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In vivo — since 1950s the study of pharmacokinetics, bioavailability, tissue distribution,
excretion, toxicity on two species of animals (rodents and non-rodents) before the study
of pharmacokinetics in healthy volunteers (1 phase CI) is necessary by regulation
documents.

In vitro — since the 1990s with the development of cellular and molecular biology,
high-performance and miniaturizing technologies in the early 21 century, tests outside
living systems began to be introduced, allowing to reduce the volume of further studies
In vivo, based on the selection of only the most promising candidates.
Considerable attention is paid to extrapolation of in vitro/in vivo data.
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Normative documents

The system of tests constituting the so-called ADME panel is aimed at studying
biotransformation and drug transporters in vitro [1-4].

In vitro studies serve as a screening method to assess the role of biotransformation
in drug pharmacokinetics, should precede appropriate in vivo studies in humans [1-2],
and are necessary to prepare an drug registration file for medical use according to
current requirements [3-5].

PykoBojaCTBO 1Mo sKcniepTH3e gekapcTBeHHbIX cpeacts. T.3. — M.: [Tomurpad-Ilatoc, 2014. 344 c.
Guidelines for the examination of medicines. T.3. - M.: Polygraph-Plus, 2014. 344 p.

Pexomenpamuu s (bapMaueBTI/Iqec:KI/Ix KOMIIaHUH T10 U3y4IEHHUIO ouotpanchopMalui U TPAHCTIOPTEPOB
HOBBIX JICKAPCTBCHHLIX CPCACTB: I[I/I?)aI/IH I/ICCJI@I[OBaHI/II/I AHaJIN3 N1aHHBIX U BHECCHUC I/IH(I)OpMaLII/II/I B
uHCTpyKIuio 1o npuMeHeHuto./ Coct. CerueB J[.A., Kykec B.I. — M. ®denepanbHas cinyx06a 1o Haa30py
B cepe 3apaBOOXpaHEHHs U coluanbHoro passutus. 2009. 32 c. Recommendations for pharmaceutical
companies for the study of biotransformation and transporters of new drugs: research design, data
analysis and the introduction of information in the instructions for use./Comp. Sychev D.A., Kukes V.G. -
M. Federal Service for Supervision in the Field of Health and Social Development. 2009. 32 p.

Guidance for Industry. Drug Metabolism/Drug Interaction Studies in the Drug Development Process:
Studies In Vitro. Rockville, MD, U.S. Department of Health and Human Services, FDA, Center for Drug
Evaluation and Research, Center For Biologics Evaluation and Research, 2007.

Guideline on the Investigation of Drug Interactions. CPMP/EWP/560/95/Rev. 1 — Corr. EMEA.
Committee for Human Medicinal Products (CHMP). 2007.

Pemenue Cosera EOK Ne78 ot 03.12.16 «O IlpaBunax perucTpanuu U SKCIEPTU3LI ICKAPCTBEHHBIX
cpeacTs a1 MmeaunuHackoro npumenenus». Decision of the ECE Council No. 78 of 03.12.16 "On the
Rules for the Registration and Examination of Medicines for Medical Use."
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Documents

Recommendations for pharmaceutical companies Chapter 5. Methodological Recommendations for the Study
for the study of biotransformation and transporters of Biotransformation and Transporters of New Drug_s: S_tudy
of new drugs: research design, data analysis and Design, Data Analysis.//V kn.: Guide to Drug Examination.

the introduction of information in the instructions T.3. - M.: Polygraph-Plus, 2014. - C.68-92.

for use./Comp. Sychev D.A., Kukes V.G. - M.
Federal Service for Supervision in the Field of
Health and Social Development. 2009. 32 p.

TJIABA 5

METOAMYECKHME PEKOMEHJIAIIHH 110 U3YUEHHIO
) BHOTPAHC®OPMAIIMH U TPAHCIIOPTEPOB HOBBIX
eneparsitan caya 1o Haziopy
 Cpepe SIPABOCTRAHCHNN I OUALIBIOTD PAsei TS JIEKAPCTBEHHBIX CPE/ICTB: IM3AIH HCCAETOBAHMIA,
AHAJIM3 JIAHHBIX
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3.1. BBEAEH

”my Ehaesd 20091 Marepuaas nactosmeli raass npeaHasnatenbl ANA GApMALCBTIMECKUX KOMIIA
PETHCTPHPYIOMNX NOBKIC ACKApCTREbe cpejicrsa (JIC), kotopuic nponoaaT na
¥ He uX GHOTPAMC(POPMALMM ATA OLCHKH MEKICKAPCTBENHONO BIAMMOACHCTRIA
Hotpebriocts B noaoGubix nceaesosanuax cootsercrayer Meaepatbnosy akony <06
OBPANICHNK ACKAPCTBENNTHX CpeicTRS, MEITHPYIOMENY BAIONEHE B HIeT
w0 o npimenenmio JIC Aamusix 0 MexIeKapeTBeniion natmociicrsin. [Tyt Gio

A HHECKHY o Tpatcopait tosoro JIC foamkbl GLITL H3YHeHb B Xojie ero paspaGoTKIL, I 10 Bia-

MIYHEHHIO GHOTPARCHOPMALINH W TPANCTIOPTEPOR HOBRIX umosclicTans © apyrinan JIC ua yposiie GuorpanceopManun 1o Kb GbiTh #ecicqo
JIeRAPCTBCHHLIX CPEACTR: AW HCCACAOBANNI, AHANMI BAHBL HA MPEAMET BOIMOKHBIX KAHNHYCCKNX TIOCAEACTENA B Buae cmkenns sddek-
AQHHBIX W BHECEHHE HNGOPMALNH B HHCTRYKIRK N0 THBHOCTIE M PAIBITHS Hese PCTBEHHOM Baa
NpHMEHEN IO umojeiicrani. Kpose toro, 0 MIBCCTIO, YT0 MEKACKAPCTREN-

