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KioueBble cjioBa: OHoornyeckas AKTHBHOCTD, HHTCJ’[J’ICKTyaJILHBIﬁ aHaJin3 TEKCTOB; IPOTUBOBUPYCHBIC
npenaparhbl, paclio3HaBaHUC HaNMMEHOBAaHHIA 06T)eKTOB; H3BJICUCHUC accounaunﬁ

Momusayus u yens: BaxxHbIM HCTOYHUKOM 3HaHUH, HEOOXOIUMBIX BO MHOTHX 00JIaCTAX
OMOMEIUIIMHCKONW HAayKH, SIBISIIOTCS 0a3bl AaHHBIX. [lomonHeHwe 0a3 JaHHBIX, Kak
MPAaBUIIO, TPOU3BOIUTCS BPYYHYIO IyTEM OKCIEPTHOW OLEHKHA IEePBONCTOYHHKOB
nH(POPMAIIUM — TEKCTOB HAyYHBIX MyONHWKamuid. ANTOPUTMBI WHTEIUIEKTYaIBHOTO
aHalu3a TEKCTOB TMO3BOJISIOT CYIIECTBEHHO YMEHBIIUTH (PMHAHCOBBIE M BPEMEHHBIC
3aTpaTtbl JUISL TIOTIONHEHWS 0a3 MJaHHBIX 10 OWOMETUIIMHCKOW HWH(OPMAIIHH.
B GonpmmmHCTBE aNTOPUTMOB HHTEIEKTYAlIbHOTO aHAIN3a TEKCTOB MOXKHO BBIJCITUTH
ciaenyromue oranbl: (1) oTOOp  peneBaHTHBIX TEKCTOB  (CTaThH, IIATCHTHI),
(2) pacrio3HaBaHMe HAaWMEHOBAHUIl LEJNEBBIX OOBEKTOB (OMONOTHYSCKUX —W/HIIH
XUMHYECKHX), (3) TOWCK accommanuii MeXIy paclo3HAHHBIMH OOBEKTaMH, |
(4) o6paboTka W TMpeaCTaBICHHWE W3BJICUCHHOW HWH(OpMAIMK U JajbHEHIIEero
WCTIONB30BaHus. BONBIIMHCTBO M3 pa3pa0OTaHHBIX W CBOOOJHO JOCTYIHBIX METOJOB
peaNM3yIOT OTHENbHBIE W3 TEPEYHCIEHHBIX 3TanoB. HemMHOTWEe W3 HHTETrpallbHBIX
aJITOPUTMOB  3aYacTyl0 (OKYCHPYIOTCS Ha peIIeHHH KOHKPETHOW IMpoOIeMbl
(Hampumep,  MOJIEKYJSPHBIX  MeXaHuU3Max [l] wWIMm  pemno3uIMOHUPOBAHUH
JIEKapCTBEHHBIX ITpenaparoB A Tepanuu 6one3nu [lapkuncona [2]). [loaTromy nienbio
JTaHHOW paboThI cTana pa3paboTKa MOIX0/a, TO3BOJISIONIETO N3BIIEKATh BCECTOPOHHUE
CBeJICHUS O OMOJIOTHYECKOW aKTUBHOCTH XMMHUYECKUX COCTUHEHUI M3 TEKCTOB HAyYHBIX
MyOJIMKAIMiA, ¥ ero arpoOanyst Ha MpUMepe IPOTUBOBUPYCHBIX TPENapaToB.

