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Abstract

Background and purpose: Stachys pilifera is used in traditional medicine due to its antioxidant, anti-
inflammatory, and antimicrobial effects. The goal of this study was to examine the renoprotective activity of
the hydroalcoholic extract of aerial parts of S. pilifera on paracetamol (PCM)-induced nephrotoxicity.
Experimental approach: The Wistar female rats were randomly divided into four groups including control,
PCM, S. pilifera hydroalcoholic extract (SPE), and PCM + SPE. The animals received SPE (500 mg/kg) for
one week and PCM (3 g/kg) on the 6™ day orally. Kidney function tests and oxidant/antioxidant markers were
determined in serum and tissue homogenate, respectively. Protein and mRNA levels of TNF-a, as well as
hematoxylin and eosin staining, were assessed in the Kidney tissue.

Findings/Results: Treatment with SPE in the PCM group significantly decreased blood urea nitrogen and
creatinine against the merely PCM rats (P < 0.05). The amount of nitric oxide metabolite and superoxide
dismutase activity in the group receiving SPE showed a significant increase compared to PCM rats (P < 0.05).
A significant difference in TNF-a levels between the groups was not observed. Histological changes were
improved in the rats treated with SPE.

Conclusion and implications: Totally, our findings showed that SPE can inhibit PCM nephrotoxicity by
enhancing kidney function markers, antioxidant status, and histological changes. Though, more researches are
required to estimate the possible mechanism of SPE.
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INTRODUCTION kidneys, and intestines are the most important
organs involved in PCM metabolism (5).
Following a therapeutic dose, PCM is
inactivated mainly by conjugation with
glucuronide and sulfate, and a small amount of
it is oxidized to the N-acetyl-p-benzoquinone-

imine (NAPQI) metabolite. This reactive

The kidneys are dynamic organs that
are exposed to toxic damage due to their
unique  biochemical and  physiological
properties (1). Paracetamol (PCM, N-acetyl-
para-aminophenol) or acetaminophen is a drug

used as a painkiller and to control fever. It is
safe in common doses, but overdose can induce
hepatotoxicity and lead to nephrotoxicity if it
progresses (2). However, acute kidney damage
can also occur in the absence of liver damage
and lead to death in humans and animals (3).
Renal impairment is seen in 1 to 2% of patients
receiving high-dose of PCM (4). The liver,
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metabolite is detoxified through glutathione
(GSH), but in case of an overdose of PCM, the
amount of NAPQI increases and causes
depletion of GSH stores, oxidative stress, and
eventually hepatorenal injury (6).

Access this article online

Website: http://rps.mui.ac.ir

DOI: 10.4103/1735-5362.327510




Rabani et al. / RPS 2021; 16(6): 643-650

In addition, PCM is converted to the
nephrotoxic metabolite para-aminophenol by
deacetylation in the kidneys, which causes
necrosis of the renal cortex (4). Because
oxidative stress is involved in the progress of
kidney-liver damage caused by PCM, the use of
natural compounds with antioxidant properties
has been considered (5). Today, the renal
protection effects of medicinal plants on
PCM-induced nephrotoxicity have been
proven (3).

The genus Stachys contains 300 species,
which is one of the largest members of the
Lamiaceae family and is distributed in tropical
and subtropical regions (7). Thirty-four species
of this genus are known in different regions of
Iran, one of which is Stachys pilifera. Benth (8).
In traditional medicine, several species of
Stachys have been used as antinephritis,
antidiarrnea, wound disinfectant, and anti-
inflammation (9). In addition, the antibacterial,
antioxidant, and cytotoxic properties of some
species of Stachys have been proven (7).
Flavonoids, iridoids, diterpenoids, and phenolic
acids are secondary metabolites of various
species of this genus (10). Also in our previous
study, the antioxidant and hepatoprotective
activity of the hydroalcoholic extract of this
plant were observed in PCM-induced liver
damage (11). The purpose of the current study
was to evaluate the protective impact of Stachys
pilifera hydroalcoholic extract (SPE) on PCM-
induced nephrotoxicity in female rats.

