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Abstract

Keywords

Pancreatic lipase is critical for the catabolism of lipids in the intestine, making it a prime target for
obesity management. Acetylcholinesterase is an important enzyme that hydrolyses the
neurotransmitter acetylcholine. It inhibition is paramount in enhancing systemic acetylcholine level.
Side effects of conventional drugs lead to continued search for alternative anti-obesity and
anticholinesterase agents. The present study assessed lipase and acetylcholinesterase inhibition, as
well as antioxidant activity of Moringa oleifera extracts. The inhibitory activities of the extracts on
lipase and acetylcholinesterase were dose dependent. Aqueous leaf extract (ICso = 3.26 + 0.26
mg/ml) and hexane root extract (ICso = 0.08 + 0.00 mg/ml) exhibited the highest antilipase and
antiacetylcholinesterase activity respectively. Aqueous extracts of root and leaf (ICsp of 1.43 +0.03
mg/ml and 1.86 + 0.10 mg/ml respectively) had the highest N, N-dimethyl-p-phenylene diamine
dihydrochloride radical scavenging activity, while ethyl acetate leaf extract had the highest nitrite
scavenging activity (ICso = 2.20 + 0.06 mg/ml). Compared to other extracts, methanol leaf extract
exhibited the highest ferric reducing power. These findings suggest that M. oleifera possess
promising antilipase, antiacetylcholinesterase and antioxidant potentials. Therefore, may be
employed as food additive for the management of obesity, Alzheimer and other degenerative
diseases.
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Introduction

Obesity is a life style disorder characterised by low body
mass index. It is general associated with insulin resistance,
hyperlipidaemia, coronary heart diseases, apoplexy, cancer
of colon, social discrimination and depression'. The
management of obesity and treatment of its accompanying
morbidity are important 21% century public health challenge.
Common regimen in the management of obesity involves
suppressing food consumption, increasing energy
expenditure, down regulation of lipocyte proliferation and
pancreatic lipase (central for digestion of triglycerides in
small intestine) inhibition. However, euphoric action,
addiction, loss of appetite, risk of haemorrhage stroke and
valvular heart disease, pulmonary hypertension, stimulant
effect and gastrointestinal complications are common side
effects associated with drugs used in this regimens®>. These
complications have led to the continuing search for natural
anti-obesity agents, especially diet based lipase inhibitors®.

Alzheimer is a neurological disease associated with
memory loss, behavioural defects and disorientation. A
generalised and progressive loss of nerve cells and brain
function leading to dementia is observed among aged and
young patients’. The most common agents used for Alzheimer
management involves the inhibition of acetylcholinesterase.
They prevent the hydrolysis of acetylcholine, thereby retaining
higher systemic levels of acetylcholine especially at the
synapses, and ultimately enhancing the transmission of nerve
impulse®. Therefore, the continued search for acetylchol-
inesterase inhibitors and anti-Alzheimer agents remains
indispensable.

Excessive free radical production and compromised
antioxidant system may result to deleterious outcome such as
mutagenesis, neurological disorders, cardiovascular
dysfunction, and premature aging”'’. Plants are known to be
excellent sources of compounds with remarkable antioxidant
activities. A typical example is the ability of flavonoids and
phenolic compounds to scavenge nitrites capable of
oxidising haemoglobin to methaemoglobin or cause
anaemia''""®, In addition, phytochemicals especially
carotenoid, polyphenol, flavonoid, saponin, terpene and
glycoside compounds are shown to be enzyme inhibitors,
exhibit wound healing, regenerative, anti-inflammatory,
antioxidants as well as antitumor activity. Consumption of
plants rich in these compounds is positively correlated with
lower degenerative diseases, low pathological defects and
improved wellbeing!*!3.

Moringa oleifera is the commonest specie among 13
cultivars of Moringaceae family, due to its phytochemical
and pharmacological properties. It is commonly consumed
as food or as food additive in Africa and Asia. All the plant
parts are used for various therapeutic and industrial purposes.
Common therapeutic benefits of the plant include wound
healing, treatment of inflammations and ulcers, cardio-
vascular diseases, gastrointestinal disturbances, hepatorenal
complications, haematological disorders, act as an
antiplasmodic, antimicrobial and cytotoxic agent'®. In

present study, leaf, seed and root extracts of M. oleifera
(aqueous, methanol, ethyl acetate and hexane) were assessed
for pancreatic lipase and acetylcholinesterase inhibition, as
well as antioxidant activity (DMPD" radical scavenging
activity, nitrite scavenging activity and ferric reducing
power).

