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Abstract 

Background: Oxidative stress is involved in the hypocontractility of visceral artery to vaso-
constrictors and formation of hyperdynamic circulation in cirrhosis with portal hypertension. In 
the present study, we investigated the effect of reactive oxygen species (ROS) on the mesenteric 
artery contractility in CCl4-induced cirrhotic rats, and the roles of G protein-coupled receptors 
(GPCRs) desensitization and RhoA /Rho associated coiled-coil forming protein kinase (ROCK) 
pathways. 
Methods: The mesenteric artery contraction to norepinephrine (NE) was determined by vessel 
perfusion system following treatments with apocynin, tempol or PEG-catalase. The protein ex-
pression of α1 adrenergic receptor, β-arrestin-2, ROCK-1, moesin and p-moesin was measured by 
western blot. The interaction between α1 adrenergic receptor and β-arrestin-2 was assessed by 
co-immunoprecipitation. 
Results: Pretreatment with apocynin or PEG-catalase in cirrhotic rats, the hydrogen peroxide 
level in the mesenteric arteriole was significantly decreased, and the dose-response curve of 
mesenteric arteriole to NE moved to the left with EC50 decreased. There was no significant change 
for the expression of α1 adrenergic receptor. However, the protein expression of β-arrestin-2 
and its affinity with α1 adrenergic receptor were significantly decreased. The ROCK-1 activity and 
anti- Y-27632 inhibition in cirrhotic rats increased significantly with the protein expression un-
changed. Such effects were not observed in tempol-treated group. 
Conclusion: The H2O2 decrease in mesenteric artery from rats with cirrhosis resulted in down 
regulation of the β-arrestin-2 expression and its binding ability with α1 adrenergic receptor, 
thereby affecting the agonist-induced ROCK activation and improving the contractile response in 
blood vessels. 

Key words: Reactive oxygen species; hypocontractility; mesenteric artery; norepinephrine; portal 
hypertension. 

Introduction 
Hyperdynamic circulation associated complica-

tions such as esophageal variceal hemorrhage is one 
of the important reasons for the deaths in patients 

with cirrhosis and portal hypertension [1]. Vasodila-
tion resulted from hypo-contraction of arteries to 
vasoconstrictors plays a key role for the formation of 
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portal hypertension and hyperdynamic circulation, 
which is involved in the increased affinity between G 
protein-coupled receptors (GPCRs) and the 
β-arrestin-2, strengthening the receptor desensitiza-
tion and affecting Rho associated coiled-coil forming 
protein kinase (ROCK) in RhoA/ROCK pathway 
[2-4]. 

Sympathetic nervous system excitation will 
stimulate the generation of reactive oxygen species 
(ROS) in blood circulation upon the formation of cir-
rhosis with portal hypertension. In addition, the high 
concentrations of angiotensin II in the plasma can 
activate the production of vascular endothelial cell 
membrane-associated NAD (P) H oxidase and su-
peroxide anion (O2.-), resulting in oxidative stress in 
visceral and peripheral blood vessels [5,6]. ROS is 
involved in many biological processed such as lig-
and-receptor interaction, activation of transcription 
factors and gene expression. Therefore, the intracel-
lular ROS, especially hydrogen peroxide (H2O2), are 
considered to be new second messengers, which affect 
Ca2+ signaling pathway and the contractile function of 
vascular smooth muscle cells [7]. The O2.- only func-
tioned as an intracellular signaling molecule due to its 
difficulty of diffusion across cell membranes, whereas 
H2O2 both functions in intra/extracellular signal 
transduction pathway. 

The shearing force to the vascular wall is in-
creased due to the hyperdynamic circulation status in 
cirrhosis, resulting in increased ROS level in the vas-
cular wall. N-acetylcysteine inhibits ROS production 
and effectively alleviates the hyperdynamic circula-
tion in cirrhotic rats [8]. Vitamin C significantly de-
creases the ROS level and improves the hyporeactiv-
ity of forearm artery to vasoconstrictors such as nore-
pinephrine (NE) and AT-II in patients with liver cir-
rhosis Child-Pugh grade C [9]. Losartan or apocynin 
reduces ROS content and ameliorates the low re-
sponses of blood vessel to vasoconstrictor in the 
mesenteric artery in rats induced by bile duct ligation 
[10]. Recent studies have reported that ROS can affect 
the function of ROCK in vascular smooth muscles in 
vascular diseases such as pulmonary hypertension 
[11], hypertension [12,13] and cerebrovascular disease 
[14]. Therefore, we speculate that ROS may be par-
ticipated in the regulation of ROCK in vascular 
smooth muscle. 

