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Antiepileptic drugs can induce both positive and adverse psychotropic effects, therefore evaluation of the
behavioral effects of potential antiepileptic treatment early in the screening process is essential. Recently,
we have shown that antagonist of protease-activated receptor 1 (PARI), a major thrombin receptor in
CNS, exhibits antiepileptogenic effect in the experimental model of temporal lobe epilepsy (TLE) reducing
animal mortality, decreasing cell loss in hippocampal CAl pyramidal region and probability of spontane-
ous recurrent seizures. PAR1 inhibition also improves contextual and cued fear learning and restores the
control level of anxiety-related behavior in rats experiencing status epilepticus (SE). The aim of the present
study was to determine the effect of PARI inhibition on the behavioral excitability of rats after SE. The
experimental model of TLE was induced using intraperitoneal injections of lithium and pilocarpine. After
that rats were treated with PARI inhibitor, SCH79797, for ten consecutive days. A battery of behavioral
tests (approach-test, pick-up test, and touch-response test) was used for evaluation of behavioral hyper-
excitability. We have found that SE induced different signs of the disturbance of behavior in response to
sensory stimuli in pick-up test (average score of the test was 3.1 + 0.6 in control animals and 5.2 = 0.1
in animals with SE) and touch-response test (average score was 2.6 £ 0.6 and 5.7 = 0.4 in rats without
and with SE respectively). PARI inhibition did not affect the behavioral excitability of experimental rats.
There was no significant difference between experimental groups in approach-test. Our results suggest the
PARI-independent development of disturbances of sensorimotor reactions during epileptogenesis in the
current experimental model of TLE.

Key words: protease-activated receptor type 1; SCH79797; lithium-pilocarpine model; status epilepticus,
behavioral hyperexcitability.

INTRODUCTION

The most common form of epilepsy in adults,
temporal lobe epilepsy (TLE), is frequently
accompanied by a variety of cognitive and
psychiatric disorders, such as depression,
fear, panic, hostility, aggression, and anger
[1]. The effect of such comorbidities is often
comparable with the main complications of the
disease. There are several reasons that could
be accounted for the development of such
comorbidities in patients with TLE. First, TLE
is associated with pathological alterations in
the limbic system, including limbic cortex,
amygdala, hippocampal formation, septal area

and hypothalamus — structures, which form a
complex network for processing emotions, fear
learning and memory formation. Second, most
of currently used antiepileptic drugs cause some
degree of behavioral side effects. Therefore,
testing of the new potential antiepileptic
compounds should be accompanied with the
rigorous analysis of the effect of such treatment
on the behavior.

Recently we have shown that inhibition of
the major thrombin receptor in the brain, pro-
tease-activated receptor 1 (PAR1), shortly after
status epilepticus (SE) results in neuroprotective
and antiepileptogenic effects in the classical
experimental model of TLE [2]. PAR1 belongs

© 0.0. Lunko, R.I. Bogovyk, M.P. Fedoriuk, G.S. Semenets, E.V. Isaeva

12

ISSN 0201-8489 @ision. scyph., 2018, T. 64, Ne 2



0.0. Lunko, R.I. Bogovyk, M.P. Fedoriuk, G.S. Semenets, E.V. Isaeva

to the family of G-protein coupled receptors
and has the unique activation mechanism. This
receptor has its own ligand sequence on the
extracellular N-terminus which uncovers upon
proteolysis by different serine proteases, includ-
ing thrombin and plasmin [3]. PARI is widely
expressed in limbic system including amygdala,
hippocampus, as well in cortex, cerebellum,
thalamus, hypothalamus [4]. It is implicated
in alteration of voltage-gated channel proper-
ties [5, 6], synaptic transmission and synaptic
plasticity [7-9]. Also, PAR1 was shown to play
the role in the regulation of emotionally driving
learning [10] and in the pathogenesis of diffe-
rent neurological disorders [11-14]. The aim of
the present study was to determine the effect
of PAR1 inhibition on the chronic alteration of
behavioral excitability of rats after SE.

METHODS

All procedures were done in accordance with the
Directive of European Parliament and Council
2010/63/EU on the protection of animals
for scientific purposes and approved by the
Committee of Biomedical Ethics of Bogomoletz
Institute of Physiology of the National Academy
of Sciences of Ukraine.

