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Short communication

Simple and sensitive fluorimetric liquid chromatography method for the
determination of valproic acid in plasma
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Abstract

A simple and sensitive liquid chromatographic method is described for the analysis of valproic acid in human plasma. The method is based
on the derivatization of valproic acid extracted from acidified plasma with 2-(2-naphthoxy)ethyl 2-(piperidino)ethanesulfonate. The resulting
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erivative is highly responsive to a fluorimetric detector (excitation at 230 nm and emission at 350 nm), giving a low detection limit o�M
S/N = 3, 10�l injected). The relative standard deviations of the method for intra- and inter-day analyses (n = 5) are below 3.3 and 4.1%
espectively. Toluene was used for the extraction of valproic acid from plasma and the toluene extract obtained was subjected to
erivatization without solvent replacement. The simple method was applied to the analysis of valproic acid in plasma of dosed pat
nly small amount of sample (10–50�l plasma).
2004 Elsevier B.V. All rights reserved.
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. Introduction

Valproic acid (VA) is widely used for the treatment of sim-
le and complex absence seizures[1]. The therapeutic range
f VA in plasma is considered to be about 347–694�M [2].
onitoring of VA levels in patient plasma is essential when

here were changes in VA dose, concomitant medication or
linical condition of patient.

Fig. 1 shows that VA is a carboxylic acid without chro-
ophore for being detected in practical UV range by con-

entional absorption spectrophotometry. Detection of a drug
t short UV wavelength (≤210 nm) tends to be interfered
ith sample matrix. Therefore, detection-oriented deriva-

ization coupled with liquid chromatography[3] is used
or the analysis of VA including derivatizing VA as a
ubstituted naphthalene, benzene or coumarin for HPLC-
V [4–7] and derivatizing VA as a substituted coumarin,

∗ Corresponding author. Fax: +886 73159597.
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phenanthrene, quinoxaline or chromenyl system for HP
fluorimetry [8–16] with improved sensitivity. Among th
fluorescent reagents used for derivatizing VA in bio-sam
4-bromomethyl-7-methoxycoumarin (BMMC) is often a
plied in various approaches such as micelle-mediated de
tization of VA [8,13,14] without sample extraction, th
analysis of VA with steps of sample extraction and solven
placement[9,12] or the derivatization of VA by solid-pha
catalyzed reaction for automated analysis[11]. BMMC is
a light sensitive reagent and needs to be used with th
clusion of light [8]. Derivatization of VA (after conver
ing to VA acid chloride) with 9-aminophenanthrene[10]
needs multiple steps of solid phase extraction and e
oration for sample treatment, resulting in high sensitiv
Derivatization of VA with 6,7-methylenedioxy-1-meth
2-oxo-1,2-dihydroquinoxaline-3-yl propionohydrazide[15]
leads to the chromatogram of a serum blank with unfa
ably high tailing; andN-(7-methoxy-4-methyl-2-oxo-2H-6
chromenyl)-2-bromoacetamide[16] was also used for th
derivatization of VA in spiked plasma.
570-0232/$ – see front matter © 2004 Elsevier B.V. All rights reserved.
oi:10.1016/j.jchromb.2004.07.025
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Fig. 1. A reaction scheme for the derivatization of valproic acid (VA) with
NOEPES (the derivatizing reagent).

In this work, analytical derivatization of VA with 2-(2-
naphthoxy)ethyl 2-(piperidino)ethanesulfonate (NOEPES)
[17] was performed. NOEPES is a chemically removable
and light stable reagent. The VA derivative from NOEPES
(Fig. 1) has an auxochrome (substituted alkoxy) attached to
the chromophoric (fluorophoric) naphthalene system, mak-
ing it highly responsive to a fluorimetric detector. The detec-
tion limit of the proposed method is better than those reported
[8,9,13–16]and the obtained chromatogram for the analysis
of VA in plasma is simple and clean.

