
Indirect laser-induced fluorescence detection of
valproic acid in human serum by capillary
electrophoresis
A capillary electrophoresis (CE) method with indirect laser-induced fluorescence
detection for the analysis of valproic acid in human serum has been explored. The buf-
fer system was optimized with 2.5 mM borate-phosphate at pH 8.4; fluorescein sodium
was used to generate background signal at a concentration of 6 mM. Hexanoic acid was
selected as internal standard. Serum sample was deproteinized by acetonitrile. Analy-
sis was performed by direct injection of the supernatant. CE separation was carried out
at 30 kV and the total analysis time was less than 15 min, including sample treatment
and electrophoresis time. No interference from other common anticonvulsant drugs
occurred under the experimental conditions used. The interference of human serum
matrix was reduced by using a high ratio of acetonitrile to serum (minimum 5:1) for de-
proteinization. Interference of ionic components in serum could occur, depending on
the sample source. The linear range of concentrations for standard drug was between
4.5±144.0 mg/mL (r = 0.9947). The limit of detection was 0.9 mg/mL at S/N ³ 3; the limit
of quantitation at S/N ³ 20 was 3 mg/mL. The recoveries of valproic acid spiked into
serum were 69.2% and 60.2% for concentration levels of 90 and 54 mg/mL, respective-
ly. This CE method was shown to be successful in the analysis of valproic acid in
standard solutions. However, interference from the matrix was observed in the analysis
of this compound in serum samples. Additional work should be done to develop a
highly selective sample preparation technique.
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1 Introduction

Anti-epileptic drugs (AEDs) are applied in the treatment of
patients with seizure disorders. Commonly prescribed
AEDs include valproic acid (VPA), ethosuccimide (ESM),
primidone (PRM), carbamazepine (CBZ), phenytoin
(PHT) and phenobarbital (PB); see Fig. 1. VPA (2-propyl-
pentanoic acid) is prescribed alone or in combination with
other AEDs to treat epilepsy because of its wider spec-
trum of activity and less apparent central nervous system
toxicity than other AEDs [1±4]. Chromatographic determi-
nation of VPA and other AEDs in blood, plasma or serum
has been reported by high performance liquid chromatog-
raphy (HPLC) [5±14], gas chromatography (GC) [15±19],

and micellar electrokinetic capillary chromatography
(MEKC) [20]. However, due to the poor ultraviolet absorp-
tion of VPA, an introduction of chromophore or fluoro-
phore was usually adopted in most of the investigations to
increase the detection sensitivity. It is generally known
that derivatization often requires time-consuming prepa-
ration procedures, introduces sample contamination
agents, produces side products, and causes changes in
solute properties. Therefore, an alternative analytical
technique capable of direct analysis of VPA is expected in
order to carry out rapid analysis of VPA for emergency
and routine use.

Charged substances not possessing a suitable detection
property such as a chromophore or fluorophore are nor-
mally analyzed by indirect detection mode [21]. To date,
indirect ultraviolet and fluorescence detection is the most
commonly used indirect detection scheme, which shares
the same displacement mechanism. Derivatization is
obviated by this mode since the analyte does not have to
respond to the detector. Recently, indirect fluorescence
detection of octanoic acid (C8) [22] by capillary electro-
phoresis has been reported. VPA is also a C8 carboxylic
acid with a branch in its molecular structure. In that report,
fluorescein sodium was used to generate background sig-
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nal in 5 mM sodium tetraborate buffer at pH 9.2 with a fluo-
rescein concentration of 10±5

M. Serum sample treatment
procedure is important for the determination of VPA as it
may evaporate during sample treatment due to its rela-
tively high volatility. Recently, deproteinization of serum
with acetonitrile has been reported in some CE studies
[23±26]. The success of the method depends on remov-
ing serum proteins with acetonitrile followed by direct
injection of a larger volume of the sample with an increase
in sensitivity which is produced by the special stacking
effect of acetonitrile.

The purpose of this study was to investigate the feasibility
of indirect laser-induced fluorescence detection of VPA in
human serum by capillary electrophoresis. Another aim
was to develop a rapid alternative technique for the analy-
sis of this type of compound. Fluorescein sodium was
used to produce background signal. Hexanoic acid was
selected as internal standard (IS). Buffer electrolyte con-
centration, fluorescein concentration and buffer pH were
optimized. Linearity and reproducibility were examined.
Interference from other AEDs was removed by optimizing
the buffer pH. Serum deproteinization with acetonitrile
was investigated in a bid to minimize the matrix interfer-
ence. The method developed in this study could be appli-
cable for the determination of VPA in serum in therapeutic
drug monitoring.