In the present study, the contractile response of 
mesenteric artery to NE was determined before/after 
reducing the ROS levels in CCl4-induced cirrhotic rats 
with portal hypertension. Our research aimed to ex-
plore the roles of ROS in mesenteric artery contractil-
ity, GPCRs desensitization and RhoA/ROCK path-
way in cirrhotic rats. 

Materials and Methods 
Materials 

Healthy male Sprague-Dawley rats weighing 120 
to 130 g were provided by Experimental Animal 
Center of School of Medicine, Shanghai Jiaotong 
University. The following antibodies were used in the 
study: Rabbit anti-ROCK-1 antibody (CST, American), 
normal rabbit IgG (sc-2027), rabbit anti-mosein anti-
body (sc-6410), rabbit anti-phospho-moesin threonine 
555 (sc-12895), mouse anti-β-arrestin-2 antibody 
(sc-6387), rabbit anti-α1 adrenergic receptor antibody. 
These antibodies were purchased from Santa Cruz, 
American. H2O2 detection kit and dihydroethidium 
(DHE) was purchased from Merck, Germany. 
Apocynin, tempol, PEG-catalase and Y27632 were 
purchased from Sigma, American. 

Experimental animal preparation and 
grouping 

Establishment of animal model was conducted 
according to the previous study [4]. To be brief, 60% 
CCl4 oil solution was injected intramuscularly ac-
corded with dose volume 0.4ml/100g body weight, 2 
times a week while drinking 5% ethanol. Within 14 to 
16 weeks, this procedure led to the rat liver cirrhotic 
nodules with portal hypertension. When rats pre-
sented ascites, the exposure to CCl4 and alcohol was 
stopped for 7 days, and experiments were performed 
subsequently. Age-matched but untreated rats served 
as noncirrhotic controls. 

Animals were randomly divided into groups. 
Rats with cirrhosis and portal hypertension were di-
vided into four groups, i.e., PHTA (portal hyperten-
sion rats treated with apocynin), PHTT (portal hy-
pertension rats treated with tempol), PHTP (portal 
hypertension rats treated with PEG-catalase) and 
PHTC (portal hypertension rats with vehicle). Normal 
rats were also divided into four groups, i.e., NA 
(normal rats treated with apocynin), NT (normal rats 
treated with tempol), NP (normal rats treated with 
PEG-catalase) and NC (normal rats treated with vehi-
cle).  

Apocynin (30mg/kg/d), tempol (30mg/kg/d) 
and PEG-catalase (10000u/kg/d) were dissolved in 
saline solution, filter sterilized with syringe filter and 
injected intraperitoneally. The control group was in-
jected with saline solution. All rats were injected in-
traperitoneally once a day for 14 consecutive days. 
Based on previous studies, the injection dose and 
administration time of anti-oxidants were sufficient to 
reduce the levels of oxidative stress in the tested rats 
[15-18]. 
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Sampling and stimulation 
Rats were anesthetized with ketamine through 

intramuscular injection (250mg/kg) and then fixed. 
Cut the abdomen in the midline and remove the 
mesenteric artery, as well as the connected mesentery 
and intestine, and divide the specimens into two 
groups. For the first group, we preserved them in 
3-(N-morpholino) propanesulfonic acid 
(MOPS)-buffered physiological salt solution 
(MOPS-PSS) (0~4 °C; pH 7.4) that was composed of 
NaCl (145 mmol/L), KCl (5.0 mmol/L), CaCl2 (2.0 
mmol/L), MgSO4 (1.0 mmol/L), NaH2PO4 (1.0 
mmol/L), dextrose (5.0 mmol/L), pyruvate (2.0 
mmol/L), EDTA (0.02 mmol/L), and MOPS (3.0 
mmol/L) [19].These specimens were used to dissect-
ing the third-order arterioles. For the second group, 
all of the mesenteric arteries were drawn out and 
frozen in liquid nitrogen immediately or transferred 
to MOPS-PSS and incubated at 37 °C for 30 min. NE 
was then added to the MOPS-PSS at a final concen-
tration of 10 μM. The samples were incubated for an-
other 20 min and then stored in liquid nitrogen for 
later use. Alternatively, the specimens were incubated 
in MOPS-PSS for 20 min at 37 °C without stimulation 
by NE and then frozen in liquid nitrogen. 

