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ACP) i, P4: 5 % i ( alkaline phosphatase, AKP)
—%LA (nitric oxide,NO) 5 7 —F AL A&
Ji{ i ( inducible nitric oxide synthase,iNOS) ¢,
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Fig.1 Variation in THC,LGC,and protein concentration in the serum of

P. trituberculatus infected with low concentration V. alginolyticus

(a) variation in total hemocyte count( THC) ; (b) variation in proportion of large granular cell(LGC) ; (c¢) variation in haemolymph and

protein concentration in the serum. The data represent means + SD, * and == indicate a significant difference (P <0.05,P <0.01)

between infected and control groups at the same time; Different letters in the infected columns indicate significant differences among

different hours.
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100 mL ], 5%FFE4H[ (1. 78 £0.33) U/100 mL ]

To i 75 5 (18] 2-a) ; AKP ZZ B 45 R | 5 ACP 2

o, (82 BAR G PR AE T S )5 24 h A T (e 5
Xf REZH TG W 35 25 7,48 .72 h [ M4k ST OF 5 8
FIZH R P00 35 25 5, T TE 96 h i VA Fir TR 5

SHMATREZET . XIR4 ACP AKP & B A
It 8 (R TC 8 2 AR A (] 2-b)
23 RRERARENEFESXN=ZKRFEMLE
NO £ £70 iNOS & %/ #d

SR EE I 55, =R T8 1 TE

H1 NO %4 7F 24 h[ (25.82 £5.54) wmol/L ] i}
AL AN i, 7 48 h[ (38.99 +12.54) wmol/
L] i 550 BEZH B sk 25 P 25 57 (P <0.05) 5 7E 72
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(P<0.01),3:7E 96 h[ (147.86 £38.82) pmol/  BEMIEF(P <0.05),96 h if 1 BHL 5 2% 2% 5
L1iASIIEME (& 3-a) . INOS JEMERAEESGZE (P <0.01) (E 3-b), X &4 NO % & 5 iNOS
Wit JFAE 72 h[ (9.41 £1.93) U/mL | i 30 T AR 1 A (8] o B 2 AR 1k
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2 (RIRERRINE BRI =R F 8 Mm% BB ERES (ACP) (H Eﬁ?’é@ﬁﬁﬁ( AKP) i RS20
() FESHASRINE S A R ] 5 =P TR T ACP G fk; (b) AKP BT HEAEfL; K™ w0 " 43 5l R[] — I ]
FAL PR 50 IR 2 i) A7 B 3% 25 5 (P <0.05) B B3 225 (P <0.01) 5 [Krpab Bz B J7A @/J\%?ﬁ%’zﬁ?* [ i Ta] Ak 220 )
FERIEFE(P<0.05),
Fig.2 Variation of ACP and AKP in the serum of P. trituberculatus infected with low concentration V. alginolyticus
(a) variation of acid phosphatase activity( ACP) ; (b) variation of alkaline phosphatase activity( AKP) ; The data represent means + SD,
# and s indicate a significant difference( P <0.05,P <0.01 ) between infected and control groups at the same time; Different letters in

the infected columns indicate significant differences among different hours.

2000 u PS4 infected ok Y m HEIH4L infected

Q £ 160f " AL control b 12 o X4l control
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i & gol <35
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(a) HESHATEINE S A R ] S = PehR TR I35 o NO &4 (b) iNOS JEPEASAL 5 [ e s 7RI s " 4351 3R ] — I i) i b B 2H
SN IR Z [0 5 22 5 (P <0.05) sl i % 22 5 (P <0.01) 5 A AL #I2H b5 AN R)/ING RN AN [R) B ] s b 020 1) 2 5 1 3%
(P<0.05),

Fig.3 Variation of NO concentration and inducible nitric oxide synthase in the
serum of P. trituberculatus infected with low concentration V. alginolyticus
(a) variation of NO concentration; (b) variation of inducible nitric oxide synthase; The data represent means + SD, * and =% indicate
a significant difference( P <0.05,P <0.01 ) between infected and control groups at the same time; Different letters in the infected columns

indicate significant differences among different hours.

