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a b s t r a c t

Polygonum orientale L. (Polygonaceae) fruits have various medicinal uses, but their hep-

atoprotective effects have not yet been studied. This study investigated the hep-

atoprotective activity of the ethanolic extract of P. orientale (POE) fruits against carbon

tetrachloride (CCl4)-induced acute liver injury (ALI). Mice were pretreated with POE (0.1, 0.5,

and 1.0 g/kg) or silymarin (0.2 g/kg) for 5 consecutive days and administered a dose of

0.175% CCl4 (ip) on the 5th day to induce ALI. Blood and liver samples were collected to

measure antioxidative activity and cytokines. The bioactive components of POE were

identified through high-performance liquid chromatography (HPLC). Acute toxicity testing

indicated that the LD50 of POE exceeded 10 g/kg in mice. Mice pretreated with POE (0.5,

1.0 g/kg) experienced a significant reduction in their serum aspartate aminotransferase

(AST), serum alanine aminotransferase (ALT), and alkaline phosphatase (ALP) levels and

reduction in the extent of liver lesions. POE reduced the malondialdehyde (MDA), nitric

oxide (NO), tumor necrosis factor-a (TNF-a), interleukin-1b (IL-1b), and interleukin-6 (IL-6)

levels, and increased the activity of superoxide dismutase (SOD), glutathione peroxidase

(GPx), and glutathione reductase (GRd) in liver. HPLC revealed peaks at 11.28, 19.55, and

39.40 min for protocatechuic acid, taxifolin, and quercetin, respectively. In summary, the
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hepatoprotective effect of POE against CCl4-induced ALI was seemingly associated with its

antioxidant and anti-proinflammatory activities.

Copyright © 2017, Food and Drug Administration, Taiwan. Published by Elsevier Taiwan

LLC. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The liver is a crucial organ in the human body. It regulates

functions including the synthesis of proteins, secretion of

biochemical enzymes, and detoxification of xenobiotics.

Acute liver injury (ALI) is usually caused by toxic chemicals,

drugs, or pathogen infections [1]. Carbon tetrachloride (CCl4), a

well-known agent used in animal models of hepatotoxicity, is

metabolized by cytochrome P450 enzymes into highly reactive

trichloromethyl radicals that can activate Kupffer cells and

mediate the hepatic inflammation process by producing

proinflammatory cytokines such as tumor necrosis factor-a

(TNF-a), interleukin-1b (IL-1b), and interleukin-6 (IL-6) [2,3].

Lipid peroxidation is also caused by trichloromethyl radicals

[4]. Necrotic or apoptotic cells are regenerated and replaced by

parenchymal cells after ALI. This process is associatedwith an

inflammatory response and a limited extracellular matrix

(ECM) deposition. If the hepatic injury persists, liver regener-

ation eventually fails and hepatocytes are replaced by a large

amount of ECM that induces fibrillar collagen. Because

continuous liver injury causes fibrosis, a reduction in ALI

might avert this outcome [2].

Polygonum orientale L. (Polygonaceae) has been used as

medicine and food in Chinese herbal pharmacopeias [5].

Numerous natural products possess medicinal properties; for

example, flavonoids are among the most well-known exam-

ples of powerful pharmaceutical ingredients found in plants.

Phytochemical studies have shown abundant flavonoids in

this plant such as taxifolin and quercetin. Phenolics such as

gallic acid and protocatechuic acidwere also identified [6]. The

abilities of various extracts of P. orientale (POE) to scavenge free

radicals were reported in an in vitro study [5]. The whole plant

has been used in China for the treatment of various conditions

such as arthritis, edema, dysentery, fractures, urticarial, and

muscle injuries [7]. Pharmacological studies have indicated

that all parts of P. orientale possess anti-inflammatory, anti-

fibrosis, antioxidative, anticancer, immune-stimulating,

swelling-subsiding, antimyocardial ischemic, and vaso-

dilating activities, and that these properties are concentrated

in its fruit [5,8]. However, the hepatoprotective effects of this

plant remain unknown.
2. Methods and materials

2.1. Chemicals and methods

Silymarin, taxifolin hydrate (�90%), and quercetin (�98%)

were purchased from SigmaeAldrich Chemical Co. (USA).

