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ABSTRACT
AIM: Direct ischemic preconditioning of liver can reduce 
ischemia-reperfusion injury (IRI). Remote limb preconditioning 
has been shown to attenuate IRI to the heart. This study determined 
to investigate the protective effects of remote limb ischemic 
preconditioning in reducing ischemia reperfusion injury in rats 
liver. 
METHODS: Fifty male SD (Sprague-Dawley) rats were randomly 
allocated to five groups (n=10 per group): control group (C), sham-
operated group (SO), ischemia-reperfusion group (IR), ischemic 
preconditioning group (HIPC), and limb ischemic preconditioning 
group (LIPC). The hepatic tissue sample and the blood of all groups 
were examined after experiments.
RESULTS: The levels of alanine aminotransferase (ALT) and  
aspartate aminotransferase (AST) in IR, HIPC and LIPC groups 
increased significantly than that in C and SO group(P<0.05), and 
there were significantly difference between IR group, HIPC and 
LIPC groups(P<0.05). There was no significant difference between 
HIPC and LIPC groups, C and SO groups (P>0.05). TUNEL-
positive cells could be seen rarely in SO group. The apoptosis index 
(AI) in IR, HIPC and LIPC groups increased significantly than 
those in SO group (P<0.05). In IR group, AI were significantly 
higher than those in HIPC and LIPC groups (P<0.05). There was no 
statistical significance between HIPC and LIPC groups (P>0.05).
CONCLUSION: Remote limb ischemic preconditioning has 
similar protective effect on the IR injured liver as the hepatic 
ischemic preconditioning and it can effectively attenuate the 
apoptosis. 
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INTRODUCTION
Hepatocellular injury caused by ischemia-reperfusion (IR) of the 
liver occurs in a number of clinical situations including major trauma, 
liver resection, and liver transplantation. A number of therapeutic 
strategies have been proposed to mitigate the injury following 
ischemia-reperfusion, such as ischemic preconditioning and ischemic 
postconditioning[1]. Among these, ischemic preconditioning (IPC) 
has been shown as the most commonly used approach to protect 
tissues against injury during ischemia and subsequent reperfusion. 
Ischemic preconditioning can be mechanical-occlusion of blood 
vessel[2], or pharmacological-premedication of antioxidant[3]. Both 
animal experiments and clinical practices have shown that ischemic 
preconditioning of the liver by temporary antecedent occlusion of 
the porta could lessen subsequent hepatocellular injury related to 
IR. Direct mechanical preconditioning in which the target organ 
is exposed to brief ischemia prior to prolonged ischemia has the 
benefit of reducing IR injury but its main disadvantage is trauma to 
major vessels and stress to the target organ. It was found in humans 
and animals that protection on heart, lung and other organs  could be 
achieved by intermittent interruption of the blood flow to the kidney, 
small intestine or a limb[4-6]. These phenomena as a brief sublethal 
ischemia of one organ conferred protection on distant organs were 
called remote preconditioning or inter-organ preconditioning, 
which had no direct stress to the vital organs. RIPC can improve 
liver function and increased hepatic blood flow by Doppler flow 
measurements[7]. In the present studies, we explored the protective 
effect of remote preconditioning by brief hind limb occlusion on rat 
liver IR injury and examined potential underlying mechanisms of 
LIPC.
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METHODS
Animals and reagents
Fifty male healthy SD (Sprague-Dawley) rats (weighing 227±12.6 g) 
were obtained from the Experimental Animal Center, Hebei Medical 
University, Shijiazhuang, China. All animals received human care 
according to the criteria outlined in the “Guide for the Care and Use 
of Laboratory Animals.” The rats were kept in standard conditions 
and fed with water and rodent chow ad libitum. The animals were 
randomly divided into five groups: control group (C), sham-operated 
(SO), ischemia-reperfusion (IR), hepatic ischemic preconditioning 
(HIPC) and limb ischemic preconditioning (LIPC).

Techniques of experiment 
Animals were maintained in a temperature-controlled environment 
and fasted (with water allowed) for twelve hours before the study. 
The rat liver ischemia-reperfusion model was established according 
to Nauta’s method[8] by anesthetizing with an intraperitoneal injection 
of 10% pentobarbital 3.5 mL/kg. In C group, only blood samples 
taken from the heart; in SO group, only dissected out hepatoduodenal 
ligaments; in IR group, ischemia was initiated by clamping the 
portal venous and hepatic arterial branches to the left and median 
hepatic lobes for 30 min, after warm ischemia, the clip was removed 
initiating hepatic reperfusion; in HIPC group, the porta venous and 
hepatic arterial branches to the left and median lobes were subjected 
to three cycles of 10 min ischemia followed by 10 min reperfusion 
before IR; in LIPC group, both the left and right hind limb were 
subjected to three cycles of 10 min ischemia and followed by 10 min 
reperfusion by clamping the femoral artery prior to IR.

