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E®EKTU HA HATPUEB BAJNMPOAT BbPXY XUNEPTEPMUYHATA PEAKLMA
NP EKCNMEPUMEHTANEH CEPOTOHUHOB CUHOAPOM
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Katenpa no cdapmakonorusi n Tokcukonorusi, Megmnumtcku cakyntet, MeguumHckn yHuBepeuteT — Codusi

EFFECTS OF SODIUM VALPROATE ON HYPERTHERMIC REACTION
IN EXPERIMENTAL SEROTONIN SYNDROME

R. Nikolov
Department of Pharmacology and Toxicology, Faculty of Medicine, Medical University — Sofia

Pestome: CepOoTOHMHOB CYHAPOM € Bb3MOXHO Aa ce Habnopaea kato pesynTar oT npe-
[031paHe Ha CepOTOHUHEPrMYHM NlekapcTBa UM Ha B3aUMOAEWCTBUSA NPU KOM-
6uHMpaHo NpunaraHe Ha ABe UMM NMoBeye NekapcTBa, NOBMLLABALLW CUHAMNTUY-
HaTa KOHLEeHTpaLus Ha CepoTOHUH (5-xuapokcuTpuntamuH). Llen Ha HacTosLwo-
TO u3cneABaHe e yctaHoBsiBaHe edektute Ha HaTpues BannpoaT (300 mg/kg
i.p.) BbpPXYy XunepTepMmyHaTa peakuusi Npy eKCnepuMeHTaneH CepPOTOHWHOB
cvHgpom y nibxoBe. [NpunaraHeTo Ha 5-hydroxy-L-tryptophan v clorgyline npe-
AMN3BMKBA pas3BUTME Ha CEPOTOHUHOB CUMHAPOM Y NibXoBe. TenecHata Temne-
paTypa Ha XWBOTHUTE Ce MOHWUTOPMPA Ype3 peKTanHn TePMUCTOPHM nNpobu (TX-
8), cBbp3aHN KbM paboTell C KOMMIOTbPHA Nporpama MynTukaHaneH anapart
Iso-Thermex 16. lNpenBapuTenHOTO BbBEXAAHE Ha HATPMEB BamnnpoaT Hama-
nsBa XxuneprepMuyHaTa peakuusi npu ekcrnepumeHTaneH CepoTOHWHOB CUHA-
pOM Y MITbXoBe.
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Summary: Serotonin syndrome is likely to be observed as a result of an overdose of
serotoninergic drugs or interactions related to the combined administration of
two or more drugs that increase the intrasynaptic concentration of serotonin (5-
hydroxytryptamine). The aim of this study was to establish the effects of sodium
valproate (300 mg/kg i.p.) on the hyperthermic response to experimental
serotonin syndrome in rats. Administration of 5-hydroxy-L-tryptophan and
clorgyline induced the serotonin syndrome in rats. The body temperature of the
animals was measured with thermistor probes (TX-8) inserted rectally, and
monitored on multichannel recorder Iso-Thermex 16. Pretreatment with sodium
valproate decreased hyperthermic reaction in an experimental model of the
serotonin syndrome.
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BbBEOEHUE TopaH, MenepuauH, CEnekTUBHU WMHXMOUTOPU Ha

CepOTOHWHOBUAT CUMHAPOM NpeAcTaBnsiBa He- obpartHus 3axBaT Ha cepoToHuHa (SSRIS) u Tpu-
KenaHa nekapcTBeHa peakuumsi, KOSTO ce pa3BuBa UMKIUYHK  aHTugenpecadtn [20, 21]. Camoctos-
nopaav noBuLlaBaHe Ha CMHaMNTMYHaTa KOHLEHTpa- TENTHOTO NpunoXeHne Ha CEepOTOHWHEPTUYHU ne-
LuMa Ha CepoTOHWH (serotonin unu 5-hydroxytryp- kapcTBa CbLLO MOXe Aa Npen3B1KBa CEPOTOHUHO-
tamine). Hali-4ecTto CEpOTOHMHOB CUHAPOM ce Ha- Ba TOKCM4YHOCT, NpedvMHO B cry4YauTe Ha npeno-
6niopgaBa npu KOMBMHMPAHO MpuUnaraHe Ha WH- 3paHe Hanp. Ha SSRIs [7] unn TPULMKINYHL aH-

