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Abstract:

In the present study, we investigated pharmacodynamic interactions among AO-620, a losigamone analog, and two conventional
antiepileptic drugs, valproate (VPA) and phenobarbital (PB). Experiments were conducted in the maximal electroshock test in mice.
Isobolographic analysis of the obtained data revealed pure additive interactions between AO-620 and PB applied at three dose ratios of 1:1,
1:3 and 3:1. Antagonism was observed when AO-620 was co-administered with VPAat the ratio of 3:1, while additive interactions were seen
in two remaining proportions (1:3 and 1:1). Surprisingly, the interaction pattern of AO-620 appeared quite different from that of losigamone.
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Introduction

In the past decade, considerable progress in pharma-
cotherapy of epilepsy could be observed, particularly
the introduction of several new antiepileptic drugs
(AEDs) and improvement of older, “first generation”
drugs [8]. A neurologist can now choose from among
more than 20 different medications, which include first
generation drugs, such as diphenylhydantoin, carba-
mazepine, phenobarbital (PB) or valproate (VPA), and
several newer drugs of “second generation” [8].

The principal goal of therapy with an AED is to keep
the patient free of seizures without interfering with nor-
mal brain function. Chronic administration of a single
AED still remains the first choice in epilepsy treat-

ment [13]. However, adequate polytherapy, taking
into consideration the pharmacodynamic and pharma-
cokinetic interactions between individual drugs, may
enhance the effectiveness of epilepsy treatment, espe-
cially its drug-resistant forms [4, 11, 13].

According to Deckers et al. [4], an isobolographic
analysis is considered to be optimal method to detect
interactions between drugs. Traditionally, we can rec-
ognize four types of interactions. Pure addition is rec-
ognized when the effect of a combination is a simple
sum of the separate components’ effects. Two agents
act synergistically (supra-additively) when the total
effect of their combination is greater than the effects
of administration of respective components in mono-
therapy. Antagonism (infra-additivity, sub-additivity)
is detected, when the efficiency of the combination is
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lower than the results of separate components. The
term indifference is reserved for the situation when
one of drugs is virtually ineffective, and the observed
effect depends only on the activity of the second one [1].

Losigamone is a new AED, which possesses both
a unique anticonvulsant activity profile and excellent
tolerability [16]. The structure of this compound is not
comparable to any of known prototypes or other po-
tential anticonvulsant agents [9]. In fact, losigamone
is a racemic mixture of two enantiomers: AO-242
[(+)-LSG] and AO-294 [(–)-LSG] [5, 9]. So far the drug
was reported to be effective in a variety of seizure mod-
els in mice: maximal electroshock (MES), audiogenic
seizures or pentetrazole (PTZ)-induced convulsions. In
the MES test, the drug occurred more potent than di-
phenylhydantoin or VPA, while in PTZ convulsions it
had a higher activity than VPA or ethosuximide [16].

Effectiveness of losigamone encouraged us to study
interactions between its analog AO-620 and two con-
ventional AEDs, PB and VPA in the MES test in mice.

Materials and Methods

Animals and experimental conditions

The experiments were carried out on male Swiss mice
weighing 20–26 g. The animals were kept in colony
cages with free access to food and tap water. The ex-
perimental temperature was 21 ± 1°C and mice were
kept under a natural light-dark cycle. The experimental
groups, consisting of 8 animals, were chosen by means
of a randomized schedule. Usually, 9–12 groups were
necessary to estimate a type of interaction between two
AEDs applied at three fixed dose ratios (1:3, 1:1, 3:1).
All experiments were done between 10.00 a.m. and
2.00 p.m. to minimize confounding effects of circadian
rhythms. The experimental procedures employed in
this study were in agreement with principles of labora-
tory animal care and with rules approved by the Bio-
ethical Committee of Lublin (license No. 478/04).

Drugs

The following AEDs were used in this study: AO-620
(gift from Dr. S. S. Chatterjee, Willmar Schwabe In-
stitute, Germany), valproate magnesium (VPA; from
Polfa, Rzeszów, Poland), phenobarbital sodium (PB;
from Polfa, Kraków, Poland). AO-620 and PB were

suspended in a 1% solution of Tween 81 (polyoxyeth-
ylenesorbitan monooleate; Loba Chemie, Vienna,
Austria). VPA was dissolved in sterile water. All drugs
were administered intraperitoneally (ip), in a volume of
10 ml/kg, PB 60 min and VPA and AO-620 30 min
before convulsive tests.

