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ABSTRACT : The single cell gel electrophoresis (comet) assay is one of the useful tools for the study of genetic
damage in humans exposed to environmental mutagens and carcinogens. This study was undertaken to evaluate
the status of DNA damage in peripheral lymphocytes depending on their sex, age, smoking habits, and other
factors in normal healthy Korean population. The 99 volunteers included in the study and out of these, 36 vol-
unteers were smoker and 63 volunteers were non-smoker aged between 20-59 years. All individual answered a
questionnaire that assessed their general information including smoking habits and the extent of the environ-
mental tobacco smoke (ETS) exposure, and blood samples were obtained. There was a statistically significant
difference in the extent of DNA damage between smoker and non-smoker (p<0.001). A significant difference was
also observed between male and female (p<0.001) and amongst the different group of age (p<0.005), however,
correlation analysis showed that only smoking habit was a significant factor for DNA damage. No significant
effect of smoking duration, number of cigarettes smoking a day, SPY (smoke pack years) in smokers and envi-
ronmental tobacco smoke exposure in non-smokers on the status of DNA damage was observed.
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Hild7]ell oF 400950] A B MESAER
o] gHrElo] slelA] H T} 7] Aol ale] Hrk(Venis
2, 1993; McLaughlin &, 1995). A& &< %9l ope}
v FAzt J&3 Fe) Dulld”] (environmental tobacco
smoke, ETS)l| =25 789 Hso] dsiv= =¢
10 | 7hol| A 357148 A E F37) 4, A
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2] DNA &Abo)l disiM = v]gdzte} foj8t zlol7} 9let
At Betti 5, 1994 & 1995; Dhawan S, 2001) == 9]
tl=(Wojewodzka %5, 1999; Andreoli =, 1997) & AE
AR k2 AINE BBl 9lojA] o] Agzezs o
&3] el E3k vt

HAAA A FAEAL A o] AFEA (chromosome
aberration), AP 2)) EEA (sister chromatid exchange)
2] whgez W78l $hom (Wojewodzka 5, 1999), 3
Dol A E A 7] o 5% (single cell gel electrophoresis,
comet assay)?] o]8-o] £7}3t2 ¢ith(Hellman 5, 1997;
Tice 5, 2000; A3} A, 2001; °] =, 2001). S EH7]
FEH> FAEREA =2, S0, Aloladt, AEeR
7 A 5 oekst gl (Dhawan 5, 2001)00 28] Lojut
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A¥c} v w7Er upgo g §ris T QokBetti 5, 1994,
1995). £ Aol = N EA7]FEH S o83l 77t
galollA FY, o= 9l AH 5ol ©E DNA &4 A
5 7135t
ME W wy

APChat

AgHer IREEA =FEHA %2 7173 20-50
o] Uukel £ 99 = (34.0+ 10.0(mean+ SDYH|, 20~594])
o] zpels Aol Fedsldct. AR 271719 AE &
ALE B3l Algle] b BA, AT eSS Y 5, &
Aztel At FA710M), 3HF Fd=ECN) T8 F494,
Bl ¢ AAFAAT, S99 F AR 7l
A A AHED =3 ASE AR RS
=& AR gvb, &F, 2%, gobY AAEE
ezl ont, A57te] ARl o e A o
a7} A A4S Al AEe] FARAL <,
Ak A =R s}

A FES B FAe] 599, oAe] 40%e1ne, o
B 2= 20007} 384, 30007} 337, 40007} 134, 50907}
158 o)t FA2P} 36922 B F97)7R 1501103
H(0.840)olA L, sHF-FAF-E F7 13.9+6.1705(1~20
A9 o5t vl FAAR= 63 2E o]Fo] TR} 10
UKL, FAA] FHAa FA9PE il et HFEB
By 393 2del A Aoz eptet F S5
() ZAlAE 300ml £FF 7)F0R sllon, BF
(500 ml) 32 AF(300 ml) L2 ksl

