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B. H. Ywkarnoea, J1. A. XKypaenesa
WCCNEOOBAHUE AHTUOKCUOAHTHBLIX CBOUCTB KAMNOTEHA

KWUHETUYHECKMUM METOLOM

CypryTckuii rocyAapCTBEHHbI YHUBEPCUTET

[TpuBeeHbl pe3ysIbTaThl CPABHEHHS AaHTHOKCUIAHTHON akTuBHOCTH 1-[(2S)-3-MepkanTo-2-Me-
THIIIPONTMOHMI|-L-1iponiHa (KarnoTeH) B 3aBUCHMOCTH OT KOHIIGHTPAUU B MOJIEJIBHOM DKCIIe-
pumenTe okucienus npu 60 £ 0,2 °C MeTHIUIMHOJIEaTa B pacTBOpE XJIOpOEH30/1a B IPUCYTCT-
BUW MHUIHATOpA 2,2°-a300MCH300yTHPOHUTPHUIIA U BOJHO-3MYJIbCUOHHON CUCTEME B MPUCYT-
CTBHM KaTHOHOB ME/IU U IETWITPUMETHIIAMMOHHUS OpoMH/Ia B KadecTBe 3Mynbraropa. OGHapy-
JKeHa BBICOKAsi aHTHOKCHJIAaHTHAs! aKTHBHOCTh KallOTEHA B BOAHO-IMYJIBCHOHHOM cpene. [Toka-
3aHO, YTO PE3YJIbTAThl JAHHOTO AKCIIEPUMEHTA MOTYT CIIy’KHTb OCHOBOW JISi PACIIMPEHHOTO
ucciaenoBaHus (HapMaKkoIOTHYECKON aKTHBHOCTH KallOTeHa.

M3BectHa uHTeHCH(]UKALUS CBOOOAHOPAAUKAIBHOTO
nepekucHoro okucienus nununos (I1OJI) kpoBu npu Kap-
JUMHONIATUH M MIIeMHUU MUoOKapza [1], a Takxke mokazaHo
yBenuueHue ckopoctu [1OJI TpoMOOLMTOB MpU TUIIEPTO-
HUYECKOW OO0JIe3HH, CYIIECTBEHHOE CHM)KEHHE aHTHOKCH-
JAHTHOTO (haKTOpa JIUIKAOB TPOMOOIUTOB IMPH IOTpa-
HUYHOM TUInepToHu [2, 3].

B nocneanee Bpems MUPOKOE PACHPOCTPAHCHUE TTONTY-
YHIia TepaIusi CeplIeuHO-COCYANCTHIX 3a00JIeBaHUI KaIlo-
TEHOM, KOTOPBIA 0COOEHHO IMPOKO HCIIONB3YETCs B Kade-
CTBE Iperapara MepBOTO psifia JUIsl JICYCHUs apTepHallb-
HOU THIIEPTOHUM.

Kamoren mpencraemsier coboit  1-[(2S)-3-mepkar-
TO-2-METHUIIPONHOHNI |-L-TIPOIMH ¥ U3BECTEH KaK BBICO-
KOCTIeIN(UUECKIH KOHKYPEHTHBIN HHTHOUTOp aHTHOTCH-
3uH-I-KOHBepTUpYIOIIEero (hepmeHTa [4, 5]. I3BecTHO BiH-
SIHAE KalloTeHa Ha pacHIdpeHHne TepH(epuIecKux
COCYIIOB, CHIDKCHHE apTepPHaIbHOTO JaBICHUS, IIEPErpy3-
KM (pacIypeHne BeH, yMEHbIICHHEe 00beMa IUPKYIUPYIO-
el KpOBH) ¥ ITOCTHATPY3KH Ha cepie (paclIupeHue ap-
TEpUii), TUKBUIAINIO THIOKAINEMHAH (yIydIICHHE [T0YeY-
HOTO KPOBOTOKA, KITyOOUKOBOU (puibrparum) [6].

[Ipencrapnser MHTEpeC HCCIENOBaTh AHTUOKCHIAHT-
HbIe CBOWCTBa KaroreHa [7, 8], 4TO MO3BOJUT yTOYHHUTH
MexaHu3M JiedyeOHoro s¢exra W MPOrHO3UPOBATH BO3-
MOYKHOCTB PACIIMPEHUS CIIEKTPa €ro MPUMEHEeHHUS.