Electroconvulsions

Electroconvulsions were produced by a Hugo Sachs
generator (Rodent Shocker, type 221, Freiburg, Ger-
many). An alternating current (50 Hz, 25 mA, 0.2 s)
was delivered via ear-clip electrodes. The end point
was the tonic extension of the hindlimbs. The protec-
tive efficacy of AEDs was determined as their ability
to protect 50% of mice against the MES-induced tonic
hindlimb extension and expressed as respective me-
dian effective dose (ED50) values. To evaluate each
ED50 value, at least three groups of mice were chal-
lenged with MES, after receiving progressive doses of
an AED. A dose-response curve was subsequently
calculated on the basis of the percentage of animals
protected against the tonic convulsions.

Isobolographic analysis

The isobolographic analysis is based on a comparison
of drug doses, which are determined to be equieffec-
tive. The experimental (Dmix) and the theoretical ad-
ditive (Dadd) ED50 or TD50 values were determined
from the dose-response curves constructed upon com-
bined drugs treatment [7]. The respective 95% confi-
dence limits were calculated according to Litchfield
and Wilcoxon [6] and subsequently standard errors
(SEM) were computed according to the procedure de-
veloped by Tallarida [17, 18] and Porecca et al. [12].
ED50 (50% effective dose) is defined as a dose of
a drug protecting 50% of the animals against the
MES. EDmix is an experimentally determined total
dose of the mixture of two component drugs adminis-
tered at the fixed fractions of the dose ratio sufficient
for a 50% protective effect. On the other hand, EDadd
represents a total additive dose of two drugs (calcu-
lated from the line of additivity), theoretically provid-
ing a 50% protection against seizures. Subsequently,
interaction index for different fixed-ratio combina-
tions of two AEDs, obtained in the MES was calcu-
lated as a ratio: EDmix/EDadd. This ratio seems to be
a very good factor for describing the strength of inter-
action between two drugs in the isobolographic analy-
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sis [7, 17, 18]. Interactions indices of < 0.7 and > 1.3
are indicative of potentiation and antagonism, respec-
tively, and the index of 1.0 indicates purely additive
interaction [3].

To visualize the type of interactions, the isoboles
are drawn by plotting the points reflecting the respec-
tive ED50 dose of a drug A (on the X-axis) and the
ED50 dose of a drug B on the Y-axis. To estimate the
type of interaction, at least three fixed ratio combina-
tions of drugs are examined, 1:3, 1:1, 3:1 (an example
of isobologram is presented in Figure 1).

Statistical analysis

ED50 values (with 95% confidence limits) were calcu-
lated by computer probit analysis [17], and subse-
quently SEM was computed [17, 18]. Statistical
analysis of drug interactions was conducted according to
Porreca et al. [12], who recommended the use of Stu-
dent’s t-test to evaluate the difference between experi-
mental (EDmix) and theoretical additive (EDadd) values.

Results

Influence of AO-620 on the protective action of

VPA and PB

The ED50 values obtained in MES test for all studied
AEDs are given in Table 1. The isobolographic analy-
sis demonstrates pure additive interactions between
AO-620 and PB at the ratio of 1:1, 1:3 and 3:1. The
combination of AO-620 and VPA exerted both addi-
tive and antagonistic interactions. Strong infraadditiv-
ity was observed when high doses of AO-620 were

co-administered with low doses of VPA (at the fixed
ratio of 3:1). Additive interactions were seen at 1:3
and 1:1 dose proportions (Tab. 2).

Discussion

Isobolographic analysis of the obtained results indi-
cates purely additive interaction between AO-620 and
PB applied at all three dose-ratios (1:3, 1:1, 3:1).
Similarly, additivity was found for AO-620 and VPA
administered at 1:3 and 1:1 proportions. However, the
combination of AO-620 at high doses with VPA at low
doses (3:1) led to significant antagonistic interaction.

According to some authors [4] additivity may be
predicted when two simultaneously given drugs pres-
ent similar molecular mechanisms of action. Syner-
gism is the most probable when two agents have quite
different but complementary targets. Finally, antago-
nistic interaction can be foreseen when the less active
component decreases the activity of the more active one.

