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1 INTRODUCTION 

Epilepsy is one of the most common neurological disorders affecting 0.5-l % 
of the population The primary treatment is drug therapy and it is one of the first 
areas m which therapeutic drug monitoring was established. Therapeuttc drug 
monitormg is based on a premise that plasma concentration of a drug is related m 
a reversible manner to the drug’s concentration at its receptor site, which in turn 
determines its chmcal effect It IS widely recognized that there exists a consid- 
erably better correlation between clinical effects and plasma concentrations of 
drugs than there is between clinical effects and dally dosage of drugs. Advance- 
ments m technology associated with drug determinations are responsible for the 
progress and success in therapeutic drug monitoring which in turn led to the rapid 
advances in clinical pharmacology [ 11. Antiepileptic therapy is one of the areas of 
clinical pharmacology where therapeutic window IS relatively well defined. Ther- 
apeutic drug monitormg is an adjunct to rational drug therapy and it helps estab- 
lish optimal drug therapy for individual patients [2]. It is especially important m 
fields like epilepsy where life-long multiple-drug therapy and drug-drug interac- 
tions are common. 

The rapid pace of publications of analytical methods for quantrtatlon of antl- 
epileptic agents which was taking place m the late seventies and early eighties has 
subsided considerably. This is due to the fact that the existing antiepileptic drugs 
have been around for some time now and because of the early massive analytical 
effort dedicated to the development of suitable assays. 

Many of the newer procedures are modifications of the older ones and many 
differ only m terms of sample preparation or the composition of the high-per- 
formance liquid chromatographic (HPLC) mobile phase. Many of the reports 
still lack adequate validation data (intra- and inter-day accuracy and precision 
assessment covermg the range of experimental values) and do not check for in- 
terferences from commonly co-administered drugs and their metabolites Some of 
the assays proposed for clinical use were developed using biological fluids from 
animals. Experimental animals are kept under much more controlled conditions 
than people live in. Consequently chromatograms of extracts of biological fluids 
from animals tend to be more reproducible and cleaner than those from people 
and may be misleading. 

Recent emphasis was placed on identification and quantitatron of metabolites 
and on the measurement of free (non-protein-bound) drug concentrations In 
addition, there was a proliferation of non-chromatographic methods based on 
immunoassay techniques. These newer immunological methods are automated, 
rapid, and easily operable by relatively technically non-skilled individuals. They 
are suitable for routine clinical monitoring during chronic therapy and, under 
those circumstances, show similar degree of precision and accuracy to the chro- 
matographic methods which are still being utihzed as the standard reference 
methods However, immunoassays analyze for one drug at a time, have a limited 
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sensitivity for quantitation of drugs following a single dose, do not measure 
metabolites, and in some cases have problems with cross-reactive interferences. 

It is estimated that overall about 20% of patients with epilepsy are not con- 
trolled by the current antiepileptic drugs. This number is much greater in adults 
with complex partial seizures, the most common type of epilepsy. Therefore, 
there is a continuing effort to develop new antiepileptic drugs, and several new 
candidates are at different stages of development. Some of the new candidate 
antiepileptic drugs are quite different from the older ones in their physicochem- 
ical characteristics and require a very different analytical approach. Standard 
antiepileptic agents (with the exception of benzodiazepines) are primarily weak 
acids, have no appreciable tendency for adsorption to various surfaces, and ex- 
hibit plasma concentrations in the pg/ml range. On the other hand, some of the 
new candidate antiepileptic agents tend to be weak bases, adsorb to many surfac- 
es and exhibit plasma concentrations in the ng/ml range. 

There is no single method or scheme for analysis of the antiepileptic drugs. The 
approach depends on the specific needs (e.g. clinical monitoring, pharmacokinet- 
ic studies, quantitation of metabolites, determination of new drugs) and the avail- 
able resources (technical skill and instrumentation). The initial decision is be- 
tween a chromatographic and an immunoassay method, and these two 
alternatives are discussed in more detail elsewhere in the text. 

Chromatographic methods often require sample preparation prior to the ac- 
tual chromatographic separation. However, there are chromatographic methods 
which allow direct sample injection (no sample pretreatment) and are primarily 
those using HPLC. Direct injection methods are faster and simpler and do not 
require additional solvents or solid-phase columns. However, in the long run they 
may require more frequent maintenance of instrumentation and replacement of 
analytical columns and are more susceptible to problems with interferences. Sam- 
ple preparation is performed by deproteinization (e.g. acetonitrile), liquid-liquid 
(solvent) extraction (e.g. ethyl acetate, chloroform, methylene chloride) or liquid- 
solid (solid-phase) extraction (e.g. Cl8 disposable columns). While deproteiniza- 
tion is the simplest of three, it retains some of the drawbacks of the direct in- 
jection methods. On the other hand, direct injection and deproteinization meth- 
ods, because of their non-selectivity, allow simultaneous analysis of compounds 
with different physicochemical properties unlike the extraction methods. Addi- 
tional selectivity can be imparted to the extraction methods by using more than a 
single extraction step. Solid-phase extraction technique is gaining in popularity 
because of its rapidity. However, selection of an appropriate solid-phase column 
and solvents is not always obvious even to an experienced analyst. 

