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SUMMARY 

A specitic and sensitive procedure for the determination of valproic acid at 
therapeutic concentrations in human plasma has been developed. The method in- 
volves a microscale extraction of the drug from acidified plasma into chloroform. 
Caproic acid is added as internal standard. The extract is subsequently analysed on 
a gas chromatograph fitted with a flame ion&&ion detector, and quantitation achieved 
by the relative-peak-height technique. 

Sodium valproate (Epilim) is an antiepileptic drug which has recently been 
introduced in Great Britain. Its anticonvulsant properties have been demonstrated 
in animals1 and man2n3. It is used in management of generaked epilepsy, and is 
particularly e&ctive for treatment of children having petit mal absence seizures. The 
drug is normally well tolerated although some gastro-intestinal disorders such as 
diarrhoea, nausea and vomiting have been reported. Hair loss has also been reported 
but these effects were not usually frequent or severe. Drowsiness is often temporarily 
associated with high doses of sodium valproate’ or with concomitant barbiturate 
medication5~6. The latter is consistent with the increase in serum barbiturate con- 
centrations reported when Epihm was added to the drug regime of patients already 
prescribed phenobarbitone7*s. The interaction of sodium valproate with phenytoin 
is less certain since both elevation9 and depression’ of plasma phenytoin Ievels have 
been reported_ 

Many gas chromatographic methods have been published for the determina- 
tion of valproate concentrations in body f%,rids’“-‘6 ;_ the plethora of methods demon- 
strates the inadequacy of any one to meet the various needs, and many have been 
quite Iong and complicated. The method of Meijer and Hessing-Brand*O incorporates 
a tedious micro-ditI&ion technique while that of Dusci and Hackett” involves a large- 
scale extraction in a separating f=eI, followed by a back extraction to clean up 
the specimen. The method of Jensen and Gugler I4 also employs a back extraction 

and isdesigned to measure the Iov. pfasma concentrations encountered when under- 
taking singk-dose pharmacokinetic studies. All three procedures require I ml plasma 
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or serum and, because they are time consumiug, would not be ideal for a large roui 
tine workload. Another method” is complicated by the need to form a derivative 
prior to chromato,=phy. The method reported by Schultx and -Tos&tid~ uses a 
smaller sample and, although it includes an evaporation step to ooncentrate-the res- 
idue, avoids loss of the volatile free acid by fixing it as the potassium salt- 

The following method describes a rapid and specific gas chromatographic 
procedure for the determination of valproic acid iu a small volume of plasma without 
derivative formation. In common with some other cited methodsrb16 it employs a 
chromatography phase recommended for free fatty-acid analysis. Since this technique 
was introduced into our laboratory, similar micro-scale methods for underivatised 
valproic acid have been reported elsewhere13J6. 

METHOD 

Principle 
- Valproic acid is extracted directly into chloroform, from aciditied plasma, to 

which.an internal standard has been added. The extract is injected onto a gas chro- 
matograph and quantitated against a range of water standards which are carried 
through the procedure. 

Reagents 
The reagents used are: chloroform (AnalaR grade), tested to ensure that it 

did-not contain any extraneous peaks when examined by the gas-liquid chromato- 
graphic (GLC) system; hydrochloric acid (concentrated AnalaR grade) and caproic 
acid (n-hexanoic acid) (Sigma, St. Louis, MO., U.S.A.), diluted with water to a con- 
centration of 643 m&l, stored in a dark bottle at 4” and used as the internal standard 
solution. 

Instrumentation 
A Pye 104 Model 24 dual-columo gas chromatograph equipped with flame 

ionisation detectors, was used throughout in conjunction with a Htachi Model 56 
recorder (1mV f_s.d.). The column was a 1.5 m x 4 mm I.D. coiled glass tube which 
had beeri silanised with a 5% soiution of dimethyldichlorosilane in toluene. Glass 
wool is s&nised in the same solution. After rinsing with methanol and drying at 
100” this column was packed with 1.5 % SP loo0 (Applied Science Labs.,State College, 
Pa.,. U.S.A.) on GO-80 mesh Gas-Chrom Q (Applied Science Labs.). This packing 
was prepared by our standard evaporation technique as described elsewhere” and 
conditioned overnight at 180” with the nitrogen carrier gas flow-rate at 60 ml/min. 

The instrument settings were as follows. Column oven temperature. L4O”; 
nitrogen flow-rate, 60 ml/mm; hydrogen flow-rate, 45 ml/nun; air flow-rate, 500 ml/ 
min; sensitivity, 2- lo-lo A; injection port setting, 0. 

