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ARTICLE INFO ABSTRACT

Article type:

Objective(s): Dispersive liquid-liquid microextraction coupled with gas chromatography (GC)-
Original article

flame ionization detector was developed for the determination of valproic acid (VPA) in human

plasma.

Materials and Methods: Using a syringe, a mixture of suitable extraction solvent (40 pl chloroform)
and disperser (1 ml acetone) was quickly added to 10 ml of diluted plasma sample containing VPA
(pH, 1.0; concentration of NaCl, 4% (w/v)), resulting in a cloudy solution. After centrifugation
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(6000 rpm for 6 min), an aliquot (1 pl) of the sedimented organic phase was removed using a 1-ul
GC microsyringe and injected into the GC system for analysis. One variable at a time optimization
method was used to study various parameters affecting the extraction efficiency of target analyte.
Then, the developed method was fully validated for its accuracy, precision, recovery, stability, and
robustness.

Results: Under the optimum extraction conditions, good linearity range was obtained for the
calibration graph, with correlation coefficient higher than 0.998. Limit of detection and lower limit
of quantitation were 3.2 and 6 pg/ml, respectively. The relative standard deviations of intra and
inter-day analysis of examined compound were less than 11.5%. The relative recoveries were
found in the range of 97 to 107.5%. Finally, the validated method was successfully applied to the
analysis of VPA in patient sample.

Conclusion: The presented method has acceptable levels of precision, accuracy and relative
recovery and could be used for therapeutic drug monitoring of VPA in human plasma.
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Introduction

Valproic acid (2-propylpentanoic acid, VPA) is a
simple eight carbon branched-chain fatty acid with
unique anticonvulsant properties and is used in the
treatment of epilepsy, bipolar disorder and prophylaxis
of migraine headaches (1-5). Hence, monitoring drug
levels in various matrices is particularly valuable in
epilepsy for effective therapeutic drug management
(6-9). Therapeutic serum/plasma concentration of VPA
is between 20-100 pg/ml during controlled therapy but
its toxic serum/plasma concentration may reach 120-
150 pg/ml (10). Physicochemical and pharmacokinetic
properties of VPA are listed in Table1. High performance
liquid chromatography (HPLC) with ultraviolet (UV)
detection (11, 12), fluorescence detection (13, 14)
or coupled with mass spectrometry (MS) (15-
17) and capillary electrophoresis (CE) coupled

with contactless conductivity detection (CD) (18, 19), are
the methods that were used for determination of
VPA. Additionally, due to volatility of VPA, gas
chromatography (GC) (20, 21) is often used. In order to
prevent severe tailing of the fatty acid peak, on-column
and pre-column derivatization have also been used (22,
23). Analysis of VPA in biological samples is difficult due
to the presence of proteins, salts and various organic
compounds in samples. Hence, sample preparation is
crucial in drug analysis, which includes both analyte pre-
concentration and sample cleanup (24). Some sample
preparation techniques based on protein precipitation
(PPT) (18), liquid-liquid extraction (LLE) (22), solid-
phase extraction (SPE) (16), solid-phase microextr-
action (SPME) (23, 25-27), hollow fiber-liquid-phase
microextraction (HF-LPME) (28) and dispersive liquid-
liquid microextraction (DLLME) (19, 29) have been
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developed for this purpose. LLE is time-consuming and
uses large amounts of potentially toxic or hazardous
solvents (30). In addition, the resulting extract may be
transferred, evaporated to dryness and reconstituted
with a suitable solvent prior to analysis. Compared with
LLE, SPE is a selective sample preparation method that
uses a packed solid sorbent (silica or polymer) to isolate
the desired analyte. Nevertheless, potential variability of
SPE packings, irreversible adsorption of some analytes
on SPE cartridges and more-complex method
development are some of the drawbacks that are
presented by this technique (31). SPME was introduced
in the early 1990s as a solvent-free process for extracting
the analytes from aqueous samples or headspace of the
samples (32). Despite its obvious advantages, SPME
suffers from some drawbacks, for example: expensive
SPME fibers are fragile and quite sensitive to complex
matrices such as plasma (33). LPME is a solvent-
minimized sample pretreatment procedure, in which
only a few microliters of solvents are used (34, 35).
Several different modes of LPME have been developed,
such as static LPME, dynamic LPME and HF-LPME (36).
It should be noted that in most cases, LPME methods are
time-consuming and equilibrium could not be attained
even after a long extraction time (31). Recently, Assadi et
al developed a simple and novel LPME method, which
was named as DLLME (37, 38). In this method, a water-
miscible disperser solvent containing a water-immiscible
extraction solvent is injected into the aqueous solution of
analytes. A cloudy solution (a mixture of water, disperser
solvent, and extraction solvent) is formed and
consequently the equilibrium state achieved quickly.
After phase separation, enriched analyte can be
determined by analytical systems. To our knowledge,
there is no DLLME coupled with gas chromatography-
flame ionization detector (GC-FID) method for
determination of VPA in human plasma in the literature.
The present work is the first report of combination of the
DLLME method with GC-FID, without any derivatization,
for the determination of VPA in human plasma. Several
factors that influence the microextraction efficiency were
comprehensively examined in detail and the optimized
microextraction conditions were established. Finally, the
developed method was validated according to the Food
and Drug Administration (FDA) guidance and applied to
areal sample analysis.

