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Abstract-Using a crude 9,~~ rat liver microsomal preparation, in uitro studies were carried out 
on (a) the metabolism (hydroxylation) of diphenylhydantoin (DPH), (b) the effect of other commonly 
used anticonvulsants on this hydroxylation. DPH hydroxylation exhibited saturation kinetics at a 
DPH substrate concentration of approximately 10m4M. Mean K, and V, values for the reaction 
were 9.3 x 10m5 M and 23.3 pg/ml respectively. The linear Hill plot with an interaction coefficient 
of 1.0 suggests that there is no cooperativity between different DPH molecules during DPH receptor 
binding process, The anticonvulsants ethosuximide, sodium phenobarbitone, sodium valproate and 
sulthiame all exhibited inhibition of DPH hydroxylation to varying degrees. Ki inhibition constants 
for the four anticonvulsants were respectively i.1 x lo-‘, 9 x 10e4, 1.8 x lo-’ and 8.8 x 10e4M. 
Inhibition of DPH hydroxylation by sodium phenobarbitone and sulthiame was strong and competitive 
in nature. Ethosuximide showed a weak competitive type of inhibition and sodium valproate a weak 
uncom~titive type of inhibition. 

The administration of more than one anticonvulsant 
drug to patients with epilepsy as an aid to the man- 
agement of their fits is now a common clinical prac- 
tice. Diphenylhydantoin (DPH) is considered by 
many clinicians to be the drug of choice in most 
forms of epilepsy with the exception of the petit ma1 
group and is, therefore. frequently included in a com- 
bined drug therapy. 

Due to the chronic nature of treatment of patients 
with epilepsy, the possibility that one anticonvulsant 
drug may interfere with the metabolic degradation 
of another must always be considered. Phenobarbi- 
tone, for example, strongly induces the for~tion of 
liver hydroxylating enzymes[l], which results in an 
increased rate of detoxication of many other drugs, 
including DPH, with a subsequent decrease in plasma 
half life. 

Apart from induction, it is known that some com- 
pounds, including phenobarbitone, interfere directly 
with the metabolism, which is primarily hydroxyl- 
ation [2], of DPH [3,4]. By contrast, observations 
based on the use of in uiuo measurements such as 
DPH plasma half life, plasma con~ntration and 
DPH urinary metabolites suggest that sulthiame is 
a strong inhibitor of DPH hydroxylation [S-7]. 

In this report we present a direct assessment of 
the in vitro hydroxylation of DPH, using a crude 
9,OOOg rat liver microsomal enzyme fraction. Data 
is presented on the type of competition for the micro- 
somal DPH receptor site. between DPH and various 
other commonly used anticonvulsant drugs. The 
affinity of these anticonvulsant drugs for the DPH 
receptor, which is a measure of ability to inhibit DPH 
hydroxylation, was compared quantitatively by 
measurement of Ki inhibition constants. 

MATERIALS AND METHODS 

A. Preparation of 9,000 g microsomal fraction. Male 

Wistar albino rats weighing 200-300g and kept on 
a normal laboratory diet (diet 4B, H. B. Styles Ltd., 
London) were sacrificed by decapitation. Their livers 
were removed immediately, weighed and placed on 
ice. The livers were homogenized in a Potter type 
homogenizer at 4”. For each 1.0 g of tissue, 1.5 ml 
of 0.25 M sodium phosphate buffer (PH 7.4) was used. 
The whole homogenate was centrifuged at 9,000 g for 
15 min in a MSE Superspeed 50 centrifuge. After cen- 
trifugation, the waxy upper layer was removed and 
the middle zone was then poured into a collecting 
flask, leaving the sediment in the centrifuge tube to 
be discarded. The 9,OOOg micros~l fraction was 
always used on the day of its preparation, being 
stored at 4” prior to use. 

