ANNY

BEAAAL 2 E O NERGZ BB 9 D15

CERR184E12A22H 3B FE#HS)

CasNo. | HHE WA B it | 28 | RO g | Ames | ek | g | FEC| g
88-53-9 | 3-2024 %Z?Zg;gzgz‘}*} TANs o O @ O 1
4390-04-9 | 2-10 [2,2,4,4,6,8,8-~TXAFAIF| O @ O @ 23
5460-09-3 | 3-523 ﬁfi;g;%g:;ﬁﬁﬁ;jy O O O O 44
126-30-7 | 2-240 iﬁ:;jf FAL3T RSy O O O 63
2581-34-2 | 3-790 |3-AF/L-d-=km7x/—L O O O O 80
58-90-2 3-791 (2,3,4,6-F)rmn7=/—)u O O O 109




2—F I 5= 0O —4—AF ARy E Y INKBO
7w b &G E2NRORS SR

Acute Oral Toxicity Study 6f 2-Amino-5-chloro-4-methylbenzenesulfonic acid in Rats
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Tablel. Mortality and LD, values in rats after single administration of 2-Amino-5-chloro-4-methylbenzenesulfonic acid
Sex Dose No. of Mortality LD, values
(mg/kg) animals (mg/kg)
Male ) 2,000_— 5 0/5 B >2,000
Female 2,000 5 - 0/5 ‘ >2,000
6) ®5HE
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Tel 0538-58-1266  Fax 0538-58-1393

Correspondence : Yamamoto, Toshio
Biosafety Research Center, Foods, Drugs and
Pesticides (An-pyo Center), Japan
582-2 Shioshinden Arahama, Fukude-cho, Iwata-gun,
Shizuoka, 437-12, Japan
Tel 81-538-58-1266  Fax 81-538-58-1393
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Twenty-eight-day Repeated Dose Toxicity Test of 2-Amino-5-chloro-4-
methylbenzenesulfonic acid in Rats
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3. 1% (Fig.1)
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Fig. 1 Body weights of rats administered orally with 2-Amino-5-chloro-4-methylbenzenesulfonic acid for 28 days
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Fig.2 Food consumption of rats administered orally with 2-Amino-5-chloro-4-methyibenzenesulfonic acid for 28 days
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5. MAMRRZEIRE (Table 1)

a) HEBTHOME
HETIE 300 B & U 1,000 mglkgBF CTAHlERIZHE LT
MCHCH AR E R L7,

TR hoBEEBIC BT HAREE ORMICER
BDLNL ol

b) [E{EH ie T i ORE R
HETI21,000mgkeBE THBREILEE L TNE/DEVE
BXUMAMEROFEPFRED L,

Table 1

B T 121,000 mg/kg B THHBEE I T8 L T HIM BB O R
R HAL,

6. [MiEEEREE (Table 1) .

BEHMR THROREICBWT, ##Edlc7otoy
VBB L UTERAEES P ey KT RF VIEMIZEE
BICE o,

Bl #IR#E TR OB A T, MEDL000meAgHE T D b
YV VSRR L TERL .

Hematological findings of rats administered orally with 2- Amino-5-chloro-4-methylbenzenesulfonic acid

for 28 days and a recovery period for 14 days
Hem o B _2_8 days dosing groups (mg/kg) 14 days recovery groups (mg/kg)
0 100 300 1,000 0 1,000
Male
No. of animals 5 5 5 5 5 5
HCT (%) 46.6£0.7 474%x1.1 47.6%+1.7 48.1:£1.2 46.7+0.6 45412
HGB (g/dl) 14302 14,3103 14.2+0.5 14.4%0.3 14.930.1 14.440.3%+
RBC (x10%mm?) 7.57£0.29 7.69%0.19 7.68£0.43 7.89+0.15 3.08:£0.21 7.87x0.44
MCV (um?) 61.6£2.2 61.6%=1.3 62.1%2.0 60.2t1.6 57909 57.8%23
MCH (pg) 18007 18,604 185107 18.240.5 18.5+£04 18.3:£0.7
MCHC (%) 30.8E0.1N 30.21+0.2 29,8 0.6%* 20.040.2%* 31.9£0.3 31.7£0.2
PLT (x10°/mm?) 119963 122162 1180+ 118 1107X48 123860 1093 294%*
WwBC {x'lﬁlmml) 123227 13,618 1271+34 122423 124£33 145+24
Differential leukocyte
counts {%}
NEUT 12%3 122 9+1 13%3 114 12+4
LYMPH 84+3 84+2 912 843 8515 85:£5
MONO 2+1 21 1£1 1£1 242 241
EOSN 10 1£0 10 10 10 10
BASO 0+06 0x0 o+0 00 00 00
LuC 1£0 1+0 1+1 i+0 10 10
PT (sec.) 14.8+0.6 14.5+04 i4.540.7 14,5204 15.4%0.5 152:£0.6
APTT (sec.) 23.0%x14 218*0.6 24.0%+1.8 22.6::2.0 27.1+£23 269%1.8
Female
No. of animals 5 5 3 5 5 8
HCT (%) 46.2:4:1.1 473427 46,6+0.7 46.3=1.2 449X=1.3 438+1.0
HGB (g/d) 13.810.5 13.9+0.7 13.3+0.3 13.7%£0.5 14.3:£04 14.0£0.2
RBC (x10%mm?) 7.42+0.28 7.51+029 7441034 7.461+0.21 775032 7 74210.14
MCV (um?) 62,3113 63.0+1.9 62,7125 62.1+1.9 57.9+1.3 59.1+14
MCH (pg) 18.610.3 18.51:0.5 18.5+0.9 18.4£0.6 18.4£0.6 18.91£0.3
MCHC (%) 209+04 204+0.3 29605 20.6+0.4 31,703 32,0409
PLT (x10°/mm?) 1190t 164 1205110 111788 1110112 1196156 1107*75
WBC (x10%/mm?) 6.5+2.1 6319 6.1+1.3 8.3:£24 10.7+£2.4 6.9+2.1*
Ditferential leukocyte
counts (%)
NEUT 112N 12%3 13+8 101 g3+2 12+4
LYMPH 36T 2N 36x3 85+10 87+l 892 84E5
MONO 1+0 1+1 1£1 10 1£1 2+1
EOSN 1:£0 1+0 140 10 10 1+£1°
BASO 00 0x0 0x0 Db 00 0x0
LUC oxt 00 0t0 0x1 10 01
PT (sec.) 16,0104 [5.74+0.5 15.5x0.3 154304 15.5£0.5 16.305*% -
APTT (sec.) C212%2.1 21,114 19.2:+:1.2 18.9+1.4 22114 252442

NEUT: Neutrophil LYMP: Lymphocyte
LUC: Large unstained cells

Values are expressed as Mean+S8.D.

Significant difference from control group; **: P=0.01

8

WMONO: Monogyte

EOSN: Eosinophil BASO: Basophil
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7. HAcENRE (Table2). '

L8 BHRTHORR | -
HETIE M RBEC LB L T 10048 X U300 mgkgBETH L >
G LH, T, W0mgkgBTT AT I wAWP L,

BT T OB S ECRIBRC L T 5 -

b) EHEEAERE TrE O R

T BB RE L TL000mghkgBE T L TF =
O, BEH., TVTIrBLUH Y T AORPHR
BHHILT, . C

T F T ORAER IC 35\ CHBAEE & 1000 mg/kgl
TEED 52 Do 72

GTPDEA, ATy AOEMARD L, T4, 160

mglkgEE TUAEOBMAED HiLi,

Tahle 2

‘o

.

Blood chemical findings of rats administered orally with 2- Amino-5-chioro-4-methylbenzenesulfonic acid
for 28 days and a recovery period for 14 days
Hem _ 28 days dosing groups (mg/ke) 4 daysrecovery groups (mgrkg) .
_ 0 100 300 1,000 0 1,000 - .
Male
No. of animals 5 5 5 5 : 3 5
BUN (mg/dly 12419 11519 S 131823 11.3%15 T 11222 '13.0:1:1.9_
Creatinine (mg/dl) 0.539+0.03 0.56+0.07 0.55+0.10 0.59+0.06 0.58:£0.03 0.63 +0.02%F 7
T.cholesterol (mg/dl). 49116 48+5 44+ 15 47+9 5121 438
T.piotein (g/dl} 534%0.13 5.2410.08 5.1040.21 5.25+0.06 5.65+0.21 5.33:£0.09%*
Albumin (g/dbh 2.98+0.07 © 2934007 2.8310.09* 12.9440.09 3.02+0.08 2.86:£0.00%*
AlG 1.2720,08 - 1272003 1.254:0.04 1.28+0.08 1.15:40.04 1.16:4:0.07
Glucose (mg/dl) 134219 13814 146£11 13711 14619 i5i21°
TFriglyceride (mg/dl) 5641%132 513x145 '522+247 36.3%6.1 4824172 45.0%14.7
GOT (U 61%6 65+2 57+6 S6x7 457 2+7
GPT (UM 1311 1233 13+3 154 ro17%4 ILEE
ALP (UM 15123 176+48 154+21 15322 © 126224 14123077
Gamma-GTP U/ 0.0X00M 0.1%0.2 02103 0.2+0.2 0.0£0.0 01101
Sodium (mmok/) 141,3+0.8 141,1£0.7 -140.621,3 1397414 “142.2%1.5 1‘42.4i0.7
Potassium {(mmol/1) 4971023 -4.95+0.29 4391038 494+0.34 4944035 A491024%"
Chloride {(mmoi/1) 106.6+1.6 106.4:£0.7 107.4X1.0 " 1054E1.0 " 106.8+1.7 107.7£1.5
Calcium (mg/dl) 9.52+0.14 9.11£0.12%  9.17E0.16%* 9.40+0.14 '9,52:+0.29 9.{7:!:0.14'" P
Lphosphate (mg/dl) - 8.09£0.53 7.60£0.34 7.72£0.62 7.58+0.35  7.35+0.58 6:73:£0.32
Female '
No. of animals 5 5 5 .5 3 5
BUN (mng/dl) 14.512.9 . 16012 16.1+3.7 14.3+4.8 137209 152%1.5. .
Creatinine (mg/dl) 0.60+0.03 0542011 1 0,6310.06 0.58+0.06 0.65+0.05 0.63+0.03
T.cholesterol (mg/dl) 44110 . 52%20 50114 6111 64+13 567
T.proiein (g/dt) 5554027 5.73+0.24 . 543+0.13 5.52+0.26 ) 5.84%0,17 5.69+0.09
Albumin (z/dl) 3244020 33240020  .3.14%£005 3223021  3.38£022N 327004
AfG. 1.40+0.06 .1.38x0.10 1.37+0.03 1.40::0.00 - 13720012 136006 .-
Glucose (mg/dl) 112+ 14 150300+ 133%8 12014 131+21 12549 . . ..
Triglyceride (mgfd) ' 27.8+53 346159 262%5.1 42,113t 42.5+12.0N ugLig
GOT Uy 56+8 54+6 55+4 5110 4818 46:£4
GPT (UM 1341 1514 13+3 14+6 155 1343
ALP (Uf) 132+16 105+20 9117 11223 7217 8530
Gamma-GTP (U/l) 0.930.5 0.2:4:0.2%* 0.3£03* ¢ 0.4:£0:3% - 03104 0,3+04
Sodium (mmolA) 142.2+0.8 141.7£0.5 414xi4 140.8+1.2 1416108+ -1423£1.5
Potassium (mmol/) 4.86%0.13 '4.54+0.21 4641028 453030 446018 4474030
Chloride (mmoi/l) 108.8£1.8 109.1+2.0 109.8+1.5 106.8:£1.2 108.2%2.1 109.6E1.8
Calcium (mg/dly 9.2340.08 9.5610.21+* 9.5110.14% 9.6610.19%* 9.45%0.17 9.37+0.17
1.phosphate (mg/dl) 620015 6.37X+0.26 6.05+=0.49 6.271+0.28 6.02:::0.38 5.36%x0.63
Values are expressed as Mean8.D,
Significant difference from control group;  *: P=0.05 *k: P=0.01

N: Non parameiric analysis
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8 RAEE (Table 3) b) IR P T DR R
a) SR THOREL B THAREE L 1000 mgkgBET, TTOREEAIZ

'ﬁmt {, -?—,q—comg&s_%-e? o =410 V’T%Bﬁ&%liﬁﬁy) t) nido f::g
EUAEDSMARML, &6, 300mgkgBl EOW o131 000 me/kelt THIIBEE I ol L TR EA T E %

THKpH 5.5L\ FogigassmL 72, KL=,
Table 3 Urinary findings of rats administered orally with 2-Amino-5-chloro-4-methylbenzenesulfonic acid for 28 days and
arecovery period for 14 days
Iem ] L 28 days dosing groups {mg/ke} o 14 days recovery groups (mgfkg)
0 160 300 1,000 0 1,600
Male -
No. of animals 5 5 5 5 5 5
Volume (ml) §+2 §£2 72 6t1 8+IN 742
Specific Gravity 1.053+0.013 1.061£0.016 LO70+£0.017 1.067%0.006 1.062+0.004N 1.07210.018
Color Slight yellow 5 4 4 4 5 5
Yellow-brown ¢ 1 4 1 0 0
Turbidity Clear 5 5 5 5 5 5
pH 5 0 0 1 2 0 ]
5.5 [ 1 1 3 0 2
6 4 4 2 0 5 3
6.5 I 0 I 0 0 0
Occult Blood - 5 5 5 5 5 5
Ketones - 0 0 1 2 0 1
+/- 1 3 3 3 0 2
1+ 4 2 1 0 5 2
Glucose - 5 5 5 5 5 5
(g/d)
Protein 30 4 4 2 | 2 2
(mg/dl) 100 | 1 2 4 3 2
=300 0 0 1 0 0 4
Bilirubin - 1 3 0 0 t 0
. I+ 4 2 5 5 4 3
Urobilinogen 0.1 5 2 0 0 5 5
(E.U./dl) 1.0 0 3 5 2 0 0
20 0 0 0 3 0 0
Erythrocyles - 5 5 5 5 5 5
Leukocytes - 5 3 3 4 3 3
1+ 0 2 2 0 2 2
2+ 0 1] 0 I 0 0
Epith. Cells - 5 5 5 5 5 5
Casts - 5 5 5 5 5 5
Fal glob. - 5 5 5 5 5 5
M. threads - 5 5 5 5 5 5
others + 5 5 5 5 5 5
others : Crystals

Values of volume specific gravity are expressed as Mean:£5.D. ,other values are expressed as No. of animals
N : Non parametric analysis
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Table 3 (-continued)
Item ~ 28 days dosing groups (mg/kg) o 14 days recovery groups (mg/kg)
0 - 100 300 [,000 0 1,000
Female
No. of animats 5 5 5 5 5 5
Volume (ml) 5%2 5+2 5+1 6t2 612 Kk |
Specific Gravity 106520015 10700025 107720011 10690017 1.068+0.021 1101 £0.014*+
Color Slight yellow 5 4 4 4 5 5
Yellow-brown 0 1 1 l 0 0
Turbidity Clear 5 5 5 5 5 5
pH 5 0 1 3 4 0 0
55 1 2 2 0 1 5
6 4 1 Q 1 3 0
6.5 0 | o 0 1 0
Occult Blood - 4 5 5 5 4 5
+- 1 0 0 0 1 0
Ketones - 3 4 3 4 3 3
+/~ 2 i 2 l 2 2
Glucose - 5 5 5 5 5 5
(g/d)
Proiein +- 0 0 0 i t 0
(mg/d) 30 3 4 5 4 I 0
100 2 1 Q Q 3 3
) =300 0 0 0 H 0 2
Bilirubin - 2 2 0 | 2 ¢
1+ 3 3 5 4 3 5
Urobilinogen 0.1 5 2 1] 0 5 5
(EU./dl) 10 Q 3 s 1 Q 0
2.0 0 Q 0 | 0 0
4.0 0 0 L 3 0 ¢
Erythrocytes - 5 5 5 5 5 3
Leukocytes - 5 3 i 3 4 5
1+ (] 1 3 0 1 a
2+ 0 1 i 2 0 0
Epith. Cells - 5 5 5 4 5 5
I+ 0 0 0 | 0 1]
Casts - 5 5 5 5 5 5
Fat gloh. - 5 5 S 5 5 5
M. threads - 5 5 5 5 5 5
others - 0 0 I 0 1 0
+ 5 5 4 5 4 5

others ; Crystals
Values of volume,specific gravity are expressed as Mean£38.D. ,other valugs are expressed as No. of animals
Significant difference from control group; **: P=0.01
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o, WHRER (Tabled) 10. [B35ER - Sk HER) (Table 4)

) LERTHOER a) FFHRTRHOER

M s AT _NTOERRERIFIC VT, HHELE HHEE ST _RTOERMNTRECOWT, HRBHF L&
WERSBETERED LN a7, %E TEETEIIED NG o,

by EIEENRHRE TREDAE R by MEHAMISE TIEORER

BEREE L 1.000mg/kelE s WRBEEE TEEICZDD RS HETIZ1,000 mg/kgFF THBERICIE L CHISHENERS
FERDSNh P, BOL 2.

Gt B L EEICEDD AEBIED O o,

Table 4 Organ weight and Organ weight per body weight of rats administered oraily with 2-Amino-5-chloro-4-
methylbenzenesulfonic acid for 28 days and a recovery period for 14 days. )
Ttem 28 days dosing groups (mg/kg) i 14 days recovery groups (mg/kg)
: ' 0 100 300 1,000 0 1,000
i Male
No. of animals 5 5 5 5 5 5
Body Weight (g) 33617 330+20 326:-8 32947 414425 v1£18
Absolute organ weight
Brain (g) 2011007 2.03£0.06 206010 2032008 2.14+0.06 2.11+0.06
Liver (g) 9.58+0.77 9.610.60 8.614:0.54 9.121£0.64 11.78£1.36 10.261.34
Kidneys (g) 256+0.11 250017 263015 2621024 3001035 2744019
Spleen (g) 0.54£0.10 0.58:0.08 0.57+0.08 0.56£0.10 0.75+0.12 0.6610.10
Adrenals (mg) 513 54%6 5144 47+38 52:E6N < 57£1L
Testes (g) 2.82::0.20 292005 291=x0.15 2.85+0.20 292+0.22 3.0140.25 -
Relative organ weight ’
Brain (%) 0.600+£0.029 0.618£0.047 063120036 0.617£0.021 051920.031 0.54120.028
Liver (%) 2.85110.174 29000051 294730.166 2.771£021t  2.841+0.180 2.625+0.237
Kidneys (%) 076210045 07570032 0381210052 079600 07230052 0.7000.025
‘ Spleen (%) 0.160£0.024 0.176+0.016 0,174+0.021 0.16920.030 0.180+0.019 0.168+0.017
v Adrenals (%} © 0015120001 00160002 0016420001 001410002 0012:£0.001 0.015£0.001*%. .
; Testes (%) 0.841:0.080 0.887+:0.072 0.891+0.052 0.864::0.052 070720056 0.772+0.079 -
I Female ]
L No. of animals 5 5 5 5 5 T 5
" Body Weight (g) 20714 223+5 208+21 22015 243%13 231£25
Absolute organ weight !
. Brain (g) ' 1.88+0.08 1.90x0.06 1.88£0.06 1.924:0.03 1.96+005 * 1.90=0.07
' Liver {(g) 5.89%£0.57 6.76£0.62 6221048 6.56+0.64 6.72+0.57 6.07£0.43
Kidneys (g) 1.69+0.13 1.8040.11 1.70=0.09 191017 1.80£0.10 1.82£0.16
Spleen (g) 041£0.09 0.39:+0.06 0.39+£0.03 = 0441004 0.50+0.07 0.4310.08
Adrenals (mg) pox4 T0x7 683 639 643 637
1 Ovaries (ing 78E5 8311 . 85+11 86==10. 85£5 g4t12
Relative organ weight .
Brain (%) 0908E0.068 08510041 0913=0.081 0.8731£0.049 (.808L0.025N
Liver (%) 2.841£0.188  3.025+0253 3.001::0.197 29710103 2.762+£0185 2.636X0.168
Kidneys (%) 0.817£0.068 0.805X0.059 0.823X0.052 0.866+0.030 0741+0.025 0.789%0.050
Spleen (%) 0.197£0.039  0.176=0.024 019140030 020210031 0204::0025 0.187+0.030
Adrenals (%) 0.0321£0.001 00310004 003310003 002010002 0.027£0002  0.028£0.003
Ovaries (%) 0.038:£0.005  0.039+0.005 00410005 0.039£0.002 003520002 0.036£0.002

Values are expressed as Mean+8.D.
Significant difference from control group; **:P=0,01
N: Non parameltric analysis
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FZ {—5“’713121-—"4—)5 FINEL

ANWE B8

. TREEETE (Table:s)
a) ﬁmﬁﬁﬁ,

#%ﬁ?%ﬁivmﬁﬁﬁ%fﬁwﬂﬁhbwf A
LU BRI R LT, W RS B TR A L
AR S R o7,

by HERA R

MR, f’“’i%ﬂ'ﬂ#&_fﬂﬂ LiwBEBIY
LOOmgkgBEOMERE L DT o 720 EORER, 13-4
AAROMIZEND 2 BRBED S Nahotz, &8,
HRBL2OREINAERREE, FROMEETO /)
e L R, FlEoRME LEROFIEEMEL
BIoakik, AIFORREOERLERETH o2

" Histopathalogical fin(iings of rats orally with 2- Amino-5-chloro-4-methylbenzenesulfonic acid for 28 days.

Table 5
Dose level (mghs ) 0 o100 " ado 1,000
No: of animals sadrificed dt- 4 week 5 5 5 5
No. of animals necropsied . i 5 5 5 5
“‘No. of animals examined histologically 5 0 5
Organ Findings i23 123 123 123
Male
ARDIOVASCU LAR SYSTEM . .
heart h sy o (0 e t5)
de_generation 0060 - .- - et 0100
infiltfation/cellular- 0oo --- - - - 100
DIGESTIVE SYSTEM ] Lo o
iver : - (5) 0 )} 5
cytological alleration. 10O - - - - 0090
fatty change 500 - - - - § 3.0 0
single celi necrosis 10 - - - .- .,.000,
‘gtanulation . 400 S - - A0
inftitration/ceitular 100 --- ST op00
extramedullary hematopoiesis 2 0 0 --- ce-- 7 T 000
© URINARY SYSTEM .
kiduey . . . (3) (O . @ S &)
" basophlllcchange 300 B P B 400
éposit of calcium 100 - 2 - 100
" “éosinophilic body 000 - - - wm- 200
) " vactolic change 100 R I 0.00
fibrosis 000 Se T 100
ENDOCRINE SYSTEM -, .. o ‘
adrenal gland ' ) ) - o © (5) .
e - vacuolic change ' 500 el T - - ’ 500
Female o
CARDIOVASCULAR SYSTEM S —
heart : ) ) O (8
e " infiltration/cellular 000 .- - 100
DIGESTIVE SYSTEM }
liver () 0 ’ ()] )]
eosinophilic body 100 Coe - R 000
faity change 300 400
granulation 500 - -- - 400
URINARY SYSTEM™ - o :
kidney 5) (V)] (] (5)
basophjlic change 30,0, - .- R 300
depositofcalcium .200 - .- - - 100

l:slight 2: moderate 3 marked - .. .
0 No. of arumals exammed mtcroscoglcally at lhls sile

13
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28 AR S BT

I

—BRERENKER. NN IUNEEMEZALT
MWHEATILORCLRFEHPEREZ ST, BECHLR
HeENEhol,

REIX, ED1,000 mg/kglE TG IBIZHEBRIIEL
A% T L, 3008 & UTL000mg/kg Bt T4k ] DR ERIM
EFRL L. O TERSETH» 7, TR
SEHMB L FRENMEEL THRATENROORE
Mol

AR, MR e QRS HIM B X B 8 U T
HREEL ED L (. GAMOLIEEIZ S HMEIZD LR
&‘i"o 7‘..:0

MBEREZAREOE R, REETRICED00B LT
1,000 mg/kgdt CMCHCHEME £ R L -4, BRIZELET
H2HE, NEYDEYED X URMFBBRILHED
LhTehnibtrs, EXOHIEEREZGLE
o, B THOBAE T, EOLO00mgkeiE
TAEFOVE VBB I FMAEBROEIPEDON, B
OFRRARE THILRBOBL A EDS LI, BRGYE
{kThh, HERTHIZRBEDLLTVWREVWERTHS
Tkht, EREHNCEROSIBLLEEFLOGAL
o,

MEREREOERE, HFRTHOBRE TR, B
ML RS RCERZD LMY, EBRBEERS
DEEIEVLDEE L LA, BRYBETEORE
Tit, BDL000mgkglET 7D b2 ¥ U ERICERN
Mo ohlh, BRELTERTH .

HLFHREOHE., EFHRTHIZED1005 X U300
mghkgRE TH N T T LD, L2300 mpkgRETT L7 3
YHERP LAY, Wb ARHMEOZWELLTS -
710 T, BOTTOEBBHHEZEESNTy GPTORK
o AT O, 100 mghkgBE T lREDOMINAGELE
SR, HATY LI T, AHEFOENFRE

(9.60£0.28 mg/dl, n=35) (T L THEMIES, &

BAhEwiow, BEFCHIMENTEESED O -

LHT, TOROEBIZLTIL, R0 -oREMEE
DRVERTHo 1, DRBBETHORETIE, #O
1,000mphgB T/ L7 F = O, £88, 7TL73
YBIEHY 2 AORBLED LD, WTRLLER
GEETHEIERTHIZZADORTV RN Ehb, #
HEHEROLATREBELON b0l

FREOER, BELLTATORBRYERSRTYD
¥V ) =¥ 10 EUJAS EOBIY AL . 300 mgke
B CRpH 550 TFTOESMMLA, Yoy
= BLTE, IR FEYNRED L REBEE
2R ECHFRSENRS TRVWEEIORII LR
&, ERTHFTHESA, LT ORMAREYT-

(1) RBRICHWZ LRRE, FEKGOKET v b ORE
BoL, #2mEImi, s (HBRHEOK
BRI mg/100 g) AFERTH VA RBRERBK
N-ThF L AT 42 7 ASGTRELAL LI ABH
?&)O f:.n

@) LR TRNWE—7 v M. 853 HE 1,000 mgkg
REEES LR, REERL, KRBTHWAN-

14

CAFARTF v ARBRTREL 2L 258
Tholi, NTUT AT 4y 7 ARBEOTOY
/=4 ORI EEENch T L F e FREEZHWT
whid, SRERREBMERER (VT
By 7Yy VRIE) ERRTR A7 a—si T
W UAG3E MV TRE—R % E LR, BT
Holt, T, BBRYHKESHHORE WHARK
THRE LR, BETHo 2,

(HB L TQORFNZ, EEMMETRORETE,
HEEE BHEEWIERS, BERWHORBMYICLLE
FFiBOER, BRERLEbDEH L oM, RpHIC
BMLTIE, FEoMB LT TRV LA—ORII2Ww
T. N F1AF 427 ARBRTHRELESR. ()
ORTIpBIIEN I THIBETIZLALEDLSLT, (2
ORTHEpHMB T LA EAs, EICEBREHONSE
OMESEL LR,

FOf, REETIE, BEHMERTEROREIIBNT,
HED1,000 mg/kgBf TREEVSEEER LA, RENE
PP LVED T, RERTHIERD Do
ERTH ), HEHHEOKRS L ENIFIHRLED
MRtk EIGNL,

RHEBERUEOHR, ML LEBEDHREFCERNTS
L#EZONLEERBHONE Rz,

FESREOESR. REMCL. AfFEmL. ERY
HixEc X 2 LR X R AR, MiEE bICRBSh
Lot

DEOE. BTRATSLIUBRELLTRTOEHA
T, 1,000 mg/kgik 58T H BEW RIS ORBHFED6
Rpdot, BICBWTYH, 3008 X 1,000 melketk 5
TR THEI R EERMRENAED S, W
ZYOTEEL, KEWERSOEBLUNT 2800
DT adol, #EoT, ML LERERILL00mg
kgiday EHER S N/,

R

. REHCR, CREBNRREOMHUETR,"
{bZTEA#L, 1992,

2). HHIHEE, "EM: - BT — 2 OFEIRIT AT
> 7 4 A ML, 1987,

3). A. Jonckheere, Biometrika .41, 133-145 (1954).

HE % ABRLE HLEZ
(f) RSWREELLT2EFHLY 5 —
F 437-12 TS 45 2045 M B HE T I o e 582-2
Tel 0538-58-1266  Fax 0538-58-1393

Correspondence : Inoue, Hiroyuki
Biosafety Research Center, Foods, Drugs and
Pesticides (An-pyo Center), Japan
582-2 Shioshinden Arahama, Fukude-cho, Iwata-gun,
Shizuoka, 437-12, Japan
Tel 81-538-58-1266  Fax 81-538-58-1393
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Reverse Mutation Test of 2-Amino-5-chloro-4-methylbenzenesulfonic acid on Bacteria

£330

1—F I/ —5—00—d~AFNRLEY A NFURE
DERBHOFEICOVWT, B fvA2RERRE
FERTAZILICI DR LY,

HME® & LT, Salmonella typhimurium TA100, TA1535,
TA98. TA153733 & UEscherichia coli WP2 uviA % v,
EFRARD L UG ERBOV b, BERER
E2i350~-5000pg/ 7L — F BT, AREEIITAINDE
EREBOHIELIS63~5000 pg 7 L — b, FOMBIIoWT
i, 312.5~5000 g/ 7 b — P DR BETERKL .

FOFEE. 2ORREEL L, Huhs@Eaoge@ico
WT, WIFNLORETLERER 20 = —ROHMNFER
Dozl tdb, 2—T73I/—5~700—4—
AFNREy 2R BT, A BRICEWTE
REHEZAE LR (Bf) tHEshi,

HE
OFCDBEF It EMEE M RIR 2 EMNETEED —
BELT, AFHIEEIEEL-BFE S E01oTS
L5, 2—F3I/—5—200—4—2FARr¥rAlE
YEEILDWT, B BV ARBERREr SL— &
L HERL,

SORBE, FAMERT (RXIFT7AE) KBTAE
ATV VBRI BIREREA~DVRERY | 2 0TK
KBRICBET L MY 7 b7 7 YRR LREFEA~D
WIRERY 2HIEL LAEREOKRBRTHS,

iz, BESWE* 20 IREHCER ST AEER
B, WFLEMIO L EWAREE (SR ko T
A SN L HEBYEONSYOERE Y% AT 5%
B RBE LR oTwE,

KRB, (HHEEWECRIABEOFRIIOWT]
(RFI624E3 318, BAES23TS. HABE06T. 62
ERE03E) B L UOBCDILERABET 1 K54 v
471, 472icH A L, {EEWHGLP (BEfIS94E3H3IA,
DUR RS0, ERE205, S9LFESE. LETREA
63F11 A 188, BOFE2335, HHEEE., 63ERE
8238) ITETWTERLL,

i
Salmonella typhimurium TA100

Salmonella typhimurium TA1535
Escherichia coli WP2uvrA

15

Salmonella typhimurium TA98
Salmonella typhimurium TAL537

Salmonella typhimurium TA100. Salmonella typhimurism
TA1535, Salmonella typhimurium TAS8. Salmonella
typhimurium TA1537O4AEBRIZI97SEI0A3IBICT A 1
HERE, AU TF AT REOB N, AmesiE+ 455
% '.5.‘ %a‘-} f;o

Escherichia coli WP2uvrA$RIZ 197945 BoH KB B{RE
MEFOBHBELE TP L5355 8T.

WMEFIL, —s0OCUTFTTREER L, ABICBL T,
0.5%BF Yy LMz — bV P TRA
(Difco) ® ANALFMEBRECERLEREL, 37C,

OB SRR DB L VO PREEEE L,

(#5340 H)

2—F I )55 U0 —4—AFNRYELANE R
(CAS No.88-53-9, 2-Amino-5-chloro-4-
methylbenzenesulfonic acid) &, HFE21L50[EHE
Thhb, MEWSBEUEDLD (T MNEFE 178454, K
A& A v BT ERAaHRE) & (31 BFREEL
ERmasr oy shi, BBHEE, #AREITERT
ERLTHREL S

2—F I/ —5—4U0—4—-AFNRLELANF VR
i, PYAFNLALFFLF (my FEES  DSL5887. Fl
FMETE . M TFDMSOZEE) % Hv750 mg/miis
BAXICHAML A, FHSETEICAKZEWLITH
MLEbo%, ERPIlRBICRWE,

HBORBICETL > T, BFARCBWT2-73 /-
5—2 00 —~4— A F Ny ¥r ANE 2 EEODMSOBIE
BTORENRB LT -7, 2RBIIBITAESEE
(50 mg/ml) B & URAKIBE (1.565 mg/ml) OZEEIC
WL, BEEREGETT, HEEL, TOHR., AR
BAaERIc BT A &3y SV OEBEER., FhELD
WEBEDFE (0BER) 2 LT, 1018 X UF99.0% T
Hote TNLDEIL LEFFEIT OFESEEFIHEDERE
(A DEERHENWRL L) FFliLTwi,

¥ o, RRBICHWARRBREIIOWT, ERBIERE
2170 ZoE R, 50 mg/miiBHUIC 2V TiE, 100~ 102%,
1.563 mg/miBEFUI D2V TIE, 101~104%TH o7z, TN
LOEDL . SRFFOEZRERFREOEE (FHEE
IEmE sl Lyl LT,
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PLEmEBRas, 2—7 3/ —5—2700—4—FFNX
YE Y RS BEIIDMSOBHUP TITEE TH Y, T
Bt OB EoSBTEoEoHEANIc RS 2
EATERRE i,

(BB E]
BWiBHdEnEs L UFoREiib Tt Tth s,

AF2 7L T7S=4 N (BEBE )

SA I TFVEFIrUTL (FEMETE®D)
9-AA (9-TIVTZIYY (HEELE )
2-AA 2T IJTVRIEY (FIEMETEG))

AF-2, 9-AA, 2-AAIXDMSO (FIR#iSE 1% () ) 1o,
SAFEHAIEE LTEBIHnwi,
(s & USHRBDER)

by FTH— (TAKERA)
TROKET (A) BIU (B) 2 FEHI10:10FEFTIR
i

(&) N7 b - TH— (Difco) 0.6%
e Kl SR 0.5%

By L—EAFYY 0.5 mM
¥t F 0.5 mM

* WP2IHIZiE, 05mML-} U7 F 7 7 Y ARBHEH W,

2) AR
B, Bz st oRbEREEEW:. &
B, E 1SRRI TREROLBYTHS,

TR~ 7 3 3 A - TR 0.2g
7T V8 LKA : 2g

YUBAREZAI T A 10g
YUEEKET YES T AF MY A - 4K 3.5
Fhad— R 20g
234+ - FH— (Difco) 15g

FOmmPD Y r— LIS 1 ImEH L TEHDTH S,
3) SOIRE (ImHpFROBRTEED)

So** 0.1 ml
-t Al SR A 8 umol
AL Y L 33 umol
Fha—2-6Y 5 umol
NADH 4 pmol
NADPH 4 pmol
0.2M") v EE#BIETE (pH7.4) 0.5 ml

** 1 TEEE O Sprague-Dawley RS v P& 7 = /230 E
¥ —n (PB) BLUSs, 6-X» /77K (BF) OfH
S CREFELCHERLES (Fva—r@D) %
Hwniz,

16

(#B75E)

T = MBI GRS R X NS LB R T o 1o,
AEREREIZ by ST A —2ml, {EERE B0, 1 ml,
) v EEREEO.S ml ({SHETE{LRBIC BV TIISORHE
05ml) . MERH I mZRALAOL ARG L
HLTED -, $7-, BB L THBEYERER
bW IZDMSO, ¥ ixEBoREdEDEBERY B
P2 FRERL OBMABHEOERE L TFRERR
B L A, BERIE3TC GV, £ ARIFER
apo-—FErEEL, FAFNEOFHEL BiEREEL
K,

(R ERHE]

BEEE AHTAIPRECBTAFER v =—§
A5 BEMsEoERIC TS R gL, o, &
DEMICBERES A il HBKFEI O LGS
2, HEHHBMEEARBRIIBVWTERERY A T3
(i) LHETHZEELT

R LUER .
(FRERR)

50~5000 ug/ 7L — FOMBTHBREEMLAZEZ A,
FTRTHOBREHOEERBE X OBHEELRERIC B W
THEMIEEDS b N aho iz,

B, TAIOOBEEREBCBWTIER, FEBCEFLAE
Bou-—¥oubtrBehTthot, LT, K
RERICBITAREREL, TXTOREET,. HERR
BYURABHERLRER L D iCs000 pg/ T — P ELL &
2 TSAE (TAI0D HAERBO L6 R) RETH
ZkE L7,

(FRER)

BE%Tables . 2R LA, 2—~T 3/ —5—700—4—
AF Ny B AR VEEIZOWTI12.5~5000 pg/ 7
L — b (TAIOO®D EIEREEIZ BT OAH156.3~5000 pg/
T — r D) DHETRETERLL. RRBRICE
WTIE, 20 B ORBDOTAISISOR BB LRBEORE

ElrBuT, BEBEOUSOER 0= —HFRL
Nt FOMORBIZH TR, Bu-RETOEER
BB I URBERLEBOVWTRIIBVWTYL, AEEF
BoHLZEEI i -0EMIRDO N0l ¥
2. WTFNORERHICBVWTLIHEREED R A D
f:o

TA1S3SDIRBHELRRRIZOWTH, 9D v FAE
oh®, 2BOBHAERBYERLS, FOFR, 7T
DEBIIBWT2EONREE DICERI D = —0RMEE
HLE, FROLERy0 - —HoEMIBENL L0
LEZ LIV (Tables 3, 4)

DEosERICEJIE, 2—F 3 —5—o700—4—AF
ARy Xy ALEVEL, BnwiRBRIIBWTERR
HETLEVLO (B LHEL -,
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Table 1 Results of bacterial reverse mitation assay (I) with 2-amino-5-chloro-4-methylbenzenesulforic acidk
Nurber of revertants (umber of colonies, Mean £ 8.0 _
Growp [osa 59 Mix Base—pair substitution type Frameshift type
(ug/plate) TAL00 TAI53 WP2mvrA TAS TAL537
Solvent
- M5 13 18 12 1 i 1B B 8 21 18 i 8 8 7
control (18% 188 (uU+* 08 (2% 40 (17 4 ( 8% 0.6
1563 - 18 U7
(1% 153
425 - 1% ' 13 moo13oA 2 1510 35 2 0B g 7
(15 + 5.1) (17 35 {16 &0 (2% 89 { 9&£ 29
825 - 11 169 44 16 B 5 § 13 18 21 3 1 8 g 4
(127 119 {6+ 0.5 (18F 45 (1t 4D {7+ 28
Test % - 12 m oA Mo 0, B K H ¥ %X A 7 7 8
substance (1 90 (12 2D (w6 2.0 (®w+ a0 ( 7= o8
®/O - 18 M5 3 2" H 4 © 11\ 3 5 8 7
(et LD (4% 64 {2+ L9 ( 5+ 5.7 { 7=+ 1.5)
M0 - 06 17 14 13 16 A . M B 4 B 17 8 g 4
(18 + 10,0 16+ 45 {12+ 19 (2% 1.9 { 7 28
Solvent
+ 29 135 B2 2 1w W s K4 M moRD 5 U 9
oontrol (128 = KY) { 20+ 2.3) (15=% 1.9 ( 2=+ 2.0 {13+ 1.2
s+ 1% i35 14 8 16 15 M| 10 H (A J | 5 6
(1% 1893 (16* 028 (1: 3 ( 31+ 7.4) { 7£ 39
B  + 130 1% 148 10 g I 9 1 9 2 M @B 5 15
(1% 1LD {12+ 44 {w=* 2.3 {0+ 35 1+ 48
120 + 1 139 5 5 T N S R & 1205 % % 6 U 8-
Test (p+ B { 9+ 3@ (BE 0.8 {B5F 0.6 { 8+ 25
e
sufstance X0 ¢ Bz 1 16 o w u S R 5 g U
( 152 = ann (12X 4.0) 0* 0.8) (xn+ a0 { 5% 4.5)
500+ 15 180 % 12 1 0 % B % % 8 5 6 8
(M7+ 9B (1+ L0 {15+ LO (o1 % L2 { 6% 1.5
Pasitive (hemical
a2 0.1 805 a2 0.01 sF2 0t P4 &
control Dose {ug/plate)
$9Mix ) Nomber of
colonies 5% 5% 503 109 . 102 % 13 181 4l B4 B0 1563 1951 771
Jolate (s E B/ (E 7Y (1B 50 (6B + 159 ame £ 1949
Positive Chenical 241 24 2 M 10 24 0.5 2
control Dose (ug/plate} )
Y Mix (t)  Nmber of
colonies 1037 8% QW0 25 23 ;4 6 622 6% 53 552 8 23 262U
Jolate (9% + 8.0 (249 3.4 (% 39 (354 = 3.9 (a7 60

AF2 2-(2-Furyl}- 3—(5-n1tr05-’? furyl)acrylamide, SA:Sodium azide, 94A:8- Ammoacndme, 2AR:2-Aminoanthrzaeene

#:Purity was above

17
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Table.2 Results of bacterial reverse mutation assay (II) with 2-amino-5-chloro-4-methylbenzenesulforic acid¢

Muber of revertants (nmber of colenies, Mean + S.1.)

Group Dose 59 Mix Base-pair substitution type Frameshift type
(ug/plate) TAlED TAISE5 WPuvrd TAIS TAIS37
Solvent
- 129 146 165 13 1 13 18 1 pis) %5, 30 27 10 8 3
conteal (1 x 20,6} (_R=* 1.2) (19t 3.2 {n+ 2s . (8= L0}
5%6.3 - 149 122 132
(1% Bnmn
25 - 130 140 14 18 N 14 2 2 25 u 21 12 9 i B
(125 £ 18.6) (2% 6.7 (&5 0 (U x 1.2 { 9% 2.5
625 - 13 116 18 11 18 16 % 3 2 i6 30 3 10 8 i0
(12 + 9.9 (5% 3.6 { 8+ 2.6) ( B * 7.0) 5+ 1.9
Test 1250 - 128 156 129 20 18 20 2 21 & 18 3 17 7 9 10
substance (138 = 15.9) (2% 0.8 (5% .8 { 19+ 3.3 { 8% Lo
2500 - 132 1R 125 5 % 14 33 37 2 15 18 18 ] ] il
(132 = 6.5 (18 6.7 (2z 9.9 ( 2T+ 18.2) ( 9= 2,5
5000 - 149 123 163 & 19 14 o ps) A A i6 o] 7 10 1
(5 2.9 (% 3.9 (5% n ( 2+ 55 { 9% LN
Sorlvent
+ 150 106 139 il 10 7 % 17 3 H 48 B 17 9 8
control (132 2.9 ( 9% an (azx 6.2 ( B+ &1 (= 49
25 o+ 163 12 118 7 8 i6 23 A 3 5 40 k1l 8 10 17
(14 219 { 7% 1.0) (%= .0 $H+10.8) (12 4.7
625 + 13 3 M 16 11 10 n 21 24 n 3l 42 12 10 12
(M LD { 12%x 3.2) (uzx 3.0 { 74 5.5 (1= 1.9
1250 1 163 150 158 16 12 i 27 % 18 3 4 26 13 8 13
Test : {15 % 6.5 (15% 2.3) {2+ 4,9 (H+ T.4) (n=x 2.9
s
substance 2500 + 119 0 138 14 12 17 16 27 3 B 36 31 i6 6 16
. (1% = 150 (14 £ 2.5 { 5% 7.8 ( B+ 4.0} (13 58
5000 + 148 138 I 4 12 18 26 . 2 18 B 38 48 10 16 I8
{14 = 2€0.9 { 18 6.0 (2 + 42 ( 42+ 5.5) (15 4.9
Positive Chemical :
ARZ 0.00 8 0.5 A2 001 AR2 0.1 S 80
controf Dose {ug/plate)
89 Mix (=} Mnber of
oplonies 719 708 671 236 271 u7 121 126 140 F4] 717 708 2087 2139 51
/plate (693 %.1) (38 + 30.6) (129 % 9.8) {716 = 7.5 (2392 + 4849)
Positive Chemical
241 % 2 21 M 0.5 24 2
control lose {ug/plate)
S3Mix () Munber of
colonies 03 767 6 2 213 214 372 37 3 31 335 284 219 208 167
folate (1% %8 (26 4.4 (B B3 (30 &9 (198 24

) AF2:2—(2-Fury1]-3-(5-n‘ie'tsr05-%2-furyl)acrylamidé, SA:Sodium azide, 9AA:9-Aminoacridine, 2AA:2-Aminoanthracene

#:Purity was above

18
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Table 3 Confirmalicn test () with 2-amino-5-chloro-4-methylbenzenesulfonic acid*

Nimber of Tevertants (mmber of tolonies, Mean + 3.0}

traw Tose 55 Mix Base-pair stbetitution type Frawshift e
(e¢/plate} TAIO0 TAIS33 WP2wh TAS . chl5_37_
vent '
Sl + 13 8 18
conteo] (6= 2.9)
izs o+ 2 11 T
. {3t [ %]
625 + 18 12 13
(M= 2
150 + 12 il 19
. (= &9
est
bt 2500 + ) 2 18
. {15+ 48
000 + 21 15 2l
{pt 39
itive (hemical
Fesi 2 0.0 05 A 00 #2 01 @A
contral Tose (ugfplate)
S9Mix () MNowber of
olmnies
fplate
Fithe  Crealcal T 2 10 M 1S w2
coatrot Bose (ug/plate)
SSMix (F  Number of
olonies 1 2 19
folate (= 8.5
AR2:2- {2-Puryl) -3~ (5-nitro-2-furyl)acrylanide, SA:Sodium azide. 98A:9-Aminoacridine. 2AA:2-Aminoznthracene
x:Purity was above 89, 5%
Table 4 Confirmation test (11) with 2-animo-5-chioro-4-methylbenzenesulfonic acids
Nber of revertants (rmber of colonies, Mean & &0D.)
firamp Dose: 39 Mix Base-pair substitution type framshift type
(uerblate) TAID TAI535 WP2uvrd Tasd TALS3?
Solvent
* 14 12 12
cantrol (13 L2
25 o+ i 15 2
(15 53
625 + 13 15 15
{ 4= E2)
1250 + 13 3 B
(4= 5.6)
Test
substance 2500 + 17 13 17
{ B3 2.3
5000 + u = 3
{6+ T
Rsitive Gatical A2 0,01 8005 AF2 0.01 A2 0] 4 80
control Dose {ugplate) ’ 5 ) ) )
89 Wix () of
calonles
folate
Postive Orsical M 1 w2 M1 205 24 2
contral Ocser (ag/plate) )
S3Mix () Mber of
w|onies w5 MW
felate (m: RY

AF2:2- (2-Fury|)-3-(5-nitro=2-furyl}aceylanide. SA:Sodiue azide, 9AA:G-Aminoacridine, 2AA:2-Aminoanthracens
T:Purity was above §9.5%

19
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In vitro Chromosomal Aberration Test of
2-Amino-5-chloro-4-methylbenzenesulfonic acid on Cultured Chinese Hamster Cells

2—F I/ 53— U0 —A—AFNRIEY ANR R
OYFREFRBEE, Fr{=2—X NARY—1E%
B (CHL) % AWTHRETL 72,

1) MG
EHEC B 5507 FIREIZ 2.0 mgmITH o
7zo ANBNEMALE TH, WFhonEEER (0.08~
2.50 mg/ml) WBWT ., 50%% 2 HWAEHIHIES I
BEsNLbol,

o T, REERERBICH VT, HEETH2.0 mg/
ml, fEEELETIZ2 2 mg/ml (10mM) OREERF %+
IR L L, 201208 higiE, 1/40%E %Ki
EELTHW:,

2) BEKRREHER

EREIL LD CHLARE % 24K 35 & 00 4gis RNER L 7~
AR GRERCBWTROBEROBEREOERIEHEN
BOGAT, Fho, AEEREEII BT, S 9mixfF
ETVOBREHIIBWT, RAKREOFREAIZD
FJ 7“- f:o

LA LZads, BRERTRVWIRLLpHPET L, e
REEER I pHOE TIC X 2B £ L0 5,

3) W _

2=T 3/ —5—000—4—AF VR ¥ ANEBE
i, FEERLARBRET T RIBEHOCHLAER I
REFRBELFERLLN, pHOERTIC L 2858LE LS
NBI e, BN ERYITOLNENHLERD
Na,

=]

CECDEEF b ¥ H T ot miR IR 2 BUAETEE D —
RELT, BARPHBIIBE LLBELEDEO1oTH
B2—T I/ -5—00-4—AFANRELANKRY
B DR RN RS MR OB L M 5 7
B, Fy4=—X - NAA¥—EEAE (CHL) Bw
| THBENIGEREETRBIERL-,

OB, THRAEEDHCRELIRBOFEII OV
T) (BF62E3A3IH, BEEE2375, ERE306
5. 62 303%5) S L UOECDH 1 FF 1> 47342
ML, {LEYWEGLP (MAISHEIA3IN, BRES0
. BRH2295, S9EBHEST. WITHEAM63FEILH 18
B. BEATE2335, H4H385. 634 E8235) ok
SWTERBLELDOTH L,

20
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1. {#AL-#i

WH—F ) y—2ANr 7 (JCRB) #5AF (198842
H. AFE #8410 LiFrrAf=o—X - nAA¥—H
KOCHLMRE % . FREIAREC10IC LI TRERIC AV /2,

2. WEHEOBEN

B, W MiE (FCS; J.R.Scientific, O v N B
C019407) % 10%FM L 7oA — & IV MEMISEH % v,

3. HEREf

2X10MBOCHLANE 2, BHHE Smix AR v—Lb
{#6 cm, Comning) IZ#& &, 37CHCO, T ¥ F 2~
¥ — (5% Co,) MTHEL,

4. WHEBME
2=F 35—/ 00— 4—AFARIEYANF B
(CAS No. 88-53-9, O v &S : 78454, KRR v ¥
2% (R 8%, GF) BAREIERSERM)
HEOHET, DMSO (¥PRAFLANLERFLF) 128125
mg/mlETHEFET, RIZHBET 2w, TR
CHCINOS, 7 1E&221.50WH T, #MEI29.5%TH5
(KHAA L2 TE () B8 . KERTIIER
WEFRCFRBCHL I Ehe, BIEL LT05% CMC
Na (FAEXFSAF VLT —RF P oL) &
Wi, BROZERICHELTRBHRIIBNA L,
B, BEBER S EMEE CER L AT ToR
EMREBE T, 5.00~22.0 mg/mlOiEEEETIRERE
ETHoi,

5 HERMEOBRN

BRYEOHEBL, RO ¥ T o, BEKE0.5%
CMC Nai§ifi (FH754572% () . vy v EF
M9G8053) ITE LT (20, 2F 421325 mg/ml) ¥
HBEL, DWTETER0.5% CMC NaiZ i CHERFTRL T
FREDIRFE OB TR B 2 R L 72, R ERR
i, 2TORBCBVTEERD10% (W) 223X
Az RBAERERBICBWTIR, EEEB LY

C fEHEE R IR EIRER L RIBEEICOWT, B

B HRAREOE BHE T REMAHR S EEHREC
BOWTTo 2, TOMR, AREOBRER, $XTHE
BEMN CEYTEFRNEDSSZL L) OETHo
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6. HBSEMEISIRIRIC & ZUIBREORE

R AERERBICHCI EBRYEOLEREEFET D
., ERYWHOMBEEIIRIZTEEEH .

B E OCHLMRL I H 3 5 RARIIEI R IL, BREE
FRELEERT (U Y3 R) £ HWT SO T 5l
L. B EAREOBENRINCY T 2R EHEO
% {) 2 T'}E‘%k Lf-:n

2OEER, EEEC B 5500 EIL2.0 my/
miEETH > o RBEHEEC B TR, BEBLR
EFEE (0.08~2.50mg/ml) IZHWT50%% 2 % % HAEH
flidBsE st dro i (Figl) .

Celi growtiy {% of control)

= yreated for 48 hr without S9 mix
1 aedfee  treated for 6 hr with 3 mix

T ~T " T
a0 1.0 2.0
Loncentration {mg/ml)

0

Fig. 1 Inhibition of call growth treated with 2-aminc-5-chloro-4-
maethylbenzenesulfonic acid in CHL cells

7. EREORT

ARG OFR L Y | EARERBTHCD
HEYEOSRER Y. HEE (48 L U4k ERR
H) TH2.0 myml, ABHEMRIRE (6RRREK 18
%) TRI0mMIS 7 522mgmle L, ThEhER
EEOILOEEL DRE, (A0BEFKERLE L1,

8.  HEHIRAMENE

B T O2BEBNTIC. Ik T PR BARES 0. 1ng/
mliZ 2 A X5 IR A 720 BB AERDERITE
Bt oTiiolie 27 4 FERIZEY v —VICDE6IL
TR L, RBRMNIET. HEEBLURT( FEFTX
AL, FAFRELAAT A FERE, EESHEC
AT A4 Fr—2AC AR, ¥ ALRBBLAENES, &
FAERO U R LU TRTFL 2,

9. REHHH ‘

ERLAT I FEADS L, 1203 y— b bzbA
R LERE, EROBSEENENEFNTFIVFD
REETHTL T,

REhofiiid. DAREERESS, HADDRAR
(MMS) SR&Y It X 25BN ESTTITYL, BEF
B A WIERESEEOE Yy v 7, W, TR LOH
EREBOHEL SR (polyploid) OFEIZOWT
HE L, FTEEETICOWTIIE200M, BEEE
AT W TR 1 B30 o S Bt sl & 4T L A=

10. FfFcHE
IR, RS L OTRtEAT BURE & SR BULHIREC

21

DNTHPIEEIE, HE LIRS, BEREOEY
¥ SEMAEoRIcoWTER L., SROBEY RS
iR AN N DA

REOERELHTIHBROMBEAREICDNT, 71y
L ¥ —0> “Exact probability test” {EiC & U SRR L
R BARTHBER 5 & R RER L B BB 0
ﬁﬁ&%%??o 7‘-_'0 .

WERE ORE AR YRR onWTORKRHER, B
B 57 OYFEEREILEY, REARELETHHEOH
EEATSa AR 2 Bt 5%LLE ~ 109 & BEEtE. 10%8
_t % E%Tl:t t L t‘n

REBLUER
EHEC X 2 B tb iR o8 Rk Table HIRL 72,

2T 35700 —A4—AFLRVELXANTUE
AINA T4 S & sk imIE L 72 - PiRERRR S
WL, WL REEROEEREOMBEEI AR
BONIERS bR kdo 29, BIREFEOUFEAIETI
HEL M0 (gapt &t p=5.62X107) . 485/
METIX11.5% (gap®E &, p=1.86X10°) ZHBAED
BEREEPFRINBELWES U, FHREERCo
Wik, WFROBRBWTLHFELZHMEALN L
o ie

RBIEMNIE I L 2R RS O R % Table 2IZ7RL
fCo

2—F R —5—200—4—X 3")1/-/\“.?/-{::"/}{}1/21?:/&
%M 2 TSO mixIETEfE FCoM B L A BiRERIC B
T, Y RoMEREOAEZEN (p=0.0337) ¥WH
LALSAL, FOEEIISREESBTH L, —H,
SO mixTEET OHIBERETIX, BREMROMHS0%IZHEE
BHSHRINENRL 2o 7, BEEERICOWTIE,
VTFROBIIBWTLFEREINEIA LN 2o 72,

BEMEAECEVT, pHOETHBEENOT, &
B, BRikopHEAEL 22 A, BENERTR
pH7.11~8.07D% A TH o =A%, HEEOBBEHRT
W, IRIETRIpHEIT ~6.59TdH o Fro T 7z, {UANENHE
Lk mS9 mixEE TOSBEHF T, AHER TpHS46
~581FXTIRT L,

Morita & 1339 | pHD#E L WELITBEREEHEETS
TERHEL TV, o T, TORBORKHERIE
Mk mosdt, pHYEL (BT LD, REERES
FREANS-THEELZEAONE, REROERI LI,
FRANSRERREFREZ O b OO RAGFTE{EM
WES L on, FLELEEFCEApHAETIRERT
DTRMAERBIY L boMIBERTRY, REERE
FHREOBER % B A 7HE, SO R ERYTD
DEFHLLEDRD,

et 8 b LW EHSECTOMCRER, BI0U89
mixTEE T TOCPAMIRE Tt e 57T (C_IE) g

BN (ctb) & EOWEREE O OB REARIC
%%;é:é #Lt:o,

BB, ARBOTMIC AT Y. RROEEILICELEY
RETEGDS L FH LEL o BRERUREEE
e OpilE o,
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Table 1 Results of chromosome znalysis of Chinese hamster cells (CHL) treated with 2-amine-5-chloro-4-
methylbenzenesulfonic acid** by direct method

Concent-Time of No. of No. of structural aberrations No. of cells
Group ration exposure cells Others®  with aberrations Polyploid® Judgement?
(mg/ml) (hr) analysed gap ctb cte csb cse f mul? total TAG (%) TA (%) (%) SA NA
Control 200 2 3 0 0 0 0 0 5 1 5 (253 3 ( 1.5) 0.50
Solvent? 0 24 200 2 1 0 0 0 0O 3 0 3 { 15) 1 ( 6.5) 0.00
ACMBS 0.5 24 200 1 2 0 1 0 0 ¢ 4 0 4 ( 2.0) 3 ( 15) 0.38 - -
ACMBS 1.0 24 200 0 2 0 1 1t 0 0 4 0 4 ( 2.0) 4 { 2.0) 000 - — -
ACMBS 20 24 200 588 1 0 1t 0 23 0 18% ( 9.0y 15%¥ { 75) 0.25 3+ -
MC 0.00005 24 200 6 1844 0 0 6 Q 74 0 54% (270Q0) 351* (235) 425 + -
Solvem” 0 48 200 3 1°t 2 0 0 0 7 0 7 ( 3.5) 4 ( 20) 0.38
ACMBS 0.5 43 200 22 06 0 0 © O 4 0 3 ( 1.5) 2 ( 1.0} 025 — -
ACMBS .0 48 200 31 0 0 3 0 0 7 0 7 ( 3.5) 4 ( 2.0) 025 - -
ACMBS 2.0 48 200 2 1014 0 0 1 0 27 0 23 (115) 21* (10.5) 000 -+ -
MC 000005 48 200 5 427 35 3 B 0 14 2 91%¥ (455) B7* (43.5) 000 + -

Abbreviations : gap : chromatid gap and chromosome gap, ctb : chromatid break, cte: chromatid exchange, csb : chromosome break, cse :
chromosome exchange (dicentric and ring etc.), {; fragment (deletion), mul ; muliiple aberrations, TAG : total no.of cells with aberrations, TA ;
total no, of cells with aberrations except gap, SA : structural aberration, NA : numerical aberration, MC : mytomycin €. 1) 0.5 % carboxymethyl
cellulose sodium was used as solvent. 2 More than ten aberrations in a cell were scored as 10.  3) Others, such as attenuation and premature
chromosome condensation, were ¢xcluded from the no. of siructural aberrations.  4) Eight hundied cells were analyzed in each group.  5)
Judgement was done on the basis of the crileria of Ishidate et al. (1987).

* ; Significantly different from solvent control at p<0.05.  ** : Purity was 99.5%.

Table2  Results of chromosome analysis of Chinese hamster cells (CHL) treated with 2-amino-3-chloro-4-
methylbenzenesulfonic acid** by metabolic activation method

Concent- 89 Timeof No.of  No. of structural aberrations No. of cells
Group ration  mix exposure cells Others? with abetrations Polyploid® Judgement®
(mg/ml) (hr) analysed gap ctb cte csh cse f mul® toral TAG (%) TA (%) (%) SA NA
Control 200 1 0 ¢ 0 0 0 O 1 0 I (05) 0 (00) 0.25
Solvent” 0 — 6-(18)y 200 I ¢ 0 0 0 0 0 [ [ 1 (05) 0 (00) 0.00
ACMBS 0.55 — 6-(18) 200 11 2 1 0 0 0 5 0 5 (25) 4 (20) 0.38 - -
ACMBS |1 — 6-(18) 200 3 21 0 0 0 0 6 0 6 (30) 3 (L5) 0.13 - -
ACMBS 2.2 - 6-(1% 200 1 4 4 1 6 2 0 2 ¢ 7* (35) o+ (3.0) 0.63 - -
CPA 0.005 - 6-(18) 200 2 0 0 2 0 0 0 4 0 3 (L5) 1 (035) 0.25 - -
Solvem? 0 +  6-(18) 200 20 ¢ 0 I 0 0 3 0 I (5 1(035) 0.13 )
ACMBS (.55 + a-(18) 200 o 0 0 0 0 0 ¢ O 1] 0 ¢(00) 0 (00) 000 — -
ACMEBS 11 + 6-(18% 200 4 0 0 06 0 0 0 4 ] 4 {20y 0 {Q0) 0006 — -
ACMBS 22 + 6-(18) 200 i2 94 148 0 0 4 230 488 0  104* (52.0) 100* (50.0) 050 + -
CPA 0.005 + 6-(18) 200 18 108265 9 3 10 160 573 0  168* (84.0 ) 166* (83.0) 0.00 -+ -

Abbreviations : gap : clromatid gap and chromosome gap, ctb : chromatid break, cte: chromatid exchange, csb : chromosome break, cse :
chromosome exchange (dicentric and ring elc.), T: fragment (deletion), mul : muliiple aberrations, TAG : total no.of cells with aberrations, TA :
total no. of cells with aberrations except gap, SA : structural aberration, NA : aumerical aberration, CPA : cyclophosphamide. N0sS %
carboxymethy! ceilulose sodium was used as solvent,  2) More (han ten aberrations in a cell were scored as 10.  3) Others, such s aftenuation and
prentature chromosome condensation, were excluded from the no. of structural aberrations.  4) Eight hundred cells were analyzed in each-group.
5) Judgement was done on the basis of the criteria of Ishidate et al. (1987).

