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Abstract
Introduction  Migraine, a common disorder marked by severe and repetitive headaches, has been linked to the 
involvement of the NMDA receptor (NMDAR), a receptor responsible for glutamate signaling. Moringa oleifera (M. 
oleifera), recognized for its anti-inflammatory properties and therapeutic potential in various conditions, has been 
investigated. This study aims to assess the efficacy and precise mechanisms of M. oleifera for the treatment of 
migraine, for which evidence is limited.

Methods  Rats were stratified into four distinct groups. The control group did not undergo the migraine-induction 
protocol. Post-induction, the “sumatriptan” group was administered sumatriptan injections, the “treatment” group 
received oral M. oleifera extract, and the “vehicle” group was provided with oral solvent treatment. Behavioral 
evaluations encompassing Von Frey’s and hot plate assessments, in addition to qPCR analysis targeting Nr2a, Nr2b, 
Bax, Bcl-2, and Caspase-3, were conducted.

Results  Von Fery’s and hot plate tests revealed a notable decrease in triggering pressure and temperature within the 
vehicle group when compared to the other groups (both ps < 0.001). The Nr2a expression levels in both the vehicle 
and treatment cohorts exhibited significantly higher values than those observed in the control group (p < 0.001, 
p = 0.001) and the sumatriptan group (p < 0.001, p = 0.002). Conversely, no substantial alterations in Nr2b or Bcl-2 
expression levels were observed across the study groups (p = 0.404, p = 0.976). Notably, heightened expressions of 
Caspase-3 and Bax were evident in the vehicle group relative to the other groups (p = 0.013, p = 0.010).

Conclusions  Moringa oleifera extract appears to mitigate symptoms of migraine by inhibiting apoptosis, suggesting 
potential efficacy in migraine treatment; however, additional research investigating a wider range of pathways is 
necessary.
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Background
Migraine represents a prevalent neurological disorder 
marked by severe and recurring headaches. An esti-
mated one-third of individuals with migraine encounter 
aura, defined as transient neurological symptoms that 
precede the onset of the headache [1]. Cortical spread-
ing depression (CSD) is presumed to be the fundamen-
tal mechanism driving the manifestation of a migraine 
aura [2]. CSD is a wave of neuronal and glial depolariza-
tion that gradually propagates throughout the cortex, 
disrupting brain activity as it traverses. Studies indicate 
that CSD triggers the activation of the trigeminovascular 
system, thereby precipitating migraine headache pain. 
The visual disturbances such as scotomas and zigzag pat-
terns frequently described by individuals with migraines 
are probable outcomes of the cortical spreading depres-
sion wave traversing the visual cortex [3]. Delving into 
the mechanisms of CSD and migraine aura could offer 
valuable insights for the development of novel migraine 
prevention strategies.

Glutamate emerges as the predominant excitatory 
neurotransmitter within the nervous system. Within 
the trigeminal ganglion (TG), every neuronal subtype 
is equipped to both store and liberate glutamate follow-
ing activation [4]. The N-methyl-D-aspartate receptor 
(NMDAR) receptor plays a crucial role in processes such 
as learning, memory, pain perception, and the develop-
ment of central sensitization. Additionally, it is associated 
with cognitive and emotional disruptions in stress-related 
conditions [5, 6]. The NMDAR could potentially play 
a role in cortical spreading depression by triggering 
neuronal hyperexcitability alongside other underlying 
mechanisms [6, 7]. The initiation and propagation of 
CSD require NMDAR activation, whereas AMPA activa-
tion, a different gated glutamate receptor, is not essential 
for this process [8]. The decrease in NMDAR levels has 
been demonstrated to offer protection against migraine 
[6, 8]. It has been noted that multiple NMDAR antago-
nists, including MK-80, exhibit the ability to block CSD. 
However, their non-discriminatory actions and diverse 
side effect profiles render them unsuitable for clinical use 
[7, 9–11]. In the chick retina devoid of blood vessels, the 
inhibition of CSD by an NR2A antagonist suggests that 
the suppressive outcomes are mediated via neuronal and 
glial processes [10].

