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AHAJIN3 NIPUHAVIEZXKHOCTH ITPENAPATA HOOHNENT
K CYBCTPATAM U MOAYJATOPAM ®YHKIIMOHAJIBHOU AKTUBHOCTH
ABCBI1-BEJIKA B 3KCIIEPUMEHTE IN VIVO

U.B. Yepnuvix, A.B. ll[ynokun, E.H. Axywesa, M.B. I'ayanoza, HM. Ilonosa

Ps3aHckuil ToCcy1apCTBEHHBIN MEUIMHCKUN yHUBepcuTeT uM. akan. M.I1. ITaBnosa,
yi1. BeicokoBombTHas, 9, 390026, 1. Ps3anb, Poccutickas denepanus

B crarbe npoanaau3upoBaHo BiausiHMe HOOTpomHOro npenapara Hooment (N-denmi-
aneTuia-L-npoauiariauuuaa 3TWIOBbIA 3¢up) HA (YHKIUOHAIBHYI0 akTHBHOCTHL ABCBI1-
0esika M M3y4YeHa ero NPHMHAMJIEKHOCTh K cy0cTpatam 0e/jika-TpaHCHOPTEpPa HA KPOJHMKAX-
camuax mnopoabl Iuammiana. @yHKHHOHMpPOBaHHMe OelKA-TPAHCIIOPTEPa OLEHUBAIH IO
(papmakokuHeTHKe ero MapkepHoro cyocrpara — gexcodenaguna. PexcodpeHaguH BBOAWIN
OTHOKPATHO BHYTPH:KeJYI04HO B 103€ 67,5 Mr/Kr 10 u nocJie 14-1HeBHOr0 BBeAeHUsI *KUBOT-
HbiM Hoomenra B 103e 10 Mr/kr maccol 3 pa3a B 1eHb. KosimuecTBeHHOE onpe/esieHne Belle-
cTBa nposoAuM MeroaoM BIKX no paspabdoranHoii paHee MeToanke.

st onenku npunamiesxkHoctu Hoonenra k cyocrparam ABCB1-0esika cpaBHMBAJIN €10
(papMakoKMHeTHYECKHE MapaMeTPbl 10 M 10cJIe KypPCOBOIro BBeJeHHs KPOJIMKaM-caMIaM Be-
panamMmjia — U3BeCTHOI0 HHIMOUTOPA JAHHOTIO OeJiKa-TpaHcnopTepa B n03e 20 Mr/kr 3 pa3a B
neHb. @apmakoxknHernky Hoonenra usy4aumn no opurnHajibHoi Meroauke BIKX.

BeisiBi1eHO, 4TO KypcoBoe BBeieHue Hoomenra He npuBOANJIO K 10CTOBEPHOMY M3MEHe-
HHMI0 (papMaKOKHHETHYeCKHX NMapaMeTpoB MapkepHoro cyocrparta ABCBI1-0eaka — ¢exco-
(eHamnHa, YTO MOKET CBHUAETEIbCTBOBATH O COXPAHEHUM (PYHKIHOHAJIBLHONW AKTHBHOCTH
JAHHOTO OeJIKa-TPaHCIOPTEepPAa HAa MCXOJHOM YPOBHe. YCTAHOBJICHO, YTO ()apMAKOKMHETHKA
Hoonenrta He n3MeHsieTcs NPU KypPCOBOM BBeleHHMH KpoJukaM nHruourtopa ABCB1-0einka —
BepanaMuiia, T.e. HOONENT He SIBJIsIeTCsl Cy0CTPAaTOM JJIaHHOTI0 OeJIKa-TpaHcImopTepa.

Knroueswvie cnosa: ABCBl-6enok, enuxonpomeun-P, noonenm, gpexcopenaoun, papmaxoxu-
Hemuka, epanamui, cyocmpam.

ANALYSIS OF ATTRIBUTION OF NOOPEPT TO SUBSTRATES AND MODULATORS
OF FUNCTIONAL ACTIVITY OF ABCB1-PROTEIN IN IN VIVO EXPERIMENT

I.V. Chernykh, A.V. Shchulkin, E.N. Yakusheva, M.V. Gatsanoga, N.M. Popova
Ryazan State Medical University, Vysokovoltnaya str., 9, 390026, Ryazan, Russian Federation

In the article the influence of nootropic drug Noopept (N-phenyl-acetyl-L-prolylglycine
ethyl ester) on the functional activity of ABCBI1-protein is analyzed and attribution of this
drug to the transport protein substrates is studied on male Chinchilla rabbits. Functioning of
the transport protein was estimated by the pharmacokinetics of its marker substrate — fexofe-
nadine. Fexofenadine was introduced intragastrically one time in the dose 67,5 mg/kg b.w. be-
fore and after 14-day introduction of Noopept in the dose 10 mg/kg b.w. 3 times a day. The
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quantity of the substance was determined by HPLC method according to the previously de-
veloped procedure.

Belonging of Noopept to ABCB1-protein substrates was estimated by comparison of its
pharmacokinetic parameters before and after a course of introduction of verapamil (the
known inhibitor of the ABCB1-protein) into male rabbits in the dose 20 mg/kg b.w. 3 times a
day. The pharmacokinetics of Noopept was studied by the original HPLC method.

