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MOJIEJTFOBAHHS/IIPOTHO3YBAHHS ®I3UKO-XIMIYHUX ITAPAMETPIB, BIOJIOTTYHOI
AKTUBHOCTI TA ®PAPMAKOKIHETUKHY MOXIJTHOI DL-TPUIITO®AHY IN SILICO

Axmyanvuicms. Ocmannim yacom KapOioOMOHIUHT 3aco0U He2TIKO3UOHOT 6Y008U BUCTTYNAOMb ATLIMEPHAMUBHO CepyesuM TiKO3U-
0am, sIKi Maloms 3HAYHY KIbKICMb ICIOMHUX HEOONIKI6 — 0OMedIcena pe3yibmamusnicms y mepanii cepyegoi hedocmamnocmi, nooiuHi
ehexmu, 5K nepesadicaroms KOpUCmb 6i0 3acmocy8ants. [Iowyx cyuachux Heeniko3uOHUX KapOiOMOHIYHUX 3Ac00i8 NPOOOBHCYEMDCS,
HeoOXIOHO 3a3HaYUmu, Wo OOHIEI0 3 NEPCNeKMUGHUX MONEKVI SUSGULAC MoleKyla oukanieoi coni N-cykyunin-DL-mpunmoghany
(cyghan), 6 ocrogi skoi nexcums ckaggond mpunmoghary (2-amino-3-(1H-indon-3-in) nponionosa kucioma) iz ghpacmenmom 6ypuimu-
noeoi kuciomu. Tpunmopan — ye apomamuuna (D, L)o-aminokucroma, npucymus 6 6inowocmi pociunnux oinkie. Ocobnueo baeami na
mpunmocgan coesi 606u, Kew 10, Kedpogi copiwiKu, gicmawixu i apaxic. B ymogax OOKIIHIUHUX QOCTIONHCEHb, NPOBEOEHUX Y PI3HUX 1a00-
Pamopisix Kpainu, OmpuMaHo NO3UMuUGHI pe3yiomamu iIHomponHol Oii cy@any Ha i301608aHUX NANIIAPHUX M 30X Wypa ma JI00UHU, Ha
MBAPUHAX, 34 YMOB eKCNePUMEHMANbHOL 20cmpoi cepyegoi Hedocmamuocmi. Cyghan mae anmueinokcuuri ma KapoionpomexkmopHi éna-
CIMUBOCHI, @ MAKOIC CIMUMYIIOE AKMUBAYIIO CKOPOUY8ANbHOI akmuenocmi miokapoa. OOHAK pO3PAXYHKOBI OOCHIONCEHH S 63AEMO38 3Ky
CmMpYyKmypa — akmugHicmv ma ghapmakoxinemuyHux napamempie in silico cyghamny paniwe ne nposoounucs. Tomy mooentoeanus ma npo-
2HO3YBAHHSL BIACMUBOCMELL CYPAHY, WO BKIIOUAE 1020 00 €EKMHY MOOElb MAd MOOETb BIACMUBOCMEL, 00360UMb PO3POOUMU HOBI meope-
muuni | npakmudHi nioxoou, 0o pobomu i3 yiero OIOI0SIUHO AKMUBHOK PEUOBUHOTO, POIWUPUIL KOO 1T NOMEHYIUHUX (apMAKON0IYHUX
enacmueocmel. Ananiz 63acmo36 3Ky Cmpykmypa — akmusHicmo i ¢hapmaxoxinemuxu in silico cygpany nompebye cmanoapmuzoeanux
Memoois — komn 1omepHux npozpam npozrnosysanns Swiss TargetPredictio, Protox II, PK-Sim — conosnoco incmpymenmapiro onsa npocmo-
3VBAHHS MA BUSHAYEHHS IOCHMUYHOCI CRONYKY, IT (hi3uKo-Ximiunux napamempie, bionoiunoi axmuernocmi ma gpapmaroxinemuru. Tomy
iMnnemenmayisn y apmayesmuynuil i apmMakoKiHemuuHul aHaniz Cyghany cyuacHoeo Komn rmepHo20 NPOSHO3VEAHHS 3ATUUAEMbCS
aKmyanpHo1o ma 3abe3newye nPoO0BH#CeHH U020 YINeCNPAMOBAHO20 OOCTIONHCEHHS 8 MAUOYMHIX eKCHepUMEnmax.

Mema 0ocnidrcennsn — imniemenmayis CMaHOapmMu308aHUX MeMoOie KOMN TOMeEPHO20 NPOSHO3VEAHHS 6lacmugocmetl cyamny 3a
donomozoio npoepam Swiss TargetPredictio, Protox II, PK-Sim 0ns 0ocniooicenns 63acmo36 3Ky CMpyKmypa — akmusHicmes ma gap-
MAKOKIHemu4Hux napamempie po3nooiny in silico monexyau cygamny.

