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Restorative effects of hydroxysafflor yellow A on
hepatic function in an experimental regression model
of hepatic fibrosis induced by carbon tetrachloride
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Abstract. Hepatic fibrosis is a reversible pathological
process, in which fibrotic tissue is excessively deposited in
the liver during the repair process that follows hepatic injury.
Early prevention or treatment of hepatic fibrosis has great
significance on the treatment of chronic hepatic diseases.
Hydroxysafflor yellow A (HSYA) is a water-soluble monomer
extracted from safflower, which serves numerous pharmaco-
logical roles. However, it remains to be elucidated how HSYA
regulates hepatic fibrogenesis. The aim of the present study
was to reveal the possible mechanisms underlying the effects
of HSYA on the prevention and treatment of hepatic fibrosis.
A rat model of hepatic fibrosis was established in the present
study, and the rats were administered various doses of HSYA.
The effects of HSYA on pathological alterations of the liver
tissue in rats with hepatic fibrosis were observed using hema-
toxylin-eosin staining and Masson staining. In order to explore
the anti-hepatic fibrosis effects and underlying mechanisms of
HSYA, serum levels, and hepatic function and hepatic fibrosis
indices were evaluated. The results demonstrated that HSYA
can improve the general condition of rats with hepatic fibrosis
and relieve cellular swelling of the liver, fatty degeneration,
necrosis, inflammatory cell infiltration and fibroplastic prolif-
eration. Subsequent to administration of HSYA, globulin was
increased during hepatic fibrosis caused by tetrachloromethane.
However, total cholesterol, triglyceride, alanine aminotrans-
ferase, aspartate aminotransferase and levels of hyaluronic
acid, laminin, procollagen III N-terminal peptide, collagen
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type IV and hydroxyproline were significantly reduced. The
results additionally demonstrated that HSYA could enhance
superoxide dismutase activity and reduce malondialdehyde
levels, inhibiting lipid peroxidation caused by free radicals.

Introduction

Hepatic fibrosis is a common process that occurs in the liver
in response to diverse chronic injury. Factors associated with
hepatic injury can result in hepatic fibrosis, including viral
hepatitis, steatohepatitis (including alcoholic and nonalco-
holic), autoimmune hepatic disease, Schistosomiasis japonica
infection, toxic or drug-induced hepatic disease, and genetic
and metabolic diseases (1). During the pathological process
of hepatic fibrosis the following symptoms are observed:
Decreased normal liver cells, diffuse liver cell necrosis,
abnormal proliferation of connective tissue, and disordered
hepatic circulation, which can lead to hepatic function failure
and subsequently to hepatic cirrhosis (2). A previous study
reported that hepatic fibrosis is a reversible pathological
phenomenon, in which fibrotic tissue is excessively deposited
in the liver during the repair process that follows hepatic
injury. Early prevention or treatment of hepatic fibrosis
has great significance on the treatment of chronic hepatic
diseases (3). Although there have been some drugs used to
treat this pathogenic process, the efficacy fails to meet neces-
sary requirements. At present, researchers aim to seek drugs
with definite efficacy and few adverse effects in order to delay,
suppress or even reverse the process of hepatic fibrosis. Several
clinical practices and experimental studies have demonstrated
that traditional Chinese medicine can relieve hepatic fibrosis
and hepatic cirrhosis via multi-component, multi-path,
multi-level and multi-target comprehensive pharmacological
effects (4-6). In order to further investigate the antifibrotic
action of traditional Chinese medicines, several scholars have
aimed to research drugs extracted from medicinal plants and
to explore the underlying antifibrotic mechanisms of action.
Safflower (Carthamus tinctorius L.), which belongs to
the Compositae family, consists of tubular florets and is
distributed in the Mediterranean and Asia. Safflower is a
traditional drug used for activating circulation, dissolving
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stasis, activating collaterals and alleviating pain (7). The
main components of safflower include pigment, flavonoids,
volatile oils, fatty acids and phenolic acids (8). The yellow
pigment of safflower is predominantly used for activating
blood and dissolving stasis. Hydroxysafflor yellow A
(HSYA) is a water-soluble monomer that is extracted from
safflower and is a type of chalcone glycoside (molecular
formula, C,;H;,0,¢; molecular weight, 612.53 g/mol) (9).
Previous studies have demonstrated that HSYA possesses
several functions, including widening of coronary arteries
and ameliorating myocardial ischemia, anticoagulation,
anti-platelet aggregation and relief from unstable angina
pectoris, protecting against brain and spinal cord isch-
emia-reperfusion injury, and preventing steroid-induced
avascular necrosis of the femoral head (10,11). In addition, it
has been reported that HSYA is able to eliminate free radicals,
inhibit lipid peroxidation, relieve inflammatory injury and
suppress cell apoptosis (12). HSYA has been demonstrated
to reduce pulmonary fibrosis (13); however, few studies have
investigated the role of HSYA in hepatic fibrosis.

