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Abstract
Purpose ‒ Catechins, the bioactive compounds found in
green tea, are known for their beneficial health effects,
but overconsumption may result in adverse effects. Thus,
this study aimed to examine the influence of green tea
(Camellia sinensis L.) catechin extract (GTCE) on liver meta-
bolism and structure in rats.
Methods ‒ GTCE was phytochemically characterized by
LC-MS spectrometry. An in vivo study was conducted on
female rats separated into four groups of five each, i.e., a
control group and three catechin-treated groups D1, D2,
and D3 received, respectively, 0.4, 0.6, and 0.8 g/kg b.w./
day of GTCE by gavage for 28 days. The effects of GTCE
were monitored through the analysis of plasma lipid, oxi-
dative stress markers, reduced glutathione (GSH) content,
glutathione peroxidase (GPx) activity, and malondialde-
hyde (MDA) level in the liver. Furthermore, histopatholo-
gical examinations of liver tissue were conducted.

Results ‒ LC-MS analyses of GTCE revealed the presence
of five phenolic compounds with a predominance of epi-
gallocatechin-3-gallate (EGCG) at 60.1%. Exposure to cate-
chins with an elevated dose (0.8 g/kg) caused oxidative
damage in the liver, as indicated by a considerable increase
(p < 0.05) in MDA levels, a decrease in GSH content, and GPx
activity (p < 0.05), along with a decrease (p < 0.05) in plasma
total cholesterol, triglycerides, and total lipids in comparison
to the control group. These changes were confirmed by his-
tological examination.
Conclusion ‒ Although catechins offer known health ben-
efits, high doses may induce oxidative stress and liver
damage.
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Abbreviations

EC Epicatechin
ECG Epicatechin gallate
EGC Epigallocatechin
EGCG Epigallocatechin-3-gallate
GPx Glutathione peroxidase
GSH Reduced glutathione
GT Green tea
GTCE Green tea catechin extract
MDA Malondialdehyde
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1 Introduction

Green tea (GT) is obtained from Camellia sinensis L., a
member of the Theaceae family. It is known to be the
most commonly consumed drink in the world after water
and for its health benefits, including the chemoprevention
effect [1,2]. Owing to its good biological activity, including
pharmacological and antioxidant properties, it is attracting
increasing interest [3,4]. The antioxidant properties of GT
are attributed to important phytochemicals including
phenolic compounds such as catechins, phenolic acids,
and caffeine [5,6]. Catechins (flavan-3-oils), the primary
phenolic compounds in GT, inhibit cell proliferation and
exert potent anti-radical activity by acting as natural anti-
oxidants [7,8]. It consists of catechin, epigallocatechin
(EGC), epicatechin gallate (ECG), epicatechin (EC), and epi-
gallocatechin gallate (EGCG) [9,10]. EGCG is the predomi-
nant catechin in GT and a potent antioxidant inhibiting
oxidative damage disorders such as cancer, cardiovas-
cular and neurological diseases, [11,12] obesity, and dia-
betes [13,14].

The liver is an essential organ that performs major
functions, including protein synthesis, energy metabolism,
glycogen storage, and drug detoxification [15]. Hepatic dis-
orders often result from various substances such as phar-
maceuticals, chemicals, and natural products like plant
extracts. These substances mainly damage the liver by
forming free radicals, which increase lipid peroxidation
(LP), leading to liver damage [16]. Some studies suggest
that EGCG directly influences lipid metabolism by inhi-
biting intestinal lipid absorption, increasing LDL receptor
expression, and activating AMPK, which promotes fatty
acid oxidation [17,18]. However, at high doses, EGCG has
been associated with liver failure [19,20], which may indir-
ectly affect the lipid levels. Liver damage can alter lipid
metabolism due to disrupted hepatic function, leading to
reduced cholesterol and triglyceride levels. In this context,
several previous studies have shown that EGCG from GT at
high doses has been shown to induce liver injury and
oxidative damage [16,21,22]. EGCG induced hepatotoxicity
by depleting antioxidant defense systems like antioxidant
enzyme activities and altering liver biochemical mar-
kers [23,24].

Our study was designed to identify the chemical pro-
file of green tea (Camellia sinensis L.) catechin extract
(GTCE) using LC-MS. Furthermore, an in vivo study was
performed to evaluate the biochemical variations, antiox-
idant status, and histological aberrations in the liver of
female rats after treatment with GTCE at 0.4, 0.6, and
0.8 g/kg body weight (b.w).