Detection of the levels of ALT and AST in serum 
Blood samples taken from the heart were conserved in the freezer at 
-70℃ after 15 minute centrifugation with the speed of 2500 round/
minute. Serum levels of alanine aminotransferase (ALT) and aspartate 
aminotransferase (AST) were measured by a spectrophotometer 
(type-756, Shanghai  Precision Instrument Factory, Shanghai, China).

Histological examination
Liver tissue was obtained after 6h reperfusion and fixed in 4% 
formaldehyde. Tissues were embedded in paraffin, and 5-µm sections 
were cut and stained with haematoxylin-eosin and then sections were 
observed under a light microscopy. 

Detection of apoptosis
TUNEL (terminal-deoxynucleotidyl transferase mediated d-UTP nick 
end labeling) staining for apoptotic nuclei was detected in dewaxed 
sections using the TUNEL assay kit (Roche Co., Mannheim, 
Germany). Dewaxed and rehydrated tissue section by heating at 
60℃ followed by washing in xylene twice and rehydration through 
a graded series of ethanol. Incubated tissue section for 15-30 min at 
21-37℃ with Proteinase K working solution, and then added TUNEL 
reaction mixture on sample. After signal conversion, apoptotic nuclei 
were analyzed under light microscopy by a blinded reviewer. The 
nuclei of positive cell showed brown or dark brown. 10 visions of 
representative fields were observed to calculate the apoptosis positive 
index (AI): AI= (A1+A2+…+An)/n (n=10).

Statistical analysis
Data were expressed as mean±SD. All analyses were conducted with 
SPSS version 17.0 (SPSS Inc., Chicago, IL, USA). One-way analysis 
of variance (ANOVA) was performed when comparing four groups, 
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and SNK q post-test for two-group comparison. A P value less than 
0.05 was considered statistically significant. 

RESULTS
Serum aminotransferase
Serum ALT and AST levels were higher 6 h after operation in the 
IR group, HIPC group and LIPC group compared with C and SO 
groups (P<0.05), it was lower in HIPC and LIPC relatively (P<0.05), 
but there was no significant difference between these two groups 
(P>0.05). There was no significant difference between C and SO 
groups (Table 1, figure 1).

Figure 1 Levels of ALT and AST in serum.

Table 1 Levels of ALT and AST in serum (mean±SD).

Group
C                
SO
IR
HIPC
LIPC
F
P

N
10
10
10
10
10

ALT(U/L)
49.32±6.22
52.95±6.95
654.06±104.45 1

395.52±38.18 12

437.25±48.41 123

167.589
<0.0001

AST(U/L)
75.48±8.02
79.66±10.63
782.49±112.40 1

431.75±40.89 12

481.53±58.17 123

186.433
<0.0001

1 P<0.05, compared with the SO and C group; 2 P<0.05, compared with the 
IR group; 3 P>0.05, compared with the HIPC group.

IR-Induced Apoptosis
The TUNEL-positive apoptotic cell nucleus was brown observed 
under light microscope. Positive cell was rare in the SO group, it was 
more common to be observed in IR group. Both HIPC and LIPC at-
tenuated the apoptosis (Figure 2). Apoptosis index was calculated by 

Figure 2 Hepatocellular apoptosis (TUNEL). A: SO group: liver without 
IR injury; B: IR group: IR liver without preconditioning; C: HIPC group: 
IR liver with hepatic preconditioning; D: LIPC group: IR liver with limb 
preconditioning Original magnification ×400. Brown indicates apoptotic 
nuclei.
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palpable, and it was not feasible to perform the ultrasonic Doppler 
to exam the blood flow. In order to ensure the hindlimb artery was 
totally occluded we used small size bulldog clamps to clip the 
bilateral femoral artery to achieve the preconditioning, and from the 
experiment results we assumed this method was practicable. 
    In conclusion, remote preconditioning has greater potential for 
clinical application than conventional preconditioning, since it can 
be performed in a non-vital organ, avoiding the high risk of inducing 
ischemia as preconditioning in the vital organ.

REFERENCES 
1      Zhang WX, Yin W, Zhang L, Wang LH, Bao L, Tuo HF, Zhou 

LF, Wang CC. Preconditioning and postconditioning reduce 
hepatic ischemia-reperfusion injury in rats. Hepatobiliary 
Pancreat Dis Int 2009; 8: 586-590

2    Laurikka J, Wu ZK, Iisalo P, Kaukinen L, Honkonen EL, 
Kaukinen S, Tarkka MR. Regional ischemic preconditioning 
enhances myocardial performance in off-pump coronary 
artery bypass grafting. Chest 2002; 121: 1183-1189

3      Zhang WX, Zhou LF, Zhang L, Bao L, Wang CC, Meng HY, 
Yin W. Protective effects of glutamine preconditioning on 
ischemia-reperfusion injury in rats. Hepatobiliary Pancreat 
Dis Int. 2011; 10: 78-82

4     Liem DA, Verdouw PD, Duncker DJ. Transient limb ischemia 
induces remote ischemic preconditioning in vivo. Circulation 
2002; 106: 2881-3883 

