Mechanism of Action of Anticonvulsant Drugs IIL

Chlordiazepoxide

By JOHN H. MENNEAR and ALLAN D. RUDZIK

The anticonvulsant activity of chlordiazepoxide in mice was found to be antagonized
by pretreatment with reserpine or Ro4-1284 but not by a-methyl dopa or a-methyl

tyrosine.

administration of a-methyl dopa, d-amphetamine, or 5-hydroxytryptophan.

This antagonism of chlordiazepoxide by reserpine was reversed by the

The

failure of o-methyl tyrosine to antagonize chlordiazepoxide suggests that the anti-
convulsant action of chlordiazepoxide is not mediated through the release of bio-

genic amines.

Similarly, the reserpine antagonism of chlordiazepoxide appears to

be mediated through some mechanism other than catecholamine depletion.

ARLIER communications from these laboratories
have described the effects of various amine-
depleting agents on the anticonvulsant properties of
diphenylhydantoin (1) and acetazolamide (2).
Thesc reports have confirmed the findings of earlier
workers (3, 4) that reserpine antagonizes the anti-
convulsant activities of both diphenylhydantoin
and acetazolamide. In addition, however, the
authors have demonstrated that this action is not
specific for reserpine, but that the benzoquinolizine
derivatives, tetrabenazine and Ro4-1284! also
antagonize both anticonvulsants, Furthermore,
acetazolamide was found to be antagonized by all
agents which deplete brain biogenic amines, whercas
diphenylhydantoin was not. These results suggest
that the anticonvulsant action of acetazolamide is
mediated, in some manner, through brain amines.
The action of diphenylhydantoin is probably not
mediated through brain amine release.

The experiments reported in this communication
were conducted to compare the action of chlor-
diazepoxide, which has been reported by Randall
et al. (5) to possess anticonvulsant activity in mice,
to the anticonvulsant activities of acetazolamide
and diphenylhydantoin.

EXPERIMENTAL

Male albino mice (Harlan Industries) weighing
18-22 Gm. were used in all experiments. Each
animal was used only once. Prior to experimentation
the mice were housed in groups of 50 with free access
to food and water. All drugs were administered
intraperitoneally and doses and pretreatment times
are shown in Tables I and II.

Maximal scizures were produced by the method
of Swinyard et ¢f. (6) employing a current of 50 ma.
and 0.2-scc. duration delivered v7a corneal electrodes.
The criterion for protection against maximal elcctro-
shock was abolition of the hind leg extensor com-
ponent of the seizure.

The anticonvulsant potency of chlordiazepoxide
was compared in groups of mice treated with various
amine-depleting agents by determining the dose of
chlordiazepoxide which protected 509, of the mice
against the electroshock. The EDg values were
estimated and compared for significance of differ-
ences by the method of Litchfield and Wilcoxon (7).

Chlordiazepoxide was always the last drug to be
administered and was followed in 30 min. by electro-
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1 2-Hydroxy-2-ethyl-3-isobutyl- 9 10-dimethoxy 1,2,3,4,6,7-
hexahydro-1bH-benzoquinolizine.

shock., Unless otherwise stated, mice were housed
in individual plastic cages prior to electroshock.
In one experiment the animals were aggregated,
in groups of 10, in stainless steel cages.

RESULTS

The effects of the various amine-depleting agents
on the EDg value of chlordiazepoxide in the maximal
electroshock test are shown in Table 1. Both

TABLE I.—EFFECTS OF AMINE-DEPLETING AGENTS
ON THH ANTICONVULSANT PPOTENCY OF
CHLORDIAZEPOXIDE

Pretreat- EDsn of Chlor-

i.p. Dose, ment diazepoxide,®
Treatment mg./Kg. Time, hr. mg./Kg.
Saline L. 4 23(19-28)

Reserpine 5.0 24 88(64-121)
Ro4-1284 100 4 66(58-75)
a-Methyl tyrosine 400 4 19(16-22)
a-Methyl dopa 400 4 22(18-26)

%959, confidence limits shown in parenthesis. bSignif»

icantly different from saline controls (p < 0.05).

reserpine, at 5.0 mg./Kg., and Ro4-1284, at 100
mg./Kg., antagonized the anticonvulsant effect of
chlordiazepoxide as evidenced by a significant in-
crease in the EDy value (p < 0.05). Neither a-
methyl tyrosine nor e-methyl dopa, at doses of
400 mg./Kyg., altered the EDgo valuce of chlordiazep-
oxide.

