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Abstract
AIM: To investigate the role of heme oxygenase-1 (HO-1) 
in pathogenesis of experimental hepatorenal syndrome 
(HRS).

METHODS: Rats were divided into liver cirrhotic group, 
zinc protoporphyrin IX (ZnPP) treatment group, co-
balt protoporphyrin (CoPP) treatment group and sham 
group. Biliary cirrhosis was established by bile duct liga-
tion in the first three groups. Rats in the ZnPP and CoPP 
treatment groups received intraperitoneal injection of 
ZnPP and CoPP, respectively, 24 h before sample collec-
tion. Expression of HO-1 mRNA in kidney was detected 
by reverse-transcription polymerase chain reaction, 
while protein expression was determined by immunohis-
tochemical analysis. Hematoxylin and eosin staining was 
performed to observe liver cirrhosis and renal structure. 
Renal artery blood flow, mean arterial pressure and por-
tal vein pressure, 24 h total urinary volume, serum and 
urine sodium concentrations, and creatinine clearance 
rate (Ccr) were also measured.

RESULTS: The HO-1 mRNA and protein expression 
levels in kidney, 24 h total urinary volume, renal artery 
blood flow, serum and urine sodium concentration and 
Ccr were lower in cirrhotic group than in sham group (P  
< 0.05). However, they were significantly lower in ZnPP 
treatment group than in cirrhotic group and significantly 
higher in CoPP treatment group than in cirrhotic group (P  
< 0.05).

CONCLUSION: Low HO-1 expression level in kidney is 
an important factor for experimental HRS.
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INTRODUCTION
Renal dysfunction is very common in patients with ad-
vanced liver disease or cirrhosis. Its severity ranges from 
electrolyte-balance disturbances and water retention to 
hepatorenal syndrome (HRS)[1], which is a unique form 
of  renal failure associated with liver cirrhosis or portal hy-
pertension[2]. Although HRS represents a functional form 
and sometimes a reversible form of  renal failure without 
significant changes in renal histology during the course of  
decompensated cirrhosis[3,4], it is a poor prognostic indica-
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tor for patients with liver cirrhosis, who show an increased 
risk of  morbidity and mortality[2,3]. So far, no effective 
strategies are available for the treatment or prevention of  
HRS. Instead, patients are usually managed by maintain-
ing their adequate hemodynamic status and intravascular 
volume. A better understanding of  the pathophysiological 
mechanism underlying HRS helps to guide its treatment.

It is currently believed that marked renal vasoconstric-
tion and predominant peripheral arterial vasodilation play 
a critical role in the pathogenesis of  HRS[5-7]. Previous 
studies have shown that nitric oxide (NO), a potent va-
sodilator, plays an important role in the development of  
hyperdynamic syndrome and peripheral vasodilation dur-
ing cirrhosis[8]. Increased NO level and synthetase activity 
in patients with liver cirrhosis have adverse effects on the 
functions of  renal tubules and glomeruli[9], and inhibition 
of  NO synthetase prevents the development of  renal 
failure in an animal model of  HRS[10,11]. Carbon monoxide 
(CO), a byproduct of  heme oxygenase-1 (HO-1), shares 
many characteristics with NO. Endogenous CO is an 
activator of  soluble guanylate cyclase and relaxes vascu-
lar smooth muscle in a cGMP-dependent or a cGMP-
independent manner[12,13]. Studies have shown that the 
HO-1/CO system plays an important role in the control 
of  vascular tone and that inhibition of  HO-1 blocks va-
sodilation induced by heme[12-14]. HO-1 is also involved in 
the prevention of  renal failure after renal ischemia[15] or 
glycerol-induced acute renal injury in rats[16].

Metalloporphyrins constitute a class of  compounds in 
which the central iron of  heme is replaced by other metals 
such as cobalt and zinc[17]. These metalloporphyrins inhibit 
or induce HO-1. This study was to evaluate the expres-
sion of  HO-1 in kidneys of  rats with experimental HRS 
and the functional role of  HO-1 in the pathogenesis of  
HRS by manipulating its activity via intraperitoneal injec-
tion of  either zinc protoporphyrin IX (ZnPP), a specific 
HO-1 enzyme inhibitor, or cobalt protoporphyrin (CoPP), 
a specific HO-1 enzyme inducer.