Materials and Methods
Chemicals and reagents

Sodium valproate was kindly donated by Rouz
Darou Pharmaceutical Co. (Tehran, Iran). Dichloro-
methane, tetrachloroethylene, chloroform, and carbon
tetrachloride as extraction solvents and other
chemicals such as methanol, acetone, acetonitrile,
tetrahydrofuran (THF), sodium chloride (NaCl),
hydrochloric acid (HCI), and sodium hydroxide (NaOH)
were purchased from Merck Company (Darmstadt,

Germany). Distilled water was used for preparation of
aqueous solutions.

Instrumentation: GC-FID

An Agilent 7890A gas chromatograph with
split/splitless inlet and FID was used for separation and
determination of VPA. Optimum flow rates of carrier
(N2) and detector gases, such as hydrogen and
compressed air were 1, 40 and 300 ml/min,
respectively. Hettich centrifuge, model D-7200
(Germany) was used for centrifuging. Injection port
temperature of 270 °C in the splitless mode and a purge
time of 30 sec were selected as optimal state.
Separation was carried out on an HP-5 capillary column
(30 m x 0.32 mm id.,, 0.25 um film thicknesses). The
oven temperature was programmed as follows: initial
temperature of 80 °C (held 1 min), from 80 °C to 140 °C
atarate of 15 °C/min, and held at 140 °C for 2 min. Then
raised at 40 °C/min to 250 °C and held for 5 min. The
FID temperature was maintained at 280 °C.

Sample preparation
Plasma treatment

A standard stock solution of sodium valproate
(1000 mg/1) was prepared in methanol and stored at
4°C. Working solutions were prepared by dilution with
deionized water. Free drug plasma samples were
obtained from Iranian Blood Transfusion Research
Center (Tabriz, Iran) and kept at -20 °C until analysis.
For preparation of desired concentration (6-140
pg/ml) of VPA in plasma, 1 ml of drug-free plasma was
spiked with known amounts of the VPA standard
solution and kept at room temperature for 20 min.
Then for precipitation of plasma proteins, acetonitrile
was added to plasma sample in the ratio of 1:1 and
vortexed for 1 min. Then it was centrifuged at 6000
rpm for 5 min. 1 ml of the clear supernatant was
transferred in a 10.0 ml volumetric flask and 0.4 g NaCl
was added. Following this, it was diluted to the mark
with deionized water and the pH of obtained solution
was adjusted to 1.00 by 1 M HCI. In order to reduce the
matrix effect of the plasma sample, the supernatant was
diluted 10-fold with deionized water and then was
subjected to the microextraction procedure.

