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Abstract: Paracetamol is one of the drugs that cause hepatic damage. Fisetin has 
wide pharmacological effects such as anticancer, antiinflammatory and antioxidant. 
We aimed to evaluate the possible protective effect of fisetin on paracetamol-induced 
hepatotoxicity. Fisetin was administered at 25 and 50 mg/kg doses. Paracetamol was 
administered orally at a dose of 2 g/kg for induce hepatotoxicity 1 h after the fisetin 
and NAC treatments. The rats were sacrificed 24h after the Paracetamol administration. 
Tumor necrosis factor-alpha (TNF-α), NFκB and CYP2E1 mRNA levels and Superoxide 
dismutase (SOD) activity, glutathione (GSH) and malondialdehyde (MDA) levels of livers 
were determined. Serum ALT, AST and ALP levels were measured. Histopathological 
examinations were also performed. Fisetin administration significantly decreased the 
ALT, AST and ALP levels in a dose dependent manner. In addition, SOD activity and 
GSH levels increased, and the MDA level decreased with the treatment of fisetin. The 
TNF-α, NFκB and CYP2E1 gene expressions were significantly lower in both doses of the 
fisetin groups compared with the PARA group. Histopathological examinations showed 
that fisetin has hepatoprotective effects. This study showed that fisetin has the liver 
protective effects by increasing GSH, decreasing inflammatory mediators and CYP2E1. 
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INTRODUCTION
Various diseases are now being treated with cost-
effective herbal remedies. Expensive synthetic 
drugs have led developing and poor countries to 
cheaper drugs. Therefore, it is important to clarify 
the action mechanisms of natural medicines. 
Because it reveals new information about 
alternative treatment approaches of diseases 
(Kashyap et al. 2018). Fisetin (3,7,3’,4’-tetrahydroxy 
flavone) is a new product of natural origin. It 
is a dietary, polyphenolic flavonoid found 
in fruits and vegetables such as onions, 
cucumbers, apples, grapes, persimmons, nuts 
and strawberries (Kashyap et al. 2018). Fisetin is 
known to have broad pharmacological effects 
such as antitumor (Suh et al. 2010), neurotrophic 

(Maher 2006), anti-inflammatory (Higa et al. 
2003), antioxidant (Kashyap et al. 2018) and 
antiangiogenic (Prasath & Subramanian 2013). 

Paracetamol (acetaminophen) is one 
of the most used analgesic and antipyretic 
drugs in the world. It has a safe profile when 
used in therapeutic doses (White et al. 2018). 
However, it can cause hepatotoxicity and even 
liver transplantation needs when taken in 
high doses (Larson et al. 2005). Paracetamol is 
mostly metabolized by sulfate and glucuronide 
conjugation. A little part (10-15%) of paracetamol 
is converted into a hepatotoxic substance 
N-acetyl-para-benzoquinone (NAPQI) if by 
hepatic cytochrome P450 isoenzymes (most 
of them are CYP2E1 enzymes) (Bessems & 
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Vermeulen 2001). NAPQI is deactivated by 
conjugate with glutathione (GSH) in the liver. In 
case of paracetamol overdose, the glucuronide 
and sulfate pathway are saturated, and normal 
GSH levels in liver cells are not sufficient 
to inactivate the NAPQI (Koppen et al. 2014, 
Krenkel et al. 2014). Administration of N-acetyl 
cysteine (NAC), a GSH precursor, as an antidote 
in paracetamol toxicity increases the hepatic 
GSH and detoxifies NAPQI (Lauterburg et al. 
1983). However, mortality and morbidity rates 
are high in paracetamol toxicity despite the use 
of NAC. Therefore, it would be beneficial to use a 
reliable food supplement in addition to NAC for 
the treatment of paracetamol toxicity.

