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ABSTRACT 

Background and purpose: Ischaemia/reperfusion generates free oxygen radicals, that 

react with the unsaturated lipids of biomembranes resulting in the generation of 

products such as malondialdehyde (MDA). MDA could be a sensor for tissue damage 

and reperfusion. Nitric oxide (NO), released due to the early arrival of leukocytes to the 

brain parenchyma, could be a sensor for non-flow phenomenon. Thereby, the purpose of 

this research was to evaluate the behavior of MDA and NO within the first 24 hours 

after the stroke onset. 

Methods: Fifteen patients aged between 49 and 87 years, admitted to the emergency of 

University Hospital and Chiquinquirá Hospital in Maracaibo, Venezuela, were 

examined by a neurologist and underwent 12-lead ECG and brain CT scan for the 

diagnosis of thrombotic stroke. Serum MDA and NO were measured as thiobarbituric 

acid adducts and total nitrites. Data were collected within the first 24 hours after the 

stroke onset. 

Results: MDA for patients with stroke had a significant increase (p<0.001) when 

compared with healthy controls (47.9 ± 7.1 vs. 1.7 ± 0.2 mmol/L). Conversely, serum 

NO for patients with stroke had a significant decrease (p<0.001), when compared with 

the group control (14.5 ± 1,4 vs. 41,3 ± 3,7 mmol/L). The lowest values of MDA and 

the highest values of NO were observed in two patients, who died. 

Conclusions: MDA increases and NO diminishes within the first 24 hours after the 

thrombotic stroke onset. This suggests that the MDA could be used as a potential 

reliable and sensitive sensor for reperfusion, whereas NO could acts as a potential 

biochemical sensor for non-reflow phenomenon. 
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INTRODUCTION 



Brain ischaemia describes a condition that exists when fractional uptake of oxygen in 

the brain is not sufficient to maintain the rate of cellular oxidation, leading to metabolic 

changes and consequeant of cellular death. During ischaemia, enzymes and some ions 

like Fe
+3

 and Cu
+2

 involved in oxide-reduction pathways change to a reduced mode 

which, during reperfusion, become a source of electrons for free oxygen radicals 

formation through Fenton and Haber–Weiss reactions. Restoration of bloud flow might 

result in numerous further negative consequences such as free oxygen radicals 

superoxide (O2
•–

) and hydroxyl (
•
OH) which react with the unsaturated lipids of 

biomembranes, resulting in the generation of lipid peroxide radicals (ROO
•
), lipid 

hidroperoxides (ROOH) and fragmentation products, such as malondialdehyde (MDA). 

This suggests that MDA could be a sensor for tissue damage and reperfusion
(1)

. 

An inflammatory reaction is a common response of the brain parenchyma to various 

forms of insult
(2)

. The early arrival of leukocytes in the brain parenchyma is independent 

from the presence of necrosis, and this idea leads to the hypothesis that these cells play 

a role in the progression from brain ischaemia to brain infarction
(3)

. There are a number 

of mechanisms by which leukocytes may produce deleterious effects on ischaemic 

parenchyma. It has been proposed that leukocytes obstruct microvessels and contribute 

toward the non-reflow phenomenon
(4)

. Other detrimental effects of leukocytes during 

ischaemia may be due to the release of vasoconstrictive mediators, such as superoxide 

radical, thromboxane A2, endothelin-1, prostaglandin H2, proteolitic enzymes, such 

aselastase, nitric oxide (NO) and lipidic hidroperoxides
(5)

. The aim of this study was to 

evaluate the serum levels of MDA and NO within the first 24 hours after the stroke 

onset as both potential sensors of reperfusion and tissue damage, respectively. 

SUBJECTS AND METHODS 

The sample consisted of fifteen patients admitted to emergency of University Hospital 

and Chiquinquirá Hospital in Maracaibo, Venezuela; these patients were examined by a 

neurologist and underwent standard blood test (blood and ionograms, blood cell count, 

coagulation test and erythrocyte sedimentation rate), 12-lead ECG, and non-contrast 

computed tomography brain scan (CT). A medical history for each patient was recorded 

using all available resources and the following data were collected prospectively: age, 

gender, education level, presence of hypertension, current treatment with 

antihypertensive drugs, diabetes mellitus and current use of antidiabetic drugs, 

hyperlipidemia, history of peripheral artery disease with intermittent claudication, 

previous TIA or stroke; mean alcohol consumption; number of cigarettes consumed per 

day or cessation derning the lant 5 year-period; use of aspirin, antioxidants, and 

presumed cause of stroke. The level of consciousness was evaluated in each patient on 

admission. Data were recorded as soon as possible after onset and always within the 

first 24 hours. 

