This article was downloaded by:

On: 17 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

|| Grisial Reviewsin... | Critical Reviews in Analytical Chemistry

Ana I I ica l Publication details, including instructions for authors and subscription information:

Chemistry

http://www.informaworld.com/smpp/title~content=t713400837

Enantioselective Sensors and Biosensors in the Analysis of Chiral Drugs

Hassan Y. Aboul-Enein; Raluca-Ioana Stefan

Online publication date: 03 June 2010

C.H. Lechmiller

Editar-in-Ghisf

Valwme 35 1 fowe 2/ 2005 () T hineen

To cite this Article Aboul-Enein, Hassan Y. and Stefan, Raluca-Ioana(1998) 'Enantioselective Sensors and Biosensors in the
Analysis of Chiral Drugs', Critical Reviews in Analytical Chemistry, 28: 3, 259 — 266

To link to this Article: DOL: 10.1080/10408349891194199
URL: http://dx.doi.org/10.1080/10408349891194199

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww.informworld.confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, fornulae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or danmmges whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713400837
http://dx.doi.org/10.1080/10408349891194199
http://www.informaworld.com/terms-and-conditions-of-access.pdf

13:11 17 January 2011

Downl oaded At:

Critical Reviews in Analytical Chemistr28(3):259-266 (1998)

Enantioselective Sensors and Biosensors in
the Analysis of Chiral Drugs

Hassan Y. Aboul-Enein'* and Raluca-loana Stefan?

!Bioanalytical and Drug Development Laboratory, Biological and Medical Research Department
(MBC-03), King Faisal Specialist Hospital and Research Centre, P.O. Box 3354, Riyadh
11211, Saudi Arabia; ?2Department of Analytical Chemistry, Faculty of Chemistry, University
of Bucharest, Blvd. Republicii #13, 70346, Bucharest-3, Romania

* Author to whom correspondence should be addressed.

ABSTRACT: The opportunity to use electrochemical sensors in enantioselective analysis is
discussed. Chiral selectors such as crown ethers, cyclodextrins, and enzymes had been used for
both chromatographic enantioseparation methods and enantioselective electrochemical sensors
and biosensors. New possibilities of membranes construction, like molecular imprinting-based
enantioselectivity sensors are also discussed. The advantages of use enantioselective sensors and
biosensors over separation methods (HPLC, MEKC, CZE) are presented. The reliability of chiral
drugs enantioselective assay is improved by using enantioselective sensors and biosensors.

KEY WORDS: enantioselective analysis, chiral drugs, electrochemical sensors, electrochemical
biosensors.

I. INTRODUCTION able enantioselective detection systems are
enantioselective membrane electrodes and
Enantioselective analysis of drugs re- electrochemical biosensors. The enantiose-
quires reliable methods. The sampling pro- lective membrane electrodes contained in
cess can introduce a lot of uncertainties, es-the membrane as chiral selectors crown ethers
pecially when a separation method for the anda, 3, andy cyclodextrins had been used.
enantiomers, using nonadequate chiral se-However, the best enantioselective electro-
lectors, is proposed.There are several chemical biosensors are the ampero-
separation methods, such as high-perfor-metric ones due to the coupling between
mance liquid chromatography (HPLC) or the enantioselectivity of the enzyme and
capillary zone electrophoresis (CZE), applied the sensitivity of the amperometric
for enantiomers discrimination. The main devices.
problem with the enantioselective analysis For the enantioselective analysis using
is the detection system. By assuring an electrochemical sensors and biosensors, the
enantioselective detection system, the sampling process means only sample disso-
separation step can be canceled fromlution in water or buffer. This fact rendered
the sampling process. One of the most reli- the analytical information of high precision,
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especially if the chiral selector formed a high Macrocyclic glycopeptides antibiotics are

stability complex with one of the enanti- the newest class of chiral selectors for the

omer. chromatographic and electrophoretic sepa-
ration of enantiomers. The two most suc-
cessful macrocylic antibiotics used for sepa-

