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 Abstract. Ischemic stroke remains a leading cause of long-term 
disability globally, with locomotor deficits, gait asymmetry, and balance 
dysfunction posing significant challenges to functional recovery. 
Existing treatment strategies offer limited functional recovery, creating a 
need for complementary neurotherapeutic options. Moringa oleifera 
leaves are rich in bioactive compounds, such as flavonoids, 
polyphenols, and isothiocyanates, and have multifaceted 
neurotherapeutic properties. Preclinical studies in rodent and Drosophila 
melanogaster models show mechanisms through which Moringa 
oleifera leaves exert neuroprotective, anti-inflammatory, antioxidant, and 
neuroplasticity-inducing effects. Moringa oleifera leaves have been 
shown to reduce infarct volume, improve neurobehavior, and modify 
acetylcholinesterase activity, all of which enhance motor recovery in the 
existing literature. Despite promising findings, most studies are limited 
by small sample sizes, reliance on pretreatment models, and a lack of 
human trials and standardised protocols. Critically, the absence of 
human clinical trials restricts immediate translational application. This 
review aims to guide future research to prioritise well-designed 
controlled studies to establish the efficacy, safety, and optimal dosing 
of Moringa oleifera leaves for neurotherapeutic potential in ischemic 
stroke patients.  

Keywords: Antioxidant Mechanisms; Ischemic Stroke; Locomotor 
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INTRODUCTION 

Stroke is the second most prevalent cause of 
death and disability globally, which makes it a 
vital concern [1]. A rupture of a cerebral artery 
can lead to an ischemic or haemorrhagic stroke, 
which impacts blood flow to the brain area and 
leads to neuronal impairment and death, and loss 
of function [2]. Cerebral hypoperfusion leads to a 
series of events known as cerebral ischemia [3]. 
The brain suffers from a lack of oxygen and nu-
trients, resulting in increased oxidative stress, 
mitochondrial dysfunction, neuroinflammation, 
blood-brain barrier (BBB) leakage, and ultimate-
ly cell death and necrosis [4]. Ischemic stroke 
commonly causes hemiparesis, or one-sided 
weakness, which affects up to 80% of survivors 
[5]. The impairment reduces voluntary use of the 
paretic limb and disrupts motor coordination; as 
a result, spasticity develops, producing abnormal 
synergies and non-smooth movements. Hemi-
paresis directly affects gait, and patients present 
with decreased muscle strength, impaired limb 
progression, and compensatory mechanisms (hip 
hiking or circumduction) [6]. In addition to 
weakness, the majority of patients also develop 
impaired balance through loss of trunk control 
and proprioception, leading to a high risk of falls 
(70% of survivors fall in the first post-stroke 
year) [7]. 

More than half of stroke survivors experience 
gait impairment, one of the most incapacitating 
aftereffects of the stroke [8]. Gait dysfunction is 
characterised by a very slow walking speed (fre-
quently <0.4 m/s in the subacute phase vs. 
~1.2 m/s for healthy adults), limited endurance, 
and significant asymmetry between limbs in both 
step length and timing [9]. Only ~1/3 of stroke 
survivors reach the 0.8 m/s threshold required 
for safe community walking [10]. These impair-
ments persist into the chronic phase and signifi-
cantly increase independence and participation 
in community roles. Together, hemiparesis, gait 
asymmetry, and balance impairment represent 
the cornerstone of locomotor deficits seen after 
ischemic stroke and highlight the importance of 
early and intensive task-specific rehabilitation to 
enable walking and reduce the risk of long-term 
disability. 

Native to northwestern India's sub-Himalayan 
region, the moringa tree (Moringa oleifera Lam.) 
is now cultivated extensively as a medicinal plant 
in Africa, the Middle East, Southeast Asia, and 
South America [11]. It is in the Kingdom Plantae, 

Division Magnoliophyta, Class Magnoliopsida, Or-
der Brassicales, Family Moringaceae, Genus 
Moringa, and Species M. oleifera [12]. Moringa is 
known by other names such as horseradish tree, 
drumstick tree, mulangay, mlonge, benzolive, 
sajna, kelor, saijihan, or marango, to name a few. 
It has been and continues to be greatly valued in 
the tropics and subtropics for its use in the kitch-
en and for health purposes [13]. 

