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Abstract The aim of this study is to evaluate the oxidative

stress in predialysis, hemodialysis (HD) and peritoneal dial-

ysis patients and to test the effects of antihypertensive drugs

and volume control on oxidative stress parameters. The study

was composed of five groups as follows: control group

(n = 30), predialysis group (n = 30), peritoneal dialysis

group (n = 30), hemodialysis group, (normotensive with

strict volume control, n = 30), hemodialysis group (normo-

tensive with medication, n = 30). Plasma malondialdehyde

(MDA), erythrocyte superoxide dismutase (SOD), catalase

(CAT), glutathione peroxidase (GSHPx) and routine bio-

chemical parameters were studied in all patients. Hemodial-

ysis patients with strict volume control (HDvc) had lower

levels of MDA than other patient groups (p \ 0.001), and

CAT, SOD values had highest level other patient groups

(p \ 0.001). The treatment of hypertension with strict volume

control in chronic renal failure patients causes less damage to

the antioxidant capacity.

Keywords Chronic renal failure � Volume control �
Oxidative stress

Introduction

The balance between pro-oxidant and anti-oxidant capac-

ities in chronic renal failure (CRF) is shifted towards a state

of increased oxidative stress. In CRF, not only the usual

cardiovascular risk factor but also those unique to uremia

increases oxidative stress [1–7]. In the presence of oxida-

tive stress, free oxygen radicals attacks the functional

molecules, such as proteins, lipids and DNA, either dena-

turing them or altering their structure. The attack by free

radicals on the polyunsaturated fatty acids on the surface of

the cell membrane results in the production of lipid per-

oxidation like malondialdehyde. High level of this products

is a marker of systemic oxidation. Healthy people are

protected themselves against free radicals by several

defense mechanisms. Major intracellular scavenger of free

radicals is reduced glutathione (GSH). Decreased GSH

levels and increased oxidized form glutathione (GSSG)

levels may indicate depletion of the anti-oxidant reserves

[2, 5, 8–10].

The progressive increase in oxidative stress in patients

with CRF from the onset of chronic renal disease, is caused

by a number of factors, among which are deficiency of

vitamin C resulting from the reduced consumption of fresh

vegetables and fruits in order to avoid hypercalcemia, loss of

vitamins during dialysis, nutritional deficiencies such as

intra-cellular vitamin E, reduction in selenium concentration

as well as advanced age, presence of diabetes, accumulation

of uremic toxins, chronic inflammation, hypervolemia,

hypertension and renal replacement therapy itself [2, 5, 9].

In addition, some defects have been detected in different

components of prophylactic anti-oxidant mechanism in

patients with CRF. These are reduction in the activities of

antioxidant enzymes which include SOD, CAT and GSHPx,

antioxidant enzymes [2, 5, 9, 10].
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Tepel [3] have shown that oxidative stress plays a role in

the pathogenesis of hypertension. Hypertension occurs

very frequently in patients with CRF and is the most

important factor to contribute to the development of cardio-

vascular diseases [11]. It has been suggested that the

hypertension that occurs in CRF might be ascribed to

volume overload and rennin activity. It is claimed that

excessive volume accounts for more than 90, 95 % of the

cases, and that rennin would have a secondary role.

Excessive volume increases first cardiac output and then

systemic vascular resistance, resulting in blood pressure to

rise. With strict volume control and sufficient dialysis, the

rate of hypertension prevalence is lowered by 20–25 % at

the end of the first year of dialysis. [12].

Objectives

The aim of this study is to evaluate the oxidative stress in

different groups of CRF patients including predialysis, HD

and PD patients and to test the effects of antihypertensive

drugs and volume control on oxidative stress parameters in

HD patients.

Material and Method

This is a cross-sectional study. The study was conducted on

120 patients studied at Nephrology Department of the Fırat

University Medical Faculty Hospital in Elazığ. The study

was composed of five groups as follows:

1. Control group was comprised of 30 healthy and

voluntary individuals with no systematic disease. Their

routine biochemical findings were within normal ranges.

