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Assessment of oxygen radicals 
during kidney transplantation 
- effect of radical scavenger 

Abstract In the present study, lev- 
els of free oxygen radicals, gener- 
ated in the very early period of re- 
perfusion during human kidney 
transplantation, were assessed by 
determination of malondialdehyde 
(MDA) levels using a high-pressure 
liquid chromatography (HPLC) 
method. Renal blood samples were 
obtained during reperfusion by in- 
traoperative cannulation of the re- 
nal vein. Simultaneously, systemic 
MDA levels were determined. Fur- 
thermore, local and systemic levels 
of interleukin 6 (IL-6), tumor ne- 
crosis factor (TNF) receptors, p55 
and p75, and vitamin E were mea- 
sured. In a second group of patients, 
500 mg of ascorbic acid were given 
prior to reperfusion. Renal MDA 
levels in the control group were al- 

ways higher compared to systemic 
levels. IL-6 showed a marked in- 
crease shortly after reperfusion in 
the renal blood. In the scavenger 
group there was a diminution of 
these effects. TNF receptor levels 
and vitamin E remained largely un- 
changed. The results of this pilot 
study demonstrated clinically the 
moderate production of reactive ox- 
ygen species and the liberation of 
IL-6 shortly after reperfusion of hu- 
man transplanted kidneys. Further- 
more, the modulating effect of a 
radical scavenger on these effects 
was shown. 
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Introduction 

The mechanisms of ischemia-reperfusion injury in the 
context of organ transplantation are of increasing impor- 
tance, apart from immunological considerations [l, 21. 
Ischemia of the donor organ after harvesting and during 
conservation, as well as the subsequent reperfusion may 
lead to endothelial injury [ 3 ] .  Membrane lipids are pero- 
xidated by the generation of free oxygen radicals, and 
these lipidperoxidate products can be measured as con- 
jugated dienes or malondialdehyde (MDA) [4]. Further- 
more, there is an expression of adhesion molecules and 
cytokine release with systemic inflammatory reactions. 
Recently, the question of whether these early local dam- 
ages of the transplanted organ may lead to an increased 
immunogenicity and subsequently to an increased rate 

of rejection has been discussed [5] .  In the present pilot 
study, indirect measurements of free oxygen radicals, cy- 
tokines, and vitamin E levels were done intraoperatively 
in the very early reperfusion period during human kid- 
ney transplantation. Furthermore, the effect of vita- 
min C as a radical scavenger was tested. 

Patients and methods 
The patients involved in this study consisted of 17 patients under- 
going kidney transplantation at our center. They were randomly 
assigned to a control group (n = 8) or a vitamin C group (n = 9), re- 
ceiving 500 mg ascorbic acid (Ascorvit) intraoperatively prior to 
reperfusion. Both groups received a standard immunosuppressive 
protocol with triple-drug induction therapy (cyclosporin A, azathi- 
oprine, steroids). 
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Fig.1 Malondialdehyde (MDA) levels in A control group and 
B vitamin C group intraoperatively after kidney transplantation. 
Renal blood samples were obtained by cannulating the renal vein 

Table 1 Demographic data of the donors and recipients included 
in the pilot study. There were no significant differences between 
the groups ( A  TC antilymphocyte globulin, H D  hemodialysis, 
TX transplant, A TN acute tubular necrosis) 

Control group Vitamin C 
(n = 9) 

37 t 8 

0.8 k 0.1 mg/dl 1.0 t 0.2 mg/dl 

group (n = 8) 

Donor data 
Age (years) 48 5 5 
Sex 4MhF 5Ml3F 
Last creatinin level 
Recipient data 
HLA-A mismatch 88 % 62.5 % 
- B  77 % 62.5 % 
- DR 44 % 25 Yo 
Antibodies 0 O/O 0 % 
ATG treatment 5 4 
Cold ischemia time (h) 20.8 k 3 27.1 k 3 
Early function parameters 
Amount of H D  until TX function 7 

ATN 55 % 25 % 

2 
Days until drop in creatinin 14 7 
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Fig.2 Interleukin 6 (IL-6) levels in A control group and B vita- 
min C group intraoperatively after kidney transplantation 

Concerning demographic data, there was no significant differ- 
ence in donor age. last creatinin level or systolic blood pressure. 
Cold ischemia time was also comparable in both groups (Table 1). 
Using the amount of hemodialysis required till transplant function 
and days up to the first drop in creatinin as early indicators of 
transplant function, there was a trend for earlier function in the vi- 
tamin C group (Table 1). 

The renal vein of the donor organ was cannulated intraopera- 
tively and blood samples were taken at 2,5, and 15 min after the on- 
set of reperfusion of the transplanted kidney. Concomitantly, blood 
samples were taken from the central line before reperfusion and at 
the same timepoints following reperfusion. The plasma was seperat- 
ed by centrifugation and immediately stored at - 70 "Cuntil analysis. 

