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Quercetin Inhibits ROS-p53-Bax-caspase-3 Axis of Apoptosis
and Augments Gonadotropin and Testicular Hormones in
Chronic Unpredictable Stress-Induced Testis Injury

La Quercetina Inhibe el Eje de Apoptosis ROS-p53-Bax-Caspasa-3 y Aumenta la Gonadotropina
y las Hormonas Testiculares en la Lesién Testicular Inducida por Estrés Crénico e Impredecible
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SUMMARY: Alarge body of evidence supports the protective role of the flavonol antioxidant compound quercetin in mammals.
We tested the hypothesis that quercetin can protect against the hypothalamus-pituitary-gonadal (HPG) axis defect lika areducti
gonadotropins and testicular hormones and abnormal semen analysis induced by chronic unpredictable stress (CUS), pessibly via t
downregulation of oxidative stress (ROS) and p53-Bax-caspase-3 pathways. Rats were either exposed to a variety of unpredictable
stressors daily before being sacrificed after 3 weeks (model group) or were treated with quercetin (50 mg/kg body weitfe/day) a
same time the CUS were induced (treated group). Harvested testicular tissues were stained with basic histological stesting, and
homogenates were assayed for the tumor suppressor p53, apoptosis regulator Bax, B-cell ymphoma 2 (Bcl-2), caspased@hyddondial
(MDA), glutathione peroxidase (GPx), and superoxide dismutase (SOD). In addition, harvested epididymis tissues wereassed to ass
semen analysis, and blood samples were assayed for the testicular hormone testosterone, the adrenal cortex hormome carticostero
the anterior pituitary gonadotropins, follicular stimulating hormone (FSH) and luteinizing hormone (LH). CUS induced pesfioutel t
damage and significantly (p<0.05) induced p53, Bax, caspase-3, MDA, and corticosterone, which were significantly (p<@e@b) inhib
by quercetin except corticosterone. Whereas, quercetin significantly (p<0.05) increased FSH, LH, testosterone, Bcl-2SGBx, and
levels that were inhibited by CUS. In addition, CUS induced oligozoospermia, asthenozoospermia, and teratozoospermig which wer
significantly (p<0.05) protected by quercetin. Thus, Quercetin protects against CUS-induced HPG defects in rats, whielteld assoc
with the inhibition of ROS-p53-Bax-caspase-3 axis.
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INTRODUCTION

A prolonged exposure to one repetitive or multiplevidence shows that chronic stress such as those arising from
stressors leads to chronic stress that can undermine the mem@liral disasters, wars, economic deprivation or induced by
and physical health of people by negatively affecting margxperimental procedures, is a risk factor for male infertility
organs and systems such as the reproductive, endocrised reproductive dysfunction in both humans and animals
cardiovascular, and central nervous systems (Cletrleé,  (Clarkeet al; Prasackt al, 2012). For example, exposure
1999; Helmreiclet al, 2005; Carnevaét al, 2012). Indeed, to various forms of psychological or occupational stressors
chronic stress caused cardiac arrest and death in more th@gulted in suppression of the hypothalamic-pituitary-
a quarter of the mice that had their anti-stress receptgonadal (HPG) axis, which negatively affected the quantity
