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A Study on Carcinogenicity of Non-mutagenic Chemicals

—The Induction of Micronucleus in Hepatocytes of Rats by

2—-Bromopropane-
Seung Hee Maeng, Jun-Yeon Lee, énd 11 Je Yu

Department of Industrial Toxicology, Industrial Health Research Institute, KISCO,
34-6, Kusan—-dong, Bupyung-gu, Inchon 403-120, Korea

—-Abstract-

The mutagenicity of 2-Bromopropane was rescreened through the
micronucleus assay both in hepatectomized rat liver cells and bone marrow cells,
which had shown no mutagenicity in the previous study using in vitro
chromosomal aberration analysis and in vivo micronucleus assay in 14 day
repeated dose experiment.

In addition, the availibility of hepatocyte micronucleus assay for
non-mutagenic chemicals in the mutagenic tests suggested in general regulatory
guidelines, such as OECD guideline, was evaluated at the point of view that it
could substitute or compensate the existed mutagenic test methods for
carcinogenicity.

The mean frequencies of MNHs (micronucleated hepatocytes) induced by 2BP
at the concentrations of 200, 400, 800 and 1,600 mg/kg b.w. were 0.53 + 0.20%,
057 + 0.14%, 053 + 0.15%, and 0.58 + 0.22% repectively while the control group
shows the frequency of 0.22 + 0.08%; There were significant increases in
micronucleus induction in treatment groups compared with control group
(p<0.05).

The mean frequencies of MNPCEs (micronucleus in polychromatic

erythrocytes) induced by 28 day i.p. repeated dose experiment were 0.19 +




0.41%, 0.18 + 0.10%, and 0.21 + 0.196 at the concentrations of 125 mg/kg b.w.,
250 mg/kg b.w. and 500 mg/kg b.w. repectively. There was no increase of
frequency compared with a control group (0.15 + 0.15%).

From these results, the clastogenicity of 2Z2BP could be confirmed only
through the rat liver micronucleus assay. Therefore the carcinogenicity of
halolgenated compounds including 2BP, of which mutagenicity was uncertain
with non-clastogenic results from in vitro chomosome aberration analysis and
bone marrow micronucleus, could be predicted by clastogenicity in hepatocytes

with the positive results of mutagenicity in Salmonella typhimurium.
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OECDE ¥|%% FDA, EEC5e4 #atgag #esty] ds @59l sl 7
Z orgae) S4AE Jol=ael, AA 24 F7NA AN, At AF, o

o T3 A BE EAHF HolgAdl tiF HAMTA £ =EUH
Qe AL FAAEAH] ARY 1Y, dAA G i AE 1Y R DNAC
o] gAY 1WHE] AAHT ' Hol FEHth o] FAANILHY 7tol=
golo] w=A] AAEO Qe AogAM 7F AFHo|H hEAA W9 AFol
g & & e Ro] HAEL o] &F EAEHW F Ames AN EH, TFHF AXE
ANA 9 in vivo 2 in vitrog] G A o] FAIHel Q At

setE e oo 7] AFLHOEA olE Ames A E S HRT ZF Wl
M ABo] 204d7 FFAX T Yot 2l olEFFE ol ANFAEF TIA
N ATelel Aol 2F A 1 vk o] ZANE 2o WMol S
UERRE A S A obE Wo| HRgtd Bl ke A EF iR o)

UHE deriA @ dedel e el el $YIEU EAATE 3ol
. o] £7AE Azele] oyfolete wAAM B4R A4 BB FEolt A




EE o8 TAA ANFEH HoldA NP 4 FesAW EIA a8z g
Hoz AR w AbFelAA Y 2dA EFL AEeA E3sE 5 Yoo} g}
A7IA] ELEdEHY] 27 AEHOEN Z4F HoldA ANPE FAHoZ
7td A3, vl NTP (National Toxicology Program)3® FDAS] ZAle] uwl=w
Holdd AEd Qo] BRAAERY FAHAEE & UAEE AmesA o] oF 50%,
TF HFAEE o] & Ao FAHe] oF 55%, TFAEE ol &8 2qAY
3 91%E UENL, Joz nHTUANERL SAeE UEUE SAAES
5ol AmesAl @ ol 90%, A ) FAFo] 65% 22T £FHAFo| 13%°] Y
(Uno et al, 1992, Yoshikawa, 1993; Zeiger et al, 1990). o]¢} & Alde m
=7 @2 AP S vdo], TAEAY AAE JeEhe 998 AFTEn =% &
olx7t wom A YUA (false positive)o] ES AlFHL wWol, vLYAEA )
AE Foste 4o HE AE AAEIL Qith
AZE7 2ottt JAZ Ames AlP2 O 2 WHoldAA G vty
H®E igtoy H Z AEY A F A=Y Folxg FAld HUuh3
B AmesAl 89 Ao 70%E 71 wom A FAFH| 60% L
2PAFo] 52%= 7t A YEST (Uno, et al, 1992). Z+zhe] Al ol A
e dig AsRE 898 By g 2o

£ LM
o

o

—_—

o o
s

ki

al
A

]

h -

o & = o

1) Ames A3l 3loH A= A3}

AA7A BaE AmesAlEe dFEAQ o= Table 13 Zt. Ames Al
19753 7ol S ED dig W= 2 uEGPdED o Solxrt Zhz}
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o] RS AANAA A
(Uno et. al.,, 1992).
AmesAl@el glolA 1975 ZFA HIZol lojM e RzZES Aole ATZA
AEAo] zte wetAde EAYE A Zu gAdER A" Hold /W
ol AL ot YoM AFT FEA #713LET peroxisomeF A EZ I 2
d2AL 19750 HollE NTPEAA oz HEs3 dolert glo] thdEZo] H=

B!

mu'.

