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— Abstract —

Effects of Chromium Exposure on the Level of Urinary 8-
Hydroxydeoxyguanosine

Seong Joon Kim, Byung Chul Yu, Sang Hwa Ohm, Ki Won Jeong,
Luck Hee Sung"”, Won Chang Shin”, Jong Rae Cho”, Jin Ho Chun

Department of Preventive Medicine, Inje University,
Department of Urology, Sanggye Paik Hospital’
Department of Internal Medicine, Sanggye Paik Hospital’
Department of Clinical Pathology, Ilsan Paik Hospital’

Objectives @ To investigate the possibility of utilizing DNA adduct as a carcinogenic
biological marker for workers exposed to chromium, and the effect of chromium exposure
on the formation of urinary 8-hydroxydeoxyguanosine(8-OH-dG) was also evaluated.

Methods : The chromium concentrations of venous blood and urine were measured in
20 chromium exposed workers(exposure group) and in 11 chromium workers(control
group) who were not exposed. The concentration of 8-OH-dG in their urine was deter-
mined using high performance liquid chromatography with electrochemical detection.

Results : The blood chromium concentration was significantly higher in the exposure
group(0.46+0.18 wug/100 m!) than in control group(0.27+0.15 ug/100 mi), but the urinary
chromium concentration was not significantly higher in the exposure group. The urinary
8-OH-dG was higher in the exposure group(1.71+1.82 #mol/mol creatinine) than that in
the control group(0.45+0.46 ¢mol/mol creatinine) and was significantly correlated with
the blood chromium concentration(r=0.49). Results of multiple regression analysis revealed
that the level of urinary 8-OH-dG depended upon the level of the blood chromium con-
centration(r=0.21).

Conclusions : Urinary 8-OH-dG was significantly related to chromium exposure and
this finding suggests the possibility that urinary 8-OH-dG could be used as a biological
index of chromium induced DNA damage.

Key Words : Chromium, Urinary 8-hydroxydeoxyguanosine
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Z2a3dt Aol 67 ZE2 anion transport
systems E38] AFHE E45o] IAA oo}

55 ISR YE DNAC AxHoz oJas
A= e AeR 4#A Utk (Connettest
Wetterhahn, 1983: De Flora$} Wetterhahn:
1989). 23|51 A F5€ 671 ZEFo] AW 2
E43 2838t 57}, 47}, 37F AF FAREE
< ¥Asta, FUNAMKIEC] A3 DNAEYS &
welths A3 (Barr-David 5.1992)¢} 671 ZE<]
|32 oA Aksl-3tel wkg-2 B3l 571, 47F, 3719
FUANARIEZ sl B ST vk Atar]
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eactive oxygen species)”} DNA 42 423}
(Ye 5. 1995) wdo|yp EAWolE 3=
A Ut

A7 28 == 9t DNA &35 H7let
7] 913 ATt AEHH R o|Folx] ghow, 53
DNA 4% %7187 98] DNA 719 45
8-hydroxydeoxyguanosine(°] s} 8-OH-dG)<& ©]
43lo] DNA &£4& 274 gristax e d+
7 9k, AN dFEE 5(1995)9 ATk Ad
5(1999)9 AT AEF =FA DNA &2 37}
& &5 FA 5o 22A AEgeclye o
A& A E7] = vkt

A 2 dAye 385 =5 2
o7 AF wF 9T AA F3
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d AP FS] ZEANAAN AHE 10 mlE
g ulglo] Eo] 9lE vacutainer tube(Becton
Dickinson, Franklin Lakes, USA)el| €] A&
2 AT AWe B A%d 8718 AMES
o] 10 mE Ak di Azld Addel] 1 m
9 Al8& ¥ Triton X-100(Wakopure chemi-
cal Ind, Tokyo, Japan)< #7}st
€4 (1000 ppm)= A3t sampledd] H7Fshe
E23E HrbEez 43 tH(Price, 1979).
Matrix modifier &% addition standard,
blank, samples 718 & H7]|Z(graphite
furnace)7t #3249 AAE33=A (Perkin-Elmer
model 4100ZL, USA)9 A5 FHAIZITE, A7|=

