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T AT=V B 0L TELERIKTHTV—FTFUEL, DALVT AR & OB ALE T K 12XD
N RNz =T W EREToND, TRODAUBEICEsTEEOESHE R EZa L Fr— L
TEON ., BEZOMBECHEBREK T, BLEUOYHEEEALSETCLEIEWIT AU 2L - TND,
F, BEICBIDIATAZANATEHNEL T, FIAT =T TAu R EORGEOHEH, F<SL
RT TV EICEDEEEF S>EDIIT AL, EEEDLOATAYANEHEFF CEAN R X A—
UREBEELL TR B RPICIVEZOR WIIKEME T35, 20X ~T 77 OB Tl & T
WA EIC O W TR, B Rl A g AT F a0l BEOWRB ZLICLA TN TE, Bl T
O BEEREE LU I2L — b TEAI5 R M FEREEN TS,

AL TIE,. BE O FEMEEEZ20 T T20ICH AR chby, BEENI S LLESHIC

WHENTWDHRA DI AR)ICHE H Liz, THIT, FI7F X 7 E L5 B K 45 23, C,
H,O.NBXUSHLEDTENOGHE R I TEBY, T IR EE CTHRFFICB R LT W ERE H i
2Fond, T W EHIEEEZDIETCEEMBOSIES B EICE 2K - Tl E T,
ZOME HBEICE->THIEME CEEZM T2 RERF A THD, L, BEITIFT
FUHRIEEIILD MR- KD AT R EDELDORE RS PO, SHITH HE B 8
HEEARDAZEND . B EREEICBITAIRE =BT —RN—=So L3 MBI PR THHE
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1.1 BEZDOEE L ~T 77 OB TR & TWARERIBEIZ OV T

EEIT, N\ORIZBOHISRZRET HERD D ThHDH, ~TALANRLECELEZD
EL BAIELELVANDOZITHAHIRNKELSLEDATZH, HENTELWERZEENLTH
5, EVDITFHARTIILMEDOTZ LA OGEE L TGGEVMPINTE -5, — 2 &

(WBINRZTNRT2) BV, HRVEZEMLEV b, £T, HFHIlEZE2ELTH2 L
DEMEDEEE S TET[L,2],

FEEZIIX = —T 1 7 /V(Cuticle), 2 /LT v 7 A(Cortex). AT = 7 (Medulla) Y5 35D
JEREE & O 2 L 5 fila 4 5 R (Cell membrane complex; CMC) & FEIXAL 2 /iR 2> & BK
%[3], BEWH DA A — VX% Figure 1 IZ/”7,

Cuticle

Cell membrane complex
(CMC)

Cortex

Medulla

Figure 1 A schematic diagram of the human hair illustrating its dimensions and layering.

X o —7 4 ZJVIEHER 500 nm, £ SHSum D H A RO T, HARADEYE TIL 5~
8 MRREHEL > T/HELTWD[A], Flo, Fa—T 4 7T —FSMIOHBETH 5729,
(LFFEOCAERBE I L DB Z T T VI EBRHM LN TND[5, 6], F=2—T 4 7 /LDON
WCHDanT v 7 RIrT7F o 2RI ENLERDHEROMEchH Y . Fiohr >
4 7 A2 b (IF, Intermediate Filament) Z /X7 B L7 4T A MEEX X7 E
(IFAP, IF associated protein, ~ R U > 7 A& LRV E) L9 2FED X /37 B THERK S
NTWB[T, 8], BEMMICBNTaLT v 7 RTEEZD 85%EEL EHDTND Z b,
EEZOYMMEDLIXaANT v 7 A XE EN TS EEZEX BID, AT 2 71XESE
DHFNAFAET DZEFHLDZNZ R ERRECTH D08, BEIZ L > TUIFELRWIGE
H5H[9], CMCIlX, ¥a—T 47 )NV-Fa—T 4 INVH, Fa—T 47 NV-AVT v IR
M, bL<IEansy 7 2-ars v ARNHFET DI T F o2 R0 GO Z LI
5[10], CMC IFKDIEYE L S TEBY, Dl 7 F MR A~ TBUKMEO @O
Thbd, ZOXIICEE | RIEHRBEEEELZ > TWDTD, BEOME I LIZLD
FENT A LETH D,

I, BRIZBT DEFRBNAT 22 A U o TATENS L 5 7 A=V RREE L T
1



%o BEOCFUHICIX, ATV 20U TCEOEALLT57 ) —FAHESL, VAL
7 4 FREAOBALE TGN L B/ =< % b T = — TR IE R EN R T 5N
Do ZNHOMBZ X > TEEZOARHREZ 2 b — L TX 5 H, BEOHEECHEK
Ay, BEOWIMEEZZLSETCLEI L WVWIHIT AV v hEb o TS, flxiX, 7V —F
BRIEF 22— T ¢ 7 VDR E ER D RFBNE S A S, REEEN M EL, Tty
EEASETLE I, EDICT Y —FREIZ L > TRGIGEESCEBEZNT KT EDOE
BB Z Y| FIRIZ LD RTOERAT AL A NOFNNEERLT > TLEI[12,
13, 72, BEIZBITDHA~ATAZA YV TITEE LT, RIALT—oT T A ElD
BB LD AZ AV T PRI IR EICLDEEEZMILIZVEI RS20 T
5ﬁ%@k#*f%méo;h6@m%ﬁ@ Lo T, AIEENLELeAT A XA NV EHERF
TEXLMHE, XA-VUREEL, UNENR VST AR, BZ2OY YRR TFTHZ L
NHEIN TV DH[14-16],

’@iﬁ@ﬁ% DETT DT Ok A RFIERBRIN TN D, X, 7V —F
RLBRIT K B KT IR BN K 0 &2 Ml T~ 5 7212, M@ elsic L 2 BARG
{%Uﬂ HEZE[18], I— 7 4 v ¥ —REIE[9]2E, W OO FENLHINT
W5, FFIC, i L7 BEZOEAEENT, ROABOEEZID L REWVWI ENRFEFESINTE
0. BLIC K> TELLZECOMMSRREAHET H7-DIHEHINTE[17], &6

\ZBEZNERO K DA IT DeEfi7effse & U<, RIBAERRE T BB (cryo-SEM) & H
wfamh@ BT DINAZA—=VEOKGDRTELZ AT 5 HER ERRE SN TE
72[20], L22L. ZNHDOHETIE, ENFEITOEDOKNPNED EZFTITRE LTE0E
UTNEA LTI T 52 LT TERY, —FH, Z2ELLIAELLHOICAXDAZAY
VIUITENIEETH LN, FSLROT T VR ié% 2T L2V Eloiko7e 0T 5
ITAIZONTHEE S FERENRENTWD, Blx1E, BEAEM L TUNEELELE
ﬁf%®@%ﬂ&~yéﬁwbkﬁ%ﬂﬂ%\%%m%%%é~ﬁ®ﬁéﬁﬁéiﬁﬁo
EY . F OB Z B - TS IR 2B U 72 IG DEFIC B 2 0F2E[21), 72 EDMFAET
Do LLARNE, ZHH ORI AR & T 0RO 5 3ERER TlX, A2 0T 2 E
DR TELS |, BEBWHIZHB T DI NIDIEFITRKRE VDT, AEFEDEZITERITE
STVWHAMEY I 2L — FT5DITHE L TWeholz, TDI=, :~:/7%77
T EVSTE A THEL I DX A=V DB LT TE D, MELEMEABRIENERS
T35, Gamez—Garcia 1. 7.0%70>5 15% DM ER CREL KEEM LR, 22—
TAINDV T T v IPERIDTEEZWELTNAH[22], LLansb, ZOKEE
RERE T CX D DIXBERmMOREENBILEOLTHY . BENMEMNIT 52 L1X
TERV, ZDO LT ﬁ%ft%fhé«?#? B9 % R RREIZ D\ T 7 iR 7
ER7el, BEOMEZ LI 20N T, B TOMEEZRE LY IaL— T
éioﬁ%ﬁ?&ﬁ%imfwéo

BELF TN L Lo FER. XBEGELOIT23, 241213 C oo & LT, R B
$E(AFM) [25], @RIk v~ ~ 277 7 4 —(HPLO)[26]. FRATIFREIL IR A A4 B & 55471
% (Time of Flight Secondary Ion Mass Spectrometry ; TOF-SIMS) [27, 28], "~ AR HT
(DSO)[29, 30]. 7R3k (Infrared spectroscopy ; IR)[31-33], 7~ >3 J6iE[34, 35]. BL W
WTIRINIEIE[36,37)7 ESESEH Y . ZOOHTHBRCRILEL O ET 72 B2 L - Tl
Tohbd, ZITEEEMNRE Lo FikEd E L& D72FK% Table 1 ITR7, Bl xiX, X%
BUELo AT I < ﬁ>?>ﬁ§ ZDifG i IE DFATICHNW O TE Y | ITFE TR EEONEEE
L NPT & D BEME O LA A RHT L2 iiE 23 e ST 5[24],



Table 1 Comparison of measurement methods

Non-

Methods Preprocessing distructive Accuracy Environment Target
XRD X X O Crystal structure
HPLC X X O Amino acid, lipids
IR YN )] Molecular vibrations
Raman Jay @] )] Molecular vibrations
The overtone and
NIR O O AN combination tone of
molecular vibration
DSC » « O Crystal :{sn.uc‘rure.
hydration
AFM A O O Mecham.cal
properties
TOF-SIMS O O A Vacuum Morphological
properties
SEM 0 O O Vacuum Morpholo.gwal
properties
TEM * @] )] Vacuum Mmpholo.gu:al
properties

ZOHFTH IRIEL, WEHOLFHIRHEZ ST 2 DICA AR TH Y | BEZZHE L
eI STV S [31-33), ZHUE, 7T F & R ERONRER K DS, Co H
O. NBLXOS 2 EDOENOLHEREINTEY . FHRIMER CRIFFIER Lo v &
HEPZETOND, £2, WEFEEZEZDLZ L TEEMBO S olEIcESEK
STHETE, TOREFEICL > TIIIFEBECEZLTFMTEH I L b RERFIETH
5. F£7-. EEHAIE £ (Attenuated Total Reflection ; ATR) # W5 Z & CTEEZDF 2 —T
4 I NREDHZDWILART MV aGEDH LN TE, 7V —F BN RSN L - T
EUTEANVKR UL EZTMT 52 E THA—VELZRBEL L LN TESH[3840], &5
2. BEBORINV e (BEIR) Z WD Z & TalT v 7 AKOWIN AL kL &5
HZENTE, BENEOIEE L ¥ L7 BOJRERLEEZNIICIRE LTy DA A—
VI HENRBERINTWDH[41-43], FTo, HnAEFBHMEN(TEM), EAEME B
(SEM), I LT TOF-SIMS (&, A BETAR LB I 2 5HI3 5 071603 8 2 H3[44-
46], BZERENVATH L2012 LT, IRIZBH TR Z > TV HiBF ORE THLEHAIT
XHZLBFEDOUEDTHD, LLANG, BRIIFIF L2 E2I 00,
B Ky, AT EDEL OERRSNOKRY . & HICEMERBEEE IS Z &)
5. BBEREEICBIT D RWINE —7 B4 —nN"—TF v 7 LT, TARETHD &)
ME LT D, TORD, BEEZMNRLE Lz IR 2 AWEZEE, BEZOEAN L HRIC
BEDLDLONEL, ~T T OIEH, Thbb b EE~O TGN ' iR E Vo T
RIFEHyTHDHDONRBRTH 5,

1.2 K#fFgem HRY

CNETITERTEZ L DIZ, BEOHESCMRT T, WERIEZER Z A — D00 R
BICE > TRELSEL L., TOBEZOBERMIE 2 BT 572012k 2 2 JEFIER W
3



HIVTE Tz, FFIC IR ITEFE AT A X A NWATEIDTON LR T CREZO W8S % FEmkE
THETEZDRICAY v MR®H LD, BEHEL~OFEEW 2SI E TIEN S N5
W2, £ 2T, AL TIX IR 2 AW BEZR AR OGBS E AR ML5 iR
(MCR)X° ¥R TTARBESHT2DCOS) L W o 727 A b U w7 ADFIE[AT-50]2 B0 A Z
& O CIEMER T 2 Fh L, B COMBEEZRE LI 2 b— FT&E D X5 2l
FEORBEEE - OHE Lz, SHICAT 77 OB TEBICE & T 5 a8 R E 2 ik
L. FEEEOMEMBARCHITEBIAE O T 200904 Fh L, BV ER~DITEM 72
HEkz HiE L7z,

1.3 ARG L DFERL

AFmIL, ¥5 ThHDHE 1 37, AL TR H W B IR 2B 2 R G LA Fd
L7523, SmCORMNNAEEFORBICHOVWTERRLI-E I E~F 6=, BIOHET
HLETEIZE > THERIIND, AWETIZ, ~7 77085 TH X< EE TV BER
IR E L CREZOLFHIE A — P0NNE I L DK ED 1) BB L OWE BT 412
L 2UNERLLH/H AN DIKROMNAZEY EIF, MCRX°2DCOS EWo7=7EA Y v
7 ADFEEMHBEDOE TR D EE AW ERE L LR, MWE. E2ioir
RBGHTZ W TEZNIIREBZFHME T 2 FEELHRE Lo, 70, BN ER~DFE
B mmkA B L. BA% Lo BE2NERHIFEZ VT, NELO N AEITHIR LT
AT T B ORI A TR S T,

B3 W TIL, BMIR ZHWT, ROUWEE L 7Y —F W EDOEEZNTO K528 & 22 [H]
I OEFHIANCA A=Y 7 L, AEBEOENLICIRIT DKy B2 BEb T 5 FiEZTE L
7o SHIT, ZOFEZMEBOMITICEM L, MELKIC X 2 BZOIRE N LK 5
5 & OBIFRIE 2 BRI L 72,

JE T
N. Fuse, M. Matsui and Y. Matsue, Analytical Sciences, 38, 601-605 (2022).

