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Abstract  Carica papaya is a medicinal and fruit plant owing biological activities including antioxidant,
antiviral, antibacterial and anticancer. The present study aims to investigate the acetyl (AChE) and butyryl
(BChE) cholinesterase inhibitory potentials of C. papaya extracts as well as their chemical compositions. The
chemical composition of the active extract was identified using a gas chromatography-mass spectrometry (GC-
MS). Ellman enzyme inhibition assay showed that the alkaloid-enriched leaf extract of C. papaya possessed
significant anti-BChE activity with an enzyme inhibition of 75.9%. GC-MS analysis showed that the alkaloid
extract composed mainly the carpaine (64.9%) – a major papaya alkaloid, and some minor constituents such as
aliphatic hydrocarbons, terpenes and phenolics. Molecular docking of carpaine revealed that this molecule
formed hydrogen bond and hydrophobic interactions with choline binding site and acyl pocket. This study
provides some preliminary findings on the potential use of C. papaya leaf as an herbal supplement for the
prevention and treatment of Alzheimer’s disease. 
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Introduction

Alzheimer’s disease (AD) is a progressive neurodege-
nerative disorder associated with memory impairment and
cognitive deficit and deaths related to AD has been
reported to increase by 89% between 2000 and 2014. It is
estimated that 10% of the world’s population over the age
65, are affected by this disease. At present about 18
million of people around the world have this disease and
the number is expected to increase approximately up to
34 million by 2020.1,2 

Acetylcholinesterase (AChE) and butyrylcholinesterase
(BChE) enzymes catalyse the hydrolysis of the neuro-
transmitter acetylcholine (ACh) which plays an essential
role in memory and learning. According to the cholinergic

hypothesis, inhibition of AChE increases the levels of
acetylcholine in the brain.2 Likewise, current clinical
approved drugs used for the management of mild to
moderate AD patients rely on AChE inhibitors, which
promotes an increase in the concentration and prolong the
duration of action of synaptic Ach.3 A recent systematic
review and meta-analysis of 43 randomized placebo-
controlled clinical trials showed that anticholinesterases
improved cognitive function, global symptomatology, and
functional capacity, further decreasing patients' mortality.4

BChE, which primarily associated with glial cells cleaves
Ach in a similar manner. The importance of BChE can be
postulated in advanced stage AD patients. The AChE
activity reduced up to 85% in brain of AD patients, while
the activity of BChE increases substantially.5,6 Therefore,
restoring the Ach level via inhibiting BChE could be the
propitious target for the management of the progression of
AD.

While drugs widely used for the treatment of AD is the
acetylcholinesterase inhibitors (AChEi) such as donepezil,
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rivastigmine, galantamine–and the glutamate antagonist
memantine, all of which have limited effectiveness and
has been reported to exert certain level of side effect.7

Therefore, a reliance in natural product was sorted in
addressing a potential treatment option that offers a
significantly reduced side effects. Over the years, studies
have been carried out in identifying and isolating natural
molecules for design and development of new anti-AD
drugs.8 However, the gap in addressing a potent natural
product with substantial outcome remains vague leading
to continuous efforts devoted toward discovery of potent
natural compounds for the management of AD.

Carica papaya L., or commonly known as papaya, is
one of the major tropical fruit consumed worldwide.9

Malaysia, which is blessed with 12000 species of
flowering plants of which 1300 with medicinal properties,
is the top five papaya exporter.10 C. papaya leaves have
been used in folk medicine for centuries and studies have
shown its beneficial effect as an antiinflammatory agent,11

anticancer,12,13 wound healing properties,14 antitumour
and immune-modulatory effects15 and an antioxidant.16 A
study by Halim and colleagues17 investigating toxicity of
C. papaya leaves extract on Sprague Dawley rats revealed
that it was safe for oral consumption. Furthermore, it has
been reported that extracts and pure compounds derived
from C. papaya to possess a wide variety of pharma-
cological activities including antioxidant, antimicrobial,
antihypertensive, antiplasmodial, antifungal and anti-
inflammatory.18 

Due to these extraordinary therapeutic properties, this
study aims to study the anticholinesterase activities of C.

papaya leaves in understanding its therapeutic strategies
towards AD. 

