o AR AP SR T=Fr5H e

MEEEY R ( RS ) J. Trop. Biol.

2026, 17 (2): 265-273.

EIFAN: F=HR, IBLAE

Open Access

W FEREBEX R RS K ESERRE

x| F AEER, T

22 OB, KARSC, X | T

(L. R RS LR W) S K™ 2 Bt v VT B SR P I A AT S0 8, Vg T 11 570228 R[5 20 IR T

FERL2E S B

T IR A 4 58 F T S0 2, LR 7 8 266000 H )
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% JER— BB A R
fitf (GST) By 16 A AL AN i (MDA) 1Y &

T SCHA ANE SR ALY L EE(SOD) | i E L & (CAT) . 5 H kmis4#%
2k, UL K4 8 i AR H 3 H (metallothionein, MT) FI#VA 725 H

70 (heat shock protein70, hsp70) 3k Kl Fe ik & (AR LB AL . BFFE 25 KRB, SR i vh 45 4b Bl4H SOD T 44

GST 7HPE TR A4 %ok RE 20 5 2 FH55 (P<0.05), 1% T 3B —AbFRH, CAT & 14:F1 MDA 7
BALPRL MT JER P8 55 (P<0.05), B4R S—AbBRZH, hsp70 FER 240 R 20 1
F 5% 3 A, BR hsp70 FEIR B8, 5 AFERC & 2 B HAbF8 b8 e e s HAE

BEMETE (P<0.05) .
BEMERP<0.05),
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Bl T A 1y A J, ki AR & v 7K . Tl gk
Rty LT RN 45 S 16 M0 55 B 7 A B A LA TC LTS
Jepim s AN m  HE A Kb SERERAE A HL
FNTCHILIG G () R Y5 e gy, L 190065 V5 O T 3
AR ARG HE RO O S Bl e EE AN R R R
HYRIFSE R BT A i ) FE SO, 25 R E N
HMFBI) I AR, BN | e
IS A 5345, BTk FE 530 1.65 ~ 2.01 pg L'
A1 0.007 ~ 5.000 ug- L™, 2 /i A 0F 53 4138 & #X,
K4 (Crassostrea gigas) BIANE L | TH AL AR
M 5E WL P 5 (CRY # 5 {6 4 (0.75£0.07)
(1.50+0.26) F1(0.45+0.06)ug-g "o FAXS K F- 4t
WA 2R T AR, FR ARG
R G B 2 80800 Mk BF (median effect concentration,
ECs0) 2 2722 pg L', X &IAHY 96 h 2P BEILH
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(median lethal concentration, LCsy) A 353.3 pg-L™'
TAEEE T, KO- WG 2 2 B2 A AR 0 25 ARk,
T it 248 S T LR RN 22 R b R T AR )N
BRI AR LA, PR ED T b X T A R 5 K
an H 22 B0 07 R W T LR DL R O 3 kL H v, JE
(phenanthrene, Phe) )4 H 3 FI1-F- 35 35 e g, 49
N 88.5% 1 6.53 pg-kg ' KIIEE R AYFERT L
TEf S VUSRI AR, XS 100 R AP
2 ke U (Nodipecten nodosus)!"™, J&5¢ I U1
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(ROS) A, TP ARS8 AN I . TEA R AAAL
BL 8 S Ak ) 8 AL Bl (SOD)J2 4 — A~ X it
ROS P A AR R S8 . SOD H4 48 U 25
FHRAC A ED oA R (CAT) i@ i
H,0, SR ISP 4l 532 Hy0, RUREHEVEHIN,
£ CAT RFEMTE LT, H0, S &, SEUR I
H ERE AR, A H K S 2 M (GST) &2 —
Fhbe s AN 1T AR 22, 2K AR Sh P ki i
ALEEAE YA RN, TN B (MDA ) 25 il A /b
B 43 ff 00, A B PR 23 A 22 R s I oot 4
A6 8 AR DLAEPR! . Macias-Mayorga 5!
BB T 3 Fh4m U EE (0.088, 0.440, 2.220 umol-L™")
Xt WG B 28 d A EE R ARONE, kB v vk B
(2.220 pmol-L™)BE % #ill il SOD Ml #1 CAT i 1%
Pk, XA R G B AAFI5Z 0 . Benali 52 H
LG U1 (Mytilus galloprovincialis )WE 8 7~ 4= 91,
M E T HAXE CAT i A1 GST B 16 P 19 52 i, & 81
CAT BEIEPE S Cd W R UG, Bl IR R 2R
W) (Morula granulata) % 5% T /S [R) e B 1) 315 e
iF, BE W10 LR AR AL L, 530 DNA $id
P, B AR B A W H IR % B8 Bl (GST) AT/
e M HE TS G A AT A AR N 845, Bhuyan 42
QUSRS e/ i A HE R SERI RPN ety (oY SR il
AALRL AR bR, IF S AR st e . WAnEE
XT By 0L AR Ak I R g S R A A Ak T R AR
(ROS) M 7 A [ &2, A7 78 38 o3 — B0k, (HAE ¢
A YR Y AT A R R D 25 R AR
ARATHL,

