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An anti-clastogenic Role of Selenium in Arsenic- and
Chromium-induced Oxidative Stress
Causing Chromosomal Damages

Hye-Sung Kee, Eun-Hee Sohn, Yeong-Chul Park*, 1l-Je Yu**,
Seung-Hee Maeng** and Hai-Won Chung
School of Public Health, Seoul National University
*College of Medicine, Seoul National University
**ndustrial Health Research Institute

ABSTRACT

This experiment was carried out to examine the roles of selenium m arsenic- and chromium-in-
duced oxidative stress, which results in chromosomal damage. such as sister chromatid exchange

(SCE) and chromosomal aberration (CA).

For this purpose, the frequency of CA and SCE related to

the level of oxidative stress were analvzed. Selenium decreased the frequency of CA induced by As.
In order to evaluate the effect of selenium on clastogenic factors, media from As- and Cr-treated
cells were ultrafiltered and added again to cells in the presence or absence of selenium. Selenium de-

creased the frequency of SCE by As and Cr.

This observation indicates the possibility of presence of

clastogenic factor. In addition. the clastogenic factor would be involed in oxidative stress since selen-

fum decreased the level of oxidative stress.

Thus, it is suggested that selenium may play a role as an

anti-clastogenic effector by preventing the oxidative stress. thereby decreasing the frequency of As-

and Cr-induced chromosomal damage.

Keywords : Selenium, Chromosomal damage. Oxidative stress, Clastogenie factor. Antioxidant
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Table 1. Effect of selenium on the frequency of chromosome aberration induced by arsenic

Treatment No. of Percent of structural aberrations/100 cells
(um) cells Aberrant Chromatid Type Chromosome Type
counted cells - - — N ; — X
Exchange  Deletion [otal”  Exchange Deletion lotal’

Control 200 4.0 0.0 1.5 15107 2.0 0.5 25107
Se 50 200 5.0 0.0 1.5 1.510.7 3.5 0.0 3.5+2.1
Asg 20 200 12.5 1.5 7 5 9.0t 2.3 3.5 0.0 35107
As 20+8¢ 50 (G)" 200 8.5 2.5 1.4 6.5+2.1 2.0 0.0 2.0+ 0.0
As 20+Se 50 (G 200 9.0 1.5 4.5 6.011.7 3.0 0.0 3.01+0.0
As 2045e¢ K0 (G 200 12.0 1.5 6.5 3.0+ 1.1 3.5 0.5 4.010.0

“Each datum is the mean and standard deviation of independent experiments.
"Treatment of the cells with Arsenic and Sclenium simultancously at G,
Preatment of the cells with Sclenium after three hours treated with Arsenie at Gy

"Preatment of the cells with Selenium during Ge.

o] 12.5%el thatel 859 7 °916Ml Trawlelict
(p<0.05). GiAl7Tell vl A 2] F 34]7be] flﬂl—al-'ﬂ
el Pl e e A pel Al eleh

Vovpabrba] 2 el A o) ARS el s M B S -o]
v gk el 7ol 12.5%l take] 9.0% 7 52 8t

2. d|E0] HI20l 28 BYFES] MESY
ofl Dixl= &

CHOA 3ol w2220 uM)2F Al F(50 M2 A
2] gk 3= 184 7H5qF mlekslan A wjebeE i B

u]3hod o]4k vhAl A2 Al Fel He)ste] 3647

Al b askadvhip<0.05). sLelvk GaAl7lel Aellde
2] gk 739-2] o3l o] ARG vhellas A EH]E-S
]ML‘D%O} 12,500 chstel folak Ho] % il
WA ekabeh(Table 1. akeba] )2l ol fbv)
AR AL OI”O*I thate] GoAl7lel dalied 22l
7o ,__‘ - H}"Oﬂ o'5|, o)AH 4]

ujeFah Foofl #pulsl A wgh Ml e elefrotel A
ol gt a] At gAfell Aelsled Jtelgh miokaEn
ofl 2] 4| %” Zpul od A I YA 8.91RL 8] 4y
ghsafe] o] wiofaEwe] WlE 10.62¢ v|ulstke]
FeatAl gkaskel el (p<0.01) 7t el 10.85¢

o] 4f M EBlE-& Than shod e fofshAl hastelrhp<0.01). o #ate

AL G AT A el U i A A S T elsfel vkl
bl ) grabel, Avba Al AabA s saront dlzel  vb el wlekelst eyt A Alelgh el

Alent Aedshedoru A 50 UM Eleell A5 1= 7hzE 804, 8060 Ao R ek zjo)s}

A o]t Frkakal edgk et 100 pM geel alo] e hrvl ek el 23 SRR ol
Mz Al o i ftekaleh vh Table 2).

