Available online at www.sciencedirect.com

sc.ENCE@D.REcT.

ELSE\/IER Talanta 65 (2005) 437-440

Talanta

www.elsevier.com/locate/talanta

Enantioanalysis of-2-hydroxyglutaric acid in urine samples
using enantioselective, potentiometric membrane
electrodes based on maltodextrins

R’afat Mahmoud Neje®) Raluca-loana Steférf, Jacobus Frederick van Staden
Hassan Y. Aboul-Enekh

a Department of Chemistry, University of Pretoria, Pretoria 0002, South Africa
b pharmaceutical Analysis 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 21 April 2004; received in revised form 22 June 2004; accepted 25 June 2004
Available online 27 August 2004

Abstract

Quantitative assay af-2-hydroxyglutaric acidi(-2-HGA) is important for the diagnosis aof2-hydroxyglutaric aciduria. Three enan-
tioselective, potentiometric membrane electrodes (EPMESs) based on maltodextrins with different dextrose equivalent (DE) (DE: 4.0-7.0 (1),
13.0-17.0(I1), 16.5-19.5 (111)), were designed for the enantioanalysi2efHGA. The enantioselective, potentiometric membrane electrodes
can be used reliably for enantiopurity assay &-HGA using the direct potentiometric method in the ranges of400-5, 106-10-2 and
10-8-10"5mol L~* for the enantioselective, potentiometric membrane electrodes based on maltodextrins I, Il and I1I, respectively, with very
low detection limits. A high reliability was obtained when the electrodes were used for the assayHBA in urine samples.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction and extra pyramidal symptoms and severe cerebral dysfunc-
tion [4,6-8].

Diagnostics is based on the monitorization of abnormal  Enantioanalysis is crucial far-2-HGA because both-
concentrations of specific substances found in body fluids and p-2-hydroxyglutaric acids can be found in urine, and
(e.g., urine, blood). High sensitive and fast methods are re-they are markers for different diseases. The best accuracy
quired in clinical analysis. in enantioselective assay is obtained using direct methods of

L-2-Hydroxyglutaric acid (L-2-HGA) (Fig. 1) may be analysis, characterized through high sensitivity and enantios-
found in abnormally higher concentrations in urine as a re- electivity. Enantioselective, potentiometric membrane elec-
sult of genetic errors or metabolic disorddfs2] and it trodes (EPMESs) are preferred in quantitative chiral discrim-
is a marker forL-2-hydroxyglutaric aciduria (a rare neu- ination[9]. Carbon paste electrodes are well known for their
rometabolic disorder)3-5]. L-2-Hydroxyglutaric aciduria  reliable constructiof®]. Different chiral selectors such as cy-
was first described by Duraf?]. Its effects are: mental  clodextring10,11], crown ethef12,13], antibiotic§14] and
retardation, progressive ataxia combined with subcortical maltodextring15] were proposed for the design of EPMEs.
leukoencephalopathy, cerebral atrophy, seizures, pyramidal Several methods have been reported for the enantioanal-

ysis of L-2-hydroxyglutaric acid in the human body fluids:
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Fig. 1. 2-Hydroxyglutaric acid.

gas chromatography/mass spectrom¢t], capillary gas
chromatography19,20], an enzymatic methd@1], NMR
[22], and MRI[8,23,24].

In this paper, three EPMEs based on maltodextrins with
different dextrose equivalent (DE) values (DE: 4.0-7.0 (1),
13.0-17.0 (1), 16.5-19.5 (llI)) are proposed for the enantio-
analysis ofL-2-hydroxyglutaric acid in urine samples. The
maltodextrins are characterized by different values of dex-
trose equivalent (DE]R5,26], where the DE value is an in-
dication of the extent of starch hydrolysis. Enantioselectivity

R.M. Nejem et al. / Talanta 65 (2005) 437-440

from Fluka (Buchs, Switzerland)- andp-2-hydroxyglutaric
acids creatine and creatinine were purchased from Sigma-
Aldrich (Milwaukee, WI, USA). Phosphate buffer (pH = 3)
was purchased from Merck (Darmstadt, Germany).

