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Silver nanoparticles are used for delivering neurotropic agents to brain, increasing the bioavailability of in-
soluble drugs as well as for brain tumours treatment. Their effects upon brain excitability, especially under
conditions of chronic epilepsy modelling are underinvestigated. The purpose of the study was to study the
effects of silver nanoparticles upon pentylenetetrazol-induced kindled seizures in rats. Material and
Methods. Experiments were performed on Wistar rats kindled during four weeks with pentylenetetrazol
administrations in a dose of 30.0 mg/kg, i.p. Only rats, which demonstrated generalized clonic-tonic seizures
in a response to each of three last epileptogen injections, were included into the study. Nanopatrticles and
ionized argentum were administered in a dosage of 0.2 mg/kg, i.p. Observation was performed in early and
postponed period of kindling — in 24 h and three weeks from the moment of kindling induction,
correspondently. Results and discussion. The calculation of the pentylenetetrazol dose, which effectively
induced seizures in 50 % of kindled rats (EDsy), was performed in kindled animals in 24 h from the moment
of last epileptogen administration was 22.0 mg/kg. In postponed period of kindling (three weeks from the
moment of last pentylenetetrazol administration in a dose of 30.0 mg/kg, i.p.), EDs, of pentylenetetrazol was
16.0 mg/kg. EDsy of pentylenetetrazol, which induced clonic seizures in 50 % animals at the early stage of
kindling, was recalculated following the administration of ionized and nanoparticle forms of silver, and were
less when compared with such ones determined in the control group by 13.5 % (P>0,05) and 26.0 %
(P<0,05), respectively. In the postponed period of kindling EDs, of ionized and nanoparticle forms of silver
were less when compared with control by 20.0 % (P<0.05) and by 42.0 %, respectively (P<0.05). Significant
difference was noted between groups treated with ionized and nanoparticle silver (P<0.05). The net
intensification of pentylenetetrazol seizure manifestations was seen in kindled rats treated with silver
nanoparticles, when seizure discharges amplitude achieved 1.0-1.2 mV and frequency of 3/sec, which
exceeded the ones in rats treated with ionized silver. Conclusion. Silver nanopatrticles induce the increase in
seizures severity in pentylenetetrazol-kindled rats, and this effect was more pronounced at the postponed
stage of kindling development.
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accordance with the research project "Epigenetic mechanisms of factors of physic nature action on brain structures and homeostasis”,
state registration number 0116U008928.

Introduction

Nanotechnologies have been found to possess
a great potential in the treatment of some diseases
affecting brain tissue [1, 2]. Namely metal
nanoparticles has been proven as an effective
mean in the course of brain tumour treatment [1];
neurotropic agents being encapsulated in polymeric
nanoparticles show good bioavailability and are
able to penetrate blood-brain barrier (BBB)
effectively [3]. It has been shown that water
insoluble antiepileptic drugs as nanoparticles
display excellent pharmacokinetics during systemic
administration [3].

Phenytoin-contained liposomes demonstrate
high level of antiseizure activity on modelled
seizures induced with cAMP/EDTA in rats, and
nanoparticles of blocker of NMDA receptor MRZ
2/576 exceed antiseizure activity of this compound
delivered in free form in 10 times [3]. It has been
shown that clonazepam being incorporated into
solid lipid nanoparticles demonstrates better
penetration through BBB and marked ability to
prevent  pentylenetetrazol-induced generalized
seizures [2]. But the penetration worsened for
clonazepam in mixed micelles form as well as
antiseizure activity was also reduced.

The perspectives of further investigations of

antiseizure effectiveness of nanoparticles should
include models of chronic epilepsy, and namely
pentylenetetrazol (PTZ)-induced kindling, which
resembles main features of clinical forms of
epilepsy [4].

Hence, the purpose of the study was to study
the effects of silver nanoparticles on seizures
induced in PTZ-kindled rats.

Material and methods

Experiments were performed on Wistar male
rats (180-270 g). They were kept under standard
laboratory conditions, i.e. constant temperature of
23°C, 60 % relative humidity, 12-h dark/light cycles,
standard diet and tap water was present ad libitum.
Procedures involving animals and their care were
conducted according to Odessa National Medical
University ethical committee guidelines (Protocol Ne
84 dated 10 Oct. 2008) that comply with
international laws and policies [European
Community Council Directive 86/609, OJ L 358, I,
December 12, 1987; National Institute of Health
Guide for Care and Use of Laboratory Animals, US
National Research Council, 1996].

