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Abstract; In order to investigate the chronic toxicity of strobilurins to the early life stage of aquatic organisms, the
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sublethal effect of kresoxim-methyl on the early development of zebrafish after long-term exposure was determined.
After continuous exposure of zebrafish embryos to different concentrations of kresoxim-methyl (0.000750 ~0.180
mg-L™") for 34 d, the median lethal concentrations (LC,,) of kresoxim-methyl for 144 h and 34 d of zebrafish
early life stage was 0.141 mg-L™" and 0.0106 mg-L™", respectively. It was found that 0.00460 mg-L™', 0.0115 mg
-L™" and 0.0288 mg-L™" kresoxim-methyl significantly decreased the body weight of larvae after 34 d exposure,
00115 mg-L™" and 0.0288 mg-L"" kresoxim-methyl decreased the body length of larvae, and 0.180 mg-L™"'
kresoxim-methyl increased the body length and body weight of larvae. The 34 d-NOEC and 34 d-LOEC of
kresoxim-methyl was 0.00460 mg-L™" and 0.0115 mg-L™" for body length, and was 0.00185 mg-L™" and 0.00460
mg-L"" for body weight during zebrafish early life development, respectively. During the 34 d exposure, the activi-
ties and levels of factors related to mitochondrial energy metabolism and oxidative stress in zebrafish embryos/
larvae were measured at 1, 3,7, 14,21 and 34 d. Results showed that long-term exposure of kresoxim-methyl could
increase the catalase (CAT) activity, the peroxide (POD) activity increased then decreased and then increased, the
superoxide dismutase (SOD) activity and malondialdehyde (MDA) content decreased first then increased during
zebrafish early life development. It was found that the calcium ion (Ca®") level and the activity of calcium ion
adenosine triphosphatase (Ca’'-ATPase) was inhibited during the 34 d exposure of kresoxim-methyl, and the
adenosine triphosphate (ATP) level was increased first then decreased. The results suggested long-term exposure to
kresoxim-methyl caused negative effects on the growth indexes and antioxidant system during zebrafish early life
development, kresoxim-methyl might interfere with mitochondrial energy metabolism by regulating the ATP and
Ca® levels, and Ca’ -ATPase activity, then induced oxidative stress during the early life stage of zebrafish.

Keywords: kresoxim-methyl; zebrafish; chronic toxic effect; early life stage; oxidative stress

FH 480 58 O s 1R TR 25 2% TR 57 (strobilurins ) & 3 T
KIRAAE W) strobilurin A FF & 19— 58 B R B 57,
X FH B P2 T8 R AN PH T TR R B 2N S TR
SR FEEN IR R B B R AP R IE
PEGEF T KRS AR5 W 8 S48 2 R
YR EBTIE™  strobilurins 7] DL i 5 kLA
ZEW NG Q HALA 25 (Qo)4: A, A A BH Wi 4
ML 28 b Al el Z (8] ) HL - 38 1 1 TP = B it
T (ATP) A B LA i) EC TR SR AR, AT 2R B 1S
AR, B4 strobilurins i F A4 0, it
MG Re Sk AR R B0k SR 5 Sl 2
T B3 MRS 55 2 Fhag A2 A28 B AR 28
KRG dEm fE R A A YA NSRS wgE R
B, strobilurins X % #4 | iy #5] | 5 2% 25 i A= A Wy DL
KR /N BREEA X e 4 (HXTHE R bRoK A A B 3
= BEPERUES >0 B WF5E 6 | strobilurins X 7K
YRR T BA — & MBI, iRig 530
IKAEAE R AR ) g Z5 L , I8 o PR 3R OK AR AR it
FAL ARG R, a0 42 Ak S B (catalase, CAT),
B AL 15 AL i (superoxide dismutase, SOD)Filid 4
Wil (peroxide, POD) 1Y 1 4 ol % 5%, ol ik 3 36 P
“H (reactive oxygen species, ROS)FITA [ (malondial-

dehyde, MDA), M55 5 48 Ab 4 £ F A AL g 8
LA, strobilurins i X K A 2B M) B A T A 1R S0 B 7
PR A 3 TR T BRI, 12028 2% B AR X K
A A W) BT — S 8 B PR 2SR XK ¢

