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Toxic effects of ibuprofen on early life stages of marine medaka
(Oryzias Melastigma)

MA Zhengzhuo LIANG Chuan SUN Zhecheng CHEN Yang
WU Dong XU Yanhua LIU Zhiying ™

(School of Environmental Science and Engineering, Nanjing Tech University, Nanjing, 211816, China)

Abstract To investigate the toxic effects of ibuprofen (IBP) on the early life stages of marine
medaka (Oryzias melastigma), marine medaka embryos were exposed to different concentrations (0,
1, 10, 100, and 1000 pg-L™") of IBP solution until 30 days after hatching (20 days for unhatched
embryos). Various developmental parameters, including hatching rate, hatching time, heart rate, 30-
day survival rate of larvae, body length and weight, were observed and recorded. Additionally,
measurements were conducted to assess the activity of antioxidant enzymes (superoxide dismutase,
SOD; catalase, CAT; glutathione S-transferase, GST), levels of antioxidant (glutathione, GSH),
concentrations of oxidative product (malonic dialdehyde, MDA), and the activity of neurotransmitter

degrading enzyme (acetylcholinesterase, AChE) in the embryos. These measurements aimed to
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evaluate the developmental toxicity, antioxidant system, and neurotransmitter system effects of
Ibuprofen on the early life stages of marine medaka. The results indicated that IBP at a concentration
of 1 pg-L™ did not induce developmental toxicity in marine medaka embryos and larvae. However,
exposure to higher concentrations resulted in decreased hatching rate, hatching time, heart rate, and
larval survival rate, while no significant changes in body length and weight were observed across all
concentrations. On the 5th day, increasing IBP concentration led to a decreasing trend in SOD
activity and GSH content, while CAT and GST activities, as well as MDA levels, initially increased
and then decreased, with all indicators returning to normal levels by the 8th day. Moreover, the
increase in IBP concentration led to an initial increase and subsequent decrease in AChE activity. In
conclusion, environmentally relevant concentrations of IBP did not exhibit developmental toxicity in
marine medaka embryos and larvae. However, all tested concentrations of IBP resulted in oxidative
stress and neurotoxic effects in the embryos.

Keywords  ibuprofen, marine medaka (Oryzias melastigma), developmental toxicity,

antioxidant system, neurotransmitter system.

AE 5§ /& $1 % 24 (non-steroidal anti-inflammatory drugs, NSAIDs) J&—28 R B A IR G5B Pi R 2, 5
MR BUR . BRI R, FAE 2 ERAY AL 7 ATk 52, A 1% 2% (ibuprofen, IBP) 1 Sk — Fh i 71 (1
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AR IBP £E W7 FIVG YT NSRS e Jr 1 AT EEAE A, (R AR ™ | (R R b B F rp 2K
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VAR DX 300 K % B0 T MR EE 24 1500 ng- L' B9 TBPL. 78 X6 B 74 315 0 3 [X 25 9 () — T AU 55 6 B, TR AKCRE
o IBP A7 i 1, L Y5 L Ry 326.1—2094.4 ng- L',

H Bl 5¢ T IBP W 7K Az 2 1) 5 1 R0 A S8 AR AT A /0, HL 32 B AT X IR K Wy A oL, 36 B £ 55 58 T 50
500 pg L' ¥R 19 IBP &, HRG A AL (] BH (2 23R, IR iR N A KB 8h 5 b, A1 fa 2 B BE
WS IBP YRR 1.5 pg- L7 B, S0 IR iR B S0 T 32 RIRE TE 28 I OR3GO L3k 2L o 522 3k 185 0
[ AR 0. 2 T I D1 R B8 AN [RI VR B (%) TBP +p, 2 BRIR DL A AR K25 a1 4 /0N, IR 2298 8 B A T T
K, 2B IBP (17 4E TCIe VR BE = AIK, AN I DU A= K A A= A7 PR, iR T J& IBP X1 v A Y i
PERON BRI ST, LA ST LA RO RR L, DA, G PR A W T TR M 3, I Ml v A 25 XU PP A1t
ZZARYE.
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NRW KRBV, AE RS TR A B AR 3. g 8 5 6 4. ( Oryzias melastigma, O.M.)
VA [ B A i Bl 2225 (TLST) 5 g e AR s B 24 5 i (HEST) #7521 7 BRAAF 75 580, B 75 6 S8 )
Fh A B0, 0 5y T R 35 . R0 2 B0 AR I . XS Qe Wy BURk . B TR AL A S
55 FH O.MAE N Z X W Fh, BF9E T AR E IBP B & X OMA A B Be i & B8tk LA ML RS
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IR 25336 [0 2R G52 W0, R PEA IBP VRAE A AR S AU L T S 2 ik
1 MBI (Materials and methods)

