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Single Dose Oral Toxicity Test of 2-Amino-1-naphthalenesulfonic acid in Rats
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- Combined Repeat Dose and Reproductive/Developmental Toxicity Screening Test of
2-Amino- 1-naphthalenesulfonic acid by Oral Administration in Rats
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Table 1 Hématological examination of male rats (P) in combined repeat dose and reproductive/developmental toxicity screening
test of 2-amino-1-naphthalenesultonic acid by oral adminjstration ‘ '

Group Control 2-aring- [ -naphthalenesulfonic acid

Dose(mg/p} 0 2 A0 200 1000
Number of males 12 13 12 12 2

RBC (10F fmm®)] 9103 F 348 886.5 + 46.3 §9a.3 & 325 887.0 & 43.7 8732 1 546
Hemoglobin ()| 1592 & 0.53 1559 £+ 043 15.76 1 0.57 15.80 £ 0.38 1561 £ 0.55
Hematoerit (%} 4710 L 157 46,15 + 116 4645 + 147 46.26 1 0.97 4592 & - L47
MCV um'f  SL71 L L4) 52.14 + L1.86 52,07 & 153 5223 + 191 5.7 £ 217
MCH {pg) 1757 & 0.55 17.61 + 0.720 1767 £ 065 17.84 1 0.59 17.92 4+ 0.7}
MCHC (gfdl)] 3395 4 043 33.80 4 049 3392 & 046 35 027 3398 + 0.53
Platelet {10*/mm?)] 11035 E 1354 110.36 £ 8.37 103.51 & L1440 10482 + 1082 103.40 x I3.2d
Reticulocyle { %) 251 £ 5.5 4.8 4 3K 254 & 49 24.0 X 5.0 234 4 43
PT C(see)] 1507 A 246 1444 £ 132 1420 = 186 1592 + 1.81(11) [4.47 + L75
APTT - (sec) 2952 4 297 2826 4 293 28350 £ 278 265 + 20811y 2874 £ 227
Fibrinogen (mgidl}| 2400 + 29.| 247.2 & 164 I37.0 £ 206 2391 £ 541 2392 + 1Ll
WBC (10 65.8 & 16.0 64.2 £ 179 682 £ 374 56,0 + 204 67.5 + (9.0
Differentiat leukocyte (%) . :
Lymphecyte 91.5 = 44 90,7 £ 3.3 908 X 3.0 92.0 + 4.3 912 £ 432
Neutrophil 76 L 44 8.9 + 33 84 123 1.6 X 4.1 g1 %+ 38
Ensinophil 0.5 + 0.5 0.1 &+ 0.3 04 & 05 1'% 0.3 04 + 0.7
Basophil 0¢ 4 0.0 0.0 + 0.0 00 £ 00 0.0 % 0.0 0.0 + 0.0
Monoeyle 04 4+ 07 43 + 07 93 £ 03 0.3 X 0.5 03 + 0.5

Bach’ value shows mean+S.D.
Figuses in parentheses indicate number of mafes.

Table 2 Blood chemical examination of male rats (P) in combined repeat dose and reproductive/developmental toxicity screening
test of 2-amino-1-naphthalenesulfonic acid by oral administration

Group Control 2-zmino-1 -naphthalenesnlfonic acid

Dose(mgke) 0 8 40 200 1000
Number of males 12 12 2 12 12

GOT (IUN} 64.14 * 824 7341 + 16.26 64.26 + 4.41 68.51 = 14.25 7106 + 1328
GPT (aUm| 2095 + 233, 2261 £ GA8 2191 1 336 2203 * 507 2847 4 1130
1-GTP {Ium 0.00 * 000 0.00 &= 0.00 000 = 0.00 0.00 + 0.00 6.00 + 000
TF (ghil) 574 + 018 572 % 017 5.70 4+ 0.22 561 & 0.27 5.53 & 0.25
Albumin (gid)| 2852 £ 0.123 2903 + 0121 2900 + 0.100 2.871 + 0.138 2.886 & 0.157
T-Bit {mgfdly| 0065 £ 0015 0071 = 0.008 0074 + 0.012 0068 + 0014 0.096 L Q.OI3
BUN (mg/d}] 1972 £ 234 19.72 £ 2.18 1898 1 1.83 19.02 £ 220 17.87 £ 273
Creatinine {mg/dl}y 0.500 £ 0.073 04714 + 0039 0458 £ 0044 0451 £ 0.047 0449 L 0035
Glucpse (mg/dl)] 12462 + 13,72 123.78 £ 1368 130,25 £ 18.15 12146 & 11.18 11902 t 8.68
Na (mEqM| 14580 L+ 124 14577 = L31 14571 £ 1.74 14585 4 1.26 14553 + 1.32
K (mEq/)] 4233 = 0272 4312 X 0215 4209 T 0211 4245 + 0.168 4205 £ LI95
a (mEgM)] 10524 & 108 105.55 £ Q.82 10552 + 1.28 10575 & 1LO7 10508 £ 1.01.
G (mg/dl) 998 = 023 10.03 & 0.22 10,18 & 0.28 097 + 034 10.17 L 0.25
ip {mg/dly 627 + 074 634 + 0.42 6.22 It 0.73 629 & 0.74 687 1 061

Each value shows mean+8.D;
Significanily different from control (*+; P<0.01).
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Table 3  Absolute and relative organ weights of male rats (P)-in combined repeat dose and reproductive/developmental (oxicity
screening test of 2-atino-1-naphthalenesulfonic acid by oral administration

