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INTRODUCTION 

A considerable number of drugs have anti-epileptic properties. A re-
latively small number of these drugs have their anti-convulsant proper-
ties sufficiently divorced from their sedative ones, and possess adequate 
long-term safety, for them to be used in man to protect against epilepsy. 
The present review deals only with those anticonvulsant drugs that are 
well established as satisfactory treatments for human epilepsy. Such 
anticonvulsants include members of the following chemical families: 

1. hydantoins - phenytoin (diphenylhydantoin), methoin, ethotoin 
2. barbiturates and desoxybarbiturates — phenobarbitone,N-methyl-

phenobarbitone, primidone (desoxyphenobarbitone) 
3. dibenzodiazepines — carbamazepine 
4. succinimides - ethosuximide, phensuximide, methsuximide 
5. oxazolidinediones — troxidone 
6. benzodiazepines — clonazepam, nitrazepam 
7. valproic acid and its salts 
8. butanesulthams — sulthiame. 

With the exception of primidone, and probably sulthiame (about 
which relatively little is known), these anticonvulsants are cleared from 
the human body chiefly by biotransformation. The pathways of meta-
bolism of the various drugs are known with different degrees of com-
pleteness, but information on quantitative aspects of their biotransfor-
mations is often scanty. 

In the review that follows, qualitative aspects of anticonvulsant 
metabolism are discussed first, and then quantitative aspects, in relation 
to the individual anticonvulsant agents. 

HYDANTOINS 

Phenytoin (diphenylhydantoin) is the main hydantoin derivative in 
current use. A moderate amount of information is available on its pat-
terns of biotransformation. Methoin ("Mesantoin") is now little used 
because of its occasional, but very serious, bone marrow toxicity. 
Something is known of its metabolism. Ethotoin is a relatively ineffec-
tive drug, is little used and has been the subject of little metabolic 
study. 

Phenytoin 
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Qualitative Aspects 

In man, the main metabolic pathway for phenytoin (5,5'-diphenyl-
hydantoin) involves oxidation at the p-position on one of the phenyl 
rings attached to the C 5 position of the hydantoin ring /1,2/. The re-
sulting phenolic metabolite 5-(p-hydroxyphenyl)-5-phenylhydantoin (p-
hydroxyphenytoin, HPPH) may be conjugated with glucuronic acid 
before excretion in urine as p-hydroxyphenytoin glucuronide (Fig. 1). 
p-hydroxyphenytoin is thought to be pharmacologically inactive (But-
ler /If). Such oxidation, occurring in liver microsomes and catalysed by 
the non-specific microsomal mixed oxidase system /3/, may yield other 
phenolic type derivatives. There have also been reports of the formation 
of metabolites of phenytoin resulting from hydantoin ring scission, and 
from N-glucuronide formation. 

Η 

C / N N : = O 

0 = c - -N Η © 

© 

© 
Fig. 1. Major pathway of phenytoin metabolism 

1) phenytoin 2) 5-(p-hydroxyphenyl)-5-phenylhydantoin 

3) phenytoin-O-glucuronide. 
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Apart from p-hydroxy phenytoin(2), reported benzene ring oxida-
tion products of phenytoin include the following (numbered to corres-
pond with Fig. 2): 

Fig. 2. Benzene ring oxidation products of phenytoin metabolism 

1) phenytoin 2) p-hydroxyphenytoin 3) m-hydroxyphenytoin 4) epox-

ide metabolite 5) epoxide-ol metabolite 6) dihydrodiol metabolite 

7) catechol metabolite 8) methylcatechol metabolite 9) bis-p-hydroxy-

phenyl metabolite. 
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(3) 5-(m-hydroxyphenyl)-5-phenylhydantoin, the m-isomer of p-
hydroxy phenytoin. This m-isomer has been reported present in 
human urine on several occasions /4-6/. However, it seems likely 
that it is not a natural phenytoin metabolite, but is an artefact 
produced from a dihydrodiol metabolite of the drug (6) below, 
during acid hydrolysis of urine which has been carried out to 
separate primary metabolites from their glucuronide conjugates. 

(5) an epoxide-ol metabolite, reportedly found in rat urine /7/. 
(6) 5-(3,4-dihydroxy-l,5-cyclohexadine-l-yl)-5-phenylhydantoin, a 

dihydrodiol metabolite which appears to form in man /4, 8-10/. 
(7) 5-(3,4-dihydroxyphenyl)-5-phenylhydantoin, a catechol type 

derivative, found in both rat /11-14/ and human urine /15/. It is 
thought to be derived from the dihydrodiol metabolite /6/. 

(8) 5-(4-hydroxy-3-methoxyphenyl)-5-phenylhydantoin), a methyl 
derivative of (7), has been found in the urine of rats /14, 16/ 
and of humans /15/. 

(9) 5-5-bis(4-hydroxyphenyl) hydantoin, a p-hydroxy derivative of 
both phenyl rings of the molecule. This is a minor metabolite, 
described in both rat /11/ and human /15/urine. 

It has been suggested that initially one benzene ring on the pheny-
toin molecule may be oxidised to an unstable epoxide derivative which 
then proceeds to form the dihydrodiol /6/ and subsequent /18/ metabo-
lites. The postulated formation pathways of the various benzene ring 
oxidation products of phenytoin are set out in Fig. 2. Many of these 
derivatives appear to form 0-glucuronide derivatives before excretion in 
urine. 

Phenytoin has also been described, in both rats and humans, as for-
ming an N-glucuronide conjugate /19/. 

Η OH 
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Relatively early work identified two hydantoin ring scission products 
as metabolites of phenytoin in humans /20/. These substances, di-
phenylhydantoic acid and α-amino-diphenylacetic acid, do not appear 
to have been described subsequently in man, though the former has 
been found in the urine of rats given phenytoin /8/. 

o = c 

Η 

c r c = ο 

Ν Η, 
OH 

CP I n h 2 

o = c . 

