-

Journal of Clinical and Basic Research
————

Golestan University
__ of Mcdical Sciences.

= - Online ISSN: 2538-3736

Psychological stress impairs spermatogenesis through oxidative DNA damage and
xanthine oxidase/uric acid signaling pathways: The role of gut microbiota

Oluwatoyin Ojuolape Medubi ! 2/, Leke Jacob Medubi 2
Boluwatife Oluwajuwon Owolabi 2* “=/ | Achili Elijah Achili 2

, Abraham Adewale Adepoju Osinubi 2

1. Department of Physiology, Faculty of Basic Medical Sciences, University of Lagos, Akoka Lagos, Nigeria

2. Department of Anatomy, Faculty of Basic Medical Sciences, University of Lagos, Akoka Lagos, Nigeria

* Correspondence: Boluwatife Oluwajuwon Owolabi. Department of Anatomy, Faculty of Basic Medical Sciences, University of Lagos, Akoka

Lagos, Nigeria. Tel: +2348160321642; Email: juwonboluwatifel @gmail.com

Abstract

Background: Spermatogenesis can progress only normally in a tightly regulated redox environment
under the fine regulation of testosterone and other hormones. This process is particularly vulnerable to
stress, which can disturb the gut microbiome-an important factor in testicular function. However, it is
not known if supplementation with probiotics can mitigate the effects of psychological stress on sperm
production. This study aimed to investigate the effect of gut probiotics on testicular function of rats
during psychological stress.

Methods: Thirty-five adult male rats were randomly assigned into seven groups with five rats each.
The research was divided into two phases: one week and two weeks' administration, in which the rats
were subjected to probiotics only, stress only, and probiotics plus stress. Data were analyzed using one-
way ANOVA and student Newman-Keuls post hoc test for multiple comparisons at p <0.05

Results: Chronically stressed reduced testicular weight and testicular relative organ weight, the same
as acutely stressed rats. However, treatment with probiotics resulted in statistically significant
differences as a mitigating effect.

Conclusion: Gut probiotics have a generally beneficial impact on the testes when evaluating
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Highlights

What is current knowledge?
Psychological stress disrupts spermatogenesis

What is new here?

The mechanism for stress impairment of spermatogenesis
involves the xanthine oxidase/uric acid pathway

Introduction

Spermatogenesis, a process of sperm production that occurs in the testes,
lasts for about 70 days of transformation from spermatogonia through
primary spermatocytes, secondary spermatocytes, and spermatids to
spermatozoa, which mature in the epididymis (1,2). Stress has been
linked to many negative health consequences, including impaired
fertility (3). The impact of psychological stress on spermatogenesis has
been studied in animal models and hs been shown to adversely affect
sperm production, motility, and quality (4). Studies have found a
connection between psychological stress, increased reactive oxygen
species (ROS) production, and increased levels of xanthine oxidase
(XO) and uric acid (UA). One potential mechanism by which stress may
impair fertility is through oxidative DNA damage (5). Oxidative stress
is a condition that results when the amount of ROS generated
overwhelms cellular antioxidant capacity, and it is a culprit in the
pathogenesis of several testicular diseases, including infertility,
testicular cancer, and leydig cell dysfunction (6). Oxidative stress is also
thought to cause structural changes in sperm, impairing sperm motility
and resulting in decreased fertility (6). Furthermore, ROS produced as a
result of psychological stress has been shown to directly affect sperm
motility and morphology by decreasing sperm motility and causing
abnormal morphology (7). Excessive production of ROS causes damage

to cellular components, including DNA, proteins, and lipids, leading to
cellular damage (5).

