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Studies on Genetic Toxicity of Epoxidized Soy Bean Oil

Eui Sik Han', Hai Kwan Jung, Jong Won Kim, Mi Sun Park, Mi Ok Eom,
Hyuck Joon Kang, Su Jin Min and Hye Young Oh
Genetic Toxicology Division, National hstitute of Toxicological Research,
Korea Food and Drug Administration, 122-704 Seoul

ABSTRACT - Epoxidized soy bean oil (ESBO) is a plasticizer of PVC which is being widely used as a gaskets
for the lid of glass jars including baby food. Using reverse mutation assay, chromosome aberration test and
micronucleus test, ESBO were evaluated the mutagenicity. In the reverse mutation test, ESBO did not induced
mutagenicity in Salmonella typhimurium TA98, TA100, TA1535, TA1537, TA102 with and without metabolic
activation. In the chromosome aberration test using CHL cells, the results showed no increased structural and
numerical aberrations in the concentration of sample producing cytotoxicity with and without metabolic activation.
The in vivo induction of micronuclei was measured in polychromatic erythrocytes of bone marrow of young (3
weeks old) and adult (6 weeks old) ddY mice of both sex. At 24 hours after treatment with ESBO 20, 10, 5, 2.5
g/B.W. kg/corn oil 10 ml by oral route animals were sacrificed and bone marrow cells were prepared for smear slides.
The results showed no increased micronucleated polychromatic erythrocytes regardless of sex and age. It was
concluded that water soluble ESBO did not show certain genotoxicity within our studies conducted.
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NENS thEfE FHoIM AR 7haAe] FFA
FRIE oz s,

Salmonella typhimurium® O|&%t SHFIHOIAIY

Ole|E=MAIY —TA100 #55 ©l&3te] dimethyl sul-
foxide (DMSO)l &381A17] S| ZA3}F T 5 mg/plateS
HuFrg Azt AHH S9 mixE o187 dAEA
HE AAE EARolREe] = & ARS-sle 3y
ATt dHEHGAE A2 5 mgplated] FEONA AHER
of 23 ME=EAE HolA] gko} EAZAAMS FHi g2
Eri=

EHSAHHOAH - AlgF (13x 100 mm, glass)oll S
typhimurium TA98, TA100, TA1535, TA1537, TA102 Zt
71e] v 4 0.1ml A1EEZ 0.1ml ¥ 02M phosphate
buffered saline (pH 7.4) 0.5ml (HAFEAIEAIME S9 mix
05mhE Ho Egst 5 37°CollA 3087 A 8] Hprein-
cubation)y2 &I Wik £F F top agar 2mlS 7}
st E3tal ol A48 viA] minimal glucose agar
plate®] %, 37°ColA 48A17F vk & Efo] Hgte] =
E A% ATAIF7] (Artek model 880)2} 52 HEHAF
712 AF 3Tt

doe| Wy - Equio] et & 3u9] plate®] H
A2 JeRAAL, EAHC] ] TP ARAl &
A, Fol BAGe] Hi 7] FFolA FHo o 2"
ol oM Uh oo w=o AR e FUHE
verd of ofdo = wgaiidh

EZRF HHSMZE 0|28t A O|AIH

OlEISHAIE - oNEAIS} thF/E DMSOo! =] Al )
& wiA 0.5% HE=E Hrisle AEEPAAEE A8
o} AE Aol 188 24 well plate] 1 welld 1x
10709} NEE mgsle] 297 wjdet -, 3 Fo3gaRl
Smg/mi®] FEIRE, FH] 22 oA FEE dA st
MTT assay” S Fast] 5294 FE (IC,)E T3HAch
B 54218 A 5 mgmle) FEolX AREZ &3 Al
TEGE HolA| gol EAIFAAS FHL FEE Sl

