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ABSTRACT
Background and Objective: N-Methyl-D-aspartate (NMDA) antagonists such as piperidines are
the most important antiepileptic drugs. Considering the fact that piperidine derivatives such as
phencyclidine (PCP) and its new derivative, 1-[1-(3-methoxyphenyl) (tetralyl)] piperidine (PCP1),
have different potencies, the antiepileptic effects of mentioned drugs were investigated in the
present study.
Material and Methods: Fifty male mice weighing 25-30 g were randomly selected and divided
into five experimental groups:  1-Control 2- Pentylentetrazole-kindled mice, 3- Positive control
group which received valproate, and groups 4 and 5, which received PCP and PCP1, respectively.
Kindling was down by 11 periods injection of PTZ every second day for 22 days. At the 12th
injection, all kindled group were tested for PTZ challenge dose. The exhibited phases of seizure
(0-6) were observed and noted till 30 minutes after PTZ injection. Finally, the malondialdehyde,
superoxide dismutase and nitric oxide levels of the animal’s brain tissues were determined and
compared with others.
Results: PCP1 could have a prominent anti-convulsion effect compared to PCP, especially in the
reduction of phase 2 duration time and seizure score in challenge dose. Our additional experiments
showed that there was a significant reduction in NO level in PCP1 treated animals.
Conclusion: Administration of the new piperidine derivate, PCP1 could have yielded a prominent
anti-convulsion effect in grand epilepsy. Regarding to the changes in conformation of PCP1 as a
non-competitive antagonist of NMDA receptor, it may block the NMDA receptors potentially more
effectively than phencyclidine.
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Introduction

pilepsy disease could have involved 0.51 % of human in the world (1). It was
obvious that the burst discharge activity
of the neurons in the brain would result to seizure
in the epileptic patients (2). However, despite the
availability of different anticonvulsant drugs,
about one-third of treated epileptic patients have
shown epileptic seizure-induced uncontrolled
neurological changes and some accompanied
side effects. Such neurological changes might
finally result in neuronal death (3). Glutamate and
γ-aminobutyric acid (GABA) are two important
excitatory and inhibitory neurotransmitters
which are involved in epilepsy (4, 5).
Phencyclidine is a piperidinic derivative and
none-competitive antagonist of N-methyl-D-aspartate (NMDA) receptor which binds to the receptor complex and causes to inhibit the NMDAmediated conductance of calcium channel gating (6). Phencyclidine (1-(1-phenylcyclohexyl)
piperidine), CAS 956-90-1, PCP, is a semi-rigid
molecule containing a cyclohexane ring with attached aromatic and piperidine rings (7). “PCP
and its analogues are highly potent and widely
abused psychotomimetic drugs which influence
the central nervous system” (Ahmadi, 2010,
p.379). Because of the specific binding sites in
the brain, PCP and its analogues display analgesic, stimulant, depressant and hallucinogenic effects (7). Furthermore, integrating phenyl group
with the cyclohexane ring and the methoxy
group to the aromatic ring of PCP, decreases the
conversion of isomers of the drug (8) and also
affects electron distribution and dipole moments
(9) respectively.
Recently, some analogues of phencyclidine have
been synthesized (9-12) and their pharmacological functions have been examined. To find and
introduce selective and non-competitive antagonists at the PCP binding site on NMDA receptor
complex, we have prepared 1-[1-(3-methoxyphenyl) (tetralyl)] piperidine (PCP-OCH3-tetralyl,
III, Scheme 1) as an analogue of PCP (We will
Vol.9 No.2, Spring 2014

refer to it as PCP1) with a methoxy group on the
aromatic ring (m-position) and a phenyl group
with a cyclohexane ring (a conjugated cyclic ketone, 1-tetralone). Then we tried to examine its
anti-convulsant effects on mice, using the PTZ–
induced kindling model. The results have been
compared to those of PCP and valproate.
One of the most important mechanisms by which
neurological disorders such as epileptic seizure
occur, are oxidative stress and free radicals production (13, 14). There are paradoxical reports
about the role of NO in the seizure modulation
in the brain. It has been introduced as an inhibitor (15, 16) and stimulator (17, 18) in different
cases. The elevated level of the MDA, in the
PTZ-induced kindled mice has been observed (3,
19). Since MDA is the final product of lipid peroxidation, the elevation of MDA level could be
considered as an index of increased free radicals
generation. SOD is an intracellular antioxidant
enzyme that is able to help the conversion of peroxidase to hydrogen peroxide (H2O2) and in this
way protect the cell from superoxide radicals and
oxidative stress. Superoxide dismutase catalyzes
the dismutation of superoxide anions to hydrogen peroxide (20).
Based on the data reporting that PCP and
PCP1 are among the most important groups of
antiepileptic drugs; and the fact that they have
different potencies, their anticonvulsant effects
are considered and compared in the present study.
We have also tried to consider the antioxidant
effect of PCP and PCP1; using MDA, NO and
SOD assessment in a kindling method.

