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Summary: In this study, it was aimed to investigate the effects of pomegranate juice (PJ) on liver
carboxylesterases (Ces), oxidative stress parameters, liver histology, and fatty acids in rats exposed to
carbon tetrachloride (CCly). Adult male Wistar albino rats were randomly divided into four groups as
control, CCly, PJ, and CCl,+PJ (n=7 in each group). We determined that the decrease in Ces activity
due to CCl,-induced liver damage was alleviated by PJ. Moreover, PJ reduced CCl,-induced oxidative
stress, liver degeneration, and apoptosis. While the CCl, group increased the 15:0, 16:0 fatty acid
levels, it decreased the 20:4 and PUFA fatty acid levels compared to the control group. In the CCl,+PJ
group, 16:0 and ZSFA fatty acid percentages decreased with the effect of PJ compared to the CCly4
group, while 18:2n-6, SPUFA and ZUSFA fatty acid ratios increased. We concluded that PJ has an
ameliorative effect on liver damage caused by CCl, exposure.
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Introduction

Hepatic fibrosis is a significant liver disease
characterized by excessive extracellular  matrix
production by hepatic stellate cells in response to liver
injury, which disrupts the liver’s structure and function,
and can eventually progress to cirrhosis and result in death
[1]. There are still points that are not well-known in
relation to the processes involved in the pathogenesis of
liver fibrosis. Oxidative stress is recognized as a
significant process in the pathophysiological changes
observed in various liver diseases [2,3]. Free radicals
formed as a result of oxidation attack the unsaturated fatty
acids in cell membranes, resulting in peroxidation and the
destruction of protein and DNA, leading to liver damage
at varying degrees [4].

In recent years, it has been suggested that
oxidative stress exerts an important role in the
pathophysiology of liver fibrosis [3]. Carbon tetrachloride
(CCly) is a member of the organic solvents that is
extensively used in cleaning reagents [5]. It has been used
in animal models to investigate synthetic poison-induced
internal organ damage. When this lethal compound is
introduced into the body by ingestion, inhalation, or skin

absorption, it is disseminated throughout the body, often
accumulating in the liver, cerebrum, kidney, muscle, fat,
and blood [5, 6]. There are several studies demonstrating
CCl, induced liver damage [6-8]. CCl. intoxication in
animals is used experimentally to induce oxidative stress
under various physiological conditions. Prolonged
exposure to CCls induces histopathological outcomes
such as inflammatory leukocyte infiltration, necrosis,
fibrosis, and cirrhosis, and it may also result in the
development of cancer [9, 10].

Flavonoids are polyphenolic compounds that
play an essential role in free radical scavenging. These
polyphenolic compounds are found in vegetables, fruits,
and medicinal plants. Therefore, antioxidants may be
helpful in reducing liver fibrosis in oxidative stress-
induced liver damage [11, 12]. Pomegranate (Punica
granatum), a fruit that draws attention with its health
benefits, has been grown for a long time in the
Mediterranean region and consumed as fresh fruit or
beverage. Pomegranate fruit, juice, and peel have a
pronounced antioxidant capacity [13], with a high content
of polyphenols, especially ellagitannins, dense tannins,
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and anthocyanins [14]. Some of these antioxidant
molecules have been shown to be bioavailable and safe
[15]. It has been suggested that the consumption of
pomegranate juice (PJ) produces chemopreventive, anti-
atherosclerotic, anti-inflammatory, and chemotherapeutic
effects in the body [16-18], and its consumption has
increased tremendously [15,19]. In the body, especially in
the liver, carboxylesterases (Ces) play an important role in
detoxifying endogenous lipids and foreign substrates
including drugs and environmental toxins. It is important
for the body's protective function that the activity of these
enzymes remains high, especially when exposed to
environmental pollutants. Ces activity is widely
distributed in mammalian tissues, with the highest levels
present in hepatic tissue and the small intestine [20]. To
the best of our knowledge, no study has been carried out
concerning the interaction of PJ with hepatic Ces activity
as well as fatty acids against CCl, treatment. Therefore,
determining the effects of PJ on these enzymes and related
factors in the liver is important to reveal its antioxidant
activity and liver protective role. For this reason, in our
study, it was aimed to investigate the effects of PJ on liver
Ces enzyme activity, oxidative stress-related parameters,
and liver fatty acids in rats exposed to CCla.

Experimental

Animals

A total of 28 adult Wistar albino male rats
(260+10 g body weight) were obtained from Adiyaman
University Experimental Animal Production Application
and Research Center (ADYU DEHAM, Adiyaman,
Turkey). The animals were housed under a standard
light/dark cycle (12 hours of light and 12 hours of dark),
at a regular temperature (22-25°C) with free access to
fresh water and standard pelleted food (lipid 2.8%, protein
23.1%, cellulose 5%, ash 7.1%, humidity 12.8%). The
experimental procedures were approved by the Ethics
Committee of Adiyaman University (Document No:
2019/25), and the rats were treated in strict compliance
with the international laws on the use and care of
experimental animals. Four weeks before the experiment
began, rats were placed in cages for adaptation purposes.
No treatment was applied to the rats.

Experimental Procedure

The experimental animals were randomly
divided into four groups as control, CCls, PJ, and CCls+
PJ (n =7 in each group). The control group was treated
with the solvent of CCl4 twice a week for 6 weeks [21],
followed by saline treatment (4 mi/kg) for the next 30
days. CCl, was prepared in 50% olive oil and injected
intraperitoneally at a dose of 0.2 ml/100 g twice a week
for 6 weeks. For 30 days, PJ was administered to the PJ
group by orogastric gavage at a dose of 4 ml/kg [22]. The
PJ was prepared by passing fresh pomegranate seeds
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through a juicer. In the CCls+PJ group, CCl, was injected
intraperitoneally at a dose of 0.2 ml/100 g twice a week
for 6 weeks, and for the next 30 days, PJ was administered
at a dose of 4 ml/kg by orogastric gavage. The animals
were sacrificed at the end of the experiments, and their
hepatic tissue was obtained. The liver samples were stored
at —80°C until the assays were performed.