The present study was performed using a rat model of
hepatic fibrosis induced by carbon tetrachloride (CCl,). CCl,
is often used to generate a reliable animal model of hepatic
fibrosis (14). This model simulates the clinical pathological
process of hepatic fibrosis, and provides an ideal animal model
for analyzing the anti-hepatic fibrosis effect of drugs. CCl, is
a selective liver toxicant that can induce liver cell necrosis.
Treatment with low-dose CCl, for a long duration can induce
hepatic fibrosis in animals. In addition, the degree of hepatic
fibrosis is positively associated with the dose. Using the
method of intragastric administration can reduce the mortality
of animals. CCl,, together with ethanol and a high-fat diet,
can accelerate liver cell injury, and trigger inflammation
and fibrosis. The rat model of hepatic fibrosis was induced
by CCl,, alongside administration of alcohol and a high-fat
diet, which may accelerate liver cell injury, inflammation and
fibrosis. With the use of the complex model combining carbon
tetrachloride oxidative damage, alcoholism and lipid oxidative
damage with a variety of factors, the formation mechanism
of hepatic fibrosis is closer to that of clinical patients and is
conducive to screening antifibrotic drugs.

The present study aimed to further explore the mechanism
underlying the effects of HSYA on the prevention and treat-
ment of hepatic fibrosis. In the present study, a rat model of
hepatic fibrosis was established, and the rats were administered
various doses of HSYA. The effects of HSYA on the patho-
logical alterations of liver tissue in rats with hepatic fibrosis
were observed using hematoxylin-eosin staining and Masson
staining. In order to explore the anti-hepatic fibrosis effects
and underlying mechanisms of HSYA, serum levels, and
hepatic function and hepatic fibrosis indices were measured.

Materials and methods

Reagents. HSYA (purity >98%) was extracted from the herb
Carthamus tinctorius L.; the water-soluble yellow amor-
phous powder was provided by Dr. Fenghua Fu (School of
Pharmaceutical Sciences, Yantai University, Yantai, China).
CCl, (purity 99%) was purchased from Tianjin Bodi Chemical
Co., Ltd. (Tianjin, China). Colchicine was purchased from

Xishuangbanna Pharmaceutical Co., Ltd. (Xishuangbanna,
China). Total protein (TP) quantitative assay kit (A045-2),
albumin (ALB) assay kit (A028-1), total cholesterol (TCHO)
assay kit (Al11-1), triglyceride (TG) assay kit (A110-1),
high-density lipoprotein cholesterol (HDL) assay kit (A112-1),
low-density lipoprotein cholesterol (LDL) assay kit (A113-1),
alanine aminotransferase (ALT) assay kit (C009-1), aspartate
aminotransferase (AST) assay kit (C010-1), alkaline phospha-
tase (ALP) assay kit (C059-1), hydroxyproline (HYP) assay
kit (A030-2), malondialdehyde (MDA) assay kit (AO03-1) and
superoxide dismutase (SOD) assay kit (AOO1-1) were obtained
from Nanjing Jiancheng Bioengineering Institute (Nanjing,
China). Hyaluronic acid (HA) radioimmunoassay kit (H141),
laminin (LN) radioimmunoassay kit (H148), procollagen III
N-terminal peptide (pclll) radioimmunoassay kit (H212) and
collagen type IV (cIV) radioimmunoassay kit (H145) were
purchased from Shanghai Haiyan Pharmaceutical Technology
Co., Ltd. (Shanghai, China). Trichrome stain (Masson) kit was
purchased from Fujian Maixin Biotechnology Development
Co., Ltd. (Fuzhou, China).

Animals and group design. The current study was approved by
the ethics committee of Binzhou Medical University (Yantai,
China). The present study was conducted on male Sprague
Dawley rats (age, 5-6 weeks; weight, 110-130 g), which were
provided by the Experimental Animal Center of Shandong
University [animal permit number: SUXK (Lu) 201300009;
Jinan, China]. The rats were allowed to acclimate for 1 week,
after which the rats that exhibited a normal reaction to food,
water and activity, and no adverse effects, were enrolled in
the study. Rats were maintained in a temperature-controlled
room with an alternating 12-h dark and light cycle. A total of
10 rats were randomly selected as the normal control group
(Group A). The remaining rats were randomly divided into
six groups: Hepatic fibrosis model group (Group B), HSYA
prevention group (Group C), low dose HSYA group (Group D),
moderate dose HSYA group (Group E), high dose HSYA
group (Group F) and the colchicine group (Group G). Each
group consisted of 15 rats.

