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Genotoxicity Study of Combinations of P-Oxy Benzoic Acids
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ABSTRACT — The genotoxicity of combinations of four p-oxybenzoic acids (methyl paraben,
ethyl paraben, isopropyl paraben, butyl paraben) and benzoic acid had been evaluated. The in vi-
tro Ames test using Salmonella typhimurium (TA 98, TA 100, TA 1535, TA 1537) and the in
vivo micronucleus assay using mouse peripheral blood were performed. Methyl paraben plus ben-
zoic acid, ethyl paraben plus benzoic acid, and ethyl paraben plus butyl paraben slightly in-
creased the frequency of micronucleated reticulocytes in the high doses, but were negative in
Ames test with Salmonella typhimurium with and without rat liver microsomal activation. The
other combinations tested were negative in Ames test and did not show any clastogenic effect in
micronucleus test. These results suggest that genotoxicity can produced by the combinations of

p-oxybenzoic acid.
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98, TA100, TA1535, TA1S377 5+ 323t d 7 A2 2E
gstgen a1 £33 5L Table 174 2okt 2k #3
+ Maron & Ames %Yol A|ALE o ulgl, B Ao
¢kx] (D) Histidine 274 @ Crystal violet 754 @ UV
24 @ Ampicillin Y4 ® A EAYe] N 5o §
AL et 7 FE -70C9 DMSO 54 BE
o228y A 15mie) 2.5% Nutrient brothel| HE&}A
120 rpm, 37°C oA ¢F 10~12A17F Xebujofst & A&
AMR-E T Aol o 2 Fgt.

H§X] — 1) Minimal glucose agar medium : {541 A
£9] ujx]24 Vogel-Bonner medium E°|| 1.5% Bacto-
Difco agar®} 2% glucose& 3H-7-3t Tt Plated £3-2 25
mio|® platet= yAl A ¥E(Coming 100 mm X 20 mm)E
A&l T}, Vogel-Bonner medium E(50% )] literd 4]
& o3 2t

Warm distilled water (45°C) 670 m!
MgSO, - 7H,0 10g
Citric acid monohydrate 100 g
K,HPO, 500 g
NaH,PO, - 4H,0 176 g

2) Top agar : 0.6% Difco agar$} 0.5% NaCl-g gh5-31t}.
AF-&-o] 9bA microwave ovenol| A =91 & top agar 100 m/
2 10 mi9} 0.5mM L-histidine HCl/biotin-& 948 37135}
Argehint.

3) Nutrient broth : A|g-& 752 AA|ulgel] A3}
Oxoid nutrient broth No. 28 2.5% &-§3tc}, o)A 7+ ul %]
o] @i nE71E F(121°C, 15 min)alglch.

S-9 mix| XH| - In vitro AR BHE 915t SHR &
g3} o] ZA|ske] ARSI S HPHAT YA A
Ab 2 ALS-3F SPF SD#) rat(male, 853, 2F 200 g)ol], comn
oilol] 8] A]7] Aroclor 1254(200 mg/mHE 13] B7H F
<J(500 mg/kg)sted 4d#A HFBoll ot =43
e AEsta 3 FEFo 3uiFko] W7hgl 0.15 M KCIE- 9
of ol #agebin, 9,000 oA 1087+ Aadel F 2

A5oNe SO Yoz sttt o] BE HYL 1Y F

Table 1. Genetic characteristics of Salmonella typhimu-
rium in Ames test.

