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CAXKETAK

YBoa: CeneKTUBHE HHXUOUTOPU IOHOBHOT MPEy3UMama CePOTOHMHA JIeITyjy Ha TJIaTKe
muiinhHe henuje aHMMalHOr NOpeKJIa NPBEHCTBEHO KPO3 YTHULA] HAa BOJTAXKHO-3aBHCHE
HaTpPUjyMOBE, KalMjyMOBE M KaJllMjyMOBE KaHaje, aiu W Kpo3 ojapeheHe edekre Ha
MYCKapUHCKHM, aJpEHEPrHYKUM U CEPOTOHMHEPrHYKMM peuentopuma. Lump  oBor
UCTpaXMBamka OWJIO je HUCIHUTUBAIKEC MMOTEHIMjaTHUX YTHIAja CEJCKTUBHUX HHXHOUTOpa
MIOHOBHOT IIpey3UMarha CEPOTOHMHA HA MOTHIIMTET M30JIOBAaHUX IIpernapara XyMaHoT jajoBOAA.

Matepujan u meroa: VcTpaxupame je CIIpOBEIEHO Ka0 €KCIEpUMEHTAIHA CTYAMja Ha
M30JI0BaHUM OpraHMMa XyMaHOTr TMopekia. McrpaxkwBauky momynandjy je umamio 30
MaIyjeHTKukba Koje cy 30or amjarHoze ¢uOpoma Mmatepuile omeprcane Ha KimHumm 3a
THHEKOJIOTH]y u akymepcTtBo Kimumukor mentpa y KparyjeBmy. On jajoBojma cBake
NalMjeHTKUbE MpUIpEeMaHe Cy JBE BpCTEe IpernapaTa: Ipernapatd amiyle U IpenapaTH
UCTMYyCa XyMaHOr' jajoBoja. McnuTruBaHe cy IpPOMEHE CHOHTaHMX KOHTpPAKIMja M30J0BAHUX
mperapara ammyjie W HCTMyca H3a3BaHe pacTyhnM KOHIEHTpalHjaMa CeJIeKTHBHHUX
WHXHUOUTOpPA TIOHOBHOT TIPEy3MMama CEPOTOHHHA.

Pesyararu: Ecuuranonpam (y KOHLIEHTpalgjama oj 0,9x10° M/L 1o 1,4x10° M/L) je
13a3Ba0 KOHIEHTPAIM]CKU-3aBUCHO ToBehame CIOHTAHUX KOHTpaKIMja M30JIOBAHUX aMIysia
(EC50=1,20+1,06x10® M/L, r=0,580, p<0,05) (F=2,980, df1=6, df2=28, p<0,05). lapokcernH
(Y KOHLIEHTpalLKjaMa 0J1 1,2x10° M/L 10 5,1x10° M/ L) je n3a3Bao KOHLIEHTPALIN]CKU-3aBUCHO
nosehame CHOHTAHMX KOHTPAKIMja M30JIOBAHMX Ipernapara UCTMyca (EC50=7,01ﬂ:3,50x10'8
M/L, r=0,500, p<0,05) (F=2,350, df1=9, df2=40, p<0,05). dnyokceTuH, IMTAIONPaM |
CepTpajiiH HUCY HUCHOJbMIIM 3HayajaH edexkaT y KOHIIEHTPAIMjCKOM OIICery y KOjeM Cy
KopunrheHH y eKCriepuMeHTHMA.

3aksbyyak: CeleKTHBHM HMHXHOUTOPH IIOHOBHOT IIpey3UMama CEpOTOHHHA Ce
pa3nuKyjy MehycoOHO y morieny HUXOBOT MOTEHLMjala Jja YTMYy Ha MOTHIJIUTET XyMaHOT
jajoBoma. Ecuuranonpam M MapoKCEeTHMH HMMajy jacaH CTHUMYJIaTUBHU e(eKaT KOju MOXKe
oMmeTraTd (YHKIMOHHMCAE JajoBOJa U TMOTEHILHJaJHO CMAamUTH IUIOAHOCT JKEHa Yy
PENpOIyKTUBHOM MEPUOY.

Kibyune peum: (ayoKceTHH, MapOKCETHH, LUTAIONpPaM, ECIUTAIONpaM, CepTpalvH,

CEJICKTUBHHM MHXUOWUTOPU ITOHOBHOT TIPEy3UMamka CEPOTOHNHA, jajOBOI.




ABSTRACT

Introduction: Selective serotonin reuptake inhibitors affect the smooth muscle cells of
animal origin primarly through the blocking of the voltage-dependent sodium, potassium and
calcium channels, but also through certain effects on muscarinic, adrenergic and serotoninergic
receptors. The aim of this research was to investigate the potential effects of selective serotonin
reuptake inhibitors on motility of the isolated Fallopian tubes preparations.

Material and method: An experimental study on isolated organs of human origin was
conducted. The study population consisted of 30 patients who were operated at the Clinic for
Gynecology and Obstetrics of Clinical Centre of Kragujevac because of diagnosis of uterine
fibroids. From the Fallopian tube of each patient, two types of preparations were prepared:
preparations of ampulla and preparations of isthmus. Changes in spontaneous contractions of
isolated preparations of ampulla and isthmus caused by increasing concentrations of selective
serotonin reuptake inhibitors were studied.

Results: Escitalopram (from 0,9x10”° M/L to 1,4x10® M/L) produced concentration-
dependent increase of spontaneous contractions of the isolated preparations of ampulla
(EC50=1,20+1,06x10® M/L, r=0,580, p<0,05) (F=2,980, df1=6, df2=28, p<0,05). Paroxetine
(from 1,2x10° M/L to 5,1x10° M/L) produced concentration-dependent increase of
spontaneous contractions of the isolated preparations of isthmus (EC50=7,01+3,50x10® M/L,
r=0,500, p<0,05) (F=2,350, df1=9, df2=40, p<0,05). Fluoxetine, citalopram and sertraline did
not produce significant effect throughout the concentration range used in the experiments.

Conclusion: Selective serotonine reuptake inhibitors differ among themselves in regard
to their potential to affect motility of the Fallopian tubes. Escitalopram and paroxetine have
clear stimulating effect which may interfere with functioning of the Fallopian tubes, and
potentially impair fertility of the women in reproductive period of life.

Key words: fluoxetine, paroxetine, citalopram, escitalopram, sertraline, selective

serotonin reuptake inhibitors, Fallopian tube.




“QuJiyje yMHe 12 XPaCTOBH NMyIITAjy 1y0/be Kopeme.”

Ilopu XepOepT

Iloceeheno mojoj Josanu u Coghuju,
ceum mojum opazum Munocaewesuhuma,
C6UM OPY2UM UNIAHOBUMA NOPOOUle,

Kao u onuma K0ju Haocajilocm HUCY euule ca Hama.




3AXBAJIHUIIA

Osum nymem uspax)cagam 6eiuxy 3axearHocm c80M MeHmopy, npoghecopy Mapky
Qonuly, Ha ceecponoj u 0Oe3pe3epsHOj NOOpwIYlY, MAKCUMATHO] AH2SANCOBAHOCMU U
NPAKMUYHUM cagemuma 0Oe3 Kojux peanuzayuja ose OOKMopcKke oucepmayuje He oOu oOuna
moeyha.

Benuky 3axeannocm oyeyjem u npogpecopy Cnobooany Jankosuhy, najnpe Ha 02pomHoMm
HenocpeoOHoOM OONPUHOCY Y OCMUWL/BABAILY U pedlu3ayuju 0ee O0OKmMopcke oucepmayuje, a
HApouumo Ha OpacoyeHUM CMPYYHUM U eMUYKUM CABemuUMa Koju cy Ouiu o0 Henpoyerbusoe
3HAYAjA HA MOM PA360JHOM NYm).

Kopucmum npunuxy oa ce uckpeno 3zaxsarum u 2ocnohu Chesxcanu Janxosuh, na
02POMHOM mpyody, 6pemeHy u nomohu Kojy mu je mnpyxcunra y mokKy useohera
eKCHnepUMeHmantoz 0eia o8e 0OKmMopcKke oucepmayuje.

3aoo6obcmeo mu je oa uzpazum C80jy 3aX6ANIHOCM HA U3BAHPEOHO] U NIOOOHOCHO]
capaowu Kojy cam y moKy uzeohera O0OKMOpcKe oucepmayuje 0CmMeapuo ca o0cobmem
Knunuxe 3a eunexonozujy u axywepcmeo Kiunuukoe yenmpa y Kpazyjesyy, a mapouumo ca
oupexmopkom ooemersa, npogecopxom Anexcanopom Humumpujesuh, xoja mu je ceojum
HEnocpeOHuM 3anazarbeM nomo2na y HPUKynawary nompedHoz Opoja npenapama 3a
Peanuzayujy 0802 UCMpPariCusarsa.

Hajzao, anu ceaxaxo He Ha Kkpajy, 3axeamyjem ce YeloKYNHO] C80joj ROpoouyu, Mojum
opazum Munocasmwesuhuma, xoju cy ceaku mpenymak cpehe u pazouapersa HA 080M O0Y2OM

nYymy npoACUB/bABANU 3aje0OHO Ca MHOM.
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Munom MunocassbeBrh JloxTopcka aucepranuja

1. YBOJA

Kpajem 60-tux romuna 20. Beka IM0jaBUJIM CYy C€ MPBH JOKa3H KOjU CYy yKa3UBajIu Ha
3HAUYajHy YJIOTY CEpOTOHMHA y MATOTeHE3W BEJHKe jaenpecuje. HapouuTo je peBoiylmoHapHa
Ouna cTynuja 4nju pe3yiTaTd Cy yKa3uBaJld HAa CMambeHy KOHIEHTPAIU]y CEPOTOHUHA y MO3TY
JENpPecuBHUX 0coba Koje cy moumHmwie camoybuctBo [1]. 30or Tora je dapmareyrcka
kommanuja Eli Lilly modena na pasBuja nwranme Koju Cy CEJIEKTHBHO WHXHOWpaIn
pey3uMame CEPOTOHMHA y MPECHHANTHYKE HEPBHE 3aBPILIETKE, IITO je 3a MOCIEeIUIly NMaJlo
noBehame KOHIIEHTpAllMje CEPOTOHWHA Yy CHHANTHYKO] MyKOTHHH, a CaMHM THM U jady
CTUMYJIAIH]y TIOCTCUHANITHYKUX CEPOTOHUHCKUX perenrtopa. [IpBu o Tux nuraxana 3a Kora je
J0Ka3aHa 3HaydajHa aHTHUIenpecuBHa akTuBHOCT Omo je LY110140 (dmyokcerun), 3a kora je
1975. roquHe mokazaHo Aa je MohaH W CeJIeKTHBAaH MHXHUOWTOP Mpey3uMarma CEpPOTOHHHA ca
penaTHBHO cllabuM ahUHUTUTETOM 32 HOpaapeHAIMH. MelhyTuM, mpe Hero mTo je GIIyoKCeTHH
0J1I00peH 3a Jieuewe JIeNpecuje CIIpoBeeHa Cy AyroTpajHa KJIMHUYKA MCIMTHBAama JieKa, Koja
cy Tpajana Buie of 7 roquHa. ¥ mel)yBpemeny, y Mapty 1982. roguHe Ha eBpOIICKO TPXKUIITE
j€ yBEIEH IPYrd HMHXUOUTOpP Npey3rMama CEPOTOHHHA, 3UMENJIMH, KOjU 300T 030MIJBHHX
HEe)KeJbEHHUX JiejcTaBa (akyTHa mepudepHa Heypomatrja u Guillain-Barre-os cunapom) OuBa
yop30 moByueH u3 ynorpebe. CBe TO je O0JaTHO NPOAYKWIO KIMHUYKA HCIHMTHUBAHKA
¢yokceTuHa, 4YMja MpUMeHa KOHa4HO OuBa ooopeHa TokoM 1986. u 1987. ronune [2]. ITopen
¢iryokceTHHa, y TPy CEJIEKTHBHUX HHXHOUTOpA Mpey3uMama ceporonnHa (SSRIS) cnanajy u
CepTpaJIMH, IIUTATIONpPaM, ITAPOKCETHH, ECITUTAIIONPaM, (IIYBOKCAMUH, BIJIA30/10H, TAaTIOKCETHH
n BoptHokcetuH [3,4]. SSRIS cy 20-1500 myra CelNeKTMBHHjH IpeMa TpaHCIOPTEpHMa
CEepOTOHMHA y OJJHOCY Ha MPOTEHHE KOjU BpIlEe TPAHCIIOPT HOPAApEHAINHA Yy MPECHHANTHUYKE
HepBHE 3aBpiieTke. OcuM Tora, HUXOB aQUHHUTET NpeMa aAPECHEPTUIKUM, MYCKapHHCKHM H
XUCTAMUHEPTUYKUM pelenTopuma je ckopo HeszHaTaH. MMajy manexko Oosbu 06e30e10HOCHU
npodu u 6ap nopjeHaKy eUKacHOCT y OJJHOCY Ha TPUIMKIMYHE aHTHJIEIPEcHBe, 300T uera
Cy JlaHac JIEKOBM M300pa 3a jieuewme Beluke aernpecuje. OcuM 3a jeuewme Jenpecuje, KOpUcTe
ce 3a Jeuemhe aHKCHO3HUX mopemehaja (reHepaan30oBaHM aHKCHO3HM mopemehaj, orncecuBHO-
KoMITy/13uBHH TlopeMehaj, mannynau mopemehaj, comujanna ¢hobuja, MOCTTpayMaTCKH CTPECHH
nopemehaj), Hekux mopemehaja ucxpane (bulimia nervosa), mpemeHcTpyanHOr TUCHOPHUHOT
nopemehaja, a mory ga Oyay eduKacHH M y Jie4elhy CHHAPOMAa HPUTAOMIHUX IIpeBa,

¢ubpomuanruje, mpodieMa ca MPEBPEMEHOM €jaKyJIallijoM 1 y JIeuewy ankoxonu3ma [4,5].
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1.1. Payokcerun

1.1.1. Xemmujcka CTPYKTypa U MeXaHU3aM JiejcTBA

@DIyoKCeTHH je TPEeACTAaBHUK aHTHACIIPECHMBA W3 TPYIeE CENEeKTUBHUX HMHXMOMTOpA
MIOHOBHOT Mpey3UMarba CEpOTOHNHA KOJU j€ 0J00peH 3a KIMHUYKY yrnoTpeOy Hajupe y benruju
1986. rogune, ma 6u ox 1987. 6o 0100peH U O] CTpaHE aMEPHUUKE CaBE3HE YIpaBe 3a XpaHy U
nexose (Food and Drug Administration-FDA), oy samruhennm Hasusom Prozac® [6]. Bpojua
KIIMHUYKA UCTPaXUBama Cy MoKazaia Ja je (IyoKCeTHH Oap mojajenHako epukacaH Kao U
TPULMKIMYHN AHTHJCHPECHUBH Yy J€Uelmy Jenpecuje, Kao W Ja HMa 3HA4ajHO OO0JbH
6e36enonocHu npoduin [7]. Mehytum, BaxkHo je unak pehu na mocroje u OpojHa HeKeJbeHA
JiejcTBa KOja ce JOBOJE y Be3y ca MpUMEeHOM (IyOKCeTHHA, Kao U J1a MpuMeHa (hIyoKkceThHa
HUje TpaheHa MOCTU3amkEM JKEJFEHOT TEPalMjCKOr OArOBOpa KOJ CBUX MamujeHara [6].
@OnyoKceTHH Jenyjeé TakKo INTO WHXHOMpa Npey3MMame CEpOTOHMHA Yy IPECHHANTHYKE
CEepOTOHMHEPTUYKe HEeypoHe Oyokupajyhu TpaHCmopTep KOju ce Hajla3u Ha MPECHHANTHYKOM
tepMmuHany. OIyoKCeTHH Takohe nMa 6mary akTuBHOCT Ha 5-HT2, u 5-HT2¢ peuentopuma [8].
ITo cBojoj xemwujckoj CTpyKTypH, (prmyokcetun je 3-(mapa-tpudryopomerundenokcu)-N-
MeTriI-3-penuanponuiaMud. DIyokceTHH je 3ampaBo paremcka cmema R (<) m S (+)
€HaHTHOMEpa, MpH dYeMy je S eHaHTHoMmep (IyoKceTMHa 6 TyTa TOTEHTHHjU ox R
eHantuomepa [9]. ®dnyokcetnH Hema aduHHTET Ka aapeHepruukuMm (a1, a2, f),

JONAaMHHEPTUUKUM, H1 XUCTaMUHEpTUYKuM, MyckapuHckuM 1 GABA penenrropuma [10].

Cnuka 1. CtpykrypHa popmyna diyokceTnHa

1.1.2. dapmakoKHHeTHKA

®dnyokceTuH ce no0po amcopOyje M3 racTPOMHTECTHHAIHOI TpakTa HAaKOH OpaiHe
MpuMeHe, aln je 300r MeTaboau3Ma MPBOT IMPoJiacka Kpo3 jeTpy OMOpacIoIoKUBOCT HAKOH
opanne mpumene mama ox 90% [11]. YV Bucokom mpoueHTy (95%) ce Besyje 3a mpoTenHe
ma3Me U 300T U3y3eTHE JTUTIOCOTYOMITHOCTH C€ IUPOKO AUCTPUOYUpPA Y OpraHu3My (BOJTyMEH

muctpudyimje nznocu 20-40 L/kg) [10]. diyokceTnH ce MeTabouMIIe Ha IIMTOXPOMHUMA JeTpe
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JI0 aKTUBHOT MeTabonuTa, S-HOPQIYOKCETHHA, KOJH j€ TOJjeTHaKO IIOTEHTaH Kao |
¢bayokcetun [12]. Hajsehum genom (75%) ¢inyokceTun M meroBu MeTabOIUTH H3IY4Yjy ce
MpeKo ypuHa, JOK ce Herme oko 10% duyokcernHa enmumuHMInE mpeko deneca [6].
@DyoKCeTHH ce 0/ OCTaluX npencTaBHUKa SSRIS pasiukyje W 1Mo M3y3eTHO AYrOM BpEMEHY
nonyenuMuHarpje. CMatpa ce Ja BpeMme molyeauMHHanuje (iyokceTnHa M3HOCH OKO S50
yacoBa (1-3 mana), 1ok HOpP(MIYOKCETHMH MMa joIl Jy>Ke€ BpeMe IoyeauMuHanuje- 7 10 15

nana [13].

1.1.3. Uuauxanuje

@nyokcerun je on crpane FDA onoOpeH 3a yiedeme BelnMKe NeNpecuBHE enu3one (3a
oIlpaciie W JIeIly CTapHjy o]l 8 roJuHa), OTICECHBHO-KOMITYI3UBHOT mopemehaja (3a oapacie u
Jely cTapujy ol 7 roauHa), MaHU4YHOT nopemehaja, Oynumuje, Apyrux oOiMKa mIpejenarma,
MpeMeHCTpyaIHor auchopudHor nmopemehaja, OumonapHor nmopemehaja (y kKoMOMHAIUju ca
OJIAaH3aIMHOM), Ka0 | 3a Jieuemhe pedpakTepHuX O0JIMKa JeTpecHje, Kaaa ce Takohe KOpUCTH y
KOMOMHanmju ca onan3anuHoM [ 14-16]. [Topen Tora, GryOKCEeTHH ce KOPUCTH U 32 HHIUKAIIH]C
Koje Hucy onoOpene ojn crtpane FDA, xao mro cy: couujanHa ¢oOuja, mOCTTpayMaTCKU
crpecHu mnopemehaj KoJ oapaciux, rpaHuyHu nopemehaj nuunoctu, PejHOBHOB ¢eHOMEH,
CEJICKTHBHYU MYyTHU3aM U Mpepana ejakynaimja [17,18].

[Iperopyuena mHeBHa 1032 (IIyOKCETHHA 3a JICUCH-€ BEIUKE JCTPECHBHE EMH30]Ie
u3Hocu 20 mg JHEBHO, Majia ce y CiIydajy pepakTepHUX 0O0JHKa J103a MoXe rnoBehaBatu /10
MakcuMajiHe yKynHe jaHeBHe ao3ze oa 60 mg [10]. He mocroje moTmyHO jacHM JOKa3u Ha
OCHOBY KOjux Ou ce moria nopeautu Mehycoona edukacHocT npepcraBauka SSRIS y nedemy
BEJIMKE JICTIPECUBHE €MU30/ie, Beh CBe MHAMIIM]E TOBOPE Ja UM je eexaT WHIAUBHUIYyaIaH, T Aa
3a CBaKOr nanujeHTa Tpebda u3adpatu aHTHACTIPECUB KOjU BeMy HajBulle oarosapa [19]. Unak,
Oynyhu na je moznato ma SSRIS xon ajgonecuenata Mory J1a M3a30BY CyMIMIATHE MHUCIH U
MOHAIIakhe, HHTEPECAaHTHE CMEPHUIIEe ce MOTY HahH y ekcrniepTckoM Munubewy [20], y kojem ce
caBeTyje NMpuMeHa (UIyOKCEeTHHA Kao Jieka U300pa 3a JIeueHme BEeIHUKE JCTPECUBHE €MHU30/€e Y
aJI0JIECIICHTCKOM IEPHOJLY.

3a nedeme ONCcecCHBHO-KOMMIYI3UBHOT nopemehaja, (piIyoKCceTHH ce KOPHCTH Y UCTOM
JI03HOM OTICeTy, 01 yoOndajernx 20 mg JTHEBHO JI0 MaKcHMaHe AHEeBHE g03e o1 60 mg. Kaga
je y nmuTamy AyXuHa MpuMeHe (IyoKCeTHHa 3a Jiedewmhe OBOI MCHUXHjaTpujcKor nopemehaja,
cMaTpa ce Ja Ou ce eBalyaluja Tepamujckor edekra Tpebanma BpmmTH HakoH 10 Hemesba
Tepanuje. Y ciydajy ycIellHe Tepamnuje, Tpeda HaCTaBUTH ca IPUMEHOM JIeKa y 103U KOjOM je
TepanujcKku edekar MOCTUTHYT, JOK Ce Y Cllyyajy HeyCHellHe Tepanuje (IyoKCEeTHHOM

caBeTyje MpeKu] Aajbe ImpuMeHe Jieka. JlyrorpajHa edukacHocT, qyka o 24 Henesbe, HUjE
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MoKa3aHa KOJi OTCecHBHO-KOMMyJ3UBHOT nopemehaja [10]. Cmarpa ce na QuryokceTuH uma
nogjenHaky edpukacHocT W 00sbu 0e30e10HOCHM MpOodUI O] KIOMHUIIpAMHHA 3a JICUCHE
OTICECHBHO-KOMITYJI3UBHOT MopeMehaja, TOK HUje J0Ka3aHa CTaTUCTUYKHU 3HAYajHA pa3iuka y
OJIHOCY Ha cepTpayiuH [21].

®dnyokceruH je ox ctpane FDA omoOpeH u 3a Jieuewme MaHUYHKUX mopemehaja, J0K Y
PenyOmumu CpOuju mpenapatu (IyoKCeTHHAa HHUCY PErHCTPOBAHHM 3a JICYCHE OBE BPCTEC
aHkcro3Hor nopemehaja. Ilomanu koju ce Mory Hahu y auTepartypu, a KOjU C€ OJHOCE Ha
npuMeHy (hIyoKCeTHHa y Jieuery MaHu4YHOT nopemehaja, cy mpuiIn4HO XeTeporeHu, Oyayhu
Ja mpemMa HeKuM Tpernopykama ¢uryokceTuH (y3 ocrane SSRIS) Tpeba KOpHUCTUTH Kao IMPBY
TepanujcKy JuHUjy [22], 10K ¢ apyre cTpaHe MOCToje pe3yITaTH KOjHi MOKa3yjy a MUPTa3aliH
MMa aTpaKTHUBHHUJU Teparnujcko-6e30e10HocHU podui o1 (GIyoKceTHHA Yy Jeuelhy MaHUuYHOT
nopemehaja [23].

3a neyeme Oynmumuje QuryokceTwH je omoOpeH 1994. roamHe, HaKOH pe3yaTara TPU
HE3aBHCHE, paHJOMU30BaHEe, KOHTPOJIHUCAHE KIMHUYKE cTynuje [24-26], y Kojuma je mokKa3zaHo
na ayokceTuH y no3u oa 60 mg JHEBHO 3HAYAJHO CMamYje eru30/1e Mpejeaama u nospahama.
dapmakoTeparnujcke MOTyhHOCTH 3a Jieueme nmopemehaja HCXpaHe Cy OrpaHU4YeHe, ¢ 003UPOM
Jla HeMma IpoHajlacka HOBHX JIEKOBa, Beh ce WHOBalMje 3acHUBAJy Ha IMPOLIUPUBAY
WHAMKALMOHUX  MoJpydja mnoctojehux nexkoBa. 30or Tora ce (IyOKCeTHH Y3
nuzexkcaMmperaMuH cMaTrpa JiekoM Hu30opa 3a seueme Oynumuje, Oynyhu na cmamyje u
€BEHTYyaJIHE JICIPECUBHE CUMIITOME KOJI TTaliujeHara ca oynumujom [27].

Emormonanan u GU3WYKM CHMIITOMH KOJ JK€Ha Ca MPEMEHCTPYATHUM JUCHOPUIHUM
nopemehajeM ce Op30 MoBiaye HAaKoH NpuMmeHe ¢uyokcetuHa [28]. diyokceTuH ce 3a
HaBe/leHy MHIUKAIM]y MpuMemyje y Ao03u ox 20 mg AHEBHO, Maja JO03HU DPEXKUM HHje
cTpuKTHO AeduHUcaH, Oynyhu ma ce mpema mpenopykama koje je mama FDA, ¢uyokcernn
MOJK€ KOPHCTUTH TOKOM CBHUX JaHa MEHCTPYaJTHOT IHKIyca WM caMoO y TOKY JIyTeanHe (aze
[29].

[Tocnenwux rogrHa HAPOUUTO je MOMyJIapHa MpUMeHa (PIyoKceTHHa y KOMOMHAIU]H ca
OJIaH3aITMHOM 32 JIeuermhe OumnosrapHor nopemehaja. MIyoKCceTHH ce MpUMEBmYje 300T yTHIlaja
Ha JierpecuBHY (pa3y oumnosiapHor mopemehaja, JOK c€ aHTHUIICUXOTUK OJIAH3aIMH KOPUCTH Kao
crabmimzarop pacnoyiokema. KomOuHanumja ¢iayokceTnHa M oOJaH3alydHA IOKa3aua ce
e(pUKaCHUjOM OJ MOHOTepanuje JaMOTPUTHHOM, OJAaH3aMHOM U (IIYOKCETHHOM, Kajaa je y
MATalky CTOIMA TEpanujCKOr OJroBopa, pemucHje u pernanca. C apyre crpaHe, KOMOMHAIM]a

oJlaH3anuHa W (pIyoKceTHWHaA je TMoBe3aHa ca BehoM WHIIMIICHIIOM HEXEJbEHUX J€jCTaBa y
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OJTHOCY Ha MOHOTEpaIlvjy JaMOTPUTHHOM U (IyOKCEeTHHOM, ajll HE M Yy OJHOCY Ha

MOHOTeparujy ojianzanuHom [30].

1.1.4. Hexe/beHa aejcTBa

[Ipumena ¢uryokceTnHa Moxe 1a Oyze nmpaheHa BeTUKUM OpojeM HEXeJbEHUX JIejcTaBa
paznuunte npupoje. Beoma yecta HexxesbeHa /iejcTBa (IIYOKCETHHA CY HECAaHMIIA, TI1aB000Jba,
yMoOp, nujapeja ¥ Hay3eja. Takohe, yecTo ce Ha caMOM TOYETKY HpHUMeHe (IyokceTnHa
JjaBJbajy HEXeJbeHa JIejCTBA OJ CTpaHE LEHTPAJIHOI HEPBHOI CHUCTEMA, Kao IUTO CYy
aHKCHO3HOCT, HEMUP, HEPBO3a, HAIIETOCT, BPTOIVIaBULIA, TOpeMeha) Naxkmke, TPEMOp, 3aMarjbeH
Buj. DITyOKCETHH YeCTO M3a3MBa M MAaIINHUTAIM]je, HAla e IPBEHIIIA, OCUII, YPTUKApH]y, CBpao,
TUCTICTICH]Y, CyBa yCTa, apTpairujy u ydecrano mMokpeme [10]. Mnak, mopen MeTabommukux
HEeXeJbeHHX JIejCTaBa, MoceOHO 030MJbHA Cy CeKCyalHa HeXesbeHa JiejcTBa (piyokceTnHa (Kao
u octanux SSRIS). diyokceTHH HM3a3uMBa CMamembe JTHOMIA, OTEKAHY CPEKIH]Y, OIIOKEHY
ejaKynanujy 1 HeMoryhHOCT oKuBJbaBama opra3ma. Mmak, HajHOBHja NCTPAKHUBamba YKa3yjy
Ja je WHUOUACHIA CEeKCYaJHWX HEXKE/bCHHX JIejCTaBa HAKOH NIpUMEHE (IIyOKCeTHHAa W
cepTpaliiHa Mama y ofHocy Ha octane SSRIS, cxonHo yeMy Ou (UIyOKCEeTHH WM CepTpalIiH
Mornu Outu SSRIS wmHMIMjamHOr H300pa KOA CEKCyaJlHO AaKTMBHHMX Mylkapama [31].
CenexkTUBHU MHXUOUTOPY Npey3uMarma CepOTOHNHA U3a3UBajy U CyMIIMJIATHE TEHIEHIIU]€ KO
onpeheHor Opoja malyjeHara, HapoOUUTO y TOKY MPBUX HEKOJIUKO Heaesba Tepamnuje. Ilpasa
y4ECTaJOCT CYMUIMJAIHUX MHCIH, HJeja W TOHAIllaka KOJ IMallijeHaTa Ha Tepanuju
(1yoKCeTHHOM HHje MO3HAaTa, MaJia MoCToje M3BOPH KOjU YKasyjy Ja Ou (IyOKCeTMH MOrao
outn Hajoe30eaanju Mehy SSRIS y moreny momenytor HexesseHor AejctBa [20]. YV ciydajy
HarJor NpecTaHKa MpUMeHe (IyOKCeTHHAa MOXE JOhM JI0 MCIIOJhbaBamka HEKUX O]l CUMITOMA
CHHJIpoMa 00ycTaBe, Kao IITO Cy BPTOIJIaBHIla, CEH30pHU nopemehaju, nopemehaju cnaBama,
acTeHMja, aruTaIyja, aHKCHO3HOCT, My4HHHA, MoBpahame, TpeMop u riaBoboska. 360r Tora ce

caBeTyje MOCTENEHO YKUIamke Tepanuje (IyoKCeTHHOM TOKOM HEKOJIMKO He/lesba.

1.1.5. Uurepakumje

@DyOKCETHH M MapOKCETHH Cy CHaKHU MHXuOMTOopW muroxpoma CYP2D6, 300r yera
MOTYy Jla CTyIlleé y WHTEpaki{je ca JEeKOBUMa KOju ce MeTaboiuiny MmyTeM oBe u3odopMme
jerpune oxcupaze. dayokcetuH mnosehaBa KoHIEHTpauujy ¢uekanHuaa, mnponagpeHoHa,
CHKauHWJa ¥ TPULMKINYHUX aHTuzaenpecuBa. C 003UpOM Ha yCKy TepamnujcKy HIMPUHY U
030MJbaH TOKCHYHHM TMOTEHIHMjaJ] TOMEHYTHUX JIEKOBA, TOKEJBHO je€, KajJ Toi je To moryhe,
n30eraBaTh HUXOBY UCTOBPEMEHY MpUMEHY ca (iyokceTnHoM. EBeHTyanmHo, y ciiy4ajy na je

KOHKOMMTAHTHA Tepamnuja ca (IyOKCETHHOM HEOIXOJHa, OBE JIEKOBE Tpeba MpUMEHUBATH Y
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J03aMa MambUM 0] yOOM4ajeHuX U Tpeba CIpOBOIUTH MOHUTOPUHT IIpuMemeHe Tepamnuje [10].
Nurtepaknuja Ha HUBOoy CYP2D6 1muToxpoma MoCTOjH W Yy ClIy4ajy UCTOBPEMEHE IPUMEHE
(dayokceTMHA W METONpojoja, Tako Ja ce Takohe caBeryje wu30eraBame IOMEHYTE
koMOuHanmje jnekoa [32]. C apyre crpane, (IyoKCeTHH JOBOAM A0 3HAYAJHOT CMambeHha
KOHIICHTpallijeé aKTHMBHUX MeTa0ojMTa TamMoKcu(peHa y Iuia3Mu, 300T 4Yera ce caBeTyje

n3beraBame npuMeHe GIIyoKCeTHHA y TOKY Tepanwuje Tamokcudenom [10].

1.1.6. KonTpamnaukanuje

KonTpannaukoBaHa je HUCTOBpeMeHa IpUMeHa (IyOKCeTHHAa ca HEeCEIIEKTUBHUM
MHXHOUTOpUMA eH3MMa MOHOaMHUHO okcuaase (MAO uaxuburopu) 300r moBehanor pusuka o
nojaBe cepoTtoHUHCKOr cuHapoMa [10]. CepoTOHMHCKM CHHAPOM j€ CKyIl MEHTAaJIHHX,
ayTOHOMHHUX M HEYpOMYCKYJAaTOpPHUX IIPOMEHa KOjeé HacTajy Kao Iociequlla MpeKOMepHe
cTUMYJanuje cepoTroHuHepruukux S5-H7T1, penentopa. [lopen komOunoBane npumene SSRIS u
MAO uaXuOUTOpa, CEPOTOHMHCKH CHHAPOM MOJKE J1a HACTaHE M Kao TMOCIEIHIA TPEI03Hparha
SSRIs. @nyokcernn uma Behu moTeHIMjal 32 H3a3UBaKE CEPOTOHUHCKOT CHHIIPOMA Y OJHOCY
Ha octaje SSRIS, 300r nyror momxy)uBOTa caMor (pJIyOKCEeTHHA U HAPOYUTO HErOBOT AKTUBHOT
Metabonuta HopdayokceTnHa. CHMOTOMH KOjU C€ jaBba)y y OKBUPY CEPOTOHMHCKOT
cUHApoMa o00yxBaTajy XHUIIEPTepMH]y, Taxukapavjy, KoHQy3Hjy, xuneppediekcujy,
PUTUIIUTET, aruTalujy, MUOKJIOHYC, nujapejy, noBpahame, Hemup u komy [33]. Cumnromu
CEpOTOHMHCKOI' CHH/IPOMA y3pOKOBAHOT (DIYOKCETHMHOM MOTY Jla MEP3UCTUPA]y O HEKOJIMKO
JlaHa /0 HEKOJMKO Helesba, YIPKOC aAekBaTHO] (apmakorepanuju [34]. 3a neueme
CEPOTOHMHCKOT CHHIpOMAa TMPUMEHY]Y c€ HecnenupuyHe Mepe OopOe MpOTHB aIuao3e u
1I0Ka, pacxjaluBame namujeHTa, HUIpoXenTaaluH U/Uiau JauTposeH [33].

@DyoKCeTHH HUje arlcolyTHO KOHTPaMHJMKOBAH 3a MPUMEHY Yy TpyaHOhU M Moxe ce
NpUMEHBUBATH y3 MEpe Ompe3a, Maja MOCTOje J0Ka3u Ja je MpuMeHa (UIyOKCeTHHA y TOKY
TpyaHohe moBe3aHa ca moBehaHWM PHU3MKOM OJ TIOjaBe KapAMOBACKYJapHUX aHOMallMja KO
HoBopoheHuaau [35]. OyoKCETHH U HEroB akKTUBHU METabOIUT HOP(PIYOKCETUH MPOAUPY Y
MJIEKO, TaKo J1a ce y ciy4ajy noTpede 3a MpuMeHOM (UIYOKCETHHA Y TOKY JIAaKTallUje CaBeTyjy

MHUHUMAaJIHE J103€ Jieka [10].

1.2. Tlapokcerun

1.2.1. XeMmjcka CTPYKTypa U MeXaHHM3aM JiejcTBa
[TapokceTHH je CEeNeKTUBHM WHXUOMTOp Mpey3uMama CepOTOHMHA U3 Tpyle

beHuIUIepUInHa ((3S,4R)-3-(1,3-6eH301110KCOIT-5-MTOKCHMETHIT )-4-(4-hyopod eHr)-

15



Munom MunocassbeBrh JloxTopcka aucepranuja

nunepuauH) [36]. CMatpa ce Aa je HajIIOTEHTHUJU WHXHUOUTOP Mpey3uMama CEPOTOHWHA O
CBHUX JI0 cajaa jaoctynHux a"tugenpecusa [37]. C apyre cTpaHe, OH BeomMa Majo yTHYE Ha
npey3uMame HOpaapeHAINHA, ajlHd jé W M0 TOME e(pHUKACHUJU O] OCTAIHMX INPEICTaBHHUKA U3
rpyne SSRIS, mTo MoXe TONPUHETH HEeroBoj ehUKACHOCTH TP BUIIMM go3ama. Mmak, in vitro
u in ViVO cTyauje cy mokasalie Ja MapoKCeTHH nMa BeoMa ciiab auHHUTET 3a ajpeHepruuke (o,
ap, f peuenrtope), nonamunepruuke D, penentope, xucramuuepruuke H; perentope, Kao 1 3a
5-HT;4 n 5-HT, ceporonuHepruuke penentope. Hemro Behn adpuHUTET MapOKCETHH MOKa3yje
camMo mpeMa M; MYCKapuUHCKHM peELENTOopuMa, ald ce Moxke pehm ga je Heroro
AHTUXOJIMHEPTUYKO JIEJCTBO 8 TyTa ciaduje ox AejcrBa HopTpunTminHa [38-40]. [Mapokcernn
ce MOKa3a0 M Kao CHa)XKHH UHXHOUTOp a30T MoHOKcua cunTerase (NO cunTeTasa) y in Vvitro u

in vivo ycioBuma [41].
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Cnuka 2. CTpykTypHa GopMya napoKceTHHa

1.2.2. dapmMakoKHMHeTHKA

Aricopriija mapokceTHHa HAaKOH OpaiHe MpuMeHe je AoOpa Oyayhu ma cy crtyauje
OMOpaCIIOIOKUBOCTH TOKa3ayie creneH ancopriuje mmehy 50 u 100% [42,43]. Ha
arCopIIIUjy MapOKCEeTHHA HE YTHYE y3MMame XpaHe HUTH MCTOBPEMEHA MpHMEHa aHTalUaa.
ITocToje 3Ha4yajHe MHTEPUHIUBUAYAJIHE pa3iIMKe Kajga je y MUTamy BOJIYMEH TUCTpUOyLHje
napokcetuna, o0yayhu na ce on kpehe y pacnony ox 3,1 no 28,0 L/kg HakoH MHTpaBeHCKe
npuMeHe. Benmuku BoayMeH aHMCTpUOyIHje je TMOCIeAHIia W3PA3HTe JIUTOCOIYOMIHOCTH
(EeHMWTUIIEPUINHCKOT MOJIEKYJIa TTapOKCeTHHA, 300T 4yera cBera 1% mpuMemeHe 03¢ JieKa
ocTaje y CHUCTeMCKOj Iupkynanuju. [lapokceTnH ce y BHCOKOM mpolueHTy (95%) Besyje 3a
poTeHHe IUIa3Me, 300T yera je mMoTpeOHa ompe3Ha MpHMEHa ca JEKOBHMAa Kao IITO CY
BapdapuH, pypocemua wiM BainpouyHa kucenuHa [44]. Camo nenumuyHo (Mame oa 5%)
MapOKCETHH C€ HEM3MEHEH M3Iydyje Tpeko ypuHa u ¢emeca. [lapokceTnn ce metabomuiie Ha
UTOXPOMHKMA jeTpe U TO AOMUHAHTHO Ha u3ohopmu CYP2D6 [45], 1ok Cy HEKa UCTpaKUBabha

nokaszasia 7a O M3BECHY yJIOry y MeTalojucamy MapOKCeTHHA MOIJIa UMAaTh U u3zodopma
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CYP3A44 [37]. Merabonu3aM TapoOKCETHHA OJIBHja CE€ /IO HETOBUX HEAKTHBHHX IOJIAPHUX
MeTaboIuTa Koju ce u3inyuyjy ypuHoM (25%) u denecom (25%). Enumunanuja napokceTuHa
uma Oucdasznynu kapaktep. [lapokceTHH ce MOKa3ao M Kao CHAXXHU MHXHOUTOP LUTOXpOMa
CYP2D6, 360t yera MOKe J1a CTYIIH y MHTEPAKIIKje ca JEKOBUMA KOju ce Takole MeTtabonuiry
myTeM OBe M30(opMe jeTPUHUX OKCHAasza. Y Cilydajy KOHKOMHUTAHTHE Tepanuje, MapoKCeTHH
noBehaBa KOHLEHTpaUWjy TPULUMKIMYHUX AaHTHICNPECHBA, aHTHApUTMUKa u3 rpyme 111,
npouukKiIuauHa u TeopunauHa. C apyre cTpaHe, KOHIEHTpAalHWjy MAapoOKCEeTHHA y IUIa3MHU
nosehaBajy JApyrm HWHXHOMTOpUM IIMTOXpOMa jeTpe, Kao INTO je LHUMETHIWH, JOK he
KOHIICHTpallMja TAapOKCeTHHA OWTH Mama y Clyd4ajy HEeroBe HCTOBPEMEHE NpUMEHE ca
MHIYKTOpUMa IIMTOXPOM OKCHAa3e, Kao mTo cy kapOamazenuH u ¢enutonn [37]. Kon
nanyjeHata ca OyOpeKHOM UHCY(UIIMJEHLIMjOM, HApOYUTO KOJ OHHMX Ca KIUPEHCOM
KpeaTuHUHA MamuM oa 30 ml/min, ka0 W KOJA TamMjeHara ca IHPO30M jeTpe, MOTY ce
ouekuBaTH Behe KOHILIEHTpalMje MapoOKCEeTHHA Y IUIa3MU W JYKE BpeMe IOJIyeITHMMHHAIH]E.
[Tapokcerun ce, kao u octanu SSRIS, uznydyje y mieko, npu 4emy je Ta eKCKpelrja TuPeKTHO
NPOTIOPIOHATIHA 103U JIeKa KOjy y3uma Mmajka [46]. Exckpenmja mapokceTHHa y MIICKO je
Mama y OJHOCY Ha (UIYOKCeTHH M LuTaionpam, aiau Beha ox ekckperuje 3a0enexeHe Kox
ceprpanuHa u ¢payBokcamuna [47]. CymapHo, Moxe ce pehu na ce, mpu npuMeHn yoOru4ajeHux
TEpaIyjCKuX /1032 MapOKCETHHA KOJ MajKH, MOTY OUYEKHMBAaTH MaJleé KOHIEHTpaluje JieKa y
MJIEKY, 300T 4era ce MapoKCeTHH MIIaK cMaTpa JeAHUM OJ1 MOXKEJbHUJUX aHTHIEIPECUBA TOKOM

nojema [48,49].

1.2.3. Nuauxaunmje

[TapokceTH ce KOpPUCTH 3a JIeUeH€ BEIUKE JACNpecHje M pa3iNuuTUX aHKCHO3HUX
nopemehaja: reHepaiM30BaHOr aHKCHO3HOI mopemehaja, maHuuHor nopemehaja ca wim 0e3
aropagobuje, OIICECHBHO-KOMITYJI3UBHOT nopemehaja, COLIMjaJTHOT AQHKCHUO3HOT
nopemehaja/conujaae Gpobuje u MoCTTpayMaTCKOT CTPECHOT mopemehaja.

[TapokceTnH ce mokazao epukacHUM y Jiedewmy Benuke aenpecuBHe emmzozne [50]. YV
nopehemy ca TPUIMKINYHUM aHTHICTPECUBUMA, TTAPOKCETHH j€ IM0Ka3a0 HajMame M0/1jeTHAKY
e(pUKaCHOCT y OJHOCY Ha KJIOMHUIPAaMHH M 3Ha4yajHO Behy e(pUKacHOCT y OJHOCY Ha ocTaie
MpeCTaBHUKE TPUIMKIMYHUX aHTHIenpecuBa. Takolhe, kaia cy y muTamy HEKeJbeHa JIejCTBa,
MapOKCETHH Ce TTOKAa3a0 3HauYajHO 0e30€HUJUM y OJTHOCY Ha CBE MPEACTAaBHUKE TPUIIMKITHIHUX
aHTHaenpecuBa, ykJbyuyjyhu u kimomunpamuH [51]. Tlokazano ce ga ce He Moxe ca
curypHouthy pehu fa nu je mapoKCeTHH BHILIE WM Mame ehuKacaH Ol XETEPOLHKINIHUX
aHTUJETIpECHBA U ocTauX rnpenctaBHuka SSRIS y nedewmy Benuke aenpecuje. Mnak, mocroje

onpehene MHAMIM]E KOje yKa3yjy Ja je nuTajonpaM ePpUKACHH]U O] MapOKCETHHA 3a aKyTHY
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(dazy Benuke aenpecuje (mpBux 6 10 12 Hemespa), OTHOCHO Ja je MUPTa3anuH ePUKaCHUH Y
ToTJIeTy MHUIIMjaTHOT OJIrOBOpa MallfjeHTa Ha Teparujy TokoM rnpse 4 Henesbe [52]. Takohe,
HAjHOBHUjU PE3yATaTH YKa3yjy Ja AYJIOKCETHH, Ka0 MHXUOWUTOpP Mpey3uMarma CEPOTOHWHA U
HOpaJipeHaInHa, UMa Behy KIMHHUYKY €(pUKACHOCT y Jieuery BEJHKE JICNPECcHje Yy OJHOCY Ha
CBE CEJIEKTHMBHE WHXHUOMTOpE TMpey3uMama cepoToHuHa [53]. YoOuuajeHa moyeTHa mJ03a
IIapOKCETHHA 3a Jieuewe Beluke aenpecuje je 20 mg, a Moxke ce MOoCTeNeHo nosehaBaTH 3a 1o
10 mg HezmesbHO cBe 10 MakcuUMaiHe JHEBHe o3¢ of 50 mg. 3a ucnospaBambe KIMHUYKOT
edexTa MapoKCceTHHa, Kao ¥ OCTAIUX aHTHACIIPECHBA, MOTPEeOHO je na mpohe mepuos ox 2 ao 4
HeJleJbe, TaKo J1a ce MPUMETHO MO00JBIIAkE CTakha KOJI MAIMjeHTa MOXKE OYeKHBATH TEK HAKOH
TOT JIATEHTHOT nepuoaa [54].

[TapokceTuH je 0g00peH 3a Jieuewne reHepaln30BaHOI aHKCHO3HOT nopemehaja, Maaa Ha
OCHOBY JOCTYITHHUX I0/IaTaKa HHje Moryhe Mpeun3HO OJIPEIUTH HEroBy MO3UIH]Y Y JICUCHY
OBOT THIIa aHKCHO3HOT mopemehaja y ogHocy Ha octane antuzenpecuse. [Ipema pesynratuma
IIBEJICKOT CaBeTa 3a MPOLEHY 3paBCcTBEHUX TexHojoruja u3 2005. rogune [55], mapoKkceTuH u
BeHJaaKCHUH Cy ce U3/IBOJUIIM Kao aHTHUJICNIPECHUBH Ca HajjadyoM JI0OKa3aHOM edukacHomhy y
Jieuehy TeHepaIn30BaHOT aHKCHO3HOT nopemehaja, TOK pe3yaTaTd MeTa-aHajJu3e CIPOBEICHE
Ha Teputopuju Benuke bpuranuje [56] ykasyjy na Ou JyJTOKCETHH, €CIUTAJIONpaM |
nperaGaiyH MOTJIU J1a UMajy oApeheHe MpeTHOCTH Y OHOCY Ha BeHJIa(aKCHH U MAPOKCETHH 3a
NOMeHyTy HHIuKanujy. IIpermopyueHa m03a MapoKCeTHMHA 3a JIEUEHE T'eHEePaTU30BaHOT
ankcno3Hor nopemehaja uznocu 20-50 mg [54].