Hoe BIIMMOZEHCTRHE MOXKET NPOHCXOANTL H YPOBHE TPAHCHOPTEPOR, YMACTRYIOMIIX
B 1poUeCcax me Aeachia u npsegenns. Tostomy B xoqe pazpator-
ki nonoro JIC HeoBXOMMO PACCMATPHBATL BOIMOKIOCTh PASBHTHA MCKACKAPCTHCI
HOTO BIAUMOACHCTRHA M HA YpoBHe TpancniopTepos. Muechie o weobXoauMocTH iaysie-
Hust Gnotpancdpopmatn 1 Tpancnoptepos tossix JIC oc YHAPO,1HOM
ONLITE CHATIHA € perneTpattin paa JIC B casan ¢ MIOTOUHCACHIBIMKI caYHaAMN
BUTHA cepoeanbix HP, npiainoil KoTopbix sefsiics MeXIeKapCTBEHINE B3ANMO/Te]
€TBUR KA yposre Guotpatcdopmaiun n tpancuoprepos. [lozofume necaeaosanns no
nposojates & CIIA nepesy pernerpatieii, nosromy neanio
BE MATCPHATIOR ABIACTCR TAKKC FAPMOHHIANNA POC
ierpaunn nosuix JIC. Meeaenosanus Gotpancdiopsaii it
TPANCTIOPTEPOB HEOOXOANMEL TR perucTpaitni seex toswx JIC, coacpsmammx nonyio
MOJEKY.TY (U1 CHTeTiriecknx i iMMyHobnotormiecknx JIC) win nosble KoMIOHEHTH
(aas JIC npupoasoro uponcxomaenis). Meeaeiopanin GuoTpancdopmaiin
noprepos neobxogumu gas nepepernctpanin JIC, ecan Takm INBIC OTCYTCTROBATH
Jlaitibie pekoMeRAAIIN FAPMOHIIHPOBANLL © AHATOTHANEMI PeKOMENAASHM F DA

Maexen 2009

Drug Interaction Studies-Study Design, Data Analy d Implications for Dosing and Labeling

http://www. fida. govieder/guidance/
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Hpuaoxenne 1
METO0JIOTHSA NMPOBE/JIEHUA UCCJIEJLOBAHUWI
BHOTPAHC®OPMAIIHHU H TPAHCIIOPTEPOB JIC IN VITRO

A. Haent depmenta, yvacr
n Guorpancopmammn JIC in vitro

Hceacnovatmns ast nacntidpmkanum repMenTa, yHacTBYIoNero n MetaGoanuccekoit
TpancOpMALI NPENAPATY, YACTO HAILIBACMBIC HCCACAOBAHUAMH (HCHOTHITHPOBAH s
PEAKIHIL, NPEACTARAAIOT co60il HAGOP KCNEPIMENTOB, KOTOPbIe ONPEAeNsioT crei-
ducckne dhepaenTnl, oTperernenibie 3a 6uotpatcdopmarnio JIC. B oKHCARTEABIBIX
H TIIPOJHTHHECKHX PeakuMsX NpMHIMAIT YUacTie (epMeHTh cen TBa LHTOXpPOMA
P-450 (CYP) n depmentst, ne otnocsimecs K CYP. Dddexrunupiv noaxonom ssas-
eTca onpeacaenie Merabonuicckoro npodmas (onpegencnne obpasopapumnxest MeTabo-
JHTOB B HX KoanuecTBennoii auaunmoctn) JIC u ouenka otHock
depmentos wnToxpoma P-430 B Kanpenc nepea
aermus eneiguchicexknx naogepamenton unroxpoma P-450, yMacTayonmx B GHOTpanc
opmamnn JIC. Maentuduranns usopepmentos untoxpoma P-450 oGocnosana, ecam
ngodepyenTol wIToxpoMa P-450 puocAT BKAaa B Goaee uem 25% o6uiero Kanperr
ca JIC. Macurndmkanms in vitro mzodepmenton untoxpoma P-450, nofsepraonpx
JIC 6notpancdopMaunu, W NOMOTAET NPeACKa ApCTBEH-
HLIX B3aumojeitcTnil in vive, BanAHHe aK TOB
TH AKTHRIBIX MCTabOH-
tos. Cyuectayer HeGobIIOe KOMMYECTBO JOKYMEHTAILHO 3APErHCTPHPOBANNDIX C.
HACE KIMHINECKI 3HAYHMBIX MEXKICKAPCTBEHHBIX B3anMoeiic AHHBIX © hep-
MeiTamin, e otiocampvmica k CYP, no nacutudpmranus depmenron storo tHna, nom
BEprawumy npenapar Guorpancdopmauun (T.e. TMOKO3yponnaTpancdepas, cyabdo-
as 1 N-awernarpancgyepas) npuserctayerca. HecMoTps Ha To, uTo Kiaccuve-
Losarms GuoTpancopMaltii He ABAAIOTCH oMM TpeboBaHHEM MIPH Hece
AOBAHHI TCPANECBTHYCCKHX GHONPENAPATOB, ONpejefeHHble GeIKOBbIE MPeNapaThl Mo
andingnpyior Guorpancdopmatino JIC, 8 kotopo CTBYIOT H30BepMENTD LHTOXPO-
ma P-450

