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BcTtyn. KepaTnHOBI BONOKHA — LWWMPOKO MOLUMPEHI
npupoaHi 6iononimepu, B KNX iCHYIOTb CynpamMoJieKky-
NFPHI HAHOCTPYKTYPWU. Lii maTepiann po3rnsapaioTbCs 9K
nepcnekTrBHa 6a3a cydacHoi HaHoTexHonorii [3, 4, 7].
PisHOMaHITHI mogmdikauii TakMx BOMIOKOH, a TakoX iX
NOEOHAHHS i3 iIHWKMM MaTepianamu, BioKpuBaloTb HOBI
MOXJIMBOCTI 151 CTBOPEHHSA HOBUX BiOCYMICHMX KOMMO-
3uTiB, 3aTpebyBaHNX MEOVLIMHOIO, @ TAKOX TaK 3BaHOI0
«IHTENEeKTyaNbHOro» TEKCTUAD. Y 3B’A3KY i3 LMM Bax-
JINBOro 3Ha4yeHHs HabyBa€e O0CNIOKEHHS eNeKTPUYHUX
BNIaCTUBOCTEN Biononimepis i, 30Kpema, KepaTuHiB.

Bigpomo, wWo kepaTtuHOBI BOJIOKHA € MPUPOOHUMU
GioenekTpeTamu, 3gaTHUMK 30epirati 3apsag,i nonspun-
3auito. MNpupoaHi enekTpeTHi BNacTUBOCTI BOJsIOCA BU-
HUKAIOTb Y pe3ynbTaTi nonapusauii neNnTMaHOro 3B’ a3Ky
Yy MOJIEKYNi KepaTuHy, a TakoX Bif, iX CUHEpPriyHoro
BNOPSOKYBAHHS B a-Cripani KOPTUKANbHUX KAITUH, WO
[003a€ NONAPHOCTI OKpeMMM Monekynam [5].

[ienekTpnyHi BNacTUBOCTI KepaTuHIB Ha CbOroAHi
nocnimkeHi mano, HebaratoumcesnbHi poboTn CTOCY-
I0TbCS1 B OCHOBHOMY POroBOro wwapy enitenito [8], HirTis
[11], nip’sa [9], a Taki AaHi CTOCOBHO KEPaATUHOBUX BOJIO-
KOH Y LLIMPOKOMY Jjana3oHi 3MiH YaCTOTW €/IeEKTPUYHOIro
nons NPaKTUYHO BIACYTHI. 3 OrMaAy Ha Ue akTyalbHUM
€ 3acTocyBaHHs 6ioiMneaaHCHOro aHanidy BONOKOH, SIK
MeToAYy BUMIpIOBaHHS eIEKTPOMNPOBIAHOCTI 6ioNorivHNX
06’ekTiB.

MeTol0 faHOro mocnigxXeHHs Oyno aganTyBaTtu
MeTopn, GioiMnenaHcHOi cnekTpockKonii ANs BMBYEHHS
MPOBIAHOCTI KEPATMHOBWUX BOJIOKOH Y Aiana3oHi 4acToT
Big 1 My mo 100 kI,

006’ekT i meToamu pocnimkeHHa. O6’ekToM [O0-
cnioxeHb Oynu 3pa3ku BOJSIOCCS NIOAMHU Ta BOBHSHI
BOJIOKHA i3 cepegHiM giameTpom BignosigHo d=67,3
MKM i d=28,4 MKM. XiMi4He 0OpOoONeHHA MoaenioBanu
3a ponomoroto 10% BOAHOro PO34YMHY TiOMMiKONEBOI
kucnotu (TTA) 3a Temnepatypu 37 °C npotarom 15 xB.
3pasKkn, BUKOPUCTaHi B SKOCTi KOHTPOJIO, 32 aHanoriy-
HVX YMOB BUTPUMYBaN y OUCTUNbOBaHIM BoAi. Ans im-
neaaHCHOT CNEeKTPOCKOMii BUKOPUCTaNIN iHTerpajbHnin
MOAY/b HAa OCHOBI Mikpocxemn ALl 5933, akuin nepe-
TBOPIOE eNeKTpuYHi curHann y undposi [1-2]. Yepes
BOJIOKHA Mponyckanu cnabkuii 3MiHHUA CTPYM Pi3HOT

4aCTOTV | BUMIPIOBaNN akTUBHY i PEaKTUBHY CKNagoBi
npoBigHocTi. Enektpoan, BUroToBfeHi i3 Aypymy, nig-
BOAMNKM A0 B3ipLiB Ha BiacTaHi 20 MM OAMH Big, OOHO-
ro. NMoBTOPIOBaHICTb BUMIpPIOBAHb 7151 KOXHOro B3ipus
TpUKpaTHa.