Preparation of real plasma sample

Blood sample was obtained from a male patient (35
years old) who had signed the consent form that was
approved by the Ethics Committee, Tabriz University of
Medical Sciences. This patient had been administered
VPA (125 mg), flurazepam, bipyridine, risperidone, and
propranolol. 5 ml of blood was collected in a
heparinized tube at 2 hr after drug intake. Blood sample
was centrifuged immediately and the plasma was
separated and subjected to the proposed DLLME
method.
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Table 1. Physicochemical and pharmacokinetic properties of valproic acid

Physicochemical properties

Molecular structure Molecular weight (g/mole) Melting point (°C) LogP pKa
HO CHj
/ 144.21 120-121 2.8 4.7

! CH,

Pharmacokinetic properties
. . . . N Plasma protein
Therapeutic range (pg/ml) Toxic range (pg/ml) Half-life [ tos (h)] Bioavailability binding (%)
80-95

20-100 120-150 9-18 70-100

Physicochemical properties calculated using ACD/Labs software version 11.0

DLLME procedure

In the next step, 10 ml of diluted plasma sample
(described above) was transferred into a 12-ml
glass test tube with conic bottom, and 1 ml acetone
(as disperser) containing 40 pl chloroform (as
extraction solvent) was rapidly added to the
solution using a 5-ml syringe, which immediately
resulted in a cloudy solution. After centrifugation at
6000 rpm for 6 min, organic phase was settled to
the bottom of the tube. An aliquot (1pl) of the
sedimented organic phase was removed using a 1-
pul GC microsyringe (Hamilton, Switzerland) and
injected into the GC system for analysis.

Assay validation
Method validation was done according to the
FDA  recommendations. For quantification,

calibration curves were constructed on three
different days. Linear range, correlation coefficient,
and limit of detection (LOD) was calculated from
calibration curve. The lowest and highest
concentrations of calibration curve were selected as
the lower limit of quantification (LLOQ) and upper
limit of quantification (ULOQ), while the relative
standard deviations (%RSDs) of three replications
were less than 20% and 15%, respectively. Intra-
and inter-day precision and accuracy were
determined by measuring plasma quality control
samples (QCs) at low, medium and high
concentration levels of VPA. Relative recovery (RR)
of the sample preparation method was computed
using the following equation:

RR = ¢ — CReaI
Added

where Cround is the analyte concentration measured

from the sample after analyte addition, Crea is the

native analyte concentration and Cagged is the

concentration of added analyte. Specificity,

selectivity of method, stability of VPA in plasma

Found

=x100
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samples under different storage conditions, and
method robustness were also evaluated. Further
details on the validation results were described in
the following section.

Results
Optimization of the dispersive liquid-liquid
microextraction

Extraction efficiency of DLLME depends on
several parameters. One variable at a time
optimization method was used to study factors
affecting the extraction efficiency. Some important
parameters such as types of extraction and
dispersive solvents and their volumes, pH, salt
effect, sample volume, centrifugation rate, and time
were investigated.

Selection of the extraction solvent

Chlorinated solvents are denser than water and
are the most widely used solvents in DLLME due to
being easily removed from the bottom of the
conical vial after centrifugation. Therefore,
dichloromethane, tetrachloroethylene, chloroform,
and carbon tetrachloride were used as extraction
solvents. For this purpose, 500 pl of spiked plasma
(140 pg/ml) was transferred into 1.5 ml Eppendorff
tubes. In the next step, acetonitrile was added with
1:1 ratio. The mixture was vortexed for 1 min and
centrifuged for 5 min at 6000 rpm. After
precipitation of proteins, 0.5 ml of clear supernatant
solution was transferred in a 5.0 ml volumetric flask
and deionized water and 0.2 g NaCl was added
before pH adjustment. DLLME procedure was
performed by various volumes of selected
extraction solvents mixed with 1 ml methanol to
give equal volume of the sedimented phase (40 pl).
The obtained results revealed (Figure 1) that VPA
was extracted into chloroform better than the other
solvents. Therefore, chloroform was selected as
extraction solvent for further studies.
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Selection of the disperser

