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Objective. (−) Epicatechin (EP) is a naturally occurring antioxidant flavonoid found in some green plants. -e current study was
designed to evaluate the potential role of antioxidant mechanisms in the hepatoprotective properties of EP using the carbon
tetrachloride (CCl4)-induced acute liver injury model.Materials andMethods. Rats (n� 7 per group) were divided into five groups
including control group, (−) epicatechin group (20mg·kg−1 body weight), CCl4 group (1mL−1 body weight), CCl4-EP treatment
group, and CCl4-silymarin (SILY) group. -e levels of enzymes including hepatic malondialdehyde (MDA), glutathione (GSH),
catalase (CAT), glutathione S-transferase (GST), nitric oxide synthase (NOS), glutathione peroxidase (GPx), and cytochrome
P450 (CYP450) were analyzed via enzyme-linked immunosorbent assay (ELISA). Histological studies were performed on all
groups to assess the regenerative effects of test sample and compare it with the control group. Results. Test compound EP and
standard drug silymarin (SILY) considerably reduced liver function enzyme levels in the blood, which were raised by CCl4
administration, and increased serum albumin and total protein (TP) concentrations. -e hepatic malondialdehyde (MDA) level
was considerably declined, whereas glutathione (GSH), catalase (CAT), glutathione S-transferase (GST), nitric oxide synthase
(NOS), glutathione peroxidase (GPx), and cytochrome P450 (CYP450) levels were upregulated in the EC-treated groups. -e
hepatoprotective results of the study were further confirmed via the histological assessments, which indicated a regeneration of the
damaged hepatic tissue in treated rats. Conclusions. -e results of this study revealed a significant protective efficacy of EP against
CCl4-induced liver injury, which was potentially mediated via upregulation of antioxidant enzymes and direct scavenging effects
of the compound against free radicals.

1. Introduction

-e liver plays a key role in metabolism, storage, and se-
cretion and in the detoxification of harmful chemicals [1].

Carbohydrates, proteins, and fats are mainly metabolized in
the liver [2]. -e liver function can be negatively affected by
oxidative stress resulting from exposure to various xeno-
biotics (naturally occurring harmful compounds such as free
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radicals and hydroperoxides) [3, 4]. -e liver can also be
damaged by certain chemicals including paracetamol, CCl4,
and polycyclic aromatic hydrocarbons. Hepatic injury
caused by chronic exposure to these chemicals and via in-
fectious agents may lead to progressive liver fibrosis with
ultimate cirrhosis and liver failure [3]. Hepatic diseases
represent the fifth most prevalent cause of death according
to a statistical study done in the United Kingdom [5, 6]. In
2010, the “New Global Burden of Disease” estimated more
than one million deaths due to liver cirrhosis [7]. Although
liver issues can be life-threatening and are known to have a
high mortality rate, there is no complete treatment or
prevention. Alternatively, herbal products and pure com-
pounds are under consideration for the preventive and
therapeutic outcomes in liver diseases [8].

(−) Epicatechin (EP), an antioxidant flavonoid, belongs
to the catechin group and has numerous health benefits [9].
It is found in fruits, vegetables, and beverages. It can also be
obtained from green tea, tannins, grape seeds, and straw-
berries in very high amounts [10]. -e previous studies
revealed that the protective effects of EP are mediated
through oxidizing and reducing glutathione, protecting
tissues from any oxidative stress [11]. -e studies have also
shown that flavonoid-rich diets can reduce the risk of ox-
idative stress caused by excessive free radicals [3, 9]. -e
effect of prostacyclin (also known as prostaglandin I2 or
PGI2) in relation to CCl4-induced liver injury was previously
reported [8] and found that after in vitro poisoning with
CCl4, amino acid incorporation could be partially restored
by PGI2. PGI2 can reduce accumulated triglyceride and
serum glutamic oxaloacetic transaminase also known as
SGOT in the liver. Importantly, it can also increase liver
glycogen content 24 hours after CCl4-induced injury [12]. In
2002, a study demonstrated the efficacy of EP in rat liver
epithelial cells. It was noted at the end of the study that the
transport of connexin 43 between cellular compartments
was affected by tetradecanoylphorbol acetate (TPA), and it
was also noted that this effect could be neutralized by EP or
genistein [13]. Cui and his colleagues in 2014 conducted a
study on liver protection with an extract rich in polyphenols
(HMTP) against carbon tetrachloride-induced liver injury in
mice. -e protection of HMTP (extracted from Huangshan
Maofeng) against changes in the liver caused by CCl4 was
confirmed after a pathological study. As a result, it has been
suggested that hepatoprotection can be achieved from ex-
tracts containing polyphenols [14]. In 2019, a study proved
that hepatic veno-occlusive disease (VOD) can be reduced
by EP by stopping hepatic oxidation through nuclear factor
erythroid 2-related factor 2 (Nrf2). EP may prevent hepatitis
by terminating the signaling pathway nuclear factor-kappa B
(NF-κB) activated by protein 60 [15]. Another study de-
termined the efficacy of EP protection in rats concerning the
alteration of oxidative stress factors and inflammation fol-
lowing the treatment with cypermethrin (CYP). Further-
more, the levels of pro-inflammatory cytokines, nucleic acid
marker, interleukin 6 (IL-6), nitroguanidine, and tumor
necrosis factor-alpha (TNF-α) were increased due to CYP.
EP administration reduced the pro-inflammatory and
antioxidative effects in rats exposed to CYP [16].

Based on the protective potentials of EP, this study was
designed to evaluate its hepatoprotective potentials in CCl4-
induced toxicity models. -e effect of EC on liver enzymes,
MDA level, reduced glutathione (GSH), glutathione per-
oxidase activity (GPx), catalase activity (CAT), nitric oxide
synthase (NOS), glutathione S-transferase (GST), and cy-
tochrome P450 was evaluated. Further, the histological and
histopathological examinations were performed for various
treated groups to validate the protective and regenerative
effects of EC.

2. Materials and Methods

2.1.Animals. Adult male Wistar rats weighing 238.5± 38.5 g
were used in this study. -e animals were purchased from
the Central Animal House, King Fahd Medical Research
Center at KAU, Jeddah, KSA. -e rats were fed standard rat
pellets and water ad libitum. -e protocol for animal care
and handling used in this study was approved by the Animal
Care and Use Committee, KAU, with Reference No: 520-18.