pnr}

Table 1. Positive sensitivity and negative specificity to carcinogens and

noncarcinogens on Ames test. (Uno et al, 1993)

Auther Positive Sensitivity(%) Negative Specificity(%)
McCann (1975) 90(157/175) 87(94/108)
Sugimura (1978) 85(136/160) 74(60/81)

Purchase (1978) 91(53/58) 97(60/62)
Tennant  (1987) 45(20/44) 86(25/29)
Zeiger (1990) 52(12/23) 100(18/18)

Yoshioka (1993) 2 Uno et al.(1992) AmesAl@ 9 9#=7F ¢F 50%% A&
A o e o] slgth. 9A aE 7|&9 RIAHEAL initiationgd D&




T2 3t Zd A FEH &Y promotion (P)E FE sle A 71X o8 712 FA Y|
7t EAEte AR 7]—7H 0}04 (Flg 1), %73'6‘4 BetEde] XSS Fig 1.9
2 S Wity zhe wlolm A o

¥ E 19 7}123 7}735}9i‘:1r. ojuf w2} initiation& A& 3zt
F& 2AEEL a9%F Ames A PoA YA o2 31 @ promotion
°

<€ Ames A A &4 é 2 2 A7 B u 7
o

ZA olEL Ames A FoA %"é% ‘4’5}‘—]']": H]‘i’i"], gy EFe 14
promotion&/d o] Lt RIS AR e AAEZY A2 AA3}IL. &
nxje] 3EERY A WA Ames Aol A 2t initiationE A &
9l 749 9ol promotion FAE FAMEE oW Al@utHo] HAdHe A

=

2) In vitro GAA ]I A A} FF LFAIF Y Folxe A3t

2 saAEe NFAA Ames AF S4Y BAH BAE FHO
Foe Fol BlAYEAC] of T AWH oJEA AAE ey

s AL 288 FobuA g A Z 2o FAMNPel Hogrh ANME
5o Hzol o]z AMAolFT 2GAGe) golH 53] Solwrt wgol
Ard olH® Solms Ast 7 s ARHFEAY FARIEA
2AE F1 vk 53 GAAIFAGY A (false positivity)e] E @

lo] ol WolARA WS FAFA BRI BAPe] A7A A3 Aitske
JaAol ol oz BRAHNYHGE 1 ABFAY AuE BAE] o

e nies 5o AAF AYETL A% FZAAL 9§29
JAA L Boe Ty AUTF BAHE Loz AFsE AGPolth



o] Nge F2 FFAXE AHstd AAstn ded AW A (n vivo) o2 3}
SE ] A ] %‘:‘a“é% ZAEHE Algoza AACA JHR de AAH
gty = o] AFHE Ames AE, EHF MIFAEE ol &3 FAA G FA
22 I %‘F@‘ﬂ FANE stz Hol HZo) o2y FAHSE o] AY
Hol 3t FAlo] FojE L i

FANGoZ A=l YE A FTF AYNPY Fo 5L AA, AW
(in vivo) Al dolgt= A S, XFAZFHIFP)AA A 0GE aFIgdE A
oltl. AL AAU APolzte EAHL ¢ Fod dE, fHUSSAAN A
= WHo| YA EE F43 AAU APojFde R WEolth dWtHoE ol &HI
9l in vivoe] WollA AgeE woa APl WL, HY F4A

2 o]83d AAFo|AANE, 1 5L o] &F in vivo A 7] DNA (UDS) &4
NE EE SAXNAANEES 27 gloeyd dAH SR in vivod] WoldAdANEE

A o A2#APL M Zo] Adstn ek aHu AR dFAKXl Tt
T2 ol83 AMANPEL Eojnrst B3 ol YUYA (false positive)

A7 Qomz dzl A stolekdlel A of AYdel HE gEAe]l WaA o
o ik

SHe B4 THUH FLA FAAIIE gy AATFY adfoz
229gE dold 2UAPE g Busta FBH APheln, £ ol gl
c gay AT 2d9g BasE e wdel 41 JAAE BE}E Au
b B dEs asx 2t TY gd4 437 BARE AL H9E
Aol A&se oo WaE AFHo sy F o} olw o AN A
dol nEHYT AmE Wol YAHTL Y AAW Aol HATh A2Ae FF
wor ojuel @z AYTFEF 28 wRE oPyel ANFI gou
(Mavournin et al., 1990; CSGMT, 1992) oA =& HI+FE B@steE Aol =

FATWe GaA LS BEE AL whasbA ot

ol gol= A7 Eolde] Qe Aew FEA Uch(Benigni, 1990, Tomatis
and Bartsch, 1990; Tennant and Ashby, 1991). w&7FA = slatE e zg T3
A7 B0l o] e AL AT ¢ HPF A7 FAA | FNE BAE LA




gdetez A Mo 3tEde 48 J4d FE glgo] HHe FAY
A74 (TARC)O o3 Atgel st YAEDZ AN EAF 02 TF 484
Ao 23 FAoIAA EF9 AARAE AN B ted (Benigni, 1990; Tomatis
and Bartsch, 1990; Tennant and Ashby, 1991) 7+#& o] Eo|Ho g ¢& Yoy
EAFT IFTE o8 2P HEY o gl Edo] By (Table 2). =
EEAR Holl SolAY SFEFAE 2¥AFoZ A& F g EZE YA
o}

IARC 2 =29 UAAFAEHG L8APHe #AE Y (Table 3), 53 =
dx7, T4 Ee 3 g 2 248 By, 3dd Aol AXxwt 4
7b fEAQ 28zl X7 TAEAN A= 80% olido] A|AFAA
d9] AFo|Rh. Ty FARSY EE IR IR T FARYU wHH
710 A EFDAME NRE 50%, HFe] FHF7 A EFDAME 45%% 2
I& YR