Selection of dispersion solvent is very important
in DLLME. The disperser is a miscible solvent with
both aqueous and organic phases. A cloudy solution
containing fine droplets of the extraction solvent is
formed when a mixture of extraction and disperser
solvents is injected into an aqueous sample.
Therefore, a large surface area for mass transfer is
obtained. Extraction efficiency can be significantly
increased by effective dispersion of an extraction
solvent into aqueous phase. So 1 ml of methanol,
acetonitrile, acetone or THF was mixed with 67 pl of
chloroform and rapidly injected into the aqueous
sample. Due to the results, acetone was selected as
the disperser because of formation of a cloudy state
with very fine droplets and consequently increasing
the extraction capability of the VPA (Figure 2).
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Figure 1. Effect of extraction solvent type on the microextraction
efficiency. Extraction conditions: extraction solvent,
dichloromethane (150 pl) , tetrachloroethylene (100 pl),
chloroform (67 ul), carbon tetrachloride (60 pl); disperser
solvent, methanol (1 ml); sample volume, 5 ml; analyte
concentration, 7 pg/ml of sodium valproate; pH, 2.0;
concentration of NaCl, 4% (w/v); extraction time, ~0 min;
centrifugation time, 5 min and centrifugation speed, 6000 rpm.
The bars indicate the standard deviations (n=3)
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Figure 2. Effect of disperser kind on the microextraction
efficiency. Extraction conditions: extraction solvent, chloroform
(67 ul); disperser solvent volume, 1 ml; sample volume, 5 ml;
analyte concentration, 7 pg/ml of sodium valproate; pH, 2.0;
concentration of NaCl, 4% (w/v); extraction time, ~0 min;
centrifugation time, 5 min and centrifugation speed, 6000 rpm.
The bars indicate the standard deviations (n=3)

Effect of salt addition

With increasing the ionic strength, solubility
of the analytes in the aqueous phase decreases
and extraction efficiency can be enhanced. To
evaluate this parameter, 1 ml of acetone
containing 67 pl of chloroform was used for the
extraction of VPA from aqueous solution
containing various concentrations of NaCl from
0to10% (w/v).

According to the obtained results (Figure 3)
peak area was slightly increased with
increasing the concentration of NaCl up to 4%
due to salting out effect and decreased after
that due to increasing volume of the
sedimented phase and dilution. Therefore,
further studies were performed in the presence
of 4% (w/v) NaCl.

Optimization of extraction solvent volume

In  microextraction methods, typically
microliter volumes of an organic solvent are
used. Therefore, preconcentration and
extraction efficiency can be significantly
improved. Extraction solvent volume is usually
selected as low as possible to obtain higher
extraction efficiencies and lower toxic effects.
Extraction solvent volume was evaluated by
injecting 1 ml of acetone containing different
volumes of chloroform (40, 50, 67, 75, and 100
ul). The results (Figure 4) show that the
analytical signal decreases gradually with
increasing the extraction solvent volume.
Therefore, 40 pul was chosen as the optimum
volume of the extraction solvent.
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Figure 3. Effect of salt addition on the microextraction
efficiency. Extraction conditions: extraction solvent,
chloroform (67 pl); disperser solvent, acetone (1 ml); sample
volume, 5 ml; analyte concentration, 7 pg/ml of sodium
valproate; pH, 2.0; extraction time, ~0 min; centrifugation
time, 5 min and centrifugation speed, 6000 rpm. The bars
indicate the standard deviations (n=3)
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Figure 4. Effect of extraction solvent volume on the
microextraction efficiency. Extraction conditions: extraction
solvent, chloroform; disperser solvent, acetone (1 ml); sample
volume, 5 ml; analyte concentration, 7 pg/ml of sodium
valproate; pH, 2.0; concentration of NaCl, 4% (w/v);
extraction time, ~0 min; centrifugation time, 5 min and
centrifugation speed, 6000 rpm. The bars indicate the
standard deviations (n=3)