Materials and Methods
Animals
In this experimental research, a total of 50 male
mice (NMRI) weighing 25-30 g (Razi Institue,
Iran) were randomly divided into 5 groups (n=10
in each group) including: 1- Control group 2PTZ-induced kindled mice, 3- Positive control
group which beside the PTZ received valproate
100 mg/kg, i.p. (Sigma, UK) as an anti-convulsant
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drug, 4 & 5-treatment groups which beside the
PTZ, received PCP and PCP1 (in doses of 5.6
mg/kg; i.p). Ten mice were housed in each cage at
temperature 21±2ºC and 12 h light-dark cycling.
The mice had free access to standard food and
tap water ad libitum.
The experimental protocol was approved by the
Ethics Committee of Shahed University.
Kindling
All animals but the control groups (group 1) were
kindled by a total of 11 periods of PTZ injections
(35 mg/kg; i.p.). PTZ (Sigma, UK) was dissolved
in sterile isotonic saline. Each administration was
carried out every second day and in a period of
22 days. Mice were observed for 30 minutes after
the last drug administration. After an additional
30 minutes, the mice were observed for lethality
before returning to the home cage. The challenge
dose of 75 mg/kg PTZ was injected to the kindled
mice on day 26 (test day), which could produce
convulsions (clonic and tonic) and lethality (5).
In the three treatment groups (valproate, PCP
and its derivative), PTZ was administrated 30
minutes after the first treatment. The exhibited
phases of seizure (0-6) were observed and
categorized using the following scale (21) for 30
minutes after PTZ injection. The scale introduces
six phases as follows:
0: no response
1: ear and facial twitching
2: convulsive waves axially through the body
3: myoclonic body jerks
4: generalized clonic convulsions turn over into
side position
5: generalized convulsions with tonic extension
episode and status epilepticus
6: death
Experimental materials
1-Tetralone [1, 2, 3, 4 -Tetrahydro-1- naphthalenone], Cyclohexanone, Piperidine, Bromo
benzene, Magnesium turning, Diethyl ether,
3-bromo anizole, and all other chemicals were
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purchased from Merck chemical Co. (Darmstadt,
Germany). Melting points (uncorrected) were
determined using a digital Electrothermal melting point apparatus (model 9100, Electrothermal
Engineering Ltd., Essex, UK). 1H and 13C NMR
spectra were recorded on a Bruker 300 MHz
(model AMX, Karlsruhe, Germany) spectrometer (internal reference: TMS). IR spectra were
recorded on a Thermo Nicolet FT-IR (model
Nexus-870, Nicolet Instrument Corp, Madison,
Wisconsin, U.S.A.) spectrometer. Mass spectra
were recorded on an Agilent Technologies 5973,
Mass Selective Detector (MSD) spectrometer
(Wilmington, USA). Column chromatographic
separations were performed over Acros silica gel
(No.7631-86-9 particle size 35-70 micrometer,
Geel, Belgium).
Synthesis of compounds
PCP I
This compound was prepared according to the
reported method (22) from 1-piperidinocyclohexanecarbonitrile (IV) and phenyl magnesium
bromide (Figure 1, 2). The hydrochloride salt of I
was prepared using 2-propanol and HCl and was
recrystallized from 2-propanol (22).
CH3
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Cl
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H3CO
N

