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Isobolographic analysis of interaction between vigabatrin and baclofen in the forma-
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MYCKI. Pol. J. Pharmacol., 2001, 53, 527–530.

Vigabatrin and baclofen given together, at doses not affecting motor performance,
produced dose-dependent inhibition of both phases in the formalin test in mice. Isobolo-
graphic analysis revealed a significant synergy between both drugs in both phases of the
formalin test.
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The antiepileptic drug, vigabatrin (GVG, �-vinyl
GABA), is an irreversible inhibitor of GABA-trans-
aminase, the enzyme responsible for the breakdown
of GABA (�-aminobutyric acid). GVG causes an
increased concentration of GABA [14], a natural
inhibitor in the central nervous system (CNS) syn-
apses. GVG has been shown to possess antino-
ciceptive effect and to potentiate morphine-induced
analgesia in acute nociceptive tests in mice [3].

GVG exerts also dose-dependent antihyperalgesic
and antinociceptive effect on experimental neuro-
pathic pain in rats, a model of facilitated pain proc-
essing responsible for allodynia and hyperalgesia
in neuropathy [1]. Many similarities between the
pathophysiological phenomena observed in some
epilepsy models and in neuropathic pain models
justify the rationale for use of anticonvulsant drugs
in the symptomatic management of neuropathic
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pain disorders. To the best of our knowledge, the
antinociceptive effect of GVG has never been stud-
ied in the formalin test.

Baclofen (BAC), a derivative of GABA, excites
GABA- receptors and is clinically used in the treat-
ment of trigeminal neuralgia [6], and as an myore-
laxant agent reducing pain associated with spastici-
ty. GVG is as effective as BAC in reducing spasm
and improving some parameters of spasticity in pa-
tients with spinal cord lesions or multiple sclerosis
[7]. It is known that BAC also produces dose-de-
pendent antinociceptive effect in the formalin test
[11, 12]. Subcutaneous (sc) injection of dilute for-
malin into the mice hind-paw produces biphasic
nociceptive response: phase 1 reflects an acute pain
response and phase 2 represents the injury-induced
spinal sensitization, responsible for facilitated pain
processing [4].

Recently, GABAergic mechanism has been pro-
posed to explain the antinociception in the forma-
lin test [12]. Both drugs, GVG and BAC, possess
GABAergic activity and we hypothesize that the
interaction between both drugs may have at least an
additive nature. Therefore, the antinociceptive ef-
fects of both drugs, given alone or in combination,
were studied in the formalin test. Additionally, the
effect of both drugs on motor performance was
studied in the chimney test.

All animal experiments, after acceptance by
the Local Bioethics Committee, were conducted on
adult female Swiss mice weighing 20–24 g, in
groups of 10 animals. The animals were kept under
standard laboratory conditions with free access to
food and water. All experiments were carried out
between 09:00 a.m. and 03:00 p.m. The mice were
pretrained 24 h before behavioral tests and those
unable to perform the chimney test were rejected
from experimental groups. GVG (Sabril, Dow Ma-
rion Merrell) was suspended in a 1% solution of
Tween 80 and BAC (Baklofen, Polfa, Warszawa)
was dissolved in 0.9% saline. Control animals re-
ceived an equivalent volume of the vehicles. GVG
and BAC were administered intraperitoneally (ip)
45 and 30 min before formalin and chimney tests.

The formalin test was performed according to
Rosland et al. [13]. Formalin (20 �l of a 5% solu-
tion) was injected sc into the plantar surface of
right hind paw using a 26-gauge needle. Immedi-
ately after formalin injection, animals were placed
individually in plexiglas chambers and observed
for 30 min. The total time (s) spent licking the in-

jected paw during periods of 0–5 min and 10–30 min
after formalin injection was measured as an indica-
tor of nociceptive behavior. For the dose-response
analysis, data from phase 1 and phase 2 were con-
sidered separately. The effective dose producing
a 50% reduction of nociceptive response in the
control was defined as ID,!. The log dose-response
curves were fitted using least square linear regres-
sion and the ID,! and 95% confidence limits (CL)
for each drug were calculated [15].

The chimney test was used to assess the range
of doses of the studied drugs producing motor im-
pairment [2]. The animals had to climb backwards
up a plastic tube (3 cm in inner diameter, 25 cm
long). Motor impairment was assessed as the in-
ability of mice to climb backwards up the tube
within 60 s. The values of TD,! (a toxic dose im-
pairing motor coordination in 50% of mice) with
respective 95% CL were calculated by a computer
using probit analysis, according to Litchfield and
Wilcoxon [8].

To determine the nature of the drug-drug inter-
action, we applied an isobolographic analysis [15].
GVG and BAC were administered in combination
at fixed ratios of the ID,! dose for each drug (1:1).
The experimental ID,! value and 95% CL for each
drug and their combination were calculated. The
isoboles were drawn by plotting the experimentally
determined ID,! value of GVG on the x-axis and
that of BAC on the y-axis, delivered alone and in
combination. The theoretical additive ID,! doses,
assuming simple additivity and 95% CL, were cal-
culated according to Tallarida [15]. The value of
the experimental ID,! for drug combination was
compared to the respective theoretical additive
ID,!. The ID,! values were considered to differ sig-
nificantly (p < 0.05) from each other, if each ID,!

value was outside the 95% CL of the other.
GVG and BAC administered alone ip produced

a dose-dependent inhibition of both phases in the
formalin test in mice. BAC produced dose-depen-
dent motor impairment in the chimney test while
GVG did not impair motor coordination even at the
dose up to 2000 mg/kg (Tab. 1). The effective doses
of BAC (ID,!) in the formalin test were signifi-
cantly, 3–4 times lower than in the chimney test.
Both drugs inhibited the phase 1 and 2 of the for-
malin test at similar doses.

