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ABSTRACT: In present work, nanocrystals of zeolites were employed as sensing interface for augmented electrochemical sensing of
antiepileptic drug, that is, leviteracetum (LEV). Electrochemical sensing method was developed by depositing nanocrystals of zeolites
and horseradish peroxidase (nanocrys zeolites—HRP) onto indium tin oxide (ITO)-coated glass surface for LEV detection. Various stages
of biosensor fabrication were characterized by Transmission electron microscopy, X-ray diffraction, scanning electron microscopy, and
electrochemical impedance spectroscopy. The fabricated nanocrys zeolites—HRP-modified sensor exhibited wide linear range (10-500 wM)
and a low detection limit of 0.01 pM. The biosensor also showed a short response time (within 2 s). In addition, the biosensor exhibited
high reproducibility, good storage stability, and anti-interference ability. The applicability of the nanocrys zeolites—HRP-modified sensor is

to determine LEV level in spiked serum samples. © 2014 Wiley Periodicals, Inc. and the American Pharmacists Association J Pharm Sci
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INTRODUCTION

Surfaces play pivotal role in biosensing methods as biological
reactions occur at surfaces and interfaces.!> Among surfaces or
interfaces, zeolite has captivated interest of many researchers
for modification of sensing electrode as it also show synergistic
effect with sensing interfaces.*® Zeolites have many proper-
ties that makes them best suited for electrochemical sensing
like its ion-exchange capacity, selectivity, and electrocatalysis.®
Nanozeolites have unique properties like large surface area,
tunable surface charge, and composition and chemical stability.
These properties of zeolites can be exploited for electrochemical
sensing as it can prove to be the best immobilization matrix of
biomolecules. In the present report, we used zeolite as an immo-
bilization matrix for binding of horseradish peroxidase (HRP)
for electrochemical sensing of antiepileptic drug (AED), that is,
leviteracetum.

Epilepsy is a neurological disorders characterized by epilep-
tic seizures.” Approximately 50 million people worldwide are
affected by epilepsy,® life-threatening neurological disorder
that can prove to be fatal. Many AEDs are available to treat
epilepsy. These drugs cause decrease in neuronal excitation
and thus decreasing seizures. Among them, LEV [(S)-« -ethyl-
2-0x0-1-pyrrolidine acetamide] is one of the newest drug that
act as an antiepileptic agents, marketed worldwide only since
2000.° LEV has been accepted as a monotherapy treatment for
epilepsy in partial seizures, or as an adjunctive therapy for
partial myoclonic and tonic—clonic seizures.!® This drug is also
applied in the cure of many neurologic diseases for instance
autism and Tourette syndrome.!!
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LEV levels detection in patient plasma is very important
because there should be monitoring of drug dosage to decrease
adverse effects'? like drowsiness, weakness, unsteady gait, co-
ordination problems, headache, pain, forgetfulness, anxiety, ir-
ritability or agitation, dizziness, mood changes, nervousness,
and changes in skin pigmentation.® Different conventional
methods are used for the determination of LEV and among
them are gas chromatography,'® LC-tandem mass,'* HPLC,'?
and capillary electrophoresis.'® These methods have many set-
backs like low sensitivity, time consuming, need large volume
of sample, and some of them require solid phase extraction.!”
Thus, an effortless and fast method is required for drug moni-
toring. In this study, we applied a simple, fast, and valid method
for the determination of LEV.

In this report, we used electrochemical impedance spec-
troscopy (EIS) technique for fast and sensitive detection of LEV.
We describe herein fabrication of LEV sensor based on nanoze-
olite decorated onto indium tin oxide (ITO)-coated glass surface
for electrochemical sensing.

The exploitation of nanocrystals of zeolites provides high
sensitivity and selectivity for electrochemical sensing of LEV.
Improved sensitivity and a good stability of sensor indicating
that zeolite is a good immobilization matrix for biomolecules.

EXPERIMENTAL
Materials

Leviteracetum was procured from vendors of Piramal Health-
care Pharmaceutical Company, Rohtak, Haryana, India (name:
Levesam; purity: 99%). HRP (source: Horse radish; purity:
99%), aluminum isopropoxide, tetramethylammonium hydrox-
ide (TMAOH), tetraethyl orthosilicate (TEOS), sodium hydrox-
ide solution (NaOH), silicon dioxide (SiOg), aluminium oxide
(Al;03), and chitosan were procured from Sigma Chemicals
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Company, St. Louis, Missouri. All other chemicals were of an-
alytic reagent grade. Double distilled water (DW) was used
throughout the experiments. Stock standard solutions of LEV
were prepared by dissolving the appropriate amount in DW.