Hof AR

B A¥ell= A8 A5 Z83isd 2™ (Wojewodzka 5,
1998), =712 & F9]ollA 228 15ul A=Z- heparinized
capillary tubeol] A3 3ted 500ule] ice-cold serum-free
RPMI 1640 i<} (GIBCOYXIl Aol & F, 4 A& 2
V] SEte| = Fv)hal DA EA7|935-S A3k

EMZXMT|HS

£ 432 Singh 5(1988)2] el s Alsdatola, A
-2 hAlellAM Alsfsle] AY A Fo| 7142l DNA
£=ALS- vbz]sl¢ich. Normal melting point agarose(NMA,
A0576), low melting point agarose(LMA, A4018) 5 Al
Fol| AME BE AJeke Sigmarl AES Abgsleion,
Triton X-100, N-lauroyl sarcosine-Na, Trizima base, NaCl<-
molecular biology$- A]2F&- AH-E1%ic}.

Wz

&2j0|=2| FH| W MESsH

RPMI ®jekfol] 212 cell suspensions 37~42°C9] 1%
LMAS} 5322 AL F 80 pi(6,000~10,000 cells)s- 3
Bl 1% NMA-precoated slide$]oll B coverslip(25X
50 mmyg Hieh. EElol=F A5 ol Livd A
dFulF EdoldlM agaroseyt BEF 1087 vk EkI).
Coverslip= A A& F 80ul¥ 055% LMAE "+,
coverslipE Hol HA] FFulE EdoloA 1087 30
Eete] =8 30 ol WA cold lysis buffer(2.5M
NaCl, 100 mM EDTA-2Na, 10 mM Trisma base, 1% N-
lauroyl sarcosinate, 1% Triton X-100 and 10% DMSO,
pH 10l &7} 23& sk 0~4°CollA 1217 F<k AE
B35 sl

WHE

Lysis Fol| &Eelo]=F 33} FH2 7PiA Mk 10
EZF cold 1 mM EDTAENe] =7} lysis 49 2 salts
AAMNZ F, A7)4F 2459300 mM NaOH, 1 mM
EDTA-2Na, pH>13)°ll 2057} &+o] DNA unwinding=}
alkali-labile site®] =35 fr=aldct. Lele| =5 A7]|dF
AAZ &7 F, APHE A48 S A, AR 2
71 3lellA] 28 V(0.8 VX35 cm), 300 mAoA 20587 A7)
skt A719% A Folle dFde] HE T4
AFE 300 mAZ FABII T EgF 52 3 AA]
salt gradientd FHAZWFH. 27|95 ¢85 F 53} 945
A(04M Tris-HCI, pH 7.502 834 33| F3A|7 F,
ZEP| =S 100% vkl 147 53 F7HE § 37 &
oA A=A A,

A gl A

Zetol=E AFAIZ F 50u2] ethidium bromide
20 ug/mh)Z G 834307 (Zeiss Axiolabye] F-F3
image processing system(ChIPS-FISH ver 3.0, GenDix,
Korea) > 2. THA3}9IH(515-560 nm excitation, 590 nm barrier
filter, 4000). S2lol= B S7N(AEF 10070)] A ES F
492 Agale] ofu)x A, o|u]x] ¥4 Z2 13
(Scion Image, Scion Corporation, MD)2.E. headS -3
3 tail7Fx19] total comet lengths pmst2 3813,
2448 AE9) AEE WulA slelH DNA £4fo] 7h3}
==, total comet length7} 22.8 um ojAkel M EQ} WE-g
2 Axbsigeh
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o AE bachrbet £A431de. 2 A3} ghHe] AR bach
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oA 13] 1007} comet length HFAE 83 whE. &3]3}
within-batch  CV(coefficient of variation):= control-1¢]
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13] &3 between-batch CVE control-10] 5.04%(n=15,
2241113 um), control-2¥ 4.50%(n=7, 25.5%1.15 um)°]
et

SAXE % 24

SPSS EA =2 1388 o]g3led ttest, ANOVA test F
RS AlEEIsI. AN A, S S W
TE 02} 12 7pH4(dummy variable)®} shed 24319l
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EA1 g4, dHo| E DNA &4 H|m
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A AE EE 29% AR ¥ HoE 2AENUHGE
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FaFo] & 2 oJAkl FI SFE 3] g T Alojdl
¥ FogHp<0.05) Xfol7} FA=T}. gk A2} Q=)
welrE= comet lengthi} £AMEl A 2] vl =e) f-2l3t 2}
o7} Sl Aoz HAF)

