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Abstract: The protective effects of chlorogenic acid (CGA) against liver injury were evaluated by its
reduction in carbon tetrachloride (CCl4)-induced hepatic damage in ICR mice. The animals were
orally given CGA (60, 100, and 200 mg/kg, respectively) or silymairn (200 mg/kg) daily with 0.3%
CCl4 administration (3 mL/kg, dissolved in olive oil) after medicament treatment on the 7th day.
Compared with the normal group, CCl4 caused severe impairment in liver according to the evidence
of significant reduction in the level of total albumin and expansion (p < 0.05) of the activities in
aspartate aminotransferase (AST) and alanine aminotransferase (ALT), cholesterol, triglyceride (TG),
and total albumin in serum, decreased the level of glutathione (GSH), and diminished the activities of
catalase, superoxide dismutase (SOD), glutathione reductase (GSH-Rd), and glutathione peroxidase
(GSH-Px) in liver while increasing the level of hepatic thiobarbituric acid-reactive substances (TBARS).
However, oral administration of CGA or silymarin could significantly (p < 0.05) decrease the serum
levels of AST, ALT, cholesterol, TG, and total albumin and elevated the serum total albumin and the
activities of GSH, catalase, SOD, GSH-Rd, and GSH-Px while leading to decline the TBARS in liver
compared with CCl4-intoxicated group. Moreover, histopathology displayed that CGA decreased
the formation of lesions in liver resulted from CCl4. The outcomes indicate that CGA shows the
efficiency hepatoprotective consequences for CCl4-incited liver injuries in mice by the elevation of
the activities of antioxidant enzymes and hindrance of lipid peroxidation.

Keywords: chlorogenic acid; carbon tetrachloride; hepatoprotective effects; antioxidant

1. Introduction

There are many hepatotoxins in life, such as ethanol in alcoholic beverages, ac-
etaminophen in antipyretic and analgesic drugs, and carbon tetrachloride (CCl4) in chemi-
cals, which could cause liver damage and are characterized by causing various degrees of
degeneration and death of hepatocytes [1]. Reactive oxygen species (ROS), a highly aggres-
sive and unstable free radical including superoxide anions and hydroxyl radicals, plays a
vital role in the pathogenesis and progression of liver diseases. It has been confirmed to be
involved in the hepatotoxicity caused by CCl4 [2,3]. Many studies suggested that CCl4 has
been proven to be a hepatoxin that effectively induces liver damage in hepatopathy animal
models, and has been widely used in experiments [4,5]. The conjugated combination of
trichloromethyl radicals, a metabolite of CCl4 in the liver, with hepatocyte proteins is the
initial step of the liver injury process, which subsequently results in lipid peroxidation
of membrane, and ultimately to hepatocyte necrosis [6]. It is known that natural antiox-
idants have specific functions to scavenge ROS and diminish lipid peroxidation, so they
can effectively prevent liver pathologies related to oxidative stress [2,7]. A main defense
strategy of effective prevention and treatment liver pathologies include diminishing the
manufacture of reactive metabolites and inhibiting lipid peroxidation by promoting the
levels of effective member of the antioxidant defense system, e.g., catalase, glutathione
(GSH), and superoxide dismutase (SOD) [8–10].
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Polyphenols are considered to be helpful to human health and can exert various bio-
logical effectiveness, such as diminishing excessive metal chelation, free radicals, increasing
enzyme activities, and regulating the pathways of signal transduction [11]. Chlorogenic
acid (CGA) (Figure 1), a phenolic compound produced by the esterification of cinnamic
acid and (-)-quinic acid, is widely found in vegetables, fruits, and plants; a main intake of
CGA in the diet are from coffee beans [12–14]. CGA has been confirmed to exhibit good
biological benefits such as anti-mutagenic, anti-cancer, and antioxidant activities in vitro,
as its structure has vicinal hydroxyl groups on aromatic residues [15]. In the past few years,
CGA has been proven to be associated with reducing the relative risk of many diseases,
such as diabetes type 2, cardiovascular disorders, and Alzheimer’s disease [16–18] and
contribute to health benefits including antibacterial and anti-inflammatory activity [19,20].
In addition, it has also been found in animal experiments that their lactones could enhance
the effect of insulin [21].
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Recent studies reflected that increase in oxidative stress is one of the principal patho-
genesis of liver disorder. It is confirmed from many documents that CGA has good
biological benefits and excellent antioxidant activity, which is sufficient to reduce oxidative
stress. Therefore, we hypothesized that the administration of CGA may be able to protect
the liver by enhancing the antioxidant defense system in vivo and thereby combating CCl4
mediated hepatotoxicity in experimental animals. In this study, mice were orally gavage
daily with CGA or silymarin accompanied by CCl4. Serum biochemical values, including
AST, ALT, cholesterol, TG, and total albumin, and the antioxidant status in liver, such as
GSH content, antioxidant enzymes activities, and TBARS content were analyzed to display
liver damage in experimental animals. The grade of liver injury caused by CCl4 was also
observed by histopathological examination.