In order to test the ability of various agents to
reversce the effects of reserpine on the anticonvulsant
potency of chlordiazepoxide, a scries of experiments
were performed in which reserpinized mice (3.0
mg./Kg.) reccived a single dose of the test com-
pound 1 hr. prior to electroshock. This was fol-
lowed in 30 min. by varying doses of chlordiazep-
oxide. The EDy values for chlordiazepoxide, in
combination with the various compounds, were de-
termined 30 min. later. The results of this experi-
ment are shown in Table II. «-Methyl dopa (400
mg./Kg.), d-amphetamine (5.0 mg./Kg.), and 5-
hydroxytryptophan (500 mg./Kg.), when ad-
ministered 30 min. prior to chlordiazepoxide, sig-
nificantly reduced the EDyy value of chlordiazepoxide
in reserpinized mice (p < 0.05). The 400 mg./Kg.
dose of dopa, when administered to reserpinized
mice in the isolated situation failed to alter the
EDs, value of chlordiazepoxide. When this dose of
dopa was administered to aggregated mice, how-
ever, a significant reduction in the EDy value was
produced (p < 0.05).
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TaABLE IT.—ANTAGONISM OF RESERPINE EFFECT ON
THE ANTICONVULSANT POTENCY OF
CHLORDIAZEPOXIDE

Pretreat- EDgw of Chlor-

i.p. Dose, ment diazepoxide,*
Treatment mg./Kg. Time, hr. mg./Kg.
Resetpine 5.0 24 88(64-121)
Saline 5.0 1
Reserpine 5.0 24 34(29-40)p
a-Methyl dopa 400 1
Reserpine 5.0 24 52(43-64 )
d-Amphetamine 3.0 1
Reserpine 5.0 24 53(45-63)P
5-OH Tryptophan 500 1
Reserpine 5.0 24 71(56-90)
Dopa 400 1
Reserpine 5.0 24 57(47-68)
Dopa
(aggregated 400 1

%959, confidence limits shown in parenthesis. ° Signif-
icantly different from reserpine-saline controls (p << 0.05).
¢ Housed 10/cage after administrution of dupa,

DISCUSSION

The results of this study demonstrate that the
effects of amine-depleting agents on the anticon-
vulsant properties of chlordiazepoxide more closely
resemble the effects of similar interactions for
diphenylhydantoin than for acetazolaimnide which
have been reported earlier (1, 2). With respect to
the effects of reserpine and Ro4-1284, chlordiazep-
oxide resembles both diphenylhydantoin  and
acctazolamide in that the anticonvulsant effects of
all three of these agents are antagonized by these
amine depletors. In the case of interaction with
e-methyl dopa, chlordiazepoxide closcly rescmbles
diphenylhydantoin in that the anticonvulsant effects
of both were unchanged by this amine depletor.
The failure of amine depletion by a-methyl dopa to
antagonize either diphenylhydantoin or chlor-
diazepoxide might be explained on the basis of the
metabolic fate of a-methyl dopa. «-Mcthyl dopa is
metabolized to a-mecthyl norepinephrine (8). This
metabolite may serve as a falsc neurotransmittor, an
effect which could prevent the antagonism of the
anticonvulsants by amine depletion per se. This
seems unlikely, however, since the authors have
found that «-methyl dopa antagonizes the anti-
convulsant action ol acetazolamide (2). Also,
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amine depletion by a-methyl tyrosine, which is not
metabolized to a catecholamine-like structure (9)
is without effect on either diphenylhydantoin (1)
or chlordiazepoxide but was found to antagonize
acetazolamide (2).

Further similaritics between chlordiazepoxide and
diphenylhydantoin in these experiments are that
the administration of 5-hydroxytryptophan, «-
methyl dopa, or d-amphetamine to rescrpinized
mice antagonized the effect of reserpine on the
anticonvulsant effects of both chlordiazepoxide and
diphenylhydantoin. Since dopa failed to antagonize
the reserpine effect in isolated mice the authors
studied this interaction in aggregated animals.
Dopa has been shown to antagonize the effect of
reserpine on the anticonvulsant action of acetazol-
amide in aggregated but not isolated mice (2).
This effect of aggregation may be due to an increased
uptake of dopa into the central nervous system.
It has been shown by other workers that amphet-
amine is concentrated in the central nervous system
to a greater extent in aggregated than in isolated
mice (10).

It appears that the mechanism of the antagonism
of the anticonvulsant eflect of chlordiazepoxide by
reserpine and Ro4-1284 is probably not the result of
amine depletion, nor does the anticonvulsant effect
of chlordiazepoxide appear to be mediated through
brain catecholamines since (e) neither of the amine
depletors, a-methyl dopa nor «-methyl tyrosine,
was cffective in antagonizing chlordiazepoxide and
(b} the reserpine antagonism of chlordiazepoxide
was reversed by d-amphetamine. On the basis of
the results of the present study as well as carlier
work from these laboratories (1, 2) the anticon-
vulsant effect of chlordiazepoxide appears to re-
semble that of diphenylhydantoin rather than
acetazolamide.
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