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Abstract

Background and purpose: Excessive and long-term consumption of alcohol causes health problems and
significant changes in the physiological and biochemical functions of the body organs, including the kidneys.
The present study aimed to clarify and investigate the antioxidant and anti-inflammatory impacts of Stachys
pilifera Benth (SPB) hydroalcoholic extract on ethanol (EtOH)-induced nephrotoxicity.

Experimental approach: Twenty-four rats were randomly divided into 4 groups. The control group was
administered distilled water as a vehicle for 35 days. The EtOH group received ethanol (40% v/v, 7 mL/kg)
orally for 35 days. The SPB extract + EtOH group was pretreated with 500 mg/kg of SPB orally and, after 1
h, received ethanol (40% v/v, 7 mL/kg) orally for 35 days; the SPB extract group received only 500 mg/kg of
SPB for 35 days. After 35 days, the rats were sacrificed, and the blood sample was taken. Then, levels of
biochemical markers, oxidative stress indices, antioxidant enzyme activity, and pro-inflammatory cytokines
were evaluated.

Findings/Results: In the EtOH group, the levels of BUN, Cr, NO metabolite, and MDA were significantly
higher compared to the control group. In addition, a significant elevation in the levels of pro-inflammatory
cytokines (TNF-a and IL-6) was observed compared to the control group. Pretreatment with SPB
hydroalcoholic extract led to significant diminishment in BUN, Cr, MDA, NO metabolite, and TNF-a and
IL-6.

Conclusion and implications: The hydroalcoholic extract of SPB led to improvement of kidney function,
reduction of oxidative stress, and improvement of inflammatory conditions in nephrotoxicity caused by ethanol
in male rats.
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INTRODUCTION variations in the kidneys (8). Alcohol disrupts

the ability of the kidneys to regulate fluid-

Depending on the amount and duration of electrolyte balance and leads to drastic changes

consumption, alcohol can cause diseases such in the body's acid-base balance (9).

as liver diseases, diabetes, high blood pressure, Furthermore, an increase in the concentration of

cardiovascular diseases, stroke, different types blood urea nitrogen (BUN) and creatinine (Cr)

of cancers, pneumonia, and mental health and has been reported in excessive alcohol
behavioral disorders (1-5). Alcohol abuse leads consumption (10).

to impressive changes in the physiological and
biochemical functions of the body organs, such
as the liver, pancreas, and kidneys (6,7).
Ethanol abuse leads to structural and functional
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The findings demonstrated that the toxicity
arising from alcohol consumption is due to some
mechanisms, such as inflammation, oxidative
stress, apoptosis, or other signaling pathways
(11,12). Oxidative stress and toxicity caused by
reactive oxygen species (ROS) are considered one
of the important pathways of kidney damage in
excessive alcohol consumption (13).

Ethanol is mainly metabolized in the liver
through different pathways, but the metabolic
pathway cytochrome P450 2E1 leads to
oxidative stress and tissue injury by forming
ROS. Cytochrome P450 2E1 is expressed in the
kidneys and catabolizes ethanol and generates
ROS (14). In addition, high and long-term
alcohol consumption leads to a significant
increase in  oxidative stress  with
hyperacetylation of mitochondrial proteins in
the kidneys (11). Due to the great quantity of
polyunsaturated fatty acids (PUFAs) in the
structure of renal lipids, the kidney is a very
vulnerable organ against oxidative stress (15).
Cells can tolerate and deal with mild oxidative
stress due to their antioxidant system. But in
more severe cases, ROS vanquish antioxidant
systems and cause harmful changes in the
structure and function of vital biomolecules
such as DNA, proteins, and lipids, leading to
cellular damage (16). Oxidative stress causes a

wide range of kidney failure, including
rhabdomyolysis, obstructive  nephropathy,
acute and chronic kidney failure, and