Animal model preparation. The rat hepatic fibrosis model was
established using the CCl, model method. Briefly, CCl, and
soybean oil were mixed at a ratio of 3:7, in order to obtain a
300 ml/l oil solution, which was administered by gavage at a
dose of 3 ml/kg, three times a week. From the 2nd week, 10%
ethanol was added to the drinking water and 20% lard oil was
added to the diet. Rats in Group A were administered 3 ml/kg
soybean oil by gavage, three times a week, and were given
ad libitum access to normal food and water.

Drug treatment. From the first week, rats in Groups B and C
were given drug treatment for 10 weeks via intraperitoneal
injection, five times a week. From the third week, rats in
Groups D-G were given drug treatment for 8 weeks via
intraperitoneal injection, five times a week. The treatments
administered were as follows: Group B, injection of 1 ml/kg
normal saline; Group C and E, injection of 10 mg/kg HSYA
water solution; Group D, injection of 5 mg/kg HSYA water
solution; Group F, injection of 20 mg/kg HSYA water solu-
tion; Group G, injection of 0.1 mg/kg colchicine. HSYA and
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colchicine were dissolved in normal saline for filtration and
sterilization.

Sample collection and detection. Following establishment of
the rat model, the growth conditions of the rats in each group
were observed; the rats were weighed and a weight growth
curve was generated. At the 10™ week, all rats were fasted
for 24 h and were then administered 3.5% chloral hydrate.
After blood samples were collected via heart puncture, rats
were sacrificed via excessive blood loss. Blood samples were
collected via heart puncture, were maintained at room temper-
ature for 1 h, and were centrifuged at 3,000 /min for 15 min
at 4°C to separate serum, serum levels (TP, ALB, TCHO, TG,
HDL, LDL, ALT, AST and ALP) were detected according to
manufacturer's protocols. GLB content is equal to the total
protein content minus the albumin content (15). The livers
were also collected, separated and weighed to calculate the
liver to body weight ratio. Furthermore, tissue samples were
collected from the left lobe of the liver, fixed with paraformal-
dehyde, embedded with paraffin and cut into 4 ym sections.
The sections underwent hematoxylin-eosin (hematoxylin for
10 min and eosin for 3-5 min both at 25°C) and Masson (5 min
at 25°C) staining, and were observed under a microscope
(DM4000B; Leica Microsystems GmbH; Wetzlar, Gernman).
Tissue samples collected from the right lobe of the liver were
weighed, homogenized and detected according to manufac-
turer's protocols.

Statistical analysis. Statistical analysis was performed using
software SPSS 17.0 (SPSS, Inc., Chicago, IL, USA). All data
in the present study are expressed as x + s. Data were analyzed
using homogeneity of variances test and intergroup variance
analysis. P<0.05 was considered to indicate a statistically
significant difference.

Results

Effects of HSYA on physiological state, weight and liver/body
ratio in rats with hepatic fibrosis. A total of 20 rats died during
the present study (one rat in Group A, four in Group B, three in
Group C, four in Group D, three in Group E, three in Group F
and two in Group G). Rats in the normal group were lively and
exhibited a good appetite, with shiny fur and increased weight.
After the model was established, rats exhibited a decreased
appetite, little activity, low spirits, and had dry and lackluster fur.
From the third week, rat weight was significantly decreased in
Group B compared with Group A (P<0.01; Fig. 1A). Following
administration of HSYA and colchicine, food intake, mood
and fur condition were improved compared with in the rats in
Group B. As the duration of HYSA and colchicine administra-
tion increased, the weight of the rats increased compared with
in the model group. After 9 weeks, rat weight in Groups C, E
and F was higher than in Group B (P<0.01). Furthermore, the
liver tissue of the normal rats had a smooth surface, bright
reddish color and was soft to the touch. The liver tissue of rats
in Group B had a rough surface, increased volume, pale color,
was hard to the touch, and fine particles were observed on the
surface. In addition, some rats exhibited hepatic portal vein
varices, and the rats that died exhibited fluid retention in the
abdominal cavity. Compared with Group A, the liver/body ratio

in Group B was increased (P<0.01; Fig. 1B). Liver morphology
and color were slightly ameliorated in the drug-treated rats
compared with in Group B; however, fine particles were still
observed. Compared with Group B, liver/body weight ratio was
decreased, particularly in Groups C and E (P<0.01; Fig. 1B).

