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Cunme3sosani HO8I biodezpadabenvri cyp@akmanmu-oausHioKu mpubiounoi 6y0osu, wo Micmsamo
(pacmenmu norieMmuieHoKCUdy ma Xoaecmepony, ayuiy8anHiIM XOLecmepony i NoaiemuileHOKCUOy
nipomenimosum dianziopudom. Ompumari cyphaxmanmu y 600HOMY cepedo8ULlyi PopMyOms MiyenspHi
CMpPYKMypu, IKi 30amHi conro0inizyeamu 01e0QilbHi peuosuHrlL, 30KpemMa X01ecmepol, | MOXCymb Oymu
BUKOPUCMAHI SIK HAHOKOHMEUHePU HePO3UUHHUX ) 8001 PEUOBUH I 3ACMOCOBAHI OJisl CMEOPEHHSL HOBIMHIX
cucmem 00CMAaBKU JIKAPCOKUX NPENApamis 8 opean-milleHs.

Korouosi ciioBa: cypdaxranTH-OMM3HIOKH, TIPOMENTITOBHI JIIaHT1ApH, IO eTHIICHIJIIKOII, XOJIEeCTEPOIT, COMFOO1ITI3aris.

Beryn.

CporosHi yBary TOCIiTHUKIB i XIMIYHIX KOMITaHii Bce
OiTbIIIe IPHBEPTAE HOBUH KITaC TIOBEPXHEBO-aKTHBHIX pe-
YOBHUH — TUMEpHUX a00 Tak 3BaHnX Gemini-cypQaKTaHTiB,
cypdaxranti-6mm3HiOKiB (CB) [ 1-3]. Lli moBepxHEeBO-aK-
TUBHI pEYOBHHU CKJIATAIOTHCS 3 TBOX aMiiTbHUX (par-
MEHTIB, CITOJTyYeHUX Ha PiBHI TOJIOBHUX T1APOQLITEHIX TPy
abo B Oe3mocepenHiit OMM3BKOCTI 10 HUX 32 JOMTOMOTOIO
cneiicepa (puc. 1) [3, 4].

OcrannimM yacom OyB cuHTe30BaHmi psag HOBUX Cb 6e3
cneiicepHoi rpymnu [5]. Y mopiBHSAHHI 3 BIATIOBITHUMHA M
OJJHOJIAHIIIOTOBHMH OBEPXHEBO-aKTHBHIMH PEIOBHHAMHU
CBb mposBnsioTh Kpamnii como0iTi3yBalbHi Ta eMyIbIy-
BaJIbHI BIACTHBOCTI, CIPUYMHAIOTH Kpallle 3MOYIyBaHHS,
CIIHIOBaHHHS, BUMTY 0i0JIOTiYHY aKTUBHICTE. BoHU edek-
THUBHIIIIE 32 3BUYAifHi TOBEPXHEBO-aKTHBHI PEIOBHHU 3HH-
KYIOTh IOBEPXHEBUII HATAT BOAH HA MEKI BOA—TIOBITPS
Ta Bofa—ois [6, 7]. Ix kpuTidHa KoRIEHTpAIis MillenoyT-
BoperHs (KKM), sx mpaBuio, mpuHAHMHI Ha TOPSIIOK
HIDKYa, HIK Y BiIIOBIIHNX 3BHYAHUX (MOHOMEPHHX ) TIO-
BEPXHEBO-aKTHBHUX PEYOBHH, 1 ITi MIiI[eJTH MAIOTh OLITBIITY
CONFOOLITI3yBaTIbHY €MHICTB. JlOCTIIKEHHS MIKPOCTPYKTY-
p¥ BomHUX po3unHiB nestkux Ch mokasaino, 1o 3a KOHIEHT-
partiii, Bumix 3a KKM, BOHM 34aTHI yTBOPIOBATH MITIENH
pizHOMaHITHHX (opM [8§]. [Ipraomy popma 3aaeKuTh Bix
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Puc. 1. CxemarnuHa cTpyKTypa cypdaxKTaHTiB-
OJIM3HIOKIB

KoHIeHTpaii [8, 9], Temmeparypu [10] i HassBHOCTI iHITIX
cypdaxranTiB [11, 12]. Bora moxe OyTH «xpobakomnomio-
HOO» [13—15], «<auTrononiOHOIO» [16] a0 «rmomimMepormo-
nioHOIOM [17]. « TpHBaMiCTh XXUTTSD Millel, TOOYTOBaHUX
i3 CB, Tako)k BUSABIIIACS HA TIOPSIOK OLTBIIO0, HiXK MiIIeT
31 3BHYAHHIX TIOBEPXHEBO-AKTUBHHUX peuoBHH [18].

Cb 3HaxoasTh Bee OiBII IMHUPOKE 3aCTOCYBAHHSA SIK
MUIOYi 3aCO0H, IS 3BOJIOKEHHS TPYHTY 1 pi3HOMaHITHIX
matepianis [19], mpu papOyBanHi TekcTmIO [20-22], sk
cTabinizaTopy B Iporecax MiKpoeMyIIbCiitHOI moTiMepH-
3amii [23], mpu popMyBaHHI pi3HOMaHITHUX HAHOCTPYK-
Typ [24], six iHTiOiTOpH KOpO3ii [25, 26], IUTsI i IBUTIIEHHS
Ha(TOBiIMAYi, Y TIpoIIecax TeHHOI TpaHC(heKIii, IK HOBI
iKaBi IHTPeTi€HTH KOCMETHYHIX TOBApiB [5] TomI0.

