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ABSTRACT

Dementia is a chronic progressive mental disorder, which adversely affects memory, thinking, comprehension, calculation and language.
Some of the most common dementias are Alzheimer’s disease, Parkinsonism, Dementia with Lewy Bodies and Myasthenia gravis. All of
these disorders are related to abnormalities in the central cholinergic system, which shows a decline in acetylcholine (ACh) level due to
substantial reduction in the activity of the enzyme choline acetyl transferase. A variety of strategies have been envisaged to implement the
replacement of ACh, of which acetyl cholinesterase (AChE) inhibition has shown consistent positive results. Cholinesterase inhibitors act
on the enzymes that hydrolyze ACh, following synaptic release. Currently several cholinesterase inhibitors such as tacrine, rivastigmine,
donepezil and galanthamine have been used as first line pharmacotheraphy for Alzheimer’s disease. However these drugs have severe side
effects like hepatotoxicity and gastrointestinal disorder, hence there is still a great interest in finding better cholinesterase inhibitors from
natural sources. Natural products are significant sources of synthetic and traditional herbal medicines. A potential source of AChE
inhibitors is certainly provided by the abundance of plants in nature. Huperzine, bacosides, hyperforin, desoxy-peganine and Ginko biloba
(plant extract) are some of the natural drugs used in the treatment neurological disorders. This article aims to provide a comprehensive
literature survey of plants that have been tested for AChE inhibitory activity. Numerous phytoconstituents and promising plant species as
ACHhE inhibitors are being reported in this communication.
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INTRODUCTION

Neurodegenerative disease is a generic term applied to a
variety of conditions arising from chronic breakdown and
deterioration of the neurons, particularly those of the central
nervous system (CNS). In addition, these neurons may
accumulate aggregated proteins, which cause dysfunction.
Most common neurodegenerative disorder in elderly people

is dementia. Dementia is a syndrome usually associated
with the progressive and chronic disruption of intellectual
functioning. It is characterized by the development of mul-
tiple cognitive deficits, which includes memory, orientation,
comprehension, learning, thinking, language and judgement
to variable extents. An estimated 24.3 million people have
dementia today, with 4.6 million new cases of dementia
every year (one new case every 7 seconds). The number of
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people affected doubles every 20 years to 81.1 million by
2040. Most people with dementia live in developing coun-
tries (60% in 2001, rising to 71% by 2040) (Ferri et al.
2006). Some of the commonest dementia is Alzheimer’s
disease, Parkinsonism, DLB and Myasthenia gravis (Hol-
den and Kelly 2002).

TYPES OF DEMENTIA
Alzheimer’s disease

Alzheimer’s disease (AD), a chronic, progressive, disabling
organic brain disorder characterized by disturbance of mul-
tiple cortical functions, including memory, judgment, orien-
tation, comprehension, learning capacity, and language. AD
is the fourth leading disorder in the world accounting for
~60% of dementia in elderly persons. The risk of AD dra-
matically increases with aging, affecting 7-10% of indivi-
duals over age 65, and about 40% of persons over 80 years
of age, and it is predicted that the incidence of AD will
increase 3-fold within the next 50 years if no therapy inter-
venes (Sisodia 1999). In developed societies where life
expectancy has been considerably extended, this devastating
disease actually represents a major public health concern,
being estimated that 22 million people worldwide will
develop this progressive neurodegenerative disorder by
2025 (Sleeger and Van Duijn 2001). In USA the prevalence
of AD has been estimated to be 4.5 million cases in 2000
and this number will increase by almost 3-fold i.e. 13.2 mil-
lion by 2050 (Hebert 2003). Neuropathological hallmarks
of AD are presence of intracellular neurofibrillary tangles
and extracellular senile plaques in neurons of the hippocam-
pal region a centre for memory and cerebral cortex, which
is involved in reasoning, memory, language and other im-
portant thought processes. Cholinergic synaptic junction
appears to be particularly susceptible to beta-amyloid (Af)
peptide toxicity, and loss of synaptic vesicles on axonic
terminals may precede cholinergic neuronal loss (Small et
al. 2001). Markers for cholinergic neurons such as choline
acetyltransferase (ChAT) and Acetylcholinesterase (AChE)
are the enzymes responsible for synthesis and degradation
of acetyl choline (ACh), respectively. These enzymes are
decreased in the cortex and hippocampus areas of the AD
brain. Progressive deterioration of the widespread and
dense cholinergic innervations of the human cerebral cortex
contributes to the salient cognitive and behavioral distur-
bances in AD (Wright ef al. 1993).

Vascular dementia and LBD

The second and third most common types of dementia are
vascular dementia and dementia with Lewy bodies (LBD),
respectively. Executive dysfunction is often seen in patients
with vascular dementia, but memory dysfunction may be
minimal or nonexistent in patients with a mild form of the
disease (Roman 2003). Dementia with Lewy bodies can be
characterized by symptoms of global cognitive impairment,
neuropsychiatric disturbance with visual hallucinations, and
Parkinsonism (Tiraboschi et al. 2000). The symptoms of all
types of dementia are presumed to be related to impaired
neurotransmission and degeneration of neuronal circuits in
the brain areas affected. Cholinergic deficits occur in the
brains of patients with vascular dementia and LBD. These
observations suggest that impairment of cholinergic func-
tion contributes to the symptoms of all three forms of dem-
entia and that all patients with dementia could potentially

benefit from cholinergic replacement therapy (Poirier 2002).

Parkinson’s disease

Parkinson’s disease is a neurodegenerative disease of the
substantia nigra (an area in the basal ganglia), which in-
volves break down of nerve cells in the motor area of the
brain, also characterised by reduction in ChAT activity
(White and Price 1982). More than 1.5 million people of
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United States suffer from this disorder

(www.apdaparkinson.org).
Myasthenia gravis

Chronic autoimmune disorder characterized by production
of antibodies against ACh nicotinic receptors thereby in-
hibiting the stimulative effect of ACh at the post synaptic
neuromuscular junction (Conti-Fine ef al. 2006). Over time,
the motor end plate is destroyed leading to muscle weak-
ness and fatigue. All these disorders are related to abnor-
malities in central cholinergic system, which shows a de-
cline in ACh level. Decline in neurotransmitter ACh leads
to impairment in cognitive functions. So enhancement of
cholinergic neurotransmission has been put forward as the
most promising strategy to improve the cognitive function.

CHOLINESTERASE INHIBITORS — SYMPTOMATIC
TREATMENT STRATEGY FOR NEUROLOGICAL
DISORDERS

Mechanism of cholinergic neurotransmission

Neurotransmitters are produced by neurons referred to as
cholinergic neurons. In the peripheral nervous system ACh
plays a role in skeletal muscle movement, as well as in the
regulation of smooth muscle and cardiac muscle. In the
central nervous system ACh is believed to be involved in
learning, memory, and mood. ACh are synthesized in the
presynaptic terminal from acetylcoA and choline by the
action of enzyme ChAT, and stored as synaptic vesicles (50
nm diameter) in the presynaptic terminal. Synaptic trans-
mission begins with depolarization of membrane of the pre-
synaptic terminal. Voltage sensitive Ca'" channels, present
in the presynaptic membrane, open upon depolarlzanon and
admit Ca™ into the terminals. The Ca'” facilitates the fusion
of synaptic vesicles to the presynaptic membrane; the syn-
aptic vesicle become confluent with the terminal membrane
open and release their contents in to the synaptic cleft. A
large number of proteins such as Vamp, Syntaxin, Synap
and Synaptotagmin have been implicated in the binding of
the synaptic vesicles to the presynaptic membrane. These
proteins form complexes between the synaptic vesicle and
presynaptic terminals, enabling the docking of the vesicles
to the membrane upon the Ca™ entry and fusion of the
vesicles with presynaptic membrane subsequently releasing
the ACh at the neuronal junction. Once released, transmitter
diffuses quickly across the synaptic cleft and binds to speci-
fic receptor proteins on the postsynaptic membrane. Cho-
linergic receptors are nicotinic and muscarinic. These recep-
tors are transmembrane protein consisting of five subunits
that form an aqueous channel within lipid bilayer. Nicotinic
receptors are located at synapses between two neurons and
at synapses between neurons and skeletal muscle cells
which upon activation directly results in depolarization of
the neuron, while muscarinic receptors, located at the syn-
apses of nerves with smooth or cardiac muscle, trigger a
chain of chemical events referred to as signal transduction.
Once ACh binds to the receptor in the post synaptic terml-
nal the proteins undergo conformational change and Na'-
K" channel in the receptor opens permeating the Na' ions
into the post synaptic vesicles building up a positive charge
inside the membrane known as excitatory postsynaptic pot-
ential (EPSP). Once the EPSP reaches a threshold, an action
potential is generated in the neuron. The ACh in the post
synaptic receptor is cleaved by the enzyme AChE and
BuChE to acetate and choline thereby terminating the syn-
aptic activity. Final step in neurotransmission is to restore
the ACh for the subsequent chemical transmission. Choline
is actively transported back into the presynaptic neurons
and combines with acetylcoA to form ACh in the presence
of the enzyme ChAT. Synaptic vesicles are formed by the
folding of the terminal membrane away from active zones
and pincing of that membrane to form vesicles (Fig. 1).
ACh is concentrated in the synaptic vesicles and the trans-
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Fig. 1 Mechanism of transmission of acetylcholine in cholinergic
neurons.

mission is complete (Dowling 2001). The first neurotrans-
mitter defect discovered in most of the neurodegenerative
disorder such as AD is ACh. As cholinergic function is
required for short-term memory function, it was determined
that cholinergic deficit in AD was responsible for much of
the short-term memory deficit (Francis ef al. 1999).

