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Abstract

Background: Excessive and prolonged use of nonsteroidal anti-inflammatory drugs (NSAIDs) can cause hepatotoxicity.
However, prevention and treatment of this complication remain challenging.

Objectives: This study investigated the potential of the hydroalcoholic extract of Dracocephalum kotschyi (HEDK) in inhibiting
diclofenac (DIC)-induced hepatotoxicity in rats.

Methods: Forty-two male Wistar rats were divided into six groups: Control group, DIC group, DIC+HEDK group in three
different doses, and DIC+silymarin (SLY) group. The rats were treated for 7 days. Then, by inducing anesthesia, collecting blood
from the heart, and isolating the liver, the effects of HEDK were evaluated by measuring the liver enzymes, antioxidant enzymes
(using the calorimetric method), and inflammatory factors (using the RT-PCR method). Histopathological changes of the liver
were also studied.

Results: The DIC significantly increased the levels of enzymes in the liver, such as ALT, AST, and ALP, lipid oxidation product,
malondialdehyde (MDA), and cytokines, interleukin 1 beta (IL-1B), tumor necrosis factor o (TNF-a), NOD-like receptor protein 3
(NLRP3), and high-mobility group box 1 (HMGBI). It also decreased the levels of oxidative stress factors, superoxide dismutase
(SOD), catalase (CAT), and glutathione peroxidase (GPx). Treatment with HEDK improved the liver’s biochemical parameters and
significantly reduced the inflammatory cytokines. With the reduction of MDA, antioxidant enzymes also increased. The liver’s
histological study showed the ameliorating effects of HEDK.

Conclusions: The HEDK provided significant protection against DIC-induced toxicity due to its antioxidant effects and
inhibition of inflammatory factors.

Keywords: Dracocephalum  kotschyi, Diclofenac, Oxidative Stress, Tumor Necrosis Factor-alpha, Interleukin-1 Beta, HMGBI
Protein, NLR Proteins
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1. Background induced liver injury (IDILI) (5). The production of

Nonsteroidal anti-inflammatory drugs (NSAIDs) are
used to reduce inflammation, pain, and fever. These
drugs usually have few side effects at therapeutic doses,
but administering high doses can cause toxic effects on
the liver, kidneys, and stomach (1-3). Diclofenac (DIC), a
drug in this class, is used to control mild to moderate
pain and treat some inflammatory diseases (4).
Repeated use of DIC has been shown to result in drug-

quinone metabolites following the oxidative
metabolism of DIC in the liver leads to the induction of
oxidative stress and apoptosis in human and mouse
hepatocytes in vitro (6). These effects are associated with
mitochondrial dysfunction and tumor necrosis factor a
(TNF-a)-induced inhibition of nuclear factor kappa B
(NF-kB) (5). Immune reactions and hypersensitivity also
play an important role in DIC-induced liver injury (6).
Previous studies have shown that after the induction of
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liver injury by the use of DIC, some proinflammatory
cytokines, such as interleukin 1 beta (IL-1B), TNF-a, and
immune factors, are released into the blood (5).
Therefore, the protection of the liver against DIC-
induced toxicity seems essential. This protection can be
achieved through the use of medicinal plant extracts, as
their ability in liver disorder treatments has been
demonstrated in the ever-expanding research that is
being conducted.

Silymarin (SLY), a polyphenolic flavonoid extracted
from Silybum marianum, is a type of medicinal plant
extract that has been used in the treatment of some liver
disorders, such as cirrhosis and chronic hepatitis, as
well as hepatotoxicity caused by chemicals. The SLY has
antioxidant and anti-inflammatory properties (7, 8), and
in the present study, SLY was used as a standard drug.
Dracocephalum kotschyi, a medicinal plant used in this
study, is a member of the Lamiaceae family and contains
compounds such as citral, limonene, luteolin, terpineol,
apigenin, and other flavonoids. It is used in traditional
medicine to treat some gastrointestinal and renal
problems. Luteolin has anti-inflammatory, antioxidant,
and antitumor properties and can be used to prevent
cancer and some inflammatory disorders (9). The
hydroalcoholic extract of Dracocephalum kotschyi (HEDK)
inhibits the secretion of TNF-a and IL1f from
macrophages, indicating its capacity to reduce immune
and inflammatory responses (10). In another study,
HEDK was investigated in surgically induced intra-
abdominal adhesions in rats, and its anti-inflammatory
effect was observed (11). The apigenin extracted from D.
kotschyi reduced the inflammation of acetic acid-
induced colitis in mice (12).

2. Objectives

Given the widespread use of anti-inflammatory
drugs and the possibility of their liver side effects, along
with limited treatment options available, the present
study aimed to investigate the anti-inflammatory effects
of HEDK on DIC-induced hepatotoxicity in rats.

3.Methods

3.1. Drugs and Chemicals

The DIC was purchased from Caspian Tamin (Iran),
and SLY was purchased from Jahan Shimi (Iran).

3.2. Preparation of Hydroalcoholic Extract of Dracocephalum
kotschyi

The aerial part of D. kotschyi was collected from its
natural habitat in Chaharmahal and Bakhtiari province
and confirmed with Herbarium No. 654-D at the
Medicinal Plants Research Center of Shahrekord Azad
University. The extraction was performed by the vacuum
distillation method after soaking 500 grams of the
dried plant in 75% ethanol, and the resulting extract was
stored in the dark at 5°C until the moment of use.

3.3. Phytochemical Studies of Dracocephalum kotschyi

The total phenolic and flavonoid contents (13, 14) of

the extract were evaluated by the diphenyl--
picrylhydrazyl (DPPH) assay (15), and its antioxidant
properties were assessed by the iron-reducing

antioxidant power (FRAP) assay (16) in a previous study

(11).

3.4. Animals

Forty-two healthy male Wistar rats (Rattus norvegicus),
weighing 180 * 25 g, were obtained from the animal
house of the Faculty of Veterinary Medicine, Shahrekord
Azad University. The animals were maintained for one
week at 22 - 25°C, with a 12-hour light/dark cycle, and had
free access to tap water, along with a standard diet, to
get acclimated to the laboratory environment. Female
rats were not used due to the possible effects of sex
hormones and the estrous cycle on liver function during
the experimental period.

