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Amti-tumorigenic activities of Panax ginseng

KOHRE MTHFEDL REARE

Jin Hua Zhu, Tatsuya Takeshita and Kanehisa Morimoto
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565 APBRAFURHTILHE 2-2

Department of Hygiene and Preventive Medicine, Osaka University, School of Medicine,
2-2 Yamada-oka, Suita, Osaka 565, Japan

(ZAF: 1994412 H7H; ZH: 199546 H2H)

Summary

Panax ginseng is widely used as a tonic in many oriental countries, such as China, Japan and Korea.
For more than 2000 years, ginseng was believed to be effective in maintaining general health and
facilitating recovery after surgery or severe illness. Recent in vivo and in vitro studies have also revealed
therapeutic effects of ginseng in the prevention and treatment of cancer. Panax ginseng can increase
appetite in cancer patients, to provide necessary nutrition for fighting the disease. It potentiates
immunological activity during pre- and post-surgical periods in cancer patients, and prohibits the
recurrence of disease. In addition, it serves as a facilitator to speed up the recovery process of bone
marrow damaged due to radiation injury. Ginseng was found to be an effective growth suppressor of
various tumor cells and an inducer of reverse transformation of Morris hepatoma cells and B16
melanoma cells. Animal experiments demonstrate that ginseng can potentiate therapeutic activity in
chemotherapy. Mitomycin C combined with 70% methanolic extracts from ginseng showed strong
anti-tumor effects. Further research on ginseng’s anti-mutagenic or anti-carcinogenic effects is needed.

Keywords : Panax ginseng, ginsenoside, saponin, anti-tumorigenicity
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nTwnsa,

2. ERABICOWT
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1 Rz
ginsenoside-Rb2 : -glc(2-1)glc -glc(6-1)arap
ginsenoside-Rc : -glc(2-1)glc  -glc(6-1)arap
ginsenoside-Rd : -glc(2-1)glc -glc

20(S)-ginsenoside-Rg3 : -glc(2-1)gic -H OH

ginsenoside-Rh2 : -glc -H

R 2
ginsenoside-Rgs: -glc(2-1)glc  -H

OR,

R Rp
ginsenoside-Rg,: -glc  -glc
ginsenoside-Rh,: -glc  -H

R

Fig. 1. The chemical structure of saponins derived from ginseng.
glc: B-D-glucopyranosyl, arap: -L-arabinopyranosyl.

iwEhid, AR YHR=VIZET % ginsenosides
(Fig. 1), H¥EE, A\S%,, @Oy Iy, £H
DT I/ ) vBRREEEET S (FEH
G FTEEIETFHT 1987).

3. ERAZOBEEEADIER

EHAZ OB EYAER (358 A~ DIEH
EDAMIRIEEANDIER 7S EEIICRET s N T
W3, BRHAZREESEYELAE L THEBER
HOHBRAHZ R L 25 REOHE L & bIciK
mhz=EHsE b T3 (Brekhman and
Dardymov, 1960; Yamaguchi et al., 1985; Odashima
etal., 1985). $7bb, HHASIEERRIMER
YI'HE (Biological Response Modifier) ({#i7k, 1994)
D& S BEFNMEMOTUESEHA S 5.

1) ERAZBORGLZOUVICRBREORE
MR

WA 5 (1989) 13, FEMERBEMEEE 113 Fic

Xt U THLE K (6 g/day) % 2 BRI LG L 72,

144

113 fijh 24 Bl 3B G RiI» SBRRBBRIFTH D, K
D 89 Bl GRNICBIRAIREZFA TV, 0
89 FlD 5 5 68 il (77.5%) ICBKKEERD, B
EBETFLIDORDLEDTH| (7.9%) TH - 1-.
fEpr R E LCiE, ME7 V7 /E, MmEa
) v RF T — Bl ERVF NG ERSRANIICHNRT
BRERICERELGUBENREZD TV, S5
fatE e D= & 185 v NV s ) v (purified pro-
tein derivative of tuberculin, PPD) KIGHZ> W T
1, 25 fERI O RIEM A SR 11.4110.9mm, #%
5% 157+15.1mm TH b, AEERBOLIHE
DA 28 T\ 5 (Table 1).

(2 ERAABOMAIKRS LMBRERRBRER
TRALE%E
— IR TR 7S L OKRFMEZ T cRICZZ
DHEEKD G —ABMIE T T3 2 &3 &< H
ShTEY, ZOREEDETHVBADER, B
Rz LEPETIEVDOATVS,
A S (1989) 12 THALER 25 A Fifr ik B 1 i< i

Table 1. The effects of KG on the nutritional state.

Before administration of KG* After administration of KG P

BW® (kg) + +
i 46.4+7.6 47.0+7.38 <001
:‘E"l‘fg“ (g/dh) 41406 4406 <001
521131 3(I'U'“) 930:+302 1064326 <001

d
el 11.4%10.9 15.7415.1
n=25

* Korean Red Ginseng Powder.

® Body Weight.

¢ Serum Cholinesterase.

4 Purified protein derivative of tuberculin.

Table 2. The effects of Red Ginseng administered before operation on the post operation immunological activities.

Before administration

Two weeks after operation p-value

PPD* (mm) KGC-P' (n=11)
KGC* (n=10)
Su-PS® (mm) KGC-P (n=4)
KGC (n=5)
NK activity® (%) KGC-P (n=11)
(18-40)¢ KGC (n=10)
ADCC activity® (%) KGC-P (n=9)
(41-72)¢ KGC (n=9)

18.0+13.6 10.9+14.0 <0.01
13.3% 6.5 25.0==15.0 <0.01
145+ 1.0 8.3% 4.7
9.6+ 4.7 9.8+ 4.0
33.5&183.5 182+ 8.3 <0.05
28.0+14.5 267t 6.5 <0.05
64.01= 8.2 55.6+ 9.4
654 5.7 62.61+13.0

* Purified protein derivative of tuberculin.
® Subpopulation.

¢ Natural Killer cell activity.

4 The normal range.

¢ Antibody-dependent cellular cytotoxicity.
f The placebo tretment group. )

& The Red Ginseng treatment group

T - TH 5 RFREDIE TR IE 2R L TR D
A IC K BB ERET L 7o, WRAEF 3B A
BEOIGRVIRM 2T L2 2LIERITH . %
DFERIZ Table 2 IT/R Lok DT, KBS ICX
DYz vIRIGEDIE T LU natural killer
(NK) EHEOETFTHEREICH s T
Killer fliffaiE¥EDf5fE & 72 % Antibody-dependent
cellular cytotoxicity (ADCC) iEHic > W T RER
ZRBRoNE - hichs, KTORESMEEICH
RTBETH-1. ULOBEERAETEE, £
21T |3 Biological Response Modifier & L T D{EH
DBHBIENEBELON, FIEREETICRE S RYE
BEDEIHEDFRHICEMNTH 5 LWRES N
7o (LA S, 1989).

3) HMHREEICXHTIABOHRE

DA DREHFEEICB VT, BENRESH 3
Iid, DA REEZRE Y 5 & EFICIER
gk oEE, & IcEMmBOEEP, REFEDE
TR CENEETHS. LT, ABOMEHR
FEERH# R > VTS 5.

Brekhman & (1960) 3= ¥ Z iC 4 Gy &% 1
HBXZic1 AR, 20g5H670 0.1ml D 10% A
SR EBEENERS T 5 L, 30AEEED
16% 5 409% IT¥EINd 2 C L 2B L. O
3%EN T, 2 AR “Co T 7 # (Hit 30Gy) B4
L7y Mic ASHittY 2 @GNS 5
&, PEAEGFREMDEER (105 H—>191 H) LMK
BhdEs NS &V O FER %187 (Brekhman and
Mayansky, 1965).
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| Red Ginseng Powder |
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H:0

|

| | Dialysis

I inner fluid ] Louter fluid I

| Amberlite XAD-2 |

1

1 Extraction by 20 % MeOH

I non-saponins

| saponins I

Fig. 2. Various components extracted from Red Ginseng Powder.

AR S (1986) I ASHIEYISE (24, BT
B, BLUNK, +%=", Y *="iK) % Fig.
2 IR HETHET, ICR 7 B0 < v 2 Dl
M5 L. ErR=voalok5icsy, B
W&, — 7 AZBICIVIME BT 30510 H
HEX DM C. EFICROVEELSED S
fo. EICEHBTELS B T B 2 BRIV DS
BmLT&7., bbb, Y £=v40EI, M
IR D DB N R T BIEE RS &5 2 &
TEMEO#ENEE &/ EEZ O,

Hh &K (1992) 1= Ric ©Coy %4 Wkt
%, S X =r5HE (16mg JL) LIk ->T
& If fgE 25 © ¥ #0 B2 ¢ Colony Forming Unit
(CFUs) O#na 4 &1z,

DUbz@ET 5L, BEHREEICASE T ke
LIcEEAHEARWE I &, KEFERBCLLE
EZoNBH, %S OICER, BERER» SO
WRBBETDH 5.
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4. ERASOREBENE
1) ERAABILEENZEBMEREHEDSY
"

AR S (1989) B X UHH S (1992) B4R &Kt
W IRIKIAEE D DA & W O itk E b S Mo iE
BHIfEEIGIMESEEL TV B T 2 /R L
7. TO—oONRY)TEFLVRTILI—ILD
Panaxytriol Td - 7z. T @ Panaxytriol |3 Table 3
(LA S, 1989) iIT/RT &L Hict P FEHBABEAD S
518 L 72 MK-1 flifa, KIBREAIRE (SW 620), MMl
RN (K 562) 3 & U FE RN Hela, <& 2
B EIEEME (B16) B & O #ETEMAa & o
L1929 73 & BRI 5t LTI @ < 23,
XD b b ERHEFAI (MRC-5) 12564 LTI s
BHERBFGN T & hsbh - 72, Panaxytriol 134 K =
YERRSREBIYMETH S, [EEHMRETENH
DIEABFIC>WTRELAHTH O, BIEHE
BEH LTV,

—75, ginsenoside ¥4} E A% in vivo I2EB W T
Sarcoma 180 FEEHHE DIEFEMNENICE< & & bR
INTWV3E (RS, 1978).

Table 3. The suppressive effects of panaxytriol ex-
tracted from Red Ginseng on the proliferation
of tumor cells

Tumor  Dose of panaxytriol needed to suppress the
cell line proliferation of tumor cells by 50% (ug/ml)

MK-1 0.6
SW620 2.0
K562 5.0
HeLa 10.0
B16 3.0
L929 3.0
MRC-5 >40.0

(2) Ginsenoside [Z & 3AMBROES{LFHE
D AKRRADSTZRERTIC & BERERYIC & IE R HERZ I3
PULEMEERTLIICBBIE, THRbL—E
AL (s k) U 7-ffass IEF ik o 7 mnc i
OHEZWT 2R A2 BAMKDOE ML (reverse
transformation) &FEA TW 3 (Odashima et al.,
1979; Odashima, 1986; Odashima and Guo, 1992;
Abeet al., 1979). DAFMMIADOEHLETICE, »
AR D REFERE D FER B & b - [EE i
EDEIEIEEDNBEBEEN S,

Odashima et al. (1985) I3{E5MEE D A3 A A &
L TBI6 # 7/ —<flifa%x v, HfEmEE s
U2 5=l %EEEL L TR BLURE
OEMLAEEERIT L7z, RhyEB16 45/ —
< #HE o B45E & I L 72\ A8, Rhy 13 8.0 ug/ml
LI EDMEET BI6 £ 5 / — < flifdD MR % 554
I L 72, —H3IC B16 # 5 7 — < HIK T 13 iKER
BENTEZEHOHEERER 2/~ 9 piling up HEFT
KA LNS. Rh ZEUHBRPTRET 2 LM
RE RBUE L, MIEENICZ ORI 4 5
na L5y, fHkak oA R c g0
BESERERE 2 /R 9 K 91272 D piling up 78 & DIEHE
Wi3A o517 572 (Odashima et al., 1985).
Rh 3T DBI6 x5/ —<HifAD * 5 = &K%
bHBKENICREL.. Tox 5= vARIRE
TR B ML L B RED—o TH B L EZ
5N TW5 (Prasad and Edwards-Prasad, 1982),
F 72 Rhy 1 in vivo TE b IREEHRMMIICX L
TEHGEBEMHEHDREZEHD L2 (FH S,
1992a, 1992b).

3) WABREICxT BHBOER
KOPIZBADBREET S L, BABKREICK
n, BEIET, KHEET, GRS HE
LT 5. COBABERENSHBT 2D RMBAM
famr ohAFEE (F+VhLE Y L) B h,
INDPEETH 2HEEICHEZ DEVZELE KITT
1-WTHBHEEZOLNTWS (Fig 3). EHAR
of b F Vi LE Y LARET ZYBELEE
4 5. WH S (1985) B £ OB (1992) D B %
i, COMEvERLEY LAEEST ZWEIRIEY
K=V REICEATEZEEZHSHIC LI, Ly
L, CoiEHRSRE U < IR E (e S 5 &
NEVYTHA ACTH (BIBERBEHIHKLVEY) D
ERRHELRZWV., $78b5, BABROIEHO
AEET S, EFNEALVE ERIAELR
W EMHBAL 7o, EHAZRDPAERE XL
T, PEPEKANROLEZCHEHTH 3 LS
na.

@ ERABONALETRER A b2
v C OMEBSHRIC T 15 ER
Chun-ning et al. (1992) B & UAKE &M H
(1993) (FH[ B + X (RMe) A= ¥ ZAHKDIEK
fFASA Ehrlich ascites carcinoma & U5 v b HIk
DRF/KFAA AHI30 iIcxXfd %<4 b<wA v C
(MMC) DOHIEEZNREAEREE 5 &2 LN
WL, TOEHBEFE E LT RMe @ lysosome
labilizer YEF & MMC D EEHIKI~DEL D 1A H D
REERMBBH O Mt E Nz, £HFHS (19923,
1992b) 13, Rh, &AbA3EA cisplatin O B F THE

Mo BE S IMH S W A E A & DTz,

5 ERASONAGBRELEEES LUHNA

REPHLLEM

B (1992) 3 AZ % R = v Td % Ginsenoside
Rb2, 20(S)Rg3, 20(R)Rg3, Rd, Rgl 75 &It 4 5
/ — = B16-BL #faic X} 3 2 IRIEHNEITE A 5
TEEEDIz. £14E)115 (1993) I3 Ginsenoside
20(S)Rg3, Rb2, Rc, 20(R)Rg3 1T, 7+ kBRI
rhEZ R~ D AH134 /KT A3 A ARE O 12
EEEBRE LTV S,

Kitagawa er al. (1994) 3 AH130 fE/KFF#EHIRE
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lipolysis

cancerous dyscrasia

weight loss

fat loss =———

toxohormone L

cancer tissue

anorexia

Fig. 3. Effects of toxohormone L on the nutritional state of cancer patients.

D in vitro IZBF BRE, <9 ZXA5/—=<BIl6
MR D in vitro (=BT 2IRIHB L O in vivo 2B
2 ifi#s#s A5 ginsenoside Rg3 THIflE 3 &%
ALz,

R (1993) BEHASHRY £=v, Vv,
Y4 FOEENEOHELFRICHHT I L%
HWEL TV B,

5. Ginsenoside Rh, DE R EHIELHSHE

FH 53, &L Rhy, HERFEMEZ BT 258
2#F95ZEx2HH L7 (Zhu et al., 1995). Rh,
D10OX107"M L EoBEICBWTE b EREY
v /NERD baseline SCE (sister chromatid exchange;
Itk e 53 AAS ) 3B & OF MMC # % SCE %
FEEICR DS EL, LItk MEFE#RIICB L
T baseline SCE i = M4 2 ¥/H 1313 & A L5
SN THE ST, SCEMIHID X & = X AR OEEMN
iR & D B ASBLRZE L,

6. HBHVYIC
DBAREOARE L, DAMIESEETH 3 AR
DpEHEOEVWS ETAILH B, EHABIIAK

PIBABREE ZD THADERBEMEIL, AKD
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BIEN%2EET 2L VWO EELERLE T 5 JkE
tasEmv. EHAZOVESE® L TR, §
FHMKICH 3 2 H & & EEMaE (Kot 4 3 7EH
ELHNBTHESED SNTHBD, BABEND
ISHB RS S, ERASIREENB LS
13, EHEFCBVTEVWVAESMEAZED ShTL
SYHICBET 2 HFRIIIERE, PO AERTIE
DLETEEREREETHTHAD.
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TSR SZBREILE T AR E T 5 MAHIRRERER T v 1 R L
ZONALFFY A ) —~DIEH

Assay system of human somatic mutations using T-cell antigen receptor

L &I

gene as a marker and its application to biodosimetry

FUR M L, MR, KL E A
Seishi Kyoizumi, Shigeko Umeki and Mitoshi Akiyama

TG IAT  BORRAEEE
732 [REimX AL AR 52

Department of Radiobiology, Radiation Effects Research Foundation,
5-2 Hijiyama Park, Minami-ku, Hiroshima 732 Japan

(Zff: 19957 H 6 H; =ZH: 199549 20 H)

Summary

We established a flow cytometric assay for detecting and enumerating mutant cells with a loss of or
alteration of the T-cell receptor (TcR) a or 3 gene expression among human mature CD4" T cells. The
presence of mutant CD4* T cells was demonstrated by isolating and cloning them from peripheral
blood. Their abnormalities can be accounted for by alterations in TcR a or B expression, such as defects
of protein expression and partial protein deletion. The mutant frequency (Mf) in peripheral blood
increased with age in normal donors and was highly elevated in patients with ataxia telangiectasia, an
inherited disease with defective DNA repair and variable T-cell immunodeficiency. A significant
increase of TcR Mf was observed in various radiation-exposed people such as thyroid cancer patients
treated with "', patients treated with Thorotrast and uterine cancer patients treated with localized
radiotherapy. In the thyroid cancer patients, a dose-related increase of Mf was detected. However, the
dose response of TcR Mf was very shallow among atomic bomb survivors due to in vivo elimination if
mutant T-cells during the long time since exposure. By analyzing the relationship between years after
radiotherapy and TcR Mf in the uterine cancer patients, the half life of in vivo mutant T-cells was found
to be about two to three years. Thus, the TcR mutation assay can provide useful biological dosimetry
measurements of recent exposures to genotoxic agents.

Keywords : somatic mutation, T-cell receptor gene, biodosimetry

TWVW3, FAIEZF S5V o MR OHE%

70 Rk F 2 THilURZ A RS+ QT
TcR &B8Y) 2EEL &5 &4 20EFEELLD
%13, 80 HFEh# D M. Davis, T. W. Mak, S.
Tonegawa 5® TcR a, B, 7,6 Zi#n D/ o—=
YOI LD —IEOfEEEA T, I 6T, %
DRICIEE 5 T V) v Y ERO PG P 1L
B D 5 FHEYIZERIPIZ 1 TeR 23 F O ¥ % h
MCBE S ZHORBEFEIC L DEIRICTbh

O HABRRAERF YR

ZRICANIED S, TeR#mT4E b OBREER
JREREEDE=% ) v 7 DI HOIEEEE LTHWS
T EERA, TORARERBRHROMNL 21T - 12
(Kyoizumi et al., 1990). % D4k, & b O{kHHRD
RRERMER L LTHI SN TV DT Alber-
tini (1982) %> Morey (1983) SOBF LT ) v
NER T o = —JERREIC & 5 HPRT #{z T ERE
HRERE, Jensen LABHFELIc 7o —H A b £
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MY =K BHRIMER ) 37 4 ) v ABEEFHRI
E* (Langlois et al., 1986; Kyoizumi et al., 1989a)
EIdThy, FrLLWHEOHIINFESLTY
o, in vivo OIAHIFIZARZEZRIASHE (MF) %K
BT Eicky, MRED DV IEFNSEIEERF
CHEEE S N B2l L, € ORERE Mf
MOWEETSE (A AFYAPMY =) TEHTH
LIcHHREOBMITH B, Flozhiuck b, FEY
27 DFZEITIE D LV IR T — AN ERES
5 EDWiIFE B (Perera, Whyatt, 1994; Aki-
yama et al., 1995).

2. AIERE

TcR 53 Ficid TcRa B HIE TcR y 6 BisdH v,
TcR a B IZKMDEKE CD4T (~Ls¥—T V) vs¥
) BLUCD8T (F5— /4 7FTLowH—TY v
NER) ICHBlEh, —F, TcCR76 13 CD4° 8™ T
) voNRRICREEIN TV S, Tk OFERL L 744
RaERERRAERIE CD4T T Y v~ HREMT D
TcR a B DFERBUCEEDH 2 ZRiMfa% 7 o —
YA PAM)—IKKORIBL, ZTOHEEKRD S
bDTH 5.

Allelic exclusion

TcR a B LU B HBIZFIIEARNICIT allelic
exclusion ¥ & 0, B Y v Y ERO PR (EF[H]
B> OB T DS b—H O A EEFRE
%2fT>TW5, 2% 0 TcRa §#F X U B 8LBET
BzhThERBAE LIS T, X
gefifk Ficd 3 HPRT Bz T LRI~ I A
ROIREEICH 5720, @HEOHEE (1075 {ig) T
ERERKORIE DS AIREL 25, ->T, TOE
RERT v 2413 108HD ) v S ERCHRYOTREE
15, B, T Y ERO—# T3 TcRa BLU
B BB =T D allelic exclusion H&% A3 EA& 1< ) W
TOVRWI EHE S (Padovan et al., 1993;
Davodeau et al., 1995), #§iC TcR a S8z 1Tl
KT ) v/ ¥ERD 1/3 28 2 FEFHD a 2 REBIL T
W5 LWL, IO EIRAKD TcR Mf FHIENH
EDBESITHVEVS T EARELTVWS, E
BXD TcR 7 v 4 TRIGH DGO TeR Hifk
Dby ichi CD3 e HifA%ZH WV 5. Fig. 1 I</RY
LT TR a B 5 TFIECD3INTFEE (7,6,¢6, &1
#) LREUHTEAKEEKT 205, af/id
BEMBREBLIEYVERENEL S LAELI
TcR/CD3 &K S FRERm~EITTE S, I

Chrom.#14
X1
inactive active\ CD37,0,¢
005 Complete
Surface
TcRa Complex
TcRa B/CD3
I Incomplete
rom.
b 1o TCRB  (p3y.6.¢ Complex \
inactive ""“"e/ ER degradation

Fig. 1. Biosynthesis and degradation of TcR/CD3 complex. Imcomplete complexes with abnormal TcR a or

B chains are degradated in ER.
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WIERNEIEN S T &5 /MK (ER) THRE
5 (Klausner and Sitia, 1990), #it > T, CD4* T
b CD3~ i3 TcR a 8% 7213 B 8
DRBEICREEZFROERERKEEZ SN 3,

CD3 #{zFEEHIC (2 allelic exclusion ¥§#E 128\ C
B57, CD3ZKIHTZ2ERAKRZ T DOHEICIZ
BEAEENEEZEZIONS, hThNB LT,

CD3 4" T Y v "EREE LY — ¥ —ic X 4Bk
L, BRAT ) v5B ks o—vARBHNILA. 20
ZHEAD TcR/CD3 OFEAFH~3 L, TcRa ¥
RRBHVWTNLDBREBTE2hVIFhLSRE
ZFRE-oTVA I &M E N, TeR Mf 13 CD
4t ~u—T ) v XERhd CD3™ 4% 0E|ATE
T, EEATHEER25X104 Th 5. D4
B3 TcR a $§& B HBIET O Mf ORFITH 3.

3. AR &
FACS & MW JlEE DR M 252 9. KM+
YTV RRIE I~2ml HNIEHIEFTRETH 5.
O~y vERIMick v B ohiz e b RBIMAD S
Ficoll/Hypaque # (Lt 1.0771,400¢, 30 4%, =
L) 1Tk BALERER %15 3.
QOIXICHOHKIRAE Ly RY KV T F a—F
1253 L, 2000rpm, 4°C, 2 4300 d %, TEEIC
204l @ FITC-EE#HT Leu3 (CD4) #Hifk (50

’g‘, Monocyte

| a
3) o
(7] w
(7] o

W
Lymphocyte gate
FSC (Linear)
Fig. 2. TcR mutation assay using flow cytometry.

uglml) &[G D PE-EHT Leud (CD3) Hifk%
mz, X<BA&L, KETIOHKIGSH 3. i
Pifk & & Becton Dickinson (BD) /& AT
x5,

@0.75ml ® PBS (1% BSA, 0.01% NaN3) i kb
1[EZEA# 0.25ml DE LNy 7 7 — 1B E T
5. S oIl R gt 2 HNT, Rikil
J& 10 1g/ml 1275 % & 5 I propidium iodide (PI)
ENZ 3.

