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LA 00 ) B 4 R A AR S LR B A e
MTLER K Lo ELEFTAES, B EEEIK
FERE, B R s i % B 4 g e re

ks B HA: 2018-05-22; 11T HHER: 2018-11-13

X EHE: 1000-3207(2019)03-0554-09
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1 #RERZE

1.1 #t

LI FH IR 0 M 1 R R B A T 20 164F
11 H BUE iR M R TE e 75 3, 355002 R, BEHLEX
100 A SCs, M EH /N LB, HFEK, %, m
W°(48.83+0.62) mm (44.87—54.02 mm). (45.32+
0.46) mm (43.25—49.14 mm). (24.78+0.32) mm
(22.82—27.10 mm), A H(52.61+1.33) g (42.25—
67.16 g).
1.2 FHLE

WA C™ FIHE %) v 448 B8R [¥196h L5073
H40.28F13.64 mg/L[111/64. 1/32. 1/16. 1/871
/A ECA™ . Hg Bl e 16 (9 5 B 2 25 3K
0.63. 1.26. 2.52. 5.04. 10.07 mg/LF10.06. 0.11.
0.23. 0.46. 0.91 mg/L, [FRf A5 R . SEIG R BE
BLk BUE 2 IR RO R B KN AL ) A 4
500% K. RIS 3N FATHE, BASPATRE
30 R AR R, AR LE 130 cmx50 cmx60 cmfFE
FEAR A, JKiEN(22+1)C, pHAT.8. FERH24h 5 #AH
LR E B L BRI, T PR AR 2 . R A SI2 6 U )
(I 1t B B QLB I RO, SR B L B I 1] Ay 6d,
RN AT
1.3 ESEEENE

HR LB 6d J 10 55 B 4L RN S5 TR 2 v A ok 5
FSRAPE N, 3340 . 3 KT G, i
A AR B HS B B 2H 2R, 43 )R L I TRON S AR A 2
TEEE, BRI E . AR RREUT B ok AR (1 O S 40
20.5 g TR R TE R, %NS mLIKRAER A2 mL
R EERIR A 5] TR, SRS 1E AR T 140—
160°C(Cd)5%80°C (Hg) L 220.5—1.0 mL. A #15
PR 250 mLE 2T, A BRI
(1%) B FREE2—3 UK, A B, FIRHIR IR (1%)
SERBZE, WA . F0.22 pmy Mg, 1
VB . e Hg & &K H R T 2 66 A (AFS-
9304k 5t RAGEA R 2 7))l g, Cd& A ] I 1
WAL 6 VS 5 (A A240F s, 35 [E T BL %2 PR A A .
1.4 MT mRNAFREEHINE

HEHEUNIQ-104: R Tizolist RNAFR 71 & (L
A2 1) U B SR UG BB 4 K % G B 4 rh AR SR B 11 B
HARNA. RNAJK 5B FIR 40 51l 3 3k 1% 30 P
W FL KRN A0/ A g0 TELRASIN o DA Fp A% 2 1 Y
H R RNA AR, f# FHReverse Transcription Sys-
tem S SR B IS cDNAKE i . ARAENCBIAE
JE LA I AR R B R 4 SR T B IMT-1 56 (R 7 71
(GenBank: GU479377), H £ EMTH: 545190

Bt S ERen ™, 52 926 B H T 51K
MT-F 5'-GTCATCACAGCAGCCAGC-3', MT-R
5'-GCATCTCCTTCCCAACG-3', NZEH 51 %A
B-actin-F 5-TGCCAGGGTACATTGTGGTA-3’, B-
actin-R 5-TGCGTGACATCAAGGAGAAG-3'. f#
HiRoche LC480%¢ ) & BPCRAX (i 1) FIAGoTag"”
qPCR Master Mixi 7 & X} U7 HL2H 21F MT mRNA
IR IEHEATHXS € = b . T IMFETF . PiAs 1k
94°C 5min; 94°CAEPE30s, 60°CiE k155, 72°C ZE A
30s, 42/MEH; K2 AR H SRR A MT
mRNA AR XS L & ACI=Ciyr — Clpgeqin, AACE=
ACtgyu1— ACtypgu o

