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CARBAMAZEPINE 10, 11 EPOXIDE CONCENTRATIONS
IN EPILEPTICS ON CARBAMAZEPINE ALONE AND IN
COMBINATION WITH OTHER ANTICONVULSANTS

M.J. BRODIE, G. FORREST & W.G. RAPEPORT
University Department of Medicine, Gardiner Institute, Western Infirmary, Glasgow G11 6NT

Steady state carbamazepine (CBZ) plasma concentrations were similar in 15 epileptics receiving
monotherapy and in 24 patients taking CBZ in combination with one other anticonvulsant. The ratio
of CBZ 10, 11-epoxide (CBZ-E) to the parent drug was significantly higher (P < 0.01) in those
patients taking concomitant phenytoin (n = 9), phenobarbitone or primidone (n = 9), and valproic
acid (n = 6) than in the patients receiving CBZ alone. In the monotherapy group, there was a
significant correlation between CBZ-E/CBZ ratio and the concentration of the parent drug (P <
0.05). If CBZ-E has equipotent anticonvulsant properties to CBZ in man as is the case in animal
models, routine CBZ-E concentrations may provide further refinement in the therapeutic drug
monitoring of CBZ.
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Introduction

Carbamazepine (CBZ) is a first line drug in the
management of generalised tonic-clonic and partial
epilepsy. It is metabolised to a number of more polar
products largely by processes involving epoxidation
and peroxidation (Eichelbaum & Bertilsson, 1975;
Lertratanangkoon & Homing, 1982). Its major meta-
bolite is CBZ 10, 11-epoxide (CBZ-E) (Pynnonen,
1979). Unlike many epoxides it is not rapidly decom-
posed and is present in identifiable amounts in
the brain and CSF following chronic CBZ dosing
(Johannssen etal., 1976; Morselli etal., 1977; Friis et
al., 1978). In various animal models CBZ-E has
been shown to possess equipotent anticonvulsant
properties to the parent drug (Frigerio & Morselli,
1975; Morselli et al., 1975). It has been suggested that
CBZ-E concentrations are higher in patients receiv-
ing combination anticonvulsant therapy than those
on CBZ alone (Rane et al., 1976; Pynnonen et al.,
1978; Westenberg etal., 1978; McKauge etal., 1982).

In this study we report steady state CBZ/CBZ-E
ratios in 39 patients taking CBZ either alone or in
combination with phenytoin (DPH), phenobarbitone
(PB) or primidone (PRIM), and valproic acid (VPA).

Methods

Venous blood samples were obtained from 39
patients with epilepsy at a routine clinic visit. Each

patient had been taking CBZ either alone or in com-
bination with one other anticonvulsant in the same
dose for more than 3 months. No patient was taking
any other drug chronically. The blood was withdrawn
into heparinised tubes, centrifuged immediately and
stored at -200C until analysis. CBZ and CBZ-E con-
centrations were obtained by a modification of the
h.p.l.c. methodology outlined by Meijer (1981).
Lower limit of detection for the CBZ-E assay was 0.2
ml 1-l which had a coefficient of variation of < 5%.
This assay also provided clearly identifiable peaks for
DPH, PB and PRIM. VPA concentrations were
obtained by enzyme immunoassay (EMIT, SYVA).

Statistical analyses were performed using the
Mann-Whitney U test (one-tailed) and correlations
obtained by the Spearman ranking procedure.

Results

Mean CBZ dosages, CBZ and CBZ-E concentrations
for each patient group are shown in Table 1. There
were no significant differences in dosage or CBZ con-
centration between the monotherapy and any of the
combination therapy groups. CBZ-E concentrations
were higher in all the combined groups than in
the patients taking CBZ alone. The difference was
greater in those patients taking CBZ and VPA (P <
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Table 1 Mean (+ s.e. mean) and ranges of carbamazepine (CBZ) dosages and concentrations and car-
bamazepine 10-1 1-epoxide (CBZ-E) concentrations in patients taking CBZ alone or in combination with one
other anticonvulsant

Drugs n CBZ dosage CBZ concentration
(mg day-') (mg 1-')

CBZ alone
Range
CBZ + DPH
Range
CBZ + PB or PRIM
Range
CBZ + VPA
Range

15 667±78
(300-1400)

9 689+90
(300-1200)

9 611 + 81
(300-1000)

6 600+73
(400-800)

6.76 + 0.66
(2.7-10.8)
6.3 + 0.92
(3.0-11.2)
6.73 ± 0.85
(3.0-11.1)
7.3 + 0.79
(5.0-10.3)

CBZ-E-concentration
(mgl-')