ROS measurement with Dihydroethidium 
(DHE) 

Dihydroethidium oxidative fluorescence dye 
was used to evaluate the in situ production of ROS, as 
previously described [20]. Mesenteric artery was cut 
into slices with 10 μm in thickness by means of a 
Frozen Slicer. DHE probe was dissolved with DMSO 
(dimethyl sulphoxide, DMSO), diluted with 
MOPS-PSS to a final concentration of 10 μmol / L. 
100μl of DHE probe solution was added dropwise to 
the slice surface, and immediately placed in the dark 
moisturizing box at 37℃ for 30 min. The sections were 
placed under a fluorescence microscope (Olympus, 
Japan) and observed with 535 nm wavelength. The 
images were collected using software for analysis. 

Measurement of H2O2  
Divalent iron ions were oxidized to ferric ions 

with H2O2 and formed a purple product with xylenol 
orange, which can be used for the detection of H2O2. 
To be brief, 10mg mesenteric artery tissue was ho-
mogenated, centrifugated at 4℃ with 12000g for 5 
minutes, and the supernatant was used for subse-
quent experiment. All experiments were operated on 
ice. Finally, the test tubes containing 50μl of superna-
tants and 100μl of test solutions were placed at room 
temperature for 20 min and measured instantly with a 
spectrometer (Pharmacia, Sweden) at a wavelength of 
560 nm. The concentration of H2O2 released was cal-

culated according to standard concentration curve 
originated from standard solutions upon the identical 
experiments. 

Determination the reactivity of mesenteric 
arteriole to NE 

With a dissecting microscope, the third-level of 
arteriole in mesentery was sharply dissected and 
transferred to a vascular perfusion system containing 
MOPS-PSS (0~4℃, pH = 7.4). Glass micropipette 
(containing MPS-PSS with the top diameter 50μm) 
was inserted to one end of arteriole and fixed with 
11-0 single-strands. Blood were flushed out with the 
perfusion pressure of 8mmHg and keep the other end 
of blood vessels open. Then insert another glass mi-
cropipette to the other end of the lumen and fix it with 
11-0 line.  

The vascular diameter was measured with mi-
croscope camera system and displayed on computer 
screen. The diameter change was determined by arte-
riole imaging feet and data were stored in computer. 
The diameter of blood vessels under the pressure of 
80 mmHg for 30 min was recorded as that of the basic 
state. According to the cumulative concentration 
method, NE was added to the vascular tank with the 
concentration from 10-7 to 10-5 M and followed by re-
cording the contraction rate of blood vessels under 
different concentrations. Cumulative dose- response 
curve for NE was drawn on the basis of contraction 
rate, i.e., the ratio of intravascular diameter change to 
maximum diameter. Vasoconstriction rate and the 
logarithm of NE concentration were used as vertical 
axis and abscissa, respectively. Compare the differ-
ence of curves among groups and record the NE con-
centration when the contraction rate is 50% (i.e., EC50). 

To further investigate the role of ROCK in the 
vascular smooth muscle contractility of mesenteric 
artery affected by ROS, the effect of Y-27632 (a ROCK 
specific inhibitor), was observed. The above eight 
groups were divided into two subgroups: Y-27632 
was added to one subgroup with a final concentration 
of 1 μM in MOPS-PSS for 30min, referred to (Y-27632 
+) group; another subgroup was added with the same 
amount of MOPS-PSS, referred to (Y-27632-) group 
[2]. Then record the vascular contractility stimulated 
with different concentrations of NE (510-7M, 
110-6M, 510-6M and 110-5M). To reduce experi-
mental error, two arterioles were taken from the same 
position and the reactivity to NE was measured under 
the same condition. 

