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bstract

An efficient and fast extraction technique for the enrichment of valproic acid from human blood serum samples using the headspace liquid phase
icroextraction (HS-LPME) combined with gas chromatography (GC) analysis has been developed. The extraction was conducted by suspending
2 �L drop of organic solvent in a 1 mL serum sample; following 20 min of extraction, withdrawing organic solvent into a syringe and injection

nto a GC with a flame ionization detector (FID), without any further pre-treatment. Four organic solvents, 1-decanole, benzyl alcohol, 1-octanol
nd n-dodecane, were studied as extractants, and n-dodecane was found to be the most sensitive solvent for valproic acid. The results revealed
hat HS-LPME is suitable for the successful extraction of valproic acid from human blood serum samples. Parameters like extraction time, ionic
trength, pH, organic solvent volume, and temperature of the sample were studied and optimized to obtain the best extraction results. An enrichment

actor of 27-fold was achieved in 20 min. The procedure resulted in a relative standard deviation of <13.2% (n = 7) and a linear calibration range
rom 2 to 20 �g mL−1 (r > 0.98), and the limit of detection was 0.8 �g mL−1 in serum blank samples. Overall, LPME proved to be a fast, sensitive
nd simple tool for the preconcentration of valproic acid from real samples. The proposed method was also applied to the analysis of valproate in
harmaceutical preparations.

2006 Elsevier B.V. All rights reserved.
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. Introduction

Valporic acid (VPA; 2-propylpentanoic acid) is a C8-
ranched carboxylic acid and an anti-epileptic drug widely used
or the treatment of seizure disorders [1]. Monitoring of VPA lev-
ls in patient plasma is essential when there are changes in VPA
ose, concomitant medication or clinical condition of patient
2].

Many analytical approaches have been used in determina-
ion of VPA, based on high-performance liquid chromatography
HPLC) [3–9], capillary electrophoresis [10,11] in combina-
ion with mass spectrometry (MS) [12–18], ultraviolet detection

UV) or fluorescence detection, usually after derivatization with
suitable chromophore or fluorophore [19–21], and also poten-

iometry ion selective sensors [22,23]. Although HPLC methods
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re frequently applied for this analysis but due to volatile nature
f VPA, GC-MS is often preferred, offering unrivalled high res-
lution [24–27]. In most of these processes there is a need for
rior derivatization to convert analyte into a suitable component
or detection. Chromatography of analyte without prior deriva-
ization would simplify the method, and as a result, the analysis
ime would be reduced. Underivatized VPA was analyzed using
C with flame ionization detection [28].
To achieve the necessary levels of sensitivity, enrichment and

lean-up steps are needed before the chromatographic analysis.
xtraction with solvent is most commonly used for isolation
f VPA of serum solution prior to chromatographic analysis
3–12,19–21,29]. Evaporation and clean-up of extractive sol-
ent prior to injection to GC column is essential to concentrate
nd eliminate background interferences. Thus, sensitivity would

ave been reduced due to loss of analyte through these tedious,
abor-intensive, and time-consuming processes. Furthermore,
here is preference for using solvent-less or solvent-free

ethods.

mailto:alizaden@modares.ac.ir
dx.doi.org/10.1016/j.jchromb.2006.11.013
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Solid-phase microextraction (SPME), developed by Belardi
nd Pawliszyn [30] includes simultaneous extraction and
reconcentration of analytes from aqueous samples or the
eadspace of the samples. The technique is simple, fast, solvent-
ree, easily automated and usually more feasibly combined with
C or HPLC [31–33]. However, there are still some drawbacks

n this method, including limited life of the fiber, degradation
f fibers with increased usage, bleeding of the SPME coating
nto the GC injector and sample carry-over [34,35]. In addi-
ion, SPME fibers are relatively expensive, and only a limited
election of stationary phases is available for the fibers. The
ree concentration of VPA in human plasma was determined
y equilibrium dialysis followed by SPME and capillary gas
hromatography by Krogh et al. [29].