&
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Table 1. The condition of instrumental setting of atomic absorption spectrophotometry with a graphited

furnace for chromium determination

Parameters Parameters

Lamp current(mA) 6 Purge gas Nitrogen

Wave length(nm) 357.9 Temperature program

Slit width(nm) 0.7 Dry 120 for 60 sec
Signal type Zeeman AA Pretreatment 1550C for 30 sec
Read time(sec) 8.0 Atomization 2300 for 5 sec
BOC time(sec) 2 Cleaning 2600C for 2 sec

oA 60,
Al 30z, 2300¢ColA 5%, @z 2600ColA 2%
7}0]0@ g% 459 v5E w/100 nl2 EAE)
domn 9F AB¥LE creatinineo® HA st
ug/g creatinine.® HEAEITE BA7|7)9] =A
£ Table 13 2t}

3. 28 8-OH-dG sk2| £F

Ao Algd gvle HPLC grade?l E, ace-
tonitrile, methanol(Tedia Co, USA) 55
R, AAE] HA
tion column® 2= C5 Sep-Pak cartridge(Waters
Co., USA)E |83ttt 8-OH-dG(Sigma, USA)
= 100 me] SFel 5 mgg =2 3 1/10 A5}k
stock solution®2 RHE $ -20°Col| EasH L, 70,
140, 280, 560 nmol®] working standard& #1z3}
o] 4Col| Bste] ARt

8-OH-dGZHAl EEZE9 70, 140, 280. 560
nmol& ©]-&3}4 electrochemical detector (ECD:
Model 1340¢)7} H2¢ HPLC(Model 1350 soft
start pump, Model AS-100 autosampler, Bio-
Rad, USA)dl 93t retention time 2 2414
< I3t} Electrochemical cell&+0.6 V
glossary carbon working electrode % Ag/Agcl
reference electrodeE °©]439x 10 nA/VZ
system operation< 392" Bio-Rad CDM
system 1.1 software® 232 AJrt. EAjo) o]
4% column(dimension 250%x4.6 mn,

&5

o]€-% solid-phase extrac-

particle
size 5 ) HAIsil C18(Higgins Analytical
Inc. USA)E ©]&3F9t}t. Solid-phase extrac-

tionAl preconditioning buffer pHE 3.5, 5.5,
7.5, 8.52 3} columndle] &2 J=E H7lekA
t}. HAE reverse phase C18 cartridgeol 53}
Azl & 140 nmol EFEN o2 spikingrlZl A}
spikingAl71A] & F 7FXE 27 48k peak
£ g5, 140 nmol EFEAS HA A4
A" @Alof] A S8t system] S &Rl
3l tH(Tagesson &, 1995).
29 HAlle HCIZ pH 4-52 251 4471
A =20°ColA EFHSAY. B4 1500 gollA 108
P AARES AEd 2 ms FHsked 0.5 ml 140
nmol 8-OHdGE 33 ¥ reverse phase C18
cartridged BIAA &9 AA 50 ©E FU3)
st} Mobile phaseZ& 50 mmolel KH,PO,(pH
3.5), 2.5 % acetonitrile, 1 % methanol(Tedia
Co, USA)& ©]&3}9 1L, solution filter2% 0.45
um FP vertical membrane filter(Gelman
Science, USA)¢} 0.2 un Ministart RC 4-mem-
o]_Q_ ].
3 40l

=

brane filter(Sartorius AG, Germany)&
At} Flow rates 1.0 #/minS 2 331

A A5, 8% Creatinine P4 28 &
F42 508 slAgt £ HPLC-UVD(Bio-Rad,
UV-1806 UV/Vis detection)Z o]&3le] A&}
A+, Mobile phaseZE 50 mmol sodium
acetate(pH 6.0). acetonitriles 98/2(V/V)o.2
A zsle] o] B3R, flow rate= 1 ml/minoZ
3lo] 254 el A 53 tH(Achari 5, 1983).