Effects of HSYA on pathological alterations of liver tissue
in rats with hepatic fibrosis. Under a light microscope,
hematoxylin-eosin staining demonstrated that hepatic lobules
in Group A rats were clear with an intact structure, the central
vein was surrounded by cords of liver cells that radiated out in
all directions, irregular hepatic sinusoid was seen among the
hepatic cords, and liver cells exhibited no necrosis or inflam-
matory cell infiltration (Fig. 2A). Parenchymal nodules, varying
from small to large, which are encircled by fibrotic bands were
observed, and these nodules commonly contain proliferating
hepatocytes (Fig. 2B). Compared with Group B, hepatic lobules
in drug-treated rats (Groups C-G) exhibited reduced structural
damage, decreased pseudolobules, cellular swelling, fatty degen-
eration, necrosis and inflammatory cell infiltration, particularly
in Group C (Fig. 2C). Masson staining results demonstrated
that the liver calls of rats in Group A were arranged normally
and few blue collagen fibers could be seen in the portal area
(Fig. 2H). Conversely, liver tissue of rats in Group B exhibited
marked collagen fiber proliferation, predominantly in portal
areas and the central vein, and pseudolobule formation was
detected (Fig. 2I). Liver tissue of rats in the drug-treated group
(Groups C-G) exhibited decreased deposition of collagen fibers,
thin fibrous septum and decreased pseudolobule formation
(Fig. 2J)

Effects of HSYA on protein metabolism in rats with hepatic
fibrosis. Compared with Group A, serum TP and ALB
levels in Group B were significantly decreased (P<0.01;
Figs. 3A and B); globulin (GLB) was increased (P<0.01;
Fig. 3C) and the albumin/globulin ratio (A/G) was decreased
(P<0.01; Fig. 3D). As compared with Group B, HYSA and
colchicine treatment resulted in an increase in ALB and
A/G ratio. In particular, serum ALB levels were increased in
Groups C and E (P<0.01).

Effects of HSYA on lipid metabolism in rats with hepatic
fibrosis. Compared with Group A, serum TCHO, TG, HDL
and LDL levels were significantly increased in Group B
(P<0.01; Fig. 4). As compared with Group B, following HSYA
and colchicine treatment, TCHO and TG were significantly
decreased (P<0.05), and HDL and LDL had the tendency to
decrease; however, no significant differences were detected
in HDL levels (P>0.05).

Effects of HSYA on serum ALT, AST and ALP levels in rats
with hepatic fibrosis. Compared with Group A, serum ALT,
AST and ALP levels in Group B were significantly increased
(P<0.01) and the DeRitis value (AST/ALT) was decreased
(P<0.01; Fig. 5). Compared with Group B, following treatment
with HSYA and colchicine, serum ALT and ALP levels were
decreased, particularly in Groups C, E and G (P<0.05). Serum
AST had the tendency to decrease; however, no significant
differences were detected (P>0.05). In addition, the DeRitis
value was significantly increased in Groups C and E (P<0.05).
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Figure 1. Effects of HSYA on (A) body weight and (B) liver/body weight ratio of rats. From the second week, rats in the model group exhibited naturally
decreased body weight, and liver/body weight ratio was increased compared with in Group A. “P<0.01 vs. Group A; “P<0.05,22P<0.01 vs. Group B. Group A,
normal control; Group B, hepatic fibrosis model group; Group C, HYSA prevention group; Group D, low dose HYSA group; Group E, moderate dose HYSA
group; Group F, high dose HYSA group; Group G, colchicine group. HYSA, hydroxysafflor yellow A; w, weeks.

