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1 MEHSIE

1.1 S, ERFAEERER

S FH BE SR8 £ 1 W T 0 BE e LR
i 5 F AL (LI AR AK K5, ™
B, W), STIR 0 [E] S A R K 3R A AR 4 it
ATIE VSR A0, 38 I 7% 5 4 R) AR R DA RS T R
WA X B AR BT R 15 d, i OB R fik
B LA BT S A DL Y S 5 £ 120 & [F 34K T &
(159.0+5.0) g], “FH 2120 KGEH T, B4
102, BAFRIEAKFEFFLS m K&K, FAKFRE
B, PRI RBEME I K — K o B SR K 56 Bl AL
SR, RA6NERE, XIRAL . fRn Lk
TR, A S% by, 30% 5, 13.76%3KH,
14.21%H K, 16.14% K, 13.78%%k i,
431%R A MR (A« EoKk=1: 1), 1.8%MR
AN %TREL, E IR LR R R 30.0%,
HUIEN76.0%" . 2)GAZL: FEREIA K +150 mg/kg H
TR IR CH B TR W A 7 5t 3 B I 25 R A R 2
Al)o LRI EL R EL M . BRIES .
K 2.5 mmZc A R DTHEBORL , UKL fRDRE XTI 7R
20 °CIKFH T IRAEE H
1.2 FEESEMHERIE

TEFRFE TR B RALME 3R (7:00, 11:00, 16:30),
FEIE 24 hFo S, PRUE KR i A K T 6 mg/L,
T KA 7K 5T 48 A, 57 5H 1 E] 7K i (28.0+3.0)
°C, pH7.2~7.8,

FRIESIE T, Ei24 h, SCEG £ kT ST LPS
(2.0 mg/kg; Escherichia coli O127:B8§; Sigma
Chemical Co.,St. Louis, MO, USA), 45l 7E 5 )5
0. 3. 6. 12, 24 48 hE# k=R I, £EH H A
KRG, #4100 mg/LI¥YMS-222(tricaine
methanesulfonate, Sigma, USA)UEATFREE, T/ %
FEG1 R A I o A IR B K AR B A R A B[R] R
LR, BN, RAETHRMAE S e
FH R A B3 i 1 A8 S0, B3 mL,
SrFERRIA2 mLW A, 1 mLA F i 40 i %k,
2 mLE .0 B I3 (2000xg, 4 °C, #.0>10 min),
53 B R 3% 4 CPRAE A5 I 1 3 8 5 o

1.3 1BFRNE

2L A0 T R I A0 T RO AT
B o 0 R SR RO S vk s VR . AR/

W, MR P ELEECAT,. SOD, MDA
K FH R R A B R A BR A |l R & AE
ACHS50% FH R BUBUAY 47 A 20 A 0

1.4 BURGHSHH

H¥iE 4 Excel 20104038 J5 , FHSPSS 19.0%k {4
P47 HE 52 I & 77 2293 HT (repeated measures ANOVA);
W22 S WA, R R R T 2 50 O [FR A
s [) ) 801 26 56 O R 4 sk Ab 2, 9 FH Duncan G 2
AT 225 BT, WEKTF N P<0.05,
JIr A7 5040 1 FH Excel 20 10f80A IR A

2 HEH

2.1 HEXBMOREREZRE. AEEEM
ACHS5089 2

2k 8JH IR IR, AR W mET
NI TS LPS S, I e Jo e 2 RS T v S AT
B, (ERE T STLPS 6 hiG, 21 20 Fi k) AR
2 Il H Jo P a2 b 2 i T LA B[] (P<0.05)
S0 A RN FR 2 22 [H] 25 R 1 35 (P>0.05), A
5 ISF ) 0L 2 B SO I B R 3 25 5 (P>0.05)
(P 1-a)o o FE 2 7R S 56 2 i % 3 G 5 o 4 S
LPSHY [ ZE K 2 e T e BT i s, (AR
AW (P>0.05), LU 248 him I 2K 7 w1
W AZ 3 1 B AT K, T R AT AL T A K
FE VE ST S5 0 20 U T W R M E S T R A
(P<0.05)(Kl1-b). Sy EARRL, I fa oA
ACHS0® feth e S G B s, d ot
24 hX} B8 41 1l 3% ACHS 07K -1k &2 3] 1 5 71 7K F
55 6 hXf FE A FIGAZH 1L % ACHS07K -4 34 2]
B EH(P<0.05), HGA4IACHS50% & & TXF
M4 2H (P<0.05); GAZ ACHS50/KEAEEST 548 h
i m o KF, H %3 & T4 84 (P<0.05)
(Il 1-c)o

