Available online at www.sciencedirect.com

science @pormeer- Talanta

ELSEVIER Talanta 64 (2004) 145-150

www.elsevier.com/locate/talanta

Macrocyclic antibiotics as chiral selectors in the design of
enantioselective, potentiometric membrane electrodes for the
determination of.- andp-enantiomers of methotrexate

Alexander A. Rat’kd, Raluca-loana Stefé,
Jacobus (Koos) F. van Stademassan Y. Aboul-Eneih

@ Department of Chemistry, University of Pretoria, Pretoria 0002, South Africa
b Pharmaceutical and Drug Development Laboratory, Biological and Medical Research Department (MBC-03-65),
King Faisal Specialist Hospital and Research Centre, P.O. Box 3354, Riyadh 11211, Saudi Arabia

Received 26 November 2003; accepted 29 January 2004
Available online 1 April 2004

Abstract

Three enantioselective, potentiometric membrane electrodes (EPMESs) based on macrocyclic glycopeptide antibiotics—vancomycin and
teicoplanin (modified or not with acetonitrile)}—were proposed for the determinatioraofip-enantiomers of methotrexate (Mtx). The linear
concentration ranges for the proposed enantioselective membrane electrodes were betharh 1@° mol I-* for L- andp- methotrexate.

The slopes of the electrodes were 58.00 mW¥tx for vancomycin-based electrode; 57.60 mi/pltx for teicoplanin-based electrode

and 55.40 mV/pp-Mtx for teicoplanin modified with acetonitrile-based electrode. The detection limits of the proposed electrodes were of
10-8 molI=* magnitude order. The surfaces of the electrodes are stable and easily renewable by polishing on alumina paper. All proposed
electrodes proved to be successful for the determination of the enantiopurity of Mtx as raw material and of its pharmaceutical formulations
(tablets and injections).

© 2004 Elsevier B.V. All rights reserved.
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1. Introduction advantages such as low cost, simplicity and high efficiency
over chromatographic and spectrophotometric techniques,

Chirality is an important concept especially in the phar- which are laborious, time consuming and requiring the
maceutical industry and clinical analy$id. In many cases,  preliminary treatment of the samplgy.
only one isomer in a chiral compound is responsible for  Macrocyclic antibiotics vancomycin (Scheme 1) and te-
the desired activity, while the other isomer may exhibit no icoplanin (Scheme 2) are produced as fermentation products
therapeutic value and may potentially cause adverse effectsof Sreptomyces orientalis and Actinoplanes teichomyceti-
Accordingly, the development of reliable methods for the cus, respectively{3]. These antibiotics are primarily active
analysis of drug, offering high efficiency and high resolu- against aerobic and anaerobic Gram-positive microorgan-
tion, is continuously requested by researchers working in isms both in vitro and in vivo. They are known to inhibit
the pharmaceutical and biomedical fields. cell wall synthesig4].

Discrimination of drug enantiomers and related com-  Armstrong and co-workers introduced vancomycin and
pounds has mostly been based on chromatographic andeicoplanin as powerful and efficient chiral selectors for
electrophoretic techniques and more recently electrochem-chromatographif5—9]and capillary electrophoretj&0-12]
istry. The use of electrochemical techniques offer some separations about a decade ago.

Methotrexate (Mtx,N-[4-[(2,4-diamino-6-pteridinyl)me-
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.C verted into polyglutamates, which inhibit further enzymes
H\N i—< HO OH of the folate metabolisri21-23]. Its antipod®-Mtx shows

H NH. HO significantly different pharmacokinetic behavior. Although

O p-Mtx exhibits a similar inhibitory effect to dehydropholate

o~ N N ¢
o O reductase as-Mtx, its antitumor effect is proportionally
HO 0 N COOH reduced?22].

o) N N Many analytical methods have been reported for the anal-
H d o ysis of Mtx in its pharmaceutical formulations and biological
cl fluids: high-performance liquid chromatograpfg4—28],
X OH

capillary electrophoresif29-31], spectrophotometr3d2],
fluorimetry [33] and polarography34].

