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Abstract 

Objective It has been found that ulinastatin (UTI) can attenuate hepatic injury in a rat model of 
ischemia reperfusion (IR), but the specific mechanism is unclear. This study aims to investigate 
possible pathomechanism of ulinastatin in reducing the inflammatory response after hepatic IR.  
Methods A male sprague-dawley(SD) rat model of hepatic ischemia reperfusion injury was used. 
The rats were randomly divided into 4 groups on average, which were 0.9% saline and IR group as 
control, ulinastatin preconditioning (UPC) group, UPC+rHMGB1 (recombinant HMGB1) group 
and UPC +anti-HMGB1 group. Serum aminotransferases, TNF-α, IL-1 and Myeloperoxidase (MPO) 
levels were measured. Histopathology examination and apoptotic cell detection and the different 
expression of HMGB1 protein were also assessed.  
Results Serum levels of aminotransferases, cytokines and hepatic MPO in UPC and 
UPC+anti-HMGB1 groups were significantly lower than those in control group (p<0.05). De-
creased histologic damage and apoptosis were also seen in these two groups (p<0.05).  
Conclusions HMGB1 expressions in UPC and UPC+anti-HMGB1 groups were significantly lower 
than those in the two control groups (p<0.05), pretreatment with ulinastatin attenuated liver IR 
injury by reducing HMGB1 expression through its anti-inflammatory effects. 

Key words: Ulinastatin, Preconditioning, High mobility group box 1 protein (HMGB1), Ischemia 
reperfusion 

Introduction 
Ulinastatin (UTI) can attenuate hepatic injury in 

a rat ischemia reperfusion model and it can reduce 
reactive oxygen species (ROS) production as reported 

before. [1] Ulinastatin plays a role in further reduced 
liver reperfusion injury after liver cell necrosis and 
apoptosis through the above-mentioned an-
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ti-inflammatory and antioxidant effects [2], but the 
specific pathway and mechanism remain unclear.  

HMGB1 is an important endogenous inju-
ry-related molecule, widely distributed in mammali-
an lymphoid tissues, brain, liver, lung, heart, spleen, 
kidney and other tissues, which exists in the nucleus 
in most organizations, whereas it mainly exists in cy-
toplasm in liver and brain tissues [3]. HMGB1 ex-
pression in the physiological state is maintained at an 
extremely low level [4]. Previous study confirmed that 
HMGB1 mediated endotoxin induced sepsis, and was 
also a late lethal inflammatory mediators [5]. Whereas 
the biological effects of HMGB1 in different organs in 
the body are similar, and ulinastatin can inhibit the 
release of TNF-α, IL-1, cytokines and other inflam-
matory mediators, [6] we speculate that ulinastatin 
may inhibit cytokine-induced HMGB1 expression, 
thereby reducing the inflammatory response after 
hepatic ischemia-reperfusion. It has not been reported 
that ulinastatin can inhibit ROS releasing from Kup-
ffer cells and other non-primary interstitial cells, 
which induces free radical damage in early reperfu-
sion stage, thus further reducing the expression of 
HMGB1 release 

Materials and Methods  
1. Experimental animals 

Male Sprague-Dawley rats (12-14 weeks, 250-300 
g) from the Experimental Animal Center, the Chinese 
National Institute of Medicine (Shanghai, China) were 
used. Animals were housed at the air conditioning 
kept indoors, room temperature 22-25°C. Animals 
were allowed free access to food and water until 12 
hours prior to the experiments as fasting. 

2. Animal model 
The Animal Care and Scientific Committee of the 

Second Military Medical University (SMMU) ap-
proved the experimental protocol. A model of seg-
mental (70%) hepatic ischemia was used as previously 
described [7]. After a midline laparotomy under an-
esthesia with sodium pentobarbital (40 mg/kg, i.p.), 
the ligaments around the liver were disconnected. The 
hepatic artery, portal vein, and bile duct to the left and 
median hepatic lobes were carefully revealed, and 
occluded with an atraumatic microvascular clamp. 
The clamp was removed 45 mins later to allow 
reperfusion. This method produces ischemia to the 
left and median lobes of the liver while leaving the 
blood supply to the right and caudate lobes uninter-
rupted. At the end of the ischemia period, the vascular 
clamp was removed and the liver was reperfused for 2 
hours. After reperfusion, the vena cava was opened 
and 3-5 ml blood was collected in sterile syringes 
without anticoagulant and centrifuged to separate the 