4. X224

ATdAre] 14 B4
E ttesto} #-testS o]
el 2% 8-OH-dG =
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Mann-Whitney testE& Z-&3ln F3AEAL
o|gstd BF AFTE, 8F AEFE, 99, o5 2 o
2= o] W= Q= 8- _ = . _‘C_ ol
A 59 ¥WE7t 2% 8-OH-dG = vlx= 9 1 TAICHAIRFO| Slubm =
Fg BN |
AR AR B YA RN AE =T 203
2 OANRA FAAQ UET 1199 dude) S48
Table 2. Comparison of characteristics of study subjects
Exposure group(n=20) Control group(n=11)
Age(years) 26.3+7.1 24.7+6.1
Work duration(years) 2.7+3.1 4.3+3.7
Smoking status(persons)
smoker 17 10
non-smoker 3 1
Drinking status(persons)
non drinker 1 1
drinker 19 10
Table 3. The mean concentration of chromium in blood and urine for subjects
Exposure group Control group
Mean+SD Mean+SD
Cr in blood(ug/100 mi)** 0.46+0.18 0.27+0.15
Cr in urine(ug/g creatinine) 6.73+4.26 3.60+2.17
1 P<0.01
Volts Volts
0.10 1 0.10 1
5.92 9.60
0051 8-OHdG 6.92 0.05 1 7.54
0.00 1 l /\‘ ]
Rl 0.00 8-0HdG
6.91
-0.05
-0.05
-0.10 - . T , 010 |- . ; ,
0.0 5.00 10.0 15.0 20.0 00 5.0 10.0 15.0 20.0
Retention time(min) Retention time(min)

Fig. 1. HPLC chromatograms of 8-hydroxydeoxyguanosine in urine(above: chromatogram of standard
8-OH-dG(140.8 nmol, 6.92 min), below: chromatogram of a urine sample(6.91 min)).
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Table 4. Mean concentration of urinary 8-hydroxydeoxyguanosine(8-OH-dG) according to chromium

concentration in blood

(unit: #mol/mol creatinine)

Chromium concentration

Exposure group

Control group

in blood(ug/100mi) n Mean=SD n Mean=+SD
0.00~0.19 2 0.35+1.35 4 0.37%0.87
0.20~0.39 8 1.07%+0.99 7 0.72%0.82
0.40~0.59 7 1.37£1.13

0.60~0.79 2 1.56+1.88

0.80~1.00 1 3.63

Total 20 1.71+1.82* 11 0.45+0.46

*P<0.05

Table 5. Correlation coefficients among age, duration, blood chromium concentration, urine chromium

concentration, alcohol, smoking and exercise

Variables Age Dur BCr UCr 8-OH-dG Alcohol Smoking Exercise
Age 1.00 0.66" -0.41 -0.19 0.94 0.32 0.33 -0.19
Dur 1.00 -0.51 0.61 0.18 -0.19 -0.05 -0.12
BCr 1.00 0.63"* 0.49** 0.13 0.14 0.05
UCr 1.00 0.38 -0.32 0.16 0.31
8-OH-dG 1.00 -0.08 0.06 -0.19
Alcohol 1.00 0.09 -0.52*
Smoking 1.00 -0.21
Exercise 1.00
* 1 P€0.05, ** : P€0.01

Dur: work duration, BCr: chromium concentration in blood, UCr: chromium concentration in urine, 8-

OH-dG: 8-hydroxydeoxyguanosine

st 2 AE 1FE AFel 9%y
2 Urhd 24t goer #E dPe 47
26.341, 24. T =A ¥ [ b0l 27 Aol g
Atk SRS AF wEEY gz Pre
77t 2.7d, 4.3d0I%0em, dzTe] 2R}
EAT T Aol gk FAL she A
< AF &7 85 %, ulET 90.9 %elleH, &
TR 247 95 %, 90.9 %ot Fo18 Aol

oy
ohI9IEH Table 2).