Armstrong and co-workergl0—12] previously reported
the applications of vancomycin and teicoplanin as chi-
ral selectors for capillary electrophoretic separation of
methotrexate. Stefan et dB5,36] proposed the ampero-
metric biosensors designed using physical and chemical
immobilization of glutamate oxidase and/araminoacid
oxidase and/or horseradish peroxidase (HRP) for the as-
say ofL-Mtx and p-aminoacid oxidase and/or HRP for the
assay ob-Mtx.

This paper reports the applications of three enantioselec-
tive, potentiometric membrane electrodes based on macro-
cyclic antibiotics—vancomycin and teicoplanin as chiral
selectors for the determination of and p-enantiomers of
methotrexate in pharmaceutical formulations.

2. Experimental
2.1. Reagents and materials

Graphite powder (1-gm, synthetic) was purchased
from Aldrich (Milwaukee, WI, USA). Paraffin oil was
purchased from Fluka (Buchs, Switzerland). Macrocyclic
antibiotics—vancomycin and teicoplanin (as their hy-
drochloride salts) were purchased from Sigma-Aldrich (St.
Louis, MO, USA). TheL- and p-methotrexate (L- and

Scheme 2. Teicoplanin. p-amethopterin hydrated (98% enantiopurity)) were pur-

chased from Aldrich (Milwaukee). Phosphate buffer (pH

head and neck cancfr4] and micrometastases of osteosar- 4.00) was obtained from Merck (Darmstadt, Germany).
coma[l5]. Mtx-low dose therapy has also been used for Deionized water from a Modulab system (Continental Water
the treatment of patients with rheumatoid arthritis, psoriasis Systems, San Antonio, TX, USA) was used for all solutions
[16—18] and steroid-dependent asthifi®,20]. L-Mtx acts preparations.
as an inhibitor of enzyme dehydropholate reductase there by The solution of vancomycin (2 10-3moll~1) was
preventing cancer cells from maintaining levels of reduced prepared in phosphate buffer (pH 4.00). The solution
folates, which supply the organism with one carbon unit in of teicoplanin (2x 10-3moll~1) was prepared using
the biosynthesis of nucleic acids and some aminoacids. LikepH 6.00 phosphate buffer. The solution of teicoplanin

naturally occurring folatesp-Mtx is intracellularly con- (2 x 103moll~%) containing acetonitrile was prepared
NH,
N N COOH
D ™ o
N pZ *
7N CH N {%C—NH — C—CH,—CH,—COOH
NH, H

Scheme 3. Methotrexate.
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using pH 6.00 phosphate buffer containing 40% (v/v) mark using a phosphate buffer (pH 4.30):deionized water
of acetonitrile. All standard and diluted solutions were solution in a ratio of 1:1 (v/v). Each of 10 aliquots (&0 of
buffered with phosphate buffer (pH 4.30) using the ratio the Mtx injection (25 mg Mtx mit? of injection) was poured
buffer:distilled water 1:1 (v/v). into 50 ml calibrated flask and then diluted to the mark with

Methotrexat® tablets (2.5 mg Mtx per tablet) were sup- phosphate buffer (pH 4.30):deionized water (1:1) solution.
plied by David Bull Laboratories, Warwick, UK. Methotrex-  Direct potentiometer was used to determine the unknown
ate LPP® sodium injections were supplied by Immunex concentrations of- and p-methotrexate in pharmaceutical
Corporation, Seattle, WA, USA. formulations.

2.2. Apparatus
3. Results and discussion
A 663 VA Stand (Metrohm, Herisau, Switzerland) in
connection with PGSTAT 20 and Eco Chemie (Utrech, 3.1. Electrodes response
the Netherlands) Software version 4.9 were used for all
potentiometrical (zero current) measurements. A Ag/AgCl  The response characteristics exhibited by the macrocyclic
(0.1mol -1 KCI) electrode served as reference electrode in antibiotics-based carbon paste electrodes towards the enan-

the cell. tiomers of methotrexate are summarizedTable 1. From
Table 1one can see that vancomycin-based electrode showed
2.3. Electrode design linear and near-Nernstian response towarasethotrexate

