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Abstract

Endogenous oxygen radical scavengers such as glutathione peroxidase (GSH-Px), catalase
(CAT), glutathione and vitamin E are powerful regulatory systems against free radical toxicity.
These oxidative injuries are increased in patients with chronic renal failure leading to various abnor-
malities including anemia. In this study, activities of GSH-Px, CAT, glutathione and vitamin E
were measured in the erythrocytes of 54 chronic renal failure patients compared with 32 healthy
controls. GSH-Px activities were lower significantly from controls (20.5 £ 6.79 vs 28.3 + 9.0 u/gHb,
p < 0.001). Erythrocytes CAT (6.52 + 2.3 vs 7.54 + 1.9 u/gHb, p < 0.05), glutathione (63.59 + 20.2
vs 75.1 + 6.3 mg/dl, p < 0.05) vit. E (2.23 + 0.53 vs 3.38 + 0.44 g/ml RBC, p < 0.001) were also
lower in the patients group. Plasma malondialdehyde (MDA) known as lipid peroxidation pro-
duct was higher significantly than controls (p < 0.001). Abnormal erythrocyte osmotic fragility
test, expressed by glycerol lysis time (GLT, ) was found in the patients group (p < 0.001) and cor-
related significantly with RBC vitamin E.

Results demontrated defects in erythrocytes enzymatic antioxidant defense mechanism in
chronic renal failure patients. To improve antioxidant systems seems to be promising in preventing
hemolysis and anemia in these patients.

Anemia is an important problem in pa- branes by toxic oxygen-free radicals (OFR) has
tients with chronic renal disease. Although it has been suggested to play a major role in RBC
a multifactorial origin, its common causes are hemolysis§4’5). The products of lipid peroxidation
decreased erythropoietin production(l) and molondialdehyde (MDA) are detected in blood
shortened red cell survival(2) present with hemo- and have been used as a measure of oxidative
lysis(3). Lipid peroxidation of erythrocyte mem-  stress.
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It is known that vitamin E blocks the
peroxidation of the polyunsaturated fatty acid con-
stituents of cell membrance include red blood
cells(6.7). Increased sensitivity of red blood cells to
oxidative damage is therefore an index of vitamin
E deficiency(8 . In addition, administration of
vitamin E can significantly improve the anemia of
sickle cell disease(?) or thalassemia(10), Very little
information is available on vitamin E, oxidative
stress, and anemia in chronic renal failure patients.
In the following investigations, we measure acti-
vities of antioxidant enzyme systems: glutathione
peroxidase GSH-Px, glutathione, catalase, vitamin E
in RBC and plasma MDA of chronic renal failure
patients of different stages and to evaluate the effects
of these parameters on the RBC osmotic fragility.

MATERIAL AND METHOD
Patients

Fifty-four patients with renal disease par-
ticipated in this study. The clinical data is shown
in Table 1. They were divided into 5 groups accord-
ing to their serum creatinine levels.

Goup I comprised patients with serum
creatinine less than 2 mg/dl; Group II with serum
creatinine from 2.1 to 4 mg/dl; Group III with serum
creatinine from 4.1 to 8 mg/dl; Group IV with serum
creatinine from 8.1 to 12 mg/dl; and Group V with
serum creatinine more than 12 mg/dl. There were
33 cases of glomerulonephritis, 11 cases of nephro-
sclerosis, 7 cases of chronic tubulointerstitial nephri-
tis and one case of polycystic kidney disease. There
were 2 cases with unclassified etiology. Exclusion
criteria were patients with diabetes mellitus, chro-
nic respiratory insufficiency, alcoholics, smokers
and intercurrent infections. Those who had received
a blood transfusion within 3 months before entering
this study were also excluded. Iron and vitamin
supplements were stopped for 2 weeks before blood
and urine determinations. Thirty-two age and sex
matched volunteers from the hospital staff and per-
sonnel constituted the normal, healthy controls
(group 0).

Method

Fresh heparinized blood in trace elements
free tubes was centrifuged at 2,500 rpm for 10
minutes at 4°C. Plasma subdivided and frozen
until analysis. Buffy coat was discarded. The red
cells obtained were washed 3 times with cold (4°C)
5 nM phosphate buffer saline. The hemolysate for
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the determination of glutathione peroxidase and
catalase activities was prepared from the clean
packed red cells. The glutathione peroxidase, gluta-
thione and catalase activity was measured by the
method of Beutler(] 1-13), Malondialdehyde (MDA)
was determined by TBA method(!4). Vitamin E was
measured by high performance liquid chromato-
graphy(ls). Serum and urine creatinine were mea-
sured by a modified alkaline picrate method(19),
and urine protein by Biuret method(17). Osmotic
fragility test was measured by glycerol lysis time
(GLTs0)(18).

Statistical analysis

All results are expressed as the mean +
S.D. The data were analysed using unpaired two-
tailed student's z-test and linear regression analysis.
Statistical significance level was defined as P <
0.05.

RESULTS

Anemia was seen in patients of group 2
when creatinine began to rise and worsen gradually
when renal function deteriorated as shown in
Table 1 and Fig. 1. Antioxidant enzyme activities
measured in this study (Table 2) showed clear cut
decrease in glutathione peroxidase GSH-Px between
the patients and controls (20.48 + 6.79 vs 28.26 +
9 u/gHb, p < 0.001), catalase (6.52 + 2.3 vs 7.54 +
1.9 u/gHb, p < 0.05 and glutathione (63.59 + 20.2
vs 75 + 6 mg/dl, p < 0.05). The plasma malondial-
dehyde was significantly high in every group of
patients compared with controls (p < 0.001). Fig. 2
demonstrates vitamin E in red blood cells of chro-
nic renal failure patients and controls (2.23 + 0.52
vs 3.38 + 0.45 g/ml RBC, p < 0.0001). These datas
confirmed the existence of impaired antioxidant
systems in chronic renal disease patients. Red
blood cell osmotic fragility determined by mea-
suring as glycerol lysis time (GLTs50) was also
abnormally rapid significant in the patient groups.
(p <0.001) as shown in Fig. 3.

