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ABSTRACT 
Introduction: Stroke is one of the leading causes of 
disability worldwide, imposing a significant public health 
and economic burden. Oxidative stress, which results from 
an imbalance between free radical production and 
antioxidant defences, exacerbates stroke outcomes via its 
role in promoting neuroinflammation and tissue damage. 
Superoxide dismutase (SOD), a critical antioxidant enzyme, 
plays a key role in mitigating oxidative stress. This study 
evaluates the effect of transcranial direct current stimulation 
(tDCS) on serum SOD levels in ambulatory ischaemic stroke 
patients with mild cognitive impairment.  
 
Materials and Methods: In this randomized pilot study, 30 
ischaemic stroke survivors (aged 20–65 years) were divided 
into two groups: control intervention physiotherapy (CIP, 
n=15) and tDCS combined with CIP (tDCS+CIP, n=15). Each 
group underwent 30-minute sessions, three times weekly, 
over four weeks. Serum SOD levels were measured pre- and 
post-intervention using SOD Activity Assay Kit. Paired t-test 
was used to evaluate within-group changes, and 
independent t-test assessed between-group differences and 
the influence of stroke risk factors such as body mass index 
and blood pressure.  
 
Results: The tDCS+CIP group exhibited a significant 
increase in serum SOD levels post-intervention 
(289.02±64.94 U/L from 215.58±53.65 U/L, p=0.001), 
compared to the CIP group (216.67±45.02 U/L from 
198.04±40.74 U/L, p=0.001). No significant association was 
observed between serum SOD levels and the studied risk 
factors.  
 
Conclusion: tDCS combined with conventional therapy 
significantly improves serum SOD levels, suggesting its 
potential as an adjunctive treatment for reducing oxidative 
stress in stroke rehabilitation. Further studies with larger 
sample sizes and extended follow-up are recommended to 
validate these findings and explore long-term benefits. 
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INTRODUCTION 
Stroke is a leading cause of disability worldwide, profoundly 
affecting the quality of life of patients and their caregivers.1-3 
This debilitating condition often results in motor, sensory, 
and cognitive impairments.4 Oxidative stress, marked by an 
imbalance between the production of reactive oxygen species 
and the body’s antioxidant defences, is a critical factor in 
stroke pathology.5,6 Superoxide dismutase (SOD), an essential 
antioxidant enzyme, plays a pivotal role in neutralising 
superoxide radicals, thereby mitigating oxidative stress and 
reducing cellular damage.7 Stroke patients often experience 
oxidative stress due to an imbalance between free radical 
production and antioxidant defences, especially in ischemic 
regions such as the penumbra, where excessive free radicals 
exacerbate tissue damage and hinder recovery.5,6,8 Reduced 
serum antioxidant levels, including SOD, have been linked to 
poorer outcomes, such as larger infarct sizes and heightened 
neuroinflammation.9,10 Moreover, SOD deficiency correlates 
with elevated systemic inflammatory biomarkers such as 
erythrocyte sedimentation rate (ESR), interleukin-6 (IL-6), 
and C-reactive protein (CRP), which exacerbate post-stroke 
complications.11 Its deficiency has also been inversely 
correlated with recovery potential, as its depletion may lead 
to increased inflammation and the progression of 
neurological deficits.12 Genetic mutations or defects affecting 
SOD expression have also been associated with unfavourable 
outcomes.11 Enhancing SOD levels could, therefore, mitigate 
stroke-related complications and improve recovery.12  
 
Non-invasive brain stimulation techniques, such as 
transcranial direct current stimulation (tDCS), transcranial 
magnetic stimulation (TMS), and deep brain stimulation, 
have emerged as powerful tools to modulate brain 
function.13,14 The use of electrical currents in neuromodulation 
has a long history, dating back nearly a century,15 but 
inconsistent results led to a temporary decline in interest. 
Recent advancements and promising findings have revived 
enthusiasm for tDCS,13,16,17,18,19 particularly anodal stimulation, 
which enhances neuroplasticity, modulates oxidative stress, 
and induces long-lasting alterations in cortical 
excitability.20,21 It is a simple, cost-effective, and safe brain 
stimulation technique with proven benefits for conditions 
involving impaired neuroplasticity, such as stroke.13,22,23 By 
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applying low-amplitude electrical currents through 
epicranially positioned electrodes, tDCS modulates cortical 
excitability. Anodal stimulation depolarizes neurons to 
enhance excitability and promote neuroplasticity, while 
cathodal stimulation hyperpolarizes neurons, exerting 
inhibitory effects.13,14,24,25  
 