* : Significantly different from solvent control at p<<0.03.  ** : Purity was 99.5%.
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Single Dose Toxicity Test of 2,2,4,4,6,8,8-Heptamethylnonane in Rats

30

2,2,4,4,6,8,8—~TFAFN FrOARITRSS
PEER B & i JfE DSprague-Dawleys® (Crj:CD) 7 v Maf20
MEHVWTERL:. 2k, 5. H#: b0 (B
HEEE) B LT2000mekeE L,

TORK, MHEE S, FEAEBE S X 02000 mgkgik 5
L, BFiEL LTHWEaI -+ A VOkERScEET
b & BbILE—BIED TREDH 5 I BEORIS AL
AL, RERES LML 1, E5HROKE
ik, BETTREE. 2000 me/kedR EEE L b IRHEICHM
L, I5SHEICfT= 23 8c BwT b £08057 - s 8e
FREAD bl h ot

BEDHEErSL, 2,2,4, 46,8 8—~7T¥AFLIF
DTy BT LELRSICL HLD, X, BHEE D
2000 mg/kg % LRI 2 B LB S,

®E

MR OSSO —RE LT, 2,2,4,4,6,8,
§—ATFAFN I F DTy MIBITLENENRSE
MR EEBL -,

7
1. HBMES L UHRS R

ARABOHEBMEL LT, ) B4R EETER S 6]
ftEns22,4,4,6,8 8—~7¥AFN )+ [CAS
No. * 4390-04-9, @ v FEE L AUG2 (BisUEBTE (D
B | IEfcERRONE, IE 078, AT 99.9%) &M
vigr,

BEIIBELC, WEEHEL, S EL£56% (W) @
BEICLLLI IV A 4 VITRATL, B5HEE L,

BB, COFECHEoTHEENAL2,2,4.4,6, 88—~
TEAFNFrOEEMREBETIL, 22— A1 VICR
ML THRBL 722563 X U25.6% {viv) BTEHR 0D
iz, SREGOEETCINEIELETHS Z LHME
Eht, T, SEORBTHER L LBRYOFHER
MEEREL, WEBEDIIRTH -7,

23

2. b & ORI HE:

FEABTHEA L EDSprague-Dawley®R 7 2 b
{Crj:CD; SPF, HAFvy— L& - Uii— (k). EAHHF
Ly —gE) FTUMILLL Y TRET LR R
BrReodabh o EESIOKZ REICHL
Foo GBI, MEAT98.2~109.5g. HEAT107.7~120.1
gTHhotr, 2HFHHEZELT, B rL&BREHE
r—3 (220 WX270DX190Hmm, HAY — 3 () #)

WIEF oI L, BE24E1C, BESSE5%. AR
#1500 /BER, REWII2RER] (7~ 19MERTAT) IIRE ST
REEEMN (YT —LATA) THABLE, B
. BRSBRISIEIN L IR SRR oM % i<
S H e CEAYER (CE2. BRZ L7 D)

TR s, F4, BREGRE LT, 2FEFHE
T3 CCTAEAE FHCERSETHEERLL,

3. BpuUsLURERA

Bahi, EEARRCI VT, BEERBTOENET
Fok, L, BEEIZLPLHPHIBIRMOBEREE
o fth, LBESPL &4 A28, (FEI0zH 01
mDEETT7 v MIBET BV OBHEMTRS L, &
RERICEY > TERLZIEEEOE T v P2 HWATRH
FEEOKER . 500, 100035 X U2000 me/kgdR* 5B CiE, W
TRIBEFAEED NS hoizi-o, KRBT,
HE DB HAOREMNEL2000 mgkgs L. {017
(AFEREE) IR (a—-vFAN) oRERS LR,

4. HEs JIUREZEORE

FER (IHE) BVTE, {BS5EEICHEMET
MELT, T4, #0UBREME TR, 18w L2EH
R OHEE THED OB LR A OFREEBIEL
oo 2HEDPGISNEICIE., BRIHSORELREL
Foo FAm, FEFEA, 2, 4. 8. LIBIUISHEICEKRE
DPEEFT, FHET LIS L EEREET R,
SAECIEEE~RY F2SVE Y —b - F M)y LR
BT TR B E R LA, AR 4TV, MEME L %2000
mgkgik S-BO G IO EBLHE - fiilk%10%) &g
BTl w) R THELRFL,
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462

HORSREER
BBRERS L UER

1. FETEHLVLD A

MEHEE b, WG D 140 OB TICE
CHERD AP, €T, 2,2.4.4,6,8,8—
TIAFN I+ DTy MIBITAEIESICLBLD,,
fBi. W E 52000 mghe® 105 B LW SN/,

2. —RREEOEL

EG BR300 4B ORI - BEO VRIES A vk
BEOPED . BEMEEOREOSR., 2000 mekeds
S8 E) 3B & R OSE eFlic 3B B,
LrL., w3hd, ZRUDBTEEEE4LD ., BERT
B F C—aRNEII BB AL N A d o,

3. {&EOF{L (Table 1)

REHEE D, W ENROHFEFRICB VT S REOHSMIRH 1
Ao F, REHETROARERINIERTH - 2.

4. FIPPHBEME

ISHE BRI 8R, Mg BT BES
X U2000 me/keiF S EOTAOEHDIC S . WIRAEL
B oihvhdoai,

5, ARMEHEZCECT, RRANEORETRT S
LN BTN A LR o old, HEAEENR
HEixfibhhroiz

MEDEH42, 2,2, 4,4,6,8, 8—~TF¥AFNLIF 0o
T v MIBV DRV S EERRE T AR MM
b EA RS L U000 mgkgfR SO WTILIZL IS
BlIALILVE, B0 -RIREONELELT. wiho
HERICY, - BYEO P S D VIEREDCEELFA L L
U ER D b ot —HRIREIIBWTARL
- RO TRHES L i ORI oW TR, —4R
KBS EFE ST 5 L, —AED TREOHEY
BHROLNLZEMHLLTEY, BRELTH -
FANMIERT I DL ELLAS,

BEEDEERSL, 2,2.4,4,6,8, 8T ¥ ATN .+
GFy MBI ARSI XALD, fHE, MEEE S

5n

2000 me/keg® RIS B EHESND,

3wk

D BARE. HlBRkiE FEEaAkE
—FikEEEM—," ) 7 5 1 X3, BT, 1985, p46.

i RERE(TLE AHE
) "THEMNTEY - ¥ — RN
T257 Wa || LB H 75 & 729-5
Tel 0463-82-4751 Fax 0463-82-9627

Correspondence : Imai, Kiyoshi
Hatano Research Institute, Food and Drug Safety
Center
729-5 Ochiai, Hadano-shi, Kanagawa, 257, Japan
Tel 81-463-82-4751  Fax 81-463-82-9627

Table | Body weight changes in rats after single oral administration of 2,2,4,4,6,8,8-heptamethylnonane
Number of Number of Body weight (g)
Sex Group treated dead s emeime - Day - s e
rats rais Initial 2 4 8 11 Final
103.1 122.6 136.7 151.9 [63.6 176.7
Contzol 3 0 +4.2 4.1 3.3 5.5 7.1 8.5
Female 1020 1208 1353 149.5 1598 174.7
000 mghke 5 0 3.5 £3.1 53 5.3 4.1 37
115.2 139.5 [64.8 2029 231.0 269.9
Control 5 0 3.5 5.8 7.2 £132 +14.9 $19.8
Male
1124 136.1 159.7 198.0 2243 262.5
2000 mgfkg 3 0 5.0 7.1 8.4 117 126 3.1

Body weighl: Mean + 5.D.
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2,2,4,4,6,88—~NTHZAFNIF DTy MIBITS
28 MR 1B 5 EHEE (RIfE14A /)

Twenty-eight Day Repeat Dose Toxicity Test of 2,2,4,4,6,8,8- Heptamethylnonane in Rats

2,2,4,4,6,88—~7¥ 2517 F 028H BEEEL
- (M7 148 M) % BEMED Sprague-Dawley
{Cri:CD} T v bEMWTHEBLA, B2, 0 (B
EXEREE) . 100, 3008 X UF1000 mgked Lz, MEREL
bIE A S L UN1000 mg/kei 5-BETIIEE100E, 100
B L300 mghkeft S CIXIBESLEERL, 205 biE
P BRERS £ UT1000 mg/kei% 5B O £ BESICLIC oW T,
14AHoDERBE -7z,

FOHER. WTHORESHIIBVLTIHCHIRDH LN
Lo, 300mgkel FOES BT, FROBIER
HEVIHAERSBIIL . 300 mgkeix S HEOHEL X F
1000 mg/kete SFEOHME TIL, AL OIER
BHRONLEARD A0 F20 300 megkell LORSEO
BIZBWT, P75 4 FiBEORINAL IS
. 1000 mghkglE 5 BOBIIB VT, 7O DY EVE
M L UHHESHS oy H T AT S BEOEESED
LAz, 0. 300 meg/kghl EDIFEROE { OFT
i, S SLEM RIS EEORENRD LR, 100
mghkgi GR Tk, {¥/5 B LG5 5018 O gL
HENIRD O N, ZoMICII YRS ICREY
BLBOLNAIEIIRD SN d o,

1000 mg/kegit 582DV TIF o 2 140 W OEERBT
12, B TIRIC AL IL AN L BRI OB IR
RS LRL Do, T, BBV TIE, RO
EEOHEMN., 7O O Y UBRE X UETESS o>
RT7 AT VIFHOWLEAF EREBO LN, w§
NHRSHIMETIR LI LT, 20RERBRT 21E
Mo r,

CNODRRPL, AREBREGTICBEIT52,2,4,4,6,8,
BT T XFN S F DB EEIE, ML D100 my
kgjfj\-[“tjfg:’;%éﬁtflo

[OECDEETFbZ M M A Ma iR 5 i) E%
D—EHELT, 2,2,4,4,6,88—~7¥AFLF+ 0D
F v MIBET 2280 BEEESEERR (AEI4E /)
FERBL.

25

ik
1. WERME S & URS RO TS

HRARBEOBBEMHE LT, ) AR LFTER A, SR
ENi2,2 4,46, 8, §—~7F¥AFN/ T [CAS
No, : 4390-04-09, v FEE I AV02 (ERIEETE
Ry B | BB OTEE, HE 078, T 1 99.9%]
W,

WEEMEH 225.6% () DREIZEDEX5a—F
IZIBFIL ., 2612, ZO25.6%BHET7.688 L F2.56%
(vivl Eaa X EBEMERLCRSBETRAEL., #5
M CHRELEOEHTTRE L2, 5HE0RR
. VARIZIGOEETT -7,

Gk, B EOTERRBOBR, 2.568 L UF25.6%

(viv) T—=F 1 VETEPOWEBRBEIZ, SiEtosg
AT TTAMEEETH L I EHRER S I, $-. 4
DHEETEA L A5 EC 0T, SERBTEmL
LR, SRS MEPOEBR EOTHERE. TR
E96.8~98.0% Th o1z,

2. BB LURESRE

FEHABATHENL KR OSprague-Dawley®7 v b

{Crj:CD;SPR, FlAF ¥ =2 - JX— (B, BRET
Yy FSURMCHYFHEET LR, B
BrEFofiobithho b HE30ICE KERIZM L
Tro IRG-HHMGMATUL. MA1159~1316g., HEAT1431
~1600g THoiz, =HBHMLEL T, it eEY
EHET—Y 220 WX20 DX190 H mm. BARr -7
R E) ISILFDIEEL | BE24+17T, BES5+5%,
PR EA LS IR, FRAFI2EER (7~ 19RFSIT) 12
TSI ETHAN (NI T -3 RAF L) THAFLL,
Evfpicid. SIRNTES - 24RpRI0ME M RIS, B
BF (CE2, UAZ L7 () *EHIZERS Y,
o, Bk E LT, £RFEREE L CREKT HEC
B s S THFEHLE,

3. BsIUBEHU

ST BEFAT AT TR L R B 2, 2,4, 4, 6, 8, §—
ATEATANIF DTy BT L REEOREES
SR TIHEHED Sprague-Dawleysk 7 v MIAHBHH %
2000 me/keiz /3 LR, BEfEAaon, 4.0 #
EBWEERS I ERT A BN S —iRIREED & Ol
CREFRLIIES N E Dol foT, RRABIIBY
L5 EE, fEWEV L PS4y [IIFLEAZHH28H
Bl EHEI G HE ] 2880 LT, HiEE 85k
SHEZ1000mghkes L. BT RALHITHRL T300B L
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28HERERTBIERR
U100 mekgD HIGMEEZE LIz, Bh. 18, &
BEAERREE L Ca— v A MRS EER R ,

Baritid, FUREHOREICES T, REFREAL
EELMHEIC X hiioh, BBOILES L UHWES
FLLTIRT,

8 (P oEE)

P (-4 10
WERY ' 100 mg/kef J-BE (2.56% viv)
BRI 300 mgfked% BT (7.68% viv)
HERM BT 1000 me/kgd 5B (25.6% viv)

e (&)

3 HE
10 (1~10) 1 (31~40)
5 {11~15} 5 {41~45)
5 (16~20} 5 (46~30)
10 (21-~30) 10 (51~60)

4. BE5FHE

RHEFOZ SR, BEF 4 FF 12 NIIAHEE B
A28 H RO RHES FR] (LRI 5L L,

50, 1HLE, 2880, v FEABEEHE VTR
AT, BREREIE, MEHEE Dsmikgk LT, BiRSE
CELEVWREEZBEECLTER L, &, BEE
LB BEES LURRESHERORSEIDWTIE,
IR SRR T £, 140 Mo aE BRI &3 1,

5. MTIEH

1) —RREOEZE
BSHEE L CARABHANE®RE T, BCHOFES
W3 A, BRI owT, —RINE SN G5
MIXiE 5 BRLL, :

2) HERLCEERONE

EENIOVWT, ESHEBETIE, HSRGETTE RS S
40, F2AE O NS £ HESRERBDPIE, )
Wiz OBMETHRETRE L, R5HEDS 2 WIFEIER
B TEB L HMROCDEEORNEZT > 2. ¥
oo I owT, EGREE IS BAH I, $2:E
REof 5 M B & O RBE B, LRICHHE DM
BETIHYA Y oMEgollEx{To .

3) [RBRE .

Z2BELLIETFOHVEPLCEER L, RS HER
TH (523l ~240) B IUDMBEREGEHEETE
(EfEEOH ~101) 2. Bz S4B H - — I
WELTRRL, DFOBECOWTIRELAE, &8,
pH, O, FBEN. B ok B rEs voE
V=B EUiblEomEiciE, K- YVICREL
CHIARERT LI IR S L TR % v,

MEdks & PERDFHE - Rin

HE
kg af=
wf, BE H&2
k& FEEEEY
pH. &, #EH. H.
EARNE A AN Ak
Ty -y
ki Pl e

KA GRTRE SR TR

N-1 (7% =)

TLF L AT 4w Y ASGS L—
LKA T VZF v PV ATA
(=4 22208

4)  MHSFHARE

G HIRR T RES X OIS SERIAR RS THED ARSI
b, €I oWT, #IsR v LMABEEAE S L0E,
ARy b ¥ — VR P BR AR L YEDTAR
FAERE LML, MTFosEicowTEELl .
B, o rEUEEE L RS by ETS
AF REEOBEIDE, LGLoRA e EyHs, o8
F U ARHERAE LTHRILL Mgz vy 2.
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B e

RiusFE RBO)

G (BAERE)

M

.Coulter Counter Modél S-PLI:IS I\‘/ )
(Z—A¥y—2V ¥ b A

[ULEkE (WBC) z (#) »
it 5 FEHERE (Hb) » (M YEREM:) 4
PEIARMIRATE (MCV) v (BERIEIE) ”
AT ErZ) oy ME (H 2 (QOOIXRBCXMCV) »
T RmERd e E T (MCH) # (1000 X Hb/RBC) »
FEFRIERIMLE FRE (MCHC) # (100X Hb.”Ht) #
RS » (BRIEIE) ”
A il k758 BE (BlRmBdkiEi, JCTERAT
Wright-Giemsa ¥ f)
R M B He = Brecheri®: "

Jo Moy e EBE (PT)
RS PO Y E TS 2 F RN (APTT)

BE) (7T AF 4 — b ikdd)
HE) (757U YAt — b3 4

CA-3000 (HEERETF)

5)  IMEE{LPEHEE

I onT, MEFAREO ORI 2R E,
A R hERER E LTRmL ., Mg AL TET
DEBIZOSWTERET 7o,

HE Bk i R3S
BERRE Yl bEE EOARAEEABITEE
COBAS-FARA (T3 2)

TNT I ik BCGik »
ol AT - VB COD - DAOSIE #
7K R F 2% F ¥ - GPDHE #
REZFEIRE (BUN) % L7 —¥ - GL.DH#E »
FLVTFo v iRE Jaffe it 7
TAAY 7+ A7 7 ¥ —¥iEH (ALP) p—= 7Y SRR 4
GOTEHM SSCCE: %
GPTiHEH: z »
LDH{E ' Wroblewski-La Duei: #
HRL Y NEEE OCPCH: »
F MUY AR 1+ > B Na-K-Cl 7+ 5 4 F—IT-38

- , (&)
)y LERE » P
WHRIEH EEEEE ”
A CiREE Y 77U EEEE A REFE BB TER

COBAS-FARA (T3 )
PN T A R GPO - DAOSHE #
y -GTPiEM y-FAN¥IN—p—=tDm %
7= FRER

AIGH AHHE

6) RIEFRE

ZPzonT, EiloFmecy ki, BECIGL T
BEMRET UL THRINERL -0, RES I THED
BIRWES 2T, T/, &3O, FIR. SR,
BIE, ST -EBEoERATTiTw, FEEEES
HBEAOKETHRL T, #NTNOMPEEZERL
oo BB, EEHD L bEGH LA, TEME, R B
ARBR. RRE/AMER, LI, B, ATHE. IR, JRRE. BIE.

27

o, T TiER. ERn. OB, &R, BB, R IAEE
B, OBERE, KR EHB X UBIBERNE O LNABE
EoWwTIiE, 0.1MY ¥ EEHI0% k<) Y (pHT.2)

TRIEL. OB, RE. ERE. DRBE. BIE B RN

AR EOFED LN BEIIOWT, KT T4 VE
Bk, AT 320y P rimERTERLL,
MEFIRAIL, ML O R E MR TR OB RS
B X U000 mgkefs SREOCIE. FRE, EMH. BE. &
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28 El%j_f{‘tfffﬁ%%ﬁ%’tsﬁ
BiZonTHin, Soil, #EMERFIRRL-EE
LN AFEABFEHELOED SN IEIZoWT
2. 100, 300 mgkefr 5 BES L OO BIHER THO
B EES X 1000 mg/kgfE 58HIZoWTIERL
Tio ZOM. 5B TEF ORI AR EL O
DO OB OETY o, K. R, B,

B, FEBIUBEIZOWT, $7, EABRMERT
HBaofikEiomEnEiodo o i -Roflog,

M, BIRB X U 0w THSF R A R B L A

6. HataaEk

RE, BEE PERRAER OREES X Ui
DL FRRE, O bR AL L I BEEENE
WowT, FEILICESES X UEEEEL RO, £
o, REBEHOKEFNBENBETSOIRLEDLES
i1, Bartlett® HHEC & 2580 -- 0 RE (HEKE

5%) BTV, DWT, SEAC-HEBAE. -TRERO
SEEWETTY. §F (BEKYE [ 5%) oEliDunnetd
AHWScheffe® FiETEHERER T o7, — 1. A8~
BTh VB A IEKuskal WallisDBERIRE 217, BE (&
BORHE L 5%) %25 idDunnen™ B 5\ IEScheffe MO FET
SEEHTIT o7, 7. RBEINEENBEL SO
L BGEIE, BESRELEBYHIT S RO THHE
DEORTIIL., SOHTHNALStudentDRE, AETE
T Lt Aspin-WelchiRE 172 2.

1. —fRiRER

RS B L ORI s, BRI SR
BIIECHRED NP ol - IRIREOERE LT
i, BRSO BT, SSERC SEED
WHES A Hiv, F0E QHFHSELALEIZED B,
FRICHEME & © 1000 me/ketR ST, RFTERLI
Bt o THRAPIESREMNT L EAMDSH . T, B58¢
CIRET A TERENLI b H ok, BB, &I
D HIEP I IEE D & B I WEE, RIEAS RN
O2F L O, W0 mgkeiE S EOBO A L af,
300 mg/kgfk 5-HEOMMEK3FIE X U1000 me/kglk FBE O
WHEFITH 1o 2O/, HREORE B X UHEEE
FEBOWE., HESHVCIEMER EPREMIIALL
At IR LRIBRERIZED O b o,

2. #E (Fig.1)

EHOTHEEL, 5B L O EERRYE S S
LT, B ialt s R ER S RoRCFERILED
Lithdro iz,

3. R (Fig.2)

EEOYHEMEE, S5 HNES & CRERRHES
LT, Ik B Y R S OB A EEER
Dbl hai, :

500
450-] V/V
Male
; v/v O"/O
400 v O
< 300 %’5/
= Female
b 250 efe_fv
- O ——
4 /5 08 g—=9
] B sty S
. 200 / 8/8#
F T g 0 —— Cantrl
m 150— = E/ H —— 100 mgke
(] 300 mg~keg
100 v —— 1000 meke
IBW: Initial body weight
50— FBW : Final body weight
o I[:-—[—-—-]- Adn:inistrat’ion pelriod -l_~l_“_! !——— ]Eecovaryrperio,d ———!
X IBW 4 g 11 15 18 22 25 FBW 1 4 3 11 FBW
{days}
Fig | Body weight changes in rats administered with 2,2, 4, 4,8, 8. 8—heptamethylnonane for 28 days
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224,468 8- NTXAFNIF

40— Female
80—
2 0 of—:_*:“_L”g
= @ g 2 8 v
-]
o 10~
N
X O —~~——  Control
o 0 A —— 100 me/ke
-:: O —— 300 make
= Male v — 1000 mzrkg
- 40—
=}
o v—3
P 3 0~ v v O___‘____,_ﬁ_,--o
/ g,—_—_-—'ﬂa
20|  B——==xF 2
10—
-4 I Administra%ﬁn period I___—jl !:' Recoveg{ period ——-!
8 15 22 28 1 8 14
(days)
Fig 2 Food intake in rats administerd with 2,2, 4,4, 6,8, 8—heptamethylnopane for 23 days
4. FRIRE (@78 S B B THE MR TIL, 1000 me/kgft S DI

HEHRETEOBRETIE, 100mgkelEFHOMES LT
300 mg/kgf S HOEDHKFINTE YL HFHETS
B, ¥, 300mgkgl® SBEOME S X U000 mgkeg R 5
OHEOEFITTIRRILE D BRSSO, 20
fth, —4ROBITEH, ¥ Rk o) S =7
MTHY, RIEEPCESOEDLNEHD Ho A
WS FOREEIED DV ITRHE R R L
B EEESRONTHEIRELLERALN 2P
feo Zods, R, W&, BEE, 8. pHICIHEELNR
BrHBRWERSBOMIFTLvERLZL WTFLOME
Iz BWT S, ¥E i, ARmER, HEB X MR
mHRER Lo,

Mg BRI TR ORE T, 1000 mykeft S HOH
DIE TS & M ISABETH 2, BOWRD
1B TSI IL AL 2oz —H., BRI EEL
1000 mekgiX 5-BOMT, RE. LE, REE. £5H.
PHICE L Vi<, $7, &H. 7 by, sog)
J =y #ERBIULEMBONBEEIED 2 VISR
AMENTERRS b o, BB, wThoM
ElIoBWT b, RILEE. PSS K CFREIRKIGEAES L
75’97“:«:

5. [M&RFMRE (Tabie 1-1~1-3)

LEHER THOBRETE, 300mgkei% 5 FF 0 ORIR
FRILERIE S FH B L. 1000 mefkpie 5 HFOHET
E S A B NI« I Sl 7 B by i 3 ol N o Al A
F YRR A EREENES B ILE, FOMBORAEE
TlE, WSEEATERNE L BB H RS HOBIZ B 22 ER
Hehdhol,

29

o7y EriiE L EERS POy K TFATF
VI B RN A L LAY, I SR TREC
Bt ae, FOREISEEINLZENCS 2, &0
b, M/MESESE BN L A5, 2 ooEEHE T
. AR X 1000 mgkek S REOMICHEE L EILER
SLNLEhol,

6. IBEH{CFNRE (Table 2-1~2-3)

P B FrEoRE T, BIESRBLILET L L.
MY S { FEEEAN00 mekeiR S5-I OME TR BICIE
L. 3003 & 01000 mg/keiX S H OB TRABIETL
Pmo F 7o, IEERY VHREELL, 300mgkelE S EEOMTHE
WAL, 10035 X 08300 mg/kgdt 5B oM T A BIE
TL7e 610, GPTIEEI. 1000 mgkgiZ FEEDHE T
AECEFL, 207 LBES XUERFREIL, 1000
mekelt GENVETOENIFERIET L, 200
T T, AR - B IS ROMCAEAIR

RBobiikdrols,

BI{E A BB THED R TIZ. 1000 mgfkglx SR OKE
TAGHDHEILF L. 1000 mg/keis 55 O H TLDHIE
BAEZIC LY L. FobodEE T, SEREE
21000 mg/kels F ORI EEZERBOLN LD 0 1
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Table 1-1 Hematological findings in rats administered with 2,2,4,4,6,8,8-heptamethyinonane for 28 days

eee i Redbloodcells e e e
Sex Group Count  Hemoglobin Hematocrit MCV MCH MCHC - Reticulocyte
10YmmYy  (g/dh (%) (#? (pg) (%) (%)
&) (5} {5 (5) (3) - (5) (5)
Control 638 13.4 37.7 59.2 21,0 354 2.1
+34 +0.7 +1.9 *+1.3 0.5 0.6 +0.7
G 4 ) 4) C)] )] (5)
100 mg/ke 657 13.8 384 58.5 210 359 1.9
+54 +1.0 27 +1.5 +0.5 +0.1 +0.7
Female
(5) (3) (5 (5) (5} (5) (3)
300 mg/kg 603 13.0 36.0 50.2 214 361 2.2
29 =0.7 *1.7 +1.0 0.5 *+0.6 09
(5) (5) (5) (5) (5) (5) &)
1000 mg/kg 638 13.6 317 59.1 21.3 36.0 L7
+59 =1.1 +34 +1.2 +0.6 +04 +0.6
(5 (5) 5) 5) (5 (5} (5
Control . 683 14.3 414 60.6 209 344 31
*4j *1.2 +238 +0.6 x0.5 0.7 +0.3
(5} (5) (3) (5) (5) (5} (5}
100 mg/kg 662 141 40.1 60.6 21.3 35.2 24
+40 =09 +i8 +1.6 +0.7 +0.9 0.3
Male .
(53 (5) (3) 3 (5) (5) (5)
300 mgikg 635 13.5 389 61.3 21.3 348 2.2%
+24 0.6 +12 +0.5 +0.3 +0.7 +0.2
3) (5) (5} 5) (5) (5} (5)
1000 mgfkg 630 13.4 384 51.0 21.3 349 2.3
+12 =0.6 +0.7 +1.4 +0.8 +0.38 +0.9
Parameter : Mean = S.D. *: Significantly different from control, p < 0.05

() :N
Table 1-2 Hematological findings in rats administered with 2,2,4,4,6,8,8-heptamethylnonane for 28 days

White blood cells Platelet
i mtanra . —— him e — PR - . r———— PT AP’I“T
Sex Group Count —- - — -———— Differentiation (%) ————— - -~ Count '
(x10¥%¥mm*) Band Segs. Eos. Basu. Mono. Lymph. (x10%mm?® (sec) (sec)
(5 (5) (5) (3) (5) 5 (5) (3) () (5)
Control 50 0 12 0 [ 1 87 114.9 154 21.8
+20 +0 +10 *1 0 +1 *=11 +14.7 +1.1 +1.9
@) (5 (3) () (5) 5} 5 @ (5) (5)
100 mg/kg 45 0 8 i 0 1 90 106.9 15.2 21.3
+13 +0 +6 +1 +0 40 +5 +£21.5 +0.8 +0.7
Female '
(5} (5) (5) (3) (5) (5) ) &3] (5) (5
300 mgrkg 47 0 6 1 0 1 92 106.6 158 221
+12 +0 +1 *1 +0 *1 +3 +47 +1.7 +2.0
(5) (5) ) (3) (5) &) (%) (5) (3) (5)
1000 mgrkg 44 0 Il 0 4] 2 87 105.9 17.0 234
...................................... Ti7 A0 k6 kL k0 F2 7 400 #25 L3
(5} (&) (%) {(5) (5) () (5) (5> (5) (3
Control 69 0 8 0 0 1 90 110.5 22.0 27.8
+10 +0 +5 +06 +0 +2 *5 +15.3 +1.7 +1.5
(5) (5 (3} (5) 6} (5} (9) (5) () (5)
100 mg/kg 64 0 10 0 1] 2 88 106.7 26.3 29.7
+27 0 +6 +i +{ +2 +7 *12.5 +32 *1.6
Male
(5) (3) (5) (3) (5) &) (5) (5) (5 (5)
300 mglkg 79 0 6 0 0 1 93 1255 25.9 302
+27 =0 +2 +0 +0 +1 +2 +16.7 *3.8 +2.2
(5) (5) (5) 5 (5) 5 (5 (5) (5) )
1000 mg/kg 84 4] 20 4] 0 i 79 121.0  37.3%%  34.5%*
=23 +0 +28 +0 +0 *1 27 +6.6 £6.6 4.1
Parameter : Mean £ S.D. #* : Significantly different from controf, p < (.01
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Table 1-3 Hematological findings in rats after 14 days withdrawal following administration of 2,2,4,4,6,8,8-heptamethyinonane

2,2,4,4,6,8, 8*—/\7"'51'2(5‘-»/:!‘/

for 28 days
O, Red bloud cells e
Sex Group Count  Hemoglobin Hematocrit  MCV MCH MCHC Reticulocyte
(xlO*/mm‘) (g/di) (%) (#h (pgd (%) (%)
(5) (5 (5) (5) (5) (3) )
Control 746 15.0 43.5 58.3 0.2 34.6 1.8
+48 *1.0 +3.1 +2.0 +0.6 +0.7 +04
Female
(3) (3 {3 (3) (5) (5) &)
1000 mg/kg 720 147 42.7 56.2 20.5 34.6 1.6
*15 +04 +14 +1.2 +0.5 =07 +04
. ) (5) (5) G e B &)
Control 739 [s.1 4316 3990 20.4 34.6 1.7
+40 =07 +2.0 +1.8 +0.8 +04 04
Male
(3 (3) (5) (5 (5) (5) 5)
1000 mg/kg 731 4.9 43.6 50.8 204 341 1.9
+44 +0.5 +14 +20 +40.5 +04 +0.7
White blood cells P]atelet
———— A r——— = - ———r ——— — . — e — Fr AP'I"I‘
Sex Group Counf - ——--- - ——- - Differentiation (%) ~——- - =~ Count
(xIO *fmm?®) Band Segs. Eos. Baso. Mom). Lymph (xlO‘/mm’) {sec) (sec)
(5 (5) (5) (3) (3) (5) (5) (3) (5) (5)
Control 81 0 7 0 0 108.7 16.0 230
+33 *0 x2 &0 +0 +] i-z +l] 0 x09 *15
Female
{3 (3) (3) (5) (5) (3) (3) (3) (3) (3)
1000 mg/kg 68 0 7 0 0 i 91 108.4 15.1 22.1
+24 *0 +3 +1 =0 *1 +6 *8.0 +0.5 +1.2
ETTTE) e ) & (5) ........ N R . 5.) . & &
Control 77 0 7 H 0 2 90 102,7 22,5 284
439 =0 *3 b | =] +1 +4 +9.3 *1.7 1.2
Maie
(5) (5) (5} (5 (&) 5y &)} (5) (5} (5)
1000 mg/kg 85 0 9 I 0 2 a9 118.3%  26.4%* 31.7*
k19 +0 %5 +1 = =t] +2 +6 +5.0 +1.5 +29
Parameter : Mean * S.D. Slgmi“ cantly different from control, p < 0.03
: . Significantly different from conwol, p<0.01
Table 2-1 Biochemical findings in rats administered with 2,2,4.4,6,8,8-heptamethylnonane for 28 days
Total Albumin AlG BUN Creatinine  Glucose Total Tri- Inorg.
Sex Group protein ratio cholestero!  glyceride phos.
gy b (mgfdl)  (mg/di) ((mg/dly  (mg/dh) (mgfdl)  (mglah)
(5) 5 (5) (5) (5 (5) 6] (5) (5)
Control 5.3 31 1.38 20 0.7 112 43 29
+0.3 =0.2 +0.23 +3 +0.0 +17 +9 4 :I:() 5
(5} (3) (3) (5 &) (5} (5 5 (3
100 mg/kg 5.4 3.2 1.52 19 0.7 13 61 41* 7.4
£0.2 +4Q.1 +4Q.16 +2 0. +21 +*5 *9 +0.6
Female r
(3) (5) (5) (5) 3 (3) (5} (5) (5)
300 me/fkg 5.3 3.0 1,34 17 0.6 i10 58 34 7.8%
*+0.3 +0.2 *0.08 +2 +0.0 112 *5 +10 *+0.6
(3) (5) (5) (%) (&) (5) (5) (5} (5)
10060 meg/kg 5.1 3.1 1.49 18 0.7 100 54 26 6.9
+03 +4.2 *0.23 +3 0.1 *11 *16 +6 *1.1
) @ e e Jo) (5) (5) )
Coniro} 52 2% 1.21 14 0.6 . 128 49 64 8.2
*0.2 +0.2 +0.09 +2 +0.0 +38 +i1 +18 +0.6
(3) &) &) (5) 33 (53 (3) (3) (3}
100 mgrkg 4.8 2.8 1.33 13 0.5 119 41 44 6.9%
+0.8 +0.7 +0.31 T4 +{.1 *26 *6 x5 +09
Male
(3} 5) ) (5) (5} 5} (5) (3} (5)
300 mg/kg 5.1 2.9 1.33 15 0.6 128 45 30%* 6.8%%
+0.1 +0.1 +0.07 +2 0.0 +20 +I1 +5 +0.6
(5) (5) (5) (5 (&) 63 5) (3) (5)
1000 mgikg 5.2 2.9 1,25 I1 0.6 113 38 37%x
+0.3 +0.2 +0.08 +4 0.0 +21 *6 +5 :tO3

Parameler : Mean £ S.D.

() :N

e

: Significantly different from contral, p < .05
ik Significgl‘ly different from control, p <0.01
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Table 2-2 Biochemical findings in rats administered with 2,2,4,4,6,8,8-heptamethylnonane for 28 days

Ca Na K Cl Alkaline LDH GPT GOT y -GTP
Sex Group phosphatase
- {(mg/dl) (mBq/ly  (mEg/)  (mEg/) UM s (umn um um
3 (5} (3) (5) (5) (3 (3) (3) (5)
Control 8.3 139.7 4,11 104.7 239 136 20 69 0
+0.4 +1.5 +0.27 +23 +42 +14 44 +22 +1
(5) (5) 5] (3) (3) (5 (5) (5 (5)
[00 mgke 2.9 138.2 499 102.6 210 178 21 6l 0
+0.1 +24 +1.55 +0.7 +51 +58 +3 +9 +1
Female
(3) (3 (3) (5} (5) & (5} (5) (3}
300 mg/kg 9.0 140.4 401 103.8 196 100 16 53 1
+0.2 +1.1 +0.28 +0.9 *22 T 16 +3 +7 +1
(&) (5) (3) (3) 5 (5) (5) (5) (5
1000 mg/kg 3.8 139.8 3.88 102.9 215 158 30 67 1
0.5 +1.8 +0.60 1.7 +43 +32 +4 x5 x1
& ©® @ ® G & e ® )
Control 8.8 141.3 3.03 103.3 371 128 26 59 0
+0.1 +0.9 +0.49 =10 +82 23 +7 6 0
(5) (5) (3) {5} (3} (5) (3) (3 (3)
100 mgfkg 84 [384 383 100.5 357 136 22 55 0
, +1.5 +7.0 +0.27 +4.3 +77 +76 +4 +35 +0
Male
(5) (5 (5) (5) (5) (5)° {5) 5 (3)
300 mgficg 3.9 140.6 3.67 1024 357 127 25 o0 ¢
+0.2 +0.9 +0.07 0.5 +67 +16 +4 +4 +0
)] (3) (3) (5 (5) &) 3 (5) (5)
1000 mg/kg 9.0 1411 350 100.8* 347 193 30 59 0
+0.3 +0.6 *0.09 +0.6 +53 +33 +1 +2 +0
Parameter : Mean = S.D. * : Significantly different from control, p < 0.05
() : N ¥ + Sjenificantly different from control, p< 0.01
Table 2-3 Biochemical findings in rats after 14 days withdrawal following administration of 2,2.4,4,6,8,8-heptamethylnonane for
28 days
Total Albumin AJG BUN Creatinine  Glucose Total Tri- Inorg.
Sex Group prolein ratio cholesterol  glyceride phos.
(gidh (g/dly {mg/dr) (mg/d!) (mg/dt) (mg/dl) (mg/dl) (mg/db
(5) 5 (3) (5) (3) (5) (3) (5) (5)
Control 3.6 3.2 1.35 17 0.7 125 59 59 5.7
£0.2 +0,1 +0,05 +2 +0.1 =18 +7 +33 +0.6
Female
(5) (5) (5) (5), (5) (3) (5) (5) (5)
1000 mg/kg 54 3.0 1.25% 19 0.6 119 57 40 6.0
+04 0.2 +Q0.03 *2 0.1 +23 +11 +21 +0.7
(5) & ©® G ) (5) o) (5) (5)
Control 54 2.8 1.04 18 0.6 130 48 64 7.1
: +0.2 0.2 =014 32 +0.1 +14 10 +21 +0.8
Male
(5 (5) (3) (5) (5) (3) ) &) (3)
1000 mgrkg 5.5 2.7 0.97 19 0.7 146 60 56 7.3
+0.3 *0.1 +0.04 +2 +0.0 +1i2 =20 +17 =08
Ca Na K Cl Alkaline LDH GPT GOT v -GTP
Sex CGroup phosphatase
{mg/dl) (mEq/1) (mEq/) (mEg/) (U wm {um Uny un
(5) (5 (3} (5 (5} &) 3 (5) (5)
Control 8.7 139.2 3,99 103.7 132 114 18 51 0
+0.2 +0.9 +0.22 +0.7 +20 +=13 +1 +5 +0
Female
(5) (3 (5) (5) (5) (5 (5 (5 (5
1000 mg/kg 3.8 135.7 3,86 104.1 [65 112 21 55 0
+0.3 *+1.0 +0.39 +14 +31 +14 +5 =6 +1
) (5) ©) O) ®) ©) ®) )
Control 8.9 141.8 3.88 104.7 260 132 32 64 1
+0.2 0.6 +=0.17 +1.8 +29 +36 +6 +9 *1
Male
(3) (5) (3 {5} (3 =) (5) (3) (&)
1000 mg/kg 9.0 141.7 3.83 1042 258 313%* 49 83 0
' +0.2 +0.8 =017 +1.0 +4] +134 +39 +24 +1

Parameier @ Mean % S.D,
() : N

* : Significantly different from control, p <0.05
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7. RIEFAOERE

1) 2#EBEEE (Table 3-1~3-3)

R TREORIEF T, 1003 X 07300 mg/keix 5-
BEOM TROBH ERSGEICERNL 20 72, 300mg/
kelX FEEOMETIE, IFROMT S8, 300 mykell 55
DT, MO ESFELENENL ., 1000 mg/
kgt SEEOME#EE b, IFMOMBT RS L UHEfERDT
KEIZHINLE, ZTOMOBECOTIE, SRR
LR IS RO ERS L RN ERE VA
EERdEHeN o,

4R AER R T RS OSRE TId . 1000 mgkgiX SO
HEThROESER L IO ESATFEICEINL 2,
FOMDEFTIToWTIL, EFEATIERE & 1000 mgkelt 5
BROBMICGESERB I UHNERL LEFZRED LR
doiz,

2y HIRFRR
RS HMETHD X COERBY M THS#EAE B
2. BEDERSICERYT A L ELN A RENELILE

2,2,4,4,6,8,8—~NTEAFIN/F>

3) #B#FAETR (Table 4-1~4-3)

SRR TNEISBAITIZ, 1000 mpkedt S HOME S
AfA L 300 mp/kgdR SR O MO IR ORI . AEGLLERET
RO MEIRY & 5L, 1000 mg/kglR SHEDBED 1B TIZ,
FHlfRoBE A Mb L, T, AENEELED
£FTE/MNER AR OREEE. ARFROR
ARG, FOREHEES L NITOREICH
BEFMEED AL o i, TOM, FEoELE L
T, 300 mg/kglk - OB TFIC RO IR O IETS
EYED S B, 100 mgkglt S HEOBO 1IN MATED &
ite DEETIX, 1000mekett S OHED LIS LEHER
OEWNRDH G, BETE, SERBEOMES &
TF1000 mg/kgd® FHEDOMED 17 v L3FIC B RAIE D,
BT BEEOWEO 1512 ZodnEA®, 1000 mgked 5-5F
DROIGHFET O REAT, BB L U100 mgke
HS5HEOED % L2 IZeosinophilic bodyd*-F 1L Z1LgE
B e, BT, SRS L U000 mgkeit &
DM S Em A A B, WEEL b REOEz
R FOILEFED G, MEMCRENER
Hbitkidror, BIT T, BEMERES X 051000 my

Hohihdholz, etk 5B ELRFRAON AP0,

Table 3-1 Organ weights in rats administered with 2,2,4.4,6,8,8-heptamethylnonane for 28 days
... Absolute orean weight
Sex Group Body weight  Brain Liver Kidneys Adrenals Ovaries/Testes
N B €3] (mg) {mg) {mg) (mg) {mg)
(5) (5} (5) (5 (3) (3)
Control 2039 17224 6381.4 1654.0 60.8 83.7
+=89 +74.5 +:478.2 +78.9 +2.5 +16.2
&) (5} (53 (5} (3} (5)
100 mg/kg 205.2 1816.4* 6915.8 1696.1 67.7 89.6
+i9.7 +68.8 +735.0 +174.5 +0.9 +9.6
Female
3y (5} (3} (5} (5) &)
300 mg/kg 2182 1825.7% 7160,5% 1845.5 67.9 93.9
+19.0 +24.8 +1191.4 +2589 +5.7 +10.5
(5} (3) (5 (5} & - )]
1600 mg/kg 204.1 17832 7790.5% 1793.8 654 8L.5
+959 +284 +395.0 +914 +6.6 +]13.1
(3) % (5) (5) (3) (5
Control 344.0 1914.9 1§535.0 2605.2 50.7 2868.7
+27.7 +26.0 =830.6 + 1471 +7.0 +260.4
(5) (5} (3) (5) (3) (5)
100 mg/kg 3285 1934.6 119839 26223 47.5 3002.8
+36.8 +61.9 +23127 +255.6 +5.0 +252
Male
(5) (3) &) (3) (5) (5)
300 mg/kg 337.0 1950.8 13437.5 2688.1 46.6 2789.0
+20.9 +108.9 +1144.4 +2220 +6.2 +148.5
(5) (5) (5} (5) (5} (5)
1000 mg/kg 337.8 1903.3 15083.3* 2790.6 49.0 2847.6
+28.6 +73.1 +2148.3 +155.6 +4.3 = 182.1

Parameter @ Mean % S.D. * ; Significantly different from conirol, p < 0.05

{3 +N
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Table 3-2 Organ weights in rats administered with 2,2,4,4,6,8.3-heptamethylnonane for 28 days

- Relative organ weight

Sex Graup Body weight  Bram  Liver Kidneys  Adrenals Ovaries/Testes
€3] {mg/g) (mg/g) (mgfg) (mg/g) (mg/g)
(3) (5 (3 (3) (5 (3
Conirol 2039 8.450 31.312 8.115 0.299 0413
+R.9 *0.264 +£2.250 +i).299 0017 +0.088
(5) 3) (5) (5) (3) )
100 mg/kg 205.2 8.897 33764 8.26% 0.332 0439
4197 +0.634 +2.842 +0438 +0.031 1050
Female
)] (3) (3) (5) (5) )
300 mg/kg 2182 8.413 35469 8.427 0312 0432
+190 10.642 +3.547 +0.484 0,018 =0.049
(5} (5) (3) (5) &) (3)
1000 mg/kg 204.1 8.753 38.192%* 8.804 0.321 0.399
+96.9 +(.434 +1.784 +0.620 +0.026 +0.054
® ‘& e e ®
Control 3440 5.598 33573 7.612 0.148 8.335
+27.7 +0.485 +1.201 +0.721 +0.017 +0.170
(5} (5) (5} &) 5 (5)
100 mgfkg 3285 5936 36.320 R.012 0.145 9.226
Mal +36.8 +0.551 +4.254 +0.672 +0.016 +0.969
ale
(5) (3) (5} (5} () (3)
300 mg/kg 3370 5.802 390,842* 7.972 0.139 8.302
+20.9 +0.435 +1.753 +(.351 +0.016 +0.714
(5) (5) (5) (3) (5 5)
1000 mg/kg 337.8 5.653 44.,540%* 8.293 0.146 8.458
+28.6 +0.277 +£3.701 +0.622 +0.024 =0.616
Parameter : Mean £ SD. *: Significantly different from control, p<0.03
() : N *# : Significantly different from control, p < 0.01

Table 3-3 Organ weights in rats after 14 days withdrawal following administration of 2,2,4.4,6,8,3-
~ heptamethylnonane for 28 days

Absplute organ weight _ S .

Sex Group Body weight  Brain “Liver Kidneys  Adrenals Ovaries/Testes
o (2 (mg) (mg) (mg) {mg} {mg)
&) (53 (3) (3 (5) (5}
Control 237.2 17755 6953.8 [723.6 709 86.7
9.5 +81.6 +628.5 1100 +123 =11.6
Female
. (5} (5) (5} (5) (5) &)
1000 mg/kg 228.3 1843.4 6776.0 1809.5 66.1 88.1
+14.7 +223 +737.5 1523 *59 *4.7
(5} (5) (3) 3 (5) (5)
Control 398.0 2006.9 12042.3 28922 48.8 33148
+41.3 +70.3 +2074.7 +23834 +6.6 +238.5
Male (3) () (3) (5) (5) 3)
1000 mg/kg 4243 2138, 1%* 14821.0 3034.0 50.2 3114.0
=244 +438 +21533 +2435 +6.9 1773
Relativeoreatiweight . _
Sex Group Body weight  Brain Liver Kidneys  Adrenals Ovaries/Testes
(g} (mg/g) (mg/g) (mg/g) (mg/g) {mgfz)
(5) (3) (5) (3) (5) (5)
Control 237.2 7.493 20,290 7.278 0.299 0.366
+9.5 +0406 +1.890 +0.576 +0.047 +0.049
Female .
(5) (5) (5) (3> (5) (3)
1000 mg/kg 228.3 8.009 29.635 7.951 (.290 0.386
+147 +0.470 +1.665 +0.521 +0.020 +0.009
(5) 5y ) (5) ) (5)
Controt 398.0. 5.075 30.093 7.290 2,125 8.434
=413 +0.398 +2214 +().595 £0.025 *1.334
Male
(5) (5) (5) (5) (5) (3)
1000 me/kg 424.3 5.052 34.852% 7.148 0.118 7.356
244 £0.297 +3918 +0.360 +0.010 +0.542

Parameter : Mean £ S.D.

472 0N
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Table 4-1 Histopatholegical findings in female rats administered with 2,2.4,4,6,8,8-heptamethylnonane for 28 days

2,2,4,4,6,8,8—"NTHaXFLIFL

Group
Grade

(Heart)
myocardial degeneration 5
(Liver)
swelling of hepatocyle
focus of necrosis
fatty change in peripheral zone
fatty change in central zone
nodular fatty change
microgranuloma
hemoerrhage
(Kidneys)
regenerated tubule
dilated pelvis
calculi
cosinophilic body .
(Spleen)
brown pigment
extramedullary hematopoiesis
(Adrenals)
abnommality 5
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- Negative, & Slight, + Moderate, ++ Marked, +++ Severe

Table 4-2 Histopathological findings in male rats administered with 2,2 4,4,6,8,8-heptamethylnonane for 28 days

Group
Grade -

Conirol (n=5)
T+

100 mg/kg (n=5)

* + ++ 4t

(Heart)
miyocardial degeneration
(Liver)
swelling of hepatocyte
focus of necrosis
fatty change in peripherai zone
fatty change in central zone
nodular fatty change
microgramioma
hemorthage
(Kidneys)
regenerated tubule
dilated pelvis
caiculi
eosinophilic body
{Spleen)
brown pigment
extrameduilary hematopoiesis
(Adrenals)
abnormality 5
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300 mg/kg (n=5)
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1000 mg/kg (n=5)
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- Megative, 8light, + Moderate, ++ Murked, +4+ Severe

Table 4-3 Histopathological findings in rats after 14 days withdrawal

heptamethylnonane for 28 days

following administration of 2,2,4,4,6,8,8-

Sex
Group
Grade

(Liver)
swelling of hepatocyte
focus of necrosis
faity change in peripheral zone
fatty change in central zone
nedular fatty change
microgranuloma
hemorrhage
scar and pigmemation

Lhh Ot L O Lh g

SO LS

SO~ Oo00

Conlrol (n=5)
- i+

oo

Female

OO Qoo

1000 mgkg (n=5)
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Lhth S bn S 0

SN —hOgo

Control {(n=35)
T

CoWoo—oo

1000 mg/kg =5)
o+ 4
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- Negative, =S8light, + Maderate, ++ Marked, +++ Severe
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Z o0, &5 W TIEEZG 09 bR PIREYE
A GREFIZONT, EHREOELMBERE LT
ET, EELSLETIIEHTTIE. SEHLVIIHETR
BOAZPE S SRl I3, BHROBHESALNL, BT
v SETTIRIE L0 ) S EROBIMA S b, IR TIE,
Hif & & WIS IERAEBZD b, £/, FT’,
o B 2B BHIEOERER D 5 I B E OILR
Ba b, FETREROIGEEH Y, BRTHNE
WA S, £ 512, BT, Hind s viddim
B X UKIECIE S MRS, kil oEEE. EY
FAE ORI L aFilE. ER, WRkonENO
W o BEIdEEn & v,

E B IR T RSB 2B CLE . 1000 mekelk 5 BEOHE
DUAOFFRRIC (2 T & 15 > TR OWRA S & I3,
e 5 AP T BSTERARPE 1 B & 11 7 TN ORER 13 202
hirdhao iz, )

O, EESAERIRRA TEREEA O > LR IZBR
BEE A A L El oW T EZENRE ST E
B2 OBRECBTANEHEORMEE. oMM 5 v
R E D SEE, EEOFERME LERAORND
B X UMRBRICE T A MRS b,

T

2,2,4,4,6,88—~7 Y 2AFN/F D00, 008X
1000 mg/kg¥® , MEME D Sprague-Dawleys% {(Crj:CD) 7 >
FMZIE1E, 288 EIC o TRERDHRS L, E6I
4 H DM LT >

FOdER, —feikEoeby LT, ML D 1000 mgkgiX
SEEOLH L BRSO Mok SO 12 v L35
o, WEEHEO—BHEORENLS N, By EIRENHT
B, FheRsBcgETafrcinenisfflddo

Tz BROBEOREL. ERBLALRLI LR,
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28 H DI GEM, 12 v LAEITH o DIk L, BB
W B S BE DR IZ 1000 mgkgfR SRETIX, 208 (S
EoA DI BRI A LN AHEEICH 1, REFICES
TAHRFTEROLENLHIb D ozl b, FIEAHED
RENEREL IRL2 ), #BRPEOFALPORFICE T
B LAt isbntELohb,

RBAETIE, FEHRKRTECEWT, GRYHERSIE
TEHRAIE N L E ¥ OBEFHITRD L, 20l
BHES L URECHSEERLS . BROEFRE
HIBE L7z, F/42, EERBHHETANRRETIE.
1000 me/kegdt SEEOHE D1 & BNISSHETS
b, Mo1FTLBmMEIEERETH o 8, Wb
LM THOBECRED Ol b, £
NLOFRLERYESDEHEL 2

5 HMEE THROMEF0 3 L Vi MEELFHRET
. 1000 mekelR S EOBRIZB LT, YR oY E ViR
B8 EUESESSG PO Y F TS AF rBROEENED
Bt F77. 3008 X 1000 mekedk FEHOHE TS, b
Y ks { FIREART L, 1000 mgkeft SO T
. GPTHMFLEE LAEh,, BTE, U TLBE
UIRERES, WTRLET L, 851, MR
BHETROBETS, 1000 meghkelt 5 HFDEEIIBWT,

Jorur ¥ OBEES L TEEET PR T T AT
EROERFRD S, Lil, IS OIEFNS

36

BCIEMEECFIORETR L BENRDH L EE L LMD

FHESNEIED NS, SHORERIZBVWTE,

IOHOEEDREABEEHEHLIICT A SIEERRd o
Fro FOM, ESHBRTHE X O HIE R RER T

OMAT, SEENIEE L EE S HOMCFEEYR
S LNLEAYH A, WL EENEEEE

ZLBAIALOTIERL, £, HEHBLEDLR

hdnof-hd, BB ER SRR LR TERWE

$H§ﬂfo:o

F 5B TR ORI T, MBS B, 300mg/
kgbl EOHEBOTHROMEN B EDH 5 VI EdHE
L. MEEFATE, 1000 mg/keik 5B QMR & 300 mg/
kel SBEOMIC, AR LR OEIRD A b LD B
2B Y . 1000 mgkel 5B OBOVPI T, KT OEIE
BAFH oA, o, EERBEIERT R OREEH
BAETIE, 1000 mekefk S BRI BT, IR
EEMHEML., HEFETIE. 1000 mgkgiR S HOMD
I BTEE D BROBES AL LY, K5HIE
BTRERAICASNIFHMRBOERIIZED DG
T2 AL DITEOE(LIE, BIENEEES L U100mgke
BEBTHD LN Mo L6, BEWHERSIE
WLbnr#ELLILLY, SRIORBRTIR, ¢ORE
B LRIIT AT EIERELR P o, BB, TOMOE
BEOB{EcowTH, WL EEREEE S (. #HE
S RRE LB T v LB L 2,

BlEoz bbb, KEEBEETICS1T52,2,4,4,6,8,8
— AT HAFNS T OEFERIL., HEHEE L 100mgky
MFEELLNRD,

ik
1) SHE b, AE, p46l.

A REEIEE  AIE
(B) ASEREEtL Yy —REFRHR
T257 WA | LY & 729-5
Tel 0463-82-4751  Fax 0463-82-9627

Correspondence : Imai, Kiyoshi
Hatano Research Institute, Food and Drug Safety
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729-5 QOchiai, Hadano-shi, Kanagawa, 257, Japan
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Reverse Mutation Test of 2,2,4,4,6,8,8-Heptamethylnonane on Bacteria

2244,688— 75 AFN S FrOEREEOFEIZD
WU, MRV AEBERAT BT I LW EI bR
L7,

MEW & L T Salmonella typhimurivm TA100, TA1535.
TA98, TA153738 X UEscherichia coli WP2 uvrA % vy,
HEFRER L G EREBEO WLy, FHERER
E#1350~5000 pg/7 L — FORAE T, KFRE&IE312.5~
5000 pg/ 7LV — P DIRERTHRBE LT 120

FORE, 2EOAFEE L, AWisEFEOREFHIZO
WT, WTNLOFETHERER U = - OBMIEE
DENEholklbdb, 2244688—~FTF AFN )
Friz, BOlrBBRCPWTEREMFF L2y (B
ﬁ) k*”%éitf:o

=

OECDEITH b M HT iR Bb 2 BEREE RS
—IRE LT, BEIMEHIGEE LA LR EDLI2T
HB, 2244688~ TF AFL S FiionT, #HE
PHWLRBERINEL 7L - MEZEI W ERBL .

COREL, YVTEATF (AXIFT7AHE) XBTAE
AFVEREP SEERE~OMRERY | L5T
KIBHEICBIFA P T 7 7 »ERMESSIFEERE~D
BEIRERY 25 EL LLEERORBRTH D,

RERL., HBPELY 70T IRERICERA ST L2EER
Bl WAL >EWAHES (SHER) WXoT
EEInLHBREORBMYOLEE ST RET 2 AH
EEERBE LR oT WD,

AFEEE. [HEEFWEIRLRBO FEConWT

(RFI62E3 A31 A . BRIEEE237S, FREH3065. 62
KIBHE3035) B X UOECDILERMBREN 1 FF 1> :
471, 4720288, fEEEGLP (BSIE3H31H,
BIREEIS, ERE0Y, SORREESST, CLITR
Me3E 111188, ERAFE233 5., HENIRT. 6355
e IZESBTERL S,

Ak

Salmonelia typhinmrivm TAL00
Salmonella typhimurium TA1535
Escherichia coli WPZuvrA
Salmonella typhimurium TA98
Salmonella typhimurium TA1537

37

Salmonella typhimurium TAI00. Salmonella typhimurium
TA1535, Salmonella iyphimurium TAY8. Salmonella
typhimurinm TA1537DABERITI975FI0A3IHIZT A Y

AERE, 707 4T REDB. N, Amesii L 655
%_' % ')‘%&j' f:o

Escherichia coli WP2uvrA$kiZ 1979455 9B B B{RE
MeEmnBoEEh o a5 258,

BEHIZ. —80CHL FrulERTEL 2. RABIREL T,
0. 5L F PU Y AERZ - )Y FTOR
(Difco) Z AN LFRIABECHEELERL, 37C,

IOBHRATESIR . ) Hi g L b OB RERTE L,

(B E)

2244688— T ¥ AFNL ) F (CAS No. 4390-04-9.
2,2,4,4,6,8,8-Heptamethylnonane) 1. 4§ 822645, Ik
E078, #i1240C. EEEROMMATH L. HE99.9%
DL (T b AU2, BEALE TERA SR
) 2 (H) UARbZLERES,SHE SN, HEY
Hit, RN TEETELLTRELL.

2244688— T ¥ AFNIF i, TR (Dv b
F% IDSR3251, MNHMETE ) A T50mgml
AL LY ICHR L%, BisRcHECAR2E VLT
FRUZLO%F, S nlREB BV,

REBORMIZE Y - T, BEFFERFICEVT2,244.688
—ANTERAFN S F DT rERhCOEEERER
AT o, BRETESERIZ BT 2 581 HIFRRT THEm &
Nh, FEARrHveEkRER BBl ey
5, MR BT L RERE d60mgml) BXFRIER
B (3mg/ml) O2BEIIOWTRR., EXEGTTER
Lo ZOHE, RBEIGEMIIBITLE3T L 7L OF
Ba g, FEgfEoTs (o) LT,
104%8 L T1I00%TH - 72, Zi6 ik, SO
EARE TN H o e (MR OWME FE#ED 90%E 1)
%Eﬁjf\: LT‘l‘fCo

o, RRBUCHVARBRERIC OV, SRIERR
EAT o 7oHT R, 50 me/mliF O ERIEEREI S L.
101 ~102%., 3.125 mg/mUIBTIZ2WTIE, 978~999%
Thole ¥ LT L2 TFHEC2%LTT
Hole INLOL ., HHRAOBEEREFIERFOL
# CEMERILEMENSsRE L) 2Bl L Twi,

L EOERNG, 2244688~ ~TTAFNJFVIXT
VB TTREETH Y, RN OERYE
OERRFREOBOHMNCS DL Z ERREE AT,

475



476
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(Rt RaM )
BRIt B E B L P F OB PO L B TH 5,

T TIA R (REFESE )

Sa I TPbEFRU LA (HIfeHEE CE D)
9AA 9T I2T YTy (FEMEE 1LE ()
2-AA 2T I/T7 b (RN ¥ G

AF-2

AF-2, 9-AA. 2-AAIIDMSO (FIdedlish 1% (B ) 2.
SAFEMARIZEER L TR AW,

[3EHh & & PSR D AARE)

I by T — (TARSRIH]

TROKEBH (A) BXU (B) #FEIEI0IOEE TR
L7,

(A) 7} - 7H— (Difco) 0.6%
bi-X [l RV R 7 SV 0.5%

(B)* L—RAFI> 0.5 mM
[l o S 0.5 mM

* WP2HIZiE, 05mML- MU 777 s KBS BV,

2y EHIKEHE
i, BRSO RVERER YW,
B, B 11700l TREOEBNThS,

BEEE~ 7 A2 7 L - TRFNH) 0.2g
7 LK 2

U CBEKE A T L 10g
JUrRERET v AT MY L - AKF 35z
Fa—R 20g
237 b - 74— (Difco) I5g

FOmMmD > v — L IS 30mE iR L TEHOTH 5,
3) S9EHE (1 MR TRENRAEED)

So= 0.0 ml
e sy oL 8 pmot
-S| R 33 umol
Fha—R-6') BE 5 pmol
NADH 4 pmol
NADPH 4 pmol
0.2MY »ERiEH i (pH 7.4) 0.5ml

wk L LEEOSprague-Dawley R M7 v b 7 2 /20K
¥— )b (PB) $BLXU5,6-<X¥V 75K (BF) DOFfEH
ETEBERAEL AL (Xvya—-<r @) 28
iz,

(HBRFE)
Fl— MBI L G EESER L LU ENEIH LR B T o 7,
NRERE I b v T A —2ml, EERYE ROl ml,

) EREE 0.5 ml (S BHEMAL BB By TSR

0.5ml) | BERTKOImlZ RO U220 b SR TR.L
ML THED A, £, SR L THEBYERRRO
Fhhie7e sy, FR2EHoBESIBYHIEE Y
Wity BRERTE OBENEREOLEE XUTHER
FRITR LA, HEE37TCTaRIERTT Y, R LTERE

38

ooz —Fetiel., 2oy L Rl
ki,

(FEE#)

BERWG AT AT LB ATEE RO -

A, BPeso Fius kel b inigmL . o, 2

O FEMD 5V IEHBERF RS o NG h

. MEERMRHIARBRCBVWIERBEMELY AT S
(FEtE) LHhETAIEE LT

BRHLUEE
(HexEFR)

50~5000 pg/7 L — PO TEBEHEBL LI A,

WP2 DAL BHEELRERIZ 5 VT 1500 pg/ 7L — bl ED
HET, PyviEndidsohd, UL, WPROERE
REE I o ECHtENARD oML hozl L

b, KRBIZIBYIBRSHSEY. TTOERBIIBY

T5000 ug/7L—h e L, RH2TSHEZERELL, &
B, FERBRTIZI500 py 7V — b ABETELLRERT
i2s500pg/ 71— ML LM E TERERICHERD A HNK
DT EHRD LI,

(FHR)

B ETables 1, 21245 L A2p 2,2,4,4,688—~7# A F
2 F IS DWVT3125~5000 pg/ 7L — P OFEE THRE T
EWLL, 2O0RBTBELT, B/ 5sEHEORERD
EisBAaET{ERBo W T BT L, BEERF
HnHLERID S -HOBMEES Lol &
I TRTOBEIZBWTHEGEES kb odl,
B, RBHEELAEBIZH W T, 5000 pg 7l — O
BCE KK WY E Ak OB A bk,

PEOERIIETE, 2244688 ~T¥AFNI T
i, v RBRICBWTEREREHE LRV (B
) EHEL 7z,

3R

1) D.M. Maron and B. N. Ames, Mutation Research. 113,
173-215 (1933)

2} M. H. Green, "Handbock of Mutagenicity Test Proce-
dures,” {B. J. Kilbey, M. Legator, W.Nichols, and C.
Ramel eds.), Elsevier Science Publisher, New York,
1984, p161.
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2,2,4,4,6,8, 8~ TEZAFINIFL

Table | Results of bacterial reverse mutation assay (I) with 2, 2 4,4, 6. 8, 8-heptamethyInopanck

Mnber of revertants (wmber of colonies, Mean * S.DL)

Group Dose 58 Mix Basepair substitotion type Frameshift type
(ug/plate) TALOO TA1535 Wowrd, TASS TALS3T
Sobvent
- 188 15 %7 12 Nl 13 17 10 13 31 % a1 13 9 9
controt (lex 27 {12 LD { 3=x 3.5 { &z 5.0 {10 2.3
325 - 133 M40 1% 16 18 17 16 15 16 % 3 2 15 7 il
(13 = 5.1) (17T%* 1.5 { 16 0.6) ( B+ 1.0 {1+ A0
625 - 138 128 13 8 i3 15 1 3 8§ B 2 2 10 8 6
{1+ 5.0} (122 3@ (ux 20 (2t 0.6 { 8+ 2.0
1250 - 1% 12 18 13 15 10 ] 15 11 0 24 15 ] 5 8
(% 3.5 (BEf 25 {(nx 20 (B’ 7.5 ( 8% L9
Test 2500 - 164 137 18 7 15 13 10 18 3 13 7 9 5 3
subs! (£ 1. (=% 49 (12 4.9 (£ 121 { 8% 3.1
5006 - 118 155 135 i 1 i1 15 9 ] 16 18 pil 7 10 7
{12 % 8.5 (u=zx 0.5 (1 3.9 18+ 2.5 [ 8§+ L
Solvent
+ 183 MO 156 16 10 9 13 22 k<] 3 i 7 1 15
antrol {153 = IL8) (12 3.8 { 5= 4.4) (8% 47 (12 44
325 + ¥ M2 165 18 12 15 14 15 P 2 n 12 1 16
(47 157 (15 3.0) (5% t.6) - 3.9 ( 0+ Lo
8%+ M 1% 1 12 7 13 10 5 25 % » 10 5 6
(1% 8.4) (10 2.5 ( 8% 4.0 { 4% an ( 7% 2.6)
750 + W s 1 16 it 5 15 12 12 w0 2 5 5 3
Test (132 + 9.9 (1=* 5.5) {13+ L7 (o1 50 { 4% 1.3
€5
substance 2500 3 139 132 M) i 8 1 8 4 9 % 24 % ] B g
(197 = 4m {10 L7 {w= 3.9 (3% 3D { 7% 20
500+ 133 1% 18 2 7 13 13 1 10 p} 3 B 7 ] 7
(125 % 7.5) (ux .00 (i 1.9 (8% 4,9 ( 7% 6.8
Positive Chemical
AR2 0.0f S 0.5 AFZ 0.01 AR? Q.1 944 80
control Tose (ug/plate}
SO Mix () Mmber of
colonies 53 515 503 169 102 9 137 I51  M4F . 3 BM 620 1563 1851 171
/plate (53 £ %1 (19 * 7.0) (136 + 50) (8% 159 (762 = 1949
Pasitive Chemical o o 2 05 "
L 24 10 ,
control Bose (ug/plate)
SO Mix &) Mmber of
eolenies 0P WA s M 28 88 82 53 I 52 s % me 21
/late (us + 23 {214 £ 3.5) (6% = 1.2 (54 £ 3.5 (217 % 6.0)

AF2:2-(2-Furyl)-3

¥:Purity was

§§5—n%tro-2—fury1Jacrylamide. SA:Sodium azide, 9AA:9-Aminoacridine, 2AA:Z-Aminoanthracene
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Table 2  Resuits of bacterial reverse mutation assay (II} with 2,2, 4, 4,6, 8 8-heptamethylnonanes

Nerber of revertants {mber of colonies, Mean £ 8.0.)