It has been demonstrated for the first time that
GVG possesses an inhibitory dose-dependent effect
in the formalin test in mice, at doses not affecting
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motor performance. GVG, contrary to other GABA-
ergic agents, does not affect motor performance
even at doses 13 times higher than ID,! in the for-
malin test (Tab. 1).

Isobolographic analysis, using a fixed dose ra-
tio, revealed a significant interaction between GVG
and BAC in phase 1 and phase 2 of the formalin re-
sponse, indicating synergy between both drugs
(Tab. 1). The experimental values of ID,! and 95%
CL are significantly (p < 0.05) lower than the cal-
culated additive doses for both phases of the forma-
lin test. The shift of the experimental ID,! value
from the theoretical additive ID,! shown on the iso-
bologram, indicates the potent synergy between
both drugs (Fig. 1).

The effect of GVG and BAC mixture on phase
1 and 2 of the formalin test differs from that of each
drug given alone. Combination of GVG and BAC
produces significant suppression of phase 2 at
lower doses than that effective in phase 1 of the for-
malin test, while the potency of GVG and BAC
used alone in inhibiting both phases of the formalin
test is very similar (Tab. 1). Therefore, the GVG
and BAC combination-induced antinociception of
phase 2 may be partially explained by its preemp-
tive antinociceptive effect on phase 1 of the forma-
lin test [11]. Another antiepileptic with GABAergic
activity, magnesium valproate, exerted similar in-
hibitory effects in the formalin test [5, 12], but the
combination of valproate and BAC exerted only the
additive antinociceptive effect in both phases of the
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Table 1. The inhibitory activity of vigabatrin (GVG) and baclofen (BAC) alone or in combination in the formalin and chimney tests
in mice

Treatment

Formalin test Chimney test

ID�� (95% CL)�

Add./Exp.� TD�� (95% CL)�

phase 1 phase 2

GVG 148.0

(83.5–262.4)

91.1

(51.4–161.5)

– GVG dose�

2000 mg kg��

BAC 2.3

(1.5–3.5)

2.6

(1.7–4.0)

– 9.6

(6.4–14.6)

GVG + BAC 75.2

(44.5–110.6)

46.8

(27.7–69.4)

add. –

GVG + BAC 41.8

(25.1–69.7)	
19.3

(11.6–32.1)	
�
exp. 10.2

(6.0–17.4)

� The ID�� value represents the total dose (mg/kg) resulting in 50% inhibition of the control response to formalin. � The theoretical ad-
ditive (add.) or experimental (exp.) ID�� value of drug mixture in the formalin test (as described in the text). � The TD�� value repre-
sents the toxic dose of BAC (mg/kg), impairing motor coordination in 50% of mice, given alone or in combination with the fixed dose
of GVG (500 mg/kg). � GVG maximal dose (mg/kg) not affecting motor performance. 	 Significantly different from theoretical addi-
tive ID�� value (p < 0.05). � Significantly different from ID�� value for phase 1 (p < 0.05)
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Fig. 1. Isobologram showing the synergistic interaction of viga-
batrin and baclofen in phase 2 of the formalin test in mice. The
ID�� values of each drug and their combination are plotted on
the X- and Y-axis. The line connecting ID�� values of each drug
(×) is the line of additivity. The experimental ID�� value of drug
combination (�) lies significantly lower than the theoretical ad-
ditive ID�� (�); the ID�� doses and 95% CLs are presented in
Table 1



formalin test [5]. The second phase of the formalin
test is a composite of the ongoing neuronal activity
plus the generation of a facilitated state thought to
result from the sensitization of the spinal cord
(wind-up) [4]. GABAergic mechanism was pro-
posed to explain the antinociception in this test
[12]. GVG increases GABA concentration in CNS
synapses and exerts inhibitory effect on GABA up-
take [14]. GVG enhances both GABA� and GABA-

receptor transmission while BAC exerts its effect
mainly on GABA- receptors [16]. If fundamentally
different mechanisms contribute to the observed
actions of BAC and GVG, a synergic interaction is
considered likely. Previous drug-interaction analy-
sis using the formalin test has demonstrated syn-
ergy [10, 11] and additivity [5, 9] between several
drug combinations; so it is clear that the type of in-
teraction can be determined with this test system.

Our present results clearly show that the inter-
action of GVG and BAC with regard to antinoci-
ceptive activity in the formalin test, an experimental
model of injury-induced spinal sensitization with
hyperalgesia and allodynia, is of the synergetic na-
ture. Probably, the difference in the GABAergic
mechanisms of both drugs contributes to their syn-
ergy in the formalin test. Contrary to the observed
synergy between GVG and BAC in the formalin
test, we did not observe any increased motor im-
pairment induced by combination of BAC and
GVG in the chimney test. This observation may
suggest that the combined treatment of GVG and
BAC may have some clinical value. The potent
synergy between GVG and BAC in the formalin
test may prompt further studies of this drug combi-
nation in other tests, e.g. an experimental models of
peripheral nerve injury-induced augmented pain
processing, and may prove therapeutically useful in
treating chronic neuropathic pain.
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