Group Control 2-aming-1-naphthalenesulfonic acid :
Dase{mg/kg} 0 3 40 200 , 1000
Number of males 12 12 12 12 12
Body weight & 4947 £ 24.8 4802 + 3382 493.9 + 26.6 4856 4 214 4782 + 26.4
Thymus (mg)} 356.11 X 8233 328.28 X 72,93 349.02 = 10154 29050 £ 45.01 305.75 = 9168
(mg%)| 7263 = 19.59 68.02 = [1.52 70.59 & 20.10 59.93 £ 955 6447 + 21.25
“Liver (g)| 13097 = 1.668 12369 & 1.334 i3.451 + 1.885 12,503 & 1.067 11477 + 1.082%
(g%)| 2641 £ 0244 2.576 £ 0183 2716 + 0285 2573 + 0.139 2398 £ 0.041% .
Kidneys (g 2953 & 0.231 3017 + 0222 T 2977 + 0354 3.020 + 0258 3,032 * 0.169
(g%)] 0.598 = 0.047 0.628 "X 0.039 0.603 + 0034 0824 = 0.055 0.635 + 0.043
Testes @] 3339 &£ 0184 3399 & 0230 3.527 &+ 0.263 3322 & 0.245 3.379 % (.141
(g%)] 0.675 & 0.038 0710 £ 0.053 0.715 £ 0057 0.685 + 0056 | 0708 % 0.037
Epididymides ®f 271 £ 0.079 1325 * pa22 1305 & 0.014 1322 + 0.083 1.279 + 0070
(g%} 0257 £ 0.012 0.278 + 0014 0.265 = 0026 0272 = Q.021 0.268 * 0.047

Each value shows mean-tS.D.
Sigmificantly different from centrol (*: p<0.05).

Table 4  Absolute and relative organ weights of dams (P) on day 4 of lactation in combined repeat dose and reproductive/
developmental toxicity screening iest of 2-amino-1-naphthalenesulfonic acid by orat administration
. Group : Control 2-amino-1-naphthalznesulfonic acid
Dose{mgficz) 0 $ 40 200 1900
Number of dams - 12 11 12 12 12
Body weigitt (g})| 3106 % 134 3029 = 200 3178 + 209 3166 > 18.2 3151  16.8
Thymus (mgy| 221.62 & 7045 20130 & 7054 22548 + 7202 23365 = 68.54 189,17 + 54.61
’ {mg%)| 71.26 = 2221 6535 £ 23.64 70.76 £ 2191 73.6F £ 20.13 60.04 L [7.20
Liver (2 13236 & 1409 12,549 + 1539 13.101 £ 1908 12291 £ 1.065 13.042 + 1429
(g%} 4.259 + 0.377 4051 £ 0442 4.105 =+ 0380 3881 £ 0.259 4,145 + 0476
Kidneys @] 2225 £ 02019 2000 + 0338 2.103 * 0326 2274 + 0331 2202 = 0244
’ (g%)f 0.716 £ 0.063 0.644 £ 0.107 0.688 £ 0.i27 0.720 = 0.102 0.700 * 0.076
Ovaries (mg} 104,47 3= 14.06 9080 + 1425 98.69 + 15.03 10809 = 16.09 L10292 & 1718
(mg)|  33.61 = 4.00 3227 + 452 3124 + 5.76 3426 + 5.57 32.62 & 4.96

Each value shows meantS.D.
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Table 5 . Estrous cases and reproductive performance of male and female rats (P) in combined repeat dosE. and reproductive/
developmental toxicity screening test of 2-amino-I-naphthalenesulfonic acid by oral administration

Group Control 2-aming-1-naphthalenesulfotic acid

_Dose(rogfke) [1] 8 40 200 1000

Number of. femalcs 12 12 12 [H] 12
Estrous cases before administration (7 days) T

Mean=S.D. 1.2 04 1.8£0.3 1L.8:1£0.5 1.9+03 12404
Estrous cusée bofoye mating (14 dayx)

MeantS.D. 3.3 05 3.2 0.4 3.4£0.5 334105 33 0.5
Number of pairs 12 1z 12 | 3 12
Number of pairs wilh sucsessful copulation 12 12 12 | ¥ 12

Copulation index (%) ¥ 100.0 100.0 1000 100.0 160.0
Days before copulalion afier paing

Meant5.B, 3.0:k13.1 25+.2 2.8%19 1710 29E1.2
Namber of pregoant females 12 12 12 12 12

Fertility index (%) © 100.0 100.0 100.0 100.0 100.0

Number _of and females with live pups 12 11 12 12 ¥

a): (Number of pails with stecessf copulation f Number of pairs) X 100-
b): (Mumber of pregnant anfmals/Mumber of pairs with successful copulation) X 100

Table 6  Observation of pups (Fp)in combined repeat dose and repmdﬁctive!developmenml toxicity screening 1est of
2-amino-1-naphthalenesulfonic acid by oral administration |