glomerular damage (13). Therefore, controlling
and dealing with oxidative stress is one of the
important solutions to preventing kidney failure
caused by alcohol consumption (17).
Phytocompounds can diminish the risk of
cell injury caused by ROS. Although
phytocompounds are present in very small
quantities, it has been reported that they can
affect cellular functions and play a crucial role
in diminishing inflammation and oxidative
stress. The utilization of herbal treatment
against diverse chronic ailments induced by
alcohol abuse has been a routine clinical cure
for a long time in some countries (18). Stachys
pilifera Benth (SPB) is an aboriginal plant
species in Iran that is used in folk remedies for
the cure of various diseases, including
rheumatoid arthritis and asthma. Also, this plant
is used as an expectorant, pain reliever, and
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anti-infection  (especially  for  women's
infections). Some investigations revealed
that SPB has anti-inflammatory,

antioxidant, antibacterial, immunoregulatory,
nephroprotective, and hepatoprotective
properties (19,20). Despite extensive studies on
nephrotoxicity in various models such as
ischemia-reperfusion (IR) injury,
acetaminophen, cisplatin, etc., the mechanism
of kidney damage in the models differs from
alcohol-induced nephrotoxicity, as follows:
ethanol  nephrotoxicity is caused by
acetaldehyde metabolism, oxidative stress, and
mitochondrial dysfunction (11). In contrast,
cisplatin toxicity is more related to DNA
damage and inflammation (21), acetaminophen
damage is due to reactive metabolites N-acetyl-
p-benzoquinone imine (NAPQI) (22), and IR
injury is caused by ischemia followed by
reperfusion via inflammation and oxidative
stress (23). Ethanol affects renal function
through ROS production and tubular cell
apoptosis (14). Cisplatin and acetaminophen
primarily cause tubular necrosis, whereas IR
injury involves a complex process of hypoxia
and oxidative damage with a strong
inflammatory component (24-26) Oxidative
stress and inflammation are involved in the
forms of nephrotoxicity, but ethanol-induced
nephrotoxicity is distinct due to its reliance on
acetaldehyde and alcohol metabolism, whereas
other nephrotoxins, such as cisplatin and
acetaminophen, involve distinct metabolic
pathways for their metabolic damage. Each
type of nephrotoxicity also differs in terms of
treatment approaches; ethanol-induced
nephrotoxicity often requires interventions to
manage alcohol toxicity and support renal
function, while cisplatin and acetaminophen-
induced toxicity may involve specific antidotes
or therapies that target oxidative stress and
inflammation. Therefore, in the present study,
the nephroprotective effects of SPB. The
hydroalcoholic extract in the ethanol-induced
nephrotoxicity was investigated.

MATERIALS AND METHODS

Plant extraction
Aerial parts of SPB, such as leaves and
stems, were procured in Spring 2023 from the



countryside of Yasuj, Iran. A botanist approved
the plant (Herbarium No. 1897). The samples
were cleaned and stored away from sunlight for
several days until they were dry. Then, they
were powdered and ready for extraction. To
prepare the hydroalcoholic extract of SPB, 100
g of the powder was drenched in 1000 mL of
ethanol (70% v/v) and placed at a temperature
of 37 °C for 48 h. Then, the hydroalcoholic
extract of SPB was filtered using Filter Paper
No. 1, and the plant deposit was vaporized
under condensed pressure by using a rotary
evaporator at 60 °C. In the final step, the extract
was dried and stored at -20 °C (27).

Animals

Twenty-four male adult Sprague-Dawley rats
(180 £ 20 g) were provided from the Animal
Colony of Shiraz University of Medical Sciences
and maintained at 25 + 2 °C with a controlled cycle
of 12 h light/dark and free access to diet and water.
The experiment was conducted in accordance with
the National Research Council Guide for the Care
and Use of Laboratory Animals and approved by
the Ethics Committee of Yasuj University of
Medical Sciences (ethical code:
IR.YUMS.AEC.1402.013).

