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Development of a micronucleus assay in the root tips of Allium cepa seedlings as a detector of
chemical clastogens

Elma A. Alcaide, Aki Tanaka, Hideo Ikeda and Kazuo Fujikawa «------e-eseereresereriniannnn.

A micronucleus study of 2-methyl aziridine (propyleneimine) in rat peripheral blood and bone
marrow by 4-week repeated exposure
Tomonori Aoki, Norihide Asano, Atsumune Imaeda and Yasushi Kondo «:eerreemrmmmemneeeeeneanee.
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Effects of antioxidants on the mutagenicity of reactive oxygen
species-generating systems toward Salmonella typhimurium
TA102 and TA104 strains

Atsumune Imaeda', Tomonori Aoki’, Yasushi Kondo? and Masaki Hori'

! Safety Research Laboratory, Tanabe Seiyaku Co., Ltd.,
3-16-89, Kashima, Yodogawa-ku, Osaka 532-8505, Japan

? Advanced Medical Research Department, Tanabe Seiyaku Co., Ltd.,
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Summary

The effects of antioxidants on the mutagenicity of reactive oxygen species (ROS) was examined
using the Ames test with Salmonella typhimurium TA102 and TA104 tester strains. In this study,
adriamycin, t-butyl hydroperoxide (BHP), and H.O. were used as generating systems of oxygen-
derived radicals. Also, ascorbic acid, thiourea, and mannitol were added as the antioxidants.

The number of adriamycin-, BHP-, and H.O:-induced revertant colonies of TA102 and TA104
showed dose-related increases. Then, ascorbic acid reduced adriamycin-and BHP-induced rever-
sion in TA102, and reduced adriamycin-, BHP-, and H.O:-induced reversions in TA104. Thiourea
reduced the number of revertant TA102 colonies induced in all 3 ROS-generating systems, and
reduced BHP-and H.O:-induced reversion in TA104. Mannitol reduced adriamycin-induced
reversion in TA102.

These results not only indicate that this test system using TA102 and TA104 tester strains can
detect the mutagenicity of active oxygen, but also suggest that this test system could be used to
screen for the antimutagenicity of antioxidants which suppress the oxidative damage of DNA by
scavenging active oxygen.

Keywords : antioxidants, active oxygen, Salmonella typhimurium TA102, Salmonella typhimu-
rium TA104, mutagenicity
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Table 1 Effects of antioxidant on survival in
S. typhimurium TA102 and TA104

Viable cells/plate

Antioxidant

TA102 TA104
(#mol/plate)
mean+S.D. mean +S.D.
water 207+15 247+25
ascorbic acid 40 239+6 2116
thiourea 200 = 21719
400 200+8 —
mannitol 200 = 229+4
400 248+8 =

The numbers represent the average of 3 plates
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Fig. 1 Effects of ascorbic acid on mutations induced by reactive oxygen species in S. typhimurium TA102
A : The mutation induced by adriamycin in the absence (@) or presence of ascorbic acid 10 #mol/plate

(T, 20 #mol/plate (A), and 40 xmol/plate ().

B : The mutation induced by BHP in the absence (@)

or presence of ascorbic acid 10 #mol/plate (1), 20 xmol/plate (A), and 40 #mol/plate (). C: The
mutation induced by H:O: in the absence (@) or presence of ascorbic acid 10 #mol/plate ([J), 20 xmol/

plate (A), and 40 xmol/plate ().
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Fig. 2 Effects of ascorbic acid on the mutation induced by reactive oxygen species in TA104
A : The mutation induced by adriamycin in the absence (@) or presence of ascorbic acid 10 mol/plate

(1), 20 #mol/plate (A), and 40 xmol/plate ().

B : The mutation induced by BHP in the absence (@)

or presence of ascorbic acid 10 #mol/plate ((J), 20 #zmol/plate (A), and 40 zmol/plate (). C: The
mutation induced by H:O: in the absence (@) or presence of ascorbic acid 10 #mol/plate ([]), 20 xmol/

plate (A), and 40 zmol/plate ().
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(A) adriamycin + thiourea (B) BHP + thiourea (C) H202 + thiourea
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Fig. 3 Effects of thiourea on the mutation induced by reactive oxygen species in TA102

A ! The mutation induced by adriamycin in the absence (@) or presence of ascorbic acid 100 xmol/
plate ([J), 200 #mol/plate (A), and 400 xmol/plate (). B : The mutation induced by BHP in the
absence (@) or presence of ascorbic acid 50 xmol/plate ([]), 100 xmol/plate (A), and 150 #mol/plate
({). C:The mutation induced by H:O: in the absence (@) or presence of ascorbic acid 25 xmol/plate
(1), 50 #mol/plate (A), and 100 xmol/plate ().
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Fig. 4 Effects of thiourea on the mutation induced by reactive oxygen species in TA104

A © The mutation induced by adriamycin in the absence (@) or presence of ascorbic acid 50 xmol/plate
(1), 100 #mol/plate (A), and 200 zmol/plate (). B : The mutation induced by BHP in the absence
(@) or presence of ascorbic acid 12.5 xmol/plate ([]), 25 gmol/plate (A), and 50 #mol/plate (). C:
The mutation induced by H:O: in the absence (@) or presence of ascorbic acid 1 xmol/plate ([1), 5 zmol/
plate (A), and 10 xmol/plate ().
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Fig.5 Effects of mannitol on the mutation induced by reactive oxygen species in TA102

(A) adriamycin + mannitol

2000

A : The mutation induced by adriamycin in the absence (@) or presence of ascorbic acid 100 xmol/
plate ([J), 200 xmol/plate (A), and 400 zmol/plate (). B : The mutation induced by BHP in the
absence (@) or presence of ascorbic acid 25 xmol/plate ([J), 50 #mol/plate (A), and 100 #mol/plate ().
C : The mutation induced by H:O: in the absence (@) or presence of ascorbic acid 25 #mol/plate ([7),
50 #mol/plate (A), and 100 #mol/plate ().

(B) BHP + mannitol (C) H202 + mannitol
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Fig. 6 Effects of mannitol on the mutation induced by reactive oxygen species in TA104

A : The mutation induced by adriamycin in the absence (@) or presence of ascorbic acid 50 xmol/plate
(T, 100 #mol/plate (A), and 200 xmol/plate (). B : The mutation induced by BHP in the absence
(@) or presence of ascorbic acid 25 xmol/plate ([J), 50 xmol/plate (A), and 100 #mol/plate (O). C:
The mutation induced by H:O: in the absence (@) or presence of ascorbic acid 50 xmol/plate ([]), 100
umol/plate (2A), and 200 xmol/plate ().

RO EEM % R L 72, Adriamycin, BHP 8 X ¥
H:0: (2 TA 102 #%35 L O TA 104 Bk CE RGBT
HY, ZEERDEBER I 0 =—FIIWEkE b R
KAFN R maoRE N7z, 72, HETH® LSEA,

adriamycin, BHP 3 X1 H.0: 128 1F 2 £ B5EED
213 ADR>BHP>H.0: DIETH Y, O, H:O, D&
FEAERB L OHBGRRE L D %8 B E 120 L TA 104 #%
(3 TA102 Bk & D) @ERETH - 72, & ko Bkt
PR S (1996) I X > THE I NTE D, TA 104 #kad*
TA102 R & ) 2T H 2 — RIS R IAEEAED KR

HIFLENT WD,

EMEEOERRMICNT BRI nEE

ARG R K pEE RIS ascorbic acid 2L, M
MERIC L 2ERAR 2 0= —BOMMIx§ 2 hiEE LA
DR L2, Zo#%E% Fig. 1 8 LU Fig. 2 128
a7,

Ascorbic acid # B THW 728554, Wk 150G
a0 = — KoM Ems g I e,

Ascorbic acid I37/KiEHEDOHEELAI X LTHEZTH 5
», FO—KT, #l, B XOFELREA A DT T

(3, SRR R AR LA BT 22 LhamsnT
W3 (BHS, 1994). Al FERICE W T, ascorbic
acid % M T v 72 35 A 1S 48 IR 28 B8R o B e 1 5 B
EINen3, WERNICHET 2ERSBORELZT
7z ascorbic acid DEE{LIRMESNFICL 2D EF L L
2,

MR R DA R EICAT 5 ascorbic acid O #IH %)
R, TA102#¥ B L O*TAL044% £ H ADR B L »°
BHP # fl w72 RICB W THHFEIORS 1L, HRIRAF
AR AR 2 o =—Komp ik S e, L <Ig,

ADR @ 4 nmol/plate 3 X ¥ BHP ® 9 nmol/plate I
Xt 3 5 TA 102 #k o 42 )it 4 % 2 0 = — £ (3 ascorbic
acid # 40 umol/plate TZNLZ1 9 % B L 28 %IH
# & #7, ADR ® 0.2 nmol/plate 3 £ * BHP @ 6
nmol/plate (2xF 3 % TA 104 HhOEIRA R 20 = — %
|3 ascorbic acid ® 40 umol/plate TZ N Z 118 % B
FON16 %icHmml &z, ADR OB RIFEMEICH T 5 as-
corbic acid D #NHIZHIZ, ascorbic acid PG R FFE
ety 2EMICZ, ADRZDLDI{EHLTX / »
—n A Fox/ SR RERT 52 L2 L) EERER



AERCE 2P L7 TREMEDYE 2 b A, 72, BHP T
RINTAERER I o =—EDOFEL WFEDrEd sz
Z &5, ascorbic acid (3H HERE L ORE (LI DNA
AT L Tl R 2R3 2 Lol 2 0 5.

L& L, H:O, 2 EGEMEI2 33 % ascorbic acid O
HilEh AR, TA104 BRTEHETH >72DITx L, TA 102
T3 ascorbic acid @ 40 gmol/plate THEEE 7 #iil 4%
RHLNTZHDD, FOMRIIHAMETZ <, BRICED
EHRDH LN,

EMEROERFRMEICHT 5 HORAARY D r—n
2

A REG MR 3 4 R 12 thiourea % 72 (2 mannitol #
WL, SHEBRICL 2ERER I o= —Hommicx
$5 HO RAXRy Vv —DBE Gt L, ZofsR s
thiourea (3 Fig. 3 3 X 0¥ Fig. 4 |2, mannitol (3 Fig. 5
B XU Fig. 6 ITxL 7,

Thiourea (¥ BHP 3 & Uf H.O. THH S 1L 5 H )i %
Hao=—KOMWMELHMIEEERLZ. LaL,
ADR (24t L Ti3 TA 102 Bk THIIZH AR Z R L2 DD,
TA 104 Bk Tl3 Z DhF % RO % - 72, Thiourea N1
HilEh g, H0. THbiE <, H.0: ? 9 umol/plate (<
x4 5 TA 102 kD HE g4 R 2 v = — %3 thiourea
25,50 B L ¥ 100 gumol/plate ZiHmMT 52 L2k, &
nNEN2, 16X U3%E%u 7. £/, H0:. D3
umol/plate (253 2 TA 104 B {EIGER 2 0 = — %
(3, thiourea ® 5 3 £ UF 10 umol/plate T, #1LZ 1 41
BIU20 %% -7, ZoELVWHEEZ, H.O. »HE
WICAFAET 5B &8 & Fenton IKoZ# 2 L, £ »
LA L2 HO 2 X 2L DNA 152 L Hl L 72 2
LicisyntEbins,

Mannitol # v 72354, ADR @ 2 nmol/plate |2 x}
¥ % TA 102 tk D 1557 4 2 2 v = — $(3 mannitol O
100, 200 B X ¥ 400 gmol/plate iz L Zh Fh
80, 69 B LG8 RicHifl S sz, LA L, ADRD4
nmol/plate Tl31ZITEA LA A 5113, 8 nmol/plate T
138 LA M IEm AR S 72 2 L 5, mannitol D%
RIBFADLDTH-72, T, ZOMMOENEEFELER
T3 R EZ RS T, #iZ, TA102HRIZBITS
BHP £ & t** H:0,, TA104#ki128 17 5 ADRE L ¥
BHP T3 mannitol iZ & ) fHIpZ& % a2 o = — A5
T @ BiEE 2 1172, Mannitol (3 HO 27 ~X> ¥+
—THbH, TOEHZRTICELL) DEBEZET
HEnbiTEY) (KM, 1989), ZHRIEM AT 2%
bygweHz 505, LaL, glyoxal %X glyceralde-
hyde ® TA 100 # (2 4t 3 % % #5114 # mannitol (3 #%
W T 59 %# 2 5 & #ith (Yamaguchi and Nakag-
awa, 1983) ST\ % Z &% 5, mannitol (3R
PR R A RIC & D) £ DRGNS L w2
HLBEBRDNS,

6

ARFFRAERD &, HHERREOEREM AT 2D
fAlB L UHO 27Xy ¥ v —D IR E(: TA 102 £
BIUTALM#E DICED LN, AREBRRIEMTRERE
DERGEZAREE L LHiRRIUEHO R 72 ) —= > 7R
METDO—Mce b e HZ N5, B, Witk 230
B RPEARIC & ) BRIFEMEIIGII RO IIED A LN
72d13, ARIHWZ2 ADR, BHP 8 X f H.O. 7 & fEA
SO HO % EHr DGR R IEBERNICEESIND
CriZEBbnEBbNE. Thbb, WHEEFMEICL
DAL 2BILDNABOMTF»R L), T s
DNA {04V € % 7 DNA EE#ER 3 2 KisD
£, BREEIEIDRIECDPELL—RTHE LH
Zbid,

E| 2
S. typhimurium TA 102 3 X F TA 104 ki3 [E %
RN EEM R OREEEH L S5 THW 2 LD
T, TZITELSESH A LET.