Group Dose 39 Mix Basepair substitution type Frameshift type
{ug/plate) TALO0 TA1535 WPZuvrA TASS TA}537
Solvent
- 168 141 164 12 21 11 20 2 R 35 23 6 8 1l
control (15 £ 1.9 (15 5.5) (5= 4.4) (0=* %] ( 8= 2.5
325 - 142 167 150 17 2l 8 23 29 24 2 17 5 2 8 6
(153 = 12.8) (5% 6.7 (25=* 3.9 (2 412 { 9% 30
625 - 127 14t 136 16 13 IL K14 13 25 26 19 20 7 3 7
(13 * 7.1 {13 2.5 (2= 7.6) (2+ 3.8 { 6% 2.3
1250 - 127 13 145 11 17 18 14 23 18 32 20 2l 9 § 3
(137 * .0 (16t 4.2 (1B 4.5 (4 6.7 { 7% 2.0
Test 2500 -~ 119 145 134 kL 1} 12 10 5 5 H 28 2 8 il 9
substance (3 13y (12 L5 ( 7% 2.9 (% 5.5 [ 9+ L5
5600 - 135 125 146 12 11 10 8 13 9 33 18 21 9 g 10
(1B N5 {1 1.0 (0= 2.6) (U x 7.9 { 9 0.8
Solvent
+ 146 141 129 11 17 9 25 2 3 35 v .0 12 12
control (139 £ 87 (122 4.2 (27 4.0) (2% 3% 0 (uzx 1.3
25 o+ M6 155 Il P 17 15 18 19 25 H ] 3 15 12 10
{157 127 {18 e (2= 4,6} (3= 2.6 {12t 2.5}
625 + 14 154 166 bl 14 12 38 % 3 % <} 40 1l 10 §
(158 £ 6.9 (13% 1.9 (3= 7.0) (% 3.5 ( 10+ L5
1250 + 162 151 162 g 13 10 24 i6 14 40 28 Ro1L2 il 9
Test (158 = 6.4} (uzx 21) (18t 5.3 (3£ &) - (U=* L5
s
substance 2500 + 178 152 142 16 19 13 24 22 17 R B 38 10 B 15
{157 = 18.6) ( 14+ 4.6) (2= 3.6) ( %% 3.5 (1x 3.8
000 + 15 146 /o1 11 15 3 2 2 2% U 14 8 [
{146 £ 7.5 { 13=x 2.1 (2% =+ 4.5 (3% 4.0} { 5% 4.2
Positive Chemical
AR2 0,01 305 AF2 0.01 A2 0.1 %A 8
control Dose (ug/plate)
S9Mix () Mumber of )
colonies 718 708 67t 2% 271 297 12t 126 140 723 717 08 2087 2133 2951
/plate {698 *+ 5.1 (288 30,6) (129 = 9.8) {716 £ 7.5} (2392 = 484.5)
Positive (hemical
241 M2 A 10 M 0.5 244 2
oontrol Tose (ug/plate)
39 Mix () Nuber of
colonies 03 767 634 221 213 214 2 337 283 3 335 284 219 208 167
/plate {72 = 39.8) (218 & §,4) (367 = 2.3 (310 = 25.5) {18 % 2.4

AF? 2- (2-Furyl) - 39 {5 s;t,l‘tm -2-furyl)acryiamide, SA:Sodium azide, SAA:9-Aminoacridine, 2AA:2-Aminoanthracene

¥:Purity was
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In vitro Chromosomal Aberration Test of
2,2,4.4,6,8 8- Heptamethylnonane on Cultured Chinese Hamster Cells

B2

2,0, 4,468,878 AFN T OREGREEEE
. Fud oL ALAS— AT (CHL) %8
WTHRE L 720

1) AR HETEHTGIRA G

g R X RBEH LEO W oM BEFE (0.02
~2.00 mg/ml) IKBWVT L, 50%%F 2 % HEEMHIER
s IR o,

o7, BRAEREREBCBWT, Mk, asHl
e HI210 mMIZH ST 52.26 mg/mlOEIRRE + &
EEL, FOIROBERZPRE, I40ORECBEL
LTHW,

2) #EREEBR

EEEIT LD, CHLEN #2485 33 £ CM4sWRME L 12
HE O WTILORECEWT S ROEOEERY B
YA OF IR RS SN R d o, 8L, 4308
B0 i BT A BRI ) 72 30 Bt AR ST A AN T AR T
Fat. T, REERECIBOTS, SO mixTFET
BLUHEELTOWTILORBEMFIIBVLTYL, bk
BREOFBERIIED LN T2,

3 H

22,4, 4. 6,8 8—~T¥ AT+, SEIFEKLE
SESFT, RBRENOCHLEIC RO RET +ER
L&l 2,

=]

ORCDEEFAL S M 5 Ve IR 1o AR b SRS E D —
BE LT, FUAAMA K ER LB LR H D10 TH
BTSRRI & ST B, Tv f ==X -
NAR Y — SRR (CHL) %00 T RERE P iR
R E LT,

CoREBNE, [HREFEDECHRLIRBOFEICOV
T) (BBfe24E3H31H, RIREE237H, ERHEI06
5, 62HEH3035) BIUOECDH 1 K4 ¥ 147340
L, LS EGLP (RAISOEITI31H ., BRIFEE3D
B, HRE295, 59ERAI85T, CLATIRFI634E11 /18
., B3, #8385, 63058238 1k
TNTERLLELDTH L, .
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i

1. {#EREL AfEkE

DA —F )= A8y 7 (JCRB) 5 AF (198842
. APE M LaFrfo—X - naAy—ib
EOCHLAK 7 . a0 TR,

2. EEmoREs
BRIE. TRYME (FCS; 1R Scientific, O v FEF
COI0407) FIOSRINL7 1 — 7 W MEMEBEE X Wiz,

3. HEEERM

XA OCHLANE &, BB smik AR Y- L
(#%6 cm. Corning) & E ., 37COCO, 4 ¥ Fa -
¥ (5%CO,) WTHEL,

4. SRS

2,2,4,4,6,8 8—~7¥ A FN/F > (CAS No.: 4390
04-9. T MEY D AUO2, BEILERITE (#) ®iE,

(FE) FIARARS B AR (HESEHOWEET, 7
+ b 128500 mg/ml E TEET, AUSIXBET 2V, T
RC, H,, 5122645, #H240C, LEQTSOYME
T, MBI THL (EELERTE B BH) .
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Table I Results of chromosome analysis of Chinese hamster cells (CHL) treated with 2,2,4,4,6,8,8-heptamethylnonane ** by
direct method

Concent-Time of No.of N of structural aberrations No, of cells
Group ration  exposure ceils Others®  with aberrations Polyploid® Judgement®
(mg/ml) (W) analysed gap b cle csb cse [ mul® lotal TAG 0 TA (%) (% SA NA
Control 200 0 0 ¢ 1 ¢ 0 0 1 0 1 03) 1 { 05) D.00
Solvent" 0 24 200 001 0 C 0 O 1 0 P 05) 1 ( 05) 0.13
HMN 0.57 24 200 01 ¢4 1 ¢ 0 0 2 0 2 (Lo 2 ( 1.0} 0.25 - -
HMN 1.13 24 200 21 0 0 0 0 0 3 0 3 (L5 1 { Q5) 0.13 - -
HMN 226 24 200 300 0 0 0 0 3 0 3 ( L5) 0 ¢ 00) 0.25 - -
MC 000005 24 2060 I3 14158 5 1V 9 20 32 1 136% (695 ) 137=( 68.5) 0.25 + -
Solvem® 0 48 200 00000 006 0 0 0 (00) 0 (00) 025
HMN 0.57 43 200 11 0 0 0 0 0 2 0 1 ( 035) 1 ( 05) 000 - -
HMN 113 48 200 0 0 0 0 I 0 0 1 0 I { 05) I ( 05) 0.00 - -
HMN 2.28 48 0 Tox Tox
MC 0.00005 48 200 15102237 6 8 12 120 500 4 152*% (760) I51%(755) 0.38 + -

Abbreviations : gap : chromatid gap and chromosome gap, ctb : chromatid break, cte: chromatid exchange, csb : chromosome break, cse :
chromosome exchange (dicentric and ting etc.), T: fragmeni {deletion), mul ; multiple aberrations, TAG : total no.of cells with aberrations, TA :
fotal no. of cells with aberrations except gap, SA : structural aberration, NA : numerical aberration, MC : mitomyein C. Tox: foxicity was observed.
1) Acetone was used as solvent.  2) More than jen aberrations in acell  3) Others, such as aitenuation and premature chromosome condensation,
were excluded from the no. of structural aberrations were scoted as 10, 4) Eight hundred cells were analyzed in each group.  5) Judgement was
done on the basis of the criteria of Ishidate et al. (1987).

# 1 Significantly different from solvent conirol mp<0.05.  ** ; Purity was 99.9%.

Table 2 Resulis of chromosome analysis of Chinese hamster cells (CHL) treated with 2,2,4,4.6,8,8-heptamethylnonane ** by
metabolic activation method

Concent- 89 Time of No.of _ No. of structural aberrations No. of cells
Group ration  mix exposure cells Others®  with aberrations Polyploid® Judgement”
{mg/ml) (hr) analysed gap efb cle csb cse T mui®omal TAG (%) TA (%) (%) SA NA
Control 200 Lt ¢ 0 0 0 0 2 ¢ 2 (10) v (035) 0.75
Solvent" ¢ —  6-(18) 200 1 00 0 0 0 0 1 0 o (03) 0 (00) 0.50
HMN 0.57 ~  6-{18) 200 12 00 0 0 0 3 0 2 (10) 1 (05) .25 - -
HMN 1.13 — 6-(18) 200 I 0 00 0 0 0 1 0 1 (05) 0 (00) 038 -~ -
HMN 2.26 - 6-(18) 200 20 00 0 0 0 2 0 2 (1lg)y 0 (00) 0.00 - -
CPA 0.005 — 6-{18) 200 1 2 0 0 2 6 ¢ 5 O I L18) 3 (L3 0.25 - -
Solvems® ¢ + 6-(13) 200 61 0 0 0 0 O 1 0 I (035) 1 (05) .38
HMN .57 +  6-(18) 200 0 2 00 0 0 0 2 0 i (05) b (035) (.50 - -
HMN 1.3 + 6-(18) 200 i 20 0 0 0 0 3 0 2 (10 2 (10) 0.13 - -
HMN - 226 +  6-(18) 200 g 2 0 0 0 + 0 3 0 3 (15) 3 (1.5) 0.25 - -
CPA 0.005 + 6-(18) 200 16 51 116 2 2 9 O 196 3 116% (58.0) 113* (56.5) 0.38 4 -

Abbreviations : gap : chromatid gap and chromosome gap, ctb : chromatid break, cte: chromatid exchange, csb : chromosome break, cse :
chromosome exchange (dicentric and ring eic.), {1 fragmeni (deletion), mul : muitiple aberrations, TAG : total no.of cells with aberrations, TA :
totai no, of cells with aberrations except gap, SA :structural aberration, NA : numerical aberration, CPA ; ¢cyclophosphamide. 1) Acetone was used
assolvent. 2)More than ten aberrations in a cell were scored as 10, 3) Others, such as attenuation and premature chromosome condensation, were
excluded front the no. of structural aberrations.  4) Eight hundred cells were analvzed in cach group.  5) Judgement was done on the basis of the
criteria of Ishidate et al, (1987).

* : Significandy different from solvent control at p<<0.05.  ** : Purity was 99.5%.
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Acute Oral Toxicity Study of Monosodium 4-amino-5-hydroxy-2,7-naphthalenedisulfonate
in Rats
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28-Day Repeated Dose Oral Toxicity Study of Monosodium 4-amino-5-hydroxy-2,7-
naphthalenedisulfonate in Rats
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Fig.1 Body weight changes in rats treated orally with monosodium 4-amino-5-hydroxy-2.7-naphthalenedisulfonate for 28
days.
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BOBEILSEWT, ¥VAYYBLIUYOEYY J—F
WA 3 100 mg/kg A L0 HELBE O BBRIRICH L, A
SEOQRBREIE (FULE Y k#t vovy ) —4%
UM FHELLER (CULELRRE YO
=& paEn) CRGL, HErHETHa, T
DM, 4T3 /-5~ FuFs-27-F75 L
VANEREE /T Py LKER (100 ppm) (2AF L
TLHET A EAHHE SN,
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5. M#EPeSsr R (Tablet, 2)

SN S L REEME YRR TR T, B8
WHESSOMEBE S b, FRACEE CHEEEE )T
HET A BB ED btk dh o 12,

Tabie | Hematological findings in male rats treated orally with monosodium 4-amino-5-hydroxy-2.7-
naphthalenedisulfonate for 28 days

Stage Dose No. of RBC
(mg/hkg) animals (10% 1)
Y R SR S
+327
30 6 762
435
After
treatment 100 6 784
+27
300 6 749
+23
1000 6 755
+36
0 6 818
Afier +36
recovery
1000 6 791
+37
WBC
(0%
0 6 85
+1i5
30 6 66
+12
After
treatment 100 6 65
+3
300 6 03
+19
1000 6 85
16
0 6 82
Aller +18
recovery
1000 6 83
+30

Hb Hi MCVY MCH MCHC
(g/dl) (%) {n (r ()
TSI #4257 194 344
+0.3 +0.8 +2 +0.7 *+0.6
149 43.1 57 16.6 34.6
*+0.6 *1.5 *1 +0.5 +04
15,1 43.9 56 19.2 343
+0.5 *+14 +1 +0.5 0.4
14.5 42,5 57 194 34,0
0.6 *+14 =+t 0.5 +0.5
14.8 43.2 57 19.7 34.3
+04 +1.3 +2 +0.6 *0.5
149 440 54 183 338
0.5 +2.1 *1 +0.7 0.6
14.6 43.1 54 18.3 338
+0.6 +1.6 472 +4.5 *£0.3
Differential leukocyte counts (%)
T Newro U
Baso. Eosin, Stab, Seg. Lymph.
0 1 0 7 o1
+0 1 +0 +3 +4
0 1 0 12 88
+0 +1 +0 +4 +35
0 | 0 10 88
+0 +1 +0 +3 +4
0 1 0 21 © 78
+0 *1 +0 =12 12
0 I 0 13 36
0 +1 +0 +10 +11
o o 0 13 86
0 =1 =0 +5 *4
0 1 0 13 86
+0 +1 +0 +4 +3

Ret. PT APTT
() (sec) (sec)
TUE0 T4 T Ty T

*5 +0.4 +1.8
64 i4.8 21.0
=8 +1.8 +3.5
67 14.3 20.1
+8 +i14 +4.6
72 14.5 19.8
+12 *0.9 +1.8
4.1 19.2

+11 +0.4 +1.0
57 14.5 21.6
+4 +0.9 +2.5
57 14.7 21.3
*6 +1.5 *2.5

- Plal.

Mono. Other  (10% 1)
1 0 157
+1 +0 +16
0 0 157
+*1 +0 1

1 ¢} 167

+1 +0 +18

1 0 172

+1 +0 +9
1 0 155

+1 +0 L
1 0 157

1 >0 *24

1 0 156

+1 +0 +7

Each value is expressed as mean & S.D..

Abbreviations : RBC, Red blood cell ; Hb, Hemoglobin ; Ht, Hematocrit ; MCV, Mean corpuscular volume ;

MCH, Mean corpuscular hemoglobin ; MCHC, Mean corpuscular hemoglobin concentration ; Ret., Reticulocyie ;

PT, Prothrombin time ; APTT, Activated partial thromboplastin time ; WBC, White blood celi ;
Bas., Basophil ; Eosin., Eosinophil ; Neutro., Neutrophil ; Stab., Stab form ; Seg., Segmented ;

Lymph., Lymphocyte ; Mono., Maonocyte ; Plat,, Platelet
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Table 2. Hematological findings in female rats treated orally with monosodium 4-amino-5-hydroxy-2,7-
naphthalenedisulfonate for 28 days.
Slage Dose No. of RBC Hb Ht MCV MCH MCHC Ret. PT APTT
{mg/kg) amimals (10l (g/d) (%) 1)) {pe) (%) () (sec) (sec)
0 6 777 15.1 427 55 194 353 33 129 179
+29 +0.6 *=1.5 +1 0.4 +0.5 +7 +0.4 *0.6
30 6 Tty 147 422 55 19.1 343 44 13.6 182
+45 =04 +12 +2 +0.9 +0.6 6 +0.3 *1.1
Alfter
treatment 100 6 719 149 42.6 55 19.1 349 4i 13.3 17.5
*35 +0.6 *1.3 | +0.3 +0.7 +10 +0.5 *1.3
300 6 752 14.5 41.8 55 194 34.8 38 13.2 18.5
+43 +0.5 *1.5 +1 0.5 *=04 +6 04 0.9
1000 6 785 14.8 42,7 54 18.9 34.8 33 12,9 18.9
48 *0.6 *1.8 +2 0.7 +0.3 A1 +0.5 +138
0 6 813 152 44.4 55 18.8 3.3 43 13.9 19.0
After +21 0.4 +=0.7 +1 +0.5 +0.5 +7 +0.8 1.0
TECOVETY
1000 6 814 i5.2 44.0 54 8.7 34.6 49 14.0 18.1
+35 +0.5 +1.6 *1 +(.4 +0.3 +o *0.5 +0.5
WBC Differential levkocyle counis (%) e Plar.
. Neutro.
(10%p8)  Baso. Eosin. Stab. Seg. Lymph.  Mono. Other (10 1)
0 6 48 0 2 0 $ 89 1 0 156
19 +0 +] +0 +4 +5 +1i *0 +1i4
6 53 D 1 0 9 90 0 0 141
+8 +=0 *1 +0 +5 £5 +1 +0 +32
After
freatment 100 6 47 0 1 4] 11 7 1 0 151
+12 +0 *1 *0 +4 +5 *+1 *=0 +11
300 6 46 0 0 0 13 87 1 0 144
*11 +0 +0 +0 +5 +5 +1 =] +12
1000 6 42 0 1 0 8 91 0 ] 163
+15 +0 *=1 =4 H) +3 +3 *1 +0 +23
0 6 51 0 1 0 9 90 1 0 145
After +25 ==t *1 = || +4 +3 +0 +{ +12
recovery )
1000 [ 47 0 2 ¢ 9 89 0 0 147
+11 +0 +2 +0 *5 +7 *+1 A0 +1i4

Each value is expressed as mean + S.D..

Abbreviations : RBC, Red blood cell ; Hb, Hemoglobin ; Hi, Hematoerit ; MCV, Mean corpuscular volume ;
MCH, Mean corpuscular hemoglobin ; MCHC, Mean corpuscular hemoglobin concentration ; Ret,, Reticulooyte ;
PT, Prothrombin time ; APTT, Activated partial thromboplastin time ; WBC, White blood cell ;

Baso., Basophil ; Eosin., Ecsinophil ; Neutro., Neutrophil ; Stab., Stab form ; Seg., Segienied ;

Lyiph., Lymphocyte ; Mono., Monocyte ; Plat., Platelet ’
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6. MFEELFEIFFR (Table 3,4) M8 Ee T HRiszihi Tt LM THEERE
A A PR s CHED LIS Y LY Y OBCIERD bRk d o L
RS Mm reERain B e T, WIEE D 1000mekg 07T e T 000 mefkeBHS BT, VLY

DB V] i AR L. # - RIS, SRR

BORE ) LY HOMIIMBELISEMERL . 8 g ) 530 Goid s X U2 iU i85 AIGKO
nf-?‘ﬂq;ﬁ‘ﬁ?‘é?b‘m\y) l:)flf._o Y /‘Fﬁﬁmﬁﬁfﬁ "F?b“id‘ﬁ(«' mﬁg,) * :1_0):15’{E,j\i?§-]ﬂ1£r:':;p&v)c i

B EAGEY (0.1~1000ppm) % HE L 28R, HBRY Ty SR PR R A A e
GOBEIERT L THRENRIET S Z LAER SN,

Table 3. Biochemical findings in male rats treated orally with monosodium 4-amino-5-hydroxy-2,7-naphthalenedisulfonate
for 28 days.
Stage Dose No. of GOT GPT ALP y -GTP T.P. Alb. AJG T-Cho. T.G.
{mg/kg) animals  {AUMD (aum (FUA) {Ium (g/d) ] {mg/dl)  (mg/dl)
e 1 T S S V| 379 425 609 is4 T 08% T8 107
t5 +6 +50 =£0.19 =0.23 &£0.16  £0.07 *10 +33
30 6 66 34 441 0.33 5.97 2.81 0.89 3 112
6 36 +80 +0.18 +0.24 +0.18 £0.05 *10 +31
After 100 6 64 36 47 0.42 5.96 2.83 0.90 92 91
treatment +6 +5 +135 %036 +0.20 0.4 £005 *16 27
300 6 68 36 372 0.32 6.00 2.84 091 94 87
£5 46 *117  £0.27 +0.29 012 £0.10 12 +20
1000 6 65 35 399 0.36 6.14 2.39 0.89 84 108
+5 +5 $98 045 +0.17 009 £005 +1i9 +26
0 6 66 40 316 0.26 6.31 2.94 0.88 84 129
After *6 +4 +64 E016 40,32 +0.10 £0.08 *8 +44
recovery
1000 6 61 32 348 0.15 6.26 2.74* 0.78* 88 113
+4 *g 64 £0.11 +0.24 *0.13  £0.05 +16 +55
Glu. T-Bil BUN Crea. Ca P Na K cl
(mg/id)  {mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/d) (mEql) (mEql) (mEqf)
S -E)_ o 6 . 141 o --—6.41 15.9 0.45 o 10.2 o 7-3—" 141 4,29 100
+14 £0.05 *+1.6 =005 +0.2 *0.3 *1 +0.22 +1
30 G 136 0.42 15.7 0.48 10.2 715 141 4.50 101
*6 *0.05 +1.8 =+0.05 +0.3 0.6 *1 +0.22 +1
After 100 6 129 040 14.6 044 10.3 7.4 141 435 160
treatment 8 +0.02 +i.5 +0.04 0.3 +0.3 *1 +0.12 +2
300 6 132 .41 16.0 0.46 10.2 7.1 141 441 10t
L15 1005 L1 £0.04 04 +0.5 =1 +0.22 +1
1000 6 133 0.56%* 16.8 0.48 10.4 7.2 141 434 160
*15 +0.07 +19 4005 £0.3 +0.5 == | +0.31 = |
0 6 164 0.43 16.4 0.54 10.3 1.3 140 4.28 100
Afier +24 T0.06 =11 005 +04 +0.5 ] | t0.24 +2
TeCOVEry .
1000 & 146 0.48 17.2 0.52 10.2 7.3 140 452 100
+16 +0.04 +£09 004 £0.3 +0.3 +1 +0.18 0

Each value is expressed as mean = S.D..

*:Significantly different from control al 5% level of probability

**:Significantly different from control at 1% level of probability

Abbreviations : GOT, Glutamic oxaloacelic fransaminase ; GPT, Glutamic pyruvic ransaminase ; ALP, Alkaline phosphatase ;

y -GTP, Gamma glutamyl transpeptidase ; T.P., Total protein ; Alb., Albumin ; A/G, Albumin-globulin ratio ; T-Cho., Total cholesterot ; T.G.,
Trigtyceride ; Glu., Glucose ; T-Bil., Total bilirubin ;

BUN, Blocd urea nitrogen ; Crea., Creatinine ; Ca, Calcium ; P, Inorganic phosphorus ; Na, Sodiom ;

K, Potassium ; Cl, Chloride
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Table 4. Biochemical findings in female rats ireated orally with monosodium 4-amino-5-hydroxy-2,7-
naphthalenedisulfonate for 2§ days

Stage Dose No, of GOT GPT ALP y -GTP T.P. Alb. AIG T-Cho. T.G.
(mg/kg)  animals duny (M aom  dum (g/dl} (g/dl) (mg/dl)  (mg/al)
0 6 73 29 226 0.66 6.29 3.28 1.10 91 51
*6 +6 51 £045 £0.35 021 010 = +36
30 6 70 27 241 0.69 6.40 327 1.04 s 66
*10 +4 +41  +043 £030 2026 009 +7 +42
After 100 6 66 27 290 0.36 6.56 336 1.05 85 74
treatment k1 3 +63 £0.17 +0.15 +0.18  #0.11 17 49
300 6 62 27 236 0.54 6.35 3.21 1.03 93 83
' *6 +7 4% 028 £0.33 +0.22  +£005 +23 15
1000 6 66 26 237 042 6.43 322 i.01 89 93
*5 *5 +72  £0.21 +0.14 +0.17  +0.08 +17 +53
0 6 70 28 220 0.37 6.48 3.31 1.05 95 77
After +1t +3 455 £036 +0.43 +021 +0.11 M *25
recovery '
1000 6 62 28 196 0.51 6.61 346 1.10 106 121
+8 +5 +47 £023 +0.40 +023 005 +24 +59
Glu. T-Bil. BUN Crea. Ca P Ma K Cl
(mg/dl)  (mgfdly (mg/dl) (mgld) (mgidl) (mgfdl) (mEgM) (mEg) (mEg/)
o 6 14 03 199 051 101 64 140 43l 102
*8 £0.08 3.0 *0.04 +04 +0.7 *1 +£0.33 *1
30 6 125 0.38 17.7 0.54 10.4 6.4 140 4.15 102
+ 10 £0.07 +ts5 £004 +0.2 +0.8 +1 +0.11 +I
After 100 6 118 041 20.1 0.56 104 6.4 141 421 101
treatment *I3 +0.08 +25 +0.04 +0.3 0.6 *1 +0.15 +2
300 6 120 041 194 0.52 10.5 6.5 140 403 102
*11 +0.06 +26 £0.04 +0.2 +0.5 *0 +0.27 &1
1000 6 123 0.56 ** 18.7 0.52 10.3 6.2 140 4.12 102
*16 006 2.1 004 +04 +0.8 *1 +0.22 =
0 6 136 0.46 189 0.64 10.4 6.5 140 4.15 1ol
Alfter +21 10.06 27 005 +0.3 +0.8 +2 +0.12 =
recovery
1000 & 130 .48 19.1 0.61 10.3 57 %* 140 436 10l

k12 *0.05 422 +0.05 +0.2 0.3 *1 *0.22 +1

Each value is expressed as mean = S.D..

*:Significanily different from control at 5% level of probability

**:Significantly different from control at 19 level of probability

Abbreviations : GOT, Glutarnic oxaloacetic transaminase ; GPT, Glutamic pyruvic transaminase ; ALP, Alkaline phosphatase ;

y -GTP, Gamma glutamyl iranspeptidase ; T.P., Total protein ; Alb,, Albumin ; A/G, Albumin-globulin ratio ; T-Cho., Toal cholesterol ; T.G.,
Triglyeeride ; Glu,, Glucose ; T-Bil,, Total hilirubin ;

BUN, Blood urea nitrogen ; Crea., Creatinine ; Ca, Caicium ; P, Inorganic phosphorus ; Na, Sodium ;

K, Potassium ; Ci, Chloride
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7. REBFAFRR

1) BURFRR

SR TRESEBIZS VT, 30, 1005 X UF300
mg/keFE T, BERBEIR S O BEND hAthi s BRI
BHBLNLholg 1,000 mgkgftTld, HHOSER
BRATFCILP BED2PL b M D4IlIC B ALt H{ERI R
TRERBWIC BT, REERO LR,

2) [HIZER (Table 5,6)

% R T e s BV T, BRI &R
P Lo STl fgs X UHHEROWTR
IZBWTH, S I THE WIS EL BT E
DN Gdrolo, NEHBHETRERBWIZBWTIL,
S BT L0 mg/keTEDARELSMBRHZ LS TR 4
&, FIFIENEROAORL. KIEHERECLD
WmERLAH, B URHMESICKBLT -Eo
ki % R TR o b o,

Table 5. Absolute and relative organ weights in male rats treated crally with monosodium 4-amino-3-
hydroxy-2.7-naphthalenedisulfonate for 28 days.
Slage Dose No. of B.W. Brain Liver  Kidneys Adrenals Testes
(mgfkg)  animals e 2) @ 2) (mg) @
0 6 345 1.99 10.26 2.59 57.5 292
24 +0.05 030 +0.33 +84 *0.18
30 6 335 1.99 9.68 246 57.2 3.19
*18 +0.08 074 +0.07 +99 £0.10
Absolute  After
treatment 100 6 342 1.99 9.70 2,54 51.5 3.08
124 £005 =+£1.35 =0.24 +4.2 015
300 6 322 199 942 241 55.2 2,90
120 +0.12 074 +0.28 +6.8 021
1000 6 340 201 10.07 2.59 613 3.11
+24 +0.09 =*1,19 ={(.30 +106 £0.30
[¢] 6 400 2.05 11.70 2.68 57.1 321
After +27 005 =*1.17 £0.26 =78 035
recovery
1000 6 403 206 1141 2.85 52.7 3.l6
=19 +007 X096 +0.16 +59 +0.14
0 6 345 0.58 297 0.75 16.67 0.85
+24 +0.04 +0.17 +0.08 £2.05 =*=0.06
30 6 335 0.60 2.89 0.74 17.19 0.56
+18 +0.03 *+008 +0.05 +332 007
Relative®  After
treatment 100 ] 342 0.58 2.83 0.74 15.13 0.91
+24 +0.03 021 +0.03 +180 *0.06
300 6 322 0.62 293 075 17.15 091
+20 +£0.02 +0.16 +0.06 +1.78 =009
1000 6 340 0.59 296 0.76 17.96 0.92
+24 +®0.03  £017 +0.05 +258 X007
0] 6 400 0.52 292 0.67 14.26 0.80
+27 +0.04 013 +0.04 +1.55 +0.06
After
recovery 1000 6 403 0.51 2.33 0.7t 13.12 0.79
+19 +0.02 =£0.07 =(.06 +174 £0.03

Each value is expressed as mean *+ 5,D.,
4 : Relative organ weight per 100g body weight
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Table 6. Absolute and relative oragan weights in female rats treated orally with monosodium 4-amino-5-
hydroxy-2,7-naphthalenedisulfonate for 28 days
Stage Dose No. of B.W. Brain Liver Kidneys Adrenals Ovaries
{mg/kg) animals ® 3] (e 2 (mg) {mg)
T 0 T 6 194 186 530 155 503 768
14 +0.05 *+0.59 =0.09 +6.9 +13.3
30 6 202 1.83 5.93 i.59 60.2 844
=19 +0.06 *0.62 *0.13 +7.6 =52
Absolute  After
reatment 140 6 204 1.84 379 1.54 57.8 76.8
*13 +0.03 +0.64 +0.09 +4.0 *164
300 6 202 1.78 6.01 1.55 55.0 76.2
+15 *+0.06 +(.66 +0.23 *6.3 +0.2
1000 6 200 L8t 5.70 1.61 51,0 81.8
*+7 +0.06 =0.69 +0.12 49.8 +7 2
0 3 222 1.83 6.11 i.53 67.6 33.9
*17 003 075 +0.14  *38.8 +11.3
After
recovery 1006 6 209 1.85 5.71 149 57.6% 76.7
+10 £0.04 0. 47 =0, 09 +6.0 +94
0 6 194 0.96 2,73 3 0. 80 30.71 39.4
+14 0,04 +0.17 +0.04 +4,33 *35.3
30 6 202 091 294 0.79 2983 420
+19 +0.08 +0.12 +0.05 +246 +32
Relative®  After
treatment 100 6 204 0.51 285 0.76 23.48 375
+13 +0.06 +0.21 +0.05 +32,12 +83
300 6 202 0.88 297 0.76 27.59 37.7
*i5 =0.07 +0.17 =0.08 *3.71 +4.3
1000 6 200 091 2,85 0.80 28.46 41.0
+7 +005 *0.28 +0.05  +4.53 44
0 6 222 0.83 2,75 0.69 30.56 40.1
*+17 +0.04 - 022 +004  £428 +3.8
After .
recovery 1000 6 209 0.89* 273 071 27.67 36,7
*10 =004 011 +0.04 376 t3.4
Each value is expressed as mean £ S.D.,
* . Significantly different from control a1 5% level of probability
a : Relative organ weight per 100z body weight
EE

3) REMEMPLORRR (Table 7)

# BB L U1,000 mg/kgFEOREH I oV T, G, B
B, B, BRBIURIEERELL, £, BRTE
BOWRFADONOTERICOWT BREL:, #
ORER. BEL-SEEC, ERDEEFOREFE L
SNABLIIED sl o7 WIEMICHEL TV
3. HESHRBOERIEAL LA FENEEIIED
it otz

o4

4—F 3 /5~ FOFL—27—F 7L TVANKRY
BE/FFIDLDT Y P EHVWEELESIZL A28
H oK EES &R BE, 0 FE) . 30, 100, 3008
X TL000 me/kghEDSEETIT oz, 72, WBEBIUY
I,OOOmgjkgﬁél':OwTii 5B TRU4EBO0E
HIM &z, b iLEil 0w TH M L,

WS RIRR THRESREMICBE VT, 30, 1008 £ U300
mg/kgBECIE, MiHEE DB HESOFHERBLER
GRAEIRIIRD LN Eh ot 1L000mgkeBEIZBENT
b, WEHET RS L E b L VB A TR ORI
MHE D LN 0AT, FoOMMFICERREOONE
Mo fog
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Table 7. Incidence of histopathological findings in rats treated orally with monosodium 4-amino-5-hy-
droxy-2,7-naphthalenedisuifonate for 28 days (after treatment).
Dose (mg/kg) 0 30 100 300 00
Sex Organ : Findings No. of animals [ 6 6 6 6
T T Lver T Microgranuloma - YT =TT
Kidney : Focal tbuiar dilatation with fibrosis + 0 - - - 1
Male
Eosinophilic bedies in proximal wbule + 0 - - - 2
Hyaline dropiets in proximal mbular epithelium  + i - - 0
Liver : Microgranuloma + 2 - - 2
Female Kidney : Focal ubular dilatation with hyaline casts + 2 - - - 0
Interstitial cell infidiration + 0 - - - t

— :Not examined; +: Slight

- No abnormalities detected in heart, spleen, adrenal and cecum from rats of control and | 000 mg/kg groups.

B o B 2B RN B b wWEBO LRI, i
B ERLESF o s P i X OoSBO
KERBWE~OESRICLITLITES L. BREE
FEOBRNILAELLEZONRTWS,

PEER G X 2 ERIEO BEEBF oW TR AT
THEH, VTR LTHELZ L ERASHOBEMIIC &
AEELETHY, TREFD - BRREOCE{ECEEI
WFARBERDONTVEWI b, EHFESICD
BN DI 45 & ) BER TR W &R
aShb,

BB, R LY BIF0EY /=5 OEMRY
BRI BWT, 100mghkghl LOHBEHOMEBDRIZHL
HEREILZVWAROEBREESRL, HENREGT
Hol, T, MEELENBEICILVWT, BETLIE
bR VEY LY Y FEOADEHH1.000 mgkgBh O
ﬁﬁ&:%ﬁy) ;\9217’:0

ENVAE ZonTil, RELUPMEHRERELD Y
TUREEHCTEY, 4-T7 3/ —5— Fufv—27
—FIIL VALK BTSSR LERF T b=
FHEETHLILPL, TOVPVRELERIIEET
LI bRz oS, 7, EnlichRInEHL:
BrRouor) ) —-2roEmiEasisontd,
EhrdichBEB I i { Mo 7 I 2 HPBEHAFL ORGSR
HrLTHOLSRTBY, F7FA0T7 I Vv EEKETHD
EBHECH L TORIET A Eid AT ENRDE, o
NoOZ Lid, EEMEABEIINLT, IALNHE
PERLAZ LI DR,

Lz T, RRBIZSITA2E¥IAM Y2y} /) —
FrREREICL ARG MECTI NS o ERE, R
FHLCIIMHOUBEBHRS L UCtoBhLRAELD
KIBmsikizx pb ez b, WEHHOBEEFYE
AT AB{E TR AW EH S L,

~h. HEENE T BRI TR, SRR T RE
BEHTRD LSNAGHOLREIRED LAY, WELT
‘I’f:o

99

SREEBNC, BT EBREN 01,000 mg/kg B
BWT, WEhLMBETA T Iy EOESBYUER
AES AIGHOE TAEEK, ERY CEOFEDPICEE
wERER, WTFRLEE, o, BEHRIZBITS
Ny 7 7S FE—ypbad CEBNERNOEH]TH
D, icfETAELbED LN Ed b, HEY
HizS5 L MEF T 2DORHBTH 72, 25T, 1,000
mghkeBE DM BIF 2RO EERME BIFOE R
BRI oWCYH, Bab I UHGERICESALT—E
OEEERERT L O TR, REFWEBEZ P T
flodc & ifEdy RSB (b Hlis s,

IDEIE, 4-T I/ -5 FUuRL 2,777 b
YVALK BT F YT LIRSy P28 BRE
FHIIBVT, L000Omg/kgBFic BT HIRCHBEE & 5
Y30 ENRBRRL L AL ot, LizdoT, BE
EE (NOEL) (1,000 mg/ke/day & HEE S L7z,

B . KBTS RS

(B) FREPFEESRR
T 220 M&NHEHEETERE 3-7-11
Tel 0427-62-2775  Fax 0427-62-7979

Correspondence : lto, Yoshihike
Research Institute for Animal Science in Biochemistry
and Toxicology. Japan
3-7-11 Hashimotodai, Sagamihara-shi, Kanagawa,
229, Japan

Tel 81-427-62-2773  Fax 81-427-62-7979
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Reverse Mutation Test of Monosodium 4-amino-5-hydroxy-2,7-naphthalenedisulfonate on
Bacteria

4—F I/ —5—kEFOFL—27—F7%L I RANKY
e/ F I AOEREMOFRIIOWT, HEZH
WABIRERRBEERT A LI VL2,

EME L TSalmonella typhimurium TA100, TA1535,
TA98, TAL5373 X WEscherichia coli WP2 uviA % Fvr,
RS X CRANEHERBEOVWF L, HERER
BEX50~5000 pg/ 7L - b OBRT, ARBRIE25~
000 pg/ 7V~ PO BECTREE T 12,

FOBE, 2HoFREL L. BuisHEoRERIICD
Wi, WTNLOARETHEFER I = - EoEniE
HoMhGholaZ b, 4~TFT X/ —-5—-LFOFi—
2,7—F 7V VL VANEKEEEF M AL, Hni
HEBRIBWTEREMEZH L 2w (B tHESH
e

#

OECDHEF LB R etk R s BT £ —
BE LT, OEMAILEE LR EERE D1 TH
5,4—7 31/ -5—eFOFI27-F7¥L VAN
FUYEBREF R AILONT, MEEHCAERER
e 7L — MBS DERL -,

CORERE, AT (RAAIFTAR) KBTAE
AFVEREDP LEBERY~OEBER" | 260K
KEIBEICBTFS DU 7 b7 7 Y ERMED 5 IEERMEA~D
HRER +{EEL LAEREORERTH S,

RERL, HBRWHETTOL IRENICIH s ¢ EER
By, WAHYO L oEMIUMEER (SR KioT
PEA SN D BB H oM ORI & BB T 5 U
BB E PO o T WD,

NEERIE . [HBALF IR D KB fikizowT
(BIf62iE3 A3 A, BRIFESE17TE. BERHE065. 62

il

ERH303%) & X UOECDILESMBBIET 1 T4 > 1

471, AT2ICHEML L . {bEEGLP (IBRSOEIAHE.
RIREREIOF, ERP2295 . 59 HE5H. AT
63%E1LR 18H ., RAME2335. AR, 638RE
8238) ICHESWTERL Y,

Hik
RER)

Salmonella typhimurium TA100
Salmonella typhimurium TA1535
Escherichia coli WP2uvrA

o6

Salmoneila typhimurium TA98
Salmonella typhimurium TA1537

Salmonella typhimurivm TA100. Salmosella typhimurium
TA1535, Salmonella typhimuripm TA98. Salmonella
typhimurium TA1537 D4 1975 10H318IZ7 X )
AERE, A7 4 V2T REDB.N. Amesi@ L2 65
%-' % ')ﬂz_’ I'T 7= ° '

Escherichia coli WP2uvrA#ElIZ 197045 Ho B IZEV&(ESE
MR oMEN R 605 2%,

RERIE, —SOTCLU T CHiEMTFL L FBIBLT.
0.5 YNz~ FTER
(Difco) T AfLA Ly BIRBRE ISR 2L, 37C.

IORFEIFERERE S E L b orhEHEE L

(#:5840H)

4—T7 2/ -5 FOFL 27—+ 75 LT RNEY
fFE /4 b U4 {CAS No. 5460-09-3, Monoscdium 4-
amino-5-hydroxy-2,7-naphthalenedisulfonate} X, ZF &
MIIDXBERLTH D, HESI4%0ED (T b E
B UAZOL, WMEAEMTE (R ) % (3) BAREFELE
Bty shi, HBRBHIT, FREKEE TERTE
HLTERFL:.

4~F I —5— FOFL—27—F 78 LI RANFY
BE/FRYTLE, VAFLALFZFLF (U b &
% . DSL5887. HUEMZETE (BB % BV T50 mgmlil
AL IR LA FASETECAR2EWLITH
RLb 0%, e FBRICHW, b, RRCH
oo T, MERNIEITh 2P0,

HEROBIAIZL Y - T, BERSRICEwT4—T 3/ —
5S—k FOF 27— FT 79 Ly ARFIEBEE/ T
7 AMEODMSORHE R CORESRB 1T /e A
BRICBU L REHEY (S0mg/ml) B L UTRIEIEE 3my
mil) DUREIZOVT, BiREXEGHTTERL. £
DR, WRBEIMFIE- BT L3 > LD FHER
B, £zt pifiiiodsy (o 2 LT, 9618
FI01%Th oo IO OMHEIE, SIFFERTOESEAETF
Mg o e (bl ofle EYE okl k) 2@l T
vage,

o, RREICH W ARRBRICOWT, SEHENER
T o AR, SOmg/miFO SR ITIEREICHL.
98.4~101%. 3.125 mg/mliBFHIE, 103~108%TH> 1.
ZH LoD PR OERBREFHEOEE (FE
BIEEmaEosse b . yE@Eis L Tni,
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Bl @S, 4—F I/ —5—k Fuaxs -2 7—F7
¥ Ly RNk YERTE S F R T AIZDMSOBA T
FETHY, TLRENOERYEOESRIEIFENE

ORI S D 2 L RS,
(BBt ER4D HE )

JHV B E B L P2 omiid L Fo LB THh,
AF2 1 7UN7Iv 4N (LEEE #)
SA T UABEF R L (HISGRIAE LN By )
9AA (9T ILT UYLy (BubIE LLEGER)
2-AA 12T ISTY by (HRhHEz DE &)

AF-2, 9 AA. 2-AAIIDMSO (FIYCHESEI T (B)) 2.
SAITFESAIZISB L THREBIOH W,

(s & USORBROER)

1 by TTH— (TAEHR)
FTEOKETHE (A) BXU (B) 28BEII0:10FETE
HL7

(A)y /7 k- 7 H— (Difco) 0.6%

HiFrruoa 0.5%
(B L—EAFI 0.5 mM
5 o S 0.5 mM

* WP2HIZiE, 0.5mML-F ) 7 77 LR E W,

2) ARk
Bk, HiGRpdaitogBR S E Iz, &
B, Bl hofiRETiOLBD TH L,

i S AR § ¥ 1L 02g
= TRV L) 2g

U UEERFE DA T L 10g
UV EERET ST AT Y T A 4K 3.5g
Fha-—- R 20g
87 b« 7 H— (Difco) 15g

FEYOmmP > ¥ — LV IBH L DI0mIEFH L THEHTH S,

) SoiRME (1 mPTERORFESEL)
Sg#* 0.1 ml

BAb= 37 4 8 lmol
Bibs gL 33 pmol
FN1— A6 R 5 pmol
NADH 4 umol
NADPH 4 umol
0.2MY BB ERE (pH 74) 0.5ml

*% 1 7O Sprague-DawleyRiff 7 v P& v xS 3N E
Ze (PB) BXUS, 6>V 75K (BF) OHH
BUTRERELTHERLASY (Fya—-vr#) ©
Aviz,
(BEaAHE)
Tl — hEICE O EEBEAR L OCENSTE LR R T o 1.
ARG b oy 7T A —2ml, BRI EEO. m,
Y v BERRIETE0.5 ml (FUAHEHEIREREEIZ B v T ISR
57

05ml) . BERE I mZzREe LD STk
AP HE FARRE /A AHARE & L THEBRIERRILD
A HHicDMSO, FREHOBMETRITERTHY

T BMER T L oMM B EN BT S L TR RIER

HUDR L e BERIZ37TC T4 MT Y, AL ATRER
Tos—REHWL, ERENEOTHMLGEREY
)_Ry)?::o

(HEEE)

W F ST T EN LI BT AERER 2 K

55, Bt F R g EiclmL . o, £

AW EEYS L I EREEFRD LGS

. SHEBRHIEARBRIIBOTERER YA TS
(Bet3) rHETsZL L.

BB B L UER
(ARHERE)

C50~5000 pg/ 7L — FOFEATHBETERLLLEI A,

FTRTOMBER O ERES L CRBHE LRI B »
THEERRD N L o,

LdoT, RBI-BIrREAEY, TXTORE
T, HESED X AL RER L § 125000 pe/ 7
L bk L, B2 TsHBYRETACEE L,

(55D

$EE A Tableg 1, 20005 L7, 4—F 3/ —5—E FOF I~
2.7—F 7 IV VALK YEEE/ T P LAILONT
312.5~5000pg/ 7 L — b OFEATHRBE LB L 2, 2MOD
SErE LT, HwisHEROREHoEERE, aNE
HARBOVWTIII VT, HREFEND AR
0= — ORI HED Sk oz, $h TRTOMK
ERICBWTHEME R LR dods,

BELIERBIIEVWC, WROREHE, S0py7L—
b ORI BROAUGE FOER D 0 o — SR bR,
FRETIH2AE L., WPZIZBWTER I 2 —H O
MEES LML ofz, BEPS, WP2OHEREMNER
KB ABRIT - —ROWMIHBENLLDEERDL
i,

DlpiRir s 4—72 /-5 0% —2,7—
FIELY UANRYERT T MY AR, BB EBR
CBWTEREMEH LAV o (Bl LHELE.
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Ramel eds.) , Elsevier Science Publisher, New York,
1984, plel.



4—73/—5—E FO%:

Wk ABEEE TR
(B) ANt v ¥ — BEAFRR
T257 MENELRY di &4 720-5
Tel 0463-82-4751  Fax (463-82-9627

¥ 27 ﬂ‘??l///ZJ!u‘J‘/@:E/:l‘ |‘U '?J.x

Correspondence : Shibuya, Tohru
Hatano Research Institute, Food and Drug Safety
Center
729-5 Ochiai, Hadano-shi, Kanagawa, 257, Japan
Tel 81-463-82-475]  Fax 81-463-82-9627

Table 1 Results of bacterial reverse mutation assay (]) with 4-amino-5-hydroxy-2 T-naphthalenedisulfonic acid monosadium salt
funber of revertants (wmber of colonies, Mean * 5.1:)
Groap Dose 59 Mix Base-pair substitution type Frameshift type
(ug/plate) TALDD TAIS35 P2 TASR TAL537
Solvent '
- s 127 1 z 17 15 9 13 16 27 18 a 10 I0 ]
control {131 = 13.5) { 8t 3.6 (3% 3.5 (2% 4.6) ( 9z 2.3
3125 - 1% 15 % 16 12 18 16 % 2 2 4 B 3
( s 27 {17+ 8.0} ( 5% 31 (2% 19 ( 9% L2
625 - 144 140 134 13 4 18 12 10 2 20 2 17 8 9 9
(139 = 5.0) (15 2.6 { 11+ .2 ( 2+ 2.5 ( 9= 0.8)
125 - 129 115 108 16 8 1 18 5 11 11 13 17 7 ] 5
(117 + 1.7 (12% 4.0 (13 2.0 4 x n { 7% 1.5
Test 2500 - 136 138 146 18 18 13 g 17 10 17 i 2 [ 8 9
substance (138 * 20 ( 16+ 29 (12 47 (19 2.9 ( 8+ + L5
5600 - 13 48 140 16 12 16 15 i0 16 pi| 12 20 2 5 [
(140 1.5 { 5% .3 ( 4% 39 ( 18+ 4.9) { 4% 20
Solvent
+ 163 125 124 15 13 9 19 id 45 45 37 10 11
control (131 29 {12+ 30 {17+ 2.9 ( 2+ 4.6) (= 10)
s o+ 156 158 151 12 15 16 19 )1} 3 27 44 [ [ 10
R 3.6) { 4% 20 { 5% 4.0 (9L 104 (7% a1
685 + 149 132 119 8 10 " 20 13 11 2 0 1] 4 7
(133+ 150 {10=£ 1.5) ( 15+ 47 (%= 6.4) { 6% 20
1250 + 109 156 122 7 12 13 13 9 12 2 27 5} [ 10 6
Tost (13 2.3 (1 + 3.2 (1 x 20 - == LY ( 1% 23
es
substance 2500 + 163 103 116 15 g 12 12 B 16 21 i 25 7 5 2
(18 + 20.4) {12+ 3.0 { 4= 21 (%= 5.0) { 5% 2.5
5000 + 4l 45 M 18 16 8 12 12 13 % g1 2 3 16 &
(40 * 5.8 ( 12+ 4.0 { 12+ 0.6) {9 1.0) ( 6% 35
Psitive Cenical AF2 0.01 S 0.5 Af2 0.0L A2 0.1 9 &
amtrol Dose (ug/plate) ’
SoMix {)  Mumber of
oofonies 634 612 657 166 % 9 122 127 107 % 48 79 20 3527 36!
/elate {64 = 4. 1) {184 = 154 (119 = 0.4 {780 = 28.0) @3+ LY
Pasitive Chemical
24 1 28 2 284 1t 24 0.5 24 2
control Dose (uefplate)
S9Mix () Muber of
colmies 89i 1051 1088 231 196 183 899 897 803 463 45 Kir} 18 225 191
/nlate (1046 + 52,7 (23 4.8 (85 £ 5.9 (312+ BLY (205 = 18.0)
AF2:2- (2-Furyl)-3~(5-pitro-2-furyl) acrylamide. SA:Sodium azide. 9AA:D-Aminoacridine, 2AA:2-Aminoanthracene
*:Purity was B7, 4%
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Table 2 Results of bacterial reverse mutation assay (II) with {~amino~5-hydroxy-2, T-naphthalenedisulfenic acid mnosodium salt

tmber of revertants (number of colonies, Mean * S.0.)

Group Dose 59 Mix Basepair substitution type ‘ Frameshift type
{ug/olate) TA100 TAIS35 PArwrA TA9S TAI537
Soivent :
- 158 156 147 21 15 13 18 17 28 2 28 & 16 14 9
control (1M £ 6.2) ( 6% 12 (2% 6.1} (™% .0 (13% 3.6)
3125 - 7 W 12 i bt | i 16 I5 14 20 31 2 13 7 8
(1% = 9.3 (B3* 23 (5% L0 (5 57 ( 8¢ 32
65 - 1 17 138 25 19 13 16 I3 8 ) ] 2 5 7 5
(137 1L9 { 9% 6.0) (2= 4.0 (2% 4.9 ( 6= L2
1250 - 127 133 133 15 18 19 10 10 15 14 20 16 7 4 b
{131 = 3.5 (1% 21 (12 29 (17x K} ( 68& LN
Test 2500 - 134 47 10 11 18 0 14 13 17 P 2% 8 7 12
substance ( 40 £ 6.6) (13% 4.4 (B 39 (2% 39 { 9= 2.6)
5000 - 138 15 1% 19 13 16 1t 19 16 2 X b 6 9 )
{138+ 12.5) { 16 3.0 ( 1o 4.0 {21+ 1.2 { 1+ LN
Solvent
+ 1% 138 170 15 8 % 16 111 12 3 2 14 13 13
contrel (15 % 16.0} { l6% 8.5 ( 4= 2.0 (2 6.0) { 3% 0,6)
3125 + 136 142 114 15 i 1l 18 17 15 4] 44 pao] 8 8 17
(131 £ 4.7 (4 2.9 (7% 1.9 { 38 % 8.5 { 4= 5.5
625 + 137 124 128 22 18 15 2] 15 16 2 % 17 10 e i3
(130 = 6,7 ( 18 3.5 {17 3.2 (3 + 5.2) 1z LD
12%0 t i 138 123 n 2 15 P! 15 10 % 3 22 7 7 11
Test (13 = 5.4) (5% 2.9) { 16 0 (271 x 5.3 ( 8% 23
e . .
substance %0 + 12 I3 17 11 13 12 i5 20 13 21 28 30 9 14 10
(126 + 9.0} (R 1.0 (Bt 3.6} ( 8+ L5 (1= 2.6)
5000 + 115 13 1% 2 10 13 I 12 19 2 % 19 i 12 15
(120 + 7.2 (14 x 5.1) (0t 4.0 (A% 4.4 [ 14 L9
Positive Chemica!
A2 0.01 S4 0.5 AF2 0.0 A2 0,1 G &
control Dose (ugfplate)
59 Mix {-)  Muber of
oolonies 633 675 683 3 154 149 106 105 106 T8 781 85I 69 2633 2m8
/plate {670 = 15,5 (159 + 2.5) (106 * 0.6) (804 410} {269% £ &0, 1)
Positive (hemical :
2A 1 2M 2 24 10 224 0.5 24 2
control Dose (vg/plate)
S Mix 3 Murber of :
oolonies 1001 927 987 187 180 169 M8 M7 &2 N1 202 2A3 97 208
/olate (92 0.9 (1 3.7 (76 = 3.5 (205 = 6.7 (182 & 25.5)

AF2 2- (2-Fury1) 3- (5—mtro~2 furyl)acrylamide, SA:Sodium azide, SAA:$-Aminoacridine, 2AA:2-Amincanthracene
*:Purity was 87.
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In vitro Chromosomal Aberration Test of Monosodium 4-amino-5-hydroxy-2,7-naphthalenedistitfonate

on Cultured Chinese Hamster Cells
B MBS LUFHE
4=F I/ -5~ FOXY—27—F 79 L TVRMEY .
e FF U aoREhRRHERES, Fri=— AL
A NSRS SRR (CHL) TR TIREL A, Y —F- - Y v—A3 7 (JCRB) 45 AF (198842

1) RTINS

FARE IS B 2 H50%0 MATHERIE 2,20 mgm!T
Botz, LEHEE T, TR oRBRER (0.1
~3.40 mg/ml) KXBWT H, 50%% I L HEREEIEfER
IFBRE s Lo,

foT, RAEBREHRBIIBVT., (EETIE220 mg/
mi. AL TI23.40 mg/ml (10 mMATY) DILE
BEEENFNGRIEL L, 201208 2k, 1
AN L RBREE L TRV,

2) REGRRHER

P & b, CHLAME % 24035 & UMeRE MR L /=44
B WTEROREL BT RBEOHEERE PHHIEM
MoFBAEMIEO A 2, i, {LAHER LED
SOmix{ifE F B L UIER FoOwF o EficbnT
L, AR ToRREHEED LN R0,

3) #E5R

4—T I /=5 FOFL -2 7-F TV F L VAT
BEE ./ M)Al SREERLCRBRYTT, HBRY
ROCHLARCREREE 2B L2V e#aL .

OECDELfF{LHM AT M aRICR L B NEEEO—R
LT, HAMBEEE LARfI3dEm10TS
H,4—T 3/ ~5—FRFL—27—F7F¥Lr¥RN
FPEET S F DU LG, BN I BT R R
BTt A0, Fr4o—X N R Y R
(CHL) #HIWTHEBENROGHEETRETERL .