B. Oucnka unruGup 5 dep TOB UHTOXP P-450 in vitro

Hpeuapar, kotopsii uurnGupyer creunduyecknii epment, yaactsyommit B Guo-
tpancchopmauin JIC, MOKET CHU3HTL METabOMIMECKMIT KAPEHC COBMECTHO BBOLUMOTO
npenapara, KoTopoiii apaserca cyGeTpatoM HHIHOMPOBAHHOIO MyTH MeTaboamvecKoii
Tpanccpopmatin. CaeacTsitem chienns MeTaGoIMMECKOro KAHPEHCa ABARCTCS 10BbI-
® KOHUCHTPALIK B KPOBH COBMECTHO BBOJMMOTO NPENAPAT, ¥TO MOKET IPHBECTH

el
K pasguriio HP wn yeuaenio tepanesriueckux adpexrton, C ApyToil CTOPOHBI, MH-
HHPOBANHDIIL 11YTh GUOTPAHCHOPMALII MOKET TAKKE NPUBOAHTD K CHIDKEIHIO 06pa
30BAHA AKTHBHOTO MCTaG0JIHTA COBMECTHO BBOAMMOrO Npenapara, TPHBOAS K CHIKe-
HHi0 adpexTuBHOCTH 3TOTO Npenapara.

C. Onenxa unaykunn nzodepmenton uutoxpoma P-450 in vitro

ﬂpfu:ql.n. oTopuiit maAyipyer depment, Noasepraontuit Guorpancdopsaiiiy
APYTOH MPCNapat, MOKET YBEIHYHTL CKOPOCTb MeTaBOMIHECKOro KJAHPEHCA COBMECTHO
BBOJIIMOTO NIpenapara, ecau ol ABAACTCH ey6eTpatoM iy
bopmatiti. [ToTelmumatbubiv nocAeACTBIEN TAKOMO Tima M
.Ici“lrrljlm _CTAHOBHTCA CHIKENME KOHLCHTPAMH f1pe parta B Kpos
"eckoii. C apyroii cTopoHbl, mHayunposanbit nyTs 6iorpancdops
BECTH K YCHICHHIO 06pasoBanis akTHRHOTO BEICCTH
Goyiibrx adbextos.

AL MOXKET TIpi-
MPHBOJIA K BOZIHKIOBCITHIO 10
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5.2.1. Absorption

B. Interactions affecting intestinal active bransport

It is recommended that the involvement of transporters in drug absorption is evaluated in vitro in
Caco-2 cells, To evaluate the importance of active transport for drug absorption, the permeability of
the investigational drug should be taken into account. If the in vitro transport and permeability data
indicate that active intestinal transport may affect the bioavailability of the new drug, attempts should
be made to identify the transporter invelved in vitre. Detailed recommendations on how to study
intestinal transporter involvement and to determine the apparent permeability constant in witre is
given in appendices II and III.

5.2.3. Metabolism

In vitro metabelism studies should generally be performed before starting phase 1 to identify the main
metabolites formed in vitro. These studies provide information necessary for the extrapeolation of
preclinical safety data to man and also allow for early sareening of main metabelites found in vitro for
target pharmacological activiky.

In witro studies should also be performed to identify candidate enzymes responsibla for the main
mietabolic pathways of the parent drug. Guidance on the in witro investigations of which enzymes are
imvolved in the metabolism is given in Appendix IV

5.2.4. Active uptake and secretion in drug elimination
Information on transporters invelved in major elimination processes should be gained as early as
possible during drug development. Tha need for data at different phasas is driven by the predicted
magnitude of the exposure increase if the transporter is inhibited and the dinical consequences of such
an increase, In vitro data may be sufficient before phase 111 provided use of potentially significantly
interacting drugs may be restricted in tha study protocal.

In vitre studies usually compose the first steps of the identification process. The in vitre studies are
further described in Appandix I11. The transporters selected for in witre investigation should be based
on available expression data of the transporter in the eliminating organ and, if possible, whether
uptake or efflux transporters or a combination are expected to be invelved and be rate limiting for the
elimination process.
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5.3. Effects of the investigational drug on the pharmacokinetics of other

drugs
5.3.3. Metabolism
5.3.3.1 Enzyme inhibition

A. In vitro enzyme inhibition studies

In vitro studies should be parformed to investigate whether the investigational drug inhibits the
cytechrome P450 enzymes most commeonly invelved in drug metabelism. These presently include
CYP1A2, CYP2BE, CYP2CS, CYP2C9, CYP2C1S, CYP2DS, and CYP3A. In the future, more clinically
important drug metabolising enzymes may be known and included in this list. In addition, it is
recommendead to study inhibition of UGTs known to be invelved in drug interactions, including UGT1A1
and UGT2B7, if one of the major elimination pathways of the investigational drug is direct
glucuranidation. Likewise, if the investigational drug is mainly metabolised by an enzyme not listed
abowe, it is recommended to study the inhibitery effect on that specific enzyme if feasible. It is alse
recommendad to investigate the enzyme inhibitory effect of major metabolites. More information on

this is found in the end of this subsection.

An in vitro inhibition study could be performed using human liver microsomes, hepatocytes, or other
cells expressing the investigated enzyme. The enzyme adtivity is monitorsd by investigating the
metabolism of a specific marker substrate (Table 4, Appendix VII) under lingar substrate metabolism
conditions. CYP3A4 inhibitien should be investigated using both midazolam and testosterone as
subsrates, The effect of a range of investigational drug concentrations are investigated and Ki (the
inhibition constant i.e. disseciation constant of the inhibitor from the enzyme-inhibitor complex) is
determined. The study should include an investigation of whether pre-incubation with the
imvestigationzl drug alters the inhibitory potential of the drug. If the pre-incubation affects the potency,
more detailed investigations are neaded (s2e below). If the investigational drug is metabolised by the
enzymes present in the incubation, the marker substrate should, if possible, have a markedly faster
metabelism rate than the investigational drug to minimize the influence of investigational drug
metabelism (decreasing concentrations) on the Ki estimation. If this is not possible, the concentrations
of the investigational drug need to be monitored and/or the degradation taken into account in the
calculations, Known strong inhibitors should be included as positive controls in the study, their Ki
determined and compared to literature/reference in house values, The concentration range of the
imvestigationzl drug should be sufficiently high for detecting dlinically relevant inhibition and depends
on the potential site of enzyme inhibition, mode of administration and formulation as well as systemic
expasure. It is recommended to use the estimated or determined unbound drug concentration in the in
vitra system. In situations whers it is important to have a precise value on fum. {unbound microsomal
fraction), such as estimations of inhibition or induction potential not followed by an in vive study,
determining the fraction (experimentally) is recommended. This also applies if there are reasons to
belisve that the fres inhibitor concentration is markedly lower than the total concantration in the