)

Strain Genetic characteristics Reference'

TA98 hisD3052, rfa, AuvrB, pkM101  Maron & Ames
TA100  hisG46, rfa, AuvrB, pkM101 Maron & Ames
TA1535 hisG46, rfa, AuvrB, Maron & Ames
TA1537 hisG3076, rfa, AuvrB, Maron & Ames

7) A7 g7 2ARE 8o TR o2 e,
ZA|5 S-9%-3 0.1 miZ Top agars} 37 A=A BNE
wjz]e] platingdte] TS #1315t S9 mixe] 24
& thea} 2gheh 8201224 8 mM MgCl, - 6H,0, 2.33
mM KCl, 5 mM glucose-6-phosphate-di-Na, 4 mM NADP-
di-Na Salt5-& 0.05 M phosphate buffer(pH 7.4) 1 mlo)| =
o]3 g3ell Fol 0.2 M phosphate buffer(pH 7.4) 1 mi&
74t S miZ e £ S-9 23 0.5 mlE 7fsle] AAE S,
SmiZ ghEo] AlE#c. B 2AHE 0.05M phosphate
buffer(in ice, pH 7.4))| 0.45 pm filter 2 filtration(d ¢ )&}
4A|ZF ool ARE-gh

OlHISY Al —TA100& A}-43te] DMSOE &2 S-9
mixE & Wk rEUS W= TR Hauds 52
T8 3H 39] THAZ NEELADS HAE A
£ A4t

SHEHO) MY —Auisd A 2D AH B
T2 TA983F TA100, TA 1535, TA15370)| A A &35} ).
g $3e ngtEr|d st o 50°CE HAANE,
100 m/9] 3o hale] 10mie] 0.5mM L-histidine/
Bioting 7}sled & £ZU oA 45°Ce g2 A g}, S-
ImixE ATt mA-GFEF7)(d) BCL Cat. No 1053-
0.5 mholl Ho] WIREYPct NFELES A F3lo) 54
Algel ofs) A-E §Fo2 HAPYE RE ANFxL
Zagge) Axd A NN TPt dA g
o Fujked 0.1 ml R AIFEA(EFHY 0.1 mhE EAct. o]
e WE&EE A2 Efste] nyuiA)o] $ct. A}
&l B o] 1 ¥ ANEHEE Fus A
Aghdlo] 25 HHS o] 37°CollA] 48A12F wig R
th ZE AEE 20j0] HuS AR s U
29 FEE Aot BRIy £ 299 plate
o] FHAZ e, Ede] 849 B4 &)
vlze) 24) o) 3e) HAve] AT Epuiglon Ee
39 AL A 298 PHOR sk LAY
=84 019l DMSOZ AH§3HelL, FAu 222N
A BT FUEHE B4 2L g He
offo uwjg} Benzo(a)pyrene, Sodium azide, 9-Am-
inoacridine & A}-8-3}5ic}.

Mouse 234A|& (Mouse Micronucleus Test)
Al® — 1) Acridine orange €94 : Acridine orange(AQYS
32t R 1 mgml FEZ GJA|A YAl 23}
o A}g-3ct.

2) MMC £9 : Mitomycin C 1 mghkg 302 FALE
ZFao &3A)A Z2A8IYr). Mouse 25g 71F2.2 0.1
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mi7} 55 dto] 1ml FAIE AHESY B7HEo 3y
o}
3) gy AAgAe 4] : Table 294 }ERA benzoic
acid ¥ paraben 2| LD & F12 3l FAF7IESE o
9] 2 A%} benzoic acid(LDs, 2.7 g/kg), methyl paraben(LDs,

Table 2. The LDy, values of benzoic acid and parabens.”

LDs(g/kg, p.0.)

2.0~2.7 g/kg (rabbit, rat)
3.0 g/kg (dog, rabbit)
2.5~5.0 g/kg (mouse, rabbit)
3.7 g/kg (mouse, rabbit)
0.95 g/kg (mouse)

Compound

Benzoic acid
Methyl paraben
Ethyl paraben
Isopropyl paraben
Butyl paraben

Table 3. Mutagenic effects of BP and IP in Salmonella

3.0 g/kg), ethyl paraben(LDs, 2.5 g/kg), propyl paraben(LDs,
3.7 g/kg), butyl paraben(LDs, 0.95 g/kg)E vl-$-20ff 0.1 ml/
25 gFHA] LDy] 120] HEZ Hefor Azxd L
nEee] GUAEH o7 AHESAT. 3 o3& 104
AN Re AT GUPMEA o2 AL

