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Abstract

A gas chromatographic method was employed to monitor

plasma levels of phenytoin and phenobarbital in 101 Ethiopian

epileptic patients who were on chronic drug treatment and

kinetics and plasma level-response relationship was studied.
40% of the patients were on single drug treatment while the

remaining were taking both phenytoin and phenobarbital. A

very low correlation between dose and plasma level was observed

and there was high variation among individuals. Although 86%

of the patients were receiving 300 mg of phenytoin per day,

some patients showed plasma levels as low as 5|ig/ml

others as high as 60 pg/ml.
and

!
!

About 70% of patients were seizure-free at the range

of 10-20 pg/ml phenytoin levels. However the best range for

maximum seizure control in this study was 20-30 pg / ml. At

lower levels, that is below 10 pg/ml, and at higher levels

above 30 jug/ml, the seizures were poorly controlled. The

therapeutic range of phenobarbital for optimum control of

seizure was found to be comparable with that of phenytoin

(20-30 pg/ml).

The kinetics of phepytoin is best described by Michaelis-
Menten kinetics. The most important parameters K and Vm max
were estimated and found to be 6.5 mg/lt and 6.9 mg/kg/d

respectively. The maximum metabolic capacity, vmax » for
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1. INTRODUCTION

During the past 20 years, the value of monitoring

plasma antiepileptic drug levels as an adjunct to the provision

of better patient care has been repeatedly demonstrated.
Clinical studies have shown a strong correlation between plasma

antiepileptic drug concentrations and seizure control, and it

has been suggested that nearly 80% of all epileptic patients

could become seizure-free with the currently available anti-
epileptic drugs if their plasma drug concentrations accurately

monitor. Because of variations in individual pharmacokinetic

and pharmacodynamic characteristics and other external factors

such as product formulation etc, there is gross individual

variation in the relationship between plasma level and seizure

control. Thus a wide range of plasma levels may be found in
patients receiving the same dose of anticonvulsants. Simi-
larly, the degree of seizure control or the intensity of

intoxication may vary widely among different patients with

the same blood levels. There is therefore, no universal

therapeutic level for any antierpileptic drug applicable to
all patients. As there is no study so far on the therapeutic

levels as well as other pharmacokinetic parameters of these

drugs in plasma of inhibitants of this country, we set out to

monitor blood levels of some chronic patients with the aim of
generating data that may be of use in the treatment of other

epileptics in the country. This study was a collaborative work

conducted with physicians at Neurology unit of Tikur Anbessa
hospital, Medical Faculty.
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2• 9y^TITATIVE_ ANALYSIS_0F_AWTIC0NVULSANTS

2,1. General consideration

Samples of biological origin are often of complex

nature and drugs are present in low concentrations. When

there is a need to determine their quantities in such

samples, good selectivity and high sensitivity of analytical

method is therefore of utmost importance. Various methods

have been developed for quantitative determination of anti-
convulsants in biological fluids. The summary is given

below (Table 1.)

2Table 1. Comparison of the various phenytoin assay methods

i

Analytical

method

Specificity for

phenytoin Minimum
sample

volume
(

ml
)

Analysis cost Specialized
ox:

;

rator
training

jAnalysis time Comments
I

.H.PLC

f

1 0.2 3

SIT—

3 2 Overall, probably

the method of choice
t

:GC
on column
methylation 1 0.5 2 4 2 Method used in most
P'recolumn

1 methylation

1 0.5 2 4 3 of the recent lite-
rature

*RIA 2 0.2 3 2 2 Requires a scintil-
lation counter

SP 4 1 A

1 2 3 Nov/ less frequently
used
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Arbitrary ranking scale of 1 (excellent) to 4 (poor)
HPLC - High performance liquid chromatography

GC = Gas chromatography

RIA = radioimmunoassay SP - Spectrophotmetry

2.2. Gas chromatography in Assay of Anticonvulsants

The first accurate antiepileptic drug level deter-
mination was realised about 20 years ago by using gas
chromatographic method. GC can be used to separate compounds
which exhibit a measurable vapour pressure at temperatures
below 300°c. It can also be used for substances from which
a stable, volatile derivative can be prepared. Most GC
separations are carried out on columns packed with inert
support, coated with a film of liquid stationary phase. The
compounds are eluted by an inert mobile gas such as nitrogen.
The separation of the compounds depends upon their varying

tendency to be dissolved in the stationary phase.

