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ABSTRACT

Introduction: Moringa oleifera, known as Kelor in Malay and Murunggai in Tamil, is widely recognised for its nu-
tritional and therapeutic benefits. Its leaves contain bioactive compounds such as flavonoids and polyphenols that 
confer antioxidant, anti-inflammatory, and anticancer properties. Modulating the unwanted inflammatory responses 
of microglia has become a key strategy in slowing neuroinflammation and the progression of neurodegenerative 
diseases. Objectives: This study aimed to evaluate the effects of Moringa oleifera ethanol extract (MoETE) on the 
pro-inflammatory responses of BV2 microglial cells. Methods: Cytotoxicity was determined using the MTT assay. 
The immunomodulatory potential of MoETE was assessed by measuring nitric oxide (NO) production and apoptosis 
in BV2 cells stimulated with 1 µg/mL LPS, using the Griess assay and flow cytometry, respectively. Experiments were 
performed in triplicate (n = 3). Data were analysed using one-way ANOVA followed by Dunnett’s and Sidak’s post 
hoc tests. Results: MoETE supported BV2 viability between 0.1–100 µg/mL but significantly reduced viability at 1000 
µg/mL (46.44%, p < 0.0001). NO levels decreased significantly (p < 0.05) in LPS-stimulated cells treated with low 
MoETE concentrations (0.1–100 µg/mL) compared to controls, whereas higher concentrations (200–1000 µg/mL) 
restored NO production and induced apoptosis. Conclusion: MoETE demonstrates dose-dependent effects on mi-
croglial cells, exhibiting anti-inflammatory and neuroprotective potential at low concentrations but cytotoxicity and 
pro-inflammatory effects at higher doses. These findings suggest that controlled low-dose MoETE may beneficially 
modulate microglial activity to mitigate neuroinflammation.
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INTRODUCTION

In Malaysia, a key aspect of its tradition and 
ethnopharmacological heritage is the use of medicinal 
plants to treat health conditions. These natural remedies 
have been historically relied upon to address various 
health issues, providing cost-effective and culturally 
accepted alternatives to conventional treatments (1–
2). Among these medicinal plants recognised for their 
therapeutic benefits is Moringa oleifera, locally called 
“Kelor” in Malay and “Murunggai” in Tamil. This plant 
has gained global recognition not only for its nutritional 
content but also for its wide-ranging pharmacological 

properties (3). Notably, every part of the M. oleifera 
plant—including the leaves, flowers, pods, seeds, roots, 
and bark—contains unique combinations of vitamins, 
minerals, and bioactive compounds, enabling a broad 
spectrum of biological activities, such as antioxidant, 
anti-inflammatory, anti-diabetic, anti-hypertensive, anti-
cancer, and antimicrobial effects (3–4).

Among these parts, the leaves are particularly valuable 
and have garnered increasing pharmacological 
interest. The leaves of M. oleifera act as a container 
of vital micronutrients, such as vitamins A, C, and E, 
calcium, zinc, and magnesium, alongside a wide 
range of phytochemicals including flavonoids, 
polyphenols, tannins, alkaloids, saponins, phenolic 
acids, glucosinolates, and isothiocyanates (5–6). These 
compounds collectively contribute to its antioxidant, 
anti-inflammatory, and anti-cancer properties (6). In 
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traditional medicine, the leaves have been used to 
treat inflammatory conditions and improve immune 
function (7). Scientific studies have validated these 
benefits, showing that many phytochemicals exert 
immunomodulatory effects by influencing intracellular 
signalling pathways like nuclear factor kappa B (NF-
κB) and mitogen-activated protein kinase (MAPK) 
(8,11). Through these pathways, M. oleifera can 
suppress the production of inflammatory mediators, 
enhance antioxidant defences, and potentially promote 
immunological balance by guiding immune responses 
towards a protective, anti-inflammatory state (8).

