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KAESE SR SRR BIHT R E  IWREEFESEEEARKEE IR MG 2640006)

HWE  hFH R AR (Arg)x B H T oA % (SBMIE) t ¥ [k F & (Sebastes schlegelii) % & £ &
Arg R, WA A&, AN . i B ¥ EEE A LB (occludin, clndl5 #1 zo-1) KK JE B
FREG-1p. -8, il-15 Fn tIr8)Fndf % B TR H (il-12b)k A B W, LL(54.97£0.12) g 5 S W
SBMIE #y i 5 F &4 4 #F 58 3 4, ZEab B 7 i Am 30% 81, DL Arg 0 7 Am o 4 B 41(DO0), 7 Am 1%,
2%7%1 3% Arg AL FE4 (D1, D2 #2 D3), F#l 4 HEAEHGTHARN, F43NELE, FHMEL
40 B, AT HH 6 BN RFALH, R Er, D2 fn D3 41525 # 3 F £ § 2 75 (P<0.05), &4
AR LA R L B E KT DO 41, B E R E ST DO 4A(P<0.05); 43 4 ik = A B
(DAO). 1% 3 & —F b &4 KEE(NOS)TE K — F M ANO) & & B ¥ 1% (P<0.05), D2 #1 D3 4 &
— &AL A A R B (T-NOS) E 1 B 2 I %(P<0.05); Arg B 35 T S0 f ¥ 4 B & £ (P<0.05); 4
U AT EL R BE R, U D2 A& E(P<0.05), D2 A1 D3 4H _EAERFHRIK
(P<0.05); #HH.% DO 41, %43 4 occludin mRNA #Ixt£K &R % L, D2 4 clndl5 F1 D1 4
zo-1 mRNA #3tk k& T % Fif(P<0.05); 43 4 ff38 il-18. il-15 F7 tlr8§ mRNA At XK B R E T
¥, il-12b mRNA #xt %k &2 #F FiH(P<0.05), % LAk, EARILHAMET, &I WA+ R
Arg #6 B F# 5 SBMIE-F KTty £ KMt fndn &L d, %% Arg R A 844, i
MrE R rEgEEa ik EFEEENERAE, TRAXERFEEAMENRAE, Arg Q%K E) T
K-F# SBMIE A H B Z A, KR A Arg 52 SBMIE ByALHI 4R 68 T B K4 .
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2016) . T8 (Oncorhynchus mykiss)(Merrifield et al,
2009) %5 0 A B HRGE T R A AR R R
IR B KA o SR ORI 2R g B A3 s, $e
HAEEDR AR, Gu 58 (2017)50F T A 2 e . K
SRR YRk 2 TR AE M 18 1852 J7 T R AE FH - K
R (Arginine, Arg)fEfZRAY TR A IEMR, NJE—F
Rt A AR, AU S5E A BHEE S R
i, WIREAMRE . REAR . IR . ZH—2AE
(NOYAE A= Wis MW BRI R O 24145, 2006), =5
BURAA | g Wil Bel . N4 WA 55 Z A 4y,
TE G2 U8 5 SRR RO A i 18 B 45 48 RN D e 45
i %5 5 B I (Wang et al, 2009). 76 5 & (£ B4,
2015) 17k K ffi(Cheng et al, 2011; Jiang et al, 2015)
PIGE T Arg AR T 5 1B R . BRIGr I
(2017) B K K% 3% Bl (Ctenopharyngodon idella)l% i %
FEE AR A B0, Arg REAR 5L £ 200 i [B] 5 %% i e A 1 A
B Ik Jiang %5 (2015)%F &8 (Cyprinus carpiovar.
Jian) YRS R B, Arg REGETA 1 i 2 WA 2 10 W 18 2 0E
JNE, A S Rk, ARSI R I FiYERE, B
YEFIBL AT R