2.2. Chemicals and Drugs. Silymarin (SILY) and EP were
purchased from Sigma-Aldrich (St. Louis, Missouri, USA;
MDL numbers MFCD00075648 and MFCD01776359), re-
spectively. Carbon tetrachloride (CCl4) was purchased from
the Laboratory of Faculty of Sciences, KAU. Dimethyl
sulfoxide (DMSO) and other consumables were purchased
from authentic distributors. (−) Epicatechin was dispersed in
DMSO and distilled water, whereas silymarin solutions were
prepared in distilled water.

2.3. Experimental Design. -e rats were randomly divided
into five groups with each group containing seven animals
(n� 7) as follows. -e following groups were devised for the
study:

Group I (control/placebo group): the animals of this
group were maintained on normal diet and were used
as the placebo control group.
Group II (EC group): the animals received (−) epi-
catechin orally (20mg·kg−1 body weight for 3 weeks)
[11].
Group III (CCl4 group): this is the disease control
group. -e animals of this group received CCl4 (mixed
with olive oil 50%) [17] intraperitoneally (1ml·kg−1

body weight two times/week continued for 3 weeks).
Group IV (CCl4 and EP group): the animals of this
group received CCl4 intraperitoneally (1ml·kg−1 body
weight twice/week continued for 3 weeks) and (−)
epicatechin orally (20mg·kg−1 body weight for 3
weeks).
Group V (CCl4 and SILY group): the animals of this
group received CCl4 intraperitoneally (1ml·kg−1 body
weight twice/week for 3 weeks) and standard hep-
atoprotective drug silymarin orally (50mg·kg−1 body
weight of for 21 days) [18].
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-e rats were fasted for 12 hours, euthanized, and blood
samples were collected. Blood was set for coagulation at the
room temperature. After that, centrifugation was done at
2500 rpm for 15 minutes to separate the serum. For the
biochemical assessment of liver function, the serumwas kept
at −20°C. -e animals’ livers were dissected and cut into
small pieces; some pieces were immediately frozen under
−80°C for ELISA examination and antioxidant enzyme
detection, and other pieces were fixed in 10% neutral
buffered formalin for histopathological studies.

2.4. Liver FunctionAssessment. Alanine amino transaminase
(ALT), aspartate amino transaminase (AST), and alkaline
phosphatase (ALP) [19] were measured by an automated
analyzer (FLEXOR EL200, France), and several different
liver markers were measured, including total protein (TP)
and albumin following previously reported standard pro-
cedures [20].

2.5. Biochemical Analysis of Antioxidant Enzymes. -e liver
sections were homogenized in 50mM K3PO4 at pH of 7.5
and 1mM EDTA for the measurements of CAT, NO, GPx,
and GSH. Sonication was performed twice on homogenized
tissues with interval of 30 s at 4°C. After that, centrifugation
was applied for 10 minutes at 4000 rpm·min−1. -e con-
centrations of the enzymes were estimated following pre-
viously reported protocols [20–22].

2.6. Measurement of Malondialdehyde (MDA) Level. -e
determination of MDA level in the hepatic homogenates was
performed using kits from Biodiagnostic, Egypt.-e adducts
were produced when thiobarbituric acid reacted with ho-
mogenate in a water bath and were separated by n-butanol.
Malondialdehyde was calculated by the difference in optical
densities (ODs), which were produced at different wave-
lengths of 535 nm and 525 nm.-e results were expressed as
nmol·g−1 tissue [23].

2.7. Reduced Glutathione (GSH) Analysis. GSH is the most
important antioxidant synthesized in cells. It is a re-
ducing molecule, which can react with oxygen species by
neutralizing the unpaired electrons that make them
highly reactive and dangerous. GSH level in liver cell
homogenate was determined following previously re-
ported standard protocol [24] using biodiagnostic assay
kits. Briefly, glutathione was added into GSH monoclonal
precoated wells and then incubated. Biotin-labeled anti-
GSH antibodies were added to combine with HRP-
conjugated streptavidin, which forms an antigen-anti-
body complex. After incubation, the enzymes that
remained unbound were washed and removed. Substrates
A and B were added to the solution, and the change in
color was observed. -ere is a positive correlation be-
tween the concentration of rat GSH and the shades of the
solution. -e concentration of GSH was expressed as
mmol g−1 tissue.

2.8. Estimation of Glutathione Peroxidase Activity (GPx).
Kits provided by Biodiagnostic, Egypt, were used to de-
termine the GPx of the liver homogenates. -is was cal-
culated in a coupled enzyme assay with glutathione
reductase by calculating the oxidation of nicotinamide ad-
enine dinucleotide phosphate keeping hydrogen peroxide
(H2O2) as the substrate at 340 nm [25]. It was demonstrated
in nmol/min/mg protein.

2.9. Estimation of Tissue Catalase Activity (CAT). -e de-
termination of CAT in the hepatic homogenates was per-
formed using kits from Biodiagnostic, Egypt, and was
calculated according to Aebi [26]. Hydrogen peroxide reacts
with CAT enzyme of known amount. -e reaction was
stopped after the addition of catalase inhibitor after exactly
one minute. -e rest of the hydrogen peroxide forms a
chromophore by reacting with DHBS and AAP. -is
chromophore has a color intensity inversely related to the
quantity of CAT present in the original sample. -e ab-
sorbance of samples was observed at 510 nm. It was dem-
onstrated in µmol/min/mg [23].

2.10. Analysis of Nitric Oxide Synthase (NOS). -e level of
NOS in homogenized hepatic tissues was measured using
specific enzyme-linked immunosorbent assay (ELISA) kits,
provided by Bioassay Technology. Nitric oxide synthase in
liver cell lysates was calculated by the procedure reported
previously [24]. NOS was added to the precoated NOS
monoclonal antibody wells and then incubated. Anti-NOS
biotin-labeled antibodies combined with streptavidin-HRP
were added, forming an immune complex. -e enzymes
remained unbound after the incubation was removed and
washed. Two substrates A and B were added, which turned
the color of the solution into blue, which then changed into
yellow due to the acid. -ere is a positive correlation be-
tween the solution shades and the concentration of NOS
[27]. -e concentration of NO was expressed as pg·mg−1

protein.