Considering this widely accepted hypothesis, we
should compare the main mechanism of action of
drugs employed in the study. AO-620, as an analog of
losigamone, should have properties comparable (if
not the same) to its parent drug. However, there are no
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Tab. 1. Effects of AO-620 and conventional AEDs against MES-
induced seizures in mice

Treatment (mg/kg) ED�� (mg/kg)

AO-620 74. 5 (67.5–82.1)

VPA 322.5 (307.7–338.2)

PB 24.9 (22.0–28.2)

Table data are presented as ED
��

values (with 95% confidence limits
in parentheses) calculated according to the log-probit method re-
ported by Litchfield and Wilcoxon [6]. AO-620 and PB were adminis-
tered ip 1 h before the seizure test, while VPA was given ip 30 min be-
fore the test

Tab. 2. Effects of the combinations of PB and VPA with AO-620
against MES-induced seizures in mice

Drug
combination

F ED�� ��� ED�� ��� (� E) I

AO-620 + VPA 1:1 198.5 ± 7.3 217.1 ± 314.6 1.10 Add

1:3 260.5 ± 12.1 285.5 ± 29.5 1.11 Add

3:1 136.5 ± 11.7 237.1 ± 14.5** 1.74 Ant

AO-620 + PB 1:1 53.75 ± 3.0 60.1 ± 11.9 1.12 Add

1:3 37.3 ± 2.3 30.3 ± 7.0 0.81 Add

3:1 62.1 ± 3.3 74.8 ± 20.0 1.20 Add

Table data are presented as ED
��

values (in mg/kg) ± SEM, and were
calculated by computerized probit analysis based on the method of
Litchfield and Wilcoxon followed by the method reported by Tallarida
et al. [17, 18] and Porreca et al. [12]. (�E) – interaction index (from the
MES test) is equal to ED

�����
/ED

�����
. Each ED

�����
was obtained

from at least 4 groups of mice (8–10 animals per group) injected with
different amounts of fixed-ratio drug combination. Stistical analysis of
the obtained data was performed by Student’s t-test. F – fixed-ratio
combination (e.g. 1:3 was the drug mixture composed of 25% of FBM
and 75% of a conventional AED. (�E) – interaction index; I – type of
interaction; Add – additivity; Ant – antagonism; VPA – valproate; PB –
phenobarbital. ** p < 0.05 vs. respective ED
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available literature data explaining this problem. Lo-
sigamone was reported to block voltage-dependent
sodium and calcium channels and to activate potas-
sium channels [19]. To lesser degree, the drug en-
hances GABAergic and attenuates glutamatergic neu-
rotransmission [14]. When applied at high doses, losi-
gamone inhibits uptake of adenosine, thus increasing
its concentration in the synaptic cleft [2]. The anticon-
vulsant activity of VPA is strongly associated with the
blockade of sodium channels. However, VPA in-
creases also the synaptic level of GABA and inhibits
the conductance through T-type calcium channels
[10]. On the other hand, PB is an agonist of the barbi-
turate modulatory site within GABAA receptors. At
higher doses, PB may block glutamatergic receptors of
AMPA (�-amino-3-hydroxy-5-methylisoxasole-4-propio-
nate) subtype and increase the brain level of adeno-
sine [15]. Thus, additivity between AO-620 and VPA
(1:3, 3:1) might result from their similar action on so-
dium channels. One can speculate that AO-620 at
high doses (in 3:1 proportion) diminishes the access
of VPA to its channel targets. Nevertheless, AO-620
and PB have complementary mechanisms of action.
From theoretical point of view synergism rather than
revealed additivity could be expected in this combina-
tions. The observed divergences confirm our opinion
that experiments conducted in animal models are pre-
requisite for accurate definition of drug interactions.
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Fig. 1. Isobologram displaying supra-additive (synergistic), additive and infra-additive (antagonistic) interactions between two drugs. The
ED

��
(mg/kg) values for drugs A and B are plotted on the x- and y-axes, respectively. The diagonal line connecting both ED

��
values is the

theoretic additive line for a continuum of different fixed-dose ratios. Synergistic interaction is recognized when the ED
�� ���

point for a given
fixed ratio combination is localized significantly beneath the theoretic additive line. The ED

�� ���
point close to this line suggests pure addition.

Finally, when the ED
�� ���

value lies above the theoretic additive line, it represents antagonistic interaction
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