Anodal tDCS has been shown to reduce proinflammatory 
cytokines, including interleukin-1 beta (IL-1β) and tumour 
necrosis factor-alpha (TNFα),26,27 and promote neuronal 
growth by increasing the expression of neuronal growth-
promoting proteins such as GAP-43 and microtubule-
associated protein 2 (MAP-2) in peri-infarct regions.27 These 
mechanisms collectively position tDCS as a promising 
adjunctive therapy for stroke rehabilitation. Evidence also 
indicates that anodal tDCS can improve cognitive and motor 
functions in disorders like depression, Parkinson’s disease, 
and stroke.13,22,23 However, its effects on oxidative stress 
biomarkers such as SOD in stroke patients remain 
underexplored.  
 
Given the potential of tDCS to improve stroke outcomes, this 
pilot study was designed to investigate its impact on serum 
SOD levels in ambulatory stroke patients. Pilot studies are 
essential to assess feasibility, optimize study design, and 
generate preliminary data for subsequent trials. Accordingly, 
this pilot study aims to evaluate the effect of a four-week 
tDCS intervention on serum SOD levels in ambulatory stroke 
patients with mild cognitive impairment. We hypothesize 
that tDCS combined with conventional therapy will 
significantly enhance serum SOD levels compared to 
conventional therapy alone, providing a foundation for 
future research. 
 
 
MATERIALS AND METHODS 
Study Design and Participant Selection 
This randomised, assessor-blinded, pilot-controlled study was 
conducted at Imamu Wali General Hospital, Kano, Nigeria, 
following ethical approval from the Kano State Ministry of 
Health (Ref. No.: SHREC/2023/3901, Approval No.: 
NHREC/17/03/2018) and was performed in accordance with 
the Declaration of Helsinki. Thirty ambulatory ischaemic 
stroke patients were recruited and randomly assigned into 
two groups: the control intervention physiotherapy group 
(CIP, n = 15) and the combined intervention group receiving 
tDCS with control intervention physiotherapy (tDCS+CIP, n = 
15) (Figure 1). The study was conducted over a four-week 
period, with all participants giving written informed consent 
prior to the enrolment. 
 
Eligible participants were male and female ischaemic stroke 
survivors, aged 20 - 65 years, with a Mini-Mental State 
Examination (MMSE) score of 22 or higher. Inclusion criteria 
required patients to be free of drug abuse, psychiatric 
comorbidities, visual or auditory deficits, and able to walk 
unaided or with mild assistive devices. Patients were required 
to achieve controlled systemic hypertension or diabetes with 
medication, and without the use of antidepressants. The 
onset of stroke was at least six months prior, and participants 
had to be responsive to verbal commands. 
 
 

Participants were excluded if they had engaged if they had 
engaged in regular exercise or physiotherapy three months 
prior to enrolment, had moderate to severe musculoskeletal 
disorders in the upper or lower extremities, balance 
impairments, or concurrent participation in any other 
clinical research. 
 
Randomisation, Allocation Concealment, and Blinding 
The randomisation sequence was computer-generated using 
Microsoft Excel’s random number function (=RAND( )) by an 
independent statistician not involved in the trial. The 
generated random number was sorted from smallest to 
largest, which was used to allocate the two studied groups 
repeatedly. To minimise selection bias, allocation 
concealment was ensured by using sequentially numbered, 
opaque, sealed envelopes (SNOSE) prepared by an 
independent researcher not involved in participant 
recruitment, intervention, or assessment. The envelopes were 
opened by the independent researcher only after the enrolled 
participant had completed all baseline assessments. 
 
Due to the nature of the non-invasive brain stimulation, 
participants could not be blinded to their group assignment. 
This lack of blinding may introduce performance and 
detection bias, which is acknowledged as a limitation. 
However, to minimise assessment bias, the research 
personnel responsible for collecting blood samples, 
conducting laboratory analyses (serum SOD measurement), 
and performing all outcome assessments were blinded to 
group allocation throughout the study. 
 
