AL A

ELSEVIER

Clinica Chimica Acta 338 (2003) 91-98
www.elsevier.com/locate/clinchim

The effect of vitamin E supplementation on antioxidant enzyme
activities and lipid peroxidation levels in hemodialysis patients

Belma Giray®, Erdal Kan®, Musa Bali®, Filiz Hincal®, Nursen Basaran®*

* Department of Pharmaceutical Toxicology, Faculty of Pharmacy, Hacettepe University, Ankara 06100, Turkey
® Department of Internal Medicine, Faculty of Medicine, Gazi University, Ankara, Turkey
¢ Department of Nephrology, Faculty of Medicine, Gazi University, Ankara, Turkey

Received 19 March 2003; received in revised form 17 July 2003; accepted 25 July 2003

Abstract

Background: This study has been undertaken to investigate the possible alterations of oxidant/antioxidant status in uremic
patients undergoing hemodialysis (HD) and the effects of vitamin E supplementation. Methods: Erythrocyte antioxidant enzyme
activities [glutathione peroxidase (GSHPx), superoxide dismutase (SOD) and catalase (CAT)] and thiobarbituric acid reactive
substance (TBARS) concentrations as a measure of lipid peroxidation in HD patients have been determined and compared with
healthy controls. The patient group consisted of 36 uremic patients 21—75 years of age undergoing maintenance HD three times
weekly for an average of 41 months. The efficiency of Vitamin E therapy in dialysis patients was also assessed by re-evaluating
antioxidant status of the same patients after supplementation of the vitamin E in a dosage of 600 mg/daily for 14 weeks. Results:
A significant decrease in the activities of erythrocyte SOD, CAT and GSHPx and a significant increase in TBARS
concentrations were found in patient group compared to control group (p<0.001). A significant correlation between GSHPx
activities and duration of HD therapy was also observed (»r=— 0.46, p <0.01). Vitamin E supplementation caused an increase in
GSHPx and SOD activities and a decrease in TBARS concentrations. A slight but not significant increase in CAT activity was
also observed by Vitamin E. Conclusions: The results suggest the presence of an oxidative activity and the possible preventive
role of Vitamin E therapy in uremic patients undergoing HD.
© 2003 Elsevier B.V. All rights reserved.

Keywords: Hemodialysis; Oxidative stress; Antioxidant enzymes; Lipid peroxidation; Vitamin E

1. Introduction

In recent years, a growing interest has evolved in
regard to the increased oxidative stress associated with
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uremia. In spite of controversial data, it is generally
suggested that uremic patients undergoing hemodial-
ysis (HD) are at a high risk of oxidative stress, which
has been defined as an imbalance between formation
of reactive oxygen species (ROS) and antioxidant
defense mechanisms [1—4]. In HD patients, oxidative
stress appears to exist from the consequences of (i) an
abnormal production of ROS by activated leukocytes
and possibly by other cells; (ii) the presence of uremic
toxins with prooxidant properties; (iii) the decompart-
mentalisation of transition metals and enzymes from
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the cells which catalyse the reaction of ROS; and (iv)
defective antioxidant defenses. Although dialysis
restores the quality of life in patients encountering
end-stage renal failure, the long-term dialysis therapy
causes the complications possibly due to the imbal-
ance between the generation and the scavenging of
oxygen radicals [5—9]. Despite the continuous im-
provement in techniques, biomaterials and the ade-
quacy of HD therapy, frequent and severe complica-
tions have still remained. Cardiovascular disease is the
major cause of morbidity and mortality in chronic
renal failure patients on long-term HD and atheroscle-
rotic complications are reported to account for more
than 40% of the deaths [10—12]. It has been suggested
that increased oxidant stress in these patients may
trigger endothelial cell damage and oxidation of low-
density lipoprotein (LDL), which leads to the accel-
erated development of atherosclerosis. On the other
hand, impaired red blood cell (RBC) deformability,
increased hemolysis, anemia, platelet dysfunction,
accelerated aging, cataract can also be observed as
HD-related complications in uremic patients [13—16].
Therefore, in order to protect the uremic patients
against the complications of HD caused by oxidative
stress, antioxidants and particularly vitamin E supple-
mentation or use of HD filters with vitamin E-coated
surface have been proposed. Vitamin E is an effective
chain-breaking, lipid-soluble antioxidant in biological
membranes that includes eight naturally occurring
compounds in two classes designated as tocopherols
and tocotrienols. It is abundant in vegetable oils and it
has been widely used in the defense against oxidative
stress [5,17]. It protects critical cellular structures
against damage caused by oxygen free radicals and
reactive products of lipid peroxidation. It is not only a
powerful lipophilic antioxidant, but also contributes to
the regulation of processes such as metabolic activity,
proliferation and death, in different types of cells,
including vascular smooth muscle cells, endothelial
cells and leukocytes [18—22]. Since vitamin E defi-
ciencies have also been reported in uremic patients
undergoing maintenance HD, beneficial effects of
vitamin E, administered orally or bound to dialysis
membranes have been suggested in these patients
[23-26].

