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HE PRESENT study described a novel application of simple potentiometric biosensors

for analysis of anti-cholinesterase (Alzheimer) drugs in vitro. The proposed method was
based on inhibition of acetylcholineesterase enzyme (AChE) by Alzheimer drugs namely;
donepezil (DOP) and galantamine (GAL) in addition to biperdien (BP) and ipratropium (IPBr).
Based on the relative inhibition action of drug on AChE activity, different sensitivities were
recorded ranging between 0 to 18.0 ng, 0 to 90.0 ng, 0 to 4.69 pug and 0 to 9.96 pg mL 'for the
aforementioned drugs in the same order depending on the nature of drugs and their corresponding
LD50 values. The proposed procedures were successfully applied for determination of drugs in
pharmaceutical formulation and biological samples with sensitivity and accuracy comparable
with the official method. The presented approach can be suggested for testing of pharmaceutical
preparation toxicity against cholinesterase enzymes in vitro.
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Introduction

Cholinesterases are a family of enzymes present in
vertebrates and insects that catalyze the hydrolysis
of neurotransmitter acetylcholine into choline and
acetic acid and an essential process allowing for
the restoration of the cholinergic neuron [1]. In
the body, only two cholinesterases are known:
acetylcholinesterase (AChE; EC3.1.1.7.) and
butyrylcholinesterase (BChE; EC 3.1.1.8).
Despite high structural similarities, the enzymes
are expressed in various tissues and they have
different roles in the body. AChE is an enzyme
participating in cholinergic neurotransmission but
the role of BChE cannot be recognized so easily
[2,3].

Some compounds can inhibit cholinesterase
enzymes [2-8]. Based on this inhibition,
cholinesterases are widely used for analytical
purposes [9-14]. AChE has been used extensively
for the enzymatic detection of organophosphates
(Ops) as well as carbamate pesticides, nerve
agents, several natural toxins, and some drugs [5].
Hence, AChE is widely used as a potent recognition
element for the construction of biosensors for
pesticide detection [9, 10]. Biosensors based on
AChE as well as butyrylcholinesterase were first

reported during the 1980s. Since then, there has
been a continuous improvement of cholinesterase-
based biosensors due to the gradual improvement
of transducer devices and the availability of pure
enzymes [10]. Most of the biosensors constructed
for the determination of OPs are based on an
electrochemical transducer, which is usually
incorporated in a single unit with the biological
recognition element. Both amperometric and
potentiometric cholinesterase biosensors were
developedand demonstrated comparableanalytical
parameters. It was pointed out previously [15, 16]
that potentiometric biosensors are preferable for
inhibitor measurement than amperometric ones,
due to their higher inhibitor sensitivity and in
general their much easier preparation technique
and measurement procedure. Furthermore, the
potentiometric working principle fits better to
in-field measurements. Many cholinesterase
biosensors configurations can be found in
literature [14].

Though the structure of BChE closely
resembles the structure of AChE, the enzymes
have unequal sensitivity to inhibitors. Inhibitors
of ChEs do not have one target site. The inhibitors
can bind into esteratic part of active site, anionic
part of active site (o anionic site), aromatic gorge,
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and peripheral (or p in some sources) anionic site
[17, 18]. Inhibitors binding into aromatic gorge
are quite rare. The active sites are composed
of glutamate, histidine, and serine in case of
esteratic site. For the a-anionic site, tryptophan,
tyrosine and phenylalanine are the crucial amino
acid residues allowing interaction cation-t with
electrons of the aromatic amino acids. Reversible
inhibitors of ChEs bind to anionic part of active
site. It is a common phenomenon, that reversible
inhibitors have unequal affinity to AChE and
BChE. The anionic part of the active site can
interact with compounds having quaternary
ammonium or another structural similarity to
choline. Alzheimer disease current and past drugs
donepezil [19], huperzine [20], tacrine (Cognex)
and its derivatives [21] and galantamine [22] are
examples. The aforementioned compounds can be
involved in inhibition of AChE via the peripheral
anionic site as well.