3.5. Experimental Design

The rats were randomly divided into six groups.
Group 1received 1 mL of distilled water intraperitoneally
(IP) as the control. Group 2 received DIC (50 mg/kg IP).
Groups 3, 4, and 5 received DIC (50 mg/kg IP), followed
one hour later by the administration of HEDK (40, 80,
and 120 mg/kg by gavage) (DIC + HEDK40, 80, 120).
Group 6 received DIC (50 mg/kg IP), followed one hour
later by the administration of SLY (100 mg/kg by gavage)
(DIC + SLY). The amount of extract was chosen according
to other studies on D. kotschyi (11, 17, 18). To look for
possible side effects of HEDK, a preliminary test was
conducted on rats receiving a similar dose of HEDK, and
no mortality or clinically significant toxicity was
observed. Treatments were performed for 7 days. Twelve
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hours after the administration of the last dose, the rats
were anesthetized with a standard dose of ketamine +
xylazine. After blood collection from the heart, the liver
was removed for histopathological studies,
determination of oxidative stress factors, and
examination of gene expression, IL-1f3, TNF-a, NOD-like
receptor protein 3 (NLRP3), and high-mobility group box
1(HMGBI1) by RT-qPCR. The blood was then centrifuged at
2000 rpm for 10 minutes to obtain the serum for
biochemical analysis.

3.6. Biochemical Analysis

The activity of the liver enzymes such as ALT, AST, and
ALP was measured using the Pars Azmoun diagnostic
kits (Pars Azmoun Company, Tehran, Iran) and an
autoanalyzer (BT 3000, Biotecnica, Cergy Pontoise
Cedex, France).

3.7. Assessment of Superoxide Dismutase, Catalase,
Glutathione Peroxidase, and Malondialdehyde in the Liver
The assessment of antioxidant enzyme activities such
as superoxide dismutase (SOD), catalase (CAT),
glutathione peroxidase (GPx), and malondialdehyde
(MDA) was carried out using kits from Kiazyst Company
(Iran). First, a small portion of the liver was
homogenized in phosphate-buffered saline (PBS), and
then the amount of oxidative stress factors was
measured colorimetrically according to the kit protocol.

3.8. Determination of Interleukin 1 Beta, Tumor Necrosis
Factor a, High-mobility Group Box 1, and NOD-like Receptor
Protein 3 Gene Expression

Real-time PCR was used to assess the gene expression
of proinflammatory factors IL-1B, TNF-a, HMGB1, and
NLRP3 in the liver. Total RNA was synthesized using a
commercial BIOZOL kit (Bioer, China). The quality of
each sample was assessed using a Nanodrop 2000
spectrophotometer  (Thermo  Fisher  Scientific,
Wilmington, DE). The amount of cDNA was determined

using a Prime Script” kit (Takara Bio Inc., Japan). The RT-

gPCR was performed using SYBR® Green PCR Master Mix
(Qiagen, Germany) and specific primers (Table 1). The
primers were purchased from Eurogentec (Seraing,
Belgium). The glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) gene was used as a
housekeeping gene.
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3.9. Liver Histological Evaluation

A section of the liver was washed with normal saline
and stored in 10% formalin. After sectioning and
fixation, hematoxylin and eosin (H&E) staining was
performed, were

observed.

and histopathological changes

3.10. Statistical Analysis

All data were presented as mean + standard deviation
(SD) and were subjected to one-way analysis of variance
(ANOVA) followed by Tukey's post-hoc test using SPSS
software version 26.0. A P-value of less than 0.05 was

considered statistically significant. The 288CT method

was used to analyze the gene expression of IL-1f, TNF-q,
NLRP3, and HMGBI.

4. Results

4.1. The Analysis of Hydroalcoholic Extract of Dracocephalum
kotschyi

The phenolic and flavonoid content, as well as the
antioxidant activity of HEDK, have been previously
determined in a study conducted by Rezvan and
Saghaei. As evident in Table 2, the results of the said
study showed that HEDK not only had significant DPPH
radical scavenging activity compared to BHT, but it also
contained phenols and flavonoids. It also had a
significant antioxidant capacity, which was confirmed
by the FRAP method (11). Flavonoids are responsible for
the antioxidant properties of D. kotschyi extract and play
an important role in its biological effects. The
antioxidant and anti-inflammatory effects of aqueous
and alcoholic extracts of D. kotschyi and its isolated
compounds, such as luteolin and apigenin, have been
previously demonstrated (9).

4.2. The Effects of Diclofenac and Hydroalcoholic Extract of
Dracocephalum kotschyi on Serum ALT, AST, and ALP

Compared to the control group, the AST, ALT, and ALP
levels increased significantly after DIC administration.
The HEDK reduced the target enzymes' levels dose-
dependently and showed better results than SLY. The
levels of these enzymes in the HEDK120 and SLY groups
did not have a significant difference in comparison to
the control group (Figure 1).
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Table 1. Sequences of the Primers Used for Real-time PCR

Genes Forward Reverse

IL1B GAAATGCCACCTTTTGACAGTG TGGATGCTCTCATCAGGACAG
TNF-a CTGGCGTGTTCATCCGTTC GGCTCTGAGGAGTAGACGATAA
HMGB1 GCGCTGGCTGGAGAGTAATGT GATTTTGGGGCGGTACTCAGA
NLRP3 GTGGAGATCCTAGGTTTCTCTG CAGGATCTCATTCTCTTGGATC
GAPDH GTATCGGACGCCTGGTTAC CTTGCCGTGGGTAGAGTCAT

Abbreviations: IL-1f, interleukin 1 beta; TNF-a, tumor necrosis factor a; HMGBI, high-mobility group box 1; NLRP3, NOD-like receptor protein 3; GAPDH, glyceraldehyde 3-

phosphate dehydrogenase.

Table 2. Phenol and Total Flavonoid Content, Diphenyl-1-picrylhydrazyl and Iron-Reducing Antioxidant Power Radical Scavenging Activity of Hydroalcoholic Extract of

Dracocephalum kotschyi (1)

Variables Total Phenol Content (Mg Gallic Acid/g Dry Extract) Total Flavonoid Content (Mg Quercetin/g Dry Extract) grap Content (Millimole Fe?*|g Dry Herb)

Extract 217.10 £9.61

BHT

53.01%£3.44 34.69+5.19

1390+ 0.6

Abbreviation: FRAP, iron-reducing antioxidant power.