The control group composed of 15 women and 15 men.

2. Predialysis group: patients with renal disease who had

not yet reached the stage of dialysis and normotensive

had been obtained with medication for at least for

6 months (n = 30). Predialysis group composed of 17

women and 13 men.

3. Peritoneal dialysis (PD) group whose normotensive

had been obtained with strict volume control for at least

for 6 months (n = 30). The PD group composed of 10

women and 20 men.

4. HDdrug group whose normotensive had been obtained

with medication for at least 6 months. There were 30

patients in this group undergoing hemodialysis 4–5 h/

session three times a week for more than 6 months. The

HDdrug group composed of 9 women and 21 men.

5. HDvc group whose normotensive had been obtained with

strict volume control for at least 6 months (n = 30). There

were 30 patients in this group undergoing hemodialysis

4–5 h/session three times a week for more than 6 months.

The HDvc group composed of 9 women and 21 men.

Patients with diabetes mellitus, chronic pulmonary dis-

ease and hepatic insufficiency were not included in any of

the groups. Parameters of biochemistry and oxidative stress

were measured both in patients groups and control. The

participants with mean systolic (SBP) C 140 mmHg and

diastolic blood pressures (DBP) C 90 mmHg and above

were considered hypertensive.

Patients whose normotensive had been obtained with

medication were using various antihypertensive drugs.

Forty-two percent of the patients were using angiotensin-

converting-enzyme (ACE) inhibitors, 26.3 % ACE inhibi-

tor ? diuretics, and 10.5 % calcium antagonists, 11 %

b-bloker and 10 % a-bloker.

Ethical approval for the study was obtained from the

Health Sciences Research Ethics Committee of the Firat

University and all patients gave informed consent.

Samples

After a 5-minute resting period, blood pressure was mea-

sured and then blood sample were collected subsequent to

an approximately 12-hour fasting period and before dial-

ysis therapy in patients on HD.

Fasting venous 5 ml blood sample were collected without

anticoagulant for separation of serum sample which was used

for determination of glucose, albumin, sodium, potassium,

calcium, phosphorus, urea and creatinine levels. Serum was

separeted immediately by centrifuged for 10 min at 3,000 rpm

and general biochemical tests measurements were performed

without delay by the autoanalyzer, Olympus AU 600,

(Olympus co Ltd Japan) was used with Olympus kits, and

methods suited to their content. Four milliliter venous blood

were drawn into tubes containing K3-EDTA. The samples

were centrifuged at 3,000 9 g for 10 min, and plasma was

removed. Plasma was used to determination of MDA. The

erythrocytes were subsequently washed four times with for

0.9 % NaCl. Then they were hemolyzed with cold distilled

water in the proportion 1:5. This hemolysates was used to

determine SOD, GSHPx and CAT. Plasma sample and

erythrocyte package were collected in Eppendorf tubes and

stored in -80�C to examine parameters of oxidatif stress.

Four millilitre blood were drawn into tubes containing

anticoagulant for determination of blood count. Complete

blood count were determined by Beckman coulter Gen S

Hematology Analyzer (Beckman Coulter Inc. U.S.A)

together with appropriate kits.

Plasma MDA levels were measured by a modification of

the methods of Satoh [13] and Yagi [14]. Samples were

read spectrophotometrically at 532 nm. Plasma MDA

results were expressed as nmol/ml.
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Erythrocyte CAT activity was estimated by the method

of Aebi [15]. Hydrogen peroxide yields maximum absor-

bance at 240 nm. Absorbance levels diminishing as a

function of time in the catalase peroxide reaction have been

measured at intervals of 30 s for 3 min at 240 nm. The

reduction in the absorbance is directly proportional to

catalase activity. Findings have been expressed in u/g

hemoglobin (Hb).

Erythrocyte SOD activity was determined by the method

devised by Sun [16], and according to the modification by

Durak [17]. In this method SOD activity is based upon the

principle of reduction of nitroblue tetrazolium by superoxide

produced with the system of xanthine/xanthine oxidase. This

complex yields maximum absorbance at 560 nm. Findings

have been expressed in U/g Hb.

