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Effect of Genotoxicity or Carcinogenecity Chemicals
on the ROS Production
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ABSTRACT

In the present study, ROS detection of L5178Y cells that were treated with twenty test compounds in order
to find out hydrogen peroxide (H>O,) induction for genotoxicity and carcinogenic toxicity. Twenty test com-
pounds were consist of four classes, such as genotoxic carcinogens, genotoxic noncarcinogens, nongenotoxic carci-
nogens, and nongenotoxic noncarcinogens. Genotoxic carcinogens are 1,2-dibromoethane, glycidol, melpha-
lan, diethylstilbestrol and urethane. Genotoxic noncarcinogens are 8-hydroxyquinoline, emodin, acetonitrile
and diallylphthalate, L-ascorbic acid. Nongenotoxic carcinogens are methyl carbamate, O-nitrotoluene, 1,4-
dioxane, tetrachloroethylene and 2,3,7,8-tetrachlorodibenzo-p-dioxin. And nongenotoxic noncarcinogens are
D-mannitol, 1,2-dichlorobenzene, caprolactam, bisphenol A and chlorpheniramine maleate.
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A EAE F A5 A HIEHEC] AHY
LAz}, Z A A (chromosome)r} DNA AlellA] ¥
g doFlgE Aol 4HAl o|F FAFA Y H
3t A7 s A EH gk /A AAAHeE
TEHo=Z Al gl o7 A AlEWHE &
AN FAA EAH)E ABZ 3 Ao ZA
SFAHO|E 71X Arwuleld (Salmonella typhimu-
rium) L= WA (Escherichia coli)S ©]£-3F B
oA o] Qe 13y fAEA Hrke i
SEA Hrlelwt F3EE 7o) ek} (Ellinger-
Ziegelbauer, 2004). o] & 5%, DNAd| W8t Al)A]
o] o}l wXhH 713 A (teratogenicity) 02
AR, =F YAME A2 == dADed] G
< "AA AE oL Aol 43 Ak (gene-
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tic hazard)& =& 4 1 (Thybaud et al., 2007).
FASAEL JAEH L2 Az A),
AAEFFH L3, YA 24, 94 g4 A
A, A A oA, 2| A ZALsE, GAEE], A
F7)ol £4% § AE 54 38 dWAYER
HAFHo| Y Aoz W3HT(Gaylor e al., 2004;
Fielden et al., 2007). 8- EAj o]y wlerA], SA =
Aol v, ¥ KA FA o WA, ¥R E
Adoln] wPdoz FEREE, 4714 HIE A
& NTP, FDA, EPA A8 2 XE]| MA3l9ch o]
A AAE 3 20742 AFEA A3 ABE o
<3 Zo A=A WA EAZE= 1,2-dibro-
moethane, glycidol, melphalan, diethylstilbestrol,
urethane& A}£-3}9ic}. 1,2-dibromoethane-2- Ar&
At B FEAZ AR-E ¥ ohE] &AM =
anti-knocking agent2. g} o]LFE BARE I
o, Y, AYY 5& §U3(Olson et al., 1973;
Rannug 1980; Letz et al., 1984). Glycidol-2~ ZA] o]
AE A= Bolvt f7] 4v ¥ F =o

