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I. INTRODUCTION

Enantioselective analysis of drugs re-
quires reliable methods. The sampling pro-
cess can introduce a lot of uncertainties, es-
pecially when a separation method for the
enantiomers, using nonadequate chiral se-
lectors, is proposed.1 There are several
separation methods, such as high-perfor-
mance liquid chromatography (HPLC) or
capillary zone electrophoresis (CZE), applied
for enantiomers discrimination. The main
problem with the enantioselective analysis
is the detection system. By assuring an
enantioselective detection system, the
separation step can be canceled from
the sampling process. One of the most reli-

able enantioselective detection systems are
enantioselective membrane electrodes and
electrochemical biosensors. The enantiose-
lective membrane electrodes contained in
the membrane as chiral selectors crown ethers
and α, β, and γ cyclodextrins had been used.
However, the best enantioselective electro-
chemical biosensors are the ampero-
metric ones due to the coupling between
the enantioselectivity of the enzyme and
the sensitivity of the amperometric
devices.

For the enantioselective analysis using
electrochemical sensors and biosensors, the
sampling process means only sample disso-
lution in water or buffer. This fact rendered
the analytical information of high precision,
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especially if the chiral selector formed a high
stability complex with one of the enanti-
omer.

II. ENANTIOMERS SEPARATION
METHODS USED IN SAMPLING
PROCESS

One of the main problems of the
enantioseparation technique is the selection
of the chiral selector. The first class of com-
pounds used as chiral selectors is the crown
ethers. This class of organic selectors did not
resolve the enantiomeric pairs adequately
and the accuracy of the separation was poor.

Cyclodextrins assure the best reliability
of the separation methods due to their better
interactions with one of the enantiomers. The
best chiral selectors in the cyclodextrin class
of compounds is β-cyclodextrin and its de-
rivatives. High-performance liquid chroma-
tography (HPLC), capillary zone electro-
phoresis (CZE), and micellular electrokinetic
chromatography (MEKC) are frequently used
separation techniques for enantiomeric reso-
lution.

A. HPLC

To predict the chiral chromatographic
separation, a multivariate regression analy-
sis is proposed, combined with multilayer
feed-forward neural networks trained with
error back-propagation, to model the
enantioselective chromatographic retention
behavior of a series of aromatic acids and
amides as a function of nonempirical solute
descriptors.2 Combinations of charge trans-
fer, electrostatic, lipophilic, and dipole inter-
actions, identified by multivariate regression,
were found to describe retention and
enantioselectivity, with highly predictive
models being generated by the training of
back-propagation neural networks.

Macrocyclic glycopeptides antibiotics are
the newest class of chiral selectors for the
chromatographic and electrophoretic sepa-
ration of enantiomers. The two most suc-
cessful macrocylic antibiotics used for sepa-
rations are vancomycin and teicoplanin.3,4

Teicoplanin is a stable glycopeptide that
assures, as chiral selector, the integrity of the
chiral stationary phase (CSP). Teicoplanin
chiral stationary phase appears to have ex-
cellent enantioselectivity for native amino
acids, peptides, α-hydroxycarboxylic acids,
and a variety of neutral analytes including
cyclic amides and amines.5

The best chiral selectors for enantiomers
separation are cyclodextrins. Taking into
account that for chiral drugs, the reliability
must have the maximum value, and that the
enantiomers separation is one of the most
difficult problems in chemistry, and is of
great importance in fields such as chiral syn-
thesis, kinetics, biochemistry, pharmacology,
and medicine. The use of cyclodextrins as
chiral selectors improve the quality and reli-
ability of the separation when HPLC is used
as a separation technique. Cyclodextrins and
modified cyclodextrins can be used as either
the chiral stationary phases, as chiral mobile
phase additives, or as chiral counterions.
Also, cyclodextrins stationary phases are
quite versatile when compared with other
chiral stationary phases as they have been
used in three different chromato-
graphic modes (normal, reversed, and polar
organic). For this reason, they have been
termed a multimodal chiral stationary
phase.6

B. MEKC

By using micellular electrokinetic chro-
matography (MEKC) with derivatized
cyclodextrins as chiral selectors, the quality
of the analytical information is improved.
Resolution and migration time were found
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to be strongly dependent on the cyclodextrins
concentration of the background electrolyte
and to a lesser extent on the concentration of
the analyte.7

C. CZE

For chiral drugs analysis, the CZE using
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
separation method.

