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Abstract

The freshwater cladoceran Daphnia magna is one of the recommended test organisms for acute
and chronic toxicity tests of chemical substances in the OECD test guidelines. Many studies on the
toxic effects of chemicals to aquatic organisms have been performed to examine several indexes such
as the lethal concentration to 50% of test organisms (LCso) and the highest NOLC (no observed lethal
concentration) in acute toxicity tests, the highest NOEC (no observed effect concentration), LOEC
(lowest observed effect concentration) and ECso (median effect concentration) in chronic toxicity tests,
and the acute-chronic ratio.

The inhibition of cell division is one of the mechanisms of toxicity for fungicides and/or
herbicides, and many products of pesticides derived from some cell division inhibitors have been
developed. The knowledge on the toxic symptoms and mechanism of cell division inhibitors to aquatic
animals (crustaceans) has been still scarce, although cell division inhibitors can reduce the
reproduction of animals. This study aimed (1) to evaluate the effects of colchicine, a typical chemical
substance of cell division inhibitors on the reproduction of D. magna, (2) to examine its mechanism of
toxicity, and (3) to propose the short-term and simple methods for evaluating the toxic effects of
colchicine on D. magna.

The results obtained in this study are as follows:

1. In the 21-day reproduction test, the values of LCso for adults, the highest NOEC and LOEC on
reproduction were 2, 0.2 and 0.5 mg L', respectively. These were equivalent to about 1/10 to
1/30 of the values obtained in the acute (48-hr) immobilization test.

2. In the short-time reproduction test by the exposure of colchicine to adult females containing
eggs/embryos in their brood chamber, the embryogenesis/growth of the early stage (i.e. eggs in
ovary) <6 hrs was inhibited, whereas that of embryos >7 hrs was not inhibited. After stopping the

exposure, offspring in next (the second) ovary grew normally.



3. In the embryo developmental inhibition test by the exposure of 1 mg L' colchicine to adult
females containing in their brood chamber, the embryogenesis/growth was inhibited when the
exposure to the early stage (i.e. ovary to 6 hrs after oviposition) had been begun, and then almost
of embryos burst within 48—72 hrs after oviposition. This phenomenon found in this study is the
new toxic symptom of colchicine for animals.

4. In the nuclear staining and immunostaining for tubulin, the early stage (i.e. eggs in ovary)
exposed continuously to 1 mg L' colchicine showed a normal cleavage until at least 4 hrs after
oviposition, but then it was inhibited at 10— 24 hrs after oviposition.

5.  On the basis of the SEM (Scanning Electron Microscope) and TEM (Transmission Electron
Microscope) observation, there was no notable change in the surface structure of embryos,
although the egg membrane of embryos exposed to 1 mg L' colchicine in the ovary was slightly
thicker than that of normal (non-exposed) embryos (p<0.01). This fact was not due to the fragility
of its physical structure.

6. In the inhibition effect test of principal ion channels and aquaporins (AQP) on the osmoregulation
of embryos, all of Cl™-channel inhibitors tested in this study could cause both the inhibition of
embryogenesis/growth and the burst of embryos. Additional toxic symptom (i.e. malformed
embryos) was observed for Cl™-channel, which was different from that of colchicine.

7. These results obtained in this study indicate that (a) the tubulin polymerization was inhibited,
which resulted in the restrain of mitosis and cleavage, and finally embryos would die, although
oogenesis in ovaries was not inhibited by the exposure of colchicine to the early stage (i.e. ovary
to 6 hrs after oviposition), and (b) the osmoregulation of embryos was disturbed by the
imperfection of aquaporin (AQP) function, which would result in burst of embryos based on the
results mentioned in #6.

In summary, in this study several data on the toxic symptom and mechanism of colchicine to D.
magna were obtained, which is essential for evaluating the toxic effects of such cell division inhibitors

to aquatic animals (crustaceans). In addition, both the short-term reproduction test by the exposure for



4 days and the embryo developmental inhibition test obtained results that were consistent with those in
the 21-day reproduction test. These short-term and simple methods are available and proposed to
evaluate the toxic effects of the cell division inhibitors on embryos and oogenesis. The results obtained
in this study are expected for improving development efficiency of new agricultural chemicals (i.e.

pesticides) with low toxicity to aquatic organisms.
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FIZHOWTIE, 13 ICTHRIRTEM, AL TOWBRME LU CRIRLZFHIE, (1) RIEVVEY
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THEHI LIS D AT D BRI L TOBZEMNEL, Ml L EY E AL B F o5
PELZORBUEE ORI Z B (& HARBFECITES /2, (4) R THY, ik D RED Iz
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PEDN 4~70 FERICEEF LA~ LTS, BRSO BN Z/ME CEEL > >F HENIC TSR #H

16



FILIAZ, M4 E5 12D DL IE AL TR L L 72, BREL7- RIS, 2590 C 20 43 M E & (EE
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b, RERTIUIRD-TE.
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Fig. 1. Time-course of embryogenesis in female of D. magna at 20°C.

Based on the previous report (Kast-Hutcheson et al. 2001), six stages of daphnid embryonic
development were distinguished. The numbers at the left below of pictures indicate time (hours)
after oviposition. Stage 1: Cleavage. Embryo was spherical, with no difference among cells.
Stage 2: Gastrulation. Cellular organization and differentiation were occurred. The first
embryonic membrane was shed after entry into Stage 2. The embryo became asymmetrical.
Stage 3: Early embryonic maturation. The head capsule and second antennae have
differentiated. Stage 4: Mid embryonic maturation. The pigmented eye appeared, and antennae
developed. Stage 5: Late embryonic maturation. The second embryonic membrane has ruptured,
and second antennae were partially extended. Antennal setae poorly developed, and the shell
spine folded against the carapace. Stage 6: Fully developed neonate. Second antennae setae
developed, and the shell spine extended from the carapace. The organism is free-swimming.
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m-1 /F

p=(118
Z

FAIV IR HRAMER L OB E RS2 O A LT 5720, (1) SPEilEK &R
B, (2)21 HHEGEER, (3) fPNpARI 4 A FIRESE LM EMERAREIT o7, kiR 32
REIZIENE D, SBRK OV T ARED 3T iRz L, BUK TOZV T O ENZ

e LT=.

-2 eI OTE
m-2-1 A

AREBRIITE M ELFCLMECREBEL AL IV az L. 2Rk ERBR B IO 21
H MBS TIE, BUIAD B B ~EHUIHESI TS 24 FERIARTH OSh IR 2 F Uiz, IRRs A

ARERTIE, 11 AL ORI (SR 20 53 LARN) , HDUWNTIINL 7o MRl 2 L 72

M-2-2 =2bFrBLUORBRIKOMR

LT (M 98%, Sigma-Aldrich) % N, N-2 AT /Las/L AT IR (DMF, FIYEHisE T35) (2R
L, 2,000~100,000 mg L' ORI A VERR U7z, RIS, 2 BHAAN F7 138k (B
% 3~4 HIZHENM) 1T, £ ORBRFRZ M4 B TR L CIHRLL7-. RBRiE T DMF 2

JEIFARRBRIX T —EL L.

M-2-3 AREBRKFICBITEeTF R E B IO E MO

EEK R v~ 7 Z7 (HPLC) & W v e F R EORE LT, FEES (2003) DG 45%5
(ZBHRE LT, BRI SI T TR T-2-3-1~3 ([T 7. RBUKFIZB T2 e F o OLEM,
IR O T EERIZH W T, 0.2 mg LT ERBRIEH O/ e T R AR RFIYIZ HPLC THOtrd

HZETRMmL7=.
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M-2-3-1 HPLC 53 #Hr g i+

ARG HTE T, HPLC 2£iE &L T Prominence (B RAERT) 2 HIL7=. 78713 LC-20AD, {8
IRAEIL CTO-20AC, g% SPD-20AV, A —hA ¥ =/ —|% SIL-20AC, ¥ AT Larba—
7 —IX CBM-20A %Ml L, 7 —2WLPEEE 2L C LCsolution & f# I L7=. 77 A% CAPCELL PAK
C18 MG I (4.6 mm L.D.x250 mm, 5 pm, &%) & 2. BEIfHIX HPLC A7 B h=R/L 4+
AK=30+70(v/v) EL, WiEdIE 1.0 mL min' &L7z. BT AREIL 40°C, RS 243 £721% 351
nm &L, FUBHEARIT 50 £7213 100 uL U7, ARl 1 BUBHTZ-DE 25 min & L7z, Rk

IZBITAHER FIRIZ S F213 20 pg L ELT.

M-2-3-2 =/VeF UREERS IR ORI E LU B O FERk

VT U E T ER=RNWZERREL, 100 mg L O EFRZAERLTZ. 20 100 mg L' OFEHEJR
TR K THIRL T 1~100 pg L F721% 20~2000 pg L OIFIEREZFARLL, 2L beTF L OFEAERR
RELT-. 2O DO IRILRTED HPLC &IFTHITL, e F R EA RN, v — Y mfEE

MERNZ LY, e/ T RIEICI IR B AR LT

M-2-3-3 34l RiTALER 3 LUV HPLC 434

SIMTEREIE LT, 21 H R ZBAERER O PiakBRIZ I T 0.2 mg L 3R BRIG 2 R A 1 B B L 7=
BRI AE VYT 4N H—(GL Z7a~<h T 4A7 13P 045 um) TAHIBL, 55 7-Aik% M-2-3-1
IHO HPLC §MH12T 1 RISHTL, BRSOV eTF U REZR L. £, BUkFick 5=

NeF L OLEWT, FREROREL R 5 EIZIFHlL 7.
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M-2-4 bk PR

BMEBFK LR T OECD 7 AN ARZ A2 No. 202 (OECD 2004) ([Z#EU T 7=, 3B
FEIL 5 JREX (100, 50, 25, 12.5 B3EWN6.25 mg L) &L, MEALBE IR X (M4 B%Hi) 36 JOVRIEEXT R
[X.(1.0 mL L' DMF %) 5% (7=, SREARICIIT T AR 4R (AL 5.0 cm, @S 5.5 cm) ZHW,
AR EIE 50 mL EU7-. (R EIAR O pCR BERSIE 24 IR AT O RS L, 1EAKFT 48 R &
AT o, MBI T, BRARHT- 5 R, BRI O 7 BHROAEE35 fEkE L.
FRERHIE TP OBREE S, JKIR 20£1°C, FREE 500~900 lux (16 KFfE B, 8 RERHIMFHT) &L, #56H
RBXUITOR o7, IV adBIE, BRI 24 LT 48 BFEIZIZITV, Wevk L E OA 1,
TECHN RO B2 fisk LTz, 2T, Ik LEDOERIT, RV LEIZETIC 15 MEk %

WK L2 D E LT (OECD 2004) .