ENERMELBED, &8 mEN
(metallothionein, MT) & —2& & & 1 M 2 FR 19 /N 73
FHEAR, 2 5K E 48 f 58 E o R
AR R MT B HFE KA TCEHES Y T Rk
Z 504 m ARSI, diE a2 AR
4B R R IR, YR FEHE 1 (heat shock
protein, Hsp) i 2 15 4 FH AE 20 ) 40 A I o A 45
K 5% m Ao s vk, DA IE 4 iy & A
T i Ay & B 2 Bk DL i I PROR B e e
hsp70 4871, hsp70 TE2VERIR s F i, K0 E
32 7% 58 AT DR Sl ANE K, Ay DL 0 A AR AR HR AR
TR

FEHR AL h, 2805 Y S o il i A=
Y= AT e RS B . B —BIL O i R

Z TG YW I AE I B I 5 R0, A A BT e 22 F
1S E A 1535 T A YRS 1EH . B
I TR AR IR A 22 58 X A= WA i) PR AT 9T 0 55
D AVE BT (Scapharca subcrenata) b A7 fRGEPY,
i (Meretrix meretrix) &) 12 £ K AEMENR 5%
IKIRAALE DL, R S Rtk Al 4 ) o 4R W i
B TE . SO VR —Fh 3 L3S, A
S EIREE, &A NRITTHR 28 IR Y,
Hoze b 5 N @R B BAHC . AWPEny 32 H
SRS AR B — AR RIS AE R, SCaa ik
A 4R Ak I SORE DG il i 7 G R R ) A2 AR 1 0
DINERGFESR S 2R RE ST RNES
BEFRARONE, IRy DS A et R 5 A B HE R 22K -

1 RS

1.1 #MREMEE S SCsE B IR AR E T
T 1T, e U RN i M AR EA 7 51
55, A% N5 K (30£2) mm. SCEATEFE 7 d, BFF
) v K R (32+2), B H K 1R, 5204,
SE IR B, R 5x10° > -mL, Rk
BB i ) 22 FHBCE R R i S E R0 2 e
A5 R AR

S5 FIH: AR (CACL) R A e g), i
F R T 23 w5 JEIE A 26 [ Sigma 24 7], B AR AR,
2l £>98%, SOD. CAT. GST fi#{ifi £ & MDA %
ARSI 35 & 2 0 R A ) TR S
B o a5 e 405 RNA 2 Ui . =& WM. =N
. Jo/K 4B . HyPure™ Molecular Biology Grade
Water, Servicebio® RT First Strand cDNA Synthesis
Kit, 2xSYBR Green qPCR Master Mix (None
ROX) .