xnbuTopu Ha MoHoamuHookcuaasa (MAO) ¢ Tpun- TuaenpecaHTy [9].
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dapmakonormyHnTe MexaHu3mMmn, nocpencTBoM
KOUTO Cce NpeAn3BUKBa CEPOTOHMHOB CUHOPOM, MO-
rat ga 6baat: 1) noBuweHo obpasyBaHe Ha 5-hyd-
roxytryptamine (L-tryptophan); 2) yBenu4eHo ocBo-
boxaaBaHe Ha CEPOTOHUH B CMHANTUYHOTO MPOCT-
paHcTBO (amdeTamuHm); 3) MHxnbupaHe Ha MeTa-
b6onunanpaHeto Ha cepoToHUH (MAO MHXMBUTOPW,
Linezolid.); 4) nixmbupaHe Ha CEPOTOHUHOBUSA pe-
bnTerik (SSRIs — Citalopram, Fluvoxamine, Fluo-
xetine, Paroxetine, Sertraline; TPUUUKNNYHM aHTU-
genpecaHTtn — Amitriptyline, Clomipramine, Doxe-
pine; Venlafaxine; onnonagn — Meperidine, Fentanyl,
Tramadol); 5) cTumynvpaHe Ha CepOTOHUHOBMUTE
peuenTtopu (Buspirone; LSD; TpuntaHu — Sumatrip-
tan, Naratriptan, Eletriptan).

CepoTOHNHOBUAT CMHOPOM Ce XapakTtepusmpa ¢
HapyLLUeHNsi Ha MCUXWYHMSA CcTaTyc, xuneppednek-
CUSl, MUOKMOHYC, axuTauus, Tpemop, Taxvukapaus,
Avadopesa, Avapus, HapylleHa KOOOpAMHauMsA ©
xunepTtepmus [21]. CTumynupaHeto Ha S5HT1A-pe-
LuenTopuTe NpeausBUKBa PasBUTUETO HA OCHOBHU-
Te npusHauM Ha CepoTOHMHOBUSA cuHapom [1]. Mo-
BMLUABAHETO Ha TenecHaTa TemnepaTtypa € CBbp-
3aHO C akTuBupaHeTo Ha S5SHT2A-eprnyHuTe peuen-
Topwu [6]. XvnepTtepmusaTa e NnpusHak 3a TEeXKO Npo-
TUYaAHE Ha CEPOTOHWHOBMUSI CUHOPOM M CUrHUK-
KaHTHa CMBbPTHOCT [15].

B TepmoperynaTtopHuTe npouecu yyacteat pe-
avua MeguatopHu CUCTEMU U TEeXHWUTE HEBPO-
TpaHCMUTEPU, KaTO Hanpumep CEepOTOHWH, Hopag-
peHanuH, JONaMuH, aueTUIXOMNuH, npocTarnaHan-
HKW, rama-ammHomacneHna kucenuHa (FAMK), rnyTa-
MaTt 1 B-eHgopduH. MHoro nekapcTtsa, Aencrealum
Bbpxy LIHC (Hanp. 6eH3oanasenunHn, bapbutypaty,
Z-nekapcTBa, sodium valproate, vigabatrin, tiaga-
bine n gp.), ocbLlecTBABaT hapMakonormiHMTe cu
edekTn nocpeactsoMm nosuwasaHe Ha TAMK ep-
rMyHaTa HeBpoTpaHcMmucus. PapmakonormyHarta
aKTUMBHOCT Ha BannpoesaTa KUCernuHa ce uspassisa
B noteHumpaHe Ha TAMK epruyHata HeBpOTpaHC-
Mucusi, BrokMpaHe Ha BOMTaX-3aBUCUMUTE HATPU-
€BM KaHanu n bnokupaHe Ha T-Tun KanuueBun Ka-
Hanu. lNpegnonara ce, 4Ye HaTPUEBUST Banmnpoar
noeuLLaBa Mo3byHaTa KoHueHTpaums Ha FTAMK no
cnegHUTE MeXaHuU3MU: MHXMOUpaHe akTMBHOCTTa
Ha eH3uma TAMK TpaHcamuHasza [10] n HamaneHo
pasrpaxgaHe Ha T'AMK; cTumynupaHe akTMBHOCTTa
Ha eH3uma rnytamar-gekapbokcunasa [2] u ysenu-
yaBaHe cuHTe3a Ha [AMK; mMHxMOMTOpeH edekT
BbpXxy FAMK TpaHcnoptepa GAT-1 [17].

