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(R BEURR A, AN TR] 9 75 G 0 B o 0 25 X TR T
PR AR Y E e, AN () 4 1 T 9 0 6 e )
Fi 0 7t A7 — 5 B 22 52 ARG A T
P VA I 1t 200 R R TS o0 T LR E e e g, B
PRI TR BTG 376 0 % G TR AR 40 M 57 B4 A 5T 6 A
AT

K= Sl AE A LK B RIS — B AZ BR T i
B, AR SE M A SE . SR (flow
cytometry, FCM)J&—F PR | HEff . 1T Z 4545
00 19 40 K T B G 5 ek UM A I R A
By FRBEPPAG SR AT A B 4z O g
K, A M2E0K FCM by 3 f0 28 e R A5 A |
KT P R RN E g U AR
FERH FCM 43#T 4 P48 8 1 (Cd™" . Hg™'\
Cu™ 1 Zn™ )X B FC 18 0 i 40 160 355 1 0 K T 7% 7
M2, A4 5 it —20 i 5% 5 4 @ 4 H 5 3l )
200 IR0 1% 240 0 5 1 5 98 T M B el ATL ) B2 (R AF o
fith;  [7] B o A1 2 3 = A0 AR TE 7K 7™ B0 4 v 1 12
K P S A AT S AR BRI 6 R 1

1 #RFTFTE

1.1 SEIe#tsd

BRI H T ARAE T M T B XA IR
Y. ELREHAKFIEAG RS 1A, KK
pH 7.5, JEE 23~26°C, —ELARFEES. B
o R A R T R M PR CRHL R, 11 30%, KL 17 3%),
SEGHIEE 1 do BEEH R SERE . oA Ab T
F 1] 399 7 il B A IAAE R S5 AR, P3RS
(10.89+1.42) g,
1.2 tHmilE

SeH 2.5 mL B— WM SR I 400 pL
Y I BTHES (AT HE 20.5 g/L, FriEReN 8 g/L, &
fbth 4.2 g/L, pH 7.5), SRJ5 MR A FELCs s b B2
YRR L, AR A R R B aE SR R S R,
W5 0L I8 EEL YR A J T FHT T ¥4 114 6 71 380 5 4 i e
29 1x10°4>/mL., 5 JF2 P 4 i J88 14 I bk 2 4255 8]
8/~ 1.5 mL B0, &4 495 uL, B ESE)R
(A e SE B A 3 IR
1.3 BHRELEMBXE

S HAARE DL R DL pp gt 14 20221 g

FEBUWERE N 10°~107 mol/L, LLIATME
GlE XTI . 43 HILL CdCl,-2.5H,0 ., HgCl, .
CuSO,-5H,0 . ZnS04-7H,0 1EH Cd* \Hg* . Cu®",
Zn* AR R R Al K I 8 107 mol/L A
SR EW, FIRKZEETBEN 107~107 mol/L
F TAER . 4330 5 pL AR R B 0 5 4 8 T AR
& 495 pL MARfER T, BB ESEALWRE R
10°~107° mol/L, XFHRLMIA 5 L #ialik, 768
FEFA T 25 CIEE 6 h i, A3 BUREAG I
1.4 ZHAEEERIIE

PIAL TR BE(PT, Sigma)fE Ao Ykt A T4 i
TP E o 43 BIEUE 6 h 5 Y I 40 i 200 pL,
TS}y 10 pg/mL /Y PI, EifEIRA) 5 &= F
BT 10 min, FEZ 200 HiEM SR FRR
i {1 (FACSCalibur, BD)JEATRIN . L& — 58
MIA(FL2)FRE PT 2806, 45 LA PT 986G i J i
A bR, AR S Y AR BRI S R B R,
DIAR R RE B 16 40 A0 X 38, 40 BT 56 41 1X 35
HOZ B EL B3], BIRAET- %,
15 IEHRIEBEERE N

KR AR R AR E MR Y — LR 9 E (mole-
cular probes, FDAME J%¢ 't Yt i3E 47 Tig Bl % )
WE o 43 SN 40 fL 2 200 pL, I A2k
A 5 umol/L 1) FDA, HifEl1R 4] G =R T RCHEF
30 min, FHH 200 B W 85 E iR GETT
K, DLEE—2¢ 618 (FL1) KB FDA %66, 4%
UL FDA FEG M AbR . ARE AL bR i)
BRI B, AR FDA SF¥5etE .
1.6 Zitsrr

