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We studied the effect of active immunization with glutamate-bovine serum albumin conjugate
on acute generalized epileptiform activity evoked by single administration of corazol. Anti-
bodies to glutamate produced an antiepileptic effect and elevated the threshold for clonic
seizures and tonic phase of lethal seizures. In BALB/c mice this effect was more pronounced
than in C57BL/6 mice.
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Glutamate (L-glutamic acid, Glu) is one of the major
excitatory neurotransmitters in CNS. Excitatory neuro-
transmitter amino acids and their receptors play a role
in the pathogenesis of epilepsy, seizures, and paro-
xysmal activity [4,8,9,11]. P. Seguela et al. [10] syn-
thesized conjugates of Glu and protein carriers, ob-
tained specific antibodies (AB) to the linear amino
acid, and used these AB in immunocytochemical ex-
periments. However, the effect of anti-Glu AB on the
development of epileptiform activity was not studied.

Here we studied the effect of active immunization
of mice with the Glu-protein conjugate on acute gene-
ralized epileptiform activity evoked by corazol.

MATERIALS AND METHODS

The conjugated antigen of Glu and bovine serum albu-
min (BSA) was synthesized by a modified method
using bifunctional reagent glutaraldehyde [10]. Immu-
nogenicity of the conjugate was determined by active

immunization of rabbits. Plasma titer of anti-Glu AB
in immunized rabbits was 1:1024.

Two series of experiments were performed on
C57BL/6 (n=100) and BALB/c mice (n=35) weighing
20-23 g. Series I was conducted on 4 groups of
C57BL/6 mice. Control animals of groups 1 and 2
received physiological saline and complete Freund’s
adjuvant (CFA), respectively. Control mice of group
3 were immunized with BSA. Group 4 animals were
immunized with Glu-BSA conjugate. Group 1 mice
received 1 subcutaneous and 2 intraperitoneal injec-
tions of physiological saline (0.2 ml). Group 2 animals
received single subcutaneous injection of 0.1 ml CFA
and 0.1 ml physiological saline and 2 intraperitoneal
injections of 0.2 ml physiological saline. The mice of
groups 3 and 4 were immunized 3 times with con-
jugated antigen Glu-BSA and BSA in increasing do-
ses, respectively, at 2-week intervals. During the first
treatment the substance (2 mg/kg) dissolved in 0.1 ml
physiological saline and 0.1 ml CFA was injected sub-
cutaneously on the back. During the second and third
treatments the substance in doses of 5 and 10 mg/kg,
respectively, was dissolved in 0.2 ml physiological sa-
line and injected intraperitoneally.
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Series II was conducted on mice of various gene-
tic strains. C57BL/6 and BALB/c mice were divided
into 2 groups. Experimental animals were immunized
with Glu-BSA conjugate. Control mice received phy-
siological saline in an equivalent volume.

Plasma level of anti-Glu AB in control and immu-
nized mice was measured by solid-phase enzyme im-
munoassay. Glu was conjugated with horse γ-globulin
as described previously and this conjugate served as
the test antigen [10]. Immunological control for the
level of anti-Glu AB was performed in both series
with 5 immunized and 5 control animals.

The threshold of clonic seizures and tonic phase
of lethal seizures was determined on the model of
acute generalized epileptiform activity 1 week after
the last injection [7]. The solution of corazol (1%) was
infused intravenously at a flow rate of 0.01 ml/sec.
The threshold dose of corazol that induced seizures
was estimated individually and expressed in mg/kg.

The results were analyzed by Student’s t test.

RESULTS

Active immunization of mice with Glu-BSA conjugate
induced synthesis of anti-Glu AB (titer 1:16).

In series I active immunization of C57BL/6 mice
with Glu-BSA conjugate elevated thresholds for clonic
seizures and tonic phase of lethal seizures by 18.24
and 36.21%, respectively (Table 1). Administration of
BSA decreased clonic seizure threshold by 10.35%.
CFA elevated the threshold for the tonic phase of sei-
zures by 13.59%.