15 SRBELIsRRNE

BFURFE BRI R R
TER, K LB UK YRR, B R BE AR ON AR
5 B — AR B A& AR, A [R) R BE 41
GUERIBE 291 g, TIAORE (w/iv) TV I A BE 2R K, 78
VKR I I EE ST, TR SR B T AR O
HL(#3%3000 r/min, 35 FF0°C)H B0 1 5min, fe o B
FiE WM ESOD. CAT. GPxFINOSIE Mk
H,0,. MDAMINOW & &, B IRAFE—60CUKFE
1, 24h A 52 G E -

SRR K IEFRAYN ZE 275 M R
G B (R 5U )T H,0,« MDA NO& & J
SOD. CAT. GPx. NOSiHPEREATHEM, A48 b
FA A — R B 3APAT 2 rp 1 B 25D — Ik, 1532 504k -

EERESENNE SR e k)
B9 R A R S R AR, S S B i
(Bradford i) I %€ 77 v A 7 507 e X352 00
LR TR
1.6 HUESh

S TSI B0dE 5 I SPSS 19,0841 34T 20 #r,
FH B[R T 5 243 M (one-way ANOVA, F)FILSD#:
6 25 7 3w 5 M, £ OriginPro 8.0% AT 15 24 1247
R E T L . B 2 DL B £ b5 4 R KR,
P<0.05H My 2 7 B 3%

2 £R

21 8. REPEHGEBNEFNEES

FHE 1] 50, 78 S206 % B IR FE YL 25 1) (/]
W% Cd” FHg” YeREk B 1 b T, CARTHGTE Hh H4%
BN AL R R R E R b, BRI E-
B Fo SRR 50.63 mg/L Cd” L %0.06 mg/L
Hg” WKk B 20 TE .3 22 R AN (P>0.05), 5 Ak & 21
P B3 7 7(P<0.05).
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Tab. 1 Accumulation of Cd*" and Hgy in the ovary of E. sinensis

Cd™ YKk ¥ The exposure 51 81 145 & B The Cd™ Hg2+m£&{»f<f‘_The exposure i $i ROk & The Hg2+
concentrations of Cd™" (mg/L) level of ovary (mg/kg) concentrations of Hg “(mg/L) level of ovary (mg/kg)

0 0.053+0.002° 0 0.0130.002°

0.63 0.059+0.002° 0.06 0.021=0.004"

1.26 0.203+0.010° 0.11 0.043+0.004°

2.52 0.249+0.019° 0.23 0.056+0.005°

5.04 0.336+0.026 0.46 0.111=0.021°

10.07 0.418+0.034" 0.91 0.204+0.014"

LR T RMEIR R L, TR AR Z R AR EE (P>0.05), TREAFE N Z 7 B 3 (P<0.05), n=3
Note: The superscript with the same letter are not significantly different (P>0.05), otherwise are significantly different (P<0.05), n=3

2.2 Cd" HHg % th iy B AR &
B2

B 18R, B Cd” YRRk B 1 b T rh B
8 O R 1) PR AL B PR AR R T S R R B
AR 3oty 7% 1 8 B0 e KA IR BEA— o SODIEMEAE
5.04 mg/L Cd” W 4HIE T e R fE, H 50 e 4 % 3
fih i i 2H S50 4 (B 3 2 5 (P<0.05), X IR 4H 5 5% vk
HWIH BE 27 (P<0.05). CATEEIE7E2.52 mg/L
B 23K B e KAf, 14:0.6351.26 mg/LIK 4 TE .
72 5 ANP>0.05), oA #4353 7% 57 (P<0.05).
GPxif PEEL. 263K FEH & MR, BRO.63IREH S
10.073 B2 4 0 i 3 7% 57 A1 (P>0.05), HAth % 41396h
35 72 7 (P<0.05).
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Fig. 1 The effect of Cd*" on antioxidant enzyme activities of E.
sinensis ovary

AR FER R LG % ZE F(P>0.05), RZ %57 3%
(P<0.05), n=3; T

The superscript with the same letter are not significantly different
(P>0.05), otherwise are significantly different (P<0.05), n=3, the
same applies below

B H YL ik B 1 T s, rh AR o 2 18 g
Pra AL B v P B AR BTSRRI ERA, BRos
0.46 mg/L Hg” WK B A I GPxiE I T 15 3 22 R 4h
(P>0.05), 3R HT A 19 HAh 250 B 4H [a) 350 i 3%

