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ABSTRACT

Acetylcholinesterase, the key enzyme, terminates the impulse transmission in numerous cholinergic pathways by rapid hydrolysis of the
neurotransmitter acetylcholine. The enzyme inactivation by cholinesterase inhibitors increases the concentration of acetylcholine in the synapse
eliciting neurohumoral transmission both in the central and peripheral nervous system. Several synthetic cholinesterase inhibitors like Tacrine,
Donepezil and Galantamine were in existence with unpleasant side effects like weird dreams, muscle pain and gastrointestinal disturbances as well.
Medicinal plants are found to be the valuable source of acetylcholinesterase inhibitors with minimal side effects. Many medicinal plants have been
used traditionally for the treatment of various neurodegenerative disorders like Alzheimer’s disease, dementia and cognitive impairments. The aim of
the present review is to provide a comprehensive literature survey of plants that have been tested for acetylcholinesterase inhibitory activity along
with other numerous phytoconstituents, which may aid researchers in their study of natural products for management of number of central nervous

system disorders.
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INTRODUCTION

The cholinergic hypothesis implies that the Acetylcholine
(ACh), a neurotransmitter synthesized in cholinergic nerve
terminals play an important role in learning, memory and mood.
ACh, increases the synaptic transmission in neuromuscular
junction of central nervous system (CNS) thereby regulates its
functions™?. The enzyme acetylcholinesterase (AChE) inhibits
the ACh mediated neuronal impulse transmission by triggering
fast hydrolysis of ACh in the cholinergic nerve endings’. The
decreased level of ACh in the cortex region of brain results in
insufficient cholinergic functions originating many pathological
features in the CNS disorders like Alzheimer’s disease and
dementia*. The AChE inhibitors deactivate AChE and increase
the availability and duration of action of ACh at the synaptic
nerve terminals’.

Acetylcholine

Acetylcholine is discovered as the first neurotransmitter, an
organic molecule released at nerve endings of all autonomic
ganglia and at many synapses in the central nervous system. In
the peripheral nervous system, ACh is responsible for skeletal
muscle movement. The smooth and cardiac muscle movement is
also regulated by ACh. In the central nervous system ACh play
a chief role in memory and cognition®. ACh is synthesized from
choline and acetyl coenzyme A by the biosynthetic enzyme
Choline acetyltransferase (ChAT) in the cytosol of several
cholinergic neurons. From the cytosol, ACh is transported by the
vesicular ACh transporter (an energy - dependent pump),
actively and stored as the synaptic vesicle in the presynaptic

terminal’. The arrival of an action potential at the nerve
terminals causes opening of voltage sensitive Ca®" channels
present in presynaptic membrane thereby permitting an influx of
Ca®" into the terminals. The released Ca** thus facilitates the
fusion of synaptic vesicles triggering the exocytosis of ACh
from the storage vesicles into the synaptic cleft at the neuronal
junction. Following its release from the nerve terminal, ACh
diffuses across the synaptic cleft and bind to the receptors on the
post synaptic terminal membrane. Upon activation of the
receptors ACh elicits several cellular responses®. The signal
transmission effect of ACh is rapidly terminated by the enzyme
ACHhE located on the post — synaptic membrane, by hydrolyzing
ACh into acetate and choline. The liberated choline is
transported back into the nerve terminals by the high — affinity
choline transporter and used for resynthesis of ACh by
combining with acetyl coenzyme A in the presence of the
enzyme ChAT’. Cholinergic function of ACh is required for the
short term memory function, thus its deficiency may leads to
short term memory deficit, a central nervous system disorder'.
The drugs that are enhancing and inhibiting cholinergic
transmission are shown in table 1 and 2, respectively1 L

TABLE 1: DRUGS THAT ENHANCE CHOLINERGIC

TRANSMISSION
Mode of Action Drug
Nicotinic agonists Nicotine
Muscarinic agonists Bethanechol
Cholinesterase inhibitor Physostigmine

98


http://www.jpsionline.com/

Balamurugan K et al: J. Pharm. Sci. Innov. 2018; 7(4)

TABLE 2: DRUGS THAT INHIBIT CHOLINERGIC

TRANSMISSION
Mode of Action Drug
Inhibitors of vesicular storage Vesamicol
Inhibitors of release Botulinium toxin
Nicotinic antagonists Trimethaphan
Muscarinic antagonists Atropine
Inhibitors of high — affinity choline transport Hemicholinium
Inhibitors of pyruvate dehyrogenase Bromopyruvate

