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Abstract An increased degree of 
oxidative stress (0s) in chronic re- 
nal failure (CRF) and a possible role 
of free radicals in CRF have already 
been described. However, data on 
0s after renal transplantation are 
scarce. The aim of the present study 
was to  estimate the degree of 0s in 
renal transplant patients. The study 
included four groups: 1) 15 haemo- 
dialysis patients (HD group), 2) 11 
renal transplant patients with stable 
function (SF group), 3) 12 renal 
transplant patients with chronic bi- 
opsy-proven rejection (CR group), 
and 4) 10 healthy controls 
(C group). Markers of 0s (mal- 
ondialdehyde and thiol group lev- 

els) and antioxidant activity (glu- 
tathione peroxidase and Cu,Zn-su- 
peroxide dismutase) were deter- 
mined in plasma and in red blood 
cells of all examined individuals. 
After successful renal transplanta- 
tion a significant improvement, but 
not normalization, of antioxidant 
enzyme activities accompanied by 
significantIy reduced lipid peroxida- 
tion were found. In the CR group 
the degree of 0s was increased, and 
our results suggest that 0s may be a 
relevant pathophysiological factor 
for CR development. 
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Introduction 

Kidney transplantation has emerged as the treatment of 
choice for patients with end-stage renal disease. After 
successful renal transplantation, the entire restoration 
of different renal functions and normalization of many 
metabolic disorders can be expected [l]. However, even 
with major improvements in surgical techniques, preser- 
vation techniques and preservation solutions, every 
transplantation starts with the inevitable insult of graft is- 
chaemia and reperfusion and consequent oxidative dam- 
age [24]. The role of free radicals in ischaemia-reperfu- 
sion injury immediately after kidney transplantation has 
been extensively studied [5-71. On the other hand, there 
are few reports about the existence of oxidative stress in 
renal transplant patients with long-term graft survival. 

Chronic rejection (CR) is the single most important 
cause of long-term graft failure. The aetiology and 
pathophysiology of CR are incompletely understood, 

but most likely involve both immune and nonimmune 
factors [8]. Allograft recipients with CR, like other 
chronic renal failure (CRF) patients, suffer characteris- 
tic CRF complications. However, data related to both 
oxidative stress and its relationship with renal dysfunc- 
tion in these patients are rather scarce. To the best of 
our knowledge, there has been no reported study in 
which the total plasma and red blood cell antioxidant 
status was examined in renal transplant recipients with 
stable function (SF) and patients with CR. 

In order to investigate the degree of oxidative stress 
in patients after renal transplantation, in this study 
markers of oxidative stress (malondialdehyde, MDA. 
and thiol group levels) and antioxidant activity (glu- 
tathione peroxidase, GPx, and Cu,Zn-superoxide dis- 
mutase, SOD) were studied in red blood cells and plas- 
ma of patients on maintenance haemodialysis (HD), re- 
nal transplant recipients with SF and renal transplant 
patients with CR. 



Table 1 Clinical characteristics of the renal transdant recioients 

SF group CR group 

Blood pressure 
' Systolic (mm Hg) 140.0 k21.32 155.83 k 19.75 

Diastolic (mmHg) 87.2 k 13.48 Y Y . l 6 t _  12.21" 
Serum creatinine (pmolil) 138.72 f 21.50 376.08 k 181.09* 
Proteinuria (gi24 h) 0.29 f 0.20 2.52 f 1.13* 
* P < 0.05 

Materials and methods 
Patients and controls 

The study group comprised 38 renal patients. 15 H D  patients ( H D  
group, 8 males and 7 females, 46.7 f 10.7 years old) and 73 renal 
transplant patients. Dialysis patients were dialysed with cuprophan 
membrane dialyzers three times a week for 4 h under the same 
conditions. Of the 23 transplant recipients, 1 1  had SF (SF group, 
5 males and 6 females, 45.72 k 10.28 years old) and 12 showed the 
clinical and morphological characteristics of CR (CR group, 
10 males and 2 females, 37.68 f 4.25 years old). The clinical charac- 
teristics of the patients are presented in the Table 1. The mean time 
of survival after renal transplantation was 5 k 0.5 years. Plasma con- 
centration of endogenous creatinine (Cr) was used as the measure 
o f  renal function. All transplanted patients were on triple immuno- 
suppressive therapy (prednisone + azathioprine + cyclosporine). 

A control group of ten healthy volunteers from the laboratory 
staff comparable in sex and age with the renal patients was select- 
ed. All participants gave their informed consent to participation 
in the study. 