The group control consisted of 8 men and 7 healthy women with an average age of 56.7 

± 1.3 years (range 50 to 69 years) not statistically different from stroke patients. These 

subjects did not have history of previous TIA or stroke, alcohol consumption, cigarette 

smoking, high blood pressure, coronary artery disease, diabetes mellitus or 

hyperlipidemia. 

Statistical analysis 



Data were expressed as mean ± standard error and were analyzed with a commercially 

available program (SPSS version 7.2 for Windows). Comparisons between patients with 

stroke and healthy subjects were evaluated by two-tailed unpaired student’s t-test. 

Differences were considered statistically significant at a value of p<0.05. 

Malondialdehyde and Nitric Oxide quantification 

Malondialdehyde, a breakdown product of peroxidized polyunsaturated fatty acids, 

serve as a convenient marker of lipid peroxidation. Thiobarbituric acids adducts of 

MDA generate a stable cromophore with maximal absorbance at 532 nm. Proteins, 

lipids and aldehydes other than MDA were eliminated prior to a colorimetric assay
(6)

. 

This assay has a sensitivity of 0.1 mol/L. 

Nitric oxide was measured in serum using a colorimetric assay for determination of total 

nitrites. NADH-dependent enzyme nitrate reductase for quantitative conversion of 

nitrate to nitrites was used prior to quantification of nitrite using Greiss reagent
(7)

. This 

assay has a sensitivity of 1 mol/L. 

  

RESULTS 

Out of the 15 patients admitted, 8 were men and 7 were women with an average age of 

64 ± 3.6 years (range, 49 to 87 years). The fifteen patients had a thrombotic stroke 

(100%); 33.3% were hit in the right middle cerebral artery and 66.6% were affected in 

the left middle cerebral artery. Fourteen patients (93.3%) showed high blood pressure 

but only five patients received antihypertensive treatment, which consisted of 3 with 

enalapril, 1 with captopril, 1 with furosemide. None of the patients had been using 

aspirin or antioxidant therapy and only three of them suffered from type 2 diabetes 

mellitus (20%) (Table 1). From the neurological point of view, six patients had aphasia 

(40%) and two had dysarthria (13.3%). All patients had hemiparesis (100%); nine of 

them had Babinsky (60%); two patients had hemihypoesthesia (13.3%); four patients 

had sight paralysis (26.6%); eleven patients had normal consciousness (73.3%); one 

patient was in coma (6.6%); one patient had inattention (6.6%) and two patients had 

stupor (13.3%). Fatal stroke was present in two patients (13.3%) (Table 2). 

Serum MDA was dramatically increased for stroke patients (47.9 ± 7,1 mmol/L) when 

compared to healthy controls (1.7 ± 0.2 mmol/L) p<0,001 (Figure 1). 

Serum NO measured as total nitrites had a significant decrease (14.5 ± 1.4 mmol/L) 

when compared to healthy controls (41.3 ± 3.7 mmol/L) p<0,001 (Figure 2). 

The two patients with fatal stroke had the lowest MDA concentrations (4.9 and 4.0 

mmol/L) and the highest NO values (26 and 22 mmol/L) (Table 2). 

Table 1: Clinical findings of stroke patients enrolled in the study 

P Age Sex Stroke 

Type 

S-H Diabetes HBP HBP 

treatment 

http://www.scielo.org.ve/scielo.php?script=sci_arttext&pid=S0798-02642001000100010&lng=es&nrm=iso&tlng=en#t1
http://www.scielo.org.ve/scielo.php?script=sci_arttext&pid=S0798-02642001000100010&lng=es&nrm=iso&tlng=en#t2
http://www.scielo.org.ve/scielo.php?script=sci_arttext&pid=S0798-02642001000100010&lng=es&nrm=iso&tlng=en#f1
http://www.scielo.org.ve/scielo.php?script=sci_arttext&pid=S0798-02642001000100010&lng=es&nrm=iso&tlng=en#f2
http://www.scielo.org.ve/scielo.php?script=sci_arttext&pid=S0798-02642001000100010&lng=es&nrm=iso&tlng=en#t2


1 49 F T(LMCA) - + + N/T 

2 76 M T(LMCA) - - + N/T 

3 87 M T(LMCA) - - + N/T 

4 54 M T(RMCA) - - + N/T 

5 54 M T(LMCA) - - + N/T 

6 55 F T(RMCA) - - + Enalapril 

7 50 F T(RMCA) TIA - + Enalapril 

8 83 F T(LMCA) - - + Captopril 

9 83 F T(LMCA) - - + Furosemide 

10 52 M T(LMCA) - - + N/T 

11 48 M T(RMCA) - - + N/T 

12 77 M T(LMCA) - - - - 

13 65 F T(LMCA) TIA + + Enalapril 

14 64 F T(RMCA) - - + N/T 

15 64 F T(LMCA) - + + N/T 

Abbreviations: P = Patient, F = Female, M = Male, S-H = Stroke history, HBP = High blood pressure, N/T = No treatment, T = thrombotic 
stroke, TIA = Transient ischaemic attack, LMCA = Left middle cerebral artery, RMCA = right middle cerebral artery. 

