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Abstract. - OBJECTIVE: Methotrexate
(MTX), a widely used chemotherapeutic and im-
munosuppressive agent, is associated with hep-
atotoxicity, leading to liver fibrosis and cirrhosis.
This study explores the regenerative and repara-
tive effects of fisetin, a flavonoid with known an-
tioxidant and anti-inflammatory properties, on
MTX-induced liver fibrosis in a rat model.

MATERIALS AND METHODS: Thirty-six
male Wistar albino rats were divided into nor-
mal, MTX and saline, and MTX and fisetin. Liv-
er injury was induced in the latter two groups
using a single intraperitoneal dose of MTX (20
mg/kg). Fisetin (50 mg/kg/day) or saline was ad-
ministered intraperitoneally for ten days. After
sacrifice, liver tissues were subjected to histo-
pathological evaluation and biochemical analy-
ses, including Transforming Growth Factor-f31
(TGF-beta), sirtuins-1 (SIRT-1), malondialdehyde
(MDA), cytokeratin 18, thrombospondin 1, and
alanine transaminase (ALT) levels.

RESULTS: MTX administration significantly in-
creased liver injury markers, including TGF-be-
ta, MDA, cytokeratin 18, thrombospondin 1, and
ALT, while reducing SIRT-1 levels. Fisetin treat-
ment attenuated these effects, demonstrating
its potential therapeutic impact. Histopatholog-
ical analysis confirmed that fisetin mitigated
MTX-induced hepatocyte necrosis, fibrosis, and
cellular infiltration.

CONCLUSIONS: This study proves that fise-
tin administration can alleviate MTX-induced liv-
er damage in rats. The reduction in oxidative
stress, inflammation, and apoptosis, along with
the histological improvements, suggests fise-
tin’s potential as a therapeutic agent against
MTX-induced hepatotoxicity. Further investiga-
tions and clinical studies are warranted to vali-
date these findings and assess fisetin’s transla-
tional potential in human cases of MTX-induced
liver damage.
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Introduction

Liver fibrosis presents a significant public heal-
th challenge, given its increasing prevalence and
associated mortality rates'. This condition ari-
ses from persistent liver damage, leading to the
excessive accumulation of extracellular matrix
proteins and, consequently, liver dysfunction. Its
progression to cirrhosis and hepatocellular car-
cinoma amplifies the urgency for effective the-
rapeutic strategies. Despite advancements, the
complexity of liver fibrosis etiology remains in-
completely elucidated, with oxidative stress and
inflammation emerging as pivotal initiators and
propagators of fibrogenesis®?. Notably, reactive
oxygen species (ROS), generated during liver
injury induced by various agents, including viru-
ses, medications, and toxins, exacerbate hepatic
injury and fibrosis progression®.

Central to fibrogenesis is the activation of he-
patic stellate cells (HSCs), which transdifferentia-
te into myofibroblasts upon exposure to diverse
stimuli®. This phenotypic switch prompts excessi-
ve extracellular matrix synthesis, fostering fibro-
sis progression. Oxidative stress exacerbates liver
injury through inflammation, apoptosis, and mi-
tochondrial dysfunction®. Methotrexate-induced
liver injury is characterized by oxidative stress,
impaired mitochondrial respiration, and endopla-
smic reticulum stress. These factors contribute
to the development of liver fibrosis through two
distinct pathways’. Among the agents implicated
in liver fibrosis induction, methotrexate (MTX)
stands out due to its widespread use in cancer and
autoimmune disease treatment. Approximately
half of MTX users develop liver damage, with fi-
brosis and cirrhosis as potential outcomes®®. The
development of liver fibrosis is associated with the
accumulation of methotrexate and its metabolites

3112 Corresponding Author: A. Kayali, MD; e-mail: anmet.kayali@ikc.edu.tr



Fisetin ameliorates methotrexate induced liver fibrosis

in the liver. The levels of methotrexate, 2,4 dia-
mino-N (10)-methylpteroic acid, and methotrexa-
te polyglutamate were significantly higher in the
samples from the three patients with the highest
increase in fibrosis'’.

The pathogenesis of MTX-induced liver toxici-
ty involves disruption of DNA synthesis, leading
to decreased folic acid levels and subsequent he-
patocellular injury. Additionally, MTX triggers
HSC activation, promoting oxidative stress, in-
flammation, and apoptosis in hepatocytes. These
events collectively contribute to liver damage, as
evidenced by elevated liver enzymes and inflam-
matory markers'"'?.