incubation, i.e. if the substance binds covalently to proteins or may adsorb to the walls of the test tube.

5.3.4. Transport

5.3.4.1. Inhibition of transport proteins

In vitro inhibition studies are recommended to investigate whether the investigational drug inhibits any
of the transporters known to be involved in clinically relevant in wive drug interactions. Presently, these
include P-glycoprotein/MOR1 (ABCB1), OATP1E1 (SLCO1B1), OATP1E3 (SLCO1B3), OCT2 (SLC22A2),
OAT1 (SLC22A6), OAT2 (SLC22A8) and BCRP (ABCG2). Investigations of the inhibitory effect on OCT1
[SLC22A1), MATEL (SLC47A1) and MATEZ (SLC47A) could also be considered. Inhibition of the
transporter BSEP (ABCBE11) should also preferably be investigated. If in witro studies indicate BSEP
inhibition adequate biochemical monitoring induding serum bile salts is recommended during drug
development. In vitro data on transporter inhibition should praferably be available before initiating
phase 111, The knowledge about transporters and their in vivo importance is evolving quickly. The
choice of transporters investigated should be driven by scientific evidence, and transporters may be
added to or removed from the list as science develops. In addition to the listed transporters, there may
zlso be a need to investigate effects on other transporters to clarify the mechanism of an unexpected
interaction observed in vivo. As science is rapidly evolving in this field, no lists on in witro and in vivo
substrates are presentad as such lists may need frequent updates. The substrates/probe drugs chosen
should be based on the current scientific literature.

Appendix I1

In vitro investigations of involvement of transporters in drug absorption and determinations
of the apparent permeability constant

The in vitro investigation of transporter invelvement at an intestinal level usually begins with Caco-2
experiments. In these cells, the intestinal permeability may also be qualitatively assessed. Several
transporters may be present in the Caco-2 cells. Cther in vifro systems may be used as well to
investigate transporter invelvermnent and may have advantages depending on if specific inhibitors ara
available. This appendix focuses on Caco-2 cell studies, while other in vitre systems are discussed in

Appendix IIL

Appendix III

In vitro studies identifying transporters involved in drug disposition

The identification of which transporter is involved in an identified uptake or efflux process affecting
drug disposition may be done in vitre through transport studies intended to isolate the effect of 2

specific transporter.
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EBPA3HIICKASI J)KOHOMHYECKASI KOMHCCHS
COBET

PEMMEHMWE

«03» noaGpa 2016 1. Ne 78 r. Actana

O lpaBuaax perucTPalHy H IKCIePTH3BI
NEKAPCTREHHBIX CPEICTB /ISl METHIHHCKOTO NPHMEHCHUS

B cooterctann co crarweii 7 Corfalenns 0 eIMHBIX NPHHUMIAX
U TpaBunax oGpaleHHs NEKAPCTBEHHEIX CPEACTB B pamkax Espasmiickoro
IKOHOMHYECKOrO coi3a ot 23 jexabps 2014 roma, mnynkrom 84
npunosenns Ne 1k Pernamenty paGotei Espasuiickoil aKoHOMHYECKOH
KOMHMCCHM,  yTBepaaennomy  Pewennem  Beicmiero  Espasuiickoro
3KOHOMHUYECKOro coBeta OT 23 sexabpa 2014 r. Ne 98, u Pemenuenm
Bricwero Espasuiickoro akoHomH4eckoro coseta ot 23 aekabpa 2014 r.
Ne 108 «O peannsaunn COralieHHs 0 AHHLIX NMPHHLMNAX W NPaBHIAX
obpaluenusi  nexapcTseHHnX  cpexacts B pavkax  Espamiickoro
IKOHOMHYECKOTO coio3a» Coser EBpasniickoll 3KOHOMMYECKOH KOMHCCHH
pemna:

1. Yrpepante npuiaraemble Ilpasuina perncTpaliu M IKCNEpTHIBI

JIeKapeTBEHHBIX cpeicTs s 0

(nanee — [panuna).

JoKVMEHTEL PErHCTPALMOHHOIO 10Che 10  (PAPMAKOKHHeTHUeCKHUM
HCCACIOBAHIAM — BETIOUAKT  PeIVIBTATEL  AHATHIA EBCEN IIPOLECCOR,
MPOHCXOTAAMNY ¢ AKTHEHEIM BEMIECTROM H €70 MeTADOTHTAMH B KHBOM
Oprapmixe. H  OXBATRIBAIOT  H3VHEHHe aécopﬁmm. pacopeleTeHid.
GHoTpaHc(OPMALIE H BhIBeIeHHA AKTHBHOIO BEIECTBA H ero MeTalo/IHTOoB.

Heenenoranne kaggoro W3 3Tanok  (aScopSiim, pacnpeneIeHHs,
5]IOT1J€|IIC¢OPMFIUH]I I BLIBEIOSeHHA) MOKET BLIIOIHATLCA Kak ¢ MOMOLILIO
(PHIMHECKIX, XEMIMECKHX WM OHONOIHYeCKIX MeTO40B, TAK H [I0CPeICTBOM
wiyieHud  aKTHueckoll  PapMAKOAHHAMUMECKOH AKTHBHOCTH  CAMOIO
AKTHRHOTO REMICCTRA.