The glutathione peroxidase activity was measured by

the method of Paglia and Valentine [18]. The activity of

P-GSH-Px was expressed as U/g Hb.

Statistical Analyses

All statistical analysis were performed using the SPSS

version 11.0 packet program. The results were shown as

mean ± standard deviation (SD). v2 test was used for the

evaluation of age in the groups. In the evaluation of bio-

chemistry parameters among the groups, one-way analysis

of variance (ANOVA) tests were used. Tukey B and Scheffe

tests were used for comparison between two groups. A

p value\0.05 was accepted as statistically significant.

Results

The clinical and biochemical findings of the groups have

been presented in Table 1. PD group were younger than other

groups (p \ 0.01). There were no significant difference

between patients groups in length of dialysis (p [ 0.05).

The SBP and DBP of the HDvc and PD groups were very

similar to those of the subjects in the control group.

However, it is noteworthy that predialysis group have

noticeably higher SBP and DBP than the patients in the

other groups. HDdrug group’ SBP has been found higher

than in the other groups (Table 1).

Interdialytic weight gain was significantly higher in the

HDdrug compared to this in the HDvc.

Urea (p \ 0.001), creatinine (p \ 0.001) and hematocrit

levels (p \ 0.001) were significantly higher in the patients

groups compared to those in the controls. While there are

differences in creatinine levels between patient groups,

HDdrug HDvc were not different in this respect (p = 0.991).

Sodium (p \ 0.001) and albumin (p \ 0.001) levels were

decreased in the PD group compared to the control group.

Potassium (p \ 0.05) and phosphorus levels (p \ 0.001)

were higher in HDdrug group than control group. The

Table 1 Comparison of the clinical and biochemical findings of the groups

Control (n = 30) Predialysis (n = 30) PD (n = 30) HDdrug (n = 30) HDvc (n = 30) p Value

Age (years) 46 ± 8 52 ± 15 36 ± 10**a,b,c 51 ± 10 52 ± 17 p \ 0.001

Duration of dialysis (month) – – 36 ± 29 63 ± 41 50 ± 44

SKB (mmHg) 116 ± 14 132 ± 29 119 ± 23#b 139 ± 27**d 112 ± 12*b p \ 0.001

DKB (mmHg) 78 ± 10 81 ± 16#a 77 ± 18 79 ± 13 68 ± 10 0.013

IDKA (kg) – – – 3.2 ± 0.8 1.9 ± 0.6*b

Urea (mg/dl) 26 ± 8*a,e,b,c 132 ± 37 133 ± 30 126 ± 26 125 ± 25 p \ 0.001

Creatinine (mg/dl) 0.8 ± 0.2*a,e,b,c 3.5 ± 1.5*a,e,b 11 ± 2*a,b 7 ± 2 8 ± 2 p \ 0.001

Sodium (mEq/l) 140 ± 0.7 138 ± 4 136 ± 4**d,b 140 ± 3 138 ± 3 p \ 0.001

Potassium (mEq/l) 4.4 ± 0.3 4.7 ± 0.9 4.5 ± 0.6 5.1 ± 1.0#d 4.9 ± 0.9 0.007

Calcium (mg/dl) 9.5 ± 0.4 8.8 ± 0.7 8.9 ± 0.7 9.4 ± 0.9 8.7 ± 0.7#d p \ 0.001

Phosporus (mg/dl) 3.5 ± 0.4 4.6 ± 1.1 5.4 ± 1.8*d 5.6 ± 1.4*d 4.4 ± 1.2#b p \ 0.001

Albumin (g/dl) 4.3 ± 0.5*e 3.8 ± 0.6#d 3.5 ± 0.8**a 4.0 ± 0.3#e 4.2 ± 0.3 p \ 0.001

Hematocrit (%) 41 ± 3*a,e,b 35 ± 4**d 31 ± 5 29 ± 4 29 ± 3 p \ 0.001

Results are given as mean with standard deviation

IDKA interdialitic weight gain

* p \ 0.001; ** p \ 0.01; # p \ 0.05
a Compared to the HDvc group
b Compared to the HDdrug group
c Compared to the predialysis group
d Compared to the control group
e Compared to the PD group
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albumin levels of the predialysis and PD groups were lower

than control group (p \ 0.05, p \ 0.001 respectively). As

for the patient groups there were differences between PD,

HDvc and HDdrug (p \ 0.01, p \ 0.05 respectively).