Table 2. Target organs of micronucleus test negative carcinogens (Wakada, et al, 1993)

Organs Chemicals

Liver Benzol a Janthracene, Vinyl bromide, Auramine, Cafbone tetrachloride, p—Cresidine,
2,4-Diaminotoluene Di(2-ethylhexyl)phthalate, 1,4-Dioxan, Hexachlorocyclohexans,
4,4’ -Methylenedianilin, N-Nitrosodi- n -butylamine, N-Nitrosopiperidine,
N-Nitrosodi- n -propylamine, N-Nitrosopiperidine, N-Nitrosopyrrolidine,
Phenazopyridine, Phenytoin, Trypan blue, Hexachlorocychlohexans,
5-Nitroacenaphtene

Esophagus N-nitrosodi-n-butylamine, N-Nitroso-n-propylamine, N-Nitroxopiperidine

Stomach Acrylronitrile, Ethylene dibromide, Styrene oxide, £ -butyrolactone

Intestine Phenazopyridine

Lung Benzolalanthracene, Ethylene dibromide, Formaldehyde, Berylium compounds,
4,4' ~Methylenedianiline, Metronidazole, 1,1-Dimethylhydrazine,
5-Nitroacenaphtene

Skin Benzo[alanthracene, Epichlorohydrin, Ethylene oxide, Styrene oxide, 8
-Butyrolactone, 2,4-Diaminoanisole, 5-Nitoacenaphtene

Mammary Acrylonitrile, 2,4-Diaminotoluene, Metronidazole, 3,4’ -Dimethylbenzene,

gland 5~Nitroacenaphtene

Kidney o-Anisidine, Lead compounds

Bladder o-Anisidine, p-Cresidine, N-Nitrosodi-n-buthylamine

Thyroid Acrylamide, o-Anisidine, Methylthiouracil, 2,4-Diaminoanisole

gland

Zymbal's gland
Adrenal gland

Uterus

Brain

Vinyl bromide, 2,4-Diaminoanisole

Acrylamide
Hormonal organ Medroxyprogesterone acetate
Testosterone
Acrylonitrile
chloramphenicol, Cyclosporin, 2,4-Diaminotoluene, Dichloromethane,

Hematopoietic

system

4.4’ -Methylenedianiline




Table 3. The relationship between results of micronucleus test and target organs
in IARC carcinogens (No. of compounds, Wakada, et al., 1993)

Target organ

MN test

Hematopoietic tissue Local region Liver
Positive 23 14 19
Negative 5 13 23

o] A Z BEAY AV wet £MAIPe] Aol AA
F el olFdMaT L B Fastn F F Je EAE
o] ¥e AL o APPHe T EAFI g% At

in vitrool A HoldAdS UelE SUEdd &) v AP
o] UDSAIE ¢ A} (Ashby, 1986)& Hlus| HH, F A3
e 2A%E 9ou A8Ad = UDSAE o= 3o

S8 & F U (Table 4). o120 in vivod] A%
wet Edo "hgAo] A3 t2rz & o &%
ol Aol g48 Aaste S AV 2o &
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4) Halogenated propane?] o]

o} ¥ 2] halogenated propane®] ™3¥ Salmonella typhymurium TA100& ©]-83t
BEAEddolAgdTe wWEW  2-bromopropane (2BP), 1,2,3-tribromopropane,
1,2-dibromo-3-chloropropane(DBCP), 1,3-dibromo-2-chloropropane®] 7% tiAp&
H3e $gstE A o9 e Uehin DBCP 2 2BPY A9 TA 15635914
T HolYUAEe B F3 9t} (Lag et al, 1994, Maeng and Yu, 1995)
AEGASHH A7 AT ¢stH DBCPE in vivo ¥ in vitro®] @A ol 343



Table 4. The relationship between in vitro and in vivo mutagenic tests
(Ashby, 1986)

Chemicals Activity Mouse MN assay Liver UDS Carcinogenicity
in vitro

+
+

Dimethylnitrosamine +
Diethylnitrosamine +
2,4-Dinitrotoluene +
3'-MeDAB + -
N
.
.

+ o+ o+ +

6BT (DAB analogue)
Dimethylhydrazine

Cyclophosphamide

Benzolalpyrene + + -
Hexamethylphosphoramide + + -
Dimethylbenzanthracene
2-Acethylaminofluorene +
Benzidine +
MNNG +

+
+

+ o+

+ +

+++++++++++

+
+
+

+
|
+

+, positive; —, negative

1) Aujd A DBAA FAHe ATRE BRAD 2BPY A S in vitrod] @A A 0]

n 242 o]gd A2AANPAA A9 AR PATH (Maeng and Yu, 1995). &
& 123-trichloropropanes A% 3-C hydrocarbons 2 Apvf & A 4| o Fo) 7Fg
¥4 9 277} gl o™ 1-bromopropane, 1,2-dibromopropane =l
1,2,3-tribromopropane o e AEXFATH MEHFASH A= =29}

=




i o)lF ggstA 95t 2 E5A5H
SGAT AT o] Edo] ZEAEY A4
7% A 82 %l?l%’é‘ﬁ% Zr—zé?} u} 213’—, AT EANE BASHAT7}E o] F9
A o, 7 BFHA do] AAEHo] e BEAYo] ¢HAD (Yu et al, 1996). 2BP
of digh WMol Salmonella ¥F TA 1003} TA15359014 %Ad9) A7 YR
MEFAFH 2= S48 A7 AN (Maeng & Yu, 1995).

