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FPA®UTOBbBLIX MEYATHbLIX ANEKTPOOOB, MOOUPULIMPOBAHHbBLIX
MHOIOoCTEHHbIMW YIMEPOAOHBIMN HAHOTPYBKAMU
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Jnst ompeneneHUs NEKapCTBEHHBIX COCIWHEHHI MMHUNpamuHa U adobaszona, obmamarommx
aHTHICTIPECCHBHBIM AEHCTBHEM, pa3pabOTaHBl aMIIepOMETPHUYECKHEe OMOCCHCOPH HA OCHOBE
rpaUTOBBIX MEYATHBIX AIEKTPOJOB MOTH(HIHPOBAHHBIX MHOTOCTEHHBIMU YIJIEPOAHBIMHU
Ha"otpyOokamu (MYHT) B pa3nuunbIx pacTBoputelsix (xuroszaH, JIM®A) 1 nMMOOHIH30BaH-
HOM MoHoamuHOOKcHIa3bl (MAO). YcTaHOBICHO, UTO UMHUIpPAaMUH U ah00a30i HPOSBISIOT
cBoifictBa MHruburopoB MAQO, YTO MO3BOMMIO OHpENENATh UX B KOHLEHTPALMOHHOM
guarasone ot 0,1 MM 1o 1 HM 1o BonHE OKMCIIEHHs MEpPOKCHIa BOJOPOMA IPH HCIIONB30Ba-
HHUHM B KadecTBe cyOCTpaToB HodamMHHa U aapeHannHa. Jlydmme aHaINTHYECKHe XapaKTepH-
CTHKH HaOIlIOAIMCh B cly4ae HCIoib30BaHus MAQO-O0HOCEHCOPOB, MOAM(HUIIMPOBAHHBIX
pactBopoM MYHT B xuTo3aHe (HWXKHSS TPaHUIIA ONpENeNsIeMbIX KOHIeHTpalui (3 — 9) HM).
ITokazaHa BO3MOXHOCTb OIPE/IENICHUS OCHOBHOIO AKTUBHOIO KOMIIOHEHTa C HOMOILBIO
amrnepomerpudeckux MAO-OHOCEHCOPOB B JICKAPCTBEHHBIX Ipenaparax “MenunpamMun” U
“Adobdazon” ¢ morpemHocThIO onpeaeseHus (Sr) Ha yposae 0.08.

KitoueBble ¢10Ba: aMIiepOMETPHICCKIN OMOCCHCOP; YIIIEPOIAHBIC HAHOTPYOKH; aHTH/CIIPEC-

caHTbl; ah00a3071; UMUIIPAMHUH.

B HacTosimee Bpemsi sl KOJTMYECTBEHHOTO OTIpesiesie-
HUS JICKAPCTBECHHBIX BEIIECTB B PA3INIHBIX 00BEKTaX BCE
Yalie HUCIOJIb3YIT OMOCEHCOPHBIE TEXHOJOTHH, SIBIISIO-
muecst Ooree OBICTPBIMA B MEHEE TPYJOEMKIMU, YeM Tpa-
JUIIMOHHBIE METOJIbl UX OIpPECICHHS, HallpUMep, Xpoma-
torpadudeckre. BaXHOCTb KOHTPOJIS UCIIOIH30BAHUS aH-
tunenpeccanToB  (AJl) oOycioBieHa WX —IIMPOKAM
MIPUMEHEHHEM IPH JIEYCHUH JENPECCUBHBIX COCTOSHHUN Y
YEJIOBEKa M TO, YTO OHH OTHOCSTCS K JICKapPCTBEHHBIM
mperaparaM CTPOToro yJera.