4) EFAA G A 3l AT FAHA &
o} FA A E wpg-2of 0.1 ml/25 gFA] LDs2] 1/4% 0]
g E¥ete nEEe 2T EFHALA0R ALRE}
AT oA S 108 PN HE Aeed 2% EHHANE
oz AgadTh EY S7hAY ANE BF vk
0.1 ml25 g5 A] LDs9 1/10%0] 55 & Egsle 11
FTEY 5% ALY R AREHAR o AE 104
4% g ABEd 5F EPPALACL gt

Table 4. Mutagenic effects of MP and EP in Salmonella

typhimurium. typhimurium.
Sample' Dose S-9° HIS' reverants/plate, Mean+SD S e! Dose S9! HIS® reverants/plate, Mean+SD
ample -
(ug/plate) TA98 TA100 TA1535 TA1537 P (ug/plate) TA98 TA100 TA1535 TA1537
Control + 55+3 143x5 17x£2 15%1 Control + 553 143%5 172 15%2
- 53+4 140+6 16+3 13+1 - 53+4 140x6 163 13x1
BP MP
125 + 62t6 1709 20x2 24%2 125 + 59+5 1524+4 28+4 18%2
62.5 + 604 1655 18%+1 22+2 62.5 + 574 146+7 25+3 17x3
31 + 57+£5 1618 19x2 17+1 31 + 565 14846 20+4 16=x1
15.5 + 57+£3 1507 17+1 16%2 15.5 + 57£7 146+5 19+3 16%1
125 - 60x4 17218 18%2 2242 125 - 576 150+9 26+3 19+2
62.5 - 564 1635 172 19+1 62.5 - 58+4 145+6 23%+4 16%£S5
31 - 57+£3 162%x9 16+4 18+2 31 - 56+5 144%x5 20+5 15%3
15.5 - 56+2 158+6 18+3 16+3 15.5 - 5743 147+4 184 15+1
1P EP
125 + 59+5 1508 203 19x2 125 + 655 155+10 22+3 28%+3
62.5 + 55+3 14749 1914 17«3 62.5 + 62£4 15148 20+3 25%3
31 + 565 145+7 16x4 15%3 31 + 604 149+10 18+2 24%2
15.5 + 54+7 14510 174 16%2 15.5 + 596 144+7 18+1 2243
125 - 5745 15245 1943 20+3 125 - 633 1559 20+3 27+2
62.5 56+3 1484+8 20+4 18%1 62.5 - 602 15247 19%x1 23+£3
31 - 574 14716 173 17x2 31 - 59%7 145£5 19%x2 2242
15.5 - 54%+7 145%+9 174 17+3 15.5 - 56+5 144+4 18+3 20+1
SA 0.5 - 1230+ 46 445+30 SA 0.5 - 1230+ 46 445+ 30
B(a)p 20  + 165+12 B(a)p 2.0 + 165+12
9-AA 50 - 250+ 14 9-AA 50 - 250+ 14

' BP: Butyl Paraben, IP: Isopropyl Paraben, SA: Sodium a-
zide, B(a)p: Benzo(a)pyrene, 9-AA: 9-Aminoacridine
% $-9(-): without S-9 mix., S-9(+): with $-9 mix.

' MP: Methyl Paraben, EP: Ethyl Paraben, SA: Sodium azide,
B(a)p: Benzo(a)pyrene, 9-AA:9- minoacridine
? 8-9(-): without S-9 mix., S-9(+): with $-9 mix.