VY3 BennadakcuH W octaie mpeacraBHuke n3 rpymne SSRIS, mapokceTwH ce cmarpa
TepamujoM MpBOr H30opa 3a Jeuewme pa3IUuYUTHUX BpcTa NaHWYHMX nopemehaja [22].
VYobuuajeHa 103a mapoKceTWHa 3a Jeuewme naHuuHor nopemehaja je 40 mg, maga ce 300r
pU3MKa O]l MOroplliamka HWHULHMjaTHE CHUMITOMATOJIOTHjE€ KOja Ce MOKE jJaBUTH Ha CaMOM
MOYETKY Teparuje, caBeTyje mocTerneHo yBoheme jieka ca moBehamem no3e ox 10 mg Ha
He/leJbHOM HMBOY. MakcuMaiaHa TNpenopydyeHa Jo03a MapoOKCeTHHA 3a JIeYeHhe MaHWYHOT
nopemehaja nznocu 60 mg nueBHO [54].

[TapokceTnH je y WCTOM J03HOM MOApydYjy (mpemopydeHa nHeBHa jgo3a 40 mg,
MaKkcUMaliHa JHEeBHa jgo3a 60 mg) perucTpoBaH W 3a JICUCHE OICECHBHO-KOMITYI3UBHOT
nopemehaja [54]. Ilapokcetun u npyru SSRIS koju ce Kopucte 3a Jie4eme OICECHBHO-
KOMITYJI3UBHOT mopeMehaja (y HmpBOM peny cepTpaivH, (UIyOKCeTHH M (IIyBOKCAaMHH) CYy

MOKa3aJIM MoJjjeHaKy ehUKACHOCT M 00JbU 0e30e10HOCHH MPOGUIT y OJHOCY Ha KIIOMHUIIPAMUH

[57].
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[MocrTpaymarcku crpecHn mopemehaj ce ca ycrmexoM MOXe JICUUTH NPUMEHOM
MapOKCeTHHA, (UIyOKCeTHHA WM BeHiadakcuHa, Maja pe3yiaratd Mera-aHanmze u3 2018.
roguHe [58] yka3yjy da je WHXUOMTOp MOHOAMHHO OKCHAasze, (peHel3uH, BEpOBAaTHO
Haje(KaCHUjU AHTHUJCTIPECUB Yy JIEUeHY OBOT THMA aHKCHMO3HOT nopemehaja. Ilpenopydena
71032 TIApOKCETHHA 32 JICUCHE MOCTTPAYyMATCKOT CTpecHOT nopeMehaja u3Hocu 20 mg JHEBHO,
nmpu 4emMy ce y ciydajy pedpakrepHux obOimuka OosnecTd go3a Moke moBehaBatm 1o
MakcuMarHuX 50 mg aHEBHO. Y HMICHTUYHOM JO3HOM OIICETy MapOKCETHH C€ KOPHUCTH U 32
JIeYeH-e COIMjalTHUX aHKCHO3HUX mopemehaja [54].

[lopen HaBeneHHWX MCUXHUjAaTPUjCKUX HHIUKAIMja 32 KOj€ C€ MApOKCETHH KOPHUCTH
3axBajbyjyhu CBOM MpUMapHOM MEXaHHU3MY JeJIoBaba (MHXUOUIIMja Tpey3uMamka CEPOTOHIHA
y NMPECUHANTHYKE HEPBHE 3aBPILETKE), CABPEMEHA KIIMHUYKA HCTPAKUBAha yKa3aia Cy Ha jOIll
jeOHy TOTEHLHWjAIHy TEpanujCcKy WHAWKALHU]y 3a MPUMEHY MapoKceTHHa. To cy HenmpujaTHU
Ba30MOTOPHU CHMIITOMH KOjH C€ jaBJbajy KOJI eHa y MeHomnay3u. Cmatpa ce ga SSRIS mory ma
Oyny eukacHM y HaBeI€HO) MHIUKAIUjU 300T YN-EHUIIE Ja 300T LIEHTpaTHEe Ba30ouIaTaluje
CMamYyjy MPOTOK KPBH KpPO3 KOXY M JOBOJE N0 CHYIITama IEHTPAIHE TEJICCHE TEMIIepaType
[59]. PesynraTi paHgoMu30BaHE KOHTpOJIMCAHE KIMHHYKE cTymuje [60] cy mokazamu ma ce
MApOKCETHH MECHJIaT Ca YCIIEXOM MOXKE KOPHUCTHUTH 3a JIeYeHhe YMEPEHHX 10 TEIIKUX
Ba30MOTOpPHHMX cuMITOMa Yy MeHomay3u. FDA je 2013. roamne opoOpuina ynotpely
MapOKCETHH MECHJIaTa Kao MPBOT HEXOPMOHAJIHOT JIEKa 3a JIEYeHhe Ba30MOTOPHUX CUMITOMA
yApYXKEHUX ca MeHoray3oM [61]. 3a HaBeleHy WHIMKAIN]y TTAPOKCETHH C€ KOPHUCTH y J03ama

on 7,5 mg nueBHO [62].

1.2.4. HexebeHa aejcTBa

[TapokceTnH Mo’ke U3a3BaTH BEJIMKH Opoj MOTEHIMjaTHUX HEXKEJbEHUX JiejcTaBa. YecTa
He)XeJbeHa JIejcTBa KoOja TMpaTe IMpPHUMEHY MapOKCeTHHAa MOTYy ce€ KJIacu(pUKOBaTH Kao
MeTa0oiMuka HEXeJheHa JejcTBa (MydHHWHA, JHWjapeja, OICTHIMAIMja, TOpacT HUBOA
XOJIECTEPOJIa, CMAEHHE alleTUTA, MOPACT TEIECHE Mace), 3aTHUM CeKCyallHa HeXKeJbeHa JIejCTBa
(uMIIoTeHIMja, CMameme JHUOHMAa, OJUIOKEHA ejaKylaluja, ceKkcyalHa IucyHKIHja) U
HEe)XeJbeHa JIejCTBA OJ1 CTPaHEe LEHTPAIHOT U MepudepHOr HEPBHOI cHcTeMa (COMHOJIEHIIN]a,
HECAaHWIAa, AaruTHPAHOCT, a0HOPMAaJlHM CHOBHM, BPTOTJIAaBHIA, TpeMop, mopemehaj
KoHIeHTpanuje, 3amyhen Buma) [54]. [Ipumeny mapokcetnHa Tpeba m30OeraBaTu KOJ Jele U
ajoJeciieHara, 300r ToBehaHe y4YecTajoCTH CYWIHMIATHUX TEHACHIMja W XOCTHJIHOT
noHamama [63]. Taxolhe, mapokceTMH MoOK€ H3a3BaTH YMTAB HHU3  Pa3IUYUTUX
eKCTpanupaMuIaIHuX nopemehaja, kao mro je akaruszuja [64]. IlapokceTuH peTKO MOXe

M3a3BaTH M Apyra HeKeJbeHa J€jCTBa, MOMyT 96-4aCOBHOT MpHjanmu3Ma KOjH je OmucaH KoJ 42-
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rogummer Adpoamepukanmna [65]. Ilpecranak mnpuMeHe mapokceThHa Tpeba nma Oyne
MOCTETICH, Ca MPOTPECUBHUM, aJIH MOCTEIICHUM CMambUBakEM J103¢€ TOKOM HEKOJIHMKO Helesba,
ma M Meceld, Kako Ou ce m30erao CHHApPOM oOycraBe. Y CYNpPOTHOM, Yy CIIy4ajy Harjor
IpecTaHKa IpHMEHEe MapokceTnHa, koj 4ak 30% mamujeHara Jgojla3d JI0 HCIOJbaBamba
HENpPUjaTHUX CUMITOMAa Kao IITO Cy BPTOIVIABHIIE, AKyCTUYHH, BH3YeJHH W Topemehaju

criaBama [54].

1.2.5. HnTepakumje

[TapokceruH, kao cHaxxan naHxuOUTOp CYP2D6 m3odopme jeTpuHe okcumaze MOXe Jia
J0BeZIe 10 3HadajHOTr moBehama KOHIEHTpaluje JeKOBa KOju ce METa0OoJHIIy MoMOohy HMCTOT
eH3nMa. 300r HaBeJICHUX paszjiora Tpebda m30eraBaTH UCTOBPEMEHY NMPUMEHY MapoOKCeTHHA ca
METOIPOJIOJIOM [66], TPUIUMKINYHUM aHTUIenipecuBUMa [67] u antuaputmunuma u3 111 rpyne
[68]. McroBpeMeHa TpUMEHAa MApOKCETHHA Ca AaleTUJICAJIMIIMIHOM KHCEIMHOM U JIPYTUM

aHTHArperalmoHuM JICKoBUMa rpaheHa je moBehaHuM puU3HKOM OJ1 TT0jaBe KpBapema [69].

1.2.6. KouTpaunaukanmje

[Ipumena mapokceTHHa je alCOIYTHO KOHTPHHIMKOBaHAa y KomMOumHamuju ca MAO
uHxuOuTopuMa  (cemerwnuH, (eHem3uH, U30KapOOKca3wa, TPAHWIIUIPOMUH), jep
UCTOBpEMEHA TpPUMEHAa OBUX aHTHJAENpPECMBAa 3HauyajHO TMoBehaBa pH3UK O] II0jaBe
cepoToHUHCKOTr cuHapoma [70]. Hakon npumene wupeep3nOumHux MAO wunHxubutropa
caBeTyje ce Wash-out mepuoj ol HajMame JBE Helesbe Mpe MPUMEHE MapOKCETHHA, JOK 10
IIpeCTaHKy NIpHMEHE IMapoKceThHa Tpebda cadekaTH Henesby JaHa npe mnpumene MAO
uHxuburopa. [lapokceTnn Tpeda onpe3Ho MpUMEHUBATH U 'y KOMOMHAIIM]U Ca aHTUOMOTHKOM
JMHE30JIMI0M Takohe 30or moryhe mojaBe cepoToHMHCKOT cuHapoma [54]. C apyre cTpane,
pesyaTtatu oapeheHUX CTyauja yKaszyjy Ja HE TOCTOJU CTAaTUCTUYKMA 3HA4yajHA pasiiika y
MoTJIely MHITUACHIIE CEPOTOHMHCKOT CHHJApPOMa KOJ| TaldjeHara KOju TMpUMajy CcaMo
JIMHE30JIM]] Y OIHOCY Ha MallijeHTe KOjU Y TOKY aHTUOMOTCKe Teparuje JMHE30JIU0M KOPUCTe
u SSRIs wnmu SNRIs [71]. KoHTpanHaukoBaHa je U MCTOBpEMEHA NMpPUMEHa MapoKCETHHA ca
THOPHUIA3MHOM, jep TApOKCeTWH, Kpo3 wuHXxuOumjy uuroxpoma CYP2D6, mosehaa
KOHILEHTpallMjy THOpHUJA3MHA Yy IUIa3MHM, YUME C€ 3HauajHO noBehaBa pH3UK Of TMOjaBe
(aranHuX KOMOpCKHUX apuTMuja 1o Ty torsade de pointes [72]. Kaza je y nutamy npumeHa
napoKceTHHa y TpyaHohu, pe3ynTtatu Mmera-aHanuze [73] xojom cy oOyxBaheHHM momanu of
1986. no 2006. romuue, yka3yjy Ja je NMPUMEHAa MapOKCETHMHA y TOKY MPBOT TpUMeECTpa

TpynHohe TOBe3aHa ca TmoBehaHOM WHIMICHIIOM KapAWjalHUX Majldopmaiuja KoJ
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HOBOpOlheHYa M, TaKo /a ce yrnoTpeda mapokceTHHa y TPYyAHONW caBeTyje camo y Clydajy

cTpore uHANKanuje [54].

1.3. Hurasonpam

1.3.1. Xemmujcka CTPYKTypa U MeXaHU3aM jiejcTBA

[uramonpam je OWIMKINYHU (PTAJICHCKH JepUBaT W CEJIEKTHBHU WHXUOUTOP
npey3uMama CEpOTOHMHA, Ca AHTHJCTPECUBHUM W aHKcHOMMTHYKUM JaejctBoM. [lo IUPAC
HOMEHKJIATypu, nutamonpam je 1-[3-(mumernmnamuno)npornui]-1-(4-dnyopodenwn)-3H-2-
oenzodypan-5-kapoonutpun [74]. Luranonpam je 3ampaBo pamemcka cmema S (+) u R (-)
E€HaHTHOMEpA, IIpH uemy je S (+) eHaHTHoMep (apMaKoOJIOLUIKA aKTUBAH Y MOTIIey HHXHOUIIM]e
npey3uMarma CEpOTOHMHA Y MPEeCHHANTHYKe HEpPBHE 3aBpIIETKE, 3a pasiuky o R (-)
€HaHTHOMEpa KOju je (apMaKoJOUIKM HEaKTHBaH. EKCIIEpUMEHTH Ha >XHBOTHEAMa CY
[IOKa3ajy Jla IpuUMeHa LuTajonpama y o34 o 10 mg 2 myra IHEBHO JOBOJAU A0 IOpacTa
HUBOA EKCTpAaIleNyJapHOT CEPOTOHMHA, IITO JIOBOJHM O AKTHUBAIM]je COMATOJCHIPHUTCKUX 5-
HTI1, peuentopa. Pesynrar akrtuBanuje comaroaeHaputrckux S-HT1, peuentopa je
uHXKuOMIHKja perenTopa y raphe nuclei, mro 1oBoau 10 HUCXOHE peryialje ayTopenentopa
Y TIOCIIEINYHOT TI0javama CEPOTOHMHEPTUYKE HeypoTpaHcMucHje. Jlo HUCXO/IHE perynanyje y
Opojy CEepOTOHMHEPrHUKHX pelenTopa J0Ja3d HAaKOH 2 10 3 HeJesbe, IITO 3ampaBo U
o0jalimaBa JIATEHTHH NEpUOJl KOjU je MmoTpebaH Ja Ou IUTaJIonpaM OCTBApHO CBOje
Tepanujcko aejctBo [75]. Lluramompam je HajcenekTHBHHjH TmpeactaBHUK SSRIS, ca
MUHUMATHAM YTHIQjeM Ha MPEy3MMame HOpPaIpeHATNHA, JOTIAMHHA W TaMaaMHHO OyTepHe
kucenuHe. lluramonpam rotoBo ga Hema adUHUTET MpeMa MOCTCUHANTHYKUM 5-HT2, u 5-
HT2c, anpenepruukum (a1, o2, f), nonamuHepruukuMm (D, D;), xucramunepruukum Hi,

MYCKapUHCKUM, HUKOTHHCKHM, O€H30/IMa3eMMHCKUM U OITMOJHHUM perentopuma [76].

-
e
N~

Cnuka 3. CtpykrypHa Gopmyiia uraigonpaMa
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1.3.2. dapmakoKkMHeTHKA

Armcopriiigja nMrajgonpamMa He 3aBUCH Of MPHCYCTBAa XpaHe a OMOpacHONIOKHUBOCT
HAaKOH opanHe mpuMeHe m3Hocu Ooko 80%. MakcuMmanHe KOHIICHTpallje IUTalonpaMa y
IUIa3MH C€ MOCTHXKY 2 110 4 4aca HAaKOH NMPHUMEHE JieKa, a Cpelma KOHLEHTpaluja JieKa y
IJ1a3MHU Y PaBHOTEKHOM CTamy KOja ce MOCTH)KE HAKOH MPUMEHe LuTanonpaMa y ao3u oxa 40
mg nHeBHO n3HocH 311 nmol/L. IuTtanonpam ce y ogHocy Ha octane SSRIS y HemTo Mamoj
MepHu Besyje 3a nporeune miasme (80%). Kao u ocranu npeacraBHULIU TpyIie, LIUTAIONPaM je
M3Y3€THO JIMIIOCOYOUJIaH JIeK, ca BoJdyMeHoM auctpubymnmje ox 12 no 16 L/kg u mmupoxom
IUCTpUOYLHjOM Yy TIeprupepHUM TKHUBUMA [75]. ¥V KIMHUYKUM J103aMa, UTAJIONpaM IMOKa3yje
nuHeapHy (apmakokuHeTuky. [loctoju nuHeapHa kopenanuja usmely m03e U paBHOTEKHE
KOHIIEHTpalldje IUTalonpaMa M meroBux Merabonurta. Mnak, Huje yTBpheHO mMocTojame
Kopernanyje u3Mel)y miasma KOHIEHTpalMje MUTaJonpaMa UM KIMHWYKOT OAroBopa. Taxole,
MOCTOje W HeMalle HWHTEPUHIUBHIyaTHE BapHjalMje Be3aHE 3a IUla3Ma KOHIICHTPALHUjy
IUTANONpaMa y 3aBHCHOCTH OJI CTapOCTH W MOJia MalldjeHaTa, JOK je MHTpauHAUBUIYyaTHA
BapHjabUITHOCT MpolewkeHa Ha oko 15% [77].

[MutamonpamM ce JOMHHAHTHO MeTa0onumie mocTynkoM 2N-gemerminanuje 10
nemermutanonpama  (mocpencteom  CYP2C19 wu CYP3A4  wusodopme) wu
muaeMerwianuranonpama (mocpeacteom CYP2D6 wuzodopme) [78,79]. Kako uwuranompam
NpeJCcTaB/ba paleMcky cmemy S u R eHaHTHOMepa, Tako MeTaboiuMcameM LUTalonpama
HacTajy meroBu S u R merabonurtu. S- nemermnmuranonpam je 6,6 myra akTUBHHjH o7 R
enantuomepa [80]. [IpouenryanHo Hajpeha komuymHa MeTaboIMTa IUTAJIONpamMa OTIaaa Ha
nemerminutanonpam (30 go 50% y oAgHOCY Ha yHETY KOJIMYMHY LMTaiompama), JOK ce
IUEMEeTUILMTANoNpaM cTBapa y Mawoj koiaumuuHM (5 1o 10% on yHere Konu4HMHE
uuranonpama). [{utanonpam je oko 4 myra NOTEHTHUJU O IeMETHIILIUTAIoNpaMa 1 oko 13 ox
auneMeTwiInuTanonpama. I[lopen mocTynmka jaeMeTWiandje, MUTAJIONpaM ce  JIeTUMHYHO
MeTabomuie okcuaanujom a0 N-okcuaa murajgonpaMa M JepuBaTa MPOMHOHCKE KHCENWHE,
KOjU Cy y IUIa3MU MIPUCYTHU Y HE3HATHUM KosmunHama [75]. Lluranonpam je ciiab uHXUOUTOP
CYP2D6 n3odopme jeTprHe OKCHIa3e M TOTOBO J1a Hema HukakaB yruiaj Ha CYPIA2, CYP3A4
n CYP2C19 m3odopmy [81], mOK je JeMETHIIHMTAIONPAM HEIITO MMOTCHTHHJH WHXHUOHUTOP
CYP2D6 uzoenszuma [82].

Oxko 23% uwuranompamMa ce€ HEU3MEHEHO H3Iydyje Yy YpHuHY, TOoK ce oko 10%
HEU3MEHEHO Hu3Nydyje ¢ernecoMm. PenamHu kimpeHc nurtamonpama uzHocu 2,8-3,3 L/h, moxk
CHUCTEMCKHM KJIHMpPEHC uuTajmonpama wuzHocw 23-28 L/h. Enmmunanuja muranomnpama je

6udaszuyna, a nIazma BpemMe MoiyeIMMHUHAI]e U3HOCH OKO 35 vacosa [75].
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Konauno, tpeba pehu nma je nuramonpam jenuHu mpenactaBHUK SSRIS koju ce moxke

MIPUMEHUTHU U y BUIY HHTpaBeHcke nHby3uje [83].

1.3.3. HUuauxanuje

Hurtanonpam xuapodbpomuy je ox crpane FDA omoOpeH 3a nedeme Jenpecuje Koj
onpacnux mnanujeHara. [loctoje m Heke apyre MHAMKAIMjE 3a MPUMEHY LUTAIoNpama Koje
HUCY omobOpene on crpane FDA, kao mro cy: ajkoxonms3aMm, KOpOHapHa apTepoCKIepo3a,
OTICECMBHO-KOMIYJI3UBHU Topemehaj, mannunun mnopemehaj, mpemMeHCTpyaaHu JUCHOpUYHU
nopemehaj m HempujaTHH Ba3OMOTOPHH CHMMTOMH Yy TOocTMeHomay3u [84]. V PenyOmuiu
CpOuju nuTanonpaMm je omoOpeH 3a Jieueme Jenpecrje y WHULMjaTHO] (a3u U 3a Teparujy
OJlpKaBama y IMJbY CIpevaBama Moryher penarca, ay u 3a jJederme maHugHor nopemehaja ca
aropadobujom nu 6e3 we [76].

3a neuewe jenpecuje koja mnanujeHata miahux ox 60 romumHa 1MTaNIONpam ce
MPUMEBYje y MOYeTHO] J03u o4 20 mg THEBHO, yjyTPY WIH yBEYe, HE3aBHCHO O]l 00poka. Y
3aBHCHOCTH O] MHIMBHIyaJIHOT OJTOBOpa, 103a Moke Outu nmoehana 1o makcumanaux 40 mg
nHeBHo. Kon manujenara crapujux oa 60 roauHa, Kao ¥ KOJ NalfjeHara KOju uMajy reéHeTCKU
nepurut uutoxpoma CYP2D6 (“cmopu wmetabommszepu”) MakchMalHa JIHEBHA 1032
nurtanonpama u3Hocu 20 mg. Jloze nuramonpama uzHag 40 mg THEBHO C€ HE MPENOpPydy]y
300r moBehaHor pusnka oj npoayxkabama QT mHTepBaNa [84]. ['eHepanHO, KIMHUYKE CTYIH]E
HUCY YTBpIWIE IMOCTOjake€ 3HadyajHHUje pasiuke u3Mely nutanomnpama u octamux SSRIS y
Jedewy JAenpecHje, Maja MocToje Ha3HaKe Ja IUTaJonpaM uMa OpXKU MOYeTaK JeloBama O]l
ocranux npeacraBauka SSRIS [85]. Jlyro roamHa je Biamano MANUBEHE A IUTATIONpaM Tpeda
na Oyne Jiek n30opa 3a Jieuewe JIeTpectje Koja ce MPBH MYT jaBJba y CTapHjo] )KUBOTHO] T00H,
HITO je MpeACcTaBJbeHo U y onpehennm Boauunma [86,87]. Unak, pe3ynratu mera-aHamu3e U3
2010. rogune [88] cy moka3any J1la HEMa jJaCHUX JI0Ka3a KOjU TOBOPE Y MPUJIOT TBPIHHU Ja je
IUTANIONpaM epUKACHUJU OJ OCTATUX aHTHJENpecuBa u3 rpyme SSRIS 3a nedeme nmemnpecuje
KOja ce jaBJba y CTapHjO] KUBOTHO] M00U. MIHTEpecaHTHO je HAalOMEHYTH J1a TMOCTOje JOKa3H
KOJU TOBOpE y MPHJIOT CYNEPUOPHOCTH KOjy €CIUTAIONPaM MMa Y OJIHOCY Ha LUTAIONpaM Y
Jedeny Benuke aenpecuje [89].

3a nedewme maHUIHOT TTopeMehaja mpenopydyje ce MOCTeNeHO YBOheHmEe IUTaIonpama y
Tepamnujy, ca Mmo4eTHoMm ao3oM oja 10 mg, Koja ce 3aBUCHO OJ] OATOBOpa MAIlMjeHTa MOXKeE

noBehaBatu 3a mo 10 mg Ha HeIEJbHOM HUBOY, CBE 10 MakcuMarHuX 40 Mg aHeBHO [76].
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1.3.4. Hexe/beHa aejcTBa

VY decta HexeJbeHa JIejcTBa IUTanonpama (jaBibajy ce koj Buie on 10% mnamujenara)
Crajajy TacTPOMHTECTHHAIHA HEXeJheHa JejcTBa  (Hayseja, moBpahame, aujapeja,
orcTumanyja), aujadopesa M HEXKebeHa JejCTBa OJ CTPaHE IICHTPATHOT HEPBHOT CHCTEMa
(mocmanoct, r1aBo0oJka, BpToriaBuia, Hecanuna) [90,91]. Mame decta 030MibHa HEXEbEHA
JejcTBa KOja mpaTe NpHUMEHY LUTallonpamMa Cy KapAuOBacKylapHa HEKE/bCHa [I€jCTBa
(uHbapkT Muokapaa, npoayxeH QT wmHTepBan, torsade de pointes), xeMoparvja, HEXeEJbEHU
nepedpoBackynapuu norahaju, CyuIuaagHe TEHICHIMjE W CEPOTOHHHCKH CHUHAPOM.
CywunmaaaHe MUCIH B HJIEje C€ HAPOYUTO YECTO jaBJbhajy KaJia ce MUTAJIONpaM MPUMEHBYje KO

agoJecreHara u miahux oxpacnux ocoba (10 24 ronuna) [84].

1.3.5. HuTepakuuje

CMmaTpa ce na nMrajonpaM MMa MamU MOTEHLMjad 3a CTyNambe y WHTepakuuje ca
JPYTUM JIEKOBHMMA Yy OJHOCY Ha OCTalie PEACTaBHUKE OBE Ipyle aHTHAenpecuBa. To ce mpe
CBera OJIHOCH Ha MHTEPAKIIMje Ha HUBOY IUTOXPOMA jeTpe, jep 3a pa3suKy ol (PIyoKCeTHHA U
MapoKCeTHHa, IUTAJoNpaM UMa BeoMa ciab noreHuujan 3a uaxuouuunjy CYP2D6 uzoensuma
[88]. Nnmak, ¢ o63upoM jAa muTajonpaM uszasuBa npoayxewme QT uHTepBana, Tpedano Ou
n30eraBaTH HETOBY HCTOBPEMEHY INMPHMEHY ca JIPYT'MM JIEKOBHMa KOju TpomayxkaBajy QT

WHTEPBaJ, Kao IITO Cy MUMO3H/I, XaJIOMIEPUI0J, peCiupaTopHu (PIIyopoXuHOIOHH [76].

1.3.6. KonTpaunaukauuje

[uTtanonpaMm je KOHTpauHJIMKOBAaH KOJ MallMjeHaTa ca XUIEPCEeH3UTHUBHOLINY Ha cam
JIeK WM Ha KOMIIOHEHTe Jieka. Takohe, KOHTpauHIMKOBaHe Cy KOMOMHalMje LuTajonpama ca
JIEKOBMMa KOju mpoayxkasajy QT uHTepBaj, alu U ca MHXMOUTOPHMMA MOHOAMHHO OKCHJIA3e,
yKIJbyayjyhu Ty u anTuOHOTHK MuHE30auA. Llutanonpam He TpeOa npuMewmuBaTH HajMame 14
JlaHa o] AaHa npecraHka npuMeHe MAQO uHxubuTOopa 300T pU3HMKa O] M0jaB€ CEPOTOHHUHCKOT
cuapoma [76,84]. Kana je y nutamy npumena y TpyaHohu, gocajallimba ca3Hama yKasyjy Jaa
UTagonpaM Hema ManopMaTHBHY (ETO HM HEOHATaJIHYy TOKCHYHOCT, Maja jeé MO3HaTo JAa
npumeHa SSRIS y kacHujem mepuonmy TtpyaHohe moBehaBa pusuMK o7 TojaBe IUTyhHE
XUnepreHsuje koj HoBopoheHuamu. IluTtamonpam ce Moxe NpUMEHUBATH Yy JAKTalUjU U
cMarpa ce Ja HOBOpoheHue MyTeM MajunHOr MJIeKa MOXe J1a IPUMH HerJie oko 5% 1o03e Majke.
VYKOIMKO je Tepamnuja IUTAIONPaMOM HEONXOJ/HA, MOTPeOHO je pa3MOTPUTU NMPEKUA J0jeHha

[76].
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1.4. Ecuuraaonpam

1.4.1. Xemmujcka CTPYKTYpa M MeXaHHM3aM /iejCTBa

Ecuuranonpam je S eHaHTHOMEp M3 paleMCKe CMeEIIe IMTajonpaMa, 3a Kora je y
MPETKIMHUYKAM CTyaMjamMa IO0Ka3aHo Ja mocenyje Behy edukacHocT u OpkM IOYETaK
JIeTIOBama y OJTHOCY Ha IUTAJIONPaM, @ HAPOYHUTO Y OJHOCY Ha R eHaHTHOMEp 1HTanonpama, 3a
kora ce cmarpa je oko 30-40 myra cmabuju ox ecuurtanonpama. Cmarpa ce Jga pa3jiuke y
MOTEHTHOCTH S M R eHaHTHOMepa nuTanonpama MoTHYy 0J YHEKOJIHKO Apyradjer MexaHu3ma
nenoBama. Hamme, mosnato je aa cBu SSRIS pemyjy Tako mTo MHXWUOUpPA]y TPaHCHIOPTHU
MPOTEHH 332 CEPOTOHHMH U HA Taj HAYMH CIIPEYaBajy Mpey3MMamke CEPOTOHHHA Y TIPECUHANITHYKE
HEpBHE 3aBpIIeTKe. broxemmjcke cTymuje Cy IMoKa3aje Jia MOoCToje HajMame JaBa Be3yjyha
MeCTa Ha CEPOTOHMHCKOM TpPAaHCHOPTEPY: BHCOKO-a(UHUTETHO NPUMAPHO MECTO, KOje
uHTepdeprpa ca MHXUOUIIUjOM MPEy3uMarmba CEPOTOHUHA, U APYro Mame-aUHUTETHO MECTO
KOje YYeCTBYyje y aJOCTepCKUM MojyJiaijama aduHUTETa JIMTaHa/Ja Ha MPUMApHOM MECTY.
Ecuuranonpam ce Besyje 3a MpUMapHO MeCTO, AOK R eHaHTHOMep muTaionpama uMa Majid
aUHUTET 32 OBO MECTO M YaK JIeTyje TaKO IITO Ce CYNMpPOoCcTaBjba epekTrma muraionpama [92].
Ecnuranonpam Hema miau uMa Beoma Maiu auHHUTET 3a OpojHE pelenTtope Kao MITOo Cy 5-
HT1,, 5-HT2, nonmamuuepruuku D; u D,, aapeHepruukud oy, o2 U [ peLUENTopH,
XUCTAMHHEPTHYKA H1, MyCKapUHCKH, HUIKOTHHCKH, O€H30IMAa3eTUMHCKH U OO THU PEIeTITOpH
[93]. TTo IUPAC nomenknatypu, eciuranonpam je (1S)-1-[3-(mumernnamuno)npornmn]-1-(4-

dbryopodenun)-3H-2-6en3odypan-5-kapoonutpua [94].

Cnuka 4. CtpykTypHa popmyiia ecuptaionpama

1.4.2. ®dapmMakoKMHeTHKA

Hakon opanne mpumene, ecuurtanonpam ce 0p3o arncopOyje, Ipu 4eMy ce MaKCUMallHa
KOHIICHTpallMja y KpBH TOCTH)XKe Beh HakoH 3-4 yaca. XpaHa HeMa yTWIIQ] Ha arCOPIIIH]Y
ecruTajonpaMa. Bpeme monyenruMUHANMjE ecHUTajIonpaMa HW3HOCH oko 27-33 dyaca u
KOH3UCTEHTHO j€ 32 JeTHOJ03HU PEeXHUM JJ03Hparma. PABHOTE)KHO CTame ce MOCTHKE HAKOH 7 10

10 naHa KOHTUHYHpaHE IPUMEHE.
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Ecmuranonpam ce y omHocy Ha apyre SSRIS y Mmam0j Mepu Be3yje 3a MpoTerHE Ia3Me
(oko 56%). 306or Tora ecuuTaJoONpaM WMa Majdd [OTEHIHWjal 3a EeBEHTyalHe
(apMaKOKMHETHYKE MHTEPAKIMje HAa HUBOY AUCTPUOYIHje JieKa, ca JIEKOBHMa Kao MITO CY
BalMNpouvHa KucenwHa win (ypocemun [95]. Ecuuranonpam je M3y3eTHO JHIIOCOTYOUITHO
JenumBeme Koje 100po MpoIMpe y CBa TKMBA ca BOITYMEHOM AucTpudymmje ox oko 12 L/kg [93].

Hemernnu3oBaH ecnuranionpaM je TJIABHO JEIUECEHE ECIUTAIONpaMa Koje Ce MOXKe
nponahu y rurazmu. Ecriutanonpam ce Hajpehum nemom MeTabouIIe y jeTpy Ha MUTOXPOMUMA
u 1o nomuHaHTHO TIpeko CYP2C19 m3odopme [95], anmu cy y Merabonm3am ecruTaionpama
ykibyaene u CYP3A4 u CYP2D6 wuzodopme [93]. Merabomutu ecruraionpama cy S-
JeMETWIUTAIIONpaM (4Yije KOHILEHTpAIMje Yy IUIa3MH JIOCTHXKY TpehHHY KOHIICHTpaIuje
ecHUTANONpamMa) | S-TUACMETHIIUTAIONpaM (MPUCYTaH Yy TIUIa3MH Y HEMEPJbUBHUM
KOJIMYMHAMA). S-IeMETWIIHUTAIONPAM je TIaBHH METaOOIUT ecluTalonpaMa, MoHama ce Kao
ciab MHXUOUTOP Mpey3uMama CEPOTOHIHA U HE JONIPUHOCH 3HAYajHO TE€PAIHjCKOj aKTHBHOCTH

ecuurtaionpama [93].

1.4.3. Nuauxaumje

Ecuuranonpam je on crpane FDA ono0OpeH 3a jeuewme BeluKe ACNPECUBHE €MU30/e U
reHepaIn30BaHOT aHKCHO3HOT mopemehaja [96], nok je y Penybmunu Cpouju omobpeH u 3a
nedyerme MmaHuvHor nopemehaja ca unm 6e3 aropadoOuje, couujanne ¢oduje U ONCECUBHO-
koMmmyn3uBHoT nmopemehaja [93].

YobuuajeHa f03a ecuTajgonpaMa 3a Jiedewmhe BelIMKe JenpecuBHE enu3one u3Hocu 10
mg jeaHoM AHEBHO, ca MoryhHomthy mosehama no3e a0 mMakcumanHux 20 mg JHEBHO Y
Clly4dajy HETOCTH3ama aJeKBAaTHOT TEPAIHjCKOT OATOBOpa. Pe3ynTaTH HEKONHMKO KIMHUYKHX
cryauja [97-99] u jenne mera-anamusze [100] yka3syjy aa je ecuutanonpam eDUKACHHjH O
ocraiux SSRIS y nevewy Benuke nenpecuje u 1a je yak epuxacHuju [98] unu Oap noxjegHaxo
epukacan [101] y ogaocy Ha SNRIS (mynokcernn m Bemmadakcun). Kamga je ped o akyTHO]
¢da3u BenMKe Jenpecuje, YMHU ce Ja je ecuurajgonpam eduxacHuju oja (IyoKceTHHa U
uTanonpama, a 6e36e1Huju 3a MpuMeny of nyinokceruHa [102]. Pesyntatu 4 pannomusoBase,
KOHTPOJICAaHe, JBOCTPYKO ClleNe KIMHMYKE cTyauje crnpoBeneHe y Kunu ykazyjy na je
ecruTaionpaM edukacaH u y cy30Hjarkby aHKCHO3HHUX CHUMIITOMa KOJH YECTO TpaTe BEIUKY
nenpecuBHy enu3ony [103].

[ToueTHa mo3a ecuTanonpamMa 3a Jieuewke MaHUIHOT nmopeMehaja n3HoCH 5 mg AHEBHO
TOKOM IIpBE HEJleJbe Teparje, Aa Ou ce 3aTuM Jo03a nosehana Ha yobuuajenux 10 mg aHEBHO.
MakcumanHa J03BOJbEHA J103a €CHUTajoNpaMa y CBHUM HHAWMKauujama uszHocu 20 mg.

Ecnuranonpam Beh HakoH ABOHenespbHE Tepamuje y no3u ona 10 mg AHEBHO DOBOAM 1O
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3HaYajHe peAyKIrje cumnToMa manuaaor nopemehaja [104]. Tepanuja nanmuHor mopemehaja
Tpaje HEKOJIMKO MECElH, MPH YeMy ce MaKCUMallHa e(PUKACHOCT OYeKyje HAaKOH 3 mecela
KOHTHHYyHpaHe Tepanuje [93].

Comyjanna hobuja je 60IeCT ca XpOHUYHUM TOKOM T1a C€ OOMYHO 3a JICUCHE OBOT THITA
aHKCHO3HOT mopeMmehaja caBeTyje mpuMeHa ecHuTajonpaMa y Tpajalby o1 12 Hezespa.
YobOuuajeHa modyeTHa J103a ecHUTaJIoNpamMa 3a Jieuewe conujande ¢oduje m3Hocu 10 mg
JTHEBHO, IIPH YEMY CE HAaKOH HEKOJIMKO HeJllesba Tepallije 103a MOXKE CMambUTH HA 5 Mg IHEBHO
wi noBehatn Ha 20 mg THEBHO, y 3aBUCHOCTH O]l TEpPaIlHjCKOT OAroBopa manujeHrta [93].
Pesynratn meta-ananuse u3 2016. rogune [105] motBphyjy epukacHOCT ecuuTanonpama Kox
naiyjeHara ca couujaaaum goodujama.

3a Jjeueme TeHEpaIM30BaHOT AaHKCHO3HOT M OICECHBHO-KOMITYJI3MBHOT mopemehaja
ecryTaionpaM ce npuMmemyje y mo3u og 10 mo 20 mg MHEBHO TOKOM HEKOJIHKO MeECEIn
KOHTHHYHpaHe pUMeHe, Oyayhu aa je ped 0 XpOHHYHUM IICHXHUjaTPHjCKIM 000JbelhUMa Koja
3axTeBajy ayry dapMakoTeparujy 3a MoCTU3akbe aCUMIITOMATCKOT cTama [93].

KoHnauHo, HajHOBHja MCTpaKUBamba Cy MOKaszaia Ja Ou eciHTaionpaM Morao ja oyzie
euKacaH M 3a OJJBUKaBamk-€ 3aBUCHUKA o MHTEepHeTa u BUACO-UrpHIIa, MaJa je€ HEMTO 00JbY
e(UKaCHOCT 3a OBY MHAMKAIIM]y MOKa3ao OynponuoH, Oynyhu na uMa Behu mo3utuBaH yTHIaj

Ha MaXwby U UMIYJICUBHOCT nanujenara [106].

1.4.4. HexebeHna aejcrea

VY decta HeXeJbeHa JI€jCTBAa eCLUTAJONpaMa crnanajy nopemehaju merabonusma
(moBehan WM CMamEH ameTUT, MOpacT TeJleCHE TEXUHE), NCUXUjaTpujcKu mopemehaju
(aHKCHO3HOCT, y3HEMHPEHOCT, HEOOMYHU CHOBH), TopeMehaju 0/ CTpaHe LEHTPATHOT HEPBHOT
cucreMa (HecaHHIIa, TOCTIaHOCT, TapecTe3nje, TpeMop), mopeMehaju Ha HUBOY PeCIUPaTOPHOT
cucreMa (CHHY3UTHC, 3€Bam€), I10jayaHO 3HOJEHe, apTpalirhje, MHUAITHje U CEKCyalHa

He)KeJbeHa JejcTBa (MMIToTeHInja, mopemehaj ejakymanuje) [93,94].

1.4.5. Unrtepakumje

Ecuuranonpam je mo3Hatr kao ymepeHu uHXuOUTOp mutoxpoma CYP2DG6, 30or yera
MOXe Jla TToBeha KOHIIEHTpallHjy JIEKOBa KOJU C€ METa0OJIUIY MOCPEACTBOM OBE HM30(opMe
JeTpUHE OKCHAa3e, Kao IITO CYy PHUCIEPHIOH, METOMNPOJION, THOPHIA3UH, XaJoNepuaod,
TPULMKIMYHN aHTHaenpecuBu [93]. Bbyayhm nma ce ecuuranonpam HajsehuMm aenom
MeTtabosmie nocpeactsom ruroxpoma CYP2C19, koHIeHTpannjy ecuuTagonpamMa y Iia3Mu

noBehaBajy MXHOUTOPU OBOT €H3MMa, Kao ITO Cy MHXUOWUTOpU mpoToHcke mymme [107] u
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nuMeTuauH [93], 300r Yera je HeOmxo/IHa ONpe3Ha MpPUMEHa eCIUTalIonpaMa y KoOMOMHAIU]j!

Ca OBHUM JICKOBHUMaA.

1.4.6. KonTpamnaukanmje

KoHnTpannaukoBaHa je HCTOBpEMEHa IIPUMEHa ecLuTajolpaMa ca JIEKOBUMa KOjU
MHXUOMpAjy €H3MM MOHOAaMHHO OKCHAa3y, a TO Cy aHTuaenpecuBu u3 rpyne MAO
WHXUOUTOpPA U AaHTUOMOTHUK JIMHE30JUA. YKOJIMKO CE ECIHUTAIONpaM MPUMEHU y KOMOUHAIN]U
ca OBUM JIEKOBMMAa IIOCTOJU IOBehaH pHU3MK OJl I0jaBE€ CEPOTOHMHCKOr cHHApoma [93].
EBponicka meaunuucka arennuja (EMA) je kpajem 2011. romuHe wm3nana yro3opeme Ja
eciuranonpaM mpoxayxkaBa QT wHTepBan KoJ ManujeHaTa, HAKOH dYera IpHMEHa
ecuTaNoNpamMa mocTaje KOHTPanHAUKOBaHA KO/l AllMjeHaTa KOju UMajy YpOoheHO MPOIyKEeHe
QT unrepBana [108]. WUnmak, pe3ynratu TuHEapHE JOTUCTHYKE PErpecHje y OICEpPBaIllMOHO)]
KOXOpPTHO] crynuju crposenenoj y Ilmanmju [109] Hucy mnokazanu AUPEKTaH YTHUILIA]
eciuranonpama Ha ayxuHy QT wHTepBanma. Yciem HelocTaTka peleBaHTHHX HH(OpMAIHja,
ecuuTasionpaM He Tpeba TpPUMEHHUBATH y TPYAHONHM, OCHM akKO HHj€ HEIBOCMHUCICHO
HeonxonaH. Takohe, ouekyje ce J1a ce ecruTaIonpaM H3Iydyje y MIEKo, 300r 4yera ce J0jeme

HE Mpenopyyyje y TOKy Tepamnuje oBUM jekoM [93].

1.5. Ceprpaaun

1.5.1. XeMmmjcka CTPYKTypa U MeXaHHM3aM /ejcTBa

Ceprpanus je 1991. ronuae o100peH 3a JeUeme BEIHKe JenpecHje, 1a OM BpeMEeHOM
OWJI0 TpPOUIMPUBAHO HEroBo uHAMKaMoHOo mozapyyje [110]. Tepanmjcka akTHUBHOCT
cepTpaliiHa 00jallkbaBa Ce BEJIMKOM CENIeKTUBHOLINY y MHXUOUILMJU MOHOBHOI Ipey3UMama
ceporonnHa [111]. ITopen Tora, mpumeheHo je na cepTpajuH y MamOj MepU HMHXMOUpa U
npey3uMame HopaJapeHanuHa u jgornamuHa [112]. ¥V nmopehemy ca octamum mpencTaBHULIIMA
SSRISs, ceprpayiiH ToKa3yje MUHUMAJIHE KapJHOBACKYJIapHE W CelaTUBHE edekTe, 300T TOora
IITO MMa MaJd apUHUTET NMpeMa XOJIMHEPTHYKHM, XMCTAMHUHEPTUYKUM U aJAPECHEPTUUKUM
peuentopuma [113]. Ceptpanun ce Be3yje 3a o/ penenTope, aqu Ce YUHU Ja je KIUHUYKH
edekaT moOMeHyTe HHTepakije Beoma Manu [114]. ExcnepuMeHTH Ha >XMBOTHEaMa Cy
MOKa3zajdu Ja XpOHMYHA yrnoTpeda cepTpajiuHa JOBOAM JO HUCXOJHE perynaiuje
azpeHepruukux penenropa [115].

Kana je y mnuramy XeMmMHjcKa CTPYKTypa, CEpTpalIMH je JAepuBaT Ha(TUIaAMHHA.
Momnekyn cepTpaliiHa UMa JIBa XHpajHa [EHTpa, AJld j€ CEPTPAIMH Kao JICK pPa3BHjeH y O0IHKY
yucror (1S,4S) enantnomepa. Ilpema IUPAC nomenkmarypu, ceprpanun je (1S,4S)-4-(3,4-

nuxnopodenmn)-1,2,3,4-rerpaxunpo-1l-nadprun(mermn)amun [116]. Ceprpanun je cnaba 6a3a
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(pKa = 9,16) u u3y3eTHO JIUIMOPHIHO jeIUBCHE, KOjE je Y YUCTOM OOJIHMKY M3Y3€THO Cabo
pactBopsbuBo 'y Bomm (0,002 mg/ml), mox ce y dopMu ceprpaiuH XHIPOXJIOPHIA

pacTBOPJEUBOCT y BojM 3HavajHo moBehasa (4,2 mg/ml) [117].

Cnuxka 5. CtpykTypHa Qopmyia cepTpaauHa

15.2. ®dapmakoknHeTHKA

dapMaKkOKMHETUKA CEepTpPAIMHA CE€ JIOCTAa PA3IHKyje Y OAHOCY Ha (hapMaKOKUHETHKY
ocraimux SSRIS. Ceprpanun ce cropo arncopOyje HakoH opanHe npumene (7max= 4-8 h xon
xponunuHe npumene) [118]. Ha ancopmiujy cepTpannHa 3Ha4ajaH yTUlla] KMa XpaHa, Ipu 4Yemy
yTUIa] XpaHe Ha Op3MHYy alcopliMje CcepTpajuHa 3aBUCH Off (opmynaiuje y Kojoj ce
CepTpaJIMH NMpUMEYje. YKOJIUKO je ped O OpalHUM Tabierama cepTpajiiHa, MPUCYCTBO XpaHe
gak moOosemasa (Cmax ce mosehasa 3a 25%) u yOp3aBa arcopruujy ceprpanuaa (Tmax ce
ckpahyje ca 8 Ha 5,5 h). C apyre cTpane, IpuUCyCTBO XpaHe yCcropaBa arcopmiyjy npemnapara y
KOjUMa ce CepTpajJMH Hajla3zu y (JopMHU OpaiHOT KoHLeHTpaTa (Tmax ce nmpoayxasa ca 6 Ha 7
h) [119].

CepTpayiuH ce y €KCTPEMHO BHCOKOM IMPOIICHTY Be3yje 3a mporeunHe miazme (98%),
300r "era OW TEOPETCKU TPEOAIO Aa MOCTOJU BETUKH PU3HK OJ1 MOTEHIIM]ATHUX MHTEPAKIH]a ca
JIEKOBMMa KOJjU ce Takole y BUCOKOM IPOIIEHTY Be3yjy 3a MpoTenHe miazme. Hacympot tome,
pe3yaTaTu A0caallllbuX KIMHUUKUX CTY/Mja HUCY TIOKA3allu J1a CepTPaIMH CTyIa Yy 3HauajHHje
(hapMakOKMHETHYKE HHTEpaKIIMje Ha HUBOYy AucTpuodyuje [110].

CepTpauH TO[UIe)KE HWHTCH3MBHOM META0OMM3MYy TIPBOT Tpojacka Kpo3 jeTpy.
Merabonuzam cepTpajiuHa YKJbyuyje peakuuje N-gemermnanuje, N—xuapokcuianyje,
OKCHJATHBHE JAeaMHHauuje U Taykyporupanuje [120]. HajpaxkHuju mpoaykT MmeTtaboau3ma
ceprpanuHa je N-mecMeTuiICepTpainH, aKTUBHA META0OJIUT CepTpaiHa cllabe MOTEHTHOCTH
KOJH C€ akKyMyJMpa y Ijla3MH y BehwM KOHIIEHTpanujama oja camor ceprpanuna [121]. N-
JECMETUJICEPTPAIMH UMa JIyTo Bpeme mnosyenumuHaiuje (62-104 h), amu 30or cnabe jaunHe

TOTOBO U Jia HE JONPUHOCH aHTHJIENpecuBHOM edekty ceprpanuna [110]. Mako je y in vitro
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eKCIIepUMEHTHMA TMoKa3zaHo aa Behu Opoj m3odopmu 1uroxpom P450 okcumase MOXe
yuecTBOBaTH y Metabonmsmy ceprpanuda (CYP2D6, CYP2C9, CYP2B6, CYP2C19, CYP3A4)
[122], jom yBeKk HHje Yy MOTIYHOCTH jaCHO Koja wu30opMa WMa HAJBAKHU]Y YJOTY Y
MeTaboIM3My cepTpajnHa y IN VIVO ycioBuMa, Majaa ce mpermnoctaBiba Aa je To CYP2C19
[123]. CeprpanuH ce monaiia kao c¢iaab g0 ymepen uaxuourop nuroxpoma CYP2D6 [124].
CepTpasiuH ce camMO MalluM JIeJIOM CIIMMHHHINEG HEU3MEHCH MPEeKo OyoOpera, JOK ce
CKOpO ToJjeHaKa KoJnyrnHa MmetabonuTta (1o 44%) enumuHuIe npexo ypuHa u ¢eueca [120].