2. Materials and Methods
2.1. Chemicals

Carbon tetrachloride (reagent grade, 99.9%), silymarin (≥95%), and CGA were ac-
quired from the Sigma Chemical Co. (St. Louis, MO, USA). All the other analytical grade
chemicals and reagents used in this study were received from local chemical companies.

2.2. Animals

The male ICR mice (20 ± 2 g) were purchased from the Animal Department of Bi-
oLASCO Taiwan Company and were permitted to isolation and adapt for seven days
before experimentation. Mice were taken care of under standard research facility states
of a 12 h light-dark cycle in a temperature of 23 ± 2 ◦C and relative humidity of 50 ± 5%
controlled room. All mice had free access to food and water. Our Institutional Animal
Care and Use Committee approved all animal experiments in this study (IACUC pro-
tocol ORDR-AS-2015-P011). The animals were cared for in accordance to institutional
ethical guidelines.
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2.3. Treatment

Sixty mice were randomly divided into six groups (ten mice were in each group):
(I) normal control, (II) CCl4 group, (III) silymarin + CCl4 group, (IV) CGA (60 mg/kg)
+ CCl4 group, (V) CGA (100 mg/kg) + CCl4 group, and (VI) CGA (200 mg/kg) + CCl4
group. Group I was given normal saline for 7 consecutive days. For stimulating acute
hepatotoxicity in this animal experiment, mice of Groups II, III, IV, V, and VI were injected
intraperitoneally (i.p.) with 0.3% CCl4 (3 mL/kg, dissolved in olive oil) after medicament
treatment on the 7th day. Group II was only given CCl4. Group III was given silymarin
(200 mg/kg) daily for 7 consecutive days. The CGA was dissolved in normal saline
and orally administrated to Groups IV, V, and VI at dosages of 60, 100, and 200 mg/kg,
respectively, for 7 consecutive days. All animals were sacrificed at the end of experiment
and blood was collected into heparinized tubes (50 U/mL) for evaluation of serum AST,
ALT, cholesterol, and TG. The liver samples were collected for biochemical assessments
and histopathologic analysis.

2.4. Measurement of Serum AST, ALT, Cholesterol, and TG

In order to assess liver damage, the activities of AST, ALT, cholesterol, TG, and total
albumin were measured in serum of mice by commercially available test kits (Randox
Laboratories Ltd., Crumlin, UK).

2.5. Measurement of GSH, Catalase, SOD, GSH-Rd, and GSH-Px

The homogenates from liver were homogenized in cold Tris buffer (5 mmol/L con-
taining 2 mmol/L EDTA, pH 7.4, 4 ◦C) utilizing a homogenizer. The homogenates were
centrifuged at 10,000 rpm for 10 min at 4 ◦C. The supernatants were collected and used
immediately for the measurement of the activities of GSH, catalase, SOD, GSH-Rd, and
GSH-Px following the manufacturer’s instructions on the Randox Laboratories Ltd. (Crum-
lin, UK) kit.