HHbopMAITHA 0 pACTIpETeTeHHH H BRIRSTEHIH AKTHRHOTO REMIECTRA H3
OprafmmIMa ABTASTCA HeodXoINMoll BO BCeX CIVHAAN., KOTrIa IJaHHLIe O
paclpeldele il 1 BBIBRISHHH  AKTHEHOIO  BELIECTBA  HBIAKICH
O0H3ATIBHEIME U1 Olpele/le s Q035 IeKAPCTEEHHOIO [penapata 1
HeTOREKA, 4 TAKAE T4 XHMHOTEPATICRTHUSCKHX ReMecTR (AHTHOHOTHEOR W
REIMECTR, HCMOTRIORAHHUE

ap ) " IARMCHT oT Ty

Ileq:apna[co:ﬂma_\ml:ecmm

KOTOPBIN

JpexToB  (HATNpHMEpP.  ITHATHOCTHYECKIE
NpeIapaTsl 1 ap.).

Hceaeaopanna in vitro merecoodpasHo OPOBOINTE ¢ HCMOTB30BAHIEM
TeCT-CHCTEM, MIOTYUICHHRIX OT UeToBeka, HEKETH ¢ HCMOThIOBAHHEM TecT-
CHCTEMAM  SKHBOTHOTO — TPOHCXOKTEHHA  (HampuMep,  HCCTIeToRamie
CBAIEIBAHHA AKTHBHOTO BEIIECTBA ¢ O&IKAMH, MeTAd0IH3IMA., TeKAPCTBEHHLIX

B3aHMOAeficTBUIT).

532.0m4eTel 0 DAPMAKOKHHCTHYECKIN — HCCACIOBAHHAX
HCIIONE20BAHIEM OHOMATEPHATOR UeloBeka.
K dnoMarepHaTaM, HOTYUeHHEIM OT Uel0BeKa, OTHOCAT OefIKIl, KIeTKH,

TEAHH H CEH3AHHBIE C HHMH MATEPHAIRL, 110

(HEHHBIE OT MEN0BERd. KOTOPRIE
HCIIOJIBZYHYTCH 1IPH NPOBEIEHHH IICC.'IE,'[UHHH}Iﬁ m vilro WiH in vivo AU
OLEHKH (}_mllMHI\'UI\'EIH{!'I'H‘ICCKII.‘( CROFICTR AKTHEHBIX BEIICCTRE. B
PETHCTPAUHOHHOM — JOChe  JICKAPCTECHHOTO  MpChoapata HeoOXOIHMO
MPCICTABHTE OTYCTRI 00 HCCACIOBAHIN CBABIBAHIA AKTHBHOTO BEIICCTRA C
GelkaMi MIA3MEL MeTaJoqiIMa B MedeHH H BIaHMoZeiicTBHA AKTHBHOTO
BeINeCTBA, 4  Takke  HCCILIOBAHHA ¢ HCMOONLIOBAHHeM  IPVIHX

5110MIITE‘pH(’I.'IOB, MOTYVICHHEBN OT YeT0BSKA.
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Publications

A. Lahoz, L. Gombau, M. T. Donato, J. V Castell, M. J. Gomez-Lechon
In Vitro ADME Medium/High-Throughput Screening in Drug Preclinical
Development. Mini-Reviews in Medicinal Chemistry, 2006, 6 (9): 1053-1062.

[ Pre-clinical [| Clinical |
v b4 v
L | | a P
Lead Idenfication Lead Optimization IND MDA
[ ADME

in wvitro in vive oo,
Metabolite |dentification
P450 |dentity

P450 Inhibition
—Metabalic stability

\; L P450 Induction

| Absorption
Physicochemical Properties
Schematic representation of drug development process, depicting the different types of ADME studies that could be
perform at the various stages. Investigational New Drug (IND). New Drug Application (NDA).
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Publications

Smith N.,F., Raynaud F., Workman P. The application of cassette dosing for
pharmacokinetic screening in small-molecule cancer drug discovery. Molecular Cancer
Therapeutics. 2007; 6(2):428-40

[ In Vitro ADME methods ]

|
| | | |

Absorption [ Metabolism ] Transport [ Protein Binding ]

] ]
P:::T;:E;ﬁinﬁ [ Recombinant enzymes ] Membrane vesicles [ Equilibrium dialysis ]

] ]

Cell monolayers Subcellular fractions

e.g. Caco-2, MDCK [B.g. microsomes, S8, cytosol Xenopus laevis ooctyes [ Ultrafiltration ]

]

I Hepatocyles ] Transfected cell lines
|
Reporter gene assays Cell systems
e.g. PXR, CAR &.9. hepatocytes

Summary of in vitro ADME methods
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Publications

Wan H. What ADME tests should be conducted for preclinical studies?
ADMET & DMPK.2013; 1(3) :19-28.