Preparation of Nanocrystals of Zeolites

Nanocrystals of zeolites were prepared from a mixture contain-
ing 11.25 Si02:1.8 A1203:13.4 (TMA)20:0.6Na,0:700 H20 ac-
cording to the method of Kim et. al.!® Tetramethylammonium
hydroxide was mixed in DW with stirring until homogenous
mixture is formed. Then, aluminum isopropoxide was added
with continuous stirring until the solution gets transparent.
Tetraethyl orthosilicate was also added with continuously stir-
ring. Subsequently, sodium NaOH was added with overnight
continuous stirring. Then, the solution was kept into oven at
100°C for 10 h. Then, there is formation of solid particles and
was centrifuged at 18894.2 g for 30 min at 30°C, washed with
deionized water, and dried at 80°C.

Preparation of Nanocrystals Zeolites Modified Sensing Electrode

For preparation of thin film of zeolites nanocrystals on sens-
ing electrode, the zeolites nanocrystals film was decorated by
dip coating the surfaces with 5% zeolite suspension. Then, chi-
tosan was dropped onto modified ITO electrode and was kept
overnight for physical adsorption. Modified electrode (nanocrys
zeolite/CHIT/ITO) was dipped into glutaraldehyde (2.5%; 1 mL)
for cross-linking of enzyme. Electrode was dipped into enzyme
solution (50 pL) and kept for 24 h at 4°C. The electrode was
finally washed with 0.1 M phosphate buffer (pH 8.5) to remove
any unbound enzyme. Then, there is a formation of modified
sensing electrode (HRP/nanocrys zeolite/CHIT/ITO) and kept
at 4°C, when not in use. This working electrode was character-
ized by scanning electron microscopy (SEM) and coefficient of
variation (CV) at different stages of its fabrication (Scheme 1).

Characterization Study of Nanocrystals Zeolites

X-ray diffraction (XRD) study of nanocrystals zeolites was car-
ried out at Physics Department G. J. University, Hisar, In-
dia, using X-ray diffractometer (make: Rigaku Mini Flex II;
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Schematic representation of various stages of sensing electrode.

Americas Corporation) and SEM studies have been used to
characterize nanocrystals zeolites film-modified sensing elec-
trode. Electrochemical study was performed using EIS and
cyclic voltammetry technique, cell composed of HRP/nanocrys
zeolite/CHIT/ITO as sensing electrode, Ag/AgCl as reference
electrode, and Pt wire as auxiliary electrode were recorded in
phosphate-buffered saline (PBS) (50 mM, pH 6.5, 0.9% NaCl)
containing 5 mM [Fe(CN)g]®*~4. Frequency range: 0.01 Hz to
10 KHz. EIS and CV patterns of various stages of sensing
electrode were taken. Various variable conditions like pH, in-
cubation temperature, and time were optimized. For evalu-
ation of functioning of biosensor, parameters like precision
and accuracy were also studied. Serum samples were acquired
from University of Health Sciences (UHS), Rohtak, India.
Various concentrations of LEV were spiked into serum sam-
ples. The measurements were performed after successive ad-
ditions of spiked samples. After each addition, the potential
between —1.00 and +1.25 V s~! at a scan rate of 50 mV s~ ! was
recorded by cycling. To evaluate the data of LEV level obtained
by present methods, following statistical formula was used: SD,
mean, CVs, and correlation coefficient ().

RESULTS AND DISCUSSIONS

Characterization of Various Stages of Fabrication of Nanocrys
Zeolite-Modified Sensor

First step involved in the fabrication of biosensor was prepara-
tion of nanaocrystals of zeolites. Evidence for confirmation of
preparation of nanocrystals of zeolites are shown below. Figure
la reveals the microscopic image of nanocrystals of zeolites by
transmission electron microscope. Image depicts that nanocrys-
tals of zeolites was with size 50 nm. Figure 1b illustrates the
XRD pattern of nanocrystals of zeolites. All peaks were consis-
tent with the peaks of nanocrystals of zeolites (JCPDS card).
Furthermore, no characteristic peaks were observed for other
added impurities. Results revealed that pure nanocrystals of
zeolites were formed.'?

Second step involved in the fabrication of nanocrys
zeolite-modified sensor was modification of sensing electrode
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Figure 1. (a) Transmission electron microscope (TEM) image of
nanocrystals of zeolites and (b) XRD pattern of nanocrystals of zeo-
lites.

(HRP/nanocrys zeolite/CHIT/ITO). Modification of electrode
was confirmed by SEM images. The surface morphologies
of the (a) bare ITO, (b) nanocrys zeolite/CHIT/ITO, and (c)
HRP/nanocrys zeolite/CHIT/ITO were studied. SEM image of
the unmodified electrode reveals uncovered surface (Fig. 2a).
SEM image of the nanocrys zeolite/CHIT/ITO-modified elec-
trode showed rough surface (Fig. 2b) but after bioconjugation
of enzyme, electrode morphology was altered into the smooth
surface (Fig. 2¢).