Intervention Protocol 
Both groups participated in 30-minute sessions of control 
intervention physiotherapy three times a week for four weeks. 
These included 10 minutes of infrared radiation (IRR) to the 
affected limb and 20 minutes of static cycling using a Reebok 
(Z9BIKE) set at zero resistance. Stretching exercises were 
performed pre- and post-cycling. 
 
Additionally, participants in the combined intervention 
group underwent anodal stimulation of the primary motor 
cortex (PMC) using the International 10-20% EEG electrode 
placement system.28 The anodal electrode was positioned 
over the PMC at a point 1 cm anterior and 4 cm lateral to the 
cortical vertex, which corresponds to the C3/C4 site in the 
EEG system.28 To complete the circuit,  the cathodal electrode 
was placed over the contralateral supraorbital region. A 
constant 2 mA current was delivered for 20 minutes using a 
tDCS stimulator (Medisystems tDCS DC-Stimulator Plus). 
Electrodes were secured with elastic straps and moistened 
with saline to ensure proper contact. 
 
Monitoring of Adverse Events 
tDCS is generally safe. However, participants were actively 
monitored for any adverse effects (e.g., skin redness, itching, 
burning sensation, headache, dizziness) during and after 
each tDCS session. Any reported adverse events were 
recorded. 
 
Data Collection 
Socio-demographic characteristics of the participants were 
recorded using a structured data collection sheet, capturing 
variables such as age, gender, marital status, education level,  
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Statistical Analysis 
Data were analysed using IBM SPSS 23.0 software. Descriptive 
statistics summarized demographic variables as means and 
standard deviations (SD). The Shapiro-Wilk test was 
employed to assess the normality of continuous variables. 
Paired t-tests compared pre- and post-intervention serum 
SOD levels within groups, while independent t-tests assessed 
between-group differences and associations with risk factors. 

A p-value of <0.05 was considered statistically significant. 
 
 
RESULTS 
A total of 30 participants were included in the study, with 15 
participants in each of the two groups. The mean age of 
participants was approximately 57 years. The age 
distribution varied, with the majority (80%) of participants in 
the combined intervention group aged 50–65 years, 

Characteristics                                            Combined Intervention                                         Control                                             p-value 
                                                            n (%)                      Mean + SD                         n (%)                  Mean + SD                              

Age (years)                                                                             56.70 ± 6.19                                                  56.87 ± 4.97                        0.396 
20-34                                                    0 (0)                                                                  0 (0)                                                                    
35-49                                                   3 (20)                                                               2 (13.3)                                                                 
50-65                                                  12 (80)                                                             13 (86.7)                                                                

Gender                                                           
Male                                                 11 (73.3)                                                           10 (53.3)                                                                
Female                                              4 (26.7)                                                             5 (46.7)                                                                 

Marital status                                           Single                           0 (0)                                                               0 (0)                                    
Married                                             9 (60.0)                                                              12 (80)                                                                  
Divorced                                           5 (33.3)                                                             2 (13.3)                                                                 
Widow                                               1 (6.7)                                                               1 (6.7)                                                                  

Residence                                                  Rural                         8 (53.3)                                                           9 (60)                                   
Urban                                                7 (46.7)                                                               6 (40)                                                                   

Occupation                                                                                                                                                                                               0.090 
Small traders                                   10 (66.7)                                                            8 (53.3)                                                                 
Civil servant                                      3 (20.0)                                                             4 (26.7)                                                                 
Skilled labourers                              2 (13.3)                                                                0 (0)                                                                    
Unemployed                                       0 (0)                                                                3 (20.0)                                                                 
Retired                                                 0 (0)                                                                  0 (0)                                                                    

Education                                                                                                                                                                                                  0.703 
Post-secondary                                 4 (26.7)                                                             4 (26.7)                                                                 
Secondary                                         7 (46.7)                                                             5 (33.3)                                                                 
Primary                                             2 (13.3)                                                             3 (20.0)                                                                 
Non-formal                                       2 (13.3)                                                             3 (20.0)                                                                 
None                                                    0 (0)                                                                  0 (0)                                                                    

Laterality                                                                                                                                                                                                   0.819 
Right hemiparesis                           13 (86.7)                                                           12 (80.0)                                                                
Left hemiparesis                               2 (13.3)                                                             3 (20.0)                                                                 

SBP (mmHg)                                                                                                                                                                                              0.675 
< 140                                                 7 (46.7)                                                            10 (66.7)                                                                
> 140                                                 8 (52.3)                                                             5 (23.3)                                                                 

