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Introduction
Neurodegenerative diseases (NDs) result in progressive neuron 
dysfunction or loss, leading to disturbances in consciousness, 
memory, aphasia, and vision impairment. Despite the high 
prevalence, significant disease burden, and high healthcare 
costs, there is still no definitive treatment without side effects.[1] 
Therefore, researchers are still looking for new therapeutic targets. 
Herbal medicine as a multicomponent agent is of interest.[2]

Moringa oleifera Lam. (M. oleifera) belongs to Moringaceae 
family. This plant is a native of the tropics and subtropics 
of Asia and Africa[2,3] but India is the country with the most 
cultivation and production of M. oleifera. Due to its numerous 
economic, nutritional and medicinal properties, is called a 
“miracle tree” or “wonderful tree.”[4]
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Almost all parts of the plant have been used in traditional 
medicine to treat many diseases such as infections, paralytic 
attacks, anemia, and sores.[3,5,6] However, it is a novel material 
in the Western world.[6] M. oleifera is highly nutritious and 
rich in several phytochemicals such as minerals like zinc, 
magnesium, calcium, and potassium, vitamins like vitamins 
C, D, E, vitamin B, flavonoids, amino acids, glycosides,[6] and 
phenolics.[3,7]

In recent decades, several studies have been conducted 
to investigate the effect of M.  oleifera extract  (MOE) on 
diseases such as cardiovascular and liver diseases. These 
researches have shown that it possesses immune boosting 
agents, anti‑inflammatory, and antimicrobial activities.[4,8] 
In previous studies have shown the positive effects of MOE 
on the nervous system. The leaf extract displays antioxidant 
activity and demonstrates neurotrophic effects.[7] In a rat 
model of Alzheimer’s disease, MOE has been shown to 
mitigate oxidative stress.[1] The researches have indicated a 
significant enhancement in spatial memory[7] and a reduction in 
neurodegeneration in the brain due to the MOE leaf extract.[2] 
MOE ameliorates function recovery following sciatic nerve 
injury and ischemic stroke.[9] This plant can prove an interesting 
and valuable target for the discovery of effective and affordable 
intervention against neurological disorders.[10]

While there is a considerable body of experiments detailing the 
influence of MOE on the nervous system in vivo, there have 
been fewer studies on the effects of MOE on both proliferation 
and differentiation of peripheral nervous system  (PNS) 
neuronal cells. Therefore, in this study, we investigated the 
effect of leaf extract of MOE on proliferation and neural 
differentiation of PC12[11] and B65[12] cells that are widely 
accepted as an in  vitro model for neuronal differentiation, 
neurosecretion, and neuronal injury studies.[13]

Materials and Methods
Preparation of MOE sample
The M. oleifera leaves were purchased from India Mart in 
India. The extraction was performed using Soxhlet method. 
For this purpose, 25 grams of M. oleifera leaves were dried 
in an oven at 40°C for 24 hours. Then, the samples were 
powdered using an electric grinder and passed through an 
80‑mesh sieve. The extraction was performed using 250 mL 
of 99% methanol  (in a 1:10 ratio)  (Merck, Germany), and 
the sample was placed inside filter paper and inserted into a 
Soxhlet apparatus (Buch and Holm, Denmark). Methanol was 
added to a flask, and the heater was set to 80°C.[14] To obtain a 
high‑purity extract, excess solvent (methanol) was separated 
using a vacuum distillation apparatus (rotary evaporator) at 
50°C. The obtained extract was stored in a sealed bottle at 
a –24°C temperature.