Bimomo, 1o TepaneBTHYHMI MOTEHIIia1 0araTboX mpe-
TapatiB, peKOMEHIOBAHUX [ JIIKYyBaHHS OHKOJIOT19HUX,
CepIeBO-CYIMHHUX 1 3allaJIbHUX 3aXBOPIOBaHb, 00OMe-
KYETBCS iX MAJIOI0 PO3UYMHHICTIO y BOJHHUX CEPEIOBUINAX.
OTxe, aKTyaIbHOIO IPOOIIEMOIO € CHHTE3 HOBHX Cypdak-
TaHTIB 11 COMFOOLITI3AIIT TMO(ITPHUX BOIOHEPO3UMHHIIX
TIPEnapariB 3 METOFO 30UTHIIICHHS iX KOJIOiTHOI pO3YMHHOCTI
Y BOIHOMY CEpEIOBHIIIL, III0 MOKE OYTH BUKOPUCTAHO AJIS
PO3pO0KH e(heKTHBHIX CUCTEM JIOCTABKH JIIKAPCHKHX TIpe-
TapaTiB B OpTaHH, 110 MAIOTh aToJorito [27, 28]. Y mpomy
acnexTi came CBb, siki XapaKTepu3yrThCS HUI3bKUMH 3Ha-
yeHassMA KKM 1 BUCOKOTO COMFO01Ti3yBaIbHOIO EMHICTIO
00 0araThoX oJIeO(UTFHIX PEUOBHH, CITiJ PO3TIIAIATH
K IIEPCTIEKTUBHY OCHOBY JAJISI CTBOPEHHS TAKHX CHCTEM.

Pearentom mms crBopennst Cb MenuaHOTO IpH3HAYCH-
HS MOXe cIyryBaTh mipomernitosa kuciora (IIMK). Bona
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Puc. 2. Cxema oTpumanHsi cyp(hakTaHTiB-OJIH3HIOKIB
turry Xon-IIMK-TTEI™-IIMK-Xon

MAaJIOTOKCHYHA, 2 HAsBHICTH Y ii MOJIEKYJIi YOTHPBOX PeaK-
[iITHO3IaTHUX KapOOKCHIIBHHX I'PYTI Ja€ 3MOTY KOHCTPY-
toBatH HOBi CB, moGynoBaHi 3 1Box aM(piimpHIX OITOKIB
Ha OCHOBI 11 ecTepiB, CIIOMYYCHUX T1APOQITEHIM cIieiice-
POM, HaIPUKJIa/] TTOJIiETHIICHOKCUTHAM. Pa3om 3 TMm, 3aB-
JISIKH ecTepHil mpupoi, Taki Cb 3matHi mocTymoBo rigposti-
3yBaTUCh | BUBOIUTHUCEH 3 OPTaHi3MY.

Mertoto mi€ei po6otu € orpumanas Cb Ha OCHOBI ec-
TEepiB MiPOMEITITOBOI KHCIIOTH, AOCHTIPKEHHS IXHIX KOJIOi/I-
HO-XIMIYHUX BJIACTHBOCTEN Ta MOXKIIMBOCTI COTFOOLTIZAIT
MOJIEKYJ INODITPHUX PEIOBUH Y BOTHOMY CEPEIOBHIII.

Sx ninodinpauit KommoneHT CB-MoNeKyn BUKOpHCTa-
HO xoJectepoit. Takuii Bubip 3yMOBICHUI THM, IO XOJIe-
CTEpOJI € KIIFOYOBIM KOMITOHEHTOM KJIITHHHHX MEMOpaH i
XapaKTePHU3YEThCA BUCOKOIO TEPMOANHAMIYHOIO CIIOPi-
HEHICTIO 3 IXHBOIO TTOBEPXHEI0. MOJIEKYIIN X0IEeCTEPOITY
BIDTMBAIOTH HA CTAOIIBHICTP i MPOHUKHICTH MOABIHHOTO
JimigHOTO Mmapy MemOpaH [29, 30], peryImooTh AisITbHICTD
MeMOpaHHUX O1JIKiB, Y TOMY YHCIIi PEIeNTOPiB Ta IOHHUX
kaHaiB [3 1-33] Tormo. Bomopo3dnHHi OXiaHI XoecTepo-
Jy 3/1aTHi 0 caMOOpraHi3allii 3 yTBOPEHHSM arperaris,
Miten i piakokpuctamiganx ¢as [34—38]. Cunres Takux Ch
MOJKHA TIOJATH CXEMOIO (pHC. 2).

ExcnepuMeHTa/IbHA YACTHHA.

Pearentn ta matepiaau. [IMIA (97 %) (Sigma
Aldrich) ounmyBanu cy6miMari€ero y BaKyyMi 3a 3aJIHIl-
KOBOTO THCKY 5—10 MM pT. CT., 30epiranu B eKCHKaTopi HaJl
Kanblid xmopuaom. T =288-289 °C (283-286 °C[19]),
kucnotae uncio 1036 mr KOH/T (po3pax. 1029 mr KOH/T).
HomieTnnenrmikoni (Aldrich) M, =500 (TIEI" 500), M =600
(ITET 600), xomectepon (Sigma, Cat. Ne C75209) Bucymry-
BaJIM a3€OTPOIHOIO0 BiATOHKOIO BoaM 3 OeH3eHoM [43].
AmneroH, Metanol, auMeTtmwipopmamin (JJM®DA) ounry-
Baym 3a Meronukamu [20], tpuerninamin (TEA) (Sigma
Aldrich, 299 %) BukoprcTOBYBaH O€3 TOIATKOBOTO OYH-
IICHHSI.