2 Materials and methods

2.1 Chemicals

Six AEDs, i.e., valproic acid, phenobarbital, ethosucci-
mide, phenytoin, carbamazapine, and primidone, were

purchased from Sigma (St. Louis, MO, USA). Hexanoic
acid and nonanoic acid were obtained from Aldrich (Mil-
waukee, WI, USA). Fluorescein sodium was bought from
the British Drug Houses (Poole, England). Sodium tetra-
borate anhydrous and sodium dihydrogen phosphate
dihydrate were the products of Fluka (Buchs, Switzer-
land). Methanol was supplied by Fisher Scientific (Fair-
lawn, NJ, USA). Acetonitrile was from J. T. Baker (Phil-
lipsburg, NJ, USA). Water was purified with a Milli-Q
system (Millipore, Bedford, MA, USA).

2.2 Apparatus

The CE-LIF was performed with a Prince CE system
(Prince Technologies B. V., Emmen, The Netherlands), a
laser-induced fluorescence detector (ZETA Technology,
Ramonville, France) and an argon ion laser system
(Omnichrome, Chino, CA, USA). The indirect fluores-
cence detection was performed with excitation at 488 nm
and emission at 520 nm. The excitation power at 488 nm
from an argon ion laser was set at 3 mW. A capillary of
50 mm ID with an effective/total length of 56.2/74.7 cm
was used as separation column. A new capillary was con-
ditioned by 0.1 M NaOH for 30 min. Capillary conditioning
before each analysis was carried out by flushing succes-
sively with 0.1 M NaOH, H2O and buffer for 2 min each at
1000 mbar. Sample was injected at 75 mbar for 0.05 min.

2.3 Buffer and sample preparation

2.5 mM borate-phosphate buffer was prepared by mixing
equimolar sodium tetraborate and phosphate to the
desired pH. AEDs were weighed and dissolved in meth-
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Figure 1. Structures of anticon-
vulsant drugs. (1) Ethosucci-
mide; (2) phenobarbital; (3) val-
proic acid; (4) primidone; (5)
phenytoin; (6) carbamazepine;
(IS) hexanoic acid.



anol as stock solutions; the stock solution was further
diluted with buffer or acetonitrile to obtain desired sample
concentrations. Serum was deproteinized by the following
procedure: 50 mL serum or buffer was supplemented with
50 mL VPA in acetonitrile (54 or 90 mg/mL), 50 mL hexa-
noic acid in acetonitrile (51.5 mg/mL) and 150 mL acetoni-
trile. After vortexing for 15 s, the deproteinized serum was
centrifuged for 3 min at 5000 rpm. The supernatant was
injected for electrophoresis.

3 Results and discussion

3.1 Optimization of separation conditions

Separation conditions for C8 [22] were modified and
applied to VPA analysis. As the minimum buffer concen-
tration with buffer capacity for borate was 2.5 mM [22], this
concentration was chosen to obtain optimum sensitivity
since sensitivity of the detector response is generally
greater at smaller ionic strength values [22]. Further, VPA
signals generated in 2.5 and 5 mM buffers were com-
pared; 2.5 mM borate buffer proved to produce more sen-
sitive yet reproducible detection of VPA. Because the flu-
orescent intensity of fluorescein generally increased with
buffer pH and reached a plateau at pH ³ 9 [28], pH 9.2
was selected initially as buffer pH. Although pH 9.2 was
appropriate for standard VPA, PB (pKa 7.2) comigrated
with VPA and interfered with detection. However, an
adjustment to pH 8.4 made VPA and PB separable. PHT
(pKa 8.3 or 8.6) migrated away from VPA and PB and did
not show interference. ESM (pKa 9.3) and two neutral
CBZ and PRM also did not interfere with detection of VPA
because of less ionization at pH 8.4 or neutrality. Fluores-
cein concentrations ranging from 6±15 mM in 2.5 mM

borate-phosphate buffer at pH 8.4 were compared and
6 mM were found to be appropriate to generate sufficient
background fluorescence without overloading problems.
It is known that the concentration limit of detection (CLOD)
of a given indirect detection scheme can be represented
by Eq. (1):

