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Abstract

Ž Ž ..Gabapentin 1–50 mgrkg, intraperitoneally i.p. was able to antagonize audiogenic seizures in Dilute Brown Agouti DBA2J
Ž .DBAr2 mice in a dose-dependent manner. Gabapentin at dose of 2.5 mgrkg i.p., which per se did not significantly affect the
occurrence of audiogenic seizures in DBAr2 mice, potentiated the anticonvulsant activity of carbamazepine, diazepam, felbamate,
lamotrigine, phenytoin, phenobarbital and valproate against sound-induced seizures in DBAr2 mice. The potentiation induced by
gabapentin was greatest for diazepam, phenobarbital and valproate, less for felbamate and phenytoin and least for carbamazepine and
lamotrigine. The increase in anticonvulsant activity was associated with a comparable increase in motor impairment. However, the
therapeutic index of combined treatment of the above drugsqgabapentin was more favourable than that of the same drugsqsaline. Since
gabapentin did not significantly influence the total and free plasma levels of the anticonvulsant drugs studied, we suggest that
pharmacokinetic interactions, in terms of total or free plasma levels, are not probable. However, the possibility that gabapentin can
modify the clearance from the brain of the anticonvulsant drugs studied can not be excluded. In addition, gabapentin did not significantly
affect the hypothermic effects of the anticonvulsants tested. In conclusion, gabapentin showed an additive effect when administered in
combination with certain classical anticonvulsants, most notably diazepam, phenobarbital, felbamate, phenytoin and valproate. q 1998
Elsevier Science B.V. All rights reserved.
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1. Introduction

The mechanisms of action of conventional antiepileptic
drugs are complex. With regard to mechanisms that may
lead to seizure activity, much attention has been focused
on the existence of inhibitory and excitatory amino acid
neurotransmitters in the central nervous system. Impair-

Ž .ment of g-aminobutyric acid GABA neurotransmission
by a variety of drugs may result in focal or generalized
seizures, whilst enhancement of GABAergic inhibition
may prevent seizures in several animal models of epilepsy
Ž .Macdonald and Meldrum, 1995; Upton, 1994 . Some
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common anticonvulsant drugs, among them benzodi-
azepines, phenobarbital and primidone, enhance this in-

Žhibitory action of GABA Meldrum, 1984; McLean and
.MacDonald, 1986 .

Gabapentin has been shown to act as an anticonvulsant
drug in different models of chemically and electrically
induced seizures in rodents, but its mechanism of action
appears to be different from that of the conventional

Žantiepileptics Bartoszyk et al., 1986; Loscher et al., 1991;
Stewart et al., 1993; Suman-Chauhan et al., 1993; Taylor

.et al., 1992a,b; Taylor, 1995 . Originally, it was synthe-
sized as a structural analogue of the inhibitory neurotrans-
mitter GABA, with the idea that it would mimic the
physiological actions of GABA in the brain. Gabapentin
consists of an amino acid backbone similar to that of
GABA, except for incorporation of a cyclohexyl ring. This
carbohydrate bulk permits gabapentin to penetrate the
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blood–brain barrier, whilst GABA fails to cross the
blood–brain barrier because of the absence of this lipophilic
ring. Gabapentin does not interact with GABA or GABAA B

receptors, it is not converted metabolically into GABA or a
GABA receptor agonist and it is not an inhibitor of GABA
uptake or of GABA degradation, thus at relevant concen-

Žtrations it is not considered a GABA mimetic drug Vol-
.lmer et al., 1986 . However very recent studies of epileptic

patients have demonstrated that gabapentin is able to in-
Ž .crease brain GABA levels Petroff et al., 1996 . Neuro-

chemical studies on the possible mechanisms of action of
gabapentin show that it does not act at voltage-sensitive
Naq channels so as to stabilize neuronal membranes, thus
distinguishing it from phenytoin, carbamazepine and lam-
otrigine, and neither does it inhibit the release of excitatory

Ž .amino acids Rock et al., 1993 . Gabapentin appears to
move across the gut and into the blood and to penetrate
into the brain by a saturable transport mechanism competi-

Ž .tively inhibited by L-leucine Stewart et al., 1993 . In
addition, recent studies have demonstrated that this anti-
convulsant drug possesses specific binding sites in the

Ž .brain which are involved in epileptogenesis Taylor, 1995 .
It has been shown that gabapentin binding to its specific
site is not affected by carbamazepine, diazepam, pheny-
toin, phenobarbital, valproate and other neuroactive com-

