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Abstract

AIM: To investigate the suppressive effect of
saikosaponin-d (SSd) on hepatic fibrosis in rats induced
by CCls injections in combination with alcohol and high
fat, low protein feeding and its relationship with the
expression of nuclear factor-kB (NF-«B), tumor necrosis
factor-alpha (TNF-a) and interleukins-6 (IL-6).

METHODS: Hepatic fibrosis models were induced by
subcutaneous injection of CCls at a dosage of 3 mL/kg
in rats. At the same time, rats in treatment groups were
injected intraperitoneally with SSd at different doses (1.0,
1.5 and 2.0 mg/kg) once daily for 6 wk in combination
with CCls, while the control group received olive oil
instead of CCls. At the end of the experiment, rats were
anesthetized and killed (except for 8 rats which died
during the experiment; 2 from the model group, 3 in
high-dose group, 1 in medium-dose group and 2 in low-
dose group). Hematoxylin and eosin (HE) staining and
Van Gieson staining were used to examine the changes
in liver pathology. The levels of alanine aminotransferase
(ALT), triglyeride (TG), albumin (ALB), globulin (GLB),
hyaluronic acid (HA) and laminin (LN) in serum and the
content of hydroxyproline (HYP) in liver were measured
by biochemical examinations and radioimmuneoassay,
respectively. In addition, the expression of TNF-a and
IL-6 in liver homogenate was evaluated by enzyme-
linked immunosorbent assay (ELISA) and the levels of
NF-xBp65 and I-xBa in liver tissue were analyzed by
Western blotting.

RESULTS: Both histological examination and Van Gieson
staining demonstrated that SSd could attenuate the area
and extent of necrosis and reduce the scores of liver
fibrosis. Similarly, the levels of ALT, TG, GLB, HA, and

LN in serum, and the contents of HYP, TNF-a and IL-6
in liver were all significantly increased in model group
in comparison with those in control group. Whereas,
the treatment with SSd markedly reduced all the above
parameters compared with the model group, especially
in the medium group (ALT: 412 £+ 94.5 IU/L vs 113.76
+ 14.91 IU/L, TG: 0.95 £+ 0.16 mmol/L vs 0.51 + 0.06
mmol/L, GLB: 35.62 + 3.28 g/L vs 24.82 + 2.73 g/L, HA:
42.15 + 8.25 ng/mL vs 19.83 + 3.12 ng/mL, LN: 27.56
+ 4.21 ng/mL vs 13.78 £ 2.57 ng/mL, HYP: 27.32 + 4.32
ug/mg vs 16.20 £ 3.12 pg/mg, TNF-a: 4.38 £ 0.76 ng/L
vs 1.94 £ 0.27 ng/L, IL-6: 28.24 + 6.37 pg/g vs 12.72 £
5.26 pg/g, respectively, # < 0.01). SSd also decreased
ALB in serum (28.49 + 4.93 g/L vs 37.51 £ 3.17 g/L, P <
0.05). Moreover, the expression of NF-xB p65 in the liver
of treated groups was lower than that in model groups
while the expression of I-kBo was higher in treated
group than in model group (P < 0.01). The expression of
NF-«Bp65 and TNF-a had a positive correlation with the
level of HA in serum of rats after treatment with CCls (r
= 0.862, P < 0.01; r = 0.928, P < 0.01, respectively).

CONCLUSION: SSd attenuates CCls-induced hepatic
fibrosis in rats, which may be related to its effects of
hepato-protective and anti-inflammation properties,
the down-regulation of liver TNF-a, IL-6 and NF-xBp65
expression and the increased I-xBa activity in liver.
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INTRODUCTION

Hepatic fibrosis represents the wound healing response of
the liver to repeated liver injuries, and is associated with
increased inflammatory cell infiltration and may involve
the interplay of different inflammatory mediators, which
is a common stage in most chronic liver diseases' ™. If
treated properly in this stage, hepatic fibrosis can be
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reversed and its progression to irreversible cirrhosis often
leading to lethal complications and high mortality may
be prevented””. Nuclear factor-kB (NF-kB) as a critical
component in inflammatory conditions can produce
proinflammatory cytokines such as tumor necrosis
factor-alpha (TNF-q) and interleukin-6 (IL-6), which are
involved in the process of fibrogenesis'""”. Therefore,
suppressing the inflammatory response and reducing
the release of proinflammatory cytokines such as NF-
kB, TNF-q, and IL-6, may prevent and reverse hepatic
fibrosis. Saikosaponin-d (SSd) is a major active component
extracted from the root of Bupleurum falcatum. It
has been demonstrated that SSd has a wide variety
of pharmacological activities, such as liver-protective
activity, and anti-hepatic fibrosis or anti-microbial or anti-
tumor and anti-inflammatory activities' """, However, its
molecular mechanism involved in therapeutic effects of
SSd on hepatic fibrosis has not been completely elucidated.
Our present study was designed to further evaluate the
effect of SSd on hepatic fibrosis in rats induced by CCls
and its relationship with the expression of NF-kB, TNF-a
and IL-6.