22 HEXBMIHAM. B8N

TEDRMAN I H BE R , I T S LPS AT I ViR 41
i M B A S (P>0.05) . IV P AN i
B IR s T S LPS 5 S B S T R S T i A
#(P<0.05), FFFEESE3 . 6 ik B fIRMH,
BRI I RO BB A AR M B X RE T R
(P<0.05), 7ESF48 him, H B KR4 H T B4 A
2 45 B K 52 B PR (P<0.05)(1#12)
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Fig. 1 Effects of dietary GA levels on plasma cortisol (a), lysozyme (b) and ACHSO0 (c) of channel catfish

Data are expressed as means+SEM (n=6). Diverse low-case letters show significant differences (P < 0.05) in different dosage groups of each

sampling point in Duncan’s multiple range test. Significant differences (P < 0.05) between values obtained before and after infection are

marked by asterisks in t-tests, the same below
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Fig. 2 Effects of dietary GA levels on RBC (a) and WBC (b) of channel catfish
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Fig. 3 Effects of dietary GA levels on plasma AST (a) and ALT (b) of channel catfish
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2.0 mg/(kgfR BT &) ILPS 6 hf , I3 K s &5
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FNLPSI (14 Il 3% K ot e b i ] e, S 5 W
5%, RENE 51 28 B0 5 O S IV 19 LIPS FH 5]
e T RS, H X — 58 FF 2K i 5L Rk
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I3 Bz 7K - 7E3~6 hit FFh s, B AE A 5
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I 3% 3 VR B — P T A T Eh iR,
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ZW, MHRSKELSS, S5 0kNPRE .
PLRMBURFE LR . — BN Ry, 12 T il K
AR MR S S Re 7, SO AR E
T H RO PR YR8 B R S B (Carassius
auratus) L35 % B MEE . LPSEENS 15 T A L 3K
VA5 TR TG P L AR, R A e ) L T
A7 B AR LPS X A i 22 1R 1™, B I 5 3 1A
TP AT DA S804 ) B LPS I S 1Y S 5 N K
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Fig. 4 Effects of dietary GA levels on plasma SOD (a), CAT (b) and MDA (c) of channel catfish
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BRI AR, JFESOD
CATITE6~12 hy” A= W F A8k, UEH]2.0 mg/(kg
A5 ) 1 LPS BE A% 175 T BiE s, S Bl ™= A 4 92 7 9%
JRE,  HAE6~12 hilh BG4, 7E24~48 h
FEARRIE B IEH K- W E N 0.15 g/kg H
UK IR P AT R ek 35 FH LPS 5 3 & T 48 A5 A5 £k, 11
Tl LPSi75 3 1Y Ho 92 W 8 & A

SE M

[1] Cabello F C. Heavy use of prophylactic antibiotics in
aquaculture: A growing problem for human and animal
health and for the environment[J]. Environmental
Microbiology, 2006, 8(7): 1137-1144.

[2] Kong XF, WuGY,Liao Y P, et al. Effects of Chinese
herbal ultra-fine powder as a dietary additive on growth
performance, serum metabolites and intestinal health in
early-weaned piglets[J]. Livestock Science, 2007, 108(1-
3): 272-275.

[3] LiuB, Ge X P, XieJ, et al. Effects of anthraquinone
extract from Rheum officinale Bail on the physiological

responses and HSP70 gene expression of Megalobrama

[10]

(1]

[12]

amblycephala under Aeromonas hydrophila infection[J].
Fish & Shellfish Immunology, 2012, 32(1): 1-7.

Jiang G Z, Liu W B, Li G F, et al. Effects of different
dietary glycyrrhetinic acid (GA) levels on growth, body
composition and plasma biochemical index of juvenile
channel catfish, Ictalurus punctatus[J]. Aquaculture,
2012, 338-341: 167-171.

Chen C F, Chen X H, Kusuda R. Adjuvant effect of
glycyrrhizine in vaccines against bacterial septicemia in
mandarinfish, Siniperca chuatsi basilewsky[J]. Journal
of Huazhong Agricultural University, 2000, 19(3): 256-
260.

