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Effects of Exposure to Hexavalent Chromium on the Level of 8-Hydroxydeoxyguanosine
and the Activities of Superoxide Dismutase and 8-Hydroxyguanine Endonuclease in Rat Lung

Heon Kim, Hun-Sik Kim", Rosa Kim, Hyeon-Yeong Kim?, Jae-Hwang Jeong®

Department of Preventive Medicine and Department of Pharmacology”, College of Medicine, Chungbuk National University,
Industrial Chemical Research Center, Industrial Health Research Institute?

Objectives. To determine the effects of exposure 10 hexavalent
chromium, 93 male Sprague-Dawley rats were exposed to
hexavalent chromium solution.

Methods. Rats were divided into 4 groups and exposed to 0.1
mi of 0 mM, 0.4 mM, 2.0 mM, and 10.0 mM potassium chromate in
the first experiment, and to 0.1 ml of 0 mM, 20 mM, 40 mM, and
80 mM in the second for consecutive 3 days by tracheal instillation.
Three and 10 rats were the controls for the first and the second
experiments, respectively. Lung tissues were then removed to
measure the 8-hydroxydeoxyguanosine (8-OH-dG) level using the
HPLC-ECD method, superoxide dismutase (SOD) activity using
the cytochrome C method, and 8-hydroxyguanine endonuclease
activity using the oligonucleotide nicking assay.

Results. The results showed no significant linear relationship
between chromium exposure level and 8-OH-dG level or 8-
hydroxyguanine endonuclease activity. In the first experiment, 8-

OH-dG level and 8-hydroxyguanine endonuclease activity
increased in 0.4 mM group, and then decreased in 2.0 mM and
10.0 mM groups. The correlation coefficients between 8-OH-dG
level and 8-hydroxyguanine endonuclease activity was statistically
significant (P<0.01), and total SOD activity was elevated by
chromium exposure in a dose-dependent manner (P<0.05). In
contrast, there was no significant dose-response pattern or
correlation in the second experiment.

Conclusions. Based on the fact that there was no linear
relationship between chromium dose and 8-OH-dG level or activity
of the repair enzyme, it seems unlikely that 8-OH-dG formation is
the major mechanism of chromium carcinogenesis.

Korean J Prev Med 1999;32(1):101-107

Key Words: chromium, 8-hydroxydeoxyguanosine, 8-hydroxy-

guanine endonuclease, superoxide dismutase

rht

o

Fenton-type?] ¥h$-g& AX A} hydroxyl

radicalel] 93 Aoz AZIEQtHAlyar

off7kx] HetA Ao} wloldA A
A& FA 67 2F0] AY T &
gt 2o gEgloy 1 7|4
o X ofd SAskAl g UA
gk AG7HA S A7l s, 671 2
F(Cr)E AX YellA Biksbaa(o]st
H202)$} ub8-3}e] tetraperoxochromi-
um(V)E £, tetraperoxochromi-
um(V)-2 superoxidedl| ¢Jste] FEHE

radical$ A4} glch(Kawanishi %, 1986).
H:007} EA5te A3t A= 671 2E0]
DNA single strand break-& 23}y 8-
hydroxydeoxyguanosine(¢] &} 8-OH-
dG)g A3}A 5 glutathioneo| 743}
= At A thEke] chromium-DNA
adductZ YA Aiyar 5, 1989). ujzt
A 67} 289) I3 BPHL, 67} 250)
SA=HA A= el B F
F oA 28 57F AF o, hydroxyl

A4 019989 119 199, A 0 19993 24 23, E TR O B4RSEATZAN (71298 BM 97-196)8) Jate] AFEYE
TAAA 7] 8 (A3F 0 0431-261-2864, HAMF : 0431-274-2965, e-mail : kimheon@med chungbuk.ac.kr)

5, 1991). 221} 67} 2E <] hydroxyl
radical & AJAI317] Y= H027} A
= ol 255 EAFol shed,
2efe 7Fe AR v RS oheh A
B A7F BF in vitrod X o] F

A Rololx AA AE oM E o]g
g ukgo] dojuf=|o dlalA &9
427+ At

& A7 5 oy fhgo] <A
AT dojuh=rte ERlslr] Y3t 6
7t 2gd 2EER FRHE dRITH
azAse 23 Tzses, A o



