I 241, 2024, 48(8): 089615

, [ 2ejs

2l s 2 ¢ Tl

JOURNAL OF FISHERIES OF CHINA ‘ =
DOI: 10.11964/jfc.20221113816 Sclahco.Prass

@

SRR AL &R RIS REL X A2 82RYE K RE
MENEEEN . FFREERNAERHEXERNS R

FRE4Y, KOk, = &Y, ¥ 9, #AkRE,
# X, EHR, RAOE"
(L7 REARNVEEBENEL R AR, T AEEEEMEEFRH A E L=,
I HRABRNWEEB K EAHT G, TR 510640;
2. TR R KR4, R BT 524088;
3TN RAERHEM R A IR AR, TR I 510640)

WE: AHRERARKNAWAR A I ARt e x gy & KM, RA K. m¥ £,
MANBEEE. AHEERBUR AR EEK . 50 3% BT SR E (22.02+£0.02) g
B8 450 B, BN 34N, BHIANEE, BNELAS50RE, 20 BH AN
AWK K 21.34% (1%, LC 41) 27.45%(% , HC 41) Fu 27.38%(74 A Arg, Arg 41) B 3 f#
THEARAE 8 A BRI T, GIRBEALE AR (LCA) 4, & Ak E Wik
(HC 41) B % & (K 4 & 88 3 = & (WGR). 42 £ K % (SGR) fn%& g it T A % (PDR), 1%
ZHEFECR)RE, HARA (Arg ) WA mE ZFHE KT FCR, £ ## %7 7 WGR. SGR.
PDR. 2@ M E M X EASE. 5§ LC AMIL, HC A M ¥ ffif i W — 8 (MDA) 4 &
o fFJUE AP B AR AL E F-o (TNF-0) XA B R ZF 75, WiE AN E S (T-AOC). LA
B¢ (POD). 4 fit H kit & 4. 4 86 (GSH-Px), VALK ATl POD. GSH-Px & M. JIE 5% B )% B2
7 B B # % B (PEPCK). # % # %% 2 & @ -2 (GLUT2). # W4 K B T (TGF-f) fn itk 5 &
B 70 (HSP70) X H KA BB E TR, M HKAFIERERT, RETRANES DA
Je A 4 A AT MR G o AR PR N Ap Arg By 47 BT DA 3R 33 98 4 MDA 8 4 & fr 3 58 T-AOC.
POD. GSH-Px #n# & 1k 47 4 ft. B (SOD) & M 5 3 58 T IiF o L A ML 8 /o 5 HC 2147 BHAH
bv, 48 B AR m Arg AR B 42 X R K B F & 4 -8 (IL-8). & ML -1 (IL-1P) fn
INF-o th )k & 8 £ BA%, Rk BF TGF-B. HSPT0 fudh ik 72 & & 90 (HSP90) £ B T %
i, Ry Arg ERIFIERE R MR B Z M. TR K, Arg @it F IR G &
X FEEE A% B UKD kR ZERK-1(RS-1). 5 5 BtAILEE-3 # 8 (P3K) fod &
¥e R4 A8 % 3£ B PEPCK. ] % 4%-6 % B B (GOP) fn /i Bl BR B8 (PK) Wi Rk RIE#H R & &
WEEfRRE SR, NTATARNFERH. L, BRAEHARTERETEN
AR B A RIE, WA Arg TR BRAMENE, ZMERE, RIATHERH

REERE: 88, BERB; EKMe; mAd; Ak, 2%
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B KA A T 4 £ 28 B B TC 5 ) s v
HEHREEN, WG RAEERTE, JFERER
TRDEFI A B K. SR, A 1950 ARAYRTSY
TAETF IR C 23R, K28t X i w As it
%, XAREIH P T 2R AN 2 AR
TEWFLEh YT, WA TR R R —,
H X Fh SRR b A R, FE R,
T W v ik KA ) DR BT 8 (Oncorhynchus
mykiss) 1N 82 6 (Anguilla anguilla) ¥ 5% Fl
WERG AP, 35 W AR HLARDRL A 8O3R5
DURRLAR, BRI T 3K AL & W7 fo )k vb /Y i
FHM, R P S DR R K A6 G R S T K P i
N 20%5, B R K AL & P K P FE AR
THEER | E A BRI, F2
A ZBNINE], AREE R RN, R A
J R A RE S I, R AT DGR i A
A IR 2 M 5 B K AL 5 W iR BHZS 5 28 A AE 1Y
TR IR R A2