Targeting acetylcholinesterase and
butyrylcholinesterase in dementia

AChE (E.C. 3.1.1.7) and BuChE (acylcholine acylhydro-
lase; pseudocholinesterase; E.C. 3.1.1.8) are two closely
related enzymes found in all vertebrate species (Lane ef al.
2000).

Acetylcholinesterase

AChE a vital enzyme to mammalian life, plays a crucial
role in the neuromuscular junction by terminating choliner-
gic neurotransmission (Soreq and Seidman 2001). It is a
complex protein of o/f hydrolase fold type having an over-
all ellipsoid shape containing a deep groove, usually called
the gorge, which is about 20 A deep. ACh initially binds to
the “peripheral site” at the outer rim and migrates to the
bottom of the gorge where hydrolysis occurs. Gorge has
four main sub sites, the esteric site, the oxyanion hole, an-
ionic site and the acyl pocket. The esteric site has a catalytic
traid Ser200-His440-Glu327 (Sussman ez al. 1991) which
enhances the nucleophilicity of the catalytic serine, since the
strong hydrogen bond between His and Ser improves the
ability of Ser to mount a nucleophilic attack on the substrate,
while Glu stabilizes the histidinium cation of the transition
state (Zhang et al. 2002). The “oxyanion hole” (OH) con-
sists of Gly118, Gly119 and Ala201 residues which contain
hydrogen bond donors to stabilize the tetrahedral interme-
diate of ACh which is formed during the catalytic process
(Ordentlich et al. 1998). The “anionic subsite” (choline-
binding subsite or hydrophobic subsite) contains Trp84,
Phe330 and Glul99, which binds to quaternary ammonium
ligands of ACh by m-cation interactions (Kua ez al. 2003).
Trp84 is an important residue for binding ACh. The “acyl
pocket” (acyl binding pocket or acyl-binding pocket) con-
sists of Phe288 and Phe290, which are believed to play a
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role in limiting the dimension of substrates that enter the
active site (Zhang et al. 2002). The “peripheral anionic site”
(PAS), which is remote from the catalytic site, has been
identified by the use of inhibitor probes. AChE generally
exists in three isoforms: G1 in brain; G4 in brain and the
neuromuscular endplate and G2 in skeletal muscle and
blood forming cells. It possesses a high specific activity and
the hydrolysis rate is 2.4 x 10* molecules per second. This
hydrolytic degradation ensures that the signal does not over
stimulate the post-synaptic membrane. The enzyme is loc-
ated on the surface of the post-synaptic membrane and
linked by a GPI anchor. Inhibition of AChE is important
both medically and toxicologically. Certain substances that
covalently inhibit AChE are used as insecticides and as che-
mical warfare agents. Nowadays some inhibitors are used to
treat various types of dementia such as myasthenia gravis,
AD, PD (Millard and Broomfield 1995; Taylor 1998).

Butyrylcholinesterase

BuChE, widely distributed in liver, intestine, heart, kidney
and lung, is a tetrameric protein, which exists as isoforms
like G1, G2, G3, and G4 similar to AChE, of which G4 is
the predominant isoform in the mature brain. It acts on both
acetyl and butyrylcholine and its active site has a catalytic
traid Ser198-His438-Glu325 (Cokugras 2003). Human
BuChE has an acyl pocket with Phe 288 and Phe 290 which
can occupy larger substrates to fit into the active for effici-
ent catalysis than AChE. The role of BuChE is unclear and
so far no endogenous natural substrate has been identified
for this enzyme. BuChE is of pharmacological and toxicolo-
gical importance; because it hydrolyzes ester-containing
drugs and scavenges ChEI including potent organophospho-
rus nerve agents before they reach their synaptic targets.
BuChE acts as a detoxifying enzyme capable of metabo-
lizing aspirin, cocaine and heroin (Raveh et al. 1997). Cere-
brospinal fluid of AD patients has specific glycosylated
form of BuChE so it is suggested that assay of this specific
form of BuChE is considered as diagnostic marker for
detection of AD (Saez-Valero and Small 2001). Moreover
BuChE is responsible for progression of AD as it possess
peptidase activity, which cleaves amyloid protein to AP
peptide, which deposits as amyloid plaques in brain
(McKenna et al. 1997).

Acetylcholinesterase and butyrylcholinesterase

At the molecular level, AChE and BuChE share 65%
amino-acid sequence homology and are encoded by dif-
ferent genes on human chromosomes 7 (7q22) and 3 (3q26)
respectively (Soreq and Zakut 1993). Structural features of
the two ChE enzymes confer differences in their substrate
specificity. AChE is highly selective for ACh hydrolysis,
while BuChE is able to metabolize several different mole-
cules including various neuroactive peptides (Taylor and
Radic 1994). The reason for substrate diversity between
these enzymes is the variation of several amino acids in the
sequence determining the three-dimensional size and shape
of their active site gorge. It has been proposed that the
efficiency with which AChE and BuChE hydrolyse ACh is
dependent on the substrate concentration. AChE has greater
catalytic activity at low ACh concentrations, resulting in
substrate inhibition at higher doses (Soreq and Zakut 1993;
Taylor and Radic 1994). However, BuChE is more efficient
at high substrate concentrations. Both AChE and BuChE
appear to be simultaneously active in the synaptic hydroly-
sis of ACh, terminating its neurotransmitter action, and co-
regulating levels of ACh (Mesulam 2003). Both the en-
zymes therefore represent legitimate therapeutic targets for
ameliorating the cholinergic deficit considered to be res-
ponsible for the declines in cognitive, behavioral and global
functioning characteristic of AD.
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Cholinesterase inhibitors in dementia

The ‘cholinergic hypothesis’ was the basis for the develop-
ment of presynaptic, synaptic and postsynaptic treatment
approaches designed to maintain and facilitate the activity
of the surviving cholinergic system. Synaptic ChE inhibi-
tion has proved preferable to direct receptor agonist therapy,
as ChEIs amplify the natural spatial and temporal pattern of
ACh release, rather than tonically or globally stimulating
either nicotinic or muscarinic ACh receptors. One of the
most promising strategies for treating this disease is to en-
hance the ACh level in brain using ChEIs (Enz ez al. 1993).
Several AChEI’s are being investigated for the treatment of
AD. However, only tacrine, donezepil, rivastigmine and
galanthamine have been approved by the Food and Drug
Administration in the USA (Zarotsky ef al. 2003) for the
symptomatic treatment of AD. These drugs improve cogni-
tive and neuropsychiatric symptoms, and stabilize func-
tioning over at least 6 months during clinical trials in pati-
ents with mild to moderate AD (Farlow 2002). Although of
the same drug class, ChEls are structurally diverse (Brufani
and Filocamo 2000). Donepezil and galanthamine possess
relative selectivity for AChE, whereas tacrine and rivastig-
mine co-inhibit both AChE and BuChE. However these
drugs are known to have limitations for clinical use due to
their short half-lives and unfavorable side effects such as
hepatotoxicity and gastrointestinal disorders. So there is
still a great interest in finding better ChEIs from natural
sources (Sung et al. 2002).

High throughput screening methods

Several methods for screening of AChE and BuChE inhib-
itory activity from natural resources have been reported
based on Ellman’s spectrophotometric method (Ellman et al.
1961). Apart from spectrophotometric methods, other
methods such as thin-layer chromatography (Ingkaninan et
al. 2000; Marston et al. 2002) and micro-plate assay (Ingka-
ninan et al. 2000; Brlihlmann et al. 2004) have been repor-
ted to be useful. HPLC method for detection of AChE in-
hibition on immobilized AChE column (Andrisano et al.
2001) and HPLC with on-line coupled UV-MS-biochemi-
cal detection for AChE inhibitory activity (Ingkaninan et al.
2000) has also been reported.

HERBAL DRUGS AS CHOLINESTERASE
INHIBITORS

Nature is a rich source of biological and chemical diversity.
The unique and complex structures of natural products can-
not be obtained easily by chemical synthesis. In traditional
practices numerous plants have been used to treat cognitive
disorders, including neurodegenerative diseases and dif-
ferent neuropharmacological disorders. Ethnopharmacolo-
gical approach and bioassay-guided isolation have provided
a lead in identifying potential AChE and BuChE inhibitors
from plant sources, including those for memory disorders.
This article highlights on the plants and/or their active cons-
tituents so far reported to have ChE inhibitory activity as
potential leads for the development of new drugs for the
treatment of ChE related neurological disorders. A variety
of plants has been reported to show AChE inhibitory acti-
vity and so may be relevant to the treatment of neurodege-
nerative disorders such as AD. A list of plants reported to
have significant AChE inhibitory activity is shown in Table
1.

ALKALOIDS

Generally inhibitors can be divided in to two, those that
bind to the active site at the bottom of the gorge and those
that bind to the peripheral anionic site. As far as the alka-
loidal inhibitors are concerned, binding takes place at the
active site at the bottom of the gorge and the important fea-
tures of an inhibitor appear to be a positively-charged
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nitrogen, which binds to the oxyanion hole area, especially
the Trp84, and a region, separated by a lipophilic area from
the positive charge, which can form hydrogen bonds with
the serine 200 residue and others such as His 440 of the
catalytic traid inhibiting AChE activity. Some inhibitors
bind to both the sites (Harel e al. 1995).

Indole alkaloid
Physostigmine

Physostigmine [Fig. 2 (1)], also known as eserine, is a
reversible AChEI originally isolated from the seed of cala-
bar bean (Physostigma venenosum L., Fabaceae). It has
been used widely for different purposes, ranging from an
historical role in rituals and primitive medicine, to its
present-day used for the treatment neurological disorder
such as AD and Myasthenia gravis. Physostigmine has been
approved by US Food and Drug Administration (FDA) as
an anticholinergic drug for the treatment of mild to mode-
rate AD. It enhances short-term memory in dementia pati-
ents (Coelho Filho and Birks 2008). Limitation factors are
shorter plasma half-life (~30 min) and high incidence of ad-
verse effects such as nausea, vomiting and diarrhea (Duvoi-
sin 1968). Despite of limitation it has been currentl% used in
the formulation physostigmine salicylate (Synapton™).