Mpwu LEeHTpanHo U CUCTEMHO MPUIOXeHVEe Ha Ha-
TpveB BannpoaT € YCTaHOBEHO [03a-3aBWCMMO MO-
HWKaBaHe Ha TernecHarta TemnepaTtypa Yy MibxoBe
[14, 22]. Cynepdpysudara Ha sodium valproate npe-
OV3BMKBA MOBULLABAHE Ha TemnepaTypHaTa u4yB-
ctButenHocT (TC) Ha TonnodyscTButenHute PO/AH

HEBPOHM B XMUMOTanaMyCHU Cpe3n Ha NibxoBe, Mo-
[06HO Ha apyrn XMNoTepMmnyHM BellecTea [14].

Llen Ha HacToAWOTO mM3crnenBaHe e yCTaHOBS-
BaHe edeKTUTe Ha HaTpuWeB BanmnpoaT BbPXY Xu-
nepTrepMuyHaTa peakums npu Moaern Ha CepoTOHU-
HOB CMHOPOM Yy MibXOBe, NpeausBuKkaH OT UHTpa-
neputoHeanHo npunaraHe Ha 5-xugpokcu-L-tpun-
TOaH 1 KNOPrumnmH.

MATEPWAN U METOOU

EkcnepumeHmarsHu >xueomHu

OnutnTe ce u3BbpLUMXA BbPXY MBXKM MOJOBO
3penu nnbxoBe nopoga Wistar ¢ Terno 200-220 g.
Mo Bpeme Ha u3cnegBaHuaTa XuWBOTHUTE 6sixa
NnocTaBeHW Npu CTaHO4apTU3MpaHu yCrnoBus: cBobo-
OeH JocTbn [0 BoAda WM xpaHa, Temnepartypa B Mno-
MeLyeHneTo 22 + 2° C, 1 UMKbI Ha ocBeTneHue 12
yaca ceTno (08:00-20:00)/12 yaca TbmHO (20:00-
08:00). EkcnepumeHTUTE Ce nNpoBegoxa B paMKute
Ha e[VH roAuvLleH Ce30H M MO e4HO U CbLLOo Bpeme
OT AeHoHowHMa uukbn (09:00-15:00 h). Ekcnepu-
MEeHTanHuTe Bb3OEWUCTBUMA M MaHunynauum 6axa
cbobpaseHn ¢ MexayHapoaHO Bb3NpUeTUTE eTUd-
HY HOpMU 3a paboTa C ONUTHU XXMBOTHW.

EkcriepumeHmarsieH cepomoHUHO8 CUHOPOM

B npoyyBaHeTo Hue wu3non3Baxme MoAen Ha
CEePOTOHWHOB CUHAPOM Y MiTbXOBE, Npean3BukaH ot
KOMOVHMpaHO MpunaraHe Ha npekypcopa Ha ce-
POTOHUH 5-xupgpokcu-L-tpuntodaH (100 mg/kg i.p.)
N cenektmBHusa nHxnéutop Ha MAO-A clorgyline (2
mg/kg i.p.) [15, 16].

ExcnepumeHnmanHu eeujecmea

BeluecTBaTa, “3nonaeaHn Npu MoaenMpaHeTo Ha
eKcrepyMeHTaneH CepoTOHWHOB CuHOpPOM, ca clor-
gyline (Sigma-Aldrich) n 5-hydroxy L-tryptophan (Sig-
ma-Aldrich).

FAMK eprunyHoTo BewecTtBo Sodium Valproate
(Sigma-Aldrich) npunaraxme B gosa 300 mg/kg i.p.
HatpueBuat BanmpoaT 6Gewe BbBexaaH 10 min
npean CepoTOHWHEpPrMyHuTe BellecTBa. B KOHT-
POMHWTE TPYMM XWBOTHWUTE OsIXa WHXEKTUpaHu C
0,9% HaTtpueB xnopwug B go3a 0,1 mi/kg i.p.