Eppendorff pipettes were used to dispense RIO ~1 plasma and RIO CCL internal 
standard (Caproic acid 60 mg&l) into. a Dreyer tube @cientific Supplies, Vine Hill, 
London, Great Britain), which was used as the extraction vessel. After adding one 
drop of concentrated hydrochloric acid and 100 ~1 chloroform the tube was whirli- 
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mixed for 30 sec. ft was best to add the solvent using a repeating Hamilton dispenser 
attached to a f&r-fit&g syrhrge and &ted with an Everett stainless-steel needle. After 
mixing, the tube was centrifuged at high speed to separate the layers before injecting 
5 ~1 of the lower phase onto the GLC column. This was done by taking a small 
quantity of air intd the syringe and passing it through the lipoprotein interface into 
the organic phase. After slowly expelling the air, 5 ~1 of solvent extract were taken 
into the syringe and the outside of the needle was wiped with a tissue prior to the 
injection of the extract onto the gas chromatographic column. The extraction was 
performed in duplicate and the mean result taken. If the difference between duplicates 
was greater than lo%, the analysis was repeated_ 

QuQRrt-tQtive QRQlysis 
Standard water solutions of sodium valproate. were carried through the ex- 

traction procedure with each batch of samples. 
A stock solution of sodium valproate was prepared by dissolving 115.3 mg 

in 100 ml distilled water (this is equivalent to I g/l valproic acid). The stock solution 
was diluted to 10 ml with water as described in Table I to give a range of standards 
containing 20-100 mg/l. 

TABLE I 

COMPOSITION OF STANDARD SOLUTIONS OF VALPROIC ACID OBTAINED 
DILUTTNG A STOCK SOLUTION OF SODIUM VALPROATE (115.3 mg per 100 ml) 
IOmlWlTHWATER 

vohme stock sorut&7i2 (pl) Concentmtion of valproic acid (mgll) 

BY 
TO 

200 20 
400 40 
6clo 60 
800 80 

1000 100 

Of each standard extract 2-5 ~1 were injected onto the column and the peak 
heights measured from an extrapolated baseline. A calibration graph was prepared 
bf plotting the ratio of the peak height of drug to peak height of interna! standard 
against valproate concentration. The valproate concentration in a sample was cal- 
culated by comparing the peak-height ratio of the sample directly with the standard 
calibration graph 

Sodium valproate was added to fresh, heparinised human plasma to give con- 
centrations of 60 and 80 mg/l, in a way similar to that described above. A plasma 
control at each concentration was carried through the procedure with each batch 
of samples. 

Reproducibility 
Thrs plasma samples were each analysed twenty times to obtain the repro- 

ducibility of the method. The results are shown in Table LE.. 
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1 38.2 ‘1.43 
2 63.9 2.27 . ;:z 
3 76.8 2.80 3.7 

ECESUL-iS AND DISCUSSION 

The SP loo0 phase chromatographs of the free, underivatised valproic acid 
are giving symmetrical peaks and adequate sensitivity (Fig. 1). The phase has heen 
previously recommended for free fatty-acid analysisl’ and is similar to the FFAP 
advocated by Jensen and Gugler I4 Another recent publicationz6 recommends a new _ 
free fatty-acid phase, SP-2164% for the analysis of underivatised valproic acid. By 

using these liquid phases one can avoid lengthy derivatisation procedures which are 
subject to interference. 

Fii_ 1. Separation of vaiproic acid aid &proic acid under the c&romato&aphic cmditi~ns kcribeci. 
1=CapbcaG&2=-Jzd~&acId _- 



The internal staudard, n-hexzmoic acid, was x-ecommended by SI%.&Z and 
Toseland” who worked with WGL 1, a squid phase very simikkr to SP MJOCL n-Hexanoic 
acid separates from both the solvent front and valproic acid and, since it is added 
at the beginning of the assay, automatically compensates for any intersample dif- 
ferences in recovery. Fig. 2 demonstrates both that the calibration graphs are recti- 
linear, and that recovery of drug from wafer and plasma is essentially the same. 

40 60 80 
Valproic acid concentration Ung/l> 

100 

Fig. 2. Standard calibration graph relating the ratio of the peak heights of valproic acid aad kproic 
acid to the concentration of valproic acid k the sample. x = Water standards, Q = plasma 
Standards. 

The procedure has been shown to be specik for valproic acid. No interfering 
peaks in the same region as either drug or internal standard have been encountered 
from constitu&s of notmai piaszna (Figs. 3 and 4 show typical traces from patient 
sampks). Ethosuxkni de does extract and chrosnatograph under these conditions, but 
has a r?tention tixne of about 12 rnin compared to 4.4 tin for valproic acid. In ad- 
dition, the peak shape for etho suximide is poor so-it never presents a problem during 
subsequent inject&s. 