MATERIALS AND METHODS

Reagents

SSd was purchased from Jiangxi Herbfine Hi-tech Co.
Ltd. CCls (Xi’an Chemical Factory) was diluted into
400 g/L in olive oil before it was used. Enzyme-linked
immunosorbent assay (ELISA) kit for mouse TNF-o and
IL-6 was purchased from R&D Systems Co. Ltd (USA).
Hydroxyproline (HYP) assay kit was a product of Nanjing
Jiancheng Bioengineering Institute. Kits for HA and LN
were bought from Senxiong Company, Shanghai, China.
Polyclonal rabbit anti-rat P65 and I-xBa were purchased
from Santa Cruz Biotechnology (USA). HRP-labeled goat-
anti-rabbit IgG was obtained from HuaMei Company,
Shanghai, China.

Animals

Seventy-five adult male SD rats weighing 160-200 g were
provided by the Laboratory Animal Center of Medical
College, Xi’an Jiaotong University. The rats were randomly
divided into 5 groups (# = 15): control group, model
group, and three treatment groups. Except for the control
rats, all rats were subcutaneously injected with 400 g/L
CCls (CCls: olive oil = 2:3), 3 mL/kg, b.w, at every 3 d
for 6 wk, and fed with high fat, low protein diet (75%
pure maize plus 20% lard and 0.5% cholesterol) and 300
mL/L alcohol in the drinking water. In the 3 treatment
groups, SSd was administered daily, via intraperitoneal
injection at a dosage of 2.0, 1.5 and 1.0 mg/kg for 6 wk,
respectively. After 6 wk, all rats were anesthetized with 200
g/L urethane (5 mL/kg, abdominal injection). Blood was
taken from the abdominal aorta. Serum was separated by
centrifugation at 4°C and kept at -20°C for assay. Liver tissue
was homogenized in cold saline for pathological diagnosis.

Light microscopic examination
Liver tissue was fixed in a 40 g/L solution of formaldehyde
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in 0.1 mol/L phosphate-buffed saline (pH 7.4), and
embedded in paraffin. Five-micrometer thick sections were
prepared. All the sections stained with HE and standard
Van Gieson (VG) were coded and scored by blind reading;
Van Gieson’s method was used to detect collagen fibers!',
Liver condition was classified according to the standard
formulated by China Medical Association in 1995"", and
fibrosis was graded from 0 to 4 (0: no fibrosis; 1: portal
area fibrosis; 2: fibrotic septa between portal tracts; 3:
fibrosis septa and structure disturbance of hepatic lobule
and 4: cirrhosis).

Biochemical determination

Serum levels of alanine transaminase (ALT), albumin
(ALB), triglyeride (TG) and globulin (GLB) were measured
by routine laboratory methods using a 7170-automatic
biochemistry analyzer (Tokyo, Japan). Serum hyaluronic
acid (HA) and laminin (LN) were detected by
radioimmunoassay, and the content of hydroxyproline
(HYP) in liver was determined according to the method
described by Jamall ez a/*”. The contents of TNF-g, and
IL-6 protein in liver homogenate were determined by ELISA
according to the corresponding protocols of the kits.

Western blotting detection

Nuclear and cytosolic protein extracts were prepared
according to manufacturer’s instructions provided with
the kits (Active Motif Corp, USA). Nuclear or cytosolic
proteins (100 pg each) were run on a 10% SDS-PAGE gel
and transferred electrophoretically onto a nitro-cellulose
membrane respectively (Shanghai Huashun Corp, China).
The membrane was blocked overnight with 10% nonfat
milk prior to incubation with polyclonal rabbit anti-
rat I-xBa antibody (1:800) or anti-NF-kBp65 antibody
(1:1000) at room temperature for 2 h. After washed with
PBS, the blots were incubated with HRP-labeled goat-anti-
rabbit serum for 1 h and colored on X-ray film by ECL.