SERAN ARSI 0 2 S R B R B O
Bl 2t PCRAX. BT,
1.2 EWEt WS AERY R SRR SRR
BEAT, FRAKAR R 80 Lo LBLE 3 A SCH2, 7301
910 pg L7 FRABA—AbFHZH | 100 ng L FERA—A4b
A 10 pg L HE+100 pg L FERE A AL FRAH,
2RI . Horh, SEH W ARG A . HR AT
FE A 28 e v B AR SCRRARGE R BEE Y, S
TR BEZH 18 E 3 AP AT, BRI 100 K2 3C
W SCEGRRSE 7 d, B 24 h AR IR,
A8 R 5B IR R — 200, 5 3 RAEE 7 RINF
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ASFATREMLEL 6 47 S0, 45 3 %7 4 B H T B G
D 5 35 R Rk o

1.3 MEFH®

131 BEFASFRNRFH  REECUGINER,
FHUEAT L3R K 43, BRI 5 BY 6%, A SIS S)
dnh, R (g) AR R (mL)=1:9 /) EL il im A
9 fi5 i A= BRER K, 7E VK il 25 1L 10% 1Y%

W, BB DAL ~ 4 °C, 3500 r-min ) B 15
min J7, B W, BT 20 C F M. SOD,
CAT. GST F#i%PE & MDA & 12 i 52 243 B
R ULH AT

132 AR AERRFH A RNA I FRE
0.1 g/hERE T 1.5mL BF.LET, A 1 mL
TriPure Isolation Reagent, 3% 1R 2], 7EVK I 24# 5
min J5, 4 °C . 12 000 rrmin”" B> 10 min; B 75
850 pL B TR B0 A T, A 200 L =5 H e,
FZ15€3% 15 s, VK L ##E 2 min, T 4 °C. 12 000
rrmin' B0 15 min; Y 350 pL & FHr O 8F
o, B 200 pL =4 W GE, R HR AT, K E

5 min J5, 4 °C, 12 000 r-min"" &5.(> 15 min; BT
250 pL & TR EOE T, IMASHAT R NEE, T
RS, 2R E S 10 minCH L EDIRYTIE); 4 °C.
12 000 r'min' B> 15 min, F EiF S IA 1 mL
75% L BEVEUTE; 4 °C . 7 500 rrmin”' .[> 5 min,
7 b, IR LB CEEE A 100 pL DEPC
ARFRIK, i RNA, —80 °C 147

RNA Jii & £ ) . >k i Nanodrop 2000 £ iil]
RNA 47 . S 2851 & & PCR (qPCR)Z: i
SYBR® Premix Ex TaqTM II (TaKaRa) 15t HH, N
S IR d FH SClG B-actin IRNA JE[R, 20 uL § {4
% M. SYBR" Premix Ex TaqTM Il 10 pL; PCR
Forward Primer (10 umol-L™") 0.8 uL; PCR Reverse
Primer (10 umol-L™") 0.8 uL; ROX Reference Dye
II (50X) 0.4 uL; cDNA 54z 2.0 uL; DEPC 7K 6.0
uL. W AEF A 95 C 305s;95 °C 5,60 °C 34s,
40 MEFR; 95 °C 15 s, 60 °C 1 min, 95 °C 15 s,
qPCR FTHZ I ILER 1.

#1 qPCRETHSY

Tab. 1 Primer sequences for qRT-PCR
HER PR B S S1¥Fe (5—3") P18 v Be R Mop
Gene Gene bank number Primer sequences (5—3') Amplified fragment size
F: CGAGGACTGTTCATCAACCACTG
MT KU301770.1 R: GCAAACAACTTTACACCCTGGAC 629
F: GGACCACATACTCCTGCGTTG
Hsp70 HQ256748.1 S: CTGGGTCATCAAACTTCCTTCC 210
Actin IN0S4197.1 F: TGTCCCTATCTACGAAGGTTACGC 1259

R: CTCGGTCAGGATCTTCATCAAGTA

1.4 HF\EITHH AR 22 I B bR LA
AT IR RN, SCIRZE LI R T A 22
(meantS.D.) %7K, K F Microsoft Excel 2016 X %i
Wt /EE . iz F SPSS16.0 X Hde it 47 43,
BALR R 7 22 ATk o B[R] — s ) R [R] Ab Bl 2
[B) 9 22 5, IR SEAEAS ¢ RSp 9 43 B A [T ] 250 4H W]
Qb PR 2 [a) () 26 5, FH AU 49 B 43 A i AN E B
—HERA A BE RS HARR], LA P<0.05 125 3%
= SRR