SEE R 3 WCH A S )T Y E bR E2E (¥ £
SD), S HE A SPSS 18.0 HEAT LR 2 7 2247
Br, P<0.05 A Ry 2= 2 M 3 o

2 #RE5HH

2.1 Cd*'Epa

AN Cd* e 6 h 5, % ICVRER I 40
PGB SRR A& 1 Frs, 10°~107 mol/L
CA>" 20 M A7 1% AT 3E 0 (P>0.05), fE1E R
21709 85.9%~90.9%; Y HkIE A 10*~107 mol/L
B, 37 A AR L5 20 0) i 25 R AIR 22 68.2% 11 53.1% (P<
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0.05), CA*VEREEH 107°~10"° mol/L W, %% [CIH
R FR TR TG TG 8 25 2R (P>0.05), FDA %Gk
N 61.4~64.8 AU.; MHAWE S 10°~107 mol/L i,
B G 7140 ) 3 T & 49.5.39.4 F122.3 AU,
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E "§ 60 150 _g &
8% %] RS
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k= I \ B @
= § ;g | = TG4tk perceantage of viable cells | 120 ©

g 10| PEEEHE ) esterase activity 10

0 0

0 10° 10 107 10° 10° 10+ 107
Cad* ¥ f&/(mol-L ") Cd**concentration
F 1 RFEWE Cd™ b 6 h 5% IR LR
0248 L35 P R Rl 3
* 267 Wi 21 5 ) BE 4 [R) 22 5 3 35 (P<0.05).
Fig. 1 Hemocyte viability and esterase activity after
6 h exposure with different doses of Cd**

*denotes significant difference between stress group
and control group (P<0.05).

2.2 Hg* BB

e 2 frs, He a9 107°~10° mol/L
AF, R T M 200 3% 1 R G TG ) X8 1 3 5 M)
(P>0.05), 355 89.4%~91.2%F1 58.4~63.3 A.U.;
i E R R 10°~107 mol/L I, IfiL 40 i 375 1k A i
it 3% 7 ¥4 5 K T %k IR 40 (P<0.05), il 20 B 3% P
IR E R EE 81.2%., 61.4%F1 41.4%, ERHHS
15y R RS 45.5. 34.3 F120.0 A.U.,

100 ¢ 1 80
= 201 170
8 80|
L2 70} 160 5 z
B 60| 150 < &
] R 8
3 gn i % 130 % 8
e g 30+ T | 201@1 ]
é 200 = yEymm L) percentage of viable cells* 110
18 BWEYE /) esterase activity o

0 I 10 10 107 10° 107 I 10+ I 107
Hg¥¢ & /(mol'L!) Hg?*concentration
Bl 2 OKRIFH B He™ Whif 6 h J5 % IR IR
0240 L3P R Rl 3
* 67 Wi 21 5 ) BE 2 [R) 22 57 3 35 (P<0.05).
Fig. 2 Hemocyte viability and esterase activity after
6 h exposure with different doses of Hg**

*denotes significant difference between stress group
and control group (P<0.05).

2.3 Cu®Bha

Cu” WA 6 h )5, % FC 7R MR A% I 20 B35 1 g
W% AN & 3 fron . SRR, 78 Cut e
9 107°~107° mol/L I, il 48 Jfd 375 P4 I 375 44
TC i 3 AR A (P>0.05), 43518 89.8%~91.4% Al
59.8~63.5 A.U.. M 10*~10" mol/L i, Ifi
20 15 R S 0 R R (P<0.05),  Ifi 41 i
TP 9 B PRIE R 82.8% 1 75.8%, MEHET 11
Oy B E AR R 46.5 F141.3 AU,

100 ¢ 1 80
w 0F === —F &= * 170
EE] 1 S S S
<270 I P T E . 1 {60 o2
2L 60} T {502 E
g x g
'331 Gy L L 1 i "R <
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$ e 30| s ¥E40MI LA perceantage of viable cells |20 = 8
§ fg I BRHEIE /7 esterase activity 110
0

0 10®° 10® 107 10° 10° 10* 103
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20 35 e R T R 0 1
*F R PP 25 Xk B ) 22 5 B (P<0.05).
Fig. 3 Hemocyte viability and esterase activity after
6 h exposure with different doses of Cu®*

*denotes significant difference between stress group
and control group (P<0.05).

