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Abstract—Predisposition to idiosyncratic toxicity with carbamazepine is thought to be due to a deficiency
of the detoxication enzyme, microsomal epoxide hydrolase, although in some cases, concurrent adminis-
tration of enzyme inducers might be a contributory risk factor, by altering the critical balance between
bioactivation and detoxication. In this study, a mouse model has been used to determine the factors
affecting carbamazepine bioactivation, using covalent binding and cytotoxicity as markers of bioac-
tivation in vitro. Microsomes prepared from mice pre-treated with phenobarbitone increased (relative
to the control microsomes) the formation of cytotoxic (12.3% vs 3.2%), protein-reactive (3.0% vs
2.0%) and stable (33.8% vs 18.1%) metabolites of carbamazepine. Similarly, pre-treatment with
dexamethasone also increased the formation of the cytotoxic (24.8% vs 6.7%), protein-reactive (2.8%
vs 1.5%) and stable (38% vs 19.8%) metabolites of carbamazepine, while S-naphthoflavone pre-
treatment did not increase the formation of either the toxic or stable metabolites of carbamazepine
when compared with its control microsomes. Co-incubation with gestodene (10~250 uM) resulted in a
dose-dependent inhibition of both the bioactivation of carbamazepine and the formation of its stable
10,11-epoxide. SDS-PAGE and immunoblotting of the microsomes with anti-CYP3A antibody revealed
the presence of a 52 kDa protein band in each preparation of microsomes, but the relative intensities of
the bands, as measured by laser densitometry, were highest with the phenobarbitone and dexamethasone
microsomes. The microsomal oxidation of cortisol to 68-hydroxycortisol was also enhanced by pre-
treatment of mice with phenobarbitone (6.5% vs 2.7%) and dexamethasone (8.2% vs 4.3%), but not
B-naphthoflavone (2.2% vs 1.6%), when compared with their respective control microsomes, and was
inhibited (range 25-68% inhibition), with all the microsomes by gestodene (50 uM). Taken collectively,
the data in this study demonstrate that in the mouse, induction of the CYP3A subfamily significantly
increases carbamazepine bioactivation. It is likely that in humans inducers of the orthologous form of
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this enzyme, most notably anticonvulsants, may increase the bioactivation of carbamazepine.

Carbamazepine (CBZt) is widely used for the
treatment of epilepsy, trigeminal neuralgia and
manic depression. Although generally well tolerated,
a minority of patients prescribed CBZ can develop
severe, potentially life-threatening idiosyncratic
reactions [1-3] such as agranulocytosis, hepatitis and
Stevens-Johnson syndrome. The reasons why only
a minority of individuals are affected are poorly
understood.

Ingeneral, idiosyncratic drug reactions are thought
to be caused by the formation of toxic, chemically
reactive metabolites by the cytochrome P450
enzymes, which then cause toxicity either directly
or indirectly by initiating an immune reaction [4, 5].
We have recently shown that CBZ can be bioactivated
in vitro to cytotoxic and protein-reactive metabolites
by hepatic microsomes, the formation of which can
be inhibited by ketoconazole, a cytochrome P450
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+ Abbreviations: BNF, B-naphthoflavone; CBZ, car-
bamazepine; CBZ-10,11-E, carbamazepine-10,11-epoxide;
DEX, dexamethasone; HEPES, N-2-hydroxyethylpiper-
azine-N'-2-ethanesulphonic acid; HSA, human serum albu-
min; MNL, mononuclear leucocytes; PB, phenobarbitone;
PEG, polyethylene glycol.

inhibitor [6], indicating that the bioactivation
of CBZ is cytochrome P450 dependent [7].
Furthermore, the metabolism-dependent cyto-
toxicity of CBZ can be enhanced by co-incubation
with trichloropropene oxide ([2,8], an epoxide
hydrolase inhibitor, and mitigated by exogenous
microsomal epoxide hydrolase [7], suggesting that
the reactive metabolite is an arene oxide. Therefore,
an imbalance between activation of CBZ to its
chemically reactive epoxide metabolite and its
detoxification by microsomal epoxide hydrolase may
be responsible for the sensitivity of certain individuals
to CBZ idiosyncratic toxicity.