CoREE, [HRtFEHHICRIKBOFEILO>W
T) (DBM624E3A31H, BHBREN237H . EREE06
. 624ERE3035) BIXUOECDH 4 F P 4 ¥ 4T3
HEfR L, fEEHGLP (BFISOE3 H 3101, BRIRES
¥, BSEE229%, YERAWESH. &ETIRMe3 11818
M. BREAFF233%, #4H385., 638/3H8235) Ik
TTEBELLZLDTSH L,
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H. AFE D dkftatt) Li-Fr1=o—X - ~A2¥—H
EOCHLMNR &, FREERAIMCLIN TREIIA VW,

2. BEAORN

BFEZIE, Wi (FCS:Bocknek, B v MEHF
SF70521) #10%EML7: 1 — ¥ P MEMES BT H W
e

3. EERG

2X 1M OCHLANE & . R smiz ALY v—L
(#%6cm, Corning) 1Z# % . 37CHCO, 1 ¥ F 2% —
¥— (5% CO,) WTH#EL,

4. TWBRME

4—F 37 —5— FuFs—27—F7 8L I ANFEY
Bt F FY 7 s (CAS No. 5460-09-3, o v PEE
AZOL, BEC{EHCIE (BR) BE. (L) BAYMLERETER
S XRBLOBET. T rBIUKIIEET
P DMSO { P AFNANLFFI V) 5% F CHRY
B, 45 FalC H,NOSNa,, 5 FHE34130MH T, FEEL
1387.4%TH 5 (QEARIE () &HH) . AERT
RBERBEARIBY I L, BiEE LT05%
CMC Na (HNEFL AFLELD—RF b2 L) &
RV, BieoweticBE L CiRE SRS Do
7adt, BT AT LR E TER L BB R TO
LEMERBR T, 5.50~34.0 mg/ml ) EEEDH T 3EM 14
'ﬁ'ﬁi’("‘% = f\.:c

5 HERPEORAR

HEmEoNEE, FHEOE T2, BEE05%
CMC Naififi (#2394 572%7 () . v bv&H5:
MOG8053) 1288 L THUE (34.0F 7214220 mg/ml) %
FAERL, DWTHEFEETEAFRL THEDRED
e MR ERL S, EREANEE., £T0
RIS CTHMEED10% (vwv) 123D L5 IImMA L,
efh RRE BRI B Tid, BB L R BEHEEE
IZHIG 2 e i R Iz o W T, HiER B
O 5 BRI SR I LR RS BT
o TORY, WEIOREL, STHEREA
By SN ORswbl k) nlTh o1,
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6. HfQETEENEISERIC L DM DR T

FEERFE BN CL BB HOMIE 2 e 5

. HEHE oMM RIET R <,

HERE OCHLAIN 0T B RISt . B RE 3%
MREEEY () 2 23R) 2HOTEIFOHMAME % FHU
L. BB FLEER OFRABITIY T o Ml ssE o It
7& ig) - —(}-E.*"m:: 2: L 7‘:0

FOFR. BIEEIC BT D500 O WA 122,20
mg/mlTH o, K. ACAHTMHALE TR, P L AR
BRI (0.11~340meg/ml) IIBVT50% % 2 2 5w
FHIBE s b o7 (Figl) »

B

100

gy

50 7

Cell growth (% of control)

1 —O=— treated for 48 hr without 59 mix
4 v yreated for 6 he with $9 mix

0 T T g —T T L
0.0 1.0 2.0 3.0
Congentration (mg/m?)

Fig. 1 Inhibition of cell growth treated with monosodium 4-
amino-5-hydroxy-2,7-naphthalenedisulfonate in CHL. cells

7. EREONRTE

MR IEREDEIRER O R L b BB ERRSBRTHWS
BEMEOBRERE. B (243 X UK HERL
BY) Tl3220mg/ml, FCHHERLEE (6PENIALIRE: 18RER]
) TH340mgmle L, ZRFNGRERO120R
FEx g, 1MORELERE: L,

8. SafERERZE

HEREHCT O2DRRIEII . T I N R BRI A0, 1pg/
mitsd D & D ITEEETUIME S, RO /EsUTE
BT o, A7 4 FEAREIY—LIZDX6
HRRL, REMABNES, WHEEBL RS54 FES
FRALL, FL¥Fdefs LR T 4 FERIE, IEHSN
AT A By — 2 A, vy — AR REBRRENES.
BEAEROHAEZIHRL THRFE L,

9. REGHIM

LA 4 FERDS L, 1200 vy —LhoiEb
NICBER AL, BROBRENFREFRLII4IF
OIRFET W Uiz, Betribopiiz, NAREBERES
2, WEFLEM B (MMS) GHAY X 25 8EBICRT
VTRV, ERf RIS B IR G HREDFE r v 7, 4]
Wi, KA EEoBEREOHFNE L M REDR

(polyploid) DATMEIZ-DOVTEIEEL 720 F 7-HEESRF I
DWTIRIEER200M. /BRI oW T IEEROE D 41
ZL AL % Ar 4T 1 7.
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EEL EEASo s onwTER L. 4BOEE S
B#IZRLA LT,

kR E AT oMROMBREEIIDWT, 71w
L % - “"Exact probability test” {EIZ & 0O IR &
WER I LR 33 & O IR A R & IR IR R 0 45
BT o, SR EOREEREBEEEICOW
TORBEEL, (i1 OHEEEIEY, SOkR
AT HA o B A s i & RN, 5%l Elogk
W E BERE. 10%D) b EREE L,

BEHSIUEE
ERSC L AR ESITORE R T Table IR L T,

4—F i1/ —5—e FudL—2,7—F75¥L Y A2NF>
BET /b 0w A d iz T4 B X UFaRRER R L 7>
EHIZBVT, WL et fkDiEEREONIURRIZE
EaMmiEs ST, @ TOREFTRETH 7. F
o EEERIC oW T MR E R ENEAL RS
ot

TR & 2 B0 R AT DR £ Table 2R L 72
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BEEF P AENMATSO mixFRTH L UFEEET
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TOWHBECRMYETH 2,

Badat g & L CTHIV /- [ B COMCILEERE, B X TFS9
mix{E1E FTOCPAMLIREE Tid et AR (ce) %
EAEYET (o) 2 CoiERET b o SHEIC
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Table 1 Results of chromosome analysis of Chinese hamster cells (CHL) treated with monosodium 4-amino-3- hydroxy-Z 7-
naphthalenedisulfonate** by direct method

Concent-Time of No.of  No. of structural aberrations No. of cells
Group ralion  exposure  cells Others"  withaberrations_ Polyploid® _Judgement™
(mgfml) (hr) cmalysed 2Ap clh cte csb cse § mul® tola] TAG (‘/;) TA (%) (%) SA NA
Controt 200 20 0 6 0 0 0 2 0 2 [ 0) 0 ( 0. 0) 0.13
Solvent” 0 24 200 2 1 0 0 0 00 3 0 3 (15 I (03} 0.50
AHNS 0.55 24 200 I 0 0 06 0 0 0 | ¢ 1 ( 05) 0 (00) 025 - -
AHNS .10 24 200 20 0 00 00 2 6 2 (10> 0 (00) 050 - —
AHNS 2.20 4 200 6 0 0 0 0 0 0 6 0 6 ( 30)y 0 (00) 038 - -
MC 000005 24 200 18 44 57 1 0 3 0 123 0 77* (385) 68 (340) 025+ -
Solvent" O 48 200 1 00 0 0 0 0 1 0 1 (¢ 05y 0 (00) 0.13
AHNS 0.55 48 200 2 00 0 0 00 2 0 2 ( 1.0) 0 (0O) 025 - -
AHNS 1.10 48 200 o 1 0 0.0 0 0 0 1 (05) 1 (05) 000 - -
AHNS 2.20 48 200 4 0 0 0 0 0 0 4 0 4 ( 20) 0 (00) 625 - -
MC 0.00005 48 200 17 24 60 1 1 0 20 123 0O 73 (365) 62* (310) 025+ -

Abbreviations : gap : chromatid gap and chromosome gap, ctb ; chromatid break, cte: chromatid exchange, csb : chromosome break, cse :
chromosome exchange {dicentric and ring ctc.), T: fragment (deletion), mul : muliiple aberrations, TAG : total no.of cells with aberrations, TA ;
total no. of cells with aberrations except gap, SA : structural aberration, NA ; numerical aberration, MC : mitomycinC. 1) 0.5% Carboxymethyl-
cellulose sodium was used as solvent.  2) More than ten abeirations in a cell were scored as 10.  3) Others, such as attenuation and premature
chromosome condensation, were excluded from the no, of stuctural aberrations, 4} Eight hundred cells were analyzed in each group.  35)
Judgement was done on the basis of the criteria of Ishidate et al, (1987).

* ; Significantly different from solvent control at p<0.05.  **: Purity was 87.4%.

Table 2 Results of chromosome analysis of Chinese hamster cells (CHL) treated with monosodium 4-amino-5-hydroxy-2.7-
naphthalenedisulfonate** by metabolic activation method

Concenl- 89 Timeof No.of  No, of structural aberrations No, of cells
Group ration  mix exposurc celly Others® with aberrations _ Polyploid® Judgement™
{mg/ml) (hr) anaiyscd gap t.,lb cte csh ese f mul® lotal TAG (%) TA (%) (%) SA NA
Control 200 0 0 6 0 0 0 0 0 0 0 ( ().0) 0 (00) 0.25
Solvent” 0 - 6-(I8) 200 0 0 0 0 0 0 0 0 0 0 (00) 0 (00) 0.75
AHNS 0.85 - 6-(18) 200 1 00 0 0 0 0 0 1 (05) 0 (00) 050 - -
AHNS 1.70 - 6-(18y 200 1 00 0 0 0 0 I 0 1 (035) 0 (00) 038 -— -
AHNS 3.40 — 6-(18) 200 ¢ 0 0 0 0 0 0 0 0 ¢ (00) ¢ (00) 025 —
CPA 0.005 — 6-(I8) 200 2 0 0 0 0 0 0 2 0 2 (10)y 0 (00) 038 — -
Solvent" O +  6-(18) 200 0 0 0 0 0 0 0 O 0 0 (00) 0 (00) 0.38
AHNS 0.85 +  6-(18) 200 2 9 0 0 0 0 0 2 0 2 (1L0) 0 (00) 025 — -
AHNS L70 +  6-(18) 200 ¢ 0 0 0 0 0 0 O 0 0 (00) 0 (00) 050 — -
AHNS 340 + 6-(18) 200 21 0 0 0 0 0 3 0 3 (Ls) 1 (035) 050 - —
CPA 0.005 + 6-(I8) 200 24 80 130 © 1 2 30 268 0 113* (56.5) 109* (54.5) 013+ -

Abbreviations : gap : chromatid gap and chromosome gap, ctb : chromatid break, cte: chromatid exchange, csb : chromosome break, cse :
chromosome exchange (diceniric and ring cic.), f: fragment (defetion), mul : muitiple aberrations, TAG : total no.of cells with aberrations, TA :
total no. of cells with aberrations except gap, SA : structural aberration, NA : numerical aberration, CPA : cyclophosphamide, 1) 0.5% Carboxym-
cthylcellulose sodium was used as solvent.  2) More (han ten aberrations in a cell were scored as 10, 3) Others, such as atlenuation and premature
chromosome condensation, were excluded from the no. of structural aberrations.  4) Eight hundred cells were analyzed in each group. 5)
Judgement was done on the basis of the criteria of Ishidate et al. (1987).

* 1 Significantly different from solvent control at p<<0.05.  ** ; Purity was 87.4%.
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Combined Repeat Dose and Reproductive/Developmental Toxicity Screening Test of
2,2-Dimethyl-1,3-propanediol in Rats
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. BEROEREELLES (iSLheftéU)}IIﬂ\fhf‘ :Tat
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1. RIERSEM
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FECHE, fEREE T8
BENLhol,

RN OZEITIE, MM R LR R s & AR
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2) HE (Table 1~2)

HEMEE B2 HMEORTUIIZIZRSERER 2R L, W
& B R I E IR AHEENA BRI A Sk
Wiz,

Table 1. Body weight change of male rats treated with 2.2-dimethyl-1.3-propanediol
Dose level 0 mbjkcr l{}O mg/kg %00 mgtkg 1000 mg/kg
"No. of animals 2 12 12 12
Days of experiment 0 323+ 9.6 322 + 11.7 323 = 12.7 323 £ 94
7 343 = 16.5 348 = 88 346 £ 17.2 346+ 156
14 362 £ 190 362 4= 18.1 367 % 20.1 370 £ 20.6
2] 383+ 193 381 + 183 388 + 21! 387 = 21.1
28 398 & 21.6 399 = 20.1 403 £ 235 401 & 23.7
35 404 4+ 222 402 £ 209 410 = 25,6 407 + 28.9
42 415 = 23.8 417 £ 254 425 = 28.5 419 + 30.8
Gain (-42 92 = 20.6 05 4z 25.5 101 & 204 96+ 249
Values are expressed as g, MeanT 5.D,
Table 2. Body weight change of female rats treated with 2,2-dimethyl- 1,3-propanediol
Dose level 0 mgfk= 100 mg/kg 300 mghkg 1000 mg/kg
Before mating perlud
Ng. of animals 12 12 12 12
Days ol experiment 0 210 = 6.6 200 = 6.0 210k 5.6 210 £ 6.0
7 223+ 8.5 2254 8.7 224 + 714 224 £ 9.1
14 238 £ 13.2 239 £ 10.1 238 + 6.3 239 £ 127
Gain (-14 28 :i: 104 22+ 75 28 + 438 29+ 94
Gesl«mon permd o T
No. of dams 12 10 12 1
Days of gestation 0 242 = 15.6 242 &+ 13.1 242 = 8.6 243 + 13.3
7 27 E 194 7L 154 270+ 95 266 £ 18.1
14 296 £ 19.6 205 & 149 300 =117 264 4+ 24.1
21 365 = 28.0 368 = 199 378 £ 169 367 £ 346
Gain (-21 1234238 125 &= 12.8 136 = 154 123 = 252
Laciation period
No. of dams 1l [0 12 L1
Days of lactation | 267 £ 194 260 £ 7.1 274 £ 150 272 & 21.7
4 273 £ 148 273 £ 16.0 281 = 139 219 £ 255
Gain -4 6% 57 134 84 7+ 64 8+ 104

Valucs are expressed as g, Mean® S.D.
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4) BEORBFRE (Table 3)
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HECER O, 100 mgkeRETH ) 7 ADEDHER
S, Wb B S Eh, FIBERFEDR Y
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6) #SEEE (Table 5~6)

BT, 30048 L OF1L,000 mg/ke B THIRERICH GO
FEEEB IO RENE DIZHML, E612, 1,000
mg/kght T, ’i‘%‘ﬂ\'&@?é?ﬁ:&iﬁ L UM ERN L HICH

5) WOMELFIRE (Table 4)

3008 & TF1.000 mg/kgTlE, #HMEEE <
EEBLUTALZICEFENL., S 5121000
mg/kgﬁf[[l['ﬂﬁffﬁﬂ‘ﬂl)' Uiz, Fofit, 1008 X U300 mg/

Y S
. RE

(=R) 9. VR

b, 300mgkedtT b s
WA RS 5 L, ﬂﬂf’(’i FERBLUHRNES
BB L B L 5B L OB TRELS E‘Jﬁ%’-?&:#

FHHEER RS 600)1%1]11

BT Ao,
Table 3. Hematology of male rats treated with 2,2-dimethyl-1,3-propanediol ,
Dose level 0 mgfke IOO mg{kw 300 mg/kg 1000 mg/kg
No. of animals 12 12 12 12
HCT(%) 46.6 £ 1.7 46.7 £ 3.0 472 £ 1.9 44.7 = 2.4
HGB{g/dly 48 =05 147 £ 09 4.3 £ 06 142+ 05
RBC(x10%mm?) 9.61 = 0.30 9.47 £ 0.72 9.57 £ 0.46 0.14 + 0.48
MCV{ xm% 485+ 14 494+ 1.8 4941%15 489 =12
MCH(pg) 154 £ 04 156 £ 07 155+ 0.6 15.6 4 0.5
MCHC(%) 31.7 £ 0.4N 315 £ 0.5 31405 31910
PLT(x}0%mm?) 1172 = 88 1232 & 188 1304 = 126 1274 £ 114
WBC(x10%/mm?) 6.7+ 1.3 7015 6.8 =09 7013
Differential lenkocyte
counts( %) .
NEUT 29 = 7N 2t9 27 x5 204
LYMPH 66+ 8 67x9 68 £ 35 x4
MONO 3x1 2E1 2+ 3Lt
EOSN 2 IN 2% 241 2+0
BASO 00 020 0t0 040
LucC 10 10 10 10
Reticulocyre(*,) §1 £3N 14 11 N6 03
Values are expressed as Mean=5.D.
LUC : Large unstained celly
N : Non parametric analyysis
Table 4. Blood chemistry of male rats treated with 2,2-dimethyl-I,3-propanediol
Dose level 0 mg/kg 100 mg/kg %(}G mg/kg 1000 mg/kg
No. of animals 12 12 12 2
Glucose(mg/dl} 152 & 7N 154 + 17 164 = 26 140 + 10 **
T bilirubin(meg/dl) 025 &= 002N 026 = 0.02 028 £ 0.02% 0.32 £ 0.04 **
BUN(mg/dl) 15.5 24 17.7 X 4.4 18.2 = 3.0 18.8 £ 2.6
Creatinine(mg/dl} 0.64 + 0.04 0.66 * 0.08 0.69 = 0.09 0.68 £ 0.06
T.protein{g/dl) 6.02 = 0.18 6.07 & 0.1} 6.29 X 0.16 ** 6.42 = (0,19 **
Albumin{g/dl) 3251 0.12 331 £ 0.09 346 & 0.16 ** 3.52 & 0.14 **
AfG 118 £ 0.05 121 £0.06 123 £ 008 122 + 0.05
Potassium{mmol/l) 487 £ 023 452 1041 % 4.91 £0.38 472 £0.24
Chloride(mmol/1) 1055+ 1.3 106.8 + 1.8 1065 = 1.7 105212
Calcium(mg/dl) 9.34 + (1,31 .64 = (.24 * 9.81 £ 042 ** 9.67 027 %
Lphosphate(mg/dl) 537 = 0,67 575 £ 0.52 6.43 £ (.96 ** 3.68 £ 0.48
GOT(UMA) 49 + 10N 38 o 4%+ 42 + 1 * 43t 8
GPT(UM) 24+ 5 215 23+ 3 20%2
Gamma-GTP{U/1) 0504 1.4 & (.5 ## 0.3 0.5 05+04

Values are expressed as Mean=8.D.,
Significantly different from control group;

N : Non parametric analysis

*: p<0.05 **; p<0.01
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Table 5. Absolute and relative organ weight of male rats wreated with 2,2-dimethyi-1,.3-propanediol
Dose level 0 mg/kg 100 mg/kg 300 mg/kg 1300 mg/kg
No. of animals 12 12 12 12
Body weight (g} 391 £ 23 395 4+ 23 399 27 392 + 30
Absolute organ weight
Thymus {mg) 303 70 333 x 36 286 = 57 3382
Liver @ 1123 £ 115 11.49 = 0.96 (252 £ L1g* 13.07 & 1.43 **
Kidneys () 261 £0.18 270 £ 016 (1) 283+ 024 294 £ 033 %
Testes €3] 341 £ 0.16 345 £ 018 42018 347 £ 0.22
Epididymides () 1.18 & 0.08 [.25 £ 0.10 L19 £ 0.10 1.23 £ 0.14
Relative organ weight
Thymus {mg%) 77170 = 16.376 84.433 = 8.928 71518 = 12979 79.578 £ 18.122
Liver {g9%) 2.865 + (164 2911 & 0.217 3037 £ 0154 % 3331 £ 0170 **
Kidneys (2%) 0.666 = 0.037 0678 £0.046(11) 074 + 0.049 0.749 £ 0.052 **
Tesles {g%) 0.873 + 0.058 0.874 £ 0,053 0.861 * 0.045 0.889 = 0.092
Epididymides (%) 0.301 £ 0.021 0.316 % (L.021 (.299 = (.025 0.315 == 0,038
Values are expressed as Mean=8.D.
Values in parentheses are expressed number of animals measured
Significantly different from control group; *: p<0.05 **: p<d,M
Table 6. Absolute and relative organ weight of female rats treated with 2,2-dimethyl- 1,3-propanediol
Dose level Omg/kg H00 mg/kg 300 mefkg 1000 mgrke
No. of animals 11 10 12 H
Body weight (€3] i B 273+ 16 281 = 14 279 + 25
Absolute organ weight
Thymus (mg) 197 = 52 178 £ 44 208 + 53 201 * 46
Liver (& 10.85 £ 0.91 11.36 £ 1.21 10.92 + 1.25 11.33 £ 141
Kidneys (2) 1.86 £ 0.19 1.98 £ 0.20 2.00 =021 195 + 0,22
Qvaries (mg) 100 £ 6N 98 =7 100 £ 13 102 £ 18
Relative organ weight
Thymus (mg%) 71979 4 19057  65.132 * [4.151 73.626 = 16446  71.251 £ 12.240
Liver %) 3965 + 0.170 4.160 + 0.258 3.884 + 0.369 4.050 = 0.306
Kidoeys (g%} 0.682 + 0.063 0.726 = 0.049 0,710 + 0.063 0.697 + 0.042
Ovaries {mg%) 36.769 & 2.106N 36.063 £ 2.926 35.722 + 4,349 36.572 £ 6.152

Values are expressed as Mean £ 8.D.

Table 7. Summary of gross findings in male rats freated with 2,2-dimethyl-1,3-propanediof
Dose level (mg/kg ) 0 100 300 1000
No, of animals necropsied 12 12 2 12
Organ __. . Findings —
DIGESTIVE SYSTEM
liver enlarged 0 0 0 2
abdominal cavily mass i 0 0 0
URINARY SYSTEM
kidney mass ] I 1] 0
white patch/zone 0 1 0 o
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Tabie 8. Summary of gross findings in female rats treated with 2,2-dimethyl- 1.3-propanedioi
Dase level (mgfkg) 0 100 300 100¢
No. ol animals necropsied 11 10 12 It
Organ . ... . Findings | . .
RESPIRATORY SYSTEM
lung colored patchfzone 1 l 0 0
DIGESTIVE SYSTEM
liver nodule 0 | 0 0
REPRODUCTIVE SYSTEM
ovary cyst 0 0 1 0

7y EERRR (Table 7~8)

HTIE. FFBEOHERA,000 me/ked T 120 o)1 R 5
i, oM, BRRERORELELLLRAL
LT, BRERNOE (RIHEN) Sl eEsfl, SlolE
BB L CHBRM KIEHT100 mykeft o B-—BE1BICE
BEN, B, ThoolEEE) L, REOETIEL
Ldro 7ML 100 mgfkeBEIZ 1B, ITRZ X S 2o
FHE1008 X TFLO00 me/kgBE S B 0 B uiadt . 4%
A MEBRRASEORFERD L d 0,

RMEOWL L T oML 100 me/kefRIZ 1 ER S L AL/
A, REHRRLBSEEN o, BIEORT Lo
72 L 1008 & U000 mg/kgfE O 1FIZERD & Lz A8,
WEMER I OEBEFEZ LRI BREHIIBES L
roit,

MEdN O BEHm O AMTIE, BEHEESTIC L 588N
RIBESNAHTHIIHE S i d o . BREEROWEL
EZ NN E LT, BioHEQR/IKEr BRI
100 mg/kgBiZ 2201, FFIE OFEMA100 mg/keREiT L
Bl i3 & UFIREL LA 300 me/kaBH LT IIBHEE S i

Table 9. Summary of histological findings in male rats meated with 2,2-dimethyl-1,3-propanediol
Dose level {mg/kg ) 0 100 300 1000
No. of animals sacrificed 12 10 12 11
No. of animals necropsied 12 10 12 11
No. of animals examined histologically 12 10 12 It
Organ____ _ Findings __ __ .. ... . T 1 2 3 T o 2 3 T 1 2 3 T t 2 3
CARDIOVASCULAR SYSTEM S T Lo e e e
heart (12) (0) (0 (1)
infiliration/ceihalar - 2 0D 0 .- . - - . - - - D0 0
HEMATOPOIETIC SYSTEM
spleen (12) (0 {0) (i1}
_deposit of pigment - 1200 - - - - - .- . - 100 0
DIGESTIVE SYSTEM
liver (12 ') (0 {n
cylological alleration - 1L 00 - - - - N -1 0 0
fatty change - 10 0 - - - - - - - - -0 0 0
granulation - 4 00 - - - - - . -2 0 0
lymphocytic infiltration -2 0 0 - - - - - - - - -1 0 0
bile duct hyperplasia -1 0 0 - - - - - - - - -0 0 O
peritonenm 1) (0 ] Q)
granulation -1 0 0 - - - - - - - - - - - -
URINARY SYSTEM
kidney 12y (10 i) EEN)
basophilic change - 10 0 0 -9 10 - it 0 0 - 7T 40
deposit of calcium -3 0 0 - 10 0 -1 0 0 -2 00
eastnophilic body - 120 0 - 100 o - 12 0 0 - 11 00
hyaline droplet - 0 06 0 - 190 - 0 0 0 -4 0 0
prolein cast -1 0 0 - 100 - 2 00 -5 0 0
lymphocytic infiitration - 0 0 0 - 100 -1 0 0 - 0 0 0
fibrosis - 0 0 0 - 00 - 0 00 - 00 0
#nephroblastoma o - - - 1 - - - o - - - 6 - - -
ENDOCRINE SYSTEM
adrenal gland (12) (0 {h (11}
vicuolic change - 110 0 - - - - - - - - 10 0 O
T: tumor 1z shight 2: moderate 3: marked
= benign #: malignant

0 No. of animals examined microscopically at this site.
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Table 10. Summary of histological findings in female rats treated with 2,2-dimethyl-1,3-propanediol
Dose level ( mz/k._ 0 100 300 1000
No. of ammals derlflLCLl 11 10 12 11
No. of animals necropsied 11 10 12 i1
No. of animals examined histologically ] 0 0 I
Org.m Fmdmzs ] . T I 2 3 T I 2 3 T | 2 3 T I 2 3
CARDIOVASCULAR SYSTEM
heart (11 [€0) 8] (1)
deposit of calcium -1 0 0 - - - - - - 0 0 0
infiltration/cellular -2 0] - - - - - - - -0 0 0
HEMATOPOQIETIC SYSTEM
spleen {1y () ( (i
deposit of pigment - 8 0 0 - - - - - - - - 9 00
hematopoiesis,increased -2 0 0 - - - . - - - - - 2 0 0
thymus (1) (0) {0) (11}
atrophy -0 00 R - - - - - 0 0
squamous metaplasia - 3 00 B - - - - -3 00
RESPIRATORY SYSTEM
lung §) (D) {0 (0
hemorrhage - 1 0 0 - - - - - - - - A
granulation . - 100 - - - - e - - - -
DIGESTIVE SYSTEM
liver (n (M (0 (11
cytological alteration - 00 0 - - - - - - - - -1 0 0
granulation -2 00 - - - - - - - . - 0 0 0
extramedullary hematopoiesis - 2 00 - - - - - - - - -3 00
URINARY SYSTEM
kidney (1 (O {0) (k)
basophilic change - 00 0 - - - - - - - - -~ P 0 0
deposit of calcium ) - 8 0 0 - - - - - - - - - 0 0 0
proiein cast - 00 0 - - - - - - - - - 00
lymphocytic infiltration - 00 - - - - - - - - 0 0 0
ENDOCRINE SYSTEM
adrenal gland (11) (% {0y (n
vacuolic change - 100 - - - - - - . - -1 00
T: tumor I slight 2: moderate 3: marked
=: benign #: malignant
() No. of animals examined microscopicaily at this site.
8) FIEBEFRE (Table 9~10) BEESPEREE & LT, 100 my/kgBE D HED VBN
ZRE Y Lf ﬁgh;t}ﬁé‘k ;zﬁau_mgzi SFREE. BN,

Bl & T, 100 12, llﬁﬂf‘a’%’)to WER I ST X
DHEEZLNDHRE LT, WBEEIT 1,000 mg/ke
OEETRBOBELTTIREF L WM E R L 2, FE0
TR 1 F A & B omme iR L, £
fo, WEOBIRME o rh e T EvE{b AT thy
FlZiEs LR, BRI OW TSR B TEksED
Fzfz@d, 1008 X U300 mg/keBEll W THRL 28

B OaEELOMIERIED LN E D1, FO/O
Fridida iai & D EIS RIS O N A 1dt, 2/
LR ERLALAOILROMEY Th 1, BROITH
fANRDYHE DT RN Ot FE L A AT O & B
2. EEOER{ES mw%wua:\ RN D I A A
DEEEICFNFNBER N, T, LEOBEE
., IFodfagsit - AREE, Bo) v ki
MERET, AERRE D) v NERESE. TR O ML AT AT,

g o EmTE, WO A, IR RN
PETCTRLBEL O LRSS B, BB,
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Doz, NSO T, MIROBERLE, HEO

PRADFY LIS RHEJEAEAE - TOREEDMERE T, (LBRO LI
A AMEONA B FEOFREIENME - ZEETHE.

Bl ol ficplg s i,

W2 S8t o B TFIROWM G L ado i

BEiE. 1008 X UFL000 mg/keBE THEME & 11520 &Lz,

IhsoBp T, MEoBEibE. Mo  mEEY
FEMELD, LBOMESE, RigoREREEkE, BiEO
FRANTT bR AT S - iR A - ) L oSERIREL
Borkfu b L, THEO ARSI 2D
Lt

BB HE S B AL 12 %Eﬁtiikﬁﬁﬁﬁﬂlfﬂc:a&&) 5ILT,

C OB TIX, MO G ELE . BWROLRILS - )Y
SSERILH AT S AL,



0. HEERLEEME

1) FEH&USHEE (Table 1)

ZRiZ, 100mgkgBE R E BRSO TNTCORTE
IR L7z 100 mghkgBTRIMALBIAR LT, B
91T TH o /oo T, WIS & U300 mekelt

2, 2— A F—1, 3—7"1:11\3*)#——»

<o BAHF AT AR b,

2) PR LUEE (Table12)

FHBERE T, WTNLOEBECB VLT LR L 58
MERERL O P HFEERED O LS d o
2o ThbL, HROIFREE., ®KE SRER 8

DRBETOMEEITER L., 10mgkeBETIX11HH10
. 1,000 mgfkgBE T R2BPUFITHRIZL 220

PEEREREETIX, 100 mgkeBEm BBl E # 2 LR
AUEEEI O GEBL A ISR A5100 BaE s
LCRDLNIHEBIEDOHE L Lz, FOMf. 1,000
mg/kgfE O VIGPER NI A BERED4.00 12~ T43H L =

R, R, M, 4REFREB I UEERK
INZIZFRR M 0L IBEESR, BEH, S8E, B4
EB LU EFRICEREIZO O dbo iz, TD
fi, HEEOIFHFRBRENEL L Lol IT
BSHICEIB L 72, TOHR, BUBREIROTENE
BIHEED AL,

Table 11. Summary of reproductive performance in rats treated with 2,2-dimethyl- 1,3-propanediol
Dose level 0O mg/kg 100 mg/ke . 300 mg/kg 1000 mg/kg
No. of pairs mated 12 12 12 12
No. of pairs copulated 12 11 12 2
No. of pregnant females 12 10 12 11
Copulation index (%)* 100 91.7 100 100
Fertility index (%} % 100 20.9 100 91,7
Estrus cycle (days,mean::5.D.) 4.0+0.1N 40%01 41403 43+04 %

a):(Number of animals with successful copulation / aumber of animals mated) x 100
b):(Number of pregnant #nimals / number of animals with successful copulation) x 100
Significantly different from control group; *: P<0.05

N :Non parameiric analysis

Table 12. Findings of delivery in dams treated with 2,2-dimethyl-1,3-propanediol and observations on their pups(F1}
Dose level O mg/kg 100 mafkg 300 mgfkg 1000 mg/fkg
No. of dams observed 12 10 12 il
No. of dams delivered live pups 11 19 12 11
Duration of gestation (Mean+3.D.) 21.1+0.3 21305 21330.5 21.410.5
No. of total corpora lutea (Mean=5.D.) 170(15.5+1.0) 157(15.7£1.2) 193(16.1 £ 1.7y 164(14.941.8)
No. of totai iniplants (Mean+S.D.) 163(14.8+1.2)N [52(15.2+1.3) 184(15.3:1.2) 183(13.942.7)
No. of toral pups born (Mean=£5.D.) 152(13.8£1.2)N 14114.1%1.6) 168(14.0+2.8) 141(12.84+2.2)
No. of total live pups born (Mean£=8.D.) I51(13.7+£1.2) [41(14.1£1.6) 168(14.0+2.8) 141(12.8£2.2)
Male 67(6.1£1.9) 76({7.6E£1.8) 83(6.9%2.5) 66(6.0+£2.2)
_ Female 84(7.62.5) 65(6.5£1.6) 85(7.1%2.5) 75(6.8:£2.4)
Sex ratio (Male/Female) 0.80( 67/ 84) 117076/ 65) 0.08( 83/ 85) 0.88( 66/ 75)
No. of live pups on day 4 (Mean=S8.D,)
Male 65(5.922.0) 76(7.6+1.8) 8I1{6.8x24 63(5.9x2.2)
Female B1(7.4x2.7) 61(6.1:41.1) 84(7.0t2.4) 73(6.6£2.2)
No. of dead pups born (Mean+5.D.) 100.1£0.3) 0 0 0
Gestation index (%) a) 91.7 100 100 100
Implantation index (Mean8.D,) b) 95.9+4.6 96.8£3.4 95.7+6.2 93.4414.0
Delivery index {Mean=:38.D,) ¢} 93351 928471 90.9+15.6 92,753
Birth index (Mean=£38.D.) ) 92.8£6.1 92.8E7.1 90.9+15.6 92.72:5.3
Viability index on day 4 (Mean=8.D.) &)
Male 97.0+6.8 100.0£0.0 97.9+53 98.9+3.8
Female 95.5+7.8 95.2£8.1 99.3+24 974163

ay:(Number of females with live pups / number of pregnant females) x 100
b)Y:(Number of total implants / number of (otal corpora lutea) x 100
¢):(Number of pups born / number of implants) x 100

d):(Number of live pups born/ aumber of implants) x 100

¢):(Number of live pups on day 4 after birth / number of live pups born ) x 100
N :Non parametric analysis

A
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3) FEROWRE. FEH L USHRAR

Fr RONERE TR, B (H4, B0 27100 mgke
BEOMIIBEIN-OAT, FOMBFEEESNEL
i,

HEIS LU ORE TN & b IZBFIEA R CRANE
MEEEIHED MR Do,

FEENEE L UME4D F TOECIBOIRTIE, FEHT
OBEEEHD LN do 1, HTAHOHBTIE, AEED
HIEE GRIZE) %300 mgke B 1FLE SO
ATHFOMBEIIBEBEIN o1,

T

1. RE#HSEMN

— R ERSERSOEERIRD ST BEH
bEiE s Lo,

HES X UEREMES LR TELR (RBYR
REORERHED LR o1,

BEOMWEHRETE, WTFhOREIBIIEVWTHER
HERSORELER LN AL o iz, MHEFR
RATIE, 3008 X U1L,000mgke#ETT AT 3 OEEMIC
EIBBEAOENBLUEY IV EY DB D LN,
& 521,000 me/kglf TRMEMOWI D ED LN, Th
5. 1,000 mgkgBETHDLNLT VT IV, HEAB L
YA OBk, RIS A REERIET S
DTHY, ERPEKSOFELE L LI,

REEF BBV TIIERY HES OREIRD LN
fedr o7 ht, HTIL003 & U000 my/keBE RO E
BEEBITHHERFEML, 3 5IC1L000mykefFTH
BOEEEL L UTHTESIWINL 2. £72. 300mgkg
BTl gEmEEL I bt DDOFBOEE
BB X UM EESINEm £ R L 22 RO
WHES AEBHR L LT, HEO1,000mekgiF T1281H
WL TR oA EES N, RBYHRGOEBEER
Hilt, MBFERAETIE, TFROIEA & 84917 5 W%
HEMZELE RS ST, KHEFRII IR WEE
OBEMERCEARREELLOND, O/, BRO
BOME LB TEEEAREORE L LTRERETIES
B DSHED 1,000 mg/kgBE TR O F £ 2 IMEMN %
Tl T, FBOFRME | oW SRS
1A BE S L, TR FEOEE, TR
WS X AR R T IR (O BRI Blg
ARG LD B ARRENRFESE TR ER 5
rolgRanAbDEEZ LA, DA, X’
R vEin B F UCIHREAR 8 O/ ERHETIE, £
NEROBRRICHETS EEZ LNLNFRREREDS
Nhadolz,

BEnz &, 22— Y AFV—1,3—7anrIt—
Vi, 300 mgkg/dayll £ OI% G CRROBN, R LT
EhpEROEME 2 BIMER . 2. 1,000 mg/kg/day
#BETT VT Iy OEIIE S REOEINS L URY
YNy . WEEO Y. BEOREFEE, w1
M OB F 22 EP . RV L DA
{LOBEOHNS X UKL FLl L. TR
1,000 mg/kg/dayf 542 £ > T LD LN Ao, LE

12

HoT, MELYGGFEoR KEZEEL, ETIEI00my
kg/day. METIE1,000mg/ke/day & HIHE S L7z,

2, SERESH

RS L Rk S EIL P OB EEEED L
Mo oo PMEFIHIBIZET, 1,000 mg/kgh oW HyrER 24
B SRAYAT B AR L oA, IFIASEHSAE LR
Z OO S TR & AR AN ERLTWwE S
e O BRI B O BB e o LRI S L,

SEREREE T, MREEOIF 2R & EREOSHR
I L . WA % 8 U R B 5 0 ERIER
Bhithhok, i, HERONRBETS BEYR
HEICEAEERLNLRER A, FEOIMWHHIT
BRI E G A AL 7o,

FEERE X UWE4O I THRTIRE b FIIH4H OF
BT, BB LA LEIOCNLREMALRED
ijL&fJ”) f:o

BEoz ki, 2,2—FAFN—1,3—708r V=
NOREREOERI KIETHES X CREI O A RIT
FEEIL. 1,000 mgkg/dayi% 512 X o THREDH LT,
B HERS RIS b % 101, 000mg/kg/day & HIRT S A0,

XER

1) Govt. Reports Announcements & Index, NTIS/PB §89-
215776 (1982).

2} C. G. Shayne and S.W.Carrol, "Statics and Experimental
Design For Toxicologists,” Telford Press, 1986.

3y {EANGER "EEAh AR 1 5hE & g — ) R RS

2, 1977.
4) FEE, CEMAAT A, SRR, 1975,

AR | RERNTH ARHE—
(B) £ b BBEE G A2ty > ¥ —
T 437172 TG 5% T BN 4G R TR 5 H R IS 582-2
Tel (1538-58-1266 Bax 0538-53-1393

Correspondence : Hagita, Koichi
Biosafety Research Center, Foods, Drugs and
Pesticides (An-pyo Center), Japan
582-2 Shioshinden Arahama, Fukude-cho, Iwata-gun,
Shizuoka, 437-12, Japan
Tel 81-538-58-1266  Fax §1-538-58-1393
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Reverse Mutation Test of 2,2-Dimethyl—l,B-propanediolvon Bacteria

&

22—V AF N —1.3-7 0N Ud— L OERIENON
BAZDOWT, M E VSR EN AT T A &
kL,

WEW & L TSalmonella typhimurium TA100, TAL535.
TA98, TAL5373 X U'Escherictha coli WP2 uvrA % B\,
BEERBRS L UGS EEROVWTRLY , HERER
ERiX50~5000pg/ 7V — F OB T, ARERIZ312.5~
5000ug/ 7L — b OFRTHEBE T 2o,

ZOE. 2MORFERE S, AvisEEORERICS
WU, WEILDHSTHERER O 2~ BHoBINHH
Ok ollEdhb, 22—V AT —1,3— 7O
YTF =ML, A RBRC BT ERENE T L L
Wi EYE S,

HE
A EARBMELEYE T, BRI EeE oS
W 22—V AT — 1,3 =70y P - I onT,
QECDFHLLE L THPNTWAMBSE I L o, T4
TEURFEMEEN—RE LT, Mt A2HERERS
Bk L — MEIDLIDHEL A,

COREEL, YLERT (RAIF7AM) IBITLE
ATF T FORMEA O BRIV OB R | A S U
KBEICEU L ) 77 7 P Bk & Bk P~
ERER: 24848 LR REOBNETH L, BB
i, MEMET T IRERICHHAE T EHERE
&, WILEME O b oEWICHEEE (SR KXo TE
£ E N5 HEBEYH RS ORRE M T 508
FERBEPO R TWE, .

FHET, TR ICRL RO EIIDOWT]
{(IRM62E3A3IE, BRIEHRE237%. BEE06%, 62
ERE03) B I UOECLERRBET 4 Fo 4>
471, 47218 L | TR EGLP (MFIs9EIA31H.,
RIRESE39S . HREP229Y, 594EH8s5S . WETEM
63 11 18I, BRaAFE233%5 . Wik HI8E, 634HE
S2IBNT S WTEEL 7,

ik

Salmonelfa typhimurivm TA 00
Salmonella typhimurium TA1535
Escherichia coli WP2uvrA
Salmonella typhimurium TA98
Salmonella typhimurium TA 1537

13

Salmonella typhimurium TA00, Salmonella typhimurinm
TAI1535, Salmonella typhimurium TA%8, Salmonella
typhimurium TA1537 D4RFRIZI9TSFIOA3IHIZT A
AERE. AU 74 =T KEDB. N, Anestl B 5 5
SRR A AN

Escherichia coli WP2uvrA¥EIZ 197945 Ao H (Z[F L E{E5
WFFERT DU N B 55 5 2 R 72e

HOER L, —80CL, FoEERTFLL, REBICEEL T,

0.5%BfkF P T AEME - Py FTO A
(Difco) w AN Ly ABREICEF2BEL, 37C,
LOMEMAEER E SHEEL-L O BEERE L7,

(B4 E)

2,2—VAFR—1,3— 72 r Y F— 1 (CAS No.126-
30-7. 2,2-Dimethyl-1,3-propanediol) {d5TFE104.17, &
RI123~127C, KO RS TH 5, MEY9.15%0
by {7y MY D INOL, ZZELAM RN S 8E)
% () DR CERarotEsnt, HEBWY
&, IR CRRTER L TREL 2,

2,2— ¥ AFN— ) 3— 7oAy Pk, BEAERV
TSo0mg/mlZfh B & A ITFBL %, MBRTEollRE
2RVL3THML b 0%, ERPIIREBIIH VL,

ABEORIEI N v T, FEER VT2, 2- Y 4 F
M=, 3=7 e P — L RBHECOEEERE Y
oz WREEREIC B A BEREHWIRATERS
b, BiBEMR TN, BREXREFRBLIALZ L2
by MEERIS B D RENRE (50 mgml) B X URALE
& (2.5 mg/ml) OURFEIZDOVTERERSEMT CHEH
Lo 2O, MBI BIT 83T Y TLOF
BEguid, 2 @MEOEY (o) LT
10268 £ 00%Th o 7=, TALOMIE, SEFe
B RE TR o 50 (410 oRlE FAEO0% R E)
gl LTwi,

To, KEBIH W IoEHEmEBII W, FEHERER
AT o2& R S0mg/ml. 3125 mgmIDEERE b, &
BRI L, 101~ 104%Th o, ZILLDHE
{ {FAHR ORISR T EEOEE CEYESEENE
DRIBLLE) Zifil- LTz,

PLlm#Eigirt,, 2.2~ Y AF 00—, 3—7Funsr Vg —
VKB TIIEETH D, THRETORBRYE
DG EFEOWMOTEINNICSH A Z EAEE S,
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(iR E)

BV BB L FEOHBBRU Fo LY THD.
AF2 1 T7UNTITAR (BFEEE (M)
SA 1T ULF MU L (AR TR GR)

G-AA I9-TR/FT UYL (SEEE 1R R
2.AA 2T 10T T (HGHEINE ¥ dR)

AF-2, 9-AA. 2-AAIZDMSO (FIBHIE ¥ ) ) 1o,
SAIEFEFAKITISE L THEIZ 2,

[ ds & USRI O
I} by ST H— (TAEEER)

TROMBEE (A) BLY (B) HNILI010%E TR
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Table 1  Results of bacterial reverse mutation assay (I) with 2, 2-dimethyl-1, 3-propanediol*
Mmber of revertants (mumber of colonjes, Mean £ §.D.)
Group Dose 59 Mix Basepair substitution type Frameshift type
{ug/plate) TA00 TA1535 WPamvra TA%e TAIS37
Solvent
- 131 131 128 4 15 18 11 18 15 2 2 14 [ 8 12
oontrol (1% = L% { 16 % 2.6 (5% 3.9 (2= 7.9 { 9% 31
3125 - 138 144 134 13 7 17 8 15 g 19 2 9 [ 8 10
(189 % 5.0) { 4= 6.4} {1=x 3.8 (20 = 17 { 8= 2.0)
625 - 133 151 134 15 9 B b1 11 2l 23 2 3 ] 4
(141 = 4] (1= 3.8 (1= 3.0 {8+ 2.40) { 6% 2.6)
1250 - 125 120 124 9 11 5 11 12 18 17 I3 6 7 8
(i3 = 2.6 ( 82 30 (1x L9 { 17k L0 {( 6= 0.6}
Test 2500 - 123 128 124 i} 8§ 9 7 11 11 15 25 26 8 g 4
subs (14 + L5 ( 9+ 1.0) ) {0 2.3) ( 2:x 6.1} ( 7% 2.3)
3000 - 126 121 05 i ] 10 ‘9 14 23 2l % 7 ] 7
(11 = 1.0} {u= 2.6} (10 4.0) (B 2.5 { 8% 1.2}
Solvent
+ 17 131 132 13 10 24 16 2L 29 42 29 )il 14 19
emntrol (127 £ 8.4) (16 % 7.4 (17 4.0} ( 37 6.8) { 15+ 4.0
325 + 119 141 120 19 7 15 15 10 40 k] k] 8 13 5
{1 = L0} { 2= 6.4) (B3 2.9) { B 2.6 { o= 4.0
625 + 133 158 141 15 14 1 14 11 15 4] 38 B 12 8 12
(g 12.8) (13 21 (13% 21 { B 2.5 11=x 2.3
125+ 15 I 105 6 15 W4 12 1B M4 B® B/ H» N 7 7
Test (1 = 2.9 [ 4.9 (13 1.0} { 7= L7 ( 8% 2.3)
s .
substance 2500 + 147 116 128 14 8 T 14 14 A 2 38 12 4 5
{130 = 15.6) ( 9% 4.4) {12+ 15 { 4= 50 (7% 4.4)
5060 147 47 159 1 10 10 4 13 u 2 28 28 ] i 10
(151 = 6.9 (1 0.8 ( 4+ 0.6) { 8= 0.8) ( 8+ 2.5
Positive Ceaical AR2 6.0t 0.5 AF2 0,01 AF2 0,1 94 8}
control Dose (mg/plate} ‘ ) ’
S9Mix () Number of
cplonies 698 66D 691 24 290 1% 286 252 238 605 282 976 59 2208 254
/blate (685 = 1.4 {27 = 2.1 (259 24.3) (588 & 15.3) 53 = 213,3)
Positive (Chemical o o o 24 LS w2
1 2 U] .
control Dose {ug/plate)
SOMix ) Muber of
colonies 84 B34 855 21 1M 242 520 573 5h3 328 353 an 169 242 167
/plate (844 + i 5) (22 &£ &1 {549 = 6.8 (335 = 15.9) (199 + 28.6)

APF2:2-(2-Furyl) g (Eai—éz%tro ¢-furyl)acrylamide, SA:Sodium azide, SAA:9-Aminoacridine, 24A:2-Aminoanthracene

#:Purity was

75
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Table 2 Results of bacterial

reverse mutation assay ([1) with 2, 2-dimethyl-1, 3-propanediol*

Mumber of revertants {myber of colonies, Mean T 5,0.)

Group Dose §9 Mix Base-pair substitution type Framashift type
(ug/plate) TALCO TALS35 WP2uvrd TA%8 " TALG3T
Solvent '
- 1 117 i 18 12 14 % 19 24 F-i) 22 1 15 ] i1
control (17 * 6.5 { 15 il { x 2.6) ( 2+ 4.4) {n= 3.5
25 - 138 132 150 13 21 12 13 19 17 k7] 17 2i 7 8 §
(W= 82 {wt 48 (lx s (2 28 ( 8 08
5% - 147 148 156 13 14 14 12 18 16 15 22 3 7 ]
(150 49 (uz 0.5) (15 ER) ( 21+ 51 { 8z 1.9
1230 - 158 156 164 10 13 15 18 U 8 3 2 ] 10 6
(159 = 42 {32 2.5 {15 3.6 (8% 21 { 8% 2.0
Test 2500 - 160 158 154 5 16 12 pri} 12 12 16 19 14 10 13 5
- substance (157 £ b (1= 20 {15+ 4.6) ( 15% 2.5 9k 4.0
5000 - 148 137 148 2 9 13 13 16 15 18 1 18 5 7 g
(144 % 64 (4% 5.6) { 5% L5 19+ L7 (7% 1.9
Solvent
+ 128 135 128 ! 2 2l 2 24 19 k] 49 14 15 7
control (130 + [Ni)] (2 L5 { 22 % 45 { 7% 8.2 (12 4.4)
w5 ¢+ 135 144 145 10 14 12 17 17 17 8 59 59 1 § 12
(142 = 59 (12 2.0 {17 =% 0.0 (62 6.1} (1n=* 1.5
625 + il 155 102 il 19 13 16 16 3 ] B4 91 7 21 13
(i3 * 21.5) { 4% 4.2 ( 14+ 4,0 ( 8* 6.6) {ux 7.0}
1250 + 138 137 123 19 15 13 18 10 2 44 k5 46 12 13 1
Test (133 + 8.4 (168 3.1 (16 5.3) (422 5.9 { 12x 1.0}
g
substance a0 0 4+ 128 133 128 15 4 8 12 ) 10 51 43 58 10 1I 11
(1830 x 2.6) (12X 3.8) { 10 + 1.5 52 + 51) (1i1x 0.6
5000 + 115 133 1% 1 15 20 12 13 15 53 48 B2 15 9 12
(128 * 1L4) (16t 32 { 13+ £.5) { 4+ 0 {12+ 3.00
Fositive (henica] AFZ 0,01 8 0.5 A2 0.0 2 0 4 80
, A 3 L1
controf Dose (ug/plate)
SIMix () MNuber of
coloties 607 Bo7 657 166 177 189 i68 158 163 47 513 435 2844 447 208
/plate (B2 = 28,9) (1m = 1.9 {183 =+ 5.0) { 462 +- 363 . @BTE 3B.0
Pasitive (hemica} .
24 1 24 2 248 10 24 0.5 24 2
eantrol Dose (ug/plate)
S9¥Mix (1) Nutber of
wlmies BI 863 92 215 183 181 M7 571 554 285 278 28 181 2i0 i85
Jplate (805 + %9 (1% £ 17.2 (557 123 (27 = 9.0} (195 = 13.0

AF2=2‘(2-Furyl)-3"(5-nétro—2-fur:v‘lJacr,vlamide. SA:Sodium azide. 9AA:9-Amincacridine, 24A:2-Amiroanthracene

¥:Purity was 88,15
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In vitro Chromosomal Aberration Test of
2,2-Dimethyl-1,3-propandediol on Cultured Chinese Hamster Cells

22—V R TI—1,3— T8y T F — b Ot R
L. Tr Ao =X ANARY BRI (CHL) %
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1) MARRIEVENIHIE AR
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&L, EDIROREEDRIE, MOBETRERE L
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2) PeEFEREHRE

EEER LY. CHLAME £ 24510 5 X O4snE R L 72
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OMIBLEEICBVT L, REARANOBRERIZZED S
oz,
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22—V AFN— 13— 70N T — i, SHEERL
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SR RO ERE LT, B4R RBA R TH
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»IF—No, BRE AT TR e s A 5
flidTarke, Frfo—X - nbAY—-KEMNE
(CHL) =MW T REBFANNA AN ERE s FEmL 2,

LREoiREuL, TEHEA RIS L KBED Fiioow
Tl (BFe2m3 3L, BREED2375. FHEHE306
F. 623583035 BEUOBCDH 1 FF 4> [ 47312
HEfn L | TSR EGLP (RAIS94E3 13111, BIEEE30
5. ERE20%, SOEKESSE, AT 1118
O, BERFE233 5. #4387, 63JEMES23H) 104
DTBWTERL-LOTHD,

717

it

1. {#EHEL =

YA —F )Y —R8 s (JCRB) o5 AT (1983842
Ho ARl LizFry4—X - nAR¥—H
EOCHLAR 2 . RaE LN THRBRICH 2,

2, BEEHEOCHER

Eragizix, RIGMLE (FCS; LR.Scientific, B v bES
C019407) ®10%EML 2~ 4 — 7 LMEMEETE £ Al
7oa

3. HEEEH

2X 1M OCHLIL & | 5% smlE AR v — L
(f£6 cm. Coming} {2 %, 37COCO, 1 ¥ & = i—
¥ — (5% CO,) INTHHEL

4, WERE

2, 2=V AFN—], 3- 70y ¥ F— {CAS No.126-
30-7. 0w MELDDINOL, ZEEL{EE (B BE.
(FEY HAMES RS A5 o T, T
I—NilTiE, K65 % (wiw) L, TR
CH 0, 1510417, 8123~ R27TCOMET, ME
1399.15%TH 5 ( FIHMEFE () BE) . FFERT
I A KIS TH LI, BEELT
kxR, Nk EMICH L TIRFHIEE L
Tdro oA, SEHFRIFSRIEETRE TER LT~
L AGEE GRERTT IG5 - M-91-165) IZBIT A HEP
(B AK) Tt BETIE2.50~ 50.0 mg/ml iR EEEE
BRCIRERII YA TH o 2,

5 #HEMEORER
BEmE oML, WHOD o, BEPEEK
(NERBSE T, Uy FEF D KOIS4E X UKIDTY) (2
BEL TR MEL, DWW TR BEATIRGH
LT ot o E ARk e L, BBhY
WELRIE . S TORBRIIBWTIERED10% (wv) 2%
HENCIAT, REARFRBECBWUL, EiESE
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6. HIRUBTEHIHIRIRIC & SIBREORE

ﬁ"‘iﬁﬁ\ﬁﬁuﬂ?ihﬂibﬂ HERY T{ OMLPLRIE % YT B
7o, HEEE TTOARR R KT R & R,

R B O CHLARZ ) 3 & ROAHIE s Fi i . g B
MIaggal (4 v k) T A MEOBAIE % il
L. HEER FTALEEY oo ds et BRI IS0 3 5 e g S o I
kS ﬂf?ﬁ*ﬂ%& L,f:o

FORER. L ACHIGHELIL E S, APLL ARHE
HiPH (0.01 ~ 1.00mg/mi) 123 THEERW T & B IEEH
snrgE s aed o (Figl) o

100 n 4 £y
B
=
£
=)
A
-
o
3
5 50
=
e
o
8
== treated for 48 hr without S9 mix
wwsdfinss  treated for & hr with 59 mix
[e] T T T T T u T
0.0 02 0.4 0.6 0.8 10

Concentration{mg/m!)

Fig. 1 Inhibition of cell growth treated with 2,2-dimethyl-1,3-propanediol in CHL colis
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Table 1  Results of chromosome analysis of Chinese hamster cells (CHL) treated with 2,2,-dimethyl- 1,3-propanediol ** by direct

method

Concent-Time of No. of No, of structural aberrations No, ol cells
Group ration  exposure  cells ’ Others™  with abewrations Polyploid® Judgement™

(mg/ml) (hr) amalysed gap ctb cle csb cse [ mul® (ofal TAG (%) TA (%) (%) SA NA
Controd 200 11 1. 0 ¢ 0 0 3 4 3 ¢ 15} 2 { 10) 0.38
Solvent! 0 24 200 O 0 ¢ 0 1t 0 0 i 0 Eo( 05) 1 ( 05) 0.38
DPD 0.25 24 200 o1 0 0 0 0 0 1 0 1 0.5) I 035) 000 — -
DPD 0.50 24 200 g 6 0 0 0 0 0 0 0 0 ( 00) 0 ( 00) 000 — -
pPD 1.00 24 200 0 0 0 1 0 0 O 1 0 1 ( 05) [ ( 05) 0350 - —
MC 000005 24 00 3427 5 2 0 ¢ 122 0 B3 (415) 81* (405) .00 + -
Solvent” 0 48 200 1 00 2 06 0 0 3 0 2 {10) 1 (05) O0I3
DPD 0.25 48 200 o 1 0 0 1 0 0 2 0 2 7 1L0) 2 ( 1O 0.13 - -
DPD 0.50 48 200 21 01 0 00 4 0 4 ( 20) 2 ( L0} .38 - -
DED 1.00 43 200 t 2 1t 1 0 0 0 5 0 5 {25 4 € 20) 035 - -
MC 0.00005 48 200 9 5092 9 4 7 0 17 1 90* (450) 86* (43.0) 025 + -

Abbreviations : gap . chromatid gap and chromosome gap, ctb @ chromaiid break, cte: chromaid exchange, csb @ chromosome break, cse :
chromosome exchange (dicentric and ring efc.), {: fragmenf (deletion), mul : multiple aberrations, TAG : {otal no.of cells with aberrations, TA :
total no. of cells with aberrations except gap, SA : siructural aberration, NA : numerical aberration, MC : mitomycin C. 1) Distilled water was used
agsolvent.  2) More than ten aberrations in a cell were scored as 10, 3) Others, such as attenuation and premature chromosoenie condensation, were
excluded from the no. of structural sbercations.  4) Eight hundred cells were analyzed in each group.  5) Judgement was done on the basis of the
criteria of Ishidate et al. (1987).

* : Significamtly different from solvent contro] at p<<0Q.05.  ** : Purity was 99.15%.

Table 2 Results of chromosome analysis of Chinese hamster cells (CHL) treated with 2,2,-dimethyl-1,3-propanediol ** by
metabolic activation method

Concent- $9 Timeof No.of  Ne, of structural aberrgtions No. of ceils
Group  ration  mix exposure cells Others®  with aberrations  Polyploid® Judgement™
(mg/ml) (hr) analysed gap ctb cte ¢csb cse f mul® total TAG (%) TA (%) (%) SA NA
Control 200 ¢ 2 1t 2 4t 6 0 6 O 4 (20) 4 (20) 0.33
Solvent" 0 — 6-(18) 200 I o0 0 0 0 2 0 2 (10) 1t {05) 0.13
DPD 0.25 — 6-(1%) 200 2 0 0 O 1 O 0O 3 0 3 (i5) 1 (03) 025 — -
DpPL 0.50 —  6-(18) 200 o 1 0 ¢ 0 ¢ 0 |1 0 I ¢03) 1 {(05) 43 - -
DPD 1.00 — 6-(I18) 200 0 000 0 0 0 0 0 ¢ (00)Y 0 (060) 025 — -
"CPA 0.005 - 6-(1%) 200 o1 1+ o 0 0 0 2 0 2 {10y 2 (LD} 013 - -
Solvent"” 0 +  6-(18) 200 11 0 0 ¢ ¢ 0 2 0 2 (1.0)y 1 (03) 0.13
bPD 0.25 +  6-(I8) 200 3501 0 0 10 19 0 7 (35) 5 (23) 013 - -
DPD 0.50 + 6-¢18 W00 4 2 0 0 0 0 O 6 0 4 (20 I (05) 013 - -
DPFD 1.00 - 6-(18) 200 T2 01 0 0 0 4 0 4 (20) 3 (15) 025 - -
CPA 0.005 +  6-(18) 200 4 11121 1 0 0 29 0 24% (12.0) 20% (10.0) 000 -+ -

Abbreviations : gap : chromatid gap and chromosome gap, cfb : chromatid break, cte: chromatid exchange, csb : chromosome break, cse :
chromosome cxchange (dicentric and ring etc.), [': [ragment (deletion), mul : multiple aberrations, TAG : total no.of cells with aberrations, TA :
lotal no. of cells with aberrations except gap, SA : struclural aberration, NA : numerical aberration, CPA : cyclophosphamide. 1) Distilled water
was used as solvenl.  2) More than ten aberrations in a cell were scored as 10, 3) Others, such as attenuation and premature chromosome
condensation, were excluded from the no, of structural aberrations,  4) Eight hundred cells were analyzed in each group.  5) Judgement was done
on the basis of the criteria of Ishidate et al. (1987).

* ; Significantly different from solvent conrol at p<0.05. % ; Purity was 99.15%.
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Preliminary Reproduction Toxicity Screening Test of
3-Methyl4-nitrophenol by Oral Administration in Rats
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FYTTyABRTE) , kil kERkEEhFhE
FREIE S Uk, MRS L UEREORAYE, SEADK
BliowThRELERL, EEOLLALWC LERER
L7,
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2. HWEEMHE

3AF N4 b B 72— (LotNo. | 09307PW, #i
B 98.5%, BEE . FRAEIE &, FEY RE
FRIFF v OEEARBYTH D, BFOEREART
BRICBFTCCVIRERBORETH L, HBRYERF
BRI A, EHEXZRT, BFF (2~8C) TER
Li@Eo BB CRE L. FEm, #RinE
BEF03IBLTWNGERD L III0%TITET T4
B (ARERFT7SET TAE, IIMEE ; BHER
K, FrAvEE) CEELTHERELL.

3. ABFORE

FEBRMEOT v MBI A 2EROFERBEYICBW
T, LDsofE4%HET2300me/kg, WETI1200mgkgTH 1,
1000mg/ke B TidE D 1/580, MO2SEICFETHRO LN
TWAH T, BXUS00mg/keRE Tl B RER) D@4
HoehTwaI begEicL, Ik, XRABRNFHIYA
MOREHRSFTHLLEERLT, FRBTIRAE
FHMEOLDsfED 14T H D 30mgke/dayE L, DT, &k
#137T1005 X T30mg/kg/day, EHIIC10%T T TAH
RS O BEEE AR, BHBEE Lk, 1 BoBYEITN
HF12LE L, BERGHEHCEHEORENY—II2 S
IS i HERIE I EESTREIC X VBT L,

4. B FHE

BREEEIZEOL L, BESEE VY IERWTEEN
BRI T o . RESEERAEE L) ImE LT,
BERKREDEVHIRAE L -EECEITWTER L
7o BREHEE, BEoonwTRARN4EEE X URR
B TORREMN, =bTRRIMIRS BikkR4s
HEICTOHME, BICoWwTIIARN40mE X FRRBK
Y ETCORENE, 2LNRRIARAEIRBLY

WEIH T TOBME L, #5108 SHBL,
EIERE ((RERIE) ET3744g (331~407g) , BT
226.3g (209—~251g) THho7z,
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5. B®, WESLUHEER

(1) —RNREEEE, 26 L UESERIE

—REIRREIL, 1MEL EOSETHEEL -, KB,
#5518 @580 , #52, 5, 7, 108X U140, 20
BHBITRE (BSRTH2EY) BIUMRE, Bl
R0, 1, 3, 5, 7, 10, 14, 178 X U208, WEo, 1
BITAHCHIEL, FERNES X UBNRLERL
2. R, BHXEERBIURRATEREVWT, #
BEROR B X THFOR LV CHRERIE LM A Il
E L.

(2) RS LUBTERTE
FECFEFRABEDICERL - TREIAICONT
I S46HEOBH, HIZHME4RIC, TEFARTH
ITEHERE T ORI, HR6HFTOBOED LA
vl (REH) RIERIBIE, T— 7 VRET o
BIES Wk, L BEERIIMBE, BE 4B
IUPRIZOVTHEL, BEREESLETEL L.

(3) BB FNRE

EPIOFEB L URHBE LE, IR, 300mykeFEDFEL
PIOIFEE, EOE, MR, OB, B, B, AR, 3T,
B, T8, =B, OB =% SBEBIUEE, ©
IT308 & T100mekeBED R ETRMAT (BB X UL
BR) KowvT, 10%HPHERERLTY YiEHEVIE ST
Y ME, BELEE) CEEL, /8374 raEs
VL, ~"Y ;XYY DG TREDSLNVIETEHO
AEBE, ‘i, i, LB, WowT, PTAHSEERY
fERL, WHELL,

(4) £HEEEAS T

BioowT, H5WOHI KRB ITTOER, ¥
ARG L AEIEEFRERTREL, BEANORED
BERRAEL.

