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SUESEMEX B R THALRRR., SN, BB, AR
7w T KA I X E R RIE T

FTEL FHEL BREKL EAWS S4B %’ F4RY?

1. BRI R, WA S TR, 719 Ma 210023;
2. MRIME R, AmAlEbE, VI8 Bial 210023

FHE: Wit 96 h 275 Mk 5L 50 W 5% A AR B 58 X6 s 80K 7 i (Takifugu fasciatus )z BRAE AL SOIR AR AH 56 3L R ik 1Y
M, SCEBEE N BAL . 0.1 mg/L M1 0.2 mg/L (96-h LCsp) 3 MHAANBRAH . 25 R, Hi7e ms SR B AT . LPS A4
fa R R BE G A BRR E IR S TR . RIER R AL RS, A AR RO AT >t > ULIA . i 25 i A T I BE 1)
e, ENEF N (MDA) & 2 Kbt S A M [ B H I L W (GSH-PX), &8 Ak fL i (SOD) Flid 4
LS (CAT) 3% LT o SR 2 75 A I i 40 B DT AR DA B i SE 9 sl AR . FEBE AP, 4 L ) At A, T
Bk DL R 2R sh ik Stk . SRR EE S, BESUAR I il i 3 0 T8 R Wl R R T, (T D T M TR
FEFNE b, B E AL S BE 0948 &5, SER B . AR RN AR U W IR AE 0.1 me/L AbRAH, ARNTA UM G SRR
(G6PD., 6PGD., LPL, Fas Fl Acc)lyFiEmties . B7E 0.2 mg/L AbFRLA F, &5 /0 AR LK (HSL F1 CPT DEY
Rk o 2RI J5 X2 R F PPARo WRENEAN 1835, (HEGIE[RF PPAR y FRIA T WE [ F. ASLER VIR
Ko} B B AR O il A AR A8 bR 2 M A AR 5 3k BRI 228 38 7 28 R ), AR ARG Sy G SUAR T il R 0 A v A 1Y A B
i AR LA 25 0048 SN E, b A r= i i s W s 1 4 8 5 e b — 2 B R I8 b 2%

KERIR: WLURTTEL B, R SALNIEG AL, ZURAE; BRI
hE S S94 kPR ESAD: A X EHS: 1005-8737-(2019)06—1144-09

s SR il (Takifugu fasciatus){BFRm) fili, <
L= —, 2—MERTE . KFMER SN
W a2, Ferb B E8 AT ENE . R, WmiE
T8 T T g S AR Oy el o E 3R A
MBIz, KR 2 MR, )R,
L KR — s O AR T R AR
5(2017), & E W SUR T il i FR 5 A - L S
7 t, JAIBEIRBHAE P AE 10 12~20 12581, BEEUR
Dyt AE Sy b E E S SR e —, BT R
TF &I iS5 o

HAl, B AR R & 575 G Yy HE 3 v
AL 11 v 22 5 e 25 W AE K 7 37 5 e AR b oK

Yris HEA: 2019-05-07; 15T BHEA: 2019-06-14.
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SR A 22 8 8 Y L U 2 —,
M HAL UG T 2 AR R . anderp gl R
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B0 g B A A IR AL LA B P S X T g 7
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R EZAE A, by A5 UL A S0 g
(Eriocheir sinensis) A S35 % G #R 5T K A4 %) rpr 42
GRE RN (52 R, A R K AR T B 107 A 15
SR, XA B/ S R R UE A N A 4
RS AT AGIVE R . ARk [ A2 dAH 4k B
58 T H & EE T 2R FE AR, SR 94 R o
& RE A 228 p AR G | R PR S R R 4L
PR A TSy Y, e R BUR R g
v AR R EDRRAR IR L AR TR R ST
JH, B 5% 58 X 65 SR 7 il B VR T B 983k R
DLARIE o ABIFGE 3 2k S 2 1 S I 9 K A ]
8 W I SUR T i A UM AR R | A . TH A |
2H LU 78 B N AR A O BE R R A B S e, 3 o A
I 5 489 715 A X B SR Dy R EE A, A X
W5 SR O Bl (1) 22 AW B, SRy W 80K ) il 3 e
Hh g G L T SR iR T, o A R T b
FEH B R TG YR E—E W HARIE IR S