Study design

Animals were randomly divided into 4
groups (n = 6). The control group was
administered distilled water as a vehicle for 35
days. Ethanol (absolute Ethanol, 99.9%, Merck,
Germany) group (EtOH) received ethanol (40%
v/v, 7 mL/kg) orally for 35 days (28). SPB +
EtOH group was pretreated with 500 mg/kg of
SPB orally and, after 1 h, received ethanol (40%
v/v, 7 mL/kg) orally for 35 days. The SPB
group received only 500 mg/kg of SPB for 35
days (29). After 35 days, rats were
intraperitoneally anesthetized with ketamine
(60 mg/kg, Alfasan, Netherlands) and xylazine
(5 mg/kg, Alfasan, Netherlands) and then
sacrificed following ethical protocols based on
approved guidelines for working with
laboratory animals (30). Blood samples were
collected in heparinized tubes for measurement
of biochemical, oxidative stress, and
inflammatory parameters. Kidneys were
removed; one of the kidneys was separated into
2 pieces to prepare a homogenized tissue as
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well as for histopathological evaluation, and the
other kidney was used to evaluate gene
expression.

Biochemical analysis

For assessment of biochemical markers,
blood heparinized tubes were centrifuged for 10
min at 3000 rpm, and creatinine (Cr) and blood
urea nitrogen (BUN) were evaluated by
standard diagnostic kits (Delta Co, Iran), and
read by a biochemical autoanalyzer (BT-1500-
A-A, Rome, Italy).

Measurement of oxidative stress markers
Lipid peroxidation assay

Based on Ohkawa’s study, malondialdehyde
(MDA) content was measured in kidney
homogenate tissues using thiobarbituric acid
(CAS Number: 504-17-6, Sigma, USA) (31). In
this method, a total of 0.5 mL of tissue
homogenate was mixed separately with 2 mL of
a solution containing thiobarbituric acid (15%
w/v), trichloroacetic acid (0.375% w/v, Sigma,
USA), and 0.25 N HCI (Sigma, USA). The
content was heated in a water bath at 100 °C for
15 min, then cooled for 10 min in cold water.
After centrifuging at 2000 g for 15 min, the
absorbance was read at 535 nm and expressed
as pmol/g tissue (32).

Measurement of total thiol

Kidney homogenate total thiol (T-SH) was
determined by the colorimetric method based
on the reaction between 5,5'-dithiobis-(2-
nitrobenzoic acid) (DTNB) and the thiol group.
Concisely, tSH content was measured by
mixing 0.15 L of Tris-EDTA buffer, 0.025 L of
kidney homogenate samples, 0.79 L of absolute
methanol, and 0.010 L of 10 mM DTNB
(D8130, Sigma, USA). Eventually, the optical
density of the supernatant was read at 412 nm.
T-SH level was reported by using a molar
absorption coefficient of 13,600 M' cm!
component (26).

Measurement of nitric oxide metabolite

Nitrite content as an index of nitric oxide
(NO) metabolite was determined according to
the Griess reaction (33). The level of nitrite was
expressed as umol/g tissue using sodium nitrite
as a standard (0-100 pmol/L).
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Measurement of antioxidant enzyme activity
Activity levels of antioxidant enzymes, including
catalase (CAT) and superoxide dismutase (SOD) in
the kidney homogenate tissues were evaluated
colorimetrically at the wavelength of 570 nm based
on the manufacturer’s instructions of assay Kits
(Karmania Pars Gene, Kerman, Iran) by ELISA
reader (Biotek, Netherlands) and presented as U/mL.

Measurement of interleukin-6 and tumor
necrosis factor

The serum levels of tumor necrosis factor (TNF-
o) and interleukin-6 (IL-6) were determined using
an ELISA kit (Karmania Pars Gene, Kerman, Iran).

Measurement of gene expression

The mRNA expression of TNF-a in kidney
samples was determined by quantitative real-
time polymerase chain reaction (PCR). In short,
total RNA was removed from kidney tissue by
a total RNA Extraction Kit (Parstous, Mashhad,
Iran) based on the producer’s guidelines.
Complementary DNA (cDNA) was produced
using a cDNA Synthesis Kit (Karmania Pars
Gene, Kerman, Iran). SYBR Green master mix
(Ampligon, Denmark) was added to cDNA
samples and particular primers. The mRNA
levels of TNF-a were normalized to B-actin
mRNA levels. Results were determined relative
to B-actin using the ACt> method. The following
primer pairs were used: forward, 5-TCA GCC
TCT TCT CAT TCC TGC -3 and reverse,
5-TTG GTG GTT TGC TAC GAC GTG-3 for
TNF-qa; forward, 5-GCA AAT GCT TCT AGG
CGG AC -3 and reverse, 5-AAG AAA GGG
TGT AAA ACG CAG C -3 for B-actin (ACTB).