3 Wik B AR, A F LR
ﬂiigﬁ%FﬁE@?ﬁﬁ?M*%X#:ﬁE@?%ﬁﬁﬁ

SRR T T E LA R, BB, R v R A B IR TR AR 2
WA A R R R T R L BREIET . AHITSER PR B Y B R O =
A MR EE B I RN e TR TR R, TR SR T AN T
LTI TR AN R PR BOW I Z —, Al 5IER T MRS , Lk EL N S e B A S A i,

http : // www. scxuebao. cn



1396 Koo

S ¢

35 4

=R AN PR 1 S B R PRI 2%

5228 5 1) 120 ML B R 5 52 R B TR R
Tyt e A A DR 2R e i b R B S 0 B, HUE AT
DLE SO R 5esh Py ek ol . e sh e
SR A AN O IS, 0L 20 L A 200 B 7 A o 2
HH R AURE A W | A 38 5 — R 9 A B A S
T S50 40 M A R R L il 2 TG M A
TESHICH E 10 L T (Aeromonas veronii) J5 7
4 ~24 h [§ THCs jt th B0 4R 1 H A
X} HF ( Penaeus japonicus) 75 5% G4 9k 7] T 5 I 40 i
BULAG ST BBAL K 54. 3% "2, 58 422 8 ( Callinectes
sapidus ) &L 1l 5P I #F &1 ( Hematodinium perezi)
5 LR L B RAR 50% ~70% ) 1] = b
J I I 5P i R ( Hematodinium sp. ) J& , H
ML B e 2 AN i 2 o A S e
FR IV i OB 2 78 23 ik MR 1 THCs & 35 %
i, M H. 96 h 5, i 20 B R TS 2 25 AR T X IR 4
AIREVEII M AN B2 5 T i BRI IS B, A
REAESEL I R NAKE . ARSI b =it 7B K URL
A0 H AR R P BN 24 b5 R, (H 2
F£ 72 h 5 XYKE N BE L 7K, UE S 0k 40 i
WZ 5 T =Ptk 7B AR NS IR 1TE FR

I 375 26 1 5 St T DA S e R 5 Bl 7 i BREAR
Plo #OME ME M 0 o8 b B OB XE AR
( Fenneropenaeus chinensis ) J3%J% [ 3256 1E % 7
(' white spot syndrome virus, WSSV) Ji5 <=3 il MLV
GedShes e D IINIER-IR SEFSTERTTRO Ml ESLIDO L i1
FLERTE St BF ( Litopenaeus vannamei ) 8% 5% 5 5
L3 26 P i AR AR B o SR
R I A S i O i (EL 5 ) B A b 2
SR, VLIV B2 40 TR SR X = AR - 1
HEESEZWEN,

MR VEREIR T (ACP) T MEBERR B ( AKP) J& T
B TR PYLTGH /K A B2, Hy T 79 i G ) A S Y e 3
pH AATAITIX 5. Hr ACP J& 7R B i (A 1Y
WEA I3 Z —, 2P BEE 140 A A B A v A
Wt A 2% S5 TR, A DA P 2 gl I 4 A 1)
SRS AT AKP 2 i B A 1 B I —,
BRI BHEZ Suk S, X5 H 722855 B i o
H Y A RA EEAEN . AR =9k
R AL 5 AKP S 1 25 W35 %
1%, 7 oh 2P R A e ) s Vs i R LA, =9k
W FHE ) ACP  AKP {5k il 5 ok Gy i i) SE K 4

FEAR . fHUR A SCIRIESS , ACP  AKP 1 M 7E 1%
SIafrgE EJF, o ACP i P 7E 24 h J5 Rl is )
0 22 S, AKP I P i R D A Gl A L T
48 h JFIkF R M2 R O EAHT B R TE 96
h J5 , ACP  AKP & VR REAIR 2 0 BRAH /K P HE
AR BN B il & 1 AR T B AR W B A &%
FE ACP AKP 2 5 15 B IICER (1915 B, 150 B 74 e
R TRAR A 1 10 2 1 P I 0 4 T 2 28 1 —
B BEVAIL AR

