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ABSTRACT

To ascertain the effects of hair dyeing application on oxidative stress in human, a mixture of permanent
black colored hair dye with the same amount of oxidant containing 6% hydrogen peroxide was used. A hair
dyeing with contacting the scalp (conventional dyeing) and a hair dyeing with 3 to 4 mm away from the scalp
(alternative dyeing) were applied to each 15 young healthy women. Blood was taken from the brachial vein at
two sampling times, just before and 6 hours after the hair dyeing, and antioxidant enzyme activities and
antioxidant contents were measured in red blood cells. After dyeing, malondialdehyde (MDA) contents for
conventional dyeing group was shown to a tendence of more increased than alternative dyeing group. After
dyeing, reduced glutathione (GSH) contents for conventional dyeing group was shown to a tendence of more
decreased than alternative dyeing group. After dyeing, superoxide dismutase (SOD) and catalase (CAT)
activities were significantly decreased in conventional dyeing group (p<0.01), however, SOD and CAT
activities were not significantly decreased in alternative dyeing group. After dyeing, there was no significant
decrease in glutathione peroxidase (GPX) activity both for conventional dyeing group and alternative dyeing
group. Therefore, after dyeing, the degree of oxidative stress in red blood cells for alternative dyeing group was
appeared to be lower than conventional dyeing group.
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BAlE= 7~127)9] aromatic amineF Y phenol &
FERS TUERPSEENE PUNSIES R
2.5} (Marzulli and Green, 1978; Larsen et al.,
1992). 9} 2 drAl= A¥ETEAIM F32E W
o] AFIAY sh& WA= AEE4] phenylen-
diamine, nitrophenylenedianine, aminonitrophenol,
diaminotoluene ¥ diaminoanisole & 3§31
gl.o™ (Ames et al., 1975; Burnett, 1980; Chung et
al., 1995), &3] p-phenylendiamine (PPD), 2,5-
diaminotoluene @ 2, 5-diaminoanisole-2- FAFs}4
ash B AT B AUFIAN 2D B4
WoelYAl i tA-E Yebdoh (Ames et al.,
1975; Rojanapo et al., 1986; Watanabe et al., 1990).
A oz @ gzl e duAle) AL
£ B4 9 APES Folx Aoz vt
ok QEAE e A4E duAE A8
ke oA Mt} myeloma, multiple lymphoma &
lymphocytic leukemia®] ¥ 93 Fo] 2 Hlo=z
ZAYE) 9 a1 (Zahm et al., 1992), Gago-Dominguez %
2001)2 HEAE AHS3A] ok AR A
FEAE 3 ol FHAF R 1 oAt AR
oAl Wbl U $iEEe] 2.1, 15 oA
ARgEE of Aol A 33w, 106 o] Ak el FAbsh
U] gARg oAt Al Sl FrbEtvn Hars)
et 223 o] Aol oA FuA AR}
Z F9A vFAAe vl wagst i dE
o] 3u] =& Aoz FAEY T} Tzonou 5(1993)
9 dFelM = ddel] 13]ol]A] 43] FHg {42
A3 AT Hol g oAl vls) dagk w
A Ee] 179, el 53] o] A 42
220) B2 Aoz A 229 dAAPA
TFoll Az J=A AHE- el Bl A8~ Fof] DNA
£Afo] folsAl Frtstdet BarEe] (Ao},
2000; Kim et al., 2004) 92 A Al&o =2 <13} alH)
Al A7 o F2 z2w]e] IAUAPL H o
oJulA) o 2 xenobioticsoll 2J&F AJA| M E] £AF
< xenobiotics ZHA| 9t o} B4 A AMLE
3 A F AAEE SAAALE (reactive oxy-
gen species: ROS)ol| &J3)] of7|= = Zloz asjx
2lt} (Freeman and Crapo, 1982; Ryu et al., 1999).
Picardo 5 (1996)-2 Q1A | 3-2pAlA) Zo] QA A
22l PPDE X288t in virro Aol A A3t &4
Q] superoxide dismutase (SOD)$} catalase (CAT)]