Potency <100 nM
Enzyme/cell based assays
LogD7.4 Solubility 7.4 Solubility 6.5
(1.5-45) > 1-10 pM (PBS buffer) >10puM (FassIF)
Metabolic stability Caco-2 permeability MDCK
CLint(h,r, d, m) > 0.3x 1E-6cm/s, efflux PAMAP
- \
Hepatocytes In vivo PK (m, r, d, m)
(r, h) F>20%, CL<50% BF, PPB(r, h. d,m)
\ dose<100mg fu>0.1-1%
CYP inhibition (IC50) Blood/plasma ratio hERG
Major CYP=1-10pM (r, h,d, m) IC50
/
- \ - MetID, CYPID CYP
Reactive metabolite Metabolism route ]
{GSH) Induction g .
uman
~N Jf 4 T dose, PK/PD
Ce(ss)sCLeT PK/PD Transpcrler,P_—g_p etc
Dose= = Dose response Substrate/inhibition IND enabling
(Candidate)

MTD - Non-GLP tox s CS (candidate - GLP tox /

(rodent) (rodent, dog) selection) (safety package)

Figure 1: Typical ADME/PK screening cascade
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Drug metabolism and pharmacokinetics
(DMPK) services

Physicochemical screening
»  Agueous solubility (Thermodynamic and Kinetic method) Creative Biolabs
» Log P (Octanol/water)

» Log D (Octanol/PBS)
Permeability

4 PAMPA ‘ A EFOTEe coamPlawl
» CaCo-2

» MDCK (wild type)
Protein Binding
» Plasma Protein Binding (Equilibrium Dialysis)

Drug Metabolism
» Hepatocyte Stability
»  Microsomal Stability
»  Plasma Stability I o N 1'0x
Drug—Dru_g |r1t(_ar_act|on Innovative In Vitro Solutions
»  CYP inhibition assays (Fluorescent and LCMS/MS based)
Others oa

P-Glycoprotein Substrate f 1
P-Glycoprotein Inhibition %:. e u rO I n S
Preliminary BCS Permeability (non-GLP)
Metabolite Identification (without structure elucidation)

DISCOVERY

v v v Vv
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Minimum tests panel

» Binding to blood plasma proteins
» Stability in liver microsomes
» Cell permeability assessment (Caco2 model)
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Binding to blood plasma proteins

Dialysis method

Semi-permeable membrane with
pore diameter 7-8 kDa

% free unchanged analyte (in
acceptor medium, HPLC)

% bound analyte = 100% -% free
analyte

. !u‘ixSep

sfs

Before Incubation

After Incubation

Buffer Buffer
obo obo
doo doeol.
3‘6 © 0‘0‘0
XX XXIB

MemtTJrane MemI)rane

. Protein
s Drug

. Protein-Bound
Drug

Fill well [/
with /
sa h

i
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The automated multichannel systems Thermo
Scientific Matrix PlateMate Automation

6/ M0 e e

- v .
- e — o -
- —-— | —-— - - — -

LR (TSR - D ]

Advantages:

No/minimized sample dilution

Parallel testing for a large number of samples
Reduce test time by reducing dialysis
equilibrium time
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Competition RED Device

The following charts compare results of the Jn wiro and

in wvo studies:
> N 15 —
—_ 1T ]
Liver Tissue Heart Tissue £ 20
§1.5—
-_— i 5 ]
Kidney Tissue Open Chamber "
fo access wellk .
Plasma + Drup
Brain Tsue [ eter jcontron B—— e t i
. o, Figura 7. Comparison of in vitro and in vivo fissue and plasma-binding ratios of
propranolol in rak. Low propanciol presence in liver fissue i vive is mainly due to high
hepaiic metabolic actviies.
E.E_ ——
z.n-: T in v
-
i
£ 1.0
i
The Thermo Fisher Scientific RED Device
Systems Brochure. Thermo Fisher Scientific - mey mt wm
Inc. 2012. 8 p. Tt Lot Tt e 1 i s s e oo e by e
miowverment of Taxol to the brain.
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Stability in liver microsomes

Evaluation of stability in the microsomal fraction of the liver is a
primary test of the ADME panel, since liver microsomes are a
subcellular fraction containing basic metabolic enzymes such as
Monooxygenases.

The essence of the test consists in incubating the test substance
with liver microsomes in the presence of a metabolism phase |
cofactor - nicotinamide adenine dinucleotide phosphate (NADP,
NADPH) with subsequent assessment of the change in the content of
the analyzed compound (by HPLC) at several time points.

Human liver microsomes (Microsomes from liver, pooled, from
human, MO0442, Sigma, Germany or the like) or other biological
species may be used.

In parallel, a control substance with known activity (positive
control) is tested, as which verapamil hydrochloride is often used.
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Stability in liver microsomes

Exemplary Scheme of the Microsomal Stability Evaluation Experiment
test tubes 1,2 - experimental, 3,4 - minus cofactor, 5, 6 - form-samples; the number of
parallel tubes can be changed.

Microsomes NADPhH Buffer solution Analyte Buffer solution
suspension solution with pH 7,4 solution with ¢ pH 7,4

1 0,025 0,1 0,35 0,025 0

2 0,025 0,1 0,35 0,025 0

3 0,025 0 0,45 0,025 0

4 0,025 0 0,45 0,025 0

5 0,025 0,1 0,35 0 0,025

6 0,025 0,1 0,35 0 0,025

1 0,025 0,1 0,35 0,025 0

2 0,025 0,1 0,35 0,025 0

3 0,025 0 0,45 0,025 0

4 0,025 0 0,45 0,025 0

5 0,025 0,1 0,35 0 0,025

6 0,025 0,1 0,35 0 0,025
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Stability in liver microsomes
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Stability in liver microsomes

Test results are used to calculate half-life (T,,), internal clearance (Clint),
remaining amount of analyte (% of initial).

Based on the obtained areas of chromatographic peaks at each time point, the amount of
analyte (C) in% of the original is calculated, taking the peak area at the first time point (0 min) as
100%.

Concentration values of the analysed compounds (C,% of the initial) are logarithmized and
the obtained InC values for each compound are plotted against time to obtain linear dependencies of
theformy=a*x +b.

Coefficients a of obtained dependencies are used for calculation of half-life of T,,, by formula
(1):

T,;,=0,693/|a| (1),

where a is the coefficient a of the corresponding linear equation of the formy =a * x + b.