In series II we determined the threshold for sei-
zures evoked by corazol. Table 2 shows that thresh-
olds for clonic seizures and tonic phase of lethal sei-
zures in BALB/c mice were lower than in C57BL/6
mice by 22.22 (p<0.001) and 18.75% (p<0.01), re-
spectively. Therefore, BALB/c mice were less resis-
tant to the proconvulsant effect of corazol than C57BL/6
mice. Active immunization of mice with the Glu-BSA
conjugate elevated seizure thresholds (Table 2). Im-

TABLE 1. Effect of Active Immunization of C57BL/6 Mice with Glu-BSA Conjugate on Corazol-Induced Generalized Seizures
(Series I, M±m)

1 (n=12) 24.83±1.03 100 39.60±1.33 100

2 (n=11) 24.74±0.40 99.64±1.61 44.98±1.29**о 113.59±3.26

3 (n=13) 22.26±0.44***++ 89.65±1.77 38.22±1.05 96.52±2.65

4 (n=14) 29.36±0.74**+о 118.24±2.98 53.94±1.33*+о 136.21±3.36

Note. *p<0.001, **p<0.01, and ***p<0.05 compared to group 1; +p<0.001 and ++p<0.01 compared to group 2; op<0.05 compared to group 3.

Group

%mg/kg

lethal outcomeclonic seizures

Dose of corazol

%mg/kg

TABLE 2. Effect of Active Immunization with Glu-BSA Conjugate on Corazol-Induced Generalized Seizures in C57BL/6 and
BALB/c Mice (M±m)

C57BL/6 (n=9)

control, physiological saline 23.40±0.97 100 43.20±1.19* 100

C57BL/6 (n=18)

treatment, immunization 28.18±0.77* 120.43±3.29 49.26±1.05* 114.03±3.47

BALB/c (n=10)

control, physiological saline 18.20±0.59+ 100 35.10±2.23*++ 100

BALB/c (n=15)

treatment, immunization 24.15±0.68* 132.69±2.87++ 49.81±1.43* 141.91±4.07+

Note. *p<0.001 compared to the control; +p<0.001 and ++p<0.01: interstrain differences.

Group

%mg/kg

lethal outcomeclonic seizures

Dose of corazol

%mg/kg
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munized BALB/c mice were more resistant to the de-
velopment of corazol-induced seizures than C57BL/6
mice. In BALB/c mice the threshold dose of corazol
inducing clonic seizures and tonic phase of lethal seizu-
res was higher than in C57BL/6 mice by 12.22 (p<0.01)
and 27.88% (p<0.001), respectively.

Our results indicate that anti-Glu AB produce an
antiepileptic effect on acute generalized seizures in-
duced by corazol and elevate the thresholds for clonic
seizures and tonic phase of lethal seizures. This effect
was observed in mice of various genetic strains. Clo-
nic and tonic seizure thresholds in BALB/c mice in-
creased more significantly than in C57BL/6 mice. It
should be emphasized that before immunization sei-
zure thresholds in BALB/c mice were lower than in
C57BL/6 mice. Our previous studies revealed con-
siderable differences in the behavioral response of
animals to treatment with anti-Glu AB. Active immu-
nization mainly affected the state of BALB/c mice,
which was manifested in enhanced behavioral activity,
reduction of anxiety, and improved retention of con-
ditioned passive avoidance response [1,5]. It can be
explained by genetically determined differences in
activity of brain neurotransmitter systems (e.g., gluta-
matergic system) in mice of different strains.

The development of epileptiform activity is re-
lated to an imbalance between the inhibitory and ex-
citatory mechanisms and predominance of excitation
[3,4,11]. These changes result from the impairment of

GABAergic inhibition. The proconvulsant effect of
carazol is associated with the inhibition of chlorine
channels in the GABAA-receptor complex and impair-
ment of the GABAergic inhibitory mechanisms [3,6].
During active immunization and systemic treatment of
animals the amount of AB to neurotransmitters en-
tering CNS via the brain-blood barrier is low, but suf-
ficient to modulate functional activity of the nervous
system [2]. AB entering CNS bind Glu and suppress
the glutamatergic system, which probably contributes
to the antiepileptic effect of anti-Glu AB.
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