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Abstract; Cypermethrin (CYP) is a kind of pyrethroids insecticide commonly used in agricultural production,
which is highly toxic to aquatic crustaceans. In order to investigate the toxic effects of CYP on marine crustaceans,
our study took Exopalaemon carinicauda as the study model. By combining 96 h-LC,, with environmental concen-
tration, the shrimp was exposed to different concentrations (8 ng-L™', 16 ng-L™" and 32 ng-L™") for 10 days, the
effects of which on hepatopancreas tissue structure, damage level, detoxification metabolism and antioxidant levels
were determined; meanwhile, Na“/K'-ATPase activity in gill tissue and acetylcholinesterase (AChE) activity in
muscle tissue were also determined, so as to obtain physiological response characteristics of CYP. The results
showed that 24 h-LC,,, 48 h-LC,,, 72 h-LC,, and 96 h-LC,, of E. carinicauda was 65 ng-L™"', 50 ng-L™", 38 ng-
L™ and 32 ng-L™' for CYP, which belonged to the highly toxic substances. After exposure to CYP at different con-
centrations for 6 days, hepatopancreas tissue structure was broken, basal membrane rupture, vacuolation and cell
necrosis occurred. Exposure to 16 ng-L™" and 32 ng-L™' of CYP, the activity of phase I metabolizing enzyme
7-ethoxy-isooxazolone-deethylase (EROD) and phase II metabolizing enzyme glutathione S-transferase (GST) in-
creased first and then decreased. Oxidative stress-related index superoxide dismutase (SOD) under 16 ng-L™' CYP
exposure showed inhibition and induction, while the activity of catalase (CAT) and total antioxidant capacity
(T-AOC) showed inhibition after induction. Malondialdehyde (MDA) and 8-hydroxydeoxyguanosine (8-OHdG)
contents showed a dose-dependent effect and significantly increased with the increase of concentration. Na'/K"-
ATPase and AChE activities were significantly inhibited during the whole exposure phase after 32 ng-L™'CYP
exposure. In summary, CYP is a highly toxic substance to white shrimp, and exposure to CYP will cause varying
degrees of tissue structural damage to the hepatopancreas of white shrimp; it will cause oxidative stress response in
the body, causing oxidative damage, affecting the detoxification and metabolic processes, leading to imbalance in
the body’ s osmotic pressure regulation and disorder of nerve signaling. The results of this study supplemented the
toxic data of the chloride marine crustaceans, and provided a theoretical basis for ecological risk assessment of SPs
in coastal waters and estuary areas.

Keywords: cypermethrin; Exopalaemon carinicauda; acute toxicity; oxidative stress; neurotoxicity
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11.6 {Z3C, i SPs AT 173, J& RO
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i AT B N 22— T A U R OB A
AR T B, PR K ol R B3R AT 5 He Ay ke g e
Ap A PR R R 5 4% 52 (1) 4 HL % (organophosphorus
pesticide) Fll 24 J& FH iR liE 2SR 24 (carbamate ) A [L , AFR
13§18 (synthetic pyrethroids, SPs)ELA XJ IR FR A= 4
SV A 2 1 R B ) R OO Wz L 2021
4R, 42EK SPs SN WIZY N 34 14360, Wit 2027 4F
ILF 45 f2 3T, AE R —Fh K5 A A HUR, SPs
A9 3 Uk BR B %8 (Pyreyhrum cineriifoliun Trebr)
P RIRBR R E . 1E SPs A U B 208 in 45 Fh
RN 77 A Z RN [ A #1 TT AL SPs [ 1 #Y SPs
Z 1 o-FEELEE A A R A R Y R
BUR

5 24 g (cypermethrin, CYP)J&— Ff #7111
A SPs, A H HAT B sy R RUSCR AR E 1, 92

A s R AR R 2 —PY ) BE R A 2
(At R eh it A AR 25 HA 1% VR H T80 bR 2R
Y, A0 99% itk A KRS gty b B
B AESER T Z N R S S A ER I AR
i R BRI AR S XU , A5 G+ e | IR REHEA
O ZRAR I, V5 K PR | B 2 BRAEIE o KGR FIIK
PEIASE AR ERREE 3 I A B R G AR
G BRI RS R, TR E A AR O & s
Hi X A AR A+ 3 b SPs (5% B A, Hodh AR
AEMR R R i BT R B, WA - Sk
AR X Ja(Pampa Ondulada, BAJAR £E) 7K {4 o G255 4 il
FRIHERE g 10 ~9.8x10° ng - L™, it 2 K IR i iy [X 3%
AR b5 M) P4 R e R K T SRR AR TR A R R
439 690 ng-L™' 1 80 ~9.44x10° ng- L', i 7
P [ AR VA FI T H08E UT  W K A SPs A 5 B 43l
5002 ~112 ng-L7"'f10.72 ~1.82 ng-L'"_ SPs
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ZHA G, 5 S5UTRMZ 6 53R, Ui