Measurement of Ces activity

p-nitrophenol (PNPA, 26 mM) prepared in 96%
ethanol was used as a substrate for the measurement of
Ces enzyme activity. The reaction solution contained 5 pl
of the sample and 250 ul of the solution with 0.05 M
Trizma at pH: 7.4. This mixture was pre-incubated at
25°C. In the last step of the process, 5 pl of PNPA was
added so that the final concentration of the solution would
be 0.5 mM, and the absorbance changes were read at 405
nm on the Thermo-3001 Microplate Attachment UV/VIS
spectrophotometer [23].

Determination of malondialdehyde (MDA), reduced
glutathione (GSH), and glutathione S-transferase (GST)

MDA analysis was performed with the Thermo-
3001 UV/VIS device (Thermo Fisher Scientific, Finland)
with a Microplate Attachment according to the method
developed by Placer [24]. A solution of 0.375% TBA
(thiobarbituric acid) and 15% TCA (Trichloroacetic acid)
in 0.25 N HCI was used. The MDA concentrations in the
liver tissue samples were calculated by reading
absorbance values at 532 nm.

Reduced GSH levels were analyzed using the
Sedlak and Lindsay method [25]. Hepatic tissues were
precipitated with 50% TCA and centrifuged at 1000xg for
5 min. 0.5 ml of the obtained supernatants were taken, and
2 ml of Tris-EDTA buffer (0.2 M, pH: 8.9) and 0.1 ml of
0.01 M 5.5-dithio-bis-2-nitrobenzoic acid were added.
The mixture was incubated at room temperature for 5 min.
Then, absorbance values were measured at 412 nm with
the Thermo-3001 UV/VIS device.

GST enzyme activity was tested using the
Thermo-3001 UV/VIS device according to the method
specified by Habig et al. [26]. In the analysis, 20 mM 1-
chloro-2,4 dinitrobenzene (CDNB), prepared in 96%
ethanol, was used as a substrate. Reduced GSH was used
as a cofactor. 100 ul of 0.1 M pH: 6.5 phosphate buffer,
100 pl of 0.002M GSH solution, and 10 ul of CDNB
solution were pipetted into 96 microplate wells. The
samples were analyzed at 344 nm.

Extraction of Lipids and Preparation of Fatty Acid
Methyl Esters

Lipid extraction was performed according to the
Hara-Radin method [27]. The liver tissue samples (1 g)
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were taken into a homogenization tube, and 5 ml of a 3:2
(v/v) hexane-isopropanol mixture was added. The
samples were homogenized for 30 seconds. The samples
were taken into centrifuge tubes and centrifuged at 4500
rpm for 10 minutes. After centrifugation, the supernatant
was taken into tubes for methylation. Then, 5 ml of 2%
methanolic sulfuric acid was added to the tubes, and the
mixture was left to methylate in a 50°C water bath for 15
hours [28]. The tubes were removed from the water bath
and cooled to room temperature. Extraction was
performed by adding 5 ml of 5% NaCl and 5 ml of hexane.
The hexane phase was pipetted and treated with 5 ml of
2% KHCO;s (potassium hydrogen carbonate). Again, 2 ml
of hexane was added to the fatty acid methyl esters. The
hexane phase samples containing the fatty acids taken into
the vial were read on the Shimadzu QP 2010 Ultra Gas
Chromatography device (GCMS-QP2010 Ultra System,
Japan) with a Restek Rtx 2330 column.

Histopathological examination

For the histopathological examinations of the
liver tissue samples, a portion of the liver was fixed in
10% formalin for 12 hours and then embedded in paraffin.
Sections of 4 um were taken from all tissue samples. The
sections were stained with Masson’s trichrome, evaluated
semi-quantitatively under a light microscope (Leica
DM500 attached Leica DFC295 Digital Image Analyze
System), and photographed [29]. Centrilobular vein
(CLV) scoring for fibrosis was made as 0: hormal vessel,
1: appearance of moderately thickened CLV (star-shaped
vessel wall), 2: markedly thickened CLV (ring-shaped
vessel wall with numerous fibrous extensions between
hepatocytes), and 3: cirrhosis.

Immunohistochemical analyses

The streptavidin-biotin-peroxidase complex
method was applied for measuring Caspase-3. Sections of
4-6 um thickness were taken from the tissues blocked
with this method and deparaffinized. The primary
antibody Caspase-3 (Rabbit polyclonal 1gG, Abcam,
ab2302, London, UK) diluted by 1/200 was used with the
Thermo Scientific™ TP-015-HA commercial  kit.
Positive and negative control protocols were performed as
recommended by the manufacturers. After AEC
Chromogen was applied, staining with Mayer
Hematoxylin was performed, the samples were examined
under a Leica DM500 microscope (Leica DM500
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attached Leica DFC295 Digital Image Analysis System),
evaluated, and photographed. Based on the extent of
immunoreactivity based on staining (0.1: <25%, 0.4: 26-
50%, 0.6: 51-75%, 0.9: 76-100%) and severity (0: no,
+0.5: very little, +1: little, +2: moderate, +3: severe), a
histoscore was established (Histoscore = prevalence x
severity) [30].

Statistical analysis

All results are expressed as mean + SEM. The
statistical comparison of the data was performed using
one-way analysis of variance (ANOVA) followed by
Tukey—HSD test. The histopathological results were
analyzed using the non-parametric Kruskal-Wallis test.
Pairwise comparisons between groups exhibiting
significant values were made by Mann-Whitney U test.
The level of statistical significance was accepted as
p<0.05.

Result and Discussion

Hepatic Ces activities are shown in Fig 1.
Compared to the control group (1273.47+46.32
nmol/min/mg protein), the liver Ces activity of the CCl4
group (728.25+48.77 nmol/min/mg protein) was
determined to be significantly lower (p <0.001). It was
found that the liver Ces activities of the PJ
(1346.85+£121.03 nmol/min/mg protein) and CCls+PJ
(1478.54+102.41 nmol/min/mg protein) groups were on
statistically similar levels as the control group. According
to CCly group Ces enzyme activity, an increase was
detected in PJ and CCl4+PJ groups (p<0.001).

