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 Background: Our aim was to study the effect of caffeic acid phenethyl ester (CAPE) on iNOS and cystathionine gamma-lyase 
(CSE) of hepatic fibrosis rat, and discuss the anti-hepatic fibrosis mechanism of caffeic acid phenethyl ester.

 Material/Methods: We observed changes of NO and H2S in serum of hepatic fibrosis rats. Enzyme-linked immunosorbent assay 
was used to test OD value of iNOS and CSE in serum of each. The expressions of iNOS and CSE protein in the 
liver were also detected by immunohistochemistry.

 Results: Compared with the model group, the expression of NO and iNOS was decreased obviously and the level of H2S 
and CSE was increased in the CAPE group.

 Conclusions: CAPE has the effect of anti-hepatic fibrosis, which can be realized through adjusting the expression level of 
iNOS and CSE.
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Background

Liver fibrosis and its end-stage manifestation of cirrhosis rep-
resent clinical challenges worldwide. Hepatic stellate cell (HSC) 
activation is the cardinal feature that results in hepatic fibro-
sis [1]. When stimulated by reactive oxygen species or cyto-
kines in response to various hepatic insults, quiescent HSCs 
are transformed to myofibroblasts (MF-HSCs) that proliferate 
and secrete collagen [2–4]. Hepatic fibrosis (HF) is a compensa-
tory response of the liver to repair injuries caused by a variety 
of factors. These injury-induced factors may cause the prolif-
eration and activation of hepatic stellate cells (HSC), resulting 
in the excessive deposition of the extracellular matrix (ECM) 
in the liver, which is the main cause of liver fibrosis [5]. Recent 
studies have proved that hepatic fibrosis is a reversible dis-
ease; therefore, studying the stages and mechanism of its re-
version is of great significance in treating liver fibrosis. Caffeic 
acid phenethyl ester (CAPE) is a kind of flavonoid extracted 
from propolis [6]. It has been reported that CAPE can inhibit 
the hepatotoxicity caused by carbon tetrachloride (CC14) [7]. 
However, there is limited research on its exact molecular tar-
get. NO (nitric oxide) and hydrogen sulfide (H2S) are 2 gaseous 
signaling molecules that play an important role in the forma-
tion liver fibrosis [8]. Induced nitric oxide synthase (iNOS) and 
cystathionine gamma-lyase (CSE) are synthetic enzymes of NO 
and H2S [9]. The present study may further clarify the possible 
anti-fibrosis mechanisms of CAPE by elucidating its effects on 
the iNOS and CSE expression of rats with liver fibrosis.

Material and Methods

Reagents

The reagents used were: Colchicine (Xishuangbanna 
Pharmaceutical Co., Ltd.); CC14 (Tianjin Bodie Chemical Co.); 
SP immunohistochemical kit (Beijing Zhongshan Golden Bridge 
Biotechnology Co., Ltd.); ELISA kit (Santa Cruz); NO kit (Nanjing 
Jiancheng Bioengineering Institute); and iNOS, CSE polyclonal 
antibody (Wuhan Boster Biological Engineering Co., Ltd.).

Establishment of animal model and grouping

We randomly assigned 60 male SD rats of clean grade (pro-
vided by the Green Leaf Pharmaceutical Co., Ltd. in Yantai, 
Shandong), weighing (180±30 g) into 4 groups: the normal 
control group, the liver fibrosis model group, the CAPE group, 
and the colchicine group. Each group included 15 rats. Rats in 
the normal control group had free access to food and water 
and were given 3 ml/kg of soybean oil by gavage once every 2 
days. CC14 compound modeling method was used on the other 
3 groups to create rat models with hepatic fibrosis [10]; and 3 
ml/kg of 30% oil solution made by mixing CC14 with soybean 

oil in a proportion of 3:7 were administered by gavage once 
every other 2 days. From the second week of modeling, wa-
ter with 10% ethanol was given to the rats as the only source 
of drinking water, and lard was added to the food in the pro-
portion of 2:8. From the third week, the 3 model groups were 
given 1 ml/kg of saline, C10 mg/kg of APE, and 0. 1 mg/kg of 
colchicine sequentially; intraperitoneal injections were given 
5 times a week for 8 consecutive weeks.

