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Effects of sulfamethazine at different concentrations on the activity of SOD in serum of F. chinensis
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Asterisks indicated the significant differences between the sulfamethazine treatment and control (P<0.05); double asterisks
indicated the highly significant differences between the sulfamethazine treatments and control (P<0.01). The same as below
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Fig.2 Effects of sulfamethazine at different concentrations on the activity of AKP in serum of F. chinensis
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Fig.3 Effects of sulfamethazine at different concentrations on the activity of LZM in serum of F. chinensis

25 .. DControl ®50 mg/kg 8100 mg/kg @150 mg/kg

*k
—k

1]
(=]
1

sk

§
- \
L §
: 5
2 =8
< ] '
2 ** Ih % %
= il 33* *
5 B 8
g L5 o L . §
2 el Bho E 8
S 1:?%’ et = 4
kel o TR -1 B Bet- ]
£ Y B M- O 4
< B Bl B e /
g Lo} ;5;3%2 Y x| [N T 3
= b b B e - 7 . e
= VAL VEL Y1 Yl ARERAE vl
SR SRe =8 D 11 o L R
R A | B | B 8 / 1 | B § 1 | B N/
A gg; ¥ Egg VA VEIZZN Egg oY Egg Y
Q osH 2y  BY | BY (B | BY | EW | B g2 | B | B R
& 05 Bl | B R R R B | B B 1 i \f R 1A
) bt s R SR hf Be- ) YA T SR AR
*’ 3 | B LR v | B 1. g2V | B | By \‘
;:;:"*Q’ 3 | B LR SR ;:;hf B g2V | B | B ;:;\f
:hk{ 1 1:@{ 1:1:§f SR :hhf R 1:1§/ 1 R :k\’
2V | BY (BY  BY | BY |BY | BY |BY |BY |BY | BV
LB BV BY. B B B (B (BY . | BY. B | B | BT
Dw 2DW 3DW 4DW S5DW 1DPW 2DPW 3DPW 4DPW 5DPW 7DPW 10DPW

H 18] Time/d
B 4 TR e R il e — B s e o o ) B XU IS PO T06 1 4 52 i)

Fig.4 Effects of sulfamethazine at different concentrations on the activity of PO in serum of F. chinensis



96 ook B

E %37 %

FE X R AL PO T35 48 52 B S e b S5 R/ . A%
W, PO WEMET IDW & 4DW # i 2#  T-XF R 4H
(P<0.01), F 3DPW Ja¥k & 2 X BRAH /K- R EET
PO I HEER M2 AT 0 2 LIS, 78 1-3DW ik
FE T IRA4L(P<0.01), T 3DW ikFEmE, AN
XTHRAH R 2.75 £%, BfJE 2 FREES. BERET, PO
TEET 1DW. 2DW i 5k 3 T X R 41(P<0.01), Fifi
JE B8 T, T 3DPW JE IR 2 X} IR 2 /K F-(P>0.05)

3 it
31 HEHWI K RE RGN

H AT, A 0 259 %5 K 7= sh i) S 5 R 58 B3
O —LefikiE . X TR s s lae sy, £2
2 ST S 118 N S 1 N R N ek el 1 R
5355 20 0 B 5 R T o F IR £ S8 2R B %t AR M I g
HHEES, AUEHE R, SN B AT LA LG i X e
PZE I BE = A2 B0 (Tumburu et al, 2012), XTHFAE Pk )
BRI Y & A A T AR e R G L RE e
1), PRI, ST Re R PEA MR 56 A P A A B
S ) B 22 48 b (Blaise et al, 2002; Luengen et al,
2004), Rijkers 55 (198 1)1l , 1575 2 REASFF (LA A il
P REERE S, WA RS B HIER
PV EAFQO)MFFE R, AR AN 240 me/kg B
TR 4 0% B 2R AN £ 6k LA T o B A 4 S5 8 v
WA . IR WL, S THUE 25 YK s
G 2 G0 I S WA AE 25 R TR) B &, HLRC PR AT g
BT HPTE RS . F IR sh P R ISR F A
Ko HEEEQOVN)MIFTFRIA, 245H X LR G (1) 5% 1
5259 ) w2 DI G