2-amino-1-naphthalenesuifonic acid

Group Control
Dose{mgkg} 0 [ 40 200 1000
Number of dams 11 12 12 12 12
Gestation length (days)
Mean£S.D, per dam 22.17+40.39 2225045 22254045 22.17%0.39 22,17£0.39
Number of corpora lutea
Total 207 - 212 211 213 225
Mean+S.D. per dam 17.3+2.1 17.7£23 17.612.1 17.8+2,1 18.812.2
Nurnber of implantation scars
Total ) 181 . 188 196 191 200
Mean£8.D. per dam 15.1%35 15.7:+3.5 le3+1s 159€2.6 16.7£24
Implantafon index ¥ . ' - ‘
Mean+8.D. per dam 86.8+16.6 83.6+169 93.4:82 89.3+9.2 88177
Gestation index(%) * 100.0 917 100.0 100.0 100.0
Number of.live pups borm ,
Male . 9 74 85 87 83
Female 76 81 89 87 97
Total 167 155 174 174 130
Meant8.D. per dam 13.9+3.6 12.9&5.1 4,521 14.54%2.5 [5.0£2.1
Sex rao ¢ :
Mean+S5.D. per dam 0.53£0.16 049 £0.08(11) 0.49:£0.15 0.49+0.08 046+0.17
Birth index ¥ .
Mean%4:S.D. per dam 90.7£12.0 8421275 8921114 912430 920.4£7.9
Number of dead pups on day 0 ’
Total ki 21 12 5 7
Mean=S.D. per dam Q.7%1.1 1.8+£4.3 1.0x23 04107, . 0.6%0.9
Number of pups born
Total 175 176 186 179 187
Mean:8.D, per dam 4.6£35 - 14,7£3.3 155+19 149127 [5.6+2.2
Delivery index ¢ :
Mean% £ S5.D. per dam 94.63: 113 93.5+7.9 948%5.1 293.7+7.3 93.616.2
Live birth index ?
Mean% £5.D. per dam 960t64 8874284 9431127 87.4+40 96.4%5.1
Number of live pups on day 4
Male 88 T4(11} 85 - 86 81
Female 73 3011} 88 84 97
- Total . 161 154(11) 173 170 178
Mean+:S,D. per dam 134434 14.013.2(11) 144+2.1 14.24:2.5 14.8+21
Viability index ®
Mean%+8.D. per dam 96.716.0 99412 K1) 994120 977435 03.8+238
Numbes of external anomalics Q a1y 0 1 ) 1
Mean% 1 8.D. per dam 0.01+0.0 0.0+00 0.0£0.0 0.5%%5.7 0.5%1.7 -
Kinky tail 0 o1 0 L 0
Mean% :£5.D. per dam 0.0£0.0 0.0=0.0 0.020.0 0.5t1.7 0.0+0.0
Brachyury 0 aoun 0 0 1
Mean% 15.D, per dam 0.0£0.0 0.0£0.0 0.010.0 0.0+0.0 05+ 17

2y (Number of impiantation scars/Number of corpora latea)>X100.
b): (Number of females with live pups/Number of pregnant females)X 100.

¢k Number of male pups /Namber of ttal pups. : Mean+S.D. per dam,

d): (Number of live pups bomn/ Number of implantation scars)X 100
e): (Number of pups bom /Number of implantation. scars}X 100; Mean:5.D. per dam.

): (Number of live pups bom/Number of pups bom)> 100; MeanS.D. per dam.

£): (Number of live pups on day 4 /Number of live pups bom)X 100.: MeanS.D. per dam.
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BE®DE S, 1000 mykeBEOBE TR ZICHRIEY
AbLNBEIE, ELICETCHRRESOEEFZD LI
Bobih, YRBESFTIEBIZ2LTI/ F7F 1L

Y ANSE Vﬁii@—ﬁiﬁﬁ#gﬂ&ﬁy%!ﬁli?,% mgfkg & i
S BEM:,

HE (P) DAERERE TR LT, KB, SEE,
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L ESRLRL P,
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BB LUHBRTEEEASAT, HE4ROEEREE
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o EEIS L SIS bh o, SEREETIR200
mg/kgBEB L UF1000 mgke O K 1IFTHE L EEF AL
hi-d, BEHEREL, ERDERS L OMELOE
WEKREMELLH X bR

Lic#HoT, 22TX/-1-77% L v ANk B A5l
[EEEFNLEZSEN, BHEOSRE X FREDD
SEELT, WL 1000 ke EES i,

Bk Y, SRBEATICBE 2 AREEFLE
EOBEI1200 myke b B S A, 1, SRS
Wi R, MECERE X VRBBORECHL
T § 1000 mpke L R S AT,

REEHILE ME #
BB ME L MEE—, BHER, REFRE,
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Reverse Mutation Test of 2-Amino-1 —naphthalenesﬁlfonic acid on Bacteria

39
OECDEIFLEWEREEHATEREORLLT, 2-
FI/ANF 7V AR YBERZD2WT, HETRAVS
PIRREREREBRE 7L — b i"r%l:; L DEELA.
BEWE LT, Salmonelia typhimurium TAI00, TA15335,

TA98, TA1537 © 8 X UFEscherichia coli WP2 swiAY /8

v, BEREBIUTREBEEOWTRY, BEZER
Exid, s0~5000 py/7 L — F OFET, RR®ERIL, 3125
- ~5000pg/ 7L — P OBETRETTo 4.

FOME, 2BOFRRELE b, TAISSOMLATEM{LE
T2500pg/ 7V — FH OB ECHENBEOAEN L L
ZAERO D= —FOMNSED L. M EOERD
b, 227 3 /1378 LY Ak VS, RvrRsg
KBWIERRMEE T L (8 g s,

MHE S L UTRBRS
(EEH)
Salmonella typhimurium TA 100
Salmonella typhimuriurn TA1535
Escherichia colf WP2 wvra
Salmonelfa typhimurinm TAS3
Salmonelia typhimuritm TA1537

S, typhimurium®@ BRI 1975F 1031 HIC7 A ) H &
B/HV 7N KEOBN. Ames L4655 51T
AT

E. coli WP2 uvreABRIZ19795E5 1 9 H S SR {ZEF R
DEABXRB LI LF5 %S,

WERW, SUCU T CRISER L. SeElR, &
HIRFHORMIEC, 78 BERYE, UVESHE B
UBEEER (fa) & 7 > ¥ UHHEF pKMI01) OF 5
KOWTOIEERER 2T 4. RBICELT, =a2—F
UL b 78 XNo. 2 (Oxoid) % ANFLFHBEEICIEE
TEEL, 37C, I0NHAREL IBRLEb DY RE
BikE L,

(#5840 E)

2-7 X /-1-97 % L > ANk B (CAS No. 81-16-3)
I, ARBETHL, MESIHNLOH(ay MES
07021, FHEFAHE (L.3%), AFA{E2TEEHEE) %
MOBRCETERS P /S SN BRYEE, 4
N TERTELEL TERE L.