The widespread dosefication and/
or adulteration of commercially available
pharmaceutical preparations demands simple,
sensitive, selective and rapid methods for
drug quality control. Chromatographic and
spectrophotometric techniques are the most
popular techniques. Nevertheless, most of these
methods require expensive apparatus or involve
several manipulation steps before the final result
of analysis. Chemical sensors and biosensors
are shown to offer alternative solutions, capable
of satisfying the increasing demand for precise
analytical information at lower cost through devices
that require relatively simple instrumentation.
Ideally, a sensor-based system needs only little,
if any, pre-treatment of the sample and possible
interfacing with FIA systems [23-28].

The principle aim of the present work is the
determination of some anticholinesterase drugs
using a simple potentiometric biosensor. As
there is an increasing end-user demand for the
use of rapid, reliable and low-cost field-based
methods for the determination of pharmaceutical
formulations, a fast response, disposable, robust,
potentiometric AChE biosensor was fabricated.
The free enzyme in solution was incubated
with the drug sample where the residual AChEs
activity was estimated to measure the inhabitation
degree by the drug.

Experimental

Reagents
All reagents were of the analytical grade
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and bidistilled water was used throughout the
experiments. Acetylcholine chloride (ACh) was
purchased from Fluka and used without further
purification. Aqueous 10 mol L' solution of
ACh was prepared in phosphate buffer solution
(pH 7.0). Stock solutions of acetylcholinesterase
enzyme (Sigma) was prepared by dissolving the
vial in phosphate buffer solution (pH 7.0) and
the specific enzyme activity was verified using
Ellman’s photometric method as modified by
Gorun et al., [29].

Authentic Samples

Authentic biperiden hydrochloride (C, H,(NO.
HCI, molarweight346.46 g-mol ") and Ipratropium
bromide authentic sample (C, H, NO,Br, 412.37
g mol ™) samples were supplied by the Arab Drug
Company, ADCo, Egypt. Dopenzile hydrochloride
(C,,H,)NO,CI, molar weight 379.492 gmol ) and
galantamine (CH, NO,, molar weight 287.354
gmol ') authentic sample were kindly provided
fromNational Organization for Drug Control
and Research, Giza, Egypt. Stock drug solutions
(102 mol L) were prepared by dissolving the
appropriate amount of the active ingredient

distilled water and kept at 4 °C.

Pharmaceutical preparations

Atrovent® unit dose vials (Arab Drug
Company, ADCo, Egypt, 250 pg IPBr in 2 mL
solution) were obtained from local Pharmacy.
Two ampoules were transferred into a beaker and
completed to 10 mL with bidistilled water prior
analysis. The purity of the samples was estimated
according to the European Pharmacopoeia [30]
by potentiometric titration with silver nitrate
solution.

Akineton tablets (Arab Drug Company,
ADCo, Egypt, 2 mg BP per tablet) were purchased
from local drug stores. Ten tablets were ground
and dissolved in 50 mL of bidistilled water. BP
content was assayed according to the proposed
potentiometric method and colorimetric method
using phosphate buffer—bromocresol purple
solution and measuring the absorbance of the
produced color at 408 nm [31].

Reminyl PR (Galantamine hydrobromide
16 mg, Janssen, Cairo, Egypt) and Donepezil
(Ariceptl0 mg, Pfizer, Cairo, Egypt) were
purchased from local drug stores and analyzed
according to their official pharamcopial
procedures [32].

Apparatus
All potentiometric measurements were carried
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out using Radio Shack Digital multimeter with PC
interface. The pH measurements were performed
using Metrohm 692-pH meter with combined pH
glass electrode (6.0202.100). The potentiometric
bielectrode strips were printed on a PVC support
(dimensions 5 x 35 mm) using silver- and graphite-
based inks for reference and working electrodes,
as described elsewhere by the research team [33]
and directly used in measurements.

Measurement of inhibition by drug

Drug solutions were incubated with AChE
for appropriate incubation time and the residual
enzymatic activity was measured. The enzymatic
activity was estimated by monitoring the
change of electrode potential within the reaction
time. Calibration curves were constructed by
plotting the initial reaction rate against enzyme
concentration. For each concentration, 5
replicates were measured and the mean value of
the inhibition degree (1%, calculated from the
residual enzyme activity) was represented against
the drug's concentration.

