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Abstract 
 

Chronic renal failure is a progressive loss of renal function over a period of months or year 
and Hemodialysis is a suitable treatment which is preferably given to the chronic renal fail-
ure ernment RF) . Who are not to undergo renal transplantation therapy.  This study was 
carried out to observe the immediate effect of oxidative stress and inflammation during  
hemodialysis . In the present study 30 CRF patients undergoing hemodialysis and 50 healthy 
controls matching in age and sex were included. In the present study prehemodialytic sam-
ples showed      significant rise (P<0.001)       in serum lipid peroxidation (LPO), serum ho-
mocysteine and  high sensitivity C-reactive Protein (hs-CRP) as compared to controls. Mean 
values of serum superoxide dismutase (SOD) and serum nitric oxide (NO● )were found to be 
significantly reduced (P<0.001)in prehemodialytic samples as compared to controls. In post 
hemodialytic samples mean values of serum superoxide dismutase, serum nitric oxide and 
serum homocysteine  were significantly reduced (P<0.001)when compared to prehemodia-
lytic samples while mean values of serum lipid peroxidation and hs-CRP were significantly 
increased (P<0.001)in post hemodialytic samples as compared to prehemodialytic samples. 
The result of our study have been shown there is extensive oxidative stress and inflamma-
tion in patients with CRF, which is further augmented by hemodialysis, as supported by al-
tered levels of LPO, SOD, NO●, homocysteine and hs-CRP. It may cause increased risk of 
cardiovascular disorder (CVD) in patients on chronic hemodialysis. 
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Introduction 
 
Chronic renal failure is associated with increased inflam-
mation and oxidative stress which play an important role 
in the in the development of cardiovascular disorder and it 
represent leading cause of death in chronic renal failure 
(CRF) patients.  Several factors contribute to cardiovascu-
lar disease in patients with chronic renal failure (CRF), 
notable among the CRF-induced risk factors are lipid dis-
orders, oxidative stress, inflammation, endothelial dys-
function, and depressed nitric oxide availability which 
plays an important role in the development of cardiovas-
cular disease [1, 2]. The CRF patients who undergo to 
dialysis; are subjected to an oxidative stress, dialysis in-

duced oxidative stress is one of the possible reason which 
creates atherosclerotic changes in hemodialysis patients. 
Over last few years, there has been increasing focus on 
the relationship of novel risk factors such as inflamma-
tion, oxidative stress, hyperhomocysteinemia, and high 
hs-CRP levels are associated with cardiovascular risk in 
CRF [3,4].       
 
Oxidative stress arises due to the imbalance between the 
reactive oxygen species (ROS) and reactive nitrogen spe-
cies (RNS) production and impairment of antioxidant de-
fense mechanism [5]. Reactive oxygen species may cause 
lipid peroxidation and damage macromolecules resulting 
in the impairment in the superoxide dismutase activity 
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[6]. There is increasing evidence which supports that ROS 
are involved in the pathophysiology of uremic complica-
tions in CRF patients and mainly those patients who are 
undergoing hemodialysis treatment. Elevated RNS may 
lead to oxidative stress, as indicated by the fact that an 
impaired nitric oxide (NO●) synthetic pathway plays a 
key role in mediating renal injury.  It has also been sugge-
sted that oxidant exposure may contribute to the high rate 
of cardiovascular disease in these patients [7,8]. 
 
C - reactive protein, an acute–phase reactant synthesized 
in the liver in response to the cytokine activation and may 
act as a marker of inflammatory mediators involved in the 
development of atherosclerotic plaque [9]. Chronic in-
flammation is an important component in the develop-
ment and progression of atherosclerosis, and numerous 
epidemiological studies have demonstrated that increased 
serum CRP concentrations are positively associated with 
a risk of future coronary artery disease, or peripheral arte-
rial disease [10]. Recent studies suggested that chronic  
inflammatory state could account for the high risk of 
ischemic heart disease in patients with End stage renal 
disease (ESRD)[11]. Homocyseine , a non essential sul-
phur-containing amino acid and it’s accumulation in CRF 
leads to impair it’s metabolism and reduced renal excre-
tion [12]. Hyperhomocysteinemia  is an additional factor 
that increases the risk of vascular diseases in renal failure 
patients [13]. 
 