It was found that the course of Noopept introduction did not lead to any reliable changes
in the pharmacokinetic parameters of the ABCB1-protein marker substrate — fexofenadine,
which may evidence preservation of the functional activity of the given transport protein at
the initial level. It was also found that the pharmacokinetics of Noopept remained unchanged
after a course of introduction of ABCB1-protein inhibitor — verapamil — in to the male rab-
bits, that is, Noopept is not a substrate of the given transport protein.

Keywords: ABCB1-protein, P-glycoprotein, Noopept, fexofenadine, pharmacokinetics, vera-
pamil, substrate.

ABCBI1-0enok (rmukonpotens-P) — sto B HayuHON muTepaType OTCYTCTBYIOT
meMOpaHHblii AT®-3aBucUMBIH 3P QIOKCHBIIH UCCIIENI0OBAHNUS 10 OLEHKE IPUHAIIEKHOCTH
OeI0K-TpaHCIIOpTEP, YAAISIONIMA M3 KICTKH Hoomnenra k ynciay cyOcTpaToB, HHIAYKTOPOB U
IIMPOKHUIL CHEKTP DHIOTEHHBIX M DK30TEHHBIX unruo6uropos ABCB1-6enka. Ognako, ucxons
CcyOCTpaToB, BKJIIOYasl JIEKAPCTBEHHBIE CpEl- M3 XMMHYCCKOH CTPYKTYPHI M (H3HIECKHX
CTBa Pa3NUYHBIX (PAPMAKOIOTHUECKUX M XU- cBoiictB  Hoomernra, MOXHO IPEATOIOKHTE
Mudeckux rpymm [1]. yuactue ABCB1-0enka B ero ¢apMakokuHe-

ABCBI1-Genok JIoKanm3yeTcss Ha MeM- TUKE WIM HAJM4Yue Yy mpenapaTra cnocoOHOCTH
OpaHax SIUTEIMOIMTOB CIM3UCTON 000JOYKH MOJyIHPOBATh €ro (YHKIHOHANBHYIO AKTHB-

HOCTb. PaHee cpeau MOaynaToOpoB TpaHCIOP-
Tepa ObUIM OOHAPYKEHBI BEIIECTBA MENTHIHON
CTPYKTYpHI [4]. Onucan MexaHU3M U3MEHEHUS
¢ynkumonanpHOi aktuBHOCTH ABCBI1-6emnka
BElIECTBAMH MENTHIHON MPUPOJIBI 32 CUET He-
MOCPEACTBEHHOTO B3aUMOJICUCTBHUS C YaCTSIMH
€ro MOJICKYNbl ¢ MoIu(UKAIHMEH ero Impo-
CTPaHCTBEHHOM CTPYKTYpHI [5].

Lenpto paboOTHI SBUIACH OIEHKA BIUSHUS
Hoomenra ©Ha (yHKIMOHATBHYIO aKTUBHOCTh
ABCBI1-6enka u nmprHAIISKHOCTh TIpernapara K
cyocTparam OesKa-TpaHCIopTepa.

MarepuaJjbl 1 METOABI

WccnenoBanue BbINOJIHEHO HA 12 mono-
BO3pEINIbIX KpoJuKax-camiax moponasl IluH-

TOHKOI'O KHIIEYHMKA ¥ MPOKCHUMAJbHBIX Ka-
HAJIBLIEB HE(PPOHOB IOYEK, T'€MATOLUTOB, HH-
JOTEJIMOLIUTOB THCTOTEMAaTUYECKUX OaphepoB.
TpaHcnopTep MpensTCTBYET BCACBIBAHUIO JIE-
KapCTBEHHBIX BEIECTB, SBJISIIOIUXCS €ro cyo-
cTpaTaMu B KUIIEYHHUKE, yYaCTBYET B IPOLIEC-
cax pacIpesielieHns], ClIOCOOCTBYET UX BBIBEJE-
HUIO B JKemub W Mouy. Takum oOpazoM, oOT
(YHKIIMOHATLHOW aKTUBHOCTH JAHHOTO OeJKa-
TpaHCHopTepa 3aBUCHUT (hapMAKOKHHETUKA Jie-
KapCTBEHHBIX BellecTB-cyocTparoB  ABCBI-
Oenka, a 3HauUUT >PPEeKTUBHOCTH U Oe3zomac-
HOCTh (papmakoTepanuu [2]. Beicokas akTuB-
Hoctb ABCBI1-6enka mpuBogut k Hedpdek-

THBHOCTH JICUCHUA BeIIIeCTBOM-CyﬁCTpaTOM, a mLia maccoit 3500-4300 r [6] Padora ¢ xu-
HHU3Kad aKTUBHOCTD — K TICPCIO3UPOBKE. BOTHBIMH MPOBOJIMIIACH B COOTBETCTBUE C IMpa-