serotonin knocked out (Carnevetial). In response to stress, and quality of sperm production (Othmetnal.,, 2016).
the body mobhilizes physiological and/or psychological
resources to cope with these demands leading to alterations The mechanisms responsible for stress-related
in the dynamic regulations of the autonomic, neuroendocriresticular damage and alterations in semen quality have not
and immune systems (Pilet al., 1997). Accumulated been fully elucidated. However, tissue oxidative stress is
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believed to be the main cause behind damage which occoomncomitant daily dose of QUR (50 mg/kg). All treatments
in animals and humans exposed to traumatic events includingre administered as 1 ml, i.p. for three consecutive weeks
chronic stress (de Faria&s al, 2013; Mitraet al, 2013). on a daily basis.
Stress-induced overproduction of reactive oxygen species
(ROS) caused apoptosis and enhanced levels of lip@hronic unpredictable stress (CUS) protocol.CUS
peroxidation and peroxynitrite that damages DNA in thprotocol was induced as previously described (Hetriad.,
brain and testes (Matsumogo al, 1999; Hamiltoret al, 1999) with modification. Briefly, a set of chronic
2018). In addition, higher levels of ROS, lower levels ofinpredictable stressors were used to induce depression in
testicular antioxidant enzymes and a decrease in sperats that lasted for 3 weeks.
viability, motility and fertility rate were seen in rats following
forced swimming exercise stress (Mingiial, 2014). Preparation of blood samples and testicular tissues for
analysis. At the end of the experimental period, blood
Quercetin is a flavonol antioxidant and anti-samples were collected by cardiac puncture under anesthesia
inflammatory compound that is found in many vegetableésodium thiopental at 40 mg/kg body weight) for hormonal
fruits, and grains (Nishimuret al, 2015; Xuet al, 2019). assay, and rats were then sacrificed by cervical dislocation.
Quercetin has many pleotropic effects that demonstrat@dsticular tissues were collected and washed with iced
effective protection to the cardiovascular, kidney, and livgthosphate buffered saline (PBS). Parts of the testes were
(Chenet al, 2013; Zhanget al, 2017; Yanget al, 2018), homogenized with an ultrasonic homogenizer in a cold
and preventing apoptosis and promoting cell survival (Chphosphate buffer, pH 7.4, containing EDTA. The supernatant
et al, 2005). In addition, quercetin inhibited cadmium-obtained was distributed in separate tubes and stored at —
induced oxidative stress and testicular damage (Ka&tter80°C for biochemical analysis. Other parts of the testes were
al., 2016). However, the potential inhibition of the p53-Baxstored at -8%C for RNA extraction.
caspase-3 apoptotic pathways and the damage to HPG axis
by quercetin in CUS-induced testicular injury in rats i#istological study. Testis specimens were dissected and
unknown. Therefore, we speculated that activation of pSBamediately fixed in a 10 % formol saline for 24 hours.
Bax-caspase-3 axis and inhibition of HPG axis by CUS inRaraffin blocks were processed, sectioned in 5mm thickness
rat model of testicular injury could be inhibited withand subjected to hematoxylin and eosin (H&E) staining to
quercetin. observe the morphological changes.