with lower detection limit, while teicoplanin-based elec-

The paraffin oil and graphite powder were mixed in a trodes exhibited near-Nernstian electrode function for
ratio of 1:4 (w/w) followed by the addition of solution p-methotrexate. The modification of teicoplanin with ace-
of vancomycin, teicoplanin or teicoplanin modified with tonitrile allows lowering the detection limit of the electrode.
acetonitrile (10Qul of chiral selector solution to 150mg The linear range of electrode function of the proposed elec-
of carbon paste). A certain quantity of carbon paste free trodes is situated in the higher concentrations region than
from chiral selector was prepared and placed in a plas-the one of amperometric biosensors, previously described
tic pipette peak, leaving 3—4 mm empty in the top to be by Stefan et al[35,36]for the assay of methotrexate, which
filled with the carbon paste that contains the chiral selec- minimizes the dilution of the sample to be analyzed. The
tor. The diameters of the potentiometric, enantioselective values of the correlation coefficients obtained for the cali-
membrane electrodes were 3mm. Electric contacts werebration plots are 0.9997, 0.9994 and 0.9995 for vancomycin,
obtained by inserting an Ag wires into the carbon paste. teicoplanin and teicoplanin-modified with acetonitrile-based
The internal solution of all electrodes was 0.1 mdil electrodes, respectively.
KCI. The response times of all three electrodes are higher than

Before each use the surface of the electrode was re-1min for concentrations of methotrexate between$Gnd
freshed with a new portion of carbon paste, containing the 10~" moll~! and less than 1 min for concentrations between
chiral selector and then polished with alumina paper (pol- 10~ and 103 moll~1. The proposed electrodes exhibited
ishing strips 30144-001 Orrin). The carbon paste prevents highly stable and reproducible characteristics over a month
the leaching of the antibiotic from the membrane into the test period (RS.D. < 0.1%).
solution.

3.2. Effect of pH on the response of the electrodes
2.4. Recommended procedures
The effect of pH on the response of the proposed elec-

2.4.1. Direct potentiometer trodes was checked by recording the emf of the cell,
The potentiometric (zero current) technique was used for which contain 10°moll~! L-methotrexate at different
potential determination of each standard solution-@ndp- pH values (pH 1-10) for vancomycin-based electrode
methotrexate (10'° to 10-3moll~1). The electrodes were and 10°moll~! p-methotrexate at different pH values
placed into stirred standard solutions and graphs @hV) (pH 1-10) for teicoplanin-based electrodes. These solu-
versus pL-Mtx (pL—Mtx= —log[L—Mtx]) and E (mV) ver- tions were prepared by adding very small volumes of HCI

sus pp-Mtx (pp—Mtx= —log[p—Mtx]) were plotted. The and/or NaOH solution (10" or 1mol?! of each) tor-
unknown concentrations af andp-methotrexate were de- and p-methotrexate solutions, respectively. The plotsEof

termined from the calibration graphs. (mV) versus pH (shown irFigs. 1 and 2) indicate, that
the response of the electrodes does not depend on the pH

2.4.2. Content uniformity assay of Methotrexate® tablets from 2.25 to 6.17 for vancomycin-based electrode, from

and Methotrexate LPF® injections 1.06 to 4.07 for teicoplanin-based electrode and from 3.05

Each of the 10 tablets (2.5 mg Mtx per tablet) was placed to 6.97 for teicoplanin, modified by acetonitrile-based
into 100 ml calibrated flask, dissolved and diluted to the electrode.
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Table 1
Response characteristics of enantioselective, potentiometric membrane e

AA. Rat’ko et al./Talanta 64 (2004) 145-150

lectrodes designed for tha.assaypafitx

Chiral selector used for the Enantiomer of Slope Intercept, Linear concentration Detection limit
design of the electrode methotrexate (MV/pMtx) E0 (mV) range (molt?) (mol -1
Vancomycin L 58.00 416.50 10° to 103 6.50 x 1078
Teicoplanin D 57.60 407.20 10° to 1073 8.50 x 1078
Teicoplanin, modified with acetonitrile D 55.40 439.30 10° to 1073 1.10 x 1078

All values are average of 10 determinations.
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Fig. 1. Effect of pH on the response of the vancomycin-based enantios-
elective, potentiometric membrane electrode designed for the assay of
L-methotrexate (10° moll~! L-methotrexate solution).