2T I A-FT IV ANEVERE, YA FLANK
¥ F(RFDMSO L BE) 1250 mg/mlis e B & 5 ICFst L
o, BEETECARISW LA THRRLAbD 2,
EePCERICAV,

REBORMMICELST, 273 /7-1-F75 Ly Rk

S BODMSOBRHS TORERRES, ARBTOEE

B (3.125 mg/mi) 3 X UZSBFIFSCH TR & M b fefa bt

CERER (H-93-243) OFEIRE (220 me/ml) D2 FIZ0V

T, EREREFTCEBMLL. 208ER, HRB4EN
EBTHEIY Y I VOFEERE, VTS KME Ok
B OFEZIF LT, 101%Thoin.

Tz, REBRUCHWAEREREICOWT, FEIERN
Bk T o 2=k, 3.125 my/mliET & Bid BEE IR R 23
L, 100~102%, 50 mg/mliE#iid, 97.3~978%Tdho
b

BEOFERIPG, 2-TI /) N-F 72 AR B
DMSOIEHGTCTHEETH h, TLALRTORRYE
DEREMECHOFHEBRNICSH L - BT ERL.

(Rt B ET) S
Bl BEnEmE B L PTOBHEUTOoLEBET
H35. S
AF2 1 2YNIS=LF
SA I TVIEFRUTL (AT E D)
9AA 1 9-T3/ 7YY (SigmaChem.Co.)
20A 1 2T I/ TV T (RAGHEIEGH)
AR2, 2AAIDMSO(RIFEHIET 2@ B L b o
E20CTHGHREL, HFEELZ. 9AAIZDMSOI,
SAIRZERAICHER L TOERHIRBIZAW .

(3B & & USRI DARK)
1) by TPH- (TAEER)
TROKEE @A) BXU (B) 2FELI0:1OHETR

(LEFEEER)

AL
(A) /%2 } 7 H— (Difco) 0.6%
BTty L 0.5%
BY¥L-EAF Vv 0.5 mM
EdF v 0.5mM
* 1 O WPZAICH, 05mML-PY T 77 rABHE
AR Al

11
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ERERFNR

2) S _
i, ARERRROBRSERERFEVE. &
B, BV v MBSt ORI TRGEBY THD,

Bl 73V 4 - TR 02g
I8 - LRI 2g -
UYBAREZH YT A 10g
BT YEZTA L.92¢g
KEEF U S A 0.66g
Fha—=x 20g
232 b - T ¥ — (Difco) 15g

FOmmO Y ¥ — L iEd i D30miEHMLTEDTSH
%,

3) SoEE (1 METRORS£8E)

Sg+k i 0.1ml
Bl ALIh $ ramol
Biehn oA 33 mmol
Fha—R6) VEE - 5 mmol
NADH 4 mmel
NADPH 4 mmol
T MY T A VEEREE pH 7.4 100 mmol

*% 1 TEER Sprague-Dawley BT v P& 7z /8
MES - PpBB LTS, 6V V75K /(BR
DERES THERFELUTERLL 9 (Fy
I—TrERNERW.

(kB k)

TL—rEYRWT,
Lo THREfT o/,

ARBEDE by ST F—2ml, HEYERETO.L
ml, Y ZEERIERR0.S ml (LHHEMCAEBRC BV THS B
#E0.5 ml), BEEHEC P RS LOLEEIEDTEAR F
KHLUTESDSE. Fh, SREE L TRRDEIRED
b HICPMSO, FA-REBEOEEYREHEEEEZEL
. EREESLOBHEHEBYMEOSFBLCHER
Table 1, 200 Uiz, B3 CCASER T, R UL
Eooz—-FrEEll HEROFRCOWTH, B
Rf S 2 WIZESBERET T, ERXHOHEORED
E ] A

(5 )

AWizsEOREEDS b, BUEOREHEOEEE
HLOERAHEHECB T, #BRYWHEESHETHF
B ECBT R ERI U= -BOPHEN, FESENT
hiclb~=fEE Eicml, o, 2oEmicHERMDS
AWEEHEEFEENRD S REE,
FRABRIBWTERERNEZAT (B LHETE
Ll

EiRES & R A L

1

RS L UEE

GEETEES e
50~5000 pg/ 7'V — + DEFHTREEEHI& L, AERE

EfiLE D, TRCOREREBWTHEEE, {8
FBHAEEL b CeTROMARICHVT bHERRZD S

Mozl iR, RRBRIIBTAREERAEE, T

TORERCS VT, BEEE, LBHEMEME L 4125000
pef 7L —rETEIEELE.

(A8

BR%Tablel, 2 ICRL7, 27X /-1-F 79 L AN
FYBICOWT, 3125~5000 ug/ 7 L — P ORET, &
Hzok L, RBEEHELL. 2BORBKBVT,
TAS35 O EHEMEALE @ 12508 5 1132500 pg/ 7'V — b
HEDGHEBEBWCEENBEoMEN L 22 4REaD
= — HOWMAED biv:. THOLIEEES000 pg/ 7
L= MIBWTI64TH o, Fi, 2B ORKBRICS
WT D&, TAISITOEERES X CHABHERE LY L TAYS
DREFHAE BT, Eﬁ:nww&ﬁf EyErs it
OHEL L L ARHR S A,

DEo#gicos%, 2.73 /07758 L ANEY
Beid, BB RCBnTERENEET IO

) EEELL.

