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cause of  death.[1,2] Stroke is a major cause of  morbidity and 
mortality in an aging population. In the elderly, ischemic 
stroke accounts for more than 80% of  all stroke cases.[3]

The causes of  cellular injury following ischemia are 
multifactorial, but there is increasing evidence suggesting 
the role of  reactive oxygen species (ROS) in its pathogenesis. 

INTRODUCTION

Stroke is a worldwide health problem. The WHO has 
defined stroke as “rapidly developed clinical signs of  focal 
and at times global disturbances of  cerebral function lasting 
more than 24 h or leading to death, with no apparent 
cause other than vascular origin.” It is one of  the leading 
causes of  adult disability and the second most common 
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Abstract
Background: Oxidative stress is characterized by increased production of reactive oxygen species resulting in the generation of 
lipid peroxides such as malondialdehyde (MDA). The studies have shown that ischemia‑modified albumin (IMA), which has widely 
been studied as a marker of ischemia, also increases as result of oxidative stress. Hence, the current study was done to evaluate the 
serum MDA, IMA along with serum uric acid, and albumin, which are important metabolic antioxidants. Materials and Methods: Fifty 
patients with acute ischemic stroke were taken as cases and compared with 50 age- and sex-matched controls. Serum MDA, 
IMA, uric acid, and albumin were estimated both in cases and controls. Serum MDA was estimated by the method of Satoh and 
IMA by Bar-Or et al. The results were analyzed statistically. Results: Serum MDA and IMA values were significantly increased 
in cases (P < 0.0001), whereas serum uric acid and albumin values were significantly decreased (P < 0.05) in comparison to 
controls. There was also highly significant positive correlation between serum IMA and MDA (r = 0.843, P < 0.0001), whereas 
there were significant negative correlations between serum IMA and uric acid (r = −0.237, P < 0.05), and albumin (r = −0.326, 
P < 0.05). Conclusion: Hence, we conclude the oxidative stress plays a major role in the etiopathogenesis of acute ischemic 
stroke, and the deranged oxidant-antioxidant balance further contributes to its severity.
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Oxidative stress resulting from the generation of  ROS is 
involved in the neuronal damage induced by ischemia 
and reperfusion, and the antioxidant activity of  plasma 
may be an important factor providing protection from 
neuronal damage caused by stroke-associated oxidative 
stress.[4] Ischemia-modified albumin (IMA) is a relatively 
new marker of  ischemia. It is widely been studied in 
different types of  ischemic diseases.[5-7] It is a metabolic 
variant of  protein generated during acute ischemic 
conditions due to a decrease in binding capacity of  albumin 
for transition metals, such as cobalt, nickel, and copper.[8,9] 
During ischemia and reperfusion, modification altering 
binding capacity of  albumin to transition metals also occurs 
as a result of  oxidative stress.[10]

Taking into consideration of  the above facts, this study 
was done to evaluate the serum malondialdehyde (MDA), 
IMA, uric acid, and albumin in acute ischemic stroke cases.

MATERIALS AND METHODS

In this study was conducted in the Department of  
Biochemistry, S.C.B. Medical College, Cuttack, in 
collaboration with the Department of  Medicine. Patients 
with clinical manifestations of  stroke within 24 h of  
onset of  symptoms were considered as cases. Diagnoses 
were supported by computed tomography (CT)/magnetic 
resonance imaging (MRI). Those who were having stroke 
other than ischemic stroke were excluded from the study. 
Patients having any other type of  ischemia, abnormal serum 
albumin, renal, and cardiac insufficiency were also excluded 
from the study. Age- and sex-matched healthy volunteers 
were taken as controls.

Blood was collected from both cases and controls. 
A detailed history was collected from all. Serum MDA 
was estimated by the method of  Satoh.[11] Serum IMA 
was estimated using the method of  Bar-Or et al. 2000.[12] 
Other parameters such as serum uric acid and albumin 
were estimated using Flexor-XL autoanalyzer. The study 
has been approved by the Institutional Ethics Committee 
S.C.B Medical College, Cuttack, Odisha.