AMFO| A — dHEAAIEAAM ZAHE Smgml T
& H3 FER &3, FH 28 4dA9] FEE ANPETER
BTk AT A Mol AS AR FA 2 EAE

o] HlHIEE 60 mme) tissue culture dishel] 1x 10°
cel/mlo] B2 vEale] 197 vjoFatsch. Mg £ AlY
243 FUzEd 5% Iheke widdeE wdlsle 6
AlZE B S & A2 wiX R w3t oA 1647
j9F5L T colcemid® 0.2 pg/mio] HEZ H@)sle 24]7k0]
ARG T TES Al 627 AA HA A3t &
Ao Yeht AA AR 24070 Bt d4AE
NS AT, 025% trypsin-EDTAR. AIXE Ro} 93
3 % 37°Ce) A (0.075M KCI) 4mld] deg A7 &
37°C 20 2087 WA 32, I (methanol:acetic
acid=3:1 vV)O.2 33| IAAIZl T Z7] AXYEOE £eho)
=2 AFE, 5% GiemsaZ 3087 GA3le] dAnj7dos
FAsA FPuRTIoEZE 7 Holg EE EA9 u}
2} ALY #A] slel A= mitomyein C (MMC, Sigma,
M-0503) 0.1 mg/mlS, hAI&A &2 stllA= benzo(a)
pyrene (B(a)P) 20 pg/mbs ARS-3HIT}

o] WY - st AEEE B 10009 AXEE F
71788 ArAsllAN FHEsle] JaA|olY fFE TEse
o, GRS IA F2o|4 (structural aberrations)Zt
47 o]’ (numerical aberration)®. 2 ¥F3}7, FLRo|AHS

gap (chromatid and chromosome gap), ctb (chromatid

break), cte (chromatid exchange), csb (chromosome break),
cse (chromosome exchange)® 2 FE-3A oW, FHO S
4GA| ol dg ZNEEAT. RO FRE N o
b= AEE RHAE IR Agsiy 2 252 47 7S
st FAA01 e 7 BATHoRE [Fod UA &F
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2HAIH
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4 g AT AFEAL BARH Ao &4
comn oiloll HE sk ARSI} SvitiREdEE AlE
Ao ZAd AFEFE com oilg AHEEIRL AEER
MMCZ FAHE 50 &3iA1A AHaith 21 5%
AFEY 2 SnizERE 13 FTRS stheH,
Nz 18] E7HRo kit
AEA R ARREE - AT AEFEY FE
Aoy, A rAoA A SPF (B3R WHAA BA) 5
F% ddYA mouseE FFWol 2% 23+1°C, F&E 55+
5%, 171 10-18 3|/hr, FF5 HY 12hr cycle, 2= 300-
500 Lux®] ARZEAE0A ZE)7LRMolE ARSAFRHTOW x
240L x 120H mm)e]l 5utel¥ gof ARgslisict. 23d7ke] &

ox 10 rlo mu no
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optical microscope® 3T (x1000).

SrCaHEe| AF — Mouse 17HA] 2 1,000009] HE:
oAl thEAdHE T (polychromatic erythrocyte, PCE)$} 4
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THA] 20007”94 U}"“é@%“? oA A4S 7R taAdH
fg:rm] EFANLE Tt AlgAl aFe] ATl AR

73] l/Zi—rH 2 7FEsg HAAR e, £ &
5-‘1*1]559] 33} Aol FUS Ag A

2A8H3 37} - Hayashis '] “én of)
AMegg A3l 435 B8tk i A8 &

Ao za T g te]
background data®| %o

28 ZENle
0) L=z v;% g']-‘_]g}m—r 21;};“._

B33},

wet 3A| o] FA

7} 71459) historical

chi-square®d ol ¢}8ted 7} Algtg SR+ v wse
,wg HrIsATH (p<0.05). 3SHAIE AldTe] 3 u}

