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BcTyn. 3aranbHoBIiAOMO, O BONOC — Le Giononi-
mMep, noHag 90 % cyxoi Macu SKoro CTaHOBUTb BifIOK-
KepaTuH. XapakTepHO OCOONMBICTIO KepaTuHIB, sika
BiAPI3HSE X Bif, iHLINX CTPYKTYPHUX NPOTEIHIB, € BUCO-
kuii BMIiCT Cynbdypy, NepeBaxHo y BUMSAAI LMCTUHY,
KOHUEHTpAaLis SIKOro 3MiHIeTbes Yy Mexax 13-18%,
i 3abesneyye CTabiNbHICTb KepaTuHy wWNaxom dop-
MYBaHHSI MOMEPEYHUX AMCYNb®igHNX 3B’A3KIB  MiX
noninenTUOHMMKN nadulramu. AdHanis nirepatypHux
JaHUX CBiAYNTb MPO Te, WO BiNbLIiCTb XiMIYHUX i KOC-
METOJIOMYHNX 0OPOOOK KepaTuHy FPYHTYIOTbCSA came
Ha moaudikauii gucynb@igHnX 3B’a3KiB, SKi 3MIHIOIOTb
BJIACTUBOCTI BOJIOCA | MOXYTb NPU3BOANTY 4O NOro no-
LukoakeHHs [3,10].

CynbdypoBMICHI Ta apOMaTU4Hi aMiHOKUCIOTU Ke-
paTuHy 6epyTb akTUBHY Y4acCTb Y BilbHOpaaMKanibHUX
rnpouecax, 3o0kpema cynbdYpPOBMICHI CMNOJykn B3a-
EMOLiI0Tb 3 aKTMBHOIO GOPMOIO KUCHIO i NepekncHUMM
paavkanamu 3aBasku cynbdrigpuneHUM rpynam [6-8].
AKLLENTYBaHHSA akTUBHUX (DOPM KUCHIO TaKoX MOXe
Oyt noe’s3aHe i3 amiHorpynamu. Tak, OKUCHEHHS
TpunTodaHy CynpoBOAXKYBATUCSA AECTPYKLIE iHO0Nb-
HOro KisibLs i3 yTBOPEHHAM N-GbOpPMINKiHypeHiHy Ta Ki-
HYpeHiHy [5].

MeTa pocnipg>keHHs nongarana y BUB4EHHI KOHUEH-
Tpauji cy1bdypPOBMICHMX CNOJYK, @ TAKOX aMiHOKMCNOT
TUPO3UHY | TpUnTodaHy y BOJIOCI 32 YMOB XiMIYHOIO
CTPECy, BUKINKAHOrO 0OPOOKOK MepOKCUAOM BOAHIO
3a nigsuLeHoro pH.

06’eKT i MeToAM A0CNIAKEHHS.
JocnigxeHHsa npoBoaMnn Ha 3pas-
Kax HaTypanbHOro HedapOOBaHOro
BOJIOCCH XIHOK i3 cepegHiMm ajiame-

(cniBBigHOLWEHHSI PO34MHY 40 BONOKHA CTaHOBUTL 50:1)
npu 37 C npoTtarom 30, 60, 90 xB. BigbintoBanbHMin po3-
YUH OTPUMYBASM LLISIXOM 3MilLyBaHHS po3umHy A (10 T
ce4voBuHM, 7 1 NaCl, 12 mn amiaky (28 %), pOo34mHeEHi y
100 mn peioHisoBaHoi Boam) i podundy B (17,1 mn H,0,
i 82,9 mn pgeioHi3oBaHOI BOAM) Y PiBHUX MPONOPLLsX.
Micnsa 06pobkM 3pas3km BOJSIOCCS MPOMUBANKM AeioHi-
30BaHOIO BOAOIO i CyLUMAM 3a KIMHATHOI TeMnepaTypu.
MopiBHIOBaNM iHTaKTHE BOJIOCCS i BOJIOCCS, XiMiyHA 06-
pobka skoro Tpueana 30, 60 i 90 xB.

