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Abstract: PURPOSE: A series of 4-aryl substituted
semicarbazones of citral and R– (–) carvone were
designed and synthesized to meet the structural
requirements essential for anticonvulsant activity.
METHODS: TLC evaluated purity of synthesized
compounds and their structure confirmed by infrared
spectroscopy, proton magnetic resonance spectroscopy
and by nitrogen estimation. All the compounds were
evaluated for anticonvulsant activity by maximal elec-
troshock (MES) and subcutaneous metrazol (ScMet)
induced seizure methods and minimal motor impair-
ment was determined by rotorod test. RESULTS: All
the synthesized compounds exhibited significant pro-
tection after intraperitoneal (i.p.) administration in
MES. Seventy two percent of the compounds exhib-
ited protection in ScMet test. Some of them also
showed good activity after oral administration. The
results showed that anticonvulsants with cyclic and
acyclic terpenoid moiety retain activity in MES as well
as ScMet test. The p-fluoro aryl substituted semicarba-
zones emerged as the most active analogue in both
cyclic and acyclic terpenes. CONCLUSION: Semicar-
bazones with terpenoid as the lipophilic moiety
resulted in compounds with broad spectrum of anti-
convulsant activity and therefore, they may be utilized
for the future development of novel anticonvulsants
with broad spectrum of anticonvulsant activity. The
results also validated pharmacophore model with four
binding sites essential for anticonvulsant activity. 

INTRODUCTION

Epilepsy is a neurological disorder of varied etiology. It
is characterized by paroxymal, excessive and hypersyn-

chronous discharges of large number of neurons [1].
Approximately 50 million people worldwide suffer
from epilepsy, making this condition the second lead-
ing neurological disorder [2]. It is estimated that 25%
of the epileptic population have seizures that are not
responsive to presently available medical therapies.
Despite the optimal use of available antiepileptic drugs,
many patients fail to experience seizure control and
others do so only at the expense of significant toxic
effects that range in severity from minimal brain
impairment to death from aplastic anaemia or hepatic
failure [3]. It is estimated that available medication con-
trols the seizures in only 50% of patients or decrease
incidence in only 75% of patients. These facts make the
field of anticonvulsant drug discovery a high priority.
Semicarbazones present a wide range of bioactivities,
and their pharmacological applications have been
extensively investigated [4]. Recently 4-aryl substituted
semicarbazones have acquired an important place as
anticonvulsants and can be considered a new class of
anticonvulsants with oral activity [5, 6]. Recently Pan-
deya et al. [7] have suggested a new pharmacophore
model for semicarbazones displaying anticonvulsant
activity (Fig 1). They proposed that the terminal
amino function of the semicarbazones was not essen-
tial for activity and could be substituted with a lipo-
philic aryl ring. Proposed pharmacophore model
contain four binding sites for interaction with a macro-
molecular complex in vivo. These binding sites include 

1. An aryl hydrophobic binding site (A) with halo
substituent preferably at para position 

2. A hydrogen bonding domain (HBD) 

3. An electron donor group (D) 

4. Another hydrophobic –hydrophilic site control-
ling the pharmacokinetic properties of the anticon-
vulsant (C)
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Figure 1: Suggested pharmacophore model for
semicarbazones displaying anticonvulsant activity. 

These new aspects might be useful for designing proto-
typic molecules with potential anticonvulsant activity.
In the recent study, the halo substituents selected are F,
Cl and Br, because these substituents have been found
to be active [8, 9]. The effect of other substituents at
para position has also been studied. The major change
in this study has been to explore the size and func-
tional requirement of the hydrophobic-hydrophilic
site controlling the pharmacokinetic properties. One
cyclic terpene [R–(–) carvone] and one acyclic terpene
with unsaturated hydrocarbon chain (citral) have been
selected because they are expected to increase lipophi-
licity of the molecule and this may result in improved
anticonvulsant activity.

EXPERIMENTAL

Chemistry: All the chemicals used were of BDH and
Merck except wherever mentioned. The melting
points were determined in open capillary tubes on a
Superfit India melting point apparatus and are uncor-
rected. The purity of the compounds was confirmed
by TLC using silica gel G as stationary phase and Ben-
zene: ethanol (9:1) as the solvent system. NMR spectra
were recorded on a Hitachi R-600 high-resolution
NMR spectrometer and IR spectra were recorded on
Perkin Elmer spectrum 2000 FT-IR spectrometer
(Department of Chemistry, University of Delhi). UV
λmax of the synthesized compounds were taken on Cin-
tra 10 UV visible spectrometer (Department of Phar-
maceutical Sciences, Dr. Harisingh Gour University)
and was found to be in accordance with the proposed
structures. Nitrogen estimations were undertaken
(USIC, University of Delhi) and were found to be
within 0.4% of the calculated values. 

Figure 2: Scheme for synthesis.

