GJ, Cacioppo 
JT. Effects of social isolation on glucocorticoid regulation 
in social mammals. Horm Behav. 2012;62(3):314-323. 
doi:10.1016/j.yhbeh.2012.05.011

30. Enyeart JA, Liu H, Enyeart JJ. Curcumin inhibits ACTH- 
and angiotensin II-stimulated cortisol secretion and 
Ca(v)3.2 current. J Nat Prod. 2009;72(8):1533-1537. 
doi:10.1021/np900227x

31. Gao HB, Tong MH, Hu YQ, et al. Mechanisms of 
glucocorticoid-induced Leydig cell apoptosis. Mol Cell 
Endocrinol. 2003;199(1-2):153-163. doi:10.1016/s0303-
7207(02)00290-3

32. Correia J, Michelangeli F, Publicover S. Regulation and 
roles of Ca2+ stores in human sperm. Reproduction. 
2015;150(2):R65-76. doi:10.1530/rep-15-0102

33. Lee SY, Gong EY, Hong CY, et al. ROS inhibit the 
expression of testicular steroidogenic enzyme genes 
via the suppression of Nur77 transactivation. Free 
Radic Biol Med. 2009;47(11):1591-1600. doi:10.1016/j.
freeradbiomed.2009.09.004

34. Whirledge S, Cidlowski JA. Glucocorticoids, stress, and 
fertility. Minerva Endocrinol. 2010;35(2):109-125.

35. Juárez-Rojas L, Casillas F, Retana-Márquez S. Stress and 
cell death in testicular cells. Andrology (Los Angel). 
2017;6(1):183. doi: 10.4172/2167-0250.1000183.

36. Abdel-Kawi SH, Hashem KS, Abd-Allah S. Mechanism 
of diethylhexylphthalate (DEHP) induced testicular 
damage and of grape seed extract-induced protection in 
the rat. Food Chem Toxicol. 2016;90:64-75. doi:10.1016/j.
fct.2016.02.003

Copyright © 2020 The Author(s); This is an open-access article distributed under the terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited.