BmicT 3aranbHoi Cipkn y BOIOCi BU3Ha4anm 3a MeTo-
nom, onncaHmmy [1]. KOHUEHTpaLito LMCTUHY Ta LmcTe-
iHy OLjiHIOBaIM 32 YTBOPEHHSAM KOMIIEKCY roflyboro Ko-
NbOPY MiX uncTeiHom Ta docdopHO-9-BoNbGPAMOBOIO
KMCNOTOI0, a BMICT SH-rpyn 3a peakLjeto i3 peakTMBom
Ennmana [1]. BMIiCT TMpPO3nHY BU3HA4Yanu B peakuii 3
deppouiaHigomMm Ta 4-amMiHOaHTMNIPUHOM Ta BUpaxanu
yr/100r, a BMicTy TpunTodaHy — 3a KOJIbOPOBOIO peak-
uieto 3 n-gumeTunamiHodensanoaerigom [1]. OTpumani
umMdpoBi gaHi onpaupoByBanM CTaTUCTUYHO 3a AOMO-
mMoroto nporpamun Microsoft EXCEL Ta Origin Pro 8. 5.
[na BU3HA4YeHHs BipOrigHMX BiAMIHHOCTEN MiX cepef-
HIMW BENMYMHAMN BUKOPWUCTOBYBaNM Kputepin CTblo-
neHta (t). Po36iXXHOCTI BBaXkanu CTaTUCTUYHO BipoOrif-
HuMK npun P<0,05.

PesynbTaT pocnigXeHb Ta iX OOroBOpPEHHS.
Y pesynbrati NpoBeAeHnx A0CHIOXKEHb BCTAHOBJIEHO
3MiHM y 6anaHci cynbdypPOBMICHMUX CMONYK KepaTuHy
BOJIOCA 3a Aji XiMIYHOro CTpEeCcy NOPIBHAHO 3 IHTAKTHUM
BOJilOCCAM (Ta6n.).

AHani3 oTpMMaHux pesyneratiB CBIAYUTb NPO HUX-
YN pPiBEHb LUMCTUHY Y XiMiYHHO 06pP06IEHOMY BOOCCI,
NpUYoOMy Hanbinblle 3HUXEHHS ioro (Ha 8,5%) cno-
cTepiranocs nicnsa 90-xBUNNMHHOT 06pobkM. CTOCOBHO
BMICTY UMCTEiHY Ta CynbdrigpuibHUX rpyn Bigmivanu

Tabnuuga

BmicT cynbdypBMiCHUX CNONYK Y BONOCI NIOAUHU 3a AT
xiMmiyHoro ctpecy, (M=*m; n=>5)

TPOM DIM3LKO 70 Mk, A0BKIHOIO 10 TpuBanicTb XiMi4HOi 0OPOGKU, XB

cM. TMyyku Bonoccst Macoio 5 r npo- | MokasHuk 5 0 - 5

MBI B 1 9 PO3HIHI AOACLMNCY b~ | 3aransiunit CymbdYP: | 6 314025 | 6,18+0,17 | 6.24+027 | 6,28+0,20

caTy HaTpilo, crionickyBanu fAeiowi- |r/100r 310, ,180, . 24+0, 280,

30BaHOI0 BOJOIO Ta BUCYLLYBanu 3a | LMCTvH, 1/100 1 15,34+0,39 | 14,31+0,30 | 14,44+0,13 14.030,17*

KiMHaTHOT Temneparypu. Lncrein, r/100r 0,35+0,01 | 0.41+0,02* | 0,45+0,02** | 0,53+0,02***
XiMiyHWii  cTpec  Mopeniosa- LSH-rpynu, mkmone/r | 28,54+1,06 | 33,74+1,31* | 37,25+1,26* | 43,47+1,44**

NN WNEXOM 06po6|(|/| 3paSKiB BO- Mpwumitka: BiporiaHi pisHMUj NokasHMKiB NpK XiMiYHin 06po6LLi NOPIBHAHO A0 IHTAKTHOrO BOMIOKHA!
noccs y BiaGinoBanbHOMY po3dmHi * - P<0,05, ** - P<0,01, *** - P<0,001.
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Tuposux, 1100 ©
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TpHUBaNicTb 06po6KM, XB

Puc. 1. BMiCT TUpPO3uHY 3aneXHOo Bif, TPUBaNoCTi
XiMiYHOT 06pPO0KM BONOCA NIOAVHU, %, MEtm, n=5. * —
BiAMiIiHHOCTI M)k 00P0O6G/IEHNMMM i IHTAKTHMMM 3pasKamMu
cTaTUCcTUYHO BiporigHi (P<0,05-0,001).
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Puc. 2. BmicT TpunTodaHy Ta cTyniHb Moro gerpagauir
B 3aJIEXHOCTI Bifj, TPMBaNoCTi XiMmiuHOI 06pPOGKM BONoca
noguHu, mr/r, M£m, n=5. * — BigMiHHOCTI MiX 0GpoO-
OJIeHNUMM | IHTAaKTHUMM 3pa3KaMu CTaTUCTUYHO
BiporigHi (P<0,05-0,001).

