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Summary 

Background: This randomised controlled trial aimed to
investigate the relationship between antioxidant markers
(Superoxide Dismutase [SOD], Glutathione [GSH],
Catalase, and Nitric Oxide [NO]) and the severity of
ischemic stroke in affected individuals.
Methods: A single-blind randomised controlled trial was
conducted from June 2022 to November 2024, including
364 patients aged 45–80 years diagnosed with ischemic
stroke. Participants were randomly divided into two groups:
Group A (n=193) received standard stroke rehabilitation
therapy, while Group B (n=171) received additional antiox-
idant support. Serum levels of SOD, GSH, Catalase, and
NO were measured. Stroke severity was evaluated using
the modified Rankin Scale (mRS) and NIH Stroke Scale
(NIHSS), with follow-up assessments at 2, 4, and 6 months
post-treatment.
Results: Among the 364 participants, 203 (55.7%) were
male, and 161 (44.3%) were female, with a mean age of
67.3±12.2 years. Serum SOD levels were higher in the
experimental group (16.3±3.7 U/mL) compared to the
control group (12.5±4.1 U/mL, p=0.014). GSH levels
were also significantly higher in the experimental group
(178±31 mmol/L) than in the control group (145±26
mmol/L, p=0.032). NO levels were higher in the experi-
mental group (42.1±8.6 mmol/L) than in the control
group (35.4±7.3 mmol/L, p=0.021). Catalase levels were
52.3±11.1 U/mL in the experimental group and
49.6±10.2 U/mL in the control group, with no significant

Kratak sadr`aj

Uvod: Cilj ove randomizovane kontrolisane studije bio je da
ispita povezanost antioksidativnih markera – superoksid dis-
mutaze (SOD), glutationa (GSH), katalaze i azot-monoksi-
da (NO) – sa te`inom ishemijskog mo`danog udara kod
obolelih pacijenata.
Metode: Jednostruko »slepa« i randomizovana kontrolisana
studija  sprovedena u periodu od juna 2022. do novembra
2024. godine, a obuhvatila je 364 pacijenta, starosti 45–80
godina, sa dijagnozom ishemijskog mo`danog udara.
Ispitanici su nasumi~no podeljeni u dve grupe: grupa A
(n=193) primala je standardnu rehabilitacionu terapiju, dok
je grupa B (n=171) dobijala dodatnu antioksidativnu
podr{ku. Nivoi SOD-a, GSH-a, katalaze i NO-a odre|ivani
su u serumu. Te`ina mo`danog udara procenjivana je
pomo}u modifikovane Rankinove skale (mRS) i NIH skale
za mo`dani udar (NIHSS). Kontrolna merenja su vr{ena
nakon 2, 4 i 6 meseci od po~etka terapije.
Rezultati: Od ukupno 364 pacijenta, 203 (55,7%) su bila
mu{kog pola, a 161 (44,3%) `enskog, sa prose~nom sta -
ro{}u od 67,3±12,2 godine. Nivoi SOD-a bili su zna~ajno
vi{i u eksperimentalnoj grupi (16,3±3,7 U/mL) u pore |e -
nju sa kontrolnom (12,5±4,1 U/mL; p=0,014). Tako|e,
nivoi GSH-a su bili vi{i u eksperimentalnoj grupi (178±31
mmol/L) u odnosu na kontrolnu (145±26 mmol/L;
p=0,032). Nivoi NO-a bili su pove}ani u eksperimentalnoj
grupi (42,1±8,6 mmol/L) u pore|enju sa kontrolnom
(35,4±7,3 mmol/L; p=0,021). Nije zabele`ena zna~ajna
razlika u nivoima katalaze izme|u grupa (52,3±11,1
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Introduction

Ischemic stroke, a condition resulting from the
obstruction of blood flow to the brain, continues to be
one of the most significant causes of morbidity and
mortality worldwide (1). Stroke is characterised by the
sudden cessation of blood supply to specific regions
of the brain, leading to a cascade of pathophysiolog-
ical events, including neuronal injury, inflammation,
and oxidative stress (2, 3). The damage caused by
ischemic stroke can range from mild deficits to severe
disability, depending on factors such as the size and
location of the infarct, the time to medical interven-
tion, and the underlying health status of the individual
(4). Given the profound impact ischemic stroke has
on patients and their families, understanding the fac-
tors that contribute to stroke severity and recovery is
crucial for improving treatment outcomes and devel-
oping targeted interventions.

Oxidative stress, which occurs when the produc-
tion of reactive oxygen species (ROS) exceeds the
body’s ability to neutralise them with antioxidants, is
a critical pathological feature of ischemic stroke (5,
6). The brain, with its high metabolic rate and rela-
tively low antioxidant capacity, is particularly vulnera-
ble to the damaging effects of ROS (7, 8). These free
radicals can damage cellular structures, including
lipids, proteins, and DNA, further exacerbating neu-
ronal injury and contributing to brain dysfunction (9).
In this regard, antioxidants play a vital role in defend-
ing the brain against oxidative damage and promot-
ing cellular repair processes. Key antioxidant markers
such as Superoxide Dismutase (SOD), Glutathione
(GSH), Catalase, and Nitric Oxide (NO) have gar-
nered increasing attention for their potential role in
mitigating the effects of oxidative stress in stroke (10).

