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Effects of norfloxacin on the non-specific immune response
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ABSTRACT Fenneropenaeus chinensis were fed with norfloxacin (NFLX) at doses of 15mg/kg
(low dose group), 30mg/kg (medium dose group), and 60mg/kg (high dose group) for 7 days, re-
spectively. The activities of some non-specific immune response enzymes including superoxide dis-
mutase (SOD), catalase (CAT), lysozyme (I.SZ), phosphatase (ACP), and alkaline phosphatase
(AKP) in the muscle and gill tissues of the fed shrimps were determined. For the low dose group, the
SOD activities in the muscle were significantly lower than that of the control group (P<C0. 05), while
the SOD activities in the gill increased. The activities of CAT and LSZ in the muscle and gill were sig-
nificantly higher than those of the control group (P<C0. 05), and the activities of ACP and AKP were
inhibited. For the medium dose group, CAT activity in shrimps was significantly higher than that in
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the control group. The LSZ, and SOD activities in the muscles were first inhibited, and then in-
creased. The SOD, 1.SZ and CAT activities in the muscle and gill were activated by 60mg/kg NFLX,
while the AKP and ACP activities showed no significant difference between the experimental groups

and the control (P<C0. 05).
KEY WORDS Norfloxacin Fenneropenaeus chinensis Non-specific immunity

W E X AR Fenneropenaeus chinensis L EAM A TR E R NG MK FAHEE, EEEMNH OKP 5,2
H A ST 3k, 2007 4B R EXHIFFEAE B O AR 127 7 t, SR, B 1993 4F 1 B % 5 52 & L 3% (White spot
syndrome virus, WSSV, B EXTUF ™=l 85— B Z 2 E W A F L (Zhang ez al.  2007), WHE@E &
of 85 B 28 7 WA T 338 Aip L3 BOR AR BRI Y B RIS RS . BEMSIEZ B 35 AW EEK
B RGP (Hoffmann eral. 1999, CHANHRRH, PEXNITEFRFHELEZINESHEWZ W, L5
S (BEBSE 2009 EHA(E FE 2005 .3 (Wang etal. 2006) . thEZH(HRESE 2000 ME
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BETHBE (Cuffini ez al. 1994), EH Y B (Norfloxacin, NFLX)YE N HLA /3 B /E FH B0 s i B 2K 25 8 , B
AT AERBERERIEIFEINT — ER BB (Wang et al.  2008), Z& L4544 & (60mg/kg) .
(30mg/kg) & (15mg/kg) 3 ¥k BE 5 & (a1 %t 4F B & 1R P R N WY B 25 80, 58 a0 0 2 b B X AR L AN 4l
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LK T 2010 4F 6 [ 3 HIF4R,6 H 25 HESR. o8 o E KPR 2201 5% Bt 30 18 Kk 7= BF 55 BT K 4 3h #y FR 7
LRE. LBRHATEMNIFG. 8 L 04 DMALKREETRERKFHERBERAA, TERXGHTER
10d, B B RBoK 1 K, EERS KR 22 + 1 °C, HEREHEFRIIFAE TR 1K, FRERE 3R &
B 20 CHIF R A R B ILARE T S REPROKEBARARD.

1.2 FHix

1.2.1 £%%E#

LI Eh Y v FE R R B EXIR, B 1 BAM 3 LA GE . P KRR S, F4XTEF 100
B. B LBRAEAXTURa 514 200 L HEBRES 84 20 K,

Tt i ) B 2 s I« B AR AR 2 0 0 ORI, A 20 BRER AN TE M KRG A BB TR 2 00 WAL
BHSEH, RBRETRIFMEREEER 20 g1ME . ER Y EAH 20K B 60EH 4D 30(PRIEHDH 15
mg/ kg (IRF B 4D B, BRI E A% 30 g B BN EH 1 kg K PREHRE 15g RV EAH
Boi 1kg PRGN BAHER 7.5 g BHR P EZMECH 1 ke 744,

