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INTRODUCTION

Damaged hepatocytes by oxidative stress play a central 
role in the sequential activation of  hepatic fibrosis, 
the common pathophysiologic process of  all chronic 
hepatic damage, such as chronic hepatitis C, alcoholic 
liver disease, nonalcoholic steatohepatitis, and Wilson’s 
disease.[1,2] During hepatic fibrogenesis, quiescent hepatic 
stellate cells  (HSCs) are activated and produce collagen 
and excessive extracellular matrix (ECM) proteins, which 
cause the distortion of  hepatic architecture by forming 
the fibrous scar.[3] Thus, the attenuation of  oxidative stress 
are suggested as a potential therapeutic target to suppress 
the activation of  HSCs and manipulate hepatic damages.[4]

During the searching for anti‑fibrotic agents from the natural 
resources using HSC‑T6  cells, an immortalized rat HSC 

line, the refined ethanolic extract of  Juglans sinensis Dode  
(Juglandaceae) was found to show a significant anti‑proliferative 
activity. J. sinensis is a walnut tree native to Asian countries 
such as Korea and China.[5] As the anti‑proliferative 
compounds of  the refined ethanoic extract, oleanane‑and 
ursane‑type triterpene were isolated.[6‑8] In addition to these 
triterpenes, phenolic compounds, such as quercetin and 
cathechin, which attenuate hepatic fibrosis by attenuating the 
oxidative stress were isolated from this plant.[9,10]

To the best of  our knowledge, the study of  the extract 
of  J. sinensis on hepatoprotective activity in  vivo models 
has not been reported. Based on the anti‑fibrotic activity 
of  the extract in  vitro, it was attempted to evaluate the 
anti‑fibrotic effect of  the extract in vivo using the carbon 
tetrachloride (CCl4) intoxicated rat in the study.

MATERIALS AND METHODS

Chemicals
Carbon tetrachloride, chloramine T, and Ehrlich’s 

Background: The nuts of Juglans sinensis Dode, walnut tree, are rich in unsaturated fatty 
acids and bioactive compounds with antioxidant activity on liver damages. However, 
hepatoprotective activity of the leaves and twigs of J. sinensis have not intensively studied yet. 
Objective: Hepatoprotective activity of the refined ethanolic extract of J. sinensis (JSE3) was 
evaluated using carbon tetrachloride (CCl4)‑intoxicated rats. Materials and Methods: Hepatotoxicity 
was induced in Sprague Dawley rats by intraperitoneal injection of CCl4 for 6 weeks in the presence 
or absence of JSE3 (100 and 200 mg/kg body weight). The hepatoprotective activity of JSE3 
was assessed by biochemical parameters including plasma aspartate aminotransferase (AST), 
alanine aminotransferase (ALT), and antioxidant enzymes, such as superoxide dismutase (SOD), 
glutathione reductase, glutathione peroxide, reduced glutathione and oxidized glutathione, along 
with histopathological studies on hepatic tissue. Results: JSE3 significantly decreased the 
elevated levels of AST and ALT and restored the reduced levels of antioxidant enzymes. JSE3 also 
decreased the amounts of collagen content accumulated by CCl4 intoxication. Conclusion: These 
results suggested that the refined extract of J. sinensis may have a potential to be developed as 
a therapeutic agent to treat hepatic diseases, such as fatty liver and hepatic fibrosis.

Key words: Carbon tetrachloride, flavonoid, hepatoprotective, Juglnas sinensis, oleanane, 
oxidative stress, ursane
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reagent, malondialdehyde (MDA), superoxide dismutase 
(SOD), glutathione reductase (GR), glutathione peroxide 
(GSH‑px), glutathione (reduced from, GSH), and 
glutathione (oxidized form, GSSG) were purchased from 
Sigma‑Aldrich Chemical Co., (St. Louis, MO, USA). 
The assay kits for aspartate aminotransferase (AST) and 
alanine aminotransferase (ALT) were purchased from Asan 
pharmaceutical Co. (Seoul, Korea).