1 #MEEFE

1.1 KEEFRFBLLE

S FH 0 R W E YT 2 VR L BB A BR A F
(L5, HRIT) o 1E 20850 2 Ak AR 75 F R m i
KEEW HEFR K R G4 14 d, #7911, Jifk
ZJa, EHRAMRE R . &— WA B SOR T
fifi 225 J&, #HATIEA S, MARE H(7.840.4) g,
&K (6.7£0.1) cm, K HFEHLE-2 3 BLE] 9 N
(25 JB/HT, 100 L)o A4 i I 790 52 56 7K A ] Xof B 50
ARITEERY 96 h Y2 KU ESL K & (96-h LCso) N
0.2 mg/L., LB EXIEA . 0.1 mg/L (50% 96-h
LCs0) 1 0.2 mg/L (96-h LCs0)3 NMbHHAL, FEA44b
B 3 ANEE ., AL LR R (CuS045H,0,
ST EE R HUR, AR R Atk G R B R
1 g Cw/L MUBRE, 38 2 R I AGE SR R B
SN FRFE A, 5 T A 2k B 430 3k IR
Ko LG HEAT 96 h, RERBFHTL R 100% i KL 41
TETHRIK . FRFEIA KRR A (27.3£ 0.8)C,
pH 7.2, RRELmg MK E>5 mg/L.
1.2 Hm*EE

BT ARG FEHLIE R 3 Z&36 4, A 10 mg/L
MS-222 AT R, WM AEIK S, B R

L, I A BRER 7K (0.8%, 4°C )i M 355 o 44 T A1
Jo B REAS TS T80 °C vk AR PR A7, T T T B R
PR AR G PR 3k (i 52 o SEYR 25 G, AHGT 7
3 B, ORI, UL KT R SR A F-20C
VKA TR B0 o KRG R A i fiGh, H
HAEVK LfgE, 87 F /N A TS, A 4%
Z R R E W TE S, s T 4CHRAE, H
THLY R 55017 .
1.3 ALFESEMNE

W ke B, B 2, fERARECT
# 0.1 g, /N2 mL VRAHPR(DELREE), >R GUH T i
AR, WAL 220°C, 30 min, WHLES)E
EARAE 10 mL. HLEGHE G 45 8 IR & 65X
(ICP-OES, Optima 7000, PerkinElmer, 3%
ANFIAH B i, R e 2T T &R
T ER R (ng/g) -
1.4 ALY FHREZRR

g LR IR ARG — L e 1k (HE
P WEE . K B e AL LR K, 24
HAREW G, HASUHA WA, IFHiZ2 R 25
B, V)R ML LT R, MIREREN S5~
7 umo VI FHIRACRE I . TEORS P T etk it 47 4
o, Qe 5 R RSBk, g 2R R
FEW, BE AR E B 7865 B UEE (Nikon
Eclipse TE2000-U, NIKON, Japan) F {1 /224
LEER AN 2
1.5 EEEMNE
1.5.1 MEAEEENE MERFEGE RAHL,
FE R ARFRLLIMA 9 F5 AR e 2 8.6 o/L 92E
FER K (£ 4°C TG 57 BRI AT VKR 203Kk o S13k 45
Wm, BT 4CF 850 g B0 10 min, Y4
VW RIS S, D S R T R
(MDA)& i, DA I H ik AL Py i (GSH-PX) |
S AL I AL B (SOD) Ayt S AL SUBEH(CAT) R 1

FAAbFEHR MDA . GSH-PX . SOD Fil CAT Ayl
S 2R P 5l AR ) T AR 2T TR e s
BLA T 2 WA & vt 4 . MDA H s SR &
Z I HAEH P MDA B4 EE /KRB, GSH-PX fiff
W 1 ok RSO BT, R BN BR AR
NIVER, RN AR FR o GSH YR EFEAIE 1 pmol/L
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1 AEEE S50, SOD BEE @ Xl T
HAEATE | mL VT SOD #ll il %35 50% )
JIXF N Y SOD iR 1 A i 1 5Avi . CAT [ )
SR HESHAZE AR 1 pmol Hy0, 1)
O 1 AEEE AT . AT L I SR
H Bradford fi4 7 :1'%