Materials and Methods

Sample collection and preparation

Various parts of M. oleifera collected from North-West
Nigeria, were extracted as reported by Magaji et al., the
lyophilised aqueous extracts and residues of organic extracts
were stored in Eppendorf tubes at -20 °C until use'”.

Lipase inhibition test

Pancreatic lipase was prepared by dissolving 10 mg/ml
of pig pancreatic type II lipase (Sigma, L3126) in Tris-HCI
buffer (0.1 M; pH 8.5), followed by centrifugation for 10
minutes at -4 °C and 7000 x g so as to obtain a clear
supernatants'®. Lipase activity was assayed spectrophoto-
metrically via hydrolysis of 4-nitrophenyl caprate (4-NPC)
to 4-nitrophenol. Briefly, reaction solution containing 5 pul
of moringa extract (in DMSO) as inhibitor, 10 ul of lipase
(10 mg/ml) and 200 pl of 0.1 M Tris-HCI buffer solution of
pH 8.5 was incubated at 37 °C for 25 minute, after which 5
ul 4-NPC (5 mM) was added. Absorbance was read against
reagent blank at 405 nm after incubation at 37 °C for 15
minute using a microplate reader!®. Orlistat was used as
standard inhibitor of lipase in this study. The percentage
lipase inhibition was calculated as follows:

% Lipase inhibition = [1 —
(Absorbance of Test/Absorbance of Control)] x 100

Acetylcholinesterase inhibition test

The modified method of Ingkaninan et al. was
employed for assaying acetylcholinesterase activity®.
Briefly, 20 pl of inhibitor, 40 pl of 0.1 M Tris-HCI (pH
8.0), 100 pul of 3 mM 5,5'-dithiobis-(2-nitro-benzoic acid)
and 20 pl of 15 mM acetylthiocholine iodide were added
into a microplate and mixed. Thereafter, 20 ul of 0.28 U/ml
acetylcholinesterase (Sigma, C3389-2KU) was added and
incubated for 2 minutes at 37 °C. Absorbance was read at
405 nm against reagent blank. Tacrine was used as standard
inhibitor of the enzyme. Percentage enzyme inhibition was
calculated as shown below:

% Acetylcholinesterase inhibition = [1 —

(Absorbance of Test/Absorbance of Control)] x 100

Antioxidant assay

DMPD" radical scavenging test

DMPD* scavenging activity was analysed by
incubating 0.1 ml test solution in 2.0 ml radical solution;
composed of 1 ml of 100 mM DMPD, 100 ml acetate buffer
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(0.1 M, pH 5.25) and 0.2 ml ferric chloride (0.05 M). After
10 minutes incubation in a dark cupboard, optical density
(OD) was measured at 505 nm against acetate buffer!. The
standard antioxidant used was L (+) ascorbic acid. The
DMPD" scavenging effect was evaluated as follows:

% DMPD" scavenged = [1 —
(Absorbance of Test/Absorbance of Control)] x 100

Nitrite scavenging assay

The method of Choi et al. was adapted for this assay'2.
A 0.1 ml of extract (in DMSO), 0.1 ml of 1 mM NaNO,,
0.2 ml of 0. N HCI and 0.6 ml distilled water were
vigorously mixed and kept for 3 hours at 37 °C. Then 0.5
ml of 2% acetic acid and 40 pl Griess reagent was thereafter
added, shaken and kept in dark cardboard for 15 minute at
37 °C. Optical density was read spectrophotometrically at
540 nm. Quercetin was employed as standard control. The
percentage nitrite scavenged was calculated as follows:

% Nitrite scavenged = [1 —
(Absorbance of Test/Absorbance of Control)] x 100

Ferric reducing power assay

To 0.1 ml test solution, 0.25 ml of 0.2 M phosphate
buffer (pH 6.6) and 0.25 ml of 1% K3[Fe(CN)¢] were added
and left to stand for 30 minutes at 50 °C. At 3000 rpm, the
mixture was centrifugation for 10 minutes after adding 0.25
ml 10% TCA. To 0.25 ml of the supernatant, equal volume
of distilled water and 0.05 ml of 0.1% FeCl; was added, and
then incubated for 10 minutes in dark. Thereafter,
absorbance was monitored at 700 nm?2.. Quercetin and
ascorbic acid were employed as standard for the reducing
test.