Hepatic MDA, reduced GSH, GST, and GR
levels are presented in Table-1. Liver MDA
concentrations were found to be significantly higher in the
CCl, group compared to the control group (p <0.05). The
MDA concentrations of the CCls+PJ group were on
statistically similar levels as the control group. It was
observed that the MDA level of the CCls+PJ group
decreased compared to the CCl, group (p<0.05). Reduced
GSH levels were found to be lower in the CCls group
(p<0.05, p<0.001) and higher in the PJ group compared to
the control group (p<0.001). Moreover, it was determined
that the reduced GSH values of the CCls+PJ group were
on a statistically similar level as the control group. There
were no significant differences in terms of GST and GR
activities among the groups.

Table-1: The responses of oxidative stress-related biochemical parameters in rat liver tissues, (n=7).

Biochemical Parameteres Control CCly PJ CCl4+PJ
MDA (nmol/mg protein) 0.09+0.01 0.13+0.012 0.09+0.01* 0.09+0.01*
Reduced GSH (umol/mg protein) 0.11+0.01 0.08+0.012 0.15+0.01% 0.11+0.01*
GST (nmol/min/mg protein) 40.26+1.14 36.91+2.18 37.05+2.18 36.22+0.01
GR (nmol/min/mg protein) 2.5+0.22 2.61+0.41 2.83+0.26 2.87+0.51

2p < 0.05, ° p <0.01 compared with the control group.
*p <0.05,Yp <0.01,  p<0.001 compared with the CCls group.
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Fig. 1: Ces activity levels in the liver. ¢c: p < 0.001 compared to control group. Abbreviations: Ces:
Carboxylesterase, CCls: Carbon tetrachloride.

Table-2: Alterations of percentages (%) of fatty acids in rat liver tissues.

Fatty acids Control CCl4 PJ CCls+PJ
4:0 (Butyric acid) 0.082+0.007 0.107+0.107 0.078+0.007 0.082+0.082
6:0 (Caproic acid) 0.070+0.003 0.080+0.004 0.059+0.002 0.062+0.004
14:0 (Myristic acid) 0.299+0.017 0.405+0.052 0.152+0.011 0.377+0.078
15:0 (Pentadecylic acid) 0.317+0.013 0.499+0.0882 0.210+0.0077 0.342+0.013
16:0 (Palmitic acid) 20,544+0.276 23,212+0.471° 18,221+0.139 20,689+0.618*
17:0 (Margaric acid) 0.751+0.037 0.974+0.135 0.665+0.031* 0.707+0.042
18:0 (Stearic acid) 21.035+0.406 19.126+0.926 22.139+0.235% 19.088+0.799
20:0 (Arachidic acid) 0.086+0.007 0.089+0.005 0.100+0.005 0.089+0.003
22:0 (Behenic acid) 0.181+0.008 0.265+0.029° 0.153+0.0107 0.186+0.008*
23:0 (Tricosylic acid) 0.171+0.010 0.209+0.027 0.166+0.007 0.177+0.012
24:0 (Lignoceric acid) 0.264+0.004 0.159+0.016 0.308+0.010 0.293+0.013
XSFA 43.800+0.750 45.247+0.851 42.251+0.645* 42.092+0.782%
16:1n-7 (Palmitoleic acid) 0.426+0.039 0.698+0.103 0.246+0.023 0.857+0.307
18:1n-9t (Oleic acid-trans) 0,062+0.005 0.036+0.005" 0.028+0.001° 0.049+0.004
18:1n-9c (Oleic acid-cis) 5.521+0.279 8.415+0.6772 4.515+0.221* 8.624+0.850°
20:1n-9 (Eicosenoic acid) 0.221+0.012 0.289+0.057 0.203+0.018 0.160+0.003*
24:1n-9 (Nervonic acid) 0.092+0.004 0.197+0.015° 0.105+0.005* 0.115+0.004*
EIMUFA 6.322+0.204 9.635+0.411° 5.097+0.301* 9.805+0.385¢
18:2n-6¢ (Linoleic acid®) 16.700+0.382 15.934+0.626 16.644+0.358 19.009+0.340%2
18:3n-6 (a-Linolenic acid®) 0.175+0.013 0.167+0.016 0.185+0.012 0.195+0.008
18:3n-3 (y-linolenic acid) 0.392+0.032 0.279+0.032 0.411+0.013 0.484+0.052Y
20:2n-6 (Eicosadienoic acid) 0.524+0.030 0.495+0.026 0.703+0.067%¢ 0.570+0.039
20:3n-6 (Dihomo-y-linolenic acid) 0.720+0.030 0.949+0.0792 0.547+0.028° 0.755+0.047
20:4n-6 (Arachidonic acid®) 25.831+0.347 20.831+0.529° 28.626+0.513% 22.210+1.096°
20:5n-3 (Eicosapentaenoic acidP®) 0.174+0.014 0.111+0.0152 0.159+0.010 0.142+0.011
22:6n-3 (Docosahexaenoic acidP®) 5.362+0.205 6.352+0.558 5.377+0.147 4.738+0.213Y
XPUFA 49.878+0.874 45.118+0.753° 52.652+0.901° 48.103+0.812Y
XUSFA 56.200+0.985 54.753+0.651 57.749+0.847* 57.908+0.953*

YSFA: total saturated fatty acids; XSMUFA: total monounsaturated fatty acids; ZPUFA: total polyunsaturated fatty acids; ZUSFA: total
unsaturated fatty acids; n-3: omega-3 fatty acids; n-6: omega-6 fatty acids.

e: Essential fatty acids, pe: Partially essential fatty acid. Data are expressed as mean + SEM (n=7 for each group).

ap <0.05,°p <0.01, ° p<0.001 compared with the control group.