102 7 o -394 - A=A -

o F9] 8-OH-dG 555 43,
S Aokt e HeeAE Sau
T SIAHKIm F, 1999). o] Ai}e, X
A WA 67} ZE0] oxygen free
radical THETHE A F71A9 A9 4
7<) Anete 18 02 Aot
A el FFoz W= oxygen free
radical©] superoxide dismutase (SOD)
59 oxygen free radical scavenger
systemo] ¢ 3tod A7 5w (Kasai9}
Nishimura, 1986), 8-OH-dG-& endonu-
clease$} 8-hydroxyguanine glycosylase
o ojate] +EFtH(Chung 5, 1991;
Bessho 5, 1993; 71384, 1996). 18] &
2 2 A7) 59 A7AsE A ol
A 67} A Eo| oxygen free radicalZ A
Ao @AY, Z2 671 AE o3t
o1& WA oxygen free radical®} 8-
OH-dG7} AAE A9 oxygen free radi-
cal scavengert} 8-OH-dG &g 40 9]
3t AAHE Aoz A" 4 9t 1
71, 674 Ago] AA Wel4 8-OH-
dG & 2 oxygen free radical scav-
enger9} 8-OH-dG -2 5 4 9] &A44| o]
He G vAerte g A3t 5

oot W 8atA weld Zlojrk

2 A7 SR AdsEdA 67t 2
£2 3947 S H2A9) $-OHAG
&, oxygen free radical scavenger 84,
181 8-OH-dG 2 &4 A& 24
goga, 1) FYE 671 A8l 93t
A WA oxygen free radicalo] A
A, 221 2) 671 AF o5t A
A oxygen free radical scavengers}
8-OH-dG 88 49| #4o] Z715Ex)
£ AR5 Aot

o

Ao A= 10mMolate] 5% 2

¢ Z2o Agegod, A28
£ 20mMelge} 155 2559

& Z20| AH8s

1, A
B A7 282 ol A9
1 2o

!

29 - AN

DR R=

A WA dANAE FHo| 1059 ©]
£ Sprague-DawleyZ ¢4 HE 40v}g]
2 AZd wety 2T 100l 2%
ARE oz hEH o] Wprlon, o]g
= HER 3ujge o2y AAE K
%L o]EF FA o A3

OHZE2L 3 v}
@3 uZzg 10 }2)

@ ASEIAS 2z 101}
@®FsEaE Z2E 107
®1FTaE 22T 10 n}g]

2) ® 2 cHA|

T WA QA FHo| 105 o

£ Sprague-DawleyZ $-4 * YE 507}
£ Az "M 21F 100y BF
SATLE T3} 2ol YTt

Ok E =3 10 v}
@®azwzay 10 v}2]
@ ATEIAE Z2F 109}y
@?O—J—ELD ﬂii" IOU]-E]
®1F=aE Z2d 100
2. 671 38Y 71EY =Y
1) 1 A

Sodium chromateE Hod AJ]2ld
Fo HoiA Z o A R &9
< 718A Yl #AFAG F2 =
ketamine S 57+ o] FAkale] }FA]
71 Zo i O.1cc¥ 39 et AS3A
9. 24 FolpEd 42 ofde) 2ok
HIFRTE obpd FRE 314 sl

OEETE] )

@aguies

0.0 mM sodium chromate 0.1cc/d X 34

@ AFE A8 Z2F

0.4 mM sodium chromate 0.1cc/% X 34
@FEE A7 2T
2.0 mM sodium chromate 0.1cc/d X 34
® 1FE 2F L2T
10.0 mM sodium chromate 0.1cc/¥ X 3%
2) M 2 ¢HAl

A 1A £2 208 2oy v &
oAske 671 2F §49 =% 718
o 78 FolFEst §3E oo} 7EE¥

OuEzd

@ agHZEed
0.0 mM sodium chromate 0.1cc/9 X 3¢
@ Ask 27 ZET
20.0 mM sodium chromate 0.1cc/d X 34
@ FFE 2F 2T
40.0 mM sodium chromate 0.1cc/% X 39
®1%E 3F FET
80.0 mM sodium chromate 0.{cc/% X 39

3 HXXo ME gl g

39 94 27l B ey 9E
Zo|g g2 A k1 WE A7 4]
faioich Ae 494E BAFAA o
Ao gohe AAY oL, HzA g
sto] SA) A7) Aol Bk 3
Ao| o|Fo) Fo 70T Y
A o A% A7 BB
4.