2.4 Zn*phiE
W 4 iR, Zo® A EE A 10°~10* mol/L

100 ¢ 80

R N )

8 80+ T . AT I T ¥
T IR LEY
B2 60l T {502 g
R 1 R 3
@ % S0r 140y o
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& 540} {302 5
2 g 30 ]
S0l ™ FELH I L] percentage of viable cells 120
8 10| — MEEEE 17 esterase activity 110
0

N ——— 0
0 10° 10® 107 10° 10° 10* 107
Zn?"¥k ¥ /(mol'L ') Zn?*concentration
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20 35 e R T R 0 1
* R B 21 5 % BR 4 8] 25 57 i 3 (P<0.05).

Fig. 4 Hemocyte viability and esterase activity after
6 h exposure with different doses of Zn>*

*denotes significant difference between stress group
and control group (P<0.05).
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Fsf, X I 200 3 P4 TG i 2 52 il (P>0.05), 1 88.8%~
91.4%; YEEE R 10 mol/L B, % 4 i Lb. 1] i %
% 81.5% (P<0.05).Zn> VEJE H 10°~10"> mol/L i,
XoF ik B G 0 B B2 e AN i 3 (P>0.05), S 59.4~63.2
AU WEEH 107~107 mol/L B, FEGHE 714351
B ERRLE 51.8 F 46.5 A.U. (P<0.05).
25 BEEEMFIENA

LR A RS PR IR S AR, EA R
FIRL A48 3 K2k 1), Hf 107 mol/L #Y
CA> 1 107" mol/L fY Zn 25 A 7 Az v i) 2 58 (g i
RO RIBERENS 71, (EX AN iE AT 2 R

3 iTig

31 EL£EXMLMMEEMERN I

i 40 6 HR 2R DL 28 4 3 2R 0 o A 4 B
4y, HBEEMLR R . PURETEYE . A
724 i 20 B B PPN LA G 3 AR LR 2
(i 2 5 AR 0, I 40 i B 8K (total hecmocyte
count, THC) T [ 5 WA S0 5 Th BE NPT g
FIRIREAR, HET- . AR RER, WEH
10 *~10" mol/L i Cd* 1 Cu**, 10°~10"> mol/L (¥
Hg” PA K 107 mol/L #Yy Zn®", #R{di % 41 i i Lt 451
BETHE, £ Cd™ . Hg™ . cu*" . Zn® X I 20 i
TR BRI R o8 107t 1070, 107 AN
107 mol/L; #4h, Mk R HFEAY 107 mol/L
i, Cd*'. Hg™ . Cu®". Zn® Wil 25 19 3% 20 Ff L 4]
IR 53.1%. 41.4%. 75.8%F0 81.5%, Al UL, 4
A EE 4 JE X 2 E Y IR I 20 ) 7 PR R R AR R
H g2+>C d2+>Cu2+>Zn2+o

F4EP Hg M CA* ANREwE A= iR,
R B AW AL T EEA TR,
IR BURCE 7/ O PNE e 35 Faaa cv Sk 4i0p- A DLl 1)1

FERM, BARME R Hg™ fl Cd> Btk A= 49y
PEAARFI R P20 SRS, 4 Hg® R CdPTY
We BE 43514 107 mol/L A1 10~ mol/L B, 2G5
O 8fl(Haliotis diversicolor)f ML AN HIFET- R .3 I
FHUN, B Hg® X Z% €056 1 40 0 A 200 7 i T
Cd™, HARMIIE L R IBIFHBETE S5 RANML . Gag-
naire ZEPUHFSE T Hg® Fl CA* % KF- PR G (Cra-
ssostrea gigas) AN A RZM, WA T AHAL BT
FLER, Jose ZEBVSBETI XWHR (Penaeus monodon)
I 4NMEAT He® F1 Cd> BS IR 12 h, 53R &R
Hg™ il Cd* W43 31145 15.63 pmol/L F1 125 pmol/L
BF, I £ L3 P A R IR B 2 80% . X FLAN I
MU (Litopenaeus vannamei) > FIBES X HFEE R B
SRR, Y CEHE N 107~107 mol/L i, Il
Y M TE VA2 B0 W R, SRR Y B IR Y45
SR8, RIS FHIRIEAY I A0 M Cd” YT A fE
] RE B A AR