Bpeme nonyenuMuHanyje ceprpainaa uznocu usmely 22 u 36 yacona [ 124].

1.5.3. HNuauxaunmje

VY Peny6numu CpOuju cepTpalivH je MHIUKOBAH 3a JICUCHE eMHU30/Ie BeJIMKE ACTpecHje,
naHuyHor mnopemehaja, orncecMBHO-KOMIYI3UBHOT Topemehaja, cOIMjaqHOT aHKCHO3HOT
nopemehaja U mOCTTpayMaTCKOT cTpecHor nopemehaja, nok je ox crpane FDA omoOpena u
yrnoTpeda cepTpainHa 3a JIeuemhe IpeMeHCcTpyanHor auchopudanor nmopemehaja.

CepTpanuH ce 3a JeueHke BEIHMKE JenpecHje MpuMemnyje y modeTHo] 103U oa 50 mg
JTHEBHO, MPH YeMy Ce J03a y clydajy cialujer TepamujcKOr OJroBOpa MalljeHTa MOXKe
nosehaBatu 3a nonaTHUX 50 mg Ha HeJEJLHOM HMBOY, CBE J0 MakcumaiHe j1o3e oj 200 mg
nHeBHO [124]. Pesynratu omcexxne weta-aHanmze u3 2010. rommne [125] y kojoj je
e(hUKaCHOCT cepTpaliuHa y JIeuewYy Aenpecuje yrnopehupana ca eukacHomthy CBUX JOCTYITHUX
aHTUJICTIPECHBA, YKa3zyjy Ja je CepTpajMH jaKk KaHIUAAT 3a Tepanujy Hu300opa y Jeuewmy
Jenpecuje.

[TouetHa no3a ceprpanuHa 3a jeuewme NaHuIHOT opemehaja u3Hocu 25 mg THEBHO, ca
MoryhHomhy mocteneHor noBehama no3e [124]. bpojHe kIMHWYKE CTyauje Cy MOTBPAUIIE
e(pUKaCHOCT CepTpajiiHa y Jieuewy MaHu4yHor nopemehaja. CepTpaluH cMmamyje TEXKUHY U
y4ecTajoCT Haraja NaHuKe, OCHOBHY aHKCHO3HOCT U Jlaje 3allITUTY OJ1 pelnarica A0 36 Hezeba
HaKOH Mpekuja npumene [126].

CeptpasiiH je 0m0OpeH 3a JieUeHmhe OICECMBHO-KOMITYJI3UBHOT Tiopemehaja Kon
OJIpaciIMX MalMjeHaTa, ajd U y aJ0JIeCHEHTCKO] U MEeIUjaTpHjCKOr Momynanuju (Koj Jere
crapuje ox 6 roauHa). 3a Jeyewme OBOI THIA aHKCHO3HOI mopemehaja cepTpaiuH Tpeda
MPUMEHUTH y TOYeTHOj Ao3u onx 50 mg m mo moTpedu mocTeneHo moBehaBaTH 103y 10
MakcumaHux 200 mg nueBHO [124].

3a neuewe colujaHor aHkcuo3Hor nopemehaja y CAJl-y ce kopuctu 6 npeactaBHUKa
SSRIs, mehy xojuma je u ceprpanud. IIpema mnpenopykama OpHTAHCKOT HaIlMOHATHOT
konabopatuBHOT 1eHTpa 3a MeHTanHe Oonectn (NCCMH), ceprpanmun Tpeba na Oyne ek

n30opa 3a Jedyeme comnujarHux ¢Gobuja, mpe cBera 300T CBOjE€ HUCKE IieHEe. TemKo je yOouuTH
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€BeHTYyaJIHE pa3iuKke Yy Tmoriaeny edukacHOCTH U 0e30emHocTH m3Mel)y pa3iImuuThx
npeacraBHuka SSRIS, manma pasnuke cBakako moctoje. IIpemHocT cepTpaivHa y OJHOCY Ha
(ITyOKCeTHH, MAPOKCETHH U (DITyBOKCAMHH 3aCHHMBA CE€ HA MAbEM MOTCHIIM]aTy 32 MHTEPAKITHje
ca IpyruM JIEKOBHMA. 3a pa3MKy O] LUTAIONpamMa, CepTpajiiH He JOBOIM 10 mpoayxema QT
untepania. C apyre crpaHe, 300T YMIEHUIIE Jla CE CEPTPAIMH MHTEH3UBHO MeTal0oJHIlIe y
JeTpH, MoCTOoje MoTemKohe y ’eroBoM J03uparmy KOJI MalujeHara ca ociiabJbeHoM (yHKITH]OM
jerpe, 300r yera ce MPUIMKOM MPUMEHE CepTpajuHa cBe yelrhe KOHTPOJUIILY KOHIIEHTpAaluje
neka y kpBu [110]. TloyeTHa no3a cepTpainHa 3a JeUSHE COIMjaTHOT aHKCHO3HOT Tiopemehaja
M3HOCH 25 mg JHEBHO U MOe ce nocreneHo nosehasatu 10 makcumannux 200 mg AHEBHO y
clly4dajy HeloBoJbHE epukacHocTH [124].

Ceptpanun je 6mo mpBu SSRIS koju je on crtpane FDA omobpen 3a neueme
MOCTTpayMaTcKor crpecHor mopemehaja. Pesynratu Beher Opoja KIMHHYKHX CTyadja Cy
MOTBP/AWJIM J1a je cepTpasinH epukacHuju o octanux SSRIS 3a neueme OBOT THIIA aHKCHO3HOT
nopemehaja, mpu 4yemy IOCTOj€ JOKa3H O HErOBOM IMPOIY>KEHOM e(eKTy YaKk M HaKOH
npectranka npumene Jeka. CepTpaiuH je eduKacaH Kako 3a Jiedeme akyTHe ¢asze
MOCTTPAayMaTCKOT CTpecHOT mopemehaja, Tako M 3a MPOIYKEHO JIEYCHE OBOT 000JbeHa U
npeBeHnn]jy penarnca [127]. Jlo3au pexxum cepTpajiiHa 3a OBy UHAUKAIH]y ce kpehe o 25 no
200 mg nueBHO [124].

Konauno, Tpeba pehum na ce cepTpaiuH ca yCIIEXOM KOPUCTH 3a JieUeHe
npeMeHcTpyaiaHor aucopuuHor nopemehaja, y no3u ox 50 no 100 mg nHEBHO, anu camo y

nyTeanHoj (a3u MeHCTpyaaHor nukiryca [128].

15.4. HexebeHna aejcrpa

Hajuemhe He)xesbe€HO N1€jCTBO KOje MpaTH MPHUMEHY cepTpajiiHa je MyuyHHHaA [124].
[Topen My4HHHE, CEPTPaIMH YECTO MOXKE Ja M3a30B€ U JIpYre TacTpOMHTECTHHAIHE Terooe,
aJTM ¥ CEKCyaJTHAa HEXKeJheHA JIejCTBA KOja C€ MOTY JaBUTH KaKO KOJI TallijeHaTa MYIIKOT TaKO 1
KOJ| nanujeHata >xeHckor moja [110]. V yecta HexesbeHa JAejcTBa CepTpaliMHA CHanajy u
pa3nuuMTa ILEeHTpaJdHa M TmepudepHa HEYpoJollKa HeXeJbeHa JejcTBa  (ferpecuja,
JieriepcoHanu3aiyja, HohHe Mope, aHKCHO3HOCT, HEpBO3a, apecTe3nje, TPeMop, XUIepTOHH]a,
nopemehaj maxkme), Ka0 U HEeXKEJbeHA JIejCTBA ApYre MPHUPOJIE Koja Cy 3ajeTHUYKA 33 YUTABY
dapmakomomky rpymy SSRIS (3eBame, ocun, HaleTH IpBeHMIIA, mopemehaju BUIa, MHjalTHja,
THHUTYC). Ha moueTky Tepamnuje cepTpaJiHOM MOTY C€ jJaBUTH U CyMIUJAlIHE MHUCIU U Ueje,
ma je 300T Tora HeOIXO0IHO MaXXJbUBO MPATHTH MAIMjeHTa TOKOM NpUMeHe Jieka. Kox ctapujux
naiujeHara CepTpajiH MOXe Ja wu3a30Be xumnoHaTpemujy [124]. Perko, amum 030HIBHO

HEXEJbEHO JICJCTBO CepTpaiHa MOXKe OMTH U padaomuonusa [129].
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15.5. HuTepakumje

Y onHocy Ha (iayokceTWH, HMapokceTuH U (IIyBOKCAMUH, CEpTpalluH UMa Marmbu
MOTEHIIUjall 3a (apMaKOKHMHETUYKE WHTEpPaKIHMje HAa HUBOY METa0ONIW3Ma, jep je 3HadajHo
cnabuju unxubutop CYP2D6 wu3oenszuma [110]. Cok ox rpejudpyra Moxke aa moseha
KOHIEHTpaLHU]y cepTpaiinHa y mina3Mu 1 10 70% (126). McroBpemeHna nmpuMeHa cepTpajinHa U
nuTyjyma paheHa je u3pakeHnjoM 10jaBOM TPEMOpa Kao HEXKEJbEHOT JISjCTBA, IITO YKa3yje Ha

MOTEHIMjalTHy (papMaKoAMHAMCKY MHTEPAKIU]y CepTpavHa 1 IuTujyma [124].

1.5.6. Kourpaunaukanmje

KontpamnnukoBana je mpHMeHa cepTpajidHAa KOJ TMalfjeHaTa ca I03HAaTOM
XMIIEPCEH3UTUBHOIINY Ha aKkTHBHY CYIICTaHIly WJIM Ha HEKHM OJf KOHCTUTyeHaca. Takobe,
cepTpaiiuH ce, kao u ocramu SSRIS He cme mnpumemHBaTH y KOMOMHAIMjU ca
a"HTujenpecusuMa u3 rpyne MAO nHXUOUTOpPA, aly HU ca APYTUM JIEKOBUMa KOJU MOTY J1a
WHXUOMPAjy MOMEHYTH €H3UM, Kao IITO jeé aHTUOMOTHK JuHe3onua. KoMOnMHOBaHA mpuMeHa
ceprpammaa ca MAO wunHxuOuTopruMa je mnpaheHa mnoBehaHuM pH3UKOM O T0jaBe
CEpOTOHMHCKOI cUHApoMa. KoHTpamHAMKOBaHa je M MCTOBpPEMEHa NPUMEHa CepTpajMHa ca
NUMO3HJIOM, jep CepTpajluH MOXKE Ja JoBele [0 3HadajHOr noBehama KOHIIEHTpalyje
numo3suna [ 124].

[Ipumena cepTpanwHa y TpPBOM TpHUMECTpy TpyaHohe moBe3aHa je ca moBehaHuM
PHU3UKOM OJ T0jaBe KapJHoBacKylapHux maidopmanuja koa deryca [131]. C npyre crpane,
CepTpaJIMH Ce cMaTpa jelHUM O] HajOe30eJHIjUX aHTUAETIPECHBa 3a IPUMEHY Y JIAKTalUjH, jep
Cce y MJIEKO H3JIy4yje Y CKOpO HEeMepJbHMBUM KOHIeHTpauujama [132]. 3aro ce mojuspama
00MYHO caBeTyje /1a y TOKY Teparnuje CEPTPaIunHOM HE MPEKHUIajy JA0jeHhE, Majia ce€ CIIPOBOIU
pelloBaH MOHMTOPUHI Jl0jeHYeTa Kako OM ce Ha BpeMe NpHUMEeTHJIa €BEeHTYyajHa I0jaBa

HEe)XeJbeHEe CUMITOMATOJIOTHje (pa3apaxkJbuBOCT, mopeMehaju cnaBama) [133].

1.6. Ocranu npeacrapuuum SSRIS

DuyBOKCAMHMH j€ CEJIEKTUBHUM HHXHOUTOp IMpey3uMama CEpOTOHMHA KOjU ce Ha
TpkuIITy nojaBuo 1983. roaune, Hajupe y 3anaanoj Hemaukoj m IIBajuapckoj. To je 6mo
npBu SSRI xoju je 0m00peH 3a Neuermne ONceCHBHO-KOMITYI3UBHOT nopemehaja xon aeme [134].
VY oaHOocy Ha (IyOKCETHH, LIMTAJIONpaM M eCLUTajonpaM, (payBoKCaMHH IOKasyje ciabuje
7IejCTBO IIpeMa MYCKapHHCKUM M XUCTAMUHEPTHYKUM H1 perientopuma, a u3paxxeHuje JejCTBO
Ka o1 aJpeHepruukumM perenrtopuma [135]. dapMakOKHHETHYKHY IMapaMeTpH (HIyBOKCaMUHA CY

CIIMYHU TapaMeTpuMa OCTaJIMX MpPEACTaBHHUKA OBE rpyre aHTuaenpecuna [134]. Makcumanna
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npenopydeHa no3a ¢ayBokcamuHa je 300 mg nmHeBHO. [lopem omCecMBHO-KOMITYJI3UBHOT
nopemehaja kao 3BaHUYHO 0100peHe MHIMKaIje o1 ctpane FDA, cipoBeneH je Beauku 0poj
KIMHUYKUX CTyAHMja y KOjUMa je HMCIUTHBaHA NOTEHIMjajJHa NpuMeHa (IyBOKCAaMHHA Y
JIeUey IPYrUX TUMOBA aHKCHO3HOT mopemehaja. JlocTymau nuTepaTypHH MOJANN yKa3yjy Ja
je ¢uyBokcaMuUH Mame epUKacaH y OJHOCY Ha IMTaJONpaM, CepTpPaJiH, MapOKCETHH,
(bayokceTnH W BeHJadakCcUH Yy Jieuyewy NaHWyHOT mopemehaja [136], omHOocHO 1a
(hyBOKCAaMHUH TOKa3yje 3Ha4ajHy €PUKACHOCT KaJia je y MUTamy JeUeHmhe colrjarHux (hoduja
Kox onpaciux manujeHara [137]. Ha mouerky Tepamnuje (hIyBOKCAMHHOM MOTY C€ jaBUTH
He)XeJbeHa JIejCTBA Kao INTO Cy MYy4YHHHA, CeKcyalHa AuChYHKIMja, aHKCHO3HOCT,
TaXxHWKap/nja, MOCIAaHOCT, TPEMOP U HU3aK aneTUT. IHTEeH3UTET OBUX CUMITOMA CE CMamyje y
TOKY Teparnuje, 300T yera ce nmpenopyuyje crnopa TUTpaluja y 103upamy OBUM JiekoM [134].

Buia3onoH je CeNeKTHMBHM HMHXHOUTOP Npey3uMama CEpOTOHHHA Ca MapldjaIHUM
aroHUCTHYKHM jAejctBoM Ha 5-HT ;4 penenirope. JloOpo ce arcopOyje HaKOH OpaiHe MPUMEHE,
[P YeMy MPUCYCTBO XpaHe JTOMPUHOCH 00Jb0] aniCOPHIUjH. Y BUCOKOM MpoleHTy (96-97%) je
BE3aH 3a MPOTEHHE TUIa3Me U MMa BOJIYMEH JUCTpuOyIHje o1 605 nmuTapa HAKOH MHTPABEHCKE
npuMeHe. Merabomuiie ce Ha IUTOXpoMuMa jerpe, nomMuHaHTHO npeko CYP3A4 uzodopme.
Hajsehum nenom ce enmumunutie nytem dereca (65%), a mamum neiaom (25%) npeko ypuHa.
Bpeme nonyenuMuHaluje BuiIa3ofo0Ha je oko 25 yacoBa, IITO oMoryhaBa HeroBy MpUMeHy y
jenHoj nHeBHO] no3u. Bumnazomon je y CAJ/l-y omoOpeH 3a nederme BENUKE JelpecHje KOj
onpaciux namujeHara. [Ipenopydena nueBHa n103a BuiazonoHa je 20-40 mg AHEBHO, P YeMy
Ce caBeTyje TOCTENeHO yBoheme Jieka y Tepanujy. M3y3eTHo, y ciydajy uCTOBpeMEHe TpuMeHe
BUJIA30/I0HAa ca CHaXHMM uHIykTtopuma nutoxpoma CYP3A4 (kapbamasenuH, (peHHTOUWH,
pudaMnuIuH) J103a BWIA30/0Ha ce Moke mnoBehatn no makcumanHux 80 mg THEBHO.
Hajuemmha HexesbeHa nejcTBa BMJIA30JI0HA Cy My4YHHMHA, ToBpahame, nujapeja M HECaHWUIIA.
KonTpannaukoBaHna je mpumeHa BuiIa3oloHa y koMmOuHanmuju ca MAO uHxubutopuma u
apyrum SSRIS, 300r pu3mka o] MojaBe CEpPOTOHMHCKOI CHHIpoma. Takohe, BHIa30[0H He
Tpeba MpUMemHUBATH KO/ MallijeHara ca ounosapHuM nopemehajeM, MaHHjOM U XMITIOMAaHU]jOM
[138].

JlanokceTHH je CeNeKTHBHM HHXUOUTOP Npey3uMama CEPOTOHMHA ca MUHUMAIHUM
MHXUOUTOPHUM e(pEeKTOM Ha IMpey3uMame HOopaJpeHalnHa M JomnamuHa. CTPYKTypHO je
U3y3€THO cinu4aH (uyokceTuHy. bp3o ce amcopOyje HakoH oOpalHe NpHUMEHe, alu je
aTricopIiuja OTeXaHa y MPUCYCTBY XxpaHe. Merabosuiie ce Ha IUTOXpPOMUMA JeTpe W TO Ha
modpopmama CYP3A4 wu CYP2D6, no nBa akTuBHa (JIECMETHIIANIOKCETHH M

JTUIECMETUIIIAIIOKCETHH) ¥ JeJHOT HEaKTHBHOr MeTabonuta (mamokceTuH-N-okcun).
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Enumunanuja ce ogBuja myTeM ypuHa U uMa OMa3uvaHu KapakTep: Ha TMOYETKY Ce JarOKCETHH
Op30 enuMuHUIIE (MHHUIMjaIHA BpeaHocT 71, je ampokcumaTuBHO 1,5 h), n1a OM HakoH
onpeheHor BpemeHa enuMuHaNMja Ouia cropuja (TepmMuHaiHa BpeaHocT 71, je oko 19 h)
[139]. [lanoKceTHH ce KOPHCTH 3a JIeUCHhEe MPEBPEMEHE €jaKymaluje, y modetHoj no3u oa 30
mg, Kojy manujeHT Tpeba na y3me 1-3 cara npe cexcyanne aktuHoctH [139,140]. JlamokceTuH
MOX€E Ja W3a30B€ CHHKOIy M OPTOCTATCKy XHWIIOTCH3Wjy, a HEroBa IpHUMEHA je
KOHTpPaWHJIMKOBaHA KOJ MalfjeHara ca KapauoBacKyiapHuUM Oonectuma (AB 6ok, cpyana
uHCy(UIMjeH1rja, KopoHapHa Oomnect) [141].

BopTHOKCEeTHH je HOBM aHTHJICIIPECHMB Ca MEXAaHHW3MOM JIeJloBama Koju mojaceha Ha
MeXaHu3aM JIeJIOBaka CEJICKTUBHUX HHXHOUTOpA Mpey3uMarma cepoTOHHHA. CIMYHO Kao U
octanu SSRIS, BOPTHMOKCETHH CHaXHO OJOKHpa HPOTEHH KOjU Y4YECTBYje Yy TPAHCIOPTY
CEepOTOHMHA, T€ Ha Ta] HAYMH MHXUOWpPA TIOHOBHO NPEY3UMame CEPOTOHNHA y MIPECHHANITHYKE
HepBHE 3aBpuieTke. Ilopen Tora, BOPTHOKCETHH TIOKa3yje JejCTBO W HAa HHBOY
MOCTCUHANTUYKUX CEPOTOHHMHEPTUYKHX pPEelenTopa: Jeiyje kao aronucra 5-H7;, penenropa,
Kao mapuujanHud aroHucra 5-H7T;p peuentopa u kao aHtraronucra 5-H7ip, 5-HT; u 5-HT;
penieniropa. J[obpo ce amcopOyje mocie opaiaHe MpuUMeHe, MeTaboymie ce 10 HEaKTHBHHUX
MeTaboIuTa Ha IUTOXpoMuMa jetpe (momuHantHO nipeko CYP2D6 m3odopme), xoju ce 3atum
YIJIaBHOM M3J1y4yjy IpeKo ypuHa. Bpeme nosiyenuMuHanyje BOPTHOKCETHHA je OKO 66 yacosa.
Bopruokcerus je 0100peH 3a jeueme BeNMKe Jenpectje Ko oApaciuX MaiyjeHara y Ho4eTHO]
no3u oa 10 mg nHEBHO, IPH YeMy ce J103a Moxe moBehatu 1o MakcuMmaiHux 20 mg THEBHO.
Hajuenrtha HexxespeHa J€jcTBa BOPTHOKCETHHA KOja Ce jaBJbajy KOJI BHIE 011 5% TalnujeHara cy
MY4YHHMHA, TJ1aB000Jba, CyBa yCTa M BPTOIJIABUIA, MaJia j€ MOKAa3aHO Ja BOPTUOKCETHH KOJ
Mamer Opoja malujeHaTa MOXK€ H3a3BaTW U 030MJbHHjAa HEXKEJbEHa JIejCTBAa, Kao IITO CYy
MaHKPEaTUTHC, XUIIEPTEH3UBHA Kpr3a 1 noBehan pu3uk o camoyomcTBa. Kao n ko ocrammx
SSRIs, KOHTpaWHAWKOBaHa je WCTOBpPEMEHa NpHMEHa BOPTHOKCETHHA Ca HHXHOMTOpHUMA

MOHOAMHHO okcujaze [142].

1.7. Edextn xkoje SSRIS ocrBapyjy Ha riarkum MummhHuM
heaunjama

Bemuku Opoj in Vitro exkcrnepuMeHTamHHX CTy[HMja CIIPOBEICHHX Ipe CBera Ha
mpenapatuMa XKHUBOTHUECKOI TOpekia ykazao je aa SSRIS, mopen aHTHUIENpPECHBHOT U
AHKCHOJUTUYKOT e(eKTa, OcTBapyjy W uyuTaB HU3 edekara Ha apyruMm TkuBuma. M mok SSRIS
Ha HuBOY [[HC-a nenyjy Tako mTo MHXHOMUpA]y MpEy3UMame CEPOTOHWHA Yy MPECUHANITUYKE

HEpBHE 3aBpIICTKe, €(pEeKTH KOje OBU JIEKOBH OCTBApYjy Ha NepUQEpUju IMOCPEAOBAHH CYy
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ApyrayvjuM MexaHu3muma. Mako 3a OBy Irpymly JieKOBa IOCTOJU T€HEPAIHO MUIJBEHE Ja
NOCEyjy BEIUKY CEJIeKTMBHOCT M MalM WIM He3HaTaH a(UHUTET Ka MYCKapHUHCKUM,
XHUCTAMHUHEPTUYKUM U aJpEeHEprHukKuM perentopuma, Tpeba wumak pehu na mnojenuHu
MIPEJICTAaBHUIIA OBE TPYIIC JIEKOBA OCTBapyjy oapehene edekre u npeko oBux perenropa. Cem
TOra, pe3yJaTaTH HeMaJior Opoja eKCIIEpUMEHTAITHUX CTYy/IM]ja YKa3yjy ¥ Ha yumbeHuiy aa SSRIS
JieNlyjy U Ha BOJTA)KHO-3aBUCHE KaHaJle PA3JIMUUTUX JOHA, T€ Ja Ha Taj HAUYMH YTHUYy U Ha
KOHTPAKTHJIHOCT TJIaTKKX MUIMMhHUX henuja paznuuntux oprana [143].

[Torennujanuu edexar QuyokceThHa Ha mnepudepHe Tiarke wmumuhbae henuje
WCIHUTHBAH je Y BEIIMKOM Opojy ekcriepuMeHTanHux cryauja. [lokasano je na je ¢uryokceTHH
CHa)XKaH MHXUOMTOP MYCKyJapHHUX M HEYpaHUX HUKOTHMHCKUX peuenrtopa [144], HeypaiHux
Na* kamane [145] u BoNTaXXHO-3aBUCHHX KaHalda 3a joH Kanmjyma [146]. ®myokcetnn je
Takohje MHXMOMpPAO HEKONHKO THIOBA BONTAXKHO-3aBHCHMX K& KaHalza y KyJITUBHCAHHM
henmujama xymaHne poxmade u counBa [147]. OiyokceTHH HHXUOMPA KOHTPAKITU]E U30JI0BAHOT
yTepyca maroBa MHAYKOBaHE BHUCOKHM KOHIIEHTpalujama joHa kanujyma [148]. Ha nuBOy
BAaCKYJapHUX TJaTKuX MuUIIMhHux henuja, ¢uyokceTuH uHTepdepupa ca KOHTpaKIHjama
WHIYKOBAaHUM CEPOTOHMHOM H/WMJIH HOpaapeHannHoM. Takolhe, (iryokceTnH n3a3uBa 3HA4ajHYy
TUraTaljy M30JI0BaHUX apTepuoJia CKEJIeTHUX MHUIInha W Manux IepeOpaiHuxX aprepuja
NaroBa, HajBEepOBAaTHHj€ TAKO IUTO YTHYE Ha yla3aKk eKCTpalelylapHOT joHa Kajlujyma y
rinatke mutimhae hemuje [143,149]. V konnentpanujama ox 0,5-50 uM ¢uyokceTHH MoKasyje
nenpecuBHe eexTe Ha Ca?* u Na* xanaie, g0k y koHueHntpamnujama ox 0,1-10 uM wuzaszuBa
ONYIITakhe€ BACKYIAPHUX W M[PEeBHUX Tharkux Mummha. To 3Haum na (iayokceTuH y
TepanujcKuM KoHIeHTpanujama 6nokupa Na*, K* u Ca’" kamane Ha rmatkuM MumhHIM
henujama [150]. dnyokcernH y BehuM KOHIIEHTpaldjaMa HHXHOKMpA ylia3ak joHa Kallujyma y
uHTecTHHANHE riatke mumuhae henuje. Mako je momenytu edekat gyokceTnHa g0Kka3zad y in
VItro yciaoBuma, TOCTYIHH KIMHAYKH TOJAlU WHAXPEKTHO YKa3yjy na ce edextu dayokceTrHa
BE3aHM 3a pellaKcallijy MHTECTUHAJIHMX ThaTkux Mumuhaux henmja octBapyjy u in Vivo.
Haume, Beoma 4ecTo HEXEJbEHO JI€jCTBO (PIYOKCETHHA je W OICTUIAIMja, Yhja ce I0jaBa
TEOPETCKU MOKe 00jaCHUTH pellakcalljoM MHTECTUHAIHUX INIaTKuX MummhHux henuja koja je
WHIyKOBaHa JejcTBoM ¢uryokcetuna [143]. Takohe, moka3zaHo je na (UIyOKCETHH yTHYe Ha
KOHTPAaKTHJIHOCT TJIATKUX MUIIMha >Kelyla W Ja Taj YTULAj T[0Ka3yje pETrHOHAIHY
BapHjabMIIHOCT: (PIIyOKCETHH H3a3uBa jade KOHTpakiuje ¢yHayca, a ciabuje aHTpymMa MU
nwopyca. KonTpakuuje nHaykoBaHe QJyOKCETHHOM Cy IOKa3aje JO3HY 3aBHCHOCT, a BbUXOB
WHTEH3UTET je OMO CMameH HAaKOH MPUMEHE TeTPaJ0TOKCHHA, aTpoNHHa, (PeHToJaMHWHA W

aHTaronucra 5-HT penenrtopa. Hajjaun naxubutopHu edekar je u3a3paia MpuMeHa aTporHa,
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ITO WHAMPEKTHO YyKa3yje Mda je KOHTPAKTWIHH edekaT ¢iayokceTuHa Oap JISITMMHUYHO
YCIIOBJbEH HMHTEPAKIHMjOM Ca MYCKapUHCKHM perentopuma. Takohe, 3HaYajHy HHXUOWIIH]Y
KOHTpakTWiHOr  edekra  (uyokceTMHa M3a3Bajia je M [pPUMEHa  AHTarOHHCTE
cepoToHMHEpruukux 5-H7T, penentopa. To ykasyje ma QuyokceTnH ctumynuie u S-HT,
pelenTope, IMPEeKTHO (Mambe BEPOBAaTHO) WM Kpo3 NoBehame ekcTpaHeypalHe KOHLIEHTpalLuje
CEpOTOHMHA YyClle]l MHXUOULMje HEeroBOI IOHOBHOI NIpey3uMaba, LITO j€ 3alpaBO BEPOBATHO
o0jallbemhe CTUMYJATUBHOI YTHIAja CEPOTOHMHA HAa KOHTPAKTHJIHOCT INIATKUX MMIIMhHHUX
henmja >xemyna [151]. Jlok ce mojaBa omncTumaiyje Koja 4ecTo MpaTd MpUMEHy (IIyoKceTHHA
MOXKe OOjaCHHTH pellakCalijoM MHTECTHHAIHUX Tiarkux Mummhaux henwja [143],
CTUMYJIATUBHU €PEKTH Koje je (IyOKCEeTHH I0Ka3a0 Ha KOHTPAKTUIHOCT IJIATKUX MUIIMhHUX
henuja xemyma mory na Oyay TEOPETCKO O0jallllbelhe 3a M0jaBy OMO3UTHHX HEXKEJbeHUX
nejcraBa (pIIyoKCeTHHA y TaCTPOMHTECTUHAIHOM TPAKTy, Y IPBOM peny nujapeje [151].

[lopen ¢dnyokcernHa, MOKa3aHO je M Ja MAPOKCETHH yTUYE HAa KOHTPAKTHIIHOCT
MHTECTUHATHUX MaTkux Mumuhaux henuja. Mnak, Moxke ce pehu na gocTynmHe HaydHe
CTy/Mj€ Hy/€ MOIPUIMYHO KOHTPOBEP3HE MOJATKE KajJa je y MUTamby YTUILla) NapOKCETHHA Ha
KOHTPAKTHJIHOCT ~TJAaTKUX MHIIMha TacTPOMHTECTHHAIHOI TpakTa. Tako pe3yiraTu
KOHTPOJIMCAHUX KIMHUYKUX cTyauja [152,153] ykasyjy na mapokceTHH yOp3aBa MOTHIIUTET Y
TaHKOM LIpeBY, 0€3 yTHIlaja Ha MPaK-EHhe JKeNlylla UM Ha TpaH3UT KosoHa. C apyre cTpaHe, y
eKCIIepUMEHTAITHO] iN Vitro cryauju [154] je moka3aHo J1a MapOKCETHH HCIOJbaBa JCIPECUBHO
JIEJCTBO Ha KOHTPAKIIM]y TIaTKUX Mumuha miaeyma 3edeBa. Pemakcamuja riaTtkux MUITHhHHX
henuja Kojy je MapoOKCEeTHH M3a3MBAa0 Ha M30J0BAaHMM IpernaparuMa 3e4jux ujeyca je umana
JI03HO-3aBHCHHU KapaKTep M 3a MOCIeIuIly je MMajla IpoayKeTaK TpaH3UTHOTr BpeMmeHa. [lopen
NOMEHYTUX e(dekara Koje MapoOKCeTHH OCTBapyje Ha IIaTkuM MuimumhHuM henujama npesa,
MO3HATO j€ Jla TapOKCETHH yTUYe W Ha TaTke mMummhae hemuje »emyna tako mrto noehasa
racTpUYHy aKOMOJAIM]y KOJ 3ApaBuX goOpoBosbama [155]. OBu pesynratu ykasyjy na Ou
IpUMEHa MapoKCeTHHAa Morjia jaa Oylne KOpHCHa KOJ MalyjeHara ca HEeJIOBOJHHOM IOCT-
NpaHaujaTHOM penakcanujoM ¢yHayca. Takohe, 300r moMeHyTHX edekaTa mapoKCeTHHA Ha
WHTECTUHAJHE TJIaTKe MUuMnhHe henrje cpoBeieHa Cy HCTPaKUBambha ca IUJbEM J1a CE€ MCIUTA
MOTYhHOCT TIpUMEHEe MapoKCEeTHHA Y Jeuelhy CHHApPOMa WpHUTAOWIHHUX IpeBa. Mnak, 3a cama
HUje MOTBpheH CTaTUCTHYKM 3HAayajaH OeHepUT KOju OM MpaTHO MPHUMEHY MAapPOKCETHUHA Y
Jieuey CUHJIpOMa UPUTAOMIHUX IpeBa [156].

ExcniepuMenTante cTyauje cy mokaszaie Ja cy e(heKTH Koje MUTAIoNpaM HUCIoJbaBa Ha
mIaTkuM MumuhauM henwjama cimunu eextuma diayokceTnHa. Y KoHieHTpanujama ox 0,1-

10 UM nwTanmompaM JOBOAM A0 peNlakcalfje BacKyJapHUX M HHTECTHMHAIHUX TJATKUX
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mumhauX henrja, Kpo3 HHXUOUIN]Y CpUYaHUX BOJTAXKHO-3aBUCHHUX KaHaja 3a JOH HATpHjyMa,
KaMjymMa ¥ Kanujyma. MHXuOuTopHHM €(heKTH Koje LUTAJIoNpaM HCIoJ/baBa Ha JOHCKUM
KaHaJIMMa Cplla MOTY 3a IOCIEAMIY Ja MMajy MPOApPUTMOTCHH, OJHOCHO AaHTHAPUTMOTCHH
edekar, y 3aBUCHOCTH OJ KaHaia Koju he OMTH MHXWMOMpaHM, T€ C€ Ha Ta] HAUYUH MOTY
00jacCHUTH HEXEJbeHH ePEeKTH Koje mMUTaionpamM ucnosbaBa Ha cpiy [150]. Takohe, mokazano
j€ a muTanonpaM CTUMYIIMIIE KOHTpakiuje GpyHayca u aHTpyMma, CIMYHO Kao U (PIIyOKCEeTHH,
Ka0 W Ja Te€ KOHTpakiHje Mory na Oyany wuHXxuOupaHe npuMeHoMm arpomnuHa [157].
NuxuburopHu edexaT arpornrHa WHAUPEKTHO yKa3yje 1a IMHTAJIoNpaM CBOje JIEjCTBO Ha
rmaTkuM MummhauM henwjama ocTBapyje MpeKo MYCKapHHCKHX perentopa. OcuMm Tora,
pe3yNITaTH HaJHOBUJUX EKCIIEPUMEHTAIHUX CTyAWja YKa3yjy Ja nuranonpam Onokupa Kvl.3 u
Kvl.5 noarunoBe KanujyMOBHX KaHaima y in Vitro ycmoBuma [158], ka0 W OIOKEHY
WCTPaB/bauKy KaJIHMjyYMOBY CTPYjy KOPTHUKAJHMX HEYpOHAa MHUIIEBA, JOMHHAHTHO KpO3
naxuonnrjy Kv2.2 moarumna xanujymoBux kanama [159].

[To3natu cy u oxpehenu edextu ecuurtanonpama Ha riIaTkuM MUIIuhHUM henujama.
Wsrnena na ecruranonpam Onokupa hERG kanane Ha cpiy, yMMe ce MOXe 00jaCHUTH
HEXXEJbEHO JICJCTBO OBOT AaHTHJENpEecHBa Be3aHO 3a mnpoxayxkerak QT wuHTepBanma wu
npoaput™morenu mnorenuujan [160]. Takohe, pe3ynratu HajHOBHjE CTyAHje Koja ce OaBuia
UCIUTUBAaKEM YTHIAja ecuuTajonpaMa Ha riarke mummhae henmje [161] mokasyjy na
ecuurtanonpam Onokupa u Kv kaHanme Ha MemOpaHama BacKyJapHUX IJIaTKUX MMIIMhHUX
henuja kopoHapHUX apTepuja 3euyeBa. MHXuOUTOpHH edekar ecuuTanonpama je OUo J103HO-
3aBUCTaH M HHj€ OMO TMOBE3aH ca MPUMAPHUM €(EKTOM KOjH €CIUTAJIONpaM OCTBapyje Kpo3
MHXUOMIIN]Y TOHOBHOT Npey3UMama CepOTOHUHA.

Kao u ocrtanu mpeicTaBHUIM OBE Ipyle aHTHAENPECUBA, M CEPTPAIMH HCIOJbaBa
olpeheHn yTHIla] HA HUBOY TJAaTKUX MUMMhHUX henuja M TO MPBEHCTBEHO KPO3 JEJCTBO Ha
joHcke kaHaie. CepTpaliIiH MHXUOHMpPA MIMPOK CIEKTap jJOHCKUX KaHaia cpra [162]. Cauvro
Ka0 M eCIHTaJONpaM, CEepPTPAJIMH H3a3uBa J03HO-3aBHCHY WHXHOMIM])y KV kaHama Ha
MeMOpaHaMa BacKyJapHUX TJIaTKMX MHUIIMhHUX hennja KopoHapHHX apTepuja 3eueBa. TauaH
MeXxaHHM3aM KOjuUM cepTpaiuH Onokupa KV joHCke kaHaile HUje MO3HAT, ajl je€ CUTYpHO Ja
Onokaza MOMEHYTUX KaHalla HUje MOCIeNnIia MPUMapHOT MEXaHH3Ma JIeIoBamba CepTpaInHa
(uHXHOUIMja Tpey3uMama CEepOTOHMHA Yy MPECHHANTHYKEe HepBHE 3aBpuieTke). CepTpanuH
naxubupa Kv kanane y 3atBopeHoM cramy [163]. C apyre crpane, u3riena aa cepTpajvH
HEMa YTHUIa] Ha CEH3UTUBHOCT M MPOIYI3UBHY (DYHKIIH]Y JKeyIia, 300T 4era Hema J10Ka3a Koju
OU rOBOPWIJIM y MPUJIOT MOTEHIUjaHe MPUMEHE CepTpaMHa Y LUJby yOJlakaBamkba CUMIITOMA

mucnercuje [ 164].
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1.8. HeypoxyMopajaHa KOHTPOJa MOTHJIUTETA Te€HUTAJIHOI TPaKTa

KCHE

['eHuTanmHM TpPaKT KEHE j€ CauYubeH OJf TPH JacCHO U3JBOjeHe MopdoJIomKo-
¢dbyHKIIMOHaNHE 1enuHe. To Cy, YKOJMKO c€ TocMarpa O YHYTpa Ka CIoJba, jajoBOAM,
Matepunia u BaruHa. OcHOBHe (QYHKIMje jajoBojga Cy TpaHCHOPT jajHe hemuje u
criepmaTo3onia, 0oe3oeheme MmoBojbHE cpearHe 3a GepTUIH3alyjy jajue henje u TpaHCIoOpT
3urora Jo0 marepuiie. Kpo3 marepuiry mposase criepMaTo30uIi Ha CBOM IyTY Ka jajoBOIY H Yy
MaTepHIM Ce 3UroT UMIUIAHTHpa a 3aTHM pa3BHja y eMOpuoH u (deryc. Barmna omoryhasa
KOUTYC W TIOJIarame CIiepMe, a Mo 3aBpIICHO] TpyaHohu mpepcraBiba mopohajHU MyT IUI0AA.
MOTHIIMTET CBAKOT O]l OBUX JIEJIOBA j€ Y HOPMAaJIHHUM YCJIOBHMA YCKJal)eH, Tako Ja ce ’BHUXOBe
¢dbyHkuje o0aBibajy mpaBoBpeMeHo. M HajMama HeyckiIal)eHOCT BUXOBOT MOTHIIUTETA MOXKE
JIOBECTHU JI0 KOJIM3Hje U OHEMOTYhUTH Kpajiu IUJb: OIUIoheme, pa3Boj miojaa u nopohaj. Jenan
Je0 y3poKa CTepwiIMTeTa KOJI J>KeHa TpeACTaBibajy ympaBo mnopemehaju morunurera
TCHHUTATHOT TpakTa. [lo3HaBame HEYpOXyMOpalIHE KOHTPOJIE MOTHJIMTETA TCHUTAITHOT TPaKTa
je jemaH o HEONXOJHUX YCIIOBa 3a palMOHAIHY IPHUMEHY JIEKOBa y THHEKOJOTHjH |

opoauJbCTBY [165].

1.8.1. AHaTOMCKO-XHCTOJIOLIKE KAPAKTEPUCTHKE XYMAHOI jajoBoaa

JajoBon (Tuba uterine Falopii) je mapau ciy30k0KHO-MHIITHNHE OpraH y BUAY KaHala,
Iy’)KUHE OKO 14 cm, KOju ce Tpyxa CKOPO XOPU30HTAIHO O YIJla MaTepHIle J0 oaroBapajyhe
cTpaHe Kapiuiie Kpo3 ropmwy uBuily lig. lata uteri. Ha jajoBony youaBamo cnenehe nenose:

e ostium uterinum tubae (MaTepuuHu 0TBOp MpeyHHKa 1,5 mm)

e pars uterine tubae (MaTepu4HHM 7€0 jajoBOMA, TyXKUHE OKO 1 cm, kaaubpa 1,5 mm)

e isthmus tubae uterinae (tecnar jajoBoza, Ty>KHHE OKO 4 cm, KaiuOpa oko 2 mm)

e ampulla tubae uterinae (xkpymkacto mpommpeme, Qy)XHHE OKO 8 cm, kaiubOpa 7

mm)

e infundibulum tubae uterinae (1eBax jajoBonaa, KyxuHE OKO 2 cm)

e ostium abdominale tubae (abgomuHamHU OTBOP).

Oxo oboma wHpyHIHOYTYyMa mpyxa ce 10-15 ¢pumbOpuja jajoBoma (fimbriae tubae)
ayxuHe oko 1,5 cm, o1 KojuXx je jeqHa ayra oko 4 cm u Ha3uBa ce fimbria ovarica.

JajoBon ucxpamyjy ABe aptepuje: I. tubarius, rpana a. uterinae (mo xanuOpy 3HadajaH
cya) u apyru . tubarius, rpana a. ovaricae (Bpyio manu kanubap). Bene u3 ammyne u
uHbyHauOyIyMa ce ynuBajy y plexus ovaricus, a BeHe u3 ucTMyca yrudy y BeHe marepuiie (VV.

uterinae). Jlumduu cymoBu oasome JuMdy M3 jajoBoaa y MapaaopTpaliHe W IpeaopTpaiiHe
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auMHe kie3ne. JajoBoa mpuMa M CUMIIATHYKa W MapacHMMIIaTHYKa BIaKHA W3 JBa M3BOpA:
kapnugHor cruteta (plexus pelvinus) u nenujaunor crera (plexus coeliacus).

3un jajoBona usrpal)eH je o1 4eTUpH Clioja:

» CIy30KOKHH ciioj (tunica mucosa)- rpaljeH oJ Kp3Ha W jEIHOr pela CIUTEITHUX
UIHHIpUYHUX henuja ca Tperubama. [IOKpeTH OBUX TpEIUbU YIpPaB/bCHH CY MpeMa
Marepuiid. Ciy30Kk0Xka jajoBoja je jako HabopaHa, TaKo Jla Ha IMOIPEYHOM IPECEKY
HEroBa MIYIJbMHA UMa 3Be3/acT u3riiea. Habopu cy Hajjaue M3paKeHH y aMITyJapHOM
JeIy, HemTo ciiabuje y uctMmuaaoM. Ciry30K0a jajoBo/Ia He TIoceyje CyOMyKo3y.

» wmumuhau cinoj (tunica muscularis)- usrpahen je o ciojeBa TIaTKUX MHIIMNHUAX
BJaKaHa KOJU Cy Ha KJIACHYHOM MHKPOCKOIICKOM IIpermapary pacnopeheHH Kao
Y3IyXKHH, Crojbalimu cioj (Stratum longitudinale) u kpyxHu, yHYTpallmH Cioj
(stratum circulare).

» mnocrtrneputoHeaanu cioj (tela subserosa)- raHak ciioj MOCTIIEPUTOHEATHOT PACTPECHTOT
BE3UBHOT TKHBA.

» mnepuToHea HH ciioj (tunica serosa) [165].

1.8.2. CnioHTaHM MOTHJIMTET XyMaHOT jajoBojia

JajoBomu mipeAcCTaBIbajy JEMHCTBEHO MECTO Yy OpPraHU3MY J>KEHE TJI€ C€ OJBHUja
omiohewme jajue henmuje. Jla 6u Owmna oruiohena, jajua henmuja mpBo Mopa OuTH ycucaHa y
nHYyHAUOYITYM jajoBOJa a 3aTUM TPAHCIIOPTOBaHA JI0 ammyjapHOr cermeHTa. [lomTo mohe 1o
oriohema, eMOpHOH OMBa TPAHCIIOPTOBAH KPO3 UCTMUYHH M MHTPaMyJapHH CETMEHT jajoBoa
no JymeHa Martepuile. [lopen akTHUBHOCTH IWJIMjapHOT €MHUTENa, MOTHJIMTET jajoBojia je
HEOMXO/IaH 3a TpaHCIopT jajue henuje u emOpuona [165].

[Toctoju noOpa kopenanuja uzmel)y eneKTpruuHe U MEXaHUYKE aKTUBHOCTH jajoBoja. Y
JIOHTUTYJUHAIIHOM MUIIUNHOM CJI0jy HMCTMyCa MOTY C€ pEruCTpOBATH CIIOPH TajacH
JenoJiapu3anuje u Op3u JAenojiapu3allMOHN TOTCHINjalld (IIUJBIM) KOJU MPEACTaBIba]y CyMYy
AKIIMOHUX TIOTEHIIMjaia MOjeIMHUX TIaTKUX MUIMMhaNX henmnja. ToHWYKE KOHTpaKIHje clee
criope Tanace, a ¢pa3uyke KOHTpPaKIMje MuJbKe. Y MUPKYJIapHOM MUIIMNHOM CIIOjy HCTMYyca U
y MUIIUNHUM CJI0jeBUMA JPYTUX JENIOBa jajOBOJIa CIIOPU TalacH C€ MOTY PETKO PEerHCTpPOBATH,
JIOK Cy IIWJBIM PEIOBHO MPUCYTHU U Tipahenn (a3znukum KoHTpakiujama [166]. U enekrpruyuna
M MEXaHMYKa aKTUBHOCT ]ajOBOJIa Cy HAjU3paXKEHHJU OKO OByiamuje (MmoceOHO Ha Kpajy
nponudeparuBae (aze). Om CBUX Je70Ba jajoBOJla, MCTMYC TOCENyje HAJUHTCH3UBHU]Y
akTUBHOCT [167].

VY jajoBoly MOCTOjM BHIIE CHUMYJITaHUX “TejcMejkepa” y KOjUMa ce 3allouuibe

€JIEKTpUYHA aKTUBHOCT. ENeKTpruHa akTUBHOCT c€ IIMPHU O]l MEcTa HacTaHKa Op3uHoM oa 1 1o
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3 mm/sec. Ilocne MeHcTpyalje, eleKTpUYHA aKTUBHOCT C€ IIMPU Yy TpaBily yTepyca.
JlBaHaecTOr JaHa LUKIIyca, aKTUBHOCT 3allOYHMEbEe HAa 00a Kpaja jajoBoja U HIMPH ce Ka CIIojy
ucTmyca u amiyie. Y Bpeme opynanuje (14.-16. maH) tamacw myTyjy KpaTKy AWCTaHILy, Y
CMepy O] aMIlyjie Ka UCTMYCY, Ja OM y MpeocTaJoM Jelly IMKIyca CMep LIMperma Tajaca
Jeroyiapu3anmje Ouo JyX LENOT jajoBoja Of aMITyJe Ka yrepycy. EnexTpuyHa u MexaHW4YKa

aKTHBHOCT jajOBOJa Cy YCTBAapH CHHXPOHHM30BAHE Cca KpeTameM jajHe henuje u KacHHje 3urora

[168] .