Statistical Analysis

Using regression analysis data, half maximum
inhibition/scavenging concentration (ICso) was calculated
from % enzyme inhibition activities and % antioxidant
activities (for DMPD™ and nitrite scavenging). ICso values
are inversely correlated to inhibition/antioxidant activities.
Results of ferric reducing power are presented as OD of test
solution.

Results and discussion
Lipase inhibition

The inhibition activities of moringa extracts on
pancreatic lipase are presented in Table 1. The inhibition
activities were dose dependent. The highest lipase
inhibition corresponding to ICsy of 3.26 £+ 0.26 mg/ml was
exhibited by aqueous leaf extract. This was closely
followed by ethyl acetate leaf extract (ICso = 4.73 + 0.09
mg/ml), methanol seed extract (ICso = 5.01 £ 0.03 mg/ml),
hexane leaf extract (ICso = 5.42 + 0.33 mg/ml) and then
aqueous seed extract (ICso = 5.77 £ 0.24 mg/ml). The

extracts with lowest lipase inhibition are: methanol leaf
(ICso = 7.68 + 0.60 mg/ml) > aqueous root (ICso = 11.97 +
0.22 mg/ml) > hexane root (ICso = 18.37 = 0.47 mg/ml) >
ethyl acetate root (ICso = 19.11 + 0.91 mg/ml). Contrary,
both ethyl acetate and hexane seed extracts as well as
methanol root extract did not exhibit lipase inhibitory
effect. Orlistat which was used as standard had a
remarkably high lipase inhibition of ICsy = 0.001 +
6.81x107 mg/ml. Previous study indicates that red-pericarp
mutant rice bran extracts inhibited lipase with ICs value of
between 35.95 to 35.97 mg/ml*. A 10 mg/ml of
Everniastrum  cirrhatum methanol extract gave an
approximately 40 % inhibition of pancreatic lipase
activity®*. Also, report by Toma et al. showed that the ICso
of aqueous-ethanol M. stenopetala leaves extract was more
than 5 mg/ml%. These findings are similar to the present
study in which ICs ranged between 3.26 mg/ml to 19.11
mg/ml. The overall lipase inhibition effect of Moringa can
be credited to the rich phytochemical constituents of the
plant extracts e.g. quercetin, caffeic acid, kaempferol, rutin,
myricetin etc, or their various derivatives previously
isolated from other plants and confirmed to exhibit
pancreatic lipase inhibition?*-3°,

Acetylcholinesterase inhibition

In Table 1, the acetylcholinesterase inhibition activity
of moringa extracts are presented. Hexane root extract
exhibited the highest acetylcholinesterase inhibition (ICso =
0.08 = 0.00 mg/ml), and was closely accompanied by
aqueous leaf extract (0.10 + 0.00 mg/ml), ethyl acetate leaf
extract (0.10 + 0.01 mg/ml), aqueous seed extract (0.10 +
0.00 mg/ml), methanol leaf extract (0.10 = 0.01 mg/ml),
aqueous root extract (0.12 = 0.01 mg/ml), methanol seed
extract (0.12 + 0.00 mg/ml) and ethyl acetate seed extract
(0.13 £ 0.02 mg/ml). The least inhibition was observed in
hexane extract of seed and leaf (0.21 +0.03 and 0.31 +0.01
mg/ml respectively). Methanol and ethyl acetate extract of
root showed no inhibition activity. Tacrine had an
exceptional inhibition with ICso of 0.002 + 6.96x107
mg/ml. Studies indicate that Gentiana kurroo®' and Areca
catechu L.*» had neuroprotective effects and enhanced
learning/memory ability. Also, Withania somnifera was
shown to alleviate Alzheimer disease by inhibiting
acetylcholinesterase with ICsy value of 0.00035 mM?3.
Sutalangka et al. demonstrated that that leaves extract of M.
oleifera  decreased  malondialdehyde level and
acetylcholinesterase activity of rat hippocampus tissue and
increased antioxidant enzymes activities. Thus suggesting
the plant had neuroprotective and memory enhancing
effect’®. Reports by Adefegha et al. indicates that aqueous
extract of Moringa seed had inhibitory effect on
acetylcholinesterase (ICsp =0.27 mg/ml) *. Similarly,
Ghous et al. reported that methanol shoot extracts of
Moringa had ICso of 77.58 ng/ml on acetylcholinesterase
activity®®. These findings agree with the present studies
where all parts of Moringa were found to exhibit promising
antiacetylcholinesterase activity. Therefore supporting it
uses as fold medicine for management and delaying the
progression of Alzheimer disease in Northern Nigeria.
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Table 1. Lipase and Acetylcholinesterase Inhibitory Activity of Moringa Extracts

