55

[J Tokyo Wom Med Coll]
60 (12) 1043~1047 (1990)

RAPID DETERMINATION OF VALPROIC ACID WITHOUT
ESTERIFICATION BY HIGH PERFORMANCE
LIQUID CHROMATOGRAPHY

Tadao KINOSHITAY? and Osamu NAKAJIMA?Y
Department of Biochemistry (Director: Prof. Kei FURIYA)
Tokyo Women’s Medical College
1) Department of Biochemistry, Tokyo Women’s Medical College
2) Clinical Laboratory, National Medical Center Hospital
3) Department of Medicine, National Ohkura Hospital

(Received Aug. 20, 1990)

Abstract

In this communication, we have described a
rapid assay system for valproic acid (VPA) using
high performance liquid chromatography (HPLC)
without any kinds of esterification. The assay
system has been greatly simplified with regards to
preparation of serum samples, that is, the samples
are prepared by centrifigation at 8,000 xg for 5
min after mixing with an equal volume of aceton-
itrile. The mixture of acetonitrils (AcCN) and
water (30:70, %; V/V) was used as the mobile
phase of HPLC.

The calibration curve was linear between 0 and
200 ug/ml of VPA and was calculated to be
Y=0.9454 X. The recovery rates of VPA, estimated
from standard serum Sets I and II, were calculat-
ed to be approximately 91.8% and 101.5%, respec-
tively. Therefore, the accuracy and sensitivity
were good enough to assay VPA in plasma. In
addition, only 200 ul of plasma was required for
the determination of VPA.

There was a good correlation between the value
determined by the present method and that ob-
tained by either gas-liquid chromatography (GLC)
or enzyme immunoassay (EIA). The correlation
coefficients were 0.913 and 0.955 respectively.

In a clinical study, the serum levels of valproic
acid in 7 epileptic patients ranged between 50 and
120 pg/ml during the period of treatment with

valproic acid.
Introduction

The rapid assay of VPA in biological fluids is
very important for determining therapeutic reg-
imens for patients with seizures disorders.

Assay systems for VPA have been reported
using GLCY2, HPLC®, and EIA%. However, the
assay procedures in these methods are compli-
cated. For example, in the gas-chromatography
method. VPA must be prepared as its methyl-,
butyl-, propyl- and phenacyl-esters before
assay®~19, Also, for these methods, a large amount
of biological fluid, such as plasma, is required.
However, the drug is usually administered to
pediatric patients and collection of a large amount
of plasma from these patients can be difficult in
many cases.

In this communication, a rapid and simple
assay method, not requiring the preparation of
any kinds of esters of VPA, using HPLC is
presented. The method does not require esterifica-
tion of VPA during the assay procedure, and the
assay can be carried out within 30 min by use of a
200 gl serum sample.

Materials and Methods

Blood samples were collected from patients to
whom VPA had been orally administered. All
patients received doses of VPA at 15~20 mg/kg of
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body weight/day, devided into three equal doses to
maintain plasma concentrations in the therapeu-
tic range. Each patient underwent a minimal
treatment period of one month before blood
sample analysis. After centrifugation of blood
sample at 6,000 xg for 10 minutes, the serum was
separated and stored at —20°C untill assay.
Control serum sets I (100 ug/ml of VPA in sheep
serum) and II (200 xg/ml of VPA in sheep serum)
were purchased from Ortho Co., Ltd.

The HPLC apparatus, an ALC/GLC detector,
was obtained from Waters Co., Ltd. A stainless
steel column (15 X 150 mm) was packed with
Resolve Spherical C;4 (5 um). As the mobile phase,
a mixture of AcCN and water (30:70, %; V/V)
which was adjust to pH 3.5 with 5 mM pentane-
sulfonic acid, was used throughout the assay
procedures. The elution volume was 1 ml/min
throughout the experiments.

For the standard VPA solution, Depakene R was
purchased from Kyowa Hakko Co., Ltd. All other
chromatographic grade reagents were purchased
from Wako Chemical Co., Tokyo.

In all the assays, the mixture of 200 ul of serum
and 200 ul of AcCN was centrifuged at 8,000 xg for
5 min. A 20 gl aliquot of the upper phase was
applied to HPLC. The elution pattern was detect-
ed at 214 nm using a UV M441 recorder from
Waters Co., Ltd. The data module was also
purchased from Waters Co., Ltd. The column was
heated to 60°C, in a model III incubator obtained
from Waters Co., Ltd. during the procedures.
Details of the assay conditions are described in
each of the figure legends.

Mathematical analysis of the elimination half-

life (T ;) was performed as described by Chiba et
3114).