M-2-5 21 HHEZHRER

ZHEBRIT OECD 7 AR AR T4 No. 211 (OECD 2012) (ZHEC THM L 7= BRI 1L 5 2
X(5,2,1,05 B3XLN02mg L) &L, HExIX (0.1 mL L' DMF {&#K) 3% 10 7. S BRA 41213
H72%5 8 (EAE 5.0 em, ®E5.5 cm) 2V, BBRIEEIL 60 mL EL72. ZAUC 24 IR iAo
hiR% 1 BRI, BRI 1 IRERICOX 30 fEARLE, FEBEH IR XIE 19 fE{C 21 A R&E
AT, BRI KRS L, REBREAEIC 2~3 [HK L. AL T, A43IPra
\ZHkBE Chilorella sp. % 1 fHASH7-0 1 B 0.1~0.2 mg C L7225 5 HiT-o7=. 3EBRIAR th OB
B4, AKIE 20+1°C, HREE 500~900 Tux (16 FFRIBAE, 8 BERIREM) LL7-. IV an BT,
BRI, BRI 2 (LU, FO) OWEMKATE, MRz oA I, FEHK(BLF, F1) 0%, B
OBERBIRDEIZ SV H AR TITH L EH 12, FI OPERIB X O RE R DA M2 DU CEREE

EE T CIT o7, BEA T BIE, FOAEFERICOWTIMBLR H OB 5236 LOVERRHIE (EARTE S
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OB OFHITFAR) 2 FEARTEMSE (M165 C, Leica Microsystems) [ C{To7=. FO DT HIEIL B

BTITV, FEHEITH 1, 2 i B JOVDEOF IR E LT,

M-2-6 A BERER

FRIRR A F N 5 A T R iR (S LD BTERBR T, IR0 2 88 DR B A PERR U 7 Bl
ZIAGINZT DIZDICERM LT, £ 11 Alof@Iipss L, 2L 2 B HEFLED 4 B
MOHELT. BB T 1%, AL M4 KO A o7= 77 AR 45 (BEA 5.0 cm, &3 5.5 cm)

(CIEETOBL, 6 B HOEFZMKZDETE B ZM LIz, SEEUEAREIT, REXKIT 1 REX

E

(D& 51~52 K, BERTRXIE 31 ERE L7z, ZOfhoakBRseft GRBRIREE, 258, Uik &,

AKIE, FREE, AR 13 21 H MEIHABR RISz,

M-2-7 Heatist

RO L E IR EE (ECso) , “FESE TR EE (LCso) DL 6 JOME B R B (No Observed Effect
Concentration, NOEC) DR EIZIL, il 7 V=7 Statlight (Yukms Corp.) ZH\ /2. ECso B3L TN
LCso fEI% Probit {5 TH L7z (Finney 1952). BHHARBROKE ROBEFHLHT, 4 53ERIX O ZHR
DL (WIFEAE B, PEAFIEER, EAT 1 B2 OB AT R0 B L ONUR (R [, ZEEfk T Iy
28115 FO OIRE)IZONWT, 58 E (Bartlett test, a=0.01) 2175714, /XTAN /DL HE
bt i E (Dunnett, ¢=0.05, [181) F72i% /2 73T AN > 7 O % 8 g & (Steel, ¢=0.05, ) &
FhiL7-. NOEC 725 N i IR 2R FE (Lowest Observed Effect Concentration, LOEC) (%, ¥A#E
KHRIX ELLHG U TZ G R D, ZNENA EEDRO LN W EIEERDNNIA BEEANROLILD

ARIREE LT,
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-3 #E5
M-3-1 RBKFICIBITFHIETF U 3 LR E MO

BHERBR O T BRI T, 0.2 mg L B BRI T Oz L e F R E A HPLC CTRIELZAE R,
L 8 HHAOWUEREILHEREICHL T 83% Thote. ZOTEND, Ve F TSN T
(M4 £:Hh, 20°C) Th7e<td 8 HRITZE CTHL LWL, LIzhi> T, BIBEO R TO RN ERER

(CRWTRBRIE T OV e F R EDOFITATO T, Bl EIIRERE TR,

M-3-2 EMabEdk BH R

FA IV aD WKL E SATEN R F (X 0 A B ARITIEF eliEvk, &K, K ~OfHe) 1%,
LeF 12,5 mg L BL EOPREEX T, &EEBALA 24 FFEDIRO B (Fig.2) . SiRIZHRT5
Feii% 48 R[] D ECso, LOEC BLU'NOEC I, ZHZ241 24 mg L' (95%E IR 21~28 mg L),

125 mg L' B8XL6.25mg L Th-oTz.

M-3-3 21 HHZHRER

Fre I X (S mg L) OBV L= (FO HIK) 13, #I7E B 2R 52 L7 REEBLA 5 HELNIC
AfERSE T L7 (Fig. 3). 2 mg L' TO FO DIETERIT 40% THY, SEITCRITFHRFELA 16 B LRI
BT, BRI IS LN mg L B FOJREE X CTO FO DI T =L, 10% A XL, 37T A
R OB EFHLUNTh -7z, £z, 1 mg L' L EOREX TIE, AFL TOET X TOMEEN
TR TIRRIZE 2 fibf ORI EZ KB L THY (Fig. 4), KPP ZIEFIEK TE T HEA A~

DAEENBEESI-. 5 2 i LIS OE Sy, BTS00, 56—, SIRTIIpER AR

24

E=18

DieoTo ARRIE, 0.5 mg L PLEOREX TR TRHIZHE (p <0.05) 12K L (Table 1),
AR DOFENRO B, BB L OEF BRI 2 mg L PL EOREX THE (p <0.05) (238

Uiz, —75, MIEEM B OBIEL, W OREX THREO LR,
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Fig. 2. The cumulative immobilization (%) of D. magna neonates exposed to colchicine for 24
and 48 hours.
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Fig. 3. The cumulative mortality of D. magna neonates exposed to colchicine for 21 days.
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Fig. 4. The morphological abnormality of adult female caused by the exposure of colchicine.
Dark field images under a stereoscopic microscope. (a): Abnormal adult female caused by the
exposure of colchicine. White arrow indicates the second antennae without setae (hairs). (b), (c):
Normal adult female cultured in the Elendt M4 medium.
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Table 1. Effects of colchicine on the reproduction and growth of D. magna for 21 days.

Days M b
Conc. . Mortality Lg:;}}; , of e — Busst
-1 0 . . Abort

(mg L) (%) (mm) bfrl(if)td Molts® Broods® Offspring © eg(;s S) embryos ©
Solvent 4 53 438 84 90 4.8 35.9 0.2 ;
control

02 40 0.0 446  8.0* 9.0 4.9 342 0.2 -

05 30 0.0 391 81 9.0 4.9 0.0% 1.2% +

] 40 75 381* 82 89 4.8 0.0% 30.3% -

2 30 40.0 3.53% 8.1 6.8% 3.8% 0.0%* 24.7%* -
5 40 100 N.A.  NA.  2.0* 0.0* 0.0* N.A. N.A.

3 Mean body length (mm) at the end of the exposure (n=10 [solvent control], 30 [exposure groups]).
Body length (from top of the head to base of the tail spine) was measured on all surviving daphnids.

® Mean number per female for 21 days

9 Mean number of living offspring brood™! female™!

9 Mean number of aborted eggs (developmentally arrested) brood™' female™

° Burst of embryos in the brood chamber. +: observed, -: not observed.

* Significantly different from the solvent control (p < 0.05)

N.A., Not available
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FO 1{EARICEDPESF 1 [Bldn7-0 DO AAFPEAFSRIE, 0.5 mg L' UL EOEE X THE (p <0.05)
I U7 (Table 1) . #E1S, ISR X A5 e 2 TORBRIX THELLAR D) 7. AFENIRIL, IS5

SIRXIBED 0.2 mg L KOBRTEFESNT-. ZNOOROIBLETENTI 2 TER THY, =1

fm

mg L DIREEXO FO EIRTROIIERELR T (5 2 il OWEPk £ O KH8) 1%, Sk TRROLAR
o7z, FOEROEHAO R, 0.5 mg L' DL EOREX CTFROLI, BLRZRHIZBERIN (BRI, H

EOFHIR) DR ABERS Iz (Fig. 5) . 20X B140T, BB BT 5 F2TOEFICEY
THEDIR LB B, FERBAMEEIC L DB CHIR IR DA ML B TR HILT, il
i & O NDFRCIRE S DSIRNERIZERO BT (Fig. 6) . F7-, BB TIZINED BN T 7% 17
LT, FO O, VS RIXIBEUN0.2~2 mg L X CHEBEHIRA2EU TR 3 HEICBIRS
AUTZDY, 0.5 mg L' KDL EEINTE 48~72 Il L7 i CHE BN OIS REEL 2. Z0HL
GUX, FEFOT-NIFED L.

ZIHARIZIB N T, IbREZMENmWEMEEIRE, AR OB BLOMEHERICEDEF 1 [F]
T DOSEREAF AT DI T o7 (Table 1). BHERERIZIS1T S FO fEKIZRT 5 LCso fEIT
2.0 mg L' (95%E#ER A 1.5~2.4 mg L '), NOEC 3L LOEC IZZ N2 02 mg L' BLTr0.5
mg L' THY, S mMEEIL TR MR O RIZ K 1/10~1/30 (/K T L 7= (Table 2) .

VAR IR XA 45 1T D AR Bt (RIEAT B, FEAFIEE, PE(T 1 B0 ORI A TREE TR0 Ok &
(BiRz %, Zi&i& TRHCI1TD FO OERR MERTEE OO fHF R ] 13, s Tl %%

i U7 SEEALLFR G R X (M4 B5 4l Ot LI EIE — B L, IRIIC LA M 2 XD B o Tz,
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L 0 (A) Offspring
S ONormal neonates
Eo 40 - [ T B Eggs (arrested
S - development)
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Colchicine (mg L)

Fig. 5. Mean number of offspring per brood and mortality of adult females for 21 days.