The fact that fisetin is of natural origin and 
has many beneficial effects brings to mind that 
it can be applied as a supportive agent for NAC 
treatment. Namely, fisetin has been shown to 
have direct antioxidant activity and can also 
increase intracellular levels of GSH (Murtaza et 
al. 2009). This effect will be useful when GSH 
depletion occurs in paracetamol toxicity. Fisetin 
also reduces the levels of inflammatory cytokines 
such as tumor necrosis factor-alpha (TNF-α), 
interleukin-6 (IL-6) and IL-1β and inhibits NF-κB 
activation (Pal et al. 2015, Sakai et al. 2013). In 
addition, Zhao et al. and Zhang et al. investigated 
the effects of fisetin on ALT and AST enzymes, 
and antioxidant parameters in the paracetamol-
induced hepatotoxicity model and they found 
that fisetin alleviates ALT and AST enzymes and 
increases GSH levels (Zhang et al. 2020, Zhao et 
al. 2019). In these studies, antioxidant activity 
of fisetin was demonstrated in paracetamol-
induced hepatotoxicity, but its anti-inflammatory 
effect and its effects on CYP enzyme were not 
investigated. In our study, we also examined 
the effects of fisetin on the CYP2E1 enzyme, 
which plays an important role in the formation 
of NAPQIs, and the inflammatory mediators on 
paracetamol-induced hepatotoxicity.

MATERIALS AND METHODS
Animals
In our study, 36 male Albino wistar rats 
weighing 250-300 grams were used. The rats 
were obtained from Ataturk University Medical 
Experimental Application and Research Center. 
The Institutional Animal Care and Use Ethics 
Committee of Ataturk University approved the 
study under the protocol number 2018-1/20. 
The rats were hosted in groups throughout the 
experiment, under sawdust in plastic cages 
and a 12/12-hour day/night cycle and a 22±1ºC 
temperature. Standard feed and tap water were 
given ad libitum.

Chemicals
Fisetin (Alfa Aesar, Haverhill, Massachusetts, 
ABD), Paracetamol (4-Acetamidophenol, Acros 
Organisc, Geel, Belgium) N-Acetyl Cysteine 
(Muconex, Abdi Ibrahim, Istanbul, Turkey), 
Ketamine (Ketalar, Pfizer), Xylazine (Xylazinbio, 
Bioveta) were used in our study. Fisetin and 
NAC were suspended in saline; Paracetamol 
was suspended in 1% carboximetilcelulos in 
1X Phosphate Buffered Saline (PBS). The same 
amount of saline was administered to the 
healthy group.

Experimental groups
Rats were randomly divided into 6 groups (6 rats 
in each group).

Group 1: Healthy (Vehicle only)
Group 2: FIS50 (Only 50 mg/kg Fisetin)
Group 3: PARA (Only 2 g/kg Paracetamol)
Group 4: PARA+NAC (140 mg/kg N-Acetyl 

Cysteine + 2 mg/kg Paracetamol)
Group 5: PARA+FIS25 (25 mg/kg Fisetin + 2 

mg/kg Paracetamol)
Group 6: PARA+FIS50 (50 mg/kg Fisetin + 2 

mg/kg Paracetamol)
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Paracetamol Toxicity Model in Rats
Rats were fasted overnight but with free access to 
water. Paracetamol was given 1 hour after Fisetin 
(Hemanth Kumar et al. 2017, Jacob & Thangarajan 
2017) and NAC administration to the experimental 
groups. Fisetin, NAC, and paracetamol were 
administered orally by gastric gavage. Waited for 
24 hours after administration of paracetamol. 
At the end of the experiment, serum and tissue 
were obtained. For this purpose, anesthetized 
animals (with an intraperitoneal administration 
of a combination of 50 mg/kg ketamine and 15 
mg/kg xylazine) were cut through the sternum. 
The diaphragm was cut without damaging the 
lungs and approximately 5 cc blood was taken 
from the heart. Then, the abdomen was cut and 
the liver was removed and half of the liver was 
stored at -80ºC for biochemical and molecular 
analysis and the other half was stored in 10% 
formalin for histopathologic investigations. The 
blood samples were centrifuged and the serums 
were stored at -80ºC. 

Biochemical analysis
For serum ALT, AST and ALP measurements, a 
commercial kit (suitable for rat) was purchased 
from BEN, Milano, Italy and measurements 
were made on Chemwell Automated Chemistry 
Analyzer device (Awareness Technology).

Each liver tissue was ground using liquid 
nitrogen. For this purpose, TissueLyser II 
(Qiagen, Hilden, Germany) device and stainless-
steel balls and jars provided with this device 
were used. Tissue, liquid nitrogen and steel ball 
were placed in the jar and immediately the jar 
tightly closed. Then, it was embedded on the 
device. The device operated until the tissue was 
pulverized. 