32 [E)K BEE AR — R R IE X o [E R X R i i SOD

LR A

VRS S T8 1 | Rk F RS A E —
BB S 2 5 e Sl 4 TGRS ) B A 2R S RO 4R i
BEVEROT, ROUARTERT RS R v L A S IR o
DA B ARG R S 7 A 18— S 2 o, BILARAS B 7
TE R Bl 8 0 5 A i ZERY BE D SR PR AL
il 1) B B AR

EABIFERIE SOD {15 A Wik i S K P-4
VIR, AKAA DR N SOD I M52 2 280 K (1
N, AIREERIGY . Y RIS YR X

PUR IS, BT IR, TR 259 il
MR BB IRNTEEE & A IREZ —,
AIJE 1 8 A ER 3 0 A B TS Y R T Y TT REAIL A
Z —(Gomez-Mendikute et al, 2003), Monari (2009)%
AR LR E BN SE D26 SOD & 4,

AT AE I, AR B e — H BEiEXT SOD
WEHEEAEREN, B SRR 2 5k o5 ke 4
B e B R v v RE i i — R mEBEXT SOD G LA
TR . ABEFE 5 okl S (201 1) A& PR B2 20 15 31
Vi B E B X BRI SOD W A — i A AR
FH e o B A S IR AR T A 25 SR AH— 3. Cabell
(199D FE R, YA WA 52 375 B 30 B e 1
SOD MR, RIAPIV N ; Y32 5| E
JEW A RS, SOD &Mk H AL, FEALIA R
TR, BRI . AR, KR EE
EFIR, SOD ik i 3% b AT g A2 il e — FH m g A
o ] T IR P A A A P Bt 22 ) Pl R, X
I3 R G SR B A A R BB TE 1, I BR 2 RE A
ML, YRS HEBNEIR, SOD WG TR, hikE
MR EEVER T, SOD J& s, (a4 s w1 AL
WIERR B R EERE ) TR, RRTE BRIE MR P AL R
BLUIRE MR, FEWLAAR P R R A

3.3 AR B AR — R I X A [ A X R i L ZM
i T B R i

LZM [ {ZAFAE T4 B sl W %) it 20 e A i v
TEGBETG PR P R P AR G YR R R s
FH S BEF8 bR, AT RAAE ARG %o R AL A G RE AL RE 1) —
MWEIZH . LZM S5 W5 20 2% 18 A0 ) o 6l
B — PR A 1, T LA K AR 2 I B T 2 i
RGN K SRR IE M, Il 2 2 R ok, B
BRI R, BRI BRAR AR 1 59 . AR5
H, 3 ANFIEAR LZM WGP RSz 2 S, B
IR R, ULHPTE Y AT ER AP,
A REXT LA TS W — 2 f e, 3 T LZM (A ek
Ay, BUE T LZM ST, R
FEAR R AR, 2008)", LZM 1 P FRAR T BE/E — & )&
) 20 B A NG . Ren 5E(2014)HGE FLYNE
Xof MR 3 2 MR R e 2, L I 20 A I T T R
TSR (2008) T 5% & R 58 85 2 A T ML X iR ]
DL BRI . UL FDFBERR LZM 36, Y54
F5E A 45 R HA — B AR . ¥ LZM 3P nT

1) 5KABZR. B vb B i 5 (Cyprinus carpio LT E AL AR S 0E e ShREAG RS . Hp [ Vi 8 K2R A 0T 9% A 244

B3, 2008, 44



SRR ] b ERAE: B R E X R E I X (Fenneropenaeus chinensis) a4 5 Pk Sy IS 1 1 52 1 97

PIZ3| 27 MiEH . &Y. IREA pH S MR
BSR4 —LeiF 5T 5 AR5 45 WA BRI, dngkiss
LQROLDIIFE LB, v b B XT i [ B XTER I3 LZM
TP R ISR SIS AR, X BERR . JUL PRI A A
LZM {6 PEAAAE B 35 B A A, A 2 BRI 3
. EAEEIEHEAY/E T . Chang Z£(2000)iA K, TEFE
SEAR MR A B LT, XPEReERE bR &
R S T RIS, S il T B MR A e 3 e )
TP B e P 55 I EE R, SR EESEQ01 1) I 2
Al REAETE IR A AR . T I, KP=259%F LZM
T R 52 0 37 ) SIS A5 1 L 25 W Rh SIS R S A ol 4 TR
IR ) 17 2 B[] A A AR

