MIHICTEPCTBO OXOPOHH 310POB’A
HAIIIOHAJIbHUM MEJJAYHUAMN YHIBEPCUTET
IMEHI O. O. BOIrOMOJIbLIA

OAPMALIEBTUYHUI ®AKYJIBTET
KA®EJIPA AHAJITUYHOI, ®I3MYHOI TA KOJIOIJTHOI XIMII

BUITYCKHA KBAJI®IKAIIAHA POBOTA

Ha Temy «[IPOTHO3YBAHHS IPOHUKHOCTI MIOTEHIIMHUX
JIKAPCBKHUX PEYOBHH 11O BIJHOWEHHIO 10 KJITHUH CACO-2
3A JONOMOTI'OIO HITYYHUX HEMPOHHUX MEPEX)

Bukonas: 3100yBau BHIIIOT OCBITH 5 KypCy
rpynu 98D2A

HarpsaMy maAroToBku 22 «OXopoHa 310pOB’sD»
crietiabHOCTI 226 «®Dapmariiisi, IpOMHUCIOBA
dhapmarrisn

OCBITHBKOT Iporpamu «Dapmartisn»

Xaapa6a Irop OnexkcanapoBuy

KepiBHUK: KaHIuAaT XIMIYHUMX HayK, JOLIEHTKA

[IymkapsoBa .M.

PenieH3eHT: kaHauaaT O10JIOTYHUX HAYK, JOIEHTKA

Ky3nenosa O.B.

KUIiB-2024



SMICT

CITMCOK YMOBHUX TTOZHAUEHD.........ccooiiiiiiiiiee e 3
B TVIL .ottt ettt ettt b e et e et e e nbeesbee e 4
OCHOBHA HUACTHHA ... .ottt bbb 7
1. JITEPATYPHMI OTTISIJT ..ot eseseeses sttt 7
1.1. 3HaueHHs 3HaHb MO0 MPOHUKHOCTI JIIKAPCHKUX PEYOBUH NPU JU3aiHI

TIKAPCHKUX BACOOTB ...vvivriisiiesteeteesteesise st asseesteesseessseasseebeesbeesbeeanneanneeneenneenneesnneas 7
1.2. Mopemi i mporHo3yBaHHs IPOHUKHOCTI JIKAPCHKUX PEUOBHH .....vvveevvveennne 8

1.3. [TopiBHSHHS PI13HUX MIAXO/IIB MO0 MPOTHO3YBAHHS MPOHUKHOCTI MOJIEKYJI

THKAPCHKHUX BACOOIB «..vvternreenreessreeasseeaneeesnseessseesssesaneeanesesnseessseesnresanesanneeennneesnneens 9
BUCHOBKU 00 POOITY I ...t 12
2. EKCITEPUMEHTAJIBHA YUACTHHA ......oooiiiiiieiic e 13
2.1. MacCHUBHM HAHUX JUTS JOCTIIMKEHHS ... eerernnseeeessnssesesssnsssssessnssesssssnnssesessnnnseeeens 13
BUCHOBKU 00 POOIIY 2 ...ttt 20
3. PESVYJIbTATU TA OBI'OBOPEHHS .......ccociiiiiiiiec e 21

3.1. IlporHo3yBaHHsI IPOHUKHOCTI JIIKAPCHKUX 3aCO0IB 3a JIOMOMOTOI0 PI3HUX
QITOPUTMIB IITYYHUX HEUPOHHUX MEPEIK +.nvveenreranreeanreessreesneessesssesasnnsesneesneens 21