& 7388 H7kst7] 98l Cochran-Armitage Z8HA & ol

Table 1. Reverse mutation tests of ESBO in Salmonella typhimurium

, Dose No. of revertant colonies per plate (Mean + S.D.)
Compound® S9 Mix
(ng/plate) TA98 TA100 TA102 TA1535 TA1537
DMSO - 150+ 1.0 115712 12.1 2653+ 315 11.7£55 53+12
ESBO 5000 - 11.7x 5.1 1217+ 14.6 223.3£33.7 11.31+4.0 7.0+ 3.6
2500 - 153+£35 1193+ 13.0 22631174 10,7 1.5 7.0+ 1.7
1250 - 13.7£25 1140+ 0.0 206.0+ 14.7 10.0+£3.5 53106
625 - 157£0.6 1357+ 125 22374257 13.3+2.1 5010
313 - 143 %45 131.7+5.5 2247+ 19.0 10.7+6.7 5026
156 - 16.71£3.2 131.0x 8.5 236.0+ 14.0 120+ 6.6 77£0.6
78 - 13.0£3.0 1443 £ 150 2207+ 21.0 117129 6.7+ 0.6
2NF 1.0 - 169.0% 16.5
SAZ 1.5 - 722.7+335 5750+ 46.4
ICR-191 1.0 - 8443+ 114.2
MMC 1.0 - 7717+ 18.2
DMSO + 403+3.1 156.0 £ 20.1 3070+ 164 177+ 1.5 150+£2.0
ESBO 5000 + 423+5.0 1597+ 18.8 24831278 187+1.2 153+0.6
2500 + 48.0+3.0 1747 13.1 230.7 £ 221 17.0£2.0 93+25
1250 + 47.0x53 161.7+4.0 2500+ 108 207+ 5.1 127+£23
625 + 433%6.5 1783+ 14.0 2497271 16.7+8.5 103+ 6.1
313 + 447+ 8.6 1847+ 124 2343+ 188 203+25 9.0+£35
156 + 493475 166.7 £ 20.3 2483 £ 28.5 217121 143+£2.1
78 + 443+42 1733+ 49 238.7+41.1 213£25 13.0£1.0
2AA 0.5 + 3723 +448
1.0 + 629.7 £ 53.7
2.0 + 2830+ 11.5 2140+ 148
10.0 + 8683 1 194.0

"DMSO, dimethyl sulfoxide; 2NF, 2-nitrofluorene; SAZ, sodium azide,; MMC, mitomycin C; 2AA, 2-aminoanthracene; ESBO, Epoxidized

soy bean oil.
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0.16, 0.08, 0.04, 0.02 mg/mi®] FZoA AU ESGANEE A
g Axt A FEoA AEEEL BEER] YT mEbA
AN FA)E; o] GARCIIAIR EAE wEE S, 25,
1.25, 0.625 mg/ml= 3T} AFAIS} TR FAA o]
Alg AFH A, 6A7ka 244017 Hele] Ax
E Table 20l YERARITE. ANZAIE diF-foll it dirtEy
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2 A 432 eyl
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Table 2. Chromosome aberration tests of ESBO in Chinese hamster lung cells

. Dose SO  Time No. of No. of aberration® No. of
Compound . b d

(mg/ml) mix (hr) metaphase gap cth cte csb cse num  hormal cells

DMSO - 24 100507 1.0£00 00£00 0507 0507 3.0%14 05207 945+07
ESBO 0.625 100£0 05+£07 00+£00 05+07 00+00 20%x14 00100 97.0x00
1.25 1000 1.0£00 05+07 0000 0000 20+14 00+00 96507

25 1000 05+£07 1507 1014 00+£00 3507 05+07 940+00

5 100£0 05107 00+£00 1.0+x14 051207 15£07 1.0+£00 955%07

MMC 0.0001 1000 45+0.7 11.0£0.0 11.5+21 3521 110£00 15+07 625+35
DMSO - 6+18 1000 1.5£07 0507 00+£00 05+07 25121 05207 94507
ESBO 0.625 1000 00£00 1.0£00 0507 00+£00 30x14 05+07 950+14
1.25 1000 05%207 00£00 00%£00 00+£00 5507 05+0.7 935107

25 1000 1.0£00 00+£00 00+£00 0.0x00 35+07 0000 95507

5 100£0 25+21 05+07 00+£00 05+07 3507 05+£07 925+21

MMC 0.0001 1000 55+21 10507 145+64 25+07 145+50 10+14 590%85
DMSO + 6+18 1000 05%£07 05%+07 00%£00 05+07 0507 00+00 98.0+14
ESBO 0.625 100£0 20100 00+£00 00+x00 00+£00 3.0%£00 00+0.0 945%07
1.25 1000 1000 0000 00100 00+00 50+14 05107 93507

2.5 1000 1.5£07 0000 00+00 0000 70100 00x00 930x14

5 1000 15407 0000 00+00 0507 80+14 05+07 900+14
B(a)P 0.02 1000 55+21 55+64 1001127 2507 17.5£0.7 00£0.0 650+17.0

*MMC, mitomycin C; B[a]P, benzo[a]pyrene; ESBO, Epoxidized soy bean oil.

"Treatment time - expression time.