MoHumopupaHe Ha mesiecHama
memnepamypa

EkcnepumeHTuTe Bsixa npoBeAeHU npu Temne-
paTypa Ha okorHaTa cpega 22 + 1° C. TenecHata
TemnepaTtypa Ha XUBOTHUTE pPerncTpupaxme 4pes
N3Mnon3BaHe Ha peKTanHu TePMUCTOPHM Npobu (TX-
8), cBbp3aHM KbM paboTely C KOMMITbPHA Npor-
pama MynTukaHaneH anapat Iso-Thermex 16
(Columbus Instruments, USA). Cnen nybpukaums c
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Ba3envH TepMUCTOpUTE Ce BbBexaaxa peKTanHo
Ha gbnboymHa 6 cm. TenecHaTa Temnepartypa Ha
NbXoBeTE Ce perucTpupa npeau npunoxXeHneTo
Ha CEepPOTOHUHEpPrMyHUTE Bewectea 1 npe3 30 min
cnep TAXHOTO UHXeKTUpaHe.

Cmamucmuy4ecka obpabomka

Ha nosiyy4eHume pesynamamu

MonyyeHnTe pesynTatu ca NpeAcTaBeHU KaTo
cpenHn ctomHocTn + S.E.M nocpeacteom metogute
Ha aucnepcuoHHus aHanm3 (ANOVA) m rpaduyHo
cbe codpTyep Microsoft Exel, 2003.

PE3YNTATU

1. MNMpomsiHa @ menecHama memnepamypa
Ha nnbxoee npu mModes1 Ha CepoMOHUHO8 CUH-
opom, npeduzeukaH om npusiazaHe Ha 5-xuod-
POKcu-L-mpunmodgbaH u Knopa2usnuH

MpunaraHeto Ha 5-xuapokeu-L-Tpuntodpan (100
mg/kg i.p.) n knoprunuH (2 mg/kg i.p.) npeaussukea

3.5

temperature (delta °C)

pas3BUTVETO Ha CEPOTOHUHOB CUHAPOM. Tpemop ce
nosiesisa 10 MWH cref WHXEKTUpaHeTo, XunepTep-
MUYHaTa peakumsi ce passuBa Ha 30-ata MWH, KaTo
MaKcumMarHaTta CTOMHOCT ce Habniopgasa Ha 60-ata
MUWHYTa cref MHXeKTUpaHeTo Ha BelllecTBaTta. Beuy-
KV XXMBOTHW B Ta3u rpyna ympsaxa mexagy 60 n 90 muH
crepf VHXeKTMpaHeTo Ha BellecTsaTa.

2. Epekmu Ha Hampuee easnnpoam 8bpXy
XxurnepmepmMuyYyHama peakyusi npu eKcriepumMeH-
maisieH modes1 Ha CePOMOHUHO8 CUHOPOM

MpunaraHeTo Ha HaTpueB Bannpoat B fo3a 300
mg/kg i.p. Ha NbXxoBeTe C MOAEN Ha CEPOTOHMHOB
cuHapoMm (5-xmapokcu-L-TpyntodaH + KnopruruH)
HamansBa xunepTepmuyHaTa peakums Ha 30-ata 1
60-aTta MVH B CpaBHeHWE C rpynarta ¢ MoJern Ha ce-
POTOHMHOB cuHApOM (5-xmapokcu-L-tpunTtodhaH +
KMOPrumnuH), Npu KOSTO Npean UHXEKTUpaHeTo Ha
CEepOTOHMHEpPrMyHUTE BellecTBa bOelwe BbBeaeH
duU3nonormiyeH pasTeop.

120’ 150 time (min)

®ur. 1. MpomsiHa Ha TenecHaTa TemMnepaTtypa npy MoAesn Ha CEPOTOHMHOB CUHAPOM

CpepHa npomsiHa Ha TenecHaTa TemnepaTtypa Ha nnbxoBe (temperature delta °C) cnen npunaraHe Ha m 5-hydroxy L-tryptophan 100
mg/kg i.p. + Clorgyline 2 mg/kg i.p. n ¢ 0,9% NacCl (koHTpona). CtaTucTyecka aHaummocT B cpaBHeHue ¢ NaCl: **P < 0.01

1.5 ko

temperature (delta °C)

30 60" 90

120 150' time (min)