157 SFAZANY A AT AR 53
‘“@-4 o l ddS AF dgdna dride FErt dua Atsdn a9

B2 in vitrod] FAA]ZAHAN FAPoIAD Sl I AP HAF
27 4R At AEHUAE AT in virod FAACIGANRAEAFHE FA
HAdoheE AL Adsd & = Aok 2 4ol SFAE #4238 FAEsn e
A FL2 FERHLE AYAFAME HAEHT] AHR 2L obdA E= 7B
Aol Mo Aot AWyt 3& iEste] fFdsteioltt & Aoty & WoldA
bl T Hold g 2HE HAlMe STHEE ol 8T Ao S 3

S| g9 oldw YA 5 m
Hal3, EF FTHALE o/ §¥ 2UNFAH SHO2 FRLEFHE BB
EH7\#e] F2 A BAT L Hotste] oA AXFALH PPl
$74¢ AHe AW 2BPE BACR BATAAY 28T ANFOH
2 A%E BLALE o8F 29AYY A%k 1 B9 L 2BPol U@ Wold



II. 99y

1. A oF

B Age] AFhAE A 2-bromopropane (2BP, CAS No. 75-26-3)2 HA ®
R RN A T8kl Algstg e 2 £55 9%tk @FHe] ZA A
s EGTA [ethylenebis (oxyethylenenitrilo) tetraacetic acidl,
HEPES(N-2-hydroxyethylpiperadine-N'-2-ethansulfonic acid), collagenase,
trypsin inhibitor 21 TAEW ¥ =L Lo FFIMAoz Afsts
DAPI(4,6-di9amino-2-phenylindole dihydrochloride) 59 A1%& SigmaA|9] R&
A3t th. 2BPE A¥FE £93517) st AL sMAE HA EEABRT
(kK)o olive oilg AH&3HATH

2. AHEEE

B o)X= SPF (specific pathogen free)2 Al%¥ Sprague-DawleyAl S 2
= ZHAE A2FAFES YHAHE FA 0uEE, TFAE L2AANFES AMHE
ot zb 40mtE] A AR FFBAE(F)NA TR AEFTER AHEIALH, =
QA ZHE AT LAAP AL 65He Aoz 237 F3ATF AP At
gatg o FHHANE AMAPLL 75H] AL 17N £FANLF AFHol Abest
JAot. €71 H 4 ok RE FES 2E(23 + 20)% % (55 + 7%)7}
A EA ZAFHo] Y= kA =AH [MJ-721 CS(P), Myung-jin, Korea] o4 A}
459 AFEEES AYAT FAYAA BAF & ZAES FTA
EP n&ulgAE 2 AHA FEEL 14 JHF E& Jo ASHAS. TF

ZagtryolEA S FAolx & JAF 3utgdy L FEIFon, 4 4FTF
ggad AL Z4o] YE FEL AASD AFEHE 2 B dFdA 2

st

N
N\

_{

to rlo AL

w3
U
>




3. 2y

) ZMEE ol &

ro

ERE

ol

1) 2¥8s= 2 23Ty 44

AYFE FA9E 2BPY FX & 2BP9 LDsx (RTECS, 1995)9 ¢F 1/3% %9

+ 1600 mg/kg bw.E HA1FEZ 3t 800, 400, 200 mg/kg b.w.&] 557
T 2 S§MET Y A ¥ S HASY 3 APT D 6utE Y wiAEE FE
FE TEY AFTES AR 3o FIJAFESHP o2 A AT

@Q2d=AS

TEY MAEE AEFIZIF G 7ld #HEH Jdou xFe dFEE AA
(partial hepatectomy)@& A $ A= FAGAEY. &3 vz A
AAHE Aol AT 4AHL AFstua & ol EH Fof L 71
o] REA AA7E HHs| o] FojA o} f?_‘:]'. HAEA 1435 AxEdo] 7Hd w27
dojubar (Tates, 1980), 3-44F v ThEFHo| JEHEE B AFdAY dF2A
<& Fig. 29 #Ze°] stdth

28
12} A 2215 DAE] EE
| | | | { |
P P

Fig. 2. The experimental schedule for rat liver micronucleus assay
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(5) THAE FTEA Y

kel R EAH  HA(PH, partial hepatectomy)E AA3 49F AYPZEL
phentobarbital natrium®. 2 tlHANFE ZE2AF TAI}ALY ZTEL Zysd
NEe ERE =EAAY. vl FH|3 ABFY (Table 5)-& peristaltic pump
£ o] &3t o 14 mi/ming F&02 BFHE T 58 AFAI L ol 3uE
Be HAGANA A& BAFA B2 5¢A €¥8=JT. F8F collagenase £
(Table 5)& 9% 22 F£0=2 78D AFANNZFE 7+8 H&3t9 collagenase£ A
o] #X EFT2E Ay o AEE F&E Y2 BAAAHG. B0 A

E 7HA 3FE HA AF{AZ F 500 G YAESEE 18 dAEY A AF
Ag HAdoE WZAZ HanksH & 7He] ohA) A &8 AHG 22 23 33
Hato] AAEAT Folde AHAEE 10% FAT=RHLEA R Ao T

d
)3
op
N

Euiye:

6) &2 I8 R 2¥9 A

Y DAE AT 40 pg/ml FE2 DAPI 948 1112 4o AN A=x
dgds Sgtoj=agtad Hojxgya AW Ig2E W tE 365 nme UV
filter7t A%¥ #F&An 7 (NIKON OPTIPHOT-2)o 2 ##3gut. ZAEE 3
ol2l g 10007003 S #Estdem olwf ¥ FEMN FFS Uee THAX
A8S AR TR =E 5 3=dee BEAsg o A FHE
et E HHNEZE gdoz E8olzme] F FJox 22 500704 & 4006 oA A &
Zatgot. 28] VEL A 22 e AAd AR d¥FY AL Y=
a5 #le] A Al 1/40]8 e Ao AL #FEHATH (Braithwaite and Ashby,
1988; Cleit et al., 1989).
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Table 5. The composition of the perfusion solutions