Hemodialysis (HD) is the treatment which is preferably 
given to the CRF patients who do not undergo  renal 
transplantation therapy. In recent years hemodilalysis has 
been successful in extending life span of renal patients 
and is effective in correcting the metabolic abnormalities 
related to renal oxidative stress that contributes to mor-
bidity in hemodialysis patients. Factors like dialysis 
membrane, purity of dialysis water  and dietary limita-
tions make dialysis patients on dialysis susceptible to 
more oxidative stress and inflammation [14,15].   
 
Hence we thought it worthwhile to determine the altera-
tions of oxidant-antioxidant status and vascular inflamma-
tion in pre and post hemodialysis of CRF patients. For 
this, we planned to determine the levels of Lipid peroxi-
dation (LPO), superoxide dismutase (SOD), Nitric Oxide 
(NO●), Homocysteine and high sensitivity C-reactive pro-
tein (hs - CRP)       in pre and post hemodialysis  patients.  
 
Material and Methods 
 
In the present study, 30 CRF patients and 50 healthy con-
trols matching in age and sex were enrolled. The patients 
were selected on the basis of their estimated glomerular 
filtration rate (eGFR) according to National Kidney 
Foundation guidelines, for the classification of kidney 
disorder. All the selected patients were in the 4th and 5th 
stages of CRF, undergoing hemodialysis [16, 17].  

All control subjects were free of infection and were taking 
no medication during last two weeks. Institutional Ethical 
Committee approval was taken before starting this study 
and informed concent was obtained from each subject 
before they were included in the study. Plain heparin dose 
1000 IU was administered during HD process.  Hemodi-
alysis was carried out three times per week for four hours 
per session using polysulphone hemodialysis membrane.      
These samples were analyzed to observe the immediate 
effect of hemodialysis process on the biochemical pa-
rameter.  
 
5-8ml of blood samples were obtained from the patients 
just before and after  the hemodialysis by using aseptic 
precautions, in pain tubes.  Separated sera were processed 
for the assay of biochemical analytes.  Lipid Peroxidation 
was measured as MDA in serum by the method of Kei 
Satoh [18]. The colour produced by the reaction of thio-
barbituric acid with MDA was measured at 530 nm with 
the help of spectrophotometer and the results were ex-
pressed as nmol/ml. Superoxide Dismutase was assayed 
by the Nischal HK et.al,  this method is based on the abil-
ity of superoxide dismutase to inhibit autoxidation of py-
rogallol under specific conditions. Spectrophotometric 
readings were taken at 420 nm and results were expressed 
as units/ml [19]. Nitric Oxide was assayed by the method 
of Najwa K.Cortas and Nabil W. Wakid by cadmium re-
duction method and colour complex produced was meas-
ured at 540nm and result results were expressed as 
µmol/L [20]. Homocysteine was assayed by chemilumi-
nescence and results were  expressed as µmol/l [21]. Se-
rum hs-CRP levels were measured by turbidometric me-
thod and values were  expressed as mg/L [22] .   
 
Statistical Analysis  
The statistical analysis included paired and unpaired “t” 
test and regression analysis for correlation coefficient. All 
data were presented as Mean and standard deviation. P< 
0.05 was considered significant. 
 
Results 
 
Laboratory data showed a significant change in the levels 
of biochemical parameters in pre and post hemodialysis 
groups in comparison to normal controls (Table I).  
 
All the data was presented as mean and standard deviation 
unpaired‘t’ test was used to compare prehemodialysis 
groups with control groups. Paired‘t’ test was used for 
comparing post hemodialysis groups with a prehemodi-
alysis groups. P value of < 0.005 was considered statisti-
cally significant.       
 