2 HERESH

2.1 B, FER—SBREBRENXHBIERREN
fEES MDA SER RN 475 5 X G sh
ERR SOD IG PERY S aniE 1 frs . #5883 d i,

i BRL— Ab B ZH R SR — b 3 Y SR Ah £ R
SOD I P4 35 1 3 = 25 A G BR 4 (P<0.05), 4—3F
DG 22 4 0 KT 25 FOV IR ZH (P<0.05) . 2%
7 d B, A — b B A AT A O IR AL (P<
0.05), AEH—AbHA FE—F I A BRI 3
T3 P IR, Hrp IR — Kb 32 SOD 1 A o

BRI ANE I CAT 3G ML R R fn 5] 2
Fi7s. Z&E& 3 d I, S — b PRA] CAT Th 14 B 3%
KT a5 I R4 (P<0.05), f—FEBR A R iR 4 %
T FXT IR (P<0.05) . #4585 7 d i, fasp—4b
PRI 3 T2 FO BB (P<0.05), JE s —Ab B 2]
AR T 25 X IR ZH (P<0.05), 4B-TEBE & S 4
o CAT M 525 (A A4 e e i B 22 5

B FER SO AN GST 16 M B R M dn & 3
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O XJ HHCK F510 pg L™
100 pg L M 4810 pg L+IE100 gL

SODIEH/(U-mg™)
SOD activity/(U-mg ")
(%)

S
S

100 -

0

(9%}

fisf /6] Time/d
1 $@ JEXT TR SMERR SOD & ST
Fig. 1 Effect of cadmium and phenanthrene on SOD

activities in the mantle of Meretrix meretrix

s A _EFR/ING IR [R] — ] AR R AL B2 2 i) 22 5 1 2
(P<0.05); *3R 7 [A]— Kb BRLZH AN ] o] (8] 5 2 [) BAT f 3P 2 5 s T A
REBAE L (bR 22 ) FoR (n=3); Tl

Note: Values with different superscript letters (a, b, c) are
significantly different in different treatments at the same sampling point
(P < 0.05); * represents significant difference in the same treatment at
different sampling points; Vertical bars represent mean + S.D (n = 3);
similarly hereinafter.

O X BECK HA10 pg L

100 FF100 pg- L' M 5510 pg-L'+3F100 pg L™
r c

90 +
80+
70+
60 -
50+
40 +
30+
20+
10 +
0

CATIEME/(U mg™)
CAT activity/(U-mg™)

FisJ i) Time/d

2 R IEXTSERSMNERR CAT iEERIR M
Fig.2 Effect of cadmium and phenanthrene on CAT
activities in the mantle of Meretrix meretrix

Fine #5883 d i, 3 AR SCIRAME R GST i
PR 2 R T a8 AR IR 2 (P<0.05), Hirp, 4 ip—
AFRZH GST i Vhdrerm o 2288 7 d i, FEL— Kb 2R
HAER-TEREAS T4 GST I B Em Tas A

X REZH (P<0.05), Horh s —JEEC A& 2 E5 41 GST 161k
e

RGN SO AN MDA & RS2 in & 4
fiin . 2EE 3 d i, W—TJEBCA 2 EE 4 MDA & &
W T2 P IR (P<0.05), 58— kb FRZH AR
b PR MDA 5525 FIX B 22 7N B 3%

O X HRCK 5810 pg-L!
9. JE100 pg- L' W 4510 pg-L'+JE100 pg-L!
80
70 +
60
50
40}
30t
20}
10}

GSTiEM/(U-mg™)
GST activity/(U-mg ™)

i} (] Time/d

B3 $m JEXARSMERR GST iEtERIf T
Fig. 3 Effect of cadmium and phenanthrene on GST
activities in the mantle of Meretrix meretrix