DBP (mmHg)                                                                                                                                                                                             0.546 
< 90                                                  14 (93.3)                                                             12 (80)                                                                  
> 90                                                    1 (6.7)                                                                3 (20)                                                                   

BMI                                                                                                                                                                                                            0.066 
Underweight                                       0 (0)                                                                  0 (0)                                                                    
Normal                                              8 (53.3)                                                             8 (53.3)                                                                 
Pre-obesity                                        7 (46.7)                                                             7 (46.7)                                                                 
Obesity                                                0 (0)                                                                  0 (0)                                                                    

Baseline SOD level (U/L)                              -                       215.58 ± 53.60                          -                   198.04 ± 40.74                      0.292 
MMSE                                                            -                         23.27 ± 1.27                            -                     24.30 ± 1.09                        0.432 
 
Data analysed by paired t-test (within-group) and independent t-test (between-group). A *p-value of <0.05 was considered statistically significant. 
BMI: body mass index, DBP: diastolic blood pressure, MMSE: Mini-Mental State Examination, SBP: systolic blood pressure, SD: standard deviation, SOD: 
superoxide dismutase.  

Table I: Socio-demographic and clinical characteristics of participants in the combined intervention and control groups

Group                                       n                           Serum SOD (U/L)                      Difference in serum                         p-value 
                                                                              Mean + SD                                    SOD (U/L) 
                                                       Pre-intervention      Post-intervention             Mean + SD              Within-group     Between-group 

Combined intervention          15           215.58 ± 53.65          289.02 ± 64.94              73.44 ± 37.86                  0.001*                   0.001* 
Control                                     15           198.04 ± 40.74          216.67 ± 45.02              18.63 ± 15.21                  0.001*                         
 
Data analysed by paired t-test (within-group) and independent t-test (between-group). A *p-value of <0.05 was considered statistically significant. 
SD: standard deviation, SOD: superoxide dismutase.

Table II: Within-group and between-group comparison of serum SOD levels pre- and post-intervention
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and residence. Blood pressure measurements were taken 
twice for each participant using validated and calibrated 
mercury and digital sphygmomanometers. The average 
values of systolic (SBP) and diastolic (DBP) blood pressure 
readings were recorded. Body mass index (BMI) was 
calculated based on each participant’s weight and height. 
Weight was measured using a digital scale, with participants 
standing barefoot in the centre of the scale. Height was 
recorded against a calibrated wall-mounted stadiometer. BMI 
was then calculated using the standard formula: BMI = 
weight (kg) / [height (m)]². 
 
Serum SOD Measurement 
The serum SOD levels of stroke patients were measured both 
before and after the 4-week tDCS intervention using the 
Superoxide Dismutase (SOD) Activity Assay Kit. The 
microplate reader was preheated to 560 nm for 30 minutes to 

ensure stable wavelength detection. Working reagents 
(Reagents I, II, and V) were equilibrated in a water bath at 
37°C for 5 minutes before use. Additionally, Reagent IV was 
mixed with Reagent V by oscillation to ensure proper 
dissolution immediately before application. 
 
The assay utilized four types of tubes: two blank tubes (B1 
and B2), a test tube (T), and a control tube (C). Reagents were 
added to the respective tubes according to the manufacturer’s 
instructions, and the mixtures were thoroughly combined. 
The tubes were then incubated at 37°C for 30 minutes. After 
incubation, the solutions were transferred into an ultra-micro 
cuvette or a 96-well flat-bottom plate to measure absorbance 
at 560 nm using the microplate reader. Serum SOD 
concentrations were calculated based on the absorbance 
values using the manufacturer’s formula: 
SOD (U/mL) = [P÷ (1-P) ×Vrv] ÷Vs×F=11.11×P÷ (1-P) ×F  

Fig. 1: Study flow chart

Variables                              n (%)                            Serum SOD (U/L)                   Mean + SD                        t-value                      p-value 
Age (years)                          35-49                                    5 (16.7)                         56.99 + 34.82                       0.665                         0.511 
                                             50-65                                   25 (83.3)                         43.85 + 40.69                                                              
BMI (kg/m2)                       18.2-24.9                                13 (43.3)                         53.23 + 47.10                       0.885                         0.398 
                                          25.0-34.9                                17 (56.7)                         40.54 + 33.18                                                              
SBP (mmHg)                        < 140                                   17 (56.7)                         41.72 + 32.33                       -0.671                        0.508 
                                             > 140                                   13 (33.3)                         51.69 + 49.17                                                              
DBP (mmHg)                         < 90                                    26 (86.7)                         42.99 + 34.82                       -1.069                        0.294 
                                              > 90                                     4 (13.3)                          65.87 + 68.69                                                              
Laterality                   Right hemiparesis                          24 (80)                          43.85 + 40.55                       0.382                         0.705 
                                   Left hemiparesis                            6 (20)                           40.45 + 40.58                                                              
 