Moringa oleifera, a fast-growing, drought-resistant 
tree native to the Indian subcontinent, exhibits neu-
roprotective effects. Its extracts demonstrate antioxi-
dant properties in an Alzheimer’s disease rat model and 
regulate inflammation, oxidative stress, and apoptosis 

in a Parkinson’s disease mouse model [12–15]. M. oleif-
era promotes neuronal outgrowth, differentiation, and 
synaptogenesis in a concentration-dependent manner, 
improves spatial memory, and mitigates neurodegenera-
tion in hippocampal regions [12, 15–17]. The neuropro-
tective mechanisms of moringa involve the NF-kB/Nrf2/
HO-1 signaling pathway [18]. M. oleifera seed extract has 
been shown to prevent glutamate-induced DNA damage 
in primary retinal ganglion cells in rats [19]. Furthermore, 
its extracts and components show protection against oxi-
dative stress by reducing reactive oxygen species (ROS) 
formation and modulating antioxidant protein expres-
sion [20, 21]. The plant’s antioxidant effects were shown 
to prevent di(2-ethylhexyl) phthalate (DEHP)-induced 
cell apoptosis in human neuroblastoma cells [21]. We 
conducted this study to assess the efficacy and precise 
mechanisms of M. oleifera leaf preparations for the treat-
ment of migraines, specifically exploring whether these 
mechanisms affect apoptotic pathways and/or glutamate 
receptor expression levels, as evidence on these aspects is 
lacking in the scientific literature.

Methods
Animals
Within this investigation, 48 adult male Wistar rats 
weighing between 250 and 300  g were employed. The 
animals were obtained from the Institut Pasteur in Iran. 
The experimental setting entailed subjecting the animals 
to a light-dark cycle of 12 h each, regulated by an electric 
timer. Environmental factors such as temperature (rang-
ing from 18 to 24 degrees Celsius) and humidity (main-
tained between 45% and 50%) were carefully controlled. 
The rats were housed in specialized plastic enclosures 
with ad libitum access to water and food, with drinking 
water sourced from the tap. Each animal underwent test-
ing once daily. Euthanasia procedures, detailed in the 
trigeminal ganglion sampling segment, were followed 
by appropriate disposal of the corpses using lime. The 
entire experimental protocol adhered to the guidelines 
set forth by the National Institutes of Health (NIH) [22] 
and was approved by the Ethics Committee of AJA Uni-
versity of Medical Sciences (Ethics code: IR.AJAUMS.
REC.1401.040).

Solutions
The pharmaceutical compounds and solutions employed 
in this research were all ACS-certified and stored as per 
the manufacturer’s recommendations. Nitroglycerin 
(Sigma-Aldrich, 1466506) and Sumatriptan (Sigma-
Aldrich, PHR2579) underwent dilution in 0.9% saline, 
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whereas M. oleifera extract was diluted in 5% Tween 80 
(Sigma-Aldrich, P8192).

Study groups
We divided the animals into four groups, each compris-
ing 12 rats. The “control” group included rats that did 
not undergo the migraine-induction procedure. In the 
“sumatriptan” group, rats received an intraperitoneal 
injection of sumatriptan at a dosage of 1 mg/kg from day 
10 to day 24 after nine days of migraine induction [23]. 
In the “treatment” group, rats were orally administered 
M. oleifera extract dissolved in Tween 80 at a dosage of 
10  ml/kg from day 10 to day 24 post-induction. Rats in 
the “vehicle” group received an oral treatment of Tween 
80 at the same dosage as the treatment group following 
the induction phase.

Preparation of M. oleifera extract
The plants used in this study were obtained from a cul-
tivation farm, and Dr. Yasaman Hosseini verified the 
identification of the plant material. Three hundred fifty 
grams of powdered aerial parts of the plant were placed 
in a shaker with one liter of 96% ethanol for three con-
secutive days in an Erlenmeyer flask. The extraction pro-
cess involved ultrasound assistance (35  min, 35 degrees 
Celsius, 37  kHz). The solution was then filtered using 
Whatman No. 1 filter paper in a centrifuge at 3500 rpm 
(1008  g) for 10  min. The resulting extract was obtained 
using a vacuum evaporator. The extract was stored in 
dark glass containers in a refrigerator until further test-
ing. 5% Tween 80 was utilized as a solvent for animal oral 
treatment [24].