X SURAITE 24 h R ATIK 99% |, SR A et AE 42
BRI FE K AR TORR A v A At At 23RNV B (B
I35k 48% F1(20.4+100) ng-g "7 PRI, S
S TR S W AT 2B 2 4 i iU 5

AESG TR R A LS S T
18 i (voltage-gated sodium channel, VGSC) %5 &, i
A2 VGSC HYFF RO A], 3 B0k 28 3R G 3 FE %, il
HEERAIBET S RS 2 PR v 1) S S R I RE %
X ARREAR AR A 2 EE e A, RS R IE 2
YEFF LRSS 213 18 M B 1l , S 80 % 1
IS TN RHg e Z=EGL" ", 2k
NE BBk i (acetylcholinesterase, AChE) & #4215 5 1%
SR G, RE NS 0 i #2805 ST 2 T AR Bl (acetylcho-
line, ACh), ¢ 1k %4y, WFFT R, S A R AE 2 4
il AChE W&tk , 5lMA G oG REza""", W,
AChE W 2 A LB A2 2L P IR FR 2R 25 rh 8 1 A W)
PR, ATP [ (ATPase) )™ 12 A7 7£ T 2 Jifd J5 JiX
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SRR FEE K A ATP L8 58 B 2 1 19 i i
iz, TEWSEsh ¥ b, ATPase A & A R B Bt i /5
FHU B F R A0 Na® /KT -ATPase 1] 7 5l iz fij
KA Na® il K, AR S HLAK 898 388 17 15
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ROS, &5 A LURIA: Yy K4y F A Ak
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& OARWFSE LI LAY SPs SRR R, AW
HXTH R R0 S B R e | 45 G IR BEAH DGR
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1 ##} 57 % (Materials and methods)
11 AR AR

HLFRF-(AR224N, i BLEEH AR AT PR A H]
W) E R KIS (DK -S24, FEAS 22 5286 1% 75 A B
o], ) 4K AR (Y (Multiskan FC, 52 [E €8k
RAHED) AT OGO EETH(IMO34818, T B X
A ACRABRA T, hE) R VR ELOHL(5417R, 18
[E| Eppendorf A F]),

U R bR G (41 =98%, CAS: 52315-07-
8, LB hr T A AR e f A BR A vl ) = HY AR
(ZrHrali, CAS: 67-68-5, LRI T A AL B B A
FRA T SRR M (pH 72 ~7 4, FHEATAY T
FEATBRA F) 4% 25 IV I (SFO08, 1% = k1 44
AR A BR AT, B A LY LB (superoxide
dismutase, SOD)¥i PG I ik 57 & | o 48 1k B (cata-
lase, CAT){if P4 A6 I 128 7] &5 | 4 Jo ok 4k 0 g
(glutathione peroxidase, GPx) i M o il 77 & . 4 Bt
H RS FL #L il (glutathione S-transferase, GST){ £
¥ 32, 7] & . Na' /K -ATPase 7% 14 ¥ I 32 71 & .
AChE 5 AN ] £ .7 - 2 48 3-S5 W3 W e -t 2,
FEiff (ethoxyresorufin-O-deethylase, EROD )i 4 £4 il
IR £ (ELISA %) 4 % (malondialdehyde, MDA)
S il R L 8- A 4R 5 1 (8-hydroxydeoxy-
guanosine, 8-OHdG) 7 12 I 7 i 7 £ (ELISA %), &
T A i E R AL (BCA 1)1 H R 5t i Ak )
TARRRFGEIIT, B F8 b A i 25 1R 25 2 25 150 S A
UL
1.2 SR 5857

S AR R A VIR 4 2 W T i R 00 X, %
BER/INAH G T8 B4 4 AR, S 3R R (6.04
+0.23) cm, (RN (3.51£0.47) g, SLH AN A
TEHRIEEK, EhE 25 pH N 7.3+0.1, 1R JE (18 +
2) C,IRA N(T8+032) mg-L™', S5 FHR7E 58 cm
x44 cmx32 cm FEFHAR N PR 55 7 d, ALK
R 30 L, B R HEME 2 UK R 48 F5 450K, AS 18] Wi
FEA, B H KA K 5 100%
1.3 Z2E#EES