#5148 OMEEICOWT, FMBBETIF L 1T
RERI4BEARE €47 KRR ORERICHE T
WRINIHEE L, HREOE TIIBEOFEICEERE
WRENLBEE L. I, XTRESLUSKELH
B,

(5) Aifs & UBE{TEIELE

RREL=MEFICOWT, SHiRE, BMTE, 4M
ERY, EFERESIUECEY, BERomUs
NERZEE L. T4, FFRE, HEE, 56K, Ht
K, HEIOMRPETE, HhBX FERGE &ML /.
8, WEHREBRRTE2REL-E2EEoRL LT
HELL,

(6) MEROLETZM, —MREBEES LUFEATE

FHERTIR1E, £E2HEL, —SIRES X UNE
TEELA, 4, FEREFELERLS. HERILE
FO, IBLU4BICREL, HREENES X BT
HHL7 ECHRRRBESD W, 20Mofiieigan
CIBERFB|AEC L D ERRE S5, 2RL
7z.
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6. HEtaLig

RRE, FHE, HEES L UHEEFisher?) F5E
MEEREFEIC IV BEL ERERSH: O e %
fTof. FOMOIEH IZBartlenDRTEEIZ L » THE %
BWELZ, ZO#HE, S5 (P>005) 2RLAEER
—ARESHRSITEICLITEFTL, FE2E4

(P<0.10) T3, Dunnett®RRERE (FHHOKNE 3 H0%
IREI AR REBCE A ) KXY RELEBRYE
BKESHEDREZTo 5. RETHP<0.05 2R L~
HldKruskal- Wallis#Z 2 X D AT L, HEREE (P<0.10)
{243, Mann-Whitney DU-fREHEIC & 1 #HREE & 4 Bl
BSHEORERITo M, 28, 9B I USRTEE
E#E #HEROLFEME X PFREIZ W TIZIBE iy
ELUTREZIT, SRE ORTUERISY LT 48
FHERICERE L,

R

1. RERSSEH

(1) ETH

300me/kgBE DI LB TR S1 B OFESH305C
Robhi, RETIR, FBCHCEREHORELD, KL
BEURREHEFED O R, REMEBFORETIZH
B, OB L O ARTERLATELS bt

{(2) —fRiREE

SFEF T, 300meks®F OMR T, BRERIORLD
HBHNERERN, FREBRA T R20H 5 Vid21 B OS5 %
BwFLvEDLA, 0 LIATRIERERB IO
HRERES ORISR S B Ef4sT T THELTED
btz T, HESWERSBEOBBEM CEERIHE
S50izieeBMiciRDd b h, 300mgkgBEN—EROFITid
D) s Wi REDFAEOEEFRIZBEDL LN
Foo FOM, HETR0megkeBEOIFTEEROETE
B, 100mghkegFE0 16 (TRBEH) TFEBIUEA
DELL EFEERDS I UTEESERICED o hs,

(3) FE (Table 1, 2) , BERSIUEEER

ML b, WEEYMERS LHEL-EIIED LN
Fr LR A

(4) Bl#E & & UFRERAAMB T AV

MEREE b C R ERS LAELAFRERED LN
T, REPEILHB L FREGICBWT F0EE % Rk
TEAFRRRAD KD o, 4B, HIERLLERIEE
TEE OREAEZNRE TR ILEREEI Y
SR, FRBITEMERQL TV HATREROR
BEED LN, FEEBSNICTAREE L UVRRED
FRAEARSLEHR T I2TROEEEENEO LN
7=,
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2. HREREEML

(1) SEFEEARE, HRELUBETHEE (Table 3)

BEBIC W TERYERS LHE L 2RERED 6
Nabor:, KEFERILIZ100mgkeBED 18I, SHTE
BT EEOH, 308 X U100me/kgBE D& 1FICEED
bz, REFRCHERESIALN Do,

SiE & CBETHORBEHEE KOV THBR ERS
FHEL - tRBo o e o 2B, SHEEL

LT, 100mgkgBED1f) TRBEMLE X TR OE
EFED bRz RlE, FHEPERJIBICEKL, E
PE2SHICHETL, 14LOBERDD H4REECRT
Holr. 0k, WEIHICILOECRIAHES L
¥, B OILIIMFID E TEOIEE L 7.

(2) FEROET S, —BIRE, B LUENR

JEHEE bR RS L b ES L
T A

Table 1 Body weight changes of male rats treated orally with 3-methyl-4-nitrophenol in the preliminary reproduction
toxicity screening test
Group No. of Day of administration
(mg/kg)  animals 1 2 5 7 10 14 21 28
0 i2 3754 ¢ 376.2 388.0 392.6 402.6 419.2 438.8 460.9
+17.9 +17.5 +20.3 *+18.6 +21.2 +26.0 +25.9 +27.5
30 12 374.4 3762 384.9 390.3 401.0 417.6 436.3 4584
+14.3 +14.1 +16.6 +19.1 1:20.5 4232 +22.4 +23.6
100 12 3740 376.9 3876 394.1 403.1 4192 438.1 459.7
+19.1 +17.8 +20.2 +224 +24.4 +26.9 +26.4 +29.1
an® (11) (1 (11) (11 1y (11
300 12 373.8 376.5 387.0 391.3 402.0 4175 436.0 462.1
+1i7.4 +18.3 +19.6 +19.7 +20.8 +23.1 +24.1 +27.2
Group Na. of Day of administration
(mg/kg)  animals 35 42 46
0 12 477.2 494.8 506.6
+30.8 +32.3 +34.5
30 12 4710 491.1 504.2
+27.7 +28.8 +29.9
(1) (1 (11)
100 12 471.9 492.5 505.9
+32.7 +34.4 +34.7
(11 (11) (1
300 12 479.5 496.6 506.7
*23.6 +=30.4 4314

a: Values are means £ S.D., and expressed in gram.
b: Values in parentheses are no. of animals examined.
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Table 2 Body weight changes of female rats treated orally with 3-methyl-4-nitrophenol
in the preliminary reproduction toxicity screening test
Group No. of Day of administration
(mg/kg)  animals 1 2 5 7 10 14
0 12 2289+ 226.8 2339 2353 240.5 247.0
+11.0 +14.2 +12.5 +11.4 +13.5 +14.4
30 12 2235 223.1 2295 230.3 236.3 2432
+6.1 7.7 +735 +7.5 +7.8 x8.7
100 12 2257 2242 2303 233.83 2377 2435
*8.6 104 +10.3 *9.6 +9.8 +10.7
300 12 2269 2254 2301 230.6 236.1 242.1
*8.6 7.6 +8.5 *10.6 +96.2 +10.7
Group  No.of Day of gestation i
(mmghksg) animals 0 1 3 5 7 10 14 17 20
0 10 249.1 25717 269.1 278.1 284.2 2973 3173 343.2 383.7
*11.2 +10.2 +11.2 +8.6 *=11.5 +13.9 +15.0 +14.0 *19.1
30 11 244.5 2527 2653 2717 279.5 291.9 3128 337.2 384.0
+9.7 *+1L.0 *10.5 9.7 +=9.7 *9.6 +il.2 +12.2 =183
100 9 246.8 2554 266.9 2733 2823 2957 314.1 341.2 386.0
*+10.5 +12.8 *10.6 *12.5 *+13.1 *15.6 *17.2 +18.3 +17.7
300 12 243.8 250.7 261.2 268.3 274.4 2872 306.2 320.7 372.1
t13.6 +124 +12.0 *12.7 *+134 =125 +13.2 =157 *+21.8
Group No, of Day of lactation
(mg/kg)  animals 0 1 4
0 10 3014 292.5 309.1
*+21.0 +14.0 +158
30 11 291.4 283.0 308.5
+14.4 +12.0 +16.3
100 10 250.7 279.2 302.6
159 =123 159
300 12 290.0 279.0 302.8
*+15.2 154 14,1

a: Values are means &= S.D,, and expressed in gram.
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Tabie 3 Influence of 3-methyl-4-nitrophenol on reproductive ability , delivery and maternal behavior of rats in the
combined repeat dose and reproductive/developmental toxicityscreening test

3-Methyl-4-nitrophenol (mg/kg)

Item
0 30 100 300

No of animals examined 12 12 . 12 12
Days between the starting of 23+1.4 23%12 2.5+14 22314
mating and copolation
Copulation index® (%) 100.0 100.0 01.7 100.0
No. of pregnant animals 10 11 10 12
Fertility index® (%) 83.3 91.7 90.9 100.0
No. of corpora lutea 157+ 1.8 17.1£3.3 176Lt24 16.6+2.6
No. of implantation sites 147x+1.6 15211 14810 143£2.3
Implantation index! (%) 93.923:£7.133 90.753=12.263 85.333+11.452 86.6811+13.699
No. of pups born (%) 13,124 143+1.6 13.8£1.3 133128
Delivery index® (%) 89.509+14.728 94.156::9.056 93.159+4.829 95.510%10.254
Live pups bormn

No. 13.1+24 142+1.5 13.3£1.7 13.31+2.8

Live birth index (%) 100.000 £ 0.000 99.394:2.011 96.476:£9.046 99.4791+1.804

Sex ratio® 1.041 +0.694 1.600:1.478 1.42921.559 0.881+0.538
Dead pups born

No. 0.0+£0.0 0.1£0.3 0513 0.1£0.3
Gestation length (day) 21.440.5 21505 21.9£1.2 21.5+0.5
Gestation index® (%) 100.0 100.0 90.0¢ 100.0
Nursing index' (%) 100.0 100.0 100.0 100.0

a: Values are means = S.D,

b: (No. of pairs with successful copulation / no. of pairs mated) > 100.

¢: {No. of pregnant animals / no. of pairs with successful copulation) X 100.
d: (No. of implantation sites / no. of corpora lutea) X 100, using the litter as a unit of treatment.
e: (No. of pups born / no. of implantation sites) X 100, using the litter as 4 unit of treatment.

£: (No. of live pups born/ no. of pups born) X 100, using the litter as a unit of treatment.

£: (No. of male pups / no. of female pups), using the litter as a unit of treatment.

h: {No. of females with live pups / no. of pregnant females) X 100.
it {No. of females with normal nursing / no. of femates with complete delivery) X 100,
i: Cne of 10 pregnant females had prolonged delivery and gestation length.
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a3 & B AR

R

YRR R H 51T & B FET-A 300me/kg B DI 1H TR S 1
Hoix558305 R0 bh/. XHATRIECIICER
EHoOEL, EES L UTHESGHRR0 o0, FERY
E D3500~2500mg/kg % HE#R5 L& L EUOERT
Hofh, FEHASSARETITER, LB L MM
BERARD LR, BREEZIZEBRATEIEILN
7. BEFTAR S I ERE300me kg BE O R TIRIR
2W0HIVIF2IARED LR, BMTRECIKRES
3, i, HFREHERPIBRIISEIREITLOTH R
o, —HRIREEISECE, i, FREMSETHLR
& P B S E OB CHS MBI Gz
A, ChiZEBYEORR (KEE6) 2RBRLLLO
ThAHrEEI LN, FOM, BEHEBBIVEHSET
BB ERS L A FBEAD R, o .

BEXD, 300mpgkeBE CHRCFEIFCEDLN, £
7, AREBOMD, EEAB L CTHEEEIECH S &
Uleflicmd bri=Z &b, AAZ Y~V FEERIC
BIFALAFNA4A= PO 7/ — WEEHS L HER
HWE (NOEL) M & b I12100mg/kg/dayTH 2B 2 LA
B EN,

ERRBETE, BoERE, BEOREBIUR
Ba, SHERR (BN, WELES IUHE) OESBLIT
FHARFORECB W TERYEES L 2 BEIEE
BN SRS X CEETEBETHE, 100my
keHOUATEES S L VRENHOERSRD LM
2. s, RETEFERBIUEAOEE, BERHICEE
BIUTEERELRO LAY, THER L OMEELH
L TiEhhrol:. ARBRTRAROSBRARFIEHAE
BlRBEOLAZIENS, ARORBEERLTS
h, BEYERSLOEERZVINLEI LGN B
B, AFRELERMEDOS LORTIRER (LM
FARZI CEBICWE LA L2, HETBHRERZ
VOIS v, F OIS 30mey/keBE D BEE)D 1 TILER
BEESHO SN, AFARRREROTRT -5
(EFFREBOM oSy CORBERE 1 011%) ThH
LhTih, ILEREECRIADLRZVWI Ehb,
gy L oBER VWi pLEX LR,
FEROBETIE, £EE, —RE FEEBSL
FHIRICBWTERYHEAE L s HEBRBADLAR
ol

BEX D, ERERBEIIOWTHBMERSICIL 2
HBRDLNEWIEPE, KAZ ) —=r FHEBICET
B3RAF V4= VO T ) — OB OEES & U
K DT E T 5 EFEEI00mgkg/day THDL
&R E T,
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Reverse Mutation Test of 3-Methyl-4-nitrophenol on Bacteria

2

OECDEETF LY A&t SR 2 BHRAES LD
—BRELT, 3-AF W4 ra72y —WiZownT,
ME LRV RIRERZREB L 7L — Vi Z
L7, ~

BERE LT, Samonella typhimurium TAL00, TA1535,
TAOB, TAIS37 B LU E coli WP2 uwA % vy, HEREHR
BULERRES L CRBERIEED VTR Y, 1.5~5000 pg
I7L— FORET, FRBIHAELTABRTHEEI T
BOENTZT LD, HEES X RIS ROV
b 78.12~2500ug/ SV — P DEB TR M L7

TORME, TRENOEHL A RBICBWT, &
WISBEORERL L, WPThONBTLERER
Do —HOBEMBRD N Aot bk b, 3-2AF
VMa-ZbDT7 27—k, BVAERBRICBVWIEE
BiteRLav (k) rHsEshr,

HiE
(gEE)

Salmonella typhimurium TA 100
Salmonella typhimurium TA1535
EScherichia coli WP2 uvr A
Salmonella typhimurium TAYS
Salmonella typhimurinm TA1537

8. typhimurium D4WBRIZ19754E10A31IHICT 2 Y %
ERE, ¥V 7 V=7 KED BN, Ames B+ b5
Sx 37,

E. coli WP2 uvrA $RIZ19794E5 RO R ic E v B {z 2w
AOBEOERELH 55 %2137,

HRERIL, —80CLL T CHEER L.

HERICBLT, 22— MYV 7D AN 2 {Oxoid)
EANLLERBRE CER 2 BIEL, 37T, 10~128
BAERRE I BELALORREEEE L7,

(#:5a0H)

3XAFN4-ZPE T2/ =) (CAS No 2581-34-2) i,
SIFEIS315, LE (128T) 1.208 OREEGORL TS
B. MEE999% Db D (ny MES 903208, FifbE
TREOELE) tEHERMEZTERS D O M5 < s,
WBMRIL, FRARE TR L THIICRE L

IAFRA-Z AT 2 )= Wi, VRAFLANKES
F (DMSO, My MES  TWPS445, FYefise T2 k)
FHAVT S0 mg/ml 2% 55 KHE L%, REEcsE
WRE2RVLITHERLED OF, HEeod ot Hun
. B, ABICH 0T, HESB X UHREREIRTH
Zhof BROBIBICEL->T, EHERIBWT
3RAFLAZ DT =) —VD DMSO BT TORE

URBEAT o0, Thbh, RREBE L Uk rEsst
BB 2BREEE G0mg/ml) BXUFRERE
(781.2 g /ml) D2AREIOWT, EREREAETOE
L7z Z0fR, ARBIERCBIL &3 7L o
FHERE, ThENDBIE (0FM) OFWIc LT,
WERD 098% TH o 7x.

I, ARBCAVWEHERECO VT, SIS
ARBEEAT o 4R, 2500 mg mIRH OSBRI EERE
WXL, 102~103%, 37, 781.2 pg/ml &, 106
~108% T o 7=,

BEEDER?S, 3-AF N d-= PO T x ) — it
DMSO BHRFTREETH ), FABEEHORERY
E@%ﬁfiﬁ%@ﬁ@ﬁﬁ@mtzﬁ%:tﬂ:’%ﬁgé i,

(BRtExdRBsnE)
AOEHBMES X+ 0BEBTo LB h
THh5,

AF2 I 7Y ATI S K (REFBUSE (BR)
Sa I FVEFFUTA (HEHETZWHD)
9-AA (9T I TSIy (Sigma Chem.Co.)

2-AA 12-TIJT VNI ey (FIERETZ0R)

AF-2, 2-AA 1% DMSO (FIG#iZE TEGE) B®L
bDE20CTHBEEL, HEEELY. 9-AA I
DMSO I, SA BFEERITEREL TEe NI REBIIT Fv 7=,

(3 & U S0 BB DR
1) by TTH— (TARR)

TROKEWE A) BLXU B) 288K 101 OHET
BELE.

(A 237 VT H— (Difco)  0.6%
b8 [ all N R VN 0.5%

B L-vAFTYV 0.5 mM
Y F v 0.5 mM

*DWP2 HICIE, 0S5 mML-F STy vREHE

ZHT,

2) SRR

Bk, BERBGHEORIERERER VL. 2
B, B850 0MKRTREOLBY TH 2.

TEBE~ 27 A ¥ v AT 02g
7T R Lk 2g
VEEREZ ) YA 10 g
VYBARETVEZ0AF IS4 35¢g
- 47K F4
Fha—2 20 g
27 b7 H— (Difco) i5 g

FEWmm DY Y —LIMBHRY 30m 2RLTEDT
H5.
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WRERRE

3) S9BE (1mTRABEAFEEE)

Sge 0.1 ml
NADH 4 4 mol
U LA N S 8 u mol
NADPH 4 1 mol
‘LAY 74 33 g mol
02M V EEEEEHTS  0.5m
Fha—R-6 VB 5 p mol

#% * 75EESD Sprague-Dawley REET v FZ T x /N
VEF —-APBBIUS, 6V T7THY
BROHARS THEEFEL THERLL S9
(FyaA—<>HR) THZ.

(HEa5H)

FL— bERHAWVWT, BEEB X U{UBIEMEAREI
Yo TEETTo7.

ERERE T by T —2ml, R EAFIEE 01
ml, VRSB 0.5 ml, ((CEHEE(EEBRICBE TR
SO 0.5 ml), REEROI M ERALEDOLERE
W L TES ., T, WEEE LTHERY
FHMEOM DD IC DMSO, F AR EoRMEE RY
BHBREAWS BREHSLOBRENRHBYE OB
B I UFESETable KR L7, BEREE37C T4 AT,
AUL-BERaD--KEPHAEL, TAEREOFHE
rEmEEr k. HEEOFECOWTE, WR
hAVCRIEAERET T, ERETLOHEORE
HHBFL 7.

(Pl M)

BsEORITEOS b, 1HEU LOREHEOEE
WD VIRBHEEEEIBWT, BRDEEEET
ZEMEC BRI AHRER = — ¥, BEMEO
PRl TASH EICEmML, o, EOBINCER
HH2VTHEEEENED LR B G, UTEHR
MBEIATBRICBWIERER:2E T (B &
HET LI EE L

BRIUER

(RRZEHRR)
CAAF A bET 2 =AW, 1L.5~5000 pg
/7L — OB TARBIE LEABRTERLAZLE S,
TRTCOBEHOEREE DS X RBHER{LEICB VT,
1500 ug /7 b — PR L THEESRD bRk,
PEOZRPL, XRRCBIT2RSHEORER,
B, AEnREtEL I AEEoRD oL HEH
D 2500 ug /7 L—bEL, UTF6HEZRETAHIL
L L7

(F#E5)

FEEA Table 1, 2 WRLAZ. 3-AF N4 TR T =/
—VicownT R EEMBTRBEEEL 2. 20D
SEFELT, AwisEROoREHOBEEE, NHhF
HALEOWTRIIBWT L, BEEEROD kY
Bodghl b aEEav=—FommidFo o’
Do rz,

BrogRicfss 3 AFh42b0 72/ -0
3, An-RBACBVWIERREZALZVI O
(Beth) LHImEL 2.
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Table 1 Results of reverse mutation test (I) of 3-methyl-4-nitrophenol ** on bacteria
With (+) or { Test substance Number of reveriants (number of colonies / plats , Mean £ 8.D.)
without (-} dose Base - pair substitution type Frameshift type
89 Mix (L g /plate) TAL00 TA1535 WP2uwrA TA98 TA1537
0 102 99 102 12 13 12 18 22 20 19 32 22 5 10 13
( 101+ 1.7 (_ 13+ 0.6) ( 20+ 2.0) { 24 68) { 9% 4.0)
78.12 130 92 105 13 17 16 10 14 20 30 29 22 9 7 12
( 109+ 1933 {15+ 21) ( 15+ 5.0) (7% 44) { 9% 25)
1562 116 110 87 19 18 1¢ 11 12 17 21 30 20 5 11 10
(1 153) ( 19+ 0.6) ( 13% 332 ( 24 35 (9% 32
3125 103 122 99 10 14 13 7 14 16 26 17 26 9 12 2
( 108+ 123) (_12% 21) ( 124 4.7) { 23 523 { 8% 519
S9Mix 625 a5 82 85 12 12 12 7 [ 7 21 25 27 12 G 7
1+ 68) 3% 0.56) {7+ 0.6 { 24 31O { B8f 325
) 1250 6% Js*+ 70 T* 10% 174 0% 2% 2H 28* 17% I8 O* 4* T ¥
{ 70+ 5.35) ( 11+ 51) { 1+ 1.2 { 21 &61) { 4 335
2560 18% 20* 21H 11* 0% 0% 0% 0* OA 4* 14 * 94 0+ O* O H
{ 20+ 15) { 4+ 64) { Dt 0.0 { 9F 500 { B 00)
Q 13 111 107 11 9 14 20 28 27 36 41 39 12 16 12
{ 110+ 3.1 (_il% 25) {25 44) ( 39t 25) ( i3+ 23)
78.12 121 126 108 14 17 16 27 2 32 30 3 20 13 9 16
{ 118+ 93)Y ( 16+ 15) ( 27+ 50) { 271+ 611 ( 13+ 38}
156.2 117 107 103 12 12 16 18 28 22 20 2 2 13 11 9
{ 100+ 72Y { 13% 23) ( 23+ 500 { 21+ 4.0) ( 11+ 209
3125 95 100 103 8 15 22 10 7 16 31 28 23 11 14 11
{ 99+ 40) ( 15+ 7.4) ( 11+ 46) (27t 407 ( 12+ 1.7)
SOMix 625 01 115 97 14 19 10 10 4 9 24 24 30 9 4 10
( I+ 953 (144 453 8+ 321 26+ 3.5 { 8+ 329
() 1250 g6* 58+ 154 13+* g* 0¥ 4% 3% AN 16% 24% 224 TH 2 3 ¥
{73t 14.1) 11+ 2.1) ( 4% 06) 21+  42) { 4+ 256)
2500 15+% 234 224 0% 2% 24 O0* 0* 0H 5+ gF g4 0% 1% 14
(20% 44) ( 1+ 1.2) ( 0+ 0.0) ( 6% 15) ( 1+ 06)
Positive Chemical AF2 SA AF2 AF2 GAA
control Dose (U g /plate) 0.01 0.5 0.01 0.1 80
89 Mix (-) [ Number of 556 533 565 281 266 290 | 244 235 237 | 664 665 687 (2796 3125 2913
‘colonies / plate { 551+ 165} { 2793 12.1) ( 239+ 47} ( 672+ 13.0) {2945+ 166.8 )
Positive Chemical 2AA 2AA 2AA 2AA 2AA
coatrol Dose (it g /plate) 1 2 10 0.5 2
59 Mix (+) | Number of 687 771 609 | 252 228 271 | 545 505 523 348 331 339 | 241 202 253
colonies / plate {( 689+ 81.0) ( 250+ 21.5) {524+ 20.0)) ( 339+ 83) { 232+ 26.7)

AF2: 2-(2-Furyl)-3-(5-nitro-2-furyDacrylamide ,  SA: Sodium azide, 9AA: 0-Aminoacridine, 2AA: 2-Aminoanthracene

*: Inhibition was observed against growth of the bacteria.

#*; Purity was $9.9%.
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Table 2 Results of reverse mutation test (II) of 3-methy1-4-nitrophenol ** on bacteria
: Witk (+) or { Testsubstance Number of revertants (aumber of coloaies / plate , Meant s.0)
without (-} dose Base - pair substitetion type Frameshift type
: 82 Mix (1L g fplate) TAI00 TA1533 WTP2uwh TAS TA1537
. O 181 183 145 13 17 13 20 19 16 21 19 27 3 14 11
(1704 22.00f  ( 14% 233 ( 18+ 2.1) {22+ 42 { 11+ 3.0)
¥ 78.12 g6 92 93 | 22 17 18| 17 15 if | 26 29 20 ( 13 9 ¢
. ( 92+ 1.5) ( 12+ 26) (144 31 ( 25+ 46) { 10+ 23
1562 123 108 94 8 17 8 14 11 i6 21 27 19 8 ] 9
{108 145) { 11x 523 ( 14% 25) ( 22+ 423 { 8+ 0.6)
3125 124 123 85 10 11 19 19 o 12 30 17 24 7 I5 7
{ 111+ 22.8) ( 13+ 495 (13 3.1 { 24% 653 (10 4.6)
SOMix 625 101 99 103 13 15 11 4 8 7 22 1t 17 3 4 3
( 101+ 201 {13+ 209 ( S+ 2.1 { 17+ 5510 { 5& 100
) 1230 g6+ T2+ 74 7*  g* 54 3% H* 1% 16* 15*% 1% 4% 4= 13 4
{ 77+ 1.6 { Tx 13) ( 1% LO) {15+ 1.0) ( 7+ 52)
2500 5¢ 6% oY o0* (0¥ Oj 0* 0* 0% o0* o* 2% 0% 0O* 0 #
{ 4 3.2) { 0+ 0.0) { 0t 0.0) (1% 123 { 0% 0.0)
0 161 149 125 20 16 17 23 21 21 35 34 30 i1 12 10
{145+ 18.3) { 18+ 2.1 ( 22+ 1.2) ( 33+ 26) { i+ 1.0)
78.12 120 100 EL3 =) 13 13 24 24 i3 26 23 37 9 7 11
( 111+ 10.1) ( 14+ 123 20+ 64) (201 74) (9% 30}Y
156.2 110 o7 %) 1 17 12 290 12 17 35 36 36 13 14 22
{ 108 10.1) (13 3.6) { 20% 25) ( 36 0.6) {16+ 49)
3125 14 112 107 15 23 10 23 19 24 38 24 28 13 13 b1
(111 3.6) [ 16 6.6} { 234 2.6) ( 30+ 723 (124 1.2
S9Mix 625 107 103 117 P2 B 17 4 1 g 32 31 23 12 12 15
{ 109+ 7.2 ( 12+ 4.5 ( 8§+ 3.2) {29+ 49) { 13+ 1.7)
(+) 1250 76* 74* 8 2% 3*  S5¥ 07 1 0% 31 13* 21 3% 6* 54
. { 18z 64) { 3 153 [ 0+ 0.6 { 22% 9.0) [ 5+ 0.6)
2500 b+ 1* ¥ O0* 0¥ 0% 0% @+ Q0 2% 1* 04 0* 0* 0

(_ 1+ 1.0} ( 0 00) o+ 00) ( I+ 10) {0 0.0)

Positive Chemical AF2 SA AF2 AF2 OAA

control Dose (i g /plate) 0.01 0.5 0.01 0.1 80

59 Mix (-) | Nummber of 545 529 530 {23 271 250 | 141 132 127 | 633 610 ' 577 [2723 2007 26835
colonies / plate { 538+ B8.1) [ 256 16.2) { 133+ 7.1) ( 607+ 28.1) {2772£118.7Y)

Positive Chemical AAA IAA QA4 2AA 2AA

contral Dose (g fplate) 1 2 10 0.5 2

59 Miy (+y | Number of 743 866 72 1257, 266 222 | 679 753 743 | 321 343 346 | 246 227 231
colonies / plate (7104 39.8) { 248+ 232 { 725+40.1) { 337+ 13.7) (_ 235+ 10.0)

AF2: 2-(2-Furyl)-3-(5-nitro-2-furyljacrylamide , SA: Sodivm azide, SAA: 9_Aminoacridine, 2AA: 2-Aminoanthracene
*: Inhibition was observed against growth of the bacteria.
*#: Purity was 99.9%.
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In Vitro Chromosomal Aberration Test of
3-Methyl-4-nitrophenol on Cultured Chinese Hamster Cells

ZH

OECD BiFF b EY HLZ e ni R s BEREEED
—BELT, 3-AFN-4-2 0T 2/ — ORI
RIZsHIREEENEE AT 2720, Fy 4=~
A NARF -BEEMB(CHLIU, DLFCHLE W E B
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REFEREARICAVIBELRE T 2700, Mk
EIRRBEIT o7 L T A, EEEKICBIT 2450% OB
FEIIHD & R TIBRE I 0.023 mgml THho. —F, L@
B OSOmix TFET B X UFEFEE TIC BT 5 #50%
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127~120C, #H2207CT, 1WOCUEOBRICE ST
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Hot.

5. HWRMEORAM

HEEOREL, RO ETok. BIEIIDMSO
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EEEFRBOBEEES L O EFEE LBV ER
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(FHE&EANRMEDS5% LE) ofTho,

6. MAIMAIIFIRAERIC £ S NITREDHTE

REFRERBRCHVIUBHEONBEETRET
Az, SBRBHEOMRBMICEETHELR. #
Bt o> CHL FRHE o3 2 PRl ammfe bt 1k, HiFEEE3R4A
R st (Monocellater, V) Y 2SANRETERE) % H
WTEBOBBEELFEHIL, R ELEREOBEEN R

BT MRk E b o THELE L.

FORER, 3 AFN.4_ =07 2/ —DOR50% O
BREEM & AT IR R, S0% R ISR EL D E
BLAEZA, BEEFEETE 0.023 mgml Thols, —
B, fREHAMELEOSImix FET B L FFHEFETICBT
B#)50% OB T R TIRER, TRER0.12mg/ml
B L0105 mg/ml TH o 7z Fig. 1), T
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Fig. I Growth inhibition of CHL cells treated with with
3-methyl-4-nitrophenol
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Table 1 Chromosome analysis of Chinese hamster cells (CHL) continuously treated with 3-methyl-4-nitropherol** without

59 mix

Concent- Time of No.of No. of structural aberrations No. of cells
Group ration exposure cells Others® with aberrations Polyploid® Judgement®

(mg/ml) (hr) analysed gap ctb ote ¢sb cse [ mul®  total TAG (%) TA (%) (%) SA NA
Control 200 0 0 0 0 0 0 O 0 0 g (00 O (00 025
Solvent” 0 24 200 0O 0o 0 0 0 0 O 0 0 6 (00 0 (00 0.50
MNP 0.006 24 200 0 0 0 0 G 0 0 0 0 0 (00 0 (0.0) 025 - -
MNP 0.012 24 200 0 0 0 0 O 0 O 0 0 0 (00 0 (0O 0.13 - -
MNP 0.023 24 200 I 0 00 0 0 0 1 0 1 (05 0 (00 0.38 - -
MC 0.00005 24 20 7 236 1 0 1 O 103 1] 56 *(28.00 53 %(265) 025 + -
Solvemt? 0 48 200 1 0 0 0 ¢ 0 0 1 0 1 (05 0 (00 0.25
MNP 0.006 48 20 0 0 0 0 0 0 O 0 0 0 (00 0 (0O 000 - -
MNP 0.01 48 200 0 0 0 0 0 0 0 0 0 ¢ (0m» ¢ (0.0 0.38 - -
MNP 0.023 43 200 4 0 0 0O O O 0 4 0 3 (1% 0 (00 013 - -
MC 0.00005 48 200 7 125 0 4 0 O 79 t] 53 ®%(26.5) 51 *(25.5) 0.25 + -

Abbreviations : gap : chromatid gap and chromosome gap, ctb @ chromatid break, cte: chromatid exchange, csb : chromosome break, cse:
chromosome exchange (dicentric and ring eic.), f: acentric fragment (chromatid type), mul : multiple aberrations, TAG : total no. of cells with
aberrations, TA : total no. of cells with aberrations except gap, SA : structural aberration, NA : numerjcal aberration, MC : mitomycin C.

1) Dimethyl sufoxide was used as solvent, 2) More than ten aberrations in a cell were scored as 10.  3) Others, such as attenuation and premature
chromosome condensation, were excluded from the no, of structural aberrations. 4) Eight hundred cells were analysed in each group. 5) Ju
dgement was done on the basis of the criteria of Ishidate et al. (1987). * : Significanily different from solvent control at p<<0.05. ** : Purity
was 99.9%.

Table2  Chromosome analysis of Chinese hamster cells (CHL) treated with 3-methyl-4-nitrophenol ** with and without

S§9 mix

Concent- 39 Timeof No.of No. of structural aberrations No. of cells
Group mtion  mix exposure cells Others® with aberrations Polyploid? Judgement®

(mgfml) (hr) analysed gap ctb cte ¢sb cse f mul®  total TAG (%) TA (%) (%) SA NA
Control 200 1 0 0 0 0 0 O 1 0 1 (05 0 (0606 025
Solvent™ 0 — 6-(18) 200 3 000 0 0 O 3 0 3 (LS 0 (0.0 0.38
MNP 004 — 6-(18) 20 2 0 9 0 0 0 O il 0 8 (40) T*(3%5 0.88 - -
MNP 008 — 6-(I18) 200 0 0 0 Q0 O 0 0 0 0 0 (0 0 (00 025 - -
MNP 015 — 6-(18) 200 5 14150 0 0 0O 34 0 IB*( 9.0y 15%( 7.5 0.25 + -
CPA 0.0005 — 6-(18) 200 0 0 0 0 0 0 0 0 0 0 (00 O (00 0.25 - -
Solvent” 0 4+ 6-(18) 200 1 ¢ 6 0 ¢ 0 0 1 0 I (035 0 (0O 0.00
MNP 004 + 6-(18) 200 1011 29 @ O 0 20 10 0 31 *(15.5) 26 *{13.0) .88 * + -
MNP 008 + 6-(18) 200 6 7 33 0 0 0 0 46 0 21 *¥(10.5) 18 *( 9.0) 0.50 + -
MNP 015 + 6-(18) 200 6 9 15 ¢ 0 0 0O 30 0 23 *(11.5) 19 #{ 9.5 0.00 + —
CPA 0.0005 + 6-(18) 200 25 651521 1 0 80 324 0] 125 *(62.5) 121 *(60.5) 0.38 + -

Abbreviations : gap : chromatid gap and chromosome gap, ctb : chromatid break, cte: chromatid exchange, csb : chromosome break, cse :
chromosome exchange {dicentric and ring etc.), f: aceniric fragment (chrematid type), mul ; multiple aberraticns, TAG : total no, of cells with
aberrations, TA : total no, of cells with aberrations except gap, SA : structural aberration, NA : numerical aberration, CPA : cyclophosphamide.
1) Dimethy! sulfoxide was used as solvent.  2) More than ten aberrations in 2 cell were scored as 10, 3) Others, such as attenuation and premature
chromosome condensation, were excluded from the no, of structural aberrations. 4) Eight hundred cells were analysed in each group. 5} Ju
dgement was done on the basis of the criterta of Ishidate et al. (1987).  * ; Significantly differen{ from solvent control at p<<0.05. **: Purity was
99.9%.
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OQECD SIDS 3-METHYL-4-NITROPHENOL

SIDS INITIAL ASSESSMENT PROFILE

CAS No. 2581-34-2
Chemical Name Phenol, 3-methyl-4-nitro-
CHq

Structural Formula
HO NO,

CONCLUSIONS AND RECOMMENDATIONS

Potential risk to man is identified due to genotoxicity and thus presumed carcinogenicity, but measures
currently in place reduce risks such that the chemical is of low priority for further work.

SHORT SUMMARY WHICH SUPPORTS THE REASONS FOR THE
CONCLUSIONS AND RECOMMENDATIONS

3-Methyl-4-nitrophenol is a stable solid, and the production volume was 3,300 tonnes/year for 1990 - 1993 in Japan.
The substance is used as an intermediate for the synthesis of pesticides. Based on an infernational information
gathering activity on exposure, 3-methyl-4-nitrophenol has been preduced in two OECD Member countries, i.e.
Japan and Denmark. In Japan, the chemical is manufactured and processed in a closed system, i.e. the produet itself
and all reagents and solvents for its synthesis are handled in perfectly closed tubes and vessels. The synthesis is
operated within the same plant. At the work place, protective clothing, gloves and goggles are used. No consumer
uses are known. Monitoring data in the general environment in Japan (surface water and sediments) are available,
but the substance was not detected in 1984. Regarding ithe Japanese global situation, the predicted worst case
concentration in surface water is 1.7 x 10™ mg/l and the predicted indirect exposure to humans through the
environment was calculated to be 1.4 x 107 mg/man/day (i.e. 2.3 x 107 mg/kg/day). In Denmark, the chemical is
produced, but detailed exposure information is not available, except that there is no consumer use.

For the environment, various NOEC and LCsy values were gained from test results; LCsy = 9.8 mg/l (acute fish);
ECso = 9.1 mg/l (acute daphnia), ECsy = 8.6 mg/l (acute algae), NOEC = 0.78 mg/l (long-term daphnia
reproduction). Therefore, the chemical is considered to be moderately toxic to fish, daphnids and algae. The lowest
chronic toxicity result, 21 d-NOEC (reproduction) of Daphnia magna (0.78 mg/l), was adopted for the caleulation of
the PNEC, applying an assessment factor of 100. Thus the PNEC of the chemical is 0.0078 mg/l. Since the PEC is
lower than the PNEC, the envirenmental risk is presumably low.

The chemical showed genotoxic effects in a chromosomal aberration test ir vitro and in an in vivo micronucleus test.
In a 6 months repeated dose toxicity test, the chemical showed a transient excretion of glucose to urine in the 1500
ppm group, but no other abnormalities were noted. In an OECD preliminary reproductive/developmental toxicity
test, the chemical showed no effect on reproductive ability, organ weight, histopathological appearance of
reproductive organs, delivery and maternal behaviour of dams, viability, clinical signs, body weight change and
autopsy findings for offspring. Also, as repeated dose effect to male rats, decreased locomotor activity, prone
position, bradypnea and thrombus in the kidney, heart and lung were observed in the high-dose group (300
mgkg/day). The NOEL for 6 months repeated dose toxicity was 500 ppm (30.7 mg/kg/day) in both sexes. The
NOEL for reproductive toxicity was 300 mg/kg/day and the NOEL for repeat dose toxicity to male rats in the
preliminary reproductive test was 100 mg/kg/day.

3-Methyl-4-nitrophenol showed genotoxicity in an i vitre chromosomal aberration test. However, this chemical is
used as raw material for the synthesis of pesticides in closed systems, and the results from gathering international
exposure information showed that the production volume is low, and exposure to the general population from the
general environment is currently low. In Japan, the chemical is manufactured and processed in a closed system, i.e.
the product itself and all reagents and solvents for its synthesis are handled in perfectly closed tubes and vessels. The
synthesis is operated within the same plant. At the work place, protective clothing. gloves and poggles are used. The

4 UNEP PUBLICATIONS

94



OECD SIDS 3-METHYL-4-NITROPHENOL

daily intake of the chemical via the environment was estimated to be 1.4 x 107 mg/man/day (i.e. 2.3 x 107
mg/kg/day) from the result of worst-case calculation using the MNSEM 1451 exposure model. The concentrations in
surface water and sediments were not detectable in a Japanese environmental monitoring program. No consumer
uses have been identified. Although no data on work place monitoring have been reported, voluntary exposure
redueing procedures are in place in Japan. Occupational exposuie seems to be low.

Therefore, 3-methyl-4-nitrophenol is considered as low priority for further work.

NATURE OF FURTHER WORK RECOMMENDED

UNEP PUBLICATIONS 3
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OECD SIDS 3-METHYL-4-NITROPHENOL

In an OECD preliminary reproductive/developmental toxicity test in rats at doses of 0, 30, and 300
mg/kg/day, the chemical showed decreased locomotor activity, prone position, bradypnea and
thrombus in the kidney, heart and lung were observed in the high-dose group (300 mg/kg/day) as
repeated dose effect to male rats. NOEL for repeated dose toxicity to male rats in the preliminary
reproductive toxicity test was 100 mg/kg/day.

3.1.3  Mutagenicity
In vitro Studies
Bacierial test

A reverse gene mulation assay was conducted in line with Guidelines for Screening Mutagenicity
Testing of Chemicals (Japan) and OECD Test Guidelines 471 and 472, using the pre-incubation
method. This study was well controlled and regarded as a key study.

3-Methyl-4-nitrophenol showed negative resulis in Salmonella typhimurium TA100, TA1533,
TA98, TA1537 and Fscherichia coli WP2 uvrA at concentrations up to 1.5 mg/plate with or
without a metabolic activation system (MHW, 1993),

Non-bacterial test

A chromosomal aberration test in line with Guidelines for Screening Mutagenicity Testing of
Chemicals (Japan) and OECD Test Guideline 473 was conducied using cultured Chinese Hamster
lung (CHL/U) cells. This study was well controlled and regarded as a key study. Although 3-
methyl-4-nitrophenol showed negative resulls without metabolic activation, positive results were
obtained with metabolic activation (MHW, 1993).

In vivo Studies

In a micronuciens test in mice, a positive result was reported. However, detailed dafa are not
available.

3.14 Toxicity for Reproduction

3-Methyl-4-nitrophenol was studied for oral toxicity in rats according to the OECD Preliminary
reproductive toxicity test at doses of 0, 30, 100 and 300 mg/kg/day. Although this study was
designed to investigate reproductive capability in parental generation as well as development in F,
offspring, parameters to evaluate developmental toxicity were limited to body weights at day 0 and
day 4 after birth, and autopsy findings at day 4.

Effects of the repeated administration on both sexes:

No effects of 3-methyl-4-nitrophenol treatment were revealed in body weight changes, food
consumption or autopsy. One male of the 300 mg/kg group died, and decrease in spontancous
aclivity, prone position and bradypnea were noted in the dead animal and two surviving females of
the 300 mg/kg group. On the basis of ihese findings, NOEL of this chemical was considered to be
100 mg/kg/day for repeated administration toxicity of both sexes in this study.

In effects on reproduction of both sexes and development of the next generation, no effects of this
chemical were detected in reproductive ability, organ weights or histopathological exammation of
the reproductive organs of both sexes, delivery or matemal behavior of dams, viability, general
appearance, body weight changes or autopsy of pups. On the basis of these findings, the NOEL of
this chemical was considered to be 300 mg/kg/day for reproductive/developmental toxicity of both
parent animals and offspring in this study.
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OECD SIDS ' 3-METHYL-4-NITROPHENOL
5. TOXICITY ID: 2581-34-2

5.2.2

53

54

5.5

EYE IRRITATION/CORROSION

Species/strain: New Zealand whate rabbit

Results: Highly cormrosive [X]; Corrosive [ ]; Highly irmtating [ T,
Lritating [ |, Moderate irritating [ ]; Slighily irritating
[ ]: Not irritating [ ]

Classification: Irritating [ ]; Not irritating | |; Risk of serious damage to eyes ]|

Method: 3 rabbits/unwashed group (2 males and 1 female, the same rabbits were used
for the skin irritation test), 3 rabbits/washed of (1 male and 2 females). 96
hour-observation period, application: 0.1 gfrabbit, In the case of washed
group, the treated eves were flushed for 1 minute with ca. 300 ml water 30
seconds after application. '

GLP: Yes [X] No[] ?[]

Test substance: purity 82.6 %

Remarks: 54.3 scores after 48 hrs, unwashed group (Extremely irritating)

Reference: Unpublished company report (1988)

SKIN SENSITISATION

No studies located

REPEATED DOSE TOXICITY

(@)

Species/strain: Rat (Wistar)

Sex: Female [ ], Male | [; Male/Female [X]; No data [ ]
Route of Administration: oral (Diet)

Exposure period: 6 months

Frequency of treatment:

Post exposure observation period:

Dose; 0, 150, 500 or 1500 ppm

Control group: Yes [X];No [ ]; Nodata | [;
Concurrent no treatment [ ]; Concurrent vehicle [X];
Historical [ ]

NOEL: 500 ppm (30.7 mg/kg/day)

LOEL:

Results: A transient exeretion of glucose into urine was observed in the rats fed 1500
. ppm. No other abnormalities were noted.

Method:

GLP: _ Yes[] No[X] 7[]

Test subsiance: Commercial, purity: 99.5 %

Reference: Botyu-Kagaku 40, 38-48 (1975)

GENETIC TOXICITY IN VITRO

BACTERIAL TEST

)

Type : Bacterial reverse mutation assay

System of testing;

Species/strain: S. typhimurizm TA 98, TA 100, TA 1535, TA 1537, TA 1538
E. coli WP2 uvtA

Concentration: 78.12 - 2500 pg/plate

Metabolic activation: ~ With [ ]; Without [ ]; With and Without [X]; No data [ ]
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Subchronic Toxicity Studies of Sumithion, Sumioxon and p-Nitrocresol in Rats and 92 Week
Feeding Study of Sumithion with Special Reference to Change of Cholinesterase Activity.
Tadaomi Kapora, Hiroyuki Kouoa and Junshi Mrivamero {(Research Departmeat, Pesticides -
Division Sumitomo Chemical Co., Ltd, Takarazuka, Hyogo, Japan) Received Jan. 16, 1975. °

Botyu-Kagaku 40, 38, 1975

7. AIFFY, AIFEVY, pobQI LS~ AD5 5 Mot 2FRESRES LT

IFAVIGEBRICKD IV YIAFS-EOTH MEHE BELT Bher (TR
Tt IEE M oTEr) 50. 1. 16. FH .
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FIRASBENREREEL 2.
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AiF FU o0

SEErEELTHESA TR, A F4rEFEED 0ppm CTHEMEIY 2575 ~F2HFE
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COEETTREF 4y QERBESR 1 MRS Sopm, 4 EH&H 0. 27me/kg/day

—H2iA XV rOERERE, 68 AEARTHEHEM Sppm T o7,

Introduclion

Sumithion® or O, O-dimethy! O—(3—methy1—4—'
nitrophenyl) phosphorothiqate is an organophos-
phorus insecticide now widely used to control
various plant pests and insects of medical impar-
The metabolic studies in mammalst~®

orally administered

tance.
radicactive

revealed that
Sumithion was easily absorbed from the gastro-
intestinal tract and distributed into various tissues.
Sumithion was confirmed to be oxidized into the
active metahbolite Sumioxon, O, O-dimethyl O-(3-
methyl-4-nitrophenyl) phosphorate in the animal
both in vive and in vitro. Both compounds were
decomposed in animal body and the radioactivity
was eliminated rapidly and completely, majorly

into urine. The major degradation products in

urine were desmethylsumithion, desmethylsumioxon,
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dimethylphosphorothioic acid, dimethylphosphoric
acid, p-nitrocresol (3-methyl-4-nitrophenol) and
its conjugatés. Piant metabolism proceeds in
essentially the similar manner’™; a trace amount
of Sumioxon and p-nitrocresol, free and bound
with glucose, were found.

Although it has already been demonstrated that
residue of Sumithion and its metabolites in
various ﬁarvested crops is generally low™ 1%, it
is necessary to assess the chronic toxicity of
Sumithion and other possibly toxicologically sig-
nificant metabolites in humans. In this study,
therefore, Sumioxon and p-nitrocresel as well as
Sumithion were fed to rats for consecutive 6
months to examine the subchronic effects on

vartous physiological parameters, A supplemen-

. tary study was also carried out with special

reference to the change of cholinesterase activity
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during 92 week feeding of Sumithion,

Materials and Methods

Sumithion was a technical product of Sumitomo
Chemical Co., Ltd (lot No. 417, purity 97.2%).
Sumioxon {999 pure) and p-nitrocresol (99 5%
pure) were prepared in this laboratory. '

Six week old male and female Wistar strain
rats were purchased from Nihon D.obutsu‘ Co.,
Ltd. and were housed in individual cages and
kept at 24+1°C and relative humidity of 60410
% for 6 months, All animals had free access to
food and water, The control group received
basal diet {(Nihon Crea CE-2) and the test groups
received _ powdered _diet containing the test
material. The organization of tﬁe experiment is
reproduced in Table 1. Behavioral changes and
‘mortality were observed every day and body-
weight, food and water consumption were recorded
weekly. Urinary sugar (Benedict method), protein
acid mmethod), bilirubin (ferric
sulfate method), urobilinogen (Ehrich method)

(sulfosalicylic

and occult blood (Benzidine method) were exami-
ned at 4th, 8th, 12th and 24th week (Shinotest
Lab. Co.). At the termination of 6 month feeding,
all the animals were anesthetized with ether and
blood was withdrawn {rom abdominal aorta for
hematological, clinical biochemical examinations

including cholinesterase activity measurement.

Red blood cells, white blood cells and throm- -

bocyteé were counted by a microcell counter
(Toa Electric Co., Ltd. type II) and differential
as usual.

leucocyte counts were carried out

Total blood hemoglohin content was measured
by the standard technique involving cyanometho-
hemoglobin formation'®, Hematocrit and sedimen-

tation rate were determined by the standard I
technique. Clinical bicchemistry examinations
were carried out with sodium, potassium, chloride,
total protein, albumin, phbspha’tase
(ALP), GOT, GPT, blood urea nitrogen. glucose
and bilirubin by an autoanalyzer (Technicon Co.,
SMA 60/12). Cholinesterase activity (ChE) was
determined of plasma, red blood cells and brain
The enzyme pre-

alkaline

by an electrometric method!®.
parations were reported elsewhere!s),
Immediately after blood sampling evéry tissue
and _organ were grossly observed and major
organs were dissected out to weigh. Also the
following tissues were subjected to histopatho-
logical examinations by fixation with 10% for-

" malin, followed by double staining with Hema-

toxylin and Eosin ;- brain, eye, spinal cord,
peripheral nerve, heart, lung, spleen, bone marrow,
Iymph node, thy;mus, esophagus, stomach, small
intestine, large intestine, Eiver,_ pancreas, kidney,

prostate or

testis or ovary,

uripary bladder,
uterus, pituitary,.thyreid, adrenal and broachus,

A supplementary study was carried out with
special reference to the change of cholinesterase
activity of plasma and red blood celis during 92
week feeding of 2.5, 5 and 10 ppm of Sumithion.
Each group was composed of 15 males and 15
females. At 2ad, 4th, 6th, 8th, 12th, 16th, 20th,
24th, 42nd, 68th and 92nd week of feeding, a

small amount of blood was obtained from orbital

Table 1. Experimental designs of feeding test of Sumithion,
"Sumioxon and p-nitrocresol to rats.

Dietary level

Number of animals

Group Compound . ppm male fernale
C — 0 15 15
T-1 . Sumithion 10 15 15
T-1 7 30 15 15
T-1I #” 150 15 15
T-IV Sumioxon 5 15 15
TV P 15 15 15
T-VI o 50 15 15
T-VIY p-nitrocresol 150 15 15
T-VIII, ” 500 _ 15 15
1500 i5 . 15

T-IX ”

39

99



Bi & B % §F 40 %I
plexus by using ‘glass capillary u_pdsi":i etﬁer that only at high‘dbsage of Sumithion the animals
ity ingested- a little miore amount of food at the
vl ‘ initial 2 weeks. - There were no appreciable
. ; differences in x&;ater consumption among control
Results and Discussions . . and any test groups. Intake of the test compounds

anesthetization. Brain cholinesteraseaci

measured after 92 week feeding.

during the feeding period was calculated and the
. results are shown in Table 3,

Behavior and mortality ; There was no signs of
toxicity during 6 month feeding of Sumithion,

Sumioxon or p-nitrocresol. One death was Table 3. Intake of Sumithion, Sumioxon and
observed in male fed 15 ppm Sumioxon during . : P—nitrgcresql during 6 meonth feeding
starvation period just prior to necropsy. period. : ’

Compound ingestéd

:’ ‘ Body weight change; Table 2 shows mean body .
. Compound Dietary level mg/kg body weight/day

weight change during the feeding period. These . m

: 1 ‘ PP male female
compounds were found not to affect the body o o .
weight gain adversely except that a slight Sumithion 10 0.59 0.64
: depression of body weight gain was observed 123 , ;?g 1330
: uru.lg.the' initial feeding period of 150 ppm Sumioxon 5 0.31 0.34
' ; Sumithion in both males and females (Ist to 2ad 15 0.91 0. 99
PREE week). However, the body weight gain recovered 50 2.99 " 3.66
o to the normal level in 2 to 3 weeks. ' p-nitrocresol 150 9.23 10. 1
o Food and water consumption; The results of food 500 30.7 32.8
BRERE 1500 - -94.7 101, 00

and water consumption measurement revealed . LT

. : Table 2. Body weight gain during 6 month feeding of Sumithion,
i Sumioxon and p-nitrocresol to rats.

Body weighta?, g -

Sex Experim-ental' groups Initial Final Gain
J; Male control 0 ppm 1884-6. 13 419+11.6 231+ 9.0
3 L : Sumithion 10 ppm 194 + 4. 50 438+ 8.6 244+10. 3
' 30 ppm 17843, 48 434 +13.9 256 +15.5
S 150 ppm 197 3. 87 427 +11.5 230+10.8
L Sumioxon 5 ppm 156 + 2, 48%* 408+13.9 2524 14, 2
" 15 ppm . 16546, 03* £10£12.2 245+13. 2
: o : 50 ppm 19746, 67 123+12.5 226:£10.8
p-nitrocresol 150 ppm 177 £7.85 428 +12.0 251+11.6
- 500 ppm 18547, 75 430 £16.5 945 +14.2
1500 ppm 181:£5. 30 4474187 266 +18. 3
i . Female control 0. ppm 145+4, 35 273+ 8.4 1284+ 5.4
D Sumithion 10 ppm 155 +3, 86 279+ 7.4 124+ 6.7
Lo 30 ppm 143+3,68 %2+ 5.3 1194 4.1
150 ppm 14145, 31 952+ 5. 2% 111+ 6.3
' . Sumioxon 5 ppm 14042, 74 263+ 6.7 : 123+ 5.6
ro ‘ 15 ppm 1534283 270+ 2.8 117+ 3.5
: 50 ppm 148+3. 22 . 279+ 7.7 131+ 6.6
! p-nitrocresol 150 ppm 143+3.68 269+ 5.2 126+ 5.5
: 500 ppm - 14242 79 273+ 5.8 131+ 4.9
1500 ppm 145 4, 08 . %8+ 6.1 123+ 5.5

2} mean & standard err(n;
¥ p<0.05, ** . p<0.01

40

100



Table 4. Hematologuca! studies in rats treated with Sumlthlon, Sumloxon and p—mtrocresol for 6 m0nths a

Hemato::nt

Dletary fevel Red blood ’I‘hrombocyte

101

4%

Sex Groups ppm cell 10 x 104 rae nﬁfr?baﬁlron % Hem;/gc}fbm Xﬁlti 11?}%00d
Male control 0 919+10.9 74 116 10 1, 54:+0, 38 48.641.08  14,7+0.26 88.214,60
Sumithien 10 018+12,2 76.5+3.59 2.42+0.50 46.0+0.61  15.2+0.22 92,7+4.91
30 874+11.2 78.7+4.34 . 2.99+0.81 46,0+0.93 14.5+0.19  84.4+6.39
150 904 414.7 68.0+4.05 1.25+0.27 46.3+0.69 - 14.6+0.19 91.5+4,39
Sumioxon 5 940 +10. 8 79.94£6.70 2,55+0. 35 46,1x0.48 14,1+0.17 97.6+3.80
15 94512, 0 74.5+4.40 2,64+0.46 46.9:+0.70 13, Q:I:O. 19* 90,645, 20
50 039+16.5 | 81.0+5.80 1.8310. 30 47.8+1.08 14.0:0.28 ~92.4+4.90
p-nitrocresol 150 991 £ 16, 1** 71.8x5.00 1,490, 42 47.34+0.97 14.0+£0.24 80.94+6.00
500 970+20.0 " 82.5+6.40 1,.494+0, 32 47.8£0.95 14,14+0.22  92.1+4.00
1500 096 16, 2% 78.1+£4,10 1.37+£0.40 ° . 47.1x£0.72 14, 00,21 90.3+£3.70 .
Fémale control 0 843:414.7 90.5+6,95 0.94x0.29 43,8+0,72° 13,8%0.11 78.8:x4.95
Sumithion 10 885+ 15. 8% 88.2:6.43 0.84+0,17 45,6+0,80 - 13,8%£0.20 79._9:\:6.01
30 836£13.8 82.3%4.85 0.99+0.33 42.8+0.72 13.7+£0,14 70.5%5,17
150 840+13.0 84.0x5. 42 1.78+0, 45 42,1+0.27* 13.9+0.11 70.5:5,17
Sumioxon 5 8264 B.2 79,144, 00 2,380, 409* 43; 5.:1-_0. 73 13.5x0.13 66.1x4.40
15 845+ 9.8 82, 7+5,01 1.98+0.31* 43.7+0.60 13.8+0.15 - 60.9+3, 70**
50 8774 6.6* 85.1+£3,40 1.61+0,29 43/5+0.58 13.94£0.19 62,144, 50*
p-nitrocresol 150 327+138.3 79,844, 00 1,41 0,30 43,1+0. 46 13:940.19 53,1390
500 821x14.1 79.9+£3.31 2.33+£0.50 42.840.50  13.7+0.09 49.'34:3_ 31**
1500 845+16.7 T.3+£4.72 1.89+0.41 43,5+0.78 1-3. 540,15 49.5 :I:é. 31x*
2} mean £ standard error
¥ p<0.05, ¥ p<C0.01

n—% o ®© % ¥ ¥ MW
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Hematology ; Table 4 summarizes the’tesults of
the hematological examinations (Differential, leu-
cocyte counts were zlso carried out'a,ltl:‘m&g'h the

data are not submitted .here). Altho_ugl,f }‘.Here-

were several significant differences in some.cases
indicated by asterisk, they were not attributable
to the compounds, since some of them were not

dose-reiated and others were seemingly within .

the range of physiolegical fluctuations.
Urinalysis ; At the latter half of the feeding
period urinary protein was found in all rats
examined of both. contrel and each of the test
groups. However, the degree was not dependent
ofi the administration of the compounds. A tran-
sient excretion‘ of sugar into urine was ohserved
in the rats fed 1500 ppm p-nitrocresol at 4th and
8th week, but it disappeared thereafter. No other
abnormalities were noted.

Clinical biochemistry and cholinesterase activity ;
The results of blood biochemistry and cholines-
terase activity after 6 month feeding are shown
in Table 5. Although there were some significant
differences in several of the parameters tested,
thése differences (excluding cholinesterases) were
neither so large nor dose-dependent and, there-
fore, are presumably not atiributable to the
feediné of these chemicals. On the other hand,
plasma, red blood cell and brain cholinesterase
activity of the animals given Sumithion or
Sumioxon showed a dose-related decrease. Female
plasma cholinesterase was more susceptible to
Sumithion than the male enzyme and even at the
lowest dosage (10 ppm) the activity of the
former was significantly lower than the control,
whereas the latter showed no inhibition. Sumi-
oxon at 5 and 15 ppm caused no significant
inhibition of plasma enzyme. No reduction in red
blood cell cholinesterase activity was observed
by Sumithion at 10 ppm ({male and female) and
30 ppm (male) or by Sumioxon at 5 and 15 ppm
(male and femalej}. The inhibition of brain
cholinesterase activity was
than males ;

more remarkably

observed in females in females

Sumithton at 150 and 30 ppm and Sumioxon at

" 50 and 15 ppm were inhibitory, while in males

only Sumithion at 150 ppm was inhibitory.
Organ weight; The weight of 9 major organs
was determined and their ratios to body weight
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were calculated, Tabfe 6 shows the ratios,
Although the weight and the ratio of several
o}gans in a certain treated groups were signi-
ficantly deviated from those of the control, they
were regarded as not dependent on the compounds

administered.

*: Histopathology ; Histopathological examinations

were made of 24 tissues of all rats given the
highest dosage of Sumithion, Sumioxon and p-
nitrocresol in.comparison with the control. The
results are summarized in Table 7. Pneumonia-
or abscess in lung (excluding p-nitrocresol group),
vacuolar degeneration in the parenchymal celis
as well as a slight bile duct proliferation and
infiltration of oval cells in liver and a slight
magnification of the renal tubule and cell infiltra-
tion in interstitial connective tissﬁes in kidney
were findings common to hoth éontrol .and ‘tfeated
groups and these changes were not due to the
administration of the compounds. No other signs
of abnormalities were observed in any tissues
examined which might lead to the formati.on of
hyperplasia. :

Thus, no adverse effects were observed in all
the parameters examined except cholinesterase
inhibition by 6 month feeding of up to 150 ppm
Sumithion, 50 ppm Sumioxon and I500 ppm p-
nitrocresol to rats. The findings were in well
accord with 2 year chronic feeding study of
Sumithion in beagle dogs'™, where 200 ppm of
Sumithion gave no other untoward reactions than
inhibition of cholinesterases. Sumioxon at 5 ppm
was not inhibitory on plasma, red blood cell and
brain cholinesterase, while Sumithion at the
lowest level (10 ppm) inhibited the female plésma
cholinesterase. Therefore, a supplementary feed-
ing experimént of Sumithion to rats was under-
taken to establish no effect level in terms of the
effect on cholinesterases. In this study each 15
male and 15 female rats were kept on diet
containing 0, 2.5, 5" and 10 ppm of Sumithion
and blood wés taken periodically and plasma and
red blood cell cholinesterases were determined
by delta pH method. . At the termination of the
feeding the animals were sacrificed and brain
cholinesterase a(_:tivity was determined. Sﬁme of

the test animals were dead in the latter half of
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Table 5. Blood biochemical studies in rats treated with Sumithion, Sumioxon and p-nitrocresol for 6 months. &

Sex ' Groups Dietary level Sodium Potassium Chlorine Glucase Blood urea-N  Total protein Albumin
ppm Meq/1 Meg/1 Meq/1 mg/dl mg/dl g/dl _ g/dl
Male = contral Q- 140 +0, 81 8.8440.32 101+1,38 03.8+3.09 16.7+0. 96 7.21+0.13 2.48+0.09
Sumithion 10 139+0, 30* 9.50+0.27 101£0.73 107 £5.43 15.0+0,56 6:80:+0.10 .  2.480.08 )
30 130+0.71 9,4740,20 103+0. 40 112 £6.53* 16.1x0.57 8,770, 10* .’2. 45+0.11 -
150 140£0.52  9,5820.31 103:0.64  98.2+4.97 20.1+2.58 6.78£0,00%  2.4640.07
Sumioxon B 142 £0, 45* 7.56 20, 20%* 101 0. 50 113 13, 70%* 16,80, 65 8,73 £0. 10* 2.44%0,08
15 A 14240, 40 9.00:0.40 '101 +0.72 101 i?; 16 "15,9£0,73 6.88:+0. 16 ' 2.56:£0,07
50 140£0.70  9,08+0.24 1022060 112 +7.26%  17.0x1.04 .63 +£0.06%*  2,61k0,12
p-nitrocresol 150 14341, 07 8.95+0.35 103+0.71 92.2+48 28 16.4:4£0.61 7.02+0.12 2.30+0.15
500 142+0.79 . 8.89+0:26 10046, 13 107 £9.14 14,820,965 7.0740,06 2.58+0.09
1500 142 +0. 79* 8.76+0.32 102+0.58 08.3:+5.82 15,940, 8'_7 6. 90.:I:0. 13 2.47x0.11
Female control ¢ 1464 0. 62 11.6£0.59 108+£0.54 90.8+£5,08 15, 3+0.47 7.96+0,12- 3.6940.09
) Sumithion 10 151 +£0. 88 8.884.0,30 107 £0.56 73. 843, 96* " 17.94+0.64 7.98+0.13 3,47%0.13
30 146+0,65 11.éi0.61 1068 £ 0. 69* 71.243. 33* '1"7.1:1:0. 65 7.83+0,12 3.65::0.16
150 149 4 0. 65* 10.8+0.34 1080, 70 74,6 £3, 00** 20, 740, 79+ 7.71x0. 14 3.50+0.14
Sumioxon 5 14240, 47**  7.66 40, 25%% 102 +0.56** 81.748.15 15,9+1.03 7.89+0.11 ‘ 3.4140.15
15 144 %1, 01 9,260, 39 10441, 39 83.914, 56 16,6 0,77 -7.56 %0, 13* 3.21x0, 10*
50 14340, 56** 7, 471_0. 26%% 103 %0, 37 81.6+3.15 16.74+0.79 7.57+0. 13* 3.31+0.02*
p-nitracresol 150 + 13541, 28% 7,90+ 0. 28%*F 101 £ 0. 70%* 79. 0+6. 36 14,411, 12 7.01£0,08% 2,9610, 14*
500 1401, 11%¥% 8 220, 37%* 1030.53** - 81.0+£4.17 13.5+0. 82 7.324+0.07** 3.45+0,15
1500 14210..57** 8.7240. 30%* 10420, 71%%  75,4+4,67 15.0%1,18 7,93+£0.10 3; 53+0.14

) mean £ standard error
* p<20.05, ** p<<0.01

—% w'%é»ﬁﬁ%
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Sex

Vale

Female

Groups

control

Sumithion

Sumioxon

p-nitrocresol

control

Sumithion

Sumioxon

. p-nitrocresocl

b 4PH {6r 60 min, at 37.5°C

Dietary level
ppm

10
30
150

15
50
150
500
1500

0

10

30

150

5

15

50

150
500 -

1500

Bililubin
mg/dl

0.26+0.02

0.28%0.01
0.22+0.01
0.2540.02
0.30£0.01**
0.20+0.01
0.27:0. 02
0,350, 02%*
0.33 0, p2%*
0,320, 01%*

0.33£0.02
0.3940, 02

' 0.3320.02

0.'30 0. 00**
0.3320.02 |
0.330,02
0.40:£0. 01
0. 310,01
0.330,02
0, 34:£0,02

Table 5. (Continued) !