Structure activity-relationship

The carbonyl group in the carbamate moiety of the drug
interacts with the hydroxyl group of serine 200 present in
the catalytic traid of AChE to form an ester in the urethane
part of the molecule. This interferes with the AChE activity
of the enzyme, and the ester is slowly hydrolyzed to rege-
nerate the active parent form. So the carbamate group acts
as key factor in the AChE inhibitory activity. Moreover, the
presence of an aromatic ring and a nitrogen atom facilitates
the binding of inhibitor to AChE, interfering with its acti-
vity (Houghton e? al. 2006).

Rivastigmine

Rivastigmine [Fig. 2 (2)], an AChEI is licensed for use in
UK for the symptomatic treatment of mild-to-moderately
severe AD. Chemical structure of physostigmine has provi-
ded a template for the development of Rivastigmine (Lattin
and Fifer 1995). Rivastigmine is reported to inhibit AChE
in the cortex and hippocampus, brain areas involved in cog-
nition. Thus, it is apparent that plant-derived alkaloid
AChEIs may be important for the development of more
appropriate drug candidates for the treatment of AD (Lattin
and Fifer 1995). Since the backbone of rivastigmine is pro-
vided by physostigmine the mechanism of action is the
same as that of physostigmine.

Dehydroevodiamine HCI

Twenty-nine medicinal plants from South Korea were
screened for their anti-ChE activity (Kim 2002). Results
showed that dichloromethane extract of Evodia rutaecarpa
(Rutaceae) showed maximum inhibition of 84.3%. Plant
extract also exhibited antiamnestic activity in the passive
avoidance test in rats (Sprague Dawley) with scopolamine-
induced memory loss. Bioactive compound responsible for
the activity is dehydroevodiamine-HCI [Fig. 2 (3)] (Park et
al. 1996, 2000).

Voacangine and voacangine hydroxyindolenine

Tabernaemontana australis (Apocynaceae), which flour-
ishes in Brazil, Uruguay and Argentina, has been poorly
investigated with regards to its chemical composition and
pharmacological activities. TLC assay using modified Ell-
man method of crude chloroform extract from stalk of 7.
australis showed the presence of AChEIs. GC-MS analysis
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Family Plants Parts Type of extract Activity (% of Concentration References
inhibition)
Acanthaceae Acanthus ebracteatus Aerial part ~ Methanolic 36.19+£ 8.0 0.1 mg/ml Ingkaninan et al. 2003
Andrographis paniculata Aerial part  Hydroalcoholic 50 222.4 pg/ml Mukherjee et al. 2007
Anacardiaceae Semecarpus anacardium Stem bark ~ Methanolic 56.07+0.28 20 pg/ml Vinutha et al. 2007
Apocynaceae Tabernaemontana divaricata Roots Methanolic 93.50+70.37 0.1 mg/ml Ingkaninan et al. 2003
Geissospermum vellosii Stem bark Ethanolic 50 2.9 pg/mL Lima et al. 2009
Buxaceae Buxus sempervirens Whole Chloroform: methanol (1: 1) 61.76 +£0.76 1 mg/ml Orhan et al. 2004
Crassulaceae Rhodiola rosea Root Methanol 42.00 +3.20 10 g/l Hillhouse et al. 2004
Compositae Carthamus tinctorius Flower Methanolic 30.33+£9.22 0.1 mg/ml Ingkaninan ef al. 2003
Convolvulaceae  Evalvulus alsinoides Aerial parts  Hydroalcholic extract 50 100-150 pg/ml  Mukherjee et al. 2007
Cyperaceae Cyperus rotundus Whole Methanolic 44.19+227 0.1 mg/ml Ingkaninan ez al. 2003
Coniferae Ginkgo biloba Whole Ethanolic 50% 268.33 pg/ml  Perry et al. 1998; Das et
al. 2002
Combretaceae Terminalia bellirica Fruit Methanolic 39.68+8.15 0.1 mg/ml Ingkaninan ez al. 2003
Ericaceae Rhododendron luteum Whole Chloroform: methanol (1: 1) 76.32 +0.58 1 mg/ml Orhan et al. 2004
Rhododendron ponticum Whole Chloroform: methanol (1: 1) 93.03 £ 1.12 1 mg/ml Orhan et al. 2004
Ebenaceae Diospyros rhodocalyx Bark Methanolic 15.52+3.6 0.1 mg/ml Ingkaninan et al. 2003
Ericaceae Rhododendron luteum Whole Chloroform: methanol (1: 1) 76.32 +0.58 1 mg/ml Orhan et al. 2004
Rhododendron ponticum Whole Chloroform: methanol (1: 1) 93.03 +1.12 1 mg/ml Orhan et al. 2004
Euphorbiaceae Euphorbia antiquorum Stem Methanolic 42.31£9.10 0.1 mg/ml Ingkaninan et al. 2003
Fumariaceae Fumaria vaillantii Whole Chloroform: methanol (1: 1) 94.23 +0.47 1 mg/ml Orhan et al. 2004
Fumaria capreolata Whole Chloroform: methanol (1: 1) 96.89+0.17 1 mg/ml Orhan et al. 2004
Fumaria kralikii Whole Chloroform: methanol (1: 1) 84.98 +.07 1 mg/ml Orhan et al. 2004
Fumaria asepala Whole Chloroform: methanol (1: 1)  91.99 +0.70 1 mg/ml Orhan et al. 2004
Fumaria densiflora Whole Chloroform: methanol (1: 1) 93.42+0.92 1 mg/ml Orhan et al. 2004
Fumaria flabellate Whole Chloroform: methanol (1: 1) 92.14+1.01 1 mg/ml Orhan et al. 2004
Fumaria petteri Whole Chloroform: methanol (1: 1) 89.45+0.86 1 mg/ml Orhan et al. 2004
Fumaria macrocarpa Whole Chloroform: methanol (1: 1) 93.43 +0.64 1 mg/ml Orhan et al. 2004
Fumaria cilicica Whole Chloroform: methanol (1: 1) 88.03 +0.65 1 mg/ml Orhan et al. 2004
Fumaria parviflora Whole Chloroform: methanol (1: 1) 87.02+0.31 1 mg/ml Orhan et al. 2004
Fumaria judaica Whole Chloroform: methanol (1: 1) 96.47 +0.63 1 mg/ml Orhan et al. 2004
Fabacea Vicia faba Linn. Whole Methanolic 4523 £1.03 1 mg/ml Orhan et al. 2004
Guttiferae Mammea harmandlii Flower Methanolic 33.6378.00 0.1 mg/ml) Ingkaninan ez al. 2003
Hypericaceae Hypericum undulatum Aerial parts  Ethanolic 68.4+4.7 0.5 mg/ml Ferreira et al. 2006
Lamiaceae Salvia lavandulaefolia Vahl. Whole Steam distilled oil 63.0+3.7 0.1 mg/ml Perry et al. 1996, 2000,
2001
Salvia officinalis Whole Ethanol 68.2+15.6 2.5 mg/ml Perry et al. 1996, 2000,
2001
Salvia triloba Whole Ethanolic 543+32 2 mg/ml Orhan et al. 2008
Salvia sclareoides Aerial parts  Acetone 100 1 mg/ml Rautera et al. 2007
Ethanol 77
Water 67
Butanol 100
Teucrium polium Whole Ethanolic 65.8+3.7 2 mg/ml Orhan et al. 2008
Melissa officinalis Whole Ethanolic 39.3+3.72 2 mg/ml Orhan et al. 2008
Mentha suaveolens Aerial parts  Essential oil 524+25 1 mg/ml Ferreira et al. 2006
Isodon wightii Leaf Acetone 50 250 pg/ml Thirugnanasampandan
et al. 2008
Lauraceae Laurus nobilis Leaf Ethanolic 64+0.3 1 mg/ml Ferreira ef al. 2006
Lycopodiaceae Lycopodium clavatum Whole Chloroform: methanol (1: 1) 49.85+1.33 1 mg/ml Orhan et al. 2004
Leguminosae Albizia procera Bark Methanolic 40.71+046 0.1 mg/ml Ingkaninan et al. 2003
Butea superba Root barks ~ Methanolic 55.87+5.83 0.1 mg/ml Ingkaninan ez al. 2003
Cassia fistula Roots Methanolic 54.13+£390 0.1 mg/ml Ingkaninan ez al. 2003
Derris scandens Whole Methanolic 20.76 £1.17 0.1 mg/ml Ingkaninan et al. 2003
Mimosa pudica Whole Methanolic 21.40£6.68 0.1 mg/ml Ingkaninan ez al. 2003
Malvaceae Abutilon indicum Whole Methanolic 30.66£1.06 0.1 mg/ml Ingkaninan ez al. 2003
Magnoliaceae Michelia champaca Leaf Methanolic 3488+4.56 0.1 mg/ml Ingkaninan et al. 2003
Mackinlayaceae  Centella asiatica Aerial parts  Hydroalcoholic 50 100-150 pg/ml Mukherjee et al. 2007
Musaceae Musa sapientum Fruit Methanolic 29.14+4.73 0.1 mg/ml Ingkaninan ez al. 2003
Menispermaceae  Stephania suberosa Roots Methanolic 91.93+10.80 0.1 mg/ml Ingkaninan et al. 2003
Tiliacora triandra Roots Chloroform: methanol (1: 1) 42.29+2.89 0.1 mg/ml Ingkaninan ez al. 2003
Tinospora cordifolia Stem Methanolic 77.74+0.38 100 pg/ml Vinutha et al. 2007
Moraceae Streblus asper Seed Methanolic 30.51+74.21 0.1 mg/ml Ingkaninan ef al. 2003
Ficus religiosa L. Stem bark Methnaolic 52.60+£291 80 pg/ml Vinutha et al. 2007
Myrsinaceae Embelia ribes Roots Methanolic 72..63£0.69 60 ug/ml Vinutha et al. 2007
Myristicaceae Myristica fragrans Aerial parts  Hydroalcoholic 50 100-150 pg/ml  Mukherjee et al. 2007
Nelumbonaceae ~ Nelumbo nucifera Stamen Methanolic 23.77+2.83 0.1 mg/ml Ingkaninan ez al. 2003
Aerial parts  Hydroalcoholic extract 50 185.55 ug/ml  Mukherjee et al. 2007
Papaveraceae Corydalis solida Whole Chloroform: methanol (1: 1) 87.56 + 1.24 1 mg/ml Orhan et al. 2004
Glaucium corniculatum Whole Chloroform: methanol (1: 1) 86.55 +0.67 1 mg/ml Orhan et al.2004
Piperaceae Piper interruptum Stems Methanolic 65.16+£8.13 0.1 mg/ml Ingkaninan ez al. 2003
Piper nigrum Seeds Methanolic 58.02+3.83 0.1 mg/ml Ingkaninan ez al. 2003
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Table 1 (Cont.)

