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Hane oocnidocenna npucesauene uUSYEHHIO HAHOCUCMEMU, AKA GKNIOUANA HAHOYACMUHKU 30]10MA Y 800HOMY
PO3UUHI CYyIbhayemamioy Hampiro, 3 MEmor 6CMAHOGIEHHS NPUPOOU I eqheKMUSHOCMI IXHbOT 63AEMOOIT 8 3AeHCHOCI
610 konyenmpayii i pH cepedosuwa. Cyavpayemamio nampiio Cmanosums iHmepec 6 36 3Ky 3 MONCIUGICMIO 1020
BUKOPUCMAHHA 6 CKIA0i HOBUX 2i0pozenesux Mamepianieé 3 iHKOPHOPOGAHUMY HAHOUACMUHKAMU 30710Ma O7A
BUCOMOBNEHHA OPMATLMONOIUHUX IMIAaHmMi6. Buxopucmano nanouacmuuku 3010ma cepeonvo2o posmipy 20 um,
00epIHCaHi MemoooM 2i0pOMePMaibHo20 cunmesy. JJocHiodceHHs: YyumomoKkCuuHoOCmi cyivghayemamioy Hampiio Ha
OCHO8I THMe2paIbHO20 NOKA3HUKA IHOeKcy Memaboniunoi axmusnocmi xknimun MA-104 0oseonuno ecmanosumu
KOHYenmpayii, aKi € 6a3ucom Oisl NOSACHEHHsS IMOBIpHOI MOKcuuHoi Oii mamepianis, IMAPecHOBAHUX DOZYUHAMU
cynvayemamioy nampito. Inougepenmnoro crio geasxcamu konyenmpayito 0.1 % posuuny cyrvpayemamioy nampiio
3a ymoeu 24 200 xoumaxmy 3 kuimumamu i 0.05 % 3a ymosu 48 200 xommaxmy. Eexmuenicms 63aemo0ii
cynohayemamioy mampilo I HanouacmuHox 3oioma  oyiniogamu  memooamu  UV-VIiS  cnexmpockonii,
CNEeKMPOKIHEMUYUHUX BUMIPIOBAHL, CKAHYBAIbHOI eleKmpoHHOT mikpockonii. CnekmpanoHi 00CHIONCEeHHSI CYCNeH3il
HAHOYACMUHOK 30]I0MA 8 PO3YUHAX CYTbPayemamioy nampiio y dianazoni mepanesmuunux xouyeumpayii 5+30 %
BUABUNYU HEMOHOMOHHUTI KOHYEHMPAYIUHO-3ANeHCHUTI 8NIUE CYTb@AHIIAMIOH020 Npenapamy Ha [HMeHCUBHICMb
no2IUHAHHA Y euOuUMomy i yrempagionemosomy oOianazonax. Bcmanoeneno poswupenus cmyzu No8epxHesoo
NAA3MOHHHO20 PE30HANCY HAHOYACTUHOK 30]10MA 6 NPUCYMHOCMI 3POCMAloYUux KOHYeHmpayii cyrv@ayemamioy i
nosiga cmyau NO2IUHAHHS 8 00820X6UNLOGIN obnacmi. Becmawnoeneno 3miwenns nikie na Y@-cnekmpax nicis
000a8anHs HAHOYACMUHOK 3010Ma 00 cytvghayemamioy Hampito. Bcmanogneno nioguujeHHs: HeeamusHUX 3HAYeHb
eeKMPOKIHEMUYHO20 NOMEHYIANY HAHOYACMUHOK 3010ma ni0 enaueom cyrvghayemamioy 6io —26.2 oo —41.4 uB.
OOepaorcani Oani 8KA3YVIOMb HA XIMIUHY 83AEMOOII0 MIJIC HAHOYACMUHKAMU 30710Md | Cyabpayemamioom Hampir 8 1o2o
PO3UUHAX, WO O00360]A€ BUHAUAU YMOGU 3ACMOCYBAHHA Y CKAAOI KOMWOZUMHUX Mamepianié 0iomeouuHo2o
NpU3HaueHHs Ol SMEHWEHHS MOKCUYHOCII | WGUOKOCHT UMUBAHMSL.

Knrouosi cnosa: cynvhayemamio nampiro, areOyyuo, yumomoKCUudHiCmy, HAHOYACTNIUHKYU 3010Md, 83A€EMO0is,
CNeKmpu NO2AUHAHHS, eNeKMPOKIHeMUYHUL NOMEHYIA

BCTVII KOMITO3UTHHX MaTepiajiB 3 3aJaHUMU
eKCILTyaTaliiHuMH napameTpamu [6].

Cepen  cyyacHuMX  3aco0iB  JIIKyBaHHS
iH(eKIii, CIPUYINHEHUX MIKPOOpPraHi3MaMH, 110
HaJIe:KaTh mepeBaxkHo 110 BuaiB Escherichia coli,
Staphylococcus aureus, Staphylococcus
epidermidis, Pseudomonas aeruginosa, Serratia
spp, Staphylococcus spp [7], cynwsdaninaminni
mpemapati [8, 9], 30kpema AnpOynmm (miroua
peuoBnHa  cymb(areramin  Harpiro)  [10],
IociIatoTh BaxIMBe Micie. BogHovac, mopsia i3
TEpaneBTUYHOIO e(EeKTHBHICTIO, Cyibdaneramizn
HATPIIO MPOSIBIISIE 3HAYHY MOJIPA3HIOIOUY, a OTXKE,
TOKCHYHY [il0, SIKY CJIiJi BpaXOByBaTH IpHU HOro
3actocyBaHHl. Oco0JMBO 1€ BaXJIMBO MPH
CTBOPEHHI HOBHX TIOpUJHUX TiJPOTeJIeBUX

BukopucraHHs HaHOYAaCTHHOK 30J10Ta IS
CTBOPEHHS HOBHX (PYHKIIOHAIBHUX CTPYKTYP
MEIUYHOTO MpU3HAYeHHS 1 TUIaTGOpMH IS
TPAHCIOPTY JIKIB /10 ypPaKEHUX TKAHUH
OCTaHHIMH POKaMH BHKIIMKA€ 3HAYHHH 1HTEpec
nocianukis [1]. 3aBasku yHIKaIbHUM XiMIYHAM
BJIACTUBOCTSIM HAaHOYACTHHKH 30JI0Ta, 3 OJHOTO
00Ky, MalTh 3HAYHWH MOTEHIaN y TPOSBi
POTHU3ANAIBHOI, paHO3aroBaIbHOL Ta
pereHepariitHoi ii [2, 3], a 3 iHII0ro, BUABISIOTH
MOJIYJIFOFOYi  BIIACTHUBOCTI TpH  B3aeMomii 3
cyOcraniisiMu pisHoi mpupomu [4, 5]. Ocranue
JI03BOJISIE TIOCTIHHO PO3LIMPIOBATH Ta iCTOTHO
MOKpAIlyBaTH MiAXOAM 10 OTPUMAHHS HOBHUX
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MarepiaiiB MeJuyHoOro mnpusHadeHHs [11,12].
Tak, BUKOPHUCTAHHA HAHOYACTHHOK 30JI0TA Yy
TiIOpPUIHUX TiAPOTEIIEBUX MATPHUIIAX, POCOYCHUX
cyibdarneramigoMm HaTpiro, BUKITUKAJIO
YIOBUTbHEHHS HOTO0 BUBIIBHEHHA TIO Mipi
MiJBUIICHHS BMICTY HAHOYACTHHOK 30JI0Ta ¥y
rigporeisix, MO MoOXe OYyTH pPe3yJbTaToM
B3aeMoii iux koMnoHeHTiB [13]. 3 inmoro 6oky,
pe3ynbpTaToM Takoi B3aeMomii Moxe OyTh i
3MEHIIEHHSI ~ piBHA  TOKCHYHOCTI  CaMmoro
cyiabdaneraminy Hatpiro. B miteparypi €
YHCEeNbHI JaHl II0J0 3MEHIIEHHS TOKCHYHOCTI
OPraHOKOMITIEKCIB HAHOYAaCTHHOK 30JI0Ta 3
(dapmarieBTHUHUME cyOcTaniisimu [14, 15].

