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ABSTRACT

Objective: Renal Ischemia/Reperfusion Injury (RIRI) initiates a cascade of deleterious events resulting in acute kidney injury with high mortality
rates. Tirzepatide has anti-inflammatory, anti-apoptotic and antioxidant as well as activation of both autophagy and Protein Kinase B (PKB or Akt)
signaling pathway. This study examines the potential nephroprotective effect of tirzepatide against RIRI in rats.

Methods: Twenty-eight male rats (Sprague Dawley) were split into four groups: sham, Ischemia/Reperfusion Injury (IRI), Distilled Water (D. W)
and tirzepatide. The Sham group underwent identical procedures without bilateral renal pedicle clamping, whereas IRI group was exposed to 30
min of bilateral renal ischemia followed by 24 h of reperfusion. The vehicle group received distilled water intraperitoneally 2 h before ischemia, and
the tirzepatide group received 3 mg/kg tirzepatide intraperitoneally 2 h before ischemia. Study parameters including urea, creatinine, Kidney Injury
Molecule-1 (KIM-1), interleukin-6 (IL-6), caspase-3, Akt, autophagic protein microtubule-associated protein 1 light chain 3-B (LC3-B) and
glutathione (GSH), and histopathological changes were examined.

Results: RIRI resulted in a significant elevation in serum urea, serum creatinine and renal levels of KIM-1, IL-6, caspase-3, Akt, and LC3-B while a
concurrently reduction in renal GSH level. Tirzepatide treatment diminished the severity of kidney damage by alleviating inflammatory apoptotic
and autophagy markers, augmenting antioxidant activity and improving histopathological consequences.

Conclusion: Tirzepatide elucidates significant nephroprotective effects in RIR], via its anti-inflammatory, antioxidant, and antiapoptotic properties

and activation of both autophagy and Akt signaling pathway.
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INTRODUCTION

Ischemia is the term used to describe the state of tissue
hypoperfusion. Hypoperfusion of tissue may result from a variety of
conditions, including organ transplantation, acute coronary
syndrome, sepsis, and limb injury [1, 2]. When blood flow is rapidly
restored after a brief period of ischemia (a lack of oxygen and
nutrients caused by vascular occlusion), tissues undergo damage
known as IRI. This process triggers strong inflammatory and
oxidative stress reactions [3, 4]. Acute Kidney Injury (AKI) is a
clinical phenomenon characterized by fast renal dysfunction and
high mortality rates; IRI is a pathological disease that contributes to
AKI in the kidney [5, 6]. AKI is estimated to account for 2 million
deaths worldwide annually and is a growing global health concern
[7, 8]. Prerenal, intrarenal, and postrenal causes define three main
groups of probable etiologies for AKI. Most cases, including heart
failure, fluid or blood loss and sepsis (about 50%) are related to
prerenal insults brought on by a drop in arterial blood pressure [9].
Depleting adenosine triphosphate, which alters mitochondrial
structure and function, is one of the primary early targets of RIRI. It
is the primary energy source concentrated in renal proximal tubular
cells [10, 11]. Many factors, including local oxygen tension, cellular
energy needs, and innate resistance to hypoxia determine hypoxia
status. Kidney hypoxia primarily affects proximal tubular cells [12,
13]. A therapeutic approach to safeguard renal tissue involves
mitigating inflammatory responses, as the inflammatory cascade
resulting from renal ischemia-reperfusion injury exacerbates kidney
damage [14]. Chemokines are important inflammatory mediators
that control the expression of adhesion molecules, proinflammatory
cytokines, leukocyte infiltration, and activation [15, 16]. The
biological process of apoptosis, or programmed cell death,
eliminates damaged, sick, or dying cells [17]. Autophagy involves a
complex process and regulatory mechanism crucial in healthy and
pathological circumstances [18]. It is adaptive, limiting
derangements and deaths. However, autophagy promotes cell death

in other settings, such as apoptosis and necrosis [19]. It is common
for IRI to be accompanied by increased levels of autophagy in tissues
such as the heart, brain, liver, and kidneys. Both apoptosis and acute
inflammatory response were successfully modulated by regulating
autophagy levels [20-22]. Antioxidant properties of GSH manifest
themselves differently. GSH shields cells from apoptosis by
interacting with signaling pathways that are both pro-apoptotic and
anti-apoptotic [23]. GSH safeguards cellular components by
neutralizing Reactive Oxygen Species (ROS) and hydrogen peroxide,
preventing lipid peroxidation and ROS-induced damage to proteins
and DNA [24]. Tirzepatide, a new dual agonist targeting Glucagon-
Like Peptide-1 (GLP-1) and the Glucose-dependent Insulinotropic
Polypeptide (GIP), has potential nephroprotective properties and is
among the most efficient multi-agonists for diabetic control [25].