Using an in vitro cytotoxicity assay, cells from
CBZ-hypersensitive patients have been found to be
more sensitive to CBZ metabolites generated in situ
than appropriate controls suggesting a detoxication
deficiency, i.e. a deficiency of the enzyme microsomal
epoxide hydrolase [1, 2}. However, enzyme induction
by enhancing bioactivation and thus further altering
the balance between activation and detoxication,
may also be an important contributory risk factor
[7]. This may be particularly relevant for epileptic
patients since some of the most commonly used
anticonvulsants (phenytoin, CBZ and pheno-
barbitone) are potent enzyme inducers [9-11].
Furthermore, at least 10% of epileptics are on
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multiple anticonvulsants [11] which may have
additive effects on the bioactivation of CBZ.

In previous studies of the mechanisms of CBZ
hypersensitivity, mouse microsomes have been used
to generate the toxic metabolite of CBZ [1, 2, 8]. In
addition, a mouse model has also been used
to investigate the mechanisms of anticonvulsant
teratogenicity, particularly with phenytoin [12]. In
this study, in order to elicit the factors affecting
CBZ bioactivation, we have used mouse liver
microsomes to investigate the effects of three
different types of model enzyme inducing agents,
phenobarbitone (PB), dexamethasone (DEX) and
B-naphthoflavone (BNF).

MATERIALS AND METHODS

Chemicals. CBZ, human serum albumin (HSA,
fraction V), PB, DEX, BNF, NADPH (tetrasodium
salt), glucose-6-phosphate, NADP and glucose-6-
phosphate dehydrogenase were obtained from the
Sigma Chemical Co. (Poole, U.K.). [10,11-C]CBZ
(radiochemical purity 99%) and carbamazepine-
10,11-epoxide (CBZ-10,11-E) were gifts from
Ciba-Geigy Pharmaceuticals (Basle, Switzerland).
[1,2,6,7-*H]Cortisol (radiochemical purity 98%) was
obtained from Amersham International (Amersham,
U.K.) while 68-hydroxycortisol was synthesized by
Dr J. H. K. Yeung (Chinese University of Hong
Kong). All solvents were of HPLC grade and were
products of Fisons plc (Loughborough, U.K.).

Induction and preparation of mouse liver micro-
somes. Groups of six male CBA/ca mice (25-30 g)
were induced with PB (60 mg/kg i.p. in 0.9% saline
for 3 days), DEX [100 mg/kg i.p. in polyethylene
glycol (PEG)/saline (75:25, v/v) for 3 days] and
BNF (60 mg/kg i.p. in corn oil for 3 days), the
control mice (N = 6 per group) receiving equivalent
volumes of vehicle only. The mice were fasted for
24 hr and then Kkilled by cervical dislocation. The
livers were removed and microsomes prepared by
differential centrifugation [13]. Pooled microsomes
from each group of animals were then stored at —80°
until used. Protein content was estimated by the
method of Lowry er al. [14] and cytochrome P450
content by the method of Omura and Sato [15]. The
total cytochrome P450 content increased (when
compared with microsomes prepared from control
animals) after induction with both PB (1.3 vs
1.0 nmol/mg protein) and DEX (1.6 vs 0.8 nmol/mg
protein), but not with BNF pre-treatment (0.6 vs
0.5 nmol/mg protein). However, immunoblotting of
the microsomes using monoclonal antibodies directed
against CYP1A2 (provided by Dr R. Riley, Fisons,
Loughborough, U.K.) showed induction of this P450
isozyme only after pre-treatment with BNF (data
not shown).

Determination of the metabolism-dependent cyto-
toxicity of CBZ. Peripheral blood mononuclear
leucocytes (MNL) were isolated from fresh hep-
arinized venous blood as described previously [16].
Their viability upon isolation was >95%. To
eliminate inter-individual variability in detoxication
enzymes, MNL used in these experiments were
isolated from the same donor.