Jns OIiHKA MOXXIIMBOCTI MOMYJIALII piBHS
TOKCHUYHOCTI CyJTb(alieraMmiay HaTpito B CHCTEMI
3 HAHOYACTHHKAMH 30JI0Ta HEOOXITHO TOCTIAUTH
mepu 3a Bce OCOONMMBOCTI iXHBOI B3aemomii. 3
€0 METOK B JaHOMY JOCIIDKEHHI Oy
BHUBYEHI IUTOTOKCUYHI BIIACTUBOCTI CyJIbdaliera-
MiZly HaTpito, CIEKTPalbHi XapaKTEPHCTHKH 1
€JIEKTPOTIOBEPXHEBI BIACTHBOCTI HAHOYACTHHOK
30J10Ta y PO3YMHAX Cylb(daneramiay HaTpil0 B
3aJIe)KHOCTI Bl pH 1 KOHIIEHTpaIlii OCTAHHBOTO.

EKCIIEPUMEHTAJIbHA YACTHUHA

TecTyBaHHS  HIUTOTOKCHYHOCTI  Cynb(]a-
LIETaMiJly HATPil0 MPOBOJAWIM 3 BHKOPHUCTAHHSIM
eykapioTHuHuX KiituH JiHii MA104 3 komekirii
KyIbTyp KIiTHH [HCTHTYTY MiKpoOionorii i
Bipycomnorii im. J[.K. 3a6onoraoro HAH Yxkpainu.
KiitrHu BUpOITyBaiy y MOHOIIAPOBIH KyIBTYpi y
IUIACTUKOBUX (DJIAKOHAX 3 IUIOLIEI0 1Ha 75 cM? y
MTOKHBHOMY CepeIoBHIII DMEM/F12 3
nonaBaHassM 10 % eMOpiOHANIBHOI  CHPOBATKH
tensat (ECT) ta aHTHOIOTHKA-aHTUMIKOTHKA IIPU
37 °C B ymoBax nocriitaoro piust CO; (5 %). dus
OI[IHKM CTaHy KJITHH Micis iXHBOTO KOHTAaKTy 3
CyJb(areTaMiioM HaTpiro y pi3HUX KOHIEHTPAILISX
OyJ0 BHKOPHCTaHO TECT 3  KPHCTAIIYHUM
(ioneroum (KD) ta MTT (MeTunreTpasonieBuii)-
TECT, SIKi IO3BOJISIOTH OXapaKTepH3yBaTH KITFOUOBL
MOKa3HUKM JKUTTE3NATHOCTI KIITHH: 3arajibHy
KUIBKICTh ~ QAre30BaHMX  KITHH Ta  IXHIO
MeTaloNIYHy aKTUBHICTh. 3 METOI0 y3arajJbHEHHSI
Ta aHaN3y pe3ysbTariB, orpuManux B MTT-tecti
Ta B TeCTi 3 KpHCTalniuHUM (ioneToBuMm, Oyio
BUKOPHCTAHO IHTErpallbHUM MOKAa3HUK — 1HAEKC
MeTabosiyHo1 aktuBHOCTI Kititud (IMA) [16, 17].

®dopMyBaHHS HaHOYACTHHOK 3osiota (AuHY)
npoBomwn  3rimHo  [18,19] 'y momudikari.
3onoroxnopuctoBoaneBy kuciaoTy (HAuCls3H0,
Sigma-Aldrich) BimHOBITIOBaIM ITATPATOM HATPIIO Y
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npucyTHocTi kapoonaty kamito (121 °C, 1.04 atwm,
15xB). B pe3ymbTari OTpUMYBaJH BOAHY
JIICTIEPCIiI0 YePBOHO-BIHHHOTO KOIILOPY 13 CEpeaHIM
posmipom uactuHOK 20 HM. CycrieHsis micus
TTOBUTLHOT'O OXOJIO/HKEHH 30epiranach mpu 4 °C.

HanouacTMHKM  30110Ta  XapaKTepH3yBaJH
meronoM UV-Vis crektpockomii Ha CIEKTpO-
¢dotomerpi CD-46 (JIOMO, Cankr-IletepOypr,
Pocist) mpu 300-800 M. Cynbdareramia HaTpiro
(CgHgN2NaOsS-H,O, Katwijr  chemie B.V.,
Hinepnanan) i HaHOYaCTMHKH 30JI0Ta B PO3YMHI
cynbhareramiay HATPII0  XapaKTephu3yBaIn
meromoM UV-criekrpockomii npu 190-350 am. o
CIIEKTPIB B OKPEMHX BHIIAJKaX 3aCTOCOBAHO
HopmyBaHHs B iHTepBati Big 0.0 go 1.0 BimHOCHO
3HAYeHb TOITMHAHHA TIPU Amax 32 JOMOMOTOO
koMt rotepHoi mporpamu ORIGIN 10.5.

Enexrponosepxuesi BnactuBocti HY 30mota
OIIIHIOBAJIA 32 METOJIOI0 MiKpOeJIeKTpodope3y B
KOMIpI 3aKpUTOTO THUIY (TUIACKWI KBapIOBUIA
Kanisip mmpuHoo 10 MM 1 TOBHIMHOIO 1 MM).
BumiproBanas Benu mpu 24+0.5 °C. Emexrtpo-
KineTnuHuit motenmian ({) po3paxoByBaiu 3a
¢dopmyrnoro Tempmronbust - CMOITYXOBCHKOTO
[20].

300paxeHHsT HAHOYACTWHOK 30J0Ta 10 1
miclisl KOHTAaKTy 3 PO3YMHOM Cylbdalneraminy
HaTpit0 Oynu oJiepKaHi 3 BUKOPHUCTAaHHSIM
CKaHyBaJIbHOI €JIeKTpOoHHOI Mikpockomii (Tescan
MIRA 3 LMU, obnagHanuii  eHepro-
nmcriepciianM criektpomerpoM Oxford X-Max 80
i3 cucremoro migroryeannsa 1npod PECS
Gatan 682, Uexis).