(A): Mean number of offspring per brood per female. Data are presented as the mean value plus
standard deviation. In the highest concentration of colchicine (5 mg L), all daphnids died
within 5 days after the start of exposure and the first brood was not occurred. * Significant at p
< 0.05, Steel’s multiple comparison. (B): The cumulative mortality of adult females (F0) for 21
days. n=19 in SC (solvent control) and 30-40 in exposure groups.
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(A)

Control

(B)

Treated

Fig. 6. Typical abnormality on embryogenesis caused by colchicine exposure.

Dark field images by stereomicroscopy. (A): Normal embryos isolated from brood chamber of
adult female cultured in the Elendt M4 medium. (a): Ten hours after oviposition. (b): 24 hours
after oviposition. (B): Abnormal embryos. (c): Developmentally arrested egg (early embryo)
observed in 21-day standard reproduction test. Egg was released from brood chamber of adult
daphnia which was exposed to 1 mg L colchicine for more than 72 hours. White arrow indicates
oil drops observed in the egg. Egg is spherical with no evidence of cellular differentiation.
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Table 2. ECsy, LOEC and NOEC of colchicine in D. magna

Test type Exposure  Test ECs;, LCso*  LOEC — NOEC
period period (mgL™) (mg L™ (mgL™)
Acute toxicity 48 hours 48 hours ?2(;5_02;82)4 125 6.25
i e e 9820 0w
TR AP

*: The value in the parenthesis indicates 95% confidence interval.
*: LCso was determined with mortality of test daphnids (F0) in the reproduction test.
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M-3-4 7 BhE R

REIREX (S mg L) @ FO ERITRER T BOLRELSRDON, £% 24 A% ETICAMEK
LT (Fig. 7). TR RIX B LD 2 mg L ELFOREEX TO FO DIET HIL 5% AT KD -
72. 1 mg L' L DR EE X CITEFEDOMIT FO [EADTERE SR E B S 4, RERHE TIRFITES 2 fil
DBEKIN D RAEL TV

FO 1EURICEDEET 1 [Bld 7= DO A AFREAT AR, FEMT 4 BIHIZHUVT 0.5 mg L' A RO
FEXTHE (p <0.05) 1238 L7z (Table 3). IR X A5 1o 2 CORBRIX CREITHBLL 227
7o, —HOFAWRICIBNT, BFZTIHFAILTIZIVaveTF o O tEIER e ~7- (Fig. 8). AT
3 [EFILIZIT A THY, FEIE | ARERE L 7RIk 588 Cld @tk a RSiah o7z, #
11 4 5] BIXBERR TN CRIEIEDIN) D3 HBh, JIRA~FEIN 24 e fRE EERRE L7395 2%
A CIE, T TRAENEFSN. PEAF 5 BIA (JRERA~DZER) CPET 6 [0 B (JRHCEA~D 5
BE72L) TIE, PEAFIEIEANE 2D L LG IR 2 — T TRIEEINDO LA L, B

BIZLDADENLDRIE RO L.
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Fig. 7. The cumulative mortality of Daphnia magna adult females exposed to colchicine for 4
days.

In the short-time reproduction test by the exposure of colchicine to adult females containing
eggs/embryos in their brood chamber. After stopping the exposure, offspring in next (the second)
ovary grew normally to adults. In the highest concentration of colchicine (5 mg L), all daphnids
died within 5 days after the start of exposure and the first brood was not occurred.

The embryogenesis/growth was inhibited when the exposure to the early stage (i.e. ovary to 6
hours after oviposition) had been begun, and then almost of embryos burst within 48—72 hours
after oviposition.

On day after the second brood, adult females containing eggs/embryos in their brood chamber
was exposed to various concentrations of colchicine for 4 days under static conditions. At the end
of exposure, test solutions were renewed to M4 medium. Thereafter daphnids were cultured in
medium under semi-static conditions until the sixth brood was finished.
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Table 3. Effects of colchicine on reproduction and growth of daphnids in short-term
reproduction test (4 days exposure)

Concentration . Mortality Number of offspring brood "
(mgL™) (%) 3rd 4th 5th 6th
igLthglt 31 0.0 39.7 40.6 49.5 46.0

0.2 51 3.9 414 43.8 52.0 45.2
0.5 52 3.8 41.0 0.0% 50.4 50.0%
1 52 1.9 42.1 0.2% 36.7* 49 8*
2 52 9.6 40.3 0.0% 4.4% 44.8
5 52 100 423 0.0% N.A. N.A.

a) Mean number of living offspring brood™! female™
* Significantly different from the solvent control (p <0.05)
N.A., Not Available
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Fig. 8. Mean number of offspring per brood in parent females during the test period in

short-term reproduction test.

Data are presented as mean value with standard deviation. »=31 in SC (solvent control) and

51-52 in exposure groups.
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-4 #%2
M—4-1 VT BRFICIDFHNED RARHY

SPEFEK L ERBR OFE R, A IV a0 RIIR T D e T U OEIEIE mg LUV ERL,
24h-ECs /I 1348h-ECsofE LD K415 KEV99 mg L' (95% Z HEHIRA79~140 mg L) Th -7,
Morrow et al. (2001) (T4 A4 IV akDb/NIDD. pulex DHMIRIZKTEHareF o FEMEE
24h-ECsofl. > 1000 mg L 'EL7=Z805, D. pulex JOHAA IV a3t 32823075 DL iR
ZEITRY, RCIVraBRICB W THI Ve F AT AR N KRESBRDZEN 50D, — 7,
21 H [ BGEERER OFE R ClE, LCso, NOECH L UNLOECOEIX B ElF vk L E iR DO ECsofif 12 bE <
#1/10~1/30124K FL (Table 2), veF v OAA IV 2R 3580 — 181 # ML ACR
(acute-chronic ratio, /EMEIEPKFEE BRECso/ B HABRNOEC) (3120 Ch -7z, Fiz, FL B
ZFBITDHNOECH L ULOECIT21 A M B IHERER L[ T o7 (Table 2). HEHFEDORIEDIV
HIZKTTHACRD /AL 10, FA352%, 10~1007332% & 100LL T 2384%% 53D T30 (5 4k
2003), WVEF U DACRIZEIKITHAEHIRE . T72005, 2T AT RAIO—5FTH
% B B R AIEA O LI, BRIV RIIRER ICImE S MmO T2 2L 2R 7. ACRDS
REVEEREL T, TR BRI R CRIF O ZEE CIHERDBLIICS O ATRENS Z 2 b D70,
LT U DOFMEN A B TR ELS B DTz, £ %24 O Shik% B Atk E vk B E R 5

TN, IS 72 2T M2 5 2R CIImENmCBINL ZENRERFER EL

THIToND.

M-4-2 OB
21 H M ZBHERBROFE R, I TF AT A IV ad IR A THE L2V DSIRO H) 158 A= 4 R
THZENHABEI ST, T, FEIBGERBR OFE D, FIFRAR~D TN ISR DR

FANTH R BE RIS, IR T OFEABPE (VR D DT PEIR R O REi Ky i O 72 HIR)
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DIFEWZ RS TANETF U OFENRRLIENHBAL. S6I2, T2 I 5ZL TIEFRET
MEE T80, FO RIS 2850 (5 4E) BLE TRt LB 2 b1 7. #FELZ FO
BRI, 55 2 filify OB (setae) BKIELTEY, KPEIEF ISR CE T RBAB~HIEL
Tz, ZOXOERIE, BARRE T CTEREMNEOR FOLAZICLIMRIAIREWEE LN, £
TFOFHEMEN K ELIK FL7="Ecological death” EFEIEIAIRAEL RS 4L (Scott & Sloman 2004),
FECRIZT O TILERE F CORELWMDFAIL CLE—HIEE 2 LS. 7235, HHIEGER
B> 5 [B]H PEAT (ZREEAE TR OPEIF) T, F1 OFEREF OWrK B H D —EROHILHS, T
INE N TORIEDORENBNT-b D THD. 5 2 fillf Sebs O WEKIRIE D 4 KA L7 F1ERIX
DOHIIRNZEND, TRERE 1T F1 ISEEBLARNWEE 2.

WEFE AT DB OV T, 3,4-P 77 = (Sobral et al. 2001), 4-/=/L7 = /—/L 35
FOF ARAT 1 (LeBlanc et al. 2000) , #% 5] (Palma et al. 2009a, b; Toumi et al. 2013) 7% 4 Al
(Kast-Hutcheson et al. 2001) ZEDALFEEIZ DWW TG TEY, 43IV a0 Fl RO R
FER, BIZIEEE 2 fifg ORI, FlE i, BLOWBEDE EERRESL TG, Lo, =
NeF b B OIS R EE 2R 3 E TRBEOEE T2V, BRI KIFT T REICELT,
RAMEILLIZRIZZ OB THEEZLNDED, EFHREINNDALNHICHEDLTERND
RAETOIANFIE- PR 2D Z &2 WA L2 BlIIZ N ETICR W, Kim X TR S, =ik
F BB TRHUEIME AT T 23N e T AR/ 2L 0N, HDHWITHIIE 5 RFLE
WEZ— AL TEDH DN EHLDNTT DI, 4 H oMl 53 Z4PRE K14 e B CRRaE S

DB,
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FHIVE BB 5mMEEZORBRY

39



V-1 i

B2 CEMLU- SRR O R, 2L F T4 IV D IIER A L EE T, R
HELETDIENSNE ST, T TARETIE, IV TF U OFERTORICRT5HEEEZD
FEF AL TD720, (1) FIIEARE W5 A PR, (2) B fic XD IREI
TERORGE, (3) Fa—7 Vo el Lo % R EFEM ORGE, BLU@) ~~hF U -
TA T (LAHEL T 2) eI LD IR W i OBIER 2TV, MMRFAITHRGE S 2280 0f

TiT1-o7=.