A2 8% AF FEE AF =
0.46+0.18 weg/100 mlZ NZET9 0.27+
/100 ml Bt fFo3HAl =3tk (p<0.01). 8%
T 3E =E70A 6.73+4.26 wg/g creati-
nine, &7 3.60+2.17 ug/g creatinine®A]

fr

it

ol A
15 wg

aAEE

(=)

o g akel& giAtH(Table 3).
3. 2% 8-0H-dG s&

HPLC-ECD® 743 2% 8-OH-dGe| Z=ntE
ai9= Fig. 13 2t ZAREAe] 2% 8-OH-
dGY T=E AF =E7°| 1.71£1.82 #mol/mol
creatinine. @ Wz 0.45+0.46 #mol/mol
creatinine 2ot 23k =k2H (p<0.05), 8% =2
2 v 37K wek 22 8-OH-dG = 94
7t tH(Table 4).

4. ® gigziel Alphai|

[l

At A 7h Wt gt
£% 8-OH-dGE 8% a7 = ZAwAL &
oot (r=0.49), & AE
ZoF ARBAT} felskAth(1=0.63).
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Table 6. Regression of 8-Hydroxydeoxyguanosine with blood chromium concentration

Variable Independent Regression Standard P-value R square
Dependent variables coefficient error
8-OH-dG Intercept 0.169 0.656 0.799 0.213
Blood Cr 3.852 1.512 0.018
Urin Cr 0.201 0.184 0.098
Duration 0.181 0.133 0.223
Age 0.122 0.176 0.759
dGe 2224 AZeRIRl &7, ¥4, #8534 & 9 Hd 5% 0.39+0.25 ug/100 mol Hléﬂ =
A fFelohA] eskth(Table 5). < Helqlar, ‘J 3 (19959 AF AxET %
5 9= 8-OH-dG ==o| CHat 517124 axE+ 247 0.55+0.36 ug/{OO ml 2} 0._67i
0.33 ug/100 miel) ISAAE ke Holleh, w3 &
2% 8-OH-dG Fxol IS e Wy 4 F g ﬁ% BEE 6.73+4.26 wg/g creatinine
B B fa) Wesd dal FIARMS A o724 4 5(1995)9 AF AxET % 1xF:
3t tH(Table 6) = 747y 23.52+14.81 wg/g creatinine®} 25.39+
14.42 wg/g creatinine] Bl&] ¥e FFo|oH,
o E G5 (1994)0] B3k 5+4.94 ug/g creatinined}
frakgE ol ol AFY F=7F A FH,
Dabney(1981)= Weold Edolu tede  Ad® 3 A AR AARzt wet b2 5
71 AFhe 2EARG At AT FdellA] A4 AHHY] dEe g s En

A Folv T30 YER] el a2 fdE nlg
gobslr] 98 3 7HA] (genetic monitoring) S Al
Alstt. B 8l E4F A8 =Fd &) I
&5 etk Bas Bo] IAT, 2E =
3k wobakg 71doly DNA €42 Hridt & 9l
WS Aol off] AT A7) F-E3)
g 93 T e uAAAY T Ea
(Newman, 1890) ©1%, Ames testtt A4 (in
vitro)J@AMNA 671 22 Sl 0] FIEA
ov](Stella =, 1982), A7 A% 67} A8
shetEd AdACRE wEd ZEANA Hge] Ty
o] #ttxn Hudtn vH(Franchini &, 1983).
24 TARC(1993)0ll M & Z233tEo] thate] <1zt
o] gk BdAEA (group DE BRI, St
g} =ERA Ed EAE dAelsle EF Sdle
A5 7tEE, 584 67 28 s, AEsto}