In recent years, microextraction into a solvent drop has been
hown to be an alternative sample preparation method to the
onventional liquid–liquid extraction (LLE) [36,37] and has
ttracted increasing attention. Liquid-phase microextraction
LPME) is a solvent-minimizing sample pretreatment (1–3 �L),
hich is quick, requires simple laboratory equipments, easy

or automation, and inexpensive with minimal exposure to
oxic organic solvents. One advantage of LPME is the inte-
ration of extraction, concentration and sample introduction
nto a single step [38–40]. Today, head-space LPME has
een successfully used for the extraction of volatile to semi-
olatile compounds, without any interference from the sample
atrix.
The purpose of this work was to develop a simple, rapid,

nd reliable method for the quantitative determination of
PA in human blood serum. Extraction and determination
f VPA in serum was carried out by HS-LPME combined
ith a capillary gas chromatography-flame ionization detector.
or the purpose of the present studies, different parameters
ffecting the extraction process were studied and optimized.
he optimized method is proposed as an efficient alternative to
ore expensive, time consuming conventional methods. The

erformance of the proposed method was also compared to
hat of SPME and also applied to the analysis of valproate in
harmaceutical preparations.

. Experimental

.1. Reagents

Sodium valproate was prepared from Roozdaroo Co.,
ran. The stock solution of this compound was prepared
t a concentration of 1 mg mL−1 in methanol. This stock
tandard solution was diluted with double distilled water
eekly to prepare a standard solution with a concentration
f 50 �g mL−1. The model solutions containing the required
mount of analyte (0.1–20 �g mL−1) were prepared daily by
iluting mixed standard solutions with double distilled water
o study extraction performance under different conditions.

tock and working standards were stored at 4 ◦C. 1-Decanole,
enzyl alcohol, 1-octanol and n-dodecane containing a fixed
oncentration (10 �g mL−1) of butanoic acid as an IS from
erck (Darmstadt, Germany) were used as extraction solvents.

a
w
v
i

gr. B 850 (2007) 128–133 129

ll other chemicals and reagents were of analytical grade from
erck (Darmstadt, Germany).

.2. Instrumentation

A 10 �L Hamilton gas-tight syringe model 1701 (Hamilton,
onaduz, Switzerland), with a bevel needle tip (length: 5.1 cm,

D: 0.013 cm, bevel 22 ◦C) was used to perform HS-LPME
xperiments. A magnetic stirrer model MR 3001 K (Heidolph
nstruments, Schwabach, Germany) and 2.5 mm × 8 mm stirring
ar were used to stir the solution. A laboratory-made two com-
artment recirculating glass cell in conjunction with circulating
ater baths (Frigomix B. Braun UM-S) were used for adjusting

he temperature of sample solutions with an accuracy of±0.1 ◦C.
GC analysis of VPA was carried out using a Philips model

U4410 gas chromatograph (Philips Scientific, England)
tted with a split/splitless injector and flame ionization
etector. Helium was used as the carrier gas with a flow
ate of 1.8 mL/min. The components were separated using a
P-10 14% Cyanopropylphenyldimethylsiloxane fused-silica
apillary column (25 m × 0.22 mm I.D., 2.5 �m film) from SGE
cientific (Sydney, Australia). The injection port and detector
ere operated at 250 and 280 ◦C, respectively. All injections
ere made in split mode (split ratio, 20:1). The flow rates of the
etector gases were 300 mL min−1 of air and 30 mL min−1 of
ydrogen. The oven temperature was programmed from 80 ◦C
for 2 min) to 140 ◦C at a rate of 15 ◦C min−1 and held at 140 ◦C
or 1 min; then, the temperature was raised rapidly with a rate
f 40 ◦C min−1 to a final temperature of 280 ◦C that was held
or 8 min.

