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WE: KRG TR T ARERKE (2 mg-L™"' 8 mg-L™" 132 mg-L™") WIAF5E——Z SR BN IR SCUA ( Cyeli-
na sinensis ) #8 ALY EILEE(SOD) | R ELEES (CAT) | FRIEBEBRES (AKP) I ¥ AN B (MDA ) A4 i 2251k i)
M, EREY, BWELE32 mg- L)1 15 d A SUA A RRIBIEHN ; FEIEBIELMHT, FEREE%E
K SOD FEHERFEEFH, CAT & HAF e BRI Bk BEMHI B S, AKP 15 R BA R E KRR TR
PGS, T MDA A bl 5 W) i 5 SR s 1) S K S BRI — TR K 97284k o Pearson HIGAMITB/R, ZEFF SCHA R XTHE
A3 3t 2 v SOD 1 CAT 2FHEIZEF (R =0.439, P<0.01), SOD #i1 AKP £#MiEH LR (R= -0.571, P<
0.01), ZE{RIIMIBELEHISEREETr 1, CAT 1 AKP Al RE%E SOD &4 AfEM(R= -0.490, P<0.01),
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Study on oxidative stress and damage of Cyclina sinensis
exposed to naphthalene

DOU Yong, QIAO Xiuting, CHEN Limei, ZHOU Wenli

(Tianjin Key Lab. for Aquaculture Ecology and Cultivation, Fisheries College of Tianjin
Agriculture University, Tianjin 300384, China)

Abstract: The SOD, CAT, AKP activities and MDA content were determined after Cyclina sinensis were exposed to different concen-
trations (2 mg-L™", 8 mg-L™" and 32 mg-L™") of naphthalene under experimental ecotoxicology conditions. The results indicate that
C. sinensis had high mortality rate under 32 mg-L ™" of naphthalene. Under non-lethal conditions and with increase of naphthalene expo-
sure time, SOD activity showed a continuous increasing trend; CAT activity was promoted in low-concentration group and inhibited in
high-concentration group; AKP activity was initially increasing then decreasing; MDA content fluctuated following the trend of low—
high—low. According to Pearson correlation analysis, SOD and CAT showed synergistic effect (R =0.439, P <0.01), while SOD
and AKP showed antagonism effect (R= -0.571, P<0.01). CAT and AKP might protect cellular membrane structure better than
SOD (R= -0.490, P<0.01).
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A SCERC s EIE e AT A RN EE R
Al 14 x10°) ) Dhaks sl T ARG R 9 4
X IR A R 6 Fh 2 Y tE i, SR BRI
TR R /40N 1. 28 ~37.6 mg-kg ™' (3B R
B, WK 10.78 mg-kg ™', RS K10
pe L~ 2R IF 2 A5 LG UL ( Chlamys Farreri) (¥
BEAEILE R BT E G, EEST KRBT
BN IE £ i 25 3R R SO (Meretrix meretrix ) 1L 48 i )
FET-ER, T Mg 18 B RS X A A TR YT Y
YR ERHT T FERE T (Ruditapes philippinarum )
RNMAE KRS, RATREROESEE. B
HMRHFE R R PAHSs 5% 2 MR BLAE BT DALMY 25
B IHWEIRKLE A Y DNAP 1 Bl R— AR,
3K EZRIAFAFIE B PAHs 74 B 8 i 30
B, SHgEEE R EaER R Y, mik
HRETHIRE M R ZE R T =L LA PAHs, TiiXf
=3 LUF PAHs (AEYFHIRR D, ZBREH2 4D
HEIRH R B T B PAHSs, 74k 2% Tl o o FH AR
Wz, BEBFBERRAURREENER, F#5
RZHGPEAE YN B HEIIIT E A6 LIREE, BT
RZBMAESHHEMREA TAEENIRLE L,