LIWBMEIE

12
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2) M.H.L. Green, "Handbook of Mutagenicity Test
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Results of bacterial reverse mutation assay ( 1) with 2-amino-1-naphthalene sulfonic acid*

Tablel
with (+) or] Testsubstance Number of revertants (number of colonies / plate , Meap £ S.D.)
without (-} dase Base - pair substitulion ty) Frameshift typs
50 Mix (g fplate) TA100 TAL535 W2 ur A TASE TA1537
Solvent 120 106 122 7 12 16 19 15 19 17 12 4 4 & 8.
confrot ( 116 3.7) ¢ 12+ a5y ¢ 18E 233 (17 25) ¢ 6+ 20)
3125 112 109 138 15 13 13] 22 2 21 22 12 18 9 7 5
( 120+ 15.9) (_I4% 1.2) { 24% 3.6) { 17+ 5.0) ( 7+ 20)
625 9% % W].9 9 1I5) B8 17 26 22 18 24 5 4 7
( 102+ 6.1) { 1135} (20 49) ( 21+ 432) (- 5t 15)
1250 124 100 113 13 17 84 19 16 22 415 17 3 2 3
(12 1200 (133 45) {19+ 3.0) (221 104) { 3% 0.6)
SoMix 2500 97 106 E1? [ 13 17| 16 20 13 10 157 17 7 4 5
{107 10.0) { 123 586) ¢ 17+ 263  ( 14% 36) { 5+ 15)
=) 5000 99 95 123 7 10 16| & 17 18 20 23 17 7 6 4
) ( 106+ 15.1) '( o2+ 1.7) {17+ _10) {20+ 30} ( 6f 15)
Solvent 117 119 148 13 g 12121 13 t7 21 30 39 T2 7
control { 128+ 17.3) { 1% 26) { 17+ 40) (30 9.0} ( 9+ 299
3125 148 139 124 2] 9 10 31 24 20 37 40 43 ' 11 12 18
( 137+ 1219 {17+ 59) ( 25% 561 ( 40+ 3.0) (4% 338)
625 128 133 111 5 12 12 3n 13 2 B3 27 ¥ | I5 6 9
( 124+ 115 ¥ ( 13+ 1.7) (3% 95) (3% 4.6) { 10% 4.6))
1250 M9 157 139 | 20 23 23 | 24 19 20 34 27 0] 14 12 12
{ 148 9.0 2+ 1.7) { 21+ 36) ' { 30f 35) ( {3+ 12)
SOMix 2500 168 166 158 | 39 52 42| 16 12 5 43 38 s | 1 18 10
{ 164+ 5.3} [ 44+ 6.8) (18 92) ( 39+ 36) 13+ 44}
) 5000 204 195 204 63 95 an 27 26 21 54 40 4% 12 5] g
{ 201 52X { 831+174) (25 32) ( S0F 363 ( 9% 31%
Positive | Chemical AR sA AE2 AF2 9A4
conirol Dose (g /plate) 0.00 Q.5 0.01 « 0.1 80
39 Mix (-) | Number of |se0 s25 535 [ 224 208 211 {18 92 107 | g21 798 845 (1131 1232 1368
colonies / plate { 540+ 18.0) { 214+ BS5) [ 06+ 13.1) { 855+ 621} (124441189 }
Positive Chemical 2AA YN 2AA 2AA 2AA
<oniroh Dase (e folate) 1 2 10 0.5 2
59 Mix {+) | Number of B132 1168 1165 | 262 221 218 | 636 44 8B4 345 422 4§8 ] 198 234 228
colonies { plate {1155+ 20.0) {234+ 246) ( I55%124.3) (3951 43.3) ( 220+ 19.3)

AF2: 2-2-Foryby3-(S-nitro-2-forylyacrylamide .  SA: Sodium azide, 9AA: O-Aminoacridine, 2AA: 2-Aminoanthracene
* Purity was 98.7 %. :
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Table 2 Results of bacterial reverse mutation assay ( 1 ) with 2-amino-I-naphthalene sulfonic acid*
With (+} or | Tes\ substance Niimber of revertants {humber of colonies / plate , Mean + §.0:)
without (-) dose Base - palr substitution Frameshifi type
| 59 Mix (g fplate) TAL00 __TAIS35 _WERavr A FAYR TAL537
Solvent w ws wel 1w w ulses =2 =nal2w 1w wl s 7 35
control (12 67) (14 _4.6) (171 69) (0% 6.1) { 1% 20)
3125 9 124 103 [ 1z 15 12}z A »| AN 220 25 8 7 .9
(_108% 14.6) (13 1.7) {234 49) ( 22% 26) {8+ 10)
615 123 43 U8 F 16 15 18| 29 24 20 18 20 19| l4 I3 8
( 128% 132) (16 1.5) ( M+ 45) ¢ 19+ 1.0) ( 12% 323}
1250 128 108 107 f 13 15 1| 19 17 w{ I8 17 19| 13 14 1
{ il4E 11R) (_15% 25) (_21% 47) (18 10Y  { ¥4E 15
S6Mix 2500 g s el s w o owla w o w| 5 22w 2] 16 12 19
(U7 20 ( 13+ 31) ¢ 16x 553 ¢ & 64y {16+ 35)
O 5000 121 196 ms |12 17 10|13 3 2] xM 1 w1 5 15
( 1I5% 7.9) (164 3.6) { 21+ 25) (20 6.1} ( 1t 68)
Selveat 134 132 130 | 15 g 20 17 12 19| 235 =2 4| 12 11 3
.cantrol {132+ 20). (14 690) { 16% 36) ( 32% 104) ( 10 213
3125 124 120 )16 2 13| 2w 26 22| 34 336 29|21 13 13
(18 67) (17 4.6) { 27 12} 33+ 3.6) (16 4.6)
625 14 123 19| 13 17 13] 20 16 26] 43 4 |3 35 2
{129 535) { 14+ 2.3) 2% 50) { 3/ 64)  23& 24)
1250 170 170 172l 3t M 2|26 26 2| 48 36 44| 30 23 24
(N 12) (2% 21} {26+ 0.0 ¢ 43+ 643 ¢ % 31)
SoMix 2500 150 16z 183 [ 12 65 69| 2@ 25 27| 55 52 54} 16 U 10
( 165 16.3) (69 35) ( 25 35) { 56x 2.1) (_16% 55)
) 5000 185 214 249 [po3 o3 110 | 19 28 25 &4 vt 60| 18 17T 15
( 216 320} { 105+ 68) ( 24% 4.6) { 65+ 5.6) (7% 1.5}
Positive | Chemical AEZ 5A AF2 AFR2 9AA
catrol Daose (ug fplate) 0.01 0.5 L.01 Q0.0 80
S9 Mix (-) | Number of s12 549 521 |260 82 248 [174 176 160 | 761 £10 844 [1s10 1782 1800
" ) colomlesiptats | ( 527+ 193) - { 263x172) {_170% 3.3) { 8062 40.1 ) {1724+ 1005 )
Positive | Chemical 244 244 IAA 2AA 2AA
contyel Dose {ug folat=) 1 . 2 10 0.5 2
S9 Mix (+}| Number of 933 OI6 763 281 218 240 |1464 1433 1412 | 466 422 373 (241 223 108
colonies / plate ( B67% 904) ( 246£320)  (1436£236.2} ( 4203 46.5) { 2473 280)

