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ONPEAENEHUE NPOU3BOAHOTIO 3-TMAPOKCU-3-MNPPOJZINH-2-OHA
B MOYE U USYHEHUE ETO SKCKPELUNU
M3 OPTAHU3MA NTABOPATOPHbIX XUBOTHbIX
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H3z6ecmno, umo npakmuuecku 11060e 3a001e8anue co CMopoHbl YEeHMPAIbHOU HEPEHOU CUCEMbL CONPOBONCOAU-
emcs pasgumuem KOZHUMuUGHuIX paccmpoucms. Ipenapamamu evlbopa 6 cocmage KOMNIEKCHOU mepanui 6 OAHHOM
cayuae A6uAI0Mcs Hoomponsl. Ha muposom puinke cpedu HOOMPONHLIX npenapamos npeobiadaem cpynna payema-
MO8 (NPpOU3B0OHIX AL A-NUPPOTUOOHA), XAPAKMEPUZVIOWAACS UUPOKUM CHEKMPOM PapMAKOI02UYECKOU AKMUBHO-
cmu. B nacmosawee spemsa dannas epynna npoooudicaem pacuupsamoscs. Compyonuxamu Ilepmckoii 2ocyoapcmeenhoil
dapmayesmuueckotl akademuu noo pykosoocmeom npogeccopa l'etina B.JI. Ovino cunmesuposano Hogoe buonocute-
CKU aKmugHoe coedunerue, npou3eoonoe 3-eudpoxcu-3-nupponun-2-ona — KOH-1, komopoe cetivac npoxooum sman
Ooknunuyeckux ucciedoganuil. Ilenvto nacmoaweii pabomol asunacs paspabomra memoouxu onpedenenus KOH-1 6
Moue Memooom 8blcOKO3pdexmusHoll sxcudkocmuou xpomamoepaguu (BOIKX), a makoice uzyuenue sxckpeyuu KOH-
1 u3 opeanusma nabopamopnuvix dcueomuuix. Mamepuanvt u memoosl. Vccieooseanus no paspabomke memoouxu
NPOBOOUU C UCNONIB30BAHUEM HCUOKOCIHO20 Xpomamozpaga LC-20 Prominence (Shimadzu, Anonus) ¢ ouoonoma-
MPUYHBIM OemeKmOopom. Banuoayuio ocywecmsnsanu ¢ coomgemcmeuu ¢ mpebosanusm, NPeovbsaGIAeMblMU K OUO-
AHATUMUYECKUM MEMOOUKAM, NO NOKA3AMENAM CEleKMUBHOCMb, TUHEUHOCMb, NPEYUSUOHHOCMb U NPAGUILHOCHTb.
Oxekpeyuro KOH-1 uzyuanu na benvix nenunelinvix kpvicax maccou 300—400 e nocie 00HOKpamHo2o nepopaibHo20
8sedenus 8 0ose 100 me/ke. Pezynomamot u oocyyncoenue. B pesynomame ucciredosanuii paspabomara memoouxa
onpedenenus buonozuuecku akmugrnoeo coeounenuss KOH-1 ¢ moue. [lpogedennas sanudayus nokazaia ee npueoo-
HOCmb 01151 (hapmakokuHemuyeckux ucciedosanuil. Ilonyuenst oannvie no cymoynomy evigedenuro KOH-1 ¢ mouot
nocne 00HOKpAmHo20 NepopaiIbHO20 88edeHus Kpblcam. 3aKatouenue. Paspabomannule yciosus xpomamozpaguie-
ckozo onpedenenuss KOH-1 6 moue mocym Ovims ucnonb308amsl npu GapmakoKuHemu4eckux uccied08aHusx, Kaxk na
OOKIUHUYECKOM, MAK U KAUHUYECKOM dMANax u3y4yeHus nomeHyudibHo20 J1eKapcmeennozo cpedcmsa. Jlannvie no
akckpeyuu KOH-1 nossonam onpedenums nymu 6bl6e0eHusi npenapamd, a maxdice no0oopams payuoHaIbHyIo 003u-
POBKY, BbIABUMb BO3MONACHBLE NPOMUBONOKAZAHUS K NPUMEHEHUIO.