W3 nuTteparypsl n3BeCTHO, 4TO AJ] IPOSIBIISIIOT CBOWCT-
Ba HHTHOUTOPOB MOHOaMuHOKcH 1a361 (MAO) [1]. B To xe
BpeMs IMEIOTCS JIUIIb SIUHUIHBIC yOIUKAIUK O TIpHUMe-
HEHUH MOTEHIMOMETPUYECKUX [2, 3] U ammepomeTpuye-
ckuX [4] MOHOaMHHOKCHIA3HBIX OunoceHcopoB (MAO-
OouroceHcopoB), npuueM He i onpenenenus AJl. Io cy-
IIECTBY, IEPBEIM OHOCEHCOPOM TS OTIPE/ICIICHHS TTHPA3H-
J0Ja U Ae3unpamuHa rugpoxinopuaa (AJl) cran 6uoceH-
COp Ha OCHOBE CTEKIIOYIIIEPOJHOTO JIEKTPOIa M KEIaTH-
HOBOH IUJICHKH C MMMOOWIHM30BaHHBIM (epmeHToM [5].
BuoceHcop Ha OCHOBE IUIATHHOBBIX AIIEKTPOJOB U UMMO-
ounmm3oBanHOH MAQO 0BT UCTIONB30BaH IS ONIPEICIICHHS
JIEKapCTBEHHBIX IpernapaTtoB HUTpodypaHoBOro psna [6].
CoBpeMeHHbIC TIOIXOABI K COBEPIICHCTBOBAHMIO OMOCCH-
COPOB BOOOILE M U ONPEAEICHHUS JIGKAPCTBEHHBIX Be-
mecTB (CyOCTaHINI) B YaCTHOCTH, CBSA3aHBI C MOJH(HKA-
[[Uei MOBEPXHOCTH IEKTPOAOB PA3TUYHBIMUA HAHOCTPYK-
TYPUPOBAaHHBIMH ~ MaTepualiaMu, 4YTo oOecreunBaeT
yAydllIeHHEe MX aHAJIMTUYECKUX BO3MOXHocTed [7, 8].
Yarmie Apyrux MCHONB3YIOT B HACTOSIIEE BPEMs YIIICPOA-
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Hble HAHOMAaTepHallbl, CPeIl KOTOPBIX CIEAyeT OTMETHTh
yIIIEpOHbIE MHOTOCTEHHbIE U OMHOCTEHHbIE HAHOTPYOKH,
MOCKOJIBbKY OHU IIO3BOJISIOT YIYYIIMTh 3JIEKTPOIIPOBOJI-
HOCTbh MOMAJIOXKKHU IEKTPOAOB M MOJYUUTh OOnee pas3BHU-
TYI0 MOBEPXHOCTh. [lepBble HCCIEAOBaHUS B ITOM Ha-
MIPABJICHUN TIOKa3aJlH, YTO MPU HCHONb30BAHUH YTICPOJI-
HBIX HAHOTPYOOK B KadecTBE MOANUDHUINPYIONINX
pearcHTOB O00ECICYMBAIOTCS HAMIYYIINE YCIOBHS JUIS
nMMoOmIM3auy GpepMeHTa Ha TIOBEPXHOCTH MCKTPOAA U
YAy4dIIeHHE aHATUTHYECKUX XapaKTePHUCTHK OMOCCHCOPOB
Ha ux ocHoBe [9 — 11].

Llens uccnenoBaHms 3aKII09aIach B pa3paboTKe HOBBIX
CII0cO0OB OTIPEENICHNS aHTH/CTIPECCAHTOB (IS KOHTPO-
JISL UX COAEPXaHMs) B MOJEIBHBIX pacTBOpax M JIEKapCT-
BEHHBIX ()OpMax C TOMOIIBIO aMIEPOMETPHYECKUX
MAO-61OCeHCOpOB Ha OCHOBE IMEYaTHBIX TIpadUTOBBIX
3JIEKTPOAOB, MOTU(UIIMPOBAHHBIX MHOTOCTEHHBIMH yTJIe-
POIHBIMH HaHOTPYOKaMH, BEIOOpE yCIIOBUIT X (QyHKIHO-
HUPOBAHMSA U OLICHKE aHATUTUYECKUX BO3ZMOXKHOCTEH.

3KCI’I€pMM€HmaJlea}l uacmso

B kauecTBe nepBHYHOTO IMpeodpazoBarens B OMOCEHCO-
pax HMCIIONB30BAIN TPA(QUTOBBIN AIEKTPOI, H3TOTOBIICH-
HBIH TI0 TICYATHOW TEXHOJIOTHH, MPEICTABISIONIHNA COO0H
CHCTEMY IUIaHAPHBIX IEYATHBIX TPa(QUTOBBIX AIEKTPOIOB
(u3roToBICHBI Ha Kadeape aHaTUTHIeCKOi XuMuu KOY),
COCTOSIIIYIO U3 pabovero, BCIOMOTaTeIbHOTO AIIEKTPOIOB
(rpaduroBbie  yepHmima Qupmbl  “Gwent  Electronic
Materials”, CILIA) u anekrpona cpaBaenus (Ag/AgCl) Ha
MOJMMEPHON  TOIOXKKe. Vcmomp30Banyd  MOTECHITHO-
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Puc. 1. Crpyxrypusie ¢popmynsl nmunpamuaa — N-(3-muMern-
aMHUHOTNIponHI)uMuHOoauOeH3una (1 ) u adodazona — S-3TokcH-2-[2-
(MopdonHO) THITHO |0eH3NMIIa30M1a TUrHapoxIopuaa (2 ).

crar/rampBanocTar pAutolab type I (dbupmer “Eco
Chemie B. V.”, npousBoyctea Netherlands). IIpoBenenue
ANMEKTPOXUMHUYECCKON CTAOMIM3alil M OYHCTKH TTOBEPX-
HOCTH 2JIEKTPOJa OCYIIECTBILUTH B PEXKUME IUKITNICCKOH
BoJIbTaMIiepoMeTpur (5 — 7 BOJIBTAMIIEPOrpaMM) B pac-
tBope 0,01 M KCI mpu ckopoctu passeptku 100 MmB/c B
nuanaszone rorennuaios oT 0 mo 1000 mB.