MATERIALS AND METHODS
Animals
Healthy male Sprague Dawley rats, weighing 200-220 g, 
were obtained from the Laboratory Animal Center of  Da-
lian Medical University.

Reagents
ZnPP and CoPP (Sigma, St Louis, MO, USA) were dis-
solved in 0.2 mol/L of  NaOH, adjusted to a pH of  7.4 
and diluted in 0.85% NaCl with a final concentration of  
1 mg/mL as previously described[18]. Rabbit anti-mouse 
HO-1 antibody (Boster Biological Technology, Wuhan, 
China), anti-rabbit IgG (MaxVisionTM2, Maixin Biotech-
nology, Fuzhou, China), TaKaRa RNA polymerase chain 
reaction (PCR) kit (AMV) Version 3.0 (TaKaRa Biotech-
nology, Dalian, China) were used in the study.

Animal model and grouping
The rats were randomly divided into sham group (n = 8), 

cirrhotic group (n = 10), ZnPP treatment group (n = 9) 
and CoPP treatment group (n = 8). They were well fed and 
housed for 3 d before any experimental protocols. Biliary 
cirrhosis was induced by bile duct ligation (BDL)[19,20] in rats 
of  the cirrhotic group, ZnPP and CoPP treatment groups. 
The surgical procedures were approved by the Animal Care 
and Use Committee of  Dalian Medical University. Laparot-
omy was performed under anesthesia with ether. The bile 
duct was isolated and double-ligated with a 3-0 silk suture. 
The abdominal wall and skin were closed with a 4-0 silk su-
ture, and the antibiotic benzathine benzylpenicillin powder 
was sprinkled over the closed incision. The rats were contin-
uously fed and housed for a further 4-wk period after sur-
gery, and samples were collected. Rats in sham group under-
went laparotomy with the bile duct isolated but not ligated. 
Rats in ZnPP and CoPP treatment groups received an intra-
peritoneal injection with ZnPP[21] or CoPP (30 mg/kg body 
weight) once, 24 h before sample collection. Rats in the  
4 groups were housed in metabolic cages for the last 24 h,  
and urine was collected to measure its volume and the so-
dium and creatinine (Cre) levels.

Sample collection
Four weeks after surgery, the rats were anesthetized with 
ether and their portal vein, right carotid artery, and renal 
artery were isolated. Renal artery blood flow was measured 
by ultrasound (LOGIQ7, GE, USA). A catheter, connected 
to a pressure transducer (BL-420F biological experimen-
tal system, Chengdu Technology and Market Co. Ltd., 
China), was placed in the carotid artery for measurement of  
mean arterial pressure (MAP), then 1 mL of  arterial blood 
was collected in a heparinized syringe through an arterial 
catheter to measure carboxyhemoglobin (COHb) using a 
RapidLab 1245 blood gas analyzer (Siemens, USA), as an 
index for the CO level in arterial blood. The catheter was 
placed in the portal vein to measure portal vein pressure 
(PVP). Then, 4 mL of  blood was collected from the rats to 
measure serum levels of  bilirubin, alanine aminotransferase 
(ALT), aspartate aminotransferase (AST), Cre and sodium 
with a Hitachi 7600-110 automatic biochemical analyzer 
(Hitachi Co., Tokyo, Japan). Urine levels of  Cre and sodium 
were also measured using this machine. The Cre clearance 
rate (Ccr) was calculated as urine Cre × urine volume/se-
rum Cre. The left kidney and one liver lobe were excised, 
some of  their tissues were fixed in a 10% neutral formalin 
solution and embedded in paraffin, while the remaining tis-
sues were preserved at -80℃ for PCR. 