Histopathological evaluation

Kidney samples were fixed in the buffered
10% formaldehyde. After dehydration through
a graded alcohol series, the samples were
cleared in xylene. Then, kidney samples were
embedded in paraffin (Erma, Japan). Routine
staining with hematoxylin and eosin was done
for the kidney sections. In a blinded fashion,
each section was examined in at least 10
randomly selected non-overlapping fields
under a light microscope. In renal tissue,
microscopic changes, especially interstitial
inflammation, were assessed under a
digital research microscope (Olympus BX5I1,
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Germany) by a pathologist who was blinded to the
groups. The level of each pathological
manifestation was graded according to the observed
changes as follows: 0, no change; 1, slight change;
2, moderate change; and 3, severe change.

Statistical analysis

Data were presented as mean = SEM. One-
way ANOVA followed by Tukey’s post-hoc
test was used to compare the differences among
groups using GraphPad Prism 8 Software
(RRID: SCR_002798). P <0.05 was considered
statistically significant.

RESULTS

Biochemical parameters

The serum levels of Cr (Fig. 1A) and BUN
(Fig. 1B) were notably higher in the EtOH
group in comparison to the control group. Pre-
treatment with SPB markedly diminished Cr
and BUN serum levels in the SPB + EtOH
group in comparison to the EtOH group.

Tissue oxidative stress markers

The levels of oxidative stress markers,
including MDA (Fig. 2A) and nitrite (Fig. 2B)
in the EtOH group showed a significant
elevation compared to the control group, while
the level of T-SH (Fig. 2C) revealed notable
diminishment in the EtOH group in comparison
to the control group. SPB hydroethanolic
extract pre-treatment in the SPB + EtOH group
led to a significant reduction in nitrite and MDA
levels compared to the EtOH group. Also, pre-
treatment with hydroethanolic extract of SPB in
the SPB + EtOH group caused a marked
elevation in the kidney level of T-SH in
comparison to the EtOH group (Fig. 2).

Antioxidant enzymes

The SOD activity (Fig. 3A) had a
considerable reduction in the EtOH group in
comparison to the control group. In addition,
the SOD activity exhibited a considerable
increase in the SPB + EtOH group in
comparison to the EtOH group. The CAT
activity (Fig. 3B) increased significantly in the
EtOH group compared to the control group, and
treatment with SPB caused a significant
decrease in the SPB + EtOH group compared to
the EtOH group.
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Fig. 1. The effect of SPB hydroethanolic extract on the plasma levels of (A) creatinine and (B) BUN in the EtOH-induced
nephrotoxicity in rats. The control group received distilled water as a vehicle. The animals received EtOH and SBP
hydroalcoholic extract at doses of 7 mL/kg and 500 mg/kg, respectively. Data were expressed as mean = SEM, n = 6.
One-way ANOVA followed by Tukey post-hoc test. “P < 0.05 indicates significant difference compared to the control
group; *P < 0.05 versus EtOH group. EtOH, Ethanol; SBP, Stachys pilifera Benth; BUN, blood urea nitrogen.
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Fig. 2. Effect of hydroalcoholic extract of SPB on tissue levels of (A) MDA, (B) nitrite, and (C) T-SH in the EtOH-
induced nephrotoxicity in rats (n = 6). The control group received distilled water as a vehicle. The animals received EtOH
and SBP hydroalcoholic extract at doses of 7 mL/kg and 500 mg/kg, respectively. Data were expressed as mean + SEM,
n = 6. One-way ANOVA followed by Tukey post-hoc test. “P < 0.05 indicates significant difference compared to the
control group; *P < 0.05 versus EtOH group. EtOH, Ethanol; SBP, Stachys pilifera Benth; MDA, malondialdehyde; T-
SH, total thiol group.
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Fig. 3. Effect of hydroalcoholic extract of SPB on the activity of antioxidant enzymes of (A) SOD and (B) CAT in the
EtOH-induced nephrotoxicity in rats (n = 6). The control group received distilled water as a vehicle. The animals received
EtOH and SBP hydroalcoholic extract at the doses of 7 mL/kg and 500 mg/kg, respectively. Data were expressed as mean
+ SEM, n = 6. One-way ANOVA followed by Tukey post-hoc test. “P < 0.05 indicates significant difference compared
to the control group; *P < 0.05 versus EtOH group. EtOH, Ethanol; SBP, Stachys pilifera Benth. SOD, superoxide
dismutase; CAT, catalase.
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Pro-inflammatory cytokines