The immunomodulatory potential of Moringa oleifera 
is significant due to its ability to influence immune 
responses, particularly in relation to neuroinflammation 
(9), a key factor in the progression of neurodegenerative 
diseases such as Alzheimer’s and Parkinson’s. In 
the central nervous system (CNS), microglia serve 
as the primary immune surveillance cells. Their role 
involves identifying pathological changes and initiating 
inflammatory responses (10). When stimulated by 
agents such as lipopolysaccharide (LPS), microglia 
shift from a resting state to an activated state, releasing 
pro-inflammatory mediators, including cytokines, 
reactive oxygen species (ROS), and nitric oxide (NO). 
While this response is crucial for host defence, chronic 
or uncontrolled activation can lead to prolonged 
inflammation and neuronal damage (11). Therefore, 
modulating microglial activity to promote a shift 
from the pro-inflammatory (M1) phenotype to the 
anti-inflammatory (M2) phenotype has emerged as a 
promising therapeutic strategy (12). Moringa oleifera 
contains bioactive compounds that affect pathways 
such as NF-κB and MAPKs, which suggests its potential 
as a modulator of microglial responses, offering 
neuroprotection by reducing excessive inflammation 
within the CNS.

Although M. oleifera has been extensively studied 
for its antioxidant and anti-inflammatory effects in 
many peripheral immune cells, its direct impact on 
microglial-driven inflammation remains underexplored. 
In particular, the role of M. oleifera leaf ethanol extract 
(MoETE) in modulating inflammatory responses in BV2 
microglia has received limited scientific attention. Since 
microglia are crucial in central nervous system (CNS) 
immune responses (10), understanding how MoETE 
influences their behaviour is vital for assessing its 
therapeutic potential in neurological disorders.

Therefore, this study aims to examine the 
immunomodulatory effects of Moringa oleifera leaf 
ethanol extract on BV2 microglial cells, specifically 
investigating its impact on cell viability, nitric oxide 
production, and apoptotic response under both resting 
and LPS-stimulated conditions. This research addresses a 
gap in current knowledge and provides a scientific basis 
for the therapeutic development of M. oleifera in the 

treatment of inflammation-related neurodegenerative 
disorders.

MATERIALS AND METHODS

Source of M. oleifera leaves
The leaves of M. oleifera were obtained from a sole 
supplier in Bangsar, Selangor. The collected leaves 
underwent a washing process involving two rinses with 
distilled water, followed by oven-drying at 40°C for 72 
hours. Subsequently, the dried leaves were ground into 
a powder, weighed, and then assessed for microbial 
content, heavy metals, and purity. The resultant powder 
was stored in a chiller at 4°C until required for use. 

M. oleifera extraction and storage
The leaves of M. oleifera underwent ethanol extraction 
at the Phytochemistry Unit, Herbal Medicine Research 
Centre (HMRC) of the Institute of Medical Research 
(IMR) in Kuala Lumpur. Using sonication extraction, 
the dry powdered M. oleifera leaves were extracted 
with 70% ethanol at a 50 g to 500 mL ratio and left at 
room temperature for 1 hour. The extract was filtered 
using filter paper and then concentrated under pressure 
by a rotary evaporator (Buchi Rotavapor R210/215, 
Switzerland) at 40°C to obtain a crude extract. The 
concentrated extracts underwent freeze-drying to yield a 
dry test material, which was stored at -20°C until further 
use.

Preparation of M. oleifera stock solution
The stock solution of the M. oleifera ethanol extract 
(MoETE) was prepared by dissolving 100 mg of extract 
in 1 mL of filtered dimethyl sulfoxide (DMSO). From 
this stock, serial dilutions were performed in complete 
DMEM media to generate working concentrations of 
0.1, 1.0, 10.0, 100.0, 200.0, 500.0 and 1000.0 μg/mL. 
Fresh stock solutions were prepared before the initiation 
of every new assay. 