Experimental

Chemicals and reagents  Solvents (n-hexane, chloro-
form and ethanol) used for extraction were of analytical
grade (Mercks, Germany). Reagents and chemicals used
for Elman assay: acetylthiocholine iodide and acetyl-
cholinesterase from electric eel, bovine serum albumin,
5,5′-dithiobis-2-nitrobenzoic acid, and butyrylcholine-
sterase from equine serum, and S-butyrylthiocholine
chloride and physostigmine were purchased from Sigma-
Aldrich, USA. HPLC grade methanol was used for GC-
MS analysis (Merck, Germany). 

Plant extraction of C. papaya leaves  The dried
leaves of C. papaya L. (Caricaceae) were purchased from
a local herbal and nutraceutical company – Herbagus Sdn.
Bhd (Malaysia). The dried leaves were ground into fine

powder using a mill grinder. The powdered leaves (200 g)
were first extracted with n-hexane (1: 10 w/v), then
followed by 95% ethanol for 48 hours, respectively. The
supernatant of each extract was filtered and then con-
centrated under reduced pressure to yield the dried extract.
The resulted hexane (44.20 g) and ethanolic (27.2 g) extracts
were kept in -20 oC. 

Alkaloid extraction of C. papaya leaves 

Approximately 20 g of the ethanolic extract was dissolved
in 10% (v/v) acetic acid and stirred for 24 hours. After
that, the acidified suspension was filtered to give a clear
supernatant. The supernatant was then adjusted to pH 9
with ammonia solution to liberate the alkaloid cons-
tituents. The basified solution was extracted with chloro-
form for several time until colourless. The chloroform
fraction was combined and evaporated under reduced
pressure to yield the alkaloid-enriched extract (0.23 g).
Similar to crude extracts, the sample was kept in -20 oC
prior to biological activities evaluation.

Cholinesterase inhibitory assays  Cholinesterase
inhibitory activity of the test samples was determined by
Ellman’s microplate assay with modification.19 For AChE/
BChE inhibitory assay, AChE/BChE enzyme, acetyl-
choline iodide, S-butyrylthiocholine chloride, known inhi-
bitors, physostigmine was used as the reference standards.
Absorbencies of the test samples were corrected by
subtracting the absorbance of their respective blank (test
samples in methanol with acetylthiocholine iodide, S-
butyrylthiocholine chloride and 5,5′-dithiobis-2-nitroben-
zoic acid). A set of five concentrations was used to
estimate the 50% inhibitory concentration (IC50). Each
test was conducted in triplicate.

GC-MS analysis  Phytochemical analysis of C.

papaya active extract was carried out on a hyphenated
Agilent 6890N Network GC system coupled to an Agilent
5973i mass selective detector (Agilent Technologies,
Germany) according to the method previously described.20

Separation was performed on a HP-5MS column (30 m ×
0.25 mm, 0.25 µm film thickness; Agilent Technologies,
Germany) with helium as the carrier gas at a constant
flow rate of 1.2 mL/min. The injection volume was 1 µL
with a splitless mode. The initial column temperature was
held at 70 oC for 2 minutes and then increased to 280 oC
at a rate of 20 oC/min. The final column temperature was
maintained at 280 oC for another 20 minutes. The tem-
peratures of the injector and the detector were 250 oC and
280 oC, respectively. The interface temperature was set to
300 oC. Mass acquisition was performed in the range of
40 - 550 m/z using electron impact ionisation at 70 eV.
The components detected in the sample were identified by
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performing spectral database matching against the
National Institute of Standards and Technology database
(Gaithersburg, MD, USA). The identity of the detected
compounds was evaluated by comparing the mass of their
molecular ions, base ions, fragment ions, as well as their
peak intensities with those reference standards in the
database. The detected compounds with >90% spectral
matching quality were considered acceptable.