Cmamucmuuna 00podxa pesyrbmamis
oocnioxycenna.  Jlami  JOCHIKEHb  LIUTO-
TOKCHUYHOCTI Ta MapameTpH, IO BH3HAYAIOTHCS,
CTaTUCTUYHO OOpOOJIeHI Ta TpEeACTaBICHI SK
MejiaHa 3 MDKKBapTHIIbHUM miarnazoHom AUC:

Me (LQ-UQ), 1ne Me=wmexmiana (50 %
mpoueHTHNL), LQ =25% mnpouenTuns, Ta
UuQ=75% TIPOTICHTHIIb. CrarucTruuHi
pO3paxyHKH  MPOBEACHO 32  JIOMOMOTOH)

nporpamHoro 3abe3mneuyenns Stat Plus Pro 5.9.8.
ta STATISTICA v.10 (Cucrema aHamizy
eKCTIepUMEHTAIBHUX MaHuX, StatSoft, Inc. 2011).
Bci pearentn OyiM aHamiTUYHOI YMCTOTH,
PO3UMHM TOTYBaJIMCh Ha OYMILIEHIH BOII,
sukopuctoBytoun Millipore Milli-Q cucremy.

PE3VYJIbTATU TA OBI'OBOPEHHA

Hapas3i Hemae 4iTKOTro ysIBIE€HHS 1010 PiBHIB
LIUTOTOKCUYHOCTI  cysb(dareramigy  HaTpiro.
HasBHi B mitepatypi 1 ¢apmakomnesx naHi
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CTOCYIOTbCSI TIEPEBAXHO aJIepriyHUX peaKIlii.
[lomo MUTOTOKCHYHOCTI, BOHH BKpai 0OMeKeHi 1
cynepewtuBi. Tak, B poboti [21] meromom
KyJbTUBYBaHHS KIITHH 1IN VItro mociimkeHo
[UTOTOKCUYHICTh 3MIMTOTO  IOJIIypETaHOBOTO
KOMITO3UTY, IMIIPETHOBAaHOTO Anp0ynumoMm i
3p00JIEHO BHUCHOBOK MPO HOro HETOKCHYHICTB,
OpoTe HE BKa3aHO po0OYYy KOHIICHTPALIO
mpemapary. ICHYIOTh OKpeMi JOCHIKEeHHS, SIKi
CTOCYIOThCSI BUBYCHHSI ITUTOTOKCHYHOCTI Ha
pakoBux kiithHax [9]. BcranoBimeHO 1HIYKINO
mBox (opm aBTodarii: iHAyKmii cmepTi abo

LUTONPOTEKTOPHOI ~ aBTodarii B  JiamazoHi
KOHIIEHTpaIlii cynbdarneraminy 10-50 MM [22].

OCKiTBKH B JTiTEpaTypi BIACYTHI JaHi MIOAO
Iiana3oHiB HUTOTOKCUYHUX 1 HE HUTOTOKCHYHUX
KOHIEHTpaIiii cynedarneraminy Harpifo, Ha
MepmioMy  erami  JOCHDKEHb  MPOBEACHO
BH3HAUYCHHS IIMTOTOKCUYHOCTI I1i€i cyOcTaHIii B
KYJbTYypi eyKapioTHYHUX KIiThH JiHii MA 104.

Otpumani pe3ynbTaru MeTa0oigHOT
AKTUBHOCTI Ta 3arajbHOi KITBKOCTI aJre30BaHUX
kimitTiH MA104 uwepes 24 1 48 rom KOHTakTy
PI3HUX KOHIIEHTpAIIi TECT-pPO34YNHY HaBEICHO B
Tabmuax 11 2.

Tadmuus 1. TokcwyHICTh po3uMHY cyiab(ameraminy HaTpito miasd KiITHH MA-104 depe3 24 roq KOHTakTy 3a
moka3zaukaMu MTT- ta KO-tecty Ta iHIZEeKCOM METaOOTIIHOT aKTHBHOCTI

KonuenTpauisi po3unny cyiabganeraminy HaTpiro (Mr/mon)

Ioxka3nuk KoHnTtpoup KiIiTHH
30 15 7.5 3.8 1.9 0.9 0.5 0.2 0.1
MTT 42 80 110 116 114 105 102 100 98 100
Ko 17 67 87 101 106 103 105 96 103 100
IMA 246 120 126 115 1.07 1.02 097 105 0.9 1.00

[pumitka: MTT — BimcoTOK MeTa0ONIYHO aKTHBHHUX KIIITHH BiTHOCHO KOHTPONBHUX IHTakTHHX, K® — BimcoTox
aJre30BaHMX KIITHH, PO3PaxOBaHWH BiHOCHO KOHTPOJIPHMX IHTAaKTHUX, mpuiHATHX 3a 100 %, IMA — iHnmekc
MeTaboJIIYHOT aKTHBHOCTI KJIITHH, pO3paxoBaHuii K BigHowmeHHs 3Ha4eHHst MTT no 3Hauenust KO

Ta6aunst 2. TokcuyHicTh pO3uMHy cyiabdaneramigy Harpito s kiiTiH MA-104 yepe3 48 rom KOHTakTy 3a
nokazHukamu MTT- ta Kd-tecty Ta iHgekcoM MeTabo1iyHOT aKTHBHOCTI

KonuenTpauis po3unny cyabsganeraminy HaTpiro (Mr/mi) KoHTpoan
IToka3nuk !
30 15 7.5 3.8 1.9 0.9 0.5 0.2 KJIITHH
MTT 14 55 97 120 120 112 106 103 100
Ko 2 60 85 93 95 99 101 99 100
IMA 8.68 0.92 1.14 1.30 1.25 1.13 1.05 1.04 1.00

Crij 3a3HauUTH BiIMIHHICTH B pe3yNbTarax,
OTPUMAHMX Ha KJIITHHAX B TOTOXHHX YMOBax
KYJIBTHBYBAHHS: SIKINO 3MEHIICHHS TOKCHYHOCTI
cynbdareramiay HaTpito BiOyBaeThCA JiHIHHO 3a
OONIKYy KIJBKOCTI aAre30BaHUX KIITHH 13
3aCTOCYBaHHSIM  TeCTy 3  KpPUCTATIYHUM
¢iomeroBumM, 1O Tect i3 MTT, sxuit mo3sosie
OLIIHUTH METa0OJIYHy AaKTUBHICTh  KIIITHH,
BUSIBJISIE TXHIO HENIHIHHY BIIOBiJlb, 3yMOBJICHY
HAJIaKTUBALI€I0  KIITHH Yy  CYOTOKCHYHHX
KOHIIEHTpaIissX cyinb(daieramiay Harpiro. 3
METOI0 JeTajizalii 0COoOIMBOCTI pearyBaHHSI
KIITHH HAaMH 3aCTOCOBAaHO KPUTEPid «iHIEKC
MeTa0OJIYHOI aKTUBHOCTI KIITUH» IMA, akuii €
THTETpabHUM MOKa3HUKOM napamerpis,
OTpUMaHMX B 000X TecTax. [Hmekc MerabomiaHol
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aKTUBHOCT] KJITHH BU3HAYald SK BIJHOLIEHHS
BiICOTKAa MeTa0OJIYHO AaKTUBHUX KIITUH [0
BIJICOTKA yCiX ajre30BaHUX KIITHH. BiAmosigHo,
JUISS KOHTPOJBHHMX IHTaKTHHX KIiTHH, [IMA
cranoBuTh 1.0. [Tokasuuk Bute 1.0 CBIAYUTE, 110
AKTUBHICTh KIIITUH TICJIA KOHTaKTy 31 3pa3koM
(cepenoBuriem) € BUINOO. | HAaBMaKu — 3HIKEHHS
mokazHuka Hikde 1.0 cBiTUMTH MpPO 3HIDKEHHS
MeTa00JIIYHOT AKTUBHOCTI KJIITHH.