2 Materials and methods

2.1 Plant material and extraction

The commercial GT leaves were suspended in ten volumes of
distilled water (w/v; 1:10) in a 50mL tube, followed by ultra-
sonic treatment at 95°C for 15min [25,26]. The resulting infu-
sions were centrifuged (5,000 g for 15min at 4°C) and left to
stand for 10min, after which they were filtered through
0.45 μm filter membranes (Sartorius) and the top solution
was collected and lyophilized. The lyophilized powder was
kept in the dark at 4°C until assay.

2.2 LC-MS analysis

LC-MS analysis was performed using an Agilent 1100 Series
HPLC system equipped with a diode array detector and
coupled to an HCT linear ion trap mass spectrometer.
Chromatographic separation was achieved on an EC/3
Nucleodur 100-3 C18 ec column (Macherey-Nagel, Germany).
The mobile phase consisted of solvent A (water with 0.1%
formic acid) and solvent B (acetonitrile with 0.1% formic
acid). A linear gradient of acetonitrile in water (5–95% B) was
applied over 40min. The sample injection volume was 20 µL.
Mass spectra were recorded over a mass-to-charge (m/z) range
of 100–600 under the following MS conditions: capillary voltage
of 4,500V, nebulizer pressure of 50 psig, drying gas flow rate of
10 L/min, and drying temperature of 365°C. Analyses were con-
ducted in the positive ionization mode. Compounds in the GT
extracts were identified based on their m/z values, UV/Vis
absorption spectra, and retention times, and were compared
with reference data reported in the literature [27]. Peak identi-
fication was further confirmed by mass spectrometry.

2.3 In vivo study

2.3.1 Animals and treatment

Female rats from the Wistar strain (Pasteur Institute,
Algeria), weighing 125–130 g and aged 1 month, were placed
in an animal house at a temperature of 22°C, a photoperiod
of 12 h day/12 h night, and relative humidity of 50–60%. The
rats were given a standard diet (supplied by ONAB, Bejaia,
Algeria). Throughout the study, the rats had access to
drinking water ad libitum. All experimental procedures
were carried out in accordance with the International
Guidelines for the Care and Use of Laboratory Animals
(Council of European Communities, 1986).
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2.4 Experimental procedure

After a 2-week adaptation period, animals were grouped into
four groups of five rats each. The first group was designated as
control and was given 1mL of distilled water per day by oral
gavage for 28 days. The groups (D1), (D2), and (D3) received oral
treatment with GTCE at dose levels of 0.4, 0.6, and 0.8 g/kg/kg
b.w., respectively, for 28 days. The test doses and treatment
period were chosen based on a previous study [18].

2.5 Blood and tissue processing

After 28 days of treatment, the rats in each group were
subjected to overnight fasting and then anesthetized with
light ether, and then they were sacrificed by cervical decap-
itation. Blood samples were collected using heparinized tubes
and subjected to centrifugation (3,000 g for 15min), and the
resulting plasma was maintained at −20°C in aliquots for
biochemical assays, including total lipids, triglycerides, and
cholesterol. The liver was recovered, washed with saline solu-
tion (NaCl 0.9%), and weighed. One portion of the liver was
fixed in formalin solution for histological analysis, while the
other portion was stored at −20°C for assessing oxidative
stress markers [28].

2.5.1 Tissue preparation

Liver tissue was suspended in three volumes of phosphate
buffered saline (1/3 w/v, pH 7.4), homogenized, and centri-
fuged at 10,000 g for 15min at 4°C. The supernatant fraction
was employed to estimate oxidative stress markers [29].

2.5.2 Biochemical assays

The total lipid, cholesterol, and triglyceride levels of the plasma
were measured using Spinreact (Spain) commercial kits.

2.6 Oxidative stress marker evaluation

2.6.1 LP

LP was assessed by measuring the amount of malondialde-
hyde (MDA), the end product of LP, according to the tech-
nique of Buege and Aust [30] with slight modifications [31],
based on TBA (thiobarbituric acid) reactivity. The

absorbance at 532 nm was then determined. The amount
of MDA formed was expressed as nmol MDA/mg protein.

2.6.2 Reduced glutathione (GSH) levels

Liver GSH levels were measured by the colorimetric
method reported by Khattabi et al. [32] by recording the
absorbance values at 412 nm resulting from the formation
of 2-nitro-5-mercapturic acid from the reduction of 5,5-
dithiobis-(2-nitrobenzoic acid) (DTNB) by the SH groups
present in GSH. The amount of GSH was expressed in
nmol GSH/mg protein.