Previous studies have explored the role of these
antioxidants in ischemic stroke, with varying results.
SOD is one of the primary enzymes responsible for
converting superoxide radicals into hydrogen perox-
ide, which is then further detoxified by catalase and
GSH (11). Studies have found that higher SOD levels
correlate with better functional recovery, suggesting

its protective role in stroke outcomes (12, 13). GSH,
a major intracellular antioxidant, works by directly
neutralising ROS and by participating in various cellu-
lar protective processes (14). Clinical studies indicate
that elevated GSH levels are linked to better recovery,
reinforcing its neuroprotective function (15).
Catalase, an enzyme found in nearly all aerobic
organisms, plays a central role in converting hydrogen
peroxide into water and oxygen, thereby preventing
the accumulation of harmful oxidative byproducts
(16). NO, though primarily recognised for its
vasodilatory properties, also acts as an antioxidant in
the brain, potentially protecting neurons from
ischemia-induced damage through various mecha-
nisms, including modulating blood flow and reducing
neuronal apoptosis (17). Studies reported that higher
NO levels were associated with better functional
recovery, but conflicting findings suggest its effects
may be dose-dependent (18).

Despite the central role these antioxidants play
in the brain’s defence against oxidative damage, the
relationship between their serum levels and the clini-
cal outcomes of ischemic stroke remains poorly
understood. Previous studies have indicated varying
degrees of association between antioxidant levels and
stroke severity, with some suggesting that higher
antioxidant levels correlate with better recovery out-
comes, while others have failed to demonstrate con-
sistent patterns (19–22). Furthermore, while the role
of certain antioxidants, such as SOD and GSH, in
ischemic injury has been well-documented in animal
models, human studies have yielded mixed results,
highlighting the need for further investigation in clin-
ical populations.

This study seeks to address the gap in knowl-
edge by exploring the relationship between antioxi-
dant markers – specifically SOD, GSH, Catalase, and
NO – and ischemic stroke severity, as well as the
potential for recovery in human subjects. Given the
conflicting findings in previous research, a key goal of
this study is to clarify the role of these antioxidants as
biomarkers for stroke severity and functional out-

difference between the groups (p=0.213). Significant
inverse correlations were found between SOD, GSH, and
NO levels and stroke severity (p<0.05), but catalase
showed no such correlation (p=0.513).
Conclusions: This study identified a significant relationship
between higher levels of SOD, GSH, and NO and improved
stroke recovery, whereas catalase did not exhibit a mean-
ingful association with stroke severity or functional out-
comes. These findings highlight the potential role of specif-
ic antioxidant markers in stroke prognosis and recovery
while suggesting that catalase may not play a critical role in
ischemic stroke outcomes.

Keywords: ischemic stroke, antioxidant markers, super-
oxide dismutase, glutathione, catalase, nitric oxide, stroke
severity, recovery outcome

U/mL naspram 49,6±10,2 U/mL; p=0,213). Uo~ene su
zna~ajne inverzne korelacije izme|u nivoa SOD-a, GSH-a i
NO-a i te`ine mo`danog udara (p<0,05), dok katalaza nije
pokazala statisti~ki zna~ajnu povezanost (p=0,513).
Zaklju~ak: Studija je pokazala zna~ajnu povezanost vi{ih
nivoa SOD-a, GSH-a i NO-a sa boljim ishodima oporavka
kod pacijenata sa ishemijskim mo`danim udarom, dok
katalaza nije pokazala zna~ajnu povezanost sa te`inom
udara niti funkcionalnim ishodima. Dobijeni rezultati
ukazuju na potencijalnu prognosti~ku vrednost odre|enih
antioksidativnih markera u proceni te`ine i oporavka od
ishemijskog mo`danog udara.

Klju~ne re~i: ishemijski mo`dani udar, antioksidativni
markeri, superoksid dismutaza, glutation, katalaza, azot-
monoksid, te`ina mo`danog udara, oporavak
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comes. We hypothesise that higher levels of SOD,
GSH, and NO will be associated with less severe
stroke outcomes and better recovery, while lower lev-
els will correlate with more severe impairment and
poorer rehabilitation prospects. By examining these
markers in a large cohort of ischemic stroke patients,
this study aims to clarify their role in the pathophysi-
ology of ischemic stroke and provide insights into
their potential as biomarkers for stroke prognosis and
therapeutic targets.

Furthermore, this research aims to assess
whether antioxidant supplementation may enhance
stroke recovery. Participants were randomly divided
into two groups: one receiving standard rehabilitation
therapy and the other receiving additional antioxidant
support. This design allows for a deeper understand-
ing of how antioxidant supplementation may influ-
ence stroke recovery beyond its role in reducing
oxidative stress. Ultimately, the goal of this study is
not only to identify key antioxidant markers associated
with stroke severity but also to contribute to the devel-
opment of more personalised and effective therapeu-
tic strategies in stroke management.

Materials and Methods

Study design

This study was a randomised controlled, single-
blind clinical trial conducted from June 2022 to
November 2024. The primary objective was to assess
the association between antioxidant markers
(Superoxide Dismutase [SOD], Glutathione [GSH],
Catalase, and Nitric Oxide [NO]) and the severity of
ischemic stroke and recovery outcomes. The study
was approved by the institutional review board (IRB)
of [Institution Name], and all participants provided
written informed consent prior to enrollment.

Study population

The study included 364 adult patients aged 45–
80 years who were diagnosed with ischemic stroke
based on clinical and radiological criteria (CT or MRI
confirming ischemia) within 72 hours of symptom
onset. Participants were recruited and were screened
for eligibility between June 2022 and June 2023.