B. incubation mixture. The incubation mixtures (final 
volume 1.0 ml), as modified from Kutt and Verebelly 
[33, comprised: 0.4 ml, 9,OOOg microsomal fraction, 
1.Oml DPH (sodium salt) in 0.01 M NaOH; 0.1 ml 
sodium valproate or phenobarbitone (sodium salt) or 
ethosuximide made up in distilled water or sulthiame 
in 0.01 M NaOH; 0.1 ml of 0.25 M phosphate buffer 
pH 7.4 and 0.1 ml each of NADP, NAD and ATP 
made up in 0.25 M phosphate buffer pH 7.4 to give 
final concentration of 8.2 x 10m3M, 9.3 x 10m3M 
and 3.9 x lo-‘M respectively. AnticonvuIsant drug 
concentration used varied from 5 x IO- ’ M to 
10s3 M. Samples were incubated for 15 min in a 
shaking water bath at 37” with an oxygen flow rate 
of 1 litre/min. 

C. Assay procedure. All ingredients of the incuba- 
tion mixture, except for the microsomes were added 
to the incubation tubes. The reaction was started by 
the addition of 0.4 ml of the microsomal fraction. At 
the end of the 15 min incubation period. microsomal 
enzyme activity was terminated by the addition of 
0.5 ml of 1 N HCL and this at the same time served 
as the first step in the extraction of DPH. 0.2ml of 
the internal standard S-(p-tolyl)5-phenylhydantoin 
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was added and the total incubation mixture trans- 
ferred to 20 ml extraction tubes with two 5 ml chloro- 
form washes. DPH was estimated by a combination 
of the extraction method of Toseland et al. [S] and 
the GLC method of MacGee [9] as described by 
Goldberg et al. [lo]. DPH was assayed by gasliquid 
chromatography using a Perkin-Elmer Fl 1 gas chro- 
matograph. Protein determinations were carried out 
according to Lowry et al. [ 111. 

RESULTS 

Kinetic studies. The rate of disappearance of DPH 
in the in vitro incubation mixture was used as an 
indication of enzyme activity. We found that in agree- 
ment with Kutt and Verebely [4] the rate of DPH 
metabolism accorded with first order kinetics with re- 
spect to time. The reaction velocity though is only 
linear for the first 20 min. We chose a 15 min incuba- 
tion period. The product of DPH metabolism was 
found to be S-(p-hydroxyphenyl)5-phenylhydantoin 
(pHPPH), suggesting a hydroxylation reaction. The 
dihydrodiol derivative, S-(3,4-dihydroxy-I, Scyclo- 
hexadien-1-yl)-Sphenylhydantoin, which is normally 
present with pHPPH as an excretory product of DPH 
metabolism in rat urine was not detected. 
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Fig. 2. Hofstee plot showing the range of the Michaelis 
constant (K,) obtained from 12 different experiments. K, 
and Kti shown by intercepts on x-axis represent the range 
in K, values obtained and are respectively 6.3 x 10m5 M 
and 12 x 10e4M with a mean of 9.3 x 10e5 M. [S] rep- 
resents the molar concentration of DPH. V represents the 
rate of DPH metabolism during a 15 min incubation 
period in pgDPH/ml of incubation mixture per IOmg of 

liver 9,000 g microsomal protein. 

The rate of DPH hydroxylation was found to be 
dependent upon the concentration in the reaction 
mixture (Fig. 1). Transition between first and second 
order kinetics occurs at a DPH concentration of ap- 
proximately IOm4M and it is at this DPH concen- 
tration that the DPH hydroxylating enzyme is begin- 
ning to exhibit saturation kinetics (Fig. I). 

and sulthiame were included in the DPH-microsome 
incubation mixture DPH hydroxylation was inhibited 
to varying degrees (Fig. 4). On a molar to molar basis, 
sodium phenobarbitone and sulthiame showed strong 
inhibition whilst ethosuximide and sodium valproate 
were weak inhibitors with sodium valproate being the 
weakest. 

The values of maximal velocity (V,) for the incuba- 
tion mixture per 15 min incubation period for 10 mg 
of 9,000 g microsomal protein ranged from 20 to 
3Opg/ml DPH with a mean of 23.3. Figure 2 shows 
the range of Michaelis constant (K, 6.8 x 10m5 to 
1.18 x 1 0m4 M) obtained from different Hofstee plots. 

Interaction of DPH with enzyme binding site. Figure 
3 is a Hill plot derived from the Hill equation [13]. 
It presents an analysis of the same data used to plot 
the Hofstee plot (Fig. 2) and it can be seen that log 
v/V - v varies as a linear function of log of DPH 
concentration. 