Memoowt u aneopummel: Peanmuzainus pa3pabaThIBaeMOro MeTONa IPOW3BEIeHA Ha
ckpuntoBoM si3bike Python (Bepcust 3.11) B Buae otaensHbiX (yHKnud. OtOop
MpernapaToB JUisl JaJbHEHIIEro IMOWCKa CBEJACHUH O OHOJIOrMYECKOW aKTUBHOCTH
MTPOBOIMJICS CIIEAYIONINM 00pa3oM: ObUTH c(hOPMUPOBAHBI ABTOMATHUECKUE 3aMTPOCHI K
6aze manHeix ChEMBL Ha ocHoBe pasmena Drug Indications, cpeayt KOTOpBIX
ynoMmuHaeTcst TepmMuH “‘viral diseases” — s IMPOTHBOBHPYCHBIX IperapaTos.
Homnonuaurensro u3 /] ChEMBL Hamu ObLii U3BJIeUeHbI HISHTH()UKATOPBI, H3BECTHBIE
MUIIIEHH U BO3MO>KHbIE CHHOHIUMBI HalICHHBIX JIEKApCTBEHHBIX TpenapaToB. C HeNbro
MOWCKa TEKCTOB JUIS aHalW3a KCIONb30BaHa 0a3a JaHHBIX OuOnIHorpaduveckoi
uHpopmarmn PubMed, a B KauecTBe eIWHHILI TEKCTa — AaHHOTAIMHM HAy4YHBIX
nmyOnukanmii. B ocHOBY 3ampoca B BJ] PubMed nernu HanMeHOBaHMS J1€KapCTBEHHBIX
npenapaToB M MX CHHOHUMBI, a Takke MeSH-trepmuuer (1) “Animals” — s
uccienoBanuii in vivo, (2) “Cells” — mst uccimemoBanuii in Vitro. JIOMOMHATEIBHO MBI
coOpay KOJUIEKLIUIO TEKCTOB, COJAEPIKAINX KIMHUYIECKUE JaHHBIE; C 3TOM LeIIbIo ObLIa
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UCTIONb30BaHa (uubTpauus mo TunaMm myOnukanuil. JlutepaTypHbeie 0030pbl ObUIH
WCKIIIOUEHBI Ha JTame 3ampocoB. Pacro3HaBaHWEe HaWMMEHOBAaHHWN peaM30BaHO C
IIPUMEHEHUEM paHee pa3pabOTaHHOI'O ajiropuTMa Ha OCHOBE METOAA YCJIOBHBIX
ciayqaitapix monerr (CRF) [3-6] m Oumbmmotexm flair [7], a Taxke perymspHBIX
BBIpOKEHHH M cioBapeidl. B pesynaprate Hamu OBITM HM3BJICYEHHI HAWMEHOBAHMUS
CIEIYIOINX OOBEKTOB: XMMHUYECKHE COCIAWHEHHS, OCNKW/TE€HBbI, BHU[bI, KJIETOYHBIE
muHnn, 3aboneBannsa, MUPHK u omHOoHykneotwmmbie momumopdusmel. C LEnbiO
W3BJICUCHHSI acCOLMAIMNA MEXAY MEePeurCICHHBIMH O00BbEKTaMH pa3paboTaH CIHCOK
MpaBWI, KOTOPbIE OCHOBAaHBI Ha HCIIOJIb30BAHWUM CEMAaHTHUECKOW CBS3M B TEKCTaX,