Inclusion criteria included:

A clinical diagnosis of ischemic stroke, con-•
firmed by CT or MRI

Age between 45 and 80 years•

Ability to provide informed consent•

Exclusion criteria included:

Hemorrhagic stroke•

Severe comorbid conditions such as cancer,•
severe liver or kidney disease, or terminal ill-
ness

Pregnancy or lactation•

Pre-existing neurological disorders (e.g.,•
dementia, Parkinson’s disease)

Recent use of antioxidants or drugs affecting•
antioxidant metabolism

Of the 442 patients initially screened, 78
patients were excluded based on the following rea-
sons:

34 patients (43.6%) had a history of hemor-•
rhagic stroke,

19 patients (24.4%) had severe comorbidi-•
ties that met exclusion criteria,

11 patients (14.1%) had pre-existing neuro-•
logical disorders,

8 patients (10.3%) had been taking antioxi-•
dant supplements prior to enrollment,

6 patients (7.7%) were unable to provide•
informed consent due to cognitive impair-
ment or communication difficulties.

This exclusion process ensured that the final
study population was homogeneous and free from
confounding factors that might influence oxidative
stress and stroke recovery outcomes, thereby improv-
ing the internal validity of the study.

Randomisation and group allocation

Participants were randomly assigned to one of
two treatment groups:

Group A (Control Group, n=193): Received•
standard stroke rehabilitation therapy,
including physical therapy, occupational ther-
apy, and speech therapy, tailored to their
individual deficits.

Group B (Experimental Group, n=171):•
Received standard stroke rehabilitation ther-
apy in addition to antioxidant supplementa-
tion (details below).

Randomisation was performed using a comput-
er-generated random number table, ensuring bal-
anced allocation across both groups. An independent
research coordinator conducted the randomisation
process, and both the research team and participants
were blinded to group assignments.



Antioxidant supplementation

Participants in Group B received a combination
of antioxidant supplements for 6 months post-stroke.
The specific dosages of SOD, GSH, Catalase, and NO
precursor (L-arginine) were selected based on previ-
ous clinical studies and established guidelines on
antioxidant therapy in ischemic stroke and oxidative
stress-related conditions. The supplementation regi-
men was as follows:

SOD (Superoxide Dismutase): 50 mg daily •

This dosage was selected based on studies•
indicating that 50 mg/day of oral SOD
improves antioxidant defence and reduces
oxidative damage in ischemic stroke models.

GSH (Glutathione): 500 mg daily •

Clinical studies have suggested that oral glu-•
tathione supplementation at doses of 500
mg/day enhances cellular antioxidant capac-
ity and promotes neuroprotection in stroke
patients.

Catalase: 250 U daily •

This dosage was chosen based on its known•
role in hydrogen peroxide detoxification.
Previous research suggests that 250 U/day is
sufficient to enhance antioxidant defence
without adverse effects.

NO precursor (L-arginine): 2,000 mg daily •

L-arginine was administered at this dose to
enhance nitric oxide bioavailability. Prior studies have
shown that doses between 1,500 and 2,500 mg/day
improve endothelial function and cerebral blood flow
in stroke patients.

Supplementation was provided in the form of
oral capsules packaged in identical containers to
maintain blinding. Compliance with supplementation
was monitored through monthly pill counts and
patient adherence logs, ensuring treatment fidelity.

This dosage selection was guided by prior exper-
imental and clinical research on antioxidant therapy
in stroke and neurovascular diseases. The aim was to
provide effective antioxidant support without exceed-
ing safe and clinically established thresholds.

Clinical assessments

Stroke Severity: Stroke severity was assessed•
at baseline (within 72 hours of stroke onset)
using the National Institutes of Health Stroke
Scale (NIHSS). The NIHSS is a validated tool
for quantifying stroke severity based on neu-
rological examination. Higher scores indicate
more severe impairment.

Functional Outcome: Recovery and function-•
al outcomes were measured using the mod-

ified Rankin Scale (mRS) at baseline and at
follow-up visits 2, 4, and 6 months post-
treatment. The mRS is a widely used scale to
assess the degree of disability or dependence
in daily activities, where a score of 0 indi-
cates no symptoms and a score of 6 indi-
cates death.

Antioxidant Biomarkers: Serum levels of•
SOD, GSH, Catalase, and NO were meas-
ured at baseline and the 6-month follow-up
visit. Blood samples were collected from
each participant via venipuncture in the
morning after a 12-hour fast. The serum was
separated by centrifugation and stored at -
80 °C until analysis.

° SOD Activity was measured using a colouri-
metric assay (Cayman Chemical Company,
USA), where the reduction of superoxide radi-
cals was detected by monitoring absorbance at
450 nm.

° GSH Levels were determined using a fluoro-
metric assay (Cayman Chemical Company,
USA) based on the reaction of GSH with 5,5’-
dithio-bis-2-nitrobenzoic acid (DTNB) to form
a coloured product, which was quantified by
fluorescence at 420 nm.

° Catalase Activity was quantified by measuring
the decrease in hydrogen peroxide absorbance
at 240 nm (Aebi, 1984).

° NO Levels were measured by determining the
concentration of nitrite, a stable end product
of NO, using the Griess reaction. The
absorbance was measured at 540 nm, and
nitrite levels were calculated using a standard
curve.

Statistical analysis

Data were analysed using SPSS version 25 (IBM
Corp., Armonk, NY, USA). Descriptive statistics were
used to summarise baseline characteristics and bio-
chemical markers. Continuous variables were ex -
pressed as means ± standard deviations (SD), and
categorical variables were presented as frequencies
and percentages.

Independent t-tests (for continuous variables)
and chi-square tests (for categorical variables) were
used to compare differences in demographic charac-
teristics and biochemical markers between the two
groups. For longitudinal data analysis (i.e., changes in
stroke severity and functional outcomes over time),
repeated measures ANOVA was performed.