Lithium-pilocarpine model of TLE

Male Wistar rats aged 50-60 days were used
throughout the study. Animals were kept in 12
h light/dark cycle with ad libitum access to the
food and water. The method of SE induction us-
ing muscarinic receptor agonist, pilocarpine, was
described previously [2]. Briefly, rats were treated
with LiCl (127 mg/kg) dissolved in 0.9 % saline
19-20 hours before the pilocarpine administration.
SE was induced using the protocol of repetitive
intraperitoneal (i.p.) injections of small doses
of pilocarpine to reduce animal mortality [15].
Pilocarpine was injected in thirty minutes inter-
vals with an initial dose 30 mg/kg and following
doses 10 mg/kg. Pilocarpine injections were dis-
continued after animal developed stages [V-V of
epileptic seizures according to the Racine scale
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[16]. Animals that did not develop SE after five
consecutive pilocarpine injections (3 of 29, 10,3
%) were excluded from the study. Ninety minutes
after SE initiation epileptic seizures were termi-
nated by sevoflurane. Eight weeks after SE initia-
tion, rats were video monitored for spontaneous
seizures (12 hours per day for 6 days).

SCH79797 treatment

PARI1 antagonist (SCH79797, 10 mM in 96%
EtOH) was diluted in 0.9 % saline to the concen-
tration 25 pg/kg. SCH79797 (group “SE+SCH”)
or appropriate volume of saline (group “SE”)
were administered once a day during ten days
after SE initiation. Control rats were injected
with the vehicle instead of pilocarpine and re-
ceived similar treatment with SCH79797 (group
“Control+SCH”) or appropriate volume of saline
(group “Control”) as SE groups.

Behavioral tests on hyperexcitability

To evaluate the effect of PAR1 inhibition on
behavioral excitability and sensory respon-
siveness all experimental groups underwent a
battery of behavioral tests nine weeks after study
entry [17-19]. We conducted three behavioral
tests: approach test, pick-up test and touch test as
described by Rice et al. [20]. Results were scored
to following behavioral reactions on stimuli:

1. Approach-response test. A pencil in verti-
cal position slowly and gradually moved in the
direction to the face of the animal. Results of the
test were scored in accordance to the following
reactions: the animal does not react to the object
(1 score); the animal returns to the direction of
the object and sniffs (2 scores); the animal avoids
the object and moves away from the object (3
scores); the animal freezes (4 scores); the animal
jumps from the object (5 scores); the animal
jumps toward the object or attacks it (6 scores).

2. Pick-up test. The animal is elevated by
grasping around the body. Results of the test
were scored in accordance to the following
reactions: the animal is grasped and elevated
easily (1 score); the animal is grasped and
elevated easily but with vocalization (2 scores);
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grasping and elevating the animal requires some
efforts, the animal faces to the hands (3 scores);
during elevation the animal freezes with or
without vocalization (4 scores); it is difficult
to grasp and elevate the animal, the animal
runs away from the hand (5 scores); it is very
difficult to handle and elevate the animal, the
animal takes defensive position and may attack
the hand (6 scores).

3. Touch-response test. The animal is accurate-
ly touched at the basement of the tail by blunt
side of the pencil. Results of the test were scored
in accordance to the following reactions: the
animal does not react to the touch (1 score);
the animal returns and faces to the pencil (2
scores); the animals moves away from the pencil
(3 scores); the animal freezes after the touch (4
scores); the animal startles with jump after the
touch (5 scores); the animal runs away from the
touch (6 scores); the animal jumps away from
the touch with vocalization (7 scores).

All behavioral tests were performed in the
home cage. Each behavioral test was conducted
by three investigators “blinded” to the animal
treatment conditions with an interval one hour
between trials. The final score of each test for
each rat was calculated as the median of the
scores obtained by each investigator [21].

Statistics

Statistical analysis was performed using
GraphPad Prism (“GraphPad Software”, CA,
USA). All values in the study were expressed
as standard error of the mean. Values of the me-
dian for every group are shown as a horizontal
line. For the statistical analysis, Kruskal-Wallis
non-parametric test (one-way ANOVA on ranks)
was used followed by Dunn’s pairwise multiple
comparisons post-hoc test for individual
differences. Differences were considered
statistically significant if P < 0.05.