Direct extraction micro-procedures have been snccessf~y applied within our 
laboratory to the analysis of several drugs in pla~rna~~~~. The method is both rapid 
since it empfoys a short extraction and does not require a solvent concentration step, 
and economic in time, reagents and apparatus, requiring only one small glass tube 
for .ffie whole extraction. This makes it particularly valuable_ when large numbers 
of samples are to be analysCd. In addition, the sample requirements are small; this 
is iznportant~when several different assays are needed on the same sample which is 
con=only thecasewith &XntiCWM &z%pJ. 



Fig. 3. Gas chromatogram of a normaI plasma extract with addition of internal standard. 

Fig. 4. Gas chromatogram of a plasma extract from an individual treated with sodium valproate. 

During the past 18 months we have anaiysed 763 plasma samples from 493 
patients to determine their valproic acid concentration. Of these 32% were in the 
normal range of 50-100 mg/l quoted by Schobben et aL*, 61 oA were below 50 mg/l 
and 7 % were above 100 mg/l. However, initiafly we did not specify a time interval 
between dose and blood samplin,. * Since plasma valproate half-lives are reported to 
be short leading to wide fluctuations in plasma concentrations throughout the day12 
this probably accounts for the high percentage of our results which were. below 50 
mg/l e this range refers to samples drawn 2 h zfter dosage. 

_4CICNOWLEDGEMENTS 

Our thanks are due to Dr. R. Goultig for permission to publish thispaper. 
We are also indebted to each oft our technicians whose help and enthusiasm sustain 
our anticonvulsant monitoring service. We would also like to thank- Miss 5. Greerr 
for cP+ert *ing of the rnan&~k - _ : - 



GLC OF VALPROX ACID 307 

REJERENCES 

1 H. Memier, G. Carroz, V. Metier and M. Eymard, TXerapie, 18 (1963) 435. 
2 D. de Biolrey and L. Sore& R&z NeuroC. Berg.., 69 (1969) 914. 
3 H. Meinardi, Psych%. NearaL Neurochir., 74 (1971) 435. 
4 C. Forster, KiitderkKz Univ. Manch. LaboI Diisselribrf. 1 (1974) 41. 
5 P. M. Jeavons and J. E. Clark, Brit. Med. J., 2 (1974) 584. 
6 E. VoIzke and H. Doose, Epiepsia, 14 (1973) 185. 
7 S. D. V&l, E. M. R. Critchley, J. C. Philips, C. Haydock, A. Cocks, T. Dyer and Y. F&&n, in 

N. J. Legg (Editor), Cbiticaf and Pharnuzw~ogica~ Aspects of Sodium Va@roate (Epilim) in the 
Trectnzent of .@ilepsy, MCX CXMISU~QMS, LO~I~JJII, 1976, p. 75. 

8 F. Sc~obbex~, E. van der KIeijn and F. J. M. Gabreels, Em. J. Clin. Pharmuwl., 97 (1975) 105. 
9 A_ Windorfer, W. Sauer and R. Gadeke, AC&~ Paedia&r. Scam& 64 (1975) 64. 

_ 10 J. W. A. Meijer and L. H&g-Brand, C/h Chim. Acta, 43 (1973) 215. 
11 L. J. Dusci and L. P. Hackett, J_ Chromatogr, 132 (1977) 145. 
12 B. J. Jordan, personal cmmnunicztion 1973. 
13 C. R. Chard, in N. J. Legg (Editor), Ciiniw! and Pharmacorogicai Aspects of Sodium Va!proafe 

(&i&n) in the Z-eatmeat of Epilepsy, MCS Consultants, London, 1976, p- 89. 
14 C. J. Jensen and R. Gugler, J. Chroma~ogr., 137 (1977) 188. 
15 H. LT. SchuJ.z and P. A. To&and, Amer. C&it. Biochem., 14 (1977) 24-O. 
16 M. H. Wood, D. C. Sampson and W. J. Hensley, Clin. Chim. Acfa, 77 (1977) 343. 
17 B. Byzs and G. Jordan, I. Gas Cluomatogr 2 (1964) 3U4_ 
18 R. J. Flanagan and D. J. Berry, J. Chromatogr., 131 (1977) 131. 
19 D. M. Rutherford, J. C~J-onm~ogr.., 137 (1977) 439. 
20 D. J. Berry and L. A. Clarke, J. Chromntogt., 150 (1978) 537. 


