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The aim of this study was to investigate the relationship between anti-fibrotic effect of Panax notogin-
seng saponins (PNS) and serum cytokines in rat hepatic fibrosis. Hepatic fibrosis induced by carbon tet-
rachloride (CCl4) was studied in animal models using SD rats. Liver index, serum alanine amino
transferase (ALT), aspartate amino transferase (AST), transforming growth factor-b1 (TGF-b1), tumour
necrosis factor-alpha (TNF-a), interleukin-6 (IL-6) and interleukin-10 (IL-10) were measured, respec-
tively. Liver index and the degree of liver fibrosis were also determined. Our results showed that the lev-
els of ALT, AST and liver index in PNS-treated group were markedly lower than those in model group. PNS
therapy also significantly attenuated the degree of hepatic fibrosis, collagen area and collagen area per-
cent in liver tissue. Furthermore, the levels of serum TGF-b1, TNF-a and IL-6 were strikingly reduced in
PNS-treated group compared with model group while the production of IL-10 was up-regulated. These
findings demonstrate that PNS has certain therapeutic effects on hepatic fibrosis probably by immunore-
gulating the imbalance between pro-fibrotic and anti-fibrotic cytokines.

� 2009 Elsevier Inc. All rights reserved.
Introduction

Hepatic fibrosis is a common pathological process of chronic li-
ver injuries, regardless of etiology, and its progression leads to cir-
rhosis and liver cancer [1]. Despite extensive efforts, its etiology
and pathogenesis remain unclear and effective therapies with lim-
ited side effects are still deficient [2]. PNS is the major active con-
stituent of the isolated root of Panax notoginseng, a well known
traditional Chinese medicine. We have reported that PNS has sig-
nificant scavenging effects on oxygen free radicals and protective
effects on liver injuries induced by CCl4 [3,4]; however, its exact
mechanisms remain unclear. Therefore, it is necessary to be further
elucidated.

CCl4-induced hepatic fibrosis is a well-established animal mod-
el to study the pathogenesis and therapy of chronic liver injury dis-
eases. Zhang et al. have reported that several pro-fibrotic cytokines
including TGF-b1, TNF-a and IL-6 play an important role in the ini-
tiation and perpetuation of CCl4-induced liver fibrosis while IL-10
play an antifibrogenic role by counterbalancing their effects [5].
This study aimed to further investigate the effect of PNS on hepatic
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fibrosis induced by CCl4 and its relationship with the expression of
TGF-b1, TNF-a, IL-6 and IL-10.
Materials and methods

Reagents and animals. PNS was provided by Kunming Zhongxing
Pharmaceutical Co., Ltd (purity > 98%, Yunnan, China). Colchicine
was purchased from Xiamen Sanland Chemical Co., Ltd (pur-
ity > 99%, Fujian, China). CCl4 was obtained from Chongqing
Chemical Reagent Co., Ltd (Chongqing, China). Male SD rats weigh-
ing 150–180 g were purchased from the Experimental Animal
Center of Third Military Medical University. All studies involving
animals were approved by the Institutional Animal Care and Use
Committee.

Induction of liver fibrosis and PNS treatment. Forty male SD rats
were randomly divided into four groups: normal control group
(n = 9), model group (n = 11), PNS-treated group (n = 10), colchi-
cine-treated group (n = 10). Except normal control group, all rats
were treated with subcutaneous injection of 40% CCl4 (0.3 ml/kg,
but 0.5 ml/kg for the first injection), mixed with vegetable oil,
twice a week for 8 weeks. For the last two groups, PNS (130 mg/
kg, dissolved in sterile normal saline, intraperitoneal injection,
once daily) or colchicine treatment (50 lg/kg, dissolved in sterile
normal saline, intraperitoneal injection, once daily as positive
group) was initiated at the same day as CCl4 administration and
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Table 1
Levels of liver index and serum AST, ALT in different treatment groups (mean ± SD).

Group n Liver index ALT (U/L) AST (U/L)

Normal 9 0.026 ± 0.004 114.50 ± 8.16 183.09 ± 26.70
Model 7 0.049 ± 0.009b 193.58 ± 24.35b 404.37 ± 68.29b

PNS 8 0.038 ± 0.005b,d 163.36 ± 19.91b,c 321.70 ± 50.94b,c

Colchicine 9 0.031 ± 0.004a,d 167.60 ± 21.66b,c 325.61 ± 52.83b,c

Significantly different: aP < 0.05, bP < 0.01 vs. normal control group; cP < 0.05,
dP < 0.01 vs. model group.
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continued till the end. The two drug doses were selected based on
the previous study [4]. Simultaneously, normal control and model
groups were intraperitoneally administered with the same volume
of vehicle (sterile saline water) once daily. At the end of the 8-week
experimental period, all animals were anesthetized with 3% chloral
hydrate and dissected. Blood and liver were obtained for further
analysis.