Ž .pounds Suman-Chauhan et al., 1993 , suggesting that
gabapentin may possess a novel and interesting anticonvul-
sant pharmacologic profile. In particular, the gabapentin
binding sites are located in the superficial layers of neocor-

Ž .tex and dendritic layers of hippocampus Hill et al., 1993 .
Thus, gabapentin binding sites appear quite dense in areas
rich in glutamatergic synapses. In particular, the distribu-

w3 xtion of H gabapentin binding sites bears a striking resem-
w3 xblance to those of H a-amino-3-hydroxy-5-methyl-4-iso-

Ž . w3 xxazolepropionic acid AMPA and H 6-cyano-7-nitro-
Ž . Ž .quinoxaline-2-dione CNQX sites Nielsen et al., 1990 .

However, the significance of the similarity in binding
w3 x w3 xlocalization of H gabapentin and H AMPA remains

unclear, since the AMPA ligands showed very low affinity
w3 xfor displacing H gabapentin binding from its specific
Ž .binding site Suman-Chauhan et al., 1993 . Indeed,

gabapentin fails to modulate excitatory postsynaptic poten-
tials that depend on AMPA-type glutamate receptors
Ž . ŽTaylor et al., 1988 or other glutamate receptors Taylor,

.1995 . Very recently it has been shown that the anticonvul-
sant properties of gabapentin are due to an interaction with

2q Žan a d subunit of a voltage-dependent Ca channel Gee2
.et al., 1996 .

The aim of the present study was to investigate the
effects of a pretreatment with gabapentin on the anticon-
vulsant properties of carbamazepine, diazepam, felbamate,
lamotrigine, phenytoin, phenobarbital and valproate against
audiogenic seizures in Dilute Brown Agouti DBA2J
Ž .DBAr2 mice. Moreover, the effects of the combined
treatment of gabapentin with the above reported anticon-
vulsant drugs on rotarod performance, body temperature

and total and free plasma levels of antiepileptics were
studied.

2. Materials and methods

2.1. Animals

ŽMale and female DBAr2 mice weighing 8–12 g 22–26
. Ž . Ždays old or 20–28 g 48–56 days old were used Charles

.River, Calco, Como, Italy . The animals were housed in
Žgroups of 8–10 under a 12-h lightrdark cycle lights on at

.7:00 a.m. with food and water available ad libitum.
Procedures involving animals and their care were con-
ducted in conformity with international and national law
and policies.

2.2. Experimental design

DBAr2 mice were exposed to auditory stimulation 45,
Ž .120 or 180 min following intraperitoneal i.p. administra-

Ž .tion of gabapentin 2.5–50 mgrkg or saline and 45 min
following i.p. injection of certain antiepileptics. Groups of
10 DBAr2 mice were used for each dose of drug studied.
Each mouse was placed under a hemispheric perspex dome
Ž .diameter 58 cm and 1 min was allowed for habituation
and assessment of locomotor activity. Auditory stimulation
Ž .12–16 kHz, 109 dB was applied for 1 min or until tonic
extension occurred. As previously reported, the seizure

Ž .response De Sarro et al., 1984 was assessed using the
following scale: 0sno response, 1swild running, 2s
clonus, 3s tonus, 4s respiratory arrest. The maximum
response was recorded for each animal. Rectal temperature
was recorded immediately prior to auditory testing, using
an Elektrolaboratoriet thermometer type T.E.3. Be-
havioural changes were observed during the period be-
tween drug administration and auditory testing.

2.3. Determination of the plasma leÕels of the antiepileptic
compounds

DBAr2 mice, 48–56 days old were injected i.p. with
either salineqone of the antiepileptic compounds or
gabapentinqone of the antiepileptic drugs. The animals
were lightly anaesthetized with ethyl ether and killed by
decapitation at appropriate times and blood samples of
approximately 1 ml were collected into Eppendorf tubes.
Felbamate and lamotrigine were assayed was carried by

Ž . Žhigh-performance liquid chromatography HPLC Rizzo
.et al., 1997 .