Reverse-transcription PCR analysis
Total RNA was extracted from kidneys following a standard 
guanidinium phenol-chloroform extraction protocol. The 
quantity of  RNA was determined by measuring the optical 
density at 260 nm (A260 nm = 1 for 40 μg/mL RNA), and 
the purity of  RNA was assessed by determining the ratio of  
the optical density obtained at 260 and 280 nm (pure RNA: 
A260 nm/A280 nm = 2.0) using a Shimadzu UV-1206 spectro-
photometer (Shimadzu, Japan). The primer sequences for 
HO-1 are 5'-ACTTTCAGAAGGGTCAGGTGTCC-3' 
(forward) and 5'-TTGAGCAGGAAGGCGGTCTTAG-3' 
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(reverse) and the product size is 524 bp, while the primer 
sequences for β-actin are 5'-GGAGTCAACGGATTT-
GGT-3' (forward), 5'-GTGATGGGATTTCCATTG-3' 
(reverse) and the product size is 226 bp. An aliquot of  each 
mixture was used for reverse-transcription (RT)-PCR ampli-
fication using reagents purchased from Takara Bio Inc (Da-
lian, China). PCR products were separated by 2.5% agarose 
gel electrophoresis. The product bands were photographed 
and the density of  each product band was quantified. The 
results were expressed as the ratio of  the band density for 
HO-1 mRNA to that of  β-actin mRNA.

Immunohistochemical analysis
Kidney and liver tissues were fixed in a 10% neutral for-
malin solution and embedded in paraffin wax and cut 
into sections. Some sections were routinely stained with 
HE while the other sections underwent deparaffinization, 
rehydration and inactivation, and were incubated with rab-
bit-anti-mouse HO-1 monoclonal antibody (1:50) at room 
temperature for 60 min, and then with secondary antibody 
(MaxVisionTM2) at room temperature for 15 min. The 
sections were mounted after staining. The primary anti-
body was replaced by phosphate-buffered saline to serve 
as a negative control. Five high-power microscopic fields 
were randomly chosen per slide and the yellow material in 
cytoplasm was considered to represent a HO-1-positive 
cell. Cell staining was assigned to 4 scores: 4 = > 75% 
positive cells, 3 = 50%-75% positive cells, 2 = 25%-50% 
positive cells, and 1 = < 25% positive cells. Cell staining 
intensity was scored based on its color as follows: 0 = no 
staining, 1 = faint yellow, 2 = light brown, and 3 = dark 
brown[22]. The final score was defined as staining intensity 
× percentage of  positive cells. The mean score of  five 
fields was used to compare the four groups.

Statistical analysis
Data analysis was performed using the SPSS 10.0 software 
(Chicago, IL, USA). Analysis of  variance or Wilcoxon 
statistical methods were used to determine statistical sig-
nificance. All measurements in this study were expressed as 
mean ± SD. P < 0.05 was considered statistically significant.

RESULTS
Biochemical examination
The serum level of  AST in biliary cirrhotic group was 

237.2 ± 95.13 IU/L, which was significantly higher than 
that (156.8 ± 18.28 IU/L) in sham group (P < 0.05). The 
serum level of  Cre was significantly higher and the Ccr 
was significantly lower in biliary cirrhotic group than in 
sham group (P < 0.05). The serum Cre level was signifi-
cantly higher in ZnPP treatment group (P < 0.05) and 
slightly lower in CoPP treatment group than in cirrhotic 
group (P > 0.05). The serum and urine sodium levels were 
significantly lower in cirrhotic group than in sham group 
(P < 0.05). The serum sodium concentration was signifi-
cantly lower in ZnPP treatment group and significantly 
higher in CoPP treatment group than in cirrhotic group (P 
< 0.05, Table 1).

Hemodynamic parameters and arterial blood gas levels 
The PVP was significantly higher and the MAP was sig-
nificantly lower in cirrhotic group than in sham group (P 
< 0.01). However, no significant difference was found 
in PVP and MAP in ZnPP and CoPP treatment groups 
compared with cirrhotic group. The COHb level in arte-
rial blood was significantly higher in cirrhotic group than 
in sham group (P < 0.05) while significantly lower in 
ZnPP treatment group and significantly higher in CoPP 
treatment group than in cirrhotic group (P < 0.05). The 
renal artery blood flow was significantly lower in cirrhotic 
group than in sham group (P < 0.01), while significantly 
lower in ZnPP treatment group and significantly higher in 
CoPP treatment group than in cirrhotic group (P < 0.05). 
Furthermore, the 24 h urine volume was significantly 
smaller in cirrhotic group than in sham group (P < 0.05), 
while significantly smaller in ZnPP treatment group and 
significantly larger in CoPP treatment group than in cir-
rhotic group (P < 0.05, Table 2).