Protocatechuic acid (�98%) was purchased from Tokyo
Chemical Industry Co. Ltd. (Japan). CCl4 was purchased from

Merck Co. (Germany) and was dissolved in olive oil to form a

0.175% (v/v) solution. Silymarin was suspended in 1%

carboxymethylcellulose (CMC). All other reagents used were

of analytical grades. Serum aspartate aminotransferase (AST),

serum alanine aminotransferase (ALT), alkaline phosphatase

(ALP), superoxide dismutase (SOD), glutathione peroxidase

(GPx), and glutathione reductase (GRd) assay kits were pur-

chased fromRandox Laboratory Ltd., and nitric oxide (NO) and

malondialdehyde (MDA) assays were obtained from Cayman

Chemical Co. (Ann Arbor, MI, USA). TNF-a, IL-1b, and IL-6 were

obtained from eBioscience Inc. (San Diego, CA, USA).

2.2. Preparation of POE

The fruits of POE were collected in Toushe, Nantou County,

Taiwan in July 2013. This plant was identified by Professor

Chao-Lin Kuo, Chair of the Department of Chinese Pharma-

ceutical Sciences and Chinese Medicine Resources, China

Medical University (CMU-CMR). A voucher specimen (CMU-

CMR-PO-103001) was deposited at CMU-CMR for further

reference. The crude extract preparation procedure was

modified from that described in a previous study [9]. Whole

fruits were dried in a circulating air oven, crushed, and ground

into a coarse powder (1.8 kg) that was extracted by triple

maceration with 70% ethanol. The filtered extracts were

collected and concentrated under reduced pressure to pro-

duce 91.5 g of extract with a yield of 5.08% (w/w). The

remaining solution was lyophilized before the final POE was

obtained. The extract was stored at �20 �C before the

experiment.

2.3. Analysis of POE by high-performance liquid
chromatography

High-performance liquid chromatography (HPLC) profiles

were established for the standards (protocatechuic acid, taxi-

folin hydrate, and quercetin) and the POE. The methodology

followed that of a previous study with minor modifications

[10]. The analysis was performed on an Ascentis C18 column

(4.6 mm � 250 mm � 5 mm) purchased from SigmaeAldrich by

using a Shimadzu LC-20AT HPLC and SPD-20A UVeVis detec-

tor. Optimum separation was achieved using gradient elution

with 0.1% aqueous phosphoric acid (A) and methanol (B) pro-

grammed as time and percentage of B: 0 min (10%), 10 min

(39%), 20 min (47%), 30 min (47%), 40 min (58%), 55 min (56%),

65min (10%), and75min (10%).All standardsandsampleswere

passed through a 0.45 mm Minipore filter before injection into

the columnwith a sample size of 20 mL. The flow ratewas set at

1.0mL/min anddetected at 270nm. The chromatograms of the

standards and POE are shown in Fig. 1.
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Fig. 1 e HPLC chromatograms of (A) standards and (B) POE. Peaks: (1) protocatechuic acid; (2) taxifolin; (3) quercetin.
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2.4. Experimental animals

ICR male mice (20 ± 2 g) were purchased from BioLasco

Charles River Technology, Taipei, Taiwan. They were housed

in standard cages at a constant temperature of 22 ± 1 �C and

relative humidity of 55 ± 5%with a 12-h lightedark cycle for at

least 1 week before the experiment. They were fed with food

and water ad libitum. The animals used in this study were

housed and cared in accordance with the NIH Guide for the

Care and Use of Laboratory Animals. The experimental pro-

tocol was approved by the Committee on Animal Research,

China Medical University, under the Nos. 104e248.

2.5. Acute toxicity test

Our method was based on those of our previous study [11].

Ten male ICR mice (22e25 g) were orally administered POE

(10 g/kg). The experimental micewere given food andwater ad

libitum and were kept under regular, recorded observation for

anymortality or behavioral changes over 14 consecutive days.