Isolated MNL (1 X 10%) in HEPES-buffered
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balanced salt medium (1 mL) [17] were incubated
with CBZ [50 uM; dissolved in methanol, 1% (v/v)
final concentration] and either induced or control
murine liver microsomes (1 mg) in the presence or
absence of NADPH (1 mM) for 2 hr at 37°. The
concentration of CBZ used was not directly cytotoxic.
After2 hr, the cells were sedimented and resuspended
in drug-free medium (HEPES-buffered medium
containing 5 mg/mL HSA). After a further 16 hr
incubation at 37°, cell viability was determined by
trypan blue dye exclusion as reported previously [16].
All incubations were performed in quadruplicate.

Determination of the metabolism of CBZ to protein-
reactive and stable metabolites by murine hepatic
microsomes. [“CJCBZ (50uM; 0.15uCi) was
incubated with the different sets of murine
microsomes (1mg protein) in HEPES-buffered
medium (pH 7.4; final volume 1 mL), the reaction
being initiated by the addition of NADPH (1 mM,
omitted from control incubation) and terminated
after 2 hr at 37° by the addition of 3 mL acetonitrile.
The incubations were left overnight at 4° to
precipitate the protein and irreversible binding of
the radiolabelled material was determined after
exhaustive solvent extraction of the protein as
described previously [7]. All incubations were
performed in quadruplicate. Irreversible binding of
[“C]CBZ is expressed as a percentage of the initial
radioactivity bound to the incubated microsomal
protein.

The effect of gestodene on the covalent binding
of CBZ was determined by the addition of gestodene
(10-250 uM; dissolved in 10 uL methanol) to the
above incubations prior to the initiation of the
reaction by NADPH.

The supernatants from the incubations with [“C]-
CBZ were analysed for unchanged CBZ and its
10,11-epoxide by radiometric HPLC using a
previously published procedure [18] with minor
modifications [7], the radioactivity being monitored
throughout the run and the peaks being integrated
and expressed as percentage radioactivity eluting
from the column.

Determination of the in vitro metabolism of cortisol
to 6B-hydroxycortisol by murine hepatic microsomes.
This was performed according to the method of Abel
et al. {19] with minor modifications. Briefly, hepatic
microsomes (1 mg protein) from control or induced
mice were incubated with [*H]cortisol (0.1 uCi) and
cortisol (1 uM) in 0.067 M phosphate buffer (pH 7.4;
final incubation volume 0.5 mL) for 2 hr at 37°. The
reaction was initiated by the addition of a NADPH-
regenerating system (10 mM MgCl,, 10 mM glacose-
6-phosphate, SmM NADP and 2U glucose-6-
phosphate dehydrogenase). Some incubations also
contained gestodene (50uM). The reaction was
terminated by cooling in crushed ice and followed
by extraction with ethyl acetate (2 X 2 mL). After
centrifugation to sediment protein, the organic layer
was transferred to a 10-mL glass tube and evaporated
under nitrogen. The samples were then reconstituted
in 100 uL methanol.

HPLC analysis was performed on 25-uL aliquots
of the sample using a reversed phase Cy column
(Spherisorb, 5pum, 25cm x 4.6mm i.d.; HPLC
Technology, Macclesfield, U.K.). The solvent system
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(75% 0.4mM ammonium phosphate buffer: 25%
acetonitrile) was delivered at a flow rate of 0.7 mL/

min (Altex, Anachem, Luton, U.K.) and the

absorbance of the eluant was monitored at 220 nm
(Kratos Spectrafiow 773) for S0 min. Cortisol and
6p-hydroxycortisol were identified by co-injection of
authentic compounds. Quantification of cortisol and
6B-hydroxycortisol was accomplished by collecting
1-mL fractions of eluant to which 4 mL of scintillant
were added before determination of radioactivity
using liquid scintillation spectroscopy for 4 min. 68
Hydroxycortisol was expressed as percentage of the
total radioactivity eluting from the column.

