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Benzo[a]pyrene (BaP) is a typical representative of PAHs due to its carcinogenic and mutagenic effects to
animals and human. In order to assess biological effect of BaP on the gill and hepatopancreas tissues of
Portunus trituberculatus, the P. trituberculatus were exposed to BaP at two doses (0.45 pg/L, 0.05 pg/L) for
an exposure period of fifteen days and an elimination period of fifteen days; meanwhile, the seawater control
group The
ethoxyresorufin-O-deethylase (EROD) (Fig. 1) and glutathine S-transferease (GST) (Fig. 2), the antioxidant

and acetone control group were designed. detoxifying enzyme activities of
enzyme activity of superoxide dismutase (SOD) (Fig. 3) as well as lipid peroxidation (LPO) (Fig. 4) levels in
gill and hepatopancreas tissues of P. trituberculatus were measured. The experimental data were analyzed
with t test. The results showed that the activities of four toxicological parameters were significantly induced
by BaP in the first day (P < 0.05) of BaP exposure compared with the seawater control group over the same
time period, and reduced with the increase of concentration of BaP. From an overall perspective, the activities
of EROD and GST in the hepatopancreas and the activity of SOD in gill tissues declined after the peaks (Fig.
1, Fig. 2), while the activity of SOD in hepatopancreas tissues and content of malondialdehyde (MDA) in
hepatopancreas and gill tissues continued to rise (Fig. 3, Fig. 4). The time of the activities of EROD, GST and
SOD reaching their max value in gill tissues was shorter than in the hepatopancreas tissues(Fig. 1, Fig. 2, Fig.
3); the activities of EROD, GST, SOD and content of MDA in gill tissues were lower than in hepatopancreas
tissues, too (Fig. 1, Fig. 2, Fig. 3, Fig. 4). During the elimination period, the activity of SOD in gill tissues
with a high exposure concentration (0.45 pg/L) (Fig. 3a), and in hepatopancreas tissues with both exposure
concentrations could not resume to the level of seawater control group over the same time period (P < 0.05)
(Fig. 3b); in contrast, the other groups could resume to the level of seawater control group over the same time
period (P > 0.05) (Fig. 1, Fig. 2, Fig. 4). The results indicate that both gill and hepatopancreas tissues of P.
trituberculatus possess resuming capacity; gill tissues are more sensitive to BaP than hepatopancreas tissues;
EROD, GST, SOD, and MDA all could be used as sensitive biomarkers of BaP toxicity studies.
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FEME ) 2 AFAE . BUR R K — R 2 TT
J& (polycyclic aromatic hydrocarbons, PAHSs),
AP RIEA TS 2R R L F BRI, 5
HAbZ K F55E (PAHs) MMM, &
PAHs[F) #1748 (Reynaud et al. 2006). %7
KYFIEAE I BaPREA KA, i T I B4 2
PERRESE , (5 BRI e T [eAdt, SRR PR,
REWAEE YA N W AR IRl e s N B R
4t (Kidd et al. 1998), A EYMAIBaP 4
BEAT AL, TR B AR ), IX e
AR ) 2 i TN s R Bt 5, T
AR A Ry T E B IR AH HAE
M, HA IR LR A e e #:% (Carlson

(ethoxyresorufin-O-deethylase, EROD) (Beyer
et al. 1996). &Mt H Ikt %l (glutathine
S-transferease, GST) (Fitzpatrick et al. 1995)
SR AR B A AR ) B AL (superoxide
dismutase, SOD) (fEFIZAE 2006) SFPA L
fifg L S B ik 44K (lipid peroxidation, LPO)
JK>F- (Thomas et al. 1990) %5, W] DL H % < it
BaP#EEAE M . HTBaP) V2 W T X X%
DIZE (Akcha et al. 20000, 125 (Tridico et al.
20100, #FZ (Silva et al. 2013), 3 (van
Oosterom et al. 2010) &5 4= ¥ 75 B 24001 57 DL K¢
AR A 25 2R 40 AR R RS VA T, (R R L
BaPX} —Jikk F (Portunus trituberculatus) A~
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A 2 2 FE B 2F R AR IR LB AT T 7T . AN SCLATR
] ) R B 42 U B ) = DE AR 18 R E 90t
%, X BaPriE N PR TR KR HS
A2, E LR AR —— R
(I FE IR AR AR IR LA b, DAIRE—20 T i
PR TR ZH 206 BaP W R Y, 4 BaP
OFEBHE e U AINE R N9 S