ALP
K-Au

31.2£3.92
22,1+1.36
18, 1= 1. 04%*
28.3+1,86
21.8+1.63%
25.1+3.13
24,422, 27
21.0+2. 05%
18,72, 02*
20,541, 52%

17.121.93
15.8+1,.22
12.4+0.73
15.3+£1.24
16.1+1.58
13.3%1.43
17.0+1. 86
9.69+1. 49%*
13.941.74
13.0x1.02

GOT
Karmen u

228+7.49

199 = 10. 7*
206 £ 5. 43
187 4 10 8%*
2034124
190 £ 9. 32%*
19614, 3
187 £ 8. 45%*
103 = 4, 20%*
192 0. 8o**

206 19,85
251£10.4
240£16. 3
226 £9. 85
231+11.4
23949, 71
954+14. 9
182+ 13. 8*
192+ 10. 0%
298+ 8. 80

GPT
Karmen u

77.0+2.09
74,543,04
72.3+0.88
71.1+1.89
63, 0+ 3. 06%*
68. 3+ 3. 06%*
70. 2 1. 28*
75.3+3.36
67. 041, 63%*
66. 4.+ 1, 33+*

31,1152
23,9+1.79
23.7+1.75
16, 7£0, 82%*
24,142 11%
20,342, 24
26.8+2. 44
19,843, 83*
19, 41, 73%*

20. 81, 76%*

Cholinesterage”

(et

plasma
4PH

0.89+0. 14

0.84:0.07
0.60+0.05
0.510. 03
0.66 0. 06
0.59+0.08
0.60+0. 06

1,840, 3)

0. 830, 09**

D.92+0,17%*
0. 45::0. 04**
1.60+0.09
1.2440.19
0.78+0.12%

" red blood cali

4pH

0.36+0.04
0,35+0.02
0.30+0.05
0.11 40, 04%*
0.42+0.02
0.36+0.03
0.24+0.02*

—_— "

0.38 40, 04
0.32:+0. 02

0, 27 0. 02*
0. 13:£0. 02%*
0.40:£0, 02
0.35x0.05
0.15£0. 01**

“brain
4APH

0.98+0. 05
1,09+0.07

0.88+0.03
0. 46 0. 10+
1.16:£0, 06*

0.9520. 04
0.95+0, 04

0. 66 0, 02**
0.29+0, 01**
0.92:0. 06

0. 830, 03*
0,720, 02**

% ov & £ & ¥
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Table 6. Ratio of 6rgan weight. to body weight of rats treated with Sumithion,
. . Sumioxon and-p-nitrocresol for: 6 months. 2
Sex Groups Diéf;rgrmlevel Llllhg: L_i%er Kiggey _ Sp}een H;ngt :
Male control 0 0.69+0.06 2.31£0.08 0.59+£0.01 0.24%0.02 0.30+£0.01
Sumithion 10 0.54:+0,03* 2.39+0.04 0.64+0, 02 0.2140.02 0.31+0,01
30 0,56+0.05 2.3840.08 0.64+£0.01% 0.19+0.01* 0.32+0.01
150 0.59+0.04 2.36+£0.05 0.62+0.01 0.194£0.01*% 0.3040, 01
Sumioxon 5  0.61+0.05 2.34+0.06 0.60£0.02  0.20£0.02  0.30+0.0
15 0.65+0.04 2.37+0.05 0.63+0.01 0.24+0.02 0.3220.01
. 50 0. 62i0: 06 2.494:0.06 0.64+0.03 0. 20 +0.01*  0.3240.01
p-nitrocresol 150 0.670.09 2.12+0.04 0.60+0.02 0.22+0,02 0. 28+ 0. 01%*
500 0.68+0.06 2.28+0.05 0 62+0.02 0.21+0.01 0.31+£0.01
1500 0.5540.02% 2,25+0.05 0.60+0.02 0.20+0.01 0.31+£0.01
Female control 0 0.65+0,05 2.6320.08 0.66+£0.02 0.23+0.01 0.32+0.01
Sumithion .10 0.67+0.04 2.34+0,06%*F 0,63+0.01 0.24+0.02 0.34%0.01
30 0.66+£0.03 2.43£0.05% 0.60£0.01% 0,22:20,01 0.34:£0,01
150 0.68+0.03 2.6240.05 0.70£0.02 0. 26+0.02 0. 36 £0. 01**
Sumioxon 5 0.68+0.03 2.37x0.03* 0.61+0.01* 0.26+0.03 0.35+0.01*
15 0.58+0. (_)2 2,43+0,04% 0.62+0.01 0.23+£0.01 0.34+0.01
56 - 0.67+0.03 2.3440,06% (,62:£0.01 G.23£0.01 3.34+0.01
- p-nitrocresol 150 0.64+0.04 2.49+0.03 0,60+0,03 0.24£0.02 0.3540, 01**
500 0.60+0.03 2.36+0.03% 0.6140.02 0.24 +0,02 0.35+0. 01%*
1500 -0.680.04 2.40+0,04% 0,6140.02 - 0.23+0.01 0.34%0.01
4} mean % standard error .
* p<20.05, ** p<0.01
Table 6. (Continued)
Sex Groups Dietz;;)ymlevel Arg;ex:og! T;sgtis rOn;ai%( B;gin
Male control 0 11.8+0.83 0.734+0.02 Ve 0,45%0,01
Sumithion 10 11.8+£0.55 0.72+0.02 ye 0.46£0.01
30 10.8+£0.77 0.74+0,03 e 0,454+0,01
156 10.4+0.72 0.70+0.02 /- 0.45+0.01
Sumioxon 5 1324121 0.7440,02 / 0. 460, 02
15 13.1+£1.14 0.75£0.02 / 0.48£0.01
50 12.0+0.25 0.7210,02 v 0.4540.02
p-nitrocresol 150 12.440.70° 0.74+0.02 Ve 0.43+0.01
500 12,2+0.81 0.73+0.02 ye 0.4520.02
1500 10, 4+0.66 0.7240.03 e 0.43+0.02
Female  control 0 20.61.11 Ve ©28.0£3.12  0.6620.02
Sumithion 10 21.3+1.23 7 31.0%+3.60 0.624£0.02
30 19, 840.96 ye 26.5+1.89 0.64+0.04
150 22.5+1.19 v 35.4+3.62 0.724+0. 02
Sumioxon 5 ©22.9+£1.19 Ve . 29.7+3.30 0.66+£0.02
15 22.3+1.23 Ve 27.0+2.78 0.65+0.01
50 20.2+1.04 Ve 31.7+3.36 0.66+0,02
p-nitrocresol 150 21.4+1.00 Ve 27.8+£2,93 0.65+0,02
500 22.7+1.11 Ve 28.0+2.27 0.65+0.01
1500 20.9+0.92 Ve 26.9+2.37 0.64+0.01
45
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Table 7. Hastopatholpg-l_ga] findings of rats. treated with Sumithion,
p-nitrocresol for 6 months,

Sumioxon -and:

B ot o2 o 4 %IL

control : . Sumithion Sumioxon p-nitrocresol
Tissues 150ppm 50ppm 1500ppm
maie female . male female male female male female

' Brain — — — — — - " — —
Eve — — — L e — — — —
Spinal cord — — - — — — — —
Peripheral nerve — -— — — — — _— _
Bronchus — — — — — — — _
Lung* + + + + + — — —
Heart — — — — — _ — —
Spleén — - — — —_ — _ _
Bone marrow — — — — — — — —
Lymph node — — — — — — — .
Thymus - — — —_ — — — —
Esophagus — e — — — — _ _
Stomach — - — — — — — _—
Small intestine — — — — — — — —
Large rintestine — — — — — — — _
Liver — —_ — — — — — —
Pancreas — — — — — — — —
Kidney — — — — — — — _
Urinary. bladder —_ — — — — — — S
Testis — Ve — S — Ve — ya
Prostate — yd — Ve —_ yd — -/
Ovary e — Ve — / — Ve —
Uterus /S — /S — e — ~ —
Pituitary — — — — — — - _
Thyroid — — — — . . _ .
Adrenal — — — — — — - _

* Ppneumonia or abscess

Mortality of rats treated with Sumithion for 92 weeks.

Table 8.
D No. Number of dead animals
Sex 03¢ of 0~12 12~24 24~48 48~60 60~72 T2~84 84~92 Mortahty %

ppm rat week

Male 0 5 0 1 2 0 1 3 0 7/15 46.7
2.5 15 3 0 0 0 1 2 2 8/15 53.3
5 15 0 0 2 2 1 0 3 8/15 53.3
10 15 0 0 3 0 1 3 0 7/15 46.7

Female 0 15 1 1 3 0 1 1 0 7/15 46.7
2.5 15 2 0 0 1 2 1 2 8/15 53.3
5 15 0 0 1 0 4 1 1 7/15 46.7
10 15 1 0 0 1 1 2 2 7/15 46.7
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the feeding period, as shown in Table 8, mainly mental period. At 5 ppm the cholinesterase
.due to pnéumonia, which indigatgs’that Sumithion activity was slightly depressed at the early
had no adverse effects 6n survival of the animals. period of ‘feeding, but it tended to recover on
Fig. 1 shows change of plasma cholinesterase longer feeding. The tendency was similar to that
activity. The enzyme was not inhibited by 2.5 reported by other workers™, Sumithion at 10
ppm Sumithion throughout the 92 week experi- ppm was significantly inhibitory, just like the
120 1120
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s d
=
8
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Fig. 1. Changes of plasma cholinesterase activity in rats treated with.
Sumithion for 92 weeks. ‘
—- 2.5 ppm

+— 5.0 ppm ————— 10 ppm
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Fig. 2. Changes of red cell cholinesterase activity in rats treated with
Sumithion for 92 weeks.
— 2,5 ppm =~ «—+«—+ 5.0 ppm = - 10 ppm
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Table 9.

“Brain qp’qﬁdi;étéfase activity of rats treated with

 Sumithidh-for 92 weeks.

Dietary level " Male Female
ppm . 4PH® . B 4 4PH=} %
0 0.918 £0.041 100 0.905 0, 016 100
2.5 0.911£0.024 0 99.3 0,906 0,078 100
5 0. 880 +£0. 020 95.9 0. 896 0. 026 99.0
10 0.86040, 034 93.7 0.865+40,016 . 95.6

w 4PH for 60min, at 37.5°C

Mean #* standard error is given. (n=15)

previous trial.
Red bleod cell cholinesterase was again less

- susceptible, as shown in Fig. 2, to Sumithion

than the plasma enzyme and even at 10 ppm the
inhibition was not-so significant. The activity of
brain cholinesterase of ~ the treated rats was
comparable to the control, as shown in Table 9.
Histopathological examination of the animals
sacrificed at the termination of the feeding re-
vealed no adverse effects which were due to
administration of Sumithion. _

Based on the supplementary experiment, no

effect level of Sumithion with respects to choline-

sterase inhibitiori can be determined to be & ppm
in food or 0.27 mg/kg body weight/day in male
or 0.28 mg/kg/day in female, which is rather
close to the no effect level in dog (5 ppm in
food or (.15 mg/kg/day}'™ or in human (0.2
mg/kg/day by subacute oral administration to
volunteers) 9, '
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Chronic Oral Exposure
2,3,4,6-Tetrachlorophenol; CASRN 58-90-2 (RfD)
Health assessment information on a chemical substance is included in IRIS only " =7
after a comprehensive review of chronic toxicity data by U.S. EPA health B i o pporting Studies
scientists from several Program Offices and the Office of Research and - Uncertainty and

Development. The summaries presented in Sections | and |l represent a Modifying Factors
consensus reached in the review process. Background information and '%’n%ft'ss——tﬂﬂeﬂ
explanations of the methods used to derive the values given in IRIS are provided _gnfidence in the
in the Background Documents. OralRD

- EPA Documentation
and Review

STATUS OF DATA FOR 2,3,4,6-Tetrachlorophenol

Concentration for

File First On-Line 01/31/1987 Ghionie Inhalatian
Exposure (RfC)

Category (section) Status Last Revised 2 Inhalation REC

Oral RfD Assessment (L.A.) on-line 01/01/1992 %{and
Inhalation RfC Assessment (1.B.) no data Supporting Studies

: i i - Uncertainty and
Carcinogenicity Assessment (I1.) no data Modifving Eactors
- Additional Studies/

I. Chronic Health Hazard Assessments for Noncarcinogenic Effects Comments
i - Confidence in the

Inhalation RfC

_ILA. Reference Dose for Chronic Oral Exposure (RfD) - EPA Documentation
and Review

Substance Name — Substance Name - 2,3,4,6-Tetrachlorophenol Carcinogenicity
CASRN — 58-90-2 Assessment for
Last Revised — 01/01/1992

Evidence for Human
The oral Reference Dose (RfD) is based on the assumption that thresholds exist Carcinogenicity

for certain toxic effects such as cellular necrosis. It is expressed in units of mg/kg- ; ;
- Weight-of-Evidence

day. In general, the RfD is an estimate (with uncertainty spanning perhaps an Cherastanzation
order of magnitude) of a daily exposure to the human population (including -Human
sensitive subgroups) that is likely to be without an appreciable risk of deleterious  Carcinogenicity Data
effects during a lifetime. Please refer to the Background Document for an -Animal

: £ : ; Carcinogenicity Data
elaboration of these concepts. RfDs can also be derived for the noncarcinogenic  _ Supporting Data for
health effects of substances that are also carcinogens. Therefore, it is essential inogenici
to refer to other sources of information concerning the carcinogenicity of this o '
substance. If the U.S. EPA has evaluated this substance for potential human Q%

of Carcinogenic Risk
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carcinogenicity, a summary of that evaluation will be contained in Section Il of
this file.
from Oral Exposure

__LLA.1. Oral RfD Summary - Summary of Risk
summary of KISK
Estimates

Critical Effect Experimental Doses* UF MF RfD - gggit;,nalgommeﬁts

Increased liver NOAEL: 25 mg/kg/day 1000 1 3E-2 - Discussion of
weights and ma/kg/day Confidence

centrilobular LOAEL: 100 mg/kg/day Quantitative Estimate

hypertrophy of Carcinogenic Risk
from Inhalation

] Exposure
Rat oral subchronic
study - Summary of Risk
Estimates
- Dose-Response Data
U.S. EPA, 1986 - Additional Comments
- Discussion of
Confidence

*Conversion Factors: none EPA Documentation,
Review and. Contacts

- . : ® Bibliograph
__LA.2. Principal and Supporting Studies (Oral RfD) = —‘sgo_p_'ito
® Synonyms
U.S. EPA. 1986. 2,3,4,6-Tetrachlorophenol. 90-Day subchronic oral toxicity study
in rats. Office of Solid Waste, Washington, DC.

Sprague-Dawley rats (30/sex/dose) were gavaged daily with 0, 25, 100 or 200
mg/kg/day 2,3,4,6-tetrachlorophenol in olive oil. Body weight gain, food
consumption, clinical signs of toxicity and mortality were recorded throughout the
study. Clinical pathology was performed on 10 rats/dose/sex both at 44-45 day
interim sacrifice interval and after 90 days; gross pathology was performed on all
animals sacrificed at interim or final sacrifice and on all animals found dead or
sacrificed moribund. Histopathological evaluations were also conducted in
animals sacrificed at 90 days as well as in the cases of unscheduled death.
Results of this study indicated that at 200 mg/kg/day dose male rats showed
progressive depression of body weights 3 weeks after the onset of dosing; these
body weight depressions were significantly different from controls during week 4,
and weeks 8 through 12. No such difference was observed in females. Liver and
kidney weights and relative liver and kidney weights (ratio fo body and brain
weight) were significantly higher than controls both in males and females at the
time of sacrifice. Centrilobular hypertrophy was observed histopathologically in 15
males and 6 females at this dose (200 mg/kg), compared with none seen in
control. Females in the 200 mg/kg group had significantly reduced platelet count
(increased alkaline phosphatase levels), and increased BUN levels at 100 and
200 mg/kg; whereas males in the high-dose group had increased SGPT levels
and an A/G ratio. Both males and females had significantly reduced Cl levels at
200 mg/kg, and females (200 mg/kg) and males (100 and 200 mg/kg) had
increased total protein and albumin levels.

Rats administered 100 mg/kg/day tetrachlorophenol were found to have
statistically significant elevations in liver weights (net and relative) in both males
and females. In females, both absolute and relative kidney weights were also
elevated. Centrilobular hypertrophy in livers was seen (with lower incidence than
in the 200 mg/kg dosage group) in 12 males and 1 female. Based on the results
discussed above, the 25 mg/kg/day dosage represents the NOAEL and the 100
mg/kg/day is the LOAEL for 2,3,4,6-tetrachlorophenol in this oral subchronic
study.

A reproductive study (Schwetz et al., 1974) and a 55-day oral gavage study
(Hattula et al., 1981) provided a NOEL of 10 mg/kg/day in rats; however,
inadequate study designs (few animals per group) and impurities associated with
the commercial grade tetrachlorophenol used in these studies raised some
concerns for the validity of the database to derive an RfD. These concerns
prompted the Office of Solid Waste to sponsor a 90-day oral study (U.S. EPA,
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1986) and a teratology study (Research Triangle Institute, 1986) in rats. Both the
studies used purified 2,3,4,6-tetrachlorophenol (99% pure) suspended in olive oil.

In the teratology study, pregnant rats were administered by gavage with 0, 25,
100 or 200 mg/kg/day 2,3,4,6-tetrachlorophenol in olive oil daily on days 6-15 of
gestation. Body weight gain, food consumption and clinical signs of toxicity were
recorded during the gestation period. Rats were sacrificed on gestation day 20;
gross pathology, liver and gravid uterine weight and status of uterine contents
were recorded. Fetuses were removed, weighed and examined for
malformations.

Results of this study indicated the only statistically significant adverse effect in
the high-dose group (200 mg/kg/day): reduced maternal weight gain (corrected to
exclude weight of uterine contents) as contrasted with controls. No significant
maternal effects were noted at 25 or 100 mg/kg/day dosage group. Embryo-fetal
growth and prenatal viability were not adversely affected by tetrachlorophenol
exposure, nor was there any definitive evidence of an effect of the compound on
fetal morphological development.

Based on data presented above, the 25 mg/kg/day dosage represents the
subchronic NOAEL for 2,3,4,6-tetrachlorophenol; by applying an uncertainty
factor of 1000 to this NOAEL, an RfD of 0.025 mg/kg/day or 0.03 mg/kg/day can
be derived.

__LA.3. Uncertainty and Modifying Factors (Oral RfD)

UF — 1000: 10 interspecies and 10 for intraspecies variability to the toxicity of this
chemical in lieu of specific data and 10 for extrapolation of a subchronic effect
level to its chronic equivalent.

MF — None
__LA.4. Additional Studies/Comments (Oral RfD)

Previously an RfD of 0.01 mg/kg/day was verified on 7/8/85 based on a 55-day
oral study (Hattula et al., 1981) in which Wistar rats were administered daily with
0, 10, 50 and 100 mg/kg/day 2,3,4,6-tetrachlorophenol by gavage (10 rats/group).
This study reported body weight changes and organ histopathology at doses
higher than 10 mg/kg; the NOAEL identified in this study was 10 mg/kg/day. This
study, however, used commercial grade compound which contains substantial
proportion of contaminants such as pentachlorophenol and dioxins. Additionally,
this study used few number of animals and the duration of the study was only 55
days.

Schwetz et al. (1974) evaluated potential effects of both commercial grade and
purified 2,3,4,6-tetrachlorophenol on embryo-fetal development following gavage
dosing of pregnant Sprague-Dawley rats on gestational days 6 through 15. Based
upon an earlier range finding study, doses of 10 and 30 mg/kg/day of both grades
of tetrachlorophenol were examined in this teratology study. Administration of
either grade of the compound resulted in no evidence of maternal toxicity,
resorptions, fetal body weight or fetal crown-rump length. The only fetal anomaly
that was increased at 30 mg/kg/day was delayed ossification of the skull bones,
an effect that was interpreted as a developmental delay, not teratogenicity. The
lower dose (10 mg/kg/day) in this study produced subcutaneous edema in
exposed fetuses that was considered a chance alone incidence. The
subcutaneous edema was not observed in the high-dose group. The issues
related to both these studies, discussed above, call into question the validity of
the data to derive an RfD.

__LA.5. Confidence in the Oral RfD

Study -- High
Database — Medium
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RfD -- Medium

The critical study is a very well-designed oral study with adequate toxicological
endpoints and a higher than average number of animals/sex/dose; therefore, a
high confidence was recommended. The database provided adequate supporting
subchronic oral studies and reproductive studies; therefore, a medium confidence
was recommended. The RfD was supported by subchronic toxicity and teratology
studies; however, until additional chronic toxicity data are available a medium
confidence is recommended.

__LA.6. EPA Documentation and Review of the Oral RfD

Source Document - This assessment is not presented in any existing U.S. EPA
document.

Other EPA Documentation — U.S. EPA, 1986
Agency Work Group Review — 07/08/1985, 08/13/1987

Verification Date — 08/13/1987

Screening-Level Literature Review Findings — A screening-level review
conducted by an EPA contractor of the more recent toxicology literature pertinent
to the RfD for 2,3,4,6-Tetrachlorophenol conducted in September 2002 did not
identify any critical new studies. IRIS users who know of important new studies
may provide that information to the IRIS Hotline at hotline.iris@epa.gov or (202)
566-1676.

__LLA.7. EPA Contacts (Oral RfD)

Please contact the IRIS Hotline for all questions concerning this assessment or
IRIS, in general, at (202)566-1676 (phone), (202)566-1749 (FAX) or
hotline.iris@epa.gov (internet address).

Back to top

_I.B. Reference Concentration for Chronic Inhalation Exposure (RfC)

Substance Name - 2,3,4,6-Tetrachlorophenol
CASRN — 58-90-2

Not available at this time.

Back to top

_ll. Carcinogenicity Assessment for Lifetime Exposure

Substance Name - 2,3,4,6-Tetrachlorophenol
CASRN -- 58-90-2

This substance/agent has not undergone a complete evaluation and
determination under US EPA's IRIS program for evidence of human carcinogenic
potential.

Back to top
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_VL.B. Inhalation RfC References
None
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_VI.C. Carcinogenicity Assessment References
None
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_VII. Revision History

Substance Name — 2,3,4 8-Tetrachlorophenol
CASRN - 58-90-2

Date Section Description

12/23/1987 LA, RfD withdrawn pending further review

03/01/1988 |L.A. Revised Oral RfD summary added - RfD
changed

06/01/1991  VI. Bibliography on-line

01/01/1992 |.A7. Secondary contact changed

01/01/1992 V. Regulatory actions updated

04/01/1997 I, IV., V. Drinking Water Health Advisories, EPA
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Regulatory Actions, and Supplementary
Data were removed from IRIS on or before
April 1997. IRIS users were directed to the
appropriate EPA Program Offices for this
information.

12/03/2002 LAG. Screening-Level Literature Review Findings
message has been added.
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_VIII. Synonyms

Substance Name — 2,3,4,6-Tetrachlorophenol
CASRN ~ 58-90-2
Last Revised — 01/31/1987

58-90-2

DOWICIDE 6

PHENOL, 2,3,4,6-TETRACHLORO-
RCRA WASTE NUMBER U212
TCP

2,3,4,6-Tetrachlorophenol
2,4,56-TETRACHLOROPHENOL
Tetrachlorophenol, 2,3,4,6-
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The Mutagenicity of MCPA and Its Soil Metabolites,
Chiorinated Phenols, Catechols and Some Widely Used
Slimicidesin Finland

Liisa Rasanen Marja Lilsa Hatlula
Department of Cell Biology Department of Chemistry
University of Jyvaskylé Universily of Jyviskyld

SF-40700 Jyvidskyld 10, Finland ~ SF-40100 Jyvdskyld 10, Finland
- Antti U. Arstila

Depariment of Cefl Biology
Universily of Jyvéskyld
SF-40100 Jyvdskyid 10, Finland

INTRODUCTLON

Because a generally regarded assumption is that the
mutagenieity and the carcinogenicity of a chemical compound
correlate, the mutagenic properties measured by the first
tier (FLAMM 1974) of several widely used compounds were tested
in this wark.

The use of MCPA (4-chloro—2-phemnoxyacetic acid) has
increased as a herbicide in the Nordic countries during the
last few years., This probably dues to the fact that the
herbicides used earlier (Z,4-D and 2.4,5-T) contain dioxines
the toxic effects of which are extensive. MCPA has been
regarded as a relative safe compound (GURD et al. 1965,
VERSCHUUREN et al, 19753, HATTULA et al. 1976). Although the
sale of pure MCPA decreased more than 200 tons in Finland
from 1973 to 1974 the sale of mixed products increased almost
360 toms (MARKKULA and TIITTANEN 1975). The last official
figures in Finland (TIITTANEN and BLONQVIST 1976) show that
the sale of MCPA increased from 1974 to 1975 400 tons.

4-chlore—o—cresol was first identified as the metabolite
of MCPA (GAUNT and EVANS 1961) and it has later been showa to
be the metabolite of other phenoxyacetic aecid herbicides, too
(BJERKE et al. 1972). Our own analyses show that the techni~
cal product of MCPA in Finland also contains approx. 4%
4-chloro—o-cresol as an impurity.

5-ghloro~3-methylcatechol was first identified as the
metabolite of MCPA by GAUNT and EVANS (1971). Generally,
catechols are known as metabolites of chlorinated phenols
{BOLLAG et al. 1968a, HORVATH and ALEXANDER 1970, HORVATH
1971) and the toxicity of catechols to cell is evident (HOR-
VATH) .

Chlorinated phenols are widely used as fungicides and -
slimizides around the world. Some of them are also known as
metabolites of chlorophenoxyacetic acid herbicides (HELLING
et al., LO0S et al. 1967, BOLLAG et al. 1968b, HORVATH 1971,
IDE at al. 1972, FREAL and CHADWICK, CROSBY and WONG 1973,
CLARK et al. 1975) and they are distributed on the areas
where these herbicides have been used, Their use in sawmills
has been realized to be an envirommental hazard (LEVIN et al,
1976). Recently they have been discoverad in the bleaching
solution of lignin and according to primary results (KNUUTL-
NEN, personal communication) the solution contained 2 ppm
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2,3,4,6-tetrachlorophencl and 0.2 ppm 2,4,6-tTtichloropheno
and several other chlorinated phenols (0.2 - 0.5 ppm).

“ The Fénnosan compounds {(trade name by Kemira {o., Fin
land) studied are widely uged slimicides and fungicides in
the wood-pulp industry. The toxicity of 3,5-D and the qui
line compounds is kunown but no data are available of the
toxicity of Fennosan F-50. The toxicity of some phtalates
which are present in the commercial product of Fennosan F-
have been studied (BELISLE et al. 1975, LAKE et al. 1875).
In this work, therefore both the mutagenicity of the activ
ingredient and the commercial product (mixture of differen
compounds) were tested sepatately.

The test method was the original Salmonella/mammalian
microsome mutagenicity test by AMES et al. (1975) which is
based on the use of Salwonella typhi-murium bacteria as tes
organismg for carcinogens and mutagens. Certain mutants oi
the bacterium cannot grow on a histidine deficient medium.
If the mutants to be tested cause point mutations they reve
the strains back to prototrophy and the mutagenic effect ig
detected as a bacterial growth.
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MATERIALS AND METHODS

The chemicals tested

MCPA (99.9% purity, Kemisk Vaerk, Denmark)

i S5-chloro-salicylic alcohol (hydroxymethyl compound of MCPA)(
|

1

et
it

| 3-chlaro-o-cresol (+)
4~ n Fluka purum
Jrt 5o " H
iy 5-chloro~3-methylcatechol (+)
i 3,4-dichlorocatechol - ()
i 3,5- " (+)
oy 3,6- " ()
i 3,4,5-trichlorocatechol (+)
1 2,3-dichlorophenol Fluka purum
b 2, " "
¥ ! 2,5_ 1] "
:‘,j; 2,6~ ™ 1]
j" 3,4‘_, 1" . n
:i 3’5__ H "
i 2,3, 5-trichlorophenol "
}, 2, 3’ 6_ 1] ’ 1r
i3 2,4,5- " "
) 2,4,6— i
i3 2,3,4,6~tetrachlorophenol "

o Fenngsan F-50 [active ingredient 1,4-bisbromoacetoxy-2-bute
li (U.8. Patent n = 2.840,598, June 24, IQSSﬂ .
i Kemira Co., Finland.

) Fenposan H-30 (8-hydroxyquinoline), Kemira Co. .
Fennosan B~100 (3,5-D = 3,5-dimethyltetrahydro-1,3,5-thiadia

: zine—2-thione), Kemira Co.

i FennotoX 45 {Copper~8~hydroxyquinolate), Kemira Co.
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benzo{a)pyrene Fluka

2-aminofluorene Sigma

9~aminoacridine Fluka :

MNNG ' {(N=methyl~N"-nitro-N-nitrosoguadinine) Sigma

The compounds denoted by a (+) were synthesized in the
Department of Chemistry, University of Jyvidskyl#d and the
purity was. tested by UV-, IR-, NMR and mass spectrometry.

The media used were as follows: Vogel-Bonner -stock
solution, minimm-glucose agar, nutrient agar, broth solution,
top agar, (.5 mM bistidine-biotine solution, 0.2~M phosphate
buffer and the cofactor solution as described by AMES et al.
(1975). '

The enzywe inducer used was Aroclor 1254 (Monsanto)
dissolved in sterile corn—oil, concentration 200 mg/ml.

The bacteria used were Salmonella typhi-murium tester
strains originating in strain LT2: TA98, TAl100, TAl535,
TA1537.

The rats were male Wistar-rats, 2-3 months old, served
as a source of the liver homogenate. The rats were induced
by Aroclor 1254 5 days before the sacrifice and the food
was removed one day before the sacrifice.

, The homogenate was made as described by AMES et al.
{1975) and it was denoted by S5-9. The final S$~9Mix (liver
homogenate + cofactor solution) contained per ml 0.1 ml S-9,
8 pmoles MgClo, 33 pmoles KCl, 5 mmoles glucose—6-phosphate,
4 pmoles NADP and 100 pmoles phosphate buffer. (pH was 7.4.)

Experimental

The test was carried out as described by AMES et al.
(1975). Firstly the bacteria strainsg were tested by testing
the histidine requirement, spontaneous mutationms, chrystal-
violet semsitivity, sensitivity to UV-light and to ampicillin,
respectively. The mutagenesis tests were carried out as plate
incorporation assays. All compounds studied were dissolved
in dimethylsulphoxide (MERCK, p.a.).

The compounds were tested over a wide range of concent-—
rations (0.5, 5, 50 and 500 pg/plate) both in the presence
and abgence of S-9Mix. Also the water-soluble compounds
(MCPA, Fennosan F-50, Fennosan ¥-30, Feunosan B-100 and
Fennotox 45} were dissolved in dimethylsulphoxide, The
revertant colonies were caleulated after incobation of 48
hours at 379¢.

Benzo{a)pyrene {10 pg/plate), 2-aminofluorene (10 ngl,
9-aminoacridine (100 npg} and MNNG (5 pg) served as positive
contrels. Also different amounts of §-9/S~Mix were testad
with some of the compound by the tester strains TA%8 and
TAl00 because, as described by AMES et al. (1975), the amount
of the liver homogenate fraction which gives the optimum
mutagenic effect may vary with test compounds. In this test
MCPA, 4-chloro—4—o-cresol and 5—chloro—3-methylcatechols were
used.
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RESULTS

The results of 5 pg of test compounds/plate and positi
control mutagens are shown in Table 1. None of the test
compounds caused significant inerease in revertant colonies
under conditions where ingreased hack mutations occurred
in the plates containing control mutagens. The number of
colonies by using 0.5 and 50 pg of test compounds per plate
were comparable to those observed in Table 1 but in the
presence of 500 ug/plate the number of colonies decreased
due to the toxiec effect of the compounds. The toxicity of
Fennosan F-50, its agtive ingredient and Fennosan H-30 was
obvious and the results are based on 0.005 pg/compound/plat

In Figure 1 are shown the results of the testing of th
amount of S-9 on the mutagenesis of TAl{00, The results sho
that there were no difference in the number of colonies whe
concentrationg 0.065, 0.1, 0.2 or 0.4 ml $-9/S-Mix were used
with the tester strain TA100.

DISCUSSION

Because of the extensive use of 2,4-D and 2,4,5-T also
their toxicity, mutagenicity and carcinogenicity have been
widely studied. MCPA was takenm in use at the time when
little attention was paid to the possible toxicity of the
compound. The studies carried out on MCPA (GURD et al, 196!
VERSCHUUREN et al, 1973, HATTULA et al. 1976) show the ralal
vely low toxicity of the compound., The degradation produck:
of MCFA in soil, however, have not been studied practically
at all, The results of the present study show that MCPA anc
its metabolites, chlorinated phenols and catechols studied
do not show a positive result. This result must be regarded
very important because of the increasing use of MCPA and the
wide distribution of chlorinated phenols as environmental
contaminants,. However, we want to point out that according
to the tier system of mutagen testing (FLAMM 1974) the test
system used belongs to the first tier and a negative result
in the test used does not completely exclude the possible
risk of the mutagenicity and carcinogenicity of the compound
gtudied. As long as the use of the MCPA is imcreasing and
new possible sources of chilorinated phenols and catechols
are found it is important to ascertain the results observed
by using the mutagenicity tests of second tier.
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Reversion of the backerial tester strains with the test compounds and positive control

TABLE 1

mutagens {number of coclomies calculated) at the level of 5 pg of the compound.
[(+} = $-9Mix added, (-) = without S-OMix.]

TAR8 TALQD TAL535 TALS37

Compounds tested pefplate ¥ - + - - - » -
MCPA 5 83/55% 48136 94/66 182/176  18/18 23/41 14710 1t/9
S-chlorasalieylic gleohol ! 15738 38742 2007148 120/116 12/20 42125 g/8 5i6
J=chloro=o—cresol " 58449 41/65 164/178 186228 15/18 18/18 9/13 8/0
[ " " 47/55 31736 86766 175/66 15718 31741 12710 13/9
5- " " 44149 34/65 126/178 190/228 10/18 23/18 18/13 9/%
S5=chloro-3-methyleatechol " 4655 39736 86/66 1244176 15/18 23741 13719 16/1%9
3,4-dichloxocatechol " 144563 110760 314/332 172418% 2318 28/6L 0733 Jlgfy
3,5- " " 55/49 64765 2387206 2007239 17/27 10/34 2/ %1
3,6~ " " 36749 45765 1364478  154/228 18/18 18/18 12/13 19119
3,4,5-trichlorocatechol " 53749 34765 3217206 262/739  21/27 52/34 1249 8/6
2,3 d].chlorop'henol b 42749 47765 92167 182/115 7116 18746  19/8 7/14
2,4~ " 48/52 48736 140/169 160/142 21726 59430 5/8 11/6
2,5~ " " 32/49 54465 72767 1177115 14716 31746 /8 114
2,6~ " " 31/43 34/68 88/67 827115 13/16 58{46 3/8 14
3,4 ! " 56459 SB/65 11B/&7 B&/115 25{16 44146 a8/8 6/14
3,5 " » 86/63  55/60  296/332  352/196 15/18 58761 12733 16/21
2,3,5~ ttxchloropheual " 64752 62/36 1441168  188/142 24726 20/30 12/18 15/16
2,3,6= " 67/63 53/63 3687332  30BS196 i6/14 39/81 9/6 19/2)
2,4,5- ¥ " 12/52 30/36 96/168 1927142 22726 37730 1648 10/6
2,4,6- " " 72752 32736 112/168  140f142  36/26 44130 13/8 12/6
2,3,4,6-tecrachlerophenol " 41749 39/65 402/239 222/239 18727 33734 772 10/6
Fennotox 45 " 427149 43/60 183/148 184/1158 13/34 22740 13/8 6/6
Fermosan B-100 " 57548 45160 15648 1167116 0/34 L3140 2{8 844
Fennosan B-50 active

ingredient 0.005 36738 26742 1127148 114/116  2i1/20 /25 - 876 /e
Fennosan F-50 " 33/38 52442 1447148 200/116 15/20 9/25 5/6 0/6
Fennosan HE-30 " 36738 25742 280148  202/116  12/20 15/25 it6 276

"

2-zminoflucrine 10 3 4B0/63
benzo(a}pyrene 1¢ 1 2444332
MRNG 5 13 400/46
g-aminozcridine 100 8 2qu9

"Revertant colonies in test plates/revertant colonies in control plates



0cl
Revertant coloniésfplate

2004

1504 contyol
MCPA

. d4~-chloro=-0=cresol

)
®
a
u

&~ chioro=3-mathylcatecho!

N

L)
0.05 0.1 0.2 0.4
' @l of liver homogenate
£ractien §~9/1 ml S-9Mix
FIGURE 1. Effect of the amount of $-9 on the mutagenesis of the tester strain

TA100. MCPA, 4-chloro-o—cresol and S5-chloro—3-methylcatechol were
applied 5 pg/plate. .
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MUTAGENESIS OF MAMMALIAN CELLS IN
CULTURE BY CHLOROPHENOLS, CHLORG-
CATECHOLS AND CHLOROGUAIACDLS

Marja-Liisa Hattula™®
Department of Bislogy, University of Jyvaskyly
SF-40100 JYVESKYLE, Finland

and
Juba Knuutinen
Department of Chemistry, University of Jyviskyld
SF-40100 Jyvaskyld, Finland

ABSTRACT

The mutagenicity of 4 ¢hlorinated phenols, 4 chlorinated tatechols, 3 chiorinated
guaiacols, one chloromethoxyphenol and one wood preservative mixture was studied

in a mammalian cell assay, in which Chinese hamster cells V79 are used. OF the
compounds studied 2,4,6-trichlarophencd, Z2,3,4,6-tetrachlorophencl, 3,4,6-trichloro-
catechol, 4,5,6-trichloroguaiacol and the wood preservative were mutagenic in the
test system used.

INTRODUCTION

The chlorophenalic compounds are widely spread as envivommental pollutants the main
sources of which are the fungicides, chlorine bleaching in wood pulp industry and
combustion processes of organic materials (1). About 200 000 tons of chlorophenols
are manufactured annually for use as pesticides (2). The woqd pulp industry produces
chlorophenols and related compounds which appear in the bleaching Tiguor as a result
of chemical reaction of chiorine with the natural phenolic compounds of the wood.

The first study of chlorophenolics in European pulp bleachery effluents v.'ras conducted
by Lindstrtm and Nordin (3) and later by Landner et al. (4) and Gjfs and Carlberg (5).

In Finland 1000 tons of chlorophenolic wood preservatives are used annually and the
estimated amount of chlorophenols from pulp industry is of the urd?r 01:" 75000 tons (6).
The first observations of chlorinated phenols in wildlife samples in Finland wera
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nade’ in 1973 and Tater also guaiacols and catechols were idéntified in pike (7). The

maif route of chlorocatechols and guaiacols in the waters -Is woad pulp industry. ‘
Knuutinen et al. (8) identified 4 chloracatechols in chisrination stage spent liquor and
9 guafacols of the 15 theoretically possible ones were identified in.the extraction stage

spent bleach Tiquor (9).

Combustion processes of organic materials also prodyce: chlqt‘opbgnols and their highly
toxic dimeric products (10, 11). Polychloraphencis. are among. the main components of the
smoke of communal waste burning plants (12). In Finland the analysis of the fly ash of
such a plant showed T ppm chIorophenoTs which together m:th chych'lcrob&nzenes, PCDD and
PCDF caused a mass disappearance of severa] nest"mg b1rds on: the nearby area (13).

The mutagenicity of pulp mill effluents and ch%orbph‘enbls has been studied by Ander

et al. and Rdsdnen et al. (14, 15). The latter study was conductéd by the Ames test

and 11 chlorophenols as well as 5 chlorocatechols alk EQave negative respanse. Nestmann
and Lee [18) stud-led 42 compounds of a pulp mill efﬂuent by Sa;:aakawmycea eerevisiac.
The two chlorophenols of the study gave negative. r&»spons# in; yeast whereas 4,5 -
dichlorocatechol and 4,5-dichlornguaiacol were pos1twe. Ames test - and yeast were used
in the study of the genetic activity of bleached kraft: chlermatwn stage effluents
(17). The XAD-2 resin concentrate of the effluent mduced mutatwns in three Salmdnaeua
strains and the extract hag genetxc actwrty in yeast,

In the study of Kinae et al, {18) 2, 4 6 trmh]orophenp'!'

“I'nd; 3 -,'-n_}f,‘:s-',-é—'_'_fet}aqhloroguaiacol
exhibited high DNA damagmg potency in Baomus submhs' Lo

In the present study-we uséed-a ce'H-med'lai‘ed assay dé\tﬂlﬁped byu Huber'man and Sachs {19}
in which Chinese hamster ling cetl line, WQ 15 used In}fl’ns assay we studied 4 chloro-
‘phenols, 4- chlorocatechols, 3 chhroguawco]s ong chfis:rs jnated methoxypheno} and one
commercial fungicide m1xture conta1m ng chlorinated pheno1s and methoxyphenc‘fs

MATERTIALS "AND METHODS

Chemicals

fung1c1de m1xture KY-5 was mc‘luded 1
2346eCP and somg methoxyphenols. :
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Figure I. Structures and notation of the compounds of the study.

(1} 260CP,2,6-dichlorophenol, {2} 246TCP,2,4,6-trichlorophensl, (3) 2346TeCP,2,3.4,6-
tetrachlorophenol, {4) PeCP, pentachlorophenol, (5} 35DCC,3,5-dichlorocatechol,

(S) 345TCC,3,4,5-trichlorocatechol, (7) 346TCC, 3,4.6-trichiorocatechst, (8) TelC,
tetrachlorocatechol, (9) 35DCG,3,5-dichloroguaiacol, (10) 4567CG,4,5,6~trichloro-
guaiacol, (11) TeCG, tetrachloroguaiacel, (12) DMP,3,4,5-trichlorc-2,6-dimethoxyphenol.

The chlorinated phenols were purchased from Fluka A.G. Switzerland and they were
purified at the Department of Chemistry, University of Jyviskyld to the purity .
>89.95 %. Final checking was made on Perkin Elmer Sigma 3 gas chromatograph equipped
with FI and EC detectors and an SE-30 quartz capillary column. No dioxins were observed
at ppb level.

The chlorinated catechols and guafacols were synthetized at the Department of
Chemistry, University of Jyvdskytd (20, 21).

. - - X 'I
3,4,5-trichloro-2,6-dimethoxypheno] was prepared by chlorination of 2,6.d1methoxyph:rsro
(Fluka) with chlorine gas in CS, at 20°C. The structures of the synthesized compoun
were verified by GLC, Jeo) FX-60-NMR and Varian MAT-212 GC-MS.

K¥Y-5 was obtained from KYMI C.0., Finland.
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In the hepatocyte-mediated assay (24) primary hepatacytes of 2-3 months old male
Sprague~Dawley rats were used and only one concentration of 8 compounds was examined

by the method. As a positive control we used DMN, {N-nitrosodimethylamine, 98% pure
Sigma}.

V79 ¢ells were seeded at 5§ x 105 celis/2s t:m2 T-flask. After 18 hr 2 x 106 primary
rat hepatocytes were seeded on the ¥79 cells in 4 ml Leibovitz L-15 medium {Gibco)
containing 2 mM glutamine, 10% fetal calf serum, 100 IU penicillin/ml and strepto-
mycin 100 ug/ml. After 3 h the medium was changed and the chlorophenols were added in
4 mt of fresh medium. The c¢ells were dispersed 18 hr later with 0.05% trypsin and
0.02% ERTA. The experiment was conducted as in the direct mathod. The fallowing

compounds were studied in this method: 26DCP, 246TCP, 2346TeCP, PeCP, 346TCC, TelC,
456TCG and the commercial fungicide, KY-5.

RESULTS

The study was started simultaneoysly as a direct and fibroblast-mediated assay with

part of the chemicals., The resulis of the cell-medjated assay with fibrablasts are
presented in Table I.

Teble I. Induction of 6-thioguanine resistant mutants in the fibroblast-mediated assay
by polychlorophenolic compounds and DMBA as a positive control.

Concentration Cloning efficiency é-thioguanine Eesistqnt.
ug/mi % mutants per 10° survivors
sontrol 74.9 0
2eDcP 30 455 0
iy 90 55,1 2
¥ 150 . 58.5 D
2346TeCP 10 79.7 0
" 15 56.0 0
! 20 50.0 0
kLTI K 1.5 44.8 0
" 3.0 60.6 2
* 14.0 52.8 2
Ky-5 2.4 15.3 ]
! 8 78.0 0
! 24 67.2 b
OMBA 0.01 56.6 264
! 0.03 1.8 490
" 0.10 21.4 645
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Because no respense was obtained in the cell-mediated assay it was discontinued and
a1l compounds were studied in the direct method. Table II shows those compgunds which
caused the induction of 6-thioguanine resistant mutants the number of which was three-
fold or more as compared to the control.

Table II. Induction of 6-thioguanine resistant mutants in the direct method by
chlorophenolic compounds and MNMG as a positive control.

Concentration Cloning efficiency 6-thioguanine Eesistant
pg/mg 4 mutants per 107 survivors
Control 0 A 61.7 0
246TCP 10 58.0 1
" 20 55.0 13
" 30 55.1 53
" 45 47.5 285
" 60 20,8 H
Control 0 74.3 ]
2346TeCP 3.5 75.3 . 12
N 7, 73.0 17
" 10 70.8 i5
" 15 68,5 18
" 20 60.0 10
Control D 54.5 0
246TCC 3 51.2 4]
" 4 45.0 11
" 5 38.3 15
" ] 27.6 20
Control 0 51.3 0
456TCH 10 51.5 L)
" 30 48.8 16
" L) 40.0 27
{ontral Q ) 78.0 0
KY-5 2.4 68.0 5
" 8 67.7 4
. 24 50.6 2
Control 0 65.5 0
MNNG 0.5 - 54.5 471
" 1.0 45.% 799

In the direct method positive results were obtained with 246TCP, 2346TeCP, 346TCC,
4567CG and KY-%, the commercial fungicide micture. Even the highest mutagenicity
observed was roughly one tenth or less of the mutagenic power of MNNG, the positive
control. The compounds which produced no mutants or less than three times as compared
to the centrol were 26DCP, PeCP, 35DCC, 345TLC, TeCC, 35DCG, TeCG and DMP.

Finally, all the compounds which gave pasitive response in the direct method plus
26DCP, PeCP and TeCC, one concentration of each were conducted in the hepatocyte-
mediated assay and DMN was used as a positive control. The results are shown in

Table II1 and it shows either decrease or total disappearing of the mutagenicity.
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Table III. Induction of 6-thioguanineresistant mutants in the hepatocyte-mediated
assay by polychlorophenolic compounds and DMN as a positive contral.

Concentration Clening -efficiency g-thinguanine Eesistant
4 mutants per 10° survivors
Control ug/m] 54.7 ' 34
26BCP 100 49.9 12
246TLPR 30 43.3 C
2345TeCP 10 61.0 D
PeCP S 1 65.3 0
346TCC 5 34,1 0
TeCC - 5 541 0
456TCe 30 36.7 6
KY-5 10 51,2 3
mM

DMN ' 0.3 49.3 102

1.0 83.1 300

3.0 37.6 347
CONCLUSTON

The present investigation was undertaken in an attempt to find mutagenic compounds
among chlorinated phenols and related compounds jn a mammalian cell mutagenesis assay.
The compounds studied are widely spread as environmental pollutants. 2,4,6~trichloro-
phenol, 2,3,8,6-tetrachlorophensl, 3,4,6-trichlorocatechol and 4,5,6-trichlorogusiacel
and one commercial fungicide mixture were found mutagenic and there was a dose related
increase in the number of mutant colonies. The mutagenicity, however, decreased or
disappeared in the hepatocyte-mediated assay. 2,3,4,6-tetrachloraphenol and KY-S which
gave positive response in the direct method gave negative responses in the fibroblast-
mediated assay. Similar decrease or disappearance of mutagenicity of XAD-resin concentraté
of chlorination stage pulp mill efflunets was observed in three strains of SaZmonella
typhimuriim (T?) in the presense of 59 mix, 59 mix without cefactors or heat
activated 59 mix.

In our study the maximum response was roughly one tenth as compared to MNNG at 0.5 ng/
ml level, .which shows the compounds studied weak mutagenic. The maximum response was
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a factor of 50 higher compared to the control at 30 pg/ml of 2467CP and only a factor
of 5 of the commercial fungicide mixture.

In the study of pulp mill effluent by a bacterial assay {17) the mutagenic response
was a factor 3.6 times higher at 1 mg pulp mill extract/ml level as compared to the
background level. In the study of Kinae et al. {18) high DNA damaging potency was
obtained by 245TCP and 3456TelG at 0.5 and 0.1 mg/disk level.

It is important to know the mutagenic activity of pulp industry effluents which are
complex mixtures but 1% is also important to know the mutagenicity of single
chlorinated phenols and rellated compounds because they seem to appear from new
sources to the environment 1ike in the precipitation of snow and concentrate in
animal tissues, too (1}. '

Chlorophenols did not give positive response in the Salmomelia typhimurium and
Sacchavomyoes cevevisiae assays (18, 16) aTthouéh one chloroguaiacol and -catechol
gave positive response in the yeast. However, both a chlorophenel and chioroguaiacol
gave positive response in §aai£1us subtilis.

It is obvious that several im vitro systems, including the mammalian cell assay should
be used simultaneously in the study of the mutagenicity of chlorinated phenols and
related compounds. The final evaluation of their mutagenic potency and risk to the
envirenment can, however, be ascertained when more data of their dilution in waters
and the concentration ceefficients in the tissues of different organisms is availahle.
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ABSTRACT

The mutagenicity of 4 chicrinated phenols, 4 chlorinated catechols, 3 chlorinated
guaiacols, one chloromethoxyphenol and one wood preservative mixture was studied

in a mammaiian cell assay, in which Chinese hamster cells V79 are used. Of the
compounds studied 2,4,6-trichlorophencl, 2,3,4,6-tetrachlorophenol, 3,4,6-trichloro-

catechol, 4,5,6-trichloroguaiacol and the wood preservative were mutagenic in the
test system used.

INTRODUCTION

The chlorophenolic compounds are widely spread as environmental poliutants the main
sources of which are the fungicides', chlorine bleaching in wood pulp industry and
combustion processes of organic materials (1). About 200 000 tons of chiorophenols
are manufactured annpually for-use as pesticides (2). The wood pulp industry produces
chiorophenols and related compounds which appear in the bleaching liquor as a result
of chemical reaction of chlorine with the natural phenolic compounds of the wc_;od.

The first study of chlorophenolics in European pulp bleachery eff?uents was conduc’;ed
by Lindstrom and Nordin (3) and later by Landner et al. (4) and Gjgs and Cariberg (5).

In Finland 1000 tons of chlorophenolic wood preservatives are used annua“yu:ni :.:E(s)
gstimated amount of chiorophenols from pulp industry is of the ord?r of ;’EOd oe .
The first observations of chlorinated phenols in wildlife samples in Finland wer
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made in 1973 and later also guaiacols and catechols were identified in pike (7). The

| main route of chlorocatechols and guaiacols in the waters is wood pulp industry.

Knuutinen et at. (8) identified 4 chlorocatechols in chiorination stage spent liguor and
g guaiacols of the 15 theoretically possible ones were identified in.the extraction stage

spent hleach liquor (9).

Combustion processes of organic materials:also produce ch'lorcphenols and their highly
toxic dimeric products (10, 11). Poiychlorophenals are amony. the main components of the
smoke of communal waste burning plants (12). In Finland the analysis-of the fly ash of
such a plant showed 1 ppm chlorgphenols which togethe:r wi‘ch palych)orobenzenes, PCBD and
PCDF caused a mass disappearance of . several nesting. J:rm:ls on - i:he nearby area {13).

The mutagenicity of pulp mill effluents and ghiernph‘er{q]s has been, studied by Ander

et al. and Risdnen et al. (14, 15). The latter study wes conducted by the Ames test

and 11 chlorophencls as well as 5 ch?orocatecho'!s all: gave nagatwe response. Nestmann
and Lee [16) studied 42 compounds of a pulp mill efﬁue.nt by, Baccaharomyces pevevisias.
The two chlorophenols of the study gave -negative, respanse in yeast whereas 4,5 -
dmh]orocatechol and 4,5-dichloroguaiacol were pos1twe. ‘Ames test and yeast were used

_ in the study of the genetic activity of bleached kraft ch?or-matwn stage effluents

{17). The XAD-2 resin concentrate of the effluent. mduced mutat‘ions n three Satmorella
strains and the extract had genetw act1v1ty in yeast: s .

MATERIALS AND METHODS

Chemicals. e
Hond pr'eseruatwes or
_\*eactiens of chlorine

fungicide mxture KY- 5 Was mcluded 1. .
2346eCP and some methoxyphenals. P
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Figure I. Structures and notation of the compounds of the study.

(1) 26DCP,2,6-dichlorophenol, (2} 2467CP,2,4,6-trichlorophenot, (3) 2346TeCP,2,3,4,6-
tetrachiorophenol, (4) PeCP, pentachlorophenal, (5) 350CC,3.5-dichlorecatechol,

-{6) 345TCC,3,4,5-trichliorocatechel, (7) 3467CC, 3,4,6-trichlorocatechol, {8) TeCC, -
tetrachlorocatechol, {9} 35DCG,3,5-dichloroguaiacel, (10) 456TEG,¢,5,6-t¥;1chloro-
guaiacol, (11) TeCG, tetrachloroguaiacel, {12) DMP,3,4,5-trichloro-2,6-dimethoxyphenal.

The chlorinated phenols were purchased from Fluka A.G. Switzerland and they -were
purified at the Department of Chemistry, University of Jyvdskyld to the purity L
>39.95 %. Final checking was made on Perkin Elmer Sigms 3 gas chromatograph equippe ;
with FI1 and EC detectors and an SE-30 quartz capillary column. No dioxins were observe
at ppb Tevel.

The chlorinated catechals and guaiacols were synthetized at the Department of
Chemistry, University of Jyviskyld (20, 21).

N . 1
3,4,5-trichloro-2,6-dimethoxyphenol was prepared by chiarination of Z,fdzzethoxyz:jzo
(Fluka) with chlorine gas in €S, at 20%. The structures of the synthesized compo

were verified by GLC, Jeo! FX-60-NMR and Varian MAT-212 GC-MS,

KY-5 was obtained from KYMI €.0., Finland.
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MUTAGENESIS ASSAY

A cell medijated mutagenesis assay (19) was used as a direct method without metabolizing
cells for all the compounds and part of the material was studied in a cell-mediated
assay with irradiated fibroblasts and hepatocytes (22, 23, 24].

The Chinese hamster cells ¥79 derived from clone V79-4 were kindly suppiied by
Dr. E. Huberman, QOak Ridge National Laboratory, Temnessee, USA.

The cells were grown in Dulbecco”s modified Eagle medium (Gibco Grand Island, N.Y.)
supplemented with 10% fetal calf serum (Gibco G.I., N.Y.) and 2 wM glutamine

(K.C. Biological, Kansas, USA), peniciilin 100 iU per ml, streptemycin 100 ng and
fungizone 250 ng per m) {Gibco, Grand Island, N.Y.) and incubated at 37 °C, The
tultures were incubated in a humified incubator supplied with a constant amount

of 10% Cez.in air.

In the direct method 10° ¥79 cells in 10 m1 medium were seeded in a tissue culture

dish {# 10 cm) and the test compound was added 24 hr after the V79 cells in 1 ml of
medium. The maximum amount of acetone which was used as a solvent of the test compounds
was 50 ul and it was added to controls, too. The cultures were incubated for 2 days

and the cells were dissociated with trypsin-EDTA (0.05 and 0.13 Gibco) and seeded at
200 cells per 60 mm tissue culture dish in 5 ml of medium to determine the cloning
efficiency and 105 celis per 10 nm dishes. 6 days later the cells were dissociated and
reseeded for cloning efficiency, 200 cells per 60 mn dish, and 2 x 104 cells per 60 mm
dish in 4 m1 of medium for determination of the number of S-thioguanine rasistant
mutants. 6-thioguanine (Sigma, St. Louis, USA) final concentration 40 pM, was added in
1 ml of medium. The colonjes were counted after Giemsa staining. Cloning efficienty was
determined by counting the number of colonies in five dishes per point 7-8 days after
cell seeding. The freguency of 6-thioguanine resistant mutants was determined by
counting 16 dishes per point 12-14 days after cell seeding.

As a positive control we used MHNG, (M-methyl-N"-nitro-¥-nitrosoguanidine, Sigma).

In the cell-mediated method (22, 23) the chemicals were cocultivated with rat fibro-
blasts and V79 cells. 3 x 10° V79 cells were seaded on a monolayer of 2 x 106 5000R
irradiated fibroblasts and the test compound was added.and the experiment conducted
as above. As a positive control we used DMBA, (7,8-dimethyibenz{a)anthracene, Fluka
98% pure). 26DCP, 2346TeCP, 350CC and KY-5 were studied in this assay.
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In the hepatocyte-mediated assay (24) primary hepatacytes of 2-3 months old male
Sprague~Dawley rats were used and only one concentration of 8 compounds was examined

by the method. As a positive control we used DMN, (N-nitrosodimethylamine, 98% pure
Sigma) .

Y79 cells were seeded at § x 105 ¢cells/2h cm2 T-flagk. After 18 hr 2 x ‘Il)6 primary
rat hepatocytes were seeded on the Y79 cells in 4 ml Leibovitz L-15 medium (Gibco)
containing 2 mM glutamine, 10% fetal calf serum, 100 14 peniciltin/ml and strepto--
mycin 100 ug/m1. After 3 h the medjum was changed and the chiorophenols were added in
4 mt of fresh medium. The cells were dispersed 18 hr later with 0.05% trypsin and
0.02% EDTA, The experiment was conducted as in the direct method. The following

compounds were studied in this method: 26DCP, 246TCP, 2346TeCP, PeCP, 346TCC, TetC,
456TCG and the commercial fungicide, KY-5.

RESULTS

The study was started simultaneously as a direct and fibroblast-mediated assay with

part of the chemicals. The results of the celi-mediated assay with fibroblasts are
presented in Table I. ‘

Table I. Induction of B-thioguanine resistant mutants in the fibroblast-mediated assay
by pvlychlarophenclic compounds and DMBA as a positive control.

Concentration Cloning efficiency f-thioguanine Eesistqnt.
ug/mi z mutants per 107 survivors .
Contral : 4.9 0
26DCP 30 45.5 ¢
! 90 5%.1 2
" 150 . 58.5 0
2346TelP 10 79.7 0
! 14 56.0 0
" 20 50,0 0
350CC 1.5 44.8 a
" 3.0 80,6 2
" -~ 10.0 52.8 2
K¥-5 2.4 75.3 ]
" 8 78.0 0
" 24 67.2 1
OMBA 0.M 56.5 264 .
" 0.03 41.8- 490
! 0.10 21.4 645
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Because no response was obtained in the cell-mediated assay it was discontinved and

a1l compounds were studied in the direct method. Table II shows those compounds which
caused the induction of 6~thioguanine resistant mutants the number of which was three-
fold or more as compared to the control.

Table II. Induction of 6-thioguanine resistant mutants in the direct methed by
¢hlorophenolic compounds and MNNG as a positive contrel.

Concentration Cloning efficiency 6-thioguanine Eesistant
ug/mg % mutants per 0% survivors
Control 0 61.7 0
246TCP 10 58.0 ]
" 20 55.0 13
" 30 55} 53
. 45 47.8 25
" 60 4).5 11
Control 0 74.3 0
2346TelP 3.6 75.3 12
7 _ 73.0 17
" 10 70.8 35
" 15 c2.5 13
N 20 0.0 10
Control D 54,5 0
2467CC 3 51.2 o
* 4 45,0 11
u 5 35.3 16
! 6 27.6 20
Control 0 51.3 g
456TCG 10 51.5 8
" 30 48.8 16
" 50 40.0 27
tentrol 0 78.0 ' 0
KY-5 2.4 68.0 B
" 8 67.7 a4
" 24 50.6 2
Control (] 65.6 a
MNNG 0.5 54.5 471
" 1.0 45.5 789

In the direct method positive results were obtained with 246TCF, 2348TeCP, 346TCC,
456TCG and KY-5, the commercial fungicide micture. Even the highest mutagenicity
cbserved was roughly one tenth or less of the mutagenic power of MNNG, the positive
control. The compounds which produced no mutants or less than three times as compared
to the control were 26DCP, PaCP, 35DCE, 345TCC, TeCC, 35BCH, TelS and DMP.

