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human lymphocytes.

a KOMET 4.0 image analysis system.

Objectives : To evaluate the DNA damage by hair dyeing in

Methods : Comet assays were carried out to evaluate the DNA
damage in lymphocytes by hair dyeing. Twenty subjects were
selected from women volunteers whose age ranged from 55 to 67
year old. All subjects had no smoking history. Blood samples were
collected before and 6 hours after hair dyeing. DNA damage was
evaluated by means of the tail moments, which were quantified by

Results : The tail moments before hair dyeing showed no
significant differences among subjects except for the high
frequency group. The mean values of the tail moments in subjects
with low and high frequencies of hair dyeing were 1.39 and 1.77,
respectively (p<0.05). The tail moments after hair dyeing increased
significantly. The mean values of tail moments in subjects before
and after hair dyeing were 1.45 and 1.79, respectively (p<0.01).

DNA Damage in Lymphocytes after Hair Dyeing and Related Factors among

Women Volunteers

Jin A Cho'?, Eunha Oh'?, Donggeun Sul'?, Eunil Lee'?

Graduate Studies of Public Health, Graduate School, Korea University”;
Department of Preventive Medicine, School of Medicine and Institute for Environmental Health,
Medical Science Research Center, Korea University?; Department of Cosmetology, Kyungbok University”

after hair dyeing.

However, the difference levels of DNA damage in lymphocytes
before and after hair dyeing were found to be slightly lower in both
the dietary supplement taking group and high frequency group.
Conclusions : The high frequency group appears to have a
higher level of DNA damage than the low frequency group before
hair dyeing. DNA damage in lymphocytes was found to be
significantly higher in the volunteers after hair dyeing. In this study,
the related factors such as high frequency and taking dietary
supplements appeard to reduce DNA damage in lymphocytes

Key Words: Hair dyes, Comet assay(single cell gel elec-
trophoresis assay), DNA damage
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o] gAlH o]iKaberration)g 7}A Q.+
AEEA] 9eg WD, Palmer
% [5]= m-phenylenediamine, 2 nitro-
p-phenylenediamine, 4-nitro-o- phen-
ylenediamine 50| #o]¥Alo] gltia
Busgitt o] 252 FE AL A
95 A9 49 Adeln, 2G5S
AME Aol Qe Ao Bud ¢
2 4 & 4-methoxy-m-phenylen-
diamine, 4-chloro-m-phenylene-
diamine, 2 4-toluendiamine, 2-nitro -p-
phenylenediamine 50|t} {6].

el GEASE AR IV F
8 §5Hold F A9 o) jEHol

AZETE ATFRIT IR AL
ofFA L At [7-9]. utebA FEA|9 A}

Fo2 AAl ARIA gl Bk



[12].

3 ol ol $A54 9o
ERbE Aol tgh A7 AR5, 1981
W Kirkland 5 [13]€ 149 9] 2197}
A GA A5 A G AA S (sister-
chromatic exchange) Y1 %= 7A} A3&
MTajo] 69 271,888 2w 47
2 0o} 2 o] o) HUS4 9%
o] ViehbA] gtk H skt 1983
d Turanitz 5 [14]% 10 9] T3k A
Aot hxT S dlwste] ApjEAA
3 Wt b4 Qeta was
[15] %*leﬂ o] &H(chro-
mosome aberration) ¥ & A}
24 A cﬂx%ﬂ Aot gee

31, Hofer &

}3}04 Apofl 4 A A w8,
comet assay( AL A7GEH),
Ames ARG oA thZ&E 2 Aol 7} §l&
S RN

2P 20019 GAAE B71Ae
AL5HE o Aol AA uhgruk uaugg
2.14) Z718k3, 100 o)A
& 29 5uf o 57}8‘}@; oa%y_m
o|FHL [17 Tk T 7k ojalo] A
NEWFF2 B4 3} 8 APl
4 F7E gde] Qe Ao wid
7 9tk [18,19]. Wt dmA] AFET
2 FAEA F7hl W@ A7 A

k)

s o= =
vUEY Yoz waD 428 P
olgtz #H7F= 1 9t} [20]. Comet

assay= %2 Ostling?} Johanson [21]
of ofaf Ztzhe} MELFofA e DNA &
g E1}7] 9stol EUE @A

I A A719 54 (microgel elec-
trophoresis) WH 22, Singh 5 [22]]]
s v} A7 Wioz AEEAG. 3
F@u| Aol /] DNA E4A 7} 341"3
Zro] YEREZ comet assay2til

o o] HHLe HE HE 5 (~10000
cells)Z25 AFo] 7b5sta apfite] 2
72 AL & olom H|wA A&l A4
ugo] Agdt} _r£ & Betti 5 [23]