2 Values are expressed as mean * standard deviation (SD).

4.3. Effects of Diclofenac and Hydroalcoholic Extract of
Dracocephalum kotschyi Superoxide Dismutase, Catalase,
Glutathione Peroxidase, and Malondialdehyde in the Liver

The DIC caused a significant decrease in the activities
of SOD, CAT, and GPx in the liver, along with a significant
increase in the MDA level compared to the control group
(P<0.05). In contrast to the DIC group, the levels of SOD,
CAT, and GPx in the liver were significantly (P < 0.05)
higher after HEDK and SLY administration, whereas the
MDA level in the HEDK and SLY groups had a significant
drop in comparison with the DIC group (P < 0.05; Figure
2).

4.4. Effects of Diclofenac, Hydroalcoholic Extract of
Dracocephalum kotschyi, and Silymarin on the Expression of
Interleukin 1 Beta, Tumor Necrosis Factor a, High-mobility
Group Box 1, and NOD-like Receptor Protein 3 Genes in the
Liver

Figure 3 shows the effects of DIC, HEDK, and SLY on
the expression of IL-1B, TNF-a, HMGB1, and NLRP3 genes.
The expression of IL-1B, TNF-a, HMGB1, and NLRP3 genes
significantly increased after DIC administration

compared to the control group (P < 0.05). In contrast,
the administration of HEDK at different doses reduced

the expression of these inflaimmatory factors. The
HEDK40 reduced the expression of genes encoding IL-1j,
TNF-a, NLRP3, and HMGBI, but its effect on HMGB1 was
not statistically significant. The HEDK80 and HEDK120
both considerably reduced the expression of the above
genes. The results of the treatment with HEDK120 were
similar to those of SLY, as both reduced the expression of
inflammatory genes.

4.5. Histopathological Findings

Figure 4 shows the histopathological results of the
liver of the tested mice. As expected, a normal structure
is observed in the control group (Figure 4A). However, in
the DIC group, necrosis of the liver tissue and the cells
around the central vein was observed, along with the
dilatation of the central vein. These lesions are
indicators of liver toxicity (Figure 4B). A reduction in
liver damage was observed with the administration of
different doses of HEDK. In the HEDK40 group, cell
necrosis and dilatation of the central vein were
observed (Figure 4C), and with HEDK80, mild necrosis of
liver cells and accumulation of edematous cells in the
liver tissue were observed (Figure 4D). The least liver
damage was observed in the HEDKi120 group, which
included a slight increase in sinusoidal space (Figure
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Figure 1. The effects of diclofenac (DIC), hydroalcoholic extract of Dracocephalum kotschyi (HEDK), and silymarin (SLY) on AST, ALT, and ALP in groups [the data are expressed as
the means * standard deviation (SD)]; Based on Tukey’s HSD test, groups sharing at least one common letter are not significantly different from each other (P < 0.05).

4E). The SLY caused a decrease in inflammatory cell
infiltration compared to the DIC group (Figure 4F).

5. Discussion

Elevated release of certain enzymes such as ALT, AST,
and ALP into the bloodstream is often indicative of
cellular damage to liver tissue (19). Reactive oxygen
species cause liver damage when the body is unable to
cope with oxidative stress (20). This study showed that
DIC at toxic doses can cause hepatotoxicity, which is
associated with increased leakage of ALT, AST, and ALP
enzymes into the serum. Ezihe et al. also reported that
DIC significantly increases the serum's AST and ALT
levels, which is accompanied by severe liver tissue
membrane damage (21). This increase in liver enzymes is
reported even after topical administration of DIC (22).
Various studies have confirmed DIC-induced

Iran ] Pharm Res. 2025; 24(1): €162656

hepatotoxicity and its prevention by some herbal
compounds and natural antioxidants (23-25). GSH, an
antioxidant compound, improved the function of the
liver in rats receiving cyclophosphamide or suffering
from renal ischemia-reperfusion injury, in addition to
restoring the AST and ALP levels (20, 26).

Different doses of HEDK reduced the level of liver
enzymes, with the best effect observed with HEDKi120,
which showed a significant difference from the enzyme
levels in the DIC group and was similar to the control
group. This effect of HEDK is likely related to its
flavonoids and phenolic compounds, which have anti-
inflammatory and antioxidant effects (9). Luteolin is
one of these compounds (27) that protects the liver from
acetaminophen and alcohol-induced hepatotoxicity by
reducing the liver enzymes' levels (28, 29). In addition,
HEDK reduced the liver’s enzyme levels in male diabetic
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Figure 2. The effects of diclofenac (DIC), hydroalcoholic extract of Dracocephalum kotschyi (HEDK), and silymarin (SLY) on superoxide dismutase (SOD), catalase (CAT), GSH, and
malondialdehyde (MDA) levels in the groups [the data are expressed as the means + standard deviation (SD)]; Based on Tukey’s HSD test, groups sharing at least one common
letter are not significantly different from each other P < 0.05).

rats. This effect was dose-dependent and statistically  antifibrogenic effects, and inhibition of lipid
significant (17). The SLY, being a hepatoprotective peroxidation and proinflammatory factors, in acute
flavonoid (23, 30), exerts its protective effects through  liver injury models (31, 32).

various mechanisms, including antioxidant activities,
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Figure 3. Analysis of liver proinflammatory markers; the effects of diclofenac (DIC), hydroalcoholic extract of Dracocephalum kotschyi (HEDK), and silymarin (SLY) on interleukin 1

beta (IL1B), tumor necrosis factor a (TNF-a), NOD-like receptor protein 3 (NLRP3), and high-mobility group box 1 (HMGB1) gene expression [the data are expressed as the means +
standard deviation (SD)]; Based on Tukey’s HSD test, groups sharing at least one common letter are not significantly different from each other (P < 0.05).