NPOTUNEXHY KapTUHY: 36iNbLLIEHHS TPUBANOCTI XiMi4YHOT
06p0obKM CYNPOBOAXYBaNOCS BIiPOriAHUM MiABULLEH-
HAM K KOHLLeHTpAaLIT LWMCTEIHY, TaK i CyNnbdriopunbHNX
rpyn, WO BKA3ye Ha rigponis gucynbdifHnx 3B’a3KiB Yy
KepaTuHi Bonoca.

OTxe, XiMiYHWUI CTPeC, BUKITMKAHUIA AiE0 NepoKCu-
Oy BOOHIO Npu NiaBULLEHOMY pH, Npn3BoAMTb 40 OKUC-
HEeHHS LUMCTUHY, B pe3yfbTaTi 4Oro MOXYyTb YTBOPIOBa-
TUCS TaKi CNOMYKK, K TAHTIOHIH Ta LMCTEiHOBa KUCNOTAa,
TOOTO BUHWNKAIOTb NPOLLECHU, SIKi, IMOBIPHO, NPU3BOASATb
00 popMyBaHHSA HOBUX TioedipHuMx 3B’A3kiB. OueBna-
HO, CaMe LM MOXHa NOACHUTU TOM akT, Wo 3arasnbHa
KinbkicTb Cynbdypy y BONOCI 3aNULLIAETLCS MPAKTUYHO
6e3 3MiH.

BapTo 3a3HaunTK, WO MEXaHi3M OKMCHEHHS LMC-
TUHY MOXe OyTu Pi3HMM: 3a Aji XiMIYHUX YNHHUKIB Bif-
OyBaeTbCHA PO3pMB S—S 3B’A3KY, TOAI K Npu HOTOMOLL-
KOIKEHHI KepaTuHy ynbTpadioneTtoBuMm 4m BUAVMUM
CBIiTNIOM pyiiHyeTbca C-S 3B’a30k [2, 8].

Binomo, Wo Haibinbw cTiikumu oo Aii pisHOMaHiT-
HUX dakTopiB HA KEPATUHOBI BOSIOKHA € aMiHOKMCNOTU
npocToi 6ya0BU, TOAI SK aMiHOKMCNOTY CKNaaHiwoi Oy-
LOBU (TUPO3UWH, TpUNTOdaH, FNICTUOMNH, METIOHIH | T. A.)
€ GiNbLU YYTIMBMMU 00 NOLLIKOOKEHHS. Y 3B’A3KY 3 LM,
MU aHanidyBanam BMICT TUPO3MHY. YK cBigyaTb AaHi,
npencTasfieHi Ha PUCYHKY 1, CTaTUCTUYHO BiPOTiAHNX
3MiH MiX XiMiYHO 06POBNEHNM Ta IHTAKTHUM BOJIOCCSAM
He BigMIY4€HO .

NiTepaTypHi gaHi cBig4atbh, WO TpUATOdaH, SKUA
MICTUTBCS Y KYTUKYNI | KOPTEKCI BOIOCA, NErKo aerpa-
Aye nig BNAMBOM ynbTpadioneToBoro ceitha i € CBOe-
piogHUM iHonKaTopoM GOTOMNOLWKOAXEHHS Bonoca [9].
Tomy pouinbHUM GyNo BU3HAYEHHS BMICTY L€l amiHO-
KMCNOTK Npun XiMivHin 06pobLi Bonioca (puc. 2).

Y peaynbrati npoBefeHnx OOCNioXEeHb BCTaHOB-
JNIEHO BIpPOrigHe 3MEeHLUEHHS BMICTYy TpuntodaHy y
KepaTuHi, NpuyomMy CTyniHb MOro Aerpapgauii NnpsMo
NPOMNOPLINHNI TPUBANIOCTi XiMi4HOT 06po06KK. MonibHi
pesynbtatv oTpumanu astopu [4], fki cnocTtepirann
3HWXXEHHS PiBHA TPMNTOdaHy y BOAOCI NOAMHN MPK Xi-
MiyHin 06pobLi, ynbTpadioNneToBoMy ONPOMIHEHHI Ta ix
noegHaHin aji.