ST AR R I 2ot M e AR 4l AR
BeBs FR A A e HETE MM K AR A A
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ng- L™ G4 IR 2 #5, B % 7 DMSO 1 4 ik J&
19 °0.01%o( By W BF 57 22 WA ot 512 56 3h ) JC 5% i =), LA
NT AN IR BRI E 3 AT, A FAT
LA TN — 16 1 55 AN JC 9 ) B 1 R 4%
20 JBUF, X AR, B 24 h TR FRIHKIR, B
B R R R SR A TR o B E R, SRR
KRB SRR, SEBTF R G, WAL IFiE 5% 24 (48 (72
196 h BIFET O, SE T R4 Ry s &2 il Tt
JLIL, B B35 BRI 3 BEAK Hp 2% iR
1.4 WRaHEHERELR
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0.01%o0, AN THEA NN BREAH , BRLHBEE 3 A FAT,
TR AN 5B FRB B, SR A #ok RS2 5052,
24 h B 100% K, FFEF# Y, LRITFIHE,
AA7E0.05.1.3 .6 110 d BUA 2 PR T e i |
LAY A RIS I, 45 AR 80 ~ 100 mg #F
fif ZH ZUVRE L T 2 mL B0 T80 °C vkKAR ARAT
=M.
1.5 HE B s it iR g 21454

TEFTAIR A 6 d J , BUS R A IR iR 241
AH(Z) 5 mmx5 mmxS mm)F 2 mL &0 0
A 4% Z B PR E 24 h, AT 8T Bk A P
A B R R TR B R
1.6 fEEEARE BT E AL BE il

WU —80 CLRAF 1 I JBERRAE iy, H5 BR 1:9(m/ V)
O3 BB R 2% wh g R AR B3R K, 7843 1R 40 2 min,
3500 r-min~' 4 °C &> 10 min, B W, &, R
ATE AR e 0 5 T 5 JIF J i 4 20 EROD ¥ | K6 )
405 nm PAKEIOGEE R T A 0 E GST 16 17E,
Kl 412 nm K ARG ; GPx T6 1 K T-AOC &
WOE TS GST Ml Jr s AH R, 23 0 ke I 412
nm F1 520 nm 3% K AL 5% B SOD A1 CAT ¥ 4 43
SR WST-1 72 1 4H R B 1 0 %, 43 il Az il 450
nm F1 405 nm ARG
1.7 #i07KF-Aa

JH R 2H 2 b 27 K] 1.6, R FH TBA 320
SE MDA & K0 532 nm P K AROEREE . SRSE

LI E 8-OHAG % &, Kl 450 nm KA IERE
1.8 Na'/K'-ATP i 1 AChE i P46 Il

EEFTLA 20 2URE S AT A B 7 205 1.6 UM
[F],Na'/K"-ATPase #l AChE i Ml & 7 % 5 GST
TR A Ty v AR TR, 43 ) K 636 nm T 412 nm %
KAEWGRE
1.9 Bdsmtr

K H SPSS Statistics 26 4¢3 #4547 52 1 B d
1 2 &7, R F GraphPad 10.0 JEA7IEIME AT 44k
i, 2EEEEIRIR A SRR JE TR A PR AR LA
e AR M LA 5 S v B A P AR [l U AR 3R
PR S FAE TR H B IR ) 21 SO B I R £
(Turubell) A =A% A2 FE(SC) .

48 h-LCyx03
" (24 h-LC,,/48 h-LC,,)’

5 2 S R0 DA 35 (8 + A v Qi 25 R, 2R H
HLR 2 7 2243 M (one-way ANOVA)H Y Hie /)Ml 22 7%
(LSD)J7 ¥k, #4775 22 35 YA 35 Fl Duncan”’ s £33,
G3HTZS U6 R ZH 5 AN () 2 6 ok o 2 2 ) 1) 2 S ol
P, 2 P<0.05 B, Bl ) 22 R B A it m L,
K H Pearson 3¢ 20 Mt , X bt A AL 1 5 A AL B 3
TRV B A S MR AT 23 B, A DG 32 850 () B Y [ R
[-1.1],

2 Z5% (Results)

2.1 FAFEHENEREAFaMHEES
FEATHBRERT BRI T 3R b & 7

) P T T e, 2% 0 TS 1 ) AR R0 (1T 1)

XA, B 10 ng- L AF IR ZL, B R

FUERAAT R A T I S8 . #E 90 ng- L'l 2i

80
--24h
=48 h
60 - +72h
96 h

FET=R/%
Mortality/%
o
[e=)
T

NS
S
T

1 1 1

1 1
10 17 30 50 90
FFEWREE/(ng L)
Exposure concentration/(ng-L™")
B1 SE¥EFRRENEEANECERNZN