De-ionized water from a Modulab system (Continental
Water Systems, San Antonio, TX, USA) was used for all
solution preparations. The2-hydroxyglutaric acid solutions
were prepared by serial dilutions from standar@-HGA
solution (101 molL~1). All diluted and standard solutions
of L-2-HGA were buffered at pH = 3.00 using phosphate
buffer.

Urine samples were donated from healthy persons. Dif-
ferent aliquots of urine samples were spiked with different
amounts of -2-HGA. All spiked urine samples were buffered
at pH = 3 using phosphate buffer.

of these chiral selectors is increasing with the decrease of DE2.4. Recommended procedure

value[27,28].

2. Experimental
2.1. Electrode design

Paraffin oil and graphite powder were mixed in a ra-
tio 1:4 (w/w) to form the plain carbon paste. The modi-
fied carbon pastes were prepared by impregnating.100
10-3 mol L~ of each maltodextrin in 100mg of the plain car-
bon paste. A quantity of carbon paste, free of maltodextrins,
was filled in a plastic pipette tip, leaving 3—4 mm in the upper
part to be filled with the modified carbon paste containing the
maltodextrin. The diameter of all EPMEs was 3 mm. Electric
contact was obtained by inserting silver wires into the carbon
paste. The internal solution was 0.1 mofLKCI. The entire

Direct potentiometric method was employed for poten-
tial measurementsE (mV), of each standard.-2-HGA
(10-19-10-? mol L~1) solution and urine samples. The elec-
trodes were placed in the standard solutions. Calibration
graphs were obtained by plottikg(mV) versus pL-2-HGA.
Unknown concentrations ef2-HGA in urine samples were
determined from the calibration graphs.

3. Results and discussion
3.1. EPMEs response
The response characteristics exhibited by the EPMEs

based on different types of maltodextrins for the analysis
of L-2-hydroxyglutaic acid are summarized Table 1. All

electrode surface was gently rubbed on fine abrasive papetthe proposed membrane electrodes exhibited linear and near-
to produce a flat surface. The surface of the electrode wasNernestian responses (57-60 mV per decade of concentra-

wetted with de-ionized water, refreshed with modified car-

tion) for EPMESs based on maltodextrins I, Il and I, respec-

bon paste and then polished with an alumina paper (polishedtively, for the determination of-2-HGA. The response of

strips 30144-011, Orion) before use for the analysis. When
not in use, each sensor was immersed in3r@ol L~1 of
L-2-HGA solution.

2.2. Apparatus

A 663 VA stand (Metrohm, Herisau, Switzerland) con-
nected to a PGSTAT 100 computer-controlled potentiostat
(Eco Chemie, Ultrech, The Netherlands) and software 4.9
was used for all potentiometric measurements. An Ag/AgCl
(0.1 mol L1 KCI) electrode was used as reference electrode
in the cell.

2.3. Reagents and materials
Graphite powder (1-2m) and maltodextrins (DE 4.0-7.0

(), 13.0-17.0 (ll), 16.5-19.5 (lll)) were purchased from
Aldrich (Milwaukee, WI, USA), paraffin oil was purchased

the proposed EPMEs was non-Nernestian when they were
used for the assay af-2-hydroxyglutaric acid. The detec-
tion limits determined for.-2-HGA using statistic methods
are low, as shown iffable 1. Enantioselectivity using mal-
todextrins is based on the formation of inclusion complexes
[26—28]. The stability of the complexes formed between the
chiral selector and analytes is increasing with the value of
DE, because increasing the DE value will result in an in-
crease of the diameter of the helix as shown previo[idy.
The response obtained for all three electrodes show good sta-
bility and reproducibility for tests performed for more than 2
months (R.S.D. < 1%).

The response times of EPMEs based on maltodextrins
I and Il are 90s for concentration af2-HGA between
102 and 10°, and 10 and 103 molL~1, respectively.
For EPME based on maltodextrins Ill, the response time is
45s for the concentration af-2-HGA between 108 and
10>mol L1,
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Table 1
Response characteristics of enantioselective, potentiometric membrane electrog2d-fGiA%
EPME based on Parameters
Slope (mV/decade of Intercept Linear concentration Detection limit
concentration) E° (mV) range (mol 1) (molL™1)
Maltodextrin | 57.3 546.86 1079-1075 2.86x 10710
Maltodextrin II 59.7 392.4 10°6-10°3 2.67x 1077
Maltodextrin 111 59.3 536.7 108-10°5 8.90x 10710

a All measurements were made at room temperature; all values are the average of 10 determinations.