To assess the relationship between antioxidant
levels and stroke severity, Pearson correlation coeffi-
cients were calculated for each antioxidant marker
with NIHSS and mRS scores at baseline, 2 months, 4
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months, and 6 months. The relationship between
antioxidant levels and recovery outcomes was
assessed using linear regression, adjusting for poten-
tial confounders (e.g., age, gender, baseline stroke
severity, comorbidities).

A p-value of <0.05 was considered statistically
significant.

Ethical considerations

This study adhered to the ethical principles out-
lined in the Declaration of Helsinki and was conduct-
ed in compliance with local regulations and ethical
guidelines. Participants’ confidentiality was main-
tained, and all personal identifiers were removed from
the dataset during analysis. Participants were free to
withdraw from the study at any time without any
impact on their medical care.

Results

Participant characteristics

A total of 364 patients participated in the study:
193 patients in Group A (control group) and 171
patients in Group B (experimental group). The mean
age of the participants was 67.3±12.2 years, with
203 males (55.7%) and 161 females (44.3%). There
were no significant differences in baseline demo-
graphic characteristics between the two groups,
including age, gender, and comorbidities (p>0.05).
Table I summarises these characteristics.

Stroke severity at baseline

At baseline, the mean NIHSS score for the
cohort was 14.5±6.3, indicating moderate to severe
stroke severity. No significant differences were
observed between the two groups (Group A:
14.7±6.5; Group B: 14.2±6.0; p=0.438). Similarly,
the mean baseline mRS score for the cohort was
4.1±1.2, with no significant difference between
groups (Group A: 4.2±1.1; Group B: 4.0±1.2;
p=0.324).

Antioxidant marker levels at baseline and 6-
month follow-up

Serum levels of antioxidant markers (SOD, GSH,
Catalase, and NO) were measured at baseline and
after 6 months of treatment.

SOD (Superoxide Dismutase): At baseline,•
SOD levels did not differ significantly between
the groups (Group A: 13.4±4.2 U/mL,
Group B: 13.5±4.5 U/mL, p=0.912).
However, after 6 months, SOD levels were
significantly higher in Group B (16.3±3.7
U/mL) compared to Group A (12.5±4.1
U/mL, p=0.014).

GSH (Glutathione): Baseline GSH levels•
were comparable between groups (Group A:
149±28 mmol/L; Group B: 150±30
mmol/L; p=0.856). After 6 months, Group B
exhibited significantly higher GSH levels
(178±31 mmol/L) than Group A (145±26
mmol/L, p=0.032).
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Table I Baseline demographic and clinical characteristics.

Table II Antioxidant marker levels at baseline and 6-month follow-up.

Characteristic Group A
(n=193)

Group B
(n=171) p-value

Age (years) 67.5±12.3 67.0±12.1 0.594

Gender

Male (%) 109 (56.5%) 94 (55.0%) 0.753

Female (%) 84 (43.5%) 77 (45.0%)

Comorbidities

Hypertension (%) 122 (63.2%) 106 (61.8%) 0.805

Diabetes (%) 63 (32.6%) 58 (33.9%) 0.773

NIHSS Score 14.7±6.5 14.2±6.0 0.438

mRS Score 4.2±1.1 4.0±1.2 0.324

Marker Group A Baseline Group B Baseline Group A 6-Month Group B 6-Month p-value (6 months)

SOD (U/mL) 13.4±4.2 13.5±4.5 12.5±4.1 16.3±3.7 0.014

GSH (mmol/L) 149±28 150±30 145±26 178±31 0.032

Catalase (U/mL) 49.8±10.1 49.4±9.7 49.6±10.2 52.3±11.1 0.213

NO (mmol/L) 37.8±7.2 38.4±7.9 35.4±7.3 42.1±8.6 0.021
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Catalase: Baseline catalase levels did not dif-•
fer between groups (Group A: 49.8±10.1
U/mL; Group B: 49.4±9.7 U/mL; p=0.824).
At 6 months, no significant difference in
catalase levels was observed between the
groups (Group A: 49.6±10.2 U/mL; Group
B: 52.3±11.1 U/mL; p=0.213).

NO (Nitric Oxide): Baseline NO levels were•
similar between groups (Group A: 37.8±7.2
mmol/L; Group B: 38.4±7.9 mmol/L;
p=0.681). However, after 6 months, NO
levels were significantly higher in Group B
(42.1±8.6 mmol/L) compared to Group A
(35.4±7.3 mmol/L, p=0.021).

Stroke severity and functional outcomes

Stroke severity and recovery were assessed by
NIHSS and mRS scores at baseline and follow-up at
2, 4, and 6 months.

NIHSS Scores: At 2 months, Group B exhib-•
ited a significant reduction in NIHSS scores
compared to Group A (Group A: 9.6±4.3;
Group B: 7.4±3.6, p=0.015). This trend
continued at 4 months (Group A: 7.3±3.1;
Group B: 5.2±2.9, p=0.010) and 6 months
(Group A: 6.1±2.8; Group B: 4.0±2.2,
p=0.003), indicating better recovery in the
antioxidant supplementation group.

mRS Scores: At 2 months, Group B had a•
significant improvement in functional recov-
ery compared to Group A (Group A:
3.7±1.0; Group B: 3.1±0.9; p=0.027).
The improvement continued at 4 months
(Group A: 3.1±0.8; Group B: 2.5±0.7;
p=0.015) and 6 months (Group A:
2.9±0.7; Group B: 2.1±0.6; p=0.003).

Correlations between antioxidant levels and
stroke severity

Pearson correlation analyses revealed that high-
er levels of SOD, GSH, and NO were inversely corre-
lated with NIHSS scores at baseline and 6 months,
suggesting an association between these antioxidants
and less severe stroke symptoms.