O X HCK 5310 pg-L!
60 - JE100 pg- L' m 4310 pg L '+3E100 pg-L!
b
50+

N
(==}

MDA & #/(U-mg™")
MDA content/(U-mg™")
oW
S &

—
[w]

s} 6] Time/d

4 8. IEXTHRSMNERE MDA 22K
Fig. 4 Effect of cadmium and phenanthrene on MDA
content in the mantle of Meretrix meretrix

(P>0.05). %58 7d B, fP—Ab 320 MDA & &
525 P IR 22 5N i35 (P>0.05), JF s — b P4
MER—TJEBE G R 20 MDA & 3 T25 A I
ZH(P<0.05)

22 . ER—EBREREXNNRINERE MTE
[EF0 hsp70 BEEFRIZMM 502 EE SRS E
JEE MT 3P Rk R an &l 5 s . 488 3 d A,
3ANALPRAT MT HE R ik 3 8 3 5 T A5 F NI
1 (P<0.05), #%#% 7 d B}, 3 ANAbEEZ] MT LR %
R B TS AR ZH (P<0.05), HirpEE
— Qb PR RS- R G B HR L MT FE DR B 5 2 AR

i 2 e X SCUE AN hsp 70 K5 PRI R GK Y 52 Wi
WE 6 fiis, & 3 d I, JER—AbHRL hsp70 K
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O XTHRCK FA10 pg L™
S IE100 pg-L " W10 pg L +3F100 pg L

c* c*

MTEEFIAE N Rk i
MT gene relative expression level

3 7
fisf /6] Time/d
B 5 & FEXSNER MT EERERZ M
Fig. 5 Effect of cadmium and phenanthrene on MT gene
relative expression level in mantle of

Meretrix meretrix

PRl ik o B 35 1 T POV IR A (P<0.05) . %285 7 d
i, JEER— AL I PR —TJEI G B D S T2
FI XS B2 (P<0.05), Hh i R 8K & 2 88 A
hsp70 FEPR IR o

23 RWAFEMZEER WHEFTZERVL3
d N, 5 B — R R AR B — BR R X ] 25 R 4
1L (SOD, CAT. GST)EF 1. MDA &, DL

O X IECK 10 pg-L™!
- S dE100 pg L' M 4710 pg-L'+3E100 pg L

—_
(]

C*

hsp70FE I ARX) FRik &
hsp70 gene relative expression level

S = N W B LN 0 0 O

b
3 7
I} [8] Time/d

Bl 6 @ FEXIIERINERR hsp70 BERIZHIFM
Fig. 6 Effect of cadmium and phenanthrene on hsp70
gene relative expression level in the mantle of

.

Meretrix meretrix

MT. Hsp70 B)2i5K¥(P<0.05), HERT hsp70
1238, X HABFE AR A B F L AR
(P<0.05). 7 d B, % B — % 58 14 ] I 355 ) 4% 45
P24 (P<0.05); FEER—ZRFE 40, bR T MT H: A
M5, AT i 2 5 ) H At A 48 BR 19 A2 4k (P<0.05)5
KT CAT FWE 1 S MDA &4, X HAbFE Fr 477
R E L HAEH(P<0.05) (5% 2),

Fx2 BREMZTEER
Tab. 2 The interaction between Cd and Phe

JiFp3 Bf ] Stress time/d

Qb PR Treatment SOD CAT GST MDA MT hsp70
R — F 102.615  2007.000  49.054  513.311 17.538 29.439
P 0 0 0 0 0.003 0.001
3 JEH— F  1067.000 313415  371.224  436.282 6.425 13.250
P 0 0 0 0 0.035 0.007
FRAEC A F 3276000 1971.000 524489 280220  32.842 2.495
P 0 0 0 0 0 0.153
R — F 1914.000 217.771  339.240 2495  231.134  1733.000
P 0 0 0 0.153 0 0
JEH— F 715.713 340473  88.964  261.199 4.575 327.583
7 P 0 0 0 0 0.065 0
FRAEC A F 110.628 0.787  49.734 0.013 5.396 333.065
P 0 0.401 0 0.911 0.049 0
3 37 e X DLIEHA N SOD Ml CAT i A7 ELHE W