Cu™ il Zn™ 2Pk us A ] A i e &K,
A w4 B RED? S, HA E i — e Ll
BF, S XPAUIA T A B PR SZ I, D DU R 4 X I
20 35 PR B S SR e, Zn T I e AR 170 400 i 7
e, MU 107 mol/L B A4 X 40 ML 7 A
ERIEA, ULRAAR L A E AR, P IR AR
Zn® (R A2 P T AR BRI ST U & B, 4% Gt i
AN Cu® T 2k SR, L Cu® R Zn® i
Il FvR BE 4350k 107 1 10~ mol/LM kM i Hali-
otis tuberculata) i 4125 10 p mol/L(10~° mol/L)
(g Zn® il 24 h s, AMOEEVERCA B ARk, H
MR EHEE E 100 pmol/L(10~* mol/L)HI 1000 pmol/L
(107 mol/L)if, AiAuys 4k i 2 TR, Horhik il
1000 pmol/L B, I 4 i b il {5k X FRZH 1 30%~
40%!"2 . X AP 22 AT RE i TSR] A P b 4% 4

x1 E€RMTKIBEMMAMATIENN

Tab.1 The dose-dependent effects of heavy metals on Macrobrachium rosenbergii hemocytes

mol-L™!
325 term cd* Hg> Cu** Zn*
RNEZ I 0 M 6 P AN EE B 5G 7 no effect on cell viability and esterase activity 10°~10"° 10°~107° 10°~107 10°~10°°
AN M 2 ML P, 00 R T 10° B B 1074
no effect on cell viability but decreased esterase activity
1 H+ il 4] pasy b v
[ 400 <41 290 o 1 A4 R R Rl 0 10-~10" 10-5~10- 10-4-10" 107

significantly decreased the cell viability and esterase activity
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& B F it 2 AN ) DL S 4% 4 i B e A 1) A B
IHREAR R S 2P BFTIA N, A 4
o 3 ) B 20 e 7 PR AL, 4 Pt A S A0
FEA I R RIS PEE(ROS), X8 ROS X 40 ifg it &
FIT . %R . BRI S i A b i, ik S
A AT, dkmise TRl 0 KR 4 R w)
G0 M 3 PR B R A A 22 5, HLEI A Rt — 2
%o
32 ELEMEEFENNEMW

AW BoR, ME SR TRKEER, 5
SR MZH 3 P b A B A M B, (LR i 41
R ELAT — 5 G S, A s P
i Tl 2 — P 32 A T 25 A0 R D 1 K e,
VAR B —Fh, 2 55MEEY R A S84
LH LB R A A R T, TR S T B0 R IR e T AL
PR SRR B RE 7, R T A 40 B e A AR,
TE 39 A 2 R 0 2 AU LA B 3 7 (P MITT 3%
SRR PRI A0 B 76 7 0 i, HG DR R G 4 i 4k
AR b BR R I S B RE R MTT KA
P R 28 00 2% 5 B E DR AE AN b, T BT 40 i
DRI B 31 A I 40 I 4 0% i G e S RERYY . S FDA
VE R IRER 43 WG 6 1 0 5 MTT L2640, 1
20t P T BTG T, REASHE UE A ALY FDA K fit
J RO, IR 26
55 ¥ PN TR TG 0 BCIE BE, T 7 55 A A i DR T
FIICIT B H AR FDA DGR, SEA0 M X g il
PG M FEAE A D, AL, BEEEE I m el e
T WA 35 7 0 B EEAE A o 4 AN A TR TG 1R
i, A AN SRR, A T,
ARG R, WEH 10°~107 mol/L ¥ Cd* il
Hg*". 10*~107° mol/L Y Cu®"Fl Zn* 4l T %
FC VA 0F 1M 20 i A S TS 17, Cd® . Hg® . Cu A
Zn® T R B 7 A I S A 107, 107,
10 F1 10* mol/L; 4 #kJEAF] 107 mol/L Af,
Cd* ., Hg*". Cu™F1 zZn® it 2 A R BT 11 20 9l
TREZE 223, 20.0. 41.3 F146.5 A.U., M Eikgs
BE K, AIAS NI CdM He™, EREHH
PR, Cu™ A Zn®™", BB H] PR o X BET xR
BTSSR, CA> e 2 10 mol/L 1 10~ mol/L i,
Pk B 1 0 TP AR 4E R WoR, Cd™ e ¥