S EXHM

Chesis, P. L., D. E. Levin, M. T. Smith, L. Ernster and B. N.
Ames (1984) Mutagenicity of quinones : Pathways of meta-
bolic activation and detoxification, Proc. Natl. Acad. Sci.
USA, 81, 1696-1700.

Hakura, A., Y. Tsutsui, H. Mochida, Y. Sugihara, T. Mikami
and F. Sagami (1996) The mutagenicity of activated oxy-
gen species-generating systems towards Salmonella TA102
and TA104 tester strains, Environ.Mutagen Res., 18, 35-40.

AHE—, KiliZE S () (1987) if i — 2 DEEIRIEE~D S
—, TR, HOH

Jung, R., G. Engelhart, B. Herbolt, R. Jackh and W. Muller
(1992) Collaborative study of mutagenicity with Salmonella
typhimurium TA102, Mutat. Res., 278, 265-270.

BHAEY0994) 1“2 I Ly ofBILEH—E 2 2 v Cofiiikit
" (CABLUE, HuLSE, KR W) DU LE, Eaibiit
v —, i, 79-86.

Levin, D. E., M. Hollstein, M. F. Christman, E. A. Schwiers
and B.N.Ames (1982) A new Salmonella tester strain
(TA102) with A-T base pairs at the site of mutation detects
oxidative mutagens, Proc. Natl. Acad. Sci. USA, 79, 7445-
7449.

Levin, D. E., L. J. Marnett and B. N. Ames (1984) Spontane-
ous and mutagen-induced deletions : Mechanistic studies
in Salmonella tester strain TA102, Proc. Natl. Acad. Sci.
USA, 81, 4457-4461.

Marnett, L. T., H. K. Hurd, M. C. Hollstein, D. E. Levin, H.
Esterbauer and B. N. Ames (1985) Naturally occurring
carbonyl compounds are mutagens in Salmonella tester
strain TA104, Mutat. Res., 148, 25-34.

Maron, D. M., and B. N. Ames (1983) Revised methods for
the Salmonella mutagenicity test, Mutation Res., 113, 173-
215.

KM (W) (1987) SOD & i tERe KAl — € DA ER L BIK
e —, HAREEE, JO8,

AT ME, B A6 (1988) B R IFME L iEtERE 3, R OVE MR,
33, 16, 2830-2837.

Yamaguchi, T., Nakagawa, K. (1983) Mutagenicity and for-
mation of oxygen radicals by trioses and glyoxal deriva-

tives, Agric. Biol. Chem., 47(11), 2461-2465.

Wilcox, P., A. Naidoo, D. J. Wedd and D. G. Gatehouse
(1990) Comparison of Salmonella typhimurium TA102 with
Escherichia coli WP2 tester strains, Mutagenesis, 5, 285-291.




Environ. Mutagen Res., 22 : 9 - 14(2000)

Development of a micronucleus assay in the root

tips of Allium cepa seedlings as a detector of
chemical clastogens

Original Article

Elma A. Alcaide', Aki Tanaka', Hideo Ikeda' and Kazuo Fujikawa?®

'Faculty of Education, Hiroshima University,
Higashihiroshima 739-8523, Japan
*Atomic Energy Research Institute, Kinki University,
Higashiosaka 577-8502, Japan

Summary

Micronuclear frequencies in the root-tip cells of A. cepa (onion) seedlings were scored
at various times from 0 to 120 hr after X-irradiation. The resultant time course curve
showed a clear peak at 24 hr after irradiation, irrespective of the dose applied. Similarly,
after continual treatment of onions from the dormant to seedling stages (germinating
seeds) with methylmethanesulfonate, the frequency of micronuclei reached a peak at 24
hr or a plateau at 48 to 72 hr and then decreased with time. A mitotic cycle duration of
about 21 hr was deduced for the meristems from available time course data. CoCl. was
registered as a metal compound with higher genotoxic potency than As:QOs in germinating
onion seeds as assayed for micronuclei at 24 hr after treatment. For all of the agents used,
a clear dosage effect on the frequency of micronuclei was seen at the 24-hr sampling time
when mitotic indexes of the meristems were at normal or subnormal levels. These results
support the conclusion that the root-tip micronucleus assay in onion seedlings can be used
as a simple detector of chemical clastogens.

Keywords : onion seedling,

Introduction

The frequency of micronuclei induced in cells by
ionizing radiation and chemicals is widely used as a
simple measure of chromosome damage. In plants,
three systems have been established for the mi-
cronucleus assay. These are the root-tip cells of
Vicia faba seedlings (Evans et al., 1959 ; Arora et
al., 1969), those of Allium cepa bulbs (Dash et al.,
1988) and Tradescantia pollen mother cells (Ma,
1979) . The validity of these systems has been demon-
strated for the initial identification of genotoxic
hazards in the environment (Fomin and Hafner,
1998 ; Ma et al., 1984 ; Dash et al., 1988 ; Ruiz et al.,
1992 ; Sandhu et al., 1989) . Recently, a version of the
onion assay, which uses seedlings instead of bulbs,
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micronucleus, X-rays,

methylmethanesulfonate, CoCl.

has been developed as a sensitive dosimeter of fast
neutrons (Himit et al., 1996 ; Fujikawa et al., 1999).
A biological system that can measure radiation dose
with a high degree of accuracy may be useful for
analysis of chemically induced chromosome dam-
age. The present study was carried out as a first step
for deploying the biodosimeter as a detector of
chemical clastogens.

For chromosome aberration assay, Sax and Sax
(1968) reported that continual treatment of onions
from the dormant seed to seedling stages, i.e. ger-
minating seeds, with a chemical agent was effective
in detecting evidence of clastogenicity in the root-tip
cells of seedlings. For biodosimetry, Fujikawa and
coworkers (Himit et al., 1996 ; Fujikawa et al., 1999)
reported that micronuclear yields could easily be
monitored in the roots of onion seedlings one day
after acute exposure to ionizing radiation. Thus, a
main issue pursued in the present study concerns



the timing suitable for the root-tip micronucleus
assay in onion seedlings after chemical treatment of
the germinating seeds. For this issue, we examined
variations in the frequency of micronuclei and
mitotic cells in the roots of onions with time after
acute X-irradiation of the seedlings and continual
treatment of the germinating seeds with methyl-
methanesulfonate (MMS). Subsequently, cobaltous
chloride (CoCl:) and arsenic trioxide (As:0;) were
comparatively assayed for genotoxic potency in the
germinating seeds. In this report, we describe
results from these experiments and discuss the
implications for proper use of the micronucleus
assay as a detector of chemical clastogens.

Materials and Methods

Chemicals and onion seeds

MMS (purity>99 %, CAS No., 66-27-3) was pur-
chased from Aldrich Chemical Co.(WI, USA) and
CoCl: (>99 %, 7646-79-9) and As.Os (ca. 90 %, 1327-
53-3) were from Katayama Chemical Ind., Co.
(Kyoto, Japan). MMS was dissolved in distilled
water (DW) at appropriate concentrations immedi-
ately before use. CoCl: and As.O; were dissolved in
DW at 100 mM and kept as stock solutions at 4°C.
Test solutions of these agents were prepared by
diluting a sample of the stocks to desired concentra-
tions with DW immediately before use. The concen-
trations of these chemicals in the test solutions
define the doses used.

Seeds of Allium cepa var. OK Yellow, which were
harvested in July, 1997, were purchased from Takii
Seed Co.(Kyoto, Japan) and stored at 4C under dry
conditions until use.

X-irradiation

The seeds were sown on paper beds soaked with
DW and cultured at 25°C ; resulting seedlings with
roots about 5 mm in length were sampled 2 days
later and transferred onto freshly prepared, DW-
soaked beds in 100 mm X 15 mm polystyrene dishes.
The seedlings in the covered dishes were irradiated
with 0.5 or 2.0 Gy of X-rays. A Hitachi X-ray genera-
tor used was operated at 140 kV and 4 mA with 1.0
mm Al filter. The dose rate was 50 c¢Gy/min as
measured with a Victreen chamber.

Irradiated seedlings were cultured at 25°C in the
same dishes, and five seedlings were harvested and
fixed for micronucleus assay from each of irradiated
dishes at 12-hr intervals from 0 to 48 hr and then at
24-hr intervals to 120 hr postirradiation. The inter-
vals 12 and 24 hr corresponded roughly to 12.7 and
23 hr, respectively, that were the smallest and the
greatest values reported as the mitotic cycle dura-
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tions for the root meristem of Allium cepa (Bryant,
1969 ; Van’t Hof, 1965 ; Arcara and Nuti Ronchi,
1967 ; Nuti Ronchi and Arcara, 1967 ; Matagne,
1968) .

Chemical treatment

A 560 mg piece of tissue paper was soaked with 6
m/ of a solution containing MMS, CoCl. or As:Os in
a 100 mm X 15 mm dish. Seeds were sown on the
treated beds, where they were allowed to germinate
at 25C for 48 hr (Sax and Sax, 1968). Resulting
seedlings were harvested and washed free of the test
solution with DW. They were then transferred to
dishes containing DW-soaked beds and cultured at
25C. From each of the MMS-treated groups, 7 to 10
seedlings were harvested and fixed for micronucleus
assay at 24-hr intervals from 0 to 120 hr after treat-
ment. The CoClz- and the As.Os-treated groups were
subjected to the assay at 24 hr after treatment.

In this report, we conventionally use the terms
germinating seeds for onions from 0 to immediately
before 48 hr after seeds were sown, and seedlings for
those at 48 hr and later.

Micronucleus assay

Roots of treated or control seedlings were fixed,
stained and macerated simultaneously in a 7:3
mixture of acetic dahlia solution and 1 M HCI for 15
min (Hanmoto, 1988). The dye solution was prepar-
ed by dissolving a 0.5 g sample of dahlia violet
(Wako Pure Chemical Ind., Osaka, Japan) into 100
m/ of 30 % acetate. The treated roots were washed
free of the fixative in DW for 10 min. Terminal 1 to
2 mm of the roots were mounted using 50 % glycerol
as medium and squashed on slides, one root each.
Preparations made in this way were microscopically
inspected at a magnification of 400X for the pres-
ence of more than one nuclei in the root-tip meris-
tematic cells at interphase. The additional nuclei,
which showed up the coloration of normal nuclei
stained by dahlia violet (deep violet) and were
smaller than the normal, were scored as micronu-
clei. The number of interphase cells inspected for
micronuclei per root was about 500 in all the treated
series, except that for As:O; in which about 1000
cells were examined in each root. The frequency of
micronuclei was calculated for each root by dividing
the number of micronuclei detected with the num-
ber of interphase cells observed. The frequency
averaged as the unweighted mean for all roots
examined represents the genotoxic effect of a given
treatment.

Mitotic index, i.e. the frequency of mitotic cells in
meristematic cells, was also determined for each of
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Fig.1 Variations in the relative mitotic index (A) and the
frequency of micronuclei (B) in the roots of onion
seedlings with time after X-irradiation at 0.5(0) or
2.0 Gy(A). Vertical lines in B represent standard
errors of the frequencies (N=5). Error bars masked
by the symbols are not shown. Dotted lines in A and
B represent the mitotic index of 10.7+0.3 % and the
micronuclear yield of 0.15+0.04 % obtained as con-
trols averaged for all the sampling times (N=30 for
both), respectively.

the roots at 24-hr intervals after X-irradiation or
MMS treatment and at all the dose levels of the
metal compounds. The number of meristematic
cells inspected for mitotic figures per root was about
500 in all the treated series, except that for As.Qs in
which about 1000 cells were examined in each root.
The index averaged for all roots examined in the
treated group relative to that in control was used as
a measure of the toxicity on mitosis.

Results

Time course of micronuclear frequency after
X-irradiation

As shown in Fig. 1A, the mitotic indexes of meris-
tematic cells decreased below the control level at 24
hr after X-irradiation at 2.0 Gy but not at 0.5 Gy ;
the decrease in the 0.5 Gy-irradiated group was
noted at 48 hr after irradiation. The indexes in the
0.5 Gy- and the 2.0 Gy-irradiated groups further
decreased to about 50 and 60 % of the control level
at 72 hr after irradiation, respectively. Thereafter,
they showed an increasing trend but did not regain
the control level over the experimental time course.

As shown in Fig. 1B, the frequencies of X-ray-
induced micronuclei increased with time after irra-
diation and peaked at 24 hr, irrespective of the dose
used. Thereafter, the frequencies continually de-
creased in the groups irradiated at 0.5 Gy and at 2.0
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Fig.2 Variations in the relative mitotic index (A) and the
frequency of micronuclei (B) in onion seedlings with
time after MMS treatment of germinating seeds at
0.12(0), 0.35(2) or 1.17 mM ([])). Vertical lines in B
represent standard errors of the frequencies (N=7—
10). Error bars masked by the symbols are not
shown. Dotted lines in A and B represent the mitotic
index of 5.6+0.5% (N=46) and the micronuclear
vield of 0.16+0.03 % (N=52) obtained as controls
averaged for all the sampling times, respectively.

Gy to 0.2% and to 1%, respectively, at 120 hr
postirradiation. The dose dependency of micronu-
clear yields was evident at 24 hr and later fixation
times.

Time course of micronuclear frequency after
treatment of germinating seeds with MMS

As shown in Fig. 2A, mitotic indexes determined
immediately after treatment with 0.12, 0.35 and 1.17
mM MMS for 48 hr were 40, 1 and 0 % of the control
value, respectively. Zero frequencies at 0 hr were
also recorded for micronuclei after treatment at 0.35
and 1.17 mM (Fig. 2B).