VI QT fif (Sebastes  schlegelii) 2 38 At T W 46
ST RN G ) BRAR AR 2R (A L AE, 2019), 1R
WEMETTAIE, KX ahTRE S, SMSEEY
B I S N 5 500 W R . A B 5 I I AT SR 0
W TVl R0 & A, 5250 0 3 o B0 26 A6 4
BE R AN . AHMAZHESN ZE AL . AR A i G
5% SBMIE (Mt AR o BT LA B S, AT LI
T S B 2 ROV TGF- Bl [(54.97£0.12) g MBS
X4, MWAEKMERE. Arg U, mEHLGH . B
BIER T U (occludin, clndl5 F zo-1), RAENH
FIEH(G-1B. il-8. il-15 F tr&)FHL R K FFH
(il-12b) iK% 2 7 T Arg XF AR R MBS
YER SCHHLEE, DIWIh Arg 440 251508 fd 5 J7 it
) A R 2 AR s, A R AR B vt
AR GRS R S VAR e
1 MREE5A=E
1.1 eIt

DLE R . SRS 2R o EEE EE, Al
FEAGHIIR, Arg 0 BN *T BE4H(DO), Arg (L2,
aiRE 98%, iR s KA AL R A R EDE I 1%
2%F1 3% MALBZH (D1, D2 #1 D3), FHAHZABR DL &,

4i)E 98%, LifEA sEARAAURIECA BRAY R ECF- 1
SR IR, BL 4 45 RAERERY LR R,

BCT7 . E RS AR Arg SSE UL 1.
R1 EANEFREFREMN

Tab.l Composition and nutrient levels of the
experimental diets/%

JEURE 21 5| Groups

Ingredients DO D1 D2 D3
[} White fish meal 28.00 28.00 28.00 28.00
M1 Soybean meal 30.00 30.00 30.00 30.00
1% 4E 14 Casein 16.00 16.00 16.00 16.00
Y& MR Arginine 0 1.00 2.00 3.00
H4 R Glycine 3.00 2.00 1.00 0
ek Wheat gluten 240 240 240 240
A-JEH} a-Starch 8.00 8.00 8.00 8.00
#4131 Fish oil 8.00 8.00 8.00 8.00

A EWIRAF Vitamin premix  1.00 1.00  1.00  1.00
YRR Mineral premix ~ 1.00  1.00  1.00 1.00

3708 Betaine 1.00 1.00 1.00 1.00
KEHI#ENE Soybean lecithin 1.00 1.00 1.00 1.00
S44L BB, Choline chloride 0.50 0.50 0.50 0.50
B Antioxidant 0.10  0.10 0.10 0.10
&1t Total 100.00 100.00 100.00 100.00
B 40 i Nutrient composition
HL#E 1 Crude protein 52.11 52.16 52.32 52.15
ML Crude lipid 11.41 1137 11.22 11.52
HMLJKA3 Crude ash 10.84 10.78 10.74 11.01
fit & Energy kl/g 19.97 19.99 19.97 20.60
K& R Arginine 280 3.80 483 5.82

TE: dEAE R BRI 4 5 BRI 7 20 L2 7% 5C
HROLEETE AR, 2022).

Note: Same contents of vitamin premix and mineral
premix as reference (Shen et al, 2022).

12 LM EEAFEE

FRFE LI AE LR AR IV B U5 S IR A 9T B (R )
TR0 B M 2 (R) A K e AT, S0 R TGP il [
BRFEBKEHARAA, B E—# K5 KF
fil, FSLHBEE 30%. 40%F01 50%A0 SRR NG, 4
WITSCE0 RS 14, 21 F1 28 KEURE, WL I8 fY R AE
FEEE, LUITA BE S 25 H BHBH S 1 I 38 98 i A A v R o
SRR I X7 5 R, 5 5 S0 B Al T 40% 8
TR IR 28 d, i S GHBA R B & A BRI
AT, Pk 480 WA (initial body weight, IBW) K
(54.97+ 1.12) g. C#:I5 T H 2R R B91F IGF-fil,
BEDLAT N 4 4, B4 3 4AEE, B ER 40 B,
BEHLE T 12 /> F il A (60 cmx60 cmx90 cm) 1, &
EII AT 6 JB, AR EMT(08:00 Fl 17:00)7E i HME
2 W, VIR E IR A 1%, AR O
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PR 0 SR AE £ B0 R A IR K S IR ) ) 4K
TEIIEIEHTK, #H7KIE R 18~22 °C, pH El 7.6~8.2,
WE>6 mg/L, AWML <0.05 mg/L, JEhE
JEIA R B AROE R