=%

o4

]

glo oft mn N ok o}L

S 8-OH-dG &k2

2)
Aol A Aoz Fld At 9
= ol l4 DNAE #Za%it). 27
100mg& #2335t o] 7|94 Promega
9] Wizard DNA purification kitE ©]-&
sto] DNAE F&31%th

2) DNAS| 28}

A7) Hho 2 dojA DNAE acetate
buffer, pH 59 591 & nuclease P12
A 2]5}a o]o] Tris-HCI buffer, pH 8.0¢]|
A| alkaline phosphatase 2 *]2]3}¢] DNA
Z nucleoside level 72| A3kA A

3) 8-OH-dG<e| Hak

23}x]71 DNAXSZ GilsonAle] Zo]
250 X 4.6 mm SynChropak RP-P &4
column¥} ECD ¥ UVD7} £&= HPLC
o] FY3}l 8-OH-dGS B4 dGE AF
319t} HPLC: GilsonAle] Model 305
pump®}, ESAAL] Coulochem II Model
5200A ECD, 18]3 GilsonAte] Model
115 UVD, AQUA FormulaA}¢] Chro-
matocorder 21, WaterA}2] 741 Data-
module 508 FAHIY. o] &
S 2+ 10% methanol, 50mM phosphate
buffer 942 Al8-351%it} 8-OH-dGE



67} 2% E271 317 #1249 8-OH-dGs% Y SODS} 8-Hydroxyguanine Endonuclease?] ZAlol| ujx|= &8k 103

ECDZ A #3195, guard celld] HAY
£ 800mV, 1 Ade] A2 150mV, 1
23 29 Ade] AL 400mVE 3150
w, 28 Fde] AFE 1027 sl
&30 FAE

5. HXE FZEMO| 8-hydroxy-
guanine endonuclease &

x=
HE %

W22 FZN9 8-hydroxyguanine
endonuclease AT =4 7132
(1996)9] W& o] &-3f5ith

PEEES DEE

AzA AgEe 98 dolN #38
(homogenize)stSith. o] #44-L 0.25
M sucroseZ} @718 30mlY) buffer A
(50mM Tris-HCI, pH 7.5, 0.1mM ED
TA, 0.1mM -mercaptoethanol, 0.1mM
phenylmethylsulfonyl fluoride)e]] 5-f-A]
1 3 AER YA AHdA Hx
2% 259 #47)(Heatsystems-Ultra-
sonic) 2. E5he] 20,000X gol]A] 305
F AREG o7 L el
£ 5571 %7} HY%E 5% strep-
tomycin(Sigma Co.) £4& AJls &
3087 & Hojx] Aite] AAHEE 8
L, 18,000X gofiA] 207+ A ste] A
AES 713 o] of 92 A4S
2t 31 ammonium sulfateE FF4 7}
A %ol Bude BAdes A4
Al71H, o] FA oA ammonium sulfate
T 60-80% 7oA dojdl T
A Ed| 8-hydroxyguanine endonuclease
o) tjg o] TatHof glomz o BE
& 23] 345te] 5 mlY buffer Ao ©}
Al = buffer AZ 4180 24 ammo-
nivm sulfateZ A A3t

2) ehimlol Hay

T

Ho

NE #2889 o
serum albuming T &L N0 3}
bicinchoninic acid(BCA)® (Smith %,
1985)0 2 =435},

3) 8-Hydroxyguanine endonu-
clease?| #& M|

WA =Ti= bovine
o= )

471¢] ammonium sulfate #2&-&
centricon F=7](Amicon)o]] &7 ¢

= 454 =
< 718l st 20Co] Rt 29 d A
Sl o] &8}4it.

