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Anticonvulsant and acute neurotoxic characteristics
of nicotinic acid benzylamide: a preclinical study
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Abstract:

The aim of this study was to evaluate time-course and dose-response relationships of nicotinic acid benzylamide (Nic-BZA) with
regard to its anticonvulsant activity in the maximal electroshock (MES)-induced seizures and acute neurotoxic effects in terms of motor
coordination impairment in the chimney test in mice. The experimental determination of both median effective dose (ED��) and median
toxic dose (TD��) allowed for the calculation of protective index (PI) values characterizing a preclinical profile of Nic-BZA.
Results indicated that Nic-BZA produced the time-dependent and clear-cut anticonvulsant activity in the MES test and its ED��

values ranged between 35.7 and 84.0 mg/kg (after the ip administration of the agent at 5 and 60 min, respectively), and between 72.0
and 152.1 mg/kg (at 5 and 60 min, respectively, following the po administration of Nic-BZA). In the chimney test, the TD�� values
for Nic-BZA, after its ip administration ranged between 188.5 and 509.9 mg/kg, whereas following its po administration the TD��

values for Nic-BZA were between 552 and 1222.1 mg/kg. The PI values for Nic-BZA, calculated at various times after its ip and po

administrations (ranging between 3.56 and 17), revealed that the agent has a favorable profile, when considering its both
anticonvulsant and acute neurotoxic effects in this preclinical study.
Based on this study, one can conclude that Nic-BZA might occur advantageous as a potential antiepileptic drug for breaking seizure
attacks in patients with epilepsy.
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Abbreviations: ED�� – median effective dose, MES – maxi-
mal electroshock, Nic-BZA – nicotinic acid benzylamide, PI –
protective index, TD�� – median toxic dose

Introduction

The imbalance between excitatory and inhibitory neu-
rotransmission in the brain is probably the main cause

contributing to the appearance of seizures in both, ex-
perimental animals and epileptic patients. Two excita-
tory amino acids: glutamate and aspartate [3] play an
important role in fundamental mechanisms underly-
ing seizure control. Numerous experimental studies
have indicated that N-methyl-D-aspartate (NMDA)
and �-amino-3-(3-hydroxy-5-methylisoxazol-4-yl) propio-
nic acid (AMPA)/kainate receptor antagonists pro-
duce a clear-cut anticonvulsant effects in various ex-
perimental models of epilepsy [2, 9, 11].
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Recently, it has been reported that some benzyl-
amide (BZA) derivatives, containing a cyclic amino
acid structure (such as isonicotinic acid BZA; pico-
linic acid BZA and 2-fluoride picolinic acid BZA)
showed strong anticonvulsant effects in various mod-
els of epilepsy [7, 8]. The ED50 values of these agents
have been determined in maximal electroshock
(MES)-, pentetrazole-, pilocarpine-, NMDA-,
AMPA-, and kainic acid-induced seizures in mice,
suggesting that these BZA derivatives possess an
AMPA/kainate receptor antagonist properties [7, 8].
Moreover, the evaluation of acute neurotoxicity pro-
file for these derivatives allowed for the calculation of
their protective indices (PIs), as ratios of the respec-
tive TD50 and ED50 values [5]. Considering the PI
values for various BZA derivatives, it occurred that
only picolinic acid BZA had a broad spectrum of anti-
convulsant activity and low potential to evoke side ef-
fects in preclinical studies [8]. Unfortunately, this
agent is rapidly metabolized in rodents and this fact
limited its potential clinical use.

In the present study, we evaluated the time-course
of anticonvulsant activity of nicotinic acid BZA
(Nic-BZA, a new metabolically stable BZA deriva-
tive) against MES-induced seizures in mice. In this
experimental model of epilepsy, one usually deter-
mines the antiseizure effects of anticonvulsant agents
or drugs suppressing tonic-clonic seizures and, to
a certain extent, partial epilepsy in humans [6].
Moreover, the acute neurotoxic profile of Nic-BZA
was determined in the chimney test. According to
Boissier et al. [1], the chimney test allows for the as-
sessment of acute neurotoxic (adverse) effects pro-
duced by drugs with respect to motor coordination
impairment in animals subjected to this test. Finally,
to demonstrate the margin of safety and tolerability of
Nic-BZA, the PIs were calculated for each time pe-
riod after ip and po administrations of Nic-BZA.