Ferric reducing antioxidant power (FRAP) assay
For the identification of MOE and investigation of its 
antioxidant and neuroprotective properties, the FRAP assay 

was employed. For this purpose, 1 mL of MOE was prepared 
at different concentrations  (10‑20‑40‑60‑80‑100  mg/mL) 
and added to a solution consisting of 2.5 mL of phosphate 
buffer (pH 6.6) (Bioidea, Iran) with 2.5 mL of 1% potassium 
ferricyanide (Fe3K (CN) 6) (Sigma‑Aldrich, United States). 
The resulting mixture was incubated at 50°C for 20 min. After 
adding 2.5 mL of 10% trichloroacetic acid (Bioidea, Iran), the 
resulting solution was centrifuged at 3000 rpm for 10 min. 
Then, 2.5  mL of the supernatant was carefully withdrawn 
and added to a tube containing 2.5 mL of dH2O  (Bioidea, 
Iran) with 0.5  mL of ferric chloride 1%. Finally, the 
absorption was measured at 593 nanometers using a UV‑Vis 
spectrophotometer (Shimadzu, Tokyo, Japan).[15]

Preparing MOE solution for in vitro studies
To use MOE for in  vitro studies, the extract powder 
was dissolved in dimethyl sulfoxide  (DMSO, 16  mg/
mL)  (Sigma‑Aldrich, United States) at a concentration of 
16 mg/mL to prepare a stock solution. The stock solution was 
then stored in a foil‑wrapped vial at –20°C. Subsequently, it 
was diluted with DMEM (Bioidea, Iran) to obtain the final 
concentrations for the test samples of the extract.[16]

Culture and differentiation of PC12 and B65 cells
Pheochromocytoma  (PC12) and Neuroblastoma  (B65) 
cell lines, were cultured at a density of 1000/cm2 in 
RPMI‑1640 medium containing 10% horse serum  (Gibco, 
New Zealand), 5% fetal bovine serum (FBS), 1% L‑glutamine, 
and 1% penicillin‑streptomycin for PC12  cells, and in 
Dulbecco’s Modified Eagle’s Medium (DMEM, high glucose) 
medium containing 10% FBS and 100  mg/mL penicillin/
streptomycin  (all from Bioidea, Iran) for B65  cells. The 
cells were cultured under conditions of 37°C and 5% CO2 
for 14 days, and their morphology was investigated using an 
inverted microscope  (Nikon, PS‑100). The culture medium 
was changed every 2 days.[13]

In this study, the cells were assessed in the following groups: 
The cells exposed to the only culture medium (as the control 
group) and cells were then induced by culture medium and 
DMSO, MOE 15 (M15), 30 (M30), and 60 (M60) μg/mL of 
MOE (as the treated groups).[16]

Cell viability assay
To investigate the effect of MOE on cell viability and 
proliferation, the MTT assay was performed on days 1, 
7, and 14 after culture. For this purpose, after medium 
removal, the cells were washed three times with phosphate 
buffered saline  (PBS, Bioidea, 1038), then 0.5  mg/mL 
MTT (Bioidea, Iran) was added to each well and incubated 
for 4 hours. Subsequently, the supernatant was removed, and 
200 μL DMSO was added. After 20 min, the optical density 
was measured at a wavelength of 540  nm by a microplate 
reader (Hyperion MPR 4+, Germany).[17]

Realtime PCR
To examine cell differentiation by Real‑time PCR, we measured 
the expression of gap‑43 and nf200 genes on day 14. For this 
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purpose, the High Pure RNA Isolation Kit  (Roche, United 
States), following the manufacturer’s instructions, was used 
to extract RNA from the B65 and PC12 cells. Subsequently, 
cDNA was synthesized from the extracted RNA using the 
Revert Aid™ First Strand cDNA Synthesis Kit  (Thermo 
Scientific, United States). This study utilized the GAPDH 
gene as the housekeeping gene for normalization. Using 
Maxima SYBR Green Rox qPCR master mix kit  (Thermo 
Scientific, United States) and the Step One Plus™ quantitative 
Real‑time PCR detection System (Applied Biosystems, United 
States), the expression levels of the genes were determined. 
To calculate the relative expression levels of the target genes, 
the expression level in the control group was set to 1, and the 
levels in other groups were normalized to the control group 
using the 2−ΔΔCT formula. The relative expression levels in the 
different groups were then compared to the control group. The 
primers used in this study were designed using Allele ID 7.6 
software. Primer sequences are shown in Table 1.