2. Experimental

2.1. Chemicals and reagent solutions

Sodium valproate (VA sodium) and nonanoic acid (used as
an internal standard, IS) (Sigma, St. Louis, MO, USA), 2-(2-
naphthoxy)ethyl 2-(piperidino)ethanesulfonate (NOEPES,
synthesized at our laboratory)[17], 18-crown-6 ether (18-
crown-6) (TCI, Tokyo, Japan), potassium bicarbonate and
sulfuric acid (E. Merk, Darmstadt, Germany), and toluene
(Tedia, Fairfield, OH, USA) were used without further treat-
ment. Other chemicals were analytical reagent grade. Dis-
tilled water purified with the Ultrapure R/O water system
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(93:7 (v/v)) at a flow rate of 1.0 ml/min were used. The col-
umn eluate was monitored at 230 nm for excitation and at
350 nm for emission. The mobile phase was filtered through
a Millipore Durapore membrane filter (HVLP, 0.45�m) un-
der vacuum for degassing before use.

2.3. Preparation of human plasma sample

Aliquots of normal plasma (50�l) spiked with five differ-
ent levels of VA sodium over the range 10–200�M were
added with IS solution (500�M, 20�l) in polypropylene
(PP) microcentrifuge tubes (1.5 ml); in case of patient dosed
with VA sodium, a smaller aliquot of plasma (10�l diluted
with water to 50�l) was used in this study. After mixing, the
sample solution was acidified with HCl (2 M, 50�l) and ex-
tracted with toluene (0.5 ml) by vortex mixing for 30 s. After
centrifuging at 1800 g for 5 min, aliquots (200�l) of the su-
pernatant toluene layer were subjected to the derivatization
below.

2.4. Derivatization procedure

Aliquots (200�l) of the toluene extract were added to
series of 25 ml screw capped test tubes each containing
200�l NOEPES (15 mM) in toluene, 200�l of 18-crown-
6 nate.
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Millipore, MA, USA) was used for preparing related aq
us solutions. Standard solutions of VA sodium at var
oncentrations were prepared in deionized water; soluti
S (500�M) was prepared in 0.5 M KOH aqueous soluti
nd solutions of NOEPES and 18-crown-6 were prepar

oluene.

.2. HPLC conditions

A Waters LC system with a Model 515 HPLC pum
Model 717 plus autosampler and a Model 2475 fluo

ence detector and a Millennium chromatography man
as used. A Merck Purospher Star RP-18e column (250
4 mm i.d.: 5�m) and a mixed solvent of methanol-wa
in toluene (5 mM) and about 20 mg potassium bicarbo
he reactants were shaken at 95◦C for 60 min. After cooling
liquot (500�l) of the solution was transferred to a PP mic
entrifuge tubes tube (1.5 ml) and washed with H2SO4 (1 M,
.0 ml) by vortexing for 30 s for removal of excess reag
NOEPES). The acid-washed toluene layer (100�l) was di-
uted with an equal volume of methanol for being compa
ith the mobile phase in chromatographic analysis. Th
ulting solution was analyzed by HPLC with an inject
olume of 10�l.

. Results and discussion

For optimizing the derivatization conditions for V
10 nmol) and IS (10 nmol) extracted from spiked plas
ain parameters affecting the derivatization were studie

luding the concentration of the derivatizing reagent, rea
ime (at 95◦C) and the catalyst. The effects of the para
ers on the derivatization were evaluated by peak areas
esulting VA and IS derivatives. And then peak-area ratio
he drug analyte to the IS were used for the calibration
he analysis of VA in plasma.

.1. Optimization of the derivatization

The main parameters in the derivatization proce
Section 2.4) were varied to evaluate their effects on
erivatization of VA in toluene extract. The effects
OEPES at varied concentrations (1–30 mM) on the de

ization of VA and IS show that plateau formation of b
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Fig. 2. Liquid chromatograms for (A) normal plasma blank; (B) VA in pa-
tient plasma (patient B inTable 2). Peak 1, the VA derivative and peak 2, the
IS derivative; seeSection 2for LC conditions.

derivatives is attainable using NOEPES at concentrations
≥15 mM. The effect of derivatization time (0.25–3.0 h) at
95◦C on the formation of the derivatives indicates that equi-
librium formation of the derivatives can attain in 1 h; whereas
derivatization by reacting at 95◦C for 0.5 h results in≥90%
yield of the VA derivative obtained from reacting for 1 h.
Therefore, derivatization at 95◦C for a shorter time can be
used if the sensitivity is sufficient for an analysis. Optimum
amounts of potassium bicarbonate (0–35 mg) and 18-crown-
6 (0–30 mM) used as reaction activator and catalyst[19] for
the derivatization of VA were≥20 mg and 5 mM, respec-
tively. The derivatization of fatty acids with NOEPES related
reagents in toluene gives favorable results in our previous
studies[17,18]and VA is similar to fatty acid in property. In
consideration of using a solvent both for the extraction of VA
from plasma and for its subsequent derivatization, we tried
toluene and proved it feasible. Based on the optimization con-
ditions obtained, the derivatization procedure was formulated
in Section 2.4.