Optimization of disperser volume

Disperser volume has a key role in DLLME
procedure. In low disperser volumes, DLLME
performance is disrupted whereas in high volumes,
the solubility of the analyte in the aqueous phase is
increased. To study this parameter, different
volumes of acetone (0.25-2 ml) containing 40 pl of
chloroform were investigated. The obtained results
were illustrated in Figure 5. From these results it
was concluded that analytical signal increases up to
1 ml due to the cloudy state being well formed. A
further increase in disperser volume results in
decreased peak areas; this may be because larger
disperser volume increases the aqueous solubility
of VPA. For this reason, 1 ml acetone was selected
as optimum volume of disperser in subsequent
experiments.

Optimization of plasma sample volume

Diluted plasma sample volume effect was
studied in four levels from 2.5 to 10 ml containing 7
ug/ml of VPA. For this purpose, 0.25, 0.5, 0.75, and 1
ml of spiked plasma (140 pg/ml) were mixed with
the acetonitrile in 1:1 (v/v) ratio. After precipitation
with acetonitrile, 0.25, 0.5, 0.75, and 1 ml of clear
supernatant solution were used for preparing 2.5, 5,
7.5, and 10 ml of sample solutions. Basically, peak
areas should be increased when the sample volume
is increased. This is due to the additional amounts
of VPA in the aqueous solution. However, ratio of
organic phase/aqueous phase, reduces when
sample volume increases. Therefore, extraction
recovery decreases in higher volumes. As shown in
Figure 6, peak area increases with increasing
sample size. Therefore, 10 ml was used as the
optimum sample volume in the following
experiments.
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Figure 5. Effect of disperser volume on the microextraction
efficiency. Extraction conditions: extraction solvent, chloroform
(40 pl); disperser solvent, acetone; sample volume, 5 ml;
analyte concentration, 7 pg/ml of sodium valproate; pH, 2.0;
concentration of NaCl, 4% (w/Vv); extraction time, ~0 min;
centrifugation time, 5 min and centrifugation speed, 6000 rpm
The bars indicate the standard deviations (n=3)
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Figure 6. Effect of sample volume on the microextraction
efficiency. Extraction conditions: extraction solvent,
chloroform (40 pl); disperser solvent, acetone (1 ml); analyte
concentration, 7 pg/ml of sodium valproate; pH, 2.0;
concentration of NaCl, 4% (w/Vv); extraction time, ~0 min;
centrifugation time, 5 min and centrifugation speed, 6000
rpm. The bars indicate the standard deviations (n=3)

Optimization of centrifugation rate and time

The extraction equilibrium can be attained
quickly after adding mixture of the extraction and
disperser solvents. In DLLME process, the most
time consuming step is centrifugation. The effects of
centrifugation rate and time were examined in the
range of 3000-6000 rpm and 2-20 min,
respectively. According to the obtained results
(Figures 7A and 7B) 6000 rpm and 6 min were
selected as centrifuge rate and time, respectively.

Effect of pH

The effect of pH was studied ranging from 1 to
10, and 1 M HCl or NaOH was used for the pH
adjustment. VPA is a weak acid with a pKa of 4.7
and is completely ionized at high pH. The results in
Figure 7C indicate that peak area decreases in high
pH. Therefore, pH of 1 was chosen for further
experiments.
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Figure 7. Optimization of (A) centrifugation speed, (B)
centrifugation time and (C) pH. Extraction conditions: extraction
solvent, chloroform (40 pl); disperser solvent, acetone (1 ml);
sample volume, 10 ml; analyte concentration, 7 pug/ml of sodium
valproate; concentration of NaCl, 4% (w/v); extraction time, ~0
min for A-C; (A) pH, 2.0; centrifugation time, 5 min; (B) pH, 2.0;
centrifugation speed, 6000 rpm; (C) centrifugation speed, 6000
rpm; centrifugation time, 6 min. The bars indicate the standard
deviations (n=3)