1.5.2 GHMBEEEMENE HEAM . GTEERE R
it 1 118 00 389 R FH R0 &0 10 vk (M A pg e e
R TARBFFT T, 1195, Mat). ERJy ik Wik
R, B 1A E X 78 37°C, pH
8.0 KT, R T A A RE AR
A IO EEAR R 0.003, Bk 1 NS 78007
B RGBS 1 B SR AE 3TCEMEF, BZT
it W A2 S AR R P SR N 1 min, BRI FE
1 mmol JIEYI R 1 ASEIE 1500, JER BTG ) B
i L HEh R EFLE 37C, pH A 7.0 5%
PF SIEY/EH 30 min, 7Kf# 10 mg 3ER & X M 1

ANTERY G 1 B o 2 % A9 I0 5E >R H Bradford
iyl
1.6 BFAERS R igtHH X B E R R
ST K R sc!, R Ltk
JEH PCR (qPCR) AN, 950 559 WK
1, gPCR RWAZE N 20 pL, Hrh FFHS Y%
1 uL, cDNA 4 pL, SYBR Green 10uL, RNase free
H,0 4 uL. W BECH: 95 CHUAEM: 30 s, 95°CAE
£ 5 s, 62°CAEE 20 s, 40 MEFR . £ 18S RNA
YER WS H W AT bR fEAL, A X3k K2Rk
P s A AN
1.7 HEES
SIS R F Microsoft Excel 2016 #7481t
FMAERE, SR SPSS 20.0 #E4THLHZE Jr 2041 il
Tukey £ WA AR A E 2, B
IR P<0.05, it LAY {E+47 1fE 15 (mean+SE,
n=3)FKmR o

x1 BUFRFHERHEXEERNRLEE PCR 5|4

Tab. 1

Primers used for qPCR analysis of genes related to lipid metabolism

HH genes

IE 514 (5'-3") forward primer

S5 141 (5'-3") reverse primer

6PGD CGGGAGAGCCTTGTTGTGAT CCGTCTTGTTCCAGTCGTCA
G6PD CTCACCTTCAAGGAGCCGTT GGGCTATACGCTTCAGGACC
Fas GCAGCTTTCTTTGGCGTTCA TCTGATCCACTCACCCCGAT
Acc GTGAAAATCCCGACGAGGGT CCACGAGAAACAGTGTCCGA
LPL CCTGCTGGGTTACAGTCTGG CCCCGTTGGGGTAAATGTCA
HSL CGTGTGTGAGGAAAATGCCG ACCACCTTGACTAACGAGCG
CPT 1 CTTCATCCAGATTGCGCTGC AACAAACGCCTGCACACATC
PPAR a GTCAATGACTACCCGCCCTC AGCTTCAGACGGATAGTGCG
PPAR y GTAACCAGGACTCGGTGTGG GATCTCCGATTGGTCGCTGT
18s RNA AGGTCTGTGATGCCCTTAGATGTC AGTGGGGTTCAGCGGGTTAC
2 HRESH SRR ETHESE 1),

2.1 $EAFRE

W 2 Frs, WA AL PRV 4 e, HTE
WS SR T Bl I . LR R4 g R R R e
W) S v BE AL B, ] I S0 R il 4 2 rp i R ER
O FAE> A > .
22 |LEME

SRS B3 X S SUR 7 R R G A T
MR, BE R AL R R, I RE
MDA % & Pt AL M (GSH-PX, SOD F1 CAT)

F2 2MEEE 96 h FXEESUR 5 it LR RS m
Tab. 2 Effects of acute Cu stress on tissues
Cu accumulation in Takifugu fasciatus
n=3; x+SE; nug/g, T dry weight

Qb treatment XJ#8 control 0.1 mg/L 0.2 mg/L
JiT liver 1.9+0.2¢ 13.9+1.6°  39.4+2.3"
LA muscle 0.240.1° 2.5+0.3° 8.6+1.2°
4xffi whole body 1.3+0.1° 8.4+0.8°  25.9+1.9°

H: FAMFEFEERRERALE.
Note: The treatment with the same letter indicated that the differ-
ence is not significant.
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<

% B [ X B84 control > 407 [0 X B&4H control
= [ 0.1 mg/L a E m0.1 mg/L
2B mo2mgL g nf M02mgL
& c)

w 21 | 2

g S 241

E 5

E 14 6

i 2

(ﬁI 7+ -R 8t

il s

1o & 0

i MDA GSH-PX SOD CAT

K1 S PESMRA 96 h )5 XS SR I Sl I v Y — R (MIDA) 5 i K470 S8 A 6 1 [ D HE AR
i E ALY EF(GSH-PX), #8 S LY 1L (SOD)Filid & b SUBH(CAT) IR i
AT b B v AR [R] S R R 22 5 AN 1.3 (P>0.05).
Fig. 1 Effects of 96 h acute Cu stress on malondialdehyde (MDA) concentration and antioxidant enzyme

activity (GSH-PX, SOD and CAT) in liver of Takifugu fasciatus
The treatment with the same letter indicated that the difference is not significant (P>0.05).

