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Abstract

The objective of this study was to evaluate theepidl anticonvulsant effect of
isopentyl ferulate, a new ester derived from ferudicid in mice Nus musculus)
subjected to two models of induced seizures. Adogrtb the results obtained, the IF at
doses of 25, 50 and 75 mg/kg (i.p.) showed protedatifect against induced seizures by
pilocarpine (400 mg/kg, i.p.) and pentylenetetraz@0 mg/kg, i.p.). In the two animal
models of seizures, the pretreatment of the IF §86and 75 mg/kg) with flumazenil
blocked the anticonvulsant effect, suggesting thatmechanism of action of this ester
derived of ferulic acid may be related to activiitythe benzodiazepine-binding site of
the GABAa receptor f-aminobutyric acid, type A)in addition to the anticonvulsant
effect, behavioral changes as neurotoxicity indicaivere assessed by using the rota
rod and open field tests. The results obtained sdaat the IF (25, 50 and 75 mg/kg)
does not induce significant changes in locomottividg and motor coordination when
compared with the control group, unlike the resphessented by diazepam. Thus, these
results demonstrate a new pharmacological knowledde with potential application
against epileptic seizures. However, further swidiee needed to elucidate other

neurobiological mechanisms underlying epilepsy.

Keywords. Anticonvulsant effect; epileptic seizures; isogénferulate; locomotor

activity; motor coordination.



1. Introduction

Epilepsy is a severe neurological disorder charaet® mainly by recurrent
seizures due to an abnormal neuronal hyperexdatialilthe brain and according to the
World Health Organization, affects approximately redlion people worldwide [1,2].
Even with the significant advances made by sevessarch groups for the treatment of
epilepsy, approximately 30% of patients treatedhwatntiepileptic drugs showed
recurrence of uncontrolled seizures [3]. Furtheemtte main problems associated with
antiepileptic drugs (e.g. - carbamazepine, ethosiagld, phenobarbital, phenytoin,
primidone, and valproate) involve to exhibit somédeseffects such as cognitive
dysfunction, ataxia, sedation, hypersensitivityvorsening of seizures [4, 5].

Way forward, there is a need for the developmenhek research with the
objective of evaluating new molecules with a betieerapeutic effectiveness than
antiepileptic drugs already existing. The naturaldoicts derived from plants represent
a great opportunity for the discovery of new substs with potential therapeutic
interest for the treatment of epilepsy [6, 7]. Armgoime groups of substances from
natural origin with potential antiepileptic effetihe essential oils play an important role
in scientific research due to their high level afdztive components, by which can be
detached the derivatives of phenylpropanoid anaktesid [8].

The phenylpropanoids are a group of compounds ekérivom the carbon
skeleton of phenylalanine, which have various ngldiamacological activities [9, 10,
11]. Among these compounds, stands out the feratiml that presents several
pharmacological activities such as neuroprotecfiM, antidiabetic [13], anticancer
[14] anti-inflammatory [15], antidepressant [16,] Bhd mainly antioxidant [18]. In
addition, the development of their derivatives tbatnprise similar chemical structure

are promising in relation to a range of new phawtagical properties on the central



nervous system, which may be related to neuropieéeaction [19, 20, 21]. Despite its
promising pharmacological activities, few reseaschave directed a pharmacological
study on phenylpropanoids for the treatment ofegsy.

Thus, the present study has the objective of pmgithformation on potential
anticonvulsant effect and the possible mechanisaxctdn of Isopentyl ferulate (IF), a
ester derivative of ferulic acid in mice subjectedtwo seizure models (Pilocarpine-
induced seizures and Pentylenetetrazole-inducediresi). This compound was also
tested for the muscular relaxation effect and logtmmactivity using the rota rod test

and open field test, respectively.
2. Materials and methods
2.1. Reagents and drugs