Sampling methods

In the 10th week, all rats were anesthetized by 45 mg/kg of 
2% pentobarbital sodium through intraperitoneal injection. 
Serum samples were centrifuged after 30 minutes and were 
preserved at 20°C until use. The right lobe tissues of the rats 
were taken after being fixed with 40% paraformaldehyde per-
fusion. The tissue samples were fixed in 4% paraformaldehyde 
and then were preserved after being routinely embedded in 
paraffin and sliced into sections5-μm thick.

Determination of contents of NO and H2S in serum

According to instructions of the NO kit, nitrate reductase meth-
od was used to measure the contents of nitrate (N02

–) and ni-
trite (N03

–) in serum. Sensitive sulfur electrode assay was used 
to measure the content of sulfide in serum and to calculate 
the concentration of H2S.

Enzyme-linked immunosorbent assay (ELISA)

The double-antibody sandwich assay was performed as follows. 
(1) Coating: the antibodies were diluted with 0.05 mol/L of PH 
9. 6 carbonate coating buffer solution to decrease its protein 
content to 1~10 μg/ml and 0.1 ml of the solution was added 
into each polystyrene plate, staying overnight at 4°C. The solu-
tion was discarded the next day. The reaction hole was washed 
by buffer solution 3 times for 3 min each time. (2) Sample add-
ing: 0. 1 ml of serum was added into the coated reaction holes. 
The reaction holes were incubated for 1 h in 37°C and then 
washed. (3) Adding HRP: 0.1 ml of freshly diluted HRP was add-
ed into each reaction hole. The solution was incubated in 37°C 
for 0.5~1 h and then washed. (4) Adding a substrate VIS col-
or: TMB substrate is was added to each well with extempora-
neous 0.1 ml, 37°C 10~30 min (5). Terminating the reaction: 
0.05 ml of 2 mol/L sulfuric acid was added to each reaction 
hole. (6) Results: the OD value was measured by the ELISA de-
tector at 450 nm after the blank control hole was set to zero. It 
was positive if the OD value was 2.1 times the negative value.

Immunohistochemistry SP method and image analysis

The immunohistochemical SP kit was used. After paraffin sec-
tioning and dewaxing, the samples were processed by the 
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following steps. (1) Incubated for 30 min in 3% hydrogen per-
oxide and methanol at room temperature and repaired by mi-
crowave into citrate buffer solution for 10 min. (2) Incubated 
at 37°C with 10% goat serum blocking solution for 30 min. 
(3) Adding rabbit anti-iNOS, CSE polyclonal antibody, and kept 
overnight at 4°C. (4) Adding the secondary antibody dropwise 
and incubating for 30 min in 37°C. (5) Adding DAB color liq-
uid dropwise and developing for 10 min at room tempera-
ture (after observing the coloration under a microscopic). (6) 
Dehydrating by graded ethanol, making transparent by xy-
lene, mounting with the neutral gum, and examining under a 
microscopic. PBS replaced the primary antibody in the nega-
tive control test. Other tests followed similar steps as those 
described above.

Protein expression in each group was observed under a mi-
croscope and the IMAGE-PROPLUS image analysis system was 
used to analyze the test results.

Statistical analysis

The Statistical Package for Social Sciences software (SPSS, Inc., 
Chicago, IL, USA), version 16.0 for Windows was used for sta-
tistical analysis. The clinical data are presented as mean ±SD 
and compared between groups by the Student’s t-test. P<0.05 
was considered to indicate a statistically significant difference.