MATERIAL AND METHODS

Preparation of the S. pilifera extract

S. pilifera plant was gathered in Yasuj, Iran,
and identified by Dr. Jafari, from the
Department of Botany, Yasuj University.
A proof specimen (Voucher No. 1897) was
deposited in the herbarium of the Department
of Botany, Yasuj University, Kohgilouyeh, and
Boyerahmad province, Yasuj, Iran. The dried
aerial parts of S. pilifera were kept for 48 h at
25 °C in 70% ethanol. Then, the extract was
filtered and the remnant was re-extracted with
fresh ethanol (50%) for 24 h. The extract
solution was concerted under condensed
pressure at approximately 50 °C. The extraction
yield of solid SPE was 20%.
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Animals

This study used Wistar female rats that were
approximately 200-250 g (adults, 8-week old).
The rats were acquired from Shahrekord
University of Medical Sciences, Shahrekord,
Iran. The animals were maintained in a room
under a controlled temperature (24 + 2 °C) and
were maintained in a 12/12-h light/dark cycle
with free access to a normal diet and water to
fed and drink ad libitum. All procedures used in
the current study were carried out based on the
“Principles of Laboratory Animal Care”
(NIH Publication No. 86-23) and approved by
the Ethics Committee of Yasuj University of
Medical Sciences, Yasuj, Iran (Ethical code:
IR.YUMS.REC.1398.012). All efforts were
made to reduce animals from suffering and
minimize the number of animals used in the
study.

Experimental protocol

Twenty-four rats were randomly divided
into four groups as follows: group |
(the control): orally distilled water (vehicle) for
one week; group Il (PCM group): orally
distilled water for one week and on the 6™ day
PCM (3 g/kg) (12,13); group Il (SPE): orally
ethanolic SPE (500 mg/kg) (8) for one week;
and group IV (PCM + SPE): orally SPE
(500 mg/kg) for one week and PCM (3 g/kg) on
the 6" day. PCM was provided from Sigma
Chemical Co (St Louis, MO, USA).

Specimen collection and biochemical assays
Twenty-four h after the administration of
PCM, blood specimens were gathered from the
cardiac puncture under ethyl ether anesthesia.
They were centrifuged at 3500 g for 10 min and
the serum was obtained for the assessment of
biochemical parameters. After killing the rats,
both kidneys were removed, washed entirely
with ice-cold saline. One of them was kept in
10% formalin solution for histopathological
analysis and the other was homogenized
(10%, w/v) in phosphate-buffered saline (PBS;
10 mmol/l, pH 7.4) for biochemical analyses.
Kidney homogenates were centrifuged at
10000 g for 5 min at 4 °C to determine nitric
oxide (NO) metabolite, ferric reducing
antioxidant power (FRAP), total thiols (T-SH),
tumor necrosis factor alpha (TNF-o), and



antioxidant enzymes including GSH peroxidase
(GPX), catalase (CAT), and superoxide
dismutase (SOD).

Serum levels of urea and creatinine were
evaluated using commercial kits (Pars Azmoon,
Iran). The T-SH content was determined using
the spectrophotometric method (14). Benzie
and Strain procedure was applied to measure
FRAP (14). Tissue NO metabolite (nitrite) was
measured as indices of NO production
according to the Griess reaction (15). Renal tissue
homogenate was examined for the protein level of
TNF-0. according to the manufacturer's
guidelines (ELISA kit, Kermania pars Gene,
Kerman, Iran). For the determination of
antioxidant enzymes activity (SOD, CAT, and
GPX) in tissue homogenate, a routine Kit
(Zell Bio GmbH, Ulm, Germany) was used
based on the manufacturer's procedure.