2.6.3 Glutathione peroxidase (GPx) activity

GPx activity in the liver homogenate was determined using
the Flohé and Günzler [33] method, and the absorbance at
412 nm was recorded. GPx activity was expressed as nmol
glutathione degraded/min/mg protein.

2.7 Histological examinations

Liver sections, previously fixed in formalin, were pro-
cessed through graded alcohol baths followed by paraffin
embedding. Liver sections were then cut at 4–5 µm thick-
ness, stained with H&E (hematoxylin-eosin stain) following
the technique of Houlot [34] and then examined under an
optical microscope.

2.8 Statistical analysis

Data were analyzed using GraphPad Prism 7.0. The results
are presented as mean ± SEM (standard error of mean) and
were evaluated using ANOVA followed by Tukey’s post-hoc
test. Differences were considered significant at p < 0.05.

3 Results

3.1 Phenolic composition of GTCE

3.1.1 GT extract and phenolic composition

The results of LC-MS analyses of the GT extract are shown
in Figures 1 and 2. The main phenolic compounds in GT are
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catechins (Figure 2) with predominance of (−) epigalloca-
techin-3-gallate (EGCG) 60.1 ± 0.17% followed by (−) epigal-
locatechin (EGC) 12 ± 0.25%, (−) epicatechin gallate (ECG) 13
± 0.45%, and (−) epicatechin (EC) 5 ± 0.2%.

3.2 Effects of GTCE on rat’s health

The death of two rats was recorded in the group treated
at a dose of 800 mg/kg on the 20th day of the experiment

Figure 1: Chromatograms of LC-MS phenolic profile of GTCE. EGC: epigallocatechin; EC: epicatechin; EGCG: epigallocatechin-3-gallate; and ECG:
epicatechin-3-gallate.
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and a decrease in the body weight from the starting day
of the test, regardless of the administered dose of
GTCE. This reduction was more accentuated in a
group treated with 800 mg/kg during 28 days of
experimentation.

3.3 Effects of GTCE on the body and absolute
and relative liver weights

Changes in the body weight of the studied groups are
shown in Table 1. The data showed a significant decrease

Figure 2: Proportion and structure of major catechin polyphenols GT. The results are expressed as averages of three independent measurements
± SEM.

Table 1: Body weight, weight gain, and absolute and relative liver weights of control and experimental rats

Parameters Experimental groups

Control D1 D2 D3

Initial weight (g) 132.1 ± 3.6 131.7 ± 5.45 130.9 ± 5.40 130.1 ± 5.5
Final weight (g) 185.8 ± 6.7a 165.2 ± 5.6a 156.4 ± 4.5b 115.3 ± 7.2c

Weight gain (%) 53.7 ± 2a 33.5 ± 1.5a 26.5 ± 1.3b −14.8 ± 1.4c

Absolute liver weight (g) 3.56± 0.12a 3.26 ± 0.15a 3.05 ± 0.11a 6.05 ± 0.26c

Relative liver weight (g/100 g body weight) 1.92 ± 0.02a 2.00 ± 0.05a 2.03 ± 0.04a 2.51 ± 0.17c

Values are expressed as mean ± SEM; each group consisted of five rats. D1: rats treated with 400 mg/kg b.w. of GTCE; D2: rats treated with 600mg/kg
b.w. of GTCE; D3: rats treated with 800 mg/kg b.w. of GTCE; values in the same row with different letters are significantly different at p < 0.05.
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(p < 0.05) in the body weight of rats treated with 800mg/kg
GTCE compared to control rats. No significant difference in
the body weight was noted between the group treated at
both doses (400 and 600mg/kg) compared to the controls.

As indicated in Table 1, the absolute and relative liver
weights were significantly increased (p < 0.05) in GTCE at a
dose of 800mg/kg compared to controls.

3.4 Effect of GTCE on the lipid biochemical
parameters

3.4.1 Cholesterol

The cholesterol concentrations in control and treated rats at
the three tested doses of GTCE are shown in Table 2. Our results
show that treatment with GTCE induces a significant decrease
(p < 0.05) in the concentration of cholesterol in rats treated
with GTCE at a 800mg/kg dose compared to the control group.
This value is not significant (p > 0.05) in treated rats at doses of
400 and 600mg/kg not statistically significant (p > 0.05).