P AT T T ] L2 30 B3 W) 1 ST R ) — T
strobilurins, 32 N T H &0 E BT IR, PR A
B, B G PR K AR A ) B e B, X [R]e2 A
RGO L)) 0 FBE ) f0 A [F] A i B B 2 BB
HEH¢ & (median lethal concentration, LC.,) 43 il i
0.131 ~ 3.058.0.157.0.338 #1 0.034 ~ 0.61 mg -
L2 RS R IR, Bk D TR X 7K A A 1 2 22
P B — 5 W B R0, Tk T T 0 00 7% % B8 3 3
RASENSR S — fil ff e & A R TS 1) 3
Py 0 YR B ALK B K i A A 2
WA IR ) B0 fa s I A1, S HL
T o R R B ) T RS T i
JIF BRI IR AR KB, B, KREZE5
5 FHBE S R A 5T strobilurins (R PE RN, & PLBE
LAy LA A B BOSHZ S AR T B R U IFSE
RIN EEHBE R 72 ~96 h 25| R BEH RGP 4
AT 175 PRI DG PR 2 38 Y B0 | DT 3 B 1k
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6,10 d J 23 5 Wi B I £ A7 iR PN BT 401 0 48 i o
TOAHDCEE R A 2R IR 0 SR, H i K 2 H5 ik A 1R X
BE 1 0 U A A B B T S R T A R I R R B
PRSI X T HAS I 5% 58 7 4B 1 18 4 B RN I B8
BN EEA BT RE PR, R Tk T K D R R T
Bt 0 U A A B B BE PR ROV, A R T8 R ik T
B R 12 M B PR IXURS

Bt 5yt (Danio rerio) & H A bt 58 £ B 5 LA A
e R AR B B AR N A AR
W, (R T Ge gy X6 AN ) A= i B BEERE 5 00 1% B 1R R0
SRR IR A A B BEXH 5 Y W 114 B 0N N
ORI TR, BE 9 Tk AT R 6T BRE I R A
By B B PEASON , X6 T 1Ay A 35 XIS LA R s 7 1 £t
G HBAEEMNE L, AR RS a2
A=) K B £ R IG5 T A W) U B 1 T T T
W34 d J5 e B A IR G A Tt R B kR
PEA A FET-HE ARRORI AR T i A A KA b, DA Tk
AT T 6T B 10 7 09 A iy i B 1 S008I BB 00
[) B}, 388 35 430 A ) 2% 5 e 10 B 5 £ 1A )9 S8 Ak 7 38
AHOCHEARTE PS5 1 0y 722 Ak, DA Bk 7T TR X 56 5 £,
I A B A AL RG2S i — 20 T ik
AT VT EE £ L A= i B B 104 2 XS R 7 FH AL
PRAESHAKAE

1 ##l57% (Materials and methods)
1.1 bR 5

ik AR R 24 (97 % ) W H VL 95 §FAs b 22 IR A
A, 3L VR (dimethylsulfoxide, DMSO) & 43 #1
afi W [ L e R 43 A BR A ®] 5 CAT , POD
SOD ,ATP MDA 55 F(Ca™" ) FIHE i B 5 B8 1 iR 4
—ETR(Ca® -ATP i) iR & 35 0 T 5 a4
TG,

7 e 280 A €03 S5 5 356 FH X (UPLC/Xevo TQ-
MS, 5[5 Waters 23 w]); 540 7] WL 43566 1 (UV-
1800, H A< & HE 2 Al ) 5 B bR {1 (SpectraMax M5, 52 [H
Molecular Devices 2 Fl); =) 3 Hl (FastPrep-24 , 5% [
MP 2~ H),