The levels of pro-inflammatory cytokines,
including IL-6 (Fig. 4A) and TNF-a (Fig. 4B)
in the EtOH group were markedly higher
compared to the control group. Pre-treatment
with SPB in the SPB + EtOH group led to a
significant reduction in the serum levels of the
cytokines compared to the EtOH group.

Quantitative real-time PCR

To characterize the effect of SPB extract on
TNF-a gene expression in the EtOH group, the
level of mRNA was measured by real-time
PCR. The results denoted a significant
elevation in the transcription of the TNF-a
encoding gene in the EtOH group in
comparison to the control group. SPB
pretreatment in the SPB + EtOH group led to
significant downregulation in the expression of
the TNF-a encoding gene in comparison to the
EtOH group (Fig. 5).

Histopathological studies

There were no abnormalities or histological
changes in the kidneys of the control and
SBP groups (Fig. 6A and B). In the EtOH group
(Fig. 6C), interstitial inflammation (grade 1)
was observed. In the SBP + EtOH group
(Fig. 6D), interstitial inflammation (grade 1)

60—

IL-6 (pg/mL)

30

TNF-a (pg/mL)

was observed, but in general, the severity of
kidney damage was lower in the SBP + EtOH
group than that in the EtOH group (Fig. 6).
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Fig. 5. Effect of hydroalcoholic extract of SPB on the
levels of mMRNA TNF-a expression in the EtOH-induced
nephrotoxicity in rats. The control group received
distilled water as a vehicle. The animals received EtOH
and SBP hydroalcoholic extract at the doses of 7 mL/kg
and 500 mg/kg, respectively. Data were expressed as
mean £ SEM, n = 6. One-way ANOVA followed by
Tukey post-hoc test. ‘P < 0.05 indicates significant
difference compared to the control group; *P < 0.05
versus EtOH group. EtOH, Ethanol; SBP, Stachys
pilifera Benth; TNF-a, tumor necrosis factor-a.
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Fig. 4. Effect of hydroalcoholic extract of SPB on the levels of pro-inflammatory cytokines, including (A) IL-6 and (B)
TNF-a in the EtOH-induced nephrotoxicity in rats (n = 6). The control group received distilled water as a vehicle. The
animals received EtOH and SBP hydroalcoholic extract at doses of 7 mL/kg and 500 mg/kg, respectively. Data were
expressed as mean + SEM, n = 6. One-way ANOVA followed by Tukey post-hoc test. “P < 0.05 indicates significant
difference compared to the control group; *P < 0.05 versus EtOH group. EtOH, Ethanol; SBP, Stachys pilifera Benth;

IL-6, interleukin-6; TNF-a, tumor necrosis factor-alpha.
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Fig. 6. Representative light microphotographs (hematoxylin and eosin staining) of the kidney obtained from experimental
groups (100x magnification for control and SBP groups with scale bar = 400 um and 400x magnification for EtOH and
SBP + EtOH groups with scale bar = 100 pm). The control group received distilled water as a vehicle. The animals
received EtOH and SBP hydroalcoholic extract at the doses of 7 mL/kg and 500 mg/kg, respectively. EtOH, Ethanol;

SBP, Stachys pilifera Benth.
DISCUSSION

Alcohol use disorder (AUD) is a substantial
public health problem with the major
consequences of chronic AUD that include
increased alcohol-related morbidity and
mortality, such as liver cirrhosis, liver cancer,
pancreatitis, and cardiovascular complications.
At present, the epidemiological data linking
AUD to an increased risk of chronic renal disease
are debatable. However, multiple preclinical
investigations demonstrated that alcohol use has a
significant impact on the kidney, indicating the
possibility of a distinct pathologic entity known as
alcoholic kidney injury (7).