1.1 S5k R

AL it IBP(IBP, C3H 50, 4liE>99%) 7= A LB AR A BRA R 245 5 F 5256 25 R EL 10 mg
IBP % T 10 mL - H ZLF A1 (DMSO), B il 1 g L' B, BERGEDE B T VKA -20 °C {R47. SC5 K
P 3R (1 B 21157 Instant Ocean /N AR ) #22 Ud BHVA T 200 U85 19 2K ML 2K . BEREE 3 KT
B R LAB 1k B RN 53 e A AR Ak, S B BRI A E G (4 v K e, AU A R ) T e o R R Lk
TRV, ZRER VAT T DMSO Bl R B i =i 0.1%, Bk ir R34 2 Br 4.

SO A A B I ORI YE B 0.2—1.3mg-mL™, 8] 28 55 R %k 5.34%, HE NS R R
103%) . A ALY B AL (SOD) 3 Pk (KM JE - 0.5—122.1 U-mL™", It [H] 25 5 22 %k 3.32%, N EF R
B 5.50%) . 3 A AL S (CAT) i PE (KIS - 0.2—24.8 U-mL™", $tt /8] 725 5 250 4.94%, HL P9 728 55 250
1.9%) . S A AR B H K (GSH) & 2 (R FE - 0.3—147.1 mgGSH-L', L [A] 48 5 R % 3.86%, It N 748
SERE1.2%) . A WEH RSB AL Bl (GST) 16 M (R e il 6.0—22.0 U-mL™", fit[H] 48 5 R %k 5.68%, it
PS5 2R %0 2.9%) . T I (MDA) £ 1 (Rl Y5 16l : 0—113.0 nmol-mL™", i) 28 5 R &k 5.34%, ftt P 7E
SR 2.3%) . LWEARAK AR (ACKE) 6 P R Y FEl: 0.01—5.0 U-mL!, LA A8 5 240 6.87%, LN AR
S ZREN3.2%) R £, A N S [ e s AR ) TR RS T

S AN R s B AU (CKXS3, Olympus) | /&L & 4 85% (SZ61-TR, Olympus) . %551 A] W% 4
ST (UV-2600i, Shimadzu) . %M 3246 (HPG-400BX, Jb 50 RIS KA ZR il A PR A ) . T
A AR (F6/10, 1 Sy R IPVEALARBHE A BRA R | & 308 VR B0 AL (GL-20G, b4 R4 AU
DK
12 SEEAEY)

KR OME A TR ZFEE SRR ERXEALRE, TREERERTE L L. 25
FUFCHERRE L 1.2:1 PRIk A~ fdRe . JCEH I 1Y 6 T i pi .