B Hacrosieit paboTe mpuBeIeHbI Pe3yabTaThl HCCIIE0-
BaHMsI BIMSHUS KallOTEHA Ha KHHETUKY OKHCIICHHS MOJie-
JBHBIX JIUMHUIHBIX cyOcTparoB. B kauecTtBe Moneneil uc-
MOJIB30BAHO OKHCIICHHE PAacTBOPOB METHJUIMHONICAaTa B
XJIOPOCH30JIe B MPUCYTCTBUH 2,2’-a300MCH300y THPOHUT-
pHIIa KaK UCTOYHUKA CBOOOTHBIX PAMKAIOB U KATAIUTH-
YECKOE OKHCIICHHE SMYIbCHM METHIUTHHOJeaTa B BOJE,
CTaOMIM3UPOBAHHONW  HETHITPHMETHIAMMOHHH-OpOMH-
noM B mpucytcetBuu Opomuaa meau(ll). HMcmonb3oBanue
JBYX MOJeNei 00yCIOBICHO TE€M, YTO KHHETHKA TOMOJIH-
THYECKOTO OKHCIICHHS JOCTATOYHO XOPOIIO H3y4YeHA
[9, 10], 9TO MO3BONIET OLIEHUTHh KMHETUYECKUE TTapaMeT-
PHI BIUSIHAS KarmoTeHa. B To ke BpeMs BOTHO-JHITHIHOE
OKHCIJIEHHE CITOCOOHO TOYHEE MOACIHPOBATH MIPOIIECCHI B
JKABOU KIIETKE.

B ocHoBe 00enx Momerneil IeKUT MpeACTaBIeHUE O pa-
IUKaJbHO-IICTHOM MEXaHU3ME OKHUCICHUS J(UPOB BHI-
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CHIMX HEHACBIIIEHHBIX KUPHBIX Kuciot [11, 12], onuce-
BAEMOM CXEMOW:

t°C
NC(CH,),CN = NC(CH;),CN — 2NC(CH;,),C* +N,  (0)

14

RH —> R* + H®* — nnumumpoBanme (0a)
RH + Cu*" - R*+ Cu" + H" (06)
kl
R*+0,—>RO,* (1)
ky
RO,* + RH—> ROOH +R* 2)
ROOH — RO* + OH* 3)
RO, + Cu?" + H,0 — RO"* + Cu(OH), 3
ROOH + Cu?*" — RO,* + Cu!" + H* (3"
ROOH + Cu?*" — RO* + Cu(OH) (3"
RO,*+RO," —1I,. “)
B npucyTcTBUH HHTHOUTOPOB BO3MOYKHBI PEAKITUH:
RO,* + InH - ROOH + In* (5)
RO,"+In* — 11, (6)
RH +1In®* — R®*+ InH. (7)

Eciu cxopoctu peakuuii (0a) u (00) Oosblue ckopo-
creid peakuuit (3) uim (3"), (3"), (3"), TO CKOPOCTH IpO-
Lecca OKUCIeHus OyeT OonpenenaThes peakuueit (2) u 3a-
BHUCUMOCTBIO:

V=k, - [RH] - [RO"], (1)
4TO IIPU KBAaAPATUIHOM MEXaHHU3Me 0OpbIBa LieNeH U KBa-
3UCTAIMOHAPHOM TIpotiecce, korna V; = Vg, = ky - [RO,°J2,
JaeT BBIPAXKCHHE

k
V =—==[RH]-\V, 2)

Jks

IIPU ATOM KMHETHUYECKUE KPUBBIE JOJDKHBI UMETh JIMHEMH-
HBIN XapakKTep.
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Puc. 1. KuHerrka HHULIMUPOBAHHOTO OKHMCIICHHS METHIUIMHOJIeaTa
B TPHCYTCTBHH [00aBOK KaroTeHa: | — koHTpomb; 2—1-1072;
3-1-10754-5-10%5-1-107%6-1-10"%7-5-10"35,M