13 #m%

TG LER G A 24 h, SAAITTEORR R R E
(final body weight, FBW). HfiRHLIL 10 A, FREF
JE M AR AT, EFCRINE 732 NIE, A EAE
BITERENEE . MET 4 CHE 4 h FEL
(4 000 r/min, 10 min), MIFRAT-20 C, HTEHE
PE AR =20 5 o FEAREL 3 BfadhE s, A FEERK
A1 5 B (2500 t/min, 10 min), FIEWARTE T
=20 °C, HITFREEPEDE . FEARI 3 5 1%(0.8 cm)
[#E T Bouin’s 1, 24 h B3 70% P+, 4
WK, BB R s, ST A RSy A
(BB 7.0 pm), HE Je0)5, HHMIREF, &
5 3% R 4 (LEICAICCS0HD) FWLEL I 4A IR . A4 HL
6 Bl cm) TRAT, B E-80 CUkAi1-A7F,
FH 3 R 235 10 7

14 HEAKXESZLF*

14 5 % (weight gain rate, WGR, %)=[FBW(g)—
IBW (g)]*100/TBW(g);

JIFA H (hepatosomatic index, HSI, %)=T i i &
(g)*100/FBW(g);

JIEAA L (viscerosomatic index, VSI, %)= i i &
(g)<100/FBW(g);

A i & (condition factor, CF)=FBW(g)x100/{&:
(cm)’;

1715 % (survival rate, SR, %)=Hi% FE£>100/4
AL

Tl R A 1 R LG E 7% (GB/T 6432-2006)11

=2

E 5 R TR 2 K427 (GB/T 6433-2006) 7 ;
FLK 43K 550 ‘C 2k B 1:(GB/T 6438-2007)i%E ; /i
kE Arg 1 FH 2 M 43§/ (HITACHI L-8900)l i .

i 18 S BT & K BE T (total antioxidant capacity,
T-AOC). N _[E¥(malondialdehyde, MDA) & 4F, ML
WS AL B (diamine oxidase, DAO) ., M—%A L& A
(T-NOS) . S —F L& A #GNOS) G M M —% 1k
ZA(NO) 7 ¥4k F g w2 s i 2B ) T AR 53 il 7
ME

1.5 LRI E= PCR &M

fift L AR R B BE AR W R A B A W R &
(SPARKeasy Improved Tissue/Cell RNA Kit)i/£17.54 RNA
HLHL, NanoDrop®2000 (Thermo Fisher Scientific, 3&[H)
Rl RNA HeRE S ARE , 1%E iR EE I kA RNA
SEENE K FE 2 V5 YLt 0 , ] SPARK script 11 RT Plus
Kit (with gDNA Eraser) X % 5 i 7 & & bR 2 H 4l
DNA I % 5 i, cDNA. f#f 2x SYBR Green qPCR
Mix (with ROX)i#(TSEAT#EEE = PCR (LightCycler”
480 ) #r . LIBHEIREE A L17 (rpl17) NS, HHR
27N B SR A SRk, BIYIR AL 2.

1.6 HESIT

BT A $diR F SPSS 18.0 147 B 2 7 2243 #T (one-
way ANOVA), il Duncan’s #; 8172 5 4%, P<0.05
INKNZESWE, P>0.05 NN ZESF AR E . G EUE L
S {E hR HE TR (Mean=SE) £ 7 o

2 #R
21 FEEEY SBMIE-if K T4 Kk fn k15
KRB0

2 3 Al 0L, Arg X} SBMIE-i/ [ F-fil 4= KM g

VR FhfpEEXERS M F 5

Tab.2 Sequence of primers for gut related genes of S. schlegelii

FL K & B Gene names

1E [ 5[4 Forward primer (5'~3")

181514 Reverse primer (5'~3")

rpll7 AGGCGACGCACCTACCG CCTCTGGTTTGGGGACGA
occludin ACACCACAGGAGGAGAAACG CTCTAAGGTCGGCATCAAATT
clndl5 TGCCGAACCGTTACTGGA CGAATCCGTCGCACAAGA
zo-1 AACGCCGCAACAAAAGA TGGCGGGGAAAGGATT