Polyoxyethylene sorbate (Tween 80), pilocarpinentylenetetrazole and
flumazenil were obtained from Eg Sigma Chem Ex. 6b. Louis, Missouri, USA.
Diazepam was purchased from Union Chemical (Brail)the other chemicals were

of the analytical grade.
2.2. Preparation of the substance

Isopentyl ferulate (IF, Fig. 1) has a moleculamiafta of GsH»¢O,, refractive
index of 1.544 + 0.02, surface tension of 40.3&@yn/cm and density of 1.104 + 0.06
g/cnt. The process of developing the product consists @action of esterification of
ferulic acid [22, 23]. The process of esterificatiof ferulic acid consists in a stirred
mixture of ferulic acid (5 mmol) in isoamyl alcoh@00 ml). Ethanol was added to
concentrated sulfuric acid (0.067 mL, 1.25 mmol)d ahe reaction mixture was
subjected to reflux for 3 hours in a 500 ml flaglter cooling to 25 °C, ethyl acetate

was added and the solution was washed with watkbane. The ethyl acetate fraction



was dried over MgSg) filtered, and concentrated under reduced pres3ire residue
was purified by chromatography on a silica gel omluusing 20% ethyl acetate in
hexane to produce isopentyl ferulate (yield 55%%].[2Subsequently, the IF was
emulsified with 0.05% Tween 80 dissolved in 0.9%inga and administered via
intraperitoneal (i.p.) in doses of 25 mg/kg (IF 250 mg/kg (IF 50) and 75 mg/kg (IF

75).
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Fig. 1. Chemical structure of isopentyl ferulate (3-methyl/l (E)-3-(4-hydroxy-3-

methoxyphenyl)prop-2-enoaté &nd1A).
2.3. Animals and evaluation of behavioral seizure

Male Swiss fus musculus) adult mice (25—-30 g; 2 months-old) were used in
this study (Central Animal Laboratory of the Fedéfaiversity of Piaui). Animals were
housed in cages (35 cm L x 52 cm W x 17 cm H) viigle access to food (Purina®

pellets) and water and were kept under standaifitiattlight—dark cycle (lights on at



07:00 a.m.) with controlled temperature (25 £ 2°T)e animals were acclimated for
three days before the experiments and were housgtbups during the experiments.
Animals were tested during the light period andeobsd in a closed room with
controlled temperature (25 + 2°C).

Protocol and procedures were approved by the EGmsimittee in Animal
Experimentation of UFPI (CEEA/UFPI - authorizatioamber: #030/13). All protocols
were designed aiming to reduce the number of asinnsgd to a minimum, as well as to
minimize their suffering. The experiments were perfed according to the Guide for
Care and Use of Laboratory of US Department of tHealnd Human Services,
Washington, DC (1985).

To investigate the effects of IF, an acute treatnterihe test animals received
by intraperitoneally. Vehicle group was treatedwdt05% Tween 80 dissolved in 0.9%
saline (0.1 mL/kg, negative control). IF 25, IF & IF 75 groups were treated with
emulsified IF in the vehicle mentioned at dose2®f 50 and 75 mg/kg, respectively.
The doses used were based on a preliminary phaloggecal screening protocol [25]
with different doses of the IF administered to mi&eall doses used, no signs of acute
toxicity or behaviors suggestive of neurotoxicityene observed (data not shown).
Diazepam (DZP) group was treated with diazepam @kg) positive control)
emulsified in vehicle. The selection of the dosed@zepam was based on previous
studies [26, 27].

In turn, to clarify the mechanism of action of Bther groups were treated with
flumazenil (FLU), DZP and IF at a dose of 75 mgégl associations. The FLU group
was treated with flumazenil (5 mg/kg) emulsifiechide. The DZP + FLU group was

pretreated with flumazenil (5 mg/kg) and, aftermii treated with DZP (2 mg/kg). The



IF 75 + FLU group (n = 8) was pretreated with FL3ntg/kg) and, after 15 min, treated

with IF 75.

2.4. Pilocarpine-induced seizure

This model was developed by Turski et al. [28].eBy, after 30 min from the
doses of 25, 50 and 75 mg/kg (i.p.), all the grorgxeived pilocarpine (400 mg/kg,
I.p.). Direct observation was made for 4 h to mamniatency to the first seizure (tonic-
clonic seizures, with or without raising) and thember of animals that seized and/or

death [29, 30, 31].

