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tal of 2 g/kg of body weight in 24 h) in patients with symptoms 
of raised intracranial pressure, and other supportive therapy for 
the treatment of concurrent illnesses such as hypertension and 
diabetes mellitus. One patient was thrombolysed using intrave-
nous recombinant tissue-plasminogen activator. The protocol 
of this study was reviewed and approved by the Institutional 
Ethics Committee of Central India Institute of Medical Sciences, 
Nagpur. 

Sample collection 

Serum samples from AIS patients were collect immediately at the 
time of admission (0’hrs), 24hrs, 48hrs, 72hrs and 144hrs after 
admission. Blood sample from age and sex-matched healthy in-
dividuals (n = 5) were also taken as control group. All the speci-
mens for analysis of IMA were stored at -80°C until used. 

Analysis of ischemia-modified albumin in serum sample 

IMA was measure by the colorimetric method as described by 
Bar-Or et al.6 Briefly, 200 μL of serum samples were placed sep-
arately in two glass tubes (i.e. experimental and control). In the 
experimental set, 50 μL of 0.1% CoCl2·6H2O was added. After 
gentle shaking, this was left for 10 minutes to ensure sufficient 
cobalt albumin binding. Then 50 μL of 1.5 mg/mL dithiotheitol 
(DTT) was added as a coloring agent. After 2 minutes, 1 mL of 
0.9% NaCl was added to halt the binding between the cobalt 
and albumin. The procedure in the control set was similar to 
experimental sets, except that 50 μL of distilled water was used 
instead of 50 μL of 1.5 mg/mL DTT. Color formation in experi-
mental sets was analyzed in comparison to respective control 
sets at 470 nm under UV-VIS spectrophotometer (Systronic,  
India) and results were expressed in absorbance units (ABSU). 

Statistical analysis 

Statistical analysis was performed using the MedCalc (Statisti-
cal software version10). Repeated measure ANOVA was used 
to detect the difference of IMA among control and follow-up 
serum samples from stroke patients. P-value <0.05 was consid-
ered as statistically significant 
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Introduction 

Acute ischemic stroke (AIS) is the leading cause of death 
worldwide and one of the main causes of long-term disability.1 
Biomarkers which help in outcome prediction and therapeutic 
decision makings are very important in the management of 
AIS patients and reducing mortality rates.2,3 Oxidative stress 
is proposed as a fundamental mechanism of brain damage in 
ischemic and hemorrhagic stroke.4 Earlier it was reported that 
free radical alters the N-terminus of albumin which decreases 
its binding capacity for metals and is termed as Ischemia-
modified albumin (IMA).5 Further, IMA was reported to be a 
sensitive marker of ischemic events.6,7 Recently it was found 
that IMA increases cerebrovascular diseases and may serve as 
a biomarker for early identification of acute stroke.8 Despite all 
the available information, there is little information regarding 
the use of IMA for prognosis of AIS. Therefore, the current 
study was done for prognostic evaluation of time course of 
serum level of IMA in AIS patients.

Methods

Subjects

Five patients, aged 48 ± 20 years, admitted consecutively in 
Central India Institute of Medical Sciences, Nagpur, India, within 
24 hrs of onset of symptoms of AIS were included in the pres-
ent study. Diagnosis was based on WHO definition of stroke. 
CT scan was performed in all the cases for the confirmation of 
acute stroke. Patients with transient ischemic attacks and other 
types of brain injury were excluded from the present study. 
Neurological deficit was assessed as per National Institute of 
Health Stroke Scale (NIHSS) score during the hospitalization pe-
riod and functional recovery was assessed by Modified Rankin 
scale (mRS) at the time of discharge. All the patients were kept 
in the Intensive Care Unit (ICU), where the ambient tempera-
ture was between 20° - 25°C. All patients received standard 
medical treatment which included anti-platelet agents (aspirin 
150 mg, clopidregel 75 mg once a day); anti-edema measures 
mannitol 20%, 0.25–0.5 g/kg over 20 min, (not exceeding a to-
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Results

Five patients (age, 48 ± 20 years) of AIS were included in the 
study. The general characteristics of the all 5 patients are shown 
in Table 1. IMA level in individual samples from follow-up AIS 
patients and control group are depicted in the 3D bar graph 
(Figure 1). It shows that IMA level was high in all the follow-up 
sample collected from AIS patients. 