HUcnonb3oBanu dhocdarueiii 6ydepusiii pactsop (Pb) ¢
pH (7,0 £ 0,2), npuroToBIeHHBIN U3 MPenapaToB BHICOKON
yucTOTHl (4. 1 u.1.a., 3A0 “JlaBepHa”, Poccust). st mo-
Jy4YeHUs] TOMOTEHHBIX JTUCIEPCUA MHOTOCTEHHBIX YIJIe-
poanbix HaHOTpyOOk (MYHT) B XuTO3aHE W JUMETHII-
tdhopmamuge (IM®DA) npumMeHsIH yiIbTPa3ByKOBYIO BAHHY
(“WiseClean” monen» WUC-AO03H, DAIHAN Scientific
Co. Ltd, Korea) ¢ wactoroii 40 KI't 1 nenrpudyry Mapku
Centrifuge CM-50 (Poccus).

Cy6crparamu MAO ciryxumu nodamud (4 % pacTBop
it nabekimi “Jlopamun-depeiin” pupmer 3AO “BpbiH-
nainoB A”, Mocksa, Poccus) u agpenanun (1 % pactBop
¢upmbr OI'YIT “MocKkoBCKHiT S3HTOKPUHHBIH 3aBoja”, Mo-
ckBa, Poccust).

OObexTaMH aHalM3a BBICTYIANU JIEKAPCTBEHHBIC Be-
mectBa umunpamuH u  adobazon (“Sigma-Aldrich”,
CILIA), cTpykTypHBIC (OPMYIIBI KOTOPBIX MPHBEACHBI HA
puc. 1.

Paboune pacTBopbl HYKHOH KOHIICHTpAIIMA TOTOBUIIH
IIyTeM MHHHMAJIBEHOTO KOJHMYECTBA MOCICAOBATEIHHBIX
pa30aBieHHIl NX UCXOIHBIX BOAHBIX PACTBOPOB.

MAO Obla nony4eHa U3 Me4eHU CBUHBH C aKTHBHO-
cthio 0,078 £ 0,003 MKM/MHH - MI' OTHOCHTENILHO J0(ha-
MUHa (TOMOTEHaT).

JIuneiinbiii pasmep MYHT cocrasisan or 2 — 6 HM 110
10— 15 M (“Sigma-Aldrich”). dns noiay4eHus: cooTBeT-
CTBYIOIINX JUCTIEPCUI HCTIOIB30BAJIM PACTBOPHI XUTO3aHA
(mapku x.4.) B 0,5 % pacTBOpe yKCYCHOI KHCIIOTHI WM B
AM®A (Mmapxu X.4.).

MarpuuHbsIM MaTepuaioM Jisi iMMoOmm3auu MAQO
Ha MoauduupoBarnabie MYHT rpaduToBBIC 3ICKTPOIBI
CITYy>KWJT ObIUni chIBOpOTOUYHBIN anbOymuH (BCA) dupmbl
“Reanal” (Berrpus). BCA B cocTaBe cmecH IiIsi IMMOOH-
JIM3alUH BBICTYIIACT B KAYECTBE MaTPUIHOTO KOMIIOHEHTA
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Puc. 2. Boneramneporpammer pactBopoB: [) ®b ¢ pH 7,0

(cep=0,067 M); 2) ®b ¢ pH 7,0 B npucyTcTBuM nodamuna

(cg=1- 103 mons/m) 1 adpobasona (c = 1 - 10~ moms/m); 3) B ¢

pH 7,0 B mpucyrcTBuu nodamuHa.

IIpU MOJyYEHUU OMOYYBCTBUTENBHON YacTH CEHCOopa, 3a-
LIMIIAeT aKTUBHBIA LEHTp (epMeHTa OT JeHCTBUS CLIM-
BaIOLIMX PeareHToB (IIyTapoBOIO ajlbAETHIa), YTO MO3BO-
JIIET COXPAHATH OOJBIIYI0 KAaTaJIUTHUYECKYI0 aKTHBHOCTb
(epMeHTa B TeUEHHE JUIMTEIBHOTO BpeMeHu. Mcmonb3o-
Banu 12,5 % pactBop mryTapoBoro anbaeruga (I'A) dup-
Mmbl “ICN Biomedicals Ins.” (CIIIA).