Statistical analysis
Statistical Analysis was done using software  SPSS 
version 20 and MS Excel. The continuous variables 
represented as a mean ± standard deviation and categorical 
data as percentages. Student’s unpaired t-test was used to 
analyze differences between two continuous variables and 
Chi-square test was used to find out the differences between 
categorical variables. Relationships between the variables 
were evaluated using Pearson’s correlation coefficient. 
P <0.05 was considered to be statistically significant.

RESULTS

Fifty acute ischemic stroke cases and 50 age- and 
sex-matched healthy controls were included in this study. 
The demographic profiles and risk factors were shown in 
Table 1. Serum IMA, MDA, uric acid, and albumin values 
were shown in Table 2. There was a highly significant rise 
in serum IMA (P < 0.0001) and MDA (P < 0.0001) in acute 
ischemic stroke cases in comparison to controls. There 
was also a significant decrease in endogenous antioxidants 
such as uric acid (P < 0.05) and albumin (P < 0.05) in acute 
ischemic stroke cases in comparison to controls. The serum 
IMA values demonstrated a highly significant positive 
correlation with serum MDA (r = 0.843, P < 0.0001) as 
shown in Figure 1. Whereas serum IMA demonstrated 
a significant negative correlation with serum uric 
acid (r = 0.237, P < 0.05) and albumin (r = −0.326, P < 0.05) 
as shown in Figures 2 and 3, respectively.

DISCUSSION

There are many studies which indicate that the generation 
of  free radicals leading to oxidative stress plays an 
important role in the pathogenesis of  ischemic brain 
injury. Brain tissues are prone to the deleterious effects of  
free radicals for a number of  reasons. The brain cellular 
membrane lipids are very rich in polyunsaturated fatty 
acid side chains, which are especially sensitive to free 
radical attacks.[13-15] IMA is a nonspecific marker of  tissue 
ischemia, which has been previously, mostly studied in 
patient with acute chest pain and shown to be increased 
in patients of  myocardial ischemia either spontaneously 

Table 1: Distribution of demographic profiles and 
risk factors
Parameters Controls (n=50) Cases (n=50) P
Age (years) 54.74±10.65 59.74±10.93 0.023*
Male (%) 28 (56) 26 (52) 0.688
Female (%) 22 (44) 24 (48) 0.688
Systolic BP (mmHg) 128.40±13.43 135.98±17.80 0.018*
Diastolic BP (mmHg) 76.24±8.97 81.60±9.53 0.005*
Hypertension (%) 09 (18) 15 (30) 0.160
Diabetes mellitus (%) 14 (28) 15 (30) 0.826
Dyslipidemia (%) 11 (22) 14 (28) 0.488
Smoking (%) 08 (16) 16 (32) 0.061

*P<0.05. BP: Blood pressure

Table 2: Distribution of malondialdehyde, 
ischemia‑modified albumin, uric acid, and albumin
Parameters Controls (n=50) Cases (n=50) P
Uric acid (mg/dl) 4.84±1.02 4.17±0.98 0.001*
Albumin (g/dl) 4.28±0.42 4.04±0.45 0.007*
MDA (nmol/ml) 1.62±0.40 3.31±0.62 0.000**
IMA (U/ml) 70.74±8.42 97.56±13.74 0.000**

*P<0.05, **P<0.0001. MDA: Malondialdehyde, IMA: Ischemia modified albumin
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or subsequent to percutaneous coronary intervention.[5,16] 
There are also studies showing the association of  IMA 
with ischemic brain injury.[6,17,18] Our study documented 
highly significant rise (P < 0.0001) in serum IMA and 
serum MDA, which is a well-known marker for lipid 
peroxidation and there is also a highly significant positive 
correlation (r = 0.843, P < 0.0001) between the two 
parameters (serum IMA and MDA). This finding supports 
the findings of  Behera et al.[5] and Jena et al.[6] Behera et al. 
estimated the serum IMA and MDA in acute myocardial 
infarction patients and also found a significant positive 
correlation between the two. Jena et al. documented a 

significant rise in serum IMA and MDA in acute cerebral 
infarction patients with a significant positive correlation 
between the two.