B npucyrcrBun narnburopa npu Vs >> V, u B 0TCyTCT-
BHe peaknuu (7) DOIDKHO HAOMIONATHCS TOPMOXKCHHUE, a
IOCJIe PACcXOIOBAHUS MHIHOUTOPa — HMCXONHAS KHHETHKA
npouecca. CKOpocTh Mporecca B IPUCYTCTBUM HHTUOUTO-
pa ONMCHIBAETCS BBIPAKEHUEM:

V= L2y RH] L 3)
ks f[InH]

D¢ heKTUBHOCTS HHTHOUTOpA OLIEHUBAIOT MO MEPHOLY
uHaykimn T, = (f[InH])/V;, a Takxke no Bennuuue ks,
KOTOPYIO MOYKHO PAacCUUTaTh IO BeIpakeHuIo (3) mpu us-
BECTHBIX k.

IIpn BBICOKMX 3HAUYEHMAX ks IOJKHO HAONIONATHCS
MIOJTHOE TOPMOXKEHME TIpoliecca, a MPU HEBBICOKUX ks U
BO3MOXHOM y4YaCTUH MHTHOMTOpa B peakuuu (7) B mpu-
CYTCTBUHM MHTHOHUTOpA MPOLECC OKUCIEHUS OyJeT MpoHc-
XOJIUTH C 3aMECTHBIMH CKOPOCTSIMH.

3KCH€pMM€Hma]leCl}l 4acmo

MeTuinHoNIeaT MOoNydYald U3 JIMHOJEBOM KHCIIOTHI
MapKH 4. MyTeM 3Tepu(UKai METAHOIOM B ILEIOYHON
cpene o meroauke [13]: k 1 r IMHOJIEBOI KUCIIOTHI MTPH-
muBaroT 10 M MeTunara Hatpus B MetaHone (1 r HaTpus
Ha 100 M1 MeTaHOMIa), HATPEBAIOT HA BOASHON OaHe B Te-
yenue 1,5 4 ¢ oOpaTHBIM XononuibHUKOM. 1o okoHUaHUN
peaKIu CMECh MIEPEHOCST B JICTUTEIBHYIO0 BOPOHKY M JK-
CTParupyroT METHIIOBBIC 3(PUPBI MOPIUAMH YEThIPEXKpaT-
HOTro M30bITKa meTponeitnoro a¢upa (40 — 70 °C). Dker-
PaKT MPOMBIBAIOT HACBIIICHHBIM PACTBOPOM XJIOpH/IA Ha-
TpUST W JUCTWUIMPOBAaHHOW Bojoi a0 pH 7, cymar
0e3BOIHBIM Cynb(haTroM HaTpus. PacTBopuTens ymansioT
Ha POTOPHOM HcCHapurene. MeTHUTHHOMeaT MOABEPraioT
BaKyyMHOH IMEpETOHKE B TOKE aproHa, B MPHEMHHUK COOH-
patot ¢paknuio 171 — 175 °C npu naBieHuu 1 MM. pT. CT.
KonTpoips 3a peakuneil OKHCICHUS OLCHUBAIN BOJIOMO-
metpuaecku mpu 60 + 0,2 °C B TepMocTarupyeMoil ycra-
HoBke [13]. MHummarop 2,2'-a300MCH300yTHPOHUTPHII
(AVBH) mapku 4. OYHIIAI0T MHOTOKPATHOM KPHUCTAJLIHA3a-
OUel W3 3TaHOoNa M OEH30J1a, KPUCTAILIBI JOBOAAT IO TIO-
CTOSIHHOTO Beca B BAKYYMHOM DKCHKATOPE U XPaHsIT B MO-
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Puc. 2. Kunernka okuciaeHUs METUIIMHOJIEaTa B IPUCYTCTBUU JI0-
0aBok karorerna B BOC: / — xoHTpons; 2 —1 - 10°63-1-10"5;
4-1-107%5-1-10"36-1-10"%7-1-10"1,M