AW — AR (NO) d — A AL A A UG
(NOS) it~ 4 ,NOS 43 Ry 5 b Al —E AL A A K
it} (cNOS ) Fii7s 5 8 — S AL A & Ul (INOS) , H:
HINOS 54w A %, W AR TAF MR 4n il rp , iINOS
REBCANML P 1~ (A0 T4 3R ) Fg JsL 44 LA % 4 82
BB, INOS BT J5 AT DAL LR &R 7= Ak
— LA, I A RIS R IS PE R P R, 2
508 B AR R R L K S W R P A A
NO J% iNOS i, v [E B X R ) NO F1 iNOS %H
GERIESE S WSSV IR ™, 55 M ek ()
( Haliotis diversicolor) Ifl 21 i o4& 90 Y iNOS 5%
PET, PR NO 55 iINOS B4 Ay 7k 2 2 P A7 4
FREARBLIEM R . A0 8 YIRS, = P01
Ik EL A7 AE INOS,, Ty ELE P 7T Bl AP 2 e K
WS, TETESHA BN 24 h J5,iNOS 1% M A
FEEE I AHJETE 72 h 5 AR F| B 35 25 5,96 h i
PEIRFNIEAE , AN A NO & & il b T}, 7 48
h T 4 AR 2, RGO R s PR (R
iINOS S:A ] 2, X 5 FLIR W 7l 75 3 K 22 6F
( Scophthalmus maximus) & B W40 il 7= 4= NO,
SR B E ST RO ST 4 R — B U NO & &
1 ANOS V& AT A S = PEAR 7 B i 20 T Ik e 1) 45
INTEFEAT

SRR AR B v BN 5 L 1T 308
G% AR, UL e I R R 0 7 A
W52 o (H = PetR 78 m] sk i 2 H ik 22 PN
AR S e R AT T S By A 1l 40 T R
HAES S 7 R TE R, 2 B 40 S8
BRI R AIURE 200 A L 9] 7 22 Ak, 1 il 37 28 1 3 o
ALY . (HASE A, ACP AKP J¢ NO %
i 5 INOS 6 4 B AR ) B i 2 1 in, {5 ACP
AKP ] b7 788 HE ARG bR, HLRE TG 5 2 1 K
-, NO % it 5 iNOS I P4 e of 8 B W] 451, £
ACP AKP {5 PR 5 2 4500 1E W 7K P Ja , Hois 1

http : // www. scxuebao. cn



9 1

P A5 BN 175 3 X =R 1 I A L AR A S S B KT I R T

1397

ATRENGEAG, BLF- T ) T — o T AR 1) B A BIL A
A S N e e YU N NN
FeRITEBRALA -5 7 W A R O, T ACP
AKP TE 2 5 4 I A I | 5 Tl A 5 U0 AH 56 14 8
Fit , DR IHG R i 7 o 2 e D it . NO e A4 57 4k
ARG ]G AR R S P e e RE T, B 5 %
PEPTTHLEI B R 2%, 76 96 h J7 NO 75 HE X iR
Al a5 A%, XM R TR O IE B
O, R 73 225 A A , A Fp it — 4R

Sk :

(1]

[10]

AR, RS, WhOB R, 4. WiLin B2 WA
PR A AF AT LI ], W v fal, 2003, 25 (3):
136 —141.

VFSCE AR DU, SHIELD T, 4. 1 7 F 72 288 1. B it

BRI R [T ] v K 22,2007 ,14.(4)
695 —702.

VFSCTE 2L DU, 55 550 M 18 1 O 994 4
BRYLRIBREFE [ ] KA A 53], 2007 ,31(5)
27 - 32.

VFSCZE TR AR DURE 85 MR T IR IR 22 T B TR )

EWFELT]. KFE244R,2005,29(6) :831 —835.
XIBL, 2RI, TR, % T8 B s R i —0
HORH IS KRG R T N T 1 FEK =0
3Y,2007,28(4) ;9 —13.

W A, AR, AR I B, X R 4 28 ML B F 5T A Ol
[T]. JKF72£4R ,2004,28(2) ;209 —215.

WP AR AR AF . LR IR A BELE A AE
I 9 BAF 5% [T ]. 7K 77 2# 4, 2006, 30 (1) :
108 —112.

I3 O T UM 7 5 I 7)o o - 011 R 11 U6
JEA AR BATET]. Lk = K424, 2001,
10(3) :279 —281.

XN, 2807 B, AR 2T, 4. 3 bl g 7 8 I 94k £
WY R 2 [T]. 78 R4k 3 TR,
2009,22(1) :33 - 38.

BREL, TER, &M, 5. —Jie 7 2Lem”
Ji JURMAIP G J7 02246 [ T]. 7K 77 B2, 2006 ,25

[11]

[15]

(18]

[19]

[20]

(9) :448 —451.

SUNG H H,HWANG S F,TASI F M. Responses of
giant freshwater prawn ( Macrobrachium rosenbergii)
to challenge by two strains of Aetomonas spp. [J].
Journal of Invertebrate Pathology, 2000, 76 (4 ) :
278 —284.