Figure 2. Pathological alterations of liver tissue, as detected by (A-F) hematoxylin-eosin staining and (G-I) Masson staining. (A) Normal liver tissue in the
control group. (B) Hepatic lobules of rats in the model group exhibited damage, and developed a typical false flocculus structure. (C) Compared with the model
group, hepatic lobules in Group D exhibited reduced structural damage (magnification: x100). (D) Normal liver tissue in the control group. (E) Increased
proliferation of collagen fibers, typical pseudolobule formation, hepatic cords, cellular swelling, fatty degeneration, and necrosis and inflammatory cell infiltra-
tion were observed in model rats. (F) Compared with the model group, hepatic lobules in Group D exhibited reduced pseudolobule formation, cellular swelling,
fatty degeneration, necrosis and inflammatory cell infiltration, particularly in the hydroxysafflor yellow A prevention group (magnification, x400). (G) Normal
liver tissue in the control group. (H) Liver tissue of rats in the model group exhibited marked collagen fiber proliferation, predominantly in portal areas and
the central vein, and pseudolobule formation was observed. (I) Liver tissue of rats in Group D exhibited decreased deposition of collagen fibers, a thin fibrous
septum and decreased pseudolobule formation (magnification: x100).
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Figure 3. Effects of HSYA on (A) TP, (B) ALB, (C) GLB and (D) A/G ratio in rats with hepatic fibrosis. Compared with in Group A, serum TP, ALB and A/G
ratio were significantly decreased in in Group B, and GLB was increased. As compared with Group B, ALB and A/G ratio were increased in drug-treated
groups. Serum ALB was particularly increased in Groups C and E. “P<0.01 vs. Group A; *P<0.05, **P<0.01 vs. Group B. TP, total protein, ALB, albumin;
GLB, globulin; A/G, ALB/GLB; Group A, normal control; Group B, hepatic fibrosis model group; Group C, HYSA prevention group; Group D, low dose
HYSA group; Group E, moderate dose HYSA group; Group F, high dose HYSA group; Group G, colchicine group. HYSA, hydroxysafflor yellow A.
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Figure 4. Effects of HSYA on (A) TCHO, (B) TG, (C) HDL and (D) LDL in rats with hepatic fibrosis. Compared with Group A, serum TCHO, TG, HDL and
LDL levels were significantly increased in Group B. Compared with in Group B, following HSYA and colchicine treatment, TCHO and TG were decreased,
and HDL and LDL had the tendency to decrease. “P<0.05, “P<0.01 vs. Group A; *P<0.05, **P<0.01 vs. Group B. TCHO, total cholesterol; TG, triglycerides;
HDL, high-density lipoprotein; LDL, low-density lipoprotein; Group A, normal control; Group B, hepatic fibrosis model group; Group C, HYSA preven-
tion group; Group D, low dose HYSA group; Group E, moderate dose HYSA group; Group F, high dose HYSA group; Group G, colchicine group. HYSA,

hydroxysafflor yellow A.
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Figure 5. Effects of HSYA on (A) ALT, (B) AST, (C) DeRitis and (D) ALP in rats with hepatic fibrosis. Compared with Group A, ALT, AST and ALP levels
were significantly increased in Group B, and the DeRitis value was decreased. Compared with Group B, following treatment with HSYA and colchicine, ALT
and ALP levels were decreased, and AST had the tendency to decrease. The DeRitis value was significantly increased in Groups C and E. "P<0.05, “P<0.01 vs.
Group A; “P<0.05, **P<0.01 vs. Group B. ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase; Group A, normal
control; Group B, hepatic fibrosis model group; Group C, HYSA prevention group; Group D, low dose HYSA group; Group E, moderate dose HYSA group;
Group F, high dose HYSA group; Group G, colchicine group. HYSA, hydroxysafflor yellow A.

Effects of HSYA on serum hepatic fibrosis index in rats with
hepatic fibrosis. Compared with Group A, serum HA, LN, pcIll
and cIV levels in Group B were significantly increased (P<0.01;
Fig. 6). Compared with Group B, following treatment with
HSYA and colchicine, serum HA and LN levels were decreased
(P<0.05). pcllI levels in Group C, E and G were significantly
decreased (P<0.05). Only in Groups C and G were serum cIV
levels decreased (P<0.05).

Effects of HSYA on HYP, MDA and SOD in the liver tissue
homogenate of rats with hepatic fibrosis. Compared with
Group A, HYP and MDA levels in rat liver tissue homogenates
from Group B were significantly increased (P<0.01; Fig. 7A
and B), whereas SOD levels were decreased (P<0.01; Fig. 7C).
Compared with Group B, following treatment with HSYA and
colchicine, MDA levels in rat liver tissue homogenates were
significantly decreased in the treatment groups (P<0.05), except
for Group D. HYP levels in rat liver tissue homogenates were
significantly decreased in the treatment groups (P<0.05). SOD
levels were significantly increased in the treatment groups
compared with in Group B (P<0.05), except for Group D.

Discussion

Hepatic fibrosis, which is commonly seen in hepatic injury
and inflammation, and is caused by several pathogenic factors,
is a significant process in the development and deterioration
of liver cirrhosis and cancer. Hepatic fibrosis is considered

an important health concern worldwide, and accounts for
50% of the mortality rate of patients with liver cancer (16).
Despite the high incidence of hepatic fibrosis, no effec-
tive therapeutic method is available for clinical treatment.
Diversified drugs in Western medicine have been developed
for the treatment of hepatic fibrosis, predominantly those
used for antiviral therapy and liver protection. These drugs
can be effective in treating hepatic fibrosis through inhibiting
inflammation, decreasing extracellular matrix prolifera-
tion, promoting extracellular matrix degradation, improving
microcirculation and decreasing complications. Although
the efficacy of these drugs has been demonstrated in clinical
research, some problems remain that require resolving (17,18).
Traditional Chinese medicine has efficacy for the treatment
of complicated diseases and related concerns. The majority
of traditional Chinese medicines are used in combination for
several targets, including transforming growth factor-SMAD,
extracellular signal-related kinase/mitogen-activated protein
kinase and the nuclear factor xB signaling pathway, which can
inhibit the progression of hepatic fibrosis and liver cirrhosis
via multi-path and multi-level action (19-21).