V-2 #EtBIOI5E
IV-2-1 fadppkikz =B RNIIOIRRE LR E

WEAOFNEZ LT 57280, 11 A #sLAEORIDINGD DV THBIIOMERL A2 EAU 7. 21 A%
TERRBRDOAE R LY, SRR I RBE BN HEEICROOND | mg L' O 1 BEOHRELEZ. TiFE
BRCIL, PEIN 10 WEfEI LAREORIR (FETN 24~76 FE[IT4, n=1~5) ~2LbF LA RFEL ThAAIV
IADOMIFEAN B L RIE SR oT2 280, RBRIZEHITHR VB DR A B TIT o7, 2~6
[6] B OFEFE X T-FRE H ORUAE M4 B0 Ao T- BT AR VER T SBL, EITSE .
PENEL %70 10 Rl 52 ET o, FEII% ORI 1 RER 3> 72250,/ AN L 7= ik
et nNEnaLeF O ASTERBRIKICE L, IROPEFIHE T T HETIKSEMNT 3~4 HIF R

B LT (272U PEDN 9 BRI ER 13RS . ON, /IR J8 A= e g (PESR R DRI RFH]) Z &2 50~59 R0

\

AR Z ATz, BRSO s, WAUBRIRE, 7KIR, MREE, /o6 (TBIHaBRE SR fFE L. 252

AN

T, EEAFER I OSMERIERREE (I3 E) OA 4 AL TR L. 2B IIRT, BENOIK

RF SHINIA SN GASRER TG Ik By
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IV-2-2 BFNEIRHE/EH
PRENZ M IF BB BALNT 5720, BEHR (Palma et al. 2009a) D 7 {EICHEWVII BN THRES
NI % B R LOMKRE BRI L 7=, 2~6 [B] H OPEFE & T2tk %, 1 mg L' OozeT iz

48 WL L ZRER LI RICHBEL , LA LPEDN (UNED DB REN~OINOBE)) 23 &5 £ THIZL

Rp

. FEDN 4~24 W%, JAONLToHER L a2 REEHILICE LT, SV OAIZ S CEEL 2> F
FBPICIER A RILIAZ:, M4 B A D D0 TEA L TIRZ AL L2,

YOYO-1 (ZE DGt 728D, =il TIRZ 20 S [A[E E (BE#: 50 mM EGTA, 9.25%74 /L7
VT ERE YRR ER (PBS, pH 7.4)) L7=. PBS-T(0.1% Tween-20 & 74 PBS) fHDAZ ) — L&
JE A B BERC B CTIRA KL, -20°C TA7a<Eh 1A 100%A% ) — LV HICRE LTz, 20D,
PBS-T DAY ) — VIR A BeBERIIC T CRA BRI L, SHIZ PBS-T C 2 [HIPEHF L. SEARBATK
BT CIRERE%, PEINTR 4~6 REfERGE L= IRIZIIEAL B D 7= > =25 47— Type 1 (1 mg mL~
L FEHEE T 2E) 25T Ca2* free SOS buffer (100 mM NaCl, 2 mM KCI, ImM MgCl,, 5 mM
HEPES) 1C37°C, 180 73 [HALEEL7=. PEIN 10 RFE#E DIRIE, =255 —BIZ LD INEALEE D5 e
DRRD ORI T8, Mg E FICIIEA MBI BR £ LT, PBS-T Tt 3 [EI3eitg, Uk
H D RNA %53 f#9 5728, RNase A(1 mg mL!; =Ry v—2) &5 T PBS-T HC 23°C, 60 %>
MRZALEE L 7=, PBS-T CiA% 3 [BIPEF 1%, 0.05 uM YOYO®-1 Iodide (1 mM DMSO ¥&i; Life
Technologies Corp.) 2% ¢ PBS-T T 23°C, 30 7y [MAY A L7z, PBS-T T 6 [RIVcifi%, A8 mH

W8 (FV1000, AV /XA T ) T CHOEEE (DNA) #8122 7-.

IV-2-3 %% EEH
BN T T LS T A0, V22 HEEEE, NN CRESN-IEEFELY
HERFEIZER L, YOYO-1 ICE ARG B I ONTF 2 — 7 U bz -t s deta o 2 e %32

it L7~
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FINERAARDE B LRI L 7R E 99%i =4 ) — L HIZ AR, -20°C TA7p<Ed 1 38 [ E E - i
KU7z. PBS-T HDxH ) — Vi FEA By RIS T TR YE L, 512 PBS-T C 2 [EIE4ELIZ.
FRBAMEE T CHAIREE R, IIEOFK> TWDPEIR 4 IFfH & O BERIT, 275 F—F Type 1(1
mg mL") Z & e Ca®* free SOS buffer 1 C37°C, 180 4y MIALFEL =%, PBS-T TItZ 3 [P L7-.
YRR DT> TUWZRUWR (PEIR 4 B2 DO IEF IR, 7D TNT T 24 RF[#1#% O IEH B L UFRERIT) 1T,
aZ =B A TR T2, 1.5%BSA Z 5 T PBS-T (72721 Tween-20 i £ 13 0.5%) T 40 fi
TR 72— PUA (BT o-Tubulin =7 A 1gG) ZIRIZALEEL, 4°C T —BiEHE L7-. PBS-T Tit% 3 [
Pedt2, PBS-T T 500 5 AR L7 “IRHUA (Cy3 BERHL~ T A 1gG 7Y Huil) ZIRIALEEL, 4°C
T—BuEHE L7, PBS-T T 3 BG4, sUEHH O RNA 73 D7-% RNase A (1 mg mL™) &5
F¢ PBS-T H17C 23°C, 60 2y [ERZ LR L7-. PBS-T THA% 3 [HI¥EE#, 0.05 uM YOYO®-1 Todide
%5 Te PBS-T T 23°C, 30 sy fEiR%YetalL7-. PBS-T T 6 [EI¥EH4%, Vectashield (H-1000) TEHAL,

A S EARSSE (FV1000, AU/ AT ) FCROEBBLIOT 2—7 V2 #2217,

IV-2—4 FROFEAR T OF 22
V22 THE AR, 7 B#sLABEORIRR A%z eF 2 I mg L2 4 A DL EZRFEL, JIEAN T
BN EE RO LU~ WA IV2 2 I RU-EER T CHEE, /ST 7 1A,

MOILT= 1%, HE B2, YOI T IR0 R Ae s BELL.

V-3 #E5
IV-3-1 Jadppk iz =& BN IR OIS AR E

BRENICHERBEO BRI EZRIILII Y aiRicsLateF o a2 2B 4508, RoRA
R KO EIN~ D BN R Ip T, FEINAS 5 RERILINIZaLV e T L2 BB LT A, IR IR

FAELTIIRT L ERS EEAFSILR7 -T2 (Fig. 9) . PEJRTR 10 BRI L 7o IR ~ZER L7 RFIZHE~,
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WPk By CGEJE, Witi/2lfikie &) 2 s SHRCAR IR, KRFE I3 OT FEFEUIME 1 18
RBHT20 10 R LB Uiz, £z, FEIIND 3R LINICa Ve T % B T Do R B IV D
HOHE I, ZOEITHE 1 EERD 720 10 [EA Th o7, PEFEOWAL, PEIITR 3~5 IefHlifkk
WU A ZRFE LT REIZBHEE C, IIb RARIRH IZE A LB SN e o7, BBEHICE RN OIL
DIRREEBIEE T DL, PEINTR SR ETICRB LIS, FEIIND 48~T72 REfRIREIE 35 LIRS A
L7z, PEIR 6~10 iR L 7RI REE LT 6, PEEIVCOMRITRITIER Tho7os, FEINE
6~7 Wyl LI R~ FRFIE LI 6, WUk G5 IR, WiktRO72iikre &) 2R3 Shik, RAREIR

IR NTRIEZEINPMEDNTBIEZ S, £ OFUTHE 1 [BIKHT20 5 K Th-o7z.

IV-3-2 BEEIFHEE M

NN T e T o2 R BE SAVo i (BARE, BRI 3 2) LR 2 SZARBAMSEE T CH T 5L,
PEIN/NE 4~10 IR RGE L 7= B CIIRIE A= O\ NI BLZE S 2 o7 (Fig. 10A) . LU EEIRD
524 K95 &, IEHRIZIEN L CHoT-NRBEIMITKIARE L TRERERIRTHY, 250
DO (Fig. 10A, d BEOVh) . F7=, PEINT 24 FERTRGE U7 ZR 82 IR CII IR B
FTIRAFL Q. YL DL, PEINGR 4 RFETRGE L7 I 5 CIEH 72 PRI A e FRIX L [RIRR - 2 R
EChBlZEsi7z (Fig. 10B, a B85 W e, 32~64 M) . 7=, FEIIFE 6 REfEIRIBLIZRER T, =L

bF U BB ORI AR Ch o7z (Fig. 10B, b 3L UM, 64~256 Mifai) . LasL, FEIRT: 10 FEH]

<«

oL, BRBEIROTCRIZES, RIS R A SN TR O B3 Y LT (Fig. 10B, ¢

=

BIO g). SOICHEINEL 24 RefRGETHE, IEF IR TIIRANETIC R ELT-03, ZRBRIR CIIkLmE
(R B0 ANFE AE TR L TV VE (Fig. 10B, d BETVh) . it IRIX OIS TIE, B2z w0

CTIEF 72 IREI R AR A N R S 7.
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O Normal neonates

Abnormal neonates

50 1 @ Immature embryos

B Eggs (arrested development) ]-

30

20

10 - ‘
0 - ! l. 1. NIk
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Time after oviposition (h)

Number of offspring Female™!

Fig. 9. Mean number of offspring produced by female at each exposure timing in the embryo
developmental inhibition test.

Data are presented as mean value with standard deviation. White bars and diagonal bars
indicate normal and abnormal neonates, respectively. Light gray bars indicate the immature
embryos. Black bars indicate developmentally arrested eggs. n=50-59.
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(A)

Control

Treated

(B)

Control

Treated

Fig. 10. Effect of colchicine on early embryogenesis of Daphnia magna in the nuclear staining.

(A): Dark field images by stereomicroscopy. (B): Fluorescent nuclear staining images with
YOYO-1 by confocal laser-scanning microscopy. Embryos were isolated from brood chamber of
adult female cultured in the Elendt M4 medium (a-d) or exposed to 1 mg L' colchicine (e-h). (a,
e): Four hours after oviposition. (b, f): Six hours after oviposition. (¢, g): Ten hours after
oviposition. Egg envelope was removed from embryo by using fine needles. (d, h): Twenty-four
hours after oviposition.
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IV-3-3 AR5 RMEEM

PEIRND 4 WREROE L 72 AT, IEH7ZRIIEID 6 X LRIk IC 2B IR Th @iz s v/ (Fig.
11, a3k We). PEINEL 24 FERIFRIE T DL, IEF M CIIIEANETN R L L7228, BRI TR
FERLAZ2d AT L AU ETH R L Tz (Fig. 11, c BE DY g).