In addition, the red blood cells vitamin E
correlated significantly with GLT5¢g (r = 0.71, p =
0.003) as presented in Fig. 4.

DISCUSSION

Anemia in chronic renal failure is par-
tially attributed to decreased red blood cell for-
mation due to lack of erythropoietin(l) and par-
tially due to increased red blood cells destruction.
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Fig. 1. Relationship between hematocrit in control and chronic renal failure patients. (*P < 0.0001)
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Fig. 2. RBC vit. E in controls and CRF patients. (*P < 0.0001)
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Fig. 3. Osmotic fragility in RBC of controls and CRF patients. (*P < 0.0001)
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Increased red blood cell hemolysis due to uremic
toxin inhibition of glucose 6-phosphate dehydro-
genase activity, which leads to reduced NADPH
and GSH levels, was previously repor[ed(19s20).
The reduced levels of antioxidant NADPH, GSH
and vitamin E are all indicative of a hyperoxygena-
tive state in these patients which could be caused
from excessive aluminium(21), one of uremic
toxins leading to generate oxygen free radicals
and accelerate peroxidation(zz). The structure and
functional integrity of red blood cell is conditioned
by the production of energy and maintenance of
the reductive state of the cell. The maintenance of
the reductive state is compromised by a continuous
release, within the red blood cell, of superoxide
radicals such as superoxide anion (O72), hydroxyl
radical (OH)™ and hydrogen peroxide (H207). The
superoxide radicals are known to be produced,
within the red blood cell, by the spontaneons oxi-
dation of oxyhemoglobin(23), of isolated hemo-
globin chains and by hemolytic drugs such as
phenylhydrazine(24). In abnormal release of acti-
vated oxygen species in red blood cell is believed
to be responsible for extensive cellular damage
such as the hemoglobin precipitation as Heinz
bodies and peroxidation of erythrocyte membrane.
Nevertheless, red blood cells possess several lines
of defence against oxidative stress. Reduced gluta-
thione (GSH), together with its related enzymes,
represents one of the major scavenger systems of
activated oxygen species in red blood cells. Besides,
endogenous oxygen radical scavengers such as glu-
tathione peroxidase (GSH-Px), catalase, glutathione
and vitamin E are powerful regulatory systems
against free radical toxicity. These oxidative injuries
are increased in patients with chronic renal failure
leading to various abnormalities including anemia.

The results obtained in this study have
clearly demonstrated that the levels of antioxidant
enzyme activities in red blood cells (glutathione,
catalase, glutathione peroxidase and vitamin E) are
reduced significantly than normal controls. The pre-
sent study confirmed the altered status of enzymatic
antioxidant systems associated with increased lipid
peroxidation. The reduced glutathione peroxidase,
catalase, glutathione and increased ]i&)id eroxida-
tion all agree with previous results(23-28)  Since
the observation by Rose and Gyorgy(zg) that vita-
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min E can act as antioxidant which can reduce
hemolysis of red cells caused by oxidant stress,
additional evidence of a wide variety of roles in
membrane - related activities and pathologic pro-
cesses secondary to a deficiency has been reported
(30). Vitamin E status has been traditionally deter-
mined by measuring plasma vitamin E levels and
there have been few investigations of o-tocopherol
in red cells owing to technical difficulties of the
assay. There is also considerable evidence that the
level in the red cell needs to be directly measured
rather than plasma when indicating hemolysis(31).

In this study we found low levels of RBC
vitamin E in all groups of the patients. Our find-
ings suggest that anemia in chronic renal failure
can partly be attributed to vitamin E deficiency in
RBC membranes which accompany increased rates
of lipid and protein oxidation, destruction of mem-
brane function, and inactivation of membrane en-
zymes. Evidence shown in this study is decreased
RBC vitamin E, low levels of enzymatic antioxidant
systems, rapid glycerol lysis time (GLT5(q) leading
to rapid hemolysis and anemia. The levels of vita-
min E also correlalate with GLT5¢ which indicate
that oxidative damage will be minimized while
vitamin E is still present. The reasons why chronic
renal failure patients have vitamin E deficiency
are postulated in several explanations. Some reports
demonstrate diets low in vitamin E(25:32). A local
deficiency of vitamin E can arise rapidly in mem-
branes under conditions of intense oxidative stress
occur in renal injury. Since free radical-mediated
damage has been implicated in cellular and extra-
cellular changes that occur over time in the deve-
lopment of chronic renal diseases, the replenish-
ment of vitamin E in depleted membranes there-
fore requires days to weeks. Besides, the adminis-
tration of a diet that is modestly enriched in vitamin
E can protect against the development of progres-
sive renal damage in chronic puromycin amino-
nucleoside nephropatly in experimental animals(32).
In human, the effect of vitamin E therapy on plasma
and erythrocyte lipid peroxidation in chronic hemo-
dialysis patients was reported to be promising(34).
However, the beneficial effect of vitamin E in
improving anemia in chronic renal failure patients
needs to be confirmed in large prospective studies.

(Received for publication on June 18, 1996)
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