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Acetylcholinesterase (AChE) is a key target in the treatment of Alzheimer’s disease (AD). We studied
the potential anti-AChE activities of Acacia nilotica (Leguminosae) and Rhamnus prinoides
(Rhamnaceae) plants that have previously been shown to affect central nervous system activities.
Sonicated aqueous extracts of A. nilotica and R. prinoides displayed significant AChE inhibition by
about 56 and 53%, respectively, after 5 min incubation at 0.1mg/ml final assay concentration. Inhibition
kinetics showed both plant preparations to be mixed inhibitors (specifically non-competitive
uncompetitive type). Galanthamine was assayed as a positive control and was found to be a very potent
mixed type (competitive non-competitive) inhibitor; IC5, of 0.0004 mg/ml compared to 0.079 mg/ml for A.
nilotica and 0.201 mg/ml for R. prinoides. We conclude that although the AChE inhibition by A. nilotica
and R. prinoides is not as potent as that of galanthamine, in addition to their known antioxidant and
anti-inflammatory activities these plants could provide novel poly-pharmacological leads of potential
benefit to the treatment of AD and therefore warrant further investigation.
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INTRODUCTION

Alzheimer’s disease (AD) is a neurodegenerative disease
affecting the brain. It is the most common cause of
dementia, leading to deterioration in vital cognitive
processes such as memory (Barnes et al, 2006),
understanding (Verdon et al., 2007), and speech (Forbes-
McKay et al, 2005). Symptoms can also include
unpleasant behavioural changes, such as anxiety and
dysphoria (Mega et al., 1996). The aetiology of AD is
complex as it involves many factors, all of which
contribute and produce damage to the cortical nervous
system (Reiman, 2006). There is evidence that in some
people the cause may be due to genetic factors. Four
genes have been identified as possible sources of the
problem (Parihar and Hemmani, 2004). However, in the
majority of cases inheritance does not seem to play a
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role.Currently there is no cure for AD (Wolf-Klein et al.,
2007). To date the most promising target for the
symptomatic treatment and slowing of AD progression is
cholinesterase inhibitors (Bierer et al., 1995). In AD the
destruction of cholinergic neurones causes a depletion of
the neurotransmitter, acetylcholine (ACh) (Wenk, 2006).
By inhibiting acetylcholinesterase (AChE), the enzyme
which catalyses break down of ACh, levels of this
neurotransmitter can be elevated and function improved.
This approach has a particular success as these
cholinergic neurones are found mainly in regions
associated with learning and memory - spreading from
the basal forebrain (Wu et al., 2005) and hippocampus
(Gron et al., 2006) up to the cerebral cortex (Descarries
et al., 2005). However, the benefits of cholinesterase
inhibitors do not come without unpleasant side-effects.
The most reported risk with AChE inhibitor medication is
gastrointestinal problems such as vomiting and diarrhoea
(Dunbar et al., 2006). Phytotherapy has been found to
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show potential in the treatment of AD symptoms,
especially in the targeting of the cholinergic pathway
(Mukherjee et al., 2007). Furthermore, the advantage of
using phytotherapy resides in the concoction of
chemicals found within plants (Mills and Bone, 2000),
which potentially provide protection against a wide range
of aetiological factors. For example, Salvia species
contain different phytochemicals active against not only
the ACh deficit found in AD, but the inflammatory and
oxidative factors as well (Perry et al., 2003). In ethno-
medicine it is very common for a single plant species to
be used to treat various ailments due to the multiplicity of
bioactive molecules they contain. In this respect,
medicinal plants provide a rich source of biologically
active constituents with multiple activities. In this study
we continue the search for novel AChE inhibitory
activities in plants and look at the anti-AChE potential and
inhibition kinetics of Acacia nilotica (Leguminosae) and
Rhamnus prinoides (Rhamnaceae), medicinal plants
known to possess, inter alia, CNS activities (Stafford et
al., 2005). The ethyl acetate and ethanol extracts of the
leaves and bark of A. nilotica have been shown to be
weak to moderate inhibitors of AChE, with the ethanolic
extract of the bark having no activity (Eldeen et al., 2005).
In ethno-medicine the roots of A. nilotica and R. prinoides
are also widely used. The root of A. nilotica is reported to
have traditional medicinal uses such as appetite
enhancer, strength and nutrient supplement, for painful
joints, stomach ache and cleaning circumcision wounds.
The root of R. prinoides on the other hand is used to treat
sexually transmitted disease (e.g. syphilis and
gonorrhoea), arthritis, flu/cold, back pains, stomach ache,
headache, pneumonia and brucellosis (Holford-Walker,
1951; Kokwaro, 1976; Kiringe, 2006).

