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INTRODUCTION

Liver transplantation is the most important treatment option for 

both acute and terminal period liver disorders [1]. Improvements in 

surgical technique and the immunosuppressive treatments used aft er 

transplantation prolong survival but also lead to various complications 

[1]. Th ese complications include hemorrhage, gall bladder leakage, 

bile fi stula, bile duct stenosis, and vascular complications such as 

portal vein or hepatic artery thrombosis [1,2]. 

Minimizing the duration and eff ect of hepatic ischemia aft er the 

Pringle maneuver and keeping infl ammatory events under control 

has become increasingly important to protect liver functions during 

surgery in recent years [3]. Th e Pringle maneuver leads to hepatic 

problems related to ischemia and reperfusion but the mechanism 

is not fully clear. Ischemia can develop due to arterial or venous 

occlusion. Vascular bed stasis is present in venous occlusion. Th e 

Pringle maneuver can be extended to 60-90 minutes at present but 

longer durations can lead to severe hepatic destruction and even 

shock and death [3]. Portal venous ischemia has also been reported to 

be fatal aft er 60 minutes in rats [4].

Polymorphonuclear Leukocyte (PMNL) activation, oxygen 

free radical formation, cytokine secretion, complement activation 

and eicosanoid production are the main results of ischemia and 

reperfusion damage. Th ese mediators have been found at abnormally 

high levels in the circulation in patients with ischemia and reperfusion 

damage and their presence leads to the development of clinical signs 

and symptoms [5]. 

Heparin is an antithrombotic agent known to increase the 

survival rate in sepsis, shock, ischemia and reperfusion models [6,7]. 

Heparin has also been shown to prevent complement activation 

through the alternative route and decrease activation of the classic 

complement route with its C1 esterase inhibitor eff ect [8]. Heparin is 

known to play a role in decreasing infl ammation in the ischemia and 

reperfusion model in this way [9]. It has been reported to decrease 

tissue damage by inhibiting complement activation aft er ischemia 

reperfusion damage [8,10].

Th e aim of this experimental study was to investigate whether 

heparin decreases tissue damage through complement inhibition in 

hepatic ischemia and reperfusion damage created via the portal vein. 

MATERIALS AND METHODS

Th e experimental study protocol was realized in accordance 

with the guidelines of the “National Institutes of Health Guide for 

the Care and Use of Laboratory Animals” aft er ethical and scientifi c 

approval from the Başkent University Medical Faculty Experimental 

Research Committee. Th e rats used in the experiment were obtained 

from the Experiment Animals Production Center affi  liated with 

the Başkent University Research Center. Th is study was conducted 

at the Başkent University Experimental Research Center. A total 

of 25 (Wistar Albino) male rats weighing 150-290 gr were used in 

the study. Th ey were transferred from the production center to the 

study center one week before the study started and prepared for the 

experiment by being kept at a stable environment (at 22°C) for 12 

hours under daylight conditions and 12 hours under night conditions 

each day and being given standard rat food. Th e rats to be used in 

the experiment were left  fasting and allowed to drink only water for 

12 hours beforehand. Anesthesia was ensured by intraperitoneal 

administration of 50 mg/kg Ketamine Hydrochloride (Ketalar® 

Eczacibaşi Warner-Lambert İlaç Sanayi, Levent, Istanbul) and 7 mg/

kg Xylazine Hydrochloride (Rompun® Bayer Şişli, Istanbul) under 

aseptic conditions . Th e subjects were divided into fi ve main groups.

Group 1 (control group = 5)

Th e group where the parameters would be observed without 

administration of heparin or formation of ischemia reperfusion 

damage.

Group 2 (n = 5)

Th e group that was sacrifi ced 24 hours aft er the formation of 

ischemia reperfusion damage without the administration of the 

therapeutic drug.

Group 3 (n = 5) 

Th e group that was sacrifi ced 24 hours aft er ischemia reperfusion 

damage was created and administration of heparin (Nevparin® 

Mustafa Nevzat Ilaç Sanayii, Gayrettepe, Istanbul).