This study investigates the biochemical markers and histological
alterations in male rats to determine whether tirzepatide exhibits
nephroprotective benefits against RIRI. Tirzepatide was tested for
its ability to activate anti-inflammatory, anti-apoptotic, and
autophagy pathways and its antioxidant effect.

MATERIALS AND METHODS
Animal preparation

The University of Kufa/Faculty of Science generously donated 28
male Sprague Dawley adult and juvenile rats weighing ~200 g and
their age of 15 to 20 w. The rats were housed in the animal facility of
the Faculty of Pharmacy, University of Kufa. With a 12-hour
light/dark cycle, temperature was set at 24+2 °C, and humidity was
set to 60-65%; the animals were housed in a separate chamber
utilizing a group-caging system. The rats' typical diet consisted of
food and water. All experimental protocols were approved by the
Institutional Animal Care and Use Committee (IACUC) at University
of Kufa after submitting the required applications (letter number
6685-10/3/2024).
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Study design

A random assignment was made to divide the twenty-eight male
Sprague Dawley rats into four groups, with seven rats in each
group: Sham, IRI, vehicle distilled water+IRI, and tirzepatide+IRI
treatment groups. Rats in the Sham group underwent the same
surgery and anesthesia as in the other groups. Still, without
ischemic induction, they experienced bilateral Renal Ischemia
(bRI) for 30 min, followed by reperfusion for 24 h. The IRI group
has bRI for 30 min [26], followed by reperfusion for 24 h [27]. The
D. W group vehicle for tirzepatide was given 2 h before ischemia.
Subsequently, 30 min of bRI was followed by reperfusion for 24 h.
The pretreated group was given tirzepatide 3 mg/kg 2 h before
ischemia induction, followed by 30 min of bRI and 24 h of
reperfusion [28]. A laparotomy incision was used to collect blood
and kidney samples after 24 h. In summary, the operation was
carried out while rats were under total anesthesia, which involved
injecting 100 mg/kg of ketamine and 10 mg/kg of xylazine
intraperitoneally.

Preparation of tirzepatide

Tirzepatide powder was obtained from Hangzhou Go Top Peptide
Biotech Co., Ltd, Zhejiang, China. Tirzepatide was dissolved in D. W
immediately before use and given intraperitoneally [29] according
to manufacturer instructions.

Model of ischemia/reperfusion damage in the kidneys

Experimental surgery was performed on the body's dorsal
(retroperitoneal) regions. Ketamine (100 mg/kg) and xylazine (10
mg/kg) were administered to anesthetize the rats and reduce pain
[30] via intraperitoneal injection into the abdominal cavity. The
body temperature of the anaesthetized rat were maintained at
36.8 °C to 37.3 °C by positioning the rat in the prone position on
the feedback-controlled heating pads. Through the use of flank
incisions, surgical procedures were carried out to expose the renal
hilum, hence reducing the likelihood of any intra-abdominal organ
damage occurring during the dissection process. Surgical
instruments were used to make a 1.5 cm vertical flank incision,
layer by layer, through the skin, fascia, and muscle layer. The renal
hilum was exposed by dissecting the peri-nephric tissue on the
medial kidney side with a cotton swab. The timer was promptly
activated following the intended 30 min ischemia interval. The
success of ischemia was confirmed by uniformly observing the
kidney's coloration change to a dusky appearance within a few
minutes [31].

The pedicle clamp came free at the end of the ischemia interval.
The kidney was replaced into the retroperitoneal space. Then, the
surgical posture was sutured in two layers. Before wound closure,
the retroperitoneal region received 1 ml of 38 °C pre-warmed
0.9% saline injection [32]. The procedure was repeated on the
animal model's contralateral side, which was planned for bilateral
RIRI. The bilateral IRI clamping of the renal arteries typically
affects the overall renal mass. It elevates serum creatinine and
blood urea nitrogen levels within 24 h, which are characteristic
indicators of AKI in a clinical context [33]. After the anesthetic
recovery, the rats were carefully moved back to their cages, with
some food provided on the floor. Their general condition and
appearance were regularly observed and monitored during this
time. Subsequently, animals were sacrificed under heavy
anesthesia after 24 h, and kidney tissue samples were collected for
further analysis.