3] vinyl F&8A PAHESY A A2 AL
S4o=: 3)Bek Bk A, 2, SAHL, 4
¢} =& <ozl (Yamamoto et al., 2001). Mel-
phalan®} 1 f-=A& 49 3FoYA| 2 o|&F
o, HE deFlts Bwrt gt Diethylstil-
bestrol-> 733 A4 odAER Ao HMYEAHZ
dHA Q3 TR FIAE A f]o] 3l
o} (Calle et al., 1996). Urethane-2- A2 ALL-5
99 EAZE ¥HYdE ool (Field and Lang,
1988). B]|-G-AHEA ®eIE-Z 2 methylcarbamate,
O-nitrotoluene, 1,4-dioxane, tetrachloroethylene, 2,3,
7,8-tetrachlorodibenzo-p-dioxin (TCDD)-& A}-8-3}%3
t}. Methyl-carbamate= Al&A| 2 o] &= 37, 54}k,
g Hel AR T9 ¢ o7t} O-nitrotoluene-2- v
Zol|l A ek 3,000%t s=rt 9A AME A=
2 FHolvt F AF B FEeo Fole
FAE YAE FASH W "ol 2olx EAEA
SR8, PAY, DM EAES Y719 (Dunnick
et al., 2004). 1,4-dioxane-2- A|HEAIA| FFAlo]| 2ro]
= fuloly, u]7kkE F¢A]71} (Robinson et al.,
1980; Chiu et al., 2006). Tetrachloroethylene-2 =z}
o] Aol 2ol= F8 Lulz ZhHE doFit
w3}, 2,3,7,8-tetrachlorodibenzo-p-dioxin-2 | A
2 299 BAR A, AAGS deqH 14
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EA veelEzl 2= 8-hydroxy quinoline, emodin,
acetonitrile, diallylphthalate, 1-ascorbic acid2 A}&
3}9d. e 8-hydroxyquinoline-2 analytical colori-
metric agentt} chelating agent, pesticide 5ol A}&-
HE EA0]3 emodind A dhule|sAA|, 71
B 342 o]&%t)(Andersen et al., 1991; Krum-
biegel and Schulz, 1993; Arosio et al., 2000). aceto-
nitrile - W] el 5 3Ll E ALLHH o]
A HellA cyanideZ W3 BAE doF)7]|= 3}
3, $fHF ATMZE w38 e (Kurtet et
al., 1991). Diallylphthalate:= 7}AA| 2 wto] o] L5
™ l-ascorbic acidx B.E Vitamin Cg} X2 3}A}
31#) o)z} 8}l anticlastogenic, antimutagenicdt A3
Zl-g 7R3 ¢ o} (Cameron ef al., 1979; Shamber-
ger, 1984; Frei et al., 1989, Fraga et al., 1991; Krin-
sky, 1993). ¥]f-AFA] v]PUFEAR2E 1,2-dichlo-
robenzene, D-mannitol, caprolactam, bisphenol A,
chlorpheniramine& A}-£-3}}. 1,2-dichloroben-

Table 1. Genotoxicity and carcinogenecity of test com-
pounds

invitro in vitro

ulo
Ames CA MN MLA whst

1,2-dibromoethane +
Glycidol
Melphalan
Diethyl stilbestrol

Urethane —

+.

|+ + +
+ + + +
[ + + +
+ + + + +

8-hydroxyquinoline +
Emodin +
Acetonitrile -
Diallylphthalate -
L-Ascorbic acid —

I+ + +
I
+
|

+
I
I
I

Methylcarbamate -
O-nitrotoluene —
1,4-dioxane =
Tetrachloroethylene  —
TCDD -

+ + +
I
+

D-mannitol — — - — —
1,2-Dichlorobenzene — — _ _ _
Caprolactam - — - _
Bisphenol A - — — _ _

Chlorpheniramine
maleate

CA: chromosome aberration
MN: MicroNuclei
MLA: Mouse Lymphoma assay
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zene-S A|ZA| Ao ALWlE FE AMEFHIL
HEAE dogltt= R 37} 9)v}(Younis ef al.,
2003). D-mannitol>- Al=A] 3|2 AlL-F 3
caprolactam-2 nylon 61} E8}AE A Fol| AMEH
™ bisphenol Ay ZE]7hE | 0| B o FA| 53]
Az, ZAA|, A4, 33 2 AR8-E o} (Lee and Fer-
rando, 1984; Steinmetz et al., 1997; Staples et al.,
1998). =38} chlorpheniramine-2- 3}3] Ae}RIA| 2 A}
L5+ QofEe|th AIFEAESY FASA A
Ak ARE oL ZH(Table 1). & FFolM =
o]F 47}A] FHIEAE o3t AL QYA
A E S AN FAFA WA B4
Aba A e {AE dF3tAl 3

Mz W HE

1. ¥ =

Melphalan, Urethane, Chlorpheniramine maleate,
were purchased from Sigma (St. Louis, U.S.A.). Die-
thylstilbestrol was purchased from Fluka (Buchs,
Switzerland). 1, 4-Dioxane, Tetrachloroethylene,
Acetonitrile, L-Ascorbic acid were purchased from
Sigma-Aldrich (Milan, Italy). 1,2-dibromoethane,
Glycidol, 8-hydroxyquinoline, Emodin, Methylcar-
bamate, O-nitrotoluene, D-mannitol, 1,2-dichloro-
benzene, 2,3,7,8-Tetrachlorodibenzo-p-dioxin (Accu-
standard Inc., New Haven, U.S.A.). Diallyl Phtha-
late, Caprolactam and Bisphenol A were purchased
from Aldrich (Milwauke, WI1.). Melphalan control
(Acidic Ethanol, Ethanol : 5M HCI=49:1).