2.11. Determination of Glutathione S-Transferases (GST).
-e level of GST in homogenized liver tissues was measured
using ELISA kits. Kits were provided by Biodiagnostic,
Egypt, and GST was calculated via previously reported
procedure [28]. -e procedure relied upon the conjugation
of GSH with CDNB. -is occurs when GST forms adduct of
2,4-dinitrophenyl-S-glutathione. -is adduct was calculated
via a beam spectrophotometer at 340 nm.

2.12. Assessments of Cytochrome P450. Cytochrome P450 in
hepatic homogenates was determined utilizing kits given by
Bioassay Technology. For the analysis of the cytochrome
P450 1A2 (CYP1A2), these kits use biotin double-antibody
sandwich technology-based ELISA. CYP1A2 in cell lysates
was calculated by the procedure given by [24]. CYP1A2 was
added to the CYP1A2 precoated monoclonal antibody wells,
which were later set for incubation. After the incubation of
these cells, the immune complex was formed by the addition
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of anti-CYP1A2 biotin-labeled antibodies and was com-
bined with streptavidin-HRP. -ose enzymes that were not
bound were removed and washed. -en, we added two
substrates A and B. As a result, the color of the solution
changed to blue, which then changed to yellow. -ere is a
positive correlation between the concentration of (CYP1A2)
and the shades of the solution.

2.13. Histological and Histopathological Studies. -e rats
were dissected via an abdominal incision after anestheti-
zation. -e livers of the rats were extracted for microscopic
histopathological examinations. -e liver was cut into slices,
fixed in 10% formalin, washed, dehydrated in the ascending
graded series of alcohol cleared in xylene, and embedded in
paraffin. -e sections of 5 μm thickness were stained with
hematoxylin and eosin (H&E), and other sections were
stained with Masson’s trichrome. -ese sections were ex-
amined under the light microscope (Olympus BX61, USA)
with a digital camera (Olympus DP72, USA). -e photo-
graphs with different magnifications were then screened to
study the liver injury and the protection efficiency.

2.14. Statistical Study. All results were expressed as
mean± SD. -e data were analyzed utilizing GraphPad
Prism 3.0 Software. -e differences among the experimental
groups were detected by t-test. -e values of p≤ 0.05 were
considered statistically significant.

3. Results

3.1. (−) Epicatechin Positively Modulates Liver Function
Parameters. -e concentrations of ALT, AST, ALP, TP, and
albumin were measured in samples to assess liver function. It
was observed that the activity of ALT, AST, and ALP was
significantly increased (p< 0.001), while TP and serum
albumin levels were noticeably decreased (p< 0.001) in
CCl4-injected rats compared with the control group. -ere
was a decrease in AST, ALP, and ALT levels in group IV
(CCl4 and EP) and group V (CCl4 and SILY), whereas TP
and albumin levels were increased when compared with
group III (CCl4) (p< 0.001). Furthermore, the level of AST,
ALP, and ALT was decreased in the SILY and CCl4 groups
compared with group I (p< 0.01, 0.01, and 0.05). -e de-
ficiency was improved by EP treatment (p< 0.001) and SILY
treatment (p< 0.01) (Table 1).

3.2. (−) Epicatechin Modulates MDA and GSH in the CCl4
Toxicity Model. -e results of the oxidative stress changes
are summarized in Figure 1. An increase in the level of MDA
was observed after CCl4 administration compared with the
control group (p< 0.001).-e animals in group V (CCl4 and
SILY) also showed an increase in MDA in comparison with
the control group (p< 0.01) (Figure 1). -e rats with CCl4-
induced hepatic injury and treated with EP showed a de-
crease in MDA level compared with group III (CCl4)
(p< 0.001). Similar results were observed in group V when
compared with group III (p< 0.01). -e injection of CCl4

decreased the liver GSH level in group III compared with the
control group (p< 0.001). -e treatment with EP and SILY
in groups IV and V increased the level of GSH compared
with that in group III (Figure 1).

3.3. Effect of (−) Epicatechin on Liver GPx and CATCaused by
CCl4. -e activities of GPx and CATdecreased in group III
(CCl4) compared with the control group (p< 0.001). -e
decrease in CAT level was also noted in group V (CCl4 and
SILY) compared with the control group (p< 0.01). -e rats
in groups IV and V showed an increased level of GPx
(p< 0.001) and (p< 0.001), respectively, compared with the
CCl4 group (Figure 2). -e treatment of CCl4-injected rats
with either EP or SILY increased CAT activity in the liver
(p< 0.001 and p< 0.001, respectively) compared with the
CCl4 group (Figure 2).

3.4. (−) Epicatechin and Silymarin’s Effects on Liver NOS
Activities. In the NOS study, it was found that the NOS level
in group III (34.8± 10.37) was significantly reduced when
compared to the control group (72.77± 14.88) (p< 0.001).
-e treatment of CCl4-injected rats with either EP or SILY
increased NOS activity at p< 0.001 (Figure 3).

3.5. Effect of (−) Epicatechin on Liver GST and CYP450.
As shown in Figures 4 and 5, GST and CYP450 activities
were decreased (p< 0.001) in group III (CCl4) compared
with the control group. SILY treatment resulted in a sig-
nificant increase (p< 0.001) in GST activity compared with
the control group. -e decline in GST and CYP450 levels
after CCl3 treatment was significantly (p< 0.001) reversed
by EP treatment. Similar results were observed in the SILY-
treated groups, whereby GSTand CYP450 were significantly
improved (p< 0.001 and p< 0.001, respectively) when
compared with group III (CCl4). Moreover, the increase in
the GST activity of EP-treated group (group IV) was very
comparable with the SILY-treated group (group V). -e
MDA level was significantly reduced, whereas proteins were
increased as shown in Figures 6 and 7.

3.6. Effect of EP and SILY Treatment on Histopathological
Changes in theLiver InducedbyCCl4. To evaluate the effect of
EP or SILY in the liver of CCl4-injected rats, we performed
hematoxylin and eosin (H&E) and Masson’s trichrome
staining.

3.6.1. Hematoxylin and Eosin (H&E) Stain. -e sections
from groups I and II showed a normal histological structure
of hepatic tissue (Figure 8), while liver sections from the
CCl4-treated group showed narrowing of the sinusoidal
lumen and irregularity in the liver parenchyma. A large
number of inflammatory cells surrounded the central vein
(CV), which replaced the degenerated necrotic cells. In-
flammatory cells were also present in the portal area (PA),
which showed thickening of blood vessel walls. After
treatment with either EP or SILY, the hepatic tissue retained
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its normal architecture. -e severity of hepatic fibrosis
decreased except for some hepatocytes that showed necrosis
around the CV. -ese results demonstrated that EP and
SILY have a vital role in improving liver fibrosis.