Title: Temporal and spatial visualization of water uptake into human hair studied by infrared
microscopy.

N. Fuse, M. Isobe, M. Matsui and Y. Matsue, Journal of the Society of Cosmetic Chemists of
Japan, 56, 239-246 (2022).

Title: Age—Related Carbonylation of Hair Causes Irregular Shapes.

54 B TIL, BMIR & MCR 2 HHWTEEZMRICEK T 5 EBEZNE Y VXV EDr T F
2R D RS B RO A A=V T T A FEERE L, SHICZO
Tk LA TIE, BLXOBIIFENTEEZ VT, IEEOKDZIGEM R B2k T 5 2
T = AL HDONWT, FRZEEZNE S XV EOEMEIZER LT 2= L7c, 52
B DI 2 X— 12, ~T 7T OIGH, T72Rb bbbl fEE~OREN R ER L
WO TTIETE T 2 AR & O T BRSO H T O B3 & R A T,

JE A
N. Fuse, M. Isobe, M. Matsui and Y. Matsue, Journal of the Society of Cosmetic Chemists of
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Japan, 56, 239-246 (2022).
Title: Age—Related Carbonylation of Hair Causes Irregular Shapes.
N. Fuse, S. Morita and Y. Matsue, International Journal of Cosmetic Science, 2023, in press.

Title: Age—related hair denaturation related to Protein Carbonyls

%5 E T, B ATR & MCR Z2#lABbE5 2 LT, RUHEE LT U —FUHEE H
WIS Z V155 R AR CRIELEM 2 L7-BRICA U 2 BN OSSR b2 E'&IbT 5
FiEERRE L, FELNT-T —ZIZOWT 2DCOS T & AT 217\, KAEEMIZ X
BIEE AL DIAFF 2B 5 Mz Lz,

Ji
N. Fuse, Y. Matsue and S. Morita, Analytical Sciences, 39, 229-234 (2023).

Title: Prediction of breakage in human hair caused by cyclical extension using infrared
spectroscopy coupled with multivariate curve resolution.

H 6 UL, MEBICE-> TAEZ TS D, 2RV E, AN RHLEEELDNRHE”
ELT, TOBRBENHFENRT—I 7 TEY 500/ ERHEL 7e->TLE S FKIC
DWT, S FEICTHFE LI FEZ AW THIT Lc, S DICERZMEIA LIRS, EBRIC
EEZ W ER~OFEN TR ZBIE L, ORAHETT T —ADOWHREZERL, &
HEENTIT PR HATIZIT D HANER OB 21T > 7=,

JFE

e, AT, ALnR, FREEAME, WLHRE, BAEYEGEIRE S35,
2023, in press.

Title: RABIEMIC & 2 D NAFDOTIRZE L2 NS E D7 T ITIEDB3E

1.4 Aim L OHHNE

WERD IR Z W= BEZOMHTIL, FERLICB T AWMINE — 7 N A —R—F v F L%
R IR, JBHETADFERAVRT W —T 7 4 v T 4 TR EDOFEE VTV,
Z DO FREIIIBEZO AR LB E 5 L ONE L, FEMIC2R0N 5 X 5 B2k
M ESORERRERICITE > TR, ARBFZETIEL, B IR 3 L OBAM ATR THE S
NIMERIeART ST =2 %2 EA N 7 AOFEERWTHIT 2175 2 812Xk,
AT T OB TEBIGEX TOWAMBEEMIA L, £/, RT—XErz 1L LARRD
. T & RE RN B e 5 AL R R L OB i Al B A S b A T &

T, IETED BRI DEEND A =R W —REEND BREEE TE2 L — AL X
WCHOLMNZTHZ ENTE T,

1.5 &35 30k

1. e, dOKBER, Z0EGEN S (1813)

2. AR, AALIRFZ2EE, 53(2), 60-65 (2010)
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3. C. Popscu, H. Hocker, Chem. Soc. Rev., 36, 1282—1291 (2007)
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F2E EERITIER L O T ik

2.1 R IEEE(IR) D B

A58 (Infrared spectroscopy; IR) 1E, SIEMITIS1T 5 ARAM RISk DR IN 28 %5 D
EWVIZOWTHNESRE AW TR O FETH D, BUEORN GO L L7 —V =
ZE¥i(Fourier transform) AT 572, W FT-IR & HFEIN D, ARV, 1B
FREICET DIEME G A DT, BWathin ED T 7Vt bEEBHIEIZ BT D4
BE < MR OHT E TS Wb Tnd, £o, SO FEOHRTH . AiLet - JlEN
KRGO G EN LN ST ILE DB S WFETY H D, AWM OIRMN 5
AT TN Z IR TR < 1 eom DIZH WO TE TP (wavenumber) HLAL
TWOGLENZ, 7 EHEE A OBRIE 7 =1A OBRICHY . Blem™)
=10"/(Wnm) TH 5D, HRIFHOPITEBOTIE, 4000400 cm! DA .l & L= HiRsk
OWHIEN L FIHEND[ 1], FT-IR HEEOFFICOWTITRER, 3)ICFER DA, KHi
TIEAMIFE THEETAIIZ O T BESAR N 3 0 0 A 2E i (BT IR) OB ELZ DTk %

2.2 BEM IR OFEE & ZF DOHETE— RIZHOWNWT

TEA IR I XARABEMSE & FT-IR 2 #AG DT ORI TH Y . —XAIIZ 100 pm 7> 5
Foum ETORE IOV T AREDY T NAO/NMEEEZREST 5 FiEE LTHOLR
TV, MERIIL, FT-IR ORI Z MBI Adv, BB L EFEEIND I T
— TP SERNOEN L CET D, MUNMEREZRET 25415, SRE 2 Mercury
Cadmium Telluride (MCT) # &R 2T 5 DR — KA TH 5,

B FT-IR DR &2 AU »v b & LT, REORREIC L » THEilaE, EXFHE BLOE
FHE (ATR) @ 3 SOWEHIEZRIRTE 2 53 b b, ERETEREHIOL 2 B4
LT, &l L a2t T 2 5ETH 5, ZEETHODRENL, #OERICT 2 020
B, BT EE ERVIRETHIET DI, A7 b e REZ2ETRETHIET DI
AT MG, A= —log (/I L > TRIEERARY NEFGD, EBEZETRETH
ET DA, 378 b—L7R ECEEOHA ZERT 5 2 ENEZ W[4, 5], EEITSE
BORBIEICRE B X, KOKKNEWET 2 HIETHL, AMNER EIChHD & X,
HIFEBERAETEL TOLOLRATLHDOT, WEIZE > TERRLIBINAT MARELIL
%o IERETIE, RICEREREDOa—T 4 70 EICHNLND Z ERZU6, 7],
BEUE (ATR) 1&, ALBEEANZ & A ERER W) B FT-IR ICBW T ST
%o PEFETEZ 7Y X LTEE I, HOARNATT Y X075 HEUBHANC U L
B Do EFIH L, 7V XA LREIORE THRET D AR Y MEIC
XMW E RN T 2 HETH D, Bk ZIEECHE CTEX 5720, B oir-ChEfgiT
REICHOWENTND[8-10], LAL, REIE 7V XAZEE ST TONT 5720, #
LU CHiTaliT7e 9 BRTIET U A LTS « B LT O AR L C, FREE L7y
NH LRGSR ) MER D D, o, REREICMMA S HHAE0EE ST D
MEIZE > TUIBRHR AT MAREFELNRWEALH D, DX Hiz, 3 >OHlEE
— RENEIUR A RIEERDR O HT20, TNbDZ L ZEGIHICEB XK IR 215~ x
Th b,



ARG THM IR ZHWZEHR OO E D%, BE | RICITEHE BB E AR L1,
BER IR ORI EEIRSPEE = LI K DITICE L TV DD TH D, BEDOERIT 80~120
pm TH Y | BAMFT-IR OT7 N—F ¥ —RLMERT v T2 EOGEFINEER T 52 & T,
Xa—T g4I NVE, ANT v I AE, BXOAT 27 BOEBICEBITAEREEDL Z LN
TELEEZZ205, 2 Oo0HOHMEL, RKRFEMKATORETH D Z L bEREH BN
<, BBEICAT 7 OB TR > T 2#EICHEATCE 206 Tho, 2k, #f
FEIZCRARE L2 BENEO KD HECBEZNG Y L R EIZB T 2 “REEOA A—T v
IRBLNCERICE L TIXEEM IR OFBBE— F2EH L, KEEMIZ L2 EEZNEICHIT
2R AR5y DREEZEMEIZ DWW TIRBAR IR D ATR E— R&fEH L7,

2.3 IR A7 R JLORITALER ST 15

—EHNC AT BT — 2R, Sy O R ERORE 2 BRI K B AMELO AT
Hlm, T— ORI ZVLE LT A Z L NE, FORTLERICITINV S OO FIEDFE
L. ZOBLELIC L o CRITFERIC KX A8 E 522 - LA UL LIERAET S, =0
TUEAIECHEA LI ALY MF— X CBRT AR O W CIREL 5, ks, A
TE K LIATEIELSNC bR — X T A AHIE, AT Bk, BEOT — 247z L0
TFERIDEET DA, AL CiEHIE+ 2,

« BT AVERT12]

R E X, AT MVERE 4 O v IZX DM (d"A/dV", n =1, 21T D
A IC Ko CL WEOREE L TRTLETH D, My AT MVORETEE LT
X, ROEGTHDLANY MT—& TS 2 2 ROENGENT 2 25150, 2K
WL ZFIH T 5 Savitzky-Golay 572 EiR3d 5[12], A7 RV 1 RS0 2 %5y % H
WHZ LT, AT MO E— 7 RBEH S O EEFEE L RO D Z ENARETH
%o FRZNY RIZRDIMEIE N H 2 37 B ORI X OSE RO A~ S UZDOWTH
T DH[13,14], 1 TIRGT A7 RV TIE, B85 AT RIVOTREEDS 0 1272 HIED3, 2
W57 AT MV TIIIMEZ R TN, ENENTED AT MO E— 7 FEEAAE I
NI D, —IRIAEE AT O T L TIEMIICIbD D X—2AF7 A4 RY 7 hERETDHZ
EMMTE 2R DO — 7 BEE IR AR MUIZEBT 5 E— 7 AT 5720, %
NEfio CERMNEZITH ZENTE D, £z, AN 5 X—2F7 4 KU 7 kK
LERETHZENTED, ZOXHIT, AT MLODLT D ilE A LR S5 -
b, EVERZRBITICE R TH D03, 2 RS TIE— I AT MUZEEND /A X
WMICEBEINT L R0, RETTRARD A L— 0 72 X5 B LA S 88 L 7
Zap

« AN—V U J12, 15, 16]