serum. The serum samples were stored at -20°C for 
later batch analysis of hepatic function and cytokine 
assay. The liver was then perfused with cold saline 
through the portal vein. Ischemic left hepatic tissue 
samples were collected and the specimens were: 1) 
fixed in 10% formalin and embedded in paraffin for 
histological studies; 2) immediately frozen in isopen-
tane and liquid nitrogen, then stored at -80°C for later 
analysis. The animals were then given a further dose 
of pentobarbitone (50 mg) before being killed by ex-
sanguination. 

3. Experimental groups 
In addition to a sham operation group, SD rats 

were randomly divided into 4 groups (n=10 in each 
group). The first group received a standard ische-
mia-reperfusion regimen, and was served as a posi-
tive control. IR model was established, whereas 0.9% 
sodium chloride was infused at 6ml/kg through the 
tail vein 5min before ischemia. All the doses selected 
below were described in previous study [2, 8, 9] and 
our preliminary animal experiments. Animals in uli-
nastatin pretreatment group (UPC) were injected 20 
IU/ml of l.5ml/kg of ulinastatin (Techpool Bio 
Pharmaceutical Co., Ltd. Guangzhou, China) 5min 
before ischemia through the tail vein, and then pro-
ceed to ischemia and reperfusion. In HMGB1 induced 
group (UPC + rHMGB1), animals were administered 
intraperitoneally 10 μg.kg-1of rHMGB1 antibody (Sino 
Biological Inc. Beijing, China) one hour before occlu-
sion, and then underwent the same procedure as 
those in UPC group. 100μg of primary rabbit-anti-rat 
HMGB1 polyclonal antibody (Anti-HMGB1, Abcam, 
NV, USA) was injected intraperitoneally one hour 
before clamping in UPC+Anti-HMGB1group, and the 
other steps were same as the UPC group. 

4. Measurement of Serum transaminases, 
cytokines, and hepatic myeloperoxidase  

Alanine aminotransferase (ALT) and aspartate 
aminotransferase (AST) levels in serum were deter-
mined with an autoanalyzer (Model 7600, Hitachi Co.; 
Tokyo, Japan). 4-5ml of fresh blood was drawn off, 
and kept at 37℃ for 30mins, 4℃ for two hours and 
after centrifuged for 15mins at 3000 rpm, the upper 
serum 200μl was drawn off and installed in EP tube 
carefully. TNF-α and IL-1were measured by en-
zyme-linked immunosorbent assay (ELISA) kit box 
(Biosource International, camarillo, CA, USA). Liver 
homogenates were prepared by immediate centrifu-
gation at 8,000 g for 10 minutes, myeloperoxidase 
(MOD) activity as lipid peroxidation determination in 
the supernatant was assessed by biochemical kits 
purchased commercially (Nan-Jing Jiancheng Bio-
chemicals LTD, China).  
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5. Morphological observation and apoptotic 
cell detection  

Liver samples were excised from the anterior 
edge of the left lobe 120 mins after reperfusion. Small 
portions (0.5 cm×0.5 cm) were fixed immediately in 
10% buffered paraformaldehyde (pH 7.2) and em-
bedded in paraffin. These portions were cut into 4-μm 
thick sections and stained with hematoxylin and eosin 
(H&E). High-powered microscopy (1× 200) was used 
to examine theses sections for the following signs of 
liver injury: condensation of nuclei (nuclear pyk-
nosis), loss of hepatocellular borders, areas of necro-
sis, The score was determined by dividing the meas-
ured necrotic area by the total area of the field using 
Image-Pro-Plus® Software (Media Cybernetics Inc, 
Bethesda, MD). On the other hand, all groups of par-
affin sections for liver biopsies were detected for 
apoptosis cells by the transferase-mediated deox-
yutidine triphosphate (dUTP) nick-end labeling 
method (TUNEL) (In Situ Cell Detection Kit, Roche 
Biochemicals, Mannheim, Germany). To quantify 
apoptosis, the number of TUNEL positive cells was 
counted in 8 random microscopic fields and 
quantified. 