Knroueswvte cnosa: noomponwsi, KOH-1, svicokoaghexmusnas scuokocmuas xpomamozpagus, eanuoayus, ap-
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1t is known that almost any disease of the central nervous system is accompanied by the development of cognitive
disorders. The drugs of choice in the complex therapy in this case are nootropics. On the world market racetam group,
i.e. derivatives of alpha-pyrrolidone, prevails among nootropics, and the derivatives have a wide spectrum of pharma-
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cological activity. Currently, this group continues to expand. By the employees of Perm State Pharmaceutical Acade-
my (PSPA), ruled by Professor V.L. Gein, a new biologically active compound, a 3-pyrrolin-2-one derivative - KOH-1
was synthesized. This compound is at the preclinical research stage now. The aim of this work was the development of
methods for determination of KOH-1 in urine by high performance liquid chromatography (HPLC), the study of excre-
tion KOH-1 from the organism of laboratory animals. Materials and methods. Studies on the development of methods
were carried out by using a liquid chromatograph LC-20 Prominence (Shimadzu, Japan) with a diode-array detector.
The validation was carried out in accordance with the requirements for bioanalytical methods, in terms of selectivity,
linearity, precision and accuracy. The study of excretion of KOH-1 was performed on white non-linear male rats
weighing 300-400 g. The substance KOH-1 was administered once orally in a suspension of starch mucus at a dose
of 100 mg/kg. Results and discussion. As a result of the research, the method for determining the biologically active
compound KOH-1 in urine has been developed. The validation showed its suitability for pharmacokinetic studies.
The data on daily excretion of KOH-1 in urine after a single oral administration to rats were obtained. Conclusion.
The developed conditions for the chromatographic determination of KOH-1 in urine can be used in pharmacokinetic
studies, both at the preclinical and clinical stages of the study of a potential drug. The data on excretion of KOH-1 will
allow to determine the ways of excretion of the preparation, and also to select a rational dosage, to identify possible

contraindications to the use.

Keywords: nootropics, KOH-1, high-performance liquid chromatography, validation, pharmacokinetics

BBemenme. l3BecTHO, YTO MPAKTHUCCKH JIHO0OE
3a00JIeBaHNE CO CTOPOHBI IIEHTPAILHONH HEPBHOW CH-
CTEMbI COIPOBOXK/IAETCA Pa3BUTHEM KOTHUTHBHBIX pac-
CTpPOMCTB, KOTOpPBIE MPOSBISAIOTCS B CHIKEHUN TaMATH,
BHUMaHHs U YMCTBEHHOH paboTocrnocodHocTH. Koruu-
TUBHBIE PACCTPONCTBA HETATUBHO CKa3bIBAIOTCS Ha Kaue-
CTBE XU3HU MaIllMEeHTa U HYXKJAITCs B Koppekuuu [1].
[Ipenaparamyu BbIOOpa B COCTaBE KOMIUIEKCHOW Tepariuu
B JJaHHOM CJydYae SIBJISIIOTCS HOOTpombl. B HacTosmiee
BpEMsi OHM SIBJISIIOTCSI €MHCTBEHHOW TpymIol ¢apma-
KOJIOTMUYECKUX CPEJICTB C BBIPAKEHHBIM HelpoMeTado-
JUYecKUM JeiicTBueM. Ha MHpOBOM pbIHKE Cpeau Ho-

Br

OTPOIIHBIX MpenapaToB MpeodiafaeT Ipyma paeTaMoB
(Tpou3BONHBIX  aNb(a-IMUPPOIUIOHA), XapPaAKTEPHU3YIO-
IIAsICS IMPOKUM CIIEKTPOM (papMaKoJIOrHYeCKOl aKTHB-
HOCTHU. B HacTosIee Bpems TaHHAs TpyIa MpofoKaeT
pacuupsatscs. Corpynaukamu [lepmckoii rocyapcTBeH-
HoH (hapmaneBTuueckoit akanemun (III'DPA) nmox pyko-
BoICTBOM Tipodpeccopa [eitna B.JI. ObLIO CHHTE3UPOBAHO
HOBOE OMOJIOTMYECKH aKTHBHOE COeTMHEHHeE [2], Tpoun3-
BomHOEe 3-muppoiuH-2-ona — KOH-1 (puc. 1), obnana-
I0l[ee BBIPAKEHHBIM aHTHAMHECTUYECKUM JEHCTBHEM.
Ceityac coeMHEHUE MPOXOJUT CTAAUIO JOKIMHUUECKUX
HCCIEIOBAHUM.

CH,— CH,— CH,— OH

Pucynok 1 — Cmpyxkmypnas popmyna KOH-1
(4-auemun-5-(4-o6pompenun)-3-zudporcu-1-(3-zudpoxcunponun)-3-nupponun-2-on)