HET—Z1IMT /A ReEATEBY, ZTD SN NS EEBMITICKRE L 5 2
Bo ZOD)ARXNIEEORHEIZ L ABMETEX 700 A XL EENDHT-H, SNt ko
7o DITIXRTLERE DS MR R RIS 72 D, T X ) A R &S D130 1S E O FEH ]
BAOT Z ENNRMITEDN, ZNTERBTERNLDIZH L TIR L= 7 L)
TFEREISHWOEND, AL—=T 7 OT7NTY XALE LT, BEMBEEL Lk,
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Savitzky-Golay %, b5, Binomial IERAHWSILE, ZDOHTH, Savitzky—
Golay {ERHWHIND Z %< WERENST —F ROFHFICB W TR TFR
BTE5 EMWELT, R/hFbimtla O TER AT ML & LR 2 1A G hE
TEOEZFET H[17]), AR TIZANZ MEExi EWEE yi BdHbHEE, ZDOfHE
e L CEFEEE O 2m+l G082 MOZEAX TR TE L EEL, MEL T
Do —RANCEE T DHRIBORA o MEDIRT X, /A ZAOEBEHRITRELS b, L
MULAL—=V TR ORBERIT, A MiaRE< LTEIRE BFT EF513EN
Y ROWHROT LR TH D, LEUEDORA  MEOEEIMZTI AT A DO E DR
D LZORNRLOT, RPUZEDEIZAL—V U THRA v M m OWREZEEICITD
RIFNTZR B0,

24 7EABNY v T A

7rEA MY v 7 A (Chemometrics) & 1%, {b5 (chemistry) & EFF&ET (metrics) Z & oH
ToERE T, BRI TR TELZEA L, ol TIECoM EREHH O R - BERE1T
FLEbiT, BT —2 oo bsEmE kit 5] EERSND[18], ZDTEA

NU w7 REEBRANZERY AT CEDSE ARV HT(NIR)IECTH 0 . BIETIE, 7~
I, T TIANAYGHOGEHICEBWNTHEAIICH IS L9127 > TWAH[19-
21], IR A7 fL7g EITREFE SN DWW AT SIIENT DT DDA MY v 7 A1,
classical least squares (CLS)[FIF{EIZIFE CTE D & B2 DL, WG EEEE > CEE DI %
ITO5%6 . AT MOy REREE (WOLEE) A 3B OIREE & B350 72 Lambert-Beer
FEHZ AW OR—KATH D, AFETIE, 7 EA M) v 7 ZAOFTHLEEEARS b
VA FRMCR) 2 U =, MCR 1, BUS L7z AL BV ERIASY F L& Z DRy DIRE
a7y AR L, IRAMDOY Z#H L CERAL T DAL 0Hr T TH H[22-25],
MCR OEZERA Y v F& LT, MEIICET 2 EARFEHRDLVWERICHEATEL Z
ETHD26], EBIT, W—T T4 0T 4T DX DI AT NIV TN 715 E
BPEDTRY | BERAIT — 2R 2RI, A= T TF—EZ DX D IR AT RV ESHT
FTHIITHEMETH VRN 2> T LE 9 DI LT, MCR DX 9 72 AT M fiEDTF
HEIT, BRI T — 2 BT 2 BRI 2> DGl IV T X B 72 IERICAE R TH D, U Dk
FIRAY w MR, AEEEASVERY ~—I2B 1) DRI 2R K FnZEEh 2 figAT U 72 AFE[27] %
XU®E LT, mARS MR, BERIL, G870 LSSk v 7 sk LT Atk
DR ENTEBY, BEAL FOSEEHCBWTHER IR 227 MV REBTX 5 2 & 03HR
HENTWD [28-30],

E B2, ARFZETIEZATR L7z MCR OIEMNT, ZIRTTHBES HiE %2 W CRE IEd I &
%7 U —FREEDH WD N A EDO M E S £ TOBENTBEL IO T 1k 2
BENT Uz, — At WROTHHBIMENTIEIX, 1993 I HIC K VIESIIL, DD AT |k
NWVEBIZEBIT AEFZLOMBEE ZkTmiZ 7' vy M35 FIETH H[31], SMHBED)
WZE DB XEZ SNEREIEE (NMR) *IR°T7 <, NIR &Wo 2T —ZI2D
WTH S FEIERMHT FENIREIN TNV D, o, ZOFEFEEHNE U ThHIUL IR
L NIR 72 ED R D AL R VEEIRICOWT b [ UAEIRAN AJRE & 72 5[32], 2DCOS T
X, TTRIRFARBE ) & TEREFERS ) S MEEN S 2 FEOMEARHV L., M~ v 755
5D [ RFAE BEAR AL & BLIRFAH TR EE D FF 5 DAL A o TEREN T 2 mELA (ko 7
0 AR L D2 ENRTE D,

R « BIFFHRI A XY MLk & 5 e XCcE ) vind, 388 4 2216=1,2, .. m)S
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T SNTART MV EyW, t) & T D, BIEDBCEIZ OV TFEEy(v) & 51 5H
L. ZOEZyW, )5V b DEEIRAST hLET 5, LizisT, BIlgA~< k
Ui

yiv) = ywt) — yO)

L%, B A RV d(v, wITRDO LY IcEZ b5,

D (v, v2) = %z (7, @0 -3, @)
=1

—J7, BIFFHEIA N PV W (viy TR THEZHND, 728, Neldb /-~ M-8 H
EHATHN 2R LTV D,

3

IP(VLVZ)— (Vl) Z ky (v2)

IZTMg IEUFTHLDOEND BL~UL -BFHEHITHTH D,

M~={ 0 j=k
Tk 1/n(k—j) otherwise

RIFRFFERE A~ 27 R L, stk E vl =v2 125 5 H S AHBI B — 7 (autopeaks) & . Z4LLA
I DAL 7 — 7 (crosspeaks) & V) 72 HRIFRN IR AT ML THY | B — 7 ORI KON E
2LV, BHEICL->TELNEZ AT MO EREZ RT L2 >TW0W5D. B
CHBEAY—7 DEBOBODOEREOFFTIEREZ KRS 2 DI1cxt L, AR E D S &
FTICBlbN 5K — ﬁiﬁ%%ﬁ@ﬁﬁ%%@ﬁ%%r?oEﬁm%XAﬁhwi ]
REFHRE AT hoL & B 70 ) SHARRIZI » TRRIFRE 72> TE D | IZRWTHEH Sz
XA?FN%Ew@DLmeuﬁﬁh%EZﬁ%L\MM)k®ﬁ%%%%bfﬁﬂé
R TH 5, ZTAUTIERLIE TIEALFEN 90°5872 25 2 SDDIE S OFEIL 0 L7 b, T72b
B, BEIINZ LIRS, v1,v2 IS8T D AT RV DA E W B R LT
W2 EFHURL 5(v2) 12 90°ONIHENE B2 Db D L L ORI A L
VD, BVHRZIUZ, b LIOX I BRMBENBAELTZET D E, 5i(vl) ORICIFEENC KT
HINEICENDGFET DI EEERT D, Lo T, BEFHEARY bR Z L
IZED, BB OLLDINEFZALNITHZ LR TE D,

LD X5 ITARTETIL, ﬁ%%ﬁ&%f&)/7x@$%%ﬁ&f%koE%ﬁ:&
X, BB EAE A FED BRa 2R ) i@ﬁé% ZxtLT, ZFEARNY v 7 2D
FIHRITEDTHHITHED LT, FEATIIE33] TIXBE O IR M E OHRICE £ - T
WHZETHDH, AFTETIX, BEMBOREZ & (2 X DTS rTREC, JE BRI A3 FEBE
AT T OB TEZ > TWAHHBEICbEH T 2BM IR THONTE AT MLvi /s
FA RN w7 ADOREEHNTHNT T2 E LT, FEA NI v ZAOFEE#EHATS
LT, BEOWMMSEEEET AV T THIENTE, AT TOBLE TR
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3 BENEOKSZFERHNEO B & INEREA~DIGH

3.1 S

FBEIIKDTIBIETHD Z ENMLN TS, BEICITZORMEZFIH L CREZ2HE
T LD I TWIZ[1], BFERFOBLRNORD & ZOKDIGEWD RS ITEZD
WIPECOMBLZ 31T DAk 2 7228 b & LCBIN D, Bl 21X, FEHREEOZ I X 0 (HfENECHE)
BRI T 5 2 &0, UA—F —ky N LEEBERPEBESCKEEICSLEIND &
NT ABANERFFTERL D ZEBRHESNTNDIR, 3], TF., ZERAT HT7—X
ABAN T ML ABREZTEY ., ZTNODOERITAICILDEZD K A — VTR 72
S TW5, FlzIE, 7V —FREFEEZAEORAR (X 7=V k) Oz Sz
LCEREOWHELZ\ EIEL08, BEX RV EORIKSHRIFFICEZ > TLE I[4, 5],
FORININE LT, TV —FRBICL Y X 2—TF 4 JVEKED 18- A F )V A 2 i
(18-MEA) DFRELTVANVT 4 ROBENZ I A VRN AER S, fRE L TEE
BT DARGIENEN 03D 2 LR ST 5 [5],

FBEZOKGEORNEIIBMBBILZIC L 2B, EEA, B0 — 740 v vy
— I EVEIR EWL OO FIENIH SN TWA[4-7], Fio, 7 U —F AN THa LT
FZ(T7 ) — TN E)OAEEENL, RAOEOFEZL D HEREWVWI ENFEIEINTEY
BACIZ Z > TAL DB OMM R REZIEET 2D INTE L, S HITEEN
EOIKRG AR T BRI E LT, 7 744 SEM Z W& AKRIEIZERIT 51
HRA—=VEBOKGOREEY T I 7 v A —2 =Tt T 25 HiER ERBINTE 2
8, L22L, INHDHETIEENTZ T OEOKBNEO & ETIRE LIZNE Y 7L
A LTI 5 2 2IXTERY, o, BRZEIF=2—T 4270, arTy 7 A BLD
AT 27 LW BEEREEA D T2 D[9]. BENE DK 28 2 3 I3 5 72 DI XA D
PR RN METH D,

& ZCTARMZE T, BEFKIR Z VT, RABE & 7Y —FAELE O BEZNE O K25 8)
22 MR OREHRNCA A= 7 L, AREOENLICB T 2K 'EEHELT 22 &% H
& Lz, ek, 7V —F OB RIIREIZANRKR NN EERN BV EE 2 Ff> TV A 72tk
xR E LTV D, IHIC, s bW ER i X 2RO ERARRZ 5, 2F D
CHERINRY P 72D LWV EEOAT 77 OB TR X TWAREIZ OV TS, AHF
22 CHEST LT- 3l 5154 AV T, I BIC BT Bk IR B RO 2L 2 AT LT-,

3.2 EBRHIE
3.2.1 BEREE RS

RAUBLRIIE 2 —T v 7 AEASHCRR) L VA Lz, MBI, @722 40 05 60
ROBARANLMEZNRE LT, BEEICEIDA I+ —b Narty ez BT, BERIC
IR ITEEH DRI LTz, 7V —FOHL R, ROAPEEE 3.0 %EEELKFEB I 1.2 %
TUERE=T HET Y —FKEIRIZ 40 ENZIE L, EORERK TSI TTWEEREZ L
L7z, ERL7ETRTOEEY I NE, THAS—RWNREy NEREZRET 720, &
VAFTZF LT U —T VEiEET b U 7 A(SLS)/KIAEN(5.0 %) THed L, FFHRKT
THWEDL, HIERTHIZ 25 °C, 50 RH% DRI EEREIC CTIEL S, sBRicft S iz,
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K98 WICH)T, BIRICHEHR LGN b AT Uiz, 7285, VL7 SLS
DOIEETUT Figure 1 1IZR7,

Ng o °
o © A

Figure 1 Chemical structure of Sodium Laureth Sulfate (SLS).