Synthesis of substituted semicarbazones: Different para
substituted aryl semicarbazides were prepared by
method previously described by Pandeya et al. [10].
Equimolar quantities of terpene (0.005 mol) and the
appropriate substituted phenyl semicarbazide (0.005
mol) were dissolved in 20 ml of ethanol (95%) and pH
of the reaction mixture was adjusted between 4-5 by
adding glacial acetic acid. The mixture was refluxed for
45 min to 1.5 h and then cooled in an ice bath. In some
cases, the solution was poured on crushed ice to induce
crystallization. The resultant precipitates were filtered,
dried and recrystallized from aqueous ethanol (95%).
Physical data of synthesized compounds are given in
Table 1. 

Table 1: Physical data of synthesized compounds. 

*Compound melted with decomposition. 
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The spectral data of some of the synthesized com-
pounds are as follows: Compound 1: UV (λmax, nm,
methanol) 235. IR (KBr, υ cm-1) 3421 (secondary NH),
3314 (amide NH), 1597 (C=N), 1658 (NH-CO-NH),
2921 (ArCH stretch). 1HNMR (DMSOd6, δ) 1.82 (s,
3H, CH3), 1.9 (s, 3H, CH3), 2.28 (m, 4H, 2CH2), 2.68
(p, 1H, CH2-CH-CH2), 4.87 (s, 2H, =CH2), 5.1 (t, 1H,
CH=C), 6.32 (s, 1H, -CONH), 7.25 (br s, 5H, Ar),
9.02 (s, 1H, =NNH). Compound 4: UV (λmax, nm,
methanol) 232. IR (KBr, υ cm-1), 3426 (secondary NH),
3317 (amide NH), 3046 (CH stretch), 2924 (ArCH
stretch), 1655 (NH-CO-NH), 1596 (C=N), 1094 (C-F
stretch). 1HNMR (DMSOd6, δ) 1.86 (s, 3H, CH3), 2.1
(s, 3H, CH3), 2.2 (m, 4H, 2CH2), 2.7 (p, 1H, CH2-CH-
CH2), 4.9 (t, 1H, CH=C), 5.3 (s, 2H, =CH2), 5.9 (s,
1H, -CONH), 7.55-7.8 (m, 4H, p-fluorophenyl), 9.2 (s,
1H, =NNH). Compound 10: UV (λmax, nm, metha-
nol) 244. IR (KBr, υ cm-1) 3425 (secondary NH), 3310
(amide NH), 1610 (C=N), 1655 (NH-CO-NH), 2929
(Ar CH stretch). 1HNMR (DMSOdd6, δ) 1.7 (s, 3H,
CH3), 1.9 (s, 6H, 2CH3), 2.24 (m, 4H, 2CH2), 4.8 (t,
1H, =CH), 5.46 (d, 1H, =CH-CH=N), 5.7 (s, 1H, -
CONH) 7.2-7.5 (m, 4H, p-bromophenyl), 7.8 (d, 1H,
CH=N), 8.75 (s, 1H, =NNH). Compound 14: UV
(λmax, nm, methanol) 238, 371. IR (KBr, υ cm-1) 3428
(Secondary NH), 3308 (amide NH), 1619 (C=N), 1658
(NH-CO-NH), 1533 (asymmetric ArNO2 stretch),
1355 (symmetric NO2 stretch). 1HNMR (DMSOd6, δ)
1.75 (s, 3H, CH3), 1.9 (d, 6H, 2CH3), 2.32 (m, 4H,
2CH2), 5.25 (t, 1H, =CH), 5.6 (d, 1H, =CH-CH=N),
5.9 (s, 1H, -CONH), 7.6-7.8 (m, 4H, p-nitrophenyl),
7.95 (d, 1H, CH=N), 9.1 (s, 1H, =NNH).

Pharmacology 

All the compounds were screened by maximal elec-
troshock test (MES) and subcutaneous metrazol
(ScMET) test for anticonvulsant activity. The neuro-
toxicity (NT) was measured by the rotorod test. 

The results are summarized in Table 2. 

Anticonvulsant screening: Anticonvulsant evaluation of
semicarbazones was undertaken by following the anti-
convulsant drug development program protocol [11,
12]. Male albino mice (18-25 g) and male albino rats
(100-125 g) were used as experimental animals. The
semicarbazones were suspended in 0.5% methyl cellu-
lose/water mixture. All the compounds were adminis-

tered intraperitoneally in doses of 30, 100 and 300 mg/
kg to one to four animals. Some selected compounds
were examined for oral activity in rats. 

The results of oral activity are summarized in table 3. 

Table 2: Anticonvulsant evaluation of compounds in the
MES, ScMet and NT screens.

The figures in the table indicate the dose in mg/kg at which bio-
activity was observed in a majority of the animals. The (--) sign 
indicates absence of activity at the maximum dose adminis-
tered. * Compound 4 showed activity at 30 mg/kg after 0.25 h. 