3.4.2 Triglycerides

The effects of GTCE on the concentration of triglycerides in
the control and treated rats are presented in Table 2. The
results showed a significant decrease (p < 0.05) in trigly-
ceride concentration at both doses 600 and 800mg/kg of
GTCE. In contrast, a non-significant increase (p > 0.05) in
triglyceride concentration was recorded in rats that
received 400 mg/kg of GTCE compared to the control group.

3.4.3 Total lipids

Plasma concentration of the total lipids was significantly
decreased (p < 0.05) after treatment with both doses (600

and 800mg/kg) (Table 2). However, a significant increase
(p < 0.05) in total lipids in rats treated with 400mg was
observed compared to the control.

3.5 Oxidative stress parameters

3.5.1 MDA level

The liver MDA levels in the control and treated groups are
shown in Figure 3a. In fact, GTCE at a dose of 800mg/kg/
day significantly increased (p < 0.05) the level of MDA.
However, no significant difference in the MDA hepatic
levels was noticed between the groups treated at doses of
400 and 600mg/kg and the control group.

3.5.2 GSH level

Figure 3b shows the hepatic GSH levels in the control and
treated groups. The administration of GTCE at a dose of
800mg/kg induced a significant decrease (p < 0.05) in the
concentration of GSH. In contrast, a significant increase
(p < 0.05) in GSH levels was recorded in rats treated with
both doses (400 and 600mg/kg) compared to control rats.

3.5.3 GPx activity

Liver GPx activity in the studied groups is shown in Figure 4.
Based on the obtained results, the enzymatic activity of GPx
was significantly decreased (p < 0.05) at a dose of 800mg/kg.
Furthermore, our results showed a non-significant increase
in GPx activity (p > 0.05) at doses 400 and 600mg/kg.

3.6 Gross macroscopic observations

The examination of the gross appearance of the liver of
experimental rats (Figure 5) showed that the liver color of

Table 2: Plasma biochemical parameters in control and experimental rats

Parameters Experimental groups

Control D1 D2 D3

Cholesterol (mg/L) 0.72 ± 0.15 0.6 ± 0.081a 0.4 ± 0.091a 0.2 ± 0.081b

Triglycerides (mg/L) 1.62 ± 0.23a 1.52 ± 0.14a 1.25 ± 0.07a 0.45 ± 0.07b

Total lipids (mg/L) 3.13 ± 0.27a 3.7 ± 0.14a 2.65 ± 0.07c 0.65 ± 0.13b

Values are expressed as mean ± SEM; each group consisted of five rats. D1: rats treated with 400mg/kg b.w. of GTCE; D2: rats treated with 600 mg/kg
b.w. of GTCE; D3: rats treated with 800 mg/kg b.w. of GTCE; values in the same row with different letters are significantly different at p < 0.05.
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rats treated with GTCE at 800mg/kg differed from other
treatments at 400 and 600mg/L as well for controls (Figure
5). The pro-oxidant effect may exist at the dose of 800mg/L
due to the macroscopic change in the liver.

3.7 Light microscopy of liver

The observation under an optical microscope Leica of the
liver sections of the control rats showed normal cellular
architecture and hepatocytes polyhedral in a form of tra-
beculae with granular cytoplasm organized around the
centrilobular vein (Figure 6a). Figure 6b–d shows micro-
scopic changes in sections of livers of animals treated with
increasing doses of GTCE (400, 600, and 800mg/kg). The

histological examination in rats treated with the three
tested doses showed varying degrees of hepatic histological
lesions, especially in rats treated with a dose of 800mg/kg
GTCE compared to rats treated with 600mg/kg (Figure 6b)
and 400mg/kg (Figure 6c). Binucleated hepatocytes,
vacuolar degeneration, parenchymal cells hypertrophy,
and sinusoid dilation and congestion were also observed.

4 Discussion

Despite the wide consumption of GT as a beverage, and its
beneficial effects proven by several studies, scientific data on
its toxic effects at high doses are available [10,35]. In this
context, the present study aimed to evaluate the impact of

Figure 3: Hepatic GSH levels in the control and treated groups. Values are expressed as mean ± SEM; each group consisted of five rats. D1: rats treated
with 400 mg/kg b.w. of GTCE; D2: rats treated with 600mg/kg b.w. of GTCE; D3: rats treated with 800 mg/kg b.w. of GTCE; MDA: malondialdehyde;
GSH: reduced glutathione. Values in the same row with different letters are significantly different at p < 0.05.