Reagents Preperfusion Collagenase
solution(g) solution(g)

NaCl 8.0 8.0

KCl 04 04

KH2PO4 0.06 0.06

Na2HPO4 0.09 0.09

EGTA 0.195

HEPES 2.39

NaHCO3 0.35

EGTA - 05

Collagenase - 0.05

Trypsin inhibitor - 0.56

CaCl2 0.56

B Apo e AdAFe $E AFdeld AT 2BPY 289 nNbEF
Weste) AAFFT 2P J1EH HAPrEe dibHe=R
(CSGMT, 1990)°] wet Axstgeu 24d3xA7 s 5L 9
th B dFdo) 66U dF 3 Wy B T8 AL ol 28
PR T BoEEE 125 250 @ 500 mg/kg b.w./dayE stR o™ z+ 4F
74zt outely o2 stk HAETHEA UARFE FFAEE AHsY =EE
A5 R, M-S HayashiE(1983)¢] WH o2 acridine orange® PG AE
8 3-8 v 4 (OPTIPHOT-2, Nikon, Japan)o.2 ##3t5 100071 thEd 2 @ ~lA
28 7hd gddd 28T (MNPCE) o Wxg A&t £F $Al 100714
AR AYT (AIH AET + g™ AN A Hd7Y v&L B
Aok

b

e

oX >
R e 9% %
to o AL 3@ o W

o
2

==
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DA FA Y AFNE FHto Q)

ANOVAEA 2 Duncan® tEH| &
FFA XN LRI E i >
£ A3t e PCERI X thal)A]

Sul 273 2BPAE T FAdHAHL
A A8 ot

2 Kastenbaum¥ Bowman (1970) ¢ Wi
ANOVA ¥ Duncan® ©-Fv|uE HA3A
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1. A A ] 2 AH

D sE#ELA

B o Fo)| ALE3 Sprague Dawley 33# & SPFY 5824 =94 32 67
Hon HAZ:9 WYE 1230 - 1524 goldot FT4A AFHHA= 2082 -
2405 golgth AP AAZ wE TFAAHRE HEF AEE 24T f7HA 9
A ER BRA W3S AHHEA Table 6 ¥ Figure 33 2t 39 F&
A AT BEAE fuidixTd A$E HEA 48F A IEHULH
9BP Eo] o] glojH FEFAL Zol7l 9o} 4dFol® wA FHEHA XY,

Table 6. The changes of body weight of rats during experiments (g)

Groups A1y A2 A3 Aad A54 A6Y

0 mg/kg bw.x 2257154 246.1+14.6 215.7+14.6 229.6+8.3 239.616 8.2 245.3+6.8
20 mg/kg b.w. 223.3+56 243.4+4.7 2105+7.2 221.2+6.3 227.1+12.7 236.9+12.0
40 mg/kg bow. 226.8+4.3 244.2+4.7 211.1+8.2 223.3+5.3 231.4+7.8 238.1+7.1

80 mg/kg bw. 225547 248.1+5.7 203.3+114 215.0+6.2 2259+8.8 233.7+7.8
160 mg/kg b.w. 224.7+14.2 243.74+17.1 198.1+17.0 201.5+14.2  210.0+26.9 216.2+30.0

= olive oil, 4 mg/kg b.w.

A 1Y TP D 1T AF

A 29: 2BP 135 24AZLE/ Zhel RBH FAA AF 1
A 39 HAA 2474 25/ 2BPY] 23 TN AF o
A 42 HRA 29H FF

A 59 z+AA 39A AF

A 62 2+AA LA/ TALELA AF
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6ulal ¥ & 3008l & A&t ovt
g 3 ulglvl AAgsld = 2BPY
HAZE AT B F 28ut

Lo ofl

2) A XA ] 2%

7+ AP FAH Bl HATAA #FE LHFLIAEY] WEE Table 7 R

Figure 4% Zstch SultizTolM e FFUEE 022 + 008% oo, T
Z 9BPY ¥% 200 mg/kg b.w. oA

Table 7. Frequency of micronucleated hepatocytes in partially hepatectomized rat

liver after intraperitoneally injected twice with 2BP

Dose(mg/kg b.w.)  MNH/1000hepatocyes Mean + SD(%)
0° 2 -1 2 3 3 022 + 0.08
200 4 4 56 9 4 0.53 + 0.20%
400 5 6 4 5 8 6 057 + 0.14*
800 8 4 4 6 5 5 0.53 + 0.15%
1600 6 5 - 9 6 3 0.58 + 0.22%

MNH, micronucleated hepatocyte
Each group consisted of 6 rats.
2 olive oil, 4 mg/kg b.w.

* p<0.05
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Fig 4. Frequencies of micronucleated hepatocytes
(MNHs) in partially hepatectomized rat liver
%fé,sr intraperitoneally injected twice with



0.20%°]12™ 400, 800 ¥ 1600 mg/kg b.w.elAE= zZHz 057 + 0.14%, 053 =

015% 2 058 + 022%% LulhZT(0.22 « 0.08%)) vlgte] FAHo=2 Fo%

o] (p<005)7H 1ol 7Hel HEH WAZ DATLEAL SEUS A$ 2BPo o
A AATONA Aol FRES FAT F YN

2. FFAEAM Y LA

o’
ol
il
u o)

ZHaR

2BP 54 %
A & 7] 7= ok

0.4

3o z+ AyFe AEL vlwed  Table 8 ¥ Table 93 2T

oA & "t BoA WEEE doA AlgsrEt. dETed H s
08917} 2BPE Boe A £ A 250 2 500 mg/kg b.w./daye] & ET A,
a2 ¢ AL RE g EAFCR F23 AF o7t HFH
t}.