In Chinese medicine, hepatic fibrosis belongs to the cate-
gory of hypochondriac pain, accumulation and scar, and the
main pathogenesis is considered the deficiency of Qi and blood
stasis (22). At present, the majority of studies have focused
on promoting circulation and removing stasis (23). Studies
regarding the pharmacology of traditional Chinese medicine
have demonstrated that promoting circulation and removing



MOLECULAR MEDICINE REPORTS 15: 47-56, 2017 53

A
E
o
£
0]
8
o
T
0.
Group Group Group Group Group Group Group
A B € D E F G
C
140+
1204
g 1001
(=5
£ 804
g
& 604
g 401
20+

0+
Group Group Group Group Group Group Group
A B c D E F G

B 100

- =23 o
(=] o (=]

LN level (ng/ml)

[~
o

0
Group Group Group Group Group Group Group
A B c D E F G

0
Group Group Group Group Group Group Group
A B c D E F G

Figure 6. Effects of HSYA on (A) HA, (B) LN, (C) pclll and (D) cIV in rats with hepatic fibrosis. Compared with Group A, HA, LN, pclIl and cIV levels in
Group B were significantly increased. Compared with in Group B, following treatment with HSYA and colchicine, HA and LN levels in each group were
decreased. pclll levels in Groups C, E and G were significantly decreased. Only in Groups C and E were serum cIV levels significantly decreased. “P<0.01 vs.
Group A; 2P<0.05, 2*P<0.01 vs. Group B. HA, hyaluronic acid; LN, laminin; pcIII, procollagen III N-terminal peptide; cIV, collagen type IV; Group A, normal
control; Group B, hepatic fibrosis model group; Group C, HYSA prevention group; Group D, low dose HYSA group; Group E, moderate dose HYSA group;
Group F, high dose HYSA group; Group G, colchicine group. HYSA, hydroxysafflor yellow A.

stasis results in regulation of hemorheological properties,
expands the circumference of blood vessels, increases blood
volume of organs and improves microcirculation (24,25).
In addition, these drugs can be used to reduce inflamma-
tion, induce analgesia and depress hematic fat, enhance the
tolerance of cells to hypoxia, increase SOD activity and
reduce tissue damage resulting from ischemia-reperfusion
injury (26,27). HSYA is a water-soluble monomer extracted
from safflower. The present study established a rat model of
hepatic fibrosis, and administered HSYA during the process of
hepatic fibrosis. Subsequently, the inhibitory effects of HSYA
on hepatic fibrosis, and the effects of HSYA on the changes to
serum and liver tissue homogenate indices were determined.
In particular, the present study explored the mechanism of
action of HSYA on hepatic fibrosis.

CCl,-induced hepatic fibrosis is a typical hepatic fibrosis
animal model, which is similar to human hepatic fibrosis in
morphology and pathophysiology. This model is widely used
for studying the pathogenetic mechanism of hepatic fibrosis
and for the evaluation of anti-hepatic fibrosis drugs (28). CCl,
is a selective toxicant in the liver, which can produce -CCl,
and -OOCl; via metabolism of P450, strengthen lipid peroxi-
dation, destroy the membranous structure of liver cells, and
induce liver cell necrosis and disorders in protein synthesis
and energy metabolism (29). Furthermore, it can induce acti-
vation of hepatic stellate cells and lead to excess deposition
of extracellular matrix, finally resulting in hepatic fibrosis.
In the present study, rats were simultaneously given ethanol
and a high-fat diet. Ethanol can produce toxic metabolites via

alcohol dehydrogenase and alcohol oxidase resulting in the
loss of liver cells, and can induce P450 activation, accelerate
liver cell necrosis and shorten the time of model establish-
ment. High-fat diet can result in increased levels of free fatty
acid in the liver. Excess free fatty acid in liver cells can lead
to fatty degeneration, activate relevant cytokines, stimulate
hepatic stellate cells and result in the development of hepatic
fibrosis (30). During the process of the present study, rat
mortality increased with extension of the model. However,
following treatment with HSYA and colchicine, health of the
rats in the treatment groups improved.

