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Abstract

Sensitive and selective determination of valproic acid in plasma by high-performance liquid chromatography (HPLC) is usually achieved
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ith pre-column derivatization. In the present work, the derivatization is omitted due to using a simple but highly selective plasma
rocedure and an optimized chromatographic condition. Valproic acid and the internal standard octanoic acid were extracted from plas
ith n-hexane under acidic condition followed by back-extraction into diluted triethylamine. Chromatography was performed on a CN

250× 4.6 mm, 5�m) under isocratic elution with acetonitrile–40 mM aqueous sodium dihydrogen phosphate (30:70, v/v), pH 3.5. Dete
ade at 210 nm and analyses were run at a flow-rate of 1 ml/min. The method was specific and sensitive with a quantification limit of�g/ml
nd a detection limit of 0.1�g/ml in plasma. The mean absolute recovery for valproic acid using the present plasma extraction proce
5.8%. The intra- and inter-day coefficient of variation and percent error values of the assay method were all in acceptable range.
urves were linear (r > 0.999) from 1.25 to 320�g/ml in plasma.
2005 Elsevier B.V. All rights reserved.
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. Introduction

Valproic acid (2-propylpentanoic acid) is a simple eight-
arbon branched-chain fatty acid with unique anticonvulsant
roperties against several types of epileptic seizures[1]. Due

o the widespread usage of valproic acid as an antiepileptic
rug, there is a constant need for simple and specific meth-
ds for the determination of this substance in patients’ plasma.
ince valproic acid is volatile, it is mostly determined by gas
hromatography (GC) without derivatization or following alky-
ation[2]. High-performance liquid chromatography (HPLC) is
n attractive alternative to GC for the analysis of most drug,
owever, its application for the analysis of valproic acid in
lasma is limited by the fact that the drug has no suitable chro-
ophore. The very non-specific absorption, where substantial
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UV absorption occurs, makes it difficult to develop a spec
selective and sensitive HPLC–UV method, particularly w
using complex matrices such as biological fluids. Only a
HPLC methods with UV detection at 210 nm are available
valproic acid[3,4] based on deproteination with acetonitr
which in turn leads to decreased sensitivity and selectivi
could be suggested that a more specific extraction of val
acid from plasma would improve HPLC determination of
drug. There are existing HPLC methods that offer sufficient
sitivity and selectivity but require prior derivatization of valpr
acid to add either a chromophore or a fluorophore[5–10]. Chro-
matography of valproic acid without prior derivatization wo
significantly simplify the method and thus shorten the ana
time.

This paper describes a simple, rapid and efficient (in ter
recovery and removal of interferences) liquid–liquid extrac
procedure for valproic acid from plasma. The method al
determination of valproic acid at low concentrations withou
need for prior derivatization.

570-0232/$ – see front matter © 2005 Elsevier B.V. All rights reserved.
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2. Experimental

2.1. Reagents

Valproic acid (purity of 98%) and octanoic acid (99%) were
from Aldrich-Chemie (Steinheim, Germany). Analytical grade
phosphoric acid, sodium dihydrogen phosphate, triethylamine
and HPLC grade methanol were purchased from E. Merck
(Darmstadt, Germany). HPLC grade acetonitrile and analyti-
cal graden-hexane was obtained from Carlo Erba Reagenti
(Rodano, Italy). All other reagents were of analytical grade.

2.2. Instrumentation

The analyses were performed on a Shimadzu chromato-
graphic system (Kyoto, Japan) equipped with an LC-6A solvent
delivery pump, SPD-10AVP ultraviolet detector (operated at
210 nm) and C-R8A integrator. The samples were applied by a
Rheodyne 7725 loop injector with an effective volume of 100�l.
A Shimpack CLC-CN column (250× 4.6 mm i.d.; 5�m particle
size) was used for the chromatographic separation. The mobile
phase comprised of acetonitrile–40 mM aqueous sodium dihy-
drogen phosphate (30:70, v/v), pH 3.5. Analyses were run at
flow rate of 1 ml/min at ambient temperature.