By using cyclodextrins and their deriva-
tives in CZE, high-quality analytical infor-
mation is achieved.8-14 Sulfobutyl ether-β-
cyclodextrin as a chiral selector has a large
countercurrent mobility, making it inherently
advantageous as selectors when compared
with neutral cyclodextrins;15 it is an excel-
lent chiral selector for a variety of structur-
ally diverse drug compounds.

III. INSIGHTS INTO THE
MECHANISMS OF
ENANTIOSELECTIVITY BY
CYCLODEXTRINS

To understand the mechanisms of
enantioselectivity by cyclodextrins, 1H NMR
and 13C NMR studies on chiral recognition
have been examined.16-19 The resolution of
chromatographic methods is given by the
apparent binding constants of enantiomers
and by the chemical shift differences at satu-
ration using 1H NMR and 13C NMR spec-
troscopies.13

Chankvetadze et al.18 studied the effect of
the nature and position of substituents of the
chiral solute on the resolution using 13C NMR..

Sulfonated β-cyclo-dextrins such as sulfobutyl
and sulfoethyl ethers of β-cyclodextrins per-
mit adequate enantio-separations at rather
lower concentrations as chiral selectors in
comparison with carboxymethyl-β-cyclo-
dextrin and native β-cyclodextrin.

Bodenhöfer proposed a model for the
chiral discrimination process by superim-
posing preferential and nonpreferential sorp-
tion mechanisms.19 The model is applicable
to any matrix containing preferential sorp-
tion sites. The “molecular recognition” ef-
fect can be observed by simply dissolving
the supramolecular unit in an isotropic poly-
mer.

IV. MOLECULAR IMPRINTING-
BASED ENANTIOSELECTIVITY
SENSORS

The molecular imprinting technology
leads to highly stable synthetic polymers that
possess selective molecular recognition prop-
erties because of recognition sites within the
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
powerful and inexpensive alternative to con-
ventional technologies by enabling the iden-
tification of a target molecule in the pres-
ence of numerous interfering species.
Methodologies have been developed for
many different target species, including gas-
eous substances such as anesthetics, respira-
tory byproducts, compounds of biological
importance (glucose, urea), hormones, ste-
roids, drugs of abuse, and also drugs enanti-
omers discrimination.20,21 A chemical sensor
selectively recognizes a target molecule in a
complex matrix and generates an output sig-
nal using a transducer that correlates to the
concentration of the analyte.22,23

Rapid developments in electronics have
led to microprocessors that are suitable for
use in chemical sensors. Such microproces-
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sors offer advanced signal-processing capa-
bility, and integrating the controller with the
transducer could minimize noise and result
in improved sensor performance. The prob-
lem of long response time (15 to 60 min)
could be minimized by optimizing the kinet-
ics and selectivity of polymers.

V. PIEZOELECTRIC SENSORS

The enantioselective analysis of drugs
through sensors having piezoelectric devices
as transducers assure high sensitivity.25,26

The piezoelectric sensor is usually coated
with β-cyclodextrin or with a derivatives of
β-cyclodextrin. The main advantage of this
type of enantiomer selector is the possibility
to be used for continuous on-line monitor-
ing of the enantiomers.26 Furthermore,
α-cyclodextrins and β-cyclodextrins were
also tested as coatings for piezoelectric sen-
sors for chiral drug separations.26

VI. ENANTIOSELECTIVE
MEMBRANE ELECTRODES

Enantioselective membrane electrodes
are one of the best elecrochemical sensors
used for chiral drug assay. The construction
of these electrochemical sensors must take
into account the stability constant of the
complex formed between enantiomer and
chiral selector. The main problem is the
choice of the best chiral selector; that will
assure the enantioselectivity of the analysis.

Crown ethers proved to be effective chiral
selectors for basic drugs containing a pri-
mary amino group, including amino acids
and derivatives.27–30

Horváth et al.31 recently reported an
enantioselective assay of ephedrinium ions
using potentiometric sensors based on crown
ethers.

