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Abstract 

Background and objectives: Ischemic stroke (IS) is a debilitating disorder with 
no reliable prognostic or diagnostic biomarker. Here, we evaluated the serum 
level of Oxidative Stress Balance and assessed their diagnostic and prognostic 
value for IS. 

Methods: Sera from 52 patients with IS and 52 age- and sex-matched healthy 
subjects were collected. All patients were subjected to sample collection at the 
time of admission, 24 and 48 hours later, at the time of discharge and three 
months later .Oxidative Stress Balance expression was assessed by ELISA. 
Statistical measures for diagnostic accuracy of quantitative measures were 
conducted. 

Results: We demonstrated Oxidative Stress Balance was elevated at the time of 
admission in comparison to normal subjects. ROC curve analyse revealed that 
Oxidative Stress Balance (AUC = 0.7337; P<0.0001) was acceptable diagnostic 
value to discriminate IS patients from normal subjects. Kaplan-Meier survival 
analyse shown that Oxidative Stress Balance(P=0.8584) had no prognostic value. 

Conclusion: Oxidative Stress Balance could be introduced as suggested 
biomarker to segregate IS patients from normal subjects. 
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Introduction 

Stroke is one of the leading causes of adult 

disability [1].Among all strokes, 87% are 

ischemic and 13% are hemorrhagic strokes 

[2]. Ischemic stroke is the result of interrupted 

blood flow within the area of an occluded 

blood vessel and hemorrhagic stroke is either 

a brain burst or a leak of weakened blood 

vessels [3]. Blood biomarkers have been 

increasingly paid attention as a 

complementary diagnostic tool for the 

neuroimaging study of the stroke. Neuronal, 

astroglial, inflammatory, and hemostatic 

markers as unique marker are investigated 

[4].Reactive oxygen species (ROS) play a 

major role in damaging the brain after 

traumatic brain injury, such as stroke. 

Oxidants also interfere with production of 

mitochondrial signals and action of enzymes 

involved in DNA repair [5]. Findings have 

shown in the normal state 2 to 5% of the 

electron transfer chain present in 

mitochondria produce, anionic free radicals 

(O2–) and hydrogen peroxide (H2O2), but 

this dangerous compounds removed by 

antioxidant enzymes such as superoxide 

dismutase, glutathione peroxidase and 

catalase. In injuries such as stroke, these 

antioxidant defense enzymes are unable to 

function properly due to the oxidants 

overproduction by cytosolic and 

mitochondrial enzymes. Finally, brain cells 

greatly damaged due to impaired antioxidant 

protective action and the inability to 

regenerate antioxidants [6]. Oxidative stress 

results from an imbalance between the 

presence of oxidants (free radicals, RNS, and 

ROS) and antioxidants which potentially 

leading to injury such as stroke [7]. 

Consequently, given the importance of 

oxidative stress balance, it can be assess as a 

risk factor for stroke. In this study we want to 

find these effects in the stroke patients. 

Material and methods 

The study was carried out on 52 patients with 

documented Ischemic Stroke (IS) events in 

the Sayyad Shirazi Hospital in Gorgan, Iran. 

Furthermore, the patients who had cancer, 

unstable angina, recent or old myocardial 

infarction (MI), acute infection or any acute 

illness were also excluded. Demographic and 

clinical information's were obtained by direct 

interviewing with patients or their family. 

Each subject gave their informed written 

consent to participate in the study, which had 

been approved by the Gorgan University of 

Medical Science Ethics Committee (code of 

ethics: IR.GOUMS.REC.1395.23).Sex- and 

age-matched healthy control subjects (52 

people) who lived in Gorgan, Iran were 

recruited as the control group.  

Blood Sampling 

 Blood samples were collected in 5 steps, (0-

12) hours after stroke, 24 and 48 hours after 

stroke, discharge time and 3 months later. 

After being allowed to clot, the blood was 

centrifuged at 2500 rpm for 15 minutes at 

room temperature to obtain serum. 

Afterwards serum was stored at -70°C prior to 

analysis. 

The method of measuring the PAB was 

mentioned in previous studies (alamdari 

,parizadeh). The Standard Solutions were 

prepared by mixing various proportions (0 - 

100%) of 250 uM hydrogen peroxide (30%) 

(Merck, Darmstadt, Germany)with 3 mM uric 

acid (in 10 mM NaOH). TMB powder 

(3,3,5,5'-Tetramethylbenzidine, Fluka, Buchs, 

Switzerland) (60 mg) was dissolved in 10 mL 

DMSO. For the preparation of the TMB 
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cation, 400 uL of the TMB/DMSO Solution 

was added to 20 mL of acetate buffer(pH 4.5), 

and then 70 uL of fresh chloramine T 

trihydrate (Applichem: A 433 l, Darmstadt, 

Germany) (l00 mM) solution was added. The 

solution was mixed well and incubated for 2h 

at room temperature in a dark place. Then 25 

U of peroxidase enzyme solution(Applichem: 

230 U/mg, A379l,0005, Darmstadt, Germany)  

was added to 20 mL of TMB cation solution, 

dispensed in 1 mL, and stored at -20°C. In 

order to prepare the TMB solution, 200 mL of 

TMB/DMSO was added to 10 mL of acetate 

buffer (pH5.8) and the working solution was 

prepared by mixing 1 mL TMB cation with 

10 mL of TMB Solution. This working 

solution was incubated for 2 min at room 

temperature in a dark place and immediately 

used. Ten micro liters of each sample, 

standard and blank (distilled water), added to 

each well in a 96 well plate and then added 

200 mL of working solution and incubated at 

37 °C for 12 min in a dark place. At the end 

of the incubation time, 100 mL of 2NHCl was 

added to each well, and the optical density 

(OD) was measured in an ELISA reader at 

450 nm with a reference wavelength of 570 or 

620 nm. A standard curve was provided from 

the values of the standard samples. The values 

of the PAB are expressed in arbitrary unit 

(AU), which showed the percentage of 

hydrogen peroxide in the standard solution. 