Blood samples were centrifuged at 2000 r.p.m. for 15
min for carbamazepine, diazepam, phenytoin and pheno-
barbital determinations. The plasma was put into a system

Ž .MPS-1 Amicon, Danvers, MA, USA for the separation of
free from protein-bound microsolutes. Plasma samples of
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60 ml were transferred to special sample cups and inserted
Žin an automatic clinical analyser ACA II, du Pont, Wilm-

.ington, DE, USA which uses a method based on the
homogenous enzyme immunoassay technique. For the
magnesium valproate assay, serum samples of 50 ml were
diluted twice with Tris buffer and analysed with the same
method. Control drug solutions were put before and after
the respective experimental samples.

2.4. Effects on motor moÕements

Behavioural changes and their onset and duration were
recorded after drug injection until the rotarod test was
performed. In particular, two independent observers moni-
tored gross behavioural changes consisting of locomotor
activity, ataxia, squatting posture and possible piloerection.
These behavioural changes were noted but not statistically
analysed.

Groups of 10 DBAr2 mice, 8–12 g, 22–26 days old,
were trained to perform coordinated motor movements
continuously for 2 min on a rotarod of 3-cm diameter

y1 Ž .turning at 8 rev min U. Basile, Comerio, Varese, Italy .
Impairment of coordinated motor movements was defined
as the inability of the mice to remain on the rotarod for a

Ž .2-min test period Dunham and Miya, 1957 . The ability of
the mice to remain on the rotarod was tested 40 min after
the i.p. administration of salineqone of the conventional
antiepileptics or after the combined treatment with
gabapentinqone of the antiepileptic drugs.

2.5. Statistical analysis

Statistical comparisons among groups of control and
drug-treated animals were made by using Fisher’s exact

Ž .probability test incidence of the seizure phases or analy-
Ž . Žsis of variance ANOVA with Dunnett’s test rectal tem-

.perature . The percentage incidence of each seizure phase
per dose of compound administered and dose–response
curves were fitted by using linear regression analysis. ED50

Ž .values with 95% confidence limits for each compound
and each phase of seizure response were estimated by
using a computerized version of the method of Litchfield

Ž .and Wilcoxon 1949 ; the relative anticonvulsant activities
were determined by comparison of respective ED values.50

The lines of best fit of conventional antiepileptic drugq
saline or antiepileptic drug in association with gabapentin
were compared by using chi-squared analysis, with results
expressed for position, parallelism and heterogeneity. TD50

Ž .values with 95% confidence limits for each compound
was estimated by using the method of Litchfield and

Ž .Wilcoxon 1949 . The plasma levels of the drugs are
expressed as means"S.E.M. of at least eight determina-
tions. Student’s t-test was used for such statistical compar-
isons.

2.6. Drugs

The sources of the drugs used were: carbamazepine,
Ž . ŽCiba–Geigy, Basel, Switzerland , diazepam Hoffmann–

. ŽLa Roche, Basel, Switzerland , felbamate Schering–
. ŽPlough, Milano, Italy , sodium phenobarbital Bracco, Mi-

. Ž .lano, Italy , sodium phenytoin Recordati, Milano, Italy ,
Ž .lamotrigine Glaxo–Wellcome, Verona, Italy and magne-

Ž .sium valproate Sigma–Tau, Pomezia, Italy . Gabapentin
was extracted with ethyl alcohol from commercial tablets
Ž .Neurontin, Parke Davies, Milano, Italy .

3. Results

3.1. AnticonÕulsant properties of gabapentin in DBAr2
mice

To allow better evaluation of the anticonvulsant effects
of gabapentin, we exposed the animals to the auditory test
at different times after gabapentin administration.

Ž .Gabapentin 30, 40 and 50 mgrkg i.p. , produced a dose-
Ž .dependent significant protection P-0.01 against the

clonic and tonic phases of the audiogenic seizure response
Ž .in DBAr2 mice 45 min after its administration Fig. 1 .

Significant protection against the wild running phase was

Fig. 1. Dose–response curves for the anticonvulsant effect of gabapentin
Ž . Ž . Ž .2.5–50 mgrkg at ' 45 min, B 120 min and v 180 min after i.p.

