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Aim: Free radical mechanisms may play an important role in brain ischemia / reperfusion injury.
The generation of reactive oxygen species by homocysteine (Hcy) or nitric oxide (NO) metabolism
might be involved in the induction of lipid peroxidation, as indicated by malondialdehyde (MDA)
formation. The purpose of this study was to investigate the behavior of Hcy, NO and MDA in plasma
and cerebrospinal fluid (CSF) within 4 days after ischemic stroke onset.

Methods: The levels of NO, Hcy and MDA were determined in plasma and CSF on the 3@ or 4"
days after the onset of ischemic stroke in 29 patients (12 men and 17 women) and in 13 healthy
controls (6 men and 7 women) of comparable age and gender.

Results: The plasma MDA, NO and Hcy levels were significantly higher in the stroke patients,
while mean MDA, NO and Hcy levels in CSF showed a significant increase in the cases as compared
to controls (p<0.01). There were no gender-specific differences in the plasma or CSF MDA, NO and
Hcy concentrations. A significant negative correlation was found between duration of diabetes with
CSF NO (r=-0.63, p<0.001). The low Glasgow Coma Scale (GKS) was negatively correlated with
lethal outcome, (r=-0.76, p<0.001), but it did not correlate significantly with any of the measured
parameters.

Conclusion: These data support that free radical mechanisms may play a role in the
development of brain injury following ischemic stroke. It was suggested that the elevated Hcy may
be an important risk factor for acute ischemic cerebral injury.
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INTRODUCTION
Stroke is the third most common cause
of death in industrialized countries, and is

of high levels of polyunsaturated fatty
acids in the membrane lipids of the brain
is a source for lipid peroxidation reactions

a major cause of severe physical disability
(1, 2). Ischemic stroke accounts for 70 to
80% of all strokes. Cerebral infarction may
be due to primary thrombosis in an artery
or to occlusion of a vessel by an embolus
(3). Independently from the mechanism
responsible for the vessel occlusion,
ischemia causes a cascade of events that
eventually lead to neuronal damage and
death (4, 6).

It is now generally accepted that
oxidative stress means over-generation of
reactive oxygen species (ROS) and lipid
peroxidation plays an important role in the
pathogenesis of neuronal damage induced
by ischemia-reperfusion (5). The presence
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(5, 6). Products of lipid peroxidation,
such as malondialdehyde (MDA) and
4-hydroxynonenal, were found to be
increased in subjects with thrombotic or
cardioembolic ischemic stroke than in
controls (6-9).

ROS production was increased in the
brain during ischemia and this process
was detectable even in plasma (6).
Excitotoxic stimulation of superoxide and
nitric oxide (NO) production in ischemia-
reperfusion leads to formation of highly
reactive products, including peroxynitrite
and hydroxyl radical, which are capable of
damaging lipids, proteins and DNA (9). In
this way, NO and ROS act independently
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Table 1. Baseline characteristics of stroke cases and controls

Parameter Controls (n:13) Cases (n:29) P
Age (mean+SD,y) 58.1£6.8 61.9+10.4 ns
Sex (male/female) 6/7 12/17 ns
Cigarette Smoking 4 (30.8%) 9 (31%) ns
Hypertension - 15 (51.7%) -
Hypercholesterolemia - 7 (24%) -
Diabetes Mellitus - 4 (13.8%) -
ECG evidence of atrial fibrillation - 5(17%) -
Coronary heart disease - 7 (24%) -

ns: Non-significant

as well as cooperatively to induce neuronal
death in acute ischemic stroke (10).

In recent years, numerous studies have
identified a strong, independent and dose-
related association between elevated Hcy
levels and vascular diseases, including
stroke (11- 18). The exact mechanisms
responsible for this association is still

under investigation. High Hcy levels
produce complex changes within the
blood vessel wall. These changes

include oxidative stress, proinflammatory
effects such as expression of inducible
NO synthase, platelet activation, and
endothelial injury (15, 17, 19). Endothelial
dysfunction is hypothesized to be caused
by the potency of Hcy to interfere with the
action of endothelial vasodilators such
as NO (14). It is postulated that NO is
scavenged by superoxide anion generated
in the metabolic pathway of Hcy (16).
When NO formation is reduced, excessive
Hcy may further damage the endothelium
by generation of ROS (15, 17), thereby
increasing lipid peroxidation (18).
Furthermore, high Hcy-induced oxidative
stress may occur as aresult of decreased
expression and/or activity of key
antioxidant enzymes as well as increased
enzymatic generation of superoxide anion
(19). Superoxide anion and hydroxyl
radical generated during oxidation of Hcy
initiate lipid peroxidation, an effect that
occurs both at the endothelial cell surface
as well as within lipoprotein particles in
plasma (20).