‘gap, chromatid and chromosome gap; ctb, chromosome break; cte, chromatid exchange; csb, chromosome break; cse, chromosome

exchange; num, numerical aberration.
Ymean = standard deviation (n=2)
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Table 3. Micronucleus tests of ESBO in young (3 weeks old) ddY mice
Dose . Sampling time MNPCE? PCE/(PCE+NCE)°
Compound Route (wke) No. of mice Sex p(hr)g (%, Mean + S.D.) (%, I\(Aean + S.D.))
corn oil p.o 5 male 24 1602 62.8+4.8
ESBO p.o 25 5 male 24 19+ 1.6 53.2+9.1
p.o 5 5 male 24 06104 62.6+28
p.o 10 5 male 24 131209 70.8+52
p.o 20 5 male 24 2115 64.71£3.8
MMC ip. 0.002 5 male 24 159+9.1 46.0+£39
corn oil p.o 5 female 24 08+04 52014
ESBO p.o 25 5 female 24 0.0+0.0 520196
p.o 5 5 female 24 04106 512140
p.o 10 5 female 24 0.9+03 51.8+26
po 20 5 female 24 1.3+04 52057
MMC i.p. 0.002 5 female 24 233146 420+99
ESBO, Epoxidized soy bean oil; MMC, Mitomycin C; PCE, polychromatic erythrocyte; NCE, norchromatic erythrocyte
*The number of micronucleated polychromatic erythrocytes (MNPCE) was calculated from 2000 PCEs per animal.
®The percentage of PCE in 1000 erythrocytes per animal.
Table 4. Micronucleus tests of ESBO in adult (6 weeks old) ddY mice
Dose , Sampling time MNPCE* PCE/(PCE+NCE)®
Compound Route (ke) No. of mice Sex p(hr)g (%, (Mean + S.D.) %, I\(/Iean + S.D.))
cormn oil p.o 5 male 24 1.4£0.7 548t4.1
ESBO p.o 25 5 male 24 1.6+ 1.0 50.0+4.8
p.o 5 5 male 24 1.0+04 548+3.8
p.o 10 5 male 24 1.0+ 04 494150
p.o 20 5 male 24 23+24 533+£55
MMC i.p. 0.002 5 male 24 69.7+83 452+59
corn oil p.o 5 female 24 08+09 56.0+6.7
ESBO p.o 25 5 female 24 12+06 512+8.1
p.o 5 5 female 24 1.0+ 09 50.8 £3.0
p.o 10 5 female 24 1.7+04 56.63.4
p.o 20 5 female 24 20x08 51.0x43
MMC ip. 0.002 5 female 24 528+77 466+ 5.8

ESBO, Epoxidized soy bean oil; MMC, Mitomycin C; PCE, polychromatic erythrocyte; NCE, norchromatic erythrocyte

*The number of micronucleated polychromatic erythrocytes (MNPCE) was calculated from 2000 PCEs per animal.

®The percentage of PCE in 1000 erythrocytes per animal.

Mz o 3F%) ddY mouseSt FARE =l A% fit
&5 YERIATH (Table 4). 3HH, AMEEZQ] fEA8 oiF
e Tl 5 FEolM SAQ ofwd =40 AFE

el eghet,

FAE] &g vehhe et gk #o] ot
A Edo] Bl Mted e @R eR A ANE

FAEd AU ol = gko™ in vitro

A&l Ames Fo| /Mg BAEAHNEY 2 TREE
WAHEE o] 83 GUA AT in vivo NEY FTE
S olgs AMAPNE H o Ja) o83y gle o
T FHEGAIEHCIE 8, polyvinyl chloride (PVC),
polyvinylidene chloride (PVDC), 3 (wrap) ¥%F oz}
ol 2EFe] bl Soll giEol $84A 2 o159 7}
A8 gol AREEY e AFEAIE dFFe PVC filmS
2 ezl AEoM -85 mgkg, EAE foldl 24 7
oA 0.1~7.6 mg/kgel FEEUE0] B 2H, 22
© PVC gaskete Fato] froteFoll Ao 50.8 mg/kgZHAl
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Ha 119mgkg A% Felgo) BHYTHY, o] ‘Scien-
tific Committee for Food of the European Commision’
A AFSE A2le] TDI (1 mgkg bw)E 238 ¥7] 9
BME Rokallel EAIS tiFfol 42 315 mgkes @
A ot e 018 ZFsle ol A ZAE )
ol g o] S Alge 23 Ardelas
£ o] &3 EAEAHNF AN A4S VeIt B
7b QIeHD. ey olaidt fAEA dake wHgelE olg
& EAEANATRE: S A doRl 71He B
3 FRASEE Hrklol ske #3571 wig- &S A
Folrp, ZEg & Arodie HZ F¥ T AFL
29| Fep7t Baso] kel ti3 AB bt 87H R
3 len, Agoa Z2E shsAdo] & oEAIs) O
el FA54E 48] Hrlskr] AsiA in viro BRE of
Uz} in vivo AE 083 KRS PE ST