e
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A w9} skalEE-A Q] reduced glutathione (GSH)2)
o] Zrasiglom o] PPDE] At AbsatA]
oA AAE ROSe| o3t AbstAEH A gl A
o2 B39, Gichner (2003): CAT deficient
tobacco cell#} wild type tobacco cellel] PPD m+
HALZ = AE A28 in vitro A AT CAT defi-
cient cellol| 4] DNA £24}e] wild type cellel] w]3|
£ theh} s ma R4k AZS) DNA
£43 Bo) 9des ustd =3 A7
PPD 1= PPDS} Fpibsies E¢=2A] 9 3A L
of 45} 71 ROS A 3 A0l Fedsh
45 PPIEL 2t Rl Ao
(0]4+38], 2003). T ol FRAS AA
A3 AFgSe] AZe) DNA 44 S 318 &
A BAWE = AFIAE A9 #EX]e] AF
% wwe g} ok

o)l £ 7 He) B AP 477
3 AAH =72 DNA £48 23 o=z B
¥Rl 71Ee] PRA FIAE =xAed 2
g1 7|Ee xRy IAFHZ T DNA &
A& AA 25 Aoz RaEeR Yk F
Hu]|gdE =xA]EE A ALd F T
A ARAEHA AE vw A

3] A B,

FHAA ABHE A7 duA FelA AR
of 4R ABALY FAAEL 24 GuAle] 6%
o FAReart B4R A sULe e
o FAHoz Aesm 9k 718 F9RE =
A (159, 172+ 1.34h3 Fo]olA 3~4mm g
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Table 1. Composition of the hair dye used in the experiment

Ingredients %
p-Phenylenediamine 1.8
p—Amionophenol 0.3
m—Amionophenol 0.1
Resorcinol 1.0
Aqueous ammonia 2.5
Deionized water 50.0
The others 443

oz ko] Fuv|HE =EA|E (159, 16815
Hl < AL3lde 10~ 158 Bk AL AAE

404 Ft el AR WA g o AFRe)
"d—i AF st 2 Aldel] AMEE QEAY A
B2 Table 13} zer] Table 194 7]e} AR
AREEIATA, A SA], AHBAA, H xR 2|, o]
A, BgA|, AESHA, A, & Foz A
Hel ot 2 G A T 64z A
gAu A 10~20 mlE A Hsle] heparino 2 %]
HE 2AFAPd H3ch dY 10mE G418
2] (2200x g, 15%, 4°C)3l HPTZ HE F,
0.9% NaCl= 33 A|¥sted —80°C WEe] R
eyl Al sz Aeskg e

3. Malondialdehyde (MDA) &2t =X

AR 7o] A FHE Yagi (1989)8] 44
o] ufe} &3}t 1, 1, 4,4 - tetramethoxypropane
& FEAR st QAR MDA 22 532nm
o} spectrophotometer (U-3010, Hitachi)® &%
=5 SAsYy ¥ e umole/g Hbo 2 )
e gic

4. Reduced glutathione (GSH) &% &3

A 72 GSH 3Hek2 Hissin# Hilf (1976)2) u}
ol oe} 2Heloth ZRee 4T AT
hemolysate 2 100 g2 o-phthalaldehyde2} uF-2-A]
7A ARD }e FFF=A F-4500, Hitachi) =
excitation 350 nm, emission 420 nmol|A] &4} 37

gHef okl mmole/g Hbo 2 viehygich

5. Superoxide dismutase (SOD) M T &X

A8 72 SOD &4 == Flohes} Otting (1984)2)

QA HYFe) a2 v 155

Wow 245U 4878 ZRse S 34
&k hemolysateZ 9000 x goltA] 1538-7F Al22]g
3. A}5e1.8 0.05M phosphate buffered saline (PBS,
pH 7.8)0.2 3|M3le] A8 = AFR-3}9% v} Xanthine
42 M, xanthine oxidase 0.005 U ¥ cytochrome C
16.8 uME 343 Azt A &3t 25°C,
550 nmel|A] cytochrome C (Fe’*)¢] #H¢1-g v} s}
A= E spectrophotometer (U-3010, Hitachi) =
23190k FA = 9= cytochrome C (Fe’ )2
318 50% v}sl) sl SODZS | unitE dlo] 2o}
g4 A =Z hemoglobinZF oz wA3F U/g Hbo
= e

rr

6. Catalase (CAT) &8Mx =X

Ay 72 CAT XS Acbi(1984)2] wiel
deb Zyakct AYTE SRee s M
hemolysateZ 9000 X gof| A] 1587} LAIEET &
Areol-g- 0.05M PBS (pH 7.0)2 3 A5l Az =2
A]—%—s}‘}i\:]-. A 2mlz 0.03M H:0; | mlE &
&led 240 nmol|A] Fskx W3S 302 b spec-
trophotometer (U-3010, Hitachi)2. &4 3lg}. &
Ax olE 12 549 H0: &4 $£5% k3te
2 3}Aks}ed hemoglobing oz R A&t k/g Hbo =
el gie.