T 5 4652 523 FHIRE /K A R S i3k (B [ 21 17 Instant Ocean /)N HER ) #2081 T 20 85 3 8 I 19
Al KL ALK . FEE M (30%01%0), 1R N (28+2) °C, #fR4A>6.0 mg-L !, Yol ] 14 h:10 h. F- A F AT
3 M A H W UL RDEERHEE AT FRA R Ry AR B (1 RS bkl il 48 ) . B2 BRlR), &2 H 3 K.
1.3 SEE ik
1.3.1  faBpagyisE

S0 T A T — DR A5 WK £ T b % BE O VR IR T B, DL CRIE T AT 2 R I %) VR i 2 2 S 5 24 K
7=, e A 0BRSS IR TG . EME O ML fl— R 7E R | 8 ST 9 s 2 IR =B (O
HRFFLRJE 2 h ), SE56 4 R R A 12 3 27 BV AT ECHS ROBR 28, e I A R T, ) kb XoF 2 45T JEG 350 1 e
G HEATWCAE . K CAR 20 ) IR Ji FH SRR A5 2 58 S 2 R sk, K IR i 2 T ) 2 ) S &2 ol T B 5, % T
WCAE B R I ST S BB I A ORI, 9 1 A R A B L A2 K (€ 15833 2 EL O J] (] Bt B b ) 9 AR I A 7
132 KEREMELE

RIRFEAN R MR EE TS IBP AT OMEEHERLUN, 1 & IBP A VR B0 0 KX #R4H ) | 1. 10, 100,
1000 pg-L™", #Mn 0.1% DMSO B Dt BEZH . & & #4550 43 4 R JIG FRAT- 0 W5 38 43, IR JIG S5 LA 20 d
Ry SIS L, AR IBEAL RSN R U T A0 S TR F AL SRR A 30 d. ff SR SR I (AR 10 em) 1
R, BRI A 60 FUARAG, RV EER 3 K, MRS ECS 1T C—3 & Hid ZRIR 5t
TR0 B R, WEIRIA & B 1 0L, IF-7E 5. 8 dpf(day post fertilization, B IR i 52 4% I (1) & & Bf 1] ) Bf 1
TR SR BENLPRE 5 AR (58 A AR S A B ) o0 38 52 vk B AU 1 51 30 UL Bk T 75
i [0 - B3 A A 0 R, BN IR IR 3 UK. 4118 30 dph J5 B i 4t % BER AR TR 5 T i
HAFTE B E, 756 30 dph(day post hatching, B A1 a4k 55 () & B I ED B, Ge it A 45 32 L



94 I TE B R A9 S5 T o 60 2 i ) S R 2937

fREaFE T80, I ARG IR MLBEALEH 5 44T, DU HLAAR I | AR TR . 70 S 00 30 [ 4 R o 46— o R 5%
W, BRI T e — R R R VR, LA Lk 8 BV B R A e A= 84k, T B2 S B AR AR [R].
1.3.3 Pk R G0 Bt 238 57 22 G AH S 9 Il 2 S 46

VB SH W FE N 0CHE K X RZL) L 1, 10, 100, 1000 pg-L™, #Mi 0.1% DMSO Bii& 7 % BE2H . B5 ik
R IMRGE T R D OE T LR “1.3.171), ZEERTEY S dpf F1 8 dpf, & 5% 56 5 B T 75 5L
TR NG, 1 S 50 5 8 SRR R IG 2R 1H gk T S FHOK 4R oK 43, B TR VR N TR AR VR R
AF AR ol ST, 8 LI S MR A e 17 X390 8 08 B A5 264 73000 o S 56, g 4 o A 0 i 3 4K
1.3.4  SCEdE b B

TEI & & B EE | UL 2 G0 B b 28388 J5T 22 5 AH 40 Jo 0 52 S 90 B0 A 5 IR 25 40 A Ay 24 57 4k
PIRTEE A5/, SR SPSS 19.0 B4 iy 5 K R J7 22 43 BT (One way ANOVA) Fllfi /)N I 25 M A6 36 1%
(LSD) 5 Hr 4% 2 [] 1) 2 5 S 2 M 45 50 LU ST B b o 22 s 23R 95%(0=0.05) AT {5 R, P<0.05 i}
FREFDE.