S. pphimuriume ©| &3 BEASAHIAHAA o EAls}

= S typhimurium TA98, TA100, TA1535, TA1537,
TAI02 5 559 AlE4 #5904 S9 mixE 283 ¥
A A9, AeF DA AH ZE AFE #FolA
s} 2 AE e 2 ol3le] EAwe| s
ERARATE S9 mixE o] &-F tiAAdshHel A= S9
mix3 &3] 2 AP FAE AIAE HERIIL.
Heath 5''9] Alglo)] o83t o} 7%, Aol AM&3E
plate™E F7}, B3] AAIE & dA5+9 ZI= Heath
TV Mo} AX|sh= Adjo|n, olde] AR Mo} E
AEZ oM dAFAS} thfie E9We] S 7t
A7 & Ao wE)

W3t chinese hamster lung MJEZE o] &3 ¢JAEA o] AkA]
oM AFEZER] o FAIS thFfe AMSPAAES Al
& A A FrolM AEEAe AAEA] o} EAY F

g 5, 25, 1.25, 0.625 mg/ml= dhgom tiAlgA 2R
2 At GAA 1 EAE A BE oA GAA |

A& Vepll= AXEe] 471 A8 (Student T-test) 02 5
o A &% & o FvkeiR] Loutt o] AFAE B
of AEAS} chFfoll ot FAA oY AL gl A
o2 Alg®EYh

$H, THEEQ AXFY U GIAARETE o83
AYAEHL 19759 Schmid¥el] <Ja) 7 o]3 332
Z 59 Hol¥AE HIIEkE in vivo AIEHOE AAIZ L
2 o]&Ho] o3 Ut} AAFY JYTE targetO B F A&
AP Y7o E3ltd Fol FAEE vAFAHA 4
AR FER] 4o f=5 AHE = cytogenstic A EY
olt}, o] AAFLE He ATE FIlo FE9 A, A%
P B2 2ol Vel mpE v =EEo] BuEo] glo
o, AA Foibd, AFH A W2 FFAEe] A7 A
ol vR= FFe] 3 At AlgEo] Pt B
HpolM= folg AF TFE7|2RE faE & e d
ZAI8E FRe frofell thst FAA ] SRS A
a2 AT F3] ofd 35%) ddY mouseE )43l
in vivo 2AEE HAAEITE AFAE iR RE &
oAl A el mE 2jol& Holx] Yt 48g 7}
2 vids AP o] Aol HEAEA] okghth. I A
HEZ MIEEAA PR EHLS 24T 5 Q= A F
Y7ol gk vds Ao v &S BE ST &
oz Hlgld xpolzt fIlch gt B 3] A
(657%) ddY mouseE ©1&-3F in vivo 2YAIHAME oA
(35F%) ddY mouse®}t FAFS o] A8 F2UE-S Yeh)
At} o] AHREE oEAS T mouse?] I Fo}
T AEe] E3t o Aol S FEsA de R
2 ALEED o] ARE T, B AFERY F A%
A3} I FH<= in viro AR Salmonella d5F )83
EAEAHNEY TRETE MYANTE o83 JaH o]
A" E in vivo AEL mouseE 0] 83 AFAIF A H
HAEAE s & Aoz Ay

- ==

2229

fob AEFE) Wobl Bol oF 30%k) el BAFA

5 3R AR ol AgHT Yot HE 7Y

A HEeRS {7t BarEHo] B gt Ayt A=A A odlEFAE di5f (Epoxidized soy
bean oil, ESBO)®] #354& B7l8l7] S84 dtelg]olg o] &3 EAEAHNEH Z/-F wjINEE ke
2 AMsR= A9 GARol A, AxIFe] ZHNEES o5 Al AMNES FY3IAY. Salmonella typhimurium
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