Jns moiydeHus OMOYYBCTBUTENBHON YacTH CEHCOpa
TOTOBWJIM CMECh, CONIEPXKAIILYID PacTBOPHI (epMeHTa,
BCA, ©b (50 MM, pH =7.,5), 1 % pactBop I'A u auctun-
JTUPOBaHHYO Boay. [A 100aBIsIM B MTOCIEIHIOI OYepeb
" TOCJIC DHEPTUYHOTO INEPEMCIINMBAHUS Ha MOBEPXHOCTH
ANEKTPOJIOB HAHOCWIIM 1O | MKk 31O cMecu. [Ipuroros-
JICHHbIE OWOCEHCOpPHI OCTABISIM HA HOYb B 3aKpPBITOM
qamke [letpu npu ¢ =+ 4° C. Ha cnenyronmii 1eHb 0HO-
CEHCOPbI IIPOMBIBAJIM BOAOH, OCTaBIIUIM Ul BBICYIINBA-
HUS Ha BO3JyX€ U B JaJIbHEMILIEM XpaHWIU B XOJOAUIbHU-
ke. [Torygennsrii Onocencop Ha ocHoBe MAQO mipu XpaHe-
HUM B  XOJONWIBHUKE COXPAHSUI KaTaJlUTHYECKYIO
aKTHBHOCTH (pepMEHTa B TCUCHHE | MEC C MOTPEITHOCTHIO
He Oonee 5 — 6 % (Ha ypoBHe 50 % OT UCXoAHOI).

Pesynomamer u ux oocyscoenue

MAQO sBnsieTcst hepMeHTOM Kilacca aMHHOKcHa3 [12]
W KaTaJIM3UPYeT PeaKkiuil OKHCIUTEIBHOTO JIe3aMUHHUPO-
BaHUS BaXXHEUIIMX MOHOAMHHOB: CEPOTOHHWHA, JOpamu-
Ha, TUpaMHWHA, a TaKXKe aJpeHaJMHA, HOpaJpCHAJMHA.
[Iponykramm peakiuii OKHCIUTENBHOTO JI€3aMHHHPOBA-
HUs cyOCcTpaToB B MpUCyTCTBUA MAOQ SBISIFOTCSI COOTBET-
CTBYIOIINH aJIbJIETH/I, IEPOKCH/I BOIOPO/Ia M aMMHaK [6].

Broxummueckas peakisi OKHCIUTEIFHOTO Ae3aMUHH-
POBaHHS MOHOAMUHOB TIPOTEKALT MO CXEME.

0
1 2 1 2
R'-CH,-NH-R? + 0, + H,0—>R 7c< + R%-NH, + H,0, @)
HO

ans gopamuna: R!'= HO CH,—/, R2=H;

JUIS QfipeHAJIHA: R!'=HO CH —, R2= CH3.

HO HO
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OyHKUMOHUpPOBaHUE TpeasaraeMbix MAO-O6uocenco-
POB OCHOBaHO Ha COYETAHWU OHMOXMMHYECKOW peaKiuu
OKHCIUTEIHHOTO I€3aMUHUPOBAaHUSI MOHOAMHHOB U peakx-
UM IEKTPOOKUCICHHS OTHOTO U3 MPOLYKTOB ATOH peak-
1Y, 2 IMEHHO, IEPOKCHIa BOJOPO/A.

DIEeKTPOXUMHUYECKOE OKHCICHHIE IIEPOKCHIA BOIOPOa,
COMIIACHO JIMTEPATypHBIM NaHHBIM [6, 13 — 15] mporekaer
10 CXeMe:

H,0, — 0, + 2H" + 2. )

[Ipu u3yyeHnn 3MeKTPOXUMUUECKOTO MOBeIeH s no(da-
MUHA ¥ aJIpCHAIIMHA Ha TPa(QUTOBBIX MEYATHBIX ICKTPO-
nax ObUIO ycTaHOBIEHO, uto Ha ¢one @b ¢ pH 7,0 Ha
LUKIMYECKUX BOJIBTaMIIeporpaMmax B 0ONacTH TOTEH-
nuanos ot 0,15 no 0,25 B HaOMIOIAIOTCS TTUKU AJIEKTPO-
OKHCIIEHUS OMOT€HHBIX aMUHOB.