RESULTS

Nine out of twelve rats developed spontaneous
seizures (75.0 %) in the “SE” group and six out
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of fourteen (42.9 %) in the “SE + SCH” group.
Visual observation revealed that upon the recovery
after SE rats had elevated hyperexcitability and
disturbed exploratory behavior. Our recent report,
using PARI1 inhibition paradigm, revealed that
rats with a history of pilocarpine-induced SE
were more active in open field and elevated
plus-maze and had deficits in contextual and
cued fear learning compared to control animals
[22]. To determine whether PAR1 inhibition
affects behavioral excitability of experimental
animals in the present study we conducted three
tests: approach-response test, pick-up test, and
touch-response test, which were reported to
discriminate animals with and without SE in both
chemoconvulsant and electrically evoked models
of epilepsy [18, 19].

SE and/or PAR1 inhibition does not affect
the animal performance in approach-response
test (Fig.1). Mean scores were 1.8 = 0.3, 2.8
+ 0.5,2.4 + 0.4 and 2.4 £ 0.3 for “Control”,
“Control+SCH”, “SE” and “SE+SCH” groups
respectively. For pick-up test, ANOVA revealed
a significant group difference in animal behavior
(F(3,44)=13.08, P<0.01). The average score for
“Control” group (n=10) was 3.1 £ 0.6 whereas
in “SE” group (n = 12) the average score was 5.2
+ 0.1 (Fig. 2, P <0.05, post hoc multiple com-
parisons Dunn’s test). SCH79797 treatment does
not affect the performance of control (average
score was 4.0 £ 0.5 for “Control + SCH” group,
n = 12) as well as SE (average score was 5.1 £
0.2 for “SE+SCH” group, n = 14) group ani-
mals in this test (“Control” vs “Control+SCH”:
P >0.9, “SE” vs “SE+SCH”: P >0.9). ANOVA
test also revealed a significant group differ-
ence in animal behavior in the touch-response
test (F(3,44) = 16.52, P < 0.001, Fig. 3). Mean
scores were 2.6 £ 0.6, 3.7 £ 0.6, 5.7 = 0.4 and
5.6 = 0.4 for “Control”, “Control+SCH”, “SE”
and “SE+SCH” groups respectively. Dunn’s post
hoc analysis revealed that the “SE” group was
significantly more sensitive to touch compared
to the “Control” group (P < 0.05). We did not
observe the difference in the average score
level in the touch-response test between groups
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Fig. 1. The effect of PARI inhibition on animal behavior
during approach-response test. No significant difference in
the mean score was observed between experimental groups
at nine weeks after SE

treated with SCH79797 (“Control+SCH” and
“SE+SCH”, P >0.05) and corresponding groups
without PAR1 antagonist treatments (“Control”
and “SE” respectively, P >0.05).

DISCUSSION

In the present study, rats experienced SE and
controls exerted different sensitivity to three
behavioral tests employed. Our data demonstrate
that rats with the history of SE show an enhanced
excitability in both pick-up and touch-response
tests, whereas no difference in response to the
approach test was found between all experimental
groups. These data are in agreement with
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Fig. 3. The effect of PAR1 inhibition on animal behavior dur-
ing touch-response test. Rats with a history of SE show the
significant increase in the mean score compared to controls.
PART1 inhibition had no effect on animal behavior in this test.
*P <0.01 compared to control group
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Fig. 2. PARI inhibition does not affect alteration of epileptic
animal behavior during pick-up test. *P < 0.05 compared to
control group

previous studies using pilocarpine and lithium-
pilocarpine models of TLE [19, 20]. However,
it was reported that the pick-up test is the most
sensitive for discriminating SE-experienced rats
from control rats [23, 24]. Also, using a similar
approach to evaluate behavioral excitability
in young epileptic rats, Huang et al. [25] have
shown that pilocarpine-treated rats exhibited more
aggressive behavior in all three tests employed.
Such discrepancies in the behavioral reactions
could be explained by different animal sex, age,
strain or vendor. Indeed, genetic background and
epigenetic variability may have a significant effect
on post-SE outcome both at cellular level [26] and
in behavior [27].

