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The role played by oxygenation of the recipient organism in the development  of 
reperfusion-induced damage to the transplanted liver was evaluated in minipigs, and 
animals in which the transplant operations failed were found to have developed oxi- 
dative stress. The results indicate that free-radical oxidation has a role to play in the 
damage to cellular structures of the recipient and that it is important to correct this 
damage as early as possible by means of  antioxidants and iron-chelating agents. 
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The prime consideration in liver transplantation is 
preservation of  the graft. During the liveries period, 
substantial hemodynamic changes may occur in the 
patient's body [12] and promote the development of 
oxidative stress [11]. It has been shown in numer- 
ous studies that free oxygen radicals play an impor- 
tant role in the pathogenesis of damage sustained by 
hepatocytes during ischemia/reperfusion [3,6,8]. 
Under  such circumstances, even a well-preserved 
transplant may be damaged by lipid peroxidation 
products in the course of  reperfusion. 

The purpose of the present study was to evalu- 
ate the likelihood of oxidative stress in the liver 
transplant recipient, the conditions under  which 
such stress can occur, and how it might affect the 
outcome of the operation. 

MATERIALS AND METHODS 

A total of  23 male and female minipigs of the 
Svetlogorskaya breed aged 1 to 1.5 years (body 
weight 18-30 kg) were used. According to the re- 
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sults of orthotopic liver transplantation, they were 
divided into two groups: group 1 (n=15) consisted 
of animals in which the procedure was judged to be 
successful (they lived >24 h after it), while group 
2 (n=8) comprised those which died within the first 
few postoperative hours. 

During anesthesia and the liverless period and 
also after blood flow was restored through the liver, 
major parameters of oxygen homeostasis were mea.- 
sured with a BMS-3M analyzer (Radiometer); c a  2§ 
concentration, with an ICA-1 analyzer (Radiom- 
eter); and lactate levels, enzymatically with a Lac- 
tate Analyzer (Roche); the activity of free oxygen 
radicals was estimated in blood plasma by measur- 
ing its hydrogen peroxide-induced chemilumines- 
cence [2]. All measurements were performed in 
sampIes of arterial and venous blood issuing from 
the transplant. 

The results were subjected to routine statisti- 
cal treatment. 

RESULTS 

During the liverless period, oxygen tension (Po2) in 
the arterial blood remained essentially unchanged in 
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Fig. I. Temporal variation in free--radical properties of the blood. Ordinate: maximal chemiluminescence intensity, as expressed 
in rel. units in relation to its value at the time of anesthesia induction. Here and in Fig. 2: I) anesthesia induction; 2) beginning 
of liverless period; 3) end of the liverless period; 4) resumption of blood flow; 5) end of operation; 6) 9 h postoperation, p<0.05: "in 
comparison with the time of anesthesia induction; "'in comparison with group 1. 
Fig. 2. Peroxidant activity of the blood. Ordinate: ratio of maximal chemiluminescence (in sec-') to the total chemiluminescence 
as measured over 5 min. 

g roup  1 and  increased  by  abou t  50% in group 2, 
while decreasing to  a s imilar  extent  in the venous 
b l o o d  in b o t h  groups.  After  hepa t ic  b lood  flow re-  
sumed,  Po 2 fell slightly in the arterial  b lood  and re- 
m a i n e d  m o r e  or  less stable in the venous  b lood  in 
g roup  1, bu t  d r o p p e d  marked ly  in the  venous b lood  
in g roup  2 (Table  1). 

These  results indica te  tha t  the  cases o f  failed 
l iver t r ansp lan ta t ion  were  associated wi th  a marked  
imba lance  o f  oxygen  homeos tas i s  involving a relati-  
ve hyperox ia  dur ing the livefless per iod  and  a gre-  
atly increased oxygen c o n s u m p t i o n  following the re- 
sump t ion  o f  hepa t ic  b lood  flow. 

