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Abstract
Purpose

Fluoxetine by increasing free radicals can cause hepatotoxicity. Ellagic acid and taurine have antioxidant
properties. In this study, the protective effects of ellagic acid and taurine against fluoxetine-induced liver
damage were examined

Methods

The animals were divided into five groups as follows: group 1: controls receiving corn oil; group 2:
receiving fluoxetine 15 mg/kg body weight (bw); group 3: receiving fluoxetine 15mg/kg bw and ellagic
acid 50 mg/kg bw; group 4: receiving fluoxetine 15 mg/kg bw and taurine 100 mg/kg bw; and group 5:
receiving 15mg/kg bw, ellagic acid 50 mg/kg bw, and taurine 100 mg/kg bw.

Results

Fluoxetine significantly raised serum uric acid, malondialdehyde (MDA), protein carbonyl (PC), lipids
profile, serum glutamate pyruvate transaminase (GPT), serum glutamate oxaloacetate transaminase
(GOT), alkaline phosphatase (ALP), total bilirubin, and serum interleukin-1 beta; and gene expressions of
interleukin-Tbeta (IL-1B), nuclear factor kappa B (NF-kB), and tumor necrosis factor-alpha (TNF-a).
Moreover, it significantly decreased (p < 0.05) high-density lipoprotein cholesterol (HDL-C), ferric
reducing/antioxidant power (FRAP), catalase (CAT), vitamin C, and superoxide dismutase (SOD) in the
liver compared to group 1. Treatment with ellagic acid and taurine significantly elevated antioxidant
capacity and decreased hepatotoxic biochemical parameters and cells’ inflammation compared to group
2. Also, the results confirm that treatment with ellagic acid and taurine improved tissue change and liver
function.

Conclusion

Our study has concluded the beneficial effect of ellagic acid and taurine against fluoxetine-induced
hepatotoxicity. This effect is derived from free radical scavenging properties and the anti-inflammatory
effect related to IL-1B, NF-kB, TNF-a.

Introduction

Antidepressant medications like Fluoxetine are used under some conditions such as major depression,
panic disorder, and obsessive-compulsive disorder (Gibbons et al., 2012, Baytunca et al., 2016). This drug
is metabolized in the liver by cytochrome (CYP) CYP2D6 to the norfluoxetine. Fluoxetine and
norfluoxetine inhibit hepatic cytochromes such as CYP2B6, CYP2C19, CYP2D6, and CYP2C (Mandrioli et
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al., 2006, Sager et al., 2014). Accordingly, these cytochromes are components of electron transfer chain
oxidases. The inhibition of hepatic cytochrome by norfluoxetine consequently leads to the production of
reactive oxygen species )ROS) (Feng and He, 2013). Overproduction of ROS and depletion of antioxidant
capacity cause oxidative stress (Lukaszewicz-Hussain, 2010). Under oxidative stress conditions, ROS
binds to macromolecules such as proteins and lipids and then leads to their oxidation (Chapple, 1997).
Side effects of fluoxetine include chronic liver failure, dyslipidemia, diabetes mellitus, and heart disease
(Mastronardi et al., 2011). Mechanisms of hepatic damage include the increased hepatic enzymes such
as aminotransferase, gluconeogenesis, change in the metabolism of glucose, and oxidative stress
(Ranjbar et al., 2005). Of note, Hepatotoxicity has been reported in oxidative stress (Cai et al., 2015).
besides, fluoxetine by the development of oxidative stress leads to hepatic damage (Mastronardi et al.,
2011). Antioxidants are a class of substances that inhibit oxidation. These compounds prevent cell
damage by collecting ROS (Halliwell, 2011). Antioxidants have been reported to treat some diseases such
as drug-induced hepatotoxicity, cancer, and cardiovascular diseases (Zafarullah et al., 2003).
Polyphenolic compounds like ellagic acid are found in green tea, grapes, apples, and pomegranates,
which have strong antioxidant properties. Additionally, taurine is produced from decarboxylation and
oxidation of sulfur amino acids that has antioxidant properties (Balkan et al., 2001, Rehman et al., 2012).
Therefore, in this study, our aim was to evaluate the protective effects of ellagic acid and taurine on
hepatotoxic biochemical parameters, lipid profile, antioxidant capacity, and gene expressions of
interleukin-Tbeta (IL-1B), nuclear factor kappa B (NF-kB), and tumor necrosis factor-alpha (TNF-a) against
fluoxetine induced hepatotoxicity in male Wistar rats.