To discover fisetin’s therapeutic potential in li-
ver fibrosis and support our hypothesis, we used
some biochemical tests such as cytokeratin 18
(CK18), thrombospondin 1, and sirtuins 1 (SIRT-
1). Cytokeratin-18 has the potential to serve as
a biomarker for drug-induced liver injury. It can
help diagnose the condition early and provide
valuable information about the mechanisms of
hepatocellular injury”. Deficiency of thrombo-
spondin-1 has a significant impact on liver meta-
bolism, which can potentially affect liver injury
and the progression of nonalcoholic fatty liver
disease'*. Targeting SIRT-1 could be a novel the-
rapeutic approach to address age-related tissue
fibrosis, specifically in liver fibrosis and aging-re-
lated tissue damage'.

In this milieu, exploring natural antioxidants
as therapeutic interventions gains significance.
Fisetin (3,3,4',7-tetrahydroxyflavone), a flavonoid
abundant in various fruits and vegetables, exhibits
diverse pharmacological properties, including an-
tioxidant, anti-inflammatory, and antifibrotic ef-
fects!®!”. The wood of the purple smoke bush (Co-
tinus coggygria) contains large quantities of these
compounds'®. Similar to other phytochemicals
and plant polyphenols, it possesses antioxidative
properties”. In addition, it has been documented
to exhibit antiviral, antibacterial, and anti-inflam-
matory properties®. Experiments conducted on
live rats demonstrated that fisetin can increase the
levels of antioxidant enzymes catalase (CAT) and
superoxide dismutase (SOD). This leads to a re-
duction in the amount of reactive oxygen species
(ROS) within the cells, thus explaining, at least
partially, the antioxidative effects of fisetin. No-
tably, in the context of the liver, fisetin’s eleva-
ted intracellular glutathione levels underscore its
potential as a therapeutic agent against oxidative
stress-induced liver injury?’. Moreover, fisetin
dramatically lowers blood glucose levels and rai-

ses insulin levels in the plasma of diabetic rats by
adjusting important enzymes in hepatic and renal
tissues?.

Despite promising findings in other liver pa-
thologies, the protective role of fisetin against
MTX-induced liver fibrosis remains unexplo-
red. Thus, this study aims to investigate fise-
tin’s preventive and therapeutic potential in a rat
model of MTX-induced liver fibrosis. Through
biochemical and histopathological analyses, we
seek to elucidate fisetin’s mechanisms of action
and its efficacy in mitigating MTX-induced li-
ver fibrosis.

Materials and Methods

Animals

In this study, 36 male Wistar albino rats wei-
ghing 150-200 g and 10-12 weeks old were uti-
lized. The experiments adhered to the guideli-
nes outlined in the Guide for the Care and Use
of Laboratory Animals adopted by the National
Institutes of Health (USA). Ethical approval was
obtained from the Animal Ethics Committee of
Science University (Istanbul, Turkey Ethical
number: 16/01/2023-2823115702). The rats were
procured from the Experimental Animal Labora-
tory at Science University, where they were hou-
sed in steel cages under controlled environmental
conditions, with a temperature of 22 + 2°C and a
12-hour light/dark cycle, and provided with unli-
mited access to food.

Experimental Protocol

The study involved 36 male rats, with 24 rats
receiving a single intraperitoneal dose of metho-
trexate (MTX) at a concentration of 20 mg/kg to
induce liver injury. The control group, consisting
of 12 rats, received no chemical treatment. The
24 rats administered with MTX were divided into
two groups. Group 1 received intraperitoneal ad-
ministration of fisetin at a dosage of 50 mg/kg/
day, while Group 2 received 1 ml/kg/day of 0.9%
NaCl intraperitoneally. The treatment duration for
all groups was ten days. At the study’s conclusion,
all animals were euthanized via cervical disloca-
tion under anesthesia induced by administering
100 mg/kg of ketamine (Ketasol, Richterpharma
AG, Austria) and 50 mg/kg of xylazine (Rompun,
Bayer, Germany). Blood samples for biochemical
analysis were collected via cardiac puncture, and
the liver was excised for histopathological and
biochemical evaluations.
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Histopathological Evaluation

Liver sections, preserved with formalin, were
stained with hematoxylin and eosin to a thick-
ness of 4 um. The Olympus C-5050 digital ca-
mera, mounted on the Olympus BX51 (Shinjuku,
Tokyo, Japan) microscope, captured images
of all sections. Liver histopathological scoring
analysis followed the method described by Lo-
benhofer et al*, assigning scores ranging from
1 (minimal) to 4 (marked) for parameters inclu-
ding hepatocyte necrosis, fibrosis, and cellular
infiltration. The final score was determined by
summing the individual grades for these para-
meters.