Table 3: Anticonvulsant evaluation of compounds after
oral administration in rats. 

The compounds were administered in a dose of 30 mg/kg. The 
figure indicates the number of rats out of four, which were pro-
tected. *Hyperesthesia was observed after 2 h. (--) Indicates obser-
vation not taken. 

Neurotoxicity screen: Minimal motor impairment was
measured in mice by the rotorod test. The mice were
trained to stay on an accelerating rotorod of diameter
3.2 cm that rotates at 10 revolutions per min. Previ-
ously trained mice were given test compounds intrap-
eritoneally in doses of 30, 100, and 300 mg/kg.
Neurotoxicity was indicated by the inability of the ani-
mal to maintain equilibrium on the rod for at least one
min in each of the three trials. 
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RESULTS 

The candidate anticonvulsants have been often evalu-
ated in the maximal electroshock and subcutaneous
metrazol tests. Compounds affording protection in the
maximal electroshock test may prove to be useful in
treating generalized tonic-clonic and complex partial
seizures, while activity in the subcutaneous metrazol is
claimed to denote agents of value in treating absence
seizures [11]. Neurotoxicity in mice may be measured
by the rotorod test. All the compounds were screened
at 30, 100 and 300 mg/kg for these tests. The results of
intraperitoneal screens are summarized in table 2. The
data reveals that all the compounds afforded protection
in the maximal electroshock test. All of the com-
pounds except 1, 3, 8 and 10 were active in subcutane-
ous metrazol test, a test used to identify compounds
that elevate seizure threshold. In general, carvone semi-
carbazones showed activity at a lower dose in subcuta-
neous metrazol test in comparison to corresponding
citral semicarbazones. The p-fluoro phenyl substituted
semicarbazones of both cyclic and acyclic terpene were
most active, showing broad spectrum of activity at 100
mg/kg and at the same time showing low neurotoxic-
ity. R–(–) carvone 4-(p-fluoro phenyl) semicarbazone
(compound 4) showed activity at 30 mg/kg after 0.25
h. In general, anticonvulsant activity was noted at the
end of 30 min rather than 4 h. Therefore, it can be said
that the onset of action for the compounds is rapid.
Only compound 10 showed a delayed activity at the
end of 4 h in a dose of 300 mg/kg. In the neurotoxicity
screen, all the compounds (except 2, 3 and 10) showed
neurotoxicity at 300 mg/kg. Compounds 3 and 10
were not found to be neurotoxic at maximum adminis-
tered dose and compound 10 showed neurotoxicity at
100 mg/kg. 

Compounds 3, 4, 5, 10, 11 and 12 were evaluated for
activity and neurotoxicity after oral administration in
rats. For these compounds were administered in a dose
of 30 mg/kg and effects observed at 0.25, 0.5, 1, 2, and
4 h intervals. All the compounds evaluated showed
some protection. Compound 3 showed marginal pro-
tection at three time points. Compound 10 showed
delayed activity at 4 h. None of the compounds
showed neurotoxicity in this test. Only compound 3
showed hyperesthesia after 2 h.

DISCUSSION 

The most common structural elements of the older
generation clinically active anticonvulsants can be
defined as a nitrogen heteroatomic system bearing one
or two phenyl rings and at least one carbonyl group.
Many investigations indicated that the presence of at
least one aryl group, one or two electron donor atoms
and/or an NH group in a special spatial arrangement
seems to be necessary for anticonvulsant activity [13].
In the semicarbazone series, Pandeya et al. [7] have
proposed a new pharmacophore model with four bind-
ing sites essential for anticonvulsant activity. In the
present series of compounds, 4-aryl substituted semi-
carbazones of some terpenes were designed and synthe-
sized to meet the structural requirements essential for
anticonvulsant activity. The results obtained show that
all the compounds afforded protection in the maximal
electroshock test and all (except 1, 3, 8 and 10) were
active in subcutaneous metrazol test. Thus, the results
validated the pharmacophore model with four binding
sites essential for anticonvulsant activity. The struc-
tural requirement for activity in the maximal elec-
troshock screen has been stated to be the presence of a
large hydrophobic group in close proximity to at least
two electron donor atoms. For activity in the subcuta-
neous metrazol screen, a hydrophobic group smaller
than required for activity in maximal electroshock
screen should be present [14]. One of the main features
of the results obtained from the present study is the
broad spectrum of activity shown by majority of the
compounds. This shows that terpenes fulfill the struc-
tural requirement of hydrophobic moiety for both the
activities. Thus, they may be utilized in the future
development of novel anticonvulsants with broad spec-
trum of activity. In conclusion, our results validated
the pharmacophore model with four binding sites
essential for anticonvulsant activity. Semicarbazones
with terpenoid as the lipophillic moiety may be uti-
lized for the future development of novel anticonvul-
sants with broad spectrum of anticonvulsant activity.
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