The health benefits of consuming moringa leaves 
can last for months without refrigeration, wheth-
er in fresh, roasted, or dried form. The moringa 
tree is called "the miracle tree" for good reason; 
many of its medicinal claims have recently been 
confirmed through research [14]. In addition to 
bioactive molecules, the leaves also contain a 
balanced profile of essential amino acids and are 
an important source of vitamins A and C. These 
compounds give Moringa significant antibacteri-
al, anti-inflammatory, anticancer and antioxidant 
effects [15]. Numerous types of chemicals, in-
cluding ascorbic acid, flavonoids, phenolics, and 
carotenoids, are responsible for the antioxidant 
actions. To protect cells from oxidation, antioxi-
dant activity is crucial [16]. The plant's leaves are 
utilitarian, as they are high in protein, have a bal-
anced overall amino acid profile, and contain ma-
jor amino acids [17].  

Mechanistic Insights into Moringa oleifera's Neu-
rotherapeutic Potential. Moringa oleifera demon-
strates several neurotherapeutic effects that 
qualify it as a potential therapy following stroke 
rehabilitation [16]. The bioactive constituents of 
Moringa have multiple mechanisms of action that 
affect oxidative stress, inflammation, and neu-
ronal repair [18]. We can broadly classify these 
effects into three actions: neuroprotection, neu-
roplasticity, and preservation of muscle function. 

The neuroprotective role of Moringa oleifera's 
leaves. Neuroprotection is the most critical activi-
ty in the prevention of significant adverse out-
comes of neurological injury related to stroke, 
traumatic brain injury, and neurodegenerative 
diseases [19]. Neuroprotection encompasses 
mechanisms to prevent or mitigate neuronal 
damage, such as inhibiting necroptosis, oxidative 
stress, and neuroinflammation [20]. Because 
drug therapies for ischemic strokes (e.g. tissue 
plasminogen activator (tPA)) have narrow time 
windows for effective intervention and signifi-
cant deleterious side effects, natural neuropro-
tective agents are being sought out [21]. Phyto-
chemicals from medicinal herbs hold a special 
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place in knowledge because of their ability to 
promote neuroplasticity through neurogenesis, 
synaptogenesis, and angiogenesis, thereby re-
storing brain function after a lesion [22]. One 
group of phytochemicals, the leaves of Moringa 
oleifera, has potential as a neuroprotective agent 
due to its diverse and safe phytochemical profile. 

Moringa oleifera leaves contain flavonoids, poly-
phenols, alkaloids, and tannins that exhibit pow-
erful antioxidant capacity [23]. These bioactive 
compounds scavenge free radicals and help regu-
late redox homeostasis and oxidative stress, 
which are primary contributors to neuronal inju-
ry in ischemic stroke [24]. Extracts of Moringa 
leaves via solvents (i.e., methanol, ethanol, and 
acetone) resulted in notable radical scavenging 
activity, increased antioxidant enzyme activities 
(i.e., superoxide dismutase (SOD) and catalase 
(CAT)), and lower lipid peroxidation [25]. Similar 
reports of moringa supplementation indicate 
modulation of genes involved in endogenous an-
tioxidant defence mechanisms, thereby protect-
ing neurons from oxidative damage [24]. The an-
tioxidant function of Moringa oleifera contributes 
to the maintenance of synaptic structure and 
synaptic plasticity, both of which are pivotal for 
the recovery of motor and cognitive func-
tions [26]. 

In addition to its antioxidant properties, Moringa 
oleifera also has significant anti-inflammatory 
activity. Neuroinflammation, driven primarily by 
overactive microglia and excessive cytokine re-
lease, is an essential event in secondary neuronal 
injury after ischemia [27]. Phytochemicals from 
Moringa leaves, e.g., moringin, astragalin, and 
isoquercitrin, have been shown to inhibit pro-
inflammatory mediators, including nitric oxide, 
TNF-α, IL-1β, IL-6, COX-2, and NF-κB, and to 
stimulate anti-inflammatory cytokines, e.g., IL-10 
[28]. Moringa extracts have also shown compa-
rable, and sometimes superior, anti-
inflammatory activity to standard anti-
inflammatory drugs, with the added advantage of 
inducing survival molecular mechanisms (e.g., 
Nrf2) in in vitro and in vivo models [29]. Moringa 
induces a healthy neuronal environment by in-
hibiting neuroinflammation, thereby enhancing 
the potential for neuroplastic repair and resili-
ence. Through its antioxidant and anti-
inflammatory properties, as shown in Figure 1, 
Moringa oleifera leaves preserve synaptic integri-
ty, reverse oxidative and inflammatory neuronal 
damage, and facilitate BDNF-mediated neuro-
plasticity [26]. 

