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Abstract 
Aim: Ischemic preconditioning (IPC) protects tissue against ischemia and reperfusion (I/R) injury. 
The aim of this study was to examine the impact of IPC on protection of hepatocytes after pro-
longed I/R injury. Methods: Twenty-four Wistar rats were randomly divided into ischemic pre-
conditioning group (IP), ischemia/reperfusion group (IR) and sham operation group (SO). A model 
of partial liver ischemia/reperfusion was used, in which rats were subjected to liver ischemia for 
90 min prior to reperfusion. The animals in the IP group underwent ischemic preconditioning for 
10 min prior to the ischemia/reperfusion challenge. After 3 h of reperfusion, serum and liver tis-
sue in each group were collected to detect the level of serum ALT, AST, HA, MDA and liver histopa-
thology. Results: Compared with IR group, IP group showed a significantly lower ALT, AST, HA and 
MDA level in 3 h. Proliferation index (PI) was significantly increased in IP group compared with IR 
group. Conclusion: Ischemic preconditioning can protect liver cells against ischemia/reperfusion 
injury, which may be related to cell proliferation during early ischemic reperfusion. 
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1. Introduction 
Hepatic ischemia/reperfusion (IR) injury is an important clinical problem occurring in hepatic resection or liver 
transplantation. Ischemic preconditioning (IP) has been proven to be an effective method protecting the liver 
against ischemia/reperfusion injury [1]. Many mechanisms are associated with this phenomenon [2], but some 

http://dx.doi.org/10.4236/oalib.1101306
http://www.oalib.com/journal
mailto:gojigen000@gmail.com
http://creativecommons.org/licenses/by/4.0/


N. Hashimoto 
 

OALibJ | DOI:10.4236/oalib.1101306 2 February 2015 | Volume 2 | e1306 
 

are still unclear. 
In what appears to be an analogous phenomenon to ischemic preconditioning against IR injury, a small, non-

lethal dose of carbon tetrachlodide (CCL4) protects the liver against a second massively hepatotoxic dose admi-
nistered 24 hours later [3]. This conditioning phenomenon with CCL4 is associated with cell cycle entry. 

Previous studies showed that the analogous conditioning phenomenon induced by carbon tetrachloride (CCL4) 
was related to hepatocellular proliferation [4]. 

Whether IP promotes hepatocellular regeneration remains unknown. 
This study was to assess the effect of IP on cell regeneration and to explore the possible mechanism of IP 

protection. 

2. Material and Methods 
Adult male Wistar rats, weighing 250 to 300 g were used in all experiments. The animals were provided with 
regular chow (Nihon Clea Shizuoka Japan) and water ad libitum, and were housed in a 12-h dark/12-h light 
cycle, pathogen-free environment at the Kinki University Animal Faculty. 

All rats were treated according to the guidelines on animal experimentation set out by the National Institutes 
of Health (Bethesda, MD, USA). 

2.1. Animal Model 
The rats were randomly divided into 3 groups of 8 rats each; sham operated (sham) group, ischemia/reperfusion 
(I/R) group, ischemic preconditioning plus ischemia/reperfusion (IPC) group. Liver I/R injury was induced as 
follows. Rats were anesthetized with sodium pentobarbital (50 mg/kg intraperitoneally). A midline laparotomy 
was performed. An atraumatic clip was used to interrupt blood supply to the left lateral and median lobes of the 
liver. 

After 90 min of partial hepatic ischemia, the clip was removed to initiate hepatic reperfusion. Sham groups 
rats underwent the same protocol without vascular occlusion. But in IPC group rats, before the procedure of 
ischemia/reperfusion, the left lateral and median lobes of the liver were subjected to 10 min ischemia followed 
by 10 min reperfusion. Three hours after liver reperfusion, all rats were sacrificed and blood and liver samples 
were collected for analysis. 

2.2. Serum Liver Function, Hyaluronic Acid Assay and MDA 
Serum alanine aminotransferase (ALT) and aspartate aminotransferase (AST) levels were measured using com-
mercial kits by a Hitachi Automatic Biochemical Analyzer. Determination of serum hyaluronic acid was per-
formed by a sandwich binding protein assay. MDA was assayed by the measurement of thiobarbituric acid- 
reactive substances (TBARS) levels at 532 nm. Results were expressed as nmol/mg protein. 

2.3. Hepatic Histology and PCNA Immunohistochemistry 
The severity of liver injury was determined from hepatic histology. Consecutive sections from paraffin-embedded 
liver were cut for haematoxylin and eosin staining for evaluation of necrosis and proliferating cell nuclear anti-
gen (PCNA) immunohistochemistry. PCNA immunohistochemistry was performed with Santa Cruz Immuno- 
Cruz Staining System Kit. PCNA-positive staining nuclei were counted in 5 high-power fields (magnification 
×40), and the results were expressed as a percentage of total number of hepatocyte nuclei. 

2.4. Statistical Analysis 
Data were expressed as mean ± SD. The statistical significance of differences between groups were analyzed 
using the one-way analysis of variance (ANOVA). The P values less than 0.05 was considered statistically sig-
nificant. 

3. Results 
1) Serum ALT, AST, and HA levels (Table 1) 
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Table 1. Effect of IPC, I/R and sham on serum ALT, AST, HA and MDA levels.                                       

Groups ALT (U/L) AST (U/L) HA (mg/L) MDA (nmol/mL) 

Sham 40 ± 10 35 ± 10 20 ± 10 1.5 ± 0.6 

I/R 6710 ± 1400# 12000 ± 1700# 70 ± 30# 3.8 ± 1.1# 

IPC 4200 ± 1000*# 6800 ± 2400*# 30 ± 10* 2.0 ± 0.6* 

#P < 0.05 vs sham group; *P < 0.05 vs I/R group. 
 