Immunocytochemistry technique
To investigate cell differentiation, immunocytochemistry was 
performed for neural marker NF200. After 14 days of culture, the 
cells were fixed using 4% paraformaldehyde (Sigma‑Aldrich, 
United States) for 30 min and permeabilized with 0.1% Triton 
X‑100 (Sigma‑Aldrich, United States) for 1 hour. Then primary 
antibody for NF200  (Sigma Aldrich, United States) was 
added. The ration of diluted primary antibodies was 1:500. 
The excess antibody was removed by washing with PBS and 
samples were incubated with secondary antibody conjugated 
with fluorescein isothiocyanate  (FITC)  (Sigma‑Aldrich, 
United States). Nuclei were stained by DAPI (Sigma‑Aldrich, 
United States) and samples were evaluated with fluorescent 
microscope (Olympus, BX51, Japan). Images were processed 
by image J software (NIH, MD, USA).[17]

Statistical analysis
Stat is t ical  analyses were performed using SPSS 
software  (version  22.0; SPSS, Chicago, IL). The obtained 
data, which were all the result of triplicate measurements 
were evaluated using one‑way ANOVA and Tukey’s post hoc 
test and presented as Mean ± SEM (Standard Error of Mean).

Results
MOE possess antioxidant phytochemicals
The results of the FRAP assay indicated the presence of 
reducing agents (antioxidants) in the MOE. These reducing 

agents led to the reduction of ferricyanide complexes, 
transforming them into the ferrous form, resulting in a 
color change to Prussian blue in the solution  [Figure  1a]. 
Additionally, by measuring the amount of Prussian blue color 
formed in the solution, which exhibits the highest absorption at 
700 nm, the quantity of ferrous complexes and, consequently, 
the reductive capacity of the extract were determined. The 
results are illustrated in Figure 1b. In consideration of the 
preceding content and Figure 1c, the increase in absorption 
with the increase in extract concentration in the mixture 
indicates an enhancement in the antioxidant activity of the 
plant extract.

MOE enhances neural cell viability and proliferation
The MTT assay revealed no significant difference in cell 
viability between the DMSO and control groups for both B65 
and PC12 cell lines [Figure 2]. In B65 cells, MOE treatment 
significantly enhanced cell viability at days 7 and 14, with 
a notable decrease in viability for M30 and M60 groups 
compared to M15 at day 14 (Day 1 (F3, 8 = 3.82, P = 0.05), Day 
7 (F3, 8 = 36.02, P = 0.00), Day 14 (F3, 8 = 9.16, P = 0.00)). 
For PC12 cells, no significant differences were observed on 
day 1, but significant variations among treated groups emerged 
on days 7 and 14 (Day1 (F3, 8 = 0.66, P = 0.59), Day 7 (F3, 
8 = 17.47, P = 0.00), Day 14 (F3, 8 = 6.53, P = 0.00)).

MOE induces neuronal differentiation
The images obtained from the inverted microscope of B65 
and PC12 cells after 14 days of incubation indicate neurite 
outgrowth and neuronal morphology in MOE treated cells of 
both cell lines [Figure 2].

The expression levels of nf200 and gap‑43 genes across 
different groups were evaluated using qRT‑PCR. In the B65 cell 
line, qRT‑PCR results showed a significant, dose‑dependent 
increase in nf200 expression. Additionally, gap‑43 expression 
was significantly higher in all treated groups compared to the 
control group, though a significant decrease was observed in 
the M60 group compared to the M30 group [nf200 (F3, 21.56, 
P  =  0.00), gap‑43  (F3,8  =  28.00, P  =  0.00)]. In the PC12 
cell line, qRT‑PCR analysis revealed a significant increase 
in nf200 expression with higher extract dosages. Similarly, 
gap‑43 expression was significantly elevated in all treated 
groups relative to the control group. However, a significant 
decrease was noted in the M30 group compared to the M60 
group [nf200 (F3,8 = 20.65, P = 0.00), gap‑43 (F3,8 = 31.58, 
P = 0.00)] [Figure 2].