Quantitative Aspects 

It is generally agreed that p-hydroxyphenytoin is the main metabo-
lite of phenytoin. However, figures in the literature for the proportion 
of a phenytoin dose excreted in urine as this metabolite (together with 
its glucuronide conjugate) vary, e.g. 60% /21/; 75% /22/; 81% /23/; 59-
88% /24/. Personal experience has been that urinary p-hydroxypheny-
toin excretion may show considerable variation from day to day in the 
one subject. Therefore steady state urinary excretion of this metabolite 
needs to be followed for several consecutive days to obtain a reliable 
estimate of the mean daily excretion. A study in a small group of 
patients /25/ suggested that the proportion of the daily phenytoin dose 
excreted as p-hydroxyphenytoin (and its glucuronide) may decrease as 
plasma phenytoin concentration becomes higher, though at therapeutic 
concentrations the percentage excreted as the metabolite remained 
above 50%. It is now generally accepted that phenytoin follows 
Michaelis-Menten kinetics more closely than linear elimination kinetics, 
and the study of Bochner et al. /26/ in a single patient showed that the 
saturable elimination of the drug was due to limited capacity to form p-
hydroxyphenytoin. 

In human plasma, as in urine, the great majority of the p-hydroxy-
phenytoin is present as the glucuronide conjugate. Plasma levels of the 
unconjugated metabolite are about 1% /27/, or less than 6% /28/ of the 
total plasma levels of the metabolite. Probably about 45% of the conju-
gate in plasma is bound to plasma proteins /29/, though the unconjuga-
ted metabolite may be more highly bound /30/. The metabolite and its 
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conjugate appear to form rapidly. Within 30 to 60 minutes of a patient's 
first ever dose of phenytoin, measurable p-hydroxyphenytoin is present 
in his plasma /31/. 

Steady-state plasma phenytoin levels, relative to dose, may change in 
certain physiological circumstances, e.g. pregnancy /32/ and in response 
to a number of drug-drug interactions /31 /. No convincing evidence has 
yet been presented that these altered relationships between drug dose 
and drug plasma level are due to altered rates of p-hydroxyphenytoin 
formation, though it is possible that urinary p-hydroxyphenytoin ex-
cretion has not been followed for a long enough period to allow a clear 
picture to emerge. 

No detailed quantitative work appears to have been done on other 
phenytoin metabolites. 

METHOIN 

Qualitative Aspects 

Methoin (5-ethyl-5-phenyl-3-methylhydantoin) is N-demethylated in 
the animal body to form 5-ethyl-5-phenylhydantoin ('Nirvanol') /33/. 
Nirvanol is an anticonvulsant, but may cause aplastic anaemia. The 
phenyl ring on this compound is subsequently oxidised to a p-hydroxy-
phenyl derivative which is excreted in urine as its glucuronide conjugate 
/34/ — Fig. 3. 

Qualitative Aspects 

In patients treated with methoin, plasma levels of the N-dealkylated 
metabolite 'Nirvanol' come to be some 10 or more times greater than 
plasma levels of the parent substance /35/. The metabolite is more slow-
ly cleared than the parent substance. As yet there are no good data on 
the proportion of a methoin dose accounted for by its known metabo-
lites. Since the drug is disappearing from use because of its toxicity, it 
seems unlikely that this information will become available. 

ETHOTOIN 

Quantitative Aspects 

The pattern of metabolism of ethotoin (5-phenyl-3-ethylhydantoin) 
in dogs is similar to that of methoin. There is N-dealkylation (at the 3 
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Fig. 3. Methoiri metabolism 

1) methoiri 2) N-desmethyl metabolite ('Nirvanol') 
3) p-hydroxyphenyl-N-desmethyl derivative 

position), and aromatic ring hydroxylation, followed by glucuronic acid 
conjugation /36/. 

Q Η 

>=L •N-C,H5 

Quantitative Aspects 

In man ethotoin is cleared mostly by metabolism. There is some ten-
tative evidence that the metabolism may be capacity-limited at thera-
peutic drug dosage /37/. 
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BARBITURATES AND DESOXYBARBITURATES 

Methylphenobarbitone and primidone (desoxyphenobarbitone) to a 
significant extent in man serve as prodrugs for phenobarbitone. It is 
therefore convenient to deal with the metabolism of phenobarbitone 
before that of its congeners. 

PHENOBARBITONE 

Qualitative Aspects 

The pattern of phenobarbitone metabolism is in many ways analo-
gous to the pattern of phenytoin metabolism. The main group of 
known metabolites is formed by oxidation of the phenyl ring. The al-
kyl side-chain on the molecule may also undergo oxidation, there may 
be barbiturate ring opening and rearrangement, and an N-conjugation to 
the heterocyclic ring has been described, though the conjugating mate-
rial is glucose, rather than glucuronic acid. The structures of the known 
phenolic type metabolites of phenobarbitone are shown in the left side 
of Fig. 4, with the structures of the other three known metabolites set 
out in the right side of this Figure. 

Till recently, p-hydroxyphenobarbitone was considered to be the 
main metabolite of phenobarbitone. It was described as long ago as 
1956 /38/. It is present in urine mainly as its glucuronide conjugate. In 
1977 Tang, Inaba and Kalow /39/ described another major metabolite 
of phenobarbitone which they then identified as the N-hydroxide. Sub-
sequently they revised the identification and showed that this metabo-
lite was in fact the N-glucoside /40/. The dihydrodiol metabolite was 
described by Harvey etal. /41/, the catechol by Horning etal. /42/, the 
hydroxyethyl by Glazko /43/ and the α-phenyl-γ-butyrolactone by 
Andresen et al. /44/. 

Quantitative Aspects 

Figures in the literature for the proportion of a phenobarbitone dose 
excreted unchanged in urine have varied from 10-30% /45/ to 67% /46/. 
Probably the most reliable estimation is that of Whyte and Dekaban 
/47/ - 25%. The later authors found that an average of 17% of the dose 
could be accounted for as p-hydroxyphenobarbitone, while the work of 
Tang et al. /40/ in different patients suggested that some 30% of a 
phenobarbitone dose was excreted as the N-glucoside. Hence about 25% 
of the dose appears to remain unaccounted for. The quantitative con-
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tribution of the other known (minor) metabolites of the drug to this 
25% is uncertain. 

There are no clear data on the effects of physiological factors, dis-
ease and other (interacting) drugs on patterns of phenobarbitone meta-
bolism. The clearance of the parent substance may be altered by these 
factors /31/, but altered metabolite productipn has not been demon-
strated. 