Determination of serum levels of FSH, LH, testosterone,
MATERIAL AND METHOD and corticosterone.Serum levels of FSH (Cat. No.
ab108641, Cambridge, UK), LH (Cat. No. CSB-E12654r,
Cusabio Biotech Co., Ltd., China), and testosterone (Cat.
Animals. All animal experiments were performed accordindNo. EO930Ra, Shanghai Crystal Day Biotech Co., Ltd. Chi-
to the Guide for the Care and Use of Laboratory Animalsa) were measured according to the manufacturer’s
published by the US National Institutes of Health (NIHnstructions using ELISA kits. Serum corticosterone was
publication No.85-23, revised 1996), and with the approvdetermined using commercial kit supplied by IBL, USA,
by the Medical Research Ethical Committee at King Khalidccording to the manufacturer’s instructions.
University, Abha, Saudi Arabia (Ref no: REC. NO. 2014-
06-09). Male Wistar rats (total 24 rats) at 8 weeks ardetermination of tissue levels of oxidative stress and
weighing 150-200 g were used for these studies. They hadtioxidants, inflammation, and apoptosis and survival
free access to food and water and were housed undebi@markers. Prepared testis tissue homogenates were used
constant temperature of 23 °C with a 12-hour light/ dark to determine tissue levels of malondialdehyde (MDA) (Cat
cycle. No. NWK-MDAO1, NWLSS, USA), superoxide dismutase
(SOD) (Cat.No. 706002, Cayman Chemical, Ann Arbor,
Experimental design.After a one-week adaptation period,MI, USA), glutathione peroxidase (GPx) (Cat.No. 703102,
rats were randomly assigned into 4 groups (n = 6 each)@ayman Chemical, Ann Arbor, MI, USA), interleukin 6
follows: 1. Control group: received normal saline. 2(IL-6) (Cat No. ELR-IL6-001) RayBio, MO, USA), tu-
Quercetin treated group (QUR): rats received QUR (50 mgior necrosis factor alpha (TN (Cat no. ab46070,
kg) (Anjaneyuliet al, 2003). 3. Chronic unpredictable stress\bcam, Cambridge, MA, USA), caspase 3 (Cat. No.
(CUS) group: a model group and were exposed to CUSH814), and Bcl-2 (Cat. No. R6813, STZ ELISA, USA).
protocol, as detailed below and received normal saline. Bhey were measured according to the manufacturers’
CUS + QUR treated group: were exposed to CUS withiastructions.
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Detection of p53 and Bax messenger RNAs by reversemorphology, working blind, visualized sperm suspended in

transcriptase-polymerase chain reactionAs recently one drop of eosin under a light microscope for the assessment

described by Al Humayesdt al (2020), total RNAs were of sperm morphology. The following morphological features

isolated from freshly dissected rats’ testes using the RNeasgre assessed: Absence of head, absence of tail, tail bending