1 MBS

1.1 SERsEl

S K E BRI, RN 20 ~
21, pH J 8.1, #/KEYUE. WIERMTE NS
24h A LD JE&H, T Emahidotys Gy
(RO LU Rt S i, DR AR SR 36 A2 4R AR 0
PP A, R R T (YRR
B HTLIRAE Gl oK et S i it Su AT
Sl = PERR TEEYIFE 15 d, RGPkl BEAMA
HEATSRE, HoPIRTEN (10.89 £2.20) g (n=
30). SEEEH 150 L (B4, BaP WA
Sigma /7] (Sigma-Aldrich Corporation, USA),
A58 FH R T A1 Ay By 00 ol BRI
1.2 SRR

S R E AR IR I AN B, o ilidEA T
15 do ESRTSEIR 2 BaP 1% WKL),
W BRI IE K AR 0.45 pg/L M
0.05 pg/L MNSEERIREEZ, 53 Beilg A0 A
(0 pg/L) FIPSEINTHEAL A5 AR
H/NT 0.01%), R4 3 MRS AL
AP AN 60 M =ik FIE, fRFF24 h &
A, WHEEKRT Smg/L, Kih 23.6~244C.
HFRE N E BB E AR, 8:00 BHFT 18:00
I - B —k, BERED) =R T A E N
2%, I BPAGAT R S i B AT R T
AR

W B E AR SR R AT,
IINHEZK A 100 L, F 24 h S 345 AH M IR
FERISIG K. 28 04 1. 5. 104 15 K41
KA 3 HEPERFRERE AL, AR IR, BR
PRAHZR, O R TR & o RETRY B :

RN BE NG, BRI SRR 4
HCHEH, 7R 3.6 L/h FIGK & AE T T =9k
R EER N BaP RIS . T4 18, 20, 25,
30 RAPHIRAE 3 W = PR 18, i L
HFRERRZEZN, AR TR %

1.3 FERHIESHEZERR NI E

1.3.1 FEMEE B, FFBER4IZUE T pH
7.7 WA (0 ~ 4°C) W £h 2% vh i P
(Na,HPO,4-12H,0 0.125 mol/L, KH,PO,
0.125 mol/L, Na,EDTA 0.05 mol/L) , VKiA%)
W% 3 min, #3E N 12 000 r/min; R JEAI 3
7E 10 000 r/min (4°C) "F&.Lr 20 min, HX_LiG
W I E EROD I GST vkt K. AT
JEIRAL A TA 25K (0 ~4°C) K213
3 min, #3404 12 000 r/min, K55 MBAE 4°C
10 000 r/min F&50» 20 min Jii, B3 B0 &
SOD yith. MEFd4E L (LPO) /KT I i
(malondialdehyde, MDA) & K&, KT
JBEMRAZRTE 0 ~ 4°CIW Tris-HCI (pH 7.4,
50 mmol/L) ZZMlHHvKi A% 3 min, ¥4
12 000 r/min, 4kE244 5] HMAE 3 000 r/min 250>
10 min J&, HEWEWINE MDA & & .