Cells and cell culture conditions
The microglial BV2 cell line was obtained from the 
Microglia Research Group, Immunology Laboratory, 
Faculty of Medicine and Health Sciences (FMHS). The 
cells were grown in the DMEM (Gibco, Thermo Fisher 
Scientific, United States) medium consisting of 5% fetal 
bovine serum (FBS), 1% penicillin and streptomycin, 
0.5% amphotericin, 0.1% gentamicin, 0.1% insulin, 
sodium bicarbonate, and non-essential amino acid 
(NEAA) before incubation at 37°C for 24 hours under 
a humidified atmosphere of 5% CO2. Cells were then 
subcultured once they reached confluency between 
80% to 90%. This involves detaching the cells using 
0.25x trypsin-EDTA, followed by neutralisation with 
media, and then reseeding in a fresh medium to maintain 
optimal growth conditions.
 
MTT Assay 
The 3-(4,5-dimethylthiazolyl-2)-2,5-diphenyltetrazolium 
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bromide (MTT) assay was utilised to determine the 
viability of the cells. Briefly, the BV2 cells were seeded 
at 1.5 x 10⁴ cells into the wells of a 96-well plate before 
a 24-hour treatment at 37°C with MoETE at different 
concentrations (0.1-1000 µg/mL) for the experimental 
group, and with only complete media for the blank 
control group for 24 hours. The media in each well was 
removed and replaced with 100 µl of 0.5 mg/mL MTT 
reagent before 4 hours of incubation. The MTT solution 
was then removed, and upon addition of 100 µl of 
dimethyl sulfoxide (DMSO) per well, the mitochondrial 
succinate dehydrogenase in the living cells reduced from 
yellow to water-insoluble blue-purple crystals (formazan 
crystals), followed by 5 minutes of incubation. The 
absorbance was measured using an automated ELISA 
microplate reader (BIOBASE, China) at a wavelength of 
570 nm.

Griess Assay 
The Griess assay was used to measure the production 
of nitric oxide (NO) in the cell supernatants, following 
the protocol outlined in the Griess Reagent System kit 
(Promega, United States). A standard curve was made 
by serial dilution with concentrations ranging from 
1.56 to 100 µM of sodium nitrite (NaNO2). In a 96-
well plate, 50 µL of cell culture supernatant was mixed 
with an equal volume of NaNO2. After 10 minutes of 
incubation in the dark, the absorbance was measured 
at 540 nm using an automated ELISA (BIOBASE, China) 
microplate reader, and the concentration of NO was 
quantified based on the NaNO2 standard curve. 
 
Apoptosis Assay
The apoptosis assay was performed to determine the 
extent of programmed cell death. The BV2 cells were 
seeded in 6-well plates in complete DMEM media. The 
cells were then treated with MoETE at concentrations of 
0.1 and 1000.0 µg/mL. The plates were incubated for 
24 hours before harvesting, and then washed twice with 
cold, sterile PBS to ensure that all cells were collected. 
The cells were then incubated with 100 μL of 10x Stain 
Buffer (BSA), followed by staining with 5 μL of Annexin 
V and 5 μL of PI in the treated cells. The stained cells 
were then incubated for 15 minutes in the dark, followed 
by resuspension in 400 μL diluted BSA. Acquisition 
cells were then obtained using flow cytometry (BD 
FACSCantoTM, United States), and data analysis was 
performed using software (BD FACSDiva, United 
States). Approximately a minimum of 10,000 cells were 
analysed from each sample. The cellular fraction that 
is negative for both annexin and propidium iodide is 
generally regarded as non-apoptotic. Conversely, the 
annexin V-FITC+/PI− population is categorised as early 
apoptotic cells, and the annexin+/PI+ population as 
late apoptotic cells. Cells that are annexin V-/PI+ are 

considered disintegrated cells that have lost their plasma 
membrane.

Statistical analysis
All data values were reported as mean (±) standard 
deviation (SD). One-way ANOVA was performed to 
compare all pairs to the blank control groups, followed 
by a post-hoc Dunnett’s test. Two-way ANOVA for 
pairwise comparison, followed by Sidak’s. Statistical 
significance was set at p ≤ 0.05. All data were analysed 
using GraphPad Prism Version 10.0 (GraphPad, United 
States). 