DNEeKTPOXUMHUYECKOe OKHCICHHE ONHOTO M3 CyOcTpa-
toB MAO, a UMeHHO JoaMHHa MTPOoTeKaeT mo cxeme (3),
YTO OTpaXkaeTcs Ha BoJbTaMIleporpaMmax B BHJE Mapbl
aHOJTHO-KaTOHBIX MUKOB Tipu notennuanax 0,20 u 0,25 B
(puc. 2). HeoOpartumoe 31EKTPOOKUCICHHUE aJpEHAINHA
Ha0JI0aeTCs IPU MEHEee MOJIOKUTEIbHBIX OTEHIIHANaX.

(¢}
HO +2H "+ 2e
< 3)
HO NH, (6] NH,

B mpucyrctBun MAO-6nocencopa B 001acTH MOTEH-
nuanos 0,65 — 0,7 B nabmronaeTcst JOMONMHUTEILHBIN MUK,
KOTOPBIN MOXXHO OTHECTH K MPOLECCY OKHCICHUS MEPOK-
cuna Bojopoaa (puc. 2, kpusas 3). [losTomy B KadecTBe
AQHAJMTUYECKOTO CUTHAJIA CITYXKHJI TOK OKHCIICHUS MIEPOK-
CHJIa BOIOPO/A KaK OJHOTO M3 MPOAYKTOB OKUCIHTEIBHO-
ro JIe3aMHUHHPOBAHMS COOTBETCTBYIOIINX CyOCTpaToB
MAO.

[Ipu u3ydeHUH BIUSHHS pacCMaTPUBAEMbIX aHTHJIE-
MIPECCAHTOB Ha KaTAIUTHICCKYIO aKTUBHOCTH HMMOOWIIH-
30BaHHO MAO (MUMAO) ycTaHOBIEHO, YTO B 00JacTu
MIOTEHIIMAJIOB OKHUCJICHHUS MEPOKCHIa BoIopoJa Habmona-
€TCSl yMEHbIIIEHNE aHAIMTHYECKOTO CUrHajia (puc. 2, Kpu-
Bas 2), 4TO YKa3bIBaeT HA UX MHTHOHUpYollee ACHCTBHE,
Ha KaTAIATUIECKYyI0 akTUBHOCTE UMAOQ.

Jiist u3ydeHust *HrHOUPYIOIIEro ASHCTBUS JIeKapCTBEH-
HBIX BEHIECTB, OTHOCSIIMXCS K aHTHICTPECCAHTaM, HC-
MOJIb30Ba 3 TUTa OMOCEHCOpPOB: a) Ouocencop 1 Tuma
— MAO-06uoceHcop Ha OCHOBE TPa(UTOBBIX IMEYATHBIX
ANIEKTPONIOB (HEMOTUPHUIIMPOBAHHBIX); 0) OWOCceHCcop 2
tuna — MAO-01OCceHCOp Ha OCHOBE TPaUTOBBIX Me4aT-
HBIX 3JICKTPOJ0B, MoauduimpoBanHbix MYHT B IM®A,;
B) 6uocencop 3 tura — MAQO-O6HoCceHCcop Ha OCHOBE Ipa-
(UTOBBIX MEYATHBIX JIEKTPOAOB, MOIH(DUIIMPOBAHHBIX
MYVHT B xuTo3aHne.

CormocraBiicHHE aHATHTHYSCKIX BO3MOXKHOCTEH OHO-
CCHCOPOB 3 TUIIOB ITOKA3aJI0, YTO JIyUIINEe aHATTUTHICCKUE
XapaKkTepUCTUKN Habmonanmuch 11t MAO-GHOCEHCOpOB,
MoIUpUIMPOBaHHbIX nucrnepcued MYHT B xwurto3ane
(6buocencop 3 tumna). B aToM ciydae nuHelHas 3aBHCH-
MOCTBh MEXJy BEIHYMHON TOKA M KOHICHTpAIMel HaOIro-
nanmack B 06oJiee MIMPOKOM KOHIICHTPAIIMOHHOM JTHANa30He
or1-10-%101-10~° M npu Gonee HU3KOI HIKHEH Tpa-
HUIIE ONpeneNsieMbIX cofepkanuil (c,). [lomydeHnsie pe-
3yJBTAThI IPEJCTABICHBI B TA0M. 1.