To explore mMRNA TNF-a, the total RNA
was extracted from kidney homogenate (RNX
Plus kit, Sinaclon, Tehran, Iran) in line with the
manufacturer’s guidelines. First-strand
complementary DNA (cDNA) was synthesized
(cDNA Synthesis kit, Sinaclon, Tehran, Iran),
and real-time polymerase chain reaction (RT-
PCR) was done (Rotor Gene 3000 instrument,
Bio-Rad, USA). The specific primer sequences
were as follows: TNF-a and GAPDH (Table 1).
PCR program was including the denaturation
stage (95 °C for 15 S), annealing stage
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(62 °C for 30 S), and elongation stage (72 °C
for 30 S) in 40 cycles. The relative mMRNA
expression was calculated by the 224t formula.

Histological assessment

For light microscopic evaluation, kidney
tissue portions were sectioned, fixed (in 10%
formalin), dehydrated, and embedded. These
samples were sliced into 5-mm thick segments,
stained with hematoxylin & eosin, and
observed under a light microscope by a
pathologist who was blinded to the groups.

Statistical analysis

SPSS version 18 software was used to
analyze the data. ANOVA followed by Tukey’s
tests were utilized to detect differences between
groups. The values were reported as
mean = SEM. P values < 0.05 were considered
as a statistically noteworthy variation.

RESULTS

Biochemical markers

The results of this study demonstrated that
serum urea and creatinine levels in the PCM
group were considerably increased in
comparison to the healthy rats. Treatment of
PCM group with 500 mg/kg of SPE markedly
decreased urea and creatinine levels compared
to the merely PCM rats (Fig. 1A and B).

Table 1. The sequences of the primers for TNF-a. and GAPDH.

Forward (5' to 3%)

Reverse (5° to 3')

TNF-a
GAPDH

TGAGCACAGAAAGCATGATC
AGTTCAACGGCACAGTCAAGG

CATCTGCTGGTACCACCAGTT
AGACTCCACGACATACTCAGC

2004

Urea (mg/dL)

1004

SPE

Control PCM PCM + SPE

Creatimine (mg/dL)

PCM SPE PCM + SPE

Control

Fig. 1. Impact of SPE (500 mg/kg) on (A) serum urea and creatinine (B) amounts in nephrotoxicity caused by PCM. Data
are expressed as mean + SEM. *P <0.05, **P <0.01, and ***P < 0.001 indicate significant differences compared to the
control group; *P < 0.05, #P < 0.01, and #*P < 0.001 against the PCM group. PCM, Paracetamol, SPE, Stachys pilifera

ethanolic extract.
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TNF-a level

The renal tissue levels and mRNA
expression of TNF-a slightly increased in the
merely PCM rats against the control group but
were not significant. Administration of SPE had
no significant change on protein and mRNA
levels of TNF-a in comparison to the
PCM-treated animals (Fig. 2).

Oxidative stress parameters

As shown in Fig. 3, PCM-induced rats
demonstrated a remarkable increment in
FRAP level and a marked reduction in T-SH
level in comparison to the control rats.
In the PCM + SPE rats, FRAP and NO
metabolite  amounts  were  significantly
increased, although, administration of SPE
insignificantly increased T-SH content in
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40

TNF (pg/mL)

Control PCM

SPE PCM + SPE

contrast to the PCM group.

Antioxidant enzymes evaluation

PCM significantly increased CAT activity in
comparison to the control rats. Moreover, SOD
activity was significantly augmented in the
PCM + SPE group in contrast to PCM rats.
However, the use of SPE had no considerable
effect on the CAT and GPX enzymes activity.

(Fig. 4).

Histological observation of kidney

Histological examination of renal tissue
demonstrated that PCM causes cell necrosis and
inflammation in renal glomeruli. White blood
cells granulation was shown in the PCM rats.
However, it was observed that the SPE could
decrease these injuries (Fig. 5).

Relative expression of TNF-c.

Control PCM SPE PCM+SPE

Fig. 2. The impact of SPE (500 mg/kg) on (A) the protein and (B) mRNA expression of TNF-a in nephrotoxicity caused
by PCM. Data are expressed as mean = SEM. PCM, Paracetamol; SPE, Stachys pilifera ethanolic extract; TNF, tumor

necrosis factor alpha.