7. Glutathione peroxidase (GPX) &M T =X

Ay F9] GPX A5 Paglia®l Valentine
(1967)2] yy oz A5 AYTe 2gla
5ul 3 A3 hemolysate S 9000 X gol] Al 1587+
A1 8-2]8t 32 hemoglobing transformation solution
2.2 cyanomethemoglobine 2 AFAZ] & 0.25
M PBS (pH 7.0)2 3|4 3le] Alg2 AL&-stein). A
5% | mM GSH, 0.25 mM NADPH, 0.24U glu-
thathione reductase, 1.2 mM t-butylhydroperoxide 2}
Eqste] 37°CellM Y] FF= WH3E 340 nmell A
spectrophotometer (U-3010, Hitachi)2 &3 3s}9o}.
A= D9 1E 5 AE® NADPHS) <oF&
hemoglobin®F o 2 ¥ A& umole NADPH oxidized/
min/g Hbo 2 vyehy i},

8. SAIxz]

Ay ZAse] g B2 SPSSWIN (v10.0)54
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z2aue et FEE £E7 9 5
PlE mEPe glold guAl =xAlEAR A
&350 £3 7k x}o] 7R -2 paired t—testE EA
FAL dBA 22X F TS 2xL9
A% 22T Afele] 44 3 Aol AL -
test= EA3}gdv}

2 =

OII

1. HEFol MDA 2

94 % 4% uee 94 Ao H o
8% Z7hkHm FloldE wxTe 94 Aol
3 oF 7% FFAdIg ot F I BFeA QA Ao

HE

alal gola Aol ehiA dokeh 94 ¥ 5

HHE =279 QA T FIAHSE =34 ALl
o= 823} x}o]7} giglct (Table 2).

2. H@gJo| GSH & HE

A & RS =29 9 G Ao us)
oF 4% ZFa3tAn 4N F FIRASE =2l
ZAtele G4 Al v ok 2% F7letH

Z BFAM G Al wls {27 zelst ¢l

R e

=22 Aol £ §213 Fol7} 3131eh (Table 2).

3. g2 SOD FME HE

4 3

30% frol3tA Aasda (p<0.01) TP % =

=& G Aol wig] o 7% Aot f-2
g 2o}t Qldleh A F FuAE =R 9
A F FouAE =26 v fosiAl @A
velgth (p<0.03). FHHE =X Eo] FI|u|F
£ =3 Ao wls AP SOD 4% wol
BaAF)= Aoz JeRgo} (Table 3).

4. Mg CAT g€4x ¥HE

94 F TS =22 94 Ael Hls] o
18% 23k 248t m(p<0.01) FA|PE =

T A Aol w3 oF 4% Aasislet 9
@ Aol7k A 9 F FIRE 2xEe o

EgHE sxF2o A o vl oF
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Table 2. Effects of hair dyeing application on the red blood
cell malondialdehyde and reduced glutathione
contents in young women

Groups Variables Before dyeing  After dyeing

Conventional MDA"  51.37:£2345  55.64%11.51
dyeing GSH? 6794080 651129
Alternative =~ MDA 59.59:£24.50  55.36+9.89
dyeing GSH 6.34:+0.88  6.48+1.24

Each value represents the mean=+S.D. of 15 young women.
Unit: "mmole/g Hb, umole/g Hb

Table 3. Effects of hair dyeing application on the red blood
cell antioxidant enzyme activities in young women

Groups  Variables Before dyeing After dyeing
‘ SOD" 25904878 1821616+
Conventional  CAT? 3934654 32124 108.3%*
dyeing GPX® 13224302 1245+2.10
Atermative | SOD 2799580 2598:660° #
dyeing CAT  350.14529 33621116
GPX  13.194:2.05 12.78+2.46

Each value represents the mean+ S.D. of 15 young women. The
value with an asterisk is significantly different from before dyeing
value by paired t-test (**; p<<0.01). The value with a sharp note is
significantly different from the conventional dyeing value by t-test
(*, p<0.05). Unit: "U/g Hb, ?k/g Hb, *umole NADPH oxidized/
min/g Hb

A F Fuu)AdE =xo vls fodsiA WAl
Yeldt} (p<0.05). T2 £ x| Lo Ty
Z =¥ A Bls) BP9 CAT BAE o
A7) A2 Vet (Table 3).