Group 4 (n = 5) 

Th e group that was sacrifi ced 48 hours aft er the formation of 

ischemia reperfusion damage without the administration of the 

therapeutic drug.

Group 5 (n = 5) 

Th e group that was sacrifi ced 48 hours aft er ischemia reperfusion 

damage and administration of heparin.

Th e rats were weighed before the procedure. Th e incision site was 

shaved aft er anesthesia. Skin antisepsis was provided with povidone 

iodine and the arms and legs were fi xed on the operating device. Th e 

device was held at a 30 degree incline to prevent the aspiration risk 

and the subject draped under sterile conditions with the incision site 
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exposed. A midline incision was preferred. Following the laparotomy, 

the small intestines were taken out of the abdomen and the portal 

peduncle observed. Subsequently, the portal vein was isolated and 

dissected and then separated from the hepatic artery and biliary tract. 

Ischemia creation

Ischemia was created with a microvascular clamp placed on 

the portal vein so as to avoid pressure on the hepatic artery (Figure 

1). Ischemia duration was 60 minutes. Th e microclamp was then 

removed and reperfusion was provided. Each rat was kept under 

a heat lamp during this period in order to prevent heat loss. Th e 

incision was closed in 2 layers using 3.0 silk at the end of the surgery. 

Th e rats were not fed orally until the eff ects of anesthesia passed.

Heparin administration

A 1200 IU/kg dose of heparin was administered from the tail vein 

right before ischemia was created.

Blood samples were taken from the inferior vena cava for 

biochemical investigation. Th e tissue samples taken from the liver 

were placed into sterile containers of known weight. Th e serum IL-6 

levels and liver tissue GSH levels were measured as biochemical 

parameters at the Başkent University Hospital’s Biochemical 

Laboratory and recorded on the information form of each rat. Tissue 

samples taken from the left  lobe of the liver were kept at -86°C until 

biochemical analyses were performed. Th e inferior vena cava blood 

samples were immediately centrifuged at 1500 g for 15 minutes to 

separate the serum for cytokine analyses and kept at -86°C until the 

analysis. All biochemical analyses were performed as dual studies. 

Serum TNF-α and IL-6 levels were measured with the ELISA method 

by using commercial kits (Biosource International Inc, California, 

USA; TNF-α: KRC3011 and IL-6: KRC0061) while cytokine analysis 

was with the “solid phase sandwich ELISA” method.

Liver tissue homogenates were prepared by using a glass 

homogenizer inside 0.15 M KCl (10%, w/v) for reduced glutathione 

(GSH) analyses in tissue samples. Tissue MDA concentration was 

used as the lipid peroxidation marker according to the method 

identifi ed by Beuge and Aust [11]. Tissue GSH concentrations were 

evaluated using the tissue sulfh ydryl group determination method of 

Ellman [12]. Protein analysis in tissue homogenates was according to 

the method of Lowry, et al. [13].

Pathology evaluation

Th e liver tissue sample was covered with sterile gauze previously 

soaked with 0.9% Saline and sent to Başkent University Hospital’s 

Pathology Department inside a Petri Box for C3 evaluation in 

the fresh sample with the IF method. C3 (FITC-Conjugated 

Rabbit Anti-Human C3a Complement Code No. F 0201 Lot. 075 

BIOKEM) presence was then investigated in liver tissue with the 

Immunofl uorescent (IF) method. Th e study groups were monitored 

for 24 and 48 hours and the complement-dependent eff ects of 

heparin in the liver were investigated. Th e C3 levels in fresh liver 

tissue samples were determined with the IF method. Th e eff ects of 

heparin on the C3 level in the liver were evaluated.