Family Plants Parts Type of extract Activity (% of Concentration References
inhibition)
Plumbaginaceae  Plumbago indica Root Methanolic 30.14+£3.28 0.1 mg/ml Ingkaninan et al. 2003
Rosaceae Prunus persica Aerial parts  chloroform 50 5.6 pg/ml Suh et al. 2006
Sanguisorba minor Aerial parts  Ethanolic 77.5+2.2 1 mg/ml Ferreira et al. 2006
Rutaceae Aegle marmelos Fruit pulp Methanolic 44.65+3.04 0.1 mg/ml Ingkaninan et al. 2003
Rubiaceae Paederia linearis Whole Methanolic 29.31+£6.39 0.1 mg/ml Ingkaninan ez al. 2003
Sapotaceae Mimusops elengi Flower Methanolic 32.81+536 0.1 mg/ml Ingkaninan ez al. 2003
Solanaceae Withania somnifera Dunal Root Methanolic 7437+ 0.38 100 pg/ml Vinutha et al. 2007
Scrophulariaceaec  Bacopa monniera Whole Ethanolic 429+12 0.1 mg/ml Das et al. 2002
Tamaricaceae Mpyricaria elegans Aerial Methanolic 74874 0.2 mg/ml Ahmad et al. 2003
Valerianaceae Nardostachys jatamansi DC  Rhizome Methanolic 69.24 + 0.15 100 pg/ml Vinutha et al. 2007

showed that compound responsible for inhibitory activity is
the presence of indole alkaloids such as coronaridine, voa-
cangine, voacangine hydroxyindolenine and rupicoline.
TLC analysis of AChE inhibitory activity showed that voa-
cangine and voacangine hydroxyindolenine [Fig. 2 (4, 5)]
exhibited detectable spot at the minimum concentration of
25 uM (Andrade et al. 2005).

Turbinatine and desoxycordifoline

Nine indole alkaloids from Chimarrhis turbinata (Rubia-
ceae) bark and leaves were screened for AChE inhibitory
activity. Turbinatine (ICso 0.1 pM) and desoxycordifoline
(ICsp 1.0 uM), [Fig. 2 (6, 7)] showed moderate inhibitory
activity (Cardoso et al. 2004).

Legucin A

Four indole alkaloids have been isolated from Desmodium-
pulchellum and D. gangeticum (Papilionaceae). All com-
pounds were active against AChE with legucin A being the
most active with ICsy 27 uM (Ghosal et al. 1972).

Geissospermine

Geissospermum vellosii (Apocynaceae) is widely distributed
throughout the Amazonic forest and has been frequently
used by the native population for painful disorders.
Screening for AChE inhibitory activity showed that alkaloid
rich fraction from stem bark extract exhibited inhibitory
activity to rat brain and electric eel AChE, as well as to
horse serum BuChE in a concentration-dependent manner
with mean ICsy values of 39.3,2.9 and 1.6 ug/ml, respec-
tively. Bioactive guided fractionation showed that the main
alkaloid with anti-ChE activity was geissospermine [Fig. 2
(8)]. On treatment with geissospermine significant reduc-
tion in scopolamine-induced amnesia in the passive avoid-
ance and Morris water maze tests, at 30 mg/kg i.p. (given
45 min before the test sessions) was observed. These results
show that compounds present in G. vellosii stem-bark have
anti-ChE activity, and that they can revert cognitive deficits
in a model of cholinergic hypo function (Lima ef al. 2009).

Steriodal alkaloid
Galanthamine

Galanthamine [Fig. 2 (9)], an alkaloid isolated from some
Galanthus nivalis and Leucojum aestivum (Amaryllidaceae),
has been recently in use in the treatment of AD. It acts as
reversible competitive AChEI rather than BuChE and also
modulates the nicotinic ACh receptors (Thomsen and
Kewitz 1990; Bores et al. 1996; Schrattenholz 1996). Ini-
tially derived from extracts of snowdrop and daffodil bulbs,
this phenanthrene alkaloid is now synthetically produced. It
provides complete oral bioavailability. Half-life period of
galanthamine is 6 hr. Although the most common side effect
of galanthamine is nausea, it is possible to eliminate nausea
by increasing the galanthamine dose gradually (Raskind et
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al. 2000). Additionally, galanthamine was shown to have no
hepatotoxicity. Galanthamine (Nivalin®) has been apgaroved
as HBr salt in Austria and later licensed as Reminyl™ in the
USA and some European countries in the treatment of AD.
Extracts from Narcissus and Galanthus spp. of Turkey were
screened for AChE inhibitory activity and it was suggested
that the alkaloids having galanthamine and lycorine skele-
tons such as assoanine, epinorgalanthamine, oxoassoanine,
sanguinine, 11-hydroxygalanthamine have also been repor-
ted to possess AChE activity (Lopez et al. 2002). Over 2000
patients have been involved in double-blind placebo-
controlled trials of galanthamine where positive effects on
cognitive symptoms have been associated with significant
benefits in activities of daily living (Da-Yuan et al. 1996).

Structure-activity relationship

Galanthamine binds at the base of the active site gorge of
AChE, interacting with both the choline-binding site (Trp-
84) and the acyl-binding pocket (Phe-288, Phe-290). The
tertiary amine group of galanthamine does not interact
closely with Trp-84; rather, the double bond of its cyclo-
hexene ring stacks against the indole ring. The tertiary
amine appears to make a non-conventional hydrogen bond,
via its N-methyl group, to Asp-72, near the top of the gorge.
The hydroxyl group of the inhibitor makes a strong hydro-
gen bond (2.7 i) with Glu-199. The relatively tight binding
of galanthamine to AChE appears to arise from a number of
moderate to weak interactions with the protein, coupled to a
low entropy cost for binding due to the rigid nature of the
inhibitor (Greenblatt ez al. 1999).

Homomoenjodaramine and moenjodaramine

Buxus spp. (Buxaceae) a widely spread plants in Turkey
have long been known as rich sources of new and biologi-
cally active triterpenoidal alkaloids. In the indigenous sys-
tem of medicine, the extracts of genus Buxus are reported to
be useful in various disorders such as malaria, rheumatism
and skin infections. Anti-HIV activity was also reported
from the EtOH extract of B. sempervirens. Screening for
anti-ChE activity in B. hyrcana showed that homomoen-
jodaramine and moenjodaramine [Fig. 2 (10, 11)] the ste-
roid alkaloids are the bioactive compounds responsible for
the AChE inhibitory activity with ICsy value of 19.2 and
50.8 mM, respectively (Atta-ur-Rahman and Choudhary
1999). Type of inhibition is non-competitive type. B. sem-
pervirens showed 50% inhibition to both AChE and BuChE
at the concentration 1 mg/ml (Rahman A-ur et al. 1998).
Triterpenoids from B. papillosa also exhibited inhibitory
activity to both AChE and BuChE.

Structure-activity relationship

Structure of homomoenjodaramine and moenjodaramine
differs only by the substitution at C-3 and C-20 position. In-
hibitory activity of both the compounds is due to amino
substituents in C-3 and C-20 position.
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Pregnane-type steroidal alkaloids epipachysamine D, sarcovagine C and dictyophlebine [Fig.
2 (14, 15, 16)]. All compounds showed good inhibitory acti-
Sarcococca hookeriana vities against the enzymes AChE with ICs, value ranging

from 2.9 to 34.1 mM and BuChE with ICs, value of 0.3-3.6
Bioguided phytochemical investigation of Sarcococca  mM (Khalid et al. 2004).
hookeriana (Buxaceae) with respect to the ChE enzyme
inhibitory assay yielded two new pregnane-type steriodal  Structure-activity relationship
alkaloids hookerianamide H and hookerianamide 1 [Fig. 2
(12, 13)] along with three known alkaloids N-a-methyl-  Structure activity relationship shows that tigloyl amino
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Fig. 2 (1-40) Phytoconstituents exhibiting Cholinesterase inhibitory activity.
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group at position C-3 and the carbonyl moiety in ring A are
responsible for inhibitory activity.