3.2. The pH influence on the response of the EPMEs Table 2
Selectivity coefficients for the enantioselective, potentiometric membrane

electrodes used for the assayLe2-HGA?

The effect of the pH variation on the response of the t
EPMESs based on maltodextrins I, II, and Ill has been tested Interference  pkgg

by recording the emf of the cell, using direct potentiometric SPeces ) EPMEs based on
method. All measurements were performed for a concen- Malodextinl Malodextrin i Malodextrin i
tration of L-2-HGA of 10-°molL~1, at different pH val-
ues selected between 1 and 10. These solutions were pre‘-j'z'H_C'\’A 240 242 2:42
d by adding small volumes of HCI (0.1 molY) and/or Creatine 240 24 240
pared by 9 : Creatinine 239 242 2.40

NaOH solution (0'1 mol tl) toa SOIu.tlon 0L-2-HGA. The a All measurements were made at room temperature; all values are the
E (mV) versus pH plots presentedfiig. 2show that the re- average of 10 determinations.

sponse of the EPMEs are pH-independent in the pH ranges of

2.0-6.0 (maltodextrins | based EPME), 2.0-5.0 (maltodextrin
Il based EPME) and 2.0—4.0 (maltodextrin Ill based EPME),
proving the acidic behaviour of the2HGA at a pH lower
than 2.0 and the basic behaviour of it a pH higher than 6.0.

strated the enantioselectivity and selectivity properties of the
proposed EPMEs for the assayief-HGA.

3.4. Analytical applications
3.3. Selectivity of the electrodes The high selectivity and enantioselectvity of proposed
EPMEs based on maltodextrins made them suitable for
the enantioanalysis of-2-HGA in urine in order to di-
agnose 2-hydroxyglutaric aciduria. The analysis1e2-
hydroxyglutaric acid was investigated in the presenag &f
hydroxyglutaric acid by using different ratios betweemnd

The selectivity of all EPMEs was checked using mixed
solutions method. The ratio between the concentrations of
interfering ion and.-2-HGA was 10:1. The selectivity was
investigated against2-hydroxglutaric acidif-2-HGA), cre-

; e + + ivi 3 - i
?t'_ne’ creatinine, N, ,K and. C&*. The.select_wlty coef Dp-2-HGAs. The results obtained (Table 3) proved again the
ficients for t?g enan_tloselecnve, poteptmmetnc membrane suitability of the proposed potentiometric membrane elec-
electrodes K g, obtained are summarized able 2. The  yodes for the enantioanalysis of2-HGA. No significant
values obtained fop-2-HGA, creatine, creatinine, and the  gifferences in the recovery values were recorded for the dif-

. . . pot 4
inorganic cations (N& K* and C&*, K¢ <107*) demon-  farent ratios between the enantiomers.

Urine samples (1-6) were donated from healthy persons
00+ and spiked with different amounts of2-HGA. All spiked
- urine samples were buffered at pH = 3 using phosphate buffer.
200 1 ”

Table 3
150 4 The results obtained for the analysisieR-HGA in the presence ab-2-
) HGA?
é 100 Il
U L:Dp (mol/mol) %L-2-HGA, Recovery
501
I EPMEs based on
0 — N
9 4 § 0 1 Maltodextrin | Maltodextrin Il Maltodextrin Il
504
2:1 99.60+ 0.03 99.60+ 0.01 99.78+ 0.01
100 11 99.91+ 0.01 99.46+ 0.02 99.75+ 0.01
o 1:2 99.35+ 0.01 99.544 0.01 99.04+ 0.01
1.4 99.82+ 0.01 99.924 0.03 99.80+ 0.02
1:9 99.76+ 0.03 99.714 0.02 99.43+ 0.01

Fig. 2. Effect of pH on the response of the enantioselective, potentiometric
membrane electrodes based on maltodextrin | (1), Il (II) and 11 (11I), respec- a All measurements were made at room temperature; all values are the
tively, for the determination af-2-HGA (C_-2-Hea = 10 6 molL~1). average of 10 determinations.