Validation report
Linearity and calibration curves

Three calibration curves of VPA were prepared
in 3 different days at 10 increasing concentrations
ranging from 6-140 (pug/ml) in plasma samples and
the analysis was carried out in triplicates for each
concentration. During method validation, the
calibration curves were linear over the therapeutic
concentration range (r?>0.998). The lowest and

Table 2. Quantitative features of proposed method for valproic
acid determination in plasma samples

Parameter Valproic acid
Linear range (ug/ml) 6-140
Slope 724.2
Slope standard errors 13.65
Intercept 65.59
Intercept standard errors 5.32
Correlation coefficient (r2) 0.998
Number of data points 10
LOD (pg/ml) 3.2
LLOQ (pg/ml) 6.0
ULOQ (pg/ml) 140.0

highest concentrations of calibration curve were
selected as LLOQ and ULOQ. LOD was calculated for
an S/N ratio of 3, baseline noise was measured at
different places of the baseline void of VPA peak.
Signal height was converted into concentration
through the height of the peak of the VPA at the
LLOQ. LOD, LLOQ and ULOQ were 3.2, 6 and 140
(ug/ml), respectively. Obtained results are
presented in Table 2.

Precision and accuracy

The mean intra- and inter-day assay precisions
for all QC samples were determined at low (8
pg/ml), medium (40 pg/ml) and high (120 pg/ml)
concentration levels of VPA and were expressed
as RSD%. By comparing the calculated QC
concentrations with nominal values, accuracies
were obtained by computing the relative errors
(REs). RSD% and RE% were less than 11.5%
and 7.5%, respectively. The results were given in
Table 3.

Specificity and selectivity

The specificity of the method was evaluated
by analyzing batches of blank plasma and the
results demonstrated that there is no significant
interference at the retention time of VPA. Some of
the most frequently used antiepileptic drugs
(AEDs) such as gabapentin, lamotrigine;
phenobarbital, primidone, carbamazepine, and
phenytoin are used in VPA combination therapy.

Table 3. Intra- and inter-day analytical precision and accuracy of
proposed method for determination of valproic acid in plasma
samples

Nominal Inter-assay
. . Intra-assay
concentration  precision precision Accuracy
= 0, 0,
(ug/ml) (n=5) EEE?S) %) (RsD%)(n=5) (RE%)
8 8.7 11.5 7.5
40 2.8 5.7 54
120 0.8 1.2 1.8
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Presence of non-volatile and basic drugs poses no
problems due to the very different characteristics
of the AEDs (boiling point, pKa and volatility)
(39). These drugs show no interference with the
present analysis because basic drugs get ionized
in acidic medium, thus this form is poorly
extracted and in most cases, chromatography of
above mentioned drugs without prior
derivatization is not possible.

Recovery

RRs of VPA spiked in plasma at three
concentration levels were calculated by comparing
real values with those measured using the present
extraction procedure. The RRs% for VPA were
between 97 and 107.5%. From recovery data in
Table 4, it can be found that the method allows
determination of VPA in a complex matrix (plasma)
without a significant matrix effect. Figure 8 shows
typical chromatograms of a blank plasma and
plasma spiked with 20 pg/ml VPA after DLLME.

Stability study

Stability was also investigated in three levels
of VPA and after different storage conditions;
short-term (12 hr) room temperature and three
freeze-thaw (-20 to 25 °C) cycles. According to
the obtained results no significant degradation
was observed for VPA under different storage
conditions. The results are given in Table 5.