3.6.2. Masson’s Trichrome. Collagen deposition and hepatic
fibrosis were detected by Masson’s trichrome stain. Collagen
appeared distributed in few amounts around the central vein
and portal area in the control and EP groups (Figure 9). -e
deposition of blue collagen and red fibers increased in the
CCl4-treated group in CV and PA by a somewhat greater
amount. After treatment with EP and SILY, the amount of
collagen decreased compared with group III.

4. Discussion

Hepatic injury may lead to inflammation, fibrosis, and
necrosis causing liver failure [29]. Phytochemicals from
several plants have been used for medicinal purposes in

many regions of the world [30–33]. Silymarin, a highly
potent phytochemical, is used against hepatic diseases [34].
Since EP belongs to polyphenols, which are potent anti-
oxidants against ROS-induced oxidative stress, it is used to
control liver diseases [35]. CCl4 is commonly used in
hepatotoxicity studies using experimental animal models
because it causes lipid peroxidation due to the production of
free radicals [36]. CCl4 is the best animal model charac-
terized by free radical-induced hepatotoxicity by xenobiotics
[37]. In this analysis, CCl4 caused significant hepatic damage
and oxidative stress in animals as evidenced by altered liver
function tests and antioxidant enzymes [36, 38].

-is study revealed the attenuating effects of EP and
SILY against CCl4-induced liver injury in rats. As indicated
by our findings, EP administration significantly improved
liver functions by decreasing blood ALT, AST, and ALP
levels and increasing the levels of TP and serum albumin. EP
treatment, especially in combination with SILY, declined
MDA levels and ROS production, whereas NOS and CYP450

Table 1: Effect of (−) epicatechin on ALT, AST, ALP, total protein, and albumin concentrations.

Samples Control EP CCl4 CCl4-EP CCl4-SILY Samples Control EP CCl4 CCl4-EP CCl4-SILY
Serum ALT activity (U·L−1) Serum AST activity (U·L−1)

1 15.23 9.84 80.15 19.2 13.33 1 36.31 24.12 118.09 25.07 35.54
2 11.42 11.11 41.74 10.79 18.57 2 30.28 30.45 129.83 35.87 55.22
3 14.6 10.15 37.45 12.06 13.33 3 25.07 21.9 124.12 30.15 28.24
4 13.33 14.6 26.66 18.25 19.84 4 24.75 22.85 143.16 29.83 48.72
5 12.69 8.89 55.23 17.93 21.74 5 25.07 19.67 125.39 26.34 53.17
6 10.15 8.57 66.32 12.06 25.98 6 28.24 26.34 95.07 26.97 30.46
7 11.74 13.33 72.38 18.25 30.74 7 18.72 26.97 121.9 39.67 27.29
8 9.2 9.84 82.38 22.45 35.40 8 23.17 19.67 84.12 35.8 52.99
9 10.79 12.06 27.5 18.22 19.00 9 25.07 15.87 130.15 26.7 22.21
10 7.93 8.25 73.65 17.00 25.00 10 36.87 30.15 93.17 36.2 50.34
Mean 11.70 10.66 56.34∗∗∗ 16.62### 22.29∗### Mean 27.35 23.79 116.5∗∗∗ 31.26### 40.418###,∗∗

∗p vs. control 0.82 4.04 0.22 0.027
∗p vs.
control 0.14 8.03 0.53 0.011

#p vs. CCl4
group 5.50 3.30 #p vs. CCl4 3.14 6.68
#p vs. SILY
group 0.078 #p vs. SILY 0.07

Serum ALP activity (U·L−1) Serum albumin level (g %)
1 58.81 49.62 165.46 64.11 111.19 1 3.064 2.74 2.78 3.12 2.59
2 102.92 49.62 168 79.95 128.76 2 3.206 3.46 2.50 2.77 2.55
3 101.01 68.92 162.66 45.03 73.52 3 3.149 3.70 2.86 2.76 3.03
4 85.46 85.46 110.54 36.76 67.08 4 2.809 3.50 2.67 3.59 3.18
5 102.44 94.65 107.52 48.70 55.95 5 3.20 3.01 2.22 3.12 3.18
6 44.70 45.03 175.35 61.57 110.28 6 3.45 3.26 2.11 3.03 3.39
7 38.57 36.76 91.46 38.59 116.71 7 3.21 3.64 2.10 3.26 3.39
8 38.59 88.46 151.46 97.23 67.30 8 3.45 2.95 2.81 3.21 3.18
9 40.11 98.00 162.49 100.3 143.47 9 3.33 3.54 2.25 3.4 3.43
10 52.95 51.46 172.60 103.2 55.35 10 2.95 3.21 2.56 3.56 2.11
Mean 66.56 66.80 146.75∗∗∗ 67.54### 92.96###,∗∗ Mean 3.18 3.30 2.49∗∗∗ 3.18### 3.00###

∗p vs. control 0.983 1.03 0.93 0.01
∗p vs.
control 0.327 9.90 0.97 0.27

#p vs. CCl4
group 7.83 1.10 #p vs. CCl4 4.62 0.00075
#p vs. SILY
group 0.06 #p vs. SILY 0.30

-e data are presented as the mean± SD (n� 7). p∗ ≤ 0.05 vs. control group and p# ≤ 0.05 vs. CCl4 group. Control: placebo group; EP: (−) epicatechin group;
CCl4-EP: CCl4 and (−) epicatechin group; SILY: silymarin group.
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levels were upregulated. Moreover, EP and SILY have im-
proved the hepatic histopathological changes caused by CCl4
administration.

-is study showed that EP and SILY can protect against
CCl4-induced liver injury. -ese results were in accordance
with previously reported studies [39, 40], where the findings
suggested that EP or SILY could be important potential
protective supplements against liver injury induced by CCl4

in rats. It should be noted that the most common marker
enzymes in the liver are AST, ALT, and ALP, whereas MDA,
GSH, GPx, and CAT are vital oxidants and antioxidant
balance biomarkers [41]. -e toxic effects of CCl4 are me-
diated via free radicals leading to an increase in lipid per-
oxide, which is a major cause of CCl4-induced hepatic injury
[42]. An increase in serum MDA was observed in this study,
while the CCl4-treated group, in comparison with the first
group, showed a significant decrease in hepatic GSH, GPx,
and CAT activities. -e level of MDA in the liver has been
used to assess the extent of liver damage [30].