The HEDK and SLY both protected the liver against
DIC-induced injury. The DIC and its metabolites cause
hepatotoxicity through various mechanisms, such as
cytochrome P450 activation, mitochondrial
permeability transition, and ROS production. Balancing
oxidative stress attenuates the liver cell injury induced
by DIC overdose in mice (19). The lipid peroxidation
product (MDA) and antioxidant enzyme activity were

Iran ] Pharm Res. 2025; 24(1): €162656

assessed to understand oxidative stress in liver injury.
Increased ROS leads to excessive MDA production. The
DIC, by affecting mitochondria and oxidative
phosphorylation, and thus the production of ROS,
especially O,, increased the MDA in the liver of rats. The
significant decrease in SOD, CAT, and GPx in the liver
after DIC administration indicated an increase in
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Figure 4. Hematoxylin and eosin (H&E) staining of the liver after different treatments in rats: A, control group with a normal structure; B, diclofenac (DIC) group (black arrow
indicates necrosis); C, DIC + hydroalcoholic extract of Dracocephalum kotschyi40 (HEDK40) (blue arrow indicates central venous dilation); D, DIC + HEDKS80 (yellow arrows
indicate accumulation of edematous cells in the liver tissue and mild hepatocyte necrosis); E, DIC + HEDK120 (slight increase in the sinusoidal space); F, DIC + silymarin (SLY;

with a reduction in inflammatory cell infiltration).

oxidative stress, resulting from the production of free
radicals by DIC, which exacerbates hepatotoxicity
through accumulation. The role of SOD in inhibiting
oxidative stress involves the conversion of superoxide
anions to H,0,, which is then converted to water and
oxygen by GPx and CAT (21).

Administration of HEDK to DIC-exposed rats resulted
in a significant increase in antioxidant enzymes (SOD,
CAT, GPx), indicating the inhibitory effects of HEDK on
oxidative stress. This is attributed to the phenol and
flavonoids present in HEDK, which act as antioxidants.
The improvement in hepatic SOD, CAT, and GPx enzyme
levels with different doses of HEDK + DIC indicates that

HEDK does not have oxidative properties. The inhibitory
effect of HEDK on oxidative stress in acetic acid-induced
colitis in rats (33) and the increase in SOD, CAT, and GPx
levels, along with a decrease in MDA, in a rat model with
intra-abdominal adhesions induced by abdominal
surgery (11) confirm the results of the present study.

The role of HMGBI1 protein in DNA replication and
repair and the regulation of gene transcription is well
known. Since HMGB1 is released by necrotic cells
following tissue necrosis, it is considered a biomarker of
the progression of inflammation and necrosis (34). In
the liver, thermal shock-induced HMGBI activates the
NLRP3 inflammasome, which causes IL-1B release and

Iran ] Pharm Res. 2025;24(1): €162656
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inflammation, ultimately leading to liver injury (35). The
HMGBI1 has even been implicated in acetaminophen-
induced liver injury (36). The NLRP3 inflammasome is
activated in response to a variety of molecular cues,
leading to the enhanced production and secretion of
the proinflammatory cytokines IL-1 and TNF-a.
Dysregulated NLRP3 activity leads to uncontrolled
inflammation, which underlies several diseases such as
gout, type 2 diabetes, atherosclerosis, and IDILI (37) and
has even been identified as a key risk factor in
hepatotoxicity (34). The IL-1B also plays an important
role in cellular inflammation (38). The IL-1f worsens DIC-
induced hepatotoxicity by upregulating immune
responses (39). The TNF-a, produced by mast cells, T-
cells, and macrophages, is a major factor in inducing
inflammation, apoptosis, and hepatic necrosis (24).

In this study, the levels of inflammatory cytokines
such as IL-1B, TNF-a, HMGB1, and NLRP3 were increased in
the DIC group. This finding is consistent with the results
of previous studies that a reduction in inflammation
and liver fibrosis has been observed in mice after
administration of an NLRP3 inflammasome inhibitor
(40). In the study by Lee et al, DIC-induced
hepatotoxicity in mice was accompanied by activation
of immune cells and release of cytokines and
chemokines, and the release of inflammatory mediators
activated the TLR4/NF-kB pathway (5).

In another study, the induction of liver injury by
lipopolysaccharide/DIC in mice showed a significant
increase in the gene expressions of TLR4, NF-kB, IL-6, and
TNF-q, and serum C-reactive protein (CRP) levels (41). In
the present study, the gene expressions of IL-1f, TNF-q,
HMGBI, and NLRP3 were significantly lower in the HEDK
and SLY groups than in the DIC group due to the
capacity of HEDK and SLY to reverse the inflammation
induced by DIC toxicity. Several studies have previously
demonstrated the anti-inflammatory effect of HEDK.
Kalantar et al. examined HEDK about the expression of
inflammatory mediators in activated macrophages. The
results showed that HEDK significantly reduced the
expression of inflammatory mediators such as iNOS, NF-
KB, and cytokines IL-1f and TNF-a, and therefore may
have beneficial effects on inflammatory diseases (42).
This effect has also been confirmed in the inhibition of
surgically induced intra-abdominal adhesion in rats by
reducing the expression of IL-1B and TNF-a genes and the

Iran ] Pharm Res. 2025; 24(1): €162656

inhibition of inflammatory parameters in acetic acid-
induced colitis in mice by HEDK (11, 12).

In this study, SLY treatment significantly
downregulated the expression of IL-1B, TNF-a, HMGBI,
and NLRP3. Previous studies have demonstrated that SLY
suppresses key inflammatory mediators, including NF-
KB, as well as inflammatory metabolites such as
prostaglandin E2 (PGE2). Moreover, SLY exhibits potent
inhibitory effects on leukotriene B4 (LTB4) (43). The role
of SLY in downregulating the expression of TNF-a and IL-
1B genes in drug-induced hepatotoxicity has also been
reported (1, 23, 44, 45). On the other hand, SLY can
ameliorate  cisplatin-induced nephrotoxicity by
reducing the expression of TNF-a and NF-kB genes (46).
These findings are consistent with the results of the
present study. In  histopathological studies,
hepatocellular necrosis, central vein dilation, and
pericentral vein cell necrosis were observed with DIC
administration compared with those in the control
group, indicating hepatotoxicity. This finding was
consistent with prior studies demonstrating DIC-
induced hepatotoxicity in mice (1, 23, 24). Umoh et al.
reported that NSAIDs, especially at high doses, may have
deleterious effects on liver cell structure, which can lead
to liver injury (47). In the groups that received HEDK or
were treated with SLY, improvements in the liver tissue
and a reduction in inflammatory cell infiltration were
observed. This finding is consistent with previous
studies showing that SLY prevents DIC-induced
hepatotoxicity in mice (48, 49).