Collection of samples
Blood samples collection for measurement of renal function

About 2-4 ml of blood were collected immediately from the heart
while rats were still anesthetized at the end of the procedure. The
blood sample was centrifuged in a gel tube free of anticoagulant to
obtain serum, which was used to determine urea and creatinine
using a spectrophotometric technique at 550 nm absorbance. This
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method is a quantitative measurement and very helpful in
determining the concentrations of the compound.

Tissue preparation for measurement of inflammatory,
apoptotic, autophagy and oxidative parameters

After the blood samples had been collected, kidney tissue specimens
were collected. Kidneys were extracted from each animal, then
chopped and divided into two equal parts. One-half fixed in 10 %
formalin for medical pathology evaluation. In contrast, the other half
was kept at-80 °C until frozen before homogenizing with a high-
intensity ultrasonic liquid processorin phosphate-buffered saline
with a weight-to-volume ratio of 1:10, which also included 1 %
triton X-100 and a protease inhibitor cocktail. Homogenates was
centrifuged at 2000-3000 rpm. Supernatants were collected after
10-20 min at 4 °C used to determine KIM-1, IL-6, Caspase-3,
PKB/Akt, LC3-B, and GSH kits using available ELISA technique
following the instructions provided by the manufacturer, from Sun
Long Biotech Co., Ltd., China.

Tissue preparation for histopathology

The renal tissue section was fixed within 10 % formalin, alcohol-
based dehydration, cleaned with xylene, and then submerged in
paraffin. The kidney tissues were fixed in paraffin and then
sectioned into slices 5 pm thick. After staining these portions with
hematoxylin, eosin, and trichrome [34].

Assessment of urea and creatinine levels

A spectrophotometric technique is used to estimate serum urea and
creatinine, which depends on measuring light absorption or
transmission of chemical reactions within a specific wavelength.
This method is a quantitative measurement and very helpful in
determining the compounds' concentrations; urea and creatinine
levels were measured at 550 nm absorbance.

Measurement of KIM-1, IL-6, caspase-3, Akt, LC3-B and GSH

The level of KIM-1, IL-6, caspase-3, Akt, LC3-B and GSH were
determined by utilizing the corresponding ELISA kits. Following the
manufacturer's instructions, the ELISA kits were ordered from Sun
Long Biotech Co., Ltd, China.

Statistical analysis

GraphPad (La Jolla, CA, USA) software developed by GraphPad Prism
9.5 was used to analyze the data in this study. The mean+Standard
Error of mean (SEM) was used to express all results unless
otherwise specified. One-way Analysis of Variance (ANOVA) was
used to analyze study data, followed by Bonferroni multiple
comparison test. Additionally, the Kruskal-Wallis test was utilized to
compare alterations in histopathological changes among study
groups. Statistical significance was determined using a P value<0.05
for every test.

RESULTS

The onset of RIRI was signified by a notable increase in urea (fig. 1)
and creatinine (fig. 2), KIM-1 (fig. 3), IL-6 (fig. 4), caspase-3 (fig. 5),
Akt (fig. 6), and LC3-B levels (fig. 7); and a markedly decrease in GSH
levels (fig. 8) in IRI rats when compared with sham group. To
exclude the effect of vehicle, rats treated with D. W (the vehicle of
tirzepatide) showed no significant differences in all study
parameters in comparison with IRl group. Pretreatment with
tirzepatide markedly improved RIRI, as evidenced by a substantial
decrease in urea, creatinine, KIM-1, the inflammatory mediator IL-6,
the apoptotic marker caspase-3, Akt, and the autophagic marker
LC3-B levels when compared with levels with IRI rats. The renal
tissue concentration of the antioxidant enzyme GSH was
substantially elevated in the tirzepatide pretreated group when
compared to IRI rats. When compared to sham group, IRI group
displayed notable kidney impairment with a mean score of ~ 3.8 (fig.
9, fig. 10). Pretreatment with tirzepatide reduces kidney damage in IRI
rats significantly when compared with untreated rats (fig. 9, fig. 10).
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Fig. 1: Serum urea level of study groups. Data were represented as mean+SEM, n = 7 rats per group.; **P<0.01, ***P<0.001