Hoonenr  (N-denun-auernn-L-npoui- BWJIaMu JlaboparopHor npaktuku (IIpunoxke-
TIULAHA OTHIOBBIA d()HUP) — JUMCTITHIHBIA HUE K IIpuKa3sy MUHHCTEpCTBA 31paBOOXpaHe-
aHaJIoT MUparerama, SBJSIOIIUICS COBPEMEH- HUSIT U COLMAIBHOIO pa3BuThs Poccuiickon
HBIM OpPUTHMHAJILHBIM HOOTPOIHBIM M HEHpPO- deneparuu ot 23 aprycra 2010 roga 708H).
IIPOTEKTUBHBIM IIPENapaToM, pa3paboTaHHBIM JKuBoTHBIE ObLIM pa3feneHbl Ha 2 ce-
B HUU dapmakonorun umenn B.B. 3akycosa. pumu: B IepBoi cepuu (n=6) wuccieaoBaIn
HoomenTt npumensiercst g Tepanuu XpPOHHU- BrnusiHue HoormenTta Ha QyHKIMOHANIBHYIO aK-
YECKUX HIIEMHUYECKHX MOPaKeHUl Mo3ra, ps- tuBHOCTh ABCB1-06enka, Bo BTOpoi (n=6) —
Jla HEeWpoAereHepaTUBHBIX 3a00JIeBaHUM, LIH- OLICHMBAJIM MpPHUHAJIeKHOCTh Hoomenta k
30(ppenun, snunencuu [3]. cyOcTparaM TpaHCIopTepa.
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JKuBOTHBIE TIEpBOM CEpUM MOJydaIU
¢dexcodenaaun (TabneTkH, MOKPHITEIE 000-
noukoit, Tendacr, 180 mr, Aventis Pharma,
Wtanust) OMHOKpPaTHO BHYTPIKETYIOYHO B
no3e 67,5 mr/kr Maccel [7] mo u mocie 14-
JIHEBHOTO BBeJieHUs1 nmpenapara Hooment
(tabnetkn Hooment, 10 mr, 3A0 «JIEKKO»,
Poccust) B mo3e 10 mr/kr maccer 3 pa3a B JIcHb,
a Takke Ha 5-#1 ieHb ero orMmensl [8]. Ilocnen-
Hee BBeqeHre HoomenTa BBIMOIHSAIN YTPOM 32
20 MHH 1O BBEICHHS MapKepHOro cyOcTpara
JUTSL BO3MOXKHOCTH OLIGHKH TPSIMOTO BIIUSHUS
npenapara Ha ABCB1-6emnok (BeiO0p BpemMeHH
oOycnoBieH T, HOomenTa -15 muH). [Tocne
ATOTO y KPOJUKOB 3a0HMpau KPOBb U3 KpaeBOil
BEHBI yXxa B 00beMe 5 MJI B relapuHU3UPOBAH-
Hble TPOOUpKH, eHTpudyruposanu npu 3000
00./MMH B TeueHue 10 MMH AN MOITy4eHUS
mia3Mbl. B 11a3Me KpoBHM OMpENeNisiiii KOH-
neHTpanuio pexkcopenaanna merogqom BOKX
Ha xpomatorpagde «Stayer» (Poccus) mo me-
TOJIMKE, OIMMCAaHHOM paHee [9].

JKMBOTHBIM BTOPOM CEpUM BBOJMIIU TEC-
TUpyeMbIi npernapat Hooment B go3e 50 Mr/kr
MacChl BHYTPHXKEITY0YHO B (popme cycrieH3uun
Ha BOJIE OYMILEHHOW OJHOKPATHO /0 U MOCIe
BBeneHus: mHrHONTOpa ABCB1-6enka. Obpas-
116l KpOBM 3a0upayu uepes 5, 10, 20, 30, 45, 60
1 90 MUH moclie BBEJEHUSI TECTUPYEMOTO Tpe-
napara [10] ¢ mocineayrommuM aHaIUu30M €ro
dapmakokuHeTHKU MeTooM BOXKX. Mcnoms-
3oBain  xpomatorpad «Stayer» ¢ YD-
CHEKTPO(HOTOMETPHUECKUM JETEKTOPOM TPHU
nmHe BotHBI 206 HM. CocTaB moaBM»KHOM (ha-
3bI: BOJIA ICMOHU3UPOBAHHAS — AllETOHUTPHUIT —
nensHas ykcycHas kuciota (50-50-0,1). Xpo-
Matorpaduueckas  koinoHka  Phenomenex
Synergi 4u Polar-RP 80A (250x4,6) c 3epHe-
nueM 4 wMkM. B kauecTBe uWHruOuTopa
ABCBI1-0enka KUBOTHBIE TOJyYaJld Bepara-
MuUJ (TaOJETKH, MOKPBIThIE 000710uKOr, 80 MT,
Banenra ®apmanesruka OAO, Poccus) B 1o3e
20 mr/kr 3 pa3a B AeHb [7] kypcoM 14-nmHeit.
[Tocnennee BBeaeHNE BeparaMuia BHITOTHSIIN
yrpoMm — 3a 1 wac no BBeneHuss Hoomemnra
(Bpems o0ycnoBiieHO T, Bepanamuia 1-2 ).