NC
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Fig. 1: Structure formulas of PCP (I), Ketamine
(II), PCP-OCH3-tetralyl (III) and Carbonitrile
intermediates IV and IV
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Fig. 2: Synthesis of intermediates IV and V
1-Piperidinotetralylcarbonitrile V
To a solution containing 0.582 g (0.0068 mol) of
piperidine in 0.253 g HCl (37%) and 1.36 g cold
water, 1 g (0.0068 mol) 1, 2, 3, 4-tetrahydro-1naphtalenone (1-tetralone) was added. Then
0.465 g KCN in 1.02 ml water, 50 ml ethanol
and 0.1 g tetra-n-buthylammonium bromide
(0.0003 mol) were added and stirred in ambient
temperature (25˚C). The progress of the reaction
was controlled by TLC (7:3 ethyl acetate/nHexane). After one week no additional progress
was seen, so the reaction was extracted with
Chloroform (75 ml, 3 times). Then the organic
layer was separated, dried and concentrated. The
oily residue was obtained, which was passed
through a silica gel column using ethyl acetatehexane (7:3) as the eluent to afford 1.13 g of V
(69 % yield).
IR (KBr): 3066, 2941, 2560, 1454, 1436, 1324,
1287, 1225, 764 cm-1.
1H N.M.R. (CDCl3) (p.p.m.): 1.5-2.85 (16H, m),
6.93-7.01 (4H, m).
13C N.M.R. (CDCl3) (p.p.m.): 25.4, 26.2, 26.8,
31, 37.9, 46.7, 52.7, 117.7, 125.5, 128.1, 139.2.
MS: m/z (regulatory intensity): 240 [M]+ (76),
241 [M+ H]+(12).
PCP1 III
A solution containing 4 g (0.016 mol) of nitrile
compound (V) in 10 ml of dry THF was added
to a refluxing solution of (3-methoxylphenyl)
magnesium bromide (Grignard reagent) (pre-
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pared using 24.77 g 3-bromoanisole and 3.075 g
of Mg in 17 ml of dry ether), refluxed for 5 additional hours in 65-67 oC, left overnight at ambient temperature (25 oC) and then poured into
ice-NH4Cl. The organic layer was separated and
washed with water and the base was neutralized
with 10% H2SO4, washed with 20% NaOH, reextracted with n-Hexane, dried and concentrated.
The oily residue was obtained, which was passed
through a silica gel column using ethyl acetatehexane (7:3) as the eluent to afford 2.28 g of III
(42 % yield).
The hydrochloride salt of III was prepared using
2-propanol and HCl and was recrystallized from
2-propanol.
IR (KBr): 3066, 2941, 1602, 1483, 1454, 1436,
1324, 1287, 1225, 764 cm-1.
1H N.M.R. (CDCl3) (p.p.m.): 1.5-2.85 (16H, m),
3.73 (3H, s), 6.59-7.1 (8H, m).
13C N.M.R. (CDCl3) (p.p.m.): 26.2, 27.5, 31.8,
44.8, 47.4, 56, 63, 111.6, 114, 120.2, 120.7, 125.8,
126.2, 128.8, 130, 139.3, 142.8, 144, 162.5.
MS: m/z (regulatory intensity): 321 [M]+ (100),
322 [M+ H]+ (9).
Sample preparation and biochemical assays
After the injection of the challenge dose of
PTZ and behavioural analysis, the mice were
decapitated. The brains were removed quickly
and were washed in cold saline for two times.
They have been placed in freezer (-30 ˚C), in a
glass bottle (less than 10 hours) and then the brain
pieces (cutting the brain tissue using the scissors)
were homogenized using ice-cold Tris-Hcl buffer
(50 mM, pH 7.4) four times, for two minutes at
5000 rpm. MDA and NO levels were measured at
this phase. The homogenized solution was then
centrifuged for 60 minutes at 5000×g to remove
the debris. The supernatant solution was then
extracted with a mixture of ethanol/chloroform
(a volume with ratio of 5:3). After centrifuging at
5000×g for 30 minutes, the clear upper layer (the
ethanol phase) was taken and used for evaluation
of the SOD activity. All experiments were carried
out at +4 ˚C (3).
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MDA evaluation
The MDA concentration (thiobarbituric acid
reactive substances, TBARS) in the supernatant
has been measured using the following protocol.
Trichloroacetic acid and TBARS reagent were
added to the supernatant and were then mixed and
incubated at 100 ˚C for 80 minutes. After cooling
on ice, samples were centrifuged at 1000×g for
20 minutes and the absorbance of the supernatant
was read at 532 nm (23).
NO evaluation
NO content of the supernatant was assayed by
the Griess method. Since NO has a short half
life and is rapidly converted to the stable end
products nitrate (NO3_) and nitrite (NO2_), the
principle of the assay is the conversion of nitrate
into nitrite by cadmium and is followed by color
development with Griess reagent (sulfanilamide
and N-naphthyl ethylenediamine) in acidic
medium (24). The total nitrite was measured by
Griess reaction. The absorbance was determined
at 540 nm with a spectrophotometer (3).
SOD activity evaluation
SOD activity measurement was carried out
according to the following protocol. At first,
the supernatant was incubated with xantine
and xanthine oxidase in potassium phosphate
buffer (pH 7.8, 37 ˚C) for 40 minutes and NBT
was added. Blue formazan was then monitored
spectrophotometrically at 550 nm. The protein
level that inhibited NBT reduction to 50%
maximum was defined as 1 nitrite unit (NU) of
SOD activity (25).
Chimney test
The chimney test (26) was used to quantify the
effects of PCP and PCP1 on motor performance
in mice. In this test, the animals had to climb
backwards up a plastic tube (3 cm inner
diameter, 30 cm in long), and motor performance
impairment was indicated by the inability of the
mice to climb backward up the transparent tube
within 60 seconds (27, 28).
IRANIAN JOURNAL OF PATHOLOGY