Molecular docking  Molecular docking of carpaine
was performed according to the method described.19

Crystal structures of BChE from Homo sapiens were
obtained from Protein Data Bank with PDB ID: 2WIJ.21

The molecular docking was carried out and the most
populated cluster was chosen to further analysis. The
analysis of the binding interactions was conducted using
Acceryls Discovery Studio (Accelrys Inc., San Diego,
CA, USA). 

Results and Discussion

Cholinesterase enzymes are the promising target for
Alzheimer disease (AD) drug discovery. To date, choli-
nesterase inhibitors are clinically preferred medications
for the treatment of mild and moderate forms of AD due
to its efficacy and less adverse effects. Cholinesterase
inhibitors inhibit acetylcholine from further degradation
which could aid in reducing memory and learning
impairments. Therefore, the search for potential anti-
cholinesterase inhibitor from natural products that contain
various classes of phytochemicals is one of the global
strategies for the prevention and treatment of AD. 

C. papaya is a medicine and fruit plant enriched with
different types of dietary phytochemicals such as fatty
acids, terpenes, vitamin E, flavonoids, phenolic acids etc.
These phytochemicals possess potential therapeutic pro-
perties such as antioxidant, antiviral, anticancer antiinflam-
mation etc.18 In our search for the anti-neurodegenerative
lead compounds from Malaysian flora, papaya leaves
extracts were prepared from sequential solvent extraction

(hexane and ethanol) and were screened for their potential
cholinesterase inhibitory activities using Ellman method.
The cholinesterase inhibitory activities of these extracts
are summarized in Table 1.

For the screening purposes, cholinesterase enzymes
were treated with 0.2 mg/mL of extract and fractions, and
physostigmine was used as the standard for quality
control. The result showed that ethanolic extract of C.

papaya has mild inhibition on BChE with a percentage
inhibition of 34.6% which was about 5 times greater than
the hexane extract (6.9%). The active ethanolic extract
was further fractionated by acid-base extraction to con-
centrate the alkaloid constituents. It is worthy to note that
the alkaloid-enriched fraction showed more than two
folds’ increment in BChE inhibition activity (75.0%)
compared to the ethanolic extract at the same screening
dose. Further evaluation showed that the BChE inhibition
constant (IC50) of alkaloid fraction was 175.0 ± 2.0 μg/
mL. All C. papaya leaves extracts unable to inhibit AChE
enzyme at the dose of 0.2 mg/mL indicating the extracts
and the intrinsic phytochemicals might selective towards
inhibiting BChE. BChE enzyme is localised in neurons,
glial cells and in neuritic plaques and tangles of Alzhiermer
patients. There are great interests towards BChE inhibitor
where several studies showed that the activities of BChE
increased for the advanced Alzheimer cases.22 Therefore,
chemical entities owing BChE inhibition and/or dual
inhibitory potential can be used as the alternative for

Table 2. Identified phytochemicals in the alkaloid fraction of C. papaya leaves.

Peak label Retention time (min) Compound Peak Area (%) Chemical class

1 8.4 2,4 -Di-tert-butylphenol 3.4 Phenol

2 8.7 Dihydroactinidiolide 1.2 Terpene

3 10.0 (-)-Loliolide 4.5 Terpene

4 14.5 Eicosane 2.1 Aliphatic hydrocarbon

5 16.2 Nonacosane 6.9 Aliphatic hydrocarbon

6 19.4 Vitamin E 1.4 Phenol

7 30.2 Carpaine 64.8 Alkaloid

Table 1. Cholinesterase inhibitory activities of extract and
fractions of C. papaya leaf and in comparison with standard drug,
physostigmine

Sample AChE BChE

Hexane extract >0.2 mg/mL  6.9 ± 2.1

Ethanol extract >0.2 mg/mL  34.6 ± 10.6

Alkaloid fraction >0.2 mg/mL 75.9 ± 9.7

Physostigmine 98.9 ± 4.7 96.7 ± 2.5

Data presented as Mean ± SD (n=3)
*Screening of extracts and fraction at 0.2 mg/mL
*Screening of physostigmine at 0.1 mg/mL
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Fig. 1. (a) A representative GC chromatogram of alkaloid fraction of C. papaya leaves. (b) Mass spectra of identified carpaine in the C.
papaya leaf and the standard carpaine in NIST library.
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AChE inhibitors for severe cases. A number of phyto-
chemicals have been reported for their selective BChE
inhibitory effect including lipophilic constituents and
flavonoids from Stenochlaena palustris, garcinexanthone
G from Garcinia atroviridis, and indole alkaloids from
Nauclea officinalis.20,23,24 The apparent positive result of
the alkaloid fraction initiate further analysis to reveal its
chemical composition using gas chromatography-mass
spectrometry (GC-MS) method. 