440

Table 4
Recovery ofi.-2-HGA in urine samplées

Sample LC/MS % L-2-HGA, Recovery

no. method[16
[16] EPMEs based on
Maltodextrin | Maltodextrin Il Maltodextrin 111

1 99.84 99.16£ 0.05 99.92+ 0.03 99.93+ 0.02
2 99.67 99.3A 0.01 99.93-0.01 98.52+0.01
3 99.43 99.08: 0.05 99.27A4 0.02 99.95+ 0.01
4 99.65 99.30k 0.02 99.66+ 0.01  99.76+ 0.04
5 99.76 99.72-0.01 99.80+ 0.01 99.67+ 0.02
6 99.80 99.7H0.02 99.68+ 0.03  99.82+ 0.03
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[4] P.G. Barth, G.F. Hoffmann, J. Jaeken, W. Lehnert, F. Hanefeld, A.H.
van Gennip, M. Duran, J. Valk, R.B.H. Schutgens, K.F. Trefz, G.
Reimann, H.P. Hartung, Ann. Neurol. 32 (1992) 66.

[5] G.F. Hoffmann, C. Jakobs, B. Holmes, L. Mitchel, G. Becker, H.P.
Hartung, W.L. Nyhan, J. Inherit. Metab. Dis. 18 (1995) 189.

[6] P.G. Barth, G.F. Hoffmann, J. Jaeken, R.J.A. Wanders, M. Duran,
G.A. Jansen, C. Jakobs, W. Lehnert, F. Henefeld, J. Valk, R.B.H.
Schutgens, F.K. Trefz, H.P. Hartung, N.A. Chamoles, Z. Sfaello, U.
Caruso, J. Inherit. Metab. Dis. 16 (1993) 753.
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a All measurements were made at room temperature; all values are the [9] R.l. Stefan, J.F. van Staden, H.Y. Aboul-Enein, Electrochemical Sen-

average of 10 determinations.

The results recorded for the assay.e2-HGA in urine sam-
ples are shown iTable 4and they are in good agreement

sors in Bioanalysis, Marcel Dekker, New York, 2001.

[10] R.I. Stefan, J.F. van Staden, H.Y. Aboul-Enein, Anal. Lett. 31 (1998)
1787.

[11] R.I. Stefan, J.F. van Staden, H.Y. Aboul-Enein, Talanta 48 (1999)
1139.

with those obtained using the method proposed by Rashed efl2] Y. Yasanka, T. Yamamto, K. Kimura, T. Shono, Chem. Lett. 20

al.[16].

4. Conclusions

The proposed EPMEs based on maltodextrins proved to

be useful for the enantioanalysisio2-HGA in urine sam-

(1980) 769.

[13] V. Horvath, T. Takacs, G. Horvai, P. Huszthy, J.S. Bradshaw, R.M.
Izat, Anal. Lett. 30 (1997) 1591.

[14] A. Rat’ko, R.I. Stefan, J.F. van Staden, H.Y. Aboul-Enein, Talanta
63 (2004) 515.

[15] R.I. Stefan, J.F. van Staden, H.Y. Aboul-Enein, Fresenius J. Anal.
Chem. 370 (2001) 33.

[16] M.S. Rashed, M. AlAmoudi, H.Y. Aboul-Enein, Biomed. Chro-
matogr. 14 (2000) 317.

ples using direct potentiometric method. Therefore, these(17] k.m. Gibson, H.J. ten Brink, D.S. Schor, R.M. Kok, A.H. Bootsma,

electrodes can be reliably used for the diagnosis.-@f
hydroxyglutaric aciduria.

The construction of the electrodes is simple, fast and re- 19]
producible. EMPEs have advantages over other techniqueé

G.F. Hoffmann, C. Jakobs, Pediatr. Res. 34 (1993) 277.
[18] A. Muth, J. Jung, S. Bilke, A. Scharrer, A. Mosandl, A.C. Sewell,
H. Bohles, J. Chromatogr. B 792 (2003) 269.
A. Kaunzinger, A. Rechner, T. Beck, A. Mosandl, A.C. Sewell, H.
Bohles, Enantiomer 1 (1996) 177.

used in chiral discrimination (e.g., chromatography), such as20] k.r. Kim, J. Lee, D. Ha, J.H. Kim, J. Chromatogr. A 891 (2000)

higher precision, rapidity, low cost of analysis and no sample

pretreatment needed before the analysis itself.
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