Statistical analysis
Data were expressed as means ± S.E.M. Statistical analyses was carried out using repeated
measurement of one way analysis of variance
(ANOVA) followed by post-hoc Tukey test and
P values less than 0.05 were considered as significant differences.

Results
Chemistry
PCP (I) and PCP1 (III) were synthesized by reaction of substituted Grignard reagents and carbonitrile compounds (IV, V) (Fig. 3). To obtain
higher electron distribution and dipole moment
properties, a methyl group was substituted on the
aromatic ring of the molecule (III). Known procedures were applied for the synthesis of compounds I and IV with the appropriate modifications described previously (8, 12).
Br

MgBr
N

IV

Mg / I2
THF

I

Br

H3CO

MgBr

N

V

Mg / I2
THF
OCH3

OCH3

III

Fig. 3: Synthesis of compounds I and III
Bromobenzene and its m-methoxy (II) derivative reacted with magnesium to form Grignard
reagents, and then reacted with appropriate piperidinocyclohexanecarbonitrile (IV) and piperidinotetralylcarbonitrile (V). Reaction between
the Grignard reagents and the carbonitriles was
slow and incomplete. To overcome this problem,
molar ratio of Grignard reagents to carbonitriles
was increased (8, 26).
Spectroscopic data (IR, 1H and 13C NMR,
Mass) confirmed the structure of compounds III
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and V. The melting points of known compounds
could also confirm their identity. The purity of
each compound was checked by TLC using ethyl
acetate/n-hexane as the eluent.

that there are no significant differences among
the experimental groups in seizure intensity till
the 6th injection. However, at the 6th injection
valproate administration shows significant reduction in seizure intensity relative to both PTZkindled and PCP-treated groups. PCP injection
with 5.6 mg/kg dosage could not change seizure
intensity in any period (Fig. 4). In addition, valproate (150 mg/kg) has reduced seizure intensity
relative to PTZ-kindled group in most of the periods (the 6th, 8th and 9th injections) significantly (P<0.05) and markedly at the 11th injection
(P<0.01). In addition, PCP1 injection with 5.6
mg/kg dosage at the 7th, 9th, 11th and 12th injections was able to reduce PTZ-induced seizure
significantly (P<0.05).

Pharmacology
General Consideration
General consideration means mortality, morbidity, irritability and other side effects due to drugs
administration. However, comparison of the motor coordination index (measured by Rota-rod
apparatus, Harvard, UK) indicated no significant
differences between control and treated animals.
Effect of PCP1on the PTZ-induced kindling
intensity
Statistical analysis of the results (Fig. 4) indicates
5
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PTZ+Val
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Fig. 4: Effect of PCP and PCP1 pre-treatment on the PTZ-induced kindling intensity. *P < 0.05 and **P
< 0.01 indicate significant differences as compared to PTZ-kindled group. $ P < 0.05 shows significant
difference with PCP group. VA =valproate
Effects of PCP and its derivative on the
threshold and duration time of the 2nd and
5th phases of PTZ-induced seizure
As it could be seen in Table 1, pretreatment of
animals with valproate, PCP and PCP1 do not
have any significant effect on the mice’s threshold
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and duration time to reach phase 5 of seizure.
In addition to PTZ group mortality was also
observed in the PCP group. Regarding Chimney
test, no motor impairment has been shown in
PTZ and valproate groups. Furthermore, a low
percentage of the mice (8.33%) in PCP and PCP1
groups with motor impairment were observed.
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Table1- Effect of valproate, PCP and PCP1 on the threshold and duration time of 5th phase of seizure,
mortality in the 12th PTZ injection, and Chimney test analysis
Group test

Phase 5 latency
time (s)

Phase 5 duration
time (s)

Mortality
(%)

Chimney test analysis
% of mice showing motor impairment

PTZ
3.86 ± 0.70
4.51 ± 0.58
10.20
0
PTZ + VA
3.50 ± 0.60
3.15 ± 0.45
0
0
PTZ
+
2.79 ± 0.85
4.15 ± 0.48
12.50
8.33
PCP
PTZ
+
2.15 ± 0.87
3.86 ± 0.78
0
8.33
PCP1
There are no significant differences between pretreated groups with PTZ group in latency and duration times.
n=10 in each group.