Sarcocca saligna

Steroidal alkaloids from Sarcococca saligna

The crude ethanolic extract of Sarcococca saligna (Buxa-
ceae) was assessed for AChE and BuChE inhibitory activity
according to the Ellman method. Bioactive guided frac-
tionation of the extract showed the presence of several preg-
nane-type steroidal alkaloids which showed dual choliner-
gic activity. Salignenamides-C, -E and -F, Axillarine-C,
Saligcinnamide, Vaganine-A, 5,6-dehydrosarconidine, 2-
hydroxysalignarine-E, Salignamine, 2-hydroxysalignamine-
E, Epipachysamine-D, Dictyophlebine, iso-N-formylchone-
morphine and Axillaridine-A [Fig. 2 (17-30)] inhibited both
AChE and BuChE non-competitively; Sarcorine, Sarcodi-
nine [Fig. 2 (31)], Sarsalignone and Sarsalignenone inhib-
ited BuChE uncompetitively [Fig. 2 (32, 33)]; Salignena-
mide-A [Fig. 2 (34)] inhibited AChE uncompetitively and
2-hydroxysalignarine-E [Fig. 2 (26)] was identified as a
mixed type inhibitor of AChE, producing a combination of
partially competitive and non-competitive inhibition. K; val-
ues were found to be in the range of 2.65-250.0 uM against
AChE and 1.63-30.0 uM against BuChE.

Structure-activity relationship

The structure activity relationship studies suggested that the
major interaction of the enzyme—inhibitor complexes is due
to hydrophobic and cation—n interactions inside the aroma-
tic gorge of these ChE’s. Studies shows that polycylic com-
pounds penetrate the aromatic gorge with ring A entering
first due to its hydrophobic character, or due to increased
electropositivity of the substituent in ring A. The nitrogen
substituents at C-3 and C-20 which are protonated at phy-
siological pH is an important structural feature for inhib-
itory potency. Moreover the stability of AChEI complex is
due to formation of cation-m interaction between amino
group of the inhibitor and the Trp279, Tyr70 and Tyrl121
residue at the peripheral site of AChE (Khalid ef al. 2004,
2005).

a-Solanine and a-chaconine

The steroidal alkaloids are found in a relatively small num-
ber of plant families and they possess variety of structures.
A prominent family in this respect is the Solanaceae and the
toxicity of the green parts of members of Solanum and
related species can be largely due to the presence of these -
Solanine and a-chaconine [Fig. 2 (35, 36)]. Both the com-
pounds exhibited strong AChE inhibitory effect and this
could well explain the gastrointestinal and CNS disturban-
ces produced by eating plant material containing high levels
of these compounds (Wierenga and Hollingworth 1992).

Quinolizidine alkaloid
Huperzine A

Huperzine A [Fig. 2 (37)], a lycopodium alkaloid isolated
from the clubmoss Lycopodium serratum (Lycopodiaceae),
has been used in traditional Chinese medicine for its
memory-enhancing property for centuries (Liu ef al. 1986).
Over 100 alkaloids Huperzine A-R, have been isolated from
the genus Lycopodium of them, only Huperzine A possessed
remarkable AChE inhibitory activity. The activity of Huper-
zine A has been found to be as high as physostigmine,
galanthamine, donepezil and tacrine, the commercial drugs
already used against AD. In various in vivo and ex vivo
experiments, it has been shown to inhibit AChE reversibly
and also to prevent oxidative cell damage induced by f3-
amyloid plaques (Wang et al. 1986; Tang 1996; Jing et al.
1999; Tang and Han 1999; Ye ef al. 1999). a-onocerin [Fig.
2 (38)], a triterpene-type compound, from Lycopodium cla-

94

vatum also showed 50% activity against AChE (Orhan et al.
2003). Huperzine A is also a NMDA receptor antagonist
which protects the brain against glutamate induced damage,
and it increases nerve growth factor levels. Side effects may
include breathing problems, tightness in the throat or chest,
chest pain, skin hives, rash, itchy or swollen skin, upset
stomach, diarrhea, vomiting, hyperactivity and insomnia.

Structure-activity relationship

In Huperzine A the a-pyridine moieties interact with the
“anionic” sub-site of the active site, primarily through n-n
stacking and through van der Waals or C-H ni-7 interactions
with Trp84 and Phe330. The carbonyl oxygen of the drug
appears to repel the carbonyl oxygen of Glyll7, thus
causing the peptide bond between Glyl17 and Glyl18 to
undergo a peptide flip. As a consequence, the position of the
main chain nitrogen of Gly118 in the “oxyanion” hole in the
native enzyme becomes occupied by the carbonyl of
Gly117. Furthermore, the flipped conformation is stabilized
by hydrogen bonding of oxygen molecule of Glyll7 to
nitrogen atom of Glyl119 and Ala201, the other two func-
tional elements of the three-pronged “oxyanion hole”. Thus
Huperzine A prevents the hydrolysis of ester substrates
whether in charged or neutral form (Dvir et al. 2002).

Isoquinoline alkaloid

In alkaloids with bezylisoquinoline skeleton the AChE in-
hibitory activity is due to presence of a quaternary nitrogen
atom at the tetrahydroisoquinoline portion of the alkaloids.

Protopine

In the course of screening Korean natural product for ChE’s
inhibitory activity, crude methanolic extract prepared from
tubers of Corydalis ternate (Papaveraceae) exhibited potent
ACHE inhibitory activity. Bioactivity-directed fractionation
afforded protopine [Fig. 2 (39)], an alkaloid-type compound
which exhibited reversible competitive type inhibition with
an ICs, value of 30.5 pM. This result was supported by pas-
sive avoidance test, which is used to measure antiamnesic
activity, in male mice. Anti AChE activity and antiamnesic
activity of protopine increases its therapeutic value in the
treatment of dementia (Davis ef al. 1999).

Corynoline

Corydalis incisa (Papaveraceae), which is widely distri-
buted in Korea, has been used as a folk medicine in China
and Japan for the treatment of inflammation, skin diseases
and headache. It has also been used for the treatment of
stomach, liver and abdominal pains, as well as a detoxifying
remedy (Kim ef al. 1999). Methanolic extract of aerial parts
of C. incisa exhibited AChEI activity. Corynoline [Fig. 2
(40)] an isoquinoline alkaloid exhibited reversible non-
competitive inhibition with an ICs, value of 50 pM which
can be used for the treatment of AD (Ma et al. 1999).

Bulbocapnine, Corydaline and Corydine

Corydalis cava (Papaveraceae) has been traditionally used
as memory enhancer in Danish folk medicine. Methanolic
extract of tubers from C. cava showed significant AChE
inhibitory activity in a dose-dependent manner. Activity
guided fractionation of the methanolic extract resulted in
the isolation of three alkaloids, bulbocapnine, corydaline
and corydine [Fig. 2 (41, 42, 43)] as active constituents.
Bulbocapnine inhibited AChE as well as BuChE in a dose-
dependent manner with ICsy values of 40 = 2 and 83 + 3
uM, respectively. Corydaline inhibited AChE in a dose-
dependent manner with an ICsy value of 15 £ 3 uM and
corydine inhibited BuChE in a dose-dependent manner with
an ICsy value of 52 £ 4 uM. Corydaline was considered
inactive against BuChE and corydine against AChE, due to
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ICs50>100 pM (Adsersen et al. 2007).

Berberine and its derivatives

Corydalis turtschaninovii (Papaveraceae) have been used in
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traditional medicine for the treatment of gastric, duodenal
ulcer, cardiac arrhythmia disease, rheumatism, dysmenor-
rheal and memory. In the course of screening plants used in
Korean folk medicine as memory enhancers, a 70% ethanol
extract of tuber from C. turtschaninovii (100 pg/ml)
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showed significant AChE inhibitory activity. Bioactive gui-
ded fractionation showed that alkaloids such as 7-Epiber-
berine, Pseudocopsitine, Berberine, Pseudoberberine, Pse-
duodehydrocorydaline [Fig. 2, (44-48)] are responsible for
inhibitory activity with IC 5, values of 6.5 £ 0.5, 8.4 + 0.5,
4.7+0.2,4.3 +0.3,4.5 + 0.2 uM, respectively (Hung et al.
2008).

Coptis chinesis (Ranunculaceae) has been used in tradi-
tional Chinese medicine for several conditions including
age related cognitive and memory decline. Anti-ChEI acti-
vity of methanolic extract of C. chinensis is due to presence
of alkaloids berberine [Fig. 2 (46)], coptisine [Fig. 2 (47)]
and palmatine [Fig. 2 (50)] (Shigeta et al. 2002). C. chinen-
sis extract improved a scopolamine-induced learning and
memory deficit in rats and this is likely to be due to the
alkaloids present raising ACh levels. Berberine has been
shown to be selectively active against AChE compared with
BuChE (Kuznetsova et al. 2002) and it has been shown to
improve scopolamine-induced amnesia in rats.

Protoberberine alkaloids

Bioactive guided fraction of tuber extract of Stephania
venosa (Menispermaceae) were screened for AChE inhib-
itory activity (Ingkaninan ez al. 2006). Quaternary protober-
berine alkaloids such as stepharanine, cyclanoline and N-
methyl stepholidine exhibited inhibitory activity on AChE
with ICs values of 14.10 = 0.81, 9.23 + 3.47 and 31.30 +
3.67 uM, respectively.

Tubocurarine

Tubocurarine obtained from Chondodendron tomentosum
(Menispermaceae) is a muscle relaxant used in clinical sur-
gery. Pharmacological action of tubocurarine [Fig. 2 (51)]
shows that it competes with ACh to bind with nicotinic
receptors and also inhibits the AChE activity to some extent
(Cousin et al. 1996).