CLOD = CM/(TR ´ DR) (1)

where CM is the concentration of the electrolyte generat-
ing the detector background signal; and TR and DR are
the transfer ratio and the dynamic reserve, respectively.
According to the equation, the lower the concentration of
the electrolyte (CM) generating the detector background
signal, the lower the CLOD. This is based on the assump-
tion that TR and DR remain constant and are independent
of CM. The IS was selected between hexanoic acid (C6)
and nonanoic acid (C9). Experiments showed that C6
was a suitable internal standard which migrated next to
VPA. Experimental conditions, therefore, were optimized
as 2.5 mM borate-phosphate buffer at pH 8.4 with 6 mM flu-

orescein. Hexanoic acid (HA) was selected as the IS.
Electrophoresis was carried out at 30 kV and ambient
temperature.
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Figure 2. Electropherogram of VPA with HA (IS). Elec-
trophoretic conditions: 2.5 mM borate-phosphate buffer,
pH 8.4, 6 mM fluorescein; 30 kV. Peak 1, VPA (63.0 mg/
mL); 2, HA (IS, 51.5 mg/mL), s, system peak.

Figure 3. Comparison of electropherograms of VPA and
HA (IS) spiked into (a) buffer and (b) serum. Serum to
acetonitrile ratio, 1:5. Electrophoretic conditions as given
in Fig. 2. Peak 1, VPA (54.0 mg/mL); 2, HA (IS, 51,5 mg/
mL) ± because of dilution actual concentrations deter-
mined for VPA and HA were 9 and 12.8 mg/mL, respec-
tively.



3.2 Serum deproteinization

The ratio of serum to acetonitrile for deproteinization was
reported to be appropriate at 2:3 for removing serum pro-
teins, especially albumin [26], in capillary electrophoresis.
Our previous work [27] proved that a 1:2 ratio was suffi-
cient for removing interferences in a direct UV detection
mode. In this study, a 1:2 serum to acetonitrile ratio was
initially tried and found to be insufficient for removing a
broad negative peak that interfered with VPA and IS
detection. However, further increasing the serum to an
acetonitrile ratio of 1:5 or above suppressed the interfer-
ing peak and alleviated the interference. It was noted that
other ionic components interfered with the analysis of
VPA. These interfering ionic components only occurred in
certain serum samples but not in all. The drawback of this
sample treatment procedure was that the sample was
diluted six times. Increasing the injection amount did not
improve the peak shape in this case.

3.3 Electropherograms for optimum conditions

Figure 2 shows a typical electropherogram of standard
VPA with HA (IS) carried out at the optimized conditions.
A comparison of electropherograms of VPA and HA (IS)
spiked into serum and in standard sample (Fig. 3) shows
that the peak shapes of VPA and HA (IS) in the standard
sample were sharp and symmetrical while the peak
shapes of VPA and HA (IS) spiked into serum were not as
sharp as those in standard sample. It appears that quanti-
tative analysis of VPA in serum can be problematic
depending on the nature of interfering compounds.

3.4 Analytical variables

3.4.1 Precision

The reproducibility of migration time and relative peak
area for standard VPA was evaluated by five successive
experiments at different concentrations ranging from 4.5
to 144 mg/mL. The coefficients of variation for migration
time and relative peak area were less than 1% and 8%,
respectively, at different concentrations (Table 1).

3.4.2 Recovery

Acetonitrile containing standard VPA and HA (IS) was
added to equal volumes of serum and buffer. After vortex-
ing and centrifugation, the supernatants were injected for
electrophoresis. Absolute analytical recovery was calcu-
lated by comparing the relative peak area of VPA in
serum with that of standard VPA in buffer prepared and
measured by the same procedure. Absolute recoveries
for VPA at concentration levels of 90.0 and 54.0 mg/mL
were 69.2% and 60.2%, respectively. The low recovery
values of VPA could be attributed to the unsymmetrical
peak shapes obtained, which may mean that the meas-
urement of peak area is not a true reflection of the actual
values of VPA.