Mamepian i memoou. Xiviuna cmpykmypa moiexyiu ouxaniceoi coni N-cykyunin-DL-mpunmocgpany (cygpan), xapaxmepucmuxu
CmMaHOapmuux 3paskie noxionux Gypuimunogoi xucromu ma (D, L)-mpunmoany (Atlas of Standard Spectra, Spectral Line Table,
npoepamne 3abesneuennsi Thermo Scientific, 6i6niomexu cnekmpig), komn tomepHuil anaiis, 3a donomoeoio Swiss TargetPredictio,
Protox II. Dizionociuno obrpyHmosane papmakokinemuuHe MoOeno08aHHs pO3NOOILY CYany UKOHAHE NAKEMOM NPOSPAMHO20 300e3-
neuennsi PK-Sim 6i0 Open-System-Pharmacology, 3 gukopucmanusim npoeHo308aHux XiMidHUX napamempie i HageoeHux y aimepamypi
EeKCNEePUMEHMATbHUX OaHUX.
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Pezynomamu oocnioycennsn. Ilpogedeno nose excnepumeHmanbhe OOCIIONCEHH CMPYKMYPU MONeKyau ouxanieeoi coni N-cyk-
yunin-DL-mpunmocghany (cygpan) ma 63aemo36’sa3ky cmpykmypa — axmuenicme in silico. ¢hisuxo-ximiuni napamempu — MOneKy1d
Xapaxkmepuzyemscsi 7-ma nOBOPOMHUMU 38 SA3KAMU MdA MAE NPOCMOpo8y izomepiio, micmums 3 H-36’s13ani donopu ma 6 H-36 szanux
aKYenmopie, 3HaueHHs MOIsAPpHOI pepparyii — 78,87 cm’/monv, snauenns ninogirbrocmi oopienroe —0,14. 3a npoenozosanoi posuun-
nocmi 52,40 me/mn ma pospaxosarnoi ainoginerocmi —0, 14 maxcumanvra KonyeHmpayis Cnoayku y naasmi Kposei ma cepyi, y pasi 6ny-
MPIUHLOBEHHO20 66€0eHHs, cnocmepieacmocs éxce 3a 3 xeununu. CRONYKa Mae npocHO308aHi PapmMakoKiHemuuni XapaKmepucmuxiL:
CAOKY NPOHUKHICIY 01 OuyHOy8anHs Kpize membpanu I EB, sucokuti cmyninb 2acmpoinmecmuHanvHol abcopoyii, 6io0ocmynticms
oopienioc 0,56. Cnonyka nanedicums 00 4-2o knacy moxcuunocmi (JI, 2 319,9 me/e, winsax yeedenns — nepopanvhutl) i3 npo2no3o6a-
HUMU sudamu moxkcuunocmi — negppomorcuunicmo (0,69), netipomoxcuunicmo (0,59), ['Eb-mokcuunicmeo (0,55), kapdiomoxcuunicmo
(0,53), i3 npoenososanum po3noodinom monexyiapnoi sacu — 276,29 ma 319,67 e/monv, po3nodinom éenuuunu 0ozu — 225 i 2 319,9 me/ke.
Tomenyitinumu Giomiwenamu hapmaxonoeiunozo naugy cy@amy € eH3uMu, 1ieaH0-3a1exHcHI I0HHI KaHaau, npomein-36 a3ami peyen-
mopu poounu AG, npomeasu il e1eKmpoximiuni nepeHoCHUKU, a OIOMIlUeHAMU MOKCUYHO20 6NAUBY CYDAHY NPOSHO308AHO SUCHTYNAIONTb
Histamine H1 receptor, Estrogen receptor beta i Adenosine receptor A2a. JJo cmpykmyprux ananoeie cygamny, 3a npuHyunom 20Moao2ii
npoepamamu, gioneceno D-Triptophane, Beta-Hydroxytryptophane, Oxitriptan, Golotimod, Oglifanid — nikapcoki 3acobu, axi snatiwnu
MeouyHe 3acmocysants 6 mepanii myoepKy1bo3y, XpoHIiYHO20 2enamunty, OHKOIOIYHUX 3AXB0OPIOBAHb, 5K IMYHOMOOYIAMOPU.

Bucnoeok. 3a pe3ynemamamu excnepumeHmanbHo20 00CAIONCEHHS 83AEMO38 A3KY CIMPYKMypa — akmugnicmy in silico monexynu
oukaniegoi coni N-cykyunin-DL-mpunmocghany (cygpan) ompumana ii ximiko-6ionoeiuna xapaxmepucmuxa, siKa 0038014€ NAAHY8AHHSA
nOOANBUUX MAKMUYHUX NIOX00I6 6 eKCNEPUMEHMANLHUX OOCTIOHCEHHAX YIET CROMYKU AK NEPCNEKMUBHO20 NOMEHYILIHO20 NIKAPCLKO20
3aco6y. Buasneno, wo 3a60saku c6oiil nonighynkyionanbHocmi ma RPUIHAMHUM 3HAYeHHAM QI3udHuUX napamempis cyghan 3i 3naven-
nam JII ) 2 319,9 me/ke (wnax yeeoenns — nepopanviuii) Modice nposesmu He3Hauy mokCuuticmo, a came. HeghpomoKCUIHiCIb,
netipomoxcuunicmo, I'Eb-moxcuunicmo, kapoiomokcuunicmo, 30IUCHI08AmMU MOKCUYHUL éniué Ha 6iomiuweni Histamine HI receptor,
Estrogen receptor beta, Adenosine receptor A2a. 3a npunyunom comonoeii npoepamamu 8UAGLEHO CIMPYKMYPHI ananoau cyghany —
nixapcewki 3acoou D-Triptophane, Beta-Hydroxytryptophane, Oxitriptan, Golotimod, Oglifanid, axi 3natiuiu meouuHe 3acmocy8anis
6 mepanii myOepkyibo3y, 2enamumy, OHKOLOSIUHUX 3AX80PI06AHb, 5K IMYHOMOOyasmopu moujo. Cnpoeno306ano Giomiweni cypany:
26,7% — ensumu, 26,7% — nieano-3anedicri ionni kananu, 20,0% — npomein-36 ’azani peyenmopu poounu AG, 20,0% — npomeasu,
6,7% — enekmpoximiuni nepenocnuxu. Pospaxoeani ximiuni napamempu 0036o1a10me nepeddauumu posnooin cyghany y kpogi ma cepyi
KpOJi6, 8i0N06iOHO 00 ekcnepumenmanvhux oanux. Ompumani pe3yiomamu 6Kazyioms Ha NePCneKmueHICMb IMNIEMEeHMAayii Memooy
KOMN TOMEPHO20 NPOCHO3Y68AHHS (DIZUKO-XIMIUHUX napamempis, hapmaxkoKinemuky ma O6ionoiuHux enracmugocmetl cygauy ax nep-
CNEeKMueHoi Oi0N02IUHO AKMUBHOI PEYOBUHU 8 NOOATLLUUUX OOCTIOHCEHHSX.