2 %58 59718 (Results and discussion)

21 REFHELE
2011 LR KA ]

ANIF) IBP T OMIRSGHESE 5 7% 20 d IEAL 3 AL Rl an &l 1 FroR. 50 B4R (b 28 A L,
1. 10, 100 pg-L™" AL 2 i IR R IE AL R B AE 10 25 25 57 (P>0.05) , ¥k 235 5] 1000 pg L B, FHLO#E
HEFRALH (68.43%+1.80% ) , 5% HRZH AL FAH HUAAAE W 35 14 22 53 (P<0.05) .
100 - 12F a
. a a . a a ol b b . b
b
S B st
£60f &
=) £
£ 5
§ 4ol 2
g 4T
20L
2 -
Control DMSO 1 10 100 1000 ‘ Control DMSO 1 10 100 1000
Concentration/(ug-L 1) Concentration/(ug-L™1)

B 1 A IBP ¥k REE T BRI AR AL I 1]
HOPRIE_EJ7 B AR IR B)/NG PR R AL BEZH 2 R B E2E 53, AN B AR ) P R A A B P22 5, I IR .
Fig.1 Hatching rate and hatching time of embryos exposed to different concentrations of IBP
The same lowercase letters above the columns indicate no significant difference between different treatment groups, while the groups

represented by different letters are significantly different from each other. The same applies to the corresponding plot.

506k HE ZH 07 A I TRD A Ll 45 A0 B %) IR i 90 Ak B[] 347 888 350820 (P<0.05 ) . 45 &b B2 = [ fr) 5P A st
B AN AFAE 35 22 5 (P>0.05) , WAk Bsf (1] 5 9 8 22 ) TG B 3o 590 000 . R i 22 380 90 S A 35 o 33 s o /D
AR I 1] B P Gt A S 3, 9 T S A0 B8 075 O ML T RIBEAK I 1] 5 1E 3 IR A F B4 09, 3% 5 R85 1
YA T R R TR U (ROS) AR IR I bt Sk 3R 0 2 Al A7 1) (BA R )2 A WF 5K 2 B IBP &5 7
SYOBE L YR FE SRR AR [R] ZE ), 5 oK ] R R BRI Rl AE 22 S W R R 22—, BEE i & 2—3 d
FEAT LASEAL, 1 O.MLIU T 8—12 d, T B[R] (1) il ST B 25 (45 VR i 8 i 42 i 9B A o PR AIE AR A7 TROK
T 7K B R AR 5T 25 57tk 1T BB 5 B80MH [R] 75 e 0 AE AN R K R85 Hp 22 B[R] A 5 R 07,
212

ANIA) IBP ¥R B 2R 5 T 1Y O.MURAG O Z AN 2 PR, 245555 5 K0 8 KA 11 KX 3 N [H] fi &
OM.IE G 0 IF % B 0y S ST A0S, |y T A S0 AE 11 d IR © L A W4k, S B 5. 8 dpf 0y 3.
5 dpf B, 5XFRAHAH L, BR 1 ug L™ ALFRLOFRAAFATE B B 1R 25 57 (P>0.05) 4b, HAR A BR2H 47 A 2%
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P22 5 (P<0.05). 8 dpf i}, 10, 100, 1000 pg-L™" AbFRAH AHEL T X FRAL R B T R RIS, (454 2 1]
AR 22 53 (P>0.05).
250 r —Control
ZZ1IDMSO
=91 pg-L!
200 210 pg-L™!
D 7100 pg-L ™! b
2 E91000 pgL'h
2 150f
£ a
£ 100
E -
T os0f
0

Exposure time/dpf
2 RIF) IBP W25 T 5 dpf., 8 dpf (Y IRfRC%
Fig.2 Embryo heart rate of 5 dpf and 8 dpf exposed to different IBP concentrations