1.8.3. VYJjora karexoJaMHHA y peryjanuju MOTHINTETA XyMaHOT jajoBoja

Hopanpenanun n3a3uBa KOHTPAKIMjy HCTMYCa jajoBoaa. Y IN VIVO ekcriepuMeHTHMa OH
ycropaBa TPOTOK BHUCKO3HUX TEYHOCTH Kpo3 HCTMyc. HopaapeHanwH akTUBUpa og
aJpeHepruyke perentope koa BehmHe Bpcra M KoJ 4oBeka. CMatpa ce /a mocie oByJaluje
noBehaHa aKTUBHOCT CHUMIIATUYKOT HEPBHOI CHUCTEMa JOBOJIU JO KOHTpAaKIHMje HCTMYyca
jajoBoia (Tako3BaHO ‘‘3aKkJbydyaBame” jajoBoJa) YMME c€ jajHa henmja W KacHUje 3HTOT
3apKaBajy y amIlyJid CBE JOK He johe 1o ommoljema M OK 3UroT HE JOCTUTHE onpeheHy
3penoct. OBO J€jCTBO JOHEKJIE MOAYJIHpa aJpeHalMH W3 KpBOTOKa aenyjyhm Ha fo-
aJipeHepruuKke pelenTope y UCTMYCY Ydja CTUMYJallKdja JOBOAM /0 pelakcanuje. Y ApyruM
JIeJIOBMMA jajoBO/A f2 PElEnTopyd Cy y BEIHUKO] BEhMHU y OJHOCY Ha O-apeHEPTrUYKe
peuentope. Hero edekar axkTuBaiuje agpeHEpruuykux HepaBa j€ KOHTpaKlHja HUCTMyca U
penakcanuja amiyie U uHGYHIUOyIyMa jajoBoja. EHIOTeHM MypUHU MOJYIHIY aKTHBHOCT
aJipeHepruYKMX HEpBHUX BJIAKaHAa Yy 3uAy jajoBoga. OHM HMHXUOUpajy ocnobahame
HOpaJIpeHAIMHA U3 a/IPCHEPTUYKIX HEPBHUX 3aBpIIETaKa, MaJa MOCTOj€ U TIOCPETHH TOKA3H 3a

MIOCTCUHANTUYKY Moaynauujy [169].

1.8.4. JlejeTBO alleTHJIXO0JMHA HA MOTHJIMTET XyMAHOT jajoBoaa

XyMaHHM jajoBOJI C€ MOHAIIa Kao (YHKIIMOHATHU CUHIUIUJYM, @ Ha HK€IrOB MOTHJIUTET
ytude (paza MEHCTpyaJ HOI LHMKIyca, pacTe3ame M HepBHA BJIaKHAa Koja Mory Ja Oyay
eKCIIUTaTOpHEe M MHXHOUTOpHE npupone [165]. Ynpkoc oCKyqHO] WHEpBALUjH, alleTHIXOINH
j€, 3ajeHO ca HEYPOTEH3MHOM M OKCHUTOIIMHOM, jeJlaH O] CTUMYJaTopa MOTHJIMTETA jajoBOIa
[169]. OH, myTeM MyCKapMHCKHX pELENTOpa, CTUMYJUIIE eIeKTpUUHy (ZAemnosapuzanuja u
IIMJBIM) U MEXaHUUYKY (KOHTPAKIMje) aKTUBHOCT OBOT cHMHIMIIUjyMa [166]. V nBe cryauje Ha
M30JIOBAaHMM CETMEHTMMa XYMaHOI jajoBoAa (aMIyjla M MCTMYC) AlETHIXOJIMH j€ JIeJI0Bao
KOHTpakTHiIHO. Dapmakosionika aHalln3a je ynoTpeOoM CEeJeKTUBHUX arOHUCTa M aHTaroOHUCTa
yCTaHOBWJIA Ja je Taj edekar mnpuMapHo OMO TocpemoBaH Mj penentopuMma Koju cCy

HajBEpOBAaTHUjE OWJIM JIOIUPAaHU Ha caMuM riatkuMm Mutmhuma [170,171]. Moryhe je na je
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KOHTPAKTHIIHO JICjCTBO €Ir30TCHOT alleTHIIXOJHMHA IMociieana (paBopu30Bama eKCIUTATOPHUX
CTUMYJIyCa IPYTUX HEYpOTpPaHCMHUTEPA KOjU Cy 3HAYajHH]E 3aCTYIUbEHU Y jajoBoay. Tako je,
Ha IpUMep, OKa3aHOo Ja aleTHIXOJIWH OJIOKHpa CTUMYJIATHBHU e(heKaT TOHAJaTHUX CTEPOUaa
Ha CH3MM TIJIyTaMaT-JeKapOoKcHuia3y, KOjH KaTaju3yje peaklujy CTBapama HHXHOUTOPHOT

HEYypOTpaHCMUTEPA, raMa-aMUHO-O0yTepHe Kucenune [172].

1.8.5. ¥YTuuaj ronajajJHUX cTeponia HAa MOTHJIUTET XYMAaHOT jajoBoaa

Penentopu 3a ectporeHe OTKpUBEHHU Cy y LUTOIUIA3MU U jelpUMa INIaTKUX MHUIIMhHUX
hemnja jajoBoma. Y jemHoMm Opojy cryauja HUje HaheHa pasznmmka y Opojy perenTopa 3a
€CTPOTreHE y Pa3IMYUTHM JIeJIOBHMA jajoBOJIAa WM 33 BPEME PasIUuuTHX (haza MEHCTPYaIHOT
nukiIyca. [lpyre cTyamje cyrepuiny 1a je Joiia3ak 3uroTta y yrepyc yckiaheH ca mpoiasHuM
nopactoMm Opoja jelapHUX pelenTopa 3a €CTPOreH y riaTkuM mumuhauM henujama jajoBoaa.
XPOHMUYHO H3JIarame jajoBOJIa €CTPOre€HMMA PE3YINITYj€ CMAmbCHEM YUECTaJOCTH CIIOHTAHUX
KOHTpaKI¥ja JOHTUTYJMHATHOI MHUIIMNHOT cloja; MeMOpaHe TiaTKuX Mumuhaux henmja
MOCTajy Xurmeproiapu3oane. EcTporenn Moaynupajy yKyImHy OCEeTJFUBOCT jajoBOJIa Ha JIpyTe,
Op3ozaenyjyhe xopMoHe U HeypoTpaHcMuTepe. HajBepoBaTHuUje je 1a OHU MEHajy EKCIIPecHjy
peLeNTOPCKUX MPOTEUHA 3a Te CyIcTaHIe. Bucoke mia3smMarcke KOHIEHTpaluje nporecTepoHa
3Ha4YajHO cMamyjy Opoj perenTopa 3a ectporene. Perentopu 3a nporectepoH cy npoHaheHu y
IUATOIUIA3MU M jeApuMa riaTKux MumuhHux henuja jajoBona, mpu 4yemy je TMOKa3aHO Jaa
ecTporeHn moBehaBajy Opoj peuentopa 3a mporectepoH. OHM TOCTHXKY HajBehy
KOHIIGHTpalLMjy 3a BpeMme KacHe (osmkynapHe (aze. TokoM I1eor MEHCTpyalHOT IHKIyca
aMITyJIapHA CETMEHT jajoBOJIa CaJapiKU BHUIIIE PEIENTOpa 3a MPOTeCTEpPOH HETO CBH CETMEHTH

jajoBoga [169].

1.8.6. ¥YrTuuaj aepuBara apaxugoHCKe KHCeJIMHE HA MOTHJIUTET XyMaHOT jajoBojaa

[Mpocrarnmananan PGE; nu PGF,, mocenyjy 3HavajHa JiejcTBa Ha MOTHJIUTET jajOBOJIA.
PGE; cmamyje GppekBeHIly U aMIUIUTYAY CIIOHTAHUX KOHTPAKIIK]a, TOCEOHO HEMOCPEIHO IIpe U
nocne oBymanuje. OH cMmamyje (PpEeKBEHIly CHOpUX Tajaca MeMOpaHCKUX moTeHIujamna. C
npyre crpane, PGF,, mosehaBa gpekBeHIly criopux Tajaca. Y BpeMe kaja ce jajHa hemuja Hahe
y JyMEHY jajoBOJa, JOJa3u JO MopacTa KOHIIEHTpAIlMje MpOCTarjiaHadHa Yy 3UAYy jajoBOja.
Hajuzpaxenuju nopact npumehen je 3a PGE;. M3rnena BepoBatHo n1a jajue henuje npucyTHe y
JyMEHY jajoBOJla MOTY YTHUIATH Ha CBOj COINICTBEHH TPAHCIOPT IMPEKO MOJIYJalllje CTBapamba

npocTarjaHanHa y 3uay jajooaa [169].
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1.8.7. ¥Yrunaj mentuaa Kao MHXHOMTOPHHUX TPAHCMUTEpPa HEPBHHUX BJIAKAHA Y
XyMaHOM jajoBOxy

Y TreHUTaTHOM TPakTy >KEHE je JIEeMOHCTPHPAHO MOCTOjalbe HHXUOUTOPHHX He-
aJIpeHePTUYKNX, HEXOJIMHEPTUYKNX HEPBHUX BJIaKaHA KOja Kao HEYPOTPAHCMHUTEpPE KOPHUCTE
HeyponenTuy Y, MEeNTHJ XUCTHIUH METHOHWUH M Ba30aKTHBHM WHTCCTUHAIHH mentunx [173-
176]. Kama ce oBa BIakHa akTHUBHPA]y, OHa ociiobahajy cBoje HEypOTpaHCMHUTEPE, KOjU TIOTOM
M3a31Bajy XUIIEPIIOIapu3aIiijy TiIaTKkuxX MUMMhaUX henuja u cMamyjy Y4ecTanoCT CIIOHTaHUX
KOHTpakmuja jajoBoma. Heypomenrtun Y wu3a3uBa Ba3OKOHCTPUKIH]Y Y CBUM TE€HUTAITHUM
OopraHuMa eHe, ajli HeMa e(pekTa Ha MOTWJIMTET IIaTKUX Mummha yrepyca W BarmHe, JIOK Y
jajoBoly MHXHUOHMpaA CIOHTaHE KOHTPaKIIK]e.

OcuM oBa TpH NENTH/A, T0Ka3aH je epekar Ha MOTUIIMTET jajoBO/IA 3a MENTH]I TTOBE3aH
ca reHOM 3a KaJIIHUTOHUH (KOjU MHXHUOMpaA CIIOHTaHE KOHTPAKIIM]je jajoBOoAa) U 3a cymncraniry I1,
KOja MMa KOHTPAKTWJIHM edeKaT Ha riaTke Muiuhae henmje reHuTamHor Tpakra xeHe [169].
Cyncranna I1 je mentua ox 11 aMUHOKHCENMHA M HAJla3W C€ y HEPBHUM BJAKHHMA Yy 3UIY
jajoBojaa, mocebHo mctmyca. Cyncranna Il nmpumemeHa y eKCIIEpUMEHTHMA Ha HU30JI0BAaHUM
opraHuMa u3azuBa (a3zudKe U TOHWYKE KOHTPAKIH]je MUPKYIAPHOT MUIIIHNHOT ¢Jioja jajoBoja,
Y CaMO TOHWYKE KOHTPAKIM]€ JOHTUTYANHAIHOT cjoja jajoBoaa. OBe KOHTpAKIIHje Cy 3aBUCHE

O]l yJacka Kajuujyma y riarke mumuhae henmje [165].

1.8.8. ¥YTunaj okcuTonMHA HA MOTHJIUTET XyMAaHOT jajoBojaa

Jlok 3a BazompecuH HMje moTBpheHa ¢usmonomka ymora y peryianuju MOTHIUTETA
TeHUTATHOT TPAKTa >K€HE, OKCUTOIMH MMa CYIITUHCKY YJIOTY M Y MAaTE€pHIId U Y jajoBOAMMA.
JIok y MarepuiH OKCHTOIIMH W3a3WBa KOHTPAKIMjy TPaBUAHOT yTepyca W moBehaBa
y4YEeCTaJOCT ¥ aMIUTUTYAy NopolajHUX KOHTpakiHja yTepyca, y jajoBOJYy OKCHTOLIMH TOBOAU
70 penakcanuje riaaTkux Mummha. Penentopu 3a OKCHUTOIIMH ce Hajllaze Ha TJIaTKUM
vmumhauM henmjama yTepyca, UCTMyca W aMITyjie jajoBoaa. Excmpecuja perenrtopa 3a
OKCHUTOITMH Y UCTMYCY jajOBOJIa pacTe 3a BpeMe CeKpeTopHe (ha3ze MEHCTPYATHOT IHUKIyca, Kao
U Tocie JyroTpajHe IpuMeHe ecTporeHa. Takole, ecTporeHu mnoBehaBajy aduHHUTET
OKCHUTOLIMHA 3a Werose perentope [169]. OxcuronuH penakcupa rinarke mumuhae henuje
jajoBojia yoBeka Jenyjyhu Ha cBoje cnenuduune penenrtope [176]. OBaj penakcanTHu edekar
OKCHUTOITMHA j€ Ba)kaH 3a TPAHCHOPT jajHe henwje oa MEpUTOHEATHE IIYIMJbUHE JI0 aMITyje
jajoBoja, jep TEpHOAWYHE KOHTpAaKIMje H peaKkcaluje jajoBoJa CTBapajy HeraTUBaH
MHTPAITYMHUHAIHU NIPUTUCAK KOjU “ycucasa” jajuy henmjy. Ilopen Tora, ako ce KOUTYC JecH 3a

BpeMe IepuoByiapHe (aze, OKCHTOIMH he NpeKko NEpUOIUYHUX pelakcaldja amiryie
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omoryhutu ymazak jajue henvje W WHEHO 3aJpKaBamkbe Yy aMmmyidd 10 MPUCTH3AmbA

cnepmato3onaa u peprunuzanuje [169].

1.8.9. ¥YTunaj xucraMuHa Ha MOTHJIMTET XyMaHOT jajoBojaa

[To3HaTo je Aa XHMCTaMUH JOBOAM 1O KOHTPAKIMje H30JO0BAHOI XYMaHOT jajoBOjA.
Kontpakija XymaHor jajoBoja, Kao OJArOBOp Ha XHCTaMHH, JO0OHMjeHA j€ NPUIMKOM
cupoBohema 1a00paTOPUjCKUX EKCIepUMeHaTa KOJA KOjUX je UCIHUTHBAHHM TKWUBHUMA WIU
OpraHuMa J0JaBaH €r3oreHn XucTamuH. llokaszaso ce Ja y OCETJBHMBOCTH MYCKYJaType
aMITyJJapHOI W HMCTMHYHOI CErMEHTa MOCTOje 3HayajHe KBAIWTATUBHE W KBAHTHTATHBHE
paszmuke [165]. OceT/pUBOCT HCTMyca XYMaHOT jajoBOJla HAa XWCTaMHUH HCTa je y o0e ¢asze
MEHCTPYJIHOT IIUKIyca M y MOCTMeHomnay3u. Kana je y nuramy ammyia XyMaHOr jajoBOJa,
OCETJBUBOCT Ha XHCTaMUH je ucTa y o0e (aze MEHCTpyaqHOr IMKIyca, ald HecTaje y
noctMmeHomnay3u. OBakBa pas3nuka ce, MehyTum, mpe Moke O00jaCHUTH JlereHepaTUBHHM
IpoMeHaMa Yy TIJIaTKOM Mummhy ammyine Koje WAy ca TOoAWHama, Hero pasInduTOM
eKCIPECHjOM XUCTaMUHEPIHUYKuX perentopa. Mumuhau cioj amiyne je u koa miuahux ocoba
MHOTO Tamkd HEro MUIIMNHU CII0j UCTMYcCa jajoBOJa, TAaKO Ja y CTapoCTH aTpoduja JT0BOAU
TOTOBO J0 TIyOMTKa IJIaTKUX MUIIMNHUX CHONOBA y amIlyJapHOM Jeny jajoBoja. M oBu
pe3yJITaTi U YMHCHUIIA J1a Cy TJIaBHU (a BEPOBATHO U JEIMHH) U3BOpP XUCTAMHMHA Y jaJOBOIMMA
3ampaBo MACTOILUTH, TOBOPE Jla XUCTAaMHUH HUje (PU3UOJIONIKU PETYIATOP MOTHUIIUTETA jajOBO/IA.
MebhyTum, XucTaMUH MOKE OMTH jeTHa O] HajBaXKHUJUX CYICTAHIM KOje YTUUy Ha MOTHIIUTET
jajoBoJia y HaTOJIOIIKMM YCJIOBMMA, Ha NMPUMEpP TOKOM HH(JIAMaTOPHUX 000JbeHa Yy Malloj
kapiuuu. [lomto xuctamuH nosehaBa Ga3ainHM TOHYC jajoBOJa, OH OM MOrao ‘“‘3akiby4yaTu’
MCTMYC jajoBOJIa M TaKO Y HEKUM TIaTOJIOIIKAM CTambMMa CIPEYUTH IMPOJa3 3Urota M JOBECTH

10 ekTonuyuHe Tpyanohe [177].

1.8.10. ¥YTHIAj cepOTOHHHA HA MOTHJIMTET XyMaHOT jajoBoja

Pesynratu pocamamimux HCTpakMBama J0Ka3ajy MPUCYCTBO CEPOTOHUHA Yy 3HUAY
XYMaHOT jajoBO/a, BEpPOBATHO y €HIOKpUHUM henujama win mactountuma [178], anum 3a cana
HU]j€ WCTHUTAaH yTUIIa] CEpOTOHMHA HA MOTHJIMTET jajoBOJa. JEIMHO j€ MO3HATO Ja CEPOTOHUH
M3a3uBa CHaXHY KOHTpaKLHM]y MHOMETpHjyMa KpajeM TpyaHohe, nenyjyhu npeko 5-HT»4

perentopa Ha riaaTkuM MutnnhauM henmnjama [179].
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2. IINWJBEBU U XUITOTE3E CTYAUJE

2.1. llnbeBU cTyauje

e llcnuTaTH NOTCHUMjaHU YTHUIA] CEIEKTUBHHX HWHXMOWTOpPAa IMOHOBHOT IpPEy3MMarba
CEpOTOHMHA HAa MOTHJIUTET XyMaHOT jajoBOJIa.

e llcnurat MexaHW3aM YTHIaja CEJIEKTUBHMX HMHXMOHMTOpa IOHOBHOT IIpEy3MMamba
CEepOTOHMHA HA MOTHUJIUTET XyMaHOT jajoBOJA.

e AHamu3upaTd pa3iMKe Yy JEjCTBY IOjeIMHUX CEIEKTHBHUX HHXMOWTOpAa MOHOBHOT
npey3uMama CepOTOHMHA Ha MOTHJIMTET XyMaHOT jajoBOJIA.

e Amnanmu3upatd pasiuke y eheKTrMa CEIeKTHBHHUX OJOKaTopa MOHOBHOT Ipey3uMarba

CEepOTOHHMHA Ha TOHWYKE U (ha3udKe KOHTPAKIM]e H30JI0BaHUX jajOBO/A.

2.2. Xunorese cTyauje

e (CBH CelEeKTUBHU UHXUOUTOPHU MIOHOBHOT Npey3uMarmha CEPOTOHNHA YTHUUY Ha CIIOHTAHH
MOTHJIUTET UCTMYCa U aMITyJie XyMaHOT jajoBoJIa.

e VYTHIA] CENIEKTUBHUX MHXUOMTOpPA NMOHOBHOTI INpey3uMama CepOTOHUHA Ha MOTHUIIMTET
XYMaHOT jajoBO/JIa CE OCTBapyje MPEKO MYCKapUHCKHUX PELENTopa.

e VYTHI] CENEKTUBHUX WHXHOMTOpPA TIOHOBHOT INpEy3UMarma CEPOTOHUHA Ha MOTHIIMTET
XYMaHOT jajoBO/JIa C€ OCTBapyje MPEKO XUCTAMMUHEPTMUKUX PELENTOopa.

e VYTHIa] CENEeKTUBHUX WHXHOMTOpPA TIOHOBHOT INpEy3UMarma CEPOTOHUHA Ha MOTHIIMTET
XYMaHOT jajoBo/Jia Ce O/IBHja MPEKO CEPOTOHUHEPTUYKUX peLenTopa.

e ®dnyokceTMH moka3yje Behm yTuIla) HA CHOHTAHY AaKTHUBHOCT HCTMYyca W amiyje
XYMaHOT jajoBOJIa OJ] OCTAJIUX IPEICTABHUKA CEICKTHBHUX HHXHOWUTOpPAa MOHOBHOT
npey3uMama CepOTOHHHA.

e Edekar cenekTuBHUX MHXUOUTOpa MOHOBHOT MpEy3UMama CEPOTOHMHA j€ U3PA3UTH]U

Ha CIIOHTAaHY aKTUBHOCT HETO HAa TOHYC U30JIOBAHUX IpCIIapaTa XyMaHOT jajOBOIla.
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3. MATEPHUJAJI U METOJ

3.1. Bpcra cTyamje 1 MCTPaKUBavyKa nomyJanuja

HcTtpaxuBame je CHpOBENEHO Kao eKCIepUMEHTaJHa CTyadja Ha H30J0BAHUM
OpraHuMa XyMaHOT IOpeKJIa.

HcTpaxxnBauky nomyiamnujy cy YMHHUIIE NMalUjeHTKUbE XocuTanu3oBane Ha Kiuaunum
3a THHEKoJIorujy M akymepctBo KnumHuukor mnentpa y KparyjeBuy ca maToOXMCTOJIOIIKU
Bepu(ukoBaHuM (HUOpOMOM MaTepulle, a KOA KOjUX je MOCTojaja MHAWKALMja 3a JICUCHE
MOCTYIIKOM XHCTEPEKTOMHUjE Ca aTHEKCEeKTOMHjOM. 3a CHpoOBOleHmE OBOI HCTpPaKUBaba
nobujena je carimacHocT Etrukor onoopa Kimuuukor nenrpa y Kparyjesiry (6poj 01/18-840).

Kpurtepnjymu 3a yk/byunBame NallljeHTKUbA Y HCTPAXKUBambE Cy Ouiu cienehu:

e Jlujarnoza ¢ubpoma ytepyca (D25-tymop rnatkor wmummha wmarepune; D25.0-
MOJICTYKHUYHU TyMOp TJIaTKor Muinha matepune; D25.1-tymop rmatkor muinuha
suga marepune; D25.2- tymop rmatkor mummha MCIox cepo3HE ONMHE MAaTEpUIIE;
D25.9- tymop riaTkor Muinuha MaTepuiie, HeO3Ha4eH )

e MHauKOBaH ONepaTHBHU 3aXBaT - XUCTEPEKTOMHja Ca aTHEKCEKTOMHU]jOM

e OpcycTBO MAaTOJOLIKUX TPOMEHA Ha jajOBOIUMA

e OpacyctBo unpekuuje xenaturuc B u C xao u HIV Bupycom

e l30cTaHak mpuMeHe XOPMOHAJIHE TepaIyje y nocieama 3 Mecena

e [lornucan mpucTaHaK O/ CTPaHE MAIlHjCHTKUHE
Hckbyuyjyhn kputepujymu 6miu cy:

e 3axsaheHOCT jajoBO/Ia MATOJIOMIKUM IPOLIECOM

e XwuTHE XMPYpIIKEe HHTEPBEHIINjE€ KOje Cy crpedyaBaje 0e30eH0 y3uMamke Ipernapara

e OyHKIMOHAJIHA HEMHWCMEHOCT TaIMjeHTKUke (300T HepasymeBama wHHOpMaIHja
HaMeHEHUX MalljeHTKUbaMa Ipe IPUCTajamba 32 yYECTBOBAE Y CTYIUJU

e Tpynnoha
3a notpebe uctpaxuBama KopuiiheH je “3rogHu” y30pak KOHCEKYTUBHOT KapakTepa.

PeneBaHTHM XyMaHuW MaTepHjall je y3UMaH OJf CBUX MAaLMjEHTKHIbA KOje Cy HCIyHaBaje
nomMenyre kputepujyme y nepuoay ox 01.04.2018. ma cBe mo 10.04.2019. rogune, xanga je

npuKkynbeHo 30 mpenapara.
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3.2. Bapmja0ae koje cy npaheHe y ucrpa:xkupamy
3aBucHY Bapujadily MpeICTaBbao je MOTUIMTET (ITOKPET/HUBOCT) U30JIOBAaHUX OpraHa,
qije u3pauyHaBambe HHTETPUIIe Mepeme caeaehux acnekara:
e BenuunHa TOHWYKE KOHTPAKIUj€ WIN peJlaKcalyje penapaTa
o OpekBeHIHMja W aMIUIUTyJa CHOHTAHUX KOHTPAKIHMja KOje ce Mepe jeIMHCTBEHOM
MEpOM-TIOBPIIMHOM UCIOJ] KPUBE KOja MOKa3yje BEIMYMHY KOHTPAKLIU]je Y BPEMEHY
HesaBucHe Bapujabie Koje Cy UCIUTHBAHE Y OBOM HCTPaXHBamby One Cy: HapoOKCeTHH,
CepTpaliH, LUTAJONpaM, eCHHUTaionpaM, (IyOKCEeTHH, Kao TMPEeJCTaBHUIM OJoKaTopa

MTOHOBHOT IIPEey3UMarma CEPOTOHNHA Y YHCTO] CYIICTAHIIH

3.3. Mepeme 3aBucHe BapujaodJie

3.3.1. OnepaTHBHM MOCTYNAK

3a moTpebe OmepaTUBHOI TIOCTyNKa (XUCTEPEKTOMHja ca aJHEKCEKTOMHU]OM)
MalyjeHTKUbE cy yBoheHe y onmTy OalaHcupaHy aHeCcTe3Hjy MPUMEHOM OIIITOT aHECTETHUKA
a30T-CyOOKcH/Ia, OIMUOIHOT aHaIreThka (EHTaHW/Ia W HEypOJeNnTHKa Apornepuaoia. 3a
MHAYKIM]Y aHecTe3uje KopullheH je OapOuTypaT yATpaKpaTKOI JejioBama- THOIEHTOH
HaTpUjyM, Yy OOJIMKY MHTpPAaBEHCKE HHjeKIMje, JIOK je Kao MMOpEIaKcaHC KopHIIheH
pokypoHujyM. HemocpenHo mpe omnepainyje, KoJ CBUX HallMjeHTKUba j€ MPUMEHEH aTpoIuH,
cynkytaHo y no3u ox 0,5 mg.

PecexToBanu jajoBOaM MaIlMjeHTKUEbA CYy OJIMAX HAKOH OIepalrje MOCTaB/baHU Y Cy.
ucnymen De Jalons-osum pactBopom (154 mM NacCl, 5,95 mM NaHCOs, 5,63 mM KCI, 0,54
mM CaCl,*2H,0, 2,78 mM rinyko3a) u okcurenucan (100% O,, 5 ml/min), nakon yera cy

TPAHCIIOPTOBAHHM Y JIA0OPATOPH]Y.

3.3.2. MonTupame npenaparay JiabopaTopuju

[leTHaecT MUHYTa HAaKOH y3MMamba XyMaHOT jajoBOJla M3 OINEpallioHe cajle W30JI0BaHU
npenapatd Cy MOHTHUPAaHU Yy CIEHUjaIHOM KyHnaTWiy 3a u3osioBaHe opraHe. On jajoBoja
NalHjeHTKUkba MpUIIpEeMaHe Cy JBE BpCTE Mpernapara- HpenapaTd UCTMyca M IpenapaTH
ammyne. [Ipumpema mpenapaTa MCTMyca W aMIylle Hajpe je MoapasyMeBaa YKIIamame
cepose, unMe je cioj mumuhHux hemmja oxBajaH o KpBHHX cynoBa. [Ipemapatu mctMmyca
npurpeManu cy y cineaehum auMeHsujama: ayxuHa 4,2 cm, aeOspumHa 3umga 1,2 mm u
mjamertap aymena 1,1 mm. [Ipenapatu amnyse xkopuinheHH y OBOM HCTpPaKMBamby OWIIU Cy
crenehnx auMeH3uja: AyxuHa 5,2 cm, ae6spuHa 3ufa 1,2 mm u aujamerap aymeHa 5-6 mm.

[IpenapaTtu cy y Kynmatuiay 3a M30JI0BaHE OpraHe OWTHM MOHTUPAHU MO AYKHHH, IO METOIHU
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Magnus-a [180] (Crnuxe 6 u 7). Ilpenaparu cy jemHumM kpajem Owim npuyBpinheHu 3a 6a3y
KynaTtuia, a JpyrMM KpajeM 3a TpaHCHjycep KOjU IpeTBapa MEXaHWUYKy €HEprujy y

CJIIEKTPUYHY.

Cnuxka 6. [Ipuka3 npenapara uctmyca Cnuxka 7. [Ipuka3 npenapata amiryne

MOHTHPAHOT Yy KYIIaTUI1y MOHTHPAHOT Yy KYIIaTUITy

3.3.3. Kynaruiio u Tpancajycep

[pernapat Cy MOHTHUpaHHM y KYNATHIy 3a HW30JI0BaHE OpraHe 3ampemuHe 75 mL
ucnymerom De Jalons-oBum pactBopom. Temrieparypa y cucteMy je Ouita mojeiieHa Ha 37°C,
a KylmaTWIo je OKCHIEHHCAHO CTOMPOIEHTHMM KHCeoHHKa (mporok 5 ml/min). Teusuja
(HameToCT) HW30JOBaHHX Mpernapara je KOHTHHYHPAaHO CHHMaHa IOMONY H30METPHjCKOT
censopa (tpancajycepa)-Palmer Bio Science, Los Angeles, CA, USA u perucrpoBaHa Ha
Kommjyrepy y3 kopumrheme Majk Electronic codrepa u untepdejca (Majk Electronic,
Mladenovac, Srbija). Ilpuka3 TpaHcajycepa, KymaThiaa M CHCTEMa 3a I[OJICIIABabe

temmeparype nat je Ha Crurm 8.
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Cnuxka 8. [Ipuka3 TpaHcajycepa, KyrnaTuia 1 CUCTeMa 3a MoJiellaBambe TeMIepaType

3.3.4. Mepeme CHIOHTAHUX KOHTPAaKIKja Mpenaparta

CrioHTaHE KOHTpAaKIMje W30JO0BaHUX TpenapaTa W YTHUIA] EKCIEePUMEHTATHUX
CYIICTAaHIIM MEpeHH Cy kao mnoBpumHa ucrnoa kpuee (Area Under the Curve - AUC). Ha
MOYETKY CBAaKOI' €KCIIepUMEHTa 3a0elie)KeH je HajMame jellaH caT CIOHTAaHE AaKTUBHOCTH
M30JIOBAaHHX TIperapara Mpe MpUMEHe CYICTaHIM, Kako OW ce MOTJie TIocMaTpaTH CIIOHTaHe
npoMeHe (pa3HUX KOHTpakifja. EkcriepuMeHTaHe CyTCTaHIle Cy ToJaBaHe y KyHaTwuio 3a
M30JI0BaHE OpraHe KymyJlaTUBHO, 0e3 Mcrupama Kynartuia usmel)y Hapennux noza. MatepBai
u3Mely /aBe cycenHe J03€ eKCIepUMEHTalHe cymcTaHie je 6uo 5 no 6 muuyrta. Ilocie
MpUMEHEe KyMyJIaTUBHE JI03€ CBaKe OJ1 €KCIIEPUMEHTAITHUX CYIICTAHIIN, KYIaTHIO Ce UCTIUPAIIO
TpU TIyTa, JOK C€ HW30JI0BaHW Tpemapar oamapao jom Hapeaaux 30 munyrta. CroHTaHa
aKTUBHOCT CBaKoT Iperapara 1o 3aBpIIETKY eKCIIepUMeHTa je Takole 3abernexeHa, Tako Aa cy
ce mpoMeHe (ha3HUX KOHTpPAKIMja M3pauyHaBaje Kao CpPENbe BPEIHOCTU IMpOMEHE (a3zHHX
KOHTpaKIfja Ha MOYETKY U Ha Kpajy excnepumeHTa. Edexar 10 paznuuuTux KOHLIEHTpAIHja
CBaKe CKCIIEpUMEHTAJHE CYICTaHIE je OMO M3MEpeH Ha HajMame 6 M30J0BaHUX IMperapara

no0ujeHnX o 6 Pa3IMYUTHX MallijeHTKUbA.
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3.4. AroHucTH (eKCcTIepUMEHTAJHE CYNICTAHIIE)

Y OKBHpPY OBOI' HCTpaXHMBamka HCIHUTUBAH je yTUIAj cienehux npeacTaBHUKA
CENIEKTUBHUX MHXMOUTOPA Mpey3uMama CepOTOHUHA: (DIIYOKCETHH, TApOKCETHH, IUTATIONPAM,
ecnuTaionpaM u ceptpainuH. CBe CyICTaHIC Cy C€ Halla3wie y YHCTO] GOPMH Yy YBPCTOM
CTamy W MPOU3BEIACHE Cy Of cTpaHe mpousBohaua Sygma-Aldrich Co., U.S.A. ®nyokceruH,
MApOKCETHH, IUTAJONPaM M ECHUTAJIONpaM ce J00po pacTBapajy y BOAM, Ma Cy 3aro y
eKCIIepUMEHTUMAa KOopHIIheHn Kao BoaecHH pactBopu. C apyre crpaHe, CepTpalidH je cliabo
pacTBOpJbMB Yy BOJM, QM j€ 3aTO PACTBOPJPMB y OPraHCKMM pacTBapaynMa Kao IITO je
mumetun cyiadokcua (DMSO) [120], koju je u kopuirheH y eKCIepuMeHTHMA 32 pacTBapame
ceprpaiimHa. Melyytum, nipoOHH ekcnepuMeHTH ¢y ykasanu aa 1 DMSO y u3BecHo] mepu
yTHYe Ha CIIOHTaHY aKTUBHOCT M30JIOBAHMUX IperapaTa XyMaHOT jajoBOJa, TAKO Jia Cy BPIICHU
KOHTPOJHHM €KCIIEPUMEHTH Yy Kojuma je Kao aronucra kopuithen DMSO, kako Ou ce
nrdepeHIrpay beroBu eekTu y onHocy Ha edekre ceprpanuHa. CBaka eKCIIEpUMEHTATHA
CymncTaHna wucnuThBana je y 10 pasnmuuumTuX KOHIIEHTpauuja, mpu demy cy 3a SSRIS
WCIUTHBAaHE KOHIEHTpaluje Ouiie y OKBHPY HHXOBOT Tepamujckor orcera. KonmeHrpammje

SSRIS uuju je yTuiaj ICIUTUBAH Y OBOM HCTpaXUBamy MpHKa3zane cy y Tabenu 1.

TaGena 1. EkciepumenTanne koHneHrpamnuje SSRIS

DyOKCETHH ITapokceTnn [uranonpam Ecuuranonpam CepTpasiun
umol/L umol/L umol/L umol/L pumol/L
0,001 0,001 0,001 0,001 0,001
0,005 0,005 0,004 0,004 0,005
0,017 0,015 0,014 0,014 0,017
0,055 0,051 0,048 0,047 0,056
0,171 0,158 0,146 0,142 0,172
0,557 0,513 0,475 0,464 0,561
1,713 1,580 1,462 1,430 1,729
5,570 5,138 4,751 4,647 5,619
17,137 15,810 14,621 14,299 17,292
55,696 51,381 47,519 46,471 56,199

3.5. CHara cryauje u BeJJMYMHA y30pKa

Benuuuna rpyne je oznpeheHa Ha OCHOBY cielehMX IMOYETHUX MapameTapa: cHara
cryauje on 80%, BepoBaTHOha rpemke npsor tuma (a) ox 0,05 3a IBOCMEpPHO TeCTHpame
XxuroTe3e. YKynHa BennurHa y3opka (total sample size) usnocuna je 15, a uspauyHara je Ha
ocHoBy mporpama G power u kopumihemem Tecta kopenaruje (Correlation: point biserial
model). Bpennoct koeduiujeHTa AeTepMUHAIMje je MpoHal)leHa Ha OCHOBY JOCTYITHHX

TuTepaTypHUX nonaraka u3 cryauje [181] u uznocuna je 0,620. Mnak, ¢ 003upoM Ha IUIJbEBE U
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3Ha4aj CTyAHje, 3a MOTpede OBOT MCTPaKMBama je KopuliheH IBOCTpykKo Behu y3opak, mpu

yemy cy npenaparu y3umanu o1 30 xeHa.

3.6. Craructuuka odpajaa pe3yjarara
Edekar cBake KOHIIEHTpalMje €KCIIEpUMEHTAJIHE CYIICTAHIIE HA CIOHTaHE KOHTpaKLHje je
W3paKEH Kao MPOIEHAT MAaKCHMAaJIHOT OJArOBOpa OOHjEHOr Ca TOM EKCIEPUMEHTaITHOM
CYIICTAHIIOM, W KopuinheH je 3a u3paay KpuBe 103a-oAroBop. OJHOC KOHIICHTpaIluje u
onroBopa ojapeheH je JHMHEApHOM perpecujoM wu3Mel)y JIorapuTaMcKu TpaHCHOpPMHCAHHUX
KOHIICHTpAIlMja CYNCTAHIM U MPOIEHTa MaKCUMAJIHOT OArOBOpa. PacmoH BpemHOCTH KOjU ce
KOPUCTHO 3a JIMHEapHYy perpecujy kperao ce oa 15 no 85% oa MakcumalHOT OJroBopa, y
JTUHEapHOM Jeny kpuBe. KoHIeHTparuje cyrcranie Koje mpoy3pokyjy 50% makcumamHor
onroBopa (EC50) u muxoB wmHTEepBan moepema (1,96*cranmapana rpemika) yTBpheHu cy
rpadMuKOM METOJIOM 3a CBAaKy KPHBY Y3 JIMHEApHY MHTEPIIOJIAIM]Y. 3HAYAJHOCT MPOMEHA y
(da3HO] aKTMBHOCTH HW30JIOBAaHMX IIperapara TECTUpaHa je jeTHO(PAKTOPCKOM aHAIM30M
BapHjaHce.

[lenokynan cucTteM Koju je KOpUIMhEH Yy METOJOJIONIKUM M OCTAJIUM PEIICBAHTHUM

ACIICKTUMaA CKCIICPUMCEHATA IPUKA3aH je Ha CJIIMIH 9.

~ l 1

2 , i .

-

Crnuka 9. [Ipuka3 1eTOKyIHOT cUCTeMa KOjH je KopultheH y eKcriepuMeHTHMA
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4. PE3VIITATH

4.1. OcHOBHe KapaKTePUCTHKE UCTPAKUBAYKE MOMYJIalHje

[Ipoceyna crapocT UCTpaKMBAayKe IMOIMYyJAlMje >K€Ha KOje€ Cy YYeCTBOBAJE Yy OBOM
UCTPAXHBaby U3HOCHO je MPUOIMKHO 54 ronuHe, ca orcerom crapoct ox 44 no 73 ronuna.
VY oaHocy Ha ¢azy MEHCTpyaJIHOT LUKITyca, TpuOmmkHo 45% nanujeHTkumba je Ouso y apyroj

a3y MEHCTpyaJHOT LIUKITyca, JIOK je 0KO 55% manujeHTKumba OWI0 y TOCTMEHOIIAY3H.

4.2. HN3o0Ji0BaHM MpenapaTu amiy.Jie

4.2.1. CnoHTaHa akTHBHOCT Mpenapara ammyJe

CBu mpemapaTé amITyJie XyMaHOT jajoBOjia HaJ KOjUMa Cy BPIICHH EKCIICPUMEHTH Y
OKBUPY OBOI' HMCTpPa)XKMBama IOKa3aJld Cy CIOHATHY aKTHBHOCT y BHJIY CIOpHX (a3HUX
KOHTpakiuja ca amrmiutygoMm oxa 3,23+2.81 mN u dpexBenuujom o 1 go 3 mmkiyca y
MuHyTH. [Ipoceuna Bpennoct nospumne ucnof kpuse (AUC) je 6una 82,7+21,2 mN. TIpumep
EKCIIEPUMEHTATHOT 3allica CIIOHTAaHEe AKTUBHOCTH HM30JIOBAHOT Iperapara amIryjie XyMaHOT
jajoBoga mpukasaH je Ha ['paduky 1. CrionTana nmpomeHa ¢a3HUX KOHTPAKIMja W30JO0BAHUX

npernapaTa aMIyJie Hije youeHa HakoH 2 4yaca npahema (F=0,261, df1=7, df2=40, p>0,05).

Fla)  F[kPa
.00 p1.00

.75 0.75

.50 ad.50

W25 0.25

R ST VI R

.00 d.oa

1.75 -0.25

1.50 (-0.50
1.25 |-0.75
o : o : 1.00 |-1.00

MERARE L LA AR TR VAR | Pt B,

0.25 |-1.7s
0.00 |-z.00
-0.25 |-z.25
—0.50 |-2.50

-0.75 |-2.75

-1.00 (-3.00
oA b-dizs F-alzs

-1.50 |-3.50

-1.75 |-3.75

" " " " " " -z.00 L-2.00
1250 2400 2550 2700 2850 3000 3150 3300 3450 3600 3750
vreme [(3)

I'padux 1. [Ipumep ekcriepruMEHTATHOT 3aluca CIOHTaHE aKTUBHOCTH M30JI0BAHOT IIpemnapara

aMITyJIe XyMaHoOT jajoBoja
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4.2.2. Yrunaj gryokceTnHa Ha CHOHTAHH MOTHWJINTET aMITyJjie XyMaHOT jajoBojaa

IpumMena ¢uyokcetnHa y Konuentparmjama ox 1,2x10° M/L mo 5,6x10° M/L uuje

JOBCJIa 10 CTAaTUCTHUYKH 3Ha‘lajHOF YTHHaja Ha CIIOHTAaHC KOHTpaKHI/Ije H30JI0BAHUX aMITyJid

xymasor jajooaa (F=0,820, df1=9, df2=40, p>0,05). Ha I'paduxy 2 nmpukazano je nosehame

AKTUBHOCTH aMITyJI€ H3PaXXEHO Y MPOIEHTMMAa MaKCHUMAJHOI OATroBOpa (ca CTaHIapAHUM

JeBUjaljamMa) 3a CBaKy UCHUTHBAHY KOHIICHTPAIN]y (IIYOKCETHHA, ali Pe3yJTaTH JTUHEapHe

perpecrje HHUCY TOKa3alyd CTaTUCTUYKY 3HavajHOcT (kKoedwuiujeHT perpecuje r=-0,1 Hmje

3HAYajHO PA3JIUUUT O] HyJIE).
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I'paduk 2. YTuuaj ¢payokceTHa Ha CIOHTaHE KOHTpaKIIM]je MpernapaTa amMIryie - KpuBa

J103a-0/ITOBOP
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I'paduk 3. [Ipumep ekcriepuMEHTATHOT 3aMKica CIOHTAaHUX KOHTPAKIMja U30JI0BAaHOT

npernapara aMIyJie XyMaHor jajoBojia y TOKY IpUMeHe (IIyoKceTHHa

* Jlowa TUHH]ja je peallHy 3aliC CIIOHTaHUX KOHTPAKIIMja M30JI0BAHOT Tperapara aMIryJie
jajoBoga
** bpojesu ox 1 1o 10 o3HauaBajy no3e (iayoKceTHHA KOje Cy KyMYJaTHBHO JOJaBaHe Y
KYIaTHIJIO ca U30JIOBAaHUM OpPTaHOM, JIOK Opoj 11 o3HayaBa nepuon ucupama KyrmaTuia
*** Topma paBHa JUHHU]ja je pedepeHIa 3a Mo3aqUHCKU IIIyM, jep j€ CHHUMaja CUTHAJI W3

JPYTOT TpaHCIjycepa KOju HUje MOBE3aH ca N30JIOBAHUM OPTaHOM
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4.2.3. YTHIaj 1apOKCETHHA HA CIIOHTAHU MOTHJIMTET aMITyJie XyMAaHOI jajoBoja

[IpuMeHa mapokceTWHa y KOHIIGHTpalldjama O] 1,2x10° M/L go 5,1x10° M/L HUjE
J0BeNa J0 CTAaTUCTHYKW 3HAYAjHOT YTHIIAja HA CIIOHTAHE KOHTPAKIMje M30JOBAaHUX aMITyJia
xymasor jajosoga (F=0,290, df1=9, df2=40, p>0,05). Ha I'paduky 4 npukasano je nosehame
AKTUBHOCTH aMITyJIe H3Pa)XXCHO y TPOICHTHMAa MAaKCHMAaJHOT OJAroBopa (ca IMO3UTUBHHUM
CTaHJApJAHUM JIeBHjallljamMa) 3a CBAaKy HWCIWTUBAHY KOHIEHTpAIMjy MApOKCETHHA, aJH
pe3yiTaTH JIMHEapHE perpecuje HUCY TMOKa3aJld CTAaTUCTUYKY 3Ha4vajHOCT (KoeduIiujeHT

perpecuje r=0,018 Huje 3HAYajHO PATHUUT OJ] HYJIE).
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I'paduk 4. YTuuaj napokceTuHa Ha CIOHTaHE KOHTPaKIIM]je IperapaTa aMItyJjie- KpuBa

J103a-0/ITOBOP
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I'padux 5. [Ipumep ekcriepMMEHTAIHOT 3aMKca CIIOHTAHUX KOHTPAaKIMja U30JI0BaHOT

npernapara aMIlyJie XyMaHorT jajoBoJla y TOKY IPUMEHE MMapOKCEeTHHA
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* Jlowa IuHM]ja je peallHy 3aluc CIIOHTAaHUX KOHTPAKIIMja U30JI0BAHOT IMpernapara amIlyiie

jajoBojaa

** bpojeBu on 12 no 21 o3HayaBajy 03¢ MAapOKCETHHA KOj€ Cy KyMYJAaTHBHO JI0JaBaHE Y

KYMaTUIO ca U30JI0BAHUM OPTaHOM, JI0K Opoj 22 03Ha4yaBa MepuoJ UCTIHpama KylnaTuia

*** Topwa paBHa JUHHUja je pedepeHIia 3a MO3aTUHCKU IIyM, jep jé CHUMala CUTHAI W3

JpyTor TpaHCc]jycepa KOju HHje MOBE3aH ca N30JI0BAHUM OpPraHOM
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4.2.4. YTHIAj UUTATONPAMa HA CIIOHTAHM MOTHJIUTET aMIlyJie XyMaHoOr jajoBoJa

[IpuMena muTanonpaMa y KOHIIEHTpaIjama o1 0,9x10° M/L no 4,8x10° M/L 0[S
JI0BeJla 10 CTaTUCTUYKW 3HA4YajHOT YTHUIaja HAa CIIOHTaHE KOHTPAKIHUje H30JIOBAaHUX aMmITyja
xymasor jajosoga (F=1,510, df1=9, df2=50, p>0,05). Ha I'paduky 6 npukasano je nosehame
aKTUBHOCTH aMITyJleé H3pPaK€HO Y MPOLEHTHMa MaKCHMAJHOT OATOBOpa (ca CTaHIapIHUM
JIeBUjaljamMa) 3a CBaKy HCIHMTHBAHY KOHIIEHTPAIM]y IIUTaJoNpamMa, ajl pe3yJiTaTH JIMHeapHe
perpecrje HUCY IOKa3aJdd CTaTUCTUYKY 3HavajHOCcT (koeduimjeHt perpecuje r=0,11 Hmje

3HAYAjHO PA3IUYUT O] HYJIC).
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['paduk 6. YTuiaj uutasonpama Ha CIIOHTaHE KOHTpPaKIIMje MpenapaTa aMIyse - Kpusa
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I'padux 7. [Ipumep ekcriepMMEHTAIHOT 3aMKca CIIOHTAHUX KOHTPaKIMja U30JI0BaHOT

Ipernapara aMIlyJie XyMaHor jajoBoJia y TOKY IpUMEHE LUTalonpama

* Jloma TUHUja je peallHu 3aluC CIIOHTAHUX KOHTpaKIMja M30JIOBAHOT Mpernapara amirysie
jajoBojaa
** bpojeBu ox 1 go 10 o3HauaBajy j03€ HUTAIONpaMa Koje Cy KyMYJIATHMBHO J0JIaBaHE y
KYIaTHIIO ca U30JI0BaHUM OpraHoM, A0k Opoj 11 o3HadaBa mepuoj ucnupama Kymnaruia
*** Topwa paBHa JUHHUja je pedepeHlia 3a MO3aTUHCKU IIyM, jep jé CHUMala CUTHAI W3

JpyTor TpaHCcJjycepa KOju HHje MOBE3aH ca N30JI0BAHUM OpPraHOM
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4.25. YTHIaj ecuHuTajJonpaMa Ha CIHOHTAHM MOTHJIMTET aMIyJie XyMaHOT
jajoBona
[Ipumena ecruTanonpamMa y KOHIIEHTpaldjama O]l 0,9x10° M/L mo 1,4x10° M/L
J0BeNla je 10 JI03HO-3aBUCHOT MoBehama CHOHTAaHMX KOHTPAKIMja H30JI0BAaHUX aMITyjia
xymasor jajosoaa (F=2,980, df1=6, df2=28, p<0,05). Ha I'paduky 8 npukasano je nmosehame
AKTUBHOCTH aMITyJIeé H3PaXXEHO Y MPOIEHTHMa MaKCUMAIHOT OJAroBopa (ca CTaHAapJAHUM
JIeBHjalldjamMa) 3a CBaKy MCIUTHBAaHY KOHIEHTPAIH]y ECIIMUTAIONpamMa, px YeMy Cy pe3ysITaTH
JMHEapHEe perpecHje MoKa3aiu CTaTUCTHUYKY 3HadajHOCT. KoeduimjeHT perpecuje je 3HadajHO

paznuuut ox Hyine (r=0,580), a uzpauynara Bpeagnoct EC50 usHocu 1,20+1,06x10° M/L.

