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Single Dose Oral Toxicity Test of 2,3-Diburomosuccic acid in Rats
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Table 1 Hematology of rats treated orally with 2,3-diburomosuccinic acid in 28-day repeat dose toxicity test :
28Days -~ Recovery M
Sex © Dosa Jevel Omgrkg 20mgke 140mgfkg 1000mg/kg Omgikg 1000mg/kg
Male ' .
No. of animals 6 ] 6 6 . 8 6
RBC (x10%mm® - 705 = 160 717 45,1 711 =440 131+ 153 745 £ 61.6 738 £ 193 i
Hematocrit (%) 424 4 1.18 4371180 428106, 439%098 419 £ 3.18 430 512 2‘-
Hemoglobin (g/dl} 14.9 £ 0.31 153 £ 0.59 150 = 0.31 15.3 = 043 150 £1.36 154 =042 }
Reticulocyte (%) 3322 3319 33 £ 4.1 3136 t36: 189 27129
MCV { g ) 602097  6L1E255 603311 601+ 203 562125 583141 ]
MCH (pg) 21.1 041 213 £ 096 212+ 128 21,0 = 0.65 20.1 £0.61 20,8 £ 0,59
MCRHC (%) 350 £ 0.38 349 £ 018 351 £ 040 349 4= 0.54 357 £ 066 357 =0.25
Platelet (x10¥mm®) - 102.1 4= 12,53 105.7 % 8,55 974 956 063+ 10.54 . 1002+1050 943872
PT (sec) 12,8 £0.22 12.7 % 0.26 127 £0.12 12,9 3023 120 044 12.6 £ 033
APTT {sec) 16.6 - 1.36 159+ 114 16.8 = 0.74 15.8 X 1.3¢ 1534275 4.6 1233
WBC (xi0%/mm’} 100 £ 24.5 128 £ 317 130 £ 32.1 1252269 126 + 14.1 139 £ 447
Differential lenkocyte counts (%) )
Lymphocytes 85 4 5.3 80 +23 90 % 3.4 92 & 5.0% ‘89 k44 91 £26
Neutrophils . .
segmented 12+ 64 8§16 7%27 7x49 728 5% L7
band 004 004 1+12 1+05 0x05 004
Eosinophils 1+1.0 1%12 [LEX] 004 1E12 0038
Basophils 0+00° 0300 G x00 000 0:E00 000
Monocytes 2413 2412 2.0 1:3x1.0 3425 4=+ 1.6
Female
No. of animals 6 & 6 6 6 6
RBC {x10%mm* 723 £ 239 699 4- 26.9 697 £ 259 733303 T3k +493 750 1437
Hematocrit (%) 413 = 0.90 41.5 = 1.59 409 = 1.32 434 4 177 41.3 = 1.50 423+ .86
Hemoglobin (g/dl} 148 £039 143 £ 0.56 14.6 +'0.48 156 X 0.51* 14.8 2 0.63 153 £ 0,64
Reticulacyte (%) 25+ 52 D +36 27 £5.5 - 23+ 1.8 29 k5.6 24 %33
MCV (zem®) | 572 1.64 594 = 1.54 58.7 %+ 1.05 583219 56,0 = 225 56.5 % 1.76
MCH (pg) 206 + 0.63 211 £ 040 209 027 213 = 0.66 20.1 £0.82 204 1+ (.58
MCHC (%) 359 £ 0.17 355 £ 027 357 +£0,22 35.8 £ 032 359 + 0.35 362029
Platlet (x10%/mm’) §9.3 £ 1006 8691237 878672 93.0 £ 4,13 834 £ 1277 8361211
PT (sec) 128 £ 012 13.0+ 025 132 +£033 13.0 2= 0.34 1333044 13.3 & 0.51
APTT (sec) 155 = 1.74 15.6 & 0,51 148 !.’78 157 £ 079 153 £ Q.54 127 £2.27*
WEC (x10%/mm?) ) 105 £2902 104 4 12.1 104197 . 110226 ’ 91 3 34.5 - 95 + 30.8
Diffesential leukocyte counts (%) e
Lymphocytes 94 +£22 91 £ 2.1 91 £238 . BB 54¢ 88 3.9 90 =44
Neutrophils ) )
segnented 4+16 5420 &+ 15 733 7x4.6 6+35
band 004 0+00 0£05 1+05 0+00 008
Eosinaphils 105 L+15 1412 gE05 1308 111
Basophils 0400 0to00 000 0%00 0400 000
Monocyles 2408 2+17 34038 4% 1.3% 4118 3E1.0