Els Z]J‘—:_a]u_ B389t} of
9} e FHEZ comet assay’t FH Y
3}A AHEgel we OECD A& 474
7] 1s A e BEeE ARt
of 4% Ao} A IE kATt [24].
a8y Sardas 5 [16]0] AM&3Etgd
comet assay+= A|X AFAS {oto g &
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A &4 ??J%‘ T U AFAZALY
l & Mesle], B A Y
AH2-3HSi T A3AFY] "Natural
Brown" AZS = dEAE 2k
FAAl AR PRSI, AlEe EA
8 AR dx2, s e,

m-opv sz, GAF 24-Tlo}r] A S A
e Foloivh.
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G E A7) 5 H(comet assay)<
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ARt e PN e Add 9
A A& 6AZE & F A AHsAc 2%
9o SlHEAt Al A HA S g A
e 4] 2ml A F 3] A ARSI
o gde A & WY st FA]
Agaz 24ukslg o, Ficoll-Paque
(Amersham Pharmacia, Sweden)E ¢}
3l YIS FAANT. TE 43
L A% A AE g el o] F
oA3iet.
2gd X3 1% low melting
point o}7}2 © Z(LMP agarose)ol] 41
o]r] 1% normal melting point agarose
7} EX ¥ &efo]=(fully frosted slide,
Fisher Scientific)o] E¥3}4 cov-
erglassZ #9] o 1087 A5}
% 0.5% LMP
agaroseE E¥ 311 A coverglassE
A9 2 &, coverglassE A A3 A
pH 10¢] lysis buffer [2.5 M NaCl
(Shinyo, Japan), 100 mM EDTA
(Amresco, USA), 10 mM Tris (Gibco
BRL, USA, pH 10.0), 1% Triton X-
100 (Amresco, USA)]o] ¥o] 4 1
A7 302 F3F FAtTh AdiA pH 13
9] unwinding buffer [ 1 mM EDTA
(Amresco, USA), 300 mM NaOH
(Sigma, USA)]ol} 2087+ &2t} Lysis
¢} unwinding Aol &Elo|=E W
dFolEsgdE 7 dof

Coverglass& H7]

coplan jarg
wEEA FEF 5%

o] =8 71954 A (Sub Cell
GT Agarose Gel Electrophoresis
Systems, BioRad)dl] Eo] A47]x] &%
2 wjdstn 25V, 300 mAE A5k
unwinding buffers} 2 bufferg A-§
kol 2027 A9 EE st 7%
% 3 alkali9} detergentZ #A|71317] ¢
8l neutralization buffer {400 mM Tris-
HCI (Gibco BRL, USA, pH 7 4)9l| 5%
A A ¥ washinga} e} 214 A7 83
€ A FE sgol=e d®E (ab-
solute ethanol, Sigma)Z. 5%7+ 2739
3 23 Baaidnl. Ay 271del
DNA &% 97] $i5le] 345 ol
/é]/\l O]'M

LI AR o ellA] 2

sefol=E 2 A ARl thatol
TN AAdste], 47 507 o, #F
1007} olAke} N EE #A3IH. 2ol
= #%2 A0 ethidium bromide (10 ug
/ml) 50 w2 §FGMEte] 515-560 nm
9] excitation filter®} 590 nm barrier
filterg o]-&3to] 3 AnlA slolA &
5319t 24t ME9 DNA &4 Bes
image analysis software (Komet 4.0,
43514 olive
tail moment (tail moment) #t-& 43}

Kinetic Imaging, UK)& ©]

9t} Tail momentZt-& DNAEANS U
i meje Zold meld £2d

DNA%E #3§ #tolth.

4) EHEA

e |
Oﬂ*“/\]g 2 tail moment %,%0
?KH“ 7} Zro} ¥ BFBA Y
J Wllcoxon signed rank testZ A}%é}
Ax, a3 o unt B4 T Ha T
Aol BAT J5S (A4, A2
2}, A7) 7he U}% tail moment 3}9]

H| 2= Wilcoxon rank-sum testl} I3

A} & Qo) DNAEAH 3 29l 277

2722~ (Kruskal-Wallils  test) 734
W ol $aHdlck BAZZ UL SAS
windows version 6.12% AF2-&19it).