.3. Sample preparation

The blood samples were taken from human (without epilepsy)
nd transferred in serum separator tubes. The blood samples
ere centrifuged at 2500 rpm for 20 min to obtain serum and

hen serum was stored at −20 ◦C prior to analysis. Working
erum samples were prepared by combining 200 �L of blank
erum and 800 �L of acidified water and spiked with an appro-
riate amount of the sodium valproate in a 2 mL glass vial with
PTFE-silicon septum. After addition of sodium chloride and
magnetic stirring bar, the vial was hermetically closed by a

eflon/silicon septum and tightly sealed with an aluminum cap
o prevent sample loss due to evaporation. The vial was ther-

ostated using a heated circulating water bath at 45 ◦C, for
0 min before HS-LPME, to reach equilibrium.

.4. HS-LPME procedure

Before every extraction, the syringe was rinsed 10–15 times
ith the organic solvent to avoid the formation of air bubbles and

he carryover of compounds between extractions. Then, a 2 �L
olume of organic solvent containing 10 �g mL−1 of butanoic

cid (IS) was drawn into the microsyringe. The needle tip was
iped with a tissue, and the syringe was suspended over the
ial using a metal stand (clamp). Then, the syringe needle was
nserted through the silicone septum, with the end of the needle
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The time for reaching equilibrium determines the maximum
amount of analyte that can be extracted by the solvent drop,
30 P. Shahdousti et al. / J. Chr

bout 1 cm above the surface of the solution. The plunger was
otally depressed in order to generate a 2 �L solvent drop on
he needle tip. Meanwhile, the solution was constantly stirred to
romote the diffusion of VPA from the serum into the solvent
rop. After a certain studied period of extraction, the drop was
etracted into the needle, and the plunger was drawn back to
�L. The syringe was then taken out of the vial and the solvent

njected into the GC.

. Results and discussion

In order to obtain the optimized extraction conditions and
est extraction efficiency, we used the ratio of peak area of
nalyte and that of internal standard as the GC response to
valuate the extraction efficiency under different conditions.
hree replicate extractions and determinations were performed

or each level. To optimize the method, all the extractions were
nitially carried out in aqueous solutions, then applied to on
uman serum, both blank and spiked with valproate, and finally
o tablet and syrup samples.

.1. Solvent selection

It is essential to select a suitable organic solvent for HS-
PME. The following factors should be considered. Firstly, the
olvent should have a high boiling point and low vapor pressure
o that it can stand under higher extraction temperature without
pparent loss. Secondly, according to the theory of “like attracts
ike”, the extraction organic solvent should have a high affinity
or the analytes in sample. Finally, the solvent should be compat-
ble with GC and have a satisfactory chromatographic resolution
rom the analyte. Four solvents, 1-decanole, benzyl alcohol, 1-
ctanol and n-dodecane were tested to select the best one for
he extraction of VPA in water samples with this technique.
utanoic acid was used as internal standard to correct for varia-

ion in injection volumes. Peak area ratio of analytes to IS was

sed as the analytical signal. Preliminary experiments showed
hat n-dodecane gives the best extraction efficiency. Fig. 1 shows
chromatogram of the sample solution of VPA after HS-LPME
sing n-dodecane as extraction solvent.

ig. 1. Chromatogram of the aqueous solution spiked with 7 �g mL−1 of VPA
fter HS-LPME using n-dodecane as extraction solvent.
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oncentration of spiked VPA; 4 �g mL−1, microdrop volume; 2 �L, concentra-
ion of NaCl, 4 M; sample volume, 1 mL; solution temperature, 20 ◦C; extraction
ime, 10 min; stirring speed, 350 rpm.