Fig. 1 After 30 min of ischemia, rats were reperfused for 24 h. They
were pretreated 2h before ischemia with either a vehicle D. W,
tirzepatide (3 mg/kg), or left untreated (sham and IRI group).
Serum urea concentrations were assessed utilizing the

spectrophotometric technique. Following one-way ANOVA, data
were analyzed using Bonferroni multiple comparison test. Data
were represented as mean+SEM, n = 7 rats per group; **P<0.01,
***P<0.001.
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Fig. 2: Serum creatinine levels of study groups. Data were represented as mean+SEM, n = 7 rats per group; *P<0.05, ***P<0.001

Fig. 2 After 30 min of ischemia, rats were reperfused for 24 h. They
were pretreated 2h before ischemia with either a vehicle D. W,
tirzepatide (3 mg/kg), or left untreated (sham and IRI group).
Serum creatinine concentrations were assessed utilizing the

spectrophotometric technique. Following one-way ANOVA, the
data were analyzed using Bonferroni multiple comparison test.
Data were represented as mean*SEM, n = 7 rats per group;
*P<0.05, ***P<0.001.
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Fig. 3: Renal KIM-1 levels of study groups. Data were represented as mean+SEM, n = 7 rats per group.; **P<0.01, ***P<0.001

Fig. 3 After 30 min of ischemia, rats were reperfused for 24 h. They were
pretreated 2 h before ischemia with either a vehicle D. W, tirzepatide (3
mg/kg), or left untreated (sham and IRI group). Renal KIM-1
concentrations were assessed utilizing ELISA kit. Following one-way
ANOVA, the data were analyzed using Bonferroni multiple comparison
test. Data were represented as mean+SEM, n = 7 rats per group;
**P<0.01, ***P<0.001.

Fig. 4 After 30 min of ischemia, rats were reperfused for 24 h. They
were pretreated 2 h before ischemia with either vehicle D. W,
tirzepatide (3 mg/kg), or left untreated (sham and IRI group). Renal
IL-6 concentrations were assessed utilizing ELISA kit. Following one-
way ANOVA, the data were analyzed using Bonferroni multiple
comparison test. Data were represented as mean+SEM, n = 7 rats per
group; *P<0.05, ***P<0.001.
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Fig. 5 After 30 min of ischemia, rats were reperfused for 24 h. They
were pretreated 2 h before ischemia with either vehicle D. W,
tirzepatide (3 mg/kg), or left untreated (sham and IRI group). Renal
caspase-3 concentrations were assessed utilizing ELISA kit
Following one-way ANOVA, data were analyzed using Bonferroni
multiple comparison test. Data were represented as mean+SEM, n =
7 rats per group; *P<0.05, ***P<0.001.

Fig. 6 After 30 min of ischemia, rats were reperfused for 24 h. They
were pretreated 2 h before ischemia with either a vehicle D. W,
tirzepatide (3 mg/kg), or left untreated (sham and IRI group). Renal
Akt concentrations were assessed utilizing ELISA kit. Following one-
way ANOVA, data were analyzed using Bonferroni multiple
comparison test. Data were represented as mean+SEM, n = 7 rats per
group; *P<0.05, ***P<0.001.
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Fig. 4: Renal IL-6 levels of study groups. Data were represented as mean+SEM, n = 7 rats per group.; *P<0.05, ***P<0.001
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Fig. 5: Renal caspase-3 level of study groups. Data were represented as mean+SEM, n = 7 rats per group; *P<0.05, ***P<0.001
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Fig. 6: Renal PKB/Akt levels of study groups. Data were represented as mean+SEM, n = 7 rats per group; *P<0.05, ***P<0.001