Recent evidence has demonstrated that psychological stress impairs
spermatogenesis through oxidative DNA damage involving the XO/UA
signaling pathway (8). The XO/UA signaling pathway is involved in the
regulation of sperm production and functionality through the activities
of the XO enzyme that produces UA (9). Additionally, the activity of
XO can also increase due to stress. This increase in UA can damage the
sperm cells and lead to infertility (4). Uric acid inhibits the enzyme of
nitric oxide (NO) synthase, which is responsible for the production of
NO. Thus, the XO/UA pathway is important in regulating free radical
generation and preventing oxidative damage. It can also play a key role
in mitigating the oxidative damage caused by psychological stress-
induced ROS production (9).

Probiotics are live microorganisms that, upon ingestion in sufficient
concentrations, can exert health benefits to the host (10). They are
intestinal-based dietary bacteria that regulate the local immunity of the
gastrointestinal system and thus have a comprehensive effect on
metabolic pathways that can activate metabolic pathways and restore
cell hemostasis and overall health (10). The presence of probiotics in the
gastrointestinal tract affects patterns of gene expression in the human
body (11). Therefore, this study aimed to examine the effect of gut
microbiota on testicular function during psychological stress.

Methods

Animal care and ethics

This research was conducted following the internationally accepted
principles for laboratory animal use and care as found in the US
guidelines and the ethics approval was obtained from the Ethics
Committee in animal experimentation of the College of Medicine,
University of Lagos, Nigeria. Thirty-five sexually matured Sprague
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Dawley male rats weighing between 130-150 g and a cat were obtained
and maintained from the animal holdings of the Department of Anatomy,
College of Medicine, University of Lagos, Idi-araba, Lagos State,
Nigeria. The animals were kept in plastic cages under standard animal
house conditions and fed with grower's marsh obtained from feed mill
stores, Mushin, Lagos State.

Preparation of probiotics

The probiotics distributed by CVS Pharmacy were purchased from an
online store. The probiotics contain three billion live bacterial cells
(Lactobacillus spp, Bifidobacteria) per capsule, each capsule was mixed
with 5 ml of normal saline.

Experimental design

Thirty-five adult male rats were equally divided into seven groups,
ranging from the control group to the psychological stress (PS) groups
and the probiotics (Probio) groups. The groups included the Control,
Acute PS, Acute Probio, Acute PS+Probio, Chronic PS, Chronic Probio,
Chronic PS+Probio groups. Each group contains five healthy male rats.
Acute PS, Acute Probio and Acute PS+Probio groups were subjected to
short-term stress and short-term administration of probiotics for seven
days while Chronic PS, Chronic Probio, Chronic PS+Probio groups
were subjected to long-term stress and long-term administration of
probiotics for 14 days. Acute PS group was subjected to stress alone for
seven days, Acute Probio group was given 10° colony-forming units
(CFUs) of probiotics dispersed in 1 ml of water for seven days, Acute
PS+Probio group was given 10° CFUs of probiotics dispersed in 1 ml
water and also subjected to stress for complete seven days, Chronic PS
group was subjected to stress alone for 14 days, Chronic Probio group
was given 10° CFUs of probiotics dispersed in 1 ml of water for 14 days,
Chronic PS+Probio group was given 10° CFUs of probiotics dispersed
in 1ml of water and was also subjected to stress for 14 days.

Probiotics were administered orally while psychological stress was
induced through the cat sounds for one hour every day. The rats were
sacrificed a few hours after the final administration of probiotics and
stress subjection. The samples were taken from each rat immediately
thereafter.

Laboratory procedures and sample collections

At the end of the administration, the rats were weighed and sacrificed
by cervical dislocation and blood samples were collected via cardiac
puncture into standard bottles. The scrotal sac was opened to expose the
testes and epididymis. The right testes and epididymis were fixed in
Bouin’s fluid and used for biochemical assays and analysis of sperm
parameters.