 Western blot 
The expression levels of the following proteins 

were detected by western blot: α1 adrenergic recep-
tors, β-arrestin-2 and ROCK-1, as well as moesin and 
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phosphorylation of moesin (p-moesin). Activity of 
ROCK was assessed via the phosphorylation state of 
the ROCK substrate moesin at threonine 558 [21,22]. 
Using β-actin as an internal reference, the protein 
quantitative analysis was calculated by digital imag-
ing software (Kodak, American). 

Co-immunoprecipitation 
Frozen mesenteric artery was thawed, homoge-

nated in 1 ml cell lysate, and centrifuged at 10000 g for 
15 min. The concentration of protein extracts was 
measured by the BCA protein Assay Kit (Pierce, 
USA). Protein extracts were incubated with normal 
rabbit IgG (50ul) in an ice bath for 1 h, precleared with 
proteinA-agarose beads (Bio-Rad, Germany) at 4℃ for 
30 min and centrifuged at 12000g for 10 min at 4℃. 
Then the 80 μl of the supernatant (about 50 μg pro-
tein) were incubated with α1 adrenergic receptor an-
tibody at 4℃ overnight, washed in lysis buffer and 
centrifugated at 1000g for 5 min at 4℃. The precipi-
tates were then stored in -80℃ or detected by Western 
blot with the β-arrestin-2 antibody.  

Statistical analysis 
Data were given as the mean ± SEM and ana-

lyzed by ANOVA for multiple comparisons with 
SPSS 16.0. A P value < 0.05 was considered statisti-
cally significant. The change in the reactivity of the 

mesenteric arteriole in response to NE was presented 
as a dose-response curve, which was fitted by non-
linear regression analysis (Graph Pad Software Inc., 
San Diego, CA., USA), and EC50 values were calcu-
lated from the fitted curve. 

 Results  
DHE fluorescent staining 

The fluorescence intensity of vascular wall was 
significantly increased in cirrhotic rats (3.26±1.02 vs 
11.8±2.19 AU, P<0.01). However, the fluorescence 
intensity was remarkably decreased in mesenteric 
artery after treatment with apocynin (11.8±2.19 vs 
4.02±1.00 AU, P<0.01), tempol (11.8±2.19 vs 4.58±1.32 
AU, P<0.01) or PEG-catalase (11.8±2.19 vs 4.24±1.70 
AU, P<0.01) (Fig. 1). 

H2O2 production in mesenteric artery 
In cirrhotic rats, the H2O2 content in mesenteric 

arterial wall was significantly higher compare to the 
normal control groups (3.60±0.91 vs 7.74±2.04 µM, 
P<0.01). However, the H2O2 content was diminished 
by the pretreatment of apocynin (7.74±2.04 vs 
4.04±1.27 µM, P <0.01) or PEG-catalase (7.74±2.04 vs 
3.83±1.40 µM, P <0.01), but not by tempol treatment 
(7.74±2.04 vs 7.18±1.75 µM, P> 0.05) (Fig. 2). 

 
Figure 1. Fluorescence intensity of vascular wall in rats after drugs treatment. (A) Fluorescence intensity was the strongest in cirrhotic rats and diminished 
by treatment with apocynin, tempol or PEG-catalase. Each image is representative of results from 6 different animals. (B) The quantitative of fluorescence 
intensity was analyzed in rats after treatment with different drugs. Values are mean ± SEM; n=6 for each group. **: compared with NC, P<0.01; ##: 
compared with PHTC, P<0.01. 
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Figure 2. Determination of H2O2 content in rats after treatment with 
different drugs. H2O2 production in mesenteric artery was measured in 
cirrhotic rats after drugs treatment. Values are mean ± SEM; n=7 for each 
group. **: compared with NC, P<0.01; ##: compared with PHTC, P<0.01; 
αα: compared with PHTT, P<0.01; α: compared with PHTT, P<0.05. 

 
 

Contraction response of mesenteric arteriole 
to NE 

With pretreatment of apocynin (Fig. 3A, 3B), the 
dose - response curves of mesenteric arteriole to NE 
moved to the left and the EC50 decreased in rats with 
cirrhosis. As shown in figure 3C and 3D, similar re-
sults were also observed in cirrhotic rats after 
PEG-catalase treatment. However, such changes were 
not observed with the treatment of tempol (data not 
shown). 