Mini Kit (Qiagen Pty, Victoria, Australia). The RNA was and tail coiling. All samples were analyzed in triplicate and

reverse-transcribed for a single strand cDNA synthesisean readings SD were presented for each rat.

(Invitrogen) and amplified by PCR for p53, Bax, and b-actin.

The PCR products were separated by 2 % agarose &édtistical analysis.Statistical analysis was performed by

electrophoresis and visualised by ethidium bromide. Gaking the Graphpad prism statistical software package

images were scanned and quantified by densitometry usifvgrsion 6). The data were expressed as mestandard

the NIH image software. deviation (SD). Normality and homogeneity of the data were
confirmed before ANOVA). One-way analysis of variance

Semen analysisRight cauda epididymis from each rat wagANOVA) was performed followed by Tukey’s t test.

minced and diluted with 1:20 normal saline. The total number

of sperm in the 5 small central squares of a glass

hemocytometer was counted under a light microscope (400XESULTS

with a volume correction of 50. Counting was done in

triplicates and the count was first expressed per milliliter

and then converted to per 0.1 g weight. Also, motile ar@uercetin inhibits CUS-induced defects to the HPG axis

immotile sperm were counted in a total of 300 sperrut not HPA axis. Chronic stress is a well-known inhibitor

samples, and the results were expressed as percentaged ¢{PG and inducer of hypothalamus-pituitary-adrenal

total count. In another set of experiments, an expert in spe(hiPA) axes (Kanteet al). To test the hypothesis that
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Fig. 1. Quercetin increases circulating levels of HPA axis hormones inhibited by CUS and protects the reduction in tesBioagigh
levels of FSH (A), LH (B), testosterone (C), and corticosterone (D) hormones, and testis weight (E) and epididymis pkrenas def
weight (Fig. 1F) were measured at the end of the experiment in all groups of rats; Control, QUR, CUS, and CUS+QUR grtaips. Resul
represent the meatt§D); n=6 for each group. All shown p values are significant. a: Significant in comparison to control; b:Significant
in comparison to QUR; c:Significant in comparison to CUS. CUS: chronic uncontrolled stress; QUR: quercetin; FSH: faffialdsingti
hormone; LH: luteinizing hormone.
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guercetin in our modified model of CUS can protect againby CUS, we measured MDA as a by-product of lipid
CUS-modulated HPG and HPA axes defects, we measuigeroxidation, the antioxidants SOD and GPx, and the
blood levels of FSH, LH, testosterone, and corticosteromaflammatory biomarkers IL-6 and TNé&-using ELISA
hormones in all groups of rats. Compared with the controdethod in testis tissue homogenates of all groups of rats.
and QUR groups, CUS significantly (p<0.5) ameliorate@ompared with the control and QUR groups, CUS
FSH (Fig. 1A), LH (Fig. 1B), testosterone (Fig. 1C), andignificantly (p<0.5) augmented MDA (Fig. 2A), and
augmented corticosterone (Fig. 1D), which werameliorated SOD (Fig. 2B) and GPx (Fig. 2C) tissue levels,
significantly (p<0.5) protected by quercetin (CUS+QURWhich were significantly (p<0.5) protected by quercetin
to levels comparable to the control group (Fig. 1A-1C) witfCUS+QUR) to levels comparable to the control group.
the exception of corticosterone that showed no effects (Figowever, neither CUS nor QUR changed the levels of TNF-
1D). In addition, CUS caused a significant (p<0.05) decreaadFig. 2D) and IL-6 (Fig. 2E).
in testes weight (Fig. 1E) and epididymis plus vas deferens
weight (Fig. 1F) that were significantly (p<0.5) protectedQuercetin protects CUS-modulated the apoptosis and
by quercetin (CUS+QUR) to levels comparable to contralurvival biomarkers in testis tissuesWe then tested the
groups. p53-Bax-caspase-3 axis cell signalling in testis tissue since
this apoptotic pathway is located downstream of the oxidative
Quercetin inhibits CUS-induced abnormal semen stress in the cell signalling pathways (Gamighal, 2013).
analysis.To investigate whether the observed protection t6US strongly (i) augmented p53 and Bax cDNA message
HPG axis, testes weight, and epididymis plus vas defereffisg. 3A-3C); (ii) augmented caspase-3 protein expression
weights in the treated group of rats (CUS+QUR) showffig. 3D); and (iii) inhibited the survival protein Bcl-2 (Fig.
above was also associated with restoration of normal sengtf), which were effectively protected by quercetin to levels
analysis, we determined sperm count, sperm motility, amdmparable to the control group, but still significant to the
sperm morphology in the quercetin-treated groupontrol group in (B).
(CUS+QUR) and compared it to the model group (CUS)
and control groups, 21 days after the beginning of the Cl{3uercetin protects against CUS-induced testicular tissue
protocol (Table I). Quercetin treatment significantly (p<0.05lamage.Chronic stress is well-known to induce testicular
inhibits CUS-induced oligozoospermia, asthenozoospermidamage (Alleret al, 2004). To determine whether the
and teratozoospermia. However, the degree of protectitavonoid antioxidant compound quercetin can protect
exerted by quercetin was partial in sperm count, absenceagfinst chronic stress-induced pathological changes in the
sperm tail, and absence of sperm head (Table I). testis, harvested testicular tissues from all animal groups were
stained with H& E and examined under light microscopy.
Quercetin and CUS modulate oxidative stress and Compared to a normal tissue structure in the control group
antioxidants testis levels but not biomarkers of (Fig. 4A) showing the seminiferous tubules containing the
inflammation. Tissue oxidative stress is known to bespermatogenic lineage such as spermatogonia (S), primary
involved in the pathogenesis of testicular injury (Zleho spermatocytes (S1), spermatids (S3), and spermatozoa (S4).
al., 2011). To determine whether quercetin in our modifiebh addition, the sustentacular cells (Sertoli cells) (St)
model of CUS can protect against testicular injury causadrrounded by myoid cells (M), and the spaces between the