Measurement of serum AST and ALT. Serum AST and ALT levels
were measured using on an automated analyzer of biochemistry
(Hitachi 7170, Tokyo, Japan) according to the manufacturer’s
instructions.

Liver index calculation. Liver index was measured according to
the formula: (rat liver weight/rat weight) � 100% [6].

Histopathology. Samples were obtained from the same liver lobe
in all animals and fixed in 10% buffered formalin, embedded in par-
affin, sectioned, and stained with hematoxylin–eosin (HE) or Van
Gieson (VG) solutions.

The degree of liver fibrosis was evaluated on HE stained sec-
tions according to the previous report [7]. The collagen content
of the sections was also determined on VG stained sections by a
computer image analysis system (CM2000B, Beijing University of
Aeronautics & Astronautics, china). Five random fields were chosen
in each section and the amount of total collagen was detected in
the area stained by VG and expressed as percentage relative to
the total area [8].
Fig. 1. The representative pathological changes of liver section taken from four expe
magnification, �100.
ELISA of TGF-b1, TNF-a, IL-6 and IL-10. Cytokine levels in the ser-
um samples were measured by a commercially available ELISA kit
(Biosources, San Jose, CA, USA) according to the manufacturer’s
instructions.

Statistical analysis. Statistical analysis was performed with
the SPSS software system (SPSS for Windows, version 13.0;
SPSS Inc, Chicago, IL). Parametric data were statistically ana-
lyzed by one-way ANOVA followed by post hoc tests when
appropriate. Degree of hepatic fibrosis was analyzed by Krus-
kal–Wallis nonparametric test. Data were expressed as the
means plus or minus SD. A significant difference was defined
as p < 0.05.

Results

Animals

Irritability, aggression, and weight loss was present predomi-
nantly in rats of the model group. At the end of 8-week exper-
imental period, No death was found in normal control group.
All rats’ death in other groups was as follows: 4 rats died in
model group, 1 in colchicine-treated group, 2 in PNS-treated
group.

Liver index and serum aminotransferases

Liver index in the normal control group was 0.026 ± 0.004.
However, 8 weeks after the CCl4 injection, the level of Liver index
increased markedly. The increase was significantly attenuated by
PNS or colchicine treatment (P < 0.01; Table 1).

We then measured serum aminotransferase activities in differ-
ent experimental groups. The levels of serum AST, ALT were signif-
icantly increased in model group compared with those in normal
control group. In contrast, PNS or colchicine treatment significantly
suppressed up-regulations of these parameters induced by CCl4

(P < 0.05; Table 1).
rimental groups (A: normal; B: model; C: PNS; D: colchicine), HE stain, original



Table 2
Degree of liver fibrosis in different treatment groups.

Group n Degree of hepatic fibrosis Average

0 I II III IV

Normal 9 9 0 0 0 0 0
Model 7 0 0 0 4 3 3.43b

PNS 8 0 0 3 5 0 2.63b,c

Colchicine 9 0 3 5 1 0 1.78b,d

Significantly different: aP < 0.05, bP < 0.01 vs. normal control group; cP < 0.05,
dP < 0.01 vs. model group.

Table 3
Comparison of collagen area and collagen area percent in liver tissue of rats from
different treatment groups.

Group n Collagen area (um2) Collagen area percent (%)

Normal 9 993.54 ± 145.31 1.97 ± 0.30
Model 7 2599.99 ± 488.32b 10.15 ± 2.87b

PNS 8 1900.74 ± 430.65b,c 7.05 ± 2.40b,c

Colchicine 9 1396.00 ± 276.07b,d 4.65 ± 2.11b,d

Significantly different: aP < 0.05, bP < 0.01 vs. normal control group; cP < 0.05,
dP < 0.01 vs. model group.
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Histopathology

Using HE staining, we observed that the liver tissue in normal
control rats showed normal lobular architecture with central veins
and radiating hepatic cords. However, liver sections taken from
rats of model group exhibited more inflammatory infiltration, ste-
atosis, hepatocyte coagulative necrosis and fibrous septa compared
with normal control rats after 8 weeks of CCl4 injection. In contrast,
PNS or colchicine treatment markedly ameliorated these histopa-
thological changes (Fig. 1).The results were further supported by
a significantly decreased staging score of hepatic fibrosis after
PNS or colchicine therapy (P < 0.05 or P < 0.01; Table 2).