Liver Biochemical Analysis

Following decapitation, liver tissues were
promptly extracted and stored at -20°C until
biochemical analysis. Tissue analysis involved
mechanical disruption of liver tissues using a
glass homogenizer in a solution comprising five
times the volume of phosphate-buffered saline
(pH 7.4). The resultant mixture underwent cen-
trifugation at 5,000 x g for 15 minutes, and the
liquid portion containing suspended particles
was collected. Protein concentration in the liver
samples was measured using Bradford’s techni-
que with bovine serum albumin as the reference
standard®. The concentrations of Transforming
Growth Factor-fl1 (TGF-beta), and SIRT-1 in
liver supernatants were quantified using com-
mercially available rat enzyme-linked immu-
nosorbent assay (ELISA) kits (Sigma-Aldrich,
St. Louis, MO, USA), following the manufactu-
rer’s guidelines. Plasma thrombospondin 1 and
cytokeratin 18 levels were also measured using
commercially available ELISA kits (Sigma-Al-
drich, St. Louis, MO, USA).

Determination of Lipid Peroxidation

Malondialdehyde (MDA) levels, as thiobar-
bituric acid reactive substances (TBARS), were
measured to assess lipid peroxidation in tissue
and plasma samples?. Tissue samples were trea-
ted with trichloroacetic acid and TBARS reagent,
followed by incubation at 100°C for 60 minutes.
After cooling, samples underwent centrifugation
at 3,000 rpm for 20 minutes, and the supernatant
absorbance was measured at 535 nm. Tissue MDA
levels were determined using a standard calibra-
tion curve with tetracthoxypropane and expressed
as nmol/g protein.
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Determination of Plasma Alanine
Transaminase (ALT) Levels

Plasma ALT levels were measured using a
commercially available ELISA kit (USCN, Life
Science Inc, Wuhan, China).

Statistical Analysis

Data analysis was performed using IBM SPSS
15.0 (SPSS Inc., Chicago, IL, USA). Descriptive
statistics are presented as mean + standard error
of the mean (SEM). Variables with more than
two categories were analyzed using the nonpara-
metric Kruskal-Wallis H Test. If significant, the
Dunn-Bonferroni test was employed for multiple
comparisons. Statistical significance was consi-
dered at p < 0.05 and p < 0.001.

Results

Effect of Fisetin on Liver Injury Markers

Comparative analysis between the MTX and
saline group and the MTX and fisetin group un-
veiled a robust protective effect of fisetin. Fisetin
administration resulted in a substantial reduction
in TGF-beta (0.81 £ 0.02 pg/g, p < 0.001), MDA
(55.7 = 1.6 nmol/g tissue, p < 0.001), cytokeratin
18 (0.92 + 0.3 pg/ml, p < 0.01), thrombospondin 1
(2.8 0.1 pg/ml, p <0.001), ALT (28.2 + 0.7 IU/L,
p < 0.05), accompanied by a noteworthy increa-
se in SIRT-1 levels (0.81 + 0.04 pg/g, p < 0.001)
(Table I).

Biochemical Analysis

The MTX and saline group exhibited mar-
ked signs of liver injury, demonstrating signifi-
cant elevations in key markers compared to the
normal group. Notably, TGF-beta (1.29 + 0.05
pg/g, p < 0.001), MDA (63.4 + 1.1 nmol/g tissue,
p < 0.001), cytokeratin 18 (2.46 = 0.3 pg/ml, p <
0.001), thrombospondin 1 (5.02 £ 0.4 pg/ml, p <
0.001), ALT (48.4 + 1.7 IU/L, p < 0.001), and a
notable reduction in SIRT-1 levels (0.56 = 0.02
pg/g, p < 0.001) (Table I). In-depth biochemical
analyses provided further insights into the pro-
tective role of fisetin. The MTX and saline group
demonstrated elevated levels of malondialdehyde
(MDA) in both liver tissue and plasma, indica-
tive of heightened oxidative stress (Liver MDA:
p < 0.001, Plasma MDA: p < 0.001). Fisetin ad-
ministration resulted in a significant reduction in
MDA levels, both in liver tissue (MTX + fisetin:
55.7 £ 1.6 nmol/g tissue, p < 0.001) and plasma
(MTX + fisetin: 60.9 = 5.5 nM, p < 0.001) (Table
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Table 1. Comparison of normal Methotrexate (MTX) + saline and MTX+ fisetin groups in terms of liver injury findings. Results

were presented as mean + Standard Error of the Mean (SEM).