KRR R RHE B R, 25
HEE B ANIR & R, K R B s
BrEARmERthE RS, WRAaREEED R
AR, ORI, K= e %
¢ BE 2% 22 8 [Channa maculata(Q)*C. argus(3)] )
AR, IR R 4238 S5 8L [Morone chrysops(9) %
M. saxatilis(3)) BRI BTRRCRE", WA
1 [Epinephelus fuscoguttatus(Q)*E. lanceolatus(3)]
B g 1M, $iEE B B (Pelteobagrus fulvidraco)
PrAEALTEEY, IR SR AR PTE . BORT AT
R, AR NI R G RIAE 7- 5], A
RIS 5 0 e W 28 03000, 1400 ) g i AR O A
MOBEAKSE FEXHFLS ML, B
A IR 2 RS 0 T 448 g o SR A,
1748 55 0 L 5 ) 00 A B M R a2
AIRIFFEHRIE s, G 2R T I 5 e i ) 2 A8
PR Sy T S ERES T

A ATy MFR 28 Ly et , 3 i 2 A
PEZ U RN, PRIA AR | B g A6 o
A58 R i 52 P 5 S5 AR e SR T I 7K 7 R B e
M i Rh 22— A i OB Y B P A
BEAE TR B S  RE , NATTEOR B 22 b fff T
iRt FER RO RR P E AR, AR
TERIE R O, SR, PR e )
Hhd i BB AL B W) 2 BOR ORI B4R Tk
FRRUASARAE B, 1003 e eyt e AR s . A
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B, ARWETE it TARER . R A e B A A R
ASIRE PR 55 3 Rl LB Rk A B R 2 52, IS
5 S O BB e K AL 0 TR A 2 52 8 A
PUEALRETT « S8 BN R 5 32 A5 530 B AH G 2k
PFRIB BRI, DU R &R A 28 SN T &
TRDAR A 7 S B R 4 0 i (3t R AR AT

1 MESIHE

1.1 SEIRAR

JITAT 1) ) ) S5 56 T A% 4 R 5 [ L 7. AR F
5 B i G 114 <2 56 Sl 4 4 BRIl P 8 e A I
BT o SR I E T R RN R 2= B sh R
SERRGEET UM, R ED SRR s ttifE. DA
iy, GO, EORE O EEER, KT,
i . BRSO BRI UR , Hede 1 BC] = Rh LA R
o KRR INEL 7308 0 g/kg (ARG 4,
LC 41, 21.34%), 0 g/kg (& kK 1k & ¥4,
HC 4, 27.45%) 1 6 ghkg (W @ R 41, Arg 4,
27.38%). TELRE &R R L-Arg, ZET0 ik, 4l
JE=98%, W A& L) EWRHEEARAR .
W AR & R GB/T 18246—2019 ¥EIIE!,

T B AT AL B K AL G (%) = 100%—HL 4 H
(%) —HLIE (%) K43 (%) —£F4E (%)

TR ERR R RTIT 60 H SRR, R 1 4
BHEC T L TRR E, SRIRAIE AN . Gl
BERRIHAIKIRS), FAMRSIE, SRAV/NERZ AL
il AR R A AR R (HR 58 R AL ILA TS2 B2 1k
By, KT AKRERH)E, & T-20°C K &H-
1.2 FEEE

S FH Z A il £ P A 1 ) TR O il AT FR
OEL, TR RA R BB o L H T 57
FESCH . AT IE RS A ] 57 5E M AE (2.5 mx
2.5 mx1.5m) SR 1B, BRI RA R i
SEmbiERE 2 k. R L ERYUR 24 h, FRE, B
PLERIE AAS (IR (22.02+0.02) g HY42
ZfEfa 450 B, CFHET 9 MAE (1.5 mx1.5 mx
1.5m), AR 1K 20 cm, ABOKIAAFR293 L,
SIS N 3, HHIAEE (M), MK
50 Bt o a 3 s iakl, KRS SR 8 JH .
B R AT HITE 08: 00 F1 16: 00 53 1R, A%
AR 5%~6%, SRIGZWIHINEME R, &
AE AR 8 P05 S R R e W i, R R SR I SE
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£1 SRANESREREAR (TE