Data analysed by an independent t-test. A *p-value of <0.05 was considered statistically significant. 
BMI: body mass index, DBP: diastolic blood pressure, SBP: systolic blood pressure, SD: standard deviation, SOD: superoxide dismutase 

Table III: The effect of studied risk factors on serum SOD levels of participants
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compared to only 20% in the control group within the same 
age category. Gender distribution showed a higher 
proportion of males in the tDCS group (73.3%) compared to 
the control group (53.3%). 
 
Educational attainment among participants varied, with 
most having received non-formal, primary, secondary, or 
post-secondary education. Secondary school education was 
the most common, with 46.7% and 33.3% in the combined 
intervention and control groups, respectively. A large 
proportion of participants resided in rural areas (53.3% in the 
combined intervention group, 60% in the control group) and 
were married (80% in the combined intervention group, 60% 
in the control group). Small-scale trading was the primary 
occupation for most participants, comprising 66.7% in the 
combined intervention group and 53.3% in the control 
group. 
 
The baseline serum SOD levels were comparable between the 
groups, with mean values of 215.58 ± 53.60 U/L for the 
combined intervention group and 198.04 ± 40.74 U/L for the 
control group (p>0.05). Most participants presented with 
right-sided hemiparesis, indicative of left hemispheric 
cerebral involvement. Elevated SBP was more common in the 
combined intervention group (52.7%) than in the control 
group (33.3%), while DBP was within the normal range (<90 
mmHg) for most participants. The mean BMI was 24.23 
kg/m² in the combined intervention group and 25.11 kg/m² 
in the control group. These baseline characteristics were 
recorded to ensure group comparability and to explore 
potential confounding influences on the primary outcome 
(serum SOD). Table I summarises the socio-demographic and 
clinical characteristics of participants of both groups. 
 
Within the combined intervention group, serum SOD levels 
increased significantly from 215.58 ± 53.65 U/L at baseline to 
289.02 ± 64.94 U/L post-intervention (p<0.001). Similarly, the 
control group showed a smaller but significant increase, with 
serum SOD levels rising from 198.04 ± 40.74 U/L to 
216.67±45.02 U/L post-intervention (p<0.001) (Table II). A 
statistically significant increase in serum SOD levels was 
observed in the combined intervention group compared to 
the control group (mean increase of 73.44 U/L vs. 18.63 U/L, 
p<0.05) (Table III). No adverse events related to the tDCS or 
physiotherapy interventions were reported throughout the 
study period. 
 
No statistically significant effects were observed for the 
studied risk factors, including age, SBP, DBP, stroke laterality, 
or BMI, on serum SOD levels (p>0.05). Younger participants 
(aged 35–49 years) had slightly higher serum SOD levels 
(56.99 U/L) than those aged 50–65 years (43.85 U/L). 
Participants with elevated SBP and DBP demonstrated 
slightly higher serum SOD levels (51.69 U/L and 65.87 U/L, 
respectively) compared to those with normal SBP and DBP 
(41.72 U/L and 42.99 U/L, respectively). Additionally, 
participants with normal BMI showed higher serum SOD 
levels (53.23 U/L) compared to those in the pre-obesity 
category (40.54 U/L) (Table IV). 
 
 
 

DISCUSSION 
This pilot study demonstrated a statistically significant 
increase in serum SOD levels following a four-week 
intervention of combined tDCS and CIP, with a markedly 
greater improvement compared to CIP alone. The observed 
increase in serum SOD levels, approximately a 34% rise in 
the tDCS+CIP group compared to a 9.4% increase in the CIP 
group, may have substantial clinical relevance. Higher 
antioxidant capacity is theorised to mitigate neuronal 
damage in the ischemic penumbra, potentially slowing 
infarct expansion and creating a more favourable 
environment for neuroplasticity. This biochemical 
improvement could translate to enhanced recovery of 
cognitive and motor functions,9,10 although direct correlation 
between SOD levels and functional outcomes requires larger 
study trials. 
 