After this process, approximately 100 mg of 
powdered tissue and 1 ml of PBS in a 2 ml tube 
was homogenized by TissueLyser II device and 
then centrifuged. Superoxide dismutase (SOD) 

activity (Sun et al. 1988), GSH (Sedlak & Lindsay 
1968) and malondialdehyde (MDA) levels 
(Ohkawa et al. 1979) from each supernatants 
of liver tissues were measured manually. The 
modified methods were performed according 
to our previous studies (Cadirci et al. 2019, 
Tatar et al. 2015). Briefly, different reagents 
and standards for SOD, GSH and MDA and 
supernatants of all samples were added to the 
wells. They were measured at room temperature 
by spectrophotometer (Biotek, Epoch, Germany). 
The absorbances were measured according to 
the color density and the concentration was 
determined according to the graphic created 
with the standards. Protein amounts in the 
supernatants were measured manually using 
the Lowry method. The mean absorbance of 
each sample and standard was calculated. All 
data were shown as mean ± standard deviation 
(SD) relative to each mg protein.

Molecular analysis

Liver tissue mRNA extraction and cDNA 
synthesis

mRNA extraction and complementary DNA 
(cDNA) synthesis were performed according to 
the methods described in our previous studies 
(Bayir et al. 2019, Ugan et al. 2018). mRNA 
extraction was performed from previously 
homogenized liver tissue. The tissue samples in 
the same group were pooled. 20 mg pooled tissue 
samples were used for mRNA extraction. Total 
mRNA was purified using the RNeasy Mini Kit on 
the QIACUBE (Qiagen, Hilden, Germany) device 
according to the manufacturer’s instructions. 
RNA samples were reverse transcribed to 
cDNA using the High Capacity cDNA Reverse 
Transcription Kit (Applied Biosystems, CA, USA).

Relative quantification of gene expression
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Relative mRNA expressions of TNF-α, NFκB and 
CYP2E1 were determined from cDNAs obtained 
from RNAs of rat livers by using the Taqman 
Gene Expression kit on StepOne Plus Real 
Time PCR instrument (Applied Biosystems). 
β-actin was used as housekeeping gene. The 
mRNA expression was carried out for 40 cycles. 
All primers are suitable for rat. The assay ID 
of the taqman primers are as follows: TNF-α 
(Thermo Fisher Rn00562055_m1), NFκB (Thermo 
Fisher Rn01399583_m1), CYP2E1 (Thermo Fisher 
Rn00580624_m1) and β-actin (Thermo Fisher 
Rn00667869_m1). Relative mRNA expressions 
were made using 9 μl cDNA (100 ng), 1 μl Primer 
Perfect Probe mix, and 10 μl QuantiTect Probe 
PCR Master mix (Qiagen, Hilden, Germany) for 
each sample. All data were expressed as fold 
change in expressions compared to the control 
(healthy) group using the 2−ΔΔCt method (Livak & 
Schmittgen 2001, Ugan et al. 2018).

Histopathological examination of liver tissues

Histopathological examinations were conducted 
by rapidly fixing all liver tissues in 10% solution 
formalin for 48 h. After fixation, all livers 
samples for histological tissue processing were 
routinely performed described as previously 
(Aksak Karamese et al. 2015). After tissue 
processing, the paraffin blocks were placed 

on the semi-automatic microtome device and 
5 micrometers thick sections were taken from 
each block for histopathological examination. 
Liver tissue slides were performed with 
hematoxylin and eosin staining according to 
procedures. Histopathological scoring was 
performed considering the presence of necrotic 
and apoptotic cells and signs of inflammation 
observed in hepatocytes. According to this; 
finding density symbolized as none (-), mild (+), 
medium (++) and severe (+++).

Statistical analysis
Biochemical and molecular data were applied 
to one-way analysis of variance (ANOVA) test 
using the IBM SPSS 20.0 statistical program. 
The differences between the groups were 
determined by Duncan multiple comparison 
test (p<0.05). All results are expressed as mean ± 
SD for each group.