lon

l‘li‘ lo,

o814

%L:% Eix}ﬂ AT 5= 0.114i0.03 ug
/100 ml, F5H(1994)°] Hugt Ag=Z =24t
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A el
enzymes(glutathione, cystein, cytochrome
P450 )l olal == FH A wER 57
47}, 37} AE SUNAEZC] A3 DNA strand
break< #2381, DNA £42 f3sta] derA
o2 Z8-(Rodney,1989)3l= ¥ ¥ Fenton-like
reactione]t} Haber-Weiss type reactions %3
WAYgE 9h-8-4d Ak47]7F DNA strand break (Shit
Dalal, 1992), x&#4tsl 28 nuclear tran-
scription factor(NF)+BE &43tAA H424-S
Fdste Aoz M5 itk (Chen &, 1997:
Shi &, 1999).

olF WA Al vHIZE wig-
= A= d AAA ojEge] Jema,
A2 AY 2 |ETE AETA 2 E(bio-
logical markers)E £33t Hrletn, o|Fd=
AdReES 33t P (Ito 5. 1985
Stohs ¢ Bagchi, 1995: Zhitkovich %, 1995)
7 718 carbonyl’| & SH Tz A o]
g Hrele W (Jamall®t Smith, 1985)°]
#HA ot

Fod 2L AlEFW redox-active

EERIAE

(o]
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A4 HAAPES Ao M2 wek(sister chromatid
exchange), 43 (micronucleus)?] LTIF=E T
Zste WY 8-OH-dG, 8-hydroxyadenine,
thymine glycol & DNA ¥7HIE =338tz 3l
t}(Leandon® Hanawalt, 1983: Dizdaroglu®t
Bergtold, 1986). £3] Kasai®} Nishimura(1984)
= 4%9 DNA ¥/ 8-OH-dGE HEsle= W
HE Atetd A, Floyd 5(1986)2 electrochemi-
cal detector(ECD)7} #2€ HPLCE ©]-&3hd
DNAY 8-OH-dGE #HEZ & e WHE 2etst
o 8% 8-OH-dG 33 AAPES st
71& AFel 8-OH-dGE o] &3le] A <3k
DNA &5 #7igh a3t 5(1995)2 Hxd o
HZ o] 8-OH-dG/dG F=H]7} AdelEd By
8% A% vE¢ Fo3 4B S et
om Tagesson 5(1991) AT a2
ez 2% 8-OH-dG T=5 H7IgE AelA]
A3ele] 2% 8-OH-dG =0l vls] g3k o
% 8-OH-dG %7t =4 Jehgen], g4l &
% 8-0OH-dG &=+ 1.11+0.62 #mol/mol crea-
tinine2 2 ZHEATH E AForM EF A=
¥ 2% 8-OH-dG s5t =& 2T &
AFs=rt S7HEWA 25 8-OH-dG s=7F
3192 (r=0.49), Iz 2% 8-OH-dG 3
FX+= 0.45+0.46 pmol/mol creatinine©] v]3}
=79 8% 8-OH-dG Hus=+v 1.71+
.83 pmol/mol creatinine®.ZA sk =4
S =0l AFo o3t DNA &L Hrtsh] ¢
AESH Ax2A9 7MedE WelIdT. sAR
H=E79] PidsEet Hlwsrlols Aurt #5535
o olo] Wig A+E o et} =3 85 AEF
=9} 25 8-OH-dG s=¢te] Aol vt yel
Wt Ao gigiMe B Agel A= T HAF
A A 2 FAACE Q& F en FE o
off thet A7t B ettt
AEFHo] o3t DNA £4S #H7sE Ao
Asami 5(1997)2 FAA] = A A EAA F
k9] 8-OH-dG= vl FAAET Z9kow fofgh
FHA (1=0.53)% Hudxu, Liu 5(1999)2 67}
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& &0 2% 8-Hydroxydeoxyguanosine s<0i| 0|X[& et