BucHoBkuM.

1. XimiyHWiA cTpec, BMKNMKaHnn 06pobkoto Bosioca
JIOOVIHW MEePOKCUOOM BOLHIO Mpuv nigsulieHomy pH,
CYNpOBOAXYETbCS 3MiHAMK y GanaHci cynbdypoBmic-
HUX cnonyk. MNokasaHo, Wo i3 30iNbLUEHHSAM TPUBANOCTI
0BpOBKM BMICT LIMCTMHY 3MEHLLYETLCS, @ KOHLEHTpa-
Lig uMCTeiny Ta cynbdriapunbHUX rpyn NiaBULLYETHCS,
WO CBiAYMTb NPO OECTPYKLUIIO ANCYNbDiaHNX 3B’A3KiB
KepaTuHy.

2. BcTaHoBneHo, WO CTyniHb Aerpagauii TpunTo-
daHy NpssMO NPONOpUiNHNK TpmBanocTi 06podbkn. Bi-
POrigHMX 3MiH LLLOAO BMICTY Cy/bdypy Ta TUPO3UHY HE
BUSIBNEHO.

3. HanicToTHiwi 3mMiHM y cknaai cynbdypOoBMICHUX
Crosyk, TUPO3MHY | TpuntodaHy 3adikcoBaHO MNpu
90-XBUNNHHII XiMivHili 06p0oOLj Bonoca.

MepcnekTnBu noganbumnx gocnigXeHb. Jouinb-
HO NPOBECTU OOCIOKEHHSA 3MiH Y CTPYKTYPHUX Ninigax
KepaTuHy Bosoca 3a Aji XiMiYHOro CTpecy.
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KOHUEHTPALIA CYJIb®YPOBMICHUX CNMOJTYK, TUPO3UHY | TPUNITODAHY Y BOJIOCI JIIOAUHU 3A
Al XIMIYHOIO CTPECY

Faepunsk B. B.

Pe3iome. Y cTatTi npeacTaBneHo pesynbTaTty JOCNIOKEHHS BMIMBY XiMIYHOMO CTPECY Ha KOHLLEHTPALLIIO CYJib-
dYpPOBMICHUX CNONYK, TUPO3UHY | TPUNTOdaHy y kepaTuHi Bosioca MioanHn. MNokasaHo 3MiHK y 6anaHci cynbdypoB-
MICHMX CNONYK, AKi 3anexarb Bifi TPMBANOCTI XiMiYHOT 0OPOOKKM, 30KPEMA 3HUXKEHHS PIBHS LIUCTUHY Ta MiABULLEH-
HS KOHUEHTpaLii uncteiny Ta cynbdrigpunbHuX rpyn. YCTaHOBAEHO, WO CTYNiHb Aerpagadii TpuntodaHy npsamo
NPONOpLiHNIA TpBanocTi 00pobku Bonoca. BiporigH1x 3MiH Wo[0 BMICTY cynb@ypy Ta TMPO3UHY HE BUSIBJIEHO.
HaricToTHiWi 3miHM y cknagi cynbdypOBMICHUX CNONYK, TUPO3UHY | TpuntodaHy 3adikcoBaHo npu 90-XBUNNHHIN
XiMi4Hin 06po6L Bonoca.

Knio4yoBi cnoBa: BoioC, KepaTtuH, CynbOYyPOBMICHI CMOSTYKN, TUPO3UH, TPUNTOdaH, xiMiyHa 06pobKa.
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KOHLLEHTPALIU CEPOCOJEPXALLUX COEAUHEHUA, TUPO3UHA U TPUMNTODAHA B BOJIOCAX
YEJIOBEKA No4, BO3JENCTBMEM XUMUYECKOIO CTPECCA

Faspunsk B. B.