Laboratory methods 

Blood sampling 

Peripheral venous blood ( 5  ml) was collected for analysis in tubes 
over trace element-free heparin in the morning after an overnight 
fast and immediately prior to dialysis in patients who were receiv- 
ing HD. 

Isolation of plasma and erythrocytes 

Plasma was separated by low speed separation at 4°C. The packed 
red cells were washed in cold saline until the supernatant was clear. 
After separation by centrifugation at 4000 rpm at 4.C for 5 min, 
the cells were lysed with distilled water (1 : 5 viv) and three freeze- 
thaw cycles. The supernatant solution, obtained by centrifugation 
of cell lysates for 20 min at 10000g was used for the biochemical 
assays. Plasma and erythrocytes were stored at - 7 0 T  until used 
in the biochemical assays. 

Mrnsurement of lipid peroxidation 

The lipid peroxidation level in plasma was monitored by determin- 
ing the end product of lipid peroxidation, MDA, by the commonly 
used thiobarbituric acid (TBA) method [9]. Red blood cell lipid 
peroxidation was evaluated by determining the MDA-TBA conju- 
gate concentration according to the method of Stoks and Dorman- 

dy [lo]. Plasma and erythrocyte MDA values were calculated us- 
ing the extinction coefficient of the MDA-TBA complex at 
532 nm = 1.56 x 105 and are expressed as niicronioles per litre. 

Measurement of thiol groups 

The plasma concentration of thiol groups, the most important 
chain-breaking antioxidant, was determined according to the 
method of Jocelyn [ 1 I ] ,  and is expressed as millimoles per litre. 
The concentration of nonprotein thiol groups (GSH) in red blood 
cells was estimated in protein-free supernatant according to the 
method of Ellman [12]. 

Enzyme assay5 

GPx was measured by the coupled assay procedure of Guntler et 
al. [13]. One unit of GPx activity is reported as micromoles of 
NADPH oxidized per minute, assuming 6.22 x 10' to be the molar 
absorbance of NADPH at 340 nm. SOD activity was assayed ac- 
cording to the method of Misra and Fridovich [14], based on the 
ability of SOD to inhibit autooxidation of epinephrine at alkaline 
pH (pH 10.2). One unit of SOD activity was defined as the amount 
of enzyme which inhibited the oxidation of epinephrine by 50% 
under the assay conditions. 

Serum creatinine and protein in urine 

Serum Cr was determined using the Jaffe method with modifica- 
tions and protein in urine using the Ponse-S method. 

Statistical analysis 

Data are expressed as means k SD. Statistical significance was 
evaluated using the paired Student's /-test. Differences were con- 
sidered significant at P < 0.05. Correlation between the parameters 
tested was evaluated by regression analysis. 

Results 

The plasma concentrations of the markers of oxidative 
stress are given in Table 2. The plasma MDA levels of 
the HD group were significantly higher and the thiol 
levels and GPx activity were significantly lower than 
those of the SF group. There was no significant differ- 
ence in plasma SOD activity between the HD group 
and the SF group. 

The results presented in Table 2 also show that the 
plasma MDA levels of the SF and CR groups were sig- 
nificantly higher (290-219 YO ) and the thiol levels of the 
same groups were significantly lower (10.3-31.6%) 
than the levels of the control group. Plasma GPx activity 
in the CR group was significantly lower (24.7%) and 
plasma SOD activity was significantly higher (49 % )  
than in the control group. There was no significant dif- 
ference between the SF group and the control group in 
antioxidant enzyme activities. In addition, the plasma 
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Table 2 Markers of oxidative stress in plasma of haemodialysis pa- 
tients and renal transplant recipients. The values are means f SD; 
the percentage values are with respect to the control group (CR 
group transplant recipients with chronic rejection; H D  group hae- 

modialysis patients. S F  group transplant recipients with stable 
function: GPx glutathione peroxidase. G S H  glutathione, MDA 
malondialdehyde, Slf thiol, SOD superoxide dismutase) 

Control group H D  group SF group CR group 

MDA (pmolil) 0.21 f 0.07 
100 96 

SH group (mmolil) 0.57 k 0.08 
100 Yo 

I00 Yo 
31.0 f 2.0 
100 Yo 

GPx (Uil) 375 * 39.1 

SOD (U'I x 10') 