Robustness of the method

Robustness of the method was checked by varying
method parameters such as pH of sample solution,
ionic strength, centrifugation rate, and time. Effects
of the following changes in extraction conditions
were determined: NaCl content in sample solution
adjusted by (x1% w/v), sample solution pH
adjusted by (up to +0.5 and +1 pH units),
centrifugation rate and time adjusted by (+ 1000
rpm and *1 min), respectively. Results presented in
Table 6 show RRs% at these conditions were all
below 96.5 % and these changes are within the
limits that produce acceptable results.

response

Idetecton
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Figure 8. Typical chromatogram obtained from spiked plasma
extracted by proposed method. (a) blank (b) plasma sample
spiked with sodium valproate (20 pg/ml). In both cases DLLME
method was performed and 1 pl of the collected phase was
injected into GC. Extraction conditions: extraction solvent,
chloroform (40 pl); disperser solvent, acetone (1 ml); sample
volume, 10 ml; pH, 1.0; concentration of NaCl, 4% (w/v);
extraction time, ~0 min; centrifugation speed, 6000 rpm;
centrifugation time, 6 min

Analysis of a patient's sample

In order to evaluate method performance for the
monitoring of VPA in real samples, plasma sample
of an epileptic patient was extracted according to
the proposed method. The patient had plasma level
of 17 pg/ml. Figure 9 shows typical chromatogram
of a real sample. Note that no interfering peaks in
the retention time of VPA are observed and the
appearance of the chromatogram is very similar to
those of spiked plasma in Figure 8. It can be found
that this method is applicable for the determination
of VPA levels in patient plasma for therapeutic
purposes.

Discussion

This work explains a well-known microextrac-
tion procedure (DLLME) for quantification of VPA
in plasma samples. Plasma samples are more
challenging in this respect because plasma can
emulsify organic solvents to some extent. Thus, the
problems associated with the matrix effects should

Table 4. Relative recoveries of valproic acid obtained by proposed method in plasma samples spiked at 8, 40 and 120 pg/ml

Nominal concentration

Relative recovery

~ Found concentration Accuracy (RE %) o
(ug/ml) (n=5) (ug/ml) D (n=5) (RR%) +SD
8 8.6+0.02 7.5 107.5+0.02
40 38.8+0.04 -3 97+0.03
120 118.4+0.05 -1.3 98.7+0.05

SD: Standard deviation
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Table 5. Stability data for valproic acid in plasma samples obtained by the pr

oposed method

Room temperature stability

Freeze-thaw stability

Found concentration

cori\lczquxlgilion (ng/ml) £ SD Accuracy Relative recovery con::r:ltr;gtion Accuracy Relag};:; ie;gvery
0, 0, 0, -
(g/ml) (n=3) (KE%) (5D (wg/mp zsp  RE%)
8 8.8+0.04 10 110+0.09 8.6+0.05 7.5 107.5+0.12
40 38.8+0.06 -3 97+0.05 38.0¢0.11 -5 95+ 0.09
120 113.8+0.05 -5.2 94.8+0.07 116.4+ 0.06 -3 97+ 0.08
=T
@
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o
=
w
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Figure 9. Typical chromatogram obtained from real plasma sample extracted by proposed method. (a) belongs to the drug-free plasma
sample and (b) belongs to the plasma sample from patient with epilepsy. Experimental conditions were the same as those described in

Figure 8

be reduced in quantitative bioanalysis. The
optimized method presents an improvement in
work-flow compared to common applied sample
preparation and analysis techniques, i.e., SPE
followed by liquid chromatography with tandem
mass spectrometry. This carefully conducted work
is presented in a very concise and clear way so that
it could be used as a guideline for method
development and validation in similar fields. With
comparison of the proposed method with others, it
was found that for a number of GC methods (5, 22,
23) cited in Table 7, column deactivation and
chemical derivatization of VPA could be a
restriction factor when compared with the
proposed method, especially for routine analysis.
Methods reported in references (11, 15, 16, 23)
have used more sophisticated instrumentations and
time-consuming sample preparation procedures. It

should be noted that MS is not available in all
laboratories and is not routine like FID. CE-CD
methods with DLLME and/or PPT (18, 19)
employed contactless conductivity detection, which
is not a standard detection system available on
commercial CE instruments. Four GC-FID based
methods (26-28, 40) were also reported for
determination of VPA in plasma samples. As it can
be seen, all of these methods require a long
extraction time to reach equilibrium of analyte from
the sample matrix.