Journal of Food Hygiene and Safety, Vol. 11, No. 1



20 Yeo-Pyo Yun, ll-Ho Lim, Jung-Suk Lee, Dae-Byung Kim, Moon-Young Heo

Table 5. Mutagenic effects of BA in Salmonella typhimu-

Table 6. Mutagenic effects of BP+IP and BP+MP in Sal-
monella typhimurium

rium.
. Dose , HIS® reverants/plate, Mean+SD
Sample -9
(ng/plate) TA98 TAI100 TA1535 TA1537
Control + 55+3 1435 1742 15%1
- 53+4 140+6 16%+3 13+1
BA
125 +  62+4 150+8 22+3 18+3
62.5 +  61%5 14749 2043 1743
31 +  58+8 145+9 1745 17+1
15.5 + 54+3 144£10 18x2 16%2
125 - 614 152+6 21x+3 1742
62.5 - 616 1507 2144 17+4
31 - 561 146+8 18%x5 16=*2
15.5 - 5543 144+£5 173 1714
SA 0.5 - 1230446 445+ 30

B@p 20 + 165+12

9-AA 50 - 250+ 14

' BA: Benzoic Acid, SA: Sodium azide, B(a)p: Benzo(a)
pyrene, 9-AA: 9-Aminoacridine
? $-9(-): without S-9 mix., S-9(+): with $-9 mix.

=N
AB SB 5% ICRUFSA(Q0-30 g, 6-85)8 A1 314
o}, Growp 5 mh2}4] sjo] L8 20-25°C, AlR Sl B8
AHEA FRFAAL. ARE FFFAARE) vheg
AR ESNE 22.1%, 22T 3.5%, 244 5.0%, 3]
B 8.0%, T4 0.6%, ) 0.4%)S A48k
A P 1) Rojuly @ gEAE ;A gHS 25
71F 0.1 mig A75og ¥ 48h A F nhe2 nEA
Mo g HE] A3 YxHAE AO. coated slide glass$ ol
S5ulE Qo & cover glass 2 Foj -8 #AsHA 3
F cello] 8 wf 7bx] 3AIF WA F- AujHor A3
¢} 23O F negative control-- olive oil-& 7 7-5FoJ3}%]
1 positive control-& 7]12]2] A3 FubE-2Q) mitomycin C
1mg/kg— BEAE g 2 o] #ake wl$
)R Mel|A] A& peripheral blood2] sample preparation
1703 1000719] 9HAHE & F(reticulocyte, RET)S #-235}o]
I 9 A2Me 7R %‘-’;}@&—?(micronuclated re-
ticulocyte, MNRET)S] A$& AH&5 A& AAPAANEE
3t

2) AAY 74 HA9 EAAMYE Cochran Ar-
mitage 73 74 4" ol &3t th

Sample’ Dose S-9° HIS reverants/plate, Mean+SD

(ng/plate) TA98 TAI00 TA1535 TA1537
Control & 5543 14445 1643 1542
- 5444 14246 1442 141
BP+IP
125+ 6045 14945 19+6 17+2
625  + 65+6 15344 24+4 2243
31+ 6148 15147 2244 2042
155  + 5744 15046 20+2 18+4
125 - 5843 14846 18+3 1842
625 - 6242 15049 2044 19+2
31 . S8+4 15349 2042 18+3
155 - 5842 148+7 18+3 1642
BP+MP
125  + 6144 15247 19+2 19+3
625  + 6243 15745 23+4 23+3
31+ 5944 15245 2242 18+1
155  + S7T+2 15146 2144 1742
125 - 6042 14644 18+5 20+1
625 - 6343 15348 19+1 22+3
31 - 6145 14947 1743 1742
155 - 5846 147+3 18+2 18+1
SA 05 - 1230+ 445+30

B(a)p 2.0 + 165+12

9-AA 50 - 250+14

' BP+IP: Butyl Paraben + Isopropyl Paraben, BP+MP: Butyl
Paraben + Methyl Paraben SA: Sodium azide, B(a)p:
Benzo(a)pyrene, 9-AA: 9-Aminoacridine
% $-9(-): without S-9 mix., S-9(+): with $-9 mix.