3.2.2 EBEU T O1ER

PE IR WEICHWD BEZU R 2T 572012, HFEBEZLZEZ0.5mm ORY =F L
YTULT7HL— L= MIEE, UV LY UBIRIC TR L T UV T 7T 25 fER
LTz, Wiz, TEMMEELAI 7 2 h—2A Leica RM2265 (Leica Biosystems £, B A() % fif
ALT, ES60um OEERUIFZERL, Zoblicv vy NTCEER S EL VY
BHIRER /3 ICHL Y 431 CRBEZE 2R BRI W, ek, AERIEICBW T UV IC & 55
Ry DAL IR T & AR LT B,

3.2.2 TEMK IR HIE

[HEE S 7 8 b — DS TERL L 7= BE2UI R ~ D FEKDRE L ORI 8 2 5Tl 5 729
2. Figure 2 IZRT 200X A YEL R U 4 RUZRHRTZT7 0— VL ZFTZIZHZ LT,
EZUNIL2 ODXAYEL R Y 4 RUDRIZEAE L TERENRTWD Z & 2 EREIHMEE
IZCHER LTz, LIed» T, A2 B BEIT/EM T 2 BRI ZZRUTRIE FIZB W TE
ZUR DATA AETIERL, Fa—T 4 7 VZDHOITHfT 5,

15



Diamond cell

. . Hand screw
Hair section

Heavy water

- or

Dry air

Figure 2 Schematic diagram of diamond cell developed in this study. A smooth hair section
of 6.0 pum thickness is sandwiched between the cells, and the hand screw is tightened while
observing with stereomicroscope. After confirming that there are no cracks in the section,
heavy water and dry air are fed into the cell to obtain an infrared absorption spectrum.

AROZEERMEIEX, 7 2 —8 /2200 uL OFEAKEZEALTZH &, Figure 3 127~ L7 HIE A
THOHRA LN 1-6 (AT a2T7nbFa—T 4 7/VET) IZO0T, BMFT-IR (N-
10, Thermo Scientific f, T+ /LH A, KE) ZHEHLTIA o AF v K TI0um &
EICHIE LTz, 72ds, ZORFO 7 v —t/LND D0 OFUEEITA) 7.8 x 10 cm > & HH S
Niz, Fiz, XV EOSHiEaUbT =01, BEURF 2~y BV I 2AT-VICE
T, BRREWE L, T4V AXF Y o BIO~ vy U ZOMESEIX, 7T/3—F v A
A% 10%10 pm, WEOFREEE 8em™!, £ AT ML DAX ¥ ¥k % 256 A, HIEFE %
4000 — 650 cm! & L 7=,

(um)

100 4

50 4

—
.
-

Cuticle

Medulla

0 50 100 (um)

Figure 3 Optical microscopic image of untreated hair. The straight line
1s a measurement point of line mapping, and was measured every 10
pm from the medulla to cuticle (point 1 —6).
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3.2.4 EEORAIE

BEMHEO X, Nagase HIZ X > CTURNIHE SNTZHNAE[1012 b EICHlE L7, &
RIIITIE, B2 25°C OFFRUKIZ 10 pHIRIEL T, —IRR U+ —F —k v FEREL
Too WRIT, BEEZA A=V AX ¥ F— (GTX830, A 2—=7 Y A&, B, BA)
FicEE, BEBIRO 2 RG22 BG L, B bEBECBT2EZOR IR 2%
HBROMERZ S LE Lz, BEOAIIBEZOBIKIITEALERELE 220D, 1T
— LB L 7= B A KA ICIIRIE 21T - 72,

3.2.5 HEatAEHT

HRIFE & 7V — T WERE DKy ZE) 2 L3 5 72912, Student’s ¢ test 1Z K D #E 2 5
e L7e, 40 fREBE & MOFRGS0 REEZL LV 60 (NEE) & DKRGEBD KD T-DIZ,
Dunnett’s multiple comparison test (& X 2 HEAMRE L Il L7z, 7o, AEAEZp <
0.05 LEFE LT,

33 fER LB
3.3.1 Ky ZEEhEHME O BR %S

KT, ALBROSHERCTAEOME DS TR L IZE A EED LR, X7 ED
BREAHT-OHEEIATICE ] SN TEZ[11-14], ABFZE T, BEAITERAK L ITRARD
2500 eyt fTUTICHRAMRUL & — 27 NFAET D 2 LD BRBRANICBEZICNIEL TW DKy &
Xa—T 4 I NEVRIBELTEAGITEAKEHND Z & TRBIT L7201 H L=,

Figure 3 1%, 74 >~ v B 7EIZ Lo TR LD, ROAFEEIZEKE 30 2FREI
711, AW SRR HMIE LT IR A7 MVORE R “IRTA A — 0 7 &R
LTW5, RUHEE T, FARER 10 5T 2500 cm ! (120D O-D {HfEiEEhH kD
REREED BA-L, WEH~OFBEAKREL AT 52 L8 T& 72, (Figure3b), H/KiRZE 30
DETIFEKRNBERA N, DFEV AT 2 7EOERICEE L2 Z L3> 7- (Figure 3
c)e ZD X HITFigure3b 75 Figure 3 ¢ ~DZ1biE, FEARDZOIMAHRNMNZIRE LT
ZEERLTWD, 0o &V NICHIIRZER 2R ALy & ol 3R CIXE LR
WEBICE AR 5 > T ey (Figure 3 e) . Holg 4 RFRIIZ ICITBRZITRE L EHAK D TBEAIS
KL TWD Z LB &z (Figure3 ), ZOFMETIEICLY, Fa—T 4 7 A000D
FARDBRBEFHEATLEOEITCTY TAH A MMIAPMET 5 2 E R AREIC o T2, 7eds,
1540 con ' AL N-H ZAAEENIRER SN DT 2 RIO/ N> RIRE §RFFICEL L TR
V. BEAEBIZLY ZOMEITRED L, M TRETICEKRBEHIOMEICRK 72, T
BENEY X ENEKREVERT D2 TT 2 NEOKENEKRZICER I N T-
CONH-/»5-COND-: b Li=Z Ll LD bDEEZ BN,
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Figure 4 The IR spectra imaging of untreated hair under the condition of heavy water penetration
and drying process at 25°C and 50% relative humidity. (a), heavy water penetration for 0 min;
(b), heavy water penetration for 10 min; (c), heavy water penetration for 30 min; (d), drying
process for 2 h; (e), drying process for 3 h; (f), drying process for 4h. Red indicates high
absorbance, and blue indicates low absorbance. The right vertical axis shows the measurement
points from points 1 to 6 shown in Figure 3.

Figure 5 13, RAFLEFEZITIIT 5 Figure 3 (TR T AR A > k3 TORFBHKGFAIL IR AL
7 ]\/l/%ﬁ—\‘l/fb\éo :ﬂ%@]f\oﬁ ]\/Vﬁlﬁﬁ'é 0O-D 1‘5‘3%6@&72*&)6:&‘@\ {{fﬁi\‘
DOHFINZ BT DK ZFE 2 EEIICEHI T 5 2 £ TE 5,
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Figure 5 Time dependency IR spectra in the cortex (point 3 shown in Figure 4 ) of untreated hair.

Iz, WER 1, 3, BEOWS 1TBT 5 HAKORRFZR2WILEIZOWT, RAHE L 7Y
—FALBRE T L7z (Figure 6), 728, WERIZZNEN, AT 27, ATy T A,
BLO¥a—T 4 ZVEICRHIET 5, EOUERIZBNTSH, 7V —F U EIIRAEEE
LR L TRV KR EMEZ R Lic, FRCHIE S 1 CIEEKQLEE 20 3% 0 b H2E 20 751%
FTOM., 7V —FUHEHEDOEKENRUEEICHERNTHEIZEH W ERH LN 25Tz
(Figure 6a), F£7z. BEAKIFILEDOMER TS, RUHELV &7 U —FUIHEDS 1 FH
RLERICAB LTz, ZNDDOFRERIZED , BENEO EOHALIZBNTHKGZEE Z Y
TINEA LTERBICT D HELZMNL LTz, ROAHEL 7Y —F U EIZIB TROZEE) D
B BBHO 1 DX, BEX VNV EOBLSMETHAHRREERD D, BEIITV AT
HRDTZNLT 4 Fiie (R-S-SR) &< GENTEY, 7 —FRHEIZL L5V AT
4 ROBAC/RIZIL 2 FEE OGNS Z — U PIREIN TV H[6], 1 DIE, 1FEA LD
LB DFAE T TRIARKE THS S-S FAETHY ., b9 120X C-SHELEbhA T
%o S-SBRZFITIE, TANLVT 4 FESE OBMENRBRLNE v, £D%, —Blb ATF
(R-SOS-R) ° _f{t.s AF > (R-S0.S-R) 72 & DFALHRIAZ I L TANLKR B (R-
SO:H) NSNS, —FH., CSHEUIRINIT ANT 4 RERIZ K> TALVT = ik
(R-SOH) ZER L., ZNBRAIZI LIS TANLT 4 U (R-SOH) 127210, A
IWIRCBPIER SIS, EBOLDOYE S, FoEBRIBILAERM N ANV R TH D Z LN
HETHY, AR VBOVEINZ X0 BEZNEPBKIEIC T BZ 2 bND, 2O LD
RUANT 4 RFEGHZIZ K D ANKR U BOERDINC S, 7Y —F UL S5F 2 —T
AT NDNRAAZAMERTUES N D Z L TY 7 7 v IR E 2 AREMERC[15], 7 U —F
IZR o TERINTZA T =R — VIR BRI TR S L2 ATREER] B B 2 b, £ D
AERE L COKDINEEN ERH L2 8B 2615,
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Figure 6 Water behavior of untreated hair (4) and bleached hair (A )in the (a) point 1, (b)
pomt 3 and (c) point 5 shown mn Figure 3, respectively. The O-D stretching peak mtensity
at approximately 2500 cm-! under the condition of heavy water penetration in the first 30
min and after drying process for 4 h. Data are shown as the mean * SE (n=3). **p < 0.01
and *p < 0.05 vs. bleached hair.

WIZ, TV —FWHI LD R ITEDORIRGA W BN T 27201, S-SR E
IXTF T AT IAEG OBACFEE 2 5 = E A I T 5[16-18], BEUIFH O
1040 con! fFIT D AL IR R (R-SO3H)D IR AT kLA A — 0 7 % J7E L 7= (Figure 7).
TV —FME R, RUEE L L CEOELIZB N T H AR U EEOBINA R S,
Fa—T 4 VNVERTTIERLS, BRNBEOAT 2 7BE TR > TND 2 BRI
oo TvvatiEEAWTEMRICEWNT, 7Y =TI LY SSSBAENE Z 5 Z L
HEINTEY[9]. AEIOT U —F B LD A/VKR VOISR & —FT 5, LR
- T, Figure 6 [IZRESNAHPER LICBITHRUHEEL 7 —FUHEEICBIT K05 &
DHEERZEL, 7V —FICLoTHIEEZIINDINHLXN~OEREBIZLH DO TH 5 A]
R B D,
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Figure 7 (a): The IR spectra in the cortex (point 3 shown in Figure 3 ) of untreated and bleached
hair in the range of 1000-1500 cml. The IR imaging of the SO;H located at 1040 cm! in (b)
untreated and (c) bleached hair under the condition of 25°C and 50% relative humidity. In the
figure, red indicates high absorbance, and blue indicates low absorbance. The white bar in the
figure indicates 50 pm.

BRI, ﬂsé-iﬂﬁjLf:zlinﬂﬂﬁzz?&ﬁﬁwfbﬂﬁ“%mk PEEAENR T LI A=V T
L 7=(Figure 8-10), ZD#ER. 40 L 50 fROAKSFEEITIFIER U TH o7, 60 RDEHE
T, ER»ORAMICEZNBICEKRNREL, b sz 30 3D 60 3RS T T
E,E%fom%m)w&) vz, WER 3, Thbbanrs v s AT 5 EAKORKRE 720,
FEEE T vy b L7kER % Figure 11 (2777, 60 fREBEZOEAKWEE 10 75205 20 5341
BIF5 O0-D OWEEIT, 40 REBEB LI5S0 REEZ LT 2ME15 3HFEDHEER
L. TNENOREMEICB W T4 REBE LG EEDNAONT, B TREIZENT
60 REZIIFFEN 72BN 2R U, ERBIAA O i 30 0% £ TIX 40 REBEZ L R L TFH

%’ﬁr“r)xm#of_r)x HEJ8 30 3580 B 60 Z31Z 20T T O-D OWIEEED 0.59 725
0 15 ICEBITHD L Z LR TE 7o, W& IT, 60 fREEIT, 40 REEZB LS50 UE
%é:ttf\@k MINEMERBEE I EH L2 2 EVRIB S LTz,
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Figure 8 The IR spectra imaging of 40s hair under the condition of heavy water penetration and
drying process at 25°C and 50% relative humidity. (a), heavy water penetration for 0 min; (b),
heavy water penetration for 10 min; (c), heavy water penetration for 30 min; (d), drying process
for 30 min; (e), drying process for 1 h; (f), drying process for 2 h; (g). drying process for 3 h; (f),
drying process for 4 h. Red indicates high absorbance, and blue indicates low absorbance. The
right vertical axis shows the measurement points from points 1 to 6 shown m Figure 3.
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Figure 9 The IR spectra imaging of 50s hair under the condition of heavy water penetration and
drying process at 25°C and 50% relative humidity. (a), heavy water penetration for 0 min; (b),
heavy water penetration for 10 min; (¢), heavy water penetration for 30 mun; (d), drying process
for 30 min; (e), drying process for 1 h; (f), drying process for 2 h; (g), drying process for 3 h; (f),
drying process for 4 h. Red indicates high absorbance, and blue indicates low absorbance. The
right vertical axis shows the measurement points from points 1 to 6 shown in Figure 3.
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Figure 10 The IR spectra imaging of 60s hair under the condition of heavy water penetration and
drying process at 25°C and 50% relative humidity. (a), heavy water penetration for 0 min; (b),
heavy water penetration for 10 min; (c), heavy water penetration for 30 min; (d), drying process

for 30 min; (e), drying process for 1 h; (f), drying process for 2 h; (g), drying process for 3 h; (f),
drying process for 4 h. Red indicates high absorbance, and blue indicates low absorbance. The
right vertical axis shows the measurement points from points 1 to 6 shown in Figure 3.
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Figure 11 Water behavior of age-related black and white hairs of Japanese woman in the
cortex (pomt 3 shown in Figure 8-10). The O-D stretching peak intensity at approximately
2500 em ! under the condition of heavy water penetration in the first 30 min and after
drying process 25°C and 50% RH for 4 h. Data are shown as the mean &= SE (n=3). **p
< 0.01 and *p < 0.05 vs. 40s hair.