3.3. Sdectivity of the electrodes
The selectivity of the electrodes was investigated using

the mixed solution method. The concentrations-dtx and
p-Mtx were 102 and 10*mol =1 in case of vancomycin-
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Fig. 2. Effect of pH on the response of the teicoplanin-based enantios-
elective, potentiometric membrane electrodes designed for the assay of,
p-methotrexate (1¢° moll~1 p-methotrexate solution). Curve (a) shows
the effect of pH on the response of teicoplanin-based electrode; curve

(b) shows the effect of pH on the response of teicoplanin modified with
acetonitrile-based electrode.

based electrode and 1®moll~! p-Mtx and 104 mol =1
L-Mtx in case of teicoplanin-based electrodes, respectively.
The values of the potentiometric selectivity coefficients are
shown inTable 2. It is evident fronTable 2, that the modi-
fication of teicoplanin by acetonitrile improves the selectiv-
ity of the corresponding electrode towamosnethotrexate.
These results prove, that all three electrodes can be used for
methotrexate enantioanalysis.

3.4. Analytical applications

The proposed enantioselective, potentiometric membrane
electrodes proved to be useful for the determination of enan-
tiopurity of L-Mtx raw materials and for performing the con-
tent uniformity test of Mtx tablets and Mtx injections due to
recovery values obtained for the pureandp-enantiomer
of Mtx: higher than 99.96% (F5.D. < 010%,n = 10) and
higher than 99.95% (F8.D. < 010%,n = 10), respectively
for all three proposed electrodes. The assays ahdp-Mtx
were conducted using different ratios betweeandp-Mtx
andp- and L-Mtx, respectively. The good recovery values
obtained for the determination afenantiomer in the pres-
ence ofp-enantiomer and fop-enantiomer in the presence
of L-enantiomer (Tables 3 and 4) demonstrated the suitability
of the proposed enantioselective, potentiometric membrane
electrodes for testing the enantiopurity of Mtx raw material.

The results obtained for the content uniformity tests of
Mtx tablets and Mtx injections are shownTables 5 and 6,
respectively. The uniformity content tests show that the phar-
maceutical formulations containmethotrexate as the main
component and only a small amountmfnethotrexate. The
recovery values for the-methotrexate—an active compo-
nent of Mtx tablets and Mtx injections—are within the lim-
its requested by the USP XX}B87]: recoveries—90-100%
with the R.S.D. values less than 6%. The proposed enan-
tioselective, potentiometric membrane electrodes allow to

Table 2
Selectivity coefficients (83) for the enantioselective, potentiometric
membrane electrodes

Chiral selector used for the Interfering K59

design of the electrode enantiomer

Vancomycin D 5.40 x 1073
Teicoplanin L 6.20 x 1073
Teicoplanin, modified with acetonitrile * 2.10 x 1078

All values are average of 10 determinations.
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Table 3

Determination of.-Mtx in the presence ob-Mtx

Chiral selector used for the RecoveryL-Mtx, (%), L:D

design of the electrode 21 11 12 1:4 1:9
Vancomycin 100.00+ 0.01 100.04+ 0.02 100.02+ 0.03 99.99+ 0.02 100.00+ 0.01

All values are average of 10 determinations.

Table 4

Determination ofb-Mtx in the presence of-Mtx

Chiral selector used for the Recoveryp-Mtx, (%), p:iL

design of the electrode 1 11 12 1:4 1:9
Teicoplanin 100.00+ 0.01 99.92+ 0.02 99.92+ 0.02 99.93+ 0.02 99.94+ 0.01
Teicoplanin, modified with acetonitrile 99.98 0.02 99.95+ 0.03 100.00+ 0.01 99.94+ 0.02 100.00+ 0.01

All values are average of 10 determinations.

Table 5 elective, potentiometric membrane electrodes making pos-
Determination ofi.-Mtx and p-Mtx in Methotrexat® tablets (2.5 mg Mtx sible the enantioanalysis with a minimum dilution of the

|
per tablet) samples.
Chiral selector used for the Average recovery
design of the electrode

L-Mtx (%) D-Mtx (%)

Vancomycin 9447+ 159 - References
Teicoplanin - 3.02+ 1.38
Teicoplanin, modified with acetonitrile - 3.08+ 1.24 [1] T.J. Ward, K.D. Ward, in: H.Y. Aboul-Enein, |.W. Wainer (Eds.), The

Impact of Stereochemistry on Drug Development and Use, Chemical

All values are average of 10 determinations.
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