2.5. Pentylenetetrazole-induced seizure

Pentylenetetrazole (PTZ) was used to induce cloarovulsions [32]. Briefly,
after 30 min from the doses of 25, 50 and 75 mgikg), all groups received PTZ (70
mg/kg, i.p.) and animals were observed for 4 h tmior the same parameters of the

previous test [7].

2.6. Open Field Test

The open-field apparatus Archer [33], was made ayle (transparent walls
with black floor, 30 x 30 x 15 cm) divided into eisquares of equal area. After 30 min
of treatments with vehicle (0.05% Tween 80 dissdlve 0.9% saline, i.p.), DZP
(2 mg/kg; i.p.) or IF (25, 50 and 75 mg/kg, i.@dhe number of squares crossed with
four paws (spontaneous locomotor activity) was messduring 5 min. Furthermore, it
was observed the frequency of self-cleaning behlhaggoooming) and number of

surveys (rearing) for 5 minutes [25].

2.7. Rota-Rod Test



The rota rod test was used for the evaluation aiomeooordination and muscle
relaxation produced by drugs in animals [34]. Afsé min of treatments with vehicle
(0.05% Tween 80 dissolved in 0.9% saline, i.p.)P02 mg/kg; i.p.) or IF (25, 50 and
75 mg/kg, i.p.), mice were placed with the four gaam a bar of 25 mm of diameter at a
rotation speed of 17 rpm for a period of 3 mindach animal. The time of permanence

on the bar (second) and the number of falls wassared with three renewals at most.
2.8. Satistical analysis

The results were expressed as mean + standardoémoean (SEM). Statistical
analysis was performed using one-way ANOVA for mplgt comparisons and followed
by Student—-Newman—Keuls as post hoc test by GrapRRam (version 6.0; GraphPad
San Diego, California, USA. copyright © 1994-199@hi square test was used to
analyse percentage of animals with seizures andailitgrrate. Differences were

considered statistically significant when p<0.05.
3. Results

After administration of pilocarpine and pentylenieteol, the tested animals
(n=8) showed peripheral cholinergic signs (miogiggerection, chromodacryorrhea,
diarrhea and orofacial movements), and stereotypevements (grooming and

rearing), which persisted until seizures (Tablend 2).
3.1. Anticonvulsant effect in pilocar pine-induced seizures

IF effects in pilocarpine-induced seizures in mace presented in Table 1. The
groups of animals treated with IF 25, IF 50 and@B~showed an increased in latency to
first seizure of 159.6%, 189% and 245.8% when coegavith the vehicle group,
respectively (p<0.05). The results of the IF 75 &#P were reversed when pretreated

with the FLU.



The percentages of the number of animals with seizwere 75%, 50% and
25% for the IF 25, IF 50 and IF 75 groups when cara@ with the vehicle group,
respectively (p<0.05). In the pilocarpine-inducetzsre model, the IF 25, IF 50 and IF
75 significantly reduced the percentage of mostakbhen compared with the vehicle
(p<0.05).
Table 1. Effects of IF (25, 50 and 75 mg/kg, i.p.) on paopine-induced seizure test in

mice.

Treatments Dose (mg/kg) Latency (s) Seizures (%) atianimals (%)

Vehicle - 11.46+ 0.89 100 100
DZP 2 31.11+ 1.69 25° 25
FLU 5 11.84+ 1.43 100 100
IF 25 29.76+ 0.98 75 75
50 33.12+ 1.59 50 50°
75 39.63+ 1.369" 25° 25
FLU + DZP 5+2 11.54+ 1.87 100° 100°
FLU + IF 5+ 75 11.39+ 1.16' 75 75