Ž .administration. Abscissae shows the doses, ordinate shows A % of
Ž .clonic seizures, B % of tonic seizures. Groups of 10 mice for each dose

were pretreated with increasing doses of gabapentin and auditory stimula-
tion was applied at 45, 120 and 180 min after gabapentin administration.
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Table 1
Ž .ED values "95% confidence limits of gabapentin against audiogenic50

seizures in DBAr2 mice after various pretreatment times

Pretreatment Seizure phase
Ž .time min Wild running Clonus Tonus

Ž . Ž . Ž .45 38 16–51 20.3 13.7–30.2 13.9 8.7–22.3
Ž . Ž . Ž .120 11.6 8.3–16.2 8.1 6.1–10.8 5.4 4.1–7.1
Ž . Ž . Ž .180 13.6 10.9–17 10.1 6.9–14.7 6.7 5.3–8.4

All data above reported are expressed in mgrkg and were calculated
Ž .according to the method of Litchfield and Wilcoxon 1949 . At least 40

animals were used to calculate each ED value.50

observed following gabapentin 40 and 50 mgrkg i.p. After
gabapentin 2.5, 5 and 10 mgrkg i.p., no significant anti-
convulsant activity or behavioural changes were observed.

Ž .ED values "95% confidence limits of gabapentin ad-50

ministered 45 min before the auditory test are reported in
Table 1. When the auditory test was carried out 120 min

Žfollowing gabapentin administration 10, 20 and 30 mgrkg
. Ž .i.p. a significant protection P-0.01 against the clonic

Table 2
Ž .ED values "95% confidence limits of salineqcertain antiepileptic50

Ž .drugs or gabapentin 2.5 mgrkg i.p. qantiepileptic drugs against audio-
genic seizures in DBAr2 mice

Seizure phase Drugqsaline Drugqgabapentin

Wild running
aŽ . Ž .Carbamazepine 10.6 8.1–13.8 4.6 3.3–6.4

aŽ . Ž .Diazepam 0.49 0.34–0.71 0.23 0.16–0.33
aŽ . Ž .Felbamate 114.6 92–142.7 56.4 44.5–71.6

Ž . Ž .Lamotrigine 6.1 4.6–8.1 4.6 2.7–7.8
aŽ . Ž .Phenobarbital 7.1 5.6–9 3.2 2.1–4.9
aŽ . Ž .Phenytoin 4.3 3.1–6 2.1 1.4–3.1

aŽ . Ž .Valproate 84 63–114 41 25–67

Clonus
Ž . Ž .Carbamazepine 4.4 3.6–5.4 3.2 1.8–5.7

aŽ . Ž .Diazepam 0.28 0.2–0.39 0.11 0.08–0.15
aŽ . Ž .Felbamate 48.8 35.4–67.2 23.4 14.9–36.8

Ž . Ž .Lamotrigine 3.5 2.4–5.1 2.9 1.8–4.7
aŽ . Ž .Phenobarbital 3.4 2.3–5 1.4 0.88–2.23
aŽ . Ž .Phenytoin 2.5 1.8–3.5 1.2 0.91–1.82

aŽ . Ž .Valproate 43 33–56 21.3 16.5–27.5

Tonus
bŽ . Ž .Carbamazepine 3.0 2.6–3.8 1.5 0.8–2.9

aŽ . Ž .Diazepam 0.24 0.15–0.39 0.10 0.06–0.17
aŽ . Ž .Felbamate 23.1 12.1–44 11.2 5.9–21.1

Ž . Ž .Lamotrigine 1.1 0.7–1.8 0.7 0.5–1.03
aŽ . Ž .Phenobarbital 2.4 1.7–3.4 0.9 0.6–1.35

aŽ . Ž .Phenytoin 2.0 1.6–2.5 0.6 0.4–0.9
Ž . Ž .aValproate 31 22–43 13.9 10.7–18.1

All data above reported are expressed in mgrkg and were calculated
Ž .according to the method of Litchfield and Wilcoxon 1949 . Significant

differences in the ED values among concurrent groups of salineq50

antiepileptic drug and gabapentinqantiepileptic groups are denoted by
aP -0.01 and bP -0.05 according to the method of Litchfield and

Ž .Wilcoxon 1949 . At least 40 DBAr2 mice were used to calculate each
ED value.50

and tonic phases of the audiogenic seizure response was
observed in DBAr2 mice. Gabapentin administered 120
min before auditory testing at doses of 20 and 30 mgrkg

Ž .was able to significantly protect P-0.01 against the
wild running phase of the audiogenic seizures. After
gabapentin 2.5 and 5 mgrkg i.p. no significant anticonvul-
sant activity or behavioural changes were observed. ED50

Ž .values "95% confidence limits of gabapentin adminis-
tered 120 min before the auditory test are reported in Table
1. When the auditory test was carried out 180 min after the

Ž .i.p. administration of gabapentin 20, 30 and 40 mgrkg
the clonic, the tonic and the wild running phases of the