Materials and Methods

Animals

The experiments were carried out on male Swiss mice
weighing 20–25 g. The animals were housed in col-
ony cages with free access to food (chow pellets) and
tap water. The experimental temperature was 21 ± 1°C

and mice were kept under a natural light-dark cycle.
After 7 days of adaptation to laboratory conditions,
the animals were randomly assigned to experimental
groups (consisting of 8 animals). Each mouse was
used only once. Local Ethics Committee at the Medi-
cal University of Lublin approved all experimental
procedures described in this study.

Drugs

Nic-BZA was suspended in a 1% aqueous solution of
Tween 80 (Sigma, St. Louis, MO, USA) and adminis-
tered either intraperitoneally (ip) or per orally (po) in
a volume of 0.01 ml/g of body weight. Nic-BZA was
administered at 5, 15, 30, 45 and 60 min prior to elec-
troconvulsions and the chimney test.

Electroconvulsions

Electroconvulsions were produced by means of an al-
ternating current (0.2 s stimulus duration, 50 Hz) de-
livered via ear-clip electrodes by a generator (Rodent
Shocker, Type 221, Hugo Sachs, Freiburg, Germany).
The criterion for the occurrence of seizure activity
was the tonic hindlimb extension. The protective ac-
tivity of Nic-BZA was determined as its median effec-
tive dose (ED50 value in mg/kg) against MES-induced
seizures (fixed current intensity of 25 mA, maximum
stimulation voltage of 500 V). At least four groups of
mice (8 animals per group) were used to estimate each
ED50 value. The animals were administered with dif-
ferent doses of Nic-BZA in order to obtain a variable
percentage of protection against MES, allowing the
construction of a dose-effect curve for Nic-BZA ad-
ministered alone at various time periods, according to
Litchfield and Wilcoxon [4]. Each ED50 value repre-
sents the dose of Nic-BZA required to protect half of
the animals tested against MES-induced seizures.
This experimental procedure has been described in
detail in our earlier papers [8, 10].

Chimney test

The effect of Nic-BZA on motor performance was
quantified by the chimney test of Boissier et al. [1]. In
this test, animals had to climb backwards up a trans-
parent plastic tube (3 cm inner diameter, 25 cm
length) and motor impairment was indicated by the
inability of the animals to climb backwards up the
tube within 60 s. The acute neurotoxic (adverse) ef-
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fects of Nic-BZA were expressed as their median
toxic doses (TD50 values in mg/kg), representing the
doses at which Nic-BZA impaired motor coordination
in 50% of the animals tested. To evaluate each TD50
value, at least 4 groups of animals (each group con-
sisted of 8 mice) injected with various doses of the
compound were challenged with the chimney test. A
dose-response curve was calculated on the basis of the
percentage of mice showing motor deficits by means
of the log-probit method according to Litchfield and
Wilcoxon [4]. The acute neurotoxic (adverse) effects
for Nic-BZA were evaluated at 5, 15, 30, 45 and 60 min
after its ip and po administration.

Statistics

Both, ED50 and TD50 values were performed by com-
puter log-probit analysis according to Litchfield and
Wilcoxon [4].

Results

Anticonvulsant effect of Nic-BZA following its

ip and po administrations in the MES test in mice

Nic-BZA administered systemically (ip) produced
a clear-cut anticonvulsant effect in mice subjected to
MES. The ED50 values of Nic-BZA administered ip at
various times before the MES test are presented in Ta-
ble 1. Time-course relationship revealed that the low-
est ED50 value for Nic-BZA in the MES test was 35.7
(30.1–42.4) mg/kg, when the agent was administered
ip 5 min before the MES test (Tab. 1). The remaining
ED50 values for Nic-BZA, evaluated in the MES test
at 15, 30, 45 and 60 min. after its ip administration,
increased proportionally with time from 42.7 mg/kg
to 84.0 mg/kg (Tab. 1). Similarly, Nic-BZA adminis-
tered po produced a clear-cut anticonvulsant effect
against MES-induced seizures. The time-course rela-
tionship revealed that the lowest ED50 value for Nic-
BZA was 72.0 (53.8–96.4) mg/kg; at 5 min after its po

administration (Tab. 2). The ED50 values for Nic-
BZA, administered at 15, 30, 45, and 60 min. before
the MES test, increased with time and ranged between
97.6 mg/kg and 152.1 mg/kg (Tab. 2).