The results of the present study demonstrated that HSYA
resulted in resistance to CCl,-induced weight loss, and
improved the general condition of the rats with hepatic fibrosis.
In addition, compared with in Group B, liver samples exhibited
improved color and size, and had a smooth surface following
treatment, thus suggesting that HSYA intervention during the
process of hepatic fibrosis can improve the quality of life of
rats. Hematoxylin-eosin and Masson staining demonstrated
that HSYA intervention was able to relieve cellular swelling,
fatty degeneration, necrosis, inflammatory cell infiltration
and fibroblast proliferation, thus suggesting that HSYA could
protect against liver damage, and reduce the deposition of
collagen and injury of liver cells.

TP, ALB and GLB are important indices that reflect hepatic
function, which are predominantly used to detect chronic
hepatic injury and reflect the function of storing hepato-
cytes (31). The present study revealed that TP and ALB levels
were significantly decreased in Group B; and the inversion
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Figure 7. Effects of HSYA on (A) HYP, (B) MDA and (C) SOD levels in rats with hepatic fibrosis. Compared with Group A, HYP and MDA levels were
significantly increased in rat liver tissue homogenates in Group B, whereas SOD levels were decreased. Compared with Group B, following treatment with
HSYA and colchicine, MDA levels in rat liver tissue homogenates were significantly decreased in each group. HYP levels in rat liver tissue homogenates were
significantly decreased in the other groups, except for Group D. SOD levels were significantly increased in the other groups compared with Group B, except
for Group D. “P<0.01 vs. Group A; “P<0.05, #*P<0.01 vs. Group B. HYP, hydroxyproline; MDA, malondialdehyde; SOD, superoxide dismutase; Group A,
normal control; Group B, hepatic fibrosis model group; Group C, HYSA prevention group; Group D, low dose HYSA group; Group E, moderate dose HYSA
group; Group F, high dose HYSA group; Group G, colchicine group. HYSA, hydroxysafflor yellow A.

of the A/G ratio suggested the induction of hepatic function
injury. Following treatment with HSYA and colchicine, ALB
in Groups C and E was increased (P<0.01), suggesting that
ALB content was positively associated with liver cell number
and function. Following model establishment, ALB levels
were decreased, which indicated severe liver cell necrosis;
following HSYA and colchicine treatment, increased ALB
levels indicated effective treatment.

Liver cell injury can result in aberrant lipid metabolism,
which is predominantly manifested as lecithin cholesterol
acyltransferase deficiency and decreased activation of lipopro-
tein lipase (32). The present study demonstrated that TCHO,
TG, HDL and LDL were increased in Group B compared
with in Group A (P<0.01), suggesting the presence of aberrant
lipid metabolism caused by liver cell injury. Following treat-
ment with HSYA and colchicine, TCHO and TG levels were
reduced, suggesting that HSYA may improve lipid metabolism
and promote the recovery of liver cell function.

ALT and AST in the cytoplasm release into the plasma
when liver cells are damaged and permeability of liver
membranes is increased, thus leading to increased ALT and
AST activation (33). ALT predominantly exists outside of the
mitochondria, whereas ~80% AST exists in the mitochondria.
Moderate liver cell injury leads to an increased leakage of
ALT, more so than AST. Severe liver cell injury results in
mitochondrial membrane impairment and the release of AST,
thus resulting in an increased DeRitis ratio. The majority of

ALP found in the serum is from the liver and skeleton; there-
fore, serum ALP levels can serve as an examination index for
liver diseases (34). The present study demonstrated that serum
ALT, AST and ALP levels were increased in Group B (P<0.01).
Higher serum ALT levels, rather than AST levels, and a DeRitis
ratio <1 indicate a high degree of hepatic fibrosis. Following
drug treatment in the present study, the results demonstrated
that HSYA was able to reduce the levels of ALT and AST
in rats with hepatic fibrosis, particularly in Groups C and E
(P<0.05). These results suggested that HSYA can regulate
CCl,-induced liver cell injury and improve hepatic function.