The synergistic effect observed in the tDCS+CIP group may be 
attributed to the complementary mechanisms of both 
therapies. While conventional physiotherapy promotes use-
dependent plasticity through repetitive task training, anodal 
tDCS primes the motor cortex by increasing neuronal 
excitability and facilitating long-term potentiation (LTP)-like 
mechanisms, thereby enhancing the effects of subsequent 
physiotherapy.12,20 This heightened cortical responsiveness 
may not only improve motor learning but also upregulate 
endogenous neuroprotective pathways, including the 
expression of antioxidant enzymes such as SOD. These 
findings are consistent with previous research demonstrating 
that tDCS reduces proinflammatory cytokines and promotes 
neurotrophic factor expression.17,26,27 In our study, the 
significant increment in serum SOD after the intervention 
suggests that tDCS amplifies rehabilitation benefits at a 
biochemical level.20,21,26 Despite challenges in comparing 
studies due to variations in stimulation protocols (such as 
electrode montage, current intensity, frequency, and session 
number), the consistent findings that neuroplasticity 
enhancement by tDCS through increased cortical excitability, 
synaptic plasticity modulation, current calcium increments, 
and oxidative stress regulation support its clinical relevance 
in neurological recovery. 
 
There are no identified risk factors demonstrating a 
statistically significant association with changes in SOD 
levels. The gender distribution and BMI range in this study 
are consistent with previous research on stroke populations.29 
The slightly higher mean increase in SOD among younger 
participants (35-49 years) may reflect age-related declines in 
neuroplasticity or antioxidant regulatory mechanisms in 
older cohorts.12 Similarly, participants with a normal BMI 
showed a greater, though non-significant, increase than 
those in the pre-obesity category, which aligns with literature 
suggesting obesity is associated with chronic inflammation 
and oxidative stress that may blunt intervention efficacy.11 
However, this contrasts with prior findings reporting 
increased levels of SOD isoenzymes (manganese (Mn) SOD 
and copper-zinc (CuZn) SOD) in obese individuals.30 
Regarding blood pressure, previous studies have reported 
significantly lower SOD activity in hypertensive patients 
compared to normotensive controls.31,32 In contrast, our study 
found no association between blood pressure or stroke 
laterality and changes in SOD levels, which may be due to 
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the small sample size. The absence of significant effects from 
blood pressure and laterality suggests that the combined 
tDCS and physiotherapy intervention benefits were consistent 
across these clinical subgroups, indicating its potential broad 
applicability. Nonetheless, these trends should be interpreted 
cautiously and require validation in larger, more diverse 
cohorts. 
 
This pilot study provides preliminary evidence supporting the 
potential benefits of tDCS in reducing oxidative stress among 
stroke patients. However, several limitations should be 
acknowledged. The small sample size and single-centre 
design may restrict the generalisability of the findings. 
Although assessor blinding was maintained for the primary 
outcome (serum SOD levels), the absence of participant 
blinding introduces the possibility of performance bias. The 
fixed stimulation parameters used may not reflect the full 
therapeutic potential achievable with varied intensities, 
session frequencies, or electrode placements. Furthermore, 
outcome assessment was limited to the four-week 
intervention, with no extended follow-up to evaluate the 
durability of effects. The study did not correlate serum SOD 
levels with cognitive function measures, and the variability 
in stroke subtypes lack systematic control, which may have 
confounded the findings. While no adverse events were 
reported, future studies should incorporate standardised 
monitoring tools to comprehensively assess safety. 
 
To build on these findings, future studies should recruit larger 
and more diverse populations to enhance generalisability. 
An extended intervention period and long-term follow-ups 
would help elucidate the sustainability of the tDCS effects. 
Combining tDCS with other neuroplasticity-focused 
rehabilitation strategies may reveal synergistic benefits. 
Importantly, subsequent studies should integrate functional, 
cognitive, and quality-of-life assessments alongside 
biomarker analysis to better determine the clinical relevance 
of biochemical changes observed. 
 