SDS-PAGE and immunoblotting of the murine
microsomal proteins. Murine hepatic microsomes
(50 pug) were separated on a 10% gel by SDS-PAGE
according to the method of Laemmli [20]. The
separated proteins were transferred to nitrocellulose
electrophoretically. Immunoblotting was performed
by the method of Towbin and Gordon [21]. Briefly,
following blocking of non-specific binding sites,
the nitrocellulose was incubated with antiserum
containing polyclonal antibodies to rat CYP3A
(1:2500 dilution, Oxygene, Dallas, TX, U.S.A.). A
horseradish peroxidase-labelled second antibody
(dilution 1:5000) was used to reveal the immu-
noreactive polypeptides, the sites of antibody binding
being visualized by enhanced chemiluminescence
(Amersham International). The relative intensities
of the bands in the different sets of microsomes were
quantified by laser densitometry (LKB Ultroscan
XL, Bromma, Sweden) and integration of the
absorbance peak associated with each band.

Statistical analysis. All the results are presented
as mean + SEM. Statistical analysis was performed
by ANOVA, accepting P<0.05 as significant.
Correlation coefficients were calculated by linear
regression analysis.

RESULTS

Effect of enzyme induction on the formation of
cytotoxic, protein-reactive and stable metabolites of
CBZ

Enzyme induction with both PB and DEX
increased the bioactivation of CBZ to cytotoxic (Fig.
1) and protein-reactive species (Fig. 2) when
compared with their respective control microsomes.
In contrast, BNF pre-treatment did not increase the
bioactivation of CBZ relative to the corn oil (control)
pre-treated mice (Figs 1 and 2).

The metabolic conversion of CBZ to the stable
10,11-epoxide was increased (relative to the
respective control microsomes) after induction with
DEX (38.0 = 1.3% vs 19.8 * 0.8%; P < 0.001) and
PB (33.8 = 1.1% vs 18.1 £ 0.9%; P < 0.001) but not
BNF (5.0 = 0.4% vs 5.6 £ 0.5%; not significant).

Effect of gestodene on the formation of protein-
reactive and stable metabolites of CBZ

Gestodene, aspecificinhibitor of CYP3A4(22, 23],
could not be used as an inhibitor of CBZ bioactivation
in the lymphocyte cytotoxicity assay because it was
cytotoxicitself. However, co-incubation of gestodene
with radiolabelled CBZ resulted in a dose-dependent
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Fig. 1. The effect of induction with DEX, PB and BNF on

the metabolism (NADPH)-dependent cytotoxicity of CBZ

(50 uM). The results represent the mean * SEM of

quadruplicate incubations. Statistical analysis performed

by ANOVA comparing the induced microsomes with their

respective controls: PEG, saline and corn oil for DEX, PB
and BNF microsomes, respectively.
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Fig. 2. The effect of induction with DEX, PB and BNF on

the irreversible binding of [“CICBZ (0.15 uCi; 50 uM).

The results represent the mean + SEM of quadruplicate

incubations. Statistical analysis performed by ANOVA

comparing the induced microsomes with their respective

controls: PEG, saline and corn oil for DEX, PB and BNF
microsomes, respectively.

inhibition of covalent binding with PB and DEX
microsomes, and with their respective control
microsomes (Fig. 3). With BNF and corn oil
microsomes, gestodene (50 uM) also inhibited
covalent binding by 30% (P<0.05) and 41%
(P < 0.01), respectively. The conversion of CBZ to
CBZ-10,11-E was also inhibited in a dose-dependent
manner by gestodene, resulting in a highly significant
correlation between covalent binding and CBZ-
10,11-E formation (Fig. 4).