Within 24 hr after treatment, the mitotic index in
the 0.12 mM-treated group and that in the 0.35 mM
group increased from 40 to 77 % and from 1 to 96 %
of the control level, respectively (Fig. 2A). The
increase in the 0.35 mM group was accompanied
with a sharp elevation of the micronuclear fre-
quency from zero to 10 % (Fig. 2B). Similarly, the
frequency in the 0.12 mM group clearly increased
from the control level to 2 %. These increases were
followed by continual time-dependent decreases in
the frequencies to the control level at 120 hr after
treatment (Fig. 2B).

The mitotic index in the 1.17 mM-treated group
increased from zero to 30 % of the control level
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Fig.3 Dose-dependent variations in the relative mitotic
index (A) and the frequency of micronuclei(B) at 24
hr after treatment of germinating seeds with CoCl.
(O) and As:0s(2). Vertical lines in B represent
standard errors of the frequencies (N=10 for CoCl.
and 5 for As:0s). Error bars masked by the symbols
are not shown. The mitotic index and the micronu-
clear vield in control roots were 10.4+0.5 % (N=15)
and 0.25+0.03 % (N=30), respectively, the latter of
which is shown in B by @.

within 24 hr after treatment (Fig. 2A). This increase
was not accompanied with a significant increase in
the micronuclear yield (Fig. 2B). A marked increase
in the frequency of micronuclei to 10 % occurred
from 24 to 48 hr after treatment in parallel with an
increase in the mitotic index over the control level.
The frequency remained high at 72 hr and then
continually decreased to 1% at 120 hr posttreat-
ment.

A dosage effect of MMS on the frequency of
micronuclei was clear up to 0.35 mM at the 24-hr
sampling time and in the whole dose range used at
later sampling times (Fig. 2A).

Comparative induction of micronuclei by
CoCl: and As:0s

As shown in Fig. 3A, mitotic indexes in the CoCl.-
treated series did not deviate markedly from the
control level in the dose range used, whereas the
indexes in the As.Qs-treated series decreased to 40 %
of the control level as the dose increased up to 125
#M and remained at a low level at 250 M.

As shown in Fig. 3B, the frequencies of micronu-
clei increased over the control of 0.25 % in a dose-
dependent manner to 1.4 % in the dose range used
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for CoCls, i.e. up to 250 M. Treatment with As:Os
also increased the micronuclear yields at doses up to
62.5 M. The increment rate was similar to that by
CoCl, in the comparable dose range. However, the
increase in the As:Os-treated series was followed by
a sharp decrease below the control level at 125 M.

Discussion

The time course curves of the frequency of mi-
cronuclei in onion seedlings after X-irradiation with
two different doses consistently showed a clear peak
at 24 hr (Fig. 1B). Similarly, the frequencies peaked
at 24 hr or plateaued at 48 hr after MMS treatment
of germinating seeds (Fig. 2B). Increases in the
frequency of MMS-induced micronuclei occurred
concomitantly with marked increases in the mitotic
index from a low to normal or subnormal levels
(Fig. 2A), demonstrating that mitotic division is
essential for production of micronuclei. If X-rays
and MMS do not exert a delayed genetic effect in
onion seedlings, the first mitotic divisions of
mutagenized cells would produce micronuclei and
accumulate them in interphase cells in the second
round of the cell cycle, and the density of micronu-
clei per interphase cell would be continually diluted
by normal cells produced by the second and subse-
quent cell divisions. This seems to have been the
case, as discussed below.

Since all the mitotic indexes concerned are at
normal or subnormal levels, except that at 96 hr
after moderate dosing (probably due to partial syn-
chronization) (Fig. 2A), the time-dependent
decreases of micronuclear yields after MMS treat-
ment (Fig. 2B) can be approximated by the follow-
ing equation :

F=F,x2"“/D, (1)
where F (%) is the frequency of micronuclei ; p
denotes the posttreatment time for the peak fre-
quency, i.e. 24 hr, or the terminal time for the
plateaued frequency, i.e. 72 hr ; 4t (hr) is the time
elapsed after p ; T is the duration of the mitotic
cycle (hr). The T values (+1SD) obtained as exper-
imental values from the observed micronuclear fre-
quencies, using Eq. (1), are 22+9, 19+4 and 218 hr
in the meristems treated with 0.12, 0.35 and 1.17 mM
MMS, respectively. We shall take the average, i.e. 21
hr, as the duration of the mitotic cycle. Considering
a possible mitotic delay shortly after treatment, this
duration seems to correspond to the time for the
peak micronuclear yields (24 hr). In other words,
the majority of micronuclei detected with high fre-
quencies at the 24-hr recovery time would have been
produced by the first posttreatment cell division.
Taken together with the marked delay in the onset

of mitotic division after high MMS dosing, micronu-
clei detected with high frequencies at 48 and 74 hr
posttreatment can be interpreted in the same way.

The present results suggest that, for evaluation of
genotoxicity, the time for micronucleus assay in
onion seedlings can be fixed at a time point around
24 hr after treatment of germinating seeds for 48 hr
with test agent, if the agent is used at various doses
and mitotic index of treated meristem is monitored
at each dose. In the present study, a clear dosage
effect on the frequency of micronuclei was seen at
the 24-hr posttreatment time for all of the agents
used when mitotic indexes of treated meristems
were equivalent to or higher than 60 % of the control
level. When the indexes were as low as 40 % of the
control level at the assay time, virtually no evidence
of genotoxicity was detected as micronucleus pro-
duction for MMS nor As:Os.

There was ample evidence in the results on
mitotic indexes that the meristems, mitosis of which
was close to completely suppressed during MMS
treatment, could restore a normal level of mitotic
activity within one or two days after treatment (Fig.
2A), whereas X-irradiated meristems with a de-
creased mitotic activity at 24 or 48 hr post-
irradiation could not regain a normal state up to the
final sampling time at 120 hr (Fig. 1A). Since other
chemical agents also exerted a similar reversible
effect on mitosis without inducing micronucleus
formation when applied to germinating onion seeds
(A. Tanaka, unpublished), mitotic suppression oc-
curring during MMS treatment may be a response
triggered by non-DNA damage to retain the prolifer-
ating potential of meristem under nonphysiological
conditions evoked by the treatment. On the other
hand, we may assume DNA damage or rearrange-
ment as a cause of the irreversible mitotic suppres-
sion seen after X-irradiation of seedlings. Irrevers-
ible growth arrest after certain types of DNA dam-
age has been documented in mammalian cells (see
Evan and Littlewood, 1998).

As;O; and CoCl. were effective as inducers of
micronuclei when assayed at 24 hr after treatment of
germinating onion seeds (Fig. 3B). As.O; has been
reported to be an effective inducer of micronuclei in
the root-tip cells of Vicia faba seedlings, those of
Allium cepa bulbs and Tradescantia pollen mother
cells (Steinkeller et al., 1998) . CoCl. has been report-
ed to be clastogenic in rodents (Farah, 1983 ; Palit et
al., 1991) and mutagenic in Drosophila (Ogawa et
al., 1994). The present data show that CoCl. is also
genotoxic in a plant system. This metal compound
Increased the frequency of micronuclei over the
control level at a rate similar to that by As:Os in a

comparable low dose range, and the low toxicity on
mitosis allowed the dose-dependent increase up to
the highest dose used (Fig. 3A, B). On the other
hand, the high toxicity of As.Os restricted the dose-
dependent increase in micronuclear yields in the low
dose range and suppressed the yields below the
control level of 0.25 % in the high dose range in
contrast to the increase over 1 % level of micronu-
clear yield in the comparable dose range of CoCl.
(Fig. 3A, B). Assaying the seedling roots at 48 hr
after treatment, we confirmed the nearly equal
yields of micronuclei after moderate dosing of CoCl.
and As:0; and the considerably lower production of
micronuclei by As:Os than by CoCl. at a high dose.
That is to say that, the frequencies of micronuclei
(and the total numbers of interphase cells observed)
at 48 hr after treatment of the germinating seeds
with CoCl; at 62.5 and 125 «M were 0.39 % (2829)
and 0.44 % (2730), respectively ; the frequencies
after treatment with As.O; at the same doses were
0.38% (5202) and 0.06 % (5284), respectively. Hence,
we register CoCl; as a metal compound with higher
genotoxic potency than As:Os in germinating onion
seeds. Because of its higher genotoxic potency, CoCl.
rather than As:Os; would be a better choice as a
positive or reference compound, when metal com-
pounds are being tested in the root-tip micronucleus
assay. In fact, routine use of As.QOs; is problematic, if
we consider the acute toxicity and carcinogenicity of
As*" in humans (IARC, 1980), and use of CoCl. may
circumvent these problems.

In summary, the present study has shown that
continual treatment of onions from the dormant
seed to seedling stages with a chemical agent is
effective in detecting evidence of clastogenicity as
micronucleus formation in the root-tip cells of seed-
lings and that the timing for the micronucleus assay
can be fixed at a time point around 24 hr after
treatment. We thus may conclude that the root-tip
micronucleus assay in onion seedlings can be used
as a simple detector of chemical clastogens. How-
ever, further experiments and analyses are needed
in order to develop the root-tip micronucleus assay
as a sensitive test for the initial identification of
clastogens in the environment. Use of the seedling
roots as subjects of chemical treatment, either
chronic or acute, will be an important issue for
further studies.
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A micronucleus study of 2-methyl aziridine
(propyleneimine) in rat peripheral blood and bone
marrow by 4-week repeated exposure
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Summary

Micronucleus induction in rat peripheral blood and bone marrow cells was studied after
a 4-week repeated exposure to 2-methyl aziridine (2MA). 2MA was administered daily at
0, 2.5, 5, 10, and 20 mg/kg/day by oral gavage for 28 consecutive days. The peripheral
blood samples were prepared on days 2, 3, 7, 14, 21, and 28 after the first administration,
and bone marrow samples were prepared at 24 hours after the last administration. 2MA
significantly induced micronucleated reticulocytes (MNRET) at 20 mg/kg/day and with
two peaks at days 2 and 21. The time course and absolute values of the frequency of these
MNRET were the same for micronucleated bone marrow cells. These findings therefore
suggest that the micronucleus test with peripheral blood may be used as an alternative to
the bone marrow micronucleus test in long-term toxicological assays in rats.

Keywords : micronucleus,
sure, 2-methyl aziridine

Introduction

Mice are widely used for detection of micronu-
cleus in iz wvivo. The method in which the bone
marrow samples are collected 24 hours after single
dose is most widely employed in the micronucleus
test. In general toxicity studies, on the other hand,
such as single dose toxicity, repeated dose toxicity,
and toxicokinetic studies, rats are used rather than
mice. At our laboratory, repeated dose toxicity in
rats by daily dosing for 2- or 4-week is routinely
conducted to obtain preliminary toxicity informa-
tion about the test compound in the early stage of
drug discovery.

Recently, it is reported that the rat bone marrow
and peripheral blood micronucleus assay can be
used as well as the mouse micronucleus assay in
short-term exposure (Wakata et al., 1998) . However,
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bone marrow,

peripheral blood, 4-week repeated expo-

the feasibility of rat bone marrow and peripheral
blood micronucleus assay in long-term exposure is
not well validated.

In the present study, the possibility of micronu-
cleus induction in rats by 4-week repeated exposure
was evaluated with 2-methyl aziridine. This study
was performed as a part of the 13th Collaborative
Study Group for the Micronucleus Test (CSGMT).

Materials and Methods

4-week-old male Slc : SD rats were purchased
from Japan SLC Co., (Hamamatsu, Japan) and
used for the experiments after a 1-week quarantine
and acclimatization period. Commercial chow pel-
lets in a basket and tap water were provided ad
libitum throughout the periods of animal acclimati-
zation and experimentation.

2-methyl aziridine (2MA, CASRN 75-55-8) was
obtained from Tokyo Kasei Kogyo Co., Ltd. (Tokyo,
Japan). Dose levels for the test were based on a
prior carcinogenicity study (Ulland et al., 1971).
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2MA was diluted in distilled water, and administer-
ed at 0 (vehicle), 2.5, 5, 10 (5 animals per group),
and 20 (7 animals per group) mg/kg/day. The test
formulation of 10 mL/kg of body weight was ad-
ministered to rats via the gastric tube orally daily for
28 days.

Body weight was measured weekly. Peripheral
blood was collected from the ventraltail vessels on
Days 2, 3, 7, 14, 21, and 28 after the first administra-
tion. Bone marrow smears were also prepared 24h
after the last administration. Peripheral blood was
diluted with an equal volume of fetal bovine serum
and placed on an acridine orange (AO)-coated glass
slide. 2000 reticulocytes (RET) per rat were
examined for micronuclei by fluorescence micros-
copy (Hayashi et al., 1992). Bone marrow smears
were stained with Giemsa. 1000 polychromatic eryth-
rocytes (PCE) per rat were examined for micronu-

(8)
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100 =25
——5 (mg/kg/day)
——10
—-20

0 7 14 21 28 (Day)

Fig.1 Body weight change of 2MA-exposed rats for 4
weeks
Values are means+S.D.
0, 2.5, 5, 10 mg/kg/day : n=5
20 mg/kg/day : n=7 (Day 21 : n=6, Day28 : n=2)
* : Significantly different from vehicle control group
at p<0.05 (Z-test)
(The data of 20 mg/kg/day group on Day 28 was not
analyzed)

clei. The percentage of PCE (% PCE) versus all
erythrocytes (PCE+NCE : normochromatic eryth-
rocytes) was determined when the total number of
PCE and NCE became 1000 or more.