SOD: A significant negative correlation was
observed between SOD levels and NIHSS scores at
baseline (r=-0.215, p=0.002) and at 6 months (r=-
0.295, p=0.001).

GSH: GSH levels were also inversely correlated
with NIHSS scores at baseline (r=-0.186, p=0.004)
and at 6 months (r=-0.253, p=0.003).

NO: NO levels showed a similar inverse relation-
ship with NIHSS scores at baseline (r=-0.228,
p=0.001) and at 6 months (r=-0.272, p=0.002).

Catalase: No significant correlation was found
between catalase levels and NIHSS scores at baseline
(r=-0.029, p=0.742) or at 6 months (r=-0.046,
p=0.617).

Recovery outcomes and antioxidant levels

At 6 months, higher levels of SOD, GSH, and
NO were significantly associated with improved
recovery, as measured by mRS scores.

SOD: Higher levels of SOD were inversely•
correlated with mRS scores at 6 months (r=-
0.271, p=0.002).

GSH: Similarly, GSH levels were negatively•
correlated with mRS scores at 6 months (r=-
0.198, p=0.006).

NO: NO levels were also inversely correlated•
with mRS scores at 6 months (r=-0.234,
p=0.004).

Catalase: No significant correlation was•
found between catalase levels and mRS
scores at 6 months (r=-0.031, p=0.736).

Adverse events and compliance

No serious adverse events related to antioxidant
supplementation were reported, and adherence to
the supplementation regimen was high, with over
90% of participants in Group B reporting full compli-
ance.

The results demonstrate that higher levels of
SOD, GSH, and NO are significantly associated with
reduced stroke severity and improved functional

Table III Stroke severity (NIHSS) and functional outcome (mRS) scores over time.

Timepoint Group A NIHSS Group B NIHSS p-value (NIHSS) Group A mRS Group B mRS p-value (mRS)

Baseline 14.7±6.5 14.2±6.0 0.438 4.2±1.1 4.0±1.2 0.324

2 Months 9.6±4.3 7.4±3.6 0.015 3.7±1.0 3.1±0.9 0.027

4 Months 7.3±3.1 5.2±2.9 0.010 3.1±0.8 2.5±0.7 0.015

6 Months 6.1±2.8 4.0±2.2 0.003 2.9±0.7 2.1±0.6 0.003



recovery in ischemic stroke patients. In contrast, cata-
lase did not show a significant association with either
stroke severity or recovery outcomes. These findings
suggest that SOD, GSH, and NO may play a pivotal
role in stroke recovery and could serve as potential
biomarkers for prognosis and targets for therapeutic
intervention.

Discussion

This study aimed to investigate the association
between antioxidant markers (SOD, GSH, NO, and
Catalase) and ischemic stroke severity and recovery
outcomes in a cohort of 364 patients. The results
suggest that higher levels of SOD, GSH, and NO are
significantly associated with less severe stroke out-
comes and better recovery, while catalase did not
show any substantial correlation with stroke severity
or recovery. These findings underscore the impor-
tance of oxidative stress in the pathophysiology of
ischemic stroke and suggest potential therapeutic
implications for antioxidant supplementation.

Oxidative stress is a well-established mechanism
in the pathogenesis of ischemic stroke, and antioxi-
dants play a crucial role in mitigating oxidative dam-
age (23). The brain, due to its high metabolic activity
and limited endogenous antioxidant defence mecha-
nisms, is particularly vulnerable to the damaging
effects of reactive oxygen species (ROS) during
ischemia. SOD, GSH, NO, and catalase are integral
to the body’s antioxidant defence systems, and their
serum levels have been investigated as potential bio-
markers for stroke severity and recovery (24).

Our results support previous studies suggesting
that antioxidants such as SOD, GSH, and NO may be
protective in ischemic stroke. SOD is a primary
antioxidant enzyme responsible for converting super-
oxide radicals into hydrogen peroxide, which is subse-
quently detoxified by catalase and GSH. In our study,
SOD levels were significantly higher in the experimen-
tal group (Group B) compared to the control group
(Group A) after 6 months of antioxidant supplemen-
tation, and this increase was inversely correlated with
stroke severity as measured by NIHSS. This finding is
consistent with earlier studies that have shown that
higher levels of SOD are associated with less neuronal
damage and better outcomes in both animal models
and human stroke patients (13, 25, 26). The associ-
ation between higher SOD levels and improved func-
tional recovery (as measured by mRS scores) further
strengthens the potential therapeutic value of this
enzyme in the management of ischemic stroke.

Similarly, glutathione (GSH), a key intracellular
antioxidant, plays a vital role in neutralising ROS and
maintaining cellular redox homeostasis. GSH levels
were significantly higher in the experimental group.
They were inversely correlated with both NIHSS and
mRS scores, indicating that higher GSH levels were

associated with less severe strokes and better recov-
ery. This aligns with findings from other clinical stud-
ies that have shown a positive relationship between
elevated GSH levels and improved stroke recovery
outcomes (15, 27, 28). GSH’s role in reducing lipid
peroxidation and preserving mitochondrial function
makes it an attractive candidate for therapeutic strate-
gies aimed at limiting oxidative damage after
ischemic stroke.

Nitric oxide (NO) is another antioxidant that has
received increasing attention for its neuroprotective
properties in ischemic stroke. In addition to its well-
established role as a vasodilator, NO also helps
reduce apoptosis and modulates blood-brain barrier
integrity during ischemic injury (29). In our study, NO
levels were significantly higher in the experimental
group and were inversely correlated with stroke sever-
ity (NIHSS) and functional impairment (mRS), sug-
gesting a potential protective role in stroke recovery.
While the precise mechanisms through which NO
exerts neuroprotection remain complex, its ability to
reduce ROS levels and regulate inflammatory
responses likely contributes to improved recovery out-
comes in stroke patients.