As s h o w n  in T a b l e  1, l a c t a t e  levels  in the  
v e n o u s  b l o o d  h a d  r isen severa l fo ld  b y  the  end  o f  

the  l ivefless pe r iod  in b o t h  groups .  T h e  r e s u m p -  
t ion  o f  hepa t i c  b l o o d  flow was fo l lowed  by  signifi- 
c a n t  fails o f  l ac ta te  in g r o u p  1, w h e r e  its level b y  
the  end  o f  the  ope ra t i on  was 1.6 t imes  lower  than  
its p e a k  value.  In  g roup  2, by  con t ras t ,  the l ac -  
t a te  level c o n t i n u e d  to rise af ter  the  res tora t ion  o f  
b l o o d  f low to  exceed  the  init ial  va lue  4 .4- fo ld  b y  
the  end  o f  the  ope ra t ion .  Blood  levels  o f  Ca 2+ had  
also r isen b y  tha t  t i m e  (Tab le  1). T h e  imp a i r ed  
l ac ta te  u t i l i za t ion  b y  the  l iver  c o m b i n e d  with the  
e n h a n c e d  c a l c i u m  release into the  c i rcu la t ion  in-  
d ica tes  tha t  h e p a t o c y t e s  were  d a m a g e d  as a result  
o f  reper fus ion .  

In  g roup  1, as shown  in Fig. 1, the  max ima l  
c h e m i l u m i n e s c e n c e  in tens i ty  r e m a i n e d  u n c h a n g e d  

TABLE 1. Po 2 Values and Lactate and Ca 2§ Levels in the Arterial and Venous Blood of Minipigs at Different Stages of Successful 
(Group 1) and Unsuccessful (Group 2) Liver Transplantation (M'*-m) 

Stage of  
procedure 

Anesthesia induction 

Beginning of liverless 
period 

End of liverless period; 

Resumption of blood 
flow 

End of operation 

9 h postoperation 

Po2, m m  Hg 
Lactate, mmol/ l i ter  Ca 2§ mmol/l i ter  

in arterial blood in venous blood 

group 1 group 2 group 1 group 2 group 1 group 2 

250.8_+21.7 196.5_+33.2 1.08• 

277.7• 

i283.3_+22.8" 

group 1 group 2 

57.1• 44.6_+7.9 

56.6• 33.6• 

51.2+_7.9 29.5• 

62.3• 23.1_+5.3" 

52.0• 26.7_+4.5* 

39.9_+2.1" 23.1+0.1" 

2.0_+0,9 

3.5• 

8.7• 

5.4• 

3.8• 

1.7• 

3.3• 

6.2• 

7.5+1.5"* 

9.15• 

1.03• 

1.13• 

0.90• 

1.07• 

0.89• 

273.8• 

257.9• 

201.9• 

217.1• 

101.5• 

221.9• 

191.0• 

151.0• 

1.21+0.1 

1.09• 

1.12• 

1.78+0.7"* 

1.10+0.6 

Note. p<0.05: *in comparison with the time of anesthesia induction; **in comparison with group 1. 
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throughout the liverless period and then increased 
(by 60%) for a short time after hepatic blood flow 
resumed. Since the maximal intensity of  hydrogen 
peroxide-induced chemiluminescence depends on 
the quantity of  heme compounds contained in the 
sample [1], the transient activation of  free oxygen 
radicals in the blood could be attributed to surgi- 
cal trauma. This hypothesis is supported by the 
results of measuring the rate at which the peak of  
chemiluminescence induct ion was quenched be- 
cause of  the presence of  intracellular peroxide- 
degrading and antioxidant substances in the blood 
sample [1]. The discharge of intracellular contents 
from the liver in cases of  successful transplanta- 
tion was only observed at the stage of blood flow 
resumption; in cases where the procedure failed, 
the rate o f  chemiluminescence quenching was al- 
ready increased (by 40%) during the livefless pe- 
riod and exceeded the initial value 2.4-fold by the 
end of  the operation (Fig. 2). 

An unsuccessful liver transplantation was thus 
characterized by a marked activation of  free-radical 
reactions in the blood both in the livefless period 
and after the resumption of  hepatic blood flow, 

which may be taken as evidence of  free-radical 
damage to the hepatocytes. 
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