Cunre3s npoaykry Xoa-IIMK-ITET-IIMK-Xoa
3iMCHIOBaH B 1IBi cTaiil. Ha mepiiii ctazii S MMoJIb Bimo-
Biguoro ITET pozunnsum B 17 r JIM®DA, o po3unny gona-
Bayu 12 mmons (2,61 1) TIM/1A 10,048 r TEA. Peakuiiiny
Macy Mpo/yBalii aproHOM, TEPMOCTATyBall epeMilIy-
tourt 3a 7=80 °C npotsarom 24 roa. Iy npoBeACHHS ApY-
roi crafii peakuiiHy Macy 0X0JI0/DKyBaiu i ofgasanu 12 ¢

po3unny 15 Mmons (5,8 T) xomectepony B 6en3enii 0,024 T
TEA. PeakmiifHy Macy poIyBalii aprOHOM i ITepeMinry-
Baiu 3a 7=80 °C npotsarom 24 ron. AM®A Binrassm 3a
TIOHIKEHOTO THCKY B IIOTOIII aPTOHY 1 3aJIUIIIOK BaKyyMy-
BaJH 10 cTanoi Macu. Bucymeny peakniiny macy (11,0—
11,5 1) po3UnHsITH B alleTOHOBO-METaHOIBHIH cymimi (1:2
32 00’ eMOM), BiI(piIbTpOBYBaIH 1 PITBTPAT BUMIAPIOBATH Y
BaKyyMi. 3aJIUIIOK po34rHsUTH B 40 M1 2 %-BOTO pO3UHHY
KapOOHaTy HaTpir0, PO3UMH BiA(IITETPOBYBAIIH, ITiIKHACITIO-
BaiH 5 %-BOFO XJIOPHIHOFO KHCII0TO0 10 pH 2 i BECOMIOBa-
T TIPOTYKT JoAaBaHHsM 5 T kpuctaiigaoro NaCl. 3 orpu-
maHoi cycnensii mpoaykT Xoa-IIMK-ITET -IIMK-Xo: Bui-
TSI eHTpUdyTyBaHHsM. Ocaj] CyIHin B BaKyyMi J10 CTa-
701 MacH, pO3UMHSIIA B OCH3EHI, Bin(iTbTPOBYBAIH Bif
nomimok NaCl, Binransum OeH3eH i 30K BUCYIITYBAITH.
OtpumyBanu 5,5-6,0 T ITBOBOTO IPOAYKTY.

FTIR-cnextpockomisi. FTIR-ciekTpu 3ammcyBany 3a
JIOTIOMOTOF0 iH(ppauepBoHOTO criekTpomeTpa 3 Dyp’e-tiepe-
tBOproBadeM « Thermo Scientific Nicolet Fourier Transform
Infrared Spectrometer» y miarazoni 4004000 cM™! 3 koMITeH-
camieto armocepnux CO, Ta H,O. 3pasku Binnmsanu 3
OCH3eHOBOTO PO3YMHY Y BUTIISAI TOHKUX ILTIBOK Ha
npu3mu 3 KBr.

Mac-cniekTpoMeTpisi. Mac-criekTpu BUCOKOTO PO3i-
JeHHS 3alHCcyBalu Ha Mac-crnekTpomeTpi «Bruker
Daltonics BioTOF». 3pa3ku gociimKyBai B pesKiAMi peecT-
patii Mo3UTHBHO 3apsHKEHIX 10HIB, OTPUMAaHUX METOIOM
eJIeKTpOCTIpeii-ioHi3arii 3a HassBHOCTI 10HIB HaTpito. [1po-
IOykKT (5—10 Mr) po34nHSIN B 2 MIJI METAaHONY, JOAAaBaJl
1-2 xparuti 5 %-Boro po3unHy Tpu(TOpaIeTaTy HaTPilo B
METaHOJI i BBOJIMITH B KAMEpY LIS eJIEKTpoCcpeii-ioHi3amii
31 mBHAKicTO 240 MKI/TO. CHTHAI HAKOTINTYBAJIH ITPOTSI-
rom 5000 ckanyBanb y mianazoni M/z 70-3000.

'H AIMP-criekTpockomist. 'H SIMP-criekTpu 3arnmcyBa-
T B ieiiTepoBanoMy xiopodopmi Ha ciekrpometpi JEOL
ECA 400 MHzNMR.

BumipioBanns noBepxHeBoro Hatary. [loBepxHeBuit
HATAT Ha MEXi OBITPsI—BO/Ia BUMIiPIOBAIN BIHXOSIN 3 aHa-
T3y BUCSUOI Kparwii 3a gormoMororo Tersiomerpa Contact
Angle/Surface Tension Analyzer Bupoorunrsa First Ten
Angstroms (FTA125) 3a 7=20 °C. Po3unnu Cb koHIIE€HT-
panii 107 — 3 % rotyBai po3YHHEHHSIM HaBaXXKH y BOJI,
ToTIepeIHRO BifdinbTpoBaHiii “millipore” Gpimprpom (omip
18 Om) i nomansmmm noBenenHsM pH 1o 3Hagenss 6,5+0,1
3a onoMoroio 15 %-Boro BOJHOTO PO3UNHY KapOOHATY
HATPIIO.