@ic7a—H4 b x +1)— (FKLIEBD O
FACScan 2\ TV 3.) Ik ) CD3 4* i
R L, TOHEEEREST 5. 4, VEO
gaxnsc ) v ¥BR%E FACScan ICh 3, Hih
BLOMAEE D 7o -y —vickp ) v
NERSYEIIC gate & 1T B (Fig. 2A). 758,
a3 7 8 & LT Cosort 30 (HP 2 v
Ea—%—f) $%0L3 Cell Quest (Mac 3 ~
Ea—4—f) Z2HVTWVWAEY, 2T
Cosort 30 =W/ hE%ERT. BAN GG
EOENTY 7 b TH[E L TH 5. Data aquisi-
tion (& “Dual Parameter Correlated” € — K % [
WTITS.

® 1) v /¥ERIT gate &b i 12 IRBET, FL-1 (FITC-
CD4) BLU FL-2 (PE-CD3) D2/¥5 % —
) —E—- FTRIEK20 DA XY bE 7D,

Pl
o <deat:! cells

CD3+*4+

i ' - ﬁ CD3"4+ 20 sessssuss

. T .'ni- URALLL e n 2000 =+-+esesen
102 108 104
FITC-CD4

(A) Light scattering pattern of peripheral blood mononuclear cells. The lymphocyte fraction is gated for
the TcR mutation assay. (B) Flow cytogram of 2X10° lymphocytes stained with FITC-anti-CD4 and
PE-anti-CD3 antibodies. Setting of a window for CD3~ 4™ mutants is described in the text.
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E—H b0k N— FF 4 27 HNIKHAAL.

®Fontc7— & ZMif LicH L (Fig. 2B, F&
##13 1, 20, 200, 2000 event/channel), 1E% CD3*
4* D FL-2(CD3) D ¥ —7 (£—F) OIL#E
BARD S, Ri CD3™ 4 ORREFRIEDH
WMAEREST S, OBEHEEO FL-2 © ERRIZIE
HCD3 4t O — 7 fHD 1/25 OALE, TR
10°% ¥ 7- FL-1 O8Ik D A 4 12 IE B CD3* 4+
#MH D FL-1 (CD4) Dt —7 (E—F) %
NENIR2BLU2EONBICERET 5 (Fig.
2B).

D DFEMAD CD3~ 4" D14 N + % CD4*
DA Ny N ETE| - 1 fEDS M ITT8 5,

4. RRAEREI O— U OFN

TcR Mf 3f@# AT 1~5X107* O&FIcH 5.
T Dfili 13 H DFEIRE RAKSAE 107°~107¢ it
~NHUE 10~100 fEE VWA, BED 7o —H4 b2
FY) —icHibo> TWBEICE TR, TOREED
SHEDA XY MET I/ A XERIRENETD
A9, LT, ThoDEOEREKTHE L%
AT BDICRBINSDERERT ) v K
2oL, TOUBEEFANSL I EDBUETH 3.
EBRI, CD3 4" DA XV b A2V —F —
ISk DBEL, BASE N CTBIZ T 5L 95% LIE
3D 1T FITC (CD4) TDO A4 ) PE (CD3) T
BRBEINTHWIEWY Y NERTH B T EW5h-
- (Kyoizumi et al., 1990). Z C TINOEFRYKT
) v o¥BRAE PHA THIBEL, IL2&7 4 — 5 —#
FIEEFTrao—=v 7452 &%2RkA7. Ly
L#his, IEH CD3Y4Y T ) v/ Bk o—=

v IR 50~80% TH B DIt L, CD3™ 4%
ZERIKDEE 1 10% LUT THred THFERED KW
Mlagchbsrlthghot. 856K,
TcR/CD3 A ERDEHR B S hii v I & TPHA
P IL2 1% L THRIBEIIREBICE - TV B &
Hbhsd, LhL, TOLICZ70—=v IR
BEVIZH22D ST, 4 AOIEFALD 37D
FRERT Y v Bk o—vaRBhLL, £oiE
%@k L 72 (Kyoizumi et al., 1990).

Table 1 IZRd LI, D 3THOEREKs
o — V3 TcR/CD3 OFBFA»L 532054 7
IhfEshte, 20 ZD%< Id TeR a B/CD3
HEKTNTERAEICRIAL TV WS A4 7
B TdH - 7278, fhic CD3 Z{E L ~IcHKE L T
W3 TeR a B ICxtd 2HEERIE LTV HD
(I1%Y), CD3BLY TR a B & bITEREHD &
o (IR b5 5ht. 1RO 28 HDOERER 7
o — v IZHEENICATER S TcR/ICD3 &A%
FELTBD, TDHH22 70— I3 TcR B #4
%/K$EL, 67 o0— i3 TR a #EKIELTW
fo. Fh, NBOCD3ERBE/ o— v Tldall
DBBDEL LSRN TFHA IHNE L, HHR
KOAFERENE L S, 8T 6L, TSR
JAIPL TeR a B HLADERB T 282 &€ &L Bb
N5, HNIBTIE TcRa 8, B#HE BITIEFOHT
YA XTH-> LDBREBLSIEFEIETFLTVS E
WS T EDRH oL

F7, NBOERK 7 o— O TcCR76 O
BErfoso—vhRohi, @EroMOT
) v XERIZCD4™ 8~ TdH B4, 1% Hitk CD4 %
B TW53 (Kyoizumiet al., 1991), T DHEE

Table 1. Surface and cytoplasmic expression of the TcR/CD3 complex in variant CD4* T cell clones.

Antigens Surface Cytoplasm
Variant CD3 TcR a B CD3 TcRaf  TcRa TcR B No. of
type dimer clones
Antibodys  (Leud)  (WT31) (Leud)  (WT31)  (aFl) (8 F1)
I - - i - + -~ 2
~ - # - - + 6
1I Low = +# — = + 3
Low = H = = = 1
111 Low Low # + + o 5
Total 37
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o — v (3f 4 DL TeR 7 6 Hilk & DRSS ¥
HHLVIEOHICEEMNH L EEL SNk,

PDEoF—4%13CD3 4t fifa s L THRtts h
B4 XY b I3HEMIT CD4T T Y v /¥ERD TeR a
HHEVWEBHORBRE 2RO RRERIAT
HBHEEZ SN, TcRB % RIBT HERKY
o— YO TR a HOZND IfETL H 5D
12, BB L 72 & 51T TeR a BUBZF DA allelic
exclusion DTS WT ) Y NERABSZ W TH
A9, BB, BRER/o—-—rvDH>b—ico0
Ti3, TcR a SHBIET (14 F qlD) ICUIMSIcH
DREIRFE [t(13;14)(q32;q11)] PR E N
B, ZOMhd 7 o — iCiFREERE BRI N
ot 188, TOLRMMEEEAE >/ o— v
i3 TcR a OFBEAKIBL TV,

5. BEADKMMT U 2 /8ED TcR Mf

5 A% 100 ADOKMIM CD4™ T cell D74
TcR Mf (3#)2.5X107* T, HHARAHTH 35
BHoLBE L D ERICE» -1, £7, Fig.3
IKRT LD ICEFRE & bICHEICHEML 72 (Kyo-
izumi et al., 1990). T DEEHIC L B Mf D FFIZ
FRIMEK GPA, T ) v /¥ER® HPRT % HLA-A ;i
BT [ERRICEIZE S L/c (Akiyama et al.,
1995). FRIMEK GPA BIZ T DA FFERE & bic
GBI ERE T 2 RRERERKM LT3 &

FEions, —4, T) v SHROBAR, KHET
@ turnover 2 ZEICAN B L ENH 5. BiRkd 3
91T, BEERREEZ T L TEREED TR
M (3R RS B T 25 X 107 * Rijgic B4
5% (Umeki et al., 1992), = D%aEIC{ETFL,
ETHIUI0EKY, Ny 275 Y FLXL
F TIK 9 % (Iwamoto et al., 1994) (Fig. 4). C
D TcR Mf D IALERLBAREDZF N
(Buckton et al., 1967) LIEFICLMTEY, IE
WDT ) VRO KM TOD turnover & % DFERE
DHEETHBEEZONS, DF D, KD TcR
Mf BRAREROHRREHED /N5 v ZDFERT
HB. 7z, TR OFBIZ/KIET 5 T ) v EKfi
SXHmRa I MOBR THER S N B L £ 2 S h, LR
Midd 5V T Y v EBRATERMIRE T U R
HRRIAMICRETIBWESS, Edhid ok
ICBIF 5 TcR ERERDOEREDA N v F Hidk
HENEXDUDBOREVWEEZEZ SN S,

6. EREHBEHEED TcR Mf

Rt AHfEgPE % /R 3 ataxia telangiectacia (AT),
Fanconi’s anemia (FA), Bloom’s syndrome (BS) 73
EEmAEBE R EE O TcR Mf 33508
W% /R L7z (Table 2) (Kyoizumi et al., 1990;
Kusunoki et al., 1994). AT % BS T35 300~
500 {8 DM 1l & W\ S SHERE TRARE RIS

124 N=358
1 ¥Y=1.9+0.02 X
104 p<0.0001

TcR mutant frequency (x 10°%)

60 80 100

Age (year)
Fig. 3. Relationship between the TcR Mf and age in healthy donors.
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30

TcR Mf per 10*

Time since radiotherapy (yr)

Fig. 4. Relationship between the TcR Mf and time post radiation treatment for uterine cervical cancers.

Table 2. TcR Mf in patients with cancer prone
hereditary diseases.

Patient TcR Mf (X107%)
Ataxia telangiectasia
#1 16.6
#2 17.9
#3 37.8
Heterozygous father 3.5
Heterozygous mother 3.4
Bloom’s syndrome
#1 36.2
Fanconi’s anemia
#1 55
#2 6.0
Down’s syndrome
#1 1.9

BRitah 3. Th S OBEKICE WV TRRIMIK
GPA BIZTHEOMf THR RV EEERT T &
D35y > TW B (Kyoizumi et al., 1989b). i Bl
BRZEW S 1L, BRI FERE (Peterson et al.,
1964) © T V) v /~EREEREFLH (Nelson et al., 1983)
1 EDHRELLERT AT TEREICEWV Mf 2/
LS Tdh 5. 158, BSDEETHRELRLOH
whidh b, ATTIRTHEE 14FDO TR BLUVA
L) ya7) v () BIETENT B REHERE
DT ) NP T-) v i@ IcBES
5 EDSrhr - TE Y (Heppell et al., 1988; Russo
et al., 1988), TcR ¥ & U Ig Bln T OALEM
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M OR[DEHTHA S (Peterson and Funk-
houser, 1980). AT O Jii K fx T 13 ik SR A
DNA U0 gEicB5 L Twa LELonTY
%53, TcR gene DMK T DLEMHDRERHC
5T v RROMEPHEEEIC b ER S RE
AR LTVWADTH A, T/, TcR gene D5
HWOTRBIETEENT 5 EERE LT
lymphoma D FIEHEHE & DBAR b BEIKEVWRTH
5.

7. WUSHREEIEE D TcR Mf

TcR BRER DS HHBEHEBIc L v FHENS
DT GHRR R R PR EE, ro b
I 2 MEBHEITOVTHN, BERERO /1 4
Fox b)) —D2w—h—& L TORRERERETL
72 (Kyoizumi et al., 1992; Akiyama et al., 1995).
Fig. 5 3HRBRE 2 T6H T S 701 P 2FEAL
1HBED TCRMf THEHH, ALK DI OEL
AELSHEBEREGEER L. TO dose response (d
in vitro T dose response & L UTWV3 G
e, £/, bo bR MERHIBLTD
BECHGOVMEBRIHEEN TR 7 v 24 HBAER
SRR ORBICERTH 5  &pmant.,
—%, EIEHEIREE D dose response IIHETIEH 5
DIEEITW BT (Fig 6), KHIT/RL 7 out-
lier #f < LA EEEZIIES L7 O

Log (TcR Mf per 10%)

0.0

N =52
Y=0.86+0.11D
p = 0.0001

T . T » T

0 2 4 6

T T T T L T W

8 10 12 14 16

13} single-administration equivalent dose (GBq)

Fig. 5. Correlation between the TcR Mf and total radioactivity of "I received by thyroid cancer patients.
The amounts of "I administered for the TcR assay were calibrated as a equivalent single dose by
applying the 2 year mutant half-life. The dotted line indicates the in vitro dose response curve of the TcR

Mf in X-irradiated lymphocytes.

20

184 / N=500

- Y=3.06+0.37 D
- = 0.0002

14- #

TcR Mutant frequency (x 10'4)

0 T b T % T
0.0 0.5 1.0

T - - -
1.5 2.0 2.5 3.0

DS86 Dose (Gy)
Fig. 6. Relationship between the TcR Mf and DS86 exposure dose (<3 Gy) for atomic bomb survivors.
The arrows indicate the outliers whose TcR Mfs were more than 10X 107*,

JFARAIRE DR 13 TR 7 v £ 4 DS/ HRIR I
BAETROWI EARLTO S, &350
FRUR L] HAE bR T 5 & BRERIAAHK T
5T EERLTVAS,

Z T, R G 50Gy) 25213
EREEE D TeR M ZJIE L, BUOHRRIGEEZ DR
BHERC LT 7oy b LTHI (Fig 4). B
% TcR Mf 3fR4Ic LR L, ¥ » AT 2.5

X107 £ TILE 5, BEREHOBRBSLEL O
BARBOT ) v NERIZIBEAE Golicdh D BE
IR L T W B TeR/CD3 #A1{A D 7 o L8]
FLIC K DIHKRT DI A B LS T LT
H55. —FH, EHL TR Mf 132 DB~ IC
WOL, 2~34ETHR, WI0FETI v ro—1
LARLVETIEF Lz, COFEBEEOHEI
TcR EARZRINBHIR T HFEI N, FHIH
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- 2RI R 2~3 TN SIHAL T
W T EERLTOL A, FIRBREE T dose re-
sponse MIEHITWD B0 TH - - EHH IIHARE
DEWEEIC X 2 RRERAKDHETH D LEX
oh b,

56, Fxv/ 74 FHEEERER 4 FLINOTH
Bh+d TeR Mf (3R E &%~ L 72 (Kyoizumi et
al., 1992).

8. TcR BREEED in vivo TOIEGE

JFR RS I R SN 5 &V TeR Mf 2 §¢
- outlier (Fig. 5) 3 &EDE AT L THELILDTH
A5, JFAREBURERIC K DER I NI ERERT
) U NERDIBEAER, BRLIcE S IcHAICE
T % turn over IZ & D IR EIR A ITTHAL TV -
7zEEZONBD, FDLSKEENCHIT S0
ICIBZERERT Y v RN THEE T 5 L5
MdH 5. FEBRIC outlier D TCR ZERAEDIZEA L
13 (90% LI E) CD45 RA™ F7:i3 RO* O£ €
) —=FIT ) vNERT, invivo T & H> D EERE R
AZFTOVBI ENDD -tz REERTF— ). B
7, ThoDEBEENSERIKT ) v ERkE £V
V=5 =itk NBEL, RROHEIC K D ERAE
70— V%, TOWEEANTVS. 1 AO#
BETREONLERAEK I o — v FXTITBVLT
TcR B $ mRNA OFBEAZZR2IRIBLTEY,
Z DBILFHHER s — v e —HBL TV,
NI L EOERERT Y v ]BKDS in vivo T
o —FIVICEERE L 72 2 AR LT WA, T
D& AHEEREFRT ) v/¥BkD clonal expansion
2 HPRT @z FTHHI SN TV 5 (Nicklas et al.,
1988). L4 L, TcR/CD3 DEFEALL KL T
cell A% in vivo THAFET X 5 T & 3 50EFNIC b IE
HICHKEWHERTHY, TOAA=ZALICON
THAERKGIThTH 5.

9. {L¥ZTREMEICLS TR ZEREDOFE
TcR Z RAK IR 72 T TR VUERIS &0
{b¥ZREYMETHLHEFESNS. invitro Tk bEK
MY v/ sBk% 7 L+ LB & O DNA BEZERE L]
ThHrvA b2 vy CTHUET 3 L, BEKE
PRI TCR MS 13 B35 (A, 1994). LA L7
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25, REFEVHITH 5 5-FU TIZEHS A 72 TeR
Mf O FRIZBIE SN h -7t iz invivo TH
PRI A S S o NEAIME O BE TIRAEIC
S\ TcR Mf 23fH & 1172 (Hirota et al., 1994),

10. XM FRIUAPY—ADICHEZOREES

PIED X T, HBEHRIC XD in vivo THEMIC
TR BILFICERERSFEI NS0, FHRIHE
ETHRAICHEHELTVWL, THIETR T » &4
DR IR O BIc b 12 A ERERE A RKY 51
BAETH S EE/RT. T DIEHPRT ®
HLA-A #z TRRERAGEMKT, TY /YK
EMEHC T 2RO B E ORISR TH B, Ll
BH S, BERE% 10ELNTHINIEMID ER%E
BRI BT ENTES, TOKE, BEMHREY» S#
BRE%O Mf 28B4+ 52 L bAlETHAD. %
o, PR HREHR A R L TV A IEETRE
o IcEMic R A alEEA b LS, BIE,
FEFVLBET 7o —FERIINTH B,

b —o DAL LT, BB L&D ICER
EREARBE CHEACERT 2808 B H 5 &
WHETH B, TDHEIL invitro TIA MY = Vv
T& % PHA T T-cell 25ERi# L, TcR/CD3 @
N TORBEEEZE(EET 5 T LT & hRRE
BB EHB RT3 &M AfETH S
GRCERd). o0, KM v/ ¥ER% invitro
TH4 OHED X RTHE L PHA & & bIicki#E
45&, TcR Mf (3% ic¥mL 7HETE -7
I3 5. 7THH D dose response (3 linear-
quadratic model 5f b & < #A& L7z, RO =
FEEHE D TcR Mf I3EHRGE (18R T 10Gy
DORFTIEED) BEREENIOEEZEALEDS
s, TERIPHA & & bICKEET S5 EMF iR
¥1Ix10* £ T LR LA ZOfEEM - Tin
vitro BBEFD dose response 7> 5 AR HRAR & A 5K
BB EH09GY ThH - 1. T OFRRI[EIRED i
BB AZ T - FERBE DAL ER G EARE
SRR S RO I EE WS D TH - 72 (Leonard
et al., 1987).

11. bH Y I
Pl E, TcR #T OEMIaZzEAL KRR ICD

WTHEEZ TOHMRAE LHTAHK. TOHED
EnfHRPBROMKTAETH Y, 7o0—94
bA Y —E ORI TEBIISERNS TE
BETH B, £z, HushikmikashTso,
FACS 2 OMIRER S EITHARETH 5. in
vivo TOZFRILEREE TH » AL 220 3 45808
RS TH DM, invitro FEFFEIC IO REIRTE 572
595, BAOHEETREEE T, 4FHOER
ER7T v 4% (GPA, TcR, HPRT, HLA-A #{z
) KL T X7 (Akiyama et al., 1992). TcR
FRT Y v BREHWS 0, HIR%ENIR A%
5 EHEADSHKT B2RAEHZEH, Thod
12 D TeR D b EfET T — ¥ DLEMS
MR IR I T A RE b RGBTV S EEZ
TW5, I56iC, w9 REFNVEH OV TeR #H
FoBECTERR L TR D GRXHEmT), To< v R
EFNVEHWALEIEICL>TE FTAHTH - 12
in vivo @ dose response PR FAED £ H =
R LIS E DR AHIREL 185 9.
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DNA strand breaks in human cells induced by chlorinated organo
compounds containing in tap water
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Summary

Thirteen chlorinated organo compounds were added to the Standard of Tap Water Quality in 1993
in Japan. We assessed the DNA strand breaks in human cells induced by eleven these chlorinated
chemicals, using the FADU (fluorometric Analysis of DNA Unwinding) method. We estimated DNA
strand breaks in SV40-transformed human fibroblast cells, WI38-VA13 which were exposed to the
chemicals for one hour, followed by incubation for three hours in MEM medium containing 10% serum,
10 #M arabinofuranosyl cytosine and 2mM hydroxyurea. DNA strand breaks were induced by 1,2-
dichloroethane and 1,3-dichloropropene. The activity which induced the strand breaks was increased

when 1,2-dichloroethane was activated by S-9mix.

DNA strand breaks were not induced by 1,2-

dichloroethane in SV40 transformed xeroderma pigmentosum cells XP2OS(SV). These findings suggest
that the DNA damage induced by 1,2-dichloroethan might be repaired in excision repair processes which

xeroderma pigmentosumcells lack.

Keywords :  chlorinated organo compounds, DNA strand breaks, human fibroblast cells
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IKIBIEE 4 SRICH D KEKBERAED,  SFRk 4
12 A 21 HA, FRSHE 12 A1 HiifTOH
SiIckvBEsh, Fioe 13 EHOERIEHRL
YRR CBEES 2IEEE LTENS ML
(Table 1).

IS OYE BEEAYC KRB S & TIRE
RIFEHASHEZE SN TV S, kb Moxtd 32803
X {bh>TWIEW (Table 2) (JARC Mono-
graphs, 1987; 1991). = Z T4@fAi7izbI3Th S
OYIE D & b R 4 5 DNA 251

© HABRBAFG Y2

Z, TNAHVEBRLED1DTH % FADU i
(Fluorometric Analysis of DNA Unwinding) (Birn-
boim and Jevak, 1981) ZH\ T, DNA Uk %
BT 5 ik > TEHE L 72

FADU D FEFE % Fig. la iI2/xL7. DNA %
T NE,SESE, YKo DNA 35
Do DAEMDIEE D NG 1 AFCEED
XL, UIkro&H % DNA TIRUIM S S bEN:
DHEE 370 1 KOS 13 DNA ST o
IBCTEL0E, —ERRHEBL L T ATpH
L TT VA ) EMEE LY, BT DNA
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Table 1. Thirteen chlorinated organocompounds which were newly added to Water Quality Standard. 2 s
Chemicals Standard Chemicals Standard % '§ g alirr+ +00 .5
Carbon tetrachloride <0.002 mg/! Trichloroethylene <0.03 mg/l & = E .é
1,2-Dichloroethane <0.004 mg/! Chlorof(')rm <0.06 mg/l P« o+ xxx ¥ E
1,1-Dichloroethylene <0.02 mg/l Chlorodibromomethane <0.1 mg/l < g
Dichloromethane <0.02 mg/l Bromodichloromethane <0.03 mg/! g 9] i 3
cis-1,2-Dichloroethylene <0.04 mg/l Bromoform <0.09 mg/l E|= s
Tetrachloroethylene <0.01 mg/l 1,3-Dichloropropene <0.002 mg/l e i %’
1,1,2-Trichloroethane <0.006 mg/! ] g
£ < E
E 2 1 5
ZEVHICT . T 0O& % DNA UK E 2. HHEOMERK 3 of 77 T3 $
W& 2 ASDNA OHIANKD L 1 ARDNA O BFABER(LOY SRS SHA L. 1 O L -
HANEL DB, RICBILTF Yy LE2MA, H I S5%ZZhEN dimethyl sulfoxide (DMSO) . .|
FARET S, Bz F Uy A 2A8DNA O [67-68-5] ML, SBREOHMERLAYIE : al T o +% %o g
BlckE L RS 0ueERT 20T, MESH  BAEMER L. COREKE RN MEM X &l % 48 - 5
BUOLAHET B C &Itk ) 2 AR DNA OFRAH i3 S-9mix i<, IEEAS 1% (viv) L1585 K9 ICA § £ P E g
KE D, fE->ThEDDNAMHE-> T  BLEABE L £ & A 3 §’§
EHIKE 2. 18] L R
B EMOHRERILANO S BERED LD 3. HHOBE ol R Hl2E
RERIC I\ 15> - f2 dichloromethane [1665-00-5] AiHICH 5 2 ¥+ — L (¢60mm) 24D 1.1X10° § g A i (e E ;: T @ & AR
& 1,1-dichloroethylene [75-35-4] %Ba< 117K ML X, 10% I A D © MEM K ol 12| |- ge 2 g 22
DYz >\ T FADU A L. ZORE BT WL, HRERILAY~ OBE 3R & flv o+ vy EBES e Og
1,2-dichloroethane  [107-06-2], 1,3-dichloropro- ¥} 5m/ THI% 37°C T 1 B¥fHLES 2 T &iC g ¥iolends " T58E % B3
pene [542-7-6] © 2 WISk HAICIEIIZH) & - THF -7 AMAEEKIEIREL L, AR 3 %= g3z B 3%
72 DNA SSUIN £ /24 5 C Ehibh o7, Hic  EEEEARK (PBS) TEEA L, DNA (Bl E b Ll B Bl 3 § we F § E
1,2 -dichloroethane 75 3| % # = ¢ DNA#H# i3  T? DNA &% ES 2729, araC-HU K&l - 4 X B A £ % 2 £5
DNA &1 % /R8T 5 R KIE (XP) filaT (10% (v/v) {F4:1M7%, 104M arabinofuranosyl g . %g “_5 __Z —g .3 5
DREREER & O H#h SR EEEBECEE SN cytosine, 2mM hydroxyurea 4 &€ Dulbecco {22 o 1% & ) e § & _;.% E ; 'E %
BT RN, MEM H53i) %A, 37°C, 5% CO, D&M FT r 8@ 5 1% S g% 2 2
ISR L7, COMEAT B itk LY E| g £6=z% 3 2§
ERHHE LU WIS E % DNA £ Y+ 2 AL T TR L, izl . . - .| a8z = BE
1 #RER DNA (AR L 5 & 5 515A 6, ZhosHil £ |%a gfBe: 285%
b b HEHEFHRD WI38-VAL3 DBEZTHE - Vs 5725, DNA UK § < l %5 ;i i ;% g -§
SV40 TIE L L - b b ESEMIBakE WIBs- & L THFR TRINTE 5. HEl T PBS Tl §|%|e| +1% ¥ 1v+|S5ce% 5§33
VA13 #f]\\/-. (Girardi, Jensen and Korpowski, ~ \), Y 7 ¥ Y-EDTA KT ¥ + — L' Sifa "l A A 5 T3 L2 2 § S
1965) £[EULL, TX 37 13EPhIc FADU %175 1. T §§g§§§§§§§
RMERE (XP) (FHHTE A B BEHRO £l | % E 8% g §° gé § 2
HhHE AR XP20S(SV) 4. FADU ik ) ) nS2s8g88E%
XP20S i3 7 ¥ OHAADLIETH 5. XP20S A 92 BR T |3 Birnboim & Jevcak 5 (1981) IZ & LIS LYY :E‘i‘égﬁgfﬁ & 2
(SV) |3 XP20S DR MMHMEEMINI% SV40 TIVE 2 /k% SR L FADU ik (MH 5, 1993) T g P 2; §3ii 2?3?; 5% & § 3 3 §g=
i L 7§k TH 5 (Yagi and Takebe, 1983). DNA SHUIN L Z E R L 7. g :E g § EEi% Eziig EEEEEEE S 9
#1413 Dulbecco (& MEM K5 #1417 EEEEEAAI2ARE |y SEST808% =
ERSE6SZEA2ECZE | & <:_g +4+ 1 1 awxk

% 10% (v/v) A 7 iE&khohEg L.
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Fig. 1. Principle of FADU.