[IpumeHeHne B KauecTBe MOIM(HUKATOPA TTOBEPXHOCTH
anektponoB aucnepcurt MYHT B xuto3ane (6nocencop 3
THIIa) UMEET IPEHMYIIECTBO M0 CPABHEHUIO ¢ OMOCEHCO-
pamu, He MmoaupuumpoBanabivu MYHT (6mocencop 1
TI/IHa): B 4YaCTHOCTH, GOHLIHI/Iﬁ 10 BCJIIMYMHE aHAJIUTHYC-
CKUH CHTHAJN, JyYIIHe ONCPAlMOHHBIC XapaKTePHCTHKH
(coxpaneHue OoibllIell BEIMYUHBI KaTATUTHYSCKOH ak-

TaG6numa 1

AHaJIUTHYECKHE BO3MOXKHOCTH Pa3IM4HbIX TUNOB MAO-0noceHcOpoB npHu omnpeaejieHun umunpamuna. Cy6erpar — podamuun

¢=1-10"°M, (n=5,P=0,95)

Ob6nacth pabounx

YpaBHeHHE rpagyupoBOYHOI 3aBucumMocty, [* = (A + §) + (B = §)I1gC

Tun 6uoceHcopa KoHUeHTpauuii, M ¢, M
P ’ (A +38) (B £3) r
Buocencop 1 tuna 1-1074-1-10"7 (0,54 £ 0,09) (1,5£0,7) 0,9806 8-10-8
Buocercop 2 Tuma 1-10-5-1-10-8 (1,9£0,9) (2,9+0,9) 0,9829 7-10-°
Buocencop 3 Tuna 1-1075-1-10-° (2,18 +0,05) (3,294 0,01) 0,9883 1-10-9

3neck u B Ta0m. 2: [* = (11/1)) - 100 %, rie (/1) TOK OKHCICHHS IEPOKCH/Ia BOZOPO/Ia B IPUCYTCTBHU HHTHOUTOPA, (/) — TOK OKHCIICHHUS IIEPOKCHIA BOAOPOIA

B OTCYTCTBUE I/IHI‘I/I6I/ITOpa.

TaGunuma 2

AHaTUTHYEeCKHe BO3MOKHOCTH OHoceHcopa 3 THIa mpH onpenejeHuH HHrnoutopoB MAO, ¢;=1 - 10 M (n=5; P=0,95)

VYpaBHeHHE TPagyHpOBOUHOM 3aBucuMocTH [* = (A £ 3) + (B £ §)IgC

JlexapcTBeHHOE Ob6nacTb pabounx c M
BeIlecTBo / cyberpar KOHIeHTpaluii, M (A5) B15) B w
WmunpamuH / aipeHanus 1-1075-1-10-° (2,18 £0,05) (3,29 £0,01) 0,9883 1-10-°
WmunpamuH / fopamMus 1-1075-1-10"° (3,92 +£0,05) (5,86 +0,08) 0,9844 4.107°
Adobazon / anpenanun 1-1075-1-10"8 (1,66 +0,09) (2,13+0,01) 0,9876 2.10°°
Adobazon / nopamun 1-107°-1-107° (3,06 +0,08) (4,30+0,01) 0,9814 3-107°°
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TUBHOCTH,
HIKE).

CrenyeT OTMETUTB, 4TO HcHonb3oBaHue MAO-6uocen-
COPOB HAa OCHOBE OJIEKTPOAOB, MOIU(DUIIMPOBAHHBIX
MVYHT B xuT03aHe, MO3BOJIIIIO HAOMIOAATH TMHEUHYIO 3a-
BHCHUMOCTb MEK/y BETMUMHON TOKa U KOHIEHTpalyen an-
TUeTIpeccanTa (MMUNpamuH, adoba3oi) B 00IacTH KOH-
uentparmii 1 - 10731102 M (tabm. 2). Huwkusist rpa-
HHULA OMNpENeNIEMBIX CONepKaHMH — Ha ypOBHE
n-10-°M.

[IpaBunbpHOCTH Onpeaenenust AJl moaTBepKIeHa METO-
IoM “BBejeHO — HaWmeno”. S, He Oompme 0,072
(tabm. 3).

MAO-6HOCEHCOPHI TTO3BOJISIFOT MPOBOIMTE OTIpEeIie-
HUE WMHIIpaMHHA U adoba3ona B MPUCYTCTBHU JPYTHX
JICKapCTBCHHBIX TIPEIapaToB, YTO MMOKAa3aHO Ha IPHMeEpe
Iuba3ola M aMITUIMIUTHHA. YCTaHOBIICHO, UTO OIpeieIie-
HUe, Hampumep, adobdazona B mMpUCYTCTBHM Auba3ojia U
AMITUIIJUTIHA BO3MOXKHO TIPH COOTHOIICHHH KOMIIOHCH-
toB 1:100 ¢ nmorpemHocTrio, He npeBbiatomei S, 0,065.
CoOTHOIIEHUS! KOMIIOHEHTOB ObUIM BBIOPAHBI, UCXOAS U3
PEKOMEHyeMBIX K YHOTPEOIEHHIO 103 paccMaTpUBaeMbIX
JIEKapCTBEHHBIX MPENapaToB.