IKE) 1077 mol/L {3 £ X6 % FC VA AF 1f 2 i 15k 6 335 )
FEARIE T, A L BE T XS AR, B EGTE I
2 MR G X Cd™ B A R ICHN B P A 5 D) B
Zo* TH0E S T BEEHE IR, EH N Zn 2
VF Z B AT D S 47, B 4G —SE R A, 0
IR RS, Zn MO TTBEIS T 13X 2L Zn A€
B 035 11 (B Ah— e Rl A IS U SR T
o 4 @ X TR B S 0 WA R, iR (Littorina lit-
torea)®®), W 11 (Chrysomela lapponica)'®, 1 &
4w X TR TG T 0 52 ] BEAEAE Bl 22
33 ESREMFEN

ZRAA RIS PR AR RS T, H AR VR R
PERLCN AT U 2R 3 28(FK 1), H i R Reik iy & Ak
Tri A a2 Y FLA I R R g, 6T A A T
Ry R RV ) H 4R BRI
iR D e 11121 OK ST 07 A W (R Ol 11 Y e o)
REMNHIAE L, s R 5 D AW Ts 1 A oE 45
FAALL; Hg™ Al Cu” A 3 v 18] 2 T ) B MM
AI B2 T A 52 BB VR B 5 B K 3. )
A, 2 A 3% W il 5 7 e 5 200 L e S A
BT bR, IR AT 4w A0 M B A G
BRI

5% 30k
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Effects of heavy metals on cell viability and esterase activity of hemo-
cytesfrom the freshwater prawn, Macrobrachium rosenbergii

GUO Hui', ZHANG Xiuxia’, ZHENG Peihua’, LU Yaopeng®, XIAN Jian’an

1. Key Laboratory of Marine Ecology and Aquaculture Environment of Zhanjiang; College of Fisheries, Guangdong
Ocean University, Zhanjiang 524025, China;

2. Institute of Tropical Bioscience and Biotechnology, Chinese Academy of Tropical Agricultural Sciences, Haikou
571101, China

Abstract: To explore the toxic effects of several heavy metals on hemocytes from Macrobrachium rosenbergii, we
evaluated the cell viability (CV) and esterase activity (EA) of the M. rosenbergii hemocytes after in vitro exposure
to 10°—10"° mol/L heavy metals (Cd**, Hg*", Cu*’, and Zn*", compared with a control group without exposure to
heavy metals) for 6 h by flow cytometry. The results showed no significant effects of 10°—10"° mol/L Cd** on CV
and EA. 10 mol/L Cd*" significantly inhibited EA. Both CV and EA significantly decreased after exposure to
10" mol/L and 10 mol/L Cd*". There were no significant effects of 10 °—10° mol/L Hg*" on CV and EA,
whereas 10* mol/L and 10° mol/L Hg*" significantly decreased CV and EA. Concentrations of 10 °—10"> mol/L
Cu?" had no significant effects on CV and EA; however, 10 *~10° mol/L Cu®" significantly decreased CV and EA.
Although 10°~10"° mol/L Zn*" had no significant effects on CV and EA, 10~* mol/L Zn*" significantly decreased
EA, whereas 10~ mol/L Zn*' significantly decreased CV and EA. The toxic critical concentrations of Cd**, Hg*",
Cu*", and Zn>" were 10 mol/L, 107> mol/L, 10~* mol/L, and 10~> mol/L, respectively. The toxicity of these four
heavy metals on M. rosenbergii hemocytes ranked in the following order: Hg** > Cd*" > Cu®" > Zn*". The toxicity
of heavy metals on M. rosenbergii hemocytes was dose-dependent. EA is more sensitive to heavy metal stress, and
could be used as an indicator for toxicology studies.
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