Pseudo-migraine modeling
Nitroglycerin was administered to rats at a dosage of 
10 mg/kg for nine consecutive days, with injections given 
every other day, resulting in a total of 5 injections on 
days 1, 3, 5, 7, and 9 to induce migraine-like symptoms 
[25]. Nitroglycerin was diluted with 0.9% normal saline 

solution to create a uniform white emulsion for migraine 
modeling at a dose of 10  mg/kg [26]. The identifiable 
manifestations of a seizure, such as an ear reddening, 
head scratching, cage climbing, and body tremors, were 
documented. Subsequently, these indicators were ana-
lyzed to determine the effective induction of the migraine 
model [27]. This model induces both acute and chronic 
migraines. Acute migraines manifest around two hours 
subsequent to each injection, whereas chronic migraines 
endure for weeks following the final injection [28].

Trigeminal ganglion sampling
Animals were fully anesthetized using an intraperitoneal 
injection of ketamine HCl (50  mg/kg) and chlorproma-
zine HCl (10 mg/kg). The animals were then positioned 
on a dissecting board with their motor organs secured 
in a supine posture. Surgical incisions were made in the 
mid-line sternum and the lateral sides of the chest to 
expose the live heart. The pericardial sac was carefully 
opened, and a needle was inserted into the left ventricle, 
followed by a larger incision in the right atrium for blood 
drainage. Cold saline was then infused into the blood-
stream until the fluid ran clear. Following the animal’s 
expiration [29], the right trigeminal ganglion was excised 
and preserved for subsequent qPCR analysis.

Quantitative PCR
After the animal was deceased, the right trigeminal gan-
glion was isolated on a cold surface. Tissue samples were 
rapidly frozen in liquid nitrogen and stored at -80 °C for 
several days before PCR tests were conducted. Following 
centrifugation at a temperature of 4 degrees Celsius for 
10 min at 3000 g, supernatants were obtained from these 
samples, and the expression levels of Caspase-3, Bax, 
Bcl-2, as well as Nr2a and Nr2b subunits of the NMDA 
receptor, were assessed using the quantitative PCR tech-
nique [29–33]. Four animals from each group were ran-
domly selected to undergo qPCR testing.

The total RNA was extracted from cells utilizing Trizol 
reagent, followed by reverse transcription of one micro-
gram of the total RNA into cDNA using commercially 
available kits. The resulting cDNA was employed for 
quantitative real-time PCR on a Rotorgene 3000 ther-
mocycler, with each sample being subjected to triplicate 
reactions. mRNA expression levels were quantified utiliz-
ing the 2−ΔΔCt method, which calculates the fold-change 
in gene expression normalized to a housekeeping gene 
(gapdh), with ΔCT = CT (a target gene) − CT (a reference 
gene) and ΔΔCT = ΔCT(a target sample)−ΔCT(a refer-
ence sample) = (CTD − CTB)−(CTC − CTA) [34]. The 
primers were designed using the PrimerQuest tool (Inte-
grated DNA Technologies) and are provided in Table 1.

Table 1  Primers used in this study
Gene Primer
Bax F 5′-GATGGCCTCCTTTCCTACTTC-3′

R 5′-CTTCTTCCAGATGGTGAGTGAG-3′
Bcl-2 F 5′-GGAGGATTGTGGCCTTCTTT-3′

R 5′-GTCATCCACAGAGCGATGTT-3′
Caspase-3 F 5′-CCACGGAATTTGAGTCCTTCT-3′

R 5′-CCACTCCCAGTCATTCCTTTAG-3′
Nr2a F 5′-GGAGGAGGTTGGGTCATTTAT-3′

R 5′-AGTAGGCACTTGGGACTTTAC-3′
Nr2b F 5′-CACCCGTATCTGCGATCTTATG-3′

R 5′-GGTGAGAGTCTGAGCAGAAATG-3′
Gapdh F 5′-ACTCCCATTCTTCCACCTTTG-3′

R 5′-CCCTGTTGCTGTAGCCATATT-3′
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Behavioral examinations
The study assessed the adverse effects of migraine on 
pain perception, hypersensitization, and allodynia by 
conducting von Fery’s and hot-plate tests on days 25 and 
26.