Knwuosi cnosa: mpunmocghan, cygpan, 6ypwmunosa xucioma, cmpykmypa — aKmueHicmbv, cKag@ono, moxcuunicms, Swiss
TargetPredictio, Protox I, PK-Sim.
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MODELING/PREDICTION OF PHYSICO-CHEMICAL PARAMETERS, BIOLOGICAL
ACTIVITY AND PHARMACOKINETICS OF THE DERIVATIVE OF DL-TRYPTOPHAN
IN SILICO

Actuality. Recently, cardiotonic agents of non-glycoside structure have emerged as an alternative to cardiac glycosides, which have
a significant number of significant disadvantages — limited effectiveness in the treatment of heart failure, side effects that outweigh the
benefits of use. The search for modern non-glycoside cardiotonic agents continues, and it should be noted that one of the promising
molecules turned out to be the dipotassium salt molecule of N-succinyl-DL-tryptophan (sufan), which is based on a tryptophan scaffold
(2-amino-3-(1H-indol-3-yl) propionic acid) with a succinic acid fragment. Tryptophan is an aromatic (D, L) a-amino acid present
in most plant proteins. Soybeans, cashews, pine nuts, pistachios and peanuts are especially rich in tryptophan. In preclinical studies
conducted in various laboratories in the country, positive results of the inotropic effect of sufan on isolated papillary muscles of
rats and humans and on animals under conditions of experimental acute heart failure were obtained. Sufane has shown antihypoxic
and cardioprotective properties, and also causes activation of myocardial contractile activity. However, computational studies of the
structure-activity relationship and in silico pharmacokinetic parameters of sufane have not been previously conducted. Therefore,
modeling and predicting the properties of sufan, including its object model and property model, will allow developing new theoretical
and practical approaches to working with this biologically active substance and expanding the range of its potential pharmacological
properties. Analysis of the structure-activity relationship and in silico pharmacokinetics of sufan requires standardized methods —
computer prediction programs Swiss TargetPredictio, Protox II, PK-Sim — the main tools for predicting and determining the identity
of the compound, its physicochemical parameters, biological activity and pharmacokinetics. Therefore, the implementation of modern
computer prediction in the pharmaceutical and pharmacokinetic analysis of sufan remains relevant and ensures the continuation of its
targeted research in future experiments.

The purpose of the study implementation of standardized methods for computer prediction of the properties of sufan using the
Swiss TargetPredictio, Protox I, PK-Sim programs to study the structure-activity relationship and pharmacokinetic parameters of the
in silico distribution of the sufan molecule.

Material and methods. Chemical structure of the molecule of dipotassium salt of N-succinyl-DL-tryptophan (sufan), characteristics
of standard samples of succinic acid and (D, L)-tryptophan derivatives (Atlas of Standard Spectra, Spectral Line Table, Thermo
Scientific software, spectrum libraries), computer analysis using the Swiss TargetPredictio, Protox 1 programs. Physiologically based
pharmacokinetic modeling of the distribution of sufan in the rabbit heart was performed with the PK-Sim software package from Open-
System-Pharmacology using predicted chemical parameters and experimental data provided in the literature.

Research results. A new experimental study of the structure of the molecule of dipotassium salt of N-succinyl-DL-tryptophan
(sufan) and the structure-activity relationship in silico was conducted: physicochemical parameters — the molecule is characterized by
7 reversible bonds and has spatial isomerism, contains 3 H-bonded donors and 6 H-bonded acceptors, the molar refraction value is
78,87 cm’/mol, the lipophilicity value is —0,14. With a predicted solubility of 52,40 mg/ml and a calculated lipophilicity of —0,14, the
maximum concentration of the compound in blood plasma and heart during intravenous administration is observed after 3 minutes. The
compound has predicted pharmacokinetic characteristics: weak permeability for diffusion through the BBB membrane, high degree
of gastrointestinal absorption, bioavailability is 0,56. The compound belongs to the 4th toxicity class (LD,, 2 319,9 mg/kg, route of
administration — oral) with predicted types of toxicity — nephrotoxicity (0,69), neurotoxicity (0,59), BBB toxicity (0,55), cardiotoxicity
(0,53), and a predicted molecular weight distribution of 276,29 and 319,67 g/mol, and a dose distribution of 225 and 2 319,9 mg/
kg. Enzymes, ligand-dependent ion channels, protein-bound receptors of the AG family, proteases, and electrochemical transporters
are potential biotargets of the pharmacological effect of sufan, while Histamine H1 receptor, Estrogen receptor beta, and Adenosine
receptor A2a are predicted to act as biotargets of the toxic effect of sufan. D-Tryptophane, Beta-Hydroxytryptophane, Oxitriptan,
Golotimod, Oglifanid are classified by the programs as structural analogues of sufan based on the principle of homology — drugs that
have found medical use in therapy of tuberculosis, chronic hepatitis, and oncological diseases, and as immunomodulators.