Values ate expressed as Mean £8.D.
_ Significantly different from eontrol group; * ; P<0.05.
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Table 2 Blood chemisiry of rats treated orally with 2,3-diburomosuccinic acid in 28-day repeat dose toxicity test
; : 28Days . Recovery
Sex  Doseleve Omagfkg 20mgfkg 140mg/kg 1000mgikg Omg/fkg 1000mg/kg
Male .
No. of animals & 6 6 6 6 6
GOT (1U) 98 * 19.7 g7k 87 83%123 81 +10.1 86k IL.5 85 = 14.3
GPT (IUA) 3160 T 31+46 0 31E38 27+52 31+£33 2724
7 -GTP (IUA) 0+0.0 tkod 000 000 000 060
CALP (IO 565 %= 1147 528 * 86.3 491 :k 67.0 471 £ 390 454 + 110.5 358 1344
Urea nitrogen (mg/dl) i79+27 178 %= 1.56 1B2x121 154 4: 1.75 18.1 + 3.56 163 = 1.12
Creatinine (mg/d!) 0.5 £ 0.00 0.5 £0.08 04 %005 0.5 £ 0.05 0.5 % 0.04 0.5 £ 0.04
' Glucose (mg/dl) 164 L1017 15570 . 167 + 4.5 152 + 10.8 T 158+ 184 17397
Total chol. (mg/dl) 62£90 57 4 10.9 67 £ 94 5658 - 67E380 66:£12.0
Triglyceside (mg/dl) 157 £ 518 I +£37.5 200 + 66.1 166 = 42.2 189 &+ 554 137 £ 48.8
Total proteiz (g/di) 6470326 6330225 649X0231 652+ 0.165 661 20500 6.74 £ 0.256
.. Albumin (g/dl} 37710433 372£0095 3.84:£0096 381 +0118 380 £0.197 3.83+0.08¢
AJG ratio 14030065 1430070 145:20096 140%0092 137+ 0.164 1321 0.058
Calcium (mg/dl) ‘ 9.9 £0.28 9.7£023 9.9 £0.37 9.9+ 006 - 9.8+ 033 9.7 £ 0.51
Inorganic phos. (mg/dl) 39 +0.78 9.2 046 9.2 £0.50 8.6 £ 049 84045 82032
Na (meq/l) 143 £ 1.2 143 = 0.8 43 +12 144 + 18 142x0.6 - [43:k05
K (meq/1) 4.5 £ 0.20 45019 45 £ 0.15 43 £0.23 461029 45% 016
Cl (meg/T) 103 21 104110 M+10 103 £ 2.7 103+14 103 £ 0.8
Female
No, of animals 6 6 & ' 6 6 6
GOT (U 83136 83136 T2 109 70£93 80 £ 109 74 £ 10.7
‘GPT QU . 26 + 3.1 24+ 44 26 7.7 25 + 47 WL 25+ 77.
¥ -GTP (1UA) 004 0+05 1405 1205 000 0404
ALP (IU/1y 207 549 388 £ 1104 328 711 323 £ 96.1 277 £ 519 220 Xk 53.4
Urea nitrogen (mg/dl} 163 £2.15 206+ 3.02¢ 177194 17.5 = 2.06 19.7 £ 1.82 17.2+ 251
Creatinine (mg/dl) 0.5 +0.00 0.5 004 0.5 = 0.05 0.5+ 006 0.6 £ 0.05 0.6 £ 008
Glucose (mg/dl) 148 =98 ~ 154%7.1 45 £ 52 149 4+ 114 166 & 23.1 164131
" Total chol. (mg/dl) 60 = 8.9 64 & 10.9 62 % 12.1 594382 701159 67 £ 111
Triglyceride {mg/dl) 68 == 34.7 48 o= 262 52+ 151 76 £ 41.2 63225 524278
Total protein (g/dl) . 623 %0245 647£0366 6290271 663 £ 0.290 6570341 6,60 % 0340
Albumin {g/dl) 387 X065 337x0160  386:£0128 4.06= 0200 39410224 3.90+0.160
AfG ratio 164 £ 0,049 149 £0.093* 160£ 0091  1.58 £ 0090 1500092 145007
Calcivm (mgfdl) 2.5 £0.19 9.7 =026 9.6 =0.27 9.7 020 5.6 X012 9.3 1 042
Tnorganic phos. (mg/dt) 8.1 £ 0.65 841087 8.1 +041 8.5 & 0.31 8.0+ 032 7.1+ 1.08
- Na(meqfl) 143 L 0.8 43414 143L 1.6 142 415 142 £ 1.0 143 £ 09
K (meq/l) : 43+£0722 41£0.17 421035 403008 4.1+ 041 444093
Cl {meqfl) 107 £ 1.5 105 +24 106 4 2.2 103 £ 1.7 " 10508 107 £ 12+