Results

Separation of authentic samples

The authentic VPA dissolved in distilled water
was detected at 15.52 min on HPLC (Fig. 1a).
When the sample extracted from the mixture of
standard serum and authentic VPA was applied to
HPLC, the retention time of VPA was 15.72 min
(Fig. 1c). However, human standard serum has no
distinguishable peaks in the position correspond-
ing to the VPA peak (Fig. 1b).
Standard curve for the estimation of VPA in
human serum
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Fig. 1 Chromatograms of authentic valproic acid and
standard serum
(a) VPA in distilled water, (b) serum only, (c) VPA in
serum. The conditions of assay of VPA by HPLC as
follows, the elution volume was 1 ml/min and AUFS was
0.001. The detection were length was 214 nm throughout
the experiments.

Table 1 Reproducibility and daily equation reproducibility

Reproducibility gﬁg deuqc‘ilgitlii‘;;
Control serum Standard solution Control serum
(50ug/ml) (100pg/ml) (60 g/ml)
N 10 10 N 6
X 49.2 100.3 X 58.63
SD 0.97 2.58 SD 3.57
CV (%) 1.97 2.57 CV (%) 6.09
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The calibration curve was obtained using the
mean of the peak heights of triplicate determina-
tions for each concentration of the standard solu-
tion. The curve was linear between 0 and 200
ug/ml of VPA and was calculated to be
Y=0.9454X.

Recoveries estimated from standard serum Sets
I and II were calculated to be approximately 91.8%
and 101.5%, respectively. The minimum concen-
tration of VPA was 25 ug/ml with this method
(Fig. 2).

On the other hand, the correlation curve be-
tween HPLC and EIA value was calculated to be
Y=0.929X + 0.865 with a correlation coefficient of
0.995 (n=26) (Fig. 3).

Reproducibility and daily equation repro-
ducibility
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Fig. 2 Standard curve for VPA obtained by HPLC
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As an index of precision, CV=1.97% for simul-
taneous reproducibility and CV=6.09% for daily
equation reproducibility were calculated after
assay of VPA 10 times at the different concentra-
tions of VPA (Table 1).

Separation of 5 anticonvulsants on HPLC

A mixture of primidone (3.0 pug/ml), phenobar-
bital (15.0 ug/ml), phenyltoin (7.5 ug/ml), car-
bamazepine (6.0 x/ml), and VPA (80 ug/ml) in
standard serum was extracted by the above
method, and applied to HPLC. The retention times
of each of the drugs were 3.77 min, 5.02 min, 8.30
min, 10.10 min and 16.62 min, respectively (Fig.
4).

Correlation of VPA assayed by HPLC with
GLCor EIA

Authentic samples of VPA at concentrations of
20, 40, 60, 80, 100, 120, 140 xg/ml were simul-
taneously assayed by HPLC, gas-liquid chroma-
tography (GLC)'® and enzyme immunoassay
(EIA),

The correlation between the values determined
by HPLC and GLC is shown in Fig. 5. The
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Fig. 4 Separation of 5 anticonvalsants by HPLC
Five anticonvalsants were dissolved in standard serum
and extracted by the method described in the text.
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Fig. 5 Correlation between GLC and HPLC

correlation curve has been calculated to be
Y=0.815X + 0.340 with a correlation coefficient of
0.913 (n=20).
VPA levels in the plasma of patients with
seizure disorders

Using this assay procedure, the plasma levels of
VPA were estimated in 7 patients with seizures
due to brain tumors. The plasma samples were
collected in the early morning before drug admin-
istration and 4 and 8 hours after drug adminis-
tration. The results are summarized in Fig. 6. The
mean value of the elimination half-life (T,,,) was
15.46 + 5.69 hours.

Discussion

Many assays for VPA have been reported using
HPLC, GLC, EIA and other methods. However, for
determining clinical dosages of VPA, the assay
method should be simple and rapid. For this
purpose, assay procedures using HPLC, but not
requring esterification of VPA, have been de-
veloped.

The method described here was simplified in
that only one step was required for preparation of
the blood sample before application to to HPLC,
and the retention time of VPA was estimated to be
15~16 min. Therefore, the result was obtained
within approximately 30 min from the time col-
lection of the blood sample, making it easy to
determine the drug regimen in a clinical field.

In addition, the recovery of VPA from standard
serum I and I has been calculated to be 91.8% and
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Fig. 6 Concentration and half-life of VPA in the patients
O: the concentration before drug administration, ®: the
concentration 4 hours after drug administration, B: the
concentration 8 hours after drug administration.

101.5%, respectively, and the correlation coeffi-
cients between the concentration obtained from
HPLC and either EIA or GLC have been estimated
to be 0.955 (n=26) or 0.913 (n=20), respectively.

On the other hand, for therapeutic purposes, a
combination of anticonvulsants is generally ap-
plied to the treatment of patients with seizures.
With this method, primidone, phenobarbital,
phenytoin, carbamazepine and VPA were com-
pletely separated on HPLC as shown in Fig. 4.
Therefore, the method described in this communi-
cation is sufficient for assay of VPA in serum of
speed, specificity and accuracy.

In addition, the clinical trials in 7 patients with
seizures conformed that the drug concentration
was ranged in the therapeutic concentration of
VPA during the administration of this drug.
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