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Induction of micronuclei by herbicides in medaka (Oryzias latipes) gill cells

Nobuhiro Kanaya and Tatsuya TsuBokawa

Summary—— Effects of two herbicides, glufosinate and amitrole, on induction of
micronuclei in medaka gill cells were examined. The medaka fish were exposed to
each herbicide for 3 hours, recovered in dechlorinated tap water for 48 hours, and
fixed in methanol:acetic acid (3:1). Gill cells were stained by the Feulgen’s staining
method and cells with micronuclei were observed with a light microscope. The
treatments of cells with glufosinate at 2.5-5 mM or with amitrole at 2.5-10 mM
gave rise to significant increases in cells with micronuclei. Number of pulvelized

nuclei increased after the treatments with glufosinate.
Key words: medaka gill cells, herbicide, glufosinate, amitrole, micronucleus

FF

b

T4 DDA D ICIIRA GBS REBHFEL T2, ZOHTHRICEEBETICEEZ ST
LEBFIHDPAVETH DL EPL DT, ZNEE2ADITEILEPADFHOE»SD
HETHD, BREZAOT 270 0ZRFHARICIE T — L 2R LT IFhTw5, L E
F I TORRERZ BT 218RL R (Ames et al., 1975), WHELEY R EMECEY
Mgz v, S ZEOBE T 086 E S N SR L L TBRZE S h 3 koo, 2
WhbDILEDL D I L2 LOEET R (Evans, 1976; %ith, 1988; Kanaya et al.,
1994) ®, M 1RSI N7 & O RPEOEEERE OB HRE ICERT 2/ MLOFEKE TR

BEMERB AR Y (T223-8521 Mk dlX HE4-1-1) @ Dept. of Biology, Keio Univ., 4-1-1
Hiyoshi, Kohoku-ku, Yokohama 223-8521, Japan [Received Sept. 30, 2006]
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1 ZERFICK 5/ MEE R OMIEDFETE
A, ZBEJFAILC X b P i UIWait C - 284, 2 oUW id R o R/ &
L% a5, B. ZRFAMIC X b pZREDL|ER Shiha, XomMc,
EFE RO ERD/4X D KREL/IMEE L TBESh S,

2 /MZER (Schmid, 1976; #k, 1991) 7 E43d 5,

BEIRIIRR % 2, RGBSR Z2 R CLLEPHRI N THr oA SN, ERCHEHINS,
FEIERER C H B etk B ERER L VG ER T I3, B IILEYESER o T T2 DR
BErSE FADOHELHLE-> T3, HEEICEEN MCEEL RIET 0, ORI
NIRRT TR, BREEOMYICEE L CTEhE2RNLHTHH D, 6 ICEEPN
N7 AT 2 LItk b 2 AT T 2AICHIDIAT N, BYEEIIC X b ANt
Mcb Ao T 2D EZEND L2 s, BEIMICH L CELEREEZ O E I 2%
FAND ZEFETETHDL EMDbNDE, 22T, AR TEIATHEMEL LT, BRERTH
TNVFELF—FET I b= XY O ZERFEIEDIRED —>TH 5/IMe 2 FHT
B DHFNRTIz,

MelE Tk

t X &H (Oryzias latipes) 7277V 7L (JIE) LoEALTT T, FEHEKEKE
AN AKET, TrI_VTHE (FAY) OoF b7 4 v2EFHBELTESX, 2-3HER
THH L THhoRS 3 cmAl O %2 HEEICHEH L 72,

R L 72BRERNI VR > 2 — MEEHER & 7 3 b o —)UEHE R, (RGHIZE T 250D, KB
THs (M2), BHEMEE LT Fv1 2 C (MMC ; WIEgE: T2, Hn0) 2HHL
Teo T DALEYE ZINIESE L 2 KBEKTHESL L, EEIcm, HEI85cmd ¥ v — LI
80mlAt, ZZTICAFH%EBL, HEiLTIRHQEL 2, BEHEAKEKZ T TOUNEZ Rk
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Glufosinate: Ammonium DL-Homoalanin—4-yl-(methyl)phosphinate
CsHsN,0,P=198.16 (CAS: 77182-82-2)
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Amitrole: 3-Amino—-1H+H-1,2,4-Triazole
C,H,N,=84.08 (CAS: 61-82-5)