BHenpeHue COBpEeMEHHBIX MpenapaTroB B KIWHU-
YEeCKYI0 MPAaKTUKY OCYIIECTBUMO JIMIIb MpPU YCIOBUHU
JIeTIbHOM OLEHKM X crenuduueckoit dapmaxonoru-
YecKoll aKTUBHOCTH M O€301IaCHOCTH Ha CTaJUH JKC-
MEPUMEHTANBHBIX  (HOKIMHUYECKHX) HCCIICAOBaHUM.
Lenbto nokIMHUYECKNX (hapMaKOKWHETHYECKUX HCCIIe-
JIOBAaHUI SBIIAETCS W3y4YCHHE IOBEACHMS IMOTEHIHAIIb-
HBIX JIEKapCTB B OPraHU3ME JIAOOPATOPHBIX ’KUBOTHBIX,
a WMEHHO TIPOLIECCOB BCACBIBAHUS, paCIpeeeHus,
Merabosm3ama u BbiBeneHus: [3]. M3yueHue sKcKpeuuu
— B@XHBIM 3Tall JOKJIWHUKH, KOTOPHIM MO3BOJISET Olie-
HUTb CKOPOCTH 3JIMMUHAINH MTOTEHIIHAIBHBIX JIEKAPCTB.
B cBs3M ¢ 3TUM, aKTyaJbHBIMU SBJISIOTCS HCCIEIOBAHUS
0 pa3padoTKe BBICOKOYYBCTBUTEIBHBIX METOJHMK OIIpe-
JIeTIeHUs] OMOJIOTUYECKH aKTUBHBIX COEAWHEHUI B OHO-
JIOTHYECKUX KUJKOCTSAX, B YACTHOCTH B MOYE.
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ITpn (apmMakOKMHETHYECKUX HCCIEIOBAHUAX HO-
OTPOIHBIX TPENapaToB M3 TPYIIIbl PaleTaMOB HCIHOJb-
3YIOTCSI METOJIbI Ta30KHUKOCTHON Xpomarorpaduu [4],
BBICOKOA((EKTHBHOM JKUIKOCTHOW Xpomarorpaduu ¢
diryopuMeTpuUecKiM [5] U Macc-CEJICKTUBHBIM JICTCK-
TupoBaHueM [6-12]. Bwibop cnocoba mpoOOnoaroros-
KM MOYM K aHaJIM3y 3aBHCUT OT (M3MKO-XUMHYECKUX
CBOWCTB JIEKapCTBEHHOTO BeriecTsa. Tak, mpu dapmako-
KMHETHYECKUX MCCIICIOBAaHHUIX HOOTPOITHBIX Tperapa-
TOB IPH aHAJIU3E MOYM HCIOJIB3YIOT MPOOOMOATOTOBKY
Ha OCHOBE JKUAKOCTb-KMIKOCTHOM 3KcTpakuuu [13, 14,
15] u npoctoe pazbasienue odbpasua Bomoi [16]. Panee
IIPOBEICHHbBIE HcceioBaHus nokaszanu, yro KOH-1 a¢-
(dexTuBHO 3KcTparupyercs u3 mMouu npu pH 3 xiopo-
dbopmom (6osee 98%) [17].

Henbro Hamieir padoThI sIBIJIACH pa3paboTKa METO-
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muku onpenencHuss KOH-1 B Mode METOIOM BBICOKOI (-
(bexTHBHON KUAKOCTHOHM xpomarorpaduu (BIXKX), a
takxke uzydenue sxckpernn KOH-1 u3 opranmsma na6o-
PaTOPHBIX KUBOTHBIX.

Marepuaasl u Metoabl. B pabore mcmonb3oBa-
nu cyocrannuio KOH-1, cunresupoBannyio B [II'QA u
COOTBETCTBYIOIIYI0 TpeboBanusaMm mpoekta OCII [18],
a TaKXkKe CIeIyIoUIhe peareHTH: anetoHuTpun (HPLC
grade, Merck), XIOpUCTOBONOPONHAs KHCIIOTa pa3Be-
nennas 8,3%, kanus quruapodocdar (x.4.), xaopohopm
(x.4.). Boma ams mpUroTOBNEHUS ATIOSHTOB ObIIa MOTY-
YeHa ¢ MOMOIIBIO CUCTEMbI OUMCTKH BOAbI Simplicity UV
(Millipore, Merck).

HccrnenoBanus mo pa3paboTKke METOAMKH MPOBOIH-
JIM C HUCIOJB30BAHUEM JICUOKOCHHO20 Xpomamozpapa
LC-20 Prominence (Shimadzu, Slnonus) ¢ duoonoma-
MpUYHbIM Oemekmopom. Xpomamoespaghuueckas KoioH-
xa: Luna 5uC18(2) 100A (250x4,6 mm, Phenomenex). B
KadeCTBE MOJBIKHON (ha3bl UCTIONB30BAH CMECH alleTo-
mutpwia u gocdarnoro o6ydepa (pH 7). lerekrupona-
HUE TIPOBOMIIN MPH JUTHHE BOIHBI 324 HM.

[Tpo6onoAroTOBKY MOYM OCYIIECTBIISUIH METOIOM
KHJIKOCTb-)KUJIKOCTHOM ~ AKCTPAKLIUHK  XJIOPOHOPMOM.
s aToro B mpoOupky THma DnneHnopd nomemany |
MJI MOJAETBHON CMECH, MOJKUCIISIN KHUCIOTOW XJIOpHU-
CTOBOAOPOAHOM pasBeneHHo 8,3 % mo pH 3 mo yHusep-
canpHOMY MHAUKaTOpy (50 MKm). Jlanee mpoBoauiIu BY-
KpaTHYI0 9KCTPAKLHUIO XJopodopmoM nopuusivu 1o 0,5
MJI, UCHIOJB3YsSI MPOOMPOUYHBIN BopTeKke. Bpems kaxkmoit
aKcTpakiuu — 1 MuHyTa. OOpa3zoBaBIIyIOCS IMYILCHIO
paspyuianu nyteMm neHTpudyruposanus npu 5000 06/
MUH B Te4eHHe 5 MuH. OpraHnuecKuil CJI0H MepeHOCHIN
B BBIAPUTEIBHYIO YAIIIKY, CyXOH OCTAaTOK MOCJe yaaJie-
HUS IKCTPAreHTa B TOKE TEIUIOTO BO3AYyXa PacTBOPSIH B
1 M1 MmertaHona. M3Brnedenus GpuiasTpoBas yepe3 MeM-

mAU

OpaHHBIE MIMPHUIIEBbIE HEHIOHOBBIE (PUIBTPHI C pa3Me-
pom mop 0,45 mxm [17].