Tab.1 Formulation and nutrient composition of

experimental diets(dry matter) %

Eikl 2035 groups

ingredients LC HC Arg
faf}  fish meal 35.00 35.00 35.00
HH1  soybean meal 28.00 20.00 20.00
FKEAHR  corn gluten meal 200 6.00 6.00
Tk wheat flour 1500 25.00 25.00
M fish oil 3.00 3.00 3.00
il soybean oil 3.00 3.00 3.00
fi# /g phospholipid oil 1.00 1.00 1.00
YA FKHUREL  vitamin premix” .00 1.00  1.00
WP FUEEL  mineral premix” 1.00  1.00 1.00
BERR —EHS  Ca(H,POy), 150  1.50  1.50
VCi§  vitamin C phosphate (35%) 0.10 0.10 0.10
SUALJEL  choline chloride 050  0.50  0.50
HEHERAM  sodium alginate 1.00  1.00  1.00
YR cellulose 790 190 130
LFEEE  L-Arg 0.00 0.00 0.60
it total 100.00 100.00 100.00
EF/KF  nutrients levels
/K4y moisture 757 781 8.5
FEE  crude protein 44.63 4433 4478
FRWT  crude lipid 822 797 8.07
K4y ash 934 954 932
AR K GG digestible carbohydrate 2134  27.45 27.38
MAE/(KI/g)  gross energy 1132 11.17 11.29

T 1) 4EERTURE, 4E4EF A 250010, 4E4EE By 1 mg, 4EE
% B, 6mg, 4E4E BoSmg, 44EEK C50mg, 4E4EEK D 2000 1U,
YEF ESOIU, 4i4EFK K1 mg, MR 1 mg, ME 10 mg, AHHH
1000 mg, £ 0.14 mg, D-IZFR¥5 20 mg. 2) V)i FURAL,
BRI 13 mg, BiEMEE 60 mg, BiERHE 32 mg, FRERH 7 mg, &
L4541 200 mg, WALHET 8 mg. SEEHMEHIERE BT, JRBURIAITE AL
WK EVIRIRE R 25 18.81. 35.57 il 14.59 k/git 5,

Notes: 1) vitamin premix, VA 2 500 IU, VB, 1mg, VB,6mg, VB
5mg, VC50mg, VD2000IU, VES50IU, VK1mg, folicacid
1 mg, nicotinic acid 10 mg, choline 1 000 mg, biotin 0.14 mg, D-
calcium pantothenate 20 mg. 2) mineral premix, FeSO4-H,0 13 mg,
ZnS0O,4-H,0 60 mg, MnSO,-H,0 32 mg, CuSO4-H,0 7 mg, NaCl 1 200
mg, KI 8 mg. Gross energy was calculated using energy equivalents
18.81, 35.57, and 14.59 kJ/g for protein, lipid and digestible
carbohydrate, respectively.

TGO . SEE I Rl K o 25~32 °C, pH 8.0, ¥
A 2 8 mg/L, EEVEEE/N T 0.1 mg/L.

1.3 HmXESHERNE

20 - ok g A N
KEEEUI UG R E>x100%

1R (WGR,  %)=(Z oK fa 1k 8 —) 1f A 1k
)G KT x100%

Tk R B (FCR)=HE B ) o) o B /(AR M MR
IR GREERUNGES)

R (PDR, %)=(Z& R A0k xR

R E K7 2: 2 E /) sponsored by China Society of Fisheries

B (SR, %)=

ERE N S Ry S L R RN IR YRR LN A R
Tk A >R % 1)< 100%

i 5 4 K% (SGR, %/d)=(In £ K 111 {& F —In
WG 0K FE)/FR 5 K A< 100%

FIa R RESKRRSME  FRFEE
W4 oK SRt A5 X 24 h, XA
BOMFPRE, 1% WGR. FCR, PDR. SGR f1 SR,
Wil Jo 1 D9 4 BE BIL I B 3 R fa B 20 °CIR A7,
FHF K D 4 fa 4R i 4y o f iR K 4y R O GB/T
64352014 3£ & . 10 R HL & (A R GB/T
6432 —2018 35 Wl & . fa f& ML K 43 R H GB/T
6438 —2007 35 Ml 52 . fa R ML g Wi >R A GB/T
6433—2006 K E

Fh @ R RES AR
WIEE G, BAMAEREYLR 8 Bk, RH
120 mg/L [ MS-222 ¥ R e AL B R 17 B bk
i, AR AHTEEE B MW, 3 500 r/min
B0 10 min, HIEIMIE, T-80 °C IKFEIRAFA
SR P4 IR g G 1 (TP) & 6, B I
P R R A (UN) & o, R 2 0 i p
(GLU), Hih=MEg (TG) FLEAHFEE (TC) & ht .