#dant % 0@

A AAReR P ol AHEEE
acidv} 1 4, paraben® (p-hydroxybenzoates), sorbates,

2 A= benzoic

propionates, SO,, sulfites, nitrites, nitrates, dehydro acetates
Soltk 1 5 nitrites, nitrates, dehydroacetatesE A| ] 3} 1L
E Q¥R Ezo] GRAS(FDAZQ)0]th? Sodium ben-
zoate®} p-hydroxybenzoic acid®] alkyl esterQ] parabenE &
w3 ehdstctn @deiAA AMRRIEZE Fhska ld
methyl paraben®] 79~ o}9-2o 1% &Ml vaginal in-
fusion”#} 2.5 mge] T EHFALY ALg o) 2%, = 8% B
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Table 7. Mutagenic effects of BP+EP and BP+BA in Sal-

monella typhimurium.

Table 8. Mutagenic effects of IP+MP and IP+EP in Sal-
monella typhimurium.

Sample:l Dose S-9*  HIS* reverants/plate, Mean+SD

Sample' Dose S-9° HIS' reverants/plate, Mean+SD

(ng/plate) TA98 TAI00 TA1535 TA1537 (ng/plate) TA98 TA100 TA1535 TA1537
Control + 55+3 144+5 16x3 15%2 Control +  55+3 144+5 16+3 15%2
- 54+4 14246 14+2 14%1 - 54+4 14246 14+2 14%1 -
BP+EP IP+MP
125 + 6543 14946 21+2 17+3 125 + 6243 1523 20+3 16%+2
625 +  68+4 152+7 2242 20%2 62.5 +  63+t4 150+4 22+1 20+2
31 +  63+5 148+8 19+3 17%3 31 +  69+4 148+7 16+2 21+4
15.5 + 604 14749 17+2 16+2 15.5 +  60+4 1466 17+3 1942
125 - 63+t4 150+4 18+3 16%3 125 - 61+5 150+5 19+2 1543
62.5 - 66+3 153+8 21+5 1942 62.5 - 60+3 152+7 23+5 19+2
31 - 60+3 148+9 20+3 16+1 31 - 58+2 150+9 2041 17+1
155 - 6145 146+10 18+5 15+3 155 - 5844 148+9 18+5 15+3
BP+BA IP+EP
125 + 5846 153+7 18+2 19%2 125 + 58+3 15316 1542 1442
62.5 +  60+4 154+8 191 17+3 62.5 +  57x2 1609 19+3 18+3
31 +  60+2 148+6 18+2 15+2 31 + 60+3 150+10 18+1 17x2
155 + 5943 145+8 1743 16=%2 155 + 564 14716 18+4 16%3
125 - 60+4 155+9 17+4 18+3 125 - 603 150+7 14+4 1613
62.5 R 63+3 15448 19+2 17+3 62.5 - 61+3 155+11 18+2 16+3
31 - 60+3 1504 18+3 17%2 31 - 59+4 1527 2044 16%2
15.5 - 58+6 148+5 152 16%1 15.5 - 58+6 14644 18+3 15+1
SA 05 ) 1230+ 46 445+ 30 SA 0.5 - 1230+ 46 445+ 30

B@p 20 + 165+12

9-AA 50 - 250+ 14

' BP+EP: Butyl Paraben + Ethyl Paraben, BP+BA: Butyl Par-
aben + Benzoic Acid PSA: Sodium azide, B(a)p: Benzo(a)
pyrene, 9-AA:9-Aminoacridine

? 8-9(-): without $-9 mix., S-9(+): with S-9 mix.

e

22 9l ratollA wetidol el @it Ethyl
paraben A2 5 2% FxollA rate] 749} sodium ethyl
paraben 10% &8 rate] +HE¢H 1.0 miweek 2 3315
Al 88 o derAdel giitkn BnE vl o' Butyl par-
aben% rato] ol 71& fFrabAdo] g ofREe par-
abenE-& AUl A Al&3] 7HpREEo] XSS Ff
nZ wjAdEo] ve EA4L vehdh?

ey o)EA 2 AMEEE RER SO GEOZ ALG
AL we} ehdAdel hsiME BE A5 20 E 3l
AZo] = glont o7kA] HEFE MM A18E o)
o) SEHMEAN YoM ol BE AEHE H3] FE

B@p 20 + 165+12

9-AA 50 - 250+ 14

' IP+MP:Isopropyl Paraben + Methyl Paraben, IP+EP:Isopro-
pyl Paraben+Ethyl Paraben SA: Sodium azide, B(a)p:
Benzo(a)pyrene 9-AA:9-Aminoacridine

? §-9(-): without S-9 mix., S-9(+): with S-9 mix.

