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ABSTRACT

Toxic lesions of styrene in the Japanese Medaka (Oryzias latipes) were compared with those of styrene

oxide, the active metabolite of styrene, using embryo-larval assays. The developmental stages of Japanese

Medaka (Oryzias latipes) treated with both chemicals were not altered and progressed normally. However,

styrene oxide was more toxic than styrene in terms of causing death and lesions. High concentrations of styrene

(higher than 4.9 ppm) and styrene oxide (higher than 2.4 ppm), resulting in more than 50% mortality, caused

similar lesions of cardiovascular system, craniofacial bone formation and spinal deformities, although a

number of lesions were not observed by both chemicals. In the group treated with styrene, eyeball sizes and

intereye distances were reduced, while, in the group treated with styrene oxide, the eyes and eye cups were not

developed and two eyes were sometimes fused. In addition, styrene oxide caused the lesion which involved the

posterior brain and brain stem were herniated through the spinal cord. The noticeable difference of toxic

symptoms between these two chemicals was the time of onset. Toxicities of cardiovascular system and

craniofacial bone formation appeared on day 3 of development in styrene oxide treated group, but, styrene

treated group started to show hemorrhages on day 3 and the craniofacial malformation were appeared on day 5.

These differences between two chemicals may be due to the metabolism of styrene to styrene oxide, the

reactive intermediate.
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3 Azl $He] oz wAzry s
48 5o Aeow olRehy M styrene
2 cytochrome P450-monooxygenase (cyt.P450)]
ojsle] FAjol Wi 2 F7 AALAQ styrene 7,
8-oxideZ wjAtd F.2°9 chili o]} AAba} e
AER Bl THAT TS Y FAE
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2 w259 97 styrene 2ol T3 AR E
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9 AAA S4B LA A el sy-
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ster ¢4712] AFA{FAHDA menstrual cycleel] w3k
qepoel wwa W et AAA F4E 9F
% 9 2T A= ABHAE Zokdeh
19953 wmj=e] AW EA 2 (CDC; Center for Dis-
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AR FHEA2 Asidod, v 3
74 ¥.3 A) (EPA; Environmental Protection Agency)
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Styrenes] AR S0 %W YA AFe
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2] Z7}2) 11.6 ppmoll A embryor} 100% ApPS-3)
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2 AP A 4o 27 TAAHRA gAY
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killfish2 4] Gulf Coast Research, Gulfport, MS. 2.
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Embryo~Larval Assay 23}, styrened} styrene-
oxides| F29 $AHE embryod] WIRASL
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A SARAT T APEe] A F2 4
& B A} (cardiovascular system), 7 b F A 3 A
(craniofacial bone formation) ¥ *37)3] (spinal
deformities) 5-o]l.ov} A% &4} A4 * 3}
2ol 5kl o BRHR G2 A= YA T
e oJF &3] YejEe] Table 1o ®lE
FHelem olE £AIEL2 styrenc-oxide X 2.4
ppm3} syrene T 4.9ppm o] el A FAE Ao
2 o] FxoA 50% o)) AAMEE Pl
o &2 QIsA embryort H-3EH7] Aeht
B35l AN FHE& 295 severe lesiono 2.
Rty o, WA £ 2824} (hemorrhage)
o] vehd A& diE HiHEE AL AF

“ 3l X|Abstedoh HubE o 2 styrene oxide7} sty-

Table 1. Comparision of severe lesions in the embryos of
Japanese Medaka (Oryzias latipes) exposed to the
concentrations resulting in>50% mortality® for
Styrene and Styrene-oxide

Type of severe lesion Styrene %tg;?g:
Caudal region hemorrhage 44+ -+
Tube heart HF+ A+
Pericardial edema +b+ A+
Slow circulation or noncirculation H4
Reduced eyeball & intereye distance +++4+©  NA
Altered eye pigmentation & development -+ +++
Cornea bubbling +4+d NP
Spinal chord extruded NP  +++
Skeletal effect (kink or bend) ++ 4+

@ Styrene > 4.9 ppm, Styrene-oxide > 2.4 ppm
® All +++ is equivalent to 100% affected
© Propotional to the concentration

@ 3 out of 14 animal

(& NA =non applicable

(NP =non present
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Table 2. Comparision of IED, OED and Eyeball size in the embryos of the Japanese Medaka (Oryzias latipes) after treated

with various concentrations of Styrene

Concentration (ppm)  Number of measured® Inner eye distance (wm)  Outer eye distance (um)  Eyeball size (um)
Control 15/15) 112404 7044038 592+0.7
Vehicle control 15/(15) 109105 68.0+1.0 570+10
0.5 13/(15) 114409 665+1.5 551+14
09 14/(15) . 120110 64.8+1.1 528+12
19 13/(15) 95+08 622108 526108
4.7 12/(14) 103408 61341.1 51008
49 7/(14) m2+1.1 640+1.6 520418
100 0/(14) - - -

@ measured at stage 35 for the alive. number of measured/(number of total tested)

®} Values represent mean 3 standard error.