Ethanol is mainly metabolized in the liver
and generates toxic metabolites such as
acetaldehyde, which are excreted through the
kidneys into the urine (17,34). Literature has
shown that excessive alcohol consumption
causes kidney functional damage due to
necrosis and disrupts renal filtration (35). In the
present study, the administration of ethanol in
the EtOH group demonstrated apparent
nephrotoxic consequences as determined by the

boosted BUN and Cr, as well as
histopathological  alterations, such  as
cytoplasmic vacuolation, tubular dilation,

tubular cast, interstitial inflammation, and
cortical vascular congestion. Studies have
shown that chronic ethanol exposure
significantly increases plasma creatinine and
urea levels (14,35,36). Also, the present results
exhibited that pretreatment with SPB extract led
to a significant reduction in plasma BUN and
Cr levels and improved renal function
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compared to the EtOH group, which was
confirmed by the previous reports (29).
Sadeghi’s study revealed the nephroprotective
effects of SPB in cisplatin-induced kidney
damage in rats (29).

It seems that mechanisms such as oxidative
stress and inflammatory reactions play notable
roles in the ethanol-induced nephrotoxicity
(10,14). The mitochondrial and microsomal
systems involved in ethanol metabolism are
connected to alcohol-induced oxidative stress.
The generation of reactive nitrogen species
(RNS) and ROS is closely related to the
metabolism of ethanol. GSH levels are reduced,
and antioxidant activity is reduced when
ethanol is used. It increases protein adducts of
MDA, hydroxyethyl radical, and
hydroxynonenal. These lead to the alteration of
all biological structures, which in turn causes
severe tissue and cell dysfunction (37).

Alcohol causes hyperacetylation of proteins
found in mitochondria in the kidney, which may
disrupt the activity of certain mitochondrial proteins
associated with alcohol metabolism or safeguard
from oxidative stress (such as glutathione
peroxidase, aldehyde dehydrogenase 2, and SOD 2)
(7,11). Ethanol is metabolized in the kidney by renal
CYP2E1, alcohol dehydrogenase, and
CYP24A1, which produces ROS in the kidney
(16,38). MDA is one of the markers for
evaluating oxidative stress and is generated due
to lipid peroxidation induced by free radicals
(39). The T-SH is another indicator of oxidative
stress, and its diminishment in the evaluation of
the antioxidant system is one of the significant
signs of oxidative stress (29).
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Research indicated that ethanol intake may
raise the expression of other possible free
radical sources in the kidneys, including a
group of enzymes known as NO synthase
(NOS), promoting the synthesis of NO (40).
When NO is produced in excess, it can combine
with other molecules and form free radicals,
causing renal tissue damage. Ethanol use also
boosted endothelial NOS (eNOS) and inducible
NOS (iNOS) (40). It is still unknown, though,
how precisely ethanol increases NOSs and
whether it does so directly or indirectly. Given
ethanol's effects on the digestive system, it is
possible that toxins produced from the
intestines into the bloodstream trigger the
production of NOSs. Oxidation or the absence
of  essential coenzymes (such as
tetrahydrobiopterin) may cause both enzymes
to uncouple, according to another idea.
Uncoupling eventually results in the production
of harmful ROS, such as superoxide anion,
rather than of the vasorelaxant NO that keeps
the kidney blood flow regular (7). Excessive
levels of ROS can lead to the production of free
radicals, which can harm kidney tissue.
Furthermore, the impact of AUD on the liver,
heart, intestines, and skeletal muscle might set
off harmful pathological processes that harm
the kidneys (41,42).