Normal MTX and Saline MTX and Fisetin
Liver TGF-beta level (pg/g) 0.65 +0.01 1.29 + 0.05** 0.81 +0.02*
Liver SIRT-1 level (pg/g) 1.95 +0.02 0.56 + 0.02* 0.81 % 0.04*
Liver MDA level (nmol/g tissue) 26.3+0.5 634+ 1.1* 55.7 + 1.6*
Plasma cytokeratin 18 level (pg/ml) 0.52+0.1 2.46 £0.3* 0.92 £ 0.3
Plasma Thrombospondin 1 level (pg/ml) 0.81+£0.2 5.02 + 0.4% 2.8+0.1"
Plasma MDA level (nM) 48.1+£0.9 122.5 £ 4.6%* 60.9 + 5.5%
ALT (IU/L) 153+13 48.4 + 1.7* 28.2+0.7*
Hepatocyte necrosis 0.1+0.1 1.6 + 0.2%* 0.8 +0.1*
Fibrosis 0.1+0.1 1.8+ 0.1%* 0.4+0.1%
Cellular infiltration 0.1+0.1 1.5+ 0.2%* 0.6 +0.2%

Statistical analyses were performed using one-way ANOVA. *p <0.01, **p <0.001 different from normal groups; “p < 0.05, *p
< 0.001 different from MTX and saline group. Sirtuins 1 (SIRT-1), malondialdehyde (MDA), Transforming Growth Factor-p1

(TGF-beta).

I). Moreover, fisetin treatment led to a substan-
tial decrease in plasma alanine aminotransferase
(ALT) levels, reflecting improved liver function
(MTX + fisetin: 28.2 = 0.7 IU/L, p < 0.05). This
result aligns with previous literature, highlighting
Fisetin’s potential in ameliorating hepatotoxicity
(Table I).

Histopathological Evaluation
Histopathological examination reinforced the
biochemical findings, highlighting the remar-
kable protective effects of fisetin. The MTX and
saline group exhibited severe liver damage, cha-
racterized by prominent hepatocyte necrosis, fi-
brosis, and cellular infiltration. Conversely, the
MTX and fisetin group displayed a considerable
attenuation of these histopathological features,
indicating the robust efficacy of fisetin in pre-
venting MTX-induced liver injury (Figure 1). Si-
gnificant differences emerged among the groups
when assessing hepatocyte necrosis, fibrosis, and
cellular infiltration. The MTX and saline group
exhibited a substantial increase in hepatocyte ne-
crosis, fibrosis, and cellular infiltration compared
to the normal group (p < 0.001). Notably, fisetin
administration in the MTX-induced liver injury
model significantly mitigated these histopatholo-
gical alterations (p < 0.01) for hepatocyte necrosis
and p < 0.001 for fibrosis and cellular infiltration),
emphasizing fisetin’s potential in preventing and
ameliorating the structural damage associated
with MTX-induced hepatotoxicity, (Table I and
Figure 1). These histological findings comple-
ment the biochemical results, comprehensively
understanding fisetin’s protective effects at both

molecular and tissue levels. Further studies are
warranted to elucidate the mechanistic pathways
underlying these observations and assess the tran-
slational potential of fisetin in clinical contexts
(Table I and Figure 1).

Discussion

Methotrexate (MTX) is a commonly used drug
for cancer and rheumatological disease treatment,
albeit with the potential to induce severe liver
damage?’. In this study, we observed that fise-
tin, when administered after MTX-induced liver
injury in rats, mitigated various biomarkers and
histopathological manifestations indicative of li-
ver damage.

Transforming Growth Factor-Beta (TGF-p) is
a cytokine released during all stages of liver da-
mage, reflecting cellular damage and inflamma-
tion. It plays a pivotal role in fibrosis development
by stimulating collagen synthesis and hepatic
stellate cell transformation into myofibroblasts.
Previous studies?®2° have shown that inhibiting
TGF-B signaling can prevent MTX-induced liver
injury. Additionally, fisetin has been reported to
reduce TGF-f levels in rat models®. Consistent
with these findings, our study revealed decreased
liver TGF-f levels with Fisetin administration fol-
lowing MTX-induced injury.

SIRT-1 mitigates tissue damage by regulating
apoptosis, inflammation, and oxidative stress.
Studies®>** have demonstrated that modulating
SIRT-1 activity reduces apoptosis and inflam-
mation, thereby preventing liver damage. Biel et
al* observed that SIRT-1 protects the liver from
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Figure 1. Liver histopathology Hematoxylin and Eosin stain (x10 and 20 magnification). A-B, Normal Group rats have
normal liver; central vein (cv) and portal area (pa). C-D, MTX and Saline Group rats have Bridging necrosis, fibrosis and
cellular infiltration in the portal area (pa) (arrow). E-F, MTX+Fisetin Group rats have decreased bridging necrosis fibrosis and

cellular infiltration.