Plant materials
Leaves and twigs of  J. sinensis were collected at the Medicinal 
Plant Garden of  Seoul National University located in 
Goyang Korea, in September 2008 and air‑dried. J. sinensis 
was identified by Dr. Jong Hee Park, a professor of  the 
College of  Pharmacy, Pusan National University. A voucher 
specimen (SNUPH‑0329) has been stored in the Herbarium 
of  the Medicinal Plant Garden, Seoul National University.

Preparation of the refined extract of Juglans sinensis
Dried leaves and twigs (600 g) of  J. sinensis were extracted 
with 80% ethanol in an ultrasonic apparatus. After 
removal of  the solvent in vacuo, the concentrated extract 
was dissolved in distilled water, then subjected to a 
chromatography using macroporous adsorption HP‑20 
resin  (Mitsubishi Chemical Co. Ltd, Tokyo, Japan) with 
successive elution of  the mixtures of  ethanol‑H2O = 0:10, 
2:8, 8:2, 10:0 to yield 4 sub‑fractions ethanolic extract of  J. 
sinensis (JSE1‑4). The four sub‑fractions were lyophilized, 
respectively, to yield brownish powders.

Condition for high‑performance liquid chromatography 
‑evaporative light scattering detector analysis
High‑performance liquid chromatography  (HPLC) 
system was consisted of  a chromatographic pump 
(P680, Dionex, Germany), an automated sample injector 
(ASI‑100, Dionex, Germany) and a thermostatted 
column compartment (TCC‑100, Dionex, Germany) 
equipped with evaporative light scattering detector 
(ELSD) (PL‑ELS2100, Polymer Laboratories, UK). 
Chromatographic separation was achieved on a Shiseido 
CapCell PAK C18 column (5 µm, 4.6 mm i.d. × 150 mm); 
the column temperature was set at 30°C. The mobile phase 
was consisted of  (A) 0.1% formic acid and (B) acetonitrile at 
a flow rate of  1.0 mL/min, with gradient elution as follows: 
0 min, 20% B; 18 min, 20% B; 25 min, 60% B; 45 min, 60% 
B; 45.1 min, 85% B; 60 min, 85% B; v/v). The temperature 
of  evaporator for ELSD was set at 50tDowith a nitrogen 
gas flow rate of  1.5 L/min. The aliquot of  JSE1‑4 (10 µl/
ml of  10 mg/ml) was injected into HPLC‑ELSD system, 
respectively, to evaluate amounts of  the active components.

Animals
Male Sprague‑Dawley rats  (180–200  g body weight) 
were purchased from Koatech Co. Ltd. (Yongin, Korea), 

housed in conventional cages  (three per each cage) at 
room temperature under 12 h light‑dark cycle and fed 
ad libitum with free access to water. Animal experiments 
were conducted under the guidelines of  the Institutional 
Animal Use and Care Committee at Seoul National 
University. CCl4 was intraperitoneally injected to rats twice 
a week to induce hepatic failure  (1  ml/kg, CCl4/olive 
oil  =  1:1,  [Figure  1a]) for 6  weeks. After 2  weeks of  
CCl4‑intoxication of  rats, JSE3 (100 and 200 mg/kg body 
weight) or silymarin (200 mg/kg body weight) were orally 
given to rats together with CCl4‑intoxication for additional 
4 weeks (three times a week; [Figure 1b]). The rats which 
were belong to normal control group were treated with 
JSE3 for 4  weeks  (200  mg/kg body weight) without 
CCl4‑intoxication (three times a week; [Figure 1c]). After 
the 6 week‑experimental period, rats were anesthetized 
with zoletil 50 (10 mg/kg, i.p.) and blood samples were 
collected from inferior vena cava. Livers were quickly 
removed from the rats and weighed after washing with 
cold saline solution. The liver lobes were divided into 
three pieces. One piece was fixed with 10% formalin 
for histological analysis  (Masson’s trichrome staining, 
Sirius red staining). The second piece was quickly 
frozen at‑80zenfor the determination of  antioxidant 
enzymes activities and lipid peroxidation. The third piece 
was completely lyophilized for the determination of  
hydroxyproline content.