HampuMmep, «inhibits», «regulate», «ameliorate». Mpbl BBIOpanyu THITBI acCOIHAINI
MEXIy OOBEKTaMHM, 3HAYMMble, Ha Hall B3MJISA, JUIA TOHHUMAaHUs OHMOJIIOTHYECKON
AKTUBHOCTH JICKAPCTBEHHBIX IPENapaToB, Takhe Kak: (1) XMMHUYecKoe coequHEHHe-
XAMHAYECKOE COCAMHECHHE (MeTabomM3M, MEXJICKapCTBECHHBIC B3aUMOACHCTBUA), (2)
XUMHYECKOE COeMHEHNE-0€I0K (TepaneBTHIeCKUe MUIIEHH, N3MEHEHUE KIMHUYECKUX
nokazarenei), (3) XuMHUYECKOe coeAMHeHHe-3a00eBanne (IPUMEHEHUE B TEparum,
JIEKapCTBCHHO-UHAYIIUPOBaHHbIe marojorun), (4) Oenok-0enok (MOJEKYISIpHEBIE
MEXaHHU3MbI, KOMIUIEKCHl OHOMapKepoB 3a0oyeBaHni), (5) XUMHUYECKOE COSAMHEHUE-
BUA  (MHOyUUpylOLlee/MHTHOMpYIOlee  BO3JCHCTBHE  HAa  MHUKPOOPTaHHU3M,
JKCIIEPUMEHTAILHBIC  YCJIOBHS  TecTUpoBaHus), (6) 3aboseBaHue-3a00JIeBaHUE
(comyTcTBYyMOLIME ATOIOIHYECKHE COCTOSHUA). C 1EeTbI0 pa3rpaHUYCHNs MEXaHU3MOB
n 3p¢deKToB, MPUYMH W CIEACTBHA BO3JCHCTBHS OIHOTO OOBEKTa HA IPYTOM,
CEMaHTHUYECKHE TMpaBuia ObLIM pa3feicHbl Ha KaTerOPHH WM IMPHUBEICHBI K OJHOMY,
HambOonee obOmemy moHaTHio. K mpumepy, cemaHTHuUeckne CBs3H «amelioratey,
«alleviate», «correcty I accolUalMU «XHMHYECKOE COeIUHEHHE-3a00IeBaHue)
OTpaKalOT HEKOTOPOE IMOJIOKUTEIBHOE BO3JCHCTBUE JICKAPCTBEHHOTO IperapaTa Ha
natoreHe3. /[l wuckimoueHus ayOnMKaToB OOBEKTOB (HAmpUMEp, BCJCACTBUE,
WCTIOJIb30BaHMs CHHOHUMOB) PEaTn30BaHbl 3alPOChl 10 HAUMEHOBAHUAM UX 0OBEKTOB
K (akrorpadpuueckum 6azam ganHbix u oHroyormsM (ChEMBL [8], UniProt [9],
PubChem [10], NCBI Taxonomy [11], Human Disease Ontology [12]). W3Bne4enHnbIe
accoLMaluy ObUIM MPEACTaBICHBl B TAOJUYHOM BHJIE, TJ€ KaXKIasi acCOLMALIUS UMEET
dopmat: <obwvexm 1><o0bobwenHas cemanmuyeckas cea3Kka><obvexkm 2> (Hamp.,
«imidapril inhibit angiotensin-converting enzyme»). Ha ocHOBaHMM TOJy4YeHHBIX
Tabiui chopMupoBaHbl Gainbl, (GopMar KOTOPHIX TMpHEMIIEM s TpapUIecKOTo
NPEeICTaBICHUs ceTel B3auMocBs3eil ¢ npumenenneM miatdopmer CytoScape [13].