Literally thousands of partition liquid ranging from
non-polar to. very polar have been described in the literature.
The general rule "like dissolves like" is a good one to follow
when selecting liquid phases, thus polar liquid phases are
best for nonpolar samples. Unless the sample dissolves well
in the liquid phase, little or no separation occurs. The
gas phase is inert and separation occurs only in the liquid
phase. Of the 250 liquid phases that can be found in most
catalogues only a few meet the high temperature, low visco-
sity and stability requirements of the antiepileptic drug

level field. Only phenyl/ methyl silicone operates well at
temperature up to 300°C, is neutral and offers the right range
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of polarity for good separation. One such example is OV-17
(Ohio Valley Speciality Co; Merietta, Ohio).

Apart from packed column, a long capillary column in

which the walls act as support for stationary liquid phase

can be used. Such columns have greater separation capabi-

lities and lower limits of detection.
i

The successful use of any column lies on the effic-
iency and sensitivity of the detector. It is usually located

at the exit of the separation column and senses the arrival

of the separated components as they leave the column and

provides a corresponding electrical signal. There are more

than 20 different detector types for use in GC. The most

common ones are flame ionization detector .(FID), thermal

conductivity detector (TCD) and electron capture detector

(ECD) of which FID is currently the most popular detector

in use in anticonvulsant analysis because of its high sen.-
sitivity, wide range and great reliability.

For any compound to be analysed by GC, the pre-requisite
is its volatility. Unfortunately most anticonvulsants are not

easily volatile and, therefore gas chromatographic analysis

of such drugs is very difficult. To increase the volatility

and hence to reduce absorptive property or tailing and to

make the analysis of the polai' molecule easier it is ess-

ential to modify the functional groups of anticonvulsants

chemically with the aid of derivatizing agent.
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An internal standard is a reference compound usually

having similar chemical and physical properties with the

component analysed, used to compare or test a measurement.
In GC, there are two different possible ways of analysis:

the internal standard method and absolute parameter method.
In the absolute parameter method we use variable factors to

calculate the amount or concentration of a substance in an

unknown sample. This method has a number of disadvantages.
It requires precise management over all instrumental cond-
itions otherwise:

- slight fluctuation in gas flow and column temperature

can alter peak shape.
- slight fluctuation in instrumental condition can

significantly alter peak height

- slight fluctuation in weighing and transferring of sample

in the instrument causes false reading

- any loss of sample during syringe injection introduces

errors in the results.

Because of all these undesirable properties, absolute

parameter is hardly used in anticonvulsant analysis. Instead

analysis v/ith internal standard, which is devoid of all the

above undesirable properties is employed. In this method

a known amount of internal standard is added to the component

sample and a ratio is calculated from the gas chromatographic

responses. The relationship between peak height or area and

concentration is based on a calibration curve determined

experimentally beforehand. In internal standard method

slight variation in instrumental conditions, column temp-

erature, gas flow, personal variation in handling the
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sample during extraction etc may affect the individual peaks

or area but not their ratio. Since the internal standard is

expected to have similar chemical and physical properties

to that of the component analysed v/hatever factors affect

the peak height of internal standard would have comparable

effect on the peak height of the component, but the ratio

remains constant.

I
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3. CLINICAL PHARMACOLOGY _OF_PHENYTOIN_AND_PHENOBARBITAL

3.1. Diphenylhydantoin

DiphenyIhydantoin commonly called phenytoin, Is the

derivative of hydantoin ring shown below (1)
M H Ph

0)

K

i2>
Chemically it is 2,4-imidasol.idinedione. The first hydan-
ytoin to be used widely in medicine was E,-ethyl-5-pheny1-

hydantoin which was known as nirvanol. This hydantoin was

introduced as a hypnotic in 1916 and was reported to have

about the same intensity of action as phenobarbital, but

less toxic (latter found to be dangerous in the continued

use.)

The hydantoin derivative which has acheived the greatest

popularity in medicine is 5,5-diphenylhydantoin or pBflenytoin

(2). The use of phenytoin in the treatment of epilepsy was
3first recommended in 1938 by Merritt and Putnam. Since then

phenytoin has become the most widely used agent in the

management of seizure disorders. It is effective in the

treatment of primary or secondary generalized tonic-clonic
epilepsy and elementary and complex partial seizures as

well as status epileptioue*

Absorption phenytoin is a weak acid hence is expected to

be absorbed from stomach. However because of its low solu-






















































































