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SUMMARY

We investigated whether carbamazepine, which is known to be
metabolized to an electrophilic epoxide derivative in the body, causes
any decrease, analogous to the action of epoxides, of hepatic
glutathione (GSH) level in rats. Carbamazepine was administered to
rats and liver GSH levels were determined spectrophotometrically.
Neither a single low nor repeated low doses (30 mg/kg) of
carbamazepine (CBZ) produced a statistically significant difference in
GSH levels relative to controls. A single high dose of CBZ (100
mg/kg) produced a large and significant decrease relative to control
(GSH level 3.82 + 0.64 vs 6.54 + 0.45 umol GSH/g liver). CBZ and its
metabolite carbamazepine-10,11-epoxide were determined in plasma
by HPLC after the high dose of carbamazepine administration. The
concentrations of carbamazepine and carbamazepine-10,11-epoxide
were 18.9+2 9 ug/ml and 10.7 + 2.8 pg/ml, respectively.
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INTRODUCTION

Carbamazepine (CBZ) was approved in the United States for use as
an antiepileptic agent in 1974. CBZ is related chemically to the tricyclic
antidepressants. It is a derivative of iminostilbene with a carbamyl
group at the S position; this moiety is essential for potent antiepileptic
activity. Peak concentrations of CBZ in plasma are observed 2 to 6
hours after oral ingestion, and binding to plasma proteins occurs to the
extent of about 80% /1/. CBZ is metabolised to the 10,11-epoxide
(CBZ-E) /2/ (Fig. 1), and this compound also has anticonvulsant
activity. The half-life of the parent compound in plasma after chronic
administration is between 13 and 17 hours. The half-life of the 10,11-
epoxide is probably shorter than that of the parent compound, ranging
from 5 to 8 hours. Less than 1% of CBZ is recovered in the urine as
the parent compound or the epoxide /1/. CBZ exerts a useful
therapeutic effect at plasma concentrations of 2-5 pg/ml; plasma levels
higher than 12 pg/ml are often associated with adverse effects /3,4/.

Electrophilic substances formed in the liver can be detoxified in the
body by conjugation with the hepatic nucleophil glutathione (GSH).
Since the capacity of hepatic GSH is limited, depletion may occur in
the GSH level after conjugation reactions. This may lead electrophiles
to react with nucleophilic macromolecules in the cell resulting in toxic
effects, such as loss of cell viability and mutagenic/carcinogenic effects.
Regnaud ef al. have reported that conjugation with GSH is an
important detoxification mechanism for CBZ and the major portion of
its excreted metabolites are thioethers /5/. Runci ef al. reported a
dramatic decrease in cerebral GSH level after the simultaneous
administration of valproic acid and CBZ /6/, but Attaguile et al. found
no modification in brain GSH levels after CBZ and sodium valproate
administration in rats /7/. Madden et al. identified dihydrohydroxy-SG
adducts of CBZ in the bile of rats administered CBZ intravenously;
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Fig.1:  Carbamazepine and its active metabolite carbamazepine-10,11-epoxide.
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these were the products of thioether conjugation of GSH with arene
oxides /8/. They provided evidence for the generation of a reactive
arene oxide species from CBZ and this has the potential to initiate
cellular damage if not adequately detoxified via conjugation with
glutathione.

The aim of this study was to evaluate GSH depletion in the liver of
CBZ-treated rats and to determine CBZ and its active metabolite CBZ-
E in plasma. Because both these compounds contribute to both
therapeutic and adverse effects /3/, and because there are inter- and
intra-individual variations of their plasma concentrations /9,10/, it
seems to be necessary to measure the plasma concentrations of the
parent drug, CBZ, and its active metabolite, CBZ-10,11-epoxide.
Many different methods have been used for the estimation of CBZ and
its epoxide, based on UV spectrophotometry /11,12/, gas chromato-
graphy /13,14/, enzyme-multiplied immunoassay technique (EMIT)
/10,15/ and high performance liquid chromatography (HPLC) /3,9,10,
16-21/.

MATERIALS AND METHODS

Hepatic GSH levels of Wistar albino male rats were determined by
means of a spectrophotometric method /12/. In order to determine
CBZ and CBZ-E in plasma HPLC was used /16/.

Chemicals

5,5’-Dithiobis (2-nitrobenzoic acid) (DTNB) (Sigma D-8130) and
other chemicals were from Merck. Carbamazepine-10,11-epoxide was
a gift from Novartis (Basel, Switzerland). All solvents used were
HPLC grade. Water used for the preparation of standards was glass-
distilled in the laboratory.