6. Immunohistochemistry of HMGB1 protein 
in liver tissues 

The fixed liver block was embedded in paraffin 
and sectioned into 5 µm slices. After de-paraffinage 
and re-hydration, the sections (5µm) were dipped into 
an antigen retrieval buffer (10 mM sodium citrate; pH 
6.0) and underwent warm retrieval in a microwave 
oven at 95–100℃ for 5 mins and then incubated at 
room temperature with 3% hydrogen peroxide to de-
activate endogenous peroxidases. Nonspecific reac-
tivity was blocked using 2% bovine serum albumin 
(BSA) at room temperature for 30 mins. This was fol-
lowed by incubating the primary antibody rab-
bit-anti-rat to HMGB1 antibody (dilution 1:100; 
Abcam Inc, San Francisco, CA), overnight at 4℃. After 
washing with phosphate-buffered saline (PBS), a 
polymer enhancer and a polymerized anti-rabbit or 
anti-mouse immunoglobulin G (IgG) (dilution 1:200, 
Jingmei, Shanghai, China) labelled with horseradish 
peroxidase was applied. Antibodies were visualized 
as buffy granules in the cytoplasma using a DAB kit 
(Maixin Biological Technology, Fujian, China). Area 
density of HMGB1 positive tissues were analysed in 6 
random high powered (1× 400) microscopic fields 
using Image-Pro-Plus® Software. 

7. Statistical analyses 
Data analysis was performed using the Prism 4.0 

statistical software package (Graph-Pad Software, San 
Diego, CA). Data were expressed as mean±SEM. 
Analysis of variance (ANOVA) with Bonferroni’s 
multiple comparisons test was used to compare val-
ues among all groups. Statistical differences were 
considered significant if the p value was less than 0.05. 

Results  
1. Serum aminotransferases, cytokines, and 
hepatic myeloperoxidase 

 As shown in Figure 1, serum ALT and AST lev-
els significantly decreased in UPC group and 
UPC+Anti-HMGB1 group compared with control 
group (p<0.05). However, there was no significant 
difference between control and UPC+rHMGB1 group 
(p>0.05). Serum ALT and AST levels in UPC group 
were comparable to those in UPC+Anti-HMGB1 
group (p>0.05). Significantly increasing serum cyto-
kines TNF-α and IL-1 levels were found in the control 
group and the UPC+rHMGB1 group compared with 
UPC group and UPC+Anti-HMGB1 group (p<0.05), 
but the differences between control group and the 
UPC+rHMGB1 group were not statistically significant 
(p>0.05). The UPC+Anti-HMGB1 group had similar 
serum cytokines TNF-α and IL-1 levels compared 
with UPC group (p>0.05). At 120 mins after reperfu-
sion, rats pretreated with UPC and UPC plus An-
ti-HMGB1 had significantly reduced levels of MDA in 
liver homogenates compared to those in control. 

2. Morphological observation and apoptotic 
cell detection  

As shown in Figure 2, At 120 mins after reperfu-
sion, the liver histology in ulinastatin pretreated 
group and UPC plus Anti-HMGB1 group exhibited 
fewer and smaller areas of necrosis, sinusoidal dila-
tion and structural derangement around the central 
vein as compared to the control and UPC+rHMGB1 
groups. The amount of apoptosis and the number of 
TUNEL-positive cells among UPC and UPC+ An-
ti-HMGB1 groups were less than that in the control 
and UPC+rHMGB1 groups. 