Histopathological analysis of liver and kidney in 
cirrhotic and sham rats
Liver and kidney tissue samples from cirrhotic and sham 
rats were stained with HE to examine the histopathologi-
cal changes. The bridging necrosis of  hepatic cells was 
observed in livers of  rats 4 wk after BDL, particularly in 
portal areas, nodular regeneration of  hepatocytes, col-
lapse, and disorganization of  the hepatic lobular structure, 
numerous lymphocytes infiltrating the portal area and 
around the central vein, and the formation of  pseudolob-
ules surrounded by fibrous septa. In contrast, except for 
vascular dilation and congestion of  the mesenchyme, no 
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Table 1  Effect of bile duct ligation and cobalt protoporphyrin or zinc protoporphyrin IX treatment on serum and urine levels of 
creatinine and sodium, and creatinine clearance rate (mean ± SD, n  = 8-10 per group)

Sham group Cirrhosis group CoPP group ZnPP group

Serum Cre (μmol/L) 30.4 ± 1.81  36.3 ± 6.27a    33.5 ± 5.98     45.3 ± 8.92c

Urine Cre (μmol/L) 7.18 ± 1.15 8.08 ± 2.50    4.49 ± 1.51    6.31 ± 1.20
Serum sodium (mmol/L)                142.86 ± 3.44                138.75 ± 0.96a 142.64 ± 5.43c 136.57 ± 1.40c

Urine sodium (mmol/L) 91.50 ± 12.12  71.33 ± 10.07a  109.15 ± 64.93  66.25 ± 11.8
Ccr (mL/min) 0.23 ± 0.02  0.12 ± 0.05a    0.14 ± 0.04     0.07 ± 0.01c

AST (IU/L) 156.8 ± 18.28  237.2 ± 95.13a     467.14 ± 222.28c  209.11 ± 65.77

aP < 0.05 vs sham group; cP < 0.05 vs cirrhotic group. CoPP: Cobalt protoporphyrin; ZnPP: Zinc protoporphyrin IX; Cre: Creatinine; Ccr: Creatinine clear-
ance rate; AST: Aspartate aminotransferase.
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obvious pathological changes were observed in kidneys of  
cirrhotic group compared with sham group (Figure 1).

Renal HO-1 mRNA expression level
RT-PCR showed that the expression level of  HO-1 
mRNA in kidney was significantly lower in cirrhotic 
group than in sham group (P < 0.01). Furthermore, re-
nal HO-1 mRNA expression was significantly decreased 
in ZnPP treatment group (P < 0.05) and significantly 
higher in CoPP treatment group than in cirrhotic group 
(P < 0.05) (Figure 2).

Immunohistochemical detection of HO-1 protein in 
kidney and liver
To localize the HO-1 protein expression in kidneys, immu-
nohistochemistry was performed using specimens from 
the four groups. The HO-1 protein was mainly expressed 
in the distal renal tubules, which is similar to reported 

findings[23] (Figure 3). The intensity and percentage of  cells 
expressing HO-1 protein in kidney were also detected. 
Mild staining was observed in renal tissue samples from 
sham group, with a score of  1.21 ± 0.33. The HO-1 score 
was 0.79 ± 0.25 in cirrhotic group, which was significantly 
lower than that in sham group (P < 0.01). The HO-1 
score (0.21 ± 0.25) was lower in ZnPP treatment group 
and higher in CoPP treatment group (2.46 ± 0.46) than 
in cirrhotic group (P < 0.05). The staining intensity and 
percentage of  cells expressing HO-1 protein were also 
evaluated in liver of  cirrhotic and sham groups. Unlike 
the HO-1 protein expression in kidney, the mean hepatic 
HO-1 score was significantly higher in cirrhotic group 
than in sham group (4.63 ± 0.74 vs 0.63 ± 0.52, P < 0.01). 