Von Fery  The von Frey filament test was employed to 
assess mechanical withdrawal thresholds in the hind paw. 
Von Frey filaments from Bioseb, USA, with escalating 
force levels, were administered to the hind paw five times. 
The mechanical threshold was characterized as the mini-
mal filament force in grams that triggered a withdrawal 
response in a minimum of four out of the five instances. 
This measurement was documented as the mechanical 
threshold in grams [35].

Hot plate  Animals were placed on a hot plate (Sorel Hot 
Plate model DS37, Ugo Basile, Italy) set to 52 ± 0.2  °C 
to assess heat sensitivity. The time taken from initial 
contact with the hot surface to the first observed sign 
of heat sensitivity, such as jumping or paw licking, was 
recorded. A 20-second cutoff was implemented to pre-
vent tissue damage. The recorded latency time was the 
duration between contact and the first heat-induced 
response or the 20-second threshold if no reaction 
occurred [36].

Statistical analysis
The data was assessed for normal distribution using 
the Shapiro-Wilk test, and the homogeneity of vari-
ances was assessed using Levene’s test. The evaluation 
of gene expression fold changes across control, sumat-
riptan, vehicle, and treatment groups was conducted 
using one-way ANOVA under the assumption of nor-
mality. Post hoc Tukey’s HSD tests were employed fol-
lowing the omnibus test to identify significant group 
discrepancies. In cases where normality assumptions 
were violated, the Kruskal–Wallis test was applied, and 
post-hoc pairwise Wilcoxon rank-sum tests with Bonfer-
roni’s correction were implemented. Similar procedures 
were implemented to examine response pressure in the 
Von Frey test and reaction latencies in the hot plate test 
across the groups. Statistical significance was defined as 
p < 0.05. The statistical analyses were executed within the 
R open-source environment (R Foundation for Statistical 
Computing, Vienna, Austria).

Results
M. oleifera extract reduces thermal and mechanical 
allodynia associated with migraine
The results obtained from the hot plate test exhibited 
a normal distribution with consistent variances across 
groups. In contrast, the data derived from the von 
Frey test demonstrated a departure from the expected 

normal distribution pattern. The omnibus tests 
revealed statistically significant differences among 
the study groups for both the hot plate (P < 0.001) and 
von Frey tests (P < 0.001). Significant reductions in 
the pressure threshold for eliciting a response were 
observed when von Frey filaments were applied to 
the hind paws in the vehicle group, in contrast to the 
control, sumatriptan, and treatment groups (P = 0.002, 
P = 0.002, P = 0.006, respectively). Moreover, the 
latency to respond to heat-induced nociceptor stimu-
lation was significantly shorter in the vehicle group 
compared to the control, sumatriptan, and treat-
ment group (P < 0.001, P < 0.01, P < 0.01, respectively) 
(Fig. 1).

M. oleifera did not reduce the increased Nr2a expression in 
trigeminal ganglions associated with migraine
In relation to NMDAR subunits, the omnibus 
tests revealed a significant distinction in the Nr2a 
(P < 0.001) gene across the various study groups. Sub-
sequent post hoc analyses indicated significantly 
elevated Nr2a expression levels in the vehicle group 
compared to both the control (P < 0.001) and sumatrip-
tan (P < 0.001) groups. Additionally, rats in the treat-
ment group exhibited higher Nr2a expressions than 
the control (P = 0.001) and sumatriptan (P = 0.002) 
groups but comparable to the vehicle group (P = 0.714) 
(Fig.  2a). No significant alterations in Nr2b expres-
sion levels were observed among the study groups 
(P = 0.404) (Fig. 2b).