3.1.1. IlpoeHo3ysanns i3 3acmMoCy8AHHAM HEUPOHHOIL MepeHCi NPAMO20 NOWUDEHHS]

CUSHAILY «vvveavveeesnteeeessseessasteeeassteesaaseeeeanbee e e asseee s as b e e e e ke e e e aaseeeeanbe e e e asbeeeebbeeesnnbeeeannnennas 21
3.1.2. IlpoeHo3ysanns i3 3acmMoCy8AHHAM KACKAOHOI HEUPOHHOT MEPEIAC ............. 23
3.1.3. Ilpoeno3sysanms i3 3acmocy8aHHAM OUHAMIYHOL HEUPOHHOT MEPEIACI ........... 26
3.2. IlopiBHSIHHSI OTPUMAHUX PE3YJIbTATIB 3 JIITEPATYPHUMHU JAHUMH ........evvereresns 28
BUCHOBKU 00 POZOTMLY 3 ...ttt 33
BUICHOBK ...ttt ettt 34
CITUCOK BUKOPUCTAHOI JIITEPATYPH ......ocooveveeececeeeeeeeeee e 35
JIOATOK ...ttt ettt ettt e s b e e nbn e e nnnas 39
SUMMARY ettt e et e et nn e nnre s 41



CIIMCOK YMOBHUX ITO3HAYEHb

i JIMITOJIGHANA MOMEHT

o HOJISIPU30BHICTh

sum (N) cyma 3apsiaiB atomiB Hitporeny
sum (O) cyma 3apsaiB atomiB OKCHTeHY

sum (H) cyma 3apsiaiB aromiB ['igporeny, 3B’ s13aHux 3 atromamu OKCUTEHY Ta

Hitporeny
MSE CepeIHbOKBAAPATHYHA MOXHUOKA
FFN HEWPOHHA MEpEKa MPSMOTO MOMHUPEHHS CUTHALY
CNN KAaCcKaJIHa HEMPOHHA Mepexa

FFTD  nunamiuHa HeMipOHHA MEpexa



BCTYII

Axmyanvuicms memu. MoJIEKYJIApHI BJIACTUBOCTI MOTJIMHAHHS, PO3MOJLIY,
MeTaboJ1i3My Ta BUBEJACHHS € BUPIIIAIBHUMH JJI PO3POOKH JIIKAPCHKOTO 3ac00Y.
Po3pobka OaraTboX MOTEHIIMHUX JIIKIB OyJia TpUIMHEHA 4Yepe3 IXHI0 TOTraHy
abcopOI1iro.

[IpoHUKHICTD JTiKapChKUX 3aC001B BKA3ye iX Ha 3[aTHICTh MPOHUKATU Yepe3
OlosioriyHi Oap'epu 111 JOCATHEHHS CBO€i IuIboBoi mii. lledt mokasHuk rpae
BOXJIMBY pPOJb Yy BHU3HAUYCHHI €(QEKTHBHOCTI JIKApChKUX 3aco0iB Ta iXHBOI
3JIaTHOCTI JOCATTH NOTPIOHUX TKAHUH YH KIIITHH.

[IpoHuKHICTE MOXE OYyTH PI3HOIO /IS PI3HUX THUIIB JIKAPCHKUX 3acO0iB 1
3JIEKUTh BIJ IXHBOI XIMIYHOI CTPYKTYpH, (PI3MKO-XIMIYHHMX BJIACTUBOCTEH Ta
npusHadeHHs. st Toro mo6 Jikapcbkuit 3acid OyB e(heKTUBHUM, BAXKIIUBO, 11100
BIH MII' TPOHHMKATH dYepe3 Oap'epw, Takl SK MIKipa, CIU30BI OOOJOHKH,
remaToeHiedatiyauii 0ap'ep Ta 1HIII.

[IponukHiCTh MOXKe OyTH MOKpalleHa 3a JOIMOMOIOI PI3HHUX CTpaTerii,
TaKUX SIK BUKOPUCTaHHA cHenu(IYHUX HOCIiB, MOAMPIKALIS XIMIYHOI CTPYKTYpHU
npenapary abo po3poOKa HOBUX TEXHOJIOT1H TOCTAaBKH JIIKiB.