During (−) epicatechin and silymarin treatments, the
level of enzymatic antioxidants showed a significant

Effect of various treatments on MDA and GSH levels
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Figure 1: (−) Epicatechin and silymarin’s effect on liver MDA and
GSH activities caused by carbon tetrachloride. -e data are pre-
sented as the mean± SD (n� 7). ns: values not significantly dif-
ferent when compared with the CCl4-treated group. ∗∗p< 0.01 and
∗∗∗p< 0.001 vs. CCl4 group (GSH group); ##p< 0.01 and
###p< 0.001 values vs. CCl4 group (MDA group).

Effect of various treatments on GPx and CAT levels
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Figure 2: (−) Epicatechin and silymarin’s effect on liver GPx and
CAT activities caused by carbon tetrachloride. -e data are pre-
sented as the mean± SD (n� 7). ns: values not significantly dif-
ferent when compared with the CCl4-treated group. ∗∗p< 0.01 and
∗∗∗p< 0.001 vs. CCl4 group (GPx group); ###p< 0.001 values vs.
CCl4 group (CAT group) and ‡p< 0.05 vs. SILY group.
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Figure 3: (−) Epicatechin and silymarin’s effect on liver NOS
activities caused by carbon tetrachloride. -e data are presented as
the mean± SD (n� 7). ∗∗∗p< 0.001 vs. control group and
###p< 0.001 values vs. CCl4 group.
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Figure 4: (−) Epicatechin and silymarin’s effect on liver GST
activity caused. -e data are presented as the mean± SD (n� 7).
∗∗∗p< 0.001 vs. control group; ###p< 0.001 values vs. CCl4 group;
‡p< 0.05 vs. SILY group.
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increase. -is demonstrated that hepatic antioxidant activity
could be maintained and restored using these compounds.
-us, oxidative damage of the liver could be treated by
neutralizing it with antioxidants [43], increasing the activity
of the antioxidant enzymes and inhibiting the production of
MDA and lipid peroxidation [39].

GSH has an anti-hepatotoxic effect against oxidative
stress [44]. H2O2 is degraded into water and oxygen by CAT,
which protects hepatocytes from oxidative damage caused
by H2O2 [45]. A wide range of xenobiotics and carcinogens
are metabolized by the GST [46]. It has been proven from
many studies that carbon tetrachloride alters GST activities
[36, 47]. It was observed in this study that the level of GST

was decreased in the liver of rats with CCl4-induced injury
compared with the control group, which indicated that GST
in the liver could cause tumorigenesis during chronic liver
damage [38]. GSTcan be restored in the liver through the use
of EP and SILY as they detoxify CCl4 and protect the liver
from damage.

Oxidation of foreign chemicals occurs via cytochrome
P450 enzyme [39, 48]. It also metabolizes CCl4 to tri-
chloromethyl radicals leading to some harmful effects when
they interact with proteins and lipids [49]. A decrease in
hepatic CYP450 was also observed in this study on rats with
CCl4-induced injury when compared to the control group.
However, an increase in CYP450 activity was observed in the
EP- and SILY-treated groups when compared to the CCl4
group. Other studies have also shown that liver cytochrome
is affected by it [50].-is study showed that EP and SILY can
be used to protect the liver as they have antioxidant
properties. Nitric oxide synthase can also be considered as an
anti-inflammatory agent [27]. NOSmay play a critical role in
the prevention of hepatic injury and fibrosis [51]. In the
results of this work, it was observed that NOS level in the
CCl4 group was decreased compared with the control group.
Hepatic injury can be mitigated by the production of nitric
oxide [17]. -e treatment with EP and SILY restored the
level of NOS, and reference [52] found that (−) epicatechin
prevents oxidative stress and regulates nitric oxide bio-
availability. Reference [53] also reported that HIF-1α ex-
pression was reduced with silymarin and with iNOS.

-e histological study was applied to confirm the bio-
chemical findings. Microscopic observation showed that the
EP and SILY groups showed the best histopathological re-
sults compared with the CCl4 group. -ey may reduce liver
fibrosis and infiltration of inflammatory cells. -ese pro-
tective effects against several toxins have been reported in
the literature; Wang et al. demonstrated the protective ac-
tivity of catechin derivative epigallocatechin gallate (EGCG)
on hepatic injury caused by paracetamol. -eir research
showed that EGCG can reduce the occurrence of necrosis
around the CV in the liver [54]. A different study indicated
that catechin derivative EGCG (a beneficial plant compound
called polyphenol) can improve edema, steatosis, and de-
generation of the hepatocytes [55]. Cao et al. showed that
green tea protects liver tissue from alcohol-induced injury by
reducing lipid accumulation and preventing tissue damage
due to the presence of polyphenols and their antioxidant
effects [48].

It was confirmed by this study that carbon tetrachloride
changes the biochemical functions of the liver through
histological alteration. Necrosis of hepatocytes and their
replacement with other inflammatory cells in the third group
injected with carbon tetrachloride explained the fluctuation
of the enzymes of the liver and other sera possibly due to the
production of free radicals. -e same findings were also
discussed by [56] who reported that injuries caused by CCl4
in the liver caused inflammatory cell infiltration, fibrous
bridge formation, and perivenular cell necrosis. CCl4 depicts
its hepatotoxic effects through several pathways: dilation and
congestion of blood vessels, abnormal mitosis, hemosiderin
deposition, bile duct proliferation, and hepatocyte necrosis
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Figure 5: (−) Epicatechin and silymarin’s effect on liver CYP450.
-e data are presented as the mean± SD (n� 7). ∗∗∗p< 0.001 vs.
control group; ###p< 0.001 values vs. CCl4 group.
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Figure 6: (−) Epicatechin and silymarin’s effect on serum MDA.
-e data are presented as the mean± SD (n� 7). ∗∗∗p< 0.001 vs.
control group; ###p< 0.001 values vs. CCl4 group.
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Efect of various treatments on proteins level
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Figure 7: (−) Epicatechin and silymarin’s effect on proteins. -e data are presented as the mean± SD (n� 7). ∗∗∗p< 0.001 vs. control group;
###p< 0.001 values vs. CCl4 group.
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Figure 8: (−) Epicatechin and silymarin’s effect on the liver’s histopathological changes in both central vein (CV) and portal area (PA)
regions caused by carbon tetrachloride. GI: control normal hepatocytes (H) in both central vein (CV) and portal area (PA) with few
connective tissue cells (asterisk). BD: bile duct. GII: EP showing the normal cytoarchitecture of the lobule.-e central vein is surrounded by
hepatic cells separated by blood sinusoids. GIII: CCl4 showing cell necrosis around CV with inflammatory cells and fibroblasts (black
asterisks), vascular wall (HA) thickening (white arrow) with inflammatory cells (black asterisks), and degenerating hepatocytes (black
arrow) in the portal area. GIV: CCl4 and EP showing only a few fibrotic and inflammatory cells (black asterisks) around CV and thickening
of artery (HA). Absence of fibrotic and inflammatory cells in PA (asterisks). GV: CCl4 and SILY. Absence of fibrotic and inflammatory cells
except for a small area (asterisks) around CV and PA.