2. ME W

1) M= B & 2%FF XK

Mouse lymphoma -§2]&] L5178Y Al =& 10%
fetal bovine serume] X3% RPMI 1640 (Gibco
BRL)oJ| A wljof3le] AR8-3I}. 5%2] CO27} 3H5H
£ 37°C P eIA Hoksia 2~3nke B
RPMI 16408} A& ©]-8-3} Atfj g} vl <F A =&
12 well plateel] 1x10°cells/mLe] FHx& I2&
gk &, Zzke] welle| AFEAE 2417 5= A=
glo). 12|37 M ZE 1.5 mL microfuge tubeol] 2-2-

2 3,000rpm, 3min o 2 YA E-2jled FEE A|A
g F BFo kel 2242k Fot vl ok

2) MZSA Al

Mouse lymphoma %1} L5178Y M EXE 10%
fetal bovine serumeo] Z¥% RPMI 1640 (Gibco
BRL)o| A wfjokated ARR-3t. 5%2) CO7l 3dF
= 37°C w7l wieFst 2~3Yulrt 3
RPMI 1640w 2| & o] 8-3l A gkt ek A ZE
12 well plates] 1x10°cells/mLe] H==2 T2
& F, Z+7e) welloll A|PEAE 2417 52t A
ghc}, ojuf A|HEREL 100w stockS THEoA]
10 uL/1 mLZ *]*}3} 1, 8-hydroxyquinoline®] 79
7t 1,0008] stockS THEo] A|HEA XX A] 10w}
3] A8l Al8-8}™, L-ascorbic acid®] 74-%- & ¥
Aol > o= Wsly| Aol ARGRT. A2
wellol|A] cell & X.o}A] vortexing3t Feof| celld}
trypan blueE 1:12 42 Fof hemocytometer cell
countE o] L3}led celle] €22 Al oluf] cell vi-
ability7} 80%7} H+= F=F 7|FO0E 3le] 224
Zb BFof vkl A wioftE F A celly AS
£ Mo] cell viabilityZ} 60% ©]Ate] HA] 9t 7
2 2=w2 2ull, 54}, 10%0, 20%H, 50ul, 1008] 2. 3]A
gted 2417 AR} Alel] cell®] ko] 100%E FA]
b WSl U PHes Yo

3) ROS=4

96 well plateel] 1X 10° cells/welle] ¥ =& s}
3}ed Glycidol (GLY), urethane (URE), methyl-car-
bamate (MC), 1,4-dioxane (DIOX), L-ascorbic acid
(L-ASC), D-manntitol (MT), caprolactam (CAP), chl-
orpheniramine (CHLOR)-2 Eof 39o}3 1,2-dibro-
moethane (DBE), diethylstilbestrol (DES), O-nitro-
toluene (NT), 2,3,7,8-tetra chlorodibenzo-p-dioxin
(TCDD), tetrachloroethylene (TCE), 8-hydroxyqui-
noline (HQ), emodin (EMO), acetonitrile (ACE), dia-
llylphthalate (DAP), 1,2-dichloro benzene (DCB), bi-
sphenol A (BIS)x= DMSO¢|| -o]3 melphalan
(MEL)-2 acidic ethanoldl] &o 7z} >xwz A%
Sted 2 %]8}aL 2’,7'-dichloro dihydrofluorescein dia-
cetate (H,DCF-DA) 10 utM& A X)3}x A|7bE=
485/530 nmol| A F 3PS SA st} A RA-2
PBSZ 2¥ A& & well®d 80 mM sodium phosph-
ate buffer 112 uL, fluorescamine 48 uL *} =] & 15&
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% 360/460nmel| A ¥ B-& 2Ashein)

4

1. MZSH AlE

L5178Y celldll A|HEAE HX|g F HEEA
A¥-E g A= Table 28} 7. 8-hydroxyquino-
line] 74 k& AX] Al Ax Aeol wheby
cell v1ab111ty9] z7}e] Zo| 0~80%2 )< Aot
et Alze] A7) vls- g o A PEAL
59 stock® WEN g A Al 34
g} ALL3}Ac) Glycidol®] 79 2417 A XA
4,000 ug/mLe A cell viability7} 80% <% o1}, 224
ZF o wjek B 0%=E ZFASe %2E 400 ug/mL
oz A3