Azﬂl\

2) IFAETANAL] 23FE

fuk
Y
2
>
0%
g

A 717 dadA4d-g T (MNPCE)® #H
o} 273 wrste AP oy FEaAdME &Y
ulebA 2BPE 2897t EAUE wtERodsie AAFE I5A
o 2BPE A%E FHA7A Fof AEFAFAH] YEIEA &
Ath. ©x PCES ] &o] Wi A4S BW (Table 10), TR 2% 125 me/keg
3b.w./day EAToIHNE 3067 + 845%, 250 mg/kg b.w./day FATAAME 2510 +
3.23%, 500 mg/kg b.w./day FATAMNE 2242 + 324% 22 tiETel vl F9
A Aok den, e ASE mRstAE 125 mg/kg bw./day FATAA
= 9764 + 548%, 250 mg/kg b.w./day FToME 2231 + 552%, 500 mg/kg
bw./day BTN E 2231 + 552%0.2 dzTd #d FFelsk AR o] A2
9BP7} o] EEwAA ZHlde 2BFE oW FFL ANEE AAMSEL
T},

orl

]

X




Table 8 The body weights of male rats before and after 28 day treatment

Dose No. of Body weight Body weight
(mg/kg b.w./day) animals before treatment after treatment
Mean + SD (g) Mean + SD (g)
0 10 300.51 + 14.35 356.72 + 6.16
125 10 300.68 + 12.68 35249 + 11.83
250 10 300.29 + 12.73 330.44 + 10.69+
500 10 301.39 + 13.26 289.79 + 1598+
* n<0.05.

Table 9. The body weights of female rats before and after 28 day treatment

Dose No. of
(mg/kg b.w./day) animals

Body weight Body weight
after treatment

Mean + SD (g)

before treatment
Mean + SD (g)

0 10 202.35 + 7.10 22672 + 10.53
125 10 202.78 + 6.39 215.23 + 6.08*
250 10 202.02 + 6.32 216.37 + 5.26%
500 9 202.46 + 6.47 202.12 + 9.27*
* p<0.05
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Fig. 5. Frequencies of MNPCE induced by 28 day
treatment of Z2BP




Table 10. Results of the bone marrow micronucleus assay by repeated

intraperitoneal injection with 2BP for 28 days

Dose Sex No. of No. of PCEs MNPCEs/PCEs PCE/E
(mg/kg animals  observed Mean + SD (%) Mean + SD (%)
b.w.)

Oa M 10 10,000 0.20 + 0.20 39.42 + 845

F 10 10,000 0.11 + 0.07 36.04 + 6.08
total 20 20,000 0.15 + 0.15 3773 + 7.37
125 M 10 10,000 021 + 0.12 30.67 + 5.65%
F 10 10,000 0.17 + 0.15 27.64 + 548
total 20 20,000 019 + 0.14 29.13 + 5.65=*
250 M 10 10,000 0.19 + 0.10 2510 + 3.23*
F 10 10,000 0.18 + 0.10 24.48 + 3.10%
total 20 20,000 0.18 + 0.10 2479 + 3.10*
500 M 10 10,000 0.25 + 0.15 2242 + 3.24%
F 9 9,000 0.17 + 0.12 22.31 + b.b2«
total 19 19,000 021 + 0.14 2237 + 4.39%

a, vehecle, olive oil; PCE, polychromatic erythrocyte; MNPCE, micronucleus in
PC6E; M, male; F; female; * p<0.05.
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% Aol F8 2L 9BPol U in vivod] £HA B AAF 9ol E
Ao Be 24 B el BRo] ANFoA EH/ g G 2WANWARE u
wetx 2 AP FeFe 47184 2BPE B EamA o dok AREL

OBPol st WoldAdE A 7] $lEte ojHe] AlPE (Maeng & Yy, 1995) 1] A1
9BP:= Armdal TAI00 @ TAI5358 o] &3 Mol A FoAT ¢ AHE
Holi, in vitro AR WFHEE &3 %*“A]Ol“*l?jﬁr 149 HEEFoo m
2 37 25 29404 249 294E RS E EAstA. 2y 22
B2 BH in vitrod AZFAEH A@de A 5 2BP7F A HLA
Zaolojd APAPY FE 5& nAFANT. £ in vivo ABHYA 14 =
) HEES ZFEAFA lolMe A9 A =¥ FHI|#H] S0 ilﬂﬁ‘}t}
HE Fo} *E“f‘liéﬂ] ol E4E Aoz & Af FHEFE ° wolX
S ¥AH7|Be 2Ed AP BeAds XA HUTh wEM 2ATelA
1Z}~# 2BP| oj &l il%‘%—ai EH*’*OE gt in vivo9] H*‘ﬂﬂ A2YANPE FFox
A

\‘rx F\F

AA P = 2BP oo & _/-:53%‘“0] 4%5]?(] °‘9l°‘4 —r—r@ DAEAE
H AEEDL §EFoRAN AT BATE o] &3 AHAFAME 2BP F
o] W A3egwo] BFHYY. o|s} e AiE 1,2-dibromopropane(DBP) R
1,1,3-tribromopropane(TBP)ell 2] A3} (Belitsky et al, 1994)% & 438t DBP
o] Ao #e M9 (forestomach)l A= A8o] fago] Rxug w glon, 4
g FFEZ o83 AmesAl ol M E AR E FASA FF weld
Qe Uetitis 23 (Stoltzenber & Hine, 1980)¢F &4 ¢ 2% (Zoetemelk et al,
1987)% ME o9& nuso] YU

B A7 tAEMe &2MAEAT (Fig. AME 2HFTNET FAsE

400 mg/kg. b.w. (LDs9 <F 10% & 2F)7HA Z7hgAS Holy HY & FEo
A o oY =712 RolA] 9¢x HEH FTAFE (pleateu)O] He A& B F




