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Momusayus u yenv. IlpupoaHble COEOUHEHUS B CpPaBHEHUH C COCAMHEHHSIMU,
JIOCTYITHBIMH JJIsl CHHTE3a, OXBATHIBAIOT OONBIIYIO 00JaCcTh N3BECTHOTO XHMHUYECKOTO
MPOCTPAHCTBA U 00NMAAar0T Ooyiee MUPOKUM HAOOPOM BHJIOB OMOJIOTHYECKON aKTUB-
HOoCTH [1]. OZHUM M3 HCTOYHHUKOB TaKUX COCIUHEHHUIT SBISIFOTCS PACTCHUSI, HCIIOJIb3Yye-
MbIC B TPaAMLUUOHHONW MEAMIUHE pPa3IM4YHBIX CcTpaH. YacTo OHM XapaKTepH3YIOTCS
JUTUTEITBHBIM OIBITOM TPHMEHEHHS, YTO TTO3BOJISET IOJYYHUTh IPEICTaBICHHE 00 MX
s dexTnBHOCTH U Oe3omacHocTH. PaHee cBefeHHS O (PUTOXMMHUYECKOM COCTaBe
OTHeNbHBIX (hapMaKomeHHbIX pacTeHHd Poccum OBUIM TpencTaBieHBl B HayYHBIX
myOiuKaIusIX, MOHOTrpausXx U COOPHHUKAaX, YTO OTPAHMYMBAIO BO3MOXKHOCTH
NPUMEHEHUS! K HIM KOMITBIOTEPHBIX METO/IOB OLICHKH OMOJIOTHYECKON aKTHBHOCTH. B
YaCTHOCTH, OTCYTCTBOBAJHM BO3MOXKHOCTH arperalid JaHHBIX C YYeTOM OIICHKH
JIOCTOBEPHOCTH TMPEJIOCTABISEMBIX PE3yIbTaToB. i1 penieHus: 3Toi npodieMbl HaMH
paspaborana uHGpOpPMAIMOHHO-BhIUKCIUTENbHAS iaThopma (MBIT) Phyto4Health.
B pamkax Phyto4Health arperupoBanbsl cBefeHUss O (HTOXMMHYECKOM COCTaBE
(apMaKoneHHbIX pacTeHHl, a TaKKe MPEACTABICHBI BEIYNCIUTEIbHBIC HHCTPYMEHTHI
JUIST KOMITBIOTEPHOH OIIEHKH OWOJIOTMYECKON AaKTUBHOCTH M IIOMCKa CTPYKTYPHBIX
ananoroB. Phyto4Health cBoGoaHO moCTymHA /Ui IIMPOKOrO Kpyra akaJeMHYECKUX
uccienosareneii B cetn Uurepuer (https://www.way2drug.com/phyto4health).

Ienbio Hareii paboTel crana orenka npumenumoctu MBIT Phyto4Health ms orenku
(apMaKkoIOrHYecKOro MOTEHIMATa (PUTOKOMIIOHEHTOB (hapMaKONEWHBIX pacTCHUM
Poccuu ¢ ucnosnbp3oBaHNEM CBEJCHHUN U3 CBOOOAHO JOCTYMHBIX OONbIIMX 0a3 TaHHBIX
CTPYKTYP TIPUPOJTHBIX COCMHEHHH.

Memoowvr u anecopummur: CBeneHHs O (UTOXMMHYECKOM COCTaBe (hapMakomelHbIX
pacTeHWil, a TaKKe MOJIEKYJSIPHBIX CBOMCTBAaX OTHEIBHBIX (UTOKOMIIOHEHTOB
W3BJICUCHBl HAMH M3 TEKCTOB HAYYHBIX MYyOJNMKalMii W CBOOOJHO NIOCTYNHBIX 0a3
JaHHbIX. CTPYKTYpBl XMMHYECKUX COEJAMHEHHMH OBLIM TPEICTaBICHBI B Pa3IHYHBIX
¢dopmarax, Briarovyas MOL n kanornueckue SMILES.