Figure 4: Liver GPx activity in the studied groups. Values are given as mean ± SEM; each group consisted of five rats. D1: rats treated with 400 mg/kg
BW of catechins; D2 rats treated with 600 mg/kg b.w of GTCE; D3 rats treated with 800 mg/kg b.w of GTCE; MDA: malondialdehyde; GSH: reduced
glutathione. Values on the same row with different letters are significantly different at p < 0.05.
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GTCE at increasing doses on the liver over a 28-day period.
For this reason, a phytochemical study was performed in
order to characterize its chemical composition. The results
showed that the phenolic composition in GT is catechins,
EGCG being the highest, accounting for 60–65% of the entire
catechin content [36]. EGCG is the major catechin in GT and
accounts for 50–80% [37,38]. Furthermore, chemical modifica-
tion of the EGCG pharmacophore may modify relative ther-
apeutic activities so that combinatorial supplementation may
synergistically enhance the beneficial health effects [3,39].

In animal experiments, the changes in the behavior
and body weight are important revealing indices of the
health status [40], and this change is correlated with the
animal’s physiological state [41]. In this study, treating rats
with GTCE at a dose of 800mg/kg significantly decreased
the body weight. The observed reduction can be attributed
to the anti-obesity effect, which inhibits the weight gain
and the formation of adipose tissue [42], as reflected by
reduced plasma triglyceride, cholesterol, and lipid levels
in our study.

Figure 5: Rat liver after 28 days of GTCE treatment. C: control; D1: rats treated with 400 mg/kg b.w of GTCE; D2 rats treated with 600 mg/kg b.w of
GTCE; D3 rats treated with 800 mg/kg b.w of GTCE.

Figure 6: Effect of GTCE on histopathological changes in the liver. Controls (a), treated with 400 mg/kg GTCE (b); treated with 600 mg/kg (c), and
treated with 800 mg/kg GTCE (d) after 28 days of treatment: sections were stained using the hematoxylin–eosin method; magnification: ×100. CV:
centrilobular vein. Red arrow: sinusoid dilation and congestion, yellow circle: binucleated hepatocytes, black double arrow: parenchymal cells
hypertrophy, red asterisk: vacuolar degeneration.
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Relative organ weights are an essential part of the tox-
icological risk assessment of drugs, chemicals, and biologics
[43]. The results of the present study reveal that GTCE at doses
of 800mg has a negative impact on the liver, resulting in an
increase in the absolute and relative liver weights. The
observed increase in organ weights can be attributed to an
increase in hepatic metabolism following high doses adminis-
tered. Here, it has been reported that GTCE at doses > 800mg
or at repeated doses causes liver damage [35].

Our results show that treatment with GTCE induces a
significant decrease (p < 0.05) in the concentration of cho-
lesterol in rats treated with a dose of 800mg/kg. According
to Sánchez-Muniz et al. [44], the decrease in cholesterol
concentration is attributed to a reduction in the activity
of lecithin cholesterol acyl transferase (LCAT), which is
itself due to the reduction in the biosynthesis of HLVs at
the liver level. On the other hand, Holloway and Rivers [45]
explained that the decrease in cholesterol is due to the activa-
tion of 7-α-hydrolase, an enzyme responsible for the transfor-
mation of cholesterol into bile acids. The same phenomenon
was observed after treatment with 400mg/kg nigra leaf
extract in female Wistar rats, resulting in decreased choles-
terol and high-density lipoprotein (HDL) [46]. These results
proved that polyphenols have a hypolipidemic effect and
induce a decrease in chronic damage in rats. In contrast,
rats treated with 400mg/L resulted in an increase in the
plasma content of insignificant triglyceride (p > 0.05). The
increase in triglyceride content was reported by Yuan and
Kitts [47]. They speculated that the supplementation of 130 g
of phenolic extracts in non-fasting rat food promotes
increased triglyceride concentration because phenolic
extracts tend to increase the concentration of triglycerides
in comparison with controls. This effect was not predicted,
and they assumed that phenolic (catechins) extracts slowed
the kinetics of lipid absorption, or exposed to a lipotropic
action on the liver.

The assessment of the cytotoxic effect of GT catechins
and the hypothesis of a pro-oxidizing effect on body
growth, liver, and serum lipids in growing female rats
were investigated. Additionally, growth retardation was
observed in all rats treated with polyphenols relative to
controls regardless of catechins at doses 400, 600, and
800mg/kg. Previous studies conducted on rodents showed
a decrease in lipid liver accumulation, particularly trigly-
cerides and cholesterol following tea consumption [48]. In
addition, in a double-blind, placebo-controlled clinical trial, it
was reported that high doses of EGCG (856.8mg/day) reduced
plasma cholesterol and LDL levels [49].