Buznauennss KKM 3a nonomoroxo ¢pryopecueHTHOL
cnexkrpockomnii. KKM CB y BomHIX po3urHaX BU3HAYAIN
(ITyOpeCcIeHTHOI0 CHEKTPOCKOIi€I0 3 BUKOPUCTAHHSIM
(iyopecieHTHIX iHINKaTOpiB — IipeHy Ta 1,6-1udeHin-
rekcarpieny (A®PI) [39,40]. Cnextpu 3anmcyBany Ha GIryo-
pecueaTHOMY criekTpomeTpi «Fluoromax-3» (Jobin Yvon
Horiba) 3 reomerpiero 90° i mmpuro¥O miimiau 0,5 HM. st
CHEKTpiB 30ymkeHH: BITyopecieHtlii mpeny Oyma oopana
xBWIA JoBKUHOI0 390 1M, a I®I — 430 aM. Yac inTerpy-
BaHH# Bix 0,5 am/c. Jns po3paxynkiB KKM BumiproBami
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CIIBBIHOIIEHHS IHTEHCUBHOCTEN L, 65 / 1333’ SIS mipeHy Ta
IHTEHCUBHICTH MONIMHAHHS 32 358 HM y crieKTpi 30y KeH-
Hs1 JIDI.

BumiproBaHHsI po3Mipy YaCTHHOK Y BOi IIPOBOTIITH
meronoM DLS na npunani Malvern Zetasizer Nano-ZS 90
3 JIJA3EPHUM J10JI0OM MOTYKHICTIO 50 MBT 1 eTekTOpOM-
(hOTOIIOMHOKYBa4eM IpY HAJIOTOKYBaHHI ONITHYHOT CHC-
temu Ha 90°. BuMiproBaim po3moaii 3aJIe)KHO Bij Baru
CTPYKTYp, 3a Temnepatypu 25 °C ta pH=6,5+0,1. 15151 Bu-
MipIOBaHHS BUKOPHCTOBYBAJIM HOJIICTUPOIIBHI KIOBETH. SIK
CTaH/IapT P BUMIPIOBAaHHSX OyJI0 BAKOPHUCTAHO MOiCTH-
ponbHMii naTekc. J{is npuroryBanHs po3unHiB 3pa3ok Cb
PO3YMHSIIN Y BOJ, BiniibTpoBanii «millipore» piasrpom
(omip 18,2 Om), noBoamiu pH 10 6,5+0,1 15%-Bum po3un-
HoM NaOH i 3anumanu st ypiBHOBaKyBaHHS JI0 HACTYTI-
HOTO JIHS.

BumiproBaHHs 3eTa-noTeHUiaTy IPOBOIMIN 32 JIOTIO0-
Mororo npuinany Malvern Zetasizer Nano-ZS 90. [1is1 Bu-
MipIOBaHHS €JIEKTPUIHOT MOOIITEHOCTI 3pa3Ka BUKOPUCTO-
BYBaJIM KaIJIsIpHi KIOBeTH. BUMiproBaHHS IPOBOIHIIN HO-
€THaHHSIM enteKTpoopesy Ta azepHoi Jlommiep-Benocu-
Mertpii. Yci BuMiproBanHs npoBoyiy 3a 7=25 °C ra pH=6,5
+0,2. JInst mpuroTyBaHHs po3unHiB 3pa3ku Cb pozunHsim
y Bozi, BiAQinbTpoBaHii «milliporey ¢ineTpom (omip 18,2
Owm), noomu pH 110 6,5+0,05 15 %-Bum pozunrom NaOH
1 3aJIMIIAIH JUTsl yPIBHOBAXKYBaHHS 10 HACTYITHOTO JTHSL.

Couro6istizanist xos1ecteposty. BusHaueHHs KUTBKOCTI
COJTIO01TI30BaHOTO XOJIECTEPOSTy BUKOHYBAIN METOIOM
(yopecrienTHoi criekTpockorii. [otysamu 20 %-Buii po3-
YHUH X0JIecTepoiry B rekcasi. [1o 100 MK I[bOT0 po34rHy
BHOCHJIM Y BIZIKPHTI EMHOCTI 3 BOJHUM po3urHoM Cb mes-
HOI KOHIIEHTPAIIi] 1 BUIIApOBYBAJIM I'eKCaH IPOTsiroM 1 rog.
3a KiMHaTHOI TemrieparypH. [1icis BUuapoByBaHH: rekca-
HY PO3UMHH IIEPEMIIIyBaIy He MeHIe 24 roJ1. A1t BpiBHO-
BakeHHsI. 11 KiTbKICHOTO BU3HAYEHHS COMFO01TI30BaHO-
TO XOJIECTEPOJTy BHKOPHCTOBYBAJIM METONUKY JUtst Amplex
Red Cholesterol Assay Kit [41].

Tiapoaisz orpumanux CB. 'iaponitnunuii po3kman
ecTepHUX (h)parMeHTIB OCHIPKYBaIH y pocdhaTrHOMY Oy-
¢depi (pH=7,0) 3a 7=20 °C uepe3 KOHTPOIOBAHHS 301)1b-
LIEHHS KUJIbKOCTI KapOOKCHMIIBHUX rpyn pH MeTpuuHuM

1770 1822,07
1735,03 1 1
1867.12 -I
r 1691,00
1911.1 5‘1
1 1 1 ! T T T T T T
1700 1750 1800 1850 1900
m/z
Puc. 4. (DparMeHT Mac-CIeKTpa HiJ'H)OBOFO MMPOAYKTY
Xoa-IIMK-ITEI'600-ITMK-Xox
TUTPYBAaHHAM.

Pe3yabTaT 10cTiTKeHHS T IX 00r0BOpeHHS.