For comparison the obtained potentiometric
results were compared with the official
spectrophotometric method for cholinesterase
enzyme [29] and official method for the
investigated drugs according to their pharmacopeia
[30-32].

Results and Discussion

Pharmacological =~ neuromodulation  has
become one of the suitable tools for influencing
the whole system of the human body. However,
the interest in this is undermined by the fact that
drugs specifically implicated in neuromodulation
will be more potent than the ones influencing
the periphery due to their effect amplification.
Nevertheless, the current attention is aimed
at the treatment of illnesses associated with
neuropathology e.g., schizophrenia, Alzheimer’s
and Parkinson disease.

AChE inhibitors play a significant role in
the biochemical processes of the human body
due to the physiological importance of AChE.
Cholinesterase inhibitors binding to the a-anionic
site are a group of chemical compounds containing
certain common motives. Firstly, these compounds
typically contain condensed aromatic cores.
Secondly, there should be quarternary ammonium
or nitrogen included as a heteroatom. Acrdines
and tetrahydroacridines can be mentioned as
examples. Quinolines and isoquinolines are

other common structures interacting with the
a-anionicsite of cholinesterases. Galantamine
(Nivalin) is another well-known drug interacting
with the a-anionic site of cholinesterase enzymes.
Beside the a-anionic site, galantaminealso binds
at another important part of the AChE active site
including aromatic gorge [34].

The peripheral anionic site is a target of
newly synthesized drugs for Alzheimer’s disease
treatment. Inhibition of the peripheral anionic
site can be considered the most promising for
Alzheimer’s disease treatment. Drugs that bind at
the peripheral (e.g. donepezil, huperzine) as well
as at the a-anionic site (e.g. tacrine, galantamine)
cause elevated expression of AChE. Donepezil
is another drug suitable for Alzheimer’s disease
treatment with good penetration through the blood
brain barrier and slow excretion.

The  widespread  dosefication  and/or
adulteration of Alzheimer commercially available
pharmaceutical preparations demand reliable
method for quality control that are preferably
selective, rapid and can be undertaken with
simple equipment. Electrometric methods using
sensors and biosensors, which is now a well
established method, with advantage of simplicity,
short measurement time, adequate precision and
accuracy, and the ability to measure the activity
of the target species in colored or cloudy samples.
Although sensors had found wide applications
for drug quality control [23-28], to the best of
our knowledge, few galantamine potentiometric
sensors were found in literature. Abdel-Haleem
et al., recently published the fabrication of PVC
membrane, coated-wire, and carbon-paste sensors
for potentiometric determination of galantamine
hydrobromide [35]. A new kinetic-potentiometric
method for the characterization and analytical
determination of competitive reversible enzyme
inhibitors was developed [36]. Regarding
other tested pharmaceutical compounds, only
polyvinylchloride (PVC) sensors were found for
donepezil [37], ipratropium [38, 39] or biperdien
[40, 41]. The sited methods were linear in the
concentration range from 10 to 102 mol L' of
the corresponding drugs.

The present work was motivated by the
highly sensitive cholinesterase biosensors for
analysis of pesticide as cholinesterase inhibitor
[33, 42, 43] for detection of other inhibitors such
as Alzheimer drugs with improved sensitivity
compared with the reported method. The present
study includes four drugs namely; donepezil (DP)
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and galantamine (GAL) in addition to biperdien
(BP) and ipratropium (IPBr) (Fig.1).

Determination of donepezil

The inhibition effect of donepezil on AChE
was investigated by incubation of 9.5ng of the drug
with 0.4U enzyme (Fig. 2a). The investigated drug
showed strong inhibition effect of the enzyme,
even at zero time. The relative inhibition degree
(I %) was 18.6% at zero and increased to 29.35%
after 5 min. Slight increase at 10 min (31.17%)
then the inhibition curve tends to a stable value
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with longer incubation time. Incubation for 10
min was selected to compromise between the
sensitivity and analysis time.

Upon construction, the fabricated sensors were
used for measuring the remained cholinesterase
activities (either BuChE or AChE using their
corresponding substrates) after incubation with
different donepezil concentrations. The relative
inhibition of AChE was much higher than that of
BuChE (about 100 fold) which agreed with that
reported in literature [44].