Biochemical assay

Testosterone hormone level was measured with ELISA kits according to
the manufacturer's instructions (BioVision, San Francisco, USA). Other
hormones such as corticosterone, estradiol, follicle-stimulating hormone
(FSH), and luteinizing hormone (LH) were measured using ELISA Kkits,
E lab Science Wuhan China according to the manufacturer’s
instructions. The oxidative stress level was determined by measuring
Malondialdehyde (MDA), Superoxide dismutase (SOD), Catalase
(CAT), and Glutathione (GSH) concentrations. The method of Konings
and Drijver (12) was used to quantify lipid peroxidation, while SOD
activity was measured as previously described by Fridovich and Misra
(13). Catalase activity was estimated as previously reported by Aebi (14)
and the levels of GSH were determined by the procedure given
by Moron et al. (15). Further biochemical analyses such as testicular
zinc level, tumor necrosis factor-alpha (TNF-a), interleukin-1-beta (IL-
1B), XO/UA, DNA fragmentation, and glucose 6 phosphate
dehydrogenase (G6PD) concentrations were determined using ELISA
kits, E lab Science Wuhan China following the manufacturer’s
instructions.

Statistical analysis

The data were analyzed and expressed as mean + standard error of mean
(SEM) using the IBM SPSS version 23. Data were analyzed using one-
way ANOVA and student Newman-Keuls post hoc test for multiple
comparisons at p <0.05.

Results
Probiotics had no significant effect on stress reactivity

Corticosterone levels significantly increased in Acute PS and Acute
PS+Probio compared to all other groups (Figure 1). However, exposure
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of Chronic PS to probiotics showed no statistically significant difference
in corticosterone levels compared to the Control and Chronic PS groups.
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Figure 1. Corticosterone levels following exposure to psychological stress and
probiotics administration. a. indicates a statistically significant difference (P
<0.05) from the Control group, b. indicates a statistically significant difference
(P <0.05) from the Acute Probio group, d. indicates a statistically significant
difference (P <0.05) from the Chronic PS group, e. indicates a statistically
significant difference (P <0.05) from the Chronic Probio group, while f.
indicates a statistically significant difference (P <0.05) from the Chronic
PS+Probio group. PS = Psychological Stress, Probio= Probiotics, and Cort =
Corticosterone.

Probiotics mitigated hormonal perturbation during psychological
stress

As shown in Figure 2, FSH and LH concentrations decreased
significantly in Acute PS, and by day 14, FSH significantly increased,
while LH remained significantly constant compared to the Control and
Probio groups. However, treatment with probiotics increased FSH and
LH levels in the Acute PS+Probio and Chronic PS+Probio groups. Also,
s/TT and t/TT significantly decreased in Acute PS, and they remained
significantly lowered in Chronic PS. Treatment with probiotics
produced a statistically insignificant difference in s/TT and t/TT levels
in Acute PS+Probio; however, were significantly elevated in Chronic
PS+Probio group compared to Chronic PS group. Furthermore, s/E2 and
t/E2 remained significantly high in Acute PS and Chronic PS compared
to other groups and decreased insignificantly with probiotics
administration.

Probiotics administration reduced oxidative stress and testicular
Zinc levels

MDA levels significantly increased in Acute PS compared to all other
groups and rose more significantly in Chronic PS compared to Chronic
Probio and Chronic PS+Probio groups (Figure 3). However, probiotics
administration significantly lowered MDA levels in Chronic PS+Probio.
The activities of SOD, GSH, and t/Zn were significantly lower in Acute
PS, Acute PS+Probio, and Chronic PS compared to other groups,
whereas SOD, GSH, and t/Zn increased in Chronic PS+Probio
compared to PS only groups following treatment with probiotics.
Furthermore, CAT activity was significantly reduced in Acute PS and
Chronic PS compared to all other groups except Acute PS+Probio and
probiotics administration significantly increased CAT activity in
Chronic PS+Probio. Moreover, the s/Zn level reduced significantly in
Acute PS and Chronic PS compared to the Control and probio groups,
and with probiotics treatment, no statistically significant difference was
observed in Acute PS+Probio and Chronic PS+Probio compared to the
PS groups.