Ile BaxxIMBHIA aCIEKT JOCIKEHB Y (hapMaIeBTHUIll, OCKUIbKH 3a0e3MeueHHS
€()EeKTUBHOCTI JIOCTABKM JIIKAPCHKUX 3acO0IB JOMOMAara€ TMOKPAIUTH iXHIO
TEepaneBTUYHY 110 1 3MEHIITUTH MOKJIUBI MTOO14HI €PEeKTH.

Knituan Caco-2 Ha pgaHMii MOMEHT € HalOUIbIl BHKOPHUCTOBYBAaHUM
THCTpYMEHTOM N Vitr0 Juis MpOrHO3YBaHHS MOTEHIIIHOT MepopaabHOi abcopOIii
HOBUX JIIKIB.

Mema | 3a80auns Oocnioocenns. Mera JOCTIDKEHHS — OILIHUTH
e(eKTUBHICTh AJITOPUTMIB IITYYHUX HEUPOHHUX MEPEXK IS MPOTHO3YBAHHS
MPOHUKHOCTI1 MOTEHIIMHUX JIIKAPCHKUX PEUOBHUH.

3aBaaHHs JOCIIHKEHH:

1) peamizyBaTH anrOpUTMH IITYYHOI HEUPOHHOI MeEpexl MPSIMOro

NOIIMPEHHSI CUTHANy, KacKaJHOI HEHPOHHOI Mepel Ta JWHAMIYHOI HEHPOHHOT
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MEpexki, a TAKOX JJI1 KOKHOI 3 HUX BU3HAUUTU ONTUMAJIbHE YHCIO MPUXOBAHUX
HEHPOHIB;

2) OIIHUTH €(PEKTUBHICTh peali30BaHUX AJTOPUTMIB ITYYHUX HEHUPOHHUX
MepeX Ui BHUPILICHHS 3a7ad MPOTHO3YBAaHHSA NMPOHMUKHOCTI JIKApChbKUX 3ac00iB
IUIIXOM TOPIBHSHHS TPOTHO30BAHUX PE3YJIbTATIB 13 pe3yJibTaTaMu, 3HAICHUMH B
JITEpaTypHUX JKEpeax;

3) 3pobuTH pekoMeHaamii MO0 BHOOPY MTYYHOI HEHPOHHOI Mepexki IS
BUPIIICHHS TTOCTABJICHOI 3a/1a4i.

[Ipenmer AOCHIIKEHHS: apXiTeKTypa pi3HUX aIrOPUTMIB  IMITYYHHX
HEHPOHHHUX MEPEX Ta iX MPOrHOCTUYHA €()EKTUBHICTb.

OO0’ €eKT AOCTIIKEHHS: MOJIEKYJISIPHI AECKPUIITOPHU JTIKAPCHKUX PEUOBHUH.

Memoou Oocniodcenns. lllTyuna HellpoHHA Mepexka MPSMOro MOIIMPEHHS
CUTHAIly, KackaJlHa HEWpOHHA Mepexa Ta JMHAMIYHA HEWpOHHA Mepexa st
MPOTHO3YBaHHS MPOHUKHOCTI MOTEHIIWHUX JiKapchkux 3aco0iB. [lepepaxoBani
QITOPUTMH IITYYHUX HEUPOHHUX MEPEX PEali30BaHO 13 3aCTOCYBaHHSIM
nporpamuoro komiuiekcy Matlab R2023b (trial individual license 11937601).

Hosusna ma 3nauenns odepoicanux pe3yrvmamis. BcTaHOBIEHO, IO TO
e(eKTUBHOCTI TPOTHO3YBAaHHS MPOHUKHOCTI JIKAPCHKUX PEUOBHUH peajli30BaHi
QITOPUTMH ITYYHUX HEUPOHHUX MEPEXK MOXKHA PO3TAIIYBATH Yy TAKOMY MOPSIKY
3MEHIIEHHS X TMPOTHOCTHYHOI CHJIM: HEHPOHHA Mepeka MPSIMOrO TOMIMPEHHS
CUTHAITy > IMHAMIYHa HEMpOHHA Mepeka > KackaJlHa HEHPOHHA Mepexa.