4) Endonuclease &4e] &8 o
Nat

(1) 714 oligonucleotide ] 3+A
8-Hydroxyguanine endonuclease ] &
AEE AANSH7| ¢t 8-hydroxy-

- guanine-& ¥F-8H= 46mer?] oligode-

oxynucleotide ¢} ©]2} AFH % 9] 46merZ
A5l annealingA]A double strand
46merE AJ5I T} of oligonucleotide
o T2 tE3 2k

o

CAGCCAATCAGTGCACCATCCOGGGTCGTITTAGAACGTCGTGACT
GTCGGTTAGTCACGTGGTAGGGCCCAGCAAAATCTTGCAGCACTGA

(2) Oligonucleotide?] 5 -end labeling

8-Hydroxyguanine endonuclease®] &
AL ZAAY] 714Z A+ oligonu-
cleotide?] 5 -T¢& P2 FA 3}
Oligonucleotide 100 pmoleg [¥-32P]
ATP(5,000 Ci/mmol)$} 20 unit®] T4
polynucleotide kinase®} 37 100 mM
Tris-HCI, pH 8.0, 10mM MgCl, 7TmM
dithiothreitol £ 0] F0]1 =l 204 o]
401 37TCAA 3027t FHEAIZL F 108
H10CE 7rdste] & AAA T
et EA) ¥ single strand oligonu-
cleotide® T4 84 $49| 7|4 A
3}7] Y8l double strand2 THE7] A
744 20 B#EA

(3) Double strand oligonucleotide 2]
Az

5 -@dho] *P2 EAE oligonucleo-
tideZ A4 A7jiE S Ad &
oligonucleotide$} 1:12 E§sle] 70C
= 107 71838 thg, 37Tl A 3027
A A8 2&A double strand oligonu-
cleotide & W&t

“4) a4 kg

7142 A= oligonucleotide 0.4
pmoleg 504 ¢ 50mM Tris-HCI, pH
7.4, 50mM KClo] £3t5l 93do
60/805-N 549 MojA 37dA 108

AT B4 BE F 0 AL

55 7Murea7} 355 20% denaturing
polyacrylamide geldl| 4] 2,000 Volt= A
7193ttt

6) A7+ 2%

A7]19% % polyacrylamide gelg %
#A X-ray film3} 37 cassetted] il
-70Co A 12-18 A7+ B9k At
(autoradiography)& A #3}it}. Filmoj
UERd DNA Ao AHE bandy S
video densitometerE ©]-&35fo] =319
t}. 1 UnitY endonuclease B4 712 &
AH&-E oligonucleotideZ 5& 7t} 1.0
pmole AH3l= A0.2 A sl

>

6. S0D B4 2% U 5
AE %259 SOD 4L ferricy-
tochrome C ¥ (McCord$} Fridovich,
1969)% o] &3t} Aekal9}. Xanthine
7} xanthine oxidase(X/X0)2] A} 2H-4-9
9]3}od superoxide anion(027)0] A1 H
£ o] A o] cytochrome CZ F-UAAA
UetlE 550 nmo Ao} FRE Hshe
o] 7 0.0257} H%F X/XO ¥& 274
3to] ALg-SiTh YA Tl o
BEE AE FEEE et Wehs

THEY JAAEE SAHAEY, 1
unite] &4 4L ODseoo HISS

50% AA|5H= SODE] %o 2 Akt

7.5 24

AF Z27F H|Z279 8-OH-dG
%9}, 8-hydroxyguanine endonuclease
9} SOD9] B4 ANOVA testZ o] &
ste] %o H43 Aol7t Ye7te ¥
waget 2F T2 % Wl nE 8-
OH-dG 5%9}, 8-hydroxyguanine en-
donuclease$} SOD9] ST Wgle] &
94 FARAE ol g3l AAsAL
o, 91 4 7] Bae) BYE Alold B
Aol g ABEAE A daen

2 1
o)EA9 £LE2 Iml/minZ 3}JS

o, 8-OH-dGE 18 ul9olA HZHA
UhFigurel). AEEE 7Fd Al 1 &



104 2 # - %4 - A2A - Q¥ - AR

LHEA

1) H=Zl2| 8-OH-dG & % 8-
hydroxyguanine endonuclease
o g4k

HZ 279 8-OH-AG ¥EE JF+H
Z027} 2.98+1.36 8-OH-dG/10*dG S

o, A8 HZEFE 3.77+142 8-OH-
dG/104dG. ASE 28 Z2TL 485+
2.08 8-OH-dG/104dGZ k7 Z714%d
Wl £5E 3% 2794 325+
0.54 8-OH-dG/104dG, 18]1 115% 2
2 Z2FoAE 3.1911.24 8-OH-
dG/104dGE 7433}, 28U} HEE
T4 AL v FA ForEe 8-
OH-dG & Aloldll frejgh #ade &
AskA] gkt #+98 8-hydroxyguanine

CH1  ATTH:Si®  SPRED:O.B

04:30 FEB. 00,1889
-

i

g 4
- ]

¥

TSIECT Rane :CEIROMATOGO

CH1 ATTN:612  SPBED:O.2

11:48 FEB. 00,19%¢

finne ICHROMATOLY

TRIECY

Figure 1. The chromatograms of the 8-hydroxydeoxyguanosine standard
solution (A) and a sample of the first experiment (B).