IBP X O.ML/Cr 28 [ 5% M) 38 B0 Ay 0 300 2 B8 14 I 538, A I B g 0o 38 AR R, B 68 T2
FLEMEER T 1Y O.M.TE 6 dpf i HoC 38 Jin, (A 78 2 58 10 dpf J5 WO R ER I @ S BRARUS. bl il
WREIR — TR XS O.MLC 6 119 52 M A, 2% 30 40 IR0 | J 09 2 R Mo o, i 791 i 0 25 8 ol ot 3R 171,
SRR ZEAE AERE G & B IBP B0 A B, S M BE L fa IR AT O RS M R Th e R &, R
J& 4 6.06 pmol- L™ IBP ¥ ¥ 1 BEh fau0 8 0 R R AR, iX S5 A SO SE B 25 A AL = Ak

TREVE AR W) R0 B W BOR B 5 A AORSR R R B e e T LAY B, R DR R B AR R R R
EDREMARE Z —, DR 25 5 32 B EE A5 52 ), DRI X6 35 G 4y i) Sl Jaoe Bt B v 20 IBP J& T
NSAIDs 2, 3 & F T 22 fif Y9 , 38 o 30 1 B0 S0l (COXO I Pk & #5472, B4 S0 il 2 79 e [m] T iy
COX-1 #l COX-2, Hrpr COX-2 il # 5 2.0 & T 5 AH G, X Al 8 5 AL 46 vh AL FEZH O. ML O
R K.

2.1.3  ff1f 30 dph ££15% %

ANIF] IBP ¥ 2 2 5 T 1Y O.MAT- £ 30 dph £71% R UNE] 3 frs. 55X RRZAHLL 1 pg L AR FRZH Y78
TEG RAREAE 2 5 (P>0.05), 7735 550 51 0 (74.68%+5.68% ) Al (71.6%+5.72%) . H 24 4 i 1k 5]
100 pug L' F1 1000 pg- L™ B, 77T #4351 T 15 4 (62.28%+6.03% ) 1 (48.78%+6.54% ) , 341 5 X} HE2H £E7F
M2 57 (P<0.05), Hirp 100 pg- L™ A1 1000 pg L' ZbFLH 2 [ A7 7E i 35 1 22 57 (P<0.05) . 525645
FWFAOAENE R 5 R B Z A AE R RN G R, AT 104715 32 BE 1BP ¥ B2 T 57 M R

100

a
80 ] ab ab
b

S
g 6or c
=
2
g 40}
2]

20¢

0

Control DMSO 1 10 100 1000

Concentration/(ug-L™")
B3 A IBP LA T 30 dph {1l R

Fig.3 Survival rate of 30 dph larvae exposed to different IBP concentrations

A BF5E R B, IBP X H 2 55 8 (1) 52 Wi il 5 2 5% I 18] 1 3% X, 7E 30 dph B 1000 pg L' e B2 Y
IBP W, AT (A TG 3R R AR T 3 AR, X S5 R SCIF R 25 R AH ). B L 181 1 FE 3 A AT LR
B, 5 MR A H, AT AT R T R B . AT BB PR R AT fa A TBP ¥ P 2 58 (A I ) G, 3
S S BH . A F 5 & B IBP (AR FHAE X 28 12 AR RO B R A, Rl BB H G 2 O
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FELIE 1AMk Ko F Ry ZEd kA, 3 1R B9 /R .
2.1.4 {7430 dph K55 H

R AR TR RO 0k B R BB bR, K RS ARG # 0y LR S0 F R T R T4
THEB R R IBP W ZEEE T, 41 £0 30 dph (A AR E W] 4 R, 55 %0 BRZE AR L A& b BRZE A f.11Y)
PRI FIA B AN A7 2 35 1 22 5 (P>0.05) . A BIF SR 45 2R AR W TE AN [] NSAIDs % 72 W Hh B 1) £ £ £ 78
96 hpf(hours post-fertilization, 5ZH 5 /NI ) I (9 (A 340 080 i 25728 4k (P>0.05) P9, 3X 5 SCIF5E 445
FRLL.