Alkaloids from Fumaria species

Fumaria species (Fumarioideae), wide-spread in Turkey
and the richest source of isoqunioline alkaloids, many of
which possess remarkable biological activities, were
screened for ChE inhibitory activity. Results showed that all
Fumaria spp. exhibited significantly higher activity when
compared to standard galanthamine ranging from 84.9 to
96.8%. Of the 19 species F. vaillantii exhibited maximum
inhibition of 94.2%. Bioassay guided fractionation of F.
vaillantii revealed that many isoquinoline alkaloids are res-
ponsible for activity. Among them B-allocryptopine, ophio-
carpine, berberine [Fig. 2 (52, 53, 46)], and protopine [Fig.
2 (39)], exhibited major AChEI activity and the activity of
whole extract may be due to the synergistic interaction be-
tween these alkaloids, which may be of therapeutic value in
the treatment of AD (Orhan ef al. 2003).

Alkaloids from Chelidonium majus

Chelidonium majus L. (Papaveraceae) has been traditionally
used as an herbal medicine for treatment of gastric ulcer,
gastric cancer, oral infection, liver disease, and general
pains in Asian and European countries. Ethanolic extract of
the aerial portion of C. majus inhibited AChE activity with-
out a significant inhibition of BuChE. Bioactive guided
fractionation showed that 8-ydroxydihydrochelerythrine, 8-
hydroxydihydrosanguinarine and berberine [Fig. 2 (54, 55,
46)] exhibited potent inhibitory activity against AChE, with
1Csq values of 0.61-1.85 mM (Cho et al. 2006).

Piperidine alkaloids
Juliflorine

Juliflorine [Fig. 2 (56)] has been isolated from the leaves of
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Prosopis juliflora (Papilionaceae) and it noncompetitively
inhibits both AChE (ICsp = 0.42 uM) and BuChE (ICsy =
0.12 uM). AChE-juliflorine complex is stabilized by hydro-
gen bonding, hydrophobic interaction and m-m interaction
(Choudhary et al. 2005).

TERPENOIDS

Terpenoids comprise a very large group of natural products
and comprise two or more branched 5 carbon units, formed
from a common precursor named mevalonic acid. Skeletons
consisting of multiplets of 2, 3, 4 or 6 of these linked toge-
ther in many different ways are found in a variety of mostly
cyclic compounds named monoterpenes (10 carbons in the
skeleton), sesquiterpenes (15 carbons), diterpenes (20 car-
bons) and triterpenoids (30 carbons), respectively. These
compounds tend to be lipophilic, so they are able to cross
the blood-brain barrier, and the monoterpenes, and some of
the sesquiterpenes, are volatile, and so effects could occur
through inhalation. These compounds are responsible for
the strong odors and flavors of many herbs, spices and tra-
ditional medicines. Many such molecules are increasingly
recognized as having a variety of roles in living organisms,
including signaling between members of the same species,
thus comprising part of the group of compounds known as
pheromones, and protective or attractant roles in flowering
plants against herbivores and pollinators respectively. An
effect on CNS activity by the volatile substances in per-
fumes and other odoriferous materials has attracted interest
in recent years and one of the first findings that mono-
terpenes had AChE inhibitory effects was made only in the
mid 1990s in studies investigating historical records that
monoterpene-containing plants were ‘good for the memory’.

Monoterpenoids

Amongst plants that have been investigated for dementia
therapy, Salvia is one of the most numerous genera within
the family Lamiaceae and grows in many parts of the world.
It has been used as memory enhancer in European folk
medicine. An ethanolic extract and oil of S. officinalis and S.
lavandulaefolia were investigated for anti-ChE activity and
it was found that all gave inhibition of AChE at quite low
concentrations (Perry ef al. 2000). The ChE inhibition
shown by the S. lavandulaefolia oil was shown to be partly
due to the cyclic monoterpenes 1,8-cineole and a-pinene
[Fig. 2 (57, 58)], which were shown to inhibit AChE in
vitro, with some contribution from other constituents, per-
haps by acting synergistically (Savelev et al. 2003). Anti-
ChEI activity of monoterpenes is due to hydrocarbon skele-
ton. Since the effects of the oil were better than those of
individual monoterpenes, further in vivo and clinical studies,
described below, were carried out on the essential oils,
which consist of a mixture of monoterpenes, rather than iso-
lated compounds. Oral administration of S. lavandulaefolia
essential oil to rat’s decreased striatal AChE activity in both
the striatum and the hippocampus compared to the control
rats. Thus, it appeared that constituents of the S. lavandu-
laefolia oil, or their metabolites, reach the brain and inhibit
AChE in select brain areas, consistent with evidence of
inhibition of the brain enzyme in vivo (Perry et al. 2002).
Clinical studies on human volunteers and even patients with
AD have been reported in recent years. A small trial with 11
patients showing mild to moderate symptoms of AD
showed that oral administration of the essential oil of S.
lavandulaefolia significantly improved cognitive function
in one of the three different methods of assessment used
(Tildesley et al. 2003). Anti BuChE activity of S. lavandu-
laefolia, S. fructicosa and S. officinalis showed that essen-
tial oil of S. officinalis and S. fructicosa exhibited activity
due to presence of B-pinene, 3-carene, sabinene and cam-
phor in time dependent manner. Thus oils of S. officinalis
and S. fructicosa which possess dual cholinergic activity
can be used to treat severe AD, while S. lavandulaefolia can
be used to treat mild AD.
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Rosmarinus officinalis and Melissa officinalis (Lami-
aceae) extracts was investigated for ChE inhibitory activity.
Methanolic extract of R. officinalis showed the highest in
vitro inhibitory activity. Bioactive-guided fractionation
showed the activity is due to presence of essential oil. 1,8-
Cineol (57) exhibited 44.42% and o-pinene (58) showed
12.57% inhibition. Rosmarinic acid, a phenolic compound
in rosemary, exhibited the highest inhibitory activity of
85.8% towards AChE (Chung et al. 2001).

Pimpinella anisoides (Apiaceae), an aromatic plant and
spice widely distributed in Italy. Ethanolic extract from
fruits of P. anisoides was assessed for ChE inhibitory acti-
vity. Results showed that the extract, exhibited activity
against both AChE and BuChE, with ICs, values of 227.5
and 362.1 pg/ml, respectively. Bioactive guided fractiona-
tion showed the presence of terpenoids like frans-anethole,
(+)-limonene and (+)-sabinene [Fig. 2 (59, 60, 61)] of
which trans-Anethole exhibited the highest activity against
AChHE and BuChE with ICs; values of 134.7 and 209.6 pg/ml,
respectively (Menichini e al. 2009). The bicyclic monoter-
pene (+)-sabinene exhibited a promising activity against
AChE (ICs4 - 176.5 pg/ml) and BuChE (ICsq - 218.6 pg/ml).

Diterpenoids

Another sage species S. miltiorrhiza (Lamiaceae) which has
been used in traditional Chinese medicine for heart and
calm nerves has been investigated for AChE inhibitory
effect. Root extract showed inhibitory effect, which is due
to presence of diterpenes tanshinones. Dihydrotanshinone
[Fig. 2 (62)] was shown to be the most active (ICso = 1.0
uM) with cryptotanshinone [Fig. 2 (63)] (ICso = 7.0 uM)
also showing activity. A feature, which appears to be neces-
sary for activity, is the saturated bond in the furan ring of
the molecules (Ren ef al. 2004).

Triterpenoids
Ursolic acid

AChHE inhibitory activity of Origanum majorana (Lamia-
ceae) extract is due to the presence of active component
ursolic acid a triterpene, which exhibited an ICs, value of
7.5 nM (Orhan ef al. 2007). Widespread occurrence of ur-
solic acid [Fig. 2 (64)] accounts for the traditional use of
several plant species for memory improvement and AD
related conditions.

Taraxerol

Taraxerol [Fig. 2 (65)] is a triterpene with similar structure
as ursolic acid isolated from twigs of Vaccinium oldhami
(Ericaceae). The 1Cs, value of taraxerol against AChE was
79 uM (Lee et al. 2004).

FLAVONOID DERIVATIVES
Structure activity relationship

Many recent reports are available regarding the multipotent
activities of flavonoid derivatives in combating Alzheimer
disease, but only fewer studies are available on anti-ChEI
activity. According to Ji and Zhang (2006), the AChE inhib-
itory activity of flavonoid derivatives is due to the presence
of the catechol moiety in its structure.

Flavonoid glycosides

Lecuas urticifolia (Lamiaceae) is an annual herb which is
commonly found in Karachi and other parts of Sind pro-
vince of Pakistan. It is astringent, stimulant, haemostatic,
anthelmintic and diuretic and is also widely used for the
treatment of diarrhea, dysentery, uterine haemorrhages,
dropsy, gravel, cystitis, calculus, bronchial catarrh, skin dis-
eases, fever and various types of mental disorders. Ethano-
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lic extract of whole plant exhibited potent BuChE inhibitory
activity. Bioactive guided fractionation showed that Leu-
folin A and Leufolin B [Fig. 2 (66, 67)] are the compounds
responsible for BuChE inhibitory activity with ICs, value of
1.6 £0.98 and 3.6 + 1.7 uM (Atia-tun-Noor et al. 2007).

Flavones

The ethyl acetate extract of whole plants of Agrimonia
pilosa (Rosaceae) was assessed for AChE inhibitory activity.
Activity is due to presence of four flavones tiliroside, 3-
methoxy quercetin and quercetin. Quercetin [Fig. 2 (68)]
showed twice the activity of dehydroevodiamine (DHED)
(Jung and Park 2007) and its inhibitory activity is due to
presence of a catechol moiety on ring B which facilitates
quercetin binding to AChE.