.2. pH effect

Valproic acid with a pKa of 5 exists in neutral (un-ionized)
orm at low pH, and is completely ionized at pH higher than 4;
hus, it has more tendency to get dissolved in water and efficiency
f extraction would be reduced. Different amounts of HCl and
aOH were added to sample solution to investigate the effect
f pH on the extraction. As Fig. 2 shows, the best results were
btained at pH 1.5; therefore, pH was adjusted to 1.5 in further
nalysis. At this pH, VPA will be completely protonated (Fig. 3).

.3. Extraction time
hich controls the sensitivity of the method. Therefore, extrac-
ion time is a major parameter affecting the extraction efficiency.

ig. 3. Effect of sample solution temperature on the HS-LPME efficiency.
xperimental conditions; concentration of spiked VPA, 2 �g mL−1; concen-

ration of NaCl, 4 M; sample volume, 1 ml; pH = 1.5; microdrop volume, 2 �L;
xtraction time, 20 min; stirring speed, 350 rpm.
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he optimum extraction time was determined by varying the
xposure time of the microdrop in the headspace of a sample
olution from 1–30 min. The amount of analyte transferred into
he microdrop reaches its maximum value when equilibrium
etween the extracting microdrop, headspace and the sample
olution is established. Although equilibrium in the extraction
f VPA was not reached even after 30 min; longer times were not
tudied because of loss of extraction solvent volume at longer
imes. Therefore, an extraction time of 20 min was chosen for
resent work.

.4. Extraction temperature

Temperature is a major parameter affecting the extraction effi-
iency. Fig. 3 presents the effect of solution temperature on the
xtraction ability of VPA, obtained by plotting the peak area as
function of temperature. As can be seen, the extraction ability

ncreases with increasing temperature from 20 to 45 ◦C. This can
e explained by increasing the Henry’s constant and vapor pres-
ure of analyte with temperature. Therefore, the concentration
f analyte in the headspace is increased. In order to decrease the
olume of microdrop (and the consequent problems and dam-
ges), it is recommended not to work at high temperatures. Thus,
he sample temperature was held at 45 ◦C for further analysis.

.5. Ionic strength

Addition of a certain amount of a salt can decrease the
olubility of analytes in aqueous samples and enhance the dis-
ribution constant of compounds between the aqueous phase
nd headspace. The salting-out effect was assessed by the addi-
ion of NaCl to the extracting solution in a range of 0–6 M.
nder the same experimentally condition, the extraction effi-

iency increased by increasing concentration of NaCl, reaches
maximum in the presence of 5 M NaCl and remains constant,

hereafter. The result indicates that addition of salt has dramatic
ffect on extraction of VPA; thus, we carried out further analysis
t 5 M NaCl. This can be explained by the engagement of more
ater molecules in the hydration spheres around the ionic salt,

educes the concentration of water available to dissolved analyte
olecules. Consequently, solubility of the analytes in the aque-

us sample are reduced and distribution constant of compounds
etween aqueous phase and headspace is enhanced [41].
.6. Microdrop volume

From a theoretical point of view, an increase in microdrop
olume will result in increased extraction efficiency; however,

w
y
f
c

able 1
recision, enrichment factors (EF) for the analysis of VPA with HS-LPME–GC–FID,

n serum sample with literature data of SPME [29]

rug RSD (%) (n = 7) EF (fold) D

H

alproic acid 13.2 27 2
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large injection volume will result in bond broadening in the
hromatographic analysis, therefore it is important to optimize
he solvent volume. It was found a change in microdrop volume
rom 1 to 3 �L dose not have any effect on HSME efficiency
ompared with other parameters. The microdrop volume of 2 �L
as used for further studies.