The oxidant and antioxidant parameters of the groups

have been presented in Table 2. Compared to the controls,

markedly lower SOD level (p \ 0.001) was seen in

patients groups. CAT levels have been found statistically

different neither in comparisons of patient groups with the

control group nor in intra-group comparisons.

GSHPx level was significantly higher in control group

compared to the HDdrug (p \ 0.001) and HDvc group

(p \ 0.001). GSHPx level was significantly decreased in the

HDdrug group compared to the predialysis and PD groups

(p \ 0.05).

The level of MDA was higher in the patient groups

compared to the control group. The difference between the

control and HDvc groups has not reached statistical dif-

ference, (p = 0.066). The MDA level of the HDdrug was

significantly higher than the HDvc group (p \ 0.05).

Discussion

The presence of oxidative stress in patients with CRF is

based on the elevation of the plasma concentration of MDA

reduction of the antioxidant capacity, and the impairment

of antioxidant enzymes [19].

Low level of antioxidant enzyme activities and high level

of MDA were observed in the patient groups as compared

with control group in this study. The major finding of our

study, HDvc has the best antioxidant capacity, and the

lowest MDA level among patients groups.

Annuk et al. [5] has demonstrated the presence of a

correlation between the extent of renal failure and the level

of lipid peroxidation in predialysis patients. In a multitude

of studies, it has been found that in CRF, while MDA rises

[20–23], antioxidant levels fall compared to the control

group [24–26]. Several studies have shown that while the

same findings may be observed in PD patients as well,

antioxidant levels are more favorable in HD group [26, 27].

It has been showed that antioxidant levels of predialysis

group, on the other hand, are lower than in the control

group, but higher than in HD or PD group [5, 27].

It has been demonstrated that elevated oxidative stress,

particularly hydroxyl radicals, contributes to development

of hypertension [3]. Barton et al. [28] have found that

oxidative stress plays an important part in the pathogenesis

of genetic and acquired forms of hypertension, and that it

resulted in hypertension in normotensive animals, espe-

cially in the absence of GSH. Demirci et al. [29] have

shown that MDA level of PD patients was higher in

hypertensive subgroup compared to control, and antioxi-

dant capacity (CAT and GSHPx) was tended to be reduced

in hypertensive PD patients.

While MDA, the indicator of oxidant system in our

study, was the highest in HDdrug group, it was the lowest in

HDvc group. We have assessed oxidant system by studying

SOD, CAT, and GSHPx levels. In this study, antioxidant

capacity was tended to be reduced in patient groups. As is

seen in Table 2, those of the patient groups with most

favorable antioxidant capacity are HDvc, predialysis, and

PD patients in descending order. When patient groups are

compared among themselves, the most favorable SOD and

CAT levels are HDvc group. As for GSHPx levels, it has

been observed that HDdrug group has lower levels than all

the other groups. We divided patients into two groups

according to their antihypertensive therapy. We wanted to

know which treatment is effective in oxidative stress.