8 Evidence-Based Complementary and Alternative Medicine



[57]. EP coupled with SILY exhibited considerable hep-
atoprotective effects in the liver of rats treated by CCl4.
Among these two, EP proved to be more effective [58]. As
discussed, EP is a very strong antioxidant [35] and it can be
used to protect the liver from many toxins.

5. Conclusion

-e findings of this study revealed that EP ameliorates
CCl4-induced hepatotoxicity and oxidative stress in rats.
-e intraperitoneal injection of CCl4 increases the ac-
tivity of ALT, AST, and ALP, decreases the levels of TP
and serum albumin, increases the level of MDA and ROS
production, and decreases the level of NOS and CYP450.
Oral administration of EP and SILY mitigates all of these
harmful effects in the livers of rats. -ey reduce oxidative
stress, suppress inflammatory cell infiltration, increase
the regenerative capacity of damaged tissues, and reduce
liver apoptosis. -us, we believe that the use of natural
products such as EP and SILY can aid in reducing the
toxic effects resulting from exposure to xenobiotics such
as CCl4 and other various toxic substances.
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C. Trépo, “Prevalence and challenges of liver diseases in
patients with chronic hepatitis C virus infection,” Clinical
Gastroenterology and Hepatology, vol. 8, no. 11, pp. 924–933,
2010.

[8] P. V. Kumar, A. Sivaraj, E. Elumalai, and B. S. Kumar,
“Carbon tetrachloride-induced hepatotoxicity in rats-pro-
tective role of aqueous leaf extracts of Coccinia grandis,”
International Journal of PharmTech Research, vol. 1, no. 4,
pp. 1612–1615, 2009.

[9] P. S. M. Prince, “A biochemical, electrocardiographic, elec-
trophoretic, histopathological and in vitro study on the
protective effects of (−) epicatechin in isoproterenol-induced
myocardial infarcted rats,” European Journal of Pharmacol-
ogy, vol. 671, no. 1, pp. 95–101, 2011.

[10] M. Rubio-Osornio, E. Gorostieta-Salas, S. Montes et al.,
“Epicatechin reduces striatal MPP (+) -induced damage in
rats through slight increases in SOD-Cu, Zn activity,” Oxi-
dative Medicine and Cellular Longevity, vol. 2015, Article ID
276039, 6 pages, 2015.

[11] P. S. M. Prince, “(−) Epicatechin attenuates mitochondrial
damage by enhancing mitochondrial multi-marker enzymes,
adenosine triphosphate and lowering calcium in isoproterenol
induced myocardial infarcted rats,” Food and Chemical
Toxicology: An International Journal Published for the British
Industrial Biological Research Association, vol. 53, pp. 409–
416, 2013.

[12] E. Ujhelyi, A. Divald, G. Vajta, A. Jeney, and K. Lapis, “Effect
of PGI2 in carbon tetrachloride-induced liver injury,” Acta
Physiologica Hungarica, vol. 64, no. 3-4, pp. 425–430, 1984.

[13] N. Ale-Agha, W. Stahl, and H. Sies, “(−) Epicatechin effects in
rat liver epithelial cells: stimulation of gap junctional com-
munication and counteraction of its loss due to the tumor
promoter 12-O-tetradecanoylphorbol-13-acetate,” Biochemi-
cal Pharmacology, vol. 63, no. 12, pp. 2145–2149, 2002.

[14] Y. Cui, X. Yang, X. Lu, J. Chen, and Y. Zhao, “Protective
effects of polyphenols-enriched extract from Huangshan
Maofeng green tea against CCl4-induced liver injury in mice,”
Chemico-Biological Interactions, vol. 220, pp. 75–83, 2014.

[15] Z. Huang, X. Jing, Y. Sheng et al., “(−)-Epicatechin attenuates
hepatic sinusoidal obstruction syndrome by inhibiting liver
oxidative and inflammatory injury,” Redox Biology, vol. 22,
Article ID 101117, 2019.

[16] O. K. Afolabi, F. A. Aderibigbe, D. T. Folarin, A. Arinola, and
A. D. Wusu, “Oxidative stress and inflammation following
sub-lethal oral exposure of cypermethrin in rats: mitigating
potential of epicatechin,” Heliyon, vol. 5, no. 8, Article ID
e02274, 2019.

[17] M. Fathy, E. M. M. A. Khalifa, and M. A. Fawzy, “Modulation
of inducible nitric oxide synthase pathway by eugenol and
telmisartan in carbon tetrachloride-induced liver injury in
rats,” Life Sciences, vol. 216, pp. 207–214, 2019.

[18] S. M. Eraky, M. El-Mesery, A. El-Karef, L. A. Eissa, and
A. M. El-Gayar, “Silymarin and caffeine combination ame-
liorates experimentally-induced hepatic fibrosis through
down-regulation of LPAR1 expression,” Biomedicine &
Pharmacotherapy, vol. 101, pp. 49–57, 2018.

[19] G. Ozdemır, M. Ozden, H. Maral, S. Kuskay, P. Cetınalp, and
I. Tarkun, “Malondialdehyde, glutathione, glutathione per-
oxidase and homocysteine levels in type 2 diabetic patients
with and without microalbuminuria,” Annals of Clinical
Biochemistry, vol. 42, no. 2, pp. 99–104, 2005.