Effect of Y-27632 on the contraction response 
of mesenteric arterioles to NE 

To further investigate the contraction change 
under NE stimulation, the effect of ROCK inhibitor 
Y-27632 was determined by myographic experiments. 
As shown in Figure 4, Y-27632 inhibited NE-induced 
contraction of mesenteric arterioles in all groups. 
Meanwhile, the inhibition capacity was obviously 
decreased by pretreatment with apocynin or 
PEG-catalase, but not by tempol (Fig. 5).  

 

 
Figure 3. Dose-response curves of isolated mesenteric artery contractility to norepinephrine with different concentrations. Vasoconstriction rate and the 
logarithm of norepinephrine concentration were used as vertical axis and abscissa, respectively. The results showed that dose-response curve of mes-
enteric arteriole contractility to norepinephrine moved to the left and EC50 decreased in rats with cirrhosis in apocynin (A, B) or PEG-catalase (C, D) 
treatment. A: * PHTA compared with PHTC, P<0.05; ** PHTA compared with PHTC, P<0.01. B: *: Compared with PHTC, P<0.05; ##: compared with NC, 
P<0.01; αα: compared with NA, P<0.01. C: * PHTP compared with PHTC, P<0.05; ** PHTP compared with PHTC, P<0.01. D: **: Compared with PHTC, 
P<0.01; #: compared with NC, P<0.05; ##: compared with NC, P<0.01; αα: compared with NP, P<0.01. 
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Figure 4. Contractility changes in different groups before and after incubation with Y-27632 upon norepinephrine-stimulation with different concentra-
tions. Effect of the ROCK inhibitor Y-27632 on norepinephrine-induced contraction was assessed in myographic experiments after drugs treatment with 
different concentrations. (A: 510-7M; B: 110-6M; C: 510-6M; D: 110-5M). Values are mean ± SEM; n=7 for each group. **: Compared with the 
contractility before incubation with Y-27632, P<0.01 

 
Figure 5. Inhibition effect of Y-27632 on the contraction response of mesenteric arterioles to NE after antioxidants treatment. Inhibition effect of the 
ROCK inhibitor Y-27632 on norepinephrine-induced contraction was assessed in myographic experiments after antioxidants treatment with different 
concentrations. (A: 510-7M; B: 110-6M; C: 510-6M; D: 110-5M). Values are mean ± SEM; n=7 for each group. *: Compared with PHTC, P<0.05; **: 
compared with PHTC, P<0.01 
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Expression and interaction of α1 adrenergic 
receptor and β-arrestin-2 

α1 adrenergic receptor and β-arrestin-2 expres-
sion in all the groups was detected by western blot as 
shown in Figure 6A. As the result indicated, the ex-
pression of α1 adrenergic receptor showed no signif-
icant change with treatment of apocynin, tempol or 
PEG-catalase in normal or cirrhotic rats (data not 
shown). Meanwhile, β-arrestin-2 expression was sig-
nificantly higher in cirrhotic rats, which was abol-
ished by pretreatment with apocynin or PEG-catalase. 
Besides, there are no significant differences in all the 
non-cirrhotic rats (Fig. 6B). Furthermore, we investi-
gated the interaction between α1 adrenergic receptor 
and β-arrestin-2 using co-immunoprecipitation. The 
results showed that the adrenergic receptor 
co-immunoprecipitated with β-arrestin-2 and the 
binding affinity was higher in cirrhotic rats, which 
was diminished by administration with apocynin or 
PEG-catalase, but not by tempol (Fig. 6C). 

NE induces the expression and activation of 
ROCK-1 

We compared the protein expression of ROCK-1 
between the NC group and cirrhotic rats upon stim-
ulation with NE. The results showed that ROCK-1 
expression both in normal and cirrhotic rats exhibited 
no significant changes (p>0.05). The same results were 
observed in all other groups (data not shown). Then 
we compared the activity of ROCK-1 between the NC 
group and PHTC group upon stimulation with NE. 
The result showed that it is the phosphorylation level 
of moesin that significantly increased upon NE stim-
ulation in NC group. Meanwhile, there are no obvious 
changes for moesin and p-moesin expression in PHTC 
group (Fig.7A). Similarly, such results were observed 
in NT and PHTT groups (Fig.7B). Furthermore, the 
phosphorylation of moesin was significantly in-
creased in NP/PHTP and NA/PHTA groups upon 
NE stimulation (Fig. 7C and 7D). 