Conclusion. Based on the results of an experimental study of the in silico structure-activity relationship of the dipotassium salt of
N-succinyl-DL-tryptophan (sufan) molecule, its chemical and biological characteristics were obtained, which allows planning further
tactical approaches in the study of the compound as a promising potential drug. It was found that due to its multifunctionality and
acceptable values of physical parameters, sufan with an LD50 value of 2 319,9 mg/kg (route of administration — oral) can exhibit
some types of toxicity: nephrotoxicity, neurotoxicity, BBB toxicity, cardiotoxicity and exert a toxic effect on the biotargets Histamine
H1I receptor, Estrogen receptor beta, Adenosine receptor A2a. However, based on the principle of homology, structural analogues of
sufan were discovered — drugs D-Tryptophane, Beta-Hydroxytryptophane, Oxitriptan, Golotimod, Oglifanid, which found medical use
in therapy of tuberculosis, hepatitis, oncological diseases and other. A biotargets of sufan were predicted: 26,7% — enzymes, 26,7% —
ligand-dependent ion channels, 20,0% — protein-bound receptors of the AG family, 20,0% — proteases, 6,7% — electrochemical carriers.
The calculated chemical parameters make it possible to predict the distribution of sufan in the blood and heart of rabbits in accordance
with experimental data. The obtained database indicates an urgent need for the implementation of the method of computer prediction of
the physicochemical and biological characteristics of sufan as a promising biologically active substance in further research.

Key words: tryptophan, sufan, succinic acid, structure — activity, scaffold, toxicity, Swiss TargetPredictio, Protox II, PK-Sim.

Beryn. AktyanbHicTh. OCcTaHHIM 4acoM KapaioTo-  e(ekTH, siKi IepeBakaloTh KOPUCTh BiJ 3aCTOCYBaHHS
HIYHI 3acO0M HENTKO3WIHOT OyZ0BH BHCTyMalTh anb- (Yekman, 2000). [Tonryk cydyacHHX HETIIIKO3HIHUX Kap-
TEPHATHBOIO CEPLIEBUM TIIIKO3HMIaM, SIKi MalOTh 3HAUHY JIOTOHIYHMX 3aCO0IB MPOJOBKYEThCS, HEOOXiTHO 3a3Ha-
KUTBKICTh ICTOTHHX HEIOJIIKIB — OOMEXKEHa pe3yibTa- YHTH, IO OJHIEI0 3 IEPCIIEKTUBHUX MOJICKYJI BUSBUIIACS
TUBHICTh y Tepamii cepleBoi HEJOCTaTHOCTI, MOOIYHI MoOJeKyna auKamieBoi com N-cykuuHin-DL-tpunro-
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(any (cydan), B OCHOBI 5KO1 JIeXKUTH ckaddom1 TpUnTo-
(dany (2-amiHo-3-(/H-1HI0-3-11)IPOITIOHOBA KUCIIOTA)
i3 ¢parmentom OypmruHOBOi KHcioTh. Tpunrodan
HAJISKUTH JI0 HE3aMIHHUX apOMATHYHHX (-aMiHOKHCIIOT
3 ONTHUYHOK AaKTHUBHICTIO, MICTHTBHCS B OLIBLIOCTI poc-
JIMHHUX OLIKIB Ta MOXke OyTH JDKEpEsIoM Hiall|HY, KU
Ma€ TPOTEKTOPHI BJIACTUBOCTI 32 YMOB XPOHIYHOI cepiie-
Boi HemoctatHocTi (Nizhenkovska, 2018). CoeBi 600u Ta
CIipyITiHa, KeIll 'f0, KeAPOBi TOPIIIKH, (DICTAIIKH i apaxic,
KapToILIs — IIe IPUPOLIHI Kepena TpunTodany. Perymro-
BaHHS JISUTBHOCTI C€HJOKPHHHOI CHUCTEMH, KPOB’SIHOTO
THCKY, Y49acTh Y CHHTE3I T€MOIIO0IHy — I HEITOBHHMA
nepeiik (yHKUiii TpuntodaHy B OpraHi3Mi JIFOIWHIL
Tpuntodan i HOro MoxiJHi IMUPOKO BUKOPHCTOBYIOTHCS
y (papMaxoJIorii sk akTHUBHI (hapMaIleBTUIHI IHIPEIIEHTH
(mani — ADI) nikapchKux 3aco0iB, a 32 HAABHOCTI OHKOJIO-
TYHUX 3aXBOPIOBAHb, TyOCPKYJIbO3y Ta JliabeTy 3acolwu,
SIK1 MICTATH TpUNTO(AH, TATPUMYIOTh HOPMaJIbHE (DYHK-
I[[IOHYBaHHS OPTaHi3My JIIOIUHU.