Furthermore, Table 2 indicates that pretreatment
of mice with PCP, PCP1 and valproate 150
mg/kg is able to reduce the period that mice
remain in phase 2 of seizure significantly
(P<0.05). Duration of phase 5 has not shown
any significant reduction with PCP and its

derivative pretreatment. This is while valproate
pretreatment has significant reductive effect on
phase 5 duration time (P<0.05). However, none of
the experimental groups have shown significant
differences in phase 2 and phase 5 latency times
relative to PTZ group.

Table 2- Effect of valproate, PCP and PCP1 on the threshold and remaining time in the phases 2 and 5
Group test

Phase 2 latency
time (s)

Phase 2 duration
time (s)

Phase 5 latency
time (s)

Phase 5 duration
time (s)

PTZ
4.41 ± 0.52
27.19 ± 2.19
3.33 ± 0.86
4.11 ± 0.48
PTZ + VA
3.66 ± 1.17
9.50 ± 1.55 *
2.12 ± 0.60
2.15 ± 0.45 *
PTZ + PCP
5.81 ± 0.55
9.72 ± 0.74 *
4.75 ± 0.90
4.15 ± 0.64
PTZ + PCP1
5.51 ± 0.69
10.11 ± 1.70 *
_
_
*P < 0.05 indicates significant differences as compared to PTZ-kindled group. N=10 in each group

Effects of PCP and PCP1 on the biochemical
indexes of stress oxidative and antioxidant
Table 3 indicates the brain levels of biochemical factor changes that are usually indices of
stress oxidative in tissues, among kindled and
non-kindled groups with or without pretreatment
with valproate, PCP and PCP1. The NO level of
brain tissues in none of PTZ and PCP groups did
not show any significant differences relative to
controls. In addition, PCP could not change NO
level in the brain tissue of PTZ-induced mice.
Nonetheless, valproate and PCP1 had significant reductive effect on No level of brain tis-
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sues in comparison with the control group mice
(P<0.01). In addition, a reductive effect on NO
level in valproate and PCP1 pretreated animals’
brain tissue relative to kindled mice was also observed (P<0.05 and P<0.01 respectively). PTZinduced kindling has increased the MDA level in
the brain tissue of kindled mice relative to control group significantly (P<0.05). Pretreatment
with valproate, PCP and PCP1 had not any significant effect on PTZ-induced MDA increments.
However, the significant reductive effect of PCP
on the SOD level in the brain was also observed
(P<0.05) as compared to the control mice. Pre-
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treatment with valproate and PCP1 did not show
any significant effect on SOD level in compari-

son with the control and PTZ groups.

Table 3- Effect of valproate, PCP and PCP1 on the NO, MDA and SOD levels
of brain tissue on the PTZ-kindled mice
Groups

Control
PTZ
PTZ+VA
PTZ+PCP
PTZ+PCP1

micromole/g protein
NO
0.65±2.11
2.33 .083
.056 .019**$
1.4 .03
.036 0.07**$$

Brain levels of NO, MDA and SOD are compared
in five groups. *P < 0.05 and **P < 0.01 indicate
significant differences as compared to the
control group. $ P < 0.05 and $$ P < 0.01 show
significant differences as compared to the PTZkindled group. In each group n is equal to10.

Discussion
Our results indicate that administration of
PCP1 can diminish the intensity, improvement
and duration time of PTZ-induced seizure
especially in the reduction of phase 2 duration
time. Meanwhile, PCP1 can yield a marked antiepileptic effect in its challenge dose. However,
PCP did not have a reductive effect on seizure
intensity in kindled mice. These results are
in accordance with previous results about
antiepileptic effects of non-competitive NMDA
receptor antagonists, especially phencyclidine
(29). One of the PTZ-induced seizure mechanisms
is attributed to the activation of NMDA receptor
(30). At normal resting potentials, NMDA
receptors are conducting channels for Na+ and
Ca2+ and can blocked by magnesium ion (1).
PCP and its derivatives are non-competitive
antagonists of NMDA receptor and by binding to
the receptor, block Na+ and Ca2+ channels (6). It
is reported that the action site of phencyclidine on
the NMDA receptors is distinct from glutamate
ligand and ligands of PCP receptors (31). It is
observed that NMDA receptor agonists have
Vol.9 No.2, Spring 2014