Values are expressed as Meant5.D.
Significantly different from coatrol group; *: P<0.0S, **: P<0.0].
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Table 3 Absolute and relarive organ weight of rats treated orally with 2,3-diburompsucecinic acid
in 28-day repeat dose toxicity test ‘
) 28Days Recovery
Sex  Doseleve " Omgkg 20mng/ke - 140mg/kg 1000mg/kg Omg/kg . 1000mg/kg
Male ' ' ‘
Mo, of animals 6 & 6 6 6 6
Body weight (g) 411 & 19.7 395 £ 199 430+ 16.4 407 £+ 335 495 *+ 332 499 + 32.6
Absolute organ weight :
Brain (g) 20620041 2020078 20710079 2040110 2110079 2,11 +£0.099
Liver {g) 031445 1620+ 1569 [8.7) £ 2038 17.92  1.795 1985 £ 1.705 20.15 £3.121
Kidneys (g) 306 £0225 303 £0205 338:0.48% 3.4 £ 0177 . 347x£0274  3.61 £0.241
Adrena!s_ {mg) 635t 1114 582 £ 5.26 6501 830 644 £ 7.09 61.7 £5.21 612 £ 12.73
‘Testes (g) 3.09 £0257 3090 +0082 3240053 305+0216 342 %0130 320+0231
Relative organ weight | ’
Brain (g%) 0,50 £ 0015 051 £0.017 04830026 050 % 0.028 0.42 = 0.037 042::0.035
Liver g%) 41310163 409 0248 4350331 440 £ 0.089 40010286 4.02 0405
Kidneys (%) 0750030 077+0045 0790037 0.78 = 0056 0.70 = 0.041 0,73 =0.027
Adrenals (mg%) 154 =200 150 £ 1,87 1534+ 174 159 £ 1.76 12.4 £ 0.66 13.4 £ 1.97
Testes (g%) 07550055 078 £0.038. 07620034 075+ 0.087 0.69 0,052 0.65 0072
Female ' : '
No. of animals 6 6 6 6 6 6
Body weight (g) - 246 185 263+ 147 2572304 267+ 157 281 266 . 272 £29.7
Absolute organ we:ght . )
Brain [{:4] 190 £ 0064 1890045 1.36=X0.060 1.89£0062 1.88 = 0.061  1.89 £0.050
Liver (g} 9.11 1064 1046+ 0892 9.63 & 1.849 10.88 = 1.012 998 £ 1,397 9.22Xx 1056
Kidneys (&) 194024 2050181 2020250 218 0177 2.10 % 0.215 20240202
Adrenals (mg) 707 £7.82 744 £ 1,75 715 = 1032 754 £ 6,98 77121363 740+ 439
Qvaries (mg) - 962+ 1136 109.1 £ 824 107.1 £ 19,38 107.0 £ 16.82 97.7+942 107.8+1744
Relative organ weight : : ' .
Brain (g%) 078 £ 0057 0720047 030082 Q.71 = 0.055 0.68 + 0048 0.70:0073
Liver (%) 3600223 395730202 37240334 406 £0.176* 3.55£0273 339 %0167
Kidneys (g%) 07920062 0780060 079 X£0051 03220081 075 £0.065 075 F0.104
Adrenals (mg%) V287304 28.5 =438 219 £ 343 2832279 275375 2761435
Ovaries (mg%) 390+ 2.97 41,7 £ 5.12 41.7 £ 5.83 402 1 8.02 35.0 = 347 402 £ 9.42
Values are exprossed as Mean £:5.D. ’
Significantly different from control grou; *: P<0.05.
Tabled - Summary of gross findings in rats trated orally with 2,3-diburomosuccinic acid in 28-day repeat dose toxicity test .
Organ Fate: ' 28 Days Recovery
Findings _ Sex: Male Female Male Female
Dose level {mgfkg): 0 20 140 1000 0 20 140 1000 0 1000 0 1000
No. of animals: 6 6 6 6 6 8 6 6 6 6" 6. 6
Spleen ' . .
Pseudomembranc on surface i o 1 0 0 0 0 0 - 0 0 0 0
Thyroid glands . '
Defect 0 0 0 0 "0 0 0 0 0 0 I 0
Enlargement 0 0 o )] 0 0 0 0 0 0 I 0
Abdominal cavity
Nodule o- 0 0 0 0 0 0 ¢ 1 0 0 0
No abnommalities were observed in the other organs. '
412

30




VYR Pripli s

e

VLF b . P . bt b - ©
T

23-YIRECHLE

Table5 Sum.mary of histopathological findings in rats treated orally with 2,3-diburomosuctinic acid
in 28-day repeat dose toxicity test
Organ Sex: Male " Female
. Dose level (mgfkg): 0 20 140 1000 0 20 140 1000
Findings Na. of animals: 6 [ 6 6 6 6 6 6
Liver ) : i : -
Small granuloma ‘ 1 3 5 2 3 $ 3 2 .
Focal necrosis . - 3 § 1 0 3 3 0
Infiltration of mononuclear cell 1 3 $ 1 0 s 3 0
Kidneys . .
Basophilic change of tubular epithelium 3 $ 5 4 2 $ 3§ 2
Splesn ©
Proliferation of connective tissue on capsule 1 $ $ .0 ¢ $ $ 0
Heart ND $ $ ND ND $ § ND
Adrenals : ND 3 $ _ND ND $ $ ND
$: Not examined, i '
ND: No abnormalities were detected.
]
BURHIEE MR
ABIBLE  KGESE £8 B, REEA ]

ZMEAN
HhH=BiIEFEEeHLMEl EEER
T314-03 HBEEEEIISIT L 14
Tel 0479-46-2871  Fax (479-46-2874
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Authors: Tkuo Matsoura (Study director)
"Mayumi Ohbo, Minoru Tsuchitani,
Masato Takechi, Naote Toyota
Mitsubishi Chernical Safety Institute Lid., Kashima
Laboratory :
14 Sunayama, Hasali-machi, Kashima-gus,
Ibaraki, 314-02 Japan
Tel +81-479-46-2871 Fax +81-479-46-2874
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Reverse Mutation Test of 2,3-Dibromosuccinic acid on Bacteria

i

YR LEDEEL IR RLIENPATELZO—F
LT, BEOREEFREOIOTH S, 23-Y 70T
ZHIBEZ WT, iAW ERBERERRSS
TlL— bEEICE DEELE.

BEWE LT, Salmonella typhimurium TALO0, TAL1535,
TA98, TA1537 3 X UF Escherichia coli WP2 uvr A 2 iV,
AEFETERRIEEES JURBEE oW D,
50~-5000 ug /7 — b, ARRBTH, ERER 1563~
5000 ug /7V— b, HIBMILE T 312.5~5000 pg/
- trORSTHRBEER L.

FTOFER, 2MOERBRES, Avni-sEHOREY
EonT, WThORABRTLHERER IO — KoM
L IRRBDOENG Dol DL, 23-FTOEEAE
&, AvBBERCBVWIEREHELTA L2 (B
LHEE R, )

&
(BRzEH)

Salmonella typhimurium TA100 -
Safmonella typhimurium TA1535
Escherichia coli WP2 uvr A
Salmonella typhimurinm TA98
Salmonella typhimurium TA1537

S. typhirpurivmn GABEFRIX19754E10A31BE7 A ) %
ERE, 7Y 74 NV=T RKED BN Ames 265

G &y, .