Internal clearance (Clint, pg/min/mg liver microsome) was calculated by formula (2):

Clint =V-0,693/ m-T, (2),

where V is the volume of the reaction mixture, ul (500 pl);

m is the weight of the protein in the liver microsome in the reaction, mg (0.5 mg);

T, - half-life, min.
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Stability in liver microsomes

Based on our experimental experience, T,,, values can range from 13-14 minutes to
more than 480 minutes.

According to [Microsomal stability assay. https ://www.cyprotex.com/admepk/in-
vitro-metabolism/microsomal-stability/.] drugs can be classified according to the level of
internal clearance.

Human Monkey Dog Rat Mice
<8,6 <12,5 <53 <13,2 <38,8
> 47,0 > 67,8 > 28,9 >71,9 > 48,0
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Cell permeability assessment (Caco2 model)

1. Cell culture and production of a cellular monolayer

Cells of the Caco-2 line (human colorectal adenocarcinoma,
\ertebrate Cell Culture Collection, FSBUN Institute of Cytology of
the Russian Academy of Sciences) are cultured in plastic vials in a
special medium. Subcultivation (over) of cells was carried out when
they reached 80% monolayer 1-2 times a week.

The growth of the dense cell monolayer Caco-2 was carried out on
permeable inserts. In order to synchronize the differentiation process
and to form the monolayer as quickly as possible, the cells must be
scattered in a very high concentration. After scattering, the cells were
cultured for 21-25 days. The transepithelial electrical resistance
(TPP) was measured periodically during cell culture with Millicell ®
ERS-2 Volt-Ohm meter to confirm cell monolayer formation and
evaluation.

olelelelelefele]e
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Cell permeability assessment (Caco2 model)

2. Evaluation of the damaging effect of test objects on the integrity of the
cellular monolayer

It is known that small hydrophilic molecules pass through a dense cellular
monolayer by paracellular transport, that is, through dense cellular contacts.
The Lucifer Yellow dye (LY, Lucifer yellow, L0259, Sigma or the like) belongs
to this type of compound and can serve as a marker for assessing the integrity
of a monolayer.

The approach is based on the joint exposure of cells with LY solution and the
test object in the apical-basolateral direction. The amount of LY in the samples
Is determined fluorimetrically using a calibration relationship. Based on the
obtained data, the permeability coefficient P, (Apparent Permeability) is
calculated.

The damaging effect of the test objects on the cell monolayer was evaluated by
comparing the Papp calculated for it with the same value obtained for the
control sample (cells exposed with LY only). P,,, of the maximum non- &=
cytotoxic concentration of the test object shall not exceed P,,, control (LY).
Based on the results of this part of the experiment, a working range of
concentrations of test objects suitable for performing the main test was |
determined.

app

p 23 www.doclinika.ru



Cell permeability assessment (Caco2 model)

3. Evaluation of the cell permeability of the test object

To reproduce the conditions of the small intestine, experiments
were carried out under pH gradient conditions. To create it, a
buffer solution with a pH of 6.0-6.5 is used in the apical
compartment, and a buffer solution with a pH of 7.2-7.4 is used
in the basolateral compartment. A solution of the test object in a
suitable solvent is added to the donor compartment; the system is
incubated at temperature 37°C; samples are taken from the
acceptor compartment at certain intervals. The obtained samples
were analyzed for the content of the added substances.

To confirm the adequacy of the test, experiments were performed
with control substances (propranolol hydrochloride and sodium
warfarin).

Assessment of permeability and transport of tested objects and
control substances is performed in apical-basolateral (A-B) and
basolateral-apical (B-A) directions.
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Cell permeability assessment (Caco2 model)

To assess the cell permeability of the test compounds, the following calculations were made:

1. From the results of HPLC analysis, values of concentrations of the test compounds in pg/ml
were obtained. For control substances, values were converted to uM.

2. The concentrations of the test compounds were recalculated for each of the experimental points,
taking into account the dilution of the obtained samples during the experiment. Dilution of the samples
occurred because a portion of the compartment contents was taken at each time point and an equivalent
volume of buffer solution was added.

3. Dependencies of the concentrations obtained from the results of calculating time after their
introduction into the test system were built. Data were approximated using linear dependencies passing
through the origin.

4. The obtained values of coefficients a of linear equations of the form y = a * x were used to
calculate the permeability coefficient of the cellular monolayer (Rarp) according to the formula (3):

Papp [cM/sec] = Va/CO x 1/S x dC/dt 3),

where Va - volume of acceptor part, 0.8 cm3

for apical-basolateral or :: |

0.2 cm? basolateral-apical direction; 14

CO - concentration of the determined compound 12

in the donor part at T = 0 ("'zero" point), uM; N

S is membrane area, 0.33 cm?; 08 -

dC/dt - angle of inclination of linear dependence 0:6 |

concentration of the detectable compound from 04

tlm_e m_acceptance co_mp_artment N 52 y = 0,0539x

taking into account dilution, uM/s (coefficient a 0 . RI=6:9892— |
corresponding linear equation of the formy = a * x) 0 0,5 1 15 5 25

2 MKr/mn  =ll=20 mKr/mn
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Cell permeability assessment (Caco2 model)

Results of cell permeability assessment in Caco-2 model of propranolol hydrochloride

in apical-basolaterial direction, P, - 10-5, cm/sec

app

Experiment
Concentration, uM 1 2 3

009 034 021 021 0,13
50 0,10 0,35 0,22 0,22 0,13
100 003 032 0,17 0,17 0,15
200 009 028 0,18 0,18 0,10