2500+
20004
15004

10004

T-SH (pumol/g tissue)

5004

0-

PCM

SPE PCM + SPE

NO metabolites (umol/g tissue)

SPE PCM+ SPE

Fig. 3. The effect of SPE (500 mg/kg) on oxidative stress parameters; (A) FRAP, (B) T-SH, (C) NO metabolite in
nephrotoxicity caused by PCM. Data are expressed as mean + SEM. *P < 0.05 indicates significant differences compared
to the control group; #P < 0.05 against the PCM group. PCM, Paracetamol, SPE, Stachys pilifera ethanolic extract; FRAP,
ferric reducing antioxidant power; T-SH, total thiols; NO, nitric oxide.
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3001

I

2004

1004

GPX activity (U/mL)

0-

PCM

SPE  PCM+ SPE Control SPE PCM + SPE

Fig. 4. The impact of SPE (500 mg/kg) on the activity of the antioxidant enzymes of (A) CAT, (B) SOD, and (C) GPX
in nephrotoxicity caused by PCM. Data are expressed as mean + SEM. *P < 0.05 indicates significant differences
compared to the control group; *P < 0.05 against the PCM group. PCM, Paracetamol, SPE, Stachys pilifera ethanolic
extract; CAT, catalase; SOD, superoxide dismutase; GPX, glutathione peroxidase.
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L

Fig. 5. Histological examination of kidney tissues. (A) Control group; (B) paracetamol; (C); Stachys pilifera ethanolic
extract; and (D) Stachys pilifera ethanolic extract + paracetamol.

DISCUSSION

PCM is one of the most effective analgesics
and antipyretics belonging to the class of para-
aminophenol and nonsteroidal anti-
inflammatory drugs (16). Although safe in
therapeutic doses, overdose is the leading cause
of liver damage among all drug toxicities (17).
PCM-induced renal toxicity is mainly
manifested after liver injury, but renal
impairment in the absence of liver damage can
also occur (1). Studies have shown that PCM-
induced renal toxicity leads to acute kidney
injury and death in experimental animals (18).
Previous studies have demonstrated the renal-
protection effects of medicinal plants on
PCM-induced nephrotoxicity. In most of these
studies, a dose of PCM in the range of 400 to
2000 mg/kg was used orally or intraperitoneally
(3,19). Since plants belonging to the genus
Stachys contain compounds such as flavonoids
and phenolic acids, they can have an
antioxidant role (9,10). Phenolic groups react
with reactive oxygen species (ROS) as
hydrogen donors and neutralize them (20).

647

Therefore, this study was performed to evaluate
the impact of SPE on renal injury caused by
PCM in rats.

Damage caused by drugs such as PCM in the
kidney is characterized by tubular necrosis
followed by crystalline nephropathy, uremia,
glomerular hemodynamics, and inflammation
(21). Increased serum levels of urea and
creatinine are important diagnostic indicators
for renal dysfunction because, in kidney
damage, the rate of production of these
substances increases relative to the rate of their
clearance (22). The findings of the current study
indicated  that  following the PCM
administration (3 g/kg), serum urea and
creatinine amounts increased significantly in
comparison to the control group, which could
indicate kidney tissue damage. These results
were consistent with the findings of our
previous study (13). Similar results were
obtained in the previous studies by ingestion of
2 g/kg PCM (23). We observed that urea and
creatinine levels were remarkably reduced in
the group receiving SPE at a dose of 500 mg/kg.
In accordance with the finding of the present
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study, Sadeghi et al. showed that ethanolic
extract of SPE at a dose of 500 mg/kg reduced
urea and creatinine in cisplatin-induced renal
damage (8). Therefore, it can be said that SPE
is effective in preventing the progression of
PCM-induced kidney damage.