Extract/Standard Lipase Acetylcholinesterase
(ICs0; mg/ml)* (ICsp; mg/ml)*
Aqueous leaf extract 3.26 +£0.26 0.10 +0.00
Methanol leaf extract 7.68 + 0.60 0.11+0.01
Ethyl acetate leaf extract 4.73 £0.09 0.10+0.01
Hexane leaf extract 5.42+£0.33 0.31+0.01
Aqueous root extract 11.97+£0.22 0.12+0.01
Methanol root extract ND ND
Ethyl acetate root extract 19.11 £0.91 ND
Hexane troot extract 18.37+0.47 0.08 = 0.00
Aqueous seed extract 5.77+£0.24 0.10 £ 0.00
Methanol seed extract 5.01 £0.03 0.12 +0.00
Ethyl acetate seed extract ND 0.13+0.02
Hexane seed extract ND 0.21+£0.03
Orlistat 0.001 +6.81x10° -
Tacrine - 0.002 £ 6.96x107

*Mean = SD of three replicate values; ND= Activity Not Detected

Antioxidant activity

The antioxidant activity of Moringa extracts are
presented in Table 2. Amongst the extracts, aqueous extract
of root and leaf had the highest DMPD radical scavenging
activity with ICsp of 1.43 £ 0.03 mg/ml and 1.86 + 0.10
mg/ml respectively. With an ICso of 3.09 = 0.19 mg/ml,
aqueous seed extract closely followed. Extracts with
comparatively moderate activity are ethyl acetate root (ICso
= 6.12 = 0.34 mg/ml), methanol root (ICso= 6.27 £ 0.10
mg/ml), methanol seed (ICso=7.46 + 0.51 mg/ml) and ethyl
acetate seed (ICso= 13.82 £ 0.14 mg/ml). Methanol leaf
extract exhibited the least scavenging activity (ICso=27.04
+ 6.18 mg/ml), while ethyl acetate extract of leaf, and the
hexane extract of both leaf, root and seed did not exhibit
DMPD radical mopping action. L (+) ascorbic acid had an

outstanding ICso value of 0.21 mg/ml. DMPD radical
scavenging activity is a rapid antioxidant test based on the
ability of compounds to donate hydrogen atom to DMPD",
there by decolourizing the coloured radical cation formed
from DMPD at acidic pH and in presence of a suitable
oxidant solution. Antioxidant activity is proportional to
intensity of decolouration?!. There are no previous reports
on the DMPD radical scavenging activity of M. oleifera.
Findings of this study revealed that the Moringa extracts
from polar solvents are more efficient antioxidants, with
aqueous extract of all the three plant parts exhibiting higher
DMPD radical scavenging activity than their methanol,
ethyl acetate and hexane counterparts. This suggests that
aqueous extraction was effective in abstracting antioxidant
compound capable of donating hydrogen atom and possibly
quenching radical/chain reaction..