K RALBARE ) AT LA R,
SRAEIFNE . A IE A 2R, K R R R
HATAIE I B0 (2500 r/min, 10 min, 4 °C), WiE
VE AT IS VRS AT, SR TR R AR WA
R &, I A A fL I (SOD). 4 e H ik
i A ALY (GSH-Px). i %A (LY (POD). i
L& B (CAT) WM, SHiEARET) (T-A0C).
T (MDA) FUFBE IR & i, BT T 20 SR A
THEALA 89 7™ At 4 P ot s 1l A 0 T AR 5
A VBT,

% Bf % K& & & PCR (RT-PCR) 9 #7
R FHUEL RNA S 50U & (Rt v ME e AR ) R
A7 BRZA R $EECA 2E 8 JFE G RNA o R0t
O 2 (260 : 280 nm) T f RNA iy i /& o
RNA %% 5% 5 ¢cDNA (HiScript®ll RT SuperMix for
qPCR kit, B 50 i MEREAE MR I A IR A . SR
HI RT-PCR #17# iy 2% 18 5 43 7 (ChamQ Univer-
sal SYBQ qPCR Master Mix kit, QuantStudio™ Real-
Time PCR Instrument Applied Biosystems, 3% [¥ ),
TE NCBI (National Center for Biotechnology Informa-
tion) £ FX 4234 H i L K Y cDNA J¥ I, it
B rEs s, mATAY TR () BhA
FRA RSB . pactin fERNS K, R 2
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%lﬁ +

48

uL cDNA 5 04 pL b F #5149 . 10 yL ChamQ  ZFHFHE (P<0.05). 5 LC 41#HLL, HC 41 FCR 7+
Universal SYBR qPCR Master Mix (2x) il 7.2 uL # IR, Arg 4 FCR I 3 F#AIK (P<0.05), 7%
AUKIRA, BB 20 uLo WFRF: 95°C30s;  25ff SR 4% SCH 4 TC I % 2% 5 (P>0.05) (K 1)

95 °C, 3~10s; 60°C, 10~30s, 40 ME¥; 95
’ ’ ’ ’ . ’ 22 ERIARSEESH
°C 15s, 60°C60s, 95°C 15s., FPEEA 3N E =

AR 2-ANCT Jy v A N ik R, Zers it AR N 2 s, 5 LC A,
) . Arg 4 fa A A & & B E TS (P<0.05), HC 4
1.4 ARSI PB4 L0522 5 (P>0.05), ZLaciils ey

B SPSS 25.0 SEAHBAFIEAT RINETT 200 GURLAS G . IR SRR S BT B 22 5 (P>0.05).
BrL BTSRRI 4 2R RS . R s L
Duncan [k MAT£ T ILAE, HEspscimpy 23 MRERIERIA

PE, BT A SR g5 R 1 DP9 bR e R Fe A g i K AR AL SR AR AN A 3 s, 5 LC A
(meantSE) %75, P<0.05 /5255 B4 . HILL . HC LA Arg 41102 TP 4 it 5 % 71 5
) s (P<0.05), Z=35H8%52564H TC. TG F1 UN &G
- BEER (P>0.05),
2.1 HEKMEESH 24 EALIBRRST
5 LC 4k, HC 4l WGR, SGR #1 PDR T 2 ALY AL TG MRS PR AN 4 Frok, 5 LC
%, HHANEE, Arg4 WGR. SGR F1 PDR ZHAH L, HC 4 i 2% A AE MDA 7 & 3 T 5
25 600 - 20 b 0
- b |
y 20 . = 15E J_l:‘
2 ° 400
T3 9 X0 1L0F
L= 10k = ==
R 200 - =
s 0.5
I I I oLt I I o Lt I I
LC HC Arg LC HC Arg LC HC Arg
ENGEER] ENEER ENEER
different groups different groups different groups
(a) (b) ()
4~ 40 - b 100 - -
=) b = ] =
S 32 e F S 30 or
5 JE«JE a S 6ok
~ S
peiclels =800 % o
2 = & 4or
i
= 1+ e 10+ 20 L
I I I oLl I I oLt I I
LC HC Arg LC HC Arg LC HC Arg
ENGE:S] ENGER] ENGER
different groups different groups different groups
() (e) (®