Aol APAOITH® meba shebSAlbA Y FEASS
methyl paraben, ethyl paraben, isopropyl paraben, butyl par-
aben, benzoic acid®] H-&A)9] F-HA QHHAIS HAME7)
&) in vitro N8 Q) Salmonella typhimurium$ )43 &
AEAWo] A Y S AABRL, in vivor]HoE ICR wH¢
225 o] 43 AYAIH S AAEHAH

HA gebSAgh ekt fFEAES 28 EREEY
Edde] §84 ARE HM] S8 d 2D T
A 751 Salmonella typhimurium TA98, TA100, TA1535,
TAIS37F#5E o] 838td BEAEAHOIAIHR] Ames testE
AAstdch 2AHY 2 dArgdger 247} 155, 31, 62.5,

Journal of Food Hygiene and Safety, Vol. 11, No. 1
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Table 9. Mutagenic effects of IP+BA and MP+EP in Sai-

Table 10. Mutagenic effects of MP+BA and EP+BA in

monella typhimurium Salmonella typhimurium.
Sample’ Dose S-9° HIS' reverants/plate, Mean1-SD Sample' Dose S$-9° HIS' reverants/plate, Mean+SD
(ng/plate) TA98 TA100 TA1535 TA1537 (ug/plate) TA98 TAI100 TA1535 TA1537
Control + 5543 14445 16+3 15+2 Control + 5543 144+5 16+3 1542
- 54+4 14246 14+2  14+1 - 5444 14246 1442 14%1
IP+BA MP+
125 + 60+3 149+6 20+3 16+3 BA 125 +  70£3 1465 18+3 16+2
625  + 63+4 154+7 2242 18+2 625  + 73+4 152+8 19+2 1841
31 + 5945 155+10 17+1 16+3 31 + 8248 155+10 21+4 1944
155+ 56+2 14747 1742 1442 155  +  73+4 15349 2042 17+3
125 - 58+4 150+8 18+2 15+3 125 - 64%4 146%5 1743 1743
62.5 - 61x3 151+9 21+5 19+3 62.5 - T2+3 14848 1742 2042
31 - 60+5 14945 21+3  16+1 31 - T3t4 149+5 19+2 18%1
15.5 - 5614 1478 18+5 13+2 155 - 68+5 146+7 18+3 18+3
MP+EP EP+BA
125+ 58%5 146x9 1742 1542 125+ 7245 15244 2043 21+3
62.5 + 62+6 155+9 19+4 18+3 625 + 69+4 149+7 19+3 19+5
31 + 6044 154+7 20+2  19%2 31 + 6545 1469 1744 19+2
155+ 59%4 15046 16+2 1743 155  + 6624 146410 18+2 17+3
125 - 60%7 1504 16+3 16+3 125 - 69+3 15143 18+3 1943
62.5 - 6143 157410 19+2 21+3 62.5 _ 67+4 150+5 17+1 17+2
31 - 6314 15247 20+4  17£2 31 - 6545 14749 1743 17+1
15.5 - 57+3 14843 17+2 18+1 15.5 _ 64+6 145+3 16+2 17+3
Sa 05 - 1230446 445230 sA 05 - 1230 46 445+ 30

B(a)p 2.0 + 165k

9-AA 50 - 250+ 14

' IP+BA: Isopropyl Paraben + Benzoic Acid, MP +EP:
Methyl Paraben + Ethyl Paraben SA: Sodium azide, B(a)p:
Benzo(a)pyrene 9-AA:9-Aminoacridine

? §-9(-): without $-9 mix., $-9(+): with S-9 mix.