PAHs #E AWK LG & & EREHL, 74
— RGP PRI A B R, XA AN A
A liad I 18 B . HSIPTEALEE R G AL T 3K
T 1 4 B o — ol B R, R e B A
(SOD) Fizt S AL HE ( CAT) 204 4 ffd 5. 32 SR AL i
ikt L5, S AIEERR 0, 1 H,0, HHEEZ
YER, —#BARGFAETAROARFETN, HHEA
%R TG RIA AR B BERR B (AKP)
REYEKRN—FEZENKARE, FES5BTER
i, H AR TR HE s S AL a1 PR N 1S
FIPFRE AT ; W R (MDA) 2Bt b £
2y, HEERETEERIFAYIRAGEZ R
B, 2 B TR R R s YA
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300 ( Cyclina sinensis ) 2 H [ UL H UL X5
2, ATLMERMG W IR B P R e, CEE
AR SCIGVE N RIS AE Y, B9 T 7EARFIREZE A
T P SO AT SOD, CAT, AKP & #: AN
MDA A i AR, BRI 2N 30 SCUE I BE L,
AN DL 2K SR 1 31 5% B B 24 0T 5 4R L R 10 LA
R K52t PAHs A4 Wa DSR4 B 22 A0 E 0
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BHHBRIME2 K, &K 200 ~250 mL, $E55RFEAHAT
g K, E34 £1, pH 7.6 £0.1, WS H
(NO,-N) FRE ¥ 0.31 ~0.36 mg-L™', &A&ER
(NH,-N) JR ¥k EE# 0. 14 ~0. 17 mg-L™', WREE
A (NO,-N) ¥ &5 24 0. 008 ~0.010 mg-L™", %
PR (PO,-P) A ¥R 2% 0.010 ~0. 113 mg L™,
HFRAM N 60 L P EEIEFA, BHEK 12 IFH
A WS b DL HE Y AR A, BRI BOR
F#SEES T, KREHIFE22 ~24 C, RHH
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%, ¥R CoHy, BREGRHFHRIRM MBI,
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1, [RIEHfsES X5 BR ( control ) 71 1) 5 77 X # (ac-
etone control) "' ZE Y IF IR TG 5 vk BE 43 91 2
mg-L™', 8 mg-L™'H132 mg-L", iR EHH 15
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AKP JEPEFT MDA i BE /R VR ¥
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SAAESE O 55 5. 5 10 A% 15 RAK R
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T i A BEER K IR T X3RRI A TR A 2 2 e
[m(BRAEES) © V(AREEIK) =1:9], Ri5#4 C



54

£ B%: ZERENFURMEE SRR 41

Z/4F 3 000 r-min ' B> 10 min, B L IE W E
SOD, CAT, AKP i&HHMAL A BEH . MDA
R EE R EE . K BZERALARHTE | mL KK
Hi SOD il #3k 50% B B %t iz i SOD 2t %€ LA 1
A~ SOD F % H1 847 (U) 5 M EZRAHAEHEFH
P43 1 pmol H,0, e S 1 /> CAT FE J) 58
£ (U), ¥ERHAAELLE 3T CHEREM 15
min =4 1 mg Mg SO 1A~ AKP BT 7 842(U) .
SOD. CAT #EH:ARGE A ZmEH ' (Umg™)
FR, AKP IEHEDIEEE RO EEE T (Ug ) R
7, MDA JfiBtEE /R ¥ B AN EE JR-Z L B 1 ' (nmol
mg ™) FoR . FTA TR T H5 32 BE R A
& A TRERET) B, W6
B UV-1240 2250-7] B4R B THIRE

LS5 HiEsE

B B A AL HE AR SR LU M8 + A oA (X

+SE) RN (n=3), i SPSS 17.0 #1754
R 2 J7 22 53 # (One-Way ANOVA) 1 LSD £ Lt
K ¥ (LSD post-hocmultiple comparison tests ) 3|
Wi A () v B 2R B 38 X AR AL R AR IO . 3 S, 1B
B3 AF & Pearson #H 3¢ 14 43 #7 ( bivariate Pearson
correlation analysis ) B/ 5% 28 i 38 5 A= {48 45 2 18] 19
LIPS C

2 HRE0H

SR BN, 25 EX B S R B 8]
HZEFARE(P>0.05), ULEHLIRERAE A B 5
i, AR ARG T, B3R
N EHZEMPE R = IS RAT, ZEREWRE N
32 mg-L ™' Ab B IR SO B SR e FRAE TS, KB
32 mg L~ ZEXT IR SCHA A ARG I BBE RN . T
TR AR B T LB S, R B R 5
15 Kt 32 mg-L ™" ¥ B 4H 5 I e B3 o
2.1 33 SOD E T A RN

ZHAb R Y SOD 54 B 3 R T R4 (& 1
-a), FWZEMPAXT SOD FEIRMESFRIEEM,
Hhia Et ] SOD &M disk . 55 5 Ru 454
YAabFReH (A ) SOD V& ER AR ZE (P >0.05),
ULAAZEMR A XT SOD W5 S HA — & B ;28
10 KB SOD i M RS 5T 5t vk B T o ) S 2 14 58 ( P
<0.05), 32 mg-L™"ZHf% SOD 5% P43 5 & 2 mg-
L2018 mg-L "4 1. 63 f5F0 1.22 £%; Z4E 15
KEF SOD 53 Rk B (E, (HEGEHN SN R