31 R, EFR-EERARENTRIMERSELR
GImEAHEREHRm  EoREMZHIFRE

KA B A G R, SOD Al CAT 7t H PR
JeiF e I 0 sh S AR AL FERY, FEAR AN dE B —
MBS VERT, BAHA P SOD 1 CAT i J & 8
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WA SR SO EEZH S SOD 7 P 7E 0.41
F10.82 mg- L™ FMria T, {5 HT A (0 ~ 48 h) 23
RN, I 5 15 (48 ~ 96 h) IR HIRUN ; CAT
TEPETE MR B VR B (0.41 mg L) A MMa T B py
BP0, B S B0A - R, AT
e, A — B R R, SOD TR PESe i B E A S
Bl B PR, T CAT 36 S ol i 2 i, 5
B E VRS S JER SR ER T, SOD G PE Bt i 2%
W, CAT iP5 0 B2 G i 35 AR 1k, 4—TE I8k
A REE T, SOD T M Je e o M, J5 ok B 2515
T, 1 CAT G M8 W &5 5. 500 ng L™ A0
50 pg L JEHR— IR & 2 5E 9 d, BAIHAN SOD
TEHER CAT WM 28 H A T 1 He, 54
WHGLERA 5, e SM-TE M R | Uit
A 1] B A AR B UM E S 2 R IR R I 22 7
A, AR - 5 G R EA DR TR
1, SOD 1 P H4 30 0t R A A7t 2380 0y, 106 PH R g ik
P S® A M4 . CAT G TEFEM-TER A
MR, X AES CATEEAY I fEH 5% .
CAT il R AR sl B 1 il By X7, T DA Ak 4R
b & (H,0, ) B fift 5 5 18 J5 A K RN 43480, I 58
i SOD R aE sl 24, [k, SOD E§fl CAT
fitg 38 1 2L [FVE IV BR 24210 ROS SKffidE. TEATHL
f&rh, SOD ¥ O ¥4kl O* Ml H,0,, #R 5 CAT
¥ H,0, #6468 H,0. 258 3 d i, S e B &
TR A SOD [l CAT Wi EA 2 B AR, 3
W H LA T SO AR N FR 1™ 2k B P R AR
FH; 282 7 d i, SRR RS 2R 8R4 SCIR SOD il
FI A2 EAE R, WX CAT 19 32 HAF FH A B
i, 150 I 2 R N ]2 PR TR T e W X AR e
FHMEENE, WmMIEK A RENZEERE
i ] s A iR T, 25 SR 2R B AR R R A R 0
SOD A7 7E i35 38 BAE ™, WXt CAT BEEA
WA HARN], A R G A S R 22 5, HE
52 %A %, SOD Ml CAT Y [l 4 F 1 it
BB AR T (07 ) At A AL S (H,0,) Iz A
P, FETEPE 0 B B ) AT BB R R P AL R G
AT, FENUARIE R GE S 2ER , X B 3
A= A E N, SRR AR S RS
et

GST J&—MrE L r A Wi ms, ‘&l LIFE GSH
Z 5 N A A R P AR b e AR A g a4
1=, 16 2 s MR AN B9 AL 0T 1N