5.1. Conclusions

The administration of DIC induced hepatotoxicity, as
evidenced by histopathological changes in liver tissue,
elevated liver enzyme levels, upregulation of pro-
inflammatory genes, and oxidative stress. In contrast,
treatment with HEDK demonstrated hepatoprotective
effects, significantly attenuating oxidative stress,
reducing liver enzyme levels, and suppressing pro-
inflammatory gene expression. These findings suggest
that HEDK has promising potential to counteract DIC-
induced liver toxicity.

Footnotes

Authors' Contribution: F. S. and M. K. D. contributed
to the conception and design, drafting of the article,


https://brieflands.com/articles/ijpr-162656

Karimi-Dehkordi M et al.

Brieflands

data analysis, supervision, and final approval of the
manuscript. E. H. S. contributed to the experimental
studies, manuscript preparation, and data analysis.

Conflict of Interests Statement: The authors declare
no conflict of interest.

Data Availability: The dataset presented in the study
is available on request from the corresponding author
during submission or after publication.

Ethical Approval: The ethical approval for the study
was obtained from the Laboratory Animal Ethics

Committee of Islamic Azad University, Iran

(IR.JAU.SHK.REC.1403.039 ).

Funding/Support: The present study received no
funding/support.

References

1. Alabi QK, Akomolafe RO. Kolaviron Diminishes Diclofenac-Induced
Liver and Kidney Toxicity in Wistar Rats Via Suppressing
Inflammatory Events, Upregulating Antioxidant Defenses, and
Improving Hematological Indices. Dose Response.
2020;18(1):1559325819899260. [PubMed ID: 32165871]. [PubMed
Central ID: PMC7054740]. https://doi.org[10.1177/1559325819899256.

2. Besen A, Kose F, Paydas S, Gonlusen G, Inal T, Dogan A, et al. The
effects of the nonsteroidal anti-inflammatory drug diclofenac
sodium on the rat kidney, and alteration by furosemide. Int Urol
Nephrol. 2009;41(4):919-26. [PubMed ID: 19031110].
https://doi.org/10.1007/s11255-008-9496-7.

3. Chandrasekharan NV, Dai H, Roos KL, Evanson NK, Tomsik J, Elton TS,
et al. COX-3, a cyclooxygenase-1 variant inhibited by acetaminophen
and other analgesiclantipyretic drugs: cloning, structure, and
expression. Proc Natl Acad Sci U S A. 2002;99(21):13926-31. [PubMed ID:
12242329). [PubMed Central ID: PMC129799].
https://doi.org/10.1073/pnas.162468699.

4. Maity T, Ahmad A, Pahari N, Ganguli S. Hepatoprotective activity of
Mikania scandens (L.) willd. against diclofenac sodium-induced liver
toxicity in rats. Asian | Pharm Clin Res. 2012;5(2):185-9.

5. Lee EH, Oh JH, Selvaraj S, Park SM, Choi MS, Spanel R, et al.
Immunogenomics reveal molecular circuits of diclofenac induced
liver injury in mice. Oncotarget. 2016;7(12):14983-5017. [PubMed ID:
26934552). [PubMed Central ID: PMC4924767].
https://doi.org/10.18632/oncotarget.7698.

6. Yano A, Higuchi S, Tsuneyama K, Fukami T, Nakajima M, Yokoi T.
Involvement of immune-related factors in diclofenac-induced acute
liver injury in mice. Toxicology. 2012;293(1-3):107-14. [PubMed ID:
22285467]. https://doi.org/10.1016j.tox.2012.01.008.

7. Soto C, Perez ], Garcia V, Uria E, Vadillo M, Raya L. Effect of silymarin
on kidneys of rats suffering from alloxan-induced diabetes mellitus.

Phytomedicine. ~ 2010;17(14):1090-4.  [PubMed ID: 20579862].
https://doi.org/10.1016/j.phymed.2010.04.011.

10

10.

12.

13.

14.

15.

16.

17.

19.

20.

Hamza RZ, Al-Harbi MS. Amelioration of paracetamol hepatotoxicity
and oxidative stress on mice liver with silymarin and Nigella sativa
extract supplements. Asian Pacific | Tropical Biomed. 2015;5(7):521-31.
https://doi.org[10.1016/j.apjtb.2015.03.011.

Heydari P, Yavari M, Adibi P, Asghari G, Ghanadian SM, Dida GO, et al.
Medicinal Properties and Active Constituents of Dracocephalum
kotschyi and Its Significance in Iran: A Systematic Review. Evid Based
Complement Alternat Med. 2019;2019:9465309. [PubMed ID: 31198431].
[PubMed Central ID: PMC6526565].
https://doi.org/10.1155/2019/9465309.

Faham N, Javidnia K, Bahmani M, Amirghofran Z. Calycopterin, an
immunoinhibitory compound from the extract of Dracocephalum
kotschyi. Phytother Res. 2008;22(9):1154-8. [PubMed ID: 18683896].
https://doi.org/10.1002/ptr.2382.

Rezvan M, Saghaei F. Evaluation of the effect of Dracocephalum
kotschyi hydroalcoholic extract in preventing intra-abdominal
adhesions after abdominal surgery in rats based on inflammatory
factors (TNF-a and IL-1B). Comparative Clin Pathol. 2024;33(3):399-4009.
https://doi.org[10.1007/s00580-024-03559-5.

Sadraei H, Asghari G, Khanabadi M, Minaiyan M. Anti-inflammatory
effect of apigenin and hydroalcoholic extract of Dracocephalum
kotschyi on acetic acid-induced colitis in rats. Res Pharm Sci.
2017;12(4):322-9. [PubMed ID: 28855944]. [PubMed Central ID:
PMC5566007). https://doi.org[10.4103/1735-5362.212050.

Hayouni E, Abedrabba M, Bouix M, Hamdi M. The effects of solvents
and extraction method on the phenolic contents and biological
activities in vitro of Tunisian Quercus coccifera L. and Juniperus
phoenicea L. fruit extracts. Food Chemistry. 2007;105(3):1126-34.
https://doi.org[10.1016/j.foodchem.2007.02.010.

Kosalec I, Pepeljnjak S, Bakmaz M, Vladimir-Knezevic S. Flavonoid
analysis and antimicrobial activity of commercially available
propolis products. Acta Pharm. 2005;55(4):423-30. [PubMed ID:
16375832].

Moradi H, Ghavam M, Tavili A. Study of antioxidant activity and some
herbal compounds of Dracocephalum kotschyi Boiss. in different
ages of growth. Biotechnol Rep (Amst). 2020;25. €00408. [PubMed ID:
32140440]. [PubMed Central ID: PMC7044509].
https://doi.org/10.1016/j.btre.2019.e00408.

