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Abstract

Sensitive and selective determination of valproic acid in plasma by high-performance liquid chromatography (HPLC) is usually achieved
with pre-column derivatization. In the present work, the derivatization is omitted due to using a simple but highly selective plasma extraction
procedure and an optimized chromatographic condition. Valproic acid and the internal standard octanoic acid were extracted from plasma sampls
with n-hexane under acidic condition followed by back-extraction into diluted triethylamine. Chromatography was performed on a CN column
(250x 4.6 mm, 5um) under isocratic elution with acetonitrile—40 mM aqueous sodium dihydrogen phosphate (30:70, v/v), pH 3.5. Detection was
made at 210 nm and analyses were run at a flow-rate of 1 ml/min. The method was specific and sensitive with a quantification limgd/afl1.25
and a detection limit of 0.jg/ml in plasma. The mean absolute recovery for valproic acid using the present plasma extraction procedure was
75.8%. The intra- and inter-day coefficient of variation and percent error values of the assay method were all in acceptable range. Calibratiol
curves were linear¢ 0.999) from 1.25 to 32.g/ml in plasma.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction UV absorption occurs, makes it difficult to develop a specific,
selective and sensitive HPLC-UV method, particularly when
Valproic acid (2-propylpentanoic acid) is a simple eight-using complex matrices such as biological fluids. Only a few
carbon branched-chain fatty acid with unique anticonvulsanHPLC methods with UV detection at 210 nm are available for
properties against several types of epileptic seiz{tksDue valproic acid[3,4] based on deproteination with acetonitrile,
to the widespread usage of valproic acid as an antiepileptiahich in turn leads to decreased sensitivity and selectivity. It
drug, there is a constant need for simple and specific metteould be suggested that a more specific extraction of valproic
ods for the determination of this substance in patients’ plasmacid from plasma would improve HPLC determination of the
Since valproic acid is volatile, it is mostly determined by gasdrug. There are existing HPLC methods that offer sufficient sen-
chromatography (GC) without derivatization or following alky- sitivity and selectivity but require prior derivatization of valproic
lation[2]. High-performance liquid chromatography (HPLC) is acid to add either a chromophore or a fluoroptrel 0]. Chro-
an attractive alternative to GC for the analysis of most drugmatography of valproic acid without prior derivatization would
however, its application for the analysis of valproic acid insignificantly simplify the method and thus shorten the analysis
plasma is limited by the fact that the drug has no suitable chrotime.
mophore. The very non-specific absorption, where substantial This paper describes a simple, rapid and efficient (in term of
recovery and removal of interferences) liquid—liquid extraction
procedure for valproic acid from plasma. The method allows
* Corresponding author. Fax: +98 21 22403154 determination of valproic acid at low concentrations without the
E-mail address: hamini@sbmu.ac.ir (H. Amini). need for prior derivatization.
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2. Experimental (25ul, equal to 25.g of octanoic acid in methanol) was added
and vortex-mixed for 10 s. Extraction was performed by adding
2.1. Reagents 50l of 1M H3POs and 3.5 ml ofn-hexane and vortex-mixing

for 2 min. After centrifugation at 12,000 g for 3 min, the whole
Valproic acid (purity of 98%) and octanoic acid (99%) were organic layer was separated and transferred into another tube.

from Aldrich-Chemie (Steinheim, Germany). Analytical grade Then, 10Qul of 0.5% triethylamine in water was added. The mix-
phosphoric acid, sodium dihydrogen phosphate, triethylaminéure was vortex-mixed for 2 min. After waiting for 30 s, some of
and HPLC grade methanol were purchased from E. Merckhe upper organic phase was discarded and the remaining mix-
(Darmstadt, Germany). HPLC grade acetonitrile and analytiture (about 1 ml) was transferred into a 1.5 ml microcentrifuge
cal graden-hexane was obtained from Carlo Erba Reagenttube. After centrifugation at 11,300¢ for 2 min, the upper
(Rodano, ltaly). All other reagents were of analytical grade. organic phase was discarded completely. Finally, a volume of