[MporHo3 mpoduineii OMONOTHYECKOH AKTUBHOCTH ISl (PUTOKOMITIOHEHTOB OCYILECT-
BJISIETCSI C UCTIONIb30BaHNEM KOMITBIOTEPHOH MporpamMmel PASS 1 criennani3npoBaHHbIX
0a3 3HaHUIA 110 3aBUCUMOCTSIM «CTPYKTypa-akTHBHOCTBY». B pamkax VBII Phyto4Health
UCTIONB3YIOTCS 4eTblpe Oa3pl 3HaHuWi: (papmakonormueckue 3¢ dexter (PASS 2022
Refined [2], 358 BumoB), mexaumsmsl feiicteus (PASS 2022 Refined, 1495 Bumos),
HexenarenbHble mobounbie 3G dektsl (ADVERPred, 5 Bumor) [3], uutoTokcuueckoe
JICiCTBHE B OTHOIICHHN HOPMAIIBHBIX U OITyXO0JIeBbIX KieTouHbix uHuid (CLC-Pred 2.0,
438 BumoB) [4]. s omeHkd MmoKasarejeld KadecTBa IMPOTHO3a Pa3MYHBIX BHIOB
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Ouosornyeckoil akTuBHOCTH H3 0a3bl nmaHHeix LOTUS [5] Obwio u3BneueHo
191 886 cTpyKTyp HpPUPOAHBIX COCAMHEHHH, KOTOpBIE MOTEHIHMATBHO MOTYT OBITh
BbIIeTIeHB! U3 pacteHuil. g chopmmupoBanHOro TakuM 00pazoM HabOpa CTPYKTYp B
06aze nmamubpix PubChem Obur mpoBenen mouck HWHGOpPMAIMH O pe3yJIbTaTax
1a00paTOpPHOTO TECTHPOBAHHSA WX B3aUMOICHUCTBHS C MOJEKYIAPHBIMH MHIICHIMH H
KJIETOYHBIMH JTHHUAMHA. OIyOIMKOBaHHAs B IUTEpaType HHPOPMAIHS COMOCTABICHA C
pe3yipTaTaMi KOMIBIOTEPHOTO IMporHo3a. Ha ocHOBe MONydeHHBIX MAaHHBIX OBLIH
paccuMTaHbl [OKa3aTelnd TOYHOCTH, CHEIM(UYHOCTH W  YyBCTBHTEILHOCTH,
XapakTepU3yIOINe KaueCTBO MpeICKa3aHuM.

Pesynomamur. PhytodHealth mpenocrasisier monbp30BaTeio BOZMOXKHOCTh MOJIYYHTh
cBeieHUs 0 (PUTOXMMHUYECKOM cocTae 233 ¢apmakomneiinbix pactenuit Poccun. s
Kaxnaoro u3 3128 (huUTOKOMIIOHEHTOB TpeAcTaBlieHa MHPOPMAIMs O €ro CBOHCTBaX,
uaeHTHdHUKaTOpax Bo BHEMIHMX 0a3zax maHHbx (PubChem, ChEMBL u ChEBI), a Taxxe
pesynbpTatax J1abopaTOpHOTO TECTUPOBAHHS B3aUMOJCHCTBUS C MOJEKYJISPHBIMA
MuleHsMHu. PaHee pe3ynbTaTbl KOMIBIOTEPHOTO TPOTHO3a OBUIM TOATBEPKACHBI B
paMKax 3KCIIEPUMEHTOB, BBHIMOJHEHHBIX B CTOPOHHUX OpraHuzanuax. B ux uymcie
OIICHKa MPOTHBOOMYXOJeBoro 3ddexra (apmareBrrudeckoir Kommo3unuu «Duron-
amanroren» (HMULL onkonorun um. H.H. Brnoxuna) [6], olieHKa aHTHArperaHTHOTO U
AQHTUKOATYJISTHTHOTO JeiicTBUsl urokommoneHToB Rubus chamaemorus L. (CITX®YV)
[7], a Takke omeHKa remaronpoTeKTOPHOrO 3(PdeKTa MUKOPUEBOH U XJIOPOrEHOBOM
kuciot u3 Cichorium intybus L. (®I'6HY BUJIAP) [8]. Kpome Toro0, € HCIIOIB30BaHHEM
UBIT Phyto4Health Obutn mpoBemensl He3aBHcHMBIE dKcrepuMeHTsl [9]. Ommako
OTZEJbHBIC TPUMEPHI MTOATBEPKICHUS PE3YIIHTATOB IPOTHO3a HE TIO3BOJISIOT TOJIYIHTh
KOMIUTIEKCHOE Tpe/ICTaBIeHHe 00 3(P(PEKTUBHOCTH HCIOJIB3yEeMbIX HAMH METOOB IS
OLICHKM OWOJIOTHUECKOW aKTHUBHOCTH. lloaToMy Hamu ObUla MpoBeleHa OICHKA
3G PEKTHBHOCTH C UCTIONB30BAHUEM JAHHBIX U3 KPYIHBIX PEMO3UTOPHEB XMMHUYECKUX
CTPYKTYp NPHPOIHBIX COCAMHEHWH. B XoJe comocraBieHHs 3KCIEPHMEHTAIBHBIX
JAHHBIX W Pe3yJIbTaTOB KOMIBIOTEPHOTO TIPOTHO3a YCTAHOBJICHO, YTO CPEIHSIS
cOalaHCUpOBaHHAs TOYHOCTh MpOTHO3a cocTaBwia (.7, dyBcTBUTENbHOCTH — 0.8, a
cnieruduaaocTh — 0.6.

Bwisoovr: Ha ocHOBe aHanm3a MaHHBIX M3 KPYIHBIX XUMHYECKUX PEIO3HUTOPHEB M
pe3yIbpTaTOB JTabOPATOPHBIX IKCIIEPUMEHTOB TMOKa3aHa MPUMEHUMOCTD HCIIOIb3YEMBIX
HaMHU METO/I0B KOMIIBIOTEPHOTO MPOTHO3a OMOJIOTUYECKO aKTHBHOCTH JUTS BBISIBIICHUS
NEpPCTIEKTHBHBIX HANPaBJICHUH HCCIEJOBaHMs (UTOKOMIIOHEHTOB (hapMaKoneHHbBIX
pacrennit P®. PaspabGorannas Hamu 1iatgopma PhytodHealth mnpemocraBnsier
WCCIIE/IOBATENSIM JJaHHBIE O (PUTOKOMITOHEHTHOM cocTaBe (hapMaKONeWHBIX pacTeHHH
Poccun, a Taxke BEIMUCIATEIbHBIE HHCTPYMEHTHI JUIS OLICHKHU MX (hapMaKOJIOTHYECKOTO
MOTEHIHAA.