Banunanuio pa3paboTaHHON METOIWKH TMPOBOIM-
M B COOTBETCTBHM C COBPEMEHHBIMH TPEOOBAHUSIMHU,
MIPEIBSBISIEMBIMU K OMOaHATNTHYECKMM METOIUKAM, T10
MTOKa3aTeNsIM CEeNeKTUBHOCTD, JIMHEIHOCTH, MPEIIU3UOH-
HOCTb U TpaBmiIsHOCTS [19, 20, 21].

Hccaenoanue 3xckpenuun KOH-1 mpoBomnu Ha
OenbIX HeMMHEHHBIX Kpbicax-camiax maccoit 300-400 T,
nonmy4yeHHbIX U3 BuBapus [II'PA. Cy6crannuio KOH-1
BBOJIMJIM OJHOKPATHO MEPOPATbHO B CYCIIEH3MH Kpax-
MastbHOM ciu3u B 103¢ 100 mr/kr. COOp 3KCKPETOB OCY-
IIECTBISUTM B META0ONNYECKHX KJIEeTKaxX B TeueHue 24
yacoB nocie Beaenuss KOH-1.

Pe3yabTarsl 1 06cy:kaeHHe. YCIOBHA XpoMarorpadu-
POBaHUS U JIETEKTHPOBaHs. PaHee mpoBeIeHHBIE NCCIIeI0-
BaHUS MOKa3aH YP(HEeKTHBHOCT UCTIOIH30BAaHMS MMIOSHTA
Ha OCHOBE aleTOHUTpuiIa U (ocharaoro Oydepa (pH 7)
JUTSL aHAJTU3a TIPOM3BOAHBIX 3-THAPOKCH-3-TIHPPOIHH-2-0-
Ha [22]. B nanHO# MOABMKHON (haze MaKCMMyM MOIJIOLIe-
uust KOH-1 cocraBmsier 324 HMm (puc. 2), 94to 00ecnednBaetT
BBICOKYIO CEJIEKTUBHOCTB €TO OMNpEeTICHHS MPU aHaIn3e
TaKHUX CJIOXHBIX MHOTOKOMITOHEHTHBIX 00pa3IOB, KaK H3-
BJICUEHUs U3 OMOJIOTMYECKUX OOBEKTOB. YCTAaHOBJIEHO,
YTO BpeMs yIep>KUBAHHS UCCIIEyeMOTO BEIIECTBA CHIIBHO
3aBHCHT OT KOHIEeHTpaimu (ocdarHoro Oydepa (pH 7) B
coCTaBe 2JII0eHTA. YBenuueHue OydepHoro pacrtsopa B
amoenTe ¢ 60 10 80 % MPUBOIUT K YBETHMUYCHUIO BPEMEHI
yaepxkuBanus ¢ 3 1o 11 munyt. Cmech docdarnoro Oy-
¢epa (pH 7) u aneToHUTpHIIa B COOTHOIICHHU 75:25 mipu
notoke 1 MiI/MUH obecrieuria mpreMiIeMbIid Ko3QQUIMEHT
yaepkuBanust KOH-1, xoporiiee pasiaeneHue ¢ COCeIHUMEI
XpomarorpaduuecKuMH MUKaMH, U Jajiee NCIOIb30BaIach
B Ka4ecTBe MOABIKHOM (a3sl. Bpems ynepxuanus KOH-
1 B TaHHBIX YCIOBHUSX COCTABUIIO 5,5 MUH.
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Banuoayus memoouxu. Banunanusi paspadoTaHHON
METOMKN KonmuecTBeHHoro ompeneneans KOH-1 B
Moue MetooM BOIKX-Y® mposeneHa mo mokazaTensim
CEJIEKTUBHOCTH, JIMHEHHOCTbh, MPEIU3NOHHOCTh U TIpa-
BHUJIBHOCTH B COOTBETCTBUH C MPEABABIIEMBIMU TpeOo-

Banusmu [ 19, 20, 21].