3. Immunohistochemistry of HMGB1 
expression in liver 

As shown in Figure 3, the expression of HMGB1 
in liver cells significantly decreased in UPC and 
UPC+Anti-HMGB1 groups compared with the con-
trol and UPC+ rHMGB1 group (p <0.05). 
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Figure 1. Serum aminotransferases, cytokines, and hepatic myeloperoxidase among different groups. Figure A showed serum ALT and AST 
levels significantly increased when 20 IU/ml of l.5ml/kg of ulinastatin pretreated ( UPC ) group or combined with 100μg of anti-HMGB1 (UPC+Anti-HMGB1 
group) compared to those in control (p<0.05), but there was no significant difference between control group and UPC+rHMGB1 group (p>0.05). As 
showed in figure B and C, significantly increasing serum cytokines TNF-α and IL-1 levels were found in the control group and the UPC+rHMGB1 group 
compared with UPC group and UPC+Anti-HMGB1 group (p<0.05). At 120 min after reperfusion, rats in UPC and UPC plus Anti-HMGB1 had significantly 
reduced levels of myeloperoxidase (MDA) in liver homogenates compared to those in control as showed in figure D. Values are mean ± SD of 10 animals 
in each group. * P < 0.05 vs. Control. 

 
Figure 2. Effect of ulinastatin preconditioning (UPC) on attenuating liver ischemia reperfusion injury. Liver tissue was processed with H&E 
staining for light microscopy. Photograph depicts typical pattern of focal necrosis (black arrows) after ischemic degeneration of hepatocytes around the 
central venous area. Areas of necrosis were significantly lower in UPC and Anti-HMGB1 treated groups than in control. Magnification: 200×. Scale bar = 
200μm. Hepatocyte apoptosis was determined by immunohistochemical analysis by microscopy after TUNEL staining. Photograph depicts typical pattern 
of apoptotic cells (black arrows). Percentage of apoptotic cells was significantly lower in UPC and Anti-HMGB1 treated groups than in control group. 
Magnification: 200×. Scale bar = 200μm. 
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Figure 3. Immunohistological result of HMGB1 protein expression in groups. Hepatic HMGB1 positive cells were defined as stained with brown 
in cytoplasm (black arrows). It showed a decrease in HMGB1 expression in UPC and Anti-HMGB1 groups compared with control. Magnification: 400×. 
Scale bar = 100μm 

 

Discussion  
Results from our study demonstrated that pre-

treatment with ulinastatin was associated with inhib-
iting cytokine-induced HMGB1 expression, thereby 
reducing the inflammatory response after hepatic IR, 
while maintaining the structure of the hepatic paren-
chyma and suppressing hepatocytes apoptosis and 
serum levels of aminotransferases, suggesting that 
UPC had hepatoprotective effects. Hepatic ischemia 
and reperfusion injury can happen in many situations, 
including reduced cardiac function and liver surgery. 
Maintaining liver function remains to be an important 
clinical task [10-12], while reduced liver function after 
hepatic IR reflected poor prognosis. The present re-
sults shown herein suggested that ulinastatin pre-
conditioning may protect the ischemic liver during 
various clinical conditions. 

A role for the nuclear protein, HMGB1, in the 
pathogenesis of I/R-induced injury in a number of 
tissues, including the liver, has been proposed [3]. 
And recent evidence now exists to shed light on the 
vicious ROS–HMGB1 loop in IR injury [9]. Extracel-
lular HMGB1 induces receptor for advanced glycation 
end products (RAGE) signalling which induces ele-
vated free radicals [13], especially superoxide anion 

radical (O2-) from which the generation of many ROS 
derives [14], followed by HMGB1 activation of 
NADPH oxidase and increased ROS production in a 
toll-like receptor 4 (TLR4)-dependent manner [5]. The 
TLR4-dependent ROS production can promote the 
hypoxia-induced HMGB1 released by hepatocytes 
[15]. Mutual promotion between ROS and HMGB1 
forms a vicious circuit. UTI was reported to inhibit the 
extracellular release of toxic free radicals by neutro-
phils via the suppression of NADPH oxidase [16, 17] 
and might interrupt the vicious ROS-HMGB1 loop [9]. 
In addition to the formation of free radicals, IR dam-
age in the liver consists of two additional factors, 
namely inflammatory response and microcirculation. 
The inflammatory response plays an important role in 
homeostasis after IR. Because of the strategic localiza-
tion of the liver in blood supply to the entire gastro-
intestinal tract, ischemia of the liver invariably brings 
about an influx of bacteria and associated toxins on 
reperfusion [18, 19]. Sample evidences have demon-
strated that the massive inflammatory response is also 
a major cause of hepatic injuries after the IR [20, 21]. In 
our experiments, TNF-α and IL-1 of UPC rats de-
creased significantly after the IR, which suggested 
that hepatoprotective effects of UPC indeed partly 
mediated by the inhibition of inflammatory respons-
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es. Considering HMGB1 acting as a pro-inflammatory 
cytokine in stimulating the release of other cytokines, 
the inhibited effects of inflammatory responses of 
UPC can be partly explained by the indirect suppres-
sion of TNF-α and IL-1 via HMGB1 inhibition.  