In the present study prehemodialytic samples showed      
significant rise (P<0.001) in serum lipid peroxidation 
(LPO), serum homocysteine and high sensitivity C-
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reactive Protein (hs-CRP) as compared to controls. Mean 
values of serum superoxide dismutase (SOD) and serum 
nitric oxide (NO● )were found to be significantly reduced 
(P<0.001)in prehemodialytic samples as compared to con-
trols. In post hemodialytic samples mean values  
 

of serum superoxide dismutase, serum nitric oxide and 
serum homocysteine  were significantly reduced 
(P<0.001) when compared to prehemodialytic samples 
and mean values of serum lipid peroxidation and hs-CRP 
was significantly increased (P<0.001)in post hemodialytic 
samples as compared to prehemodialytic samples.  
 

Table  I .  Levels of Serum Lipid Peroxidation, Superoxide Dismutase, Nitric Oxide, Homocysteine and hs-CRP  in pre 
and post dialysis samples of CRF patients and control subjects   
         

Sr. No. Biochemical Parameter Controls n=50 
Mean +SD 

Pre HD n= 30 
Mean +SD 

Post HD n=30 
Mean +SD 

1 Serum Lipid peroxidation nmol/ml 2.7 + 0.48 6.89 + 0.83*** 8.47 + 0.73*** 

2 Serum Superoxide Dismuatase U/ml 4.73 + 1.05 1.87 + 0.41*** 1.45 + 0.39*** 
3 Serum  Nitric Oxide µmol/L 54.38 + 5.53 49.37 + 7.67*** 43.57 + 3.29*** 
4 Serum Homocysteine µmol/L 8.30 + 1.89 18.07 + 3.23*** 13.08 + 2.71*** 

5 Serum hsCRP mg/L 0.48 + 0.20 2.32 + 0.46*** 2.72 + 0.38***  
*       P>0.05      - Not Significant             
**       P<0.05      - Significant              
*** P<0.001 - Highly Significant.         
 
Discussion 
 
Oxidative stress and inflammation recently came in foucs 
as nonconventional risk factors of cardiovascular morbid-
ity and overall mortality in end stage renal disease. Oxi-
dative stress occurring  due to decreased antioxidant de-
fences and an increase in pro-oxidant factors is a well 
recognized phenomenon in hemodialysis patients.       
 
Hemodialysis is an effective treatment in most renal fail-
ure patients and forms an alternative to renal transplanta-
tion. Adequate dialytic treatment has prolonged the sur-
vival of patients with quality of life. Cardiovascular dis-
ease was found to be the most frequent cause of mortality 
in majority of patients on maintenance haemodialysis 
[23].  
 
In our study we found mean values of lipid peroxidation 
were significantly elevated and superoxide dismutases 
were significantly reduced in post hemodialytic samples, 
as compared to prehemodialytic samples. There are two 
potential mechanisms by which hemodialysis could 
stimulate the production of reactive oxygen species.  
First, interactions between blood and the dialyzer mem-
brane could lead to the generation of inflammatory media-
tors, such as the complement components C3 and C5a or 
platelet activating factor (PAF), which may then stimulate 
neutrophils.  Second, bacterial products in the dialysate 
might cross the dialyzer membrane and directly or indi-
rectly stimulate release of reactive oxygen species by neu-
trophils [24].  Disturbances in enzymatic mechanisms 
of free radical detoxification may be responsible to ele-
vate the LPO level in post HD  sample [25].      Endothe-
lial cells also contain some superoxide dismutase enzyme 