posnnbHOH KaMepe. [lepen B3sTHEM HaBECKH MPoOy T0BO-
AT 10 KOMHATHOM TeMIlepaTypbl. bpomua mMenun mMapku
X.4. HCHOJB30BAIIM 0O€3 JOMOJIHUTEILHON OYMCTKU. U3
npenapara “Kanoren” npouspoucta OAO Xumuko-dap-
MaIeBTHYeCcKuii koMOuHAT “Akpuxun’ (Poccust B coTpyi-
HU4ecTBe ¢ Gupmoit “bpucron Maiiepc CkBu06™) ymans-
JIM CTAaHJAapTHBIMU MeToAaMu HaronHutenu [ 14, 15] u na-
Jiee KPUCTAIUTM30BAIH U3 ATaHoIa. XIJIOPOSH30I OUUIIAIN
MIEPErOHKOH ¢ nedierMaropoM, oToupaiy (Gppakuuo npu
132 °C. MoHon MapKu 4. OYMINAIM KpUCTAJUIM3AaLUEH U3
JTaHoJIa C TeMIeparypoi Kpucramnuzanuu 68,5 °C.

Jnsi  WHUOUUIPOBAHHOTO OKUCICHHS HCIONb30BAIIH
mpoOy 1 M MeTILTHHONIeara B Xiopoenzone 1:1 (1o 00b-
eMy) M KOHIEHTpanuio uaumuaropa 6 - 103 M. Karanu-
THYECKOES OKHCIICHWE TPOBOIMIH UIST TIPOOBI B 4 MIT Me-
THJLTAHONEaTa U BojbI 1:3 (1o 00beMy) B IPUCYTCTBHH TI0
1- 103 M meTuITpuMeETHIAMMOHKS OpoMEIa B OpoMuia
Menu. Beibop smymbratopa oOyciioBiieH AaHHBIMU [16].
KonmenTpamust sMyneraropa COOTBETCTBYET KPUTHUECKON
KOHIICHTPAIlMM MHIICIUIO00Pa30BaHMs, a KOHIICHTPAIUSI
OpoMuia MeIu M MHHIHATOpa Mmojo0paHa SKCIepUMEHTa-
JIHO ¥ COOTBETCTBYET X MaKCHMAIILHOU d((PEKTHBHOCTH.

Pesynomamei u ux oocysncoenue

Pesynprarsl Biwstaus 1-10-¢—1-10-!' M kamorena
Ha MHUIIMAPOBAHHOE OKUCIICHUE METHIUIMHOJIeaTa TIpHBe-
JICHBI Ha puc. 1.

[TokazaHo, 4TO IPU COOTHOIICHUH HHUIIMATOPA U KAIo-
teHa (6000 — 120):1 mporcXOaUT CHUKEHNE HAYaIbHOW H
MaKCHMaJIbHOW cKopocTei mpumMepHo Ha 15 u 35 % coot-
BETCTBEHHO. JTO OOYCJIOBJICHO ydYaCTHEM KaroTeHa U
MIPOAYKTOB €r0 OKUCIICHHUS B OOPBIBE IICTICH [0 PEaKIIHsM:

R,;SH - R,S" (8)
RO," +R,S* > II;. ©)
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Puc. 3. I'paduk 3aBuCHMMOCTH NEpHOAA MHIYKIMH OKHCICHHS Me-
TiutnHONIeara B BOC oT KoHIleHTpanuy KarnoTeHa.

[Ipu coorHolmeHUn MHUIMATOPA U KamoTeHa 12:1 co-
XpaHACTCS TaKOW K€ XapaKTep BIMSHUS, HO BEIHYMHA
CHIDKEHHsI CKOPOCTEH yMeHblIaeTcs npuMepHo Ao 10 u
15 % coorBercTBeHHO. [Ipy cOOTHOLIEHNU UHULIUATOPA U
KaroTeHa 6:1 HadampHasi CKOPOCTh BO3pPACTAeT MPUMEPHO
Ha 10 %, a MakcuMasbHas CHIDKaeTcs Ha 15 %.