2.6. Measurement of Lipid Peroxidation

The amount of TBARS in liver was measured to quantity the lipid peroxidation [22].
The TBARS, an index of lipid peroxidation, was quantitated by reaction with malondialde-
hyde (MDA) and thiobarbituric acid (TBA). Briefly, the homogenates originating from livers
were mixed with TBA reagent. The response blends were set in a boiling water shower for
half an hour and centrifuged at 1811× g for 5 min. The supernatants were collected and
measured via the absorbance at 535 nm.

2.7. Histopathological Evaluation

The histopathological section was commissioned to National Chung Hsing University
in Taiwan to make and perform blind reading. Before performing the commissioned
histopathology, we coded the samples in the form of serial numbers, so the organization
commissioned to conduct the tissue section test did not know the grouping of all the
samples in this experiment. After the interpretation of the samples’ histopathology were
completed, they were sent back to the investigator, and the investigator would analyze
the data according to the group corresponding to the serial number. The commissioning
organization and pathologist that was commissioned to perform the histopathological
section experiment were unaware of the treatment group status of each sample during the
histologic slide evaluation phase.

Briefly, the livers were first fixed in the neutral buffered formalin (10%) and for being
handled for paraffin embedding according to the typical microtechnique. Four-micron
thick sections of samples stained with haematoxylin and eosin dyes were used for the
observation of histopathological damage under microscope (Olympus, Tokyo, Japan).
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2.8. Statistical Analysis

The values were reported as the mean ± standard deviation (SD), and one-way
analysis of variance (ANOVA) followed by Duncan’s multiple-range test were applied to
perform the statistical differences between the groups. The p value < 0.05 was regarded as
statistically significant.

3. Results
3.1. Effect of CGA in CCl4-Induced Hepatotoxicity

There was a remarkable increase (p < 0.05) of serum activity of AST, ALT, and total
albumin in CCl4 treated group when contrasted with normal controls (Table 1), demon-
strating that CCl4 induced hepatotoxicity. By contrast, mice treated with CGA at dosages
of 60, 100, and 200 mg/kg were observed to have significant (p < 0.05) reductions in AST,
ALT, and total albumin as compared to the CCl4-treated group. Silymarin at dosage of
200 mg/kg similarly diminished the activity of serum enzymes and increased the level
of total albumin. These outcomes recommended the chance of CGA to give preservation
against liver harm caused by CCl4 treatment.

Table 1. Effects of CGA on serum AST, ALT, cholesterol, and TG in CCl4 intoxicated mice.

Design of Treatment AST (Units/L) ALT (Units/L) Cholesterol
(mg/dL) TG (mg/dL) Total Albumin

(mg/dL)

Normal control 15.9 ± 3.45 e 33.1 ± 6.22 e 223 ± 14.4 b 162 ± 12.3 c 38.7 ± 3.52 b

CCl4 (3 mL/kg i.p.) 1230 ± 104 a 1253 ± 115 a 313 ± 22.3 a 261 ± 15.5 a 22.5 ± 0.77 a

Silymarin + CCl4 7.37 ± 2.01 f 16.5 ± 2.60 f 238 ± 12.9 b 181 ± 16.0 b 38.9 ± 1.81 b

CGA (60 mg/kg) + CCl4 895 ± 29.7 b 827 ± 71.2 b 265 ± 20.2 b 209 ± 11.7 b 37.2 ± 0.82 b

CGA (100 mg/kg) + CCl4 390 ± 33.6 c 317 ± 10.4 c 249 ± 13.8 b 188 ± 12.5 b 38.5 ± 0.67 b

CGA (200 mg/kg) + CCl4 42.6 ± 4.99 d 58.5 ± 6.50 d 197 ± 15.5 b 155 ± 9.81 c 41.4 ± 1.12 b

p-Value 0.000 0.000 0.010 0.016 0.010

Data are mean ± SD, n = 10. a–f Mean values with different letters in the same row are significantly different
(p < 0.05) according to Duncan’s multiple-range test.