Ž .audiogenic seizure response were significantly P)0.01
antagonized in DBAr2 mice, whereas no protection was
observed after gabapentin 2.5 and 5 mgrkg i.p. ED50

Ž .values "95% confidence limits of gabapentin adminis-
tered 180 min before the auditory test are reported in Table
1. The doses of gabapentin studied did not reduce locomo-
tor activity or produce ataxia andror a fall in rectal
temperature. Since gabapentin exerted its maximal anticon-

Ž .vulsant activity at 120 min Table 1 , we decided to use
this pretreatment time for the following studies. In addi-
tion, according to previous studies, all the conventional
anticonvulsants were administered 45 min before auditory

Ž .testing De Sarro et al., 1992, 1996 .

3.2. Influence of gabapentin on the anticonÕulsant actiÕity
of conÕentional antiepileptic drugs against audiogenic
seizures

The influence of gabapentin on the activity of the
Žconventional antiepileptic drugs administered 45 min be-

.fore testing against the audiogenic seizure response varied
according to the different classes.

Table 3
Ž .TD values with 95% confidence limits of salineqvarious antiepiletics50

and gabapentinqantiepilepics in the rotarod test
50 50 50Treatment TD Locomotor deficit TD rED

Ž .Salineqcarbamazepine 46.5 37.9–57 15.5
Ž .Gabapentinqcarbamazepine 30.1 18.6–48.7 11.9
Ž .Salineqdiazepam 3.8 3.0–4.8 13.5
Ž .Gabapentinqdiazepam 2.0 1.6–2.5 18.2.
Ž .Salineqfelbamate 816 590–1,024 16.7
Ž .Gabapentinqfelbamate 466 249–871 19.9
Ž .Salineqphenytoin 48.3 50.9–68.4 19.3
Ž .Gabapentinqphenytoin 26.8 22.1–32.5 22.3

Ž .Salineqlamotrigine 81 55–118 23.1
Ž .Gabapentinqlamotrigine 74 55–99.6 25.5
Ž .Salineqphenobarbital 139 115–168 40.9
Ž .Gabapentinqphenobarbital 78 60–101.4 55.7
Ž .Salineqvalproate 290 240–351 7.3
Ž .Gabapentinqvalproate 178 133–238 8.4

All data are expressed as mgrkg and were calculated according to the
Ž .method of Litchfield and Wilcoxon 1949 . TD rED s therapeutic50 50

index, which represents the ratio between the TD and the ED for the50 50

clonic phase of the audiogenic seizures. No significant differences were
observed between concurrent groups. At least 32 animals were used to
calculate each TD value.50
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Ž .Fig. 2. Effects of a single administration of gabapentin 2.5 mgrkg, i.p.
in combination with certain antiepileptics on percent change in the

Ž .therapeutic index TI . Note that the combined treatment with gabapentin
Ž .2.5 mgrkg, i.p. and felbamate, lamotrigine, phenobarbital, phenytoin or
valproate resulted in a favourable therapeutic index, whereas the combi-
nation of gabapentin with carbamazepine or diazepam caused an increase
in motor impairment.

As shown in Table 2, diazepam, carbamazepine, felba-
mate, lamotrigine, phenobarbital, phenytoin and valproate
exhibited anticonvulsant activity in the audiogenic seizure

Žmodel of DBAr2 mice. Pretreatment 75 min before anti-
. Žconvulsant administration with gabapentin 2.5 mgrkg

.i.p. was able to produce a consistent shift to the left of the
dose–response curves of conventional antiepileptics, with
the exception of lamotrigine compared with concurrent
groups, suggesting an increase in anticonvulsant activity.
All dose–response curves were parallel except those for
carbamazepine or lamotrigine plus gabapentin. There was
no significant heterogeneity, i.e., any residual variation
was consistent with binomial sampling. The potentiation
by gabapentin varied among the anticonvulsant drugs,
being greatest for diazepam, phenobarbital and valproate,
less for felbamate and phenytoin, and least for carba-
mazepine and lamotrigine.