3a oTpuUMaHUMM EeKCMEPUMEHTANIbHUMU  OaHU-
MW 3 BUKOPUCTaHHSAM nporpamu Microsoft Excel ans
Windows 6ynu oTpumaHi TabnuyHi aaHi Ta rpadikm ix
YaCTOTHUX XapakKTePUCTUK.

MoBepxHIO KePaTUHOBKMX BOJIOKOH OOCHIAXKYBanM 3a
[,0MOMOrol0 CKaHyBaJIbHOMO €/IEKTPOHHOIO MiKpocKona
JEOL JSM-T 220A. Ins 3abe3nevyeHHs CTikaHHA 3aps-
Oy 3pasky HaNUASaIM Kynpymom 3a AONOMOrol ycta-
HoBKM BYTI-5.

Pesynbtatn pocnigxeHb OnpaupOBYyBaanM CTaTUC-
TUYHO 3 BUKOPUCTAHHSAM CEPeaHbOro apudMeTUHHOro
Ta cTaHAApPTHOI NOxmMbku (M+m) i LOCTOBIPHOrO iHTEP-
Basly A1 OLHKM CTyMNeHs BiporigHocTi (P) 3a LonomMo-
roto kputepito CtbiogeHTa (t). Po3biXXHOCTI BBaxkanu
CTaTUCTMYHO BiporigHumMmn npm P<0,05.

PeaynbTaTn pocnigXeHb Ta X OOroBOPEHHS.
EnekTpoHHa ckaHyBasbHa MiKPOCKOMIA KYTUKYNSPHO-
ro wapy BoJsioca NnoanHu oo Ta nicns oopobnerHHs TIK
(puc. 1) possonuna BUSBUTK iICTOTHI BiOAMIHHOCTI MixX
HYMW. BignoBioHO 00 OTpUMaHUX Pe3ysnbTaTtiB KyTUKY-
NapHi nyckn Bonoca, obpobneHoro TIK, xapakrtepu-
3YI0TbCSA NPURIGHATUMN | «BaxpoMyacTUMM» KpasiMu,
epoasieto noBepxHi (puc. 1, B). HaTtomicTb Ha Mikpodo-
Torpadii KyTukynu HopmanbHoro sosioca (puc. 1, A)
JIYCOYKM HiTKO OKPECSEHI i LLiNbHO NpunsaraTs 4O Noro
MOBEPXHi, CNOCTEPIralnTbCA NMLLE MOOANHOKI CKONEHHS
KpaiB NyCOK BHACNIAOK iX LLOAEHHOrO 3HOLLEHHS [12].

MopibHi 3MiHK 3adikcoBaHi i CTOCOBHO NyckaToro
Liapy BOBHSIHOrO BOJIOKHA. 3 PUCYHKY 2 (B) BuaHO,
O OECTPYKTUBHI 3MiHW, SKi BUHMKAOTb HA MOBEPXHi
BOBHSIHOIO BOJIOKHA YHachnigok obpobneHHs TIK, 30-
BHILLUHBO BUPaXatoTbCs Y NiAAOMI KYTUKYNAPHUX JTyCOK
nepneHamnKyISpHO 40 OCi BOJSIOKHA Ta IX 4YaCTKOBOMY
BiALLAPYBaHHI, TOAI AK KYTUKYASPHWUIA LWap HAaTUBHOIMO
BOBHSIHOIO BOJIOKHA He 3a3Hae 3MiH (puc. 2, A).

Y pesynbrati NnpoBefeHuX OOCHILXEHb BUSABIEHO
CTabiNbHy HWU3bKOYACTOTHY MPOBIAHICTL KEPaATUMHOBUX
BOJIOKOH. 3aCTOCOBaHUI HaMu MeTof, BioiMnegaHCHO-
ro aHanisy no3sonve gudepeHuioBaTt ii Ha akTUBHY
Ta peakTMBHY CknagoBy. Ha pucyHky 3 npeactaBneHo
rpadikm 4YaCTOTHUX 3aNEXHOCTEN akTUBHOI (A) i peak-
TMBHOI (B) cknagoBux npoBigHOCTI BOAOCA NIOOMHU
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Puc. 2. NMoBepxHs BOBHAHOIO BOJIOKHA: A ¥ 3pa30oK 6e3 06po6ku (36inbweHHsa X 2500); B ¥ 3pa3ok nicna o6pooku
TrK (36inbwenHsa X 5000).