Qunancuposanue. Pabota BbimonHeHa B pamkax [IporpamMmbl QyHIaMEHTATBHBIX
Hay4YHBIX uccliefjoBannii B Poccuiickoit Meneparuu Ha Koirocpodnbii nepuon (2021—
2030 rr.) (Ne 122030100170-5).
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Motivation and Aim: Natural products cover a larger area of known chemical space and
have a wide-ranging set of possible biological activities compared to available synthetic
chemical compounds [1]. One of the sources of such chemical compounds is plants used
in traditional medicine in various countries. They are often characterized by a long
history of use, which provides insight into their efficacy and safety. However,
information about the phytochemical composition of individual Pharmacopoeial plants
of Russia has been presented in a number of scientific publications and compilations.
Such situation restricts the possibilities of application of computer-based methods for
analysis of biological activity. In particular, there was a lack of data aggregation
capabilities to assess the validity of the provided results. To solve this problem, we
developed the Phyto4Health Informational-Computational Platform. The platform
aggregates data on the phytochemical composition of Pharmacopoeial plants and
provides tools for computer-based evaluation of biological activity and search for
structural analogues. Phyto4Health is freely available on the Internet
(https:/iwww.way2drug.com/phyto4health).

The aim of this study was to evaluate the applicability of this platform to assess the
pharmacological potential of phytochemical of Pharmacopoeial plants in Russia, taking
into account information from freely available large chemical databases of structures of
natural products.

Methods and Algorithms: Information of the phytochemical composition of
Pharmacopoeial plants and the molecular properties of individual phytochemicals were
extracted from scientific publications and freely available databases. The structures of
chemical compounds were presented in different formats, including MOL and Canonical
SMILES.

The prediction of biological activity profiles for chemical structures of phytocomponents
is performed using the PASS software [2] and the “structure-activity” relationships
knowledge bases. The Phyto4Health uses four knowledge bases: pharmacological
effects (PASS 2022 Refined [2], 358 species), mechanisms of action (PASS 2022
Refined, 1495 species), adverse effects (ADVERPred, 5 species) [3], cytotoxic effects
against tumor and non-tumor cell lines (CLC-Pred 2.0, 438 species) [4]. To evaluate the
quality prediction indicators of different types of biological activity, 191,886 structures
of natural compounds that could potentially be isolated from plants were retrieved from
the LOTUS database [5]. For the structures set, information on the results of laboratory
testing of their interaction with molecular targets and cell lines was searched in the
PubChem database. The information published in the literature was compared with the
results of in silico prediction. On the basis of the obtained data, accuracy, specificity and
sensitivity indices characterizing the quality of predictions were calculated.

Results: Phyto4Health provides the user with the opportunity to obtain information on
the phytochemical composition of 233 Pharmacopoeial plants in Russia. For each of the
3,128 phytocomponents, information on the values of its molecular properties,
identifiers in external databases (PubChem, ChEMBL and ChEBI), and the results of
laboratory testing of interaction with molecular targets is presented. Formerly, the results
of the computational prediction have been validated in laboratory experiments
performed at third-party institutions. These included the evaluation of the antitumor
effect of the pharmaceutical composition ‘Phytoladaptogen’ (N.N. Blokhin NMRC
Oncology) [6], evaluation of the antiaggregant and anticoagulant effect of
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phytocomponents of Rubus chamaemorus L. [7] (St. Petersburg State Chemical
Pharmaceutical University), and evaluation of hepatoprotective effect of cichoric and
chlorogenic acids from Cichorium intybus L. [8] (All-Russian Scientific Research
Institute of Medicinal and Aromatic Plants). In addition, independent experiments were
conducted based on information provided by Phyto4Health [9]. However, separate cases
of prediction results validation do not provide a comprehensive view of the effectiveness
of the methods we used to assess biological activity. Therefore, we evaluated the
performance using data from large repositories of chemical structures of natural pro-
ducts. By comparing experimental data and computer prediction results, we found that
the average balanced prediction accuracy was 0.7, sensitivity 0.8, and specificity 0.6.
Conclusion: Based on the analysis of data from large chemical repositories and the
results of laboratory experiments, the applicability of our methods of computational
prediction of biological activity for identifying promising ways to study
phytocomponents of Pharmacopoeial plants of the Russian Federation is shown. The
Phyto4Health platform provides Scientific Community with the reliable data on the
phytochemical composition of Russian Pharmacopoeial plants, as well as computational
tools to assess their pharmacological potential.

Funding: The study was performed in the framework of the Program for Basic Research
in the Russian Federation for a long-term period (2021-2030) (No. 122030100170-5).
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