 
CONCLUSION 
This pilot study demonstrated that anodal tDCS, when 
combined with conventional therapy, increases SOD levels in 
ambulatory stroke patients. The findings highlight the 
potential of tDCS as a non-invasive and adjunctive 
therapeutic approach to reduce oxidative stress and support 
recovery in stroke rehabilitation. While these results are 
promising, further research with larger sample sizes, 
incorporating functional outcomes, and employing longer-
term follow-up is necessary to validate the findings and 
optimise the clinical application of tDCS in managing post-
stroke complications.  
 
 
ACKNOWLEDGEMENT 
The authors extend their gratitude to the Health Research 
Ethics Committee of the Ministry of Health, Kano State, 
Nigeria, for approving the study. This research was conducted 
without any financial support from external sources. 
  
 
 

REFERENCES 
1. Bersano A and Gatti L. Pathophysiology and treatment of stroke: 

present status and future perspectives. Int J Mol Sci 2023; 24(19): 
14848. 

2. Virani SS, Alonso A, Benjamin EJ, Bittencourt MS, Callaway CW, 
Carson AP, et al. Heart disease and stroke statistics - 2020 update: 
a report from the American Heart Association. Circulation. 2020; 
141(9): e139-596.  

3. Kuriakose D and Xiao Z. Pathophysiology and treatment of 
stroke: present status and future perspectives. Int J Mol Sci 2020; 
21(20): 7609.  

4. Kivimaki M and Steptoe A. Effects of stress on the development 
and progression of cardiovascular disease, Nat Rev Cardiol 2018; 
15(4): 215-29. 

5. Allen CL and Bayraktutan U. Oxidative stress and its role in the 
pathogenesis of ischaemic stroke. Int J Stroke 2009; 4(6): 461-670. 

6. White BC, Sullivan JM, DeGracia DJ, O’Neil BJ, Neumar RW, 
Grossman LI, et al. Brain ischemia and reperfusion: molecular 
mechanisms of neuronal injury. J Neurol Sci 2000; 179(S1-2): 1-
33. 

7. Fracassi A, Marcatti M, Zolochevska O, Tabor N, Woltjer R, 
Moreno S, et al. Oxidative damage and antioxidant response in 
frontal cortex of demented and nondemented individuals with 
Alzheimer’s neuropathology. J Neurosci 2021; 41(3): 538-54. 

8. Fraser PA. The role of free radical generation in increasing 
cerebrovascular permeability. Free Radic Biol Med 2011; 51(5): 
967-77. 

9. Flynn JM and Melov S. SOD2 in mitochondrial dysfunction and 
neurodegeneration. Free Radic Biol Med 2013; 62(1): 4–12. 

10. Zheng F, Yan L, Zhong B, Yang Z, Xie W. Progression of cognitive 
decline before and after incident stroke. Neurology 2019; 93(1): 
e20–8. 

11. Elsayed WM, Abdel-Gawad EA, Mesallam DIA, El-Serafy TS. The 
relationship between oxidative stress and acute ischemic stroke 
severity and functional outcome. Egypt J Neurol Psychiatry 
Neurosurg 2020; 56: 74. 

12. Galloway EM, Woo NH, Lu B. Persistent neural activity in the 
prefrontal cortex: a mechanism by which BDNF regulates 
working memory? Prog Brain Res 2008; 169: 251-66. 

13. Ojardias E, Azé OD, Luneau D, Mednieks J, Condemine A, 
Rimaud D, et al. The effects of anodal transcranial direct current 
stimulation on the walking performance of chronic hemiplegic 
patients. Neuromodulation 2020; 23(3): 373- 9.  

14. Cavaleiro C, Martins J, Gonçalves J, Castelo-Branco M. Memory 
and cognition-related neuroplasticity enhancement by 
transcranial direct current stimulation in rodent: a systematic 
review. Neural Plast 2020; 2020: 4795267. 

15. Priori A. Brain polarization in humans: a reappraisal of an old 
tool for prolonged non-invasive modulation of brain excitability. 
Clin Neurophysiol 2003; 114(4): 589-95. 

16. Muhammad Umar A, Sharifudin MA, Raj NB, Ahmad AA. 
Evaluation of serum brain-derived neurotrophic factor (BDNF) in 
ambulatory stroke survivors with mild cognitive impairment and 
normal cognitive functions. Mal J Med Health Sci 2024; 20(6): 
242-9. 

17. Muhammad Umar A, Sharifudin MA, Raj NB, Ahmad AA. Serum 
brain-derived neurotrophic factor (BDNF) enhancement through 
task-specific exercises and transcranial simulation: a randomised 
pilot controlled study in stroke survivors. Med & Health 2024; 
19(2): 468-84. 