M. oleifera attenuated increased apoptotic gene expression 
in trigeminal ganglions associated with migraine
The data for the apoptotic gene expression levels con-
formed to a normal distribution and exhibited homo-
geneous variances across the study groups. Omnibus 
tests revealed significant differences in the expression 
levels of the apoptotic genes Caspase-3 and Bax among 
the study groups (P = 0.013 and P = 0.010, respectively). 
However, no significant variation was observed for 
the Bcl-2 gene expression levels (P = 0.976). Caspase-3 
demonstrated significantly higher expression in the 
vehicle group in comparison to the control, sumat-
riptan, and treatment groups (P = 0.019, P = 0.049, 
P = 0.024, respectively) (Fig.  2c). Conversely, Bcl-2 
expression did not show significant differences among 
the study groups (Fig.  2d). Additionally, Bax gene 
expression was significantly elevated in the vehicle 
group compared to the control, sumatriptan, and treat-
ment groups (P = 0.022, P = 0.020, P = 0.026, respec-
tively) (Fig.  2e). These results suggest an increase in 
the BAX/BCL-2 ratio specifically observed in the vehi-
cle group, a pattern that was not observed in the other 
study groups.
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Discussions
The study observed the presence of allodynia and hyper-
sensitization following GTN-induced migraine, which 
were absent in the treatment group. This suggests that 
M. oleifera extract may have a potential alleviating effect 
on migraine symptoms. Additionally, elevated expres-
sion levels of NR2A subunit of NMDAR, Bax, and Casp3 
apoptotic genes were noted in the vehicle group but not 
in the treatment group. These results suggest a compel-
ling role for M. oleifera extract in anti-migraine mecha-
nisms, potentially involving the inhibition of apoptosis 
and modulation of NMDAR subunits, particularly NR2A.

Previous research has highlighted the critical role of 
glutamate receptors in pain processing [37]. The expres-
sion of several glutamate receptor subunits in various 
locations known to play a significant role in pain per-
ception has been documented [37]. NMDAR functions 
as a gated glutamate receptor and ion channel, primar-
ily facilitating the passage of Ca2 + ions. The receptor 
comprises an essential subunit, NR1, along with regula-
tory subunits, NR2 and NR3, which are capable of inter-
changing roles [38, 39]. Calcitonin gene-related peptide 
(CGRP) stands as a crucial neuropeptide associated 
with migraine pathogenesis. It is expressed extensively 
in both the peripheral and central nervous systems, 

including in neurons of the trigeminal ganglion [40]. 
Studies have indicated a correlation between plasma 
levels and headache intensity, demonstrating a reduc-
tion post-sumatriptan administration subsequent to a 
nitroglycerin-induced migraine episode [41]. Kynurenic 
acid analog 1, a substance with NMDAR antagonistic 
effects, alleviates hyperalgesia and decreases mRNA 
levels of CGRP, nNOS, and cytokines in the trigeminal 
ganglia [42]. The NR2A antagonists decreased both the 
frequency and amplitude of CSD following application to 
the contralateral internal cerebral vein [43]. The increase 
in CGRP levels within the rat amygdala subsequent to 
repetitive CSD was mitigated by inhibiting NR2A using 
NVP-AAM077, delivered via the contralateral internal 
cerebral vein [43]. Nitric oxide (NO), given its varied vas-
cular and neurophysiological functions, holds a promi-
nent position in the pathophysiology of migraine [44]. 
Tyrosine phosphorylation of NR2B and the modulatory 
subunit of NMDAR induces calcium influx, which, upon 
reaching a critical concentration, activates calmodulin to 
stimulate nitric oxide synthase (NOS), subsequently gen-
erating NO [6].