C3 level determination

Samples taken from the fresh liver tissue were frozen in frozen 

section gel (Tissue freezing Medium/ JUNG) at -60°C and 6 μ sections 

placed on poly-lysine coated slides at -20°C. Th e sections were kept 

in acetone for 10 minutes. Once the acetone was vaporized, they 

were incubated with C3 Antibody (C3-b Complement/FITC-Rabbit 

Anti-Human/BİOKEM) at room temperature in an environment 

without light for 3 hours. Th e sections were then washed with distilled 

water and dried. Th ey were covered with fl uorescent covering gel 

(Fluorescent Mounting Medium/BIOKEM) and evaluated under 

the fl uorescent microscope. Th e investigation was conducted by 

a single pathologist from the Başkent University Hospital and the 

samples graded semi quantitatively between +1 and +3 according to 

IF staining severity.

MPO STUDY

Th e 3 μ thick sections from paraffi  n blocks were placed on poly-

L-lysine-coated slides and then kept in the oven at 56°C for 14 hours 

before being placed in xylene and alcohol for 30 minutes each. Th e 

slides were then washed under tap water and transferred into Citrate 

Buff er Solution (pH = 6.0). Th ey were boiled at moderate temperature 

for 20 minutes and kept at room temperature for 20 minutes. Th e 

section were then incubated at room temperature for 2 hours with 

a 1:300 dilation of MPO (Myeloperoxidase DAKO polyclonal 

rabbit A 0398) and undiluted ready-to-use primary antibody INOS 

(INOS Rabbit polyclonal antibody RB-9242-R7) using the avidin-

biotin complex method. Finally, the reaction was made visible using 

chromogen 3.3-diamino-benzidine-tetrahydrochloride.

STATISTICAL ANALYSIS

Th e SPSS 9.0 soft ware program was used for the statistical 

analyses of study results. Mean and standard deviations, which are 

central distribution criteria in statistical analysis, were calculated 

and intragroup diff erences of the nominal values determined using 

Fisher’s exact chi-square test for non-parametric data. A p value <0.05 

was considered signifi cant. Th e Kruskal-Wallis and Mann-Whitney 

U tests were used to analyze values obtained with measurement. For 

the groups where the diff erence was found to be signifi cant with the 

Kruskal-Wallis test, we used the Mann-Whitney test to analyze the 

signifi cance between two groups and p values <0.015 were accepted 

as signifi cant following Bonferroni correction.

RESULTS 

Biochemical fi ndings

Th e results obtained from the study were biochemically 

categorized (Table 1). 

Figure 1: Ischemia was created with a microvascular clamp placed on the portal vein so as to avoid pressure on the hepatic artery. 
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A statistically signifi cant diff erence was found between all groups 

in terms of IL-6 (p = 0.001). Statistically signifi cant diff erences were 

found between the groups sacrifi ced at 24 hours with and without 

heparin administration in pairwise comparison between the 

groups (p = 0.004). No statistically signifi cant diff erence was found 

between the groups sacrifi ced at 48 hours with and without heparin 

administration (p > 0.017).

A statistically signifi cant diff erence was found between all groups 

in terms of GSH (p = 0.001).Statistically signifi cant diff erences were 

found between the groups sacrifi ced at 24 and 48 hours with and 

without heparin administration in pairwise comparisons (p = 0.002).

 A statistically signifi cant diff erent was found between all groups 

in terms of MPO (p = 0.001).

Statistically signifi cant diff erences were found between the groups 

sacrifi ced at 24 and 48 hours with and without heparin administration 

in pairwise comparisons (p = 0.001)

A statistically signifi cant diff erent was found between all groups 

in terms of MPO (p = 0.001)

Statistically signifi cant diff erences were found between the groups 

sacrifi ced at 24 and 48 hours with and without heparin administration 

in pairwise comparisons (p = 0.002)

Pathology fi ndings

C3 levels in liver tissue with the IF method: C3 levels in 

livertissue as determined with the IF method are presented (Table 2). 

C3 staining in the group without heparin administration (group 2 

and 4) was stronger than in the groups administered heparin (group 

3 and 5), (Figure 2).

A statistically signifi cant diff erence was found between the groups 

in terms of C3 staining (p = 0.001).