1.2 Ay

7 A AR BE T 1 (AB T Rk H R R B S
PRI FE LI A K D% |, AR50 T FH I fin o
PRGBS B4 MR WI 0 Ak 19 3= 47 R (Artemia
naupl)2 X , F#58 Z GG/ RN 14 h/10 h, KiR
JQ6£1) C o BBEDALL 1 1 RS H e 35 78
BIAR G BE R RS RG R R A R A

AR BYEE IR, B UE B 1EH M Z K 00 T s
(S ST
1.3 Wgemk
1.3.1  ZREE W

FRHEL 0.2580 g ik [ i , H DMSO & 45 & 25.00
mL, 5% 10 000 mg - L™" ) fik 1 ik £k 55 7, Bifi 5 8
Tk A1 T8 i 25 VRO TR T T 1 1.00 myg - L™ Ay ik 127 155 -
W, 5K 1.00 mg - L ik B BV FH RS 1A R OK
% 0.000750,0.00185,0.00460 . 0.0115,0.0288 .
0.0720 F10.180 mg-L™" A4k 1R R 22 . [R) Ao 1
0.0180% (1AFR 1) DMSO 1256 %5 W My B 7 7 %oF 1R
20, RS H SRR R AS R RRA
1.3.2 BEEWRENE

17 W A R] 0 U T R I S Bk B2, A
i 5.00 mL B, A 10.00 mL £ & 2.00
g FALEAE) 50 mL B0, R, R E 2
Jo IR ZE 022 wm JEREL RS EALINE , D E
JIT AN %k UPLC/Xevo TQ-MS T AW ; ik 4%
1 (3B FE RS ) ACQUITY UPLC BEH CI8 (2.1 mm
X100 mm, 1.7 wm, 3 [E Waters 23 /), #EiA 40 °C it
A A R 0.1% PR AKIEW, WA B b O IR R
A1 : 9, 3i# 02 mL-min™ , FFER K 2 pl, S
TR s B 25 B VR (EST) A 1 B8 P52 2, 4Gl o =X
KBS ROV W B RS A B R 2.5
KV, HEfLHE N 15V, B FIEEE A 400 °C, 7 51
Ttk 800 L-h™' HEFLAIME N 50 L-h™ A<
A 0.15 mL-min~', WEMELRINE 1 PR,
T 7 e o A S B R BE 1 20% , ORI 3 R v
DABER RN IR TAR OGTT

1 BEHRIEARRKENEER
Table 1

measured in the exposure solutions

The kresoxim-methyl concentration

LK (mg L) FH I (g - L)

Theoretical concentration/(mg+L™") Measured concentration/(mg-L™")

0.180 0.183+0.00398
0.0720 0.0723+0.00213
0.0288 0.0261+0.000523
00115 0.0113+0.000637
0.00461 0.00444+0.000140
0.00185 0.00169+0.0000483
0.000750 0.000710+0.0000247