Registration electrodes were implanted under
Nembutal anesthesia ("Ceva", France, 40 mg/kg,
i.p.): two into frontal and two into occipital regions in
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both hemispheres (coordinates: AP=1.2; L=3.0;
H=1.0 and AP=7.8; L=3.0; H=1.0 correspondently)
and into ventral hippocampus (AP=-4.3; L=4.5;
H=8.0) [5]. Indifferent electrode was placed into
nasal bones. Electrodes were fixed to the skull with
dental cement. Starting one week after surgery, the
rats were handled daily and adapted to the
experimental setup. Monopolar EEG registration
was started on the 7"-14" day from the moment of
operation on “DX-5000” computer
electroencephalograph (Charkiv, Ukraine).

Kindling in rats was induced wusing a
subthreshold dose of PTZ (35.0 mg/kg, i.p.)
(“Sigma Aldrich”, USA) starting on the 10™-14" day
following the surgery. The total of 21 injections with
the epileptogen was given. Those animals, which
demonstrated generalized clonic-tonic seizures as
a response to each of the last three times of PTZ
administration, were included into the study.
Testing of behavioral reactions was conducted at
9:00 a.m. — 12:00 p.m., in 24 hours and in three
weeks after the last kindling administration of PTZ —
early and postponed period correspondently.

Thus, the rats were divided into the following
groups:

Control group — animals with PTZ-induced
kindling treated i.p. with 0.9% saline solution (10
rats);

The second control group — kindled with PTZ
and treated with 2.0% colloid solution of ionized
argentum (30 rats);

The third group — kindled with PTZ and treated
with silver nanoparticles (30 nm), which were got
via citrate method [6] (10 rats). The size of
nanoparticles was controlled with the spectrometric
absorption of light at 413 nm characteristic for the
nanoparticles with the diameter of 30 nm [6].
Nanoparticles and ionized silver were administered
in a dosage of 0.2 mg/kg, i.p. [7].

The synthesis of silver nanoparticles was
performed under the next parameters:

- equimolar concentrations of AgNO; and
Na;CgHs07: 5x10 -4 M;

- the concentrations ratio between AgNO; and
NazCegHsO; was 1:4;

- temperature of synthesis was 100°C;

- period of synthesis was 60 min.

EDsy, of PTZ, which were able to induce clonic
seizures in 50 % of experimental animals were
determined during early and postponed periods of
kindling; and the same indices under conditions of
nanoparticles administration were verified as well.

Values were compared using one-way analysis
of variance followed by a post hoc t-test. Values
were presented as mean + standard mean
deviation, with findings of P<0.05 considered as
significant.
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Reuslts and discussion

The calculation of the PTZ dose, which was
sufficient to induced seizures in 50 % of kindled rats
(EDsp), was performed in kindled animals in 24 h
from the moment of last epileptogen administration.
It was established that after PTZ injection in a dose
of 20.0 mg/kg, clonic seizures were registered in 3
out of 12 rats, and in two rats the generalized
seizure fits were precipitated later on. The
increasing of the PTZ dosage up to 25.0 mg/kg was
followed by clonic seizures development in 8 out of
10 kindled rats, and in 5 out of them generalized
seizure fits were registered. Hence, EDsy of PTZ
was 22.0 mg/kg.

Injection of PTZ in the dosage of 15.0 mg/kg, i.p.
in postponed period of kindling (three weeks from
the moment of last PTZ administration in a dosage
of 30.0 mg/kg, i.p.) was followed by clonic seizures
development in half of experimental animals (4
rats). It should be highlighted that in 3 out of 4
those rats the generalized seizure fits were
precipitated. Higher dosage of PTZ (25.0 mg/kg,
i.p.) induced seizure reactions in more than 90% of
kindled animals, and prevalent number of them (8
out of 10) demonstrated generalized clonic-tonic
fits. Hence, EDsq of PTZ in postponed period of
kindling was 16.0 mg/kg. This value was reduced
by 27.2 % when compared with that, which was
observed at the beginning of kindling modelling
(P<0.05).