5. H@To| GPX AT HE

94 F RS 2xze 94 Aol e o
6% AEHAT FANAE BETS o 3% Bh
spdont ¥ 2 Z5elA 94 Fo 34 A Aol
At T Ael7h sish TARS ExAET}
=uH% £xA¢ 25 AYT GPX 24E
A7) A2 hehgeh (Table 3).

o E

°§5’Jﬂ AR A IRt g IR 58
E45o] acetylation 23 Hl--& AX F=

=
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alog wEddh 2 =23 |9RA AR
g E3te] ZlFe gl Ao 2g7bA|
F4Ee] Ay Agzzld gl PFop) =
o029 ks Bd AAEFAR Bk, 79
o =x¥ @A Q¥ =¥ AAZFE 5
Aol F5Eo] HAEFA R Sz (Wolfram
and Maibach, 1985; Steiling et al., 2001; Genina et
al., 2002). p~Toluenediamine?] 7% QA=) 3o
S XA} N, N'-diacetyl-p—toluenediamine 2.2 A}
Hoj 39 37K AWelM HEFHI S~8AIF F
o 7k =2 &% (Kiese and Rauscher,
1968), PPDx= 31F] 3] 3ol %=XA] N, N'-diacetyl-
p-phenylenediamine & 2 tlA} EHeo] Loz of
70%, gy oz < 30% wi&3 v} Mitsuo and
Yasushi, 1979; Wang and Tsai, 2003). %73 9%
A Ad¥-ql PPDe} G734 J=mAQ] AFA A AL
95 Hseat 1 A 54 o
=4 F2AREES A A 5 AAEE free
radicalo]1} ROSel| &jal YA A Zz2] £4F 2 DNA
9] £ArSs- oF7]31 (Anderson et al., 1994; Kasamatsu
et al., 1996; Cebulska—Wasilewska et al., 1998;
Gichner, 2003), PPDx= I}Absless}l &3 ALad
73-©- Bandrowski’s base®} 72 A133 PPDE A
A3sle] PPDRUL 73t B4 Weld == U
Yehd o} (Corbett, 1973). A 220l &3] 8}
xanthine oxidase (XO)¥ free radicalo]+} ROS2] &
2 AAA =z A=z 9] o (Manson ef al., 1983; Im
et al., 1985; Parks and Granger, 1986), PPD =1
PPDS} SAbhid EHEE D79 WP mxA
X029 Aol FolA] ofE EAe] AA WeolA
free radicale]v} ROS2| A& FAsA|gle=H
o) R332 £ 72T (o] 443, 2003). YREH
oz HJuAlY A FASAAAEE 979 9=
A7y Wi g AAA GRA By ofFiA
FRAZ} g2 deA ¥ 24 depda, g2
ANE AL AHEEE vhol7t oJE S ALgalw e} AL
47)2bo] A4E aElx FAE 3= AN ¥
A Yepde} Zahm et al., 1992; Gago-Dominguez et
al., 2001). DNA 24 A= o] 711 dale] 2
3 gt £ glor, F<, viElRl B4, 7H9A
A, A4, 495,48 2 FE5AE 5 AW 3as
532l Ajojoll wel DNA &4 A=rt ded &
el=}(Singh er al., 1990; Moller er al., 2000).

2 Agalde] 2T A2, tail length (TL)
2} tail extent moment (TEM)ol] 2]3F B B FoflA]
SRS mEAge] FHHE mEAE] B}
QA H =] DNA £4-8 AA 23t A& &