M2 ZuFkz—FkET I Puo—LofbER

MR E L7z,

WPREE A & H 2 LD Hi L, BiEFRAGEKIC 5 B TEL, Moy v —1ic%l, 25°CT
IHRE 1202 v b L7e A v ¥ 2 x— 2 N C48H R S ¢ CHEE L 72, Z oz E52 ¢
KOBHI T o T, EEIIA T A EKKICANTHTIZL LTHhSE, A2/ =)L FiiE
(3:1) WRICHEREEEZRT 2 LICk biTbh, A& H OMHEHIE X EEERICIT-> 7,

FE L7 AT HDE>» S (K3-A-g) ZIOHL, 7I9AF v 7 Fa—7WZHL, KHE
IKTHERE, ROXHIWCTAANVT VRAE LT, Fa— 71 | HEKREZ Ah, ERiC50E
VT 5H60°CT 8 DRINMAKDIEL 72, AEKTHEL TSy 7HRIHE (FHF4 72 7M,
) AN, 4°CTI2RRE L7, >y 7HERI D BRE, AGEKTHREE45 % BERE % I
Ao, WBO—E (M4-A) 2R 54 75 RCEHE, hN—25 20T THOME LT
T, MLORL CTERZERL 2, Hikd 720 LM (K3 -E-Se) % 1,000 X
B, f53K1,0000% 0 YA BEMET TEZE LAV E oMl (K5-A) OMEE L, M6ICRE Nk
AN 2 B A CORERE TR, WS 0 SR ED A F A EBHRL 2, ML R
O OSHE MU A YENIRIC X D BRICHM L 7200 £ 5 h OERERE L, BEREED
Student’s t-testic & b 17 72,
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3 AT H BGOSR R, MR R
A AT hLERK (BEL2UE), 8 (gil) »R % %, B. M5 (gl
arch) 5K, FEHICB S (¢, cartilage) , 30 (r, raker) ASHTICZ2H L
TWw3, E, H ool (f, filament) 72AH 2 2, C. MlFOIEAK, FHT M
OMEANICEE (¢), ABEBIR (a, afferent), HEEEIR (e, efferent) 755 b,
RFFICHEEN (1, lamella) 2SETT 2 CMES VT w3, D. SEEROIAK
M, frrofLEiciE (c), ABEIR (a), HEHR (e) 295 b, MHER
FHEEE TR ST w B, B, R O BT A ORI, BT IR (m,
mucous cell) 23, {AI[IIC IZ3EEEHIFT (Ch, chloride cell) #3fEAIc B o5 5 H
TERE TR AN D &, 12 L A L2 ML LM (Se, stratified epithelium) 23(5® %,
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K4 7xANTrREEINTATHOM
A. BlofF (K3 -Bofilament), B. ADILKEET, MEDOILONERD X 5 I
BLRA, MERMEONSYE > TRA S,
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£l <4 F=A42vC (MMC) Ik 325 AT /IME (MN) 55

Experiment No. No. of cells No. of cells Total Mean % of cells Mitotic No-of
Treatment nuclei t
No. of fish observed with MN MN  with MN +£S.D.  index
pulverized
1 Control 4 6,000 11 12 0.20 £0.12 0.4 1
o oonmol 4,300 I 6 017009 03 .. Lo,
1+2 Control 8 9,000 16 18 0.18 £0.11 0.4 2
1 MMC 5 uM 3 4,000 22 25 0.48+0.25 (n.s.) 0.5 8 1.50
S MMC5uM 3 ....3000 .. 16 18 05302l (ns) 0.7 6. 2.20
1+2 MMC 5uM 6 7,000 38 43 0.54 +0.25* 0.6 14 3.40
1 MMC 10 M 3 4,000 28 30 0.65 +0.19** 0.9 5 3.26
S MMC10uM 3 3000 . 23 2 077033 05 .. S 2.54
1+2 MMC 10 M 6 7,000 51 53 0.73 + 0.26* 0.7 10 5.00
1 MMC 204 M 3 4,000 30 31 0.68 + 0.28** 0.4 11 2.54
S MMC20puM 3 . .3000 .. LR 2l 06301777 05 . 3322
1+2 MMC 20 uM 6 7,000 49 52 0.70 + 0.24* 0.5 14 5.10