AP2: 2-(2.Furyl)-3.(5-nitro-2-furylacrylamide .  SA: Sedivm azide. FAA: 9-Aminoacridize, 2AA: Z-Aminoanibracesis

+: Purity was 98.7 %.
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In Vitro Chromosomal-Aberration Test of
2-Amino-1-naphthalenesulfonic acid on Cultured Chinese Hamster Cells

BH

OECDE L F M ERLHER BRI ENELEEE0

C=BELT, 2TE/ LT 75 L ALER A BEOEE
BERRTHREBEZNBELFET H720, Fv 1
Z—X - AL RS —REEEHIRS (CHLAY) % B w‘(‘ﬁfﬁ"“ﬂ
REEREERBTEBRL ..

ERNAE (248 X It BT, 50nt86H
1A D HERBIIRIRE, 3 20blimgml DEETRS
RILERE L Ui, —F, SR (6RER) DSY mixfFiE
TEIUERE TSV, 2.2 mgml (10 mM) OEE
TRELIEEEE . L. RSARBEAIRE L MEE
hehehigpr, REELLTRELE. EnEE L
T, SOmixFETFEETICBIT A240 R B L Fagpi L,
WL L TSI mix AT B & UL T Tersfin
B HOEERER) %, ERLERL, BEToIL
KX ReEREREETRTL .

CHL/TU#BI % 240 RLERTATE L A= Rl R (1.6 mg/ml)
T, flREEO-OTHILMBRETSW CE b/
2, FOHOMBEIBVWTIE, LEeANEERERE
SR OERERERO oo T, {AHIF

HALETR, SO mxfEFETH X (°59 mix{EE T O6IER

SLFR | Ao IREERE (2.2 mg/ml) TH, MREFHIL D54
R E SR TEL P20, OmxdEFEETRTO
ORI Cix, FREAOHEERTPEBREEROER
FEREED LR P o —F, SImixFETORRE
F (LImg/mD) TH, BZEL 8RR 025%1 0 E05
ERRFFRSN, BHOBEFEOL. L Lads
G, 22T 3 21474 L >Rk v B EEoring
BERBEOCLAEEET A L s, KEBRTHERS
NREEREEIBLTE, FRBASICL 2DNAIBEE
HICERY paEEcms T, wERmEinnc & a5%
HOBEMARIC k 2 T3S T s,

Fi&

LR L -8l

i —F - W V=237 7 (JCRB) 7 5 AF (198842
A, AFR R4, BERRILAF A ==X 1
LR Y —dsROCHLIUH E, FRSEkRI0RLIATH
BlEHwW-,

2. EEBORN
¥, £ RIBIE (FCS ; JRH BIOSCIENCES) %

CEBEE SRk d o AT,

WOBIEML 7= 4 — 7 AMEM(B KB (b)) B 3% AV

AR

3. BERHE

2XICEOCHLAVMIR ., BHEESmiz ARLT 1y
S 2 (#%6cm, ComingicifiZ, 37°COCO, 4 ¥ F a~—

— (5% CO,) ITHZHE L 7. BEMETR, MEEs
HEKBHEEMA, 240 & 48RRI L 722,
T, EREAECE, ARBEIEE S mxFETS
L USETFET CORFMAMIE L, NI T Sk a g T
LI ISRREELL.

4. HERADE

227 R0+ 77 b AR R (885 | ANS, CAS
No.: 81-16-3, O » bEF 107021, AHF1IEFETEERD
Gk, b BREETERSENE, ARBET, k&
XU7H bR P I2RE, SAFLILFFS N (DMSO) =
TiE, FFHCNNO,S, FFE22326, #ERI%(T
Hi1.3%) DIWETH S, ERYEEFROLEEICHT S
KicRETHY, Bk
(DMSO) TORFEMRETIE, 3.125 ~220 mg/ml DAL
B T4 R RTETH o 7.