3.3. Influence of gabapentin on the motor impairment
induced by antiepileptic drugs.

When applied in doses equal to their ED values50

against the clonic phase of the audiogenic seizures, carba-
Ž . Ž .mazepine 4.4 mgrkg , diazepam 0.28 mgrkg , felba-

Ž . Ž .mate 48.8 mgrkg , lamotrigine 3.5 mgrkg , phenytoin
Ž . Ž . Ž2.5 mgrkg , phenobarbital 3.4 mgrkg and valproate 43

.mgrkg did not influence motor performance of DBAr2
mice. Larger doses were necessary to produce motor im-

Ž .pairment Table 3 . Gabapentin administered at doses up to
100 mgrkg did not significantly affect locomotor perfor-
mance. Concomitant treatment with carbamazepine and
gabapentin or diazepam and gabapentin resulted in an
increase in motor impairment, whereas considerable im-
pairment of locomotor performance was not observed when
gabapentin was administered with felbamate, lamotrigine,

Ž .phenytoin, phenobarbital or valproate Table 3 . In fact,
the therapeutic index of combined treatment of felbamate
qgabapentin, lamotrigineqgabapentin, phenobarbitalq
gabapentin, phenytoin q gabapentin or valproate q
gabapentin was more favourable than that for felbamateq
saline, lamotrigineqsaline, phenobarbitalqsaline, pheny-

Ž .toinqsaline or valproateqsaline Fig. 2 .

3.4. Effects of combined treatment of gabapentin with
antiepileptic compounds on body temperature

The body temperature was recorded in animals treated
with saline q anticonvulsant drugs or gabapentin q
anticonvulsant drugs. We observed hypothermic effects
only after administration of salineq the highest doses of

Ž . Žcarbamazepine 20, 30 and 50 mgrkg i.p. , diazepam 3
. Žand 5 mgrkg i.p. or valproate 100, 200 and 300 mgrkg

.i.p. . No significant differences among groups treated with
salineq felbamate, lamotrigine, phenytoin, phenobarbital
or low doses of carbamazepine, diazepam or valproate

Ž .were evident data not shown . Groups treated with

Table 4
ŽInfluence of gabapentin on total and free plasma levels of some antiepileptic compounds carbamazepine, diazepam, felbamate, lamotrigine, phenytoin,

.phenobarbital, and valproate in DBAr2 mice

Ž . Ž .Treatment time dose, mgrkg Salineqcompound Gabapentinqcompound

Total Free Total Free

Ž . Ž .Carbamazepine 60 min 15 mgrkg 5.2"0.7 0.62q0.2 5.2"0.6 0.61q0.2
Ž . Ž .Diazepam 60 min 5 mgrkg 2.1"0.2 0.15"0.05 2.1"0.3 0.16"0.05
Ž . Ž .Phenytoin 120 min 10 mgrkg 8.8"1.8 0.9"0.1 8.9"2.1 0.8"0.1

Ž . Ž .Phenobarbital 60 min 20 mgrkg 35.3"3.1 4.4"0.3 35.2"3.4 4.5"0.5
Ž . Ž .Phenobarbital 120 min 20 mgrkg 22.4"2.5 3.1"0.3 22.3"2.4 3.0"0.3

Ž . Ž .Valproate 30 min 200 mgrkg 251"22 40.2"3.9 252"24 40.5"3.9
Ž . Ž .Valproate 60 min 200 mgrkg 309"29 49.4"4.1 310"32 49.8"4.2
Ž . Ž .Felbamate 60 min 100 mgrkg 4.2"0.3 3.1"0.3 4.1"0.3 3.0"0.3
Ž . Ž .Lamotrigine 45 min 10 mgrkg 1.8"0.2 0.67"0.07 1.9"0.2 0.7"0.1

Ž .Drugs were administered i.p. Saline or gabapentin 2.5 mgrkg i.p. q lamotrigine, 45 min; carbamazepine, diazepam, and felbamate, 60 min;
Ž .phenobarbital, 60 and 120 min; phenytoin, 120 min; and valproate, 30 and 60 min before blood samples were collected. Values are means mgrml of at

least 8 determinationsqS.E.M. Student’s t-test was used for statistical analysis of the data.
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Ž .gabapentin 2.5 mgrkg i.p. qdifferent antiepileptic drugs
showed no significant changes in hypothermic effects when
compared with groups treated with salineqantiepileptic

Ž .drugs data not shown .

3.5. Influence of gabapentin on the total and free plasma
leÕels of antiepileptic drugs

Blood concentrations of carbamazepine, diazepam, fel-
bamate, lamotrigine, phenytoin, phenobarbital and val-
proate are presented in Table 4. The doses of gabapentin
studied did not significantly modify the plasma levels of

Ž . Žcarbamazepine 15 mgrkg, i.p. , felbamate 100 mgrkg,
. Ž . Ži.p. , lamotrigine 10 mgrkg, i.p. , phenytoin 10 mgrkg,
. Ž . Ži.p , phenobarbital 20 mgrkg, i.p , valproate 200 mgrkg,
. Ž .i.p. and diazepam 5 mgrkg, i.p. .