Acetylcholinesterase Enzyme

AChE is a membrane — bound enzyme belonging to the family
of serine hydrolase present in neuromuscular junction and
cholinergic synapses. AChE inhibits the synaptic transmission
of cholinergic neurons by rapid hydrolysis of ACh'?. The
enzyme AChE is a protein complex of o/f hydrolase fold type
with an overall ellipsoid shape having a deep groove of above
20 A deep, called the gorge. The “peripheral site” of the outer
rim is the initial binding site of ACh, which then migrates to the
bottom where hydrolysis takes place. The four essential sub sites
of gorge are the esteric site, the oxyanion hole, anionic site and
the acyl pocket'. The catalytic triad Ser200-His440-Glu327 of
the esteric site promotes the nucleophilicity of catalytic serine.
The hydrogen bond between His and Ser is strong which
improves the ability of Ser for a nucleophilic attack on the
substrate. The transition state of histidinium cation is stabilized
by Glutamate'®. During this catalytic process, the tetrahedral
intermediate of ACh thus formed is stabilized by the hydrogen
bond donors containing Gly 118, Gly 119 and Ala 201 residues
of the “oxyanion hole” (OH)'. The choline binding site is the
“anionic subsite” having Trp84, Phe330 and Glul99, which
upon 7-cation interactions binds to quaternary ammonium
ligands of ACh'®. The dimension of the substrates, entering the
active site is controlled by the acyl binding pocket having
Phe288 and Phe290. The three existing isoforms of AChE are
G1 in brain; G4 in brain and the neuromuscular endplate and G2
in skeletal muscles and blood forming cells. The single AChE
molecule can hydrolyze nearly 2.4x10* molecules of ACh per
second'’. It is much more important to inhibit AChE both
medically and toxicologically. The well thorough knowledge of
AChE and about its structure is essential for finding out the
mechanism of action underlying the pharmacological and
toxicological action of certain AChE inhibitors for the purpose
of rational drug design'®.

Acetylcholinesterase Inhibitors

ACHhE inhibitors or anti-cholinesterases (anti-ChE) promotes the
accumulation of ACh in the vicinity of cholinergic nerve
terminals and are potentially capable of producing effects
equivalent to excessive stimulation of cholinergic receptors
throughout the central nervous system. The anti-ChE agents
have received extensive application as toxic agents, in the form
of agricultural insecticides, pesticides and potential chemical
warfare “nerve gases”. Nervertheless, several compounds of this
class are widely used therapeutically; others that cross the
blood- brain barrier have been approved or are in clinical trial
for the treatment of neurodegenerative disorders'®. According to
the mode of action, AChE inhibitors are divided in to two main
types, reversible and irreversible.

Reversible Acetylcholinesterase Inhibitors

The activities of the enzyme AChE are manipulated
pharmacologically by reversible AChE inhibitors. These
inhibitors include compounds like carbamate, quaternary or
tertiary ammonium group that are applied in the diagnostic
and/or treatment of various neurodegenerative disorders, as well
as antidote to anticholinergic overdoses'®. Reversible inhibitors
are further divided into competitive enzyme inhibitors and
substrate inhibitors. Examples of reversible cholinesterase
inhibitors  includes, Carbamates like = Physostigmine,
Neostigmine, Pyridostigmine, Edrophonium, Rivastigmine,
Donepezil, Galanthamine and Acridine derivative — Tacrine®.
The novel donepezil-tacrine and oxoisoaporphine-tacrine
congeners hybrid related derivatives, coumarin and hyperzine A
derivatives are able to bind simultaneously to both peripheral
and catalytic sites of the enzyme and thus exhibits high AChE
inhibitory activity with ICs, value in the nanomolar range. In
addition, the newly synthesized symmetrical bispyridinium and
carbamate anti-AChE compounds can inhibit the enzyme even
in micromolar concentrations, making them the novel candidates
for the treatment of many CNS disorders.