Y Tecti 3 KpucCTamiuHUM  (ioJIETOBUM
[MOKa3aHo, 1110 KOHTAKT KIITUH MA-104 3 pisHuMU
KOHIIGHTpAILIsIMK ~ PO34MHY  Cyib(dareraminy
HaTPIro CYTPOBOMIXKYETHCS TOKCUYHUMH
epexramu. [lpum  TOpIBHSAHHI  pe3yJbTaTiB
Tabmuib 1 1 2 MOKHAa KOHCTaTyBaTd, IO
HETOKCUYHOIO  KOHIICHTPALI€0 JUIS  KIITHH
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MA-104 3a ymoBH 24 1oz KOHTAKTy € 4 MI/MII, 3a
yMoBH 48 TOIN KOHTAaKTy Taka KOHIIEHTpAIlis
ctaHoBUThL | mr/mi.  Konmentpamis,  ska
Bukinkae 50 % necTpykuii MOHOIIAPY KIIITHH,
CTaHOBUTH ~25 MTI/MJI 32 yMOBH 24 TOIl KOHTaKTy
Ta ~18 Mr/Mi 3a ymoBH 48 TO]] KOHTAKTY.

V tecti 3 MTT BusiBieHo, 1o 24 rog KOHTAKT
kmitiH MA-104 3 pi3HUMH KOHICHTpaLisiMH
po3unHy cynedamneraMmimsy — HaTpilo  Cympo-
BOJDKYETHCS] IPUTHIYEHHSIM 1XHBOI METa0O0IiqHOT
axktuBHOCTI Ha 50 % 3a KoHIEHTpaii ~28 Mr/Mi
3 HACTYITHUM HapOCTaHHSAM  METabOJiYHOT
AKTUBHOCTI BHUIIE OKa3HUKA KOHTPOJIIO IHTAKTHHUX
KITHH y  CyOTOKCHYHMX  KOHICHTPALisX:
1.5-8.0 mr/™M1 Ta HOpMAaIi3aIi€ro MOKa3HUKIB 3a
koHmeHTpamii 0.7 Mmr/mMn 1 Hmkde. 3a yYMOBH

48 Ol  KOHTaKTy  BIJIOBiMHI  TMOKAa3HUKHU
ckmamaoTs 18, 0.7-4.0 Ta 0.4 mr/mi.
3acTocyBaHHS IMOKAa3HHKA IHACKCY

MertabomiyHoi aktuBHOCTI KimituH (IMA) 1o
po3unHy cCyib(aleramiay HaTpio JT03BOJIMIO
YiTKO iIeHTU(IKyBaTH Aialla30HU KOHIICHTPAIIi,
SAKI € LUTOTOKCHYHMUMH a00 CHpaBISAIOTH
CyOTOKCHYHY Ji10. 3aranoMm, iHqu(epeHTHOO IS
kiitiH  MA104  BusiBUIacs  KOHIICHTpAIlis
po34nHy cynbdareTamiy HaTpiro, Ska CTAHOBHUTH
1 mr/mn, abo 0.1 % pozunH 3a ymoBU 24 TOA
KOHTAaKTy 3 KIITHHaMH. 3a yMoBH 48 1oj
KOHTAaKTy 3 KIITHHAMH Taka KOHIEHTpALis €
BaBI4l HIKY00 — 0.5 mr/mi, a6o 0.05 %.

Pazom 3 THM, TepanmeBTHYHI KOHIEHTpaIii
PO34YHHIB CyibdaneraMiy HaTpiro, AKi IUPOKO
3aCTOCOBYIOTHCS Y OPTAIEMOIIOTIYHIM IPAKTHII,
cknanarotb 630 % [10]. Tomy, mpu gociiHKeHHI
0coOIMBOCTEH B3aEMO/IIT CyibdarieTamiy HaTpiro
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o
~
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3 HAHOYACTUHKAMH 30JI0Ta OyJ0 BHBUYECHO
niarma3oH KOHIeHTpanii cynbsdaneraminy 5+30 %.

CnexTpaigbHa  XapaKTEPUCTHKA HaHO-
gactuHOK 3osota (AuHY), cuHTe30BaHMX 3
METOI0  BHMBUYEHHA iXHbOI  B3aemMomii 3
cynedaneraminom Harpito (CAH), HaBeneHa Ha
puc. 1. Cunre3oBani AUHY nemoHcTpyBanu Ha
CHEeKTpax  IHTEHCHMBHY  KJIACHYHY  CMYTY
MOTJIMHAHHSA 3 MaKCUMYMOM IPH Amax = 520 HM,
SKy TOB’S3yIOTh 3 IOBEPXHEBHM IUIA3MOHHHUM
pezonancom (IIIIP) enexTponiB, TOOTO 3
OCLWIALIEI0 BUIPHUX ENEKTPOHIB Ha MOBEPXHI
TBepAoro marepiany (puc. 1, xpusa 1). Lle He
CYHEepeYnTh [aHWM, HABEJACHHMM B IHIINX
poboTax, s chepruuHUX HAaHOYACTUHOK 30JI0Ta
posmipom >10um [18,23]. TIlik rocTpwii,
npaBUIBHOT (POPMH, IO CBIYUTH MPO TOCTATHHO
BY3bKHI PO3IMOMAIT YacTHHOK 33 PO3MIpOM.
JlomaBaHHS 10 1aHOI HAHOCHCTEMH EJIEKTPOJITY
25 MM NaCl npuBeso 10 HEBEIUKOTO 3MIIICHHS
npaBoi TUIKK CIEKTPY MOTJIMHAHHS B YEPBOHY
obnacts. [Ipy IbOMY MakCUMyM PO3ILIMPUBCS 10
Amax = 520+530 um (puc. 1, kpuga 2).

Cnextpu nornmHanHs AUHY y Bumumomy
Jliana3oHi 4acTOT MiCis X KOHTAKTY 3 pO3YMHAMU
CAH vy pmiamazoni koHmeHtpamiin 5+30 %
HaBenieHl Ha puc. 2. CAH HamexuTtb 10 rpynu
cyiabdaHimaMiiB — MOXiAHUX CYJIb(aHIIOBOI
KHCJOTH. 3aBAsSKH CBOIM XIMIYHIM OYIOBI:
HAasSBHOCTI IEPBUHHOI apOMATHYHOI aMiHOTPYTIH i
cynbhaMiHOl TPYIH, - CHOIyKa Mae aM(OoTepHi
BIacTUBOCTI [23, 24]. ApomaTu4Ha aMiHOTpyna
BHSBIISIE€ JYXHI BIACTHBOCTI, a CyibdamigHa —
KHCIIOTHI.

300 400

500

600 700

JloBXKHHA XBHJIi, HM

Puc. 1.