Table 1: The sequences of primers used in this study

Gene Primer sequences Product (bp) Size Accession number
gapdh‑F
gapdh‑R

CAAGTTCAACGGCACAGTCAAG
ACATACTCAGCACCAGCATCAC

123 NM_017008.4

nf200‑F
nf200‑R

AACACCACTAGATGGCGGG
ACGTGGAGCGTTCAGCAATA

176 NM_012607.2

gap43‑F
gap43‑R

GATAACTCGCCGTCCTCCAA
CTACAGCTTCTTTCTCCTCCTCA

187 NM_017195.3
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The results of immunostaining corroborated the qRT‑PCR 
findings. Cells treated with MOE exhibited positive staining 
for nf200, in contrast to the control group. In both the B65 and 
PC12 cell lines [Figure 3], the expression levels of nf200 protein 
increased in a dose‑dependent manner  (B65  (F3,8  =  9.5, 
P = 0.00), PC12 (F3,8 = 6.51, P = 0.00)).

Discussion
Neurodegenerative diseases (NDs) are influenced by genetics, 
lifestyle, and environmental factors, making them difficult to 
treat.[2] With the limitations and side effects of chemical drugs, 
herbal medicine has emerged as a promising alternative for 
managing these conditions.[16]

MOE contains various phytochemicals that contribute to 
its pharmacological benefits, particularly flavonoids  (like 
quercetin),[18] phenolics,[18,19] glucosinolates  (GLSs),[19] 
and isothiocyanates  (ITCs),[19] which are responsible for 
its therapeutic effects.[18,19] Recent studies indicate that 
glucosinolates protect against neurodegeneration by preventing 
DNA fragmentation and reducing oxidative stress.[20] Protease 
inhibitors like proline and alanine from MOE reduce axonal 
damage, while gallic acid prevents neurotoxicity and stabilizes 
IGF‑1 expression. Additionally, chlorogenic acid exhibits 
neuroprotective effects by reducing oxidative stress and 
neuronal cell death.[2] This study evaluated the antioxidant 
activity of MOE and its effects on B65 and PC12 cell lines. 
Results showed that MOE enhanced cell proliferation and 
survival, while also promoting neuronal differentiation in 
both cell lines.

Inflammation can damage the nervous system. As a 
result, antioxidants play a crucial role in managing 
neurodegenerative diseases  (NDs) by inhibiting signaling 
pathways related to neurodegeneration.[2,21] MOE has been 
shown to elicit immunomodulatory responses by modulating 
various cytokines, nitric oxide  (NO), and the expression 
of NF‑κB, TNF‑α, IL‑1, and IL‑6. Research confirms its 
anti‑neuroinflammatory properties.[22] Phenolic acids and 
flavonoids are potent neuroprotective agents that mediate 
cell signaling pathways related to inflammation, particularly 
involving mitogen‑activated protein kinases  (MAPK) and 
nuclear factor‑kappa B (NF‑κB) [Figure 4].[23] Many phenolic 
compounds have greater antioxidant effects than vitamin E, 
preventing lipid peroxidation by disrupting peroxyl radical 
chain reactions. Consequently, the high levels of antioxidants 
and polyphenolic components in MOE suggest its potential for 
neuroprotection.[24] The FRAP assay results confirm that MOE 
has a high reducing capacity and antioxidant potential, which 
increases in a dose‑dependent manner. The strong antioxidant 
activity is likely due to the synergistic effects of the various 
polyphenols present in the extract.

Previous studies have shown that MOE contains carotenoids, 
β‑sitosterol, phenols, and flavonoids, which contribute to its 
neuroprotective properties  [Figure 4]. Baicalein, a flavonoid, 
has been found to reduce neuronal death by inhibiting MMP‑9 
activity in a brain ischemia mouse model.[19] Ghimire et al.[10] 
demonstrated that MOE’s phytochemicals, including caffeic acid, 
ferulic acid, apigenin, luteolin, palmitic acid, and myristic acid, 
contribute to reducing apoptosis and cellular death [Figure 4]. 
Chang et al.[25] demonstrated that caffeic acid acts as a potent 
neuroprotective agent. Additionally, glucosinolates and their 
breakdown products from MOE have shown effectiveness against 
neurodegeneration.[20] Our findings support previous studies, 
showing a significant increase in cell proliferation and viability 
in MOE‑treated groups compared to DMSO and control groups. 
Most treated groups exhibited a dose‑dependent relationship, 
with higher MOE concentrations correlating with improved cell 
viability. These results suggest that MOE, due to its neuroprotective 
components, may enhance neural cell viability.[1,26,27] The decline 
in proliferation and cell viability observed between days 7 and 14 
aligns with previous studies that attribute this decrease to reduced 
cellular proliferation during differentiation.[28]