Irreversible Acetylcholinesterase Inhibitors

Organophosphorus compounds (OPs) are esters or thiols derived
from phosphoric, phosphonic, phosphinic or phosphoramidic
acid and the compounds includes organophosphorus
insecticides like parathion, malathion, chlorpyrifos, diazinon,
dichlorvos, phosmet, fenitrothion, tetrachlorvinphos, azinphos
methyl, pirimiphos-methyl, dimethoate, phosalone and
organophosphorus nerve gases like tabun, sarin, soman,
cyclosarin. The organophosphates acts by non-reversible
phosphorylation of esterases in the central nervous system and
their toxic effects are due to irreversible inactivation of AChE.
The OPs and ACh are substrate analogues and thus OPs enters
the active site like natural substrate and binds covalently to the
hydroxyl group of serine. since the phosphorylated enzyme
cannot hydrolyze the neurotransmitter, leads to accumulation of

ACh in the synaptic cleft results in neurotransmission'”.

The biochemical properties and physiological role of AChE is
found to be unique, made it an attractive topic of intensive
investigations throughout the world. The research is under
progress to discover new AChE inhibitors from both synthetic
and natural origin. This review is highly focused on certain
newly existing natural bioactive compounds with AChE
inhibitory activity along with a brief discussion about the
traditional AChE inhibitors from natural source that are already
in use.
ACETYLCHOLINESTERASE INHIBITORS FROM
PLANTS

The history of drug discovery shown that the plants are being an
important sources in the search for new bioactive compounds
with AChE inhibitory property’. Based on the several
neuropharmacological activities including cognitive repair that
have been documented in folk medicine, the following plants
have been described as potential leads for the development of
new drugs for CNS disorders. The list of some plants that have
been reported to exhibit AChE inhibitor activity are also been
given in table 3.
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TABLE 3: PLANTS WITH ACETYLCHOLINESTERASE INHIBITORY ACTIVITY

Plant Family Parts used Type of extract | Activity (%inhibition) (concentration) | References
Acacia nilotica Mimosaceae Leaf Ethyl acetate 53.00+3.70 (1 mg/ml) 21
Arnica chamissonis Asteraceae Flower Methanolic 95.0+1.1 (400 pg/ml) 22
Bacopa monnieri Scrophulariaceae Whole plant Ethanolic 42.9+1.2 (0.1 mg/ml) 23
Combretum kraussii Combretaceae Leaf Ethyl acetate 96.00+4.60 (1 mg/ml) 24
Corydalis solida Papaveraceae Whole plant Methanolic 89.00+0.00 (0.1 mg/ml) 25
Crinum jagus Amaryllidaceae Leaf Methanolic 74.25+6.42 (42.5 pg/ml) 26
Dioscorea bulbifera Dioscoreaceae Whole plant Methanolic 79.00+2.00 (5 mg/ml) 27
Embelia ribes Myrsinaceae Root Methanolic 50.82+0.71 (100 pg/ml) 28
Fumaria capreolata Fumariaceae Fruit Ethanolic 97.37+0.52 (100 mg/ml) 29
Galium odoratum Rubiaceae Herb Hexane 53.1£1.1 (400 pg/ml) 22
Laurus nobilis Lauraceae Leaf Ethanolic 65.80+3.70 (2 mg/ml) 30
Mpyricaria elegans Tamariacaceae Aerial parts Methanolic 74.80+0.00 (0.2 pg/ml) 31
Nelumbo nucifera Nelumbonaceae Flower Methanolic 61.73+7.6 (0.1 mg/ml) 32
Punica granatum Punicaceae Whole fruit Methanolic 62.4+5.3 (0.1 mg/ml) 32
Salvia officinalis Lamiaceae Whole plant Ethanolic 68.20£15.60 (2.5 mg/ml) 33
Terminalia chebula Combrateceae Fruit Methanolic 89.00£1.00 (5 mg/ml) 27
Tinospora cordifolia Manispermacea Stem Methanolic 89.00+1.00 (5 mg/ml) 28
Withania somnifera Solanaceae Root Methanolic 75.95+0.16 (100 pg/ml) 28

Vanda roxburghii

The chloroform extract of Vanda roxburghii (Orchidaceae) acts
as an important source of polyphenols with antioxidant and
choliesterase inhibitory activity. The bioassay-guided separation
using column chromatography let to the isolation of gigantol, a
bibenzyl stilbinoid as a phenolic component from the active
subfraction. Due to its phenolic compounds Vanda roxburghii,
possess a combination of antioxidant properties and
choliesterase inhibitory activities supported its traditional
utilization in Bangladesh in the treatment of Alzheimer’s
disease®.

Pluchea indica

In a study performed by Noridayu et.al., the methanolic extract
of stem of Pluchea indica (Asteraceae) and hexane extract of
both the leaves and stems were found to inhibit
acetylcholinesterase potentially. Its methanolic extract of leaves
also showed highest antioxidant activity. This study revealed
that the Pluchea indica may provide a potential source of
bioactive compounds and thus it may be benificial to human
health®.