Effect of enzyme induction and enzyme inhibition on
6B-hydroxycortisol formation

Microsomal induction with PB and DEX, but not
BNF, increased 68-hydroxycortisol formation (Table
1). In addition, with all sets of microsomes, co-
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bioactivation of ['“C]CBZ to a protein-reactive metabolite
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by comparing incubations with and without gestodene:
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Fig. 4. The correlation between irreversible binding of

[**C]CBZ and the formation of the stable CBZ-10,11-E in

the same incubations with the six different sets of

microsomes. Each data point represents the mean of
quadruplicate incubations.

incubation with gestodene (50 uM) inhibited 64-
hydroxycortisol formation (Table 1). Linear
regression analysis showed that the formation of 64-
hydroxycortisol correlated with both cytotoxicity
(r=10.91, P <0.01) and covalent binding (r = 0.91,
P < 0.001) of CBZ.

Immunoblotting of murine hepatic microsomes
The polyclonal anti-CYP3A antibodies recognised
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Table 1. The effect of induction with DEX, PB and BNF
on the formation of 68-hydroxycortisol by mouse liver
Mmicrosomes in vitro

6B-Hydroxycortisol formation (%)

Without Gestodene
Microsomes gestodene (50 uM)
PEG 43+0.9 1.9+ 0.2¢
DEX 8.2+0.7* 2.6 = 0.5¢
Saline 27+£0.3 1.8 £0.2%
PB 6.5 +0.2% 2.7+0.7¢
Corn oil 1.6x0.1 1.2 +0.1%
BNF 22+02 1.6 0.1

The results represent the mean = SEM of quadruplicate
incubations.

Statistical analysis performed by comparing induced
microsomes with their respective controls: *P <0.05,
1P < 0.005, and by comparing incubations with and without
gestodene (50 uM): 1P < 0.05.

a protein band with an apparent molecular mass of
52kDa in all the murine hepatic microsomes.
However, the relative intensity of the bands, as
determined by laser densitometry, was variable
between the microsomes, being highest with the
DEX and PB pre-treated microsomes (Fig. 5). A
cross-reacting band of lower molecular mass was
seen with the DEX-pre-treated microsomes (Fig. 5),
however, the identity of this protein was unknown.
There was a significant correlation between the
absorbance values of the bands and both the
cytotoxicity (r = 0.86, P < 0.03) and covalent binding
(r=10.89, P <0.02) of CBZ.

DISCUSSION

The cytochrome P450 enzymes, located mainly in
the endoplasmic reticulum, are a superfamily of
haemoprotein enzymes [24-27] with diverse, but
often overlapping substrate specificities with respect
to the oxidative metabolism of drugs and endobiotics
such as steroids [4, 27-29]. In certain circumstances,
cytochrome P450 enzymes can bioactivate drugs to
toxic, chemically reactive intermediates, which, if
not adequately inactivated by detoxication processes
such as the glutathione enzyme system and epoxide
hydrolase, can lead to various forms of toxicity
including carcinogenicity, tissue necrosis and
immune-mediated drug toxicity [4, 5, 30]. Factors
affecting either activation and/or detoxication may
therefore be responsible for predisposition of certain
individuals to idiosyncratic drug toxicity. Thus,
induction of the cytochrome P450 enzymes may
selectively enhance the formation of chemically
reactive metabolites, and thereby overwhelm detox-
ication processes [31]. In addition, induction of one
enzyme is often accompanied by a decrease in the
other cytochrome P450 isozymes [32], which may
also perturb the metabolism of drugs leading to
toxicity [31].

The purpose of this study was to determine the
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Fig. 5. Inmunoblots of murine liver microsomal proteins exposed to polyclonal antibodies raised against
rat CYP3A. Microsomal protein (50 ug) prepared from mice pretreated with comn oil, BNF, PEG,
DEX, saline and PB were separated on a 10% polyacrylamide gel and transferred to the nitrocellulose
support electrophoretically. Immunoblotting was carried out as described in Materials and Methods,
with the sites of antibody binding being visualized by enhanced chemiluminescence. The “control”
refers to microsomes prepared from rats pretreated with pregnenolone-16a-carbonitrile (supplied by
the manufacturer as a positive control). The BNF and corn oil microsomes were run on a separate gel
from the other four sets of microsomes; the “control” microsomes were run on both gels, the relative
intensities of the bands on the two gels being similar (0.95 and 1.0 absorbance units as assessed by
laser densitometry). The indicated size (52 kDa) was determined by interpolation of the mobility of
molecular mass standards. The bottom half of the figure is a graphical representation of the relative

intensities of the bands with the different microsomes, as determined by laser densitometry.