Pesynomamer: Tlocne 3ampocoB k ChEMBL ¢ Tepmunom «viral diseases» cpemu
Ha3HaueHHWH TpenaparoB ObUIO 0TOOpaHO 111 HHU3KOMONEKYJSIPHBIX COCIMHEHHH.
Cpenu TPOTHBOBHPYCHBIX areHTOB MBI OTOOPalIM TOJBKO COEIMHEHUS C HPSIMBIM
MPOTUBOBUPYCHBIM JieiicTBreM, mpotus BUY, Bupycos rematuta C u B, SARS-CoV 2,
rpunma u npoctoro repreca. J{ns ykasanneix BupycoB B BJI ChEMBL conepxwurcs
6osee 60 % coearHeHNH C IPOTUBOBUPYCHOM akTUBHOCTHIO. MITOT0, Mocie gpunbrpaunu
[0 OpPraHu3My, B CIIMCOK AJISl aHAJINW3a BOLLIM 77 NPOTHBOBUPYCHBIX MpPENapaToB.
3anpockl k PubMed npuBenu K 3HAUYMTENIbHBIM HEPECEUSHUSIM TEKCTOB 110 OT/ICIIBHBIM
MPOTHBOBUPYCHBIM TIperaparaM, 4YTO HEYAWBUTEIbHO, MOCKOJBKY, 3a4acTylo, OHHU
Ha3zHayatoTcss B KoMmMOuHaumu. Ilocnme QuibTpaunu MOBTOPSIOLIMXCS TEKCTOB, B
KoJuleknuio Bounum Oomee 150 ThICSY aHHOTAIMA, pEJIEBAaHTHBIX H3yYEHHUIO
OMOJIOTUYECKON aKTHUBHOCTH MPOTUBOBHPYCHBIX mpenapatoB. CpenHssl TOYHOCTh
pacro3HaBaHus HAMMEHOBAaHMH OWOJOTMYECKMX UM XHMHYECKMX OOBEKTOB C
MpUMEHEeHuEM KoMOuHaiuu metonoB nocturia 0.87. J[ns moucka acconmanuii HaMu
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chopmynmpoBano Oonee 500 mpaBwiI, KOTOpPhIE MO3BOJSIOT UIACHTH(OUIMPOBATH
B3aMMOCBSI3U «O0BEKT—aKTUBHOCTh—OOBEKT» CO CpEJHEH TOYHOCTHIO, paBHOU 0.78.
CeTr W3BIEYEHHBIX B3aWMOCBS3€H BU3YaJM3WPOBAaHBI C MPHUMEHEHHWEM IPOTPAMMBI
CytoScape. Ilpu peTrpocrekTHBHON BepuUKamuyd pe3yabTaToOB OOHAPYXKEHBI KaK
CBEJICHMsI O TMpernaparax, KOTOpPbIe OBLIM TINATSIIEHO W3y4YeHBbI paHEe, TaK U MEHee
MIpe/ICTABICHHBIE B JHUTEpaType Marepuaisl. B dacTHOCTH, HaiIeHBI pe3yJIbTaThl
WCCIIEIOBAHNMN, TIPOBOUMBIX B T€USHHE HECKOJIBKHX JIET, O B3AUMOCBSI3U JITUTEIHHOTO
npreMa abakaBupa U MPOSIBICHUH aTePOCKIICPO3a U PEMOCIUPOBAHUS CTEHKU apTepuil
y MOJIOJIBIX JItojieH, sxuByimx ¢ BUY-undexiueii [14—16]. U3ydaroTcs BO3MOKHOCTH
PETO3UIIMOHUPOBAHMS TPOTHBOTPHOKOBOTO TIperapara II03aKOHA301a B KadecTBE
MPOTUBOBUPYCHOTO cpeactBa [17]. JlomomHUTEIBHO MBI OOHAPYXKWUIH, 4YTO B
KOMOMHAIIUY C TAaHITUKIOBUPOM HAOJIIOIACTCSI CHHEPTe€TUYCCKUI 3P PEKT B TOAABICHUN
nuToMeranoBupycaoit madpexmuu [17]. Jns umpodoBupa — mpemapata, OCHOBHBIM
MOKa3aHWEM K TPUMEHEHHIO KOTOPOrO SBISIOTCS 3a00JeBaHWs, BBI3BAaHHEIE