2.3 AR/YR S AT i 20 B TR L R I 5247 5K AOSE AR o 7 Bl

25t 96 h KA SPERERS, WEURTTEL v, KW Sk R 0 A B AN A, T
A PRSI b BAT B AR AR AE . XPAR AR LK™ AR SRR A5 o B Kb BEVR JEE A9 2 v,
AR AT NS FOR SN, KA S B E2E XS A 2. (K 2).

P G O eR
g LS vy

PSRN ks d & .

P2 WESUR T2 96 h b /K AACH 22t 2 63 J TR 0 68 ) Sl i 5 4
a-c JFAE, d-f 8, a, d: XTHE4I; b, e: 0.1 mg/L 4AbFE; ¢, £:0.2 mg/L #4LH. An F/R Bk, BCD F/R il 40 i,
Ct F/RTUERFEIR, DS IR 155 Y 5K, Hp FRom LR s Az, YR R B 5~7 pm U0 7 R 2R AOKS R 2L ekl AT YL 6 (HE Y 6).
Fig. 2 Effects of acute Cu stress on liver and gills morphology of Takifugu fasciatus after 96 h exposure
a-c liver, d-f gills. a, d: control; b, e: 0.1 mg/L Cu treatment; c, f: 0.2 mg/L Cu treatment.
An: aneurism, BCD: blood cell deposition in veins, Ct: clubbed tips, DS: dilatation of sinusoids,
Hp: hyperplasia. Sections were 5-7 pm thick and stained with haematoxylin and eosin (HE).

24 HULEE il Jigg 1 v B0 VE R BTG M 2 T, (ELNE M S
MR 3 Ps, SAEMMEA 96 h5, BEURTT  RFE TR 12 0.1 mg/L ABA, JpiE b oo B il
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W R EE TN R4 0.2 mg/L AbBRL , 1ERGLL
RS, SrEda 96 h 5, R AL
WA R, DERD I . AR TR A e O
R

F=3 2UEEIB IR SR 75 A E
THLEE TR M RS20
Tab.3 Effect of acute Cu stress on digestive enzyme
activities in gut and liver of Takifugu fasciatus

n=3; x+SE
41 fb g TE 53 i/ g/ Ng Wi/
tissue  treatment (U/mg prot)  (U/mg Prot) (U/_g prot)
amylase trypsin lipase
i AB 4
RIRAL 0.3£0.1°  1905.2+70.3° 1414.1+82.1°
i control
gut  0.1mg/L  1.1£0.1*  2124.5+64.1°  582.2+56.2°
02mg/L  1.0£0.1° 896.3+44.2°  322.2+42.6°
8 4]
HIRAL 2.0+0.2° 190.3+24.5° 62.2+10.4°
JFEIE control
liver 0.1mg/L  1.4+0.1° 88.8+12.1° 50.2+8.8%
02mg/L  0.5+0.1° 55.9+9.8° 30.2+5.6°

W AR R R 25 R 1B 35 (P>0.05).
Note: The treatment with the same letter indicated that the differ-
ence is not significant (P>0.05).

2.5 BFEERSBHEXERERRIX

A VEHTIME 96 h 5 XTI SCZR Iy il AR AR A O
FERI )RR =4 T & . 7E 0.1 mg/L ZbFH4H,
NEWT & WA K (G6PD . 6PGD, LPL, Fas Fl
Ace)) IR T XA 0.2 mg/L kb3, Hirp
0.2 mg/L ZbPRZ IR A i P Rk i e ik, H
FE 0.2 mg/L ALFRZrh, 5N o fff AH 5GP (HSL
1 CPT DYk 3 T BRALAT 0.1 mg/L AbHf
4., ZPEH NG 96 h 5 XH%E N F PPAR o W5
WA %, (HEEE T PPAR y k= W3 Tt
7E 0.1 mg/L ZbBRZH A7 35 fe KRk i (A 3).
3 itig
3.0 SMEUHTHEBIRBAERYLE AL

h T R AR I SR AR Y R R A, .
M5 T RFRE . LA A4 f0 i A A 9 75 . FEAR
WFEEH, e FAE . LD A4 fooh (B R R Rl
Ab B ) R I B, U A I SR il A
DA R B LA R S OB BE AR, 96 h St
#E 25, NP RUE R R, X T