2. ROS (Reactive Oxygen Species) Analysis

207}A] A|gEAE 7MX 3 ROSE &4 3t 7
g2 Qe b (Figs. 1-4), 239
Ag e AR SRFA LIRS A
= 57}&] Al EA|A] 1,2-dibromoethane®} ure-
thane—J 19 Y 2ZH & Zo]S HolA] ¢k,
glycidol®] -9 A|FEA A2 F WA E ZolF
S AR E Gzl wlel 20 HE) A
e AT WAE BolE AF 0RelE 1S
o o)Ake] ZrAAske B 4~ )2t} Diethylstilbe-
strol®] ZA-$x glycidol3} -R-A}F3E A 3ko|x]9l vl %]
£ ZolF T = o2l v|3l ROSAA o] FhAa
= 7432 X4} Melphalan®] 79 Ee|x o
2 Wi & Zeolg7] A 24|17 F<F ROS7L HE2T
o uls) 3ul} ojitoz Frlel= Zdko|%.ont, Wi
Ag ZeolE FHEHE d2% AHA 35
A-uPEdAE 7HAE S7ER] AlEEAR M= A
F= 2A17F E9} acetonitrile, diallylphtha-
lateE- X3k 7]~ ROS A o] w27} 2ul of
A} A 9] 31, 8-hydroxy quinoline, emodin, L-ascorbic
acidE A 2|8 749 238 Hl welldr} Zojx i
BAYES sfugtont 28 Ayt v 18
A E Zofr 4EE AAZ Folx emodind
acetonitrile & ] x|3F AL d2LHc}; 1.58)71F]
Z7H 7t AlZbke]l AdE 7rAsl AL, diallyl-

rlr .I{m [

=
g Zo
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Table 2. Cytotoxicity test

Concentration  Viability

Chemicals (ug/iL) (%)
C Control (sterile distilled water) 98
O Control (DMSO) 97.8
N  Control (acidic ethanol) ‘ 96.2
1,2-Dibromoethane 100 90
G Glycidol 400 86
Melphalan 200 91.7
¢ Diethylstilbestrol 15 73.79
Urethane 5000 87.2
8-hydroxyquinoline 100 80
G Emodin 30 66
N Acetonitrile 5000 68
C Diallylphthalate 250 66
L-ascorbic acid 2500 99
Methylcarbamate 5000 99
N  O-nitrotoluene 200 70
G 1,4-dioxane 4000 86.2
C Tetrachloroethylene 100 90
TCDD 10 36
D-mannitol 5000 100
1,2-Dichlorobenzene 50 61
N Caprolactam 4000 50
Bisphenol A 50 100
Chlorpheniramine maleate 70 61

phthalateZ X 2|& ¢ 23 fAH A==
2748}, L-ascorbic acidE * X8t A= wjA] =
Zolzz 302 Fo 7K 2R} Azt
Adas FA43) Fasle] 24407 Fol B2
2ul] A xe] ROS7} &A=}t 28)a 8-hydroxy-
quinoline® MAT A3 WAE ZolE FolE
2] 100% ROS AL AAkA R v]|f4 548
I & A= AJPEAA methylcarbamate, 1,
4-dioxane, 2,3,7,8-tetrachlorodibenzo-p-dioxing- 3
A& 749 2A1ZF b dE2Tel vjE] 24 A=
) Al vehtou, ke AAT Folx
] 23 §-AFSFeo; 28] O-nitrotoluene, tetra-
chloroethylene & X8+ ¢ 2A)17F Z<12 dx
23 ARG hesl ARe wAL tEs
A AEF Ze) O-nitrotoluene-& 1.5u) o)A}, tetrachlo-
roethylene-2- 2.5v)] o|Are] Z7}2 Ry} ZH4A
9k speto e v gAEY-Eet e ShAle
AFEANM = w5 ket F3FEE B 5 US
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Fig. 1. Effects of genotoxic-carctnogen chemicals on ROS production. L5178Y cells were treated without (0.1% DMSO,