Materials And Methods

Chemicals

Sodium acetate, 2-thiobarbituric acid, Ferric chloride, and H202 were obtained from Merck (Darmstadt,
Germany). Fluoxetine capsules (20 mg fluoxetine-hydrochloride), ellagic acid, and taurine powder were
also obtained from pars Daru Company (Tehran, Iran). In addition, nitro blue tetrazolium, 2, 4, 6-tripyridyl-
s-triazine (TPTZ), and 2,4-Dinitrophenylhydrazine (2,4-DNPH) were purchased from Sigma-Aldrich (St.
Louis, MO, USA). SYBR® Green PCR Master Mix was obtained from Qiagen Company (Diisseldorf,
Germany). Low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C),
Triglyceride (TG), total cholesterol (TC), serum glutamate pyruvate transaminase (GPT), serum glutamate
oxaloacetate transaminase (GOT), alkaline phosphatase (ALP), and total bilirubin were bought from Pars
Azmoon Company (Tehran, Iran).

Animals

In this study, 40 male Wistar rats were used. The rats were obtained from Tehran Pasteur Institute
(Tehran, Iran). All of them were kept under laboratory conditions (at 25 °C temperature, 50% humidity, free
access to standard food and water, and a 12hr light/dark cycle). We randomly divided all the animals into
five groups. The first group (control group) received only 1 ml corn oil by stomach tube for three weeks
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(Karimi-Khouzani et al., 2017). The second group (group 2) received fluoxetine 15 mg/kg body weight
(bw) by stomach tube for three weeks (Zlatkovi¢ et al., 2014). The third group (positive control) received
fluoxetine 15 mg/kg body weight and ellagic acid 50 mg/kg body weight by stomach tube for three
weeks (Pari and Sivasankari, 2008). The fourth group received fluoxetine 15 mg/kg body weight and
taurine 100mg/kg body weight by stomach tube for three weeks (Kim et al., 2017). Finally, the fifth group
received fluoxetine 15 mg/kg body weight, ellagic acid 50 mg/kg body weight, and taurine 100 mg/kg
body weight by stomach tube for three weeks. Three weeks later, the rats were anesthetized with
chloroform and blood of rats were collected by cardiac puncture. Next, bloods were centrifuged and
serum and plasma were separated for biochemical analysis. Also, a piece of liver tissue was removed to
determine histological studies, superoxide dismutase (SOD), catalase (CAT), TNF-q, IL-1B, and NF-kB gene
expressions.

Biochemical analysis

Serum total bilirubin, ALRP, GOT, GPT, HDL-C, LDL-C, TG, and TG levels were measured using an auto-
analyzer (BT 3000, France). Additionally, we measured serum interleukin-1 beta (IL-1B) by ELISA kit (BT-
Laboratory, China) in terms of the kits’ protocol. VLDL-C was calculated using TG/5 by Friedewald et al
(Friedewald et al., 1972)

Determination of Ferric Reducing/Antioxidant Power (FRAP)

Antioxidant capacity was measured using tripyridyl-s-triazine (TPTZ). Accordingly, this method was firstly
described by Benzie and Strain (Benzie and Strain, 1996).

Determination of lipid peroxidation

Serum and liver malondialdehyde (MDA) was measured using Thiobarbituric acid described in a previous
study by Heidarian & Soofiniya (Heidarian and Soofiniya, 2011).

Determination CAT and SOD in the liver tissue

Heidarian et al. measured CAT activity in a previous study (Heidarian et al., 2014). Additionally,
Beauchamp and Fridivich measured SOD activity (Beauchamp and Fridovich, 1971).

Determination of protein oxidation

Protein carbonyl was measured using 6 M guanidine hydrochloride. Correspondingly, this method was
described by Reznick & Packer (Reznick and Packer, 1994).

Determination of vitamin C in the liver tissue
Vitamin C was measured in liver tissue by the Omaye method (Omaye et al., 1979).