2.6. Experimental design of CCl4-induced hepatotoxicity

Ourmethods in this segment of the studywere based on those

employed by Tsai et al. [12]. The experimental animals were

randomly divided into 6 experimental groups (10 mice in each

group). The mice in the normal control group (NC) and CCl4
group (CCl4) were orally administered distilled water. Sily-

marin was used as a positive control. The mice in the sily-

marin group were orally administered silymarin (0.2 g/kg in
1% CMC), and those in the POE groups were orally adminis-

tered POE (0.1, 0.5, and 1.0 g/kg) for 5 consecutive days. The

doses of POE were translated from traditional consumption

levels in humans [13]. Each group of mice, except for the NC,

received an intraperitoneal injection of CCl4 (10 mL/kg BW,

0.175% in olive oil) 1 h after the final daily treatments. The NC

mice received an equivalent volume of olive oil (ip). The mice

were sacrificed under anesthesia 24 h later. Blood was

collected and liver tissues were removed. The levels of AST,

ALT, and ALP were measured. In addition, liver biopsies were

examined for pathological changes. The levels of MDA and

NO, in addition to the activities of the antioxidative enzymes

SOD, GPx, and GRd, were measured. We also estimated the

levels of proinflammatory cytokines TNF-a, IL-1b, and IL-6.

2.7. Serum biochemistry

The blood was centrifuged at 3000 rpm (Beckman GS-6R,

Germany) at 4 �C for 30 min to separate the serum. More-

over, ALT, AST, and ALP were measured using spectrophoto-

metric diagnostic kits.

2.8. Histological analysis

Liver tissues were collected from the same lobes and trimmed

to approximately 2 mm in thickness. The tissues were then

fixed in a 10% buffered formaldehyde solution and embedded

in paraffin. They were further cut into 2-mm sections, stained

with hematoxylin and eosin, and examined under light

microscopy.

http://dx.doi.org/10.1016/j.jfda.2017.04.007
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2.9. MDA assay

The MDA levels in the liver were evaluated with the thio-

barbituric acid reacting substance (TBARS) method [11].

Briefly, MDA reacted with thiobarbituric acid under an acidic

condition at a high temperature and formed a red-complex

TBARS. The absorbance of the TBARS was determined at

532 nm.

2.10. NO assay

NO was measured using previously reported methods

[14,15]. Nitrate was converted to nitrite by using nitrate

reductase. Nitrite subsequently reacted with sulfanilic acid

to produce diazonium ions, which reacted with N-(1-

naphthyl) ethylenediamine to produce a chromophoric azo

derivative (purplish red), which was recorded at 540 nm.

The sum of nitrite and nitrate obtained in this procedure are

represented as mM.

2.11. Measurements of antioxidant enzymatic activity

Liver tissue homogenates were collected to estimate the levels

of SOD, GPx, and GRd enzymes, and a ChemWell-T Automated

Chemistry Analyzer was used to detect the antioxidant ac-

tivity of POE.

2.12. Inflammatory cytokines

TNF-a, IL-1b, and IL-6 were measured by ELISA kits according

to the instructions provided by the manufacturer. The

captured antibodies of TNF-a, IL-1b, and IL-6 were seeded in

each well of a 96-well plate overnight. The next day, a second

set of biotinylated antibodies was incubated with sample tis-

sues or standard antigens in the plate before streptavidin-HRP

was added. TNF-a, IL-1b, and IL-6 were measured at 450 nm to

determine their amount. The amounts of TNF-a, IL-1b, and IL-

6 are represented as pg/mg protein.

2.13. Statistical analyses

All data are expressed as mean ± SEM. Statistical analyses

were performed with SPSS software, using one-way ANOVA

followed by Scheffe's multiple range tests. Histological ana-

lyses were conducted using the nonparametric Krus-

kaleWallis test. The criterion for statistical significance was

p < 0.05.
3. Results

3.1. Analyses of POE by HPLC fingerprint

The results of the standards and POE are shown in Fig. 1. In the

chromatogram of the standards, we detected peaks at the

retention times of 11.28, 19.55, and 39.40 min, representing

protocatechuic acid, taxifolin, and quercetin, respectively.

Those peaks were also found in the POE chromatogram, with

the relative amounts of each at 270 nm. Chromatograms were
baseline separated according to the time program and iden-

tification was achieved through spiking each standard in the

sample.