50l of aqueous phase was injected into the chromatograph.
2.2. Instrumentation

2.6. Assay validation

The analyses were performed on a Shimadzu chromato-

graphic system (Kyoto, Japan) equipped with an LC-6A solvent The specificity of the method was evaluated by comparing
delivery pump, SPD-10AVP ultraviolet detector (operated athe chromatograms obtained from the samples containing val-
210 nm) and C-R8A integrator. The samples were applied by aroic acid and internal standards with those obtained from blank
Rheodyne 7725 loop injector with an effective volume of l00  samples. Additionally, plasma sample spiked with various other
A Shimpack CLC-CN column (258 4.6 mmi.d.; 5um particle  drugs were prepared and investigated for their possible interfer-
size) was used for the chromatographic separation. The mobiknces. Besides calibration standards, additional standards were
phase comprised of acetonitrile—40 mM aqueous sodium dihyprepared for the determination of intra-day=5) and inter-day
drogen phosphate (30:70, v/v), pH 3.5. Analyses were run &t =5) of the assay accuracy and precision. The absolute recov-

flow rate of 1 ml/min at ambient temperature. eries =5) was calculated by comparing peak heights obtained
from prepared sample extracts with those found by direct injec-
2.3. Standard solutions tion of drug solution made in 0.5% triethylamine in water at the

same concentration.

The octanoic acid (internal standard) was dissolved in The limit of quantification (LOQ) was estimated by analyzing
methanol to produce a final concentration of 1 mg/ml. Standardalproic acid at low concentrations of the calibration curves. The
stock solution of valproic acid was prepared in methanol by dist OQ was defined as a concentration level where accuracy and
solving 800 mg of free acid in 50 ml of methanol and stored afprecision were still better than 10%. To determine the limit of
—5°C. Working standard solutions for valproic acid were pre-detection (LOD), lower plasma concentrations than the lower
pared daily in methanol producing 16, 8, 4, 2, 1, 0.5, 0.25, 0.12%8nd of the calibration curves were used. The LOD was then
and 0.0625 mg/ml. defined as the concentration, which caused a signal three times

the noise §/N=3/1).
2.4. Calibration curves and quantitation
3. Results and discussion

Plasma standards for calibration curves were prepared by
spiking different samples of 1 ml drug-free plasma each with3.1. Sample preparation
20l of one of the above mentioned valproic acid working stan-
dards to produce 320, 160, 80, 40, 20, 10, 5, 2.5 and,ilg?%il. Valproic acid could be extracted from plasma into various
They were shaked for 2min, and then stored at least 15 minrganic solvents under acidic condition. Howevetexane,
at room temperature before use. The prepared calibration stawhich is a weak solvent for most drugs was preferred to pre-
dards and quality control standards (28Pwere pipetted into  vent co-extraction of other drugs and endogenous interferences
4 ml polypropylene tubes and stored-a20°C pending analy- from plasma. Both phosphoric and hydrochloric acid were suit-
sis. In each run, a plasma blank sample was also analyzed, baible for plasma acidification. Using these acids, valproic acid
results for blank samples were not used as part of the calibratiorould be extracted from plasma intehexane even at pH 5 with
curves. absolute recovery of 50%, but very poor recovery was obtained

Calibration curves were constructed by plotting peak heightvith acetic acid at the same or lower pH. Therefore, the choice
ratio (y) of valproic acid to the internal standard versus valproicof proper acid is also important.
acid concentrationsc). A linear regression was used for quan-  One major problem associated with valproic acid is the crit-

titation. ical loss of sample during sample concentration steps. Possible
unequal losses of valproic acid during evaporation of extrac-
2.5. Extraction procedure tion solvent can cause large variations in the measurements.