*, p<0.01; **, p<0.05; n.s., not significant

*x2 ZAF¥2—1 (GF) 12X 3 X Ailfco/MME (MN) 3HEH

No. of
Experiment No. No. of cells No. of cells Total Mean % of cells Mitotic o0
Treatment nuclei t
No. of fish observed with MN MN  with MN +S8.D.  index
pulverized
1 Control 4 6,000 11 12 0.20 £ 0.12 0.4 1
o2 Control 4...3000 . O i) 6 017009 .03 .. LR
1+2 Control 8 9,000 16 18 0.18 £0.11 0.4 2
1 MMC 10 M 3 4,000 28 30 0.65 = 0.19** 0.9 5 3.26
B MMC 10uM 3 3000 23 23 . 017£03%8 05 SR 2.54
1+2 MMC 10 M 6 7,000 51 53 0.73 £ 0.26* 0.7 10 5.00
2 GF 2.5 mM 3 3,000 22 27 0.73 +0.17* 0.6 3 3.86
1 GF 5 mM 3 4,000 28 29 0.80 = 0.29™* 0.6 4 3.11
S S GF5mM 3 ..3000 . 30 32 . 1.00£0.14% 08 . 3 .10,
1+2 GF 5 mM 6 7,000 58 61 0.83 = 0.23* 0.7 7 6.57
1 GF10 mM 3 4,000 27 28 0.60+0.29 (n.s.) 0.4 1 2.07

*, p<0.01; **, p<0.05; n.s., not significant
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FAVEYEIE R L B FRAGEAR R CEHER D 2 7 DK E ST % BRI & g L 7223,
LAY BRI & 2 BE K E RIS Nk h o,

BRANCBMENIR L U L 7-MMCIC & 2 /M&aEH %2 iRz, R LI 2 O FEBRFER L,
ZN62HDEFERPRENT VS, 5 uMTOMIIC X b /IMEE AT 2 MIld OB 1380
L7e/s, BEBTOBMNBEEDEERE I ko7, 2O00EBREADELILICEV T VT
WESHE Z, MEHICE R 2B E 72 5 72, 1020 u MOMMCHLER C 13 £ 5E5cH B B8 n %
AU, 20 u MALEEC OBEFE 110 u MT OBEE & b & TED o 72, DA EIIMMCLLE I
FVETFT LD o7DT, FHEEFBICLZETTERVEER N, BIEORE, HIFIIER
WGBARZD, ZOBEICEIb0EBbhic, TDX 5 ICMMCLEIC & b/MEEE T 2l
DR, FTERICEEIREI LR > PERICHEM L7z, K5-BD k> kit &
5 %A FEOMINEAS, FRICMMCAIRIZ & b % L B o, MMCREARGEN TlEkh o 7%,
BT HMMCUIETH K 1 IR &N & 5 AoHERFIC L 2, HPKOBERDL/4K% D
RER/MMZERS N d o 7z, ROREHUIERC1E, FBHEREE L Tl0u MOMMCLER
B EDETiTo T,

R2ICF I ~2HD 7 VKR y 32— b 2o L ERERPRIN TS, 2.6mMO 7Lk >
Fo— MLHIE 1 BIZ T T o 7208, AMEE T 2MilEoHEIERICHEM L7z, 5 mMTIE 2 [
fToteMnThbERELRBEMZRL, ZOMHEIZ2.5mMTOMEL D Ehr ok, 10mMTIE
MO 3EOBEETH o 7223, MatICIFERZEWIZ 55 o 7o, DRBBUTEEMERTE & H
Uo7z THHAFIC L 2ETTld%i, BERERLLEZ b, BN RoEIE
S5mMZIVAR Y F— MURIZ X DL 722, DHEBEEIC K 2 RELIMMIEFERS WG o 72,

£ 3121F2.5-10mMMO 7 & b a— )L TR L 72 2 BIOEEFER L, 262 EbEERY
RENTWD, 5mMTOER 1 OFERUMIERLEME R L, 5 mMOIECHE XS L
BT L7722 LIk DIBEREN TS o7, LS NILOBIFEENERL L 5
o, EE1TolomM, EE2TO5S5mMY I Fa— VIAFRCE 1 LD X & HDBHATC &
kb, TEhe—LE VRS A PR OEENEL I ENEZ SN, T I Fr—lil &