5 BB R, )T LM TS e S GST 454,
A KRR GSH Zs &9, B EER .. R
1B 2L DURRER TS rh GST TG Mo &3 mt ),
Cd 5 28 I ¥ 7T 43 0 175 5 B4 AU 36 1% 12 (Bellamya
purificata) TG FL 53 VL (Chlamys farreri) i 88 . 19
LB 2 GST WM THm 1, ARBEFE T, #ATHERR
HAREEAE 3 d T d WX SO GST B 34 H AT
ZTHAER o 3% 7 I B AN E 5 58 1 B A T
DAEALA 8 oF S i o 4 e GST 6k, i@l 45 &
A5 WEH K (GSH) I 5 e WA g, LAt A kit
P, BB RN (%) 4H M R4, (] B 2 — A AL
TR ORI ST, B S MRS G i HE R RS, el 7E
LR BB R, X — LTI DU % 5 505 Gefif
HACHER . MR G R ER X GST MM 7E
D128 v o DL A, {HL R A IR B 2 8 X6 DU £
WA GST i M A 52 B8 BT, 09 K B s ol
R RYAE(50 pg L) 5/ TEERN (17 pm) &
A AT LA &S T DU AR GST BEGPE, 10 = vk
BERYFE (50 pg L) 5 RAAR B AL (150 wmol L)
S AT LA S P DY A G iR GST s PRl
AR BN A AN O AR R KR AR S
PRSI ) Z2 AN TR RN 7 R & A i S Ak RO B BT,
A=W A — 20 o R AR PR MDA
(K, MDA Tt B B EACREIARZ S T
ALY, BFE IR, SR DR EE THART MDA
FESHIM, 96 h RN LS, £ Wi 24 5C
I A1 21k MDA & i W3 [}, Cd XF MDA 119
V5 VR B 3 AR AR R 300 56 R, ARHIFSY
o, B — b BRZHAE 7 d I MDA & 400 B 20 i
FHON, FA-AEIR A R ERALAE 3 d F 7 d BT IR
2 2 RGN, U R SO RS2 B0 7 Y AR, T
FHLG B —JE AR 58, F AL — A B2 R AR — AR R R
2 3t R R A A AR . MDA iR TR R
BT B ot ik A A0 1 SR AR, BRAR T SR B
RET1, 5 HAR LR AE /KSR 5 L JEB AR, W& S
B A I WA AE, P Re R BOR R R, O
T AL 1 25 T R B SR, IR AR SRR .
32 B-ER—SBRERENNBIMERBSR
R MT 2 —FE & PEmR (Cys) B iz
FEETAEYEN/ N FEA, A8 G RET
W RE T, A ROR T AR P AR 20 i N 1 42 R B8 -1
M RE T, A &R AT SRR A B AR AE T
fE. A7 V12 MT JERAE R A5 15 Y i 704
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Y — LR R AL (BT AL 3
X DU AR N MT 5 PR 3R 3K 5% Wi 1) A O i 18 3 45
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Effects of phenanthrene and cadmium on oxidative stress

and detoxification in Meretrix meretrix

Liu Xue'*, Jing Yuanyuan®, Sun Ming®, Hu Fanguang’, Zhang Tianwen’,
Liu Guangbin®, Gao Fei"”

(1. State Key Laboratory of Marine Resources Utilization in South China Sea, College of Marine Biology and Fisheries, Hainan
University, Haikou, Hainan 570228, China; 2. Qingdao Key Laboratory of Benthic Fisheries Aquaculture and Enhancement,
Marine Science Research Institute of Shandong Province (National Oceanographic Center Qingdao), Qingdao, Shandong
266000, China)

Abstract: In order to understand the effects of cadmium and phenanthrene on the oxidative stress and detoxification in the mantle
of Meretrix meretrix, the SOD, CAT, GST activities and MDA content were detected under single and combined exposure to
cadmium and phenanthrene. The metallothionein (MT) and heat shock protein (hsp70) gene expressions were also measured. The
results showed that the SOD activity and GST activity in all the treatments were significantly increased compared with those in
the control group (P <0.05), that the CAT activity and MDA content were significantly increased compared with that in the
control group (P < 0.05) except for the group exposed to Cd. MT gene expression was significantly induced in all treatments, and
that the Asp70 gene expression was significantly induced except for the group exposed to Phe. At the 3 d of exposure, interactive
effects were observed in all the indexes except for Asp70; at the 7 d of exposure, interactive effects were observed in all the
indexes except for CAT activity and MDA content. It is indicated that Cd and Phe have significant effects on the oxidative stress
responses in M. meretrix. The MT gene and hsp70 gene are induced to detoxify and regulate the body, improving its ability to
resist stimuli and survive.