BRI LW AT 1d (2 1 BORFL & R A A 4 BB A 15.30.60 mg/kg WER, X A BB A S
WRDEABRWEMMAE , B RERSEBRFEIBRBRBE AXIMEER 220, 28R 7d. 2N TERE—
WER BRI 1.2.4.6.8.12.24.,48h B = X 4 LY FIER2H 2108 5, BB 18] s B HLERUXS &F 8 2, B R ARTF
F—70 CHKFEEHEZET .
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B SR LA R SR SRE S A 9 AR T AR PBS Sk (pH 7. 2), Tk F BB G 4 CE L B LB

B 10 55 Fl FRETE 4.
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1.2.3 sb3Fdedd 70 2% 8 Em &

S Ak B 05z AL B (SOD) B IR M E B A EEA9D M T BEABEPOE ISR E FLA95) MK
AT IR B ER B (AKD) R B2 MR BR BF (ACP) 1 1 2 IR B AR (199D M B I 5 s LAY BERIR B Micrococcus
Lysoleikticus VT4 A JIE41 (W H B mUEE R PIBF5E 0D » # B8 Hultmark (1980) (9 75 2500 ¥ W B8 (LSO T /1.
1.2.4 it 5 5%

KA SPSS 13. 0 G itk A7 1 I & r 2 2 (ANOVA) , JH Duncan’s kXt ¥ {E# T E LE .

2 #HR

2.1 EHEEX R EX RS4RI EASEAXm

AR 7] e B o L0 B o [ X MR LS AN SR SOD &M L3R 1. fiaR 1 W LIRS (R R m Y B X

R1 ARAREEEDTEEAT REITEAL A LS SOD B iF#E(U/mb
Table 1 Effect of NFLX on the activity of SOD in the muscle and gill of F. chinensis

20 51 1h 2h 4h 6h 8h 12h 24h 48h

Group WL SOD B§#% 1 SOD activity in muscle

X fE 2

Control 30.8941.92 30.784+1.30 33.03%1.57 25.53+%1.62 28.47+1.52 30.11+1.03 29.80%1.00 25.00%2.01
A 26.01+2,32* 29,40:£4, 31 35.854+1.49* 22,75+2.66* 21.4441.66* 20,73%1.54* 28.37%1.75 22.32+2.22"
B 24,4843.21* 14.97+2.68* 13.3142.00* 68.42+3.43* 57.55F4,76* 22,47+4.35* 18.57+45.17* 25.53+3.22
C 71.33+3.66* 46.17+2,28* 47,85%1.57* 10.69+5.84* 45.75+1.63* 34.60:+£5.83* 33,69+4.15* 36.914+4,.68*

#8 SOD B§E 51 SOD activity in gill

TR

Control 52.65+2.90 50, 273, 62 60. 0841, 63 55.34+1.19 50,9941, 37 48.30+2, 04 52,94+1.55 48.26+2.35
A 51.65+1.94* 51.27+4.90* 61.08+3.45* 56.34-+1.92* 51.99+1.88* 47.30%+3.54* 53,947F2.54* 50.26+3.85"
B 53.65+3.36* 45.27+1.30* 59.0843.57* 54.344+3.33* 49.99+4.69* 49.304+3.91* 51.54313.39* 49.26+1.85*
C 30.81+£2.64* 11.294+1.44* 23.63+3.16* 14.13%2.45* 22.58+3.17"* 8.294+1.28* 23,25+2.81* 28.33+£2.47"

H: »RREERERBEP<0.05;AMEHAEA; B-ANRA; C. GHREA

Note: Data with * are significantly different from the control (P<C 0. 05);A: Low dose group; B: Medium dose group; C: High dose group
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Note: * means significant difference from the control (P<C0. 05)
Bl s ErEEAULA CAT Mg
Fig.1 Effect of NFLX on the activity of CAT in the muscle and gill of F. chinensis
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E TR ALY SOD B Sk S Bl 4E . H 5 2 (14 SOD i ) 2 3l it 8 2 4 22 7 (P<T 0. 05), T X 48
SOD B§¥ 71 s ma MR 4 5 2 A8 52 5 srof B R B X HLPY SOD & 1 £ 3 e Ml 5 (2 /e, S8 0 45
SRARAL; R B R U 2 X LA SOD £ 31 i S A 3 /5 410 ] B9 S 3 16 ] (P<< 0. 05) , ] SOD ¥ F1 £ 45 B ] /R