T, FIMWHEZICOWTREZ (LS EEBONB 2B LIER, BlRER LK
TREEIZB W TEOENE Z > T\ D 2 & DR S L7 (Figure 12), S HIZZ OEOELN
EEAELT D701, BEZIARTEOMPLFU L ZA, MEZEB ZOIMENIZE
72 o THIRMN EFH L Cn5D Z & & R L7z (Figure 13), FEENEOKDRERCIZ B2
D 80%LA LZHD D anT v 7 AJ@NEEREFEH S TWD Z ENRF LI TEY[20].
MENZ & B RVREIC L AREBLZITOT < Role —~RbMERIC L 2 20T v 7 ZAEDOKN
AR D D EHERI S D, ks, ISR OFEM 72 NEBAEHT ORERITIRE Tk~ %,

(a) ] T \s5ecm () /T \ lsem (0) J:' [ 5 cm
40s 50s 60s 40s 50s 60s 40s 50s 60s
20%RH 50%RH 90%RH

Figure 12 Images of hair fiber shape after exposure at different RH conditions at
25°C. (a): 20% RH, (b):50% RH, (c):,90% RH. From left to right, hair bundles
are from women in their 40s, 50s and 60s.
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Figure 13 Average curvature of (a) each humidity range and (b)
all age groups in black and white hairs at the same subjects in
Figure 12.
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ZITHLE FIRRIZINE I AN LT D, AT AZANREZOEEEZ DL, Aoldb & X
DANDZTHEBENRKRELSEDLDID, B3 T v FoA VU0 7RI U CIEFICEE
NESIT TH D, TFE, ZHEOHSERSRAETE - AEREOZIE Vo7 ZA~D X F
ADEMRR, NZROND Z E~OFEFHDM BIZ XD MBI L 5Z20R2 2k C7 <
2o TN, ABFFETIT 72 50 REARANLNE 208 N &G & LIEZOFMRAEIC L D &
70%LA D75 53 HE2(White hair)iZf4 ATV 5 2 & BB B0 E 72> T A (Figure 1), £ D H
277 HNE LT, Z2OGKREMIET 22O OMENTONTE[1-5], EFTIE, B
ZOYRHEIL, YebbE 72T LB ) ~— DRBEE ST T < BEF O RE O ER
ERIZL S THHEEZEIND Z LW LN L0, T/ A —)V IkRA A8
MR Nano-SIMS) & -V T, BEEE 2 L IR 2 Yetafé it 2 35S gt L 7= if
RN ENRDD, —F, HEOFTRA TEHKENZ & & LT, (F(Sticking out),
932V (Curved), % L CIAA Y (spread out) & WX o7z, WD BHAT A X A LD ELIIZ DN T
BWAEEFTT 5 L AZIZRSEZEIZ R > TW5D 2 & 23455 7= (Figure 1),
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Figure 1 Benchmark survey on hair problems among Japanese women in their fifties in 2019.

FEE, MEIC LD BEZOEIT, AZOARALR LT, BE, KR, KoEE, BLUF=a
—7 4 JNVOTEREEIZIBE DT HIAS HE SN TWD[8-10], F7=. Milinic & b 5 FBHE
OYERIFFE DAL DA TIT /e <. DAL & BEZWNE O ZENE 255 OMT T 7o WF 9861 & 771
T5, BlzIE, voru badt~a 7 ae—o XA 2R LEoric ko,
IR & ORE 7 7] 5341 & M SR O BN 2 BRI ) 72 AfF4E[ 11]X° Keratin associated protein
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S5(KAPS)DFELNEEZ DY - T E EOMHEN G 5 & W HIMFR[12172 ERH D, L,
IERZ & B 7RNWEZOENNE LT D 2 & ERBEZNEO X LRy EiEED LM L DR
RIZIREIATHY . ~T 7T OB TRE TV DLHEBEORELE LT ETh S,

FEEZNE D LR EREE O 715 & L TRV SEERNIE LS 2B AW SR TVN D
[13-15], $RIZ 0~V v 7 AR B—— b & W o 7o FFTHISTARAEIE L2 DU T O AR IE T
(Z1E, 16001700 c ' {ZWRIN ALY ML ERFOT X RIANY REHAWD Z En%n, £%
DT I RIAY R, AT MVBEIZEWA T B Rk EZ LT\ D72, fBITIciEs
—T T4 T 4 TR SR EOFIEICL Y CRIEEOEREMET 5 L8 —
REI[16, 171 T D, LMLARNS, =TT 4 v T 4 L ITRE—7 SO L 5 7 227 b
JUSENT CUIRNT B AR BN IR D | RERHNT —H R 2R ITEA A=V T T — 2D X H 72
IR AT ML ESHTT DIITEMETH VA>T LEY ZEBMETH S, <
DX IMEEMECEME RN T D HEE LTI EA N v I ARHY, FTHLELEREAN
7 MIVGIRMMCR)D K 5 72 AR MVROFIEL, KT — 2 it 2 a9 5>k
W CE D7 0EFITARATHH[18-20], LoLaens, ZOXH72FERH DI HE
oI BEICBIT D IR TICIEEH SN TO ARV RBIRTH 5,

AETIL, BENBOKGRFFICEZE 2&E 20 BEZHBO 80%LL L& Hb 5 =L
Ty A@RINCER L, Z2OaNT v 7 RGBT HMEE b 725 # X0 EAEEE
L MRNTT D7, WG HNL 2 & IS8R DT FUECRMI L7, BRmICiE, # 0 2|
DT XV BRA R Y —REE ORI IIL, BRI RN R Z Ty T o Tk
W o AR TE, RTINS S & 7R3 RS O FRNT I BRI 50 e 5T (BES% TR)
& MCR ZHBEG DR DIEFTIE, Z R0 BRIRORE & =+ = RS OfRITIZ I
RAEEBEAEFHDSC)Z W= ZN TR T Tl Lz, S6i12, Mgz e b7
DB N BOIEMEII AR TIEH 50, AEEIHICBOYTCLHENS T VT E R
ET N BT I UANEET HBEITCT X AURIS[22-24]1 % BER T BICEN T 5 2 & T,
ISR D BENTS I EORE 2R A0 T, - THRET 5,

42 Ebp
42.1 BEAEE L AR

MREBIE, fEREZR 40 A5 60 RO B ARNLMEZ R E LT, EIICL DM T4 —24
Farty b 2572 BT, BEEISIEVRTTE D0 DERIR LIz, X TOREZY T IVE,
THRo—W It v MPIREZBRET D720, REiEERTHL R A FaF LIl
=T JURREE T b U 7 A(SLS)DKIRIF(5.0 %) THE L, BERUKTHdFunwiZoh, JIEH]
H1Z 25°C, 50 RH%DIEME EERSEIC TIEfL S v, MBRIC S e, BRiE & LTV 2-
(N-morpholino) thanesulfonic acid (MES)33 & O phosphate buffered saline(PBS)I3 & 17 1 /L A
YRS, fluorescein—5—-thiosemicarbazide(5—FTSC) 7 & ONZ 5-Ethyl-2—-
methylpyridine borane complex(PEMB)(d Sigma, 4-chloro—7—nitro-2, 1, 3-benzoxadiazole
(NBD-C1)F &£ O maleimide (X H AL TEMASHE LY, ZNENAF LR, 728, MES,
5-FTSC, PEMB, NBD-Cl, maleimide O #&i& =13 Figure2 D 80 TH 5,
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Figure 2 Chemical structure of (a) 2—(N-morpholino) thanesulfonic acid, (b) fluorescein—
S5—thiosemicarbazide, (c) 5-ethyl-2-methylpyridine borane, (d) 4-chloro-7-nitro-2.1,3-
benzoxadiazole, (e) maleimide.

422 FBEYIF OIERK

PE IR EICHWD BEZU R 2T 572012, HFEBEZLZEZ0.5mm ORY =F L
YTULT7HL— T L— MNIEE, UV LY UBIRICTEEEL T UV T 7T 25 SR
L7z, Wiz, TERMEZAI 27 2 h—2A Leica RM2265 (Leica Biosystems £, HR) %
FHLT, JEZ 6.0um OFERUFEZFERL, Zoblicvr vty NTEEH LY
VRIREER ALY 30T CTEREE O A BRI W,

4.2.3 HOCYLEERER

422 OIFETEHEONTZBEZYFITOV T, Kawasoe H[25]D FEIZHE> T 20 uM 5—
FTSC/0.1 M MES-Na(pH 5.5)IZ{28 S, BT 1 KIS S 7=, £ D% PBS TEE%
4 [y L, SOt BREE (Keyence BZ-X810, Keyence, AP, HANZ CTHEIZ LT, 1§51
7-MHif81% Image ] ¥ 7 b7 =7 (Rasband, W.S., U.S. National Institute of Health, Bethesda,
Maryland, USA) & HWN TRt L. BEUIF EEH T2 OECHE 2 VR = AV L L
Teo 2B, Cus & C IFENEN 40 ROEBELEBFROINR=ZUbENT-Z NI E
DENTRE %R T,

C
x 100
40s

carbonylated protein ratio (%) =

4232 X R EOMEET 2 7 Ko LB L OEE(
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422. ODFETHLNTERBEZUFIT OV T, Masaki H[25]1D FIEICHES TH 237 Bl
7 X HEE b L OVER(E Lz, BARBIZIX, B on7-FE2U 5 % PBS (pH 6.8) (2
IR T 10 RiRiE L KM EE, &I 2 M maleimide % & ¢ PBS (pH 6.8) (2T 37°C T
24 RIS S8, BENO SHEKE T a v 7 Uiz, RICHA 42 /K THE%R, E2U %
25 UM NBD-Cl Z % #e 0.1 M NaHCO3 KEHRIZ TEIR T 2 RffEl A » % =2 _X— h L, HOGIH
W8 (Keyence BZ-X810, Keyence, KBk, HA)ZFH L THLZE L=, SO clmBlx, B
NOT X HEEERET H72DIZ, Image] Y7 b7 =7 (Rasband, W.S., U.S. National
Institute of Health, Bethesda, Maryland, USA) Z i L CHOMr L7z, 723, A & A4 ITEN
240 ROBEZ EHEROEBEZDT I/ BOSHREZ R,

x 100

Amino groups in the hair (%) =
40s

4.2.4 Western blotting 75

FBE2L T EOMMIT, BEBIOINHEZ 37 8t >~ M (HD-021, Invent
Biotechnologies, Inc., Plymouth, USA) M L7z, % /"7 EHREIZ, v ygTrLvr v
T AN H— RE L THAT S Bradford IE[26\C K W EHE L=, BEY 7 EHHEWIX
1L—rBH7-0 40pg & L, ZVIEEL 120% (W) & L=, SDS-RUT7 27 ULT I KA
JVEE KUK E(SDS—poly—acrylamide gel electrophoresis, SDS-PAGE) % 3 L 72[27], vk#EhT% .