Extracts usually require a concentration or evaporation step, most frequently 
for gas chromatographic (GC) analyses. In some cases, samples are derivatized 
(e.g. silylation, alkylation), especially for GC methods. However, there is a much 
lesser need for derivatization now after the introduction of capillary CC columns. 
In general, HPLC methods require simpler sample clean-up than GC ones, and as 
a result are often preferred. On the other hand, GC methods tend to offer a better 
sensitivity. Gas chromatographic-mass spectrometric (GC-MS) methods pro- 
vide specificity and sensitivity, as well as structural information. 
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Analytical methods for determination of antlepileptic drugs have been re- 

viewed in 1985 [3]. The present review is not meant as a replacement but a supple- 
ment to the 1985 review. It concentrates on developments m the analytical metho- 
dology for antiepileptic drugs since that review. 

2 CHROMATOGRAPHIC METHODS FOR STANDARD ANTIEPTLEPTIC DRUGS AND ME- 

TABOLITES 

Chromatographic methods are still utilized as the standard reference methods 
for the antlepileptic drugs. 

2. I. Total drug concentrations 

Therapeutic determinations of drugs and metabohtes are most frequently car- 
ried out in plasma m serum. Plasma or serum concentrations of active com- 
pounds are thought to be in a reversible equlhbrlum with their respective concen- 
trations at the receptor sites. 

2 1.1. Analysrs oj lndivlduaI drugs (and metuholites) 
In some cases, analysis of only individual drugs is needed, such as during 

monotherapy or for specific therapeutic or research questions. In addition, with 
the advancements in analytical technology along with the recogmtlon that some 
antiepileptic drugs have active and/or toxic metabohtes, there is a growing m- 
terest in developing methods for quantltation of metabolites. 

2.1.1 I. Valproate. Valproic acid is the most recently approved drug in the 
U.S.A. It has an unique structure, being a branched short-chain carboxylic acid. 
It has a large number of metabohtes, some of which are believed to be active and 
some toxic. Some of the metabolites are found at concentrations several times 
lower than the parent. In addltlon, it posseses several properties which make it 
difficult from the analytical standpomt, namely high volatlhty, structure similar 
to many endogenous carboxylic acids, and metabolites with similar chromato- 
graphic and even MS characteristics to the parent drug. Evaporation step 1s 
usually avoided during sample preparation, and, instead, extracts are only con- 
centrated or direct sample injections are made. Ethyl acetate is the preferred 
solvent for liquid-liquid extraction of valproate and its mctabolites. 

GC is the most frequently utilized chromatographlc method for valproate. 
Unlike other antiepileptlc drugs, valproate does not contain nitrogen or other 
structural moieties which would make it suitable for more sensltlve and selective 
detectors such as nitrogen thermlonic or electron-capture detectors. Instead, a 
flame ionization detector, which offers adequate sensitivity, 1s used for its analy- 
sis. 

Nishioka et al. [4] described two different GC methods for the determination 
of valproate m human serum. Both methods used a packed column for sep- 
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aration, octanoic acid as the internal standard and 0.1 ml of serum. Neither 
method required derivatization or evaporation. One of these, the direct injection 
method, employed deproteinization with acetomtrile and hydrochloric acid fol- 
lowed by injection of the supernatant. In the extractive methylation method, 
valproate was extracted, using tetrabutylammonium chloride as a counter ion, 
mto methylene chloride containing methyl iodide and the organic layer was in- 
jected. The limit of detection was 3 pg/ml A good correspondence was shown 
between the two methods and the direct injection method may be preferred due to 
its simplicity. 

Kohda et al. [5] developed a novel “solvent flush” method requiring no extrac- 
tion, evaporation, or derivatization and using 1 ~1 of rat plasma. Octanoic acid 
was used as the internal standard and the separation was achieved with a packed 
column In this approach, sample was “sandwiched” by phosphoric acid phases 
and injected directly. The limit of detection was 5 pg/ml and good accuracy and 
precision were demonstrated m the 12.55150 pg/ml range. Because of the very 
small sample volume required, the method should be very suitable for small 
animals and pediatric patients. However, it needs to be validated using human 
samples prior to use for clinical monitoring. Another report [6] employed liquid- 
solid extraction using octadecyl-coated silica columns. The internal standard was 
r-methyl-x-ethylcaproic acid and the separation was performed on a packed col- 
umn. The method utilized 100 ~1 of human plasma and did not require evap- 
oration or derivatization The limit of detection was 1 pg/ml. The solid-phase 
extraction columns were reusable about five times. Solid-phase extraction are 
usually simpler, faster, avoid formation of emulsions and require considerably 
smaller quantities of solvents. 