T2 F ARE BASH AT GE 2) 24 Al
H% A%, %—715‘_‘* So°| comet length-} £AHEl M|E2]
=9} = e H 7
van'ableoﬂ*% W Alol7} FAHe Ekgo = <lat Aol
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M) MI% Alolell = 1=0.8249] ¥ ARAAE Ko
Fd 79} Aol gt WARE 472E o
comet lengthtt &A% M Zo] wI=E vlwst Azp= 37
12} 23kt vl EFAAtel A 40 wsk 404) o] AF & Ale]
9] comet lengtht} SAFE A E2] ulx9] o) EAHO
2 frofslA] eoter, FaTolME Q3o g el 2
ZAEA| skt T 404 oAk ' mlRl 7 BReIA F
AxR= 404 w]Eke) ¥l EFAARET comet lengthtd £A4HE
A E2] e}t f2ak (p< 0.005) 2 Ao AAF )
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Table 1. Comparisons of DNA damage by sex, age, coffee intake, drinking and smoking in total subjects

Comet length (um)

Frequency of damaged cells (%)

Groups

95% CI* 95% CTI*
N p
@ Mean=SE for mean Value® MeanSE for mean Value®
Sex
Male (59) 253027 24.8~25.8 0.000 49.2+1.69 45.8~52.6 0.000
Female (40) 23.6+0.30 23.0~24.3 ) 39.1+1.81 35.5~42.8 ’
Age (year)
20-29 (38) 24.9+0.37 24.1~25.6 46.6x2.20 42.1~51.1
30-39 (33) 23.9+0.33¢ 23.3~24.6 0.041 4124243 36.3~46.2 0210
40-49 (13) 24.4x0.53 23.3~25.6 ’ 46.3+2.82 40.2~52.5 ’
50-59 (15) 25.8+0.52¢ 24.7~26.9 48.8+3.26 41.8~55.8
Coffee (cup/day)
None (19) 24.8+0.55 23.6~25.9 43.5%2.75 37.8~49.3
1 (25) 24.5+£0.39 23.7~253 0.889 44.3+2.63 38.9~49.7 0.732
> 2 (55) 24.7+0.33 24.1~253 46.0+1.88 42.3~49.8
Drinking (bottle‘/week)
None (52) 24.4+0.30° 23.8~25.0 43.5+1.66 40.1~46.8
1 (33) 24.5+0.35 23.8~25.2 0.073 44.8+2.54 39.7~50.0 0.110
=2(14) 25.8+0.57° 24.6~27.1 51.9+3.64 44.0~59.7
Smoking
Non-smoker (63) 24.0£0.25 23.5~24.5 0.000 40.8+1.50 37.8~43.8 0.000
Smoker (36) 25.8+£0.32 25.1~264 ’ 52.6+2.06 48.5~56.8 )
a: confidence interval.
b: t-test or one-way ANOVA test, 2-tailed significance.
c: as a bottle of Soju (300 ml).
d, e, f: p<0.05, 2-tailed significance between two groups.
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Table 2. Simple and partial correlation coefficients of comet length and frequency of damaged cells with variables in total subjects

Comet length (um)

Frequency of damaged cells (%)

Variables Unadjusted Adjusted for Smoking Unadjusted Adjusted for Smoking

Comet length (um) 1.000 1.000 0.853* 0.824*
Frequency of damaged cells (%) 0.853* 0.824* 1.000 1.000
Sex? —0.386* —0.195 -0.373% —-0.148
Age (year) 0.153 0.115 0.074 0.024
Coffee (cup/day) —0.001 -0.160 0.079 —0.008
Drinking (bottle/week) 0.197 0.018 0.190 -0.010
Smoking® 0.395% - 0.430* -

a: Dummy variable; male = 0, female = 1,
b: Dummy variable; nonsmoker = 0, smoker = 1.
*p<0.001, 2-tailed significance.