The chiral drug discrimination can also
be also achieved by using cyclodextrins and

the derivatives of cyclodextrins in membrane
construction.32 The enantioselectivity of the
potentiometric sensor is improved by using
these chiral selectors which are used for PVC
(polyvinylchloride) matrix membrane con-
struction. Functionalized α, β, and γ-
cyclodextrins recognize a wide spectrum of
onium ions of pharmaceutical importance.32

To assure the high reliability of mem-
brane construction, liquid membranes im-
pregnated with cyclodextrins must be used.
A reliable construction of membrane elec-
trodes for chiral drugs discrimination is the
first step in the their accreditation. Now, this
problem is solved by using biosensors based
on immobilization of enzymes in carbon paste
electrodes.

VII. ENANTIOSELECTIVE
AMPEROMETRIC BIOSENSORS

The enantioselective amperometric
biosensors assure the best enantioselectivity
for chiral drugs discrimination. The main
disadvantage is their short life time. To im-
prove the life time, a novel design for an
extended-life amperometric enzyme elec-
trode is proposed.33 The enzyme electrode is
made by arranging the three components of
a biosensor (an electrode material, an en-
zyme, and a stabilizer) on a shapable
electroconductive (SEC) film (a polyanion-
doped polypyrrole film) surface by a layer-
after-layer approach. First, a thin and com-
pact platinum black layer is prepared onto
the SEC film by the heat-press method. Then,
an ultrathin layer of enzyme (e.g., L-amino
acid oxidase) is casted on the platinized SEC
film, and after drying a thin gelatin layer is
prepared on the enzyme-casted SEC film.
Finally, the dried layer assembly is cross-
linked by exposing it to a diluted substrate
solution for a very short time. The sensor
shows a shelf life of about 2 years when it is
stored dry in a freezer at –18°C and about
1 year when it is stored at room temperature.
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Of main importance for enantio-selec-
tive analysis are amperometric biosensors
based on enzymes immobilized on carbon
paste electrodes. The construction of this
type of biosensors is reliable. Amperometric
biosensors are shown for the first time to
withstand prolonged high-temperature
(>50°C) stress. Nearly full activity of some
enzymes can be retained over periods of up
4 months of thermal stress at 60 to 80°C.
Dramatic improvements in the thermostabil-
ity are observed for L-amino acid oxidase.
Such resistance to heat-induced denaturation
is attributed to the conformational rigidity to
these biocatalysts within the highly hydro-
phobic (mineral oil or silicon grease) pasting
liquid. Besides their implications for elec-
trochemical biosensors, such observations
should lead to a new generation of thermo-
resistant enzyme reactors based on nonpolar
semisolid supports.34

Several chiral drugs used for the treat-
ment of hypertention are derivatives of amino
acids. Biosensors based on L-amino acid oxi-
dase (L-AAOD) and D-amino acid oxidase
(D-AAOD) are proposed for L- and D-
aminoacids assay.35,36

An amperometric biosensor based on L-
AAOD in graphite paste as support is pro-
posed for many chiral drug assay. By using
this biosensor a high enantioselectivity level
was assured — this fact made it reliable to
use the amperometric biosensors for the
enantio-purity analysis of active substance
as well as for its assay in the pharmaceutical
compounds. The limit of detection is low
level µmol/L –pmol/L due to the high selec-
tivity of the amperometric sensor (Ag/AgCl)
used. This type of amperometric biosen-
sor was tested for several angiotensin-
converting enzyme (ACE) inhibitors: S-
captopril,37 S-enalapril, S-ramipril,38 S-
cilazapril, S-trandolapril, S-pentopril,39 and
S-perindopril.40

For the enantiopurity assay of (+)-3,3′,5-
triiodo-L-thyronine (L-T3) and L-thyroxine
(L-T4) which are used in treatment of hy-

pothyroidism, the same construction for the
amperometric biosensors is proposed 41.

VIII. ADVANTAGES AND
DISADVANTAGES OF USING
ELECTROCHEMICAL SENSORS
AND BIOSENSORS VERSUS
ENANTIOSEPARATION METHODS
FOR THE ENANTIOSELECTIVE
ANALYSIS

The enantioseparation by HPLC, CZE,
or MEKC is very laborious and generally
expensive and there are a lot of problems
concerning the selective retention of one of
the enantiomers on the column. It is not
enough to obtain a high selective chiral se-
lector. The working conditions must be im-
proved for every enantiomeric pair.