1.32 HEEERPNE SRHREZIE50
% (Pohl et al. 1980) ll & EROD ¥k, Wl 7E
pH 7.6 If] NaH,PO, 2211 (0.1 mol/L) 4CF
BEAT, RMUEE N 22°C, T 970CRT 26406
JEEETECEilg =R A R 7D il 2 EROD
RETE, BoRBK A 535 nm, KREEEKN
585 nm, JFURRMN G 30s v, 45 30s id3t—
RPEICAE A 3 min, K HCH ik 26 P (Rl SR IR
2, HEEEH— G KA IETE . RA Habig
S5 (1974) WJ7vEME GST ik, AEMASf 95
E otk mh 2 SnN 0.1 mol/L MR £k 22 il
2.9 ml, 50 pl 60 mmol/L —AHFEEHE, 50 ul
60 mmol/L Z+jt H Ik (glutathione) %), —4
VE 2 IR 53— N AR S N 10 ul
BE, SLRIVRAIRURET, H 752N Aot
FEvth CEpE2AEs ) ) T K 340 nm Abij I
WL SR, RERE 30 s A —IX, H AWKV
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Ao SR TEM A AL EE L (AHE%E 2006) W2
SOD ¥& %, Wl 2 FEAFIE (R @il T
FEWFSCT) ULAA P HEAT, H 7228 AT LA o6
T CEgB R AR AR TUEK 550 nm &
MELW YGRS, R HZUE FILE 1 ml N
SOD il #aik 50%Hf Frif M. (1) SOD 4 —A
SOD % i %A (U/mg). MDA & KA
ELELZ A e, e SRR & (R Rtk
AV TR R T, 7228 W5y
G EE T T K 530 nm ARSI OGRS, Bpy
R AR H N S & (nmol/mg) .
R AR D22, LA
SR ARRHEBRCA bRUESR
1.4 HEREEIABRIS T

JIT A B0 ¥ A3 AN S LA (A +
FrifEZE (Mean = SD) £oi, JERH t K57%
Geit o Ml KR AL S sE il i 22 5, 2
FH MK 40,05,

2 HGR50H

2.1 ERYE D BaPBIE IR Al 4T

FEASLIG T, A4 A5 fi# BaP, A
FELHL 1) % B B A A 5 9 KOG PR A AT LE AR A AN S
#F (P>0.05), KRR A B 2]
(AR
2.2 BaPX =gk FEEEE. FHRIRAZEROD
EEREFER

EE BB, 5 R KON AL L,
$1RIF0.45 pg/LA10.05 pg/L BaPszi 4] =i
WFEEEE . TR AL ERODYE PRt W 2%
FHEHIN (P < 0.05) (K1), 0.45 pg/LFI
0.05 pg/L PN SEIG 21 68 41 2L ({ EROD % P 7E
SR BIILRRNEEAE, 430 50K 14.96f% . 3.09
%, B3 R NIERESR, FEEI10RIER
RBIREOIRES, AR ER & T IR I A R 7K
- (P<0.05) (El1a). PIANSEEG AL R 2A
JERODVHPE R RFLL FFHEH, 045 png/LL%
21 1T 1 113 41 22 1 EROD VT 1 7 28 10 K 34 31 1§
i, JEHEORMS.6215%, BfG N, (HE1SKE

MR 035 v T R O B K (P < 0.05),
0.05 pg/L3Z5 20 JH ik I 21 23 [ EROD i P 7E 5
IS RIBZNEAE, NEORM3.440%, (HEZEI0K
I} FPERODYE P I 0 1 # 1k 22 5+ (P> 0.05) (4]
1b). FEHEAE M BL 0.05 ng/LSZE 415 10
FREEEL0.45 pg/L4ngs (K1),

FERETUEY B, SEEG AL BT BE AR ALZR 1)
ERODJEPER) B HFEE R REMEH, 0.05 pg/LAI
0.45 ng/LE5 20 H2H 23 (1) ERODE P 73 il £ 56
18R ANEE 25 R I A AL 21 [7] B 7K 0] 417K T
(P > 0.05); SEEG4LHTREIE41ZR W EROD M
53 A 35 20 R FH B8 30 R 3 A Pk 52 21 [ i 7K 0T
IR (P>0.05) (1D,