reneieh &4 g XALE deoyl= Axrt 7HEs)
g4, 53 FAddFTFE SAL styrene oxide
3 FEAAM FAsIA Styrened] S, %
2719) b, & Abe] HAA ) 4, e
W3k, Wele) nigitd, 18y YR (140 3
WA Zhato] fobe B o AHAAS. ¥¢ A
719} Zpagt Aol A9 AAE styrened] ¥
= Z7t et visted ZF4aEgl.om (Table 2)
2xkek e Al9slgdel. 22y styrene-oxide
ANG A%, Aol £ AL 2 V4 dole
o kR EA L] A xS} styrenes] T3 H AL
2o Asle, v 27] 9 A 149 AAaE
ZR3l7] ofiglen] o A4 ol W
< R A &5 3 eye-cupol L2 H
A gerh Fieol $YHUHFig 2). H2EAL
styrene?} styrene-oxideol] £|3}ed my] REo] A
A v SR A S Fomi Aol A
o] embryo 7|7} Rl wlste] Fradvh
Styrene—~oxide # %] FFMa Jeld &}o=w
Fxo} Hzte] AP AFHUEY o)7L &4
> DFARFFTEANN AR HFZ2HZ (sp-
ina bifida) } F-AFSH HA}oic}.

TR 2 Aol HAo] A& WHEHE Al
7 (time of onset)o] T2} Ao}, Z styrenesd)
F23 A g Aol we XA
v AAEEA oo 2ol YEPgEH &
3] me)F (caudal regions)ol] AJ§F 2ol qlgle
oy tube heart, pericardial edema o] Jepyt}. o
AR del] AET &AL O AFHAAM FA
A FH7IF o] TR} (Fig. 1). Wb, styrene~

oxideo] F2¥ I2FANM= AIdAA AL (peri-
cardial edema, caudal hemorrahage, tube heart, non-
circulation) 2} FAIH A (FA4 W, w3 9
2lo) Wy B Eo] BF AR Fel ebytch
2 AY A e T B o7 54 ¢
el Aol oA, SR 2 L sty-
rene oxide®] HAJe] styrene W} 7} dt AolEL
Z-EA WA styrenec] styrene oxide2 T)AIH =
A& FHAES. dutHQ styrene®] AN A=
¥+ cytochrome P4504) )3} styrene—-7,8-oxide &
A E =, AFdel M= Cyt.P450 TIE1e] 2] 8}ed
ALE e ez weAl vl gleh2® Styrene~7,8~
oxidex EEAlo] £ electrophilez A, stA, ¥
At %2] nucleophilic center®} vl7}Hx o g =4
Fozary AL dodln &, B3 styreneo]
styrene oxide 2 WA F EAIZL-& doi o
2} embryo2] WA styrene-oxides] A X
2AZ 73%-2 embryod] WgdA s} chay, 54
Aol F2H= Aol embryo?] 27| UE oA
ApF oL s W) w54 ¢
| AL Aot HA9 AEr) HEilez 3
Mg} Vainiod] AFAIIE §AFsted, 24
chicken eggs7} vi == 149 F 27] o2 A
o)} styrene} styrene-oxideE Fof |-Zd, em-
bryo yvielol| wel EAaAr dgton 2rpid
SN AV A9A oy wiohn wuw
v} g4, o]u)¢] LDss= styrene 40 umol/egg,
styrene oxide 1.5 pmol/egg 2. A styrene oxide2] &
Aol Zdstden Z1gE Jehd g 383
embryo® AR £ Qe FEAS 2 The
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Fig. 1, Esbryos of Japanese Medaka treated by stysene. (a)
control (stage 34). (b & (¢} 4.9 ppm styrene trasted
ambryos (stage 34)-hemorchage, bent backboge,
reduced eyeball size, retarded eye development (%
16}.

Moz p¥es) wyrereel A Hel 5%
RS-, oytockeome P430 E2AY) £ $E0% F
45 styrened WE TR FEF] styrene
oxideR RAAAR S Qr B 44E 4 9d.
AR styrene-~oxidets stysene glyeol® 7H A
mandelic acid 3 phenyigiyoxylic acd®, ¥ Aol
oAb aua- okeldd glel, ol B YA EE

().

Fig, 2. Erabryos of lapanese Medaka treated by styrene
axide. (a) control {stage 331, (b1, (). {4} 2.4 ppm sty-
tene-oxide yeated embryos (stage 331 bemonhage
beny backbone, size reduced, eves fused { x 16).
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rene AR AR ARRS|EA o] FF417 Aol
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a4 B

Styrene monomer2} styrene-oxideS UEAF %
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LA e] v A A 78S vlwdgdd. F
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A S eI dE 50% o)l XARES
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ppmelH = BAel Sjalo] Vet 4ol 291E
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A}

4 g zZtato] 4ol B 7o) »}gﬂ By styrene
-oxided] Z-$ o] ihdo] AlalA| &A=
Fa7l T Frol $¥HEMAS. F 2 =
2324 47& sl Aus) s
Fom g AaAl =1, styrene oxide -2
Aol Fs) Hzte] Wz Y FEA
o 2 ARe AE TAFE epd AlH
(time of onset)o] @3tom styrene-oxided] 74
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43 A& FHHEH
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