DISCUSSION
Renal dysfunction is very common in patients with ad-
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Table 2  Effects of bile duct ligation and cobalt protoporphyrin or zinc protoporphyrin IX treatment on hemodynamic parameters, 
carboxyhemoglobin and 24-h urine volume (mean ± SD, n  = 8-10 per group)

Sham group Cirrhosis group CoPP group ZnPP group

PVP (mmHg) 9.24 ± 0.76 15.56 ± 2.36b 17.28 ± 1.20 13.71 ± 1.39
MAP (cmH2O) 118.83 ± 8.09  59.23 ± 12.19b 52.75 ± 5.76 67.76 ± 7.66
COHb (%) 0.23 ± 0.05 0.50 ± 0.20a    0.83 ± 0.39c    0.23 ± 0.06c

RABF(mL/min•100 g) 3.89 ± 0.09 3.58 ± 0.04b    3.76 ± 0.06c    3.50 ± 0.08c

Urine (mL/24 h) 15.00 ± 2.23 10.93 ± 1.92a    13.5 ± 1.10c    8.50 ± 1.10c

aP < 0.05, bP < 0.01 vs sham group; cP < 0.05 vs cirrhosis group. CoPP: Cobalt protoporphyrin; ZnPP: Zinc protoporphyrin IX; PVP: Portal vein pressure; 
MAP: Mean arterial pressure; COHb: Carboxyhemoglobin; RABF: Renal arterial blood flow.

A B

C D

Figure 1  Representative photomicrographs of rats in cirrhotic and sham groups (magnification 200 ×, HE staining). A: Normal liver structure; B: Liver cirrho-
sis; C: Normal kidney structure; D: Renal structure in cirrhotic group.
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vanced cirrhosis, and its severity varies from electrolyte-
balance disturbances and water retention to HRS. HRS is 
considered a functional renal failure because no structural 
damage has been observed in kidney, and can be reversed 
in some cases[4]. However, it carries a worse prognosis of  
patients with cirrhosis and increases their risk of  mortal-

ity[2,3]. It has been reported that the annual incidence of  
HRS in patients with liver cirrhosis and ascites is about 
8%[24]. Typical features of  HRS include oliguria, hyponatre-
mia, azotemia, and hyponatruria. Although the pathophys-
iological mechanism underlying HRS is still incompletely 
understood, marked renal vasoconstriction in the presence 
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Figure 2  Expression of heme oxygenase-1 mRNA in kidney. A: Representative reverse-transcription polymerase chain reaction data showing the heme oxygenase-1 
(HO-1) mRNA expression levels in kidneys from zinc protoporphyrin IX (ZnPP) treatment group (lane 1), cirrhotic group (lane 2), cobalt protoporphyrin (CoPP) treatment 
group (lane 3), and sham group (lane 4); B: Quantitative data showing the ratio of band density of the corresponding HO-1 mRNA to that of β-actin mRNA.
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Figure 3  Expression of heme oxygenase-1 protein in kidney and liver. Immunohistochemical staining of renal heme oxygenase-1 (HO-1) protein in rats of sham 
group (A), cirrhotic group (B), zinc protoporphyrin IX (ZnPP) treatment group (C), cobalt protoporphyrin (CoPP) treatment group (D), and immunohistochemical stain-
ing of hepatic HO-1 protein in rats of sham group (E) and cirrhotic group (F) in the upper part (magnification 200 ×), and quantitative scoring (G) of immunohistochemi-
cal staining of renal HO-1 protein expression in each group in the lower part.
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of  splanchnic and systemic vasodilation may play an im-
portant role, and may thus reduce the renal arterial blood 
flow and the glomerular filtration rate, resulting in oliguria 
and an increased serum Cre concentration[6-8]. Studies have 
shown that the HO-1/CO system plays an important 
role in the control of  vascular tone and that inhibition of  
HO-1 blocks vasodilation induced by heme[12-14]. In addi-
tion, HO-1 is also involved in the prevention of  renal fail-
ure after renal ischemia[15] or glycerol-induced acute renal 
injury in rats [16]. In this study, the relation between expres-
sion of  HO-1 in kidney and renal arterial blood flow and 
renal function was investigated in cirrhotic rats.