2.3 BaPX =ik FEEME. JFERAHRGSTIE
PR SEH

TEE MY B, H1RIT0.45 ng/LF10.05 pg/L
S SRR TR RT AR UGS TG
WEEZFESTE (P < 0.05) (E2).
0.45 pg/LF10.05 ng/LSE560 4 684 2 GS T 1t
TR VRIS IEBNEAE, 43500 0 S0 R IK12. 7415 1
2.044%, BHJEGSTIHG 34 Ll N R,
{H15KM0.45 pg/LSi 41820 2 GS TG P AK
SR I 2 R T R KO FR ALK (P < 0.05),
L I0RINGSTH W LR EEZER (P >
0.05), 0.05 pg/LS252H S84 2L GS TGP NI 7E
ISR FEAE B RAS, BAKSR = T R
I LKA (P <0.05) (K2a). 0.45 pg/LAN
0.05 pg/L />S50 20 e I 4 2R () GS TG PR £
FURIGEIREE LT, AR 10RKIA BN, 737
HHORM3.05. 2.28%%, FHf50.45 ng/LSCi i
ETE R, ESS 15 R AR SR 2 v 5 IR 4
K (P <0.05), 0.05 png/LSEE417E S 10K I
FALBF RS (P <0.05). EEANEEN
B, 0.05 ng/LEEE A3 R 100.45 ng/L4l
55 (K2,

TERETHN B, WA SEIG A1 . R R4l 28
FIGSTIGPEY R RFE T BERIESS, 0.45 pg/LAI
0.05 pg/Lacis 41 HE A 2 GSTiE 1t 40 Wil 7E 525
R BB 18R IEA K K 2] [m] S ¥ 7K % i 4 7K~
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m0.45 pg/L

ERODi%TE EROD activities (mmol/mg)
(o] [ %]
= Lh

th o L

W AR B Exposure

0.05 pg/L N AL Acetone group O/ 4] Control group

25 30
FE I Bt Recovery

I i] Time (d)

Bl ZXIf[alth (BaP) M=K FE4 (a). FHERIRHL (b) ERODEMEMIZ M
Fig. 1 Effects of benzo[a]pyrene (BaP) on EROD activities of gill (a) and hepatopancreas

(b) in Portunus trituberculatus

* RN RPN IR B 225+ B2 (P <0.05).

Single asterisk (*) indicates significant difference between the treatment groups and the seawater control group over the same time period (P <

0.05).

(P > 0.05); 0.45 pg/LS56 41 HT AR 2T
GSTIHEPELE S0 R AR Ik 25 v T [A) 3 7K 0] JiE
K (P <0.05), 0.05 pg/LS25 20 T iR 41
2P GSTIE T AE 55 20 R JE APk 52 21 [F) 313 7K o0t
WK (P>0.05) (F2).
24 BaPXI=FRFEH. FHREALSODE
PR EH

EEENBL, 0.45 pg/LF10.05 pg/LS2i4H
SRR TR 2 SODTEME Y W 2 RS
(P<0.05), JfRFpak LTS, ZEHSRIT
VIR BN, A0 RM2.36R% 1.714%,
BEJGRFEE P (3D {HTSRHT AN SE I 4
2K SODTH A SR 35 2 35 v T IR g 7K O0)

K (P<0.05) (K3a). PIASSZI 4L IH IR
A ISODIE M Fral gkt L TF, 215K 4
AAEEORII3.04. 2381, 4 W3E m T A
IKAHRALKF (P <0.05) (E3b). 7R84 54
B, 0.05 pg/LIRieslis IR % Hh0.45 pg/L
#4155 (E3).

FEREIBN B, AN S0 4184 2R (1 SODYE
PERSE BTHE TR, 045 pg/LRiedl
82 2R [ SODIH PEAE S 30 I Ak 4% 1 2 i 1 [+
WK ALK T (P < 0.05), 0.05 pg/LSZi
YA 2R ¥ SODIE P AR 55 25 KA A 52 31 ]
HEKRH ALK (P> 0.05); PS54 AT ik
IR LA SODIE 38 B Fe 8 R R H, (A1
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m0.45 pg/L

20
18

=

GSTiGtE GST activities (mmol/mg)

0 1 5 10
w1 B Exposure

0.05 pg/L  m AN AL Acetone group 07K 4 HE4L Control group

25 30
FEIT Bt Recovery

i 8] Time (d)

B2 ZHIf[a]tE (BaP) %48 (). AFEEAR4AIZL (b) GSTHHEHEKIZM
Fig. 2 Effects of benzo[a]pyrene (BaP) on GST activities of gill (a) and hepatopancreas (b)

* FOR 5 R KT AL 2 R B (P<0.05),

Single asterisk (*) indicates significant difference between the treatment groups and the seawater control group over the same time period (P <

0.05).