It is suggested that MOE contains compounds with neurotrophic 
properties. Zeng et al.[9] demonstrated that MOE increased SYP 
and GAP‑43 expression in a cerebral ischemia model, thereby 
promoting axonal. It also enhanced neurotrophic factors 
such as NGF, NT3, and BDNF [Figure 4]. A study reported 
that moringin from MOE promotes neural differentiation 
by increasing the expression of genes such as NESTIN, 
p75, GAP43, and BDNF. These findings highlight MOE’s 
potential in neural development.[1] Numerous studies highlight 
β‑carotene as the primary active component in MOE which 
enhances neurite.[29] These findings align with Lee et al.,[30] 
who reported that β‑carotene promotes neurite outgrowth 
and neuronal differentiation by phosphorylating MAPK and 

Figure  1: The ferric reducing antioxidant power assay results,  (a) 
solution color change to Prussian blue, (b) quantity of ferrous complexes 
absorption at 700 nm, (c) absorption levels at different concentrations 
of the extract
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downregulating DLK1. Our findings support previous research, 
indicating that MOE enhances neural differentiation in B65 and 
PC12 cells. MOE treated cells showed neurite outgrowth and 
morphological changes from fibroblastic‑like to nerve cells, 
signifying neural maturation. Two neural markers, GAP‑43 and 
NF200, were used to confirm neuronal differentiation. GAP‑43, 
a protein that regulates actin dynamics in axons, supports 
axonal regeneration and is a marker for developing neurons. 

NF200, a type of intermediate filament in neurons, appears 
later and serves as a marker for mature neurons.[31,32] In our 
study, MOE treated groups exhibited higher expression levels 
of GAP‑43 and NF200 compared to the control group. This 
increase was dose‑dependent, indicating that MOE promotes 
neuronal differentiation. The lower expression of GAP‑43 
and higher expression of NF200 in the M60 group, treated 
with a higher dose of MOE, suggest that MOE components 

Figure 2: Phase contrast photomicrograph, MTT and qRT‑PCR assay results, A cells before and B after 2 weeks (magnification 10X), (a) Comparison 
of M15 with Crtl, (b) Comparison of M30 with Crtl, (c) Comparison of M60 with Crtl, (d) Comparison of M30 with M15, (e) Comparison of M60 with 
M15, (f) Comparison of 60 with M30. One letter, two letters, and three letters present P < 0.05, P < 0.01, and P < 0.001, respectively

B

A

a b
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accelerated the differentiation of B65 and PC12 cells into 
mature neurons.

The limitations of this study include the lack of detailed 
mechanistic insights into how MOE promotes neural 
differentiation. Further in vivo studies are necessary to validate 
these findings.

Conclusion
Overall, our research demonstrates that treatment with MOE is 
a promising strategy to enhance the viability and proliferation of 
neural cells, as well as to promote their neuronal differentiation 
into mature neurons, in a dose‑dependent manner. Additionally, 
the MOE exhibits high antioxidant potential. Altogether, the 

Figure 4: Preparation of Moringa extract, its constituents, and their effects on neuronal segments

Figure 3: Neural differentiation of B65 and PC12 cells, (a) Immunocy to fluorescence photograph of B65 cells for nf200, (b) quantification of nf200 
positive cells. *, **, and *** present P < 0.05, P < 0.01, and P < 0.001, respectively

b
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results of our research may pave the way for therapeutic 
breakthroughs in neurodegenerative diseases.
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