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Il Je Yu, Jin Gap Chung, Kwang Jin Kim, Yong Hyun Chung, Chung Hee Han,
Yong Mook Lee, Young Hahn Moon. Industrial Chemical Research Center, Industrial
Health Research Institute, KISCO, Taejon, Korea

Abstract

To identify whether polystyrene used in plastic industry as well as styrofoam
industry has endocrine disrupting response for male reproductive functions when
extracts were tested to in vivo tests. A sample of styrofoam was treated with normal
hexane to isolate polystyrene dimer and trimer species. The extracts were tested
through the use of repeated dose experiments among male Sprague Dawley rats. Ten
rats were assigned to each treatment group. Vehicle control olive oil and poystyrene
60 pghkg, 6 pgkg, and 0.6 ughkg were gavaged for 28 days. The rats did not
show any significant changes in body weight depending on the polystyrene dose.
Biochemical and hematological analyses also did not show any significant toxic effect
due to polystyrene treatment. The histopathology of testes did not show any
significant pathological findings. In additions, other organs including the liver, the
kidneys, the lungs, the adrenals, the heart, the spleen, and the thymus were examined
histopathologically, no distinct histopathological findings were detected. Taken together,
the polystyrene including dimers and trimers did show any endocrine disrupting

activity or toxicity in our 28 days of repeated dose experiment.
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oA A EE 3 A9 A7 98e dae gegs A4 B ol x
3t wi=el EPAE A2 44, 44 wg - gxo zdsle AQzae
o B4, #49, ¥, 2Y, 34 T= Es 52 s FEHE AHoslm
A, e uel e 989 58 299 WERu AFGE D Wyl g NHad 3
BEEEolEE ofd HYHA g foNTE Yy AZHNEAR &0l 29
12 F Yot

53] MEvAZIEdR 239 242 Sy 67F 2 E4=2 A3
Ao el FEAHI Qe Bl 16%, SEAIE I Q= 4ol 51%
°IF °lF 42%F2 BARY fs5er2a Bedo] o e 4% 0] FAE Ao
15Fe] HFAR] Hu 1ow e 23Fo] BeHu Yo o= 9% o] w5t
Ha Aoz gt o)E AL-2dol=F H2ds A, DEHP, BBP 4% & 19984
68 FFEAZ wA Y

AT AAE £7)9M 9 2E A Ao HWER AN ERD) 82 lx 7 ¢
= B4R A ol BEe Y3 =o] HYom A A= o] 2ElaA
Al WEHAGNEAdR T QA 2on od gt sjEE 283 vie
H AR FoE o2 a3A uhwsig. =39 2Edtoln g} Egtolnis g
74 HF, dE 5 AZRIZOAN YRuAFJEL 2 FAE AFI M PFo)
SARAN HF9 EPAGANE ol% Bho] yiuAgojs 2P NAAo] Fe
AR RS ow, YEZHYY NExAS L ol 229 dAA] o
& A dah RuAG EdolgE B 2} vkt R g olE £7]o
HE FAE AT GAZ} olven e Waus Yok a8y olef g ¥ A
=2 W A& BAZ ol o] B Saye AUz HeFeE dre

28 tho]w g Edlo]n g esterogenic activity$} uterotrophic activityol] oj
s TS AT FIYAE A 2gr) Holgx g oRb SAA ) B
A MIARIANZE FZ A 2EA Bz o] Do) ¥R EHAHTREERY, o
RTINS FAY Y, ST AT g MNBEH3FAN F50= 989 9¢9 109
MHAHE HEE7S) Az} YRroAzades Aol X F7kR1 9 A g A s} 8
HEAS. o] BF Ao w29 Research Triangle Institute®] Fail So] 8
T ZE2gde] #d3 yterotrophic model? recombinant receptor reporter

gene WS ©]-§ 3 estrogenic activity ¥ 7}o| A Zd2Hd F222 Ho z
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T AFEHIY AT 2R F4A FARES 9% MCF-7 A% 24 55
Al estrogenic activity® JEhAA &dttn Rusigd dddze Pge =
474 TNO Nutrition and Food Research Institute S|4 % Za] ~€ dl 23