RESULTS

Cytotoxicity Analysis
Fig. 1 shows that MoETE treatment at concentrations 
ranging from 0.1 to 500.0 µg/mL did not significantly 
reduce BV2 cell viability relative to the untreated control 
(where 0.0 μg/mL: untreated control group), indicating 
that these concentrations were considered non-
cytotoxic. A modest increase in viability was observed 
at 200.0 and 500.0 µg/mL. However, a significant 
reduction in viability was detected at 1000.0 µg/mL, 
suggesting cytotoxicity at this highest concentration. 

Fig. 1: Effect of MoETE at different concentrations on BV2 
cell viability. The control group (0.0 μg/ml) demonstrated 
100.00 +/- 0.02 cell viability, establishing the baseline for 
comparison. Data are presented as the mean ± SD values 
of three independent experiments conducted in triplicate. 
Comparison between different groups was performed with 
one-way ANOVA, followed by post-hoc Dunnett’s test. **** 
p < 0.0001 represents a significant difference compared to 
the untreated control group.

Quantification of Nitrite

Standard Curve and Regression Analysis
The standard curve of the Griess assay (Fig. 2) was 
generated using sodium nitrite (NaNO₂) at concentrations 
ranging from 0 to 100 μM. 



4

Malaysian Journal of Medicine and Health Sciences (eISSN 2636-9346)

Mal J Med Health Sci 22(1): 1491.1-1491.9

The optical density (OD) values increased proportionally 
with NaNO₂ concentration, and the background-
corrected OD values indicated a clear linear relationship. 
Simple linear regression analysis yielded the following 
best-fit equation:

                   Y = 0.005286X + 0.05892

where Y is the absorbance and X is the nitrite concentration 
in μM. The regression analysis demonstrated a good fit, 
with an R2 value of 0.9978, indicating that over 99% 
of the variance in absorbance is explained by nitrite 
concentration. The slope was significantly non-zero 
(P<0.0001), confirming the reliability of the standard 

curve for interpolating unknown concentrations.

Nitrite Levels in Treatment Groups

Unstimulated BV2 cells
Fig. 3 shows that in unstimulated BV2 cells, MoETE 
treatment resulted in a stable nitrite production, ranging 
from approximately 10.240 ± 0.768 to 10.980 ± 0.353 
µM in low-to-moderate concentrations. Significant 
increases in nitrite levels were observed at higher 
concentrations, particularly at 500.0 and 1000.0 µg/
mL, indicating that higher concentrations of MoETE 
may enhance nitric oxide (NO) synthesis in resting BV2 
microglial cells.

LPS-stimulated BV2 cells
Fig. 4 shows that in LPS-stimulated BV2 cells, MoETE 
modulated nitrite levels in a concentration-dependent 
manner, with concentrations ranging from 7.260 ± 
0.333 to 10.510 ± 0.453 µM. While nitrite ranges were 
lower overall than in unstimulated conditions, treatment 
with the low-to-moderate concentrations of MoETE (< 
500.0 µg/mL) significantly attenuated LPS-stimulated 
nitrite production, suggesting anti-inflammatory potential 
through suppression of nitric oxide (NO) production. 
Although a significant difference was observed relative 
to the untreated control group (0.0 µg/mL), where the 
highest concentration (1000.0 µg/mL) reached NO 

Fig. 2: Scatter plot of standard curve with best-fit line and 
regression equation.

Fig. 3: Effect of MoETE on nitrite production in unstimulated 
BV2 cells. Data represent mean ± SD of two independent 
experiments with triplicate. Comparisons among different 
concentrations were performed with one-way ANOVA, with 
post-hoc Dunnett’s post-hoc test confirming that treatment 
concentration significantly affects nitrite levels. **** p < 
0.0001, *** p < 0.001, ** p < 0.01, and * p < 0.05 represents 
a significant difference.
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levels almost to baseline (10.510 ± 0.453 µM). Nitrite 
concentrations (µM) were determined following 24-
hour treatment with MoETE at concentrations ranging 
from 0.1 to 1000.0 µg/mL in the presence of LPS (1.0 
µg/mL).  