[Moxigna Tpuntodany cydan Oynaa gociipKeHa
B CKCIIEPUMEHTAX Ha TBAPMHAX LIOJ0 BILIMBY Ha ceplie-
BO-CYIUHHY CHUCTEMY. ABTOpPaMHU JOBEICHO ITO3UTHBHY
IHOTpONHY Ail0 CyaHy Ha 130JIbOBAHHX MNAMUIIPHUX
M’s[3aX OIypa Ta JIOAWHHU, Ha TBapHHAX, 38 YMOB €KC-
MEPUMEHTAIILHOI TOCTPOI  CEpIeBOi HEIOCTATHOCTI
(Uexman, 2004). OkpiM TOTO, Cy(haH BHSBISB aHTHTI-
MOKCHYHI Ta KapJiOMpPOTEKTOPHI BIACTUBOCTI, CIIPHYH-
HUB aKTHBAII0 CKOPOYYBAIBGHOI aKTUBHOCTI MioKapza
(Nizhenkovska, 2013).

JocmipKkeHHsT B3a€MO3B’SI3Ky CTPYKTypa — aKTHB-
Hicth In silico cydany npoBoamnocs Boepiue. Mopesnto-
BaHHSI T4 MPOTHO3YBAaHHS XapaKTEPUCTHK 1 BIACTUBOCTEH
cydany — 00’€KTHa MOJIEITIb Ta MOJICNb BIACTHBOCTEH /103~
BOJISIFOTH PO3POOMTH HOBI TAKTHYHI MiAXOIH JO POOOTH
3 HUM 1 PO3IMIHMPHUTH KOJO MOTCHHINHUX (hapMaKoiIoriy-
HUX BJacTHUBOCTEH. 11 BUPIMIEHHS IIHOTO 3aBOAHHSI MH

BUKOPUCTOBYBAITH OJIVH i3 HAHOUTBII e(DeKTUBHIX METOMIB
KOMIT FOTEPHOTO EKCIICPHMEHTY — MOJICKYJSIpHE JWHA-
MiuHe MozienmoBaHHs (nani — MJIM), sike 103BosIsE mpo-
THO3YyBaTH TEPMOJMHAMIYHI, IMHAMIYHI Ta CTPYKTYpHi
BJIACTUBOCTI PEUOBUH. J{esIKi BTaCTUBOCTI PEUOBHHH BaXKKO
a00 HEMOXIIMBO IIOCIITUTH EKCIIEPUMEHTABHO. Meton
M/IM nerko po3paxoBye XapaKTEPUCTHKH JOCTIIKYyBa-
Hoi Monekym (Stérba, 2013; Leon-Becerra, 2022; Nafees,
2022; Welchinskaya, 2003; Bensauncbka, 2024). Anani3
B3a€EMO3B’SI3Ky CTPYKTypa — akTuBHicTH iN Silico cydany
norpedye CTaHIApPTU30BaHUX METONIB — KOMIT FOTEPHHX
nporpam nporHosyBanHst (Swiss TargetPredictio, Protox II,
PK-Sim), TOJIOBHOTO 1HCTPYMEHTAPIIO I POTHO3YBaHHS
Ta BU3HAYCHHSI 1ICHTMYHOCTI CIIOMYKH, Ti (DI3UKO-XIMIYHHX
mapameTpiB, Oi0JIOTiUHOI aKTHBHOCTI Ta (hapMakoKiHe-
TUKY. IMIIIemMenTalist y papmaneBTHIHAN aHami3 cyhaHy
CYy4acHOTO KOMIT FOTEPHOTO MPOTHO3YBAHHS 3A/IULUACTNbCS
axkmyanvHoio Ta 3a0e3nedyBaTHMe HOTo IIeCTIpSIMOBaHe
JOCITI/DKEHHS B MaiiOyTHIX €KCTICpPHMEHTAX.

MeTa moctinKeHHsI — IMIUTEMEHTAIIiS CTaHIaPTH30-
BaHMX METO/[IB KOMIT FOTEPHOTO POrHO3yBaHHS cy(haHy
3a JornoMoror nporpam Swiss TargetPredictio, Protox
Il, PK-Sim nns MOCHiKEHHST B3a€MO3B’SI3KY CTPYK-
Typa — aKTHBHICTh 1 (hapMaKOKIHETHUHUX MapaMeTpiB
posmoziny in silico monexynu cydany.

Marepianu Ta MeTomm AocTigKeHHs. XiMiuyHA
CTPYKTypa MOJICKYIH JAWKamieBoi comi N-CyKiu-
HiT-DL-tpunrodany (cydan), XapaKTepHCTUKH CTaH-
JApTHUX 3pa3KiB MOXiTHUX OypIITHHOBOI KHCIOTA Ta
(D, L)-rpunrrodany (Atlas of Standard Spectra, Spectral
Line Table, nporpamue 3ab6e3neuenns Thermo Scientific,
010TI0TEKH CIEKTPIB), KOMIT IOTEPHHUI aHasi3 3a J0M0-
morot Swiss TargetPredictio, Protox II. dizionoriuno
o0rpyHTOBaHe (hapMaKOKIHETUYHE MOJCITIOBAHHS PO3-
noAiny cyaHy BUKOHAHO AKETOM ITPOTPAMHOTO 3a0¢3-
neueHHs: PK-Sim  Big Open-System-Pharmacology