[20] S. Uraz, V. Tahan, C. Aygun et al., “Role of ursodeoxycholic
acid in prevention of methotrexate-induced liver toxicity,”

10 Evidence-Based Complementary and Alternative Medicine



Digestive Diseases and Sciences, vol. 53, no. 4, pp. 1071–1077,
2008.

[21] U. Saleem, R. Akhtar, F. Anwar et al., “Neuroprotective
potential of Malva neglecta is mediated via down-regulation
of cholinesterase andmodulation of oxidative stress markers,”
Metabolic Brain Disease, vol. 36, no. 5, pp. 889–900, 2021.

[22] N. T. Mir, U. Saleem, F. Anwar et al., “Lawsonia inermis
markedly improves cognitive functions in animal models and
modulate oxidative stress markers in the brain,” Medicina,
vol. 55, no. 5, p. 192, 2019.

[23] T. Yoshioka, K. Kawada, T. Shimada, and M. Mori, “Lipid
peroxidation in maternal and cord blood and protective
mechanism against activated-oxygen toxicity in the blood,”
American Journal of Obstetrics and Gynecology, vol. 135, no. 3,
pp. 372–376, 1979.

[24] M. Moron, J. Depierre, and B. Mannervik, “Levels of gluta-
thione, glutathione reductase and glutathione S-transferase
activities in rat lung and liver,” Biochimica et Biophysica Acta
(BBA)—General Subjects, vol. 582, no. 1, pp. 67–78, 1979.

[25] D. T. Y. Chiu, F. H. Stults, and A. L. Tappel, “Purification and
properties of rat lung soluble glutathione peroxidase,” Bio-
chimica et Biophysica Acta (BBA)—Enzymology, vol. 445,
no. 3, pp. 558–566, 1976.

[26] H. Aebi, “[13] Catalase in vitro,” in Methods in Enzymology,
vol. 105, pp. 121–126, Academic Press, 1984.

[27] A. Garcia-Anguita, A. Kakourou, and K. K. Tsilidis, “Bio-
markers of inflammation and immune function and risk of
colorectal cancer,” Current Colorectal Cancer Reports, vol. 11,
no. 5, pp. 250–258, 2015.

[28] W. H. Habig, M. J. Pabst, and W. B. Jakoby, “Glutathione
S-transferases. -e first enzymatic step in mercapturic acid
formation,” Journal of Biological Chemistry, vol. 249, no. 22,
pp. 7130–7139, 1974.

[29] D. Schuppan and N. H. Afdhal, “Liver cirrhosis,” Fe Lancet,
vol. 371, no. 9615, pp. 838–851, 2008.

[30] M. F. Akhtar, M. O. Mehal, A. Saleem et al., “Attenuating
effect of Prosopis cineraria against paraquat-induced toxicity
in prepubertal mice, Mus musculus,” Environmental Science
and Pollution Research International, pp. 1–17, 2021.

[31] A. T. Khalil, M. Ovais, J. Iqbal et al., “Microbes-mediated
synthesis strategies of metal nanoparticles and their potential
role in cancer therapeutics,” in Seminars in Cancer Biology,
Elsevier, Amsterdam, Netherlands, 2021.

[32] M. Ayaz, A. Wadood, A. Sadiq, F. Ullah, O. Anichkina, and
M. Ghufran, “In-silico evaluations of the isolated phytosterols
from polygonum hydropiper L against BACE1 and MAO
drug targets,” Journal of Biomolecular Structure and Dy-
namics, pp. 1–9, 2021.

[33] M. Ghufran, A. U. Rehman, M. Shah, M. Ayaz, H. L. Ng, and
A. Wadood, “In-silico design of peptide inhibitors of K-Ras
target in cancer disease,” Journal of Biomolecular Structure
and Dynamics, vol. 38, no. 18, pp. 5488–5499, 2020.

[34] G. Karimi, M. Vahabzadeh, P. Lari, M. Rashedinia, and
M. Moshiri, “Silymarin”, a promising pharmacological agent
for treatment of diseases,” Iranian Journal of Basic Medical
Sciences, vol. 14, no. 4, pp. 308–317, 2011.

[35] M. L. Salem, A. A.-H. Khamis, A.-H. A.-H. Mostafa, and
E. M. Ali, “Antitumor potential of some selective medicinal
plants on experimental tumor ascites,” Journal of Investiga-
tional Biochemistry, vol. 6, 2017.

[36] K. R. Ritesh, A. Suganya, H. V. Dileepkumar, Y. Rajashekar,
and T. Shivanandappa, “A single acute hepatotoxic dose of
CCl4 causes oxidative stress in the rat brain,” Toxicology
Reports, vol. 2, pp. 891–895, 2015.

[37] R. A. R. Elgawish, H. G. A. Rahman, and H. M. A. Abdelrazek,
“Green tea extract attenuates CCl4-induced hepatic injury in
male hamsters via inhibition of lipid peroxidation and p53-
mediated apoptosis,” Toxicology Reports, vol. 2, pp. 1149–
1156, 2015.

[38] H.-M. Lin, H.-C. Tseng, C.-J. Wang, J.-J. Lin, C.-W. Lo, and
F.-P. Chou, “Hepatoprotective effects of Solanum nigrum
Linn extract against CCl4-induced oxidative damage in rats,”
Chemico-Biological Interactions, vol. 171, no. 3, pp. 283–293,
2008.

[39] J. Liu, J.-f. Lu, X.-y. Wen, J. Kan, and C.-h. Jin, “Antioxidant
and protective effect of inulin and catechin grafted inulin
against CCl4-induced liver injury,” International Journal of
Biological Macromolecules, vol. 72, pp. 1479–1484, 2015.

[40] B. Shanmugam, K. R. Shanmugam, S. Ravi et al., “Exploratory
studies of (−)-epicatechin, a bioactive compound of Phyl-
lanthus niruri, on the antioxidant enzymes and oxidative
stress markers in D-galactosamine-induced hepatitis in rats: a
study with reference to clinical prospective,” Pharmacognosy
Magazine, vol. 13, no. 1, pp. S56–S62, 2017.