= F&3t9 dH ¢AR Y uterotrophic activity = A3 EelagAde &
F2ole NETE HETH VS e W A5 UG S waY &
gl FE2E WY estrogenic activityE @AE & ot

AFolY FANMY HEMAZAED 3 =L Bo] Fu Yo}
BAMY HREHAGANEE 2o 4F 229 WREu A Rofo] tiatol A=

NZAA AF7F DA e FAolt S35 YR FAdBAN
TUIAZANED S ATE s €A 5dze APAYoT HERAL Zaws)
WEB AN 23 deyAY, AAd vXe 4o B A7 E A
el 999N E Al s don, Ul ME BAR Ry Ao
22 TR ATAYA FABANAY WREu A FolBA APE 194 (1999
2004) 71zERFEA 2 ATFAY SAEAZAA (A ok 2999), 29 A (2005-
2007) AABE =EHIHCA o 119)), 39A) (2005-8) FYBA Bajs|E A A
(4t ok 159)¢) GAZ ALL FYsled A7 2 A & AYoz 9o

2. A 5X

2 d7AME EY2HAS AFAE FTAAAN B3 ndAnga Bag s
el sle 2 EA 240 TR0 2T 5 gt FARI Wb A
B7betr]l A3l EHaEde 2E5BAS 57 APER ol o] 49l
FEAN T WAE dFE FrreAc AFAx e ZgrEHAY drse =
2 AFEE7INMY EG2E0Y YREUALRRED G B ATz ==
estrogenic activity & A2 7)o wX= g3 B3 Aol ow, Gy
A71 WA %2 Ay A7Eusl Qs Aol E3 FABAAE
FW HE29 F57 T2 B dFME EgagAs §o= Fof 3}
= ol E7bed dA & AU AFE st o] EHEo] A A A F ol
A s 9%E AASHYI 4 AdAe] Q= Pelatn Horg T AE H
HEAGAQ HPPOeR o] Bho IS nAE = Fydol +r 3l
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1. Ajet "z 2 7|7

Polystyrenee 6 &nlg FA3AY Aux F2gHi HFL7|(HH
150mm)E A&t &4 4r)E AldrichAl n-Hexane$ AH&3t%TH 1 ¢
o RE A% FU3 Fy gl AT £4& H8iA= Hewlett
PackardAte] HP5970MSD¢ <2 %d HP68IGCE AHE3ATh Alge FY&
HamiltonA} 9] Gastight 1000series syringeZ AM£3dth &0AAE HalAE
Eyelart 9]l AS-1 Rotary Evaporatorg AM&3F .

2. polystyrene dimer ¥ trimer £&

AN B Z A3 polystyrene €712 = lem x lemd 3712 224 ‘:1-° 30g

< A =3t 2L% 2 Round bottom flaskell ¥ 3 1.0L¢ n-hexaned 7§ ¥ 24
7 B AomA refluxdtAuth ARo2 W4 Og B84 AES AAsH
#38lad filter papers Ab&3t o333 t}2 Rotary evaporatorg Al&3ted &vj
2 AASRALT. 59 2 F styrene monomerE AAHB7] H3ld F-Fo A
Az3ET. BEMS 9] 2%E& do] n-hexane2 2 A% ohd GC-MS=E
4314t 30g¢ polystyrene.f’_i—‘?—Ei Aol dimer®} trimer 2] F L 30mg
AEolm o] FAL 23] wrEdlY FEH dimer ¥ trimer AlE 58 mgg olive

oil 300mLE 7}3}o 343} .