125 pgfplate A|HEAT D A, YA ZF o2 AFFL
At Algstdet. AulEHAHolM A2 H 2
2 £ DMSO9) i3 1 &85 % 0.125 mg/plate S

H) 22 49A2 dAste H@yoz Hyste] Table 3-
102] AE AAch WALEA A HE AR dagle] 3
BSARMI T} FEAES 259 EFEES M) AFEF
F EFAAN BEAEAWC] F2Y F9| Fyp) BEAEHXR
Fotx £A49 AxE HAIgTh 2 Agdn, g
Al AE AR AEgle] olF R 539 o]59 HEA
15.5~125 pg/plate®] & WA 47 A HTFF LFol|A
EAEAHe] 22Y 59 Frp7F BatEA] gt gekA

3
o

B@p 20 + 165+12

9-AA 50 - 250+14

' EP + BA: Ethyl Paraben + Benzoic Acid, SA: Sodium azide,
B(a)p: Benzo(a)pyrene 9-AA:9-Aminoacridine
? $-9(-): without §-9 mix., S-9(+): with S-9 mix.

2 AldzAste s AldFFel sl His'ge] BAHESA
Hol& fela] = Hez ’\]-E%E]-
H, benzoic acid 9} parabenE¢] ¢
AHFENEE ol r] 93 i@"]?ﬂﬂ’ﬂ% 2 s
o] oln] HlwA A AR A7) wFo| 8P
o2 At WA 178 compound$] LDy, 1/23} 1/20%
£ 77 RodlE AR E g foAd dE 4
A Z717F vhehbA] gkekti(Table 11). 22]1} ethyl paraben
gho] FeAdQlE F7HP<0.005)7F vEbtTh. 2709) com-
pound& LDs, 247} 1/43} 1/40¥¢] B2 MojM Fojs}
= ZFAgo) A= benzoic acid®} methyl parabeng #§
3t Aol FoAUxE F7HP<0.005) JEHIL, benzoic

ki

EE g oA
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Table 11. The frequencies of MNRETS in the single com-

Table 12. The frequencies of MNRETS in the combination

pound. of two compounds

Test . MNRETs/1000RETs = o Test . Dose? MNRETS/1000RETs /. o

compound' individual value compound individual value
olive _ 0,0 3, 1,0 0.8+0.58 BA+MP high 2,3 1,3, 3 2.4+0.40°
oil 10 mgkg 12,16,19, 9,16 13.8+1.43 low 3,3021 1.8+0.58°
MMC high 0,1,0, 3,3 1.24+0.58 BA+EP high 1,043 2 2.0+0.71°
BA low 2,2, 1,30 1.6+0.51 low 1,0 1,21 1.0+0.32°
high 1,1,01, 4 1.4+0.68 BA+IP high 1,1,3,0, 1 1.2+0.49
MP low 0,21,22 1.4+0.40 low 0,1,20,1 0.8+0.37
high 3,2,31,5 2.8+0.66° BA+BP high 3,0,1,21 141051
EP low 3,23 1,5 1.6+0.68° low 2,1,331 2.0£0.45
high 1,00, 1, 1 0.6+0.25 MP+EP high 1,2,3 1,1 1.4+0.25
P low 0,0,01,1 0.4+0.24 low 0,1,21,2 124037
high 2,2, 1, 1,2 1.6+0.25 MP+IP high 3,1,021 1.4£0.51
BP low 0,1,3 1,1 1.2+0.49 low 2,1,000 0.6+0.40
" MMC: mi e BA: Bemoic acid. MP- Methvl P MP+BP high 2,22 1,0 1.440.40
o oo o 5 ot o a1 o v 2100 ossox
;e“l; + Bthyl Paraben, I Tsopropyl Faraben, BE: Buty EP+IP high 0,211,3 144051
, grahe" b oy bensoates and bemmoic acid . low 0.2.1.1.0 0.8+0.37