RKE LM A, At 8 mg L4 [ SOD i
ARy 2 mg L~ A 44%
2.2 E3x} CAT FEiETHAIFMm

CAT 1,52 A= ) Ak P — o 5K 5 1 S0 £k Y7 10 il
{BAEZAFSE H CAT B35 575 thim (K F SOD, A
R o #2 H CAT 3% M K F 4Lk SOD # 2% ~
8.2% , 5 CAT 54 Fifi 2 8 i) ] 22 +< SR 90 1 T+
E-FEAR- TR AR LR B, T AR AR B AR iR 5
FRWEMHREIGAL (B 1 -b), 55 Kat
CATEM S ERRKREE R EN A M A (P <
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L7 H 2.67 f5F0 6.4 75, {H 2R R I 4k 4k
CAT K8 ; 25 10 XA CAT [HHREZRE 5 K
B 13% ~60% , MJ5 CAT iGMZEWEIFF; 45 15
ReFENRE B HIESE 5 REHKFE, (HZ2 mg-
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2.3 Z3 AKP FHHETXAIFE

IRSCHE AKP T P4 il 2% 38 B ) SE R R B 4
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L7 2. 25 £5 A0 2. 34 £, MJE S AR I A
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&40 AKP (G S REF 4.1% , M 10 &
%15 K AKP — BH-FHEKERAS(E 1 -c),
2.4 %3 MDA £ ET LK

MDA J2 4 Jifd j5 3 i SR AL B 7= 0, R B4 i 4
AP RR B . RT6 AT 20 214 B MDA AR /> H
FAbFRH R T2 (P >0.05), RZERITH
MupEZE A U EREIN, BEERT RIS, ZEEE
YEFZET I, 5510 RET4& AL i MDA A Bt
RENEME, 00 R5E 5 REFLHK 12 ~ 15 £%, B
JEZHZR MDA U310 5 55 15 REF T RERIESE S
KoK (B 1 -d),

3 itig

3.1 &R TR RRT

FEAR & BB N E A B IR 7 9 SOD. CAT
I R A e — R R I IR 2 K S8 SR R
IR, THIZBTFE R SOD I% M b 52 57 i W) 2 K 3% 1k
FRoEiuoR, CAT i% H R BT+ -MAR-TH i i A 1L
e, XA RE S AR R R LI A S B
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Fig. 1 Effect of naphthalene on SOD (a), CAT(b), AKP(c) activities and MDA content (d) of C. sinensis
* . significant difference (P <0.05)
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Wik R AKP FBFFE R e, B RS 1 i
JRE (10 ng-L™") =T 3B AR SIS AKP & H %
ik, RS R BAG (Se' ) WEER T KT
12. 5 mmol -L ™" B X4 55 M FL ki U1 ( Chlamys nobilis)
AKP 535 7= A 0% A I 4E A, 35X 5 Se' il AKP
MBS TR MR R, XEERES
B AKP SEiE 25 I AR L ECR R AR,
BB T AR A AKP #35-FBF7EIR K
EZ57. ZRABERER, FFCH MDA KFEEH
JEREAR, RUIBESSH R Z IR ETERE, Rt
YRR S AL e i R B —E MM, XS
HApF 50 AH AR, arRER A LY
TRE PR IPLRI A LE R ] 22 57

PAHs #f AE YR S5 A0 A B — FR 5 i v ) 0
=gtk B 3, XA, LU AL

18, SRIEE A P FR 9 4 T 2 U 5 R DT R AL R
B, HERRERAELTEYE, EARERYN AR
YT RAC R SR T 2275, A5 3
KA B T2 ER A58 BE AN 1], dolak T
HE YRR BUBAE ', XROR e B AR W5
ey - AR b BRI B A
3.2 HE{iEtREEEX TS

HRTEAACTE R AR AL, R4 T U i
i Pearson FHKAM T, 4RI Lo

SOD 7l CAT 2 ff-4 24 ifd 5 3% A AL 415 I F 3R 15
HAGUER K BERE, A BREE T (0, ) Mg
FME(H,0,) I EZAEH . 7EiZPT 5+ SOD
1 CAT 7E B 2535 =5 16 e, i HL7E Bk
B FIINERYESRE T Rk, BARBMERMRAR
AR—BHEENEBPFEIEH (R =0.439, P <
0.01), dH 2 FEE7EER SCis DX S AL I8 i) 72
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F1 AiEtRZ EH) Pearson 18X REIER
Tab.1 Pearson correlation coefficient matrix among biochemical indicators