Histopathological examination
For the assessment of  hepatic fibrogenesis, the liver 
sections fixed in 10% formalin were stained with the 
Masson’s trichrome and Sirius red dyes. The severity 
of  hepatic fibrosis was evaluated by Knodell scoring 
system as follows: 0, no liver scarring; 1+, minimal 

Figure 1: Treatment schedule. (a) Control rats or carbon tetrachloride 
(CCl4) – intoxicated rats were injected intraperitoneally with vehicle 
or CCl4 (1 ml/kg, CCl4/olive oil = 1:1, twice a week;) for 6 weeks; 
(b) ethanolic extract of Juglans sinensis (JSE3) were orally given to rats 
at a dose of 200 mg/kg, three times a week for 6 weeks to assess the 
toxicity of JSE3 (C) After 2 weeks of CCl4 intoxication, JSE3 (100 and 
200 mg/kg) and silymarin (200 mg/kg) were orally given for additional 
4 weeks; number o rats in each was 8 (n = 8)
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liver scarring around liver blood vessels; 2+, scarring 
extended out from liver blood vessels; 3+ scarring that 
forms “bridges” between blood vessels; 4+, extensive 
scarring of  cirrhosis.

Determination of serum aspartate aminotransferase and 
alanine aminotransferase activities, and hydroxyproline 
content
The activities of  serum AST and ALT were determined by 
the Reitman‑Frankel method with slight modifications.[11] 
Hydroxyproline content in liver hydrolysate was determined 
by the slightly modified method of  Reddy and Enwemek.[12] 
Briefly, the lyophilized hepatic tissue (10 mg) was powdered 
and hydrolyzed with 6 N HCl for 60 min at 100°C. The 
supernatant of  the hydrolyzed solution was oxidized by 
adding chloramine T solution and left for 10 min at room 
temperature. Finally, Ehrlich’s solution was added and 
placed in dry oven at 60enefor 40 min. Absorbance of  
the final product was spectrophotometrically measured at 
558 nm. The amount of  hydroxyproline was determined 
from a standard curve obtained with 4‑hydroxyproline.

Determination of the oxidative stress level in hepatic 
tissue
A piece of  hepatic tissue was gently homogenized with 
homogenizing buffer (0.25 M sucrose, 10 mM Tris‑HCl and 1 
mM EDTA, pH 7.4) and centrifuged at 4000 rpm for 10 min 
at 4°C. The supernatant was taken for the determination of  
MDA level and antioxidant enzymes activities. The amounts 
of  MDA were indirectly determined by the measurement 
of  thiobarbituric acid‑reactive substances level at 535 nm.[13] 
The activity of  SOD was determined according to the 
method of  McCord and Fridovich.[14] GR activity was 
measured according to the method based on the reduction of  
GSSG by GR in the presence of  NADPH.[15] The activity of  
GSH‑px was determined by quantifying the rate of  oxidation 
of  GSH to GSSG by cumene hydroperoxide.[16] Total GSH 
content in the supernatant was spectrophotometrically 
determined by the method of  Tietze using the enzymatic 
cycling reaction.[17] The bicinchoninic acid kit with serum 
bovine albumin as a standard was used for the determination 
of  the protein concentration.[18]

Statistical analysis
Statistical significance was evaluated by the One‑way 
ANOVA test. A P ≤ 0.05 was considered to be statistically 
significant.

RESULTS

Preparation of ethanolic extract of Juglans sinensis
The 80% ethanolic extract of  J. sinensis (JSE3) leaves and 
twigs was fractionated to give four sub‑fractions (JSE1‑4) 
using HP‑20 resin. Among the four fractions, JSE3 was 

selected to the further study since JSE3 were found rich 
in oleanane‑and ursane‑type triterpenes, and flavonoids 
which were considered as anti‑fibrotic components from 
the previous in vitro study [Figure 2].

The changes of body and liver weight of rats by 
ethanolic extract of Juglans sinensis
The body weights of  rats intoxicated with CCl4 were 
significantly decreased as compared to those treated 
with vehicle (50% olive oil), and the liver weights were 
relatively increased [Table  1]. However, treatment of  
CCl4‑intoxicated rats with JSE3 (100 and 200 mg/kg body 
weight) or silymarin (200 mg/kg body weight) significantly 
increased the decreased body weight and decreased the 
increased liver weight [Table 1].