nmol/g protein
MDA
1.02±13.30
1.46* 24.13
2* 25.9
2.92* 24.66
1.67* 23.84

/mg protein
SOD
21.3±102.94
19.46 83.81
19.92 119.88
10.28* 40.38
22.09 68.06

high affinity to the PCP receptor (32). Therefore,
probably PCP and PCP1 have anti-seizure effect
by blocking the NMDA receptor via Na+ and
Ca2+ channel inhibition, and in this way PCP1 is
more powerful than PCP.
Our study has shown a non-significant increase
in the NO level of PTZ-kindled mice. In addition,
PCP1 compensated the increasing effect of PTZ
on the NO level, showing a reduction in the NO
level in the PTZ kindled mice in comparison
with control and PTZ groups significantly.
PTZ-induced seizure is caused by activation
of glutamate NMDA receptor. This activation
induces Ca2+ influx and consequently NO is
produced (19, 33). In parallel with this report,
it is observed that glutamate, by activation of
NMDA receptor has an important role in seizure
induction that is accompanied by NO synthesis
(34). Therefore, possibly PCP1 as a powerful
antagonist of NMDA receptor is able to inhibit
PTZ-induced seizure due to suppressing of NO
synthesis. However, in a research in contrast with
our study, PTZ-induced kindling reduced NO
level, and the researchers justify this response
based on the proconvulsant effect of NO (19).
Therefore, the role of NO in the pathophysiology
of seizure induction is not exactly clear and more
research should be carried out on it.
MDA is a final product of lipid peroxidation
and its increased level in the tissue indicates the
induction of oxidative stress and free radical
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generation (35). It is reported that PTZ-induced
kindling has an increasing effect on MDA level
that is in consistence with our results (3, 36).
However, in our study, PCP and its derivative could
not change the PTZ-induced increased level of
MDA in the brain tissue, so either piperidines are
not involved in the inhibition of oxidative stress,
or the dosage and other parameters of our study
and Jain’ report are not the same. Furthermore,
as it is reported earlier (37), although there is an
overlap between NMDA and PCP receptors, yet
all of PCP receptors do not work exactly coupled
with NMDA receptors and thereby NMDA
antagonists are not able to act exactly at the same
site of the NMDA receptor.
SOD activity in all groups except for valproate
and PCP-treated group, has non-significant reduction relative to the control group. Interestingly, PCP had an accumulative effect on the
diminishing effect of PTZ on the SOD activity
in PTZ-induced kindled mice. It means that PCP
and PCP1 are unable in reducing stress oxidative
and antioxidant enzyme in PTZ-kindled mice.
Moreover, PCP1 is acting similar to PTZ on the
brain tissue. Therefore, considering our results
on MDA level and SOD activity one can conclude that possibly piperidins may affect the seizure in a different way from stress oxidative and
lipid peroxidation inhibition. In consistence with
our report, SOD enzyme activity has not been
changed in all areas of the brain (38).
However, in contrast to our study, Ilhan and
colleagues observed that brain SOD activity
had decreased in PTZ-induced kindled mice (3).
In addition, it has also been observed that PTZ
administration at a single convulsive dose reduced
the SOD activity and increased lipid peroxidation,
therefore suppressing the antioxidant defence
systems (39). Anyway, the unchanged SOD
activity in our study and Erakovic’ work might
be explained by their hypothesis that oxidative
stress caused simultaneous up-regulation of
SOD and enzyme degradation (38). Considering
the increased levels of NO and MDA and the
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decreased level of SOD in PTZ-induced kindled
mice in our result, and with regard to the previous
hypothesis about epilepsy (40), one can conclude
that free radical generation and stress oxidative
are among the most reasonable explanations of
the mechanism by which epilepsy happens. In
addition, PCP1 is more efficient than PCP in
reducing PTZ-induced kindling via antioxidant
effect.

Conclusion

A new derivative of the PCP has a marked
anticonvulsant effect in epilepsy. Furthermore,
PCP1 is more effective than PCP in suppressing
convulsion and probably does this via the
antioxidant effect.

Acknowledgement
The authors would like to thank the Neurophysiology Research Center of Shahed University as
the finance sponsor of this research, and Faculty
of Chemistry, Karaj Azad University for the new
drug design and preparing for present study. The
authors declare that there is no conflict of interests.