Cyclodextrins are one of the best chiral
selectors especially for chiral drug discrimi-
nation and were used for membrane elec-
trode construction. The main advantages of
the cyclodextrin-impregnated electrodes are
the high reproducibility, the rapidity, and
simplicity of the analysis. However, one of
the greatest disadvantages of these con-
structed membrane electrodes is the con-
struction nonreproducibility. The proposed
enantio-selective membrane electrodes are
based on PVC matrix membranes. The re-
producibility of construction problem was
solved by using the amperometric biosensors
based on a modified graphite paste. They
assure at the same time a high reproducibil-
ity of the assays, a high sensitivity and selec-
tivity levels, and the best limits of detection.
The main disadvantage of amperometric
biosensors is their short life time.

IX. CONCLUSIONS

The enantioselective analysis of chiral
drugs needs reliable methods. Separation
methods such as HPLC can be used for the
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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 analysis.42

REFERENCES

1. Ellison, S.; Wegscheider, W.; Williams, A.
Anal. Chem., Measurement uncertainity.
1997, 69, 607A–613A.

2. Booth, T.D.; Azzaoni, K.; Wainer, I.W. Anal.
Chem., Prediction of Chiral Chromatographic
Separations Using Combined Multivariate
Regression and Neural Networks. 1997, 69,
3879–3883.

3. Armstrong, D.W.; Tang, Y.; Chen, S.; Zhou,
Y.; Bagwill, C.; Chen, L.R. Anal. Chem.,
Macrocyclic antibiotics as a new class selec-
tors for liquid chromatography. 1994, 66,
1473–1484.

4. Chen, S.; Liu, Y.; Armstrong, D.W.; Victory,
P.; Borell, J.I.; Martinez-Teipel, B. J. Liq.
Chromatogr., Enantioresolution of substituted
2-methoxy-6-oxo-1,4,5,6-tetrahydropryridine-
3-carbonitriles on macrocyclic antibiotic and
cyclodextrin stationary phases. 1995, 18,
1495–1507.

5. Armstrong, D.W.; Liu, Y.; Ekborgott, K.H.
Chirality, A covalently bond teicoplanin chiral
stationary phase for HPLC enantio-separa-
tions. 1995, 7, 474–497.

6. Han, M.S. Biomed.Chromatogr., Direct enan-
tiomeric separations by high performance liq-
uid chromatography using cyclodextrins.
1997, 11, 259–271.

7. DeSilva, K.; Kuwana, Th. Biomed. Chroma-
togr., Separation of chiral amino acids by
micellular electrokinetic chromatography with
derivatized cyclodextrins. 1997, 11, 230–
235.

8. Chankvetadze, B; Endresz, G.; Blaschke, G.
Electrophoresis, About some aspects of the
use of charged cyclodextrins for capillary
electrophoresis enantioseparation. 1994, 15,
804–807.

9. Chankvetadze, B; Endresz, G.; Blaschke, G.;
Juza, M.; Jakubetz, H.; Schurig, V. Carbohy-
drate Research, Analysis of charged cyclo-
malto-oligosaccharides (cyclodextrin) deriva-
tives by ion-spray, matrix-assisted laser-
desorption/ionization time-of-flight and fast
atom bombardment mass spectrometry, and
by capillary electrophoresis. 1996, 287, 139–
155.

10. Chankvetadze, B; Schulte, G.; Blaschke, G.
J. Pharm. Biomed. Anal., Selected applica-
tions of capillaries with dynamic or perma-
nent anodal electroosmotic flow in chiral sepa-
rations by capillary electrophoresis. 1997,
15, 1577–1584.

11. Chankvetadze, B; Saito, M.; Yashima, E.;
Okamoto, Y. J. Chromatogr. A, Enantiosepa-
ration  using selected polysaccharides as
chiral buffer additives in capillary electro-
phoresis. 1997, 773, 331–338.

12. Schulte, G.; Chankvetadze, B; Blaschke, G.
J. Chromatogr. A, Enantioseparation in cap-
illary electrophoresis using 2-hydroxy-
propyltrimethylammonium salt of β-cyclodex-
trin as a chiral selector. 1997, 771, 259–266.