0.79 + 0.12
(0.2-1.85)
1.44 + 0.27
(0.56-2.9)
1.35 + 0.27
(0.3-2.8)
1.48 + 0.26
(0.75-2.6)

DPH = Phenytoin; PB = Phenobarbitone; PRIM = Primidone; VPA = Valproic acid

P <0.001 <0.001
I

<0.01
-l

CBZ CBZ CBZ CBZ
Alone + + +

DPH PB VPA
or PRIM

n =15 n = 9 n=9 n=6

Figure 1 Ratio of carbamazepine 10-11-epoxide
(CBZ-E) steady-state concentrations to that of
carbamazepine (CBZ) in 15 patients taking CBZ alone,
nine taking CBZ with phenytoin (DPH), nine with
phenobarbitone (PB) or primidone (PRIM) and six with
valproic acid (VPA). Statistics by Mann Whitney U test
(one-tailed).

0.001) than those receiving concomitant DPH (P <
0.05) and PB or PRIM (P < 0.025).
CBZ-E/CBZ ratios for all four groups are shown in

Figure 1 and were highly significantly elevated in all
combination groups in comparison with the mono-
therapy patients. There was a significant correlation
between CBZ concentration and CBZ-E/CBZ ratios
in the monotherapy group (r = 0.56, P < 0.05) but
such a correlation was not demonstrable in the 3 other
groups when all data were combined. Concentrations
of the other anticonvulsants ranged widely (DPH:
4.6-33.2 mg 1-1; PB: 4.6-38.7 mg 1-'; VPA: 21-94 mg
1- ) but there were no significant correlations
between these values and the CBZ-E concentrations
or CBZ-E/CBZ ratios.

Discussion

In previous studies in relatively small numbers of
epileptics, CBZ1-E/CBZ ratios have been shown to
be higher when CBZ is taken concomitantly with
DPH, PB or PRIM (Rane et al., 1976; Pynnonen et
al., 1978; Westenberg et al., 1978; McKauge et al.,
1981). We have confirmed these findings in patients
taking no other medication chronically. The data
from patients receiving PB and PRIM have been
combined as PB is a major metabolite of PRIM.
Current evidence from studies with CBZ and PB in
the rhesus monkey suggests that there is an increase
both in the formation and elimination ofCBZ-E with
a larger induction in the activity of the hepatic
monoxygenase(s) responsible for the conversion of
CBZ to its epoxide (Patel et al., 1981; Wedlund et al.,
1982). This is supported by the known inductive
effect of PB on epoxide hydrolase (Bresnick et al.,
1977), which is assumed to be the major enzyme
responsible for conversion of the epoxide to its
transdihydradiol (Bertilsson, 1978). Higher urinary
CBZ-trans-diol excretion has been reported in
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patients taking CBZ in combination with DPH, PB or
PRIM (Eichelbaum et al., 1979).
Induction of the epoxide-diol pathway is unlikely

to explain the findings in the VPA treated patients.
VPA has been shown to inhibit the metabolism of
DPH and PB (Levy & Koch, 1982) and a similar
inhibitory process on the further metabolism ofCBZ-
EP may explain the higher CBZ-E/CBZ ratios in
these patients. In the 15 patients on CBZ
monotherapy there was a concentration-dependent
increase in CBZ-E/CBZ ratios. CBZ is known to
induce its own metabolism in a dose-dependent
manner (Rapeport et al., 1983). These data also
suggest that CBZ-E formation is also induced and this
is supported by studies of urinary metabolite
excretion (Eichelbaum et al., 1982).
A wide therapeutic range for CBZ of 4-10 mg 1-'

has been quoted and the indications for monitoring
CBZ in plasma is less clear cut than that for phenytoin
(Perucca & Richens, 1981). This may well be due, in
part at least, to the wide interindividual variation in

steady-state CBZ-E concentrations. As CBZ is 75%
protein bound in the plasma whereas CBZ-E binding
is only 50% (MacKichen et al., 1981), CBZ-E CSF
concentrations may reach up to 50% of that of the
parent compound (Morselli et al., 1977). CBZ-E con-
centrations will undoubtedly be higher in these
patients taking CBZ in high dosage or in combination
with one or more other major anticonvulsant. These
data are only clinically relevant if CBZ-E can be
shown to possess equipotent anticonvulsant proper-
ties in man as it does in some rodent species (Frigerio
& Morselli, 1975; Morseili et al., 1975). CBZ-E
kinetics in normal man have recently been reported
(Tomson et al., 1983). If its anticonvulsant properties
are confirmed in epileptic patients, CBZ-E concen-
trations will provide a necessary additional refine-
ment in the therapeutic drug monitoring of CBZ.