*p <0.05,Yp<0.01, ? p<0.001 compared with the CCl, group.
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The percentages of fatty acids in the liver are
presented in Table-2. Regarding butyric acid, caproic
acid, and myristic acid, there was no significant
difference between the control group and the
experimental groups. In only the CCls group, the
percentage of pentadecylic acid was significantly higher
than the control group (p<0.05). The percentage of
palmitic acid in the CCls group was significantly higher
(p<0.001), and this percentage was significantly lower in
the PJ group (p<0.01) compared to the control group.
There was no significant difference in terms of the
percentages of margaric acid, stearic acid, or arachidic
acid between the control group and the experimental
groups. In only the CCl4 group, the percentage of behenic
acid was significantly higher than that in the control
group (p<0.01). Regarding tricosylic acid, lignoceric
acid, and palmitoleic acid, there was no significant
difference between the control group and the
experimental groups. Although not statistically
significant, the percentage of the total saturated fatty
acids (XSFA) was found to be relatively higher in the
CCl4 group in comparison to the control group. However,
a decrease was observed in the PJ and CCls+PJ groups
compared to the XSFA percentage of the CClsy group
(p<0.05). In the CCl4 and PJ groups, the percentages of
oleic acid-trans were significantly lower than those in the
control group (p<0.01 and p<0.001, respectively). In only
the CCls group, the percentage of oleic acid-cis was
significantly higher than that in the control group
(p<0.01). There was no significant change in the
percentages of eicosenoic acid between the control group
and the experimental groups. In only the CCl, group, the

I

Fig. 2:

doi.org/10.52568/001640/JCSP/47.02.2025 159

percentages of nervonic acid and total monounsaturated
fatty acids (EMUF A) were significantly higher than those
in the control group (p<0.001). Regarding a-linolenic
acid, there was no significant difference between the
control group and the experimental groups. The 18:2n-6
level of the CCl4+PJ group increased compared to the
control and CCl. groups (p<0.01, p<0.001). In addition,
the 18:3n-3 fatty acid level of the CCls+PJ group
increased compared to the CCls group (p<0.01). The
percentages of eicosadienoic acid in the PJ group were
significantly higher than those in the control and CCl,
groups (p<0.05). In only the CCl,4 group, the percentage
of dihomo-y-linolenic acid was significantly higher than
that in the control and PJ groups (p<0.05, p<0.001). The
percentage ratio of 20:4n-6 fatty acids in the CCl,4 group
was decreased compared to the control group
(p<0.001). However, in the CCl+PJ group, the
percentage ratio of 20:4n-6 fatty acids was found to
increase relative to the CCls group (p>0.05). The
percentage ratio of 20:4n-6 fatty acids in the PJ group
increased compared to all other groups (p<0.05,
p<0.001). In only the CCls group, the percentage of
eicosapentaenoic acid was significantly lower than that in
the control group (p<0.05). There was no significant
difference in the percentage of docosahexaenoic acid
between the control group and the experimental groups.
In only the CCls group, the percentage of total
polyunsaturated fatty acids (XPUFA) was significantly
lower than all the other groups (p<0.01, p<0.001). The
percentage of total unsaturated fatty acids (XUSFA) in
the CCl, group decreased compared to the CCls+PJ and
p<0.05).
B _{‘_yﬂ.:_g =

o e

Histopathological evaluation results in liver tissue. Normal-appearing liver tissue of the control group

(A). Normal-appearing liver tissue belonging to the PJ group (B). Degeneration, necrosis (black arrow)
and increased liver tissue fibrosis (black arrow) in the CCls group (C). Significant reduction in
degeneration and necrosis (black arrow) and liver tissue fibrosis (black arrow) in the CCls+PJ group
(D). Abbreviations: Ces: Carboxylesterase, CCls: Carbon tetrachloride.



Ahmet Ozkaya et al.,

doi.org/10.52568/001640/JCSP/47.02.2025

160

Fig. 3:

Immunohistochemical staining for Caspase-3 (black arrow) in liver tissue. a- Control group, b- PJ group,

c- Increase in Caspase-3 immunoreactivity of CCls group, d- Decrease in Caspase-3 immunoreactivity
of CCl4+PJ group. Abbreviations: Ces: Carboxylesterase, CCls: Carbon tetrachloride.

The liver tissues of the control (Fig 2a) and
PJ (Fig 2b) groups had normal histological
appearance. Fibrosis, hepatocyte degeneration, and
necrosis were observed significantly more in the CCl,
group (Fig 2c) compared to the control group
(p<0.05). Relative to the CCls group, a significant
decrease in fibrosis (black arrow) and a decrease in
degeneration and necrosis (red arrow) were observed
in the CCl4+PJ group (Fig 2d) (p<0.05). As a result of
the immunohistochemical staining for caspase-3
immunoreactivity under light microscopy, caspase 3
immunoreactivity was observed in hepatocytes (black
arrow) in the liver tissue samples. Regarding hepatic
tissue caspase-3 immunoreactivity, the control group
(Fig 3a) and PJ group (Fig 3b) were similar. Compared
to the control group, caspase-3 immunoreactivity was
found to be significantly higher in the CCl4 group (Fig
3¢, p<0.05). Moreover, caspase-3 immunoreactivity
was significantly lower in the CCl4+PJ group than the
CCly4 group (Fig 3d).

Environmental pollution is contaminated by
pollutants from natural and anthropogenic sources.
The toxic chemicals used by humans have negative
effects on many biochemical parameters in the cell
[31]. In our study, the effects of PJ on Ces activity and
oxidative stress and fatty acids in the liver against liver
injury induced in rats by CCls were evaluated.
According to our findings, liver Ces activity was

significantly decreased due to CCl4 exposure. The Ces
activity value of the CCls+PJ group was on
approximately the same level as the control group.
Therefore, we suggest that the decrease in Ces activity
due to liver injury induced by CCl, was attenuated by
PJ. The liver is an important organ that is responsible
for detoxification. Due to this feature, Ces, a group of
detoxifying enzymes, is found at high levels in the
liver [20]. The maintenance of Ces activity in the liver
is important for the detoxification of lipids, drugs, and
foreign substrates, including environmental toxins.
Therefore, it may be stated that the decrease in Ces
activity as a result of CCls exposure was associated
with toxic injury to the liver. Studies on the effects of
CCl, on liver Ces activity are very few. One study
suggested that microsome, cytosol, and serum
malathion Ces activities were not altered after a single
intraperitoneal administration of carbon tetrachloride
in rats [32]. However, only acute effects were
evaluated in that study. In another study on the topic,
it was determined that serum and hepatic Ces activities
changed depending on hepatotoxic paracetamol and
carbon tetrachloride doses in mice. Moreover, serum
esterase activity was reported to be unchanged or
marginally reduced depending on the duration of
treatment and the substrate that was used [33]. In our
previous study, we found that aluminium, which is a
toxic substance, reduces the activity of Ces enzymes
[34]. In addition, it has been reported that xenobiotics,
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which causes environmental pollution, reduces Ces
enzyme activity in fish [35]. According to these results
of our study, we thought that the decrease in Ces
activity due to liver injury induced by CCls was
alleviated by PJ.