*kk

800 —
600
E
(=]
< 400-
< I
O —1
-
200
0 T
N N N &
¢ & o Q,Sb
& R
AN . (\/
&\
\X
&

Fig. 7: Renal LC3-B levels of study groups. Data were represented as mean+SEM, n = 7 rats per group.; *P<0.05, ***P<0.001
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Fig. 7 After 30 min of ischemia, rats were reperfused for 24 h. They
were pretreated 2 h before ischemia with either a vehicle D. W,
tirzepatide (3 mg/kg), or left untreated (sham and IRI group). Renal
LC3-B concentrations were assessed utilizing ELISA kit. Following
one-way ANOVA, data were analyzed using Bonferroni multiple
comparison test. Data were represented as mean+SEM, n = 7 rats per
group; *P<0.05, ***P<0.001.
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Fig. 8 After 30 min of ischemia, rats were reperfused for 24 h. They
were pretreated for 2 h before ischemia with either a vehicle D. W,
tirzepatide (3 mg/kg), or left untreated (sham and IRI group). Renal
GSH concentrations were assessed utilizing ELISA kit. Following
one-way ANOVA, data were analyzed using Bonferroni multiple
comparison test. Data were represented as mean+SEM, n = 7 rats per
group; **P<0.01, ***P<0.001.
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Fig. 8: Renal GSH levels of study groups. Data were represented as mean*SEM, n = 7 rats per group; **P<0.01, ***P<0.001
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Fig. 9: Histopathological mean score of renal injury severity. *P<0.05, ***P<0.001

Fig. 10 (A) Sham group has normal renal tubule histology (blue arrow);
stained with hematoxylin and eosin (HandE) X400. (B) IRI group; kidney
tubules with score four including focal tubular necrosis highlighted by
cytoplasmic cyanophilic staining including the disappearance of brush
borders, cytoplasmic eosinophilia, dilated tubules and hemorrhage>75%
(vellow arrow), stained with trichrome X400. (C) D. W group, kidney

tubules with score four damage. Cytoplasmic eosinophilia, dilated
tubules, cast formation, and hemorrhage (yellow arrows); stained with
HandE X400. (D) Tirzepatide group, kidney tubules with damage score
one associated with occasional intratubular protein casts (yellow
arrows) with preserved renal corpuscle and tubules (blue arrows);
stained with trichrome X400.
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Fig. 10: Representative histological micrographs of renal tissue of study groups

DISCUSSION

Reduced glomerular filtration rates define AKI, a sudden and fast
drop in kidney function [35]. One frequent clinical consequence that
might result in AKI development is IRI [36]. About 20% to 50% of
hospitalized patients have AKI, and its prevalence is rising [37]. AKI
has been identified as a primary condition caused by RIRI, leading to
renal tubular dilatation, inflammatory damage, apoptotic cell death,
and,eventually, renal failure [38]. One of the key elements in the
tissue damage brought on by IR is the inflammatory response [39],
which plays a key mediator of various problems including
pancreatitis [40]. This study indicated that serum levelsof urea and
creatinine were markedly elevated in the IRI and D. W groups when
compared with sham group, which agreed with previous findings by
Liu and colleagues [41]. Pretreatment with tirzepatide markedly
reduced the levels of urea and creatinine in comparison to the IRI
group (fig. 1, fig. 2, fig. 3). This conclusion supports earlier research
which highlighted tirzepatide beneficial impact on kidney tissue in
individuals with DM type 2 [42]. Tirzepatide pretreated group
significantly reduced the level of KIM-1 when compared with IRI and
vehicle groups (fig. 3). Interestingly, no previous studies described the
effect of tirzepatide on KIM-1. Hence, a study showed that semaglutide
(GLP-1 receptor agonist) had significantly reduced KIM-1 in the
treated group when compared with the control group in accelerated
diabetic kidney disease in a mouse model of hypertension [43].

Furthermore, the level of inflammatory mediator IL-6 was lowered
in the tirzepatide group compared with both IRI and vehicle groups
(fig. 4). Inflammation is a crucial pathophysiological process of IRI.
RIRI can provoke the aggregation of inflammatory cells;
inflammatory mediators such as Tumor Necrosis Factor-a (TNF-a),
IL-6, and IL-8 are produced, and adhesion molecules rise, leading to
injury to organs [44]. Inflammatory mediator levels are higher in
individuals with oxidative stress [45]. This observation is consistent
with an earlier study reported by Yang and colleagues that showed a
lower level of IL-6 in tirzepatide treated group in a mouse model
exposed to diabetic nephropathy and thus, tirzepatide caused
inhibition of inflammatory response [46]. To the best of our
knoweledge, no previous studies described the effect of tirzepatide
on IL-6, especially in RIRI.