The morphological examination of hepatic tissue
The architecture of  hepatic tissue of  the rats treated 
with vehicle or treated with JSE3 alone (200 mg/kg body 
weight) showed normal structure in the Masson’s trichrome 
and Sirius red staining results [Figure 3a and b, 1 and 2]. 
However, hepatic fibrosis characterized with fiber extension, 
collagen accumulation forming the partial compartments 
and pseudo lobe formation was phenotypically 
developed in rats intoxicated with CCl4 for 6  weeks. 
Furthermore, obvious fatty degeneration was observed in 
hepatocytes [Figure 3A and B, III and VII]. The treatment 
of  CCl4‑intoxicated rats with JSE3 at the dose of  100 mg/kg 

Figure 2: High-performance liquid chromatography-evaporative 
light scattering detector chromatograms of the mixture of standard 
compounds from Juglans sinensis (a) and Ethanolic extract of 
Juglans sinensis (b). The compounds were separated on on a 
Shiseido CapCell PAK C18 column (5 µm, 4.6 mm i.d. × 150 mm) 
using a periodic gradient solvent system with 20% B in 0–18 min, 
from 20% B to 60% B in 18–25 min, 60% B in 25–45 min and 85% 
B in 45–65 min. Solvent A: 0.1% formic acid, solven B: Acetonitrile. 
Flow rate: 1.0 mL/min. The peaks are (+)-catechin (1, tR 3.116 min), 
(+)-taxifolin 3-O-α-L-arabinofuranoside (2, tR 7.724 min), quercetin-
3-O-α-L-arabinofuranoside (3, tR 9.288 min), kaempferol-3-O-α-L-
arabinofuranoside (4, tR 15.079 min), quercetin (5, tR 23.424 min), 2α, 
3β, 23-trihydroxy-olean-12-ene-28-oic acid 28-O-β-D-glucopyranoside 
(6, tR 23.875 min), 2α, 3α, 23-trihydroxy-urs-12-ene-28-oic acid 28-O-β-
D-glucopyranoside (7, tR 24.294 min), arjunolic acid (8, tR 26.282 
min), 1-oxo-3β, 23-dihydroxy-olean-12-en-28-oic acid (9, tR 27.049 
min), 2α, 3α, 23-trihydroxy-urs-12-en-28-oic acid (10, tR 27.293 min), 
23-hydroxyursolic acid (11, tR 30.826 min) and ursolic acid (12, tR 
48.791 min)
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Figure 3: The effect of ethanolic extract of Juglans sinensis (JSE3) on hepatic fibrosis developed in carbon tetrachloride (CCl4)-intoxicated rats. 
(a) Masson’s trichrome staining, (b) Sirius red staining, (1) control group; (2) JSE3-treated group (200 mg/kg); (3) and (7) CCl4 intoxicated group 
(1 mg/kg, CCl4/olive oil = 1:1); (4) CCl4 + 100 mg/kg of JSE3-treated group; (5) and (8) CCl4 + 200 mg/kg of JSE3-treated group; (6) CCl4 + 200 
mg/kg of silymarin-treated group. (a) Masson’s trichrome and (b) Sirius red staining; magnification: (1–6); 40×, (7–8); 100×. Black arrows indicate 
fatty degeneration and yellow collagen accumulation
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body weight significantly attenuated collagen accumulation 
even though the fatty degeneration seemed to be similar 
to rats intoxicated with CCl4  [Figure 3a and b, 4]. Both 
pathological pattern of  fatty degeneration in hepatocytes 
and collagen accumulation were markedly ameliorated 
after the treatment CCl4‑intoxicated rats with JSE3 at the 
dose of  200 mg/kg body weight. These results could be 
comparable to those treated with silymarin at the dose of  
200 mg/kg body weight [Figure 3A and B, V, VI and VIII]. 
Consistently, the severity of  the morphological changes of  
rats was scored and summarized in Table 1. The treatment 
of  CCl4‑intoxicated rats with JSE3 markedly lowered the 
average severity score which indicated the deterioration 
of  hepatic fibrosis. In accord with the result, collagen 
content was significantly decreased in rats treated with 
JSE3 compared to those intoxicated with CCl4 [Table 1].