EDs, of PTZ, which induced clonic seizures in
50 % animals at the early stage of kindling and was
recalculated after the administration of ionized and
nanoparticle forms of silver were less when
compared with such one determined in the control
group by 13.5 % (P>0.05) and 26.0 % (P<0.05)
correspondently (Fig. 1).

In the postponed period of kindling, EDs, of PTZ,
which induced clonic seizures in 50 % animals after
administration of ionized and nanoparticle forms of
silver, were less when compared with control by
20.0 % (P<0.05) and by 42.0 % (P<0.05) (Fig. 1).
There was a significant reduction of investigated
index in comparison with the rats treated with
ionized silver (P<0.05).

EEG investigations revealed the appearance of
spike-wave complexes with amplitude of 150-250
mcV and frequency of generation 7-11/sec in 5.0-
7.5 min from the moment of PTZ administration in a
dose of EDsy (22.0 mg/kg, i.p., 24 h from the last
kindled injection of epileptogen). During the next
5.0-10.0 min spike epileptic discharges were
registered, which amplitude ranged from 0.2 up to
0.7 mV and frequency of generation from 15 to 30
per min (Fig. 2, A).These presentations correlated
with clonic seizures.
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Fig. 1. EDso of PTZ, which is able to induce clonic seizures in
50 % of kindled animals treated with different forms of silver (Ag).

Notes: abscissa — |- EDsy determined in 24 h from the last kindled seizure;
II- EDsp in three weeks from the last kindled seizure. Ordinate: EDs,
in % pertained to its value in control group (kindled rats treated with saline solution — 100 %,).

# — P<0.05 when compared with the control group;

*— <0.05 when compared with the group of rats treated with ionized Ag.

The identical scheme of PTZ administration
(22.0 mg/kg, i.p.), following the administration of
silver nanoparticles, was followed by appearance of
spike potentials with amplitude of 200-500 mcV and
frequency of generation 15-25 per min in 2.5-5.0
min. Their amplitude and frequency rose during
next 10 min up to 1.0-12 mV and 3/s
correspondently (Fig. 2, B). Such presentations
were registered in all investigated brain structures
during the following 20.0-40.0 min of observation.
The generalized clonic-tonic seizure fits were
registered during such synchronized EEG activity
with postseizure depression. 3 out of 9 rats died of
repeated seizure fits.

Hence, the obtained data revealed that under
conditions of PTZ-induced kindling the net
increasing of epileptic activity was observed
following the administration of silver nanoparticles.
Intensification of seizures was registered in the
form of decreasing of EDsq dose of PTZ, which
caused the clonic seizures in 50% of kindled
animals. The effect of facilitation of seizures was
more pronounced in postponed kindled state known
as resistant and more severe form of chronic brain
epileptisation  [4].  Administration  of  silver
nanoparticles reduced EDsy of PTZ by 42.0 %, and
this reduction significantly (by 22.0 %) exceeded

the reduction, which was observed in rats treated
with ionized form of silver.

We should also note that ionized silver was also
able to cause subtle proepileptogenic effects in
postponed kindled period, which might be explained
by the presence of some amount of nanoparticle
form of silver in colloid silver solution [7]. Facilitation
of seizure activity induced with silver nanoparticles
might be explained by their induction of mitogen-
activated protein-kinases [8], as well as byoxidative
stress and apoptosis activation [9, 10].

The possible increasing of penetration of blood-
brain barrier, as a result of silver nanoparticle
effects, which underlay facilitative action on PTZ
seizures, might be used for better delivering
antiepileptic drugs to brain tissue.

Conclusion

Silver nanoparticles are able to cause the
increase in seizures severity in PTZ-kindled rats,
and this effect is more pronounced during
postponed stage of kindling development.

The perspectives for further research

It is planned to clarify facilitative effects of silver
nanoparticles upon kindled epileptiform activity.
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Fig. 2. Eletcrographic manisfestations in rats treated with silver nanoparticles.

Notes: A: 12,5 min from the moment of PTZ administration (30,0 mg/kg, i.p.) to control rat (saline treated).