Chen X R, Mai K S, Zhang W B, et al. Effects of dietary
glycyrrhizin on growth and nonspecific immunity of
white shrimp, Litopenaeus vannameil[J]. Journal of the
World Aquaculture Society, 2010, 41(5): 665-674.

Sung M J, Davaatseren M, Kim W, ef al. Vitisin A
suppresses LPS-induced NO production by inhibiting
ERK, p38, and NF-kB activation in RAW 264.7 cells[J].
International Immunopharmacology, 2009, 9(3): 319-
323.

Engelsma M Y, Stet R J M, Schipper H, et al. Regulation
of interleukin 1 beta RNA expression in the common
carp, Cyprinus carpio L.[J]. Developmental &
Comparative Immunology, 2001, 25(3): 195-203.

Zou J, Secombes C J, Long S, ef al. Molecular
identification and expression analysis of tumor necrosis
factor in channel catfish (/ctalurus punctatus)[J].
Developmental & Comparative Immunology, 2003,
27(10): 845-858.

Weber T E, Small B C, Bosworth B G. Lipopoly-
saccharide regulates myostatin and MyoD independently
of an increase in plasma cortisol in channel catfish
(Ictalurus punctatus)[J]. Domestic Animal
Endocrinology, 2005, 28(1): 64-73.

IR, XSO, EXE s, 55 AR & A AR W7 H BT
R gt A THACEEE I KL B 2 M ).
K= 244, 2010, 34(7): 1129-1135.

Jiang G Z, Liu W B, Wang Y H, et al. Effects of dietary
protein to lipid ratio on growth, digestive enzyme
activities and muscle composition of juvenile channel
catfish (Ictalurus punctatus)[J]. Journal of Fisheries of
China, 2010, 34(7): 1129-1135 (in Chinese).

IR, RSOW, BEPHEE, &5 FRMRE A SR

http://www.scxuebao.cn



1374

Ko AR

40 %

[13]

[14]

[15]

[16]

[17]

(18]

[19]

RV A B R R R SR B 1% i A T A AL s s D],
KPR, 2012, 36(1): 115-123.

Jiang G Z, Liu W B, Liang D N, et al. Effects of
different dietary protein, lipid and digestible energy
levels on growth and body composition of juvenile
channel catfish(/ctalurus punctatus)[J]. Journal of
Fisheries of China, 2012, 36(1): 115-123 (in Chinese).
Davis K B, Griffin B R, Gray W L. Effect of dietary
cortisol on resistance of channel catfish to infection by
Ichthyopthirius multifiliis and channel catfish virus
disease[J]. Aquaculture, 2003, 218(1-4): 121-130.
Peterson B C, Small B C. Effects of fasting on
circulating IGF-binding proteins, glucose, and cortisol in
channel catfish (Ictalurus punctatus)[J]. Domestic
Animal Endocrinology, 2004, 26(3): 231-240.

Holland J W, Pottinger T G, Secombes C J.
Recombinant interleukin-1f activates the hypothalamic-
pituitary-interrenal axis in rainbow trout, Oncorhynchus
mykiss[J]. Journal of Endocrinology, 2002, 175(1): 261-
267.

FECHH, T7F, MRONGE, S5 H EORLR P00 0 1) S
FIAEF[I]. AKAEED AR, 2007, 31(5): 655-660.

Wang W B, Fang F, Lin X T, et al. The immunore-
gulative effects of liquorice extract on crucian[J]. Acta
Hydrobiologica Sinica, 2007, 31(5): 655-660 (in
Chinese).

Haug T, Kjuul A K, Stensvédg K, et al. Antibacterial
activity in four marine crustacean decapods[J]. Fish &
Shellfish Immunology, 2002, 12(5): 371-385.

Kurasawa T, Takada K, Ohno N, et al. Effects of murine
lysozyme on lipopolysaccharide-induced biological
activities[J]. FEMS Immunology & Medical
Microbiology, 1996, 13(4): 293-301.

Funk V A, Jones S R M, Kim E, et al. The effect of
vaccination and sea water entry on immunocompetence
and susceptibility to Kudoa thyrsites in Atlantic salmon
(Salmo salar L.)[J]. Fish & Shellfish Immunology, 2004,
17(4): 375-387.

http://www.scxuebao.cn

[20]

[21]

[22]

[23]

[24]

[25]

Wideman Jr R F, Erf G F, Chapman M E. Intravenous
endotoxin triggers pulmonary vasoconstriction and
pulmonary hypertension in broiler chickens[J]. Poultry
Science, 2001, 80(5): 647-655.