B
AW ; 9M urea, 10mM NaOH, 2.5mM cyclohex-
ane diaminetetraacetic acid, 0.1% SDS
Bi#; 02N NaOH & A g% 11.5:85 DA

(vlv) TRE/ZHD.
Ci%k; 1M glucose, 14 mM mercaptethanol
D#; 2 ug/ml ethidium bromide, 13.3 mM NaOH

Bk

[EY U 7- $ERE7F 8 % 0.2 ml 355 3 FEH 0K
BEICHELE. Tho2EHEPHARE, B
B, THABREL 5. &2 AT>ORARE
ZHV, Tho0PlEEfERE Lz, K420
ERF5IC0.2ml D AKANNA, 0°C T 10 4rfulffiE
L, ffaZmaffs g, ki PakBRE & B ABRE
1202ml DK% L7 BilixNZ DNA &M%
RIS L7z, PREREIZ0°C T304, =0k
28°C T 45 3 RIERE L 721%, 04ml DK L1 C
BAEMAZNEZ LY, BEBOLEIC XD FE1
kbp ¢ 5 WE TDNA 28 AM L7z, BRERE R
B ik &M A 7o % H & LB L T 60°C T 60 57[H]
i Loc2 I DNA 2 &S d 7., 20k PilbR
EHERMARIZ A1) 04ml O CilEEMALS, T
RERE X A A INA 10 /RTFRE L 7cf%, Bk 0.2
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ml & Ci04ml %2 H 5 UHREEEDLE LKA
A THERUEEE L., 20%keToRRE I
1.5ml ® D ANNA, SR T %l
E L (i 520nm, HIERE: 590nm).

2T, PHRERTLET VA VERLBELA
TUVWHEWESD DNA I & 2400%, BRERE L
Ny 75y v FoutE, TAERE RS & O
fargliic & £ 5 2 A8 DNA IC L AH0E% 5
ZATW53, fE->T (PHAEREOHOL—BRARED
HOE) &, ML 7S - 7 2 A8 DNA O R %,
(THREBRE 0HOE-BRABRE 0L $6 & D
B if g D2 AP DNADBRA KDL TV B
(Fig. 1b).

%D = (P B E 0 HY — B RABRE 0 d0E) /(T
KREOUE-BRBREOIOL) &T5&, &M
L 7- DNA 2 3 UIMr S LML TV 5D T,
DNA YA Z WIZ E%D 13/h&E 15

(b2 e 1 g ER L 7 HiRa o %D 7 O AL R
DXD %L &, 4D & L1

FREY © © DNA SHUINTEASBERI O v %7 % Hifel
ICHES L, 4D SO OBRS &, hER
B & LT, 4D % DNA S5UINEuc B L /-

BERESLUEER

HEARIERILEY (&S 2000 (v/v) ppm) T
b b SRHESEHIRD WI38-VAL3 % S-9 mix RN &
OIERID 2 54T CHEER L, DNA SHUINT % ]
E L. TR 1,2-dichloroethane & 1,3-di-
chloropropene T i & {K £ 1) 75 DNA §4 U] Wr H3
g x it (Figs. 2, 3). 1,2-dichloroethane (3 S-9
mix ORMTEH LS. ZothoWETRE
DNA UM O REKGEH B HE TE LD - 12
(data not shown). IhSiEEhENM L1
BIOEBTEHONIHIRTH S, FHFERED O
dose DYIWTELIZ, 0.05-0.5 strand breaks/10,000
kbp DFEPATIE 5D W1,

- X'|T 1,2-dichloroethane 73 5| % #2 & 4 DNA
UM Ic > W T L <P/ WIS-VALZ %
1,2-dichloroethane (+S-9mix) (ZHEEE% araC-HU
P TR U oA S, MRERIRIEE O R TRk
L7-ffa TEiZ &S 5 DNA SEUIME 2 s L 72
(Fig. 4). Z DFERFIE D DNA SUIMEHZ s >
7. THIZBEIEK S /- DNA UK DNA &8
OBRETHELLODTHE I LERBL TS,

—O— with S-9mix
—®— without S-9mix

STRAND BREAKS /10,000kbp

o L T L] T

0 1000 2000 3000

Concentration (xg/ml)

Fig. 2. 1,2-Dichloroethane-induced DNA strand
breaks in the human fibrobrast cells WI38—
VA13.

Closed circle: without S-9mix activation, open
circle: with S-9mix actvation.

STRAND BREAKS /10,000kbp

STRAND BREAKS /10,000kbp

-t
(=]

o
(3]

Fig.

Fig.

—@— With S-9mix
—O— Without S-9mix
T T T T T T T T
0 20 40 60 80 100
Concentration (zg/ml)
3. 1,3-Dichloropropene-induced DNA strand

breaks in the human fibrobrast cells WI38—
VA13.

Closed circle: with S-9mix activation, Open
circle: without S-9mix actvation.

_._
—O— without araC-HU

with araC-HU

2000

0 1000
Concentration (zg/ml)
4. 1,2-Dichloroethane-induced DNA strand

3000

breaks. After exposure to 1,2-dichloroethane
with S-9mix, cells were incubated for 3hr in
medium with (@) or without (O) 10uM
arabinofuranosyl cytosine and 2mM hydroxy-
urea.
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1 XP20S(SV)
B Wwi3s-VA13

STRAND BREAKS / 10,000kbp

0
Ohr +araC 3hrs-araC 3hrs

Fig. 5. 1,2-Dichloroethane (2000 (v/v) ppm, with
S-9mix)-induced DNA strand breaks in nomal
human cells (WI38-VA13) and XP cells (XP2
0OS (SV)).
Ohr: DNA strand breaks detected just after 1
hr-exposure to 1,2-dichloroethane. +araC 3
hrs: DNA strand breaks detected after 3hr-
incubation in araC-HU medium following 1
hr-exposure to 1,2-dichloroethane. —araC 3
hrs: DNA strand breaks detected after 3hr-
incubation in normal medium following 1hr-
exposure to 1,2-dichloroethane.

4 13 b B 1,2-dichloroethane IZ & % DNA 15 (&
DNA BEOMNR EL S T EDb - Tk,

X 5T 1,2-dichloroethane T %5 & 1 5 DNA
UM 2 bR EEE R 2 KIET S HHla XP20S (SV)
L IEH @ WI38-VAI13 THE L 7 (Fig. 5). &k
5% 1% araC-HU % N A & 18872 T D DNA Y]
Wix LR S il TEIEZ S 1L 5 DNA UK &
BIEFMROIE S 5 XPMfIcRTELLSE
W\, Z i3 1,2-dichloroethane IC & % DNA {815
h5, XP20S (SV) MRL BEEEEETERES N
BT EARMLTVWAS, XP (HHEME A B BH I
1,2-dichloroethane i= & % DNA {85 % BEH T &
W EMTFRHEINED, TO/RITOPVTIERESH
1S ERABMVETH 5.

1,2-dichloroethane D il T D 25 5 5 ¥ 1S
IZB8 L T3 glutathione S-trnasferase IZ & % gluta-
thione conjugation T half-sulfur mustard (2-chloro-
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ethyl 2-hydroxyethyl sulfide) (278 %7%>, micro-
somal oxidation |Z & ¥ 2-chloroacetaldehyde |Z 7%
%25 ORBBEEHE SN TV S, half-sulfur
mustard | guanine ® 7 fLIcEES LT 7-(2-hy-
droxyethyl thioethyl)guanine %/ % (Guenge-
rich et al., 1980; Van Bladeren et al., 1981). 2-
chloroacetaldehyde (3 adenine, cytosine # X UF
guanine & [EEXIE L cyclic etheno adduct % Zh%
9~ % (Fedtke et al., 1990).

1,2-dichloroethane i & % DNA §i Y] W @ & it
b3 S-9mix DR THAF ITE - 72 T & & XP flifa
ARV EBROFER L D, 7-(2-hydroxyethyl thio-
ethyl)guanine, & % I3 cyclic etheno adduct (3R
EEERTEEIWAAREELH 5 by
%, & T A T 2-chloroacetaldehyde @ XP ffifd T
DERERRE Y v bR § =R FOTHN
LA EXFMlatoEIRDONLEL -1
(Matsuda et al., in press). 15 DFER T cyclic
etheno adduct Tl375 < 7-(2-hydroxyethyl thio-
ethyl)guanine 2SREBEOMR LML >TVS T
LERELTWVS,

Plbgx &5 &, KEKERESUEICEVET
CHREICINA S hic BERHOABERLEY O
WILFEEO £ fifaic x4 2 DNA M %
DNA S5V AR d % C &ic & - TFHli L 7.
% @ §E B 1,2-dichloroethane & 1,3-dichloropro-
pene PSIEEEIKFZI7S DNA S5UIM 2 F/EE L7z, L
»LZDMoltEY i3 DNA S 2 &k L 73
ot BEOE ARV XER T — 7 &L
#:4- % & (Table 2), 1,2-dichloroethane |38z 1%
RZZ§i %, 1,3-dichloropropene |3 DNA {H5% 5]
XTI EBMOonTEBY, RAOERET
f& L 7%\, bromodichloromethane, bromoform,
chlorodibromomethane, trichloroethylene |d & b #ff
ffallc SCE (sister chromatid exchange) % &7 5
TEBHISNTWAD, Fir DEERTIE DNA
UM cX S o7, SCElR~<A b vV
CE2RBLHETEZ7uR) vI7HIICk > THEHKS
naZeEMBmonTEy, bLINSOWHMY
oz v/ EGEFREI LTS ETHIE, FADU
TR B RY v 7 KIHFELET 5L, DNA SN
ORIEEENE LKL 5708, GHEOL SIS

HEEEHD D B,
1,2-dichloroethane (3 S-9mix THGHEMAL 1
1,2-dichloroethane i & % DNA {1 (3 b} L& 1E
OXWRENL B EDRBEINT,
WFNOERFER S/KEREED 1 TRV EOR
EObDTHSHDT, REMEBEORETCOLE
ZIHT BICIE, SSBANHELBMKETH 5.
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Mutagenic activity of indoor swimming pool water

MERGF BHEGE— mESERET RN 8
Haruko Saito, Shinichi Isoda, Mitsuko Kato and Noboru Nagaoka

L N R A s e T 2 e o
235 e IXREEH 1-2-17

Division of Enviromental Hygiene, Yokohama city Institute of Health,
1-2-17 Takigashira, Isogo-ku, Yokohama 235, Japan

(ZfF: 199586 H 30 H, 5ZHE: 199548 H 25 H)

Summary

Organic compounds accumulate more easily in indoor swimming pool water than in drinking water.
It is assumed that indoor swimming pool water might be contaminated with higher amounts of
chlorinated by-products, and therefore mutagenic activity would be higher too, compared to drinking
water, because of continuous chlorination. Therefore, we tried to detect mutagenic activity in four
samples of indoor swimming pool water and in chlorinated organic compounds, using the Ames test, and
analyzed the relationships between them. We also analyzed each sample of swimming pool water for
quality. Each sample of swimming pool water was passed through an XAD-4/8 resin column followed
by elution with ethylacetate. Standard substances, detected in swimming pool water which we used the
following seven chemicals: MX, monochloroacetic acid, dichloroacetic acid, trichloroacetic acid,
dibromoacetic acid, dichloroacetonitrile and chloral hydrate. These compounds were used for the Ames
test employing Salmonella typhimurium TA98 and TA100 strains, following pre-incubation in the
presence or absence of S9mix. The highest mutagenicity of 24000-79000 rev.// was found in the sample
of indoor swimming pool water with TA100-S9. Among the chlorinated organic compounds, MX had
the highest mutagenicity of 60rev./ng, followed by dichloroacetonitrile, then dibromoacetic acid.
Monochloroacetic acid, trichloroacetic acid and chloral hydrate were negative.

The fraction of total mutagenic activity in swimming pool water attributable to chlorinated
by-products was about 10%.

Keywords : indoor swimming pool water, mutagenic activity, chlorinated by-products, MX, halogen-
ated compounds
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75, 1993; 44 5, 1991; Erdinger et al., 1990;
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% . Bull, 1985; Herren-Freund, 1987, Meieret al.,
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13 T8 <, Whonget al. (1983) %3 Salmo-
nella typhimurium SV50 %2 H\C, % 7z, Honer et
al. (1980) %5 TA100 % I\ TH » 7ok A1 L
THY, ERNITBOTIIERES (1994) OFHEDH
HHEDHTHA.

PlEoZ Eps, BN —vKkho i
YIOEREAE L, = OREERZEY) 2 7 Flic->
WTEZATBLMENDDLEEZEZL . TOFE—F
ELT, BA7— WKOEREMHERET L, BF
HCHBERIEBMEZRE L, BNT —VKOER

JEPEIC Xt % IHERIERY) DA GR35 L DR T
HB0ERET LT

EBMESLURE
1. HEOFEMRUAR
ok PRk S HE 6 AR 12 HD 2 [ENC4 T T, 1
ETNOBRAN 77—V 4k LD, 7—ILvK% 30L
FRECL 7z, Table 1 ICHER OB EA R L 12, F 1,
RERKIE, 7—roi3iFdhlk DL 72,
ERIFHABR KR O MX Sricfitd 3 720 0
KloFH8l3, Fig. 1 ISRTEMBE7 o —I1CE-T
ﬁ’) Tz
RE ABRCHERL2AERLUTOLEBYTH
5.
1) EEE: FDEMEETE: GESBNEH
2) ¥EBI7 v/N—354 b XAD-4/8: #R27 ol
3%
3) Ethyl acetate (Fff = F/1; CAS No. 141-
78-6) . BAHALY:; HEHEEH
4) Dimethylsulfoxide (DMSO,; CAS No. 67—
68-5): FLLAEET3E: A b ¥H

Table 1. The outline of 4 indoor swimming pools employed in this study.

Water Method of Numbers Suppling Substance
Further »
Pool volume water R of swimmers water volume used for
m? filtration n No./month m?/month chlorination

A 300 Sund 10367 480 NaClO
B 243 Cartridge 1000 243 NaClO
C 390 Sund 900 1600 NaClO
D 390 Cartridge 7924 400 NaClO

Sample: 30L of swimming pool water

Ajust to pH 2 by HCI
Apply to a column of XAD-4/8 resin: Flow rate 20 m//min
Remove water: N, gas stream for 30 min
Ellute with ethyl acetate of 300m/: Flow rate 10 m//min

Stand at —20°C for 24 hr to freeze water
Filter to remove ice

Evaporate to 9m/ by rotary evaporator
6m/ [ | 3m/
Evaporate in N, gas stream Use for MX analysis
Dissolved in DMSO

Mutagenicity assay

Fig. 1. Extraction and concentration of chlorinated by-products from swimming pool water for mutagenicity
assay and MX analysis.
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5) 3-chloro-4-dichloromethyl-5-hydroxy2 (5H)-
furanone (MX; CAS No. 77439-76-0):
Ultra Fine Chemical

6) Monochloroacetic acid (MCAA; CAS No.
79-11-8) . Aldrich: #ffk

7) Dichloroacetic acid (DCAA; CAS No. 79—
43-6). MDLAZETE: 14

8) Trichloroacetic acid (TCAA; CAS No. 76—
03-9): MEREIETEE: Fiik

9) Dibromoacetic acid (DBAA; CAS No. 631—
64-1): PESRAL . Fifk

10) Dichloroacetonitrile (DCAN; CAS No.
3018-12-0). Aldrich: ##

11) Chloral hydrate (CH; CAS No. 302-17-0):
FEHEEE T Hik

12)  2-(2-furyl)-3-(5 -nitro- 2-furyl) acrylamide
(AF-2; CAS No. 3688-53-7): FI4H3K T
X H%

13) 2-aminoanthracene (2-AA; CAS No. 613-
13-8)" FIDEMEIE T3 45k

14) =a—F)x¥ b7 B2 No. 2 (NB4H#2):
Oxoid

15) = — A ZERESH: 27 ) 2 57 4 7 AM-N;
BN RIE

16) S9! # . 3 —< > phenobarbital 7 5,6
-benzoflavone O i§ E N £t 5 1 & 2 F F
Zy MFrEY R =}

17) 27709 — )y LR

2. kEHER

DBk 77— v Ot | (B4R IcEw 3
KERAERH (pH, B, @< 17 vBh ) v A
HER, B, BRER oL KERBRAT

5 &3k, EHMRE (TOC) kU 2B oy
LB (TOX) ic> VT bHIE L 7-.

7, ~"oBEE GWHE), ~oTer=} )
VI (5 WTED FoMERIERIIc>WTid, K
BRTE (1993) IhE - T, BT HBERRIL A =
HRI8w=+535 74— (ECD-GC) RUH R 7
ORI S T4~/ FRARY pag b —
(GCMS) EHWTHIE L 72,

MX OERIZOVTI}, E5HiEkE GC/MS-SIM
ZHW3, HHS (1994) 0Kz L - 7-.

3. BREMHR

BN 7 — VKK T MX, MCAA, DCAA, TCAA,
DBAA, DCAN, CH @ 7 ¥/8ic>\ T & R
BRA1T - 72,

BRI O 7 E OFERES 13 Table 2 13 L 72
LBYTHS. ABRK:, DMSO 1AL, ZRE
PEABR I L /2.

A FHMERER 378 E O H BRI & 3
ZRIFERER (1991) ICHEU 2 2 — & REETIT -
fc. Salmonella typhimurium (S. typh.) TA98 } 1%
TA100 Btk (HANA A7 » €4 %+ v ¥ — il
*) EFEML, LA vFaN—va viET, S9
mix RO (B, LITF—S9) KT S9mix
OIS 201 (RRETEMALE, LIF+S9) o2
S>OREBR AT - 7-.

BYEXBRIC 13 AF-2, 2-AA % DMSO (274 L
THEA L 72,

HIESE (3, HEHIICIZ NB2 2L, S FRIRS
CEDITo7e. E72, = —n RERMEEMIC 1L,
7 ) A7 4 TARMGAL, S9mix OFEKIE, S92 o
77785 —%MA, HEZERIL 1.

Z R BR DR R OYIE 13 H a2 ki

Table 2. Chlorinated compounds used for identifing swimming pool water mutagens.

Substaces

Company

MX

Monochloroacetic acid
Dichloroacetic acid
Trichloroacetic acid
Dibromoacetic acid
Dichloroacetonitrile
Chloral hydrate

Ultra Fine Chemical
Aldrich

Wako Pure Chemical
Wako Pure Chemical
Kanto Chemical
Aldrich

Wako Pure Chemical

Grade Purity (%)
Unknown 94.0
Special 99.0
First 97.0-101.0
Special 99.0
Special 90.0
Special 98.0
Special 99.5
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Se. MEBEICBIFETSL—PbYfchDano
=—%; rev./plate
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1. KEHBER

FHE L - 4 fik O BN 7 — vz N O] 78
B ME% (Table 1) T, KEPHEHERAIC
KEBEREHot, L L, KLEOKDDMRE
B AR ClERTRIDEAEZHRHAL TV
7205, BRUDEERTREA— MY v Vick 58
WP ATT > Tz,

IKERERAE R OIS L Table 3 ISR L& BD
Th5b. BRHEHKEEIZB KRV CHikTE <, K
HEMBE[D 1.0mgll O 1.5 ERETH - 1.
B=vHBEHY Y AHEER (KMrOKC) 13, 7K
BEAEMD 12 mgll B A 7 DX DIEZE D 15
mgl DA TH -1, HEMHIH»AS L THAR

Table 3.

Mo fohs, Bk (11mgl) AT ickevic. ftho
2 i (FHEEHE DI T DIREETH - 12,
TOC K U TOX #EJE 13, KMnOC & (313 el
T 50T, D KU B DS ED - 1.
7=k SRS N EERIAES S, MX,
MCAA, DCAA, TCAA, DBAA, DCAN 0¥ CH
Thote. DL, Hb@mBEECRIban o
id, TCAATHY, IRWTCH TH- 1.
MX BEREOHEEEZHVTERLICLEC
%, 27-71ngll DEEL N~V T, BHEELRG S
o,

2. BRAT7—IKOERRMERBER

BHN 7 — VKO RIFEHAER DR % Fig. 2 1<
mUTc, BRFEWHEHEEZRLIZSDICOVT, K
IKE 11 Y7 b O RFTEAR % 5K, Table 4 (<
L7z,

CDFER, A fik b‘b{?ff~;l{*’|'®TA98+59@
BAEERE, oL TtV TERFEMHEAZEYD
ni. it,%i@%ﬁﬁume;D%Tmm
FRHOWEEAGITEL, o, —SODEUETTELD
BWERE SN, BB, LWIhokidks S oK
EHo B W T b, TAI00—S9 DR TR bEVWER
FiEMEAE St k7o, ZRFEME % g
T % &, Btisk &0 D figkh & Ok E W EE
L7z, TA100+S9 I2BW\W T3, BHikhAKb &
{, AZLTDI/figk&Hi\7.. —4, TAI8—S9
T3, BiigbxbEWMEZ R L1, AleloRER
FERTIZ, TA98 ITXd % +S9 Askx bIK WA R
TG AR L7z,

3. HERERYOERFEMRBHEE
BN 7 — vkt s i 7 o ilaaEltEk
Ylcowt, ZREMOES Sh-EOERY

Results of swimming pool water chemical quality analysis.

ClIO” KMnO,C* TOC TOX MX

MCAA DCAA TCAA DBAA DCAN CH
mg/l mg/l mg/! mg/! mg/! mg/l

Pool gl  mgl mgl mgl gl
A 1.0 5 3.08 0.34 26.6
B 1.5 11 9.92 2.64 71.1
C 1.5 S 4.86 0.50 41.1
D 0.7 15 11.4 1.73 334

0.002 0.016 0.057 <0.001 0.022 0.110
0.011 0.117 1.200 <0.001 0.021 0.260
0.002 0.021 0.135 0.001  0.005 0.198
0.015 0.175 0.451 0.001  0.018 0.332

* KMnO, Consumed.
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=
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Fig. 2. Mutagenic activity of swimming pool water from 4 sites; with (—O—) or without (—l—) S9mix

using TA98 and TA100.