On the assumption that all the anticonvulsant 
drugs under study underwent metabolic degradation 
similar to DPH, competing for the same metabolic 
site on the enzyme, experiments were carried out to 
determine the inhibitor constant (Ki) in the presence 
of DPH using the graphical method described by 
Dixon [12]. The results (Figs 5-8) show that whilst 
ethosuximide, sodium phenobarbitone and sulthiame 
exhibit a competitive type of inhibition, sodium val- 
proate inhibition is uncompetitive in nature. 

DlSCUSSlON 

Inhibition studies. When the anticonvulsants etho- The Hill interaction coefficient, n, was found to be 
suximide, sodium phenobarbitone, sodium valproate 1.0 (Fig. 3) and this indicates that there is no positive 
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Fig. 1. DPH microsomal hydroxylation showing saturation kinetics with respect to substrate concen- 
tration. Saturation of microsomal enzyme occurs at a DPH concentration of approximately 10m4M. 
Each point represents the mean of four experiments. V represents the concentration of DPH, in pg/ml 
of incubation mixture per 10 mg of liver 9,@00 g microsomal protein, metabolised during a 15 min 

incubation period. 
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Fig 3. Hill plot. The Hill interaction coefficient, N, is given 
by the gradient of the plot and was found to be 1.0. For 
the significance of this see text. V represents the maximum 
velocity of the reaction. u represents the velocity of reaction 
at particular substrate [S] concentration. Units as in Fig. 2. 

or negative cooperativity of binding. Since the Hill 
coefficient cannot exceed the number of binding sites 
on the receptor molecule [I41 it follows that the 
receptor of DPH has only one binding site. 

The inhibition of DPH hydroxylation by the four 
anticonvulsants studied (Fig. 4) can be categorized as 
follows: 

I. Strong and competitive as observed with pheno- 
barbitone (Fig. 5) and sulthiame (Fig. 6). 

2. Weak and competitive, as observed with ethosux- 
imide (Fig. 7). 

3. Weak and uncompetitive as observed with 
sodium valproate (Fig. 8). 

The K, inhibition constants obtained suggest that 
phenobarbitone and sulthiame have a high affinity 
for the DPH receptor site whilst ethosuximide and 
sodium valproate have low affinities. 

The fact that sodium valproate exhibited a different 
form of inhibition, viz: uncompetitive, as compared 
with all the other drugs is interesting, in view of its 
dissimilar molecular configuration. This difference is 
all the more significant when considered against the 

Molar concentration of sodwm phenobarbltone 
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Fig. 5. Inhibition of DPH microsomal hydroxylation by 
sodium phenobarbitone. A competitive type of inhibition 
is observed with a mean Ki of 9 x 10m4M. For clarity 
the range of Ki obtained from three separate experimental 
determinations is not shown. Also not all experimental 
data used for determining K, is shown. S and Sz represent 
respectively DPH substrate concentrations of 3.3 x 

IO-‘M and IO-“M. Vas in Fig. 2. 

remarkable similarity of all the other anticonvulsants 
studied, including sulthiame when viewed stereo- 
chemically [ 151). 

The results presented here should be considered in 
the light of clinical reports of drug interactions in 
patients on DPH. In all cases reported [5,6] sul- 
thiame has been shown to raise plasma DPH levels 
and to decrease urinary metabolites, implying strong 
inhibition of DPH hydroxylation by either sulthiame 
itself or one of its metabolites. In this study we have 
observed directly that sulthiame itself is. indeed, a 
strong inhibitor. Whether the metabolites of sul- 
thiame produce any additional inhibition has yet to 
be determined. 

Phenobarbitone is known to be a strong inducer 
of liver microsomal enzymes [I]. It would be 
expected, therefore, that plasma DPH levels of 
patients on chronic treatment with DPH would be 
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Fig. 4. Comparative inhibition of DPH hydroxylation. expressed as a percentage. in the presence of 
varying molar concentrations of other anticonvulsant drugs. 
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Molar concentratwn of sulthlame inhlbltor, 1 

Fig. 6. Inhibition of DPH microsomal hydroxylation by solthiame. A competitive type of inhibition 
is observed with a mean K, of 8.8 x IOV4M. Ki (aHd) represent the range of K,‘s obtained in four 
experiments. S, and S, represent respectively DPH substrate concentrations of 5 x 10m5 M and 

10e4M. V as in Fig. 3. 