100
MpoweHar
- MaKCHUMaNHor
oArosopa
80
70
60
50
40
30
20
10
microi/L
]
0,0001 0,001 0,01 01 1 10

Fpa(bI/IK 8. [ToBehame crioHTaHEe aKTUBHOCTH U30JIOBAHUX npemnapara XyMmaHC aMITyJIC

Y3POKOBAaHO MPUMEHOM €CLUTANIONpaMa - KpHBa J103a-0JIr0BOP

* Ca moBehameM KOHIIEHTpAIlHje eCIUTaIoNpaMa pacTe HEroBO CTUMYJIATUBHO JI€JCTBO Ha

CTMIOHTaHE KOHTPAKIIMje N30JIOBAHUX Iperapara aMIryJie XyMaHor jajoBojia
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Fig) P(kPa)
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I'paduk 9. IIpumep ekcriepuMEHTATHOT 3aIlKca CIOHTAaHUX KOHTPAKIIMja U30JI0BaHOT

Ipernapara aMIyJe XyMaHor jajoBOJia y TOKY IPUMEHE ecLuTalonpama

* Jlowa IUHU]a j€ PeallHU 3alKC CIIOHTAHWX KOHTPAKIMja M30J0BAHOT MperapaTa amIysie
jajoBoaa
** Bpojesu oa 12 no 21 o3HauaBajy 103€ ecuuTaIONpamMa Koje Cy KyMyJaTHUBHO J0/1aBaHe y
KYIaTHIJIO Ca U30JIOBAHUM OPTaHOM, JIOK Opoj 22 03Ha4YaBa Mepro.I UCTIHpama KylmaTuia
*** Topma paBHa JUHHU]ja je pedepeHIa 3a MOo3aqUHCKU IIIyM, jep j€ CHHUMaja CUTHAI W3

JpyTOT TpaHCIjycepa KOju HUje MOBE3aH ca N30JIOBAHUM OPTaHOM
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4.2.6. YTHIAj cepTpaJMHA HA CTIOHTAHU MOTWJIMTET aMIIyJjie XyMaHoOr jajoBojaa

[Ipumena ceprpanuHa y KOHIIEHTpalyjama O] 1,2x10° M/L go 5.8x10° M/L HU]E
J0Bea J0 CTaTUCTHYKU 3HAYajHOT YTHIIAja HA CIIOHTAHE KOHTPAKIIMje M30J0BAHUX aMITyIa
xymaHor jajosona (F=1,750, df1=9, df2=40, p>0,05). Ha I'paduxy 10 npukazano je nmosehame
AKTUBHOCTH aMITyJle M3PaXCHO Yy IPOIEHTUMA MaKCHMAJHOT OJroBopa (ca MO3UTHBHHM
CTaHIApJAHUM [IeBHjallMjaMa) 3a CBaKy WCIHUTHBAaHY KOHIEHTPAIM]y CEepTPajHHa, aJu
pe3yiTaTH JIMHEapHE perpecuje HUCY TOKa3aJld CTAaTUCTUYKY 3Ha4ajHOCT (KoeduiujeHT

perpecuje r=-0,4 HUje 3HAYAJHO PA3IUYUT O HYJIE).
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I'padux 10. YTH1aj cepTpaiinHa Ha CHOHTaHE KOHTPAKI[Mje Mpernapara aMIryje - KpuBa

J103a-0/ITOBOP
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gila kontrakeije Fig)
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I'padux 11. [Tpumep ekcriepuMEHTAIHOT 3aMuca CIIOHTaHUX KOHTPAKIIMja H30JI0BAaHOT

rpenapara aMIryje XyMaHOT JajoBoJla y TOKY ITpUMEHE CepTpaInHa

* JluHnja je peamHW 3amKMcC CIOHTAHMX KOHTpaKlMja W30JIOBAHOT TMperapaTa amiylie
jajoBojaa
**BbpojeBn on 1 10 9 o3HauaBajy n03e cepTpajiiHa KoOje Cy KyMYJIAaTMBHO JOJaBaHE y

KYIaTuJiIo ¢a nu30JIOBAHUM OpPraHOM
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4.2.7. Yruuaj DMSO Ha cioHTaHM MOTWJIMTET aMIlyJjie XyMaHor jajoBojaa

3a pacTtBapame cepTpaiiiHa KopuiiheH je oprancku pactBapad DMSO, 36or uera je
OWJI0 HEONXOJHO WCIHTATH FHErOB €BEHTYaTHW YTHUIA] HA MOTHIIATET aMIlyJie U HCTMYycCa
XyMaHor jajoBoja. Ha Taj HauMH ce MOrao m3padyyHaTH YTHIA] KOJU CEPTPAIIMH CaMOCTAIHO
OCTBapyje Ha MOTHJIHMTET XyMaHor jajoBonma. McmocraBuino ce nga mpumena DMSO-a y
KOHIEHTpamHjama ox 5,6x10° M/L z0 3,2x10™ M/L 10Box# 10 CTATHCTHYKH 3HAYAjHE TO3HO-
3aBUCHE WHXHOWIIMjE CIOHTAaHUX KOHTPAKIMja W30JI0BAaHMX aMmIyja XyMaHOT jajoBOja
(F=11,310, df1=9, df2=40, p<0,01). KoeduiujeHT perpecuje je 3HAYAjHO PA3THYUT O] HYJC
(r=0,430), a uspauynara Bpeanoct EC50 usHOCH 3,10+0,02x10* M/L. Ha T paduxy 12 je
MIPUKA3aHO CMAmbEHhE aKTHBHOCTH aMITyJIe M3PaXKEHO Yy MPOICHTHMA MAaKCHMAIHOT OJIOBOPa

(ca MO3UTHUBHUM CTaHJAPIHUM JIEBHjallMjaMa) 3a CBaKy UCIUTHBaHY KoHeHTpaujy DMSO-a.
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I'paduk 12. Cmameme CrioHTaHe aKTUBHOCTH M30JI0BAHUX TperapaTa XyMaHe aMITyjIe

y3pokoBaHo npumenom DMSO-a- kpuBa 103a-0AroBop

*Ca mnosehamem konnentpanuje DMSO-a pacte mHeroBo WHXHOMUTOPHO JICjCTBO Ha

CIIOHTaHE KOHTPAKITM]E N30JI0BAaHUX Tperapara aMITyJie XyMaHor jajoBoaa
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Sila kontrakcije Fiagl
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I'paduk 13. [Ipumep excriepuMEHTaTHOT 3aMuca CIIOHTAHUX KOHTPAKIIMja U30JI0BAHOT

npernapara aMmIyJjie XyMaHor jajoBoja y Toky npumene DMSO-a

* Jluamja je pealHW 3amUC CHOHTAHUX KOHTPAKIMja HM30JI0OBAaHOT TMpenapara amiyJse
jajoBojaa
**BpojeBn ox 12 mo 21 o3mauaBajy moze DMSO-a koje cy KymyJaTHBHO JI0JIaBaHE Y

KYMaTUIO ca U30JI0BAHUM OPTaHOM, JI0K Opoj 22 03HayaBa NepuoJl UCTIHpama KylnaTuia
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4.3. MW30/i0BaHU NMpenapaTu HCTMYca

4.3.1. CnoHTaHa aKTHBHOCT NMpenapara ucTmyca

CBu mpemnapartu HCTMyca XyMaHOT jajoBOJIa HAJl KOjUMa CYy BPIICHH CKCIICPUMEHTH Y
OKBUPY OBOT' HCTpaXKMBama IOKa3aJld Cy CIOHATHY aKTHBHOCT y BHIY CHOpHUX (a3HUX
KOHTpakija ca amruutyaom ox 4,02+3,53 mN (3,53 mN = crangapada aesujanuja /SD/) u
¢dpekBennujom ox 1 1o 3,5 nukinyca y munytd. [IpocedHa BpeAHOCT MOBPIIMHE HCIION KPHUBE
(AUC) je oOmma 81,2+33,5 mN (33,52 mN=SD). EkcnepuMeHTaaHH 3allUC CIIOHTaHE
aKTUBHOCTH M30JI0BAHOT IIpernapaTa HCTMyca XyMaHOT jajoBo/Ia MprKasaH je Ha ['paduxy 14.

CrnoHrana mnpoMmeHa (a3HUX KOHTpaKiMja M30JIOBAaHMX IIperapara HCTMyca HHje

youeHa HakoH 2 yaca npahema (F=0,939, df1=8, df2=28, p>0,05).
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LAt ------- A R (IR Y f o A oo F-2.00
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-0.75 }-2.75
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-1.50 }-3.50
-1.75 }-3.75
-2.00 L-4.00
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Vrewe (3]

I'padux 14. [Ipumep ekcriepuMEHTATHOT 3aIuca CIOHTaHe aKTUBHOCTHU M30JI0BAaHOT Mpernapara

HCTMYCa XyMaHOT jajoBojia
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4.3.2. Yruuaj gryokceTnHa Ha CHOHTAHM MOTHJIUTET HCTMYCAa XyMaHOT jajoBoja

[Ipumena ¢ayokceTuHa y KOHIIGHTpaldjama Ojf 1,2x10° M/L no 5,6x10° M/L 0[S
JI0BENa JI0 CTAaTUCTHYKY 3HAYajHOT yTHUIIaja HAa CIIOHTaHE KOHTPAKIMje WU30JIOBAHUX HCTMYyCa
xymasor jajosona (F=0,990, df1=9, df2=50, p>0,05). Ha I'paduky 15 npukazano je nmoseharme
AKTUBHOCTH HUCTMYCa HM3PKEHO y TPOIEHTMMAa MaKCHMATHOT OJAroBopa (ca MO3UTHBHUM
CTaHJApJHUM JCBHjallMjaMa) 3a CBaKy HMCIUTHBAaHY KOHIEHTpaHjy (IyoKCeTHHa, alu
pe3yiTaTH JIMHEapHE perpecuje HUCY TOKa3aJld CTAaTUCTUYKY 3HadajHOCT (KoeduIujeHT

perpecuje r=-0,3 HUje 3HAYAJHO PA3IUIUT O HYJIC).
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I'padux 15. YTunaj guyokceTHHa Ha CIIOHTaHE KOHTPAKIIM]e IpenapaTa uCTMyca - KpUBa

J103a-0/ITOBOP
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I'paduk 16. [Ipumep excriepyMeHTaIHOT 3aIKca CIIOHTAaHUX KOHTPAKIIMja U30J10BAHOT

npernaparta UCTMyca XyMaHOT jajoBo/ia y TOKY pUMeHe (IyoKceTHHa

* Jlowa NWHMja je pealHd 3alKic CHOHTAHUX KOHTpAaKIMja H30JI0BAaHOT IMperapaTa
HCTMYCa jajoBoJa
** bpojeru on 1 go 10 o3HauaBajy go3e (uIyokceTHHA KOj€ CYy KyMYJaTHBHO JOJaBaHE Yy
KYIaTHIJIO ca U30JIOBAaHUM OPTaHOM, JIOK Opoj 11 o3HayaBa nepuon ucmpama KyrmaTuia
*** Topwa paBHa JUHHUja je pedepeHIa 3a MO3aTUHCKU IITyM, jep jé CHUMala CUTHAI W3

JpYTOT TpaHCIjycepa KOju HUje MOBE3aH ca N30JIOBAHUM OpPTaHOM
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4.3.3. YTHIaj 1apOKCETHHA HA CIIOHTAHU MOTHJIMTET HCTMYCA XyMAHOT jajoBoja

[IpuMeHa mapokceTHHa y KOHIIGHTpalujama o 1,2x10° M/L zo 5,1x10”° M/L noBena
je 0 03HO-3aBUCHOT MMoBehama CIMOHTAaHMX KOHTpPAKIMja M30JIOBAaHUX Ipernapara UCTMyca
xymaHor jajosona (F=2,350, df1=9, df2=40, p<0,05). Ha I'paduxy 17 npukazano je nmosehame
AKTUBHOCTH HMCTMYyCa M3PaXEHO y TMPOICHTHMMAa MaKCHMAaJIHOT OJroBopa (ca CTaHIapIHUM
JIeBUjaljamMa) 3a CBaKy MCIUTUBAaHY KOHIEHTpAIU]y MapOKCEeTHUHA, NPU YeMY Cy pe3yiTaTu
JIMHEapHE perpecHje Mmoka3ajau CTaTUCTHYKY 3HadajHocT. KoedunujeHT perpecuje je 3Ha4ajHO

pasimmant ox Hyie (r=0,500), a u3pauynara Bpeasoct EC50 usnocu 7,01+3,50x10° M/L.
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I'padux 17. [ToBehame cioHTaHE aKTUBHOCTH M30JI0BAaHUX TMpernapaTa XyMaHOT HCTMYycCa

Y3pPOKOBAaHO MPHUMEHOM MapOKCETHHA - KPUBA J103a-0/IF0BOP
* Ca nosehameM KOHIIEHTpalUje NAPOKCETUHA PACTE HETOBO CTHMYJIATUBHO JIEjCTBO HA

CIIOHTaHe KOHTpaKIIMje N30JI0BaHUX Mpernapara UCTMyca XyMaHOT jajoBO/Ia
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Flg)  PlkPa)
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I'padux 18. I[Tpumep ekcriepruMEHTAIHOT 3aMuca CIIOHTaHUX KOHTPAKIIMja U30JI0BAaHOT

npernapara UCTMyca XyMaHOT jajoBOJla y TOKY IIPUMEHE MMapOKCETHHA

* Jlowa NWHMja je pealHd 3alKic CIOHTAHUX KOHTpAaKIMja H30JI0BAaHOT IMperapaTa
HCTMYCa jajoBoaa
** bpojeBu on 12 no 21 o3HayaBajy 03¢ MAapOKCETHHA KOj€ Cy KyMYJAaTHBHO JI0JaBaHE Y
KYIaTHIIO ca U30JI0BaHUM OPTaHOM, JOK Opoj 22 o3HadaBa MepHoJ] HCTIHpama KyraTuia
*** Topwa paBHa JUHHUja je pedepeHIia 3a MO3aTUHCKU IIyM, jep jé CHUMala CUTHAI W3

JpyTor TpaHCc]jycepa KOju HHje MOBE3aH ca N30JI0BAHUM OpPraHOM
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4.3.4. YTHUAj HUTATONPAMA HA CIIOHTAHM MOTHJIUTET HCTMYCa XYMAHOI jajoBoaa

[IpuMena muTanonpaMa y KOHIIEHTpaIyjama o1 0,9x10° M/L no 4,8x10° M/L 0[S
JI0BeJla 10 CTAaTHMCTUYKM 3HAYaJHOT yTHIAja HA CIIOHTaHE KOHTPAaKIMje U30JIOBAHUX HCTMYycCa
xymasor jajosona (F=0,790, df1=9, df2=40, p>0,05). Ha I'paduky 19 npuka3zaHo je nmoschame
aKTUBHOCTH HCTMYCa M3PAXEHO y MPOLEHTHMMa MaKCHUMAaJHOT OAToBOpa (ca CTaHIapIHUM
JIeBUjaljamMa) 3a CBaKy MCIHUTHBAHY KOHIIEHTPAIM]y LUTAIONpaMa, ajld pe3ysTaTu JIMHeapHe
perpecrje HUCY TOKa3aJld CTaTHUCTHYKY 3HaudajHOCT (koeduriujeHT perpecuje r=-0,017 Hmje

3HAYajHO PA3IMYHT O HYJIE).
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I'padux 19. YTunaj nuuranonpama Ha CIIOHTaHE KOHTPAKIMje penapaTa UCTMyca - KpuBa

J103a-0/ITOBOP
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I'paduk 20. [Ipumep excriepuMEeHTaIHOT 3aIUca CIIOHTAaHUX KOHTPAKIIMja U30J10BAaHOT

mpernapara UCTMyca XyMaHOT jajoBOJia y TOKY IIPUMEHE LUTajIonpama

* Jloma JIMHHU]a je pealHH 3aluc CIOHTaHUX KOHTpaKIIMja U30J0BaHOTI Iperapara ucrmyca
jajoBojaa
** Bpojesu o 1 1o 10 o3HauaBajy 03¢ LHUTAJIONpaMa Koje Cy KyMYJIAaTUBHO JI0/IaBaHE y
KYMaTUIO ca U30JI0BAaHUM OpPTraHoM, JI0K Opoj 11 o3HauyaBa nepuos ucnupama Kyrnaruia
*** Topma paBHa JUHHU]ja je pedepeHia 3a Mo3aqUHCKUA IIyM, jep j€ CHHUMaja CUTHAJI W3

JpyTor TpaHcJjycepa KOju HHje MOBE3aH ca N30JI0BAHUM OpPraHOM
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4.3.5. YTHnaj ecuuTasonpaMa Ha CIOHTAHH MOTHJIMTET HCTMYCA XyMaHOT
jajoBona

[IpumeHna ecruranonpaMa y KOHIICHTpaI#jama o/ 0,9x10° M/L no 4,6x10° M/L HUjE
JI0BENa JI0 CTAaTUCTHYKM 3HAYajHOT yTHUIlaja Ha CIIOHTaHE KOHTPAKILHje M30JIOBAHUX HCTMYCa
xymasor jajosona (F=0,880, df1=9, df2=40, p>0,05). Ha I'paduky 21 npuka3zaHo je nmoschame
AKTUBHOCTH HCTMYCa M3PAXEHO Y MPOIEHTHMa MaKCHMAaJTHOT OArOBOpa (ca CTaHIapIHUM
JeBHjalldjaMa) 3a CBaKy WCIUTHBAHY KOHIEHTpAIM]y eCHUTAJIONpamMa, aid pe3yITaTh
JUHEapHEe Perpecrje HUCY MOKa3alld CTATHCTUYKY 3Ha4ajHOCT (koedumujeHt perpecuje r=-0,06

HUjE 3HAYAjHO PA3IMYUT OJ1 HYJIE).

100
MpouweHat

an MaKcHMmManHaor
oaroeopa -

80
70
60
50

40

30

20

10

microh/L

0
0.0001 0.001 0.01 0.1 1 10 100

I'padux 21. YTH1aj ecuutanonpama Ha CIIOHTaHE KOHTPaKIIHMje MpenapaTa UCTMYyca - KpHBa

J103a-0/ITOBOP
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I'paduk 22. [Ipumep excriepuMEHTaIHOT 3aIica CIIOHTAaHUX KOHTPAaKIIMja U30J10BaHOT

npernaparta UCTMyca XyMaHOT jajoBO/Ia y TOKY MPUMEHE ecliUTanonpama

* Jlowa IuHMja je peallHy 3aluc CIIOHTAaHUX KOHTPAKIIMja U30JI0BAHOT IMpernapara aMmIlyJie
jajoBoaa
** bpojeBu ox 12 1o 21 o3HavaBajy J03€ eciuTaionpamMa Koje cy KyMyJaTUBHO JI0/IaBaHE Y
KYTaTHIJIO ca U30JIOBAHUM OPTaHOM, JIOK Opoj 22 03Ha4YaBa Mepuo.I UCTIHpama KylmaTuia
*** Topma paBHa JIMHHUja je pedepeHla 3a MO3aJUHCKH IIyM, jep jeé CHUMaJla CUTHAJ U3

JpyTOT TpaHCIjycepa KOju HUje MOBE3aH ca N30JIOBAHUM OPTaHOM
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4.3.6. YTHUAj cepTpajJMHA HA CIIOHTAHU MOTHJIMTET HCTMYCA XyMAaHOT jajoBoja

[Ipumena ceprpanuHa y KOHIIEHTpalydjama O]l 1,2x10° M/L go 5.8x10° M/L HU]E
JI0BENa JI0 CTAaTUCTHYKU 3HAYajHOT yTHUIAja HAa CIIOHTAHE KOHTPAKIUje W30JIOBAHUX UCTMYCa
xymasor jajosona (F=1,360, df1=9, df2=50, p>0,05). Ha I'paduky 23 npuka3zaHo je nmoschame
AKTUBHOCTH HUCTMYCa H3PXKEHO y TPOICHTHMAa MaKCHMAJTHOT OATOBopa (Ca IMO3UTHBHUM
CTaHIApAHUM JIeBHjallMjaMa) 3a CBaKy WCIHMTHBAaHY KOHIEHTpAIM]y CEepTpajMHa, aju
pe3yiTaTH JIMHEapHE perpecuje HUCY TOKa3aJld CTaTUCTUYKY 3HadajHOCT (KoeduiujeHT

perpecuje r=-0,53, HHje 3HAYAJHO PA3ITMUYHUT OJ1 HYJIE).
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I'paduk 24. [Ipumep excriepuMEHTaIHOT 3aIUca CIIOHTAaHUX KOHTPAKIIMja U30J10BaHOT

npernapara UCTMyca XyMaHOT jajoBo/ia y TOKY PUMEHE cepTpalnHa

* Jloma NMHMja je peaJlHd 3alKic CIOHTAHUMX KOHTpAaKlMja M30JI0BAHOI IIpernapaTa
UCTMYCa jajoBoJa
** Bpojesn ox 1 no 10 o3HauaBajy /03€ cepTpalrHa Koje Cy KyMYJAQTHBHO JOJAaBaHE Yy
KYIaTHIJIO ca U30JIOBAaHUM OPTaHOM, JIOK Opoj 11 o3HayaBa nepnox ucmpama KyrmaTuia
*** Topma paBHa JUHHU]ja je pedepeHIa 3a Mo3aqUHCKUA IIyM, jep j€ CHHUMaja CUTHAJI W3

JpYTOT TpaHCIjycepa KOju HUje MOBE3aH ca N30JIOBAHUM OpPTaHOM
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4.3.7. Ytunaj DMSO-a Ha ciOHTaHM MOTHJIUTET HCTMYCAa XyMaHOTI jajoBoJa

[Ipumena DMSO-a y koHIIeHTpan#jama o 5,6){10'6 M/L no 3,2)(10‘4 M/L nuje nosena
JI0 CTAaTUCTUYKHU 3HAYAJHOT yTHIIaja Ha CIIOHTaHE KOHTPAKIIMje M30JI0BAHUX UCTMYyCa XyMaHOT
jajooga (F=1,410, df1=9, df2=50, p>0,05). Ha I'papuky 25 mnpukazano je mnoBchame
AKTUBHOCTH HUCTMYCa H3PKEHO y TMPOIECHTHMAa MaKCHMAIHOT OJAroBopa (ca MO3UTUBHUM
CTaHJApJIHUM JICBHjalldjaMa) 3a CBaKy MCHUTHUBaHY KoHIeHTpamnjy DMSO-a, anmu pesynratu
JIMHEapHE perpecuje HUCY MOKa3ad CTATUCTUYKY 3HAYajHOCT (KOoe(hHIMjeHT perpecuje r—-

0,62, Huje 3HAYAJHO PA3IUIHT OJI HYJIE).
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I'padux 26. [Tpumep ekcriepruMEHTAIHOT 3aMuca CIOHTaHUX KOHTPAKIIMja U30JI0BAaHOT

npernapara HCTMyca XyMaHOT jajoBojia y ToKy npumene DMSO-a

* Jloma NMHMja je peaJlHd 3alKic CIOHTAHUMX KOHTpAaKlMja M30JI0BAHOI IIpernapaTa
HCTMYCa jajoBoJa
** BbpojeBn on 12 no 21 o3nauaBajy goze DMSO-a koje cy KymynaTWBHO JoJaBaHE y
KYTaTHIJIO ca U30JIOBAaHUM OPTaHOM, JIOK Opoj 22 03Ha4YaBa MeproJI UCTIHpama KylmaTuia
*** Topma paBHa JUHHU]ja je pedepeHia 3a MOo3aqUHCKU IIIyM, jep j€ CHUMaja CUTHAI W3

JpyTOT TpaHCIjycepa KOju HUje MOBE3aH ca N30JIOBAHUM OPTaHOM
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5. JTUCKYCHJA

OBO HCTpaXHBamke j€ MOKA3aJI0 J1a W30JIOBAaHM IMPENapaTd aMITyJIapHUX U UCTMUYHUX
JIeJI0Ba XyMaHOT jajoBOJia I0Ka3yjy CIIOHTaHY aKTUBHOCT Yy BUJly COPUX (Da3HUX KOHTpaKLHja.
CroHraHa mnpoMeHa OBUX (a3HMX KOHTpaKIMja HHUje YOueHa 3a BpeMe Tpajamba
excriepumeHara. Kana je y nutamy yTulaj aHTUIEIPECUBA U3 IPyIe CEJIEKTUBHUX HHXUOUTOpA
MTOHOBHOT TIpey3uMarma CEPOTOHNHA Ha MOTHIIMTET XyMaHOT jajoBOJIa, TTOKAa3ajo ce Jia MoCToje
3Ha4ajHe pa3iuke u3Mely mpencTaBHUKa OBE TpyIe JIGKOBA YHMjH je YTHIIA] HCIIUTUBAH Yy OBOM
UCTPaXHBamwy. JeMHO je ecuuTanonpaMm I0Ka3ao jacaH CTUMYJATHBHU YTHIA] HAa CIIOHTaHE
KOHTpaKI{je aMIlyJapHOI CerMeHTa XyMmaHor jajopoga. C J1pyre cTpaHe, NpUMEHa
MApOKCETHHA JIOBEJa je 0 J03HO-3aBHCHOT MoBehama CHOHTaHMX KOHTPAaKIUja W30JIOBAaHUX
mpernapara HCTMyca XyMaHOT jajoBoja. DIIyOKCeTWH, IMTAIONpaM MW CEepTPAIHH HUCY
UCTOJbMIIM HUTH HMHXUOUTOPHM HUTH CTUMYJATHUBHM e(eKkaT Ha CIIOHTAaHW MOTUJIMTET
aMITyJIapHOT ¥ MICTMHUYHOT CETMEHTa XyMaHOT jajOBOAA.

SSRIS cHaxkxHO WHXHOWPAjy Tpey3UMame CEPOTOHMHA, KAKO HA HHUBOY IICHTPAITHOT
HEpPBHOI' CHUCTEMa, TaKo M y nepudepHUM OpraHuMa, M Ha Taj HauWH 3HA4YajHO YTH4YY Ha
CEpOTOHMHEPTUYKY TPAHCMHCH]Y Y LEHTPAIHOM M €HTEPUYKOM HEPBHOM CUCTEMY, ajll M Ha
arperauujy tpombommra [182]. CeporonuH Ha HuBoy L[HC-a ¢yHKuMOHMIIE Kao BaxaH
HEYpOTPAHCMUTEP U HEYPOMOYJIATOP, alli j€ UCTO TAaKO 3HayajaH peryiaaTop GyHKIHMOHUCAKbA
rJIaTKe MHIMIHhHE MYCKyJaType TacTpOMHTECTHHAIHOT M KapJAHOBACcKYJIapHOT CHCTEMa, Kao H
cTuMynaTop arperanuje TpomOouuTta. CepoTOHMH HHIYKYje Ba30KOHCTPHUKIM]Y KPBHHX
cyaoBa cnesuHe, OyOpera, muyhHe u 1nepeOpanHe Backymatype. Ha  HuBoy
racTPOMHTECTHHAIHOT TPaKTa, CEPOTOHHH CTUMYJIHINE WM WHXHOMpA MOTHIIATET JKelyla u
1peBa Mpeko HajMame 6 moaTunosa 5-HT penenropa. CMaTpa ce 1a CEpOTOHHH CTUMYJIaTHBHU
epexaT Ha MOTHMJIMTET TaCTPOMHTECTHHAIHOI TpakTa JEJIOM OCTBapyje M IPEKO Mpexe
MHUEHTEPUYHUX HEYpOHa, JOKaJIM30BaHUX U3Mel)y ciojeBa rinatkux mumuha. JacHo je, pakie,
JIa j€ CEpOTOHHMH YKJbYYCH y PETyJalH]y BEIHKOT Opoja (PU3MONONIKUX MpoIleca, ajau ce TauyHe
JIOKaIMje M HayMH H-EroBOT JIeJOBama joul yBek HcTpaxyjy [183]. 30or Tora je mpumeHna
SSRIs, mopex TepamMjckor ImMJba Yy JIeuelmy JeMpecHje M aHKCHO3HOCTH (Iojadame
ceporonnHepruuke Tpancmucuje y HHC-y), npahena u HekuMm Hyc-ehekTHMa Ha nepudepuju
KOJH HacTajy Kao IUPEKTHA TMOocieaunIiia JIejcTBa cepoToHMHA. Mehyrtum, Benuku Opoj
eKCIIEpUMEHTAITHUX CTyaHja je moka3ao na SSRIS octBapyjy u 6pojue nepudepre edexre Koju

HUCY MOCTIeINIa MHXUONIIM]E MTpey3uMama CEpOTOHNHA Y MPECUHANITHYKE HEPBHE 3aBpIIETKE.
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[TocToje HenmBocMucnenu aokasu aa SSRIS ocTBapyjy m oapeheHe edexre MpeKo BOJTAKHO-
3aBUCHHMX JOHCKMX KaHaja, all U MPEeKO MYCKapUHCKUX, HUKOTHUHCKUX, aJAPEHEPTrUYKUX,
ONMOJHMX U IpYyrux peuenrtopa [184].

[ToBe3anoct u3Mel)y MOJeKyJICKe CTPYKTYpE M aKTUBHOCTH HHj€ MOTIIYHO pa3jallliheHa
KOJl OBe rpyre antujaenpecua. [lo3HaTto je jenuno aa je nokanm3anuja CFs cynctutyenra y
rapa-moJjio’kajy OJf €CEHIMjaJIHOT 3Hayaja 3a TOTEHTHOCT (IYOKCETHHAa Yy HWHXUOHUIUjU
CEpOTOHMHCKOT TpaHCHOpTepa. YKOJIMUKO C€ OBaj CYINCTUTYeHT YKJIOHH U3 MOJEKyJa
(iryokceTuHa, HAKHAJHOM CYTICTUTYIIHjOM METOKCH TpYIE Yy OpPTO-TIOJI0Ka] TAKBOT MOJIEKysa
HACTaje HU30KCETHH, BHCOKO CCIICKTHMBHH HHXHOWTOpP Mpey3uMama HopaapeHaimHa [185].
Nnak, noznato je na SSRIS mpencraBspajy rpylly XeMHUJCKH Pa3HOPOAHUX jedumbema [186],
yyMe ce MOry O0jaCHHUTH 3HadajHe pas3liuke y mepudepHuM edekTuma Koje OCTBapyjy
Pa3NMYUTH TPEACTaBHUIIM OBE T'PYyIE aHTHICHpPECHBa, YKJbydyjyhu Ty u pasmmuute edexre
UCIOJbEHE Ha MOTHIIUTET XyMaHOT jajoBOJIa, KOje Cy OTKPUBEHE y OKBUPY OBOT MCTPAKUBAMhA.
@DIIyOKCEeTHH je MOTeHTHUjU MHXUOUTOp S-HT2 penientopa o1 octanux npeacraBHuka SSRIS,
ycliesl uera JOBOU A0 MOAYJIallje HOPaAPEHEPTUYKUX U JOTTAMUHEPTUYKUX CUCTEMa y MO3TY,
IITO 3a Kpajiby MOCIEANIy UMa CTUMYJIATUBHU e(eKaT Ha >KUBOTHY €HEPrujy M aKTUBHOCT
nanujeHata [187]. OBo cBOjcTBO (IyOKCETHMHAa C€ MOXKE€ MCKOPHCTUTU KOJI MallMjeHara ca
MambKOM JKMBOTHE €HEepruje, TO U jecTe jelaH o]l Hajuemhux CHUMIITOMAa KOJ JENpPEeCUBHUX
narnujeHata [188]. Takohe, pmyokceTuH u cepTpaluH ce O OCTAUX MPEACTaBHUKA U3 TPYIe
SSRIs pasnukyjy n mo Behem apunurery xka D, momamunepruukum perenropuma. CeprpainH
y oznpeheHoj Mepu HHXUOUpA U Mpey3uMarhe HopaJIpeHaInHa 1 gornamMuna [112], uume ce mory
NPEIBUIETH HEroBa eKCTpanpaMuialHa U HeXeJbeHa JIejCTBa Be3aHa 3a KapJIMOBACKYJIapHU
cucreM [188]. Moxnaa Hajsehy crienupu4HOCT Yy cBOM (hapMaKOJIOIMIKOM JIeI0Bamky HCIOJbaBa
MapOKCETHH, 3a KOTa Ce€ MOKa3ajo Ja y 3HayajHO] MEpU MHXUOMpPA MYCKapUHCKE PEIenTope
[38-40]. Mako je aHTHXOIMHEPTHYKO JI]CTBO MAPOKCETHHA HEKOJHMKO MyTa Mamke y OJHOCY Ha
TPULMKIIMYHE aHTUJETPecuBe, IPUMEHY MapOKCeTHHA UMak yemrhe rmpare aHTUMYCKapHHCKa
HeXeJheHa JiejcTBa y ofgHocy Ha ocrtane SSRIS [188]. Lluramompam u ecuuranomnpam cy ca
Jpyre cTpaHe BEpPOBATHO HAjCEJIEKTMBHHUJU HWHXUOUTOPH Npey3uMama CEPOTOHMHA, HaKO
nokasyjy oxapeheHn aduHUTET Ka XUCTaMMHEPTMYkuM [ peuentopuma (HapOYUTO
uurtanonpam) [111].

ITopen pasznuka koje nmpenacraBHui SSRIS mucrnospaBajy Ha HUBOY Pa3NUYUTUX THIIOBA
pelenTopa, €KCIepUMEHTAIHE CTyAWje CIPOBEACHE YIrJaBHOM Yy in Vitro ycioBuma u Ha
aHUMAaJTHUM MOJIEINMa yKa3yjy Ja Mel)y OBUM aHTHUIEIPECUBHUMA ITOCTOj€ U CIICIM(PUIHOCTH Y

HUXOBOM JI€]CTBY Ha BOJITa)KHO-3aBUCHUM JOHCKUM KaHaiuma. I'pyna ayropa u3 Jyxxue Kopeje
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je mokasana jaa ecuuranonpam [161], ceprpanun [163] u payBokcamun [189] nzasusajy no3Ho-
3aBUCHY WHXHMOWIIM]y BOJITA)KHO-3aBHCHHUX KaHaja 3a JOH KalujymMa M TOCIeAUYHY
Ba30KOHCTPHKIIN]Y TIATKMX MHIMUhHUX helrja W30J0BaHUX KOpPOHApHHX aprepHja 3edeBa. C
Apyre cTpaHe, y HUCTHM OBHM CTyAdjamMa jeé IIOKa3aHO Ja NapOKCeTWH He yTh4ye Ha
KOHTPAKTHUJIHOCT KOPOHApHUX TiaTtkux mumuhaux henuja 3eueBa. Mnak, Afzal u capaguuim cy
y cryauju [154] moka3anu Ja mapoKCETHH JOBOJU JO pelaKcalyje MHTECTUHAHUX TJIATKUX
mumnhaux henuja 3edeBa. DIyOKCETHH W IUTAJIONpaM Y TEPANMjCKUM KOHIIEHTpaIfjama
OJIOKHpajy BOJNTAXXHO-3aBUCHE KaHaJe 3a JOH HATpHUjyMma, Kanujyma u kamqujyma [150], a Ha
HUBOY OKeJIylla CTUMYJHUINY KOHTpakiuje riarkux wmummhaux hemwja  [151,157].
Ecnuranonpam u ceprpanun 6mokupajy Kv xanane Ha mMemOpaHama BacKyJIapHUX TIJIaTKUX
mumuhaux henmuja kopoHapHux aprepuja 3euesa [161,162].

CBu OBHU pe3yiTaTH jacHO yKa3yjy na cy edekrtu koje SSRIS ocTBapyjy Ha riatkum
mummhanM henrjama crienuuYHN y OJTHOCY Ha BPCTY M TKHBO, /1a C€ MOTY MaHU(ECTOBaTH
Kao KOHTpaKIMja WIM pellakcalldja, y 3aBUCHOCTH O] apXUTEKType HEpBHHUX IUIEKCyca y
3UJI0BUMA IIYIJbMX OpraHa W HUXOBHUX Be3a ca riaaTkuM MumunhauMm henujama. Mehytum,
aHAJIM30M JIOCTYITHE HaYYHE JUTEpaType HE MOTY CE Y MOTIYHOCTH 00jaCHUTH PE3yITaTH OBOT
HCTpaKMBamka KOJU YKa3yjy Jla caMO NapOKCETHUH YyTHY€ Ha MEXaHHWYKEe KOHTpaKlLHUje UCTMYyca
XYMaHOT' jajoBOJla, OJHOCHO Jla Cy MPOMEHE CIIOHTAaHWX KOHTpPAKIMja aMIlyjle M3a3BaHe caMo
npuMeHoM ecuutanonpama. lltasume, mpupoaa 1ocajallilbuX ca3Hamba je TakBa Ja j€ TEIIKO U
TEOPHjCKH 00jaCHUTH YTHIA] KOju cy SSRIS mokazanu Ha MOTHJIMTET XyMaHOT jajOBOa Y OBOM
HCTpaXUBamky. YKOJIMKO 3HAMO J1a MApOKCETUH MMa 3HA4ajHO jaya aHTUXOJMHEPrHUyKa JI€jCTBa
ox ocranux SSRIs [38-40], mornu 6ucMO Ja MPETIIOCTABUMO Ja MAPOKCETHH CBOjE JIEjCTBO HA
MOTWJIMTET UCTMYCa OCTBapyje YIpaBo KpO3 YTHIIa] HA MYCKapUHCKE PeLenTope Ha IIaTKUM
mumhauM henrjama uctmyca. Jlocamamima HaydHa ca3Hama, MMaK, HeE TOBOPE Y MPHJIOT OBOj
npetnoctaBiy. [IpBo, mo3HATO je Ja je jajoBOJ BPJO OCKYTHO WHEPBHUCAH XOJIMHEPTUUKUM
BrakHuma [190]. Jpyro, pesynraTu crynuja Koje cy crposenu Jankovié W capaaHuIu
[170,171] moxa3zajy Aa auneTWIXOJHMH, Kao TJIaBHH (PU3MOJONIKH aroHHCTa MYCKapHUHCKHX
pelenTopa, W3a3uBa JI03HO-3aBHCHE KOHTPAKIHje KaKO MCTMYyCa, TaKO W aMITyJe XyMaHOT
jajoBoJia ¥ TO HajBEpOBAaTHH]E MPEKO M3 MYCKapHHCKHUX perenrtopa. 300r Tora ce TeopHja 1o
KO0j0j MapOKCETHH CTUMYJIMIIIE T03HO-3aBUCHE KOHTPAKIIMj€ UCTMYCa MPEKO JiejcTaBa Ha HUBOY
MYCKapHMHCKHX pELEeNnTopa He YMHU BepoBaTHOM. [[pyra cnenmu@uyHOCT Koja MapOKCEeTHH
olBaja o7 ocranux mnpeactaBHuka SSRIS, a koja Om ce Morjia TEOpHjCKH pa3MaTpaTH Kao
Moryhu MmexaHu3aM KOjUM TapOKCeTHH H3a3MBa KOHTPAKIHMje MCTMHYHOT Jejia jajoBOja,

OJTHOCH C€ Ha YMIbEHMIly Ja je mapokceTuH cHakaH uHxuOutop NO cunreraze [41]. Unak,
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Perez Martinez u capaguuiia cy y cBojoj cryauju [191] mokasamu ga waxuOutopu NO
CHUHTETa3e yOp3aBajy MOTHIIMTET y jajOBOJMMA TaioBa. To 3Ha4YM J1a OM MOTJIO Ja Ce O4YeKyje
Jla TApOKCETUH MHXUOMpa KOHTpaKIHje TIaTkux MUmuhaux henuja jajoBoza, y ciydajy Aa Ha
MOTWJIMTET jajoBoJa 3aucTa Aenyje Kpo3 naxuounujy NO cuHTeTase u mocieAnyHO CMambemhe
koHneHtpanuje NO-a. 30or Tora ce ca BeIMKOM CHTypHoIIhy Moxe pehu na mapokceTmHOM
MHJYKOBaHE JI03HO-3aBUCHE KOHTpAaKIIMje HM30J0BaHUX Ipenapara UCTMyca HHUCY Mocienuia
weropor uHxuOuTOopHOT nejctBa Ha NO cunTeTazy. C apyre crpaHe, MapOKCETHH j& CIUYHY
JTUCTHHKIN]Y y oHOCY Ha ocTtanie SSRIS mokazao u Ha mpumMepy edekra Ha HOpaapeHATUHOM
WHIYKOBaHE KOHTpaKIMje raTkux Mummhaux henmja yperepa 3amopuera y CTyIUjU KOjy Cy
cposesin Obara u capaguuiu [192]. Haume, diyBokcaMuH, CEPTPaIMH M €CIUTAIONPAM Y
KoHUeHTpaurjama ox 10° M Hucy nokasanmu HuMKakaB eekaT HAa HOPALPEHATHHOM
WHIYKOBaHE KOHTpaKIMje TIATKUX MHUIIMha yperepa, JOK jé HAaKOH NPUMEHE HICHTUYHE
KOHIICHTpAllMje MapoKCeTHHA JONUI0 10 TmoBehama Oa3asHOr TOHyca Kao W CaMHX
KoHTpakiyja. O paHMje je MO3HATO Ja MapoOKCeTUH y ofHocy Ha octaie SSRIS mocenyje
HAajjayd MOTEHIMjasl 32 HHXUOUIHM]y TIOHOBHOT Ipey3uMama HopaapeHanuna [37,113], mro cy
UHAUPEKTHO qokasanu u Obara u capamnunm [192]. Bepyje ce nma je ausypuja, Koja ce jaBiba
KOJ HEKMX TMaljeHata Ha Tepanuju IapoKCETHHOM, VIPaBO Y3POKOBaHA I0jadarmeM
HOpaJIpeHepruuke TpaHcMmucuje (ycnel UHXUOMIHMjEe TMpey3uMama HOPaJpeHAInHA) W
nocienuyHor nosehama ortmopa yperpe [192]. YmpaBo 6uM mojadyame HOpaJpeHEpruuke
TPaHCMHUCH]€ MOTJIO Ja OyJe HajBepOBaTHHjE€ O0jalllbEmhe CTUMYIATHBHOT e(eKTa Koje je
MapOKCETHUH HCIIOJHUO Ha CIIOHTAHE KOHTPAKIM]j€ MUCTMYCa XyMaHOT jajoBOJa, j€p j€ MO3HATO
Ja HOpaJpeHalMH W3a3MBa KOHTpaKlLMje HCTMyca IpPEeKO aKTUBALUje a1 aJpPEeHEPrHYKUX
peuentopa [169]. Nnak, oBa Teopuja Ou ce YMHMIIAa MHOTO BEpOBATHUJOM Ja Cy PE3yJITaTH
HAIller HMCTPaXHBamka IMOKA3ad Ja MapoOKCEeTHH H3a3uBa M PpeEllaKkCalfjy amIryjie XyMaHOT
jajoBoga, jep cy Jankovi¢ u Proti¢ y cBoM ucTpaxkuBamy [169] mokazaim ga HOpaapeHAIHH
M3a3MBa peJaKcalujy amIyJapHOr W MHQYHAUOYIapHOT Jeia jajoBoja Kpo3 akTUBALM]y [2
aZipeHepruukux peuentopa. Kako je TakaB eexaT mapokCeTHHA M30CTA0 y €KCIIEPUMEHTHMA
CIIPOBEJICHNM Yy CKJIOIy OBOT HCTPaKWBamba, 3a IOHOIICHE ACPUHUTHUBHOT 3aKJbydKa O
MEXaHHU3My KOJUM TapOKCETHH YTHY€ Ha MOTHJIMTET jajoBOJia TIOTPEOHO je€ CIpPOBECTH Aajba
UCTpaXMBamka Koja OM YKJbydWsa NMPUMEHY aroHWCTa M aHTaroHMCTa perentopa 3a OpojHe
XOpPMOHE U HEYpOTpaHCMUTEPE.

Kama cy y murtamy edextu apyrux rpyma JiekoBa Ha MOTHIIMTET XyMaHOT jajoBOJaA,
BOXHO j€ HAIIOMEHYTH Ja HE TMOCTOjJH BEIMKHA OpOj MOCTYNMHHX CTyAHja Koje cy ce OaBuie

UCTpaXuBamuMa oBor Tuma. Ca acmekTa pe3ysiTaTa OBOI HMCTPaKMBamba HAPOUMTO j€ BaXKHA
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cryndja [193] y K0joj je MCHUTHMBAH YTHIQ] MOJEIWHHMX AHTHENWJICNTHKA HAa MOTHUJIUTET
XyMaHor jajopoja. CiIMYHO Kao M y OBOM MHCTpaXKHBamby, CBU H30JOBAaHU IIpenapaTv
aMITyJIapHUX U UCTMHYHHUX CErMEHaTa XyMaHHX jajoBOJa Cy MOKa3ajl CIHOHTaHYy aKTUBHOCT y
BUAy crnopux ¢a3sHuX KOHTpaknuja. Takohe, 3a pacTBapame HEKHX aHTHEHHJICHTHKA
(kapbaMasenuH W JIAMOTPHTHH) y CTYyIUjU KOjy Cy crpoBenu Jankovi¢ n capagauiu [193]
kopunthern je DMSO kao pacrBapau. Ilokazano ce ma DMSO wucnospaBa 103HO-3aBUCHH
MHXUOUTOPHU e(eKaT Ha CIOHTaHE KOHTPAKIMjE€ M30J0BAHUX Ipenapara amiysie, ajld U Aa
OBaj pacTBapau HE HCIOJbaBa MHXHUOUTOPHM e(dekaT Ha MOTHIIUTET HMCTMHYHOT CETMEHTa
xyMaHor jajoBona. Mpentnuan edpexar DMSO je mokazao u y OKBHpPY OBOT HCTPaKHBamba,
Oyayhu ma je mocrojana nmorpeda 3a lEroBoM yrnoTpeOoMm 3a pacTBapame ceprpanuna. Kao u'y
cinydajy SSRIS, mocrojane cy 3HauajHe pa3iuke y epeKkTuMa Koje cy Ha MOTHIIUTET jajoBojJa
MOKa3aJIi Pa3IMYUTH MPEJICTABHULIN aHTHenuienTuka. Kapbamasenus u 1aMOTpUruH cy Ounite
jeIrHEe UCIUTHBAHE CYIICTAHIIE KOje Cy MCTOJbUIIe CTATHCTUYKH 3HaYajaH e(eKar Ha CIIOHTaHe
KOHTpaklyje ammyjie U HMCTMyca, JOK IpHUMEHa BaJIpoMyHEe KucenuHe, (enoOapOurtana,
JopasenaMa M JuasernaMa Huje Ouia npaheHa mpoMeHama CHOHTaHOI MOTWJIMTETa XyMaHOT
jajoBoma. Mmak, 3a pa3iwKy OJl TApOKCETHHA W ECIHTajoNnpaMa KOju CYy HCIOJbUIH
CTUMYJAaTUBHM e(deKaT Ha KOHTpakluje IIaTkuXx MumuhHuX henuja XymaHor jajoBoja,
kapOamMa3zenuH M JIaMOTPUTMH Cy H3a3BaIM JO3HO-3aBUCHY WHXMOMIM]Y CIHOHTaHHUX
KOHTpakiyja uctMyca M ammyie. Jlpyra OuTHa pasnuMka OJHOCH C€ HAa YHMHIEHHUIYy Ja Cy
AQHTHENWISNTHIN WACHTHYAH eeKaT MCIOJBMIM M Ha UCTMHYHOM M Ha aMITyJIAQpHOM JIEITy
XYMaHOT jajoBOJIa, 3a Pa3juKy OJf MapOKCeTHHa M ecuuTajonpama Koju Cy JA€jCTBO MOKa3alu
caMO Ha HHBOY HCTMyCa, OJHOCHO ammyje. TadaH MeXaHH3aM KOJUM aHTHENUJIENTUIH
MHXUOMPAjy CIOHTAaHW MOTHJIMTET XYMaHOT jajoBOja Takohe HHje MO3HAT, MajJa ce TEOPH)CKO
o0jammeme Koje Cy MpUKa3alid ayTOpH OBE CTY/AHje YHHHU BepoBaTHUM. Hanme, kapOamazenH
Y JIAMOTPUTHH WMajy BeOMa CJIMYaH MEXaHW3aM JIeJIoBalba KOJjU Ce 3aCHMBA HAa WHXUOUWIIUjH
JOHCKHMX KaHana 3a HarpujyM. C o03upoM Ja je MHXMOWIMja HATPHjyMOBHX KaHaya npaheHa
JI03HO-3aBHCHOM pEeJIaKCallijoM M30JIOBaHUX IJIaTKUX MUIIMhHUX henuja, BepoBaTHO je 1a ce y
OCHOBU edekTa KapbamazenuHa M JaMOTPUTMHA HAa MOTWIMTET XyMaHOT jajoBOJa Hala3u
ympaBo 610kana karana 3a jod Na* [193].