Table 2. DMPD" scavenging activity, nitrite scavenging activity and ferric reducing power of moringa extracts

Extract/Standard DMPD" Scavenging Nitrite Scavenging Activity Ferric Reducing Power
Activity (ICso; mg/ml)* (ICs0; mg/ml)* (O0.D. at 4.0 mg/ml)
Aqueous leaf extract 1.86+0.10 6.17+0.01 0.47 £ 0.40
Methanol leaf extract 27.04£6.18 5.06+0.01 0.81+£0.01
Ethyl acetate leaf extract ND 2.20+£0.06 0.41+0.01
Hexane leaf extract ND 7.39+0.38 0.13+£0.00
Aqueous root extract 1.43+0.03 3.19+0.15 0.50 +0.01
Methanol root extract 6.27+0.10 7.00 +0.75 0.48 £ 0.00
Ethyl acetate root extract 6.12+0.34 7.95+0.38 0.20+0.01
Hexane root extract ND 4.13+0.12 0.11 +0.00
Aqueous seed extract 3.09+0.19 34.08 + 6.61 0.04 +0.01
Methanol seed extract 7.46+0.51 7.63+£0.20 0.08 £0.01
Ethyl acetate seed extract 13.82+£0.14 ND 0.05 +0.00
Hexane seed extract ND ND 0.04 £ 0.00
L (+) Ascorbic Acid 0.21 +0.00 - 1.02 £ 0.00"
Quercetin - 0.08 £ 0.00 0.93£0.017

*Mean + SD of three replicate values; fConc. = 0.20 mg/ml; ND= Activity Not Detected
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In comparison to other extracts, ethyl acetate leaf extract,
aqueous root extract and hexane root extract (with ICsy of
2.20+0.06,3.19+0.15 and 4.13 £ 0.12 mg/ml respectively)
exhibited the highest nitrite scavenging activities. Moderate
scavenging activities were exhibited by methanol leaf extract
(ICs0=5.06 = 0.01 mg/ml), aqueous leaf extract (ICso=6.17
+ 0.01 mg/ml), methanol root extract (ICso = 7.00 + 0.75
mg/ml), hexane leaf extract (ICso = 7.39 + 0.38 mg/ml),
methanol seed extract (ICso = 7.63 + 0.20 mg/ml) and ethyl
acetate root extract (ICso = 7.95 £ 0.38 mg/ml). The least
scavenging activity was found in aqueous seed extract (ICso
= 34.08 £ 6.61 mg/ml), while ethyl acetate and hexane
extract of the seed had no nitrite scavenging activity at the
tested extract concentration. Quercetin had superior
scavenging activity with an ICsq of 0.08 mg/ml. Nitric oxide
is an important intermediate produced by nitric oxide
synthases. In human, it is an indispensable pleiotropic
molecule with signalling function. It helps modulate
secretion of insulin, neural and blood vessels development,
peristalsis and airway tone. It also has neurotransmitter
function and immune defence function®’. As a free radical,
nitric oxide reacts with superoxide anion forming
peroxynitrite (a potentially cytotoxic molecule). More so, the
overproduction of nitric oxide is associated with
autoimmune diseases, inflammation, arthritis, diabetes,
hypertension, stroke, carcinomas as well as septic shock**4!.
Therefore regulation of tissue nitric oxide level and
scavenging it is an important target in attenuation of some
disease conditions*. Report by Aju et al. indicated that
methanol extract of Moringa leaves had the higher
scavenging action (ICso = 0.32 mg/ml) when compared to
hydro alcohol extract (ICso = 1.46 mg/ml), while water
extract had a lower activity than the former (ICso = 1.50
mg/ml) . However, these ICsy values were below those
found in the present study, indicating higher nitrite
scavenging activity of Moringa from Kerala compared to
that used in present study.

