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Abstract

Although no dose-related increases in
the incidence of tumors have been observed
in cancer bioassays with styrene, exposures
to styrene are still of great heath concern
based upon its bioactivation to styrene oxide
(SO). In contrast to styrene, SO formed as
mixtures of R- and S-enantiomers /n vivo has
been classified as a probable human
carcinogen and an established rodent
carcinogen. Previous studies have shown that
R-SO and S-SO are differentially detoxified
by epoxide hydrolase and glutathione S
transferase, suggesting that SO enantiomers
may differ in their potentia for eiciting
cytotoxic and mutagenic effects /n vivo and
in vitro. The proposed study examined the
relative contribution of these two isomers
in the cytotoxicity and mutant frequency
induced by the racemic SO (R+S) in vitro.
We determined the cytotoxicity, frequencies
of mutations at the hypoxanthine guanine



phosphoribosyl transferase (hprf) gene and
thymidine kinase (k) gene in TK6 human
lymphoblastoid cells treated with SO and its
isomers. Our data showed that R-SO, S-SO
and (R+S)-SO were cytotoxic and mutagenic
in TK6 cells in a dose-dependent fashion.
However, there is no statistically significant
difference among R-SO-, S-SO- and (R+S)-
SO-induced cytotoxicity, hprt and tk mutant
frequencies. Taken together, R-SO and S-SO
may play a similar important role in SO-
induced cytotoxicity and mutagenicity.
Currently, we are studying the Aprt mutation
frequency induced in mice following
exposure to SO and its optical isomers to
shed light on the mechanisms of differential
biological effects induced by SO and its
optical isomers /n vivo. The data obtained
from this project may help ascertain the
relative contribution of R-SO and S-SO to
the overal mutagenic burden produced by
styrene in  vivo, and advance our
understanding of the mechanisms of
mutagenesis and carcinogenesis of SO.

Keywords: styrene, styrene oxide optical
iIsomer cytotoxicity mutagenicity hprt
gene tkgene

(styrene) (CAS N0.100-42-5

styrene
styrene
styreneoxide SO SO

styrene
100

styrene
ppm (Scandinavian 1979)

styrene
(PEL-TWA) 50 ppm (
1995)

styrene SO

CYP-450 CYP 2E1 CYP

2B1 CYP1A 1/2
CYP-450
2B6 CYP1F1

CYP2C11
CYP 2E1 CYP
(Gadberry et al.,1996)
SO
(forestomach tumors) (Lijinski
1986) SO SO
1994 IARC (International Agency
for Research on Cancer) 2A group

SO R (RSO) S (S5S0)
Salmonéla typhimurium
TA100 5SSO RSO
(Pagano et al.,1982 Seile 1990) Gadberry
R-SO
S-SO
R-SO

S SO Gadberry et al.,1996

glutathione S-transferase (GST)
mercapturic
epoxide hydrolase (EH)
styrene glycol
(mandelic acid MA)

acid

GST EH
SO
R-SO SSO
(cytosol) SO
SO GSH
R-SO GST
SSO 1.8 (Hiratsuka et al.,1989)
Foureman 1988 [*C]SO
SO GST
R-SO/S-SO 0.65
(Foureman et a/.,1988) SO GST
EH

EH SO

1982  Pagano
typhimuriumTA100
R-SO

Salmonella
Ames test
S-SO (R+S)-SO



(Pagano et al.,1982)
CA SCE
R-SO (Sinsheimer
(Chinese hamster V79)
S-SO SCE
R-SO (von der hude et al.,1992)

S-SO
et al.,1993)

hprt X
hprt
6-Thioguanine
hprt
essential gene
tk
tk

(th-fast

growing mutants  tk-fast)
tk tk
(flanking)
tk-slow growing mutants  tk-slow
DNA deletion
tk Trifluorothymine
deoxyriboside TFT
tk
aleleloss
Honma et al.,1997
SO
SO

(human

lymphoblastoid cell line TK6) SO
TK6
hprt

(hypoxanthine  guanine  phosphoribosyl-

transferase) tk (thymidine Kinase

SO

31.80 SO TK6

a (growth delay)
60 120 160
(R+S)-SO

180

VLY, R-SO S-SO TK6
24
48 control

7.36

1 SO
R-SO SSO
TK6

TK6
(R+9)-SO

b. (PE)
(PE)
R-SO SSO (R+S)-SO
120p M
TK6
50.55 56.25

R-SO SSO (R+S)-SO
51.24 2
TK6

200u M SO

3 100
SO V79

Nish et al.,1984

V79

2000 M SO
24
40  Bastlova ef al.,1995
(R+S)-SO TK6 24
13

180y M

TK6 SO V79

32.80 SO TK6
a. hprt
TK6 hprt SO
60 120 180y M hprt
3 120
(R+9)-SO
25.1 x 10°
R-SO S$SO

MM R-SO SSO
hprt
24.1 x 10°
TK6

S-S0

35.0 x 10°

R-SO



Sinsheimer 1993
CA S-SO
R-SO Sinsheimer et a/.,1993 Nish
Nish ef a/.,1984 100
hprt
Nish e al., 1984
SO 100y M

SO
M V79 3
<1 x 10°
Bastiova 1995
11.3 x 10°

SO

control 15
TK6
V79

SO

b. tk-fast
TK6 tk-fast

SO th-fast

4

p>0.05

SSO

SCE

Von der Hude 1992
Chinese Hamster V79
R-SO
Watabe 1981
R-SO SSO
Watabe ef al.,1981