In our experiments, we determined that liver
MDA concentrations were significantly higher in the
CCl, group. However, the MDA concentrations of the
CCl4+PJ group were almost the same as those in the
control group. In comparison to the control group,
liver GSH levels were lower in the CCls group and
higher in the PJ group. Moreover, the reduced GSH
level of the CCl4+PJ group was almost the same as that
in the control group. There was no significant
difference among the groups based on their GST and
GR activities. According to our findings, exposure to
CCl, created oxidative stress in the liver, and PJ had a
reducing effect on this damage. The content of PJ we
used in our experiments was determined as phenolic
acid 490.75 mg/kg, anthocyanin 137.1 mg/L, ellagic
acid 175 mg/100 g, total flavonoids 63 mg/kg and total
antioxidants 1530 mg/kg in our previous study [36].
The bioactivities of polyphenols have been associated
with their antioxidant properties. That is, it is the
ability to protect against damage caused by reactive
oxygen species [37]. According to the examination
results of our histopathological images, liver
degeneration and fibrosis developed in relation to
oxidative and toxic damage induced by CCl4 exposure.
As an important finding, we determined that the
degree of CCls-induced liver damage and fibrosis was
reduced by the PJ application. Another important
finding in our study was that apoptosis due to the
increase in liver caspase-3 activity induced by CCl4
exposure was reduced by PJ. It is well-known that
CCly causes liver injury [6-8]. Necrosis, fibrosis,
cirrhosis, and even cancer may develop due to
oxidative stress and toxic damage in the liver [9,10].
CCls-induced liver injury is associated with triggering
the apoptosis process, as well as necrosis [38,39]. We
considered that oxidative stress and increased
apoptosis may play an important role in loss of
function due to liver injury. In our study, it was an
important finding that PJ reduced oxidative stress, as
well as liver degeneration and apoptosis, induced by
CCla.

It is known that pomegranate or its juice
increases chemopreventive, anti-inflammatory, and
especially anti-atherosclerotic activity in the body [16-
18]. The PJ contains antioxidants that positively affect
cholesterol and fat metabolism. It has been proposed
that the effects of PJ on cholesterol are similar to
statins [40-42]. Statins are a class of medication
involved in reducing blood cholesterol levels by

doi.org/10.52568/001640/JCSP/47.02.2025 161

inhibiting the cholesterol synthesizing enzyme, 3
hydroxyl 3 methyl glutaryl coenzyme A (HMG-CoA)
reductase [43], decreasing mevalonate formation
involved in the synthesis of cholesterol [44],
increasing endothelial function, and improving the
activity of antioxidants [45]. Atorvastatin, a member
of the statins class, is used to reduce the biosynthesis
of cholesterol by inhibiting the precursor enzyme
HMG-CoA reductase [46]. There is evidence that PJ
and atorvastatin have a synergistic effect on
cholesterol accumulation in the body and consequent
changes in fat metabolism [40-42]. The interaction of
PJ with HMG-CoA is an important result because
these data may provide a new treatment option for
metabolic disorders such as hyperlipidemia and
atherosclerosis. In this study, we determined for the
first time that CCls increased the percentage of
myristic acid, pentadecylic acid, and behenic acid,
which are members of the SFA class, and PJ treatment
prevented this increase.

There are significant differences in fatty acid
profiles in patients with various disease states [47]. In
humans, the levels of MUFAS such as oleic acid tend
to increase with age, after the age of 18. Some other
PUFAs, particularly arachidonic acids, also decline
with age in the elderly [48]. Therefore, the levels of
these fatty acids can change over the years depending
on metabolic and environmental factors. Moreover,
oxidative stress can affect the fatty acid composition
of the liver and the entire body. In such cases, natural
compounds can regulate the percentages of hepatic
total saturated and unsaturated fatty acids altered due
to oxidative damage [49]. Patients with advanced liver
fibrosis generally tend to have increased palmitic acid,
stearic acid, oleic acid, and XMUFA levels, while
long-chain fatty acids tend to decrease in their body
[50]. Recently, it was reported that an increasing trend
of hepatic USFA in the body is associated with
decreased fibrosis severity in nonalcoholic fatty liver
disease [51]. In our experiments in this study, we
determined that compared to the control group, the
percentages of palmitic acid and oleic acid-cis were
significantly higher in the CCl4 group and lower in the
PJ group. Moreover, the percentages of nervonic acid-
cis and XMUFA were significantly higher only in the
CCls group. Regarding long-chain fatty acids, the
percentage of XPUFA in the liver was significantly
lower only in the CCls group. Additionally, the
percentage of TPUFA was higher in the PJ group.
Albeit not statistically significantly, the percentage of
>USFA was lower in the CCls group. However, we
observed that the XUSFA level of the CCls+PJ group
increased with the effect of PJ. There was a significant
alteration in the essential fatty acid, linoleic acid,
between the control group and the experimental
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groups, and a significant increase was detected in the
CCl4+PJ group. Among the partially essential fatty
acids, the percentage of arachidonic acid was
significantly lower in the CCl,4 group and significantly
higher in the PJ group. Besides, the percentage of
eicosadienoic acid was higher in the PJ group. Another
partially essential fatty acid is docosahexaenoic acid,
which showed no change in its level in our study. In
an important study, it was reported that palmitic and
oleic acids increased significantly, and linoleic and
arachidonic acids decreased in the livers and plasmas
of rats given CCl, [52]. Our findings, in line with the
relevant literature, showed that liver injury and
fibrosis due to CCls exposure led to significant
changes in the liver’s individual ZSFA, EZMUFA, and
YUSFA levels. It was an important finding of ours that
these changes were reversed in the group that was
administered PJ with CCls. These results demonstrated
that PJ had beneficial effects against liver fibrosis.