2.3. Standard solutions
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(25�l, equal to 25�g of octanoic acid in methanol) was added
and vortex-mixed for 10 s. Extraction was performed by adding
50�l of 1M H3PO4 and 3.5 ml ofn-hexane and vortex-mixing
for 2 min. After centrifugation at 12,000× g for 3 min, the whole
organic layer was separated and transferred into another tube.
Then, 100�l of 0.5% triethylamine in water was added. The mix-
ture was vortex-mixed for 2 min. After waiting for 30 s, some of
the upper organic phase was discarded and the remaining mix-
ture (about 1 ml) was transferred into a 1.5 ml microcentrifuge
tube. After centrifugation at 11,300× g for 2 min, the upper
organic phase was discarded completely. Finally, a volume of
50�l of aqueous phase was injected into the chromatograph.

2.6. Assay validation

The specificity of the method was evaluated by comparing
the chromatograms obtained from the samples containing val-
proic acid and internal standards with those obtained from blank
samples. Additionally, plasma sample spiked with various other
drugs were prepared and investigated for their possible interfer-
ences. Besides calibration standards, additional standards were
prepared for the determination of intra-day (n = 5) and inter-day
(n = 5) of the assay accuracy and precision. The absolute recov-
eries (n = 5) was calculated by comparing peak heights obtained
from prepared sample extracts with those found by direct injec-
tion of drug solution made in 0.5% triethylamine in water at the
s
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The octanoic acid (internal standard) was dissolve
ethanol to produce a final concentration of 1 mg/ml. Stan

tock solution of valproic acid was prepared in methanol by
olving 800 mg of free acid in 50 ml of methanol and store
5◦C. Working standard solutions for valproic acid were p
ared daily in methanol producing 16, 8, 4, 2, 1, 0.5, 0.25, 0
nd 0.0625 mg/ml.

.4. Calibration curves and quantitation

Plasma standards for calibration curves were prepare
piking different samples of 1 ml drug-free plasma each
0�l of one of the above mentioned valproic acid working s
ards to produce 320, 160, 80, 40, 20, 10, 5, 2.5 and 1.25�g/ml.
hey were shaked for 2 min, and then stored at least 15
t room temperature before use. The prepared calibration
ards and quality control standards (250�l) were pipetted into
ml polypropylene tubes and stored at−20◦C pending analy
is. In each run, a plasma blank sample was also analyze
esults for blank samples were not used as part of the calibr
urves.

Calibration curves were constructed by plotting peak he
atio (y) of valproic acid to the internal standard versus valp
cid concentrations (x). A linear regression was used for qu

itation.

.5. Extraction procedure

A 250�l volume of plasma was transferred to a 4
olypropylene tube (10 mm× 70 mm). The internal standa
y

-

ut
n

ame concentration.
The limit of quantification (LOQ) was estimated by analyz

alproic acid at low concentrations of the calibration curves.
OQ was defined as a concentration level where accurac
recision were still better than 10%. To determine the lim
etection (LOD), lower plasma concentrations than the lo
nd of the calibration curves were used. The LOD was
efined as the concentration, which caused a signal three

he noise (S/N = 3/1).

. Results and discussion

.1. Sample preparation

Valproic acid could be extracted from plasma into vari
rganic solvents under acidic condition. However,n-hexane
hich is a weak solvent for most drugs was preferred to
ent co-extraction of other drugs and endogenous interfere
rom plasma. Both phosphoric and hydrochloric acid were
ble for plasma acidification. Using these acids, valproic
ould be extracted from plasma inton-hexane even at pH 5 wi
bsolute recovery of 50%, but very poor recovery was obta
ith acetic acid at the same or lower pH. Therefore, the ch
f proper acid is also important.

One major problem associated with valproic acid is the
cal loss of sample during sample concentration steps. Po
nequal losses of valproic acid during evaporation of ex

ion solvent can cause large variations in the measurem
o circumvent concentration by evaporation, several met
5,11,12]use a small volume of extraction solvent and in
t directly. However, in reversed-phase chromatography d
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injection of water immiscible solvent can cause serious prob-
lems. Back-extraction into a small volume aqueous solution is
the best way to concentrate valproic acid while it can also offer
more selective extraction and cleaner chromatogram. Although,
back-extraction into 0.5 M sodium hydroxide has been proposed
[13,14], it must be noticed that direct injection of sodium hydrox-
ide solution with such a high concentration can destroy injector
and column. We first tried to back-extract valproic acid from
n-hexane into 0.01–0.05 M sodium hydroxide solutions, but it
was not successful. We evaluated several alternatives to sodium
hydroxide solution and observed that diluted triethylamine solu-
tion can effectively extract valproic acid fromn-hexane. Inter-
estingly, although 0.5% of triethylamine in water had a pH of
about 8, it was decreased to the pH of 6 after back-extraction
of plasma extract. This observation may be explained that most
of triethylamine goes ton-hexane phase because of better solu-
bility in it, but the complex of valproic acid with triethylamine
prefers to be in aqueous phase.