Concerning serum lipid indicators, influences of CGA on cholesterol and TG were
also examined (Table 1). CCl4 administration markedly amplified (p < 0.05) the cholesterol
and TG when contrasted with normal control. However, CGA treatment significantly
lessened (p < 0.05) cholesterol and TG in serum when contrasted with the CCl4-treated
group. Similar outcomes were also observed in silymarin treated animals.

3.2. Hepatic Antioxidant Enzyme Activities

The antioxidant status of tissue could be used as an indicator by measuring the
activity of antioxidant enzyme, such as catalase, SOD, GSH-Rd, and GSH-Px. The hepatic
catalase, SOD, GSH-Rd, and GSH-Px activities in the CCl4 treated group were significantly
lower than that in the normal control group (p < 0.05). Conversely, hepatic catalase, SOD,
GSH-Rd, and GSH-Px activities in the CGA-treated groups at a dosage of 60, 100, and
200 mg/kg were significantly larger (p < 0.05) than that in the CCl4 treated group (Table 2).
Silymarin at dosage of 200 mg/kg similarly diminished the activity of hepatic enzymes.
The outcomes proposed the probability of CGA to give conservation against liver injury
caused by CCl4 treatment.
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Table 2. Effects of CGA on hepatic catalase, SOD, GSH-Rd, and GSH-Px in CCl4 intoxicated mice.

Design of Treatment Catalase (Units/mg
Protein)

SOD (Units/mg
Protein)

GSH-Rd (nmole
NADPH/min/mg

Protein)

GSH-Px (nmole
NADPH/min/mg

Protein)

Normal control 18.9 ± 1.63 b 22.1 ± 2.28 d 99.5 ± 1.22 c 493 ± 53.4 d

CCl4 (3 mL/kg i.p.) 5.62 ± 0.98 a 10.9 ± 1.24 a 72.3 ± 5.09 a 277 ± 23.2 a

Silymarin + CCl4 21.0 ± 3.04 b 15.4 ± 1.11 c 85.2 ± 2.24 b 353 ± 30.1 b,c

CGA (60 mg/kg) + CCl4 15.3 ± 2.58 b 12.4 ± 1.32 b 77.5 ± 1.16 a 309 ± 15.2 b

CGA (100 mg/kg) + CCl4 19.9 ± 1.18 b 15.2 ± 1.72 c 95.9 ± 0.85 c 453 ± 25.0 d

CGA (200 mg/kg) + CCl4 21.9 ± 3.37 b 20.3 ± 1.53 d 98.1 ± 7.00 c 544 ± 31.7 e

p-Value 0.008 0.020 0.041 0.011

Data are mean ± SD, n = 10. a–e Mean values with different letters in the same row are markedly different (p < 0.05)
according to Duncan’s multiple-range test.

3.3. Lipid Peroxidation and GSH

The content of TBARS is widely regarded as an indicator of free radical regulation of
lipid peroxidation damage. In the CCl4 treated group, the TBARS were markedly greater
than the control group (p < 0.05), demonstrating that CCl4 has stimulated severely injury
to the liver. By contrast, CGA treated group (applied dose: 60, 100, and 200 mg/kg)
showed remarkably lesser content of TBARS than that the CCl4 intoxicated group (p < 0.05).
Silymarin also restrained the growing TBARS contents upon CCl4 treatment (Table 3).

Table 3. Effects of CGA on hepatic TBARS and GSH in CCl4 intoxicated mice.