Lipid peroxidation was assessed by measuring MDA levels. 
MDA-thiobarbituric acid adducts were determined by high-pres- 
sure liquid chromatography (HPLC), according to Wong et al. [6]. 
Levels of interleukin-4 (IL-6) and tumor necrosis factor (TNF) re- 
ceptors, p55 and p75, were measured by ELISA. Vitamin E was 
measured by HPLC. Statistical analysis was performed by the non- 
parametric Mann-Whitney U test. 

Results 

Systemic and renal MDA levels in the control group 
showed an increase shortly after reperfusion (Fig. 1 A). 
MDA levels in the renal vein, as a marker of lipid per- 
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Table 2 intraoperative values of tumor necrosis factor (TNF) receptors, p55 and p75, and of vitamin E (mean i SEM) 

Baseline 2 5 15 

TNF receptor p55 (ngiml) 
Control central venous 
Vitamin C central venous 
Control renal vein 
Vitamin C renal vein 
TNF receptor p75 (ngirnl) 
Control central venous 
Vitamin C central venous 
Control renal vein 
Vitamin C renal vein 
Vitamin E (pgimg chol.) 
Control central venous 
Vitamin C central venous 
Control renal vein 
Vitamin C renal vein 

25.5 i- 2.5 
24.5 f 3.6 

26.1 k 2.5 
23.2 ? 3.5 
24.4 k 2.7 
21.2 k 2.3 

17.7 * 2.0 15.Yk 1.6 
18.0 f 1.5 16.8 f 1 .5 

17.3 f 1.3 
16.4k 1.6 

5.27f 1.3 6.09 f 0.2 
6.1 1 i 0.9 5.52 k 0.8 

7.10 k 1.2 
6.31 f 1.0 

26.3 -t 2.5 
22.8 f 3 
28.0 f 2.8 
20.5 i- 2.7 

17.4 f 2.1 
17.0 * 1.2 
17.4 * 0.9 
17.3 f 1 .9 

5.31 i 0.6 
6.04 f 0.8 
5.87 f 0.3 
5.10 i 0.9 

22.9 f 1.4 
19.7 f 3.3 
25.9 f 2.5 
16.8? 3.1 

18.0 i 2.0 
18.3 i 0.9 
18.4 i 0.7 
17.4 ? 1.7 

5.77 ? 0.8 
5.82 k 0.7 
6.19 f 0.4 
5.98 i 0.7 

oxidation, showed, for example, after 2 min of reperfu- 
sion an increase of 30% compared with the systemic 
baseline value. MDA levels in the renal vein were al- 
ways higher than systemic values, but without definite 
significance. Treatment with vitamin C prior to reperfu- 
sion resulted in a slight increase in MDA levels mainly 
in renal venous blood samples (Fig.1B). IL-6 values 
peaked in the renal blood of the control group 2min 
after reperfusion. This peak was not seen in the treat- 
ment group (Fig.2). There were no differences in the 
levels of the two TNF receptors, p55 and p75, in either 
group (Table 2). The levels of a-tocopherol (vita- 
minE), as a marker of endogenous scavenger pool, 
also showed no significant difference in either group 
(Table 2). 

Discussion 

Transplantation of a solid organ is linked regulary with 
processes of ischemia-reperfusion, resulting in a so- 
called reperfusion injury [7]. Free oxygen radicals, gen- 
erated during reperfusion [El, may damage the mi- 
crovascular endothelium, leading to increased immuno- 
genicity and finally to an increased incidence of acute 
and chronic rejection, as discussed earlier by Land et 
al. [5].  

The production of free oxygen radicals, indirectly 
measured by MDA levels, as the key event of reperfu- 
sion injury [9] was shown by our group clinically for the 
first time in transplanted kidneys intraoperatively. Re- 
nal MDA levels in the control group were always higher 
compared to systemic levels, indicating local release at 
the site of reperfusion. The peak in IL-6 2 min after re- 
perfusion in the venous renal blood may be caused by 
local injury following reperfusion, thus IL-6 is a marker 
after trauma or injury [lo]. 

The nonresponse of TNF receptors in this very early 
phase of reperfusion could be explained by the time 
course of production of this cytokine. In other settings 
of reperfusion, levels are measurable about 30-60 min 
after the onset of reperfusion [ll]. 

Vitamin E,  as a lipophil vitamin and an indicator for 
endogenous antioxidative capacity [12], may be a pa- 
rameter that is too weak for this early phase of reperfu- 
sion injury. Application of the radical scavenger, vita- 
min C, resulted mainly in a moderate reduction in lo- 
cally measured MDA and IL-6 levels at the transplanted 
kidney site. These statistically nonsignificant but mea- 
surable differences showed a slight trend for a diminu- 
tion in acute injury in the very early period of kidney 
transplantation. Application of a multivitamin mixture 
and measurement of MDA levels in the later time 
course after kidney transplantation have shown similar 
results [13]. 

Thus, our data confirmed clinically earlier observa- 
tions concerning the possible role of antioxidants in the 
elimination of reperfusion injury after transplantation 
[14]. Further studies may be indicated for the registra- 
tion of microvascular injury and its prevention. 
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