®parmMeHT KamieBoi

. NH2
coii Tpuntodany
®parMeHT KaJieBoi  coui

COOK

OypIITHHOBOT KUCJIOTH

——

Puc. 1. Ximiuna popmyna moJiekyJu cypany
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3 BUKOPHCTAHHSAM IIPOTHO30BAHHUX XIMIUHHUX ITapaMeTpiB
1 HaBEJICHUX Y JITePaTypi EKCIIEPUMECHTANBHUX TAHHX.
PesyabTaTn gocaigkeHHsi Ta iX 00OroBOpeHHs.
VY pe3ymprari IpOBEACHUX MOCIIIKEHb BHSBICHO, IO
MoOJIeKyaa Cy(aHy XapaKTepH3yeThCS 7-Ma IOBOPOT-
HUMH 3B’s13KaMH, ili IpUTaMaHHa IIPOCTOPOBA 130Mepis,
MmictuTh 3 H-3B’s13aH1 qoHOpH Ta 6 H-3B’s13aHUX akien-
TOPIB, 3HAYEHHs MOJISAPHOI pedpakuii — 78,87 cm®/Moib,
3Ha4eHHs JiinodineHOCTI AopiBHIOE —0,14 (puc. 1).
KinbkicTe MOBOpPOTHUX 3B’sI3KiB (7) MIATBEPIUKYE
HasBHICTh MPOCTOPOBOI i30Mepii MoJekynu cydany,
OCKIJIBKH 301TBIIYETHCS JIAOUTBHICTH ATOMIB Y TIPOCTOPI.
Cydan 3 H-3B’s13KOM, SK HaHIBHOIO MIKMOJEKYISp-
HOto cwiolo (nami — MMC) e noHOpOM 1 akIenTopoM
(3aBasku mpucyTHOCTI atoMiB Oxcureny i Hitporeny)

Taomuus 1
IIpornozosani ¢pizuko-ximiyHi napamerpu,
OiosioriuHa akTUBHIiCTH cydaHy

COOK
NH,
A\
N
o)
COOK
CYDAH
KinbKiCTh TOBOPOTHHUX 3B’sI3KiB 7
Kimpkicts. H-3B. akuenropis / 6/3
H-3B. noHopiB
MornsipHa pedpaxiis 78,87
Jlinodinenicts Log P —0,14
dapmakokiHEeTHKA I'T (GI) abcopbuist — Bucoka
I'emaroenuedaniaaunii
6ap’ep (BBB) —
Ominka 61010CTYITHOCTI 0,56

Enzumu — 26,7%, niran-
3aJIeXKHI 10HHI KaHaIH —
26,7%, npoTein-3B’A3aHi
peuentopu poaunau AG

—20,0%, npoteasu —
20,0%, enekrpoximiuHi
MEePeHOCHUKU — 6,7%.

IIporno3oBani NOTEeHLiHHI
6i0JIOTivHI MillICHI

CTpyKTypHi aHAJIOTH Ta iXHS
OlosIoTiUHA aKTHBHICT (3a
TOMOJIOTI€H0)

D-tpunrodan, bera-
T1IPOKCUTPHNITO(AH,
OxcutpunTas, [on0TiMOz
(SCV-07) — nikyBaHHS
TyOepKynbp03y, OrmydaHniz
— IMyHOMOJYJISITOD, Tepartis

Y XJIMH.

®ditotepanis. Yaconuc

H-3B’s3Ky, 110 MiATBEpIKY€e BUCOKY PEaKLiiHY 37aT-
HICTh MOJICKYJIH.

Criomyka Mae TIPOTHO30BaHi (hapMaKOKiHETHUHI
XapaKTEePUCTHKU: CIIAOKy MPOHHUKHICTh Ui AUDYHIY-
BaHHA Kpi3b MeMOpanu ['Eb, Bucokuii cTymine ractpo-
IHTECTHHAIBHOI abcopOIii, GI0AOCTYIHICTh JAOPIBHIOE
0,56 3a mepopa’nbHOTO LUISIXY BBEJICHHSI.

[ToreHuiitnuvu  OiomimieHsIMH  (hapMaKoJIOTiy-
HOTO BIUTUBY Cy(aHy € €H3MMH, JIraH/a-3ajJeKHi 10HHI
KaHaJi, MPOTEiH-3B’s13aHi perenTopu poauau AG, mpo-
Teas3! il eNeKTPOXiMivHiI MEPEeHOCHUKH. /|0 CTPYKTYpHUX
aHaJoriB cy(aHy 3a IPUHIIUIIOM TOMOJIOTIT TpOTrpaMaMu
BigHeceHo D-tpunrodan (D-Tryptophane), bera-rin-
pokcutpuntodan (Beta-Hydroxytryptophane), Oxcu-
tpunran (Oxitriptan), [onotrimon (Golotimod), Ornyda-
Hi7 (Oglifanid)—nikapchki3acoOw, sKi 3HAKIIUTA METUIHE
3aCTOCYBaHHS B JIIKyBaHHI TyOepKynbo3y, XPOHIYHOTO
TeMaTUTy, OHKOJIOTIYHUX 3aXBOPIOBAHb, K IMyHOMOJY-
nsitopu. OTprMaHi pe3ysibTaTh MPeACTaBIeHO B Ta0uIi 1
Ta Ha puc. 2.