[o Ta nicnga obpobneHHs TIK. OTpumaHi pesynbratm
CBig4YaTb NPO Pi3Ke 3POCTaHHA aKTUBHOI MPOBIAHOCTI B
nianasoHiBig 1 My, go 15 klu, npyyomMy MakCMMasnbHOro
3Ha4YeHHs BoHa Habysae npu yacToTi 10 k.

XapakTepHo, Lo ans XimiyHo 06pobneHoro Bosioca
aKTMBHa NPOBIAHICTb Ha Uil yacToTi Ha 87 % (P<0,01)
BMLLA MOPIBHAHO OO0 HATMBHOIO BOJIOCA, TOAI K Ha
yacTtoTi 15 kly, 3HAYEHHS L€l CkNagoBOi MPOBIAHOCTI
SIK HATUBHOIO, Tak i XiMiHHO MOAM(pIKOBAHOrO BOJIOCA
3pIiBHIOIOTLCA. [ligBULLEHHS aKTWMBHOI NPOBIAHOCTI Yy
ApianasoHivacToT Big 1 My Ao 15 kMy NoB’A3aHe i3 3MeH-
LEHHSIM PEakTUBHOIO OMopy KYTUKYNISIPHOrO  LWapy
i MPOHUKHEHHAM CTPyMYy BCepeauHy BOJIOKHA, 4YOMY
Crnpwusie Moro rigparawisi.

K nokaszanu pedynbrati Hawmx OCHILKEHb WOoaA0
peakTUBHOI (EMHICHOI) CKNagoBOi MPOBIAHOCTI, TO i
MaKkCMMyM 3CyBa€eTbCs 0 Yactotn 20 kl'u. Xapakrep-
HO, WO Ans XiMiyHO 06pobneHOro Bonoca peakTuBHa
NPOBIAHICTb Ha LI YacToTi 3pocTae Ha 57 % MNOpiBHSA-
HO 0o koHTposo (P<0,01), wo, o4eBnaHO, MOXHa MNo-
SICHUTWN NeperpynyBaHHAM MONEKYN BOAN Y aMOPdHUX
aingHkax kepaTtuHy [5].

MopibHi pe3ynbTaT OTpPUMaHi Hamu i Wo[AO0 BOB-
HAHUX BOJIOKOH (puc. 4). I3 HaBegeHnX Ha PUCYHKY
4 [paHuX BUOHO, WO akTUBHA MNPOBIAHICTb XiMIYHO
006p061EHOro BOBHAHOIrO BOJIOKHA MPU 4acTOoTi CTPYMY
Big 1 no 15 Iy, iCTOTHO NIABULLYETLCS Y MOPIBHAHHI 3
HaTMBHO BOBHOIO | MAKCMMasIbHOr0 3HAYEHHS A0CArae
npu 10 kl'y, (0,348 i 0,208 uCwm BignosigHo, P<0,05). Ha
yacToTi noHapg, 20 kly, HaMn He 3adiKCOBAHO CYTTEBUX
BiAMIHHOCTEN LLLOA0 aKTUBHOI CK1a40BOi MPOBIAHOCTI SIK
0151 KOHTPOJIbHUX, TaK i AN MOAMOIKOBAHNX BOSTOKOH.

JocnigxeHHss peakTMBHOI CKNagoBOi NPOBIAHOCTI
BOBHSIHMX BOJIOKOH MOKa3asnu, WO K XapakTep ii 3MiH,
Tak i YNCNOBI 3HAYEHHS MPAKTUYHO HE BiOpPISHAIOTHCS
B, pe3ynbraTtiB, OTPUMaHUX Oa8 BOJiOCA JIHOOMHN,
NPMYOMY IK OJ11 HATUBHOI O, Tak i 06pobneHoro TrK.

OTxe, Taki KepaTUHOBI BOJIOKHA, SIK BOSIOC NtOAM-
HM | BOBHaA BUSBMSIOTb €NEeKTPUYHY MNPOBIOHICTL $IK
GYHKLIO 4acToTu, WO NiATBEPLAXYETLCH | pesynbra-
Tamn, OTPUMaHMMW ANs POroBOro wapy eniteniio Ta
HirtiB [10]. Cnig 3a3HaunTu, WO 9K aKTUBHA, Tak i pe-
aKTUBHA MPOBIAHICTb OMIHYIOTb HA HU3bKMX YaCcTOTax.
OTpuMaHi Hamu peadynbTaT CBigyaTh, L0 eflekTpuyHa
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Puc. 3. AktueHa (G) i peaktuBHa (B) npoBigHicTb Bosloca nioguHu : 1- KOHTPONbHUIA 3pa30kK, 2 — 3pa3okK nicnga
06po6ku TrK.
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Puc. 4. AktuBHa (G) i peakTuBHa (B) npoBiaHicTb BOBHSIHOro BONIOKHA: 1- KOHTPOJNbHUIA 3pa3ok, 2 — 3pa30kK nicns
06po0oku TrK.