Results

Morphological observation

Livers of rats in the normal group were reddish brown and soft 
with smooth surface and were normal size. Livers of rats in 
the model groups were significantly shrunken and hardened; 
they were dark red with greasy and grainy surface and slight-
ly blunt edges. Liver surfaces of rats in the CAPE group were 
dark red, and were less rough, grainy, and greasy than that 
of the model group.

Figure 1.  Liver tissue stained by hematoxylin and eosin in each group, ×100. (A) Control group; (B–D) Colchicine.

A B

C D
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Lobular structure of rats in the normal group could be ob-
served clearly under a light microscope. The liver cells were 
morphologically intact, arranged radially along the central vein, 
and interwoven like a net; liver cells of the model group were 
edematous with significant fatty degeneration, and most of 
the normal lobular architecture was destroyed or had disap-
peared. Liver lobules was segmented and surrounded by the 
collagen fibers produced by the liver tissue hyperplasia, form-
ing the pseudolobules; the liver injuries in the CAPE group 
were significantly improved. The fibrosis hyperplasia, liver cell 

edema, and fatty degeneration were significantly alleviated. 
Pseudolobules could be clearly seen (Figure 1).

Determination of serum

The NO content in serum of the liver fibrosis group was high-
er than that of the normal group, and its H2S level was lower 
than that of the normal group (P<0.05). NO contents in serum 
of CAPE group and the colchicine group were lower than that 

Group NO H2S

Control  21.83±8.75  314.39±23.22

Model  76.69±12.46*  101.64±13.36*

CAPE  42.75±7.59*,**  245.57±18.95*,**

Colchicine  39.73±2.54*,**  269.49±15.23*,**

Table 1. Concentration of NO and H2S in serum of rats in each group (n=15, mean ±SD, μmol/L).

* P<0.05 vs. control; ** P<0.05 vs. model.

Figure 2.  Expression of iNOS in liver of each group, ×400. (A) Control group; (B) Model group; (C) CAPE; (D) Colchicine

A B

C D
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of the model group, and its H2S level was higher than that of 
the model group (P<0.05) (Table 1).

ELISA determination

The OD values of CSE iNOS in serum of rats in each group are 
shown in Figure 2. The iNOS level of the liver fibrosis mod-
el group was higher than that of the normal group, and CSE 
was lower than that of the normal group (P<0.05). The iNOS 
levels of the CAPE group and the colchicine group were lower 

than that of the model group, and their CSE levels were high-
er than that of the model group (P<0.05).

Immunohistochemical tests

The iNOS and CSE expression could be mainly seen in the liver 
cells (Figures 2, 3). The iNOS protein expression of the model 
group increased more than that of the normal group, while its 
CSE protein expression became less than that of the normal 
group. The differences between the 2 groups were statistically 

Figure 3.  Expression of CSE in liver of each group, ×400. (A) Control group; (B) Model group; (C) CAPE; (D) Colchicine.

A B

C D

Group
Serum (OD) Liver (A value)

iNOS CSE iNOS CSE

Control  29.57±5.39  53.64±3.74  41.00±1.65  68.17±1.86

Model  38.16±2.24*  32.76±4.15*  57.04±3.65*  44.2±2.80*

CAPE  32.53±2.25**  42.15±3.53**  49.68±2.14**  56.02±3.41**

Colchicine  30.42±3.68**  46.46±4.42**  45.63±1.48**  58.23±2.34**

Table 2. OD in the serum of rats and expression of iNOS and CSE in the liver of each group (n=15, mean ±SD).

* P<0.05 vs. control; ** P<0.05 vs. model.
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significant (P<0.05). Compared with the model group, the iNOS 
protein expression of liver tissues in the CAPE group became 
less, and its CSE protein expression increased (P<0.05) (Table 2).