Hypoxia leads to the buildup of intracellular calcium, which activates
caspases in ischemic tissues, serving as a signal of cell death [47]. In

contrast to the sham condition following RIRI, the groups subjected
to IRI or given D. W had significantly higher levels of caspase-3 in
their renal tissues (fig. 5). An earlier study performed by Kopp and
coworkers showed that caspase-3 levels decreased by the effect of
tirzepatide treatment that exhibits anti-neuroinflammatory
properties in addition to neurotrophic and neuroprotective activities
in cellular models of neurodegeneration employing human and
mouse microglial cell lines [48].

Pretreatment with tirzepatide intraperitoneally 2 h before induction
of ischemia significantly decreased Akt level; there was no
significant difference between treatment and sham groups, and it
possibly is a way of protection for this medication (fig. 6). Likewise,
administration  of  semaglutide significantly = upregulated
phosphatidylinositol 3-kinase (PI3K) expression while maintaining
levels comparable to the sham group, indicating that GLP-1 agonism
could have a pivotal role in enhancing cell survival by regulating the
PI3K/Akt axis [49].

Data in this study showed that pretreatment with tirzepatide 2 h
before induction of ischemia significantly reduced autophagy level
on ischemic renal tissues to the level of sham in comparison with
those in both IRI and vehicle groups as a protective mechanism to
promote cell survival comparison with those in both IRI and vehicle
groups (fig. 7). There were no previous studies explaining the effect
of dual-agonists GLP-1 and GIP receptors on LC3-B in RIR], but there
were studies explaining the autophagic effect on GLP-1 agonist in
other conditions. A previous study found that GLP-1 receptor
agonist protects heart tissue from oxidative stress and reduces
proinflammatory cytokines such as IL-1B, TNF-q, IL-6, and Monocyte
Chemoattractant Protein-1 (MCP-1). Stimulating GLP-1 receptor
reduces cardiomyocyte ferroptosis, necroptosis, pyroptosis, and
death. GLP-1 receptor stimulation promotes myocardial autophagy
and mitophagy activity. It prevents IR cardiac injury in patients with
acute myocardial infarction [50]. A study by Guan and colleagues
showed that early reaction acting in a reno-protective role during
renal IR, where autophagy happened temporally dependent earlier
than the beginning of cell death. The upregulation of autophagy
could be a possible approach to treating acute kidney damage [51].

Pretreatment with tirzepatide before ischemia induction in rats
could significantly elevate the concentration of GSH in renal tissues
when compared with IRI groups (fig. 8). This finding agreed a nother
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study, which examined the nephroprotective effect of tirzepatide in
activating the antioxidant marker; tirzepatide demonstrates
potential adjunct therapy in the colistin treatment regimen to
mitigate colistin-induced nephrotoxicity and neurotoxicity because
it inhibits ER stress-related markers and has anti-inflammatory,
antioxidant, and anti-apoptotic qualities [52].

The study demonstrated that there were no significant alterations in
the renal tissue of the sham group. The IRI mean score severity of
the kidney portion was substantially higher than that of the sham
group. Injury to the renal tubules was more severe when the score
was higher (fig. 9, fig 10). This result was compatible with a previous
study which demonstrated that rats exposed to bilateral renal
ischemia for 30 min and then reperfusion for 2 h had significant
tubular damage severity score in the RIRI group [53]. Among GLP-1
receptor agoists, a study revealed by Tiba and colleagues on
semaglutide indicated that renal tissue subjected to IRI exhibited
significant damage, which is marked by congestion, vascular
thickening, irritation, and blood loss when compared with renal
tissue observed in the sham group [49]. However, a novel treatment
with tirzepatide showed a notable decrease in kidney function, as
seen by reduced damage score. Precise mechanisms behind its
protective effects on the kidneys and renal tissue require more
investigations.

CONCLUSION

According to the results of current study, tirzepatide significantly
reduces renal injury in IRI rats via its anti-inflammatory effect by
decreasing the kidney injury marker KIM-1, inflammatory marker
IL-6, anti-apoptotic effect by lowering apoptotic marker caspase-3,
activation of both cell survival pathway Akt and autophagy by
reducing Akt and LC3-B to the normal level as a protective
mechanism, finally, antioxidant effect by elevating antioxidant
marker GSH.
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