3.2. Acute toxicity tests

The acute toxicity of POE was evaluated in mice at doses of

10 g/kg. After 14 days of oral administration, no behavioral

changes or mortalities were observed. Therefore, we conclude

that the LD50 of POE is greater than 10 g/kg in mice, indicating

that it is most likely not acutely toxic.

3.3. Effect of POE on CCl4-induced hepatotoxicity

The hepatotoxicity effect of POE on CCl4-induced liver injury is

shown in Figs. 2e4. The CCl4 group exhibited a significant

increase in AST, ALT, and ALP. However, this increase

noticeably decreased after treatment with POE (0.5 and 1.0 g/

kg) and silymarin (0.2 g/kg). These results suggested that POE

possessed protective properties against CCl4-induced liver

injury.

3.4. Histological analyses

Our results showed that major changes in histology induced

by CCl4 resulted in increased vacuolization, inflammation,

and coagulative necrosis (Fig. 5B) when compared with the

control group (Fig. 5A). Liver injuries were reduced by pre-

treatment with POE (0.5 and 1.0 g/kg) (Fig. 5E and F), and the

injury scores of vacuolization, inflammation, and hepatocel-

lular necrosis significantly decreased (Table 1). Our histologi-

cal findings also demonstrated that pretreatment with POE

significantly prevented CCl4-induced liver injury.

3.5. Effects of POE on NO level in liver

The level of NO in the liver was significantly elevated in the

CCl4 group compared with the control group. Pretreatment

with silymarin and 0.5 and 1.0 g/kg of POE significantly

inhibited the increase in NO levels, as compared with those in

the CCl4 group (Fig. 6).

3.6. Effect of POE on MDA level in liver

The MDA level was used to signify hepatic lipid peroxidation.

The effects of POE on CCl4-induced lipid peroxidation are

illustrated in Fig. 7. The levels of MDA in the CCl4 group were

significantly elevated (p < 0.01). However, theMDA levels were

reduced by pretreatment with POE (0.5 and 1.0 g/kg) and

silymarin (0.2 g/kg).

3.7. Measurements of antioxidant enzymatic activities

SOD, GPx, and GRdweremeasured to evaluate the antioxidant

effects of POE in the liver. The activity of hepatic enzymes in

the CCl4 group significantly decreased compared with that in

the control group (Table 2). Treatment with POE at doses of 0.5

and 1.0 g/kg and silymarin at a dose of 0.2 g/kg increased the

levels of SOD, GPx, and GRd activity significantly.

http://dx.doi.org/10.1016/j.jfda.2017.04.007
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Fig. 2 e Effect of silymarin (0.2 g/kg) and POE (0.1, 0.5, 1.0 g/kg) on activities of AST in the control group (Con) and CCl4 treated

groups. Values are mean ± SEM (n ¼ 10). #Indicates significant difference from the control group (###p < 0.001). *Indicates

significant difference from the CCl4 group (**p < 0.01, ***p < 0.001).

Fig. 3 e Effect of silymarin (0.2 g/kg) and POE (0.1, 0.5, 1.0 g/kg) on activities of ALT in the control group (Con) and CCl4 treated

groups. Values are mean ± SEM (n ¼ 10). #Indicates significant difference from the control group (###p < 0.001). *Indicates

significant difference from the CCl4 group (**p < 0.01, ***p < 0.001).
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Fig. 4 e Effect of silymarin (0.2 g/kg) and POE (0.1, 0.5, 1.0 g/kg) on activities of serum ALP in the control group (Con) and CCl4
treated groups. Values are mean ± SEM (n ¼ 10). #Indicates significant difference from the control group (###p < 0.001).

*Indicates significant difference from the CCl4 group (*p < 0.05, ***p < 0.001).
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3.8. Effect of POE on TNF-a, IL-1b, IL-6 in liver

As shown in Table 3, TNF-a, IL-1b, and IL-6 levels in CCl4-

induced ALI were remarkably high. Treatment with silymarin

at 0.2 g/kg or POE at 0.5 and 1.0 g/kg significantly suppressed

the concentration of TNF-a. Similarly, the IL-1b and IL-6 levels

were significantly lowered by silymarin or POE.
4. Discussion

Phytochemical studies demonstrated that the fruits of POE are

rich in flavonoids, which are the major active components of

POE [16]. Flavonoids are a large class of phenolic compounds

and constitute one of the largest groups of secondary metab-

olites in plants. Moreover, these compounds significantly

protect cells against the damaging effects of reactive oxygen

species (ROS) such as singlet oxygen, superoxide, peroxyl

radicals, hydroxyl radicals, and peroxynitrite. Oxidative stress

contributes to cancer, aging, atherosclerosis, ischemic injury,

inflammation, and neurodegenerative diseases [17].