10
] X+ H84H control

8 0.1 mg/L a
=0.2 mg/L

oo

ENOESry
relative mRNA expression
N

6PGD LPL Fas Acc HSL CPTIPPARaPPARy
[ genes

K3 abedlREE 96 h J5 XIS 40 2R )yl JiF ko
PR A G HE P 2 35 1 52 i
N 05 & Wi AH e 3L R (G6PD . 6PGD . LPL, Fas Fl Acc),
JiE W 43 AR DGR (HSL 1 CPT 1A K ig i e iz K ¥
(PPAR a Fl PPAR y)o AN[a] b2 ip 55 4 [R] 52 B
T 25 5 A .3 (P>0.05).
Fig. 3 Effects of acute Cu stress on the mRNA expression
of genes involved in lipid metabolism in the
liver of Takifugu fasciatus
The genes involved in lipogenesis (G6PD, 6PGD, LPL, Fas and
Acc), lipolytic (HSL and CPT I) and transcription factors
(PPAR o and PPAR y). The treatment with the same letter indi-
cated that the difference is not significant (P>0.05).

0 =
G6PD

JEAR B HLAYE X 48 5 Wang 25T Al-Bairuty
SRR G R —30 (AERENE, ENL P
MR R AR, FTRERE i T A AERE AL Z AT Bk
B ROSCRT e iz B AL 2L, BInAT . A ST
R, WLA LS S E AP, Mk, BLAAR
e EE M ERACAEM, XX ARy LR
HE,
32 AMERRFSHBUFRATHENEHN
SRR 20 M A A e AN ™ AR Y A
SR B FAT B B AR 2R BT R, T IE R Y
AP A Z IR AL T 3 AP, — B
R EPAT, AL RITEEE A B AW
B, AL IS5 IR A H U A
BLG, WIS G A — R A1) i B A A 2,
PRI, oAU A i 22 90 X ZE 3 HLAA T 5 AR A D g
A AR E MR, e 0 2R AR R
W AR, SR, AR R E ]
2 o AR S T3 R sk AR PR T R
R GEXS KRGS G SOV R 4 e 5 A 3R
Beis Yy l, it Ak bhan oK s d o
MDA B 38 FR Al B Wi A R 2, A
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EgE, FFAE ) MDA 5 & bl 2 A Ab B v 5 1)
T i, BEBA T Ak R RE S5 T I SR fil
R R BT E AR, BEAZ B (A 2). BF
5 & 438 52 Fenton-type S I A& 7= 4: ROS, M
75 7 25 4R PR RS B AR B A R Y
SOD [ H1 GSH fef i {b i A 55+ oA B PR AR
It AL ERIK, DRI BB A% 4 45 200 i P 3 2 Uk
(LB T, M3 4 i 5 32 3401, Almeida
25 DOV S 4 B T i 08 5 T K 35 BT (Scophthalmus
maximus) LA ) GSH-PX F1 SOD i £ . Sanchez
A1 S8 4R B 1 BB 8 15 5 = i £ (Gasterosteus
aculeatus)T ) SOD Fl CAT JEVE#E & . A5 B
RTEAFMEH, SOD. CAT 1l GSH-PX {ifi : bt % 4
Ak PR R P L T, U T AR Ab LR S 5 | i
% S0 7R B P O ) S A B, RO AR Y T A AR
Bl R gt H X A A4 RSP 55 T 4 375 5 A AL
R34, XTRESUCR DTl A T 2 FAEH
33 AMEERFSBYAFRAMARRBE

JHFJUE S fr AR AR Y R 2, O ELFA 8L
P05 2 AE T — B 250k o B8 1Y 15 Y i
FERT FEABRSE b, SVEH R EE 96 h R, P44
SR O R RE B A0 o XS R B I
SEY K AN M 40 A DTARAE R K . A oY R W i 52
Pk A SO E 550 Al-Bairuty
LM KW 100 pg/L B T4 ST (Oncor-
hynchus mykiss)IF4HMIRBE | 52 5K K il 240 )
VLB, EWGEEPIITH W 0.88 me/L Hil 5S4
% f: (Brachymystax lenok) 4 i IE M. 22 P 5K, X
S BRI A R, U5 T A [ R 2R
JH 20 2345 47 e R AR — 3