®ur. 2. EcbekTV Ha HaTpueB Bannpoart BbpXy XMneprepMMyHaTa peakuus Nnpu Mogers Ha CEPOTOHMHOB CUHAPOM
CpegHa npomsHa Ha TenecHata TemnepaTypa Ha nnbxoBe (temperature delta °C) cnen npunaraHe Ha m 0,9% NaCl + 5-hydroxy L-
tryptophan 100 mg/kg i.p. + Clorgyline 2 mg/kg i.p. u @ Sodium Valproate 300 mg/kg i.p. + 5-hydroxy L-tryptophan 100 mg/kg i.p. +
Clorgyline 2 mg/kg i.p. Ctatuctnyecka sHaummocT: B cpaBHeHue ¢ 0,9% NaCl + 5-hydroxy L-tryptophan 100 mg/kg i.p. + Clorgyline 2

mg/kg i.p.: *P < 0.05, **P < 0.01
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OBCBXOAHE

Pesyntatute oT TOBa Mpoy4BaHe Mnokasear, 4e
HaTpPUEBUAT BannpoaT HamansiBa xuneprepMuyHaTa
peakums npu mMofen Ha CepOTOHWMHOB CUHAPOM Y
NbxoBe, NPeAn3BUKaH OT MpunaraHeTo Ha 5-xua-
pokcu-L-TpuntodpaH + knoprunuH. Sleight et al. [19]
npegnonarar, 4e npu npunoxenne Ha MAO nHxMoK-
Top u L-TpuntodhaH ce HabnogaeaTt pa3BUTUETO Ha
CEPOTOHMHOB CUHAPOM W BUCOKM HMBa Ha 5-HT B
xunotanamyca. Xvneptepmmusita npu CepoTOHUHOB
CYHOPOM € CBbp3aHa C aKTMBUpPAHETO Ha 5-HT,a
epruyHuTe peuentopm [5, 11, 16]. CTumynupaHeTo
Ha 5-HT, epruyHute peuenTopy HacTbnBa Ccreq
okynupaHe Ha 5-HT;4 peuentopuTe [8]. Bbpxy ekc-
nepumeHTtanHn mogenu Ha CC e ycTaHOBEHO, 4e
pa3BUTMETO Ha XUMepTepMUYHaTa peakuus ce 0ro-
KMpa npu npeaBapuTeriHO MpuroxeHne Ha 5-HT,
PELIENTOPHM aHTaroHMcTu [16].

ExkcnepumeHTanHu uscnegBaHua  NoakpensT
XurnoTesaTta 3a y4yacTUeTo Ha Megmartopa cepoTo-
HuH B TAMK nHgyumpaHaTta xunotepmusa [13, 18].
MpecnHanTnyHo nokanusmpanute GABAg peuen-
TOpy noBnusABaT OcBOOOXAaBaHeTO Ha Hopagpe-
HamnuH, JonamunH U 5-Xxnapokcu-TpuntamuH [4]. Yc-
TaHOBeHa e ekcrnpecus npeaMmHo Ha GABAgq) pe-
LenTopu B MOBEYETO OT CEPOTOHWUH-EPrUYHUTE U
KaTexonamMuH-epruyHMTe HEBPOHM B siApaTta Ha Mo-
3bYHUSA CTBOJI, KOMTO y4yacTBaT B perynauusata Ha
aBTOHOMHUTE yHKUMKM [3]. BsaumopenicTenaTa
mexay GABA epruyHata U CepOTOHWH-epruyHaTa
CMCTEMa Ce OoCbluecTBsBaT MOCPEACTBOM Mpecu-
HaNTU4YHO XxeTepopeuenTopHo GABAg MHXMOUpaHe
Ha ocBoOOXgaBaHeTo Ha 5-HT mnm nocpeacTtBom
G-NpoTEUH-KYNMpaHoO B3auMOLENCTBME Mexay 5-
HT1o 1 GABAg eprudHnTe peuentopu [12].

Edektte Ha HaTpmeB Bannpoat BbpPXy Xunep-
TepmMusaTa, CBbp3aHa CbC CEPOTOHUHOB CUHAOPOM,
ca o0yCrnoBeHN OT CEPOTOHUHEPTNYHU MEXaHU3MU
B XuNoTepMunyHaTa peakuus, npeaumsBukaHa oT
FAMK eprunyHmn BeliecTBa, Kakto U C B3aUMOAEWNCT-
BME Mexady MeauaTopuTe, ydacTBallm B npouecute
Ha TepMoperynauus.
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