It has been reported that expression of HMGB1 
promotes micro-vascular thrombosis in a model of 
thrombin-induced disseminated intravascular coagu-
lation in rats [22, 23] and HMGB1 may have contrib-
uted to the reduced liver reperfusion by promoting 
fibrin deposition in the hepatic micro-vessels [24]. We 
did not directly examine microcirculation in this 
study. Microscopic examination of hepatic slices, 
however, indicated that the improved microcircula-
tion might be one of the mechanisms of UPC’s hepa-
toprotective effects through which HMGB1 suppres-
sion alleviates the IR damage. 

There are various types of cell death, including 
necrosis, autophagy, and apoptosis. It has been re-
ported that TNF-a can directly impair mitochondrial 
activity, causing apoptosis and necrosis [25], and 
HMGB1 was important for oxidative stress-mediated 
autophagy [26]. The expressions of HMGB1 and 
TNF-α are regulated by NF-κB [27], and UPC could 
suppress NF-κB activation. Our results suggested that 
UPC inhibited hepatic damage after hepatic IR injury 
[1]. We speculate that the inhibition of hepatic cell 
death might be related to HMGB1 and TNF-α inhib-
ited by UPC through down-regulating NF-kappa B 
activation. 

Two unexpected results appeared in the present 
study. Firstly, no superimposed effects were found in 
the UPC+Anti-HMGB1 group compared with UPC 
group, as both UPC and Anti-HMGB1 had hepato-
protective effects. This result can be elucidated by 
UPC and Anti-HMGB1 having the same target in 
protecting against hepatic IR injury. It demonstrated 
that UTI preconditioning attenuates hepatic IR injury 
in Rats by inhibiting the expression of HMGB1. Sec-
ondly, antagonistic effects were found in UPC + 
rHMGB1 group compared with UPC group, although 
the protective effect of HMGB1 preconditioning in 
hepatic IR injury has been reported [28]. The HMGB1 
tolerant state following intravenous rHMGB precon-
ditioning may be mediated by two distinct mecha-
nisms: an early transient cellular refractory state and a 
later production of antibody which assists the reticu-
loendothelial system with clearance and destruction 
of the HMGB1 [29]. The surmise that ulinastatin and 
rHMGB1can coagulate into an inactive conjugate to 
eliminate them in serum may be an acceptable expli-
cation for the antagonistic effects of UTI and 
rHMGB1. However, further investigations in vivo are 
needed to clarify this important issue. 

Several limitations to this study are worth not-

ing. Firstly, this study used a rat model of hepatic IR 
injury; therefore the results may not reflect what oc-
curs in humans. Secondly, the experiments focus on 
evaluating the short-term effect of ulinastatin pre-
conditioning, and further studies are needed to de-
termine its long-term efficacy. Finally, the effects of 
ulinastatin post-IR injury were not evaluated in our 
study. Additional research is needed to address these 
issues. 

In summary, our results confirmed that ulinas-
tatin preconditioning could effectively protect the 
liver from IR injuries, and decrease the expression of 
HMGB1 in hepatocytes. It also demonstrated that the 
protective effects of UPC, as a “magic bullet” target-
ing inflammatory sites, against the liver IR damage 
are mediated by the prohibition of HMGB1. Based on 
present findings, although HMGB1 is almost un-
doubtedly one piece of the puzzle as opposed to a 
panacea, HMGB1 is believed to be a promising mo-
lecular target in developing novel treatment and 
prevention for hepatic IR injuries. 
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