However, the mechanisms involved in this decline in
liver lipids are still far from clear. Indeed, it has been
shown that tea decreases the genes involved in lipogenesis

and increases those involved in oxidation, but the precise
mechanisms involved in this regulation are not clearly
described. At the cellular level, several studies have exam-
ined the lipotropic effect of GT catechins, particularly
EGCG, but few studies have investigated the lipotropic
effects of a global tea extract, let alone a mixture of several
teas [50,51]. Some studies suggest that EGCG directly influ-
ences lipid metabolism by inhibiting intestinal lipid
absorption, increasing LDL receptor expression, and acti-
vating AMPK, which promotes fatty acid oxidation [17,18].
However, at high doses, EGCG has been associated with
liver failure [19,20], which may indirectly affect the lipid
levels. Liver damage can alter lipid metabolism due to dis-
rupted hepatic function, leading to reduced cholesterol and
triglyceride levels.

Oxidative stress can advance oxidative damage invol-
ving cellular proteins, lipids, DNA, and other molecules in a
way that could lead to abnormal cell functions. The results
obtained in our study for the oxidative stress portion
showed a well-defined increase in the liver tissue MDA
concentration in rats treated with the catechins at a dose
of 800mg/L compared to rats treated with 400 and 600mg/L
and normal control. MDA is the most widely used para-
meter for assessing oxidative lipid damage, although it is
known that oxidative damage to amino acids, proteins, and
DNA also results in MDA release [52]. The observed increase
in the liver MDA confirmed the hepatotoxic effect of GTCE at
higher doses. This study shows that GTCE causes a significant
decrease in GSH levels in the rat liver. The significant deple-
tion of GSH levels is associated with a decrease in GPx activity
(P < 0.05). In this context, several studies reported the dama-
ging effect of EGCG at higher doses on hepatic tissues in vivo
and in vitro [24,53,16]. Regarding tissue aberrations, the
hepatic tissue sections demonstrated the presence of vacuo-
lization, binucleated cells, and prominent congestion and
sinusoidal dilatation, which notably for groups D3 and D2,
was previously regarded as a side effect of cytotoxic factor
activity. Its accumulation is now recognized as a critical initi-
ating event that triggers metabolic disruptions or stress
responses, ultimately resulting in cell death [32]. The
binucleate cells are frequently observed in several organs,
such as the liver, salivary glands, and endometrium,
although their functional significance remains unclear.
The heightened presence of binucleate hepatocytes during
the necro-inflammatory phase of progressive chronic hepatitis
and in cirrhosis, coupled with their absence in hepatocellular
carcinoma, suggests that they might serve as an indicator of
hepatic disease severity rather than arising from cell cycle
errors [54]. Sinusoidal dilatation is primarily characterized
by the enlargement of hepatic sinusoids, typically identified
as a prominent histopathological feature. Initially considered
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an artifact or nonspecific change, growing evidence suggests
that sinusoidal dilatation is linked to inflammatory diseases,
portal hypertension and vascular disorders [55]. Hypertrophy
refers to the enlargement of cells due to increased synthesis of
structural components, rather than the accumulation of water,
glycogen, or lipids. When a significant number of cells grow in
size, this can lead to a noticeable increase in tissue or organ
mass. Exposure to high levels of toxic metabolites induces
various tissue changes. In the liver, these include hepatocyte
hypertrophy, hepatitis, hepatocellular necrosis, and hepatocel-
lular death [56]. Effectively, previous findings suggest that
induced oxidative stress in liver hepatocytes has increased
bile duct hyperplasia, as hepatocytes surrounding the bile
ducts display positive signals to a significant extent [57].

5 Conclusion

The chemical composition analysis of GTCE using LC-MS iden-
tified EGCG as the most abundant component. Catechins
demonstrated cytotoxic effects on lipid parameters, leading
to a reduction in lipid accumulation, particularly triglycer-
ides and cholesterol. However, the mechanisms underlying
this lipid reduction in the liver remain poorly understood.
The findings of our study indicate that high doses of GTCE
induce hepatotoxicity, characterized by elevated oxidative
stress, histological alterations, and, in severe cases, the death
of some rats.
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the findings of this study can be obtained from the corre-
sponding author upon request.
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