As mentioned, the oxidative stress following
the use of PCM can lead to severe kidney
damage (3). Oxidative stress manifests itself as
an imbalance between the production of
oxidants, including ROS, and antioxidant
compounds, leading to oxidative damage to
proteins, lipids, nucleic acids, and ultimately
destruction of tissue integrity (24). In our body,
the antioxidant defense system traps ROS to
inhibit oxidative stress (25). Among various
antioxidant markers, SOD and CAT act as the
chief enzymes in the elimination of ROS (25).
In the present study, according to our previous
investigation, consumption of PCM increased
CAT enzyme activity (13). Although this
change may be unexpected based on other
studies (17,18), one study suggested that an
increase in CAT could be due to the
overproduction of free radicals (26). Thus, an
augmentation in CAT in the present study is
probably a compensatory response to an
increase in free radical production after PCM.
The use of SPE had no effect on CAT activity,
although it significantly increased SOD
activity. SOD is the main enzyme in reducing
free radicals, including superoxide anions (11).
Intracellular oxidative stress begins with the
formation of superoxide, which is converted to
oxygen and hydrogen peroxide by cytosolic or
mitochondrial SOD (27). Semnani et al.
showed that some Stachys species have
antioxidant activity due to the reduction of
superoxide anions (28). In a study performed by
Sadeghi et al. it was observed that SPE with its
scavenging properties has an antioxidant role
against cisplatin-induced nephrotoxicity (8).
Therefore, in the present study, increasing SOD
activity in the SPE group may play a protective
role against PCM-induced renal impairment
through free radical scavenging activity and
removal of superoxide anions.

T-SH groups of proteins are sensitive
oxidative markers that are involved in the
antioxidant defense system. T-SH contains
protein thiol groups and GSH (29). Consistent
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with our previous study (13), in this work, it
was observed that in rats treated with PCM, T-
SH levels were significantly reduced, which
could be due to GSH depletion by NAPQI.
Similar to our previous study (8,11) T-SH level
enlarged in the SPE group in contrast to the
PCM group. The FRAP method is a sensitive
test for measuring the antioxidant power of
biological fluids (30). In this study, it was
observed that FRAP levels increased in both
PCM and SPE-treated groups. Nitric oxide as
an endogenous vasodilator is involved in the
physiology and normal blood flow of the
kidney and has been shown to reduce kidney
damage in renal disease (31). In the present
study, the amount of NO metabolite was
slightly decreased in the PCM rats in contrast to
the control group. Nagappan et al. observed that
NO was reduced in indomethacin-induced renal
injury via inhibiting NO synthase enzyme
activity (32). Meng et al. showed that a
decrease in NO in rats with urinary
tract obstruction promotes the development
of fibrosis in the renal tubules. However,
they observed that consumption of
Astragalus membranaceus and Angelica
sinensis was able to increase NO levels by
scavenging ROS and keeping NO (33).
Therefore, in this study, it was suggested that
the increase in NO metabolite following the
injection of SPE is due to the trapping of free
radicals by this plant.

Inflammation has been shown to be involved
in the pathogenesis of PCM-induced renal
damage (34). The nuclear factor kappa-B (NF-
kB) is a transcription factor that regulates
immune responses and inflammatory diseases
in many tissues (35). The NF-kB pathway,
which is involved in the activation of
proinflammatory cytokines such as
interleukine-6, TNF-a, and interleukine-1p, is
activated following oxidative stress and
stimulates transcription of these cytokines (6).
In this work, TNF-a levels were measured to
evaluate the inflammatory process in the
kidney. It was observed that PCM consumption
insignificantly increased TNF-a. In agreement
with this study, Ozatik et al observed an
increase  in TNF-o in  PCM-induced
nephrotoxicity (4). We observed that SP extract
had no significant effect on TNF-a levels.



CONCLUSION

Briefly, in this study, it was observed that the
toxic dose of PCM can induce kidney damage.
It has been speculated that the SPE may inhibit
the development of nephrotoxicity due to its
antioxidant properties as well as the
improvement of biochemical and histological
parameters. Nevertheless, more studies are
needed in the future to show the exact
mechanism of the impact of SPE on renal injury
caused by PCM.
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