Statistical analysis

Quantitative data were analyzed using ANOVA by SPSS
13.0 statistic package and RIDIT test was used for
statistical analysis of the qualitative data. All data were
expressed as mean = SD. The correlation was analyzed
by Spearman’s correlation analysis. All P values were two-
tailed. P < 0.05 was considered statistically significant.

RESULTS

Pathological assay

At the end of the experiment, liver tissue samples from
control rats showed normal lobular architecture with
central veins and radiating hepatic cords (Figure 1A).
Liver tissue samples from model group showed that more
fibrous tissues were formed extending into the hepatic
lobules to separate them completely. A large number
of inflammatory cells infiltrated in the intralobular and
interlobular regions. The liver structure was disordered
and there were more necrotic and fatty degenerated liver
cells compared with the controls (Figures 1B and 1D). In
the 3 treatment groups, however, hepatocyte degeneration,
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Figure 1 Light microscopy showing normal liver tissue in control group (A) (HE x 100), degenerated and necrotic liver cells associated with inflammatory cells in model
group (B) (HE x 40), attenuated necrosis and infiltration of inflammatory cells after SSd treatment (C) (HE x 40), collagen fibers deposited in spaces of Disse and formation
of pseudoloculi in model group (D) (Van Gieson x 40), and liver fibrosis tissue in SSd group (E). The pathological change of liver was much milder in SSd group than in

model group (Van Gieson x 40).

necrosis and infiltration of inflammatory cells were all
apparently ameliorated and collagen deposition was also
markedly reduced (Figures 1C and 1E). Compared with
model group, the liver condition of rats in SSd treatment
groups was significantly improved (Table 1).

Detection of serum HA, LN and liver function

As is shown in Figure 2A, HA and LN levels in serum
were significantly higher in model group than in the
controls, but they were markedly decreased in 3 treatment
groups compared with the model group. Compared with
the controls, the serum ALT, TG and GLB levels in model
group were all significantly increased while the level of
ALB was decreased (P < 0.001, P < 0.05), respectively.
However, the levels of ALT, TG and GLB were all in the
3 treatment groups, especially in the group receiving the
middle dose of SSd, and the level of ALB was increased
compared with the model group (P < 0.05) (Table 2).

TNF-a, IL-6 and HYP contents in liver tissue

The contents of TNF-q,, IL-6 and HYP were all significantly
lower in SSd treatment groups than in the model group
(Figures 2B and 2C). Furthermore, among the 3 treatment
groups the high-dose group showed the best effect. The
liver HYP level in three SSd treatment groups and TNF-q,
IL-6 content in high-dose group were higher than those in
the controls, with no significant difference between them (P
> (0.05). However, there was a significant difference in the
contents of TNF-q, I.-6 between low- and medium-SSd
treatment groups and control group (P < 0.05).

Western blot analysis
NF-kBp65 expression was increased significantly in model
group compared with the control group, whereas it was

Table 1 Pathological observation of liver condition

Group n Liver condition u
0 I I I v

Model 13 0 0 0 4 9

High-dose 12 0 5 8 2 2 3.26"

Medium-dose 14 0 6 4 3 1 417°

Low-dose 13 0 3 2 6 2 2.96"

U represents the RIDIT value of the two groups, P < 0.05 indicates U > 1.96,
P <0.01 indicates U > 2.58. °P < 0.05, °P < 0.01 vs model group.

markedly decreased in all SSd treatment groups (P < 0.01),
especial in the high-dose group. There was no significant
difference in the expression of NF-kBp65 between SSd
treatment groups and control group (P > 0.05) (Figure
2D). On the contrary, its inhibitory IxBa was significantly
decreased in model group while increased in SSd treatment
group compared with the model group (P < 0.01) (Figures
3A and 3B). Therefore, SSd could significantly inhibit
the activation of NF-xB, which might be associated with
increased I-kBa, degradation.

Correlation analysis

Correlation analysis revealed that NF-xkBp65 had a highly
positive correlation with the expression of TNF-q, protein
(r=0.823, P < 0.01). Both NF-kBp65 and TNF-a had a
strong positive correlation with the levels of HA in serum
of rats induced by CCls (» = 0.862, P < 0.01; » = 0.928, P
< 0.01, respectively).