CCl4-induced ALI inmice is widely used as an experimental

animal model to screen drugs for preventing liver injury [3].

The doses of humanwere translated based on BSA formula. In

our research, 0.5 g/kg (medium dose) is conventional dose in

human transfer to mice. The low dose (0.1 g/kg) is 5-fold

dilution of 0.5 g/kg. The high dose (1.0 g/kg) is twice dose of

0.5 g/kg. Oxidative stress heightened by an imbalance be-

tween oxidants and antioxidants is known to be a critical

factor in disrupting the health of biological systems [1]. For the

treatment of hepatic diseases, numerous studies have

emphasized the importance of finding antioxidant
compounds that can inhibit liver injuries by scavenging free

radicals [18,19].

Typically, ALT and AST are used to assess liver function;

ALT is highly precise in monitoring hepatocellular status, and

AST is a sensitive indicator of mitochondrial problems,

particularly in centrilobular areas of the liver. Increases in the

levels of cytoplasmic enzymes such as AST, ALT, and ALP are

considered indicators of hepatic dysfunction and damage [1].

The leakage of cytosolic contents into the systemic circulation

alters liver function. In our study, the activities of AST, ALT,

and ALP in serum increased after CCl4 was introduced. This

increase can be attributed to hepatic damage resulting in an

increased rate of synthesis or release of functional enzymes

from biomembranes [20]. However, these increases were

significantly reduced by treatment with POE at 0.5 and 1.0 g/kg

(Figs. 2e4). These findings suggest that POE and silymarin

prevented CCl4-induced hepatotoxicity.

Hepatic cell injury was accompanied by vacuolization,

inflammation, and hepatocellular necrosis of the liver around

the central vein in the CCl4-treated group, developments that

did not occur in the control group. This phenomenon was

significantly attenuated by pretreatment with POE and sily-

marin (Fig. 5). The levels of vacuolization, inflammation, and

necrosis of hepatocytes were considerably elevated after CCl4
treatment. However, the injury score of hepatocytes was

reduced significantly by pretreatment with POE (0.5 and 1.0 g/

kg) and silymarin (Table 1).

Oxidative stress plays a major role in CCl4-induced liver

injury; it is mediated by the production of free radical de-

rivatives of CCl4 and is responsible for cell membrane damage

and the consequent release of marker enzymes of hepato-

toxicity [21]. Oxidative injury induced by CCl4 can be

http://dx.doi.org/10.1016/j.jfda.2017.04.007
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Fig. 5 e The hepatic histological analyses of silymarin (0.2 g/kg) and POE (0.1, 0.5, 1.0 g/kg) on CCl4-induced acute liver injury

inmice. Liver tissues were stained with H& E (200£). Cell necrosis was displayed by black arrow and vacuole formation was

displayed by white arrow. (A) Control group; (B) animals treated with 0.175% CCl4 (10 mL/kg of bw); (C) animals pre-treated

with silymarin (0.2 g/kg) and then treated with CCl4; (DeF) animals pre-treated with POE (0.1, 0.5 and 1.0 g/kg) and then

treated with CCl4.
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monitored in experimental animals by detecting oxidative

stress parameters such as NO, MDA, SOD, GPx, and GRd [22].