D DHBEEIC K D RERIMLETTFEHR SN o 72,

Takais (2004) 1< &b, HAICHE 2/MIBEEE & CXFRIBHIC X 0 FR S h 7o/ MEBEE
FEATHDAA, AR, ROV A RICHEERTHZ LHRESINTVEDT, APFFRTDH A R,
A AN K O /INEFERAED BT 5 D, FEBOMREADE TR, X AT CHIE%E
BHL, ttestzfTo7z, RAIREINA LS, BMNKE, MMCUOEIC X 2 BIEE, 20
Ry F—MLE, 72— VAHEOWThOEATY, T, X ZADHEEICEEEIZ B>
7o HEDR D EH > 2D IEI0mMM 7 Lk & 32— MU OFER T, #E LA 212 LT
fli£30.80% T, BEZE L7z A 213 1 VL2 1) CHEE130.20%TH > 72, T DERMEICIZAERET
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£33 TItru— (AD) 2k 3 A ¥ A CcO/IE (MN) 3%

No. of
Experiment No. No. of cells No. of cells Total Mean % of cells Mitotic
Treatment nuclei t
No. of fish observed with MN MN  with MN + S.D. index
pulverized
1 Control 3,000 5 5 0.17 = 0.05 0.2 2
e Gontrol 3 3,000 T, (A 0.23x0.17 0.9 ST
1+2 Control 6,000 12 12 0.20 +0.14 0.6 7
1 MMC 10 ¢ M 3,000 28 29 0.93 = 0.09* 0.4 2 8.54
B MMC 10 u M3 . 3,000 36 42 1.20 £ 0.36* 1.8 T 3.48
1+2 MMC 10 © M 6,000 64 71 1.07 +0.32* 1.1 9 6.30
1 AT 2.5 mM C 3,000 18 19 0.60 + 0.08" 0.6 2 6.98
M * 1.3 3

9 6 6.79

is ATTOmM 5000 43 50 0.86 L0180
a, one fish died

*, p<0.01; **, p<0.05; n.s., not significant

R4 AYTHDFREAZICBIT S, w4 <42 C (MMC), ZLEiv 32—+ (GF),
7 3 bu = (AT) FEF/INZBEE O Hg

Mean % of cells with MN + S.D. (n)

Treatment t
Male Female
Control 0.22 +£0.16 (9) 0.15+0.06 (4) 0.83 (n.s.)
MMC, 5 u M 0.58 £ 0.36 (4) 0.50 £ 0.14 (2) 0.37 (n.s.)
MMC, 10uM 0.96 = 0.35 (10) 0.90 £ 0.71 (2) 0.32 (n.s.)
MMC, 20uM 0.83 +£0.15 (3) 0.57 £0.25 (3) 1.53 (n.s.)
GF, 2.5mM 1.30 (1) 0.70 £ 0.28 (2) 1.71 (n.s.)
GF, bmM 0.77 £ 0.32 (3) 1.10 £ 0.20 (3) 1.43 (n.s.)
GF, 10mM 0.80 £ 0.14 (2) 0.20 (1) 3.47 (n.s.)
AT, 2.5mM 0.63 +0.15 (3) 0.97 £ 0.47 (3) 1.40 (n.s.)
AT, 5mM 0.53 £ 0.31 (3) 0.90 £ 0.14 (2) 1.63 (n.s.)
AT, 10mM 1.03 +0.47 (4) 0.90 (1) 0.25 (n.s.)

n.s., not significant
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F otz

EER

TRy 2— MEI984A4E 6 HlIAH e s n, BELHFHSIN T IBREARATH S, 7Lk
A= PRIV S VR ETWT, EWRNICIDIAEND L, TYE=T LTV
GIUVBPLTIVEY S VEAET D, VY S U EBEROEREBRNCIHEST 5, Zoff
REPENICT v E=T7ERBL, ZOMEYEIMIET 20 TH D (Cox, 1996), ZEIRZEHGE,
FEMAMIC O VT IREERKESHEG S Tw b (Bbert et al., 1990; Hoerlein, 1994; Cox,
1996), AR TNV KT 2 — NI A S HEMIICIMEEZFR L2 Lh o, BREED?H S
ZEDPRDENIDT, 2L EELBREAITHI LIV RVEEZ N, HHICHIZH-T
EHESERE A L PREL E-bNn b, VR Y R — My Aok BRIl T 7 R
PV REFEHT D EPWE SN TS (Watanabe, 1997), AW T2V &S 5 — b
W& M SNSRI L b & L (B I N, ZNE TR F—TRICKkDD D0
H LNz,

