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Hydrogen Inhibits Damaging Effects of UV Radiation on Hair
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Abstract

Ultraviolet (UV) radiation enhances the damage on hair caused by the presence of iron
and copper ions in water. In this study, we found that a treatment with hydrogen can
suppress such damaging effects. It seems that hydrogen eliminates hydroxyl radicals, which
are responsible of damaging effects, formed via Fenton reaction in the presence of such
metal ions.

Furthermore, to assess the effectiveness of hydrogen to inhibit the damaging effects of
UV radiation, experiments were also conducted on keratin films (as replacement of hair
filaments) using scanning electron microscopy for surface visualization, and damage
quantification by fluorescence spectroscopy. Results have shown that hydrogen can prevent
deleterious effects on hair against a combined presence of metal ions (originating from the
water distribution pipes) and exposure to UV radiation.
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L7z, 20, TROHERA T VIKEREPHER E D ZEZ 5N LA, UV HEE LA E
NTh, KFRFIEBENOIYRE LI AT 2WHIT L LTS 2.

F——F:KFE EBE FoFr74I0VL, B &ALV

1. U &I

TRADY A—TVERE LT, 8N, =~ - 77 —F, BELEPBTFONS. T2, HfE
KEHRICEENBHA T VBRI EL, BEOFA—VZRESETHDE Z L2 (Naqgvil et
al, 2013) ENTWVE. INHDEFEEZADY X —JIL, EARWIZEBILE S (Kawasoe ef al., 2010 ;
BEFE, 2013) THAHI LMD, BEOF A —VIHNIGRITCRPEE L Bbh b, 22 TEH LI,
I E CIlRRIER & FEOETR KITA S, 1998, 1999, 2015 : Okouchi et al, 2002) %, FiE
DOFHIKTATICEBRT 5 HEE LT, KEOARERIRE (KNS, 2003, 2005 ; Kurita et
al, 2014) LT X7, ZO@ICROKFEBRMAKITHBEICAB TS Z LT, KEOHAHN x5
EBHILF A=V EBEZOKREKRNDRET, ZOWO1rSBLORoOm ERE (KMNS, 2005) %
W LT

FITTARIIZETIX, 2O L D5 A — DWAs, KRFEFHAEHNS L 2 KFKI K D TEERE
) PORBENRET 24T 72. 51T, IR LMA + U RBAF VR EOEIEA + v L OMERIC
I2EDTA—VDEBEBIVENSDF A —VIFIAKEREFNC X D TEEL»ORE 2175 7.
KRFEFEAFIE LTI, FEBROWRTI LR WiARESERE, 7V ) HEHMRRE) O
N (Kurita et al, 2014) L, R®F ¥ 74 72X BHBORB T, B ORVER EA R 2R L
TokFE~ 7 & a0 (MgH,+2H,0 — 2H. + Mg (OH).), B XX Y ARENISE LS VAKELF
v #F VU A (NaBHi+2H,0 — 4H, + NaBO.) & 7z, BED ¥ 2 — Vg, SEM (EAER
WT-BEMEE) BlE X AN, BXOROERSTHETrIF v BLOFOME Y Vs Y
MoRBEEZREBEDrSF 71004 (IIEIS, 2011 ; Fujii, 2012 5 B, 2013) 2 MW CToHk
SIS & 2 e BYERAM 2 Mest L 7z,

2. ®E B

2.1 E2(ILLZEEEFTMEER

FERZIIMENIBEO L WEE (Ca—F v 7 A% 2ROABMEEL L7z RIGRIES (254nm) 1,
7 H ORI X O %A E ¥ — 7 1.68 W/m?, 4ERIFS 015 W/m? 12360 & (KI5, 2006),
UV 5 v 7o%h01E  (BSEREE 200mm) 126 W/m® & U, 1 EREIRSS T 8.4 BRIH] 4 123t
7.

FE, BRESRA L+ Y kM 4+ v (FeSO) BIUHIA 4+~ (CuSO,)) %, ThENEEA
F &L T4 10ppm (=mg/L) KBS 15 /3R %R, MEKICZEhZ2n 15 pHREL, %54
WO(UV) %2 1 RS (Table 1@ (C) L7z, ZoO¥fEZ 4lE YR L. —F, KFEIZXLD%)
REWD720, FREZORI (C) T, HEAKDOED Y ITKEKICEZ T, FHIC4 B OB &
LALEE (D) %47o72. &b, KEKRBAKERERKE LT, K#El~rF2v s (MgH) F72
WEAKRFEAYHEF P Y724 (NaBH) 500mg %, FRENREEK 100mL IZEMRL, Eh s okia
WENWTRE T VA VML B720, TUVAVICEBLEEZAYA—VEEELT, 7T VETpH
ZHPEICHIE L 72, FRORBIROKFZILIEL IR b KEOBALE (25C) fhEDf 14~
16ppm DHPATH 572, EHIZ, BEY LTIV ELT, Tablel®@a >y bu—ib (A) 1%, K
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Table 1 Treatment Protocol for Hair and Keratin Films.