— DT, 7~ -7V YT N7 /L—(CBB)%:th (EzStain Aqua, ATTO Corporation, #
W, AAREEHA L CEF 7 BEY Lz, b)) —FDr i, Rle=UFryon
A RPVDF)A > T VAT H R EREE LT, IVKR=VE R BT 5728
(2. Goto H[28]DIFIEITHENINR =N R R T By 2 A X Ty Ms v b
(ROIK03, SHIMA Laboratories Co., Ltd., B, HA)ZfEH L7, BARHIZIL, PVDF E%
24-V=Fr7xz=/Lk RZ T (DNPH) K TS5 mRHLEEL T, WV AR= VA FHEE
b L7z, WiZ7 v ¥ 7Ny 75 —(EzBlock Chemi, ATTO Corporation, $ 5%, HA)T 30
DA Fa_—F LK, A7 L% 1:2000 AR OB DNPH HiiAE L O 1:4000 7R
DOPLT P 1gG PLiA T 25°C T 1 B SR W7, HUARSRIL, Elite ABC Kit (Vector
Laboratories, Inc., NewYork, USA)Z i H L TR L 7=,

4.2.5 BEMCIR 5347

BEMWIE O IR AT bV &GS T2012, FT-IR BAMEE (iN-10, Thermo Scientific,
Waltham, USA) ZfEf L7=, 7. 422 OFIEIZHEV, 6.0 um OB UT 21k L7z,
B SNT=FBEZO 2~y B T A7 —Y BICE S, TR ClE Lz, HESM:
X, 7/8—=F v —% 10 pm x 10 pm, F3fFREZ 8 em !, HIE WL EAHIFA A 4000650 cm !, F
B A 256 £ LTz, 55172 A~X2 RV, Unscrambler X (ver.10.5, Camo Software AS,
Oslo, Norway)Z FIWT, R¥A 3, Fibidia 9 & LT, AL—Y U 7B LTRSS
BiTolm, IHIZINDHDAY MLiL Unscrambler X 2 VT MCR 298 &4, KA~
7 MVCBITDBED T TF 2 N HO T RIEEEREEH L, £ LT, MCR T
BNTRMERA > M 5 kG #RIZL. Origin Pro (ver. 2021b, OriginLab
Corporation, Massachusetts, USA) & L C koA A — 2 JAEZ 1T > T,
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4.2.6 mFRZEEEEEFHHPDSCO)HE

BEZH LRI BEO ZRIEE DO ENE AT D 72912 HPDSC JIE 21T > 72, KHFRD
FEEEZN Lem ZEICUIM L%, RIRERZHANTHL TR L —RIC LTz, D%,
NUBE—=IRICLT=BE S5mg 2 AT o U ARME NS (HNNA T 7 A = A, B, H
ANCEVEY . REAK 10Ul 2N TEH L, BH L 2=RE T2 HRIE(L S E7=
%, REEBEBEZHDSC6220, T A a—A AV, T HA)ZHWT, 30-200°C D
IR FEHEPHIZ T, AR 10 °C/min, 2R AP % 40 mL/min &8 CHIE L7,

427 &7 2 b

£% 100 mg %, 201 mg O PEMB % &0 28% 7 & =T KIEK,/ A X ) —)v : Bk
(10 : 1) RINKS.SmL T, R T4 HEIZESE 7o, Gk, BEE A X ) —/T4lH
BeE LTz,

4.2.8 HLaHEEHT

50 (REBEEZDEILT X/ ALRUSHTT: O HIZ Student’s ¢ test & VY, BEZDO I LA =11k
. 7R BRI, BLUYDSC OFMET —Z 1B D 40 FRELEZ LM OFER(50 FREEE
BELO60 REE)E DD 7-1Z, Dunnett’s multiple comparison test (2 X 28 B ZEME %
Fha L7, 7ok, AEKEILp < 005 LEFRLE,

43 FER LB
43.1 B IZRBIT D EBEZNERY » /87 EORBERRNT

AT TE B DI REZ LI XL ONBEZNE DKy %8 2 574l L 7= 45 5%, BEA(kIc X5
MESEDOHERD 5 & KR EMF X OUKSZABIEZ & OKRGICENED E5F- L FARIMED
bDH I ENRHERIS LTz, BENTIKS ORFHEICITBEEMO 80%L L2 55 21T v
7 AEEABI - LTV D 2 L B[29], FRCEBEZOBEREESCHEICRESEE5T5E
EZNE S o7 EIZER L, BEFRITE, TN TFE, BRXOB) PR FEZ VT
H XY B ORETE AL & OFRNT 21TV, IMEREOTEREZE b7 5 NTKGHEEN LD X
= ALEMAT L& L LT,

EFT. FNTEOT I BRI R RGOV TR L 72, 5-FTSC (2 Capt
PR LT= VAR = b 2 Ry B O JRITER L OVE &k R % Figure 3 1”3, fREHE/GO &
BO., IAR= LS X BIFEEZSERICHEIL TWDH I &, S HITIEIC & b7
JEBEEEDS A L TWD Z DR TE 7o, RIZ, 40 RELMEDEZDOWICHEE 100 & L7
& & D 50 722 HTNT 60 REMEDBEZ DR F 4 KD 7= (Figure 3d), £ DfEH, 50 £
72BN 60 ROFEEZIL, 40 R EFBE LWL TEIEHMENFRICE S, Mz L H 720
HINKR=IALREITT D2 ERH LN E o7, 7ok, KRB THWE 5-FTSC x4 VR
=IALZ R B ORERRCHRE T 5 b TldZe <. BIIZBEZNE O ARG
MEBBILENTYT P UVENERSNTEHEOMELTLE Y, LR, BEX 7
B & U CRENE O AR EaFR AR OFAE B Th 7 T2 RERBRORE F I8
ERIFTZEFnWEEZILND,
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Figure 3 Localization of carbonylated proteins in the cross-section of hair for each age
group. The vertical axis indicates amount (%) of carbonylated protems with 40s as 100. (a)
40s hair ; (b) 50s hair, (c) 60s hair. (d) The carbonylated protein ratio in cross-section hair of

white hair to black hair for each age group. ** p < 0.01 vs. 40s hair (Dunnett’s multiple
comparison test).

FERMAICEB T B AT N T, MmIC X VAR I AR =T 5 Z L RlES
NTEY[30,31]. BERZBWTHIEWBIZCE D IV A= b5 Z L 20 TRHE L, #
VNI EH DI VIR = UABIZIE, Reactive oxygen species (ROS)35 2 OF Reactive nitrogen species
(RNS)MEA U THEEEMET 2 IO LIC L > THIEE Z END E WO MER & 532,
33), T I T, MRS & D & R HOMBEIEIE T X B~ DB AR D 720,
NBD-CI Tk L7277 X/ DR & N HOL L 2 5K 7= (Figure 4), T DA, B
Z R EOWERENET I BERERITEEZAERICEI L TEB Y | NI & b 722 vaO R A
BB LTS Z ENHEETE o, ZHUTMERIZ & b 72 5 T VR = AL E) & i D25
HarnT oD Thote, DO, BEX LV RTHIZEBWTHEEMET X BERELORE L
WZEBRWTIVIR= AR S X7 BN 2 2 & BRI STz,
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Figure 4 Localization of amino group in the cross-section of hair for each age group. The
vertical axis indicates amount (%) of amino group with 40s as 100. (a) 40s hair, (b) 50s hair
and (c) 60s hair ; (d) Changes of amino group were measured by fluorescence intensities.
Scale bar, 50 pm. Data are shown as the mean == SD (n = 10). * p < 0.05 vs 40s hair, ** p <
0.01 vs. 40s hair (Dunnett’s multiple comparison test).

FNT, Z T EDINR= LD 2T 272012, MEEDaLvT v 7 )&
BT 2 "7 Bl Lic, £ORE. 40 REE, 50 REE, BLV 60 REE
PO ST & NI BBy OIRFEX, FHE 4 422 pg/ml, 358 pg/ml, 324 pg/ml Th
D, 40 RBELOS0RDOEEZSY 7 HHEOARFIT 1308 LN 111 oot 2T
v J ARBICBTHEEZL NI EIX, FHEEET 17 A 2 M(Intermediate filament; IF) & H1f#]
BR7 47 A N # > /37 'E (Intermediate filament associated protein; IFAP)7)> & F % S 41,
EBICIF I FRORLRD 18 75 (40-50 kDa) & 11 8 7 & 52 (55-65 kDa)lZ 438 &
ALH[34-36), 70¥5, TFAP IXMfisE & v /"7 BB ARG D72, 6-30kDalZ/ N K
DB AH[37], Figure S XML X VRV BIZB T L1y T F 20 X708, NI F v
2 RYE . BEONIFAP OBl %17, SDS-PAGE OFER LV | @ FEOFERIZE
PR P2 OMERTE, ZNHIFEANY FMUELIV IFOY T a=y b THLH 1R T F
VR URTEENRr TF BRI BEORBLTH D Z &y - (Figure 5a), £ 724K
53 FREIIZ IV TS IFAP(6-30 kDa) (SRR 28 ROAFE LT, EAFRORHREL
g5 & MRz & S22 IF O 7 = R 5N TFAP ISR T 5 /3 RERE )
BT ENELMN R T2, £, XN EEEAZZSERTHI 2 TEXIKEI 21T -
7o L XD IFRRIFAP LIS D & L X 7 SR W T 5 2 EARIB S Nz, Zh
FTITMEED X /X7 WS BT D58 TIEBK M X X7 B OFEIE D 20 etk &
30 LA D LTI 2 D 2 &L A STV D A[38]. BAERITHT TIF & IFAP D3
BB AFHE L72Bix72 <. MEsicE © 72> CTIF & IFAP ORBEIIRADTHZ L 20D T
R L7, &5, BERITHITTIE & IFAP DB VR = U LE A KD 5 7=, i DNPH
PREFEH Ly = A X T a v T ¢ TR TR 21T - 7= (Figure 5b), £ Off4L, Hl
WRERWZ LI N T F o B N OO IR RSB, S BT E 720
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FDO/NY REEN ENRSTNWD I ERHL N E 2o T-, B L7z L 912 Z OmEEIE,
Figure 3 T/R L7280 A= 2 W BENEO DNV R = b Z X BORER & < —%
95, ETINVKR=ALTAIZONT, WIS ZF 2o "I HT) v T X =7
EOHIMET IV BEREOEGEHEENZ N ERMEINTWD Z L B[34,36], HAHR=
JER TR T F o 2Ry TlRESLTWVWEEZ LD,

(a) (b)
a
(kDa) 40s  50s  60s 40s  50s  60s
Type 11 Carbonylated
S [F— . Y —_—
- keratin = 50| G Type 11 keratin
Type I > - L . |
keratin = 37| gy TR
IFAP b £
25 -

Figure 5 SDS-PAGE and western blotting analysis of hair protein. (a) IF and IFAP expression
for each age group. In each lane, 4.0 ug protein was applied and stained with Coomassie
Brilliant Blue. (b) Carbonylated IF and IFAP for each age group using anti-DNPH antibody.

FRROE T, FOVTa2=y FPIEIC KV ENTHZ ENRHALMNE RT3, —IK
HENELT D Z & TIF OFF O RFTHISIAEE Th 2 ZRIEEICH AN H D EHERl S
5, £ZTHMIR ZHWT, BFEROEBEZMWIHO IR AT MZEGL, HohizR
R7 MUZOWTEER ALY MVSRMCR) 2 FE 45 Z & & Lz, MCR IZEFE L7z A
XY RVEMASRT SV EZORGTDOWET 1 7 7 A TR L, A ORSY Z iR L
CTEEILT DI FIETH H[39-42], T LTHEERAY v h& LT, Mk icBd
LIEARFERN2NGEICOEATE, =T 7 4T 4 T DX 7R ART FVFRFT & B
20 2WIEA A= T T —F DX D I RIR AT N VBB D0 G | LR T &
L2 ENFETOND, AL, FAEROEBERWHICISIT 5 400 5LLED IR A7 hLiC
DNT, AL—V U TR IR IR Z1T > 72 9 2T MCR % % L 7= (Figure 6), EFZWN
HIZHIT D IR A7 MUICEITH7 X RIfEBIE, RHEREGOA T r— RO — 27 Bk
Lo TEY, ZOFETEHIKEEDFRL T 2 2 & 23 TE 220 (Figure 6a), £ Z T
AL—=D U TRZRBEIZ LY XR—=AT A4 U R 7 MefREL, SN A ERE
. EBOIT DD ALY KIVELEE A 1T - 7= (Figure 6b), %5117 KMy A7 |k
JUZKE LT MCR 38T Z2170, 7 X RIFEIBICBWNWT oY v 7 AR B2 — KRR ED 8 D
DRy AT RVt BTz (Figure 6¢, Table 1), ZOFERIZ, I—T 74 v T 4 7 %H
WA THIFSE[43]1E L < —E& L Tuiz,
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Figure 6 (a) IR spectra of 40s hair in the 1600-1700 cm-1 region. and (b) their second
derivatives. (c) Spectral waveforms obtained from the second derivative spectra by MCR.