TE B0l LIS S R R 2230

Note: The date are expressed as mean+SEM.
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1.3.3  BESfa F I p B
ZAMAT AR Ae 2 S RN A 15 By
BEAE MR IGE N ) (NY/T 4186—2022)P ) AR 48 i
5 % E 0.000750,0.00185,0.00460 . 0.0115
0.0288 .0.0720 F10.180 mg- L't 7 AN 56k iE | 7]
A i B 25 0 BEZE RN B R0 0 RRAE B ISR o e 3
24 AL AL E A 2 ARG 2 mL ik
UV, B 24 FLISLARCRH 2 AN EE . — BRI
L H 90% , 57 R AT (5 8 2] &5 A 400 mL i
W R ReRt By — B, AP A
G B2 RS 0 B 4i 4 AR iR AR
WAL, BEE 24 h B — ORI, DRSS %
WA BERUK BT, 7ERRERIDIIA] , PRBE IR B 45 I 7E (26 +
1.5) °C , OGRE/BIEJE DI 14 h/10 h, BELIE5E 2 KIT
AR RIS A B 2 R IRIMEER B 3 d JE, R
WERFERIIRE AL Y F 4RI 2 IR, B RS TF il kIR 1)
IREA B S AT B, ATt IR B S AT R B
IREIET AL, BERNE — R A iR A s h
RISV 1P)  fife 48L L S0 F VK B 45 % (hydrogen ion
concentration, pH)FIIE B, 78 1355 45 o BT (I it 0 1k
J& 30 d), % T A A A A T PR R ),
PR, Rt AR LC,, , T A B A
FAR T 1 A8 53 2 Bl (coefficient of variation, CV), &
KEEN CV(<43.7%) EE 1] CV(<11.7%) M i
HIZ[A] CV (<32.8%), B 5 fie A% ] WL 42 550 7 vk i
(lowest observed effect concentration, LOEC)F1JC A] Wi
ZAUN MR (no observed effect concentration, NOEC),
1.3.4 4ot
W5 5 £0 0I5 FF 2L 2 B8 T 0.000750,0.00185
0.00460 ,0.0115.,0.0288 .0.0720 £10.180 mg- L ™" ik [
MR 34 do B8 3 ANEA, WA B A
2350 MG, fEiRE R WA, 0T 1.3,
7.14 21 F134 d B 00 5 ik P TR 2% B8 i X B £
RN AR AL TR PRS2, HERR R HRLAS b 20 1 5
D JiCEF) 2 mL #.08 LR (g) « A
(mL)=1 : 9 §JELBIINA T B4 BRER K 2E VKR 4%
PR HEATIREE 513, SIS FE R EE 4 °C .2 500 r-
min” 9 55 B0 10 min, B W W 4T AE Ak 4
Bt o AR G106 W 450 2 SOD % 14 | CAT 7% M- |
POD i Ca® -ATP Fiiift  Ca® & \MDA it |
ATP Fra, fif 1178 S5 30 2 1 i R) kil 4 b 2 1)
FEH AR B & A B B S , FTA REARY
3 ANEE HEAT AT, IFAE RS A a] WA G EE A

P A SGHEA T I A
1.4 Fdlsrtr

SEBGHEAE A SPSS 25.0 X4 Al GraphPad Prism
9.0 A HEATGE T 43 B Al 1], SR Shapiro-Wilk
F1 Levene 7 A I AL R ST %R fE16 R R H
AR SR IE SR 2255 0E . RS E 7
%47 H1(One-way ANOVA)FI Tukey’ s £ 5 LA A 50
AbPRZE 50T BRZE 2 ) ) 2 2 S IR A R LA
SR FR R 22 (mean £ SEM) 7R, 24 P<0.05 5
P<001 B, HAZFRE,

2 45 (Results)
2.1 Tk AR BE I £ R iR A BT AN SR

ANTR W 1 Tk A T 30 0 VR 2 i B T £ R i
96 h J&, XTG4k R BAT — 2 i 52, 0.180
mg - L™ ik 17 P ] LI S R AR VR i 1) 7 Ak 3, B 0
JERG B EAL o 53.8% (P<0.01), Hi4v Bk 4 1 b 2
2 R R A R ZH R AR AL S AR A 5 (B 1(a).

W% & B, 0.000750 ,0.00185 ,0.00460 ,0.0115 .
0.0288 .0.0720 F10.180 mg- L~ [k B Fiig &b 3 Bt 2 f11 Jik

596 h J5 , BE S A AFET-F 505 15.0% .7.50%
625% 113% 13.8% .12.5% #1148 8% (£ 2), 4bF
144 h J5 , X BEES A BT 25300 15.0% 8.75%
8.75% 12.5% .13.8% .26.3% F1 61.3% (/& 1(b)), T
A4S Bk B R 0 BE S R AR 1Y) 144 h-LCy, 4 0.141
mg-L™",95% E{HFRM 0.0857 ~0.506 mg-L™",