The statistical analysis for the body weight
change was conducted using ¢-test. For % PCE, data
was analyzed by Dunnett test. And for the fre-
quency of RET and PCE with micronuclei, the
statistical significance of the differences between the
vehicle group and exposed group were evaluated by
the binominal test.

Results and Discussion

The highest dose, 20 mg/kg/day, was too toxic in
the dose for the ordinary 4-week repeated exposure
toxicity study because one of seven rats died on Day
18 and four of remaining six rats died on Day 24.
And there was significant inhibition of body weight
gain in the 20 mg/kg/day group on Days 7 and 21
compared with that of vehicle group (Fig. 1). The

MNRET (%)
] —
04

20 (mg/kg/day)

Fig. 2 Induction of MNRET in peripheral blood by 4-week
repeated exposure of 2MA
Values are means
0, 2.5, 5, 10 mg/kg/day : n=5
20 mg/kg/day : n=7 (Day 21 : n=6, Day 28 : n=2)

Table 1 Induction of MNRET in peripheral blood by 4-week repeated exposure of 2MA

No. of % MNRET (mean+SD)
Treatment .

animals  hefore Day 2 Day 3 Day 7 Day 14 Day 21 Day 28
Vehicle Control b 0.10+£0.07 0.12+0.10  0.07£0.03 0.06+0.05 0.06=0.20 0.06+0.07 0.11+0.10
2MA  2.5mg/kg/day b 0.05+0.04 0.15+0.11 0.14+0.08 0.13+0.10 0.12+0.12 0.11+0.08 0.06+0.02
5 mg/kg/day 5 0.12+0.03 0.21+0.10 0.16+0.17 0.16+0.14 0.17+0.08* 0.12+0.22 0.10+0.11
10 mg/kg/day 5 0.07+£0.10 0.12+0.10 0.184+0.06 0.14+0.10 0.21+0.09** 0.11+0.17 0.16+0.05
20 mg/kg/day 7 0.07+£0.06 0.34+0.15** 0.29+0.16** 0.23+0.10** 0.21+0.09** #0.49+0.23** #(.38+0.25

Treatment : Compound and dosage
Vehicle : Distilled water

MNRET : Reticulocytes with micronuclei
#:n=6 (1 of 7 rats died)

#:n=2 (4 of 6 rats died)

Significantly different from vehicle control group *: p<0.05, ** : p<0.01 (binominal test)
(The data of 20 mg/kg/day group on Day 28 was not analyzed)
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Table 2 Induction of MNPCE in bone marrow by 4-week repeated exposure of 2MA

No. of PCE % MNPCE % PCE
Lrearment animals observed mean +SD (range) mean +=SD (range)
Vehicle Control x 28 5 10000 0.16+0.05 (0.10—0.20) 43.39+2.54  (39.85—46.20)
9MA 2.5 mg/kg/day x 28 5 10000 0.14+0.09 (0.05—0.25) 45.60+5.62  (38.40—51.19)
5 mg/kg/day X 28 5 10000 0.16+0.08 (0.10—0.30) 46.43+6.39  (37.86—53.42)
10 mg/kg/day X 28 5 10000 0.33+0.08 (0.25—0.45) * 35.48+4.06  (30.17—41.10)*
20 mg/kg/day x 28 2 4000 0.38+0.11 (0.30—0.45) 36.00+1.41  (35.00—37.00)

Treatment : Compound, dosage, and multiplicity
Vehicle : Distilled water

PCE : Polychromatic erythrocytes

NCE : Normochromatic erythrocytes

MNPCE : PCE with micronuclei

9% PCE : PCE/(PCE+NCE) x100

#:n=2 (5 of 7 rats died)

Significantly different from vehicle control group * : p<0.05 (% MNPCE : binominal test, % PCE : Dunnett test)

(The data of 20 mg/kg/day group was not analyzed)

results of the peripheral blood assay are shown in
Table 1 and Fig. 2. The frequencies of micronucleat-
ed reticulocytes (MNRET) were significantly in-
creased on any sampling days from Day 2 to Day 21
in the 20 mg/kg/day group and on Day 14 in the 5
and 10 mg/kg/day group. But the frequency of
MNRET did not show clear serial changes on
repeated exposure. The results of the bone marrow
assay are shown in Table 2. The percentages of PCE
versus all erythrocytes in the 2.5 and 5 mg/kg/day
group were similar to that in the vehicle control
group. Meanwhile the 10 mg/kg/day group was
significantly lower than that in the vehicle control
group as well as the 20 mg/kg/day group. The
frequency of micronucleated polychromatic eryth-
rocytes (MNPCE) in the 10 mg/kg/day groups was
significantly higher (0.33 %) than that in the vehicle
control group (0.16 %) and the 20 mg/kg/day group
also showed high frequency (0.38 %). These results
suggest that it is possible to use rat peripheral blood
and bone marrow in 4-week repeated exposure
study for the assessment of micronuclei.

2MA has been classified in group 2B (probable
human carcinogen) by IARC (1975). 2MA was car-
cinogen in rats following oral administration
producing a variety of malignant tumors (Ulland et
al., 1971). Genotoxicity studies have also revealed
the ability to induce sister chromatid exchanges in
the Bloom syndrome B-lymphoblastoid cell line in
vitro (Shiraishi, 1986) and mutagenic to bacteria
(Dunkel et al., 1984). Furthermore, the positive
results of the mouse (Morita et al., 1997) and the rat
micronucleus assays (Wakata et al., 1998) have been
shown by short term exposure.

In rats, it is reported that the frequencies of
MNRET in peripheral blood and MNPCE in bone

Ik

marrow by oral administration at 20 mg/kg of 2MA
were about 0.2 % and 0.5 %, respectively. Our data
of 4-week exposure presented here were similar to
their results at the same dosage of 2MA. Asanami et
al. (1995, 1996) and Henderson et al.(1993) showed
increase in the incidences of MNRET and MNPCE
by subchronic exposure in some compounds. In this
study, however, the peak of micronucleus induction
in 2MA was observed at Day 2 and 21 after the first
administration, and the incidence of micronucleus
induction reached a plateau during the period of
repeated exposure. There is some possibility that the
resemblance in peripheral blood assay was caused
by rat spleen which captures and destroys circulat-
ing micronucleated erythrocytes (Schlegel and Mac-
Gregor, 1984), and accumulation of MNRET did not
occur in peripheral blood. However, it is still diffi-
cult to interpret the reason for the difference in the
pattern of time-course micronucleus induction
among the clastogens.

In conclusion, the micronucleus assay using
peripheral blood and bone marrow from rats in
long-term exposure study is possible. Further
studies using many chemicals are needed, however,
to integrate the micronucleus assay into a 4-week
toxicological assay for rats.
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Studies on pretreatment methods for trapping mutagens in
chlorinated water samples
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Summary

The pretreatment procedures for measuring the mutagenic activity of water samples were
examined. In order to remove the residual chlorine, N. gas bubbling and sodium thiosulfate
addition were performed. The former was not effective on the mutagenic activity in the Ames test,
but the later reduced such activity. The storage methods before and after concentration were
compared. The mutagenic activity of the sample, which had no chlorine removed and was kept
at 4°C for 1 month before concentration, was greater than that of chlorine was not stored. There
was no difference in the mutagenicity between the sample treated with N. gas and kept at—80°C
for 1 month after concentration, and the control sample. The solvents for elution of the adsorvents
on a XAD-2 column were also evaluated and discussed. The extract eluted with ethyl acetate
showed higher mutagenic activity than the extract eluted with dichloromethane. From these
results, we recommend that water after chlorination is first treated with N. gas and then applied
to an XAD-2 resin column ; the adsorvents are then best removed by eluting with ethyl acetate.

Keywords : mutagenic activity, chlorinated by-products, Ames test
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[ Ames test ]

Fig.1 Pretreatment method of water sample for Ames test
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2) IRABDRIEFEDORE | EEBRR T ¥ 2 — LR
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Table 1 The results of test on the solvents passed through XAD-2
resin

Mutagenic activity (rev./plate)

Samples 1108 59 TA98+S9 TAI00—S9 TAL00-+S9
Dose 1° 31 30 161 181
Dose 2° 31 32 124 182
Negative control 32 36 132 139
Positive control 490 440 951 823

Ethyl acetate (300mL) was passed through the XAD-2 column and
the eluent was evaporated. The residual substances were dissolved
in ImL* or 2mL® of DMSO, and then 50xL of each sample was

applied to the Ames test.

Table 2 The results of control test on the adjusted pH2 distilled

water sample

Samples

Mutagenic activity (rev./L)

TA98—S9 TA98+S9 TA100—S9 TA100+S9

Sample (0.5L/plate) 36

Sample (1.0L/plate) 31
Negative control 28
Positive control 530

47 188 215
52 194 226
43 143 198
333 1123 529

The distilled water was adjusted to pH2 with conc. HCI, and
passed through the XAD-2 column.

AT EAT o7, ARETIE, Ko RENME 1 »HEL,
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OFKR%Z7272H 12 No 77 2 THREVK T DR EIEH % I
F L, BHBE%7272512 Ames ER %2 1T 5 K (1A
FLER)

QOFIR% 7272512 No 77 R TIREIK T IR B FH % 1
E L, [BHALPEILIAEEG % —80C T 1 » AR EILGET
VW ke

@K% 7272 B 12 No 7 2 TREPK W O 2 18
HL, KB LTA4CTL » HBEIWIEERAE L 7214, 2
MBS 5 hik

O ARER P DB R 258, Kalkle L
T4 CTIL » IR L 721k, IR 3 ik

3) EHEE I o MG A A o B T, dichlor-
omethane, ethyl acetate, methanol, acetone 7 ¥ %%
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L2L, B n T ORERES L RV EL %
L7227 )= TF ) RPRDLNT B, BE, di-
chloromethane (35 B L OVERBIZEIN R EI N5
BHThb, 7 I THEEAG X L T dichloromethane ®
fUBEE L L T ethyl acetate il W feTH 50 % It
wRET L 72,

BRELVUEER

1. BHEIRIFER ORERAES Ames HERICRIZTH
g
WA R A 2 6 0 A8 BRSPS o BRGT RS R &
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Table 1 (27RL72, TA98 5 LU TA 100 HkkD 3T
DERITE TR R & Mo U & REISEMICE (3
T, Btk A SN L o722 Lo LR
BPUThd L 2R L, F/2, SHEMEE T THRBRE D
EBEREEZBEEL L 25, EBMHE Killing) 34 51
wr otz TOMREE? S, XAD-2 g A & 1348 R Y
BERIN T W EDRERZI N,

pH 2 BHEFIAETIT BT 26805 5 D2 RE MY
BOERICT 2 M9 % Table 2 127k L 72, Kk
7 Ames RER 2179 B D IEEHIEE X L TREL
721.0L/plate B X UrZ L% 2 &/ L 72 0.5 L/plate
DY TN EELIZ, TAIS B I TA 100 HkkD T~
TOHARITBWTEREMN Y TH -2, F72, {8
WOAEFHE (killing) L A S - 72, ¥ 5 (1994)
(3 CSP-800 it & ik 32 ppm DX AR # EH & ¢
TYH, WEENE? CEREEME X ERT 52 L34 0w
EHREL TS, ARETIE, CoWMENL ) cHERR
AREICERMLTB LY, FRMHL TV 8GR
7 B, kR A S 2 1372, — 75, Sweeney et al. (1985)
3P R & XAD g X 20s L, 2R EWE % &
WY B EHmEL T B0, ARETIIRL 2ER2E.,
bUHLUDORRHE G HEITB LTI, KEKICEZLTW
SREDWRIRETIY, BRFEMICIIBELEHZ LW
2 bhre,

2. REBIEFRREICEAT 185
ThiFEE L LT, pH KFHEO KRR B L BT

pH 2 1< 74 L 72 KEBHE No 77 2 T 7 ) » 7 LT3
EF O KRR 2 Ik L 72458, pH KR DK
N FARZBALIL 2 A, BRBEELZRET LI
o3 Wl Z E L7e, —F, $EEET pH 2 I[ZFEE L 727k
13EEEZINZ 5L 0.7ppm 225 0.45ppm L 7% ), Th
N HRZWBAT 5 L 4 W59 TREE R IR L
72, COFER» L, pH2 ITHHEL TH 5 N R Z B
25, RBEREAHTRETSE, RO TH
3z rerm3Iniz(Fig2).