Table 2: Neurological and oxidative findings of stroke patients enrolled in the 

study. 

P A D H-

P 

C-

N 

B H-

H 

S-

P 

S-C Death MDA 

( mol/L) 

NO 

( mol/L) 

1 + + + + + - - NC - 109.1 11 

2 - - + + + - - C - 43.6 13 

3 + - + + + - - NC - 31.6 11 

4 - - + + - + - NC - 39.6 15 

5 - - + + - + - NC - 55.3 17 

6 - - + + + - - I - 74.6 19 



7 - + + + + - - NC - 78.3 16 

8 - - + + + - + S + 4.9 26 

9 + - + + + - + NC - 38.8 7 

10 + - + + - - + NC - 30.0 21 

11 - - + + - - - NC - 73.1 10 

12 + - + + - - + S + 4.0 22 

13 + - + + + - - NC - 43.6 9 

14 - - + + + - - NC - 40.9 11 

15 - - + - - - - NC - 51.1 10 

Abbreviations: P = Patient, A = Aphasia, D = Dysarthria, H-P = Hemiparesis, C-N = Cranial nerves, B = Babinsky, H-H = 

Hemihypoesthesia, S-P = Sight paralysis, S-C = state of consciousness, NC= Normal consciousness, C = Coma, S = Stupor, I = Inattention, 
MDA = Malondialdehyde, NO = Nitric Oxide. 

  

Figure 1: Serum MDA levels within 24 hours onset thrombotic stroke, White 

column represents MDA for healthy subjects and black column MDA for stroke. 

Note that MDA levels increased significantly after stroke onset (p< 0.001). 

 

  

Figure 2: Serum NO levels within first 24 hours onset thrombotic stroke,white 

column represents NO for healthy subjects and black column NO for stroke. Note 

that NO levels decreased significantly after stroke onset (p< 0.001). 



 

  

DISCUSSION 

Our findings show a dramatic increase in serum MDA values and also a significant 

decrease in NO within the first 24 hours after the thrombotic stroke onset. The source of 

such amount of MDA is oxygen free radicals superoxide (O2
•–

) and hydroxile (
•
OH) 

generated during reperfusion that reacts to the unsaturated lipids of biomembranes. As it 

can be observed in Table 1, the two patients with fatal stroke had the lowest 

concentrations of MDA: 4.0 and 4.9 mol/L. Although this study did not assess the 

biochemical mechanisms that might explain this finding, it could the possible that early 

arrival of leukocytes to the brain parenchyma obstructed the microvessels and 

contributed to the so-called "non-reflow" phenomenon and, thereby, the decrease in 

MDA production
(2,4)

. Evidence of this, are the highest concentrations of NO (22 and 26 

mmol/L) observed in the two patients who died. These findings are consistent with data, 

which had shown a smaller infarct volume in neutropenic animals than those observed 

in normal controls
(8)

. Furthermore, a significant correlation was found in humans 

between the degree of leukocyte accumulation and infarct volume as assessed by CT
(9)

. 

Human data demonstrated an increased number of leukocytes in the cerebral fluid of 

acute stroke patients 2 to 3 days after the stroke
(10)

and one autopsy study described 

intense leukocyte infiltration of the brain parenchyma 2 to 3 days after the stroke
(11)

. 

Lower levels in NO within the 24 hours after the stroke onset in 87% of patients who 

survived, might have been a protection mechanism
(12,13)

. This is consistent with reports 

that show a selective inhibition of inducible nitric oxide synthase preventing ischaemic 

brain injury in rats
(14)

, and a decrease in those patients who suffered brain ischaemia. 

According to data published by our laboratory, during the acute phase of myocardial 

infarction both NO and MDA showed a dramatic increase, which may mean that MDA 

is a marker for ischaemia/reperfusion, but NO levels behave in heart and brain in 

different ways
(15)

. 

We conclude that NO and MDA have a high potential to be used as reliable sensors for 

reperfusion and non-reflow phenomenon within the first 24 hours after the stroke onset. 

http://www.scielo.org.ve/scielo.php?script=sci_arttext&pid=S0798-02642001000100010&lng=es&nrm=iso&tlng=en#t1
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