Jatropha gossypifolia

Jatropha gossypifolia belonging to the family Euphorbiaceae,
shown to have a potent acetylcholinesterase inhibitory activity
was screened by Ellman’s assay method. The dichloromethane
fraction of root, methanol fraction of root, and dichloromethane
fraction of leaves shown significant acetylcholinesterase
inhibitory activity when compared with the standard eserine.
The dichloromethane fraction of  root contains
butyrylcholinesterase (BuChE) inhibitory action as well. This
study thus explained about the significant AChE and BuChE
inhibitory action of the plant Jatropha gossypifolia, supporting
its traditional use for the management of Neurodegenerative
disorders like Alzheimer’s disease®.

Arnica montana

Arnica montana belongs to family Asteraceae is a valuable
medicinal plant for its strong anti-inflammatory activity®’. Its
main application is for treatment of injuries like sprains, bruises
and hematomas™. The acetylcholinesterase inhibitory potential
of Arnica montana was assessed quantitatively by modified
Ellman’s colorimetric method. The result demonstrated that

Arnica montana extract has strong antioxidant activity and
moderate AChE inhibitory ability®’.

Agrimonia pilosa

In a study performed by Mankil jung et.al., an ethyl acetate
extract of whole plants of Agrimonia pilosa (Rosaceae) yielded
four flavonol compounds as tiliroside, 3-methoxy quercetin,
quercitrin and quercetin. All the four flavonoids shown
significant inhibitory effect on AChE. The fourth flavonoid —
quercetin was twice as active against AChE, shown more anti-
amnesic activity than the clinically useful tacrin*’. Thus
quercetin or its derivatives might have therapeutic potential for
the treatment of Alzheimer’s disease*'. The leaves and stems of
the plant also shown various pharmacological activities such as
anti-tumour, analgesic, anti-bacterial, anti—inﬂammatory“,
hypoglycemic and vasoconstrictor activities. The plant also
cures abdominal pain, sore throat, headaches, bloody and
mucoid dysentery and heat stroke*™**.

Beilschmiedia species

Among all the three species of Beilschmiedia which are
Beilschmiedia glabra, B. madang and B. pulverulenta belonging
to the family Lauraceae, the methanolic extract of stem bark of
B. madang showed highest AChE inhibitory activity with
percentage inhibition of 62.8%, which may be due to their
alkaloidal content as its phytoconstituents. The extract also
exhibited highest free radical scavenging activity (ICsq of 63.2
pg/ml) and total phenolic content (163.4 mg GA/g) assay™®.

Emex spinosa

Emex spinosa (Polygonaceae), used as a purgative, diuretic,
stomach disorders, dyspepsia and colic in traditional medicine.
The maximal inhibitory effect of the plant was found at 400
pg/ml by 81.92%. The plant also exhibited the most chelation
and reduction capability which confirm its antioxidant
proper‘cy‘”.

Citrullus colocynthis

Citrullus colocynthis belongs to the family Cucurbitaceae is
traditionally used to treat constipation, diabetes, edema, fever,
jaundice, bacterial infection, cancer, etc. The plant was screened
for its anticholinesterase activity and found that it inhibits
acetylcholine iodide hydrolysis at 400 pg/ml by 83.54% to a
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maximum. The plant also contains greater potential of
antioxidant activity that may help in alleviating patients
suffering from Alzheimer’s disease*’.

Magnolia officinalis

The plant bark of Magnolia officinalis belongs to the family
Magnoliaceae, is used as a memory enhancing agent for the
treatment of neurosis, anxiety, dementia, stroke, etc., in chinese
medicine. The ethanolic extract of the bark of the plant inhibits
the cognitive impairment induced by scopolamine by inhibiting
AChE. The extract contains magnolol and honokiol as
constituents that are responsible for antioxidant activity both in
vitro and in vivo*®®,

Thymbra capitata

The essential oils and decoction waters of Thymbra capitata
(Lauriaceae) = was  evaluated  for  antioxidant  and
antiacetylcholinesterase activity. The essentials oils of the plant
shown the presence of carvacrol, the active constituent is
responsible for its antiacetylcholinesterase activity at ICs, of
5241 pg/ml. The plant also screened for its free radical
scavenging, anti-inflammatory and superoxide anion scavenging
activity>”.