This study has been undertaken to investigate the
possible alterations of antioxidant status and lipid
peroxidation levels in uremic patients undergoing

HD and to assess the efficiency of antioxidant
protection of Vitamin E supplementation for 14
weeks.

2. Materials and methods
2.1. Chemicals

Cacodylic acid, pyrogallol, diethylentriaminpenta-
acetic acid, superoxide dismutase, 1,1,3,3, tetracthox-
ypropane, thiobarbituric acid, were obtained from
Sigma (St. Louis, USA). Hydroxymethyl aminome-
thane, hydrochloric acid, sodium hydrogen phosphate,
sodium dihydrogen phosphate, sodium hydroxide,
perchloric acid, n-butanol were purchased from Merck
(Darmstadt, Germany). Hydrogen peroxide was from
Aldrich (Dorset, UK). RANSEL glutathione peroxi-
dase kit was from RANDOX (Crumlin, UK).

2.2. Subjects

The study group was composed of 36 uremic
patients (12 woman and 24 men), 21-75 years of
age (mean 49 *+ 14 years) undergoing maintenance
HD three times weekly for an average of 41 months
(range 5—108 months) at Gazi University Hospital in
Ankara city. HD was performed for 4 h using cupro-
phan hollow-fiber dialyser (Hairdylena Medical, Ger-
many) with blood flow rates of 200—300 ml/min. The
adequacy of dialysis was monitored by measuring
serum urea nitrogen and creatinine levels of patients,
monthly. Patients with diabetes, chronic respiratory
insufficiency, intercurrent infection and malignant
tumors were excluded from the study. None of the
patients had received any drug that could interfere
with the measured parameters considered in our
evaluation.

Table 1
Demographic and clinical details of study groups

Hemodialysis Control

group (n=36) group (n=36)
Age, years (range) 49 + 14 (21-75) 49 £ 14 (20-75)
Sex, M/F 24:12 24:12
Duration of dialysis 41.4+29.6 -
therapy, months
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All dialysis patients (except two) underwent ther- Thirty-six healthy subjects of comparable age, sex,
apy with oral a-tocopherol (Ephynal-Roche) in a socioeconomic life style and smoking habits and with
dosage of 600 mg/day (2 X 300 mg) for 14 weeks. no history of renal disease chosen from university
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Fig. 1. Erythrocyte antioxidant enzyme activities (GSHPx, SOD and CAT) in the study groups. Superscripts of different letters (a, b) differ
significantly (p<0.001) from each other. Values are given as mean + S.E.M.
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staff were used as the control group (12 woman and
24 men). The age range of the controls was 20—75
years with a mean age of 49 + 14 years.

The study was approved by an Ethical Committee
according to the “Declaration of Helsinki”. All sub-
jects participated in the study voluntarily and all of
them provided oral consent (in Turkish) before blood
samples were drawn.

2.3. Sampling

Venous blood samples were collected in heparin-
ized tubes in the morning after breakfast for the
determination of lipid peroxidation levels and antiox-
idant enzyme activities [Glutathione peroxidase
(GSHPx), superoxide dismutase (SOD), catalase
(CAT)]. Centrifugation was performed at 800 X g,
plasma was separated, and erythrocyte packages were
prepared as recommended. All samples were imme-
diately aliquoted and stored in a freezer at — 80 °C
until analysis.