2.2 kAR O BRE D A LI A i B Bt Y SO I L
1% 4

BED AL 5 Zi R 45 (96 h ~ 34 d),
0.000750 ,0.00185 ,0.00460 .0.0115 .0.0288 ,0.0720 #!l
0.180 mg - L™ filk 14 fi 20 B 15 f0 A 58 T2 243501
22.7% .33.8% .41.1% .43.0% . 50.4% . 78.8% il
97.9% (&l 2)., TH5 AT A5, Fik PR g X B 5 £ L 10 A
Wy B ATt /4l f ) 34 d-LCy, 4 0.0106 mg-L™",95%
EIEFR 4 000384 ~0.0264 mg L™,

16 34 d I EE A, e T B 2h fa AT i A5
A AL A SR A 10.0 ~ 17.9 mg, 45 Ab B
HAEE A AR CV ol 3.85% ~9.75% (3 3),
0.180 mg- L™ BEETR AT L i 3 5 I B ) £r A o () 44
JiH:, 1717 0.00460 ,0.0115 F10.0288 mg« L™ fik b fik &
P REAREE S A7t i A BT i, DRt Tk 1 T %o B
i 3 A A B B R IR #2934 d-NOEC 4 0.00185
mg-L™",34 d-LOEC “# 0.00460 mg-L™',
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Effects of kresoxim-methyl on the hatchability (a) and mortality (b) of zebrafish embryos

Fig. 1
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Note: Significant differences between treatments and controls, * means P<0.05, * * means P<0.01.
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B2 BRENRSERHEGHMBFATETERNTN
TE : Ab PR 5550 IR LR AT I 22 5%, % 37K P<0.05,* * KR P<001,
Fig. 2 Effects of kresoxim-methyl on the mortality during zebrafish larvae development
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Note: Significant differences between treatments and controls, * means P<0.05, * * means P<0.01.

IR AE R, & b RS- YR Kl 105 ~ 13.4
mm, #5 A FHFE WA CV 7 726% ~173%,
BALFRL A R IR K CV N 0.77% ~8.99% (£
3), 450 ,0.180 mg- L Bk AT L) o 21 hn B
AR K T 0.0115 mg+ L™ 1 0.0288 mg -
L' Bk AR RE S W PRI D AT i iR K, R,
Tk DA J5E VT BE 5 £ L A B BEAR K 1Y 34 d-NOEC
7 0.00460 mg-L™" 34 d-LOEC & 0.0115 mg-L™',
2.3 BEEAPR X BE S a0 A B Be b S AL RS
Al

FEE AL, 20 13,7 14 .21 134 d &

B iR /A7 f ) CAT 3% M . POD 3% 14 . SOD i
PERL S MDA 5 i, 3 B ik 0 TR 6) 30 5 i B3 A A
BT A b RGER M (& 3), S5 SRRE, AbHEES 1
K, FALPRZAE AR5 X L AR e 2 0 g 22 5 Bl
o Tk TRT 16 22 528 1) [) A9 24, AS ] Sk 48 A 22 B[]
iR EEN

BETEEEALFE 3 7 14 F1 21 d J5,0.0288 .0.0720
F10.180 mg - L™" 4b #ZH %) CAT 75 4 B 2 54
0.00460 .0.0115 .,0.0288 ,0.0720 #10.180 mg-L ™" b3
ZH 1Y CAT {BPETE 34 d J5 3 B EH (& 3(a)), Bk
BEAL B 3 d F17 dJ5,0.0288 00720 F110.180 mg-L™'
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Table 2  Effects of kresoxim-methyl on hatchability and survival during zebrafish early life stage