BRSSPI ANS B TR E, E8EE
T BRSO R A MR B, X A 2R 5
B\ NEF IR . A MBS ER, B4 he
XoF T 5 ) 3 ™ A 5 L T HLRE S | A A B
haem A, AR, BT AR A B S
AR, R R TRERERR, B2z 1Bk
JeE o B AL IR B, SRR R R
IXHEZE L Al-Bairuty 25U Fl Gomes 25z 1
—8, Griffitt FPHA N TR RS A RN T
SMAZ LIRS, AR/ NI A AR 25 ) A S

R A BRI RCR . B, AR T
i) Ak B RT BB 23 5| A W SR Y i AR R IR o
Lappivaara 2P0 Ay i b ol SR i 600 14 i 47 7
SR DIWKAE Y o O T 8B )5 A8 5 RS A T Uk A 7 R 1Y
AR B — L Y
34 RERESEMIEL THRAFRAFHELRS
TH AT I AL AR A L R GE W, EE e
NGB o3 AT W) AN, ST A B Y
ARG SR T S REE . IHALEE R TE M S
S AL BT AL BE 7 DL KX A5 38 W B BE T, [
A B8 EDUL Y S BRHLAR A A DR S . HETE &3
ey s - A B R R E R A o3 i P ==X TN}
25 B % Bk B 1) 4 B 1 X G 1 M T 8 (Sesarma
dehaani) W IR P A 2R U . DERD I . £F 4R R I
A B AR 1 7ot D e T A i Tt % 26 I A [ 2 1Y
TOHIAE R o B v B s, XTIt P 0 i 4 P A B
o BRSPS ) v A B T Xt TR (Teg-
illarca granosa)EATAb3, 3R US55 J5 1 A IE ]
THACHEE ) 5 4w v B R IO O . AEAR T
s, 2ESING 96 h 5, Bl AL BRVK B,
W95 SR Bl JHE O b v S b e L 1 T A B DT T
PR I AR, T30 P K A % B8 S ) T I SR Tt
JHF U v %) 96 A il 1) 4 A g 0 R AR T o (HUZ,
TERG SR IT i iz 8 vh, Bl A 4 25 Ak B v B i) 42
15, VE R IR ER RS PR R e TS R B
1M 45 5 15 i 4 2 DR 5 40 8 1 o 2 52 45 i £ 41
(9 TF A TS T P 205 R — 3k, X S5 SRR W (D)4 75
SRR B . N5 e UE R e Y AR AL HL AT 4 2y
St QAR AT, 4 X s SR Ty il i
rh VE R il A A T R R B E SR, 2
IR B VR B I SOOI AL B S AR IR, 2
SR £0 2 R B B AT I AR . PR IR K 7 3R
AR, —EEFEESRE T E, Bk
0.1 mg/L 54k 3H 20 & 35§ i3 17 30 Ve I 2
O R ) R R A R — 20 SR, b A
A RIEH .
3.5 2EMRBEILEL T BELUIR 77 8 AT AL RS B A 5
JER AR TENREY R, FEK. £F
ME AR AEEENEN . HIEEIRZEAR
W EBEAYEAL, Ae D A LA S o A Y
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Kty £ FEF IR AT P KB M5 R, Kk
4R B8R A58 T R M AR ok g 1 33,
X S AHEIY I 45 SR — 8 (BAEARTFI T R,
7E 0.1 mg/L ZbFRZ, ARG MAHICE B (G6PD |
6PGD., LPL, Fas Fl Acc)ff)3E35 & T 4 IR 4H
F10.2 mg/L Ab3A, [FIBS AR i 53-f# (HSL F1 CPT 1)
AHSEHE R A FE IR AE 0.1 mg/L b FRAH 5 X} BE 21 [R] 22
SANERE, V0.1 mg/L 4AbFEAENSE SR AR
J7 G JF W B D TR o A3 DG BIFFT 3R I, S fa S Ik
H g 15 £E A 5L (6PGD . G6PD 1 Fas) 3
5 25 7 VAR e JBE ) T i 3% AR AR Y, X AR
WFT 45 A L6 22 5, v REE i WA AS ) iR i
HAETERNE, 76 0.2 mg/L HALFIZ F, B8R
T i JFF IOk e i B B R 1 2 3k e AR fIG, F ELT
Wi A e B R A 0k i35 & F 0.1 mg/L AbPREH
FUGBRZ X B2 B 7R 4 s SR i o] i 3 ok
3 A B 10 $ AL e o SR HICAD = v BE AR R BB, X
Wang 2V O'Brien 255845 5 —3%, Chen
2 U 3o 18 PR AR B R SC I B ST R, S R
B i 22 ORI e A A B P R GR T R
—ADEHERER, (HIEASE 96 h 2 EH iAo 7
, SR TR AR EEERLER), HE
X HEAL LK 0.2 mg/L 4 A BEATS &k 240 B 1 G i 32
PR Rk o X B2 B0 22 55 n e th St s Pk sk
0 FINE P B PR S Y 25 R Y . AEAR SIS
SEEN A 96 h 5 X s [+ PPAR o W52 A
W, (BB T PPAR y MRk B SE FTF, BF
FKEW, Y EIE TR X AE I Z PPAR «
Fl PPAR y Y% . 2P, PPAR o 8 1115 S8
U5 T2 AT 5k R 1) 2 3k DT 08 4 g 7 1) 3 e A 188
I PPAR y FZ8 5 Ae 25 & m A, e ki it
B, X5 Zheng %P %} # 5 ta I AT R R 2R R HOBF
FELERAMML . AHKBFITINN PPAR o SEH )RR
KFIRBA WA A, HX IR DAHERR H AT
2 5 R 0 N A A e AR