E. coli WP2 uwrA FRIZ1979F5 A0 HICEE{REETR

FroBRRBEkEtrI 55T
REHIE, —80CLHUT CHEREL -,
REBCBLT, =a—FY x> b7 ANo. 2 (Oxoid)
FANRTLEREBRECEEEEBEL, 37C, Bi0~12
BEEFERL SR L0 BEEKRE: L.

(e :
23-Y7O0EIR{E (CAS No 526-78-3) 1X, 5F
& 27588 DHEORETHE. HE BBUEDLD

- (mv FES 20831, vy 2 BRESE) REDARL

ETEBahoft5 sk, EBYDER, EHEET

FRICHEFLI-
23-VFOEF Y A—bE, FELY (0y bF

5 I DSR3251 B X1 DSM4173, TIHMBEIZEED) %

BWT S0mg /ml K%ALH) BB LR, RBERTH

CRE2ZWIITHRLA DO, EPPCRBICAY

o B, RBICEA-T, BERBERGTLEI oL,
EEFERICBWT23- YT I EI B BOT b

BT TORERRBET o7, FRBBIUFFv 4

Z—X - NARY—0EERRE A A REERER
BB REEFE (233.5 mg /m) BIXURERE
(0.7812 mg /ml) D2ARFICOWT, EREREHT TE
WL, TOER, BRB4BEEHLETIEZT 7L
OFHERIE, TRAThOHE (0FH) OFEIHL
T, 99.4% B LU RAU TH -7,

T4, FRECHAVWIHRBREIIWT, FEHE
RBET IR, S0 mg /mEHOESEEITEIRIEC

MWL, 101~105%, 1.563 mg/mi#EHRiL, 96.0~104%T

Hot.

U EoERESD, 23-Y 70l BT 5
BPTHEETSHD, I-FUBTOEBNTOSE
B EQHEOFHRNKSH L Z L R s,

(BB ARE)
Hui-BEBSES I UVZ0E8EAToLE Y
THE. : .
AE2 1 FUNLTITA K (LB REED)
SA (T VEFIYTA (R T )
$-AA (9T I/FZYY>  (Sigma ChemCo.)

2AA IRTIJTYRIREY  (MYSHEET EER)

AF-2, 9-AA, 2-AA 1 DMSO (FIGERIBET i) ©iF
LA 0R—20CTHEEREL, BREHLE, 9
AA {3 DMSO T, SA BFEEKCHERL, EPMCES
g (EY

(s £ U SO IRAEDARRE]
1} bo7FPH— (TAEER)
TROKEE (M) BLU B) 258K 101 OFET

Eea L. o
(AY 737 NTH— (Difeoy - 0.6%
EibFrU A 0.5%
B L-eAFY¥Y - 05mM
¥ v 0.5 mM
* 1 OWP2 RS, 05 mML-FY ST 7 AkEEHE
ERwW,
2) Rk

i, BREBECHROBIEREREH . &
B, B )OHRRTEOERBITHS,

A Ay B b1 ., B 02g
7 X - 1K 2g
W YRBRKEZAY Y A 10 g
VYBAEF gL F Y YA 35y
- 47 By
Frha—2x e
IKZ T H— (Difco) 5g

FWmm DY —LINDHLY 30m TRLTEDT
55. C
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RRERFER

3) S9EE (I mRTREOKAEET)

| SpwE O.1 mi
NADH 4 prmol
Bilbw 32y oA 8 4 mol
NADPH 4y mol
TbAh )y a 33 gemol
02M ) VEREEHEHTS) 05ml
Fha-R6Y) V8 $ gmol

* 1 7RSO Sprague-Dawley BT v b E 7z /8

MEZ - WPBIB LS, -V ITSHEY
BROHEARSE CTEXEFEL THERL L S9
(Fva—v @) zHVE

(BB b)

T —bEEANT, B
ro TRELTo 7.
AEBERIC v TV —2ml, R EEENE 0.1
ml, ¥ EEEK 0.5 ml (RBHEH{EERBRICB W T
S9RH oS mf), REMKLI M 2BEGL-OLEEYE
BEFELCHKLTES R, 7, HERELTEEY
BREBEDRDYCT MY, TREEOBMEE
PEBELHE. EREFHITLOoBENBEDH O
BB LURHEEThle IR L7, BEE37CCas /4T
w,iutﬁﬁ:m:—ﬁéﬁﬁL,%h%ﬂ%@$
B EERErs RO REROFELEOWTIE,

B L URHFEELEC

RERK S 2 W ESRERET T, EREMOBEOK |

B GHIHR L7z,

(Hmest)

AWhEsBEORZED) S, VEU EOBREHOEE
EHHVIEHEELLECBWT, BBRYBRESET
HZEHE BT A HRERT O -5, BEHED
FRiCE-TEDERERL, o, ZoNcER
ﬁ&awiﬁﬁﬁ#ﬁﬁf%&ban:fy%é‘ﬂ:, LEHE
BHEREIFRBRICBVWIERESLETE (BH) ©
HEtaz kil