sample | Treatment Method for hair

(A) Control (Immersion in Purified Water or Aqueous Solution of Metal lons
for 15 minutes

(B) Immersion in Purified Water for 15 minutes < Exposure to UV Radiation
for 1 hour

{C) Immersion in Aqueous Solution of Metal lons for 15 minutes 2>
Immersion in Purified Water for 15 minutes - Exposure to UV Radiation
for 1 hour

(D) Immersion in Aqueous Solution of Metal lons for 15 minutes 2>

Immersion in Hydrogen Water for 15 minutes < Exposure to UV
Radiation for 1 hour

KEZZZET/A F Y AKREHIC 15 0 RRE L2 b o &, HBEUKIC 16 4 HREE, HRI2 1 HRE
L7270 (B) #HELE.

FNHEELY VTV OHEEIX, SEM (Cary Scope JCM-5000, (¥k)ZE56tk) T% o EmikiE»
AR EIEE 2 & 3L % 1T - 72

2.2 EFEERBITIF T 1IVALILL ZEEETMER

roF ey F VM AESEN OB ENDLERZ I F T 4 v A (R EM TLO) %
T, Table 1 lI/RSTBEEMBEOMI AT 72, B, WHEEIZT TF ¥ 7 4 v AW EIRIE
2 &5, Table ]l OMLEEA 1 M & L7z,

TEIERE R, B4 & MARIC SEM IS X A2 BEFHT 21T - 72, S 5121, BRICBT AWMLy ~
IRZBEDOH VR VI FERICHOBER e 7 vk L e S V5 F I AN Y K (B-FTSC)
FHw, ZoMt (HEEEH (ImageQuant LAS 4000, GE ANV AAF 7 - YV x N U &4L)) %
BT 22 LT 5F v 7 4 IV ADEEBEOERGM % 1T - 7.

3. WRBIVUEEZE

3.1 KFRICLZEEZDOESIE
ERIZEZONTZHELCDEFa—F 1 7V (B/NE), WEoavsy 72 2 (FE), A7
S (B 2O ENTWAS, ik (2004) 13F 2—F 1 7 VOEEREZ, ZOIRRINC T 5
MOCGHIME, AL, HE 4L, BT B B TEMEIL7:. 22T, ABIETH SEMICX S
ELZOMHNBEETFMZ, ZOF2—7 4 7 VORE 7 5 TG L7245 EENICIE Fig 11OR
5% GRIEE, R EIRR Il BE) ABlgiT A

Figure 112, &E A 4 Y REW E LT, Fe KBEWIZH T AERO—PIZRT. HEABLD
Fe* KIEWAD 15 G ORIE (A) OATIE, ZOF 2 —7 4 7 VHEFIFICRF IR O 205
oo L L, REUKIZEBZIC UV IREY (B) L7-BETIE, #Ek & BRI BIRSh, S5 RK
DOFYIC Fe* KBWRER, WEAKICREL UV RS (O Ba<id, 8 B, S8, 224l
WHEABIERE N, BRICKE LT A-VDPBIEINL. L L, Fe® KBHIRERE BEAKOED
WRFEARICEREL UV RS (D) L7Wa, #EE EROAT, FH 2L, BErsigsn g
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Red: Peeling Off, Purple: Abrasion, Orange: Perforation,
Light Green: Cracking, Deep Green: Destruction

; 5

(B)

Fig. 1 Image obtained by scanning electron microscopy showing details of
damaged hair of (B) to (D) in Table 1.

KERBRECLDF 2 =T 4 2 VGO T X — VAR E IR SN A BEBIERHESE SR,

T, BEAF L ELT, ClKBEHOBA, Cu¥ KEHEA~D 15 4 OEEEO UV S (C)
THEE, BEEE B, AL BHEOKREX LY A—URBgENS. L LAEORE (D) 12D,
FIE, BROAT, Cu” KBEWOBE D Fe' KB & FEkD & 2 — 2 IR R AL 12 8l
BTEDHEREPHEONZ. BADOFT A—=VIL, KEKOKERE ICHESLWEIFH IR TS S
S, BFAF ELTEHRMPEESNLY, MERAF &b, BRI XY, 20
F A=V EDBRT BRERAESNT. FRODEKE LTIE, SN X 54 VRIS
B EAVER (P2, 1990) i, (D~@RITRT 7= v by IRICEYD, BALATL Y il

ftEnsrbneEZONS.
Fez++H202—’Fes++ * OH+OH_ (1)
Fe* +,0, — Fe* + - OOH+H" (2)
Cu'+H.0, — Cu* + - OH+OH (3)
Cu*” +H,0, — Cu'+ - OOH+H" (4)