5      Xia Z, Herijgers P, Nishida T, Ozaki S, Wouters P, Flameng 
W. Remote preconditioning lessens the deterioration 
of pulmonary function after repeated coronary artery 
occlusion and reperfusion in sheep. Can J Anaesth 2003; 50: 
481-488

6      Küntscher MV, Kastell T, Sauerbier M, Nobiling R, Gebhard 
MM, Germann G. Acute remote ischemic preconditioning 
on a rat cremasteric muscle flap model. Microsurg 2002; 22: 
221-226

7    Kanoria S, Jalan R, Davies NA, Seifalian AM, Williams R, 
Davidson BR. Remote ischaemic preconditioning of the 
hind limb reduces experimental liver warm ischaemia-
reperfusion injury. Br J Surg 2006; 93: 762-768

8    Nauta RJ, Tsimoyiannis E, Uribe M, Walsh DB, Miller D, 
Butterfield A. Oxygen-derived free radicals in hepatic 
ischemia and reperfusion injury in the rat. Surg Gynecol 
Obstet 1990; 171: 120-125

9     Ali ZA, Callaghan CJ, Lim E, Ali AA, Nouraei SA, Akthar 
AM, Boyle JR, Varty K, Kharbanda RK, Dutka DP, Gaunt 
ME. Remote Ischemic Preconditioning Reduces Myocardial 
and Renal Injury After Elective Abdominal Aortic 
Aneurysm Repair. Circulation 2007; 116: 98-105

10     Jensen HA, Loukogeorgakis S, Yannopoulos F, Rimpiläinen 
E, Petzold A, Tuominen H, Lepola P, Macallister RJ, 
Deanfield JE, Mäkelä T, Alestalo K, Kiviluoma K, Anttila 
V, Tsang V, Juvonen T. Remote Ischemic Preconditioning 
Protects the Brain Against Injury After Hypothermic 
Circulatory Arrest. Circulation 2011; 123: 714-721 

11   Basalay M, Barsukevich V, Mastitskaya S, Mrochek A, 
Pernow J, Sjöquist PO, Ackland GL, Gourine AV, Gourine 
A. Remote ischaemic pre- and delayed postconditioning - 
similar degree of cardioprotection but distinct mechanisms. 
Exp Physiol 2012; 97: 908-917 

12    Lim SY, Yellon DM, Hausenloy DJ. The neural and humoral 
pathways in remote limb ischemic preconditioning. Basic 
Res Cardiol  2010; 105: 651-655

13   Cai ZP, Parajuli N, Zheng X, Becker L. Remote ischemic 
preconditioning confers late protection against myocardial 
ischemia-reperfusion injury in mice by upregulating 
interleukin-10. Basic Res Cardiol 2012; 107: 277 

blinded review of ten representative slides (×400) (Table 2). The AI 
values were higher in the IR, HIPC, and LIPC groups than in the SO 
group (P<0.05). The highest AI was in the IR group, and there was 
no significant difference between the HIPC and LIPC groups.

Table 2 Hepatocellular Apoptosis Index (%).

Group
SO
IR
HIPC
LIPC
F
P

N
10
10
10
10
10

AI (%)
0.92±0.16
9.64±1.57 1

4.94±0.4212

5.02±0.44 123

175.498
<0.0001

1 P<0.05,compared with the SO group; 2 P<0.05, compared with the IR 
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DISCUSSION 
Recent s tudies have demonstrated that remote ischemic 
preconditioning, a process for the use of a non-vital distant organ 
temporarily rendered to short sublethal ischemic preconditioning, is 
able to protect other organs from the subsequent ischemia reperfusion 
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The mechanisms accounting for remote preconditioning have been 
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In this study, we hypothesized that it may modulate hepatocellular 
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    The results of this study showed that serum alanine tranaminase 
(ALT) and aspartate tranaminase (AST) increased significantly 
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interventions.
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transcription of many pro-inflammatory cytokines (such as TNF-α 
and IL-1)[14,15]. TNF-α and other mediators activated many of the 
proteins involved in apoptosis, such as the proteases caspase-3 
and caspase-8, along with mitochondria cytochrome-C released 
to the cytoplasm[16,17]. The cascade of events that started with 
these substances led to DNA destruction and cell death. With 
this in mind, we observed the liver tissue apoptosis by means of 
TUNEL assay to confirm the DNA injury. The results affirmed our 
hypothesis, but the protective pathway of remote preconditioning 
needed investigating further.
    In our studies, hindlimb preconditioning was induced by three 
cycles of 10 min occlusion of the bilateral femoral arteries followed 
with 10 min reperfusion; this was consistent with all previous 
studies[18,19]. This was based on evidence that three cycles of 10 min 
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single cycle IPC did not reduce liver damage in patients undergoing 
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vessels could cause neuromuscular paralysis[21]. In this study, because 
the limb artery of rat was very thin and the femoral pulse was not 
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