RERbLuEEs

(ARZEHRR)
23. 7 el (ERII2WT, 50~5000 pg /7L~

ChomETRAESILL, HBREERLLEZS, T

~NCOREEOESECEWT, BEHE® 5000 ug/
7V — b TOLFEBEATED bz,

B @alor- 28 zl::xtiem_mm%mmﬁ% [ER2E
RHEMAEL I, T<ToOREEHIBWT, 5000

Cug 7L —hEL, 22T, EREECHE, {mm

fbEsHR %R '5‘27 ol LJ“

[ARSEER) _

ERE Table 1, 2 ERLA. 23-Y 70Tk {Ekic
DN THEBETI 1563~5000 ug /7 vV — b, {A3HER
{bE Tt 312.5~5000 pg /7 V— P ORI EEBETREY
EhiLr:. ‘

EORBEELT, AnWisESokEHOEER,
RBHEMELEEREDWTAICBWT L, BESEO2EDE
ERAERIo s —HoEMEAD bl e,

H, BEELBWT, ¥_TUoREHCREHE
? 5000 g/ 7V~ P I BWT DL ERI D 6 R,

oo a, 23-¥ 7022 {BE, Bw
f‘atﬁﬁuawr?"ﬁﬁfé%ﬁl,m%@ (B 1) é:
e L.

@k

(I} D.M. Maron, and B.N. Ames, Mutation Research,
113,173-215 (1983).

(@ M.H.L. Green, "Handbook of Mutagenicity Test
Procedures, " (B. J. Kilbey, M. Legator, W. Nichols
and C. Ramel eds.) Elsevier, Amsterdam, New York,
Oxford. 1984, 161-187.
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REENE B 1, WAETF, GRS,
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Table 1 Results of reverse mutation test (I) of 2,3-dibromosuccinic acid ¥* on bacteria
With (1) or | Test substance Numbet of rovstizanis (number of eslonics § plate . Mean + §.0.)
witaout (-) dose _Base - pair substitution type Frameshifl type
59 Mix (g fplate) TALGD TA1535 WP2tvra TASS TA1537
1] 129 l?3 120 15 5 121 31 29 23 29 55 46 5. 12 [
: { 124 4.6) ( l4+ 17 (284 4.2) (_ 43+ 13.2) ¢ 8+ 3B)
1563 114 140 109 18 6 g1 2 26 19 48 60 50 9 9 7
{ 121+ 166 { 1+ 62 { 224 36) {531 64) { &1+ 1.2}
3125 115 131 115 i3 10 18 22 24 34 32 34 33 4 12 2
{ 120+ ©2) (14 40) {27+ 64) (32 15 {9 4.6)
625 120 109 118 -15 11 11 B R 2 34 28 32 & 1 7
{ 116 59) (12 233 {244 7.2 { 31+ 3.1) ( 8% 06)
S9Mix 1250 105 "9 121 11 I3 932 18 24| 35 35 33 7 7 7
{ 1153 8.7} (_1i% 2.0) ( 25+ 7.0) ( 34+ 1.2} (7% 00)
(=} 2500 125 101 ile 10 8 14 40 22 30 28 29 30 10 9 5
{ 1144 121) ( 11+ 3.1) 31+ 9.0) { 283 21) g+ 2.6)
5000 [ I 04 104 0+ 04 0% 0% 09 18* 20% 4% o+ 0+* 0H
( Gz 00) { 3+ 58 { 0% 001 C 17+ 30" ok 609
¢ 125 132 129 | 15 12 16 18 3 25 56 41 33 9 12 12
{ 120+ 3353 { 14+ 2.1 (_ 27x10.7) {45+ 96) ( 1t 173
3125 49 131 131 23 9 1n 18 19 28 40 52 45 . 11 13 12
{ 137+ 104) { 14% 7.6) { 22+ 5.5) {( 46+ &00f . (. 12+ 1.0)
- 6825 120 150 130 [{U] 19 17 21 31 34 55 53 55 12 16 12
{ 133% 153) {_15% 47) { 29%. 68) { 54 1.2} 13+ 23)
1250 131 125 109 15 18 23| 27 B4 44 47 47 7 18 9
(1224 114) (_19% 4.0)% {30+ 89 ¢ 465 Ll ¢ nz 59)
. SOMix 2500 128 129 158 » 20 11 23 16 23 &1 49 58 11 7 12
{ 138+ 17.0) ( 18+ 59) { 21 40) {56+ 62) ( 10+ 26)
{+) 5000 114 120 127 17 22 15 3 38 I4 59 15 48 16 7 1l
: ( 120% 659 { 18+ 3.6) (28123 ) {48+ 11.5) ( 11+ 45)
Positive Chemical AF2 SA APR2 AF2 OAA
control Dose (pLy Iplacc) 0.01 0.5 0.01 01 . 80
89 Mix (-} | Numberof 410 373 394 | 122 126 105 | 168 134 154 [ 545 502 555 |IR18 1598 1982
colonies / plate { 3924 18.6) { 1182 10.6 Y ¢ 1522171 ) { 534+ 28.2) (18331426 ) -
Positive | Chemieal 248 A4 2AA 284 244
control Dose (g Jplate) 1 2 10 05 2
SO Mix (+) | Mumber of 439 599 620 1211 181 192 | 860 820 726 | 235 277 22 (1 17 155
colonies / plate { 553+ 99.0) ( 195+ 152 (805 70,1 ) ( 245+ 28.7) { 167+ 10.6)

AF2: 2-(2-Furyl}-3-(5-pitro-2-furylacrylémide , SA: Sodium azide, 9AA: 9-Aminoacridine, ZAA: 2-Amincanthrocene
¢ Inhibitjan was observed against growth of the bicteria. )
*+: Purity was above 98%.
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Resuits of reverse mutation test (1) of 2,3-dibromosnceinic acid ¥* on bacteria