Table 4. Mutagenic activity of water samples from
swimming pool. (rev./l)

Pool TA98—S9 TA98+S9 TA100—S9 TA100+S9

A 1000 = 24000 4000

B 3200 520 79000 6500

€ 1200 160 24000 1000

D 1800 280 44000 3500
* Negative.

7o) DEFRFEEAE % 5K, Table 5 i<kl 7
MHEON, ZREFEESZED Shi-0id, MX,
DCAA, DBAA KU DCAN O 4 /B TH - 1-.
MCAA KO TCAA 13, Hicxfd 3 EHFHE (kill-
ing) I/ L7, ZRFEMITRS 5h - 1.

|
|
L&

MX i3, TA98 KU TA100 % F\ )7z —S9 TZ
FFEMEHZRD SNtz Mo HERIRRIC H#E L
ThbEVERFIEHMEHAE SN, TAB TS
X 10°rev./mg %7~ L, TA100 T3 6 X 107 rev./mg
Z/RLIc UL, mEkkitic, +S9 cidZRE
ARSI 1,

DCAA 3, TA100—S9 TD &% BE M A%
S50 7z. DBAA I3, TA100 %W\ 854, ZRE
HER% 5 futc. DCAN 13, TA98 %\ 7- 18
B, —S9 TERFEMIED Shihs, +S9 T3
ERFHA RS -7, TA100 2074
(&, +89 R —S9 TERFEMHED Sht,
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Table 5. Mutagenic activity of reference chlorine-containing substances.

(rev./mg)
TA98 TA100
Substance
—S9 +S9 —S9 +89

MX 5x 10 (0.027 ug/p)* —b 6107 (0.005 2g/p) —
MCAA == = = =
DCAA == = 140 (2560 1glp) —
TCAA — = = =
DBAA — = 440 (640 1g/p) 330 (640 g/p)
DCAN 110 (313 ng/p) = 1300 (156 1g/p) 1400 (313 glp)
CH — — = =

* Minimum positive concentration.

® Negative.

% = AR S RTRES S 5.
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7= WKOZEREMICOVWTHRELTEBY, —S9
TIREREMAED /.. 7, Honeretal (1980)
14, TA100 2T 7 — VKOERFEHZ#HE L
TV 5, BT, R XAD-2 #ifsEHV, 2k
AR FCIRE &+, ether & 5\ (3 acetone
CHBEL T\ 5. acetone IABERAEID5A, Z R
FEME# 12 —S9 T 18000rev./l, +S9 Tld 7400rev./I
ThHotz. TORERE, FEEOOBRLBI—K
LTW3,

—F, ThETF— KD TAIS Ixid A5
M DA 1275\ AS, HHEE S (1992) 1, JKIEKIC
SWT, XAD-2 [cWk#%, dichloromethane /AHf
BT, TA98 O+ KU —S9 ICBWVT SRR
BrantEdRTWVWE, F—KIZODWTD
TA98 AW - T4 OFERIFLVWHIRTH D,
Ak IR AT > TVW A KEKIZOVWTOLE
HOMELFELE.

7 — VKO ZEREMH & KERERRELET 5
L, 4o 7— kot T, KMnOC, TOC K&
O TOX TRInAAKY, %1, HHERIERY
® MX, DCAA, TCAA U CH O&Eh -7 B K
UDMRIcBVWT, - VKOERFEHSLE
hot, TOTER, T—VKOEREH AR
YIE R N ERIE Y OB L Fb D DB\ L&
RELTLWEEEZONS.

F12, 7— VKOZERFEM L, HEEGERNE
BEREMAGEICORT, 7Lv—4v 7 PE

174

2. HBIERYOERFEEHR

1) MXcDWT, Meier et al (1987a; 1987b)
DHETIZ, TAB—SIICHB I ZEEYKD DK
FIEEMfE 12 9 X 108 rev./mg TH , TA100—S9
T3 6% 10" rev./mg 2 TF 6.4 X 10" rev./mg T& -
7z L» L, Backlund et al. (1989), Ishiguro et al.
(1988), Kronberg et al. (1988) D5 Tld, TA100
—89 T, FNZFH 2.9x107rev./mg, 2.6 X 107rev./
mg, 2.6 X 10" rev./mg & Meier et al. YR SEZ)
BETH -1, FEHSDFRIE Meier e al. DfE
L X< —F L T\, Meier et al. (1987b) (3 MX
DZERERER% Bio-His + v 77 #1—® pH 2%
[LEHTIT- kR, pH 7 T 6.3X10"rev./mg
L1350, pH8IZHBWTIZ, 2.6X107rev./mg TH -
FEHELTWS, TDT &IE, TAI00—89 Tk
\+ B ZEREM 3, Bio-His b v 77 #—® pH I
roTETREELOND. BRADHVICE
774 =3, pH74 TH-1e.

Hx DEBRICB VT, TAS KU TA100 D
+89 D&HTTMX RERFEHREHTH - 7.
Tikkanen et al. (1990) & TA98 @ +89 T F5H:
AEBD TV, fihfy, Meier et al. (1987b) KU
Ishiguro et al. (1988) (3 TA98 (22> W\ TIIAMHT
11d %755, TAL100 iIDWTIRERFEEBD T
W53, ZORIROVWTRAREBRFNEZEZ S
ELTEKRLTOVELL,

2) 7 oofEBOK, MCAA iK2 W T,
McCann et al. (1975) 75, TA98 J U TA100 (T

i B

4% —S9 KRV +89 DL TIZHB WV TR
LHMELTBY, EHEFOF—FL—HLTL
3. £1, BEOIT-12TOEKCBVT, B
et AERBEOAE/NS LT, BRF
MRt B T LK, ABHEEECLL. O
iz, MCAA LEHAEHIEMMSS 2 EEL
s5hb.

DCAA oW T3, #8115 (1988) 45, TA98 K
O TA100 2 W\ 72 —S9 KU +89 DL TITBWT
ZREMHBEE#HELTWS. Th 5k TAI0
—S9 DFAEERVT, FEFOTF -5 L—HL
7o, Tr OEBEER T3, TAI00—-S9 OEMAETIR
ZREWBIETSH - 7o, ZREIEMM I 140
rev.mg E{&» -t F/o, TA98—S9, +S9 KU
TA100+S9 iC BV CTERFUENSRRIE L - D
id, MCAA E[altk, RAZMIERIC X 2B E
nTVwaskHEEZIS5N5. TCAAITOWVWTIE,
Waskell (1978) S U8)11 5 (1988) 1&, TA98 kU
TA100 W7 —S9 R TUF+S9lcBWVWT, FEHS
DRERHE L EIRRIC 2 TEREMRELREL T
W3, 7z, Iho0fERIE, MCAA E[EBkIC,
BEAZHERICL 2 EBIENTVEEELS T
EMWTE 5,

PDbknkdic, 7oofiRoBs, EAZKHE
Hic & 280 BHn, ZRENEGREEZRS
HEREK 1.

3) DBAA (oW T3, fluc#Hi&GFlizra<,
LOWHIREEZEZ Sh b, Fx ofsRTid, TA100
—S9 KU +89 ICERIFEHAED 5 HE R
TEMEME 2K <, —S9 T 440rev./mg, +S9 T 330
rev.mg TH -7z, DI &3, DBAA FEHD
AR ERER GG WERE EH
LTW3 LRI 5.

4) DCAN iZDWW T3, Meier et al. (1985) D
HENH D, TAIS—S9 K TF TA100+S9 IcB W T
ZRFHEGE cE REEHE T hZh, 26rev.
mg, 850rev./mg TH -1z, THREFFOHER,
TA98—S9 @ 110 rev./mg 2 U TA100—S9 @ 1400
rev./mg £ Y ${E WV TdH 5. Simmon et al
(1977) &, TA100—S9 ic ¥\ TZE RN &
W LT3, —4, TAI8 2T TA100 D +S9 i
DVWTIE, FANLRO TRIE >, -7

5) CH 2>\ T Waskell (1978) 13, TA98—S9
RU+S9icsvcizy, ZREHREEEHELT
B, EEFORRELE KL L, #HEFO
WETI, TAI00 D—S9 KTF+SIIcBVLTRE
RFEWEE LS -T0Wa, LrL, ZOHEER
RSB ABZ - 7L — b0 ao=—¥h 5Hk
TEH5HDTHY, EESOHELELE BRI -T
W3, ZIT, EBOF— ¥ 2EESOUEHE
Kk ->THIES 5L, BREMREE Tk,

3. T—IKOERRREMICXT B EFBEIERY
F 31

BA 7 — WKkOZERFEHABERICG A5, H
HEEBOFEGRERNICL D RD I HER%E
Table 6 (27~ L 7z,
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Table 6. Attributable rate of the chlorinated prod-
ucts in total mutagenic activity of swimming
pool water. (%)

Pool TA98—S9 TA98+S9 TA100—S9 TA100+S9

A 132 = 6.8 0.8

B 11.2 0 5.5 0.5

C 17.2 0 10.3 0.7

D 9.4 0 4.7 0.7
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Detection and evaluation of Trp-P-2 in biologically treated
human feces and urine

NEF T, BAETY, BE W, NHEER

Yoshiro Ono', Shino Mohri', Isao Somiya' and Yoshimitsu Oda
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! Dept. Environmental & Sanitary Engineering, Kyoto University,
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2(Osaka Prefectural Institute of Public Health,

3-69, Nakamichi 1, Higashinari-ku, Osaka 537, Japan
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Summary

A bacterial assay, named the umu-test, which can detect DNA damage, and HPLC fractionation
followed by GC-MS analysis, to identify genotoxic substances, were used to test samples from a night
soil treatment plant. By using the umu-test system, which is highly sensitive to aromatic amines,
genotoxicity related to aromatic amines was detected in effluents from each treatment process. Coagu-
lation followed by ultra filtration partially removed toxic substances from the solution, and activated
carbon adsorption almost completely removed the substances. Trp-P-2, which is a mutagenic and
carcinogenic heterocyclic amine, was detected in the effluent from the ultra filter after bioreaction.
These results show that human feces and urine include genotoxic substances, such as Trp-P-2, which
remain after biological treatment. It is suggested that advanced treatment, such as ozonation, is
necessary if waste water is recycled.

Keywords :  genotoxicity, night soil, ozonation, Trp-P-2, umu-test
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52505077y w4 THMEERLIZ (Ono et
al.,inpress). —J, b FFEMdITBVLT, BHRO
ML S w87 iIcEGENTVENTFOHA 7 ) v 7
7 I VEMLRES N TWAS (Hatyatsu et al.,
1985). ABFFETIE FRKDKKIMELS, &350 i3 L
PRALERES D RLEE /K D B D8l ©, JLBEKeh
DBzEMYE O, A, [EEZRES
1z, F1z, & FKBEONISD S, Bttt
WEOBREEE LT Y YBILOHBRIT>WVWT D
Bt L 7.

EBRME B LUAE

1. HE

~NFaHtA 7Yy 77T I YD 2-amino-3-methyl-
imidazo[4,5-f]quinoline (IQ, CAS No. 76180-96-
6), 2-amino-3,4-dimetylimidazo[4,5-f]quinoline
(MelQ, 77094-11-2), 2-amino-3,8-dimetylimidazo-
[4,5-f]quinoxaline (MelQx, 77500-04-0), 3-amino-
1,4-dimethyl-5H-pyrido[4,3-b]indole (Trp-P-1,
75104-43-7), 3-amino-1-methyl-5H-pyrido[4,3-b]-
indole (Trp-P-2, 72254-58-1), 2-amino-3-methyl-
9H-pyrido[2,3-b]indole (MeAaC, 68006-83-7) (21
JEAtSE T %%, 2-amino-6-methyl-dipiyrido[1,2-a :
3',2'd]imidazole (Glu-P-1, 67730-11-4) &7+ 3
EBIA W, 89, AT S9mix FHFER] cofactor
BHar) s VBB TERObDEH V. L
PRV O RLEKch O E PN, S9BKMEYHE %
JLEIPHIC T % Sep-pak plus C;s Env. #1— b
) » ¢ (Millipore Co., Waters Div.) &, 3 BillE
DELR B ERIIRET 5T v—L—3 Y
(728 ZRHVTEU, BHEEL .

2. =¥

HEHZ, WBEUKE 10 (kL/day) @, (L « iz
VAT LEEA YRR &, Sk IR
Ay 25 2EHALTHWS A LIRMEET
FREL 72, AL UIRIE, b, F5242z22
) — v ERET, EWEREE RO I X
H, EEMET vE=THERIBREINS. C
OIEWER ZRARB S h, EEREDLYD, k
HORBERABBEN TS, OREKIIE
YEILER,, EHRMHES MW TEEICRREShTL
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3. REHFHGHIE, (a) AEYILERR O RS ROEK
UF1, (b) % OISR ; UF2, (c) iEikH e
7K AC &L,

3.

BEEHBEOMEL R ERETT 57201, Sep-
pak Cis #— MV v VZEEH L, AEYE%MENYL
L7z, AR 20L 233 20 (mL/min) T Sep-pak
Cis =tV VicliAkLi BREVHIEI 2 S
J =i L, BHKRo—% ) —z KL —
¥ — TRHEZAREFEODL, x4/ —)L10mL I
AR S E 1.

ANFOHAL 7)Y 2T I VONHTICIE, SEBE
B2 BIRMICRE ST B3 TV —L—3 v AEAL
fo. H'5 R (6mme X200mm) IZ 1.0g D 7L —
L—3VvEREL, A¥/—V/25% T VEST
7K (50/1, vlv), #BHKIC & BRILBEDRK, <41 7
OF 2 —7H# Y7 UKD fRE 10mL/min T, &K
KI20L 2 5L/ 4 5 &K THEKL 7z, Bk T
K L1z1%, A%/ —0/25% 7vE=TK
(50/1, v/v) 100mL Z@@SHEH L. Ihz
=% ) —INKL— ¥ —TRIERRLZEL, *#
Y/ — ) ImLICIAfRS H 1.

4. ANFOHYAUU v U730 HPLC ST

EHEE s o= 57 0 —HSHA 5 A
PREP-ODS column (20 zm particle, 20 mm¢ X 250
mm, Shimadzu) %{Hf L, & HPLC 7%
fTo7. 227 —=V/10mMKEfE7 v €= 4
(6/4, v[v), ¥ SmL/min T/AH, 265nm @ UV
WHEICBWTE=5— Lt BizathklBRo
W, HEi5E 24 &, 10mL o4 LA. 12,
B4y 2 AT DO ERMEARREBE L, x5/ —120
L ISR S H GC-MS S3ricfit L 72,

5. ARV 07 TS T7EBRSH (GC-MS) (T
LBFEE
{4 5 & fused silica capillary column HP-5
(0.32 mm¢ X 30 m, Hewlett-packard) D/ 2 7 o <
b5 7 EITo 1. GC &R, A—T7Vild
B3 190°C 3min, 5 35°C/min T 235°C & L
7z. MS Z&f413 ionizing current 0.3 mA,ionizing

voltage 70eV & L 7z,

6. BEHMEHER

(1) HER¥E

L8 1c & 5 DNA BE DR Y 35 DEFE %
119 umuDC & {1 D FRB A JE 3 5 umu-test
¥k Salmonella typhimurium TA1535/pSK 1002 (Oda
etal., 1985) &, [EREDFEBTHICHRIKT 3 v,
=boT7 L= VICERZEERORKTH S S
typhimurium NM2009 &, Zuicxt L CEsziH
KBk, NM2000 i\ 7 (Oda et al., 1993). H&
7 3 vid 5 v bAFS9 Eis (S9) D P450 BEHR
X oiEt ks, 7Y -k Fo7 3 vdifik
KBS NG, O-7T v F VILBBEESESAMTH
% S. typhimurium NM2009 (TA1535/pSK1002/
pPNM12) I, THODFEEKEZI ST O-TEF
WELEEBER I & - THEMAL L, BERRIEDOKE
Tlhk=rLr=vaqtviEkd s —H,
NM2000 (TA1535/1,8-DNP/pSK1002) #(3 O-7
£ F VERSBERIE A oS v, Liedi-T, 89
VRN L 72 NM2009 & NM2000 4 Dfl A &b+
2, AR oEFKRT 3 v HROBEEEEEO
BOICX > TRHREMNICRIT S IENTES
(Oda et al., 1995).

2) HBRFIE

LB ki (1% Bactotrypton, 0.5% NaCl, 0.5%
yeast extract, 20 mg/L ampicillin, 10 mg/L chloram-
phenicol), TGA Ki#fi (1% Bactotrypton, 0.5%
NaCl, 0.2%, 20mg/L ampicillin) T 2 BRI #E &
n7-gFitkE, REREIC24mL 92%F L, 0.1mL
OHRYE RS L., Tol, ZhZhoilbk
o) v b ) o LS (pH 7.4) 0.5mL %
AL - REEME LS L 0FR%E —S9mix, RHHE
ALk O EA L2 123512 50 uL @ S9 [#j4) & #l
B, MIBEZBEA AT 0.5mL © S9mix A 7RANIL
te%% —S9mix & L7z, 37°C, 145rpm T 4 Hfif]
k& S BE# L 721%, B-galactosidase FEH: A HIE L
7. DNA Hfffic & b FEFR S 5 SOS UL IILE
T % umuC {113, B-galactosidase /% 3 —
N9 5 lacZ BizFERAashTVS, BHREN
DORIERE, B OFERIE, Miller (1972) iIZ & -
1z,

Aimh T, BIEZEES L7z B-galactosidase &
PEAE (A) & 0 IEEHR OEHAE (B) 2 5]\ 7ol
(A—B) Ziltfzmtk e e L, HEL (A—B)B
>1 %2 L,

7. FJ UAIBEER

/v B O HHERG R EFH NS i, L
FEKIC A Vv WA LT 12 O bl ER i fit
Li., &YV VvEhEE, REILOA T A8+t
5 TNRIGER T, P& AV Y A REX
AL, =7 %2519 225 —-5—THEPLE. R
JK2L, FEAA YV VA AEE 20mg/L-gas, [KIEGHF
fifl 10, 20,30 4%, A RHE 1,3, 50/min & L7,
RIG#%, EHICRKICHREF ~ ) v L2EA
L, BEAY v 2HELIDDL, Sep-pak Cis /1 —
MYy DICTERELE. AV VHBRICHT 5#
et RO HEFRRER L.

# ES

1. Sep-pak Cys TR I NizHokiRtikp D&

EEHOBRE

Fig. 1 i3, #hZ£h H LIRS D (a) P
it O fEEEK (b) BEER OREREK (o) iETEK
JLER % o i H KR & 0 18 5 hu 7o NM2009 # &
NM2000 #ic & % umu 5 Z + DFERAZ/R9. Sep-
pak-* ¥ / — VEFRIC X 0§ o iRy ER
(dryweight; DW) (32 hZ 1, EHEaiokh,
TRHLBXPOER 112V T 18.75 mgDW/L,
8.25mgDW/L, 2.88mgDW/L T& 5. Kbk
iE umu 7 2+ ORIGHETIC B 5 5K O BFES
KThb hoOXTRE, HFEKET I vHK
OBIizEM.ETH B & HN S 0 5 NM2009 # &
NM 2000 £ O B-galactosidase % 1l O 7 % /R~ L
fo. HEYINLER ORSALEEK L, FEEKE INY HKO
WEENARL, 0o 3EYrErng L e
BOREINBEVODOTH -7z, ZOFMS,
BEEAELRIZIC B VLT O LEAE S - 1225,
TEMERALERIC & 0BT 5. 2 LIRS Ic B W
T3, EBEoKEREDICHEH S W 2R A TO#EIR
FHERERL TVEY, EYEO A TRRES
NEBVWIENPEHS M EE ST,
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Dose-response curves for genotoxicity of Sep-pak Cis extracts of samples from nightsoil treatment

plant. The genotoxicity was assayed by umu-test using S. typhimrium NM2009 and NM2000 strains in
the presence of S9mix described as in the text. Each point (M) represents difference in 3-galactosidase
activity between NM2009 strain and NM2000 strain regarded as umuC gene induction by aromatic
amines. Legend: UF1, effluent from filtration after biological treatment; UF2, effluent from coagulation-

filtration; AC, effluent of activated carbon adsorption.
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Fig. 2. Dose-response curves for genotoxicity assay-
ed by umu-test using S. typhimrium NM2009
and NM2000 strains in the presence of S9mix
of blue-rayon extracts of UF1 sample (effluent
from filtration after biological treatment).
Symbols: @, NM2009; O, NM2000.
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Fig. 3. HPLC chromatograms of authentic heterocy:
(b) by using an PREP-ODS column. In Fig. (b

clic amines (a) and blue-rayon extracts of UF1 sample
), areas hatched represent peaks corresponding to both

peaks of authentic heterocyclic amines and peaks in activity regarded as umuC gene induction by

aromatic amines.
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presence of S9mix. Each value represents difference in S-galactosidase activity between NM2009 strain
and NM2000 strain regarded as umuC gene induction by aromatic amines.
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GC-MS chromatograms of authentic Trp-P-2 (a) and isolated Trp-P-2 from blue-rayon extract of

UF1 sample in the HPLC fractions (No. 13, 14) (b) using an Fused Silica Capillary Column HP-5.
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Samples from nightsoil

treatment plant were oxidized by ozone then treated with Sep-pak Cjs extraction for umu assay. Each
point (@) represents 3-galactosidase activity assayed by umu-test using TA1535/pSK 1002 strain in the
presence (+S9mix) or absence (—S9mix) of S9mix.
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T, Sep-pak-* ¥ / — VK DBIZEM Z 2
WL TRDSESLIEMARETH - T
ONBRIZEZ S 3V Vic X 2ERYEORIL
SRICK D EHEES NS,

£ -3
mEsh-gRdic, ZRENE ettt fd
EAFOHA 7Y w2 T I UDBFEHET ST EIRA
5N TW5 (Sugimura et al., 1983; Yamaizumi et
al., 1980; Sugimura, 1983). ZH HEREN/c~T
ad 47y 27 3 VIIRB XOEERIC—IRIE
R LT, sz Tiiansc
LA T\ 3 (Hayatsu et al., 1987). Ha-
yatsu O (3BEXANAEENT 5 C L TEETOLXR
EMEAREINT AT &, FNNT VNI BEET I/
o Eichikd 52 & AR L - (Ha-
yatsu et al., 1985). EHBOENDEEICS,
MelQ, PhIP, Trp-P-1, Trp-P-2 HD~F o4 A 7

)y 77 v, R 224 BMIRY 20, &
11~47ng, 0.12~1.97 ng, 0.04~1.43, 0.03~0.68 ng
RSN B ENHEESN TV (Ushiyama et
al., 1992). F7:, KK FEPHKPIC S
B35 Trp-P-1, Trp-P-2 RS N 375 E RIS
hThi o LI P SIREE SN TV AR A
YIERTH 5 EMHERIINTWVWS (Manabe et
al., 1989).