0.0001 to ***p < 0.001). However, at the highest 
MoETE concentration (1000.0 µg/mL), both conditions 
converge, producing comparable nitrite levels. MoETE 
produced stable nitric oxide production in unstimulated 
cells while concurrently attenuating LPS-stimulated nitric 
oxide elevations, highlighting its immunomodulatory 
effect depending on cellular activation status.
 

Fig. 4: Effect of MoETE treatment on nitrite production in 
LPS-stimulated BV2 cells. Data represent the mean ± SD of 
two independent experiments with triplicate measurements. 
Comparisons among different groups were performed using 
one-way ANOVA, which indicated treatment effects on ni-
trite production under stimulation conditions, followed by a 
post-hoc Dunnett’s test. **** p < 0.0001, *** p < 0.001, and 
* p < 0.05 represent a significant difference.

Comparison between unstimulated and LPS-stimulated 
conditions
Fig. 5 shows a comparison of nitrite production 
between unstimulated and LPS-stimulated conditions, 
revealing significant modulation by MoETE across all 
concentrations (p < 0.05–0.0001). It demonstrates 
that nitrite levels in both unstimulated cells and LPS-
stimulated cells consistently produced those at low-
to-moderate MoETE concentrations, with significant 
differences at nearly all concentrations (****p < 

Fig. 5: Effect of modulation of nitrite production by MoETE 
treatment between unstimulated and LPS-stimulated BV2 
microglial cells. Comparisons among pairwise groups were 
performed with two-way ANOVA, followed by Sidak’s mul-
tiple comparisons test was performed to assess significance. 
**** p < 0.0001, *** p < 0.001, ** p < 0.01, and * p < 0.05 
represent a significant difference. 

Analysis of Cell Viability and Apoptosis
Fig. 6A and 6B show that the unstained BV2 cell 
population exhibited minimal background fluorescence, 
with 100% of cells classified as viable. This confirms 
the specificity of the staining protocol and supports the 
validity of the gating parameters for subsequent analysis 
of apoptosis and necrosis. In untreated BV2 cells, 
viability remained high (90.3%), with minimal early 
(3.89%) and late (2.64%) apoptosis, and low necrosis 
(3.17%), reflecting the baseline physiological conditions 
in culture. These values serve as reference points for 
interpreting treatment-induced cytotoxic effects (Figure 
6C). Fig. 6D illustrates that exposure of BV2 cells to 
0.1 µg/mL MoETE resulted in a modest reduction in 
viability (78.1%) and an increase in early (11.1%) 
and late (9.92%) apoptosis, with minimal necrosis 
(0.84%). This suggests the presence of early signs of 
programmed cell death at low concentrations, without 
significant necrotic damage. In Fig. 6E, it is shown that 
at a concentration of 1000.0 µg/mL, MoETE significantly 
reduced cell viability to 70.1%. This was accompanied 
by a notable increase in late apoptosis (15.0%) and 
elevated necrosis (10.5%), indicating cytotoxicity at this 
high dosage. Early apoptosis was reduced to 4.49%, 
suggesting a progression towards later apoptotic stages 
and cell death.
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DISCUSSION

This study was conducted to examine the effects of 
Moringa oleifera leaf ethanol extracts (MoETE) on 
BV2 microglial cells, with a focus on its potential 
immunomodulatory properties by assessing cell viability, 
nitric oxide (NO) production, and cell-death profiling 
(annexin-V/PI flow cytometry). BV2 cells, recognised as 
a reliable model of resident brain macrophages, offer 
an in vitro framework for studying microglial activation, 
which is characterised by abnormal nitric oxide 
production — a hallmark of neuroinflammation linked 
to neurodegenerative disorders (13). 