dapMaKOKMHETUYECKUE napaMeTpsbl
dekcodeHaiHa U HOOIENTa PACCUYNUTHIBAIIH,
UCIIOJIB3YSl MOJIEIbHO-HE3aBUCUMBII METOJ, C
npuMeHeHneM nporpaMmel «Kinetica 5.0».
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[Tonmyyennsle pe3ynpTaThl 00padbaThIBaIN
¢ momomniplo mporpammbl «Stat Soft Statistica
7.0». CTaTUCTUYECKYIO 3HAYUMOCTh pa3inyuil
MeXay (papMakOKMHETHYECKHMH MapaMeTpamu
OLIGHUBAJIM WCXOJS W3 TPEACTaBICHUS O JIOT-
HOpPMaJILHOM pacrpe/iefieHnu AaHHbIX. Cpas-
HEHHE M3y4aeMbIX (hapMaKOKMHETUYECKHUX I1a-
pPaMeTpoOB MPOBOJMIHN C IPUMEHEHUEM JIUCTIEP-
CHOHHOTO aHajM3a ITOBTOPHBIX HW3MEPEHUI
(ANOVA) nocrne ux norapudmupoBanusi. Cta-
TUCTUYECKH 3HAYUMBIMH TIPHHAMAITH Pa3THUHS
npu 3HaueHnu p<0,05. JlOMONHUTENBHO pac-
CUMTBIBATIM ABYXCTOpOHHUN 90% noBepUTEIIb-
HBbI WHTEpBaJ] OTHOIICHUS T'€OMETPUYECKUX
CpenHUX 3HaYeHUH (hapMaKOKHMHETHYECKUX Ta-
paMeTpoB Ha (hOHE BBEACHUS HCCIEAYeMbIX
BemlecTB (Bepanamuia u HoomenTa) k mapa-
METpaM MHTAaKTHBIX *HMBOTHbIX. CoOryiacHO pe-
komengammsM  U.S.  Food and Drug
Administration, Center for Drug Evaluation and
Research [11] 3HauumbIMU cuuTarOTCsS pa3iu-
qus MEKIY papMaKOKMHETUYECKUMH TTapaMeT-
pamu, eciu aByxcropoHHuit 90% moBeputenb-
HBIA MHTEpBaJ UX OTHOIIEHHS HAXOJUTCS BHE
nuanazona 0,8-1,25 (80-125%). Ilomydyennsie
pe3yJbTaThl MIPEACTABICHBl B TaOIUIaX B BUJIE
CpEIIHEro reoMeTpuueckoro u ero 95% aoBe-
PUTETHLHOTO UHTEpBAJIA.

Pe3yabTaTsl U UX 00Cy:KIeHHE
14-nueBHOE BBEJICHUE KpOJIMKaM-
camuaMm Hoomnenra He BBI3BAJIO CTATUCTHUECKU
3HaYUMBIX U3MEHEHUN HU OJHOTO U3 HCCIEN0-
BaHHBIX (PAPMAKOKMHETHUYECKUX IapaMeTpoB
dbekcodenaanna (tadm. 1).

14-1HeBHOE BBEAECHUE KPOJIMKaM-CaM-
nam uHruouropa ABCB1-6enka — Bepanamu-
Ja HE NPHUBOJWIO K JOCTOBEPHOMY H3MEHE-
HUIO (apmakoknHeTHKH HoomenTa mo cpas-
HEHMIO C MCXOHBIMU MapaMeTpamu (Tadi. 2).

B mHamem wmccienoBaHWM B KaudecTBe
MmapkepHoro cyoctpara ABCBI1 6enka BeiOpan
pekomennyembiii FDA rucrtamunomutux 11
NOKOJIeHus! — pexcodeHaanH, KOTOpbIil He Me-
Ta0OJIU3UPYETCSl B OpraHU3Me, a €ro BCachIBa-
HUE B KHUIICYHUKE, pacIpelielieHHe U dIUMU-
HAIMS 3aBUCAT OT (YHKIIMOHUPOBAHUS TaHHO-
ro tpaHcrnoptepa. [loaToMy AuHaMHKa KOH-
neHTpanuu gexcodeHaauHa B KPOBH XapaKTe-
pHu3yer (G yHKIIMOHATBHYIO AKTUBHOCTD
ABCBI 6enxa [7, 11, 12].
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Tabnura 1

Dapmakoxkunemuueckue napamempul hexkcoenaouna (67,5 me/k2) 00 u nocne

eeeodenus Hoonenma (10 me/xe 3 paza é oenv 14 oneir)

DapMaKOKUHETUUECKUI
napametp pexcodenauna

WHTaKTHBIE KUBOTHBIE
(n=6)

JKuBoTHBIE TTOCITIE
BBeacHus Hoomenra
(n=6)

YKuBoTHble Ha 5-1 1eHb
otMeHbl Hoormenra (n=6)

C . HI/MIT 2413 (138,2; 421,2) 360,7 (171,8; 757,5) 331,2 (209,0; 524,9)
AUC,,, Hr*u/mi 25204 (1012,9; 6271,1) | 3023,9 (1682,7; 5433,9) | 2799,5 (2318,1; 3380,8)
AUCH, 203,9 (85,6; 486,3) 2472 (106,2; 575,4) 219,6 (99,3; 485,6)

Tyl
Cl, a*a *kr

15,8 (4.,8; 52,3)

13,9 (6,4; 30,3)

15,8 (11,2; 22,3)

Hpumeuaﬂue: JaHHBIC TMPCACTABJICHBI B BHUAC CPEAHCTO TI'COMCTPUYCCKOIO0 U €ro 95% JAOBCPUTCIIBHOTO

HHTCpBAJia

Tabnura 2

Dapmakokunemuueckue napamempvl Hoonenma (50 me/k2) 0o u nocne
6eedenusn eepanamuna (20 me/ke 3 paza 6 oenv 14 oneir)