Design of Treatment TBARS (nmol/mg Protein) GSH (µmol/g wet Weight)

Normal control 1.28 ± 0.18 d 4.51 ± 0.58 c

CCl4 (3 mL/kg i.p.) 3.08 ± 0.41 a 2.60 ± 0.44 a

Silymarin + CCl4 1.37 ± 0.31 d 4.47 ± 0.21 c

CGA (60 mg/kg) + CCl4 2.12 ± 0.14 b 3.67 ± 0.52 b

CGA (100 mg/kg) + CCl4 1.75 ± 0.15 c 4.01 ± 0.22 b,c

CGA (200 mg/kg) + CCl4 1.29 ± 0.09 d 4.65 ± 0.19 c

p-Value 0.032 0.010

Data are mean ± SD, n = 10. a–d Mean values with different letters in the same row are markedly different
(p < 0.05) according to Duncan’s multiple-range test.

In the antioxidant defense system, GSH is a very effective non-enzymatic antioxidant
that diminishes the reactive metabolites toxicity of CCl4. CCl4 administration markedly
diminished the hepatic GSH contents when contrasted with the normal control group
(p < 0.05). By contrast, CGA treatment (applied dose: 60, 100, and 200 mg/kg) showed
remarkably elevated content of GSH than that in CCl4 intoxicated group (p < 0.05). Similar
outcomes were also observed in the silymarin group. These outcomes showed that the
hepatic free radicals being induced were successfully eliminated when administered CGA.

3.4. Histopathologic Examination

Histopathological examination is the most direct evidence for the degree of liver injury.
In normal control mice, liver sections displayed typical hepatic cells with well-integrated
cytoplasm, clearly nucleus (Figure 2A). In the CCl4-intoxicated group, liver sections visibly
revealed moderated liver damage symptoms, such as moderate vacuolization, moderate
diffused necrosis in hepatic lobules, as well as the mild inflammatory cell infiltration
of hepatocytes (Figure 2B). The liver lesions of the silymarin-treated group were much
lighter compared with the pathological changes found in the CCl4-intoxicated group
(Figure 2C). These mice presented mild and moderate levels of hepatocellular necrosis, mild
inflammatory infiltration of lymphocytes, and trace ballooning deterioration. Furthermore,
a mild necrosis of hepatocytes, inflammatory cell infiltration, and ballooning deterioration
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were found in the liver of CGA-treated groups at 60, 100, and 200 mg/kg, respectively
(Figure 2D–F).
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Figure 2. The morphological analysis of hepatoprotective effect of the CGA in CCl4-intoxicated
mice. Dissected liver tissues were stained with haematoxylin–eosin by standard techniques (400×).
(A) Normal control; (B) CCl4 control; (C) silymarin (200 mg/kg) + CCl4; (D) CGA (60 mg/kg) + CCl4;
(E) CGA (100 mg/kg) + CCl4; and (F) CGA (200 mg/kg) + CCl4.

Table 4 shows a semi-quantitative evaluation of histopathologic examinations includ-
ing necrosis of hepatocytes, inflammatory cell infiltration, and ballooning deterioration. All
damage grades and scores of histopathologic examinations in the CCl4-intoxicated group
were markedly greater as compared to the normal control (p < 0.05), demonstrating that
CCl4 could cause severe injury to the liver. On the contrary, all the treated doses of CGA
markedly diminished (p < 0.05) the damage grades of hepatocyte necrosis, inflammatory
cell infiltration, and ballooning deterioration when contrasted with CCl4-intoxicated group.
Similar scores were also observed in the silymarin group. Additionally, there was no
remarkable difference (p > 0.05) between each score of histopathologic examinations in
silymarin group and CGA-treated group.
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Table 4. Effects of CGA on hepatic histopathology of liver injury in mice treated with CCl4.