Then M. Examination on antioxidant activity in the greater celandine
(Chelidonium majus L.) extracts by FRAP method. Acta Biologica
Szegediensis. 2003;47(1-4 ):115-7.

Delaviz H, Eskandari M, Mohammadi N, Mohammadi B, Mohammadi
]. [The Effects of Hydroalcoholic Extract of Dracocephalum Kotschyi
on Biochemical Blood Parameters in Diabetic Male Rats]. J Isfahan
Med Scho. 2016;34(379):401-7. FA.

Minaiyan M, Sadraei H, Yousefi I, Sajjadi SE, Talebi A. Evaluation of the
effect of hydroalcoholic and flavonoid-enriched extracts of
Dracocephalum kotschyi on indomethacin-induced gastric ulcer in
rats. Res Pharm Sci. 2021;16(2):141-52. [PubMed ID: 34084201]. [PubMed
Central ID: PMC8102923]. https://doi.org[10.4103/1735-5362.310521.

Riane K, Sifour M, Ouled-Haddar H, Espinosa C, Esteban MA, Lahouel
M. Effect of probiotic supplementation on oxidative stress markers
in rats with diclofenac-induced hepatotoxicity. Braz | Microbiol.
2020;51(4):1615-22. [PubMed ID: 32458261]. [PubMed Central ID:
PMC7688739]. https:|/doi.org/10.1007/s42770-020-00302-4.

Fetouh AS, EIKomy AA, Farag E, Abdeen AA. Ameliorative impact of
glutathione supplementation on cyclophosphamide-induced

[ran ] Pharm Res. 2025;24(1): 162656


https://brieflands.com/articles/ijpr-162656
https://ethics.research.ac.ir/ProposalCertificateEn.php?id=473980
http://www.ncbi.nlm.nih.gov/pubmed/32165871
https://www.ncbi.nlm.nih.gov/pmc/PMC7054740
https://doi.org/10.1177/1559325819899256
http://www.ncbi.nlm.nih.gov/pubmed/19031110
https://doi.org/10.1007/s11255-008-9496-7
http://www.ncbi.nlm.nih.gov/pubmed/12242329
https://www.ncbi.nlm.nih.gov/pmc/PMC129799
https://doi.org/10.1073/pnas.162468699
http://www.ncbi.nlm.nih.gov/pubmed/26934552
https://www.ncbi.nlm.nih.gov/pmc/PMC4924767
https://doi.org/10.18632/oncotarget.7698
http://www.ncbi.nlm.nih.gov/pubmed/22285467
https://doi.org/10.1016/j.tox.2012.01.008
http://www.ncbi.nlm.nih.gov/pubmed/20579862
https://doi.org/10.1016/j.phymed.2010.04.011
https://doi.org/10.1016/j.apjtb.2015.03.011
http://www.ncbi.nlm.nih.gov/pubmed/31198431
https://www.ncbi.nlm.nih.gov/pmc/PMC6526565
https://doi.org/10.1155/2019/9465309
http://www.ncbi.nlm.nih.gov/pubmed/18683896
https://doi.org/10.1002/ptr.2382
https://doi.org/10.1007/s00580-024-03559-5
http://www.ncbi.nlm.nih.gov/pubmed/28855944
https://www.ncbi.nlm.nih.gov/pmc/PMC5566007
https://doi.org/10.4103/1735-5362.212050
https://doi.org/10.1016/j.foodchem.2007.02.010
http://www.ncbi.nlm.nih.gov/pubmed/16375832
http://www.ncbi.nlm.nih.gov/pubmed/32140440
https://www.ncbi.nlm.nih.gov/pmc/PMC7044509
https://doi.org/10.1016/j.btre.2019.e00408
http://www.ncbi.nlm.nih.gov/pubmed/34084201
https://www.ncbi.nlm.nih.gov/pmc/PMC8102923
https://doi.org/10.4103/1735-5362.310521
http://www.ncbi.nlm.nih.gov/pubmed/32458261
https://www.ncbi.nlm.nih.gov/pmc/PMC7688739
https://doi.org/10.1007/s42770-020-00302-4

Karimi-Dehkordi M et al.

Brieflands

21.

22,

23.

24.

25.

26.

27.

28.

20.

30.

3L

32.

hepatic toxicity in rats. Benha Veterinary Med ]. 2024;47(1):56-60.
https://doi.org/10.21608/bvm;j.2024.306379.1853.

Ezihe CI, Agu ST, Rabo ND, Ochigbo VN. Therapeutic effects of
hydroethanolic extract of Erythrina senegalensis in diclofenac
sodium-induced hepatotoxicity male Wistar rat: biochemical, redox
potential and histopathological outcomes. J Stress Physiol Biochem.
2023;19(3):199-210.

Delungahawatta T, Pokharel A, Paz R, Haas C]. Topical Diclofenac-
Induced Hepatotoxicity. | Community Hosp Intern Med Perspect.
2023;13(3):108-12. [PubMed ID: 37877052]. [PubMed Central ID:
PMC10593164]. https://doi.org[10.55729/2000-9666.1190.

Heidarian E, Nouri A. Hepatoprotective effects of silymarin against
diclofenac-induced liver toxicity in male rats based on biochemical
parameters and histological study. Arch Physiol Biochem.
2021;127(2):112-8. [PubMed ID: 31165636].
https://doi.org[10.1080/13813455.2019.1620785.

Hassan RA, Hozayen WG, Abo Sree HT, Al-Muzafar HM, Amin KA,
Ahmed OM. Naringin and Hesperidin Counteract Diclofenac-
Induced Hepatotoxicity in Male Wistar Rats via Their Antioxidant,
Anti-Inflammatory, and Antiapoptotic Activities. Oxid Med Cell
Longev. 2021;2021:9990091. [PubMed ID: 34422219]. [PubMed Central
ID: PMC8376442]. https://doi.org[10.1155/2021/9990091.

Nouri A, Heidarian E, Amini-Khoei H, Abbaszadeh S, Basati G.
Quercetin through mitigation of inflammatory response and
oxidative stress exerts protective effects in rat model of diclofenac-
induced liver toxicity. ] Pharm Pharmacogn Res. 2019;7(3):200-12.
https://doi.org[10.56499/jppres19.610_7.3.200.