MR B FERIMRAER.
& 1A LAE o SR B X P EX SRS AALA CAT 15 /) M FA7E 7 B 80, 3 F 7 & i 51 B 5t iR

CAT {8k E e SE/E R, B7E 8 h b, 0 B2 0 &2 20 & & 40 0 #E AT, 48 h IR 57) B 41 75 2 90 B 3 ) il 4
Fls3 M BEERY EX P EMIFALA CAT B S ENAEHMEN, RE L b SRBEHAM4 b BHREAR

BB M H B (P<C0. 05),
2.2 HELVEMBEIMICAEEFENZE

B 2 B N [ i JEE v v B ) rp E AR LSZ WA SR . B 2 WA, B b B X A [ X R L
I LSZ WG A EHMRAEA, P RRABHAYD BEESNESHX LSZ FHEERENRIER P
0.05), PRIBFFRVETE 1.2.8.24.48 h 34 LSZ E R B B 2 AR I 1EF IR B 4 U7 24 h BT A%

) AR 38 2R BH A B 3 R A (P <C0. 05D,

“ LA Muscle 0351 g gin
= 0.124 m % FControl = 030] X wmn i B Control
E " 31(5) mgfllgg * E O r §(5) mg?lﬁg
jo] e 30 mg/kg 5 30 meke
g 010 7 60mg/ke r 3 025 . = 60 mg/kg
2 z T
2 S
” A
= Eaal
o 41
2 &
= it
e pad

fiF18] Time (h) g /8] Time (h)

T » RANGEHEREBF(P<0.05)

Note: * means significant difference from the the control (P<Z0. 05)
B2 A EEBED EX A EXTEF LSZ 15 1 1 5w
Fig. 2 Effect of NFLX on the activity of LSZ in the muscle and gill of F. chinensis

2.3 A E Xt oh X R g B B Bl R BR 1 Y R B Y R M

R 2R AERY BXTH EXAFULN K88 AKP MR EEE R . tE 2 TR, AFREERRD EX
B AT UL A0SR AKP 3 B R R B T B 2 W R B (P<0. 05), H 3 MR B i MY B Xt AKP g4 il £k
RABAREZR(P>0.05) . ANREYWEEFRY 2 X E X IR LA 88 ACP 15 8k 2 SAp i/ B (| 3) .
HABR 6 h Sh, kKB E R B A& A0 R S5 LY ACP 5230 H & M 7B A, 1 X 8 ACP 3% HE7E 4 3 B9
2 B 8] S 35 O B 3 WA (P<T0. 05) 5 HH R B IE I B BR7E 8h A Xt WLEY ACP &t A & 38 3 4 A 4, Hfh & i
6] L3 %t LA ACP 3% P 2 S Ve T, T HAE B R — IR 25 /5 10 6.8.48 h X+ 88 ACP &M A B & (2B (P
<C0.05),
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F2 HERODEXPEMNIINARE AKP F MK 200 (U/mg prot)
Table 2 Effect of NFLX on the activity of AKP in the muscle and gill of F. chinensis