It has been demonstrated that there was an increase 
in NR2B expression levels in the trigeminal ganglion 
subsequent to GTN-induced migraine. Additionally, 

Fig. 1  Comparative analysis of migraine behavioral tests. The minimum force required to elicit a reaction in rats during the von Frey test and the time 
taken to elicit a response in the hot plate test. Results are displayed as mean values accompanied by error bars denoting the standard deviation across 
groups. n = 12, for all groups; one-way ANOVA with Tukey’s correction for hot plate test data and Kruskal-Wallis test with post hoc Wilcoxon tests and 
Bonferroni’s correction for von Frey’s test data analysis; * P < 0.05, ** P < 0.01, *** P < 0.001, **** P < 0.0001
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levels of NOS, NO content, and tactile threshold were 
diminished by Adenovirus-expressing siPTEN [6]. 
Conversely, the 2-week ethological stress paradigm 
results in elevated hippocampal NR2A expression 
levels and an increased NR2A/NR2B ratio without 
impacting NR2B expression levels [5]. It has been 
demonstrated that the inflammatory soup in rats 
induces dural nociception, potentially contributing to 
impairments in spatial cognition, which may be linked 
to a reduced NR2A/2B ratio [45]. Masseter inflamma-
tion did not induce any variations in the expression 
levels of NR2A or NR2B within the trigeminal ganglia 
of rats [37]. An increase in NR2B expression levels was 
observed in the vehicle group, albeit not reaching sta-
tistical significance, whereas a significant elevation in 
NR2A expression levels was noted in the same group, 
persisting without reduction in the treatment group. 
The incongruent findings could possibly be attributed 
to the diverse stressors and inducers applied to the 
animals, as well as the specific tissue analyzed.

Apoptosis and cell death may be intricately involved 
in the pathogenesis of migraines. Notably, mitochon-
drial events and proteins exhibit significant influence 
on the apoptotic mechanisms within the trigeminal 
ganglia, irrespective of the presence of conventional 
apoptotic morphological indicators [46]. The influx 
of Ca2 + has been demonstrated to trigger a series of 
oxidative stress reactions, resulting in neuronal apop-
tosis within the trigeminal ganglion. This process can 
be mitigated by NMDA antagonists [47]. The height-
ened production of mitochondrial reactive oxygen 
species (mROS) and cytosolic reactive oxygen species 
(cROS) in migraine conditions induces the upregu-
lation of TRPM2 proteins, consequently instigating 
apoptosis [48]. TRPM2 has been shown to facilitate 
an excessive influx of Ca2+, which increases the pro-
duction of mROS and cROS, ultimately leading to 
neuronal death within the trigeminal ganglion during 
GTN-induced migraines in mice [49]. Research find-
ings highlight that repetitive induction of migraines 

Fig. 2  Comparative analysis of implicated gene expression levels. The variations in expression levels are indicated as fold changes of the genes Nr2a, 
Nr2b, Capase-3, Bcl-2, and Bax. Results are displayed as mean values accompanied by error bars denoting the standard deviation across groups. n = 4 
for all groups; one-way ANOVA with Tukey’s correction for multiple comparisons for all data analyses; * P < 0.05, ** P < 0.01, *** P < 0.001, **** P < 0.0001
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via dural IS stimulation elevates P2 × 7R expression, 
initiates NLRP3 inflammasome activation, induces 
proinflammatory cytokine release (IL-1β and IL-18), 
and triggers the pyroptotic cell death pathway. Fur-
thermore, neuronal degeneration and cognitive defi-
cits were also observed in the study [50]. BAX and 
BCL2, key members of the Bcl-2 gene family, are local-
ized in mitochondria and are pivotal in the regulation 
of apoptosis. BCL-2 inhibits apoptosis by entrapping 
activated BAX, preventing its oligomerization [51]. 
Also, the BCL-2 BH4 domain has been found to inhibit 
BAX activation through a noncanonical interaction 
mechanism [51]. Additionally, CASP3, a protein impli-
cated in both apoptosis and proptosis, demonstrates 
heightened expression within the trigeminal ganglion 
of GTN-induced mice [49]. In the Fas apoptotic path-
way, caspase-3 is activated downstream of caspase-8 
and caspase-10, leading to the cleavage of cytoskeletal 
and nuclear proteins [52]. We detected heightened 
expression levels for BAX and CASP3 proteins in the 
vehicle group, providing evidence for the involvement 
of cell death in migraine. These elevations were com-
pletely mitigated in the intervention group, indicating 
that M. oleifera acts, at least partially, by stabilizing 
cells and preventing apoptosis and proptosis. Although 
there are reports of elevated apoptosis levels induced 
by M. oleifera extracts, their pro-apoptotic effects have 
been shown to target tumor cells while sparing cells 
from healthy donors [53].