Finally, all the compounds which gave positive response in the direct method plus
26DCP, PeCP and TeCC, one concentration of each were conducted in the hepatocyte-
mediated assay and DMN was used as a positive control. The results are shown in

Table IIl and it shows either decrease or tota) disappearing of the mutagenicity.
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Table III. Induction of 6-thioguanine resistant mutants in the hepatecyte-mediated
assay by polychlorophenolic compounds and DMN as a positive control.
Concentration Cloning efficiency E-thicguanine gesistant
' % mutants per 107 survivors
Control ug/ml . 54.7 KT
260LP 160 49,9 12
246TCP 30 43.3 0
2346TeCP 10 61.0 0
PelP 15 85.3 0
345TCC 5 341 4]
Tel - 5 64.1 a
456TCA 30 36.7 6
K¥-5 10 8t1.2 3
mM
- DMN 0.3 49.3 162
1.0 E3.1 _ 300
3.0 37.6 347
CONCLUSTON

The present investigation was undertaken in an attempt to find mutagenic compounds
amohg chlorinated phencls and related compounds in a mamnalian cell mutagenesis assay,
The compounds studied are widely spread as environmental pollutants. 2,4,6-trichloro-
phenol, 2,3,4,6~-tetrachlorophensl, 3,4,6-trichlorocatechol and 4,5,6-trichloreguaiacol
and one commercial fungicide mixture were found mutagenic and there was a dose related
increase in the number of mutant colonies. The mutagenicity, however, decreased or
disappeared in the hepatocyte-mediated assay. 2,3,4,6-tetrachlorophenol and KY-5 which
gave positive response in the direct method gave negative responses in the fibroblast-
mediated assay. Similar decrease or disappearance of mutagenicity of XAD-resin concentrate
of chlorination stage pulp mill efflunets was observed in three strains of Salmonella
wyphimuetun (17 ) in the presense of S9 mix, $9 mix without cofactors or heat
activated 59 mix.

In our study the maximum response was roughly one tenth as compared to MING at 0.5 ug/
ml level, which shows the compounds studied weak mutagenic. The maximum response was
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a factor of 50 higher compared to the control at 30 ug/ml of 246TCP and only a factor
of 5 of the commercial fungjcide mixture,

In the study of pulp mill effluent by a bacterial assay (17) the mutagenic response
was a factor 3.6 times higher at 1 mg pulp mill extract/ml level as compared to the
background level. In the study of Kinae et al. (18) high DNA damaging potency was
obtained by 246TCP and 3456TeCG at 0.5 and 0,1 mg/disk level.

It is important to know the mutagenic activity of pulp industry effluents which are
complex mixtures but it is also important to know the mutagenicity of single
chiorinated phenols and refated compounds because they seem to appear from new
sources to the environment like in the precipitation of snow and concentrate in
animai tissves, too {1}.

Chlarophenols did not give positive response in the Salmonella typhimurium and
Sacchavomyces cerevisiae assays {15, 16) although one chloroguaiacol and -catechal
gave positive response in the yeast. However, botHl a chiorophenol and chioroguaiacel
gave positive response in Bactlius amubtilis,

It is obvicus that several in vitro systems, inciuding the mammalian cell assay should
be used simultaneously in the study of the mutagenicity of chlorinated phenols and
related compounds, The final evaluation of their mutagenic potency and risk to the
environment can, however, be ascertained when more data of their dilution in waters
and the concentration coefficients in the tissues of different organisms is available.
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Summary

The induction of mutation at the hypoxanthine—guanine phosphoribosyl transferase locus and cyto-
toxicities of 6 different chlorophenols (2,4- and 2,6-dichlorophenol, 2,4,5- and 2,4,6-trichlorophenol,
2,3,4,6-tetrachlorophencl and pentachlorophenol) were examined in V79 Chinese hamster cells without
exogenous metabolic activation. The chlorophenols were cytotoxic to V79 cells, but failed to produce
significant increases in the frequency of 6-thioguanine-resistant mutants.

Chlorophenols are used extensively as wood
preservatives {fungicides), bactericides, slimicides,
herbicides and as intermediates in the manufac-
ture of other pesticides. The annual world-wide
production of chlorophenols has been estimated to
be about 200000 ton (Paasivirta, 1978). Chlorine
bleaching of pulp produces chlorophenol-contain-
ing effluents (Lindstrém and Nordin, 1976). Fur-
thermore, penta-chlorophenol and various di-, tri-
and tetra-chlorophenols have been identified as
mammalian metabolites of hexachlorocyclohexane
(IARC, 1979; Munir et al., 1984).

In humans, soft tissue sarcoma, malignant
lymphoma and leukemia have been associated with
occupational exposure to 2,4,5-tri- and penta-chlo-
rophenol, and to chlorophenol formulations con-
taining mainly 2,4,6-tri-, 2,3,4,6-tetra- and penta-
chlorophenol (IARC, 1982). In animal studies,
2,4,6-trichlorophenol (96-97% pure) has been
shown to produce lymphomas and leukemias in
male Fisher rats, and hepatocellular carcinomas or

* To whom all cerrespondence should be addressed.

adenomas in both male and female B6C3F1 mice
(National Cancer Institute, 1979). Long-term bio-
assays of pentachlorophenol by the U.S. National
Toxicology Program are in progress (Huff, 1982).

The genotoxicity of chlorophenols has not been
well characterized. 2.4,6-Trichlorophenol was re-
ported to exhibit high DNA-damaging potency
without exogenous metabolic activation in Bacil-
lus subtilis rec-assay (Kinae et al,, 1981). 2,4-Di-
and 2,4,5-tri-chlorophenol induced stickiness and
lagging of chromosomes, and chromosome frag-
mentation in Vicia faba {Amer and Ali, 1974). In
Saccharomyces cerevisiae, in the absence of exoge-
nous activation, 2,6-di- and 2,4,5-tri-chlorophenol
failed to induce reverse mutation Or mitotic gene
conversion (Nestmann and Lee, 1983), whereas
2.4,6-trichlorophenol. induced forward mutation
but did not induce mitotic gene conversion, and
pentachlorophenol induced both forward muta-
tton and mitotic gene conversion (Fahrig et al,,
1978). Pentachlorophenol failed to induce sex-
linked recessive lethals in Drosophila melanogaster
{(Vogel and Chandler, 1974), and there was con-

0165-1218 /86 /303.50 @ 1986 Elsevier Science Publishers B.V. (Biomedical Division)
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flicting evidence with regard to the production of
chromosomal aberrations in workers exposed to
pentachlorophenol (Wyllie et al., 1975; Bauchinger
et al., 1982).

The mutagenicity of chlorophenols in mam-
malian cells has not been determined. However,
the chlorophenol derivative 2,4-I) (2,4-dichloro-
phenoxyacetic acid) was shown to be mutagenic
without exogenous activation in V79 Chinese

_hamster cells (Ahmed et al., 1977). To extend the

previous genotoxicity studies, we cxamined the
induction of mutation to 6-thiognanine resistance
in V79 Chinese hamster cells by ¢ different chlo-
Tophenols.

Materials and methods

Chemicals

2,4~ and 2,6-dichlorophenol, 2,4,5- and 2,4,6- -

trichlorophenol, 2,3.4,6-tetrachlorophenol and
pentachlorophenol were purchased from Fluka
AG, Buchs, Switzerland, purified by recrystalliza-
tion and determined to be > 99.5% pure by GC.
Chlorinated dibenzo-p-dioxins were not detected
(limit of detection, 0.05 ppm). Ethyl methane-
sulfonate (EMS) was obtained from Sigma Chem-
ical Co., St. Louis, MO. Stock solutions of the
chlorophenols (50 mg/ml in acetone) and EMS
(50 mg/ml in water) were prepared immediately
before use.

Cell culture

V79 Chinese hamster cells, originally obtained
from Dr. Elieczer Huberman (Biology Division,
Oak Ridge National Laboratory, Oak Ridge, TN),
were cloned to reduce the spontaneous back-
ground frequency of 6-thioguanine-resistant
mutants and stored in ampoules frozen in liquid
nitrogen. No HATG (hypoxanthine, aminopterin,
thymidine, glycine) treatments were performed.
Prior to each experiment, an ampoule of cells was
thawed and used. The cells were grown in
Dulbecco’s modified Eagle’s medium (K.C. Bio-
logical, Inc., Lenexa, KS) supplemented with 10%
fetal calf serum (Gibco Lid.; Paisley, Scotland), 2
mM glutamine (K.C. Biological), 100 IU/ml
penicillin, 100 pg/ml streptomycin and 256 ng,/ml
fungizone (Gibco Ltd.) at 37°C with a humidified

140

atmosphere of 10% CO, in air. Cell culture dishes
were purchased from Falcon Co., Oxnard, CA,

Mutation assay ‘
The forward mutation assay on é-thioguanine
resistance in V79 cells was based on the replating
method described by McMillan and Fox (1979).
1 X 10% cells were plated in 100-ram dishes in ¢ ml
of medium and cultured for 24 h, The test chem-

ical was then added to the dishes in 1 ml of

medinm to give the desired final concentrations.
For each concentration, two dishes were used.
Each experiment included a solvent control and a
positive control of EMS at 200 pg/ml. The maxi-
mum solvent concentration was 1%. This level had
no effect on cell growth or spontaneous mutant
frequency. After 24 h of treatment, cells were
dissociated with a wrypsin~EDTA solution, and
cell survival was determined by plating 200 cells in

60-mm dishes (4 dishes/dose) in 4 ml of medium

and staining the dishes with Giemsa 6 days later.
Colonies of at least 50 cells were counted and
survival was calculated relative to the solvent con-
trol.

At the time cells were plated for survival, 1-2
% 10° cells of each treatment condition were plated
in 100-mm dishes in 10 m! of medium to allow
phenotypic expression. Cells were subcultured ev-
ery 48 h, maintaining 1 X 10° cefls at each subcul-
ture. After a 6-day expression time, which is con-
sidered to be adequate in general (Bradley et al.,
1981), 1 x 10° cells were plated in 100-mm dishes
(10 dishes/dose) in 9 mi of medium, and 6-thio-
guaninie (Sigma Chemical Co.) was added in 1 ml
of medium 4 h later to give a final concentration
of 10 pg/ml. The number of mutant ¢olonies was
determined 10 days later, after Giemsa staining.
To determine cell viability at the time of mutant
selection, 200 cells were plated in 60-mm dishes (4
dishes /dose) in 4 ml of medium, and the colonies
were stained with Giemsa and counted 6 days
later, Mutant frequencies were expressed as the
numbers of mutants per 10° viable cells.

A chemical was considered to be mutagenic if
the mutant frequency exceeded the 99% upper
confidence limit of the historical background
mutant frequency and a dose-related increase in
the mutagenicity was observed. The historical
backsround mutant frequency (the solvent control



frequencies in 12 independent experiments includ-
ing those reported here} was 7.0 X 107+ 4.5 %
10~ % (mean + standard deviation), The 99% confi-
dence interval calculated by multiplying the stan-
dard deviation by the appropriate ¢ value of the
Student’s ¢ distribution (one-sided) requiring 99%
confidence was 12.2 X 107¢% and the 9% upper
confidence limit was 19.2 x 1075,

Results and discussion

The results are presented in Table 1. Each of
the 6 chlorophenols tested reduced the plating
efficiency (% cell survival) in a dose-dependent
manner. This cytotoxic effect can be attributed to
the ability of pentachlorophenol and other chloro-
phenols to inhibit oxidative phosphorylation
{(Farquharson ¢t al., 1958; Weinbach et al., 1965).
At the concentrations tested, none of the chloro-
phenols produced significant increases in the
frequency of 6-thioguanine-resistant mutanis. Evi-
dence that the cells in these experiments were
responsive was shown by EMS at 200 pg/ml. In a
separate experiment, EMS induced marked dose-
related increases in 6-thioguanine resistance.

There have been few studies regarding the in-
duction of gene mutation by chlorophenols. Qur
negative results are in accordance with the find-
ings of MNestmann and Lee (1983), who showed
that 2,6-di- and 2,4,5-tri-chlorophenol were inac-
tive in inducing reverse mutation in S. cerevisiae,
and of Vogel and Chandler (1974), who reported
that pentachlorophenol failed to induce sex-linked
recessive lethals in D. melanogaster. Fahrig et al.
(1978) found that 2,4,6-tri- and penta-chlorophe-
nol induced forward mutation to cycloheximide
resistance in §. cerevisiae without exogenous
metabolic activation. However, the biochemical
basis of cycloheximide resistance is poorly under-
stood, and this mutation system is not considered
to be completely reliable (Zimmermann et al,
1984),

Most human and animal carcinogens have been
found to cause gene mutation, chromosome break-
age or other types of DNA lesions. We point out
that the apparent lack of induction of gene muta-
tion by chlorophenols does not necessarily mean
the lack of genotoxicity of these chemicals. In this
respect, it is interesting to note the findings of
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TABLE 1

INDUCTION OF MUTATION TO 6-THIOGUANINE (TG)
RESISTANCE IN v79 CHINESE HAMSTER CELLS BY
TREATMENT WITH CHLOROPHENOLS FOR 24 h

Chemical Dose Burvival Number of
(pg/mly (®)°? TG-resistant
mutants /105
viable cells

2,4-Dichloro- 0 100 12
phenol 12.5 108 &
25 80 6
51 i8 1]
EMS® 200 B4 965
2,6-Dichloro- 0 100 4
phenol 125 88 0
) 250 B2 g
500 17 ]
EMS 200 62 584
2.4,5-Trichloro- 0 100 g
phenol 6.25 20 3
12.5 63 5
25 45 5
50 17 7
EMS 200 64 1262
2,4,6-Trichloro- g 100 2
phenol 12.5 85 3
25 79 4
50 72 2
100 53 0
EMS 200 79 631
2,3,4,6-Tetra- 0 100 1
chlorophenol 125 101 7
25 88 16
50 34 7
100 10 9
EMS 200 88 1181
Pentachloro- 0 100 16
phenol 6.25 o0 10
12.5 73 0
25 53 0
50 27 7
EMS 200 55 956
EMS 0 100 ]
50 74 180
100 73 259
200 533 613
400 13 1367

* The average absolute plating efficiency of control cells was
5%, range 62-89%.
" Positive control, ethyl methanesulfonate.
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Bauchinger et al. (1982), who reported that pe-
ripheral lymphocytes of pentachlorophenol-ex-
posed workers showed a significant increase in
chromosome-type aberrations (dicentrics and a-
centrics) but not in chromatid-type aberrations,
such as breaks or exchanges. Further studies will
be required to clarify the genotoxic properties of
chlorophenols, as well as their suspected human
and animal carcinogenicity.
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Summary

Twenty-five chemicals were tested for the induction of chromosomal aberrations in 2 cultured
mammalian cell sysems, Chinese hamster lung cells (CHL) and Chinese hamster ovary cells {(CHO). This
study was carried out to provide a daia set that would permit an assessment of the extent to which the 2
systems agree in the results produced. Results presented for the 2 systems in this paper are not based on
the same criteria but rather on the criteria standardly used in each of the systems. In tests conducted in the
absence of 89 mix, 7 chenucals gave positive results in both systems and 12 were negative in both. In tests
with 89 mix, 5 were positive in both systems and .9 were negative in both. When the overall results
including tests both with and without S9 mix were considered, the 2 systers agreed on 15 results, 11
positives and 4 negatives. A review of the test conditions and data suggests that disagreernents in test
results were more often due to differences in the protocols used in these Z systems than to a difference in
the sensitivities of the 2 cell lines.

Chromosomal aberration tests using cuitured established cell line cells (e.g., Chinese hamster

mammalian cells have been widely used in primary
screening for emvironmental mutagens and/or
carcinogens and in evaluating the genotoxicity of
chemicals including drugs, food additives, cosmet-
ics, pesticides, and industrial chemicals.

For the chromosomal aberration test in vitro,
primary cells (e.g., human lymphocytes) as well as

Correspondence: Dr. T. Sofuni, Diviston of Genstics and
Moutapenesis, Biological Safety Research Center, National In-
stitute of Hygienic Sciences, 1-18-1 Kamiyoga, Setagaya-ku,
Tokyo 158 (Japan).

fibroblasts) are commonly used (Evans et al,
1980). In the U.S.A., under the National Toxicol-
ogy Program (NTP), a Chinese hamster ovary celi
line, CHO cells, has been used for in vitro cyto-
genetic studies on a variety of chemicals since
1980. Chemicals have been tested under code for.
their ability to induce chromosomal aberrations
with and without rat liver microsome fraction (59)
(Galloway et al., 1985, 1987). In Japan, a different
protocol using Chiness hamster lung cells, CHL
cells, has been used for screening chemicals and
test data on more than 700 substances have been

0165-1218,/99,/503.50 © 1990 Elsevier Science Publishers B.V. (Biomedical Division)
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accumulated during the past 10 years (Ishidate
and Odashima, 1977; Ishidate, 1988).

A recent review znd comparative analysis of
data on the clasiogenicity of 951 chemical sub-
stances tested in mammalian cell cultures (Ishi-
date et al., 1988} shows that there are qualitative
differences in test results when chemicals are tested
in different cell lines. These differences in resulis
are more often due to differences in the test proto-
cols, eg. treatment tume, harvest time, or the
conditions used for metabolic activation, ic., than
to hypersensitivity of a particalar cell type. Re-
Tated guestions are whether or not clastogenic
effects seen only at very high dose levels are
artifactval and if so, whether the CHL and CHO
celis are panticularly prone to such effects (Ishi-
date and Harnois, 1987). These problems are im-
portant not only when the data are evaluated
qualitatively as well as quantitatively, but also
when puidelines for genotoxicity tests are pre-
pared by governmental authorities for regulatory
purposes.

The present study was conducted to compare
the results obtained in CHL and CHO cells on 25
test chemicals. Some of the CHO test results were
previously published by the NTP and the US.
MNational Institute of Environmental Health Scien-
ces (NTEHS). AN experiments with CHL cells
were performed at the Division of Genetics and
Mutagenesis, National Institute of Hygienic Scieni-
ces, Tokyo (Japan), while the experiments with

CHO cells were conducted at laboratories under.

contract to the NTP,
Materials and methods

The test chemicals (see Table 1 for names and
CAS numbers, and Fig. ! for structures) were
chosen from a list of chemicals selected by the
NTP for Salmonella mutagenicity testing in 1985.
The group of chemicals is not a random selection
and contains & large number of chlorophenols and
phenylenediamines. Samples were supplied under
code by the NTP chemical repository (Radian
Corp., Austin, TX, U.S.A.). They were dissolved
immediately before use in culture medium (M),
physiological saline (S), dimethyl sulfoxide

(DMSO0), ethanol (E), acetone (A) or carboxy- .

methyleelulose (CMC). The name of the labora-
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tory where the 1est was conducted is also indicated
in Table 1 (NJHS for National Institute of Hy-
gieni¢ Sciences, Tokyo 158, Japan; HB for Hazle-
ton Biotechnologies, Kensington, MD 20895,
U.S.A. LB for Litton Bionetics Inc., Kensington,
MD 20895, UUS.A,; EHRT for Environmental
Health Research and Testing Inc., Lexington, KY
45244, U.S.A.; and BSC for Bioassay Systems
Corp., Wobumm, MA, U.S.A)).

Experimental protocols in CHL and CHO sys-
1ems were as desctibed below. Major differences
in experitental protocols are sumrparized in Ta-
ble 2.

CHL system

The CHL test protocol has been described in
detail in the Data Book of Chromosomal Aberra-
tion Tests In Vitro (Ishidate, 1988). The CHL cells
were originally established from the lumg of a
female newborn Chinese hamster (Koyama et al.,
1970), and the clonal ¢¢ll line (CHL-CL-11) has
been stocked in liquid nitrogen at the NIHS Cell
Bank (JCRBOD30). The cells were grown in a
monolayer in Eagle’s minimum essential medium
{MEM, Gibca) containing no antibiotics and sup-
plemented with 10% calf serum. The modal chro-
mosome number was 25 and more than 80% of .
cells had 25 chromosomes, The doubling time was
estimated 1o be 15-17 h.

To select the maximum test chemicael con-
centration, a preliminary test was conducted on
each test chemical as follows: 1.2 X 10* cells were
seeded in a 35-mm plastic dish with 2 ml of
culture medium. The test chemical, at different
concentrations (usually diluted at 2-fold intervals),
was added on the 3rd day of culture. Ajfter an
additional 2 days, the medium was discarded and
the cells were washed with physiological saline,
The cells were then fixed with 10% formalin solu-
tion and stained with 0.1% crystal violet solution.
The concentration needed for 50% cell growth
inhibition was approximated using a cell
densitometer (Monocellater, Olympus Co. 1nd,,
Japan). For the chromosomal aberration test, 3
serial concentrations, including one above and one
below the 50% growth inhibition dose, were gener-
ally vsed. For the negative control, untreated
and for solvent-ireated cells were used. For the
positive ¢contral, mitomycin C (CAS No. 50-07-1
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TABLE 1
E?;Sg'f (E:]ISIEMICALS CAS NUMBERS, SOLVENTS USED AND LABORATORIES WHERE THE TESTS WERE CON-
ghcrrucat Test chemical CAS No. Solvent used ® Labaoratory ®

o _ CHL ~ CHO  CHL _ CHO

1 2.3,4-Trichlorophenol . 15950-66.0 DMEO DMSO  NWIHS HB{4)

2 2.3,6-Trichlorophenol 933-75-5 DMSQO DMSO NIHS LB{4)

3 3.4,5-Trichlorophenal 609-19-8 DMSO DMSO NIHS HB(4)

4 2,3,4,5-Tetrachlorophenol 49031-51-3 DMS0O DMSO NIHS LB{4)

5 2.3.4.6-Tetrachlorophenol 58902 DMSC DMSCO  NIHS LB

6 2,35 6-Tetrachloroph&nul 935-95-5 DMSO DMSO NIHS LE(4)

7 o-Phenylenediamine 95-54°'5 DMSO ~ DMSO NIiHS HB#)

8 m-Phenylenediamine 108-45-2 DMSO DMSO NiHS HEB({4}

9 2,5-Toluenediamine dihydrochloride 15481-70-6 Saline DMSCO NIHS EHRT(1)
10 N.N-Dimethyl-p-phenylenediamine $9.98-9 DMSO DMSO NIHS EHRT{4)
11 N, N, N’ N'-Tetramethyl-p-phenylenediaming 100-22-1 DMSO DMSO  NIHS EHRT(4)
12 N, N-Diethyl-p-phenvlenediamine 93-05-0 DMSO DMS0O NIHS EHRT(4)
13 N, N'.Di-sec.-butyl-p-phenylencdiamine 101-96-2 DMS0O DMSO NIHS EHRT(4)
14 N, N "-Diphenyl-p-phenylenediamine T4-31-4 DMSO0 DMSO NIHS EHRT(4)

- 15 N, N ‘-Di-2-naphthyl-p-phenylenediamine 93.46.9 DMSO DMSO NIHS EHRT(4)
18 N-Phenyl-1-naphthylamine 90-30-2 DMSGC DMSG NIHS BSC(3)
17 N-Phenyl-2-naphthylaroine © 135.88-6 DMSO DMSC NIHS BSC(4)
18 p-lopropoxydiphenylamine 101.73-5 ~ DMSO  DMSO  NIHS  BSC(3)
19 4.4'.Dimethoxydiphenylamine 101.70-2 DMS0 DMSOQ NIHS BSC(3)
20 4 4"_Dioctyldiphenyiamine 101-67-7 EtOH Acet NIHS BSC(3)
21 A-Niwrosodiphenylamine 86-30-6 DMSO DMSO MIHS BSC(3)
22 Tris{2,3-epxoypropyllisceyanurate 2451-62-9 DMSO DMSO NIHS BSC(3)
23 Triallyl isocyanurate 1025-15-6  DMSO  DMSO  NIHS  BSC(3)
23 Chromivm carbornyl 13007-92-6 ©- CMC Acet NIHS LB{#)
25 1(1,2-Dibromocthyl)-3,4-dibromosyclohexane 3322-93-8 DMSO DMSC NIHS BSC(2)

DMSO dimethyl suloxide; Saline, physiological saline; EtOH, ethanol; CMC, sodium carboxymethyl cellulose; Acet, acetone.
NIHS Mational Institute of Hygienic Sciences (Tokyo, Japan); HB, Hazlélon Biotechnologies (U.S.A.% LB, Litton Bionétics
{U.5.A.); EHRT, Environmental Health Reseazch and Testing (U.S.A); BSC, Bioassay Systems Corp. {U.S.A).

(1) Data originally published in Gulati et al, (1989),
{2) Data originelly published in Loveday et al. (1989).
{3) Data originally published in Loveday et al. (1990).

(4) Complete data, including SCE data, will be published by the NTP in their series of manuscripts on in vitro test resulis.

or N-methyl-N'.nitro-N-nitrosoguanidine {CAS
No. 70-25-7) was used in the test without S9 mix,
while benzo[a]pyrene (CAS No, 30-32-8) or di-
methylnitrosamine (CAS No. 62-75-9) was used in
the test with 59 mix.

In the test without metabolic activation, the
cells were grown in the presence of the test agent
for 24 h-or 43 h. Colcemid (0.2 pg/ml final
concentration) was added to the culture medium 2
h before harvesting. Chromosome preparations
were made by the air-drying technique. In the
system with metabolic activation, cells were treated
with the test agent and 59 mix for ¢ h. 89 was
prepared from the livers of male Fischer rats

pretreated with PCB (KC-400). 10 ml of S9 mix
consisted of 3 ml of $9, 2 ml of 20 mM HEPES
buffer solution (pH 7.2), 1 mi of 50 mM MgCl,, 1
ml of 330 mM KCl, 1 ml of 50 mM glucose
6-phosphate, 1-ml of 40 mM NADP and 1 ml of
distilled water. The final concentration of 89 in
the medium was adjusted to 5% (0.5 ml of §9 mix
and 2.5 ml of culture medivm including caif
serum}. Cells treated only with the test agent
(without 89 mix} for 6 h also served as a control.
After 6-h treatment, the reaction mixture was re-
placed with fresh culture medium, and the cells
grown for an additional 18 h. 2 h before harvest-
ing, Colcemid was added to the culture medium,
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Fig, 1. Structures of test chemicals,

Chromosome preparations were made in the same
way as in the test without metabolic activation.

One hundred well-spread metaphases per dose
were observed under the microscope (at magnifi-
cations of 600--1000). The numbers of cells with
chromosomal aberrations and polyploid cells were
recorded. Different types of aberrations such as
chromaiid gaps (ctg) including chromosome gaps,
chromatid breaks (cth), chromatid exchanges (cte),
chromosome breaks (csb), chromosome exchanges
{cse) and ‘others’ including fragmentation (frg),
were recorded. Any cell with 1 or more aberra-
tions was counted as 1 aberrant cell,

The NIHS historical data base showed that the
frequency of CHL cclls with aberrations or poly-
ploidy in both untseated and solvent-treated nega-
tive controls had not éxceeded 4%. From the pre-
sent stidy, the mean and range of aberrant cells in
solvent-treated negative controls was as follows:
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clg: 0.59% (0-3%); cib: 0.25% (0-2%); cte: 0.14%
(0-1%); frg: 0%; csb: 0.04% (0-1%); cse: 0.05%
{0-1%); total (with ctg but without polyploid):
1.04% (0-4%); polyploid: 0.45% (0—4%). The final
result of each test was decided for structural aber-
rations or polyploid cells, separately as follows:
negative (—) if the frequency of aberrant cells
(including gaps for structural aberrations) was less
than 5%; iaconclusive () if greater than 5% but
less than 10%; and positive (+) if 10% or more.
Overall evaluation for each chemical was made’
after the judgement of individual results at differ-
ent dose groups. Weakly positive (+w) was used
if the effect was found only at a relatively high
concentration {about 2 mg,/ml or more), or at a
relatively low frequency {about less than 20%), or
without a dose-related response (megative at 2
lower concentrations). If the owcome was
svaluated as inconclusive or showed no dose-re-

-



TABLE 2

MAJOR PROTOCOL DIFFERENCES BETWEEN CHO AND CHEL ASSAYS FOR CHROMOSOMAL ABERRATIONS

CHL system

CHO system

Culture medivm
Dose determination

“Treaiment time
Without 59 mix
With S mix

59

89 mix ®

Bagle’s MEM with 10% calf serum

3 doses including one above and ane below the
50% growth inhibition dose measured by the
Monoceltater

24and 48 h

Treated for & h, followed by cultore in fresh
mediumn for 18 k

From the livers of male Fisther tats pretreated
with KC-400

50 ul/ml of 89, 0.16 mg/m! of HEPES, 0.17
mg/ml of MgCl, 601,0, 0.41 mg/mi of KCJ,
0.25 mg/ml of G 6-P, 0.53 mg/ml of NADP in

McCoy’s 5A with 10% fetal calf serum

3 highest scorable dases selected from 10 doses
spanming 4~5 orders of magnitude up 10 a
maximum dose of 3 mg/ml

8-10h

Treated for 2 b, followed by culture in fresh
medinm for 1018 h

From the livers of male Sprague-Dawley rats
pretreated with Aroclor 1254

15 or 20 pl/mi of 59, 2.4 mp/mi of NADP, 4.5
mg/ml isocitric acid in semm-free mediusm

colture medium with 10% calf serum
S$9 concentration ® 5.0%
Colcemid treatment Added 2 h before harvesting

Cell harvest
Judgement

Trypsin treatment

than 10%, positive if 10% or more
Achromalic Issions Included in analysis

(gaps)

Percent of cells with aberrations: negative if less
than 5%, inconclusive if greater than 5% but less

15%

Added 2.0-2.5 h before harvesting {without §9
mix), the cells are washed and then treated with
Colcemnid in fresh medium

Mitotic shake-off

Percent of cells with aberrations: statistical sig-
nificance using the binomial sampling assump-
tion and the trend analysis

Not included in analysis

* Concentrations in the final incubation mixture with a test chemical and cells,

lated response, the experiment was repeated. No
statistical procedures were applied to the CHL
data.

CHO system

The test method bas been described by Gallo-
way et al. (1985, 1987). Cloned Chinese hamster
ovary cells (CHO-WBL), with a modal chro-
mosome nutnber of 21 (only cells with 19-23
chromosomes were scored), were cnltured in Me-
Coy's 5A medinum supplemented with 10% fetal
calf serum, L-glutamine and antibioctics, In the test
without metaholic activation, the cells were treated
with. the test chemical for 8-10 h. They were then
washed, reincubated with medium containing Col-
cemid and harvested 2.0-2.5 h later. In the test
with metabolic activation, the cells were exposed
to the test chemical and 89 mix in serum-free
medium for 2 h. Following treatment, the cells
were washed and reincubated in medium contaip-

ing serum. The cells were allowed to grow for 10 h
with Colcemid present for the final 2.0-2.5 h.

The S9 mix was prepared from the livers of
male Sprague-Dawley rats preireated with Aso-
clor 1254, The 89 mix consisted of 15 or 20 pl/ml
of 59, 24 mg/ml of NADP, and 4.5 mg/ml
isocitric acid in serum-free medium (the final con-
centration of 89 in the medium is estimated to be
1.5%). The cells were exposed to a range of 10
doses spanning 4-5 orders of magnitude up to 2
maximum dose of 5 mg/ml or to the limits of
solubility in culture medium. Generally, the 3
highest doses with analyzable cells were scored.

If little or no delay was found in the cell cycle
as indicated by a preliminary sister-chromatid ex-
change test, the cells were harvested 10-12.5 h
after the beginping of treatment as stated above;
if a delay was found, they were harvested at 17-20
B, Thus, harvest times ranged from 10 to 20 h
(—~59 and from 12 to 20 h (+89). Cells were
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collected by mitotic shake-off as described by
Galloway et al. (1985). Slides were prepared by
the air-drying technique and stained with (iemsa.
One hundred or 200 well-spread metaphases per
dose were scored. Solvent-treated and/or un-
treated cultures served as solvent and negative
controls, respectively. Triethylenemelamine (CAS
No. 51-18-3) or mitomyein C {CAS No. 50-07-7)
was used as the positive control in tests without
metabolic activation. Cyclophosphamide (CAS
No. 50-18-0) was the positive control in tests with
metabolic activation. :

Cells were scored for the following types of
aberrations: ‘simple’ (chromatid or ¢hromosome
breaks, fragments, deletions and double minutes),
‘complex’ rearrangements {interstitial deletions,
triradials, quadriradials, rings, and dicentrics) and
‘other’ (pulverized}. Gaps and endoreduplications
were scored, but not included in the analyses or in
the data presented in the Appendix. All other
categories were combimed for the statistical
analyses. The ‘percent- cells with aberrations’
rather than the number of aberrations per cell was
analyzed, so as not 1o distort the results in cases
where there were a high number of aberrations in
any one cell. For these 25 studies the mean and
range cf cells with aberrations in solvent control
groups was 1.5% (0.0-3.0%) without S9 and 2.2%
{0.0-6.0%) with 89.

The data were analyzed for trend and individ-
ual dose groups were compared with the concur-
rent solvent control. A linear regression of the log
dose vs. the percent of cells with abertations was
used for the trend analysis. A binomial sampling
assurnption was used {0 cxamine inCreases over

the solvent control for each dose point. The P

value was adjusted by Dunnett’s method 1o take
into account the multiple-dose comparison,

A dose was considered positive if the adjusted
P. value was <0.05 and the trend was significant
if the P value was <0.003. A positive test result
was defined as a trial with 2 significant doses. If
only 1 dose was significant and there was a signifi-
cant trend, the result was weakly positive. In cases
where there was only 1 significant dose and no
trend, or only a significant trend, the chemical was
concluded to be equivocal. Generally, trials con-
¢luded Lo be positive, weakly positive, or equivocal
were repeated.
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Results and discussion

The summary results obtained with 25 chem-
icals in CHL and CHO cells are shown in Table 3.
The data and results for the individual trials are
given in the Appendix. The chernical numbers
used in Table 1 are used consistently throughout
the other Tables and the Appendix. Usually the
experiment was repeated for confirmation; how-
ever, only data which were considered representa~
tive (in most cases the data from the last experi-
ment performed on each sample) are presented in
the Appendix. In ail cases the positive controls
responded as anticipated and these data are not
presemted.

For the CHL system, both exposure and harvest
times are constant throughout experiments. Tests
without metabolic activation are designated as
24-0 or 48-0 {exposed for 24 h or 48 h with
Coleemid present for the last 2 h and harvested
immediately after the treatment). The tests with
metabolic activation are designated as 6-18 {ex-
posed for € h and grown for 18 h with Colcemid
present the last 2 h}. Cells treated only with the
test agent (without 89 mix) for 6 h and harvested
18 b after the treatment were also examined in this
test. In the Appendix, the frequencies of polyploid
cells and cells with chromosome abesrations are
presented. . '

For the CHO system, the exposure and harvest-
ing titne varied slightly among the 4 laboratories
conducting the tests. The number of aberrations
per cell and the frequency of cells with the simple
and complex types of aberrations are presented.

When the overall resuits obained from tests
both with and without 8% mix are considered, the
2 systems agree om 15 results: positive or weakly
positive in 11 chemicals (Nos. 2, 4, 5, 6, 7, 8, %, 11,
12,19 and 22), and negative or inconclusive in 4
chemicals (Nos. 3, 13, 16, 20). The individual
1esults of these chemicals are as follows. ;

No. 2 (2,3,6-trichlorophenol) was positive in
both CHL and CHO cells in the presence of S9
mix. Positive results were obtained in CHL cells at
doses of 200.0 xg/ml and higher (11.0% at 200.0
pg/ml, 15.0% at 250.0 gp/ml, 24.0% at 300.0
#g/ml), and in CHO cells at 3750 pg/ml and
higher (10.0% and 68.0% at 375.0 and 750 pg/ml,
respectively). In the absence of §9 mix, it was



TABLE 3
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SUMMARY RESULTS OF CHROMOSOMAL ABERRATION TESTS IN THE CHI. AND CHO TEST SYSTEMS

CHI system

‘Chermcai LHO system -
Nao., p N -
~ Without 59 mix With §9 mix Without 59 mix With §9 mix
Dose ® Resuly ® Dose Result  Dose Result Dose Result
(g/ml)  (mM) 74h 48 h (pg/ml) 24B°  {(ug/ml} (time) {pg/ml)  (time}®

1 300 01 . - - 1200 - 37.7 — {20 h) 70.2 + (20 h)

2 1800 o9y - + 200.0 + 175.0 + {20 B) 3750 + (20h)

3 15.0 Qo) - - 300 + 300 - {20 B} 30.0 ~{iZh)

4 300 ¢y - - 60.0 W ~40.0 — (205 1) 258 . + (12h)

5 90.0 @39 & * 250.0 +w 50.0 +w (20 h) 100.0 + (20h)

6 60,0 ©26 - - 500 + 750 — {20 ) 1750 + (20h)

7 30 008 +w o+ 250 - 15 +{20 h) 25130 + (20h)

8 150 0 3 + 1250 L dw 246.5 + (20 ) 50004 - (12h

9 2500 128  + * 15000 + 1000.0 +(17h 16000 - (13h)
10 100 @013  + - 200 + 30,0 ~(125W) 1600 - {15.5h)
11 100 ©.o61)  + + 200 +w 50.0 +w (125 k) 500 + {13.5h}
12 25 0015 +w - 100 - 16.0 + (1258 1000 ~ {135
13 20 (0.008) & — 40 - 50 - (1251) 30.0 - (13351
14 1.8 0007+ + 15.0 - 30.0 - (1250 1600 ~ (13 h)
15 5000 139+ + 1000.0 * 1600.0 — (125K 5000 - (13
16 300 @y - - 15.6 - 299 - (105 %) 199 ~ (20 b)
17 00 {014y - - 60.0 +w 297 C - (0.5h) 297 - (12h)
18 300 013 + 4w 313 + 498 —~ (105 k) 300 - (12h)
19 300 01 4w+ 300 +w 24980 - +w(20.5H) 13200 + (12h)
20 500.0 arm - - 500.0 - 4450,0 — (10.5R) 44500 - (12l
21 62.5 032 - - £2.5 + 87.5 — {105k 15300 - {12k}
22 1.2 (0004 + + 50 - 30 + (10.5 1) 100 +{12m
23 1000.0 {401y + 250.0 + 1460.0 —(10.51) 29100 - (12h}
24 8000.0 (3635 - - 2000.0 +w 128.0 - (1058 1280 = (125h)
25 120.0 ©w - - 1250 + 100.0 — (10.5h) 3000 —m

: The minimum effective dose for ‘positive’ resalts or the maximum tested dose for “negative’ and ‘inconclusive’ results,
Overall evaluation: +, cleatly positive; +w, weakly positive; +, inconclusive; —, negative.

¢ Harvest time.

positive only in CHO cells at more than 1750
pg/ml (7.0% and 6.5% at 175.0 and 250.0 pg/ml,
respectively). In CHL cells, it was negative at 24 h
. and inconclusive at the highest doses, 120 and
180.0 pg/ml at 48 h.

No. 4 (2,3.4,5-tetrachiorophenol) was positive
with 89 mix in both cell lines; in CHL cells effects
were observed at 60.0 pg/ml (12.0%) and at 120.¢
wg/mi (15.9%), In CHO cells, doses of 29.8 pg/ml
(5.5%), 452 pg/ml (12.0%) and 60.3 ug/ml
(17.0%) were judged 1o be positive. Without S9
mix, it was negative in CHL and CHO cells, at
doses up to 30.0 pg/ml and 400 pg/ml, respee-
tively.

No. 5 (2,34,6-tetrachlorophenol) was positive

or weakly positive with 89 mix in both cell lines.
In CHO cells, it was clearly positive at doses of
100.0 pg/ml (20.5%) and 1500 pg/mt (74.0%). In
CHL cells, the overall conclusion was weakly posi-
tive, because it was evaluated as positive only at a
single dose, 2500 pg/ml (14.0%) and a dose-re-
lated effect was not found in 3 separate experi-
ments. Without §9 mix, it was considered weakly
positive (not because of a small effect but because
aberrations were elevated only at the highest dose
tested) in CHO cells with a significant effect only
at 500 ug/ml (6.0%) and a repeat test gave a
positive effect only at 125.0 pg/ml (64%). In CHL
cells without $9 mix, it was inconclusive at doses
up to 90.0 pug/mi.
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No. 6 (2.3.5,6-tetrachiorophenol) was positive
with §9 mix, but negative without 59 mix, in both
cell lines. With S9 mix, it was positive in CHL
cells at more than 60.0 pg/ml (11.0% at 60.0
pg/ml and 60.5% at 120.0 pg/ml), and in CHO
cells at 175.0 pg/ml (28.0%) and at 262.5 pg/ml
{80.0%) (cytotoxic at 3500 pg/ml). Without 89
mix, it was negative in CHI, cells at doses up to
60.0 pg/mi, as well as in CHO cells at doses up to
75.0 pg/m {cytotoxic at 112.0 pg/ml).

No. 7 {ophenylenediamine) was positive
withoul 89 mix in both cell lines; a positive re-
sponse was observed in CHL cells at 3.0 pg/ml
(15.0% at 48 h) and at 6.0 pg/ml (14.0% at 24 b
and 32.0% at 48 h). 1t was judged to be positive in
CHO cells a1 7.5 pg/ml {9.0%), 11.3 ug /] (19.0%)
and 15.0 pg/ml (23.0%). With S9 mix, the effect
was reduced in CHO ceils and positive results
were obtained at relatively high doses, 2513 pg /ml
and 5000 pg/ml. In CHL cells, it was negative up
10 250 pg/wl, though the control for the S9 mix
(trzated for 6 h without S9 mix) showed a positive
response at 25.0 pg/ml

No. 8 {m-phenylenediamine) was positive
without §2 mix in both cell lines: in CHL cells at
15.0 pg/mi (16.0%) and 30.0 pg/ml (21.0%) at 48
h, and in CHQ cells at doses of 246.5, 502.5, and
7470 pg/mit (31.0%, 320% and 64.0%, respec-
tively). With 829 mix, it was positive in CHL cefls
only at 125.0 pg/ml (17.0%) (cytotoxic at 250.0
pg/ml), but negative in CHO cells at doses up to
5000 pg/ml _

No. 9 (2,6-toluenediamine dihydrochloride) was
clearly positive without 59 mix in both cell lines:
in CHL cells at 250.0 (23.0%) and 500.0 pg/ml
(57.0%) at 48 h, and in CHO cells at 250.0 (8%),
5000 (5%), 10000 (12.0%) and 15000 pg/ml
(29.0%). With 59 mix, it was also positive in CHL
cells at high dose levels (28.0% at 1500.0 pg/ml),
but in CHO cells it was negative at doses up to
1600.0 pg/ml (cytotoxic at 3000,0 pg/mi).

No. 11 (N,N,N',N'<etramethyl-p-phenylene-
diamine) was positive or weakly positive without
59 mix in both cell lines. In CHL cells, it was
clearly positive at doses above 10.0 pg/ml (32.0%
at 15.¢ pug/ml at 24 h), In CHO celis, it was only
positive at the highest dose, 50.0 pg/ml (6.5%),
and was therefore considered weakly positive, With
5% mix, it was positive in CHL cells only at 20.0
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pg/ml (18.0%), and in CHO cells at 50.0 (5.5%)
and 100.0 pg/ml (200%), though no ¢lear-cut
dose response was seen in either cell line.

No. 12 (N, N-diethyl-p-phenylenediamine) was
positive or weakly positive without S% mix in both

" eell lines. In CHL cells, it was judged to be weakly

positive, because it was positive only at 2.5 ug/mi
(24.0%) at 24 h and showed no dose response. In
CHO celis, it was positive at 16.0 and 20.0 pg/mi.
With S9 mix, it was negative in both celi lines; in
CHL cells it was tested at doses up to 10.0 pg /ml,
and in CHO cells at doses up to 1000 pg/mi
(cytotoxic at 160.0 pg/ml). In CHL cells, it was
positive in the cells treated for 6 h without 89 mix
(24.7% at 10.0 pg/ml).

No. 19 (4,4’-dimethoxydiphenylamine) was
positive without 89 mix in both cell lines. In CHL
cells, it was clearly positive at 30.0 pg/ml (12.0%
at 24 h and 31.0% at 48 h) (cytotoxic at 60.0

_pg/ml). In CHO cells, it was positive only at the

relatively high dose of 2498.0 pg/ml (7.5%). With
$9 mix, it was positive in CHL cells at 30.0 pg,/ml
(21.0%). In CHO cells, the lowest dose tested
(132.0 pg/ml) gave a positive effect, and in re-
peated tests single doses gave positive results;
however, the results are considered inconclusive,
becaunse of lack of both reproducibility and a
dose-related effect. In CHL gells, a slight increase
in the frequency of polyploid cells was noted in
cells treated for 6 h without S9 mix (12.0% at 30.0
pg/ml), and this was the only case of increas
polyploid cells in the present study, ‘

Ne. 22 (tris(2,3-epoxypropyllisocyanurate) was
clearly posilive without 89 mix in both cell lines;
in CHL cells at more than 1.2 pg/ml (74.0% at 24
h and 92.0% at 48 h) (no mitosis was observed at
2.5 pg/ml and 5.0 pg/ml at 48 b), and in CHO
cells it was positive at 3.0-300 pg/ml (30.0—
87.0%) (cytotoxic at 50.0 pg/ml). An additional
experiment in CHO cells showed 100.0% of cells
with aberrations at 19,0 pg/ml. Witk 59 mix, it
was negative in CHL cells at doses up to 5.0
eg/ml, although it was positive in the cells treated
for 6 h without 82 mix (48.0% at 1.2 ug/ml). In
CHO cells, the effect was slightly reduced in the
test using S% mix, but still positive at the dose
range of 10.0~100.0 ug/ml.

No. 3 (3.4,5-trichlorophenol) was negative
without 89 mix in both cell lines: in CHL cells at



doses up to 15.0 ppg/mi, and in CHO cells at doses
up to 300 pp/ml. With S9 mix, it was inconch-
sive in CHL celis at 30.0 pg/ml; only gaps and
breaks were increased. In CHO cells, it was nega-
tive at doses up to 30.0 ug/ml with §9 mix.

No. 13 (N,N’.di-sec.-butyl-p-phenylenedi-
amine) was negative with 39 mix in both celf lines;
in CHL cells at doses up to 4.0 ug/ml, and in
CHO cells at doses up t& 30.0 pg/ml. Without 59
mix, it was inconclusive in CHL cells at 2.0 ug/ml
at 24 h, and negative in CHO celis at doses up to
5.0 pg/ml

No. 20 (4,4"-dioctyldiphenylamine) was nega-
tive with and without $9 mix in both cell lines. In
CHL cells, it was negative at doses up to 5000
pg/ml both without and with 8% mix. In CHO
cells, it was negative even at the relatively high
dose of 4450.0 pg/ml both without and with $9
mix, {precipitation of the chemical was noted at
4450.0 pg,/ml without 59 mix and at 1340.0 pg/ml
with 89 mix).

The remaining 10 chemicals gave qualitatively
different results in the 2 test systems; 1 chernical
was positive only in the CHO system, while 9 were
positive only in the CHL system. These dif-
ferences are as follows.

No. 1 (2,3,4-trichlorophenol) was positive only
in CHO cells in the presence of S9 mix. A dose-re-
lated increase in the freguency of aberrant cells
was observed over a dose range of 49.8-70,2
pg/ml Negative results were obtained in the CHL
system with doses up to 120 ug/ml with §9 mix.
The difference in results is most easily attributable
to the activity of the 59 fraction used in the CHO
systern; 2 higher concentiration of the test chem-
ical and a longer treatment time were employed in
the CHL tast.

Neo. 10 (N, N-dimethyl-p-phenylenediamine)
was positive only in CHL cells in the absence of
89 mix. Positive results were obtained at 10 pg/ml
using 24-h exposure and at 10 and 20 pg/ml
foliowing 6-h exposure. In all cases the frequency
of aberrant cells was about 20%. Exposure of
CHO cells for 12.5 h to doses of 5, 10 and 30

wrg/ml gave a weak effect at 30 pg/ml in one test,
bui the effect could not be reproduced. Because
an effect was observed im CHL cells following
both 6-h and 24-h exposures, it is possible that the
difference in effects between the 2 sysiems is
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attributable to a difference in the sensitivities of
tbe 2 cell lines to this chemical. However, if harvest
of CHO c¢elis had been delayed to 18 or 24 h, an
effect might have been observed.

No. 14 {N,N’-diphenyl-p-phenylenediamine}
was positive only in CHL celis without S9 mix.
Effects were observed at doses below 10 pg/ml
following 24- and 48-h treatments. As an aromatic
amine, this chemical should require metabolic
activation for activity. It is possible that the inher-
ent metebolic capacity of CHL cells activates the
compound when there is sufficient exposure time.
It is unexpected, however, that aromatic anunes,
compounds gererally requiring metabolic activa-
tion for mutagenic activity, are positive in CHL
cells in the absence of 59 mix (see also chemicals
No. 10 and No. 15). Tests in CHO cells using
extended exposure times should be condncted to
determine if an effect similar to that in CHL cells
is observed.

No. 15 (N,N’-di-Z-naphthyl-p-phenylenedi-
amine) produced results similar to those of chem-
ical No. 14, although the effective doses were
higher for chemical No. 15 (500-1500 pg/ml).

No. 17 {N-phenyl-2-naphthylamine) gave a
positive resull in CHL cells only with S5 mix.
There was no evidence of a dose—effect relation-
ship in repeat experiments and the effect was
judged to be weakly positive, In CHCO cells,
glevated aberration frequencies wers observed in
tests with S mix but tke solvent control value was
higher than normal and the treatment effects were
not sufficiently high to give a positive result. This
compound appears to be a weak clastogen requir-
ing metabolic activation and a longer exposure
time or later harvest time, or higher 89 concentra-
tion than that used in the CHO test protocol.

No. 18 ( p-isopropoxydiphenylamine) gave a
weakly positive effect in CHL cells without 59 mix
and an inconclusive result with 59 mix. It was
judged 1o be negative in CHO cells even though
one test with S9 mix gave 17.5% aberrant cells at a
dose of 20.0 pg/ml; the result was not reproduc-
ible. An explanation for these conflicting results i
not readily obvious. It could be concluded that
chemical No. 18 possesses weak clastogenic activ-
ity, but that its effect is not easily detectable using
the test systems employed in this study.

No. 21 ( N-nitrosodiphenylamine) was positive
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only in CHL cells with 89 mix and at lower doses
than those used in the CHO tests. As with chem-
ical No. 17, the clastogenic activity may only be
evident following longer treatment times andfor
later harvest times (with S9 mix) than used in the
CHO system.

No. 23 (tniallyl isocyanurate} was negative in
CHO cells both with and without S5 mix while
giving a clear positive result in CHL ceils with 89
mix; dose ranges were similar in” the 2 test sys-
tems, As discussed above, the difference in results
may be due to the difference in treatment or
harvest times,

No. 24 (chromium carbonyl) was megative in
CHL and CHQO cells without $9 mix. With 8% mix,
it was weakly positive only in CHL cells at rela-
tively high dose levels (20000 pg/ml}. In the
CHO test where much lower doses were used
(75.0-128.0 png/ml), results were negative.

No. 25 (1-(1.2-dibromoethyl})-3,4-dibromacy-
clohexane) was positive only in CHL cells in the
presence of S9 mix; it induced a dose-related
increase in the frequency of aberrant cells with
doses of 62.3, 125.0 and 250.0 pg/ml. A similar
dose range (30.0-300.0 pg/ml) gave no evidence
of an effect in CHO cells. The simplest explana-
tion for this difference in results is the longer
treatment time used in CHL cells where exposure
to the test chemical and 89 mix is 6 h as opposed
to 2 h in the CHO system. It is also possible that
the higher concentration of 89 fraction in the final
reaction mixture (3% in CHL, 1.5% in CHQ)
and /or later harvest time (I8 h in CHL, 10 h in
CHO) may have contributed to the different re-
sults.

Of the 10 differences in qualitative results dis-
cussed above, 5 are positive in CHL cells only in
the presence of §9 mix (Nos. 17, 21, 23, 24, 25).
Fig. 2 shows the results of testing triallyl iso-
cyanurate (No. 23} with 89 mix using the CHO
cells in the CHL protocol. It should be noted that
the CHO cells used in these tests were obtained
from the ATCC and were not the same cells used
by the NTP. It can be seen that positive results are
obtained in CHOQ cells when they are exposed to
chemical No. 23 for 6 h in the presence of 89 mix
and harvested at 18 h. The dose effect is very
similar to that seen with CHL cells using the same
protocol. Thus, it appears that some test chemicals
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Fig. 2. Results of chromosomal aberration tests o
isocyanurate (No. 23) in the presence of 89 mix. €
were exposed for 6 b and grown in fresh medium
berore harvesting (performed at NIHS). CHO cells
posed for 2 h and pgrown In fresh medium for 10
harvesting (performed at BSC). An additional test w:
out at NIHS using CHO cells (obtained from ATCC
according to the CHL protocol (6-h exposure time
recovery timeh

only induce an increase in aberrations wi
treatment and harvest times are longer tha
h used in the standard CHO protocol. It
assumed that this results from the rate at
test agent is metabolized to its genotoxi
and /or the time required for an adequate
the active form to reach the chromosomes.
There are 4 cases where the only positive
come from an effect in CHL cells in the ;
of 89 mix (Nos. 10, 14, 15, 18). In all 4 ca
test chemicals are aromatic amines whi
known 1o require metabolic activation foy
genic activity. Fig. 3 gives results of N
phenyl-p-phenylenediamine (Mo. 14) usi
CHL protocol with CHO cells. Where cl
No. 14 gave negative results in the standar
test (12.3-h exposure), results from tests cor
at NTHS were positive following 24-h e
using the same doses. As this phenylenec
was negative in both test systems in the p
of §9 mix, the exogencus metabolic acl
systems used are apparently not adequate t
in the induction of chromdsomal aberrat:
possible explanation for this is that the con
is not activated by 89 mix or is activat
rapidly detoxified such ihat the active for
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Fig. 3. Results of chromosomal aberration tesis on N, N ‘-di-

phenylp-phenylenediamine (No. 14) i the absence of 5% mix.

CHL cells were exposed for 24 h before harvesting (performed

at NIHS). CHO cells were exposed for 12.5 k before harvesting

(performed at EBRT). An additional test was carried out at

NIHS using CHO cells (obtained from ATCC, U.S.A.) accord-
ing to the CHL protocol (24-h cxposure time).

not reach the cell nucleus. Given sufficient ex-
posure time, the inherent metabolizing capacity of
CHL and CHO cells may be sufficient to result in
activation of the compound to a clastagen:

A simitar phenomenon (a positive effect in
CHO cells following long-term exposure in the
absence of §9) was observed with N,N'-di-2-
naphthyl-p-phenylenediamine {chemical No. 15)
as seen in Fig. 4. In this case, the effect seen in
CHO cells using the CHL protocol was apparent
only at higher doses than used in CHL cells and
did not reach the levél of effect seen in CHIL. cells.
This conld indicate that CHL cells have a higher
metabolic capacity than CHO cells for certain
aromatic amines. :

In 3 cases (Nos. 1, 7, 22), the test chemical was
positive in CHO cells with 89 mix and negative in
CHL cells with S9 mix. For chemicals No. 7 and
No. 22, the doses used in CHL cells were lower
than those used in CHO cells. This may be the
reason for the difference in results. A 2-h Ireat-
ment in the CHL system might allow the use of
higher doses and may reveal activity in the pres-
ence of 89 mix. However, because these 2 chem-
icals were positive in both test systems in the
absence of S9, the differences in results with 59
wix might be considered relatively unimportant.
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Chemical No. | (2,3,4-trichlorophenol} wa:
tive only in CHO c¢ells and only with 8% mix.
effect was dose-related and reproducible and
resents the single case in which a clear pos
result was observed only in CHO cells. The ¢
used in the 2 systems were similar and, in fact
2 highest doses used in CHL cells were some
higher than those used in CHO cells. In this «
the composition of the 89 mix, its concentratic
the medium or the length of treatment of ¢
celis may not have been appropriate to eli
response.

In chemical No. 1, the positive result was
tained in the CHO system using a harvest tin
18 h. On the other hand, 7 test chemicals (N¢
9, 17, 21, 23, 24, 25), in which the CHL sy
had positive or weakly positive results wit
mix, showed negative results in the CHO sy
using a harvesting time of only about 10 h. 1
findings suggest that the differences in ha
times contribute to the different resulis bet
the 2 tcst systems.

Among the test chemicals showing qualita
similar results in both test systems, some ¢
icals showed quantitative differences in the re
For example, in the absence of 59 mix, che
No. 19 (4,4"-dimethoxydiphenylamine) was w

(1IN N'-Di =2-naphthyl —p—
phenylenediamine

= #r -SSmix CHL.: 48-0h : NIHS

o 30
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Fig. 4. Results of chromesomal aberration tests on N, M
naphthyl-p-phenylenediamine (No. 15) in the absence
mix. CHL cells were exposed for 43 k before harvestir
formed at NIHS). CHO cells were exposed for 12.5 h
harvesting (performed at EHRT). An additional test v
ried om u! NIHS using CHO cells (obtained from
Y.8.A.) accerding to the CHL protocol (48-h exposure



TABLE 4

COMPARISON * OF THE RESULTS BETWEEN THE CHL AND CHO TEST SYSTEMS

981

CHL + + +w + - Sub- + +w +w + - Sub- Total
CHO + +w + - —- total - — + +w + total
2425
-89 Cherni- 22 2021
mix cal 9 1617 15
Mo. 8 19 23 4 6 14
7 11 12 13 13 10 13 0 5
(—‘n No. of
S chemicals 4 2 1 2 10 19 (76%) 3 1 ] 1 ¢ 6 (24%) 25
20
+59 Chemi- 113 16 25
frithd cal - 11 15 14 23 24 22
" Ne. 6 5 10 13 21 17 7
2 4 3 12 9 3 19 1
No. of -
chemicals 2 0 3 4 - 5 14 (56%) 4 3 1 0 3 11 (44%) a5

* For overall compaison, +w is classified as & positive response, and L as & negative response.
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positive at 24 h and clearly positive at 48 h in
CHL cells, and was weakly positive at 20,5 h in
CHO cells. However, the concentration of the
chemical required to induce chromosomal aberra-
tions was about 80 times higher in CHO cells than
in CHL cells. In this case, it appears that the
quantitative differences in the results might be
related to a difference in the characteristics of the
2 cell lines rather than to protocol differences.

A comparison of results for all chemicals, with
and without metabolic activation, is given in Table
4. For tests conducted in the absence of $9 mix,
results are in agreement on 19 (76%) of the test
chemicals, perhaps a surprisingly high number
- considering the difference in cell lines and the
rather extreme differences in test protocols.

In the presence of 89 mix, agreement was lower;

similar results were obtained with only 14 (56%) of
the test chemicals. Considering the variability of
S9 preparations and the diiferences in {reatment
. protocols with S9 mix, the level of disagreement
 between the 2 test systems was not unexpected.
| Additional tests are being conducted to determine
"the extent to which similar results are obtained
'when the same protocol is used in both CHL and
- CHO cells.
Table 5 presents a more condensed comparison
| of test results. It is clear that the CHL system gave
- a much higher frequency of positive results than
' did the CHO cells with these same 25 chemicals.
In CHL cells 20 chemicals (80%) were positive or
weakly positive and only 5 gave negative or incon-
clusive results. In contrast, the CHO system gave
positive or weakly positive results with only 12
chemicals (48%) and negative results were pro-
duced by 13 chemicals.

Thus, the overall conclusion of this study is
. that the CHL system detects a higher proportion
- of chemicals tested as positive than does the CHO
- test system. Although there may be a difference in
the sensitivities of the 2 cel! lines to induction of
chromosomal aberrations, the results presented in

187

TABLE 5

OVERALL RESULTS OF CHROMOSOMAL ABERRA-
TION TESTS IN THE CHL AND CHO TEST SYSTEMS

Test result + +w + -

Cell system
CHL 14(56%)% 6(24%) 2(8%)  3(12%)
CHO 11 (44%) 14% 0 13 (52%)

* Number of chemicals (% of chemicals).

this paper suggest that many of the differences
could be due to protocol differences and that the
most likely protocol differences to effect a dif-
ference in results are the length of time that cells
are treated with the test chemical and the harvest
time. Additional studies are being conducted to
elucidate the bases for the different responses.