4. Discussion

The present results clearly demonstrate that gabapentin,
at doses which did not significantly affect or slightly
influence the audiogenic seizures in DBAr2 mice,
markedly enhanced the anticonvulsant properties of di-
azepam, felbamate, phenytoin, phenobarbital and valproate
in this strain of audiogenic seizure-sensitive mice.

A pharmacokinetic interaction does not seem to be
responsible for the potentiation by gabapentin of the anti-
seizure effects of the anticonvulsant drugs studied. In fact,
it has been demonstrated in humans, following single as
well as repeated administration of gabapentin, that this
compound does not affect the plasma concentrations of

Ž .conventional antiepileptics see McLean, 1994, 1995 .
Gabapentin shows desirable pharmacokinetic properties: it
does not bind to plasma proteins, it is not metabolized and

Ždoes not induce or inhibit hepatic enzymes Richens, 1993;
Graves et al., 1989, 1990; Hooper et al., 1991; Basim et

.al., 1990; Radulovic et al., 1994 . Conversely, conven-
tional antiepileptics do not affect the pharmacokinetics of

Ž .gabapentin see McLean, 1995 .
The present study clearly shows that, in the absence of

pharmacokinetic interactions, gabapentin increased the an-
ticonvulsant potency of certain conventional antiepileptics.
These data are in agreement with those of a human multi-

Ž .center clinical study Anhut et al., 1994 . In addition, we
clearly demonstrated that gabapentin did not affect the
total or free plasma levels of carbamazepine, diazepam,
felbamate, lamotrigine, phenytoin, phenobarbital and val-
proate. However, the present data do not exclude the
possibility that gabapentin modified the time course of the
anticonvulsants which penetrate the brain or their clear-
ance from the cerebral area. The first hypothesis appears
unlikely since gabapentin did not significantly modify the
changes in body temperature induced by the antiepileptic
drugs studied. Furthermore, gabapentin 2.5 mgrkg in
combination with valproate, phenobarbital, phenytoin or

felbamate caused some motor impairment but still showed
Ž .a favourable therapeutic index Table 3 and Fig. 2 . In

contrast, a combination of gabapentin and carbamazepine
or diazepam caused an increase in motor impairment.

Gabapentin shows a new and different mechanism of
action compared to that of the conventional antiepileptic
drugs used in the present study. In particular, it appears to

Žpossess specific binding sites in the brain Hill et al.,
.1993 , it interacts with at least three cytosolic enzymes

Ži.e., branched-chain amino acid aminotransferase, gluta-
.mate dehydrogenase, GABA-transaminase involved with

amino acid metabolism and, as recently demonstrated, it
interacts with an a d subunit of a voltage-dependent2

2q Ž .Ca channel Gee et al., 1996 .
The effects of gabapentin on the antiseizure activity of

conventional anticonvulsant drugs appear similar to those
already described in our laboratory for dihydropyridines,
compounds which act as antagonists at L-type Ca2q chan-

Ž .nels De Sarro et al., 1992 . It is also possible that
gabapentin, like the dihydropyridines, enhances the anti-
convulsant activity of the compounds studied by diminish-
ing synaptic Ca2q entry. Thus the anticonvulsant proper-
ties of gabapentin might result from alterations in the

Žconcentration or metabolism of brain amino acids Taylor,
. 2q1995 andror a reduction of synaptic Ca entry. It could

be suggested that the observed increase in antiseizure
activity of the antiepileptics might be related to the syner-
gic effects elicited by drugs with different mechanism of
actions.

In our opinion, the combination of certain antiepileptics
with gabapentin would not only allow the dosage of the
former to be decreased, which might be of importance for
reduction of their adverse effects, but would also consider-
ably reduce the dosage of gabapentin as well. We per-
formed an acute study, which may have some importance
for chronic therapy even if different effects may occur
under these different conditions. Our experimental data,
showing a potentiation of the effects of certain conven-
tional antiepileptic agents induced by gabapentin in
DBAr2 mice, suggest that further investigations are war-
ranted, particularly in those forms of human epilepsy that
are resistant to classical antiepileptic drugs.
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