Values are the mean + S.E.M. for 8 mice (per groi0.05 (ANOVA followed byt-Student-Neuman-
Keuls aspost hoc test), when compared with vehiclép<0.05(;* test), significantly different from
vehicle;°p<0.05 (ANOVA followed by Student—Neuman-Keuls astphoc test), significantly different
from the DZP group;"p<0.05 (ANOVA followed by Student-Neuman—Keuls asstphoc test),
significantly different from the IF 75 groufip<0.05 §° test), significantly different from the DZP group;
'p<0.05 2 test), significantly different from the IF 75 gmp<0.05 (ANOVA followed by Student—
Neuman—Keuls as post hoc test), significantly déffe: from the IF 25 groupp<0.05 (ANOVA followed
by t-Student—-Neuman-Keuls as post hoc test), sigmifly different from the IF 50 group. IF = Isopgn
ferulate (25, 50 and 75 mg/kg, i.p.); DZP = Diazep@ mg/kg, i.p.); Vehicle = pilocarpine (400 mg/kg

i.p.).

3.2. Anticonvulsant effect in pentylenetetrazole-induced seizures
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The evaluation of IF effects in PTZ-induced seisuremice is shown in Table
2. The IF 25, IF 50 and IF 75 groups showed aress® of 96.5%, 96.7% and 269% in
latency to first seizure when compared with theiclergroup, respectively. Similarly to
the previous test, the pretreatment with FLU res@rghe anticonvulsant effects in
animals treated with DZP and IF 75.

The percentages of the number of animals with seaere 75%, 50% and 50%
for the IF 25, IF 50 and IF 75 groups when compaweth the vehicle group,
respectively (p<0.05). In the PTidduced seizure model, the IF 25, IF 50 and IF 75
significantly reduced the percentage of mortalithew compared with the vehicle
(p<0.05).

Table 2. Effects of IF (25, 50 and 75 mg/kg, i.p, IF) onZihduced seizure test in

mice.
Treatments Dose (mg/kg) Latency (s) Seizures (%) Death animals (%)
Vehicle - 103.25+ 1.78 100 100
DZP 2 885.27+ 2.9F oo oqP
FLU 5 101.89+ 1.67 100 100
IF 25 202.92+ 1.18 75 75
50 203.16+ 1.79 50° 50°
75 381.25+ 1.829" 50 50°
FLU + DZP 5+2 105.78+ 2.55 100° 100
FLU + IF 5+ 75 109.67+ 3.0¢ 100 100

Values are the mean = S.E.M. for 8 mice (per groig®0.05 (ANOVA followed by Student-Neuman-
Keuls aspost hoc test), when compared with vehiclégp<0.05(;* test), significantly different from
vehicle;°p<0.05 (ANOVA followed by Student—Neuman-Keuls astphoc test), significantly different
from the DZP group;%p<0.05 (ANOVA followed by Student-Neuman-Keuls asstphoc test),
significantly different from the IF 75 groufip<0.05 §° test), significantly different from the DZP group;
'p<0.05 2 test), significantly different from the IF 75 gmp<0.05 (ANOVA followed by Student—

Neuman—Keuls as post hoc test), significantly déffi from the IF 25 groufip<0.05 (ANOVA followed
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by t-Student—-Neuman-Keuls as post hoc test), sigmifly different from the IF 50 group. IF = Isopgn
ferulate (25, 50 and 75 mg/kg, i.p.); DZP = Diazep@ mg/kg, i.p.); Vehicle = Pentylenetetrazole (70

mg/kg, i.p.).

3.3. Effect of isopentyl ferulate on locomotor activity

The group treated with DZP showed a reduction 5388.5% and 54% in the
number of crossing, rearings and groomings, resdygt when compared with the
vehicle (p<0.05) (Fig. 2A, 2B, 2C). However, thecmitreated with IF 25, 50 and
75 mg/kg did not present any difference in numbesrossing, rearings and groomings

when compared to the vehicle (p>0.05).
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Fig. 2. Effects on the number of crossing (A), rearing$ é8d groominggC) in the

open field test. Values are expressed as mean MSfar the number of crossing,
rearings and groomings of 8 mice (per group) usetihé experimental protocols. The
differences in the experimental groups were detsethiby analysis of variance

(ANOVA) followed by Student-Neuman-Keuls aspost hoc test. IF = Isopentyl ferulate
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(25, 50 and 75 mg/kg, i.p.); DZP = Diazepam (2 rggikp.); Vehicle = 0.05% Tween