In accordance with previous studies on M. oleifera’s 
abundant antioxidant and anti-inflammatory 
phytochemicals (14), low-to-moderate concentrations 
of MoETE (0.1–100.0 μg/mL) did not significantly 
affect BV2 cell viability, as shown in Table I. In other 
words, viability assays demonstrated approximately 90-

105% viability relative to the untreated control group, 
consistent with previous findings (14, 23). A study by 
Sivaprakasam et al. reported similar results, where the 
viability of BV2 cells retained unaffected from low-to-
moderate concentrations of Moringa leaf ethanol extract. 
Thus, these low to moderate MoETE concentrations 
exerted no measurable effect on cellular metabolic 
activity, signifying that MoETE is non-cytotoxic at these 
levels. In contrast, the highest concentration of MoETE 
tested (1000.0 μg/mL) caused a significant reduction in 
viability to 46.44% (p < 0.0001 vs. untreated control 
group), indicating cytotoxicity as supported by a previous 
study (15). This reaction indicates a concentration 
threshold beyond which the Moringa extract’s load may 
disturb cellular redox balance; this redox “priming” 
triggers activation-induced apoptosis instead of necrosis 
in microglial cells (16). The observed cytotoxic effects at 
high concentrations may potentially be attributed to the 
pro-oxidant properties of certain Moringa compounds, 
particularly isothiocyanate, which are recognised to 

Fig. 6: The MoETE supplementation at a higher dose induces apoptosis. Fig. 6A & B show the unstained BV2 cells with high 
viability. Fig 6C indicates the physiological level of apoptosis in BV2 cells. When BV2 cells are treated with 0.1 and 1000.0 
μg/ml MoETE, the apoptosis level remains at the physiological level for the lower concentration, but the higher concentration 
induces apoptosis.  
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show dual redox activity depending on dosage and 
cellular environment (17).

Interestingly, at a concentration of 0.1 μg/mL MoETE, 
the MTT assay demonstrated over 90% cell viability, as 
indicated in Table 1. In contrast, flow cytometry data 
revealed only 78.1% viable cells, as shown in Fig. 8. 
This difference likely results from the trypsinisation step 
required for the flow cytometry procedure. Prolonged 
exposure to trypsin can temporarily induce cellular 
stress and remove membrane proteins, resulting in 
the externalisation of phosphatidylserine on the cell 
surface (18–19). In fact, even a short extension of trypsin 
exposure may cause additional Annexin-V–positive 
“early apoptotic” events (19). Specifically, some BV2 
cells retained metabolic activity (as indicated by the 
MTT assay) but exhibited Annexin positivity due to 
membrane disruption. Hence, extended trypsinisation at 
this concentration probably exaggerated the apoptotic 
cell count in the flow assay, explaining the slight 
discrepancy between the two viability assessments.

The apoptosis analysis further supports the dose-
dependent effects of MoETE on BV2 cells. Flow 
cytometry showed that untreated control cells (0.0 
μg/mL: BV2 cells without any treatment) had a high 
viability of 90.3%, with minimal apoptotic and necrotic 
features, indicating normal culture conditions. Exposure 
to 0.1 µg/mL MoETE resulted in a viability decline to 
78.1%, with increased early (11.1%) and late apoptosis 
(9.92%), while necrosis remained low (0.84%). This 
small reduction may suggest a cellular stress response 
(20) rather than direct cytotoxicity, and as previously 
noted, could partly be due to technical factors such as 
prolonged trypsinisation during sample preparation. At 
the highest concentration (1000.0 µg/mL), cell viability 
dropped to 70.1%, with significant increases in late 
apoptosis (15.0%) and necrosis (10.5%), indicating 
substantial cytotoxic stress. These results support the 
MTT findings and confirm that high concentrations of 
MoETE likely induce programmed cell death due to 
disruption of cellular redox balance (16). The apoptotic 
data, combined with the metabolic and nitric oxide 
results, strengthen the understanding that MoETE 
presents a low-risk profile at lower doses but can be 
cytotoxic when used excessively.