To evaluate the hepatic, renal, and systemic changes 
in rats 4 wk after BDL, the MAP, PVP, COHb in arterial 
blood, serum levels of  AST and ALT, Cre and sodium, 
urine sodium and Cre were measured. The changes in 
hepatic and renal histology were also examined, and the 
expression levels of  HO-1 mRNA and protein in liver and 
kidney were evaluated. The Ccr level was also measured 
as an index of  glomerular filtration rate and renal func-
tion. The serum level of  AST was significantly higher in 
cirrhotic group than in sham group, indicating that BDL 
causes marked liver injury, with liver cirrhosis confirmed 
with HE staining of  liver specimens. In addition, the MAP 
level was significantly lower in BDL rats than in time-
matched sham rats, indicating that a hyperdynamic state 
occurs. Furthermore, the PVP was significantly higher in 
BDL rats than in time-matched sham rats, indicating that 
portal hypertension exists. Oliguria, hyponatremia, hypona-
turia, increased Cre concentrations and decreased Ccr were 
also observed in BDL rats. All these findings show that 
experimental HRS was established in BDL rats. Accompa-
nied with the decreased renal arterial blood flow and renal 
function, the HO-1 mRNA and protein levels in kidney 
of  rats were significantly lower in cirrhotic group than in 
sham group, indicating that production of  CO is decreased 
in kidney, because CO is mainly generated by degrading 
heme due to HO. HO has constitutive and inducible iso-
forms[25,26]. HO-1, a 32-kDa inducible protein[27], catalyzes 
the rate-limiting step in oxidative degradation of  heme to 
biliverdin, releasing equimolar amounts of  CO and iron[26]. 
The HO-1/CO system plays a vital role in many activities, 
including anti-oxidative stress, anti-inflammation, inhibition 
of  cellular proliferation, and regulation of  cytokine expres-
sion. CO, a gaseous messenger similar to NO, can activate 
soluble guanylate cyclase leading to production of  cGMP[28] 
which mediates various physiological functions[29] including 
vasodilation[30]. CO can also relax vascular smooth muscle 
in a cGMP-independent manner[12,13]. HO-1 activity is the 
primary source of  circulating CO[31], and HO-1 contributes 
to vasodilation mainly through HO-1-derived CO[32]. Thus, 
the declined HO-1 expression in kidney may be responsible 
for a decrease in vasodilation. In addition, oxidants can 
cause localized renal vasoconstriction[33]. Thus, the antioxi-
dant action of  HO-1 and its products can preserve renal 
arterial blood flow. Decreased HO-1 expression in kidney 
of  BDL rats impairs their ability to buffer locally produced 
oxidants, thus leading to decreased renal arterial blood flow 
and deteriorated renal function.

Surprisingly, the COHb level was significantly higher 

in cirrhotic group than in sham group, suggesting that 
there is more CO in circulation, since it is predominately 
bound to hemoglobin in the form of  COHb[34]. This large 
amount of  CO may be produced by increased HO-1 ex-
pression in other organs, such as liver, because the HO-1 
expression level in liver was higher in cirrhotic group than 
in sham group. Thus, we speculate that the decreased 
HO-1 expression in kidney and suppression of  locally 
produced CO contribute to the decreased renal arterial 
blood flow and renal dysfunction in cirrhotic rats.

To evaluate the functional consequences of  HO-1 
changes, BDL rats were treated with either ZnPP or CoPP. 
The PVP and MAP were measured to evaluate systemic 
effects of  ZnPP and CoPP treatment, renal arterial blood 
flow, 24 h total urinary volume, serum and urine levels of  
sodium and Cre were also measured to evaluate the ef-
fects of  ZnPP and CoPP on HRS. The expression level of  
HO-1 mRNA and protein in kidney was lower in ZnPP 
treatment group and higher in CoPP treatment group than 
in cirrhotic group, without obvious changes in PVP and 
MAP, while the renal arterial blood flow was significantly 
lower and the renal function was more severely impaired 
in ZnPP treatment group than in cirrhotic group, as dem-
onstrated by the decreased 24 h total urinary volume, Ccr, 
and serum level of  sodium. In contrast, the renal arterial 
blood flow and 24 h total urinary volume were higher in 
CoPP treatment group than in cirrhotic group. However, 
unlike ZnPP treatment, CoPP treatment did not signifi-
cantly affect serum Cre or Ccr compared with cirrhotic 
group. Nevertheless, increasing the treatment time or the 
CoPP dose may have elicited the different results in our 
study. Because ZnPP or CoPP treatment did not signifi-
cantly affect MAP or PVP, changes in renal artery vascular 
tone were not considered to represent systemic vascular 
effects of  HO-1 inhibition or HO-1 induction.