Stress-induced increased testicular expression of pro-inflammation
agents attenuated by probiotics

Figure 4 shows a significant increase in TNF-a and IL-1p levels in the
Acute PS group compared to other groups. However, with probiotics
administration in Acute PS+Probio, TNF-a and IL-1f significantly
decreased compared to Chronic PS, Chronic Probio, and Chronic
PS+Probio groups. TNF-o was significantly higher in Chronic PS
compared to Chronic Probio, and IL-1B increased significantly
compared to other groups. However, treatment with probiotics
significantly reduced TNF-a and IL-1f levels in Chronic PS+Probio.
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Figure 2. Reproductive hormone levels following exposure to psychological stress and probiotics administration. a. indicates a statistically significant difference
(P <0.05) from the Control, b. indicates a statistically significant difference (P <0.05) from the Acute Probio group, c. indicates a statistically significant difference
(P <0.05) from the Acute PS+Probio group, d. indicates a statistically significant difference (P <0.05) from the Chronic PS group, e. indicates a statistically
significant difference (P <0.05) from the Chronic Probio group, while f. indicates a statistically significant difference (P <0.05) from the Chronic PS+Probio group.
PS = Psychological Stress, Probio= Probiotics, FSH= Follicle-Stimulating Hormone, LH= Luteinizing Hormone, s/TT = serum Testosterone, t/Zn= testicular
testosterone, s/E2= serum Estradiol, and t/E2= testicular Estradiol.
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Figure 3. Redox status and zinc levels following exposure to psychological stress and probiotics administration. a. indicates a statistically significant difference
(P <0.05) from the Control group, b. indicates a statistically significant difference (P <0.05) from the Acute Probio group, c. indicates a statistically significant
difference (P <0.05) from the Acute PS+Probio group, d. indicates a statistically significant difference (P <0.05) from the Chronic PS group, e. indicates a
statistically significant difference (P <0.05) from the Chronic Probio group, while f. indicates a statistically significant difference (P <0.05) from the Chronic
PS+Probio group. PS = Psychological Stress, Probio= Probiotics, MDA= Malondialdehyde, SOD= Superoxide Dismutase, GSH= reduced Glutathione, s/Zn =
serum Zinc, and t/Zn= testicular Zinc.
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Stabilization of XO/UA signaling by probiotics during psychological
stress

Following PS, XO activity significantly increased in Acute PS and
Chronic PS compared to every other group except for Chronic
PS+Probio; however, treatment with probiotics significantly reduced
XO activity (Figure 5). The reverse was observed in UA levels which
significantly decreased in Acute PS and Chronic PS compared to
Control and Probio only groups; however, significantly increased in
Acute PS+Probio and Chronic PS+Probio group following probiotics
administration.

Probiotics mitigate sperm DNA fragmentation and improve
testicular use of the pentophosphate pathway during stress exposure

As shown in Figure 6, sperm DNA fragmentation significantly increased
in the Chronic PS group compared to the Control and Acute Probio
groups; however, treatment with probiotics reduced DNA fragmentation
in Chronic PS+Probio compared to Chronic PS. Furthermore, DNA
fragmentation remained statistically insignificant in the Acute PS and
Acute PS+Probio compared to the Control group. Exposure to PS
significantly decreased testicular G6PD in Acute PS compared to other
groups. However, treatment with probiotics increased G6PD activity in
Acute PS+Probio and Chronic PS+Probio groups compared to Acute PS
and Chronic PS groups, respectively.
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Probiotics promote sperm production during psychological stress
In Figure 7, daily sperm production (DSP) statistically significantly
decreased in Chronic PS compared to other groups, while treatment with
probiotics insignificantly elevated sperm production in Chronic
PS+Probio. However, DSP in Acute PS, Acute PS+Probio, Acute
Probio, and Control groups were insignificantly different from each
other.