Compared with HDdrug patients, HDvc patients constitute

the group with less oxidative stress and most favorable

oxidant capacity. When the blood pressure levels of both

groups of HD patients are studied, a statistically significant

difference is observed. It is know that hypertension is

Table 2 Parameters of oxidative stress of groups

Control (n = 30) Predialysis (n = 30) PD (n = 30) HDdrug (n = 30) HDvc (n = 30) p value

MDA (nmol/ml) 2.91 ± 0.86*a,b 5.23 ± 1.81**c 5.72 ± 0.99#c 6.66 ± 2.79 4.72 ± 2.40#b p \ 0.001

SOD (U/g Hb) 1,302 ± 99*d,a,b 1,186 ± 119**c 1,156 ± 84 1,109 ± 120 1,188 ± 71**c p \ 0.001

CAT (U/g Hb) 1.61 ± 0.3 1.41 ± 0.2 1.46 ± 0.1 1.43 ± 0.1 1.60 ± 0.2 0.002

GSHPX (U/g Hb) 125 ± 15*d,b 119 ± 11**b 116 ± 10 106 ± 10 110 ± 10 p \ 0.001

Results are given as mean with standard deviation

* p \ 0.001; ** p \ 0.01; # p \ 0.05
a Compared to the PD group
b Compared to the HDdrug group
c Compared to the control group
d Compared to the HDvc group
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related to oxidative stress [11, 12]. We are of the opinion

that in the HDdrug group, even if blood pressure is reduced,

hypervolemia the most important cause of hypertension

persist. Increase of volume occurs in HD patients, which, in

turn, is responsible for the development of hypertension.

Hypervolemia by causing high speed of the intra-arterial

blood flow can have impacted the endothelium negatively

and thus intensified the production of free oxygen radicals.

In addition, hypervolemia leads to inflammation, which

runs with elevated C-reactive protein and interleukin-6

and reduced albumin [30]. Subsequently high levels of

C-reactive protein and interleukin-6 stimulate polymorph

nuclear leukocytes, causing them to produce free oxygen

radicals [31]. If treatment is desired, without lowering

volume, it should be in the form of reducing blood pressure

by providing relaxation of arteries muscles with meditation

per se. However there will constantly occur mechanical

damage to the surface of the artery since the volume

passing through it has not been reduced.

Serum albumin level is an indirect indicator of this

inflammation. Albumin is a natural anti-oxidant cytokines

that arise, notably interleukin-6 prevents direct synthesis of

albumin in the liver [32, 33]. Furthermore, it is argued that

leukocytes could be activated, increasing the production of

free oxygen radicals, as a result of not only the blood being

in contact with dialysis membrane, which is used during

dialysis and is not biocompatible, but also of endotoxins’

capability of being transmitted to patients from the system

during the process of dialysis [31]. However, the MDA

levels in the predialysis and PD groups in our study have

been higher than HDvc group, whose leukocytes have not

been in contact with a foreign membrane. PD fluids contain

high glucose concentrations. The long term exposure of the

peritoneum to these solution are responsible for the accu-

mulation of advanced glycation and products and glucose

degradation product. We think that this is highly effective

in improving the oxidative stress. However, it seems that

PD group has a lower oxidant level and higher antioxidant

levels compare to HDdrug group.

In this study, predialysis group is the second best group

according to the level of MDA, CAT and SOD. Also, the

best group according to the level of GSHPx. It is reported

that renal proximal tubule cells may be necessary for the

activity of plasma GSHPx. As a result of renal failure, renal

synthesis of GSHPx is reduced [24]. This condition is

compatible with our results. In the predialysis group the

level of MDA and blood pressure were increased, CAT and

SOD levels were decreased compared to the HDvc group.

We suggests that hypervolemia plays a more important role

in the development of oxidative stress.

This study showed that oxidative stress was increased

and antioxidant capacity was decreased in HDdrug group

compared to the HDvc group. Also, strict volume control in

hypertensive patients is a method more effective on the

oxidant system.

Conclusion

The treatment of hypertension with strict volume control in

dialysis patients can improve the survival rates by causing

less destruction in anti-oxidant capacity and reducing the

rate of atherosclerosis development.

Limitations

The negative side of this study could be done prospectively.
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25. Dursun B, Dursun E, Çapraz I, Tomris O, Apaydın A, Süley-
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Kopieczna-Grzebieniaka E. Effect of hemodialysis on lipid per-

oxidation and antioxidant system in patients with chronic renal

failure. Metabolism. 1992;41(11):1229–32.

32. Wanner C, Zimmermann J, Schwedler S, Metzger T. İnflamma-
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