Gingko biloba EGb 761

Gingko biloba (Ginkgoaceae) extract was assessed for
ChEI’s. Ginkobilbo EGb 761 fraction exhibited ChE inhib-
itory activity equivalent to standard drug tacrine, Donepezil
(Wettstein 2000). EGb 761 is standardized extract, which
contains approximately 24% flavone glycosides (primarily
quercetin, kaempferol and isorhamnetin) and 6% terpene
lactones (2.8-3.4% ginkgolides A, B and C, and 2.6-3.2%
bilobalide). Ginkgolide B and bilobalide account for about
0.8 and 3% of the total extract, respectively (Das et al.
2002).

Flavanones

Naringenin [Fig. 2 (69)] a flavanone isolated from Citrus
junos (Rutaceae) inhibited AChE in vitro dose dependently
(Heo et al. 2004). Moreover it ameliorated scopolamine-
induced amnesia in mice. Hispidone [Fig. 2 (70)] isolated
from Onosma hispida (Boraginaceae) was moderately ac-
tive (ICso value = 11.6 pM) (Ahmad et al. 2003).

Isoflavonoids

Maclura pomifera (Moraceae) commonly referred to
“Osage orange, hedge apple, bow wood, and horse apple”
were used as folkloric medicine worldwide. Decoction pre-
pared from the roots of M. pomifera is used for the treat-
ment of sore eyes, while the bark of M. tinctoria has been
reported to be used against toothache (Elvin-Lewis et al.
1980). Fruit of M. pomifera rich in isoflavonoid and xan-
thones (Delle Monache et al. 1994) possess several biolo-
gical activities including antimicrobial, estrogenic, anti-in-
flammatory and antinociceptive activities (Mahmoud 1981;
Maier et al. 1995). In the current study, the methanol ex-
tracts prepared from the leaf, wood, flower, twig, and stem
bark of the female and male individuals as well as rhizo-
dermis and fruit from the female tree of M. pomifera were
examined along with its two major isoflavonoids osajin,
pomiferin [Fig. 2 (71, 72)] and their semi-synthetic deriva-
tives iso-osajin and iso-pomiferin [Fig. 2 (73, 74)] for their
anti-ChE activity under in vitro condition. Most of the ex-
tracts did not exert remarkable anti-AChE effect at the
tested concentrations when compared to galanthamine. Only,
the rhizodermis and fruit extract showed inhibition over
50% at 2 mg/ml (58.02 and 52.87%, respectively). On the
other hand, Osajin (ICs5y = 2.239 mM), Pomiferin (ICs, =
0.096 mM), and its semisynthetic derivatives isoosajin (ICsq
= 1.35 mM), and iso-pomiferin (ICsy = 2.67 mM) displayed
a remarkable inhibition against AChE in a concentration-
dependent manner (Orhan et al. 2009). Nevertheless, these
compounds were completely inactive against BuChE (Ji and
Zhang 2006). AChE and BuChE inhibitory activity of Osa-
jin and isoosajin might be due to presence of catechol moi-
ety in ring B of its structure. The structure-activity relation-
ship of pomiferin and its semisynthetic derivative has not
been elucidated.
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PREGNANE GLYCOSIDES

Roots of Cynanchum atratum (Asclepiadaceae) were inves-
tigated for AChE inhibitory activity and the activity is due
to presence of pregnane glycoside. Of all the glycosides
Cynatroside B exhibited potent inhibitory activity with ICs,
value of 3.6 pM. The mode of AChE inhibition by cyna-
troside B [Fig. 2 (75)] was reversible and non-competitive
in nature. Cynatroside B (1.0 mg/kg body weight i.p.) sig-
nificantly ameliorated memory impairments induced in
mice by scopolamine (1.0 mg/kg body weight s. ¢.) as mea-
sured in the passive avoidance and the Morris water maze
tests. Presence of both anti-AChE and anti-amnesic activi-
ties makes it significant in therapeutics in alleviating certain
memory impairments observed in AD (Lee et al. 2005).

GUAIANOLIDES

Amberboa ramose (Compositae) is an annual herbaceous
plant grown in India and Pakistan possess cytotoxic and
antibacterial activities. Chloroform soluble fraction revealed
significant inhibitory activity against the BuChE and bioac-
tive guided isolation of the extract showed the presence of
six guaianolides [Fig. 2 (76)]. All of them exhibited inhib-
itory activity against BuChE; compounds 3-6 are more pot-
ent than 1 and 2 (Khan ef al. 2005).

XANTHONES

Methanol leaf extract of Gentiana campestris (Gentiana-
ceae) exhibited significant inhibition of AChE activity. Four
xanthones, bellidin, bellidifolin [Fig. 2 (77)], bellidin 8-O-
B-glucopyranoside (norswertianolin), and bellidifolin 8-O-
B-glucopyranoside (swertianolin), were found to be respon-
sible for the anti-AChE activity effects (Urbain et al. 2004).

Structure-activity relationship

Absence of glucopyranosyl moiety in bellidifolin increases
the inhibitory activity when compared to other xanthones,
which might be due to steric factors or hydrophobicity. Pre-
sence of methoxy group at it C-3 position also be enhances
its inhibitory activity (Houghton et al. 2006).

SITOINDOSIDES AND WITHAFERIN A

The roots of Withania somnifera (Solanaceae) one of the
most highly regarded herbs in Ayurvedic medicine where it
is known as ‘ashwagandha’ and has a history of use for
almost 4,000 years. It is classed among the rejuvenative
tonics known as ‘Rasayanas’. Root extract was adminis-
tered orally to mice and effect of neurotransmitter system in
brain was observed. Extract showed enhanced AChE acti-
vity in the lateral septum and globus pallidus areas of the
brain and also enhanced muscarinic M1 receptor binding in
cortical regions. Active compound responsible for the acti-
vity is sitoindosides and withaferin A. The extract con-
taining the active compound also reversed the reduction in
cholinergic markers (e.g. ACh, ChAT) in rats (Bhattacharya
et al. 1995). These activities could explain the reputed cog-
nition enhancing effects of W. somnifera root because of
preferential action on cholinergic neurotransmission in the
cortical and basal forebrain, brain areas involved in cog-
nitive function. Based on this information, it could be spe-
culated that the sitoindosides and withaferin A [Fig. 2 (78,
79)] could have potential in AD therapy.

LIGNANS

The hexane extract of the fruit of Schizandra chinensis
(Schisandraceae) was found to show significant inhibition
of the activity of AChE. Further studies showed that lignans
were responsible for the inhibitory effect on AChE. The
compounds having both aromatic methylenedioxy and hydr-
oxyl groups on their cyclooctadiene ring, such as gomisin C,
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gomisin D, gomisin G, schisandrol B and gomisin A, [Fig.2
(80, 81, 82, 83, 84)] entirely inhibited AChE in dose-depen-
dent manners, with ICs, values of 6.71 £+ 0.53, 6.55 = 0.31,
7.84+£0.62, 12.57+ 1.07 and 13.28 + 1.68 uM, respectively.
These results indicate that the lignans could potentially be a
potent class of AChEI’s (Ingkaninan et al. 2006).

Structure-activity relationship

The presence of aromatic methylene-dioxy and hydroxyl
groups attached to the cyclooctadiene ring in compounds
[Fig. 2 (80, 81, 82, 83, 84)] might be responsible for AChE
inhibitory activity in dose dependant manner. Gomisin D
possess lesser active than gomisin G and C which is due to
presence of a-hydroxyl group at C-7, side chains at C-6 and
C-14 and methylene-dioxy groups at C-12 and C-13. Inter-
estingly, schisandrol B, which has 13-hydroxyl group at C-8
and methylene-dioxy groups at C-2 and C-3 position, and
gomisin A which possess 13-hydroxyl group at C-7 and
methylenedioxy groups at C-12 and C-13, exhibit signifi-
cantly lower inhibitory activities than compounds gomisin
C, G and D. This indicates that in the presence of hydroxyl
group, the [ orientation might exhibit lesser inhibitory
effect than the o orientation. These results indicate that aro-
matic methylene-dioxy and cyclooctadiene hydroxyl groups
are important for the AChE inhibitory activity (Hung et al.
2007). Moreover the low molecular wt of the material
makes it easier to cross the blood brain barrier to reach the
site of action (Broadwell ef al. 1993).

The root and stem bark of Magnolia officinalis (Magno-
liaceae) (have been used in TCM to treat anxiety and ner-
vous disturbances. M. officinalis contains the biphenolic lig-
nans, honokiol and magnolol [Fig. 2 (85, 86)] which in-
creased ChAT activity and inhibited AChE activity in vitro
and increased hippocampal ACh release in vivo (Hou et al.
2000). These two compounds also appear to have antioxi-
dant, anti-inflammatory, anxiolytic and neuroprotective pro-
perties and such polyvalency in activity is of interest in
their potential use in the treatment of AD.

POLYPHENOLS
Vitisin A and heyneanol A

Vitis amurensis (Vitaceae) a wild-growing grape, in Japan,
China and Korea has been widely used in traditional medi-
cine for the treatment of cancer and various pains. Root
extracts possess anti-inflammatory and anti-tumor activity.
Vitisin A and heyneanol A [Fig. 2 (87, 88)], two polymers
of reseveratol isolated from the butanolic root extract,
inhibited both AChE and BuChE in a dose-dependent man-
ner and exhibited higher activity against BuChE compared
with that of galanthamine, a positive control (Jang et al.
2008).

(H)-a-viniferin and Kobophenol A

Total methanolic extract of the underground parts of Cara-
gana chamlague (Leguminosae) showed significant inhibi-
tion towards AChE. Inhibitory activity is due to bioactive
compounds, polyphenolic stilbene oligomers, (+)-o-vini-
ferin [Fig. 2 (89)] and kobophenol A [Fig. 2 (90)]. Both
compounds inhibited AChE activity in a dose-dependent
manner, and their ICs, values are 2.0 and 115.8 mM, res-
pectively. Type of inhibition is specific reversible non-com-
petitive (Sung et al. 2002).