3.2. Chromatographic condition

3.2.1. Chromatographic column and mobile phase
We first tried C8 and C18 columns with acetonitrile–

phosphate buffer as mobile phase. There were several plasma
interferences close to the retention times of valproic acid and
t s an
c eou
p sults
W ich
s ns.

simple buffered acetonitrile mobile phase under isocratic elution
on CN column was found appropriate for separation of valproic
acid and internal standard from plasma interferences.

3.2.2. Injection solvent
The sharp and narrow peak for valproic acid and internal

standard was obtained when they were injected in very dilute tri-
ethylamine solutions, but peak broadening was observed when
injecting the analytes dissolved in methanol. The peak broaden-
ing could be due to the fact that methanol has a higher solvent
strength than the mobile phase, leading to defocusing of the
peaks at the start of the chromatographic process.

3.3. Method validation

Representative chromatograms of drug-free plasma, plasma
spiked with valproic acid at LOQ and a high concentration,
and a patient sample are shown inFig. 1. The retention times
for valproic acid and internal standard were 8.5 and 9.9 min,
respectively. No interfering peaks from the endogenous plasma
components were observed in the retention time of valproic acid
or internal standard. All analyzed patients samples showed an
additional peak at 7.4 min, which could be one of the metabo-
lites of valproic acid. A number of drugs were added to blank
plasma at sufficient concentrations and these samples were ana-
l amic
a ium
b sux-
i cin;
a ime-

F
w

he internal standard. We evaluated different mobile phase
hanged buffer concentration, pH values and organic to aqu
hase ratio, but all these efforts did not give satisfactory re
e finally overcame this problem by using a CN column, wh

howed superior separation results than other tested colum
ig. 1. Representative chromatogram of: (A) a blank plasma, attenuation = 2;
ith 80�g/ml valproic acid, attenuation = 3 and (D) a sample from an epileptic
d
s
.

A

yzed according the present method. They include: mefen
cid; indomethacin; sodium diclofenac; naproxen; sod
enzoate; sodium salicylate; phenytoin; primidone; etho

mide; carbamazepine; theophylline; ciprofloxacin; ofloxa
cetaminophen; codeine; dextromethorphan; ranitidine; c
(B) plasma spiked with 1.25�g/ml valproic acid, attenuation = 2; (C) plasma spiked
patient containing 166.7�g/ml valproic acid, attenuation = 4.
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Table 1
The intra- and inter-day precision and accuracy, and recovery data for the measurement of valproic acid in human plasma (n = 5)

Nominal concentration (�g/ml) Recovery (%) Intra-day Inter-day

Mean± S.D. Precision (%) Accuracy (%) Mean± S.D. Precision (%) Accuracy (%)

1.25 78.9± 6.4 1.13± 0.05 4.4 −9.6 1.27± 0.11 8.7 1.6
5 74.2± 3.8 5.1± 0.15 2.9 2 4.9± 0.38 7.8 −2

80 73.4± 5.1 78.4± 1.55 2 −2 77.3± 2.35 3 −3.4
320 76.5± 4.7 318.6± 8.16 2.6 −0.4 327.5± 6.72 2.1 2.3

tidine; famotidine; diltiazem; verapamil; caffeine; amlodipine;
cyclosporine; metformin; ketoconazole; clonazepam; diazepam;
acyclovir; loratadine; moclobemide and losartan. None of them
interfered with the valproic acid assay.

The calibration curves were linear over the concentration
range of 1.25–320�g/ml in human plasma, with a correlation
coefficient greater than 0.999. The LOQ was 1.25�g/ml and the
LOD was about 0.1�g/ml. The values obtained for intra-day
and inter-day precision and accuracy during the 5-day valida-
tion for plasma are shown inTable 1. All values for accuracy
and precision were within recommended limits. The mean abso-
lute recoveries for valproic acid and internal standard using the
present extraction procedure were 75.8 and 55.2%, respectively.
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