OxpiM TOTrO, MPOTHO30BAHO ICHYBAHHS MOJICKYIH
cypaHy SK MOHOMEpPY Ta IHMEpy, IpO IIO CBig4aTh
OTpHUMaHi pafiapy MOJICKyIH cydany y ¢popmi MoHOMEDY
Ta TUMEPY 3 BOJIHEBUMH 3B’si3kamu (puc. 3, 4).

3a gomomororo mporpamu Protox Il cnpornozoBano
TOKCHYHICTb Cy(aHy, BUIAN TOKCHYHOCTI Ta OlOMIIIeHI
TOKCHYHOTO BILTUBY (Ta0I. 2).

OxpiM TOTO, IpOrpama IMPOrHO3YE PO3IOILT MOJIEKY-
JISIPHOI Bark Ta BEJIMYHMHY 703U (puc. 5, 6).

OTpUMaHO MPOTHO3 BHJIB TOKCHYHOCTI cydaHy
(Tabm. 3).

Buan TokcHYHOCTI CyaHy MpeAcTaBIeHO 3a JOMO-
MOTOI0 paJlapHOi JiarpaMud TOKCHYHOCTI Ta MEPEKeBOi
Jlarpamu UTFOCTpAIlii 3B°sI13Ky MiX cy(aHOM 1 MPOTrHO30-
BaHOI TOKCHYHICTIO (puc. 7, 8).

26.7%

6.7%

20.0% |
20.0%

B Enzyme 0 uigand-gated ion channel B Frotesse

[ Family C G protain-coupled receptor  [] Edectrochemical transporter

Puc. 2. IIporno3oBani Oiomimeni BBy cygany
(ckaH pe3yJbTaTiB NPOrpaMu, OPUriHaJy)
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UPD

FLEX SIZE

INSATU POLAR

INSOLU

Puc. 3. lumep cydany Ta pagap MojieKy/I4 3 BOAHEBUMH 3B’ SI3KAMU

LPo

COOK

FLEX SIZE

NH

2
A\
N /\
\Co INSATU POLAR
COOK

INSOLUY

Puc. 4. Monomep cydany Ta pagap MoJaeKyJIH

Tabmuns 2
IIporno3oBana TokcH4HicTh cydany Ta GiomileHi i0ro TOKCHYHOI0 BILJIUBY
Cyghan. 1llnsx yBenenus — per os
IIporno3osana
TOKCHYHICTh, LD50 2319,9 mg/kg
Knac tokcuarocTi 4
TouHICTH IPOTHO3Y 68,07%
BioMilIeH TOKCHIHOM® HRH1-HUMAN (Histamine H1 receptor)
BB ESR2 HUMAN (Estrogen receptor beta)
Y AA2AR-HUMAN (Adenosine receptor A2a)
Distribution of molweight Distribution of dose value
16 - ~ 16
14 - 14 4
g 12 g 12
‘g 10 4 g 10+
% 4 E ]
2] PRI P 2 Dose yalue (mo/ka)
Puc. 5. Po3nogis moJiekyJisipHoi Baru Puc. 6. Betuunna no3u (Mr/kr) —
(276,29; 319,67 r/moanb) cypany ED50); 225 (2 319,9 (LD50) mr/kr cydany
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Nephratoxicity
Respiratary toxicity
Cardiotoxicity

Carginagenicity

Immunatoxicity

Mutaganicity

Cytoxicty

BBB-bayrier

Ecotoxicity

Ciinical
Nutrition T Exicity
Aryl hydrocarbon Receptor (AR

Andragen Receptor (AR)

Andragen Rleceptor Ligand Binding Domgif {AR-LBD)
Aromatge 7

Estrogen Raceptalalp Ry

Estrogen Receptor Ligand Binding Dgimain (ER-LED)

PPAR-Gamma
nr/ARE

Neurctoxickippatotoxicitycypag1
100%

ATADS

MMP. ps3

Probabilities
CYPaA4 I This moles

cvp2De B Averags ft

cYP2Ca
cvPzcig

cyPia2

Na+/l- symporter (NIS)

Gitage gated sodium channel (VGSC)

O-quinone oxidoreductase (NADHOX)

Pregnane Xteceptor (PXR)

ndrostana receplor (CAR)

Aehatylcholingstarasa {ACHE)

Kainate receptor (KAR)

AMPAR

NMDAR

BA recepior (GABAR)

Ryvanodine recaptor (RYR)

Transtyretrin (TTA)
THRP
THRa

Puc. 7. Pagapna niarpama Tokcu4HoCTi cydany

Tabmung 3
IIporHo3oBaHi BUIU TOKCUYHOCTI cy(any

Cygan. 111X yBeneHHS — per oS

PevyoBuna akTHBHA
Hedporokcuunicth 0,69
KapnioTokcuunicth 0,53

I'Eb 0,55
HeiiporokcnuHicTh 0,59

3 ypaxyBaHHSM 3HA4€HHS KOHCTaHTHU CTIMKOCTI
cydany i3 CHpOBaTKOBHM aJILOYMiHOM Ha piBHi 3 293.4 /M
(Hi>xenkoscbka, 2009) ioro He3B’s3aHa 4acTKa y KpOBI
cranoButIMe 36%. 3a mporHo30BaHoi 32 MeTonoM (Ali et
al., 2012) posunnnocTi 52,40 Mr/mi 1 po3paxoBaHoi JIiMo-
¢umHOCTI —0,14 MakcUMabHa KOHIIEHTPAILSl CIONTYKH
y TIJIa3Mi KpOBi Ta ceplli B pe3y/bTaTi BHYTPIIHBOBEHHOTO
BBEJICHHSI CIIOCTEPITAETHCS BXKE 32 3 XBHIMHU (pHC. 9).