 

Figure 1 – Neuroprotective mechanisms of Moringa 
oleifera through antioxidant, anti-inflammatory, anti-

apoptotic, and neuroplasticity pathways 

 

RESULTS AND DISCUSSION 

Role of Moringa oleifera in neuroplasticity modu-
lation. Compounds ranging from the flavonoids 
quercetin and kaempferol, the most globally rel-
evant phytochemicals in moringa leaves, have 
been repeatedly demonstrated to reverse oxida-
tive and inflammatory stress that inhibits Brain-
Derived Neurotrophic Factor (BDNF) signalling 
[30]. In various rodent and cell models, moringa 
extracts increased BDNF/TrkB–CREB signalling, 
preserved synaptic proteins (such as PSD-95, 
synapsin-1, synaptophysin), and improved be-
havioural parameters of learning and memory, 
all of which are mechanistic processes closely 
related to synaptogenesis and neuronal viability 
[31]. For example, a controlled comparison of 
leaf extract and seed oil showed that pretreat-
ment significantly improved memory and in-
duced TrkB/CREB signalling (including a larger 
signal observed with seed oil) [32]. Other work 
has also shown that Moringa restores PSD-
95/synapse function after a neurotoxic challenge 
and, overall, supports its profile as a neuropro-
tective, anti-inflammatory agent relevant to plas-
ticity [31]. There is also much converging evi-
dence from the nutrition–neuroscience literature 
showing that flavonoids can enhance BDNF 
and/or the resilience of synaptic function [33]. 

Following a stroke, several lines of evidence sug-
gest that activity-dependent synaptogenesis and 
BDNF signalling within motor networks may play 
essential roles in recovery. That enhanced post-
stroke recovery is associated with elevated BDNF 
levels [34]. In Preclinical ischemia models, using 
moringa leaves has shown decreased oxidative 
stress, modulation of apoptosis (↓Bax/caspase-
3), improved histology, and enhanced neurobe-
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havioral outcomes; all conditions that facilitate 
BDNF-mediated synaptic remodelling and neu-
ronal survival [35]. First-level studies of cerebral 
protection in global ischemia /reperfusion mod-
els (including studies of leaves or flowers) are 
consistent with the mechanisms of plasticity de-
scribed above [35]. While no direct human stroke 
trials assessing the use of moringa leaves to ex-
amine BDNF or measures of synaptogenesis have 
been conducted, these data collectively provide a 
basis for considering Moringa as a suitable ad-
junct to rehabilitation, aimed at improving BDNF 
signalling, synaptic integrity, and neuronal sur-
vival in the post-ischemic brain. 

Muscle function preservation offered by Moringa 
oleifera. In addition to its antioxidant activity, 
supplementation with Moringa oleifera leaves 
also inhibits skeletal muscle atrophy by regulat-
ing atrophic markers and muscle cell protein bal-
ance [36]. Histological results show that moringa 
leaves prevented the decline in the cross-
sectional area of muscle fibres (indicative of dis-
use atrophy) and improved muscle coordination 
when coupled with exercise [37]. Part of its pro-
tective effects stemmed from its ability to main-
tain mitochondrial ATP production, which is re-
quired for muscle contraction and endurance 
[38]. Moreover, Moringa leaves increase the glu-
tathione redox ratio (GSH/GSSG) by stimulating 
the activity of major antioxidant enzymes (e.g., 
catalase, superoxide dismutase, glutathione pe-
roxidase, and glutathione transferase), which 
help maintain muscle cell homeostasis and pro-
tect against oxidative damage, as typically ob-
served in conditions like post-stroke [39]. 