Table 1 Spectral waveforms obtained from the second derivative spectra
by MCR and assignments to each components for hair protein.

(EEE;JZ]:SS Band frequency/cm™ Assignment
1 1612 Tyrosine and tryptophan
2 1624 p-sheet
3 1636 p-sheet
4 1648 Random coil
5 1656 o—helix
6 1670 p—turn
7 1680 p—turn
8 1688 p—sheet

RIZ Z O MCR i s I K » TR SN2 1656 cm™! @ o=~V v 7 ADAE S HREIZI 1T
DR TTA A=V TR EER TS Z LI X0, IEC X SRS 2 RO R
WX DI ENTE D EHE X T2, Figure 71X, MCR fENT 4T S AllD IR A7 R LTD
1656 cm! OWSEE~ v B 7 Thb, T RNET o — R RTHY ., kEx7p ki
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BEOERNEENTNDIZD, _h%®7/t/7i% ZH R G DOEIE R T L&
zHibd, F%’T‘%&LT 40 RBEBLIVS0NRBEICBONTCEEZY VAV EEITIFEAL
EobpWZ ERMER SNz, —JH7, 60 REEZTEEZH.OFHETIL 40 fREEZL LUV50 14
EEZLFFDOEE ?/A7E$T%éh IT w7 ADIMAl, Wb bEFa—T 4 L
LT v 7 ADOERAHE T, BEL VAV EENED L TWD ZENRRZIT bR,

0 40 80 120 160 0 40 80 120 160 O 40 80 120 160
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0.00 0.20 040 060 080 100 120 1.40

Absorbance

Figure 7 IR spectra imaging at 1656 cm! assigned to the o—helix component in (a) 40s hair,
(b) 50s hair and (¢) 60s hair. Red indicates high absorbance, and blue indicates low

absorbance.

%Lr‘NmR%ﬁ%%*iof%mémﬁnﬁ6mﬂ®a~\)yﬁx®%%ﬁﬁ*
TIRIEA A —T 2 ViR % Figure 8 IZT, 40 fREE ’Cia—/\) DT ADANT T
x%%ﬁu&bfiwm EBRERENZ LNy ote, WZ, 50 REETIZ, arT
v 7 ABIZBNTH oY v 7 ZADEFHENMELS oo TR, 60 fRFEEIT 50 REE L
DHEBHIZ =Y v 7 ADEFRENMEFT LTS ZERHLNE o7, IAR=11L
LTV T S VBRI TH DV U LT AT =T oY v 7 AREE DA AR
T5HZERMEINTVD[44], D=8, MEZE 725 BENTRD o~V v 7 ZADJH
P, VO ETAX = DANKR= UL, WD H R E—RIEEDOEMICE D b
DTHDLHIEETRBLTND, EFRIOERTIE, o~V v 7 ADRD B2 237 B D
%&ﬁm':o@ﬁé*&ﬁﬁiénfmémﬂ L7eRo T, BENHZ VX7 EICE
ZURHEE DINED BN FEN R A G AT AR E 2 6D,
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Figure 8 IR spectra imaging at 1656 cm! assigned to the a—helix component obtained after
MCR processing of hair sections for each age. (a) 40s hair, (b) 50s hair and (c) 60s hair. Red
indicates high absorbance, and blue indicates low absorbance.

MESIZ & 729 BENES 37 B O ZIRIEEDEMIZ LT, SHITEKRD X N
B, OF 0 SRIEESICHEENRE COWDEEERE L LND, £ T, BEX N
ZE D IF 3 X OVIFAP (28T 5 =kt E DL EMZ 77 5 72 912 HPDSC HIE 217 -
7eo FEBED DSC OF v — k% Figure 9 (27”77, IF 3 LU IFAP Tt & 7ofE v, 29
T H NV E—(AHp) & BVEIRE (Tp) MHRDDHZENTE D, ZHIIKDEE TR
23 150 °C 2> 200 °C OFAFH CHEMT 2B G2 FH L7 DOTH Y, AHpIXIFIZEEND
o~V v 7 ADOF R EREETERMEE R L, Told IFAP OZEEE 72 b N R EMZ /R T
ZENEBNTVWAH[H46], T2 T, FEMRDAHp & Tp % Table 2 (2777, AHp i, 40 f4FE
ZlZBWTRbEWEZ R L, MBI E BR2NZOEMEFT L THD I ERHLNE 25
Too HRZ 60 REBEEZTIT A0 RBEEZ LT, ABICAHME T T 5 LW i RB G L
Too ZORERIT, MERIZE > TIFND o—~Y v 7 ADIFERMET L, HEZEIES
DU Z &R A REME B U | Figure 7 1281 5 BENEIZBIT 5 o=~V v 7 ZAD[E5
BRIEDA A=V U TRERE L —H LT D, BB eH T S = BEZITAHD 23
VT DHZERHLNERSTEY , ZIUTHEWIF ONEEENEL Lz Z EAHRE IR T
WH[47], VR =LIZERR TR 2BIbO—FTh 5 Z L6, Mz X 5 EEZH
PRI EDINIR =GRS TF OSAREEOZE b ZB| R T2 LITHRpITRE IV GEL EE
b5, Tob, AHp ERIBROZFEENZ /R L, 40 [RFBE LT, S0REEL LV 60 8E
ZIIABIZTo METLTWD Z R oiz, Tp DK FZE)E, SDS-PAGE (2815
IFAP OFEBEITHE KT 5 6-30 kDa fFT D/ RERFEAL T Dk e (Figure 5a)8 L VIR A2
7 RV E W 1656 cm ! O EE~ » B2 7 (Figure 1) & L —&T 5, ZDZ b,
TR K > T, IFAP OZMER L OREEREMDOR TN Z 5 Z LIk - T, Ao REM: e
ED TFAP AR SER AL L, BIRICTH B E 22> T INERIC L 2 BENERO K Sy
EEOBIZ OB D LD EEZEZ LD,
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Figure 9 Typical DSC curve of water sorbed hair. The location of the
peak gives the denaturation temperature Tp, and its area, with respect
to the baseline, gives the denaturation enthalpy AHp,.

Table 2 Mean values and standard deviations for denaturation temperature T, and enthalpies
AHp measured by HPDSC experiment for age-related hairs (heating rate 10 °C/ min). ** p <
0.01 and * p < 0.05 vs 40s hair (Dunnett’s multiple comparison test).

years Tp, °C AHp, J/g-hair
40s 155.6 £ 0.4 177 £ 04
50s 1533 £ 0.3 =« 151 £ 1.0
60s 150.7 £ 0.3 = 11.8 £ 0.7 =«

oL 51, RETIIINEEL SEEOLMENOEHRIL, BENEO X N7 HITk
T DABIERNT & AALFH, R, BR OB RN TIEE R VTER L, EOREE,
TNESIZ & & 2R EE AL Z L ISR E TWA Z ERHLMNE R -T2, T L TEDOEM
DOWEFEE LT, FOVTa=y NTHD N T F ACBT HEENT I koL
R bl e L, ZRIEEETFT—7 0 THD o~V v 7 20D FEfEIZIL
IF B X OIFAP OZENEDIK T2 R Lz, LS, LR = A b33 T O
WL DEEEMEZDATE 2D TIERL, o RXTEDIINVE= L o~V v 7 AD
2P, TF 38 L OVIFAP OZME & ORI O R e RRBIRIL, Bl EHESHREIN D LERH
%o EDOWFEDT=DITIZ, ANR=AICET 2 LHETOFE TIThN TV D K 972 H0;
TEEOX L REERBILT D HER, T7a LA v TUBRT S HFEZRTLERHS &
EZOHND[7,15], £, M & 72 9O EELIT I VR = bR —KTH D Z &35y
MoTZM, ANVKR=IRIIAFWERIETH Y, —EINVR= bt LT LESTZZ 3T
BEIUIERTZEIIRETH D, €2 T, AEASRSBHICBWTLHSNA T LT E K&
TR ET IVAERTHIRTT X JLKR[R2-2411CE B L, BEEEHINE L CiEIRHT
% Z & BRI O TRENZ TREMIIZE KT %,
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432 BT T AUBOE % I TN 6 SO Bl D B JE

ATET I, MlRIc L 2 EBE2NX N7 E @%LE%ﬂﬁWT%wm®¢Lk&oTD5
ATREMEZ R LTz, MRIEE 9 £ THR AWM TN 2 FR THH 720, I &
729 BENIE X TBEDIINR= b —ERI > TLE D &l Eﬁ:k@#%ﬁ%

LWeEWz b, IETIEBEZNUEAIE LT, KEHESLT 7 TNV T —VAS, A F Uk

ATIEHRL ALFEMIZ L DA/ EEOBEZLEAN R L RELTHH[48,49], A

A I OFEE TN TIEFITR I TH O | Pele ETHEHBICITHE DRV L RHIRFS

D=5 T ALFRISELED TeOFIHTE D RMEDR MRV IRESND, ZDO LI RO

b & MEEOSEHN & L TZER ) D O 2, 2O THEA R B0

TIAENTVWEETT 2 MEISICER Lz, B 7 2 Mk, 7T e ReéEFr bz

TIVAEWTDH I AT v T ORINTHD, Scheme 1 IZR-T B0, BEILT I /LIS

DO, AT VB L 7 I NCK DA I =T DT A OAERR, AT v 7 2 13KFE

WMEFEH LA I = LN TF A DETLTH D,

AL, IO BRI 2 X— R, ~T 77 OIH. T72bbibhiiEE~DE

BHIZREBRE WO TIEITLT 2 /ARG 2 AW 72N kh9 5 BEGCE HT OBl 3 23
Ato

AN A e +
L) + 0 0 NH,,
& H é+r/—\=NH3 R R \)-L
R P e \)YH N
H H (’ . H
NHZ, H,0
H
(b)
+
(NHE — NH2

Scheme 1 Reductive amination of aldehydes. (a) Step 1: Production of
iminium cation. (b) Step 2: Reduction of iminium cation using hydride.

[A— AN BHBEEZICBWNT, BT I MRS ONE % LT BEZNEHO LR =1L
Z R BJREDRER % Figure 10 12737, F— ADREZLQAEZLZHATHDL L, AEITD
IWRZ A Z VR TER LD SN N ghoTz, BED AT =T VER = LDER
L 725 ROS°RNS ZRETHIFZHENHDHLZ ENHMOENTNAH[50], HEIZZED AT
=20, B LT E A LR DT, ROS R°RNS RREINT X 87 B0 ER{L
ENRTWEREEICHY . FiRE LTHNAR=IULE VR BRE N EZBNRD, £,
WRILT X AU 2 VR U 72 BRI TALER R & bRl LT BRSO S EIREE L TR
D KRR VAR = ARSI L0 B SN T I VR = Ak X LR R 7R
WA SN2 L BRBL TS,
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Figure 10 Localization of carbonylated proteins in the hair cross-section
of a Japanese woman in her 50s. (a), black hair; (b), black hair treated
with reductive amination; (c), white hair; (d), white hair treated with
reductive amination.

DI, BT I LA U= BENERO K ZE 72 H ONCHIRICOW TR L7z, &
DFER, BT I MU 21T -7 50 RO AEZERIT, KOREMEDIR T, Ko REEOR
Do BIOKGRFED ERDPHER TE /o, KIS, KRORFHEICE L TR —ADERE L
[EAROZE 27~ L7z (Figure 11), £7-, FREEICK T 2B L2HAE LT E 2 A, 20 %RH
BEU0 %RHIZEWT, ZEIiLT I /LR L 7= FBZ2O#ENMET L7z, FFIZ 90 %RH T
IR ITLT X AR A L CW e WEREEZ L i LT, B EEN RO (Figure 12), Z D X
IR BEOIRI DK FEBZUGET DL ENTE—"E LT, &7 I /b6
WLV IR =L Z R BRI Lz D L HEER L TV 5,

——Black hair
06 - White hair

--8--White hair (Reductive amination)

Absorbance

90 120 150 180 210 240 270 300

- - *  min.
D,0 Drying

Figure 11 Water behavior of black hair (&) and white hair (A) and reductive
amination treated white hair (@) of a Japanese woman in her 50s in the cortex (point
3). The O-D stretching peak intensity at approximately 2500 cm ! under the condition

of heavy water penetration in the first 30 min and after drying process 25°C and 50%
RH for 4 h.
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Figure 12 Averaged curvature of hair fibers for the same subjects in
Figure 11. * p < 0.05 vs. 50s hair at 90% RH (Student’s #-test).