Table 3. Comparisons of DNA damage by smoking amounts in smokers

Comet length (um)

Frequency of damaged cells (%)

Groups " -
) Mean+SE f95% cr p Value® Mean *+ SE 9% CT p Value®
or means for means
Smoking duration (year)
<5 25.6+0.88 23.2~28.0 52.6+£5.96 36.0~69.2
6-14 (17) 25.8+0.54 24.6~26.9 0.982 53.2+3.59 45.6~60.9 0.960
>15 (14) 25.8+0.45 24.8~26.7 51.9+2.48 46.6~57.3
No. of cigarettes smoking/day
<50 26.2+1.00 23.4~290 53.0+6.68 34.5~71.5
5-10 (7) 26.4+0.81 24.4~284 0.666 59.4+3.29 51.4~67.5 0383
10-15 (10) 25.6+0.55 24.4~26.9 ’ 52.4+3.26 45.0~59.8 ’
15 < (14) 25.4+0.52 24.2~26.9 49.3+3.76 41.2~574
SPY®
<5(12) 26.1+0.66 24.6~27.5 544+3.82 46.0~62.8
6-10 (9 25.7+0.53 24.5~269 0.795 53.6+4.39 43.4~63.6 0.724
>11 (15) 25.6+0.50 24.5~26.6 50.7+3.04 44.2~572

a: confidence interval.
b: one-way ANOVA test, 2-tailed significance.
¢: smoke pack years, SPY=20 cigarettes per day per year

cigarettes per day per year)oll WeFA comet lengthe} &
A Az wlxe] foldt Aol e x| WITHE 3).
A 71l A FA(ETS) =& oo w2 DNA
9] 3ol 3 HlGARAA HLTIACHE 4. YL A%
oM ZHEA =& A9 vl A5t Alolol] DNA &4
<+ gk Afel7b YlslR, MM E A E= s1RelA
FdFANS) xZ3 o) = DNA 4] o8t =}
|7} FAFA] skt A vlEAAL F AR eA BHEFR
o] QIHAl SRR AR 1902 SA A A 95}
At
=}

Ll s

8zt Aze) meh A2 Aolst Aot wm
3 9PTF ) DNaY) A Esle] BAS

H7}sled, DNA FEA &2 $ls2 H&s] 3] 93}
of AAIEIS. 74, 5, oF, A=, A%, w44, 2
7T B FO g 93] gloka A 9l
2w o]2jg g Aol T3l F 20lo® TET g
T Al F49 MESAe 2J3 DNA9| &Abo|THRojas
S, 1996). ¥°] DNA 4§ fr=shs 7112 739
284 A $AI9HZhu 5, 1999), Hd7)el] Z3H sk
%2 S5 particle AFel 2] alkenes, nitrosamines, aromatic
and heterocyclic hydrocarbons, amines 52 #AALAE
(reactive oxygen species)oM i ASelclge) 2k
2 cidrbedntelt 7))t 2 DNA $A4bo] Yojujnd,
o]2igt DNA £Afol Al43]) Bpsz] sk=chm oF whae]
ARHoZ 74 o2 PAHI Qch(Ferger 5, 1998;
Piperakis 5-, 1998).

S =] [e]
FAe) FASHE

718} Betti £-(1994) Aufjed g2
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Table 4. Comparisons of DNA damage by environmental tobacco smoke (ETS) exposure in nonsmokers

Comet length (um)

Frequency of damaged cells (%)

Groups (N) 95% CI

Mean=SE
for mean

95% CI*

Mean=SE
for mean

p Value® p Value®

male
work place ETS exposure
no exposure(16)
exposure(7)

24.7x£0.53
24.5+0.74

23.6~25.8
22.7~263
female
work place ETS exposure
no exposure (36)
exposure (4)

23.3+0.25
26.4+1.61

22.8~23.8
21.3~31.5

home ETS exposure
no exposure (21)
exposure (19)

23.4+0.34
23.9+0.52

22.7~24.1
22.8~25.0

453331 38.2~52.3
0.814 403+3.76 31.1~49.5 0.387

38.5+1.93 34.6~42.4
0.153 44.8+4.54 30.3~59.2 0306

38.2+2.43 33.2~433
0375 40.1+2.75 34.3~45.9 0613

a: confidence interval.
b: t-test, 2-tailed significance.