Table 2
' With (+}or{ Testsubstance HNumber of revertanls {oumber of colanies / plate , Mean & S.D)
without {-) dose Bayge - pair substilulion by, Frameshifi type
§9 Mix (i g fplate) TAL00 TAl535 WP2uvr A TADS TAI537
0 e w0 w6 & 9 14 20 19 | o N Wi W 5 o
0ok 95y ( nx 26y 2e& 18 { 30+ 3153 {  BE 26
1563 o 135 1e4{ 12 15 12127 32 2] 20 27 32 6 § 6
(_H0E 23.0) ( 13+ &7 {_28%+ 32} { 2% 60) {6 0.0)
3125 08 131 e )13 s 1649 19 2a| 26 2 23| 10 9 10
(187+ 124 { 13% 35) {20+ 12) {26+ 25) ( Lo+ 0.6)
625 124 126 135 | 23 14 15|20 4 14 23 22 24 8 8 5
( 138% 59) { _17% 49 ( 202 5.4) ¢ 23: 10 (__ T+ 17)
SOMix 1250 25 1 el o1z o1z 2 w| m 8 7z
(135 8.5) ¢ 11: 12) (_22% 38) {33+ 62) ¢ &% 32}
© 2500 122 196 24|16 22 13|16 17 22wl 3 B W)l 6 8 4
{ L7+ 99) ( 17t 46 20+ 6.1} ( 25+ 06) {6k 20)
5000 o+ 0% 0¥ 6= o0+ 04 0+ 0+ 04 o0+ o0+« o4 0+ 0» o0+
{0t 09 ( 0+ 00Y - ( ot 64) {0+ 00 ¢ o 00)
¢ 109 136 131 | 18 .9 12} 16 18 25| 37 45 33v{ 10 W0 11
{ 125+ 144 { 13t _4.8) ( 20+ 463 ' ¢ 40+ 43) (0% 0.8)
3125 30 w24 123 4 12 pof =2 o2 14 3 3 36|17 15 12
{ 126+ 3.8) {_12& 2.0) (_21% 7.0) ( 23+ 253 ¢ 15% 20)
625 02 16 143|179 16 10|22 20 1B|w 442 | 15 12
(_124% 20.6) ( 14+ 38) {18+ 4.7) (__37& 3.6) ( 12% 2.5)
12560 “o 12 0| 13 32 22 17 W) ox M |1z 8 17
( 1271 110) ( 17% 46) (214 35) { 32% 203 (124 45)
SOMix 2500 125 128 us | 6 11 19| 2 31 1w 36 3T 40| t& 13 i1
( 124+ 46 (15 40) ¢ 5% 60 ¢ 38+ 1Y ( E3f 15)
) 5000 122 113 12815 K 17|23 18 35 3 48 | 14 1417
: (121 76 ( 15+ 15} {_22% 36) { 33+ 127) ¢ _15% 1.7)
Positive Chemigal AF2 SA AF2 AF2 9AA
contol Dose (1 g /piate)| 0.01 0.5 0.0l 6.l 20
§9Mix {-) | Number of 41 413 A9 | 127 147 161 | 122 128 144 | 495 500 501 2204 2208 2290
colonies / plate ( 424 14.7) (145 17.1) ( 131%114 ) { 499+ 33) 2234+ 485)|
Positive | Chemical ZAA 2AA 284 204 24A
controf Dose (u g /plate} 1 2 10 95 )
§9 Mix (+) } Number of T €34 T3 [217 226 229 (864 856 88 | 286 253 282 | 149 128 117
calonies { plate (T4 263) { 204% 62 { 8691167 ( 274+ 13.0) ( 131+ 163)

AFZ 2-(2-Furyl)-3-(5-nitro-2-furybjacrylamide . SA: Sodium azide, 9AA: 9-Aminoacridine, 2AA: 2-Aminoantbracene
*: Inhibjtion was cbserved against growth of the bacteria.
*4: Purjty was above 98%.
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In Vitro Chromosomal Aberration Test of
2,3-Dibromosuccinic acid on Cultured Chinese Hamster Cells

| OECD LM TR S AL TED

—RELT, 23-TPOEL U BOEEARICRIZT
ARECEENEELIHT 2D, Fyd4=o=—X N4
Ay —H M (CHLMU, MTCHLEKT) #AVTSE
BENREARERBEEE/RLE.
%ﬁ%ﬁmﬁﬁkﬁw%&ﬁ%&mfarb R e
HHERB R T -5, EEERBITLH50% 0l
AN 2 R TIREEE 1.3 mgiml Thot, —F, LHIE
HILED Somix FET BT ZH50% ORI % 74
BRI 2.l mgmt CHod. T, Somix FEFEETTIE

" 2.8 mp/ml (10 mM) DEEBEIC BT $50% % Bk 5 HE5EH

HEBED s hhd o, Eo T, REGRERBICBW
T, EHEETHE 13 mg/ml, RBEHEECETIE 10mM IS

TS 28 my/ml NI E FRLEAEREE L, F

D 12 OREEEDEE, 14 OBETEEEL LTHY
7.

E#EC XD, CHL Ml 24B519 8 L O 48B: a0
LIRE, $NToNBECBWIRAENBERES

TENERROBRERRED Ao T, £F

BRSBTS SOmix FETORENERE (28mg

Cml) TRARZEEOLD CRAEFTHFTER o

A, SOmix FETOTOMONEES I UTEFETICS
WU, BREROEERTSLEEEEROBRERGE
Hohddod,

CBED#R L 0237 O0R IR MR, RO
#HTTABRENO CHL AR ICREEREFHREL2Y
LEERLI.