2.4. Analytical measurements

2.4.1. Antioxidant enzyme activities

The activity of GSHPx was determined by using
the RANSEL glutathione peroxidase kit, which is
based on an enzymatic cycling assay as described
by Paglia and Valentine [27]. The decrease in NADPH
concentration, which is proportional to the enzyme,

was measured spectrophotometrically by using cumen
hydroperoxide as the substrate. One enzyme unit was
defined as the amount of enzyme that transforms 1
umol of NADPH to NADP per minute at 37 °C.
The activity of CAT was measured spectrophoto-
metrically at 240 nm as the decomposition of H,O,
[28]. One unit of CAT activity was defined as the
amount of enzyme required to decompose 1 umol of
H>0, in 1 min. The specific activities for GSHPx and
CAT were expressed in units per gram of hemoglobin.
The SOD activity was determined by monitoring the
auto-oxidation of pyrogallol at 420 nm [29]. One
enzyme unit was defined as the amount of enzyme
required to inhibit the rate of pyrogallol auto-oxida-
tion by 50%. The specific activity for SOD was
expressed in units per milligram of hemoglobin.

2.5. Lipid peroxidation levels

Lipid peroxidation levels were quantified by mea-
suring thiobarbituric acid reactive substances
(TBARS) by spectrofluorometric assay described by
Richard et al. [30]. TBARS is expressed as nanomoles
of malondialdehyde per litre of plasma.

2.6. Statistical analysis
Experimental data were analysed with ANOVA

followed by LSD test using SPSS Software version
10.0 (SPSS, Chicago, IL, U.S.A.). Correlations be-
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Fig. 2. Plasma TBARS concentrations in the study groups. Superscripts of different letters (a, b) differ significantly (» <0.001) from each other.

Values are given as mean = S.E.M.
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tween variables were evaluated by using Pearson’s
correlation coefficients. Values are given as mean -
+ S.EEM.

3. Results

Information relating to each patient including sex,
age and duration of HD therapy is shown in Table 1.
There was no significant difference among the groups
studied with respect to demographic and clinical data.

HD therapy caused significant decreases in the
activities of antioxidant enzymes compared to the
control values (p<0.001 by LSD test) (Fig. 1). It
was also observed that lipid peroxidation levels in HD
patients measured as TBARS levels were increased
significantly (p<0.001 by LSD test). A significant
correlation was only found between GSHPx activity
and duration of dialysis in HD patients (r=— 0.46;
p<0.01).

Vitamin E supplementation (600 mg/day) for 14
weeks caused a significant decrease in the elevated
TBARS levels by HD (p<0.001) (Fig. 2). It was also
observed a significant increase in GSHPx and SOD
activities by Vitamin E supplementation (p<0.001).
The observed enhancement in the CAT activity in HD
group after vitamin E supplementation was found not
to be statistically significant compared to the values
before supplementation (Fig. 1). There was no sex
difference for any parameter within the groups.

4. Discussion

Although a direct cause—effect relationship be-
tween HD and oxidative stress-related diseases has
not been definitively demonstrated, it has been sug-
gested that oxidative damage can play a role in many
conditions associated with end-stage renal complica-
tions such as cardiovascular and infectious diseases,
cancer, diabetes, disorders of peripheral and central
nervous system, anemia and accelerated aging
[1,4,31-33]. There may be several potential sources
of increased free radical production in chronic renal
failure and the presence of oxidative stress appears to
be a multifactorial phenomenon. An increased pro-
duction of prooxidants, including ROS generated by
activated leukocytes, auto-oxidizing carbonyl, transi-

tion metals and probably other toxins with different
molecular weight, defective antioxidant protection
and increased susceptibility to plasma lipid oxidation
can cause the production of oxidative damage during
HD. It is also reported that HD membrane materials
have been described to play a central role in ROS
production interfering with the activation of polymor-
phonuclear cell and monocyte oxygen metabolism
[34,35]. A weakening of antioxidant defenses caused
by HD may be characterized by leakage and con-
sumption of hydrophilic antioxidants during dialysis;
consumption of liposoluble/lipoprotein-associated
antioxidants; changes in the lipid composition of
biological fluids and cell membranes and/or a deficit
in cofactors and damage to antioxidant enzymes.
Altered antioxidant defense mechanisms seem to be
one of the important factors leading to peroxidation.
However, the data of HD patients about antioxidant
enzyme activities (GSHPx, SOD and CAT) are con-
troversial. The activities of these enzymes were var-
iably reported to be decreased, increased or un-
changed in erythrocytes of HD patients [36—40]. In
the present study, erythrocyte GSHPx, SOD and CAT
activities in HD group before supplementation were
found to be lower compared to the control group
(p<0.001) in agreement with some of these reports.
On the other hand, there are several reports showing
the increase in the lipid peroxidation levels in patients
with chronic renal failure, particularly undergoing HD
[36,38,41—-43]. However, some studies indicated that
an individual dialysis session lowered plasma MDA
[44] or that MDA levels were not enhanced in HD
patients [45]. The findings of the present study dem-
onstrated a weakening of antioxidant defense system
and the increased levels of lipid peroxidation in HD
patients. Moreover, the significant correlation be-
tween duration of HD therapy and GSHPx activity
in our study suggested the importance of therapy
period in the complications of HD related to defective
antioxidant system.