BAd AMEE GCY columne Hewlett-PackardAte] 250um x 0.254m 5%
phenyl methyl siloxane® Ab&3 Z o] 30me HP-1 columne At&3t4th olF
Ao 2 AFL3F carrier gasy oxygen trapd water trapg FHA|Z ek
helium& AFE3G 2 3.0psiy ¥HAA total flow 6ml/min®l constant flow 4]
S A48Tt injector porty 2EE 250ColAUth A g2 FHHLS ZO/JLE"' A}
43901 GCY overloadingg WA 871 993t split injection® e AHE3+%
3L split ratios 10:1& AFE34Et. WebA columnel A A flow rate= 0.6ml/min
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°] @t} oven® 2% 50TelA 3¥3F holddt: 5C/mon o £ =2 250C 7%
7tEsle o] &ZolA 587 holddt4tth ol Y= peakE mass range 50-
5507}4] total ion mode® scand} T}

22l B 7] (25613, Yakuri Pure Chemical Co., LTD, Osaka, Japan)el 4jo] =&
Eof| FAbstch

2. Alg

US.

—
E

2 o] E o] ¥ 7 (SPF; specific pathogen free)o] iy B4 A ASd 44
Sparague Dawley THEE Eﬂﬁ}”fﬁin‘ﬂﬂoﬂ/ﬂ THIIFT AEEELS AYA

49
of 257ke] w370E AA AFBAC HLIAEHE ATk FEASAHY 2%
20-26C A=A AAFEE 40-60% At 2L FY dAF &L +
[8to] Ao} Zo] FZHFo] glo] FF3IAT TEASFLS ZEJtRuolE
ARG 3-4% £l AMFS AT AF A AFE FA3Y AlEs

o 2 o rk
i
2

sz Ao met 10 vty Foz b}—“ri’i‘:}. AEEL FAMAIY T8
AT AL HT 270g oA, ¥ %(high), F¥ X (middle), A= E(low)Z
22 BV gMd EEagHHA FEEEL 19 lﬁ Iml2 AF5A2 dFY9

63 Folstel 47 F e FoIsh gt AWTIAAL olehe] Table 13 2.

Table 1. Experimental design for polystyrene extracts treatment.

Group Number of animals Treatment

Control 10 male olive oil(vehicle control)

Low 10 male 0.6 ug in olive oil

Middle 10 male 6 ug in olive oil

High 10 male 60 ug in olive oil

WY AFYELFA 3 AgEEY AR A 3E5/AF, YA FS9

HA el §59 FFe WIHE ZAFAC AFL FEEYA, TEIA, 19n
ANEEH 593 1599 28 SAHsA 1 sjF-do A3



3. eldda

FAAN AEFEL 165% ] =L€AL £ 3F A APEES Sy A 3
Atk AFFEEL dH=22 nH3 o s ddL AHsAY 2
(TP), Z#2HE(TCHOL), A #leld(CRTN), % F¥(TBIL), aspartate
aminotransferase(AST), alanine aminotransferase(ALT), alakaline phosphatase
(ALP). glucose, urea nitrogen(BUN) 52 ¥ HA3}8 B2 7)(Cobas Mira Plus)
2 FAIPR, AT, 22 55 uiEadE, HFIYTFLE dan
F GoPs, BETS, AYTE5L AFATATIIE o & AT,

4. sApale = wa

ol
N

AEF o1& FHst F4, A, AL, A%, o, A, wA, 71, o 59
o
k-3

€ "ol BVIFAE FHT

o
Ho
&
ro,
A
e
of

>
i)

>,
g,
4>

of &Rt o AFHIAE RAFE FUEL Ao ¥ostn, =29t
2712 A3ty uiEddy ojeAlew FMsly HulHoz HPzAWs S
#EsR L, 53] HAAE PAS-hematoxyline2 2 G438t staged] Fo] £o]
A ATk Boldt 427 uAA du|Fo] FAE A2 ARBYsle V)2
Bt
5. A4AAN=

AETY AF, A7NFA, B A Z23A], d9dey SANE fx27 =33

9 ANOVA testE o] 83l wlwsld}
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Bl AE|Me| 52T

Mg

Total ion mode® ¢ 2dimer® trimerel 393+ chromatograme & page
o 29 Yt AHFigure 1 & 2) . Retention time 29.53¢]1 YE}:= peak7}
styrene dimer ©]® 28.04 ¢ peakt 1,3 diphenyl propane©lth. 29.77 peak:
2,4-diphenyl-1-pentene°] & 30.23peak+ 1,2-diphenylcyclobutane ] t}(Figure 1).
Figure 29} chromatogram< trimer®¥ oA ¢ chromatogram 2 library search
2 #Z7] o8¢y 42901peak”’t MW 3129 styrene trimer peako|™ 1 2]
44.0090 4 464Fel el v 29 isomer peakEo] #A )