1 FESEIG 4R AR X A 3T 8 4 K1 RE R F2 0T
LC. RBKAEMIE, HC. MK EMA, Arg FRRA: NFEFEERRZE R EE (P<0.05); T,
Fig. 1 Effect of different experimental groups of diets on the growth performance of C. maculata (?)xC. argus (3)
LC. low carbohydrate diet group, HC. high carbohydrate diet group, Arg. Arg group; values with different letter superscripts mean significant difference
(P<0.05); the same as below. .
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60F 4 a 2 25 - 20 - 15
20 B =
S 40k < %‘I‘%x 15 - v 10F — [
= = 15 =~ é 55
ol B K & T2
= 20+ o o N E 5k
s5h T
| | | | | | | | | 0 | | |
LC HC Arg LC HC Arg LC HC Arg LC HC Arg
KAL) 415 RFALH ENGDI
different groups different groups different groups different groups
() (b) () (d)
B2 TRESEILA AR I3 BRI B 57 B RN
Fig.2 Effect of different experimental groups of rations on the body composition of C. maculata (?)xC. argus (&)
40 - 25 3 1.0
b b _ E—Eﬁ%
a == == ] L — ~
sl S 20 — = S 08
E E 15 g 2r g 06
! & 20 :3\;1/ E :\nﬁ: E ‘E’ %
9 =10+ = & 04
7 1] =21 i
= 10 - = = 2
- 05 7 k02
I I I I I I I I I 0!
LC HC Arg LC HC Arg LC HC Arg LC HC Arg
R4 5 4L 45 L5
different groups different groups different groups different groups
(@) (b) (©) (d)

B3 ARIScILLA R 3282 M 3R A AR AR A AT

Fig.3 Effect of different experimental groups of diets on plasma biochemical indexes of C. maculata (?)xC. argus (3)

(P<0.05), {H5 HC 4AHLL, Arg 41/ IE MDA &%
I E FEAL (P<0.05). 5 LC Ak, HC HMpiA
T-AOC . Z K (P<0.05), 5 HC #HAHLL, Arg 4
718 T-AOC 2.3 T & (P<0.05). 5 HC 414 b,
Arg #IFIE CAT F1 SOD 3 1 i & T i (P<0.05),
5 LCA b, HC 4% POD i 1 W 3 F# K
(P<0.05), Arg 4P POD &7 B3 THEs (P<0.05).
5 LC4iMfitL, HC 41538 M GSH-Px i 74
FFRAK (P<0.05), {H5 HC 4L, Arg 4H ) iE A
JHFWE GSH-Px {if P .35 T+ (P<0.05).

2.5 IMEMPERIEFRD T

WK s s, 5 LC AL, HC A Arg 4H
AR S B & 2 5% (P>0.05),
26 BREZEESEBHEXEERIA

F=AC 18 1 I3 FE AR 5 10 P A OGS R Rk WK 6
fiin, 5 LC4HAHLL, HC 4H AKT HEN ki 0 i
25 (P>0.05), Arg 4l AKT IR Fik & 8 #F b
P (P<0.05). 5 LC 4iAfLL, HC ZH1 Arg 4 IRS-1
FNFR BT B EES (P>0.05), H5 HC 4iHtt,

[ K 722 2: 32 /5 sponsored by China Society of Fisheries

AKT LA F B FIH (P<0.05), 5 LCHAHLL,
HC 4 PB3K FEN Fik BT 0 &2 (P>0.05), Arg
2l PI3K F:H A B 3% L (P<0.05).