MATERIALS AND METHODS
Plant material

Plant materials were acquired from a registered herbal practitioner
in Kenya and identified by botanist Mr Monrinke Ole Njukuna.
Voucher specimens CMC-ANO1 and CMC-RPO01 are deposited at
the Medicinal Plant Research laboratory, Newcastle University,
United Kingdom.

Extraction

One gram of dried plant root material was extracted with 10 ml de-
ionised water (18.2 MQ-cm), by sonication for 1 h and filtered using
Whatman No.1 filter paper. The residue was re-extracted with 10 ml
de-ionised water and filtrates were pooled, frozen, freeze-dried, and
re-constituted in de-ionised water prior to assay.

Inhibition assay

A variation of the Ellman technique (Ellman et al., 1961) was used.
Bovine erythrocyte AChE (5 ul, 0.03 U/ml (final assay
concentration) in pH 8 sodium phosphate buffer (200 pl, 0.1 M),
DTNB (5 pl, 0.3 mMin pH 7 sodium phosphate buffer containing

1.5 mg/ml sodium bicarbonate), and extract (5 ul) were added to
each well in a 96 well plate. Each extract was run in triplicate,
including a blank, containing no enzyme instead extract, and
triplicate controls containing no extract instead buffer. The plate
was placed into a Multiskan Ascent plate reader and shaken for 10
s, then incubated for 5 or 30 min at 30°C, after which substrate (5
pl, 0.5 mM ATCIl) was added, and the absorbance at 405 nm
measured every 20 s for 6 min using a Thermo Labsystems
Multiskan Ascent™ plate reader with Ascent™ software. Mean
absorbance per minute values were calculated and blank well
values were subtracted from the corresponding sample mean.
Percentage inhibition was calculated using the equation:

Percentage inhibition = (Control — Extract) x 100

Control

The activity of galanthamine dissolved in de-ionised water was also
assayed, as a positive control. All chemicals and reagents were
purchased from Sigma Co., UK. Galanthamine hydrobromide from
Lycoris species was of = 94% purity.

Inhibition kinetics

Lineweaver-Burk plots (Palmer, 1995) were drawn from assays
using a range of final assay plant extract (inhibitor) concentrations
(0, 0.05 and 0.1 mg/ml) at various substrate concentrations (0.5,
0.25, 0.125, 0.0625 and 0.03125 mM ATCI). From these Vmax and
K values were calculated for each inhibitor concentration. Re-plots
allowed K; and K; calculation (1/gradient of Lineweaver-Burk trend
line versus inhibitor concentration, and 1/Vmax versus inhibitor
concentration, respectively).

RESULTS

AChE was inhibited in a concentration dependent
manner. The ICs, values of A. nilotica and R. prinoides,
were 0.079 and 0.201 mg/ml, respectively (Figures 1A
and B). Sonicated extracts (5 min incubation) were used
in the standard curve serial dilutions as these exhibited
comparatively similar inhibitory activities for the two plant
species. However, by increasing the incubation time of R.
prinoides its AChE inhibition decreased, from 52.6% for 5
min incubation to 44% for 30 min incubation whereas that
of A. nilotica increased from 55.9% for 5 min incubation
to 68% for the 30 min incubation period prior to adding
the substrate (Table 1). The potency of A. nilotica and R.
prinoides was compared to that of galanthamine, a drug
approved for the treatment of AD. Galanthamine was
found to have an ICs, value of 0.0004 mg/ml (Figure 1C)
which is at least 200 times more potent than A. nilotica
and 500 times more potent than R. pinoides.