Fig. 1 Mortality rate of Exopalaemon carinicauda

(=]

exposed to cypermethrin
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5% 30 min J5 , F FE FEFE s A7 8 B, B
lirgh PP REIEEE R BEx 1 h )5, B R B IR
I L AR RE S 2268 2 h J5 IRl IT
AR DR/D BB B 52, 20 R IR Hp e s R A s 2
# 3 h 5, KRABITIRTURLRAF A, BATSA & 53 4R b
T IO W Eh RS ; 258 5 hJs  MEER IR BAET

SRR O S e e =2 e m W i e T |
SIHTRL N, EUSUE R X R IR Y 24 h-LCy, K 65
ng-L™" 48 h-LC,, & 50 ng-L™" .72 h-LC,, ¥ 38 ng-
L™ 96 h-LC,, N 32 ng-L ™", Z4HE ]8I ng-L"
(& 1),

2.2 GURAHTR R N R R IR R 0 2 2 A 1Y
A

AR E AT T 25 6 d J5, F R AR
R LR R ] DL B S A 2L IR 4 (1R 2), e
MR A R VIR N 2 S50 T 8, IR
ObT , B U IE St 2 A LT, R RS BT T O 5 P SRR AR /N
bRz z R B K, bR A i AT O (A 2
(a)). 8 ng-L 'SR A 6 d ), 74 HF AR /N
EEBEIGE IV, bR A IR R A1
b Rz i 2 I HES A (B 2(b)), 16 ng- L™ GE 4
Pk 2 5% Jo , IR AR /NS A8 R A W Wl ()T AR 3y

x1 [EFEMEFEANSEREHENLERESH

Table 1

Linear regression analysis of the toxicity test data of cypermethrin on Exopalaemon carinicauda

SRR ] /h

Exposure time/h

[a] )1 7 7

Regression equation

LB

Correlation coefficient

LEBEH S (ng- L")

95% & {5 X [fl/(ng-L™")
Half lethal

) Confidence interval/(ng-L™")
concentration/(ng+L™")

24 y=1343x+10.045 0970
48 y=1242x+6.6180 0958
72 y=1376x+6.9490 0991
96 y=12356x+7.2800 0976

65 38 ~101
50 29 ~77
38 31 ~47
32 23 ~44

2 SEFERECJEFEEANHRBAARSMENE

T : ()X R4 (b) 8 ng-L™" 22584 ;(c) 16 ng- L™ BFE41;(d) 32 ng-L™" S FE4L ; BM FR [ L FURE I EC Fon i/ME LR AN, V FR 2.

Fig. 2 Microstructure of hepatopancreas of Exopalaemon carinicauda after 6 days of cypermethrin exposure

Note: (a) Control group; (b) 8 ng-L™! exposure group; (c) 16 ng-L™!

exposure group; (d) 32 ng-L™! exposure group; BM stands for base membrane; L stands for lumen;

EC stands for epithelial cells; V stands for cavitation.
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FRCDT 24, - 7 A K B 4 v (] 2(c)). 32 ng -
L' G R R R T, B 0 I /N A R Ok, b
Bz A 2 18] BBH S 4 B, O HL 43 1 R IR AE
SH/NEBE (A 2(d)).
2.3 GEBHTR R XA R T TR A B AR K
S 2

ENGE R %] RS i < 9EA S LN i e 52
PRI K- 22 2 T AS R F2 B B 52 (1] 3), 7E 16 ng-
L™'F132 ng- L™ A AR 2 88 41, F 2 HIF EROD
TEMER TS G AR A 3 IR ESE 3 Rl i
ETHE(P<0.05) , HL I %5 %% 5% sf [) A9 S 4 39 M 28
REAIR, FRAESE 10 R I6 PR 4% & 1 6l (P<0.05) (& 3
(a)), I ARSI GST 16 M ve S A0 TR 28 T, 38
BT B EAEL(P<0.05), B THE G T R #a H
(El 3(b)), 7£8 ng-L ' SAFAERTE T, F R AIME
N GST i PE7E 0.5 d B3 T+ (P<0.05), 25 10 d
J& , H A IR 42 (P<0.05); i 7E 16 ng- L™ Fil
32 ng- L' B#E4, GST G PEAE 0.5 d H BB & FEAIK
(P<0.05), {HLFf J5 B M 52 A 8% 1 d 13 d AT i
FYHF(P<0.05), TEAT SR #EE T, GST i
HRBIFEWCGE 6 XM 10 )R ETHEP
<0.05),
2.4 SURAHTR R A R AT AL RE T sg