[UTOMETAIOBUPYCOM — TPH COYETAHHOM NPUMEHEHHUH C aHTHICTIPECCAHTAMHU -
¢iyBOKCaMHUHOM,  BeHJIa()akCHHOM,  JOYJOKCEeTHHOM ¥ OympomuoHOM, |
HOPMOTHUMHYECKHUMHU  CPEICTBAMH — TIIperapataMH JIHTHS, KapOaMa3emuHOM,

JTaMOTPUIKUHOM, TOKa3aHO BIWSHUE Ha 3aMEIJICHUE Mpollecca X skckperuu [18].
Bruta mponemMoHCTpHpoBaHa aKTUBHOCTH anedoBupa (aaedoBuUp IUINUBOKCHI) B
otHOomIeHnn kierouHo ymHUU OCI/AML-2 ocTporo MmenoumgHOTO Iieiiko3a, a B
KOMOMHAIIMK C [WTapadMHOM (IUTOCTAaTUYECKWH TIperapar) HCCIeI0BaTeIn
HaOmonanu ycuienue adgdekra [19].

Bu1600sbi: PazpaboTaHHBIN MHTETPATIBHBIN MTOAX0/ MPUMEHEH K M3BJICUEHHUIO 3HAHUNA O
OMOIOTHYECKOW aKTHUBHOCTH HHU3KOMOJEKYNSPHBIX COEAWHEHHH Ha TpuMepe
MPOTHBOBUPYCHBIX TIpenaparoB. PerpocnekTuBHas BepuUKalusl pe3yabTaToB MO
JIAHHBIM JIUTEPATyphl IOKa3aja, YTO IOJXOJA MO3BOJIIeT ObicTpo U 3ddekTrBHO
M3BIIEKaTh KaK OIMPOKO M3YYCHHBIE, TAaK U MeHee M3BeCTHHIE d((EKTh 1 MEXaHU3MBI
JIEKApCTBEHHBIX MPETapaToB.

Qunancuposanue: Paborta BbIMONHEHa B paMkax [Iporpammbl QyHIaMEHTAIBHBIX
Hay4YHBIX uccliefioBannii B Poccuiickoit Meneparuu Ha 10aTocpodnbii nepuon (2021—
2030 rr.) (Ne 124050800018-9).

Application of text mining methods to extract comprehensive
information about the biological activity of drugs:
case-study for antiviral compounds
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Motivation and Aim: Databases are the main source of knowledge required in many areas
of biomedical science. As a rule, databases are replenished manually by expert
evaluation of information primary sources — scientific publications. Text mining
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algorithms allow to significantly reduce time costs for replenishment of biomedical
information databases. In the majority of text-mining algorithms the following stages
can be distinguished: (1) selection of relevant texts (articles, patents), (2) named entity
recognition (biological and/or chemical objects), (3) search for associations between the
recognized entities, and (4) processing and representation of the extracted information
for further use. Most of the developed and freely available methods are implementations
of individual of the above listed steps; few of the integral algorithms often focus on
solving a specific problem (e.g., molecular mechanisms [1], repositioning drugs for
Parkinson's disease therapy [2]). Therefore, the aim of this work was to develop an
approach that allows to extract comprehensive information about the biological activity
of chemical compounds from the texts of scientific publications, and its validation within
case-study for antiviral drugs.