We then examined the collagen levels in the liver tissue from
different treatment groups by VG staining. Compared with normal
control group, both collagen area and collagen area percent were
significantly increased in model group. The increases were relieved
by PNS or colchicine treatment, similar to changes of hepatic histo-
logical examination (P < 0.05 or P < 0.01; Fig. 2, Table 3). Therefore,
the above findings shows that PNS can effectively prevent CCl4-in-
duced hepatic fibrosis in rats.

Effect of PNS on serum TGF-b1, TNF-a, IL-6, IL-10 production

As shown in Table 4, the levels of serum TGF-b1, TNF-a and IL-6
in model group were significantly higher than those in normal con-
Fig. 2. The representative pathological changes of liver section taken from four expe
magnification, �200.
trol group (P < 0.01). The up-regulations were markedly inhibited
by treatment with PNS at the dose of 130 mg/kg (P < 0.05). On
the other hand, IL-10 production in model group was sharply de-
creased compared with that in the normal control group (55%
reduction, P < 0.01). However, PNS therapy significantly recovered
the decrease induced by CCl4 (P < 0.05).

Discussion

In the present study, PNS significantly lowered the levels of liver
index, serum ALT and AST, reduced histological changes of liver
fibrosis, suppressed the production of serum TGF-b1, TNF-a, IL-6
and increased significantly the level of IL-10. Furthermore, our pre-
vious study also show that the increases of several fibrosis indices
including serum hyaluronic acid (HA), type IV collagen (IV-C) and
hepatic hydroxyproline (Hyp) content after the CCl4 injection can
be notablely inhibited by PNS treatment [4]. The above findings
demonstrated that PNS can effectively prevent CCl4-induced hepatic
fibrosis in rats and regulate the production of cytokines correlated
with fibrosis.

Carbon tetrachloride (CCl4), a known hepatotoxin, can cause liver
necrosis, fibrosis and cirrhosis when administered sequentially.
Hepatotoxicity is thought to involve two phases [9,10]. The initial
phase involves bioactivation by a microsomal cytochrome P450 –
dependent monooxygenase system, resulting in the formation of
free radicals and lipid peroxidation [11]. The second step involves
rimental groups (A: normal; B: model; C: PNS; D: colchicine), VG stain, original



Table 4
Levels of serum TGF-b1, TNF-a, IL-6 and IL-10 in different treatment groups
(mean ± SD).

Group n TGF-b1 (pg/ml) TNF-a (pg/ml) IL-6 (pg/ml) IL-10 (pg/ml)

Normal 7 199.78 ± 18.92 157.62 ± 11.77 187.98 ± 51.97 700.52 ± 138.63
Model 7 375.49 ± 57.47b 260.04 ± 37.70b 606.47 ± 130.73b 316.95 ± 62.74b

PNS 7 315.40 ± 40.22b,c 219.91 ± 18.20b,c 469.71 ± 92.06b,c 415.20 ± 82.20b,c

Significantly different: aP < 0.05, bP < 0.01 vs. normal control group; cP < 0.05,
dP < 0.01 vs. model group.
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the activation of Kupffer cells, which is accompanied by the produc-
tion of pro-fibrotic mediators such as TGF-b1, TNF-a, IL-6 [12]. These
pro-fibrotic factors act on hepatic stellate cells, leading to the forma-
tion of fibrous tissue [13]. In the study, we observed that PNS signif-
icantly reduced the increase of pro-fibrotic cytokines such as TGF-b1,
TNF-a and IL-6 induced by CCl4. The reduction of pro-fibrotic cyto-
kines may be closely correlated with the previous reports that PNS
has good radical scavenging action and also can significantly inhibit
the activation and proliferation of Hepatic stellate cell (HSC) and en-
hance HSC apoptosis [3,4]. IL-10 is a pluripotent cytokine produced
by many activated immune cell types, including T-helper (Th2) cells,
B cells, macrophages, monocytes, and keratinocytes [14]. Recent
studies indicate that IL-10 might play an important role in anti-fibro-
genesis during CCl4-induced hepatic fibrogenesis [15–17]. Our study
showed that the level of circulating IL-10 in model group was lower
than normal control group, which was consisted with the previous
study [5]. In contrast, PNS significantly restored the decrease of IL-
10 content induced by CCl4, probably contributing to the anti-fibro-
tic effect of PNS.

In conclusion, PNS has significant anti-fibrogenesis effects on
CCl4-induced liver fibrosis in rats. In addition to the inhibition on
the HSC activation and lipid peroxidation production as we previ-
ously reported, immunoregulation of the unbalance between pro-
fibrotic and anti-fibrotic cytokines is one of the most important
causes concerning with the preventive effect of PNS on CCl4-in-
duced liver fibrosis. The exact molecular mechanisms remain to
be explored.
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