1.43 k 0.39"' 
681 Yo 

0.20 f 0.084' 
51 % 

56.4 k 7.4X"' 
15 % 
44.2 i- 11.8 
142 Yo 

0.82 f 0.33"" 
390 'Yo 

0.46 i- 0.06" 
81 Yn 
368.3 f 48.0"h 
98% 
41.4k 11.3 
133% 

0.67 k 0.17"" 
319 % 

0.39 f 0.09:"' 
68 % 

282.7 f 95.5"i1 
75 Y" 
46.2 f 10.9*" 
149 Yo 

* P < 0.05: 'I vs control group. ' vs CR group. vs SF group 

Table 3 Markers of oxidative stress in red blood cells of haemodi- 
alysis patients and renal transplant recipients. The values are 
means * SD: the percentage values are with respect to the control 
group ( C R  g r o ~ p  transplant recipients with chronic rejection: 

HD group haemodialysis patients, S F  group transplant recipients 
with stable function; GPx glutathione peroxidase. GSH glu- 
tathione, M D A  malondialdehyde, S H  thiol, SOD superoxide dis- 
mutase) 

Control group HD group SF group CR group 

MDA fLimolilI 3.0 10.8 12.7 k 3.0"" 8.0 5 3.0"" 9.5 T4.2"" 

GSH (mrnolil) 

GPx (Uil) 

SOD (Uil x 10') 

100 Yo 423 Yo 266 Yo 316% 
1.58 k 0 22 
100 Yo 171.5 Yo 95 Yo 116% 
12 3 f 1.7 
100 Yo 109 Yo 127 Yo 162 Yo 
8S 1 f I07 492 i- 126"h 750 T 142 800f 115 
I00 Yo 58 Yo 88 Yo 94 Yo 

2 71 i- 0.28"' 

13.4 f 1 3 

1 5 f 0.34 

15.7 f 4.5"" 

1.84 f 0.59 

20 0 f 7 7"" 

Ir P < 0.05; a vs control group, ' vs SF group 

Table 4 Correlation between markers of oxidative stress in plasma 
and in red blood cells and serum creatinine levels. Values are cor- 
relation coefficients, r (GPx  glutathione peroxidase, GSH glu- 
tathione, MDA rnalondialdehyde, S H  thiol, SOD superoxide dis- 
mutase) 

Plasma Red blood cells 

MDA (pmolil) 0.177 MDA (pmolil) 0.763* 
SH group (mmolil) -0.809* GSH (mmolil) 0.581 
GPx (Uil) -0.074 GPx (Uil) 0.379 
SOD (Uil x 10') 0.043 SOD (Uil) 0.442 

* P < 0.05 

thiol level and GPx activity of the CR group was signifi- 
cantly lower than the levels of the SF group. 

Markers of oxidative stress in red blood cells of the 
controls and patients are given in Table 3. The MDA 
and GSH levels in red blood cells of HD patients were 
significantly higher and SOD activity was significantly 
lower than in red blood cells of the SF group. There 
was no significant difference in GPx activity in red 
blood cells between the H D  group and the SF group. 

The results presented in the Table 3 also show that 
the MDA levels (166% and 216%) and GPx activities 
(27 % and 62 YO) in the SF group and the CR group red 
blood cells were significantly higher than in the control 
group. There were no significant differences between 
the SF group, the CR group and the control group in 
red blood cell GSH levels and SOD activities. In addi- 
tion, there were no significant differences between the 
SF group and the CR group in the levels of markers of 
oxidative stress in red blood cells. 

The results presented in the Table 4 show a statisti- 
cally significant negative correlation between plasma 
thiol levels and serum Cr levels (Y = -0.809, P < 0.05). 
There was also a statistically significant positive correla- 
tion between red blood cell MDA levels and serum Cr 
levels (Y = 0.63, P < 0.05). There was no statistically sig- 
nificant correlation between other markers of oxidative 
stress and serum creatinine. 
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Discussion 

The generation and harmful effects of reactive oxygen 
radicals (ROS) in transplanted organs has been demon- 
strated experimentally [ 151 and in clinical kidney trans- 
plantation [6, 71. In all of these studies plasma levels of 
MDA, as a marker of lipid peroxidation, have been 
shown to be increased immediately after reperfusion of 
a transplanted kidney. Several studies have also shown 
an enhanced consumption of the antioxidant plasma ca- 
pacity in organ recipients [7]. Antioxidant vitamin sup- 
plementation [4] and human recombinant SOD therapy 
[16] have been used in an attempt to improve antioxi- 
dant capacity and graft survival in human kidney recipi- 
ents. However, the existence of oxidative stress in long- 
term graft survival patients has not been extensively 
studied. 