F2—T VA Y OFE R, $HIRX (Fig. 11, b BEU d) LIRIERICETEIR TH R A (D /s
LEHPEINT: 4 RERRRIE L7 IR s E0) 13 NE A I L7z (Fig. 11, )23, PEINANS 24 Ryt L
T BB NE 2R L7272 (Fig. 11, h) . ZOZEND, I eF AIFAIV anFa—7
VEAEETDHEEZLN-. T, AT U RAAIV L aDROF 2 —T VU EHEF L ET

HERFINE, FEIITR 10 BpE LARICIRIE SN D ATREMEDN B A BT

IV-3—4 RO OBIZ:
HE B0k R, X O CIIRFHORIBEES ICRAFEET DBl Sz (Fig. 12,
BB . 05, BERIRTIIPEINAG 10 R LA RiRE U7 kg TR A DL E DN (2R b (Fig.

12), Ve TF AL TIRFEAE N ESIA ZE DR A CRER STz,
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300pm 300nm

L S

100pm 100pm

Fig. 11. Effect of colchicine on early embryogenesis of Daphnia magna in the nuclear staining
and immunostaining for tubulin.

Fluorescent nuclear staining images with YOYO-1 (green) and immunostaining images for
tubulin (red) with anti-o tubulin 1% antibody and Cy3-conjugated 2" antibody by confocal
laser-scanning microscopy. Embryos were isolated from brood chamber of adult female cultured
in the Elendt M4 medium (a-d) or exposed to 1 mg L' colchicine (e-h). (a, b, e, f): Four hours
after oviposition. (c, d, g, h): Twenty-four hours after oviposition. Egg envelope was removed or
treated with collagenase Type 1 (1 mg mL™) in Ca?" free SOS buffer.
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4h 6 h 10 h 24 h

Treated

Fig. 12. Effect of colchicine on early embryogenesis of Daphnia magna in the HE staining.

Embryos were isolated from brood chamber of adult female cultured in the Elendt M4 medium
(upper) or exposed to 1 mg L' colchicine (lower).
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V4 &%2

FA IV aADREIR LA DRI A ORI AR, O RBRF I EIER AT 5
E% BSR4 L E R R A F it L7/ R, Ve T U BRITKHT DI e E o7 d
PEIRTZ3~SIFHI DS D Th o7z, ZORFMIZISIT DD FE A= B 13, Kast-Hutcheson et al. (2001)
(CHEHL S AUIE AT — 1 (YFEL; BESR 0~ I SHER], PRI 58 I ERIR THIM L OB 720N 12
AT 5. FEIRR TR LA R LT~ TR T 0L, [T R TIER RN EEN-ZLnb,
NeF AFIRFEA DY R BZ K TH 00, FUGKH A (A7 —22; EIRTR 15~251F#]) I8 &
WIEF 7ean B (A7 —3~6) DFAZELRWIERHALNE ST ZhHDIEND,
(1) F=2—7 VUV EEEFEEMITRDOLNLDY, HERBARESNDLZE, SHITFQ)F2—TY
CEAHEROUICENLUSOIE A ET D RN E 2 DD,

RO 17 B 0D A M8 | A 3R BR AR IR D R D F A2 B B Lo T RLRY, PEIRT. LPEDR T DB iE Tl
MRS oT. PEINGE D BeilE Ch OIS AL ERER (1 mg L) TI, FEIIOLSIEHILINIZ L eT
VBT LTINS FEIR A8 ~ T2 AR L 72 B s CRASE LT, — 7, FEDNRT O B CTH D BHHR
BATIE, 0.5 mg LT CORRAHIEEL, 1~2 mg LI CIZRF IR L THIRIZRHEET, DR 7%
fFLiz. BHiaBR T, (1) NN CTORBEIZLHHEPENICH LD, RO RERES
TZATBENE, BHHUVNE(2) B4 MU CRFMBBRINDZ LR, e F AT DPED
WIRDSPEIRE AL, IR FREEDS I B2 T2 FIREMES B X N5, 70k, MO FREEIT—Wto Ik
EEZBI, FETLBRE AR T HILITTER) T

— RO IR TAA IV KT DIREMEIC DN T, FHAS OB A B KT
FABEME DR S QD (Kast-Hutcheson et al. 2001; Palma et al. 2009a, b) . FHARIZK 95 EME
BRI T IR M2 R T 2720121, BHEWNEVERIRL 72 91~ B 42 7 38 U5 (Abe et
al. 2001; Kast-Hutcheson et al. 2001; Palma et al. 2009a, b) 234 Z7 6 L/, 72721, Abe et al.

(2001) 23 L72&D1Z, PEIN D2 AN O IRIT M) BRI 7231259 <, ZORRIZ BT 541
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OB & B2 7 5 B O T IR HECh 5. FEIFE AT E TOMIEAEDRESR, 2/LeF AR
BEINOIRIZEIET D ETOIA LTI B BT HMEITHLHDY, (1) FHEOFRE L > TRAE~D
FAR/AMETHZET, EINEZR OISR T 2@ A iR TEs2l, 2) BBERHEZROLHIL
TINH P TORBE DB R TE D HD, HIRpARE W IR T A PR ERBR O R 8L 5 2. 5.
Kim X THRHSINTCaNeF AZLDINEIORFZ ML DOEL T, WLEF L BLUaLETF
DFEART A= /122 (demecoleine) 27 =INTFFELIZFRD DD (VIVFR 1958) . T AL L AL
HUZEY, U= 50 RAEE THLOMERL 2RI D KO L DRI OB T BRI KT 5.
SRENIZ RO P LIR35S SND OISR L, %L ORI IREN 0§
EZAMEIB 20T, 2F BIFEREFESND. IFFIDHEINOEEMIIT =4 AIV a TR
0, AAIV A TORFIY=I0H BTN, BRI EIAAESND V) A TIEAAIY
rably =R Th-olz. 21 HHZHERBRIZIB W T, AAIVranily, H—IiFlokH, J7
bHINE AL, WBINENPOEREN~EBELEINSILDRTE TIZVETF ACRBEINTND
728, ENIBIZEIE T DI O IEMBYRED 20, A4 IV DRI RAD VBRI LI =
DENEGII~DRFEE D BRFBIIEOED, FHERBADOREDELLZHL TWDHNG LIV .
ANETF NNILLDAEY TT 2a—T7 VNV OEGZAETDIENELITEY, JIEICMIE A D
FRHESHTODR UMK 1985), AWFFETRBIRS NI MAR 2 WAE L7-Blidn. — 5T, &
JEARIF SN MBI 2 5 " T DT 2—7 Vo O EWE KT 2 g, AWRick
NEI2HZEL B TUS (Hess & Bayer 1974, 1977; Morejohn & Fosket 1984; /IN#k 1985; Dostal
& Libusova 2014). 5%, () AAIValiiROF 2—T7 V2037 % iz A BLERER,
(2) Fa2a—T Vo 2Ry BAGF OFBURNT EZATI LTI, MUNETE R OB ER 37 =10

LN THLHE S, OB R EOBEME ORI R SND.
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BVE a)LeF A ACLBMRORREE:

SRR D ERINETS{L
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T
%
3

FME S L ONVE( THEML 72 A M RR B ORI DM ERROM R, Fa—T7VH
BIHFICIDEMELL TUIESNDIRD AR O LN, §72bh, RO AEEOA TR
DFEMFEDEDZAIL 7 TREESEDLMNIL S TR T2 Fe, RSFAEE T DBERITIZIREES K
R, IR R E N L. aveF AT F 2— 7V EAF LM, (1) JFED
NEIEACIC LD FE A DL EHDVNIINEDOWETI LI I DIRDHREE, 5o E (2) IebkaE (R £
i) DI EZFFOLEGDOEL A RENEZLND. ZTTARETIE, LR Z SOOI S (1) O
YRR DOREE T KT R B2 A DN D720, EEINRTERER I L UEINR REICLVELNTIRIC

DN, B TEHEE (BIRTITEM, E£ERISEM) IC LI EDORE G /T 21T 7=,

V-2 B L U5 A

V-2-1 BB LD IS ORISR . PEIN AT

IV2-2IEL[FIRRIC, 7 H LA OHIBRR AR Z =L e F 1 mg LNUZ4 H LA ERFE L=, BEIRDD6
RERIRGR L 7Z R, INRN TRBINI-INE B BLVBRILT-.

R [EE (50 mM EGTA, 9.25%R VA7 VT R G A iRk (pH 7.4)), Bk, RS
Foffds JONE B AL 2479 Z & TSEM AR B 2 /BB L, SEM (JSM-7001F, BL42/HIE € —F; Ik
BBLEE, IS 2.00 kV) IZCIMEO R maBlE2 L.

TEMAGEHZ DWW TIE, IREEE (2.5%7 VLT VT EREAMAR ) | IR WML, i)
ZAERRL7=%%, TEM (JEM-1400plus, JIEEFEE: 100 kV) [ CINEORI HAZBIZ L=, S5I2, bk
XAEIZ 10 DIRIZHOUVNT, FRY 72030 FT DA FF300 BT CHRIEWT i O RS2 R L7, xH X e F

#& X OREEIZ DT, StudentDthi & (MHAD |2 LA B 20 E 4 FEfii L7z

7285, MM AR O E T AR OB (BB, FBHER, BlE2B LOWIR) 13 B ARE ka1t

IZHRFELT-.
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V22 B BB LD INEORE S fENT . FEINTS Bl i

V213 L [FIERIS, FEINDIRFRIFE L7 lP i a LT 1 mg LUZEFE L. FEIIND
30KEITE, MEBRIVERL. Z0%, V2-1THEFERRICSEMEB L OTEMA OFEHE TR,
BEEAToI. o, IREARIUT D22 AL 7 I3 R BOR B> TIRO FESEELERTELIZ,

FEEROERIURE L A MR O RS W TIRIE LT, AR A oD [ 2 AR 0 #f (RITALEE, 3R

k=i

BHER, BIZ2B X ONIR) 13 A AR FIRAS I ERREL-.

V-3 R
V-3-1 B BB LD INEORE S M. PEYN AT R

SEMBIEZZDFER:, —ODENOIADA A IV adiiEDI b, SMEOFR T B IX B L O RE
X EHIE TEIR DD 72< (Fig. 13a, ¢, WX EGIAMED R HFIEITITREEDRELE 2 HILD
ZAITRRD BTz,

TEMBIZEDFER, A A IV aDIPEO W & (Z 5 R DR ELE 2 LNLELITRR OB
o723 (Fig. 13b, d), SMEDOESITIEFIRLVG BFTEX O S BAEBEIEN-7-(p < 0.01) (Fig.

14).