The active alkaloid fraction of C. papaya leaves was
analyzed for its phytochemicals using GC-MS at a fix
concentration of 10 mg/mL. The identified compounds
are summarized in Table 2. In total, seven lipophilic com-
pounds, constituting 84.5% of the sample by percentage
of peak area, were identified in the alkaloid fraction (Fig.
1). The fraction composed mainly carpaine (64.8%) – a
major macrocyclic lactone alkaloid in the leaves of C.

papaya, followed by a portion of non-alkaloid con-
stituents such aliphatic hydrocarbons, volatile terpenes
and phenolics. Aliphatic hydrocarbons - eicosane and
nonacosane are the second and fifth major components
comprising of 9.0% of the active fraction. Volatile terpenes
were the third dominant chemical class, accounting for
5.7% of the active fraction, and this figure was contri-
buted by loliolide (4.5%) and dihydroactinidiolide (1.2%).
Lipophilic phenols such as 2,4 -di-tert-butylphenol (3.4%)
and vitamin E (1.4%) were the trace components in the
active fraction. 

Molecular docking is used in the drug discovery to
predict the molecular interactions of the compound and
enzyme of interest. In the present study, the major
compound of alkaloid fraction, carpaine was docked into
the active site of BChE enzyme (PDB code: 2WIJ). Fig. 2
shows the interaction of carpaine with residues of BChE.
Carpaine was well fitted well within the active site of
BChE with the free energy of binding of -11.82 kcal/mol.
Carpaine formed hydrogen bonding and hydrophobic
interactions with the interface of choline binding site and
acyl pocket domains (Table 2). Val 288 of the acyl pocket
formed hydrogen bonding with carbonyl group of
carpaine (3.3 and 4.6 Å) and Trp 82 formed hydrophobic
interaction with lactone of carpaine (2.5 Å). A hydrogen
interaction was observed with Pro 285 residue of the
enzyme. 

In conclusion, this study underscores the potential of C.

papaya leaf alkaloid fraction and its major alkaloid
compound as potential nutraceutical for memory enhancing
agent. Alkaloid fraction showed promising BChE inhibition
activity and GC-MS data revealed that the major com-
pound was carpaine. Subsequently, molecular docking
result showed that carpaine fitted well within active site of
BChE enzyme. Future work will be conducted to access
the blood brain barrier penetration potential of the fraction
and in vivo study using suitable animal model for its
therapeutic applications. 

Fig. 2. Binding orientation of carpaine with butrylcholinesterase enzyme residues at the active site of BChE.



170 Natural Product Sciences

Acknowledgments

We would like to acknowledge Monash Tropical
Medicine & Biology (TMB) Multidisciplinary Platform
for this study. NJYC would like to acknowledge Institute
of Postgraduate Studies (IPS), Universiti Sains Malaysia
for awarding USM Fellowship Scheme.

References

(1) Alzheimer's Association. Alzheimers. Dement. 2017, 13, 325-373. 

(2) Murray, A. P.; Faraoni, M. B.; Castro, M. J.; Alza, N. P.; Cavallaro,

V. Curr. Neuropharmacol. 2013, 11, 388-413.

(3) Racchi, M.; Mazzucchelli, M.; Porrello, E., Lanni, C.; Govoni. S.

Pharmacol. Res. 2004, 50, 441-451.

(4) Blanco-Silvente, L.; Castells, X.; Saez, M.; Barceló, M. A.; Garre-

Olmo, J.; Vilalta-Franch, J.; Capella, D. Int. J. Neuropsychopharmacol.

2017, 20, 519-528.