3.4 AREWRERE_REEX P ERAX I NE AKP
it T B R i

AKP ZAYERNEZEGREHERN, 2S5
BRI, HSEMYREhEa %, HAH
B ABIIRE, RAEYRNNREIR, S5
PRI, XTES RO B . BEIRES IR L H 52
FATIS A A AR RR A K R B e
seid s, Uk, AKP XFFUFW A A Fe i EE A &
S, AKP FRSZMEEGL, ARMRIE Ca’ ik
BE . ERBEAT pH n] 52 H A TR SRR AKP B 1,
HOR AN AR T 5] — 3% 5 b 25 o [e) — 4 I 1
FHT AR, HXTHLAE AKP A3 M0 JE A AR TH
AR AT e S& AN Y B A B R PE RS [RIBLIRZH 2 AKP
SRAX, AU R, SMREZYIRTHLR AKP
WG EAMHER, 0T A Q008) 5 KL, &
RN T LGB IR AT DL 2 B AR LT | LD AT
MR AKP WP, sk ESZ5EQ01 DIIFFE A B, AS[RlHk ek
SRUD EE X v ] B R AR . LA RS AKP 3 PRy
S EIHRIER, WX ILE AKP 350 5 A B
WU, 5 AW R NI B R B S X AKP #
HARW, AKP 36 M0 e — R A RN
(HKHESE, 2003), N, SKENHSE(2007)AF5E &L, [n]
ST BRI T S 10 mg/kg SRR JE AT L g 2
AKP 5 5 AR 45 (2000) W & B4 85 K ] LU i 4R
= AKP 1EE,

ARG L T R, AR 4 it e — Y e AR T
R B XTER IS, TS AKP TGRS TS T
RS d . EREH AKP ISP RIA ST S
REATG o ot BTG 0] 2 %) A e — Y oo e X o R AL A 1) e 38
HBLMEIE T, AKP MR R, BEEZ9AERN T
BB, KRR X e R ) 2 W A A B O B
N, MM AKP #&H BT, MR8 2iyis, 4

TENUAZE BB Qs 250 BE A REAR I AKP 15 PE3R
DL T R A R o T P g 75 e 21 10 25 2 7 JEE T DLk E)
SFURRI N R, FTLL AKP BRI 5 1Tt
J& TR B

35 AWK BERE Rk — R 0RO X o E B XY R I i PO
iE R

PO & 5 LHHMESI I e B tE B g, 76 H 52 3)
W b kA EELE R, HoAE— R B
o7t 56 B0 40 ) BREBR 0 % e i R . FR S sl
PO o I FrAb R EE 451 . AR BLR S FE F2 K1)
AR ANFEEE B, . 8. pH. &
RIA BTG YL PRAR 2 X H 7 A 521 (Le Moullac et al,
2000; W&, 2002), N7E—LHHALEM(ANZ A
KoK PCB, Z M5 & IRk A4k &% PAH) TS 4L
KR, #HF(Crangon crangon)fi IfiL 40 il PO % P
i, [RIBSAET -3,

TS B T HUR 25X PO TR R
e o X 37 45 45 (2006)BF R W, WA BL R asin 4 mg/kg
R 2 0 DL R R LN IEXTER I PO WE M, T
12 mg/kg TR, PO IHMEN R RS, EiES
(2008) 73 Sl ) 4R R ER AN 50, 100 F1 150 mg/kg B A
JEBKME(LMS), ZIL 3 NALFRZ P [CIEER I PO
PEX W E S T XA Ek Q008 KL, AAHR
YEHIR, JLYERTIR L PO & M S BLAE RIS ET)
R, LA AU B AR PO 164 ) B 251K T X BR 4
SRESSEQOI DM A B, WLIAFIEE PO {GME7EE 1D
EAEAT B35 TR, i proPO 1] BE#E % 1D
BEUEE N R B SR D B LT AU IR AR PO M
S A TR] A 2 ARV I | v ok B 2 2k ) 1
M.