However, catalase did not show a significant
association with stroke severity or recovery, a finding
that warrants further exploration. One possible expla-
nation is that while catalase is essential for detoxifying
hydrogen peroxide, its role may be more limited in
the broader context of ischemic stroke pathology.
Unlike SOD and GSH, which directly modulate oxida-
tive stress at multiple levels, catalase primarily acts on
hydrogen peroxide, a relatively stable ROS intermedi-
ate, rather than on highly reactive oxygen species
such as superoxide or peroxynitrite (30). Additionally,
catalase activity is often compensated by other antiox-
idant systems, particularly glutathione peroxidase,
which may explain why serum catalase levels did not
correlate strongly with clinical outcomes in our study.
This is consistent with other studies that have failed to
demonstrate a robust association between catalase
activity and stroke severity or recovery (16, 31).
Previous research has also suggested that catalase
activity may be more relevant in the early acute phase
of stroke rather than during the later recovery phase
examined in this study (32). Further studies are need-
ed to determine whether catalase plays a more time-
dependent or localised role in ischemic stroke and
whether other enzymatic interactions influence its
function.

@itňanová and colleagues (33) in conducted a
study focusing on oxidative stress markers and their
dynamic changes in the early stages and up to three
months post-acute ischemic stroke (AIS). They found
that oxidative damage was highest within 24 hours of
stroke onset, with elevated levels of lipid peroxides
and antioxidant enzyme activities, such as SOD and
catalase. In contrast, our study specifically investigat-

J Med Biochem 2025; 44 (4) 901



902 Haonan et al.: Antioxidant markers (SOD, GSH, NO, Catalase) in ischemic stroke severity

ed the relationship between antioxidant markers –
SOD, GSH, catalase, and NO – with ischemic stroke
severity and recovery outcomes in a larger cohort over
6 months. While @itňanová et al. (33) focused on
temporal changes in oxidative stress markers, our
findings highlight those higher levels of SOD, GSH,
and NO correlate with less severe stroke symptoms
and better recovery, suggesting their role in improving
stroke outcomes. Notably, unlike the @itňanová study,
we observed no significant correlation between cata-
lase levels and either stroke severity or recovery, fur-
ther reinforcing the potential significance of SOD,
GSH, and NO in ischemic stroke recovery.

Pinoșanu and colleagues (34) investigated the
impact of concurrent COVID-19 infection on oxida-
tive stress and antioxidant defence mechanisms in
patients with acute ischemic stroke. They found sig-
nificantly elevated oxidative stress, mainly through
increased levels of TBARS, and enhanced antioxidant
activities such as GSH, glutathione peroxidase (GPx),
superoxide dismutase SOD, and catalase (CAT) in the
Stroke-COVID group compared to those with
ischemic stroke alone. This study highlights the
amplified oxidative damage and inflammatory
response in the context of concurrent stroke and
COVID-19, which may contribute to worse outcomes.
In comparison, our study focused on the relationship
between antioxidant markers (SOD, GSH, NO, and
CAT) and ischemic stroke severity and recovery, and
we found that higher levels of SOD, GSH, and NO
were associated with better recovery and less severe
stroke outcomes. While both studies emphasise the
role of oxidative stress in ischemic stroke, our study
does not examine the added complexity of COVID-19
infection, which may further influence the balance
between oxidative damage and antioxidant defence.

The findings of this study have significant impli-
cations for the rehabilitation and management of
ischemic stroke patients. Higher levels of SOD, GSH,
and NO were associated with less severe stroke out-
comes and better recovery, suggesting that boosting
antioxidant defences could be an effective therapeu-
tic strategy. The significant improvement in recovery
seen in the experimental group receiving antioxidant
supplementation highlights the potential role of
antioxidant therapy in supporting stroke rehabilita-
tion. It is important to note that the experimental
group did not receive antioxidant supplementation in
isolation but in combination with standard stroke
rehabilitation therapy. This further emphasises the
potential synergistic effects of antioxidant supplemen-
tation in conjunction with conventional treatment.

These findings suggest that antioxidant supple-
mentation may offer an adjunctive approach to cur-
rent stroke rehabilitation strategies, particularly in
patients who have suffered moderate to severe
strokes. While the precise mechanism through which
antioxidants facilitate recovery remains an area of

active research, these compounds likely help reduce
oxidative damage, preserve neuronal integrity, and
promote neuroplasticity, all of which contribute to
functional recovery.

Despite the promising findings, several limita-
tions must be acknowledged. This study was conduct-
ed as a single-centre trial, which may limit the gener-
alizability of the results to broader populations with
varying genetic, environmental, and healthcare fac-
tors. A multicenter study would provide a more repre-
sentative dataset and enhance external validity.
Additionally, while we followed patients for six
months, the long-term effects of antioxidant supple-
mentation on stroke recovery remain unclear.
Antioxidant-related improvements may extend
beyond this period, necessitating future research with
extended follow-ups and additional time points to
capture biomarker fluctuations throughout recovery
better.

Another key challenge is the clinical implemen-
tation of SOD, GSH, and NO as biomarkers.
Although this study suggests that higher levels corre-
late with improved outcomes, interpreting borderline
or intermediate values remains difficult. Clinicians
require clear reference ranges and standardised
guidelines to determine meaningful changes in
antioxidant status. Furthermore, factors such as diet,
medication use, and comorbidities may influence
antioxidant levels, complicating their use as routine
clinical markers. Future research should focus on
defining optimal cutoff values and assessing their pre-
dictive accuracy across diverse populations.