4 INGE

AR RERAE N, BT AENE B RAE 4L
RITEEA A, BB R A E . APk
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Effects of acute copper stress from copper accumulation, oxidative
stress, digestive enzymes, tissue lesions, and gene expression related to
lipid metabolism in Takifugu fasciatus

WANG Tao" %, WANG Wei?, CHEN Tongqing”, XIA Xiaoyu”, MIAO Jinhan?, ZHANG Hongyan®,
YIN Shaowu'?

1. College of Marine Science and Engineering, Nanjing Normal University, Nanjing 210023, China;
2. College of Life Science, Nanjing Normal University, Nanjing 210023, China

Abstract: The study was conducted to determine the effects of waterborne Cu exposure on physiological, bio-
chemical, and gene expression related to lipid metabolism in Takifugu fasciatus via a 96 h acute toxicity experi-
ment. In the present study, 7. fasciatus were respectively exposed to 0 (control), 0.1 mg Cu/L, and 0.2 mg Cu/L
(96-h LCs). The results showed that Cu accumulation in liver, muscle, and whole fish increased with increasing
Cu concentration. The order of Cu accumulation was liver>whole body>muscle at the same Cu dose. With the
increase in Cu concentration, malondialdehyde (MDA) content and activities of antioxidant enzymes [glutathione
peroxidase (GSH-PX), total superoxide dismutase (SOD), and catalase (CAT)] increased in the liver. Acute Cu
exposure induced blood cells deposition in veins and dilatation of sinusoids in the liver, and also induced epithelial
hyperplasia, clubbed tips, and aneurysms in gills. In the gut, amylase activity increased significantly, yet the lipase
activity decreased after acute Cu stress in 7. fasciatus. In the liver, activities of amylase, protease, and lipase de-
creased significantly with the increase in Cu concentration. The expression of genes involved in lipogenesis
(G6PD, 6PGD, LPL, Fas, and Acc) under 0.1 mg Cu/L exposure was the highest. However, the expression of
genes involved in lipolysis (HSL and CPT 1) was the highest in the 0.2 mg Cu/L treatment group. Acute Cu stress
had no significant influence on transfer factor PPAR o, but the expression of PPAR y was significantly up-regulated
relative to that of the control. This study revealed the significant effects of Cu exposure on physiological, bio-
chemical, and gene expression related to lipid metabolism in 7. fasciatus, which provides beneficial guidance for
the rational use of Cu in the production process of 7. fasciatus, and also provides beneficial references to technical
indicators for better monitoring of heavy metal pollution in fish production.

Key words: Takifugu fasciatus; copper; accumulation; oxidative stress; digestive enzymes; tissue lesion; lipid
metabolism
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