Takox oTpuMaH1 pe3yJbTaTH JO3BOJISIOTH 3pOOUTH TaKl MPUITYILICHHS

— KackaJHa HEHpOHHA Mepeka Ta Mepeka MPSIMOTO MOIIMPEHHS CUTHATY
CXWJIbHI ITPOTHO3YBATH 3aHIKEHI 3HAYSHHS MPOHUKHOCTI JIKAPCHKUX PEYOBHH;

— IMHaMivHA HEHpOHHA Mepexa CXUJIbHA MPOTHO3YBATH 3aBUIICH] 3HAYCHHS
MIPOHUKHOCTI JIIKAPCHKUX PEUOBHH.

Anpobayin  pezyromamie  Oocniodcenns.  Pesynmbratm 1€l poboTH
onyOmikoBanl y xypHam «UNIVERSUMy, Ne 03, 'O «MonoaixkHa HayKoBa

Jray.
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BUCHOBKHA

1. TlpoBeneHe mMOpIBHSAHHS €(PEKTHUBHOCTI PI3HUX AJTOPUTMIB IITYYHUX
HEHPOHHUX MEpeX MAJisi MPOTHO3YBAHHS MPOHUKHOCTI JIIKAPCHKUX PEYOBHUH HA
OCHOBI MOJIEKYJISIPHOI CTPYKTYpPH CHOJYK JIO3BOJISIE PEKOMEHAYBaTH JJis
BUPIIIEHHS TakKOTO THUIly MPOTHOCTUYHOIO 3aBJaHHS CaM€ HEWPOHHY MEpExXy
IPSIMOTO TOIIMPEHHS CUTHAITY.

2. ANTOpUTMH KacKaJHOi Ta JUHAMIYHOI HEWPOHHUX MEPEXK HE MOXKHA
pEeKOMEHIyBaTH JJsi €(EKTUBHOTO MPOTHO3YBAaHHS MPOHUKHOCTI MOTEHI[INHUX
JIKAPCBKUX PpPEYOBUH, OCKIUIbKM KacKaJHa HEHpOHHAa Mepexa CXHWIbHA
IPOrHO3YBAaTH 3aHWKEHI 3HAYEHHS MPOHUKHOCTI JIKAPCBKUX PEYOBHH, a
JMHAMIYHA HEWpOHHA Mepexa CXWJIbHAa MPOTHO3YBATH 3aBHILEHI 3HAYEHHS
IPOHUKHOCTI JIIKAPCHKUX PEYOBHH.

3. Orpumani pe3yiabTaTH MOXYTb OyTM KOPUCHUMH Ha MEPIIUX eTarax
JIU3aiiHy TOTEHUIWHUX JIKAPChKUX TPEernapaTiB B SKOCTI JOMOBHEHHS Ta
YTOYHEHHSI JI0 ICHYIOUMX MOJEJIed NPOrHO3YBaHHS HPOHUKHOCTI JIKapChbKUX

PEYOBUH.
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NMPOrHO3YBAHHA NPOHMUKHOCTI
NOTEHUIAHMUX NIKAPCbKUX PEYOBMWH
Nno BIAHOWEHHIO OO0 KNITHUH CACO-2
3A AONMOMOror WTY4YHUX
HEWMPOHHMUX MEPEX