Hopmogasi crieKTpy MOTJTHHAHHS HAHOYACTHHOK 30J10Ta B IMCTHIILOBaHMi Boi (1) 18 25 MM po3uunni NaCl

(2). KpuBi HOpMOBaHi BiJHOCHO MOTJIMHAHHS TIPH Amax
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Ilornuuanus

500 600 700
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3aJ1eXkKHICTh CIIEKTPIB MOTJIMHAHHS HAHOYACTUHOK 30JI0Ta Bijl KOHIEHTpAIlii cyibdarieraminy Hatpito. (a) —

micns 1 rog xonrakty: 1 — 5 %, 2 — 15 %, 3 — 30 %. (6) — micns 48 rox konTakty: 1 —5 %, 2 — 10 %, 3 -

20 %,4—-30 %

IIpu mopiBusHHI cnekTpiB po3unHiB CAH
micnsg  1-roguHHOTO KOHTaKTy (puc.2a) 3i
cnekrpom AUHY 6e3 nobasok (puc. 1, kpusa 1),
MOMITHO 3Ha4He po3mupeHHs cmyru [IIIP. IIpu
Bmicti CAH 15 i 30% wmakcuMyMm icTOTHO
3MICTHBCS B 4epBOHY 00sacTh 10 560 1 570 HM,
BignoBigHO. [Ipyruii MakcumyM™m, iHTEHCHBHICTb
SKOTO 3poctana 3 KoHmeHtpamiero CAH,
3MilIeHu# B 4epBOHY 007acTh 10 Amax = 600 HM.
IHma ocoOnuBiCTH CHEKTPiB, XapakTepHa s
JOCITiPKEHOTo Jiana3ony konueHtpauniin CAH, —
mosiBa JIONATKOBOrO Iuieya B ooOiacti 430-440
HM.

CrocTepekyBaHi 3MiHM Ha CIEKTpax B
obmacti cmyru [P mMoxyTs OyTH moB’si3aHi 3i
3MIHOIO arperaTUBHOI CTIMKOCTI i (hopMyBaHHIM
nekinpkox ¢pakuiik HY abo arperariB 3
HAaHOYACTHMHOK 3 BIJMOBIAHMUMH MaKCUMyMaMH
MIOTJIMHAHHS, SIKI CIpUYMHEHi B3aemoxietro AUHY
i3 CAH. Coocrepiranacsi 3MiHa 3a0apBiICHHS
AuHUY Bix manuHoBoro 110 diosietoBoro. B 5 %-
HOMY PO3YMHI MOPOTATOM TMEPIIOi TOJAWHH
iHKyOyBaHHSI ~ CIIOCTEpEXXYBaHI 3MiHH  Oynu
MOBLIBHUMH 1 MaJIONIOMITHUMHU. [3 301IbIIEHHSIM
KOHIIEHTpaIlii cynibgaTamneraminy HaTpito, 3MiHa
KOJIbOpY B AaHAJIOTIYHMUX yMOBax BigOyBanacs
JOCUTD MIBHJKO.

Ha MiATBEPHKCHHS KOHIIEHTPAIL[IHO
3aJIe)KHOTO ~ MEXaHi3My B3aeMojlii  TOOIYHO
CBiYaTh AHAJIOTIYHI CIEKTPH, 3alMCaHl 4Yepes
48 rox  koHTakty (puc.26). Sk BHIHO,
IHTEHCUBHICTH IJIa3MOHHUX €(EeKTiB OPIBHSIHO 3
JaHUMHU Ha puc.2 a Oyjda MOMITHO MEHLIOIO.
3aJieXKHICTh MOTJIMHAHHS Bl KOHIICHTpaIlii OyJa
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HEMOHOTOHHOIO. [HTEeHCHBHICTD CMyTH
MOTJIMHAHHA, 1o Bignosimae [P  mpu
koHrenrtpaiisx CAH 10 i 20 %, Oyna B pas3u
MEHIIIO0, HiX B 5 %-My po3unni CAH (puc. 2 6,
kpuBa 1). MakcumyM B 5 % po3unHi 3CyHYTHH 10
550 am. Takox BigmiueHe IOIVIMHAHHA B OLJIBII
JIOBrOXBHJILOBIM 007acTi mpu 650 HM, 110 MOXKe
BKa3yBaTH Ha (HOpMyBaHHS TIEBHOI CIOIYKH
3os0Ta 3 CAH.

JonatkoBy iHdpopmarito npo cuctemy AuHY-
CAH MoxHa onep:KaTH, NPOKOHTPOJIOBABILIM ii
CHEKTpaJIbHY MOBENiHKY B  Y®-miama3oHi.
Y®-crieKTpocKoITist € TOMHPEHUM  METOA0M
SIKICHOTO 1 KUTBKICHOTO BH3HAYEHHS KOHIIEHTpAIIii
CAH y BotHHX po3urHaX B Jiamna3oni 255272 um
[25, 26]. Y®-xapakTtepuctuku nornuHanuas CAH
BUKOPUCTOBYIOTh Ui ineHTU(IKAIT  JaHol
CHONyKd. BiJ3HAa4arOTh YYyTJIMBICTH CIIEKTPIB
cynbganinamigis 1o pH.

Crnextp mnornuHanHs 30 %-Boro po3uuHy
CAH B 10 MM NaCl naBenenuii Ha puc. 3. Bin
BI/INIOBiJJTa€ TIEBHUM BH3HAUYCHUM CTaHIAPTHUM
HIOKa3HUKaM JUIsl CyJib(arieraminy Hatpito [25].

Ha puc. 4 a HaBeneHi crieKTpy PO3YHHIB, IO
mictuau 5, 10, 20 1 30 % CAH i omHoyacHO
AUHY Ta donorwuii exexrpoait NaCl. ITomiueno
[iKaBy OCOOJINBICTh. IHTEHCHBHICTH TIOTJIMHAHHSI
B JIOCHI[PKEHOMY Jiama3oHi JOBXHH XBHJIb
190-350 HM  HEMOHOTOHHO  3ajeXkala  BiX
KOHIIEHTpaIi cyibdaHinamimy. [Tpu
koHneHTparisx CAH 10120 % (puc. 4 a, kpusi 2
i 3) mell MoOKa3sHMK MaibKe BJBIYI NEPEBHUILYBaB
nmokasHuk nornuHanHs B 5 1 30 % po3umnax
(puc.4a, xpuBi 1 i 4). OnpHoyacHO TmIpH
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koHreHtpanisx CAH 5 i 30 % iHTEHCUBHICTh
moriauHaHHA B cycnensii 3 AUHY Oyma maibke
cmiBMipHa 3 30%  cynbdaHinamiTHUM
npenapatoM 6e3 AUHY (puc. 4 a, xpuBa 5),

Tlornmunanus

1,4

1,84 i
\//'\l—l

TOOTO, IPH B3a€MOJII1 EIEKTPOHOJAOHOPHUX TPYII
CAH 3 30510TOM TIpH TEBHUX KOHIICHTPAIIISAX B
JTY>KHOMY CEPEIOBHINI TIOTJIMHAHHSI 1CTOTHO
MTOCUJIMIIOCH.

i
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Puc. 4.