In our study, the inhibition of PAR1-mediated
signaling does not alter behavioral excitability
of rats with and without SE experience. The
underlying mechanisms of antiepileptogenic and
neuroprotective effect of PAR1 inhibition are
not completely understood [2]. In one possible
mechanism, the inhibition of PAR1-dependent
signaling could affect SE-induced alteration of
the neuronal excitability through modulation
of intrinsic neuronal excitability and synaptic
transmission [5, 8]. Another mechanism could
implicate the anti-inflammatory effect of PAR1
inhibition after SE. It is well established that
PARI is involved in the inflammatory signaling.
PAR1 activation has been shown to induce
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cyclooxygenase-2 (COX-2) expression and
prostaglandin E2 release, and regulate mechanistic
target of rapamycin (mTOR) signaling pathway
[28]. Interesting, that the inhibition of mTOR
signaling by rapamycin produced very similar
effect on epileptogenic process as we recently
reported using PAR1 inhibition [2, §8]. Huang
and colleagues have shown that mTOR inhibi-
tion prevents the development of spontaneous
recurrent seizures and has a neuroprotective
effect in an acquired epilepsy model [29].
Moreover, injection of rapamycin in the chronic
stage resulted in the significant improvement in
behavioral hyperexcitability of epileptic rats.
However, this positive effect on the behavior
was only transient and gradually reversed within
a week after termination of rapamycin treatment
[25]. We suggest that the effect of PAR1 inhibition
on epileptogenic process and behavioral outcomes
could be at least partially explained by alteration
of inflammatory pathway.

CONCLUSIONS

In summary, our data revealed that PAR1 inhi-
bition does not affect the behavioral excitability
in rats with and without history of SE. These data
suggest that mechanisms underlying induction
of hyperexcitability after SE induced by lithium
and pilocarpine does not implicate mechanisms
mediated by PAR1 signaling.

The authors of this study confirm that the research
and publication of the results were not associated
with any conflicts regarding commercial or financial
relations, relations with organizations and/or
individuals who may have been related to the study,
and interrelations of coauthors of the article.
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IPOTEA3O0AKTUBOBAHWI PELIENITOP 1 HE
BIIVIMBA€ HA TIOBEAIHKOBY 3BY/VIMBICTH
Y IIYPIB 3 EHNIVIEHNTUYHUM CTATYCOM

BuBuanu BIumB iHTi0iTOpa MPOTEa30aKTHBOBAHOTO PELICNITOPA
1 (ITAP1) Ha 30yutMBY IMOBEIIHKY IIYPiB MiCIIS SMIIEHTHIHOTO
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crarycy (EC). ExciepuMeHTanbHy MOJIEIb CKPOHEBOI errilie-
ncii (CE) inyKyBaiy 3 BAKOPHUCTAHHSIM JITiI0 Ta MIJIOKApIIiHY.
[Ticist uporo urypam 3ailicHioBany in’ekuii inridiropa [TAPI1,
SCH79797, npotsirom 10 mocnigoBHuxX aHIB. [ OIiHKH
30y/1IMBOT TTOBEIIHKY OYJIM MPOBEJICH] ITOBEIIHKOBI TECTH Ha
CCHCOPHI MOJpa3HeHHs, a caMe: Ha HAaOIMKEHHs IpeaMeTa
JI0 TBAPVHH, Ha ITiIHIMaHHS TBAPUHU, Ha JIOTOPK 10 TBAPHHHU.
Mu Bcranosuiy, 110 EC Bukimkae pi3Hi 03HaKu MOPYLIICHHS
HOBE/IHKH IIypiB Yy BiAIOBiZb HA CEHCOPHI IOJPA3HUKU B
TecTax Ha MiJHiMaHHs (cepeaHiit O6an Tecty craHoBHB 3,1 +
0,6 y xoHTposibHUX TBapuH Ta 5,2 + 0,1 y tBapun 3 EC) ta
Ha JIOTOPK 710 TBapHHU (cepenHiit 6an Oys 2,6 + 0,6 Ta 5,7 £
0,4 BinnosinHo y mypis 6e3 Ta 3 EC). Iuridysanns [TAP1 ne
BIUIMBAJIO HA 3MIHHU Y MMOBEIIHKOBIH 30yJIMBOCTI MiATOCIiA-
HUX IIypiB. Y TecTax Ha HaOIMKEHHS TIPeIMeTa JI0 TBAPUHU He
OyJ10 BUSIBIICHO JIOCTOBIPHOT Pi3HUII MiXK €KCIIEPUMEHTAIbHU-
MH rpynamu. Haii pe3yasraTi AatoTh i CTaBu HPUITYCTHUTH,
[0 PO3BHTOK CEHCOMOTOPHMX PO3JIaAiB y IIYpiB MiJ Yac
eninenTorene3y He 3anexuThb Bix [TAP1 y taxiii mogeni CE.
KitouoBi cioBa: mpoTea3oakTHBOBaHUN perentop 1;
SCH79797; nitiii-mijoKapniHOBa MOJE/b; CHIICITHUYHUN
CTaTyC; MOBEAIHKOBA 30y/UIUBICTb.
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MPOTEA3OAKTUBUPOBAHHBIN PELIELITOP
1 HE BJIMBSET HA HOBEJAEHYECKYIO
BO3BYAUMOCTDB Y KPBIC C
SIMMUJIENTHYECKHUM CTATYCOM