Structure-activity relationship

Vitisin A has appropriately bulky structure which masks
AChE and prevents ACh from binding to AChE in a non-
competitive manner. In contrast in the case of heyneanol A
the bulky structure completely masks AChE and lowers the
accessibility of substrate to AChE.
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Fig. 2 (80-102) Phytoconstituents exhibiting Cholinesterase inhibitory activity.

SESQUITERPENE

Zerumbone (ZER) [Fig. 2 (91)] is sesquiterpene from the
edible plant, Zingiber zerumbet (Zingiberaceae) which is
known to possess tremendous biological activities. In this
study, the inhibitory effect of ZER towards AChE was eva-
luated using thin layer chromatography (TLC) bioautog-
raphy and compared concurrently to tacrine, as positive
control. The results obtained in this research showed that
ZER has an enzymolytic effect towards AChE. It could be
suggested that ZER might be a potential candidate for the
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development of anti-AChE for AD treatment (Bustamam et
al. 2008).

LINOLEIC ACID DERIVATIVES

In a search for potential AChEI’s, the ethanol extract of the
bulbs of Crinum x powellii (Amaryllidaceae) was found to
demonstrate a marked inhibition of this enzyme. Using a
bio-guided isolation strategy, linoleic acid ethyl ester has
been identified as the compound responsible for this inhib-
ition (Kissling et al. 2005).
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SHIKIMATE-DERIVED COMPOUNDS AS AChE
INHIBITORS

The shikimic acid pathway is the major pathway of pro-
ducing phenolic compounds in flowering plants. Structural
analysis shows the presence of one phenylpropanoid unit
alone or two or more units combined most of which were
found to be as AChEL

Coumarins

Scopoletin a coumarin isolated from methanolic extract of
Vaccinium oldhami (Ericaceae) is the most active AChE
inhibitor with ICs, value of 79 uM. Scopoletin and scopolin
[Fig. 2 (92, 93)] extracted from Scopolia carniolica (Sola-
naceae) was found to be active against AChE (Lee ef al.
2004).

Furanocoumarins such as Xanthotoxin and isopimpinel-
lin [Fig. 2 (94, 95)] from the roots of Angelica acutiloba
(Apiaceae) exhibited significant inhibitory activity with
ICs, value of 0.58 and 0.32 uM respectively (Mizayawa et
al. 2004). Most of the prenylated coumarins from 4. dahu-
rica, pyrano and furanocoumarins from 4. gigas exhibited
weak AChHE inhibitory activity (Kim ez al. 2002). Two
pyrenlated coumarins murranganin and hainanmurpanin
[Fig. 2 (96 a, b)] isolated from Murraya paniculata (Ruta-
ceae) exhibited weak AChE inhibitory activity (ICsy 79.1
and 31.6 uM) (Choudhary et al. 2002). N-p-Coumaryltyra-
mine [Fig. 2 (97)], isolated from twigs of Celtis chinensis
(Ulmaceae) which is an unusual combination of amino acid
and phenylpropanoid showed weak AChE inhibitory acti-
vity with ICsy value of 122 pM.

MISCELLANEOUS

Areca catechu (Piperaceae) is the areca palm or areca nut
palm, a species of palm which grows in much of the tropi-
cal Pacific, Asia, and parts of east Africa commonly termed
as betel leaf. Hydroalcoholic extract of 4. catechu inhibited

AChE and BuChE in a dose-dependent manner (Gilani ez al.

2004). However, the active component has not been iden-
tified, yet.

The essential oils of Origanum ehrenbergii and O.
syriacum (Lamiaceae) collected in Lebanon were analysed
for anti-ChEI activity. Essential oils exhibited both AChE
and BuChE inhibitory activity with ICso of 0.3 pg/ml
(Loizzo et al. 2009).

Nonyl benzoate and hexyl p-hydroxy cinnamate [Fig. 2
(98, 99)] isolated from Buddleja crispa (Buddlejaceae) ex-
hibited weak AChE and BuChE inhibitory activity (Ahmad
et al. 2005).

Ceramides and tanacetamides [Fig. 2 (100, 101)] iso-
lated from whole plants of Tanacetum artemisioides (Aste-
raceae) exhibited AChE inhibitory activity in vitro with 1Cs
value of 67.1 and 74.1 puM, respectively (Ahmad et al.
2004).

Rodiola rosea (Crassulaceae) commonly termed as
golden roots is widely distributed in cold regions such as
artic region of the world. Pilot studies in human trails have
shown that R. rosea improves mental performance and phy-
sical activity and reduces fatigue. Bioactive guided fractio-
nation and purification of the ethanolic extract of rhizome
of R. rosea showed the presence of hydroquinone [Fig. 2
(102)] which is responsible for the AChE inhibitory activity
(Wang et al 2007).

Curcuminoids (a mixture of curcumin, bisdemethoxy-
curcumin and demethoxycurcumin) share vital pharmacolo-
gical properties possessed by turmeric, a well known curry
spice, considered useful in AD. Curcuminoids was analysed
for AChE inhibitory activity and memory enhancing acti-
vities under in-vitro and ex-vivo condition. Under in vitro
condition curcuminoids inhibited AChE with ICs, value of
19.67 uM, while bisdemethoxycurcumin, demethoxycurcu-
min and curcumin inhibited AChE with ICs, value of 16.84,

33.14 and 67.69 uM, respectively (Ahmed and Gilani 2009).
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In the ex-vivo AChE assay, curcuminoids and its individual
components except curcumin showed dose-dependent (3—
10 mg/kg) inhibition in frontal cortex and hippocampus.
When studied for their effect on memory at a fixed dose
(10 mg/kg), all compounds showed significant (p < 0.001)
and comparable effect in scopolamine-induced amnesia.
These data indicate that curcuminoids and all individual
components except curcumin possess pronounced AChE
inhibitory activity. Curcumin was relatively weak in the in-
vitro assay and without effect in the ex-vivo AChE model,
while equally effective in memory enhancing effect, sug-
gestive of additional mechanism(s) involved. Thus curcumi-
noids mixture might possess better therapeutic profile than
curcumin for its medicinal use in AD.

Cymbopogon  schoenanthus (Poaceae), commonly
termed as lemon grass, was collected from the mountainous
region of south Tunisia and assessed for ChE inhibitory ac-
tivity. Ethyl acetate and methanol extract of shoot exhibited
highest AChE inhibitory activity with ICs
0.23 £ 0.04 mg/ml (Khadri ef al. 2009).

CONCLUSION

ChE inhibitors have therapeutic applications in AD, senile
dementia, ataxia, myasthenia gravis and Parkinson’s disease.
Central cholinergic system is considered as the most im-
portant neurotransmitter system involved in the regulation
of cognitive functions. Cholinergic neuronal loss in hippo-
campal area is the major feature of AD and enhancement of
central cholinergic activity by use of anti-ChE is presently
the mainstay of the pharmacotherapy of senile dementia of
Alzheimer type (Enz ef al. 1993; Siddiqui and Levey 1999).
All of the known ChE inhibiting drugs used in the therapy
of AD suffer from several side effects such as high toxicity,
short duration of biological action, low bioavailability and
narrow therapeutic effects. Consequently, development of
new ChEI’s inhibitors with less toxicity and more potent
activity is compulsory. The search for plant derived inhib-
itors of ChE has accelerated in view of the benefits of these
drugs not only in the treatment of AD but in other forms of
dementia, such as dementia with Lewy bodies (Perry ef al.
1994), vascular dementia (Erkinjuntti er al. 2002) and
Down’s syndrome (Kishnani et al. 1999). Along with the
prototype inhibitor of AChE physostigmine, obtained from
the plant Physostigma venenosum, other molecules with
highly significant anti-ChE activity are Huperzine-A, galan-
thamine, a-viniferin and ursolic acid obtained from Huperzia
serrata, Galanthus nivalis and Narcissus sp., Caragana
chamlague and Origanum majorana, respectively. Majority
of studies have focused on the anti-ChEI alkaloids, such as
physostigmine and galanthamine. So far, more than 35 alka-
loids have been reported to have AChE inhibitory activity.
The other major classes of compound reported to have such
activity are the terpenoids, glycosides and coumarins. Plants
belonging to Acanthaceae, Apocynaceae, Amaryllidaceae,
Angelicae, Araceae, Asclepiadaceae, Berberidaceae, Buxa-
ceae, Combretaceae, Compositae, Coniferae, Cyperaceace,
Ebenaceae, Ericaceae, Euphorbiaceae, Fumariaceae, Genti-
anaceae, Guttiferae, Lamiaceae, Leguminosae, Lilliaceae,
Lycopodiaceae, Malvaceae, Magnoliaceae, Menisperma-
ceae, Molluginaceae, Moraceae, Musaceae, Nelumbonaceae,
Papaveraceae, Piperaceae, Rubiaceae, Rutaceae, Sapotaceae,
Solanaceae and Tamaricaceae families have been reported
to have AChE inhibitory potential. These results show that
the available biodiversity of natural sources and the isolated
bioactive compounds may act as potential leads for the
development of clinically useful pharmaceuticals. For many
of the plants and compounds that have demonstrated anti-
ChEI activity relevant to AD therapy, the clinical data are
very limited.

Molecular docking studies of fewer compounds are
done whose structure activity relationship is presented in
this review. Studies on structure activity relationship of
enormous compounds are lacking which are yet to be elu-
cidated. Moreover clinical efficacy and potential toxicity of
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active plants and compounds in larger trials requires further
assessment, before recommendations concerning their rou-
tine use can be identified.
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