Acorus calamus

Acorus calamus (Acoraceae) is widely used in Indian traditional
system of medicines like Ayurveda, Unani, Siddha. It is also
used to treat various CNS disorders like depression in chinese
medicine’’. The o and B-asarone are the major constituents
present in Acorus calamus, inhibits AChE*. The plant also
shows antioxidant, anti-spasmodic, cardiovascular
hypolipidemic, immunosuppressive, anti-inflammatory,
cytoprotective, anti-diarrhoeal, anthelmintic and antimicrobial
activities™.

Melissa officinalis

The traditional use of Melissa officinalis (lemon balm),
Lamiaceae, was to sharpen memory. It also improves cognitive
decline as well as the mood for Alzheimer’s patients,
temporarily. Another study revealed that the plant due to its
AChE inhibitory ability and its antioxidant activity, helps in
prevention and treatment of Alzheimer’s disease®**,

Lepidium meyenii

Lepidium meyenii (Maca) belongs to Brassicaceae, the plant in
the Andes of Peru, able to survive even in the undesirable
condition of high altitude, burning sun, hot days, cold nights and
dry winds>. The study done by Rubio J et.al. revealed that the
aqueous and hydroalcoholic extracts of black maca improved
scopolamine-induced memory impairment in mice by reducing
brain AChE activity by 45%. Rubio J et.al. also studied that
Maca by its antioxidant and AChE inhibitory activities
improved experimental memory impairment induced by
ovareictomy in mice’’.

Lycopodium serratum

Lycopodium serratum belonging to the family Lycopodiaceae
yeilds an alkaloid Huperizine A, a potential therapeutic agent
used in the therapy of Alzheimer’s disease®®. Huperizine A, has
been used traditionally to treat fever, inflammation, blood
disorders and schizophrenia®. It is a potent, reversible, AChE

inhibitor whose potency is similar to that of physostigmine,
galantamine, denepezil and tacrine®. Huperizine A also confers
certain protective effects such as regulating amyloid precursor
protein metabolism, anti-inflammatory as well as apoptosis and
mitochondrial dysfunction®'.

CONCLUSION

The known AChE inhibitors that are available in the market for
the treatment of various neurodegenerative disorders are with
several side effects such as high toxicity, low bioavailability,
short duration of action and narrow therapeutic effects. The need
arises for the development of new AChE inhibitors with less
toxicity and more potent activity. Nature provides large number
of bioactive compounds with greater AChE inhibitory potential
those are desirable for human health. This review may provide
information about the plants with AChE inhibitory activity
which may contribute to the design of new pharmaceuticals
from natural origin with minimal side effects.

REFERENCES

1. Kumar M, Randhava NK, Devi S. Acetylcholinesterase
inhibition and phyto-constituents. Res Pharm 2014;4(4):08-
15.

2. Blokland A. Acetylcholine: a neurotransmitter for learning
and memory? Brain Res Rev 1996;21:285-300.

3. Mukherjee PK, Kumar V, Mal M, Houghton PJ.
Acetylcholinesterase inhibitors from plants. Phytomedicine
2007;14:289-300.

4. Lahiri DK, Farlow MR, Greig NH, Sambamurti K. Current
drug targets for Alzheimer’s disease treatment. Drug Dev
Res 2002;56:267-281.

5. Benamar H, Rached W, Derdour A, Marouf A. Screening of
Algerian Medicinal Plants for Acetylcholinesterase
Inhibitory Activity. J Biol Sci 2010;10(1):1-9.

6. Perry E, Walker M, Grace J, Perry R. Acetylcholine in
mind: a neurotransmitter correlate of consciousness? Trends
Neurosci 1999;22:273-280.

7. Voet D, Voet J. Biochemistry; John Wiley and Sons: New
York,1993.

8. Katzung BG. Basic and clinical pharmacology; The
McGraw Hill Companies: Colombus, USA, 2001; p. 75-91.

9. Barnard EA. In: The peripheral Nervous System; Hubbard
J1, Ed; Plenum: New York, 1994; p. 201-224.

10. Francis PT, Palmer AM, Snape M, Wilcock GK. The
Cholinergic hypothesis of Alzheimer’s disease: a review of
progress. J Neurol Neurosurg Psychiatry 1999;54:137-147.

11. Brody’s Human Pharmacology: Molecular to Clinical. 5™
edition. Lynn wecker, Lynn M. Crespo, George Dunaway,
Carl Faingold, Stephanie Watts. Elsevier: Philadelphia,
2010: p. 105.