Determination of TNF-a IL-1B and NF-kB gene expression
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Using RNX-plus kit, total RNA was extracted (GMbiolab, China) according to the kits’ protocol. Quality and
quantity total RNA was also measured with absorbance at 260/280 nm by spectrophotometer
(Nanodrop2000, Thermo, USA). CDNA measurement was accomplished using PrimeScriptTM reagent kit
(Takara Bio Inc. Japan) in terms of the kits’ protocol. The amplification of cDNA was done by Real-time
quantitative PCR (RT-gPCR) using specific primers for TNF-q, IL-18 and NF-kB and SYBR® Green PCR
Master Mix (Qiagen, Germany). Accordingly, these primers were as follows: Forward for IL-1B: 5
CAACAAAAATGCCTCGTGCTG-3  reverse: 5-TCGTTGCTTGTCTCTCCTTGTA-3", forward for TNF-a: 5°-
CTGGCGTGTTCATCCGTTC-3 reverse: 5-GGCTCTGAGGAGTAGACGATAA-3", forward for NF-kf3: 5'-
CTGGCCATGGACGATCTGTT-3  reverse: 5-TGATCTTGATGGTGGGGTGC-3’, and forward for B-actin: 5'-
AGGAGTACGATGAGTCCGGC-3" reverse: 5'-CGCAGCTCAGTAACAGTCCG-3". Using primer 3.0 and oligo
7.0 software, these primers were designed and then confirmed by BLAST Nucleotide (NCBI). The
amplification of cDNA was performed for 10 min at 95 °C. RT-qPCR was done in three steps and 40
cycles. These steps were as follows: for 15 s at 95 °C for secondary denaturation, for 20 s at 60 °C for
annealing, and 25 s at 72 °C for extension). In addition, B-actin was used to control gene and normalize
gene expression

Histopathological study

After sacrificing the rats, liver tissues of each experimental group were fixed in 20% formaldehyde. All
these tissues were dissected in 5-um pieces by a microtome. These pieces were then stained with
hematoxylin-eosin (H&E). After performing this stage, the tissues were observed with a light microscope,
up to the histopathological observation at the end, we photographed from the tissues using a digital
camera (Nikon camera).

Statistical analysis

Results were shown as mean + SD. Statistical analyses were done by one-way analysis of variance
(ANOVA) and Tukey post hoc test using SPSS software (Statistical Package for the Social Sciences,
version 20.0, SPSS Inc, Chicago, IL, USA). The statistical significance level was considered as p < 0.05

Results

Biochemical data

Table 1 shows the effects of ellagic acid and taurine on biochemical data. In the second group that
received only fluoxetine, we observed a significant elevation (p < 0.05) in parameters such as GOT, ALP,
GPT, total bilirubin, LDL-C, TG, VLDL-C, TC, and uric acid and a significant reduction (p < 0.05) in HDL-C
compared to the group 1 (Table 1). Moreover, in the groups that received ellagic acid and taurine and
group 5, we observed a significant reduction (p < 0.05) in serum GOT, ALP, GPT, TG, VLDL-C, TC, and uric
acid as well as a significant elevation (p < 0.05) in HDL-C compared to the group 2 (only treated with
fluoxetine). Also, was observed a significant reduction (p < 0.05) in total serum bilirubin and LDL-C in
group 5 compared to group 2.
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The effects of ellagic acid and taurine on FRAP and MDA levels

Table 2 shows the effects of ellagic acid and taurine on FRAP and MDA levels. In the second group
receiving fluoxetine for three weeks, we observed a significant elevation (p < 0.05) in serum and tissue
MDA content and a significant reduction (p < 0.05) in FRAP levels compared to the control group (Table
2). We found that in groups 3,4, and 5 that received ellagic acid and taurine FRAP levels significantly
raised and (p < 0.05) serum and tissue MDA significantly decreased (p < 0.05) compared to group 2. Also,
we observed a significant elevation (p < 0.05) in FRAP levels and a significant reduction (p < 0.05) in
serum MDA in group 5 compared to groups 3 and 4.