Parameter Grades
*/Score **

Design of Treatment

Normal
Control

CCl4 Control
(3 mL/kg)

Silymarin (200
mg/kg) + CCl4

CGA (60
mg/kg) +

CCl4

CGA (100
mg/kg) + CCl4

CGA (200
mg/kg) + CCl4

Hepatocyte
necrosis

− 6 0 0 0 0 0
+ 4 0 3 1 4 3

++ 0 2 7 4 6 7
+++ 0 8 0 5 0 0

Score 0.40 ± 0.52 b,c 2.80 ± 0.42 a,c 1.70 ± 0.48 a,b 2.4 ± 0.70 a 1.60 ± 0.52 a,b 1.70 ± 0.48 a,b

Inflammatory
cell infil-
tration

− 7 0 0 0 0 0
+ 3 0 0 0 0 0

++ 0 3 9 7 9 10
+++ 0 7 1 3 1 0

Score 0.30 ± 0.48 b,c 2.70 ± 0.48 a,c 2.10 ± 0.32 a,b 2.30 ± 0.48
a 2.10 ± 0.32 a,b 2.00 ± 0.00 a,b

Ballooning
deteriora-

tion

− 9 0 0 0 0 0
+ 1 0 5 0 0 2

++ 0 2 4 7 8 7
+++ 0 8 1 3 2 1

Score 0.10 ± 0.32 b,c 2.80 ± 0.42 a,c 1.60 ± 0.70 a,b 2.30 ± 0.48
a 2.20 ± 0.42 a 1.90 ± 0.57 a,b

* Grades are as follows: − = absent, + = trace (1–25%), ++ = weak (26–50%), and +++ = moderate (50–75%). ** The
numerical score for histopathologic examinations were the result of adding the number per grade of affected
animals and dividing by the total number of tested animals. a Remarkably different from normal control, p < 0.05.
b Remarkably different from CCl4 control, p < 0.05. c Remarkably different from silymarin group, p < 0.05.

In the light of histopathologic examinations, serious hepatic injury resulted by CCl4
was amazingly diminished by the CGA treatment, which was in well correspondence with
the outcomes of the serum biochemical analysis and liver antioxidant defense system.

4. Discussion

Carbon tetrachloride can be metabolized by Cytochrome P-450 into trichloromethyl
radical (CCl3) and trichloromethyl peroxyl radical (CCl3O2), and further initiate peroxi-
dation. Therefore, it is often used in experimental hepatopathy models [23]. Both radicals
have the potential to combine with proteins or lipids and result in membrane lipid per-
oxidation, protein denaturation, and eventually cell necrosis [24]. Many reports have
indicated that one of the major hypotheses of the liver protection efficacy may be related
to the antioxidant ability to remove free radicals [25,26]. In fact, many studies have sug-
gested that several natural products with antioxidant capacity, such as vitamin E [27],
5-O-Demethylnobiletin [4], and baicalein [28], diminish CCl4-induced hepatotoxic effects
by removing ROS to prevent lipid peroxidation. In the current study, we discovered that
CGA administration remarkably restrained CCl4-induced severe hepatic damage as proven
by diminished AST, ALT, TG, and cholesterol, and increased total albumin in serum.

Silymarin is a flavonoid complex with good antioxidant capacity, which is isolated
from the seeds of milk thistle (Silybum marianum, Compositae). It has been applied for
clinical medicine to treat toxic liver diseases for more than 20 years. Silymarin has
been proven to have excellent ROS scavenging ability and to increase GSH content in
animals [29,30]. Furthermore, silymarin prevents CCl4-induced liver damage and oxida-
tive damage through multiple mechanisms, including reducing the metabolic activation
of CCl4, or blocking the reaction process of the free radical chain, acting as an antioxidant
to remove ROS, or a combination of these effects [30]. In fact, many animal model studies
and our previous studies had used silymarin as a positive control, which could effectively
prevent lipid peroxidation and diminished the hepatotoxicity induced by CCl4 [29–32]. In
this study, the positive control used silymarin, and the dose (200 mg/kg) used was based
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on our previous research [31,33]. Compared with the CCl4 treatment group, silymarin
effectively reduced serum ALT, AST, total cholesterol, and TG levels, and significantly
increased total albumin content.