The determination of serum levels of alanine 
aminotransferase and aspartate aminotransferase and 
the collagen content
The levels of  serum ALT and AST of  CCl4‑intoxicated 
rats were significantly increased when compared to 
those of  rats treated with vehicle  [Figure  4]. However, 
the administration of  JSE3  (100 and 200  mg/kg body 
weight) to CCl4‑intoxicated rats significantly reduced the 
elevated serum transaminases activities. The treatment 
of  CCl4‑intoxicated rats with silymarin at the dose of  
200 mg/kg body weight exerted almost similar protection 
effect of  JSE3 at the same dose of  200 mg/kg body weight. 
After the treatment off  CCl4‑intoxicated rats with JSE3 (100 
and 200 mg/kg body weight), the content of  hydroxyproline 
as an index of  collagen formation was also decreased to the 
similar level of  silymarin‑treated rats [Figure 4].

Malondialdehyde and reduced glutathione contents, 
and activities of superoxide dismutase, glutathione 
peroxide and glutathione reductase
Continuous exposure of  CCl4 to rats deteriorated the 

defense system against oxidative stress in liver. The 
level of  MDA formed during lipid peroxidation of  
poly‑unsaturated fatty acids in liver was significantly 
increased in the CCl4‑intoxicated rats, whereas the activities 
of  antioxidant enzymes, such as SOD, GSH‑px and GR, 
were decreased  [Table  2]. However, the treatment of  
CCl4‑intoxicated rats with JSE3 (100 and 200 mg/kg body 
weight) effectively decreased MDA level and increased 
antioxidant enzymes activities in CCl4‑intoxicated rats. 
The intoxication of  rats with CCl4 also increased the ratio 
of  GSH and GSSG in liver, used as an index of  a balance 
of  reduction and oxidation during oxidative stress. The 
ratio of  GSH and GSSG was reversed by the treatment of  
CCl4‑intoxicated rats with JSE3 (100 and 200 mg/kg body 
weight) compared with CCl4‑intoxicated rats.

DISCUSSION

Liver fibrosis, an early stage of  cirrhosis, was thought to 
be a passive and irreversible process due to the collapse 
of  the balance between fibrogenesis and fibrolysis. 
Currently, it is generally considered that hepatic fibrosis is 
reversible and the wound‑healing response to chronic liver 
injury.[19] If  treated optimally at this stage, hepatic injury 
can be reversed, thus not be progressed to the end‑stage, 
irreversible chronic damage that ultimately leads to the high 
mortality and morbidity.

Fibrogenesis is generally characterized by increased ECM 
deposition and reduced matrix degradation.[19] Numerous 
studies uncovered HSCs are the main collagen‑and 
ECM‑producing cells in the process of  hepatic fibrosis.[20,21] 

Table 1: Effect of JSE3 on body weight, relative 
liver weight and severity score of hepatic injury 
in CCl4‑intoxicated rats
Group Body 

weight (g)
Relative 

liver weight 
(g liver/g body 

weight %)

Severity 
score of 
hepatic 
injury

Control 172.8±21.8 2.3±0.2 0.0±0.0
JSE3 200 mg/kg 163.7±22.8 2.6±0.1 0.0±0.0
CCl4 alone 110.8±9.6a 2.9±0.3a 3.1±0.6a

CCl4+JSE3 100 mg/kg 122.0±11.0 2.4±0.2b 2.4±0.6b

CCl4+JSE3 200 mg/kg 124.8±18.4 2.8±0.7 1.9±0.9b

CCl4+silymarin 200 mg/kg 140.5±22.0b 2.5±0.4 1.8±0.5b

Values are mean±SD  (n=8). aSignificantly different from the control rats, P<0.05. 
bSignificantly different from rats intoxicated treated with CCl4 alone, P<0.05. JSE: Ethanolic 
extract of Juglans sinensis; CCL: Carbon tetrachloride; SD: Standard deviation