3510
3 a
3.0r |
' 2
a
£ o 250 & a
£ E
a '§0 2.0
=
5 2 sl
=y z
=3 =]
m m 1.0F
0.5
0 0
Control DMSO 1 10 100 1000 Control DMSO 1 10 100 1000
Congentration/(ug-L™1) Concentration/(ug-L™1)

4 K[| IBP ¥ JE 75 F 30 dph ff kK A
Fig.4 Body length and weight of 30 dph larvae exposed to different IBP concentrations
2.2 PUAM R G KA 4238 Jit 2 Ge AR S B 2 S5
221 HEABGEER T
B35 1k Hy T AR R 2 S R SR A LS R R, BN RE T SR RS B SR R, IR S 1
— A7 A R IBP B8R X O.MUIRJG 9 A AR 59 i 520 . 48 1 B0 fat b v i R 005 7 Rl y=1.82x+
0.859(x: R AU, y: WA ), R*=0.9997, Wi & 2 11 vk FE A& 5 BT,

2010

1.8 b [ Jcontrol
& b 21 DMSO
2 16 =31 gLt
&n 10 pgel !
g 1471 O].Lg-L’I]
E] 31000 pg-L~
£ar H
0L
£ 10
S oL
g 08
<
206
2
204

02r

0

oo

Exposure time/dpf
5 MR F TR

Fig.5 Embryo total protein concentration

222 PEARG N

e A ALY AL B (SOD) | it AL S (CAT) | B JRR 2 I H K (GSH) | 23 Ik H Ik 3% 2 57 B2 il
(GST) LA KN [ (MDA) £ K A TH] IBP ¥k 5 7252 T 5 dpf A1 8 dpf B BG4 AL bRic ), HRG I 45 51
K 6 Fok.

TE 5 dpf i, AN[RlZbFHZH Y SOD i PE B IBP ¥R B2 /5y 2 T R Ay Ea 3, 5 oF BRZH A L I 77 e i 35 1k
255 (P<0.05). 8 dpf i, £ AbFRAL ) SOD 1 14 5 % A AH LU A7 AE o 3 Pk 22 5 (P>0.05) . CAT & M 7E
5 dpf if, BE IBP ¥ B8 TH i 5L 56 B THE FRERYEF, 1. 10, 1000 pg L' 4b B4 5% BELH A7 AE i vk 24 5
(P<0.05). 8 dpf i}, 1 pg-L™ AbFRZH 5 %5 BRZH Y CAT TG PEAH U ANTEAE B ME 25 5 (P>0.05), HiAv b 3 ZH
5% BEZH A P AR TE S0 350k 25 5 (P<0.05) , {HAHER T 5 dpf 2% 5 FE /.
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SOD F1 CAT & Wi H A A 32 G2 b A 8 Ak N et R v R # 35 EEEAE L i s A N 4R B
1 3 (O) b it S AL & (H,0,) Fil T 4(0,) , J5 # Bl 5 1 H0, %4k 7K (H,0) Fil 0,%) SOD i 4
£ 5 dpf B HHBLREAIR, PTREZ iR TAE IR AR T R 76 ML (ROS) 1T Hh T 1L B B B B g
T3 SOD i T K. 7€ 8 dpf B, SOD 1 PR AT i 35 1 22 5, X W] B2 th THLIAAEAE A FRBEZ ML,
Xif IBP 5 3K M AL 405 0 4535 1% . CAT W METE 5 dpf Sk 52 30 4 Bl 00 J w4 1 (0 #a 3. CAT R 7% |
T O MR X HyO, S BRAE I A B T, ARG N ROS & it B e, 255148 Hy0, (1 R, T
HUARIE 48 T CAT RYTEERIETE A B R Hy0, IEE T, A MRERHLIR N Hy0, & 510 P, LLE I 36
BEAYARABE, {024 ROS & Bad 20, Hxt CAT it r=A4: Tkl /EH. £ 8 dpf i, 444 B A A T
Xof B ZF A7 A 35 1k 25 S, (H VAT 55 22 AR T 5 dpf I U/0N, AT RESE i T HILAA T 76 14 7 3 1 B4 45 728
1k, CAT i PR B T520E . X B AECT BFGY 1 X3RS B e X 5 5 £ CAT I PR 52 e, B 55 445 R 3R W1 Bl vk
FE I F CAT id 1 256 FFHE FRetas, 5 28 d IR 3 1E % K F, 5 ARSI BFFE 45 S AR L.