ischemic injury by inhibiting faulty autophagy,
mitochondrial dysfunction, and hepatocyte death.
Fisetin has been shown to increase SIRT-1 expres-
sion and inhibit intracellular lipid accumulation®*.
Our study observed increased liver SIRT-1 acti-
vity in rats administered MTX, further augmen-
ted by fisetin administration. Moreover, fisetin
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can upregulate SIRT-1 expression and activity,
leading to the deacetylation of target proteins in-
volved in cellular stress responses. By activating
SIRT-1, fisetin may enhance cellular resilience to
oxidative stress, suppress inflammation, and mi-
tigate apoptosis, promoting tissue repair and re-
generation.
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Malondialdehyde (MDA), a marker of oxidati-
ve stress, increases due to elevated free radicals.
MTX administration has been shown to increase
liver MDA levels in rats**. Conversely, fisetin
administration has been reported to reduce MDA
levels®. Consistent with these findings, our study
revealed elevated liver and plasma MDA levels in
MTX-administered rats, which were attenuated
by fisetin administration.

Plasma cytokeratin 18 is typically present in
liver cells, and its increase indicates hepatocyte
damage®®. In a study of Castéra®, it is suggested
that noninvasive techniques such as guided atte-
nuation parameters and cytokeratin-18 hold the
possibility of identifying and measuring hepatic
steatosis in patients with nonalcoholic fatty li-
ver disease, which could assist in screening and
deciding who requires a liver biopsy. Similarly,
in a study by Gonsebbat al*’, they observed that
elevated cytokeratin 18 levels in the liver could
act as an initial indicator of oxidative stress and
harm induced by arsenite, potentially impacting
liver function while being exposed. This study
demonstrated increased CK-18 levels with MTX
administration, suggesting hepatocyte damage,
whereas fisetin administration reduced CK-18 le-
vels, indicating its hepatoprotective effect.

A study conducted by El- Youssef et al* indi-
cates that TGF-1Beta and thrombospondin-1 likely
contribute to liver fibrosis in congenital hepatic
fibrosis, possibly originating from hepatic stellate
cells. On the other hand, Li et al** prove that throm-
bospondin 1 may be involved in chronic liver dise-
ases like non-alcoholic fatty liver disease, fibrosis
of the liver, and hepatocellular carcinoma. Moreo-
ver, thrombospondin secretion is upregulated in re-
sponse to tissue damage and inflammation. Increa-
sed plasma TSP-1 levels have been associated with
liver damage inhibition****. In this study, MTX ad-
ministration increased plasma TSP-1 levels, while
fisetin administration decreased them, potentially
enhancing liver regeneration.

Of particular interest are our observations re-
garding the effects of fisetin on CK-18 and TSP-1.
CK-18, a marker of hepatocyte damage, exhibited
a significant decrease following fisetin admini-
stration, indicating the hepatoprotective effects of
this compound. This finding aligns with previous
studies** suggesting a role for fisetin in attenua-
ting cellular apoptosis and inflammation, thereby
preserving hepatic integrity.

Plasma alanine aminotransferase levels gene-
rally rise in liver diseases, including MTX-indu-
ced hepatotoxicity. Fisetin has been shown to re-

duce elevated ALT levels®. Consistent with these
findings, our study demonstrated increased ALT
levels with MTX administration, mitigated by fi-
setin administration.

Histopathological findings in MTX-induced
hepatotoxicity include necrosis, cell infiltration,
and fibrosis***. Previous studies* have shown
that fisetin administration prevents liver necrosis
in arsenic-induced liver injury. However, research
demonstrating fisetin’s preventive effects on hi-
stopathological manifestations in MTX-induced
liver damage still needs to be completed.

Limitations

While this study uncovered the preventive ef-
fects of fisetin against liver toxicity in rats, it is
important to acknowledge its limitations. The ex-
tent of its benefits for humans remains uncertain,
as no studies have been conducted on this subject
involving human participants.

Conclusions

This study suggests that fisetin administration
alleviates MTX-induced liver injury in rats by
modulating various biomarkers and histopatho-
logical manifestations associated with liver da-
mage. However, further studies are warranted to
elucidate the underlying mechanisms and confirm
fisetin’s therapeutic potential in treating MTX-in-
duced hepatic injury.

Authors’ Contributions

Oytun Erbas, Ejder Saylav Bora, Ahmet Kayali, Gokhan
Yilmaz, and Hiiseyin Acar contributed equally during the
study and made critical revisions related to the relevant in-
tellectual content of the manuscript.

ORCID ID

Oytun Erbas: 0000-0002-2515-2946
Ejder Saylav Bora: 0000-0002-2448-2337
Ahmet Kayali: 0000-0003-2557-0600
Gokhan Yilmaz: 0000-0002-7621-553X
Hiiseyin Acar: 0000-0002-1905-7133

Conflict of Interest
No conflict of interest.