ZE5(P<0.05)(E 2), {HIX 3P0 1k 1) e KAE 1
WA . SODFE0.46 mg/LIK J¥ 475 B & K,
CATIEHAE0.23 mg/Lk BE AL B i K, T GPxiF 14
FE0.11 mg/L¥K FE 4HIA fe KA -
23 Cd"FHg W hiL B BRI EMT mRNAR
IXERFN

M 3R 47T 50, B Cd” FHg” Yk 1Y)
FHen, MT mRNAR A B 2 FAas, cd® i
o R4 % 50.63 mg/Lik 406 B 3% % = 4h
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Fig. 2 The effect of Hg on antioxidant enzyme activities of E.

sinensis ovary
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Fig. 3 The effect of Cd”" on MT mRNA of E. sinensis ovary
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(P>0.05), At % 414 5.3 7% 7(P<0.05). Hg 't
TR on IR A 5 R B LA R 3 22 5 (P<0.05).
2.4 Cd FHg 3 thiLg B 2Tl EMDAFIH,0,&
=1:0pAl)

i & 51 67] 41, MDAFIH,O, 1 & &5

< 10

o o]
T

MT Fi3 R R &
The relative expression of M7 mRN

o v | N O

0.06 0.11 023 046 091
Hg> ¢ J& Hg> concentration (mg/L)

Bl 4 FRA B BEMT mRNA I & (K 0
Fig. 4 The effect of Hgﬂ on MT mRNA of E. sinensis ovary
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Fig. 6 The effects of Hg2+ on MDA and H,O0, level of E. sinensis

ovary

Cd* RHg™ JeREuc B S IE AR, W A5 ik i 4
YA .38 7% 7:(P<0.05).

2.5 Cd " FHg WhiEgBEHEPENOS 2
NOS/E M RIF2 N

Cd" MHg" X h L BRBINEhNOS BN
) Hi [ 7R] W, B Cd™ e s BE (i, e
YEE R AT INO T B 2L LT
P, XML 50.6321.26 mg/LIK A LR E %R,
5.04F110.07 mg/Lf & 21 7] 6 & 3 2 5% (P>0.05),
2.52 mg/L5 v 1R3443 72 57 (P<0.05).

BEE Hg™ Yeaig ik B (R, rh e o B 1 45 b 1
AU EAFPINOF &2 EFRIE A 8). MR
¥ 50.06 mg/Lik £ 41 8.3 %2 7 ANP>0.05), HAth
H A B3 7 7 (P<0.05).

Cd” FHg" 3t th 4L 4} BRI SN OSTE M B 52
1) Hi Pl OTT W, BE 5 Cd™ VR EE (3, rh He gl
MK AT N ENOSHE I Bk 2 BT #a A
TNOSH % 7E 4 1R 2H 50.63 mg/LIK FE4H T & 2% 7
St 1.2652.52 mg/Lk 5 4H 10 18 3% 2 57 (P>0.05);
5.04210.07 mg/Lik 40 5 HAh % 203 B35 %= 57
(P<0.05). XfHBZH AL o 2 B2 O S AINOSTRE M 5
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Fig. 7 The effect of Cd”" on NO content of £. sinensis ovary
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Fig. 8 The effect of Hg2+ on NO content of E. sinensis ovary
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0.63 mg/LIK FEZH T 2. 3 72 575 1.2612.52 mg/LUK &%
HTC R E 25 5.048110.07 mg/LiK AT B %
Z57(P>0.05).