HI30RIT BN 225 v T IR A On] R K
(P<0.05) (FE3),

25 BaPX =y FEEE. FEFHLKMDA

SEREMW

EEEWNBL, 0.45 pg/LF10.05 pg/LS2i4H
CPERR T IEAE L TR ZUMDA S R R
# BJt (P<0.05) Jf 2 4p4L BT, 1
ISR 4370 A S0 K1 16.18 %« 9.10 1% Al
19.391%. 10.901% ([K4).

PERETN B, AN SEG 2L B2 2L (FIMDA 75
I RSN FERIES, 0.45 pg/LHI0.05 pg/L
SEIO A ERZH A FIMDA & S AESH25 K SH20 K N
FEAR AL B [F] AU AR ALK (P> 0.05);

SEH AT IR U MDA & AR 30K L 5525
RIS FEAR ST B 0F 7] S KO FRZH K (P>
0.05) (El4).

3 itig

A If[altk (BaP) " EEHIFAREE
P4501A, ®WBaPfgi 33 B & A0
(Eberhart et al. 1992, EROD & Jit 7 [f) 41 ffa {4,
FPASOHHIR G D REA LS (mixed function
oxygenases, MFO) [ T ARG, Wl Bk AT
[a]tE (BaP). ¥ 75kt (PAHs). ZEILA
(polychlorinated biphenyls, PCBs) %5:4hJii5
PP, AR A b PR R A R
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®0.45 ng/L

50 r a N
45 +
40 |
35 f
30 t
25+
20
15
10+
5 -
0

SODiEME SOD activities (U/mg)

0.05ug/L  m A BEZL Acetone group Ol /AT L4 Control group

it HEPiT Bt Exposure

0 1 5 10

#
*
*
h h hl‘ **
15 18 20 25 30
FEIT Bt Recovery

15 14] Time (d)

B3 F¥[a]tF (BaP) X8 (a). FBEHRAL (b) SODIEM: KM
Fig. 3 Effects of benzo[a]pyrene (BaP) on SOD activities of gill (a) and hepatopancreas (b)

* RoR 5 R KR AL B 22 57 B (P <0.05).

Single asterisk (*) indicates significant difference between the treatment groups and the seawater control group over the same time period (P <

0.05).

e a7 i) S W e o R S I SRR e B
VIR VE ORI IG AR bR, R R T R
AR E S e W 24 (Gagnon et al. 2000,

Gravato et al. 2002). EFf 5 I TTAH N1, 75
GSTHIMEALT, AEVANUETER KE 7 75 1
FACE =G, (AT TRV P T A 7K
PV RS, AT R, FERTAIK
SV YUTE R A A R A R T L R 3R
(Fitzpatrick et al. 1995, Gadagbui et al. 2000),
TEATFU & R B, 0.45 pg/LS2ie 41 (1 S
JF BRI ZIM EROD S GSTI 5 5 248 ) i T
[F410.05 pg/LSEIGZH, Xl ik 75 3 12 B2 Bl

BaP 2 % ¥ 55 11 5 i 385 K 1) AHABL 45 A5
(BEZ5E 20000 DL (AEIN=5% 2006) [HHFF
ARG . A SEIG ALEE . TR R 2L 2T
ERODFIGSTif P AR AL b R I — 52 1
FDME, BRI ETHE R (belD)
M2k, EROD. GSTi M4k Tk 20 WA 1 v
i) pith—3%, (HERZ4ZUEROD. GSTiE 4k
75 b IR B W I R) B 2 J0E T T TR IR AL 28,
P W 21 26 BaP 2 75 (1) Wi )3 s () 222 0 Ak
BRELZA, TR HEZHZA I EROD . GSTiGPEIA 2
WA AT P P38 PR AR A T PR DR R 2 . L i PR A i
PR e B, A RO S G i)



2 34 A RIF[al R EON ORI PR S\ PR AR K 52 ) - 259 -

®0.45 pg/L

25 roa

MDA concent (mmol/mg)
=]
=)

MDA {54t

‘& 4L B Exposure

0.05 pg/L.  m F R0 T4 Acetone group

iK% R4 Control group

25
FEI T Bt Recovery

18] Time (d)

B4 ZIH[a]th (BaP) XHE (). HBERAL (b) MDAEEKIZM
Fig. 4 Effects of benzo[a]pyrene (BaP) on MDA contents of gill (a) and hepatopancreas (b)

* KNG R AT BAM L 2 7 B3 (P<0.05),

Single asterisk (*) indicates significant difference between the treatment groups and the seawater control group over the same time period (P <

0.05).