SOD is an effective antioxidant enzyme for catalyzing the

dismutation of superoxide radicals into H2O2 [23]. GPx and

GRd are glutathione-related enzymes that catalyze the

reduction of H2O2 and hydroperoxides into nontoxic products

and then end the chain reaction of lipid peroxidation [17]. The

free radical NO is a highly active nitrogen species produced by
both parenchymal and nonparenchymal liver cells from L-

arginine through NO synthase [24]. NO may have a cytotoxic

effect on neutrophils by forming peroxynitrite after it reacts

with various ROS, especially [15,25]. Lipid peroxides or ROS

can easily block these antioxidant enzymes. In the current

study, a significant difference in hepatic NO levels was noted

in mice pretreated with POE or silymarin compared with mice

administered CCl4 alone and the control group. IL-1b also

http://dx.doi.org/10.1016/j.jfda.2017.04.007
http://dx.doi.org/10.1016/j.jfda.2017.04.007


Table 1 e Quantitative summary of the protective effects of silymarin and POE on CCl4-induced hepatic damage based on
histological observations.

Groups Injury of score

Vacuolization Hepatocellular Necrosis Inflammation

Control 0 0 0

CCl4 (0.175% CCl4/olive oil) 2.40 ± 0.20### 3.89 ± 0.99### 1.83 ± 0.14###

Silymarin: 0.2 g/kg þ CCl4 0.63 ± 0.23** 2.00 ± 0.41 0.67 ± 0.15**

POE: 0.1 g/kg þ CCl4 1.13 ± 0.26 3.14 ± 0.26 1.22 ± 0.13

POE: 0.5 g/kg þ CCl4 1.29 ± 0.25 2.13 ± 0.40 0.67 ± 0.18*

POE: 1.0 g/kg þ CCl4 0.75 ± 0.28** 1.50 ± 0.36* 0.63 ± 0.23**

To quantify the histological index of vacuolization and hepatocellular necrosis of liver; the liver damage was graded 0e4 as following: 0 ¼ no

visible cell damage; 1 ¼ slight (1e25%); 2 ¼ moderate (26e50%); 3 ¼ moderate/severe (51e75%); 4 ¼ severe/high (76e100%) [36]. Values are

mean ± SEM (n ¼ 10). #Indicates significant difference from the control group (###p < 0.001). *Indicates significant difference with respect to the

CCl4 group (*p < 0.05, **p < 0.01).

Fig. 6 e Effect of silymarin (0.2 g/kg) and POE (0.1, 0.5, 1.0 g/kg) on level of NO in liver treated with CCl4. Values are

mean ± SEM (n ¼ 10). #Indicates significant difference from the control group (Con) (###p < 0.001). *Indicates significant

difference from the CCl4 group (***p < 0.001).
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plays a crucial role in the regulation of hepatic NO synthesis

[25]. Suppression of NO production is likely due to pre-

treatments that increase SOD, GPx, and GRd activity and

reduce the IL-1b level. Lipid peroxidation has been hypothe-

sized to be a principal cause of CCl4-induced liver injury and

can therefore be used as amarker of oxidative damage.MDA is

the final product of lipid peroxidation, and therefore has a

long history of use as a biomarker for this process [26]. The

increase inMDA as a feature of liver injury is also considered a

marker of lipid peroxidation [27]. In the current study, the

levels of hepatic MDA were significantly attenuated by pre-

treatment with silymarin and POE (0.5 and 1.0 g/kg) that

increased the activity of hepatic antioxidant enzymes (SOD,

GPx and GRd) and reduced the level of IL-1b. Proinflammatory

cytokines, such as TNF-a, IL-1b, and IL-6, are rapidly induced
from activated Kupffer cells. These mediators act on endo-

thelial cells, hepatic stellate cells, and hepatocytes and sub-

sequently recruit immune cells to initiate inflammatory

responses [28,29]. In the present study, the levels of proin-

flammatory mediators including TNF-a, IL-1b, and IL-6 were

considerably higher in the CCl4-treated mice. However, pre-

treatment with POE led to a significant reduction in the CCl4-

stimulated activity of TNF-a, IL-1b, and IL-6. These results

suggest that the hepatoprotective effects of POE (0.5 and 1.0 g/

kg) result from its ability to reduce the levels of proin-

flammatory cytokines.

Our HPLC fingerprinting shows that POE contains proto-

catechuic acid, taxifolin, and quercetin. Previous studies have

demonstrated that these compounds all possess significant

antioxidative and anti-inflammatory activities [30e32].
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Fig. 7 e Effect of silymarin (0.2 g/kg) and POE (0.1, 0.5, 1.0 g/kg) on level of malondialdehyde (MDA) induced with CCl4 in the

mice liver. Values are mean ± SEM (n ¼ 10). #Indicates significant difference from the control group (Con) (###p < 0.001).