After 90 min of hepatic ischemia and 3 h of reperfusion, serum ALT and ALT levels were significantly in-
creased in I/R group, as compared with sham group (P < 0.05). However, in IPC group, serum ALT and AST 
levels were markedly reduced when compared with I/R group (P < 0.05). Serum levels of hyaluronic acid were 
also significantly increased in I/R group compared with sham group (P < 0.05). In IPC group, serum hyaluronic 
acid levels were markedly lower than in I/R group (P < 0.05). 

2) Serum MDA level (Table 1) 
Serum level of MDA, a marker of oxidative stress, was significantly higher in I/R group compared with sham 

group (P < 0.01). However, serum MDA level in IPC group was markedly decreased as compared with I/R 
group (P < 0.05). 

3) Pathological changes (Figure 1) 
The ischemic lobes in I/R group revealed disorderly liver sinusoids, enlarged and congested with many red 

blood cells, their lining endothelial cells degenerated, necrotized and sloughed off, exposing parenchymal cells 
immediately to blood, as well as multiple and extensive hepatocellular necrosis and massive infiltration of neu-
trophils. However, IPC group showed good preservation of lobular architecture, with less sinusoidal lining en-
dothelial cells swelled, necrotized and sloughed off and few hepatocellular necrosis and neutrophils infiltration 
as well. 

4) PCNA labeling index (Figure 2) 
The number of PCNA positive nuclei was significantly increased in preconditioned (0.83 ± 0.06) versus un-

preconditioned group (0.61 ± 0.04). 

4. Discussion 
Hepatic ischemia/reperfusion can lead to liver cells (i.e., parenchymal and sinusoidal cells) damage and dys-
function. Ischemic pre-conditioning is extensively documented to reduce I/R injury in a variety of organs in-
cluding liver [5]. In our study, we demonstrated that IPC could attenuate hepatic I/R injury, indicated by reduced 
serum ALT and AST levels and improved tissue pathologic alteration as compared with I/R group. Hyaluronic 
acid (HA) is produced mainly by fibroblast and other specialized connective tissue cells, and removed from cir-
culation by specific receptors present in sinusoidal cell (SEC) of the liver. HA uptake reflects the damage of 
SEC and serum HA levels were used as a noninvasive indicator of SEC damage [6]. Our experiment showed 
that the increase of serum HA levels was markedly prevented in IPC group as compared with I/R group and si-
nusoidal endothelial pathological alteration also significantly improved, suggesting that IPC was not limited to 
parenchymal cells but ameliorated sinusoidal cells dysfunction during I/R injury. 

Reative oxygen species (ROS) have been implicated in the pathogenesis of ischemia/reperfusion injury. ROS 
is involved in the I/R injury. Serum MDA, the product of lipid peroxidation, was significantly increased follow-
ing I/R compared with sham group. In IPC group, serum MDA was markedly lowered compared with I/R group. 

The result is in agreement with the reports of Cavalieri et al. [7] Peralta et al. showed that IPC could block the 
Xanthine oxidase pathway of ROS generation, thus providing protection against liver I/R injury [8]. 

The most novel and potentially important finding of the present work is that all preconditioned liver sections 
revealed striking hepatocyte nuclear variability and mitoses after subsequent IR. These were not features in un-
preconditioned livers subjected to identical IR. This observation led us to postulate that a preconditioning sti-
mulus could drive quiescent hepatocytes to enter the cell cycle. To better quantify the apparent regenerative re-
sponse stimulated by preconditioning, we stained liver sections for PCNA, which is synthesized in G1 and S 
phase of the cell cycle so that prominent nuclear localization is found in proliferating hepatocytes [9]. In pre-
conditioned rat, PCNA staining of nuclei was clearly evident within 3 hours of the onset of reperfusion after 
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IPC group                                      I/R group 

Figure 1. Liver tissue from I/R and IPC group.                                             
 

          
Figure 2. Proliferating cell nuclear antigen (PCNA) staining in I/R group and IPC group.            

 
90 minutes of ischemia. These observations suggest that ischemic preconditioning primes hepatocytes to enter 
the cell cycle early, hence setting up a regenerative response to diminish or compensate for subsequent hepato-
cyte injury induced by prolong ischemia and IR. Proliferation index (PI) increased significantly at 3 h of reper-
fusion in IPC group compared with I/R group. The finding of the present work is that IPC could promote liver 
cell proliferation during early ischemic reperfusion, which is possibly related to IPC protection. Zhang et al. [10] 
showed that proliferating liver cells can resist IR injury. The mechanism of cellular proliferation involved in IPC 
are still obscure. The mechanisms may be related to the fact that IP activates the p38MAPK pathway [11], lead-
ing to activation of regulatory proteins and production of DNA synthetic proteins, such as cyclinD1 and inter-
leukin-6 (IL-6) [12]. The p38MAPK pathway is an important signaling pathway involved in IP. Blockade of the 
p38MAPK pathway can lead to loss of protection of IP [13]. 

5. Conclusion 
Ischemic preconditioning can protect liver cells against ischemia/reperfusion injury, which may be related to cell 
proliferation during early ischemic reperfusion. However, their underlying regulatory pathway and biological 
role remain unclear. 
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