AP A A2 FSHEE 4o DNA sin-
gle strand breakss $7M171W 8-OH-dGe] &7}
o FAo FHTAlE sttt sk th(r=0.525).
Loft 5(1992)2 2% 8OH-dGE °|&3dl] A
o] FAE A E AFME FAxe 8-OH-dG
Feob vEARe] vE) 50% =A vEhgeu, Al
AZE ztol 7t & AAsIATE. & ATelA FA%
¢ 2% 8-OH-dG s =% 1.49+1.29 #mol/
mol creatinine® Y]&AA>9] 0.44+0.29 pmol/
mol creatinine®t} =4 Yelou 5 3t 3ol
E fFosir gttt ol B Ao ZA YAk
7F Askom g vl FAzre]l FAxkr HlE &
3] BA &2 Al 719 71sAdH olehe g
8-OH-dG & & A< 8-hydroxyguanine
endonuclease®] @7do] 717 WL 7+
5% 28T § Utk B A3 Aoz E A,

ZALATRE QI Aol A AHE

4 7hs4el U@ FAY 2o} ggen, w3 2
£ 137 2% 8-OH-dG WalE 99 A%z 92

+ girke Aotk B4, 2R 571
w22 ge S A8 ddte B
A7 gk A, 13 AR 23 280t 8%
SEANE 28 w=EFel) AW FFE FEH
A7) 2 Aolrh. AW AE e o
DNA #43¢ 97t 98 a9 dgoz 93
8§-OH-AG 2739 464 ANSDge] teu=
oJelg Ak @ % 9ot

ol

ok

9
Y0, Ml M

Y 2 APe 28 B AKRE R4S 0%
o7 AE wFo 93 DNA 48 Frisy] A%
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Z7oR sl EF AR FE, 8F ABTE, &
8-hydroxydeoxyguanosine(8-OH-dG), A&
= ZAMsle] HlwslA T
I g% A% $EE wETo] 0.46+0.18
/100ml 2 2Bk frolabA] wsikvt. 218v 2%
AFFEE =T 6.73+4.26 wg/g creatinine
o7 fzTe 3.60+2.17 ug/g creatinine®t} &
Kot BAACE fFofstA= skt

2% 80OH-dG &=+ 8% I& 7= #9
Fel AeH (1=0.49), T3 F AF T
8% IAF FES K3 Aol UATHr=0.63).
8% 8-hydroxydeoxyguanosine ¥=< IEF =
ZwoA A JEon], Fdolu Sl o
zlolE ¢tk 2% 8-hydroxydeoxy-guanosine
TEo 9L rAE HFES UAE HSdEy
=3 o FIAEA e W, dF ABFE
il e = ATH(r*=0.21).

oy ol 2
i

7 fela W
42 ¥ QTE A8 WIREL UehiE 7]
Moz AWHD QI A% AeBdagel o

[o
|

DNA &4 %7kst7] 918l DNA 5719 421l
8-hydroxydeoxyguanosines Z7%3lo] &gt
Ax2ZA e &8 Jtedes HUkeked. 8% 8-
hydroxydeoxyguanosinet 8% IA2¥=9 9
g RS velIen, AEd og DNA &4
B7HE  de AETH RUHE AxERA &

g+ 9% Aol

oo o
tlo

ika]

ret

fms

oy

A, AR, A=A AEG, A 67 2E F27
gF #HzZAeo 8-Hydroxydeoxyguanosine % %
Superoxide Dismutase® 8-Hydroxyguanine
Endonuclease ¢ @/de nx= Q3. oHe]ds]|A|
1999:32:101-107.

=R SeddAedy 9 ddaElE

Al 94-38%. A& =T 1994,

7€l
1990:23:358-368.
Fod. ARATTAAES B2 du AN EA 2
g Enlme] #F AE dieatedeldslA] 1994:6:
P, 2, A, &y, FE5 ey, A5,
S, 2% FR7F A A EA ng WE R
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