T 247 28 (Jonsson et al. 2006), JTFFEARZ1ZL0]
AMUGEVF 2 YRR AN AL S AR AR 7 1
Wi, WRESS 5 R N IAR DG B, AR
HALThRE RIS IR (MRIDITAE 2008), K pLAEA]
ZIFJEROD GSTIE AR T BEIRA1Z. Santos
SE (2004 [IHE ST UE SE R B 6 (Anguilla
Anguillal) TR LR . BFAEA A
B SRAR AU IR . PIASSZIR AL, TR
IR ZLEROD M GS T M ik B WA s B2 321 F
B, VB ISR IS 25 T ALK (P <
0.05), {HXFm&HAFEN, FEHEBaP & &1
I, BaPAE A4 py AR A= (10 b AR = £ 4

ik TERODMGSTIW i FERE S, FECT AHKG
FIRFEN IR T AE (Solé et al. 2001),
223 Bk X EROD M GST (19 3% 4 7 A= 410 41 4
M, X N AE AR LY. SR, MmAEE
Vb E e (CEFRG 2006). 1ERIBETEL
GERJT, T 0.45 pg/LS2 e 2H T I R 41 23 1)
GSTIEEAL, PIASSEHG 468 T R4 2{EROD
FIGSTIE M HEAK ST 22 5 W] 37K O0 TR A 7K
HAREREIRE (P> 0.05), WHIREH 5%
K BE I 5 WIEROD M GSTH YEMA S I FLE
B, AHIFEARIE AT 8, AR T Ll ik
HEES R IR BEH 7K. 0.45 pg/LK:
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LT IR AH 2R ) GSTIE ARt 2 1o T ) S
IKAHBALKT (P <0.05), KWLERIISKIG
JHFJ IR 2 R AR SR Bk B A A > 75 == 1) BaP, BaP
B AW T A 1T BaPEHETE A=) 14
SEAAR OB IREE DK (W EE 2008) 2529
M BB BT IE .

TR A 1A AR R R &
FEAETEPEA (reactive oxygen species, ROS)
T HL0,, U1 RN RE S Bt 2 6 B Wik i
BRI, TR RS A B h B A
SODE 2 T HEEAEH, HIjBen] LU O, 3 Ak i
H,0,, &%k 175 4P hids 3 (0 A Ak o v
U 9467549 (Thomas et al. 1990). SODAFAE
THAEMTAAL, BN, FHR G
9 PR 2008). {EAHITUR & LM B, 1
AN JE S50 21 B 21 2R ¥ SOD G PE 38 AR AR Ah 38
A5 ETHE TR R g, TR
SODJEPENIZR I A FELl EAra. FFE, 6
A ZA 1K1 SOD I 1 1] 1A U F I ] th Jo T T it 4
2L, WEAE G PR AR T TR AR AT 2L, IGHE T
820 2 LU T PR R 20 23 X BaP S AURK, TG PR R
S AN . AN R S A A 2 ) SODYE
PEIR BN J5 R B, SIS RIN IR 2
F IR K ALK (P < 0.05), {HIEI K
RE KEMNETESE (ROS) 778, SODIETEMK
SRBEAN . TERETN B, PIAN S5 2H B2 21 1)
SODE LRI A 58T i PR i N %, LR mp
AE & SODME I AN BURK, IR ER T 9 )
SRR o T BRI ) R SOV
0.05 pg/LECie 4182 2L ) SOD I 1 JE A fig ik &2
EI[F) BAHE 7K 0 ALK (P > 0.05), 1fij0.45 pg/L
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