Panimme Oymo BCTaHOBIIEHO, IO TICJA BBEICHHS
cyhaHy 3MIHH KapHioreMOJHHAMIKH CIIOCTEPIraroThCs
BXKE 32 5 XBIWIMH y pa3i CyONiHIBaJbHOTO BBEJCHHS, ITiK
3MiH TIpHIagae Ha 15-Ty XBWJIMHY, a TPHBAIOTh BOHH
mpotsiroM 2 roauH (Yexman, 2000), mo moxe OyTH
OB’ SI3aHO 3 PO3MICTUICHHSIM CITOJIYKH Ta 11 MeTaboi3-
MOM IPOTATOM 3a3HAYEHOro 4acy. BigmiueHo, mo mak-

®ditotepanis. Yaconuc

neuro

‘n’ muno
Tespi

\ / dili
.E_a.rﬂmawsc /

.Lcr*lbd- = tive cluster o0

.l':cr"

bbb

Puc. 8. Mepe:xeBa niarpama isiioctpamii 3B’ 13Ky
MikK cy(paHOM i IPOrHO30BAHOI0 TOKCHYHICTIO

cUMallbHa KOHIICHTpAIIisl B CEepIli TicCIsi BBEACHHS Oyze
Ha 7% OuUTBIIO0, HIK y MepudepUYHii IIa3Mi 3arajioMm
(927,13 ta 866,42 umomb/i).
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20
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— Sufan-Heart-Plasma-Concentration
Sufan-Heart-Intracellular-Concentration

— Sufan-Heart-Interstitial-Concentration

— Sufan-Heart-Tissue-Concentration

30
Time [min]

40 50 60

Puc. 9. I'padix miniiinoi 3aexknocTi KOHUEHTpanii cygany Bix yacy
B cepli KpoJiiB 32 BHYTPillIHLOBEHHOT0 BBe/IeHHsI B 103i S0 Mr/kr

BucHoBku. 3a  pesyabraramMm  eKclepuMeH-
TAJbHOIO  JOCHIIKeHHS B3a€MO3B’SI3KYy CTPYK-
Typa — akTHBHicTH in silico mosekynn nukasieBoi
coJ1i N-cykuunin-DL-tpunrodany (cydan) orpumana
il ximiko-0ioJIOTiYHA XapaKTePUCTHKA, SIKA 103BO-
JII€ TUIAHYBAHHA MOAAJBIIMX TAKTHYHUX HiIxomiB
B e€KCMEePUMEHTAJbHHUX JOCTIKEHHAX I€l COIyKU
SIK TEePCNEeKTUBHOIO TMOTEHUIHOIO JIIKaApChKOro
3aco0y. BusiBieno, mo 3aBasiku cBoiil mosidpyHkii-
OHAJBHOCTI TA NPUHHIATHUM 3HAYEHHSAM (Qi3HUHHX
napamerpis cyan 3i snavennsm JIJI, 2 319,9 mr/
KI' (LIAX yBeJeHHsI — IepopaJjbHUI) MOe NPOsiB-
JIITH He3HAYHY TOKCHYHICTh, a caMe: He()pOTOKCHY-
HicTh, HelipoTokcu4HicTb, ['EBb-TOKCHMYHicTh, Kap-
JIOTOKCHYHICTD, 3iliCHIOBATH TOKCHYHHII BILINB
Ha Oiomimeni Histamine HI1 receptor, Estrogen
receptor beta, Adenosine receptor A2a. 3a npuHuM-
IIOM TOMOJIOTii mporpaMaMM BHSIBJICHO CTPYKTYpPHI

anaJioru cy(any — gikapcbki 3acoou D-Triptophane,
Beta-Hydroxytryptophane, Oxitriptan, Golotimod,
Oglifanid, sxi 3HalIM MeaUYHE 3aCTOCYBAHHS
B Tepamii Ty0epKyJb03y, renaruTy, OHKOJOTiYHHX
3aXBOpPIOBaHb, AK iMyHOMoayJsiTopu Touo. Crpo-
rHO30BaHO Oiomimeni cydany: 26,7% — eH3uMHu,
26,7% — airana-3aje:xHi ionni kanamu, 20,0% — npo-
TeiH-3B’s13aHi peuentopu ponunu AG, 20,0% — npo-
Tea3u, 6,7% — ejiekTpoxiMiuHi nepenocuuku. Po3pa-
X0BaHi XiMiYHi napaMeTpH 103BO/IAIOTH Nepe0a4nTu
po3noaisi cypaHy y KpoBi Ta cepui KpoJiB, Biamo-
BiIHO 10 excnmepuMMeHTANBHMX JaHMX. OTpumani
pe3yJbTaTH BKA3yIOTh HA MEPCHEKTHBHICTH iMILie-
MeHTalil MeTody KOMII’IOTEPHOI0 IPOrHO3YBAHHS
¢izuko-ximiyHuxX mapamerpiB, (papMaKOKiHETHKH Ta
Oiostoriunux BiaacTuBOCTeH cygaHy sIK NepCIeKTHB-
HOI 0i0JIOTiYHO AKTHBHOI PEYOBHMHU B MOJAJIBIINX
AOCJIi/IZKeHHSAX.
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