12. Taylor P, Radic Z. The cholinesterases: from genes to
proteins. Annu Rev Pharmacol 1994;34:281-320.

13. Sussman JL, Harel M, Frolow F, Oefner C, Goldman A,
Tokel L, et.al. Atomic Structure of Acetylcholinesterase
from Torpedo -californica: A Prototypic Acetylcholine
Binding Protein. Science 1991;253:872 879.

14. Zhang Y, Kua J, McCammon JA. Role of the catalytic triad
and oxyanion hole in acetylcholinesterase catalysis: An ab
initio QM/MM Study. J Amer Chem Soc 2002;124:10572-
10577.

15. Ordentilch A, Barak D, Kronamn C, Ariel N, Segall Y,
Velan B, et.al. Functional characteristics of the oxyanion
hole in human acetylcholinesterase. J Biol Chem
1998;273:19509-19517.

16. Kua J, Zhang Y, Eslami AC, Butter JR, McCammon JA.
Studying the roles of W86, E202, Y337 in binding of

101



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Balamurugan K et al: J. Pharm. Sci. Innov. 2018; 7(4)

acetylcholine to acetylcholinesterase using a combined
molecular dynamics and multiple docking approach. Protein
Sci 2003;12:2675-2684.

Taylor P. Development of acetylcholinesterase inhibitors in
the therapy of AD. Neurology 1998;51:30-35.

Goodman and Gilman’s. The Pharmacological Basis of
Therapeutics. 12™ edition. The McGraw Hill Medical. New
delhi, 2011; p.239.

Colovic MB, Kirstic DZ, Tamara D, Lazarevic-Pasti,
Bondzic AM, Vasic VM. Acetylcholinesterase Inhibitors:
Pharmacology and Toxicology. Curr Neuropharmacol
2013;11:315-335.

Essentials of Medical Pharmacology. KD  Tripathi. 7%
edition. Jaypee Brothers Medical Publishers. New Delhi,
2013; p. 105.

Eldeen IMS, Elgorashi EE, Van Staden J. Antibacterial,
anti-inflammatory, anti cholinesterase, and mutagenic
effects of extracts obtained from some trees used in South
African  traditional medicine. J  Ethnopharmacol
2005;102:457-464.

Wszelaki N, Kuciun A, Kiss AK. Screening of traditional
European herbal medicines for acetylcholinesterase and
butyrylcholinesterase inhibitory activity. Acta Pharm
2010;60:119-128.

Das A, Shanker G, Nath C, Pal R, Singh S, Singh HK. A
comparative study in rodents of standardized extracts of
Bacopa monniera and Ginkgo biloba anticholinesterase and
cognitive enhancing activities. Pharmacol Biochem Behav
2002;73:893-900.

Adewusi EA, Moodley N, Steenkamp V. Medicinal plants
with cholinesterase inhibitory activity: A Review. Afr J
Biotechnol 2010;9(49):8257-8276.

Adsersen A, Gauguin B, Gudiksen L, Jager AK. Screening
of plants used in Danish folk medicine to treat memory
dysfunction for acetylcholinesterase inhibitory activity. J
Ethnopharmacol 2006;104(3):418-422.

Elufioye TO, Obuotor EM, Sennuga AT, Agbedahunsi JM,

Adesanya SA. Acetylcholinesterase and
butyrylcholiinestererase inhibitory activity of some selected
Nigerian medicinal plants. Rev Bras Farmacogn

2010;20(4):472-477.

Sancheti S, Sancheti S, Um BH, Seo SY. 1,2,3,4,6-penta-O-
galloyl-B-D-glucose: A cholinesterase inhibitor from
Terminalia chebula. S Afr J Bot
2009;doi:10.1016/j.sajb.2009.11.006.

Vinutha B, Prashanth D, Salma K, Sreeja SL, Pratiti D,
Padmaja R, et.al. Screening of selected Indian medicinal
plants for acetylcholinesterase inhibitory activity. J
Ethnopharmacol 2007;109:359-363.

Ali-Shtayeh MS, Jamous RM, Abu Zaitoun SY, et.al. In-
vitro screening of acetylcholinesterase inhibitory activity of
extracts from Palestinian indigenous flora in relation to the
treatment of Alzheimer’s disease. Functional Foods in
Health and Disease 2014;4(9):381-400.