RESULTS
The results of serum ALT, AST and ALP levels
The parameters showing liver damage (serum 
ALT, AST and ALP levels) are summarized 
in figure 1. When compared to the healthy 
group, we found that ALT, AST and ALP levels 
significantly increased in the PARA group. When 

Figure 1. The Results of Serum ALT, AST and ALP Levels. a: ALT, b: AST, c: ALP. Means with the same letter are not 
significantly different; means with different letters indicate significant differences between the groups according 
to the Duncan test (p < 0.05). Results are means ± SD.
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we compared with the PARA group, we found that 
ALT, AST and ALP levels decreased significantly 
in the PARA+NAC group. Looking at PARA+FIS25 
and PARA+FIS50 groups, we found that ALT, 
AST and ALP levels significantly decreased in a 
dose dependent manner. We did not observe a 
significant difference in ALT, AST and ALP levels 
of the PARA+NAC and PARA+FIS50 groups when 
compared with the healthy group.

The results of SOD activity, GSH and MDA 
levels in the liver tissue
The results of SOD activity, GSH and MDA levels 
in the liver tissue of rats are shown in figure 2. 
When compared to the healthy group, we found 
that the SOD activity and GSH level significantly 
decreased and the MDA level significantly 
increased in the PARA group. When compared 
to the PARA group, we found that the SOD 
activity and GSH level significantly increased 
and the MDA level significantly decreased in 
the PARA+NAC group. Looking at PARA+FIS25 and 
PARA+FIS50 groups, we found that SOD activity 
and GSH level significantly increased and MDA 
level significantly decreased in a dose dependent 
manner. We found that there was no statistical 
difference on MDA level of the PARA+FIS50 group 
when compared to the healthy group. We did 
not observe any significant difference in SOD 

activity, GSH and MDA levels of the PARA+NAC 
and PARA+FIS50 groups when compared with 
the healthy group. 

The results of TNF-α, NFκB and CYP2E1 mRNA 
expression in the liver tissue
The results of TNF-α, NFκB and CYP2E1 mRNA 
expression are shown in figure 3. Compared to 
the healthy group, we found that TNF-α, NFκB 
and CYP2E1 mRNA expressions in the PARA group 
significantly increased. Compared with the PARA 
group, we found that TNF-α, NFκB and CYP2E1 
mRNA expressions in the PARA+NAC group 
significantly decreased. Looking at PARA+FIS25 
and PARA+FIS50 groups, we found that TNF-α, 
NFκB and CYP2E1 mRNA expressions decreased 
significantly in a dose dependent manner. We 
did not observe a significant difference in TNF-α 
and NFκB mRNA expressions of the PARA+NAC 
and PARA+FIS50 when compared with the 
healthy group.

Histopathological results
In the healthy group, we observed that the 
appearance of hepatocytes, central vein and 
portal areas were normal and sinusoidal ranges 
were evident. No abnormality was observed in 
the number and location of Kuppfer cells (Figure 
4a). We could not detect any major differences 

Figure 2. The Liver Tissue Oxidative Stress Results. a: SOD, b: GSH, c: MDA. Means with the same letter are not 
significantly different; means with different letters indicate significant differences between the groups according 
to the Duncan test (p < 0.05). Results are means ± SD.
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on the histological appearance of the lobules 
between the FIS50 group and the healthy 
group (Figure 4b). In the PARA group, severe 
eosinophilic stained areas were observed in 
some regions consistent with severe hepatocyte 
damage and local oriented necrosis findings. 
Contrary to the severity of parenchymal necrosis, 
portal inflammation symptoms were very 
mild. The sinusoidal areas were not prominent 
except for regions close to the central vein. 
In some hepatocytes, apoptotic objects with 
pyknotic nuclei have been identified. The 
appearance of portal areas was normal (Figure 
4c). In the PARA+NAC group, although the 
general appearance of the section is similar 
to the healthy group, balloon degeneration 
characterized by diffuse swelling, pale staining 
and empty appearance of the cytoplasm was 
detected in hepatocytes located around the 
central vein (Figure 4d). In the PARA+FIS25 group, 
eosinophilic appearance without necrotic 
findings was observed in the regions of the lobule 
close to the periportal area. The appearance and 
cellular integrity of the hepatocytes was normal. 
Hepatic sinusoids were still not apparent. 
The appearance of portal areas was normal. 
Although there were signs of improvement, 
histopathological findings similar to the PARA 
group persist in the sectional area (Figure 4e). 
The general view in the PARA+FIS50 group is 

similar to the healthy group. Cellular integrity 
and staining characteristics of hepatocytes were 
equivalent to healthy group. Sinusoidal areas 
were evident. Portal areas and central vein were 
normally observed. It was analyzed that the high 
dose fisetin prevented the destructive effects of 
paracetamol (Figure 4f). The histopathological 
findings are summarized in table I.