Cunre3 CB. [pornec cuatesy Cb ckitamaeTses 3 IBOX CTaIIH.
Ha mepmiii B pesynsrati B3aemonii IIMJIA 3 IIET 3a
MOJIBHOTO CIIiBBiIHOIICHHS 1:2 yTBOPIOETHCA HiecTep
IIMA-ITET-IIMA 3 gBomMa aHTiAPUAHUMHU TPyHaMu
(puc. 1). Ha npyriit cTamii mpoBOASTH HOTO B3aEMOIIIO 3
Ha/UTHIIIKOM XOJIECTEPOITY Yepe3 alliiIyBaHHS TePMiHaIb-
HumH aHriApuaaEIME rpyniamu IIMA-ITET-IIMA riapok-
CHJIBHO{ TPYIIH MOJIEKYJIH XOJIECTEPOITY.

Ha prc. 3 HaBeieHO Mac-CIIeKTp PeaKIiifHOT MACH ITiCTIS
TIPOBEACHHS MepIIoi cTaii. 3a pe3ynbTaTaMi Mac-CIeKT-
poMeTpii peakmiiHOi MacH BCTaHOBJICHO, 0 OCHOBHI TPy-
TIM CUTHAJTIB BiToBifaroTh Ipoaykry IMA-ITET'600-IIMA.
Pa3om 3 THM y CIIEKTpi cITocTepiraid CUTHAIH, SIKi BiIO-
BifaroTh noMimkam nukitigaoro ecrepy IHNEI-IIMK i ipo-
nykry noctynindaroi koHaeHcartii Turry IMA-ITEI-IIMK-
MET-IIMA, re3Baxatoun Ha 20 %-Buit Hagymmok [IMA,
KA OyII0 B3ATO JJIS IPUTHIYEHHS MOXITHBO]I ITOJIIKOH/ICH-
carii. [Hmi rpynu curHANIB cepeTHROi iIHTEHCUBHOCTI Ha-
nexats 10 metmioBux ectepis IMK-ITET-IIMK-ITET -
MK, sixi yTBOPHIIUCH Y TIPOLIEC] TIATOTOBKHU 3pa3KiB 10
nmociimkenb. CHTHAMIB 1HIINX MOXKIIMBHIX MOOIYHUX TIPO-
IYKTIB y CIIEKTPi HE BUSBIICHO.

0L8T

1€6T

=
S
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3500 3000 2500 2000 1500
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Puc. 5. [4-cnextp 3pazka Xoa-IIMK-ITEI'600-ITMK-

Xoua
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Puc. 6. "H-SIMP criextp npoaykry Xoa-IIMK-ITEI'600-
IIMK-Xon

Crpykrypy minsoBoro nponykry Xoa-IIMK-ITET -
IIMK-XoJ1 miaTBepIKyBaIl METOJaMH Mac-CIIEKTPO-
Mmetpii, [U- Ta AMP-cniexrpockomii. B mac-crmiekTpi mpo-
IyKTy (puc. 4) HasiBHI TUTBKU CUTHAJH, SKi BiAMTOBIAI0OThH
MoHoi30TomHi# Maci Terpaectepy Xoa-IIMK-ITEI'-IIMK-
Xom

HassricTs B [U-criexTpi (prc. 5) cMyT MOTTIMHAHHS 32
1726 cMm’!, s1ki BiAIOBIAAOTE BajleHTHUM KoJBaHHAM C=0-
TPYTI B €CTEpPax, a TAKOXK IHTCHCUBHHUX CMYT 3 9aCTOTaMH

1252 1a 1107 cM!, 1110 BiANOBIAarOTE BaJIEHTHAM KOJIUBaH-
HsiM OC—0 ta OCO—C-3B’53KIB BiIIIOBITHO, T ITBEPIKYE
HAsIBHICTh €CTCPHUX (PPArMCHTIB.

Pa3om 3 TUM CTPYKTypy NPOAYKTY MIATBEPIIKYE
"H-AAMP-cniektp (puc. 6, Tabmn. 1). Xopoiie y3romxeHHs
IHTerpajJbHUX IHTEHCUBHOCTEH CHTHAJiB, a TaKOX
BIJICYTHICTb Y CIIEKTpI IHIIUX CUTHAJIB MiJTBEPIKYIOTH
CTPYKTYPY 1 YHCTOTY OTPHMAHOTO HPOIYKTY.

Omxe, nani Mac-criekrpomeTpii, [Y- ra IMP-cniekrpo-

CKOMIT aI0Th 3MOTY CTBEPIKYBAaTH, IO CHHTE30BaHUH
MPOAYKT BiTIOBIAE CTPYKTYPi, HAaBe/IEHiH Ha puC. 2, a po3-
pobieHnit crioci6 OUNIEHHS Ja€ MOKIIMBICTh 030y THCS
JIOMIIIIOK NOOIYHUX MPOTYKTIB.
JocnixxeHHs NOBePXHEBOi AKTHBHOCTI Ta Mille/10yTBO-
penns Cb. Orpumani Cb — e am¢idinbHi ped4oBHHY, SKi
POBYMHSIIOTHCS SIK Y BOJII, TAK 1 B MAJIONIOJIIPHUX OpraHiy-
HUX PO3UMHHUKAX: OC€H3€eHI, lioKcaHi, TeTpariapodypati,
xsopodopmi Ta retpaxsiopomerani. Taka ampidinbHICTH
3yMOBJIEHA HasBHICTIO y CTPYKTYpi Jino¢ineHuX dpar-
MEHTIB XOJIECTEPOITy Ta TiApopiNbHUX: KapOOKCHIBHUX
rpyn i nanigora [1ET.