Acute neurotoxic effect of Nic-BZA after its ip

and po administrations in the chimney test in mice

Nic-BZA administered ip produced acute neurotoxic
effects in mice challenged with the chimney test. The
TD50 values of Nic-BZA, administered ip at various
times before the motor coordination testing are shown
in Table 1. Time-course relationship revealed that the
lowest TD50 value determined in the chimney test was
188.5 (127.3–279.0) mg/kg, when Nic-BZA was ad-
ministered ip at 15 min prior to the chimney test (Tab.
1). The remaining TD50 values for Nic-BZA, evalu-
ated at 5, 30, 45 and 60 min. after the ip administra-
tion of Nic-BZA, ranged between 251.9 mg/kg and
509.9 mg/kg (Tab. 1). In case of Nic-BZA adminis-
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Tab. 1. 
������������ ���	�� �	 0�� $1) 	������ ��� ip ������ 
�������� �� ����

Time (min) ED�� (mg/kg) TD�� (mg/kg) PI

5 35.7 (30.1–42.4) 251.9 (174.0–364.7) 7.06

15 42.7 (31.0–58.9) 188.5 (127.3–279.0) 4.41

30 71.4 (59.4–85.7) 254.5 (197.6–327.7) 3.56

45 81.4 (71.1–93.1) 361.6 (270.1–484.1) 4.44

60 84.0 (72.4–97.5) 509.9 (403.3–644.7) 6.07
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Tab. 2. 
������������ ��������������� �	 0�� $1) 	������ ��� po
�������������� �� ����

Time (min) ED�� (mg/kg) TD�� (mg/kg) PI

5 72.0 (53.8 – 96.4) 1222.1 (875.1–1706.6) 17.0

15 97.6 (75.5–126.2) 747.1 (558.9–998.6) 7.65

30 122.9 (103.5–146.0) 552.0 (442.3–689.1) 4.49

45 149.9 (126.9–165.5) 552.0 (442.3–689.1) 3.68

60 152.1 (125.9–183.7) 597.4 (514.8–693.3) 3.93
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tered po, the time-course relationship showed that the
lowest TD50 value for Nic-BZA in the chimney test
was 552.0 (442.3–689.1) mg/kg, at 30 and 45 min af-
ter its po administration (Tab. 2). The TD50 values of
Nic-BZA, after its po administration at 5, 15, and 60 min
ranged between 597.4 and 1222.1 mg/kg (Tab. 2).

Protective indices of Nic-BZA after its ip and po

administrations

The PI value for Nic-BZA administered ip, 5 min be-
fore the MES and chimney tests, was 7.06, whereas
the remaining PI values following the ip administra-
tion of Nic-BZA ranged between 3.56 and 6.07 (Tab. 1).
Similarly, Nic-BZA administered po at 5 min. before the
MES and chimney tests showed the highest PI value,
which amounted to 17 (Tab. 2). The remaining PI values,
calculated at various times, ranged between 3.68 and 7.65
after the po administration of Nic-BZA (Tab. 2).

Discussion

Based on this preclinical study, one can ascertain that
Nic-BZA possesses a favorable anticonvulsant profile
by suppressing MES-induced seizures and has low
propensity to evoke acute neurotoxic effects in the
chimney test. Simultaneous evaluation of anticonvul-
sant and acute neurotoxic effects of Nic-BZA at vari-
ous time periods following its ip and po administra-
tions revealed that Nic-BZA had a beneficial profile
with PI values ranging between 3 to 17, depending on
the route and time before its administration. Notewor-
thy, Nic-BZA belongs to a family of benzylamide de-
rivatives showing the anticonvulsant action in the
MES test in mice, similarly to isonicotinic acid BZA
and picolinic acid BZA [8].

In conclusion, Nic-BZA has a favorable preclinical
profile in the MES and chimney tests, therefore, it de-
serves a special attention because of the fact that its
peak time to anticonvulsant effects was 5 min after its
ip and po administrations. Its fast anticonvulsant ac-
tion may occur to be useful in breaking seizure attacks
in epileptic patients, however, this hypothesis needs
both experimental and clinical verifications. Addi-
tionally, more advanced studies are required to establish
its effect on the antiseizure action of conventional and
some newer antiepileptic drugs in preclinical studies.
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