effect of enzyme induction on the bioactivation of
CBZ, using two indirect markers for the formation
of toxic metabolites, namely cytotoxicity and covalent
binding. Thus, it was found that enzyme induction
with PB and DEX, but not BNF, increased the
formation of stable and toxic metabolites of CBZ
(Figs 1 and 2) relative to their respective control
microsomes, which had been treated with vehicle
only. Such treatment of control animals was
considered to be important because vehicles such as
corn oil can themselves have an effect on the P450
isozyme profile [33]. The three model enzyme

inducing agents used in this study are selective
enzyme inducers in that PB is an inducer of CYP2B,
CYP2C and CYP3A [32] while DEX and BNF are
inducers of CYP3A ([32,34,35] and CYPi1A
[36], respectively. Therefore, the increase in the
bioactivation of CBZ observed after induction with
DEX and PB would suggest that the CYP3A family
is involved in its bioactivation. In accordance with
this, immunoblotting performed with antibodies
raised against rat CYP3A (which have been shown
to cross-react with the mouse orthologue [35]) not
only recognised a protein in all the mouse liver
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microsomes (Fig. 5) but also the relative intensities
of these bands were highest with microsomes
prepared from mice pre-treated with PB and DEX
(Fig. 5) showing an excellent correlation with the
two parameters of CBZ bioactivation.

Supportive evidence for the involvement of
CYP3A in CBZ bioactivation was provided by
measurement of 68-hydroxycortisol formation with
the same microsomes used to determine CBZ
bioactivation and by the effect of gestodene. 68-
Hydroxycortisol formation, which has been used as
an index of CYP3A for human studies both in vitro
{19,37] and in vivo [37-39], was increased by
induction of CYP3A with PB and DEX (Table 1),
and showed an excellent correlation with both the
cytotoxicity and covalent binding of CBZ. To the
best of our knowledge, 63-hydroxycortisol formation
has not been measured in vitro with mouse liver
microsomes but the effect of induction combined
with the inhibition of its formation with gestodene,
an inhibitor of CYP3A [22, 23], suggest that it can
be used as an indicator of CYP3A in the mouse.

Gestodene, a specific mechanism-based inactivator
of CYP3A [22, 23], inhibited irreversible binding of
radiolabelled CBZ (and the formation of CBZ-
10,11-E) in a dose-dependent manner (Fig. 3).
Gestodene has been found to be an effective inhibitor
of human CYP3A activity in vitro, but only after
pre-incubation of human liver microsomes with
gestodene in the presence of NADPH [23, 40].
However, with induced and untreated mouse liver
microsomes, we found that pre-incubation with
gestodene was not necessary for significant (but not
total) inhibition of CYP3A, as reflected by the
results observed not only with covalent binding of
CBZ (Fig. 3) but also with 6B-hydroxycortisol
formation (Table 1). This may be due to higher
relative CYP3A activity in the mouse when compared
with man [41]. We have previously shown that
ketoconazole, like gestodene, can also inhibit CBZ
bioactivation [7]. Although ketoconazole can inhibit
muitiple cytochrome P450 isozymes at higher
concentrations [42], at concentrations less than 5 uM
it is a relatively selective inhibitor of CYP3A [42].
Thus, in agreement with the findings of this study,
it was possible to inhibit CBZ bioactivation by 1 uM
ketoconazole [7], consistent with the involvement of
CYP3A. In order to define the specific isozyme of
CYP3A in the mouse responsible for bioactivation
of CBZ, particularly when using different enzyme
inducers such as PB and DEX, a more selective
inhibitor such as cannabidiol [43] would be required.