Ahmadvand H, Babaeenezhad E, Nasri M, Jafaripour L,
Mohammadrezaei Khorramabadi R. Glutathione ameliorates liver
markers, oxidative stress and inflammatory indices in rats with renal
ischemia reperfusion injury. J Renal Inj Prev. 2019;8(2):91-7.
https://doi.org[10.15171/jrip.2019.18.

Kamali M, Khosroyar S, Kamali H, Ahmadzadeh Sani T, Mohammadi
A. Phytochemical screening and evaluation of antioxidant activities
of Dracocephalum kotschyi and determination of its luteolin
content. Avicenna J Phytomed. 2016;6(4):425-33. [PubMed ID: 27516983].
[PubMed Central ID: PMC4967838].

Tai M, Zhang ], Song S, Miao R, Liu S, Pang Q, et al. Protective effects of
luteolin against acetaminophen-induced acute liver failure in
mouse. Int Immunopharmacol. 2015;27(1):164-70. [PubMed ID:
26002582]. https:|/doi.org/10.1016/j.intimp.2015.05.009.

Liu G, Zhang Y, Liu C, Xu D, Zhang R, Cheng Y, et al. Luteolin alleviates
alcoholic liver disease induced by chronic and binge ethanol feeding
in mice. | Nutr. 2014;144(7):1009-15. [PubMed ID: 24828027].
https://doi.org[10.3945/jn.114.193128.

Abed NA, Khalaf MM, Jamaludeen Alnori MK. The Potential Effect of
Silymarin Against Paracetamol-Induced Hepatotoxicity in Male
Albino Rats. Pharmacognosy J. 2022;14(5):558-64.
https://doi.org[10.5530/pj.2022.14.136.

Freitag AF, Cardia GF, da Rocha BA, Aguiar RP, Silva-Comar FM,
Spironello RA, et al. Hepatoprotective Effect of Silymarin (Silybum
marianum) on Hepatotoxicity Induced by Acetaminophen in
Spontaneously Hypertensive Rats. Evid Based Complement Alternat
Med. 2015;2015:538317. [PubMed ID: 25821491]. [PubMed Central ID:
PMC4363982]. https:|/doi.org/10.1155/2015/538317.

Mahli A, Koch A, Czech B, Peterburs P, Lechner A, Haunschild J, et al.
Hepatoprotective effect of oral application of a silymarin extract in

Iran ] Pharm Res. 2025; 24(1): €162656

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

carbon tetrachloride-induced hepatotoxicity in rats. Clin

Phytoscience. 2015;1(1). https://doi.org[10.1186/s40816-015-0006-z.

Keshavarzi Z, safari F, alipour B, Khoshniat A, Azizi R, Vatanchian M, et
al. Antioxidant Effects of Dracocephalum kotschyi Extract in the
Experimental Colitis Model Induced by Acetic Acid. ] Adv Med Biomed
Res.2022;30(1):1-8. https://doi.org[10.30699/jambs.30.e56821.

Villanueva-Paz M, Moran L, Lopez-Alcantara N, Freixo C, Andrade R],
Lucena M], et al. Oxidative Stress in Drug-Induced Liver Injury (DILI):
From Mechanisms to Biomarkers for Use in Clinical Practice.
Antioxidants (Basel). 2021;10(3). [PubMed ID: 33807700]. [PubMed
Central ID: PMC8000729]. https://doi.org/10.3390/antiox10030390.

Geng Y, Ma Q, Liu YN, Peng N, Yuan FF, Li XG, et al. Heatstroke induces
liver injury via IL-1beta and HMGBI-induced pyroptosis. | Hepatol.
2015;63(3):622-33. [PubMed ID: 25931416).
https://doi.org/10.1016/j.jhep.2015.04.010.

Tsuji Y, Kuramochi M, Golbar HM, Izawa T, Kuwamura M, Yamate J.
Acetaminophen-Induced Rat Hepatotoxicity Based on Mi/M2-
Macrophage Polarization, in Possible Relation to Damage-Associated
Molecular Patterns and Autophagy. Int | Mol Sci. 2020;21(23). [PubMed
ID: 33256230]. [PubMed Central ID: PMC7730394].
https://doi.org[10.3390/ijms21238998.

Mu W, Xu G, Wei Z, Wang Z, Qin Q, Lin L, et al. The role of NLRP3
inflammasome in psychotropic drug-induced hepatotoxicity. Cell
Death Discov. 2022;8(1):313. [PubMed ID: 35810159]. [PubMed Central
ID: PMC9271040]. https://doi.org/10.1038/s41420-022-01109-y.

Simon JP, Evan Prince S. Aqueous leaves extract of Madhuca longifolia
attenuate diclofenac-induced hepatotoxicity: Impact on oxidative
stress, inflammation, and cytokines. J Cell Biochem. 2018;119(7):6125-
35. [PubMed ID: 29574991]. https://doi.org[10.1002[jcb.26812.

Elawady E, Azab G, Ibrahim E. Evaluation of the Possible Role of
Interlukin-1beta (IL-1B) in Diclofenac-Induced Hepatoxicity and the
Exacerbative Effect of Progesterone Hormone in Mice. Ain Shams |
Forensic Med Clin Toxicol. 2016;26(1):85-94.
https://doi.org/10.21608/ajfm.2016.18547.

Mridha AR, Wree A, Robertson AAB, Yeh MM, Johnson CD, Van Rooyen
DM, et al. NLRP3 blockade
inflammation and fibrosis in experimental NASH in mice. | Hepatol.
2017;66(5):1037-46. [PubMed ID: 28167322]. [PubMed Central ID:
PMC6536116]. https://doi.org/10.1016/j.jhep.2017.01.022.

Al-Dossari MH, Fadda LM, Attia HA, Hasan IH, Mahmoud AM.
Curcumin and Selenium Prevent Lipopolysaccharide/Diclofenac-
Induced Liver Injury by Suppressing Inflammation and Oxidative
Stress. Biol Trace Elem Res. 2020;196(1):173-83. [PubMed ID: 31654258].
https://doi.org/10.1007/s12011-019-01910-4.

inflammasome reduces liver

Kalantar K, Gholijani N, Mousaei N, Yazdani M, Amirghofran Z.
Investigation of Dracocephalum kotschyi Plant Extract on the
Effective Inflammatory Transcription Factors and Mediators in
Activated Macrophages. Antiinflamm Antiallergy Agents Med Chem.
2018;17(1):39-49. [PubMed ID: 29879892].
https://doi.org[10.2174/1871523017666180608081656.