The most appropriate cell line and protocol for
use in screening chemicals for effects will be de-
termined by the purpose of conducting the test
and the value of the test in predicting the health
concern of interest.
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Appendix

Chromosomal aberration data ond results

(1} 2,34-TRICHLOROPHENOL (15950-66-0) M.W.: 197.45

831

CHL cells
89 Treatment Dose Total Palyploid Frequency of aberrant cells (%) ® Evaluation
X time (k) * (#g/ml) cells (%) otg ctb cte frg csb cse total Each Overall
- 24-0 DMSO 100 0.0 0.0 0.0 1.0 G0 10 0.0 2.0
15 100 0.0 00 0.0 0.0 0.0 00 0.0 0.0 -
15.0 100 0.0 20 0.0 0.0 00 0.0 0.0 2.0 - -
300 100 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -
- 43-0 PMSO 100 0.0 1.0 0.0 00 0.0 00 0.0 10
1.5 160 10 0.0 0.0 0.0 0.0 L0 10 2.0 -
150 100 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - -
X 30.0 100 1.0 0.0 1.0 0.0 0.0 0.0 1.0 20 -
- 6-18 DMSO . 100 1.0 0.0 0.0 0.0 (0.0 0.0 1.0 1.0
60,0 100 30 0.0 0.0 0.0 ¢.0 0.0 0.0 0.0 -
0.0 100 6.0 (11)) 0.0 2.0 0.0 0.0 10 30 — -
1200 100 0.0 0.6 1.0 2.0 04 0.0 0.0 2.0 -
+ 4-18 DMSO 100 1.0 0.0 1.0 0.0 0.0 0.0 10 20.
60.0 100 1.0 0.0 1.0 00 0.0 0.0 00 1.0 -
90.0 100 10 00 1.0 10 00 00 00 1.0 - —
120.0 100 0.0 0.0 2.0 3.0 0.0 0.0 0.0 40 ~—
CHO cells
59 Treatment Dose Total Simple aber. Complex aber. Total aber. Evaluation
mix time (h) © (ng/ml) cells No./eell % cells No./cell % cells No./eell % cells Each Overall
- 8.12 Medium 200 0.01 19 0.01 0.5 0.02 15
DMSO 200 0.00 0.0 .00 0.0 0.00 Q.0 -
11.3 200 0.01 0.5 0.01 10 0.02 2.0 -
151 200 002 20 001 0.5 003 2.5 + —
37.7 200 0.00 0.0 a0 0.5 0.01 0.5 -
754 0 TOX
+ 2-18 Medium 100 0.01 1.0 0.00 00 0.01 1.0
DMSO 100 0.03 30 0.00 0.0 0.03 3.0
49.8 100 0.08 3.0 0.01 1.0 0.09 50 -
60.0 100 0.12 7.0 0,03 2.0 0.25 10.0 - +
70.2 25 0.32 280 0.36 230 0.68 44.0 +
80.0 0 TOX
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[2] 2,3,6-TRICHLOROPHENOL (933-75-5) M.W.; 197.45

CHL cells
s9 Treatment Dose "Fotal Polyploid Frequency of aberrant cells (%) ® Evaluation
mix time (b) * (ke/ml) celis (%) ctg cib cte frg csb cse total Each Overall
- 24D DMSO 100 0.0 0.0 00 0.0 0.0 0.0- 0.0 0.0
60.0 100 0.0 1.0 00 0.0 0.0 0.0 0.0 1.0 -
120.0 100 00 20 1.0 0.0 0.0 0.0 00 . 20 - -~
180.0 100 00 1.0 20 00 0.0 0.0 0.0 30 -
- 48- DMSO 100 0.0 0.0 1.0 0.0 0.0 1.0 0.0 1.0
60.0 100 00 1.0 19 0.0 0.0 0.0 0.0 20 -
1200 100 0.0 0 30 0.0 0.0 0.0 0.0 3.0 + x
1800 100 00 30 50 0.0 0.0 - 0.0 0.0 B0 +
- 6-18 DMSO 100 20 0.0 1.0 1.0 0.0 0.0 0.0 20
200.0 100 1.6 0.0 0.0 00 0.0 0.6 10 1.6 -
2500 160 10 G.0 Q.0 0.0 0.0 0.0 0.0 0.0 - -
300.0 160 4.0 1.0 0.0 04 0.0 0.6 0.0 1.0 -
+ 6-18 DMSO 100 0.0 0.0 0.0 0.0 00 0.0 0.0 a.0
2000 160 1.0 4.0 1.0 B.0 0.0 0.0 0.0 11.0 +
250.0 100 0 30 5.0 7.0 0.0 10 00 15.0 + +
300.0 100 1.0 70 17.0 100 0.0 0.0 00 240 T+
CHO celis
S9 Treatment Dose Total Simple aber. Complex aber. Total aber. Evaluation
mix time (h) * (pg/ml) cells No./cell % cclis No./cell % cells No. /cell % cells Each Overall
- T 812 Medium 200 004 20 0.00 0.0 0.04 20
DMSO 200 0.01 1.0 0.01 0.5 0.02 1.5
1240 200 0.04 3.5 0.01 0.5 0.05 40 -
175.0 200 0.08 7.6 0.00 04 0.08 1.0 + +
250.0 200 0.07 6.0 0.01 0.5 0.08 6.5 +
+ 2-18 Medium 200 0.03 20 0.00 0.0 0.03 20
DMS0 200 0.01 0.5 0.01 1.0 0.02 15
156.0 200 0.01 0.5 0.01 1.0 0.02 15 -
37590 200 0.14 80 0.08 4.5 022 10.0 + +
750.6 25 - 0.52 48.0 0.04 4.0 2.56 68.0 +
11250 0 TOX
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[3] 3,4,5-TRICHLOROPHENQL (609-19-8) M.W.: 19745

061

CHL cells
s Treatinent Dose Total Polyploid Frequency of aberrant cells (%) P Evaluation
mix time (k) * (pg/ml) cells (%) ctg s cte frg csb cse wotal Each Overall
- 240 DMSO. 100 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0
3.7 100 0.0 0.0 10 0.0 0.0 0.0 0.0 1.0 -
1.5 100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ~ -
15.0 100 0.0 0.6 10 1.0 0.0 0.0 0.0 20 -
- 48-0 DMSO 100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
3.7 100 10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -
7.5 100 20 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - -
15.0 100 10 20 0.0 0.0 00 0.0 0.0 2.0 -
- 6-18 DMSO 100 0.0 0.0 1.0 1.0 0.0 0.0 0.0 2.0
15.0 100 1.0 10 0.0 0.0 0.0 0.0 0.0 2.0 -
30.0 - 100 20 0.0 0.0 1.0 0.0 0.0 0.0 1.0 - +
60.0 100 0.0 4.0 1.0 0.0 0.0 0.0 0.0 5.0 +
+ 6-18 DMSO 100 0.0 30 1.0 0.0 0.0 0.0 0.0 4.0
15.0 100 0.0 10 2.0 1.0 0.0 0.0 0.0 3.0 -
0.0 100 1.0 4.0 3.0 0.0 0.0 0.0 0.0 6.0 t +
60.0 0 TOX
CHO cells
59 Treatment Dose Total Simple aber. Complex aber. Total aber. Evaluation
mix - time (h) © (pg/ml) — cells No/cell  ®oslls  Nojesl  %eells  Nogodl  %oells  Each  Overall
- 8-12 Medium 200 0.01 1.0 0.01 1.0 0402 2.0
DMSO 200 0.00 0.0 0.00 0.0 0.00 0.0
15.0 200 0.00 0.0 0.00 0.0 0.00 0.0 -
22.4 200 0.01 0.5 0.00 0.0 0.01 0.5 - -
360 200 0.02 15 0.00 00 0.02 1.5 -
40.0 0 TOX
+ 2-10 Medium 200 0.01 0.5 0.00 0.0 0.01 0.5
DMSO 200 0.01 10 0.01 0.5 0.02 1.5
15.0 200 0.01 0.5 0.01 0.5 001 1.0 -
224 200 6.02 15 0.01 10 > 0.08 3.0 - -
30.0 200 0.01 0.5 0.01 0.5 0.02 10 -
40.0 0 TOX
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(4] 2,34,5-TETRACHLOROPHEMNOL {4901-51-3) M.W.: 231.88

CHL cells
59 Treatment Dose Total Polyploid Frequency of aberrant cells (%) © Evaluation
mix time (h) (ng/mi) cells (%) cig cth cle frg csh cse total Each Overall
- 24-0 DMSO 100 0.0 Q.0 0.0 1.0 0.0 1.0 G0 20
1.5 100 00 10 0.0 0.0 00 0.0 0.0 1.0 -
15.0 100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - -
300 100 1.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 —
- 480 DMSO 100 0.0 1.0 0.0 0.0 0.0 0.0 0.0 1.0
7.5 190 0.0 20 0o 0.0 0.0 0.0 0.0 2.0 —
15.0 100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - —
300 100 0.0 20 1.0 1.0 0.0 0.0 0.0 44 -
- 618 DMSO 100 0.0 1.0 10 0.0 0.0 0.0 0.0 2.0
300 100 00 0.0 0.0 1.0 0.0 0.0 0.0 10 . -
60.0 100 10 0.0 0.0 140 040 0.0 1.0 2.0 — -
1200 100 1.0 0.0 0.0 0._0 0.0 0.0 0.0 0.0 -
+ 6-18 DMSO 100 40 0.0 1.0 10 0.0 0.0 0.0 20
300 100 20 140 10 0.0 0.0 0.0 00 1.0 -
60.0 100 3.0 3.0 1.0 9.0 0.0 0.0 0.0 120 + +w
120.0 63 1.6 32 63 17.9 0.0 0.6 0.0 159 +
CHO cells
59 Treatment Dose Total Simple aber. Complex aber. Total aber. Evaluation
mix  time (W)*, (ng/ml) cells No./cell % cells No./cell % cells No./cell % cells Bach Ovesall
- 8-125 Medium 200 0.06 4.8 0.03 20 0.08 60
DMSCO 200 0.03 25 0.01 10 0.04 35
200 200 0.02 20 0.01 0.5 0.03 25 -
30.0 200 0.01 0.5 0.01 0.5 0.01 1.0 - —
400 200 6.05 45 0.00 00 0.05 4.5 -
+ 2-14 Medivm 200 0.00 0.0 0.03 30 0.03 30
: DMSO 20 0.01 0.5 0.m 0.5 0.01 1.0
29.8 200 0,02 2.0 0.04 35 0.06 55 +
452 200 0,07 55 0.08 73 0.15 120 + +
60.3 200 0.07 14.0 0.07 6.0 0.24 17.0 +

161



{3] 2,3,4,6-TETRACHLOROPHENOL (53-90-2) MLW.: 231.88

CHL cells
59 Treatment Dose Total Polypleid Frequency of aberrant cells (%) * Evaluation
: : a
mix time (b {(sg/ml) cells (%) cig ctb cte frg csb cse total Fach Overall
- 24.0 DMSO 100 0.0 0.0 0.0 1.0 0.0 0.0 0.0 10
300 100 00 0.0 0.0 0.0 0.0 0.0 0.0 00 -
60.0 100 00 1.0 1.0 0.0 0.0, 0.0 1.0 30 - +
90.0 63 00 2.0 2.0 0.0 0.0 0.0 0.0 a9 +
- 48-0 DMSO 100 10 0.0 0.0 00. 00 0.0 0.0 00
30.0 100 0.0 0.0 0.0 1.0 0.0 00 0.0 10 -
60.0 100 0.0 2.0 10 0.0 0.0 0.0 0.0 30 - +
90.0 100 1.0 2.0 5.0 00 0.0 1.0 0.0 8.0 +
- 6-18 DMSO 100 0.0 2.0 1.0 0.0 0.0 0.0 0.0 30
62.5 100 00 10 1.0 0.0 0.0 0.0 0.0 2.0 -
125.0 100 0.0 3.0 0.0 0.0 0.0 00 0.0 3.0 - -
250.0 100 1.0 1.0 0.0 10 0.0 0.0 0.0 2.0 -
_ + 618 DMSO 100 0.0 2.0 2.0 1.0 0.0 00 0.0 40
o 62.5 100 1.0 1.0 1.0 0.0 0.0 0.0 0.0 20 -
© 125.0 100 0.0 2.0 3.0 20 0.0 0.0 0.0 6.0 + w
250.0 100 0.0 4.0 2.0 9.0 0.0 0.0 0.0 140 +
CHO cells -
58 Treatment Dose Total Simple aber. Complex aber. Total aber. Evalvation
mix time (h) © (pg/mb) cells No./cell % cells No./cell % cells No.scell . % cells Each  Overall
- 8-12 Medium 200 0.00 0.0 0.01 0.5 0.01 1.0
DMSO 200 0.01 0.5 0.01 0.5 002 1.0
25,0 200 0.03 25 0.00 0.0 0.03 2.5 -
315 200 0.02 1.5 0,00 0.0 0.02 1.5 - +w
500 200 0.05 45 0.02 15 0.07 6.0 +
+ 218 Medium 200 0.01 0.5 0.01 1.0 0.02 15
DMSO 200 0.01 0.5 0.02 15 0.02 20
100.0 200 0.19 4.5 0.16 105 0.35 20.5 +
1500° 200 0.81 7.0 0.04 33 0.94 74.0 + +
200.0 0 TOX
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i6] 2,3,5,6-TETRACHLOROPHENOL (835-95-5) M.W.: 231,83

CHL cells
59 Treatment Dose Total Polyploid Frequency of aberrant cells (%) © Evaluation
x time (h) (ng/ml) cells (%) ctg ctb cte frg csb cse total Each Overall
- 24-0 DMSO 100 0.0 10 0.0 0.0 0.0 0.0 0.0 1.0
15.0 100 00 10 0.0 0.0 0.0 00 0.0 1.0 -
300 100 040 1.0 0.0 00 04 0.¢ 0.0 1.0 - -
. 60.0 100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -
- 48-0 DMSO 100 0.0 10 0.0 0.0 0.0 0.0 0.0 1.0
1540 100 190 6.0 0.0 G0 0.0 0.0 0.¢ 0.0 -
300 108 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - -
60.0 100 040 1.0 1.0 0.0 0.0 0.0 0.0 20 -
- 6-18 DMSO 100 0.0 20 1.0 0.0 00 0.0 0.0 30
3040 100 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -
60.0 100 0.0 0.0 0.0 1.0 0.0 00 0.0 1.0 - -
1200 100 10 1.0 0.0 0.0 00 00 0.0 1.0 -
+ 618 DMSO. 100 0.0 2.0 20 1.0 0.0 0.0 0.0 4.0
300 100 0.0 30 0.0 00 0.0 4.0 0.0 3.0 -
60.0 100 3.0 50 6.0 5.0 0.0 0.0 0.0 11.0 + +
120.0 76 1.3 14.5 434 211 0.0 0.0 0.¢ - 60.5 +
CHO cells
59 Treatment Dose Total Simple aber. Complex aber. Total aber, Evaluation
mix  tme(®)® (pg/m)  cells Noscell  %oells  Nogoell  %eells  Nogeell  %oells  Each  Owerall
- 8-12 Medium 200 0.01 10 0.02 1.5 0.03 2,5
) ' DMSO 200 0.02 2.0 0.01 1.0 0.03 3.0
14.8 200 0.01 0.5 0.01 10 .02 1.5 -
373 200 0.04 3.0 0.01 05 .05 35 -
750 71 0.07 56 0.00 00 0.07 56 - -
C 1120 0 TOX
+ 2-18 Medivm 200 0.0 1.0 0.01 1.0 0.02 2.0
DMSO 200 0 1.0 0.01 1.0 002 1.5
R6.8 200 0.03 25 0.01 0.5 0.03 3.0 -
175.0 25 0.48 16.0 0.2¢ 120 1.08 280 +
262.5 10 0.70 0.0 0.20 10.0 5.90 80.0 + +
350.0 0 TOX

£61



(7] o-PHENYLENEDIAMINE (95-54-5) M.W.: 108.15

6l

CHL cells
s9 Treatment Dose Total Polyploid Frequency of aberrant cells (%) © Evaluation
mix time (h) * (ug/ml) cella () g ctb cte frg csh cse total Each Overall
- 24.0 DMSO 100 0.0 00 0.0 0.0 0.0 0.0 0.0 [131]
15 100 0.0 0.0 00 1.0 0.0 0.0 00 1.0 -
30 100 0.0 0.0 50 6.0 0.0 0.0 0.0 90 + +w
6.0 100 0.0 3.0 6.0 30 0.4 6.0 0.0 14.0 +
- 45-0 DMSO 100 10 0.0 1.0 0.0 0.0 0.0 0.0 1.0
15 100 0.0 1.0 0.0 1.0 0.0 0.0 0.0 2.0 -
30 100 0.0 50 6.0 6.0 0.0 0.0 0.0 15.0 + +
60 100 0.0 20 15,0 18:0 0.0 1XH 0.0 240 +
- 6-18 DMSO 100 6.0 1.0 0.0 0.0 0.0 0.0 0.0 1.0
6.2 100 140 00 0.0 4.0 0.0 0.0 0.0 4.0 -
12.5 100 0.0 0.0 20 2.0 00 0.0 0.0 40 — +w
25.0 100 0.0 20 5.0 4.0 0.0 0.0 0.0 10.0 +
-+ 6-18 DMSO 100 0.0 10 0.0 0.0 0.0 0.0 0.0 10
> 62 100 0.0 0.0 0.0 00 ° 00 0.0 0.0 0.0 -
N 125 100 0.0 0.0 0.0 20 0.0 0.0 0.0 20 - e
25.0 100 o0 28 10 1.0 0.0 0.0 0.0 4.0 -
CHO cells
§9  Trehtment Dose Total Simple aber. Complex aber. Total aber. Evaluation
mix time () © (ug/mi) oells No./celk % cells No./cell % cells No./eell % oclls Each Overall
- 8.12 Medium 200 ¢.02 1.5 0.01 0.5 0.02 2.0
DMSO 200 0.02 10 0,00 0.0 0.02 1.0
1.5 200 .10 6.0 0.03 kR 0.23 9.0 +
113 200 221 1640 0.07 4.5 0.33 19.0 + +
15.0 180 0.27 160 0.05 30 0.52 230 +
+ 2-18 Medium 200 0.02 13 0.01 0.5 002 2.0
DMSO 200 0.02 15 ool 10 0.03 25
25130 200 011 9.5 0.03 25 0.3% 13.0 +
37500 200 G.05 435 601 0.5 0.15 6.0 - +
- 5000.0 200 0.09 6.5 Q.02 190 0.36 9.5 +

LT T L L e L L L L]

[LETE NPPERR PN

TP

grrreraarae




€91

(8] m-PHENYLENEDIAMINE (108-45-2) M.W.: 108.15

CHL cells
59 Treatment Dosc Total Palypicid Frequency of aberrant czlls (%) ® Evaluation
mix  time(h)" (pg/mh)  cells %) og ot cte fg b  cx  twl  Each  Overall
- 24-D DMSO 100 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0
15.0 . 100 0.0 20 3.0 0.0 0.0 0.0 0.0 7.0 +
30.0 100 1.0 0.0 Lo 6.0 0.0 0.0 00 7.0 + *
. 60.0 0 ' TOX
- 48-0 DMSC 100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
15.0 100 0.0 0.0 6.0 110 0.0 00 1.0 16.0 +
30.0 100 0.0 40 80 150 0.0 0.0 0.0 21.0 + +
60.0 0 TOX
- 618 DMSO 100 0.0 1.0 0.0 0.0 0.0 0.0 0.0 1.0
62.5 100 0.0 0.0 0.0 20 0.0 0.0 0.0 20 -
125.0 100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - +
250.0 92 1.1 22 i1 3.3 0.0 0.0 0.0 54 +
+ 6-18 DMSO 100 0.0 20 0.0 0.0 0.0 0.0 0.0 2.0
62.5 100 0.0 20 50 30 0.0 0.0 0.0 8.0 1
1250 100 0.0 0.0 12,0 90 0.0 0.0 0.0 17.0 + +w
250.0 0 TOX
CHO cells
59 Treatment Dose Total Simple aber, Complex aber. Total aber. Evaluation
mix time (h) © (#g/m)) cells . ‘No.jeell  cells No./ccll % cells No./cell 3 cells Rach Overall
- 7 812 Medium - 200 0.01 0.5 0.00 0.0 0.01 0.5
DMSO 200 0.02 15 0,01 05 0.02 1.5,
2465 100 0.46 280 0.09 50 >0.75 31.0 +
502.5 100 0.43 240 0.12 110 > 0.85 32.0 +
747.0 25 0.96 52,0 024 120 >2.00 64.0 + +
1000.0 0 TOX
+ 2-10 Medium 200 0.03 2.5 0.00 0.0 0.03 25
DMSO 200 0.02 1.5 0.01 10 003 25
2513.0 200 0.04 2.5 003 2.5 0.07 45 -
3750.0 200 0.03 20 0.01 L0 0.04 2.5 - -
5000.0 200 0.04 3.0 0.04 35 0.08 6.0 -
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[9] 2,6-TOLUENEDIAMINE DIHYDROCHLORIDE (15481-70-6) M.W.: 195,11

.CHL cells
59 Treatment Dose Total Polyploid Freguency of aberrant cells (%) ® Evaluation
mix time (b) * (pg/mD cells (%) ctg ctb cte frg csb cse toral Each Overall
- 24-0 Saline 100 1.0 0.0 0.0 0.0 0.0 1.0 1.0 1.0
125.0 100 0.0 1.0 40 5.0 0.0 1.0 0.0 10.0 +
250.0 100 0.0 1.0 5.0 4.0 0.0 1.0 0.0 9.0 + +
500.0 100 0.0 4.0 3.0 14.0 0.0 00 00 - 150 +
- 48-0 Saline 100 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0
125.0 160 10 0.0 1.0 40 0.0 1.0 1.0 70 +
250.0 100 0.0 2.0 7.0 17.0 0.0 2.0 0.0 23.0 + +
500.0 100 00 20 149 470 0.0 0.0 00 570 +
- 6-18 Saline 100 0.0 0.0 1.0 0.0 0.0 0.0 0.0 1.0
500.0 100 0.5 30 0.0 4.0 0.0 0.0 090 6.0 +
1000.0 100 1.0 1.0 0] 80 0.0 0.0 0.0 9.0 + +w
1500.0 100 0.0 20 2.0 6.0 0.0 1.0 0.0 10.0 +
+ 6-18 Saline 100 1.0 1.0 0.0 0.0 0.0 0.0 0.0 1.0
> 5000 100 0.0 30 0.0 0.0 0.0 00 0.0 30 -
> 1000.0 100 0.0 20 00 7.0 0.0 0.0 0.0 90 + +
15000 100 0.0 7.0 120 204. 00 10 04 280 +
CHO cells
59 Treaiment Dose Total Simple aber. Complex aber. Total aber. Bvaluation
mix time () © (pg/ml)  cells No. /cell Foells  Nojeell % cells No./cel % cells Each Overall
- 14.5:2.5 Medium 200 0.01 05 0.00 0.0 0.01 0.5
250.0 200 0.08 7.5 0.00 0.0 0.08 7.5 +
© 500.0 200 0.05 45 0.01 0.5 0.05 50 +
1000.0 200 0.13 9.5 0.05 40 018 12.0 + +
1500.0 104 0.44 26.0 0.04 38 0.48 28.8 +
+ 2-11 Medium 200 001 0.5 .00 0.0 0.01 0.5
500.0 200 0.01 1.0 0.01 0.5 0.02 1.5 -
1000.0 200 0.04 25 0.00 0.0 0.04 25 -
1500.0 200 0.01 1.0 0.00 0.0 0.01 1.0 - -
3000.0 0 TOX

ELTIE LN FTITELEELLE LIRS At T

S T TP Oy YPPP T T pErRppp e LI SRR T IVETITT T ELIRPTRIPRER SUR T S

PO e Y TP R

961



GI1

[10] ¥, N-DIMETHYL-p-PHENYLENEDIAMINE (99-98-9) M.W.: 136.20

CHL cells
S9 Treatraent Dose Total Polyploid Frequency of aberrant cells (%) * Evaluation
mix time () * (kg/mil} cells *® cig ctb et frg csb cse total Each Overall
~ 24-0 DMSO 100 0.0 g 0.0 00 0.0 0.0 00 0.0
25 100 0.0 0.0 0.0 16 0.0 0.0 0.0 140 —
50 100 0.0 00 20 4.0 0.0 0.0 04a 3.0 + +
1040 92 1.0 31 13.3 71 0.0 0.0 0.0 21.4 +
- 480 DMSO 100 0.0 0.0 0.0 0.0 0o 0.0 00 4.0
25 100 20 0.0 0.0 1.0 0.0 0.0 1.0 20 -
50 100 0.0 c0 0.0 0.0 00 0.0 0.0 0.0 - -
10.0 100 14 190 0.0 30 0.0 0.¢ 0.0 4.0 -
— 6-18 DMSO 100 10 - 10 | 0.0 0.0 20 0.0 0.0 1.0
5.0 100 30 0.0 1.0 3.0 00 0.0 0.0 40 —
10.0 100 1.0 20 110 2.0 0.0 0.0 8.0 17.0 + -+
200 100 30 6.0 10.0 6.0 0.0 0.0 0.0 19.0 +
+ 6-18 DMSC 10 00 0.0 0.0 10 0.0 0.0 0.0 | X
50 100 00 10 0.0 0.0 0.0 0.0 0.0 10 -
10.0 100 2.0 00 0.0 0.0 0.0 0.0 00 20 - . +
20.0 100 1.0 0.0 1.0 4.0 0.0 0.0 0.0 390 *
CHO cells
59 Treatment Dose Total Simple aber. Complex aber. Total aber. Evaluation
mix - time (h)*® (ug/mi) cells No./cell % cells No./cell % cells No./cell % cells Each -  Overall
- 10-2.5 DMSO 200 0.01 035 0.00 00 0.01 0.5
50 200 0.00 0.0 0.00 00 060 0.0 -
10.0 200 .01 0.5 0.00 00 .01 0.5 - -
3040 155 0.05 39 001 0.6 0.05 4.5 +
+ 2-11.5 DMSO 200 0.01 0.5 .00 00 0.01 0.5
500 200 0.00 0.0 Q.00 0.0 0.00 0.0 -
100.0 200 0.01 - 140 0.01 0.5 0.0z 1.5 - -
1600 200 ¢.02 1.5 4.00 0.0 0.02 15 -
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[11_] N NN’ N .TETRAMETHYL-p»-PHENYLENEDIAMINE (100-22-1) M.W.: 164.24

861

CHL cells
59 Treatment Dose Total Polyploid Frequency of sberrant cells (%) Evalunation
mix time (k) * (ps/ml) cells (%) cig ctb cte frg csh cse total Each Overall
— 24-0 DMSO 100 0.0 0.0 0.0 1.0 0.0 0.0 0.0 1.0
50 100 1.0 1.0 20 3.0 00 0.0 00 3.0 +
100 100 0.0 5.0 139 6.0 0.0 0.0 0.0 18.0 + +
150 100 1.0 15.0 250 16.0 0.0 0.0 0.0 320 +
- 430 PMSO 100 1.0 0.0 0.0 0.0 0.0 0.0 00 0.0
50 100 0.0 4.0 1.0 0.¢ 0.0 1.0 0.0 20 -
10.0 100 1.0 3.0 7.0 8.0 0.0 0.0 1.0 160 + +
15.0 100 0.0 o0 10.¢ 13.0 0.0 0.0 0.0 20 +
— 6-18 DMSO 100 0.0 10 0.0 0.0 0.0 L0 0.0 1.9
10.0 106 00 20 0.0 0.0 0.0 0.0 0.0 20 -
200 100 0.0 3.0 20 - 4.0 0.0 0.0 09 3.0 + +w
3040 100 0.0 3.0 1.0 80 0.0 00 0.0 11.0 +
+ 618 DMSO 180 1.0 1.0 0.0 4.0 0.0 0.0 0.0 1.0
100 106 10 20 0.0 1.0 0.0 0.0 0.0 30 -
200 100 1.0 50 100 11.0 0.0 0.0 0.0 18.0 e +w
0.0 100 2.0 1.0 3.0 7.0 00 0.0 0.0 8.0 +
CHO ceils
59 Treatment Dose Total Simple aber. Complex aber. Total aber. Evaluation
mix  time () © (pg/ml) - oells No./cel  %oells  Nojeel  %eells  Nogesll  %oells  Bach  Overal
- 10-2.5 DMSO 200 0.01 0.5 0.00 0.0 0.0 0.5
160 200 0.01 1.0 000 0.0 0.01 1.0 -
30,0 200 0.00 0.0 0.00 0.0 0.00 00 - +w
) 50.0 200 0.08 6.0 0.01 05 0.09 65 +
+ 2115 DMSO 200 001 0.5 0.00 0.0 001 G5
300 200 0.02 15 0.02 1.0 003 25 —
50.0 200 0.04 2.5 0.06 35 0,10 55 -+ +
100.0 200 015 10.5 020 120 0.36 209 +
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[12) N, N-DIETHYL-p-PHENYLENEDIAMINE (93-05-0) M.W.: 164.28

CHL cells
s9 Treatment Dose Total Polyploid Frequency of aberrant cells (%) ® Evaluation
Toix time (b) * (ng/ml) cells %) ctg ctb cte frg csb cse total Each Overall
- 24-0 DMSO 100 1.0 1.0 00 0.0 0.0 0.0 0.0 1.0
0.6 100 0.0 0.0 00 10 0.0 0.0 0.0 1.0 -
1.2 100 9.0 6.0 24 1.0 0.0 0.0 0.0 20 - +w
2.5 100 0.0 9.0 19.0 120 1.0 0.0 0.0 24.0 +
- 48-0 DMSO 100 0.0 190 0.0 0.0 0.0 0.0 0.0 1.0
0.6 100 0.0 10 0.0 0.0 0.0 0.0 0.0 1.0 -
1.2 100 0.0 0.0 0.0 0.0 0.0 1.0 0.0 1.6 - -
: 23 - 100 00 1.0 1.0 0.0 0.0 1.0 0.0 3.0 -
- 6-18 DMSO 100 0.0 1.0 0.0 0.0 0.0 00 0.0 10
25 100 0.0 00 0.0 10 0.0 0.0 0.0 10 -
50 100 00 290 8.0 490 0.0 040 0.0 10.0 -+ +
10.0 93 2.2 1.1 151 16.1 0.0 0.0 0.0 24.7 +
-+ 6-18 DMSO 100 0.0 0.0 0.0 1.0 0.0 0.0 0.0 L0
25 100 0.0 20 a4 0.0 0.0 0.0 1.0 3.0 -
50 100 00 20 040 1.0 0.0 0.0 0.0 30 — -
10.0 100 00 3.0 0.0 1.0 0.0 0.0 0.0 30 -
CHO cells
S59 Treatment Dose Total Simple aber. Complex aber, Total aber. Evaluation
mix time (b) * (pg/mi) cells No. /cell % cells No./cell % cells No. /cell % celis Bach Overall
- 10-2.5 DMSO 200 0.01 10 a.c0 0.0 0.01 19
10.0 200 0.03 2.5 0.02 20 .05 4.5 -
16.0 200 0.01 1.0 0.18 15.5 a.19 16.5 +
20.0 200 0.08 6.0 0.00 00 (.08 6.0 + +
+ 2-11.5 DMSO 200 0.02 1.5 0.00 0.0 0.02 1.3
30.0 200 0.00 0.0 0.00 0.0 0.00 0.0 -
50.0 200 0.01 10 0.00 0.0 0.01 190 -
100.0 200 0.01 0.5 0.01 0.5 0.01 - 1.0 - —
160.0 0 TOX
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{13] N, N’ -Di-sec..BUTYL-p-PHENYLENEDIAMINE (101-86-2) M.W.: 220.40

002

CHL cells
39 Treatment Dose Total Polyploid Frequency of aberrant cells (%) * Evaluation
mix time (h) * (ng/mb cells (%) ag ctb cte frg csb cse total Each Qverall
- 240 DMSO 100 20 0.0 0.0 0.0 0.0 0.0 4.0 0.0
0.5 100 0.0 2.0 (L)) 0.0 0.0 (VX 1] 0.0 0.0 -
1.0 100 1.0 1.0 1.0 1.0 0.0 0.0 0.0 34 - +
2.0 100 20 1.0 1.0 5.0 0.0 0.0 00 5.0 +
- 480 DMSO 100 0.0 4.0 Q.0 0.0 G.0 0.0 0.0 0.0
(153 100 00 0.0 0.0 1.0 0.0 0.0 0.0 1.0 -
1.0 100 20 0.0 040 0.0 0.0 0.0 0.0 0.0 - —
20 100 1.0 1.0 0.0 00 0.0 0.0 00 1.0 -
— 6-18 DMSO 160 0.0 1.0 0.0 0.0 0.0 Q.0 0.0 1.0
1.0 100 1.0 0.0 a0 0.0 0.0 0.0 0.0 0.0 -
20 100 0.0 20 10 1.0 0.0 0.0 0.0 40 - +
40 100 10 5.0 0.0 290 0.0 0.0 1.0 8.0 +
+ . 6-18 DMSO 100 0.0 1.0 0.0 10 0.0 0.0 0.0 2.0
1.0 100 00 1.0 0.0 0.0 0.0 0.0 00 1.0 -
2.0 100 1.0 0.0 - 0.0 0.0 0.0 0.0 00 0.0 — —
40 100 0.0 0.0 1.0 0.0 0.0 0.0 0.0 1.0 -
CHO ezlls
89 Treatment Dose Total Simple aber. Complex aber, Total aber. Evaluation
mix time () * (pg/mb) cells No. /cell % cells No./cell % cells No./cell % cells Each Overall
- 10-2.5 DMSO 200 001 0.5 0.00 0.0 0.01 2.5
10 200 .00 0.0 0.00 0.0 0.00 0.0 -
1.6 200 0.00 0.0 0.00 Q.0 0.00 0.0 -
30 200 .01 0.5 0.01 0.5 0.01 1.0 - -
50 50 - 0.00 0.0 0.00 0.0 0.00 0.0 -
+ 2-11.5 DMSD 200 0.02 1.5 0.00 0.0 0.02 15
5.0 200 0.01 1.0 0.00 0.0 0.01 10 -
10.6 200 0.01 0.3 0.00 0.0 0.01 Q5 -
16.0 200 0.0 0.5 0.00 0.0 0.01 Q.5 - -
30.0 200 2.00 0.0 0.00 0.0 0.00 0.0 -
50.0 0 TOX
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{14] N, ¥"-DIPHENYL-p-PHENYLENEDIAMINE (74-31-7) M.W.: 260.34

CHL cells
S9 Treatment Dose Total Polyploid Frequency of aberrant celis (%) ® Evaluation
fux time (k) * (ke/ml) cells (%) ctg ctb cte kg csh cie total Each Qverall
- 240 DMSO 100 0.0 10 1.0 0.0 0.0 0.0 0.0 2.0
18 100 0.0 0.0 9.0 6.0 0.0 0.0 0.0 12.0 +
3.7 100 0.0 5.0 17.0 220 0.0 0.0 0.0 32.0 + +
7.5 0 TOX
- 48-0 DMSO 100 1.0 09 0.0 0.0 0.0 0.0 0.0 0.0
: 1.8 100 2.0 3.0 10.0 230 0.0 0.0 0.0 270 +
37 100 1.0 5.0 3090 63.0 0.0 0.0 0.0 63.0 - ¥ +
15 0 TOX
- 6-18 DMSO 100 0.0 10 0.0 0.0 0.0 00 0.0 Lo
3.7 100 0.0 20 1.0 00 0.0 00 0.0 30 -
75 100 0.0 00 10 50 0.0 0.0 0.0 6.0 + +
150 100 0.0 20 10 50 0.0 0.0 0.0 7.0 +
-+ 618 DMSO 100 0.0 - 0.0 00 0.0 0.0 0.0 0.0 0.0
3.7 100 1.0 1.0 1.0 0.0 0.0 00 0.0 20 -
15 100 1.0 20 0.0 0.0 0.0 0.0 1.0 3.0 - -
15.0 100 2.0 20 0.0 20 0.0 00 0.0 3.0 -
CHO cells
59 Treatment ' Dose Total Simple aber. Complex aber. Total aber. Evaluation
mix , tme(h)® (ng/ml) cells No./cell % cells No./cell % cells No./esll % cells Bach  Overall .
- 10-2.5 DMSO 200 0.01 10 0.01 1.0 0.01 10
100 200 0.03 3.0 0.01 1.0 0.04 40 -
16.0 200 0.02 20 0.00 0.0 0.02 2.0 - -
30.0 200 0.04 40 0.01 10 0.04 40 -
+ 2110 DMSO 200 0.01 1.0 0.00 0.0 0.01 1.0
50.0 200 0.03 3.0 0.00 0.0 0.03 3.0 -
100.0 200 0.02 2.0 0.00 0.0 0.02 20 - -
160.0 200 0.03 3.0 0.00 0.0 0.03 3.0 -
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[15] N,N'-DI-2-NAPHTHYL-p-PHENYLENEDIAMINE (93-46-9) M,W.: 360.48

CHI. cells
s Treatment Dose Total Polyploid Frequency of aberrant cells (%) " Evaluation
fmix time (b) ® (ng/mb cells (%) otg cth cte frg csb cse  total Each Owerall
- " 240 DMSO 100 0.0 1.0 - 00 0.0 0.0 0.0 0.0 1.0
500.0 100 1.0 0.0 5.0 3.0 0.0 0.0 0.0 8.0 +
1000.0 100 0.0 0.0 50 100 0.0 0.0 00 14.0 + -+
. 1500.0 100° 0.0 2.0 60 8.0 0.0 0o 10 15.0 +
— 48-0 DMSO 100 1.G 1.0 0.0 0.0 00 0.6 0.0 10
500.0 100 oG 3.0 80 11.0 0.0 0.0 0.0 16.0 +
1000.0 100 1.0 3.0 6.0 110 0.0 0.0 0.0 17.0 + +
1500.0 100 1.0 4.0 14.0 26.0 0.0 0.0 0.0 370 +
- ¢-18 DMSO 100 3.0 a.c 00 0.0 0.0 00 0.0 a.0
2509 100 0.0 1.0 20 1o 00 0.0 0.0 5.0 +
500.0 100 10 0.0 4.0. 6.0 0.0 0.0 0.0 7.0 = +
1000.0 100 1.0 .0 20 6.0 0.0 0.0 0.0 7.0 + o
+ 6-18 DMSO 100 0.0 10 0.4 0.0 0.0 0.0 00 1.0 ~
250.0 100 0.0 0.0 20 9.0 0.0 0.0 0.0 20 - -
500.0 100 0.0 10 o 30 0.0 0.0 0.0 6.0 + +
1000.0 100 20 10 40 1.0 0.0 0.0 0.0 6.0 +
CHO cells .
59 Treatment Dose Total Simple aber. Complex aber, Total aber. Evaluation
mix  time (B)* (pg/mh - cells Nojoell  %oells  Nogesll  %oels  Nagesh - %oells  Each  Overall
- 10-2.5 DMSO 200 0.01 140 0.01 1.0 0.01 1.0
500.0 200 0.0 10 0.01 1.0 0.02 20 -
1000.0 200 0.01 10 0.00 0.0 001 10 - -
1600.0 200 0.00 0.0 0.00 0.0 0.00 0.0 -
+ 2-11.0 DMSO . 200 0.01 1.0 0.00 0.0 0.01 1.0
160.0 200 0.01 1.0 0.01 1.0 001 1.0 -
300.0 200 n.01 1.0 0.00 0.0 0.01 1.0 -
N 5000 200 0.01 1.0 0.01 1.0 0.02 2.0 - -

1000.0 0 ‘ TOX
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[16) N-PHENYL-1-NAPHTHYLAMINE (0-30-2) M.W.: 219,30

'CHL cells
$9 Treatment Dose Total Polyploid Frequency of aberrant cells (%) ® Evaluation
o time (h) * {pg/ml) oells (%) cig cth cle frg csb cse total Each Qwerall
— 24-0 DMSO 100 0.0 0.0 0.0 0.0 0.0 040 0.0 0.0
15 100 1.0 0.0 1.0 0.0 00 1.0 0.0 1.0 -
150 100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - -
300 100 08 1.0 00 0.0 0.0 0.0 0.0 1.0 -
- 48-0 DMSO 100 2.0 1.0 0.0 0.0 0.0 0.0 0.0 1.0
15 100 0.0 0.0 0.0 1.0 0.0 0.0 0.0 1.0 -
15,0 100 1.0 0.0 0.0 0.0 0.0 1.0 1.0 1.0 - -
30.0 100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -
- §-18 DMSO 100 0.0 1.0 10 1.0 0.0 0.0 0.0 30
15.6 100 0.0 20 0.0 0.0 0.0 0.0 0.0 20 -
313 100 0.0 0.0 0.0 00 0.0 0.0 0.0 00 - -
62.5 100 3.0 0.0 0.0 10 0.0 0.0 0.0 1.0 -
+ 6-18 DMSO 100 0.0 10 00 . 00 0.0 0.0 0.0 1.0
156 100 1.0 0.0 2.0 20 0.0 0.0 0.0 40 -
31.3 0 : TOX -
62.5 0 TOX
CHO cells
59 Treatment Dose Total Simple aber. Complex aber. Total aber. Evalvation
mix time (h) © (peg/mI) cells No./cell Feells  Na./scell % ceils No. fcell % cells Each Overall
- 8-2.5 DMSO 200 0.03 10 0.01 10 0.04 3.0
3.0 200 0.06 5.0 0.01 10 0.07 6.0 -
100 200 0.05 3.0 0.00 0.0 0.05 a0 -
299 200 0.04 40 0.01 1.0 0.10 50 - -
49.8 0 TOX
+ 2.18 DMSO 200 6.02 2.0 0.00 0.0 0.02 1.5
10.0 200 . 005 40 0.02 2.0 0.07 5.0 -
149 200 0.04 40 0.0 1.0 0.05 35 —
199 200 0.04 2.0 0.02 2.0 0.07 49 - -
29.8 0 TOX

£0T
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(17} ¥-PHENYL-2-NAPHTHYLAMINE (135-88-6) M.W.: 219.30

CHL cells
89 Treatment Dose Total Polyploid Frequency of abeerant cells (%) © _ Evaluation
mix time (h) * {pg/ml) cells * cig ctb cle frg csb cse total Each Overall
- 24-0 DMSO 100 0.0 1.0 1.0 0.0 0.0 0.0 0.0 20 '
1.5 100 0.0 0.0 10 0.0 0.0 0.0 0.0 1.0 -
15.0 100 3.0 1.0 0.0 - 0.0 0.0 0.0 1.0 2.0 - -
30,0 100 20 1.0 0.0 1.0 00 0.0 0.0 20 -
- 480 DMSO 100 .0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
7.5 100 0.0 1.0 10 0.0 0.0 6.0 0.0 20 -
15.0 100 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 - -
30.0 0 TOX
- 6-18 . DMSO 100 0.0 0.0 0.0 0.0 6.0 0.0 0.0 0.0
300 100 10 9.0 0.0 0.0 0.0 0.0 0.0 0.0 -
60.0 100 30 2.0 0.0 00 040 1.0 00 30 - -
90,0 100 00 20 00 2.0 0.0 0.0 0.0 4,0 -
+ 6-18 DMSO 100 0.0 20 0.0 040 0.0 0.0 00 20
3 - 300 100 0.0 20 1.0 40 0.0 00 00 50 +
N 60.0 100 0.0 5.0 3.0 50 0.0 0.0 0.0 11.0 + +w
90.0 100 0.0 7.0 4.0 6.0 0.0 0.0 0.0 (140 +
CHO cells
59 Treatment Daose Total Simple aber. Complex aber. ‘Total aber, Evaluation
mix time (h) © (pg/ml) cells No. /eell % cells No. /cell % cells No./cell % cells Each Overall
- 825 DMSO 200 0.02 1.0 0.02 20 0.04 30
30 200 0.01 1.0 0.00 0.0 .01 1.0 -
9.9 ‘ 200 0.02 1.5 0.01 0.5 0.02 20 -
297 200 0.01 0.5 0.00 0.0 0.01 Q.5 - - -
- 49.5 0 TOX
-+ 2-10 DMSO 200 0.05 50 0.01 1.0 0.06 6.0
30 200 0.06 50 0.0 05 0.06 5.5 —
99 200 0.03 20 0.01 0.5 0.03 23 -
29.7 200 0.08 6.5 0.01 0.5 0.18 8.0 — -
49.5 0 TOX -
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(18] p-ISOPROPOXYDIPHENYLAMINE (101.73-5) M.W.: 227.33

CHL cells
S9 Treatment Dose Total Polyploid Frequency of aberrant cells (%) ® Evaluation
mix time (k) * {ug/mil} cells ) ctg cth cte frg csb cse total Each Overall
- 240 DMSO 100 - 0.0 09 0.0 0.0 0.0 0.0 0.0 0.0
: 1.5 104 0.0 20 0.0 0.0 0.0 0.0 0.0 [$EL -
15.0 100 - 0.0 1.0 0.0 2.0 0.0 1.0 0.0 4.0 - +
30.0 100Q 0.0 10 4.0 4.0 00 0.0 4.0 90 +
- 48-0 DMS0O 100 20 10 0.0 0.0 0.0 0.0 0.0 1.0
7.5 100 0.0 00 1.0 0.0 0.0 Q.0 1.0 20 -
150 100 1.0 1.0 1.0 1.0 0.0 0.0 14 40 - +w
300 100 0.0 30 5.0 80 Q.0 00 0.0 150 +
- 6-18 DMSO 100 20 0.0 0.0 00 0.0 0.0 0.0 0.0
15.6 100 20 0.0 0.0 10 0.0 0.0 0.0 1.0 -
31.3 100 0.0 1.0 10 20 0.0 0.0 0.0 4.0 — +
62.5 100 3.0 0.0 0.0 6.0 0.0 0.0 0.0 60 +
+ 5-18 DMSO 100 0.0 10 0.0 0.0 0.0 0.0 Q.0 1.0
15.6 100 0.0 1.0 0.0 2.0 0.9 0.0 0.0 3.0 —
31.3 100 0.0 4.0 2.0 30 0.0 0.0 0.0 8.0 + +
62.5 0 TOX
CHO cells
89 Treatment Dose Total Simple aber. Complex aber. Total aber. Evaluation
mix time (h) ° (pg/ml)  cells Noycell  ®oslls  Nojeell % cells No./cell % celis Each  Overall
- 8-2.5 DMS0 200 0.03 20 000 0.0 0.03 2.0
1.5 200 0.03 25 0.00 0.0 0.03 2.5 -
50 200 0.01 0.5 0.00 0.0 0.01 2.5 -
15.0 200 002 1.5 0.00 0.0 0402 1.3 — -
498 28 0.00 0.¢ 0.00 ' 0.0 0.00 T a0 —
+ 2-10 DMSO 200 0.05 3.5 0.03 1.5 0.07 4.0
' 150 200 0.05 4.0 0.05 4.5 0.15 30 -
200 200 011 9.0 . 010 8.0 031 17.5 + -
30.0 200 0.06 60 003 3.0 0.19 8.5 -

£0T
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[19) 4,4’-DIMETHOXYDIPHENYLAMINE (101-70-2) M.W.: 229.30

T

CHL cells
59 Treatment Dose Total Polyploid - Frequency of aberrant cells (%) ® Evaluation
X time (h) * (rg/mb) cells %) ctg ctb cte frg csb cse total Each Overall
- 24-0 DMSO 104 20 0.0 090 06 0.0 0.0 00 0.0
A 100 0.0 1.0 0.0 1.0 0.0 10 0.0 30, -
15.0 160 0.0 20 30 340 0.0 0.4Q 0.0 7.0 + +w
30.0 100 10 40 4.0 70 0.0 - 0.0 0.0 12.0 +
- 48-0 DMSO 100 0.0 0.0 0.0 . 0.0 0.0 0.0 0.0 ¢.0
15 100 0.0 _ 1.0 0.0 1.0 0.0 0.0 0.0 20 -
15.0 100 0.0 1.0 30 30 0.9 60 0.0 70 + +
300 100 0.0 40 13.0 240 0.0 6.0 0.0 110 +
- 6-18 DMSO 100 0.0 20 2.0 0.0 0.0 0.0 0o 4.0
1.5 100 40 1.0 0.0 0.0 040 0.0 0.0 1.0 -
150 100 30 0.0 1.0 1.0 0.0 1.0 0.0 3.0 - +w
300 100 120 0.0 40 70 0.0 00 0.0 10.0 +
+ 6-18 DMSO 100 0.0 0.0 0.0 - 00 0.0 0.0 00 0.0
1.5 100 00 1.0 0.0 0.0 0.0 0.0 0.0 1.0 -
150 100 3.0 0.0 0.0 20 0.0 00 0.0 20 - +w
300 100 0.0 2.0 3.0 17.0 0.0 0.0 1.0 21.0 +
CHO cells
§9 Treatment Dose Total Simple aber. Complex aber, Total aber. Evaluation
rix time (h) © {(rg/mb) cells ~ No./cell % cells No. /el % cells No./cell % cells Each Overall
- 812 DMSO 200 0.01 0.5 0.01 10 0.02 15
504.0 200 0.06 3.0 0.02 1.5 © 008 45 -
1501.0 200 0.04 35 0.05 20 0.08 4.5 - +w
2498.0 200 0.06 5.0 0.03 25 0.09 1.5 +
+ 2-10 DMSO 200 0.04 30 0.02 1.3 0.05 40
132.0 200 a.09 6.5 .08 7.5 a.22 i1.5 +
440.0 200 0.09 50 0.05 45 - 0.18 85 - +

13200 200 0.03 30 0.03 25 .06 5.5 -
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[20] 4,4-DIOCTYLDIPHENYLAMINE (101-67-7) M.W.: 393.72

CHL cells |
59 Treatment Dose Total Polyploid Frequency of aberrant cells (%) © Evaluation
o time (h) * (pg/mi) cells (%) cig ctb cte frg csb cse total Each Overall
- 24-0 Ethanol 100 0.0 1.0 1.0 10 0.0 0.0 0.0 3.0
1250 100 00 0.0 1.0 a0 0.0 0.0 1.0 20 -
2506 100 20 00 0.0 6.0 0.0 1.0 0.0 1.0 - -
500.0 100 1.0 1.0 1.0 10 00 0.0 00 30 -
- 48-0 Ethanol 100 10 0.0 0.0 0.0 0.0 0.0 1.0 1.0
1250 100 10 0.0 1.0 0.0 0.0 00 10 20 -
2500 100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 ¢ - -
500.0 160 00 20 A0 0.0 0.0 0.0 1.0 3.0 -
- 618 Ethanol 100 1.0 0.0 0.0 0.0 0.0 0.0 00 00 .
1250 100 0.0 30 0.0 0.0 0.0 0.0 0.0 30 . -
250.0 100 0.0 1.0 00 20 0.0 0.0 0.0 30 - -
500.0 100 00 0.0 G0 0.0 0.0 00 0.0 0.0 -
+ 6-18 Ethanol 00 0.0 0.0 0.0 0.0 0.0 0.0 00 00
125.0 100 0.0 0.0 0.0 1.0 0.0 0.0 0.0 1.0 -
250.0 100 0.0 0.0 0 0.0 0.0 0.0 0.0 0.0 — -
500.0 100 0.0 1.0 0.0 10 0.0 0.0 0.0 2.0 -
CHO cells
5 Treatment Dose Total Simple aber. Complex aber. Total aber. Evaluation
mix time () © {ug/ml) cells No. /cell % cells No. /oell % cells No./cell % cells Each Overall
- 825 Acetone 200 0.03 2.5 -0.01 0.5 0.03 3.0
4459 200 0,05 3.5 0.01 1.0 0.06 4.0 -
1340.0 200 0.03 2.5 0.01 1.0 0.04 3.5 - -
4450.0 200 0.03 25 0.01 1.0 0.04 35 -
+ 2-10 Acetone 200 o 15 0.01 1.0 0.03 20
445.0 200 0,01 0.5 0.01 0.5 0.01 1.0 -
1340.0 200 0.00 00 0.00 0.0 0.00 0.0 - —
44500 200 0.00 0o 0.00 0.0 0.00 0.0 -

Loz
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{21] N-NITROSODIPHENY LAMINE {86-30-6) M.W.: 198.24

80T

CHL cells
s9 Treatment Dose Total Polyploid Frequency of aberrant cells (%) * Evaluation
X time (h) * (ug/mi) cells #) elg ctb cte frg csb cse toral Each Overall
- 24-0 DMSO 100 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0
15.6 100 0.0 0.0 0.0 6.0 0.0 0.0 0.0 0.0 -
313 104G 1.0 1.0 . 0.0 0.0 0.0 0.0 0.0 1.0 - -
625 100 1.0 1.0 1.0 00 0.0 0.0 0.0 20 -
- 48-0 DMSO 100 0 1.0 0.0 0.0 0.0 00 0.0 1.0
15.6 100 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -
313 100 ¢.0 Q.0 0.0 00 00 0.0 0.0 0.0 - -
625 100 1.0 0.0 4.0 0.0 0.0 &0 0.0 4.0 -
- 618 DMSO 100 10 0.0 0.0 00 . 0.0 0.0 0.0 0.0
na3 100 0.0 00 1.0 0.0 00 0.0 0.0 10 -
€2.5 100 0.0 20 0.0 0.0 0.0 0.0 0.0 20 - -
125.0 0 : . TaX
+ 618 DMSO 100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
31.3 o0 a0 20 30 50 0.0 0.0 00 2.0 +
625 100 1.0 20 a0 15.0 0.0 0.0 0.0 19.0 + +
125.0 100 0.0 6.0 1.0 160 0.0 0.0 0.0 21.0 +
CHO cells
s9 Treatment Dase Total . Simple aber. Complex aber. Total aber, Evaluation
tix tinoe (k) © (rg/ml) cells No./cell % cells No./cell % cells No./cell % cells Each Ovesall
— g.2.5 DMBO 200 0.01 0.5 0.00 00 0.01 0.5
3.8 200 0.01 0.5 0.01 0.5 0.01 1.0 -
26.2 200 0.02 15 001 1.0 0.03 25 -
438 200 0.01 0.5 0.00 0.0 001 0.5 - -
87.5 100 0.02 2.0 0.00 00 0.02 2.0 -
1310 G TOX
+ 2-10 DMSO 200 0.04 35 0.01 0.5 0.04 4.0
153.0 200 0.03 25 0.03 5 0.06 40 -
3820 8l 0.04 3.7 6.00 0.0 0.04 3.7 -
1020.0 200 002 1.5 0.02 15 0.03 2.5 - -
1530.0 200 9.02 20 0.00 0.0 0.02 20 -
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[22] TRIS(2,3-EPOXYPROPYL)ISOCYANURATE (2451-62-9) M.W.: 297.27 ,
CHL cells : : ' .

8o Treatment Dose Total Polyploid Frequency of aberrant cells (5) ® Evaluation
mx tinoe (b) * {ng/ml) cells (%) ctg cth cte frg csh cse total Each Overall
- 240 DMSO 100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
12 100 00 8.0 26.0 63.0 0.0 0.0 0.0 74.0 +
2.5 100 20 17.0 43.0 890 0.0 0.0 0.0 94.0 + +
5.0 100 0.0 11.0 56.0 84.0 7.0 0.0 0.0 100.0 -+
- 48-0 DMSO 100 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1.2 100 2.0 9 450 86.0 1.0 0.0 30 © 920 +
2.5 0 ' TOX +
5.0 i : TOX
- 6-18 DMSO 100 0.0 10 0.0 0.0 0.0 0.0 0.0 1.0
12 100 0.0 80 8.0 41.0 0.0 0.0 0.0 480 +
2.5 100 Q.0 8.0 11.0 54.0 0.0 0.0 0.0 61.0 + +
: 50 100 1.0 14.0 18.0 780 0.0 Q.0 0.0 82.0 +
+ 6-18 DMSO 100 0.0 00 4.0 [1X1] 0.0 0.0 0.0 00
1.2 100 0.0 10 0.0 0.0 0.0 0.0 0.0 1.0 -
2.5 100 0.0 20 0.0 0.0 0.0 0.0 0.0 20 - -
50 160 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -
CHO cells
S9 Treatment Dose Total Simple aber. Complex aber, Total aber. Evaluaticn
mix time {h) © (r/mi) cells No./cell % oells No. /cell % cells No. /cell % cells Each Overall
- 8-2.5 DMSO 200 0.02 20 0.00 0.0 0.02 20
30 50 0.14 14.0 0.18 18.0 0.34 30.0 +
100 50 0.92 54.0 048 340 1.40 720 +
30,0 15 1.93 610 047 33.0 173 87.0 + +
50.0 0 . TOX
+ 2-10 DMSO 200 0.02 2.0 0.02 1.5 0.04 30
: 10.0 200 0.16 13.5 0.05 4.5 0.20 18.0 +
300 - 50 0.58 38.0 0.56 M0 1.34 2.0 + +
100.0 20 1.05 40.0 0.85 4040 5.90 85.0 +

60T



(23} TRIALLYL 1SOCYANURATE (1025-15-6) M.W.: 249.27

tina

CHL cells
89 Treatment Dose Total Polyploid Frequency of aberrant cells (%) ® Evaluation
mmx time (h} “ {pg,/ml) cells (%) clg ctb cte frg csb cse total Each Overall
- 24-0 DMSO 100 0.0 0.0 0.0 1.0 0.0 0.0 00 10
500.0 100 1.0 1.0 0.0 0.0 0.0 040 00 1.0 -
750.0 100 1.0 3.0 20 0.0 0.0 0.0 0.0 5.0 + +
1000.0 100 0.0 40 2.0 0.0 0.0 0.0 1.0 7.0 +
- 480 ‘DMSO 100 1.0 00 0.0 0.0 0.0 0.0 6.0 0.0
500.0 100 30 0.0 0.0 0.0 0.0 0.0 1.0 1.0 -
750.0 100 2.0 4.0 20 20 0.0 0.0 2.0 9.0 + +
10000 0 TOX
- 6-18 DMSO 100 2.0 0.0 1.0 1.0 0.0 0.0 0.0 20
250.0 100 0.0 0.0 10 0.0 0.0 00 0.0 10 -
500.0 100 1.0 00 0.0 0.0 0.0 0.0 0.0 0.0 - -
—_ 1000.0 100 . 10 1.0 0.0 0.0 0.0 10 0.0 2.0 -
o~ + 6-18 DMSO 100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
250.0 100 40 13.0 17.0 25.0 2.0 0.0 0.0 32.0 +
500.0 100 2.0 6.0 16.0 220 3.0 0.0 0.0 30.0 + +
1000.0 100 40 7.0 16.0 250 4.0 1.0 0.0 370 +
CHO cells
89 Treaunent Dose Total Simple aber. Complex aber. Total aber. Evaluation
mix time (h) © (pg/ml) cells No./cell % cells No. /eell % cells No./cell % cells Each Overall
- 8-2.5 DMSO 200 0.00 0.0 0.00 0.0 0.00 00’
146.0 200 0.00 0.0 0.00 0.0 0.00 0.0 -
485.0 200 0.01 05 . 0,00 0.0 0.01 0.5 - -
1460.0 200 0.00 0.0 0.01 0.5 ¢.01 0.5 -
+ 210 DMS0 200 0.05 4.0 0.00 0.0 0.05 40
2010 200 0.02 1.5 0.00 0.0 0.02 20 -
970.0 200 0.02 1.5 0.01 0.5 0.03 2.5 - -
20100 200 0.04 30 0.01 05 0.04 3.5 -
T Lhdaliiant &l -
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[24] CHROMIUM CARBONYL (13007.92-6) M.W.: 22007

CHL cells
89 Treatment Dose Total Polyploid Frequency of aberrant cells (%) ® Evaluation
mix time (h) * (pg/mil) cells (%) og - ctb cte frg csh cse total Each Overall
- 2440 CMC 100 0.0 1.0 0.0 0.0 Q.0 0.0 0,0 1.0
2000.0 100 10 20 1.0 0.0 0.0 00 1.0 4.0 -
4000.0 100 00 0.0 1.0 0.0 0.0 0.0 0.0 1.0 - -
8000.0 100 1.0 0.0 1.0 0.0 0.0 00 0.0 1.0 -
- 48-0 CMC 100 10 20 0.0 0.0 0.0 00 0.0 20
2000.0 100 0.0 1.0 a0 0.0 0.0 0.0 0.0 4.0 -
4000.0 100 1.0 1.0 0.0 0.0 0.0 00 00 1.0 - -
8000.0 10¢ © 0.0 2.0 0.0 0.0 0.0 0.0 00 20 -
- 6-18 CMC 100 0.0 20 Q.0 1.0 0.0 00 0.0 3.0
500.0 104 0.0 1.0 0.0 0.0 0.0 0.0 0.0 1.0 -
1000.0 100 0.0 00 1.0 1.0 0.0 4.0 0.0 20 — -
2000.0 100 0.0 3.0 0.0 0.0 0.0 0.0 0.0 30 -
+ 6-18 CMC 100 0.0 0.0 0.0 0.0 Q0 00 0.0 0.0
/ 500.0 100 0.0 20 1.0 1.0 00 00 0.0 4.0 -
1000.0 100 00 50 20 2.0 0.0 3.0 0.0 90 + +w
2000.0 100 0.0 9.0 840 20,0 0.0 0.0 0.0 270 +
CHO cells
59 Treatment Dose Total Simple aber, Complex aber, Total aber. Evaluation
mix time (b} © (ng/ml) cells No./cell % cells No./esll % cells No. /cell % cells Each Overall
- 8-2.5 Mediom 100 0.00 0.0 (.00 0.0 0.00 00
Acetone 100 Q.03 20 .00 0.0 0,03 290
75.0 100 0.00 0.0 0.00 0.0 0.60 0.0 -
100.0 100 0.02 20 0.00 0.0 o002 2.0 - -
1280 100 0.00 0.0 0.00 0.0 0.00 0.0 -
+ 2-10.5 Medivm 100 0.00 0.0 0.00 0.0 0.00 0.0
Acectone 100 0.02 20 0,00 0.0 0.02 . 2,0
75.0 100 0.01 10 0.00 0.0 0.01 1.0 -
100.0 100 0.02 2.0 0.01 1.0 0.03 20 - -
128.0 100 .07 50 0.00 00 0.07 50 -

11z
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[25) 1-(1,2-DIBROMOETHYL)-3,4-DIBROMOCYCLOHEXANE (3322-93-8) M.W.: 427,83

CHL cells
59 Treatment Dose Total Polyploid Frequency of aberrant cells (%) ° Evaluation
mix time (h) * (pg/mi) cells (%) ctg ctb cie frg csh cse total Each Overall
— 24.0 DMSO 100 0.0 040 4.0 0.0 Q.0 1.0 a0 0.0
300 100 00 10 1.0 0.0 0.0 0.0 0.0 2.0 -
60.0 100 10 131} 0.0 0.0 0.0 0.0 0.0 0.0 - —
1200 100 00 0.0 DO 0.0 0.0 0.¢ 0.0 0.0 -
- 480 DMSO 100 040 0.0 0.0 0.0 Q.0 0.0 0.0 00 ..
300 10¢ 00 00 0.0 0.0 0.0 0.0 0.0 X1} -
600 100 00 0.0 6.0 0.0 0.0 0.0 0.0 0.0 - -
126.0 100 00 0.0 10 1.0 0.0 0.0 0.0 20 -
- 6-18 DMSC 160 1.0 0.¢ 0.0 0.0 0.0 0.0 0.0 0.0
62.5 160 0.0 20 1.0 0.0 00 00 00 30 -
1250 100 0.0 20 0.0 1.0 0.0 0.0 0.0 3.0 - -
250.0 100 00 0.0 1.0 1.0 0.0 0.0 0.0 20 -
+ 6-18 DPMSO 100 10 3.0 0.0 0.0 0.0 0.4 0.0 3.0
62,5 100 0.0 1.0 2.0 20 0.0 00 0.0 50 +
s 1250 100 0.0 6.0 100 10.0 0.0 00 0.0 18.0 + +
o 250.0 87 00 57 19.5 19.5 0.0 © 00 0.0 29.9 +
CHO cells
59 Treatment Dose Total Simple aber, Complex aber. Total aber, Evaluation
mix time (h) ° (pg/mb)  cells No./cell %oells  Nosccl  %Beells  No.Jeell % cells Each = Overall
- 8.2.5 DMSO 100 0,02 2.0 0.00 oo 0.02 : 2.0
10.0 100 0.00 ’ 0.0 0.00 0.0 0.00 0.0 -
300 160 0.01 10 0.01 14 0.02 20 - -
, 100,0 100 0.01 1.0 0.00 40 0.61 1.0 -
+ 210 DMSO 100 0.0 0.0 0.00 0.0 0.00 0.0
300 100 001 1.0 - 000 0.0 0.01 1.0 -
100.0 100 0.00 0.0 0.00 00 0.00 0.0 - .-
1500 100 0.00 0.0 0.00 0.0 0.00 0.0 -
300.0 100 0.01 1.0 0.00 0.0 0.01 1.0 -

* Treatment time.recovery time,

® ¢, chromatid gaps (including chromosome gaps); ctb, chromatid breaks; <te, chromatid exchanges; frg, fragmentation; ¢sb, chromosome breaks; cse, chromosome
exchanges such as dicentric or ring chromosomes. '

 Treatment time-harvest time.
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