The objective of the present
investigation was to obtain evidence for
the involvement of free radical-induced
oxidative damage by measuring the

plasma and cerebrospinal fluid (CSF)
levels of a variety of oxidants in patients
with ischemic stroke on the 3™ or 4 days
after the accident: Hcy, MDA and NO.

MATERIALS AND METHODS

The oxidants’ activities in plasma
and CSF were measured sequentially in
29 patients with acute ischemic stroke
who were admitted to the Department of
Neurology, Ataturk University, within 3
days after onset of symptoms. Informed
consent was obtained from all participants
or their relatives before lumbar puncture.
The results were compared with those from
13 healthy subjects of comparable age
and gender. All patients had demographic
and medical data collected including
history of hypertension, diabetes mellitus,
smoking, alcohol and drug intake, and
cardiovascular diseases.

The stroke was initially diagnosed on
the basis of neurological examination
and brain CT scan or MRI. Patients were
clinically evaluated on hospital day one
and at discharge using the Glasgow Coma
Scale (GCS) (21). The diagnosis was
also confirmed by brain CT or MRI at the
third day after stroke onset. Functional
outcome at discharge was assessed using
the Glasgow Outcome Scale (GOS) (22).
The GOS evaluates clinical outcome with
a functional status scale comprising of
5 items. One point represents the best
score (recovery) and five points the worst
result (death). On the basis of clinical and
neuroradiological criteria, it was possible
to distinguish patients as having lacunar
or nonlacunar syndromes, including total
anterior, partial anterior and posterior
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Table 2.
concentrations in cases and controls

Fasting plasma homocysteine,
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nitric oxide and malondialdehyde

Cases (n:29) Control (n:13) p
Homocysteine, pmol/L
Median (range) 16.2 (8.2-42.4) 8.3 (5.9-16.4)
Mean (95% CI) 19.1 (15.5-22.6) 9.3 (7.3-11.3) 0.000

Nitric Oxide, pmol/L
Median (range)
Mean (95% CI)
Malondialdehyde, pmol/L

24.9 (15.0-35.2)
25.6 (23.9-27.2)

Median (range)
Mean (95% CI)

14.5 (5.7-29.1)
14.3 (12.8-15.9)

22.1 (10.6-27.3)

21.5 (18.8-24.3) 0.013
11.6 (4.1-15.5)
10.6 (8.2-12.9) 0.004

syndromes. Patients with subarachnoid
hemorrhage, cerebral hemorrhage, renal
failure, hepatic disease and severe
medical illness were not included in the
study. All patients were treated similarly
during hospitalization. Therapy was
based on the preservation of essential life
functions and the prevention of secondary
medical complications.

Heparinized fasting venous blood
samples were taken on the 3™ or 4®
days of the attack for determination of
plasma Hcy, MDA and NO levels. The
blood samples were centrifuged and the
plasma samples obtained were stored at
—80°C until analysis. Patients underwent
lumbar puncture for diagnostic purpose,
for instance to exclude subarachnoid
or cerebral hemorrhage. Control CSF
samples were obtained from 13 age-
matched controls who underwent lumbar
puncture to give intrathecal anesthetic
drugs during orthopedic surgery. None of
these subjects had evidence of systemic
or central nervous system diseases, such
as ischemic or hemorrhagic stroke. Also,
CSF samples were immediately stored at
-80°C until the time of analysis. Hcy, NO
and MDA determinations in plasma and
in CSF were performed with blinding to
clinical findings and to stroke outcome.

The levels of plasma and CSF
Hcy were determined by using high-
performance liquid chromatographic
method (23). MDA levels were determined
spectrophotometrically by a method
similar to that described in the literature
(24). NO levels were measured using the

Griess reagent by method Moshage et al
(25).

Statistical Analysis

The statistical analysis was performed
with Statistical Package for the Social
Sciences software for Windows (SPSS,
version 10.0, Chicago, IL). The results
are reported as the mean (95% CI) and
median (range). Due to the small number
of cases, the statistical and correlation
analyses were carried out with the Mann—
Whitney U-test and Spearman’s rank
correlation test coefficient, respectively.
Statistical significance was set at p<0.05.

RESULTS
The mean volume of the cerebral
infarction was 32.5+10.7 cm?® (range

12.6-57.8). The baseline characteristics
of ischemic stroke patients and controls
are shown in Table 1. Twenty-six
patients had nonlacunar syndromes and
3 had lacunar infract. Fifteen patients
(561.7%) were hypertensive, 4 (13.8%)
had diabetes mellitus and 7 (24%) had
hypercholesterolemia. None of the
subjects studied had a history of alcohol
abuse. Indices of renal and hepatic
function were within the normal ranges in
all subjects. According to the evaluation
of stroke outcome at discharge, 6 patients
died. The causes of mortality were a direct
result of infarction (2 cases), cardiac
arrest (2 cases), pulmonary embolism (1
case) and unknown (1 case).