METHYLPHENOBARBITONE 

Qualitative Aspects 

Methylphenobarbitone has conventionally been regarded as a poorly 
absorbed substance which was biotransformed to phenobarbitone and 
excreted as such /48/, or as ρ-hydroxy-phenobarbitone. Recent studies 
in the author's laboratory /49/ have defined p-hydroxymethylpheno-
barbitone as a major metabolite of methylphenobarbitone. Meta iso-
mers of both p-hydroxyphenobarbitone and p-hydroxymethylpheno-
barbitone have been identified in human urine after acid hydrolysis but 
not after glururonidase hydrolysis. This suggests that these m-isomers 
may be methodological artefacts arising from extracorporeal reactions 
with postulated dihydrodiol metabolites of both methylphenobarbitone 
and phenobarbitone. Small amounts of presumptively identified O-
methyl-catechol metabolites of both methylphenobarbitone and pheno-
barbitone have also been found by mass spectral studies on urine from 
patients taking methylphenobarbitone. A scheme of methylphenobarbi-
tone metabolism is set out in Fig. 5. 

Quantitative Aspects 

Recent work /50/ suggests that methylphenobarbitone is about 75% 
bioavailable. Very little unchanged drug is excreted in urine. Some 70% 
of the absorbed drug can be accounted for in urine as p-hydroxy-
methylphenobarbitone, phenobarbitone or p-hydroxy-phenobarbitone 
(the phenolic derivatives being present mainly as glucuronide conju-
gates). The main metabolite, accounting for almost 50% of the absorbed 
dose, proved to be p-hydroxyphenyl methylphenobarbitone, but 
phenobarbitone accounted for nearly 20% of the absorbed dose /51/. 
No data are available on modifications of methylphenobarbitone meta-
bolism by physiological or pathological factors, or by intake of other, 
drugs. 
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P R I M I D O N E 

Qualitative Aspects 

Primidone (desoxyphenobarbitone) is known to undergo in vivo oxi-
dation to phenobarbitone /52/. The latter substance then presumably 
undergoes its usual pattern of metabolism. Primidone also undergoes 
ring opening, forming phenylethylmalonamide (Fig. 6). Both phenobar-
bitone and phenylethylmalonamide are anticonvulsants in their own 
right. 

Fig. 6. Pathway of pr imidone metabol ism 

1) pr imidone (2-desoxyphenobarb i tone) 2) phenobarbi tone 3) phenyl-

e thy lma lonamide 

Quantitative Aspects 

There is wide variation in the amount of a primidone dose excreted 
unchanged in urine - 15 to 66% /53/. Only 1 - 8% of the dose is con-
verted to phenobarbitone /53/. The portion of the dose (16 - 65%) not 
accounted for as parent drug or phenobarbitone is probably excreted in 
urine as phenylethylmalonamide. There are no data directly demonstra-
ting altered primidone metabolism in response to physiological factors, 
disease or drug-drug interactions. 

o = c c = o 
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DIBENZODIAZEPINES 

CARBAMAZEPINE 

Qualitative Aspects 

Carbamazepine is the only dibenzodiazepine derivative in current use 
as an anticonvulsant. The drug is believed to undergo two main path-
ways of metabolism. One or other of its benzene rings may be oxidised 
to form phenolic derivatives, or the C=C double bond in the central ring 
may be oxidised to form an epoxide (carbamazepine-10,11 -epoxide, a 
proven anticonvulsant in its own right /54/).The epoxide may then 
yield a dihydroxy derivative which lacks anticonvulsant activity /55/. 
The metabolic pathways of carbamazepine (after Faigle etal. /56/) are 
shown in Fig. 7. 

Fig. 7. Pathways of carbamazepine metabolism 

1) carbamazepine (5-carbamyl-5H-diber>z[b.f ] azepine) 2) phenolic derivatives 

3) carbamazepine-10.11 -epoxide 4) 10.11-dihydroxycarbamazepine 5) 9-hy-

droxymethyl-10-carbamoyl acridan. 
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Quantitative Aspects 

No more than 2% of a carbamazepine dose is excreted unchanged in 
urine /57,58/ . Less than 2% of the dose is excreted as the epoxide /57/, 
but 10-30% is lost as the dihydroxy derivative. The three phenolic 
metabolites each account for some 2 to 10% of the dose, while the acri-
dan derivative is excreted in trace amounts only. 

Phenytoin consistently interacts with carbamazepine to cause re-
duced plasma carbamazepine levels /59/. Since plasma carbamazepine-10, 
11 -epoxide levels tend to remain unaltered in this interaction, it seems 
likely that carbamazepine metabolism is diverted towards metabolic 
pathways apart from epoxide formation /60/. However direct quantita-
tive proof of this postulated mechanism is lacking. 

SUCQNIMIDES 

Although three succinimide derivatives are in use as anticonvulsants, 
only ethosuximide is an important antiepileptic agent. Phensuximide 
and methsuximide are largely superseded drugs which are relatively in-
effective. 

ETHOSUXIMipE 

Qualitative Aspects 

In humans ethosuximide is metabolised by oxidation, forming a 
number of hydroxylated derivatives. The known metabolic pathways 
are set out in Fig. 8. The succinimide ring may itself be oxidised at the 
3 position (metabolite 2) /61, 62/. The ethyl side chain at the 2 posi-
tion may be oxidised to a 1 or a 2-hydroxy ethyl (metabolites 6 and 3 
/61, 63/) or an acetyl derivative (metabolite 5 /61, 63/), while the 
second of these may be further oxidised to a carboxymethyl derivative 
(metabolite 4 /64/). The methyl side chain on the 2 position may be 
oxidised to a hydroxymethyl compound (metabolite 7 /61/). It is not 
known whether any of the metabolites have pharmacological activity. 

Quantitative Aspects 

Some 17 to 38% of an ethosuximide dose is excreted unchanged in 
human urine /43/. The main metabolite in urine is 2-(l-hydroxyethyl)-
2-methylsuccinimide (its two isomers accounting for 55% of the dose 
/65/). The other metabolites described above collectively account for 
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Fig. 8. Pathways of succinimide metabolism. Upper portion — ethosuximide; 

lower portions phensuximide and methsuximide 

1) ethosuximide (2-ethyl-2-methylsuccinimide) 2) 2-ethy l -2-methyl -

3-hydroxysuccinimide 3) 2-(1-hydroxyethyl) r2-methylsuccinimide 

4) 2-carboxymethyl-2-methyl succinimide 5) 2-acetyl-2-methyl 

succinimide 6) 2-(2-hydroxyethyl)-2-methylsuccinimide 7) 2-ethy l -

2-(hydroxymethyl) succinimide 8) phensuximide (N-methyl-2-phenyl-

succinimide) 9) 2-phenylsuccinimide 10) methsuximide (N.2-dimethyl-

-2-phenylsuccinimide) 11) 2-methyl-2-phenylsuccinimide. 
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some 25% of an ethosuximide dose. There is no information available 

regarding the ef fects o f various factors on the patterns o f ethosuximide 

biotransformation. 