2
b

o] 913, 6/lYt & F wepnl E-4317]
dsky =g Adel ¢l AT FL 44
(15~21A)& ATz st FUAES
A A ARAE 6% FAFgavt THE
SIS AbshA e} EfEl FIAE =29 F
vu)FE =xdpgor 13 A&dt ¥ 4 Azt
GA F 6zl FAE AFH 3t AP A
staa A= F Ak e EAel 23ty
Astreds Aeg Pdtezs Pz DNA
epdws vm Assheleh quAl Asuel
w2 HZ 7] DNA &A% Aol7} free
radicalo]v} ROS HAA = zpolof] 7]el® ZIA]
atolr 7] 2] free radicale]v} ROSe| 23t A=
T &2 STk Aoz o4#Al MDA e
Ao FoAE =3 Ee] FIAS =2
Aol Bl3] MDA g=kol| A BAIH o= {23 2}
ol elglert AHAQl wlmellA Fel F7HAF)
T Aoz e RIS =xAEe] T
& =¥ A|ex} free radicalolv} ROSE wo] A
AAAR F 3 7 A YubHog Ax
1} DNAol] £Ato] dofid 7§ free radical o]}
ROS2| AAdA ¢} s5Ae] B3t 22 Asks
Ef vl 2 FHE Aoz ded ¢)o}h(Chow and
Tappel, 1974; Leibovitz and Siegel, 1980; Picardo et
al., 1996; Townsend et al., 2003). ole]] £ o Foi|4]
+ 9EA Algubdel w2 AAAM xS DNA &4t
Az2] 3}olF Abs} AEHAA T} HFsl H]
o 7AES}7] 93] free radicale]} ROSE] &) Sl
Foddhs SHARSAl mA0) BA® wEI Ak
A e WES Johugleh SOD BAES] A4
94 F FoEE w2 94 A e 4ol
s asigedt 99 F FuuE cxee
A Aol wlah el Aolg wolx] stk =
g JN F FIHE 22> 94 F Fo0g
& =x o wE 23 WA el FIHE
ExAlgol FIRAHE =2 AERT SOD A4S
ol ZaAZE gAstdw ol#d AgAIA=
2545 w240l TANAS =xAend

Sy
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superdxide anion radical (O« )& o] Z7IAA
G F E3AHSE 22 FNA 0,07 F 53] 9
dl SODe} #HAo] greo] Ztad Aoz Yzdct
CAT FA=dAE G4 F Fo3E =232 ¢
A Aol wls folaA Aadtdodt 94 F 5
A& =2F 4 Aol w8 o3 zlelE
Holx et =3 44 F RIS T
G4 F TS 22 nlE f2s B
Yeht FIAHE 2xAEe] FIAS =2 A&
Hep CAT 24+ Wol AaAze Flsislet &
A7 AxtelA Jehd TIHE wuuLxte] A
T r] SODE} CAT Al ZF4= invitro A &)
A Al S RZAAM E| PPDE F2AZE o

SOD%} CAT #Ale] 7FAs}ledvl:= Picardo &
(1996)2] d7-9} PPD 3= HARSNSAE X238 in

vitro A8 ¢4 CAT deficient cell?] DNA £:A}o
wild type cellell u]al] =4 yelytels Gichner
(2003)¢] AFelM = FAH T GPX &4 9
= 94 F FAE =3NS FoHAS
=2 By G4 Ao uvls] GPX @4e] #
At ot G4 Aol vls] FoJgt xfe]7l i
o3t AFANE2RE HRA FeAldAM AL
3hae] s S = CATS] «&o] GPX9| ¢
Puct 2 Aow BAYeIAY ol FF o 2
M3 AT AESeixiol & Aoz 4zt GSH
T A5 9 F TARE w22t T
% =37 ZROA 9 Aof wls] F-2)3F x|l
E RolA] gkt oAt ARAAE v ¥ o
FIHAE =X e FIndE =2 —‘—4%‘
A AxEgHA e ol dEA FEA8EE
(PPDe} ALSpA 5)2] ofe] wWglr] “Hr"ﬂ °|
E #lAdEEe] datEAOM 54 F2HAMLEE,
free radical @ ROS7} o] AAIFg 1 o2 ¢la}
o A W) AF~EGA A A o=
A ol gl wloFAo A FAkE &S] FAo
o] Ztad Aoz A=

2 A7 ATl nagt dmAle ¥
AujgdFH =XAlEo] 7|6 d] AMSEHT e

FIAHE XAl v AAHZT-9] DNA £
AE AA e & T =ZAE7he "&i}f—l‘i‘“—‘“
& Amo] AoldM zdd A= A7, ue}
M AEA =Zo wlE QA RAFAHE ol
A FouHE 2XAES ke =4
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Asupgos A%
2 Az

AR Aol wlFAT Ao

U |

o]A}&). p-Phenylenediaminee] ¥]¥-zZ]o)| u]x]: off
BRALek9) =, A= v g, 2003

2ok A et M2l A £ F (comet assay) S
o] 43 DNA &4be] Wizl MAlehs) =7, nejddla,
2002.
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