Molar concentrotlon of ethosuxrmtde inhlblfor, I 

Fig. 7. Inhibition of DPH microsomal hydroxylation by ethosuximide. A competitive type of inhibition 
is observed with a mean K, of I.1 x 10F2M. K, (aHd) represent the range of Ki‘s obtained in tour 
experiments. S, and S, represent respectively DPH substrate concentrations of 5 x to-‘M and 

IOe4M. Vas in Fig. 2. 

lowered by the addition of phenobarbitone to their 
regime on a long-term basis. However. occasional in- 
stances have been .reported [16-19) in which plasma 
DPH levels have either not changed or been raised 
by addition of the second drug. Our results could 
explain these observations if in the chronic situation. 
the inhibition effect prevails over induction. 

The strong inhibition of DPH hydroxylatron by 
ethosuximide and its consequential elevation in 
plasma was suspected in one patient by Frantzen r/r 
ul. [IO]. Preliminary results[ll] obtained from analy- 
sis of plasma DPH levels and DPH urinary metabo- 
lites of Wistar rats before and after ethosuximide was 
added to a regime of DPH showed no significant 
change. The evaluation of the true clinical interaction 
of ethosuximidc has to await further clinical trials but 
our data suggests that its inhibition of DPH hy- 
droxylation is probably not important. 

The inhibition of DPH hydronylation by sodium 
valproatc as measured by plasma DPH Icvcls and 
DPH urinary mctabolitcs has been shown not to bc 

significant in the rat [7]. Furthermore. sodium val- 
proate has no cytochrome P450 inducing proper- 
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Fig. 8. Inhibition of DPH microsomal hydroxylation by 
sodium valproate. Uncompetitive type of inhibition is 
observed with a mean K, (from three experiments) of 
1.X x IV’ M. S, and Sz rcpresenr respeciiveiy DPH suh- 
stratc concentrations OF 3.3 x IO” M and IO-*M. I’ as 

in Fig. 2. 
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ties [Zl, 223. To date no clinical evidence exists to 4. H. Kutt and J. R. Fouts, J. Pharmac. cup. Ther. 176. 

suggest that this may be different in man. Thus in 11 (1971). 

the light of our present findings it can be concluded 5. J. M. Hansen, M. Kristensen and L. S. Skovsted. Epi- 

that inhibition of DPH hydroxylation by sodium val- lepsio 9, 17 (1968). 

proate, in man, will probably not be of great clinical 
6. G. W. Houghton and A. Richens. Br. J. c/in. Pharmac. 

importance. 
I, 59 (1974). 

7. P. N. Patsalos. V. D. Goldberg and P. T. Lascelles. 
Proc. Anal. Dir. Chem. Sot. 12, 270 (1975). 

SUMMARY 8. P. A. Toseland. J. Grove and D. J. Berry. Ch. him. 
Acta 38, 321 (1972). 

The in vitro hydroxylation of DPH and its inhibi- 9. J. MacGee. Anolyt. Chem. 42. 421 (1970). 

tion by other commonly used anticonvulsants has 10. V. D. Goldberg, C. Rosewarne and P. T. Lascelles. 

been studied, using a 9,000g rat liver preparation. Proc. Sot. Anal. Chem. 11, 288 (1974). 

One high affinity, saturable, DPH binding site was 11. 0. H. Lowry, N. J. Rosebrough. A. L. Farr and R. 

found on the enzyme. 
J. Randal. J. biol. Chem. 193. 265 (1951). 

All the anticonvulsants studied exhibited various 
12. M. Dixon, Biochem. J. 5% 170 (1953). 

types and strengths of inhibition and this has been 
13. A. V. Hill. J. Phvsioj.. Lomf. 40. iv (1910). 
,4 
. ” discussed in relation to possible important clinical in- 

teractions. 15. 

J. Monod. J. Wyman and J. P. Changeaux. J. Molrc. 

Biol. 12. 88 (1985). 
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