Keywords: cadmium; phenanthrene; Meretrix meretrix; oxidative stress; detoxification

(REHE:HET)


https://doi.org/10.3969/j.issn.1009-6094.2011.06.005
https://doi.org/10.3969/j.issn.1009-6094.2011.06.005
https://doi.org/10.3969/j.issn.1009-6094.2011.06.005
https://doi.org/10.3969/j.issn.1009-6094.2011.06.005
https://doi.org/10.3969/j.issn.1009-6094.2011.06.005
https://doi.org/10.3969/j.issn.1009-6094.2011.06.005
https://doi.org/10.1007/s00018-003-3206-5
https://doi.org/10.1007/s00018-003-3206-5
https://doi.org/10.1007/s00018-003-3206-5
https://doi.org/10.1007/s00018-003-3206-5
https://doi.org/10.1007/s00018-003-3206-5
https://doi.org/10.1007/s00018-003-3206-5
https://doi.org/10.1007/s00018-003-3206-5
https://doi.org/10.1007/s00018-003-3206-5
https://doi.org/10.1007/s00018-003-3206-5
https://doi.org/10.1007/s00018-003-3206-5
https://doi.org/10.1007/s00018-003-3206-5
https://doi.org/10.1007/s00018-003-3206-5
https://doi.org/10.1042/bj2220649
https://doi.org/10.1042/bj2220649
https://doi.org/10.1042/bj2220649
https://doi.org/10.1016/j.aquatox.2012.04.015
https://doi.org/10.1016/j.aquatox.2012.04.015
https://doi.org/10.1016/j.aquatox.2012.04.015
https://doi.org/10.1016/j.aquatox.2012.04.015
https://doi.org/10.3321/j.issn:1007-4333.2009.03.011
https://doi.org/10.3321/j.issn:1007-4333.2009.03.011
https://doi.org/10.3321/j.issn:1007-4333.2009.03.011
https://doi.org/10.3321/j.issn:1007-4333.2009.03.011
https://doi.org/10.3321/j.issn:1007-4333.2009.03.011
https://doi.org/10.3321/j.issn:1007-4333.2009.03.011
https://doi.org/10.3321/j.issn:0253-2468.2006.07.023
https://doi.org/10.3321/j.issn:0253-2468.2006.07.023
https://doi.org/10.3321/j.issn:0253-2468.2006.07.023
https://doi.org/10.3321/j.issn:0253-2468.2006.07.023
https://doi.org/10.3321/j.issn:0253-2468.2006.07.023
https://doi.org/10.3321/j.issn:0253-2468.2006.07.023
https://doi.org/10.3321/j.issn:0253-2468.2006.07.023
https://doi.org/10.1080/02757540701653285
https://doi.org/10.1080/02757540701653285
https://doi.org/10.1080/02757540701653285
https://doi.org/10.1080/02757540701653285
https://doi.org/10.1080/02757540701653285
https://doi.org/10.27747/d.cnki.gzjhy.2019.000143
https://doi.org/10.27747/d.cnki.gzjhy.2019.000143
https://doi.org/10.27747/d.cnki.gzjhy.2019.000143
https://doi.org/10.1016/j.aquatox.2016.12.016
https://doi.org/10.1016/j.aquatox.2016.12.016
https://doi.org/10.1016/j.aquatox.2016.12.016
https://doi.org/10.1016/j.aquatox.2016.12.016
https://doi.org/10.1016/j.aquatox.2016.12.016
https://doi.org/10.1186/1471-2164-13-55
https://doi.org/10.1186/1471-2164-13-55
https://doi.org/10.1186/1471-2164-13-55
https://doi.org/10.1186/1471-2164-13-55
https://doi.org/10.1186/1471-2164-13-55
https://doi.org/10.1186/1471-2164-13-55
https://doi.org/10.1186/1471-2164-13-55
https://doi.org/10.1186/1471-2164-13-55
https://doi.org/10.1016/j.envint.2006.05.007
https://doi.org/10.1016/j.envint.2006.05.007
https://doi.org/10.1016/j.envint.2006.05.007
https://doi.org/10.1016/j.envint.2006.05.007
https://doi.org/10.1016/j.envint.2006.05.007
https://doi.org/10.1016/j.envint.2006.05.007