Procedure for GSH determination

Wistar albino male rats (200-300 g) were used in this study. CBZ
was dissolved in propylene glycol and injected i.p. to test animals; the
solution was freshly prepared for each use. CBZ was administered in
two dose levels to test animals: low (30 mg/kg, single; and repeated, 3
days, two times a day in order to observe the possible effect of enzyme
induction) and high (100 mg/kg, single). Animals were killed three
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hours after drug administration (in repeated drug administration studies
after the last administration). The liver was removed, washed with
water, gently blotted and weighed. Tissue homogenization and sub-
sequent GSH determination were performed according to Kaplowitz
/12/. Briefly, the tissue was homogenized with two parts (v/iw) 0.1 M
sodium phosphate (pH 7.4) and 0.25 M sucrose buffer and the
homogenate was then immediately spun at 4000 rpm for 15 minin a J-
21 B Beckman centrifuge at 4 C to yield supernatant A. To 2.0 ml
aliquots of supernatant A, 0.5 ml of 25% trichloroaceticacid was
added. The mixture was allowed to stand for 30 min at 4 C followed by
centrifugation at 3000 rpm for 15 min at 4 C to yield supernatant B. To
each cuvette was added 2.0 ml of 0.5 M sodium phosphate buffer (pH
8.0) and 0.03 ml of DTNB (stock solution 4 mg/ml in 0.1 M sodium
phosphate buffer, pH 7.0, with the addition of 1.5 mg/ml of sodium
bicarbonate). To the sample cuvette was added 0.1 ml of supernatant B
and to the reference cuvette was added 0.1 ml of buffer-trichloro-
aceticacid mixture (4:1 as above). Samples were mixed and after
precisely 2 minutes, absorbance was read at 412 nm. All samples were
assayed in duplicate with less than 2% variation. Absorbance of the
samples was checked against a standard curve constructed with freshly
prepared glutathione solutions (0.05-5.0 mM) treated in the same
manner as the tissue samples.

Procedure for CBZ and its metabolite CBZ-E

4 ml of blood was withdrawn from high dose CBZ (100 mg/kg)
administrated rats into heparinized tubes and the plasma was separated
by centrifugation. 0.4 ml of plasma was extracted with 5 ml of
dichloromethane by vortexing for 20 sec in a 10-ml glass centrifuge
tube. The mixture was then centrifuged at 2500 rpm for 5 min and the
top (aqueous) layer removed by aspiration. The solvent layer was then
carefully transferred to a separate 15-ml conical tube and evaporated
under a gentle stream of oxygen-free nitrogen. The residue was
dissolved in 0.2 ml of acetonitrile:water (30:70) and vortexed for 15
sec. An aliquot (5 pl) was injected into the HPLC apparatus and
analyzed in triplicate. The areas of the peaks were used for quantific-
ation.
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Preparation of standard stock solution

CBZ and CBZ-E were dissolved in methanol at a concentration of
400 pg/ml. The stock solutions were then used to prepare the solution
of 4 pg/ml in water. The working solutions were kept at 4 C and were
stable for at least 4 weeks.

HPLC

The HPLC system consisted of a Model 510 pump and a Model
481 variable-wavelength UV detector (Waters Assoc., Milford, MA,
USA) , and a Unicam 4880 chromatography data handling system. 10
um pBondapak C;s (Waters), 3.9 x 300 mm I.D. analytical column
protected by a guard column filled with the same material, and mobile
phase acetonitrile:water (30:70, v/v) were used. The mobile phase
consisted of a freshly prepared mixture of acetonitrile and bidistilled
water, which was filtered through a Millipore filter type HV (pore size,
0.45 um; Waters Assoc.) and degassed ultrasonically before use. The
volume of sample injected was 5 pl (Model 7725 Rheodyne injector).

The following operating conditions were used: wavelength, 210
nm; flow rate, 1.0 ml/min; chart speed, 0.25 cm/min; column
temperature, ambient. The standard curves of CBZ (&=12.6 min) and
CBZ-E (%&=7.4 min) were linear in the concentration ranges studied.
The linear regression line for CBZ was y = 6.357x - 4.44 (r = 0.9998),
and for the epoxide y = 7.545x - 1.68 (r = 0.9999).

RESULTS AND DISCUSSION

Neither a single low dose nor repeated low doses of CBZ produced
a statistically significant difference in GSH levels relative to controls. A
single high dose CBZ administration produced a statistically significant
decrease in the hepatic GSH level relative to controls (t-values: single
low dose: 0.482; repeated low dose: 0.389; high dose: 11.944; t-test
value calculated from the high dose group >4.221 [t 0.1%, 13]) (Table
1).

Carbamazepine and its metabolite carbamazepine-10,11-epoxide
concentrations were determined in the plasma of the high dose CBZ
administered animals by HPLC. This method allows a simple and rapid
extraction of the compound requiring no further purification. The
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concentrations of CBZ and CBZ-E were 18.9 £ 2.9 pug/ml and 10.7+
2.8 pug/ml, respectively.
TABLE 1

Hepatic glutathione content and its depletion after
carbamazepine administration in rats

Group n pmol GSH/g liver Decrease (%)
Control 10 6.54+0.45

Single low dose 5 6.43+0.28 1.7
Repeated low dose S 6.62+0.12 -1.2
High dose S 3.82+0.64 41.6

Electrophilic substances and electrophilic metabolites formed in the
liver may react with nucleophilic macromolecules or may undergo
conjugation with the hepatic nucleophil GSH, and can be detoxified by
this pathway. This depletes the hepatic labile GSH pool and makes the
cell more vulnerable to electrophilic substances. The reported occurr-
ence of CBZ-associated adverse effects such as hepatocellular and
cholestatic jaundice /1/ and granulamatous hepatitis /22,23/, may result
from such mechanisms in the liver.

In this study, significant decreases in hepatic GSH level were
observed after the high dose CBZ administration. The decrease in the
hepatic GSH pool that we observed could occur due to the conjugation
of the GSH in the labile pool with the electrophilic metabolite(s) of
CBZ. In addition, CBZ and its active metabolite CBZ-E were identified
and determined in plasma, and this determination seems to us to be
necessary during the treatment of epileptic patients, especially with
high doses of carbamazepine, due to the possibility of the occurrence
of adverse effects and inter-individual variations.
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