3HaueHHs rizpodinsHo-TinodinsHoro 6anancy (IJ16)
cunre3oBanux Cb po3paxoByBanu 3a popmynoro [piddina
[42]. Bennunnun KKM Bu3Hauanu 3a JOMOMOTOIO TPHOX
He3aJIeXHUX METO/IIB: BUMIPIOBaHHS TOBEPXHEBOTO HATSI-
Ty, @ TAKOXK comtoOimizanii mipeny (puc. 7) i ADI (puc. 8).
VY tabn. 2 HaBeeHi neski xapakrepuctiku Ch.

Bu3HaueHHS1 IOBEPXHEBOTO HATATY HAa MEXIi BOTHHN

Tabnuis 1. Binxecenns curnanis npotoHis y 'H-AAMP criektpi mpoxykry Xon-IIMK-TTET'600-ITMK-Xomn, po34iuHHHK

(CDCL)
3cysB, IaTerp.
. K-ctb .
Ipor. M.4., THII Tun Bimnecenns OparmMeHT POT. IHTEHC.
CUTHAITY poT. CUTHAITY
A 8,0-84 m CeH, ITipom. 4 397
~~_ ~yr-CH
B 5,36 m ~C=CH 2 Xom. 2 1,81
Pl
C 4,85 m —C-O-HC_ Xon. 2 1,89
2
D 447 ~O-CHrCHy O-G= TTED 4 3,39
275 —O—CH;CH;-O-C-
1
E F 19 e 0 TIED 48 48,00
3,63 ic —O—CHZ—CHZ—O—
G 2,45 —c-0-nC{ T X 4
X M 0 \CH2—C§ OJL
J 1,01 ¢ H,c=c—c’/ Xom. 6
G
K 091 n \ Xo 6
[LH-CH-Ch 88,00
CH,
LM 0,86 1 H,C—CH-CH— Xom. 12
N 0,68 ¢ H,C—C—CH Xo 6
Chol’ Xo. 52

— 1HII1 CUTHAJIK TPOTOHIB XOJICCTCPUIIBHOTO 3aJIUIIKY, K1 HE yBlﬁIlIJlH J10 TMICPLIIIKY.
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1,07
. KKM=0,0007 %
5:10,8—
A
0,6
1E6 IE5 1E4 IE3  1E2
C,%

Puc. 7. Buznauerns KKM Xoa-IIMK-ITEI'600-ITMK-
Xou 3a comoOinmizariero mpeny 3a pH = 6,5

pO3YMH — TOBITPA BKa3y€e Ha IMOBEPXHEBY aKTHUBHICTH
nociimxyBanux CB. [30TepMu OBEpXHEBOTO HATATY Ma-
F0Tb Xapakrepauit 171 [TAP BUTIISA 3 9iTKO BU3HAYEHOIO
KKM, 1o nopisatoe 6mu3pko 0,01 %.

s BUBUEHHS camoarperartii aM@piQiIbHAX moJTiMepiB
IIPOKO BUKOPUCTOBYIOTH (DITYOpECIICHTHI IHIUKATOPH —
mipeH i I®I. Yactora cMyTy MOTTIMHAHHS B CTIEKTPi 30y~
JKeHHS (PITyOpECIIeHIII] TpeHy 3aIeKUTh BiJ] IPAPOAN OTO-
YYIOUOTO CEPEIOBHIIA i 3MIIITYETHCS B YEPBOHY 00JIACTh
TIPH 3MiHi TiIpo(iITBFHOTO ceperoBuIIa Ha TinpodobdHe.
Criexktpu 30yIKeHHS TIpEeHY CIIOCTEpIiraid B Jiama3oHi
noBxuH XBIIb 300-360 HM. 3 OTpUMaHIX CHEKTPiB OyIH
moOynoBaHi rpadiky 3aJeKHOCTI BiTHOIIEHHS iHTEHCHB-
HOCTeH 30yIKeHHS MTipeHY L, 6. 5/1332’5 Bin KoH1eHTpatii Cb
(puc. 7). 3 pucyHKa BHIHO, IO 31 301TbIIEHHSIM KOHIICHT-
pauii Xoa-IIMK-ITEI'600-IIMK-Xo0J1 y BoqHOMY pO3UlHIi
BiJIHOIIICHHS IHTEHCHBHOCTEH 3pOCTae, 0 BKazye Ha Mirpa-
IIiF0 MOJIEKYJ MiPEeHY 3 BOIH B JMMODIIBHI Aapa Miren 3a
paxyHOK #toro comrobimizarii. Touxka, B sIKiii HOYHHAETHCA
Ppi3Kke 3pOoCTaHHS CITiBBiIHOIICHHS IHTEHCHBHOCTEH, BifIIO-
Bimac KKM. AHalOoriaamii BUTIISA Mac 3a1€KHICTh IHTEH-
CHUBHOCTI TIOTNIMHAHHA Yy criekTpax 30ymkenHs DI 3a
358 um (puc. 8).