A capillary GC method was also reported for valproate and its 2-desaturated 
metabolite, 2-n-propyl-2-pentenoic acid [7]. This metabohtc is the major mono- 
unsaturated metabohte of valproate and it lacks hepato- and embryo-toxicity. 
Cyclohexane carboxylic acid was the internal standard and trimethylsilyl deriv- 
atives were formed following the liquid~~hquid extraction. The method was devel- 
oped usmg rat plasma and brain tissue but the authors state that it was sub- 
sequently applied successfully to other biological tissues including human 
plasma. A sensitivity limit of 0.2 pg/rnl for 150 ~1 of plasma was reported. Peak 
purity was established by the retention times and ratios of ion current intensities 
of the characteristic fragments using GC-MS. 

Valproate exhibits poor ultraviolet (UV) absorption and lacks other structural 
features that would make it a suitable candidate (without a derivatization) for 
other common HPLC methods of detection (e.g. fluorescence or electrochemical). 

Lovett et al. [8] measured valproate in 250 111 of human plasma using aceto- 
nitrile precipitation, a reversed-phase octadecyl column, and UV detection at 210 
nm. Each isocratic elution of valproate and diazepam, the Internal standard, was 

followed by a gradient to flush the column, The limit of detection was 1.5 pg/ml 
and good precision and accuracy were shown from 5 pg/ml and up Another 
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HPLC method analyzed valprolc acid in human serum following precolumn de- 
rivatlzation with bromomethylmethoxycoumarm [9]. The method used 20 ~1 of 
blood or plasma, nonanoic acid as the Internal standard, and acetonitrile for 
protein preclpltatlon. Chromatographlc separation was achieved usmg a C18 re- 
versed-phase column. A fluorescent detector (excitation 325 nm, cut-off filter 398 
nm) was employed but samples could also be momtored using a UV detector with 
about a ten-fold loss in sensitivity. 

GC-MS is commonly employed for identlficatlon and quantltatlon of val- 
proate and Its metabolites [IO-141. A metabohc scheme for valproate is shown in 
Fig. 1 Capillary GC 1s most commonly used because of Its resolving power, and 
usually more than one internal standard is used. Samples are derivatized, most 
commonly by silylatlon. 

Determmation of valproate and twelve metabohtes was achieved after capil- 
lary GC separation of terr.-butyldlmethylsilyl derivatives [lo]. The analysis used 1 

ml of human plasma or urine, and the hmit of sensltlvity was about 0.1 big/ml. 

4.4'-dime WA 

- $rL[+] 
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Fig. 1 Proposed metabohc pathways of valproate m man (Reproduced with permlsslon from ref 14 ) 
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tion. However, it was not as sensitive and chromatograms did not appear as clean 
as those obtained using the electrochemical detector. In a subsequent publication 
[88], the authors suggested that the analytical column be washed with a metha- 
nol-25% ammonia-methylene chloride (4:0.2:95.8) solution after 150-200 in- 
jections of biological extracts. This served to regenerate the column and maintain 
its efficiency. There were no interference from other commonly used antiepileptic 
drugs. 

4.2. Gabapentin 

Gabapentin, 1 -(aminomethyl)cyclohexaneacetic acid, is a GABA analogue 
which crosses the blood-brain barrier. An HPLC method [89] was reported for its 
analysis in human plasma (0.5 ml). Its analogue, 1 -(aminomethyl)cycloheptane- 
acetic acid, was used as the internal standard, samples were deproteinized with 
perchloric acid, derivatized with 2,4,6-trinitrobenzenesulphonic acid, chromato- 
graphed on a lo-pm Cl8 column using acetonitrile-water-acetic acid 
(58:41.5:0.5), and monitored with a UV detector. Limit of detection was 10 ng/ 
ml. 

4.3. Vigabatrin 

Vigabatrin (y-vinyl-GABA; GVG; DL-4-aminohex-5-enoic acid) is an enzyme 
activated, irreversible inhibitor of GABA transaminase. It is a structural ana- 
logue of the inhibitory neutotransmitter GABA and the most specific known 
inhibitor of the enzyme responsible for GABA degradation. 

A GC-MS method [90] was reported for the determination of the R( -)- and 
S( + )-enantiomers of GVG in human plasma (100 ,ul). S( + )-y-acetylenic-GABA 
was used as the internal standard and, after protein precipitation with methanol, 
samples were derivatized first with trifluoroacetic anhydride and then with diazo- 
methane. Separation of the compounds was achieved using a capillary column 
coated with a chiral phase (L-valine-tert.-butylamide coupled to an alkylsiloxane 
polymer). SIM in the EI mode was used for the detection. Plasma, urine, and 
cerebrospinal fluid were shown to be free of endogenous interferences. 

An HPLC method [91] was also reported for the determination of vigabatrin 
in human plasma (100 ~1) and urine (10 ~1). y-phenyl-GABA was used as the 
internal standard, and after the addition of copper chloride, samples were deriv- 
atized with dansyl chloride. Copper(I1) ions were used to complex endogenous 
a-amino acids and thereby prevent their derivatization which enhanced specificity 
and simplified chromatography. A 6-pm reversed-phase HPLC column was used 
for separation at room temperature. Fluorometric detection was used for mon- 
itoring (excitation 345 nm, emission 418-nm cut-off filter). The limit of detection 
was 0.5 pg/ml for plasma and 10 pg/ml of urine. 
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