[41] T. A. Gheita and S. A. Kenawy, “Measurement of malon-
dialdehyde, glutathione, and glutathione peroxidase in SLE
patients,” in Methods in Molecular Biology, vol. 1134,
pp. 193–199, Springer, 2014.

[42] Z.-W. Zhao, J.-C. Chang, L.-W. Lin, F.-H. Tsai, H.-C. Chang,
and C.-R. Wu, “Comparison of the hepatoprotective effects of
four endemic Cirsium species extracts from Taiwan on CCl4-
induced acute liver damage in C57BL/6 mice,” International
Journal of Molecular Sciences, vol. 19, no. 5, p. 1329, 2018.

[43] O. M. Ighodaro and O. A. Akinloye, “First line defence an-
tioxidants-superoxide dismutase (SOD), catalase (CAT) and
glutathione peroxidase (GPX): their fundamental role in the
entire antioxidant defence grid,” Alexandria Journal of
Medicine, vol. 54, no. 4, pp. 287–293, 2018.

[44] C. Zhang, N. Wang, Y. Xu, H.-Y. Tan, S. Li, and Y. Feng,
“Molecular mechanisms involved in oxidative stress-associ-
ated liver injury induced by Chinese herbal medicine: an
experimental evidence-based literature review and network
pharmacology study,” International Journal of Molecular
Sciences, vol. 19, no. 9, p. 2745, 2018.

[45] A. A. Abolfathi, D. Mohajeri, A. Rezaie, and M. Nazeri,
“Protective effects of green tea extract against hepatic tissue
injury in streptozotocin-induced diabetic rats,” Evidence-
Based Complementary and Alternative Medicine, vol. 2012,
Article ID 740671, 10 pages, 2012.

[46] W. M. Haschek, C. G. Rousseaux, M. A. Wallig, B. Bolon, and
R. Ochoa, Haschek and Rousseaux’s Handbook of Toxicologic
Pathology, Academic Press, Cambridge, MA, USA, 2013.

[47] O. B. Adewale, A. Adekeye, C. Akintayo, A. Onikanni, and
S. Sabiu, “Carbon tetrachloride (CCl4)-induced hepatic
damage in experimental Sprague Dawley rats: antioxidant
potential of Xylopia aethiopica,” Journal of Pharmacology,
vol. 3, no. 2, 2014.

[48] S. M. Shah, M. Ayaz, A.-u. Khan et al., “1,1-Diphenyl, 2-
picrylhydrazyl free radical scavenging, bactericidal, fungicidal
and leishmanicidal properties of Teucrium stocksianum,”
Toxicology and Industrial Health, vol. 31, no. 11, pp. 1037–
1043, 2015.

[49] J. E. Manautou, S. N. Campion, and L. M. Aleksunes,
“Regulation of hepatobiliary transporters during liver injury,”
in Comprehensive Toxicology, C. A. McQueen, Ed., pp. 175–
220, Elsevier, Amsterdam, Netherlands, 2nd edition, 2010.

[50] A. M. Abdel-Moneim, M. A. Al-Kahtani, M. A. El-Kersh, and
M. A. Al-Omair, “Free radical-scavenging, anti-

Evidence-Based Complementary and Alternative Medicine 11



inflammatory/anti-fibrotic and hepatoprotective actions of
taurine and silymarin against CCl4 induced rat liver damage,”
PLoS One, vol. 10, no. 12, Article ID e0144509, 2015.

[51] M. C. Litterio, G. Jaggers, G. Sagdicoglu Celep et al., “Blood
pressure-lowering effect of dietary (−)-epicatechin adminis-
tration in L-NAME-treated rats is associated with restored
nitric oxide levels,” Free Radical Biology andMedicine, vol. 53,
no. 10, pp. 1894–1902, 2012.

[52] N. Al-Rasheed, L. Faddah, I. A. Sharaf, A. M. Mohamed,
N. Al-Rasheed, and N. Abdelbaky, “Assessment of the po-
tential role of silymarin alone or in combination with vitamin
E and/or curcumin on the carbon tetrachloride induced liver
injury in rat,” Brazilian Archives of Biology and Technology,
vol. 58, no. 6, pp. 833–842, 2015.

[53] D. Bhatia, M. Bansal, S. Bhangu, and G. Singh, “Hep-
atoprotective effects of epigallocatachin gallate via mito-
chondrial permeability transition pore in paracetamol
induced hepatotoxicity,” Plant Archives, vol. 19, no. 2,
pp. 2162–2167, 2019.

[54] D. Wang, Q. Gao, T. Wang et al., “Green tea polyphenols and
epigallocatechin-3-gallate protect against perfluorodecanoic
acid induced liver damage and inflammation in mice by
inhibiting NLRP3 inflammasome activation,” Food Research
International (Ottawa, Ont.), vol. 127, Article ID 108628,
2020.

[55] A. T. Abbas, N. A. El-Shitany, L. A. Shaala et al., “Red sea
Suberea mollis sponge extract protects against CCl4-induced
acute liver injury in rats via an antioxidant mechanism,”
Evidence-Based Complementary and Alternative Medicine,
vol. 2014, Article ID 745606, 9 pages, 2014.

[56] S. Sangi, S. A. El-feky, S. S. Ali, E. I. Ahmedani, and
M. Tashtoush, “Hepatoprotective effects of oleuropein, thy-
moquinone and fruit of Phoenix dactylifera on CCl4 induced
hepatotoxicity in rats,” World Journal of Pharmacy and
Pharmaceutical Sciences, vol. 3, Article ID 3475e3486, 2014.

[57] N. A. Schwarz, Z. J. Blahnik, S. Prahadeeswaran,
S. K. McKinley-Barnard, S. L. Holden, and A. Waldhelm,
“(–)-Epicatechin supplementation inhibits aerobic adapta-
tions to cycling exercise in humans,” Frontiers in Nutrition,
vol. 5, no. 132, 2018.

[58] M. Prakash, B. V. Basavaraj, and K. N. Chidambara Murthy,
“Biological functions of epicatechin: plant cell to human cell
health,” Journal of Functional Foods, vol. 52, pp. 14–24, 2019.

[59] S. A. Sheweita, M. Abd El-Gabar, and M. Bastawy, “Carbon
tetrachloride changes the activity of cytochrome P450 system
in the liver of male rats: role of antioxidants,” Toxicology,
vol. 169, no. 2, pp. 83–92, 2001.

12 Evidence-Based Complementary and Alternative Medicine