Several reports have indicated that antioxidant enzymes in the body, including cata-
lase, SOD, GSH-Rd, and GSH-Px, can protect tissues against oxidative damage [34,35].
SOD, an exceedingly efficacious oxidative enzyme, transformed the superoxide anions
into hydrogen peroxide that would be metabolized to oxygen and water by catalase [36].
GSH-Px involves the hepatic detoxification of xenobiotics and transforms hydroperoxides
and hydrogen peroxide to harmless metabolites. GSH-Rd is also involved in the hepatic
detoxification of GSH conjugated with xenobiotic compounds [26,37]. These antioxidant
enzymes would be lost their activity due to the elimination of ROS or inhibit lipid per-
oxidation. In addition, they are also effortlessly inactivated in response to the toxicity of
CCl4 [38]. In the current study, hepatic antioxidant enzymes’ activities were remarkably
diminished in CCl4 toxicity alone, suggesting increased hepatic oxidative injury in mice.
Otherwise, CGA treatment to CCl4-intoxicated animals were remarkably increased hepatic
catalase, SOD, GSH-Rd, and GSH-Px activities, implying that CGA has the capability to
rehabilitate or maintain the activities of these antioxidant enzymes in CCl4-intoxicated liver.

Previous investigations on the mechanism of hepatotoxicity caused by CCl4 exhibited
that GSH, an exceedingly efficacious antioxidant, could easily remove H2O2, ROS, and
xenobiotic harmfulness [39]. Specifically, GSH consumption has a substantial correlation
with the level of liver necrosis [40]. Consequently, increasing or maintaining the hepatic
GSH conjugation is necessary to slow down CCl4-induced liver damage. GSH is effortlessly
conjugated with xenobiotic compounds to be oxidized to GSSG, and also reacts with the
selenium-containing GSH-Px isoenzymes, which eventually leads to a decrease in GSH
levels. GSSG, the GSH in oxidation state, can react quickly with GSH-Rd and NADPH
to reduce to GSH. Due to these recycling mechanisms in the antioxidant defense system,
GSH is a very effective antioxidant against intracellular oxidative stress. [41]. In this study,
significantly lower hepatic GSH level as a result of CCl4 was markedly elevated by CGA
treatment, demonstrating that CGA can effectively prevent hepatic GSH consumption
caused by CCl4.

Free radical derivatives formed by the metabolic transformation of CCl4 can cause
lipid peroxidation in liver cells, which is one of the key hypotheses of CCl4-induced
hepatotoxicity [42]. Various tissue damages and cell deaths are generally considered to
be related to oxidative stress caused by lipid peroxidation, which is also an important
underlying source of the progression of numerous chronic and acute diseases [43]. In the
current study, CCl4-mediated toxicity resulted in a promotion of hepatic TBARS amount
and CGA administration remarkably switched these results, demonstrating that CGA can
successfully restrain lipid peroxidation resulted by CCl4.

Histopathological studies could provide a direct and important evidence for the bio-
chemical analysis. Significant hepatotoxicity characterization can be inspected in the liver
pathological tissue sections of the CCl4 group. Nevertheless, CGA treatment remarkably
diminished these hepatotoxicity results in the liver pathological tissue sections (Figure 2); it
directly proves that CGA has an excellent protective effect against liver injury caused by
CCl4. The results of semi-quantitative analysis (Table 4) are also consistent with histological
observations that CGA treatment remarkably diminished the liver toxicity of mice induced
by CCl4. Additionally, there was no remarkable differentiation (p > 0.05) between each score
of semi-quantitative assessment in CGA-treated group and silymarin group. In general,
the outcomes of serum biochemical analysis and liver antioxidant enzyme examinations
have shown that the hepatoprotective effect of CGA is equivalent to silymarin at all test
doses and has been directly proven by liver histopathological examinations.

5. Conclusions

The outcomes of our study prove that CGA was successful in prophylaxis of CCl4-
induced hepatotoxicity in mice through multiple mechanisms, including obstructing the
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process of lipid peroxidation, enhancing, or maintaining antioxidant enzymes activity, and
increasing GSH level. Therefore, CGA in the diet may be beneficial as a hepatoprotective
agent against chemical-induced liver toxicity in vivo.
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