13. Chankvetadze, B; Schulte, G.; Blaschke, G.
J. Chromatogr. A, Reversal of enantiomer
elution order in capillary electrophoresis us-
ing charged and neutral cyclodextrins. 1996,
732, 183–187.

14. Chankvetadze, B; Endresz, G.; Blaschke, G.
J. Cap. Elec., Capillary electrophoresis
enantioseparation of noncharged and anionic
chiral compounds using anionic cyclodextrin
derivatives as chiral selectors. 1995, 5, 235–
240.

15. Xie, G.; Skanchy, D.J.; Stobaugh, J.F. Biomed.
Chromatogr., Chiral separations of enantio-
meric pharmaceuticals by capillary electro-
phoresis using sulphobutyl ether membrane

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
1
1
 
1
7
 
J
a
n
u
a
r
y
 
2
0
1
1



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.

265

electrodes β-cyclodextrin as isomer selector.
1997, 11, 193–199.

16. Chankvetadze, B; Endresz, G.; Schulte, G.;
Bergenthal, D.; Blaschke, G. J. Chromatogr.
A, Capillary electrophoresis and 1H NMR
studies on chiral recognition of atropisomeric
binaphthyl derivatives by cyclodextrin hosts.
1996. 732, 143–150.

17. Endresz, G.; Chankvetadze, B; Bergenthal,
D.; Blaschke, G. J. Chromatogr. A, Com-
parative capillary electrophoretic and nuclear
magnetic resonance studies of the chiral rec-
ognition of racemic metomidate with cyclo-
dextrin hosts. 1996, 732, 133–142.

18. Chankvetadze, B; Endresz, G.; Bergenthal,
D.; Blaschke, G. J. Chromatogr. A, Enantio-
separation of mianserin analogues using cap-
illary eelectrophoresis with neutral and
charged cyclodextrin buffer modifiers 13C
NMR study of the chiral recognition mecha-
nism. 1995, 717, 245–253.

19. Bodenhöfer, K.; Hierlemann, A.; Juza, M.;
Schurig, V.; Göpel, W. Anal. Chem., Chiral
discrimination of inhalation anesthetics and
methyl propionates by thickness shear mode
resonators: new insights into mechanisms of
enantioselectivity by cyclodextrins. 1997, 69,
4017–4031.

20. Kriz, D.; Ramström, O.; Mosbach, K. Anal.
Chem., Molecular imprinting. New possibili-
ties for sensor technology. 1997, 69, 345A–
349A.

21. Mosbach, K.; Ramström, O. Biotechnology,
The emerging technique of molecular imprint-
ing and its future impact on biotechnology.
1996, 14, 164–169.

22. Kritz, D.; Kempe, M.; Mosbach, K. Sens. and
Actuat. B, Introduction of molecularly im-
printed polymers as recognition elements in
conductometric chemical sensors. 1996, 33,
178–181.

23. Kritz, D.; Mosbach, K. Anal. Chim. Acta,
Competitive amperometric morphine sensor
based on an agarose immobilised molecu-
larly imprinted polymer. 1995, 300, 71–
75.

24. Kritz, D.; Ramström, O.; Svensson, A.;
Mosbach, K. Anal. Chem., Introducing
biomimetric sensors  based on molecularly

imprinted polymers as recognition elements.
1995, 67, 2142–2144.

25. Bodenhöfer, K.; Hierlemann, A.; Seemann,
J.; Ganglitz, G.; Koppenhoefer, B.; Göpel,
W. Lett. to Nature, Chiral discrimination using
piezoelectric and optical gas sensors. 1997,
387, 577–580.

26. May, I.P.; Byfield, M.P.; Lindström, M.;
Wünsche, L.F. Chirality, Chiral discrimina-
tion usig a quartz crystal microbalance and
comparison with gas chromatographic reten-
tion data. 1997, 9, 225–232.

27. Bussmann, W.; Morf, W.E.; Vigneron, J.P.;
Lehn, J.M.; Simon, W. Helv. Chim. Acta,
Cell assembly for potentiometric determina-
tion of the enantiomeric excess of alpha-me-
thyl-benzylammonium ions. 1984, 67, 1439–
1447.