DISCUSSION

Interventions on the liver lead to changes that are consistent 

with the ischemia and reperfusion model. While cell damage occurs 

during the ischemic period, this damage is further increased during 

the reperfusion period that follows. Th e damaging factors include 

oxygen free radicals, leukocyte migration and activation, sinusoidal 

endothelial cell damage, irregular microcirculation, and activation of 

the coagulation system and complement system [14,15].

Ischemia and reperfusion damage is an important pathological 

process leading to hepatic damage following shock and hepatic 

surgery. Th e hepatic damage caused by ischemia and reperfusion 

damage is believed to be through the pro-infl ammatory cytokines 

and other infl ammatory mediators secreted from the activated 

leukocytes. Th erapeutic inhibition of leukocyte activation is therefore 

useful in preventing this hepatic damage. Inhibition of TNF-α 

production could be eff ective in preventing such damage. TNF-α 

plays an important role in the new microcirculatory distribution 

due to microthrombus formation. Th is microthrombus formation 

further increases TNF-α production in the hepatic damage caused 

by ischemia and reperfusion damage, leading to a vicious cycle as 

regards microcirculatory distribution. Heparin has also been shown 

to prevent neutrophil activation through increased hepatic PGI2 and 

Table1: IL-6, GSH, MPO mean and standard error values are presented in table 1.
IL-6 (pg/ ml) GSH (nmol/

mg-protein)
MPO

Necrosis Involvement
Control 72.94 ± 55.56 23.58 ± 6.44 4.00 ± 8.94 5.00 ± 0.00

Heparin (-) 24th 
Hour 120.44 ± 141.98 31.22 ± 7.42 10.00 ± 22.36 21.25 ± 4.78

Heparin (+) 
24th Hour 3.26 ± 7.28 38.42 ± 8.08 0.00 ± 0.00 9.00 ± 2.23

Heparin (-) 48th 
Hour 46.14 ± 41.13 25.74 ± 8.69 16.00 ± 23.02 22.00 ± 2.73

Heparin (+) 
48th Hour 21.34 ± 47.71 30.44 ± 2.08 0.00 ± 0.00 9.00 ± 2.23

Table 2: Liver tissue C3 levels with the immunofl uorescent method.
Order 

No
Groups Weight 

(gr)
Procedure 
Performed

Samples Taken
Pathology

Liver Tissue C3 Levels with the 
Immunofl uorescence Method.

1 Group 1 180

Control group

Negative
2 160 Negative

3 160 Negative

4 150 Negative
5 150 Negative
6 Group 2 190 Ischemia and 

reperfusion 
damage at 

the 24th hour 
sacrifi ce 

without heparin 
administration

Negative
7 210 Diffuse +++ at vessel wall
8 205 Diffuse +++ at vessel wall
9 210 Focal + at vessel wall

10 200 Negative

11 Group 3 280 Ischemia and 
reperfusion 
damage at 

the 24th hour 
sacrifi ce 

with heparin 
administration

Negative
12 240 Focal + at vessel wall
13 195 Negative
14 220 Negative

15 250 Focal + at vessel wall

16 Group 4 205 Ischemia and 
reperfusion 
damage at 

the 48th hour 
sacrifi ce 

without heparin 
administration

Focal ++ at vessel wall
17 190 Negative
18 190 Focal ++ at vessel wall
19 180 Focal + at vessel wall

20 285 Negative

21 Group 5 290 Ischemia and 
reperfusion 
damage at 

the 48th hour 
sacrifi ce 

with heparin 
administration

Focal + at vessel wall
22 200 Negative
23 250 Negative
24 205 Negative

25 180 Focal + at vessel wall

Figure 2: C3 staining in the groups.
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to decrease the hepatic damage caused by ischemia and reperfusion. 

Heparin decreases this hepatic damage not only by inhibiting TNF-α 

production but also by increasing endothelial PGI2 production 

[16,17]. Th e fact that we did not fi nd a diff erence between the groups 

for serum TNF-α levels could be due to the short half-life. More 

accurate results could be obtained by investigating tissue TNF-α 

levels. 