In conclusion, renal HO-1 expression, renal arterial 
blood flow, Ccr, 24 h total urinary volume, serum and 
urine sodium concentrations are lower in cirrhotic rats 
than in sham rats. Inhibition of  renal HO-1 activity de-
creases renal arterial blood flow and aggravates renal dys-
function in rats with HRS. Meanwhile, activation of  renal 
HO-1 activity had the opposite effects. Taken together, 
decreased HO-1 expression in kidney plays an important 
role in the pathogenesis of  experimental HRS.

COMMENTS
Background
Renal dysfunction is very common in patients with advanced cirrhosis, and its 
severity ranges from electrolyte-balance disturbances and water retention to 
hepatorenal syndrome (HRS). HRS is a poor prognostic indicator for patients 
with liver cirrhosis, and can increase its morbidity and mortality in such patients. 
At present, the pathophysiological mechanism underlying HRS is still incom-
pletely understood.
Research frontiers
Intense renal vasoconstriction in combination with peripheral arterial vasodila-
tion plays an important role in occurrence of HRS. Studies have shown that the 
heme oxygenase-1 (HO-1)/carbon monoxide system is a crucial component 
in regulation of vascular tone and that inhibition of HO-1 blocks vasodilation 
induced by heme. HO-1 is also central to the prevention of renal failure after 
renal ischemia or glycerol-induced acute renal injury in rats. In this study, we in-
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vestigated the expression of HO-1 in the kidney of experimental rats with HRS 
and evaluated the functional role of HO-1 in the pathogenesis of HRS.
Innovations and breakthroughs
The characteristics of HRS became evident in rats 4 wk after bile duct ligation 
(BDL), including reduced creatinine clearance rate and fluid retention, without 
changes in renal histology. The decreased renal arterial blood flow and renal 
function were accompanied with decreased renal expression of HO-1 at mRNA 
and protein levels. To evaluate the functional consequences of the changes in 
HO-1 expression, the authors treated BDL rats with either zinc protoporphyrin 
IX (ZnPP), a specific HO-1 inhibitor or cobalt protoporphyrin (CoPP), a HO-1 
inducer. ZnPP treatment significantly reduced the renal arterial blood flow and 
further worsened the renal function, while CoPP treatment had the opposite 
effects. The relation between HO-1 and renal arterial blood flow and renal func-
tion was systematically evaluated by treating BDL rats with ZnPP and CoPP.
Applications 
The mechanisms underlying renal dysfunction in patients with advanced liver 
disease or cirrhosis are complicated and remain incompletely understood. How-
ever, the findings in this study indicate that decreased renal HO-1 expression 
plays an important role in the pathogenesis of experimental HRS.
Terminology
HRS, a progressive renal failure that occurs in patients with chronic liver 
disease and advanced hepatic failure in the absence of any apparent clinical 
cause for renal insufficiency, corresponds to a functional alteration without 
histological changes in renal tissue. HO-1 is heme oxygenase-1, a rate-limiting 
enzyme that is also known as heat shock protein 32, and can be induced by 
CoPP and inhibited by ZnPP in vivo.
Peer review
This paper, written in rather good English, is quite important and interesting, which 
shows that decreased HO-1 expression in the kidney plays an important role in 
the pathogenesis of experimental HRS, as it demonstrated that the renal HO-1 
expression, renal arterial blood flow, creatinine clearance rate, 24 h total urinary 
volume, serum and urine sodium concentrations were lower in cirrhotic rats than 
in sham rats, thus inhibition of renal HO-1 activity decreases renal arterial blood 
flow and aggravates renal dysfunction in rats with HRS.
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