A7
L EASAE B B T2 9
A 40| TE tail mo-
ment &

ZAF dpgatE 20902 EEr o4 e]
1, H A 98 5
7b 11%(55%), 60-67 4] 01%01 9t
(450%)°)2 T}t (Table 1). A A thAAHE
Z THG5%)e T 2 HEA,
AA 5& F71He2 BE5%)
I, 94 3 oxe 5 %*&—%
75 3%(15%) U
AAES] Yukd EXo up2t dA
tail moment el #fo|7} ¢l A ]
3t Axt, 604 #|7H 7 tail moment
Zrol 14398 604 o4t ¢ 14589
Ja o7 PU%A, FF iLOl 155302
| &3 1.4299] B3] ok7h E9kon}

T

H
3
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Table 1. Effects of related factors in the tail moments of lymphocytes before hair

dyeing
Related factors Numper of Tail moments p-value
subjects (MeantSD.)

Age 55-59 11 (55%) 143940.20 0.879"
(years old) 60-67 9 (45%) 14584023
Alcohol Yes 3 (15%) 1.553+0.29 091"
drinking No 17 (85%) 142940.19
Regular Yes 13 (65%) 1.386+0.17 0.1321
exercise No 7(35%) 1561+0.23
Taking dietary Yes 4 (23.5%) 1.468+0.05 0.157
supplements* No 13 (76.5%) 1.368+0.16
Symptoms Yes 3(15%) 1.543£033 0.560"
complained No 17 (85%) 14314£0.19
Usage > 10 yrs. 7 (35%) 141 £ 024 0499'
duration 0-9yrs. 13 (65%) 146 + 0.19
Frequency >2 3 (15%) 177 £022 001711
per month 0-1 17 (85%) 139+ 0.15

Black 2 (10%) 153 £ 051 0.62'
Dye Dark brown 3 (15%) 155 +£0.17
color Light brown 13 (65%) 143 +0.19

None 2 (10%) 136 + 007

* Three persons were excluded among subjects who had taken dietary supplements because they were high
frequency group of hair dyeing. (more than twice per month).

} p-value calculated by Wilcoxon rank sum test
# p-value calculated by Kruskal-Wallis test



278 =z=xlo}- CAAEE 0]

EAN R §o5}A] ekokt} (p>0.1). 77 Table 2. The difference of tail moments before and after hair dyeing
AAod LEde Ao 138602 1 Number AGE Difference Tail moment Tail moments
gg_ ;] %*10: 73_?_0] 1.561 E‘/} u—oloq, (years old) of tail moments  before hair dyeing after hair dyeing
i~ I 58 1.18 142 26
FAALR frofatAE Fokth (p>0.05). 2 52 111 131 242
ZAL FAFE Ao 18x gL AL 3 49 0.78 136 2.14
. 4 62 065 1.14 1.79
R0 232 Haoll EARO
EE}_{L TAE Bfou sAReE 5 60 063 168 231
o3t Aol E Ho|A| = okttt (p>0.1). 6 64 056 141 197
v £8 Fr|How Egahs AS 7 67 046 145 191
8 52 045 131 1.76
o] £2]¢o] tail moment o] 1.5960.% 9 56 045 123 168
=0} olE FolE Y 23] o)A Bt 10 60 031 147 178
AN = 2237} =8 3uo] BE & 11 63 029 1.17 1.46
A st :l bz - °B] ST = 12 66 023 151 174
o} glojA o]5& Algstn EAstsint. 13 54 0.11 145 156
F)Hoz MEAES Bese 499 i o 011 14 152
DA FE Ay FANCE fFeAF A 16 57 _0.02 15 148
o] i (p>0.1). 17 49 -008 19 182
l:r_%y og,\_q‘ ) %Z[:i }_A}% 7)_\]% /{]_ 18 57 -0.08 124 1.16
! ; L 19 59 =020 16 14
£717, €97 AR, T2 AMEE 20 63 022 189 167
Awa A Soloirl duAs A}
ARA A Sl GRAIE 10d o) Mean SD 584452 (gffoio%gg) 1454020 1794036
ALl A0 o 3 mlok A =
H®E A7t TR(5%), 10 H)E f * p-value calculated by Wilcoxon s signed rank test
a3 2971 139H(65%) 2.5 tail mo-

ment 2r9) 8218 o] 7} 191t} (Table Table 3. Effects of related factors in the tail moments of lymphocytes after hair