AF AR R R T A R A A AR K
ML, T-AOC ,SOD ,CAT F1 GPx i 1434 37 FI| A [A] 72
FERYRE IR (E 4), S5XFREAIAHEL 8 ng- L7 SR 44 TR
RFRJT,SOD THHETES 3 K B E T (P<0.05), A
AL B By 0 i 3 ARk (P>0.05);16 ng- L™ G5
PR ZEEE 1 d J5, SOD {3 i 1% B 4L /K- (P<

IS4
W

B/
2

GSTiE (U mg™)

0.05), 7TE7& 5% 3 d IR BIIE(H , 7568 6 d I /o b 3
VB, 2R 10 d JE B WK ;32 ng- L™ AU A iR 2
£ a0, B S TR R AR SOD i 4 (P<0.05)
(Kl 4(a)), 8 ng-L7' SRR 0.5 d B, HREH
WREY CAT T4 H B 25 T 55 (P<0.05) ;16 ng L™ &
TR 2 3 d J5, CAT 167 3% = X B4 /K F
(P<0.05), 5% 6 Kk B WEAE J5 120 i M5 | 2 2 #5 45
TR, R (P<0.05);32 ng- L 4R A iR R R
553 KA, CAT i 4 2 3 Tt =5 (P<0.05), #& 58 45 0
i, 5 S I (P<0.05) (I 4(b)), 7£ 8 ng- L™ &
HR VIS5 ~1 d), FREHIFE GPx 1G4 i
FIHF(P<0.05); 5 W, 45 2 5 41 34 B [
FERMEIINGE 32 ng- L7 B EEALW GPx G PEFE 3 d
ik 20 X R ALK P (P<0.05)(K] 4(c)). TESR
Yle R B R AR T-AOC HBL T v s #)
BN ,8 ng - L G 45 T 2 78 XF T-AOC G ik 3 5
;16 ng-L ™' AR 25 1 d J5, MLik T-AOC &
FTEE,3 d R B A S B I v R S I
3T BRZH /K- (P<0.05) ;32 ng - L™ 40 &0 56 ik 2 %
05 d i, T-AOC & THE Bl RME , % 3 d 5, i
FR T B K- (P<0.05)(J8] 4(d)),
2.5 GUTAGTR R R R R A S AR A0 R0 1)
AU

SRR 7 5 WA R T B R R AR 2 2
rh (R B AR 550 (8] 5), 16 ng-L ™' 132 ng-L™' 44
TEER R R T, AL B Br MDA il 8-OHAG &
T BB T X HRZH (P<0.05); 11 8 ng- L' SRfE 4,
MDA FI 8-OHAG % 12 248 H B B Tt e , (HL R J ik
S IRAKS-, Bt A RE ) S5 SRR KT

ST =3 Control
28 ng-L!
~ 4r g % §516 ng L
‘ 2
g _é ¢ ez 32 ng-L™!
S 3 = BN BN 5
S HONE B =N H
s 2r HNE H BN BHA «
Q HANB H = 7 H
< =¢ gé H H 22 H %)
£ ENRE BN « BRE
%) HONE H =N & HONE
o 1r = N/RE =N 7 BN
BNy E BNV =l N
EOND E =N/ 4 NG
0 EHONY HINA H7NY BNZ 5NV
0 0.5 1 3 6 10
ia)/d
Time/d

SEHEEME TEEAY EROD (a) 1 GST (b) &K

TE ¥ FOR LA X AL A TE 2 28 5

6@
* & ¥ Ed
~ N# 7
7 = 2 . N7
o 2 4l H 7 N oNEl B
g E 7 N7 N BE
-2 | B BN BE N RENE
5 : : 1 BN
2% | B BN AN ENY %
HE | H 7 N7 N/REIN &
> = % NG/ NZ EONE %
g | H 7 BN BN BN %
=&, B 7 N N/B=EN %
Q X 2tH % NZ N7/BE N %
S8 E § g =N 7
[ H % N# N EUNE %
H ¢ N# NK & % %
H % N& Nd EONE %
5 % N\ NVBE N %
= INE HINE NZBIEIZINZ) NIZ
0 0.5 1 3 6 10
i /d
Time/d
&3
Fig.

3 Activity changes of EROD (a) and GST (b) of Exopalaemon carinicauda under cypermethrin exposure

Note: * indicates significant differences between the experimental group and the control group.
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