Table 2. Effeet of selenium treated during Gy oon the SCE frequency mduced by concentrated ultrafiltrates of
media from CHO cells treated with arsenic

Tyvpe of No. of cells Total No. of  Total No. of SCE/Cell SCE/Chromosome

Ultrafiltrates(uhM)” counted chromosome SCE (M+S.D)
Cell+NMed (Control) 100 1907 785 0.385+0.156
Med+Se H0 100 1895 K01 0.36010.184
Med+ As 20 100 1922 499 0447 £0.269
Cell+Med+Se 50 100 1834 306 0.400 +0.163
Cell+Ned+As 20 100 1682 1062 0.547 +0.163
Cell+NMed+As 20+5¢ 50 100 18491 8491 0.441 1 0.190

“Concentrated ultrafiltrates of media from CHO cells treated with Arsenic and Selenium.
Observed value 1s significantly higher than control value(P<0.01).
T Observed value as significantly lower than Cell+Med+As 20 value(P<0.01).
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3. AlYlE0] IS0 2l HIYEEE| NEZSA Table 4. Effect of selenium treated during G, on the

ol 0|X|= Y&k malondialdehyde formation induced by ar-
Media #} A2 %A Eh} ey chsde) fst -

i o) Al = Dose of Arsenic nmole MDA/mg Protein
0” EH‘G}—O% ] ] g oﬂk‘ DHJ~1 (,( 1+I\r1€d) (HI\I) (M*+S.D.)
sh folqk Aol wolxl grareri L sgell ] — T
o - . . SEPEAI wsla) ontro 5101 1.40
A web el akweta Sl Se 50 5.03+0.76
ch Z2E2] FEE 10 uMe 7 ol 10074 4 As 20 9.90+0.45
Zrk oA o|AF Al Fn]fo] 9] Alalel4le] w] 4 As 20+S¢ 50 6.00+0.67"
X 20 pMEE vl sglr] wi o]k, ulazeh vhRbvh *Observed value is significantly lower than As 20
2] 2 FZAAE NETI vuste] 2 E-S 2l value(p<.05).
o) sl Eel ] Aula A aRhlest
o}kl eehp<0.01). Welie el 2ol v.n &
A wEkal e dazell gk Aol mladabelull <
53] 50 uMETHp<0.05) 30 uMel A (p<.01) Al H] Aol 2ah sl o] 4k clastogenic factor
9 28 Aeld welAel %A el (el ol ARl g 7o dyslw gl
237 o] Z2A VebdSE 41’,‘:}% T 011‘41] o]+= v}, o]¥) &} clastogenic effectys T2 Atsld A~ E
Welirol Ty E R A4 GeliolRleie e a9 ghlxl o] J|HE stelefrlns AYsH:
&t 4 glrhis AbAell A% ?’],119}6 E%!’/l A As-complex 843} v o] ghatabz] § Ao 24
B4l sfelis 30 WMol Beliso] S0UMSl 5 odas] Rs o] A5l sluh. ul sl <18
L) gakstA o] gk mabAolglehi= Al ol 4ol Hxd] spA Fgh st EHel glu-
ot 4= glaich(Table 3). tathione (GSH)® ’Mon s1e¥shed 1LOAE Al 74

7)3= &H4kstR 49l catalasedd wlE3Sled glutath-
4. M5=0| H|A0| el XiZaALE0| O|x|= L& ione peroxidase (GPX)ZHA %5 F-2fshA] 744191

CHOA Fofl ] 4020 nM) o A &350 pM)E & 1= AL oledt TS A Bl Feh Y 53
Aloll zz|sle] 18417H2 wokgh Fofl TBA -4+ GSHel 43S GPX2) cofactor®A] 7L A w2y
A sistel z) A abakstell olall A E MDA2] oF& g akAZE gleh 2 Aol o] gxl Aleflyr A
=3 stgdrh Table 4). vl A2} Al Al A2 GPXel ghadoll Fogh 3ahg gt} L adofA] o]
g ol A1 2] MDA %2 6,002 24 nlAts e £5 sodium selenitess 555 o83 SAjodto}
o] 9,900l nlaste] EAIH o folahA THaskal A5G olbahis B U LIsHAl ARy AL gl
o (p<(1.05) 71|l 9.830] Hsloie vizkrbz] th™ Sodium selenites= ofe] shAlE AR A di-
2 H2lshA sl chp<0.05). methyl selenidest AR S ghibgbdl 249 GPX

Table 3. Effect of selenium treated during G, on the SCE {requency induced hy concentrated ultrafiltrates of
media from CHO cells treated with chromium

Type of No. of cells Total No. of  Total No. of SCE/Cell SCE/Chromosome
U ltlaflltratts(ul\l) counted chromosome SCE (M+S.D) (M+S.D.)
Cell+Med (Control) 50 962 386 7.72+2.19 (0.381 +£0.139
Med+Cr 10 50 Y74 182 9.64 t 2.96 0.483+0.167
Cell+Med+Cr 10 50 H68 575 11.50 t 3.25% 0.595+0.170
Cell+Med+Cr 10+Se 30 50 972 475 950+ 2.50™* 0.467 £ 0.177
Cell+Med+Cr 10+Se 50 50 968 517 10.34 7. 2.65""" 0.516+0.172

“Concentrated ultrafiltrates of media from CHO cells treated with Arsenie and Selenium.
*Observed value 1s significantly higher than control value(P<0.01).
**Ohserved value is significantly higher than Cell+ Med+Cr 10 value(P<0.01).
(O hserved value is significantly lower than Cell+Med+Cr 10 value(P<0.05).
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