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ABSTRACT

Alzheimer’s disease (AD) treatment often targets increasing acetylcholine levels in the brain
by inhibiting acetylcholinesterase (AChE) using AChE inhibitors (AChEIs). Moringa oleifera
leaves (MOL) possess neuroprotective, antioxidant and anticholinesterase activities. However, the
variation in bioactivity of MOL at different growth stages is unclear. This study aims to compare the
antioxidant and anticholinesterase activities of MOL harvested at 30, 45, and 60 days. The DPPH
assay was used to measure antioxidant activity and the acetylcholinesterase assay assessed AChE
inhibition. MOL were harvested at the specified
stages, processed, and extracted with ethanol
for the DPPH assay, while acetylcholinesterase
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homogenized MOL. Results showed that
MOL harvested at 60 days exhibited the
highest antioxidant activity compared to those
harvested at 45 days (p < 0.05) and 30 days
(p<0.001). However, MOL harvested at 30 days
demonstrated the most significant inhibition of
acetylcholinesterase activity compared to the
other stages (p < 0.001). These findings reveal
the varying bioactivities of MOL at different
growth stages and highlight the importance of
timing in harvesting for therapeutic purposes.
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This study provides valuable insights into the potential use of MOL in AD treatment, emphasizing
stage-specific bioactivity.
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INTRODUCTION

The aging population is rapidly increasing in Malaysia with the country projected to
become an aged society by 2050 (Department of Statistics, Malaysia). This demographic
shift is expected to contribute significantly to the escalating prevalence of Alzheimer’s
disease (AD), a neurodegenerative disorder that affects millions of people globally each
year and is known for its significant impairment of sufferers’ cognition and behaviour.
The neuropathological hallmark of AD includes the abnormal accumulation of misfolded
protein (Ashraf et al., 2014), which disrupts neuronal function and contributes to a decline
in acetylcholine. One of the main approaches to AD treatment has been to increase the
level of acetylcholine (ACh) in central synapses by inhibiting acetylcholinesterase via
the use of AChE inhibitors (AChEIls). The USFDA has approved many AChE inhibitors
for the treatment of mild-to-moderate AD patients, including galantamine, donepezil and
rivastigmine. However, these drugs have several side effects, including gastrointestinal
disorders and depression (Yiannopoulou et al.,2020). Natural AChEIs are gaining attention
as alternative treatments for AD due to their efficacy and fewer side effects. The World
Health Organization (WHO; 2013) stated that herbal medicines serve the health needs of
approximately 80 percent of the world’s population, particularly in rural areas. Moringa
oleifera, known as the ‘miracle tree’ has various pharmacological properties such as
antioxidant, anti-inflammatory, immunomodulatory, and anticancer (Dubey et al., 2013).
Moringa oleifera leaves (MOL) also exhibit a neuroprotective effect, a vital role as
antioxidants and anticholinesterases (Omodanisi et al., 2017). However, the different growth
stages of MOL that possess different potent bioactivities remain unclear. This study aimed
to compare the antioxidant and anticholinesterase activities of MOL harvested at 30-, 45-,
and 60-days using DPPH and acetylcholinesterase assays respectively.

METHODS

Moringa oleifera leaves were provided by MR Moringa Sdn. Bhd. and harvested on
days 30, 45, and 60. The antioxidant activity of MOL was assessed using the DPPH
assay while the inhibition of acetylcholinesterase activity of MOL was assessed using
acetylcholinesterase assay. In the DPPH assay, MOL extracts were prepared using ethanol
at a solid-to-liquid ratio of 1:10. Next, DPPH solutions were added to the MOL extracts
followed by incubation in the dark at room temperature for 30 minutes. Absorbance
readings were taken at 515 nm with ascorbic acid serving as the positive control. For
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the acetylcholinesterase assay, MOL lysates were obtained through homogenization in
a lysis buffer. Next, acetylthiocholine-reaction mixtures were added to MOL lysates,
followed by incubation in the dark at room temperature for 30 minutes. Absorbance
measurements were conducted at 410 nm, using donepezil as a positive control. The
experiments were carried out in triplicate, and data were analysed with ANOVA followed
by Tukey’s post-hoc test using SPSS software (version 28).

RESULTS

From the DPPH assay, we found MOL harvested at day 60 exhibited significantly
higher antioxidant activity compared to those harvested at day 45 (p < 0.05) and day
30 (p < 0.001) (Figure 1). The IC50 values for MOL harvested at day 30, 45, and 60
were 611.4 ng/ml, 535.2 pg/ml, and 256.6 pg/ml, respectively. In contrast, based on the
acetylcholinesterase assay, the inhibition of acetylcholinesterase activity was highest in
MOL harvested at day 30, followed by those harvested at day 45 and day 60 (p <0.001)
(Figure 2).
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Figure 1. Antioxidant activity of MOL. Data is shown as mean + SD (n=3). a: p <0.05; b: p <0.01;
c: p<0.001 compared to Day 60
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Figure 2. Inhibition of acetylcholinesterase activity of MOL. Data is shown as mean + SD (n=3).
a: p <0.001 compared to Day 30

DISCUSSION

Moringa oleifera leaves (MOL) contain approximately 35 important phytochemical
constituents, among which tannin, saponin, carotenoids, alkaloids, flavonoids and phenols
play significant roles in antioxidant and anticholinesterase activity. We hypothesized that
Moringa oleifera leaves (MOL) harvested at different growth stages may exhibit variations
in their phytochemical constituents, contributing to their pharmacological properties.
Our findings indicate that MOL harvested at day 60 exhibited the highest antioxidant
activity, while those harvested at day 30 showed the most significant inhibition of
acetylcholinesterase activity. Previous research has highlighted the antioxidant properties
of MOL, attributing these effects to their rich content of polyphenols and flavonoids.
Nwidu et al. (2018) reported an inverse correlation between acetylcholinesterase inhibition
activity and the total phenolic and flavonoid contents, further supporting the notion that
the bioactive compounds present in MOL may vary significantly with growth stage and
influence their pharmacological potential.

CONCLUSION

Our data reveal that MOL harvested at different growth stages exhibit varying bioactivities.
This study provides a valuable reference for future research in related fields, emphasizing
the importance of identifying and correlating specific phytochemical constituents across
the various growth stages of Moringa oleifera, particularly in the context of Alzheimer’s
disease. By elucidating these phytochemicals and their associated bioactivities, targeted
approaches can be developed, potentially advancing treatment strategies for Alzheimer’s
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disease. Further investigations are warranted to fully realize the therapeutic potential of
Moringa oleifera in combating this condition.
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