CeneKkTUBHOCTh METOAMKH ObITa YCTaHOBIEHA ITy-

TeM aHalu3a M3BJICUEHUH M3 «XOJOCTHIX» 00pa3IoB
MOYH, a TaK)Ke MOJCIBHBIX CMEeCe MOYM C KOHIIEHTpa-
nueit KOH-1 na ypoue 20 Mxr/miu. Ha xpomarorpam-
Max U3BJICUCHUH U3 XOJIOCTOr0 00pasiia He HabIIoIaI0Cch
ITUKOB CO BPEMEHEM YACP)KHBAHHS, COOTBETCTBYIOIIUM
Bpemenu yaepkuBanusi KOH-1, 9to cBHAETETBCTBYET O
CEJIEKTUBHOCTH METOIHKH (puc. 3-4).
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Pucynok 4 — Xpomamozpamma uzeneuenus uz mooeavHou cmecu mouu ¢ konyenmpavyueii KOH-1 (20 mke/mn)

[Ipu oneHke JMHEHHOCTH METOIUKH OBUIM IPHUIO-
TOBJIEHBI U MPOAHATU3UPOBAHBI 8 MOJIEIbHBIX PACTBOPOB

MOYH (KaJMOPOBOYHBIX CTAaHIAPTOB) C KOHIICHTpAIUCH

KOH-1 B muamaszone ot 0,5 mo 125 Mkr/mi. YpaBHeHue
kanuOpoBo4yHoro rpaduka umeer Bug Y = 2189*X. Ko-
s dunment xoppemsiuuu cocraBmin 0,99865, uro mox-

TBEpPXK/IaeT IMHEHHOCTh METOAUKHU B YKa3aHHOM JIMarna3o-
He. KannOpoBouHblii rpaduk 1pecTaBiieH Ha pUCYHKE 5.
B rabauue 1 npeacraBiieHbl pe3ylibraTbl 00paTHOro
nepepacyera KOHIEHTpaLuil KaJuOpOBOYHBIX CTaHIap-
TOB, IMOJYYEHHBIX C HCIIOJb30BAHHEM KaJINOPOBOUYHOIO

rpaduka.

Tabnuya 1 - Omknonenua KOHUEHMPAyUIl KAaudpoGoOUHbIX CIMAHOAPMOE OM (HAKMUYUECKUX 3HAYEH U

o 0,69 2,09 7,79 25,1 50,2 83,3 100,4 125,5
S 0,63 2,15 7,84 22,97 48,23 81,46 100,86 128,84
€,% -8,7 2,87 5,0 -8,48 -3,92 2,2 0,46 2,66

He 6onee o
Hopma 20% He 6omnee 15%
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Pucynok 5 — Kanuoposounwtii 2pagpux konuuecmeennozo onpeoenenus KOH-1 ¢ moue memooom BIKX

DKCIEPUMEHTAIBHO PAacCUUTAHHBIE KOHLEHTPALUH
KaJIMOPOBOYHBIX CTAaHIAPTOB HE NPEBBHIILIAIOT HPEIEIIOB
+15% OT HOMUHAJILHBIX, YTO COOTBETCTBYET KPUTEPUSIM
npuemsieMoctu [19, 20, 21].

6 MoJebHBIX OM000pasoB (00pa3loB KOHTPOJIS
KadecTBa) Ha 5 ypoBHsX koHHeHTpauuit KOH-1: 0,56;
3,36; 16,80; 62,75 u 111,56 MKr/ma ObUIM MPHUTOTOB-
JICHBI JUIS TIOATBEPIKACHHS MPUTOJHOCTH METOIUKH I10

rnapamMeTrpaM Npelru3UOHHOCTh M MpaBWIBHOCTG. [loa-
TOTOBKY 00pa3LoB /ISl aHAJIM3a OCYIIECTBISUIM B COOT-
BETCTBUU C OIMUCAHHOW MeToAuKoW. [Ipenu3noHHOCTD
U TPaBUILHOCTh METOIMKH OICHUBAJIM MO BETUYMHAM
OTHOCHTEJIBHOTO CTaHAaapTHOro otkioHeHus (RSD, %)
Y OTHOCHUTEJIBHOH morpenrHocT (8, %) COOTBETCTBEHHO.
MeTtponoruueckie XapakTepUCTUKH METOIUKH Tpe-
CTaBJICHBI B TAONHIIC 2.

Taénuya 2 — Memponozuueckue xapakmepucmuKku Konuuecmeennozo onpeoenenus KOH-1
6 moue memooom BIJKX

Konuentparus Hait =
KOH-1 B MmoaenpHOM arieHHat X SD RSD, % 3, %
KOHIICHTPAIIHs, MKT/MJI (n=6)
CMECH, MKT/MIT
0,56 0,64; 0,58; 0,66; 0,53; 0,60 0,0467 7,7817 7,14
0,62; 0,57
3,36 3,12; 3,41; 3,90; 3,75; 3,57 0,3352 9,3857 6,25
4,01; 3,24
16,80 16,87; 16,95; 17,42; 17,31 0,3723 2,1512 3,04
16,84; 17,69; 18,06
62,75 55,51; 57,65; 58,47, 57,76 1,4375 2,4890 -7,95
56,54; 59,57, 58,79
111,56 98,57; 101,98; 102,53; 102,76 3,7075 3,6079 -7,89
109,33; 100,05; 104,1
[TosrydeHHbIe pe3yabTaThbl KOHTPOJIS HE TPEBBIIIAIOT Dapmaroxunemuyeckue ucciedoganus. Pazpabo-

15%, momyckaeMbIX st OMOAHAIUTUYECKUX METONUK,
YTO CBH/CTEIBCTBYET 00 OTCYTCTBUH 3HAYMMBIX CHCTE-
MaTHYeCKUX OIMOOK B pe3ynbrarax anamusa [19, 20,
21].