80 dissolved in 0.9% saling<0.05, compared to the vehicle group.
3.4. Effect of isopentyl ferulate on motor coordination test

The animals treated with DZP 2 mg/kg reduced 32.888%ime of permanence
on the swivel bar when compared to the vehicle @50 while the IF 25, IF 50 and IF
75 mg/kg had no statistical difference when comganethe vehicle (p>0.05) (Fig. 3A).
Considering the number of falls, the mice treachvidZP 2 mg/kg had this parameter
increased by 129.31% when compared to the vehit8.05), while the IF 25, IF 50
and IF 75 mg/kg did no statistical difference wiempared to the vehicle (p>0.05)

(Fig. 3B).
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Fig. 3. Effects of IF at doses of 25, 50 and 75 mg/kg ioenon the remaining time on
the rotating bar (A) and number of falls (B) onarabd test.Values are expressed as
mean + S.E.M. of the length of stay on the rotatiody and the number of falls (n = 8
mice per group). Differences between experimentaligs were determined by analysis
of variance (ANOVA) followed byStudent-Neuman-Keuls as post hoc test. Isopentyl
ferulate (25, 50 and 75 mg/kg, i.p.); DZP = Diazep@ mg/kg, i.p.); Vehicle = 0.05%

Tween 80 dissolved in 0.9% salifip<0.05 compared to vehicle group.

4. Discussion
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The demand for more effective, safer and cheapmapieutic alternatives has
lead to decrease in the use of medicinal plant aoatibbns and an increase in the use of
isolated and/or synthetic therapeutic substancasstHts reason, different constituents
found in essential oils are synthesized and usechwsmaterial for research of their
pharmacological activities [35, 36]. To our knowdedthis is the first time, we are
demonstrating that IF exerts significant anticosaulk effects in two separate models of
seizure.

The experimental procedure of seizure induced mcaipine in rodentsRattus
norvegicus andMus musculus) is one of the main model used to study epilepsy still
reproduces the main characteristics of temporad lfnlepsy in adult humans [37, 38].
In the present study, after the administration itdgarpine 400 mg/kg, a cholinergic
muscarinic agonist, the animals showed behavionanges that have evolved for
installation of seizures including clonic movemeotghe upper extremities and which
was observed in 100% of animals. In the same grtheseizures progressed to the
development of status epilepticus in 100% of arngmath the survival rate by 0%.

When treated with isopentyl ferulate, an increasthé time of installation of the
first seizure, as well as the reduction in the neamiif animals with seizures and the
number of dead animals was observed. Similar resals obtained in the study
conducted by Santos et al. [39], in which it wasndestrated that the caffeic acid
(phenylpropanoid) has anticonvulsant effect in fhcarpine-induced seizures in
Wistar rats. Despite the differences between thpeemental procedures, the IF when
compared with the caffeic acid proved to be mofective at reducing the number of
animals that presented seizures, as well as ipgheentage of mortality.

Pentylenetetrazole-induced seizure model is anotx@erimental procedure

which is widely used for epilepsy study. In thisdef PTZ induces convulsions by
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inhibiting they-aminobutyric acid (GABA) pathway in the centralrv@us system via
the inhibition of GABA, receptor [40, 41]. The IF at low doses attenu#itedonset of
PTZ-induced seizures, decreased the number of resizand the number of dead
animals. DZP acts directly by activation of GABAeceptors and therefore is highly
effective in this animal model of seizures, as obsea in the present study (Table 2).

Similar result was demonstrated in the study cotetlby Nugroho et al. [42]
with the caffeic acid (10-20 mg/kg) in PTZ-inducgglzures (70 mg/kg, i.p.). The result
obtained for the IF is also according to the stadpducted by Coelho et al. [43], in
which it was demonstrated that the rosmarinic &eg&ter of caffeic acid) at low dose
increased the latency to first seizure and decsetigenumber of PTZ-induced seizures
(50 mg/kg) in mice. It is important to highlightaththe ester of caffeic acid (2 mg/kg)
showed a better anticonvulsant effect at a lowsedban caffeic acid (4 mg/kg), which
may suggest that the ester compounds are pronasitngpnvulsants.