3.4.3 Linearity and sensitivity

The concentration and relative peak area for standard
VPA correlated linearly in the concentration range from
4.5 to 144.0 mg/mL with a correlation coefficient r =
0.9947 (Fig. 4). The limit of detection was 0.9 mg/mL at
S/N ³ 3; the limit of quantitation at S/N ³ 20 was 3 mg/mL.
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Table 1. Reproducibility of migration time and relative peak area for standard VPA

VPA concentration (mg/mL) Migration time (min) Relative peak area

4.5 3.38 � 0.01 (0.30) 0.0283 � 0.00 (1.08)
13.5 3.40 � 0.01 (0.29) 0.14 � 0.01 (7.70)
22.5 3.41 � 0.02 (0.59) 0.26 � 0.02 (7.69)
31.5 3.42 � 0.03 (0.88) 0.33 � 0.01 (3.13)
40.5 3.41 � 0.02 (0.58) 0.43 � 0.03 (5.94)
54.0 3.43 � 0.02 (0.58) 0.55 � 0.02 (3.64)
63.0 3.43 � 0.03 (0.87) 0.66 � 0.02 (3.43)
72.0 3.45 � 0.02 (0.58) 0.78 � 0.03 (3.51)
85.5 3.45 � 0.03 (0.87) 0.99 � 0.03 (3.03)
94.5 3.48 � 0.03 (0.86) 1.15 � 0.05 (4.22)

103.5 3.46 � 0.01 (0.29) 1.28 � 0.04 (3.12)
117.0 3.52 � 0.03 (0.85) 1.40 � 0.04 (2.80)
126.0 3.51 � 0.03 (0.85) 1.51 � 0.02 (1.30)
135.0 3.50 � 0.02 (0.57) 1.59 � 0.04 (2.51)
144.0 3.53 � 0.03 (0.85) 1.65 � 0.04 (2.24)

Values are mean � SD (CV), n = 5



3.4.4 Interference

Five of the AEDs listed in Fig. 1, which may be adminis-
tered concurrently with VPA, did not interfere with detec-
tion of VPA under the conditions developed in this study.
The electropherogram of PHT, PB and VPA with HA (IS)
in one run is shown in Fig. 5. ESM did not even interfere
at a concentration of 500 mg/mL because it has a pKa of
9.3 and the ionization fraction at pH 8.4 is small. Since
PRM and CBZ are neutral compounds they migrated with
the EOF. The interference of the human serum matrix
was reduced by deproteinization at low serum to the ace-

tonitrile ratio. Figure 6 shows the effect of serum depro-
teinization at serum to acetonitrile ratios of 1:3 and 1:5.
Interference of ionic components in serum is difficult to
predict, as these may exist in one matrix but not in the
others.

4 Concluding remarks

CE with indirect laser-induced fluroescence detection of
VPA in standard solutions carried out without derivatiza-
tion was feasible. Serum sample deproteinization with
acetonitrile was simple and rapid. The indirect detection
scheme of VPA developed in this study is rapid because
derivatization commonly adopted in GC or HPLC was
omitted. In addition, an electrophoretic run was finished
within 5 min, faster or comparable to GC or HPLC run
times. Furthermore, direct injection of deproteinized
serum sample by acetonitrile was accomplished to mini-
mize sample loss due to volatility. The total analysis time
was less than 15 min, including sample treatment and
electrophoresis time. However, due to the use of a low
ratio of serum to acetonitrile (i.e., high ratio of acetonitrile
to serum) to minimize the interference from serum matrix,
sample dilution was unavoidable. Moreover, the interfer-
ing ionic components that may exist in certain serum
could not be removed by single deproteinization. The
method developed in this study has been demonstrated
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Figure 4. Calibration curve for standard VPA.

Figure 5. Electropherogram of PHT, VPA, PB and HA
(IS) in one run. Electrophoretic conditions as given in
Fig. 2. Peak 1, PHT (32 mg/mL); 2, PB (22 mg/mL); 3, VPA
(45 mg/mL); 4, HA (IS, 51.5 mg/mL).

Figure 6. Serum deproteinization with acetonitrile at dif-
ferent ratios of serum to acetonitrile (a) 1:3, broad interfer-
ence (i) peak; (b) 1:5 suppressed interference (i) peak.



to be successful in the analysis of VPA in standard solu-
tions. However, interference from the matrix was ob-
served in the analysis of this compound in serum sam-
ples. Additional work should be done to develop a
sufficiently selective sample preparation step.
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