Table I. Quercetin protects against CUS-induced abnormal semen analysis in rats. Sperm count and motility, and abnormal sperm
shapes were obtained at the end of the experiment in all animal groups. Values are expressesl 8Ntwah rats in each group.

Values were considered significantly different at P < 0.05. a: Significant in comparison to control;b:Significant in cotgp@titen
c:Significant in comparison to CUS.

Animal Groups Sperm count Sperm motility A bsence of Absence of tail Tail bending Tail coiling
(x10¢0.1gm (%) (%) () (%) (%)
epididymis)

Control 91.00 61.17 2.75 0.726 3.167 4.150

+4.427 +4.535 0.609+ 0.523+ 0.5046+ 0.524+

QUR 1217 80.33 2.88 0.710 2917 4.033

+6.4082 +6250° 0.591+ 0.510+ 0.5707+ 0.500+

cus 31.17 20.83 15.33 7.583 6.683 19.00

+5.707%® +4.535 a +378% +1563% +0649% +4, 733*

CUS+QUR 62.00 60.67 4.45 3.800 3.300 6.850

+5.44 *° +4.033 t° 111 +0672 % +0596° +1. 127°

Abbreviations: CUS, chronic unpredictable stress; QUR, quercetin.
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Fig. 2. CUS and Quercetin modulate biomarkers
of oxidative stress but not inflammatory
biomarkers. Testis tissue levels of MDA (A),
SOD (B), GPx (C), TNF& (D), and IL-6 (E)
were measured at the end of the experiment in
all groups of rats; Control, QUR, CUS, and
CUS+QUR groups. Results represent the mean
(xSD); n=6 for each group. All shown p values
are significant?: Significant in comparison to
control; ®: Significant in comparison to QUR;
c:Significant in comparison to CUS. CUS:
chronic uncontrolled stress; QUR: quercetin;
MDA: malondialdehyde; SOD: superoxide
dismutase; GPx: glutathione peroxidase TNF-
a: tumor necrosis factor alpha; IL-6: interleukin
6.
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Fig. 3. Quercetin inhibits CUS-induced p53-
Bax-caspase-3 axis. Testis tissue levels of p53
and Bax gene expression were measured using
RT-PCR analysis (A- C), and caspase-3 (D) and
Bcl-2 (E) protein expression measured by
ELISA at the end of the experiment in all groups
of rats; Control, QUR, CUS, and CUS+QUR
groups. For (A): lane 1 = control; lane 2 = QUR,;
lane 3 = CUS; and lane 4 = CUS+QUR groups.
Results represent the measD); n=6 for each
group. All shown p values are significaft.
Significant in comparison to control;
b:Significant in comparison to QUR;
c:Significant in comparison to CUS. CUS:
chronic uncontrolled stress; QUR: quercetin;
p53: tumor suppressor p53; Bax: apoptosis
regulator Bax; Bcl-2: B-cell lymphoma 2.
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tubules contain connective tissue and interstitial cells (Leyd@orrelation between p53 or testosterone and sperm
cells) (L) can be seen. Whereas, representative H&E stairmmint, LH, and antiapoptotic protein. The correlation
sections of testicular tissues from the model group (CU8Bgtween either p53 or testosterone scorning and sperm count
showed (Fig. 4B and 4D) evidence of substantial tisswand blood and tissue levels of LH and Bcl-2 were determined
damage as demonstrated by disrupted sustentacular cétigrder to further confirm and characterize the role of QUR
vacuolated spermatogenic lineage with atrophic nuclei, aag being stable and an appropriate agent in testis injury rats,
loss of sperms in the lumen of the seminiferous tubulesnd to further support the link between these parameters in
which that significantly protected by quercetin (Fig. 4C andnimal model of CUS-induced testis injury. A significant
4D).We further reinforced the link between testicular injuryp<0.0001) correlation was observed between p53 and LH
and oxidative stress and apoptosis by measuring correlatiorF - 955; Fig. 5A), p53 and testosterone (r = - 968; Fig.
between the score of testicular injury and the tissue levéB), p53 and sperm count (r = -927; Fig. 5C), testosterone
of MDA (Fig. 4E) and p53 (Fig. 4F). Testicular injury gradeand Bcl-2 (r = 967; Fig. 5D), testosterone and LH (r = 927;
score displayed positive correlation with MDA (r = 0.954fig. 5E), and testosterone and sperm count (r = 862; Fig.
p<0.0001), and p53 (r = 0.974; p<0.0001). 5F).
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Fig. 4. Quercetin protects the architecture of testis tissue against injury induced by CUS. H&E stained images (400x¢dtisaness
obtained after 3 weeks from the testesof the control group (A), the model group, CUS (B) and treated group, CUS+QUR (C) are
visualized using light microscopy. Note that in B, arrow points to disrupted spermatogenic lineage cell, curved arrovdsoirgseth
sustentacular cells (Sertoli cells), and arrowhead points to the luminal seminiferous tubules compartment. CUS: chrooliedincontr
stress; QUR: quercetin; MDA: malondialdehyde; p53: tumor suppressor p53.

DISCUSSION

This article examines the development of testiculdh testicular tissues. These conclusions are supported by the
injury secondary to CUS in a rat model of the disease usiﬂgta indicating that exposure of rats to CUS for 3 weeks led
molecular, biochemical, and basic histology approaches thgtdefects in both HPG (Figs, 1A-1C) and HPA (Fig. 1D)
show effective protection by quercetin. In addition, this studgxes; decreased gonad weight (Figs. 1E and 1F); abnormal
links CUS with the pathophysiology of HPG and HPA axesemen analysis (Table I); oxidative stress (Figure 2A-2C);
that involved oxidative stress and apoptosis cell signalirgftivation of p53-Bax-caspase-3 axis (Figs. 3A-3D);
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Fig. 5. Correlation between p53 or testosterone and markers of semen analysis and oxidative stress. P53 and testostezmne levels
measured in all groups of rats and the correlation between p53 and LH, p53 and testosterone, and p53 and sperm count(Are shown
B, C), respectively. The correlation between testosterone and Bcl-2, testosterone and LH, and testosterone and speshoeauint are

(D, E, F), respectively.p53: tumor suppressor p53; LH: luteinizing hormone; Bcl-2: B-cell ymphoma 2.