Modifications within the N-terminus end of  albumin, which 
is an important site for binding heavy metals such as cobalt, 
can occur either due to acetylation or deletion of  amino acid 
leading to the formation of  IMA. With increasing ischemia 
following acute stroke, there occurs anaerobic metabolism 
of  glucose leading to excess production of  lactic acid 
causing acidosis, which may also lead to IMA formation. 
Ischemia also produces necrosis by starving neurons of  
glucose, which in turn leads to failure of  mitochondria to 
produce ATP, which leading to failure of  energy-dependant 
functions of  cells such as ion pumps. This energy-dependant 
pump failure may be reason behind the generation of  IMA. 
During ischemia and reperfusion modification hampering, 
the binding capacity of  albumin for cobalt may occur due to 
acidosis, decreased oxygen tension, and generation of  free 
radicals, leading to the formation of  IMA.[6,12,19,20]

Our study also documented a significant decrease in serum 
uric acid (P < 0.05) and albumin (P < 0.05) in cerebral 
ischemia patients in comparison to controls. There is 
also a significant negative correlation between serum uric 
acid (P < 0.05) and albumin (P < 0.05) with serum IMA 
of  the study population. The reason behind the decrease 
in serum uric acid and albumin in acute ischemic stroke 
in comparison to control is that both of  them play an 
important role as an endogenous metabolic antioxidant in 
our body. Cherubini et al.[21] in their study demonstrated that 
majority of  antioxidants including uric acid were reduced 
immediately after an acute ischemic stroke, possibly as a 
consequence of  increased oxidative stress. Kumar et al.[22] 
in their study ‘Oxidative stress, endogenous antioxidant, 
and IMA in normolipidemic acute myocardial infarction 
patients’ had shown decrease in endogenous antioxidants 
like uric acid, albumin, and bilirubin due to oxidative stress 
with a simultaneous increase in IMA. Albumin is the most 
abundant serum protein. However, it may give antioxidant 
protection by playing a role as serum peroxidase in the 
presence of  reduced glutathione, which is an important 
intracellular antioxidant.[23] Uric acid, is an end product 
of  purine metabolism, bears significant antioxidant 
property. It contributes to almost two-thirds of  free radical 
scavenging action in plasma. It is effective in quenching 
hydroxyl, superoxide, and peroxynitrite radicals and also 
prevents lipid peroxidation.[24] The negative correlation 
between serum uric acid and albumin with IMA of  study 
population further supports the fact that imbalance in 
oxidant and antioxidant status plays an important role 
in pathophysiology and generation of  IMA in ischemic 
brain injury.
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Figure 1: Correlation graph between serum ischemia‑modified albumin 
and malondialdehyde in the study population. r = 0.843, P < 0.0001
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Figure 2: Correlation graph between serum ischemia‑modified albumin 
and uric acid in the study population. r = −0.237, P < 0.05
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Figure 3: Correlation graph between serum ischemia‑modified albumin 
and albumin in the study population. r = −0.326, P < 0.05
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CONCLUSION

Hence, we conclude the oxidative stress plays a major role 
in the etiopathogenesis of  acute ischemic stroke, and the 
deranged oxidant-antioxidant balance further contributes 
to its severity. Thus, if  the findings of  our study are further 
supported with a wide range of  studies in future; then, this 
IMA may be utilized as a cost-effective biomarker of  acute 
ischemic stroke, particularly in low socioeconomic areas 
where CT scan is not available.
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