As shown in Table 2, methanol leaf extract (at 4.00
mg/ml) exhibited the highest ferric reducing power with an
OD of 0.81 + 0.01. However, the leaf extracts reducing
power was lower than that of both ascorbic acid (OD = 1.02
+ 0.00) and quercetin (OD = 0.93 + 0.01) at 0.20 mg/ml.
Other extracts with appreciably high reducing power at 4.00
mg/ml are aqueous root extract, methanol root extract,
aqueous leaf extract and ethyl acetate leaf extract. Those with
least scavenging activities are: ethyl acetate root extract >
hexane leaf extract > hexane root extract > methanol seed
extract > ethyl acetate seed extract > aqueous seed extract >
hexane seed extract. These findings suggest that polar
solvent had better extraction power for antioxidants present
in leaves and roots. Ferric reducing power is based on
capability of compounds to donate electrons, there by
facilitating the reduction of ferric ions (Fe?*) to ferrous ions
(Fe?"). The intensity of the blue colour formed is positively
correlated to reducing power of test solution. A study by
Pakade et al. indicates that M. oleifera cultivated in South
Africa had higher ferric reducing power than common
vegetables such as peas, cabbage, spinach, broccoli and
cauliflower™. Hydro alcohol and then aqueous extract of

Moringa leaves were reported to have more potent ferric
reducing power than methanol extract®. In a separate report,
Lugman et al. disclosed ethanol and aqueous extract of
Moringa seed had higher ferric reducing power than their
corresponding leaf extracts®. These are in contrast to the
findings of this study where methanol leaf extract displayed
better reducing power compared to aqueous leaf extract, and
both of these leaf extracts had higher reducing power than
their counterpart seed extracts.

Conclusion

The findings of the present study suggest that M.
oleifera can serve as a dietary source of anti-obesity and
acetylcholinesterase  inhibitors. Coupled with the
antioxidant property, the plant can serve as an alternative
herb for attenuating or managing obesity, Alzheimer and
other degenerative diseases if properly exploited. More so,
the strong antioxidant properties of the leaf can help lessen
the impact of oxidative stress and progression of
degenerative diseases when employed as food additives.

Acknowledgement

Our gratitude goes to the Biochemistry Unit, Chemistry
Department, Istanbul University-Cerrahpasa for providing
both laboratory space and research equipment that was
utilised during this experiment.

Conflict of interest

The authors declare no conflict of interest.

References

1. Aronne LJ, Classification of obesity and assessment
of obesity-related health risks, Obesity, 10 (2002)
105-115.

2. Silverstone T, Appetite suppressants: a review,
Drugs, 43 (1992) 820-836.

3.  Gardin JM, Schumacher D & Constantine G, Valvular
abnormalities and cardiovascular status following
exposure to dexfenfluramine or phentermine/
fefluramine, JAMA, 283 (2000) 1703-1709.

4. Kernman WN, Viscoli CM & Brass LM,
Phenylpropanolamine and the risk of hemorrhagic
stroke, The New England Journal of Medicine, 343
(2000) 1826-1832.

5. KangJ & Park C, Anti-obesity drugs: a review about
their effects and safety, Diabetes & Metabolism
Journal, 36 (2012) 13-25.

6. Lunagariya NA, Patel NK, Jagtap SC & Bhutani KK,
Inhibitors of pancreatic lipase: state of the art and clinical
perspectives, EXCLI Journal, 13 (2014) 897-921.

7. Burns A & Iliffe S, Alzheimer's disease, BMJ, 338
(2009) b158.

3212



Antilipase, antiacetylcholinesterase and antioxidant activities of Moringa oleifera extracts

10.

1.

12.

13.

15.

16.

18.

19.

20.

21.

22.

Heinrich M & Teoh HL, Galanthamine from
snowdrop-the development of a modern drug against
Alzheimer’s disease from local Caucasian knowledge,
Journal of Ethnopharmacology, 92 (2004) 147-162.
Aruoma OI, Nutrition and health aspects of free
radicals and antioxidants, Food and Chemical
Toxicology, 32 (1994) 671-683.

Bagchi K & Puri S, Free radicals and Antioxidants in
health and diseases, Eastern Mediterranean Health
Journal, 4 (1998) 350-360.

Frei B, Stocker R & Ames BN, Antioxidant defences
and lipid peroxidation in human blood plasma,
Proceedings of the National Academy of Sciences, 85
(1988) 9748-9752.

Choi JS, Park SH & Choi JH, Nitrite scavenging effect
by flavonoids and its structure-effect relationship,
Archives of Pharmacal Research, 12 (1) (1989) 26-33.
Kang YH, Park YK & Lee GD, The nitrite scavenging
and electron donating ability of phenolic compounds,
Korean Journal of Food Science and Technology, 28
(2) (1996) 232-239.