References
1. Snow RW, Williams RE, Rogers JE, Mung’ala VO,
Peshu N. The prevalence of epilepsy among a rural Kenyan population. Its association with premature mortality. Trop Geogr Med 1994 46(3)175-9.
2. Chawla, S, Aneja S, Kashyap R, Mallika V. Etiology
and clinical predictors of intractable epilepsy. Pediatr
Neurol 2002;27:186-91.
3. Ilhan A, Gurel A, Armutcu F, Kamilsi S, Iraz M. Antiepileptogenic and antioxidant effects of Nigella sativa
oil against pentylentetrazole-induced kindling in mice.
Neuropharm 2005;49:456-64.
4. Bernard S, Chang MD, Daniel H, Lowenstien
MD. Mechanisms of disease epilepsy. N Engl J Med
2003;349:1257-66.
5. Krivoshein, AV, Hess GP. The mechanism of alleviation by phenobarbital of the malfunction of an epilepsy-

Vol.9 No.2, Spring 2014

Zahra Kiasalari, et al. 147

linked GABA (A) receptor. Biochem 2006;45:11632-41.

Res 1994;663: 338–40.

6. Honey CR, Miljkovic Z, McDonald JF. Ketamine and

18. Nidhi G, Balakrishnan S, Pandhi P. Role of nitric

phencyclidine cause a voltage-dependent block of re-

oxide in electroshock and pentylenetetrazole seizure

sponses to L-aspartic acid. Neurosci Lett 1985;61:135-9.

threshold in rats. Clin Pharmacol 1999;21:609–12.

7. Chen G, Ensor CR, Russell D, Bohner B. The phar-

19. Ilhan A, Iraz M, Kamisli S, Yigitoglu R. Pentylene-

macology of 1-(1-phenylcyclohexyl) piperidine.HCl. J

tetrazol-induced kindling seizure attenuated by Ginkgo

Pharmacol Exp Ther 1959;127:241-50.

biloba extract (EGb 761) in mice. Progress in Neuro-

8. Darvich MR, Zonoozi A. Preparation of the phency-

Psychopharm 2006;30:1504–10.

clidine analogues (part II). Iran J Chem & Chem Eng

20. Akbas SH, Yegin, A, Ozben T. Effect of pentylene-

1993;2(1):17-20.

tetrazol-induced epileptic seizure on the antioxidant en-

9. Ahmadi A, Mahmoudi A. Synthesis with improved

zyme activities, glutathione and lipid peroxidation lev-

yield and study on analgesic effect of 2-methoxyphen-

els in rat erythrocytes and liver tissues. Clin Biochem

cyclidine. Arzneim-Forsch-Drug Res 2006;56(5):346-

2005;38:1009-14.

50.

21. Kim HY, Yokozawa T, Cho EJ, Cheigh HS, Choi

10. Al-deeb OA. New analgesic derived from the phen-

JS, Chung HY. In vitro and in vivo antioxidant ef-

cyclidine analogue thiencyclidine. Arzneim-Forsch-

fects of mustard leaf (Brassica juncea). Phytother Res

Drug Res 1996;46:505-8.

2003;17:465-71.

11. Ogunbadeniyi AM, Adejare A. Syntheses of fluori-

22. Geneste P, Kamenka JM, Dessapt P. Method for Ste-

nated phencyclidine analogs. J Fluo Chem 2002;114:39-

reoselective Production of Substituted Cyclohexylcyan-

42.

hydrines. Bull Soc Chim Fr 1980;2:187-91.

12. Kamenka JM, Herrmann P. Determination confor-

23. Fernandez J, Perez-Alvarez JA, Fernandez-lopez

mationnelle de derives de la phencyclidine en vue d’une

JA. Thiobarbituric acid test for monitoring lipid oxida-

correlation acture-active. Eur J Med Chem-Therapeuti�-

tion in meat. Food Chem 1998;99:345–53.

ca 1979; 14:301-8.

24. Cortas NK, Wakid NW. Determination of inorganic

13. Oliver CN, Starke-Reed PE, Stadtman ER, Lin GJ.

nitrate in serum and urine by a kinetic cadmium-reduc-

Correy JM. Oxidative damage to brain proteins, loss

tion method. Clin Chem 1990;36:1440-3.

of glutamine synthetase activity and production of free

25. SunY, Oberley LW, Li Y. A simple method for

radicals during ischemia/reperfusion induced injury to

clinical assay of superoxide dismutase. Clinic Chem

gerbil brain. Proc Natl Acad Sci 1990;87:5144–7.

1988;34:497-500.

14. Rauca C, Zerbe R, Janze H. Formation of free hy-

26. Salat K, Moniczewski, A, Salat R, Janaszek M,

droxyl radicals after pentylentetrazol-induced seizure

Filipek B, Malawska B, Wieckowski K. Analgesic, an-

and kindling. Brain Res 1999;847:347-51.

ticonvulsant and antioxidant activities of 3-[4-(3-triflu-

15. Buisson A, Lakhmeche N, Verrecchia C, Plotkine

oromethyl-phenyl)-piperazin-1-yl]-dihydrofuran-2-one

M, Boulu RG. Nitric oxide: an endogenous anticonvul�
-

dihydrochloride in mice. Pharmacol Biochem Behav

sant substance. Neuroreport 1993;4:444–6.