As shown in Table 2, the plasma MDA,
NO and Hcy levels were significantly
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Table 3. Cerebrospinal fluid homocysteine, nitric oxide and malondialdehyde levels

in cases and controls

Cases (n:29)

Control (n:13) p

Homocysteine, pumol/L
Median (range) 0.45 (0.22-1.0)
Mean (95% CI) 0.53 (0.44-0.63)
Nitric Oxide, pmol/L
Median (range) 9.2 (7.4.0-13.5)
Mean (95% CI)

Malondialdehyde, pmol/L

9.2 (8.8-9.7)
Median (range) 11.8 (7.1-18.0)

Mean (95% CI) 11.8 (10.6-13.2)

0.28 (0.10-0.56)

0.29 (0.20-0.39) 0.006
8.5 (5.4-9.9)
8.1 (7.4-8.9) 0.015
8.0 (4.3-12.7)
8.3 (7.0-9.6) 0.001

increased in stroke patients, as compared
to controls (p<0.01, for all). Mean MDA,
NO and Hcy levels in CSF were higher in
cases compared with controls (p<0.01) in
Table 3. There were no gender-specific
differences in the plasma or CSF MDA,
NO and Hcy concentrations.

The infarction volume, GOS and GCS
did not correlate significantly with any
of the measured individual plasma or
CSF oxidant concentrations. None of
these parameters were associated to
the age of the study subjects or with
smoking status (duration of smoking x
number of cigarettes/d). A significant
negative correlation was found between
low GCS scores and lethal outcomes (r=-
0.76, p<0.001) and between duration of
diabetes with CSF NO (r=-0.63, p<0.001).
Also, there were a positive correlation
between the CSF MDA with plasma NO
levels (r=0.40, p<0.05).

DISCUSSION

We measured plasma and CSF lipid
peroxidation to investigate oxidative
stress. Lipid peroxidation is the most
studied biologically relevant, free radical
reaction. Our findings of raised MDA
in plasma and CSF of ischemic stroke
patients are in good accordance with
other studies (6-9, 26-28). Since MDA is
a specific marker of lipid peroxidation,
these data suggested that free radical
production was increased in the brain
during ischemia and that this process
was detectable even in plasma (6) and

CSF. Once generated, free radicals can
react with all the cellular macromolecules
leading to lipid peroxidation, DNA and
protein oxidation (30). Our data support
the concept of oxidative stress as a factor
in the pathogenesis of ischemic stroke.
There is strong evidence for involvement
of free radicals and lipid peroxidation in
the pathophysiology of acute ischemic
stroke (6-9, 26-28). There are several
possible reasons for increased lipid
peroxidation in ischemic stroke. First the
brain cellular membrane is very rich in
polyunsaturated fatty acid side chains,
which are especially sensitive to free
radical attack (29). Then it has a low
content of antioxidant enzymes, such
as catalase and glutathione peroxidase,
while it contains a significant amount
of iron despite its iron binding capacity
is not very high. Iron ions are known to
stimulate free radical generation (30).
Meanwhile, it has been claimed that lipid
peroxidation products are a key mediator
of neuronal apoptosis induced by oxidative
stress (32). Antioxidants that suppress
lipid peroxidation protected against
apoptosis induced by oxidative insults
(10, 31). Several drugs with antioxidant
activity such as tirilazad mesylate, a lipid
peroxidation inhibitor (31) and BN 80933,
a dual inhibitor of neuronal NO synthase
and lipid peroxidation (10) have been
shown to be able to reduce infarct volume
and neurological impairment after brain
ischemia.

This study demonstrates that NO levels
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in plasma and CSF are higher in patients
with ischemic stroke than in healthy
controls. The significant elevation of NO
is most probably due to the induction of
NO synthase by the effect of ischemic
condition. Such an observed increase in
CSF NO levels in our patients matches
the observation of Castillo et al (33) and
raise NO levels in plasma seems to be
consistent with El-Kossi et al study (8).
Castillo et al (33) have previously shown
that significantly increased NO in CSF of
ischemic stroke patients. Those studies
indicate that in patients who suffer from
ischemic stroke there is a strong induction
of NO production within the CNS which is
hypothesized to contribute to oxidative
stress and subsequent neuronal damage.
In Castillo et al study, it was also shown
that increased NO in CSF of stroke
patients is associated with a greater brain
injury and early neurological deterioration
(33). A significant negative correlation
was found between duration of diabetes
with CSF NO. The data support previously
published data suggesting that central
nitrergic neuronal pathways could be
involved in regulating and maintaining
glucose homeostasis (34). However, we
found no correlation between infarction
volume or neurological deterioration
with NO levels. The lack of correlation
between NO and infarction volume or
early neurological deterioration may be
due to the small sample size. The role of
NO in ischemic brain injury is protective
or destructive depending on the stage of
evolution of the ischemic process and
on the cellular compartment producing
NO (35). Reaction of NO with superoxide
causes formation of peroxynitrite that
initiates lipid peroxidation via reaction
of lipids with its decomposition products
(hydroxyl radical and nitrogen dioxide)
(9).