[Ipennaraemsliii 6uoceHcop ObLT anpoOUpPOBaH MPH OIl-
peleneHnU JIeKapCTBEeHHOI (opmbl adoba3ona B Buae
TaObIeTOK B JIGKapCTBEHHOM Ipemnapare “A¢obdazon” u ie-
KapCTBEHHON (pOpPMBbI IMUTIpaMUHA B BUJE Jpaxe C Iuie-
HOYHOH 000JIOYKOH KOPHYHEBOTO IBEeTa B “Menunpamu-
He”. DTH JEKapCTBEHHBIC (POPMBI MPEICTABISIIOT COOOM
KPYTJIBIC JIBOSIKOBBIMYKJIbIC TAONETKH OEJIoro IBera C co-
JIepKaHWEeM JIEKapCTBEHHOTo BeriecTBa adoba3ona B KO-
muecte 10,0 £ 0,5 Mr 1 gpaxe ¢ IICHOYHOH 000I0UKON
C coJepKaHWEeM HWMHUIPAMHHAa B KonuuecTBe 25+ | mr
CUMTasl Ha CPETHIOI0 Maccy 1 TabnmeTku.

MOrp€IHOCTL  HapaJlICJIbHBIX I/IBMepeHI/Iﬁ

Metonuka onpeaesnenusi agpo6a3ojia ¥ UMHIIPAMUHA B
JIeKapCTBEHHBIX NMpenaparax “Adodazon” u
“MesunpamMun”

TabneTky mpemapara pacTHPaId B CTYIKE A0 OXHOPO.-
HOTO MEJIKOJFCIIEPCHOTO cocTosTHMS. Jo0aBisuin HeGOmb-
10¢ KOJIMYECTBO JTHIIOBOTO CHHPTa (5 MII), T.K. COOTBET-
CTBYIOIIHE CYOCTAHIIMU XOPOIIO PACTBOPSIIOTCS B BOJAC H
atanone [16, 17], u npumepHO 10 MII TUCTUILTUPOBAHHON
BOJIBI, IEPEMEIINBAIH MOTYYSHHBIN PAacTBOP U LEHTpUY-
rupoBan 15 mun npu ckopoct 7000 06/MuH. [lomyuns-
LIMICS TPO3PAYHBIi PACTBOP NEPEHOCUIM B MEPHYIO KOJI-
Oy Ha 25 mul. OctaBumiicsa ocagok obpadarbiBanu 10 M
JUCTWUTUPOBAHHON BOJIBI U €IlIe pa3 LHeHTPU(YyTrupoBain

IIpH TeX ke ycnoBusax. [Ipo3padnslii pacTBOp J00aBISIIN B
Ty ’K€ MEPHYIO KOJIOy Ha 25 MJT U TOBOAMIIM BOJOH IO MET-
ku. [IpobormoaroToBka Benack Tak, YTOOBI OBLIO BO3MOXK-
HO MPOBOJUTH IMOCIEAYIOIINE U3MEPEHHU OHOCEeHCOpaMu
B PEKUME BOJITAMIIEPOMETPHH.

U3 sToro pactBopa Opaiu aluKBOTY 5 MKJI, 10OABIISIIH
67 MK pactBopa JodaMuUHa C  KOHIIGHTpAlUCH
¢,=1-10"*M u OB 10 o6bema 2 M1 (00bEM TEKTPOXHU-
MHUYECKOM STYCHKH). B aIeKTpOXUMHUYECKYIO STYCHKY ITOMe-
manmu MAO-6uocerncop 3 tuma u yepe3 10 MHH CHUMaIIN
BOJIFTAMIIEPOTpaMMy B 00JacTH mMoTeHIwaioB or 0 mo
0,9 B mpu ckopoctn Hanmoxenus norernuana 100 mB/c.
W3mepsinu BenuuuHy ToKa Iuka npu norenuuane 0,65 B u
KOHIIEHTpaiuo AJl HaXOAUIH 10 TPAAyHPOBOYHOMY I'pa-
¢uky. ComiacHO MOMYYEHHBIM pe3yjbTaraM, NpeACTaB-
JICHHBIM B Ta0i. 4, onpeaeseHne COOTBETCTBYIOLIMX Jie-
KapCTBEHHBIX BEIIECTB B JIEKAPCTBEHHBIX IIperaparax
“Menunpamun”, “Adobazon” mo npemiaraeMoil MeToIu-
K€ I103BOJISAET MOJIYUHUTh PE3YNBTaThl C IOTPELIHOCTHIO (S))
He 6oitee 0,04 — 0,05. B 310ii ke Tabmuie npuBeeHbI pe-
3yNbTaThl TUTPUMETPUUCCKOTO OMPEICNICHUSI COOTBETCT-
BYIOIINMX JICKAPCTBCHHBIX BEIIECTB COIIACHO ACHCTBYIO-
el HOPMAaTUBHOW JOKYMEHTAIMM HA 3TH JIEKAPCTBEHHbBIE
¢dhopmsl [16].