B FEARET S0, pH2 ICFHE L 2kREHC
sodium thiosulfate ##MN¥ 5 HiEB LN, 7 X % #
KT B HEERE Lok % Table3 » 11w L7z, 7K
REHI, 1HRICOVWT2REHAEL, ThEFhnEkR
JFIEHE AR L, 2OV TR LA, TAB B LWV
TA 100 Dl # k1< 3 \» T sodium thiosulfate % %
W72 bniF, Ne FRZBERT 5 HEL D L TA100(—
S9) Ic BT A KRG EMEAE A 1800 rev./L 7* & 790 rev./
L I KIEIIE T L7z, ¥ 512 sodium thiosulfate DN

0.5
045 ¢
0.4 —e— Ajusted at pH2
0.35
0.3
0.25

0.2 | 2-2-»
0.15
0.1
0.05 *—,

0 -
0 5 10 15 20 25 30
Time (hours)

—e— untreated

Residual Chlorine
(ppm)

Fig.2 Vanishing curves of residual chlorine removed
by N. gas

WA 2R L72A, S 6 ICERFIEMMEAH 1/2
KT L, ZREEMMIZ 360rev./Lick -7, F72,
TA 98(—S9) 2B T3 sodium thiosulfate % N3
52L& T, BEBEMEMN L % 5 72, Sodium
thiosulfate ® & 9 ZeEILH % v 5 & 28 G PR
PET L7z w9 #5513, sodium sulfate 12 & - TEH#
JRYEVIE s T 5 L v ) s (8K 6, 1992 ; Holm-
bom et al., 1998 ; {#i¥F 5, 1994) L[EETH 1), /KidK
P OERIFEWE O 2 Hi L L2217 9 54,
BICHI 2 V3 HERIREIERREFE L LTHES TS
WE EDTERTE T,

$72, Table3 ? 2 (/R L7z & 9 2 pH 2 12384, 5%
BRI LT T IR L 72 KEHSE, TA98(—
SOBLUXTAL0(—SYIZTBWT N, FREHEAT S
FHidi & D BREISEMA < o 72 F7I2 TA98(—S9)
BT 2 B EoiE %2R L, 470rev./L TH -
72. TA98 BLUFTA100(+S9) IcBWTIF, FREEER
Z IR IR L 2K R T RIS RS
L7z, AP THA L 2R S ETIE, 20 L kR
BIOWIKD5E T T B DIH) 17 K& 5 729, Z DR IS
IR R L ARTPDOBERILA D IS HHEA, File e AR
JEMEE A L, Z DRERAERFIEEE A < - 72
L Z bz, ARDREHRER 6, KEEHS pH 2 1234
WL, REEROBREVPVETH L EHEZ bz F72,
BREBEFRZBRET BT, N ¥R » 72k 5 HEk
PEYTHDLEHEZ LN

3. REHENKRET

R RREHEORGHER D 5, N, ¥ 2 E2BAL T
BREER2BRET I HEVGET I EHEZ ol d,
pH 2 273 No A THEREERZBREL, L8 bICE
FEILBE L, 3 AHIC Ames iBR %2 179 Fik % o R FEER

Table 3 Comparison of mutagenic activity of water samples removed residual
chlorine with several procedures

1. Remove of residual chlorine

Mutagenic activity (rev./L)

Methods

TA98—S9 TA98+S9 TA100—S9 TA100+S9

Aeration of N.gas
Addition of Na.S:0s (equivalent)
Addition of Na.S:0s (over dose)

160 = 1800 =
—= = 790 =

= 360 =

a . Negative

2. With and without residual chlorine

(n=2)

Mutagenic activity (rev./L)

Methods
TA98—S9 TA98+S9 TA100—S9 TA100+S9
Aeration of N. gas 200 == 2300 =
Untreated 470 53 3000 220
a : Negative (n=2)
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Table 4 Mutagenic activity of several samples stored under different conditions

Eexistence
of residual

Strage Method

Mutagenic activity (rev./L)

TA98—S9 TA98+S9 TA100—S9 TA100+S9

chlorine
Non-strage .
X2 200 ==C 2300 =
(control)
—80°C /1 month in eluant condition
(After concentration) 260 N # 2
4C/1 th i t diti
/1 month in water c'on ition 170 B 1600 -
(Before concentration)
4C /1 month i t diti
/1 mo in water c.on ition or 20 55 3300 290
(Before concentration)
a . Absence of residual chlorine (removed residual chlorine by N. gas aeration) n=2)

b . Existence of residual chlorine (untreated)
¢ . Negative

Table 5 Mutagenic activity of extracts with different solvents

Mutagenic activity (rev./L)

Eluents
TA98—S9 TA98+S9 TA100—S9 TAI100+S9
Ethyl acetate 230 — 1400 =
Dichloromethane 130 — 920 —
a . Negative (n=2)

L, BRAFHEIT D W TG L, KT, 1
DDA HFIC OV T 2MIEHEL, ZREFNDOERIF
2RI L, 20 T4Mfi% Table 4 (7R L7z, N2 7
2 THRHEEREZRE LK 2 270 b I8 L, 58
WP —80CTHRF LB AL TAISE L
TA 100(—S 9) 123\ THf R FEERAE & 1 ZIF TR FE 0 28 R
W2 1572, 2 DfEIZ £ 21 260 rev./L 8 X U 2400
rev./L Th o7z, KB 2 BiEE T 1 » HM 4 CoZM
TTARE L LTRELLEAZ, TARBE LV
TA100(—=S9) iz H L\’C”&iﬁiﬁ@ﬂﬁﬁf% nENn170
rev./L 3 L1600 rev./L I F L7z, —F, ia®
FERERTICL » HM 4COFRM TR E L TERAF
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RGBSR L, Z 2 420rev./L B & ¥ 3300
rev./L TH 72,

K EE DR AFEH 12 D v T Meier & (1987) 12,
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(1992) {3 TA 100 (2B W TEHRIRFBARLH D F F fitisE L T
Bk e L ) 5°C DMEIRAT & 4T - 723l J s
ETHY, SHITpH 2 ISR LZKRREHSB VT2
H% T LR BETE AN ZIIZII L A &> Te L
LTwd, R#FETIE, pH2 ST 221250 1 5
ARG T 522 L2 RA No FRATRBEE R 2RE L
7oK EHIFR IR AE LD, 4CT1 » HIM
PRAF LA T 3 TIAER I T 724 RS R
it U, 2 ORI & Mol U C & SRS MEAl A
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[(BHIE 4525 %% 2 mm A ]

— (F&)
(Bak et 1.2 DT H -k
A2 1 mm A, XUFBLIEH I
1.2 A, K UOBHIE 2% 2 mm
A ]

(—) CRAgaREEE) (-)
(i gl R I AR H B 2% L ] [RFERIETE CHUMtEZ L. ]

RXDHEMR (FIKE) - 7= — P OfREL~OfHL

+ () —*
(B 45 s 2 BB 1] (R TEBETh 5. ]

+Y (55P51E)
[BHIE A LA 1 B L 1] -
[REETOREMETH . ]

— (kBz1E)
(BHAE AR HEAT 1 BRRELLUT]
(3) [Mfii% ] ol

WERME DMK B 5 (3514, Rec-assay DESL, in vitro /ML
REROMERE, LB L TEMERZIEAT S,

BRI OFENX I 4 O &K 2 Bk L
12 :

K1 FRERINY

22 BRI CRERES )
3 RREE

x4 —HAREYIR I

B, IRERM (X 1) DFSIIHRITO LD LBFER
o CERK 11 48 12 A 21 H &8 a2t - 3
AR 2R 2) BB AT, % 2 D& 5 2P
R0, 7o, BRI (3 2) OF S (AL I % T (O
M8 AR ERE 120 ) /S E MW, 72, 1/E
IO BT ERLRIER 2 D AT E, BEAARM o %55k
(2 B, BEERME IR BHE, 72, KRFE

IEME B L U — ik BRI (— ik ic s & L TER
BIZHIN T2 TH->THMmE L THEHAI NS M
HU R M, TESEEERCE BN ERREICD
W] CFR 8 4F 5 H 23 HIFAEB AL R A,
L 56 5 ; —#kiE FR10412H 3 H EWmESE
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xR1 fRERMD
5E B &R ERRMHBR
" | 2% mig amesitB | gt st e
1 1.2 B (RBRE £) AL F —19
2 2 |WIERETFIDL p=E e 42 _® 42 41
3 |3 |7PEVER Bk —21
4 4 |BEHBTRIOL e 41— +" =11}
5 |5 |LF7RIEVE BRAERGEFIF AN |19 =1
6 6 L-ZARAIIWEVEATP7YUVEBIRATIL (BERGIERIFEA |-+ 22 4)
b 7 (L-ZRAEVEFRIY L BRAERFLEHE A |42
8 72 |L-ZARAWEUE/LSFUBIATIL |[BIERLERIE, |2
9 |8 |[L-PRASEUEFIIYL SFEnkEHFH 3,29 _3
10 [o [ZRSLT—L Hk el
4ifg 110 [Z7EFILIS /= ILEEAFIL HLR—Z _2.25 )
11 |11 | 7EFEFERTFIL 31 —3.18) _3
12 |12 |7Ekoz/Y ES ol _1®)
13 |13 |7Eb> 83& A — 1) 1)
14 |14 |7=R7ILTER EX o) —2.19) _2
15 |15 |a-7ZINIUFLTPILTER B —1®
16 |16 |DL-75=> SFABREHE A _32) _9
17 |17 | EHETAI DL KE&R) REFHEH -V =
17 |18 |FEHREES Y L (8EK) REHEH -9
18 |19 |L-PIAX=UL—JILAIUEIE SEBREHE A 420 )
19 |20 |ZIFUEEFRIDL [ o] _2.10.24) _2
20 |21 i/b%@&int"uydu: “IVIRT |pany 219 2
21 22 |REER BEH —2.17) D))
22 |23 |RBEFEEINIDL 2EE 129 Iy
23 |24 [ZPURSZIVEEAFIL Fi —18
24 |25 |7UEZT7 5% F I —
25 |26 |4A/v EX _26)
271 |28 |AVAAT /- aH -9
28 |29 |AVEEMAUTIN BH el =
29 30 [AVEEMIFL EH i i
30 |31 |AYFALTH—HE EH —2) Ethyl isothiocyanate
31 |32 [AUFALTUETIIL ¥ —18
32 33 -A(yaq4w HEH _3.21) _3
33 |34 |5 A/ UB=FHUYL Bk D —\.2 3.7
34 1342 |[4/THYIIL B UE __26)
35 35 |AUF—LRUZDFHRE a4 —2)
36 |36 |5 -UTINEEZFRUIL Sk -3 +"
37 37 |y-“oTHhIHb ¥ _3.18) 3) _n
38 138 |TRTFIAL HLA—Z -2 2)
39 |39 [TxFILHE H
FURSZ LBV FSIL B4 (TZATILE)|-? -2
HFTYIVBETFIL B (TRT)LE)| -2 Y
hToVBTIIL B (TRTILE)| - —
A7OVETFIL FH(TRATILE)| - -
40 40 |TFNNZYL EXT _2.18 Y
41 |41 |EDTAAILS Y LZFRIY L BRERG L H —'9
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R1 REHFRM(HDOEX)

x1 AREHMI (DD E)

*f,%g . B & FmY ERRMERR
o
& s AmosHBR | ghiith, | /B -

42 42 |EDTAZFRUSL B L R5 1L # _19)
44 a4 |TUULELE BR LR LE D) —2 D)
45 45 |THYYILEVEEF R L B LR 1L FI _1.20 _n
46 |46 |T)TdHLLTIO—)L SE{EFl -2 —1
47 47 |(BIE7oE=YHL &35 i _2.22) +2 1
48 |48 |{RIEANUD L SRR D)
49 |49 |iBIEAILT DL SRABRERIEH—" ® 1
50 50 [iB{tE 8% B H| __4.21) _4
51 |51 BT HRIIL S RBERIEH—52 )
52 |52 |iEE& & A —2
53 |53 |AA44F /- ¥4 _2.20 +? —n
54 |55 |Ao58F—L EX e _20)
55 |56 |AVAUEETTFIL H —20
56 |57 |OPP Na HHUH _20)
56 |57.2 |oPP HAUE D) —n
57 |58 |ALAVEEFRUDL HWAE —20
58 |59 [BER{LKEK REA _2 P
5o |so j%)m:&w’w» (BBBBAENUY A | ey |1 "
60 |61 [HELUFRUHL 53 A 5.2 5
61 |62 |BRE7E=VL INEBLIEE]  [—2® 2)
62 |63 |HILARFIAFILEILO-ZHILSY L (K -2 9
63 |64 |HLAREIAFILEILO—XFRY L |HiE —19 —1
64 |65 [B-HATY EEEFEH —1.19) i

MAT LY &5 A& ) 2) 1
65 |66 |¥ERAVTIIL E3T —3.22) 3)
66 |67 |¥ETI=I B4 —20)
67 |68 |¥FEE ORI EH —20
69 |69 |5 -JF7=IBE=FR)IL Sk —3.23 B
70 |70 |VTUBE($E&) BELRE -V =1
70 |71 |VTUEE(EK) Bk -2
|72 |VTUE(vTnE L BEERA AL F| -9
72 |722 | VT EE—HUH L EELE S S TESAN -2 10} Rec-assay :+'"
72 722 |HTUBE=HYY L B ik 3 _
73 |73 |[VTVEBhILYIL 2L EIE A 519 _p5)
75 |75 |VTUEEE SRAEHI a2 )
76 |76 |[VT BT UE=DIL A _a21) _
77 77 |VTIUEE=FRYHL Bk __1.23) )
I ARpEs |- [0 =) AL
79 |19 (YUt il 3% F | —2.25 _2
80 80 |YYUtUUEERAEETRATIL FLAEH -V =1
81 |81 |Jtn U EEAILL L = -1 218 =2
82 |82 |FUFLUFUEE=—FRUYL HkE =" 42 11
83 84 | Na/FILESHRL Bk 120 )
84 85 |F LBk (52.1% w/wik) 3] —420 -
85 |85.2 |V )L avEH )L Bk ok —'0 Rec-assay : —'”
86 |86 |ZLarEEhILLYL AL —518) 9
88 |87 |JIILaVBRE—# YA e _25)
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e BNy ERREHR
o B Ak Amesit B E*#Eﬁwﬁ INZGERER L]
89 |88 [L-UIESUEE SER R — 5,25 5

90 [88.2 [L-JILASUEENYI L SEBREHF D _2

92 |89 [L-TIWEAIUEEFR)IL SEBREHE A — 1,25 D)

94 |90 |TAKER FH —20

95 |91 |TMAEBIFIL ¥ _2.20 2

96 |92 |TAREEATFIL 4 —20

98 |94 |[75=A—-NL EX o] _2.20) D))

99 |95 |[BEYILH EEEIFH 13 % +0 )
100 |96 |T/\VER BRI F 1,21 1)