In unstimulated BV2 cells, treatment with MoETE at 
concentrations ranging from 0.1 to 1000.0 µg/mL caused 
a concentration-dependent increase in nitrite levels. 
The increase at low-to-moderate concentrations may be 
due to redox-active phytochemicals such as quercetin, 
kaempferol, and chlorogenic acid, which are known to 
modulate redox signalling and increase low-level iNOS 
expression under non-inflammatory conditions (20–
21), supporting physiological NO production without 
causing cytotoxicity. However, at higher concentrations, 
the further rise in nitrite levels is likely caused by 
redox imbalance and cellular stress, where excessive 

bioactive compounds, particularly isothiocyanates, may 
act as pro-oxidants, inducing stress-related nitric oxide 
(NO) release as a compensatory response to oxidative 
damage (22–23). These results reveal contrasting 
cellular responses across different concentration ranges, 
highlighting the importance of precise dosing when 
using MoETE as a microglial immunomodulatory agent.
In LPS-stimulated BV2 cells, MoETE demonstrated 
an inhibitory effect on nitric oxide (NO) production, 
especially at low-to-moderate concentrations. As 
illustrated in Table III, nitrite levels were significantly 
reduced relative to the unstimulated condition, with 
measurements of 7.619 ± 0.296 µM (0.1 µg/mL), 
7.512 ± 0.209 µM (10.0 µg/mL), and 7.260 ± 0.333 µM 
(100.0 µg/mL), indicating substantial inhibition of 
LPS-stimulated nitric oxide (NO) production. This 
suppression suggests that MoETE actively downregulates 
inflammatory responses, presumably by inhibiting the 
NF-κB/iNOS pathway, as documented for Moringa 
phytochemicals such as quercetin and isothiocyanates 
(17). At higher concentrations (200.0–1000.0 µg/
mL), the inhibitory effect was attenuated, resulting 
in nitric oxide (NO) levels of 8.509 ± 0.568 µM, 
8.584 ± 0.305 µM, and 10.510 ± 0.453 µM, 
respectively. Notably, at 1000 µg/mL MoETE, nitric 
oxide (NO) levels nearly approached those observed 
in the unstimulated condition (13.280 ± 0.171 µM), 
suggesting a reversal of the anti-inflammatory effect 
and potential induction of oxidative stress at high 
concentrations (14). This dose-dependent reversal, 
characterised by suppression at lower concentrations 
and a diminished effect at higher concentrations, 
underscores MoETE’s immunomodulatory properties, 
which involve its ability to differentially regulate nitric 
oxide (NO) production based on the inflammatory 
state and dosage. This aligns with existing research 
on Moringa’s phytochemicals, where flavonoids and 
isothiocyanates act as modulators of the NF-κB/iNOS 
axis, supporting its therapeutic potential. Future research 
will incorporate real-time NO measurement, additional 
inflammatory stimuli, and molecular pathway analysis 
to comprehensively understand MoETE’s therapeutic 
potential in neuroinflammatory conditions. 
 
CONCLUSION

In conclusion, this study showed that Moringa oleifera 
ethanol leaf extract (MoETE) has dose-dependent 
effects on BV2 microglial cells. At low to moderate 
concentrations (0.1–100.0 µg/mL), MoETE maintained 
cell viability, did not induce apoptosis, and significantly 
reduced LPS-stimulated nitric oxide (NO) production, 
indicating a safe and immunosuppressive profile. 
Conversely, higher concentrations caused notable 
cytotoxicity, evidenced by decreased metabolic activity, 
increased apoptotic and necrotic cell populations, and 
elevated NO levels. These results suggest that MoETE 
possesses immunomodulatory properties by differentially 
regulating microglial activation and inflammatory 



8

Malaysian Journal of Medicine and Health Sciences (eISSN 2636-9346)

Mal J Med Health Sci 22(1): 1491.1-1491.9

responses based on the cellular environment and dosage. 
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