Table 1. Level of 8-hydroxydeoxyguanosine and activity of 8-hydroxyguanine
endonuclease in the rat lung tissue of the first experiment

8-Hydroxydeoxyguanosine ~ 8-Hydroxyguanine

Group No. of rats level (/10* dG) endonuclease activity
(Mean+S.D.) (unit) (Mean+S.D.)
No exposure 3 298 + 136 7.66 £ 2.50
Saline exposure 10 377+ 142 9771+ 474
0.4 mM chromium exposure 10 485 + 208 1355 + 6.14
2.0 mM chromium exposure 10 325+ 054 9.60 + 3.84
10.0 mM chromium exposure 9 319124 10.82 + 2.91
Statistical test F=0.721,P>0.05 F=0.247, P>0.05

Table 2. Activities of total SOD, MnSOD, and CuZnSOD in the rat lung tissue

of the first experiment

Group

No. of Total SOD activity MnSOD activity CuZnSOD activity

rats (MeantS.D.) (Mean+S8.D.) (Mean+8.D.)
No exposure 3 88.1 + 34.1 15733 723+ 308
Saline exposure 10 116.2 + 40.2 182 £ 4.6 98.0 = 377
0.4 mM chromium exposure 10 112.5 £ 31.0 18.1 £ 49 944 1294
2.0 mM chromium exposure 10 131.7 + 48.6 209 + 4.6 110.8 + 483
10.0 mM chromium exposure 9 154.0 + 468 218 £ 50 1322 £ 450
Statistical test F=7.530,P<0.01 F=1.640,P>0.05 F=6.545,P<0.05
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Table 3. Correlation coefficients between level of 8-hydroxydeoxyguanosine,
and activities of 8-hydroxyguanine endonuclease, total SOD, Mn
SOD, and CuZnSOD in the rat lung of the first experiment

CuZnSOD  MnSOD  TowlSOD  §OH-4G ~ SThdrowgunine
endonuclease

CuZnSOD 1.000 0.382% 0.995% 0.255 0375+
MnSOD 1.000 0474+ 0.081 0.190
Total SOD 1.000 0252 0.378*
8-OH-dG 1.000 0.598*
8-Hydroxyguanine

yeroxye 1,000

endonuclease

* P<0.05, ** P<0.01

Table 4. Level of 8-hydroxydeoxyguanosine and activity of 8-hydroxyguanine
endonuclease in the rat lung tissue of the second experiment

8-Hydroxydeoxyguanosine

8-Hydroxyguanine

Group No. of rats level (/10* dG) endonuclease activity
(Mean+S.D.) (unit) (Mean+S.D.)
No exposure 10 240 + 0.75 6.70 + 1.96
Saline exposure 10 449 + 141 6.89 + 2.38
20 mM chromium exposure 10 396 + 228 7.84 + 3.65
40 mM chromium exposure 10 396 + 1.18 7.68 + 3.66
80 mM chromium exposure 9 2.60 + 0.76 925+ 3.12
Statistical test F=0.016, P>0.05 F=3.345, P>0.0
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Table 5. Activity of total SOD in the rat lung tissue of the second experiment

Activity of total SOD

No. of rats

Group 0. of rats (Mean+S.D,)
No exposure 10 78.1 £203
Saline exposure 10 757+ 317
20 mM chromium exposure 10 787+ 262
40 mM chromium exposure 10 707 £ 11.6
80 mM chromium exposure 9 592 + 147
Statistical test F=2.247, P>0.05

Table 6. Correlation coefficients between level of 8-hydroxydeoxyguanosine,
and activities of 8-hydroxyguanine endonuclease, total SOD in the
rat lung of the second experiment

Total SOD 8-OH-dG 8-hydroxyguanine
Total SOD 1.000 0.027 0.197
8-OH-dG 1.000 -0.124
8-hydroxyguanine
1.000

endonuclease
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