[I. ENANTIOMERS SEPARATION rations are vancomycin and teicoplafin.
METHODS USED IN SAMPLING Teicoplanin is a stable glycopeptide that
PROCESS assures, as chiral selector, the integrity of the

chiral stationary phase (CSP). Teicoplanin
One of the main problems of the chiral stationary phase appears to have ex-
enantioseparation technique is the selectioncellent enantioselectivity for native amino
of the chiral selector. The first class of com- acids, peptidesy-hydroxycarboxylic acids,
pounds used as chiral selectors is the crownand a variety of neutral analytes including
ethers. This class of organic selectors did notcyclic amides and aminés.
resolve the enantiomeric pairs adequately  The best chiral selectors for enantiomers
and the accuracy of the separation was poor separation are cyclodextrins. Taking into
Cyclodextrins assure the best reliability account that for chiral drugs, the reliability
of the separation methods due to their bettermust have the maximum value, and that the
interactions with one of the enantiomers. The enantiomers separation is one of the most
best chiral selectors in the cyclodextrin class difficult problems in chemistry, and is of
of compounds ig-cyclodextrin and its de- great importance in fields such as chiral syn-
rivatives. High-performance liquid chroma- thesis, kinetics, biochemistry, pharmacology,
tography (HPLC), capillary zone electro- and medicine. The use of cyclodextrins as
phoresis (CZE), and micellular electrokinetic chiral selectors improve the quality and reli-
chromatography (MEKC) are frequently used ability of the separation when HPLC is used
separation techniques for enantiomeric reso-as a separation technique. Cyclodextrins and
lution. modified cyclodextrins can be used as either
the chiral stationary phases, as chiral mobile
phase additives, or as chiral counterions.
A. HPLC Also, cyclodextrins stationary phases are
quite versatile when compared with other
To predict the chiral chromatographic chiral stationary phases as they have been
separation, a multivariate regression analy-used in three different chromato-
sis is proposed, combined with multilayer graphic modes (normal, reversed, and polar
feed-forward neural networks trained with organic). For this reason, they have been
error back-propagation, to model the termed a multimodal chiral stationary
enantioselective chromatographic retention phasé.
behavior of a series of aromatic acids and
amides as a function of nonempirical solute
descriptorg. Combinations of charge trans- B. MEKC
fer, electrostatic, lipophilic, and dipole inter-
actions, identified by multivariate regression, By using micellular electrokinetic chro-
were found to describe retention and matography (MEKC) with derivatized
enantioselectivity, with highly predictive cyclodextrins as chiral selectors, the quality
models being generated by the training of of the analytical information is improved.
back-propagation neural networks. Resolution and migration time were found
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to be strongly dependent on the cyclodextrins ~ Bodenhéfer proposed a model for the

concentration of the background electrolyte chiral discrimination process by superim-

and to a lesser extent on the concentration ofposing preferential and nonpreferential sorp-

the analyté. tion mechanism¥ The model is applicable
to any matrix containing preferential sorp-
tion sites. The “molecular recognition” ef-

C. CZE fect can be observed by simply dissolving
the supramolecular unit in an isotropic poly-

For chiral drugs analysis, the CZE using mer.
chiral selectors is the best analytical tech-
nique due to the fact that it does not need

high solvent quantities and is a more reliable IV. MOLECULAR IMPRINTING-

separation method.

By using cyclodextrins and their deriva-
tives in CZE, high-quality analytical infor-
mation is achieved!* Sulfobutyl ethef3-

BASED ENANTIOSELECTIVITY
SENSORS

The molecular imprinting technology

cyclodextrin as a chiral selector has a large leads to highly stable synthetic polymers that

countercurrent mobility, making it inherently

possess selective molecular recognition prop-

advantageous as selectors when compareckrties because of recognition sites within the

with neutral cyclodextring; it is an excel-
lent chiral selector for a variety of structur-
ally diverse drug compounds.

[II. INSIGHTS INTO THE
MECHANISMS OF
ENANTIOSELECTIVITY BY
CYCLODEXTRINS

polymer matrix that are complementary to
the analyte in the shape and positioning of
functional groups. Some of these polymers
have high selectivities and affinity constants
comparable with naturally occurring recog-
nition systems such as monoclonal antibod-
ies or receptors, which make them especially
suitable as constituents in chemical (bio-
mimetric) sensors for analytical chemistry.
Chemical sensors provide an analytically

To understand the mechanisms of powerful and inexpensive alternative to con-

enantioselectivity by cyclodextring NMR
and*C NMR studies on chiral recognition
have been examiné#!® The resolution of

ventional technologies by enabling the iden-
tification of a target molecule in the pres-
ence of numerous interfering species.