Afterwards, the values of the unknown 

samples were calculated based on the Values 

obtained from the Standard curve. 

Statistical analyses 

ROC curve analysis was conducted to 

evaluate the diagnostic utility of each 

variable. Pearson and Spearman correlation 

studies were applied to correlate quantitative 

variables. Linear regression was used to 

showing relationship between dependent 

variable and independent variables. To 

compare the means between more than two 

groups we used Two-way ANOVA or 

Kruskal Wallis and post hoc tests. For 

evaluate the prognostic value for different 

time after stroke after following the outcome 

of the disease (death or survival), Kaplen- 

Meier survival test was used. We used Graph 

Pad and SPSS software for Windows, Version 

16.0, Chicago, USA) for statically analysis. 

 

RESULT 

The serum level of Oxidative Stress Balance 

Serum Oxidative Stress Balance in the IS 

patients collected at the time of admission 

was higher than the normal controls 

(P<0.0001) (Figure 1). Serum levels of 

Oxidative Stress Balance has not significantly 

different between the time of admission and 3 

months after the incident stroke (Figure 2). 

 

Figure1: The serum levels of Oxidative Stress 

Balance at the time of admission; Oxidative Stress 

Balance is up regulated in IS patient's .To 

compare the means between two groups, students’ 

T-test was used (Patients: 52, Healthy subjects: 

52). Statistics on each scattered plot demonstrates 
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Mean±SD. Level of significant P-values were 

0.05. 

 

Figure 2: The serum levels of Oxidative Stress 

Balance in 5 different time points; Oxidative 

Stress Balance serum levels did not change 

significantly in all 5 time-points among IS 

patients. One-Way ANOVA and Tukey's post-test 

or Kruskal-Wallis and Dunn-Bonferroni post-test 

were used to evaluate the differences between the 

means of various groups. (Patients: 52, Healthy 

subjects: 52). Bar charts show Mean±SD for each 

value. Level of significant P-values were 0.05. 

 

Diagnostic value of Oxidative Stress Balance 

The area under the curve (AUC) for serum 

Oxidative Stress Balance was 

0.73(P=<0.0001) with 67.31% Sensitivity 

(95% CI: 52.89 to 79.67%) and 63.46% 

Specificity (95%CI: 48.96% to 76.38%).The 

cut-off point was set at the fold change level 

of 76.97 and likelihood ratio (LR) of 1.842 

(Figure 3).  

 

Figure 3: ROC curve analyses; area under the 

curve (AUC) for Oxidative Stress Balance was 

0.73(P= <0.0001) with 67.31% Sensitivity (95% 

CI: 52.89 to 79.67%) and 63.46% Specificity 

(95%CI: 48.96% to 76.38%).The cut-off point 

was set at the fold change level of 76.97 and 

likelihood ratio (LR) of 1.842. All values are the 

expression levels at the time of zero (initial 

referring to the hospital). 

 

The prognostic value of Oxidative Stress 

Balance 

Subjects were divided into groups based on 

the serum concentration of biomarker, in to 

two categories of high and low levels based 

on the optimum cut-off points derived from 

ROC curve analyses. Log-rank test result 

revealed that Oxidative Stress Balance (P = 

0.85) were not capable of predicting the 

outcomes of IS (Figure 4). 
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Figure 4: Survival analyses; IS patients were 

subdivided into two categories of high and low 

expression on the basis of the optimum cut-off 

points of suggested biomarkers. Log-rank test 

results showed that Oxidative Stress Balance was 

not able to predict the outcome (survival) of the 

disease after 90 days of follow up. 

 

Discussion 

ROS played a role in brain injuries such as 

ischemic stroke, and the occurrence and 

outcome of vessel occlusion initiate a 

defective cycle that results in excessive ROS 

production and neuronal injury [8]. Serum 

Oxidative Stress Balance was higher in stroke 

patients than in the control group and we also 

did not found significant relationship between 

the time of admission and 3 months after 

stroke. According to the ROC curve analyses 

and calculated AUC, Oxidative Stress 

Balance would be a poor diagnostic marker. 

The result of Kaplan-Meier analysis was not 

significant and serum Oxidative Stress 

Balance could not be used as a prognostic 

marker. There have been previous reports that 

Oxidative Stress Balance is increased in the 

blood of stroke patients compared to controls 

[9, 10]. Previous studies have identified that 

Oxidative Stress cannot be a prognostic 

marker [7], just like our findings. 

CONCLUSION 

The serum levels of Oxidative Stress Balance 

were higher in stroke patients. ROC analysis 

revealed that serum Oxidative Stress Balance 

was a poor biomarker for IS. According to the 

importance of Oxidative Stress Balance and 

consideration to previous works, our study 

showed that Oxidative Stress Balance may 

not be suitable diagnostic and prognostic 

markers for IS. 
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