MPOBIAHICTb KepaTuHy iICTOTHO 3anexuTb Big, CTyneHs
roro rigpaTtauii, YoMy cnpusie o6pobka BosiokoH TIK.
Binomo, Wwo cuctema kepatuH-BOO4A Y €NeKTPUYHO-
My MoOJli B3AaEMOJIE K MPOTOHHUI HaNiBNPOBIAHMK [6].
MpoTe, BpaxoBy4un cknagHy 6yaoBy kKepaTUHOBUX BO-
JIOKOH, @ TaKoX HasiBHICTb Pi3HUX CcailTiB Ofsi copouii
BOAM Y KEPATUHAX, MOXHA NPUNycKaTy iCHYBaHHS Y LIMX
BOJIOKHAX HE3anexXHuX LWNAxiB MPOBiAHOCTI .

BucHoBkM.

1. EnexTpuyHa NpoBigHIiCTb BOMIOCA NIOANHMU | BOB-
HSIHOIO BOJIOKHA MaloTb MNOAIOHMIA XapakTep.

2. Mpu pocnigkeHHi NpPOBIAHOCTI  KepaTUHOBUX
BOJIOKOH HaniHOOPMATMBHILLMM € HWU3bKOYaCTOTHUN
cneKkTp y Aiana3oHi yactoT Big, 1My, a0 70 k.

3. O6pobka BOMOKOH po3unHoM TIK npuwsmnaliye
rigparauito kepaTuHy, WO Npu3BoanTb A0 3MiHU iX EM-
HOCTI Ta NPOBIAHOCTI MOPIBHAHO A0 HATUBHUX BOJIOKOH.

MepcnekTuBM noganblwnx AocnigXeHb. Jocni-
[DKEHHS HEOOXiAHO NPOAOBXUTU Y HANPSAMI 3’ ICYBaHHS
€N1eKTPONPOBIOHOCTI BOIOKOH Ta ii 3B’A3KY i3 PiSHUMU
XiMiYHUMUK 06pobBKamu.
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EJIEKTPOMPOBIOHICTb KEPATUHOBUX BOJIOKOH 3A AT TIOMIKOJIEBOI KUCJIOTU

raBpunsk B. B., ipemkesBuy O. C.

Peslome. Y cTtatTi npeactaBneHo pesynbraty A0CNIAKEHb eNeKTPONPOoBIAHOCTI BOsIOCA NOANHN Ta BOBHAHOIO
BOJIOKHA MeTOA0M iMNeaaHCHOI cnekTpockonii Npu 3MiHHOMY cTpyMi YacToToto Biag, 1 oo 100 Iy, 3a aji BogHOro
PO34MHY TiOMNiKONEBOT KMCNOTU. YCTAHOBJIEHO, WO AK aKTUBHA, TakK i peakTnBHa Ckjlagosa NpoBiAHOCTI BOJIOKOH
3anexuTb Bif, 4aCTOTM 3MIHHOMO CTPYMY, NMPUYOMY iICTOTHI Pi3HULI MiXX HOPMaslbHUMM i XiMiYHO 0BpoBNEHMN
BOJIOKHAMM CMOCTEPIraloTbCs Y HM3bKOYaCTOTHOMY Aiana3oHi. O6pobka BONOKOH BOAHUM po3ydnHom TIK npu-
WBWMALLYE TigpaTauito KepaTuHy, Wo NPM3BOAUTb A0 3MiHM X EMHOCTI Ta NPOBIAHOCTI MOPIBHAHO 00 HATUBHUX
BOJIOKOH.

Kniouogi cnoBa: BOIOC NIIOANHN, BOBHSIHE BOJIOKHO, aKTMBHA NPOBIAHICTb, peakTUBHA NPOBIAHICTb, Tiorikone-
Ba KMcnoTa.
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QJIEKTPONPOBOAHOCTb KEPATMHOBbLIX BOJIOKOH MNMPU BO3OEACTBUU TUOIJIMKOJIEBOM
KUCNOTbI

FaBpunsk B. B., AipemkeBuy A. C.