In addition, a few of the reported works carried
out full validation concerning FDA and/or ICH
guidelines. Hence, the importance of this validated
method is the rapidity of sample preparation and
the simplicity and versatility of instrumental setup
that make feasible the determination of this analyte
in real samples.

Table 6. Evaluation of the proposed method robustness for extraction and analysis of valproic acid in spiked plasma samples

Level Nominal concentration (pg/ml) Found concentration Accuracy (RE %) Relative recovery (%) + SD
(n=3) (ug/ml) + SD (n=3)
1 8 7.5+0.08 -6 94.0+ 0.06
2 8 7.7+ 0.07 -3.5 96.5+ 0.09
3 8 7.2+ 0.06 -9.8 90.2+ 0.07
1: pH=1.5, 3% (w/v) NaCl, speed and time of centrifugation: 5000 rpm for 5 min
2: pH=1, 4% (w/v) NaCl, speed and time of centrifugation: 6000 rpm for 6 min
3: pH=2, 5% (w/v) NaCl, speed and time of centrifugation: 7000 rpm for 7 min
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Table 7. Comparison of the proposed method with other methods

Method Sample Validation Linear range / (ug/ml) Extraction LOD / Ref
time / min (pg/ml)
LLE-GC-FID2 Human serum No method validation 10-160 5 5 5)
LLE-HPLC-UV® Human plasma No stability test 1.25-320 4 0.10 (11)
SPE-LC-MS-MSe Human plasma Yes 2-200 NRi NR (15)
SPE-LC-MS-MS Human plasma Yes 2.03-152.25 NR NR (16)
PPT-CE-CD¢ Human plasma No selectivity, stability test 2-150 ~0 0.024 (18)
DLLME-CE-CDe Human plasma No method validation 0.40-300 ~0 0.08 (19)
LLE-GC-FID Human plasma No selectivity test 0.45-100 5 0.15 (22)
HS-SPME-GC-MSf Human plasma No selectivity, stability test 2-100 20 NR (23)
HS-SPME-GC-FIDg Human serum No method validation 0.20-100 15 0.07 (26)
HS-SPME-GC-FID Human serum No method validation 0.25-100 10 1.7 27)
HF-LPME-GC-FIDh Rat plasma No method validation 0.05-10 30 0.017 (28)
HS-LPME-GC-FID! Human serum No method validation 2-20 20 0.80 (40)
DLLME-GC-FID Human plasma Yes 6-140 ~0 3.2 This work

aLLE-GC-FID: Liquid liquid extraction- gas chromatography- flame ionization detector

bLLE-HPLC-UV: Liquid liquid extraction-high performance liquid chromatography-ultraviolet detection
¢SPE-LC-MS-MS: Solid-phase extraction- liquid chromatography-tandem mass spectrometry

dPPT-CE-CD: Protein precipitation-capillary electrophoresis-contactless conductivity detection

eDLLME-CE-CD: Dispersive liquid-liquid microextraction-capillary electrophoresis-contactless conductivity detection
fHS-SPME-GC-MS: Headspace -solid-phase microextraction-gas chromatography-mass spectrometry
8HS-SPME-GC-FID: Headspace -solid-phase microextraction-gas chromatography- flame ionization detector
hHF-LPME-GC-FID: Hollow fiber-liquid-phase microextraction-gas chromatography-flame ionization detector
IHS-LPME-GC-FID: Headspace -liquid-phase microextraction-gas chromatography-flame ionization detector

INR: Not reported

Conclusion

In this study, DLLME method followed by GC-FID
analysis was established for determination of VPA in
human plasma. Compared with the other methods, this
technique provided several advantages including
simplicity of operation, less solvent and time-
consumption, low cost and excellent sample clean-up
for the detection of VPA in plasma and in the its
therapeutic range. Therefore, the validated method can
be utilized as a routine analytical method in therapeutic
drug monitoring studies.
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