DapMaKOKUHETHYECKUM
napametrp Hoonenra

WHTakTHBIC KUBOTHEIE (N=06)

JKuBoTHBIE TIOCTIE BBEZICHHS Bepanamuia (n=6)

C nax, HI/MIT

44,43 (25,20; 78,33)

26,16 (11,47; 59,70)

AUC_geer. HT¥MUH/MIT 1133,36 (599,19, 2143,74)

932,89 (501,66; 1734,81)

AUC. Hr*u/mi
T
Cl, m*mMun" Kr

AUC/typ,

1111,39 (596,81; 2069,63)
44,12 (23,32; 83,45)
80,75 (38,38; 169,90)

854,067 (417,11; 1748,77)
53,60 (28,82; 99,67)
62,97 (21,36; 185,68)

ITlpumeuanue: naHHBIE TPEJCTABICHBI B BHUAC CPEIHETO TEeOMETpUYecKoro W ero 95% IOoBEpUTEITHHOTO

MHTEpBaJa

OTCcyTCTBUE CTAaTUCTHYECKH 3HAUYHUMBIX
U3MEHeHUH (apMaKOKHMHETUKH (ekcodeHa-
JIMHA TIOCTIE KYypCOBOTO BBEICHHS KPOJMKaM
HoomnenTa cBUAETENLCTBYET O TOM, YTO CKO-
pocTh abcopOIMM MapKepHOro cyoctpara B
KHMIIEYHUKE U MHTEHCUBHOCTb €0 HKCKpPELUHU
HE M3MEHSUINCh, YTO MOKa3bIBA€T COXPaHEHUE
¢yHkmoHanbHOU akTuBHOCTH ABCBI-6enka
Ha MCXO/JHOM YPOBHE.

Panee Obu10 ycranosieHo, yto Hoonent
(10 mxM) yBenuuuaer J{HK-cBs3bIBatomyto
aktuBHOCTh HIF-1 [13] — TpaHKpunimoHHOTO
dakropa, MOBBIIAIOIIETO HKCIIPECCUIO
ABCBI1-6enka [14]. [lomy4yeHHsie HaMu pe-
3yJIBTaThl HE COTJIACYIOTCS C 3TUMH JaHHBIMH,
BUJUMO, TIOTOMY, YTO MbI Hcnonb3oBanu Ho-
OTENT B YCJIOBHSIX HOPMBI Y HMHTAKTHBIX KHU-
BOTHBIX W U3ydaJn (DYHKIMOHHPOBAHUE
TpaHCIOpTepa Ha YpPOBHE IEJIOCTHOIO Opra-
HU3Ma, a HE B KYJIbTYPE KJIETOK.

Bo3MoxkHOW  NPUYMHONH  OTCYTCTBUSA
BiausiHua HoorenTa Ha (QyHKIMOHANBHYIO aK-
tuBHOCTh ABCBI1-0enka Ha ypoBHE I1€JI0CT-
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HOI'O OpraHu3Ma, YCTAHOBJIEHHOE B HallleM
UCCIIEJOBAaHUM, MOXKET SBJIATHCS KOPOTKUI
HEepUOJl €ro IOJyBBIBEIECHUS, KOTOPBIM 110
JAHHBIM JINTEPATypPbl COCTABISET y KPOJIUKOB
0,3+0,03 g [10], 4TO MUHUMHU3HUPYET BO3ZMOXK-
HOCTh €ro IpPSMOro B3auMOJEHCTBHS ¢ Oel-
KOM-TPAaHCIIOPTEPOM M M3MEHEHHs €ro aKkTHB-
HocTu. Kpome Toro, Ha ypoBHE LIE€IOCTHOTO
opranuzMa ABCB1-0enok UCHBITBIBAET BIIMS-
HUE MHOXecTBa (aKTOpOB (KJIETOYHOE OKpPY-
’KEeHHe, TOPMOHAJIbHBIN (DOH U Tp.), B TO BpeMs
KaK 1n vitro OHM OTCYTCTBYIOT.

OneHka NPUHAAJICKHOCTH JIEKapCTBEH-
HBIX BelecTB kK cyoctparam ABCB1-6enka in
VIVO TipoBoUTCA cieayromuM oopasom. Pap-
MaKOKHHETHKA TECTUPYEMOro IpernapaTa ole-
HUBAETCs 10 U TMOCJIE BBEIECHUS KIACCUYECKUX
uHruoburtopa u u"aykropa ABCBI1-6enka. Ec-
JIM KypCOBO€ BBEICHHE KPOJIUKaM-CaMI[aM HH-
ruOuTOpa TpaHCIOpTEpa — BeparmaMuia MpH-
BOJUT K YBEJIWYEHHIO IJIA3MEHHOM KOHIICH-
Tpaluuy TECTUPYEMOT'O BELIECTBA U CHUKEHUIO
€ro 3KCKpEeLUH, a KypcOBOE BBEICHHE MHAYK-
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topa ABCB1-6enka — pudamnunuaa — K 00-
paTHOM MUHAMHUKE — JeTaeTcsi BBIBOJA O IPH-
HAJJICKHOCTH Ipernapara K cyocrpatam Oerka-
Tpancnoprepa [15]. B nannoit padote mpu rme-
popanbHOM BBeJeHHM Hoormenta MHTaKTHBIM
JKUBOTHBIM B J103¢ 50 MI/KI Macchl €ro Mak-
CUMaJlbHash KOHLIEHTpalus B IUIa3Me€ KpPOBU
cocraBuna 44,43 (25,20; 78,33) ur/mu. Ilpu
3TOM, B ciy4ae npuHaaiaexxHoctu Hoomenra k
cyoctparam ABCBI1-6enka, BBeienue pudam-
MUIMHA JTOTIOJIHUTENTFHO CHU3UT €ro IJIa3MeH-
HYIO KOHIIGHTPALUIO, YTO HE MO3BOJUT JETEK-
TUPOBATh €€ MPUMEHSIEMbIM HAaMH CIIOCOOOM.
B cBs3M ¢ yKkazaHHBIM OTrpaHHYEHHEM, B Ha-
meil paboTe BBOAMJICSH TOJIBKO WHIMOUTOP
Oenka-TpaHcropTepa — BepanmaMmuil, KOTOPBIH
MOBBIINIAET KOHIICHTPAIIUIO B KPOBU TECTHPYE-
MBIX CyOCTpaTOB.