35r 20
a b
ab
30F %% d %7} a 2
7 ¢
B o 15r
g 25¢ 3&7% /if/ g
TO- //\ / \\ J T{L
2 20 N % N g
' N N 5 10
Sl NG N\ =
8T N N z
A Z N N &)
08 | N N 5|
N
7
st UNE N
N /s
0 CANNKKS AN 0 #INNN4%%)
5 8 8
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Fig.6 Activity or content of antioxidant system markers
5 dpf i}, GSH & B R 5L R R 3, & 4b 3 21 5 565 IR 20 A0 HL 977 AE S 35 1 22 57 (P<0.05) . GST i
PEAE 5 dpf BF 8 A B2 TG FRERg#a % 1. 10, 1000 pg- L™ AbFRZH 5 %F B8 20 AH Lo A2 A0 i E M 2% &
(P<0.05). 8 dpf i}, - AbFH2H 22 [A] ) GSH & &A1 GST 1% M B AR T 5 AN AL B E 1 22 5 (P>0.05).
GSH JE LA A A 1 22 AT A AR R ) by BE T R0, 7 18 5 £ 40 A NI RE ) LA R S i E
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77 11 & ¥4 T2 AR FHPY. GSH BE o] LA g — Pl sz A B A e 0, i nl DA GST ik, 5HEWE &
AT TCE YR, 2 SRR R EEVE ). GST 16 T A HURA ARl 40, BA BRI N A |
FEFN i 7 0 SR TR, HTE P v DUBSE (0 S e B v JE 0 A= R 1 52 i K A= AR B AL RE SR FE 5 dpf
fF, GST 3 M b F+ Al g 20 T BB 42 30 IR LA I8 i & 1Y ROS I HIE bk 2 4 0 i S A, [A) el A5
GSH 5845 A MRCR T &, T304 Ab #2550 B AH b GSH & &2 %A1, 8 dpf B, O.MLi% 7 1 [ 4
B, ML) GSH & i M GST 1 P IEAE B THE, (A AT e A e A 22 2 B0 i E M 25 =

B I S AL e S R A A R B A AR AR MUK P B ROS AN BE B B B v
R, ROS 23 5 5 ot & A 0, 7 2B g ot ik S Ak 408 43, T MDA DU 2 g Jo o 4801k Y | 28 7= 4. [k,
MDA (1) 7 5t 1 LA Jz e HLAA & A B o ek Ak 3 45 1) A B2 B2 78 S dpf ), 45 b BRAT 5 X B4 A b,
MDA & 3 88 2 T+ 55 (P<0.05) . X ] e K bt AL il A S8 AL RUAS e B i i B ik 2 1 ROS, 2L
P R i AN, B 22 B0 MDA B i 38 . 38 i 345k 52 700 R 00T, 3 AT B2 R AR ) 22
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Fig.7 AChE activity of marine medaka embryos exposed to different IBP concentrations at different exposure times
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3 %518 (Conclusion)

(1) BEAUFAEE R BT 1Y IBP X O.MANAFETE R B Bk, (H 1k B 32 7 - i BF IBP X O.MLIRJiG S AT
HAFTE R B, BRI IR I SR B R RIS B AT L 03K AL, AT 30 d 7730 SRR 55
(2) IBP %7 I, 7€ 5 dpf B, O.MLIRJif Hh SOD 1 ¥ F1 GSH % & 2 B R It %, CAT it . GST i
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