N . dyeing
. 32l 9 28] ol AHgsle A4t

N - - : Number of Difference of tail
= olal2 Al&sle AL Related fact -value!
1.77, € .1§] 15t2 AMgshe A : ciated lactors subjects  moments(Mean+S.D.) p-vaiue
1.392 tail moment gko] TAHORE Age 55-59 11(55%) 035 + 049 0.065
g]fs]. ;(].017]. o]oh;]. (p<0 ob). gji ;(].Zr (years old) 60-67 9(45%) 034 £ 028 0.012
Agste duAe A Zas 4 o Alcohol Yes 3(15%) 022+ 051 0.75
drinkin, No 17(85%) 036 + 039 0.001
o] AL&31A(65%), ARAS Mo w ¢
o Sro] Fol Zald o Regular Yes 13(65%) 037037 0.005
2 tail moment #¢] Aol= FAHLE e No 7(35%) 028 + 047 0.156
frelaha] sttt Taking dictary Yes 4(23.5%) 0.07 + 0.06 0.250
supplements* No 13(76.5%) 051 +039 0.001
Ul A AA
2. 52 SM BF DNAZY B2 gmpioms Yes 3(15%) 0.1+ 034 075
297} 2090 Wiatel AA A tail complained No 17(85%) 038 + 040 0.001
fad | =2 BN 64
- . Usage > 10 yrs. 7 0371026 0.031
728 y|wst AX mwo
moment 3t H2& A 15F2 il 0-9yrs. 13 033 + 047 0037
7ol 27)slad Mo 7EAF]
moment o] 57 MML_S 3L 4% requency per >2 3 0023 023 1.00
4tl (Table 2). 4A A2 tail mo- month 0-1 17 041 +039 0.0005
ment t¢] FiE 22+ 145, 1792 & Black 2 0.04 + 036 10
Aoz 003 3o o) < Dark brown 3 040+ 053 05
A . :r“] e Ael7 ,} RAH (‘f Dyecolor Light brown 13 033 + 035 0.003
001). 72 {A AF tail moment £t : None 2 061 + 071 05
i}o]lﬁ: 7_]),7_'}0 o] eg_r:Loﬂ /\1 '?F A]_g], %}I\-Q_ * Three persons were excluded among subjects who had taken dietary supplements because they were high
. g L]_ 1 frequency group of hair dyeing. ( more than twice per month).
HRA, EE?J’ Z'IZI'O’] %] OHH Eﬁlx .t p-value calculated by Wilcoxon's signed rank test
o8 Fog AolE BAY (p<0.1)
(Table 3). ZL2{u} &5 ofFof mepr=
MR TN, S50 Wb & 454 B F9ole il moment ] OE IR, GRA AE 5150
ST, kR R ekxE vl HskRol7t FAH R feojeiit. et te 23E E4iH (Table 3).
958 FrHoE HESN g GEAS ASE 0 Bt 928 ol s 44 til moment
Ak, 24 ofHo| wetre FAS 3 7 BT tail moment 32 Aol7t BAAH 9] Aole 47 vgken, € 18] v
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Aol of g 7H) aQlelA 71915k gl
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Ao o3 £ A a7} Q)
u&olt} Oesch 5 [26]9] ATo)A

o] DNAEAYS S7HA7IAR, &4
T} 2 DNAEAEA ] 93 DNAEA
B3ste vt vk Basdih 1
ol FUAES] Aol glutathioneo)
750} Q7] wiEolgtn . 4
9] A% DNAEY 4ol mEH
DNA&AS A0 7)x)wk 0}2 DNAE

= pu o o
Mg st 28] okl wet Aol
g B GEAE Bol AHEshe B %
< FAE BOAE, 2EEN d 59 A
°lg & dv 92AE Bl ASshe A
50| DNAEY S7H8 vehiAl &t
ok old Ak vlRAR oSl o
Ao ol# DNAEe o «ulset
= A& HoiFa 9l 5, DNA &4
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A5-& image program$ ARg-8te] 37}
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4 DNAEAS Uehle Ag2s
Olive & [27]¢] AAJE AL2|e] Zos}
DNA%Z %} tail momentE AM4-819)
o %2 @7A0] ofe] 7 tail para-
meter5-o] A tail moment Z}S A}&-3h=
AL % EE A o gig $-g
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ERAL7] w2-olt} [28,29]
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£ e Moz Fdad H43r) o
ojth. A2 M AFY FEAE p-
phenylendiamineo| FA £9ld], 7 #&
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ol/fell Al 4-Rts BAE BTy Hu
=HloH [3], B A gAY Fatst
Fas} 22 AkgtAle] s stskd AS-
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93 9t} [30). AREAAE 4D
A7} 8359w, Thun 5 311 7
= A AT GEAE 2 7R AL S
ZDEZEEES SRcREE S
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