OTcyTcTBHE  JIOCTOBEPHBIX — Pa3In4Hl
Mexny (papMaKOKMHETHUYECKUMH IMapameTpa-
mu HoormenTa 10 u mocie KypcoBOTO BBeze-
HUSl KPOJIMKaM BepanamMuia CBHJIETEIbCTBYET
O TOM, YTO TECTUPYEMBII Mpemnapar He SBISIET-
cs cyoctpatom ABCB1-6enka mnm BoBieye-
HUE JaHHOTO TPAHCIOpPTEpa B MPOILECCH BCa-
CBIBaHUS, PACIpE/IeICHHS U SKCKPELUU TeCTU-
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ANALYSIS OF ATTRIBUTION OF NOOPEPT TO SUBSTRATES
AND MODULATORS OF FUNCTIONAL ACTIVITY OF ABCBI1-PROTEIN
IN IN VIVO EXPERIMENT

I.V. Chernykh, A.V. Shchulkin, E.N. Yakusheva, M.V. Gatsanoga, N.M. Popova

Ryazan State Medical University named after academician I.P. Pavlov,
Vysokovoltnaya str., 9, 390026, Ryazan, Russian Federation

In the article the influence of nootropic drug Noopept (N-phenyl-acetyl-L-prolylglycine
ethyl ester) on the functional activity of ABCBI1-protein is analyzed and attribution of this
drug to the transport protein substrates is studied on male Chinchilla rabbits. Functioning of
the transport protein was estimated by the pharmacokinetics of its marker substrate — fexofe-
nadine. Fexofenadine was introduced intragastrically one time in the dose 67,5 mg/kg b.w. be-
fore and after 14-day introduction of Noopept in the dose 10 mg/kg b.w. 3 times a day. The
quantity of the substance was determined by HPLC method according to the previously de-
veloped procedure.

Belonging of Noopept to ABCB1-protein substrates was estimated by comparison of its
pharmacokinetic parameters before and after a course of introduction of verapamil (the
known inhibitor of the ABCB1-protein) into male rabbits in the dose 20 mg/kg b.w. 3 times a
day. The pharmacokinetics of Noopept was studied by the original HPLC method.

It was found that the course of Noopept introduction did not lead to any reliable changes
in the pharmacokinetic parameters of the ABCB1-protein marker substrate — fexofenadine,
which may evidence preservation of the functional activity of the given transport protein at
the initial level. It was also found that the pharmacokinetics of Noopept remained unchanged
after a course of introduction of ABCB1-protein inhibitor — verapamil — into the male rabbits,
that is, Noopept is not a substrate of the given transport protein.

Keywords: ABCB1-protein, P-glycoprotein, Noopept, fexofenadine, pharmacokinetics, vera-
pamil, substrate.

ABCBI1-protein (P-glycoprotein) is a tribution and facilitates their excretion into the
membrane ATP-dependent efflux transport bile and urine. Thus, the functional activity of
protein that removes a wide range of endogen- this transport protein determines the pharma-
ous and exogenous substances including medi- cokinetics of medical drugs — substrates of
cal drugs of different pharmacological and ABCBI-protein, and, finally, determines the
chemical groups, from a cell [1]. effectiveness and safety of pharmacotherapy

ABCBI1-protein localizes on the mem- [2]. High activity of ABCBIl-protein makes
branes of epithelial cells of small intestinal treatment with the substrate substance ineffec-
mucosa and of the proximal tubules of neph- tive, and its low activity leads to overdosage.
ron, of hepatocytes and endothelial cells of Noopept (N-phenyl-acetyl-L-prolylglycine
histohematic barriers. The transporter prevents ethyl ester), a dipeptide analog of pyracetam, is a
absorption in the intestine of medical drugs modern original nootropic and neuroprotective
that are its substrates, participates in their dis- drug developed in V.V. Zakusov Research
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Institute of Pharmacology. Noopept is used in
treatment for chronic ischemic brain damages,
schizophrenia, epilepsy [3].