A A= v)FARe} FAA fr2jgt xlelr) vehd
A oS ubH DA EA7)FFEH L )3 2ol E HoiFe]
Al A EA 703 F A o] APl d A A A Bt 71718} )
Wolekal el L, 11 o] iE DM EAY] TN FX
718] AZE Y422 DNA 445 78I A=l 944
TEFEANE BRI A EoM Frlsl7] dtoleka Ak
. Kalweit 5(1988)= A EF7] 5 Gyl FA7))ES G,
7| AZAZAZ7)S M7} T 318 FHE 7AH, ulebr
2 229 35 S AR A kA o] F
2.2 QIgk DNA A4 A8 A 24700534 ¥

< IZES 7 4 Qe S

E dTFelMEs s EA7]od e 02 vlFEdzpl v
FAeA DNA $4A =7} fosiA S718hs Els
et & HARES 243 A3} comet lengthe} £A4F
M Z2] vIE7} v FAR) vls] FaxllM fels =
vepgtes @& 1), DNA &4 4, 9%, 9497, 5
% 59 2 wpele] Al A Ao ME Fgergt
o] =2 AHHHIE 29SS o 4 QAThE 2). =3
404 o)t wlgt B FFE A AYAE ) T2
vhHre] BlaZe DNA €4 AR DE 24 |9 A<
3} 404 oleke] ¥]FA Atk ZellAEE DNA &Abel] 9] 8
Aol 7t Qe viehdet. @A ot dF- 344 DNA &
A AEZ felsl woha vepd A E Qe Feidt
oA Eo] BT v|Fdxtoly YF- QTN Fdzl] vl
o] 7] wiiell Fdo] Etaglez Ags el A
2 Heolm, ool d3] BANE o|F A8 A%
ohE ABA-L DAFHYTE 2). v]FEA}; 630 gt &
Ao A% Adel] w2 DNA £AEE dAle] 2463+
042 um *3Ae] 23.6410.30 unE FAIA i A

30

B = NN a |- a -

] I e R -
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(N=17) (N=6) (N=23) N=13) |
Aged 20-39 Aged 40-59 Aged 20-39 Aged 40-59
Nonsmoker Smoker

60_
LB T T

50._ ____________________________ ab [ _____|

% Damaged Cells
8
T
|

(N=17) (N=8) (N=23) (N=13)

Aged 20-39 Aged 40-59 Aged 20-39 Aged 40-59
Nonsmoker Smoker

Fig. 1. Comparison of DNA damage by the categories of age and
smoking in the total subjects. Vertical bars indicate the standard
error of means. (a: p<0,005 when compared to the nonsmokers
under 40 years, b: p<0,005 when compared to the nonsmokers over
40 years).
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ot BAA )42 9lgich(data not shown). Betti %
(1994)%. o34 B} FAdol| A} comet length?} Z 2t HA)
Ao Fo3t zlo]= 478 4 ¢igldln sl