WG 3 AR 2R BT B e — H mE E R4 PO
HHRAEFREWHAEN, AR SREF%
(2007 )0 AN 7] e B2 10 38 SRl A2 0T itk DG B3 P P R 1 775
LZM & A IR R AR50 ik 5 b BT I PO 1
eI S5 M 0 25 S AL BB AR BE Y 259
FEREXTERALAR PO Bk s E 7B LAEH , PO i
BT, MBS 250 & PR B R, B R g
FBIR, S5 PO WETE T I,

4 i
WF5E 45 22 0], P04 1 25 % o (] BT R ) 4

PENLRERAT —%E BYRZ IR, o ok L e — P g e o [
1 X 0 ) SR B ML AE EL AT U] S A A 1 7 T



98 ook B

E %37 %

A T B B TR Y IR, BELE A SR Tk PR A 2
FRER XS R A BALBE A B2 MR, 0 A FE IR Y L
PRAUEFRB X R A A K

Z £ X #

Tk, B, BREA, & BiAFRA gAY LA
Xf BRI S P S e S5O0 AT 9. IR, 2008, 27(2):
161-167

N, M, SRS, SF TRIRITDE 2 MR 2y A XS
SRR A 3R B8 SR BRALAE. o IR R 2224l (A SRR
}R), 2011, 41(5): 43-48

VAR, BEAE, FEE, % RS R X LR
K G AR PRSI AR BN R ER . KR,
2013, 32(3): 136-141

Pz 2. W25 T, dbat: shER R, 2005, 196

XUSTEY, XIMET, e, . DRI B 20 FLanE T
WRAE R AR S SR J1 R 2. IRk, 2006, 36(6):
25-28

RIRIE, ABERE. AT TR KB4 B R S - M R AR
BRI BB, WV TR A i (ROl A5 A= B i), 2000,
26(2): 169-172

s, A, A, A RIRIR BRI B e R R S
P G R 1 F2 . Yl Bk g, 2011, 32(2): 53-59

SKHE, SRIGE. BREBERR A AE K Sh P AR . ki,
2003(5): 12-13,32

SKRENAL, SR, AT, S RN R LLT 6 S et
FREFEI. | AR 7241k, 2007, 27(3): 50-54

WEM, FEA. BRIV EX B AR R g IR nY 52
Wi A AR AROR 2 22 R (A AR B2 D), 2007, 36(3):
297-301

BOME, 25, BmIAE . 2 Trewk e xof 2 I T A fe 2 B R K o
Jitsgm. oKk, 2008, 38(4): 36-39

B MR YA KRB TP BN L. KA, 2002,
22(3): 50-51

HIEE, 2W], WAk 207 rh 2G0T PLAN T X R AR I PERE
AL AR S R T 5. Rz ZK 2 Be 2741, 20009,
24(2): 162-165

WET, 2045 ThE . pH SEX 2 FhIRFES R S ) 15
M. T BRI 2R (A IABRERR), 2002, 32(6): 903-910

Ashida M, Ishizaki Y, Iwahana H. Activation of pro-phenoloxidase
by bacterial cell walls or B-1, 3-glucans in plasma of the
silkworm, Bombyx mori. Biochem Biophys Res Commun,
1983, 113(2): 562-568

Blaise C, Trottier S, Gagné F, et al. Immunocompetence of
bivalve hemocytes as evaluated by a miniaturized phagocytosis
assay. Environ Toxicol, 2002, 17(3): 160—-169

Cabell LA, Monahan MK, Anslyn EV. A competition assay for
determining glucose-6-phosphate concentration with a
tris-boronic acid receptor. Tetrahedron Lett, 1999, 40(44):
7753-7756

Chang CF, Chen HY, Su MS, et al. Immunomodulation by
dietary beta-1, 3-glucan in the brooders of the black tiger
shrimp Penaeus monodon. Fish Shellfish Immun, 2000,
10(6): 505-514

Gomez-Mendikute A, Cajaraville MP. Comparative effects of
cadmium, copper, paraquat and benzo[a]pyrene on the actin
cytoskeleton and production of reactive oxygen species
(ROS) in mussel haemocytes. Toxicol in vitro, 2003, 17
(5-6): 539-546

Guardiola FA, Cerezuela R, Meseguer J, et al. Modulation of the
immune parameters and expression of genes of gilthead
seabream (Sparus aurata L.) by dietary administration of
oxytetracycline. Aquaculture, 2012, 334-337: 51-57

Hoffmann JA, Kafatos FC, Janeway CA, et al. Phylogenetic
perspectives in innate immunity. Science, 1999, 284(5418):
1313-1318

Le Moullac G, Haffner P. Environmental factors affecting
immune responses in Crustacea. Aquaculture, 2000, 191(1-3):
121-131