5. MHEMEOHAN

ERUREROBER, ERAOOLTo2, WRELT
DMSO (Sigma Chemical Co.) % i\ 2 74s, JRF® BB ICE#E
LT {(ENARE, REefREREBE 2220 my
m) EHEL, 20 CEETSEECERAGRL THREDR
EOHRMEASKRERLA, S ERNRL, T
NTHRBUEBVTERRDOI B (v KEED LSRR
. REERERBICAWS R EANNMOERERE,
FEFRLIEP (IR T O T & EAYRINE 0.0~ 110%)
OETH-or. 5, REORSIZIOWT, MEERERD
ool '

6. FERMEAIFERC L SNBEEORE

BREafRTARCACIEBESoNERERIET
518, $EREOMREBRICREITEETHNL. #
B EOCHLAU Mo+ 2 MaEinkfE B 1, BHigEE
e EEEt (Monocellater™, U ¥ TR EETHEEF) %
HeTHHFOWEET L, EREER RN
BT A BT b o TIHEL L
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FOER, EHRABICET D500 EENHEE S
SR L LR (0% DRBIIRIRE) 2, 60%0H
REMIRE 4 1t S L2 EOEL Y ER LA 5, 16
mg/mliTHotz. T, BHERBOS mizdFET T
H, 20mgmlThoai., —F, SOmixFEETTIR, 22
mg/mi (10 mM) DR EEH, BE L7 DEBEE
B Ce0% £ 4 5 BIFEIHIE B b Rt o 7 (Fig. 1)

wsalllwe  frazled for 42 hr wilhout S9 mix
sl troated for 6 br with S9 mix
meJemee  treated for 6 he without 59 mix

=

o

=

=
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3 |

0 T L T T T T e
0.0 0.5 1.0 1.5 2.0

Concentration imaml)

Fig.l Growth inhibition of CHL/IU cells treated with
2-amino-1-naphthalenesnlfonic acid

7. EBREORTE

MBEREIRARBEOSR L Y, REERERBTHY
2EBYEOSRERY, ERARTIRLE myml, S
B TIE22 mgm(10mM) & L, FAFLERERED
IRORER B, IMORELZEREE L BIEHR
WRELTRWAEYS b= Y C(MC, BMRRETE
$R)BIV 78X 7 73 F(CPA, Sigma Chemical
Coj i, {ESTAR(ERDARRETE) IEMLTHARL
k2, ENThEREREEFRTAILFMOATHS
BEERAELE.

8. RBEMREREREL

HERTOWMANC, T3 b RAEE 00,1
pefmlic e 5 & 5 (CEEMLC N /. B REA ORI
FBELHE-TTok, A5 1 FERRE Yy —LIZDE
GRCTER L7, HERLIAER® 3¥ L VB THREe L
7. :

8. RBEAELHW

EBLLI-AT 4 FIEED IS, 12071+ v 2adbig

LR RBATAFE, ABOREENSTHTINTESE

HHFPohvni o — FELRRETHT L2 B
BHROGHIE, DRAEEEEEES, BADERER
MMS) FHENI L 3 ECESHVTTY, RadkRE
HEWIRBGHEROSTy v 7, P, 3l P oiEE
EEOFE SRR (polyploid) DEEIZ oV TEE

LA, BAOHEEEE I OWCIIIER00ME, SEtEE

16

A

DT ES00E 05 Lk M £ S L 7.

10, g & e

SR, BREL L ONSEREE L TR
KoWT DTSR, BRELAMRY, BLBEon
B, SREROBRCOVWCERL, SHOELE
FHKCRALL, REARTEATLHORENEE
2oWT, 74 v iy —Dexact probability testBEIZ X B,
R R NSRRI ER LR
O TERE p<0.05) 21707, HEWHORE
EREFRMECOVTOAER, GHESIOPESEEICH
v, B ERE EET MO MEAE SRR E B,
S%EL E 0% % BRI, 0% b B L

fE s ke

BRI X 5 Eefe AT OER £ Table 1R L 2,

2T I NFTIU AN VBRI TS
DUSR RLER M L - RIS (L6 my/ml) Tid, MRS
sk )+ RETRTE2dhood, Z00
BT, ReBAOBERE S LIS NEER %R
BES LR

R EREIC L 5 RBRS T O R T Table 2R L

2-F 8 /-1-F T ¥ L YA NS Y EER A TSP mixlETE
T B X CIEFTRAL TolE MR L A BB (2.2 mg/ml)
TH, fREECL o EREESMMTTE RS
7o, SO mixSEFEET O OB OMBEE Tl ks
ER PN CBRERRZO O o, —
F, 89 mix¥EET OFIEAR (LI mg/ml)y Tid, BBLA
ML D22.5% IS REEOBERENFR LN, BEOH
BAE L.

HEEPDH 63 TOBEAGT T, REARES
FBREINDIGENHL I LHFGEDENTWS, 2.7 3
1T I L A AR S IR B & AR
DEFEBLTEI LD, BHOBEFBELNES)
mixfEAE T OHBEEEEI DWW T, MEERE MR TRO -
EXEROpHEREL - & 25, MEBEEOpHIZS.TIT,
MR THETE01THo . 0T, KEBRTHERE
N EESICELTE, 273 4-1-F 7% L AL
RUBTNEEC L ADNAGEERICEN 3 A ek
MAT, 2-FI -1+ 75 b ANk RS2
EHORMELIC L AP EL ONG, I EHES
TAHICE, SRR ETSHE LBbIE.