18. Aid T, Kazantseva A, Piirsoo M, Palm K, Timmusk T. Mouse and 
rat BDNF gene structure and expression revisited. J Neurosci Res 
2007; 85(3): 525-35. 

19. Muhammad Umar A, Sharifudin MA, Ahmad AA, Raj NB. 
Superoxide dismutase as biomarker to curtail redox unbalance 
and improve trunk performance in post-stroke patients after 
neurorehabilitation: a scoping review. Mal J Med Health Sci 
2024; 20(SUPP10): 165-72. 

 
 

11-The effects00033.qxp_3-PRIMARY.qxd  22/12/2025  8:04 PM  Page 73



Original Article 

74                                                                                                                                       Med J Malaysia Vol 80 Supplement 6 December 2025

A randomised pilot study

20. Teskey GC, Monfils MH, VandenBerg PM, Kleim JA. Motor map 
expansion following repeated cortical and limbic seizures is 
related to synaptic potentiation. Cereb Cortex 2002; 12(1): 98-
105. 

21. Shah H, Khandare S, Siddapur T, Basu S, Palekar T. Effect of 
transcranial direct current stimulation on balance and stroke 
specific quality of life in stroke patients. Indian J Physiother 
Occup 2020; 15(1): 9-13. 

22. Fregni F, Boggio PS, Mansur CG, Wagner T, Ferreira MJ, Lima 
MC, et al. Transcranial direct current stimulation of the 
unaffected hemisphere in stroke patients. Neuroreport 2005; 
16(14): 1551–5. 

23. Hummel F, Celnik P, Giraux P, Floel A, Wu WH, Gerloff C, et al. 
Effects of non-invasive cortical stimulation on skilled motor 
function in chronic stroke. Brain 2005; 128(Pt 3): 490-9. 

24. Muhammad Umar A, Salihu AT, Ahmad AA, Raj NB, Sharifudin 
MA. Unveiling the potential of transcranial direct current 
stimulation in enhancing trunk motor control and balance in 
cerebrovascular accident survivors: a scoping review. Mal J Med 
Health Sci 2024; 20(SUPP10): 21-31.  

25. Fritsch B, Reis J, Martinowich K, Schambra HM, Ji Y, Cohen LG, 
et al. Direct current stimulation promotes BDNF-dependent 
synaptic plasticity: potential implications for motor learning. 
Neuron 2010; 66(2): 198-204. 

26. Xu K, Gao X, Xia G, Chen M, Zeng N, Wang S, et al. Rapid gut 
dysbiosis induced by stroke exacerbates brain infarction in turn. 
Gut 2021; 70: 1486–94. 

27. Lee SB, Kim HT, Yang HO, Jang W. Anodal transcranial direct 
current stimulation prevents methyl-4-phenyl-1,2,3,6-
tetrahydropyridine (MPTP)-induced neurotoxicity by modulating 
autophagy in an in vivo mouse model of Parkinson's disease. Sci 
Rep 2018; 8(1): 15165. 

28. Nasseri P, Nitsche MA, Ekhtiari H. A framework for categorizing 
electrode montages in transcranial direct current stimulation. 
Front Hum Neurosci 2015; 9: 54. 

29. Murphy TH, Corbett D. Plasticity during stroke recovery: from 
synapse to behaviour. Nat Rev Neurosci 2009; 10(12): 861-72. 

30. Szlachta B, Birková A, Wielkoszyński T, Gospodarczyk A, 
Hubková B, Dydoń M, et al. Serum oxidative status in people 
with obesity: relation to tissue losses, glucose levels, and weight 
reduction. Antioxidants 2023; 12(11): 1923.  

31. Chaturvedi P, Singh AK, Tiwari V, Thacker AK. Brain-derived 
neurotrophic factor levels in acute stroke and its clinical 
implications. Brain Circ 2020; 6(3): 185-90. 

32. Varlamova N, Evdokimov V, Shadrina V, Kaneva A, Bojko E. 
Blood pressure, oxygen consumption and superoxide dismutase 
in young men in the annual cycle. Ann Clin Exp Hypertension 
2015; 3(1): 1019. 

11-The effects00033.qxp_3-PRIMARY.qxd  22/12/2025  8:04 PM  Page 74