Signifi cant diff erences were found between the groups in the 

statistical analysis performed for serum IL-6 levels (p = 0.001). 

Statistically signifi cant diff erences were found between Group 2 

and Group 3 in pairwise comparisons (p = 0.004). No statistically 

signifi cant diff erences were found in pairwise comparisons conducted 

between the other groups (p > 0.017). Th e maximum increase in serum 

IL-6 level was in Group 2. Th e maximum decrease in serum IL-6 level 

was in Group 3. When Group 4 and 5 were compared, no statistically 

signifi cant diff erence was found. Th is result is explained with the rapid 

increase in serum cytokines aft er ischemia and reperfusion, decreasing 

to basal values at the 48th hour sacrifi ce due to the very short half-life. 

Although no statistically signifi cant diff erence was found, IL-6 levels 

in the group sacrifi ced at the 48th hour were lower than in the control 

group. Th e IL-6 blood level reached is directly proportional to the 

amount of tissue damage and is therefore a valuable tissue damage 

indicator. Th e high IL-6 level found in Group 2 in our study indicates 

a high degree of tissue destruction in this group. Th e decrease in 

Group 3 could indicate decreased tissue destruction with the eff ect of 

heparin. Th e blood level of IL-6 increases during ischemia [14].

MDA in liver tissue refl ects the presence of lipid peroxidation due 

to the free oxygen radicals in tissues following ischemia reperfusion 

and thus cellular damage [18]. Th e lack of a statistical diff erence 

between our groups for MDA results suggests that the ischemia that 

was created did not aff ect all liver tissue due to the presence of hepatic 

artery fl ow. However, one must remember that MDA is not specifi c.

Th e consumption of glutathione through conjugation during 

ischemia and reperfusion damage is one of the causes of cellular 

GSH level reduction. Th e decrease in the glutathione amount is 

compensated by biosynthesis in hepatocytes or exogenous GSH 

intake. Th e decrease in intracellular GSH increases GSH biosynthesis 

through an adaptive cellular response at an early stage [19]. A decrease 

in the high GSH level is considered to indicate mitochondrial damage 

and weakening of the intracellular defense system. Heparin sulfate 

proteoglycans bind to the cell surface and inhibit the damage created 

by free oxygen radicals. Th e GSH levels were highest in Group 3 in our 

study and higher here than in Group 2. Th is result shows that heparin 

decreases oxidative damage and increases the level of antioxidant 

enzymes. No signifi cant diff erence was found when Group 4 and 5 

were compared. Th e reason for the decrease in tissue GSH levels in 

Group 4 and 5 could be increased oxidative stress as a result of the 

decreased lipid peroxidation caused by active neutrophils in these 

groups and thus inadequate GSH enzyme system activation. Th is 

result indicates that heparin reduces oxidative stress in the fi rst 24 

hours and leads to the maintenance of high GSH levels. Elucidating 

the mechanism of this eff ect will require more advanced studies. 

One of the most important indicators of leukocyte migration 

into tissue that leads to tissue damage is the tissue MPO level. 

Myeloperoxidase is released from the primary granules of leucocytes 

and catalyzes the reaction of hypochloric acid formation that is 

harmful to tissue with the chloride ions of hydrogen peroxide [20,21]. 

Toxic digestive enzymes such as neutrophil elastase, lactoferrin, 

β-glucuronidase, N-acetylglucosaminidase, and in particular MPO 

are released with neutrophil degranulation. Th is reaction causes 

tissue destruction and decreased immune resistance [20,21]. MPO 

activity is considered to be a sensitive quantitative indicator of 

neutrophil sequestration and has been found to be associated 

with acute liver damage in many studies based on the ischemia-

reperfusion model [22]. We evaluated MPO activity of liver tissue 

with the immunohistochemical method based on data showing a 

relationship between MPO activity and number of neutrophils in the 

tissue [20]. Evaluation of the MPO activity of the liver tissue revealed 

a statistically signifi cant diff erence between the groups (p = 0.003). 