PHENSUXIMIDE 

Qualitative Aspects 

Phensuximide (Fig. 8 ) in man forms an N-desmethyl metabolite/66/. 

METHSUXIMIDE 

Qualitative Aspects 

Methsuximide is also N-desmethylated (Fig. 8 ) in both animals and 

man /67/. The N-desmethyl derivative appears to possess anticonvulsant 

activity. Because of its lower clearance it accumulates in the human 

body, achieving higher plasma levels than the parent substance. 

. .ox idone (trimethadione) is the only oxazolidinedione derivative 

remaining in use, but it has now become largely superseded in human 

therapeutics. 

TROXIDONF 

In man troxidone (3,5,5-trimethyloxazolidine-2,4-dione) is said to 

be totally, or almost totally, N-desmethylated to dimethadione, an ac-

tive anticonvulsant /68/. No other metabolic product is known, and 

nothing seems known o f factors which may modi fy the human body's 

conversion of troxidone to its metabolite. 

Many of the benzodiazepines have useful anticonvulsant actions, but 

clonazepam is the only benzodiazepine derivative marketed purely as an 

OXAZOliDINEDIONES 

BENZODIAZEPINES 
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anticonvulsant. However nitrazepam at a slightly earlier time enjoyed a 
significant role in the long-term therapy of certain forms of epilepsy. 
Clonazepam and nitrazepam will be the only benzodiazepines discussed 
here. The drugs have very similar chemical structures and patterns of 
metabolism and will be considered side by side. 

CLONAZEPAM AND NITRAZEPAM 

Qualitative Aspects 

Clonazepam (7-nitro-5-(2-chlorophenyl)-3H-l ,4-benzodiazepine-2-
one) and nitrazepam (7-nitro-5-phenyl-3H-l ,4-benzodiazepine-2-one) 
have identical molecular structures except for, on clonazepam, a CI 
group at the o-position on the benzene ring bonded to the 5 position of 
the benzodiazepine moiety. 

The biotransformation pattern of clonazepam has been described by 
Eschenhof /69/ and that of nitrazepam by Rieder and Wendt /70/. 
There appear to be four main sites on these benzodiazepine molecules 
at which biotransformation reactions occur (Fig. 9) 

(i) The - N 0 2 group at the 7 position may be reduced, thus form-
ing 7-amino derivatives. These are subsequently conjugated 
with acetate groups to form acetamide derivatives. 

(ii) The C atom at the 3 position may be oxidised to a hydroxy 
derivative which is subsequently conjugated with glucuronic 
acid prior to excretion in urine. 

(iii) In the case of clonazepam, either benzene ring of the 7-amino 
derivative may be oxidised to form a phenol, though the exact 
oxidation site on the molecule does not appear to have been 
determined. 
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(iv) In the case of nitrazepam, diazepine ring scission may occur, 
forming a benzophenone derivative. The benzene ring of this 
derivative may then be oxidised to form a phenolic compound. 

In second stage biotransformations, the 7-amino metabolites 
may undergo hydroxylation at the -3 position and the 3-hydroxy 
metabolites may undergo reduction of the nitro group at the 7 posi-
tion. The 7-amino-3-hydroxy derivatives thus formed may subse-
quently undergo acetate conjugation at the 7-amino groups, forming 
7-acetamide derivatives. 

Quantitative Aspects 

Little useful information is available regarding quantitative aspects 
of clonazepam and nitrazepam metabolism. Figures for the percentage 
of a clonazepam dose excreted unchanged in human urine are 2% /71/, 

_ 0.1-1.4%/72/ and 0.2%/73/. The 7-amino derivative of both clonazepam 
and nitrazepam are the main metabolites found in human plasma, but 
this does not necessarily mean that they are the major metabolites of 
the drugs in urine. The amino derivatives may simply be cleared more 
slowly than quantitatively more important metabolites. 

VALPROIC ACID 

Valproic acid, often administered as its sodium salt, differs in chemi-
cal structure from the other anticonvulsants in common use. Rather 
than being a small heterocyclic molecule it is a short branched-chain 
fatty acid (η-propyl pentanoic acid; di-n-propylacetic acid). 

Qualitative Aspects 

The great majority of a valproate dose in man is cleared by bio-
transformation. A number of metabolites have been identified /74-79/. 
A scheme of some presumptive metabolic pathways is shown in Fig. 10. 
The valproic acid molecule appears to undergo either beta or omega 
oxidation, but also direct conjugation with glucuronic acid. Products 
beta-oxidation may ultimately enter the Krebs cycle and in ra ts : 
15-20% of a valproate dose is excreted as expired C0 2 - Other as ye 
identified conjugates of the drug appear to exist in human and an 
urine /80, 81/. In rats the glucuronide conjugate appears to undergi 
entero-hepatic circulation /81/. 
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Quantitative Aspects 

Figures for percentage of a valproate dose excreted unchanged in 
urine are 0% /82/, less than 1% /80/, 3.2% /83/, and 7% /84/. Some 
21% of a dose is excreted as conjugated metabolites /83/. Relatively 
little information is available regarding the detailed quantitative compo-
sition of the valproate metabolite pattern excreted in human urine. A 
substantial portion of any given valproate dose still remains unaccoun-
ted for. In rats, the pattern of valproate metabolite excretion in urine 
appears to be dose dependent /81/. Some 4-6% of the dose is excreted 
as unchanged drug, and 24% and 53% as its glucuronide (at doses of 15 
and 150 mg/kg) respectively. The other quantitatively significant meta-
bolite in rat urine was n-propylglutaric acid. 

In view of the relative lack of knowledge of quantitative aspects of 
valproate metabolism in man, there is no adequate basis for assessing 
possible alterations of valproate biotransformation in physiological or 
pathological circumstances, or in drug-drug interactions. 