a5 1h 2h 4h 6h 8h 12h 24h 48h
Group LA AKP BE#E 51 AKP activity in muscle
Xt B 20
10.71%1.50 10.47%1. 21 10.23%+1.25 9.1040.52 10, 28+2. 25 11.01+1.56 12,002, 20 10,50+ 2. 30
COnerl
A 3.30+0.13" 3.6440.23" 3.53%0.21* 3.21%0.04" 3.4140.46"* 3.6040.16* 3.2740.64~ 3.5130. 46"
B 3.354£0.19*  4.09£0.59* 3.9740.68* 3.34+0.12* 3.80+0.58* 3.72%£0.24* 3.5240.16* 4.20%0.63*
C 3.154+0. 07" 3.78+£0.13* 3.62+£0.22* 3.2010.14* 3.3940.34* 4.264+0.37* 3.184+0.52* 3.7940.31*
i AKP B & 77 AKP activity in gill
X He 2 -
Control 13.63+1.31 11.02£2. 28 12.21+1.19 14. 082, 42 11.10+2.11 13.22+2.35 12.5441.25 13.79+2. 36
ontro
A 4,09240.25* 4,1440.13* 3.77+0.39" 4,1440.16* 4.55+0.19* 3.5440.10* 3.68£0.37" 4.54%+0.23*
B 4,9140.30~ 5.12+0.24~ 4.15+0.12* 3.48+0,.35"7 4,3640.45* 4,23%0.16" 5.08+£0.29* 4,95£0,65"%
C 3.80%0.13" 4.42+0.10* 3.87+£0.25" 4,31%£0. 26~ 4,284+0.39* 4,61+0.25" 4.01£0. 36" 4.16+0.47*

HE: « RREEHERFEP<0.05); A BFEH; B.HNEH; C: BRAEAH

Note: * means significant difference from the control (P<C0. 05);A: low dose group; B: medium dose group; C: high dose group

18-

. 55f BE Control WL Muscle W 5 FE Control 8 Gill
@ 15mg/kg 164 E[ED15mgkg %
emm30mg/kg Em 30 mg/kg

360 mg/kg

144 —60mg/kg

ER VEBS BRES 15 1 ACP activity (U/mg prot)

B 1 B BRB 15 1 ACP activity (U/mg prot)

At Ja] Time (h) B {E] Time (h)

W x Rox 5 HER B EF(P<0.05)
Note; Columns with * are significantly different from the control (P<C0. 05)
3 AEKEHRRYES D EMIE ACP E AW
Fig.3 Effect of NFLX on the activity of ACP in the muscle and gill of F. chinensis

FPETEE R KN (R E 2009, W HFRE LIS, BRI LS 259 nl ek AN W 1 £ R RS,
TR 55 7 W 4 B 2 6] (AR EL AR B & b RRE N BRANAE R 7 ROAE A DIAR G (B BB %% 2006) . S HIZY
Wkt S 78 Bl M AL o T RE B 5T 51 A AT B D6 e, T 5% 3R Y AR T e R 3K LD B T LU i i R 49 Acipenser
schrenckii L4 R R NBE REHE  2007) , FHE R A JHUL 8 #1 Oncorhynchus mykiss ¥ 7 EREBAE
—E KB (Lundén ez al.  1999),

3.1 EREXNPEXIFEEA Y AE. IS4 SENRHETE PR

SOD 2 4 ) 4 Py Ml — — Bl LA [ B 56 20 IR 9 00 B S AL B PR DO S 20060, 1% B8 1 itk B A 28 1
(O, ) F A R, P2 4R i AL R (H, O) B (O) A R 4 B i A& CAT MK H, O, AN H,
O, fl CAT {REFTE—A-F M R ES
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A SR o, 3 VD B o X R LY RIS SOD A 2 B H AR e A R v R S R E A X SRR E
W #8 Lutjanus sanguineus [ML7E SOD F1 K # X FLYSEXTEF SOD BEiFEME L RAMAM GEI % 2007;
ZEEE 2000, HEAEZQOODBIE KM, ILERAET L BB SOD & M B E R, A b 1] 68 5 XF iRk i 7=
RO, REUSRH SODFEWRFEE X, AMEER, —EWRERNRIFEMERNIRE YT 3T SOD & 3
A BYE R , B U BE Hh R T 0 i Ja] Rl A vk B R, B 2 S 06 e ] A% A R T R R B A ) Bk (B Y 4%
2002), ALEMEERS LARPIRE R AN EE S X EMAN O, WAL X,