In the latest study conducted by Pekmez et al.
on pomegranate juice, they found that lead acetate
increased MDA levels, decreased GSH levels, and
decreased GST and Ces enzyme activities. [53]. It was
stated that these negative effects of lead acetate on rat
disease were corrected by the addition of pomegranate
juice. It was also determined that lead acetate
corrected the protective effects of changes in rat heart
rate. Our previous study reported that CCl4 caused
cellular degeneration and adverse effects on
biochemical enzymatic/non-enzymatic parameters in
rat brain tissue [54].

Conclusion

In conclusion, we determined that liver Ces
activity decreased due to CCls exposure, but such a
decrease was not observed in the CCl4+PJ group. To
our knowledge, this is the first study which found that
the decrease in Ces activity due to CCls-induced liver
damage was alleviated by administering PJ.
Additionally, as an important result, we observed that
PJ reduced CCls-induced oxidative stress, liver
degeneration, and apoptosis. We determined for the
first time that CCls increased the percentages of
pentadecylic acid and behenic acid, which are
members of the SFA class, and PJ treatment prevented
this increase. It was also found that CCls-exposed rat
liver tissues tended to increase the proportions of
individual saturated fatty acids. Liver injury and
fibrosis due to CCl, exposure led to significant
changes in the liver’s individual levels of XSFA,
YMUFA, and XUSFA. For the first time, in our study,
these changes were observed to be improved in the
group treated with CCl,+PJ. All results obtained in our
experiments indicated that PJ has the potential to have
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a curative effect on liver fibrosis by improving altered
Ces activity, oxidative stress, and fatty acids in the
liver induced by CCl4 exposure.

Acknowledgements

This study was supported by Adiyaman
University  Scientific Research Projects  Unit
(ADYUBAP, Project no: FEFYL/2019-0002).

References

1. J.Li, Y. Zhang, R. Kuruba, X. Gao, C. R. Gandhi,
W. Xie, S. Li, Roles of microRNA-29a in the
Antifibrotic Effect of Farnesoid X Receptor in
Hepatic Stellate Cells, Mol Pharmacol., 80, 191
(2011).

2. H. Cichoz-Lach, A. Michalak, Oxidative stress as
a crucial factor in liver diseases, World J
Gastroenterol., 20, 8082 (2014).

3. Z. Chen, R. Tian, Z. She, J. Cai, H. Li, Role of
oxidative stress in the pathogenesis of
nonalcoholic fatty liver disease, Free Radic Biol
Med., 152, 116 (2020).

4. M. Sharifi-Rad, N. V. Anil Kumar, P. Zucca, E.M.
Varoni, L. Dini, E. Panzarini, J. Rajkovic, P. V.
Tsouh Fokou, E. Azzini, |. Peluso, A. Prakash
Mishra, M. Nigam, Y. El Rayess, M. El Beyrouthy,
L. Polito, M. Iriti, N. Martins, M. Martorell, A. O.
Docea, W. N. Setzer, D. Calina, W. C. Cho, J.
Sharifi-Rad, Lifestyle, Oxidative Stress, and
Antioxidants: Back and Forth in the
Pathophysiology of Chronic Diseases, Front
Physiol., 11, 694 (2020).

5. R.E. Doherty, A History of the Production and Use
of Carbon Tetrachloride, Tetrachloroethylene,
Trichloroethylene and 1,1,1-Trichloroethane in the
United States: Part 2--Trichloroethylene and 1,1,1-
Trichloroethane, Environ Forensics., 1, 83 (2000).

6. S. Lee, K. Y. Won, S. Joo, Protective Effect of
Polydeoxyribonucleotide Against CCl4-Induced
Acute Liver Injury in Mice, Int. Neurourol J., 24,
88 (2020).

7. J. |. Fortea, C. Ferndndez-Mena, M. Puerto, C.
Ripoll, J. Almagro, J. Bafiares, J.M. Bell6n, R.

Bafares, J. Vaquero, Comparison of Two
Protocols of Carbon Tetrachloride-Induced
Cirrhosis in Rats — Improving Yield and

Reproducibility, Sci Rep., 8, 9163. (2018).

8. R.Li,W.Yang, Y.Yin, X. Ma, P. Zhang, K. Tao,
4-Ol Attenuates Carbon Tetrachloride-Induced
Hepatic Injury via Regulating Oxidative Stress and
the Inflammatory Response, Front Pharmacol.,
12, 1238 (2021).

9. D. K. QIU, J. HUA, J.Q. LI, E.L. LI, CD14
expression on Kupffer cells during the course of



Ahmet Ozkaya et al.,

carbon tetrachloride-mediated liver injury, Chin J
Dig Dis., 6, 137 (2005).

10.T. Uehara, I. P. Pogribny, I. Rusyn, The DEN and
CCl 4 -Induced Mouse Model of Fibrosis and
Inflammation-Associated Hepatocellular
Carcinoma, Curr Protoc Pharmacol., 66, 14
(2014).

11.S. Casas-Grajales, Antioxidants in liver health,
World J Gastrointest Pharmacol Ther., 6, 59
(2015).

12.S. Appak-Baskoy, M. Cengiz, O. Teksoy, A.
Ayhanci, In Dietary Antioxidants in Experimental
Models of Liver Diseases, Strawb-Pre-Post-
Harvest Manag Tech High Fruit Qual, IntechOpen,
London, United Kingdom, p. 123-136. (2019).

13.G. Kaur, Z. Jabbar, M. Athar, M.S. Alam, Punica
granatum (pomegranate) flower extract possesses
potent antioxidant activity and abrogates Fe-NTA
induced hepatotoxicity in mice, Food Chem
Toxicol., 44, 984 (2006).