Effects of ellagic acid and taurine on PC and vitamin C

Table 3 shows the effects of ellagic acid and taurine on PC and vitamin C. A significant increase was
observed in serum PC in the second group (p < 0.05) compared to group 1. Moreover, in this group, a
significant depletion was observed (p < 0.05) in liver vitamin C compared to group 1 (Table 3). The groups
that received ellagic acid and taurine alone and group 5 was observed a significant elevation (p < 0.05) in
liver vitamin C compared to group 2. In addition, a significant reduction (p < 0.05) was observed in serum
PC compared to group 2 in groups 3, 4, and 5. However, in group 5 compared to groups 3 and 4, a
significant depletion was observed (p < 0.05) in PC.

Effects of ellagic acid and taurine on SOD and CAT activity in the liver tissue

Fig. 1 shows the effects of ellagic acid and taurine on SOD and CAT activities in the liver tissue. In the
second group that received fluoxetine for three weeks compared to group 1, we observed a significant
reduction (p < 0.05) in SOD and CAT activities in the liver tissue (Fig. 1). In the groups that received ellagic
acid and taurine and group 5 a significant elevation was observed in the SOD and CAT activities in the
liver tissue (p < 0.05) compared to group 2. In the fifth group, a significant elevation (p < 0.05) was found
in the SOD and CAT activities in the liver compared to the third and fourth groups.

The effects of ellagic acid and taurine on TNF-q, IL-1B, and NF-kB gene expressions and serum IL-1B

Fig. 2 shows the effects of ellagic acid and taurine on serum IL-1B, TNF-q, IL-13, and NF-kB gene
expressions. In the second group that only received fluoxetine, we observed a significant elevation (p <
0.05) in serum IL-1B, TNF-q, IL-1B, and NF-kB gene expressions compared to group 1 (Fig. 2). Additionally,
in the groups that received ellagic acid and taurine and group 5 we observed a significant reduction (p <
0.05) in serum IL-1B, TNF-q, IL-1B, and NF-kB gene expressions compared to group 2. However, in group 5
compared to the groups 3 and 4, a significant depletion (p < 0.05) was observed in serum IL-1B, TNF-q, IL-
1B, and NF-kB gene expressions.

Histopathological findings

In the first group, a normal morphology was observed (Fig. 3 (A)), but infiltration of lymphocyte cells was
observed in the second group (just received fluoxetine) compared to group 1 (Fig. 3 (B)). Additionally, in
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groups 3 and 4 that received ellagic acid and taurine alone, a depletion was observed in cells’
inflammation compared to group 2 (Fig. 3 (C, D)). In group 5, a significant depletion was observed in cells
inflammation and infiltration of lymphocyte cells compared to group 2 (Fig. 3 (E)).

’

Discussion

Fluoxetine is one of the antidepressants considered for the treatment of depressive disorders, but it faces
limitations due to causing liver complications. Fluoxetine leads to the release of free radicals and liver
damage by impairing organs’ function like mitochondria (Lyoo and Renshaw, 2002, Ozden et al., 2005).
Increasing liver markers such as GOT, GPT, total bilirubin, and ALP in the blood is known as one of the
signs of liver damage that are measured as important markers in liver damage (Adeyemi and Olayaki,
2018). Of note, GOT, GPT, total bilirubin, and ALP in the second group significantly increased compared to
group 1 (Table 1). Previous studies confirm the results of the present study (Inkielewicz-Stepniak, 2011,
Karimi-Khouzani et al., 2017). The ellagic acid and taurine-treated groups showed a significant reduction
in serum levels of these enzymes (Table 1). Previous researches have shown that antioxidants can
maintain cell membrane and reduce enzyme release through free radical scavenging activity. Therefore, it
can be said that antioxidant compounds prevent liver necrosis and liver dysfunction by protecting liver
cells against free radicals (Feng et al., 2014, Karimi-Khouzani et al., 2017). Therefore it seems reducing
the level of GOT, GPT, total bilirubin, and ALP were related to antioxidant properties of ellagic acid and
taurine.