DISCUSSION

Hepatic fibrosis is a chronic inflammation-associated
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Group n ALT (IU/L) ALB (g/L) GLB (g/L) TG (mmol/L) Liver HYP (ug/mg protein)
Control 15 67.58 +11.21 4112 £2.54 2148 +3.24 0.39 +0.08 9.80+1.07

Model 13 412 +94.50 28.49 +4.93 35.62 +3.28 0.95+0.16 27.54 + 432

High-dose 12 173.09 + 24.62* 35.73 £2.73° 2559 +3.61° 0.61 +0.10° 12.83 + 2,54

Medium-dose 14 113.76 + 14.91** 37.51 +3.17° 24.82 +2.73° 0.51 +0.06" 16.20 +3.12"

Low-dose 13 152.86 + 19.19°° 3431 +452° 27.51 +2.41° 0.58 +0.07° 14.38 +2.18™

ALT: Alanine aminotransferase; ALB: Albumin; GLB: Globulin; TG: Triglyeride; HYP: Hydroxyproline. "P < 0.05, °P < 0.01 vs control group; ‘P < 0.05, “P < 0.01 vs

model group.
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Figure 2 Analysis of serum LN and HA levels (A), expressions of TNF-c. (B), IL-6 (C), and NF-kBp65 and I-kBa: (D) in liver tissue after treatment with SSd. °P < 0.01 vs

control group; °P < 0.01 vs model group.

disease, which is involved in the infiltration of
inflammatory cells and releasing of proinflammatory
cytokines, such as TNF-o and IL-6. As a result, hepatic
stellate cells (HSCs) ate transformed into myofibroblast
cells to synthesize more collagen and proteoglycans,
increasing deposition and altered composition of extra-
cellular matrix (ECM) in liver” ", Based on the current
knowledge, a “three-step cascade theory of inflammation
involving in liver fibrogenesis” including preinflammatory
phases 1-3, has been proposed by Gressner™, which
implies that multiple inflammatory cell interactions with
Kupffer cells, platelets, endothelial cells and hepatocytes
mediated by various cytokines and growth factors (INF-q,
IL-6 and TGF-p) are involved in the mechanism of
fibrogenesis. Therefore, supptessing the inflammatory
response can prevent and reverse hepatic fibrosis. Our
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study showed that, 6 wk treatment with SSd, especially
at the middle dose used, could decrease serum levels of
ALT, TG, GLB and ALB in rats with hepatic injury caused
by CCls. Histological examination also demonstrated
that a large number of inflammatory cells infiltrated the
intralobular and intetlobular regions, more fibrous tissue
was formed and the margin of liver was uneven in model
group compared with the control group. In contrast, SSd
especially its medium-dose could obviously attenuate
the extent of necrosis and reduce the immigration of
inflammatory cells compared with the model group, and
no pseudoloculus could be observed. Moreover, SSd could
decrease the scores of hepatic fibrosis grading (Table 1),
indicating that SSd can significantly protect liver against
fibrosis, which may be related to its inhibitory effects
on inflammation. These findings are consistent with
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previously reported results™. Tt has been demonstrated
that SSd has marked inhibitory actions on the processes of
inflammation, including capillary permeability, releasing of
inflammation mediators, leukoplasia and desmoplasia ™",
In addition, SSd can increase serum concentrations of
adrenocorticotropic hormone and corticosterone™ as
well as corticotropin-releasing factor (mRNA) level in the
hypothalamus'’,

HA and LN levels in serum and HYP in liver are
the important indices reflecting the degree of hepatic
fibrosis" . In this study, the contents of HA and LN in
serum and HYP in liver were much higher than those in
the controls, but markedly lower in treatment groups (P <
0.01), indicating that SSd can prevent hepatic fibrosis due
to chronic liver injury, thus delaying the development of
cirrhosis.

Recent studies have identified NF-xB as a critical
component to bridge inflammation by producing
proinflammatory cytokines (such as TNF-a and 11.-6) and
more ECM in liver, thus further boosting inflammatory
processes and activating HSCs™ >, Tt was also reported
that TNF-a released from activating macrophages can
turn up NF-kB activity both in target tissue cells and in
macrophages themselves” ™,

NF-kB is a transcription factor consisting of p65 and
p50 subunits of the Rel protein family™™!. In most cells, it
binds to its inhibitory counterpart I-kBow and other IxB
proteins to form P65-P50-IkB trimer which is located in
the cytoplasm as an inactive complex. Following I-kBo
degradation by a complex signaling cascade initiated on the
cell surface, the activated NF-kBp65 disassociates from
I-kBa and shifts into nuclei where it binds to specific
DNA motifs to regulate transcriptional activity of its
target genes involved in HSC activation™] releasing of
proinflammatory cytokines including 1L.-6 and TNF-q.
Thus, inhabiting IkBo phosphorylation is an indispensable
step to activate the NF-xB signaling pathway™*". In the
present study, NF-kBp65 expression increased significantly
in model group compared with normal control group,
whereas it was markedly decreased in all SSd treatment
groups, especial in the high-dose group. There was no
difference in the expression of NF-kBp65 between SSd
treatment groups and control group. On the contrary, its
inhibitory I-kBo, was significantly lower in model group
but higher in SSd treatment group, suggesting that SSd can
significantly inhibit the activation of NF-kBp65, which
may be associated with a reduction in I-kBa, degradation.