The hypothesis that increased oxidative stress is a
factor in dialysis pathology has led to use antioxidant
supplements or more compatible dialysis filter con-
taining vitamin E coating on the blood-exposed sur-
face. The utilization of vitamin E-enriched liposomes
is proposed to be the most recent approach [46].
However, results from these investigations are not
yet conclusive. Galli et al. [24] showed that oral



96 B. Giray et al. / Clinica Chimica Acta 338 (2003) 91-98

supplementation of vitamin E (800 mg/day for a
period of 3 weeks) slightly but not significantly
decreased TBARS levels, but a significant effect on
the plasma fatty acid (PUFA) profile of HD patients
was observed. However, a significant decrease in
TBARS concentrations and an increase Vitamin E/
triglyceride ratio were observed after 1 month of
treatment with vitamin E-coated membrane dialyzer
[24]. Mydlik et al. [47] found that HD with conven-
tional HD membrane led to an increase of MDA
levels. The activity of SOD was low and GSHPx
activity was observed to be higher than normal range.
No influence of oral supplementation with vitamin E
(400 mg after each HD session) for 3 weeks on
plasma MDA and RBC GSHPx was found. There
was a tendency toward the normalization of the
activity of SOD after the treatment with vitamin E-
coated membrane and oral vitamin E supplementation.
On the other hand, in agreement with our results, there
are also some studies that indicated the protective
effects of vitamin E on the increased lipid peroxida-
tion in HD patients [25,26,41,42]. Bayes et al. [48]
showed that oral administration of vitamin E (400 mg
at the end of each HD session for 3 months) caused a
significant decrease in MDA concentrations and oxi-
dized anti-LDL antibodies, two lipid peroxidation
markers, in HD patients. Cristol et al. [25] also
demonstrated that oral vitamin E supplementation
(500 mg daily) for 6 months progressively restored
the abnormally low RBC vitamin E concentrations
towards the normal levels in dialysis patients. It was
also observed a concomitant progressive decrease in
MDA concentrations, suggesting an associated dimi-
nution in oxidative stress [25]. Inal et al. [26] reported
a significant enhancement in SOD and CAT activities
along with a significant decrease in MDA levels by
oral vitamin E therapy (200 mg/day) during 10
months. These results suggest that the efficiency of
vitamin E has been dependent on the duration of
therapy as well as its dose. Our findings also showed
that a 14-week oral supplementation of vitamin E in a
dosage of 600 mg/day caused a significant protective
effect against oxidative damage in HD patients
evidenced by decreased TBARS concentrations and
increased antioxidant enzyme activities. Vitamin E is
recognized as a powerful lipophilic chain-breaking
antioxidant that delays lipid peroxidation. Apart from
antioxidant properties, new functions of this antioxi-

dant have been shown in polymorphonuclear leuko-
cytes, especially a decrease of superoxide production
by activated phagocytes [49]. It is also demonstrated
that it contributes to the regulation of processes such
as metabolic activity, proliferation and death in dif-
ferent types of cells [18—22]. Supplementation of HD
patients with vitamin E has been found to reduce
composite cardiovascular disease endpoints and myo-
cardial infarction [50]. Present findings provided
further evidence on beneficial effect of vitamin E in
the patients undergoing maintenance HD due to
antioxidant-dependent or independent properties of
vitamin E.

In conclusion, a significant increase in TBARS
concentrations as a marker of lipid peroxidation and
significant decreases in the activities of antioxidant
enzymes (GSHPx, SOD and CAT) were observed in
the uremic patients undergoing maintenance HD. Oral
vitamin E supplementation for 14 weeks caused an
enhancement in the activities of GSHPx and SOD and
a decrease in lipid peroxidation levels significantly. It
was also observed a slight but not significant increase
in the activity of CAT by vitamin E. These findings
suggest the probability of an antioxidant defence
damage and the possible preventive role of Vitamin
E supplementation against this damage in HD
patients.
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