SOD &4 CAT 154 AKP % MDA A &
SOD activity CAT activity AKP activity MDA content

HBE YL EETE M SOD activity 1 0.439* -0.571* -0. 141
i EALEEFE P CAT activity 1 -0.018 -0.490™
DREBSEREETE I AKP activity 1 -0.490™

A il MDA content

1

e e, ZERIREE

Note: s . very significant difference

R T AR IIEE; AKP 2754 W) ARk
MR B A AR R P R IR, RAMAER
GEZEA S, R AKP 75 d N E R EHR
A, BRI TEEMGCZEINE, W5 dEEEERE
BAKFEHS SOD i SiEHRMBEII LR (R =
-0.571, P<0.01), Wi AKP 5 SOD 2 A/ f#7E
EVE R AT 22 5, B /R 3R SCHA A H 4T
PUPEAR T SR 1 P BT REFE AR S AL o ad i ad 2
REF HEEER; MDA 25 &L=y,
RIETHMBER G A GHEE, ZHRF
AKP #1 CAT 7% ¥ 5 MDA A i & fi#l % (R =
-0.490, P<0.01), iBAIX 2 FEGEEA &L AIE
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S, RIE R 75 0 AR o Ak T P R
AHIE B A IS BURIVE FAAILA
3.3 PAHs B4R F03T A5 R 22 0
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FATSCETAE™ P (B J5 AR in B AR B8 5 2 X 22 0 D
(Mytilus edulis) i Jfs DNA fin& ¥ % B i 52 >
MCCLAIN %) F 57 T 2 Jf e 22 5% 24 h J5 4o o
( Oncorhynchus mykiss) CYP1Al 2[R )55 5 Fik,
BEFHERIFINE, ZRABRAE 1254 f1 A/
535 5 BRI 88 1 ( Anguilla anguilla ) 1A A 21 40 Jfd i
DNA XU ir 24 F1 41 Jig 72 4L SE 1= ( programmed cell
death) "), #cHF 451" (i Bh Scit s B PCR HARBE
T AMBEREXNFFLE I CYPA B[R KB MAE
FH, i ) R RS B R B SE T E AA  E
1 ( Tetrahymena thermophila) 7£ 3 FPI IR R A5 YL
PI(TR R =Rk, =THY. 2,3,7,8-lUK
TR TREYE) Wi i B R 4 3R 5K 55 R0 2 R
%, XEFURW LR B E L IR TR,

SE 0k :

(1] PhiEEs, MK, fse, . WirEPRSHir RIS Rk B X
HABFRNBIENBTIELI]. Bk =Rhe, 2012, 8(3): 71 -
78.

[2] |V, BRGE, EEF, §F. ETAMEBAR YL
BIEH TR A LIS R LGA M [T]. WreaEm, 2013,
35(3): 155 -165.

(3] mdk, B, #%, %. JFdsnirxamiem e s By
fE[J]. ¥grespsEplag, 2013, 32(1): 63 -66.

[4] BB, M4k, FESC5E, 5. WA MRTS Rirarbn
SE[MIRT ] BILERER¥EM, 1999, 19(3): 33 -
37.



44 2l A S =

®10%

[5] Bgkzg, R, HH, F. FEEEARKEIEENGHE
SR TRER I [T]. @R, 2008, 27(2): 73 -
78.

(6] Widkdd, WMEH, & FIF[o1EEXHIFLE M ( Chlamys farre-
i) HA BHFVEMEEWRE N [J]. FERRR, 2007, 27
(9): 1497 -1503.

(7] £, w44k, ERT. FREIFEMG XSO i 40 HIsh aE i
Y], PRk, 2010, 34(9): 82-86.

[8] T4, BER, B, %. WIEERYXETERERFR R
PERVELT]. A, 2013, 33(17): 5419 -5425.

[9] UMBUZEIRO G, ALEXANDRE F, MARTINS M, et al. Mutage-
nicity and DNA adduct formation of PAH, nitro-PAH, and oxy-
PAH fractions of atmospheric particulate matter from Sao Paulo,
Brazil[ J]. Mutat Res, 2008, 652 (1): 72 -80.