In addition, Spearman’s correlation analysis showed
that NF-kBp065 was highly correlated with the expression
of TNF-q protein (» = 0.823, P < 0.01) and both of them
had a strong positive cortrelation with the serum levels of
HA induced by CCls (r = 0.862, P < 0.01; »=0.928, P <
0.01, respectively).

In conclusion, SSd has beneficial effects on hepatic
fibrosis. Down-regulation of TNF-q,, 1L-6 and NF-kBp65
expression and increased I-kBa, activity of SSd in rat liver
may play an important role in the improvement of hepatic
fibrosis induced by CCls. Since hepatic fibrogenesis is a
very complicated process, the underlying mechanisms of
SSd remain to be further explored.

A
62kDa — MR

| —— - - el
36 kDa —
1 & 3 4 5
B
41 kDa — S
32 kDa —
1 2 3 4 5

Figure 3 Images of Western blotting of NF-kBp65 (A) and I-xBa (B) in liver
tissue of rats. Lane 1: NF-kBp65 and |-kBo protein in control group; lane 2: NF-
«Bp65 and |-kBa in model group; lanes 3-5: NF-kBp65 and I-kBa in SSd group
(from low to high-dose group).

COMMENTS

Background

Hepatic fibrosis is a chronic inflammation-associated disease, which is involved
in the infiltration of inflammatory cells and releasing of proinflammatory
cytokines, such as NF-xB, TNF-a and IL-6. Recently, more and more clinical and
experimental observations have demonstrated that SSd, a traditional Chinese
medicine, is of some preventive and therapeutic values against liver fibrosis,
whereas, the molecular mechanism involved in therapeutic effects of SSd on
hepatic fibrosis has not been completely elucidated. Therefore, the aim of our
study was to further evaluate the anti-hepatic fibrosis effect of SSd in rats and to
study its relationship with the expression of NF-kBp65, TNF -o and IL-6.

Research frontiers

NF-xB as a critical component to bridge inflammation, can produce
proinflammatory cytokines such as TNF-a, and IL-6, which are involved in the
process of fibrogenesis. Our study aimed at investigating the suppressive effect of
SSd on hepatic fibrosis in rats induced by CCls from the level of cytokine and its
relationship with the expression of NF-icBp65, TNF-a and IL-6.

Innovations and breakthroughs

SSd has beneficial effects on hepatic fibrosis, and the down-regulation of TNF-a,
IL-6 and NF-xBp65 expression and increased |-xBa. activity of SSd in rat liver
may play an important role in the improvement of hepatic fibrosis induced by CCla.

Applications

SSd may play a role in antifibrotic therapy. It protects liver cells against fibrosis
and inhibits collagen fiber deposition in liver, and therefore can be used in the
treatment of cirrhosis in clinic practice.

Terminology

Nuclear factor-kB (NF-xB) is a transcription factor consisting of p65 and
p50 subunits of the Rel protein family. In most cells, it binds to its inhibitory
counterpart I-kBa and other |-xB proteins to form P65-P50-1xB trimer that is
located in the cytoplasm as an inactive complex. Following I-kBa degradation
by a complex signaling cascade initiated at the cell surface, the activated NF-
«Bp65 disassociates from I-xBo. and shifts into nuclei where it binds to specific
DNA motifs to regulate transcriptional activity of its target genes involved in HSC
activation, releasing of proinflammatory cytokines.

Peer review

In this study, rats with liver fibrosis were treated with CCls in combination with
ethanol, high fat and low protein diet. Rats receiving SSd in combination with CCls
injection developed less liver fibrosis. The effect was associated with less liver
damage indicated by lower transaminase and higher albumin levels. Additionally,
less activation of NF-kB was observed in the liver of treated rats, suggesting
that SSd could attenuate CCls-induced liver fibrosis by down-regulating the
inflammatory response in the liver. The study addresses an interesting issue,
but the value of this study in its current form is limited. The data provided are
preliminary but do not sufficiently support the conclusions drawn by the authors.
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