In the scientific literature no research is
found on estimation of the attribution of Noo-
pept to substrates, inductors and inhibitors of
ABCBI-protein. However, based on the chemi-
cal structure and physical properties of Noopept
it is possible to suggest participation of ABCBI1-
protein in its pharmacokinetics, or the ability of
the drug to modulate its functional activity. Ear-
lier among the modulators of the transporter,
substances of peptide nature were found [4]. The
mechanism of alteration of the functional activi-
ty of ABCBI1-protein by substances of peptide
nature is described. It consists in their direct inte-
raction with parts of the protein molecule with
modification of its spatial structure [5].

The aim of the work is estimation of the
influence of Noopept on the functional activity
of ABCBI1-protein and determination of belong-
ing of the drug to the transport protein substrates.

Materials and methods

The research was conducted on 12 viri-
potent male Chinchilla rabbits of 3500-4300 g
mass [6]. The work with the animals was con-
ducted according to the good laboratory prac-
tice (Supplement to the Order of Ministry of
Health and Social Development of Russian
Federation of August 23, 2010, 708H).

The animals were divided to 2 series: in
the first series (n=6) the influence of Noopept
on the functional activity of ABCBI1-protein
was studied, in the second series (n=6) belong-
ing of Noopept to the transporter substrates
was determined.

The animals of the first series received
fexofenadine (coated tablets, Telfast, 180 mg,
Aventis Pharma, Italy) intragastrically one
time in the dose 67,5 mg/kg b.w. [7] before
and after 14-day introduction of Noopept
(Noopept tablets, 10 mg, ZAO (CJSC) «LEK-
KO», Russia) in the dose 10 mg/kg b.w. 3
times a day, and also on the 5™ day after its
withdrawal [8]. The last introduction of Noo-
pept was in the morning 20 min. before intro-
duction of the marker substrate, to evaluate the
direct influence of the drug on ABCBI1-protein
(the period of time was determined by T, of
Noopept — 15 min.). After that blood was tak-
en from the marginal veins of the rabbits’ ears
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into heparinized test tubes in the quantity 5 ml
with subsequent centrifugation at 3000 rpm for
10 min. to obtain plasma. Concentration of
fexofenadine in the blood plasma was deter-
mined by HPLC method on «Stayer» chroma-
tograph (Russia) according to the earlier de-
scribed procedure [9].

The second series animals received the
test drug Noopept intragastrically in the dose
50 mg/kg b.w. in the form of suspension pre-
pared on purified water one time before and
after introduction of ABCB1-protein inhibitor.
Blood samples were taken in 5, 10, 20, 30, 45,
60 and 90 min after introduction of the test
drug [10] with the subsequent analysis of its
pharmacokinetics by HPLC method. «Stayer»
chromatograph was used with UV-spectro-
photometric detector with 206 nm wavelength.
Composition of the mobile phase: deionized
water — acetonitrile — glacial acetic acid (50 —
50 — 0.1). Chromatographic column Phenome-
nex Synergi 4u Polar-RP 80A (250 x 4.6, 4
um). The inhibitor to ABCBI1-protein was ve-
rapamil (coated tablets, 80 mg, OAO (JSC)
Valenta Pharmacevtica, Russia) given in the
dose 20 mg/kg b.w. 3 times a day [7] in 14-day
course. The last introduction of verapamil was
conducted in the morning 1 hour before intro-
duction of Noopept (the time is determined by
Tmax of verapamil 1-2 h).

Pharmacokinetic parameters of fexofe-
nadine and Noopept were calculated by non-
compartmental method using Kinetica 5.0 pro-
gram.

The obtained results were processed us-
ing StatSoft Statistica 7.0 program. The statis-
tical significance of the differences between
the pharmacokinetic parameters was evaluated
on the basis of the concept of the lognormal
distribution of data. The test pharmacokinetic
parameters were compared using dispersion
analysis of repeated measurements (ANOVA)
after taking their logarithms. Statistically sig-
nificant were assumed the differences at the
meaning of p<0.05. Additionally, two-tailed
90% confidence interval of the ratio of the
mean geometrical values of the pharmacoki-
netic parameters with introduction of the test
substances (verapamil and Noopept) to the pa-
rameters of intact animals was calculated. Ac-
cording to recommendations of Drug Evalua-
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tion and Research Center of U.S. Food and
Drug Administration [11], the differences be-
tween pharmacokinetic parameters are consi-
dered significant if the two-tailed 90% confi-
dence interval of their ratio lies beyond the
range 0,8-1,25 (80-125%). The obtained re-
sults are given in the tables as the geometrical
mean and its 95% confidence interval.

Results and Discussion
14-Day introduction of Noopept to the
male rabbits did not cause any statistically sig-
nificant changes in any of the test pharmaco-
kinetic parameters of fexofenadine (tabl. 1).
14-Day introduction of ABCBI-protein
inhibitor — verapamil — did not lead to any re-
liable changes in the pharmacokinetics of
Noopept in comparison with the initial para-
meters (tabl. 2).
Table 1

Pharmacokinetic Parameters of Fexofenadine (67,5 mg/kg) before
and after Introduction of Noopept (10 mg/kg 3 times a day within 14 days)