0.1% H»0., 0.1% acidic ethanol) or with characteristics concentrations of test compounds , and then incubated with an
oxidative sensitive dye, H,DCFDA (10 uM) for 30 min, 1 h and 2h. And L5178Y cells were treated with out or with
characteristics concentrations of test compounds for 2 h, and then incubated with an oxidative-sensitive dye,
H-DCFDA (10 uM) for 30 min, 1 h, 2 h, 8 h and 24 h. DCF fluorescence was measured using a fluorescence
microplate reader with 488-nm excitation and 530-nm emission. Upon the same cells, protein concentration was
determined. DCF fluorescence was normalized to protein content and expressed as percent of control. Data are
expressed as mean+S.D. DBE=1,2-dibromoethane; GLY =glycidol; HQ=8&-hydroxyquinoline; EMO=emodin;
MC=Methyl-carbamate; NT=0-nitrotoluene; MAN=D-mannitol; DCB=1,2-dichloro-benzene: MEL con.=
melphalan control (acidic Ethanol); MEL=melphalan; DES=diethylstilbestrol; URE=urethane; ACE=acetonitrile;
DAP=diallylphthalate; L-ASC=L-ascorbic acid; DIOX=14-dioxane; TCE=tetrachloroethylene; TCDD=2,3,7.8-
tetrachlorodibenzo-p-dioxin; CAP=caprolactam; BIS.A=bisphenol A; CHLOR=chlorpheniramine maleate;
CON=Control; GC=Genotoxic carcinogen; GNC=Genotoxic noncarcinogen; NGC=Nongenotoxic carcinogen;
N=Nongenotoxic noncarcinogen.

=1, bisphenol AE xX|3} 79 2417} =k ul )& Ao zuk 2417k Zolol= 2Rl 2u)
wellBe} A7 SAHART, AFEAE AAT F oAk ZTAFHIIE HolAgh APEAE AAT

Al =23 FABIAZ}E 24X el = Sk Sl 2318 dl well®e} ROS7F AA SAH =
733FS ®glth D-mannitole] 7A$-= Wz § o} (Figs. 1-4)

AFgl 738kS- B9t} 1,2-dichlorobenzene, capro-

lactam-& ] 2]&F 79 2A17F E9r2 o2 2v)

5o 3 olae) e ATe Holohrh APEAE Y

AAR Fol 22k 15w, 2,50 o ape] 217a

< X9lv}. 28|32 chlorpheniramine maleate S 3] o| ] dFo| A= FAHSA]-IAL, A SA)-wt
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Q O . A A & A b 4 0 _- " - L 1 £ Iy & I 4
30min 1H 2H 4H 8H 24H 30min 1H 2H 4H 8H 24H
Time Time
8 600}
S 2 400}
X 200
Q O i
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Fig. 2. Effects of genotoxic-noncarcinogen chemicals on ROS production. L5178Y cells were treated without (0.1% DMSO,
0.1% H-0, 0.1% acidic ethanol) or with characteristics concentrations of test compounds , and then incubated with an
oxidative sensitive dye, H;DCFDA (10 uM) for 30 min. 1 h and 2 h. And L5178Y cells were treated with out or with
characteristics concentrations of test compounds for 2h, and then incubated with an oxidative-sensitive dye,
H>DCFDA (10 uM) for 30 min, 1 h, 2 h, 8 h and 24 h. DCF fluorescence was measured using a fluorescence
microplate reader with 488-nm excitation and 530-nm emission. Upon the same cells, protein concentration was
determined. DCF fluorescence was normalized to protein content and expressed as percent of control. Data are expre-
ssed as meanxS.D. DBE=1,2-dibromoethane; GLY =glycidol; HQ=8-hydroxyquinoline; EMO=emodin;
MC=Methyl-carbamate; NT=0-nitrotoluene; MAN=D-mannitol; DCB=1,2-dichloro-benzene; MEL con.=
melphalan control (acidic Ethanol); MEL=melphalan; DES=diethylstilbestrol; URE=urethane; ACE=acetonitrile;
DAP=diallylphthalate; L-ASC=L-ascorbic acid; DIOX=1,4-dioxane; TCE=tetrachloroethylene; TCDD=2,3,7.8-
tetrachlorodibenzo-p-dioxin; CAP=caprolactam; BIS.A=bisphenol A: CHLOR=chlorpheniramine maleate; CON
=Control; GC=Genotoxic carcinogen