Fig. 2 shows the typical chromatograms for the analysis
of VA in plasma, indicating that the plasma blank does not
interfere with the derivatives of VA and the IS. The chro-
matogram is simple and clean due partly to the removal of
excess reagent as water soluble ammonium species (Fig. 1)
after derivatization by the acid treatment (protonation of the
b
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Table 1
Precision and accuracy for the determination of valproic acid spiked in hu-
man plasma

Concentration
knowna (�M)

Concentration
found (�M)

R.S.D. (%) R.E.b (%)

Intra-day
30.0 30.0± 0.98 3.3 −0.1

120.0 119.6± 0.99 0.8 −0.3
180.0 179.6± 1.65 0.9 −0.2

Inter-day
30.0 30.0± 1.21 4.0 −0.1

120.0 120.4± 1.54 1.3 0.4
180.0 180.3± 2.38 1.3 0.2

a Intra-day assay variance from triplicate analysis of VA at five intervals
on a single day and inter-day assay variance from triplicate analysis of the
drug spiked in human plasma on five consecutive days.

b R.E. calculated from (value found-value known)/value known.

tives are sufficiently stable for the time required for their
analysis.

3.3. Structural analysis of the VA derivative

The derivative of VA was prepared by scaling up the
amount of VA (0.12 mmol) with similar derivatization pro-
cedure indicated inSection 2.4. The purified derivative was
examined by electron impact MS (JEOL-SX102A mass spec-
trometer with an ionization energy of 70 eV). The mass
spectrum obtained exhibited a molecular ion peak atm/z
314 (M) for the derivative of VA and a base ion peak
at m/z171, corresponding to the naphthoxyethyl fragment
(C10H7OCH2CH2).

3.4. Analytical calibration and precision

Quantitative applicability of the method for the analysis of
VA in spiked plasma was evaluated at five different concen-
trations over the range 10–200�M. Calibration graph was
established withy for the peak-area ratios of VA to the IS
(nonanoic acid,) andx for the concentration (�M) of VA. The
linear regression equation obtained is as follow:y = (0.0060
± 0.0001)x − (0.0091± 0.0058) with a correlation coeffi-
cientr = 0.999 (n = 5). The detection limit (S/N = 3; sample
size, 10�l) of VA is 0.6 �M.
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.2. Stability of the derivative

The stabilities of the derivatives of VA and IS were st
ed by observing the peak-area of each analyte for
fter derivatization. No significant changes of the pe
reas of the analytes were found, indicating that the de
The intra- and inter-day precisions (relative standard
iations, R.S.D.) of the method were studied based on
eak-area ratios for the analysis of VA at three levels o
20 and 180�M. The analytical results (Table 1) indicate

hat the relative standard deviations (R.S.D.) are below 4
or intra- and inter-day assay (n = 5) and the relative erro
R.E.) are below 0.4%. The relative recoveries of VA sp
n plasma at three levels (50, 100 and 150�M) by the method
re in the range of 98.0–104.0% (data not shown).

.5. Application

The method was demonstrated to the analysis of
n plasma of patients at the Department of Psychi
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Table 2
Analytical results of valproic acid in patient plasma

Patienta Concentration foundb(�M) R.S.D. (%)

A 633.0± 10.5 1.7
B 502.2± 5.9 1.2
C 320.0± 12.3 3.8

a Patients received various oral doses of VA sodium (Depakine® tablet,
500 mg VA sodium per tablet) for 1 month at Department of Psychiatry,
Kaohsiung Medical University Hospital. Patient A (male, 34 years, 82 kg)
with daily dose of 2000 mg VA sodium (500 mg at 9 a.m. and 1500 mg at
9 p.m.), patient B (female, 26 years, 50 kg) with daily dose of 1000 mg VA
sodium (1000 mg at 9 p.m.), and patient C (male, 22 years, 72 kg) with daily
dose of 1250 mg VA sodium (500 mg at 9 a.m. and 750 mg at 9 p.m.); blood
samples were collected from patients at 9 a.m. for VA monitoring after 1
month treatment.

b Mean± S.D. (n = 3).