Y®-cnekrp mormunantst 30 % posunny cyibdaneramiay Hatpito B 10 MM NaCl
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1,54

200 360

3aneKHICTh CIIEKTPIB MOTJMHAHHS Cyib(daleTaMiay HATpi0 3 JOJAHMMU HAHOYACTHHKAMHU 30JI0Ta Bi[

koutenrparnii CAH: (a) — micast 1 rox koHTaxTy, (6) — micis 48 rox kourakty: 1 —5 %, 2 — 10 %, 3 — 20 %,
4 - 30 %, 5 — 30 % po3uun cynsdareramiay 0e3 1071aBaHHS HAHOYACTHHOK 30J10Ta

B mpucyrrocti  AUHY  36impmmnack
KUTBKICTh ~ CHIEKTpajbHUX  cMyr.  OcCHOBHa
xapaktepuctuana cmyra CAH mpu 270-280 am
(puc. 3) crama BYX4YOI 3 MakCHMyMOM IIpH
270 HM y 3MiIAHUX PO3YMHAX 3 KOHLEHTPALIi€I0
5, 10, 20 %. IIpu kouuenrpariii 30 % MakcuMym
XapakTepUCTUYHOI cMyra 3MicTuBcs B OiK
KOPOTKHX YNbTpadioeToBUX XBWIb 10 260 HM
(puc. 4 a, xpusa 4).

AHAIIOTIYHO JI0 eKCTIEPUMEHTIB Y BHIUMOMY
niamaszoni, Oyno 3ammcaHo Y ®D-cnekTporpamu
yepe3 48 roa KOHTAKTY, MO0 OLIHUTH MMOAAJIbIIII
smian B cuctemi CAH-AuHY. IlopisHiorouu
3aJIeKHOCTI, HaBeJeHi Ha puc. 4 a 1 puc. 4 6 s
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koHneHTpamiiin CAH 5, 10 i 20 %, moxHa
3ayBaKUTH, 1110 48 rox KOHTAKT
CYNPOBOPKYBABCS 3CYBOM MakCUMyMiB 270 HM i
310 am mo 260 uM i 300 uM, BigmosigHO. IIpm
KOHIIeHTpawii 5 % cMyra HOTJMHAHHS 3HAYHO
posmupmiack. Y 30 %-my po3umHi cmyra
MOTJIMHAHHA ~ cynbdaneramizy HaTpilo NpH
260 HM TPaKTUYHO BIJICYTHS, NPOTE IOMITHE
MOTIIMHAHHA BigOyBasochk nipu 220 HM. 3MiHH B
IHTEHCUBHOCTI ITOIIMHAHHS Ta 3MIILEHH ITIKIB HA
Y®-cnekrpax B nepuui i, 0cOOIMBO, Ha OPYTHHA
JIHb ITiCJIsl JI0/IaBaHHS HAHOYACTHHOK 30J10Ta JI0
CAH, cBiguaTh Ha KOPHCTb TOTO, IO YACTHHKH
30J10Ta MOXYTh B3aemonisitu 3 CAH.
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CAH 3agsxu cynphamigHiil Tpymi € JocuTb
AKTUBHOIO XIMIYHOIO PEYOBMHOIO. B myxHOMY
CEepeIOBUIL YTBOPIOIOTHCS 3a0apBIieHi KOMILTEKCH
a00 0cajy 3 ISSIKUMU 10HAMHU BaXKKUX METaiB [24].
3a ximiuroro OymoBoro CAH e moBomi 61mM3pKkuM 10
AMIHOKUCITOTH. AKTHBHI IICHTPH aMIHOKHCIIOT:
aMiHOTPyITH, KapOOKCWIIBHI TpyHnH Ta Cipka, —
TaKOXX MICTATH Oarati Ha eJIEKTPOHHU a30T, KUCEHb 1
CipKy, $Ki MOXYTh TepelaBaTH €JIEKTPOHHY
TYCTHHY BiJl CBO€i €JMHOI €JIEKTPOHHOI Hapu 0
som0ta [27]. SBuine B3aeMomii aMiHOKHCIIOT i3
30J10TOM BHKOPHCTOBYIOTh 30KpeMa B
TiIpoMeTanypriiHoMy  mpomeci Uit Horo
BIIyroByBaHHs. B poborax [28,29] HaBeneni
Pe3yNIbTaTH 3aCTOCYBaHHS aMiHOKUCIIOT TIIIMHY i
rmytamaty npu pH 9.4 1 11.0, a takox amaHiHy i
ricruanHy. Po3paxyHok BibHOI eHeprii [100ca st
BCIX aMIHOKHCIIOT ITOKa3aB, IO B3aEMOISN 2-X
aTOMHUX KiactepiB abo KaTioHIB 30J10Ta 3
MPOTOHOBAaHMMH 1 JIEMPOTOHOBAaHUMH ~ aMiHO-
KUCTIOTHUMH 3aTUIIKAMHU CYTTEBO HE
BiAPI3HSETHCSA, TOOTO Mayo 3ajexurts Big pH i
BHU3HAYAETHCS TEPEBAKHO OYIOBOKO 1 aKTHBHUIMH
rpynaMu amiHokucioru [27].

Bepyun no yBarum HaBeneHi BWIIC [aHi, a
TakoX 3adikcoBaHi 3MIHM Ha  CHEKTpax
MOTJIMHAHHS, TPUINYIIEHHS Mpo  XIMiYHYy
B3aemofito Mik 3omotoM i CAH (mpu meBHHX
eKCIIEPUMEHTAJIbHUX  yMOBax Jy>KHE
CepelOBUIe, KOHICHTpAlis TOIIO) BHUIJISIAE
JIOCUTH HMOBIpHHM. Enexrpocrarnyna
KOMITOHEHTA He BiJirpae BUPIMIAIBHOI PO MPHU
(dopMyBaHHI 3apsjy HAaHOYACTUHOK 30JI0Ta B

30

20

10+

0 T T

po3unni CAH. BaxiuBimy ponp BifirparoTh
€JIEKTPOHHI 3B’SI3KH 32 PaXyHOK aKTUBHUX TPyI
CAH. 3B’SI3KM € YacTKOBO CIIEKTPOCTaTHYHI 1
4acTKOBO KoBaJieHTHi [27]. BpaxoBytoun 3Ha4Hy
CXOXICTh XiMiuHOTO ckilaay amiHokucioT i CAH,
MOXHA 3pOOMTH NPUIYLIEHHS, IO KOMIUIEKC
CAH 3 30notom Qopmyerbess Ha moBepxHi HY
30JI0Ta 1 BUDNIIAA€ HACTYITHUM YHHOM:

(0]
=
H,N — — 80, — NH — C
S / N,

Au

CriBBiIHOIIEHHS KOMIIOHEHTIB 30JI0Ta 1
CAH B komruiekci WMOBipHO cTaHoBUTHME 1:1.
I'oBopuTH PO HASABHICTH TPHOX JITAHAIB MOKHA
JWIIe 33 TIEBHUX YMOB, HANpHKIAI B JIyXkKe
JY)KHOMY CEPEJIOBHMIL, BEIMKIA KOHICHTpAIl
TOIIIO.