= | 1l -

ah P dy TOXY I °“tz‘:,’ ‘;Sda LDC“Z‘”:/; ' d‘;'ereda EP+BP high 4,1,0,5, 4 2.8+0.97
rt:;lss;ere 1/1;.)rora y at. 1g1 ose(LDs, x 1/2) and low dose low 3,20 1,2 1.6+0.51°
(3P 0X01 C)’ r}‘:‘s"ec “'ejty' Al IP+BP high 2,2,41,0 1.8+0.66
< 0.01 (Cochran armitage ysis.) low 23,2 1, - 2.0+0.41

acid$} ethyl paraben Z{Fo= P<0.05 §=FolA], ethyl
parabenT} butyl paraben ZEF = P<0.01 o)A 7}z}
oA e F7HE Btk 2 we] 2719 compound & X
g3 AeolE FJUE F77F fAATH(Table 12). v}
9o 2 57] compoundZE LD, 1/103 1/100%|0] HE & &
oA 2% ZFFAG Aede Fodde 293701 ¢l
I tH(Table 13). 71 HA| N4 ethyl parabenTto] F-2]A1 Q]
© &Y A4 F7HE Yo 2 AldEETt AR A}
f3o] ohd g g2 §Folu ¢hHAol v A
3t7] et 2F3A AN 274 compoundE W85
Al Aol RN HOk o fo4 e S8
Boh a8y B g £30] ddd] 2 £Folnz <t
o] grtal B & gloy BRFCA] A8 YA F
7hehe $R49M & de & o 977 gasitha 444

5] oei7kx] 4 Fel benzoic acidu} paraben £9]
U5 EE Y802 Y7hHn AT o5 skl A
57 goiuke B 4 ik 22 o] % wER o)
: ] o]2o|) 31 x| om AR EF B
AFoNA AAFRA LS 3712 ,47}R] com-

Sl
pound Z2FFAA 2] FHFAF QM= A7 Doz}

' MMC: mitomycin C, BA: Benzoic acid, MP: Methyl Par-
aben, EP: Ethyl Paraben, IP: Isopropyl Paraben, BP: Butyl
Paraben

? Tow p-hydroxy benzoates and benzoic acid were ad-

ministered orally at high dose (LDs,Xx 1/4 each) and low

dose (LDs, X 1/40 each), respectively.

* P<0.05 (Cochran Armitage analysis)

* P<0.01 (Cochran Armitage analysis)

Table 13. The frequencies of MNRETs in the com-
bination of five compounds

Test Dose’ MNRETs/ Mean+SE
compound 1000RETs in-
BA+MP+EP+ high 1, 4,03, - 2.0+0.91
IP+BP low 2,2,4,2 2 2.41+0.40

' MMC: mitomycin C, BA: Benzoic acid, MP: Methyl Par-
aben, EP: Ethyl Paraben, IP: Isopropyl Paraben, BP: Butyl
Paraben

> Four p-hydroxy benzoates and benzoic acid were ad-
ministered orally at high dose (LDs;x 1/10 each and low
dose (I.Ds;x 1/100 each), respectively.
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tn Btk 2doE B A7Ed A9AET Ames 0 Wdd e s A%AE GaAo 1449 &
testAl RO ZE FASHe] DY AES Nsldls B & AAE Agshed TBHA AN HE ARS Yol
SHcia HOHY TGS AT dAERgolel  dom Alawc
£ EdelA oov} Ak Buh 2F §AEA0] Bl

2290

o2H5 AP 84 F 23591 methyl paraben, ethyl paraben, isopropyl paraben, butyl paraben 2! benzoic acid
2 tg%qsq A A S A8 Hal in vitro A8 Salmonella typhimurium-2 o) £33 EH =
ol AE& AABIH AL in vivoA O 2 ICR 128 o] 48 2 P-E AU A8, "‘ﬂ*l“é"ﬂ’\i
methyl paraben®} benzoic acid, ethyl paraben} benzoic acid, ethyl parabenz} buthyl paraben® §-A]ol| A3 PA
%7 0ha F7E819 24 Ames testoll A& THALEAI A A & of Bofl A3iglo] B% 47) A|H A BSol|A] &4
o] Aot ekt & YA oS HERS WEAl] FHEHY S8k o] U8 UehiFnslc
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