The enzyme inhibition kinetics of A. nilotica and R.
prinoides aqueous extracts were determined from
Lineweaver-Burk plots (Figures 2A and B). The V.« and
K values were derived from the trend line equations of
these graphs (Table 2) and K; and K, values calculated
from the re-plot trend line equations (Table 2). The
aqueous extracts of A. nilotica and R. prinoides both
showed non-competitive uncompetitive mixed-inhibition.
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Figure 1. AChE inhibition curves for (A) A. nilotica, (B) R. prinoides, and (C)
Galanthamine IC50 values were re-calculated back to mg/mL from log [mg/mL]
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Table 1. Anti-acetylcholinesterase activities of aqueous extracts of

A. nilotica and R. prinoides.

*Acetylcholinesterase

inhibition £ SD (%) ICs0 values
Extracts Incubation time (min) mg/ml
5 30
A. nilotica 55.9 £ 0.01 68 +0.01 0.0790
R. prinoides 52.6 £ 0.01 44 +0.01 0.2010
Galanthamine 0.0004
* Final assay concentrations: 0.1mg/ml.
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Figure 2. Lineweaver-Burk plots for (A) A. nilotica and (B) R. prinoides aqueous extracts.
m 0, ¢ 0.05 and A 0.1 mg/ml inhibitor concentrations (Substrate concentrations used: 0.5,
0.25, 0.125, 0.0625, 0.03125 mM ATCI). Insets show the Lineweaver-Burk re-plots to
determine Ki (1/gradient v inhibitor concentration (mg/mL)) and Kl (1/Vmax (1/mM ATCI) v
inhibitor concentration (mg/ml)). In both cases Ki and Kl = (-1*x-axis intercept).

Our results also classify galanthamine as a mixed type
inhibitor, but as a competitive non-competitive mixed
inhibitor. This is evident from the convergence of the lines
on the Lineweaver-Burk plot above the X-axis (Figure 3),
and the decreasing Viax and increasing Ky, values (Table
2) is further confirmed by the higher K, (1.64) than K;
(0.52) (Palmer, 1995).

DISCUSSION

A number of plants or plant derived compounds such as

Gingko biloba and Huperzine A are currently undergoing
clinical trials for the symptomatic treatment of dementia of
the Alzheimer’s type (Vellas et al., 2006; Aisen, 2007).
Our data show that aqueous extracts of A. nilotica and R.
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Table 2. Inhibition constants [Vmax, Km, Ki, Ki] for A. nilotica, R. prinoides and

galanthamine

T Units: mM ATCI; * Units: mg/ml extract or nmol/ml galanthamine
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Figure 3. Lineweaver-Burk plot for galanthamine.m 0, ¢ 0.955, A1.91, and X 3.82 nmol galanthamine. Ki
and KI re-plots are shown in the insets. (Substrate concentrations used: 0.5, 0.25, 0.125, 0.0625 and

0.03125 mM ATCI)

prinoides inhibit AChE in a dose dependent manner. A.
nilotica has already been shown to possess anti-
cholinesterase properties (Eldeen et al., 2005). However,
our results show that the activity of A. nilotica root in an
aqueous extraction (ICsy 0.079 mg/ml) to be about 10 fold
more potent than with leaf (ICsy 0.7 and 0.5 mg/ml for
ethyl acetate and ethanol extracts, respectively) and bark
(ICsp 1.3 mg/ml ethyl acetate extraction) results (Eldeen
et al, 2005). R. prinoides has not previously been
investigated for its anti-cholinesterase properties. We
found it to have an IG5y of 0.2 mg/ml. The inhibitory
activity of R. prinoides decreased with incubation time