SULTfflAME 

Little information is available about the metabolism of sulthiame, a 
substance which appears to be passing from favour as an independent 
antiepileptic agent. Old work /85/ indicated that 60-70% of a dose in 
man was excreted unmetabolised in urine. The remainder was excreted 
as a hydroxylated metabolite (structure unstated), devoid of pharma-
cological activity /86/. 

Although a moderate amount of information is available about the 
patterns of metabolism of the various anticonvulsant agents, it seems 
likely that at least some of these drugs have as yet undiscovered meta-

BUTANESULTHAMS 

Ο Ο 
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bolites. Knowledge of quantitative aspects of anticonvulsant metabo-
lism in man is far from complete, partly because of the practical diffi-
culties in carrying out the input-output metabolic balance studies neces-
sary to generate the appropriate information. Numerous interactions 
between the anticonvulsants and other drugs are known, and pharmaco-
kinetic data suggest that at least some of these interactions involve al-
tered anticonvulsant metabolism. However, there is virtually no good 
quantitative metabolic data available to clarify this matter. Further, 
quantitative aspects of the metabolism of homologous series of anti-
convulsants, e.g. the barbiturates and the benzodiazepines, in man and 
various animal species, remain largely unexplored. Anticonvulsant bio-
transformation is an area in which much further work could be done, 
with profit. 

340 Authenticated | xajibim@mail.ru
Download Date | 6/16/12 6:48 AM



M.J. Eadie Reviews on Drug Metabolism and Drug Interaction 

REFERENCES 

1. BUTLER, T.C. The metabolic conversion of 5,5-diphenylhydantoin to 5-(p-
hydroxyphenyl)-5-phenylhydantoin. J. Pharmacol. Exper. Therap., 119, 1-
11 (1957). 

2. NOACH, E.L., WOODBURY, D.M., and GOODMAN, L.S. Studies on the ab-
sorption, distribution, fate and excretion of 4-C14-labelled diphenylhydan-
toin. J. Pharmacol. Exper. Therap., 122, 301-314 (1958). 

3. KUTT, H., and VEREBELY, K. Metabolism of diphenyhydantoin by rat 
liver microsomes - 1. Characteristics of the reaction. Biochem. Pharmacol., 
19,675-686 (1970). 

4. ATKINSON, A.J. Jr., MACGEE, J., STRONG, J., GARTEIZ, D. and GAFF-
NEY, T.E. Identification of 5-meta-hydroxy-phenylhydantoin. Biochem. 
Pharmacol., 19, 2483-2491 (1970). 

5. DILL, W.A., BAUKEMA, J., CHANG, T., and GLAZKO, A.J. Colorimetric 
assay of 5,5-diphenylhydantoin (Dilantin) and 5-(p-hydroxyphenyl)-5-
phenylhydantoin. Proc. Soc.for Exper. Biol. Med., 137, 674-679 (1971). 

6. BUTLER, T.C., DUDLEY, K.C., JOHNSON, D. and ROBERTS, S.B. Studies 
of the metabolism of 5,5-diphenylhydantoin relating principally to the 
stereoselectivity of the hydroxylation reactions in man and the dog. J. 
Pharmacol. Exper. Therap., 199, 82-92 (1976). 

7. LHOEST, G., POUPAERT, J.H. and CLAESEN, M. A new metabolite of 5,5-
diphenylhydantoin containing an epoxide-ol moiety. Europ. J. Mass Spectro. 
in Biochem., Med. and Environ. Res., 1,57-59 (1980). 

8. CHANG, T., SAVORY, Α., and GLAZKO, A.J. A new metabolite of 5,5-
diphenylhydantoin (Dilantin). Biochem. Biophys. Res. Comm., 38,444-449 
(1970). 

9. GERBER, N„ WELLER, W.L., LYNN, R„ RANGNO, R.E., SWEETMAN, 
B.J., and BUSH, M.T. Study of dose-dependent metabolism of 5,5-diphenyl-
hydantoin in the rat using new methodology for isolation and quantitation 
of metabolites in vivo and in vitro. J. Pharmacol. Exper. Therap., 178, 567-
579 (1971). 

10. HORNING, M.G., STRATTON, C„ WILSON, Α., HORNING, E.G., and 
HIU, R.M. Detection of 5-(3,4-dihydroxy-l,5-cyclohexadien-l-yl)-5-phenyl-
hydantoin (Dilantin) in the newborn human. Analyt. Letters, 4, 537-545 
(1971). 

11. WOODBURY, D.M. Role of pharmacological factors in the evaluation of 
anticonvulsant drugs. Epilepsia 10, 121-144 (1969). 

12. CHANG, T., OKERHOLM, R.A., and GLAZKO, A.J. Identification of 5-
(3-4-dihydroxyphenyl)-5-diphenylhydantoin: a metabolite of 5,5-diphenyl-
hydantoin (Dilantin) in rat urine. Analytical Letters 5, 195-202 (1972). 

13. BORG A, O., GARLE, M., and GUTOVA, M. Identification of 5<3,4-di-
hydroxyphenyl)-5-phenylhydantoin as a metabolite of 5,5-diphenylhydan-

341 Authenticated | xajibim@mail.ru
Download Date | 6/16/12 6:48 AM



Vol III, No. 4, 1981 Metabolism of Anticonvulsant Drugs 

toin (phenytoin) in rats and man. Pharmacology (Basel), 7, 129-137 (1972). 
14. GERBER, Ν., SEIBERT, R.A., and THOMPSON, R.M. Identification of a 

catechol glururonide metabolite of 5,5-diphenylhydantoin (DPH) in rat bile 
by gas chromatography (GC) and mass spectrometry (MS). Res. Comm. in 
Chem. Pathol. Pharmacol., 6, 499-511 (1973). 

15. MIDHA, K.K., HINDMARSH, K.W., McGILVERAY, I.J. and COOPER, J.K. 
Identification of urinary catechol and methylated catechol metabolites of 
phenytoin in humans, monkeys and dogs by GLC and GLC-mass spectro-
m e t r y . / Pharmaceut. Sei., 66, 1596-1602(1977). 

16. CHANG, T., OKERHOLM, R.A., and GLAZKO, A.J. A 3-O-methylated cate-
chol metabolite of diphenylhydantoin (Dilantin)' in rat urine. Res. Comm. 
in Chem. Pathol. Pharmacol., 14, 13-23 (1972). 