Our grateful thanks go to Carol Downes for expert
secretarial assistance and Geigy Pharmaceuticals for finan-
cial support.

References

BERTILSSON, L. (1978). Clinical pharmacokinetics of
carbamazepine. Clin. Pharmacokin., 3, 128-143.

BRESNICK, E., MUICHTAR, H., STOMING, P.M.,
DANSETTE, P.M. & JERINA, D.M. (1977). Effect of
phenobarbital and 3-methylcholanthrene administra-
tion on epoxide hydratase levels in liver microsomes.
Biochem. Pharmac., 26, 891-892.

EICHELBAUM, M. & BERTILSSON, L. (1975). Determina-
tion of carbamazepine and its epoxide metabolite in
plasma by high-speed liquid chromatography. J.
Chromatog., 103, 135-140.

EICHELBAUM, M.. KOTHE, K.W., HOFFMAN, F. & VON
UNRUH, G.E. (1979). Kinetics and metabolism of car-
bamazepine during combined antiepileptic drug
therapy. Clin. Pharmac. Ther., 26,366-371.

EICHELBAUM, M., KOTHE, K.W., HOFFMAN, F. & VON
UNRUH, G.E. (1982). Use of stable labelled carbamaze-
pine to study its kinetics during chronic carbamazepine
treatment. Eur. J. clin. Pharmac., 23, 241-244.

FRIGERIO, A. & MORSELLI, P.L. (1975). Carbamazepine:
Biotransformation. In Advances in Neurology, Vol. II,
eds Penry, J.K. & Daly, D.D., pp. 295-308. New York:
Raven Press.

FRIIS, M.L., CHRISTIANSEN, J. & HVIDBERG, E.F. (1978).
Brain concentrations of carbamazepine and carbamaze-
pine 10, 11-epoxide in epileptic patients. Eur. J. clin.
Pharmac., 14,47-51.

JOHANNSSEN, S., GERNA, M., BAKKE, J., ST RANDJORD,
R.E. & MORSELLI, P.L. (1976). CSF concentrations and
serum protein binding of carbamazepine and carba-
mazepine, 10, 11-epoxide in epileptic patients. Br. J.
clin. Pharmac., 3, 575-582.

LERTRATANANGKOON, K. & HORNING, M.G. (1982).
Metabolism of carbamazepine. Drug Metab. Dispos.,
10, 1-10.

LEVY, R.H. & KOCH, K.M. (1982). Drug interactions with
valproic acid. Drugs, 24, 543-556.

MacKICHAN, J.J., DUFFNER, P.K. & COHEN, M.E. (1981).
Salivary concentrations and plasma protein-binding of
carbamazepine and carbamazepine 10, 11-epoxide in
epileptic patients. Br. J. clin. Pharmac., 12, 31-37.

McKAUGE, L., TYRER, J.H. & EADIE, M.J. (1981). Factors
influencing simultaneous concentrations of carbamaze-
pine and its epoxide in plasma. Ther. Drug Monit., 3,
69-70.

MEIJER, J.W.A. (1981). Antiepileptic drugs: analytical
techniques. In Therapeutic Drug Monitoring, eds.
Richens, A. & Marks, V., pp. 349-369. Edinburgh:
Churchill Livingstone.

MORSELLI, P.L., BARUZZI, A., GERNA, M., BOSSI, L. &
PORTAL, M. (1977). Carbamazepine and carbamaze-
pine-10-1 1-epoxide concentrations in human brain. Br.
J. clin. Pharmac., 4, 535-540.

MORSELLI, P.L., GERNA, M., DE MAIO, D., ZANDA, G.,
VIANI, F. & GARATTINI, S. (1975). Pharmacokinetic
studies on carbamazepine in volunteers and in epileptic
patients. In Pharmacology of antiepileptic drugs, eds.
Schneider, H., Janz, D., Gardner-Thorpe, C.,
Meinardi, H. & Sherwin, A.L., pp. 166-180, Berlin:
Springer Verlag.

PATEL, I.H., WEDLUND, P. & LEVY, R.H. (1981). Induction
effect of phenobarbital on the carbamazepine to car-
bamazepine-10-11-epoxide pathway in rhesus monkeys.
J. Pharmac. exp. Ther., 217, 555-558.

PERUCCA, E. & RICHENS, A. (1981). Antiepileptic drugs:
clinical aspects. In Therapeutic Drug Monitoring, eds.
Richens A. & Marks, V., pp. 320-348. Edinburgh:
Churchill Livingstone.

PYNNONEN, S. (1979). Pharmacokinetics of carbamazepine
in man: a review. Ther. Drug Monit., 1, 409-431.