*Indicates significant difference from the CCl4 group (**p < 0.01, ***p < 0.001).

Table 2 e Effect of POE on the activities of different antioxidant enzymes in CCl4-treated mice.

Groups Activity (U/mg protein)

SODa GPxb GRdc

Control 105.80 ± 4.11 21.31 ± 0.64 12.25 ± 0.22

CCl4 (0.175% CCl4/olive oil) 11.82 ± 1.44### 5.34 ± 0.27### 6.26 ± 0.14###

Silymarin: 0.2 g/kg þ CCl4 89.11 ± 2.77*** 15.85 ± 0.58*** 10.37 ± 0.35***

POE: 0.1 g/kg þ CCl4 19.65 ± 4.99 6.8 ± 0.33 7.55 ± 0.37

POE: 0.5 g/kg þ CCl4 28.70 ± 1.68* 9.04 ± 0.44** 9.43 ± 0.50**

POE: 1.0 g/kg þ CCl4 59.18 ± 5.80*** 12.29 ± 0.51*** 11.55 ± 0.37***

#Indicates significant difference from the control group (###p < 0.001). *Indicates significant difference from the CCl4 group (*p < 0.05, **p < 0.01,
***p < 0.001). Values are mean ± SEM (n ¼ 10).
a SOD: superoxide dismutase.
b GPx: glutathione peroxidase.
c GRd: glutathione reductase.

Table 3 e Effect of POE on the level of different pro-inflammatory cytokines in CCl4-treated mice.

Groups Pro-inflammatory cytokines (pg/mg protein)

TNF-a IL-1b IL-6

Control 50.43 ± 1.97 170.67 ± 014.52 8.57 ± 0.53

CCl4 (0.175% CCl4/olive oil) 97.24 ± 2.31### 1698 ± 48.66### 31.35 ± 1.38###

Silymarin: 0.2 g/kg þ CCl4 61.19 ± 2.18*** 1002.17 ± 13.78*** 16.88 ± 0.77***

POE: 0.1 g/kg þ CCl4 94.49 ± 1.36 1289.72 ± 69.91 28.66 ± 1.18

POE: 0.5 g/kg þ CCl4 83.04 ± 3.27 1128.10 ± 71.32** 22.86 ± 2.01**

POE: 1.0 g/kg þ CCl4 73.77 ± 11.27** 874.05 ± 42.77*** 18.36 ± 0.58***

#Indicates significant difference from the control group (###p < 0.001). *Indicates significant difference from the CCl4 group (**p < 0.01,
***p < 0.001). Values are mean ± SEM (n ¼ 10).

j o u r n a l o f f o o d and d ru g an a l y s i s 2 6 ( 2 0 1 8 ) 3 6 9e3 7 9 377

http://dx.doi.org/10.1016/j.jfda.2017.04.007
http://dx.doi.org/10.1016/j.jfda.2017.04.007


j o u rn a l o f f o o d a nd d r u g an a l y s i s 2 6 ( 2 0 1 8 ) 3 6 9e3 7 9378
Moreover, protocatechuic acid and quercetin have protected

against CCl4-induced liver injury in mice [33,34]. Taxifolin is

the most potent flavonoid found in silymarin, and is a strong

hepatoprotective agent [35]. Therefore, it is reasonable to

suggest that aforementioned phytochemicals might be parts

of active constituentswith the hepatoprotective profile of POE.

The effects observed in this study also provide evidence for

medicinal or functional food uses for the fruits of POE to

prevent ALI. Further research is still imperative to elucidate

the other active compounds and biochemical mechanisms

involved in antifibrotic activity in the liver.

In conclusion, our results offer the first indication that POE

possesses hepatoprotective potential seemingly through

enhancing hepatic antioxidant enzyme activity, inhibiting

lipid peroxidation, and reducing the activity of proin-

flammatory mediators. The hepatoprotective activity of POE

might be partially associated with protocatechuic acid, taxi-

folin, and quercetin.
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