TaHHasi METO/IMKa ObLIa MCIIOJb30BaHA MU MPOBEACHUN
JOKITMHUYECKUX (hapMaKOKMHETHYECKUX HCCIICI0BaHUI
o skckperur KOH-1 Ha mabopaTopHBIX KUBOTHBIX. DKC-
MEPUMEHT Ha )KUBOTHBIX OCYILECTBIISUICS B COOTBETCTBUH
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C TIPaBOBBIMH HOpPMaMH HCIIOJIb30BaHUsI KUBOTHBIX TPH
MIPOBEJICHUH JOKIMHIYECKHX HccaeoBanuii [23].

OnbIT MPOBOIWIIM Ha OENBIX HENWHEWHBIX KpbI-
cax-cammuax Maccoit 300-400 1, moTy9YeHHBIX U3 BUBAPHS
Ilepmckoit  (apmarieBTHYCCKON akageMuu. JKUBOTHBIC
COZIEPXKAJMCh B CTAlMOHAPHBIX YCJOBHUSX IPHU ecTe-
CTBEHHOM CBETOBOM PEKHME Ha CTaH/JIAPTHOM palloHe.

3a 20 9 10 Hayaja SKCIEPUMEHTA KUBOTHBIX JIUIIAIH
numy. Cyocranmuio KOH-1 BBogMIM OMHOKPATHO MTEPO-
PaJbHO B CYCIICH3UU KpaxMajbHO# ciu3u B 103¢ 100 mr/
kr. COOp SKCKPETOB OCYMICCTBISUIA B METAOOIHUYCCKHUX
KJIeTkax B TeueHue 24 ygacoB nocie BBeaeHus KOH-1.
Pesynprarsl konmndectBeHHOro anaimn3a KOH-1 B o6pas-
11ax MOYH MPEICTABICHBI B Tabnwuie 3.

Tabnuya 3 — Cymounoe cooeprycanue KOH-1 6 moue Kpvic nocie 00HOKPAMHO20 NEPOPANbHO20 66€0eHUS
6 0o3e 100 me/ke

Macca KpbIChI, T O6Lengqu’ OGuap ymeHii?ﬁ;HeHTpauHﬂ’ % OT BBEJICHHOM J103bI

320,0 17 94,75 5,0
400,0 19 60,23 2,9
370,0 21 83,58 4,9
340,0 14 141,83 5,9
350,0 17 87,08 4,2
340,0 24 67,87 4,7

X =4.6%

SD=1,0

Taknmu 00pa3om, IPOBEICHHBIE MCCIIEIOBAHUS T10-
Kasajlu, 4TO IOCJE OJHOKPATHOTO IEPOpalbHOTO BBE-
nerns kpeicam cyocranmmu KOH-1 B moze 100 mr/kr, ¢
MOYOH 3a CyTKH B CPETHEM BBIBOAUTCS OKOJIO 5 % Beie-
CTBa B HEM3MEHHOM BHJIE.

3akiiouenue. Paszpaborana meTomuKa KOJIHYeE-
ctBenHoro ompenenenuss KOH-1 B moue, BKItogaromnas
B ce0sl JKUAKOCTh-KHUJIKOCTHYIO IKCTPAKIHUIO aHAINTa
C MOCTIEIYIONINM €ro ompeaeneHneM metomom BIXKX/

VYO®. IlyreM BainuaalMOHHOM OLIEHKHM YCTaHOBJIEHA Ce-
JIEKTHBHOCTH, JTHHEHHOCTH, MPABIIBHOCTh M TPEIH3H-
OHHOCTHh METONWKH. MeTo/uKa yCIeNTHO HCIOIh30BaHa
B (hapMaKOKHHETUIECKIX UCCICAOBAHUAX MTPH H3YICHUT
skckpennu KOH-1 ¢ Mo9oit Ha 1abopaTOpPHBIX JKHUBOT-
HBIX. [I0Ka3aHo, 9TO TIOCTIE OHOKPATHOTO IIEPOPATHHOTO
BBeZeHns KpeicaMm cyocranimn KOH-1 B mo3e 100 mr/
KI' C MOYOH 3a CyTKH B CpPEeTHEM BBIBOAMUTCS OKOJO 5%
BEIIIECTBA B HEM3MCHHOM BHJIC.

Introduction. It is known that almost any disease of
the central nervous system is accompanied by the devel-
opment of cognitive disorders, which are manifested by
decrease in memory, attention and mental performance.
Cognitive disorders adversely affect the quality of life of
the patient and need correction [1]. The drugs of choice
in the complex therapy in this case are nootropics. Cur-
rently, they are the only group of pharmacological agents
with a pronounced neurometabolic effect. On the world

Br

market racetam group, i.e. derivatives of alpha-pyrroli-
done, prevails among nootropics, and these derivatives
have a wide spectrum of pharmacological activity. Cur-
rently, this group continues to expand. By the employees
of Perm State Pharmaceutical Academy (PSPA), ruled by
Professor V.L. Gein, a new biologically active compound
[2], a 3-pyrrolin-2-one derivative — KOH-1 (Fig. 1) was
synthesized.