V-3-2 & BB L DI OREE AT . PEINGE ZR R AR

SEMBLZZ D& B, & X DML E I 5 30MF AT L 72 s il THRAEDEA TR, ZITHME
DIEDBEERL LN T TR BE T o 72 (Fig. 15a) . BBEXDOIRIL, 2 TORETAZ ) — /L EEH D
VRTINS L T eb D D, FMIED K i & T TRIR2 D722 < (Fig. 15¢), EEDR
%6l FRE L7 IR IR (Fig. 13a) ERIERCTh o7z, £z, ROAMED FITIZEEHEE VA5

IR E D IR R 2 B OB 2 Bl g STz (Fig. 15¢)
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SEM TEM

Control

Treated

Fig. 13. Surface structure of embryos of Daphnia magna.

Embryos 6 hours after oviposition were isolated from brood chamber of adult female cultured in
the Elendt M4 medium (a, b) and exposed to 1 mg L colchicine for more than 48 hours in brood
chamber (c, d). (a, ¢): SEM. (b, d): TEM. Scale bar = 100 pm (white for SEM), 500 nm (black for
TEM).
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Fig. 14. Box-and-whisker plots of the thickness of egg membrane of Daphnia magna.

Embryos of 6 hours after oviposition were isolated from brood chamber of adult female cultured
in the Elendt M4 medium (control) and exposed to 1 mg L' colchicine for more than 48 hours in
brood chamber (exposure). The exposure group shows a significantly difference from the control
@ <0.01).
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SEM TEM

Control

Treated

Fig. 15. The surface structure of embryos of Daphnia magna.

Embryos of 30 hours after oviposition were isolated from brood chamber of adult female
cultured in the Elendt M4 medium (a, b, b’) and exposed to 1 mg L™ colchicine from 3 hours
after oviposition in brood chamber (¢, d). (a, ¢): SEM. (b, b’, d): TEM. Scale bar = 100 pm (white
for SEM), 500 nm (black for TEM).
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TEMBIZZ ORGSR, *HHRIX OIRITIMEDBERLL 7= D13 %<, Z O Wikt (Fig. 15b) 122\ T
PEDRE2 6FF I RGE U7- 1IEH RH DT R TEIL (Fig. 13b, d) &b REL R o7, —E TRl b4k
TEDIRR LTI (Fig. 150°) 1%, 5—F7138 Al O Jein s DAL Ch o T rIREMENE 2 Hib.
SME DR A IS L JESITOWT, FEIRHE Bz L FEIN AT BREE DIRZ FL T fE 58, BR8N

BN 7= (Figs. 13d, 15d).

V-4 B%2

FAIVaD ZODIIEDONAVA LB DANEIZINE BB, NIEOE T T4
UL CIREE > T 5ESHLD (Seidman & Larsen 1979; Sobral et al. 2001; Mittmann et al. 2014) .
BIHARBR Canl T ATLDMFEEDIHEEHDGROLIL, =1 mg LOZE CIIMAREEL 2
ZEND, AAIV AL, JIEN T AT ARSI G GRS L I BRI SR )
HL, HOWTIEFR I A TRIONERHNTIIEDSBERL L 2 Wb DL AL Tz, LL72R D,
PEINRINDINEE N TR IR SV IR DIMEL, R KITHE ~F BIZE ol SRE B L E 2 b
DIEE DWE 27 TII, REAEIE LOZ S RWEE o7, RIS, PEIIE OV eTF 5
B TP RAEE T 2AEAICE B L, FREEEFTORIZOWTIHNIL A, WAMELHICER TR
FKOWTH (C R DEELE 2 DN SR ZLIZ RN EERD 5T, ZOZEZEND, RO
FAEIE O W BRIRE 1 R COMEIFZ L DB D TRNWIENF X 5. UL EDO IO, BEFHMEEICLD
BTV ET SO M AT T T RERIZR R B B o Te )y, R A RBELIAAIT =
DYNEZ T BEMEE CREMNCBIE L I T2 E T, Dl FAEEERT O IR DA EIZ
DNTh, EIRXRREMEEDREREAEEDIRNZER AR T CH BN

Ve F U DB MR DY 4 Tl NIEOE 7Y TS RTREMER, I BRH) 5
ROKMMEAZALS L AREMDL B 2 DND. V-1 TRRRIZEBY, aeF U RNET5THAIH)—

OOREMEHEL T, BERE (& ET) 2% 5 v REtE e 4 B BGE T 2 RS-,
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BVIE a)LeF N LBRDRREE:

=EEFRESOREER
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T
=
-

R LT B DA IR Bk LREEN A O OB, BiE OMEHAELTCL Fvx
IWEKRT X HN (T 7T R, LABEAQP) NZEIT IS, CI T v /Wi, MfEfEIZ /LA A A
FrTF XN O—FETHY, FIZHE LA (C1) ZZHIISE RS TS, CL Fr R, iRk
REEGTHOOHFEOMMIF B, BEM-CMIAARORE, MinoB8), $H-CHinse (7
W= ), 537 E DR D EAREREIZIASE B L TRY, Fr 1/ EOBER BB 5N
TV (FKHEDS 2015). —DAQPIE, CI F v /L EEARICITIEETOAMBITIILL, Mt
DT E AR L > TRE R AN S DA, FRAE T ORI HER IR C DK 3 S DK
NADBHBDHL AT 77K EEN B D EEHIZ, ITAITRRERRORE 2 72385 O 1E RS B
DDAREMEDNRIREND Y, ZLDAMMERHIAR A RIRZ L I E THHZERPHINZSI TN
LHEAAR-HT 2014; =ZE-FA 2015). £7-, AQPITIEAAC I EARZ TR L CHIAEIZ I EL
T3 (Engel et al. 2000), FrLVMEREE L CAQPAMNIEHESE 2B 5T 2 AIREME /R b RIB S LT
V% (Hiroaki et al. 2006) . L2L72235, ClT F Y RARKF ¥ RV DL EANEAAID AT REL
ToE I, ZNHDOF ¥ XL OMEERE T HZLIZESTED IO RFBMENBNDLDHIARH T
H5b.

ZITARIETHL, AN T AT LDIRD B R F MBS RE (RE L) OFLEIZ LD D LR
ZNLC, 2B ERENCREDAEH A THLHC T BLUKT v 1/ (AQP) DFREDF HEA IR
AELTZ. ETo, AF L ZLTKOFEIBYERIRO FAEEIZEE G- 20~ 572, CI- 7Y —Ei i
TOVETF LV BEBEAREIT o7, SOIT, RBEDPMIE AN KT THELHGNIT D7D

WP (YR KITEK, A2 A HIK) TOMFEEZTH T
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VI-2 MBS LU0
VI-2-1 =V R LR atE O BEA%

FAIV L ADIRIIKE T D eF o D@EMEE BT 57260, BER (Kikuchi et al. 2014) DJ7
BAEBEBICU TR FEM L. SRR BB R USRI (5, 2, 1, 0.55500.2 mg L)
U, HEALPR IR X (M4BT HE) 36 KOS BERT X (0.1 mL L' DMFEK) 258 7=, BRA ST
RYAFL 96 /X~ A7 L — e IV, SRBRIE 13250 pLE L7z, PEYRITL3 ~4RF R L7z i
IR OB HENIOIRA L, By NCRBRARIZUE well! 7220, BAENTET T
DETILKEMTAA MBTE L2, R KT TR EXIZOE42~44(H, HELLH S FRCII30H,

xf IR DI DR A EEAL 72, JKIE, M3 KOS A BT B IEEER LRI S b & Uiz, 2z I,

U\

RDFEAEDIRRELTERE F & O A HE TR R BAREE T CRIZLIZ.

E

VI-2-2 Cl F /L BER D5

FHEAIE LT, MFLBEOMRERITEELL TWDIENHDBILD LT MELFHECT Fr v i X
ORI AR ZPECT T /L DL EAITHHNFAR L ODIDS (B S 2015) & V-, VI-2-1
THEFRIERIT, PEINGS3~4RERIRE L 7R Z W Cl T v /L LB AN 2288 L7Z. NFA (Mi£99.2%, W
FALRK) L ODIDS (F1EE97.1%, H AL 1%, DMFICIEMELI-1%, T2 MAREIZTRN, 7
RUBRBRIE AR 7. FRBRTE X4 FE1X (10, 5,2 BE O mg L) &L, HEEIRX (0.1 mL L
! DMFIRIR) 5% T 7=, BB A ITRY ZAF Lo B6 R Ei= 136/~ A 7a 7L — e Y, RBRiIE
#3200 pLFE7/2136 mLE LTz, BEE UL R EE XIT-DE29~54{8, FIHe B XL 10 D RA L

7=,

VI-2-3 KT ¥/ (AQP) FHEHI DR

WHFLENM) O AQPIZIX13FEIED Y7 77U — (AQPO~12) WFFET HIENFLILTEY, Koy
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BB THO, 2O NIV Er— L@ e ERIED R\ T 77 7 U ErR Y A K]S
N5 (ZZ8-FHAR 2015) 08, AAIVadAQPIZETHE IRV, FZT, AFFETIZAQPD I
R R PEE A U CTHAEAKER (1) 28T 522512, AQP4LFHE T DMLl fn7e & ONTHE L6
(1) Z v 7z (Yukutake et al. 2009) . VI-2-1ZH&[FIARIZ, PEINTR3 ~4RFfRGE L 7- IRA 45l KT v
VI ERNCFETE LTz, AP EA GME99.9%LL |, FEisk T38) (32 12 IUMARS HC U fig,

AL, BRI 2 R 72, SRR EE 1SR X (b /KR (D) £ 0.1, 0.05, 0.02, 0.01 F5X71%0.005
mg L, ¥ b (1) —/KFnd: MKFi# e 3.9, 1.6,0.8, 0.4 331002 mg L, HiLHEER:S, 2,1,
0.5 BLV0.2 mg L) &L, MBS RXAZIT-. S BRARHIIIRI AT L U240 FE - 13670~
A7a7L— e AV, RBRIEEIT2 mLEZIE6 mLEL7z, 2B KIX I XICDE29~541F, R

BT RR X314 ~6 1 fE DM A LR L 7=,

VI-2—4 2L e o A FET L L A1 0D [R] R ALBE 200 SR

VT DAREERIZOWT, A4 %I LT KOFEREMES DU MNEIA A Z I S22\ K O
WIEORENE G- T D REMENE 25D . £ T, A4V BimtEH LI KERMEE 7Ty 7 LT
WRRTaN T ORREMRHILT, MAAEIERN L OB E AR TE 5D TRV e E %,
VT U EKFET v RV ERE ORI ZR R AT o T