Pestome. B ctatbe NnpeacraBieHbl pedynbTaTbl UCCNeA0BaHNS BAUSHUS XMMUYECKOro CTpecca Ha KOHLLEHTpa-
LIMIO CEPOCOAEPXKALLMX COEANHEHUI, TMPO3UHA 1 TpuNTodaHa B KEpaTMHE BOSIOCA YenoBeka. [oka3aHbl M3MeHe-
HWA B 6anaHce cepocoaepXallnx COeANHEHNM, KOTOpbIe 3aBMCAT OT NPOAOIXNTENIbHOCTU XMMMYecKoin obpaboT-
K1, B HACTHOCTWN CHMXXEeHMe YPOBHA LIMCTUHA 1 NOBbILLEeHEe KOHUEeHTPpaunn umctemHa mn CyJ'Ibd)rI/I,D,pVIJ‘IbeIX rpynnmn.
YCTaHOBNEHO, YTO CTEMEHDb Aerpagaunmy TpuntodaHa npsMo NponopunoHanbHa 4IMTeNbHOCTM 06paboTky Bosioca.
Con,epxaHvle cepbl N TUPO3MHA B KepaTuHe HE N3MEHAJTOCH. Haunbonee 3Ha4YnMble N3MeHeHud Sad)I/IKCI/IpOBaHbI B
OanaHce cepocogepXallimx CoeaMHEHN, TUPO3nHa 1 TpunTodaHa nocne 90-MUHYTHOM XMMNYECKOo 06paboTKK.

KnioueBble cnoBa: BOSOC, KepaTuH, CEPOCOAEPXKALLNE COEOMHEHUS, TUPO3UH, TPUNTOdaH, XMMUYECKas
obpaboTka.

UDC611.781:616.594. 1.

Concentration of Sulfur-Containing Comppounds, Tyrosine and Tryptophan in Hair under the Action of
Chemical Stress

Havrylyak V.

Summary. It is well known that hair is composed by approximately 90 % proteins (dry weight) — keratins. Char-
acteristic feature of keratins that differs them from other structural proteins are high content of sulfur, mainly as cys-
tine, whose concentration varies within 13-18 %. A large amount of disulfide bonds between polypeptide chains sta-
bilizes the structure of keratin. Analysis of the literature data indicates that most chemical and cosmetic treatments
are based on keratin disulfide bonds modifications that alter the properties of the hair and can cause damage to it.

Sulfur and aromatic amino acids of keratin are actively involved in free radical processes and interact with the
active oxygen compounds. Acceptance of reactive oxygen species may be associated with SH- or amino groups.
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The goals of our study were to design the chemical stress and to determine the changes in sulfur-containing
compounds, tyrosine and tryptophan of human hair.

For the experiment unprocessed hair samples were used. Chemical stress was performed by sample immersion
into bleaching solution with a liquid to fiber ratio of 50:1 at 37°C for 30, 60, 90 min. Bleaching solution was prepared
by mixing of solution A and solution B in equal proportions. Solution A contained 10 g urea, 7 g NaCl, 12 ml ammo-
nia (28 %) diluted in 100 ml de-ionized water. Solution B (6 % H,0,) contained 17,1 mI H,0, and 82,9 ml de-ionized
water. After treatment the hair samples were washed with de-ionized water and dried in room temperature.

The different groups of samples such as intact human hair and hair treated with bleaching solution during 30,
60, 90 min were compared.

The obtained results indicate the changes in the balance of sulfur-contained compounds in hair under the ac-
tions of chemical stress compared with intact hair. Analysis of sulfur-contained compounds shows a lower level of
cystine in chemically treated hair. The greatest decrease of cystine content (on 8. 5%) was observed after 90-min-
ute treatment. It was established increase the concentration of cysteine and SH-groups, indicating the hydrolysis
of disulfide bonds in keratin.

Chemical stress caused by the hydrogen peroxide at high pH leads to oxidation of cystine. Oxidative destruction
of disulfide cross-link in hair fibers is accompanied by formation of lanthionin and cysteic acid. As a result a new
thioester bonds can form in keratin and may be the reason that the sulfur content of hair was unchanged.

It is known that the most resistant to the influence of various factors on the keratin fibers are simple amino acid,
whereas the amino acid of complex structure (tyrosine, tryptophan, histidine, methionine, etc.) are more suscep-
tible to damage. In this regard, we analyzed the content of tyrosine and tryptophan.

It was found that statistically significant changes of tyrosine content between the intact and chemically treated
hair are not observed.

The decrease of tryptophan content in keratin was determined. It was established that the degree of tryptophan
degradation depends on the duration of chemical treatment.

It was concluded that the most significant changes in sulfur-contained compounds, tyrosine and tryptophan
were fixed after 90 minute of chemically treatment of human hair.

Key words: hair, keratin, sulfur-contained compounds, tyrosine, tryptophan, chemical treatment.
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