B: 10,0 from the moment of PTZ administration (30,0 mg/kg, i.p.) to the kindled rat treated with silver nanoparticles.
1 - left frontal cortex, 3- left, and 4- right ventral hippocampus, 4- left occipital cortex.
The distance between left horizontal lines — 1,0 mV, the distance between bottom vertical lines — 1s.
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Pedepar
BMNNYB HAHOYACTOUYOK CPIBENA HA KIHANIHIOBI CYAOMW, IHAYKOBAHI Y LWYPIB BBEAEHHAMMU NEHTUNEHETETPA3ONY
Mepsak M. 1.
KntoyoBi cnoBa: HaHo4YacTo4ku cpibna, XiMiYHWIA KIHAMIHT, CyAOMUW, NEHTUNEHETETPA3ON.

HaHo4acToukn cpibna 3acTtocoByloTb 3 MeTOK 3abesneveHHs GiogocTynHOCTI npenapartiB, fki NoraHo
NPOHMKalTb Yepe3 rematoeHuedaniyHmin 6ap’ep, AnNg NpeunsiiHoi AeCTPyKLii NyXnnH Mo3ky. ToMy akTya-
NbHUM € 3aBOaHHSA BUBYEHHSA X BMAMBY Ha 36yAnMBICTb ronoBHOro Mo3ky. MeTo AiMCHOro AoChioKEeHHS
Oyno BMBYEHHS OCOBNMBOCTEN CYJOMHUX peaKLii y LWYpiB i3 XPOHIYHOW (HOPMOIO eninenTtuaadii Mo3sky, Bu-
KMMKaHOi MeToaoM KiHAMIHIY 3a YMOB 3aCTOCyBaHHS HaHOYaCTOYOK cpibna. Y wypis niHii Bictap ogHokpar-
HUMW WoA0060BMMU yBEeAeHHAMU neHTuneHeteTpasony B 4o3i 30,0 mr/kr, B/o4ep NPOTAroM TPbOX TUXHIB BU-
Knukanu reHepani3oBaHi KIOHiKO-TOHIYHI cygomu. B paHHbOMY Ta BigganeHoMy nepiogax KiHaniHry (Bignosi-
OHO Yepes 24 r Ta TpU TUXHI 3 MOMEHTa OCTaHHbOrO BBEAEHHS MeHTUNeHeTeTpasorny) BBOgUNN HaHOYaCTou-
kv cpibna, cMHTe3oBaHi LuTpaTHUM Metogom (0,2 mr/kr, B/ovep), a Takox po34uH ioHizoBaHoro cpibna (0,2
Mr/Kr, B/oYep) 3 HaCTyMHWM 3acTOCyBaHHSAM TecTytouol 003u eninenTtoreHy. EDsy neHTUneHeteTpasony B
paHHbOMY Ta BigaaneHomy nepiogax kiHgniHra cknanm 22,0 i 16,0 Mr/kr BignoBigHO. 3acTocyBaHHA HaHO4Yac-
ToYOK cpibna 3HmxyBano EDsy B paHHbOMY nepiogi kiHaniHra Ha 26,0% (P<0,05) i B nisHbomy — Ha 42,0%
(P<0,05), B TOI Yac sik 3aCTOCyBaHHs1 iOHI30BaHOro cpibna BUKNMKano 3HMmxeHHss EDsq Ha 13,5% (P>0,05) i
Ha 20,0% (P<0,05) signosigHo. CnocTepiranocb TakoX A0CTOBIpHe 3HMKeHHSA EDsq B rpyni i3 3acTocyBaHHAM
HaHOYaCTO4OK Y MOPIBHAHHI A0 rpynu LWypiB, SKMM BBOAWMYM ioHi3oBaHe cpibno (P<0,05). MNig Bnnvsom HaHO-
YacTouoK cpibna 3Ha4yHO 3pocTana amnniTyda Ta YacTtoTa cyaoMHux po3psais — go 1,0-1,2 mB Ta 3/cek Bia-
noBigHO. 3acToCyBaHHA HAHOYACTOYOK Cpibna BMKMMKAE 3pOCTaHHS TSXKKOCTI CyQOMHMX NPOSIBIB Yy TBAPUH i3
neHTUnNeHeTeTpasony -KiHaNiHrom, sike € BinbL BUpasHUM Y BigaaneHoMy nepiogi Noro po3BuTKY.