VYBenuueHne HayalbHOM CKOPOCTH Mpoliecca CBHUETE-
JBCTBYET 00 YJaCTHHU KAallOTCHA B PEAKIISIX HHUIIMAPOBA-
HUSI TIPEATIOIOKUTEIBHO IO PEaKIIHsIM:

R,SH + 0, - R,S* + HO," (10)

(11)

[Ipu HU3KKX KOHLEHTPALMIX KallOTE€HA 110 OTHOLIEHUIO
K MHHULMATOPY, €r0 y4acTHE B peaKlUud MHULUUPOBAHUS
HE MOIJI0 KOHKypHpoBath ¢ BiusiHueM AVIBH. IIpu 6onb-
LIMX COOTHOIIEHUSX KallOT€HA 110 CPaBHEHUIO C MHUIIMA-
TOPOM, €r0 y4yacTHe B PeakLUAX MHULUHUPOBAHUS CTAHO-
BUTCS 3aMeTHBIM. [Ipu cootHomenun AMBH u kanortena
1:(1,3 — 17) nayanpHasi CKOpPOCTb MPOIECCa YBEIUINBACT-
cs1 npuMepHo Ha 40 %, 4TO NOATBEPKAAET yyacTue Karo-
TE€Ha B peakUUsX MHULUUPOBAHUSA. MakcUMalbHas CKO-
POCTh OKUCIICHUS] METUJUTMHOJICATa HE MEHSICTCS MU BO3-
pacTraer.

RH+R,;S" - R*+R,SH.

[IpexcraBneHHBIC Pe3yaBTaThl CBHACTEIBCTBYIOT O CIa-
60oM uHrubupyroneM dppeKxTe KanoTeHa U ero y4acTuu B
peakiusax HUIMUpoBaHus. Ha puc. 2 mpuBeneHbl KnHe-
THYCCKHE KPUBBIC KATATUTUICCKOTO OKHCIICHHS METHILIH-
Honeara B mpucytctBud 1-1076—1-10-! M xanorena.
IIpu cpaBHEHMH CKOPOCTEN MHUIMMPOBAHHOIO U KaTajM-
THYCCKOTO OKHCICHHUS METIJUIMHOJICaTa MOKa3aHo, YTO
ckopocTh mociuennero npumepHo B 20000 pa3 mpeBocxo-
JIUT CKOPOCTb MHUITUMPOBAHHOTO OKUCIIEHHS M COCTABIIA-
er4,7-10-3 Bmecto 2,6 - 102 mons/mv c.

U3 puc. 2 BUIHO, YTO IPU HU3KUX KOHIICHTPAIMIX Ka-
norena 1-10-6—1-10-3 M HabmrofaeTcs JIUIIb HE3HA-
YUTEJIHHOE YMEHBIIICHHE HAUYaIbHOW CKOPOCTH Ipoliecca,
0e3 ToJHOTO TOpMOXKEHHUs. Jl0OaBKM KarmoTeHa Ha
1-107%—1-10"" M BBI3BIBAIOT 3()PEKTUBHOE TOPMOIKE-
HUE, MOSIBIISIETCS MEPHOJL MTOTHOTO TOPMOXKEHHUSI, KOTOPBII
JUHEHHO BO3pacTaeT ¢ W3MEHCHHEM KOHIICHTpAIUU

(puc. 3).
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Puc. 4. Kunernka nonmomieHuss KACIOPoAa B MPUCYTCTBUU 100a-
BOK HOHONA H o-ToKodepona B BAC: / — konTpoms; 2 —1-10~2;
3-1-1073 a-T®; 4— 1,8 - 10~ 3 nonon, M.

[locne BbIXOma M3 mepuofa HMHAYKLUUHU AOCTHUIAeTCs
CKOPOCTBH OKHCIJICHHSI KOHTPOJIBGHON TPOOBI METHILTHHOIIE-
ara. Mcnosb30BaHHbIE B JaHHOM MCCJIEIOBAaHUM KUHETHU-
YECKUE MOJENU OTIMYAOTCA CKOPOCTSIMHU MHHULMUPOBA-
Hus. B mpucyrctBun AUBH ckopocts mHMIMUpoBaHUs
MOYKHO PacCUHTaTh 10 (popMmyIe:

Vi=1-k-C. )

CKOpOCTb MHHUIMUPOBAHUS OMPENCISUI METOIOM HH-
THOMTOPOB TI0 HAKIIOHY 3aBUCHMOCTH IIEPHOIA WHITYKIINU
OKHCJICHHS METUIDIHHOJIEeaTa OT KOHIICHTPALUH CTaHIAPT-
HOTO wWHruowuropa 2,6-au-mpem-0yTui-4-mMetundenona
(nonoma) [13]. 128744