2012;101(1):138-47.

16. Theard MA, Baughman VL, Wang Q, Pelligrino

27. Luszczki JJ, Wojda E, Raszewski G, Głowniak K,

DA, Albrecht RF. The role of nitric oxide in modulating

Czuczwar SJ. Influence of imperatorin on the anticon-

brain activity and blood flow during seizure. Neurore-

vulsant activity and acute adverse-effect profile of la-

port 1995;6:921–4.

motrigine in maximal electroshock-induced seizures and

17. Osonoe K, Mori N, Suzuki K, Osonoe M. Antiepi-

chimney test in mice. Pharmacol Rep 2008;60: 566-73.

leptic effects of inhibitors of nitric oxide synthase exam-

28. Boissier JR, Tardy J, Diverres JC. A new simple

ined in pentylenetetrazol-induced seizures in rats. Brain

method to explore the tranquilizing action: a chimney

Vol.9 No.2, Spring 2014

IRANIAN JOURNAL OF PATHOLOGY

148 Antioxidant and Antiepileptic Activity of 1-[1-(3-Methoxyphenyl) (Tetralyl)] Piperidine as a New Derivative of ...

test. Med Exp Basel 1960;3:81–4.

35. Gaweł S, Wardas M, Niedworok E, Wardas P. Malo-

29. Roth JE, Zhang G, Murray TF, Franklin, PH. Dex-

ndialdehyde (MDA) as a lipid peroxidation marker.

trorotatory opioids and phencyclidine exert anticon-

Wiad Lek 2004;57:453-5.

vulsant action in prepiriform cortex. Eur J Pharmacol

36. Jain S, Bharal N, Khurana S, Mediratta PK, Shar-

1992;14: 293-6.

ma KK. Anticonvulsant and antioxidant actions of

30. Ghasemi M, Shafaroodi H, Nazarbeiki S, Meskar H,

trimetazidine in pentylenetetrazole-induced kindling

Ghasemi A, Bahremand A, et al. Inhibition of NMDA

model in mice. Naunyn Schmiedebergs Arch Pharmacol

receptor/NO signaling blocked tolerance to the anti-

2011;383(4):385-92.

convulsant effect of morphine on pentylenetetrazole-

37. Tanaka DH, Toriumi K, Kubo K, Nabeshima T, Na-

induced seizures in mice. Epilepsy Res 2010;91:39-48.

kajima K. GABAergic precursor transplantation into the

31. Pullan LM. Receptor specific inhibition of N-meth-

prefrontal cortex prevents phencyclidine-induced cog-

yl-d-aspartate stimulated Na flux from rat hippocampal

nitive deficits. J Neurosci 2011;31(40):14116-25.

slices by phencyclidine and other drugs. Neuropharm

38. Erakovic V, Zupan, G, Varljen, J, Simonic A. Pen-

1988;27(5):493-7.

tylenetetrazol-induced seizures and kindling: changes in

32. Loo PS, Braunwalder AF, Lehmann J, Williams M,

free fatty acids, superoxide dismutase, and glutathione

Sills MA. Interaction of L-glutamate and magnesium

peroxidase activity. Neurochem Int 2003;42(2):173-8.

with phencyclidine recognition sites in rat brain: evi-

39. Obay BD, Taşdemir E, Tümer C, Bilgin HM, Atma-

dence for multiple affinity states of the phencyclidine/N-

ca M. Dose dependent effects of ghrelin on pentylene-

methyl-D-aspartate receptor complex. Mol Pharmacol

tetrazole-induced oxidative stress in a rat seizure model.

187;32(6):820-30.

Peptides 2008; 29(3):448-55.

33. Garthwaite J, Boulton CL. Nitric oxide signal-

40. Khalili M, Kiasalari Z, Roghani M, Azizi Y. Anti-

ing in the central nervous system. Ann Rev Physiol

convulsant and antioxidant effect of hydroalcoholic ex-

1995;57:683-706.

tract of Cyperus rotundus rhizome on pentylentetrazole-

34. Vincent SR, Hope BT. Neurons that say NO. Trends

induced kindling model in male mice. J Med Plants Res

Neuroscience 1992;15:108-12.

2011;5(7):1140-6.

IRANIAN JOURNAL OF PATHOLOGY

Vol.9 No.2, Spring 2014