Discussion

In Western medicine, liver fibrosis is commonly treated by col-
chicine and interferon. However, due to the serious adverse 
effects, they are strictly prescribed, which make traditional 
Chinese medicine the focus of research. CAPE is a major ac-
tive component of propolis. It is a popular topic of research 
outside China on the active components of propolis in recent 
years. It can combat oxidation, inflammations, and cancers, and 
can regulate the immune system [11,12]. For instance, it can 
inhibit the expression of matrix metalloproteinases (MMP-2), 
playing a key role in preventing the metastasis of liver cancer 
cells [13]. It can also reduce the consumption of superoxide 
dismutase enzyme to resist oxidation by scavenging reactive 
oxidative substances, inhibiting the activity of xanthine oxi-
dase and NOS [14]. It is a classic method to build the liver fi-
brosis models with CC14, which has been widely used in study-
ing the screening and mechanisms of the anti-hepatic fibrosis 
drugs. Our study suggests that after getting liver fibrosis in-
duced by CC14 and being given the CAPE treatment, the liver 
structures and liver injuries of rats in the liver fibrosis group 
improved more significantly than in the model group, indicat-
ing that CAPE has some therapeutic effects on liver fibrosis.

NO is a substance with a variety of bioactivities. Endogenous 
NO is generated by L-arginine (L-Arg) decomposition sub-
strated by nitric oxide synthase (NOS). NOS includes neuro-
nal NOS (nNOS), endothelial NOS (eNOS), and inducible NOS 
(iNOS). Under normal circumstances, eNOS is the main type 
of liver tissue NOS. It is secreted by the liver sinusoidal endo-
thelial cells and acts on HSC through the paracrine to main-
tain its diastolic state, inhibit proliferation and migration, and 
to promote apoptosis of HSC [15,16]. iNOS is induced by liv-
er toxins and some cytokines. The cytotoxic effects caused 
by the over expression of NO can stimulate the inflammato-
ry process and may be involved in the pathological process-
es of liver fibrosis and other liver diseases [17,18]. According 
to our study, increases in NO and iNOS levels can be seen in 

rats with liver fibrosis, which is consistent with the study re-
sults of Liuch and other researchers [5,19], indicating that the 
liver fibrosis is promoted by the inflammation of and damage 
to liver cells caused by NO. The immunohistochemical tests 
show that iNOS levels increase degree of damage degree, in-
dicating that the high expression of iNOS in liver cells is asso-
ciated with the occurrence of liver fibrosis. iNOS is involved 
in the chronic liver fibrosis damage of rats induced by CC14. 
After adding CAPE, the expression of iNOS decreases signif-
icantly and the liver cell damages are also greatly improved, 
indicating that CAPE may reduce NO synthesis by inhibiting 
the expression of iNOS in damaged liver cells to exert an an-
ti-fibrosis function.

Endogenous H2S is the third gaseotransmitter that can cause va-
sodilation, following NO and CO. It is generated mainly through 
cystathionine p-synthase and CSE catalytic L-cysteine in the 
body [20,21]. HSC is a major source of cells generating ECM 
during liver injuries, playing an important role in mechanisms 
of occurrence and development of liver fibrosis. Studies have 
shown that H2S could inhibit the proliferation of HSC, reduce 
the oxidative damages of oxygen under stress, and can pro-
tect liver fibers. H2S can inhibit the synthesis of the type I and 
III procollagen [22], by which it can suppress the formation of 
liver fibrosis. This study shows that H2S content of the liver fi-
brosis group was reduced, which is consistent with the study 
results mentioned above. After being given CAPE, the produc-
tion of H2S increased, thereby inhibiting the synthesis of col-
lagen and alleviating the liver fibrosis. The increased expres-
sion of CSE could be observed in the liver tissues, suggesting 
that the CAPE managed to reduce the liver tissue damages 
caused by CC14 by promoting the synthesis of H2S. However, 
more attention should be paid to its mechanism, as well as 
safety and effectiveness in clinical use.

Conclusions

Our study results indicate that the CAPE can alleviate the liver 
damages by affecting the generation of H2S and NO through 
interfering with the expressions of iNOS and CSE. CAPE can 
inhibit the formation of liver fibrosis in rats, which provides 
new ideas for the treatment of liver fibrosis.
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