W3yuanu BnusHUE MHIHOMTOpA NMPOTEa30aKTUBUPOBAHHOTO
peuenropa 1 (ITAP1) Ha noBeaeH4Yeckue peakiuu KpbIC MO-
cie anwientuyeckoro craryca (3C) B OTBET Ha CEHCOPHBIE
pasIpaxurenu. DKCIEPUMEHTAIbHYIO0 MOJAEIb BUCOYHOU
snwtericuu (BD) MHAyUHMpOBaIM ¢ HCIIOIB30BAHUEM JIUTHS U
nutokapnuHa. [lociae 3Toro kpbicaM OCyIIECTBIISUIN HHBEK-
uuu uaruoutopa [TAP1, SCH79797, na nporskeruu 10
nocJieIoBareIbHbIX JHEH. /s oneHku Bo30yauMoro nose-
JIeHUs! ObUIM TPOBE/ICHBI NTOBEICHYECKUE TECThl Ha CEHCOp-
HbIC Pa3paKeHMs], a IMEHHO: Ha IPHOIMKEHHE ITPEAMeTa K
JKUBOTHOMY, Ha IOJHATUE )KUBOTHOI'O, Ha IIPUKOCHOBEHUE K
KUBOTHOMY. MBI ycTaHOBMIIH, 4TO DC BbHI3bIBACT pa3InyHbIC
NPU3HAKU HapyLIEHHs HOBEJCHUS KPBIC B OTBET HA CEHCOPHBIC
pa3apakuTeN B TECTax Ha MoaHsATHe (cpeqHuii Ganm Tecta
cocransia 3,1 = 0,6 y KOHTPOJIBHUX XKUBOTHBIX U 5,2+ 0,1 y
#KUBOTHBIX ¢ DC) U Ha IPUKOCHOBEHHE K XKUBOTHOMY (CpEAHUI
6ain 6bu1 2,6 £ 0,6 1 5,7 + 0,4 COOTBETCTBEHHO Y KpbIC 0€3
u ¢ OC). Unrubuposanue [TAP1 He BIUsAIO HA H3MEHCHNUS B
MOBEJICHUECKOI BO30OYIMMOCTH MOJOIBITHBIX KpbIC. B TecTax
Ha NpHOIIKEHHE TPEAMETa K JKUBOTHOMY He ObLIIO BBISIBICHO
JIOCTOBEPHOW Pa3HULIbI MEXKY KCIICPUMEHTAJIbHBIMY IPYII-
namu. Hamu pesynbrarsl 1al0T OCHOBaHUS IPENIONIOKHT,
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YTO pa3BUTUE CEHCOMOTOPHBIX PACCTPOMCTB y KPBIC BO BpEMs
snuientorenesa He 3asucut ot ITAP1 B nannoi mogenu BD.
KiroueBsle ciioBa: npoTea3oakTUBUPOBAHHbIN perentop 1;
SCH79797; nutuii-nuiaokapnuHOBas MOJENb; 3IMWICHTHYE-
cKuii craryc; noBeeH4Yeckas BO30yJMMOCTb.
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