Ipu m3ecTbIX k; = 1,58 10" - RT  momb/aM® - ¢
nu [=12 gna  xgopbersoma [17]  modydaem
V.=6,7-10-8 monb/am? - ¢. CpaBHHBas MaKCHMAJbHBIE
CKOPOCTH B JIByX MOJEJISIX, OTHOIIICHHE KOTOPBIX IIPH OJIH-
HAKOBBIX  KOHICHTPALMSIX  CyOcTpaTa  COCTaBISIET
1 - 10* Monb/mM3 * ¢, MOXKHO IIPEAIIONAraTh, 4YTO CKOPOCTh
WHHULUUPOBAHUS B BOMHO-JIIUIHUIHOW MOIENTH OymeT co-
CTaBJIATH TIPUMEpPHO 6,7 - 10 4 mMoms/ M3 - ¢.

B nienom, B TaHHOM HCCIIEIOBaHHUH TTOKAa3aHO, YTO B BO-
JTHO-3MYJTbcHOHHOM cpenie (BOC) kamoreH mpu COOTHO-
meHusx ¢ karamuzaropoM (1 — 100):(100 — 1) u BeICOKHX
CKOPOCTSIX MHUIIMHPOBAHUS NIEHCTBYET KaK CHIBHBINA HH-
THOHUTOP: MOJHOCTHI0 TOPMO3UT HavdaJbHBIC CTAIHU TIPO-
Iecca  He BIUSET Ha MPOIIECC IMOCIIe BEIXOIa U3 MepHoIa
MHIYKOUU. B To jxe BpeMsi B TOMOTEHHOH cpele KarmoTeH
HE TIPOSIBISICT MHTHOUpyromero 3(dexTa u mpu CooTHO-
mreHusIx ¢ mHuImaropom (1,3 — 17):1 sisercs 3¢ pexTus-
HBIM HCTOYHUKOM CBOOOTHBIX PAIUKAIIOB H YCKOPSIET IIPO-
LECC OKUCIICHHUS.

[ockonbKy BOTHO-THITHAHAS MOIETH OOJIBIIE COOTBET-
CTBYET (PH3MOJOTUICCKUM YCIOBHUSIM, TO, BEPOSITHO, MOXK-
HO TIPOTHO3HMPOBATh AHTHOKCUIAHTHBIC CBOMCTBA KaroTe-
Ha in Vivo 1 PeKOMEHIOBATh KPUTUIECKHU OIICHUBATH Pe3y-
JIBTaThl TCCTUPOBAHMS OMOAHTHOKCHUAAHTOB B OE3BOTHBIX
cyOcTparax.
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Z[.]'ISI MOATBCPIKACHUS 3TOI'0 BbIBOJAa Mbl OLICHWUJIN BJIWS-

HHME KJIACCHYECKMX CHHTETHYECKOTO M OHOJOTHYECKOIO

AQHTHOKCHJIAHTOB — HMOHOJA U Oi-TOKO(eposa B BOIHO-TIH-

MUTHOW MoJienH. Pe3ynbsraTel puBeieHbl Ha puc. 4.

INokazaHo, 4TO O-TOKO(EPOs, HUMEIOIIUH KOHCTaHTY

CKopocTH 00phIBa Leneit 2,6 - 10° Mons/nM? - ¢ B 6e3B0-

HOH cperie, MPEBBIIIAIOIIYI0 COOTBETCTBYIONIYIO KOHCTaH-
Ty U1t noHona B 100 pas, Masno 3¢ deKTHBEH Kak aHTHOK-

CHJIAHT B BOIHO-JIUIIUIHOMN Cpejie.
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IToctynuina 13.05.04

The antioxidant activity of 1-[(2S)-3-merkapto-2-methylpropionyl]-L-proline (capoten, INN captopril) at various concentrations was studied in a model reac-
tion of methyllinoleate oxidation (initiated with 2,2'-azobisisobutyronitrile) at 60 + 0.2°C in chlobenzene solution and in aqueous emulsion system in the pre-
sence of copper cations and bromide cetyltrimethylammonium (emulsifier). Captopril exhibits high antioxidant activity in the aqueous emulsion medium,
which provides grounds for a more extensive investigation into the pharmacological activity of this drug.
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