Increased MPO activity was observed in the groups not administered 

heparin. Low MPO activity was found in most control group subjects. 

Th e groups with the most increase in tissue MPO activity were those 

where ischemia was created without heparin administration. Tissue 

necrosis was also observed in these groups. Th ere was a decrease in 

the MPO and no tissue necrosis in the groups administered heparin. 

Th ese results suggest that heparin can prevent ischemia-related 

damage in the liver by decreasing cytokines and that this action is 

independent of the complement system [23,24]. Our results were 

consistent with the literature. Th e MPO and IL-6 levels also refl ect 

tissue damage. We observed heparin to decrease tissue damage as 

refl ected in the reduced MPO and IL-6 levels in our study. Heparin 

could be producing an immunosuppressive eff ect through its anti-

complement action. It has been shown to have a tissue-protective 

eff ect at doses of 400 to 2000 IU/kg in various ischemia and 

reperfusion models [15]. We found mortality to increase at heparin 

doses of 1200 IU/kg and above in the ischemia and reperfusion 

model in pilot studies while creating our experimental model and 

therefore determined our heparin dose as 1200 IU/kg. Th e reason for 

administering heparin as a single intravenous bolus is that heparin 

infusion requires immobilization of the rat causing additional stress. 

We considered that stress could aff ect many parameters of our study 

and therefore used a single intravenous bolus. 

Heparin can decrease hepatic damage independently of its 

anticoagulant eff ect. Heparin and derivatives also have an eff ect on 

the complement system and the most important one is inhibition of 

the alternative route through C3b. Inhibition of complement and its 

derivatives by heparin has been demonstrated with residual C3 [25]. 

C3 inhibition then inhibits the production of C3a, C5a and MAC 

(C5b-9) that increase leukocyte chemotaxis. Heparin is a C1 inhibitor 

and prevents complement activation through the classic route [26]. 

C1 inhibitors have shown damage-decreasing eff ects in models where 

experimental ischemia and reperfusion damage were created in the 

liver, myocardium and brain [14,27]. Th e protective eff ect of C1 

inhibitors in human myocardial ischemia and reperfusion damage 

has been demonstrated [27]. Th is protective eff ect suggests that this 

substance may play a role in ischemia and reperfusion damage in 

other organs. However, the exact mechanism of these eff ects of C1 

inhibitors is not yet clear. Specifi c inhibition of MAC formation can 

also play a protective role against ischemia and reperfusion damage in 

certain tissues. Heparin has been shown to inhibit C3 convertase and 

C5b-9 [28,29]. We did not include C5b-9 in our study as the other 

studies were performed in humans and not in rats [28,29]. 

Heparin has been found to show a protective eff ect by inhibiting 

complement in kidney tissue with the C3 IF staining technique in an 

experimental ischemia reperfusion model [15]. We aimed to show the 

relationship between heparin and complement with the IF method 

in the rat liver in this study. Complement staining in Group 2 and 4 
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(the groups that were not administered heparin) was more intense 

than in Group 3 and 5 (the groups administered heparin). Group 

2 complement staining was more intense than in Group 3. Diff use 

involvement of the vessel wall was seen in group 2 while there was 

no involvement or only focal involvement in Group 3. Complement 

staining was more intense in Group 4 than in Group 5. Complement 

staining was less intense in the groups administered heparin. Our 

results have demonstrated the anti-complement eff ect of heparin. 

Portal vein thrombosis aft er liver transplantation is a rare 

complication. However, it needs to be diagnosed and treated early 

in symptomatic patients as it carries a risk of mesenteric ischemia. 

Retransplantation may be required if it occurs in the early period 

aft er liver transplantation. Heparin and coumadin are used in the 

treatment of portal vein thrombosis. We showed heparin to decrease 

the ischemia and reperfusion damage that occurs aft er portal vein 

clamping in this study. Th e results of the clinical use of heparin can 

be better evaluated in cases of portal vein thrombosis occurring aft er 

liver transplantation.
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