Serum HA, LN, pclll and cIV are degradation products
of collagen tissue, which reflects the change of extracellular
matrix during the process of liver fibrosis. They are commonly
used to diagnose hepatic fibrosis in clinical practice (35). HA
is a type of proteoglycan, which is formed due to the covalent
binding between protein and glycosaminoglycan. It is synthe-
sized by interstitial cells and is the main component of the
extracellular matrix. HA is absorbed into the blood through
the lymph, is degraded following uptake by hepatic sinusoidal
endothelial cells, and is finally discharged via the liver. The
synthesis and discharge of HA is relatively stable, and the
serum content of HA is usually very low. HA is significantly
synthesized in chronic hepatic disease, particularly in hepatic
fibrosis. Due to endothelial cell damage, the uptake and degra-
dation of HA is decreased, resulting in significantly increased
levels of serum HA (36,37).
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LN is a macromolecular noncollagenous glycoprotein that
is present in the extracellular matrix of the liver. LN is present
in the stratum lucidum of the basement membrane, and the
content is usually very low in the serum. LN settles in hepatic
sinusoids during fibrosis, and LN content is related to hepatic
fibrosis and the degree of inflammatory cell infiltration,
promoting hepatic sinusoid capillarization. LN is a key factor
in the induction of portal hypertension (38).

pclll is an amino-terminal polypeptide formed by
collagen III decomposition via amino-terminal peptidase
prior to the secretion of collagen III outside the liver for
settlement, which can directly reflect the metabolic status
of collagen III. During the early stage of hepatic fibrosis,
collagen III levels are increased; therefore, pclll is consid-
ered a sensitive indicator for early hepatic fibrosis. Serum
pclll levels are closely associated with the degree of hepatic
fibrosis, and its increase is associated with inflammation and
necrosis (39).

clV is combined with LN, and co-exists in the basement
membrane of blood vessels, adjusting the adhesion, growth and
differentiation of cells. There is no significant cIV settlement
in normal hepatic sinusoids; however, during liver fibrosis, cIV
synthesis increases, there is a large amount of deposition in
the liver blood sinus endothelial cells, alongside LN, which
is involved in the formation of liver fibrosis (40). The main
pathological alteration associated with hepatic fibrosis is an
excessive deposition of several types of extracellular matrix
proteins, including collagen, proteoglycan and fibronectin,
resulting in hepatic fibrosis, or even cirrhosis. Hepatic fibrosis
can be diagnosed by the joint detection of serum HA, LN,
pclll and cIV. Their levels are related to the severity of chronic
hepatic disease (41). This study indicated that HA, LN, pclll
and cIV were reduced following treatment with HSYA, which
implied an inhibiting effect on synthesis and deposition of
rat’s extracellular matrix during fibrosis, and then decreased
hepatic fibrosis degree. However, further studies regarding the
mechanism of action are required.

HYP is a specific amino acid and is a major component
of collagenous fiber. HYP content in liver tissue can reflect
collagenous fiber content relatively accurately (42). The present
study demonstrated that HYP in liver tissue was significantly
increased following induction of hepatic fibrosis by CCl,,
which indicated active collagen hyperplasia. This result was
in accordance with those of previous reports (43,44), thus
indicating generation of a successful model. Conversely, HYP
content was significantly decreased following treatment with
various doses of HSYA. The results from Groups C and E
were particularly obvious, thus indicating a good preventative
effect of HYSA on the degree of hepatic fibrosis in experi-
mental rats.

It has been indicated that single liver cell damage is not
enough to induce hepatic fibrosis, however, lipid peroxidation is
one of the main links during hepatic fibrosis caused by various
factors (45). MDA is the final decomposition product following
lipid peroxidation, which is caused by free radicals attacking
the polyunsaturated fatty acids in biological membranes; MDA
content can be used to reflect the degree of lipid peroxidation in
cells (46). SOD is a principal antioxidant, which catalyzes the
dismutation of the superoxide anion free radical, resulting in
elimination of the superoxide anion free radical and protection

of cells from damage (47). In the present study, MDA and SOD
levels were detected, indirectly reflecting the degree of lipid
peroxidation damage to liver tissue. The results demonstrated
that MDA levels in the liver tissue homogenates of Group B
rats were significantly increased (P<0.01), whereas SOD levels
were markedly decreased (P<0.01), indicating severe liver cell
damage induced by hepatic fibrosis. Conversely, HSYA could
enhance SOD activity and reduce MDA levels, thus inhibiting
lipid peroxidation caused by free radicals, inducing protection
of liver cell structure and strengthening antioxidant functions.
These results indicated that HSYA may be involved in the
repair of damaged liver cells.

In conclusion, HSYA serves certain roles in improving
hepatic function and alleviating hepatic fibrosis. Its under-
lying mechanism may be associated with liver cell protection,
metabolic adjustment of extracellular matrix molecules, and
inhibition of lipid peroxidation. These results provide the
experimental basis for the use of HSYA in clinical application
for hepatic fibrosis treatment. The cause and pathogenesis of
hepatic fibrosis are complex; therefore, it remains unclear
the underlying mechanisms of HSYA anti-hepatic fibrosis
effects. More comprehensive studies regarding the effects of
HYSA at the cell, sub-cell, protein and molecular level are
required.
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