BP IPBr
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Fig. 2. a) Effect of incubation time on the inhibitory action of DOP on AChE enzyme: measuring cell contains
10 mL of 10 mol L-'ACh solution and 9.5 ng DOP incubated with 0.4 U enzyme; b) inhibition of AChE
enzymes by DOP was conducted for 10 min at 25 °C.

Following the optimal incubation time,
the relative inhibition degree of AChE was
proportional to dopenzel in the concentration
range from 0 to 18 ng with regression equation:
1% =2.2380+2.4818 donepezil [ng] and detection
limit of1.0 ng. For the developed sensors, five runs
(at fixed AChE and 11.4 ng DOP) were performed
on 4 different days, in order to evaluate the
reproducibility of the results. Average recoveries
werel01.69+4.78% (Table 1).

Determination of galantamine
Similar to donepezil, galantamine showed
potent inhibition of cholinesterase enzymes. By
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incubation of 66.9 ng of GAL with 0.4 U enzyme,
the relative inhibition degree increased from
17.84% at zero time to 19.9 % after 5 min, and to
about 20.06 % after 10 min. Further incubation did
not improve the inhibition of enzyme (Fig. 3a).

Constructing the calibration curve, different
GAL concentrations were incubated with AChE
enzyme for 10 min and the residual enzymatic
activity was measured. Linear calibration curve
was obtained in the concentration range from 0
to 90 ng of galantamine (I % = 0.69358+ 0.28452
[ng mL'] with detection limit 15 ng. The average
recovery for 66 ng was 102.4+3.5% (Table 1).



HIGHLY SENSITIVE METHOD FOR ANALY SIS ANTICHOLINESTERASE DRUGS... 445

TABLE 1. Coefficients of calibration curves (I % = a + b X [Drug]), detection limits and working concentration
range determined with acetylcholinestrase screen printed biosensor

Drug DOP GAL BP IPBr
Linear range 0-18 ng 0-90 ng 0-4.69 pg 0-9.96
Slope (b) 2.4818+0.0957 0.28452+0.010 13.4191+0.5442 4.8421+0.0973
Intercept (a) 2.2380+0.9835 0.69358+0.0589 2.3659+0.4581 1.5643+0.6745
R 0.9963 0.9980 0.9967 0.9988
Detection limit 1.0 ng 15.0 ng 0.6 ug 1.0 pug
101.69+4.78% 102.40+3.50% 93.35+4.66%. 106.98+4.86%
Average recovery
(11.4 ng) (66 ng) (1.875 png) (6.64 ng)
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Fig. 3. a) Effect of incubation time on the inhibitory action of GAL on AChE enzyme: measuring cell contains

10 mL of 10-4mol L-1ACh solution and 66.9

ng GAL incubated with 0.4 U enzyme; b) inhibition of

ACHE enzymes by GAL after incubation period for 10 min at 25 °C.

Determination of biperiden

Not only Alzheimer drug can inhibit
cholinesterase, biperiden hydrochloride
(1-(5-bicyclok [2.2.1] hept-2-enyl)- 1-phenyl-
3-(1-piperidinyl)propan-1-ol  hydrochloride),
anti-Parkinson that is used in treatment of
Parkinsonism [45] can inhibit cholinesterase
even to lower extent. By incubation of 1.875ug
of BP with 0.4 U enzyme, the relative inhibition
degree increased from 0% at zero time to 26
% after 5 min, and to about 46.8 % after 20
min. Further incubation did not improve the
inhibition of enzyme (Fig. 4a).

Linear relationship between the BP
concentration and the relative inhibition degree
of acetylcholinesterase in the concentration
range from 0 to 4.69ug of BP (I % = 2.36594+
13.4191 BP [pg] with detection limit 0.6pug.
The average recovery for 1.875 pg was
93.35+4.66% (Table 1).