Peslome. B ctatbe npencrtaBneHbl pe3ynbraTbl MCCNEeAOBaHUSA 3/IEKTPOMNPOBOAHOCTX BOJIOCA YenoBeka U
LLEePCTHOrO BOJIOKHA METOAOM UMMEOAHCHOW CNEKTPOCKONMUM NMpu NepeMeHHoOM Toke yactoTor oT 1 go 100 kI,
noA BANSHMEM BOOHOIrO pacTBOpPa TUOMMKOMNEBOW KMCNOThL. [Toka3aHo, YTO akTMBHAsS M peakTUBHAsS COCTaBs-
loLLLas NPOBOAMMOCTM BOJIOKOH 3aBUCHAT OT YaCTOThl MEPEMEHHOrO Toka, NpuyemM Hambosnbluas pasHuua Mexay
HOpMaJsIbHbIMU 1 XMUYECKn 06paboTaHHbIMM BONOKHaMM HabtogaeTcs B HU3KOYacTOTHOM Anana3oHe. O6paboT-
Ka BOJIOKOH BOZHbIM pacTBopoM TIK yckopseT ruaparaumnio kepaTuHa, YTo NPUBOLAUT K USMEHEHUIO X EMKOCTU U
NPOBOAMMOCTU MO CPABHEHMIO C HATUBHLIMW BOJIOKHAMMU.

KnioueBble cnoBa: BOJIOC YENOBEKA, LLEPCTHOE BOMOKHO, akTMBHAA MPOBOANUMOCTb, peakTUBHAs NPOBOAM-
MOCTb, TUOMIMKOJIEBAS KNCNOTA
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Electrical Conductivity of Keratin Fibers under the Action of Thioclicolic Acid

Havrylyak V. V., laremkevych O. S.

Abstract. /Introduction. Keratin fibers — widespread natural biopolymers, which are contain supramolecular
nanostructures. Nowadays these materials are considered as a promising basis of modern nanotechnology. Vari-
ous modifications of these fibers and their combination with other materials open up the possibilities for the creation
of new biocompatible composites, which are widely used in medicine and for the production of “smart” textiles.

However, little is known about the electrical properties of biopolymers and, in particular, keratins.

Therefore the main purpose of this research was to examine the electrical conductance and susceptance of
human hair and wool fibers under the influence of aqueous solution of thioglicolic acid by impedance spectroscopy
after the action of the alternating current at a frequency from 1 Hz to 100 kHz.

Materials and methods. In the experiment human hair and wool fibers with an average diameter of d =67,3
um and d =28. 4 um respectively were used. Keratin fibers were treated by 10 % aqueous solution of thioglicolic
acid at 37° C during 15 min. The alternating current of varying frequency passed through the fibers and electrical
conductance and susceptance were measured. For the electron microscopy keratin fibers were fixed onto a speci-
men stub and then sputter-coated with copper. The fibers were inserted into JEOL JSM-T220A Scanning Electron
Microscope (Japan) operating at an accelerating voltage of 20 kV for viewing and photography.
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Results and discussion. It has been shown the structural changes in the surface of the human hair and wool
fibers under the influence of aqueous solution of thioglicolic acid. The impact of thioglicolic acid on human hair and
wool fiber was accompanied by destruction of their cuticle layer.

As a result of our research it has been found a stable low-frequency conductivity of keratin fibers. The applied
bioimpedance spectroscopy allowed the differentiating of conductivity on its active and reactive component. Ob-
tained results indicate a sharp increase of keratin fiber’s conductance in arange from 1 Hz to 15 kHz. The maximum
value of conductance was fixed at a frequency of 10 kHz.

The increasing of conductance in the frequency range from 1 Hz to 15 kHz is associated with a decrease of cu-
ticle layer reactance and the penetration of current into the fiber.

Maximum of keratin fiber’s susceptance was observed at a frequency of 20 kHz. Moreover, the reactive conduc-
tivity of chemically treated fibers at this frequency is significantly higher compared to control fibers, which indicate
the rearrangement of water molecules in the amorphous areas of keratin.

Keratin fibers such as wool and human hair exhibit electrical conductivity as a function of frequency. These data
support the findings obtained for the stratum corneum and nail. It should be noted that both conductance and sus-
ceptance dominate at low frequencies. Our results indicate that the electrical conductivity of keratin fibers greatly
depends on their hydration

Conclusion. Electrical conductivity of human hair and wool fibers has a similar character. For the study of the
conductivity of keratin fibers the most informative is low frequency spectrum in the frequency range from 1 kHz to
70 kHz. The treatment of keratin fibers with thioglicolic acid accelerates the hydration of keratin, which leads to a
change of their conductance and susceptance compared to native fibers.

Keywords: human hair, wool fiber, electrical conductance, susceptance, thioglicolic acid.

PeuyeH3eHT — npog. Manox C. B.
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