Moringa acts as a dual regulator; it increases mi-
tochondrial energy output (suitable for endur-
ance and recovery) while simultaneously 
strengthening antioxidant defences, so that the 
extra ROS don't cause harm [40]. This is achieved 
through Nrf2-mediated induction of several en-
zymes, including γ-glutamyl cysteine ligase (γ-
GCL), which is essential for glutathione synthesis, 
and glutathione reductase (GR), which is vital for 
glutathione recycling, to maintain a stable GSH 
ratio, even with high ROS production [41]. Heme 
oxygenase-1 (HO-1) may also protect mitochon-
drial function by generating cytoprotective mole-
cules, such as carbon monoxide [42]. Bioactive 
components of moringa leaves (e.g., glucosin-
olates, flavonoids, phenolic acids) activate the 
Nrf2-activator response element (ARE) pathway, 
which results in increases in the phase II antioxi-

dant enzymes to restore redox homeostasis [43]. 
Quercetin, the most abundant flavonoid in 
moringa leaves, induces mitochondrial biogene-
sis [44]. The therapeutic effects of moringa leaves 
are not limited to antioxidant activity, but also 
include preconditioning skeletal muscle to im-
prove endurance, toughness, and recovery from 
periods of disuse or disuse-induced atrophy as-
sociated with stroke. 

Preclinical evidence on the therapeutic effects of 
Moringa oleifera leaves on locomotor function af-
ter ischemic stroke. Studies using Drosophila mel-
anogaster have documented the therapeutic effi-
cacy of Moringa oleifera leaf extract on locomotor 
behaviour, as demonstrated in climbing and ac-
tivity tests. Moringa oleifera leaves extract treat-
ment improved survival, delayed age-related de-
cline, and improved negative geotaxis perfor-
mance, which is representative of fly locomotor 
behaviour [45]. The benefits of Moringa oleifera 
leaf extract are achieved through molecular 
mechanisms that include modulation of antioxi-
dant defence mechanisms, regulation of growth 
factors, and regulation of apoptotic events. 
Moringa oleifera leaf extract's bioactive com-
pounds reduced oxidative stress, improved gluta-
thione homeostasis, and ultimately protected 
neuronal and muscular functions required for 
functional movement. Histology also showed that 
Moringa oleifera leaf extract-fed flies exhibited 
fewer and better-organised muscles than con-
trols, supporting protective effects against loco-
motor decline [45].  

Studies carried out in animal models of ischemic 
stroke (middle cerebral artery occlusion) provide 
experimental evidence that Moringa oleifera leaf 
extracts improve locomotor function [35]. Mice 
and rats treated with Moringa derivatives 
showed superior average performance in neuro-
behavioral tests of motor coordination and bal-
ance (rotarod, grid-walking, and grip strength) 
compared with untreated ischemic groups [46]. 
The functional improvements observed will have 
a molecular basis: it has been reported that 
Moringa treatment increases the expression of 
neurotrophic and growth factors that promote 
neuronal survival and synaptic plasticity, while 
also inhibiting apoptotic signalling pathways 
[24]. Specifically, the regulatory differences in 
downstream signalling included the downregula-
tion of apoptotic signalling molecules, such as 
caspase-3, and pro-apoptotic proteins, along with 
the upregulation of Bcl-2 and several additional 
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anti-apoptotic proteins [47]. When the research-
ers examined the results histologically, they 
found that Moringa effectively reduced infarct 
volume, preserved cortical and striatal neurons, 
prevented neuroinflammation, and thereby im-
proved locomotor performance [48]. 

In preclinical studies utilising rodent models of 
middle cerebral artery occlusion-induced is-
chemic stroke, Moringa oleifera leaf extracts have 
been shown to exhibit therapeutic and neuropro-
tective effects [49]. Moringa oleifera leaf extracts 
in treatment groups improved neurological 
scores, and treated groups exhibited reduced 
stroke deficits and improved overall motor per-
formance compared to the untreated stroke 
groups [35]. These were also correlated with in-
creased cortical and striatal neuronal sparing, a 
smaller infarct area, and reduced neuroinflam-
mation, indicating genuine cerebral protection. 
Nevertheless, although global neurological scores 
were consistently better, more subtle locomotor 
evaluations, such as rotarod, ladder climbing, or 
grip strength, were not widely used in these stud-
ies [35]. Furthermore, it is worth noting that 
most of these studies implemented pretreatment 
with Moringa before stroke induction, used small 
sample sizes, and utilised juvenile male rats, 
thereby limiting the translational relevance of the 
findings [46]. Therefore, while there is compel-
ling evidence that Moringa oleifera leaves may 
reduce oxidative stress and protect neural tissue, 
tightly controlled studies with larger sample siz-
es and standardised behavioural tests are war-
ranted. 