This study was not designed to identify the opti-
mal dosage or formulation of antioxidant supplemen-
tation, which may vary based on bioavailability and
individual responses. Additionally, the lack of a third
group receiving antioxidants without rehabilitation
limits our ability to isolate the specific contribution of
supplementation from standard therapy. Lastly, we
did not investigate the molecular mechanisms
through which SOD, GSH, and NO exert their effects
in ischemic stroke. Future studies should explore their
roles in mitochondrial function, neuroinflammation,
and apoptosis, providing deeper insight into their
therapeutic potential.

Conclusion

This study demonstrates that higher levels of
SOD, GSH, and NO are significantly associated with
reduced stroke severity and better recovery out-
comes, while catalase did not show a meaningful cor-
relation with clinical outcomes. These findings high-
light the importance of oxidative stress in ischemic
stroke and suggest that SOD, GSH, and NO could
serve as valuable biomarkers for stroke prognosis and
therapeutic targets. However, further prospective
studies with more extensive multicenter cohorts are
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necessary to validate these results and establish stan-
dardised reference ranges for these biomarkers in
clinical practice. Additionally, long-term follow-up
beyond six months is required to assess the sustain-
ability of antioxidant effects on stroke recovery, as
well as to determine the optimal dosage regimens
and independent effects of antioxidant therapy com-
pared to standard rehabilitation.

Clinically, these biomarkers could provide a
means for early identification of high-risk patients,
enabling personalised interventions that improve neu-
roprotection and recovery. Targeted antioxidant ther-
apies, once validated, could be incorporated into
rehabilitation protocols to enhance functional out-
comes in ischemic stroke patients. Further research is
needed to explore the molecular mechanisms under-
lying the antioxidant effects, including their roles in
mitochondrial function, neuroinflammation, and neu-
ronal repair. By deepening our understanding of these
processes, we may open the door to novel antioxi-
dant-based therapeutic strategies, expanding treat-
ment options and improving clinical management for
ischemic stroke patients.

Acknowledgements. We would like to express
our sincere gratitude to all the participants of this
study, without whom this research would not have
been possible. 

Funding

This study received no funding.

Ethical considerations

This study was conducted in accordance with
the principles of the Declaration of Helsinki. Informed
consent was obtained from all participants prior to
enrollment in the study. Participants’ confidentiality
was maintained, and all data were anonymised to
ensure privacy.

Data availability

The datasets generated and/or analysed during
the current study are available from the correspon-
ding author upon reasonable request. 

Conflict of interest statement

All the authors declare that they have no conflict
of interest in this work.

References

1. Donkor ES. Stroke in the 21(st) Century: A Snapshot of
the Burden, Epidemiology, and Quality of Life. Stroke
Res Treat 2018; 2018:3 238165.

2. Kuriakose D, Xiao Z. Pathophysiology and Treatment of
Stroke: Present Status and Future Perspectives. Int J Mol
Sci 2020; 21(20).

3. Salaudeen MA, Bello N, Danraka RN, Ammani ML.
Understanding the Pathophysiology of Ischemic Stroke:
The Basis of Current Therapies and Opportunity for New
Ones. Biomolecules 2024; 14(3).

4. Boehme AK, Esenwa C, Elkind MS. Stroke Risk Factors,
Genetics, and Prevention. Circ Res 2017; 120(3): 472–
95.

5. Rodrigo R, Fernández-Gajardo R, Gutiérrez R, Matamala
JM, Carrasco R, Miranda-Merchak A, et al. Oxidative
stress and pathophysiology of ischemic stroke: novel
therapeutic opportunities. CNS Neurol Disord Drug
Targets 2013; 12(5): 698–714.

6. Ni X, Wang J, Tian Y, Ke H,  Liao YG, Lv Y. Analysis of
vasoactive and oxidative stress indicators for evaluating
the efficacy of continuous positive airway pressure, and
relation of vasoactive and oxidative stress indicators and
cardiac function in obstructive sleep apnea syndrome
patients. J Med Biochem 2024; 43(2): 200–8.

7. Garbarino VR, Orr ME, Rodriguez KA, Buffenstein R.
Mechanisms of oxidative stress resistance in the brain:

Lessons learned from hypoxia tolerant extremophilic ver-
tebrates. Arch Biochem Biophys 2015; 576: 8–16.

8. Lee KH, Cha M, Lee BH. Neuroprotective Effect of
Antioxidants in the Brain. Int J Mol Sci 2020; 21(19).

9. Phaniendra A, Jestadi DB, Periyasamy L. Free radicals:
properties, sources, targets, and their implication in vari-
ous diseases. Indian J Clin Biochem 2015; 30(1): 11–
26.

10. Chaudhary P, Janmeda P, Docea AO, Yeskaliyeva B,
Abdull Razis AF, Modu B, et al. Oxidative stress, free rad-
icals and antioxidants: potential crosstalk in the patho-
physiology of human diseases. Front Chem 2023; 11:
1158198.

11. Weydert CJ, Cullen JJ. Measurement of superoxide dis-
mutase, catalase and glutathione peroxidase in cultured
cells and tissue. Nat Protoc 2010; 5(1): 51–66.

12. Gusti AMT, Qusti SY, Alshammari EM, Toraih EA, Fawzy
MS. Antioxidants-Related Superoxide Dismutase (SOD),
Catalase (CAT), Glutathione Peroxidase (GPX),
Glutathione-S-Transferase (GST), and Nitric Oxide
Synthase (NOS) Gene Variants Analysis in an Obese
Population: A Preliminary Case-Control Study.
Antioxidants (Basel, Switzerland) 2021; 10(4).