FET-H
N -1 v o ¥ % YT 3%
WiE(mg L) R Number of death — SRIER T LR AR %
Concentration Embryo - Total mortalitv/% Number of alive Survival rate after
S r ¥ otal mortalr
Amg-L™") number JEJRO6 h) frn4 d BAETH ty/ve fish at end hatching/%
Embryo (96 h) Larvae (34 d)  Total death
0.180 80 37 42 79 98.8 1 2.08
0.0720 80 10 54 64 80.0 16 236
0.0288 80 11 35 46 575 34 496
00115 80 9 31 40 50.0 41 57.0
0.00461 80 5 31 36 450 44 589
0.00185 80 6 25 31 388 49 662
0.000750 80 12 16 28 350 54 773
CK 80 9 9 18 225 62 872
DMSO 80 4 18 22 275 58 763
==1Control === ().0115 mg-L!
==0.000750 mg-L~" w=m(.0288 mg-L"!
==(0.00185 mg-L"! ===(.0720 mg-L"!
(a) 60r (b) §r m=m(.00460 mg-L  e=m(.180 mg-L! .

~
<
=)

w2
(=]

SODEME/(U-mg™)
SOD activity/(U-mg™)
~

CATHEM/(U-g™)
CAT activity/(U-g™!)

55

—_
N
I - L

7
1/ Asfal/d
Time/d Time/d

© 8 (d) 10.0f

=)}

I

MDA &/(nmol-mg™")
MDA content/(nmol-mg™")

PODJEM/(U-mg™)
POD activity/(U-mg™")
o

i TR]/d I TR]/d
Time/d Time/d
3 BERENRESERPLEGMERENRENZN
T BEAEE S4EE 1.3.7.14 21 134 d 5, CAT (a).SOD (b),POD (c)Fl MDA (d)f4 i #7251k ; CAT Fomid A AL 2, SOD Rom il &b B 1kt
POD F/Rid ALY , MDA FR TN I ; 4528 DIREAS (- AR E R 22 30K ; A B S5 3 IRAL 2 [l Ay 3k 25 5+ 3R P<0.05,* * KR P<OO1,
Fig. 3  Effects of kresoxim-methyl on the antioxidant system during zebrafish early life stage
Note: The activities of CAT (a), SOD (b), POD (c), MDA (d) after kresoxim-methyl exposure for 1, 3, 7, 14, 21 and 34 d;
CAT represents catalase, SOD represents superoxide dismutase, POD represents peroxidase, MDA represents malondialdehyde; the results are

expressed as mean+SEM of triplicate samples; significant differences between treatments and controls, * means P<0.05, * * means P<0.01.
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Table 3  Effects of kresoxim-methyl exposure on body weight and body length of zebrafish larvae after 34 d

PRI (F 1) PR (7 1)
W B (e L) Weight (larvae) Length (larvae)
D LbFH/mg  E¥mg  EHEFI CV%  AE4Umm EHN CV% FHymm  WEE CV%
-1
Amg-L"") Treatment Average CV between Treatment CV within Average CV between
/mg /mg repeats/% /mm repetition/% /mm repeats/%
0.180 179 179%* - 134 - 134%* -

133 11.7 119
154 119 173

0.0720 138 8.54 116 8.09
138 11.7 122
126 110 159
106 103 159
11.0 105 126

0.0288 109* 6.39 104** 127
118 103 147
102 104 15.1
103 104 127
992 104 11.1

00115 103** 573 10.5** 267
11.1 109 120
9.86 104 124
10.0 10.7 8.00
110 11.1 112

0.00460 10.7* 461 109 538
10.7 110 9.13
11.0 11.0 119
109 11.1 9.75
10.7 109 10.7

0.00185 11.1 433 11.1 1.90
118 114 118
108 110 108
110 112 125
120 113 828

0.000750 113 524 112 0.77
115 11.1 122
10.7 112 726
126 115 118
119 112 142

CK 12.5 3.84 114 325
126 112 115
130 118 10.0
123 116 118
120 114 142

DMSO 118 4.60 114 207
110 110 115
11.7 115 10.0

PR S X IR L B B2 S * IR P<0.05,* * /R P<001,

Note: Significant differences between treatments and controls, * means P<0.05, * * means P<0.01.