AHOTALIA. NposdeHicTs NikapeaeMy 38c06lE BHAIYE HA JAATHICTE MEOMYHMY NPenapaTie
NpoHMKaTH wepea Gap'epv B opradiaml gnR pocardedHHA ceoel wineoeol Al Muradda
NPorHoZyYBAHHA NpoHMHocT] nikapcekmx 3acofis € saTpefysade Ta akTyaneHe, ocklNbEW
BEnMKa KlnbeleTe Hayroemx nySnikauld npeucafseHo came Ul Teml. Peanizosadl anropuTsm
WITYYHHYX HEAPOHHMX Mepes (MEPEHE NPAMOND NOWWPEHHA CMIHAMY, EACKAOHA MEpewa,
OWHEMINHE MEPEXE) MPOrHOIYHTE AABKBATHI IHAYEHHA NOrapugMy NPOHMEHOCTI Monexyn
nikapcokux peqdosnH. HakedekTHEHIWAM ANropUTMOoM |3 TpLOX AOCHIAEEHWE LWTYHHWX
HEAPOHHHMXY MEPEX NPpH pIEHMX YMOBAX € WTY4YHA HEHPOHHA MEepEEES NPAMOTS NOWHMPEHHA
CHPHAMY.

KNHO4Y0BI CNOBA: duzadw mikia, NpoHUKHIEME MKBPCLKLE PEYOELUH, WMyl HelpoMepeai.

Boryn. MpoHMEHICTE NisBpcbRM pesoBsd vepes Gionordi Gap'epn B
Opradiasi € KpUTHYHAM SCNEKTOM NP QW3aiH Nike. 3HAYeHHA NPOHMKHOCTI MAE
KNHMOBMA BNNME HE SdEKTHEHICTE Ta QOCTABKY NIKEBPCLHEMY DEYOBWH OO0 TXHLOM
MICUA NpeaHaqeHHA. TNpoHMEHICTE TAROK NOE'RIAHE 3 MOMMWBICTI0 HAKOMNW4EHHA
MIKAPCEEOT PE4OBMHA B NEBHWX TEEHMHAX, LD MOKE BNNWMEATH HA Il Geanery 1@
BuKMMEATH NobidHi edwerti. BpaxyBasHA UWx BCNEKTIE MPW MOOEMOBAHHI Nikie
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Introduction. Penetration of drugs indicates the ability of drugs to penetrate
barriers in the body to achieve their intended effect. This indicator plays an
important role in determining the effectiveness of drugs and their ability to reach
the desired tissues or cells.

Penetration may be different for different types of drugs and depends on
their chemical structure, physicochemical properties and purpose. In order for the
drug to be effective, it is important that it can penetrate barriers such as the skin,
mucous membranes, the blood-brain barrier, and others, and deliver the active
component to where it is needed.

This is an important aspect of research in pharmaceuticals, as ensuring the
efficiency of drug delivery helps to improve their therapeutic effect and reduce
possible side effects. Caco-2 cells are currently the most used in vitro tool to
predict the potential oral absorption of new drugs.

Materials and methods. Feedforward artificial neural network, cascade
neural network and dynamic (time-delay) neural network for prediction of
permeability of medicines substances.

Results. The studied dataset included 87 drug molecules characterized by
five descriptors: dipole moment (p), polarizability (o), sum of charges of Nitrogen
atoms (sum (N)), sum of charges of Oxygen atoms (sum (O)), the sum of charges
of Hydrogen atoms bound to Oxygen and Nitrogen atoms (sum (H)).

It was determined the optimal number of hidden neurons for each type of

artificial neural networks.
41



Conclusion. The conducted comparison of the effectiveness of different
algorithms of artificial neural networks for predicting the permeability of
medicinal substances based on the molecular structure of compounds allows us to
recommend the neural network of direct signal propagation for solving this type of
prognostic task.

Algorithms of cascade and dynamic neural networks cannot be
recommended for effective prediction of the permeability of potential medicinal
substances, because the cascade neural network tends to predict underestimated
values of the permeability of medicinal substances, and the dynamic neural
network tends to predict overestimated values of the permeability of medicinal
substances.

The obtained results can be useful in the first stages of the design of
potential drugs as a supplement and clarification to the existing models for

predicting the permeability of medicinal substances.
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