inhibition of survival biomarker, Bcl-2 (Fig. 3E); and spermatogenesis (Nargund). However, little is known about
testicular injury, which were substantially protected byhe effects of psychological stress on human testes (Clarke
quercetin (Figs. 1-4 and Table 1), with the exception oft al; Nordkapet al) and most of the data comes from ani-
corticosterone levels (Fig. 1D). Also, our data that showsmal models. Therefore, it is recommended that patients
significant positive correlation between testicular injury anghould be made aware of the adverse effects of psychological
oxidative stress and apoptosis, and negative correlatigtiess on testicular function and fertility (Nargund).
between apoptosis and testosterone and sperm count support
our conclusions mentioned above. Our data which points to the beneficial effects of the
antioxidant quercetin on CUS-induced testicular injury
The testis is a known target affected by acute ar@ssociated with the inhibition of oxidative stress and
chronic stress (Hansen, 2009; Rdral, 2010; Nordkagt augmentation of testosterone in rats are in agreement with
al., 2016), and our data (Figs. 1-4) confirms the developmepievious studies (Kantet al; Avdateket al, 2018; Samad
of testicular injuries as one of the CUS complicationst al, 2018). These studies reported (i) an inhibition of
occurring 3 weeks after the start of the CUS protocol in rat€sticular oxidative stress and improvement of sperm motility
are in agreement with several studies which show that bdi the antioxidant resveratrol (Avdatekal); (i) quercetin
types of stress, acute and chronic induced seveiahibited cadmium-induced oxidative stress and testicular
pathological manifestation of testicular injuries in animaflamage (Kanteet al); and (iii) quercetin pre-treatment
models and humans (Rehal; Nargund, 2015; Ribeiret  protects against stress-induced anxiety and depression-like
al., 2018). For example, adult male rats exposed to acurehavior and improves memory in male mice (Saetadi).
restraint stress caused (a) reduction in plasma LH, FSH, and
testosterone; (b) elevation of plasma adrenocorticotropic  In cell signalling, oxidative and nitrosative stress is
hormone (ACTH) and corticosterone; and (c) changes iacated upstream of the apoptotic biomarkers upon activation
epididymal sperm motility parameters (Reh al). in many cases such as brain and vascular injury (Cetini
Furthermore, inhibition of the HPG axis leads to a decreask, 2008; Gambinet al; Liang & Su, 2019). Oxidative
in testosterone levels, which causes changes in sustentacsile@ss and activation of p53 were reported to be involved in
cells and the blood-testis barrier, leading to the arrest dfabetes-induced testicular apoptosis (Zleaal). In
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addition, deletion of p53 and the redox that generatéss para evaluar el anélisis de semen y se analizaron muestras
mitochondrial ROS by genetic means reduced apoptosis diedsangre para determinar la hormona testicular testosterona, la
increased longevity of transgenic mice (Gambétaal). hormona corticosterona de la corteza suprarrenal y las
Furthermore, Benzo (a) pyrene induced oxidative stress a@ffadotropinas de la hipdfisis anterior, la hormona estimulante
apoptotic proteins p53 and Bax in isolated testicular gerf@licular (FSH) y la hormona luteinizante (LH). EI ECI indujo
cells, which were ameliorated with curcumin and resveratrffi testicular importante e indujo significativamente niveles
(Banerjeeet al, 2016). These reports are in agreement wi e (p <.0’O.5? P53, Bax, caspasa-3, MDA. y cortlcosteror_la, que
our data that demonstrate the association between CUSe o7 |n.h|b.|(.jos.(p <0.05) por la quercetina. La quercetina au-
. . . . L entd significativamente (p <0,05) los niveles de FSH, LH,
induced testicular injury and apoptosus and o>§|dat|ve Stre?@stosterona, Bcl-2, GPx y SOD que fueron inhibidos por ECI.
Also_, our data shown here are in agre_e-ment with ourrecen,guemés’ ECI indujo oligozoospermia, astenozoospermia y
published report that showed modulation of these parametqsatozoospermia, protegidos de manera significativa (p <0,05)
p53, Bax, Bel-2, and biomarkers of oxidative stress in acu#@r la quercetina. Por lo tanto, la quercetina protege contra los
liver injury (Al Humayedet al). defectos de HHG inducidos por ECI en ratas, lo que esta asocia-
do con la inhibicién del eje ROS-p53-Bax-caspasa-3.

To conclude, we have demonstrated that induction
of CUS for 3 weeks in rats induced testicular injury via the PALABRAS CLAVE: Estrés cronico; Eje HPG;
inhibition of HPG axis associated with the induction of\poptosis; Testiculos; Quercetina; Modelo de rata.
oxidative stress and apoptosis, which were protected by
guercetin.
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