chromatographic methods is given by the Methodologies have been developed for
apparent binding constants of enantiomersmany different target species, including gas-
and by the chemical shift differences at satu- eous substances such as anesthetics, respira-

ration using'H NMR and**C NMR spec-
troscopies3
Chankvetadze et &l studied the effect of

tory byproducts, compounds of biological
importance (glucose, urea), hormones, ste-
roids, drugs of abuse, and also drugs enanti-

the nature and position of substituents of the omers discriminatiof?2* A chemical sensor

chiral solute on the resolution usitig NMR.
Sulfonate3-cyclodextrins such as sulfobutyl
and sulfoethyl ethers @-cyclodextrins per-

selectively recognizes a target molecule in a
complex matrix and generates an output sig-
nal using a transducer that correlates to the

mit adequate enantio-separations at ratherconcentration of the analyté?

lower concentrations as chiral selectors in

comparison with carboxymethy-cyclo-
dextrin and nativs-cyclodextrin.

Rapid developments in electronics have
led to microprocessors that are suitable for
use in chemical sensors. Such microproces-

Copyright © 1998, CRC Press LLC — Files may be downloaded for personal use only. Reproduction of this material

without the consent of the publisher is prohibited.

261



Downl oaded At: 13:11 17 January 2011

sors offer advanced signal-processing capa-the derivatives of cyclodextrins in membrane
bility, and integrating the controller with the constructior?? The enantioselectivity of the
transducer could minimize noise and result potentiometric sensor is improved by using
in improved sensor performance. The prob- these chiral selectors which are used for PVC
lem of long response time (15 to 60 min) (polyvinylchloride) matrix membrane con-
could be minimized by optimizing the kinet- struction. Functionalizedx, 3, and y-
ics and selectivity of polymers. cyclodextrins recognize a wide spectrum of
onium ions of pharmaceutical importari€e.
To assure the high reliability of mem-
V. PIEZOELECTRIC SENSORS brane construction, liquid membranes im-
pregnated with cyclodextrins must be used.
The enantioselective analysis of drugs A reliable construction of membrane elec-
through sensors having piezoelectric devicestrodes for chiral drugs discrimination is the
as transducers assure high sensitigat. first step in the their accreditation. Now, this
The piezoelectric sensor is usually coated problem is solved by using biosensors based
with B-cyclodextrin or with a derivatives of onimmobilization of enzymes in carbon paste
B-cyclodextrin. The main advantage of this electrodes.
type of enantiomer selector is the possibility
to be used for continuous on-line monitor-
ing of the enantiomer®. Furthermore, VII. ENANTIOSELECTIVE
a-cyclodextrins and3-cyclodextrins were  AMPEROMETRIC BIOSENSORS
also tested as coatings for piezoelectric sen-
sors for chiral drug separatioffs. The enantioselective amperometric
biosensors assure the best enantioselectivity
for chiral drugs discrimination. The main
VI. ENANTIOSELECTIVE disadvantage is their short life time. To im-
MEMBRANE ELECTRODES prove the life time, a novel design for an
extended-life amperometric enzyme elec-
Enantioselective membrane electrodes trode is propose#. The enzyme electrode is
are one of the best elecrochemical sensoranade by arranging the three components of
used for chiral drug assay. The construction a biosensor (an electrode material, an en-
of these electrochemical sensors must takezyme, and a stabilizer) on a shapable
into account the stability constant of the electroconductive (SEC) film (a polyanion-
complex formed between enantiomer and doped polypyrrole film) surface by a layer-
chiral selector. The main problem is the after-layer approach. First, a thin and com-
choice of the best chiral selector; that will pact platinum black layer is prepared onto
assure the enantioselectivity of the analysis.the SEC film by the heat-press method. Then,
Crown ethers proved to be effective chiral an ultrathin layer of enzyme (e.g-amino
selectors for basic drugs containing a pri- acid oxidase) is casted on the platinized SEC
mary amino group, including amino acids film, and after drying a thin gelatin layer is
and derivatived’—30 prepared on the enzyme-casted SEC film.
Horvath et aP! recently reported an Finally, the dried layer assembly is cross-
enantioselective assay of ephedrinium ionslinked by exposing it to a diluted substrate
using potentiometric sensors based on crownsolution for a very short time. The sensor
ethers. shows a shelf life of about 2 years when it is
The chiral drug discrimination can also stored dry in a freezer at I8 and about
be also achieved by using cyclodextrins and 1 year when it is stored at room temperature.
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Of main importance for enantio-selec- pothyroidism, the same construction for the
tive analysis are amperometric biosensorsamperometric biosensors is proposed
based on enzymes immobilized on carbon
paste electrodes. The construction of this
type of biosensors is reliable. Amperometric VIlIl. ADVANTAGES AND
biosensors are shown for the first time to DISADVANTAGES OF USING
withstand prolonged high-temperature ELECTROCHEMICAL SENSORS
(>50°C) stress. Nearly full activity of some AND BIOSENSORS VERSUS
enzymes can be retained over periods of upENANTIOSEPARATION METHODS
4 months of thermal stress at 60 t@®0 FOR THE ENANTIOSELECTIVE
Dramatic improvements in the thermostabil- ANALYSIS
ity are observed for-amino acid oxidase.