AbEE A B SOD iE Mk W B, AL PR 14 d J5,  0.0288.0.0720 fi10.180 mg-L ™' Zb PR AY POD I
0.0115.0.0288.0.0720 A1 0.180 mg - L™" 4b i 2H Ay FEACPRES 7 R E W, 4bHE 14 d J5,0.0288
SOD T WY 34 fm, AbFEES 34 KT A AR 0.0720 F10.180 mg- L' AL FEZH % POD 3% ¥ i 21
SOD 751 ¥ 1w 3 3 il (K] 3 (b)), 0.00460.,0.0115 iy £ 4bFfZH POD i HEAE 21 d 24 L FAIE , kb3 34
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ATP 7K, 437 ik B e o B6E 5 #2300 A i B BE 2 ks
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ATP FifiiG 1L B ATP /K2 PRI

BABEEEAL T 3 14 F1 34 d J5, KR40 B4 1Y
Ca™ KO- 35 & 5 AR, M AL FRES 7 RANES 21 K,
0.180 mg-L ™" AbFHLH Y Ca® /KK i FH 42 5 (K 4(a)),
WFFE & B0, ik T7 g Ak 230 (], 36 55 £ 44 Y 1 Ca®'-
ATPase i 1452 B[R] A& BE A (18] 4(b)), 11 ik B
B AL FRBE S iR AG 1.3 #17 d J5,0.0720 mg- L™ Al
0.180 mg-L ™' kbHZH 1) ATP /K -5 %) BR 41 AH Fb 34 i
ETbE AR FEZH ) ATP /KF7E 14 21 F134 d )
¥ 5 KA 4(c)).

3 iti&( Discussion)

WRRG & B & AE ar B P — A EE B,
S A A A B BEAR LL, VR IG AT R A i B B
A2 0 1 B I B AR 20 DA 5 R T
R VA JIE T i A i 2 2 5 SROBE T f I iR ) S
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MIBET 2R, I HL2 B — 5 30 -0 6 &R, X ]
RS PR AT i SRR G AR 4, 45 Fh i 22 48 B
WA KB TE4, DitsN T IeRE J1 55 , L 25 5 i
ZAHNFG R S B SR T R W ik A R
X BE £ L A A By B RS 96 h-LC,, A 0.220 ~
0340 mg-L™", XJ B 5 £ il £ 1 96 h-LCy, A 0.440
mg- L7 A 5T & BR, Bk B TR G BE 5 £ R iR Y
144 h-LC,, 4 0.141 mg-L"'(0.0857 ~0.506 mg -
L7, X BE £ fa L AR Ay B B AT fa/4h /g 34 d-
LC,, 5 0.0106 mg-L™'(0.00384 ~0.0264 mg-L™"),

e — 2 U B B i BR300 A i [ BOGS Tt T TR S 4
T, I ELBE A % R N 1] A B 1 A 1 XoF B £ A
TR

(a) 0.8 == Control ==00]15mgL"
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o ==().00460 mg'L"' ==0.180 mg-L"' *
b a0 0.6 ) .
< ° L
£ g -
EE04 a i
= u
£ CH
() |
¥202 - -
& =
S8 . e
H | | O g n
H HRE 15 - |
14 21 34
[l /d
Time/d
(b)

e
W

o

Ca**-ATPaselfiPE/(U-mg™)
Ca*-ATPase activity/(U-mg™")
(=)

5]

Fif i) /d
Time/d

O
(=

(=)

w2
(=

ATP7K/(umol-g™")
ATP level/(umol-g™")

(=)

7 14
I {a)/d
Time/d
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1 ATP BI800

Ve BERR AT 1.3.7.14 21 F134 d )7, Ca® K F(a) ,Ca®*-ATP fif
{6 V()R ATP AR F-() AL ; Ca®* SRR F5 8 T, Ca® " -ATP iR

ARG S T IR SRR , ATP /R =R IR 45 R LIFEA

PRSP R 1R 22 30 Ab 2 S5 0 B 2 [ A
WEMERS  * FIR P<O05,* * FR P<001,
Fig. 4 Effects of kresoxim-methyl on Ca>*, Ca’*-ATPase and
ATP during zebrafish early life stage