[IperpaxkuBambeM TOCTYIHE Hay4yHE JIUTepaType MOXE Ce YOUHTH Jla ce Malu Opoj
UCTpaXHBamka 0aBHO HCIOUTHBakEM Moryher yTumaja aHTHAENpecMBa Ha IUIOAHOCT
nanujeHata. Takohe, mMHOro Behm Opoj TakBUX HCTpaKHBama OABHO C€ HCIHUTHBAKHEM
MOTEHIMjaJTHOT yTUIaja aHTHCIPECHBa Ha IUIOJHOCT MYILIKapalna, Kpo3 UCIUTUBAKE YTHIAja

OBHX JICKOBA Ha CIIEPMATOrCHE3y W BUjaOMIIHOCT criepmaro3ouaa. ExcriepumenTande in vitro
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CTy/Mje Ha aHUMAIIHUM MOJeliuMa Cy ToKasajie aa (pIyoKCEeTHH ITOBOJH JO JI03HO-3aBUCHOT
CMambCHha KOJHUUHE CriepMe U beHor Motuiutera [194,195], kao u 10 peayKiuje y TeKHHA
CeKCyaJJHUX OpraHa M IUIa3Ma KoHIeHTpaimju Tecroctepona u FSH [195]. Elnazer u
capagHuiy cy y cryauju [196] npukaszanu ciydaj 30-roguinmer Myiikapia Koj kKojer je 4
Mecella HaKOH TpeKuJa MpUMEHe IHTalonpamMa JOIUIO 10 3HadajHor noBehama KOJIHMYUHE
criepMe W 1MO0OJbIIaka BUjaOMITHOCTH CIIEpMaTo30uaa. Pesynratu MpOCHEKTHBHE KOXOPTHE
cryamje Kojy cy cmposenn Koyuncu u capaguumm [197], a y K0joj je HCIOMTHBAH YTHIIA]
ecnuTaionpaMa Koj 25 mainujeHata ca NPEBPEMEHOM €jaKylalyjoM, MOKazaau Ccy Ja
€CIIUTAJIONPAM HCII0JhaBa CTATUCTHYKY 3Ha4ajaH HeTaTHBAH yYTUIA] HA KOJIMYHHY U MOTHIIUTET
criepMe, ald W Ja JOBOAU 10 aOHOpMaJHOCTH y Mopdoioruju crnepmaro3ouga. CIUYHO,
Akasheh u capaguuim cy y cryauju [198] mokasanu aa je TpoMeceuHa Teparija CepTpaIuHOM
npaheHa  CTaTUCTHYKKA  3HAYajHOM  PEIyKIHMjOM KOJMYMHE clepMe M 4emhum
aOHOpMalTHOCTHMa y MOP(OJIOTHjH CIEPMATO30MIa, alld 3a Pa3lIuKy OJ eCIUTAIONpaMa,
CepTPaIMH HUje MCIIOJbHO HETaTHBAH yTUIA] HA BHjaOMIIHOCT criepmaro3ouja. [leToHenesbHa
KOHTHHYHMpaHa Tepanuja MapoKCeTHHOM JIOBella je 10 CMameHka HHBOA TECTOCTEpPOHA U
ecTporeHa, anud Huje Omna mpaheHa HEraTMBHUM YTHIIAjeM Ha BOJIYMEH, KOHIICHTpALH]y,
MoTuiMTeT u Mopdosorujy crepmarozouaa [199]. Safarinejad je y cryauju mpeceka [200]
MoKa3ao Jia KoJ| MaiyjeHara Koju ce Hajase Ha tepanuju SSRIS nyxe ox 6 meceuu nonasu 110
peayKIirje y KOMHuuHN 1 MoTuiuTety ciiepme. C apyre crpane, Relwani u capagsuiu y cBojoj
MPOCTIEKTHBHO] CTYIMjU HHUCY JToKa3anu HeratuBHe edekre SSRIS Ha motunuret ciepme [201].
Ha ocHOBY mpencTaB/beHHX pe3yliTaTa MOXKE Ce M3BECTH 3akjbydak ga je ymorpeba SSRIS
npaheHa HeraTMBHMM YTHIIajeM Ha IUIOJHOCT TalijeHaTa MYIIKOT I0Jia, J1a ce TH e(eKTh
noropiuasajy ca nosehameMm 03¢ U AY)XKHMHE Jeuema, ajld M Ja ce IOBJIaye ca MPEKHJIOM
npuMeHe antuaenpecuna [202].

[lo muramy yTHmaja aHTHAENpPECHBA HAa IUIOJAHOCT TPHUITATHHUIA JIETIIIET 0,
J0ca/ialiikhba HaydHa ca3Hama Cy ocTaja HejopeueHa. [IpoCneKTHMBHHM M peTpOCTIEKTHBHUM
KOXOPTHHUM CTyJlMjamMa TeUIKo je JeuHICcaTH NIpUpoay Be3e u3Mel)y yrnorpede aHTHIEpeCcHBa
W MHIUACHIE HHQEPTUWINTETa KO/ MalfjeHaTa KEeHCKOT 10J1a, CXOAHO YHEHCHUIN J1a TIOCTOjU
OunMpeKMoHaaHa Kopenanyja usmel)y unpeprunurera u aenpecuje, OAHOCHO aHKCHO3HOCTH.
[lo3Hato je nma *eHe ca UCTOPHjOM JENpecuje uMajy IBOCTPYKO BehM pH3UK O] IojaBe
HeruiogHocTH y nopehemy ca xeHama 6e3 nernpecuje [203]. C npyre cTpaHe, jacHO je U Jia Cy
KeHe ca MHPEPTHIMTETOM I10J] 3HATHO BEhMM PHU3MKOM OJ TOjaBE CHMIITOMA JIETIPECH]e Y
onHocy Ha ommty nomynamnujy [204]. Cem Tora, pe3yaTaTd MaIOOPOJHUX AOCTYIMHUX CTYAH]a

y KOjuMa je UCTIUTHBaH yTHuiaj npuMene SSRIS u apyrux antuaenpecusa Ha GEepTUIMTET jKEHA
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cy KoHTpoBep3HH. Serafini u capaguum Cy CpoBeau MPOCHEKTHBHY, AYILUIO-CIIEy, Miane0o
KOHTPOJIMCAHY CTYIH]y Ca IHJbEM Jla UCIIUTAjy €BEHTYAJIHH yTHIAj IpUMEHEe (PIyOKCEeTHHA Ha
YCIIEIIHOCT mocTymka in Vitro gpeprunuszamuje (IVF) [205]. YkynHO cy y CTyauju yuecTBOBaje
152 >xeHe, mpu yemMy Cy MallUjEeHTKUEEC Y KOHTPOJHO] TpymH nodujane (GoiHy KUCENHHY, a
MalWjEeHTKUBE Yy €KCIePUMEHTAIHOj TPy Cy ca HpUMEHOM (hIyoKCeTHHA OTIouumaie 3
Mecenia mpe moderka mnoctynka |VF. ®diayokceTuH je mpUMEHmMBAH y WY PEAYKIHje
CHUMIITOMAa aHKCHO3HOCTH KOJH C€ YECTO jaBJbajy KOJ IMalMjeHTKUba Koje uMajy mpobiema ca
¢beprunuTeToM, a Koje Tpeda aa Oyay MOJBPTrHYTE MOCTYNKY BaHTENECHE OIUIoAke. Pesynraru
OBOT' UCTPAKMBamka HUCY yKa3aJld Ha CTATUCTHYKW 3HAYajHE HEratuBHE e(ekTe (IyoKceThHa
Ha nmapametpe Be3aHe 3a |VF (Opoj nmpey3eTnx u HOpMaiaHO oIuloheHux jajHux henuja), HUTH je
(IyOKCeTHH MCIOJbMO HEraTUBaH YTHIIA] Ha UMIUIAHTAIU]Y, TPYAHONY U MHIIMACHILY Tobauaja.
VYTHIaj aHTUAENIpeCHBa Ha YCIEHIIHOCT IMOCTYIKAa BAHTEJECHE OIUIOAIE WCIUTHBAH je U Y
crynauju kojy cy crnposenu Klock u capagaunum [206]. OBOM peTpOCHEKTHBHOM KOXOPTHOM
ctynujom obOyxBaheno je 698 sxena koje cy 30or mpoOiema ca ¢GepTHUIUTETOM Ouie
MOJIBPrHYTE MOCTYIKY BaHTEJECHE OoIuioAme. Mehy muma je Ouino 25 manujeHTKUba Koje Cy
Oune Ha antuaenpecuBHoj Tepanuju SSRIS (52% je mpumano ceprpanun, 40% (ayokceTuH u
8% tmranonpam). CTHYHO Ka0 M y MPETXOAHO onucaHoj cryauju [205], mpumena SSRIS Huje
Ouna npaheHa HeraTMBHUM JejCTBOM Ha Bapujabne BesaHe 3a |IVF (Opoj mpeyserux wu
HOpMaJiHO orutoheHux jajHux hemwuja). Mnak, BaHTenecHa omioma HUje OuUia ycHemHa Koj
BHIIIE OJ] TOJIOBUHE jkeHa (56%) y ekcrmepumenrtamHo] rpynu ca SSRIS, macmpam 37%
HEYCIEUTHUX MOCTylaKa BaHTEJECHE OIUIOAHE y KOHTPOJHO] IpynH Koja je QopmupaHa
MOCTYNIKOM ““MeuoBama’, a Kojy je umHmwio 50 jkeHa Koje HHMCYy Owie Ha Tepanuju
aHTHjenpecuBuMa. Mako Huje CTaTUCTUYKM 3HAyajHa, pasiuka of 19% Ou urekako Moria
OutH o KIMHWYKOT 3Hadaja. Ymorpeba SSRIS mpe mocrymka IVF Hmje Omna mpahena
CTaTHCTUYKHY 3HA4YajHUM yTHIIajeM Ha CTOIy OCTBapeHuX TpyAaHoha M *KuBopoleHe nene HU y
CTynuju Kojy cy npoBenu Friedman u capagauim [207]. Unak, y oBoj CTyauju je 3a0eiexeHa
naneko Beha crorna npeku/a HUKIyca y TPy MalKjeHTKUba Koje Cy puMalie aHTUAETIpecuBe
n3 rpymne SSRIS y ogHOCY Ha MaIUjeHTKUBE KOje HUCY OWile Ha aHTHJETIPECUBHO] TEPAITH]H.
Konauno, pe3yiratu HajHOBHje mocTymnHe HayuHe cTyauje [208] ykasyjy ma aHTHIEnpecHBU
3HAa4ajHO PeNyKyjy (GepTUIMTeT *eHa, ajdu Ja TayaH MeXaHU3aM HUXOBOI CYNPECHBHOT
JIejCTBA Ha IUIOHOCT MalMjeHaTa >KeHCKOT T10J1a joll yBeK Huje pasjamrmeH [208].

VYmpaBo OM pe3ynTaTé OBOT MCTPaKMBamka MOTJIH Ja Oyqy KIbYYHH 3a pa3yMeBame
HayWHa Ha KOjU aHTHUIenpecuBU u3 rpyne SSRIS ucnospaBajy cBoje nejcTBO Ha (EpPTHIIMTET

xeHa. Haumme, umHuM ce na Oum peaykuuja ¢epTUIMTeTa >KEHAa H3a3BaHa NPUMEHOM

83



Munom MunocassbeBrh JloxTopcka aucepranuja

aHTHUJETIPECHBa Morja OUTH oOjammbeHa e(EeKTOM KOjU Cy Ha MOTHIIMTET XYMaHOT jajoBOja
nmokazanu mojenuHu npenactaBHuIM SSRIS (mapokcetun u ecuuranmonpam). [losnaro je na
jajoBOIM TIPEICTaBIbajy TPAH3UTOPHO MECTO, KAaKO 3a CIEPMAaTO30M e, TaKOo U 3a jajHe hemwmje.
Hcro Tako, Bepyje ce na Cy jajoBOJAM MecTa Ha KojuMma ce 00aBiba (pepTwim3aiija U paHo
pasBujame emOpuona [209]. Ilopen BHjaOMIIHOCTH caMUX CIEpMaTO30Ha, FlbUXOB TPAHCIIOPT
j€ cTUMYJIMCaH ¥ MUITMNHUM KOHTpakiyjama 3uja jajooaa [210] u yrepyca [211]. Tpancnopt
criepMaro30mia Off BarkHe 1O jajoBOAa je HM3y3eTHO Op3 W JeliaBa ce€ YHYTap HEKOJIHMKO
munyTa. Kaga nmocriejy y jajoBoj, CIiepMaTO30UAM jETHO BpEeME MOTY OWUTH CKJIAIUIITCHU Yy
UCTMHYHOM Jeny jajoBoja. [lpomemyje ce na MakCUMalHO BpeMe IPEeKUBIbaBamba
CIIepMaTo30M/la Y XYMaHOM jajoBoJy M3HOcH OKO 85 uacoBa. Enurtenne henuje jajoBona
CTHUMYJIMIIIy MOTHJIMTET crepmaro3ouga W moBehaBajy cmocoOHOCT crepmaro3onja 3a
BE3MBamE 3a TIIMKOMpOTeHHCKH omotad (zona pellucida) jajuux henuja. Hakon oBymarmje,
jajae henuje O6uBajy MOKYIJbEHE O] CTPaHE IHJIMja jajOBOJa U HAKOH TOTA TPAHCIIOPTOBAHE Y
aMIyJapHU JI€0 jajoBOja, Tae noyazu 1o omiohema. [locne omnohema, mpe-eMOPHUOH MOUNHE
Jla ce 1IeTa U pa3BHja TOKOM CBOT IyTa Kpo3 jajoBoj. TpaHCHOPT mpe-eMOpruoHa Kpo3 jajoBOL
YTJIaBHOM j€ TIOTIIOMOTHYT TIOKpeTHUMa Iirja TyOylapHe Mykose jajoBoaa. [Ipe-emOpuoH ce y
JajoBOy 3a/pkaBa /0 3 JaHa, HAKOH Yera J0Ja3u JI0 KEeroBOT TPAHCIIOPTa Y YyTepyc, y KojeM
noJna3u A0 uMIutanTamnuje [212]. AHanu3oM OCHOBHUX (DU3HOJIOMIKUX (PYHKIIM]A jajOBO/Ia MOXKE
Ce 3aKJbYUYMUTH J1a OU JIEKOBU KOJU MHXMOMpA]y CIIOHTaHE KOHTPAKIMje TIaTKMX MHMIIMhHUX
cjiojeBa jajoBojia Tpebasio J1a UCToJbe HeraTuBaH edekar Ha GepTuauTeT U MoryhHocT 3adeha.
MexaHu3am JefioBalkba OpalTHUX KOHTPALENTHBHUX CpPEJCTaBa Ce yIpaBO 3acHWBA Ha
MHXUOMIIMJU MOTUJIMTETA IMJIMja XyMaHOT jajoBOJa U CMamelhy MOKPETIBUBOCTH LIETOKYITHE
jajoBoaHe uesu [213,214]. ITopen opaqHUX KOHTpALENITUBA KOJU MOTUIIMTET XyMaHOT jajoBOAa
yCIOopaBajy y CKJIONy CBOT OCHOBHOT MEXaHHW3Ma JeJioBama, MpuMeheHo je U Ja OJokaTtopu
KaJlMjyMcKuX kaHana [215], Heku anTuenwientuuu (kapbamaszenuH u JamoTpurus) [193] u
muknogenak [209] ucnosbaBajy U3BECHE MHXHOUTOpHE eeKTe Ha MOTHIIUTET jajoBOJIA JKEHA.
MHXnOMIMjoM MOTHIIMTETa XyMaHOT jajoBOJla yCIopaBa ce TPAaHCIOPT CIIEPMATO30MAa, JajHUX
hemuja, anmu u mpe-eMOpHOHA, MITO 3a TMOCJIEAUIy UMa CBEYKYITHO CMameme (hepTUIUTETA.
Takohe, y cmydajeBuMa kaja uzocrane edekaT opaTHUX KOHTPAICITUBHUX CpeacTaBa u nohe
1o ormohemwa jajue henuje, mocroju nosehan pu3uk o1 MojaBe EKTONMUYHE TpyaHOhe, yrpaBo
300r yTHIaja KOjU OpajHM KOHTPALENTHBU HCIOJbaBajy Ha MOTHIUTET XYMaHOT jajoBOja
[216].

Mebhytum, mako je y OBOM HCTpaKMBamby MMOKA3aHO Ja MApOKCETHH U ECIUTaIONpaM

UCIOJbaBajy CTUMYJIATUBHHU, & HE MHXMOUTOPHU e(pekaT Ha MOTHIIMTET HCTMYCa M aMmiryle
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jajoBojia, MOCTOje YBPCTH JOKA3HW KOJU yKa3yjy Aa Ou 300r Tora ymoTpeba OBHX JIEKOBA KO
’KE€Ha y PENpoayKTHBHOM NepHOAy Takohe morna Outu mpaheHa cMamemeM (epTHINTETA.
Hawmme, na Ou criepmaTo30uIy, KOjU HAaKOH €jaKylaluje U KOWTyca JOCIEBajy Y TeHUTAIHU
TPAKT >KeHe, O CrocoOHM 3a Tporec GepTuim3alyje, HEOMXOAHO j€ JAa YHYTap >KEHCKOT
PENpPOAYKTUBHOI cucTeMa mpol)y Kpo3 unTaB HU3 (U3HOIOMIKUX U OMOXEMH]jCKUX
MoauduUKalja Koje Cy Mo3HaTe IMoj Ha3uBOM Kamanurtanuja [217]. buoxemwujcke mpomeHe
CriepMaTo30MJa y OKBHPY Ipolleca KalalMTalMje IOJIpa3yMeBajy M3IIHMB XOJIeCTepoyia M3
wiasmMa MemOpaHe, MTO JA0BOIM a0 TnoBehawma ¢GuyuaHoctn MemOpane u mnosehane
MPOMYCTJHPUBOCTH 32 joHE OnkapOoHaTa u Kanmjyma. Kao pesynrar tora monasu no nosehama
UHTpaLeNyJapHe KOHICHTpanuje OukapOoHaTa, KallMjymMa W UUKIAYHOT aJEeHO3MH
moHo(docdara. [Tomenyre Onoxemujcke u GpU3MOIONIKE IPOMEHE Cy HEOMXOIaH MPEITyCIIOB 32
kacHUjy ¢eprmm3anmjy [218]. Cem Tora, ommire je TO3HATO Ja TpyaHoha MOXKE Jla HacTaHe
Kao pe3yiTar KOWTyca KOjU CE JIECHO JI0 5 JaHa mpe MouYeTKa OByJalje, ITO yKa3yje na
yHyTap J>KEHCKOT PENpOAYKTHBHOT CHCTEMa IIOCTOjH ojApeheHO MecTo 3a CKIIaIuIITeHe
cnepmaro3ouna [219]. JloctynHu nmoganu ykasyjy 1a je YIpaBo jajoBOJ MECTO CKIIAIHUINTEHa
CIIEpMAaTO30H/1a, jep SMUTEI jajoBoa 00e30el)yje MOBOJbHE YCIIOBE 32 lbUXOBO MIPEIKUBIHABAE.
Baillie u capagaumm cy y in Vitro ycioBuMa moOKa3aad Jga Ce BHjaOMIHH CIEpMAaTO30HId
CBOJUM IJIaBaMa Be3yjy 3a alMKaJlHU, LIMJIHjapHU JIe0 eruTeNa jajoBoia, IPU YeMy je I'yCTHHA
cnepme Ouna Beha y HMCTMycy Hero y ammynd XymaHor jajoBoaa [220]. 3agpxaBameM
BHUJa0MJIHUX CIEPMaTO30MJla y UCTMYCY jajoBOJia MPOJy’KaBa C€ HUXOBO IPEKUBIbABAKE U
noBehaBajy ce IIaHce 3a YCHEMIHY OmIoAmy. CKIAAUIITeHE CIepMaTo30uja Yy HCTMYCY
jajoBoJia Moke Ja Oyze 3Ha4dajHO M 300r pe3ynaTara eKcleprMeHaTa Ha >KMBOTHH-aMa KOjH
yKa3yjy Jla ce MHIMJIEHIIa ToIMcIiepMuje mosehaBa yKOJIUKO je crepMa JUPEKTHO AOCTYIHA Y
aMIyJiu jajoBoja, 0e3 MPeTXOAHOI BEe3UBama 3a EMUTEN UCTMYyca. YKOJIUKO Ce aHAIU3Upajy
AHATOMCKE KapaKTePUCTHUKE XyMaHOT JajoBOJIa, IOCTaj€ jaCHO Jia je/THa OJ1 HajBAXHHUJUX YJora
jajoBOJia 3ampaBo U jecTe YCHopaBame MpoJiacka CIepMaTo30Ma Kpo3 pPernpoayKTUBHH TPAKT
*eHe. BucuHa u cioxeHocT Habopa CiIy30KoXke jajoBoja ce nmoBehaBajy mpema jajHUKyY, YuMe
HacTajy cBe Behe mpernpeke 3a HapeIoBamke CliepMaTo30uaa Kpo3 aMiyiny jajoBojaa [221,222].
VYkonuko 6u ce Taj (U3MONOMIKM MOTWIMTET XyMaHOr jajoBoja yOp3ao, yOp3ao Ou ce u
TPaHCHOPT CIIEPMATO301Aa, IITO OM 3a MOCIEIUIy UMallo HeYCHelHo oruioheme jajue henuje.
Cem Tora, mo3HaTo je Ja Npoay>KeHH IPYeBH MCTMYCa XyMaHOT jajoBOJa MOTY Ja JIOBEIY IO

3a/pKaBama orioheHe jajue henwuje, mro Takohe Moxe aa Oyze jeaaH o1 y3poKa HeIJIOJHOCTH

[223].
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Ca oBe Tauke IJeIUIITa, MOXKEMO CIIEKYJIMCAaTH Ja OM MapOKCETHH U ecLuTaIonpam
MOTEHIMjaJTHO MOTJIM 14 CMakbe IUIOAHOCT MAaIMjeHTKUbA )KEHCKOT 110J1a, 300T CTUMYJIaTUBHUX
yTUIaja Ha CIOHTaHU MOTHJIUTET XyMaHOT jajOBOJa MOKAa3aHUX y OKBHPY OBOT HCTPAKUBAMHA.
To mpakThuHO 3HauM na OM y cCilydajy HOCTOjama MHAMKanMje 3a npumeny SSRIS kox
MalMjeHTKUIba KOje u3pa3e JkeJby 3a 3auehem, Tpebano wusberaBaTd TIOMEHYTa JBa
aHTUJENPECHBA U CABETOBAaTH IPUMEHY LMTAJOIpaMa, cepTpajiiHa MM (PIyOKCeTHHA, KOJU
HUCY I10ja4yaBaji CIIOHTAHE KOHTPAaKLMje UCTMyca U aMIlyJie jajoBOJla y OBOM HCTPaKUBamY.
Wnak, oBe mpenopyke Tpeda mocMaTpaTH B Kpo3 IPHU3MY pe3ylTaTa CTyIuje KOjy Cy CIIPOBEIH
Klock u capaguunu [206]. Kao mro je Beh peueHo, y OBOj CTyIWju j€ HCIMTHBAH
NOTEHIMjaJIHU yTUIa] yHoTpede aHTHJENpecHBa Ha YCIIEUIHOCT BaHTEJECHE OIUIOAmE KOJ
NalMjeHTKUba Koje cy uMaze npobisieM ca 3aueheM. CBux 25 nauujeHTKUBba Koje cy Ouie y
eKCIIEpUMEHTAIIHO] TPYIH Cy MpUMajie HeKu ol Tpu SSRIS 3a Koje y Halem HCTpaXuBamy HHje
JI0Ka3aHO J]a YTUYY Ha CIIOHTaHE KOHTPAKIHMje IIaTKuX MUMMhHUX henmuja XyMaHOT jajoBOAa.
Nako HMje OWJIO CTAaTUCTUYKHU 3HAyajHE pa3jiMKe Koja OM roBOpuia y HPUIOr HEraTUBHOM
yTULIa]y aHTUAeNnpecuBa Ha ycrnemHocT nocrynka IVF, dumenuna je na je 6poj ocTBapeHUX
TpyaHoha 6mo Behu y KOHTPOIHOj IpyIU MAMjeHTKHba KOje HUCY Onile Ha aHTHICTIPECUBHO]
tepanuju. Mnak, mpeamMOUIIMO3HO OM OMIIO TyMademe pe3ysTara TOT UCTPaKhBama caMo Kpo3
NpU3MYy MOTEHIMjaIHO HETaTUBHOI YTHIaja cepTpajinHa, (UIyOKCeTMHAa M LUTajJonpama Ha
IVF, jep 3Hauajan 30ymyjyhu dakTop npencraBsba U OCTOjarkbe OCHOBHE 00JIeCTH 300T Koje Cy
SSRIs u opmuaupanu. Beh je peueno ma nmempecwja cama 1o ceOW IMpecTaBiba 3HAYAjaH
¢dakrop pusuka 3a uHpeptuauter [203]. byayhu na cy KOHTpOJIHY IpyIy y HCTpakKUBamby
Klock-a u capannuka [206] caunmaBaie MAlMjEHTKUIE KOje HUCY MMalle WHIMKALHM]y 3a
npumMeny SSRIS, pasznore Hemto Behe ycmemnoctu IVF y KoHTponHOj rpynu y oaHOCY Ha
eKCTIEpUMEHTAIHY TPYIy Tpebda TPaKUTH y paszirKama Koje ce OJHOCE Ha KapaKTepPHCTHUKE
CaMUX TMAaIMjeHTKHEba, YMECTO HUXOBOI & Priori MpuIMCHBama IITETHOM JICjCTBY
aHTUJICTIPECHBA.

Knuanukuy 3Hayaj koju OM MOTJIM J1a MMajy pe3yJTaTh OBOT MCTpaKHMBama HajOoJbe ce
MOJKe TIPOIIEHUTH aHAIN30M ETHIEMHOJIONIKHX TToIaTaka. Y mopehemy ca MyIiKapimuma, xKeHe
nMajy 2 myta Behu pusuk oj nojase aenpecuje [224], oqHocHo 2-3 myTa Behu pu3uK O MojaBe
CHUMIITOMAa HEKOT THIIa aHKCHO3HOT nopemehaja [225-227]. Cmatpa ce Ja ce CHMITOMH BEJIUKE
JieTpecHje jaBibajy KOJ CBake meTe 0cobe )KEHCKOT moa [228], MoK je yuecTalocT aHKCHO3HHUX
nopemehaja kop xena jom Beha, Oyayhu na ce Bepyje 1a cBaka Tpeha eHa y HEKOM MEePUOIY
CBOT JKHMBOTa pa3BHja KPUTEPHUjyYME 3a IMOCTaBJhakhE JMjarHO3¢ aHKCHO3HOT mopemehaja [229].

CumMritomMu Jeripecrje U aHKCHO3HUX opemehaja kof )keHa ce Hajuenihe jaBspajy usmelhy 20. u
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40. romuHE >XKMBOTA, IMTO j€ HAJBAXHHUJU TEPHUOJ PEMPOAYKTHBHOT >XHMBOTa XeHe [228].
Enmnemuononku mogany koju ce ogHoce Ha moapydje CAJl-a ykasyjy na ce mpeBasieHIa
BEJIMKE JIeTpecHje KOJ| )KeHa y penpoayKTuBHOM meproay kpehe ox 11,1% [230], 12,2% [231]
ma cBe 1o 154% [232]. HM3y3eTHO BenuKa TMpEBAJCHIA JENpecHuje KOJI IKeHa Y
penpoayktuBHoM riepuoay (30,7%) 3abenexena je y pypainnum npenenuma Kune [233]. Kana
je y nutamy EBpora, Beiuka cTomna Jernpecuje Ko jKeHa MPOCEUHE PENPOyKTUBHE CTAPOCTH
(on 15 mo 45 roguna) 3abenexena je y CeBepnoj Mpckoj u uzHocuna je oko 16%. IIpumeheno
je Ia je mpeBalieHIla Ouiia HajHMKA KOJ *KeHa Hajmiale crapocHe n00u on 15 no 19 ronuna
(4,8%), a na je HajBeha nmpeBasieHIa 3a0eekeHa y HajcTapujoj TpyIu xKeHa crapoctu ox 40 1o
45 roguHa (24,6%) [234]. IlpeBanenna nenpecuBHuX nopemahaja y cBeTy je J0KMBeJa jacaH
pactyhu TpeHJ y mocienmux ABajeceTak roaumHa [235], 30or yera ce mokasaio Ja cy
AHTUJICTIPECUBH HajIIPONIMCUBAHM]H JIEKOBU KOJI JKeHa renepatuBHe crapoctu y CAJl-y [204].
AHTHIENpEcHBH ce 2 myTa 4yemhe Mponucyjy KoJ ’KeHa Hero KOJ MyIIKapana, kKako 30or Behe
MPEBAJICHIIC JICTIPECUBHUX U AaHKCHO3HUX CHUMIITOMA KOJ JKEHa, TAKO W 300T YMHHCHHIIC Ja Ce
AHTHUJICTIPECHBH KOPUCTE U Kao JICKOBH W300pa 3a JICYCHE MPEMEHCTPYATHOT TUCPOPHIHOT
nopemehaja [236]. [lanmujeHTKHBLE PEPOIYKTHBHE CTAPOCTH HA AHTHJICTIPECHBHO] TEpaIuju
oOyxBahene cryaujom koja je cmpoBeneHa y Cesepnoj Mpckoj [234] xopuctmie cy 26
pasnuuuTux antuaenpecusa. Hajuenthe kopumthenu cy 6unu SSRIS (66,5%), u To dimyokceTun
(22,2%), uuranonpam (22%), ecuurtanonpam (11,3%), ceprpanus (8,5%), napokcerun (2,5%)
u ¢ayBokcamun (0,1%). Tpunukinune aHTUaenpecuBe KopucTwio je 13% xeHa,
xereporukymaHe 20,4%, ok je MAO unxubutope xopuctmwio csera 0,1% sxena. SSRIS cy
O6unn Hajuemhe KopuIIheHn aHTUIEIPECUBHU JIEKOBH KOJ| ’KE€HA PETPOJYKTUBHE CTAPOCTH U Yy
CTyAMjU Kojy cy crpoBenn GUO u capaguuuu [237], Kako 3a Je4erme BETUKOr JIeMPEeCHBHOT
nopemehaja, Tako u 3a Jieuerme MINor nemnpecuje.

O63upomM na je TpeBajleHIa JeNpechje KOJ >KeHa y TeHEepPaTUBHOM TEPHONY Y
KOHCTaHTHOM IIOpacTy, Kao W Jla Cy CEJIEKTUBHU HHXMOUTOPU INpey3uMama CEepOTOHHHA
YIJIaBHOM JICKOBM IMPHMapHOT M300pa KO OBHMX mNanujeHTKuma [238,239], pesynratu oBe
CTYIHj€ Cy OJ1 U3y3€THOT HAYYHOT M MPAaKTUYHOT 3Hayaja. Y KOJMKO MOCTOJH jacCHa MHIMKAlIK]a
3a puMeHy SSRIS ko skeHa Koje mMmajy mpoOsieM ca 3adchem, TpebGa MPUMEHUTH HEKH O]
npenacraBHuka SSRIS 3a koje je moka3aHO Ja He HCIOJbaBajy 3HauajaH eexaT Ha MOTUIIMTET
jajoBoja (uMramompam, cepTpaiMH wiau  (ayokceruH). IlpumeHy mapokceTMHa U
ecruTagonpaMa y oBoj Mmomyianuju Tpeda n3deraBatu 300T HUXOBOT HETAaTHBHOT yTHIlAja Ha

Moryhe 3auehe ko1 )eHa y penpolyKTUBHOM MEPUOY.

87



Munom MunocassbeBrh JloxTopcka aucepranuja

OBo wuctpaxuBame uma oxapeheHux Hemoctartaka. [IpBo, 300or orpanmyeHor Opoja
JOCTYITHUX HW30JIOBAaHHX IIpenapara, HUCMO OWIM y MOTYhHOCTH Ja TECTUpaMO YOueHe
KOHTpPAKTHIIHE e(eKTe CEeNeKTHBHHX HHXHOUTOpa Npey3HMama CepoTOHMHAa Ha onpehene
cneun(uvYHe TUNIOBE perenTtopa. Jpyro, U3 UCTOr pa3jora, HUCMO MOTJIH J1a TECTUPaMO Aa JIu
0JIOKaTOpU HATPHjYMOBHUX KaHaJIa MOTY Jia MOAU(HUKY]Y edeKTe KOje Ha MOTHIIUTET XyMaHOT
jajoBoJla OCTBapyjy IApOKCETHH MW eCIUTAJIoNpaM, OCTaBJbajyhn TadyHO MECTO HHUXOBOT
nenoBama (Ha MeMmOpaHama riaTKux MumMhHUX henuja wiM Ha HEPBHUM BJIAKHHUMA)
HenotBphernM. KoHauHO, y OKBHpPY OBOI HCTpaXMBamka HHjE€ HalpaB/beHA IUCTUHKIM]a
edexra SSRIS Ha MOTHIITHTET XyMaHOT jajoBO/A Y 3aBUCHOCTH O/ ()a3e MEHCTPYATHOT IHKITyca
*eHa. 300T cBera HaBeJEHOT, BAXKHO je HAIJIACUTH Jia Cy TOTpeOHe JA0JaTHE CTyIHUje Kako Ou
Ce MOTBPAMIN KOHTPAKTHIHU €()EKTH MapOKCETHHA M CIIUTAJIONpaMa Ha jajoBOJ y CBAKO] OJl
(haza MEHCTpYaTHOT IIUKIyca OJBOjCHO, Ik M Ja O ce MCTPaKHO Ta4aH MEXaHU3aM EHXOBOT

KOHTPAKTUJIHOT JCJI0OBam-A.
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6. 3AK/bYULIU

e CBu mpenapartu amilysie XyMaHOI jajoBOJa IIOKa3yjy CIOHTaHYy aKTMBHOCT y BHIY
cropux (ha3HUX KOHTPAKITH]a.

e [lpumena ¢yokceruHa HE JOBOAM /10 CTATUCTHYKU 3HAUAjHOI yTUIAja HA CIIOHTAaHE
KOHTPAKIIHMje H30JI0OBAaHUX aMITyJla XyMaHOT jajOBO/IA.

e [lpumena mapokceTMHa HHUje YApPYKEHAa ca CTATUCTMYKM 3HAYaJHUM YTHIajeM Ha
CTIIOHTaHE KOHTPAKIIM]je N30JIOBAHUX aMITyJIa XyMaHOT jajoBOJIa.

e [Ipumena nuranonpama HUje npaheHa CTaTUCTUYKU 3HAYajHUM yTUIAjeM Ha CIIOHTaHe
KOHTPAKIIMje H30JIOBAaHUX aMITyJIa XyMaHOT jajoBO/IA.

e [lpumena ecuurasonpama mnpaheHa je [103HO-3aBUCHUM THoBehamkbeM CHOHTaHHUX
KOHTpAKIIMja H30JIOBAHUX aMITyJIa XyMaHOT jajoBO/IA.

e [lpumena cepTpanuHa He JOBOAM O CTAaTUCTUYKM 3HAYAjHOI YTHIlaja HA CIOHTaHE
KOHTPAKIIMje H30JIOBAaHUX aMITyjla XyMaHOT jajoBOA.

e (CBu mpenapatd MCTMycCa XyMaHOT jajoBOJa IMOKa3yjy CIOHTaHY aKTHUBHOCT Yy BHUAY
cropux (pa3HUX KOHTpPaKLIHja.

e [Ipumena ¢QuyokceTnHa HHUje YApPY)KEHa ca CTATUCTUYKU 3HAYajJHUM YTHLAJeM Ha
CIIOHTaHE KOHTPAKIIM]€ N30JI0BAHUX UCTMYCa XyMaHOT jajOBO/IA.

e [lpumena mnapokcermHa je mpaheHa [103HO-3aBUCHUM TMoOBehambeM CIOHTaHUX
KOHTpaKI{ja U30JI0BaHUX UCTMYyCa XyMaHOT jajoBOA.

e [Ipumena muranonpaMa He TOBOIM JO CTATHCTUYKH 3HAYAJHOT YTHIIAja HA CIIOHTaHE
KOHTPAKIMje U30JI0BAaHUX UCTMYyCa XyMaHOT jajOBO/A.

e [Ipumena ecuuranonpama HUje npaheHa CTAaTUCTUYKM 3HAYajJHUM YTHLAJeM Ha
CIMIOHTaHE KOHTPAKIIMje N30JIOBAHUX UCTMYCa XyMaHOT jajoBOJa.

e [lpumena cepTpaiuHa HHUje YIOpYKEHA ca CTATUCTUYKM 3HAYajHUM YTHUIIAjeM Ha
CIIOHTaHE KOHTPAKIIMje N30JIOBAHUX UCTMYCa XyMaHOT jajoBOJa.

e VYKOJIHMKO IMOCTOjU UHIUKAIM]a 3a IPUMEHY JIEKOBA U3 IPyIe CeIEKTUBHUX MHXHUOUTOpa
npey3uMama CepOTOHMHA KO/ KeHa Koje UMajy mpobieM ca (epTHINTETOM, IPUMEHa
[IUTAJIONPaMa, CepTpaInHA HITH (PITyOKCETHHA MOXE C€ CMaTPaTH OMPaBIaHOM.

e [Ipumeny mapokceTuHa U ecuuTaonpama Tpeda n3beraBaT y MoIysialyju KeHa Koje
nMajy TmipobieM ca (QEpPTHIMTETOM CXOJIHO HETaTUBHOM YTHIQ])y KOJU OBH

MEJIMKaMEHTH UCI0JhaBajy Ha Moryhe 3auche.
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8. BUOI'PA®UJA

Munomn MunocasmseBuh pohen je 17.10.1991. romune y Illpumrunu. I'mmuasmjy,
MIPUPOTHO-MATEMATHYKH cMep, 3aBpiino je y Jlemocasuhy 2010. roguHe kao Hocuian Bykose
nuruiome. MHTerpucane akanemcke cryauje ¢gapmanvje Ha DakynTeTy MEIUIUMHCKUAX HayKa
VYuusepsutera y Kparyjesuy ymucao je 2010. roaune. Jumiomupao je jyna mecena 2015.
rOJUHE ca MpoceyHoM oreHoM 9,94, Tokom cryamja Omo je HOcuiam Harpaje 3a HajooJber
crynenrta renepauuje 2011, 2012, 2013. u 2014. ronune. JlokTopcke akajeMcKe CTyauje, CMep
Knununuka u excriepumenTtania apmakosioryja ynucao je Ha akynreTy MEAMIIMHCKIX HayKa
VYuusepsutera y Kparyjesiy mkoncke 2015/16. ronune. YcMeHH TOKTOPCKH HCIUT MOJIOKUO
jey jyny meceity 2017. roqune ca orieroM 10 (mecer).

TokoMm mikonoBama 0uo je Hocunal] crunenauje Ponnaa 3a miane TaneHte Peny6nuke
Cpbuje (mkoncke 2014/2015. ronuue) u crunenauje MuHUCTapcTBa MPOCBETE, HAyKe U
TEXHOJIOMKOT pa3Boja PenyOmmke CpOuje 3a CTUNCHAMpaAmE CTYACHATa JOKTOPCKUX
aKaJIeMCKUX CTyJHja W YKJbYYHMBaE Yy HAYYHO-HCTpAXKUBAuKe NpojekTe MuHmcTapcTBa (01
2016. no 2018. roaune). Ox ampuna 2016. roguHe je y4decHUK IpojekTa MMHHUCTapcTBa
IIPOCBETE, HaAyKe M TEXHOJOMIKOI pa3Boja Moja HazuBoM ,,DapMakosiomika aHaimu3a edexara
OMOJIOIIKA aKTHBHUX CYICTAHIIM Ha HM30JI0OBaHE TJIATKe MHIIMhe TaCTPOMHTECTHHAIHOT W
YPOTE€HUTAITHOT TpaKTa YOBEKa', MPBO Kao CTUMEHANCTa MUHUCTAPCTBA, a 3aTUM O/ JereMOpa
2018. roguHe Kao UCTpa)XMBad MPUIPABHHUK 3amocieH Ha DakynreTy MEAMIMHCKHX HayKa
VuuBepsutera y KparyjeBuy. Y cBOjCTBY BOJIOHTEpa, y mepuoay oj HoBemOpa 2017. mo
HoBeMOpa 2018. ronrHe OMO je Ha CTPYYHOM YCaBplllaBamy M3 00JiacTu papmakoTepanuje y
Cnyx0u 3a knmHnuky ¢dapmakoiorujy Knuauukor nentpa Kparyjesan. Aytop je Beher Opoja
HAayYHUX pajoBa 00jaBJbeHHX y Yacomucuma o] Mel)yHapoqHOr M HAIMOHAIHOT 3Hauaja.
VYuecHuk je Bumle gfomahux u MehyHapoJHUX KOHIpeca Kao ayTop M KOayTop NMPe3eHTOBAaHHUX
Hay4YHHUX PajioBa. |'OBOpH EHIJIECKHU je3UK, MOCEAyje 3HAmbe M3 PazIMuUTHX 00JacTH paja Ha

MePCOHAIHUM padyHapuMa.
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10. HPUJIOTI

K/bYUYHA JOKYMEHTAIINJCKA UTHO®OPMATHUKA

YHUBEP3UTET Y KPAT'YJEBIY

OAKYJITET MEJUIIMHCKUX HAYKA VY KPAT'YJEBIY

Penuu Opoj:
Pb

HNnentuduxanuonn 0poj:
UbP

Tun nokymenranmje:
A

Tun 3anuca:
T3

Bpcra paga:
BP

AyTrop:

AY

MenTOp/KOMEHTOP:
MH

HacJioB pana:
HP

Je3uk myoJaukaumje:
JII

Je3uk u3zBoaa:
JAU

3emMiba My0JIMKOBamA:
311

Y:ixe reorpadcko noapyuje:

YIi

Tonuna:
Tro

HN3paBau:
n3

MecTo u aapeca:
MC

Monorpadcka mydaukanuyja

TexcTyalHU MITAMIIAHU MaTepUjal
JlokTOpcKa aucepTanmja

Munom MunocassseBuh

np cuu. mea. Mapko donuh, BaHpegHuU
npocdecop

dapmakosomnka aHam3a edexara
CEJIEKTUBHUX UHXUOUTOpA MIOHOBHOT
npey3uMama CEpOTOHMHA Ha MOTHIIMTET
XYMaHOT jajoBoJia

Cpncku (hupununa)

Cpncku (hupununa)/Exrnecku

Cpbwuja

Hentpanna Cpbouja

2019.

AYTOPCKH PETIPUHT

34 000 Kparyjeran, Cpouja
Csero3apa Mapkosuha 69

114



Munom MunocassbeBrh JloxTopcka aucepranuja

Du3NYKH ONKC pajaa: 155 crpana, 10 mormaBma, 9 cinuka, 26

®O rpadukona, 1 Tabena u 239 pedepeniu

Hayuna o0aacr: Menunnza

HO

Hayuna qucuun/jmnHa: dapmakonoruja

AN

IIpeameTHa oapeAHUIA/K/bYYHE PEYH: @OnyoKCeTHH, NAapOKCETUH, IHUTAIONpaMm,

no €CIIUTAJIONpaM, CepPTPAIMH, CEJIEKTUBHU
UHXHOUTOPH MTOHOBHOT npey3uMama

CEPOTOHHHA, jajOBO/T

YAK
Yyga ce: bubnuoreka  ®akynrera  MEIUIIMHCKUX
y Hayka  YHuBep3utrera y  Kparyjesuy,

Ceerozapa  MapkoBuha 69, 34000
Kparyjesar, CpOuja

Baxxna nanmomena:
BH

N3Bon:
na

VYBoa: CeneKTUBHM HMHXHOUTOPH IOHOBHOT Ipey3uMarma CEpOTOHWHA JeNyjy Ha TIJaTKe
muiinhae henuje aHMMaJHOr TOpEKJa MPBEHCTBEHO KPO3 YTHUIA] HAa BOJTAXKHO-3aBHCHE
HaTpPHUJYMOBE, KalMjyMOBE U KaJlllijyMOBE KaHalle, alu M Kpo3 ojpeheHe edekre Ha
MYCKApUHCKHM, aJpEHEPrMYyKUM W CEepPOTOHMHEPrMykuM peuentopuma. Llus  oBor
UCTpaKMBamka OWJIO j€ HCHUTHBAKE IOTEHIMjaIHUX YTHIAja CEIEKTUBHUX HHXHOUTOpa
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Matepujan u Meroa: lcTpaxuBame je CHpPOBENEHO Kao EKCIEpUMEHTaTHa CTyAHja Ha
W30JIOBAaHMM OpraHMMa XyMaHor Iopekia. McrpaxkuBauky mnomynanujy je uuHwio 30
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(EC50=1,20+1,06x10-8 M/L, r=0,580, p<0,05) (F=2,980, dfl=6, df2=28, p<0,05).
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KOHIICHTPAIIU]CKU-3aBUCHO ToOBehame CMNOHTaHMX KOHTpAaKIMja HW30J0BaHUX IIpermapara
uctmyca (EC50=7,01+3,50x10-8 M/L, r=0,500, p<0,05) (F=2,350, df1=9, df2=40, p<0,05).
@OnyoKCeTHH, IUTAJONpaM W CEPTPAJMH HHUCY WCIOJBMIM  3HadajaH edexar Yy
KOHIIGHTPALIMjCKOM OIICETY Y KOjeM Cy KOpUITNEeHHU Y eKCIIepUMEHTHMA.

3akspyuak: CelleKTUBHH WHXHOUTOPH TIOHOBHOT TIpEy3MMama CEPOTOHWHA C€ Pa3iHKyjy
Mel)ycoOHO y morieay WUXOBOT MOTEHLHWjala a YyTUYy Ha MOTHIUTET XyMaHOT jajoBOJaA.
EcnuranonpamM u mapokceTWH HMMajy jacaH CTUMYJIATHBHU edeKaT KOju MOXKe OMeTaTu
(GyHKIMOHHCAE jajOBOJA M IMOTEHIUjAIHO CMAamUTU IUIOJHOCT JKEHA Y PENpOAYKTHBHOM
HEpUoLy.
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Introduction: Selective serotonin reuptake inhibitors affect the smooth muscle cells of animal
origin primarly through the blocking of the voltage-dependent sodium, potassium and calcium
channels, but also through certain effects on muscarinic, adrenergic and serotoninergic
receptors. The aim of this research was to investigate the potential effects of selective serotonin
reuptake inhibitors on motility of the isolated Fallopian tubes preparations.

Material and method: An experimental study on isolated organs of human origin was
conducted. The study population consisted of 30 patients who were operated at the Clinic for
Gynecology and Obstetrics of Clinical Centre of Kragujevac because of diagnosis of uterine
fibroids. From the Fallopian tube of each patient, two types of preparations were prepared:
preparations of ampulla and preparations of isthmus. Changes in spontaneous contractions of
isolated preparations of ampulla and isthmus caused by increasing concentrations of selective
serotonin reuptake inhibitors were studied.