Allodynia characterizes the sensation of pain trig-
gered by typically non-painful stimuli. This process often 
entails central hypersensitization and involvement of the 
trigeminovascular system. Prolonged exposure to painful 
stimuli can amplify the excitability and synaptic efficacy 
within the nociceptive pathways of the central nervous 
system [54]. The throbbing pain observed in migraine 
patients arises from the hypersensitization of meningeal 
nerves influenced by the trigeminovascular system. This 
heightened sensitivity renders the nerves responsive even 
to arterial pulses, which under normal circumstances are 
considered non-nociceptive stimuli [54]. The prevalence 
of allodynia in patients with migraine ranges from 0.25 to 
0.8, with a higher incidence among female patients [55, 
56]. Moreover, studies have demonstrated a correlation 
between allodynia and aura, disease duration, depres-
sion, and elevated BMI [57–59]. Moreover, allodynia was 
demonstrated as a predictive factor for the elevation in 
the number of migraine days [60]. Allodynia is commonly 
correlated with migraine, whereas patients experienc-
ing cluster headaches usually do not display allodynia 
unless they have a personal or familial background of 
migraine [56]. Previous studies indicate that the pres-
ence of allodynia independently contributed to the exac-
erbation of migraines during the COVID-19 pandemic, 

specifically when utilizing face masks and disinfectants 
[61]. There are three distinct types of allodynia: thermal, 
static mechanical (pressure), and dynamic mechanical 
(brush) [62]. In our investigation utilizing hot plate and 
Von Frey’s tests, we examined thermal and mechanical 
allodynia and hypersensitization. Our findings indicate 
that thermal and mechanical allodynia were mitigated in 
the treatment group, highlighting the potential impact of 
Moringa oleifera extract in reducing hypersensitivity and 
subsequently improving the quality of life for migraine 
patients.

Our study has several limitations that should be 
acknowledged. Our relatively small sample size may limit 
the generalizability of our findings to broader popula-
tions. A larger sample size would enhance the statistical 
power, allowing for a better understanding of variabil-
ity in response to treatment across different subgroups. 
Additionally, while we adjusted for known confounding 
factors, there may be other unmeasured variables, such 
as variations in diet, stress levels, or other comorbid 
conditions, that could influence the observed treatment 
effects. Furthermore, although we explored mechanisms 
related to apoptotic pathways and glutamate receptor 
expression levels, further mechanistic studies are needed 
to fully elucidate how M. oleifera exerts its effects. The 
short duration of follow-up in our study prevented us 
from assessing the long-term effects and safety of the 
treatment. Longer follow-up studies would be benefi-
cial to evaluate the sustained impact of M. oleifera and 
identify potential delayed adverse effects. Lastly, the con-
trolled experimental setting of the study may not fully 
capture real-world conditions, where various external 
factors could influence outcomes. Also, our investiga-
tion focused solely on two subunits of NMDAR. Exist-
ing literature highlights the essential contribution of 
other subunits to receptor functionality, where antago-
nists targeting specific subunits demonstrate only partial 
inhibition of CSD [7]. Also, the examination centered 
on the trigeminal ganglion unilaterally, highlighting the 
potential for contrasting insights when considering bilat-
eral analysis. It is essential to acknowledge the potential 
divergence in the pathophysiological mechanisms under-
lying migraine symptoms between human and rodent 
models. Furthermore, it is plausible that the induction of 
migraines by GTN may engage distinct mechanisms and 
pathways compared to those involved in typical migraine 
episodes.

Conclusions
Moringa oleifera alleviates migraine-associated allodynia 
and hypersensitivity, at least partly by reducing CASP3 
expression and the BAX/BCL-2 ratio, and stabilizing cells 
to prevent death in the CNS, demonstrating its potential 
in migraine management.
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