DISCUSSION
The increase in GSH level is important for 
preventing paracetamol induced liver damage. 
NAC is used as an antidote for paracetamol 
toxicity due to its GSH precursor feature (Yayla 
et al. 2014). However, despite the use of NAC, 
mortality and morbidity rates are high in 
paracetamol toxicity. For this reason, it would 
be beneficial to use an alternative treatment 
strategy combined with NAC for the treatment 
of paracetamol toxicity (Raskovic et al. 2019). 
For this purpose, we examined the effects of 
natural origin fisetin on paracetamol-induced 
hepatotoxicity. We examined the effects of 
fisetin on liver enzymes. We have seen that 
it ameliorates liver enzymes such as ALT, AST, 
ALP, and CYP2E1. In addition, we found that it 
increases GSH levels and SOD activity and 
decreases MDA levels. We have seen that fisetin 
reduces the levels of TNF-α and NF-κB.

Figure 3. The Results of Relative mRNA Expression of TNF-α, NF-κB and CYP2E1. a: TNF-α, b: NF-κB, c: CYP2E1. Means 
with the same letter are not significantly different; means with different letters indicate significant differences 
between the groups according to the Duncan test (p < 0.05). Results are means ± SD.
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The important parameters in the evaluation 
of general liver damage and paracetamol 
toxicity are liver enzymes (Khodayar et al. 2020). 
For this purpose, we firstly detected ALT, AST 
and ALP serum levels, which are biomarkers of 
liver damage. These enzymes are very sensitive 
markers and should be determined first in 
the liver damage (Rajesh & Latha 2004, Yayla 
et al. 2014). On the other hand, Cytochrome 
P450 (especially CYP2E1) enzymes also have 
important roles in paracetamol metabolism 
and it has been reported that the formed 
metabolites may cause to severe hepatotoxicity 
(Laine et al. 2009). Looking at our current study, 
we found that paracetamol increased the mRNA 
expressions of CYP2E1 and fisetin administration 
reduced the mRNA expressions of CYP2E1 in 
a dose dependent manner. We demonstrated 
that fisetin reduces mRNA expression of the 
CYP2E1 enzyme of the liver tissue. It is known 

that the amount of CYP2E1 enzyme increases in 
cases of paracetamol hepatotoxicity and when 
the amount of CYP2E1 enzyme decreases, the 
liver damage reduces (Walubo et al. 2004). On 
the other hand, we found that the serum levels 
of ALT, AST and ALP enzymes increased in the 
PARA group. We observed that the serum levels 
of liver enzymes decreased with administration 
of both doses of fisetin. In a study on liver 
toxicity that is similar to our study, Hussein et 
al. found that ALT, AST and ALP enzyme values 
increased in the liver toxicity and this increase 
improved with fisetin treatment (Hussein et al. 
2018). In another study, fisetin decreased ALT, 
AST levels in mice with liver toxicity (Zhao et al. 
2019). Consequently, these reductions in liver 
enzymes are evidence of the liver-protective 
effect of fisetin. Additionally, we also performed 
histological examination to support our finding. 
We found that fisetin improves the histological 

Figure 4. Results of 
Histopathological 
Hematoxylin-Eosin 
Staining of (CV: Central 
Vein, PA: Portal Area, *: 
Necrotic Areas, Arrow 
Heads: Apoptotic 
Bodies). a: Healthy, 
b: FIS50, c: PARA, d: 
PARA+NAC, e: PARA+FIS25, 
f: PARA+FIS50.
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parameters in paracetamol induced liver 
damage.

Other possible markers of liver damage 
are GSH depletion and oxidative stress (Kaya 
et al. 2018). Fisetin has been shown to have 
direct antioxidant activity and can also directly 
increase intracellular levels of GSH (Murtaza 
et al. 2009). In the light of this information, we 
aimed to show that fisetin plays an important 
role in paracetamol-induced liver toxicity in our 
current study. For this purpose, we measured the 
amount of GSH, which is the main mechanism 
for preventing paracetamol hepatotoxicity. 
GSH plays a key role in detoxification of NAPQI 
against liver damage, as well as sweeping 
reactive oxygen species (Jaeschke 1990). Because 
of these features, GSH has two mechanisms 
to prevent liver toxicity. In our measurements, 
we found that the GSH level decreased in the 
PARA group compared with the healthy group. 
We found that GSH levels increased with both 
doses of fisetin. The increasing of GSH level with 
fisetin administration provides the metabolism 
of large amounts of paracetamol and prevents 
the development of hepatotoxicity. Fisetin also 
provides additional protection by showing 
antioxidant activity. Paracetamol toxicity causes 
the production of reactive oxygen species, which 
can cause a hydrogen atom to be isolated from an 
unsaturated lipid and initiate lipid peroxidation. 
The lipid peroxidation causes significant 