Results: Escitalopram (from 0,9x10-9 M/L to 1,4x10-6 M/L) produced concentration-
dependent increase of spontaneous contractions of the isolated preparations of ampulla
(EC50=1,20+1,06x10-8 M/L, r=0,580, p<0,05) (F=2,980, df1=6, df2=28, p<0,05). Paroxetine
(from 1,2x10-9 M/L to 5,1x10-5 M/L) produced concentration-dependent increase of
spontaneous contractions of the isolated preparations of isthmus (EC50=7,01+3,50x10-8 MI/L,
r=0,500, p<0,05) (F=2,350, df1=9, df2=40, p<0,05). Fluoxetine, citalopram and sertraline did
not produce significant effect throughout the concentration range used in the experiments.
Conclusion: Selective serotonine reuptake inhibitors differ among themselves in regard to
their potential to affect motility of the Fallopian tubes. Escitalopram and paroxetine have clear
stimulating effect which may interfere with functioning of the Fallopian tubes, and potentially
impair fertility of the women in reproductive period of life.
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1 | INTRODUCTION
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Abstract

Selective serotonin reuptake inhibitors (SSRIs) affect the smooth muscle cells acting
on voltage-dependent channels for Na*, K" and Caz*, but their action is tissue and
species specific. The aim of our study was to investigate effects of selective serotonin
reuptake inhibitors on motility of the isolated fallopian tubes. Isolated preparations
of isthmus and ampoule were taken from fallopian tubes of 20 women during hyster-
ectomy due to uterine fibroids and then tested for reactivity on increasing concen-
trations of selective serotonin reuptake inhibitors. Escitalopram (from 0.9 x 107 M/L
to 14 x 107 M/L) produced concentration-dependent increase of spontaneous
contractions of the isolated ampulla (EC50 = 1.20 + 1.06 x 107 M/L, r = 0.580,
P < 0.05) (F = 2.980, df, = 6, df, = 28, P < 0.05). Paroxetine (from 1.2 x 1077 M/L to
5.1 x 107 M/L) produced concentration-dependent increase of spontaneous con-
tractions of the isolated isthmus (EC50 = 7.01 + 3.50 x 1078 M/L, r = 0.500, P < 0.05)
(F=2.350,df, = 9, df, = 40, P < 0.05). The SSRIs differ among themselves in regard to
their potential to affect motility of the fallopian tubes. Escitalopram and paroxetine
have clear stimulating effect which may interfere with functioning of the fallopian
tubes, and potentially impair fertility if taken by women in reproductive period of life.
The other SSRIs tested in the study did not produce significant effect throughout the

concentration range used in the experiments.

KEYWORDS
citalopram, escitalopram, fallopian tubes, fluoxetine, paroxetine, selective serotonin reuptake
inhibitors, sertraline, spontaneous contractions

post-traumatic stress disorder, premenstrual dysphoric disorder, and
bulimia nervosa, although there are other potential non-psychiatric
indication areas for prescribing of this group of antidepressants.?

Selective serotonin reuptake inhibitors (SSRIs) represent a group of
chemically heterogeneous antidepressant drugs that specifically in-
hibit the reuptake of serotonin in presynaptic nerve endings, thus
increasing the concentration of serotonin in the synaptic cleft and
enhancing the stimulation of postsynaptic serotonin receptors.! The
main indication for the use of SSRIs is major depression, followed by
obsessive-compulsive disorder, panic attacks, generalized anxiety,

The most significant adverse effects of the SSRIs are gastrointes-
tinal, sexual and neuropsychiatric,® but they are characterized by
lower rates of anticholinergic side effects in comparison with tricy-
clic and heterocyclic antidepressants.®

It is known that SSRIs relax intestinal smooth muscle cells.%”
It is believed that SSRIs primarily achieve these effects acting on

780 | © 2019 John Wiley & Sons Australia, Ltd

wileyonlinelibrary.com/journal/cep

Clin Exp Pharmacol Physiol. 2019;46:780-787.
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voltage-dependent channels for sodium (Na*), potassium (K*) and calcium
(Ca**) ions. Throughout the concentration range from 0.5 to 50 pmol/L
(which includes concentrations necessary for main actions of SSRIs on
central nervous system), fluoxetine and citalopram exhibit depressant ef-
fects on Ca®* and Na* channels, while at concentrations of 0.1-10 pmol/L
they cause relaxation of vascular and intestinal smooth muscles.
Fluoxetine also causes dose-dependent contractions of smooth muscle
cells from the stomach, in the first place of cells localized in the fundus,
followed by those in antral and pyloric part; possible mechanisms of the
fluoxetine action involve interaction with a muscarinic, a-adrenergic
and serotonergic receptors on membranes of the smooth muscle cells’
Recent studies have shown that escitalopram,’° sertraline,'* and fluvox-
amine®? inhibit potassium channels on the smooth muscle cells from the
coronary arteries, reducing the amplitude of potassium ion currents.

The effects of SSRIs on motility were mainly tested on the isolated an-
imal organs.'®*2 Potential effects that SSRIs might have on the motility of
human hollow organs, including fallopian tubes, are still largely unknown.
As SSRIs are the first-line therapeutic option for treatment of depression,
which is becoming more and more common in women of child-bearing
age,™®* testing the potential impact of these drugs on motility of the
human oviduct may have great dlinical implications. The aim of our study
was to investigate effects of SSRIs on motility of isolated fallopian tubes
taken from women undergoing hysterectomy due to uterine fibroids.

2 | RESULTS

2.1 | Isolated preparations of ampulla

Preparations from all patients showed spontaneous activity which
was composed of slow phasic contractions with amplitude of
3.23 £2.81 mN (2.81 mN = standard deviation, SD) and frequency
of 1to 3 cycles per minute. The average area under the curve (AUC)
was 82.7 £ 21.2 mN/min (21.2 mN = SD).

100 Percentof maximal
response

a /‘
L <

20

10

Chinic an xpenment; 781
-:;L:;‘.::;&‘”.;‘:::‘My Wi LEYJ—

The spontaneous change in phasic activity of the isolated am-
pulla was not observed after 2 hours of follow-up (F = 0.261, df, =7,
df, =40, P>0.05).

Escitalopram (from 0.9 x 10~ M/L to 1.4 x 10 M/L) produced
concentration-dependent increase of spontaneous contractions
of the isolated ampulla (EC,, = 1.20 + 1.06 x 1078 M/L, r = 0.580,
P < 0.05) (F = 2980, df, = 6, df, = 28, P < 0.05) (Figures 1 and 2).
Citalopram (from 0.9 x 107 M/L to 4.8 x 107> M/L) (Figure 3),
sertraline (from 1.2 x 107 M/L to 5.6 x 107> M/L), fluoxetine
(from 1.2 x 107 M/L to 5.6 x 10~ M/L) and paroxetine (from
1.2 x 1077 M/L to 5.1 x 107> M/L) did not affect spontaneous con-
tractions of the isolated fallopian tube ampulla (F = 1.510, df =9,
df, = 50, P > 0.05; F = 1.750, df,=9, df, = 40, P > 0.05; F = 0.820,
df, =9, df, =40,P > 0.05, and F = 0.290, df, = 9, df, = 40, P > 0.05,
respectively).

DMSO (from 5.6 x 107 M/L to 3.2 x 10 M/L) produced con-
centration-dependent inhibition of spontaneous contractions of the
isolated ampulla (EC,, = 3.10 £ 0.02 x 107 M/L, r=0.430, P < 0.05)
(F = 11.310, df, = 9, df, = 40, P < 0.01).

2.2 | Isolated preparations of isthmus

Preparations from all patients showed spontaneous activity which
consisted of slow phasic contractions with amplitude of 4.02 + 3.53
mN (3.53 mN = standard deviation, SD) and frequency of 1 to 3.5
cycles per minute. The average AUC was 81.2 + 33.5 mN/min (33.5
mN=SD).

The spontaneous change in phasic activity of isolated isthmus
was not observed after 2 hours of follow-up (F = 0.939, df, = 8,
df,=28,P>0.05).

Paroxetine (from 1.2 x 10~ M/L to 5.1 x 10> M/L) produced con-
centration-dependent increase of spontaneous contractions of the
isolated isthmus (EC,, = 7.01 + 3.50 x 10 M/L, r = 0.500, P < 0.05)

0
0,0001 0,001 0,01

microM/L 01 1 10

FIGURE 1 Increase in spontaneous activity of the Fallopian tube ampulla caused by escitalopram (n = 6). Error bars are standard

deviations
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FIGURE 2 Experimental recording of escitalopram effect on spontaneous motility of the isolated fallopian tube ampulla (the lower line is
actual recording; the upper straight line is reference for background noise, as it was recording signal from another transducer not connected
to the isolated organ). Numbers from 12 to 21 denote doses of escitalopram added cumulatively to the organ bath; number 22 denotes
washing of the organ bath. ‘vreme’ = time in seconds
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FIGURE 3 Experimental recording of citalopram effect on spontaneous motility of the isolated fallopian tube ampulla (the lower line is
actual recording; the upper straight line is reference for background noise, as it was recording signal from another transducer not connected
to the isolated organ). Numbers from 1 to 10 denote doses of citalopram added cumulatively to the organ bath; number 11 denotes washing
of the organ bath. ‘vreme’ = time in seconds

(F=2.350,df, =9,df,=40,P <0.05) (Figures 4and 5). Citalopram (from not affect spontaneous contractions of the isolated fallopian tube
1.0x 107 M/Lto 4.8 x 10~ M/L), escitalopram (from 1.0 x 10° M/L  isthmus (F = 0.790, df, = 9, df, = 40, P > 0.05; F = 0.880, df, = 9,
t04.6 x 10~ M/L), fluoxetine (from 1.1x 10" M/Lto 5.6 x 10°M/L)  df, =40, P>0.05; F =0.990, df, = 9, df, = 50, P> 0.05; and F = 1.360,
(Figure 6) and sertraline (from 1.2 x 10~ M/L to 5.2 x 10™> M/L) did df, =9, df, = 50, P > 0.05, respectively).
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FIGURE 4 Increase in spontaneous activity of the Fallopian tube isthmus caused by paroxetine (n = 6). Error bars are standard deviations
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FIGURE 5 Experimental recording of paroxetine effect on spontaneous motility of the isolated fallopian tube isthmus (the lower line is
actual recording; the upper straight line is reference for background noise, as it was recording signal from another transducer not connected
to the isolated organ). Numbers from 12 to 21 denote doses of paroxetine added cumulatively to the organ bath; number 22 denotes

washing of the organ bath. ‘vreme’ = time in seconds

DMSO (from 5.6 x 107 M/L to 3.2 x 107* M/L) did not affect
spontaneous contractions of the isolated isthmus (F = 1.410, df, = 9,
df, =50,P >0.05).

3 | DISCUSSION

In our study, only escitalopram and paroxetine showed a clear
stimulatory effect on spontaneous contraction of the ampullary

and isthmic segments of the fallopian tubes taken from postmeno-
pausal women. The other SSRIs tested in the study did not produce
significant effect throughout the concentration range used in the
experiments.

In addition to inhibition of serotonin reuptake that is common
to all SSRIs, some of these antidepressants also have other effects,
primarily at the level of smooth muscle cells® and specificity of these
effects is predominantly the result of significant differences in their
chemical structures.® The studies conducted on animal models have
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FIGURE 6 Experimental recording of fluoxetine effect on spontaneous motility of the isolated fallopian tube isthmus (the lower line is
actual recording; the upper straight line is reference for background noise, as it was recording signal from another transducer not connected
to the isolated organ). Numbers from 1 to 10 denote doses of fluoxetine added cumulatively to the organ bath; number 11 denotes washing

of the organ bath. ‘vreme’ = time in seconds

shown that fluoxetine causes dilatation of cerebral arterioles*® and
skeletal muscle arterioles,*® as well as inhibition of the potassium-
induced contraction of the isolated uterine artery.® A group of au-
thors from South Korea showed that escitalopram,*® sertraline,**
and fluvoxamine? cause dose-dependent inhibition of voltage-de-
pendent potassium channels and consequent vasoconstriction in
coronary arterial smooth muscle cells of rabbits. On the other hand,
in the same studies paroxetine did not affect the contractility of cor-
onary smooth muscle cells. The results of other authors suggest that
paroxetine has an effect on intestinal motility, since it caused a dose-
dependent reduction in the contractility of the ileal smooth muscle
cells.” These results clearly show that paroxetine and other SSRIs
have species- and tissue-specific effects, which could be manifested
as relaxation or contraction, depending on architectonics of nervous
plexuses in the walls of hollow organs and their connections with
smooth muscle cells. Only further analysis of paroxetine contractile
effects on the fallopian tubes with specific agonists and antagonists
of receptors for numerous neurotransmitters and hormones could
give us clear insight to the mechanism of the paroxetine action ob-
served in our experiments. However, why ampulla mechanical activ-
ities are potentiated only by escitalopram and isthmus mechanical
activities are potentiated only by paroxetine could not be explained
with the current state of knowledge. Paroxetine was found to have
contractile effects on guinea-pig urethra, while other SSRIs did not,*’
and citalopram was the only SSRI that did not inhibit acetylcholine-
induced contractions of guinea-pig urinary bladder,'® suggesting
outstanding pro-contractile effect of these two drugs on smooth
muscles; but we cannot progress further from these observations

when trying to understand selectivity of their action on contractility
of the fallopian tube ampulla and isthmus.

It has been observed that use of antidepressants in general by
women with depression or anxiety reduces fertility and the prob-
ability of conception in the reproductive period.””?° However, the
mechanism by which antidepressants reduce the fertility of women
has not been fully clarified*® It seems that a reduction in fertility
in these women could be explained (at least partly) by the effect
of antidepressant on the motility of the fallopian tubes. The fallo-
pian tube is a transit site for both ovum and spermatozoa, as well
as a site of fertilization and early development of an embrion.?* The
transport function of the fallopian tube is achieved by muscular con-
tractions and activity of cilia. It is known that progesterone inhibits
spontaneous muscle cell contraction of the fallopian tube, which
disrupts physiological transport of sperm through the tube.?? In ad-
dition to progesterone and oral contraceptives, it has been shown
that noradrenaline,? calcium channel blockers,* and some antie-
pileptics (carbamazepine and lamotrigine)® also have an inhibitory
effect on spontaneous contractions of the human oviduct, which
may lead to reduction of fertility. On the other hand, an increase
of phasic contractility of the human oviduct above the physiological
level may also have a negative effect on fertility. It is necessary that
the sperm is stored for some time in the fallopian tube in order to
complete the process of capacitation and sperm maturation, which
requires interaction with the oviductal epithelium.?® Retention of
sperm within the fallopian tube may extend the availability of vi-
able sperm and increase the chance of successful fertilization.?”
Increased spontaneous motility could lead to premature transfer of
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sperm and consequently unsuccessful fertilization of the ovum. Also,
prolonged spasms of isthmus can lead to the retention of fertilized
ovum, which can also be one of the ways to induce infertility.?® From
this point of view, we may speculate that choosing SSRIs which do
not increase spontaneous motility of the fallopian tubes for treat-
ment of depression and other disorders in women of child-bearing
age may decrease the risk of infertility.

The SSRIs are the most commonly prescribed medications to
women in reproductive age (18-44 years), and it is believed that
about 11% of women take this type of medication,? because prev-
alence of depression in this population varies from 11% to 18%.
Infertile women are more likely to have depression that requires
administration of the SSRIs (estimated rate of use was 19%), and al-
though studies about the effect of these drugs on pregnancy rate in
females who have undergone in vitro fertilization are sparse, it has
been shown in a retrospective chart-review study that those who
were using SSRIs achieved a 46% pregnancy rate in comparison with
a 63% rate in those who did not use antidepressants.?” The studies
of fertilization rate in women taking SSRIs who did not use assisted
reproduction technology are inconclusive for the time being, but
the high prevalence of depression and high utilization rate of SSRIs
create an opportunity for these drugs to interfere with several pro-
cesses essential for fertilization, including motility of the fallopian
tubes.

There are several limitations of our study. First, due to the lim-
ited number of available isolated preparations we were not able to
test the observed contractile effects of SSRIs on certain specific
receptor types (adrenergic, cholinergic, etc.) and therewith explore
their mechanism of action. Second, for the same reason as above, we
could not have tested whether sodium channel blockers may modify
the effects observed with escitalopram and paroxetine, leaving the
exact site of their action (on membranes of smooth muscle cells or
on nerve fibres) unconfirmed.

In conclusion, SSRIs differ among themselves in regard to their
potential to affect motility of the fallopian tubes. Escitalopram and
paroxetine have a clear stimulating effect which may interfere with
the functioning of the fallopian tubes, and potentially impair fertil-
ity if taken by women in the reproductive period of life. Although
further studies are necessary to confirm the contractile effects of
escitalopram and paroxetine on fallopian tubes in each of the phases
of the menstrual cycle separately and to explore the mechanisms of
the contractile effect, avoidance of their use in females who suffer
from infertility should be considered by prescribers.

4 | METHODS

4.1 | Patients

Fallopian tubes were taken from 20 female patients (one tube per
patient) during abdominal hysterectomy with adnexectomy. All
patients underwent surgery because of extensive uterine fibroids
which caused prolonged uterine bleeding. The patients could
not recall a regular menstrual bleeding for at least 6 months prior
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to hospital admission. The mean age of the patients was 54.11+

8.21 years, with the range 40-66 years. The Ethics Committee of
Clinical Centre ‘Kragujevac', Serbia, approved the study, and the pa-
tients signed informed consent forms.

The patients were operated during 2018 at the Gynecological
Clinic of Clinical Centre ‘Kragujevac’ in Kragujevac, Serbia. None
of the patients received sex hormones for at least 2 months prior
to the operation. The operations were performed under balanced
general anaesthesia with gas N,O, opioid fentanyl and neuroleptic
droperidol. The anaesthesia was induced by intravenous injection
of thiopental sodium, and muscle relaxation achieved by rocuro-
nium. All patients were pre-medicated with 0.5 mg of atropine
subcutaneously.

After clamping the blood supply and resecting a fallopian tube it
was placed in 250 mL dish filled with De Jalons solution (154 mmol/L
NaCl, 595 mmol/L NaHCO,, 5.63 mmol/L KCI, 0.54 mmol/L
CaCl,92H,0, 2.78 mmol/L glucose) which was gassed (95% O, and
5% CO,, 5 mL/min) and transported to the laboratory.

4.2 | lIsolated preparations

Twenty minutes after taking a fallopian tube in the operating room
the isolated preparations were mounted in an isolated organ bath.
Two types of fallopian tube preparations were isolated: isthmus and
ampulla. The serosa was removed from both the isthmic and the
ampullary preparations. The isthmic preparations with the following
measures were used in the experiments: 4.2 cm length, 1.2 mm wall
thickness and 1.1 mm lumen diameter. Ampullary preparations with
the following measures were used in the experiments: 5.2 cm length,
1.2 mm wall thickness and 5-6 mm lumen diameter. Both types of
preparations were mounted in an organ bath longitudinally, and op-
posite walls of the preparation were attached to the bath bottom
and the transducer, respectively.

4.3 | The bath and the transducer

The isolated preparations were mounted in 75 mL isolated organ
bath, filled with De Jalons solution (154 mmol/L NaCl, 5.95 mmol/L
NaHCO,, 5.63 mmol/L KCl, 0.54 mmol/L CaCl,#2H,0, 2.78 mmol/L
glucose), maintained at 37°C and gassed with mixture of 95% O, and
5% CO,. The tension of the isolated preparations was continuously re-
corded with the isometric transducer (Palmer Bio Science, Los Angeles,
CA, USA) and registered on personal computer using Majk Electronic
interface and software (Majk Electronic, Mladenovac, Serbia). The iso-
lated preparations were given a passive load of 1 mN and allowed to
equilibrate for 1 hour before start of an experiment.

4.4 | The agonists

The AUC was used as a measure of spontaneous contractions
of the isolated preparations. The effects of experimental sub-
stances on area under the spontaneous contractions curve were
recorded.
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In the beginning of each experiment, at least one hour of REFERENCES
spontaneous activity was recorded, in order to observe for )
1. Yue JK, Burke JF, Upadhyayula PS, et al. Selective serotonin re-

spontaneous changes of phasic contractions. The test sub-
stances were added to the isolated organ bath cumulatively,
without washing between the subsequent doses. The interval
between two adjacent doses was always 5-6 minutes. After cu-
mulating all doses of a substance, the bath was washed three
times, and the isolated preparation was allowed to rest for fur-
ther 30 minutes. The effect of each experimental substance was
observed on at least six isolated preparations, taken from differ-
ent individuals.

4.5 | Substances

The following substances were used in the study: sertraline, fluox-
etine, paroxetine, citalopram and escitalopram. All mentioned sub-
stances were purchased from Sigma-Aldrich (St Louis, MO, USA).
Fluoxetine, paroxetine, citalopram and escitalopram were dissolved
and diluted in water, while sertraline was dissolved in dimethyl sul-
foxide (DMSO). Control experiments with DMSO were performed
to differentiate its effects on motility of the isolated fallopian tubes
from those of sertraline.

4.6 | Statistics

The effect of each concentration of a test-substance on spontane-
ous contractions was expressed as a percentage of the maximum
effect obtained with that substance, and used for construction of
the concentration-response curve. The concentration-response
relationship was determined by linear regression on logarithmi-
cally transformed data calculated according to the method of least
squares. The range of values used for the linear regression was from
15% to 85% of the maximal response, in the more linear part of
the curve. The concentration of an agonist eliciting 50% of its own
maximum response (EC50) and its confidence limits (1.96 x stand-
ard error) were determined graphically for each curve by linear
interpolation.

The significance of changes in phasic activity of the isolated
preparations was tested by one-way analysis of variance.
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asthma: meta-analysis

Reslizumab u odnosu na placebo za neadekvatno kontrolisanu, tesku

eozinofilnu astmu: meta-analiza

Milos N. Milosavljevi¢, Slobodan M. Jankovié¢, Ana V. Pejci¢,
Jasmina R. Milovanovi¢, Valentina D. Opancina, Marina J. Kosti¢

University of Kragujevac, Faculty of Medical Sciences, Kragujevac, Serbia

Abstract

Background/Aim. Reslizumab is humanized monoclonal
antibody produced by recombinant DNA technology which
binds to circulating interleukin-5 (IL-5) and down-regulates
the IL-5 signaling pathway. Reslizumab is indicated for the
add-on maintenance treatment of patients 18 years and
older with severe eosinophilic asthma phenotype whose
symptoms were inadequately controlled with inhaled corti-
costeroids. The aim of this meta-analysis was to assess the
efficacy and safety of reslizumab compared to placebo in
patients suffering from inadequately controlled, moderate-
to-severe asthma with elevated blood eosinophil counts.
Methods. Our meta-analysis was based on systematic
search of literature and selection of high-quality evidence
according to pre-set inclusion and exclusion criteria. The ef-
fects of reslizamab and placebo were summarized using Re-
view Manager (RevMan) 5.3.5 and heterogeneity was as-
sessed by the Cochrane Q test and I* values. Several types
of bias were assessed and publication bias shown by Funnel
plot and Egger’s regression. Results. The meta-analysis in-

Apstrakt

Uvod/Cilj. Reslizumab je humanizovano monoklonsko an-
titelo, stvoreno rekombinantnom DNK tehnologijom, koje
se vezuje za cirkulisudi interleukin 5 (IL-3) i dovodi do nis-
hodne regulacije signalnog puta koji pokrece ovaj interleu-
kin. Reslizumab je indikovan kao dodatna terapija odrza-
vanja kod bolesnika starijih od 18 godina sa teskim oblikom
cozinofilne astme, ciji simptomi nisu dovolino kontrolisani
inhalacionim kortikosteroidima. Cilj ove meta-analize je bio
da proceni efikasnost 1 bezbednost reslizumaba u poredenju
sa placebom kod bolesnika sa neadekvatno kontrolisanom,
umerenom do teskom astmom, i sa povisenim brojem eozi-
nofila u krvi. Metode. Nasa meta-analiza je zasnovana na
sistematskom pretrazivanju literature i selekciji dokaza viso-
kog kvaliteta prema prethodno postavljenim kriterijumima
za ukljucivanije i iskljucivanje. Efekti reslizumaba 1 placebo

cluded 5 randomized, placebo-controlled clinical trials. Res-
lizumab 3.0 mg/kg produced substantial improvements in
forced expiratory volume in 1. second (FEV 1) (mean dif-
ference 0.15 [0.10, 0.21]) and in forced vital capacity (FVC)
(mean difference 0.21 [0.09, 0.32]) over the 15 or 16-week
treatment period, substantial decrease versus placebo in
Asthma Control Questionnaire (ACQ) score (mean differ-
ence -0.28 [-0.41, -0.16]), and substantial increase vs. pla-
cebo from baseline in Asthma Quality of Life Questionnaire
(AQLQ) total score (mean difference 0.24 [0.06, 0.43]).
Also, reslizumab 3.0 mg/kg caused less adverse events ver-
sus placebo (OR 0.67 [0.51, 0.88]), especially asthma wors-
ening (OR 0.53 [0.36, 0.77]) or bronchitis (OR 0.42 [0.24,
0.74]). Conclusion. On the basis of published clinical trials
reslizumab could be considered as an effective and safe
therapeutic option for severe, pootly controlled eosinophilic
asthma for the time being.

Key words:
asthma; eosinophilia; anti-asthmatic agents;
reslizumab; treatment outcome; meta-analysis as topic.

su sumirani pomocu programa Review Menager (RevMan)
3.3.5, a hetereogenost studija je procenjena Kohranovim Q
testom i vrednoséu I2. Ispitano je nekoliko tipova sklonosti
(bias), pri ¢emu je i sklonost za izostavljanje publikacija ana-
lizirana pomoc¢u Funnel grafika i Egerove regresije. Rezul-
tati. Meta-analiza je ukljucila pet randomiziranih, placebo-
kontrolisanih klini¢kih studija. Reslizumab 3.0 mg/kg je do-
veo do znacajnog poboljsanja forsiranog ekspiratornog vo-
lumena u 1. sekundi (FEV 1) (srednja razlika 0,15 [0,10,
0,21]) i forsiranog vitalnog kapaciteta (FVC-a) (srednja raz-
lika 0,21 [0,09, 0,32]) posle perioda lecenja od 15 do 16 ne-
delja, znacajnog smanjenja u odnosu na placebo Ashtma
Control Questionnaire (ACQ) zbira (srednja razlika -0,28 [-0,41,
-0,16]) i znacajnog povecanja u odnosu na placebo od os-
novne vrednosti Asthma Quality of Life Questionnaire (AQLQ)
ukupnog zbira (srednja razlika 0,24 [0,06, 0,43]). Takode, re-
slizamab 3,0 mg/kg je izazvao manje neZeljenih dejstava u
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odnosu na placebo (OR 0,67 [0,51, 0,88]), posebno kada je
u pitanju pogorsanje astme(OR 0,53 [0,36, 0,77]) ili bronhitis
(OR 0,42 [0,24, 0,74]). Zaklju¢ak. Na osnovu publikovanih
klinickih studija reslizumab se moze smatrati efikasnom 1 bez-
bednom terapijskom opcijom kod bolesnika sa teskom, neade-

kvatno kontrolisanom eozinofilnom astmom.

Kljuéne reéi:
astma; eozinofilija; antiastmatici; reslizumab; lecenje,
ishod; meta-analiza.

Introduction

There are several phenotypes of bronchial asthma ac-
cording to specific cellular mechanism and characteristics of
patients 2 Eosinophilic asthma involves subgroup of adult
patients with late onset of disease, with hypereosinophilia in
blood (> 1,000/1nm3) and in sputum (>10%), with severe
exacerbations which can be prevented by systematic and not
by inhaled corticosteroids. Patients with this "endotype" of
asthma have decreased level of athopy and their response on
bronhodilatators is lower compared to subgroup of patients
with allergic asthma 3. This kind of inflammation pathway
in asthma where eosinophiles dominate positively correlates
with much more severe asthma exacerbations, higher rate of
hospitalizations which contribute to increase burden of
asthma . Real prevalence of the eosinophilic asthma is not
known, but it is estimated that 20% of patients with severe
asthma would have this "endotype" of asthma ’. Since eosi-
nophiles mainly generate interleukin-5 (IL-5), blockade of
pathways involving IL-5 can be effective therapeutic appro-
ach in patients with eosinophilic asthma .

Eosinophils exhibit a substantial role in airway remode-
ling by promoting and sustaining airway inflammation, air-
way wall thickening, fibrosis and angiogenesis * °. Therefore,
suppressing the activity and number of eosinophils could be
an important biological approach in the management of seve-
re eosinophilic asthma '°. IL-5 is a key cytokine for produc-
tion, survival and maturation of eosinophils . Due to a very
specific effect on biology of eosinophils, IL-5 is considered
to be an ideal molecular target for the treatment of severe
eosinophilic asthma *'2 Inhibition of signaling mediated by
IL-5 interrupts maturation and survival of eosinophils thus
reducing eosinophilic inflammation **. Mepolizumab was the
first anti-IL-5 antibody that was tested in randomized clinical
trials on eosinophilic asthma . Use of mepolizumab decrea-
sed exacerbation risk, improved quality of life, lowered eosi-
nophil counts, improved asthma control and lung function in
patients with severe eosinophilic asthma in several clinical
studies ™.

Reslizumab is humanized monoclonal antibody produ-
ced by recombinant DNA technology which binds to circula-
ting TL-5 and down-regulates the IL-5 signaling pathway .
Reslizumab is indicated for the add-on maintenance treat-
ment of patients 18 years and older with severe eosinophilic
asthma phenotype whose symptoms were inadequately con-
trolled with inhaled corticosteroids, with or without additio-
nal asthma controllers . The recommended dosage regimen
is 3 mg/kg once every 4 weeks administered by intravenous
infusion over 20-50 min . Although common adverse
events of reslizumab are mild or moderate, like headache,

Milosavljevic N, et al. Vojnosanit Pregl 2018; 75(9): 884-896.

nasopharyngitis and upper respiratory tract infection, resli-
zumab can also induce very serious adverse events as
anaphylaxis " Reslizumab is contraindicated in patients
with known hypersensitivity to reslizumab or accompanying
excipients 2

Although a few clinical trials and one meta-analysis
with reslizumab for inadequately controlled asthma with ele-
vated blood eosinophil counts were published, there are still
some unresolved issues conceming all possible outcomes of
treatment. Summarizing available evidence about all measu-
res of efficacy and safety of reslizumab in this indication te-
sted in clinical trials would be helpful for planning future
studies with reslizumab in asthma. The aim of this meta-
analysis was to assess the efficacy and safety of reslizumab
compared to placebo in patients suffering from inadequately
controlled, moderate-to-severe astima with elevated blood
eosinophil counts.

Methods

Our study was registered in the international prospecti-
ve register of systematic reviews and meta-analyses (PRO-
SPERO) under the number CRD42016041459 prior to com-
mencement of the research.

The following criteria for considering studies for this
review were used: 1) types of studies — randomized, double-
blind, placebo-controlled clinical trials; 2) types of partici-
pants — patients of both sex aged 12-75 years, with at least
one blood eosinophil count of 400 cells per uL or higher du-
ring a 2-4 week period, or sputum eosinophils of 3% or mo-
re, with inadequately controlled asthma (Asthma Control
Questionnaire-7 score > 1.5), taking at least a medium dose
of inhaled corticosteroids with or without another controller
drug (including oral corticosteroids) and with airway
reversibility [> 12% to short-acting beta-agonist (SABA)]; 3)
types of interventions - intravenous infusion of reslizumab 3
mg/kg or of placebo (looking exactly the same as reslizu-
mab) every 4 weeks, for 3 or more doses. Types of outcome
measures used in our analysis were: change in forced expira-
tory volume in 1 second (FEV'1) from baseline over 15 or 16
weeks of treatment, change in forced vital capacity (FVC)
from baseline, change from baseline in asthma control que-
stionnaire 7-point scale (ACQ-7) score, change from baseline
in asthma symptom utility index (ASUI) score, rescue use of
blood eosinophil count, asthma quality of life questionnaire
(AQLQ) total score, immunogenicity and adverse events
types and frequency.

Search methods for identification of studies primarily
included electronic databases, and collection of journal artic-
les and books of University Library, University of Kraguje-
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vac, Kragujevac, Serbia. Electronic searches of the literature
were conducted in Medical Literature Analysis and Retrieval
System Online (MEDLINE) (Pub med, coverage from 1966
to present), Scopus/Elsevier (coverage from 1966 to present),
Elton B. Stephens Company (EBSCO) (Discovery Service,
coverage from 1944 to present), The Cochrane Central Regi-
ster of Controlled Trials (CENTRAL) (Wiley Online
Library, coverage from 1966 to present) and a registry and
results database of clinical studies of human participants Cli-
nicalTrials.gov up to July 20, 2016. Additional searches were
conducted up to November the 4th, 2016. The search was li-
mited to articles reporting results from patients older than 12
years. Electronic databases were searched independently for
relevant studies by three authors: MM, AP and VO. The se-
arching strategies were presented in detail for each of the in-
vestigators in the Supplementary file. The most comprehen-
sive strategy was used by the VO for the MEDLINE databa-
se, as following: (("reslizumab"[Supplementary Concept]
OR "reslizumab"[All Fields]) OR Cinqair[All Fields] OR
(SCHI[AII Fields] AND 55700[All Fields]) OR (DCP[AIl Fi-
elds] AND 835[All Fields])) AND (("asthma"[Medical Su-
bject Heading — MeSH Terms] OR "asthma"[All Fields]) OR
("asthma"[MeSH Terms] OR ‘"asthma"[All Fields] OR
("bronchial"[All Fields] AND "asthma"[All Fields]) OR
"bronchial asthma"[All Fields]) OR ("pulmonary eosinophi-
lia"[MeSH Terms] OR ("pulmonary"[All Fields] AND
"eosinophilia"[All Fields]) OR "pulmonary eosinophilia"[All
Fields] OR ("eosinophilic"[All Fields] AND "asthma"[All
Fields]) OR ‘"eosinophilic asthma"[All Fields]) OR
(("asthma"[MeSH Terms] OR "asthma"[All Fields]) AND
("eosinophilia"[MeSH Terms] OR "eosinophilia"[All Fi-
elds])) OR (("asthma"[MeSH Terms] OR "asthma"[All Fi-
elds]) AND elevated[All Fields] AND ("eosinophils"[MeSH
Terms] OR "eosinophils"[All Fields])) OR (severe[All Fi-
elds] AND ("asthma"[MeSH Terms] OR "asthma"[All Fi-
elds])) OR (poorly[All Fields] AND controlled[All Fields]
AND ("asthma"[MeSH Terms] OR "asthma"[All Fields])) OR
(inadequately[All Fields] AND controlled[All Fields] AND
("asthma"[MeSH Terms] OR "asthma"[All Fields]))). There we-
re no restrictions on publication date, format or language in the
search strategy. The references of the retrieved articles were se-
arched for further similar studies (“snowball search”). The col-
lection of jownal articles and books of University Library,
University of Kragujevac was hand searched for relevant studies
by two authors independently (AP and MM).

Data collection and analysis

The data collection sheet was created and the articles
included in review were assessed for: 1) study ID; 2) report
ID; 3) review author initials; 4) citation and contact details;
5) eligibility for review; 6) study design; 7) total study dura-
tion; 8) risk of bias (randomization if any, sequence genera-
tion, allocation sequence concealment, blinding, other con-
cerns about bias); 9) total number of patients; 10) age of pa-
tients; 11) sex of patients; 12) setting; 13) country; 14) fre-
quency of asthma exacerbations during the last year prior to
inclusion in the study; 15) frequency of clinical asthma exa-

cerbations per patient during the study treatment period; 16)
mean change in FEV1 from baseline over 16 weeks of treat-
ment; 17) mean change in FVC from baseline; 18) mean
change in forced expiratory flow (FEF) at 25% to 75% of
FVC (FEF25-75%) from baseline; 19) mean change from ba-
seline in ACQ-7 score; 20) mean change from baseline in
ASUI score; 21) frequency of rescue use of short-acting f-
agonist per patient; 22) mean blood eosinophil count after 16
weeks of treatment; 23) mean change from baseline in
AQLAQ total score; 24) percentage of patients developing an-
ti-reslizumab antibodies during the treatment course; 25)
number of different intervention groups (reslizumab, place-
bo); 26) route of administration; 27) dose regimen; 28) dura-
tion of administration; 29) incidence of adverse events; 30)
treatment discontinuation due to side effects. Values provi-
ded as percentages were converted into actual patient num-
bers for analysis as well as standard errors into standard de-
viations using number of patients, when reported as such.

Selection of studies

Based on the searching strategy, all titles and abstracts
retrieved were independently scanned by five authors (AP,
MM, MK, VO and JM). Eligibility of the retrieved articles
was assessed at first from the title and the abstract, and if it
was not possible, the full text of the articles was retrieved
and searched. An article was included for review if all aut-
hors (AP, MK, JM, VO and MM) agreed that eligibility cri-
teria had been met. In case that the reviewers had different
opinions about eligibility of a study for inclusion, the matter
was resolved by the corresponding author (SJ).

Data extraction and management

The data were extracted from eligible studies using the
data collection sheet described previously (under the "data
collection and analysis" subheading). The data collection
sheet was made in electronic form, using an Excel 2007
worksheet. The data were extracted by four investigators
independently (AP, MK, VO and MM) and then collating of
the four tables was done by another investigator (JM), who
produced the final extraction table.

Assessment of risk of bias in included studies

Risk of bias was assessed by two investigators
independently (MK and JM), and collating the assessments
was done by the corresponding investigator (SJ). The follo-
wing sources of bias were assessed: 1) randomization if any;
2) sequence generation; 3) allocation sequence concealment;
4) blinding; 5) performance bias; 6) detection bias; 7) attri-
tion bias; and 8) reporting bias. None of the studies had high
risk of bias, so none was excluded from further analysis.

Measure of treatment effect

The following outcomes used in the studies were conti-
nuous: frequency of clinical asthma exacerbations per patient
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during the study treatment period, change in FEV1 from ba-
seline over 16 weeks of treatment, change in FVC from base-
line, change in FEF at 25% to 75% of FVC [FEF25-75%])
from baseline, change from baseline in ACQ-7 score, change
from baseline in ASUT score, rescue use of short-acting f-
agonist, blood eosinophil count and AQLQ total score. For
these outcomes the treatment effect was measured by mean
difference, since the outcomes were measured on the same
scale in all studies. However, two of the continuous outco-
mes could not be summarized because they were reported in
only one of the included studies: frequency of clinical asthma
exacerbations per patient during the study treatment period and
change in FEF at 25% to 75% of FVC [FEF25-75%)]) from ba-
seline. The following outcomes were dichotomous: immuno-
genicity (whether antibodies are present or not) and adverse
events frequency. For these outcomes the treatment effect was
measured by odds ratio (OR).

Unit of analysis issues

Unit of analysis in the clinical trials that were included
in this meta-analysis were individual patients. Individual par-
ticipants were randomized to one of two parallel intervention
groups, and a single measurement for each outcome from
each participant was collected and analyzed.

Dealing with missing data

Missing data were requested directly from the original
investigators, however they did not respond to our requests
except with courtesy. The missing data were then retrieved
from the results presented on ClinicalTrials.gov, when avai-
lable. Finally, the potential impact of missing data on the
findings of the meta-analysis will be addressed in the Di-
scussion section.

Assessment of heterogeneity

Between-study heterogeneity was assessed with the
Cochrane Q test using a 3 function (p values < 0.10 were
considered significant). I values were calculated to quantify
inconsistency across studies. I? values of 30% or less may
represent low heterogeneity, values from 30% to 50% may
represent moderate heterogeneity, values from 50% to 90%
substantial heterogeneity and values of 90% or more may re-
present considerably heterogeneity. An I* value > 30% was
considered significant in this meta-analysis.

Assessment of reporting biases

The possibility of within-study selective outcome repor-
ting was examined for each study included in this meta-
analysis. First, by constructing matrix of the outcomes for all
studies, we identified studies and specific outcomes that we-
re not reported. Then we searched for published protocols of
such studies at ClinicalTrials.gov and other forms of publica-
tions of the same studies, in order to find the missing outco-

Milosavljevic NM, et al. Vojnosanit Pregl 2018; 75(9): 884-896.

mes. Finally, the authors were contacted with a request to
provide the missing data, but they did not send us the data.
The possibility of between-study publication bias was exa-
mined by construction of funnel plots for continuous outco-
mes and by Egger’s regression for discrete outcomes '*

Klein’s number was also calculated for all outcomes .

Data synthesis

The random effects model (which includes both within-
study and between-study variations in calculation of the we-
ighted average) was used to combine the results from the
studies. The Mantel-Haenszel method (fixed effect model)
was also used to estimate how our conclusions could be in-
fluenced by assumptions about the model and by the study
heterogeneity. Since significant heterogeneity of the studies
was not found, subgroup analysis was not performed. All
calculations were done by Review Manager (RevMan) soft-
ware version 5.3.5 .

Sensitivity analysis

Sensitivity analysis was performed by excluding indivi-
dual trials one at a time and recalculating the pooled odds ra-
tio and mean difference estimates for the remaining studies.
In this way we got insight how each of the included studies
influenced our conclusions.

Results

Results of the literature search are shown in Figure 1.
Only five clinical trials *'~* fulfilled all inclusion and missed
all exclusion criteria which were set prior the study com-
mencement (two of the trials were published in the same pu-
blication. Characteristics of the included studies with risk of
bias are shown in detail in Table 1.

Summaries of differences in effects of reslizumab vs.
placebo for the main outcomes (using random effects model)
were as following: reslizumab 3.0 mg/kg produced substan-
tial improvements in FEV1 (mean difference 0.15) and in
FVC (mean difference 0.21) over the 15 or 16-week treat-
ment period; substantial decrease versus placebo in ACQ
score (mean difference -0.28), substantial increase vs. place-
bo from baseline in AQLQ total score (mean difference 0.24)
rescue inhaler use (mean difference -0.33) and blood eosi-
nophil count after 15 or 16 weeks of treatment (mean diffe-
rence -478.17) was observed with reslizamab 3.0 mg/kg; re-
slizumab 3.0 mg/kg caused less adverse events versus place-
bo (odds ratio 0.67), especially asthma worsening (odds ratio
0.53) or bronchitis (odds ratio 0.42) while there was no signi-
ficant difference for nasopharyngitis (odds ratio 0.97) or up-
per respiratory tract infection (odds ratio 0.86). Details of the
summaries of differences in effects are shown in Tables 2
and 3. Sensitivity analysis did not show significant changes
with exclusion of single trials.
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Fig. 1 — Study selection.
Reslizinab Placebo Mean Difference Mean Difference
Study or Subgoup  Mean  SD Total Mean  SD Total Weight IV, Random, 95% CI V. Random 35% O
Bjermer 2016 0853 1239 101 04%4 1243 103 129% -036([070,002)
Castro 2011 07 102 53 93 101 53 101%  -040(079,401)
Caslro 2015 0% 1011 242 068 1025 241 457% -026[044,008) ——
Castro 2015a 086 132 230 066 1321 28 257% 020[-044,004) =1
Comen 2016 0868 0969 77 0368 1049 19 56%  049[-1.01,003) 1
Total (95% Q1) 103 644 100.0%  .0.28[0.41,.0.16) &3
Heterogeneity. Tau® =000, Ch# =167, df=4 (P = 0801 I"=0% 1 {]’5 0’5 1
Test for overall effet Z = 4.54 (P < 0.00001) Favours[rediumab] Favours [placebo)

Fig. 2 — Summary of differences in Asthma Control Questionnaire (ACQ) score with reslizumab vs. placebo from
baseline over 15-16 weeks of treatment.
SD — standard deviation; CI — confidence interval.

Reslizumab Placebo Mean Difference Mean Difference
Study or Subgroup Mean  SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Bjemmer 2016 0286 0.553 102 0126 0.557 103 136% 0.16 [0.01, 0.31] =
Castro 2011 018 0372 52 008 0413 52 137% 0.26 [0.11, 0.41] —
Castro 2015 0248 0468 243 011 0481 241 439% 0.14 [0.05, 0.22) -+
Castro 2015a 0187 0622 230 0094 0618 227 243% 0.09 [-0.02, 0.21] il
Corren 2016 0272 0488 77 0002 05301 19 46% 0.27 [0.01, 0.53]
Total (95% CI) 704 642 100.0% 0.15[0.10,0.21] L 2
Heterogeneity: Tau?=0.00; Chi?=3.89, df=4 (P = 0.42); I?= 0% : 1 _0:-5 0 0?5 1:
Testfor overall effect: Z=5.35 (P < 0.00001) Favours [Placebo] Favours [Reslizumab)]

Fig. 3 - Summary of differences in forced expiratory volume in 1 second (FEV1) with reslizumab vs. placebo from
baseline over 16 weeks of treatment.
SD — standard deviation; CI — confidence interval.

Summaries of differences in effects of reslizumab and  symmetry axis of Funnel Plots for all tested continuous out-

placebo for the most important outcomes (improvements in
FEV 1 and decrease in ACQ score) with heterogeneity esti-
mates are shown by Forest plots (Figures 2 and 3).

The reporting bias was assessed by Funnel Plot, using
“trim and fillI” method for continuous outcomes. The central

Milosavljevic NM, et al. Vojnosanit Pregl 2018; 75(9): 884-896.

comes did not change place significantly after “trim and fill”
exercise. In Figures 4 and 5 Funnel Plots are shown before
and after “trim and fill” exercise for two continuous outco-
mes: improvements in FEV 1 and decrease in ACQ score
from baseline over the 15-16 weeks period.
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For discrete outcomes (frequencies of adverse effects)
the reporting bias was assessed by Klein’s number and Eg-
ger’s regression. Klein’s number for total incidence of adver-
se effects was 4.52 and the Egger’s regression showed mini-
mal correction of the summary effect estimate: from OR =
0.67 to OR = 0.42 (Figure 6). For percent of patients develo-
ping anti-reslizumab antibodies the Klein’s number was
6.79, and OR was corrected by the Egger’s regression from

1 08 o o 02 o 02 o4 0% s 1

MEAN DIFFERENCE

19.66 to 42.23. Klein’s number for incidence of asthma wor-
sening was 16.92 and the Egger’s regression corrected the
summary effect estimate: from OR = 0.53 to OR = 2.25. For
incidence of nasopharyngitis, incidence of upper respiratory
tract infection and incidence of bronchitis the Klein’s num-
bers were -3.96, -3.45 and 5.48, respectively, and OR was
corrected by the Egger’s regression from 0.97 to 2.47, from
0.86 to-1.16, and from 0.42 to -0.83, respectively.

1 5 o5 o o0 o 0z 04 06 08 1

MEAN DIFFERENCE

Fig. 4 — Funnel Plots before and after “trim and fill” exercise for improvement in forced expiratory volume in 1 sec
(FEV1) from baseline over the 15-16 weeks period.

SE(MD)

MEAN DIFFERENCE

MEAN DIFFERENCE

Fig. 5 — Funnel Plots before and after “trim and fill” exercise for decrease in Asthma Control Questionnaire (ACQ)
score from baseline over the 15-16 weeks period.

1/SE(In(OR)

In(OR)/SE(IN(OR))

3

¥ =-051006+ 04058~

Fig. 6 — Egger’s regression for incidence of all adverse effects in the included studie.
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Discussion

Results of our study showed that reslizumab is
significantly more efficient than placebo in the treatment of
severe, poorly controlled eosinophilic asthma. Our results
indicated that reslizumab led to significantly greater increase
in FEV1 and FVC compared to placebo. On the other hand,
reslizumab led to greater reduction of ACQ score and blood
eosinophil counts compared to placebo, which also suggested
that administration of reslizumab in patients with eosinophi-
lic asthma had significant benefits. These results were in
agreement with results of the recently published meta-
analysis of reslizumab efficacy and safety . However, in
this meta-analysis authors did not analyze impact of reslizu-
mab to AQLQ score, as it was done in another meta-analysis
which compared effects of mepolizumab (also monoclonal
antibody against IL-5) with placebo in the same clinical
entity . After we summarized results of clinical trials with
reslizumab in our meta-analysis, it tuned out that it improved
the AQLQ score much more than placebo. Therefore, reslizu-
mab not only had beneficial effects on clinical outcomes of se-
vere, poorly controlled eosinophilic asthma, but it also markedly
improved quality of life of these severely ill patients.
Heterogeneity of the included studies was low and publication
bias small, so effects were consistent from study to study.