17. THOMPSON, R.M., BEGHIN, J., FIFE, W.K., and GERBER, Ν. 5,5-bis(4-
hydroxyphenyl)-hydantoin, a minor metabolite of diphenylhydantoin (Dil-
antin) in the rat and human. Drug Metab. and Dispos., 4, 349-356 (1976). 

18. GLAZKO, A.J. Diphenylhydantoin metabolism. A prospective review .Drug 
Metab. & Dispos., 1 ,711-714 (1973). 

19. SMITH, R.G., DAVES, G.D., LYNN, R.K., and GERBER, Ν. Hydantoin ring 
glucuronidation: characterization of a new metabolite of 5,5-diphenylhydan-
toin in man and the rat. Biomed. Mass Spectrom., 4, 275-279 (1977). 

20. KOZELKA, F.L. and HINE, C.H. Degradation products of Dilantin® J. 
Pharmacol. Exper. Therap. 77, 175-179 (1943). 

21. MASCHER, J., and BERNHARDT, W. Überwachung der Langzeitmedika-
tion mit Diphenylhydantoin. Gaschromatographische Bestimmung von Di-
phenylhydantoin und Hydroxy-diphenylhydantoin. Zeitschrift fur Neurolo-
gie, 204, 179-192(1973). 

22. GLAZKO, A.J., CHANG, Τ., BAUKEMA, J., DILL, W.A., GOULET, J.R., 
and BUCHANAN, R.A. Metabolie disposition of diphenylhydantoin in nor-
mal human subjects following intravenous administration. Clin. Pharmacol. 
Therap., 10 ,498-504(1969). 

23. KARLEN, Β., GARLE, Μ., RANE, Α., GUTOVA, M„ and LINDBORG, Β. 
Assay of the major (4-hydroxylated) metabolites of diphenylhydantoin in 
human urine. Eur. J. Clin. Pharmacol., 8, 359-363 (1975). 

24. BOROFSKY, L.G., LOUIS, S., and KUTT, H. Diphenylhydantoin in chil-
dren. Pharmacology and efficacy. Neurology (Minneapolis), 23, 967-972 
(1973). 

25. EADIE, M.J., TYRER, J.H., BOCHNER, F., and HOOPER, W.D. The elimi-
nation of phenytoin in man. Clin. Exper. Pharmacol. Physiol., 3, 217-224 
(1976). 

26. BOCHNER, F., HOOPER, W„ TYRER, J.H., EADIE, M.J. The effect of 
dosage increments on blood phenytoin concentrations. J. Neurol. Neurosurg. 
Psychiat., 35, 873-876 (1972). 

342 Authenticated | xajibim@mail.ru
Download Date | 6/16/12 6:48 AM



M.J. Eadie Reviews on Drug Metabolism and Drug Interaction 

27. HOPPEL, C., GARLE, M., RANE, Α., and SJOQVIST, F. Plasma concentra-
tions of 5-(4-hydroxyphenyl)-5 phenylhydantoin in phenytoin-treated 
patients. Clin. Pharmacol. Therap., 21, 294-300 (1977). 

28. ALBERTS, K.S., HALLMARK, M.R., SAKMAR, E„ WEIDLER, D.J., and 
WAGNER, J.G. Plasma concentrations of diphenylhydantoin, its paia-
hydroxylated metabolite, and corresponding glucuronide in man. Res. 

Comm. Chem. Pathol. Pharmacol., 9, 463-469 (1974). 

29. BOCHNER, F., HOOPER, W.D., SUTHERLAND, J.M., EADIE, M.J., and 
TYRER, J.H. The renal handling of diphenylhydantoin and 5-(p-hydroxy-
phenyl)-5-phenylhydantoin. Clin. Pharmacol. Therap., 14, 791-796 (1973). 

30. CONARD, G.J., HAAVIK, C.O., and FINGER, K.F. Binding of 5,5'-di-
phenylhydantoin and its major metabolite to human and rat plasma pro-
teins./. Pharmaceut. Sei., 60, 1642-1646 (1971). 

31. EADIE, M.J. and TYRER, J.H. Anticonvulsant Therapy. Pharmacological 
basis and practice. Edinburgh, Churchill-Livingstone, 2nd edition (1980). 

32. LANDER, C.M., EDWARDS, V.E., EADIE, M.J., and TYRER, J.H. Plasma 
anticonvulsant concentrations during pregnancy. Neurology (Minneapolis), 

27, 128-131 (1977). 
33. BUTLER, T.C. Quantitative studies of the physiological disposition of 3-

methyl-5-ethyl-5-phenylhydantoin (Mesantoin) and 5-ethyl-5- phenylhydan-
toin (Nirvanol). J. Pharmacol. Exper. Therap., 109, 340-345 (1953). 

34. BUTLER, T.C. The metabolic convention of 3-methyl-5-ethyl-5-phenylhy-
dantoin (Mesantoin) and of 5-ethyl-5-phenylhydantoin (Nirvanol) to 5-ethyl-
5-(p-hydroxyphenyI) hydantoin. J. Pharmacol. Exper. Therap., 117, 160-165 
(1956). 

35. TROUPIN, A.S., OJEMANN, L.M., DODRILL, C.B. Mephenytoin: a reap-
praisal. Epilepsia (Amsterdam), 17, 403-414 (1976). 

36. DUDLEY, K.H., BIUS, D.L., and BUTLER, T.C. Metabolic fates of 3-ethyl-

5 phenylhydantoin (ethotoin, peganone), 3-methyl-5 phenylhydantoin and 

5-phenylhydantoin. Pharmacol. Exper. Therap., 175, 27-37 (1970). 

37. SJO, O., HVIDBERG, E.F., LARSEN, N.E., LUND, M., and NAESTOFT, J. 

Dose dependent kinetics of ethotoin in man. Gin. Exper. Pharmacol. Physiol. 

2, 185-192(1975). 

38. BUTLER, T.C. The metabolic hydroxylation of phenobarbital. J. Pharmacol. 

Exper. Therap., 116, 326-336 (1956). 

39. TANG, B.K., INABA, T., and KALOW, W. N-hydroxyphenobarbital - The 

major metabolite of phenobarbital in man. Federation Proc., 36, 966 (1977). 

40. TANG, B.K., KALOW, W., and GREY, A.A. Metabolic fate of phenobarbital 

in man. N-glucoside formation. Drug Metabol. Dispos., 7, 315-318 (1979). 