To our knowledge, this is the first
study supporting at the clinical setting
an important role of both plasma and
CSF Hcy elevation in acute ischemic
stroke. We have found a significant
increase of Hcy in CSF and in plasma of
patients studied on the 3 or 4" days from
stroke onset in comparison to controls.
Our findings corroborate those of other
investigators (11-13) indicating high
homocysteine levels as a risk factor for
ischemic stroke. CSF amino acid levels
are only 40% of plasma levels, being
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actively transported to CSF through an
active mechanism at choroid plexuses
level. Because amino acids do not diffuse
freely across the blood-brain barrier, it
can be hypothesized that increased CSF
Hcy concentrations indicate a decreased
catabolism (36) or an impairment of
blood-brain barrier in CNS in acute stroke.
There was no correlation between Hcy
levels and patient age, blood pressure,
glucose values, smoking status, duration
of diabetes mellitus or hypertension. It
was suggested that high homocysteine
levels may be an independent risk factor
for acute cerebral vascular disease.
There is growing evidence that high Hcy
levels contribute to the pathogenesis of
ischemic stroke. Numerous studies and
reviews have identified a strong and
independent association between elevated
Hcy and vascular disease, including
stroke (11, 19). Hcy is postulated to cause
ischemic stroke via various mechanisms.
However its action mechanism and its role
in the acute phase of stroke have not been
enlightened, yet. High homocysteine levels
are believed to cause atherogenesis and
thrombogenesis via endothelial damage,
vascular smooth muscle proliferation,
and coagulation abnormalities (15, 19). It
produces changes in structure and function
of cerebral blood vessels. Oxidative
stress appears to play an important role
in mediating such changes (19). High
homocysteine levels induced by acute
methionine loading, produces impaired
autoregulatory responses in older humans
(14).

High homocysteine levels induced
oxidative stress may occur as aresult of
decreased expression and/or activities
of key antioxidant enzymes as well
as increased enzymatic generation
of superoxide anion (19). Superoxide
anion and hydroxyl radical generated
during oxidation of Hcy initiate lipid
peroxidation, an effect that occurs both
at the endothelial cell surface as well as
within lipoprotein particles in plasma (20).
On the other hand, sulfhydryl compounds,
such as Hcy, are believed to attenuate
endothelial production of bioactive NO
through the reaction of superoxide anion
generated during their auto-oxidation
with NO, resulting in the formation of the
adduct peroxynitrite (37). Thus, despite
the increased production of NO after Hcy
exposure, less bioactive NO is available
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owing to its inactivation by superoxide
anion produced during Hcy’s oxidation
(19). These mechanisms likely account
for the results of Lentz and colleagues in
which endothelium-dependent vasodilator
responses were attenuated following Hcy
exposure in a primate model (38). Zhang
et al (39) determined that the infusion
of Hcy with copper inhibits NO-related
vasodilator responses by scavenging of
NO in a rat model. This may be one of the
mechanisms by which Hcy predisposes to
ischemic stroke (39).

Several potential limitations of our
report are those present in like previous
reports. Even though patients were
selected consecutively, confounding
can never be fully eliminated. Numbers
of stroke cases and controls were also
small. Although etiologic subtypes of
ischemic stroke have been shown to
affect Hcy levels (11), differences among
stroke subtypes were not assessed in our
study due to the small sample size. The
initial aim of our study was to compare
control subjects with acute stroke patients
without to be taken into consideration
of etiologic subtypes. When the results
were analyzed and statistically significant
differences between patients and control
subjects were found, we examined the
hypothesis that plasma and CSF Hcy
levels may increase in the acute phase in
stroke cases. It is now claimed that Hcy
level would be increased gradually after
stroke about 10% in the first week, and
the elevated Hcy might be a consequence,
rather than a cause, of the stroke (40).
These results await confirmation from
other studies.

In conclusion, we found that increased
NO, MDA and Hcy levels in plasma and
CSF of patients with acute ischemic stroke.
All the studies mentioned above support
the hypothesis that Hcy plays a role in
the pathogenesis of ischemic stroke. It is
possible that a higher oxidative damage
is a consequence of the higher oxidant
levels in the acute phase of stroke.
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