This compound is at the preclinical research stage now.

OH

Figure 1 — Structural formula KOH-1
(4-acetyl-5-(4-bromophenyl)-3-hydroxy-1-(3-hydroxypropyl)-3-pyrrolin-2-one)
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The introduction of modern drugs into clinical prac-
tice is feasible only when studying a detailed assessment
of their specific pharmacological activity and safety at the
stage of experimental (preclinical) studies. The purpose of
preclinical pharmacokinetic studies is to study the behav-
ior of potential drugs in the body of laboratory animals,
i.e. the processes of absorption, distribution, metabolism
and excretion [3]. The study of excretion is an important
stage of the preclinical, which allows estimating the rate of
elimination of potential drugs. In this connection, studies
on the development of highly sensitive methods for the de-
termination of biologically active compounds in biological
fluids, particularly in urine, are relevant.

While pharmacokinetic studying nootropics racetam
group, methods of gas liquid chromatography [4], high
performance liquid chromatography with fluorimetric
[5] and mass selective detection [6-12] are used. The
choice of the method of urine preparation for the anal-
ysis depends on the physico-chemical properties of the
drug substance. Thus, for pharmacokinetic studies of
nootropic drugs, urine sample is analysed on the basis of
liquid-liquid extraction [13, 14, 15] and simple dilution
of the sample with water [16]. The previous studies have
shown that KOH-1 is effectively extracted from urine at
pH 3 by chloroform (more than 98%) [17].

The aim of this work was working out methods for
determination of KOH-1 in urine by high performance
liquid chromatography (HPLC), the study of excretion of
KOH-1 from the organism of laboratory animals.

Materials and methods. The following reagents
were used in the work: the substance KON-1, synthesized
in PSPA and corresponding to the requirements of the
draft pharmacopoeial article of the enterprise [18], and
also the following reagents: acetonitrile (HPLC grade,
Merck), hydrochloric acid diluted 8.3%, potassium dihy-
drogen phosphate (cp), chloroform (cp). The water for
preparation of eluents was obtained using a Simplicity
UV water purification system (Millipore, Merck).

Studies on working out the methods were carried out
using a liquid chromatograph LC-20 Prominence (Shi-
madzu, Japan) with a diode-array detector, chromato-
graphic column Luna 5uC18 (2) 100A (250 x 4.6 mm,
Phenomenex). A mixture of acetonitrile and phosphate
buffer (pH 7) was used as the mobile phase. The detec-
tion was carried out at the wavelength of 324 nm.

Urine samples were prepared by liquid-liquid ex-
traction with chloroform. To do this, 1 ml of a model
mixture was placed in an Eppendorf tube, acidified with
diluted hydrochloric acid (8.3%) up to pH 3 using a uni-
versal indicator (50 pl). Then double extraction with
chloroform was carried out in 0.5 ml portions using a
tube vortex. The time of each extraction was 1 minute.
The resulting emulsion was destroyed by centrifugation
at 5000 rpm for 5 minutes. The organic layer was trans-
ferred to the evaporation cup, the dry residue after the
removal of the extractant in the warm air stream was dis-
solved in 1 ml of methanol. The extracts were filtered

through membrane syringe nylon filters with a pore size
of 0.45 um [17].

The validation of the developed method was carried
out in accordance with modern requirements for bioan-
alytical methods, in terms of selectivity, linearity, preci-
sion and accuracy [19, 20, 21].

The study of excretion of KOH-1 was performed
on white non-linear male rats weighing 300-400 g, ob-
tained from the vivarium of PSPA. The substance KOH-1
was administered once orally in the suspension of starch
mucus at the dose of 100 mg/kg. Collecting excreta was
performed in metabolic cages for 24 hours following ad-
ministration of KOH-1.

Results and discussion. Chromatography and de-
tection conditions. The previous studies have shown the
effectiveness of using the eluent on the basis of ace-
tonitrile and phosphate buffer (pH 7) for the analysis
of 3-hydroxy-3-pyrrolin-2-one derivatives [22]. In this
mobile phase, the maximum absorption of KOH-1 is
324 nm (Fig. 2), which ensures high selectivity of its
determination in the analysis of such complex multi-
component samples as extraction from biological ob-
jects. It was found out that the retention time of the
test substance strongly depends on the concentration
of phosphate buffer (pH 7) in the composition of the
eluent.

Increasing the buffer solution in the eluent from 6%
to 80% leads to the increase of the retention time from 3
to 11 minutes. A mixture of phosphate buffer (pH 7) and
acetonitrile in a ratio of 75:25 at a flow of 1 ml/ min pro-
vided an acceptable KOH-1 retention factor, good sep-
aration from adjacent chromatographic peaks, and then
it was used as the mobile phase. The retention time of
KOH-1 under these conditions was 5.5 min.

Method validation. Validation of the developed
method for the quantitative determination of KOH-1 in
urine by the HPLC-UV method was carried out in terms
of selectivity, linearity, precision and accuracy in accor-
dance with the requirements [19, 20, 21].