To circumvent concentration by evaporation, several methods
A 250l volume of plasma was transferred to a 4ml[5,11,12]use a small volume of extraction solvent and inject
polypropylene tube (10 mm 70 mm). The internal standard it directly. However, in reversed-phase chromatography direct
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injection of water immiscible solvent can cause serious probsimple buffered acetonitrile mobile phase under isocratic elution
lems. Back-extraction into a small volume aqueous solution i®n CN column was found appropriate for separation of valproic
the best way to concentrate valproic acid while it can also offeacid and internal standard from plasma interferences.

more selective extraction and cleaner chromatogram. Although,

back-extraction into 0.5 M sodium hydroxide has been proposeg.2.2. Injection solvent

[13,14], itmust be noticed thatdirectinjection of sodium hydrox— The sharp and narrow peak for Va|proic acid and internal
ide solution with such a high concentration can destroy injectostandard was obtained when they were injected in very dilute tri-
and column. We first tried to back-extract valproic acid fromethylamine solutions, but peak broadening was observed when
n-hexane into 0.01-0.05M sodium hydroxide solutions, but itinjecting the analytes dissolved in methanol. The peak broaden-
was not successful. We evaluated several alternatives to sodiufiy could be due to the fact that methanol has a higher solvent
hydroxide solution and observed that diluted triethylamine SO|Ustrength than the mobile phase, |eading to defocusing of the
tion can eﬁectiVE|y extract ValprOiC acid fromhexane. Inter- peaks at the start of the Chromatographic process.

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 3 /... ridation

of plasma extract. This observation may be explained that most
of triethylamine goes ta-hexane phase because of better solu-
bility in it, but the complex of valproic acid with triethylamine
prefers to be in aqueous phase.

Representative chromatograms of drug-free plasma, plasma
spiked with valproic acid at LOQ and a high concentration,
and a patient sample are shownHigy. 1 The retention times

for valproic acid and internal standard were 8.5 and 9.9 min,

3.2. Chromatographic condition respectively. No interfering peaks from the endogenous plasma
components were observed in the retention time of valproic acid
3.2.1. Chromatographic column and mobile phase or internal standard. All analyzed patients samples showed an

We first tried C8 and C18 columns with acetonitrile— additional peak at 7.4 min, which could be one of the metabo-
phosphate buffer as mobile phase. There were several plasrigs of valproic acid. A number of drugs were added to blank
interferences close to the retention times of valproic acid angllasma at sufficient concentrations and these samples were ana-
the internal standard. We evaluated different mobile phases argzed according the present method. They include: mefenamic
changed buffer concentration, pH values and organic to aqueoasid; indomethacin; sodium diclofenac; naproxen; sodium
phase ratio, but all these efforts did not give satisfactory resultvoenzoate; sodium salicylate; phenytoin; primidone; ethosux-
We finally overcame this problem by using a CN column, whichimide; carbamazepine; theophylline; ciprofloxacin; ofloxacin;
showed superior separation results than other tested columns.asetaminophen; codeine; dextromethorphan; ranitidine; cime-

7.409

9.936

o
N
=
2 2 2
% 15}
2 =
~_ [}
E s g
= .0 =
z g 5l
— =1l &
S =) =3 -
Q § ‘S
2 <
a =
2 £
2 =
S < «
2 5 >
g 2 4
=t s 3
> 2
= £
cl 2
> 3
< 3| = @
\/\ 2 XJ i M ]
D’ -1\,,1: | o “l |n D- o. "é i o /‘ |o c: 0' o n':\ o
o (\‘l | K;‘ ~ ) o il fe ~ ) o c oy o
' L ' . UL ' . ' A ' .
(A)  Time(min) (B)  Time(min) (©  Time(min) (D)  Time(min)

Fig. 1. Representative chromatogram of: (A) a blank plasma, attenuation =2; (B) plasma spiked wjith/thP&alproic acid, attenuation =2; (C) plasma spiked
with 80g/ml valproic acid, attenuation =3 and (D) a sample from an epileptic patient containingud@flvalproic 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 humanpBsma (
Nominal concentrationug/ml) Recovery (%) Intra-day Inter-day
Mean+£ S.D. Precision (%) Accuracy (%) MeanS.D. Precision (%) Accuracy (%)
1.25 78.9+ 6.4 1.13+ 0.05 4.4 —-9.6 127+ 0.11 8.7 1.6
5 742+ 3.8 5.1+ 0.15 29 2 4.9+ 0.38 7.8 -2
80 734+ 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 21 2.3
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