. th
Pharmacokinetic parameter . _ Animals after introduction Animals on the 5 "day
. Intact animals (n=6) _ after withdrawal of
of fexofenadine of Noopept (n=6) _
Noopept (n=6)
Cinax, ng/ml 241,3 (138,2;421,2) 360,7 (171,8; 757,5) 331,2 (209,0; 524,9)
AUC ng*h/ml 2520,4 (1012,9; 6271,1) | 3023,9 (1682,7; 5433,9) 2799,5 (2318,1; 3380,8)
AUCH ), 203,9 (85,6; 486,3) 247,2 (106,2; 575,4) 219,6 (99,3; 485,6)
Cl, I*h " *kg! 15,8 (4,8; 52.,3) 13,9 (6,4; 30,3) 15,8 (11,2;22,3)

Note: the data are presented as the geometrical mean and its 95% confidence interval

Table 2

Pharmacokinetic Parameters of Noopept (50 mg/kg) before
and after Introduction of Verapamil (20 mg/kg 3 times a day within 14 Days)

Pharmacokinetic parameter
of Noopept

Intact animals (n=6)

Animals after introduction
of verapamil (n=6)

Cmax Ilg/ ml

44,43 (25,20, 78,33)

26,16 (11,47; 59,70)

AUC_gecx, ng*min/ml

1133,36 (599,19; 2143,74)

932,89 (501,66; 1734,81)

AUC ng*h/ml

1111,39 (596,81; 2069,63)

854,067 (417,11; 1748,77)

Cl, I*min”'kg’

44,12 (23,32; 83,45)

53,60 (28,82; 99,67)

AUC/typ,

80,75 (38,38; 169,90)

62,97 (21,36; 185,68)

Note: the data are presented as the geometrical mean and its 95% confidence interval

Fexofenadine is H;j-histamin receptor
blocker of the III generation which is recom-
mended by FDA as the marker substrate of
ABCBI1-protein; it is not metabolized in an
organism, and its absorption in the intestine,
distribution and elimination depend on the
functioning of the transporter. Thus, the
changes of the concentration of fexofenadine
in blood characterizes the functional activity of
ABCBI1-protein [7, 11, 12].

Absence of any statistically significant al-
terations in the pharmacokinetics of fexofena-
dine after a course of administration of Noopept
into rabbits shows that the rate of absorption of
the marker substrate in the intestine and the in-
tensity of its excretion did not change that means
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preservation of the functional activity of
ABCBI-protein at the initial level.

Earlier in vitro was found that Noopept
(10 pM) increases DNA-binding activity of HIF-
1 [13] — transcription factor that enhances ex-
pression of ABCBI1-protein [14]. Our results do
not agree with these data probably because we
used Noopept in normal intact animals and stu-
died functioning of the transporter at the level of
the whole organism and not in cell culture.

A probable reason for absence of the in-
fluence of Noopept on the functional activity of
ABCBI-protein at the level of the whole organ-
ism found in our research, may be its short half-
life period which, according to the literature, in
rabbits is 0,3+£0,03 h [10] which minimizes the
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probability for its direct interaction with the
transport protein and for changing its activity.
Besides, at the level of the whole organism
ABCBI-protein is under the influence of many
factors (surrounding cells, hormonal back-
ground, etc.) that are absent in vitro.

Belonging of medical drugs to ABCBI-
protein substrates is estimated in vivo in the fol-
lowing way. Pharmacokinetics of the test drug is
estimated before and after administration of the
classic inhibitor and inductor of ABCBI-protein.
If after a course of introduction to male rabbits of
the transporter inhibitor (verapamil) the concen-
tration of the test substance in plasma increases
and its excretion decreases, and after a course of
introduction of ABCBI-protein inductor (rifam-
picin) the opposite dynamics is observed, the
conclusion is made about the drug belonging to
the transport protein substrates [15]. In this work
the maximal concentration of Noopept in blood
plasma after its oral administration into intact an-
imals in the dose 50 mgkg b.w. was 4443
(25,20; 78,33) ng/ml. Here, if Noopept belongs to
ABCBI1-protein substrates, introduction of rifam-
picin will further decrease its concentration in
plasma that will not permit its detection by the
method used by us. Because of this limitation, in
our work only the transport protein inhibitor was
introduced — verapamil, which increases concen-
tration of the test substrates in blood.

Lack of any reliable differences between
pharmacokinetic parameters of Noopept before
and after a course of introduction of verapamil
into rabbits means that the test drug is not a
substrate of ABCB1-protein, and the involve-
ment of the given transporter into the
processes of absorption, distribution and ex-
cretion of the test substance produces no sig-
nificant influence on its pharmacokinetics.

Independence of Noopept pharmacokinet-
ics of ABCBI-protein functioning, as well as
absence of any influence of the drug on the func-
tional activity of the transporter permits to safely
administer the drug together with drugs that are
substrates of the transport protein (digoxin, da-
bigatran etexilate, talinolol, etc.) without correc-
tion of its dose with the minimal probability for
undesired drug-drug interactions.

Conclusions

1. A course of Noopept introduction in
10 mg/kg b.w. dose 3 times daily to male rab-
bits within 14 days does not lead to any
changes in the functional activity of ABCBI1-
protein that is estimated by pharmacokinetics
of its marker substrate fexofenadine.

2. By the results of in vivo testing, Noo-
pept is not a substrate of ABCBI1-protein that
is confirmed by absence of any significant
changes in its concentration after introduction
of ABCBI-protein inhibitor — verapamil.

In relation to this article reported no potential conflicts of interest.
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