3 tabmn. 2 BugHO, mo 3HadeHHEss KKM, otpuMmani Meto-
oM (ITyOpeceHTHOT MITKH, JET0 HIDKYi, HiXK BU3HAYCH]
METOZIOM BHUMIipIOBaHHS IOBEPXHEBOTO HATATY. OueBHI-
HO, TII0 3aBEPIICHHS (OPMyBaHHS HACHIEHOTO aICOPOIIiii-
HOTO Imapy Ha MiX}a3Hiil Mexi, M0 BH3HAYAETHCA 3
130TepMU IIOBEPXHEBOTO HATSATY, BiTOYBAETHCS 32 OLTBIINX
KOHIICHTpAIIiif, H’XK yTBOPEHHS MiIex ado IX arperaris, o

Tabmus 2. Buxoman ta Bnactusocti Ch

12000-
i L
00T rv-0,0025%
~" J
]
4000
0 T .I L ? T
1E-S 1E4 1E3 1E2
C,%

Puc. 8. Busnauenns KKM st Xoa-IIMK-ITEI'600-
IIMK-Xoa 3a pH=6,5 3 Bukopucranaam HOI sk
(ayopecneHTHOI IpOOH

MICTATS JinodinabpHy 1ceBnodasy, B SKii MOXKIINBA COITIO-
Oimizanis (uryopecleHTHUX MiTOK — tipeny abo JJOI" [43,
44]. 3aBepiieHHS (OPMYBAHHS HACHUCHOTO aJICOPOIIin-
HOTO Iapy Ha Mik(asHill Mexi BiJOYBaETHCS 32 KOHIICHT-
pauii Cb 0,01 % (Tabm. 2), comobinizallis mipeHy movu-
Haetses 3a 0,0007 %, a JIPT —3a 0,025 %.

Ortke, OTpUMaHi pe3yJbTaTH AaloTh ITiACTaBy CTBEP/-
xyBat, 110 KKM Xoa-IIMK-ITET'600-IIMK-XoJ1 craHo-
BuTh 0,0007 %, a KOHIICHTpAIlis (HOPMYBAHHS HACHUCHOTO
azcopouiitnoro mapy — 0,01 %.

30

-+ ++0,0001 %
- = 0,0003 %
—0,01%

Vol, %

10

O_

1 10 D, i 100 1000

Puc. 9. Posmipn vactuaok Xosi-IIMK-ITEI'S00-ITMK-
Xou y Bomi 3a pH=6,5

Buxi Mouex » %
Cb Oxm’ ' rJb [TosepxH. Como0. Como0.
%0 Mmaca .
HATAT MIpEHY JA0r
Xon-TIMK-ITEI"600-ITM K- Xoun 67 1808 6,7 0,01 0,0007 0,0025
Xon-TIMK-ITEI' 500-ITM K-Xoxn 63 1708 6,3 0,008 0,0004 -
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Tabnur 3. 3eTa-moTeHIN AN BOTHUX PO3UUHIB oJliroectepis 3a pH=06,5+0,2

TMomimep C, % 3eTa_HS[T§HmaH’ MZS;;?;SH’ [poBimHicth, MC/cM
0,0001 -46,1 -3,352 0,0100
0,0003 -45.6 -3,571 0,0101
0,0010 -48.4 -3,791 0,0133
Xos-TIIMK-ITEI'500-IIMK-X 041 0,0030 -37.9 -2,970 0,0251

0,0100 477 -6,093 0,0704
0,0300 -582 -4,560 0,1850
0,0500 -59.1 -4,630 0,292

; *77 1001 m

S o064

£ s i S

5 " ] [ = 807 m

zﬁ 04 - g a

é 03 - E 60 -

g 02 53 " n o

51 5 401 )

g 0l o

SENIENINEE ,I_I,EI,D, 5

0,0001 0,0003 0,001 0,003 001 003 005 01 03 cﬁ 204
C,%
Puc. 10. Conrobini3amis XoJecTepoay 3a pi3HHUX 0L . . — . . .

konrneHTpartiit Xoa-IIMK-ITEI'600-ITMK-Xoux

OTpuUMaHUM BHCHOBKAM HE CylepevaTh pe3ylbTaTu
JIOCTIKEHb JMHAMIYHOTO CBITIOPO3CiF0OBaHHS BOJHUX KO-
noinaux po3uuHiB Cb. 3 puc. 9 BuxHO, 1m0 32 KOHIICHT-
pamii, Hrkanx 3a KKM —0,0001 % Cb ytBopioe yHiMO-
JTABbHI YaCTHHKH (iHACKC momiaucnepcHocti 1,18) 3 ce-
penHiM giamerpom O6im3bKo 14 HM. [Ipu 30ibIIeHH] KOH-
meHTparii 1o 0,0003 % yHiMomambHICTh 30epiraeTbes, a
cepemHiii Jiametp yacTHHOK 3pocTae 1o 100 am. [Togans-
1I1e 301IBIIIeHHSI KOHIIEHTpaIlii IPH3BOJHUTE TLTBKH JI0 3pOC-
TaHHA [TOJIIUCTIEPCHOCTI MiIIeI.

AwWati3 BUMIpSHUX BEJWYNH (-TIOTEHITIaliB ITUX arpe-
raTiB MOKa3ye, 0 BOHU MalOTh HETAaTUBHUIT TOBEPXHEBUI
3apsn -58,2 £2,1 MB (Tabm. 3). Y Bumaaxy BUKOPHCTaHHS
ux CB sk HOCI{B JTiIKapChKHUX MperapariB HeraTUBHI 3Ha-
YeHHs1 {-IIOTEHITiaiB MOKYTh 3a0€3IIEUNTH SIK aJIre3if0 10
KIITHHHUX MeMOpaH, TaK i B3a€EMOIif0 3 iIXHBOIO TIOBEPX-
Hero [45].