EEMAEH . AL 5XEUREREIRBNES XEEYEABEREN - ITEERR (X B
21999, AFREW, EAYEERRIEXE CAT A EFFESEMN(P<0.05 , XTWHEHTIERAVES
AR = S B, 48 SOD A4 & BB B itk O, 4R HL O F1 O, , BHLH A N Bt £ 89 H O, , 1812
BB # CAT A RETHE. FEE TN AT, LA T KRB FEEE S EE, B THABRE
HERES . EREBEEATRAEN THEAS FHREHEERBE, F8 CAT EHKHE-SH £4R
SOS, MM ZE CAT BE&5# . R8T CAT B (¥ ESE 200D . MALKWAL CAT IF N 6~8h FRF
Wi, XA RATHBYEEWHHL RS mERT SN,

LSZ 67K fife ¥ 22 £ 5 14 400 1 400 Jia B 1 Rl K 2 Bt 420 5 S5 0 31 0 2 SR o T 0+ O IR AT BRAZ ALK B9
S, AT AR I BE (MO yner et al.  1993) , VG H R RS IES SR E N EEL R
Bz —. 29 . 8W.JRE pH. QR RIEY S 251 &A1& LSZ 1§ ¥ 5 25 b (Subbotkina et al.  2003),
AR EA, ZEAAE TR RS LA EXTEF Litopenaeus vannamei Il i 1K LSZ & (2% FH%
2010) , R E Y E NI R E M LSZ A BEMMEETRESS 2000, AHELEREN, SREEED
EMPEERSTESIFIIAME LSZ 58, X5 LR SCMMES R A AAHAE,. TREEA TEREREVE
A DL S R IR A o 40 6 B R KA R DT {6 U B B R O R L IR B ST B S GRS 2007), EBE
4 (2009) % 18] 150} 7P 48 0 v vk B 0 TR B 2 T D) B B S AL R R LS LSZ & N AR ER 5 ER
SR B AR E A, S E v B xt b xR LSZ 1% A B2 AR EA.

3.2 R EX A E X ARG B AL B K B M B ER ER AU RN

AKP#1 ACP BAEYWEANEENRIFAEN, HES SHBRNEBR MRS . AKP 5SERNYEHMAX;
ACP 2 %5 B 1 19 4 75 B , 6 (0L 40 F 0 A7 45 0 R (0 8 2 . o, S P [ ACP B B8k, a2k K fR VE i R W A B
FAER A R BIR B MR AR (T A% 2005),

W R0, R E BB % (10 me/ke) X 20 H B8 1L 75 AKP A 8 542 5 4E R, i =5 ¥ B (20 mg/kg) MR
WAHIE R RIS 2007) ;X S288 45 (2006) M AR IS B A 2 38 )5 B FLAREEXTHF, & SR B 38
BEXM LRESTEN ACP 1§ /14 B E R VEVEH , 71 = W B W R B A M sl 46 £ K% (2008) R ERXT A
QXTI AKP BEEM A MHIER . A4S RS RIS RARMFE, 3 W ER Y B XF A E Xt aF LA
B AKP WEMES S B EM&H, XA TLRGY LRI S5BREHAL AR TS

FHrs 20, gUR P ESTEFME AKP 55 0 B & m T 1IEE IR, B RE & 57 8 3128 4k 08 5 AR, & %90 3 m
¥ AKP FEFFT 54. 78%, R EYHRIF AKP AR T 82.3%~093. 7% (R HE  1998), kKB Mac-
robrachium lamarrei HB T B B RIBIYF Macrobrachium lamarrei TR AMEMESAEHA TLHEER Y
AKP S B K BIER (Omkar et al.  1985; ¥ A% 2005), Al RERth TAYH L MMFIE. S RAREE
iR, ACP M1 AKP B HSH . AW5ES LR RMHL,. B EEFAYE 12 h PR AKPIE S Pk E
76 6 F1 8 h X6 AKP i& 134 B E U/ A, I Rl BES bR SO AR R 9 4 L4 SE T- R B AKP B A
X,

ASCHTI E LA R R R M A T BT AR SR A LN AR R A R A E 2 E, X AT R R
HFHEEY BAETEMNIVARNRAL P WEBEAR, RIEA TARBE AL N IER B %R E RN o REFEER
) R S ) A AR Ry 53 M G R B G MO I R O A M), X — PR 7R FLARIE ST IR B R R B (ST a4
2006) ,
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