 
 
 

 
Figure 6. Expression and interaction of α1 adrenergic receptor and β-arrestin-2. Western blot was used to determine the expression of α1 adrenergic 
receptor and β-arrestin-2. Co-immunoprecipitation was performed to investigate the interaction between α1 adrenergic receptor and β-arrestin-2. (A) α1 
adrenergic receptor and β-arrestin-2 expression in all the groups. (B) Quantitative analysis of β-arrestin-2 expression. The bar graphs show the relative 
expression levels of indicated proteins after normalization to β-actin. Values are mean ± SEM; n=7 for each group. (C) Interaction between the α1 
adrenergic receptor and β-arrestin-2 in mesenteric artery of the rats. n = 7 for each group. **: compared with NC, P<0.01; #: compared with PHTC, 
P<0.05; ##: compared with PHTC, P<0.01. 
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Figure 7. Change in activity of ROCK-1 between the normal groups and cirrhotic groups upon NE stimulation. Western blot was used to measure the 
protein expression of moesin and p-moesin in different groups upon stimulation with NE. A: NC and PHTC group; B: NT and PHTT group; C: NP and 
PHTP group; D: NA and PHTA group. The bar graphs show the relative expression levels of indicated proteins after normalization to β-actin. The levels 
of moesin and p-moesin found in mesenteric arteries from rats without norepinephrine stimulation were set to 100%. Values are mean ± SEM; n=6 for each 
group. **: P<0.01, compared with the group without norepinephrine stimulation. NE: norepinephrine. 

 

Discussion  
The potential sources of ROS include mitochon-

drial respiratory chain, nitric oxide synthase, NAD(P) 
H oxidase and xanthine oxidase (XO)-catalyzed reac-
tions [23]. Among these, NAD (P) H oxidase is gener-
ally considered the major source of vascular ROS and 
has been shown to increase the ROS production in the 
vascular tissue [24,25]. A variety of factors, such as 
virulence agents, cytokines, shear force and ischemia, 
can activate NAD(P)H oxidase [26,27]. Apocynin is a 
NAD(P)H oxidase specific inhibitor and effectively 
reduces the ROS production. A study found that 
apocynin could inhibit the generation of O2.－, im-

prove the mesenteric artery endothelial function and 
restore visceral blood flow in cirrhotic rats [10]. DHE 
fluorescence staining showed that the O2.－content in 
mesenteric artery from cirrhotic rat treated with 
apocynin significantly decreased, indicating that 
apocynin inhibited NAD(P)H oxidase activity and 
reducing ROS generation. Simultaneously, in 
apocynin treated cirrhotic rat, the dose- response 
curve of mesenteric arteriole to NE moved to the left 
and the EC50 decreased, indicating the increased sen-
sitivity of mesenteric artery to NE.  