Coefficient of variation pattern was also carried out in or-
der to validate the modification of sensing electrode by using
the HRP/nanocrys zeolite/CHIT/ITO as the working electrode
in the scanning potential range of —1.00 to +1.25 V s! at
the scan rate 50 mV s~! in 0.1 M phosphate buffer pH 7.5
(Fig. 3a) in the presence of leviteracetum. For comparative
study, first bare ITO electrode was scanned in the potential
range of —1.00 to +1.25 V s ! but no sensing was observed
in the form of current, whereas electrochemical signal was ob-
served when nanocrystal of zeolite (nanocrys zeolite/CHIT/ITO)
was decorated onto bare electrode, which proved that nanocrys-
tal of zeolite provides fast electron transfer kinetics (curve
b). However, when enzymes gets conjugated with the sensing
electrode (HRP/nanocrys zeolite/CHIT/ITO), signal was aug-
mented as nanocrystal of zeolite provides biocompatible mi-
croenvironment for enzyme (curve c). Moreover nanocrystal of
zeolite provides large and effective surface for immobilization
of enzyme, which makes the reaction fast between enzyme and
analyte.

Electrochemical impedance spectroscopy was also performed
at different phases of fabrication of working electrode in or-
der to validate the modification of sensing electrode. EIS of
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Figure 2. SEM image of (a) bare ITO, (b) nanocrys zeolite/CHIT/ITO,
and (c) HRP/nanocrys zeolite/CHIT/ITO.
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bare ITO (a), nanocrys zeolite/CHIT/ITO (b), HRP/nanocrys ze-
olite/CHIT/ITO (c) in the presence of LEV was taken. Sens-
ing electrode modified with nanocrystals of zeolites produces
small resistance charge transfer (1100 ) showing that the
nanocrystals of zeolites enhances rate of electron transfer ki-
netics. After introduction of enzyme on the surface of sens-
ing electrode in the presence of LEV, the Rct get further de-
creased (850 ) (Fig. 4b). The decrease in Rct value can be
explained that after introduction of enzyme catalyzed redox
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Figure 3. (a) CV pattern of (a) bare ITO, (b) nanocrys zeo-
lite/CHIT/ITO, and (c) HRP/nanocrys zeolite/CHIT/ITO in a sodium
phosphate buffer 0.05 M (pH 7.0) at a scan rate of 50 mV s~1. (b) EIS
of (a) bare ITO, (b) nanocrys zeolite/CHIT/ITO, and (c) HRP/nanocrys
zeolite/CHIT/ITO in the background solution of phosphate buffer/KCl

(0.1 M, pH 7.0).
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Figure 4. Impedimetric response of nanocrys zeolite sensor for LEV
detection.
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reaction was occurred and reaction rate become faster as LEV
is a pyrrolidine derivative that can act as a substrate donor for
the reduction of the HRP previously oxidized by H2O; (Scheme
2). EIS studies are matching with the CV pattern of modified
electrode.

All above results confirmed the modification of sensing elec-
trode with nanocrystals of zeolites and HRP enzyme. These
depictions also confirmed that nanocrystals of zeolite act as an
enhanced sensing interface for electrochemical sensing of AED,
that is, LEV.

Optimization and Analytical Performances of Nanocrys
Zeolite-Modified Sensor

Various experimental variables were studied in order to detect
the relationship between experimental variables and impedi-
metric detection of LEV. Experimental variables like pH and
temperatures were optimized so that these conditions also en-
hanced the electrochemical signal with combination of sensing
interface. Influence of the pH value on the electrochemical sig-
nal of HRP/nanocrys zeolite/CHIT/ITO was studied between
5.0 and 8.0 in 0.05 M PBS. The suitable pH with the maxi-
mum activity of the immobilized HRP was at pH 7.0 which was
similar to the optimum pH of 7.0 for free enzyme.?° Biosen-
sor response was decreased at lower pH; it may be because
of the acidic nature of zeolite. The current response reaches a
maximum at approximately 60°C, and then goes down as the
temperature turn higher. In order to maintain steady with the
temperature of human body, 35°C is selected for this work. Ef-
fects of serum interferents such as glucose, uric acid, urea, and
cholesterol were also studied in order to check the selectivity
of the nanocrys zeolite-modified sensor. Serum interferents do
not affect electrochemical sensing of LEV. So nanocrys zeolite-
modified sensor is anti-interferents (Table 1).

