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Abstract
Objective: To introduce a method for harvesting pure hepatic vein (HV) blood and to determine time course and 

peak level of posthepatic (HV blood) reactive oxygen species (ROS) after liver transplantation. 

Materials and methods: Blood was taken from HV and infrahepatic vena cava (IH-VC) for malondialdehyde 
(MDA) detection at different time points after transplantation.

Results: Pure posthepatic blood from HV was successfully obtained using the technique of IH-VC cannulation. 
This method guaranteed the harvesting of pure posthepatic blood from HV and pure peripheral blood from IH-VC. MDA 
concentration in HV elevated obviously with time and peaked at 1h after transplantation. MDA concentration at 1h 
was significantly higher than that at other time points except for 5 min. Furthermore, MDA concentrations in HV were 
significantly higher than that in IH-VC at 20 min, 30 min, 1h (P<0.05) and slightly higher at all other time points. MDA 
concentration within IH-VC peaked at 2h after transplantation.

Conclusion: We introduced a novel technique for harvesting pure posthepatic blood from HV using the 
manipulation of IH-VC cannulation. We provided the first evidence that posthepatic ROS concentration elevated with 
time and peaked at 1h after transplantation.
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Introduction
Liver ischemia-reperfusion (I/R) occurs in a number of clinical 

syndromes, including liver transplantation [1]. Liver I/R is a major 
obstacle to liver transplantation [2,3]. It causes liver graft primary 
nonfunction, up to 10% of early liver transplant failures and higher 
incidence of acute and chronic rejection [3-5].

Multiple mechanisms are involved in the pathogenesis of liver 
transplant I/R in which reactive oxygen species (ROS) have been shown 
to play a central role in aggravating tissue injury of the transplant [6]. 
The generation of ROS during the reperfusion phase underlies the 
pathophysiology of this syndrome. Liver by itself is the main source 
of ROS and proinflammatory cytokines which responsible for the 
deleterious effects on the hepatocytes during hepatic I/R [7,8]. We 
hypothesized that in the early period of reperfusion ROS concentration 
in hepatic vein (HV) (posthepatic) differs from, may be higher than, that 
in infrahepatic vena cava (IH-VC) (peripheral). And in previous study, 
using rat warm I/R injury model, we demonstrated that posthepatic 
ROS concentration elevated gradually with time after reperfusion. 
And in the early period of reperfusion posthepatic ROS concentration 
is higher than that in infrahepatic vena cava (IH-VC) [9]. But little is 
known about time course and peak level of posthepatic (HV) reactive 
oxygen species after liver transplantation. In this study we introduced 
a method for harvesting pure posthepatic blood and evaluated the 
dynamic change of posthepatic ROS after liver transplantation in rats.

Materials and Methods

Animals and reagents

Male Sprague-Dawley rats, weighing 200-250 g, were supplied 
by the Shanghai Experimental Animal Center. Rats were housed 
under standard environmental conditions with a 12:12-h light-dark 
cycle. Before use in experiments, rats were fasted overnight with free 
access to water. All animals received human care in accordance with 
the Guidelines of the Animal Care Committee of Zhejiang Medical 
University. MDA and myeloperoxidase (MPO) assay kit (Jiancheng 

Bioengineering Co.Ltd, Nanjing, China), Naphthol ASD chloroacetate 
esterase (Sigma Chemical Co., St. Louis, MO) and IL-6 ELISA assay kit 
(Quantikine MN, USA).

Surgical procedures, experimental groups and sample 
harvesting

The animals were anesthetized with intraperitoneal injection of 4% 
chloral hydrate. Orthotopic liver transplantation was performed by 
Kamada’s two-cuff technique [10]. Pure posthepatic blood (HV) and 
IH-VC blood were taken at 5 min, 20 min, 30 min, 1h, 2h, 6h after 
reperfusion, respectively (n=7 for each time point). Pure posthepatic 
blood and IH-VC blood were harvested by the technique of IH-VC 
cannulation and syringe puncture extraction, respectively. A 7# silk 
suture was placed behind the IH-VC and just above the level of right 
adrenal vein. To obtain pure HV blood in different time points after 
reperfusion, an indwelling intravenous line (BD Vialon Biomaterial) 
was cannulated in the IH-VC with the catheter tip positioned between 
the liver and diaphragm. After cannulation a slipknot around the 
indwelling intravenous line was tied using the pre-placed 7# silk suture 
to separate blood between both sides of the suture. Then superior 
hepatic vena cava was occluded at the level of diaphragm. Then pure 
HV blood was drawn-out through the catheter. Pure IH-VC blood 
was sampled by the method of syringe puncture under the ligated 7# 
silk suture. After the blood extraction, superior hepatic vena cava and 
IH-VC was orderly unblocked followed by the catheter withdrawn. A 
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schematic representation for blood extraction is shown in Figure 1. 
Sera were separated for lipid peroxide detection. 