Wideman R F, Chapman M E, Wang W, et a/. Immune
modulation of the pulmonary hypertensive response to
bacterial lipopolysaccharide (endotoxin) in broilers[J].
Poultry Science, 2004, 83(4): 624-637.

Lun L M, Zhang S C, Liang Y J. Alanine
aminotransferase in amphioxus: Presence, localization
and up-regulation after acute lipopolysaccharide
exposure[J]. Journal of Biochemistry and Molecular
Biology, 2006, 39(5): 511-515.

I, 2EW, ATFE, & Sl SRR AR
S I IE BTG IG S AR RO RE A ). o K =R,
2010, 17(4): 798-806.

Han'Y Z, Jiang Z Q, Ren T J, et al. Effects of oxidized
fish oil blended with palm oil on antioxidant capacity
and histology of Japanese sea bass (Lateolabrax
maculates) juvenile[J]. Journal of Fishery Sciences of
China, 2010, 17(4): 798-806 (in Chinese).

PUESR, kiR, FREUE, MR MK NI, WKL,
H IR K BB IR T B R AR R[],
FEARBEE, 2001, 10(3): 191-193.

He J R, Zhang Y, Cheng J F, et al. Study of the
astragalus polyasccharide. general flavone. ferulic acid
glycyrrhetinic acid clean out oxy free radical[J]. Chinese
Journal of Aesthetic Medicine, 2001, 10(3): 191-193 (in
Chinese).

BEORAR, W, LR, 45, H B R X ] Sk i AR
K. MEWAR S BUE L D B i s (1], K 2k,
2014, 38(9): 1514-1521.

Cai D S, Jiang G Z, Wang L N, et al. Effects of dietary
glycyrrhetinic acid levels on growth performance, lipid
deposition and antioxidant capacity of blunt snout bream
(Megalobrama amblycephala)[J]. Journal of Fisheries of
China, 2014, 38(9): 1514-1521 (in Chinese).



9 4 TR, AF: H BN BRE £ SR S 6 I T I R T S T R SR R A 14 5 1375

Effect of glycyrrhetinic acid (GA) on the physiological responses and
immunoreactions of channel catfish (Ictalurus punctatus)
injection lipopolysaccharide (LPS)

JIANG Guangzhen, ZHOU Man, LI Xiangfei, ZHANG Dingdong, LIU Wenbin"

(Key Laboratory of Aquatic Nutrition and Feed Science of Jiangsu Province, College of Animal Science and Technology,
Nanjing Agricultural University, Nanjing 210095, China)

Abstract: Glycyrrhetinic acid (GA), which is a main active principal constituent of liquorice, is extensively used
as antibacterial and anti-inflammatory Chinese medicine. This study was carried out to evaluate the effects of GA
on the oxidative stress of Ictalurus punctatus injection lipopolysaccharide (LPS). The fish were randomly divided
into two groups: a control group (fed a standard diet) and a treatment group (standard diet supplemented with 0.15
mg/kg GA) and fed for 8 weeks. We then challenged the fish with LPS and recorded changes in red and white
blood cell counts (RBC and WBC), plasma cortisol, lysozyme, ACHS50, aspartate aminotransferase (AST), alanine
aminotransferase (ALT) and hepatic catalase (CAT), superoxide dismutase (SOD) and malondialdehyde (MDA)
for a period of 48 h. Supplementation with 0.15 g/kg GA significantly increased plasma lysozyme activity before
infection, plasma ACHS50 activity at 6 h after infection, WBC hepatic at 6 h after infection, CAT activity 24 h after
infection, hepatic SOD activity before and after infection. In addition, the supplemented group had decreased
levels of plasma AST and ALT activities 6 h after infection, hepatic CAT 3 h after infection, hepatic MDA 24 and
48 h after infection. Our results suggest that ingestion of a basal diet supplemented with 0.15 g/kg GA prevents
LPS-induced immunological challenges response by regulating key enzyme activities, and challenged with LPS
(2.0 mg/kg) affect physiological responses and immunoreactions of channel catfish.

Key words: Ictalurus punctatus; glycyrrhetinic acid; lipopolysaccharide; immunological stress; antioxidant
enzyme activity
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