41. HARVEY, D.J., GLAZENGER, L „ STRATTON, C., NOWLIN, J., HILL, 

R.M., and HORNING, M.G. Detection of a 5-(3,4-dihydroxy-l,5-cyclohexa-

diene-l-yl)- metabolite of phenobarbital and mephobarbital in rat, guinea pig 

343 Authenticated | xajibim@mail.ru
Download Date | 6/16/12 6:48 AM



VoL III, No. 4, 1981 Metabolism of Anticonvulsant Drugs 

and human. Res. Comm. in Chem. Pathol. Pharmacol., 3, 557-566 (1972). 

42. HORNING, M.G., BUTLER, C.M., NOWLIN, J., and HILL, R. Drug meta-

bolism in the human neonate. Life Science, 16, 651-671 (1975). 

43. GLAZKO, A.J. Antiepileptic drugs: biotransformation, metabolism and 

serum half-life. Epilepsia (Amsterdam), 16, 367-391 (1975). 

44. ANDRESEN, B.D., DAVIS, F.T., and TEMPLETON, J.L. Synthesis and 
characterization of alpha phenyl gamma butyrolactone, a metabolite of glu-
tethimide, phenobarbital and primidone, in human urine. Res. Comm. in 

Chem. Pathol. Pharmacol., 15, 21-30 (1976). 

45. LOUS, P. Elimination of barbiturates, in JOHANSEN, S.H. "Barbiturate 
poisoning and tetanus", Boston, Little, Brown and Co. pp. 341-350 (1966). 

46. BUTLER, T.C., MAKAFFEE, C„ and WADDELL, W.J. Phenobarbital: 
Studies of elimination, accumulation, tolerance and dosage schedules. J. 

Pharmacol. Exper. Therap., 111,425-435 (1954). 
47. WHYTE, M.P. and DEKABAN, A.S. Metabolic fate of phenobarbital. A 

quantitative study of p-hydroxyphenobarbital elimination in man. Drug 

Metab. Distrib.,5, 63-70 (1977). 
48. BUTLER, T.C. Quantitative studies on the metabolic fate of mephobarbital 

(N-methyl phenobarbital). J. Pharmacol. Exper. Therap., 106, 235-245 
(1952). 

49. KUNZE, H.E., HOOPER, W.D., and EADIE, M.J. The metabolism of 
methylphenobarbitone in man. AseanJ. Clin. Sei., 1, 115-119(1980). 

50. HOOPER, W.D., KUNZE, H.E., and EADIE, M.J. Pharmacokinetics and bio-
availability of methylphenobarbital in man. Therapeutic Drug Monitoring, 3, 
39-44 (1981). 

51. HOOPER, W.D., KUNZE, H.E., and EADIE, M.J. Qualitative and quantita-
tive studies of methylphenobarbital metabolism in man. Drug Metabolism 

and Disposition, 9, 381-385 (1981). 
52. BUTLER, T.C., and WADDELL, W.J. Metabolic conversion of primidone 

(Mysoline) to phenobarbital. Proc. Soc. Exp. Biol. Med., 93, 544-546(1956). 
53. KAUFMANN, R.E., HABERSANG, R., and LANSKEY, L. Kinetics of pri-

midone metabolism and excretion in children. Gin. Pharmacol. Therap., 22, 
200-206 (1977). 

54. MORSELLI, P.L., BOSSI, L., GERNA, M. Pharmacokinetic studies with 
carbamazepine in epileptic patients, in "International symposium on epilep-
tic seizures-behaviour-pain", Ed. BIRKMAYER, W., Berne, Huber, pp. 141-
150(1975). 

55. FRIGERIO, Α., MORSELLI, P.L. Carbamazepine: biotransformation, in 
"Advances in Neurology", Ed. PENRY, J.K., New York, Raven Press, Vol. 
II (1975). 

56. FAIGLE, J.W., BRECHBUHLER, S., FELDMANN, K.F., and RICHTER, 
W.J. The biotransformation of carbamazepine, in "International Symposium 

344 Authenticated | xajibim@mail.ru
Download Date | 6/16/12 6:48 AM



M.J. Eadie Reviews on Drug Metabolism and Drug Interaction 

on Epileptic Seizures-Behaviour-Pain", Ed. BIRKMAYER, W., Berne, Huber, 
pp. 127-140(1975). 

57. FAIGLE, J.W. and FELDMANN, K.F. Pharmacokinetic data of carbamaze-
pine and its major metabolites in man, in "Clinical Pharmacology of Anti-
epileptic Drugs", Ed. SCHNEIDER, H., JANZ, D., GARDNER-THORPE, 
C., MEINARDI, H. and SHERWIN, A.L. Berlin, Springer, pp. 159-165 
(1975). 

58. MORSELLI, P.L. Carbamazepine: absorption, distribution and excretion, in 
"Advances in Neurology", Ed., PENRY, J.K. Raven Press, Vol. 12 (1975). 

59. DAM, M. and CHRISTIANSEN, J. Evidence of drug action on serum level of 
carbamazepine. Epilepsia (Amsterdam), 14, 105-106 (1973). 

60. McKAUGE, L., TYRER, J.H., EADIE, M.J. Factors influencing simulta-
neous concentrations of carbamazepine and its epoxide in plasma. Therapeutic 
Drug Monitoring, 3, 63-70 (1981). 

61. HORNING, M.G., NOWLIN, J., BUTLER, C.M., LERTRATANANGKOON, 
K., SOMMER, Κ., and HILL, R.M. Clinical applications of gas chromato-
graph/mass spectrometer/ computer systems. Gin. Chem., 21, 1282-1287 
(1975). 

62. PRESTE, P.G., WESTERMAN, C.E., DAS, N.P., WILDER, B.J., and DUN-
CAN, J.H. Identification of 2-ethyl-2- methyl-3 hydroxysuccinimide as a 
major metabolite of ethosuximide in humans. J. Pharmaceut. Sei., 63, 467-
469 (1974). 

63. CHANG, T., BURKETT, A.R., and GLAZKO, A.J. Ethosuximide. Biotrans-
formation, in "Antiepileptic Drugs", ed. WOODBURY, D.M., PENRY, J.K., 
and SCHMIDT, R.P. New York, Raven Press, pp. 425-429 (1972). 