Informed Consent
Not applicable as the study did not involve human partic-
ipants.



A. Kayall, E.S. Bora, H. Acar, G. Yilmaz, O. Erbasg

Funding

None.

Ethics Approval

Ethical approval Animal Ethics Committee of Demiroglu
Science University Istanbul, Tiirkiye (Ethical Permission
Number: 16/01/2023-2823115702) and reported in compli-
ance with the Animal Research.

Data Availability
The datasets generated during and analyzed during the cur-
rent study are available from the corresponding author up-
on reasonable request.

1)

7)

8)

References

Caballeria L, Pera G, Arteaga |, Rodriguez L,
Aluma A, Morillas RM, de la Ossa N, Diaz A, Ex-
posito C, Miranda D, Sanchez C, Prats RM, Ur-
quizu M, Salgado A, Alemany M, Martinez A, Ma-
jeed |, Fabrellas N, Graupera |, Planas R, Ojan-
guren |, Serra M, Toran P, Caballeria J, Ginés P.
High Prevalence of Liver Fibrosis Among Euro-
pean Adults With Unknown Liver Disease: A Pop-
ulation-Based Study. Clin Gastroenterol Hepatol
2018; 16: 1138-1145.€5.

Lee UE, Friedman SL. Mechanisms of hepatic fi-
brogenesis. Best Pract Res Clin Gastroenterol
2011; 25: 195-206.

Friedman SL. Liver fibrosis-from bench to bed-
side. J Hepatol 2003; 38: 38-53.

Navarro VJ, Senior JR. Drug-related hepatotoxic-
ity. N Engl J Med 2006; 354: 731-739.

lwaisako K, Brenner DA, Kisseleva T. What is
new in liver fibrosis? The origin of myofibroblasts
in liver fibrosis. J Gastroenterol Hepatol 2012; 27:
65-68.

Friedman SL. Hepatic stellate cells: Protean, mul-
tifunctional, and enigmatic cells of the liver. Physi-
ol Rev 2008; 88: 125-172.

Schmidt S, Messner CJ, Gaiser C, Hammerli C,
Suter-Dick L. Methotrexate-Induced Liver Injury
Is Associated with Oxidative Stress, Impaired Mi-
tochondrial Respiration, and Endoplasmic Retic-
ulum Stress In Vitro. Int J Mol Sci 2022; 23: 15116.

Olek-Hrab K, Maj J, Chmielowska E, Jankows-
ka-Konsur A, Olszewska B, Krecisz B, lwankows-
ki P, Mackiewicz-Wysocka M, Adamski Z, Nowic-
ki R, Sokolowska-Wojdylo M. Methotrexate in the
treatment of mycosis fungoides - a multicenter
observational study in 79 patients. Eur Rev Med
Pharmacol Sci 2018; 22: 3586-3594.

Sorgun O, Erbas O. Adipose-derived mesenchy-
mal stem cells mitigate methotrexate-induced liv-
er cirrhosis (fibrosis) model. Eur Rev Med Phar-
macol Sci 2023; 27: 1882-11889.

3118

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

Goodman S. Measuring methotrexate polygluta-
mates. Clin Exp Rheumatol 2010; 28: S24-S26.

Acar H, Sorgun O, Yurtseve G, Bora ES, Er-
bas O. Antifibrotic preventive effect of polyeth-
ylene glycol (PEG) 3350 in methotrexate in-
duced hepatoxicity model. Acta Cir Bras 2022;
37: 370-507.

Kalemci S, Dirican N, Cetin ES, S6zen H, Un-
er AG, Yaylali A, Aksun S, Karacam V, Ulger E,
Sitcu R, Dirican A. The efficacy of minocycline
against methotrexate-induced pulmonary fibrosis
in mice. Eur Rev Med Pharmacol Sci 2013; 17:
3334-3340.

Korver S, Bowen J, Pearson K, Gonzalez RJ,
French N, Park K, Jenkins R, Goldring C. The
application of cytokeratin-18 as a biomarker for
drug-induced liver injury. Arch Toxicol 2021; 95:
3435-3448.

Bronson SM, Westwood B, Cook KL, Emenaker
NJ, Chappell MC, Roberts DD, Soto-Pantoja DR.
Discrete Correlation Summation Clustering Re-
veals Differential Regulation of Liver Metabolism
by Thrombospondin-1 in Low-Fat and High-Fat
Diet-Fed Mice. Metabolites 2022; 12: 1036.