Probiotics improve sperm parameters during stress exposure

The exposure to PS statistically significantly reduced sperm
concentration in Acute PS, Chronic PS, and Acute PS+Probio compared
to all other groups except Chronic PS+Probio (Figure 8). However,
following treatment with probiotics, sperm concentration increased
insignificantly in Chronic PS+Probio compared to Chronic PS.
Progressive motility (PM) rate decreased significantly in Acute PS and
Chronic PS groups compared to other groups, whereas the reverse was
observed in the non-progressive motility (NPM) rate. However,
treatment with Probiotics increased the percentage of PM and decreased
NPM in Acute PS+Probio group and Chronic PS+Probio group,
respectively. Also, sperm immotile rate increased significantly in Acute
PS and Chronic PS groups compared to other groups; however, the
immotile rate was significantly reduced in Acute PS+Probio and
Chronic PS+Probio group compared to the Control, Chronic PS, and
Chronic Probio groups following probiotics administration.
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Figure 4. Inflammatory markers levels following exposure to psychological stress and probiotics administration. a. indicates a statistically significant difference
(P <0.05) from the Control, b. indicates a statistically significant difference (P <0.05) from the Acute Probio, c. indicates a statistically significant difference (P
<0.05) from the Acute PS+Probio, d. indicates a statistically significant difference (P <0.05) from the Chronic PS, e. indicates a statistically significant difference
(P <0.05) from the Chronic Probio, while f. indicates a statistically significant difference (P <0.05) from the Chronic PS+Probio. PS = Psychological Stress,
Probio= Probiotics, TNF-o= Tumor Necrotic Factor alpha, and IL-1p= Interleukin-1 beta.
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Figure 5. XO and UA levels following exposure to psychological stress and probiotics administration. a. indicates a statistically significant difference (P <0.05)
from the Control, b. indicates a statistically significant difference (P <0.05) from the Acute Probio, c. indicates a statistically significant difference (P <0.05) from
the Acute PS+Probio, d. indicates a statistically significant difference (P <0.05) from the Chronic PS, e. indicates a statistically significant difference (P <0.05)
from the Chronic Probio. In contrast, f. indicates a statistically significant difference (P <0.05) from the Chronic PS+Probio. PS = Psychological Stress, Probio =

Probiotics, XO = Xanthine Oxidase, and UA = Uric Acid.
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Figure 6. DNA Fragmentation and levels of activity of G6PD following exposure to psychological stress and probiotics administration. a. indicates a statistically
significant difference (P<0.05) from the Control, b. indicates a statistically significant difference (P <0.05) from the Acute Probio, c. indicates a statistically
significant difference (P <0.05) from the Acute PS+Probio, d. indicates a statistically significant difference (P <0.05) from the Chronic PS, e. indicates a statistically
significant difference (P <0.05) from the Chronic Probio. In contrast, f. indicates a statistically significant difference (P <0.05) from the Chronic PS+Probio. PS =
Psychological Stress, Probio= Probiotics, DNA F1= DNA Fragmentation Index, G6PD= Glucose 6 Phosphate Dehydrogenase.
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Figure 7. Sperm production following exposure to psychological stress and probiotics administration. a. indicates a statistically significant difference (P <0.05)
from the Control group, b. indicates a statistically significant difference (P <0.05) from the Acute Probio group, c. indicates a statistically significant difference
(P <0.05) from the Acute PS+Probio group, e. indicates a statistically significant difference (P <0.05) from the Chronic Probio group, f. indicates a statistically
significant difference (P <0.05) from the Chronic PS+Probio group, while g. indicates a statistically significant difference (P <0.05) from the Chronic PS group.
PS = Psychological Stress, Probio= Probiotics, DSP= Daily Sperm Production.
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Figure 8. Epididymal sperm parameters following exposure to psychological stress and probiotics administration. a. indicates a statistically significant difference
(P <0.05) from the Control, b. indicates a statistically significant difference (P <0.05) from the Acute Probio group, c. indicates a statistically significant difference
(P <0.05) from the Acute PS+Probio group, d. indicates a statistically significant difference (P <0.05) from the Chronic PS group, e. indicates a statistically
significant difference (P <0.05) from the Chronic Probio group, while f. indicates a statistically significant difference (P <0.05) from the Chronic PS+Probio
group. PS = Psychological Stress, Probio= Probiotics, Sperm conc.= Sperm concentration, PM= Progressive Motility, NPM= Non-Progressive Motility.
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Discussion