—J5, &R FAKBS O KR T, LG
ZREAWSKRE I N E WS WG H 5 (Saka-
moto et al., 1990). Zh S OYED—HIZFH K
TIvoLLEfEREnhTRVWE DD, AigdE
K, LR, THHKEZ oOMEEES TKPO
ZRFOREE INEE D 5. FRKPOEREME
PIE & LT, B R KL o iR AJK i
Trp-P-2 /3 2~94.8 ng/lL D EE THER SN, I
WIEHERICH 2EERE SN S J ERENk
(Segawa et al., 1993; 1994). KSH R FIRYIE H,
MK Trp-P2 DEEICLZRERIZOEN
107* ng/m? air, 107'~10"2ng/lL # — ¥ —TH Y
(Manabe et al., 1989), 0 5D &HBESH FKfD
Trp-P2 O FELHKE FEZINL, thOAHE
HArEEynEnsiin. FE55R, £LOYE
DRAY 3 FKhOZREHYENS E FHKTH

BEREL, b MR EEOHRADATH S LIK
LR AR & LA LT &/ (Onoet al,
1995). % Z TR &S hiol{zatd umu 7 2 b
HI NM2009 # K% 0¥ NM2000 #k1C & » THEET
IVHRTH B EM/RENI (Ono et al, in
press). INHDIT &5, HMEOKERBERAR D
DFEEFHRT I vick rBinEERHICBVTHL
BRI NI umu 7 2 b FEKD NM2009 # &
P NM2000 Bk TH 5 T EdRah, LK
FoEZE O BAERBEREZELOSNLHEKRT 3
v DIFAE & % OEYIF BRI B % B REDS
HExhrz, KFhTir, o0& SBEEEY
BHo— & LUmBARRPIHEET L EIND
Trp-P-2 2[EE L, LIRS TBE I B
oI S i b b OBFHROYIE S EFLE
T35 &EERLE FHh4M GCMSFHHTIC
L 5T Trp-P2 DANEES N AFERE - 7
75, HPLC-UV S Tidfho~7a44 271 » 7
73 VHOFE GBI RBIN TV S, fho~T
a¥ A4 7Yy 273 VENREES N - 12HRK
L LT, REYOEEC L BREBAP GC 2T
ZObDODOREMNEZ SN, D HEOREC
koTho~FoHA2) v 27 I VELEER
HEhAAREMAFEVWEZEZI TS, JOFER
i3, BEA RWIEEZ T ANLEE L T 28R FK
g TRIE S Wl BEEE ORI, EhO
ARHROBUYMERSHEEST S5 T L2 FIEd 5
bOLEEZ B,

L bR @ A LB K oh o Trp-P-2 JERE 13 1 g/l
A= =ThH-rt, FEMRELIAT oY A
70y 27 vEhRE EHESN S, Trp-P-2
OB DL 0.15~13.1nglg TH 5 T EHH
LXNTW5A (Wakabayashi, 1994; Yamaizumi et
al., 1980) &M, b OMBAEARKD Trp-
P2 {BHE 13 B B £ £ 0.03~2.62 ng/day - person
LEEshE, L, b A 1ug/l &S HLEH
Kb A EEEI T 501 5, REDKE
2L/day-person & LT, 2pug/day-person &iRkL T
INSTEERE ARV, 8B AA, Fig. 1ITRL
ok 9T, EBEO URLEE O KRR 3 &E
£, EMREB O SEAEAR T, ZEAEKER
B L TiRWEWT b, b, ETA

185




= |

<, B F KBS B\ T RAEYILEKI3ER
MEshhobkshsl &ndb. FTHRIKT
HO bkEE LTBUkS 23846, thakiEhT
FRsh, KIRETUEINST HEEIK % 18
LEBREREZINSIZV., L LEED, WLFEIK D
HRHOEEDE » OBSE, 5, WEKhOH
Yok, WHEOEE, &5t ORKEDH
N RWETH B, Bid L7z & 5 ICEVK OB
HBEDLDILELA Y/ VIHBERR05~1
mgOy/mgC TH 5. T OflIE, FAREKpDE
15 e #8 TOC A5 10~20mgC/L &9 nid (Ono
etal, 1992), WEKOBEICET B4V VHER
(Onoet al., 1995) &13E[E U & 720, KAInIHE
KR EEEVWAL 5.
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Enhancement of 5-Diazouracil- and 4-(Hydroxymethyl)benzenediazonium
Salt-Induced Micronuclei of Mice Peripheral Reticulocytes
by Vitamin E-Deficiency

mgE#s K HFERLED, HER
Tetsuta Kato, Shiwori Hikage and Kiyomi Kikugawa

HRUERERYE: SR
192-03 H &R/ \EFiidiz A 1432-1

Tokyo College of Pharmacy, 1432—1 Horinouchi, Hachioji, Tokyo 192-03, Japan

(ZAfF: 19955 H 11 5, SZH: 199548 H 15 H)

Summary

The effects of pre-feeding with vitamin E-deficient diet on the induction of micronucleated
peripheral reticulocytes (MNRETSs) by 5-diazouracil and 4-(hydroxymethyl)benzenediazonium salt
(HMBD) was investigated in male ICR mice. The vitamin E level in the blood of mice fed vitamin
E-deficient diet for a week was significantly lower than that in mice fed a diet adequate in vitamin E. The
frequency of MNRETS induced by 5-diazouracil (5.0 mg/kg) in mice fed vitamin E-deficient diet was
1.691+0.45%, and was significantly enhanced in comparison with that of mice receiving a diet with
adequate vitamin E (0.88+£0.29%)(p <0.01). The induction of micronuclei by HMBD (90 mg/kg) was
also enhanced significantly (p <0.05) by feeding vitamin E-deficient diet. It is suggested that vitamin E
deficiency leads to a reduction in protective ability against 5-diazouracil- and HMBD-induced chromo-
somal damage. The chromosomal damage, ascribable to the carbon-centered radicals generated from
these diazo and diazonium compounds, was effectively prevented by vitamin E in vivo.

Keywords : micronuclei test, 5-diazouracil, 4-(hydroxymethyl)benzenediazonium salt, carbon-centered

radical, vitamin E-deficiency
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7=/ — )V EHEBRORIGICK > THEL 3 di-
azoquinone £f (Kato er al., 1992), ¥iod 5-
diazouracil (Hiramoto et al., 1994b), benzenedi-
azonium ¥ (Griffiths and Murphy, 1992), PH7E+
/ ADFEMNAYE 4-(hydroxymethyl) benzenedi-
azonium # (HMBD) (Hiramoto et al., 1995) & &
U' 2-aminofuluorene & A D KIEIC & > THRK
9% fluorene-2-diazonium ¥ (Hiramoto et al.,
1994a) (3A-FRIZM4 T DNA UL, o
TERBERD T2 L TR LiRE S ¥ v

© BABRBIZ RS

CHEEKT B EEZSNTWAS (Fig. 1). —F%, di-
azoquinone %fi (Kikugawa et al., 1988) % 5-di-
azouracil (Hiramoto et al., 1994b) & £ ¥ HMBD
(Hiramoto et al., 1995) (3, #WAEYEH W in
vitro 8LV <Y 2%H W in vivo DZFRIFEME
BRICBOLWTEHTH 5 2 EDMHERINTED, in
vivo TO/MEFBIC & DNA S5UIMHER %2 H o ik
K VANVHEE LTV AHREEAEZ S 5.

HEEZELR, RESVHINVHEETEHE, U4
WAANRY Yy —"Td% vitamin E DRZHH 5 Y
HVICEERT 2/MEORBIZ M T 5 L EZ, 4
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Fig. 1. Proposed conversion of 5-diazouracil and
HMBD into carboncentered radical.

[a, 5-diazouracil # & 08 HMBD {22 W T—#OD
INGAER AT - 12, % OFER, vitamin E’RZ < U
Z21IcBVT, IMEORBICHELS ERSED 6N
e DTHET 5.

EBMEB LUFE
1. K%

5-diazouracil [2435-76-9] (1 /Kf1#1) (3 Sigma
Chemical Company RIOiflR5%, MO
Mitomycin C [50-07-7] [3FEAERE (k) BTk
ARV,

2. 4-(Hydroxymethyl)benzenediazonium i
[78246-53-4] (HMBD) DA%

HMBD |2 Ross 5 (1982) O ikic & #HRL,
Z DEE RS, EARBINZ <7 by, KRS
Iz <7 P VBEUOEGEBEI O ST
7 4 — (HPLC) 12k D {7~ 7 (Hiramoto et al.,
1995).

3. ¥R

6 i ICR Riff=v 2 (AAZ v 7 (b)) %
mmt,vﬁx&zﬁnﬁu,:ybu—wﬁu
(3 EA (4.4% KT, 7.3mg% vitamin E) (H
ARCAHE (B), vitamin E RZ =<7 2B
vitamin E K. Z & (6% KAE, 0mg% vitamin E) %
1585 % 1-1%, Mo vitamin E ORIER &
O/IMEERBRIC it L 72,
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4. MO vitamin E DEE

< Z[flih® vitamin E J&F (X Lehmann &
Martin (1982) ®5#Eic & 0 i AL L 7%, HPLC
12 & »ER L7 (Kikugawa et al., 1994).

5. IVEEER

a9y bo— VBB XU vitamin E RZED< Y
ZIcoWT, &FEEE D S-diazouracil £ 72 13
HMBD %28 ) v Bk 2 NS L, 24,
48 B L U 72 Bl o KM AR AR Bk i 7B
4 % /\ ¥ (MNRETs) % Hayashi 5 (1990) ® /5
T HE S ZHIE U 7z RMIMABR AR MR /)%
OHEEEIE, < v AR O MIKARIMER 1000 f#E
W BT A/ EEERTRIL TR, 3 b
o — VBB L O vitamin E RZE O < v IR
Ak A #S L 84A, MNRETs 3liff e &
02% LIFTH ot £havbo— Vil
mg/kg @ mitomycin C % - L 728585 D 48 Hifid]
%D MNRETSs (3 1.9% Tdh » 72,

BRELUBE

Vitamin E R Z & (6% A5, 0mg% vitamin E)
< 1 BREEE L7z <2 2@ vitamin E R
% HPLC CHll5E L 7255813 1.12£0.13 pg/ml T,
MAE (4.4% A, 7.3mg% vitamin E) THH
Ltz v bo—VvEoMmikdEE (1.95+0.28
pgml) IR TEHE (p<0.01) K@D LIDT,
Cd=w Z% vitamin E KZ <% 2 & L T/MEA
EXICHW .

5.Diazouracil @ vitamin E RZ <2 2% H W1
INGRBOFERAZ, v bB— T TR ML
< Fig. 2 127k L 72, 5-Diazouracil % 2.5 8 £ U 5.0
mglkg #5 L 12354, 24,48 BX U 12 ROV
nIcBWVWTH, MNRETSs (4 vitamin E/RZ < 7 X
T\l % 5k Lo, 5-Diazouracil % 2.5 mglkg %
124 BE%icBVWTR, a3 v o - LVEO
MNRETSs 75 0.791+0.429% T& - fcDITX L, vi-
tamin E RZET 1.32140.68% &5 1.7 fE %
L, HEAEE<005)mEHOohi. £705-
diazouracil % 5.0 mg/kg #%5 L 72 48 Befdl&Ic B
<%, 3 ho—LBD MNRETs 75 088+
0.29% =%t L, vitamin E/RZEFTId 1.6970.45%
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Fig. 2. Frequencies of MNRETs from peripheral
blood of mice fed vitamin E-deficient diet (O)
and vitamin E-adequate diet (@) after a single
intraperitoneal administration to 12 mice at 2.5
mg/kg (A) and 5.0mg/kg (B) 5-diazouracil for
each.

** and *: Significantly different from corre-
sponding vitamin E-adequate diet group, p<
0.01 and p <0.05, respectively.
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Fig. 3. Frequencies of MNRETSs from peripheral
blood of mice fed vitamin E-deficient diet (O)
and vitamin E-adequate diet (@) after a single
intraperitoneal administration to 10 mice at 30
mg/kg (A) and 90 mg/kg (B) HMBD for each.

*: Significantly different from corresponding
vitamin E-adequate diet group, p <0.05.

24, 48 12

19Dl ER L, HEE (p<0.01) HEY
shi:.

Fig. 3 i2(3 HMBD O/MEZFEFIC & IFF vitamin
EDEEIcoVW TR LERER L. 30B&
U 90mg/kg ® HMBD %45 L 72354, /IMED%
BUARE 3 L o flERRTIc B W T b, vitamin E
REZ=2YRicBVWTaY bo—LBD<YRLD

|¥ .

WA AEE S tz. 90mgkg HMBD %45

Lica, avbo—- VEEOAUER%KO
MNRETs (3 0.35+0.13%, 72 Bffiif% (3 0.35+
0.15% T&d - fzdicxt L, vitamin E RZ <7 X
T3, 24 B5R%13 0.80+£0.25%, 72 Hili% (3 0.68
+027% Z/RL, WFENHHEEE (p<0.05) HEE
Hohi.

Hiramoto © (3, 5-diazouracil (1994b) # X ¥
HMBD (1995) (3 DNA $§UlrEtE %2 H 5, 20
TERNC 3R 2 D SRR L RE T O A vhsEL B
HLTWBIEZESR ARY P AVBLUS O
Wb Z7y THIZERHOVEEERICEYDRLTVLS
(Fig. 1). £ nofb&Ynd, MEMER VL
Ames AERB L < v 22 H/MERERICB W
T TH L EE2REL TV B,

4 [a], 5-diazouracil 8 & ¥ HMBD D4 (AR I
B B/MEDFBlIC, vitamin E AR5 $ B0 E
I DT L7zAs, vitamin E (3HEARNICHEET 3
PURILAIT, HIAROBRILIISE A B L (Witting,
1980; Chow, 1991), F 7oA RIS LFHIH I
X BRA U PERFEWORBICH LT, iy,
NERBEHAEZb2EEZ SN TWS (Prasad
and Edwards-Prasad, 1992; Bostick et al., 1993;
Fenech and Rinaldi, 1994). Sarma & Kesavan
(1993) 3 r-#RBSHC & 5 = v 2 DE MK B
B /M% & QR R E OFEBLAS vitamin E 1T X -
THFIIHEShc L ME L TVW5, F 7 Oda-
giri © (1992) 13 X-#f ¥ & ¢¥ 6-mercaptopurine (T
X 2R O/ MEFBLCX S % vitamin E O
BIIOOWTRIL, 7V -5V rERHLEBL
TEH T %5 £ SH TV S 6-mercaptopurine Tl
vitamin E DRZEEMNED 5 NEh -0 et
TEVERRE 7 ¥ A VHBERORBLICES LTWw5a &
EZi o3 XARBENC X B/MEDFELHS vitamin
ERZ<yATCHEBICERLILEBEL TV S,
AEDFEERICH W T, vitamin E RZ AT 1,84
fAFdT A Licky, <=9 RMKEFD vitamin E
BEEZa Yy bo—VBD 5% I TR L 1.
Z® vitamin E RZ <9 2BV T3, 5-diazo-
uracil 8 & ¢ HMBD 2 & O FF# & 1172 MNRETs
Favhbo—=ey RICHXRTHERICEGWVEEZ R
L1, I onfERIE, vitamin E ORZ DS, 5-
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Mutagenicity of exhaust gas from municipal waste incinerator
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Summary

Th<.:re were served studies on mutagenicity of exhaust gas from municipal waste incinerators. The
conventional sampling methods collected particuler materials by filter, but many gaseous mutz;genic
compounds were found in the exhaust gas. Further, the mutagenic levels, the mutagenic compounds
their formation conditions and their decreasing methods had not been cleared. ,
R We developed a sampling method for mutagenic substances in exhaust gas from municipal waste
incinerators. The mutagenic substances could be collected with apparatus which comprised a condenser
and a silica wool column as shown in Fig. 2, and all the mutagenic substances could be extracted
completely with ethylacetate (Yoshino and Urano, 1994).

. By using the above sampling method, mutagenicity of exhaust gas of 16 incinerators were
lb;:f)atssayed by the Ames test TA98 and TA 100 Salmonella typhimurium strains, with or without the S9
ixture.

It had been found that exhaust gas of the several incinerators were highly mutagenic (Yoshino and
Urano, 1995a). The exhaust gas from fluidized bed type incinerators showed higher mutagenicity than
tl'xat from stoker-type incinerators, and exhaust gas from old plants also showed higher mutagenicity
Since m?rfy mutagenic substances were formed under conditions of incomplete combustion the.
mutagenicity levels could be decreased by secondary combustion and a sufficient supply of air ,

The ethylacetate extract of the above sampling method was fractionated by high performan;:e liquid
chromatography, and mutagenic compounds in the each fraction were analysed by gaschromatography
mass spectrometry (Yoshino and Urano, 1995a). Sixty two compounds were identified, and 28 of which
showed mutagenicity. The compounds identified as mutagenic were polycyclic aromatic hydrocarbons
and the their chlorinated derivatives. But it was expected that there were many other mutagenic
compounds in the exhaust gas of municipal waste incinerator. We should study more about the

mutagenic compounds, their formation condition and thei i i
A their decreasing methods for improving s
the waste incineration. ’ i

Keywords :
pounds

ames test, municipal waste incineration, exahust gas, sampling method, mutagenic com-
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A3, BEEOREE, FEES Ol DITBRBED
B AFI LT, —RIc, REPKR B
#E IR E L THI S N A B, TRt
+hiE RILRE L KicE TS N B, KB
DBRBER I BT RTERBRIEOTAHAL, BYL
I & » CEREEOLEMENSERT 5.
D1, AT bDDOBEEC & > TEREHYE
PR a3 T &M (Linak et al., 1989; De
Marini, 1994; 5%, JH¥F, 1995c) ShTW5. i
ETREABHOYE K k- TABEPEA X, &<
K74 —ET vV v RN AEREN
Y& (Rannug, 1983; Pederson et al., 1981; L 5,
1991) PS> TV, HEEOT + — €V
vy vHoBBoOLETOEMEERIN
3300k vThh, V) vy I YAV Y
DONHEEIIFI3500 /1 F ¥ TH 5.

—%, ZRIcHHIh AT TADOK 453D 3
HHE & W KR OIKPHER 2D RS LTV 5.
+1ibb, &S A OHERBEEIR 3K 3800 /7 b
vThD, &5IT, FEXFEEE L CERK 1E
5000 /5 b v OsEEIS TV, Thonl L
5, BEEYOHERIC X ABRE~NDA ¥v¥7 FIRH
FEgEH 2 DA ¥y P XD KRS VAR S
B

po & A, B ABEHIKOZERE IO
T, Shane 5 (1993), Nogueria © (1989),
Silkowski 5 (1992), HEf &iliEF (1993, 1994a) D
WEHDH B, hoOWMETE, KIEELTL
LA REMYE O HEPFIED SHithEn 5
FEIK & HEEE RS T & N B TRIK D28 SRR O Hg
BmEMSfThbh TV, HiAEELTR, Y4 F
L Z vk F ¥ K (DMSO) % H W % fE{E Thiti®
bEwo & (5%, T, 1993), BIKK O RIKO
EREMHE L, RITRMBEC X > TERERMS
BB ENENDPoTWE (FHE, HEH,
1994a). L L, AIKOZEFGFM A 2 2AD
ZREWICHNRTESRBEVEZZION
(Kamiya and Ose, 1987a), FRIKD ZRIFH A R
KOEREWMBEO—HHBNELIIDDHDL
£% 5hTW5 (Yoshino and Urano, 1995a). 75
B, B ARk - THERRT AHER(ES A A
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* v vHICO LT HERFMOEE & EBICRIK
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ncwa G, 1989). %1, #ili & ABEAfERX
OUAEKL LI B ERFNAERT HDEHHI L
¥4 (Kamiya and Ose, 1989) SNTWV 5.
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HicowTRIEMA, vEy iy —u=
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B Silica wool
[0 Rinse
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600 1
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|

B Condensed water

TA98-S9 TA98+59 TA100-S9 TA100+S9

TA98-S9 TA98+S9 TA100-S9 TA100+S9

Ames test

800
B Silica wool
[J Rinse

Mutagenicity(103net revertants/m3 N )

—

W Condensed water

TA98-59 TA98+S9 TA100-S9 TA100+S9 TA98-S9 TA98+S9I TA100-S9 TA100+S9

Ames test

Fig. 1. Mutagenicity of exhaust gas at the different flow rate (Yoshino and Urano, 1994b).
(Top left: N-7, 2.6//min, 1507; Top right: N-8, 1.7//min, 112]; Bottom left: T-9, 4.0//min, 268/; Bottom
right: T-10, 1.8//min, 108/, m?N: Gas volume at 0°C and atm).
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5 ATHATH S EDHRES N BB, &
SYE O HIC & - TEIBICE BT S HEIPHHL
KU, H7L0¥N% L5 TRERRUYE
REAE LSV & biERa . LEDOERD S
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ICFHEFSE T Sml © DMSO iICHAMR LIcb D%
Ames ZREMRBICH LT XV, LFES D
QEIEAI L, ek FoviBfEEiRE v n
FEw, 5B, BE BEAESHEL TV M
O ABEIEES 2D S DEFL S A A F v VEOM
0 (BRI, 1991) & Ak & DBk
EREFLTVA.

3. B HEHNHEA ROEERMOEER M

t

i & ABENIC & - THEA R ICEFURIENGEY
505 &3, 1987 FEIC Kamiya & Ose (1987a)
DL L, 7o THEN 2 DZERIFMED T ABEL
DARFERIREE L BIRA H 5 T EPRIKIC LD H R
WicEREESSVWT EERLE. £, A%R
BRBEC & - TEBRFEBRBALKIE (PAHS) B4

Heater

Probe

Ice jar

Exhaust gas duct

50ml Distilled water
250m| Condensing bottle

5ml Si¢awool column

2l/min, 1—2h

CaCl tube

or

Wet gas flow meter

Diaphragm punp

Fig. 2. Developed sampling method of exhaust gas (Yoshino and Urano, 1994b).

BRLPTWT &, ZDOERDIZ (Kamiya and Ose,
1987b) THEH & & HEtE/K & DR FRFEMED STRCLE
291 THARIEARLTWAS, F/, Victorin
5 (1988) &, BEA 2 DERIFHH TAHBEEI DR
SEABBEL W ERD O S, PAHs DEEE S
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REHARET- 5. T DR, EREMY
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TV VA R, FEED 12D D ARBBEPAM R
45— EOERFEMEHE LT, & A8EH
DA ZDHEMEHELL @BV EEZRLTWVW A,
HFEH O, W TABENPEL 2 0ERFEMOE
REPHEM: 2 98~ TH L 72 (Yoshino and Urano,
1995a). 16 # AT D ELT & ABEEIEZR OHEH 2 D
FUFRHABR 21T -7 & 2 A, Table 1 IT/RL7z&
I ERFMNED SN1ih - 1 2 ik E K
Wi 14 DR TR A S HDERFHNED Sh
o, Ef, REBTHESNBRIKOLRFM
(5%, %, 1994a) CH~THEA 2 OZRFMH
DBBBOEOT EME Sz snt, P 2DE
R ERERYE 7L — 4 v 7 VIO A

BHONEH, FRCBEHELL G0 7 L —
LY 7 M RIOZE G S B A ERISRE R
7o, #iH CABEEITH DO N BB 1L, FiTx
b — A RBEEP & RBRABEHFE TH 505, X
b — 7 BEEMP & 0 RENRABEENF D55 I AR R
JEMEDSE <, & ol WBEENNA 12 & & W ] AsiE e
Sz, L L, BEEMPOMRBDRBEAREICK S
ZiFRHohidh- .

T/, B ROEREFEME, Fig. 3 1aRL7c&
IS, HEH ZD COBEMNEL BB EEBITEL
15 B SED SNt Lichs-> T, Table2 IZ/R
Lizfliclons ki, TIRBRBEZES A&
HTREBEEAEST5TLILD COBELE
CTE, BEFEHOESTESZ L Bbh 1.

PIEofERD S, FE2BREEIC & » ZRIEHY)
BBHEREISNPLT LD T, BEEMFE O SUE PR
BEEFIC X D COEE % 500ppm LL N IR T,
ZREFEUSELSELRBIERBVI &b
Mot BB, ERILSA 4+~ ORI
Dtz IT i, CO EE % Hri% 50 ppm, HEE% 100
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HERET 570, B, ZREHABRO—ED
EERELERE LTV 3,
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Table 1. Relative mutagenicity of exhaust gas samples (Yoshino and Urano, 1995a). Table 2. Influence of air volume into secondary combustion on mutagenicity of exhaust gas (Yoshino and

TA98 TA100
Plant —S9 +S9 —S9 +S9 Air Incinerator CO concentration TA98 TA100
(11g as 4NQO/m’N) (g as 2AA/m’N) (1g as 4NQO/m’N) (g as 2AA/m’N) Plant vo:ume temperature in exhaust gas —59 +89 -89 +89
A ND. N.D. ND. ND. (m*N/h) Q) (ppm) (net rev./m’N) (net rev./m*N)  (net rev./m*N) (net rev./m’N)
B 11 16 N.D. 63 N 13000 895 300 15%10° 22X10° 15x10° 51x10°
C 14 N.D. N.D. N.D. 11000 895 670 32x10° 31x10° 50 % 10° 43X 10°
H 82 71 7 58 9000 900 1000 54x10° 36 x10° 70X 10° 94 % 10°
I 13 16 N.D. N.D. 7000 870 2000 169X 10° 147 X 10° 211 % 10° 533%10°
M 6 16 N.D. N.D.
N 741 764 91 1020 i 2400 820 2500 276 10° 352x10° 214 10° 366 10°
le) 36 50 5 100 4200 850 600 114 X 10° 111%10° 69 % 10° 93 x10°
ll; 34: N7]3)8 Nzg NS;*)O m°N: Gas volume at 0°C and 1 atm.
S 410 1060 38 1020
T 758 1980 82 1290
\% 311 613 18 367
X 710 5120 110 2710
Y 191 467 13 279
z N.D. N.D. N.D. N.D. |

m’N: Gas volume at 0°C and 1 atm.
N.D.: MR values are under 1.5.

All of the values are converted to the concentration of positive standard compounds 4 Nitroquinoline-1-oxide
(4NQO) and 2-Aminoanthracene (2AA) per unit volume of gas.

Urano, 1995b).