to the cell surface, which probably serves to counterbal-
ance the local formation of oxidants [26].      Previous 
studies have shown that overproduction of H2O2 because 
of decreased GPx activity.  Due to increased oxidative 
stress, H2O2 may inhibit the SOD activity [27]. During the 
hemodialysis process the dialysis membrane is subjected 
to immunologic response by low molecular weight 
plasma constituents such as IgG and complement compo-
nents to make the membrane active for granulocytes. Ac-
tivation of blood granulocytes can increase reactive oxy-
gen species. Oxygen radicals generated may interact with 
neutropils and further stimulate ROS production and it 
can lead to the imbalance between production of free 
radicals and alter the different antioxidant enzyme. This 
can increase the LPO level and depress the SOD activity 
in hemodialysed samples [28,29]. Previous study have 
shown that trace elements are being increasingly recog-
nized as key mediators of progression of kidney disease 
[30].      During the hemodialysis process the levels of 
trace elements like Cu and Zn, the cofactors of SOD 
might be reduced. This is one more possible cause to re-
duce SOD activity post HD [31]. 
 
There is considerable evidence from earlier studies to 
suggest that multiple pathways lead to NO• deficiency as a 
result of chronic kidney disease (CKD). In our study we 
found mean values of nitric oxide were significantly 
decreased in post hemodialytic samples as compared to 
prehemodialytic samples. Many mechanism are likely to 
be responsible, including substrate limitation, L-arginine 
is the precursor in the biosynthesis of nitric oxide . During 
hemodialysis process, L-arginine can be removed de-
creasing its concentration in blood [32]. Dyslipidemia, 
increased oxidative stress and impaired endothelial func-



Oxidative stress in pre- and post-hemodialysis in chronic renal failure patients. 
 

Biomed Res-India 2013Volume 24 Issue 4 501 

tion may cause decrease in nitric oxide level in pos-
themodialytic samples [33,34].  
 
Homocysteine, a non conventional      risk factor for CVD 
has involved much interest in dialysis patients.  There are 
multiple plausible mechanisms by which homocysteine 
may promote endothelial dysfunction, oxidative stress and 
vascular disease [35]. In post hemodialytic samples mean 
values of homocysteine were significantly decreased, as 
compared to prehemodialytic samples. The homocysteine 
lowering effect may be due to the high flux dialyzer. High 
flux dialyzer membrane has a high efficacy of dialytic 
removal of both small and middle molecules, during 
hemodialysis procedure. Removal of uraemic inhibitor of 
homocysteine metabolism may play a significant role in 
the intradialytic lowering of homocysteine [36]. 
 
C-reactive protein (CRP) not only biomarker of inflam-
mation as it has been found in atherosclerotic plaques and 
shown to cause endothelial cell dysfunction, oxidant 
stress in experimental model [37].  In earlier studies ob-
served that  inlfammaiton is among the strongest predic-
tors of poor clinical outcome CKD patients [38]. Chung et 
al, have demonstrated a significant association between 
markers of inflammation and changes in residual renal 
function in post hemodialysis patients [39]. CRP is the 
leading of acute phase protein and easily measured bio-
markers of inflammation as high sensitive assay (hs-
CRP). In the present study we observed, in post hemodia-
lytic samples mean values of hs-CRP were significantly 
elevated as compared to prehemodialytic samples. Hemo-
dialysis may induce a state of inflammation and increase 
in hs-CRP may be the result of inflammatory response 
suggesting that dialysis procedure with it’s extracorporeal 
circulation of blood, may itself be the cause of inflamma-
tion [40].  
 
We observed significant elevation of serum LPO and hs-
CRP and significant reduction was observed in the mean 
serum SOD, NO• and  homocysteine levels in post HD. 
The causes of oxidative stress and inflammation  in CKD 
are definitely multiple . Our results reflects the primary 
mechanisms of oxidative stress and inflammation during 
hemodialysis which may cause  of CVD development in 
hemodialysed patients. Due to adverse effect of HD 
which is demonstrated by our results, the clinicians may 
plan to advice antioxidant therapy and use of antioxidant 
bounded membrane for HD will be new approach to over-
rule oxidative stress and inflammation during HD session.       
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