Methods and Algorithms: The developed method was implemented using Python
(version 3.11) in the form of separate functions. The selection of drugs for further search
of information on biological activity was performed as follows: we generated automatic
queries to the ChEMBL database based on the Drug Indications section, among which
the term “viral diseases” was mentioned. Additionally, we extracted identifiers, known
targets and possible synonyms of the found drugs from the ChEMBL database. For the
purpose of text retrieval, the PubMed bibliographic information database was used for
analysis, and abstracts of scientific publications were chosen as the text unit. The
PubMed database query was based on drug names and their synonyms, as well as MeSH
terms (1) “Animals” for in vivo studies, (2) “Cells” for in vitro studies. Additionally, we
assembled a collection of texts containing clinical data; for this purpose, filtering by
publication type was used. Literature reviews were excluded with the query. Named
entity recognition was implemented using a previously developed algorithm based on
the conditional random field (CRF) method [3-6] and the flair library [7], as well as
regular expressions and dictionaries. As a result, we extracted the names of the following
entities: chemical compounds, proteins/genes, species, cell lines, diseases, miRNAs and
single nucleotide polymorphisms. In order to extract associations between the listed
objects, we developed a set of rules that are based on the use of semantic links in texts
(e.g., “inhibits”, “regulate”, “ameliorate”). We selected the types of associations between
objects that we believe are significant for understanding the biological activity of drugs
such as: (1) chemical compound-chemical compound (metabolism, drug-drug
interactions), (2) chemical compound-protein (therapeutic targets, changes in clinical
parameters), (3) chemical compound-disease (therapeutic applications, drug-induced
pathologies), (4) protein-protein (molecular mechanisms, disease biomarker
complexes), (5) chemical compound-species (inducing/inhibitory effects on
microorganism, experimental testing conditions), (6) disease-disease (associated
pathologic conditions). In order to distinguish between mechanisms and effects, causes
and consequences of the influence of one object on another, semantic rules were
categorized and brought to one, the most general concept. For example, the semantic
relations “ameliorate”, “alleviate”, “correct” for the association “chemical compound-
disease” reflect some positive effect of the drug on pathogenesis. To avoid duplicate
entities (e.g., due to, for example, the use of synonyms), queries on the names of their
entities to databases and ontologies (ChEMBL [8], UniProt [9], PubChem [10], NCBI
Taxonomy 11], Human Disease Ontology [12]) were implemented. The extracted
associations were tabulated, where each association has the format: <object
1><generalized semantic conjunction><object 2> (e.g., “imidapril inhibit angiotensin-
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converting enzyme”). Based on the obtained tables, files were generated, the format of
which is acceptable for graphical representation of interaction networks using the
CytoScape platform [13].

Results: After queries to ChEMBL for the designation “viral diseases”, 111 low
molecular weight compounds were selected. Among antiviral agents, we selected only
compounds with direct antiviral activity against HIV, hepatitis C and B, SARS-CoV-2,
influenza and herpes simplex. For the above viruses, the ChEMBL database contained
more than 60 % of compounds with antiviral activity. In total, after filtering by organism,
77 antiviral drugs were included in the list for analysis. Queries to PubMed resulted in
significant overlap of texts for both individual antiviral drugs, which is not surprising
since, often, they are prescribed in combination. After filtering out repetitive texts, the
collection included more than 150,000 abstracts relevant to the study of the biological
activity of antiviral drugs. The average accuracy of named entity recognition for
chemical and biological objects using the combination of methods reached 0.87. To
retrieve associations, we formulated more than 500 rules that allow us to identify object—
acti-vity—object chains with an average accuracy of 0.78. The extracted association
networks were visualized using CytoScape software. Retrospective verification of the
results revealed both information on drugs that had been thoroughly studied earlier and
less represented in the literature. In particular, we found the results of studies conducted
over several years on the relationship between long-term administration of abacavir and
manifestations of atherosclerosis and arterial wall remodeling in young people living
with HIV infection [14-16]. The repositioning of the antifungal drug posaconazole as an
antiviral agent is being investigated [17]. Additionally, we found that in combination
with ganciclovir, a synergistic effect was observed in suppressing cytomegalovirus
infection [17]. For cidofovir, a drug whose main indication for use is diseases caused by
cytomegalovirus, when used in combination with antidepressants — fluvoxamine,
venlafaxine, duloxetine and bupropion, and normotimics — lithium, carbamazepine,
lamotrigine, an effect on slowing down their excretion was shown [18]. The activity of
adefovir (adefovir dipivoxil) was demonstrated against the OCI/AML-2 cell line of acute
myeloid leukemia, and in combination with cytarabine (a cytostatic drug), researchers
observed an enhanced effect [19].

Conclusion: The developed integral approach was applied to the extraction of knowledge
about the biological activity of low molecular weight compounds using antiviral drugs
as an example. Retrospective verification of the results against literature data showed
that the approach allows for fast and efficient extraction of both widely studied and less
known effects and mechanisms of drugs.

Funding: The work was performed within the framework of the Program for Basic Re-
search in the Russian Federation for a long-term period (2021-2030)
(No0.124050800018-9).
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