Gillessen A, Schmidt HH. Silymarin as Supportive Treatment in Liver
Diseases: A Narrative Review. Adv Ther. 2020;37(4):1279-301. [PubMed
ID: 32065376). [PubMed Central ID: PMC7140758].
https://doi.org/10.1007/s12325-020-01251-y.

Ojeaburu SI, Oriakhi K. Hepatoprotective, antioxidant and, anti-
inflammatory potentials of gallic acid in carbon tetrachloride-
induced hepatic damage in Wistar rats. Toxicol Rep. 2021;8:177-85.

11


https://brieflands.com/articles/ijpr-162656
https://doi.org/10.21608/bvmj.2024.306379.1853
http://www.ncbi.nlm.nih.gov/pubmed/37877052
https://www.ncbi.nlm.nih.gov/pmc/PMC10593164
https://doi.org/10.55729/2000-9666.1190
http://www.ncbi.nlm.nih.gov/pubmed/31165636
https://doi.org/10.1080/13813455.2019.1620785
http://www.ncbi.nlm.nih.gov/pubmed/34422219
https://www.ncbi.nlm.nih.gov/pmc/PMC8376442
https://doi.org/10.1155/2021/9990091
https://doi.org/10.56499/jppres19.610_7.3.200
https://doi.org/10.15171/jrip.2019.18
http://www.ncbi.nlm.nih.gov/pubmed/27516983
https://www.ncbi.nlm.nih.gov/pmc/PMC4967838
http://www.ncbi.nlm.nih.gov/pubmed/26002582
https://doi.org/10.1016/j.intimp.2015.05.009
http://www.ncbi.nlm.nih.gov/pubmed/24828027
https://doi.org/10.3945/jn.114.193128
https://doi.org/10.5530/pj.2022.14.136
http://www.ncbi.nlm.nih.gov/pubmed/25821491
https://www.ncbi.nlm.nih.gov/pmc/PMC4363982
https://doi.org/10.1155/2015/538317
https://doi.org/10.1186/s40816-015-0006-z
https://doi.org/10.1186/s40816-015-0006-z
https://doi.org/10.30699/jambs.30.e56821
http://www.ncbi.nlm.nih.gov/pubmed/33807700
https://www.ncbi.nlm.nih.gov/pmc/PMC8000729
https://doi.org/10.3390/antiox10030390
http://www.ncbi.nlm.nih.gov/pubmed/25931416
https://doi.org/10.1016/j.jhep.2015.04.010
http://www.ncbi.nlm.nih.gov/pubmed/33256230
https://www.ncbi.nlm.nih.gov/pmc/PMC7730394
https://doi.org/10.3390/ijms21238998
http://www.ncbi.nlm.nih.gov/pubmed/35810159
https://www.ncbi.nlm.nih.gov/pmc/PMC9271040
https://doi.org/10.1038/s41420-022-01109-y
http://www.ncbi.nlm.nih.gov/pubmed/29574991
https://doi.org/10.1002/jcb.26812
https://doi.org/10.21608/ajfm.2016.18547
http://www.ncbi.nlm.nih.gov/pubmed/28167322
https://www.ncbi.nlm.nih.gov/pmc/PMC6536116
https://doi.org/10.1016/j.jhep.2017.01.022
http://www.ncbi.nlm.nih.gov/pubmed/31654258
https://doi.org/10.1007/s12011-019-01910-4
http://www.ncbi.nlm.nih.gov/pubmed/29879892
https://doi.org/10.2174/1871523017666180608081656
http://www.ncbi.nlm.nih.gov/pubmed/32065376
https://www.ncbi.nlm.nih.gov/pmc/PMC7140758
https://doi.org/10.1007/s12325-020-01251-y

Karimi-Dehkordi M et al.

Brieflands

45.

46.

12

[PubMed ID: 33489777]. [PubMed Central
https://doi.org/10.1016/j.toxrep.2021.01.001.

ID: PMC7806503].

Papackova Z, Heczkova M, Dankova H, Sticova E, Lodererova A,
Bartonova L, et al. Silymarin prevents acetaminophen-induced
hepatotoxicity in mice. PLoS One. 2018;13(1). €0191353. [PubMed ID:
29342206). [PubMed Central ID: PMC5771617].
https://doi.org/10.1371/journal.pone.0191353.

Altindag E Silymarin ameliorates cisplatin-induced nephrotoxicity
by downregulating TNF-a and NF-kB and by upregulating IL-10. |
Experim Clin Med. 2022;39(1):216-20.
https://doi.org/10.52142/omujecm.39.1.42.

47.

48.

49.

Umoh IU, Umanah S§J, Obot GI, Asukwo MO, Effiokette GM, Inam AL
Histomorphological and biochemical alterations on the liver of
Wistar rats following co-administration of NSAIDs (Piroxicam,
Diclofenac and Ibuprofen). Anatomy | Africa. 2022;11(2):2175-84.
https://doi.org[10.4314/aja.v1li2.4.

Ramezannezhad P, Nouri A, Heidarian E. Silymarin mitigates
diclofenac-induced  liver toxicity through inhibition of
inflammation and oxidative stress in male rats. | Herbmed Pharmacol.
2019;8(3):231-7. https:||/doi.org[10.15171/jhp.2019.34.

Vajdi N, Seifi S, Samakkhah SA. Preventive Effects of Silymarin on
Diclofenac-induced Toxicity in the Domestic Pigeon (Columba livia).
Iran ] Veterinary Sci Technol. 2024;16(3).

[ran ] Pharm Res. 2025;24(1): 162656


https://brieflands.com/articles/ijpr-162656
http://www.ncbi.nlm.nih.gov/pubmed/33489777
https://www.ncbi.nlm.nih.gov/pmc/PMC7806503
https://doi.org/10.1016/j.toxrep.2021.01.001
http://www.ncbi.nlm.nih.gov/pubmed/29342206
https://www.ncbi.nlm.nih.gov/pmc/PMC5771617
https://doi.org/10.1371/journal.pone.0191353
https://doi.org/10.52142/omujecm.39.1.42
https://doi.org/10.4314/aja.v11i2.4
https://doi.org/10.15171/jhp.2019.34