In the present study, psychological stress significantly elevates
corticosterone levels in the Acute PS group, suggesting that stress was
actually induced through the paradigm used. This finding agrees with
the work of Fatemeh Rostamkhani who discovered an immediate
significant increase in plasma corticosterone following a day exposure
to stress (16). In contrast, with chronic exposure to stress, plasma
corticosterone levels decreased and remained at the same level
following administration of probiotics.

Psychological stress activates the hypothalamic-pituitary-adrenal
(HPA) axis, resulting in excessive production and release of
corticotropin-releasing hormone (CRH), Adrenocorticotropic hormone
(ACTH), and beta-endorphin (B-EP) (17). The increased B-EP secretion
inhibits Gonadotropin-Releasing Hormone (GnRH) secretion by the
hypothalamus, which in turn reduces FSH and LH secretion by the
pituitary gland (17). The action of LH on the LCs to generate
intratesticular T is essential for spermatogenesis. The decrease in LH
secretion then inhibits T secretion by LCs, thereby impairing
spermatogenesis (17). This explains the results from the present study,
where decreases in FSH and LH levels were observed in the Acute and
Chronic PS groups. Nevertheless, probiotics administration mitigates
this effect by boosting FSH and LH production, as seen in the groups
treated with probiotics.

The current investigation shows a decrease in testosterone levels in
PS groups compared to Control and probiotics groups, which agrees
with the findings of Dong (18) that both acute and chronic stress cause
an increase in glucocorticoid levels, which precedes a decrease in
testosterone levels in males. Chronic stress increases glucocorticoid
levels, thereby suppressing the release of gonadotropins and acting
directly on Leydig cell receptors, inhibiting testosterone biosynthesis
(19). This may explain the low levels of the male sex hormone in the
Chronic PS rats and the recovery of the s/TT and t/TT levels in the
Chronic PS+Probio group where testosterone biosynthesis was
improved following treatment with probiotics.

The findings of the current study demonstrate an elevation in XO
activity secondary to psychological stress exposure which generally
agrees with a previous report by Maimaiti et al. (20). Xanthine oxidase,
the flavin-containing enzyme, critical to the catabolic conversion of
purines to UA, is a known professional ROS generator as its catabolic
action on purines necessarily results in the oxidation of NADH to form
02— and H202 (20). Increased XO activity has been linked to de novo
germ cell apoptosis in certain conditions, whereas inhibitors of the
enzyme significantly reduced germ cell apoptosis (20). The findings of
the present study indicate that feeding rats with probiotics influences
XO activity and UA levels during exposure to psychological stress.
Importantly, although XO activity increased during stress, UA
concentration decreased, suggesting an inverse relationship between
these two molecules in the signaling pathway. However, groups treated
with probiotics show a significant increase in UA levels, which is in
agreement with Tong et al. (21) who reported that probiotics have a
positive impact on the UA signaling pathway by modulating gut
microbiota, thereby reducing inflammation and providing antioxidant
support (21). In the present study, increased XO activity directly
corresponds to reduced DSP and increased sperm DNA fragmentation.
This particular observation possibly resulted from the increased ROS
generation associated with XO catabolic action on purines. As
mentioned, UA was reduced in the stressed group which suggested the
use of the molecule in ROS-scavenging activities.