Hik

1. {ER L ~#5

YF—F . }Yy—2:3r2 (JCRB) HAF (19384
28, AFE B4R LitFryf=—X - NARy—
HRED COL #z %, BEERA 10ANRCRBICH-

. 71-,_
—

2. BEEoHAN

HedBiZiE, 4B5RMiE (FCS @ JRH BIOSCIENCES,
oy bEFF L LC2073) #F 10% RINL A4 — 770 MEM B
TR

3. BBl

2X10°E 0 CHL ML E, HEM Sml EANLT 4 v
¥z (& 6 cm, Coming) (23§ %, 37 TOCO: A %
~ (5% CO2 ) PICHH L7z

EEECE, ARIEEI DB CESRE ENL, 240
FI5 & O4BRE B L /o, ¥/, EHRMERETCE,
PEEIH B ICSOmixDFEE T 5 X UIEFEET TR L
BL, MERTEFSLERETE G 13MEAEREL
7.

4. HERME

23-F U eI (B (CASNo.:526-73-3, uv &

5120831, TF v Z MBS, () BARLELERSR

it} HBBOBET, A&, VAFAIAMEFY BT
TEMACTETHS., 97K CGH4BrOs , TFE
275.38, MO250CA L0 E T, MEERRLLLTH

5. BRHERTEETHY, Bifh (T ¥) To

FEEERBTH, 0.7812~233.5 mg/ml OiEEER THE
HEEETH /2.

5. HBHEOEY

Hﬁ%ﬁ@;ﬁ%i HHODPFs 7, BT |
Y (MRMETEER, Uy FES I DCKIS) FHEW
. BRZEBHCEBRELTRELHARL, »WCHEHES

FHCTHRAR L TREDREOBRD EHRE % iz 8

Lo BBy AR, B0 1% v ices XS
KA, SR ERARIC BT AT
L2%Gf) B2 X5 mA . REARERBOERYE
B L URAE R CECAW BRI L SRR o Ea
WoREE, T<THFESEHEA (FHSREIFNED RS

% BLE) ofETdhoi.
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6. MINEMEHREC & 3 AIEREORE
REFEFHRECHV I EBSEONBIRE T IET

 Bh, ERMEOMMMIEC BT e B, B

B8 Ao CHL #IfIC ¥ 2 MERAIEIfE R id, ERBiEEm
REEER (Monocellater, ") 2 ARETEED) +H
WTENOMBELREEL, S EOAEREOFIETR
BT 2MBEEolz b o TEE L.

FOHE, 23-TVro Tk {5 OH50% oiEREg

ERTIERE:, s0% st hEalLL
Z5, HEEBRICBTLE50% OHRHE A R mER
13 mg/ml otz —F, REHEELED SOmix £
THHEITAH50% OBBENH* R&EBER 2 mgml T
Hof:, i, $9mix FEFET T 2.8 mg/ml 10 mM) &
BELBWTLS0% 2B L A EIHMIEZES Al
7z (Flg 1).
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100

=

e
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c

o

o

s 0
§ 5

¥

e vl Jeee  treated for 48 hr without S5 mix
Qa w{J-ee  treated for 6 hr without $9 mix
E ‘ e treated for 6 b with 53 mix

' 0 1 v 1

1 ) 2 3
Concentration {mg/ml)

o

Fig.l Growth inhibition of CHL cells treated with
2,3-dibromosuccinic acid

7. EBREOZE

ARNBINRBROBEL ), BEGREIBTH

AERBMAORBRENS, HEETH 3mgml, BT

HEALETH 10mMICHS T 328 mg/ml & L, TR0
IREERFD 12 DRETHFRE, /4 ORELZERRELL
e,

8. REHIRRERNE

BERRT OBERGENIC, I3 FERIEESB 0L
pgml KB & D IKHEERICING 7= R fEROMER
BEHCE>TTo 4. A7 4 FEREIEY Yy — it
SOMIERUA. (ERLAEAS, 3%FLHHEHTH 10
FHRE L.

9. HEHEIN

LA FIEREDI B, 190F 1 v apnig
ERERRLATA N, ERoBRBEFTLENE
ST IPERVE S ICa— FIEL RECHR L1,
FEEOSHE, AFRRRERRF S, WLDERR
{(MMs) FHE 2 B FHEERICHETHTHY, BRI

BhrwiIResFBoXy v, O, ek Yol

EREOBELASEIEAR (polyploid) DATEIZDWT
B, $AERREICOWTIZ IR 2008, 185
RiCowTi 135 3008 OB MR & 5347 L /.
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10. @B EHE

SRR, RS LB R L SR R AL
K2V ToOFWHERE, BELCHRY, BERECHE
HEH, FERoBicowTEE L, SHofisi
SEMICEALL., REERELETIMRONEEE
WZDWT, 749 ¥ —~0 exact probability test #:42 %
h, EEMEEE B EABEM S & U BRE
BHNRROSEEREETo /2 MBI HOREEKSR
FHRBECODWTOHER, EHLY O EEIEICR
v, BAGREEZATIMBOMEY 5% "L BIE,
5% LLE 10% Hi % BB, 10% M EREEE L,

BRBLUER

BEEEI L D REEFIOEES Table 1 2RLE,
23-F7OE IR EEEMA T 2465@ B X U 488 R A
LA TOMBEET, LadoBnEREs NS
HiaoWBEFEICEETEMEED L AR ol

AR & 2 RAETINOFRE Table 2 LR
L7, SOmix EFLETOESLEBRERE Q8 my/ml) T
i, IEEEAROLIBRICEELEN (p=00154 #*
BN, TORERTISHTHD, FRF-FE0
W B L URIEL DR CER L o T,
S9mix FFET ORELIBREE (2.8 mg/ml) KHBVT
i, MM OREETITFETE L h o 12F, O
foDSomix FFET B & UIEHETE T DR MMIBRIC BT
B, WFLLEEEOBERY S I UBESRBORE
ZBEMIZH SRRl :
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Table I Chromosome analysis of Chinese hamstet cells (CHL) continuously treated with 2,3-dibromosuccinic acid** without

$9 mix

Concent- Timeof No.of __ No. of siructural aberrations No. of cells
Group . ration exposure  cells Others® with aberrations Polyploid® Judgement?