VI-2-1THE[RIERIZ, PEINGE3 ~4RFRRGE L2 2 L e T L 722D NS T v L LA (C F v %
JVEHLEE A :NFA, KT vV BLEA AL KSR (D)) (SRR L7z, SBRIRE X e F o %0.5
mg L'OUREDAHREL, IRETHF ¥ /L HEAINFAILL0, SIBECN mg LIO3 R, HELKER
(I1) 11, 0.0138£70%0.001 mg L'O3JRELL, MK AT MBRARIITRIATFL
e~ Ara7L—Me AV, BB EIZS mLEL7z. BB XTI E XIS >E81~93(F (=/Le T
> +NFA) £721373~ 80 (/L e F o+ /KR (1) ), BEALE ek B X1 314 ~ 15418 D 2 il L

7=. MO EREETED AT HOUWNT (1) AREEL72<725 (v tv), F013(2) IV B AREET D (FH
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BHR) EWFRIRZ TR T HZLIZ I aneF o DE OHEEZ AT

VI-2-5 AA ST LioKiGisE s L ONRE L O R

VET U DORFREEIEICOWT, A4 E2 N LTKOBEMEOR 5 O AT 5728, ClI™7
U—Ei e 2 R EAT 7. VI2-1HEERIERIZ, PEIRTR3~4RF #7722 Cl 77U — Rt
BLOFEHE M THRELZ0.5 mg LIOVEF U ERICRBE L. MIRELT, MaE s L ORIRS
HCHHRLL720.5 mg L' OV e F USRI 2 BBE L. C1 7 —R5 O BR X151 ~52{0, M4
B ORRBR X323~ 25 E DRz AL 7. @RI T, MOFEAEDRIBLIERR R H O A 2 32k
BEAEE T CRIZEL, MABSHIC OIS AEDFE R LG LT, 7eds, MaAEHHP O b & 4 Chilik
WD WIREIEE ~E B U B (72720, T 7 I %FRr<) 2C1 7U—55 i LT L
7z,

BB E BRI AN KT T B E ST D720, (KRR (T KB KB L O A 58#ak)
T ORI EZTR T2, B FKE KT, AN AGEK (127K) 210 pm>7 /b2 — 3 JONE M
[RTANH—THITHIETHT. RBRERITIRIATF L U HeR~A7a7L— M H, Bk
R EIF3~4 mLEU7z. VI2-1HHE[RERIS, PEYREE 3RF MR LI IR A A A 284K s L OV b 37

AKEKHNZZRTE LT, £ ENORBRIXIT58IB LOSTE DA LEAL 72, BEEHIM T, RO A

DIRRE LT RE BT DA M X SR BATREE T CHRERFRIIZBIZE LT,
VI-3 55

VI-3-1 ZLeF R LI IEO BT
PEYN3IRE 2 DRI e T & 82 LT G 3, PEIN D T2RF [ #8007 RE s C O IR A42130.2
mg L' CIRFEFE THH7203, =0.5 mg L' CETEE THY (Fig. 16), FAEEIE (ERIR, KFEZED

GN) FIZIIIRO FREEDSFRO BV (Fig. 17a) . RIT=LEF AR EDMERWVEE BRETLEIG 35S,
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Fig. 16. The developmental abnormalities of Daphnia magna embryos caused by the exposure
of colchicine.

Embryos of 3-4 hours after oviposition were isolated from brood chamber of adult female
cultured in the Elendt M4 medium, and then exposed to colchicine. Data are presented as the
mean value at 72 hours after oviposition. »=30 in control (C), 9 in solvent control (SC) and 42-44
in exposure groups.
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(A)

(B)

Fig. 17. The typical morphological abnormalities of embryos caused by the exposure of
chemicals.

Dark field images under a stereomicroscopy. (A): Embryo exposed to colchicine; (B): Embryos
exposed to NFA; (C): Embryo exposed to DIDS.
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0.5 mg LT TR THEL. 0.5 mg L'ORERBRIZL>TETOMMPRET HEVOBIGHE, 21 HHZ
TERRBROFE REFRECTH -T2, —J7, 1~5 mg L' CORRD B F 1353 A 1B LN EERD50%LL LA b

D, WVEF PR RN E R AT I DOFEIGH m T,

VI-3-2 Cl F /v BLEA DR

NFA% =2 mg L 'CEFR L7 MRICITRANE [ CRISEIN) CHAEE, HAERE (F1F) 1580 5h,
=5 mg L' Tl A TORITRAERFENROONI (Fig. 18). NFAZRFELIZIRL, a/1eF 2 LFE
B, BIREIFERAEE OIS NEL, 10 mg LT CTRTRAEEIELE. IRORARFELLT, $hik
ICIEWEREE CTRAENEATZEERTOLO, EFRIDE K&, HIROJFIEEHELRSND IR
O RN G TR FE IR E D3RO BTz (Fig. 17b).

DIDS#% %% L 72 ClE, SR D10 mg L' #&5E T8EILL EAVIER [k, DIDSO 7N
(3K -7 (Fig. 19). BFEIEREL TIMD FREN KA 5, FEDTIROFEAELE 1 (RFEEIN)
HIdHbITZ. NFALFREIS, EIROFE LHEZRINDE DI EBIZBIER SN D R I IR

DHHATZA (Fig. 17¢), TOFAEMEIT D72, BIIBNFALITRRLREATH T2,

VI-3-3 /KF¥x/L (AQP) FHEA| D 52

HALAKER (1) 2 =0.005 mg LV CHEBLIIRITIE, FeARE L CRISEIN) CHiEE, J&/4E R (47
TB) i BTz (Figs. 20, 21A). LT LR, HAbKER (1) D& ClXEmiREIZE B AE
EDRIEG RN @ED T, 72120, e F TR0, 34AE R 7530.005~0.05 mg L CHIRELX D
RO2EIFREE TR DT

WAvH SR A ZRBELTRTIE, 20.2 mg LI CRANHEIN. BEALMESH O =723 RIS
Afs ik CREEEIN) LB CTHY, BAERT () 131 mg L TENIBDOLNLDH Th T

(Figs. 21B, 22) . Ve F U LRIEK, HALHEEN TITmiREIZEREF LEORIEG R ES, KREIZE
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Fig. 18. The developmental abnormalities of Daphnia magna embryos caused by the exposure
of NFA.

Embryos of 3-4 hours after oviposition were isolated from brood chamber of adult female
cultured in the Elendt M4 medium, and then exposed to NFA. Data are presented as the mean
value at 72 hours after oviposition. n=10 in solvent control (SC) and 42-54 in exposure groups.
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Fig. 19. The developmental abnormalities of Daphnia magna embryos caused by the exposure
of DIDS.

Embryos of 3-4 hours after oviposition were isolated from brood chamber of adult female
cultured in the Elendt M4 medium, and then exposed to DIDS. Data are presented as the mean
value at 72 hours after oviposition. =10 in solvent control (SC) and 29-45 in exposure groups.
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Fig. 20. The developmental abnormalities of Daphnia magna embryos caused by the exposure
of HgCl,.

Embryos of 3-4 hours after oviposition were isolated from brood chamber of adult female
cultured in the Elendt M4 medium, and then exposed to HgCl,. Data are presented as the mean
value at 72 hours after oviposition. n=61 in control (C) and 90-98 in exposure groups.
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(A)

Fig. 21. The typical morphological abnormalities of embryos caused by the exposure of
chemicals.

Dark field images under a stereomicroscopy. (A): Embryos exposed to HgCl,; (a): Embryos
exposed to 0.01 mg L at 72 hours after oviposition; (b, ¢, d): Embryos exposed to 0.05 mg L at
72 hours after oviposition. (B): Embryos exposed to ZnCl; (e, f): Embryos exposed to 1 and 2
mg L7 at 48 hours after oviposition, respectively. (C): Embryos exposed to CuCly; (g, h):
Embryos exposed to 0.5 and 2 mg L™ at 48 hours after oviposition, respectively.
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Fig. 22. The developmental abnormalities of Daphnia magna embryos caused by the exposure
of ZnCl.

Embryos of 3-4 hours after oviposition were isolated from brood chamber of adult female
cultured in the Elendt M4 medium, and then exposed to ZnCl,. Data are presented as the mean
value at 72 hours after oviposition. n=14 in control (C) and 32-33 in exposure groups.
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RS HREEL7-.
HEALSER () 22 L7281, 02850004 mg L' CI<MENIR A ELS 2 L7 (Figs. 21C, 23).

RiE, 0.8 mg L' CATRAERFZEL, TORERITETHAMEIE CRIEEIN) THoT.

VI-3—4 2L o R FET 1)V L A1 0D [R] R AL BE 200 R

NFA 1~10 mg L'&/LeF 0.5 mg L& [AIRFIC 252 LT-fE IR, 2 COMREE X TR A= 52
Z 5172 (Fig. 24A). NFA 1 mg L' L=LbF 0.5 mg L' [FIFFRTE T0%LL_ EDOIRSHREEL,
NFA 5~10 mg L' &=/LeF 0.5 mg L D[FRIRF5:HE TR TOMRDIEAEPMT L LT, IREMED RS
LT, MO FREE > RS IR > A RFE DIETHHE LA, NFAOHMEFR (Fig. 18) IZH,
AREEAE R DR FNCHR IE 1R8O HIVT, NFA 5 mg L LbeF 0.5 mg L' & [FIRF#E CldE
PEDSHE TR 7.

HEALAKER (1) 0.001~1 mg L1E=/beF 0.5 mg LA FRIFHCEEFE LR, £ TOREXT
WRIIORS A B A& B2 L 72 (Fig. 25A) . HEfb/KER (1) 0.001~0.01 mg L' &=2/LEF 0.5 mg L' DA
iR CETCORDAEEL, HAb/KSR (1) 1 mg L' L F 0.5 mg L' OFEEZEFETETO
R AEDME LU, IR DTREE LT, RO AREE > 8445 1L > AR E DIETHHELTZGE,
AL KSR (11) o B #FE (Fig. 20) 12, HALKER () 1 mg L' E2/L8F2-0.5 mg L' O[A] I

e CHREEIEH OfEICIE I TRRD BT,

VI-3-5 A &N Liz/KiE MR KON T o 2

WD FREEIT KT DA A % LTK O DBV A A BINT T 2728, FEINE 3 ~4RF [ E
L7z & Cl 7Y — BN C BB L= E 2 A, IR AIXIZIFE EFICEAT (Fig. 26). £z, CI7 7V —k;
HICHHIL720.5 mg L' OZ/VeF UARIRICERBE LTI, BAEE EZENTELTZHOD, 90%LA

EASHREEL, M4 HICEIRILL720.5 mg L 1O Ve F IR IC BB L= A L IRIE R URS B3 56
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Fig. 23. The developmental abnormalities of Daphnia magna embryos caused by the exposure

of CllClz.