Determination of ipratropium

Ipratropium bromide (IPBr, 8- azoniabicyclo-
octane-3-(3-hydroxy-1-oxo-2-phenylpropoxy)-8-
methyl-8-(1-methylethyl) bromide), is a synthetic
quaternary ammonium antimuscarinic agent with
peripheral effects similar to those of atropine [46,
47]. Ipratropium exhibits broncholytic action by
reducing cholinergic influence on the bronchial
musculature. It blocks muscarinic acetylcholine
receptors, without specificity for subtypes, and
therefore promotes the degradation of cyclic
guanosine monophosphate (cGMP), resulting in
a decreased intracellular concentration of cGMP.
Based on its inhibitory effect on AChE, a new
analytical approach can be suggested.

The inhibitory effect of IPBr on AChE was
time dependent as it increases 0% at zero time
to 16.6 % after 5 min, and to about 19.9 % after
20 min. Further incubation did not improve the
inhibition of enzyme (Fig. 5a). Calibration curve
(Fig. 5) showed working concentration range from
0 to 9.96 nug of IPBr (I % = 1.56425+ 4.84205
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Fig. 4. a) Effect of incubation time on the inhibitory action of BP on AChE enzyme: measuring cell contains 10
mL of 10-4 mol L-1ACh solution and 1.875 pg BP incubated with 0.4 U enzyme; b) inhibition of AChE
enzymes by BP after incubation period for 20 min at 25°C.
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Fig. 5. a) Effect of incubation time on the inhibitory alction of IPBr on AChE enzyme: measuring cell contains 10
mL of 10-4 mol L-1ACh solution and 3.32 pg IPBr incubated with 0.4 U enzyme; b) inhibition of AChE
enzymes by IPBr after incubation period for 20 min at 25°C.

[ng] with detection limit 1.0 pg. Reproducibility
was performed on 4 different days using 6.64
pIPBr and showed average recoveries were
106.984+4.86% (Table 1).

Sample analysis

To further demonstrate the practicality of the
proposed method, the investigated drugs in their
pharmaceutical were analyzed. The obtained results
(Table 2) were in agreement with the official methods
corresponding for each drug [30-32].

In addition, the average recoveries of the
proposed potentiometric method were compared
with the official spectrophotometric Ellman’s
method for acetylcholinesterase [29] activity.
Absorbance was measured using standard
spectrophotometer  or  microplate  reader
adjusted up wavelength 412nm. Cuvette was
consequently filled with: 400 pl of 5,5-dithiobis-
(2-nitrobenzoic) acid 1mmol/I,100 pl of Ach E
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solution, 100 pl of tested compound or phosphate
buffered saline and 300 pl of phosphate buffered
saline. Reaction was started by addingl100 pl of
10mmol/lbutyrylthiocholine and absorbance
was measured after 15 s and then after 315 s.
Difference of the absorbances was used further.

Conclusion

The present study suggests the application of
disposable potentiometric biosensor for analysis
of anticholinesterase drugs. Based on relative
degree of cholinesterase inhibition, different
sensitivities were recorded. Generally, donepezil
and galantamine were more potent inhibitors
inhibition than biperdien hydrochloride and
ipratropium bromide (Ld 50 were 45.2, 10, 545
and 1001 mh kg ', for the aforementioned drugs
in the same order). The achieved sensitivities
reached the nanograme range which is more
sensitive than any reported electrometric method
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TABLE 2. Potentiometric determination of drug in their pharmaceutical preparations.

Recovery (%)*
Sample Taken
Present biosensor Gorun method®
Aricept® 10.0 ng* 100.80+4.30 94.65+6.45
Reminyl PR® 50.0 ng® 101.1443.355 96.80+4.55%
Akineton® 2.0pg! 94.66+5.20 91.20£7.45%
Atrovent? 5.0pge 104.33+4.25 98.44+5.50%

“Mean recovery and relative standard deviations of five determinations

® Recovery was calculated according to spectrophotometric assay of cholinesterase activity reference 29

‘Recovery was calculated according to reference 32.

4 Recovery was calculated according to reference 31.

for the investigated drugs.

Moreover,

the fabricated biosensors are

attractive for their potential use as simple
and direct screening devices for monitoring
detoxification processes available to unskilled
users with significant decrease in cost per analysis
to complement or replace the classical analytical
methods.
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