Sk CchiBBITHOCATBCSA 3MIHU CIIEKTPAITBHUAX
XapaKTePUCTUK 13 3MIHOKO €JIEKTPOKIHETUYHOTO
norenniany HY 3010Ta micist iXHbOTO KOHTaKTY 3
CAH i sixa pons HanexuTh pH amcmepciitHoro
cepenoBuma? JlocmimpkeHo BINIMB BenuunHu pH
B inTepBami 3.5+11.7 Ha (-morenmian AuHY.
Hamni HaBeJEHI] HAa  puc. 5. donoBuUM
enexktpositoM ciayryBaB 10 MM posuna NaCl.
Po3unH 3 TakoH BEIMYMHOK IOHHOI CHIIH
3a0e3rneuye HOro JIOCTATHIO eJIeKTPOIPOBIIHICTD
i pEeKOMEHIIOBaHWH AN BUMIPIOBAHHS
C-morenniany AuHY [29, 30].

,MB

10
-20 -

-30 -

-40 -

Puc. 5.
Sx BuaHO, ipu 3MiHi pH BinOyBaeTbes 3MiHa
sapsay AUuHY. I30-crany BiamoBizae BeaudunHA

pHiso = 4.45. HaiiOinpiumii HeraTMBHHMU 3eTa-
MOTEeHIia] B JIyXHill obmacti ckiaaB —35.5 MB
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3anexHICTh eNeKTpOoKiHeTHYHOro noTeHniany (£) HaHO9aCcTHHOK 30J10Ta Bix pH

npu pH 11.7. BinnosigHo, B KHcHiii oGmacTi
£=+288mB. Tobro AuHY nHaOysanu
no3uTHBHUM 3apsa npu pH < 4.45. Beranosneni
MOKAa3HUKH, JETEPMIHOBaHI METOJOM CHHTE3Y
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HAaHOYACTHHOK 3 BHUKOPHCTaHHAM LUTPATy
Hatpifo. JImMoHHa KucToTa, sika Oepe ydJacTh y
BimHOBIIeHI 1 crabimizamii AUHY e cmabkoro
TPUOCHOBHOIO KUCIOTOIO. 1i KapOOKCHIIbHI IpyIIH
BH3HAYAIOTh CyMapHU HeratuBHUi 3apan HY B
HEHTpaIbHOMY 1 JTy’)KHOMY Aiama3oni pH.

Ta6aunsa 3. 3aneXxHICTh €JIEKTPOKIHETUYHOTO TOTCHIIATY

cynbdaneramMiay HaTpPiro

B Tabaunl 3 HaBeJEeHO 3aJIEKHICTH
C-norenniary AUHY Bij KOHIIEHTpAITiT JOAAHOTO
cynedaneTamity HaTpifo, a Takox pH pozunny, B
SIKOMY TIPOBOJIMITH BUMIPIOBaHHSI.

HAaHOYACTHHOK 30JI0TA BiJl KOHIEHTpALii TOJAaHOTO

KonuenTpauis cyiabpaneramiay narpiio, % pH € - norenuiaug, MB
0 6.9 -205+1.4
0 9.2 -26.2+1.8
5 8.5 -29.9+2.1
15 9.3 -37.8+2.6
30 9.6 -41.4+2.9

Sk BuIHO, BCi po3uwHM Manmu JyxHUA pH.
HeraruBamit  C-morenmian  AUHY  cyTreBO
3poctaB i3 mimBumieHHsM KoHreHtpamii CAH,
csratoun 3HayeHHs — 41.5 MB npu xoHueHTparii
30 %. IligBuINEHHS HETaTUBHOIO 3apsay i3
301BIIEHHSIM OCHOBHOCTI pO3UnHIB €
3aKOHOMIPHUM TIPOLIECOM, IO MiATBEPIKYIOThH
HaBeJieHl Ha puc. 5 npani. [Ipote, mopiBHIOIOYH
BenmmunHU C-noteHmiany 6e3 CAH i 3 HuM mpu
pH=9.2-93 (mpyruii 1 derBepTHil pAIKU
Tabmui 3), crioctepiraemo pizHumio B 11.6 MB.
Taka po30DKHICTE MOXXKE BKa3yBaTH Ha Te, IO
CAH Ttakox BHOCHUTH CBIM BKJIaJ B IiJABUIIEHHS
HeraTuBHOTO 3apsany AUHY. 3aBasiku KUCTIOTHUM
BJIACTUBOCTSIM CyJIb(aMiIHOI IpynH, MOJEKYJIH

CAH B  JyXHHUX  pO3UMHAaX  MICTATh
JIENPOTOHOBAaHI aMiHOTPYNH 1, BiATOBITHO,
HECYTh HeratuBHMH 3apsin. Tomy MoOKHa

SEM HV: 1004V SEM HV: 10.0 KV

View field: 1.000 ym

View field: 1.000 g
SEM MAG: 199 kx

a

Puc. 6.
cyibdarerami oM HaTPito

WD: 2.00 mm
Det: InBeam

o
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OUIKyBaTH €JEKTPOCTATHYHOTO BiTIITOBXYBaHHSI
ionizoBanux Moisiekyn CAH Big omHONMEHHO
3apsmpkeHnx AUHY, a He 30iIbIIEHHST BETUYUHU
HETaTHBHOTO 3apsiay, TOOTO iCHY€ JOMaTKOBUI

MEXaHi3M, SKHHA TepeBakae, abo YacTKOBO
KOMIICHCY€E CJIIEKTPOCTATUUHY B32EMOIIIO
(BimmITOBXYyBaHHS) 1 BH3HA4Ya€  B3aEMOJIIO

cynedaneraminy Harpito 3 AUHY. Haseneni
BUILIE JIaHi 3 BUMIPIOBAHHS €JIEKTPOKIHETUYHOTO
MOTEHIIaly MiATBEP/PKYIOTh NPHUIYIIECHHS TPO
XiMiuHY B3aeMoJIito Mix 30motoM i CAH.

Ha pwuc. 6 ¢ HaBemeHO ¢HOTO IOCHTIMKEHUX
HAHOYACTHHOK 30JI0Ta OJIepKaHi 3a METOJIO0

CKaHyBaJIbHOI €JIEKTPOHHOI1 MiKpPOCKOITii.
HonaTtkoBa 00pobka rperaparis HE
npoBoguiace. Ha ¢oto Bumno chepuuni
MPaKTUYHO  MOHOAMCIEPCHI ~ HAHOYACTUHKH

30JI0Ta, Cepell SKUX IEepPeBaKAIOTh YACTHHKH
po3mipom 20 HM.

200nm.