Changes in the serum lipid profile such as VLDL-C, LDL-C, TC, TG, and HDL-C usually occur in liver injury
(Panneerselvam et al., 2013). The results of our study showed that fluoxetine consumption significantly
changes the level of lipid profile. As well, Fluoxetine has been shown to elevate TC, TG, and LDL-C levels
significantly. Also, a significant depletion was observed in HDL-C levels in group 2 compared to group 1
(Table 1). Previous works have reported hyperlipidemia is related to the effect of fluoxetine on gene
expression of fatty acid synthesis and acetyl-CoA carboxylase 1. Previous studies confirm the results of
the present study (Cheng et al., 2007, Karimi-Khouzani et al., 2017). Evaluation of lipid profile in different
groups showed that ellagic acid and taurine were effective in reducing TC, TG, and LDL-C levels as well
as increasing HDL-C levels in the treatment groups (Table 1). Previous research has shown that
antioxidants can play an effective role in preventing the elevation of lipid profile levels in fluoxetine-
induced liver damage (Tung et al., 2009, Heidarian et al., 2017, Sharifi-Rigi et al., 2019). It seems that the
roles of ellagic acid and taurine in reducing the level of lipid profile were related to their antioxidant
properties. Ellagic acid and taurine both exert their hypolipidemic activity by reducing de novo lipogenesis
and TG esterification, while enhancing FA oxidation. Previous studies have shown that ellagic acid and
taurine are able to enhance the phosphorylation of AMP-activated protein kinase (AMPK). AMPK
activation has been shown to regulate energy homeostasis by inhibiting adipogenesis and de novo TG
synthesis, and by augmenting FA oxidation (Kang et al., 2016, Han et al., 2020).

Some parameters such as PC and MDA are the other oxidative stress markers (Beal, 2002). In this report,
a significant elevation we observed in PC and MDA in the fluoxetine receiving group as well as a
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significant depletion in FRAP compared to group 1 (Tables 2 and 3). Previous studies confirm the results
of the present study that fluoxetine by increasing free radicals leads to the production of PC and MDA
(Zlatkovi¢ et al., 2014, Karimi-Khouzani et al., 2017). In the other group that received ellagic acid and
taurine, a significant elevation was found in FRAP levels as well as a significant depletion in contents of
serum PC and MDA in serum and liver tissues compared to group 2 (Tables 2 and 3). Previous works
have reported antioxidants by increasing antioxidant capacity lead to a reduction of free radicals (Mudnic
et al., 2010, Heidarian et al., 2017, Esmaeilzadeh et al., 2020). It seems the role of ellagic acid and taurine
to be relative to their antioxidant properties in the prevention of cell necrosis and inhibition of lipid
peroxidation.

Natural antioxidants such as SOD and CAT are two kinds of important antioxidants to neutralize ROS.
SOD and CAT neutralize ROS to compounds such as water and oxygen. Also, another antioxidant such as
vitamin C is obtained by food, which eliminates ROS. Following the elevation of ROS production, the level
of enzymatic antioxidants decreased (Sen et al., 2010, Pai et al., 2012). In the fluoxetine receiving group
compared to group 1, contents of vitamin C, CAT and SOD significantly decreased in the liver tissue
(Table 3 and Fig. 1). Previous studies confirm the results of the present study that fluoxetine leads to
oxidative stress and under oxidative stress conditions antioxidants are reduced (Jayavelu et al., 2013,
Zlatkovic¢ et al., 2014, Karimi-Khouzani et al., 2017). In the ellagic acid and taurine receiving group
compared to group 2 contents of vitamin, CAT, and SOD significantly increased in the liver tissue (Table 3
and Fig. 1). Moreover, in histopathological examination of liver tissue, we found a significantly decreased
inflammation and tissue damage in the group receiving ellagic acid and taurine compared to group 2
(Fig. 3). Previous works have reported antioxidants by inhibiting oxidative stress lead to elevation of
antioxidant capacity (Nouri et al., 2017, Nouri and Heidarian, 2019). These effects may be mediated by
the antioxidant properties of the two compounds.