Lipid peroxide assay

Blood MDA level, an indicator of oxidative injury, was determined 
by the thiobarbituric acid reaction. Sera were isolated then MDA was 
detected according to manufacturer’s instructions.

Statistical analysis

These data are expressed as mean ± SD. Calculations were made 
using the SPSS 13.0 for windows computer software (SPSS Inc., 
Chicago, IL). Statistical comparisons were performed using one-way 
analysis of variance (ANOVA) and the LSD t-test for blood MDA 
levels. P-values less than 0.05 were considered statistically significant.

Results
Success rate of sample harvesting

Pure posthepatic blood from HV was successfully obtained using 
the technique of IH-VC cannulation. This method guaranteed the 
harvesting of pure posthepatic blood from HV and pure peripheral 
blood from IH-VC. And it was easy to obtain more than 2 ml of HV 
blood in all animals (100%), thus making the experiment successful. 

Time course and peak level of posthepatic MDA after 
transplantation

Pure posthepatic blood and IH-VC blood were taken at 5 min, 20 
min, 30 min, 1h, 2h and 6h after transplantation. Sera were isolated and 
MDA level in sera, an indicator of oxidative injury, was determined 
by the thiobarbituric acid reaction. MDA was detected according to 
manufacturer’s instructions. Figure 2 represents the kinetic changes of 
MDA in all time points. In this study MDA concentration within HV 
peaked at 1h after transplantation. And MDA concentration at 1h was 
significantly higher than that at other time points except for 5 min. 
Furthermore, MDA concentrations in HV were significantly higher 
than that in IH-VC at 20 min, 30 min, 1h (P<0.05) and slightly higher 

at all other time points. MDA concentration within IH-VC peaked at 
2h after transplantation.

Discussion
Some measurements of pure blood sample from the hepatic vein 

without backflow contamination of blood from the caval vein will be 
needed in some experiments. Backflow from the right heart or caval 
vein into the hepatic vein has been well recognized clinically for a 
number of years and can be easily visualized by following the flow of 
dye injected into a hepatic vein [11]. This is an obstacle to analyze liver 
metabolism regarding blood from the hepatic vein without backflow 
contamination. In this study, we introduced a novel technique 
for harvesting pure posthepatic blood from hepatic vein using the 
manipulation of IH-VC cannulation. This method guaranteed the 
harvesting of pure posthepatic blood from HV without backflow 
contamination and pure peripheral blood from IH-VC, and it was 
easy to obtain enough volume of HV blood in all animals (100%), thus 
making the experiment smoothly completed.

Regarding the time course and peak production of posthepatic 
ROS, our results provided evidence for the role of liver transplant 
in generating ROS after reperfusion. In this study, pure HV and IH-
VC blood were taken at multiple time points to determine the peak 
production of posthepatic ROS and the differences between them 
after transplantation. We found that serum MDA concentration in 
HV increased and peaked at 1h after transplantation, and the MDA 
concentrations in HV were significantly higher than that in IH-VC at 20 
min, 30 min, 1h (P<0.05). The phenomenon that MDA concentration 
increased slowly in the early stage after transplantation is due to its 
incomplete reflow and injured microcirculation including endothelial 
cell swelling [12], vasoconstriction [13], leucocyte entrapment [14,15] 
and possibly intravascular haemoconcentration [16]. This process 
prolongs the period of hypoxia, with areas of the liver remaining 
ischemic after early period of transplantation. In the later stage, 
neutrophils infiltrate into the liver increased with time, so companied 
by increased ROS.

Based on this founding, efforts might be made to alleviate hepatic 
cold I/R injury in different time points. In liver transplantation, for 
example, means might be used to scavenge ROS in the phase of peak 
production in posthepatic blood (HV), in the phase of peak production 
in peripheral blood (IH-VC) or in both phases after transplantation, 
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Figure 1: Schema of blood extraction from HV, IH-VC and sites of vascular 
occlusion. To obtain pure posthepatic blood, the vena cava was occluded 
between the liver and the right atrium and between the liver and right adrenal 
vein. Pure HV blood was drawn-out through the catheter. Meanwhile, pure IH-
VC blood was sampled by the method of syringe puncture under the ligated 
7# silk suture.
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Figure 2: Time course and peak level of MDA after liver transplantation 
HV represents the group that blood was taken from hepatic vein. IH-VC 
represents the group that blood was taken from IH-VC. aP < 0.05 vs. 60 min 
within HV. bP < 0.05 vs. IH-VC. aP: HV. bP: IH-VC.
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respectively. It might improve the overall success of liver transplantation 
and should be further investigated at least in animal models.
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