73 b —UId19624E 7 H23HICEER S, 19754E 3 H31H I RA L 2 REAITH b, S
EXATSEHTT I/ MBO—ETHhreRFY 2T 2BELHET 2 (Weyter and
Broquist, 1960; Hilton et al., 1965), 7 3 b @ — )L O RFEHIIMENC & b 87 2 55 R8RS
ENTWV5, fE%#E- 2 RRERRB TR EEOREE (Bamford et al., 1976; Croker et al.,
1992) 73Tk, BiHofis (Kada, 1981; Venit and Crofton-Sleigh, 1981) & & T
W3, YavYaunNTEHoBEARy FiRERTIEBETH - 72 (Tripathy et al., 1990;
Kaya et al., 2000), WHFLEWREEMIEZ - 72T, ~7 20U v EORE ST
IREFATFEF L s (McGregor, et al., 1987), t Mlif, 5 v FHICDNAM P ZEC X
7z (Mattioli et al., 1994), Z L TF v A4 =— AL X & —KEMERE MU v Bkl
et R FE 2355 L 72> (Sofuni and Ishidate Jr., 1988; Meretoja et al., 1976) & \» 5 &k
MR TR, = ARMESI I ME 2 EF L 72 (Cicchetti and Argentin, 2003) &
WOELH D, 7T I bu— LA U EIETsudas (1976), Steinhoffs (1983) 1k b,
7y MCHRIREZFH T 5 2 LA WME S/, JARCOBEETH 7 I A 2B ENTVT,
E PN U CHRS v IR RTHREL 2D EV EHES T3 (IARC, 1982), A% T
XY AR IMEZ B LS, T ba—VIZEBRFETH D I EBTRBRENT,
TTIRIL T THRICHHAINS 2 LidBwnd, BECHELIZDOPEE L TWTZER
PJINCHA S 2 AlREEIE 5 2 L lbh 5,
fu % fifi o 72 /MVZERER IZManna and Sadhukhan (1986) 12 Xk b7 TH L, BIEHIEOMR
IMER & © & RO KE2RE W 2 L a3is X7z, Al-Sabti and Metcalfe (1995) ic kb, &
OB IFAERNTOBBELEZHFHARD DI R, & F~OFEBANE, EETEE o ATRelk:
D& EYEPKRICEENTORVLPERAZ Y-V 7T 20ICETH S LIRS

11
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TWwb, ZORFERITIKOUWEBRDIERIPELVIEE, ATOMBAENEC I EHE LD
FEHEICE DMEIN TS (Minissi et al., 1996; Sanchez-Galan et al., 1998; Hayashi et
al., 1998; Cavas and Ergene-Goziikara, 2005), S 5 AW TH 2~ 7 2 L D b M
(Tilapia) D548, /IMZHEFEE D E W v 5, Grisolia (2002) O, Az fli- /%
ABROFIEZ R T OO TH D, AIRT, BREATHL VA F— LT S br—)bid A
AWM IMEEBF LI 2 Lo b, TNHRERFTH L I EIRRINI, TVFT R
— b EOERFIEE R TIREAIFH ORI & 2 HM® 2V 7 50 2 EoW)IKE, 4
e EOfREM S I/ MEGRBR IR S Z itk b, WIIANOREXOTWADOAREM,EE F = v 7
TEL2D0CRAEVIrERDbNS, 7z, AP CTIE/MZDOE % 1ZManna and Sadhukhan
(1986) LML & SiC, 744 N7 v REBIOEHEEMBICE Z ko725, L 0GAIE, 7
VYA LY Ew) BOGERTREAERICHICIEBE CBE T 2 TEE Lo Tw b, LaL,
HOGTAMER 2B O NFIAMEE L 0 ST d b, ACRITGRDVRRHCRIEIC 22 b 2 5 il ¢,
2R OEPSAHHICRELICS WEEZ NS, o TI N L DM C/IMZRERZ 1T 5 K
W, Al MR TS T E 2 7 A A VT Y REENERIE LB D,

HEE
RWPFE O — I3 EE R FIRMERIC L b fTbhi,
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