Such resistance to heat-induced denaturation  The enantioseparation by HPLC, CZE,
is attributed to the conformational rigidity to or MEKC is very laborious and generally
these biocatalysts within the highly hydro- expensive and there are a lot of problems
phobic (mineral oil or silicon grease) pasting concerning the selective retention of one of
liquid. Besides their implications for elec- the enantiomers on the column. It is not
trochemical biosensors, such observationsenough to obtain a high selective chiral se-
should lead to a new generation of thermo- lector. The working conditions must be im-
resistant enzyme reactors based on nonpolaproved for every enantiomeric pair.
semisolid support%. Cyclodextrins are one of the best chiral

Several chiral drugs used for the treat- selectors especially for chiral drug discrimi-
ment of hypertention are derivatives of amino nation and were used for membrane elec-
acids. Biosensors basedieamino acid oxi-  trode construction. The main advantages of
dase (-AAOD) and p-amino acid oxidase the cyclodextrin-impregnated electrodes are
(p-AAOD) are proposed for- and o- the high reproducibility, the rapidity, and
aminoacids assay:3¢ simplicity of the analysis. However, one of

An amperometric biosensor basedien the greatest disadvantages of these con-
AAOQOD in graphite paste as support is pro- structed membrane electrodes is the con-
posed for many chiral drug assay. By using struction nonreproducibility. The proposed
this biosensor a high enantioselectivity level enantio-selective membrane electrodes are
was assured — this fact made it reliable to based on PVC matrix membranes. The re-
use the amperometric biosensors for theproducibility of construction problem was
enantio-purity analysis of active substance solved by using the amperometric biosensors
as well as for its assay in the pharmaceuticalbased on a modified graphite paste. They
compounds. The limit of detection is low assure at the same time a high reproducibil-
level umol/iL —pmolL due to the high selec- ity of the assays, a high sensitivity and selec-
tivity of the amperometric sensor (Ag/AgCl) tivity levels, and the best limits of detection.
used. This type of amperometric biosen- The main disadvantage of amperometric
sor was tested for several angiotensin- biosensors is their short life time.
converting enzyme (ACE) inhibitors: S-
captopril?” S-enalapril, S-ramiprit® S-
cilazapril, S-trandolapril, S-pentop#fl,and IX. CONCLUSIONS
S-perindoprit®

For the enantiopurity assay of (+)-353 The enantioselective analysis of chiral
triiodo-L-thyronine (L-T;) and L-thyroxine drugs needs reliable methods. Separation
(L-T,) which are used in treatment of hy- methods such as HPLC can be used for the

Copyright © 1998, CRC Press LLC — Files may be downloaded for personal use only. Reproduction of this material

without the consent of the publisher is prohibited.

263



13:11 17 January 2011

Downl oaded At:

separation of the enantiomers in order to
obtain a high enantiopurity of chiral drug,
but to assay its enantiopurity the use of an
electrochemical sensor or biosensor is sim-
pler, more reliable, and cost effective than
HPLC. Through using electrochemical sen-
sors and biosensors, the reliability of the
enantiomers assay is improved. The high
reproducibility for sensors construction was
achieved by ampero-metric biosensors based
on modified graphite paste. To improve the
quality of plastic membranes, a lot of studies
concerning the preparation and characteriza-
tion of composite polymers were made that
can serve for enantiomers discrimination in
chiral drug analysi&
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