Kaohsiung Medical University Hospital. The results (Table 2)
indicate that the VA concentrations in plasma of patients
treated with various daily dose of VA sodium for 1 month
are in the range of 320–633�M. The therapeutic level of VA
in plasma is considered to be in the range of 347–694�M
[2].

In conclusion, a sensitive fluorimetric HPLC was devel-
oped for the analysis of VA in plasma. The method is simple,
using the same solvent (toluene) for the extraction and deriva-
tization of VA from the plasma without the lengthy step of
solvent replacement. The method is effective for monitoring
of VA levels in patient plasma for therapeutic purpose.

Acknowledgement

The author H.L. Wu is grateful to the National Science
Council (Taiwan) for financial support of this work (NSC92-
2320-B-037-042).

References

[1] R.L. Macdonald, M. Kevien-Kelly, Epilepsia 36 (1995) S2.
[2] Physicians’ Desk Reference, 54th ed., Medical Economics Co.,

Montvale, NJ, 2000, p. 426.
[3] H. Lingeman, W.J.M. Underberg (Eds.), Detection-oriented Derivati-

zation Techniques in Liquid Chromatography, Marcel Dekicer, New
York, 1990.

[4] R. Alric, M. Cociglio, J.P. Blayac, R. Puech, J. Chromatogr. 224
(1981) 289.

[5] J.P. Moody, S.M. Allan, Clin. Chim. Acta 127 (1983) 263.
[6] M. Nakamura, K. Kondo, R. Nishioka, S. Kawai, J. Chromatogr. 310

(1984) 450.
[7] C. Lucarelli, P. Villa, E. Lombaradi, P. Prandini, A. Brega, Chro-

matographia 33 (1992) 37.
[8] F.A.L. van der Horst, G.G. Eikelboom, J.J.M. Holthuis, J. Chro-

matogr. 456 (1988) 191.
[9] H. Cisse, R. Farinotti, S. Kirkiacharian, A. Dauphin, J. Chromatogr.

225 (1981) 509.
[10] M. Nakajima, A. Sato, K. Shimada, Anal. Sci. 4 (1988)

385.
[11] J.H. Wolf, L.V. -vander Duin, J. Korf, J. Chromatogr. 487 (1989)

496.
[12] E. Bousquest, S. Tirendi, N.A. Santagati, Marta Salvo, P. Moncada

Paterno Castello, Pharmazie 46 (1991) 257.
[13] H. Liu, L.J. Forman, J. Montoya, C. Eggers, C. Barham, M. Delgado,

J. Chromatogr. 576 (1992) 163.
[14] H. Liu, L.J. Montoya, L.J. Forman, C.M. Eggers, C.F. Barham, M.

Delgado, Ther. Drug Monit. 14 (1992) 513.
[15] S. Hara, M. Kamura, K. Inoue, M. Fukuzawa, N. Ono, T. Kuroda,

[ yan-
02)

[ 00)

[ , J.

[ Tech-
Biol. Pharm. Bull. 22 (1999) 975.
16] S. Rompotis, M. Parissi-Poulou, E. Gikas, M. Kazanis, A. Vava

nis, I. Panderi, J. Liq. Chromatogr. Rel. Technol. 25 (20
2833.

17] C.H. Lu, H.L. Wu, S.H. Chen, H.S. Kou, Chromatographia 51 (20
315.

18] H.L. Wu, Y.Y. Shyu, H.S. Kou, S.H. Chen, S.M. Wu, S.S. Wu
Chromatogr. A 769 (1997) 201.

19] M. Starks, C. Liotta, Phase Transfer Catalysis: Principles and
niques, Academic Press, New York, 1978, p. 150.


	Simple and sensitive fluorimetric liquid chromatography method for the determination of valproic acid in plasma
	Introduction
	Experimental
	Chemicals and reagent solutions
	HPLC conditions
	Preparation of human plasma sample
	Derivatization procedure

	Results and discussion
	Optimization of the derivatization
	Stability of the derivative
	Structural analysis of the VA derivative
	Analytical calibration and precision
	Application

	Acknowledgement
	References