Mesenteric artery ROS in cirrhotic rats, espe-
cially O2.－, exhibit a significantly higher intracellular 
concentration [28-30]. Meanwhile, superoxide dis-
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mutase (SOD) cannot penetrate the cell membrane 
and reduces intracellular O2.－ level [18]. Tempol, a 
superoxide dismutase mimic, can freely enter the cell, 
react and degrade with O2.－ subsequently, thus pro-
tecting cells from oxidative damage [31]. A recent 
study reported that recombinant human manganese 
SOD treatment significantly reduced portal pressure 
in cirrhotic rats, but failed to improve extrahepatic 
visceral arteries hyperdynamic circulation [32]. In 
accordance with this study, the dose response curves 
and EC50 showed no obvious change with treatment 
of tempol, indicating that tempol has no influence on 
the contractile response of mesenteric arteries to NE. 
Previous report showed that tempol increases nitric 
oxide and reduces portal pressure in sinusoidal en-
dothelial cells and in cirrhotic livers [33]. However, 
contrary to the intrahepatic situation, tempol or SOD 
failed to improve the hypocontraction and hyper-
dynamic circulation due to the abundance of nitric 
oxide and hemangiectasis of extrahepatic vessels in 
portal hypertension. SOD and tempol can dispropor-
tionate O2.－, but can not decompose its product H2O2, 
resulting the increased concentration of H2O2 in the 
cell. SOD plays an important role in the synthesis of 
endogenous H2O2 that contributes to reactive hy-
peremia in mouse mesenteric smaller arterioles[34]. 
Our study demonstrated that the content of H2O2 was 
increased in mesenteric artery of cirrhotic rats and 
induced the hypocontractility, which is reversed by 
the down-regulation of H2O2. Previous study showed 
that H2O2 induced eNOS gene expression and NO 
synthesis in aortic endothelial cells, which was in-
volved in the activation of 
Ca2+/calmodulin-dependent protein kinase II and 
Janus kinase 2 [35,36]. Cai et al found that endogenous 
H2O2, derived from the NAD(P)H oxidase, mediated 
NO production in response to angiotensin II in nor-
mal endothelial cells, which could be reversed by cat-
alase [37]. The content of angiotensin Ⅱ is increased 
in cirrhotic rats and reducing the generation of H2O2 
improves the visceral artery hyporesponsiveness, in-
dicating the involvement of H2O2 in artery response to 
vasoconstrictors. This is consistent with our resutls 
and the mechanism may be invovled in the K+ chan-
nel activation by excessive intravascular H2O2 [38-41]. 
The expression of β-arrestin-2 and its binding ability 
with GPCRs increased in cirrhotic rats, which was 
diminished by pretreatment of apocynin or 
PEG-catalase, suggesting that apocynin or 
PEG-catalase can decrease the H2O2 content and at-
tenuate the signal transduction inhibition of α1 ad-
renergic receptor by β-arrestin-2. 

Inhibition of intracellular ROS also can abrogate 
both the β-arrestin and G protein-mediated phos-
phorylation of ERK1/2 upon agonism of 

β2-adrenergic receptor [42], but the interaction of ROS 
and β-arrestin-2 has not been elucidated. Zhang et al 
[43] has reported that β-arrestin plays a negative reg-
ulatory role in H2O2-induced apoptosis signaling 
through associating with apoptosis signal-regulating 
kinase and facilitating its degradation, which protects 
cells from oxidative stress-induced apoptosis. 
β-arrestin-2 also can protect cell death from an exces-
sive oxidative burst[44]. Knock out of β-arrestin-2 in 
mice led to the increase of O2.－content and myelop-
eroxidase activity [45,46], suggesting the negative 
regulation of β-arrestin-2 in oxidative stress. There-
fore, the O2.－ and H2O2 levels were increased in mes-
enteric artery in cirrhotic rats. β-arrestin-2 is an adap-
tion protein and its expression is increased upon O2.－ 
and H2O2 stimulation. 

Studies [47] have shown that ROCK is a critical 
mediator of vasocontraction. In the present research, 
we found that, in both normal and cirrhotic rats, there 
are no significant differences with respect to the 
ROCK and moesin expression, but the p-moesin has 
changed, suggesting that NE stimulation has an ob-
vious effect on ROCK activity measured by its sub-
strate moesin phosphorylation at threonine 558. 

The p-moesin was increased in cirrhotic rat upon 
stimulation by apocynin or PEG-catalase, not by 
tempol. This result suggested that the increased sen-
sitivity to NE was resulted from ROCK activation (not 
from its expression), the mechanism of which may be 
involved in reducing β-arrestin-2 expression and its 
interaction with α1 adrenergic receptor and releasing 
G protein-dependent signal pathway dysfunction.  

In addition, Y-27632 is a specific ROCK inhibitor 
and significantly inhibited NE-induced contractile 
response, revealing the critical role of ROCK in mes-
enteric artery contraction. In the current study, the 
inhibition ability of Y-27632 to arteriole contraction 
was observed using NE stimulation with different 
concentrations. The result also showed that Y-27632 
has an obvious inhibition effect on NE-induced con-
traction in cirrhotic rat which was diminished by 
pretreatment with apocynin or PEG-catalase, but not 
by tempol. The result showed that reduction of H2O2 

in mesenteric artery weakened the activity of Y-27632 
on blocking NE-activated ROCK. 

In summary, our study demonstrated that de-
crease of H2O2 in mesenteric artery from rats with 
cirrhosis resulted in the down regulation of the 
β-arrestin-2 expression and its affinity with α1 ad-
renergic receptor, thereby affecting the ago-
nist-induced ROCK activation and improving the 
contractile response in blood vessels. 
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