The IMA levels in control group and AIS patients are given in the 
Figure 2. IMA concentrations are presented as the mean ± SD. 
The mean serum IMA levels in control subjects was 0.067 ± 0.019 
ABSU. The mean serum IMA levels in follow up sample collected 
from stroke patients at admission, 24hrs, 48hrs, 72hrs and 44hrs 
were 0.159 ± 0.014 , 0.124 ± 0.007 , 0.124 ± 0.004 , 0.115 ± 0.008  
and 0.158 ± 0.012 ABSU respectively. There was a statistically 
significant (p < 0.05) increase in IMA level in serum samples of 
AIS at admission, 24hrs, 48hrs and 144hrs respectively when 
compared with control sample. Similarly, on comparing IMA lev-
els in follow-up AIS samples with regard to admission we found 
that IMA level decreases in follow-up samples till 72hrs, and  
significant (p < 0.05) decrease was observed at 24hrs and 72hrs 
respectively which further increases at 144hrs ( p > 0.05 ). 

Discussion 

In the current study we have evaluated the time course of se-
rum level of IMA in AIS patients. We found that serum IMA 
level increases in AIS patients as compared to control. Signifi-
cant increases in IMA level were observed at admission, 24hrs, 
48hrs and 144hrs respectively when compared with control. 
Our results are in agreement with the earlier studies that IMA 
level increases in stroke patients.8 Albumin is a hemodiluting 
agent, and an increase CBF of both the normal and ischemic 
brain, by decreasing blood viscosity and by vasodilatation in 
response to diminished oxygen delivery thus serves as an en-
dogenous neuroprotectant.9 Albumin therapy has been found 
to be very effective in the treatment of AIS patients.10 It may be 
possible that protective function of albumin is associated with 
the N-terminal of the albumin which gets modified by reactive 
oxygen species generated in response to ischemic event that 
leads to a loss in its protective ability and thereby an increase in 
the IMA in AIS patients. 

It is reported that IMA levels may be reversible and return to 
normal level within a few hours (12 to 24 hours) with the re-
moval of free radicals.7 We have also observed that IMA level 
decreases in the follow-up AIS samples (at 24, 48 and 72 hrs) 
as compared to admission value. The treatment regimens given 
to the AIS patients like anti-platelet and anti-edema agents also 
act as antioxidant.11 Thus, further decrease in IMA level in AIS 
samples could be the result of beneficial treatment procedure. 
However, we observe further increase in IMA level at 144h that 
may suggest further deterioration in the clinical status of AIS 
patients after initial improvement. 

This study is the first to compare IMA in the follow-up sam-
ples from ischemic stroke patients. Our preliminary study 
shows that follow up estimation of IMA in AIS may help in the 
prediction of the clinical status and outcome in AIS patients. 
Although study population is small in number, results ob-
tained are very encouraging to undertake a systematic study 
on large number of patients. 

The article complies with International committee of Medical 
Journal Editor’s uniform requirements for the manuscripts.

Table 1: Clinical characteristics of the AIS patients

Age Sex Etiological  
subtype

CT Scan 
Volume

NIHSS 
Score

m-Rs  
Score

Survival

32 M Large Artery 
atherosclerosis

176.88CC 18 4 Discharged

62 M Cryptogenic 165.40CC 18 4 Discharged

40 F Cardioembolic 145.18CC 17 4 Discharged

31 M Cryptogenic 166.38CC 18 4 Discharged

77 M Lacunar Infarct 97.09CC 10 2 Discharged

Fig. 1: Distribution of the IMA in serum samples from control group  
(n = 5) and follow-up samples of AIS patients (n = 5)

Fig. 2: IMA level in control group (n = 5) and AIS patients (n = 5). *p - 
value <0.05, control vs. 0hrs, 24hrs, 48hrs, and 144hrs similarly ap - value 
<0.05 Admission (0hrs) vs. 24hrs, 48hrs, 72hrs 144hrs respectively
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