The selectivity of the method was established by an-
alyzing the extracts from “blank™ urine samples, as well
as model urine mixtures with KOH-1 concentration of
20 ug / ml. The chromatograms of the extracts from the
blank sample showed no peaks with retention time cor-
responding to the KOH-1 retention time, which indicates
the selectivity of the technique (Fig. 3-4).

In assessing the linearity of the method, 8 model
urine solutions (calibration standards) with concentra-
tion of KOH-1 in the range from 3 to 125 pg / ml were
prepared and analyzed. The equation of the calibration
graph had the form Y = 2189 * X. The correlation coef-
ficient was 0.99865, which confirms the linearity of the
technique in this range. The calibration graph is shown
in Figure 5.

Table 1 shows the results of the reverse recalculation
of the concentrations of calibration standards obtained
using a calibration curve.
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Figure 4 — Chromatogram of extract from the model mixture of urine with KOH-1 (20 y1g / ml)
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Figure 5 — Calibration graph for the quantitative determination of KOH-1 by HPLC

Table 1 — Deviations of concentrations of calibration standards from actual values

C.. 0.69 2.09 7.79 25.1 50.2 83.3 100.4 125.5
C.. 0.63 2.15 7.84 22.97 48.23 81.46 100.86 128.84
£,% -8.7 2.87 5.0 -8.48 -3.92 2.2 0.46 2.66
Not more
Norm than Not more than 15 %
20%

Experimentally calculated concentrations of cali-
bration standards do not exceed + 15% of the nominal
values, which corresponds to the acceptance criteria [19,

20, 21].

6 model bio-samples (quality control samples) at 5
concentration levels of KOH-1 (0.56; 3.36; 16.80; 62.75
and 111.56 pg / ml) were prepared to confirm the suitabil-

ity of the technique in terms of precision and accuracy.
Preparation of the samples for the analysis was carried
out in accordance with the described procedure. Preci-

sion and accuracy of the procedure were evaluated by

the values of the relative standard deviation (RSD, %)
and the relative error (8, %), respectively. Metrological
characteristics of the method are presented in Table 2.

Table 2 — Metrological characteristics of the quantitative determination of KOH-1 in urine by HPLC

Concentration of | g j (oncentration X
KOH-1 in the model onaton. X SD RSD, % 5, %
mixture, pug / ml HE (n=6)
0.56 0.64; 0.58; 0.66; 0.60 0.0467 7.7817 7.14
0.53; 0.62; 0.57
3.36 3.12; 3.41; 3.90; 3.57 0.3352 9.3857 6.25
3.75;4.01; 3.24
16.80 16.87; 16.95; 17.42; 17.31 0.3723 2.1512 3.04
16.84: 17.69: 18.06
62.75 55.51; 57.65; 58.47, 57.76 1.4375 2.4890 -7.95
56.54; 59.57; 58.79
111.56 98.57; 101.98; 102.76 3.7075 3.6079 -7.89
102.53; 109.33;
100.05; 104.1
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The obtained control results do not exceed 15% al-
lowed for bioanalytical methods, which indicates that
there are no significant systematic errors in the results of
the analysis [19, 20, 21].

Pharmacokinetic studies. The developed technique
was used for preclinical pharmacokinetic studies on
KOH-1 excretion in laboratory animals. An animal ex-
periment was carried out in accordance with the legal
norms for the use of animals in preclinical studies [23].

Study of excretion of KOH-1 was performed on

white non-linear male rats weighing 300-400 g, obtained
from the vivarium of PSPA.

The animals were kept in stationary conditions in
natural light mode on a standard diet. 20 hours before the
experiment the animals were deprived of food. The sub-
stance KOH-1 was administered once orally in suspension
of starch mucus at the dose of 100 mg/kg. Collecting ex-
creta was performed in metabolic cages for 24 hours after
administration of KOH-1. The results of quantitative anal-
ysis of KOH-1 in urine samples are presented in Table 3.

Table 3 — Daily content of KOH-1 in the urine of rats after a single oral administration

at the dose of 100 mg / kg
Rat weight, g Volume of urine, ml Found flc;n/cizl?ltratlon, % of the administered dose
320.0 17 94.75 5.0
400.0 19 60.23 29
370.0 21 83.58 4.9
340.0 14 141.83 5.9
350.0 17 87.08 4.2
340.0 24 67.87 4.7
X =46%
SD=1.0

So, the conducted studies showed that after a sin-
gle oral administration of KOH-1 to the rats in the
dose of 100 mg/kg, about 5% of the substance on
average is excreted in the urine per day in the un-
changed form.

Conclusion. The methods for the quantitative de-
termination of KOH-1 in urine has been developed. It
includes liquid-liquid extraction of the analyte and its
subsequent determination by HPLC / UV.

The selectivity, linearity, accuracy and precision
of the methodology were established by the validation
evaluation. The technique has been successfully used
in pharmacokinetic studies in the study of KOH-1 ex-
cretion in urine in laboratory animals. It is shown that
after a single oral administration of KOH-1 to the rats
in the dose of 100 mg/kg, about 5% of the substance
on average is excreted in the urine per day in the un-
changed form.
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