HA, H]-.‘%—&%"é—ﬂa"‘%"é, vl A SA-wEeA] Al AL g3kl Aoz ARFHGH. AIFEA Tl &
984 MAze ROS Wie DG 2elm  o]del A9 melphalan® HFskT 3033kl
SAEAL 7R = E—RE‘O] ARZlA A e A2 9 ROS7} 3vl) YA Z7}8F A2} L-ascorbic acidZ
g olAUZS AR A9 wobMl ool AW AAT Fol 308l ROSTF aelA 797
st FASAS VA= E2Ee 35d Ass 3 ZU8le A%, 18] chlorpheniramine maleate-E-
otsle{ 1 ROS A& 3lolovt EAAQ 54 AHXAgta &7]o 29 o8} FHart veldeH,

1 1
& e St itk AREASY ARAA Q1 APBAL AAT F= 9 wellicks HS ROS
AN Aol7} UNAT, ARED TR A87) s AT oY Z7h A wdont oA
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Effects of nongenotoxic-carcinogen chemicals on ROS production. L5178Y cells were treated without (0.1% DMSO,
0.1% H»0, 0.1% acidic ethanol) or with characteristics concentrations of test compounds , and then incubated with an
oxidative sensitive dye, H2DCFDA (10 uM) for 30 min, 1 h and 2 h. And L5178Y cells were treated with out or with
characteristics concentrations of test compounds for 2 h, and then incubated with an oxidative-sensitive dye,
H.DCFDA (10 uM) for 30 min, 1 h, 2 h, 8 h and 24 h. DCF fluorescence was measured using a fluorescence
microplate reader with 488-nm excitation and 530-nm emission. Upon the same cells, protein concentration was
determined. DCF fluorescence was normalized to protein content and expressed as percent of control. Data are
expressed as meanxS.D. DBE=1.2-dibromoethane; GLY =glycidol; HQ=8-hydroxyquinoline; EMO=emodin; MC
=Methyl-carbamate; NT=0-nitrotoluene; MAN=D-mannitol; DCB=1,2-dichloro-benzene; MEL con.=melphalan
control (acidic Ethanol); MEL =melphalan; DES =diethylstilbestrol; URE=urethane; ACE=acetonitrile; DAP=dial-
lylphthalate; L-ASC=L-ascorbic acid; DIOX=1,4-dioxane; TCE=tetrachloroethylene; TCDD=2.3.7,8-tetrach-
lorodibenzo-p-dioxin; CAP=caprolactam; BIS.A=bisphenol A: CHLOR=chlorpheniramine maleate; CON
=Control; GC=Genotoxic carcinogen; GNC=Genotoxic noncarcinogen; NGC=Nongenotoxic carcinogen; N
=Nongenotoxic noncarcinogen.
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Fig. 4. Effects of nongenotoxic-noncarcinogen chemicals on ROS production. L5178Y cells were treated without (0.1%

(palmitoyl-protein thioesterase 1)o] &3l Z7}

sk Asoladet o) %

DMSO, 0.1% H-0, 0.1% acidic ethanol) or with characteristics concentrations of test compounds, and then incubated
with an oxidative sensitive dye, H;DCFDA (10 uM) for 30 min, 1 h and 2 h. And L5178Y cells were treated with out
or with characteristics concentrations of test compounds for 2h, and then incubated with an oxidative-sensitive dye,
H>DCFDA (10 pM) for 30 min, 1 h, 2 h, 8 h and 24 h. DCF fluorescence was measured using a fluorescence
microplate reader with 488-nm excitation and 530-nm emission. Upon the same cells, protein concentration was
determined. DCF fluorescence was normalized to protein content and expressed as percent of control. Data are ex-
pressed as mean=+S.D. DBE=1,2-dibromoethane; GLY =glycidol; HQ=8-hydroxyquinoline; EMO=emodin: MC
=Methyl-carbamate; NT=0-nitrotoluene; MAN=D-mannitol; DCB=1,2-dichloro-benzene; MEL con.=melphalan
control (acidic Ethanol); MEL=melphalan; DES =diethylstilbestrol; URE=urethane; ACE=acetonitrile; DAP
=diallylphthalate; L-ASC=L-ascorbic acid; DIOX=1.4-dioxane; TCE=tetrachloroethylene; TCDD=2,3,7,8-tetra-
chlorodibenzo-p-dioxin; CAP=caprolactam; BIS.A=bisphenol A; CHLOR=chlorpheniramine maleate; CON
=Control; GC=Genotoxic carcinogen; GNC=Genotoxic noncarcinogen; NGC=Nongenotoxic carcinogen; N
=Nongenotoxic noncarcinogen.
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