AFEHde o 2o

-
retfn O o804 | 2053 | 2077 | 30.23 | 42.90 | 4451 | 4475 | 4488 4509 |
ime

% 757 | 2859 | 185 1.88 3956 | 558 | 9511 249 2.96 |




Figure 1. Dimer® chromatogram
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Figure 2. Trimer® chromatogram
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EA 75 F9% AFe Hile #AFR ggen. FAUNE FHEH
o og FEY FY3 AFIIY Tihv BEFHZA ‘3—‘9&‘4. EAA Y A
Z% Fo3 W3y} dE A At FA(thymus), ¥Al(adrenal), 3 #(testis),

A ZF(heart), #(lung), A7 (kidney), Z|€H(spleen), Zt(iver) 5 A7|e| F A<
H3lE Aupgoy FqEd g AVFAY S gAV #EFHA E%
tH(Table 1).

Figure 3. Body weight changes of male rats during 28 days of polystyrene

treatment.
O, Control; @, 06 ug;, <V, 6 ug, V¥, 60 e

400

300

Body weight (g)

200 T ; Y T
0 7 14 21 28

Time (Days)



Table 1. Organ weights of polystyrene treated rats

Control Low Middle High

(10) (10) (10} (10)

g g g g
Initial
body weight 265+ 20 269+ 20 271+ 25 276 19
Terminal
body weight 344% 19 337x 20 348% 32 344* 21
Organ weight mg mg mg mg
thymus 101+21 110%16 114%16 116+ 14
adrenal(R) 6.6+£0.5 69%0.9 6.8+1.1 70%1.2
adrenal(L) 6.3%£0.8 6.7£0.8 6.8+0.9 6.810.6
testis(R) 500% 28 498F 30 518* 41 497 27
testis(L) 499+ 24 497+ 30 521 37 498+t 35
heart 327+ 25 347 23 335+ 13 338%+ 15
lung(R) 266+ 22 2771t 24 277+ 23 254+ 34
lung(L) 150+ 14 146+ 9 153£ 14 146+ 10
kidney (R) 332+ 22 333% 14 322X 14 327t 18
kidney(L) 333+ 17 339+ 14 320+ 10 330+ 17
spleen 204 11 195+ 17 205t 32 193+ 24 -
liver(9) 2585+ 98 2639+ 94 2554116 250295

* indicates p<0.05.
*x* indicates p<0.01.
() indicates number of animals.

_10_



3. oY =tst

Faygdo] w = Azl W= 2o w& Fou(TP) W
st AR ggtony HF yrea nitrogen(BUN)—o— Foo] mE {3 FHE
B F Ao HP<0.05-0.01)¥ 3t S BF Y. 22U creatinine(CRTN)S £ 9] &
W3E RAFA @ttt F UYFH(TBIL)IS §93% HM3=2 B3z Qo
U, 89 Glwe Foo g #94% F712 Ryg32Ya (P<001), = FH2HE
(TCHO)2 s ¥sle HogFx &% on aspartate aminotransferase(AST)
2 AFEANAM F3 HAE Eoﬂ—f—i’\i‘i}(p<001) alanine aminotransferase
(ALT)® alkaline phosphatase(ALP)= 9% ¥3}2 R od3x] @9tti(Table 2).
BUN3 GLU, ASTY #93% w3}lr} Ali’ii’_‘% o] EAd g EAY AA
4L #AHA sk

_.11_.



Table 2. Blood biochemistry data for polystyrene treated rats.