101 |97 [anvEE—FRIDIL L e O 2

102 |98 |/ N\VEEZFHRUDL SEREHF A — 1,25 )

103|100 |aL AL TzA—)L 2L _3.26) )

104 [101 |avRaAFoBEETRID L R KFF A —3.20) 3)

105 |102 |EFEEAV 73 E) _3.20 —

106 |103 |HFEETFIL FHFM — 1.2 + —m
107 [104 |EEEES S =L H —20)

108 |105 |EFEEI-oO~AFIIL a8 —20

109 [106 |EFE&S bORUIL H —20

110 107 |EFEES T 3L 5 —20

111|108 |EFEETILE=)L EX7 20

112|109 |EEBEFRY) L (&) BRIk F e ?) )

112 |10 |EFEEFRY D L (5EK) EERREHE A —

113|111 |BeBEE =)L HLAR—Z(FH, |30 D)

114 112 |BFEED~FIL 3 _21)

115 |13 |EFEETFIL E3T 321 )

116 |14 |EFBRN DL =3 _421) 4

117 |15 |EFBk 1— A2 FIL &8 —20

118 |116 |EFE&UFV)IL E3T 21

119 |17 | YvyAhyY H ki — 2,20 —2)

120 J118 |HvyA)oF )L H bk L +

121 120 |HUFILEEAFIL 3 —2.21) 2)

122|121 |BIERT #2704 OB 3 [ A —19

123 122 |=ZEg{b8% Eay __4,6.25) ) _10) R pmeay =0
124 1124 | RE\EFREETH) D L REHIEH, Fh_® + —m
125 1125 | REREET )DL & F(F A _219 2)

126 126 |oA~AFxI)LTOEAUBTYIL 4 -2

127 127 |L-SRTAEBIE BRAERSLERIIFE D [4+4 20 +4 —_
128 1128 |5'-LFUILEE—F R L Rk — 1% 41

129 129 [ FS—JL ¥ —3,4,20) _4.3)

130 130 | hORS—)L ¥ —on 5 —0
131 |131 |>bOxO—)L 4 _21)

132 |132 |1, 8-> A —JL 34 _21)

133 133 |7z=—)L BEANUE —1.16) D)

134 1134 [CTF)ILEFOFI LI (BHT) BRERA AL —19 =1

135 |135 |CRUYAILFTIV B LHI __5.18) 5)

136|136 [CAUYAILFFIUERIE 3[4 " n

138|138 |AEmifk& k7 /)L0—ILEE H —20

141 141 (S 805 A EERD) D)

142|142 |R%EHY 9L INEMLERH |40 -0 +" 4+
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R1 RERM (DD E)

xR1 IRERM(OIE)

wE ‘ B &Ry ERRMABR
o
5 &7 A AmesHER | graccir, |/IvEEER W=
143 |143 [DL-BRM Bkt =20
144 1144 |L-EEH Bk Ak —22 -2 d-ERE
146 146 (LBERBAKFRHIIL 4151 —2.29 —2 ‘,’;EEE&K##J
148 148 [L-BREFIIDL SRk ¥ —1.29 4 _m fﬁa&ﬂ\'m
149|149 [FHEEA) D L REABHIFH |-+ —4
150 |150 |FHEEFRYUD L REABHIFH |- 4+
151 |151 [BAKE25 E 12 4+
152 |152 |REAKEIS EER — 2 +" -2
153 |152 |BAKRE405 BaR —2)
154 |153 |BRAKRE1028 EaE —12 +0 _2
155 |154 |BAKB1045 EaE 124 )
156 155 [BRAKE 1058 Ea Y 124 )
157 |156 |BRAKEB10658 EEE —" +" -2
158 157 ﬁﬁﬁﬁﬂ4%— ge*i _1,29) +1) 1
159 |158 |BHEf/ASE Ea _1.24 +1)
160|159 |RM#REIS EEH (="1 =% |E-—") -2 (EAER)
161 |160 (BFEE®15 EEH 120 +n
162 161 |BRAE®2S EE 124 p1)
163 162 | amisMiBE TR TIL FLAEHI = &
164 163 [S)a— #ifg HIESHI =2 =
165 164 [ F3L7Ia—)L 4 —2)
166 [165 |V F L7 ILTER 4 +¥ -2 +¥ -
167 |165.2|/KE&{EH") D L HU5E AH -2
168|166 [KERIEHILL DL HERHIE, [0 =
169 167 |KEE{EFFYIL & AF =2
171 169 |RTF7OAILEEEAILS Y L FLIEFI =3 =9
172|170 [VILERIERBET XTIV 3L H —1.28 "
173|171 |D-YIER—L HERH FEH =" ="y [=V=") (D-YJLE yrWP)
174|172 [VILE Bk B1EH —2.22) _2
175 |173 [VILE VBN L 2EH 11 +
176 |174 |RE7E=V L SUERFIEN  |-D
177 |175 |pRE&AD) ) L (8EK) SERFIE,N |-+ D _®
178 176 |REEHIL L L SLERBIEN | -"Y
179 177 |IRBEKFRTUE= DL EAEHIF —429 —4
180 178 |REEKFRF )DL fEaRF T AN —2.2 -2
181 179 [REEF UL (FE8R) & A -9 -3
181|180 |ikBEEF MUy L (4BEK) s A =
182 181 |REE~<T R L 5 | 5. 19) _5)
183 182 |F7ALUHYJ —)L(TBZ) FEAUEI —1.18 —pl)
184 183 [F7IUIRMIE AL H —2.1 )
185 [184 |F 7 MMM AL H —5.20 9
186 185 |F73ItFILBRBsIE X80 K -
188 lis7 ;75‘/-}-791/*/—1,5—:);(;%9& LB 9 2
189 |190 [F7IUT0YILEERE BB HI T A =2 -2
192 |193 [L-F7=> LR E A _4.29 _9
193 194 [THhF— EX o) _3.2 E)
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(5% | BEENY ERRMERR
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198 200 |TILERA—IL ¥ Y
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{ 206 |208 |[DL-FUTRT7> BT 2z 2
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} 209 211 [L-kbLA=> BALH T A — 2,21 2)
- |20 Jar2 [FruS LA ER 8L A —
211|213 [ZaF VB 2AEEIFE A _3.1D) ) T
‘ 212 |214 [ZaFUBET7IF AL F (F A —2.17) )
f 213 [215 |ZEEmE BEHE,
214|216 | —BALIER MNEBREE | (+9), (=) [(=")(=P9)[+""  |CEHD, d9%D
1 215|217 |—Bes (% e A —»
‘ 217 219 |[ZB&IEFA> & E —25)
‘ 3, 3 HISIRE Y,
- |218 fo20 |mBk BTRR s e B EUA [ﬂzjgﬂggﬁ))]
219 221 |ALEEHILS L AL H —'9
‘ 220 |222 |FLEASK LA ERCEDRFCEN D —9
; 221|223 |ALEEFFUDL Bk F D —+® _9
! 222 (224 |y-/+350b2 3 _29)
223 225 |/IWEFIHYY L A=t " -
224 226 |/IWEFXFFRIH L B 1 N
225 227 [IN=Y E3T _222) 2)
226 228 [I\SAFLREBFBIVIFIL BTREH -2 —1
| 227 1229 |/(S5AFLREBEBAV/TOE L REH -2 —"
| 228 1230 [/(S5AFLREFBRIFIL HRFH —"2 +"
j 229 1231 (NSAFLRBEBIFIL FREH —119 1
‘ 230 1232 [(5AFLRBEBIOEIL BREH .
| 231 1233 (INSAFLFHFIT/V ¥ 22
232 234 [L-/8Y> AL (F A _3.28) _3)
233 235 [/NUhTFUBEHILITY L HAH —3.18) )
234 1236 [/SURTUBEFRUS L 2L FI _ 517 _5)
235 237 [L-ExXFT UGG AL H -5 =
237 239 [E4s3vA Y41 —— Retinol
238|240 |43 ARSRABETATIL AL (=" [="] (=) [Ga)
! 239 241 |EFOFSvbARS—IL EH o
241 1243 |EXO+—)L BH +2
242 244 [EXO=LTRAFOR LS. "2 "
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R1 RERM (DI E)

wE B & Fm TR
5 | No
27 & AmesEER | graiihy |/IVEBER s
243 245 |5kEFEk Bk =423 =4
244|246 [EURFS UIEMIR SHALH =z -2
245 |247 |\EQBHEEEHYH L BIFEEFEMN —1.18 N
246 248 |EOBFEEETRIDL BEEEM _3.25 _3
247 249 (EOVEEEAY™Y L S5 R -2
248 250 |EOYUEEZKFEDIL DL SEAEHI(E A -2
249|251 [EOus B kE=FFUDL & FA ~420 A
250 |253 |EOYUEEE 8% HALFIF A _417) _4
251 |255 |EQ)EEIFRY D L (HK) RERBEAIFEM |2 —5
252 256 |L-7x=ILFS5=> AL FIF A _224 —2
253 257 |7z ILEEBEAVTSIL &H -2
254 258 |7 ILEFBEAVTFIL ¥ —2
255 [259 |Zx=LEFBETFIL E e —222 —32)
258 262 |FFILEROFSF=Y—IL(BHA) BRAERAIEH -9 " —3
259 |263 |7<ILBE T ] —429 _9
260 264 |7ILEE—F UL Bk —5.29 _9
261 265 |7 75— ILRUFDFEK ¥ -2
262 |266 |FOEAEE FEHFEH -2
263 |267 |FOEAEEA(UTIIL E3 32 9
264 268 |FOEAUBEETFIL EXo) 322 _3
265 (269 |FOEAEHIL YL REH -2 -2
266 270 |FOEFEEF NI L BEH —1 n
267 [271 |FOEAUEALTIL ¥ -2
268 [272 |FmEL>S)a—)L SEEERIEN (-0 +1 T
269 |273 |FOEL S )a—)LiEHABET ATV |FLAEHI _2.20 —2)
270 274 (AXH B ¥ _18)
271|275 |NFHUBTIIL 4 _2
272 |276 | NFHUBIFIL ¥ -2
273 |277 | NTAUBEIFIL E3T _18)
274 278 |I-RYJLLFILTER =5 —329 +2 —_
275 279 |RVUULTFILT—IL e _329 -3 _m
276 280 |RUXFILTER H -
279 |283 [ZBFHMIOEIL B LR L FI i +"
280 [284 |[KUFZHYILEEFRIYL I E D —219 _2
281 285 |RUAYITFL> HLR—2R — _
283 |287 |RKYITF> HLAR—2R _4.20) -9
284 |288 |RY BN L &% FAF —20
285 |289 |RuyTEEF RS L 83 A 520 (L) (29 (9 ,[)':;Jf]"'}’m"'"
286 290 |d-RILRA—IL EH -2
287 291 |<I)Lb—)L ¥ - 42 +9 +
288 [292 |D-wv=hk—)L RIS FIE A | =319 —3
289 293 | A% BN L 838 R —2 =2
290 294 |ARVYUEEF R L H15& A _320 )
291 295 |DL-AFA=> AL FIIEH —2
292 296 |L-AFAZ=Y AL -
293 [297 |N-AFILTFTURSZILEEAFIL ¥ -
294 298 |AFILt)LO—ZR B E M —3.5.20 _3
295 299 |AFILB-FITFILTbY 4 -2
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R1 RERMP (DD X)
'g;* B aiAmy ERAMRAR
4 e 2% M AmesiBE | SR |t e
206 |300 [AFILANRRYDY (23[9 —B.18) =3 Vitamin P
297 301 [di-A~b—uL &8 —1.20) ai
208 [302 [I-Abk—IL 4 42 —9
299 |303 |EILKRYAERAEEIE AR =2 -2
300 [304 |FEEE sRAEH —5 17 -9
301 [305 |EREE ¥ —8.29) =9
302 |306 |E&EEAVTIIL EH =3 423 —34)
303 |307 |[EEEETFIL &4 —3 42 —34
304 |308 |EEEELVO~NFUIL E3T] _»
305 |309 |E&EETFIL 8 . -2
307 [311 |L-US U L-PRNSEUBEIE SRALFE A —9 -9
308 312 [L-UTUIRERIE AL FIF A —5:28) _—
309 [313 [L-US o L—F AU BRE SRALF(F H
310 [314 |VFOF—LL EFH —323 —3)
312 [316 [5' -URRILAFF=FFrII L Sk E =3 =
313 |317 [UARISEY AL FIE A — 1817 +" - Rec-assay : —°
314 |318 |[URISEVEREITATIL HMALHIF A — 4,20 )
315 I319 Zfi@%lz‘ys’—')yﬁxx%»-rh'm AL HIE D _sw e o 9
316|320 |HEE% 538 FRFI —2
317 321 |BREEFII=HLTUE=DL fiE AR A F AN =0
318 323 |BMEE7ILZ=HLhU)L EARFIEH —320 9
319 [325 |REE7E=IL 5% I —2
320 [326 |BEEEHILL L SRAREREH -
321 327 |HRBEE—& (F4%) SRAEFIE A =328 +9 -
322 329 |BREES R L 55 I —
323 330 |[HEE<TRIUIL SEAEERIEA (=) |-V.(—) (§24%)
324 331 [DL-)o T8 Bk 4 —22) Y
325 [332 [DL-YoTdEEF R L 7S ETES) —429 —4
326 |333 [J B Bk -2
327 |334 [YoBE=HUSL &5 A -
328 [335 [JUEE=HILI L sUEREIEA |-
329 [336 (U BEAKEZFUE=VL S5E A -2
330 337 [UUBEZKFETFUE=DL 55 A —52 +? 9
331 338 [JBEKFEZHUD L &3 A —2)
332 339 (U BE=KFEHIDL 555 R -
333 340 [ EE—KFHILI DL 505E AF 9 18} -5
334 341 [YoBE—KFHILI DL 5138 FA I —3.20 —3
335 342 (YU BEKFEZFRUDLKESR) 553 A - -3
335 1343 |YUEEKFZF MU L(FEK) 538 FAFI —2)
336 1345 (B KFF B L(HEK) 5458 A -2
337 346 U EE=FbUDL($ESR) 505& RHFI —2
BRROXRDCHELTET 2 —rDOERBERUVEERZSR
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R 2 BRAFRINY CORERE )