[10] PISONI M, COGOTZI L, FRIGERI A, et al. DNA adducts,
benzo ( a ) pyrene monooxygenase activity, and lysosomal mem-
brane stability in Mytilus galloprovincialis from different areas in
Taranto coastal waters (Italy) [J]. Environ Res, 2004, 96 (2):
163 - 175.

[11] AAS E, BAUSSANT T, BALK L, et al. PAH metabolites in
bile, cytochrome P4501A and DNA adducts as environmental
risk parameters for chronic oil exposure: a laboratory experiment
with Atlantic cod[ J]. Aquat Toxicol, 2000, 51 (2): 241 -
258.

[12] ®STBYA L, GABRIELSENB G, KR®KJE A. Cytochrome
P4501A induction and DNA adduct formation in glaucous gulls
(Larus hyperboreus) , fed with environmentally contaminated gull
eggs[J]. Ecotox Environ Safe, 2005, 62 (3): 363 —375.

[13] TAIOLI E, RADIM S, BLANKA B, et al. Biomarkers of expo-
sure to carcinogenic PAHs and their relationship with environmen-
tal factors[ J]. Mutat Res, 2007, 620 (1/2): 16 -21.

[14] £V, HHEME, Tff. BB RYKEEY =4S E
TG TEMREY[I]. £, 2007, 27(1): 380 -
388.

[15] 4%, BRIERI, 2305, 45 . FEMAIF(b) FEEIREEX HR
TSN A B AR [T]. mJ7 KPRk, 2011, 7
(4): 24 -29.

[16] 24k, FRE, F3. W, M IR hHEFHOKIR
BB [J]. PEEFRERNE, 2013, 33(3): 530 -537.

[17] FEYEAR . BB TRIETEIER SDS ML 325 12 R FE A F iR 47
(Ruditapes pilippinarum) (#EN IS [ D]. F&: HEME

R, 2011.

[18] W%, WAZERK, %, %§. S TEEN URMERIEPIRREE.
BRIEBERREE AN Na ™, K-ATP B2 [J]. W smRt
2, 2005, 24(3): 56 -59.

[19] 4BF, EE|R, BIE, 5. W04 SRTTLE DL B R RE X
Bzh 2 RIRALYE R 5E [J]. W PERL2E, 2008, 32(10):
56 —61.

[20] BRoR, &0 . I THER ARG i in S5 A ALTS e B9
MIXHELT]. HEFERIY, 2006, 26(4): 418 —421.

[21] EmF, BWHE, fff. SHERNERTTHEKLES
BHELT]. BRI, 2008, 28(4): 748 -754.

[22] E4&, =3, BB, 5. 2 FAHE RS EE iR
MARGHRE W KA [T]. 3R, 2010, 31(3):
801 -807.

[23] BINELLI A, PROVINI A. POPs in edible clams from different I-
talian and European markets and possible human health risk[J].
Mar Pollut Bull, 2003, 46(7) : 879 —886.

[24] AKCHA F, HUBERT F, LESZKOWICZ A. Potential value of the
comet assay and DNA adduct measurement in dab ( Limanda li-
manda) for assessment of in situ exposure to genotoxic compounds
[J]. Mutat Res, 2003, 534 (1/2): 21 -32.

[25] BINKOVA B, IRENA C, ZDENA L, et al. PAH-DNA adducts
in environmentally exposed population in relation to metabolic and
DNA repair gene polymorphisms[J]. Mutat Res, 2007, 620 (1/
2): 49 -61.

[26] MCCLAINJ S, ORISJ T, BURTON G A, et al. Laboratory and
field validation of multiple molecular biomarkers of contaminant ex-
posure in rainbow trout( Oncorhynchus mykiss) [J]. Environ Toxi-
col Chem, 2003, 22 (2): 361 -370.

[27] REGOLI F, WINSTON G W, GORBI S, et al. Integrating enzy-
matic response to organicchemical exposure with total oxyradical
absorbing capacity and DNA damage in the European eel Anguilla
Anguilla[ J]. Environ Toxicol Chem, 2003, 22 (9): 2120 -
2129.

(28] Brk#F, XURIMG, AEbk, &5. HiFLEIL( Chlamys farreri) 4
M2 CYPA B PR SRaAX A RIS YW REAFAE [ T]. M VEER
BRlaE, 2013, 32(2): 257 -261.

[29] Wi, BarJ5, B4 . ANBRY A RK=HTk. =T
M 2,3,7, 8-TNR I _IEICFRFE T 0 5 s 2 HEE
HAERFE[T]. PEPBE: SEaPle, 2011, 41(6): 502 -
511.