Control Low Middle High
(10) (10) (10) (10)

TP 6.9%0.2 70101 6.9+0.2 6.9+0.2
BUN 173+25 184+24 205+ 4.9« 21.1 £4.2%=
CRTN 061%0.1 058+0.0 058*0.1 0.61%+0.1
TBIL 021+£03 0.25%0.1 0.27%0.1 0.22%£0.0
GLU 132+ 9 135*+10 138+ 14 143+ 6+
TCHO 88~ 6 98=*10 94+12 93*11
AST 15723 14022 14218 117 £ 22%%
ALT 46* 6 49* 8 40*11 43+19
ALP 30631 29644 286 =30 302+59

* indicates p<0.05.

*x jndicates p<0.01.

( ) indicates number of animals

AST, aspartate aminotransferase (w/1); ALT, alanine aminotransferase (u/);
ALP, alkaline phosphatase (u/1); Prot, protein (mg/dl); Gluc, glucose (mg/dl);
BUN, urea nitrogen in blood (mg/dl); CREA, creatinine (mg/dl);

CHOL, cholesterol (mmol/1); TBIL, total bilirubin (mg/dl).

_12_



4. o ol

= 1

I

ZgxglHoe] vxE A Wale HIFF (WBOE FFeolMe 72
FP<005)72E A=Y AAEAd dRed, AEdFFRBOE AsE, 1
ERo A Fo3 Z77) R WHP<0.01-0.05) A AdHE el AU THTable
3). Hematocritt HCT)E S35 5% ¥ Eor t2TRUE #98 715 BA
oW P<0.01-0.05), Aol W ARevl, hemoglobin® mean corpuscular
volume(MCV), mean corpuscular hemoglobin(MCH)2] f-<let ®iste #EH XA
or¢}th(Table 3). Mean corpuscular hemoglobin concentration(MCHC)& W&
2 vty AFE F¥E, ZFEAA F9F Wsk(P<0.01-0.097F AN
AW o] 93 G (Table 3). 4% FPLTE dx=F vludte {3

2 BRAFA FrHTable 3). ol AZ Hol polystyreneo] ZE7|e]

WA 4L wetstn Y2ec.

e
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Table 3. Hematology data for polystyrene treated rats.

Control Low Middle High
(10) (10) (10) (10)

WBC 64+1.1 55+0.9 6.2+0.9" 62+25
RBC 8102 8.3+0.3x 83+0.3 85+0.3"
HCT 438+1.0 46227 459+21" 465+22"
HGB 147%+0.3 152%06 151%06 152+0.7
MCV 543%+09 55.4*20 555%1.7 546+1.1
MCH 182*023 182+03 183+05 17.9+04
MCHC  336*+05 32.8+£0.7+ 33.0+£0.7* 32.7 £ 0.4%x
PLT 1064+ 87 1054+ 56 1054+ 118 1022+ 65

* indicates p<0.05.
** indicates p<0.01.x
() indicates number of animals.
WBC, white blood cell count (10%/mm?®); RBC, red blood cell count

(10%/mm®); HGB, hemoglobin {g/°1); HCT, hematocrit (%); MCV mean
corpuscular volume (1*); MCH, mean corpuscular hemoglobin (pg);

MCHC, mean corpuscular hemoglobin concentration (%);

PLT, platelet count (10%/1®).
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87] 3t A& 2
71 A8t ET, AFET, TFET, LFETY F4LE BRsgon 53 4
Aol vRAE dFE By 95t Al A B(seminiferous tubules)?] 2 ) o] x|
(stage) TFEZ 13709 2Holx ¥ WAYEE BAsto] A2 A E(spermato-
gonia), B E A ¥ (spermatocytes), AR A E(spermatids) S2 HAE WAHAEZE
Hrhst oy, T3 HHE 2AE 5 U

Zr, A&, spleen, §4, ¥, 59 235 24

Feig WEe 2AY + g
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IV. 1 &

o] AFdAME FAPGFAAAM AAHe2 =&FF 7t5Ae] de FH2HAY
NS HAFstE 22 AAERISG JFPdEF A Y VxAgE AnA A

AFoA ZY2EAE 2892 FAT T3 APFEANA AF ol F™ o
32 LAY F AL B ooty EHAFNREE 2HE F YA, 5
3 Ahe 2AWHA ZAAZ Hol F2HAL BAFAH] jle 222 A