(mg/ml) (hr) analysed gap ¢ib cte ¢sb cse f mul®  total TAG (%) TA (%) (%) SA NA
Control . 20 0 1 0 06 0 0 4@ ! 0 1 ¢05) L (05 000
Solvent? 0 -} 0 2 1 0 290 00 5. 0. 420 2 (L®) 025
DRS 03 24 0 2t 0 3 0 0 0 6 2 6 (30) 4 (200 025 —  —
DBS 0.7 ) 200 23 11 0 0 O 7 [/ 7 (35 5 (25 025 - -
DBS L3 24 20 0 I ¢ 0 0 1 0 2 0 P (05 1 (05 088 - -
MC 0.00005 b 200 20 72176 4 2 4 O 272 6 137 *( 68,5} 133 #(66.5) 0.25 + -
Solvent® 0 48 200 00 0 0 0 0 10 10 0 F (05 1 (09 0.00
DBS 0.3 48 200 0 00 2 0 0 0 2 ] 1 (03 [ (05 000 - -
DBS 0.7 48 00 ¢ 0 0 0 0 1 0 1 0 1 (05 1 {05 025 - -
DBS 1.3 43 200 01 0 4 0 ¢ 0 5 1 2 (L0) 2 (L0 025 - -
MC 0.00005 48 200 6 6524110 5. 12 50 389 30 144 *(72.0) 143 *(71.5) 033 + -

Abbreviations : gap : chromatid gap and chromosome gap, ctb : chromatid break, cte: chromatid exchange, csb ; chromosome break, cse :
chromosome exchange (dicentric and ring ete.), 1 acentric fragment (chromatid type), mul : multiple aberrations, TAG : (otal no. of cells with
aberrations, TA ! tolal no. of cells with aberrations except gap, SA : structural aberration, NA : numerical abemation, MC : milomycin C.

1) Acetone was used as solvent. 2) More than ten aberrations in a cell were scored as 10, 3) Others, such as attenuation and prematurg
chromosome condensation, were excluded from the no. of structural aberrations. 4) Eight hundred cells were analysed in eack proup. 5) Ju
dgement was done on the basis of the criteria of Ishidate et al. (1987).  *: Significantly different from solvent controt at p<0.05. ™*: Purity was
more than 93.0%.

Table2  Chromosome analysis of Chinese hamster cells (CHL) treated with 2,3-dibromosuccinic acid** with and without 59 mix

. Concent- $9 Timeof No,of No. of structural aberrations No. of cells

Group mtion  mix exposure_cells Others¥ with aberrations Polyploid? Judgemem®

(mg/ml) {hr) anzlysed gap ctb cte csb cse f mul®? - total TAG (%) TA (%) {%) SA NA
Control . : 20 0 0 0 0 0 0 0 0 0 o (00) 0 (00 050 i
Solvent? @ — §-(18) 200 1 006 0 0 0 Q0 1 0 1 (05 0 (00 000 .
DBS 0.7 — 6-(I8) 200 01 2 0 O 0 O 3 0 3 (15 3 (15 050 — -
DBS 1.4 — 6-(18) 200 21 0 0 0 1 0 4 5. 3 (15 1 (05 QI3 — -
DBS 2.8 — 6-(18) 20 -0 0 1 00 0 0 1 0 I (05 1 (05 075+« — -
CPA 0005 — 6-(18) -~ 200 1 0 0 2 2 1 ¢ 6 0 5 (25 4 (200 050 - -
Solvent” 0 + 6-(18) 200 i 0 0 ¢ 0 0 ¢ 1 1 1 (05 0 (00 038
DBS Q.7 + 6-(18) 20 0 0 0 L 0 0 0O 1 1 (635 1 (05 000 - -

+

DBS 1.4 6-(18) 200 1 L1 O O L O 4 0. 4 (20y 3 (15 088 - -
DBS 28 4+ 6-(13) 0 ’ Tox  Tox

CpA 0005 + 6-I18) 200 13 75157 4 1 2 O 252 4 116 *(58.0) 110 *(55.0)  0.00 + -

Abbreviations : gap : chromatid gap and chromosome gap, ctb ; chromatid brsak, cte; chromatid exchange, <sb : chromiosome break, cse:
thremosome exchange (dicentric and ring etc.), : acentric fragment (chromalid type), rul ! multiple aberrations, -TAG ¢ total 0o, of cells with
aberrations, TA. - total no. of cells with aberrations except gap, SA. : structural aberration, NA ; numerical aberration, CPA : cyclophosphamide, Tox

Hoxicity. 1) Acetone was usedassolvent, 2) More than ten aberrations ina 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 anialysed in each group, 3) Ju
dgement was done on (he basis of the criteria of Tshidate et al. (1987).  *: Significantly different from solvent control 2t p<0.05. **: Purity was

more than 98.0%.
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