] Xigk
1) BAREEREEZS  WADwXBaRaR, e
BRI L BREHRET 7R, AREE, 1988.
2) i & EE GDREHRRERRT— £
TN - F A - ir—¢k, 1987,
3) T. Morita, et al., Mutation Res., 268, 297-305, (1992).
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Table !  Chromosome analysis of Chinese hamster cells (CHL/IU) continuously treated with
2-aming- l—naphthalenesulfomc acid (ANS)y*

Concent- Timool  No, of No. of structural abermations 1) - No.ofeells 4) 5
Group raton  exposure cells 2y .  Others with sberrations Polyploid Judpement
(mag/fmi {hr}  analysed gap ¢th ci& csb cse §f mul  toml TAG (%} TA{%) (%) SA NA
Control 1y 2 1 0 0 0 0 0 O 1 [ I (05) 0(00) 013
Solvent " 0 24 0 11 00 0 0 0 2 0- 2C1L0O) 1 (05) 038
ANS 0.4 24 200 G 1L ¢ 0 0 0 0 1 0 L €05 1 (05) 038 - -
ANS 0% 24 20 ¢ 0 0 ¢ 0 0 O 0 o 0(00) 0C 00) 025 - =
ANS 16 24 7 2 1 408 0 0 7 0 . 5%714) 4%(571) 000% Tox Tex
MC 000005 24 200 14 51 83 1 0 6 0 13§ 0  TEM(38.0) T1*(355) 038 + -
Sovent™? 0 4 200 2 0 0 0 0 0 0 2 1. 2(10) 0¢(00) 025 .
ANS 04 48 20 4 0 0 0 0 0 O 4 0 4 ( 20) 0 ( 00) O.I3 -
ANS 038 48 0 1 ¢ ¢ 0 0 0 0 1 0 1 {05) 04 00) 013 - -
AMNS 1.6 48 2 4 08 ¢ 0 0 0 22 0 “'( 750} 6*(75.0) 10.00 *TTox Tox
MC 0.00005 48 - 200 I8 38 71 2 1 3 30 163 3 TO*(39.5) 69*%(345) .63 A

Abbreviations : gap : chromaiid gap and chromosome gap, ctb : chromatid break, cte: chromatid exchange, csb : chromosome break,
cse : chromosome exchange (dicentric and ring etc.}, f: atentric fragment (chromatid type), ml : ultiple aberrations, TAG : total no.
of cells with aberrations, TA : total no, of cells with aberrations except gap, SA : structural aberration, NA : numerical abemation,

MC : mitomyein C, Tox :toxic. 1) Dimethyl sulfoxide was used as solvent.  2) More than ten sberrations in a cell were scored as 10,
3) Others, such as attenuation and pretnature chromosome condensation, were excluded from the no. of strugtural aberrations,

4) Eight hundred cells were analysed in each group.  5) Judgement was done on the basis of the ¢riteria of Ishidate et al, {(1987).

6) Nine cells were analysed. 7) Ten cells were analysed. * : Siguificantly different from solvent control at p< 0,05,

+% ; Purity was 98.7%.

Table2  Chromosome analysis of Chinese haraster cells (CHL/IU} treated with 2-amino- 1-naphthalenesolfonic acid (ANS)**
‘ with and without 9 mix

Concent- $ 9 Timeof No. of No. of structural abemﬁons 1) No. of ceils 4) 5
Group radon mix exposure ecells Others with aberrations Polyploid _Judgement
{mg/ml) {hr)  amalysed gap cth cte csb cse mu] mlaI TAG (%) TAG) - (%) SA NA
Conr.mlﬂ 200 2 00 90 0 0 0 2 0 2( LO)Y O ( 00) 0.38
Solvent ' O ~ 6-(1® 200 1 0 0 0 0 0 O 1 0 1(05) 0¢00) 025
ANS 06 — 6-(i8 200 0 0 ¢ 0 0 0 O O 0 06(00) O0( GO) 050 - -
ANS LI — 6-(18 200 3 1 0 0 ! O O 5 0 4(20) 2( 10 050 - -
ANS 22 — 6-(18 20 0 0 0 0 0°0 O © 0 0(00) O0( 00} 000% Tox Tox
CPA 0005 — 6-(18 200 ¢ 0 0 0 0 0 0 0 ¢ 0{(0D) O0(O00; 025 - =
Sotvent" 0 + 6-(18 20 0 I 0 0 0 0 0 1 0 L{05) 1(05) 038
ANS 0.6 + 6-(1® 20 0 0 4 0 0 0 0 4 0 1'{05) 1({05) 000 — -
ANS LI + 6-(18) 200 14 26 53 0 0 2 60 155 1  454(225) 40*( 200} 038 + -
ANS 22 + 6-(18% S5 0 2 4 0 0 0 0 & 0 4% 800} 4% 800} 0007 Tox Tox
CPA 0005 + 6-(18) 200 20 99 148 1| 5 13 180 475 O 138%(69.0 } I35%( 675 ) 0.13 + =

Abbreviations : gap : chromatid gap and chromosome gap, otb : chromatid break, ete; chromatid exchange, esb | chromosome break,
cse : chromosome exchange (diceniric and ring etc.}, £ acentric fragment (chromatid iype), mul : multiple aberrations, TAG : total no.
of cells with abemrations, TA : total no. of cells with aberrations except gap, SA : struciural aberration, NA : numercal aberration,
CPA : cyclophosphamide, Tox: toxic, 1) Dimethyl sulfoxide was used as solvent.  2) More than ten aberrations in 2 cell were scored
as 10.  3) Others, such as atienuation and premature chromosome condensation, were excluded from the no. of structural aberrations,

. 4) Eight hundred cells were analysed in each group.  5) Judgement was done on the basis of the criteria of Ishidate et al. (1987).
6) Thirty-three cells were amalysed. 7) Eight cells were analysed, * : Significanily different from solvent control at p<<0.05,
** : Parity was 98.7%.
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