When the results obtained by Coelho et al. [43]@mapared with the results
obtained in the present study, the IF was morece¥ in reducing the number of
animals with seizures. In addition, the caffeicdaand rosmarinic acid were tested in
three doses and only the intermediate dose wastigddn reducing seizures, while the
IF showed a dose dependence of the anticonvulffact.e

The results obtained for IF was similar to the gtednducted by llhan et al.
[44], in which it was demonstrated that caffeicdaphenethyl ester at a dose of 100
umol/kg (i.p.) administered in mice showed a highiGamvulsant effect and prevented
oxidative stress induced by PTZ.

This study also evaluated the possible effect eflthon the GABAergic system
during the induced seizures by pilocarpine and Pdidce this system is directly

involved in control of neuronal activity. It was mdenstrated that the pretreatment of
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mice with flumazenil, a GABAergic antagonist, resenl significantly the
anticonvulsant action of DZP and the IF at a ddsébang/kg, suggesting that this ester
derived from ferulic acid can act on modulatorye siif benzodiazepine in GABA
receptor f-aminobutyric acid, type A) in the brain of miceigF4). Even being
observed a possible action on GAB#feceptor, the development of future research is
needed to determine if the antiseizure effect & th was mediated by a direct
interaction in the same site which acts the DZFRtoother allosteric sites of GABA
recepto(Fig. 4).
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Fig. 4.Possible action mechanism of IF in the GAB#ceptors. The arrow with a solid
line indicates that the Diazepam modulates GAB&ceptors ¢y) and the arrow with
dotted line indicates that the protective effecthaf IFF against seizures may be related
to a possible modulation of GABAeceptorsdy).

A study conducted by Yoon et al. [10] demonstratiedt the sinapic acid
(phenylpropanoid) may act on the GABAeceptor. Kim et al. [45] demonstrated that

the anticonvulsant effect of this phenylpropanoidsvblocked by the treatment with
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FLU, thus suggesting the possible activation of @ABeceptors, as also observed for
the IF.

The ferulic acid is a powerful antioxidant with meprotective properties in
several models of studies [12], but its anticonamtseffect has not been reported in
previous studies. But analyzing the studies of ghetral. [16], it was demonstrated that
the ferulic acid (25 and 50 mg/kg) did not showeeffthe locomotor activity (humber of
crossings) of mice in open field test. Using ano#eerimental model (YLS-12 Multi-
autonomous Activity Instrument), Tu et al. [46],shahown that the ferulic acid
significantly reduced the locomotor activity at def 15 and 30 mg/kg. Thus, only the
study of Zhang et al. [16], is in agreement wité thsults obtained for the IF, in which
it was demonstrated that there were no significhanhges to the dose of 25, 50 and 75
mg/kg in groomings, rearings, and crossings, irgigathe absence of changes in
locomotor activity.

Additionally, this ester derivative of ferulic acid not cause deficits of the
motor coordination and muscle relaxation activitiesmice by rod route test when
treated in doses that produced an anticonvulséettetinlike observed for DZP. Thus,
the observed anticonvulsant effect of IF may notlbe to its muscle relaxation effects.
5. Conclusion

In conclusion, this is the first study that demoaists a protective effect of
isopentyl ferulate against induced seizures in nand that this ester derived from
ferulic acid may act through the GABAergic systelm.addition, the neurotoxicity
study demonstrates that there were no changes tarmoordination and locomotor
activity, which is commonly seen in antiepileptiaids such as diazepam. Thus, these

results demonstrate a new pharmacological knowledigesopentyl ferulate with
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potential application against epileptic seizureswidver, further studies are needed to
elucidate other neurobiological mechanisms undaglgpilepsy.
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Isopentyl ferulate (IF) acts as an anticonvulsant agent in Pilocarpine-induced
Sseizure.

IF acts as an anticonvulsant agent in Pentyl enetetrazol e-induced seizure.
The anticonvulsant effects may be related to the activation of GABA A receptors.

IF produced no impairment in locomotor activity and motor coordination.
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