Luengen AC, Friedman CS, Raimondi PT, et al. Evaluation of
mussel immune responses as indicators of contamination in
San Francisco Bay. Mar Environ Res, 2004, 57(3): 197-212

Monari S. Phylogeny and biogeography of pholadid bivalvebarnea
(Anchomasa) with considerations on the phylogeny of
Pholadoidea. Acta Palacontol Pol, 2009, 54(2): 315-335

Ren XY, Pan LQ, Wang L. Effect of florfenicol on selected
parameters of immune and antioxidant systems, and damage
indexes of juvenile Litopenaeus vannamei following oral
administration. Aquaculture, 2014, 432(34): 106-113

Rijkers GT, Van Oosterom R, Van Muiswinkel WB. The immune
system of cyprinid fish. Oxytetracycline and the regulation
of humoral immunity in carp (Cyprinus carpio). Vet
Immunol Immunopathol, 1981, 2(3): 281-290

Sun M, Li J, Gai CL, et al. Pharmacokinetics of difloxacin in
olive flounder Paralichthys olivaceus at two water
temperatures. J Vet Pharmacol Ther, 2014, 37(2): 186-191

Sun M, Li J, Zhai QQ, et al. Environmental fate and
pharmacokinetics of sulphamethazine in Fenneropenaeus
chinensis shrimp production systems after oral administration.
Aquaculture, 2015, 7(5): 1973-1977

Tumburu L, Shepard EF, Strand AE, et al. Effects of endosulfan
exposure and Taura Syndrome Virus infection on the
survival and molting of the marine penaeid shrimp,
Litopenaeus vannamei. Chemosphere, 2012, 86(9): 912-918

(%3 TRH4F)



1] T BRAE: T FF e X [ B X (Fenneropenaeus chinensi s)3E 4 5 14 G 48 i 44 119 52 i) 99

Effects of Sulfamethazine on the Non-Specific Immune Enzyme Activities
of Fenneropenaeus chinensis

SUN Ming'?, GE Qiangian'?, LI Jian>*", GE Hongxing'?,
ZHAI Qiangian®, ZHAO Fazhen’

(1. Fisheries College, Ocean University of China, Qingdao 266003; 2. Key Laboratory of Sustainable Development of Marine
Fisheries, Ministry of Agriculture, Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao
266071; 3. Laboratory for Marine Fisheries Science and Food Production Processes, Qingdao National Laboratory for Marine
Science and Technology, Qingdao  266071)

Abstract Shrimp production has been a well-developed pillar of the aquaculture industry in China.
Fenneropenaeus chinensis, one of highly valuable shrimp species, was mainly raised in the Bohai Sea and the
Yellow Sea in North China. Antimicrobials are most frequently applied during intensive aquacultures to
prevent or cope with disease outbreaks. However, antimicrobials may also have toxic effects on cultured
animals such as immunosuppression. To better understand the mechanisms, we measured activities of
superoxide dismutase (SOD), alkaline phosphatase (AKP), lysozyme (LZM), and phenoloxidase (PO) in serum
upon the treatment with sulfamethazine (SM,) at different concentrations. It was found that SM, significantly
enhanced SOD activity at 50 mg/kg, whereas inhibited SOD at 150 mg/kg. At 100 mg/kg, SM, first boosted
SOD activity in the first 2 days and then suppressed it from Day 3 of treatment compared to the control group.
Treated with 50 mg/kg SM,, the activity of AKP was inhibited from Day 2 of treatment till Day 2 after the
treatment, followed by a recovery to the control level. When the SM, concentration was 100 mg/kg, the AKP
activity was elevated to a peak value on Day 5 of the treatment and then dropped back to the control level. In
the treatment with 150 mg/kg SM,, AKP activity altered in the same pattern as the medium concentration group.
SM, had inhibitive effects on LZM at 50, 100, and 150 mg/kg. In spite of the concentrations of SM,, the PO
activity showed the same trend that it rose to a higher level than the control followed by a decrease. The
non-specific immunity was inhibited by SM, at 150 mg/kg. Therefore, the dosage of antibiotics should be
carefully evaluated to ensure healthy aquaculture of shrimp.

Key words Sulfamethazine; Fenneropenaeus chinensis; Non-specific immunity

D Corresponding author: LI Jian, E-mail: lijian@ysfri.ac.cn