1 2 4 5 6

6 H, PAHs @4 b »{k (Ramdahl, 1985) 73 & & ¥ Fraction Rumber

,] Exhaustgas o LXxhTWVWA, Kamiya & Ose (Kamiya et al.,
== 1987a; 1988) (3, #ti CAHEH ZakktzE v ) A4
5 = @ TAER20 VEFRIRLI A 5 4 NV I
2 E % O Tasssse ) AT L70% 574 —IC& 0%
o< A TAt60-59 A v A7 s v EROTHBEL, RicA v 47
8~ 34 A TA100+S9 . . .
3 A v . RvEry=1:1, NVvEY I AF /) —N=
E o . _ . - UV Detector N
39 2 o 1:1 DI AR AE A THEES 2 HiERAL T >
$3 A VWA ROBKRBHL TR0 bS5 e e . , 1 , ,

04 AA ’ A . methylnaphthalene, Methylfluorene, Methylphen- HesAnd tRn Time LN

0 1 2 3 4 5 6 anthrene, Fluoranthene, Benzo-fluorene, Benzoan- Fig. 4. Chromatograms and fractions by HPLC (Yoshino and Urano, 1995b).

CO concentration(103ppm)

Fig. 3. Relation between CO conceatration and
mutagenicity in exhaust gas (Yoshino and
Urano, 1995a).

thracene, Chrysene, Triphenylene, Benzo(a)pyrene,
Perylene, Benzo(ghi)perylene 8 X U= o EL »
B EDEFFEMYHE LRI LTV,

Table 3. Mutagenicity of each fraction by HPLC (Yoshino and Urano, 1995b).

TA98 (net rev./m’N)

TA100 (net rev./m’N)

(m*N: Gas volume at 0°C and 1atm). EE013, Bz F ot E LTl ohic & —S9 +89 —59 +59
RIEMERE a0 4 HPLC 4318 L 2%, GC/MS gg ; N.D. (0) N.D. (0) N.D. (0) N.D. (0)
. " . - o = = g . 7000 ( 3.5) 19000 ( 8.3) N.D. (0) 5900 (14.2)
4. ’Jfﬂ'&iﬂ?#ﬁ ZRDERFEYME oIS L TR o [6] % & 1T - 7 (Yoshino and NO 3 18000 ( 9.0) 55000 (24.2) N.D. (0) 82000 (19.7)
BREEICPE > TR S N AERFEMMEOH TS Urano, 1995b). [EIET & o &YHE Y, Ames &5 NO 4 25000 (12.5) 43000 (18.3) N.D. (0) 88000 (21.1)
FCIRLMcShTWAYER, FicPAHs T  FidEREIC & 0 ZRFMEF -~/ HPLC I3, §O.5 AHNK) L1850) o S6l00 (23:4) LA 1)
NO 6 13000 ( 6.5) N.D. (0) 62000 (21.9) N.D. (0)

0, PAHsic » F LV EZ ED 7 v+ VE
(Harris and Remsen, 1987) > = b o}t (Holmberg
and Ahlbor, 1983) A3fHiNL A ZREHED SV

196

SEEAOY ) AF VAT LERY, BEHEICIR
50 BB F U/ ~F 4 VIR AE L, S,
Fig. 4 D270 bS50 750vav1m56

m’N: Gas volume at 0°C and 1 atm.
N.D.: MR values are under 1.5.
(): Recovery ratio of each fraction (%).
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Table 4. Identified mutagenic compounds by GC/MS (Yoshino and Urano, 1995b). AoWLT.. &7 57 e /’5:{%% LT, GC/MS i, 'flf%, 74N5— ZC.Jl - T’ﬁ%ﬁ%ﬁ’@:’ﬁ%
MW Compounds name Mol formula Constitutional 14 E@'ft"—’}fﬁ}*ﬁ’&ﬁ‘« ‘,_ E (:é_ﬁ’;: DMSO 2 & L 'C?It%‘c" hTun 5@?35'{‘. LirL, 1 2RY)
#al T, Ames ZREFMHAERZ1T > 72, Table 3 i BilbEmWERREMLBEDONTVWS, £ I TH
20 Disiloroscensghiylons Cutlech { > } C" SLnkSiE, 797 v s Y LICHERRIEGS  EE BEN Sy TERRY - 5 ATER
0 S i CouHlly OO o QBB NI TN, 7TV a v 2~61 c‘i }ETQ%’E L, E’Fiﬁl ¥ :I/T“'xi@at < ﬂhtﬁa‘
ZRFEPENED St TAS (—89) TR, 77 5 4R L, 16 hih Ok OEREME L~
212 Monochloro anthracene CulhCl | Jo 5y v 2~6IERFMNED SN, TAS % Ames ETHET 5L L bic, ZREMEMHO
190 4,5-Methylenephenanthrene CisHio Q‘O (+89) TR777¥ 3~ 2~5 (TZFFIEAEE O DEEERERA 7.
L Sz, TAI00(—S9) TR, 757 %3561 SETOMRICES L, %< OFili S AR
202 Fluoranthene Sutkle O“‘ ERFEHHSBEDON, 777 Y3 v 2~4IC@FB ROHA AL SR HOERRFEESZED SN,
236 Monochlorofluoranthene C6HyCl Bt - fohs, TAI00 (+89) Tld, 757 IR DL RENE & 1) # 2 K DEREM: D 5512 5
270 Dichlorofluoranthene Ci6HyCl, v;yr%u%ﬁﬁﬁﬁ%ben1mmqma @u%m:;;xr—ﬁﬁu&&fﬁﬁﬁfmﬁ
B RFEEE & A REYE LT BEREMSEVEASZV L, HOERTE
270 Dichloropyrene CisHsCl X7, REMHSESVEASE VI &, CO B A 500
216 2,3-Benzofluorene CyHp R7357vavORETEIALFEYEIZLY) ppm Pl kg8 2 EERFEWAE LB T &, IR
O OO BTho-71:0, EREUSBEDONIcDIE Table BEEFOKENR L TERFMLERTESIL1
226 Benzo(ghi)fluoranthene CisHio O‘.% 4 12 L 7 PAHs & PAHs 0 1~2 i Z(b4 28 ) R B > TV B,
260 Monochlorobenzo(ghi)fluoranthene C1sHyCl B CTd -7:. Pyrene % Fluoranthene O 1~3 HH ¥ 72, B CABEEPE A A O Z RIFEHYIE &
294 Dichlorobenzo(ghi)fluoranthene CsHCly (D ZERFEMEIC > W TId, KOEHRUEITB WV LT, BEFHEEZAGETORBENTVWES
) TS (1987) REE S (1984) BHE L TH Y, BRI ERIRALKTE (PAHs) Dfthic, 7KDL
228 Triphenylene Cist O‘ Chrysene, fluoranthene, Pyrene DHiF#{LY) DT BETHERHBEINTWS PAHs © 1~3 ¥ %&b
228 Chtysetis CisHi Bt ic o\ Tid, Bhatia & (1987) OENH 2 BREEATVE. Lrd, IhsofEn 22k
CJ B, THOOHEH CABEEPES 2 ORI o» OZRFEMICHT 245K KL, PAHs D 4 L)
228 2,3-Benzanthracene CisHp PN 9 PV s — =
00 | COBEIDE, 1, BREMAHEASN:  FOERNE 1 Lo & 4 5 RIFEOE RN
252 Benzo(b)fluoranthene CyoHiz ‘O‘O‘ INSOYBEDOHEN A 2RO EREMH T 3 BREHGEATIEELIONS.
286 Monochloro benzo(b)fluoranthene CyH i Cl h FERBEL BV, &51T, TA9 (—S9) KU S%13, SO ICEREHYBONEEREED
TA100 (—S9) DEHFEZRFMHEMEIC>WTIRIE 3 & & bic, ZREMYEOME & & RIFEHAR
320 Dichloro benzo(b)fluoranthene G EAERESNTOREG, Lihi-T, A%iEE  O—BoMSL @B LT EOR, e
252 Benzo(e)pyrene CyHip ETETVIEVLPAHs OEZIERLYE A R Uy BEEMER ORI S 2 W ISR PHE A 2 LB
- P — ) ‘% LT BRRFEMYE O EEER & ARIIHICBT ks EARENEE OBIRO L 0 ISR, 1
0 BUEASLE L E DN, AL A 4+ v DR SM E OMEO T
320 Dichloro benzo(e)pyrene CyoHioCly 1t, BRI YIRS E DRSS & 2D B L EHS
252 Benzo(a)pyrene CyHi OO%O 5. ﬁ;:if) Y I ) ) “ ) » ? Eﬁ%%oftﬁjﬂl X ’)"'C, nos @Eﬂ:%b’ﬁ
THBENEZ > © OHEN 2 &L Micow B o, i CABEEES 2 DReMH—ESE
286 Biftimdision s GnesHRTaE Lokt TRER% SIERCIIS S 0, ZRFEMICOVWT shal xPRLLv. AR, zokvics
320 Dichloro benzo(a)pyrene CaoHioCl O E;}:;ﬁ;;;@m%ﬁfﬁbﬂf &fe. LhL, 8l DLOBRITIETH S,
- 25 DI | D =,
252 Perylene CoHix %‘O HE# 2 DL RIEME: E’\%%iggifmgfggiﬁ & & X #
286 Monochloroperylene CyoH 1 Cl B, MRosEss & o> W TR Bhatia, AL., H. Tausch and G. Stehlik (1987) Mutagen-
e I RBSO. SCTls, CnoioUToMOR S o i e s o
N—— CpHi OO By b | {&Qa%mﬁ’&zs L. 3 DeMarini, D..M. (1994) Induction of mutation spectr.a by
276 Benzo(ghi)pery #iti BPEHHEN 2 P KGO EREH IOV T complex mixtures: approaches, problems, and possibili-
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Induction of micro-nucleated erythrocytes by erythropoietin
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Summary

Erythropoietin (EPO) stimulates red blood cell production by promoting both the growth of late
erythroid precursor cells and their maturation into proerythroblasts. EPO is a small peptide (166
amino acids) with no obvious potential to react with DNA. It reacts with specific receptors on erythroid
precursor cells to increase numbers of erythrocytes when oxygen tension is low. A recombinant human
EPO (rhEPO) was administered once i.p. to CD-1 male mice. At 48, 72, and 96 hour-sampling times,
rhEPO at 400-50,000 IU/kg induced a significant increase in the frequency of micro-nucleated reticulo-
cytes (MNRET) in peripheral blood in a clear positive dose-response relationship. In bone marrow, the
12,500-50,0001U/kg treatments induced only a marginally significant increase in micro-nucleated
polychromatic erythrocytes (MNPCE). Conversely, chromosomal aberrations were not detected in the
bone marrow cells of mice dosed with rhEPO, even at 100,000 IU/kg. Comparative studies on rhEPO
and urinary human EPO (uhEPO) showed that both produced similar chromosomal effects. When mice
were dosed with 50,000 IU/kg rhEPO or uhEPO once each day for six days and micro-nucleus
preparations were made 24 hours after the last dosing, micro-nucleus induction in the bone marrow was
not clearly demonstrated. As before, MNRETS in these mice were significantly induced in both cases.
Consequently, it was concluded that errors in the process of erythrocyte enucleation or differentiation
should be considered as possible mechanisms for the induction of MNPCE and MNRET together with

DNA damage or error in the DNA repair process.

Keywords :  erythropoietin (EPO); micro-nucleated polychromatic erythrocyte (MNPCE); micro-
nucleated reticulocyte (MNRET); chromosomal aberration

1. @ C&HIC

1.1 FRmEMEETY RORTF Y

B RS & oG M I B W T, Bk
(Stem Cell) (36t L T4 72 BETEA T o Lk
RFAER L, &R MBKARaA R « 2bd %
ZEMHISNTWS (Fig. 1), =) 2afzF v
(Erythropoietin, EPO) (3, Erythrocyte colony-
forming unit (CFU-E) & I3 5 1% 7R ZFBRATEX

FHRLICAER L, JRIFEKAHAE (erythroblast) ~ D4}
b - 4% % R4 5. EPO R{EEEERRM T T
CFU-E L ORRZAKREIGL, RiMKEE
Ems, FmEOREMERHFFTRES LY
I8 D W S ARIMERKEZ NS ¥ %5 (Goldwasser,
1975; Fisher et al., 1983; Sytkowski et al., 1984),

EPO & FRIFERATERANNG & D UL 3 ZRAEEN L
TRERIIRIGTH 0, RFIROHERE & D @Rz
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O HARBIZRIFY 2

203



ABpaA  AEPOA

v GM-CSF * G-CSF

# BFU-E - CFU-E = erythroblast —» reticulocyte —# erythrocyte

Stem Cell 1% CFU-G

Mega-CSF

- granulocyte

* M-CSF
L—» monocyte —» macrophage

> CFU-Mega —— megakaryocyte —» platelet

» lymphocyte

Fig. 1. Erythropoiesis and Differentiation of Blood Cells.

Abbreviation: BFU-E, erythrocyte burst-forming unit; CFU-E, erythrocyte colony-forming unit; CFU-G,
granulocyte-macrophage colony-forming unit; CFU-Mega, megakaryocyte colony-forming unit; BPA,
burst promoting activator; EPO, erythropoietin; GM-CSF, granulocyte-macrophage colony stimulating
factor; G-CSP, granulocyte colony stimulating factor; M-CSF, macrophage colony stimulating factor;

Mega-CSF, megakaryocyte colony stimulating factor.

2813 5 EPO OfFF SRR TH 5.

1.2 EPO O4XE

EPO 3B CHFEES O, 166 DT I /B 5
HAEEAET, ki, B2 o—FbikEH
WTEIMEBEDOR L DER L/ HD (Yanagawa
et al., 1984; Sasaki et al., 1987) DFEERE L NNV T
FHshTWi, BETE, BB
kT, so—=vrahizt b O EPOBIILF
AZHFE DR BMICEA L, KEOBEFHHH
Z®le bz ) 2o £ TF v (thEPO) NHEETE
%X 912t (Jacobs et al., 1985; Lin et al., 1985;
Goto et al., 1988) EER DI TOMHMAIREICS -
fe.,

1.3 EPO OERRMH

SREAEN L TEYPEE 2 R T Y HE ORI
HAE BB, ZREEABRE LTERLTY
% Ames X5 (Ames et al., 1975; Maron and Ames
1983) % in vitro OYEEMNA%E F\ 7o QAR
iAE# (Ishidate and Odashima, 1977) &\ - 72alBR
T3, #HT 25 E OYE I T SRR
BAREFSORY, fiIERIGTHY, B
BEICBI L TEKO H A EMERAL LBV LR
b,

EBRIC, FEHSOT- MEE RV ERE
HERER T 13, 188-6,000 IU/plate ® rhEPO (3 S.
typhimurium @ TA100, TA98, TA1535, TA1537 #k
& %\ 3 E. coli ® WP2 uyrA~ 1<} L C S9mix D
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HIIHRD O TIERBERRANDEREFFHLS
- 1z, [GIREIC, invitro 128 W T 750-6,000 IU/m!
@ rhEPO |3 CHL ®t DY v ¥ERIcHt L T,
Y RFE AR SRS b 5 7o (Yajima et al.,
1993a).

COREIC, SEREEEEIC & > THRERPRE
ERELSERINB P LT EMD, Wb E
¥, AW rthEPO (3, DNA & ENIG
AR nwEBEbni.

14 EPO O/N\EFFEEICEET 2BEMOI|E
HHOWEE L ->T, BMBFDORHERD
EPO (uhEPO) & % (3 thEPO 13H52, /IM&% 4
HARIMER (MNPCE) DFEFFEICDWVWT, in vitro
KU in vivo OEBRRERVTRIISN TV
Nito 5 (1986) (3, uhEPO A5< v 2 DEHiHIKD
PRkt L T in vitro T MNPCE %%
42 L4 L, Suzuki 5 (1989a) (&, uhEPO THi
B 2= 2T}, SMITE#EIC & > TEREME
VB B RSTEDSHE L, /MK HHBUHRE AS N
TEHEREL TS, 51T, Suzuki 5 (1989b)
12 uhEPO 75 in vivo T= 9 ZEBEIC/IMEIEGHEAR
MEk (MNNCE) #F# T 5 L HEL TV, —
, EHES (1988) 3 ES (1990) i3z hZh,
thEPO {2 50,000 IU/kg & % \ I 2,500 pglkg & W
S EEEIC B VT b < v AEHIC/ IS GHERIN
Bk (MNPCE) #FFH LBV EHEL TV 5.
—H, H—oHENEn s OHEII OV TH
RAEEYD BRI, IMEGRBROEHEIC>WTD L

peripheral blood

reticulocytes erythrocytes

clastogen/spindle poison @
X

> >
proerythroblast
chromosomal

bone marrow

RO Q
aberration ‘ . O p

polychromatic
erythrocytes

normochromatic
erythrocytes

Fig. 2. Micronucleus formation by clastogen and/or spindle poison.

L=\,

1.5 NWEEBROZERRLRE

<9 ZDEHEAE W2/ MEGERER T in vivo DR
HaERE: & L T Heddle (1973) % Schmid (1975)
Ik - THRIBah, JEAREFRYECHER
DK ERI ORI IBHEI TV 3, Fig.
2 1T |3 Hayashi & (1984) /MG ICBE 4 5 4
AXEGIH L. REOAKEEFRYEPHERD
TERBRERNC & - TRIFRFERIC QLA DU AR
DEEPHEL B E, ZOERE L TE MR
/IM% & LT DNA TR 0355, BB, /MEABRT
13, BERER O IS ARIMER A U 7o/ M o B D
5, BIRFROBYEICHERI N EEOEHE
RS B L TE S, F ., FIHE, Hayashi 5
(1990) I2& T, T2 VY v edL Yy (AO)
AR LIZRA T4 F LD = 2 ORMIMAERMER
RO IIMEGABRD T L B S hic, Tohk
EHWEE, HHEH TEL, BB Sthod
I 2% THIRFRRICE C - 72 BIEZFHEL/IMEE
LcRibcE arREES A T .

2. EPOICK>THEREINIBHIONETE
#FRIMER (MNPCE)
rhEPO X O uhEPO 12 & > THFK S W 5/ K
KO WTEHE S OEREREPLICENS, FER
HageF— s BITEOFMIEES>ORF
(Yajima et al., 1993a,b,c) 28 ZlIc & Nt o,

2.1 #HEBMELLTHI: EPO

rhEPO (3t  EPO Bz fZ2EA, FHBESE/
ff~ & 2 ¥ —BH¥KBHK-21 % KEREBEK Z D
L& D, uhEPO BEIMBEDIRKL D, FHEEHIM
Horo<er 7574 —2HVTEThTNIERL 72
(Yanagawa et al., 1984; Sasaki et al., 1987; Goto et
al., 1988). rhEPO ¥ X UF uhEPO DOEMHE 1Z
RP-HPLC i X 2HEBAEARETZETNLT N 9%
BLUI5% LI ETH - 7. thEPO ¥ L UF uhEPO
i3, FhzEh, £ MIET VT 1 v (HSA) 24
HFR AR THR L 72 0.25% HSA-Saline 3 & U
PBS WL THRL 7. HEBRYIES L Ot BYHE
TR SRR L 7o, BeGREEK I ARIEAN (p) &
Lz,

22 (EREMW

HAF v — VR« ) N—FA24H 5 78D
CD-1 %&fft<=w 2 (SPF) # A L, 1K DK
B e BIfbkABR It L. REF6VLAMEAL, fd
¥HZ CRF-1 (V) = v 5 VEERF T KR A,
EKIZERKE 7 V& — (FLER 0.45 um) j§
WLALbOEZNZTNHEICEE &1,

2.3 BREEFREROER

EPO D= Y R B AMEEZKRD 5 T &
DRI - 72D T, HEEEERAR (501UKkg) @
1,000 124243 % 50,000 1U/kg % f /e 4RE & L,
& 51T 25,000 K TF 12,500 IUJkg D 2 FI & % % 5E
L7, Bitbxtidicid, <=4 k<4 ¥~ C (MMC)
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ZHWE, EHEOBREKEAL Schmid (1975) i
- T= o RICHERSH% 24, 48 KU 72 Rl
VEBY L 7o B BRIk % o [EE A 13 Hayashi ©
(1983) D H G -> T AO. et fT- 1.

24 HERS5HROBHICETS MNPCE

BRicib Rtz k9T, ARENIEROHXD S
12 EPO Bijhif5.ic & 2 MNPCE F¥IcBd 545
#FE—MERVTVE LD BN DT, &
¥, HEMAHRT AENL D, 2 008D »
b G-002A B X ' G-009A i > W THEREIT -
1.

£EH % Table 1 127k L7z, thEPO #51C X 55t
THlIRBIE S NS H - 2. 24 BifEl% © MNPCE
HBIERIE, 12,500 & 50,000 1U/kg @ G-009A 5

BT, 2hzh, 0.28% (p<0.05) B XV 0.27%
(p<0.05), 48 H:fii% > MNPCE {833, 50,000
IUkg @ G-002A ¥5HFTIE 043% (p<0.01),
12,500, 25,000 3 & U 50,0001U/kg D G-009A £
5MTI3, FhFh, 032% (p<0.05), 0.35%
(p<0.01) BLY 042% (p<0.01) EHEITHEM
L7-. PCE Hidiio v b & 54 24, 48 B &
O 72 B TR 18 A - 12,

wic, BETHEZ RO rthEPO & RARITH
%t b REK® uhEPO (2> W T HIER%1T -
#-. rthEPO $ X UF uhEPO £¢5.1c & 2 S TH1 138l
XN -t Table2 iZ/R L7k 9 ig, rhEPO
B LU UhEPO IT & %, M FHICAETI® %
DSBS MNPCE HHBIR 0 BnAs, £ TOHE
ARERHET—o L Lo icBlig s /. 50,000

Table 1. Micronucleus test in bone marrow cells of mice treated singly with thEPO.

Chemical Time*  Concentration (IU/kg) N::i‘;:s"f MNPCE/PCE (%)® PCE/NCE+PCE (%)
thEPO 24 0.00° 6 0.10£0.09 559+ 1.3
G-002A 12,500 6 0.2240.15 513+ 9.1
25,000 6 0.1240.13 47.6+ 4.9
50,000 6 0.20%0.13 47.8+12.1
G-009A 12,500 6 0.28+0.29% 439+ 8.6
25,000 6 0.2240.20 517+ 6.6
50,000 6 0.27+0.22% 48.6% 8.5
MMC 2.00 (mglkg) 6 437+ 1.11%K 352+ 6.8%*
rhEPO 48 0.00° 6 0.12+0.12 572+ 42
G-002A 12,500 6 0.23%0.08 512+13.1
25,000 6 0.22+0.21 55.5+11.1
50,000 6 0.43+0.30%% 525+ 9.7
G-009A 12,500 6 0.3240.23% 56.9+ 8.0
25,000 6 0.35-0.26%* 45.6+ 9.1
50,000 6 0.42+0.25%K 577+ 1.5
MMC 2.00 (mg/kg) 6 4.10%1.15%K 144+ 7.0%*
rthEPO 72 0.00° 6 0.180.15 51.5+10.0
G-002A 12,500 6 0.2340.16 540+ 8.7
25,000 6 0.27+0.19 550+ 9.8
50,000 6 0.20%0.19 60.0+ 4.9
G-009A 12,500 6 0.28+0.18 549+ 9.6
25,000 6 0.23%0.08 614+ 1.5
50,000 6 0.27+0.21 51.0+ 5.3
MMC 2.00 (mglkg) 6 0.25+0.19 21.9+15.8%+¢

* Sampling times after administration.
b MeantS.D.
¢ 0.25%HSA-Saline, referred to the manuscript.

4 Significantly different from control by the method of binomial based Kastenbaum and Bowman (1970) (*; p<0.05,

**, p<0.01).

¢ Significantly different from control by Dunnett’s t-test (1964) "t p<0:01).
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Table 2. Micronucleus test in bone marrow cells of mice treated singly with rhEPO and uhEPO.

Chemical Time*  Concentration (IU/kg) N:l'l'i‘:l‘;:f MNPCE/PCE (%)® PCE/NCE+PCE (%)
thEPO 24 0.00° 6 0.13+0.12 53.4+7.3
12,500 6 0.30+0.20% 44.1+52
25,000 6 0.13+0.08 51.8+5.7
50,000 6 0.20+0.14 54.8+5.3
uhEPO 24 0.00° 6 0.12+0.24 51.4+8.5
12,500 6 0.20+0.24 50.6+4.7
25,000 6 0.32+0.19% 49.5+8.1
50,000 6 0.13+0.14 49.2+3.0
MMC 0.50 (mg/kg) 6 1.17£0.48%% 50.6+7.0
thEPO 48 0.00° 6 0.07-0.05 49.8+4.8
12,500 6 0.23+0.20% 49.1£7.9
25,000 6 0.32+0.21%* 47.9+5.1
50,000 6 0.18+0.15 47.4+6.4
uhEPO 48 0.00° 6 0.08+0.12 52.4+3.5
12,500 6 0.33+0.19%+ 45.8+2.5
25,000 6 0.28+0.19%* 47.5+58
50,000 6 0.28+0.21%+ 39.8+5.8++
MMC 0.50 (mg/kg) 6 0.32+0.18%+ 48.8+3.4
thEPO 72 0.00° 6 0.08+0.12 543438
12,500 6 0.20+0.11 56.4+4.9
25,000 6 0.22+0.13% 54.3+5.9
50,000 6 0.27+0.15% 54.4+6.1
uhEPO 72 0.00¢ 6 0.07+0.08 52.6+6.6
12,500 6 0.13+0.10 56.3+1.8
25,000 6 0.18+0.17 55.9+4.5
50,000 6 0.25+0.10% 54.5+3.7
MMC 0.50 (mg/kg) 6 0.20+0.09% 522439

** See footnotes to Table 1.
4 Phosphate buffered saline.

¢ Significantly different from control by the method of binomial based Kastenbaum and Bowman (1970) (*; p <0.05,

** p<0.01).

! Significantly different from control by Dunnett’s t-test (1964) (**; p<0.01).