Ferreira A, Proenca C, Serralheiro MLM, Araujo MEM. The
in vitro screening for acetylcholinesterase inhibition and
antioxidant activity of medicinal plants from Portugal. J
Ethnopharmacol 2006;108:31-37.

Ahmad W, Ahmad B, Ahmad M, Igbal Z, Nisar M, Ahmad
M. In vitro inhibition of acetylcholinesterase,
butyrylcholinesterase and lipoxygenase by crude extract of
Mpyricaria elegans Royle. J Biol Sci 2003;3:1046-9.

Mathew M, Subramanian S. In Vitro Screening of Anti-
Cholinesterase and Antioxidant Activity of Methanolic
Extracts of Ayurvedic Medicinal Plants Used for Cognitive
Disorders. PLoS One 2014;9(1):e86804.
doi:10.1371/journal.pone.0086804.eCollection 2014.

33.

34.

35

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49

50.

Orhan I, Kartal M, Naz Q, Ejaz A, Yilmaz G, Kan Y, et.al.
Antioxidant and anticholinesterase evaluation of selected
Turkish Salvia species. Food Chem 2007;103:1247-1254.
Uddin NMd, Afrin R, Uddin JMd, Uddin JMd, Alam
AHMK, Rahmann AA, et.al. Vanda roxburghii chloroform
extract as a potential source of polyphenols with antioxidant
and cholinesterase inhibitory activities: identification of a
strong phenolic antioxidant. BMC Complement Altern Med
2015;15:195.

. Noriyadu AR, Hii YF, Faridah A, Khozirah S, Lajis N.

Antioxidant and antiacetylcholinesterase activities of
Pluchea indica Less. Int Food Res J 2011;18(3):925-929.
Saleem H, Ahmad I, Shahid MN, Gill MSA, Nadeem MF,
Mahmood W, etal. In Vitro acetylcholinesterase and
butyrylcholinesterase inhibitory potentials of Jatropha
gossypifolia plant extracts. Acta Pol Pharm Drug Res
2016;73(2):419-423.

Garcia-Pineres AJ, Castro V, Mora G, Schmidt TJ, Strunk E,
Pahl HL, et.al. Cysteine 38 in p65/NF-xB plays a crucial
role in DNA binding inhibition by sesquiterpene lactones. J
Biol Chem 2001;276:39713-20.

Wijnsma R, Woerdenbag HJ, Busse W. The importance of
Arnica  species in  phytomedicine. Z  Phytother
1995;16:48-62.

Zheleva-Dimitrova D, Balabanova V. Antioxidant and
acetylcholinesterase inhibitory potential of Arnica Montana
cultivated in Bulgaria. Turk J Biol 2012;36:732-737.

Jung M, Park M. Acetylcholinesterase Inhibition by
Flavonoids  from  Agrimonia  pilosa. ~ Molecules
2007;12:2130-2139.

Park CH, Kim SH, Choi W, Lee YJ, Kim JS, Kang SS, et.al.
Anticholinesterase ~ and  antiamnestic  activities  of
dehydroevodiamine, a constituent of Evodia rutaecarpa.
Planta Med 1996;62:405-409.

Sala A, Recio MC, Schinella GR, Manez S, Giner RM,
Cerda-Nicolas M, etal. Assessment of the anti-
inflammatory activity and free radical scavenger activity of
tiliroside. Eur J Pharmacol 2003;461:53-61.

Pei YH, Li X, Zhu TR. Studies on the chemical constituents
from the root sprouts of Agrimonia pilosa ledeb. Yao Hsueh
Hsueh Pao 1989;24:431-437.

Isao K, Naosuke B, Yumiko O, Nobusuke K. Triterpenoids
from Agrimonia pilosa. Phytochemistry 1988;27:297-299.
Su G, Su S, Zhu T. Studies on bacteriostatic components
from Agrimonia pilosa Ledeb. Shenyang Yaoxueyuan
Xuebao 1984;1:44-50.

Salleh W, Ahmad F, Khong HY, Zulkifli RM. Comparative
study of biological activities of extracts from three
Malaysian Beilschmiedia species. Marmara Pharm J
2016;20:224-231.

Shahat AA, Ibrahim AY, Ezzeldin E, Alsaid MS.
Acetylcholinesterase inhibition and antioxidant activity of
some medicinal plants for treating neuro degenerative
disease. Afr J Tradit Complement Altern Med
2015;12(3):97-103.