changes in membrane structure and cell 
functions, and causes DNA damage, cytotoxicity 
and eventually cell death. As an indicator of 
lipid peroxidation, measuring MDA levels is 
essential in determining oxidative stress (Fouad 
& Jresat 2012). In this study, when we compared 
with the healthy group, we found that the MDA 
level increased in the PARA group. However, we 
found that increased MDA levels decreased with 
the administration of fisetin. Also, antioxidant 
enzymes are of importance to prevent oxidative 
damage in paracetamol-induced hepatotoxicity 
(Chiu et al. 2003). In this study, we also measured 
the SOD activity, an antioxidant enzyme. We 
found that the SOD enzyme activity in the liver 
also decreased in the PARA group. On the other 
hand, we found that administration of fisetin 
at both doses increased SOD activity. All these 
effects may be due to the potential antioxidant 
activities of fisetin. In a study that supports our 
present study, fisetin has been shown to reduce 
reactive oxygen radicals and restore the level of 
GPX, GST and other antioxidant enzymes (Zhao 
et al. 2019). In addition, fisetin has been shown 
to reduce myeloperoxidase levels in another 
study (Pal et al. 2015).

In addition to oxidative stress, various 
complex mechanisms such as inflammatory 
mediators have been found to be pathways 
associated with paracetamol toxicity (Yayla et 
al. 2014). TNF-α is one of the most important 

Table I. Histopathological Results.

GROUPS Necrotic Areas Apoptotic Objects Inflammation 

HEALTHY - - -

FIS50 - - -

PARA +++ ++ +

PARA+NAC + + -

PARA+FIS 25 ++ + -

PARA+FIS 50 - - -
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pro-inflammatory cytokines that mediate 
acute phase responses of various hepatotoxic 
substances such as paracetamol (Uzkeser et 
al. 2012). The rise of TNF-α levels is also closely 
related to NF-κB levels (Ugan et al. 2018). In 
the study researching the effects of fisetin 
on paracetamol toxicity, Licong et al. have 
investigated corrective effects of fisetin on the 
antioxidants and liver enzymes (Zhao et al. 
2019). However, the levels of cytokines, which 
are important pathways in paracetamol toxicity, 
were not examined. In our current study, we 
also examined the effects of fisetin on TNF-α 
and NF-κB levels, which have important roles 
in paracetamol-induced hepatotoxicity. We 
found that TNF-α and NF-κB levels increased 
in the PARA group. Compared with the PARA 
group, we found that the TNF-α and NF-κB 
levels were decreased in the PARA+NAC and 
PARA+FIS groups. The previous studies support 
our present work. It has been shown that TNF-α 
inhibition can protect paracetamol induced liver 
toxicity in a previous study (Yayla et al. 2014). It 
has been shown in many studies that fisetin has 
anti-inflammatory potential via the NF-κB signal 
pathway and reduces TNF-α levels. (Kashyap et 
al. 2018, Pal et al. 2015, Wu et al. 2011). 

The findings in these studies and in our 
current study showed that fisetin not only has 
antioxidant properties but also decreases liver 
toxicity by reducing the mRNA expressions of 
CYP2E1 enzymes and cytokines such as TNF-α 
and NF-κB. As a result of these effects of fisetin, 
we can say that it contributes to normalization 
of liver enzymes in biochemical examination 
and liver structures in histopathological 
examination.

All these results demonstrate that fisetin is 
effective to protect paracetamol-induced liver 
damage. Fisetin shows the liver protective effects 
by increasing GSH and improving liver enzymes 
such as ALT and AST, as well as cytochrome 

P450 enzymes such as CYP2E1. Moreover, fisetin 
improves antioxidant defense system, decreases 
oxidative stress and TNF-α and NF-κB mRNA 
expression levels. More research is needed to 
better clarify the protective effects of fisetin on 
paracetamol hepatotoxicity.
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