IU/kg ® uhEPO #¢ 5. Bf D 48 Btk ic B LW T D
&, [P vEXI IR (524%) L THER
(39.8%, p<0.01) PCE LDV % /KL 7z (Table
2).
Piko &9, Bz FH#aZ o rhEPO & K
R TH 5 e b REKD uhEPO b EHICE T 5
MNPCE FHEEIMENTH D, HEHK 48 Fffic
BEEBML I EBEh-1. L, HEERD
MBI A EE L & %, B E LTH
Wi MMC 78, Hy51% 24 BsRic v v — 71K
fiti % 7 9 BfE 7T MNPCE FRHERE % #i W 12 o 3t
L T, EPOIC & % MNPCE ##H#:F 13 RIHIE T
HOHBEEOZ LVWHDTH -7, T 5T, &l

KFThdicbiirbod, EPOOESICL-T
PCE LLOBERBENMIZED Shiih - 1.

3. EPO (L& » THERSNZKRBMO/NEEHKR
¥ (MNRET)
HWERYE, Y, BSERGEHIcBY 5/
R & [E—5 M TiT - 12,

3.1 FRigMm#ABFRMBK (RET) REDIER

< 9 Z RET I 8 1F 5 /N% A B 13 Hayashi 5
(1990) D Hkicht - 7z, BlH, 400-50,000 1U/kg
O rhEPO % Hi[n|i 5%, 0, 24, 48, 72, 96 B LUV
120 Byfalic BERI 0 B o £ i #ic & 2 KEIME & 0
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5-10 ul DARMIMKERIL, FHAO0. T—h%
MLIcAS5A4A FHIZEICBEFL, AN—=H#HF R
AR, TDRITA FH I AEGREFT TR
Bk, BH, SOLEAMEE N TR L 7.

3.2 HERS5HOFRBMICHE TS MNRET

rhEPO ¢ 5.1c X 2 CHlI3EIE S iy - 7o,
fERA Fig. 31Tn L, REEGHICB T 256
hal: (0 B5f5) © MNRET MBS o S E 13
0.12-0.18% T& - 7-. 400, 2,000 ¥ X 10,000
IU/kg @ rhEPO iT & - T#HF & N/ MNRET
BISARE (13 5.5 48 B IcANMEICEL, ZhT
h, 0.48 (p<0.05), 0.72 (p<0.01) B LT 0.68%
(p<0.01) &7 -7, 50,000IUkg T35 72
Bilic i Al IcE L, 0.95% (p<0.01) Z/RL 7.
Py 5.1% 120 B[ < 12 4 thEPO #¢5-8f ® MNRET

1.5
a
)
b: 1.0
b=
=
&~
4
s 051
0.0 T T T T T
0 24 48 72 96 120
20.0
15.01
S
- 10.0
=)
&
5.0
0.0 T T T T T

0 24 48 72 96 120
Time (hour)

Fig. 3. Frequency of micronuclated reticulocyte,

MNRET (a) and ratio of reticulocyte to 1,000
of all the erythrocytes, RET ratio (b), in
peripheral blood of mice administered with
rhEPO.
CD-1 male mice were i.p. administered once
with 0 (O), 400 (A), 2,000 (H), 10,000 (&)
and 50,000 (V) IU/kg rhEPO at Oh. Every 24
h after the administration, the preparations
were performed at 0 to 120h. Each point is the
mean from 6 mice.
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WBSAE 3Ny 7 75 Y FLRXLVETEFNLE
(Fig. 3a).

Fig. 3b 127k L#obkic, KEED RET Hof 5
Dt 13 3.3-4.8% TH - 72, 400, 2,000, 10,000
£ X0 50,000 1U/kg thEPO ¥¢5.8d RET i3 %
nzEh, Hr5#% 48, 72, 96 B XU 96 I THRA
ff, 8.4, 104, 12.3 (p<0.01) BL V¥ 18.2% (p<
0.01) 278 L 7z. 400-50,0001U/kg rhEPO #5#f
@ RET [hid# 5% 48 (p<0.01), 72 (p<0.01), 96
(p<0.01) B XV 120 (p<0.01) BT, HELH
Bk AER L. T 5 ORET HRB&RS®K
120 TRy 775 Vv FLRILVETROGR
ot

Fig. 4 1C13, rhEPO Hi[n|f:55% 72 Wil Bi%
XN RIMD A.O. defhic & 3 3R EAMEE 5 H %
R Utc, xtIEBE (Fig. 4a) T, —HRICEHUFAES S
B ER A SRIMEK T dH 5. 50,000 TUKg
rhEPO ¥t 5.4% 72 i (Fig. 4b) T3, BkEK D
RET 8 A.0. Ick » TRz, AL vyl
YAk %t (RNA & A0 OXIBICEB) LTW
%. Fig. 4a & Fig. 4b & OEWNLED S b,
RET LoO¥INBAESIcHE T 5. [MLHEAET
B OMEE T (DNA & A0, DRIEIZ L 3)
LTWAD IO TH 5. Fig. 512U,
50,000 1U/kg rhEPO ¥:5.1% 72 BEficBigE s hic
MG (RED ARL7. BEDOHBEL/MED
REEWBAYE—THEEBbh 5.

iz, EPO T & 5 MNRET O H{BIR 0 H Bl
75 & % %5 L /- MNRET AR K BT 2/
B2 5 HM, 25 0, uvhEPO A3
thEPO & [d)#fiC MNRET 2R 50 E 5%
FAND iz, = v Z2EFEAIC 50,000 IUkg D
rhEPO & 5\ |3 uhEPO % Hi[alft 5. L, &
WEERA 1T - 12,

rhEPO 35 X O uhEPO #:5.1c & 2 L1131 E%%
XNt ot FEHR% Fig. 6 IR L, REFO#
5 RtaH > MNRET HBISHE 13 0.13-0.33% D
PHCd - 7c. rhEPO 3 & OF uhEPO 58 DK
MNRET H B 33k 48 BRIRICEE S 1,
Br, 1.2 BL0V087% AZ/RLTc. THhoDff
12, [EEETH B 0.25% HSA-saline O [a]—HE
AFRHUERE (48 B5f]) 1c 1) 5 MNRET HiBUH

Fig. 4. Supervital staining of peripheral blood of the CD-1 mouse administered with rhEPO.
Peripheral blood of CD-1 male mouse was obtained by piercing a tail blood vessel at 72h after a single
i.p. administration of 0.00 (a) or 50,000 IU/kg rhEPO (b). Five or 10 ul of peripheral blood was placed
on an acridine orange-coated slide and covered with a cover slip.

Fig. 5. MNRET in peripheral blood of the CD-1 mouse administered with thEPO.

Various sizies of micronuclei were observed in reticulocytes at 72h after a single i.p. administration of
50,000 IU/kg rhEPO.
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Fig. 6. Frequencies of MNRET (a) and RET

ratio (b) in peripheral blood of mice treated
with thEPO or uhEPO.
CD-1 male mice were dosed once, i.p., with
50,0001U/kg rhEPO (A) or uhEPO (H).
Negative control (O) and positive control, 0.50
mg/kg MMC (@), are also indicated. Pre-
parations were made at 24 h intervals between O
and 120h. Each point is the mean from 6
mice.

FE(0.18%) 75 & Ui, B OR 5 HE K O
MNRET H B E (2 2 h, 0.19% B LT
0.33%) L HE L T, &L (p<0.01) @fHTdH -
fo. #& 5 % 12085 [8] T (3 £ hEPO# 5 #f ©
MNRET B 30.18% &Ny 2 75 v N L
NUVFEFTET L 5% 24 KflicB 1 % 0.50
mgkg ® MMC £ 5 Bf @ MNRET i} Bl % (3
1.43% (p<001) %/xL, WASHIEEHEERT
& - 1z, Fig. 6b 1T/ Lckkic, RBEORGBHIGH;
@ RET H. (3 4.1-6.5% D #ipH <& - 7. rhEPO
B £ W uhEPO O 5 DR KRET bz z v 2
H, 2 BL U6 Bk ICHIE SO, 84, 1578
XU 143% 2R L. T ODIER, FFIET
» 5 0.25% HSA-saline DREEAERHUER 1< 61
% RET lL&, /o, BBFORGHIGIFO RET L
EHHELT, AEL @<001) GlTdH - 1.

Ih o# 58O RET i3 & 5% 120 B ] < 13
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Wy 2753 FULRLVETRLME M- 7. 050
mg/kg MMC ¥:5.8 @ RET H3 b L
OO, XEEHE L THEER S - 12,

PIED & 51z, rhEPO & uhEPO & KASIMICH
\7 5 MNRET F#AeIC3EBEMESH 0, WE L
blAEOEM AR L. Lrd, &5%48-72
Bl ic ik KA/~ L, WHETHBEKOH %
MNRET FRHEFS A\ 72, & 51T, RET Lot
f» & rhEPO & uhEPO & 88\ & LK 7T & %
T EARE AN, RET Lo inE RTHE b
BRSO,

€ 104a
5 : :
2 os [0 MNPCE \ 4
S B MNRET X A
5 0.5 - 3 K
=} N
8 * : W
= 0.2 2
Z ) X
= 00
Saline rhEPO uhEPO
60-(]b
& 50
E 40 P
o 30
=
= 20 +
&)
-9 104
0
Saline rhEPO uhEPO

Fig. 7. a: Frequency of MNPCE (open symbols)

in bone marrow and MNRET (closed symbols),
b: PCE (open symbols) in bone marrow and
RET (closed symbols) ratio in peripheral blood
of mice given EPO at 50,000 1U/kg once each
day for 6 days.
CD-1 male mice were dosed i.p. once each day
for 6 days with 50,000 IU/kg rhEPO or uhEPO,
and micronucleus preparations from bone
marrow and peripheral blood were made 24h
after the last administration. Each point is the
mean from 6 mice. *p<0.05, **p<0.01, when
compared with control group treated with
saline by the method of binomial based
Kastenbaum and Bowman (1970). **p<0.01,
when compared with control group treated with
saline by Dunnett’s ¢-test (1964).

33 EFRREZOBHSLURBMICHETS
I

Lt L AREDOEREHNT T, CD-1 =Y =i 1
H 1[a], 50,000 IU/kg @ rhEPO ¥ 7: |& uhEPO %
6 Hif GRS L, &G S 24 BRI EHE
BHEA L L OARBIMEAZER L 7.

HH#icH1 5 MNPCE 5L U PCE L, K50
ICARMSIMIC 31 5 MNRET % & O RET D4R
% Fig. T1T/RL7z. W o EPOH5EIcB L
T bH & MNPCE & MNRET D FEFEMBAD 5
f723, MNPCE OFEFRIE DEEMAMEN TH -
fz DI, MNRET D ZFEFRSARE DN EEE T
»H -1z,

I I T/R& N7 MNPCE HEBUE 13, EEO
OHREICBI 2HRT— 7 L0 ELITEHVEE
Tdh - 1. WEFEET EPO 58D MNPCE i<
A oNkBHEZL, [6EXH (Saline) B
F—& LB L TERE . EKFERM S - .
I51g, COREBTIE, EPOREHO<TY 2D
RET eSS A icEim L 7248, W C~<9 2D
PCE 1t EPO 50822 TWidh - k.

4. BEEMBICEITILEEAREERR

B8 517 5 MNPCE QIR 13D 15 - 1o
boo, KiEIflic B 5 MNRET O FFHE O
BN ASHARE 72 - 72 DT, EPO-ZAMEMN b 2 FHi
MBI 3 1 B Gtk 2T~ 7.

4.1 BEEMRERV-EEEEROER

getrR RN HER T, /IMEAER I W 7 50,000
IU/kg D 2 £ & % 100,000 IU/kg % % 5 14 &
L, 50,000 ¥ & ¥ 25,000 IU/kg ® rhEPO % Hi[n]
85 12, 24 B XU 48 Biic = v 2 O B RfHA
R L. CoBMiaz, SR 0.2 1g/ml
® Colcemid (GIBCO) % & & Hfaks ik [Eagle’s
MEM (2 20% (v/v) DHRGHFIMEEZMA 1z b D]
& & HiT, 37°C, 20 4rRkEE L 2. Colcemid MLFE
RO RRLEE 21TV, FEfE-2 7 /7 — V[E
ek, WHEOZESFMRDIT & b Gt A EA L (ERY
Lz,

4.2 BREHEBOLEEREE
RSB TH 5 100,000 IUkg 128 W\WT AL
Bl S NS h -1z, <=9 ZEHMCE T 5

Table 3. Chromosomal aberration test in bone marrow cells of mice administered with rhEPO.

Number Number

Incidence of chromosomal aberrations (%)®

Time* Concentration

of of cells Chromatid Chromosome Total  Poly (%)°
{hr) (IU/ke) animals  analyzed & Others ———— ki
ctb  cte csb  cse +g —g
12 0.00? 6 300 37 13 03 1.0 0.0 00 57 27 0.0
25,000 6 300 33 1.3 00 0.7 00 00 47 20 0.0
50,000 6 300 43 13 03 0.7 0.0 00 63 23 1.0
100,000 6 300 30 0.7 0.0 0.7 00 00 40 13 0.7
24 0.00¢ 6 300 27 03 0.0 1.0 0.0 00 33 13 0.7
25,000 6 300 40 13 00 03 00 00 57 17 0.3
50,000 6 300 27 27 00 07 00 00 53 33 0.7
100,000 6 300 23 03 03 1.0 0.0 00 40 1.7 1
48 0.00? 6 300 33 07 0.0 03 0.0 00 43 10 0.3
25,000 6 300 20 13 0.0 00 00 00 30 13 0.3
50,000 6 300 1.0 1.0 00 0.7 0.0 00 27 1.7 0.3
100,000 6 300 0.7 00 00 1.3 0.0 00 20 13 1.3

* Sampling times after administration.

® g; gap, ctb and cte; chromatid break and exchange, csb and cse; chromosome break and exchange (dicentric, ring
formation etc), others; (fragmentation, endoreduplication etc) Total; frequency of total aberrations, +g; including

gaps, —g; excluding gaps.
¢ Incidence of polypoid cells.
4.0.25% HSA-Saline.
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et KR E RO A Table 3 1IZ/R L 7.
25,000-100,000 IU/kg @ rhEPO (3~ 7 2 &l
2t U THEE R ORI b IR BT b3
L1/ o 1z, PCE IZHF 5/ %L proerythro-
blasts T2 -~ P BEERFEOHERTH 5
(Heddle, 1973; Hayashi et al., 1984) T &AL 5%
FAN SN TW A, EPO-SZAENH 513D
BB TE R D rhEPO 5.1 ffb & § 4Bk
IR TE S, 1

5. ¥ =

BN 13 © DR RZAEEN L IRIBZE
40T, EPOS EW%K<@hx%£E$ﬁm

5T CHL AR & b D ) v 3¥BRA F W - 4eth
(K55 E0ER © (2 rthEPO DB inE i = M ks
W EMTFRlant. ok, F#FES
DFERTH, Ames AAER in vitro DGEIRTHR
ER T3P DFER TH - 2 (Yajimaet al., 1993a).
L» L, rhEPO B X O uhEPO (3 in vivo T/M&R
MERZFEFH L 1.

% 7z, thEPO & uhEPO T & 3 MNPCE #
MNRET DO FEF B4 3 LEGRBROFER» 5, 7]
MEKIC 3B B/MEHEFR 13, RARBICBE FHHA
Ricffb 5 ¢ ERIC S EMIC S EPO it L 7o
WHTH D LERmTEL.

L L, AHXTxRLZKEPOIC & B/NMEDH
FAERICIE, 4OOFEMAEL. & 113, PCE
B3 5/ % 13 proerythroblasts T2 & - 744
AR DR TH % (Heddle, 1973; Hayashi et al.,
1984) T ENLELZFANR SN TV A0, EPO-
wESS B RITOBHT, SHEDEPOKEIC
Fb o FYREERE PR TEE L& B

23, EPO (3 MNPCE & v Wf§ 7S FHBIRGEH O
55MNMH&§%Lt:&.%3m,mwﬁ
EilANVEYTHBICHHED ST, EPO TUHE
ENhtcw 9 2T, KIEMO RET K72 A8
L, B#ioPCEHBHEMLIE»-72 &, 5B 4
3, MNRETDE— 272 RET DE— 7 X 0#24
BRsEIT L2 & TH B,

gefn (KT B AYE T L HALEY OB
fikic BV TIZ, /M%ZIE myeloblasts X myelo-
cytes, erythroblasts 75 &ff 4 OffgfE THIZ I N
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(Schmid, 1975), ZEfAFRFE b RIBICIRIMERLIA
Offifac b SN 5. —7, Hayashi 5 (1984)
3 BB O PCE /MDA U % 7o 1T I3LF)
Bk DY BOERENK S EBMEATH S C
LAFELTWS, LiL, EPO 3% DZEED
FHICHED S TEHMP oM Ok R 2 FHR

L7k o1z,

Suzuki & (1989a) i3, EPO iC & %1[flid DNA
BEEMREE TN SE, ZERICK % MNPCE #
FOWLAENSE 5 EEELTWVWAS, Kirkland
(1991) 13, EPO 51 & » THEIMILESE T %
&, RULEESHY) & HER U TR A o8 < [mlEn
L, FRFROEHZROARPHFRCBVWT, BA
IKHETH C % DNA HFE I3 2 EEOEAHR
DU, IIMGERSAE SRS 5 LEAL TV 3,
7t > T, EPOMLIRIC & B /Mg DN E RN 15
BizEcLsboTRBVE I ICEbN.

&L, thEPOTE L - 8P icke C » &«
MNPCE % MNRET O Jii [K A3 58 T & - 72 42
AR Th L, REEETEEC LcHiao
W< on i3SI, PCELhE RET lhidzh o0
yclilEsnsidzdcd s Lrl, ZEENH
VHTUEL B OBRHTBEINS LI
PCE tho#lifi|id 75 <, FHFEZH S EPOICL - TH
REINT/IKIERTORBARE ICERT % b
DTEBWEERL .

D FFICOWTId 1 7 DAJREMEZHER T 5
DHTHD. —Hic, RET Hoain i3z
#FHX &, rhEPO OFEM) & L T3 E#Ed D aRIMER
ATERAARE S T8 <, BB X 5 73 fth oD g ififigk
P OFRIMBKATERME B L L N IF7E 578
W, rhEPO THLEE L 728D RET B TS
< Mg O FRIMBRATERFEAE A S 43 b L 7o aTREMEDS &
3. BEANENSEEC 5 &, Bihodmk b%<
D HRFR/IMEHE U 2 AJREH RS VWD TH A S
7. &L, MNRET &/EMABEE L TWBD
Thhid, FH S DEIE L 72 MNPCE D%
Suzuki & (1989a) 23Ei%K L 7 MNNCE (&, &%
PISA o & A 2S (< 3k 9 5 K1l © MNRET
PEHhAER Lz knEbEZ SN 5,

AN AERET 25EHRE LT, EPO%6H
fhds 5 U 72 = v 2 O g OR K& CHEX E &

Table 4. Absolute and relative spleen weights for mice dosed repeatedly with thEPO and uhEPO.

Chemical Concentration Number of Number of  Absolute spleen weight  Relative spleen weight
(IU/kg) administration animals (2)* (%0)®
Saline 0 6 6 0.13£0.06 3.58+1.55
thEPO 50,000 6 6 0.52£0.09%* 14.2742.78%*
uhEPO 50,000 6 6 0.59£0.06%* 16.0471.94%*
* Mean=*S.D.

b [Spleen weight (g)/body weight (g)] X 1,000, Mean=+S.D.
¢ Significantly different from group of saline by Student’s t-test (**; p <0.01).

s, AR SO 5 51T L 72 (Table
4) TEMBFONDE, 6T, EELWR, O
EPO #{zF 2 M A BN > THALIL A
Z 4 — DA% X — K< 2B L, thEPO @
HGHRBEA RS . T ORR, MBEEOBN
ORI 3 B BEE 1S BEANE IR 2 R ERA AR
ICb@EHi, Lirl, Migicis i 2 MNPCE O
BISAR 13 E#1c B 1 5 MNPCE O HEBISERE & (6]
BETHD, REEREORHNTICEETER
H» - 12 (Yajima et al., 1993b)

s T D BEAE I & Gtk R DS EBS O
137» - 12 DT, Kt © MNRET 38 kg
ICHIK T 2 alREE 2 HEE A /2. COAREMEH
BRETLBINERSRVERLE LTR, =9 2B
Btk O RIS EMANGIC in vitro T MNPCE %23
5 ENTEIHE (Nitoeral., 1986) &, Hf
KD EPO T & » THIB S N, BEL foRIFRRIG
‘ BRrhc * AERIER L, 2REKS 120
| (2B (skipped division) L7 &4 Z#i4 (Hira-
shima and Takaku, 1964) 228155 C &S TZE 5.

erthroblast ??

peripheral blood

bone marrow

Fgi. 8.

MNRET ® ¥ — 7 A RET @ ¥ — 7 & 1 24 B[]
FfTlLic ictd 2 @4 EHEMPELT, o
skipped division 2281} % Z L 93T & 5. EPO (3R
HIRDOBAPIEIEZ(E L, Btk TolrHisRk %
%9 (Papayannopoulou and Finch, 1975) L, RET
DEHD S DK% (E#E (Chamberlain et al.,
1975) 45 & s, RIPRFERO—EH5%5 L
AL, Btk L, FEREHE L 2o B ok,
MNRET & U TREIMAP K S 05 A fedE b8
ZEzont b0, FRFEKCHLTERL» S
DO REDSBRIGIC R E - 22AaIcid, B¥PT
itz 3ic, Kb clitkd 52 &2 FRlTE
BKWTHAS D, EPOIC & » TEBEt TRl
NIk OFRFERIE, HRL, BkL, Kid
~NEHE N, 24 BEN THERT 3/ A
WRET & LCieBAT & 5. EPO iZ & % MNRET
FAERICB T 2 HERRIL % Fig. 2 ICHEX TR
L7cbDh Fig. 8 TH 5.

VIED X5 5 #ElH» 5 rhEPO (3 IHRE S FHEIK
FEMDH 5 MNPCE %2 FF L 13 - - aJhEdEHs

error in

enucleation ?? retlcnlocytes

erythrocytes

(:’ 00O

y T.o QUESH ¥ QR ovA--Q-é?gAQ-

stimulated by EPO . . D6 O O O

y zx::> @%éﬁ@()g) 95

@ »@» xk:ppeddlvmnn enucleatmn O O O O
2200 5C

proerythroblast @ @ ( Op OOO

”“ &0 0700

normochromatic
erythrocytes

polychromatic
erythrocytes

Micronucleus formation by erythropoietin.
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&% %. MNPCE FEFICBEd 5281k S (1988) L H
F 5 (1990) DFatEAE R & EH O OBGHAER D&
WA FHEICHIRT 20 REL WA, FEHESOD
MNPCE F#ICBd 2GHEREF ) ¥ ) O
P4EHR T4 5. MNPCE ®° MNRET O 3% ¥ 5 K
& L TIREEDODRPBULEFIC W THRIRET
BZ5ZDNAHEICHT IBEEOKZORD
(Kirkland, 1991) (70 T, B MEDE
MTzs-—MI 2 bEE T & TH 5.
fic, BEAGEMTHias#E AR TVWIELT
b, BiEPMETRRI 35—, B TOMEI
LEIL & D/ MEE R o rlfErE & L <BIGT
3139 Th 5. #I T, MNPCE ° MNRET 4§
DEENILBIZFEERIRE» D T, BKe
SMEDBIE TR > 72 = 5 — DFER EHER L 72,

6. HEH Y IC

EPO 73 CFU-E FORFRIIZHERLIGL, 4
HIERMREEEMEE 5 E2FIRE LT,
EPO iC & 2/M&OFEF & U TRH, dF, [
NI (Anagnostou et al., 1994) A
I (Masuda et al., 1993) i & EPO-ZZIADIFLE
DBHEENTWS, £, PAMHEBEZEFELT
¥ 5T\ B retinoblastoma i&{z T (Rb) % gene-
target A THIEL, & EXREIZ Lo~y A gk
14-15 HE THRLT L, RO E L&
MmMHFcHEEZRLTVE Z£LT, TORb
/2T =Y RATREKORIMMBRAEENL T
W7z (Clarket al., 1992; Jackset al., 1992; Leeet al.,
1992). & 5iZ, Rb 3EKADEIMPIRIABKS LI
bEIEELTVWAEWVLHIHE S H S (Condorell et
al., 1995). Th o DKL FEE S OUIFLH L Dk
CBET 2O RAEEROFETH 50, TnooD
H7eh 5, b b OKMMZERS 5 MEROEHIT
(¥, CFU-GEMM (erythroid, granulomonocytic,
and megakaryocytic colony froming unit), BFU-E
(erythroid burst froming unit) > CFU-GM (granu-
lomonocyticcolony froming unit) 1ZFH4 9 5 K
SHBASEAE L, T h S Offaid EPO IC & 21k
B b/ R A =T TRIIER & L ToaMt
WAL 55 C EEE & 17z (Udomsakdi et
al., 1992; Pesche et al., 1993).
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Immunohistochemical detection of kinetochore in micronuclei
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Summary

A full method of immunohistochemical staining of the kinetochore in micronuclei in human
lymphocytes is described. The anti-kinetochore sera were collected from scleroderma patients and were

previously screened and shown to contain specific antigenicity against kinetochore.