Figure 4: Effect of ethanolic extract of Juglans sinensis (JSE3) on 
serum alanine aminotransferase and aspartate aminotransferase 
activities, and the hydroxyproline content in carbon tetrachloride (CCl4)-
intoxicated rats. (a) Control group; (2) JSE3-treated group (200 mg/kg); 
(c) CCl4-intoxicated group (1 mg/kg, CCl4/olive oil = 1:1); (d) CCl4 + 100 
mg/kg of JSE3-treated group; (e) CCl4 + 200 mg/kg of JSE3-treated 
group; (f) CCl4 + 200 mg/kg of silymarin-treated group. Values are mean 
of ± standard deviation (n = 8). aSignificantly different from the control 
rats, P < 0.05. bSignificantly different from rats intoxicated treated with 
CCl4 alone, P < 0.05
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Also HSCs are activated by external insults such as virus, 
drug and toxicants that produce ROS and lead to the injury 
of  parenchymal hepatocytes. The apoptotic removal of  
activated HSCs has been suggested the potential target for 
therapeutic agents.[22]

Juglans sinensis leaves and twigs contained oleanane‑and 
ursane‑type triterpenes and flavonoids which have 
protective or therapeutic effect on hepatic fibrosis in vitro 
and in vivo models.[23‑26] Recently, it was reported that ursolic 
acid, a major components of  J. sinensis, induced selective 
apoptotic cell death in activated primary cultured HSCs, 
but not in primary hepatocytes and quiescent HSCs, which 
was confirmed as an in  vivo model that the compound 
inhibited the progression of  liver fibrosis.[6] Flavonoids 
of  J. sinensis, mainly flavonols (quercetin derivatives) and 
dihydroflavonol  (taxifolin derivatives), suppress ROS 
generation by the inhibition of  enzymatic activity involved 
in free radical production.[27]

Based on these studies, we expected that the extract of  
J. sinensis having these triterpenes and flavonoids may have 
the therapeutic potential for ameliorating the progression 
of  hepatic fibrosis. The 80% JSE3 was fractionated using 
adsorption resin  (HP‑20) to obtain the triterpenes and 
flavonoids‑concentrated fraction. The HPLC‑ELSD 
analysis revealed that JSE3 had a variety of  chromatographic 
peaks in consistent with those of  ursane‑, oleanane‑type 
triterpenes and flavonoids used as the external standards.

Carbon tetrachloride initiates lipid peroxidation resulting 
in necrosis of  hepatocytes and eventually induce hepatic 
fibrosis.[28] The model of  CCl4‑induced hepatic fibrosis has 
been widely used for assessing the efficacy of  anti‑fibrotic 
agents especially in the context of  the redox modulation 
in liver.[29] The treatment of  CCl4 intoxicated rats with 
JSE3 significantly restored liver weights and the activities 
of  ALT and AST compared to those of  CCl4 intoxicated 
rats alone. The treatment of  JSE3 attenuated CCl4‑induced 
oxidative stress by up‑regulating the activities of  antioxidant 

enzymes. Fortunately, the rats given JSE3 alone did not 
show any risk of  toxicity and the significant alteration 
of  antioxidant markers compared to the normal rats. 
Interestingly, the body weight of  rats treated with JSE3 
was not significantly restored in comparison with those 
with silymarin. This result demonstrated that JSE3 have the 
hepatoprotective effect without regaining the body weight. 
By the morphological evidences of  collagen staining and 
fibrotic scoring system, it could be postulated that JSE3 
is beneficial for the treatment of  oxidative stress‑induced 
hepatic fibrosis.

CONCLUSION

Ethanolic extract of  J. sinensis significantly reversed the 
pathological parameters and normalized biochemical 
indices of  liver injury. Although the action mechanisms 
were not completely elucidated, it is expected that JSE3 
prevents CCl4‑induced hepatic oxidative stress due to the 
strong antioxidative effect. In the study, J. sinensis attenuated 
a part of  hepatic fibrosis and might be useful to develop 
as a therapeutic agent against liver fibrosis.
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GSH‑Px: Glutathione peroxide
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