.7. Quantitative analysis

The spiked water and serum blank samples were employed
o investigate the linearity, repeatability, enrichment factor and
imit of detection under the optimal experimentally conditions.
able 1 shows all the quantitative results of this method. In order

o assess the repeatability, relative peak areas for seven replicate
nalyses were studied by extracting spiked water and serum sam-
les (5 �g mL−1) and expressed as relative standard deviation
RSD%). The RSD for VPA was lower than 13.2% (inter-day
nalyses). The linearity of the method was tested over the ranges
.2–10 �g mL−1 in aqueous samples and 2–20 mg L−1 in serum
ample of VPA. For each level, three replicate extractions were
arried out. The HS-LPME procedure showed a satisfactory lin-
ar behavior in the tested range, with correlation coefficients
.99 and 0.98, respectively. In order to determine the enrichment
actors, three replicate extractions were performed at optimal
onditions from aqueous solutions containing 0.5 �g mL−1 of
nalyte. The enrichment factor, calculated as the ratio of the
nal concentration of the analyte in the organic solvent and its
oncentration in the original solution, was found to be 27 for
PA.
The limits of detection for VPA in serum blank when using the

ptimized conditions were determined 0.8 �g mL−1 at a signal-
o-noise ratio (S/N) of 3. The optimized HS-LPME procedure
as compared with previously published SPME method [29].
omparing the results for extraction and determination of VPA

hows that the proposed method has comparable detection limit
nd dynamic linear range with SPME (Table 1).

.8. Applications

The applicability of this extraction method to the real samples
as investigated for human serum sample and pharmaceutical
reparations. HS-LPME of non-spiked serum sample provided a
hromatogram with only a few peaks from the matrix, supporting
n effective sample clean-up (Fig. 4a). Thus, the serum samples

ere spiked with 5 �g mL−1 of VPA, and seven replicate anal-
ses were performed for each serum sample using HS-LPME
ollowed by GC-FID at optimal conditions. A sample of spiked
hromatogram is shown in Fig. 4b. With regard to calibration

and comparison of dynamic linear range (DLR) and limits of detection (LOD)

LR (mg L−1) LOD (�g mL−1)

S-LPME SPME HS-LPME SPME

–20 2–20 0.8 1
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Fig. 4. Chromatogram of the (a) non-spiked and (b) spiked (with 12 �g mL−1

VPA) human serum sample by HS-LPME–GC–FID.

Table 2
HS-LPME and GC determination of valproate in human serum sample and
pharmaceutical preparations

Sample Concentration
(�g mL−1)

Valproate (�g mL−1) RSD (%)

Added Found

Human serum 0 0 0.0 ± 0.1
5 4.6 ± 0.1 13.2 (n = 7)
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yrup 2 0 1.8 ± 0.2 4.4 (n = 3)
ablet 2 0 1.7 ± 0.2 6.8 (n = 4)

raph, the mean of founded amount are shown in Table 2. The
esults obtained by the proposed method and amounts added
re in satisfactory agreement. Finally, the proposed method was
pplied for analysis of antiepileptic tablet and syrup samples.
he tablet sample was dissolved in water and both samples
ere diluted for preparing a solution containing 2 �g mL−1 of

odium valproate (SV). The concentrations of SV were found
s 1.7 �g mL−1 and 1.8 �g mL−1 in tablet and syrup sample
olutions, respectively, using the standard addition method. The
nalytical results are summarized in Table 2.

. Conclusion
The potential of HS-LPME as a sample preparation technique
rior to GC for VPA drug analysis in biological matrices has
een demonstrated. The simplicity, low solvent consumption,

[

[
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ase of operation, good sensitivity and precision, high enrich-
ent factors, and short analysis time are clear advantages of

he proposed method for the determination of VPA in serum
amples. Furthermore, there was no need for evaporation of sol-
ent and derivatization of VPA prior to injection into the GC.
ost importantly, sample clean-up that is an essential step to

educe of interferences from matrices was omitted in our pro-
osed method. The capability of HS-LPME to extract VPA has
een compared with the results obtained using the HS-SPME
ethod, which showed comparable results for the studied com-

ound. The experimental results demonstrated the potential of
S-LPME followed by GC-FID for the extraction and deter-
ination of valproate drug in pharmaceutical preparations; the
ethod was shown to be highly reliable.
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