14.N. Seeram, L. Adams, S. Henning, Y. Niu, Y.
Zhang, M. Nair, D. Heber, In vitro
antiproliferative, apoptotic and antioxidant
activities of punicalagin, ellagic acid and a total
pomegranate tannin extract are enhanced in
combination with other polyphenols as found in
pomegranate juice, J Nutr Biochem., 16, 360
(2005).

15.S. U. Mertens-Talcott, P. Jilma-Stohlawetz, J.
Rios, L. Hingorani, H. Derendorf, Absorption,
Metabolism, and Antioxidant Effects of
Pomegranate ( Punica granatum L.) Polyphenols
after Ingestion of a Standardized Extract in
Healthy Human Volunteers, J Agric Food Chem.,
54, 8956(2006) .

16. A. Malik, F. Afaq, S. Sarfaraz, V.M. Adhami, D.
N. Syed, H. Mukhtar, Pomegranate fruit juice for
chemoprevention and chemotherapy of prostate
cancer, Proc Natl Acad Sci., 102, 14813 (2005).

17.0. Rozenberg, A. Howell, M. Aviram,
Pomegranate juice sugar fraction reduces
macrophage oxidative state, whereas white grape
juice sugar fraction increases it, Atherosclerosis.,
188, 68 (2006).

18.L. S. Adams, N. P. Seeram, B. B. Aggarwal, Y.
Takada, D. Sand, D. Heber, Pomegranate Juice,
Total Pomegranate Ellagitannins, and Punicalagin
Suppress Inflammatory Cell Signaling in Colon
Cancer Cells, J Agric Food Chem., 54, 980 (2006).

19. A. Faria, R. Monteiro, N. Mateus, 1. Azevedo, C.
Calhau, Effect of pomegranate (Punica granatum)
juice intake on hepatic oxidative stress, Eur Nutr.,
46, 271 (2007).

20.E. W. Morgan, B. F. Yan, D. Greenway, A.
Parkinson, A. Parkinson, Regulation of Two Rat-
Liver Microsomal Carboxylesterase Isozymes -

doi.org/10.52568/001640/JCSP/47.02.2025 163

Species-Differences, Tissue Distribution, and the
Effects of Age, Sex, and Xenobiotic Treatment of
Rats, Arch Biochem Biophys., 315, 513 (1994).

21.J. P. lredale, R. C. Benyon, J. Pickering, M.
McCullen, M. Northrop, S. Pawley, C. Hovell, M.
J. Arthur, Mechanisms of spontaneous resolution
of rat liver fibrosis. Hepatic stellate cell apoptosis
and reduced hepatic expression of
metalloproteinase inhibitors., J Clin Invest., 102,
538 (1998).

22. A. Yice, M. Aksakal, Effect of pomegranate juice
on antioxidant activity in liver and testis tissues of
rats, FU Sag Bil Derg., 21, 253 (2007).

23.P. Santhoshkumar, T. Shivanandappa, In vitro
sequestration of two organophosphorus homologs
by the rat liver, Chem Biol Interact., 119, 277
(1999).

24.Z. A. Placer, L. L. Cushman, B. C. Johnson,
Estimation of product of lipid peroxidation
(malonyl dialdehyde) in biochemical systems,
Anal Biochem., 16, 359 (1966).

25.J. Sedlak, R. H. Lindsay, Estimation of total,
protein-bound, and nonprotein sulfhydryl groups
in tissue with Ellman’s reagent, Anal Biochem., 25,
192 (1968).

26.W. H. Habig, M. J. Pabst, W. B. Jakoby,
Glutathione S-transferases. The first enzymatic
step in mercapturic acid formation., J Biol Chem.,
249, 7130 (1974).

27.A. Hara, N. S. Radin, Lipid extraction of tissues
with a low-toxicity solvent, Anal Biochem., 90,
420 (1978).

28.W. W. Christie, In Gas Chromatography and
Lipids, The Oily Press, Glasgow, United Kingdom,
p. 1-184 (1992).

29.M. Chevallier, S. Guerret, P. Chossegros, F.
Gerard, J. A. Grimaud, A histological
semiquantitative scoring system for evaluation of
hepatic fibrosis in needle liver biopsy specimens:
comparison  with  morphometric  studies.,
Hepatology., 20, 349 (1994).

30.M. T. Ozcan, A. Turk, A. Yalcin, Beta-glucan: A
powerful antioxidant to overcome
cyclophosphamide-induced cardiotoxicity in rats.
Medicine, 11, 4 (2022).

31.0. Firat, R. Erol, O. Firat, Effects of individual
and vo-exposure of copper oxide nanoparticles and
vopper sulphate on Nile Tilapia Oreochromis
niloticus:  Nanoparticles enhance  pesticide
biochemical toxicity, Acta Chim Slov., 69, 81
(2022).

32.M. T. Brondeau, C. Coulais, J. de Ceaurriz,
Difference in liver and serum malathion
carboxylesterase and glucose-6-phosphatase in
detecting carbon tetrachloride-induced liver
damage in rats, J Appl Toxicol., 11, 433 (1991).


https://www.webofscience.com/wos/author/record/828455
https://www.webofscience.com/wos/author/record/44468007
https://www.webofscience.com/wos/author/record/4203994

Ahmet Ozkaya et al.,

33.T. L. Huang, S. A. Villalobos, B. D. Hammaock,
Effect of Hepatotoxic Doses of Paracetamol and
Carbon Tetrachloride on the Serum and Hepatic
Carboxylesterase Activity in Mice, J Pharm
Pharmacol., 45, 458 (2011).

34.A. Ozkaya, K. Tirkan, Protective effects of 3-
benzoyl-7-hydroxy coumarin on liver of adult rat
exposed to aluminium chloride, Acta Chim Slov.,
68, 222 (2021).

35. M. Uckun, E. Yologlu, A. A. Uckun, O. B. Oz,
Acute toxicity of insecticide Thiamethoxam to
crayfish (Astacus leptodactylus): Alterations in
oxidative  stress markers, ATPases and
Cholinesterase. Acta Chim Slov., 68, 521 (2021).