LED X1, ARBgEE, AEMEHZ L 287 I J{LABN ARECTH D Z & 2410
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Cuticle Cortex
Cortex

Figure 1 (a) A schematic illustration of cortex inside covered several cuticle
layers and degital microphotographs of hair fiber (b) before and (c) after
cuticle removal.
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Figure 2 Extension cycles-dependent hysteresis ratio of untreated and bleached hair
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Figure 3 Extension cycles—dependent IR spectra of the bleached hair.
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Figure 4 (a) IR spectra of the bleached hair in the 2800-3000 cm! region, and (b) their
second derivatives. (¢) Component spectra and intensity profiles of (d) CH, and (e) residual
CH obtained from the second derivative spectra by MCR. Data are shown as the mean *+
SE (7 =3). *p < 0.05 vs. bleached hair before cyclical extension.
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Figure 5 (a) IR spectra of the bleached hair in the 1700-1780 cm™! region, and (b) their
second derivatives. (¢) Component spectra, intensity profiles of (d) component 1 and (e)
component 2 obtained from the second derivative spectra by MCR. Data are shown as the
mean £ SE (#=3). *p < 0.05 vs. bleached hair before cyclical extension.
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Figure 6 (a) IR spectra of the bleached hair in the 1000-1060 cm! region, and (b) their
second derivatives. (¢) Component spectra, intensity profiles of (d) SO;H and (e) CO
obtained from the second derivative spectra by MCR. Data are shown as the mean £ SE (n
=3). ¥p < 0.05 vs. bleached hair before cyclical extension.

7 U —FALEED SOsH OIRENGREN —E EH- LT, ZO#%T 58X, -SH/ -
SSEHUZ L DIETFERNC L Db D EEZX NS, ZivE TICHHECHREBMER Y ~—7 4
VBB T DI DT 2 NI DN TS DR T TE72[36,37, 7V HL
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Figure 7 (a) Synchronous and (b) asynchronous 2D correlation spectra constructed using
the IR spectra up to 85 cycles of the bleached hair in the 1000-1150 cm! region. Red and
blue areas in the 2D map represent positive and negative correlations, respectively.
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EZix, ILERERICHER & & HICELT D, e XITAZMEZTZY ZORY 2- L0
STENTEHN, SHICEFZIZHIRDOE LWV S TEBIROEINAEL D Z ENRHDH[1-3],

ZDIRVRSEDOHLEENLL DL, FY NELS 20 ABlEHER S &L big,

FLEVIZ, By LI WEWST=ZAZ ALY U AT ARENEL D, ZHET
WCHARAN LM ZE XS & LTz Web IRV T, 350D DEOMAE, OB b
(Zorz | ~EL, EENEDLSTERET 01X TH90R0 ) &) [RX4ox) T
HDLEVIWENLRINTND[4], ZDOX D RIEIctEo TEZ TS D, 2RV HE,

JRIN BN HEBEZEDPBATEE LT Figure 1 1I273F, ZHE TIZWDRAEOHITIZIE N
T, BABORAN S HT M IR)Z W TR~ ANS 7 U7 L2 EE L DRAEILE
T OB LT-RER. ORABIZOBRIFEDORIEND D Z ENHE SN TS5, L
MUIRIND, BOPRIBIZONWTIHELEEARALEAHEL, FHIEODRAE HA DA
2V 7ITE) & OBRIEIL S Do TR,
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Figure 1 Hair appearance of a monitor with age-related curved hair, so called ““yugami” hair.
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FEENT A FRNTT 5 5. XBREEL[17, 18], R D BMMEI(AFM) [19], FRATHFRIA
TWRA A VB EHTIE  (Time of Flight Secondary Ion Mass Spectrometry ; TOF-SIMS) [20,
21], DSCOURZEEREVESHN22, 23], IV IEIEAR)[24-26], T~ o3 M6ik[27, 2872 & &
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ERFRERD, LorL, Z RO BERMRE R EOAREI DO AT S TE L DN R
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Figure 2 Chemical structure of PPG-2 Arginine.
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Figure 3 Combing test using a roll brush.
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HL7,

H= F n(%)2 (3
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< 0.05 LEFELT,
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L LT, ZOPNHBELERFHINT A—FICLoTHE(L L, BEDO~NTAZA Y 7
TEE LTELAThD, Z28 0 R LT IIT 82 T TTRRE(EoIE 2 iz > T
T LT & BICRARREM 2RI L7 @R HFBD 7 T ITHEIZ OV T B REEEZ T 572,

ORABREF T o r—haEm LA, ZOHr00D/<HE - dRAHxKE LT,
EhBl ok b1t AR HE AT Z LN o T (Figure 4a), & HIZHHANIHED K LE%
SloEDRETIY, HHOEZOFE L F D EEMET LTS Z &% R L7 (Figure 4b), =
NOOREFERLY, HIANLED IRV, DRALKEE LTIT-o TV D10 K
LEZG|oREAITHND I BICEZEZRNIK K SHETLEY, ZOPRHDR LW E F
272> TWDH Z ENTRERINT,
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drying Treatment of water
(%) (b) m Cyclical combing
0 No cyclical combing
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Cohesive feeling

Figure 4 Questionnaire results for Japanese women with age-related curved hair, so called
“yugami” hair.(a): Most common hair care behavior, (b): Relation between cyclical combing
and cohesive feeling.
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ZI T, BOBRIBBIRRLIRNE NI AT 77 OB CEBICE & T D B
T, BEEAFERALEZVIaLb—va B BReEET 2L & L, RBRICESLDH, e
TIEERMC L2 BETEHERL TOZEER L VDR ABIZONT, LR L dROK
EIZXkoTHBET D2 L& L, HELOHAEORMKEZ Table 1 (277, ZOHKIZE
0. EVERRERIICIE RS, ERMICEE L OPABERINT D Z LN AREL e o T2,

Table 1 Standards for Straight and Yugami hair

Straight hair Yugami hair
Ellipticity <0.082 0.082 —0.390
Curvature (cm™) <0.49 0.49-1.79

Table | OEFKIZHENT 7Y 7 LT, BHELDHAEZZNENERIZL, 3000 [FD
MR a— 3 T ETo 4R % Figure 5 129, EBITMVIELa— I 7 ORHIZ T
KERBACHEC oz, DRAHETEHLSE YRV BRELL 2D, ERLVDRA
TLED Z LR TET,

Straight hair Yugami hair Straight hair Yugami hair

Figure 5 Images of hair fibers shape (a) before and (b) after combing 3000 times.

WIZ, 77930 r7Ra—I 7R EORFEHICAT 7T TEZ V1555 kY i#
FEIZDOWT, 03N OffEA b L AT 5 KAEIEHFAER A4 1T > 7= (Figure 6), 0.3 N OfifH&
A MLV ATIEM LIZHA, HERELTRS0%ICHRES, —&RIC7 v 7#ElE2 42 L
BT TZBERBEICRE S L, a— 0 /T T v v IV EKM L2 RICHY T L nwbihld
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Dﬂ RAEEMRTOES M =R1T, BEEIL0210cm!, WAHEIL0936cm™ ThHo7-, MWE

’ﬂbfﬂME@ﬁ@L@%ﬁotﬁ% FAGIEARZIZ 31T 2 DR AEO =T 1.307
em' L7200 | AEIEMRRET & i U A BICHEN B UL, —0F, BERIIEE % O
FX0302em™! LA KRELRELITRO LN oTz, UEXD, ZOPRAEDOHE
7RO EHN, ZOPRRITHMDAETEE N R, BERICHRYIRLELZF | siEo7zZ &
WEDFEELEFEVHEOKTICHG L TWD EEZ LN,
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Figure 6 Average curvature changes of straight and yugami hair caused by cyclical
extension. Data are shown as the mean * SE (n = 30). “N.S.” indicates not significant.
*% p <0.01 vs. yugami hair before cyclical extension.

FREHER OB ILEEZNTEE OSBRI LT 5 & B 2, Al CHENL L7z KR IE
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72 IR AT b, ﬁﬁ FARY MV BIOWGT AY M VAR (Figure 8), 2852
em ' 3B KON 2924 e (SLE T A BEE RN RIE CH, (2R 8 & 417=[37, 38], Figure 6¢ D
WTTay NIRRT AT MViE, CHEM, D%V CHy, 7 =/LI3H, I—2 k
BERENBATTND EEZILND, PBAEITEITSH 2800-3000 cn™! DHIFHIZ 1T
CH, & CHEEENFAET D Z LN O MR T2, RIGIEMIZ X5 CHy DIE S iEZ kI
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Figure 7 Extension cycles—dependent IR spectra of Yugami hair.
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Figure 8 (a) IR spectra of the Yugami hair in the 2800-3000 e¢m ! region, and (b) their
second derivatives. (¢) Component spectra and intensity profiles of (d) CH, and (e) residual
CH obtained from the second derivative spectra by MCR. Data are shown as the mean *
SE (n =3). *p < 0.05 vs. bleached hair before cyclical extension.
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Figure 9 (a) IR spectra of the Yugami hair in the 1700-1780 cm! region, and (b) their
second derivatives. (¢) Component spectra, intensity profiles of (d) component 1 and (e)
component 2 obtained from the second derivative spectra by MCR. Data are shown as the
mean £ SE (n=3). *p < 0.05 vs. bleached hair before cyclical extension.
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Figure 10 (a) IR spectra of the Yugami hair in the 1000-1060 cm™! region, and (b) their
second derivatives. (¢) Component spectra, intensity profiles of (d) SO;H and (e) CO
obtained from the second derivative spectra by MCR. Data are shown as the mean = SE (n
=3). *p < 0.05 vs. bleached hair before cyclical extension.
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Figure 11 (a) Synchronous and (b) asynchronous 2D correlation spectra constructed using
the IR spectra up to 500 cycles of the Yugami hair in the 1000-1150 cm ! region. Red and
blue areas in the 2D map represent positive and negative correlations, respectively.
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Figure 12 (a) Synchronous and (b) asynchronous 2D correlation spectra constructed using
the IR spectra up to 500 cycles of the Yugami hair in the 1000-1080 ¢m! and 1600-1700
cm! region. Red and blue areas in the 2D map represent positive and negative correlations,
respectively.
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Figure 13 Denaturation enthalpy (AHp) of straight and yugami hair caused by
cyclical extension measured by HPDSC (heating rate 10 °C / min, nitrogen draft of
60 mL / min. Data are shown as the mean = SE (n = 5). “N.S.” indicates not
significant. * p < 0.05 vs. yugami hair before cyclical extension.
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Figure 14 Denaturation temperature (Tp,) of straight and yugami hair caused by
cyclical extension measured by HPDSC (heating rate 10 °C / min, nitrogen draft of
60 mI / min. Data are shown as the mean = SE (n = 5). “N.S.” indicates not
significant. * p < 0.05 vs. yugami hair before cyclical extension.
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Figure 15 Effect of arginine and PPG-2 arginine treatment on ’u%mi hair. (a) Average
curvature changes of yugami hair caused by cyclical extension, aj) enaturation enthalpy
(AIt-{D) of yuga\nﬁ5 hair caused by cyclical extension, (¢) breaking strength. Data are shown
as the mean * SE.

FREEHIBIRICIE, PPG2 T K= RN BENIIZRE LT Z E RO ESOHERKTH S
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HRE IS THERFIZ D IR AR M A=V TG LT, ZOR%, PPG2 7 /L¥ =
VEEENE, FRCavT v 7 A@ICE<IREBE LTV D T L Z R L 7o (Figure 16),
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Figure 16 The IR imaging of the -C=NH located at 3340 cm"! in (a) untreated and (b) PPG-2
arginine-treated yugami hair under the condition of 25 °C and humidity, 50%. In the figure,
red indicates high absorbance, and blue indicates low absorbance.
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