14 Mahato D & Sharma HP, Phytochemical profiling
and antioxidant activity of Leea macrophylla Roxb.
ex Hornem.-in vitro study, Journal of Traditional
Knowledge, 18 (3) (2019) 493-499.

Willcox JK, Ash SK & Catignani GL, Antioxidants
and prevention of chronic diseases, Critical Reviews
in Food Science and Nutrition, 44 (2004) 275-295.
16 Pandey A, Pandey RD, Tripathi P, Gupta PP,
Haider J, Bhatt S & Singh AV, Moringa oleifera Lam.
(Sahijan) - a plant with a plethora of diverse,
Therapeutic benefits: an updated retrospection,
Medicinal Aromatic Plants, 1 (2012) 101.

Magaji UF, Sacan O & Yanardag R, Alpha amylase,
alpha glucosidase and glycation inhibitory activity of
Moringa oleifera extracts, South African Journal of
Botany, 128 (2020) 225-230.

Lehner R & Verger R, Purification and
characterization of a porcine liver microsomal
triacylglycerol hydrolase, Biochemistry, 36 (1997)
1861-1868.

Jeong JY, Jo YH, Lee KY, Do SG, Hwang BY & Lee
MK, Optimization of pancreatic lipase inhibition by
Cudrania tricuspidata fruits using response surface
methodology, Bioorganic & Medicinal Chemistry
Letters, 24 (2014) 2329-2333.

Ingkaninan K, Temkitthawon P, Chuenchon K,
Yuyaem T & Thongnoi W, Screening for
acetylcholinesterase inhibitory activity in plants used
in Thai traditional rejuvenating and neurotonic
remedies, Journal of Ethnopharmacology, 89 (2003)
261-264.

Fogliano V, Verde V, Randazzo G & Ritieni A,
Method for measuring antioxidant activity and its
application to monitoring the antioxidant capacity of
wines, Journal of Agricultural and Food Chemistry,
47 (1999) 1035-1040.

Yildirim A, Mavi A & Kara A, Determination of
antioxidants and antimicrobial activities of Rumex

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

crispus L. extracts, Journal of Agricultural and Food
Chemistry, 49 (2001) 4083-4089.

Chiou S, Lai J, Liao J, Sung J & Lin S, In vitro
inhibition of lipase, a-amylase, o-glucosidase, and
angiotensin-converting enzyme by defatted rice bran
extracts of red-pericarp rice mutant, Cereal
Chemistry, 95 (2018) 167-176.

Anil KHS, Prashith KTR, Vinayaka KS, Swathi D &
Venugopal TM, Anti-obesity (Pancreatic lipase
inhibitory) activity of Everniastrum cirrhatum (Fr.)
Hale (Parmeliaceae), Pharmacognosy Journal, 3 (19)
(2011) 65-68.

Toma A, Makonnen E, Mekonnen Y, Debella A &
Addisakwattana S, Intestinal a-glucosidase and some
pancreatic enzymes inhibitory effect of hydroalcholic
extract of Moringa stenopetala leaves, BMC
Complementary and Alternative Medicine, 14 (2014) 180.
Nakai M, Fukui Y, Asami S, Toyoda-Ono Y, Iwashita
T, Shibata H, Mitsunaga T, Hashimoto F & Kiso Y,
Inhibitory effects of oolong tea polyphenols on
pancreatic lipase in vitro, Journal of Agricultural and
Food Chemistry, 53 (2005) 4593-4598.

Moreno DA, Ilic N, Poulev A & Raskin I, Effects of
Arachis hypogaea nutshell extract on lipid metabolic
enzymes and obesity parameters, Life Sciences, 78
(2006) 2797-2803.

Han L, Li W, Narimatsu S, Liu L, Fu H, Okuda H &
Koike K, Inhibitory effects of compounds isolated from
fruit of Juglans mandshurica on pancreatic lipase,
Journal of Natural Medicines, 61 (2007) 184-186.
Wikiera A, Mika M & Zyla K, Methylxanthine drugs
are human pancreatic lipase inhibitors, Polish Journal
of Food and Nutrition Sciences, 62 (2012) 109-113.
Habtemariam S, Antihyperlipidemic components of
Cassia auriculata aerial parts: identification through
in vitro studies, Phytotherapy Research, 27 (2013)
152-155.