probably due to rapid reversibility of inhibition in contrast
to that of A. nilotica.A. nilotica and R. prinoides appear to
be much more potent than AChE-inhibiting Portugese
(Ferreira et al., 2006) and Danish medicinal plants
(Adersen et al., 2006). In these studies aqueous extracts
were assayed against bovine AChE, but at final enzyme
concentrations of 0.007 and 0.002 U/ml respectively.
Ferreira et al. (2006) reported Hypericum undulatum as
the most potent inhibitor, showing 81.7% inhibition at a 5
mg/ml extract concentration. If we consider that this is 50
times greater than our 0.1 mg/ml extract concentration,
and the enzyme used was 4.3 fold less concentrated, it
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becomes clear that A. nilotica and R. prinoides are more
potent AChE inhibitors. Adersen et al., (2006) reported
0.1 mg/ml extracts of the Corydalis species as having
significant AChE inhibition, ranging from 92% (Corydalis
cava bark extract), to 48% inhibition (Corydalis solida leaf
extract). Again considering the less final assay units of
enzyme used in this study (by 15 fold), these results of
Corydalis anti-AChE activity would suggest they are not
as potent as A. nilotica and R. prinoides. There is a
paucity of data on the kinetics of enzyme inhibition by
herbal extracts as used in traditional medicine. This study
has demonstrated that herbal extracts are able to display
enzyme inhibition kinetics similar to those of single
compounds. The kinetic inhibition activities of A. nilotica
and R. prinoides on AChE have not previously been
investigated; therefore we provide the first report of their
mixed type non-competitive uncompetitive properties.
This mixed type inhibition kinetics is typical of some
medicinal plants; due to the great variety of compounds
they contain all acting in different ways (Mills and Bone,
2000). However, the concentration dependent kinetic
pattern which we have shown using the plant extracts
has also been demonstrated before for pure synthetic
anti-AChE compounds (Rosenfield and Sultatos, 2006).
Our findings of galanthamine as a mixed-type inhibitor
are unusual, as it is generally recognised as a
competitive inhibitor. However, other studies have
reported galanthamine as a mixed-type inhibitor (Rahman
et al., 2006) and this may be due to the differences in
experimental protocol. The deposition and aggregation
of B -amyloid (AB) peptides into neuro-toxic senile
plaques is a recognized hallmark in the pathogenesis of
AD. AChE has been shown to form stable complexes
with senile plaque components via its peripheral anionic
site which might be involved in promoting AR fibril
formation (Inestrosa et al., 1996; De Ferrari et al., 2001).
Mixed or non-competitive type inhibitors have been put
forward as model candidates for inhibiting AChE-induced
AB aggregation due to their ability to bind to the
peripheral anionic site (Bartolini et al., 2003). Other
studies also suggest that the AB aggregating property of
AChE during the onset of AD can be inhibited by mixed
or non-competitive type of inhibitors (Choudhary et al.,
2005). The AChE inhibition kinetics in the present study
indicates a putative mechanism by which the aqueous
extract may have a novel therapeutic potential for
AD.One of the main benefits of phytotherapy is the wide
range of medicinal properties that each plant can offer,
whereas pharmaceutical drugs are usually designed
attack only a single target (Mills and Bone, 2000). For
example, A. nilotica is known to possess antioxidant (Al-
Fatimi et al., 2007) and anti-inflammatory activities
(Eldeen et al., 2005). The toxicity of A. nilotica has
previously been studied in rats, and even at the high
consumption concentrations of 2 and 8% acacia diets,
there was no evidence of liver or renal toxicity, although
some weight loss was noted after a four weeks

experimental period (Al-Mustafa and Dafallah, 2000).
Similarly, R. prinoides has been found to not pose any
notable safety issues (Verschaeve et al., 2004). It can
therefore be concluded that A. nilotica and R. prinoides,
in addition to possessing anti-inflammatory and
antioxidant agents, also exhibit anti-AChE properties and
thus could potentially provide novel leads for poly-
pharmacological, multi-target approaches to the
treatment of AD. Further studies on the isolation and
structure elucidation of the active constituents and their
synergistic/ antagonistic interactions are being conducted
in our Medicinal Plants Research Laboratory.
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