2.7 REREEXEERIENEME

ZR A BRI AR DG R R A I 7 s, 5
LC A, HC M Arg 40 GS RN £ AL
F ¥R (P>0.05), 5 LCHMIL, HC 4 PEPCK
Fe PR 3k i 8 3 R M (P<0.05), Arg 4 PEPCK %
NFEAE R FH (P<0.05), 5 HC 4tftk, PEPCK
FRF kB F L (P<0.05), 5 LCHMILL,
HC 41 G6P S&[H 33k i 0 i 3 25 5% (P>0.05), Arg
41 GoP [N ik i 2 5% (P>0.05), HY
HCZH A I, ArgfH GoP 3N £ ik B & 4
(P<0.05). 5 LCZ4 AL, HC4LM Arg 4 GoP %
AL R F LS (P>0.05), {H5 HC 4L,
Arg ] GoP FEF ik & i 3 L (P<0.05), 5 LC
A, HCYl PKEHRIX BT E H X7 (P>
0.05), Arg 4l PK BN F ik & B # 1 (P<0.05),
5 LCHAM, HC M Arg 4 GK FHFE LT
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= Ifi%  plasma g = ¥ plasma — 0 %% plasma
= 6. .= WiE  intestinal & 4. = i intestinal § 250 . = WyiE  intestinal
g e JIE  liver %D e fHE  liver & 25 e T liver
: b £, 2 20
P o
E S J100
= = 1 ﬂW’
X S S s
1 & 0 & 0
=
K LC HC Arg & LC HC Arg ) LC HC Arg
AN el 453 = AR L3 AR 2L
different groups different groups different groups
(a) (b) ©
g [ ﬁ%ﬂg plasma . [ %ﬂg plasma g [ ﬁﬁﬁlﬁg plasma
o = JIiE  intestinal 3 = JIfiE  intestinal S = JIfiE  intestinal
@ 430 rem Bl Tiver b B 20rm i iver E 500 m I liver
s 1z £,
25130 = S0
= 2100 = ®
X 9 £ i
S 10 = =
> ¥ E
¥ ] =
5 EN RG] ENGEER] & ENGEER]
different groups different groups different groups
(d) (e) ®
Bl 4 FESLIEFARIT IR A WIRIRAIF

Fig. 4 Effect of different experimental groups of diets on antioxidant index of C. maculata (?)xC. argus (3)

Values with different letter superscripts from the same compound mean significant difference between different groups (P<0.05), the same below.

15~ _I_ 5000 -
a ™ = = 4000
= 10} *} o 9 =
g o £ 8 3000 =
£3 £3,
@ s i § 000 -
= B2 1000}

| | | O | | |
LC HC Arg LC HC Arg
ENEER ENEEERi]
different groups different groups
(a) (b)

5 N[EISEILA AR XY 3T 8 M 4E K HE IR B #2E
Fig. 5 Effect of different experimental groups of
diets on blood glucose and glycogen of
C. maculata (?)xC. argus (3)

BEES (P>0.05), 5 LCAHMI, HC 4 GLUT2
N Rk W E K (P<0.05), Arg 4l GLUT2 %

PRI 3A 1 0 i 35 25 7 (P>0.05),

2.8 REHXERRE

A A PR R FE I R IB B 8 o, 5
LC 4L, HC 41H0 Arg 41 IL-8 RN £ A= LR
225 (P>0.05), {15 HC 4, Arg 41 [L-8 3
A B E M (P<0.05), 5 LC4HI, HC
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O S EEEB AKT
[0 J R R ZARRA-1 IRS-1
B WENIRNEUURE-3 W PIBK

2.5
©
520}
TE
Xz 15
< 8 .
W a a a
— 5 1.0
< (o]
gz
505
I
HC Arg
ENGE:RE]

different groups
6 AEISLIAFRINRZEBREDRES B
AR ERFEFRIERF N
Fig. 6 Effect of different experimental groups of
diets on the expression of genes related to

insulin signaling pathway in C. maculata (?)xC. argus (3)

U Arg 2 IL-1p FERFRIA T W E 2557 (P>0.05),
B HC ML, Arg 4 IL-1p 3N FER B E R
M (P<0.05), 5 LC#4#HI, HC 4 TNF-a B:H %
E B EH (P<0.05), Arg 4 TNF-a 3 [H 3k
B FH 25 (P>0.05), H5 HC 4L, Arg4d
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1.5~ 4 3~ b
1] = -
1.0 - 2+
O ab
3 5 a
05| i m
0 L ! ! 0! 0Ll ! !
LC HC Arg LC HC Arg LC HC Arg
KA KA KA
different groups different groups different groups
(a) (b) ()
8 - 2.0~ L5~
b — ab
6 1.5k a
Ea o 1.0 - %
<4l REUS S
Cosl
2L a 0.5+
a
LC HC Arg LC HC Arg LC HC Arg
R RS R
different groups different groups different groups
(d) (e) )