Previous research has shown that fluoxetine induced liver damage that is relative to inflammation in liver
tissue. These changes may be due to the elevation of ROS production in the liver tissue. NF-k3, TNF-q,
and IL-1PB are the main mediators initiating the cascade path of inflammation. The production of these
cytokines in the liver is responsible for causing inflammation in the liver tissue, which ultimately leads to
apoptosis and necrosis of hepatocytes (Dhami et al., 2013, Karimi-Khouzani et al., 2017). In the fluoxetine
receiving group compared to group 1, significantly increased 1 TNF-q, IL-1B, and NF-kB gene expressions
and serum IL-1B were observed (Fig. 2). Previous studies confirm the results of the present study (Karimi-
Khouzani et al., 2017, Esmaeilzadeh et al., 2020). In the ellagic acid and taurine receiving group
compared to the group 2, a significant decrease was observed in serum IL-13, TNF-q, IL-13, and NF-kB
gene expressions (Fig. 2). Previous works have reported antioxidants to have anti-inflammatory activity
by reducing inflammatory factors (Nouri et al., 2017, Nouri et al., 2021). It seems the roles of ellagic acid
and taurine to be relative to their antioxidant properties.

This study evaluated the effects of ellagic acid and taurine on fluoxetine-induced liver damage. Since
oxidative stress plays an important role in the development of fluoxetine-induced liver damage, it seems
that antioxidant compounds can effectively prevent the structural and functional damages caused by
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this drug. Our results show that the combined use of alginic acid and taurine further reduces oxidative
stress and tissue damage and increases antioxidant reserves compared to the consumption of one of
them alone.
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Table 1. Effects of ellagic acid and taurine on biochemical tests
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Parameters Group 1 Group 2 Group 3 Group 4 Group 5

ALP (u/L) 185.87+17.46 449.75+47.87% 250.62+14.483 250.38+47.023 191.62+21.20 bcd

GPT (u/L) 63.62+6.16  135.88+10.742@  94.87+7.05¢2P 08.37+8.73 @b 64.37+12.80 bed

GOT (u/L) 159.50+18.73 290.88+16.472 188.12+9.062> 192.00+13.033 148.50+20.75 bcd
Total bilirubin (mg/dl) 0.85+0.06 2.27+0.70 2 1.88+0.131 2 1.79+0.29 @ 0.84+0.10 bed
LDL-C (mg/dl) 23.05+4.15 61.78+11.9128  4562+6.2723  44.63+13.102b 21.99+6.07 bed

TG (mg/dl) 66.12+4.67  143.38+10.432  82.87+9.89 @ 82.00+7.83 @b 66.12+10.96 bed
VLDL-C (mg/dl) 13.22+0.93 28.67+2.08 @ 16.57+1.97 @b 16.40+1.56 @ 13.22+2.19 bed
HDL-C (mg/dl) 37.62+2.76 14.67+3.432 28.70+3.66 @P 26.65+2.66 ab 36.35+2.92 bed
TC (mg/dl) 77.50+5.50 126.12+7.03 2 95.50+7.15ab 92.87+11.40 @ 76.62+8.31 bed

The obtained data were expressed as mean = SD (n = 8). Group 1: control, Group 2: received fluoxetine just, Group 3: received
fluoxetine and ellagic acid 50 mg/kg, Group 4: received fluoxetine and taurine 100 mg/kg, and Group 5: received fluoxetine, ellagic
acid50 mg/kg, and taurine 100 mg/kg. Data were analyzed by ANOVA followed by Tukey post hoc test for pairwise comparison. @
significant difference in comparison with the control group (group 1) (p < 0.05), P significant difference in comparison with only
fluoxetine group (group 2) (p < 0.05), ¢ significant difference in comparison with the group receiving ellagic acid (50 mg/kg) (group

3) (p < 0.05), 4 significant difference in comparison with the group receiving taurine (100 mg/kg) (group 4) (p < 0.05).

Table 2. Effects of ellagic acid and taurine on FRAP and MDA contents

Parameters Group 1 Group 2 Group 3 Group 4 Group 5
Serum MDA (nmol/1) 8.52+0.56 19.58+1.302 12.99+0.82 b 13.72+1.77 @b 8.92+1.42 bed
Liver MDA (nmol/mg protein) 1.56+0.19 5.76+0.83 @ 2.80+0.28 2P 2.99+0.58 ab 1.76+0.52 bcd