64. PETTERSEN, J.E., Urinary metabolites of 2-ethyl-2-methylsuccinimide 
(Ethosuximide) studied by combined gas chromatography mass spectro-
metry. Biomed. Mass Spectrom., 5, 601-603 (1978). 

65. GOULET, J.R., KINKEL, A.W., and SMITH, T.C. Metabolism of ethosuxi-
mide. Clin. Phartpacol. Therap., 20, 213-218 (1976). 

66. PORTER, R.J., PENRY, J.K., LACY, J.R., NEWMARK, M.E., KUPFERS-
BERG, H.J. The clinical efficacy and pharmacokinetics of phensuximide and 
methsuximide.Neurology (Minneapolis), 27, 375 (1977). 

67. MUNI, I.A., ALTSCHULER, C.H., NEICHERIL, J.C. Identification of blood 
metabolite of methsuximide by GLC - mass spectrometry. J. Pharmaceut. 
Sei., 62, 1820-1823 (1973). 

68. BUTLER, T.C. Quantitative studies of the demethylation of trimethadione 
(Tridione®). J. Pharmacol. Exper. Therap., 108, 11-17 (1953). 

69. ESCHENHOF, V.E. Untersuchunger über das Schicksal des anticonvulsivums 
clonazepam in Organismus der ratte, des hundes und des menchen. Arzneim.-
Forsch., 23, 390-400 (1973). 

70. RIEDER, J., WENDT, G. Pharmacokinetics and metabolism of the hypnotic 

345 Authenticated | xajibim@mail.ru
Download Date | 6/16/12 6:48 AM



Vol. III, No. 4, 1981 Metabolism of Anticonvulsant Drugs 

nitrazepam. Symposium on Benzodiazepines, Milan 1.11.71 to 4.11.71. 
Communication from Roche Products Ltd. (1971). 

71. HVIDBERG, E.F., and SJO, O. Clinical pharmacokinetic experiences with 
clonazepam. In "Clinical pharmacology of antiepileptic drugs", ed. SCHNEI-
DER, H., JANZ, D., GARDNER-THORPE, C., MEINARDI, H., and SHER-
WIN, A.L. Berlin, Springer, pp. 242-246 (1975). 

72. SJO, O., HVIDBERG, E.F., NAESTOFT, J., and LUND, M. Pharmacokine-
tics and side-effects of clonazepam and its 7-amino- metabolite in man. Eur. 
J. Clin. Pharmacol., 8, 249-254 (1975). 

73. KAPLAN, S.A., ALEXANDER, K., JACK, M.L., PUGLISI, C.V., De SILVA, 
J.Α.F., LEE, T.L., and WEINFELD, R.D. Pharmacokinetic profiles of clona-
zepam in dog and humans and of flunitrazepam in dog .J. Pharmaceut. Sei., 
63,527-532 (1974). 

74. KUHARA, T., and MATSUMOTO, J. Metabolism of branch medium chain 
length fatty acid. I - Omega oxidation of sodium dipropylacetate in rats. 
Biomed. Mass Spectrom., 1, 291-294 (1974). 

75. MATSUMOTO, I., KUHARA, T., and YOSHINO, M. The effect of isoleucine 
on the metabolism of sodium dipropylacetate in rats. Advances in Mass 
Spectrom. Biochem. Med., 1, 17-26 (1976). 

76. MATSUMOTO, I., KUHARA, T., and YOSHINO, M. MetaboUsm of bran-
ched medium chain length fatty acid: II - B-oxidation of sodium dipropyl-
acetate in rats. Biomed. Mass Spectrom., 3, 235-240 (1976). 

77. VON KOCHEN, W., IMBECK, Η., and JAKOBS, C. Untersuchunger über die 
ausscheidung von metaboliten der Valproinsäure im urine der ratte und des 
menschen. Arzneim.-Forsch., 27, 1090-1099 (1977). 

78. JAKOBS, C., and LOSCHER, W. Identification of metabolites of valproic 
acid in serum of humans, dog, rat and mouse. Epilepsia, 19, 591-602 (1978). 

79. SCHMID, R.D. Propionic acid and dipropylacetic acid in the urine of patients 
treated with dipropylacetic acid. Gin. chim. acta, Inter. J. Gin. Chem., 74, 
39-42 (1977). 

80. VREE, T.B., and VAN DER KLEIJN, E. Pharmacokinetics and renal excre-
tion of 2-n-propylpentanoate (Depakene) in man, dog and Rhesus monkey. 
Pharmaceutisch Weekblad, 112, 290-292 (1977). 

81. DICKINSON, R.G., HARLAND, R.C., ILIAS, A.M., RODGERS, R.M., 
KAUFMAN, S.N., LYNN, R.K., and GERBER, Ν. Disposition of valproic 
acid in the rat: Dose dependent metabolism, distribution, enterohepatic re-
circulation and choloretic effect. J. Pharmacol. Exper. Therap., 211, 583-
595 (1979). 

82. KLOTZ, U. and ANTONIN, K.H. Pharmacokinetics and bioavailability of 
sodium valproate. Gin. Pharmacol. Therap., 21, 736-743 (1977). 

83. GUGLER, R., SCHELL, Α., EICHELBAUM, Α., FROSCHER, W., SCHULZ, 
H-U. Disposition of valproic acid in man. Eur. J. Gin. Pharmacol., 12, 125-
132(1977). 

346 
Authenticated | xajibim@mail.ru

Download Date | 6/16/12 6:48 AM



M.J. Eadie Reviews on Drug Metabolism and Drug Interaction 

84. SCHOBBEN, Ε., VAN DER Κ LEUN, Ε., and GABREELS, F.J.M. Pharmaco-
kinetics of di-N-propylacetate in epileptic patients. Eur. J. Clin. Pharmacol., 
8 ,97-105 (1975). 

85. DIAMOND, S., and LEVY, L. Metabolic studies on a new anti-epileptic drug, 
Riker 594. Current Therapeutic Res., 5, 325-330 (1963). 

86. DUHM, Β., MAUL, W., MEDENWALD, H., PATZCHKE, K., WEGNER, L-A. 
Tierexperimentelle Untersuchungen mit 35S-markiertem N-(4*-sulfamyl-
phenyl)-butansultam-(1,4). Zeitschrift fur Naturforschung, 18, 475-492 
(1963). 

347 Authenticated | xajibim@mail.ru
Download Date | 6/16/12 6:48 AM