Ames test

C. tk-slow
TK6
SO
120u M
tk- sow
SO 28.0 x 10°
10° 180y M R-SO
89.5 x 10°®° S-SO 66.0 x 10°
SO 782 x 10° 5 tkdow
tk-fast tk-dow
R-SO SSO
tk-low

tk-slow

R-SO
411 x 10° S
(R+S)-SO 317 x

(R+S)-

tk-slow
th-fast
hprt tk
tk
SO

hprt

TK6

d. tk-total

4. Foureman, G.L., Harris, C., Guengerich, F.P. and
Bend, J.R. (1988) Stereoselectivity of styrene

TK6 tk-total
SO
120y M R-SO
tk-total 64.1 x 10° S
SO 552 x 10° (R+S)-SO 57.8 x
10° 180p M R-SO
1236 x 10° SSO 878 x 10° 6
(R+S)-SO 1195 x 10°
60 120 180y M
R-SO S-SO
hprt tk
SO
DNA SO
hprt
SO
SO
SO
1 89

2. Bastlova, T., Vodicka, P, Peterkova, K.,
Hemminki, K., Lambert, B. (1995) styrene oxide-
induced HPRT mutations, DNA adducts and DNA
strand breaks in cultured human lymphocytes.
Carcinogenesis. 16(10), 2357-62.

3. Cochrane, JF and Skopek, T.R.
Mutagenicity of butadiene and its epoxide
metabolites:|. Mutagenic potential of 1,2-
epoxybutene,1,2,3,4-diepoxybutane  and 3,4
epoxy-1,2,-butanediol  in  cultured  human
lymphablasts.Carcinogenesis.15(4),713-717.

(1994)

Oxidation in Microsomes and in Purified
Cytochrome P-450 Enzymes from Rat Liver. The



Journal of Pharmacology and Experiment
Therapeutics, 248(2), 492-497.

Gadberry, M.G., DeNicolaa, D.B. and
Carlson,G.P.  (1996) Pneumotoxicity  and
hepatotoxicity of styrene and styrene oxide.
Journal of Toxicology and Environmental Health.
48(3), 273-94.

Hiratsuka, A., Yokoi,A., IwataH., Watabe,T.,
Satoh,K., Hatayama,l. and Sato, K. (1989)
Glutathione conjugatiuon of styrene 7,8-oxide
enantiomers by major glutathione transferase
isoenzymes isolated from rat livers.Biochemical
Pharmacol ogy.38(24),4405-4413.

Honma, M., Hayashi, M. and Sofuni T.(1997)
Cytotoxic and mutagenic responsesto X-rays and
chemical mutagens in normal and p53-mutated

human  lymphoblastoid  cells. Mutation
Research,374,89-98
Nishi,Y., Hasegawa,M .M., Taketomi,M.,

Ohkawa,Y. and Inui,N.(1984) Comparison of 6-
thioguanine-resistant mutation and  sister
chromatid exchanges in chiness hamster V79
cells with forty chemical and physical agents.
Cancer research. 44,3270-3279.

Pagano, D.A., YagenB., HernandezO.,
Bend,J.R., Zeiger,E. (1982) Mutagenicity of (R)

10.

11

12.

13.

14.

and (S) styrene 7,8-oxide and the intermediary
mercapturic acid metabolites formed from
styrene 7,8-oxide. Environmental Mutagenesis,
4(5), 575-84.

Scandinvian Expert group on limit value
documentation -styrene. (1979) Arbete Och
Halsa, 14,36.

Seiler JP(1990) Chiraity-dependent DNA
reactivity as the possible cause of the differential
mutagenicity og the two components in an
enantiomeric pair of epoxides. Mutation
Research.245:168-169.

Von der hude,W.,Carstensen S.,Gurtler R.,Gunter
O. (1992) Structure-activity relationships of
eopxides:induction of sister-chromatid exchanges
in V79 cells by enantiomeric epoxides. Mutation
Research.278:289-297.

Watabe, T., Ozawa, N. and Yoshikawa, K. (1982).
Studies on metabolism and toxicity of
styrene .V.The metabolism of styrene,reacmic,R-
(+), and S-(-)-phenyloriranes in the rat, Journal
Pharmacaobio-Dyn.5,129-133.

(1995).



1. 180y M SO SO 4.0 SO TK6

TK6 tkfast fast
60 -
g
d 50
0 --e--R s
=4
s | ~ WS 2o
R+S i
.20 r control [ et E
=] J- <Z( b
£ < :
=15 2ot ]
g y :
0 - & :
I M :
L = Z
5 r x :
T = 0 1 |
S, U A St -
0 0 60 120 160 180
0 1 2 3 dose (1 M)
DAY

2 PE SO 5S0 SO TK6
SO TK6 tkslow

120 -
0 | =
% 100
£
100 8}
s & g
= S
ER g
s 60
< =
? 60 2
.340 S 4
g D7 u
g &
(14 20
2 | <
0

o

dose(u M)

350 SO TK6 6.0 S0 TK6

4S80 SO TK6 tk

@ 60
x
< @
O 50 |_>|_|<
= ORrR X
w } >
2 as (e}
g 4 &
o OR+S )
- o
£ 2 o
g o
-
2 Z
=2 <
g =
210 W
s g
0 <
0 60 120 180

dose (1 M)




	page1
	page2
	page3
	page4
	page5
	page6
	page7