Han X, Ding C, Sang X, Peng M, Yang Q, Ning Y,
Lv Q, Shan Q, Hao M, Wang K, Wu X, Zhang H,
Cao G. Targeting Sirtuin1 to treat aging-related
tissue fibrosis: From prevention to therapy. Phar-
macol Ther 2022; 229: 1079883.

Chu X, Korzekwa K, Elsby R, Fenner K, Galetin
A, Lai Y, Matsson P, Moss A, Nagar S, Rosania
GR, Bai JP, Polli JW, Sugiyama Y, Brouwer KL;
International Transporter Consortium. Intracellu-
lar drug concentrations and transporters: mea-
surement, modeling, and implications for the liv-
er. Clin Pharmacol Ther 2013; 94: 126-141.

Sari EN, Soysal Y. Molecular and Therapeutic Ef-
fects of Fisetin Flavonoid in Diseases. J Basic
Clin Health Sci 2020; 4: 190-196.

Arai Y, Watanabe S, Kimira M, Shimoi K, Mo-
chizuki R, Kinae N. Dietary intakes of flavonols,
flavones and isoflavones by Japanese women
and the inverse correlation between quercetin in-
take and plasma LDL cholesterol concentration. J
Nutr 2000; 130: 2243-2250.

Khan N, Syed DN, Ahmad N, Mukhtar H: Fisetin:
a dietary antioxidant for health promotion. Antiox-
id Redox Signal 2013; 19: 151-162.

Ravula AR, Teegala SB, Kalakotla S, Pasangu-
lapati JP, Perumal V, Boyina HK. Fisetin, poten-
tial flavonoid with multifarious targets for treating
neurological disorders: An updated review. Eur J
Pharmacol 2021; 910: 174492.

Pal HC, Peariman RL, Afaq F. Fisetin and its role
in chronic diseases. Adv Exp Med Biol 2016; 928:
213-244.

Murtaza |, Adhami Vm, Hafeez Bb, Saleem M,
Mukhtar H. Fisetin, a natural flavonoid, targets
chemoresistant human pancreatic cancer As-
PC-1 cells through DR3mediated inhibition of
NF-kappaB. Int J Cancer 2009; 125: 2465-2473.



Fisetin ameliorates methotrexate induced liver fibrosis

23)

24)

25)

26)

27)

28)

29)

30)

31)

32)

33)

34)

35)

Prasath, G, Subramanian S. Modulatory effects
of fisetin, a bioflavonoid, on hyperglycemia by at-
tenuating the key enzymes of carbohydrate me-
tabolism in hepatic and renal tissues in strepto-
zotocin-induced diabetic rats. Eur J Pharmacol
2011; 668: 492-496.

Lobenhofer EK, Boorman GA, Phillips KL, Hein-
loth AN, Malarkey DE, Blackshear PE, Houle C,
Hurban P. Application of visualization tools to the
analysis of histopathological data enhances bio-
logical insight and interpretation. Toxicol Pathol
2006; 34: 921-928.

Bradford MM. A rapid and sensitive method for
the quantitation of microgram quantities of protein
utilizing the principle of protein-dye binding. Anal
Biochem 1976; 72: 248-254.

Taskin B, Erdogan MA, Yigittirk G, Guneng D, Er-
bas O. Antifibrotic Effect of Lactulose on a Metho-
trexate-Induced Liver Injury Model. Gastroenterol
Res Pract 2017; 2017: 7942531.

Celik F, Gocmez C, Bozkurt M, Kaplan I, Kama-
sak K, Akil E, Dogan E, Guzel A, Uzar E. Neuro-
protective effects of carvacrol and pomegranate
against methotrexate-induced toxicity in rats. Eur
Rev Med Pharmacol Sci 2013; 17: 2988-2993.

Dooley S, ten Dijke P. TGF-f in progression of liv-
er disease. Cell Tissue Res 2012; 347: 245-256.

Dewidar B, Meyer C, Dooley S, MeindIl-Beinker AN.
TGF-B in Hepatic Stellate Cell Activation and Liver
Fibrogenesis-Updated 2019. Cells 2019; 8: 1419.

Dooley S, Hamzavi J, Breitkopf K, Wiercinska
E, Said HM, Lorenzen J, Ten Dijke P, Gressner
AM. Smad7 prevents activation of hepatic stellate
cells and liver fibrosis in rats. Gastroenterology
2003; 125: 178-191.

Abdelhameed MF, EI-Rahman SSA, Ramadan A.
Fisetin alleviates thioacetamide-induced hepatic
fibrosis in rats by inhibiting Wnt/B-catenin signal-
ing pathway. Immunopharmacol Immunotoxicol
2022; 44: 355-366.