YU J P. The classification, density and percentage of
the shrimp, Penaeus japonicus[ J]. Journal of Ocean
University of Qingdao,1993,23(1) :107 —114.
SHIELDS J D,SCANLON C, VOLETY A. Aspects
of the pathophysiology of blue crabs Callinectes
sapidus infected with the parasitic dinoflagellate
Hematodinium perezi [ J ]. Bullitin of Marine
Science ,2003,72(2) ;519 —535.
BB, JA LB R S I Hh [ X AR
AR S L G e K P B S e [T ] K AR A 4l
2007,31(3) :325 —331.

SR IR LI, 4. o X R 2 R P AT
FO ML BRI FE [T ] K 7= B2, 1998,5.(3)
53 —=57.

SONGA YL, YUA C I, LIENA T W, etal.
Hemolymph parameters of Pacific white shrimp
( Litopenaeus vannamei ) infected with Taura
syndrome virus [ J]. Fish & Shellfish Immunology,
2003,14(4) :317 —331.

e, T, AT TP RO R A — 4 A
R R GAE L T B P AR LT ] e
Bl2£,2006,30(3) :90 —93.

e[, TA, £z, 45 X IF I 20 i o — 4 Ak
R B E 5 o A IT RS LT ). K™ B
2#,2004,11:177 —184.

ETE PR AR, 55, A (il AR o — 4 Ak
R TG PR S50 [T ] P K7 W58, 2007,28
(6):7-12.

VILLAMIL L, TAFALLA C, FIGUERAS A, et al.
Evaluation of immunomodulatory effects of lactic
acid bacteria in turbot( Scophthalmus maximus) [ J].
Clinical and Diagnostic Laboratory Immunology,
2002,9(6) ;1318 —1323.

http : // www. scxuebao. cn



1398 Ko ¥R 35 &

Evaluation of hemato-immunological parameters in the swimming crab
Portunus trituberculatus infected with low dose Vibrio alginolyticus

XIE Jian-jun'** , XU Wen-jun"*, SHI Hui'*, ZHA Zhi-hui"*
(1. Marine Fisheries Research Institute of Zhejiang ,Marine and Fishery Research Institute of
Zhejiang Ocean University , Zhoushan 316100, China ;
2. Key Laboratary of Marine Culture and Enhancement of Zhejiang Province , Zhoushan 316100, China )

Abstract: In this study, the alterations of some typical hematoimmunological parameters in the swimming
crab Portunus trituberculatus infected with low dose Vibrio alginolyticus were investigated. Healthy crabs
with an average weight of (162 +26) g were divided randomly into injected and control groups. Each crab
was injected with 200 wL(2.4 x10° CFU/mL) V. alginolyticus in injected group,and with 200 wL 0.85%
sterile saline solution in control group. Then haemolymph samples were drawn from each crab at hours 0,24,
48,72 and 96 post injection for testing hematoimmunological parameters including total hemocyte count
(THC) , proportion of large granular cells, total serum protein concentration, acid phosphatase ( ACP) ,
alkaline phosphatase ( AKP) ,nitric oxide( NO) and inducible nitric oxide synthase (iNOS). THC of injected
crabs was significantly 36% lower than in control group and touched the bottom post injection 24 h( P <
0.05). Also,in injected groups,the proportion of large granular cells increased significantly at 24 h and 48 h
(P <0.05) ,and returned to the same level at 72 h and 96 h. Noticeably , there was no significant difference
in the injected and control groups in PC, although the numerical value of injected group waved during the test
(lower at 24 h,48 h and higher at 72 h,96 h than control group). The ACP activity, after injection , increased
very significantly at 24 h,48 h( P <0.01)and 72 h( P <0.05) ,then decreased to the control level at 96 h.
The AKP activity increased gradually after injection,and noticeably ,there was no significant difference with
control group until at 48 h and 72 h( P <0. 05), then decreased to the control level at 96 h. The NO
concentration and iNOS activity of injected group shared the same pronounced increasing, there was no
significant difference with control group until 72 h( P <0.01 for NO and P <0.05 for iNOS)and 96 h( P <
0.01 for NO and iNOS) ,especially ,the NO concentration in injected group was three times higher than that
in control group at 96 h. All the results indicated hematoimmunological parameters of P. trituberculatus did
play an important role in confronting the V. alginolyticus’ s infection.
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