36.E. Annag, M. Uckun, A. Ozkaya, E. Yologlu, H.
Pekmez, O. Bulmus, A. Aydin, The protective
effects of pomegranate juice on lead acetate-
induced neurotoxicity in the male rat: A
histomorphometric and biochemical study, J Food
Biochem., 46, 1 (2022).

37.1. Ruzic, M. Skerget, Z. Knez. Potential of phenolic
antioxidants, Acta Chim Slov., 57, 263 (2010).
38.C. Dai, X. Xiao, D. Li, S. Tun, Y. Wang, T.

Velkov, S. Tang, Chloroquine ameliorates carbon
tetrachloride-induced acute liver injury in mice via
the concomitant inhibition of inflammation and
induction of apoptosis, Cell Death Dis., 9, 1164

(2018).

39. X. Li, S. Shao, H. Li, Z. Bi, S. Zhang, Y. Wei, J.
Bai, R. Zhang, X. Ma, B. Ma, L. Zhang, C. Xie, W.
Ning, H. Zhou, C. Yang, Byakangelicin protects
against carbon tetrachloride—induced liver injury
and fibrosis in mice, J Cell Mol Med., 24, 8623
(2020).

40. M. Rosenblat, N. Volkova, M. Aviram, Addition
of pomegranate juice to statin inhibits cholesterol
accumulation in macrophages: protective role for
the phytosterol beta-sitosterol and for the
polyphenolic antioxidant punicalagin, Harefuah.,
152, 513 (2013).

41.H. I. H. El-Sayyad, H. A. El-Gallil, H. A. El-
Ghaweet, Synergistic effects of pomegranate juice
and atorvastatin for improving cerebellar structure
and function of breast-feeding rats maternally fed
on a high cholesterol diet, J Chem Neuroanat., 107,
101798 (2020).

42.H. I. EL-Sayyad, H. A. A. El-Gallil, H. A. EI-
Ghawet, Pomegranate juice supports therapeutic —
treatment of atorvastatin against maternal
hypercholesterolemia induced retinopathy of rat
offspring, Egypt J Basic Appl Sci., 8, 81 (2021).

43.R. Carmena, D. J. Betteridge, Diabetogenic Action
of Statins: Mechanisms, Curr Atheroscler Rep., 21,
1(2019).

44.B. D. Henriksbo, A. K. Tamrakar, J. Xu, B. M.
Duggan, J. F. Cavallari, J. Phulka, M. R. Stampfli,

doi.org/10.52568/001640/JCSP/47.02.2025 164

A. A. Ashkar, J. D., Schertzer, Statins Promote
Interleukin-1p-Dependent  Adipocyte  Insulin
Resistance Through Lower Prenylation, Not
Cholesterol, Diabetes., 68, 1441 (2019).

45.P. O. Bonetti, L. O. Lerman, C. Napoli, A. Lerman,
Statin effects beyond lipid lowering--are they
clinically relevant?, Eur Heart J., 24, 225 (2003).

46.L. Zhang, M. Chopp, L. Jia, Y. Cui, M. Lu, Z. G.
Zhang, Atorvastatin Extends the Therapeutic
Window for tPA to 6 h after the Onset of Embolic
Stroke in Rats, J. Cereb. Blood Flow Metab., 29,
1816 (2009).

47.Z. C. Kodba, D. Voncina, M. Novic, U. Potocnik,
Multivariate data analysis of erythrocyte
membrane phospholipid Fatty Acid profiles in the
discrimination between normal blood tissue and
various disease States, Acta Chim Slov., 57, 571
(2010).

48.J. D. Carver, V. J. Benford, B. Han, A. B. Cantor,
The relationship between age and the fatty acid
composition of cerebral cortex and erythrocytes in
human subjects, Brain Res Bull., 56, 79 (2001).

49.A. Ozkaya, Z. Sahin, A. Gorgulu, A. Yuce, S.
Celik, Geraniol attenuates hydrogen peroxide-
induced liver fatty acid alterations in male rats, J
Intercult Ethnopharmacol., 6, 29 (2017).

50. K. Cansancao, L. Silva Monteiro, N. Carvalho
Leite, A. Davalos, M. Tavares do Carmo, W.
Arantes, Ferreira Peres. Advanced liver fibrosis is
independently associated with palmitic acid and
insulin levels in patients with non-alcoholic fatty
liver disease, Nutrients, 10, 1586 (2018).

51.M. Friden, F. Rosgvist, H. Ahlstrom, H. G.
Niessen, C. Schultheis, P. Hockings, J. Hulthe, A.
Gummesson, A. Wanders, F. Rorsman, U. Risérus,
J. Vessby, Hepatic unsaturated fatty acids are
linked to lower degree of fibrosis in non-alcoholic
fatty liver disease, Front Med., 8, 814951 (2022).

52.L. Fontana, E. Moreira, M. I. Torres, J. L. Periago,
F. Sanchez De Medin, A. Gil, Effects of dietary
polyunsaturated fatty acids and nucleotides on
tissue fatty acid profiles of rats with carbon
tetrachloride-induced liver damage, Clin Nutr, 18,
93 (1999).

53.H. Pekmez, E. Annag, O. Bulmus, B. Zencirci, M.
Aydin, A. Aydin, Protective Effect of Pomegranate
Juice on Lead Acetate-Induced Liver Toxicity in
Male Rats. Eur J Ther, 30, 2 (2023).

54.0.F. Kalkan, A. Turk, C. Citil, M. Uckun, A.
Ozkaya, E. Yologlu, Y. Ozay, S.C Bulbul, Z.
Sahin, A. Kirbas, Pomegranate juice treatment
reverses carbon tetrachloride (CCly)-induced
increased acetylcholinesterase activity and cell
death via suppression of oxidative stress in rats.
Rocz Panstw Zakl Hig, 75, 3 (2024)


https://www.webofscience.com/wos/author/record/4998542
https://www.webofscience.com/wos/author/record/5858695
https://www.webofscience.com/wos/author/record/45501956
https://www.webofscience.com/wos/author/record/14839926
https://www.webofscience.com/wos/author/record/14839926
https://www.webofscience.com/wos/author/record/14839926
https://www.webofscience.com/wos/author/record/14839926
https://www.webofscience.com/wos/author/record/14839926