CEM 300pakeHHsI HAHOYAaCTHHOK 30J10Ta (@) Ta cucTeMH HaHo4acTHHOK 3 poganuM 0.1 % (6) i 5 % (s)
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Pesynpratu CEM  Bisyamizamii  B3aemomii
posunny CAH 3 AUHY pans KoHHmEHTpamii
cynedaneraminy 0.1 1 5 %, HaBexeHi BiAMOBIAHO
Ha puc. 66, 6. AHani3 300pakeHb BKa3ye Ha
CYTTEBY BIIMIHHICTB Y CTPYKTYpi yTBOpeHs. [Ipu
Majlif KOHIIEHTpamii HAHOYACTHHKH 30JI0Ta,
BKPUTI  TOHKOIO  OOOJIOHKOIO  KOMILIEKCA,
yTBOpIOBaJIM  (IIOKYNIH TMepeBaxHo 3 47
omuHMIb. B TOM Hac, sk mpu Bwmicti 5 % CAH,
YTBOpUJIACh CTPYKTYpPOBaHa MPOCTOPOBA CiTKa
00’eananux Mix coboro AUHY, Bkputux CAH.
HanouacTiHKYM yTBOPIOBAH MEpPEeBaKHO JIHINHHI
JIAHITIOKKHM, Ha BIAMIHY BiJ HATHUBHOI IUCTepCii
HAaHOYACTHMHOK. TakoXk cmocrepiraBcs JeIio
PO3MUTHI Tepexi MK HaHOYaCTHHKAMH 1
cynbdaneTamiioM HaTpiro, SKHA HOro OTOYYE.
Taki  pesympTat  J00pe  KOpENIOWOTH 3
MOMEPEIHIMU  pe3yJbTaTaMU CIIEKTPOCKOIIil, 3
SIKUX BUTIKA€ BHCHOBOK IPO XIMIYHY B32a€EMOJIIIO
mixxk AUHY i CAH. 3 ypaxyBaHHAM 3p00JICHOTO
BUIIE  aHajily  TOKCHYHOIO  JIiana3oHy
cynbdaneTaminy, KOHIICHTpAIIist 0.1%
BIJIMIOBiTa€ TeEpexomy Bil HETOKCHYHOCTI IO
TOKCMYHOI  Aii  mpu  30inblieHHI  #Horo
KOHIIEHTpAIli1.

BUCHOBKU

JocnikeHHsT IUTOTOKCHYHOCTI  Cynbga-
LETaMiJly HaTpil0 Ha OCHOBI IHTErpajbHOIO
MOKa3HUKA — 1HJEKCY METaOOIYHOi aKTUBHOCTI

IMIIPETHOBAaHUX  PO3YMHAMH  CyJbdarneraminy
Hatpito.  IHmudepeHTHOIO  CITi  BBAKATH
xoHneHTpauito 0.05 % pozunHy cynbdaneraminy
HaTpito 32 YMOBH 24 TOJ] KOHTAKTy 3 KIITHHAMH i
0.1 % 3a ymoBH 48 roJ KOHTAKTY.

CriexkTpanbHI JOCHIIPKEHHS CYyCIIeH311 HaHO-
YaCTHMHOK 30JI0Ta B PO3YMHAX Cyib(arneraMigy
HATPIIO y Jliarma3oHi TEPaneBTUYHUX
koHnentpamii  5.0-30.0 % BuABWIM HEMOHO-
TOHHUI KOHIICHTPAIIIHO-3aJIC)KHUIA BILJIUB
cynb(haHiIIaMiTHOTO MpernapaTy Ha IHTEHCUBHICTb
MIOTJIMHAHHSA B BUAMMOMY 1 yIbTpadioneToBOMy
niama3oHax. BCTaHOBIEHI 3MiHHM CIIEKTPAIbLHUAX
XapaKTePUCTUK JT00pe KOPEIIOITh i3 BILIMBOM
JIOCITIHKEHOTO TIPeTiapaTy Ha eNeKTPOKiHeTHIHUI
MTOTEHITia]] HAHOYACTHHOK 30JI0Ta, KU ITiABHIILYE
iX HeraTWBHHUM 3apsi. 3a JaHUMU CKaHyBaJIbHOI
CJIEKTPOHHOI ~ MIKPOCKOMIi  B3aEMOAis  MiX
KOMIIOHEHTaMHU Crpusie CTPYKTYpPyBaHHIO
CHCTEMH.

Opepxkani  JaHi BKa3ylOTh Ha 1CHYBaHHS
XIMIYHOI B3a€MO/IiT Mi>k HAHOYaCTHHKaMH 30J10Ta i
CyJnb(arneramiloM HaTpil0 B WOTO pO3YMHAX, IO
JI03BOJISIE MIPOTHO3YBaTH iXHIO TOBEOIHKY MpHU
3aCTOCYBaHHI y CKJIaJii KOMIIO3UTHHUX Marepiajin
0lOMEeNIMYHOTO TIPWU3HAUEHHS Ui 3MEHIIICHHS
TOKCHYHOCTI 1 IIBUAKOCT] BUMHUBAHHS.

PoGota Oyna npodinancosana HaiioHanbHUM
(hoHIOM TOCHTIKEHb YKpaiHU B paMKax KOHKYPCY
«Hayka gms Oe3nmekd 1 CTalmoro poO3BUTKY

knituH  MA-104  —  103BOJIMIIO  BCTAHOBUTH VYkpainm» 3a gorosopom Ne 92/0178 Big 01 TpaBHs
KOHIIGHTpallii, sKi € 0a3ucoM JUIsl TOSICHEHHS 2023 p.
iMOBipHOT TOKCHUYHOI pisil Marepialis,

A study on the interaction of gold nanoparticles with sodium sulfacetamide
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The present research is devoted to the investigation of a nanosystem including gold nanoparticles in an aqueous
solution of sodium sulfacetamide in order to determine the nature and efficiency of their interaction depending on the
concentration and pH of the medium. Sodium sulfacetamide is of interest due to the possibility of its use in the
composition of new hydrogel materials with incorporated gold nanoparticles for the development of ophthalmic
implants. Gold nanoparticles with an average size of 20 nm, obtained by hydrothermal synthesis, were used. The study
of the cytotoxicity of sodium sulfacetamide based on the integral index of the metabolic activity of MA-104 cells
established concentrations that are the basis for explaining the possible toxic effect of materials impregnated with
sodium sulfacetamide solutions. The concentration of 0.1 % sodium sulfacetamide solution after 24 hours of contact
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with cells and 0.05 % after 48 hours of contact should be considered as indifferent. The effectiveness of the interaction
of sodium sulfacetamide and gold nanoparticles was evaluated by UV-Vis spectroscopy, electrokinetic measurements
and scanning electron microscopy. Spectral studies of a suspension of gold nanoparticles in sodium sulfacetamide
solutions in the range of therapeutic concentrations of 5.0+30.0 % revealed a non-monotonic concentration-dependent
effect of the sulfonamide medicine on the absorption intensity in the visible and ultraviolet ranges. The broadening of
the spectral band of the surface plasmon resonance of gold nanoparticles in the presence of increasing concentrations
of sulfacetamide and the appearance of an absorption band in the long-wave region were found. The peak shifts in the
UV spectra after the addition of gold nanoparticles to sodium sulfacetamide were estimated. An increase in the
negative value of the electrokinetic potential of gold nanoparticles under the influence of sulfacetamide from —26.2 mV
to —41.4 mV was found. The data obtained indicate the existence of a chemical interaction between gold nanoparticles
and sodium sulfacetamide solutions, which makes it possible to determine the conditions of their use in composite
materials for biomedical purposes to reduce toxicity and leaching rate.

Keywords: sodium sulfacetamide, albucid, cytotoxicity, gold nanoparticles, interaction, absorption spectra,
electrokinetic potential
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