A1) AdollAe 2737 @93 F ARAR, 289 WNEFASHAIGY
A2 Ho} A7t FAGME HY vxg ARrt AEHee A4 & 4
To Abg" £33 H3 60 pgidlA olE 10818 FN FE 6ug, 06 pge
ALt E T o] B EE ATFAEC] AMES EYHAH v £ (-5 ug)l
2 7 o]g olrTh 10W) WS £33} 10¥] HL £FE AMEIAT FL FEE
AL olfre WEHIAZANERL ofF AL FEE AYA S nidn
AdHA 7] Wi o 7t dAY 2 FEE A AT

i
£
O
AN

WERAZGNEZD S Adste WHoE t& dFdAs E2EHAY T4
ZE g A2 9L SAH}E WHLE AFTY AVFAE FH
3tE uterotrophic effect Al@ 3} A FHH o Z MCF-7A X9 reporter genes )
ZZ A A esterogenic effectE A3} Ed oY ATNAME HEFEY AT
o] FHolY T2 FE&A AP o MCF-7A XA ¢ reporter gene Al
AoAME ofFd AdHIZEE PEE YEA Itz Busd. 2 2
Ao E WEUAGNED &9 s<l anti-androgenic effectd 289 2t
of MEFA SANFE Tt FAAANTIT HAe d¥E dHE ST 28Y
FoFe Ade Eel2EH g% 4L dAHA Ffon 53 PASAHL
LAHA gt gEA EH2HALS JEEAFTNEZH] ofUgta AR ETH

-

EoaEdel WEHAY WAL FFS sefsy] AT 4¥ez Yruzae
o 522 s Agel 4THY B AFANE 328 £F oY A7
A AYTh T ol GRE ratd] HE2RE o}F FEHe)7] W 8%
E R Wy waet Fge] gow, 52E R4S dsdMr S2E 24g



HRo= 3 ofF F eyt & @ APgdol sy £ AR 32F %
4 gttty YElA anti-rat FAE 01%5}04‘”]‘ st ol AdME HlF W E
o] 288t ZAYWYA o] U& e TR B4 U7}t gl 47
g, 2 Apd e 2AYPAE ofFY ool V] WEd T2E A
Z o9t glegs £o

Z2gde Z27 22 9 AZFF APE AiMe FUFEA
¥e Bstd A7 F2ee Aol B, Ee2HAY FAFEAH L 4
Moz Br5dn F2A FxgHA AT vE2Y FAE £7FeE7] 9
Fo o] APAME ZY2HAL FE3q FTE2 FAHUT FHBEN @ E
304 B 7Hrisk assessment)?] Xol:  glg Foly ZPAE A A FHo
U A7z ZEYYgs FEFAoZE B AA o (systemically) EelH ] Wiy
A@e] e 9FE Hriste 734 & DA(Hazard identification) ol A &
FoqA327t 28A F8% Ao oty AZdn.
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V.28 9 AA

AABA MY ZelzHA 27 2229 A7 wAE AL F9s57
A3 ExA"d o B EZAHAL FE259 YEuAZNEAZ A A4
=4 9% TR AT EY2HAL =2AN0T £3589 Y2, 60
ug/kg body weight X2, 6 ug/kg body weight 0.6 ug/kg & Zo= 1—}—‘7—01
28UzF FAY ratd A AFE T 2893 MEEGAHL P T Ay
TET FAHstY HVIER HE3Y £FL 2L, SY4o] U A= ¥
2o A AYYSGH HAE syt adm A NHste A
et H ALt EolEty HAx BPaAct AFHE = ol gk

f‘

D Z2EHAE BE 59 $EM 2870 9L WA gt

2) 89 e} FH2EA T 2AYRHA 28 Pl WAuzs
oz folv Wate vehix Qgkon B3 AYY fow 2R
A gskeh.

o
ro

3 2 AYTAME EH2EH Fodo] o§ FH3l LA g

4) B AVAME ZE2EU 98 S4L wAY & AU
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