A= o] Belitsky £(1994)0] A33tZ2 bromopropaned] 93 §EFHE= EA4 A
o2 Fo% A¥NIEeY Frle 01LDxS FEoA HEHE HHE I (plateau)
of o]2Zw, TBP ¥ DBCP (1,2-dibromo-3-chloropropane)dl A+ 0.02 LD59 &%
oA HANNGL 3 ARG ZUhTh EF o]EL )T YA A T B
dst 9 A58 7y 93t Yo

DBP % TBP$ Hlaste] 2BPo] Wi #tAdel g AAAFAHS vas) BA
DBP= X292 AmesAl @A 9] ¥olgdAo] E&sta, TBPE FoA e A}
24317t o] Foi F Ard} TAI0091A4 2 WojdAdol geld Wi 2BPY 2%
TA100 ¥ TA 15359014 73 HoleddS Yeliglon, AERASy ZHoN B
H 2BP= DBP ¥ TBP¢ vlartx2 A XA e A8E fdA T o9
AF@A T JoXe FE vlastr)de dHolgrt £F3e9 Erles ) 22 BPY
A5 et E bromed] 91X R Fe gt AME UE FHAZDE VHREE ZA
AFAY Aol= Az B 4 vk, MacDonald (1980)9] Xl mEwW,
halopropanee 714 £8 A% & glutathion®2 & & (conjugation)™ wlola 2=
Ehol o7 AstFREE FH AN AsAvn FPH. I NEAE
P4507 el A halopropanee Cl1, C2 & ¥ 7]%3 AstE2 A&=H 1 Cl, C34 &
2 Cl, C2, C39 tigt AsEZ e ofF HA AZJAT AT T3 ek
haloalkane oxidation®] ZE=& XA Fo wet F7Hdta &elAd o] gnt
Ndo2e TBP7E 7HE ®ol Asd 7tsAol Bov A4 2BPo o #age
AANFAL £33 AF7A 9 AN g A ¥y g0 ¢

AE g £28AEL 7+ F&4 HA 2 3AXY Ed dd 483
71l AdEo] e wet e o2y 53] TUgFEAHo JiHes RS
Aoz AlP7)Bol &&5o] gt} (Tates et al, 1980, 1989, 1990). F+9&= 2
zALE HHoRE AL e EF o Eo Sold aidd o3 gAEAS
S73te EZ dEA 2 RAEE YEWHER AHAHY Az 02 A9
AHE 7R UY'E AeRE IHA o (Rossi et al, 1987, George et al., 1989;
van de Poll et al, 1989; Benning et al., 1992). T3+ o| 23} WAlM o g o g
7}A] clastogenic &3l & AF=dE &3] ALLHAT (Tates, et al., 1982).

Ee)



Y HIoE BALE 08T £UAFo A% W (beam) ZA R WA
A a ol 9% e gl WALMET te Brh WD ABYYE

T é_]:
¥l olo] B 1 E ¢t} (Ono et al., 1990; Sakahara et al.,, 1992).
H 3}s %é"ﬂ Eﬂa 0431 5?7@!]7]:[1 2Dz} Zo] FAAF Frel=RlolA A A

7} ol Al Ao «H‘Jﬂ Jde }W EFE ]%ﬂ *i"‘]@"ﬂ*ﬂ £49 A%4E
et 3EEdEC] EH7HE o £ HAEE o83 LFHAFAME
el A¥E JelUlE B IE (Noguchi et al, 1994; Herens et al, 1995)0] %l
o] Wby ol AHF A AFYE mPstn 7E F AT EE 53 AmesA d,
G Aol AFFolA HHoldA EHE Yeld EF diFg Fo B TUA
& o Zste=d 9ol &It & ]

5 3
AAE AGAYE] e Bhoe go) BEAL TGl FHA

o= g
= B4 o8 Bo] S0l tE4e] % dAEAEE &7 22 WElA =
€ AREs ez 42N qdxzdoezAY FHE ML e Aes

ad#l A 9Ytt (Rossi et al, 1987, George et al, 1989; van de Poll et al, 1989;
Benning et al, 1992). A& Aol AT E o] &3t WU NP2 &
3 AleH Ye WHoeErE BAHY] DNARA (UDS, unscheduled DNA
synthesis), A4 DNA &4 (RDS, replicative DNA synthesis)* @ % 1t3H4
DNA £45S 5 5 gl=d ©]% RDS 2 43td DNA &£4AIF L 53] FH o
oz HWoldE A WAL YelEd & AHEE /AT dEHA
t} (Uno et al, 1992; Takasawa et al., 1994; Adachi et al, 1994). o= WHolE
in vivoe] oz A TAMEE ol gste AFWHS B HEA ds 3

32

o

A HEsrloE Age 2 L Jled deger AA FUHA ARHE 7t
274 HE=d AAs EEZ32 (mitotic stimulation)d] #FAolH EAle xS &
MNA wAdMEAGAS gt=E FAFo] oJPm AZte] e Adde Holth &
He EARAd e AT F@HE Aolu A& AAF 7o £ETe
Aol 0o 71y wWEe A¥Heoz RIAEFNS {FEdoF st & 2E WO
B ARME AL B8 F 7Hd A (partial hepatectomy)©] o




ZAA £ dolFel Az HIoe FASAHC e FFHH FEFIA

(chemical non-mutagenic hepatomitogens, Braithwaite & Ashby, 1988; Ashby et

al, 1989)% Abgste] FARE S fEste WHel AJMHIE stAx T AFA
242 AgsEas APTE FPZEAPE FAEEE doTle WHFel
A Pel 2k (Uryvaeva et al, 1995). E3& ZHAZEY ozES diilste W