Note: The Ca”* level (a), the activity of Ca**-ATPase (b) and ATP level

(c) after zebrafish embryos exposed to kresoxim-methyl for 1, 3, 7, 14,
21 and 34 d; Ca®" represents calcium ion, Ca**-ATPase represents
ultramicro calcium ion adenosine triphosphatase, and ATP represents

adenosine triphosphate; the results are expressed as mean+SEM of
triplicate samples; significant differences between

treatments and controls, * means P<0.05, * * means P<0.01.
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WFFE F A, ik T 6 2% 22 B0 5 A IR i 34 d )5, %
Bt L AR A B B 1AL FET R AR
SEERPE AR TORFIRSZ IR, WY R B, W B AR AR 17 Tk
HTi5(0.00460 .0.0115 F10.0288 mg-L™")AEM i & 1%
RCERE L oA £ 9 A JoT i s AR ke 32 A v 1) Tk AT T
(0.180 mg- L") B b £ F 0 A iy B B LA 45 19
FOEREME , 100 25 SR B ) R AR BT (R —
2%, I EL e 5 ik P TR 2 5 0T AR S BN BE L fa {1 £
(AR R AR K BRA I 9 3% I  Tk  G  J0 J
25 G 3OBE 1 £ R £ T JE RN i T 45407 , O HLR [k B
(4 TEE T 196 (0.870 .87.0 I 220 pg- L VREEHR S T4
B £ p £0 I b i B ARG, BRI R AR
AU AT Bk TR P K R R 1T AR 2 5 AR B
e R A= iy o B O R B 3 v AR S R,
BE £ A P9 T AR RD S SR AR, a1 S B
FR T A A RRAIG T v W ik P R BB A% 1 in B
I A1 A T RN AR, — T 2 PRy e e R
Wi Je B — i R R R KR G —
(22, [ o 56 1 S0 i 4 3 A 24 1K 30 22 SR B A 14 o
BE S 5l B AR T B 0T 15 S 88 o A B o R
TSR0 N v v R ok A 1 0 R R RS S S
A A B Bk B O R R S AR,
SERI A UE TS AR TR N, AR R,k
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AR A HRK W R EGRS RS m K EE ™
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A= YR N A AL NPT AL B TR T BILAD , 2452
FIHMIE TS G PR S E L R GKT- & A28k,
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SE BT 0 5 PR TE A SRS YL it A iR 1) 46
EIRRERE . fEIEH AR BLIRAS T ML ROS 7K
b T —F Sh A SF A, 1 — ELSCRPF#ir TR (ROS K
AR, A AR 2 re A SR AR I RO A T 9T e
AL R SR FEAR ROS KT Hirh ik
fitt POD ,CAT F11 SOD 74 il bt E ik R G h il &5 &
ZLVEM,POD il CAT fE4)fif sz 4k H,0,, SOD fig
FHAIML N A A B L (O, ) e 1k i S A AL (H, 0,) Fil
TR0, BeAh, iR 0,” & kAR i 4
FEAE I3 T MDA % 4, 1 i Bt {2 ROS 7E
MR PN 5 1L 1 it DL 1% 4 B 63493 , DR Ik, MDA & 1

ARG R B AR AR SERi oY A, Bk T
Pl 72 i P 30 3 A0 XE I A R A B £ A
CAT .SOD Al POD ifith: .ROS Fil MDA 7K~ 514
FEAE L R 19 2 36 ok 5 F S A Ry 7>, 5 i
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13 dM7diE, S ARNI SOD iE M2 3 W3
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A AR R 23 Wil 2 5% 5E I 0] 38 0 52 24 [m] 2 B2 19 5%
M), T pe 9 L L AR I B 2 O 27 3] B 2 R ), B
SNPUEAL R Gk BN RT3 0, DT T 3
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