Lannert H, Hoyer S. Intracerebroventricular administration
of steptozotocin causes long term diminutions in learning
and memory abilities and in cerebral energy metabolism in
adult rats. Behav Neurosci 1998;112:1199-208.

.Li YS, Hong YF, He J, Tao L. Effects of magnolol on

impairment of learning and memory abilities induced by
scopolamine in mice. Biol Pharm Bull 2013;36(5):764-71.
Albano SM, Lima SA, Miguel GM, Pedro LG, Barroso JG,
Figueiredo AC. Antioxidant, Anti-5-lipoxygenase and
Antiacetylcholinesterase Activities of Essential Oils and
Decoction Waters of Some Aromatic Plants. Rec Nat Prod
2012;6(1):35-48.

102



51.

52.

53.

54.

55.

56.

57.

Balamurugan K et al: J. Pharm. Sci. Innov. 2018; 7(4)

Rajput SB, Tonge MB, Karuppayil SM. An overview on
traditional uses and pharmacological profile of Acorus
calamus Linn.(Sweet flag) and other Acorus species.
Phytomedicine 2014;21(3):268-76.

Singhal AK, Naithani V, Bangar OM. Medicinal plants with
a potential to treat Alzheimer and associated symptoms. Int J
Nutr Pharmacol Neurol Dis 2012;2(2):84-91.

Dastmalchi K, Ollilainen V, Lackman P, Gennas BG,
Dorman HJD, Jarninen PP. Acetylcholinesterase inhibitory
guided fractionation of Melissa officinalis L. Bioorg Med
Chem 2009;17:867-871.

Ahn JY, Kim S, Jung SE, Ha TY. Effect of licorice
(Glycyrrhiza  uralensis  fisch) on amyloid-p-induced
neurotoxicity in PC;, cells. Food Sci Biotechnol
2010;19(5):1391-1395.

Gonzales GF. Ethnobiology and ethnopharmacology of
Lepidium meyenii (Maca), a plant from the Peruvian
highlands. Evid Based Complement Alternat Med
2012;doi:10.1155/2012/193496.

Rubio J, Dang H, Gong M, Liu X, Chen SL, Gonzales GF.
Aqueous and hydroalcoholic extracts of black maca
(Lepidium meyenii) improve scopolamine-induced memory
impairment in mice. Food Chem Toxicol 2007;45(10):1882-
1890.

Rubio J, Qiong W, Liu X, Jiang Z, Dang H, chen SL, et. al.
Aqueous extract of black maca (Lepidium meyenii) on

58.

59.

60.

61

memory impairment induced by ovariectomy in mice. Evid
Based Complement Alternat Med 2011;2011:253958.
doi:10.1093/ecam/nen063.Epub 2011 Feb 14.

Takayama H, Katakawa K, Kitajima M, Yamaguchi K, Aimi
N. Seven new lycopodium alkaloids, lycoposerramines-C,-
D,-E,-P,-Q,-S, and-U, from Lycopodium serratum Thunb.
Tetrahedron Lett 2002;43(46):8307-8311.

Liu JS, Zhu YL, Yu CM, Zhou YZ, Han YY, Wu FW, et al.
The structures of huperzine A and B, two new alkaloids
exhibiting marked anticholinesterase activity. Can J Chem
1986;64(4):837-839.

Wang H, Tang XC. Anticholinesterase effects of huperzine
A, E2020, and tacrine in rats. Zhongguo Yao Li Xue Bao
1998;19(1):27-30.

. Zhang HY, Zheng CY, Yan H, Wang ZF, Tang LL, Gao X,

et.al. Potential therapeutic targets of huperzine A for
Alzheimer’s disease and vascular dementia. Chem Biol
Interact 2008;175(1-3):396-402.

How to cite this article:

Balamurugan K et al. A review on recent updates of
acetylcholinesterase inhibitors from plant sources. J Pharm Sci
Innov. 2018;7(4): 98-103.
http://dx.doi.org/10.7897/2277-4572.07489

Source of support: Nil, Conflict of interest: None Declared

Disclaimer: JPSI is solely owned by Moksha Publishing House - A non-profit publishing house, dedicated to publish quality research, while every effort has been
taken to verify the accuracy of the content published in our Journal. JPSI cannot accept any responsibility or liability for the site content and articles published.
The views expressed in articles by our contributing authors are not necessarily those of JPSI editor or editorial board members.

103


http://dx.doi.org/10.7897/2277-4572.07489