Across a variety of animal models, there is evi-
dence that Moringa oleifera can improve locomo-
tor impairments, in part by modulating choliner-
gic signalling via effects on acetylcholinesterase 
(AChE) [50]. Acetylcholinesterase, an enzyme 
whose primary function is to terminate Acetyl-
choline (ACh) by breaking down the neuro-
transmitter [51]. In various rodents, administra-
tion of Moringa oleifera leaves consistently re-
duced AChE activity. When Moringa oleifera 
leaves are applied, brain AChE activity decreases 
in disease or stress models, which corresponds 
to improved performance on behavioural 
measures such as reduced anxiety, hyperactivity, 
and enhanced exploration in open-field tasks, 
often with concurrent antioxidant and anti-
inflammatory effects [52]. Mechanistically, de-
creasing AChE would increase synaptic ACh, pre-
sumably enhancing circuits responsible for mo-
tor initiation and coordination, as reported in 

original studies and reviews included in the 
summary of Moringa oleifera leaves' effects on 
rats' cholinergic tone and behaviours [31]. 

Researchers also reported concomitant effects in 
Drosophila melanogaster: Moringa oleifera leaves 
improved negative geotaxis (climbing) and other 
locomotor responses following toxicant exposure 
[45]. Moringa oleifera leaves were found to be 
responsible for sustaining antiretrovirals regi-
mens-induced locomotor function impairments, 
and also reduced the locomotor impairments 
caused by exposure to paraquat in flies (as in ro-
dent data connecting Moringa oleifera leaves and 
functional locomotion when AChE activity is in-
hibited, as with parasitic and insectivorous fish-
es) [53]. Both models suggest a similar mecha-
nism by which Moringa oleifera leaves isothiocy-
anates and phenolics diminish the effect of AchE 
on direct inhibition of acetylcholine (or second-
ary inhibition through antioxidative mecha-
nisms), enhanced stabilisation of acetylcholine 
signalling, and downstream consequences for 
motor behaviour [54]. 

Histological and molecular investigations show 
that the pharmaceutical efficacy of Moringa 
leaves was related to their array of phytochemi-
cals containing anti-inflammatory and antioxi-
dant activities, such as flavonoids, phenolic acids, 
and isothiocyanates [55]. The phytochemicals 
regulated the body's endogenous antioxidant de-
fence mechanisms by modulating antioxidant 
enzymes bilaterally, including superoxide dis-
mutase, catalase, and glutathione peroxidase, and 
by reducing markers of lipid peroxidation 
(malondialdehyde) [40]. Histology-plasma 
showed less oedema, less microglial activation, 
and, overall, less tissue degeneration in brains 
treated with Moringa leaf extracts. The extracts 
also modulated neurotransmitter control, includ-
ing restoring balance to the damaged serotonin 
and catecholamine systems altered by ischemia 
[20]. 

Future perspectives and emerging trends. Future 
research on Moringa oleifera leaves and locomo-
tor rehabilitation offers opportunities to achieve 
greater rigour, moving beyond preclinical find-
ings into translational research. With that rigour 
comes a recent emphasis on standardised dosing 
and pharmacokinetic assessment regimes that 
improve reproducibility and comparability be-
tween studies. Findings to date are primarily 
based on young adult male mice and fruit flies, 
with uncertain generalizability. Expanding re-
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search to include various species models, both 
male and female, and across age differences will 
only add translational and clinical value. 

Looking ahead, the priority action is significant, 
randomised, properly controlled clinical trials 
that test the therapeutic efficacy of Moringa oleif-
era leaves directly with patients with stroke. 
These trials do need to focus on functional motor 
recovery but should also assess neuroprotection, 
infarct volume reduction, and protection of pre-
viously injured neurons, as shown in preclinical 
studies. As the field of stroke recovery and reha-
bilitation advances, Moringa oleifera leaves have 
the potential not only to serve as a nutritional 
dietary supplement but also as a promising ad-
junct neurorehabilitation therapy, combining ad-
ditional therapeutic options from traditional 

herbal medicine with rehabilitation techniques 
underpinned by neuroscience. 

 
CONCLUSIONS 

Moringa oleifera leaves show considerable pre-
clinical promise for locomotor recovery after is-
chemic stroke through mechanisms involving 
antioxidant, anti-inflammatory, and neuroprotec-
tive pathways. While these data show promise 
for potential changes in motion, systematic, 
translational, and clinical research is needed to 
validate their therapeutic effects on stroke reha-
bilitation in humans. 
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