Ananmu3 pesynsratoB mo F- m t-xputepusim mokaszad,
uro metozpl paBHoTo4HbL (F 5, (6,39)>F ., (1,43); a
PACXOXKICHUS MEXLY CPEIHUMHE pe3yabTaTaMU OIlpeserie-
Hust AJl, Harpumep, aoba3osa, MOTYYEHHBIMUA ATUMH 2
MeTozaMu (Tabut. 4), He 3HAIUMBL: 6, (2,78) > t,,., (1,15),
YTO YKa3bIBaeT Ha OTCYTCTBHUE CHCTEMAaTHUYECKON MOrper-
HOCTH.

Tabn

Tabnuma 3
Pe3yabTaThl onpeaesieHusi aHTHAENPECCAHTOB aMIepoMeTpuYec-
KHM 0nocencopom 3 tuma (n =5, P = 0,95)

Q;ii@%ﬁgﬁ; Beeneno, M Haiineno, M S,
WmunpamuH /az- 5.-10-8 (4,9+03)-10-8 0,063
peHaTnH 1-10-7 (1,5+0,1)-10°7 0,069
Wmunpamus / 1o- 5.10°8 (4,7+03)-10°8 0,065
ammn 1-10-7 (0,86 +0,05)-10-7 0,060
Adobazon/anpe- 5.10°8 (56+04)-10°8 0,072
HamuH 1-107 (0,97 £0,06)-10-7 0,067
Adobazon / noda- 5.-10-8 (4,8+03)-10-8 0,065
MHH 1-10°7 (0,93 +0,07)-10-7 0,072

Tabnuma 4

Omnpenenenne adodazona u uMunpamMuHa ouocencopom 3 tuna, n =5; P = 0,95

Haiineno, mr

JlexapcTBeHHBII Tpenapart, (TabneTkn) CopnepixaHue, Mr

TuTpUMeTpHUMETPHUIECKH

C momomsro 6uocencopa

(x £ 8) S, (x +38) S,
“Adobazon” OAO “dapmcrannaprt-Jlek- 10,0 £0,5 10,20 + 0,03 0,0029 (10,1 £0,4) 0,047
cpencra” (Poccus, . Kypck)
“Menunpamut” OAO dapm. 3aBox 25+1 24,9+0,2 0,0078 (25,1 +£0,9) 0,039

“Oruc” (Benrpus, r. bynanemr)
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Takum o6pa30M, PE3YIbTAThl UCCICAOBAHUSA ITOKAa3bIBa-
0T, 4TO pa3pa60TaHHLIe 6I/IOCCHCOpBI MOryT HalTH npu-
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DETERMINATION OF ANTIDEPRESSANTS USING MONOAMINOOXIDASE
AMPEROMETRIC BIOSENSORS BASED ON SCREEN-PRINTED GRAPHITE
ELECTRODES MODIFIED WITH MULTI-WALLED CARBON NANOTUBES

E. P. Medyantseva', D. V. Brusnitsyn', R. M. Varlamova', M. A. Baibatarova',

G. K. Budnikov', and A. N. Fattakhova?

' A. M. Butlerov Chemical Institute, Kazan Federal University, Kazan, Tatarstan, 420008 Russia;

2 Institute of Fundamental Medicine and Biology, Kazan Federal University, Kazan, Tatarstan, 420008 Russia

Novel amperometric biosensors based on screen-printed graphite electrodes modified with multi-walled carbon nanotubes (MWCNTSs) dispersed in various
solvents (chitosan, DMF) and immobilized monoamine oxidase (MAO) were developed for the determination of antidepressants imipramine and afobazole.
It is established that afobazole and imipramine possess the properties of MAO inhibitors, which allows these pharmaceuticals to be determined within the
concentration range of 0.1 mM ' nM by recording the oxidation wave of hydrogen peroxide when dopamine and epinephrine are used as MAO substrates.
The best analytical performance was observed in the case of MAO biosensors modified by MWCNTs in chitosan solution, for which the lower limit of detec-
table concentrations was 3 — 9 nM. The main active components in melipramine and afobazole preparations were quantified using the MAO-based ampero-
metric biosensors with an RSD of 0.08.

Keywords: amperometric biosensor; carbon nanotubes; antidepressants; afobazole; imipramine
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