Our meta-analysis indicated that reslizumab use was as-
sociated with significantly lower overall incidence of adverse
events, asthma worsening and bronchitis compared to place-
bo. In addition, there was no significant difference in inci-
dence of nasopharyngitis and upper respiratory tract infecti-
ons in general between reslizumab and placebo. Our results
are in agreement with results of the recently published meta-
analysis of reslizumab efficacy and safety which has reported
that there was no difference in proportion of individuals who

withdrew due to adverse events as well as in incidence of
upper respiratory adverse events . Although reslizamab use
can be associated with development of anti-reslizumab anti-
bodies, they did not appear to have impact on its efficacy and
safety and their appearance is transient > %', All these imply
that reslizumab is generally well tolerated, although longer-
term safety still needs to be assessed. The risk of anaphyla-
xis, which was reported in 0.3% of the patients, remains the
main reason why reslizumab should be administered in a he-
alth care setting where patient can be observed and managed
properly in the case of allergy **.

Our results should be taken with certain reserve, since
some of the important clinical outcomes were reported in
only one of the included studies [frequency of clinical
asthma exacerbations per patient during the study treatment
period and change in forced expiratory flow from 25% to
75% of FVC (FEF25-75%) from baseline], and overall num-
ber of the included studies was low. Since several clinical
trials with reslizumab are ongoing, new meta-analysis should
be made in close future to challenge our results.

Conclusion

On the basis of published clinical trials reslizumab co-
uld be considered as effective and safe therapeutic option for
severe, poorly controlled eosinophilic asthma for the time
being. Future studies which would include ongoing clinical
trials are necessary to confirm this conclusion.
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ABSTRACT ARTICLE HISTORY
Introduction: Recipients of hematopoietic stem cell transplantation (HSCT) are exposed to numerous ~ Received 13 June 2018
drugs in both pre- and post-transplantation period, which creates an opportunity for drug-drug ;\;?gmed 21 November
interactions (DDIs); if clinically relevant DDIs happen, the risk of adverse treatment outcomes is

increased. KEYWORDS

Areas covered: This review is focused on DDIs in recipients of HSCT that were observed and published  Drug-drug interactions;
as clinical trials, case series or case reports. Relevant publications were found by the systematic search  hematopoietic stem cell
of the following online databases: MEDLINE, SCOPUS, EBSCO, and SCINDEX. transplantation; prevention;
Expert opinion: The most important DDIs involve cytostatic or immunosuppressant drug on one side, ~ immunosuppressant drugs;
and antimicrobial drugs on the other. The majority of clinically relevant interactions have pharmaco- ~ ©/tostatic drugs

kinetic character, involving drug metabolizing enzymes in the liver. Antifungal azoles inhibit metabo-

lism of many cytostatic and immunosuppressant drugs at cytochromes and increase their plasma

concentrations. Macrolide antibiotics and fluoroqunolones should be avoided in HSCT recipients, as

they have much larger potential for DDIs than other antibiotic groups. HSCT recipients increasingly

receive new immunomodulating drugs, and further observational studies are needed to reveal unsus-

pected DDIs with clinical relevance.

1. Introduction interaction checkers available, it is of prime importance that
a prescriber is familiar with clinically relevant, potential
DDIs which may have the most serious consequences.

The aim of this article was to give a short overview of
DDIs (grouped according to the therapeutic area) that actually
were observed in patients receiving HSCT, with focus on those
with clinical relevance.

Numerous malignant (hematologic and lymphoid neoplasms
primarily, but also some other) and nonmalignant diseases (auto-
immune, genetic and other) are increasingly treated by
Hematopoietic stem cell transplantation (HSCT), not only as the
last option after other treatments turned out to be ineffective,
but also in the early phases of the therapy. Although both
autologous, syngeneic and allogeneic HSCTs are used, the auto-
logous are tolerated better, with somewhat decreased effective- 2. Methods
ness [1]. The patients receiving syngeneic or allogeneic HSCT are
conditioned before the transplantation, and later on, they usually
require immunosuppressant therapy for prevention or treatment
of graft-versus-host disease (GVHD) [2]. With such therapy the
immune system becomes compromised, and these patients are
prone to various infectious complications, which require antimi-
crobial prophylaxis and/or therapy.

Complex therapeutic procedure as HSCT requires the use of
a plethora of drugs, which could be classified into three large
therapeutic groups: cytostatic drugs, immunosuppressant
medication, and antimicrobial drugs. With such large number
of drugs prescribed to a single patient chances of clinically
significant drug-drug interactions (DDIs) are increased, and it
was shown previously that DDIs in HSCT patients were asso-
ciated with adverse outcomes [3]. Majority of DDIs could be
prevented if the prescribers think of them in the moment of
prescribing. Although there are many online and offline

Relevant publications were systematically searched for in the
following online databases of published research articles:
MEDLINE (available at https://www.ncbi.nlm.nih.gov/pubmed/),
SCOPUS (available at https://www.scopus.com), EBSCO (avail-
able at http:/kobson.nb.rs/kobson.82html#.Wx6n9kiFPIU) and
SCINDEX (available at https://scindeks.ceon.rs/). The search and
evaluation of retrieved articles were done by four of the authors
(AP, VO, MM, and S)J), from March 1st to May 31st, 2018. In total,
865 articles about DDIs with immunosuppressant drugs were
retrieved from the abovementioned databases, and 49 included
in the review; DDIs with cytostatic drugs were found in 366
articles, but only 14 were included, and from 301 publications
found about DDIs with other drugs 27 were taken into account.
Details of the search strategies for each of the databases could
be found in the supplementary file, as well as the list of pub-
lications retrieved from the databases, which satisfied the

CONTACT Slobodan M. Jankovi¢ @ slobnera@gmail.com @ Faculty of Medical Sciences, University of Kragujevac, Svetozara Markovica Street, 69, Kragujevac
34000, Serbia
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Article highlights

« There is great potential for DDIs in recipients of HSCT, but clinically
relevant interactions are infrequently encountered;

Majority of clinically relevant interactions are pharmacokinetic in
nature, involving drug metabolizing enzymes in the liver;
Antifungal agents belonging to azoles are frequently given to HSCT
recipients, and they increase plasma concentrations of many cyto-
static and immunosuppressant drugs due to strong inhibition of their
metabolism at cytochromes;

Macrolide antibiotics and fluoroquinolones should be avoided in
HSCT recipients, as they have much larger potential for DDIs than
other antibiotic groups;

Calcium channel blockers and opioids should be used carefully in
hemopoietic stem cell transplanted patients as they have potential to
increase plasma concentrations of cytostatic and immunosuppressant
drugs;

New immunomodulating drugs are increasingly used for conditioning
of HSCT recipients, and further observational studies are needed to
reveal unsuspected DDIs with dlinical relevance

This box summarizes key points contained in the article.

inclusion criteria (clinical trials or observational studies on
humans or case series or case reports, DDIs with clinical rele-
vance), and did not met the exclusion criteria (review articles,
expert opinions, guidelines). For the purpose of this study
DDIs with clinical relevance were defined as DDIs associated
with any of the following: clinical or laboratory signs of toxicity
causally related (as estimated by authors of the respective
study) to simultaneous administration of the drug pair; loss of
efficacy of one or both drugs from the drug pair, believed to be
caused by interaction between them (again as estimated by
authors of respective study); or change of drug therapy due to
recognition of a DDI with adverse consequences.

3. DDIs involving cytostatic drugs

Reports on clinically relevant DDIs experienced by HSTC reci-
pients were not found in the literature for the following cyto-
static drugs searched for by name: melphalan, carmustine,
cisplatin, fludarabine, and cytarabine. Interactions of other
cytostatic drugs were searched for by more general terms,
like ‘cytostatics’ and ‘cytostatic agents'.

3.1. Alkylating agents

3.1.1. Busulfan

Busulfan is an alkylating agent used in combination with
another cytostatic drug from the same (e.g. cyclophospha-
mide) or other chemical group for conditioning patients
undergoing autologous or allogeneic HSCT for either malig-
nant or nonmalignant disorders [4,5). Busulfan is metabolized
primarily by liver glutathione S-transferase (GST)-mediated
conjugation with glutathione, while cytochrome P450 (CYP)
enzymes have a less significant role (6]. When busulfan is used
together with antifungal azoles, e.g. voriconazole (7] or itraco-
nazole 8], the concentration of this alkylating agent in the
blood is increased because azoles inhibit flavin-containing
monooxygenase-3 (FMO3) enzyme, responsible for the oxida-
tion of tetrahydrothiophene, the intermediate metabolite of

busulfan [7]. Several CYP isoforms are also involved in the
oxidation of tetrahydrothiophene, so azoles have additional
inhibitory effects on the metabolism of busulfan [8]. In con-
trast to the effect of azoles, hepatic cytochrome inducers, like
phenytoin, decrease blood concentration of busulfan if co-
administered [9]. Interactions of busulfan with metronidazole
in patients undergoing HSCT were also reported [10,11].
Metronidazole reduced clearance of busulfan, resulting with
higher busulfan trough concentrations and higher risk of
veno-occlusive disease [12]. The data on potential interaction
between busulfan and fludarabine are quite controversial. In
the study of Bonin et al. [13], measurement of pharmacoki-
netics parameters of both drugs suggested that clinically rele-
vant busulfan-fludarabine interaction was unlikely. On the
other hand, another study [14] showed that on the
fourth day of co-therapy with busulfan and fludarabine, busul-
fan clearance was reduced. Fludarabine has specific metabo-
lism, and the mechanism by which fludarabine influenced
busulfan clearance remained obscure [14]. Melphalan, also
often used in patients undergoing HSCT, is metabolized in
a similar manner as busulfan. In the study of Bouligand et al
[15], it was shown that concomitant use of busulfan and
melphalan increased the risk of hepatotoxicity of melphalan,
probably by blockade of its metabolism (Table 1).

3.1.2. Cyclophosphamide

Cyclophosphamide is another alkylating agent frequently used
for myeloablative conditioning therapy in patients undergoing
HSCT. Metabolism of cyclophosphamide in liver is complex
and includes oxidation by CYPs, conjugation with glutathione
and conversion by aldehyde dehydrogenase [16). Azole anti-
fungals, e.g. itraconazole or fluconazole, inhibit various CYPs
[17] and divert metabolism of cyclophosphamide to increased
synthesis of acrolein, which in turn causes hepatic sinusoidal
obstruction syndrome, also known as the veno-occlusive dis-

Table 1. Observed DDIs involving cytostatic drugs in patients receiving HSCT.
Description

Interacting drug pairs
BUSULFAN

Busulfan + Itraconazole Increased blood level of busulfan (8].

Busulfan + Voriconazole Increased blood level of busulfan (7).

Busulfan + Increased blood level of busulfan [10,11).
Metronidazole
Busulfan - Fludarabine  Increased blood level of busulfan [14].
Busulfan + Melphalan  Increased risk of hepatotoxicity [15].
Busulfan + Phenytoin  Decreased blood level of busulfan [9].
CYCLOPHOSPHAMIDE

Reduced serum CsA concentrations for two weeks
following HSCT [19].
Veno-occlusive liver disease due to to increased

Cyclophosphamide +
Cyclosporine A
Cyclophosphamide +

Fluconazole synthesis of acrolein [17).
Cyclophosphamide +  Veno-occlusive liver disease due to to increased
Itraconazole synthesis of acrolein [17).
Cyclophosphamide +  Thiotepa decreases clearance of cyclophosphamide
Thiotepa [20].
Cyclophosphamide +  Per in increases the acute toxicity of high
Pentostatin dose cyclophosphamide [21].
ETOPOSIDE
Etoposide+ Anticonvulsants increase clearance of etoposide by
Anticonvulsants hepatic enzyme induction [23,24).
Etoposide + Decreased clearance of etoposide (23].
Carboplatin
IRINOTECAN

Irinotecan + Phenytoin  Increased irinotecan clearance [89].
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ease [18]. It was also suggested that the administration of
cyclophosphamide during conditioning can reduce serum
levels of cyclosporine A during the two weeks following
HSCT [19]. Median serum cyclosporine A concentration in 54
patients who received the regimen containing cyclophospha-
mide (149.7 ng/ml; 95% Cl: 132.1-167.4) was significantly
lower than that in 49 patients receiving the regimen without
cyclophosphamide (217.3 ng/ml; 95% Cl: 198.9-235.6) [19].
The mechanism of this effect was not clear, but it could have
been an induction of metabolism by cyclophosphamide [19].
Cyclophosphamide also may interact with other cytostatic
drugs, like thiotepa and pentostatin. In the study of Chen
et al [20], 15 patients with metastatic breast cancer receiving
autologous bone marrow transplantation were treated with
two courses of chemotherapy: the first course was composed
of high doses of cyclophosphamide only, while in the second
course thiotepa was also included. Thiotepa decreased clear-
ance of cyclophosphamide at the beginning of the second
course [20]. On the other side, cardiac toxicity of cyclopho-
sphamide was much more pronounced with the addition of
only one dose of pentostatin, and two patients died due to
this interaction [21] (Table 1).

3.2. Topoisomerase Il inhibitors

3.2.1. Etoposide

Etoposide is a DNA topoisomerase Il inhibitor widely used in
the treatment of a variety of malignancies, and sometimes
followed by therapy-related leukemia. The most important
metabolic pathway of etoposide includes CYP3A4 [22].
CYP3A4 inductors, like phenytoin, increase etoposide clear-
ance and decrease plasma levels of this cytostatic, so in the
case of concomitant therapy, it is necessary to increase the
dose of etoposide. In the study of Rodman et al [23], seven
patients who received concomitant anticonvulsant therapy
had significantly higher (P < .01) average clearance of etopo-
side Cl (23.7 mU/min/m? than 22 patients who did not
receive drugs known to alter hepatic metabolism (13.4 mL/
min/m?). In the study of Mross et al [24], concomitant
busulfan and/or phenytoin increased plasma clearance of
etoposide. On the other hand, Rodman et al [23] showed
that high-dose carboplatin decreased the clearance of
etoposide.

3.3. Immunosuppressant drugs

Reports on clinically relevant DDlIs in HSTC recipients were not
found in the literature for the following immunosuppressant
drugs searched for by name: prednisolone, prednisone, meth-
otrexate, muromonab-cd3, antilymphocyte serum, anti-
thymocyte globulin, and immunoglobulins. Interactions of
other immunosuppressant drugs were searched for by more
general term, ‘immunosuppressive agents'.

3.3.1. Non-specific immunosuppressant drugs

3.3.1.1. Corticosteroids

3.3.1.1.1. Budesonide. Budesonide is considered to be ‘non-
absorbable’ corticosteroid, as it is subject to extensive first-
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pass elimination in the liver (80-90%) that limits its systemic
effects [25]. Inactivation of budesonide occurs via cytochrome
P450 isoenzymes, so concomitant use of the azoles competing
for the same CYPs may increase its bioavailability, leading to
iatrogenic  Cushing’s syndrome [25]. The occurrence of
Cushing syndrome was described in five patients who
received allogeneic HSCT and experienced acute or chronic
GVHD; after cessation of parenteral corticosteroids oral bude-
sonide was continued for further 21 days or more in addition
to fluconazole or voriconazole for fungal prophylaxis [25]. The
initial dose of budesonide was 9 mg per day and the dose was
further titrated depending on dlinical response [25]. Although
parenteral corticosteroids were not administered for at least
21 days, budesonide taken orally was associated with suppres-
sion of moming plasma cortisol, suggesting significant sys-
temic absorption and notable plasma levels of the drug.
latrogenic Cushing’s syndrome rapidly developed in these
patients, with a median weight gain of 5.7 kg, facial mooning,
central obesity and glucose intolerance [25] (Table 2).
3.3.1.1.2. Methylprednisolone. The occurrence of generalized
convulsions during concomitant use of high-dose methylpred-
nisolone (HDMP) and cyclosporine A was described in children
and adults receiving allogeneic bone marrow transplantation
[26,27). Four children (10-18 years old) developed generalized
convulsions which were controlled by diazepam or combina-
tion of diazepam and phenytoin several days after HDMP was
initiated [27]. An adult patient, a 25-year old woman with
acute myeloid leukemia and confirmed GVHD, experienced
generalized convulsions controlled by diazepam two days
after the second course of HDMP/cyclosporine A [26].
Cyclosporin A is neurotoxic by itself, and it causes focal vaso-
constriction of intracranial arteries through release of
endothelin, which produces ischemia of white matter and
axonal swelling. Methylprednisolone inhibits metabolism of
cyclosporine A and increases its plasma concentration, poten-
tiating neurotoxic effects. .

3.3.2. Specific T-cell immunosuppressive drugs

3.3.2.1. Calcineurin inhibitors. Metabolism of calcineurin
inhibitors, cyclosporine A (CsA) and tacrolimus goes predomi-
nantly through CYP3A4 [28]. They are both CYP3A4 substrates
and inhibitors, and also substrates of P-glycoprotein (P-gp), so
their drug interactions profiles are similar [28]. The differences
may be attributed to relative contributions of liver or intestinal
metabolism, affinity to bind to specific CYP isoenzymes, as
well as the involvement of other transport systems [28]. It is
essential to know which drugs may affect their plasma con-
centrations, as both of them have narrow therapeutic window
[28]. If their plasma concentrations are too high, toxic effects
may occur (e.g. nephrotoxicity, neurotoxicity) [28]. On the
other hand, inadequate immunosuppression as a result of
their subtherapeutic concentrations can lead to increased
risk of GVHD or graft rejection [28] (Table 2).

3.3.2.1.1. Cyclosporine A (CsA). Significant increase of CsA
blood concentration in HSCT recipients was observed with con-
comitant use of CYP3A4 inhibitors: fluconazole [29,30], itracona-
zole [31-33], posaconazole [34] or voriconazole [35-40). Oral
fluconazole seems to have greater impact on CsA plasma con-
centration than intravenous fluconazole in these patients, and
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Table 2. Observed DDIs involving immunosuppressant drugs in patients with HSCT.

Interacting drug pairs

Description

Corticosteroids
Budesonide

+ azoles (fluconazole and voriconazole) Increased systemic availability of budesonide and induction of Cushing’s syndrome [25].

Methylprednisolone
+ cydosporine A
Calcineurin inhibitors
Cyclosporine A (CsA)
+ amphotericin B

+ bosentan

+ caldum channel blockers
(nicardipine, amlodpine)

+ caspofungin

Generalized convulsions [26,27).

Worsening of renal function. [46]
Significant decrease of CsA blood concentration leading to subtherapeutic blood level. [48]
Significant increase of CsA blood levels. 43]

Median concentration/dose ratio of CsA is significantly elevated. [42]

individual variability [31-33).

+ cydophosphamide Reduction of serum CsA concentrations for two weeks following HSCT. [19]

+ fluconazole Significant increase of CsA blood concentrations. [29,30]

+ imatinib Significant increase of CsA blood level. [44,45]

+ itraconazole Significant increase of CsA blood conc with a wide i

+ oxymetholon Increased hepatotoxicity. [47]

+ phenobarbitone Significant decrease of CsA blood concentration leading to subtherapeutic blood level. [49)
+ posaconazole Significant increase of CsA blood levels. [34]

+ rifampin Subtherapeutic cyclosporine concentrations. [50)

+ voriconazole Significant increase of CsA blood level. (35-40)

Tacrolimus

+ azithromycin
+ clarithromycin
+ clotrimazole

Marked increase of tacrolimus blood level. [61)

Significant increase of tacrolimus blood level. Serum creatinine level increased. [60]

Supratherapeutic blood levels of sirolimus and tacrolimus in an allogeneic HSCT recipient resulting with acute kidney
injury. [51]

In a HSCT patient with CYP2C19 and CYP3AS heterozygous mutations, blood tacrolimus concentration decreased after

Increase in the concentration/dose ratio of tacrolimus following the coadministration of voriconazole in a HSCT recipient.

+ fentanyl Significant decrease of the tacrolimus clearance. (62)
+ fluconazole Increase of tacrolimus blood concentration [29]. [30,52]
+ itraconazole Significant increase of tacrolimus blood level with a wide interindividual variability [31-33,53]
+ lansoprazole
reduction of the lansoprazole dose. (63]
+ rifampin Subtherapeutic (undetectable) tacrolimus concentrations. (64)
+ risperidone
(59]
+ ritonavir Potentially toxic high blood levels of tacrolimus. [57]
+ teicoplanin Mean serum creatinine level is elevated. [65)

+ voriconazole
mTor inhibitors
Sirolimus (rapamycin)
+ aprepitant
+ clotrimazole

Significant increase of tacrolimus blood level. [54-56)

Two-fold increase of sirolimus blood levels (66).
Supratherapeutic blood levels of sirolimus and tacrolimus in allogeneic HSCT recipients resulting with acute kidney injury.
(51

+ fluconazole Increase in sirolimus blood concentrations. [67]

+ itraconazole Supratherapeutic trough levels of sirolimus. [68]

+ mirabegron Supratherapeutic serum concentrations of sirolimus. (73]

+ posaconazole Increase of sirolimus blood concentration. [69,70)

+ rifampin Undetectable sirolimus trough concentrations. [74]

+ voriconazole Significantly increased exposure to sirolimus. [71,72]
Antimetabolites

Mycophenolate mofetil

+ dprofloxacin Decrease in mycophenolate mofetil plasma concentration. [75)

monitoring of blood levels is recommended especially when its
route of administration is switched from intravenous to oral [30].
It was shown that concentrations of fluconazole in the liver are
much higher if the same dose was given orally instead of intra-
venously, and it is believed that higher concentrations produce
more pronounced inhibition of CYP3A4 and consequently
greater exposure of other tissues to CsA [30]. The similar differ-
ence in interaction intensity between oral and intravenous for-
mulation was not observed with other triazoles. Sdnchez-Ortega
et al. noted that effect of posaconazole on CsA blood concentra-
tion can already be detected within the first week of combined
treatment; however, CsA dose reduction is not required imme-
diately, but it can be safely guided by therapeutic drug monitor-
ing [34]. Seven of 41 patients (17%) included in this study had
CsA-related toxicities, including renal dysfunction (n = 4), hyper-
tension (n = 1), essential tremor (n = 1), and mild thrombotic

microangiopathy (n = 1), all of which resolved with dose adjust-
ment [34]. However, there is a wide spectrum of inter-individual
variability in the magnitude of interaction with itraconazole and
voriconazole, so it is recommended to closely monitor CsA con-
centration and adjust dose on an individual basis [31,35-40).
Some clinical studies did not show dose-limiting or serious
adverse effects associated with increased concentration of CsA
during concomitant use with voriconazole (35,37), but adverse
effects have been described [39). Eighteen-year-old female
patient, with no history of epilepsy, who was receiving ‘cyclos-
porin A-mycophenolate-methylprednisolone’ antirejection ther-
apy together voriconazole for one week, had increase of CsA
plasma concentration from 230 to 378 ng/ml after initiating
voriconazole, which was accompanied with headache, dizziness,
blurred vision, and epileptiform seizures, whereas head MRI
showed leukoencephalopathy in bilateral occipital and left
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frontal lobes [39]. The main mechanism of interactions between
triazoles and calcineurin inhibitors including CsA is inhibition of
CYP3A4. Since voriconazole and itraconazole are more potent
inhibitors of CYP3A4 than fluconazole and posaconazole, it is not
surprising that voriconazole and itraconazole are more fre-
quently engaged in clinically relevant interactions with calci-
neurin inhibitors [41].

Caspofungin can significantly increase plasma levels of CsA
in allogeneic HSCT patients, but serious adverse effects on
liver or renal function that could be associated with this
drug combination were not observed [42]. The authors of
this study did not offer an explanation of mechanism of inter-
action between caspofungin and CsA [42]. Caspofungin is
metabolized by nonenzymatic hydrolysis and not by CYPs,
although in vitro studies suggested that it can inhibit
CYP3A4 [42]. It is possible that certain ethnic specificities are
responsible, as this study was conducted in the Japanese
population, but further research is needed to confirm or
oppose this hypothesis [42].

Calcium channel blockers [43] and imatinib (44,45] may
also lead to the increased exposure and effect of CsA by
inhibiting the CYP3A4 pathway of CsA metabolism or
P-glycoprotein. Bernard et al. reported that mean percentage
of increase in CsA dose-normalized trough blood concentra-
tion was 86.5, 74.3, and 5.1% for nicardipine, amlodipine, and
lacidipine, respectively [43]. Lacidipine may be the best option
among calcium channel blockers to treat high blood pressure
related to cyclosporine, because significant drug interaction
with CsA is lacking [43]. If nicardipine or amlodipine are the
only options available, monitoring of plasma concentrations is
required [43]. Supra-therapeutic CsA concentrations caused by
imatinib coincided with an increase in creatinine concentra-
tion (increase range 13-64 umol/L) in 13 out of 16 patients
[44]. It is recommended to reduce the dose of CsA for at least
25-40% in patients who also take imatinib, and to closely
monitor its blood concentrations [44,45)

Concomitant use of CsA and a nephrotoxic or a hepatotoxic
drug may result in nephrotoxicity [46] or hepatotoxicity [47].
In a retrospective study involving 86 patients who underwent
allogeneic HSCT and were receiving a combination of CsA and
amphotericin B, a statistically significant, but clinically toler-
able worsening of renal function was observed [46]. It was
suggested that with a 24-hour infusion and strict salt reple-
tion, amphotericin B deoxycholate can be administered safely
in HSCT patients in combination with CsA for proven or sus-
pected fungal infections [46]. A case of severe cholestatic
jaundice was reported during treatment for post-allogeneic
bone marrow transplantation hypoplasia with oxymetholone
while the patient was receiving concurrent CsA [47]. Liver
function tests were within the normal range prior to the
combined use of these drugs [47]). CsA was maintained to
give a plasma level of 100-250 ng/ml, whereas oxymetholone
was started at 50 mg bd, and afterwards, when the expected
therapeutic response was not obtained, the dose was
increased to 50 mg tid [47]. Derangement in liver function
tests was noted: ALT was 488, AST 133, ALP 442 and bilirubin
68 pm/I (47]. CsA level was 107 ng/ml [47]. Oxymetholone was
discontinued, while CsA was at first given in reduced doses,
and then discontinued until evidence of cholestasis
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completely diminished [47]. It was suggested that the combi-
nation of CsA and androgens should be avoided [47]. Dose
reduction of oxymetholone and CsA may be advisable if use of
such combination is absolutely neccessary [47).

The significant decrease of CsA blood concentrations was
noted during concomitant use with bosentan [48], cyclopho-
sphamide, phenobarbitone [49] and rifampin [50].

Bosentan is a specific endothelin receptor antagonist and it is
a known inducer of CYP3A4 and CYP2C9 [48]. A report described
a case of the one year old male infant with malignant osteope-
trosis admitted for allogeneic HSCT [48]. During the pre-
transplant workup, severe pulmonary arterial hypertension was
diagnosed, and treatment was started with oral sildenafil (4 mg/
kg/d) and bosentan (3 mg/kg/d) [48]. The patient consistently
had subtherapeutic CsA levels, even when the dose was
increased to 7 mg/kg/d (48). After the discontinuation of bosen-
tan, an increase in CsA levels was noted [48). CsA levels then
reached the therapeutic range and the total daily dose was
lowered down to 3 mg/kg/d, still maintaining steady-state ther-
apeutic levels of CsA [48].

Phenobarbital and rifampin are well known CYP P450 indu-
cers [49,50]. Rifampin-CsA interaction led to subtherapeutic CsA
concentrations and subsequently to acute GVHD in a 10-year-
old HSCT recipient [50]. Phenobarbital - CsA interaction was
observed in a 4-year-old girl who underwent HSCT [49). Twenty-
three days before HSCT she had a generalized seizure due to
a minor subarachnoidal hemorrhage, and phenobarbital was
initiated at a dose of 50 mg twice daily [49]. CsA at a dose of
25 mg/kg was administered orally from the day before HSCT,
and reduced to 12.5 mg/kg daily on day 4 [49]. The patient had
a serum level of phenobarbital of about 120 pmol/1 before
HSCT and CsA could not be detected in the serum (detection
limit 60 ng/ml), even after increasing the dose to 18 mg/kg
on day 10 (49]. Phenobarbital was reduced on day 36 to 50 mg
per day and further to 25 mg on the day 44, after which there
was a rise in trough serum CsA level [49]. (Table 2)
3.3.2.1.2. Tacrolimus. Significant increase of tacrolimus blood
concentration in HSCT recipients was reported with concomi-
tant use of CYP3A4 inhibitors: clotrimazole [51], fluconazole
[29,30,52], itraconazole (31,32,53], voriconazole [54-56] and rito-
navir [57]. As already mentioned, interactions with itraconazole
and voriconazole are more frequent and more severe [41].
Clotrimazole troches induced supra-therapeutic blood levels of
tacrolimus and sirolimus in an allogeneic HSCT recipient result-
ing with acute kidney injury (51]. The patient renal function
improved after temporary stopping of immunosuppressant
drugs, and administration of phenytoin to help induce metabo-
lism [51]. Although clotrimazole is poorly absorbed from the
small intestine, the interaction with tacrolimus takes place at
intestinal epithelium, where even small quantities of clotrima-
zole inhibit CYP3A4 and P-glycoprotein efflux pump, increasing
significantly bioavailability of tacrolimus [58]. The transient
occurrence of acquired Pelger-Huét anomaly of granulocytes,
anemia, glycosuria, hyperglycemia, and increased serum creati-
nine levels that may be associated with tacrolimus toxicity due
to drug interaction with fluconazole were reported [52]. Also,
oral fluconazole seems to have a greater impact on tacrolimus
concentration than intravenous fluconazole, so monitoring of
blood levels is recommended especially when its route of
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administration is switched from intravenous to oral [30]. There
is a wide spectrum of inter-individual variability in the magni-
tude of the interaction of tacrolimus with itraconazole and
voriconazole, so it is recommended to closely monitor tacroli-
mus concentration and adjust dose on an individual basis
[31,53-56). The case of an 8-fold increase in the concentra-
tion/dose ratio of tacrolimus following the co-administration
of voriconazole in an HSCT recipient was described [59]. The
observed interaction was much more intense than expected,
and the patient had been treated with oral risperidone, too [59).
It was hypothesized that CYP3A inhibition in the small intestine
by voriconazole and P-gp inhibition in the small intestine by
risperidone had synergistic effect on the bioavailability of tacro-
limus [59]. In another study co-administration of itraconazole
and tacrolimus did not alter the dose-adjusted through plasma
concentrations of tacrolimus in a patient with a CYP3A5*1/*1
allele, but it did change this value in patients with CYP3A5*3
alleles [32]. Potentially toxic blood levels of tacrolimus (33.6 ng/
mL) were noted during concomitant use with ritonavir in a 47-
year-old patient with a history of HIV and Hepatitis B co-
infection [57]. Despite high levels of tacrolimus, the patient
did not develop clinical toxicity [57].

Macrolide antibiotics, such as erythromycin and clarithromy-
cin, are also known inhibitors of CYP3A4 [60,61]. The significant
increase of tacrolimus blood concentration associated with rise
of serum creatinine was noted during the concomitant use with
clarithromycin [60]. On the other hand, another macrolide, azi-
thromycin, has unique azalide structure and shows pharmacoki-
netics different from other drugs in this group (61]. However,
despite minimal effect on CYPs reported in some studies, marked
increase in the tacrolimus blood concentration exceeding mea-
surable level without dilution (>30.0 ng/ml) was noted after only
two doses of azithromycin [61].

Fentanyl is metabolized by CYP3A4 and is classified as the
CYP3A4 substrate with a narrow therapeutic range, like tacro-
limus [62]. The significant decrease of tacrolimus clearance
(from 1.28 to 0.68 mL/min/kg) was observed with concomitant
use of fentanyl in 6 patients who underwent allogeneic HSCT
[62]. Blood concentration and clearance of tacrolimus were
reverted by stopping the continuous infusion of fentanyl; the
dose of tacrolimus was constant during the administration of
fentanyl [62].

The significant decrease of tacrolimus blood concentrations
was noted during concomitant use with lansoprazole [63] and
rifampin [64]. In an HSCT patient with CYP2C19 and CYP3A5
heterozygous mutations, blood tacrolimus concentration
decreased after reduction of the lansoprazole dose, which
appeared to be caused by a reduction in plasma concentration
of voriconazole [63]. The trough level of tacrolimus became
undetectable after initiation of anti-tuberculosis therapy
including rifampin in an HSCT patient [64]. Administration of
oral-solution of itraconazole successfully offset the effect of
rifampin on the tacrolimus metabolism, resulting in the
achievement of a therapeutic blood level of tacrolimus (64].
The patient did not develop GVHD during or after the period
of undetectable blood levels of tacrolimus (64).

Concomitant use of tacrolimus and nephrotoxic drugs may
result with nephrotoxicity [65]. A retrospective evaluation of 67

patients who received intravenous tacrolimus and teicoplanin
concomitantly for >4 days after allogeneic HSCT showed that
the mean serum creatinine level tended to rise after their co-
administration [65]. The increase was reversible and no patient
required hemodialysis [65]. (Table 2)

3.3.2.2. mTor inhibitors
3.3.2.2.1. Sirolimus (rapamycin). Sirolimus is a substrate and
inhibitor of P-gp and CYP3A4 [28]. Significant increase of
sirolimus blood concentration in HSCT recipients was reported
with concomitant use of CYP3A4 inhibitors: aprepitant [66],
clotrimazole [51), fluconazole (67], itraconazole [68], posaco-
nazole [69,70] and voriconazole [71,72]. The two-fold increase
of sirolimus blood levels (measured one to three days after
loading dose) was reported during concomitant use with
aprepitant, but no significant effects on clinical outcomes
(survival, GVHD, thrombotic microangiopathy) were observed
[66). As previously mentioned, clotrimazole troches induced
supratherapeutic blood levels of sirolimus and tacrolimus in an
allogeneic HSCT recipient, resulting with acute kidney injury
[51]. Discontinuation of fluconazole caused marked reduction
in sirolimus trough levels, requiring >200% increase in siroli-
mus dose to achieve initial therapeutic levels [67). Co-
administration of posaconazole oral suspension with oral sir-
olimus increased the sirolimus concentration/dose ratio by
approximately 2.7-fold in HSCT patients [69]. An initial empiric
oral sirolimus dose reduction between 50% and 65% may be
recommended for most clinically stable patients with close
sirolimus concentration monitoring for at least 3 weeks follow-
ing posaconazole initiation [69). In another study, 6 patients
experienced sirolimus trough levels greater than 12 ng/mL
during coadministration, but only one patient experienced
an adverse event potentially associated with sirolimus expo-
sure during the first month of co-administration [70]. In this
study, concurrent sirolimus and posaconazole use seems to be
well tolerated with a 33% to 50% empiric sirolimus dose
reduction and close monitoring of serum sirolimus trough
levels at the time of posaconazole initiation [70]. Marty et al.
identified in their medical record review 11 patients who
received voriconazole and sirolimus concomitantly for
a median of 33 days [71]. In eight patients whose sirolimus
dose was initially reduced by 90%, trough sirolimus levels
were similar to those obtained before voriconazole adminis-
tration and no obvious significant toxicity from either drug
was observed during co-administration [71]. Serious adverse
events were observed in 2 patients to whom sirolimus dosing
was not adjusted during voriconazole administration [71].

Mirabegron is a substrate of CYP2D6 (minor), CYP3A4
(minor), P-gp and an inhibitor of CYP2D6 (moderate) and
P-gp (weak) (73). Supratherapeutic serum concentrations of
sirolimus (19.2 pg/L) were observed six days after starting
mirabegron for BK viruria-associated cystitis in an HSCT
patient [73]. Mirabegron was then discontinued and sirolimus
was withheld, and then restarted once the serum concentra-
tion was within goal [73].

Sirolimus trough concentrations were undetectable 2 days
after starting rifampin, a CYP450 inductor [74]. Therapeutic
sirolimus concentrations were achieved four days later, at
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a sirolimus dose of 16-18 mg/day orally [74]. Rifampin was
discontinued after nine days and sirolimus dose was adjusted
accordingly, maintaining therapeutic levels throughout follow-
up [74). The patient suffered a flare of chronic skin graft versus
host disease requiring etanercept, high-dose systemic steroids,
and topical steroids [74]. (Table 2)

3.3.2.3. Antimetabolites

3.3.2.3.1. Mycophenolate mofetil. Metabolism of mycopheno-
late mofetil is complex [28]. It involves the rapid conversion to
mycophenolic acid (MPA), metabolism of MPA to 7-O-MPA glu-
curonide (MPAG) by UGT enzymes, possible MPAG enterohepatic
recirculation by intestinal bacteria, and MPAG excretion by active
tubular secretion and, to a lesser extent, P-gp, into the urine [28].
An interaction involving mycophenolate mofetil and ciprofloxa-
cin was described in a 17-year-old female patient who received
intravenous mycophenolate mofetil after HSCT[75]. On the day 2
of mycophenolate mofetil therapy, the MPA area under the
plasma concentration-time curve was 30.3 mg+hour/L [75]. On
the day 8, although dose had remained unchanged, the MPA
area under the plasma concentration-time curve unexpectedly
dropped to 10.7 mgehour/L [75). The patient subsequently devel-
oped severe GVHD and died (75]. Ciprofloxacin is partially
excreted by trans-intestinal elimination after intravenous admin-
istration and it may greatly reduce burden of enterobacteria in
the colon, which is important for MPA enterohepatic recircula-
tion [75).

4. Other agents

Studies reporting clinically relevant DDIs in HSTC recipients
were not found in the literature for the following ‘other
agents’ searched for by name: acyclovir, valacyclovir, ganciclo-
vir, valganciclovir, famciclovir, foscarnet, metronidazole, and
fluoroquinolone. Interactions of other drugs were searched
for by general terms, like ‘benzodiazepine’, ‘opioid analgesic’,
‘antimicrobial drug’, ‘antimicrobial agent’, ‘antibiotic’, ‘antiviral
drug’, ‘antifungal drug’ and ‘antifungal agent’.

4.1. Antimicrobial agents

4.1.1. Antifungal agents

4.1.1.1. Azoles. Azoles differ in their propensity to cause
DDIs, due to individual specificities of metabolism and diverse
affinities for the CYP isoenzymes, CYP3A4 being the most
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relevant. The most important DDIs of azoles are those with
cyclosporine and tacrolimus [76], but these drugs also may
interact with other concomitant medication in recipients of
HSCT (Table 3)

4.1.1.2. Fluconazole. Fluconazole could be engaged in
diverse DDIs, as it is metabolized by the CYP3A4 isoenzyme,
and CYP2C9 isoenzyme is inhibited by fluconazole [79). Apart
from interacting with immunosuppressant and cytostatic
drugs (see Tables 1 and 2), fluconazole may interfere with
corticosteroids, estrogens, oxycodone, fentanyl and metha-
done [79], but these interactions were not specifically docu-
mented in HSTC recipients. Important interactions observed in
HSCT recipients were that with phenytoin, whose plasma
levels become elevated and toxicity enhanced (at doses of
200mg or greater per day), and with warfarin, leading to
hypoprothrombinemia and prolonged INR [80].

4.1.1.3. ltraconazole. ltraconazole is metabolized mostly by
CYP3A4 enzyme [68]. Like fluconazole, itraconazole interacts
with a number of immunosuppressants (cyclosporine, tacroli-
mus, etc) and cytostatic drugs (see Tables 1 and 2) [32].
Although itraconazole increases plasma levels of terfenadine,
astemizole, felodipine, benzodiazepines, and cisapride, while
on the other hand, CYP3A4 inductors, like carbamazepine,
phenobarbital, phenytoin, isoniazid, rifampin or rifabutin
[31,81], decrease the plasma concentration of itraconazole,
such interactions were not reported specifically in HSTC
recipients.

4.1.1.4. Voriconazole. Voriconazole is metabolized via
CYP2C19, CYP2CY, and CYP3A4, being both substrate and
inhibitor of these cytochromes, which explains numerous
DDlIs observed in the HSCT recipients. Adverse consequences
of DDIs involving voriconazole could be prevented by either
dose adjustments after monitoring plasma concentrations, or
by avoidance of concomitant use (e.g. it is contraindicated to
co-administer voriconazole with sirolimus, ergot alkaloids, ter-
fenadine, astemizole, cisapride, pimozide, quinidine, rifampin
or rifabutin) [80].

4.1.1.5. Echinocandins. Caspofungin is not metabolized via
CYP450, and thus is infrequently involved in DDls. Its dose
should be adjusted when administered with dexamethasone
or phenytoin [42]. On the other hand, micafungin is

Table 3. Observed DDIs involving agents other than immunosuppressant drugs and cytostatic drugs, in patients receiving HSCT.

Interacting drug pairs

Description

Voriconazole - alprazolam

Itraconazole - (s)warfarin

Rifampin-sirolimus-voriconazole

Tacrolimus - Lansoprazole -
Voriconazole

Granisetron + Fluconazole

Sulfamethoxazole-Trimethoprim +

Inhibition of alprazolam metabolism [86]

Undetectable sirolimus in plasma [74]

K. h

Decreased metabolism of

Increase plasma concentration of (s) warfarin [77)

In a HSCT patient with CYP2C19 and CYP3AS heterozygous mutations, blood tacrolimus concentration decreased after
reduction of the lansoprazole dose [63]
Fluconazole may enhance the QT-prolonging effects of granisetron (78]
20l i

hoprim (78]

Fluconazole
Phenytoin + Fluconazole
Ciprofloxacin + Fluconazole
Diazepam + Fluconazole
Methylprednisolone + Phenytoin

Decreased metabolism of diazepam (78]

ol

Decreased serum conc jon of y

Increased serum concentration of phenytoin (78]
Fluconazole may enhance the QT-prolonging effects of ciprofloxacin [78]

dnisolone [78)
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metabolized via CYP3A4, and the most important DDI invol-
ving micafungin is that with sirolimus, whose plasma level
becomes elevated [82].

4.1.2. Antibiotics

Interactions between antibiotics and other drugs metabolized
by the same cytochromes (CYP3A4 and CYP2C9) were described
in the HSCT recipients [80]. Patients who receive fluoroquino-
lones should be monitored for prolongation of QT interval when
co-administered with drugs that inhibit their metabolism (like
azoles, foscarnet, etc) and increase plasma concentration
[83,84]. Metronidazole interaction with busulfan is also clinically
relevant, as toxicity of the latter could be enhanced [10]. (Table
3) Carbapenems (ertapenem, imipenem, and meropenem) may
decrease plasma levels of valproate, leading to loss of its pro-
tective action against seizures [85). Aminoglycosides are nephro-
toxic, and their simultaneous administration with other
nephrotoxic drugs (like cyclosporine A or amphotericin B) causes
summation of toxic effects on kidneys, so strict monitoring of
creatinine clearance is mandatory in these patients.

4.2. Benzodiazepines

Benzodiazepines do not engage often in clinically relevant
pharmacokinetic DDIs. Diazepam is metabolized via CYP2C19
and CYP3A4, and midazolam, triazolam, and alprazolam by
CYP3A4 only. Recipients of HSCT are sometimes over sedated
when metabolism of benzodiazepines is inhibited by conco-
mitantly prescribed azoles [86).

4.3. Opioid analgesics

If fentanyl, sufentanil and/or alfentanil are prescribed together
with inhibitors of CYP3A4 isoenzymes (e.g. with azoles), the
patient should be monitored for signs of respiratory depres-
sion due to the elevation of plasma concentrations of these
opioids (80]. Besides, fentanyl may decrease the clearance of
tacrolimus and increase its toxicity (Table 2).

5. Conclusion

Majority of DDIs observed in recipients of the HSCT involve
cytostatic or immunosuppressant drug on one side, and anti-
microbial drugs (especially antifungal drugs and antibiotics)
on the other. However, as the character of these interactions is
mostly pharmacokinetic (due to different mechanisms of drug
action), only those antimicrobial drugs which are metabolized
by cytochromes in the liver are involved, e.g. azoles, macrolide
antibiotics, and fluoroquinolones. The chief consequence of
these interactions is an increase in plasma concentrations of
cytostatic or immunosuppressant drugs and their augmented
toxicity, what could be prevented in the majority of cases by
dose adjustment. Other drug groups that interact in recipients
of HSCT with cytostatic or immunosuppressant drugs are first-
generation anticonvulsants (phenytoin, phenobarbital, and
carbamazepine), which induce cytochromes and decrease the
plasma concentration of the former drugs, and analgesics,
which either inhibit metabolism or increase the risk of liver
toxicity. As noted previously, regular check-up of prescribed

therapy prior to drug dispensing is the only reliable way of
discovering potential DDIs, what is the first step in their
prevention.

6. Expert opinion

Although recipients of HSCT are unavoidably exposed to poly-
pharmacy (i.e. intake of 5 or more drugs in the same time), and
there are numerous publications about potential interactions
among the prescribed drugs, just a handful of studies reported
DDis that actually happened. Since clinical relevance of DDIs is
the main interest of prescribers, especially when prescribing to
recipients of HSCT, who depend on the narrow range of
plasma target concentrations for optimal therapeutic effect
and low rate of adverse effects, observational clinical studies
which describe real-life consequences of combining many
drugs are indispensable, and require careful interpretation.
First, the prescribers want to know what DDIs really happen
in practice, and second, when they do, are the induced
changes clinically relevant.

This study summarized current knowledge about clinically
relevant DDIs that were observed in recipients of HSCT, classi-
fying them according to the prevailing therapeutic group:
interactions involving cytostatic, immunosuppressant, and
other (mostly antimicrobial) drugs. The most important DDIs
involved cytostatic or immunosuppressant drug on one side,
and antimicrobial drugs (especially antifungal drugs and anti-
biotics) on the other. Since the majority of cytostatic and
immunosuppressant drugs are metabolized on cytochromes
in the liver, it is not surprising that antifungal azoles, macrolide
antibiotics and fluoroquinolones (i.e. antimicrobials which are
substrates and largely inhibitors of cytochromes) can inhibit
their metabolism and increase their plasma concentration to
toxic levels. On the other hand, the first-generation anticon-
vulsants (phenytoin, phenobarbital, and carbamazepine),
which induce cytochromes and decrease the plasma concen-
tration of drugs used to ensure engraftment of transplanted
hematopoietic stem cells, may lead to loss of therapeutic
effect and graft failure. Other important drug groups that
may interact with cytostatic and immunosuppressant drugs
bearing serious consequences are calcium channel blockers
nicardipine and amlodipine (increase plasma levels of cyclos-
porine) and opioid fentanyl (decrease tacrolimus clearance
and may increase chances of hepatic failure). However, we
are far from complete understanding of the clinical relevance
of DDls in recipients of HSCT, and only new and comprehen-
sive observational clinical studies followed by systematic
reviews could give us the full picture. What makes this goal
difficult to achieve is a relative rarity of the HSCT procedures,
i.e. a small number of available patients who received HSCT,
while in the same time DDIs are phenomena with the rela-
tively rare occurrence themselves. Therefore, in order to ‘catch’
and explain DDls in recipients of HSCT only certain research
design, like case/control study, is suitable, which tolerate small
group numbers, and yet may offer a realistic estimate of risk.
Consequences of the DDIs should also be studied with the
similar design, as revealing risk factors for death or an organ
failure could be of great help when deciding what drugs to
avoid in recipients of HSCT.
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Clinicians who prescribe drug therapy to recipients of HSCT
should always check their prescriptions for potential DDIs with
one of the validated interaction checkers (Micromedex,
Medscape, Epocrates, Lexicomp, or else), and then explore
clinical relevance of the DDIs found, using this one or similar
review. If co-administration of the interacting drug pair is not
essential, at least one of the drugs could be replaced with less
or non-interacting agent (e.g. instead of macrolide antibiotic
to use a tetracycline). More frequently co-administration of
drugs with potential clinically relevant interaction could not
be avoided; however, since the majority of the interactions
described in this review were pharmacokinetic, clinicians
should employ therapeutic drug monitoring, i.e. plasma con-
centrations of the drugs should be measured and doses of the
respective drugs adjusted according to difference between
observed and target plasma levels.

New knowledge about regulatory mechanisms of the
immune system is mounting continuously, and drugs with
more selective action are increasingly used for so-called ‘non-
myeloablative’ conditioning prior to HSCT in order to induce
more balanced myelosuppression which would still allow
donor's stem cell engraftment, but with reduced risk from
infectious complications. Numerous therapeutic approaches
are currently tested, with new drugs (Janus kinase inhibitors,
bortezomib, interleukin 6 blockers, etc.) or with old ones used
in different circumstances, like post-transplant cyclophospha-
mide [87]. This would create a new setting for the occurrence
of DDIs, and further observational studies will be necessary to
spot unsuspected but clinically important DDIs, keeping us
alert and capable of preventing them on time.

Significant advances were made recently with computa-
tional-based methods for predicting interactions between
drugs and their targets, which are very helpful in the process
of new drugs development (88). Probably the same methods
could be used for predicting the action of drugs that are
administered to HSCT recipients on key metabolizing or mem-
brane transport systems, and therefore give us an opportunity
to predict DDIs, too. With such information, we could make
a more meaningful analysis of clinical data, and discover new
DDIs with clinical relevance [84,89-92].
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