K2 BRAERINY CRZTR ) (D' &)

BRFmy ERR4HAER
N 2% mi AmesHER | gaiihy | /MEHER w5
Th+8% EBH +9 -9 Rec-assay({ki%) : —¢
75—+ [ 3 48 =7 —19 Rec-assay : —°
12 [L-ZRISFUB AL -9 —
15 N-ZEFIILTILad3Iy Hbk# - - Rec-assay : —
19  |7Fr—8% & H =" "
22 a-73i5—t [+ 3 =9 —9 Rec-assay : —"
23 B-7i5—+t 33 -9 Rec-assay : +°
24 T—EVRAL (BRHHL) |HEHRER -9 Rec-assay : —"
26 TIEFTHL K xh = EH -9 -9 Rec-assay : —"
31 FILX B R EH —10 49 +9 -0 Rec-assay : —°
39 EE =V {73 3 = = Rec-assay : —
43 [ARYLBIRYISH8Y SE R = —
48 |HavBRMUIILIIY) EEH +"
58 IID4=ZFIVIVI AR L (SR EH -9 -4 Rec-assay : —'?¥
59 ILIHEE R ER - —' Rec-assay : —'*
73 |[AYTHSHYFaOVE B A —2 (=) (in vivo CA)
75 Y-AU¥F/—) B LA LA - = Rec-assay : —
77 |[ALUTER EEH = + = in vitro MM : —
80 (KA (AML) B3t FAF -0
3 28) — T8 8

81 |phrea%k p-g=ke] +28 82 4128 :m' A ff-,e,i,-iis?;iﬁ "
83 |[h¥xe%E e +7 =1
88 EME R &R —20
91 hT¥xy BR AR LEFI i3 + = in vitro MM : +
02 |h-K3v HERERIED | — - et
94 hozA> (W) EREF -9 +" Rec-assay : +°
95 h ¥+ MR ER -9 - Rec-assay : —°
98 g kY] &R -2
99  |hSANI S A +"
103 |HSVHL 1= EF - 8 Rec-assay : —"
104 |ALFo/887 HLR—R —8 8 Rec-assay : —°
104 HILFDINT YO R = 20| % A= Ly
106 |hOoJ&%E EEH -9 —4 Rec-assay : —°
107 gi\j};‘z‘\)}ﬁ'h A=Ak ¥ L EH =9 -9 Rec-assay : -9
10 |hoJomtEm HRE =2 +2[1=") -9 (HEEFR)
111 (hoVomttimb Y B AL RA LEH = Rec-assay : +
112 |hrFY5a% HLR—ZR —10) =10 Rec-assay : —'”
13 | FHYEUH L R EA -9 -9 Rec-assay : —°
115 |D-F>A—X B = 21410 e Rec-assay : —'¥
18 |FF ¥R EH = = - in vitro MM : —
120 [FhH> IR ERIEN|— — Rec-assay : —
123 |ff#sA EEH = =
124 | FSVHEY FLAEAI — — Rec-assay : —
127 |J7—HL MR EA -9 -9 Rec-assay : —°
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Baidmy ERIRMEHER

an 27 i AmesHER | giiirss | /MEHER W%
129 |9 7¥UhE AL RA LA -9
130 |F7YvoHilE HLR—R = = Rec-assay : —
133 |99 ¥E%E HER = = =
134 |9FFIBEER EHER +5 -2 2 —1319 Rec-assay : —
135 |9FFKRER EEK + =9
136 |9FFUHEBER HEH -9 -9 —10 Rec-assay : —"
139 |TvENILA HLN—R — 1% -9 — Rec-assay : —'°
144 | Na7E5—€ >3 -9 -9 -9 Rec-assay : —°
150 [ NaA—RAYAS—F B%x +12 =12 Rec—assay : 12
155 |y—O—8% EEH + = —
156 |ZO—TH#HM B Rh L = = - Rec-assay : +
158 |7B@B@24)L HEEH -9 L Rec—assay : —8
160 [<hit WERM 00w 940 | s o [Recassay =S 4D
161 |74Vt ((A1),(A2) i A —'9
164 |FUFT7 Y EHRHE +'? —12 -1 Rec-assay : —'2
CIERE wEms |+ 40 |- S N A
167 |BFEFEHHEEY EHREE
167-08|A— LR/ A X ERHE =7
167-09|A L4/ ERPE =0 1 Rec—assay : +9
167-15|HILF EY ERHEE -9 —12 Rec-assay : +°
167-18|F¥>x— ERHE —12 +12 19 Rec-assay : +'?
167-20| 73> ERHE -9 -9 -8 Rec-assay : +°
167-22|y0—7 EEHE -9 —4 10 Rec-assay : 49
167-25(33 3 (Rwsi—ifh) EREE - —9 Rec-assay : +°
167-27|2) 75— EHRHEE 0 -4 -9 Rec-assay : +°
167-30| R — (AR —H) ERHE —10 410) =13 Rec-assay : +'%
167-31|H)LE 7 (£— i) ERHE 9 -4 -9 Rec-assay : +°
167-32|4> 23y EkHE +°¥
167-33(Y 3 —5 -4 —9 Rec-assay : +?
167-37|> 394 EREE -9 — - Rec-assay : +%

10)
167-38| 24— 7 =X HREE -1 +19 =" byl A
167-40(t /A I HE (TRE—K) EREE 9 — ) Rec-assay : +%
167-43| 3 A L ERHE -9 —4 =101 Rec-assay : +%
167-49| 7 1)L P 10 +'0 —14 Rec-assay : +'?
67-50[k o35 CL LR TS B S T S T i S
167-51(Fy A4 TR D) ) _10) Rec—a§say: +°
A—R i, Rec—assay: +

167-55|=> =% (H—1) v i) EHREE -9 —rd -9 Rec-assay : —°
167-56(/3 )L ERRE = + ;;Z_’;gf +
167-62 72451 —% ERHE (+") = .Eﬁz;?ﬁssay =0
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2 BEAFRINY CRIFF ) (00 %)

R2 BRI CREZHRIN) (DD &)

BaiFmy ERRRER
e £ i Amesi g : -
mesit E& RERE INZEER
167-65|<7> 35, ERHEF —19) —19 Rec-assay : + '
167-71(A—X <) — ERHE -2 -2 Rec-assay : +'?
167-72|O0—LJL EHREE — Rec-assay : +°
174  |BFRLELFY (HEY) B [h L + + = Rec-assay : —
175 |BR0EBLIFY ZLIE# — . Rec-assay : —
176 |BFRSBHT D Hik$ o o Rec-assay : +
181 [aHUr % HER -9 +9 -9 Rec-assay(i#i{ki%) : —°
182 [aF=—-1LB% e +" =9
189 |TVimmtE® B AL [ L F = — Rec-assay : +
194 [3AXhO7H HLR—R —10 19 Rec-assay : —'”
195  |YAUDILL—FHL IR EH = = Rec-assay : —
198 [ N\YIEXI—FH L BRRERIFH = -
199 |EtEETL 53t A —'9
203 (V7 FVNEE b gt 2] —19 —10 Rec-assay : —'”
205 [2x3VY FERFFA -2 -2 -
207 |PxSUHL R EH - = Rec-assay : —
209 [¥HaFFRRY 538 A =2 =2 =
213 |PvHEmCvaER) K3 A - =9 —+? - =9 Rec-assay : —°
214 (AU BFRGVILINEL)  (EEE == -, =7 —~ in vitro MM : —
218 |BERKAILT DL =t a1 —8 8 Rec-assay : —°
223 LAY 32t —.2 - (-7 By s =%
(in vivo CA)
227 |ZFETFHEY HkH (+"3,[="1 (50%4#%).(85% 4 )
] — r_® el
220 [RELUFEE HEn (-7 [-7 o alll
234 |/ THEREY s RF — =% +° — (=) |(in vivo CA)
239 —CHHY L R5 1L F = = == Rec—assay : —
244 |[ELS—1F [>% -2 +2 —12.19) Rec-assay : —°
251 |FAXYR=Y FLEH = + = in vitro MM : —
253 (AT Fv H k¥ -9 L Rec-assay : —°
254 (3722 (W) kR -9 9 Rec-assay : —°
256 |ATRFEFR HEH + = = in vitro MM : =
257 |5RULFEE HEp = |- - i
in vitro MM : —
258 |ATUUKRY—FH L 1= EH = 7 Rec-assay : —
259 |35 H L R ER = = Rec-assay : —
260 (2D SLEREIFEA |59 +'9 = Rec-assay : —'°
264 |5z (i) 8435 F _om +9 (—yo  [|P=UE Recassay: +7
(in vivo CA)
265 |42 )LihE HLR—R(FH - =
266 |[FUI HLN-Z =19 - — Rec-assay : — '
270 |Frithm wamsEs |+0-® |t =15 = [Baraaay: £
= (in vivo CA)
274 [YvTUL G R _w 4w (o [£/3FAhin vivo CA)
' Rec-assay : +
275 5 -F73F—+ 5 -9 -9 Rec-assay : —°
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B &Ry ERRMRR
27 A AmesHIR | giiehs | AMEEUR s

FaFyrshaTr BRHEE - — Rec-assay : —
286 |F9HSVER HEr -9 Rec-assay : —°
g9 |[FyEDOVERO—ER) [HEH [+® Rec-assay : —°
201 [FRUT/ - B ERA L = =
292 g;au—ti’?):tﬂ—)b (HhtHh3 BERAIEH -9 =7 —10 Rec-assay : —°
297 |FSHUMG L ¥ = EHF -9 =19 Rec-assay : —°
305 (FOBOTAA R EH -9 =7 Rec-assay : —°
308 |WMEEHL R EH - = = in vitro MM : —
312 |FIoF—t B¥* -9 =7 Rec—assay : —°
313 |FIv EHREE -6 =9 -9 Rec-assay : —°
314 |=H¥HEEY EREF = — =
321 |zoovhnTr(Zoi o ak|EeH —10 -1 Rec-assay : —'*
324 |/WCERRTFYLFVIEE |[BIERHLHE -2
325 [IELAIOARDEY & A = -
330 |7\ (223 -9 =9 -9 Rec-assay : —°
332 |/ A—LmHOTY BEHEL [+ + - e
341 HuNEHE L OD—X 1= EHF| = = Rec-assay : —
344 |E—FLwF HEH +? 2 -9 Rec-assay : —°
350 [kixEMRRE & s R = =
363 |77—tL3> ¥R E A -9 9 Rec-assay : -9
355 |J77747RF EEH = - =
358 |Z4FUE H5E A -2 (-2 —0 (50%7K 5% )
361 |[ZTILTE B AL RA L — -
362 |70/t MR EH = = =
365 TRORRER EEH +6). 2 +2 —‘3),—6) Rec—assay : —9
3713 |F3v R ERFH |-, —° - =7 —10 Rec-assay(li{k%) : —°
374 JoF7—+ =% 3 =0 & Rec-assay : =
383 |RAUFuVER EeH = —P =
384 |INFHL &35 FRAFI -2 —ph
385 |RUFF—+F =% 3 -9 -9 -1 Rec—assay : —°
386 |RUFL ¥R EA -9 -9 Rec-assay : —°
W |[~oFUsmY RiEH w7+ BE B e R
390 [ARRYTY X a1 — = = Rec—assay : —
393 | RZaHUHEHER Bl . Rec-assay : —
394 |R-avTaFH EEH +0_2 1) —18 (_y® S::a-ya?t\'/ (,,::jyizeé,;)
396 | RZN\FHREHE Eal - + — Rec-assay : —
97 |R=rRER Ben — EL | _w  [Recassay: ="

(¥R

403 |AThavhREREFE BEEH = = —
405 (ANL$E X1 — Rec-assay : —
408  [RURF A &35 A —19

Ry Y & 3E A + =
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K2 BEAFE I CRESER ) (0 %)

BaFmy ERRAMERER
N = . e
° £ mie Amesiit | gL | st
414 |ZBFE 3N -] - +7 Rec-assay : +
— D)
418 |e-Ryysy BEn =" 18 ==y 523335315
e v _ _ Rec-assay : —
425 [RY—dJ—-LKEE%R HEH in vitro MM : —
428 |RBERHILI DL SR Fl -9 =8 Rec-assay : —?
429 fﬂ%ﬂ?ﬁlﬂj%(mﬁﬁ?ﬁ 5% F __14) —~ 14 = Rec-assay : +
429 |ShUEFHEY & AH =
431 |3voY HLR—ZR —10 +19 =" —9  |Rec-assay : —'?
435 |LSYFhOEDDCEE HEH +,—2 = Rec-assay : —
442 |EDIIFOEBEY & A —29 (—)% (in vivo CA)
444 |[EDYITFIHEN B5& A — =2 - —(=)?  |(in vivo CA)
452  |EYY 34yl S-]] + + -
" o _ Rec-assay : +
457 (v hTA—LiHY FLAEHZ A R a0 (in vivo CA)
459  |Shr bt LSS -7 -
ol i HEH = +0 4| o (MR R
= /1]~ e s _ . Rec-assay : —
463 |5/ JEIRE in vitro MM - —
466  [BREL S F FLAEFH —29
468 |VVF—L [ -9 =9 Rec-assay : —"
472 [RES T4 HE R —2
475  |VFUBERSBRY 3= +1 - reFy
. 6) 14) _m 1y [_9. _ Rec-assay : —% [—']
476  [JLF> (Gl W) B AERA L +%, (+) L+ (V5 AR
480 LSy R EE | — = _
483 |L 3wk GES — =7 — %38 Rec-assay(fi{k:k) : —°
487 (oY HL—2Z - -
488 D"X?U“jﬁtﬂ% &ﬂ:mltﬁ'] __12,14) _12)' +l4) == Rec—assay : __12,14)
BRORLEICEALTIET =4 — OB ERUESEL S B
1T 5) DRI 2 BEIURER3 MEHY 2 b ##% v DIRGEIZ W, ZXIBEINLW, L5 T,