In the present study, plasma and red blood cell mark- 
ers of oxidative stress and antioxidant capacity in kidney 
recipients 5 years after transplantation were determined 
and compared with those in CRF patients on H D  and 
healthy subjects. Our results confirm previous reports 
that oxidative stress is increased in CRF patients [17] 
with increased plasma and red blood cell lipid peroxida- 
tion (MDA levels), and with decreased levels of chain- 
breaking antioxidants (protein thiol groups) and unbal- 
anced (extracellular as well intracellular) antioxidant 
enzyme activity. In contrast to H D  patients, allograft re- 
cipients with SF showed improved antioxidant enzyme 
activities as a result of a raised level of extracellular 
GPx activity. 

These results provide indirect confirmation of the 
findings of Yoshimura et al. [18] that extracellular GPx 
originates from renal proximal tubular cells. The in- 
crease in antioxidant enzyme activities in plasma and 
red blood cells of transplant patients with SF was ac- 
companied by significantly reduced lipid peroxidation 
when compared with patients undergoing regular HD. 
However, the evaluation of lipid peroxidation showed 
that recipients with SF still had significantly higher plas- 
ma and red blood cell MDA levels, than healthy individ- 
uals. The plasma concentrations of protein thiol groups 
in renal recipients with SF did not reach the control 
group levels, which is additional proof of increased oxi- 
dative stress in these patients. These results agree with 
the experimental and clinical findings of Suleymanlar 
et al. [19]. Based on these findings, it may be concluded 
that renal transplant recipients, despite better antioxi- 
dant capacity, show increased production of free radi- 
cals. 

The leading cause of late kidney allograft failure is 
CR which has been defined as progressive functional 
deterioration occurring months or years after transplan- 
tation. Morphologically it is characterized by vascular 
obliteration resembling atherosclerosis, atrophy and in- 
terstitial fibrosis [30]. 

The results presented here show that renal graft dys- 
function is associated with enhancement of oxidative 
stress. In the patients with CR we found a significant 
correlation between the lowering of protein thiol levels, 
increasing red blood cell MDA contents and serum Cr 
concentrations. These results agree with those of our 
previous studies, showing a significant correlation be- 
tween the degree of oxidative stress and renal functional 
deterioration [17,21]. However, no such correlation was 
found between serum Cr concentrations and other pa- 
rameters tested. 

Patients who had developed CR also had significant- 
ly lower plasma GPx activities in comparison with both 
SF patients and healthy individuals. Decreased plasma 
GPx activity was most probably a consequence of im- 
paired production of extracellular GPx in long-surviving 
grafts with dysfunction. These results are in agreement 
with those of Cristol et al. [22] who also found increased 
consumption of chain-breaking antioxidants in CR and 
reduced plasma GPx activities during CR. These results 
may be relevant for determining the implications of oxi- 
dative stress in CR. Oxidative stress is a situation in 
which an overloading of “oxidants” or free radicals 
damages or destroys a cell. The assumption is that there 
is a natural balance between toxic oxidants and protec- 
tive oxidant defences, and that under certain circum- 
stances, too many oxidants are generated for the antiox- 
idant defences to handle. Thus, any imbalance between 
the oxidant stress and antioxidant capacity may have 
deleterious effects on the structure and function of vari- 
ous cellular and noncellular components. 

Experimental results also suggest that oxidative 
stress may impair various immune functions, such as 
lymphocyte activation by mitogens, natural killer cell ac- 
tivation and lymphocyte-mediated cytotoxicity [23]. Re- 
cent evidence also indicates that oxidative stress may en- 
hance apoptosis of immunocompetent cells [24], and in 
vitro studies suggest that ROS may activate nuclear fac- 
tor xB (NF-xB). These effects of oxidative stress are all 
relevant for the immunopathogenesis of CR [25]. How- 
ever, the underlying mechanisms have not yet been iden- 
tified. The formation of highly reactive free radicals is a 
consequence of a variety of biochemical reactions. The 
oxidative stress we observed may have been a conse- 
quence of the effects of the drug used to prevent graft re- 
jection. It seems reasonable to assume that in renal 
transplant recipients free radical overloading can be at- 
tributed to cyclosporine-induced lipid peroxidation [26]. 

In conclusion, this study provided evidence that renal 
transplant recipients, and more particularly those with 
chronic graft dysfunction, show enhanced oxidative 
stress. We speculate that oxidative stress may play an 
important pathophysiological role in the development 
of graft dysfunction in renal transplant patients, and 
may possibly increase their risk of future renal trans- 
plant loss. 
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