Cunre3oBani Cb MOXyTs OyTH 3aIIpOIIOHOBaHI 5K CO-
TO01ITI3aTOPH XOJIECTEPOITY Ta IHIIHX N0 UTEHAX pedo-
BHH. JlocHipKeHHS TOKa3aJIH, 0 iICTOTHA COJTIO01Ti3altis
xonectepoiry nounHaeTbest Ipr KKM 1 3011pITyeThCS CHM-
6arno xoHteHTpanii Cb. OmHak BiqHOIICHHS KUTBKOCTI CO-
TMO01TI30BaHOTO XOJIECTEPOIY Y Milledax i MIleIsIpHIX
arperarax 10 KinbkocTi Xoa-IIMK-ITET' 600-IIMK-Xou
ICTOTHO 3pocTae 3a KOHIeHTparlii, MeHImx 3a KKM, oco0-

0 1 2 3 4 5 6 7
t, 0o
Puc. 11. Kinernka rigpomitiasoro po3kiamy Xoa-IIMK-
MET'600-IIMK-Xo.1 y pocharHOMy Oydepi (pH=7)

JIUBO TipH iX HaOmkenHi 10 0 % (puc. 10), mo Moxe 0yTH
TMOSICHEHO HAsIBHICTIO IBOX (hparMeHTiB X0JIECTEPOITY B MO-
JIeKy:1i 1 GopMyBaHHIM «yHIMEPHHUX» Millel, 0cOOIHBO 32
maimux koHuenrpaiit Xoa-IIMK-ITEI'600-IIMK-XoJ1.
31aTHICTb 10 TiAPOIITUYHOTO PO3IIETIICHHS €CTEPHUX
¢parmentiB y cknani Cb — BaxmBuii pakTop s BUKO-
pHUCTaHHS TX Yy O10METUYHUX TOCTi/PKeHHsX. 3 puc. 11 Buj-
HO, 10 ripoTsiroM 7 1i6 y Monekystax Xoa-IIMK-ITET'600-
IMK-Xoua rinpomizyerses 62+3 % Bcix ecTepHUX (par-
MEHTIB, 1110 CBIIYUTH PO OiogerpanadeabHICTh OTpUMa-
Hux Cb.
BucHoBku.

CuHre3oBaHi HOBI Oionmerpanadenshi Chb Ha oCHOBI
MiPOMEITITOBOT KHCIIOTH, IO MICTATH TiipohoOHI XorecTe-
pHIIbHI pparMeHTH i MOXKYTh OyTH 3aIIPOIIOHOBAHI SIK CO-
Tr001113aTOPH X0JIECTEPOITY Ta IHIINX JTIMO(QUIEHUX pedo-
BUH Y BOgHOMY cepenoBuili. OTpuMaHi pe3ynbTaTH J1a-
I0Th IijicTaBy po3risiaaTi oouzasa Ch sk moTeHuiitHi HaHO-
KOHTEHWHEPH JUIsl HEPO3YMHHUX Y BOA1 PEYOBUH 3 METOIO
3acTOCyBaHHS B 010MEIMIIMHI, Y TOMY YHUCII U1l CTBOPEH-
HS HOBITHIX CHCTEM JIOCTaBKH JIIKiB B OpPT'aHH, II]0 MalOTh
MaToJIOTIIO.
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Cunme3suposansl HOGble buodecpadabenvrble CypOHaKmanmol-oausHeybl MPUbIOYHOU CIMPYKMYPbL,
coodepocawue pazmenmsl NOAUIMULEHOKCUOA U XOojdecmepoad, Nymem ayuiupo8anusl
HOAUIMULEHEIUKOIS U XOIeCMEPOa RUPOMELTUMOBLIM Ouanzuopudom. Ilonyuennvie cypgpaxmanmot
8 600HOU cpede 00paA3yIom MUYeLIApHble CIMPYKMYpbl, CNOCOOHbIE CONOOUTUIUPOBAMb 00D UTbHbLE
geujecmed, 6 YACMHOCMU XOIeCmepo, U Mo2ym Oblmb UCHOIb30BAHbl KAK HAHOKOHMEUHepbl
HepacmeopuMblX 8 600e 8eWeCmeE ¢ Yeabio NpUMeHenus 0isl CO30aHUsI HOBEUMUX CUCmeM 00CMABKU
JIeKapCMBEHHbIX NPENapamos 6 Op2aH-uuuleHs.

KawueBbie ciioBa: cyphakTaHThI-OJU3HEIbI, THPOMEUTUTOBUM THAHTHIPH, MOJUITUICHTIIUKOIN, XOJIECTEPOII,
COJTFOOMITH3AIHSL.

New Gemini Surfactants Based On Pyromellitic Acid

LT. Tarnavchyk', A.S. Voronov', V.A. Donchak?, O.G. Budishevska’, 0.0. Kudina?, O.1. Khomenko’, S.A. Voronov’

"North Dakota State University, Dept. 2760

P.O. Box 6050, Fargo, ND 58108-6050, USA; andriy.voronov(@ndsu.edu
Lviv Polytechnic National University

12, Stepan Bandery str., Lviv, 79013, Ukraine; donchak@polynet.lviv.ua

New biodegradable Gemini surfactants of triblock structures containing fragments of polyethylene
glycol and cholesterol via acylation of polyethylene glycol and cholesterol with pyromellitic
dianhydride have been synthesized. In aqueous media, they form micellar structures, capable to
solubilize oleophilic substances, particularly cholesterol to be used as nanocontainers for the
development of new drug delivery systems.

Keywords: Gemini surfactants, pyromellitic dianhydride, polyethylene glycols, cholesterol, solubilization.
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