How Ha AAND ARoze vy zAFAez nFANZ AL alkaline
dissociation?] 71 W5 o] AAHo] (Uryvaeva et al., 1995) HAXE
He Bosty] A g8 77 AEEHA 7k A
AmesNd, THF WAMNEESE o8& FMA ol F ANF, TFAETE & &
AAY S B4 HoldA AFAA HAEHA Fohe ¥
A wrel  initiation®A Rtk promotion# & I 5
initiationE A TS AZa)d AGsty] Motk WA WE By HEHU
s =790z Wad Wk promoter BAL AEdE AP At A7 A=
molx 1 Qe A (Uno et al, 1992; Clayson et al, 1989; Rao et al, 1989)°] 2
t}. Herens 5(1995)¢ ZHA&22 A9 diethyhitrosamine$ AH&3td == 2
9}7 2 ipitiation, promotion % progresson°l 47 A E2FS F3 3} o B M
A EA S FF initiationT®Al7F ok El promotion % progression@ Al & ¥
& #EIFAH
2 ogaagAadd o1 in vitrod) FMAAAEH BFAHELE ol 8T AT
sol A SAel A0S HBd clastogenicity’t §1E AAE Bid 2BPe] o] 7t
wadgugo] BRgo] whal W promotiond] 7HEAE AAGAT. oA
=29 ATZAT 2BPE Ames A ZAME FAojRorn 2BPE TS initiation
promotion24 S F7 712 &£ de FIYS ¢ F YeE=R gT ol &
o138 2= 9l RDS, UDS 59 the F7by wolad NIdFH 37 Zrjdezs
INHEZS o8 BAYATE 7 o] FojAor & FaAol ANHUY. I
OBPLE 1995W¢ LGARA3ALY ABEEATA| BAEAAE 738 v ey o
c Zzoagsd oid e stsAd WIANE FF FHRAL ASHAA
ok & Aolth

Job et
o
Pk



=2

W AT A e w2 A
o2 &7|: Utk HT B4 WolAAA P APl vrFol Hugel wet
A EA o 0%E T WHoldgANger HEY & v &9 ¥He] T
QEAo] Ha gch IARCOAH ¥rHgd 2¢EA & 280 FFRFT 104 TFN W3

= Ll

ZrAEAAY 28524 B4 AH (Moria, T, 1992), IARCS] group 1, 24,
9Bz B9 3tEAL 77 69%, 55%, 46%9 VAEE UYEhAAeH, Al A
ohutage] 9lgAo]l E& wE ANAPAAN FHoZ Fo| RIHIJT. o FH=
Ao AW RY, adridine®, sulfonate®, hydrazines, aminobiphenyl®, azo3t# =+
7} tgeld o Arlel Rade fiste AYFEF G4 vleol =k 4,
74, 2EAZAL ERAAVZ st 24 ERYFE 28N FPoIT = &
AAFHE del= R, SRASNER, FHLHE

A

=
F, UBE of
28A Y st OIME wERe) PEs

pou)
rlo
ol
Ip
ok
o
i

oJEF, TEEFToIUL olB%
Ego] 540 g2 ¢ & Ut

olag Ao S8 webd o BN 74F HolAYAEY 54 st
S 747t S ESA AeE Rart Ak B@FAX APAHRA APAoL B

e
i to

&t o] olllat o7 ANBARES =EAA FEAF T (pharmacokinetics) R T
s A (structure activity correlation) 5& =98t Z@8H <A Frtol 3] 3} s}
=

o]
Ao Wworge o=z Wyt Yk oldl UDS AE, T AHAH,

i

<
receptor® wivlEtE 2ot BAY A& A, 7He] A¥MAPe] AL

promoter@4 © & clastogenicity S 2t




V.28 2 29

2 dFoAME EEATY YA dFE 93 OECDT A7+ 2 ZF 59
Jol FAAFEItol=2 o AASIL e in vitroF A o] FAIE T in vivos
AXF  FFE o8 LFANFES FI  HHoldEZYN TEASNFE
2-bromopropanes Ao 2dle] IFH FHFAE L FAXgA AFAFYS A
ANgozZN FA7)80 e 23S A2 vusty 4 AgHe] AEHS 133
FFAE AAEY dAA T2 RAFHQA T dSIAFEHOEAN TAE 4
Age] g848 A9E 23 g3 2grh

rﬂ

1) 7+e REH HAE T3 EEE FEAN DARAA LS AF A 2BP
d 9% $EE WF FAEAAGVUEE SuRT S 022 + 008%, 2BPEE
200 mg/kg b.w. AFFAME 053 + 0.20%, 400, 800 Z 1600 mg/kg bw.ol X =
z}7} 057 + 0.14%, 053 + 0.15% 2 058 + 022%=% Zt FoF2 oI
njsle] BAA R {93 zbo] (p<0.05)7F ANH.

2) 7+e] REA AAF HF DAXEYNAY FFH AFIHEAL
T3 = F3el 2ol 7b YU

3) 2BPE 2897 B wtBEEAF 3F e FFo #ATF AYHT dGAHET
9 PHAYEE 125 mg/kg bw A TANME 019 + 0.14%, 250 mg/kg bw. 2T
o = 0.18 + 0.10% 2 500 mg/kg bw.AATANME 021 + 0.1%e2 vz
o vlste] AH[FAREIL FUsHA] Fskd

4) 2BP 54 AZe] zZ APFY AFHsaRAn dxzd vstq FRe A5
250 ¥ 500 mg/kg bw. AHTAAN, dAe A RE FEUAAN FTAHLE F
A% AFe zeolrt #EAHJG.

5) 2 AF72A7 2BPE 3F FFALE ol&% 2NN SA49 AHE
B oy, HAEE ol£3 AYAFAAE S AAE U FEAXE
Ro] @A A o)A (clastogenicity) S FL S AT F AATH

6) WetA in vitro®] G Aol in vivod] FEFHNE £HAFAA HHo|AEZ

r\r

BPe| %]

T
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