Wi He W BE (R4, vt 4% B 0 4% b 38 4 1
YRENOSTE /1 2 EA R (K 10). X HEZH
TNOSHEFIEFR 50.06 mg/LIKEHLEEE R
(P>0.05)4b, 5 HAth % 2035 F W3 % 7 (P<0.05).
0.06 mg/Lif Ji& 21 (1)t AR 20 2% 1% P SLINOS IS 1 5 %)
HEZH 220.11 mg/LiR FE2H T 5 25 75 5 0.23F110.46 mg/L
TR 2H FIINOSYE M 78 15 35 22 57 (P>0.05); 0.91 mg/L
Hg W Ji 4L I INOSHE A B B KARL, I 5 506 FR 4 &%
HoAhIKR A5 B2 % 7 (P<0.05).
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Fig. 9 The effect of Cd” on NOS activity of E. sinensis ovary
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Fig. 10 The Effect of Hg2+ on NOS activity of E. sinensis ovary

6dJ5, £ 90 AR CAdFIHg ) & =R EF, femik
FECd*’(10.07 mg/L)FHg" (0.91 mg/L)2H frICd
He & & 0 5 X A 199,075 F115.69f5 (3R 1),
HA YR HIRBE- N e F . HRFRED], Cd N
B = 25 ST BN E BT BOE F B i B S &
T T g i e T S e e
M B I 4 R Y AT 9 R B H g 7E
Tl BB I B b ) E AR R VT L Cdo, X AT e 2
Je35 5 TP ARk A B B R H g 1 g 3z LeCd i)
H G . B CARTHGTE i o8 B 1 gl i
AR ER ARG N, £ EFNO. MDAM
H,0, 1 & S 2T E (B 5—8), it B 48 i (1) 44
AR R AR W i, 1X R E RN &R e I S
FIAR % T H = AR KR P PEE H B (ROS), 5l
RN B E A H, EMDATEN LA N 1) & =
ARirsg . WiH,0, FINOHS 2 B A BT RO LiiT
AR, e H,O, 2 S — LT I8 J5 ), NOZ %
= B TR Y, e 8 HL,0, FINOFR £
BRI . SIRT S g O % 2
Eﬁ%%[u,zo, 35, 36]74‘:[]@%[3, 25, 37]‘:Pi’8ﬁ7§f)rﬂ,o Lin%[“]
WFF R IR, BB CA” e IR B 1 b TF, rh A of B %
JRERR H IMDARTH, O, & 44 2 LR % . 4
S5 R B, BEAE CA” YRR T 1 B e
BRI ) ) e, VAT B A IR R (Sinopotamon henane-
nse) T I IR 2L 1A v (R H, O, 5 B 15 k) R 20 1A 5 34
. Company%5 538 T UL (Mytilus edulis) %
££0.9 pmol/LIKICd” " i HL24h 5, A MDA F;
BRETE, B AR-RN e R T st
NN T 4B 1 R MDA R DL i Y] 5 6 R 5 (S.
henanense) EFEAML I K ARG, i FE L
AHRE IR T R, AR MBEE T RNEKKE. &
E G L B Cd R B b TG AR IR (S
yangtsekiense) I IR HNOF EHNOSTEHY & I
THE#a . B SFIE 6t nl LLE Y, fECd” BiHg™
LCsoff11/64+ 1/32 1/16+ 1/8E%1/411H%F B 4% 1
F, Hg' YA MDA RIH,0, & & thcd™ Y4
i, YT HE X h Rk R i L Cd” B, X
H ARG B R X He I 'R B2 Re T HECdiR(GR 2)— 2.
32 EEERMETEERMEAMT)FINELEER
ER SR