Nasreena S, Rohaya A, Sumaya H, Seema A, Rabia
H, Bashir AG & Eijaz AB, Pharmacological
evaluation of Gentiana kurroo plant extracts against
Alzheimer’s disease, Biomedical Journal of Scientific
& Technical Research, 14 (5) (2019) 10946-10951.
Bhat SK, Ashwin D, Mythri S & Bhat S, Arecanut
(Areca catechu L) decreases Alzheimer’s disease
symptoms: Compilation of research works, Journal of
Medicinal Plants Studies, 5 (5) (2017) 04-09.
Mahrous R, Ghareeb DA, Fathy HM, EL-Khair RMA
& Omar AA, The protective effect of Egyptian
Withania somnifera against Alzheimer’s, Medicinal
& Aromatic Plants, 6 (2017) 285.

Sutalangka C, Wattanathorn J, Muchimapura S,
Thukham-mee W, Moringa oleifera mitigates
memory impairment and neurodegeneration in animal
model of age-related dementia, Oxidative Medicine
and Cellular Longevity, 695936 (2013) 9.

Adefegha SA, Oboh G, Oyeleye SI, Dada FA,
Ejakpovi I & Boligon AA, Cognitive enhancing and
antioxidative potentials of velvet beans (Mucuna
pruriens) and horseradish (Moringa oleifera) seeds

3213



UMAR FARUK MAGA]I et al

36.

37.

38.

39.

40.

extracts: a comparative study, Journal of Food
Biochemistry, 41 (2017) €12292.

Ghous T, Rasheed A, Yasin K, Nasim F, Younas F &
Andleeb S, Exploring anti-acetylcholinesterase,
antioxidant and metal chelating activities of extracts
of Moringa oleifera L. for possible prevention and
cure of Alzheimer’s disease, Scientific Research and
Essays, 9 (11) (2014) 523-527.

Delker SL, Xue F, Li H, Jamal J, Silverman RB &
Poulos TL, Role of zinc in isoform-selective inhibitor
binding to neuronal nitric oxide synthase,
Biochemistry, 49 (51) (2010) 10803-10810.

Shami PJ, Moore JO, Gockerman JP, Hathorn JW,
Misukonis MA & Weinberg JB, Nitric oxide
modulation of the growth and differentiation of
freshly isolated acute non-lymphocytic leukemia
cells, Leukemia Research, 19 (1995) 527-533.
Nathan C, Inducible nitric oxide synthase: What
difference does it make? Journal of Clinical
Investigation, 100 (1997) 2417-2423.

Taddei S, Virdis A, Ghiadoni L, Sudano I & Salvetti A,

Endothelial dysfunction in hypertension, Journal of

Cardiovascular Pharmacology, 38 (2) (2001) S11-S14.

41.

42.

43.

44.

45.

Sims NR & Anderson MF, Mitochondrial
contributions to tissue damage in stroke,
Neurochemistry International, 40 (2002) 511-526.
Hobbs AJ, Higgs A & Moncada S, Inhibition of nitric
oxide synthase as a potential therapeutic target,
Annual Review of Pharmacology and Toxicology, 39
(1999) 191-220.

Aju BY, Rajalakshmi R & Mini S, Evaluation of
proximate principles and antioxidant activity of
Moringa oleifera Lam. (drum stick tree) in Kerala,
International Journal of Advanced Research, 5 (8)
(2017) 2101-2106.

Pakade V, Cukrowska E & Chimuka L, Comparison
of antioxidant activity of Moringa oleifera and
selected vegetables in South Africa, South African
Journal of Science, 109 (3/4) (2013) 5.

Lugman S, Srivastava S, Kumar R, Maurya AK &
Chanda D, Experimental assessment of Moringa
oleifera leaf and fruit for its antistress, antioxidant,
and scavenging potential using /n vitro and In vivo
assays, Evidence-Based — Complementary — and
Alternative Medicine, 519084 (2012) 12.

3214