An im-

munoperoxidase method was used for the preparation of a permanent slide. This method allows
discrimination between kinetochore-positive and -negative micronuclei and thus between micronuclei
which arise from whole choromosome loss and those which arise from chromosome breaks.

Keywords : micronucleus, kinetochore, chromosome loss, chromosome break

1. #
INEE DS YLt fA o UM (breakage) I & » TH U
ZHiEAEREE b WEE AR
(acentric fragment) PFhHERE DEEDFERAE U
fo B getafk (lagging chromosome) IZHIKd 3
RSN TVWE, aveFrPEY T
2 F 15 EDRREERNC & > THERS WML
D% FEmAEAICHR L, Gkl ik
THIMLCHB L TREITHZ &5, BRS
NI MEDRKE S DEVEFIH L 7 RBAEER
DB BEAA SN (Yamamoto and Kikuchi,
1980).

WTAE, BEFZSE (scleroderma) & O IEHICE
F TV AHBEREEGUARINEBEEFRIA L TN
b OB RA % REHA L E IR 3 2 i
#HEADO< A4 7045754 F DNAICXHT 57

© HARBAERFFR

o — 7 %FH U 72 in situ hybridization 1= & % BJi
RO TEIRE L 18 - 7o, BIEE DR Z D/
B —AL L osee m AL HFEERS 23T
REERBREARICHRTEEERBLTED,
Z 95 L1/ % AT 2k o 718 13 B (an-
euploidy) DJFKI& 755 Z L s s h 5. T4,
DL REZICHESVT, REHFREHOKR
HEHE LioMEhoBREOR A B b
N5 XSic# >4 (Thomson and Perry, 1988;
Degrassi and Tanzarella, 1988; Eastomond and
Tucker, 1989a; 1989b; Hayashi et al., 1994).

HE O OWIRE TIIBBIEEE OME & EH L
Tk PORMIMY ¥/ BB DO/IMEEMR & Lt
A LRI L 2B FAOKRIEE B - T
X 7= (Odagiri et al., 1990; 1994; /NHIY] &, 1992).
L L, MmBUEREOMEEMHT 5858, X
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TOREMFEVBIFREOR I+ S PUkErEE
T2 LIRS WID, H50 U nHEEiiit
et (S AT RE S IME %085 L TH S BB D
3. ZOERERNA F VY — CESBUAE
IRPUAICAE ] L 72354 O R AR O ERITF-H B
L7zl abEng v o TARORKE Z 2 » TH
MLz,

2. REEBREMEDOAF

M7 13EEIEBE OMETH 5 T & » o A
BLUALOAFT A EBRETHA LB DN
%53, K[E Antibodies Incorporated ft (Davis,
CA) L olGEaN TV E2EHH+* » b D/¥—
(Antinuclear Antibody Test, Positive Control Se-
rum (Centromere)) ZFIfHT5 2L bTE5. C
D& LI T ISR 2 #R 1 EE L8 THEH
A[RETdH B8, HFEHRRERADSALELIcH 1L
W ULIEAFRETH 5. sREUE I ERERBICE W
TRERMEE E L ThRbN B & HITH S
B, WEH (BER) BHEYLTVWAE5EELH 5.
/% ER T ORI EIEERIR BRI O T dH 5 5,
BEMETH S Lno, BHEOEEEGKET
AFLBFNERE SV, FESITERIEEZ
ShcEBHED S BHAHNOMHICRESF O N
felfliE D—EHEAF LTV 5.

BRIME 72 72 Bic @b s i S vl i3 —80°C
THRES O, BIME% 1FEURNDOSDEATFLTK
RN B i CERA G I E S A I 205 L
TW5,

F7:, b MOFEOHLFEVICRTLAFREEH
THREBPPHIICEETHILRBVSETHE
W,

3. MFORVY—=VTHE
MiEDEBNDI-HICH S5 L FRIFMMY v
NERDOPHIGOIA R 5 4 FEALZFEBICEVHE
LTk, —flELTHRMEIMED 7 743 -0 %
HH L THBEL 7o) v BR%E 10% 4-RERIMTE %2
&1 RPMIL640 Bilic il s &, 7 4 <0
F = (PHA) 7ML T TOB5REEE L, 21+
3K (0.05 ug/ml) AFRML TE 51T 2 Bffkt & L
THEEAZERIT S, ) v SBRFER I v 7 A
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T1EZEY, 28y vH¥EED 0.075M KCl %11
Z, AL 20 pRIGE S 5. (RICH V7 Tl
OkFefg: 2 4/ — VA& 1:3 1CiBS) 2#&EELT
g, mOLTHEERT, Hv s TIRICHE X%
AT OEER 3R IRT. RRICHEED A )V
) TS S ThlE LR 54 F 75 2 ki
WL CHREGREE 5, (HEHEESETYOE
DIED Y BEAARMERET 5. b XD m#EfEC
Lo TR LRS54 FEAEZHWTENEE C
$9.

7% #5112 14 Tris—HCI & ik (pH 7.6) T 40
EICFERLTIVET 74— (RTHAX
0.45um) THM L IMEEIHERL TBV
PAEARD Z 54 F 75 2D KEEAKIT+5313
BAEILFTEHES., 2514 FidbohLoHEESE
E<{ETALS humid chamber K EICVWATH
X254 FEfiD S DMEDEREEN VTR
By 16 5[ ZERTHET 5. BH, 254 F%
Tris-HCl #& i T 3 [BlgEA L, FITC TGk L 72
it b 1gG ¥ifk % Tris—HCI £ ik T 100 {5127
RLAbOZWET 3 HEFERTHET 5.
HCI-Tris $&&# < 3 [B%E\L, 0.01% Evans Blue &
T30 BRIt L, Tris-HCl Bk <ok, HA
#| CkHE%: 109 PBS/Phenylenediamine, 90% glyc-
ero) ZHWTE AL, FOLBAMKE T TBE
(FITC Jih#2: B2 7 4 v ¥ —{fi[H, ~N)7—7 4
Vg —: 520nm) L THAMADOBFIAIS Hike 5
I o IcRE I N TV B MEZEEOHT.
Z DR, HIFICE VT B SR O R DB D
HBHTEEWRT S, LS LTEE ML
Migldt s 6Fa—TRBENELTHAZTD
il —80°C TIRFET 5.

4. IINEEXROREEGLFEE

IINGRE AR D B ARG bl U 72 117 %5117
L [EBEIC FITC B3 L 724 & b+ IgG filk % Ik
bikE L TR L bithbh a0, ~uvt+
v 4'— 4 (HRP) bk %2l L, DAB (VY7
I/ NYYYY) THMT B LKRAEADIERD
afETh b, BEICEDNS I EMEL,

FFAGQRDE B T8 /IMEERZY A b RE Y
b L RHYSEHVS & BIFSEAEZLEL T

R4 5 T & TE B, FH 513 Schandon ¢1%]
@ Cytospin 3 2 L TWL 245 b 3 —FE LRIDHH
HEE N b (SC2) DR TE 5.

) v oSERIZEE PHA RN L TREERBALED © 72
EERRICKEEDE £ 1 b X E Y TEAERK
L, F3A¥—ZFHL THBETTIEP T
5, A%/ = NVTARRMEEL THhOHEN I 4
¥ — TS ¥, fMlaRmAEEERICSNIEY
LI TR A VICAA TRIEREZDOKHIC R
F9 5. FEHSIIORET 4 » A OKREDH]
EThBH &, FRERTEHRT S LK
—80°C MITfRFEL Td 3 4 AR gmmic &t
DWW EAERELTVWS, LhLEss, BE
KRB L TR 74 FEFRSHCRTHIC N
SA¥Y—TEELTRIA FREICTRIEODED
EICTBIEDVHETHS. TITERIEL
1o A 54 FISHIRAE Y % e AR L~ v
(DAIDO SANGYO #t#/¥y 7xv) TSHHELED
L TRIGHEEZ/NE L LTBL EZDEOEREIEN
I Y, 2P IRPUADEIFICE 5.
Tris—HCl #&&r#& (pH 7.6) 1< 10 TR L 121%, —
KA TH BIMEE WY 5. M 3 TrissHC R
BFKTI040fEICHF R LTIV RT 7 405 —
(0.45um) THE L THHT 5.

Mg & DRIGIZH 16 B E%E F T humid
chamber HTA Y F aX—bLTEBIWEIHID, %
BAEOEISEEN (5°C) ICiE < 135 0 &
LW (ZOEHETH 16 K0 ISR T4 T
$3). KiT, TrissHCl &k T 3 [alghi L 7244,
ZRPifA L LT HRP BRI E b IgG ik (Rt
M) & 3IEEETA vFaN—+T B FO
#%, TrissHC #& i < 3 [al3E\ DAB Gk (fH
(3 Table 1) hTHfhx& %, O DABXIGK
31 35— Etb= y FVEEHEE ORE
(Ff) 0 bERAEZFOROEL Y, BIFAE

Table 1. Reagent mixture for DAB reaction with
imidazole NiCl, modification

Tris—HCI buffer (pH 7.6) 4ml
Diaminobenzidine (DAB) 1 mg
NiCl, (8% in Tris—HCI buffer) 25 pl
0.1 M Imidazole 40 ul

IR oM ERWAEZESRBO., /- DAB
PG (8 F BT /%Y LEDE L T <. DAB
FEt0(3 Tris-HCl fZ i th T /RIG % 1k, R
REEATAMEE T CTF = v 7 LEMOEYLET A
Tik® 5. FREFR3EY 4090 DEETH S
», BT &5 ERROLEEIEABILRL TIEP
o, BIEICRAEY SIS, g iE 2 Fov
JY)—vRZa— Ty K EDKLDHL
HHTESH, ~Th+v) VIKEEERL G
TLEVEHREAOHENE L B30 THED SN
B, FESWE 72/ — VT2 3ME-1 A F
7)) — v 5% BTI0aRgRE LTV D, Gefntk
B AELTRSA v —TTiEv s e
3, BREROKEL VD THEAR EICKEH
FoTLaEmBLIZD, REBLOHH L THE
LIt K155, RasEh254 FRITFLTIV
I VIR L THAGL, BEMSEHARITEA
15, FEHEOSRAAFy + (EIBEHHHETEA
f5e) ZFHLTVWS. HADKE, Fvyo—ic
BLED, Ny 7Ry De—F v 7 EEBICHA
5 ELBWAHMB LW, 1535, DABITIZFEMNAMESS
HBHIENOFREERT 2R EMOFVICZ+
DEFESMLETH 3.

5. BROAE

EAOEIZE I SR L v X&EH L, 1000
fETHET 3. BFEIZEKGEDO Ny MR GEIR
g E NG, HEEOY 1 X3 0.3-0.8 um TH:
FEAMBEONREELINTH 0, HERICiE—D D
BHIC46 O K v b 25HARFS NG, L LEE
505 S2 AR E LTHE LI Py b DY
il GEEE(RZE) 13 29.9 (9.1) TH 0 O FFHIA
DBELEDH-TVWEHEEZONS, FEOI
/NG O BN (K A RS 5 BY, Fenech and Morley
(1990) It > TZD/IMEME L TV B KD+
B 20 LI LD Ky b 2D B b OICBIENR
ZRELTVAY, EHEORBETHELLS L
FAE W, MG OB FE K D B O
74 —H REMHWIC LTI TRIEP T I TEL
CEEMER LN OEELBEEB 6.
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Fig. 1. Cytokinesis-blocked lymphocytes stained
with antikinetochore sera from patients with
scleroderma.  Multiple kinetochores (usually
more than 20) are visible in the main nucleus.
The arrow indicates a kinetochore-positive
micronucleus.

6. = O ft

Fenech and Morley (1990) (& HRP tE##i{k%
[ L f/ Mg o8 RE R EEEBEICRE L TV S
5, TORXOBPTHESIZIER £ b IMHEE K
k& L1358 O BBEEA % [E] R VERK L T IR
RIic& B89 7 7759 v FlaRD, ZOfEin
S/MEDBFARGHER A MIE T 2 LB HEICO VT
BRTVWE, HoOME LIy 2775V Ml
Gt BEEA T O/ MG OB FUARGHER) ZBEHIEA
BiTdH 55, 14% L@, MIEOSLEDNDH B EHE
Zonah, FEELDNY 775y FMEDOELSE
32.14% Ic$ &9, LI LSIEFMEEMEHL
ToBEALZ B MEBTTVWEEZ TV,

7. b Y I

b b ORI - ¥Bk%E O 7o/ MEEAER (3B
ERFOBRENY X7 2flifHicE=5") /T3
HikE LTEHTH 5 RADS, 1994). BffFIAG
A L Td BN ERFE O REMEFER
ER %[GR g 5 C & i/ MERABR OB Rt %
S5ILEDBT LTS, £z, BFEEROER
v ZEH/ MBI LT bEHT 5 T & hE]
ETHD, THIOLTEREICVL 2D ED
HHDTHEHBENI (Gudi et al., 1990; Miller
and Adler, 1990).
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1. BEKOBEICHIZ-T
AfE B () vz« CRO)

lin vitro (AR ERER | &, EELZ Oftho
H TGRS E DR 2% G 5 7o) O RIFM:
REBRO—> & LT, HRAATS, HEDEESH
TETIRVWAY, EBRICHBREEML TR &,
FRELBIITNEMEEPERIN TV, F1g,
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BRRIC B B FHBHBMLEE LD, OECD % ICH
REDKMBEEL T, BlifE, NEORELDTD
nEse& LTW3,

PRk 6 4 10 A 24-25 H, 5 23 [0 H AR R
NIRRT A TR S o, F—HH
DT, KEAZEOBIFFLERT, KidoR
AT B &I - 1. REARERERIC
BT 2t id, BRiC, A¥FERD MMS R0
EHO—E LT, @ETKENCE > Chgsh
TELD, DHO V- 7k B HLRIHEONE
Lz TRLNERICOVTI, 4TS
B—REALHHE LTV B DI TIEREW, -
T, A, CoexED T, zoRELH#NR
T, HEH, FEFEERFARCHED-TBONS
Fi& i, BT o BARMRES O »
T, HHICHRT A L2HME L.

s DIRHEE 1E, RO EEBRTEHINT
XBMADH 2BV Lz, #1100 5580 L
1ohs, B TR ETES S SN, ok
FEET, ZORBO—HEHBN LI,
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o B (@I - R
H—m oI, 199049 H 6 HIcE #4:
HRERFTICB T [In vitro etk REER D
FAFITEIc S LW TEZL 5L & LTS
Nt 20O 7075 LR3IKRODELH>BEDT
3607:.

© HARBARY 2

1) EZEROHIERE (10% &) >V T—H#
APERPHIEOHED & REAFEEFEL « BA
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2) RHAEHEBID 7 — 5 LHE S LN

3) SBoOBRE A

5, AREHE0MF0 IR, iR
BRTR oA RO EIHIEEE ERX(LT 5
ltichot, 22T, $OEERERABROY R
TS EEECRb ALY, £/, LidmMic
DO 10 ZOREENET O, BALED
fEHD b L, HEHFEEE L2, —Fic 2(q
D= ZTRIAREITV, K6 ERMFEVTE .
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WMALSOEFHD—>E LT, ZDERIEIMMS S
BicHE LT,

ARG 0REFFRE T, SUFEEETHE O
R T -y R, REEREARO - 508
EDOEHIBHHEAFE>bDTH B %ML, &
HENHIE L OMSL 2K - 1. 1o, QAR
AROFERELLT 2AREMED H 2 ERIc>W T
BEt L7, #ic, ZOERD—DE LT, WAMKSS
TicB i 2 BEOHEED, i oBEHICL-
TR LAREMICER L, EENSEARZERIL
fo b, HEFRHCREGL, F—20RE 5220
FERE % LLBRRET L 7.

BT, LT, KEOD EPA R EITL-T, #
BINTVWBEIY R« ) v7 4 —<L5178Y 2 H
W B ERERAER (MLA) & Bk RERERE O
HBAITS5 2%, MLA Q& T E 15 - 12{bA
¥ CKEINTPIC & 2 ABKE 2 H VT
CHL/IU ffaic x4 % ek fs (ERY B L
OREER) FERMOBEERI Lc. ZOfER,
MLA Tt & 78 2 LAY O K Gt fk R K
BRTOBMEE B Ennh -t (BRofFHE
HEofEES).
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3. In vitro #EHEREEBEROFE HEHE
BILIEH D
g (GFAWR) EEEREFEDD
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DRI > TV AT, WFFThERRE T O F
RN I ARTTRET & - 1o,

(b) 7o ka—IoWVWTIR, SHEETKE
HEZRSNEL-bOD, HHERYIELE
R ORI EEERE & SRR 3, HdaE
HEHOLNTEY, [MFEP S9mix 18 & &I
HREBREROLZHERELDH> B LEEZON
y

2) ¥IEFHEOEELEENDOLE

BFEMBED 7o b - VvERIC, HELEE
IS 3L, a) kBROBOLEYHET 5bD &, b)
RELHET L b0E AT OIS, FIFICOVL
T3, AR, AR, GRS L0
F- AR - LT 5 HE (BENEG
) BEZ SN, BETRE, i) MWEES—D D
&, i) MEEA=-SL oG, BXU, i) £&H
ke 7o b a— VoORBEE T TEZL L
NTE 5.

Pt ARERER T — ¥ OKEUHHE LT,
O 7 — s B ENVR I ME B3R T
v ynticEs 2 & (Fig. 1), BLUEERF—74
PRHTEEEABFLIENTES, DL
Lo, MBEEE— DI >V TOHESR
3 MYEARBROBRHEBE E DK 3L [H
BHE— s L] O >OHENEZONS.
A% T3, [Fischer O IFHEMERMRER: ], [x* BRE
B (WIEMD ), TREMAZIERER] BEMBH D,
wETR, [THREE] b5, i, [HEEE
(10% #) D&HIT, HITEHREWKT LHHED
»5.
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bBHEZFALD.

Wiz, WEEA=-SL Eoigs T, FHERIEH
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Fig. 1. Induction of chromosome aberrations
treated with mitomycin C (MMC) dissolved or
suspended in various vechicles at same doses.
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Fig. 2. Induction of chromosome aberrations treated with 2-acethylaminofluorene (AAF) and 7,12-di-
methylbebz(a)anthracene (DMBA) dissolved or suspended in various vechicles at same doses.
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Fig. 3. Induction of chromosome aberrations in
CHL/IU cells treated with 2-acetylamino-
fluorene (AAF) and 7,12-dimethylbenz(a)-
anthracene (DMBA) dissolved or suspended in
various vechicles at 50% growth inhibition
dose.

VDI EDERGI» S b 5E LS, LK
() 1< & 2 ERYE ofa st (50% HhE
D 2R LB FEiid g, g

DEFHBELTH, Uhk-iEREMSELND
EHMrENn 5.

HWERYIEIC X - Tid, BhTIRERL TV 2
M, BRI U BRICEES LY b
TH5IEELIF LIRS 5. BEEgh iy
DT 285413, B h O BEIRE TS 3
BALEICEI BRI EEI NS, B4
5 (1992) (&, CHL/IU #ifghs, 722 bD XS
S EE DK% € DERKEIC X > THIKIA ICEY
DAL EEREL TS, 12, BAS (1994)
13, FEEHHT LIoRETh, REEREIIHR
KEHEE b > THMNT 52 & &R L1
In vitro FABRICH W 2 e HBEOEERIE,
Bt 2REORSRI L TEANTE DRI
BERFTOMEVIERE O HVE T, Bl
DEBERICB T 2 HA FI534 v DN—FF 1 ¥ —
Ya MEOEERREEB >TVWE, 5%ES S
i, L0ZOHBYELEHVCTT — 5 2K
L, xbEBURTFEBIUOELIHEZRBL T
CTENWHEELEDON S,

25 X #

1) (LR, iRk, HrhER (1992) HAREEZ
WFE2, #iE, p. 87

2) HOAHE, e, HRHHEE (1992) HAR
BRARF¥S, BE, p. 128

3) EREHER B0 BT R E H R
W&, MMEERIRER (1994) HABEZ RIFL, 3

6. KENTP{LEYIC L ZERHE
HRE /& (K757 v M TP

ROAERERBRTE, HoohkRBRE 7o b
T—NVICL > TRE S ERMNE SN BEADSH
% T Lt L7z (Sofuni et al., 1990),

KE NTP TR S Wi /bAI D, Ames iKER
¥ & U CHO #ifa% F\ 3 Jefh (kR a8 chatt
EBD, =u R ) V7 x—<EHVABETE
RZEFABR (MLA) D & TR & 15 - (L&Y
(MLA-unique positive chemicals, Zeiger et al.,
1990) % Table 1 IZ/R9 ({HL, Zothicid SCE
BBRTBH LT bDbEETNTVE),

Ex i3, chosoftAYcEEL, RUitaw
IZOWT, HAD 7o b 3 — i k Bk
AEREFEML, NTPIC & 3 RBREEHR & kT 2
1o DILEIEERETT - 2. BN L - LRI RS
BUTO@BOTH 5.

1) AV 2R FTER « REOETFEL
57 P

2) ESZ AR « 2 R

3) Am¥ENLEt vy — - iz

4) ERALFETERD « Bt

5) H—REEWR) - RV

6) AR o BREEBHFB 72

7 BHARZ I 7 v « kR

8) HANAAT v ALy ¥ — « ZREM
A BRI

&, p. 91
Table 1. MLA unique positive chemicals by NTP*
Chromosomal
Chemical aberration : . _MLA
emicals Carcinogenicity —59/+9 Note
Structure  Poliploid

Benzyl acetate* = bz + (M) +/ Gavage: + (1986), Feed: — (1993)
Bromodichloromethane* + = + (M&R) —/+
Chlorendic acid* + o + (M&R) +/ SCE: +
Chlorodibromomethane* = + + (FM only) +/ SCE: +
Cinnamyl anthranilate* (under testing) + (M&R) —/+
Isophorone* + — + (MR only) 4 SCE: +
Malonaldehyde Na salt (unavailable) + (R) +/ SCE: +
Pentachloroethane* + + + (M) +/ SCE: +
1,1,1,2-Tetrachloroethane —_ + + (M) +/+ SCE: +
Trichloroethylene* — - + (M) —|+ SCE: +

M: mice, FM: femal mice, R: rats, MR: male rats.

*. 114 chemicals were evaluated by 4 in vitro tests (Ames, CA, SCE and MLA).

*. Chemicals used in MHW/PMA MLA collaborative study.

229
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ICH (International Conference on Harmonisa-
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2E XM

Galloway, S. M. et al. (1994) Report from working group
on in vitro tests for chromosome aberrations, Mutat.
Res., 312, 241-261.

Sofuni, T. et al. (1990) A comparison of chromosome
aberration induction by 25 compounds tested by two
Chinese hamster cell (CHL and CHO) systems in cul-
ture, Mutat. Res., 241, 175-254.

Zeiger, E. et al. (1990) Evaluation of four in vitro genetic
toxicity tests for predicting rodent carcinogenicity: Con-
firmation of earlier results with 41 additional chemicals,
Environ. Mol. Mutagen., 16, Suppl. 18, 1-14.
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