2. BHLTW B85S 550 mEMIcie Lz, Blg
CBIL T, &ML L DE 2%, Hgh sk
H5LDIZOWTIIEN L HROKIZ [130] 24T

7z,

AREROFIMIZ S22, 2212 LR IZF A S0
RETHEBI N DDB L O H GRS A W5 o
RITb R BRERDAZED LD TH L L, R
JEPERER (3 — M AL E DR A, BIEHEERED
TR L L TITbNE LD TH B 2 L, HNED
WINPT B W TIIERIM 2 W 2 B WRE R R 7 & s
ERIN, KEMPBRICHREINTW3L007H 5 2 k&,
3512, MHEMD R RBZBEMPIZ O W TIIBEDE

DHLNTVELDIFRIEALL,

L72h% > THIE 1

il LT 2 8 & GRBR IS S M RIK DALl —14:
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WINLDOREBR TS > T LDhH-TL, #
DI ERZTTYT CICARICEBENG TS, LERINICE
272 WTIHE 72\, et 70 ST 28 IR 3 70 35 A (238 i od
ABRZAT) LR ETHL L, REELEONEE 5
BT 22 LIk D OET B L) B LDTL W &0y
MY 2505055, EERNTHERS 25 L7 WE % b
LMZaX L P LD TEML Tnizr & 20,

2. AXUNhN

FERZEDWPIZIGE 2 R TIRIMPAHER S B 25, in
vitro DA Thlk, FFIZ in vitro PR REREBRICE W
TEET, in vivo MERBRICBWTEMED L DI LT
3, ERICES>TMBEEL 2 L) RERE® IO
EFEZLNEDT, AL bOXMRE Lk o1, 272,
Y% H v 2 8082 R BRI B 1T 2 R G1E, in

xr3 RAFER
BmAHmy ERRAMERR
; PaR7 S B -k
&% F& | AmesitER B ING R ER
F—R By |-° — — Rec —assay(fifhik) . —°
F_E F (E4—F—EK) =5 |- +10 —12 ERE——Y
ZITFIVT (IEX) &4 |+° +5 -9 Rec-assay : —°
AF3 &8 [+° =9 -9 Rec-assay : —°
AFTY &8 [-° =9 Rec-assay : —°
ol ¥ — =9 Rec—assay : —9
AALFGHEY) &8 [+” —5 - Rec-assay : —°
A—ILARINLR &y =P +' - Rec-assay : +°
LD i T — Rec-assay : —°
ALPI757— &8 [-"? =" . Rec-assay : +'?
hh#A & |- —12 Rec-assay : — 2
HYATY (HYA ) BB |(+°) (=" ==l Rec-assay : (—®),Chyih).(hy il i)
H5+ =5 -7 —12 Rec-assay s 12
gL—F2)L—Y &8 [-° -9 —9 Rec-assay : +°
F—F &8 [+° —9 Rec-assay : +°
a9Fx v I i +'® Rec-assay : +'”
El—t— 4 |+° -4 - Rec—assay : +?
=1—7 8 -9 - -9 Rec—assay : -9
H5 (BE) &4 [+° -9 Rec-assay : —°
HirhR &8 [-° . -9 Rec-assay : —°
ORI &4 [-° Rec-assay : +°
T2/ =~ — aH Rec-assay : —
A i I &5 o) -4 — Rec-assay : +°
ARTFIVE 5 o —410 —8.10 Rec-assay : +°
+0!)— &8 |- —12 — Rec assay : +'2
A< (BREHEY) EFH [+° —9 Rec-assay : —°
Jr—— =4 |—° — a4 710 Rec—assay : +°
Fay x|+ +19 — Rec-assay : — '
kh EH = =" Rec-assay : — '
=Sty 4 =
IMFyTIL 4 O[+° -9 —12 Rec-assay : —°
i# §*4 1) 1
INFIY &8 |-° =9 Rec-assay : —°
\Yh EH |- =152 Rec-assay : +'°
/\yamH=ary &y |9 Rec-assay : —°
N=5 &5 =Y -9 Rec-assay : —°
NLro— & |-"? -2 Rec-assay : + '
E—Fvv 1 |+ —5 —12 Rec-assay : —°
IR &4 [P -9 Rec-assay : —°
F ) a8 —— =" Rec—assay : -9
N/A—3k 4 =P — Rec-assay : +°
NILHEYE 3 O|=" —19 Rec—assay : +'”
R7Ro0—X EH -7 —12 — Rec-assay : +'?
Ty &4 |- o Rec-assay : —°
1—AhY a5 Rec-assay : +
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K3 KRAER(DDE)

BaAmy ERIREAR
27 Rk | AmesHUER | gniiny | /MEBER W%
ax &5 |+° -39 -9 Rec-assay : —"
F4 L &4 |-° - -9 Rec-assay : +°
o4 a8 |7 -9 Rec-assay : —°
LE a8 =Y =9 Rec—assay : =8

HRORZICALTEI T2 — DO EREERUVEFEESE

R4 —HEKEMRINY

BaRiFmY ERRAMHER

&% Fi AmesiER | gaittt | vEEE W
FHEXRYER e —
TIFrty Hk# o —'? Rec-assay : +°
gt HEH
ILF—R)—FH EHEH +'" =" (=" | —AY—EEEK)
hE4 & A —529 -9 Rec-assay : —°
hoJyox Hok# = Rec-assay : +
O —E % BEEH Rec—assay : —

HROREICEALTIEIT 2 — DO EREERVEEESE

vivo /MMERBRIZ & > THRAEERNDIKIL 2 574l L 72 &
I35 WL, S ICBWT in vivo THEIETFRRE
& R ISR 3 2 B RAMEV, L72A5 > T, in vivo
DRBRE L THODBAN) =Y a v frbhTH
D, 2, MEBBEESWEEZ LN T W E/EREBRD
WRE2SHIGHEC 5 28%w, 4%, P72V
=y 72 2R\ 5 in vivo RERRAFENT. & U721
BIZBWIHMET 2 L EEEEZ LD, 4B,
in vitro DRBRDAERDFHME (FrICE E 0 X BRR TR
)T, 2, in vivo DRERD T AL T W2 WMz
BILTlE, AREEMICHKERZ TV, ERNTOHE%
MDD VENH S, LITFIZ, in vivo IMERERF 7213 in
vivo Fe R B FH R THME L L 572 DITOWTER
JEPEICBT 2 a v baNz b, B, FRTHE, 84
ICIEAERERT A I & & v T, MRS L R
KEBIR % AW H & § B HP5CHELF 1 10 4 4 H 12
BRAER I D A EHMEREE L2 M L Tw B, 22T
13, &L T RN H 25010320 E2 T IHT
5.

HAHABR HEZ2 @R ERABR T3, 5me/
m/ Ll bR T, 55 2Rl S ol B
5, F72, oy ML TRLBERPE LN LD
HLH5H, WEEH W7 DNABERERICBWTL oy
MITE-oTELLZHERPHELN, 15 mg/disk £ 9 &
HETHEREREI TSN T WD, M2 w2
REFERRICBWTLREL 20y MMZOWTHERYITH
1, HeR I i (Do 25 0.7-1.83 mg/mli) THyE DS
REBLENTWDE, 272 E 7MW BT, Hial
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FHNCHBED D DAERDE L N2, 7o HEBEE 3
JEFITEN(0.28 %) bDT, R b oy b TR
ErEHELNTWE, LT, AR LTHWIHE
fHICB W T, RN THOERFMEIMEL 25 L9 %
LDOTIEZ o,

HFIEREET M) LR 2 VR ERAER T
TA 100 B % H v, EHHELRDOGFE T A THMED
Koz /RLTWaA, TAT BLUTALI2 BkZ2E50 %
DD TIIEETH 72, T2, Fr A =—Z A
2 & —Hfi i RAiatk CHL/IU 2 v 2 Getafi 25 55
W TH 72, w7 2 B2V A/ ERERICE
WTHERENITH S L 7285412 (15 mg/kg VL ET) Bt %
7 L7228, il 4% 5 T3 300 mg/kg F THRERRET
HY, BHESKRTH -7, HIEREES ) 7 L3
S, HRHBELRPEDLNTEY, 7D, miki
mSE RS R - BRBEDBREIRYS H 52 L 2FH L Ab
5L, RMDOPAERBFEFREE AL > ThHEE
B LDTIE A\,

BREEA) L HHEE W ARIRERAER, oA
== XL R F =k M Ekk CHL/IU % H v 2 $efh
REFERBRAERB SO~ 5% v 5 /MEAERIC B
WTEBHEICHR AR SN T B, 1990 4EI12F v b THY
AMEDRD L2728, BB B 3EAEE, Y
TIIER EBRAS50 22 6 30 ppm I FIF 645 LAz,
T B SE A IS i R B HIR AL 9 1 H 7z,

T FOBEEES b 1)L & O 7oA )R 2 R SR
3T XCBEETH 720, Frf=—X L2 —ifilH
kflatk CHL/IU % H v 2 etk B R B LU

<7 2B B MERBRIC B W TSR 15 5
NTwa, AL TOHIERES M) 7L L RERE
REPRIZH% G- L 723581259 WIMERE F 2R H 11 5 2,
S D% 5 TIIBGER TH 5 2500 mg/kg F TR S
N T 22 S8 50T, HRRRMED
BWANDTEMEEHESN T WS, AREFHH RS
BB A RSB ITLN TR I &, RHOICE
LA IR REDGRO LN W L EFEZAD
5 E, ARMBICEALTLEEICE > TORRFEIEIZHE
TWHDEHEZIHND,

TEMLIEFE RSB W THIE 2 w2 @R ERR
Bk, TA 100, fCHSHALRIEMFETIZB W TOAEWE
PERISPBEZ N T W B A, ZOMDSEMZ &5 ISk Al
PRHOWEACIERER I e =—DFRIIAO LML
VW, Fr 4 =—Z 4R Y il kMmizkk CHL/IU %
PV 2 et fREH S ER I B W TR HI O A2 55 S8k
FRIEADPHAOLNG, T2, =7 2EHEHW S/
RERICBWTHIEENIES IS X D BBERR2 S LTy
5., bOETHHEREIIZLALE LW L, MEHKRE
BTHOMEAT L LICENIERT I E2HL DL,
RERIFEFICOL L, Z2TROLSNKS D MEE
WLDEFEZ LD,

BEFE7OE HEEHWERERRBR T
TA 102, fCHREMEALRAAAE FI2B W TIEF 25V T
JOATFRSD S ALY, KEAEM) I 2 F Vv, 500 xg/plate
F B RO TH -2 e, FoAa
=—Z A2y =Wk #E ik CHL/IU % H v 2
REFERBRICBWTHEORREI G LN TS, L L,
7w b, e R eV ERMEE, BUAERERICE W
THEZEEFRIZEDOLNTE 5T, JECFA Tl
SNADI R EINTEY, B> THEZWY
DEFZ LML, LL, 5% DIEREHERDIZDA
%, in vivo \Z BT 5 ERBIFEOFHE 2 METT 5 2 Lo
FLWEEZ S,

CIb=I HEEHWIHERERRKRBRICBWT
TA 97, fCGHEMEALRIEFAE FICB W THENHIICHE
DD D DA, HREMAELZEDHNT, i
DERBTIRTRTCEETH -2, L2, Frf=—X
N — ik iatk CHL/IU % F v 5 e fafk 25
HAEFRB LU~ 2882 H v 5B IZ B W TH;
14 (250 mg/kg VL E) DFERDPHF LN T WS, REDHE
IIFERHCIR AN TB Y, IMERBRTHMEL %5 L9 %
HEREOfEIRMEFECL D EFZ DL, 2, KK
2L ZFEL, RIMIOEBIESARSDZNEZKE
CER>Tw3,

J. LB E

COT—=32HDF EDOIEEITKFFLME LW EF
L7z BAEA AN ER LR & NICFEBR O BRI

HhboTwillwieHE < DBFEBIRECHLEzH L E
T3, AFLARRRHIE W T EDEERITVWEL
7258, AR OAFHEICHEY CRBOBMT -2 F = v
JIRNDERID T — 5 21FTEM - WET&2iT-THH 12
WEEZTBNEY., BAMEORFH ) ZL26BHM
LET 3\,
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DNA Source - Big Blue® homozygous
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DNA Amount - 4 pg per reaction

Now available to researchers using Muta™Mouse
with proof of Muta Mouse purchase.

* U.S. Patent No. 5,188,957
4 Using SCS-8 E.coli host cells

Big Blue® and Transpack® are registered trademarks of Stratagene
Muta™ Mouse is a trademark of HRP Inc.
MutaPlax™ is a trademark of Epicentre Technologies Corp.
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