7 AEISEIRLATARRRT A AT EEHE NS HE X B E RIAR A

Fig. 7 Effect of different experimental groups of diets on the expression of genes related to

sugar metabolism in C. maculata (?)xC. argus (&)
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Fig. 8 Effect of different experimental groups of diets on the expression of immune-related genes in
C. maculata (?)xC. argus (3)
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Effects of high carbohydrate diets supplemented with
arginine on growth performance, antioxidant activity, immune response and
genes related to glucose metabolism in
hybrid snakehead [Channa maculata (9)xC. argus (5)]

LI Peijia’, CHENBing', LIMin'? ~PENGKai', HU Junru',
HUANG Wen '°, CAO Junming’>, ZHAO Hongxia "

(1. Collaborative Innovation Center of Aquatic Sciences, Guangdong Key Laboratory of Animal Breeding and Nutrition,
Institute of Animal Science, Guangdong Academy of Agricultural Sciences, Guangzhou 510640, China;
2. College of Fisheries, Guangdong Ocean University, Zhanjiang 524088, China;
3. Guangzhou Fishtech Biotechnology Co., Ltd., Guangzhou 510640, China)

Abstract: This experiment investigated the effects of high carbohydrate diets supplemented with arginine on
growth performance, body composition, plasma biochemistry, antioxidant activity, glucose metabolism and
immune-related genes in juvenile hybrid snakehead [Channa maculata (2)xC. argus (3)]. The 450 hybrid snake-
head with initial body weight of (22.02+0.02) g were randomly divided into three groups with three replicates of
50 fishes each and fed three experimental diets with carbohydrate levels of 21.34%, 27.45% and 27.38%, respect-
ively, and were recorded as LC, HC and Arg groups for eight weeks. The results showed that compared with low-
carbohydrate diet (LC group), high-carbohydrate diet (HC group) significantly decreased the weight gain rate
(WGR), specific growth rate (SGR), and protein deposition rate (PDR), and increased the feed ratio (FCR). The
addition of arginine group (Arg group) significantly decreased FCR. Significantly improved the WGR, SGR, PDR,
whole fish plasma protein and crude protein content. Compared with the LC group, the plasma and liver malondi-
aldehyde (MDA) content and liver tumor necrosis factor-a (TNF-a) expression were significantly increased in the
HC group. Intestinal total antioxidant capacity (T-AOC) and peroxidase (POD) and glutathione peroxidase (GSH-
Px) and liver POD and GSH-Px activity, hepatic phosphoenolpyruvate carboxylase (PEPCK), glucose transporter
protein-2 (GLUT-2), transforming growth factor (TGF-f) and heat shock protein 70 (HSP70) gene expression
quantity dropped significantly. Oxidative stress and liver inflammation suggested liver disease in hybrid snake-
head fed a high carbohydrate diet. Feeding the diet supplemented with Arg could enhance the antioxidant capacity
of the liver by reducing the content of MDA and strengthening the activities of T-AOC, POD, GSH-Px and super-
oxide dismutase (SOD). Compared with the HC group, the expressions of pro-inflammatory factors interleukin-8
(IL-8), interleukin-1p (/L-1p) and tumor necrosis factor-o (TNF-a) were significantly decreased, and the expres-
sions of anti-inflammatory factors TGF-f, HSP70 and heat shock protein 90 (HSP90) were significantly increased
in C. maculata (?)xC. argus (3) fed with Arg diet. These results suggest the liver inflammatory response was
relieved after dietary supplementation with Arg. Studies have shown that, Arg promoted insulin production and
glycogenolysis by up-regulating the expression of insulin-related genes protein kinase B (4K7), insulin receptor
subset-1 (/RS-1) and phosphatidylinositol-3 kinase (P/3K) and glucose metabolism-related genes PEPCK, glucose-
6 phosphatase (G6P) and pyruvate kinase (PK) in the liver. Thus, it regulates hepatic glucose metabolism in fish.
In conclusion, a high carbohydrate (HC group) diet induced oxidative stress and inflammation in C. maculata
()xC. argus (3), while Arg supplementation enhanced antioxidant activity, alleviated inflammation, and pro-
moted glucose metabolism.

Key words: Channa maculata (?)*C. argus (3); arginine; growth performance; plasma biochemistry; antioxid-
ant; immunity
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