Plasma FRAP (uM) 616.13+52.41 369.25+38.762 513.12+40.082 501.25+39.902P 634.12+44.34 bcd
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The obtained data were expressed as mean = SD (n = 8). Group 1: control, Group 2: received fluoxetine just, Group 3: received
fluoxetine and ellagic acid 50 mg/kg, Group 4: received fluoxetine and taurine 100 mg/kg, and Group 5: received fluoxetine, ellagic
acid50 mg/kg, and taurine 100 mg/kg. Data were analyzed by ANOVA followed by Tukey post hoc test for pairwise comparison. a
significant difference in comparison with the control group (group 1) (p < 0.05), b significant difference in comparison with only
fluoxetine group (group 2) (p < 0.05), c significant difference in comparison with the group receiving ellagic acid (50 mg/kg)

(group 3) (p < 0.05), d significant difference in comparison with the group receiving taurine (100 mg/kg) (group 4) (p < 0.05).

Table 3. Effects of ellagic acid and taurine on PC and vitamin C

Parameters Group 1 Group 2 Group 3 Group 4 Group 5

Liver vitamin C (mg/g tissue) 14.30+1.30 8.88+1.12@8 12.10+0.612 12.40+0.492> 14.23+1.15bcd

Protein carbonyl (nmol NADPH/mg protein)  4.40+0.55 11.18+1.012 7.47+0.692b 72741308  4.55+0.62 bcd

The obtained data were expressed as mean = SD (n = 8). Group 1: control, Group 2: received fluoxetine just, Group 3: received
fluoxetine and ellagic acid 50 mg/kg, Group 4: received fluoxetine and taurine 100 mg/kg, and Group 5: received fluoxetine, ellagic
acid50 mg/kg, and taurine 100 mg/kg. Data were analyzed by ANOVA followed by Tukey post hoc test for pairwise comparison. a
significant difference in comparison with the control group (group 1) (p < 0.05), b significant difference in comparison with only
fluoxetine group (group 2) (p < 0.05), c significant difference in comparison with the group receiving ellagic acid (50 mg/kg)

(group 3) (p < 0.05), d significant difference in comparison with the group receiving taurine (100 mg/kg) (group 4) (p < 0.05).
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Figure 1

shows the effects of ellagic acid and taurine on SOD and CAT activities in the liver tissue. The obtained
data were expressed as mean = SD (n = 8). Group 1: control, Group 2: received fluoxetine just, Group 3:
received fluoxetine and ellagic acid 50 mg/kg, Group 4: received fluoxetine and taurine 100 mg/kg, and
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Group 5: received fluoxetine, ellagic acid50 mg/kg, and taurine 100 mg/kg. Data were analyzed by
ANOVA followed by Tukey post hoc test for pairwise comparison. a significant difference in comparison
with the control group (group 1) (p < 0.05), b significant difference in comparison with only fluoxetine
group (group 2) (p < 0.05), c significant difference in comparison with the group receiving ellagic acid (50
mg/kg) (group 3) (p < 0.05), d significant difference in comparison with the group receiving taurine (100

mg/kg) (group 4).
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Figure 2

shows the effects of ellagic acid and taurine on serum IL-1B, TNF-q, IL-1B, and NF-kB gene expressions.
The obtained data were expressed as mean + SD (n = 8). Group 1: control, Group 2: received fluoxetine
just, Group 3: received fluoxetine and ellagic acid 50 mg/kg, Group 4: received fluoxetine and taurine 100
mg/kg, and Group 5: received fluoxetine, ellagic acid50 mg/kg, and taurine 100 mg/kg. Data were
analyzed by ANOVA followed by Tukey post hoc test for pairwise comparison. a significant difference in
comparison with the control group (group 1) (p < 0.05), b significant difference in comparison with only
fluoxetine group (group 2) (p < 0.05), ¢ significant difference in comparison with the group receiving
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ellagic acid (50 mg/kg) (group 3) (p < 0.05), d significant difference in comparison with the group
receiving taurine (100 mg/kg) (group 4).

b
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Figure 3

the effects of ellagic acid and taurine on hepatocyte cells. Group 1: control, Group 2: just received
fluoxetine, Group 3: received fluoxetine and ellagic acid 50 mg/kg, Group 4: received fluoxetine and
taurine 100 mg/kg, and Group 5: received fluoxetine, ellagic acid 50 mg/kg, and taurine 100 mg/kg. The
black arrows show the infiltration of lymphocyte cells.
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