(5) Darvesh, S.; Hopkins, D. A.; Geula, C. Nat. Rev. Neurosci. 2003, 4,

131-138.

(6) Greig, N. H.; Sambamurti, K.; Yu, Q. S.; Perry, T. A.; Holloway, H.

W.; Haberman, F.; Brossi, A.; Ingram, D. K.; Lahiri, D. K. Butyryl-

cholinesterase: its selective inhibition and relevance to Alzheimer’s

disease; Butyrylcholinesterase: Its Function and Inhibition; Giacobini, E.

Ed; Martin Dunitz Ltd; London, 2003, pp 69-90.

(7) Chopra, K.; Misra, S.; Kuhad, A. Expert Opin. Pharmacother. 2011,

12, 335-350.

(8) Huang, L.; Su, T.; Li, X. Curr. Top. Med. Chem. 2013, 13, 1864-

1878.

(9) Sekeli, R.; Hamid, M. H.; Razak, R. A.; Wee, C. Y.; Ong-Abdullah,

J. Front. Plant Sci. 2018, 9, 1380.

(10) Arumuganathan, K.; Earle, E. Plant Mol. Bio. Rep. 1991, 9, 208-

218.

(11) Owoyele, B. V.; Adebukola, O. M.; Funmilayo, A. A.; Soladoye,

A. O. Inflammopharmacology 2008, 16, 168-173.

(12) Khaw, K. Y.; Parat, M. O.; Shaw, P. N.; Nguyen, T. T. T.; Pandey,

S.; Thurecht, K. J.; Falconer, J. R. Sci. Rep. 2019, 9, 1716.

(13) Khaw, K. Y.; Shaw, P. N.; Parat, M. O.; Pandey, S.; Falconer, J. R.

Processes 2020, 8, 610.

(14) Gurung, S.; Skalko-Basnet, N. J. Ethnopharmacol. 2009, 121, 338-

341.

(15) Otsuki, N.; Dang, N. H.; Kumagai, E.; Kondo, A.; Iwata, S.;

Morimoto, C. J. Ethnopharmacol. 2010, 127, 760-767.

(16) Imaga, N. A.; Gbenle, G. O.; Okochi, V. I.; Adenekan. S. O.; Duro-

Emmanuel. T.; Oyeniyi, B.; Dokai, P. N.; Oyenuga, M.; Otumara, M.;

Ekeh, F. C. Sci. Res. Essays 2010, 5, 2201-2205.

(17) Halim, S.; Abdullah, N. R.; Afzan, A.; Abdul Rashid, B. A.;

Jantan, I.; Ismail, Z. J. Med. Plants Res. 2011, 5, 1867-1872.

(18) Vij, T.; Prashar, Y. Asian Pac. J. Trop. Dis. 2015, 5, 1-6.

(19) Jamila, N.; Yeong, K. K.; Murugaiyah, V.; Atlas, A.; Khan, I.;

Khan, N.; Khan, S. N.; Khairuddean, M.; Osman, H. Nat. Prod. Res.

2015, 29, 86-90.

(20) Chear, N. J. Y.; Khaw, K. Y.; Murugaiyah, V.; Lai, C. S. J. Food

Drug Anal. 2016, 24, 358-366.

(21) Carletti, E.; Aurbek, N.; Gillon, E.; Loiodice, M.; Nicolet, Y.;

Fontecilla-Camps, J. C.; Masson, P.; Thiermann, H.; Nachon, F.; Worek,

F. Biochem. J. 2009, 12, 97-106.

(22) Giacobini, E. Pharmacol. Res. 2004, 50, 433-40.

(23) Khaw, K. Y.; Murugaiyah, V.; Khairuddean, M.; Tan, W. N. Nat.

Prod. Sci. 2018, 24, 88-92.

(24) Liew, S. Y.; Khaw, K. Y.; Murugaiyah, V.; Looi, C. Y.; Wong, Y.

L.; Mustafa, M. R.; Litaudon, M.; Awang, K. Phytomedicine 2015, 22,

45-48.

Received April 20, 2020

Revised June 18, 2020

Accepted June 22, 2020