Ty MURIBIZE Y, Fe BXUFe OMiBORLLELE 508k, F »ThH, Witz
HT KBTI ANDPER SN, KEZZFNSKELT VAV (- OH) %% (Ohsawa et al,
2007) $AHZEICLY, BROBEEEIHILTWAEEZLNS. §I4 Y OGETYH, kA
BENLKERES VANE, KEPHEEL, BEOFXA—-VEGZNHTLEEZZ 515,

B, BEOF A — VHEEIHIRIRIC, KFKOEBRITH W7z MgH, B £ U8 NaBH, 127137 5
Nahroiz.

3.2 KRICKBEERBT7F 27 1 IV LOEGHE

EERBITrIF U I ANAIE, BELSTFIF U R ERIIML, ACEAZHE L THL
WCHEEEL72D DT, Fig 2R T LI ICHET / A= MVORT2A Y N7 =2 IRICEDS), &
By oF v EIEFICHEM LT I VBB EALTWS, Z0k0), BERORNREDT A=Y
M2 e (Kawasoe et al., 2010 ; Fujii, 2012 ; #3:, 2013) & ShTwb.

Figure 212, BERBRT 9F v 74 VA%, BEZOYE LFAERIC Table 1 O 7 (A)~ (D) 12
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N, ENS T T F 7 4V AD SEM iR E R L7 OERT. IS LR X9 I,
TIF VT ANAOBEENRIRRBF O Y bu—v (A) &L T, SRR L 72 (B)
TERFLTVS 2 EMBIE SNz, 8510, Fe RIFHICEIE L2 0%IHRRET (C) T1E, X1
TIF VT ANVADBEMETL, LA LZROISKEALIEL 2208 (D) T, (C)
IR L TR T2 S Tnwad 2 &A%, SEM IZX 2 8RNBIZEr L1 E 257
Figure 312, BT 7F ¥ 7 4 VA QEGHEOWER R AR T, SOMRBENE O FHIZ,
TIFIREDY N HIIER R EORME LS A5 T ETENT AN, Iy VDS
EAME RS 5T F PG OKEREDT DI, VK NVEPB TS5 E91%%. 2212

Fig. 2 Image obtained by scanning electron microscopy showing details of
damasged keratin films of (B) to (D) in Table 1 as hair substitute
(A) : hair sample not damaged.
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Fig. 3 Comparison of fluorescence intensity of damaged keratin films of
(B) to (D) in Table 1 as hair substitute.
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ItHEDR Ve K59 V%55 5 FTSC # KB S5 2 LT, HGER S NAEHRE o NE )
WHeL B, ZD70, AL EICEBBLICE D 7 Uy EWDPHETT A1, TabbE b
HEEPRKEL A1, BEMEIIRE RS, Figure 312i%, 2> rua— (A) 2L LT,
FNZENELL 729~ 7V OHERIEL Z RO 2R 2R, UV BMRE (B) <, SOt
FHIFIF L EL T A=TIEENTERE LS RV, ERICERHIL + >~ (C) bbb ET, 35
WHOERIEHIIRE L 2D, FA—VEBIESETWAZ 005, L, BHEKOEDLYIC
KRFERITIRIE (D) €5 &, FHREIINESLC LD, FA-VERBPT S EPERMITHS 2
Erolz. BB, EHLKERERD Mg, BEX O NaBH, &6 5 b3 IZEIER SNk o 7.

4. ¥ &£ O

EEZBLOEEZRBOTr IF 074 VAIC, R4 4 VRBIICREL, S5 UV 2SS
HZET, LD—J@FA-VIMREINDL 0otz 2 TNHF ATV FITIRTR L
FRDRTRDEN 2 G T A KEVNHEEZT LI LICL ) FA—VOHFIHERR SR 22k
MHIKRFEL, KEKFICEFINLWHEEOD 285200 EO&)E A 4 L UV BESHAGD SN
Th, BEANODIDVKRERTA=—VEWNHIT LI EPMShE Rz, S5, FIF VT4 NVA
FHOTEZORBFNATE Z2WHEMIRBR IR, o2 rd, BROBEEEZr 5~
7 4V A DHIEREIC X o TEREWFEMATEE & %2 - 72
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