28. Shimbo, T.; Yamaguchi, T.; Nishimura, K.;
Kikkawa, M.; Sugiura, M. Anal. Chim. Acta,
Enatiomer-selective membrane electrode for
amino-acid methyl esters. 1987, 193, 367–
371.

29. Yasak, Y.; Yamamoto, T.; Kimura, K.; Shono,
T. Chem. Lett., Simple evaluation of enanti-
omer - selectivity of crown ether using mem-
brane electrode. 1980, 769–772.

30. Bussmann, W.; Leh, J.M.;Oesch, U.; Plumeré,
P.; Simon, W. Helv. Chim. Acta, Enantiomer-
selectivity for phenylethylammonium ion of
membranes based on a chiral macrocyclic
polyether. 1981, 64, 657–661.

31. Horváth, V.; Takács, T.; Horvai, G.; Huszthy,
P.; Bradshaw, J.S.; Izatt, M. Anal. Lett., Enan-
tiomer -selectivity of ion-selective electrodes
based on a chiral crown-ether ionophore.
1997, 30, 1591–1609.

32. Kataky, R.; Parker, D.; Kelly, P.M. Scand. J.
Clin. Lab. Invest., Potentiometric enantio-
selective sensors for alkyl and aryl ammo-
nium ions of pharmaceutical significance,
based on lipophilic cyclodextrins. 1995, 55,
409–419.

33. Khan, G.F.; Wernet, W. Anal. Chem., Design
of enzyme electrodes for extended use and
storage life. 1997, 69, 2682–2687.

34. Wang, J.; Liu, J.; Capra, G. Anal. Chem.,
Thermal stabilization of enzymes immobilized

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
1
1
 
1
7
 
J
a
n
u
a
r
y
 
2
0
1
1



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.

266

within carbon paste electrodes. 1997, 69,
3124–3127.

35. Johansson, E.; Marko-Varga, G.; Gorton, L.
J. Biomat. Appl., Study of a reagent and
mediatorless biosensor for D-aminoacids
based on co-immobilized D-amino acid oxi-
dase and peroxidase in carbon paste elec-
trodes. 1993, 8, 146–173.

36. Kacaniklic, V.; Johansson, K.; Marko-Varga,
G.; Gorton, L.; Jönsson-Petterson, G.; Csöregi,
E. Electroanalysis, Amperometric biosensors
for detection of L- and D-amino acid oxidases
in carbon paste electrodes. 1994, 6, 381–
390.

37. Stefan, R.I.; Aboul-Enein, H.Y.; Bala, C.;
Radu, G.L., Biosensor for the enantioselective
analysis of S-captopril. Abstract presented at
The Fifth World Congress on Biosensors,
Biosensors ’98, Berlin, Germany, June  3–5,
1998, page 244.

38. Stefan, R.I.; Aboul-Enein, H.Y.; Radu, G.L.
Prep. Biochem. Biotechnol. Biosensors for

the enantioselective analysis of S-enalapril
and S-ramipril (in press).

39. Aboul-Enein, H.Y.; Stefan, R.I.; Radu, G.L.,
Pharm. Dev. & Technol. Biosensors for the
enantioselective analysis of S-cilazapril, S-
trandolapril, and S-pentopril. (in press).

40. Aboul-Enein, H.Y.; Stefan, R.I.; Radu, G.L.
Prep. Biochem. Biotechnol., Biosensor for the
enantioselective analysis of S-perindopril. (in
press).

41. Stefan, R.I.; Litesu, S.; Aboul-Enein, H.Y.;
Radu, G.L. Biosensors for the enantioselective
analysis of the thyroid hormones (+)-3,3′,5-
triiodo-L-thyronine (T3) and (+)-3,3′,5,5′-
tetraiodo-L-thyronine (T4). Unpublished re-
sults.

42. Kritz, D.; Andersson, L.I.; Khayyami, M.;
Danielsson, B.; Larsson, P.O.; Mosbach, K.
Biometrics, Preparation and characterization
of composite polymers exhibiting both selec-
tive molecular recognition and conductivity.
1995, 3, 81–90.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
1
1
 
1
7
 
J
a
n
u
a
r
y
 
2
0
1
1