Embryos of 3-4 hours after oviposition were isolated from brood chamber of adult female
cultured in the Elendt M4 medium, and then exposed to CuCl;-2H;0O. Test concentrations are
indicated as anhydrous CuCl,. Data are presented as the mean value at 72 hours after
oviposition. n=14 in control (C) and 34-36 in exposure groups.
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Fig. 24. The developmental abnormalities of Daphnia magna embryos caused by the exposure
of NFA and colchicine.

Embryos of 3-4 hours after oviposition were isolated from brood chamber of adult female
cultured in the Elendt M4 medium, and then treated with or without (C) 1-10 mg L™ NFA and
0.5 mg L' colchicine simultaneously. =15 in without (C) and 81-93 in the treated groups. Data
are presented as the mean value at 72 hours after oviposition.
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Fig. 25. The developmental abnormalities of Daphnia magna embryos caused by the exposure
of HgCl, and colchicine.

Embryos of 3-4 hours after oviposition were isolated from brood chamber of adult female
cultured in the Elendt M4 medium, and then treated with or without (C) 0.001-1 mg L™ HgCl,
and 0.5 mg L' colchicine simultaneously. n=14 in without (C) and 73-80 in the treated groups.
Data are presented as the mean value at 72 hours after oviposition.
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Fig. 26. The developmental abnormalities of Daphnia magna embryos caused by the exposure
of colchicine in M4 medium or CI™ free medium.

Embryos of 3-4 hours after oviposition were isolated from brood chamber of adult female
cultured in the Elendt M4 medium, and then exposed to colchicine in C1™ free medium. Data are
presented as the mean value at 72 hours after oviposition. M4 medium: #=23-25 in with or
without (C) colchicine exposure group; Cl™ free medium: »=51-52 in with or without (C)
colchicine exposure group.
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.
RBEIEDRIE AN RIE T EEAONCT D720, RRIK (MR KB KB IO A 23 H1K)
I COIRFEAEAF T RE R, IRITNE R KB K T T0%LL L3 R IZH A L7228 (Fig. 27A), A

AWK TTO%LL BRI AEMZIEL, BRRE L= FETH -7 (Fig. 27B).

V-4 &2

IKDOZZENRE D DCL F X FLE KT ¥ F/UTAEY), FROIRRIN, MifICE> THERETHY,
ZNHDOEEDIEIIMOEL SR ILIDHDEE X LD, AR TIL, 2/ eF LD
DRABEERNZOWT, Fr/L TOROFEME PR ESNLHZ L TREBEME 35T b, IR
FEAEDITE IO RREED S| EZ R ZEND, LARGHA LT, MRREERZ{T 72,

BEDOW T ¥ A/ T DR ER 2 BB U TR R, IO AET 1 ORIEZEIN) ik, J/ERE
(F7JB) DMRAEL CRRDBI, WF v /L DL ER BRI Lo TOMB AN FEINDT LD AR
THGNEZR o7 (Figs. 17~23). LL7203h, AR E R —EDOEFIE (20%LL 1) TROOLIT A
T, —H DT v RV HEAR(C1F ¥ RV NFA, KT ¥x/0: B bKER (1)) OFER T e T &
72 57= (Figs. 16, 18, 20). DIDSH &1 AF LU FHERIL, 70T AR hFo AR — 2 — R EEH
AT DTN TS, K, Nat, Ca? F v RV EFl 2 DAZ L F o 2Kk 28I E S RO
(B 79 2003). 70T AR« FI AR —Z— |23k % I DD D72 TIE7RL, UK T 5 FE
SKOMERNZH AR 2 72 FERE A SEB 2RI 3 5 L S DT LG (- 5 2003), NFALCL F %
NMRFEDAOIERICE > THROAREELZ S SR rTREMEL H 5. HLKER (D) O &FE T, %4E
B IR —EDEIA (20%LL 1) TRROLIZA (Fig. 20), HALKER (D) 1TEMRIMLERSC =2 ~ A fil
ZRIFDHCa — ATPase DR ELEL IS HZ 0 (Hogstrand et al. 1996, 1999), AQPLIAF DR E
TERIC L TR AEDRE 2 AU ATREMEN B A 5N 5.

AL HAT LT ARE M (C1 T 1) D DWNIAF L 2 SV K (AQP) 23R HA 1
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Fig. 27. The temporal variations in the proportion (%) of abnormalities in low-osmotic
medium.

Embryos of 3 hours after oviposition were isolated from brood chamber of adult female cultured
in the Elendt M4 medium, and then exposed to dechlorinated tap water (A) or deionized water
(B). Data are presented as the mean value during the test period. n=57-58.
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(2B 5T 20 EFRDT280, Ve F L ECL F o 3V EI KT v R B EAIZ RIRFICA A IV a
WRIZZREE L7278, D FREEAE I INFARCH ALK ER (11) 2 M B EE L 723565 It~ S /e -
7= (Figs. 24, 25). RO RREEMEICEE R ADNZe > ToBIHEL T, (1) BRBIBESCHAIL 7 D30 L
TS T2, AF 2 HIT LT KBRS DNIA A 2 STV KBRS R T ey 7 S
Dol mRENE, (2) MAAEEIZIE, A4 2/ LI AKERPEH DT A A 2 S7e v KEEMED L
SHEG-LARWAREN:, 23E 2505, (DICOWT, FY R B EAIZRTLEET 5 2Lk (GGE- 76
2003), VT DEFEEE (RORAEE) IZEEBECDNETRDEN, SHORFRETHD.
2)IZPWT, CI" 7Y —Ei it ds L OME Rk o (BidE S2KE K, A 24K OV iz nT
LIROFREENBO LI -T2 2 & (Figs. 26, 27), Ve TF BRI DI A O EE R 135 1
HOCT BEICREBIN-T=2 85 (Fig. 26), ClT F v VDL ESA L 2 LIZKDi%

MO T RO REELZ S ZE T LIEB L. — 7, KTy BER GREALKER (D), AL
) ICEDIRD AREEN —EDEIA (20%L4 L) TR LI (Figs. 20, 22), SHIZAQP4E L ET LM
{EHEER-CHEALER (1) —KF TR AR E (A7) MEEAEE T 7eh o7 (Figs. 22, 23). Zhb
DZEND, INVET VBB DO, KT ¥RV E R RICILE T 2L Tl & RIan T

WHRREMEDR RV EEZBND.

78



FVIE #5465

79



&«

PEVIEE A

LEFNE=0.5 mg LIORETHAIV aDBIEEEL, T OmMIIImIE A0 (FEIRH
10~ 24FFHIFRIE L 72 BeP) 123 1T A E THHZ LB B0 o7 (IG5 2016) . IRFEAEORFE
DO (B 21 ET ARAT r o A 7L e 7 4 25) THIE S TOA R, beF i
FOMETORAENTIL, BIOBORHELWIBLIRIL, A TAHAIV L aUTB N THIO THRHS
NIAEMTHD. e, MOFEOAH L, FFEBIARF ORI BRI L > TR, PEINFTE
PEYNT. D BeilE CROBS R o7, PEYNTE D R&EEBIIATIE, MIEAEDILEIZEINN B LINIC
BB AFURLIIG B IIRE S, PEINR TR LA O 88 TR AR B TRz L E L7220
ZERABMEIR ST — 5, FEINETOBRBERMATIL, BRARBLI 0T 2 — TV R YD R,
JREI 35 KOS INE FE AR O B 1 X PE R % 4 IRE R L 7= RE i LRSIV, PERTR 24 Rl L 7=
RE R CRRE RO BT,

LLEDZEND, AAIVa kT 2aneF o OmEOFBIEMELL T T ORI ZEDHESS
SND. Tebb, EINFTZRS QN EINR 6FF I LLN D ZFEB 46123\ C, B AT E S 720
», Fa—T7 UV BEEEFEICIOBNE TR (AR5 LIEING T o, BPETT5EE25
N5, £, aeF U BRBIZIDMOEL, CImF ¥R OETIIRL, KT (T7THRY

») OREFEICLVEDRBERE 3TN0 ZL THER IS TOD ATREMED @,

P bEolisy, areFr OBhlE#HMERBLOT ORI OV TUIZLOM AN ELNZH D
D, O FAEE DI DWW TR DI b ISz, L L s, RFFROREIE, Mlasy
I EWE DR O ARG 2 B A % B 2 B CEERIEMA A L Tho L. &5
(AR TR A BB EDAR W FT LR SE O BAF I M 7RI E 20 0EE 2 b, Z DO
HIZLL ISR 5860 THS.

B OBSEIZIE, BRI LRICIDNTE R LN LETHY, RIHLRDID
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B E DR RS TODRL L THFHTH A ETITIORLL |, Fz, SRRFIOL AR
ST HE M LLTI00~150E M HDWNIZNLL EIZDEDE bt T\ (B3 TESHP).
JRFEDE MBI AT T2 M IR P BR B AR ORI TR T DIE RN, HEF A4 & Bk
Lo TRY, ZhE TSI EBRME A TERIeoebOb 20, KB TH RN
OLAEMELENDME D RO OND IO FHTHURIE OB I T~ M- TETHRY, BEITRD
HESRIES T 3 DILL T Eb Wb d (BRI T EAHP) . RO G HAEBALEH O h b L0 3k
DIRVMEE YA BRI 2282 A ST BB RICE N T, JVZLDIbEm O mEERiR %
NBRHNCEIET HZE, LB O D2t 5O G RERIZF< 7 — R \v 73852
WA THD . AUFFEIZED, e F AR T RHEBI7ZRIR D F A 1L A E A 2 DWW TR
T, wHRHh T O E Ml KB 2 A3 oG OEHEN Al geL o7, £
72, TNSDOFMEIEREFEL LT, 4IPS 4 B4 2R EE AT, HDVEE-
RMEE M Z K 57 OERBEMIIES FIREL 72D . AMFEIC I DI IN AR E v -4 B A 2 &
(ZRDF I ZTHABR 2 O NI R A TR FERBR O FIE T, BEBEICLELRARBREHO—>T
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