MT—MEsF&=. B ERERN &R
G, YA RAR PR B R A R I BRI,
LA H 4 1A 2 RO Bl o A I A
U, EHR SR, B8R RERLSESKESY
WA A MT mRNARF L8 KR RN,
BE A AR ok B I X CdBHg B AR 2 13N, 5
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Xt HEZHAH EEMT mRNA R R IE & 200 8 _E TR EA
G 1. B3, Kl 4), BHMTACAdfHgSS JE % 75 4
JE& A — 2 WA ERAE L, Bl BAE A S 56 YL 23 Y [ Y
HR AR B O A I CARTHg R B I H 15 3
MTFRE I . PanZs R B, 7£0.025F10.05 mg/L
Cd* B #E3d)5, H A (Charybdis japonica) B F1 T
JR IR R MT 35 2 35 5, 5 2% 5 I [B) R4 B2 A2 TR AH
Fo GaoZE" B R R I, B Cd’ TR IR P
T AL BRI ] 3G K, KT AR BE(S. yangtseki-
ense) - RIEMT mRNA R IE K 2 BT R
#o XARERNTER . KREE S EE A PRk
G e e | VA R g LR U o w3 S A R T B o Y GV
T, AT A MT mRNATE 8 5K 1 ik 7= 4
HFEH.
MT mRNAFIKFS5HA T EE B RKTPA
K, WARALF W EE B R TS 1 o] A&Z1E
[, MT mRNARIZ AR Pt e 2 28me" ", 2 4
MESESE—RIISAHE. 5. BRI
P 2 S 1 S T I PL A AL B 2 A, e H A G AN
M A L R B E L FISOD. CATAHI
GPxR UG E L1 R G A sy 7,
SODFEIH bRl AN 2 7 H i &, # H Sy =AM
IR, BRI E MR E RS BB
YE N R AE S AL 30145 1) 25 38 By 28 I CAT MIGPx
Bt E AR AL SR RIS, PR g B
S K ThEE 25 e i 8 R s
ARSI R ER, B CA BiHg” Y AR i,
SOD. CATAHIGPx & 1 ¥4 2 B H Ik B BT =
BRI OS] 1. B 2), BRI R i HG
(<0.46)FICA™ (<5.04) S B th He gk B4 P9 E PR 4R
A, MU IR T PR S A A TS S B
FALBEEYE BT, P AR BRI A AN . X AE H A
KA R ARz ™ 1 R k)
Ut 2080y 0T b s P A SR AL R . (H
W% Cd™ BRH™ Yedpik B () TH i, th HE R B O
RE GNP E T B 2 T AR S B e
71, BUEA LB 7R A RS T A,
i A 0 B B G P R . b4, 2 cd” B
Hg' T % 5SODE ML ffICu”™/Zn” o A g 4134
5 5 GPxiE P L B R ik R g &0 P
PO AR AT 110 25 () &5 ) T A 9 12 PR K
RWFFER I, 1ECA  BiHg  LCsff11/64. 1/32.
116+ 1/8EX1/4 AR B &4 T, Cd™ 4L IICATAN
GPxFEE M e HG i sR (K 1. & 2), RN MT
mRNA [ ik &2 Cd” H i THe (& 3.
4). BHWFFINH, Cd° 5MTHIZ A 2 SR 23

BRI PRI i, A A 2 — Fh s S i
R, HEC HEANRIG, 5 SMTH & BT i
RTLFWHRS . He” W& L4 T, WGSH.
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EFFECTS OF CADMIUM AND MERCURY ON OXIDATIVE STRESS INDEXES
IN THE OVARY OF ERIOCHEIR SINENSIS

CHEN Run-Qi, YE Fang-Yuan, LIN Jin-Huang, ZHOU Jia-Yi, CAI Jia-Jia and YING Xue-Ping
(College of Life and Environmental Science, Wenzhou University, Wenzhou 325027, China)

Abstract: Cadmium (Cd) and mercury (Hg) are the most common pollutants found in water environment to cause tis-
sue damages and induce apoptosis in invertebrates. To investigate the toxicological effects of Cd and Hg on the ovary
of Eriocheir sinensis, the crabs were exposed to different concentrations of cd”’ (0, 0.63, 1.26, 2.52, 5.04 and 10.07 mg/L)
or Hg2+ (0, 0.06, 0.11, 0.23, 0.46 and 0.91 mg/L) for 6 days. The accumulation of cd’ and Hg2+ in the ovary increased
significantly with the increased concentrations. The extent of oxidative stress caused by cd” or Hg2+ was investigated
by determining the oxidative stress indexes in the crab ovary. MDA, H,0, and NO contents, M7 (Metallothionein)
mRNA levels and NOS activity in the ovary increased with the increased concentrations of Cd* and Hg2+. SOD, CAT
and GPx activities initially increased, and then decreased with the increased cd” or Hg2+. The result suggest that cd”
and Hg2+ can cause excessive accumulation of free radicals in ovary which lead to lipid peroxidation, and that MT in-
duction in the ovary is a protective response against oxidative damage via detoxification of the ovary of E. sinensis. The
induced antioxidant enzymes by Cd” and Hg2+ could effectively eliminate reactive oxygen species (ROS) from the tis-
sues and maintain a redox-balance system to provide protection against Cd’" and Hg2+-induced oxidative stress.

Key words: Cadmium; Mercury; Eriocheir sinensis; Ovary; Oxidative stress