W EA7|GFEE o 88 Fnt Al upE WY o
DNA €4S Bludh g |7 23S AR, Betti &
(1994, 1995)2 FAAl| A DNA £Ate] FrlalAl F7)sle,
dRTHRE VolE AEE Z-E AlilA] DNA £4o)
H|53E RS BTl sle] B G} dAHE ARE
B wsjgic}. bl Dhawan 52001} Q=S Ao
FAzlell -] DNA £4F2 v 2 28] 37181, 20
e} vlwaled 307K, 4070, S0HS] DNA £4Fo] f-2J3t &}
o] & Hguky M sl Piperakis 2(1998)2 A= oh&
T 949 25 dAle R YT DNACIA Fd3t 959
33S sl Fdzkel A3 Tl DNA £A4ke]
Zorla F9ol | 7= ks viAva skt
E dME FAPoNME Ad=E dedE el obF-
3 zlol7} gl ot v]FEFelrE BAAY Rl ¢
UXEk 3143 DNA €4 Ax) 4-11% AE ¥
7oz HAF ] Fdo] DNA €Al njx)E od3ko] ]
B} " 7R 4 4 gtk 939 o] A7 EAHE F
el B o £ 97743t} v 2 DNA £ = 7
A & S A= AL FdYolgt & 4 s Aotk
X371 DNA A4 BlX) ofgel] gt dt-Eol Jda=
A Holi A= oA 2 A7 Td=TolA
DNA &4te] o3l F7lsiche 235 HeolX 911, o]
£ Agshe A 7ML volr) Eojzhel wel DNA
w71 At dr|EAe SR Al 38 v
Zo]Ett= 7 o] h(Piperakis 5, 1998; Zhu %, 1999;
Dhawan -, 2001). <z}ellAl DNA 4ol Z713ie=
ol5¢] Azel= gl Andreoli $(1997)% Wojewodzka
(19992 F<Ate} vl F<AF7ke] DNA 4 2l gt 2}
o5 WAFA| X3}, Wojewodzka 5(1999y> F o
2]o] DNA &A1) Ygle] == W, 93 gqleut A2
4} 31858 e] TS AR FAFNAH.

2 d7oME 365 FAARIM Fhse] wE DNA
£ o] o) = nwEgied, 259717, SN Y
SPY(smoke pack years)® A#3t FAFEe] ol ule}
Al DNA £l 2l xlol7} Yeh izl A8k 3).
Dhawan £(2001)% SPY® Aeks} Fadzke] Zrlo) ule}
DNA 4ol S718le 73ke vehix] ot3l, Beti 5
(1995)%} Fernzilli 5(1997)% DNA £A47} gk == 3}
FEdwe] AR 1A & sdsldka Busk vt gl
ole} 72 AANEE o] Tl Al Aol A3k
DNA &AS o738 71El7)E RS2, Frenzilli $(1997)

S

< Z4 % DNA Ao wiste fasly] Sl3ke] 9059
FARE 14 7F follow-updt A3}, of 7|7kg4t ¢H4s] &
AL 3 AlEEe] FQ3A) 33t Aol vlsll DNA £440]
A Aishe AS BT} Qlo] o9 e ARIS
SREAEAL gl

HAEFA] Helle 235 duFe] vt 2] dE
o st FERAe A38AE PA=le] 9lckUenkins 5,
1996). 2 A7olre 2R <33kE Frlskr] S8 ¢
At o34 vlFARIA 7 = ARl ETS =El
w2 DNA £4F}el S EMslgled] BAda) oA ZfelA
o] &t 2ol & WA 4= AUATHE 4). o= AR 7
Ae] gkl 72 EA 20| ARl ol 24H R
ol FHA 8401 FA G RS sl 9leH,
g3} 712000y ETS :Z% ¥]FARllA nicotine®] A}
AFEQl % cotinine ¥ =7} 34 AR =22HE
Aol vlxEAkel 23t Aozt gldle-S Harst vt
o}, 31 Wojewodzka $-(1999)0] 2|4 3}91E0] DNA &
Aol M 22 3 E5H oz 41435] 7€ 2kF ETS =59
Hopr frejat xlel7} FAEA] F3E Aol ez 7k
AFAY NEFAL FHseds I3 =22 2P
R} AEar d37) 2 gset

2o 2

o] AT 20003E ML AT AT T
& x| ulel] sl SRS

bl
ror

ks

79w A9 (2001): B2l A Y Diethylstilbestrol®] -4
=4 BrhE Sls GAA o)A, A A EA g, A9, o
YA E A A7|°dEHe] 4. Environmental Mutagens &
Carcinogens, 21, 135-141.

o]d7, o=, o], %, FAA, AsHE, HF(2001):
A £41 719354 (Single Cell Gel Electrophoresis Assay)yS
o] 83 ok Arxzte] DNA<LAF =7} Environmental
Mutagens & Carcinogens, 21, 128-134.
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%3 9. Environmental Mutagens & Carcinogens, 20,
75-81.
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