The results of this study showed that ethanol
administration induced oxidative kidney injury
as verified by a major increase in MDA and
nitrite, as well as a diminishment in T-SH levels
in the renal tissues of ethanol-administered rats
compared to the control group. The results were
in concordance with previous studies (40,43-
46). Also, the results demonstrated that
pretreatment with SPB extract diminished
nitrite and MDA levels and increased T-SH
levels in kidney homogenate tissues compared
to the EtOH group, which were consistent with
previous studies (27,29). The antioxidant
properties of SPB have been proven in earlier
studies (29,47,48).

Cells are protected against damage caused
by free radicals in physiological conditions due
to having enzymatic and non-enzymatic
antioxidant mechanisms (27). SOD and CAT
enzymes are a very significant part of the
enzyme antioxidant system in the cell, which
play a vital role in eradicating free radicals.
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These antioxidant enzymes work together to
vanquish ROS (49). High levels of free radicals
reduce cellular antioxidant capacity and disrupt
the balance between antioxidants and oxidants.
In such a situation, the cell is prone to damage
(50,51). The present results exhibited a
considerable decrease in enzyme SOD activity
in the EtOH group compared to the control
group. This reduction indicated the defeat of the
SOD pathway against oxidative stress. The SOD
activity in alcohol-induced hepato-nephrotoxicity in
rats was meaningfully reduced in comparison to the
control group (17). Post-unilateral nephrectomy
administration of alcohol caused significantly
decreased SOD and CAT (43). The findings of this
study showed that SPB extract pretreatment
significantly increased SOD activity in comparison
to the EtOH group, which could indicate the
improvement of the cell antioxidant system. Rabani
etal. reported that the hydroalcoholic extract of SPB
increased tissue SOD levels in acetaminophen-
induced nephrotoxicity (52). Also, the results of
this study exhibited that the level of CAT
activity in the EtOH group was notably elevated
in comparison to the control group. The finding
was consistent with studies that have shown
that ethanol increased renal CAT activity levels
(6,43). The relative contribution of antioxidant
enzymes in hydrogen peroxide elimination was
determined by tissue characteristics. In kidney
tissue, CAT 1is the most involved in the
decomposition of hydrogen peroxide. An
increase in CAT activity in kidney tissue could
indicate an increase in renal ethanol tolerance.
SPB extract pretreatment led to a significant
reduction in renal CAT activity level compared
to the EtOH group.

TNF-a, a proinflammatory cytokine, is
mostly produced by immune cells like
macrophages and can induce inflammatory
mediators such as eicosanoids, IL-1, and
platelet-activating factors (53). TNF-a is either
free in plasma or connected to TNF receptors 1
and 2 in circulation. TNF-a and its receptors are
expressed in leukocytes, tubular cells, and
glomerular cells during kidney inflammation
(54). It has been shown that ethanol
consumption causes kidney inflammation and
the gathering of inflammatory cells in the renal
tissue apoptosis (14). The levels of TNF-a and
nuclear factor-kB showed a significant increase



in male Wistar rats treated with ethanol for 6
weeks (54). The current experiment measured
IL-6 and TNF-a levels to evaluate the
inflammatory status. The findings showed that
IL-6 and TNF-a levels in the EtOH group were
significantly higher compared to those in the
control animals. Also, the results exhibited that
pretreatment with SPB extract decreased TNF-
a and IL-6 levels in comparison to the EtOH
group. Ethanol (20%, v/v) consumption
increased IL-6 and TNF-o levels in the
C57BL/6J mouse model of sub-lethal sepsis
(36). In addition, this study measured TNF-a
gene expression in kidney tissue to evaluate the
inflammatory state of the kidney. The results
exhibited that the content of TNF-o gene
expression in the renal tissue of the EtOH group
was significantly higher compared to the
control animals. A prior study has reported the
anti-inflammatory impacts of the SPB (19). In
the current study, the oral administration of
SPB extract significantly decreased TNF-a
gene expression levels in renal tissue compared
to the EtOH group.

CONCLUSION

Briefly, the findings showed that ethanol
administration led to a reduction in renal function,
an increase in tissue oxidative stress, and an
elevation in cytokines involved in the
inflammation  process. However, SPB
pretreatment caused nephroprotective, antioxidant,
and anti-inflammatory effects against EtOH-
induced nephrotoxicity.
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