El-Sheikh MM, Abdel-Naby DH, El-Hazek RM, EI-
Ghazaly MA. Regulation of radiation-induced liv-
er damage by modulation of SIRT-1 activity: In vi-
vo rat model. Cell Biochem Funct 2023; 41: 67-77.

Biel, T, Lee, S, Flores-Toro, J, Dean, J, Go, K, Lee,
M, Law, B, Law M, Dunn, W, Zendejas, |, Behrns, K,
Kim, J. Sirtuin 1 suppresses mitochondrial dysfunc-
tion of ischemic mouse livers in a mitofusin 2-depen-
dent manner. Cell Death Differ 2015; 23: 279-290.

Gawel S, Wardas M, Niedworok E, Wardas P. Dial-
dehyd malonowy (MDA) jako wskaznik procesow
peroksydaciji lipidow w organizmie [Malondialde-
hyde (MDA) as a lipid peroxidation marker]. Wiad
Lek 2004; 57: 453-455.

Elsawy H, Algefare Al, Alfwuaires M, Khalil M,
Elmenshawy OM, Sedky A, Abdel-Moneim AM.
Naringin alleviates methotrexate-induced liver in-
jury in male albino rats and enhances its antitu-
mor efficacy in HepG2 cells. Biosci Rep 2020; 40:
BSR20193686.

36)

37)

38)

39)

40)

41)

42)

43)

44)

45)

46)

47)

48)

Jahovic N, Cevik H, Sehirli AO, Yegen BC, Sen-
er G. Melatonin prevents methotrexate-induced
hepatorenal oxidative injury in rats. J Pineal Res
20083; 34: 282-287.

Ogbuagu NE, Aluwong T, Ayo JO, Sumanu VO.
Effect of fisetin and probiotic supplementation
on erythrocyte osmotic fragility, malondialdehyde
concentration and superoxide dismutase activity
in broiler chickens exposed to heat stress. J Vet
Med Sci 2018; 80: 1895-1900.

Hefler LA, Tempfer CB, Bancher-Todesca D,
Schatten C, Husslein P, Heinze G, Gregg AR.
Placental expression and serum levels of cytoker-
atin-18 are increased in women with preeclamp-
sia. J Soc Gynecol Investig 2001; 8: 169-173.

Castéra L. Noninvasive Evaluation of Nonalcohol-
ic Fatty Liver Disease. Seminars in Liver Disease
2015; 35: 291-303.

Gonsebatt ME, Del Razo LM, Cerbon MA, Zuni-
ga O, Sanchez-Pefia LC, Ramirez P. Arsenite in-
duced oxidative damage in mouse liver is asso-
ciated with increased cytokeratin 18 expression.
Arch Toxicol 2007; 81: 619-626.

El-Youssef M, Mu Y, Huang L, Stellmach V,
Crawford S. Increased expression of transform-
ing growth factor-betal and thrombospondin-1 in
congenital hepatic fibrosis: possible role of the
hepatic stellate cell. Pediatr Gastroenterol Nutr
1999; 28: 386-392.

Li Y, Turpin C, Wang S. Role of thrombospondin 1
in liver diseases. Hepatol Res 2017; 47: 186-193.

Joka D, Wahl K, Moeller S, Schlue J, Vaske B,
Bahr MJ, Manns MP, Schulze-Osthoff K, Ban-
tel H. Prospective biopsy-controlled evaluation of
cell death biomarkers for prediction of liver fibro-
sis and nonalcoholic steatohepatitis. Hepatology
2012; 55: 455-464.

Shingu T, Bornstein P. Overlapping Egr-1 and Sp1
sites function in the regulation of transcription of
the mouse thrombospondin 1 gene. J Biol Chem
1994; 269: 32551-32557.

Hussein SA, Ragab OA, El Senosi YA, Abdel-Mut-
talib SA. Biochemical Effect of Fisetinon Experi-
mentally Induced Liver Damage in Rats. BVMJ
2018; 34: 98-107.

Cheng HS, Rademaker M. Monitoring methotrex-
ate-induced liver fibrosis in patients with psori-
asis: utility of transient elastography. Psoriasis
2018; 8: 21-29.

Ezhilarasan D. Hepatotoxic potentials of metho-
trexate: Understanding the possible toxicological
molecular mechanisms. Toxicology 2021; 458:
152840.

Umar M, Muzammil S, Zahoor MA, Mustafa S,
Ashraf A, Hayat S, ljaz MU. Fisetin Attenuates
Arsenic-Induced Hepatic Damage by Improving
Biochemical, Inflammatory, Apoptotic, and His-
tological Profile: In Vivo and In Silico Approach.
Evid Based Complement Alternat Med 2022; 20:
1005255.