A healthy amount of UA is required for normal sperm function as
both low and higher levels of UA have been associated with poor sperm
parameters and function across many species (9,22,23). Earlier studies
have reported the ability of UA to scavenge *OH and O2+- radicals and
consequently offer protection against lipid peroxidation and oxidative
DNA damage (24). Furthermore, sperm cells produce small amounts of
superoxide ion (O2e-) and NO, two compounds that react in a fast,
irreversible and exothermic manner to produce peroxynitrite (ONOO-),
a strong oxidizing and/or nitrating agent (25,26). Uric acid is identified
as the most effective scavenger of ONOO- in spermatozoa, enhancing
sperm function, and consequently fertilizing potential (27). The reduced
UA observed in the stress group suggests a state of oxidative stress
secondary to the depletion of UA in free radical scavenging activities.
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Exposure to psychological stress for a longer period causes DNA
fragmentation or damage, as observed in the current study, and this event
can be linked to an increase in ROS, which in turn increases oxidative
stress, as revealed by Liu et al (28). However, treatment with probiotics
substantially prevents the loss, and this may be the result of improved
gut health and the ability of the gut microbiome, which enhances
nutrient absorption and promotes optimal hormonal regulation, which
benefits sperm quality indirectly. According to previous literature, DNA
damage impaired spermatogenesis, thereby affecting sperm production
(8). This agrees with the current study, which shows decreased sperm
production following exposure to chronic psychological stress.
However, treatment with probiotics improved daily sperm production in
the Chronic PS+Probio group. Furthermore, sperm concentration and
motility improved, suggesting that a probiotic-based supplementation
approach may be useful in designing an effective therapeutic regimen
for stress-induced male reproductive dysfunction. This observation
concurs with previous reports that psychological stress causes a
decrease in sperm count, sperm motility, and sperm viability (4).

Oxidative stress has been discovered to be a major cause of high
levels of lipid peroxidation and DNA damage (5), which explains why
MDA concentration significantly increased in Acute and Chronic PS
groups in the present study. This finding agrees with Chao who reported
that MDA was highly accumulated in the seminal plasma of infertile
patients (29). However, this effect was mitigated with probiotics
administration by the decrease in MDA level observed in the chronic
PS+Probio group. To counteract the harmful effects of oxidative stress,
some strategies like prevention of damage, repair mechanisms to
alleviate oxidative damage, physical protection mechanisms against
damage, and, most importantly, antioxidant defense mechanisms are
present in testes (30). Semen antioxidant defenses include a network of
compartmentalized antioxidant molecules such as CAT, SOD, and GSH
that are usually distributed within the spermatozoa and seminal plasma
(29). CAT and other antioxidants aid in removing free radicals and the
present investigation observed a significant decrease in CAT levels in
the Acute and chronic PS groups. Similar observation was recorded for
SOD and GSH levels where a significant decrease was observed in
groups exposed to psychological stress. Decline in these antioxidants
levels might have resulted from excessive production of free radicals
and this agrees with the work of Chao who reported that the activities of
SOD, CAT, and GSH remarkably decreased in infertile patients as a
result of increased reactive oxygen species (29). Treatment with
probiotics initially showed no effect on SOD, CAT, and GSH levels, as
observed in the Acute PS+Probio group, but increased levels of these
parameters were observed in the Chronic PS+Probio group suggesting
the therapeutic effect of probiotics.

The current study shows significantly reduced levels of s/Zn and
t/Zn in the Acute PS and Chronic PS groups compared to Control and
the Probio only groups. This result agrees with the findings of Medubi
et al. who reported significantly lower testicular zinc levels in rats
subjected to PS (31). However, following administration of probiotics,
Zinc concentration remained unchanged irrespective of whether they
were treated for 7 or 14 days.

Conclusion

In summary, our study reveals that probiotics supplementation can
mitigate deleterious effects of oxidative DNA damage, disrupted
XO/UA signaling pathway, and impaired spermatogenesis caused by
psychological stress in the male reproductive system, thereby improving
male fertility.
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