For evaluating the sensor, various parameters like analytic
recovery, precision, and accuracy of proposed method were
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Table 1. Interference Effect of Various Compounds on Nancrys Table 2. Determination of LEV by Nancrys Zeolite Sensor in
Zeolite Sensor Human Spiked Serum Samples
Interferents Relative Response (%)  Serial Number Spiked Serum Samples (WM) Present Method (pM)
Glucose 100 1. 10 10
Ascorbic acid 120 2. 20 21
Urea 100 3. 40 42
Uric acid 97 4. 60 60
Cholesterol 98 5. 80 80
Bilirubin 98 6. 100 102
Pyruate 100 7. 200 205
8. 300 310
9. 400 400
10. 500 500

studied. Analytic recovery of known amount of added LEV was
determined by the present biosensor. The mean analytic re-
coveries of added 100 and 200 pM LEV were 98.5 + 1.4 and
98.1 + 1.1 (mean + SD; n = 5), respectively. For checking the
reproducibility and reliability of the present biosensor, LEV
content in 10 spiked serum samples was estimated on sin-
gle day (within batch) and five times again after storage at
4°C (Table 2). The accuracy of the proposed method was deter-
mined by spiking serum samples with different concentrations
of LEV. The present method also showed a high correlation
(r=99; n = 10).

Electrochemical Sensing of AED

The change in electron transfer resistance after the successive
addition of AED (LEV) in the range of 10-500 p M was studied.
EI spectra were recorded in 5 mM [Fe (CN)s]3~/[Fe(CN)g]*~
containing 0.1 M KCl with incubation time of 2 s (Fig. 4).
The incubation time was kept 2 s, after that analytical sig-
nal was produced. The Rct decreased with increasing AED

concentrations as can be seen in Figure 4. It is mainly because
of the redox reaction of LEV, which helps in generating elec-
trons. The generated electrons are directly proportional to LEV
concentrations. Increase in electrons enhanced charge transfer
rate leading to decreased in Rct value resulting in increased
sensitivity of the sensor. The results of experiments carried out
in duplicate sets reveal reproducibility of the system within
1%. Limit of detection was found to be 0.01 p M. Response time
and linear range depicts that nanocrystal of zeolites provides
high and effective surface area for conjugation of enzyme on
its surface. It also helps in providing the close proximity of en-
zyme and substrate that helps in producing analytical signal
within 2 s.

Calibration was also performed using square-wave voltam-
metry with increasing concentration of LEV. The peak cur-
rent is linearly related to the various concentrations of LEV
(Figs. ba and 5b).
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Figure 5.
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(a) SWVs response of modified electrode using different concentrations of substrate ranging between 100 and 500 pM and (b) 10 and
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Table 3. Comparison of the Present Method with Other Biosensing Methods

Response Detection Linearity
Matrix/Method Enzyme Time Limit (pM) (M) Stability References
HPLC-UV/chromatography Nonenzymatic NR 0.1 1-75 NR 21
Screen-printed carbon HRP NR 17.5 100-830 NR 22
electrodes/cyclic voltammetry
Glassy carbon electrode/cyclic Non enzymatic 300 s 0.005 0.006-0.5 NR 23
and square-wave voltammetry
Glassy carbon electrode/cyclic dsDNA-modified NR 0.1 0.5-5 NR 24
voltammetry electrodes
HRP/nanocrys HRP 2s 0.01 10-500 1 month Present
zeolites/CHIT/ITO/

impediometric and SWV

NR, not reported.

The developed nanocrys zeolite-modified sensor shows ex-
cellent reusability. The long-term stability is also tested after a
month. It is revealed that the increase in the value of Rct has
been found to be about 2% after 1 week, whereas Rct increases
after 10 weeks resulting in about 40% loss in activity. This bet-
ter shell life also depicts that zeolites are best sensing interface
for biomolecules immobilization.

A comparison of analytic parameters of various
nanoparticles-based biosensors for detection of LEV with
the present biosensor is summarized in Table 3.

CONCLUSIONS

Nanocrys zeolite-modified sensor acts as an amplified sensing
interface for LEV and proved to be the best immobilization ma-
trix for biomolecules. Applicability of this sensor is limited to
electrochemical sensing of AED via EIS and SWV technique.
LEV monitoring is necessary for mitigating its side effects.
This developed technique can overcome the setbacks of other
conventional methods. The nanocrys zeolite-modified sensor
exhibits improved biosensing characteristics like linearity as
10-500 pM, fast response time of 2 s, specific and anti-
interferents. The response of nanocrys zeolite-modified sensor
with serum samples shows its implications toward the devel-
opment of biosensor for commercial drug monitoring device.
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