Results of cell permeability assessment in Caco-2 model of sodium propranolol in

basolaterial-apical direction, P, - 10-5, cm/sec
T
Concentration, uM 1 2 3
177 128 08 128 049
196 121 046 121 075
112 1,79 052 115 0,64
187 120 053 120 067
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Cell permeability assessment (Caco2 model)

Results of cell permeability assessment in Caco-2 model of sodium warfarin in apical-basolaterial
direction, P, - 10-5, cm/sec

P =
Concentration, uM

0,86 093 1,22 1,00 0,19
0,84 1,07 1,30 1,07 0,23

5o
A 099 080 128 102 024

074 091 108 091 017
Results of cell permeability assessment in Caco-2 model of sodium warfarin in basolaterial-apical
direction, P, - 10-5, cm/sec

— SD
Concentration 2 3

1, 36 1,2 0,40 0,98 0,91

147 08 03L 089 058
092 159 035 095 062
168 111 054 111 057

The results showed that the permeability of propranolol hydrochloride in the apical-basolaterial direction is less than
sodium warfarin, which is consistent with the literature. Thus, the adequacy of the cell permeability test and its
suitability for further evaluation of the test substances can be concluded.
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Cell permeability assessment (Caco2 model)

If P,,, In the basolateral-apical direction is greater than P,
In the apical-basolateral direction by 2 or more times, the
compound can be a substrate for P-gp (i.e., transport can

pass both inside the cell and outside).

P-glycoprotein

..............
---------------
ARKHAXKIMIMNMMH KXY B R AR X R R R KRR R
aaaaaa

.00 8.6.60.80.0.00006.608000 0C 000806060 8060600608

Plasma
Membrane
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Minimum set of tests. What about the
properties of the compound being studied?

Binding to blood plasma proteins - suggested information on
the presence of free/bound forms in the bloodstream
Stability in liver microsomes - hypothesized information on
metabolic rate

Cell permeability assessment (Caco2 model) - hypothesized
Information on intestinal absorption and potential for reverse
transport

b 29 www.doclinika.ru



Effects on cytochrome P450 - phenotyping

- with respect to 5-7 isoforms P-450: 1A2, 2B6, 2C8,
2C9, 2C19, 2D6, 3A4.

-similar to the microsomal stability test; incubation
with liver microsomes is carried out with and without
the addition of selective inhibitors (ketoconazole
(3A4), quinidine (2D6), o-naphthoflavone (1A2),
miconazole (2C19, 2B6), sulfafenazole (2C9), 4-
methylpyrazole (2E1)),

-remaining amount of the unchanged substance is
determined, which isoform accelerates metabolism of
the analysed compound.

-one concentration of human liver microsomes, one
concentration of test compound is used during the
test.

-- determining half-life (T,,), internal clearance
(Clint), remaining amount of analyte (% of initial).

CYP Contributions in Human Liver

CYP 2C9 CYP1A2 Orther

10% 3% 2%

A diagram of the distribution of isoforms of
P-450 in the human liver.

(After: Bowen J.P., Guner O.F. A Perspective on
Quantum Mechanics Calculations in ADMET
Predictions. Curr. Top. Med.

Chem. 2013;13(11):1257-72.)
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Effect on cytochrome P450 - inhibition

evaluation

- the test is performed on 5-7 cytochrome isoforms P450 in the
presence of their specific inhibitors and substrates;

several concentrations of the test substance are used;

After incubation, the content of specific metabolites corresponding
to each substrate (HPLC/MS/MS) or using a fluorescent approach
(Vivid ® CYP450 Screening Kits from Invitrogen, developed for
each cytochrome isoform; based on the interaction of recombinant
enzymes (CYP450 Baculosomes ®) and their specific fluorescent
substrates (Vivid ® Substrates).

determining a% inhibition of formation of selected metabolites for
each of the isoforms under the influence of the test compound; IC50
IS the concentration at which enzyme activity is reduced by 50%.
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Lifect on cytochrome P450

CYP3A4/5 (30.2%)
*Induction CYP2J2 (3%)
* Sex (f>m) » Polymorphism(.,) CYP2E1 (3%)

» Inflammation (.-}
= Polymorphism ()
= =Age (1)

* Induction (1)
/ * Inflammation (™)
+Varlous diseases (1)

* Sex (mef)

CYP1A2 (8.9%)
* Induction {-T)

* Inflammation (4} £ CYP2D6 (20%)
: ig:lte;tfas ] * Polymorphism (.. T)
a0 * Inflammation ()
» (Polymorphism)
CYP2A6 (3.4%)

*Polymorphism (|- T)
*Induction(-T)

* Inflammation (1)

= (Sex, f=m7)

CYP2C19 (6.8%)
* Polymarphism {.[. T}

=Age (T} Ci\r dPE?B {fﬁ%} + Induction (1)
= Inauction CYFECB 12’3% -Inﬂammalion (sl.-'_l
et oypsopyy nduction(r) (58K
+Age (1) = Induction (T = Polymorphism (|}
«(Sex, f>m ?) * Palymorphism (4 ) = Inflammation (-}
* Inflammation (.1.) *Age (T)
+Age (1) “(Sex )

Diagram of clinically applied drugs (248 positions) metabolized by different cytochrome isoforms P450 and

variability factors (after Zanger U., Schwab M. Cytochrome P450 Enzymes in Drug Metabolism: Regulation of Gene
Expression, Enzyme Activities, and Impact of Genetic Variation. Pharmacoter.Res. 2014 138(1):103-41).
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Conclusion

ADME panel tests are important for studying the
properties of potential drug candidates (original
substances), generic and hybrid drugs, combinations of
known substances;

Reduce research using experimental animals;

Their unification, comparison and synthesis of
accumulated data is relevant.

This minimum set of tests addresses compliance
challenges as well as the practical challenges required for
successful pharmaceutical development.
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Thanks for attention!
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