Pedepar
BNNAHUE HAHOYACTUL, CEPEBPA HA KUHAJIMHIOBLIE CYOOPOT U, MHOYLMPOBAHHBIE Y KPbIC BBELEHUAMM
MEHTUIIEHETETPA3O0JIA
Mepsak M. 1.
KntoueBble crioBa: HaHo4YacTuubl cepe6pa, XUMUYECKNIN KUHONWHI, Cyaoporu, NneHTuneHeTeTpason.

HaHouvacTuubl cepebpa npumeHsiioT Ans obecnedeHnss GMOLOCTYNHOCTY NpenapaToB, KOTOPble HE MPOXO-
OAT Yepe3 remaToaHuedanuyeckuii 6apbep, Ana n3dupartenbHon OeCcTpyKumMM onyxornen mosra. [Noatomy ak-
TyanbHOW sBMseTcs 3afjava U3yYyeHus KX BNusiHUs Ha Bo3byAMMOCTb rornoBHOrO Moasra. Llenbio HacTosLwero
nccnegosaHus GbINo n3yvyeHne 0COOEHHOCTEN CYOOPOXKHBIX PeaKkLUMiil Y KpbIC C XPOHUYECKon hopMoii anunen-
TU3auUMM MO3ra, BbI3BaHHOW METOLOM KUHASMHIA B YCMOBUSIX MPUMEHEHNS HaHoyacTul, cepebpa. Y KpbIC nu-
HUM BucTap ogHOKpaTHbIMK eXeaHEeBHbIMM BBeAeHUsIMU neHTuneHeTeTpasona (30,0 mr/kr, B/6p) B TedeHune
Tpex Hederb Bbi3Banu reHepanusoBaHHbIE KIMOHWKO-TOHWYECKMe cygoporn. B paHHem u oTaaneHHoOM nepw-
ofax KvHANWHra (24 4 n TpyM Hedenu ¢ MOMEHTa MocnedHero BBedeHUs MeHTUreHeTeTpasona) KUBOTHBIM
BBOAWNMM HaHoYacTULbl cepebpa, CUHTE3MPOBaHHbIEe LMTpaTHbIM MeTogom (0,2 mr/kr, B/Op), a Takke pacTBop
noHunsupoBaHHoro cepebpa (0,2 mr/kr, B/6p) ¢ nocnenyowum NpUMeHeHeM TECTUPYIOLLEN A03bl NEHTUIIEHE-
TeTpasona. EDsy neHTuneHeTeTpasona B paHHeEM U NO3AHEM nepuoae kKuHanuHdra coctasuna 22,0 n 16,0 mr/kr
COOTBETCTBEHHO. [NpMMeHeHne HaHo4acTuy, cepebpa cHukano EDsy B paHHeM nepuoae KuHanuHra Ha 26,0%
(P<0,05) 1 B no3gHem — Ha 42,0% (P<0,05), B TO Bpems kak NpYMEHEHNE NOHN3NPOBAHHOIO cepebpa Bbi3bl-
Bano cHwkeHwne EDsy Ha 13,5% (P>0,05) n Ha 20,0% (P<0,05) cootBeTcTBEHHO. [NpN 3TOM OTMEYanucb Oo-
cToBepHoe CHWxeHne EDsy B rpynne ¢ NpUMEHEHNEM HaHOYACTUL, B CPaBHEHUW C IPYMMoK, KOTOpPbIM NpuMe-
HSNM MoHM3MpoBaHHoe cepebpo (P<0,05). Takke nog BAMSHMEM HaHo4acTuy cepebpa 3HauWUTEnNbHO yBenu-
YmBanacb amnnuUTyga u Yactota CygopoxHbIx paspsgos — Ao 1,0-1,2 mB u 3/cek cooTBeTCTBEHHO. [1pUMeHe-
HMe HaHo4acTuy cepebpa Bbi3bIBAET YBEMUYEHME TSHXKECTU CYLOPOXKHbIX NPOSBNEHUIA Y XKMBOTHBIX C NEHTUNE-
HeTeTpasona-KMHANWHIoOM, 6onee BbipakeHHOe B OTAANeHHOM NepUoae ero passuTus.
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