How do these results with mouse microsomes
relate to humans? It is well known that there are
cross-species differences in the metabolism of many
compounds [44], and therefore it is not always
possible to extrapolate directly from data obtained
in animals to humans [45]. However, the CYP3A
family is highly conserved in mammalian species
[35, 43, 46} and immunochemical similarity has been
observed between the human orthologue and the
mouse CYP3A enzyme [43] suggesting that in
humans CBZ may also be metabolized by the
CYP3A enzyme. In support of this, Kerr et al. [47]
have recently shown that the epoxidation of CBZ to
the stable 10,11-epoxide in humans is mediated by
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CYP3A4. Our results in the mouse are in accordance
with this in that the formation of CBZ-10,11-E was
enhanced by induction with both PB and DEX but
not BNF, and reduced by co-incubation with
gestodene, resulting in an excellent correlation
between CBZ-10,11-E formation and covalent
binding (Fig. 4), suggesting that the epoxidation of
CBZ to both the stable 10,11-epoxide and the
putative toxic, chemically reactive epoxide is
mediated by the same P450 isozyme. In addition,
drugs such as erythromycin and verapamil, which
are both metabolized by CYP3A [35, 48-50], have
been reported to inhibit the metabolism of CBZ
resulting in elevated serum CBZ concentrations
[11, 51] suggesting that competitive inhibition of this
enzyme may be the basis for the interaction.

CYP3A is the major cytochrome P450 enzyme in
human liver [29, 48], although a 26-fold variation in
levels has been demonstrated between different
individuals [29]. It can be induced by glucocorticoids
[35], macrolide antibiotics [52], and importantly,
with regard to CBZ, by anticonvulsants such as
phenytoin [29, 53] and PB [29, 32, 54]. Indeed, CBZ
is an autoinducer [55] and has been shown to increase
urinary 68-hydroxycortisol [10}], suggesting induction
of CYP3A. Thus, urinary 6f-hydroxycortisol in
patients on CBZ could be used not only to determine
the induction of CYP3A, but also as an indirect
marker for the bioactivation of CBZ. Concomitant
administration of CBZ with either phenytoin and/
or PB has been reported to reduce the efficacy of
CBZ by enhancing its metabolism and thus reducing
serum (and tissue) levels of the therapeutically active
parent compound [11]. Interestingly, with phenytoin,
the interaction with CBZ is associated with a rise in
plasma CBZ-10,11-E levels relative to the decreased
CBZ levels [56-58]. Therefore, enzyme induction
may also increase the bioactivation of CBZ to the
toxic epoxide leading to idiosyncratic toxicity in
certain individuals, particularly in those who have
low activity of microsomal epoxide hydrolase, which
may be either genetically determined [1,2] or by
concurrent administration of anticonvulsants such as
valproic acid [59,60], valpromide [59,60] or
progabide [61] which are known to be inhibitors of
this enzyme. It is interesting to note that the
detoxication pathway, i.e. microsomal epoxide
hydrolase, can also be induced by the aromatic
anticonvulsants (CBZ, phenytoin, PB); however,
several studies have shown that the epoxidation of
CBZ is induced to a greater extent than the hydration
pathway [55,62,63], thus creating (or further
exacerbating) the imbalance between bioactivation
and detoxication.

In conclusion, the results of this study suggest that
bioactivation of CBZ in the mouse is dependent on
CYP3A, induction and inhibition of this enzyme
increasing and reducing bioactivation, respectively.
Furthermore, given the high degree of conservation
across species among the CYP3A sub-family of
enzymes, the mouse provides a useful model for
investigating the effects of enzyme induction not
only on CBZ idiosyncratic toxicity, but also on the
teratogenicity of CBZ. In humans, inducers of the
orthologous form of this enzyme, most notably the
aromatic anticonvulsants, may create an imbalance
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between bioactivation and detoxication of CBZ
resulting in idiosyncratic toxicity.
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