13. Zhang MS, Liang JH, Yang MJ, Ren YR, Cheng DH, Wu
QH, et al. Low Serum Superoxide Dismutase Is
Associated With a High Risk of Cognitive Impairment



After Mild Acute Ischemic Stroke. Frontiers in Aging
Neuroscience 2022; 14: 834114.

14. Kozlov AV, Javadov S, Sommer N. Cellular ROS and
Antioxidants: Physiological and Pathological Role.
Antioxidants (Basel) 2024; 13(5).

15. Maksimova MY, Ivanov AV, Virus ED, Nikiforova KA,
Ochtova FR, Suanova ET, et al. Impact of glutathione on
acute ischemic stroke severity and outcome: possible role
of aminothiols redox status. Redox report: communica-
tions in free radical research 2021; 26(1): 117–23.

16. Nandi A, Yan LJ, Jana CK, Das N. Role of Catalase in
Oxidative Stress- and Age-Associated Degenerative
Diseases. Oxid Med Cell Longev 2019; 2019: 9613090.

17. Abdelsalam SA, Renu K, Zahra HA, Abdallah BM, Ali
EM, Veeraraghavan VP, et al. Polyphenols Mediate
Neuroprotection in Cerebral Ischemic Stroke-An Update.
Nutrients 2023; 15(5).

18. Castillo J, Rama R, Dávalos A. Nitric Oxide–Related Brain
Damage in Acute Ischemic Stroke. Stroke 2000; 31(4):
852–7.

19. Kamal FZ, Lefter R, Jaber H, Balmus IM, Ciobica A,
Iordache AC. The Role of Potential Oxidative Biomarkers
in the Prognosis of Acute Ischemic Stroke and the
Exploration of Antioxidants as Possible Preventive and
Treatment Options. Int J Mol Sci 2023; 24(7).

20. Zhang HQ, Shi J, Yue T, Weng JH, Wang XL, Wang H, et
al. Association between composite dietary antioxidant
index and stroke among individuals with diabetes. World
J Diabetes 2024; 15(8): 1742–52.

21. Shirley R, Ord EN, Work LM. Oxidative Stress and the
Use of Antioxidants in Stroke. Antioxidants (Basel) 2014;
3(3): 472–501.

22. Chen R, Liu H, Zhang G, Zhang Q, Hua W, Zhang L, et
al. Antioxidants and the risk of stroke: results from
NHANES and two-sample Mendelian randomisation
study. Eur J Med Res 2024; 29(1): 50.

23. Allen CL, Bayraktutan U. Oxidative stress and its role in
the pathogenesis of ischaemic stroke. Int J Stroke 2009;
4(6): 461–70.

24. Jomova K, Raptova R, Alomar SY, Alwasel SH, Nepo -
vimova E, Kuca K, et al. Reactive oxygen species, toxicity,
oxidative stress, and antioxidants: chronic diseases and
aging. Arch Toxicol 2023; 97(10): 2499–574.

25. Chidambaram SB, Anand N, Varma SR, Ramamurthy S,
Vichitra C, Sharma A, et al. Superoxide dismutase and
neurological disorders. IBRO Neurosci Rep 2024; 16:
373–94.

26. Younus H. Therapeutic potentials of superoxide dismu-
tase. Int J Health Sci (Qassim) 2018; 12(3): 88–93.

27. Wang H, Du YS, Xu WS, Li CJ, Sun H, Hu KR, et al.
Exogenous glutathione exerts a therapeutic effect in
ischemic stroke rats by interacting with intrastriatal
dopamine. Acta Pharmacol Sin 2022; 43(3): 541–51.

28. Ivanov AV, Maksimova MY, Nikiforova KA, Ochtova FR,
Suanova ET, Alexandrin VVe, et al. Plasma glutathione as
a risk marker for the severity and functional outcome of
acute atherothrombotic and cardioembolic stroke. The
Egyptian Journal of Neurology, Psychiatry and Neuro -
surgery 2022; 58(1): 15.

29. Jiang X, Andjelkovic AV, Zhu L, Yang T, Bennett MVL,
Chen J, et al. Blood-brain barrier dysfunction and recov-
ery after ischemic stroke. Prog Neurobiol 2018; 163–4:
144–71.

30. Heck DE, Shakarjian M, Kim HD, Laskin JD, Vetrano
AM. Mechanisms of oxidant generation by catalase.
Annals of the New York Academy of Sciences 2010;
1203: 120–5.

31. Winovich DT, Longstreth WT, Jr., Arnold AM, Varadhan
R, Zeki Al Hazzouri A, Cushman M, et al. Factors
Associated With Ischemic Stroke Survival and Recovery
in Older Adults. Stroke 2017; 48(7): 1818–26.

32. Feng S, Yang M, Liu S, He Y, Deng S, Gong Y. Oxidative
stress as a bridge between age and stroke: A narrative
review. Journal of Intensive Medicine 2023; 3(4): 313–
9.

33. @itňanová I, [iarnik P, Kollár B, Chomová M, Pazderová
P, Andrezálová L, et al. Oxidative Stress Markers and
Their Dynamic Changes in Patients after Acute Ischemic
Stroke. Oxid Med Cell Longev 2016; 2016: 9761697.

34. Pinoșanu EA, Surugiu R, Burada E, Pîrșcoveanu D,
Stănciulescu CE, Sandu RE, et al. Oxidative Stress and
Antioxidant Defense Mechanisms in Acute Ischemic
Stroke Patients with Concurrent COVID-19 Infection. Int
J Mol Sci 2023; 24(23).

904 Haonan et al.: Antioxidant markers (SOD, GSH, NO, Catalase) in ischemic stroke severity

     Received: January 27, 2025
     Accepted: March 20, 2025