il-18 TGGTTTCCCACGACTTCAC TTTCGGTCACCAGGCTCT
1L-8 CTTATGGGACCCTGTTTGCT TTCTTTAATCCACCCCTCGT
il-12b CTCTGGCATCCTTATCAGTTCA GTCTTGGTTGCTGGCGTAG
il-15 CGCCTACAATACAACTAAAGAGC AGATGACGGAGCATACAGCA
trs ACGTGATCGTGCTGCTGA CCAAAACCAAGGCTCTGC
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KIEARFE bR EAT B 25200 . D2 A1 D3 2117 FCAF- il 19
AR A AR S 5 T DO 41(P<0.05), D1 415 HA
K20 2% R 1B 2#(P>0.05); D1. D2 1 D3 4K
FIEAA F 35 5 2% T DO 2H(P<0.05); D2 ZH HE i 2 i
ZE T HAb 4 4(P<0.05), DI #1 D3 &= T DO
ZH(P<0.05); £ 2H [HIAFTE %622 78 i 3% (P>0.05).

2.2 BRI SBMIE-iF K Tt i % 5 S B X 1548
X B R M R AR 15 7 A 2

2% 4 A] UL, 750 Arg 1945 21T IGF- il 1L 7 DAO
WPE. NO & K INOS %P W F LT Do 4
(P<0.05), #5AbBRLH 7] JC i 1 22 5+:(P>0.05); D2 Al
D3 4 IliLiE T-NOS ik i F{L T DO £1(P<0.05), DI
2 55 A A% 20 [H) G 2P 25 5 (P>0.05) .

2.3 FEEERXT SBMIE-¥F K T 8718 H A L5 #500

r 2 5 a0, 25 4b B ) 45 BE R H AN L2 R B G
B EME2ZF(P>0.05), N Arg 44, SR

&3 HEEEMX SBMIE-1F K T & K e AR IR IR

F T DO 4(P<0.05), LA D2 4H&, D3 415 DI,
D2 7GR EME 2 5(P>0.05), & 1AL, DO W
BRI Z 2 Wi, FEAJEETEIE 1-1), PR MEL
SO, AR ) HR AR R AR TR R, HES)
AEL & 1-5), B Arg B84, Tl B S # 52
B, EAJEE (R 1-3) MRS 2 4 B R 2
H(E 1-2~4), HEER E AT S, AN
W HSEHES T4 b T AR (A 1-6~8)

24 FEEHBY SBMIE-FKTEtizER LR
0

6 L, A4 7 IE T-AOC B3 T DO
41 (P<0.05), D2 41 % T H 45 41 (P<0.05), D1
D3 4 5% B 25 A B E(P>0.05); MiH Arg I
T T, T MDA 55 i 5L RS T a3
D2 il D3 4 WK T DO £ (P<0.05), D1 #H5 HAh4%
2 R A2 (P>0.05),

A

Tab.3 Effects of arginine on growth performance and body indexes of SBMIE-S. schlegelii

Y= 2 5] Groups

Items DO D1 D2 D3
WITRE IBW/g 54.90+0.03 54.92+0.01 54.93+0.05 54.99+0.03
KIKE FBW/g 81.51+0.39° 83.18+0.67% 84.94+0.41° 83.97+0.16°
HE R WGR/% 48.43+0.81° 51.47+1.25% 54.65+0.81° 52.68+0.44°
JHFA L HST/% 4.08+0.06° 3.45+0.11° 3.30+0.10° 3.40+0.04°
N L VST/% 10.39+0.22° 9.56+0.08" 9.29+0.07" 9.33+0.12°
e B CF 2.45+0.03° 3.24+0.10° 3.65+0.07° 3.30+0.05"
5% SR/% 98.33+0.83 98.33+0.83 98.33+1.67 98.33+1.67

T R RATIE bR AR R /ING S b s D05 B3R R 22 5 R L35 (P>0.05), ANIRI/ING S REFR 7R 22 53 1 35 (P<0.05), R,

Note: In the same row, data with same small letter superscripts or no letter superscripts mean no significant differences

(P>0.05). Different small letter superscripts mean significant differences (P<0.05). The same below.

&4 FEEEEX SBMIE-1F K F i 1 7 15 SER U548 X BE S 1 R R = M B9 2

Tab.4 Effects of arginine on metabolism-related enzymes and arginine metabolites of SBMIE-S. schlegelii

i H 2H %) Groups

Items DO D1 D2 D3
— A ALRE DAO/(U/L) 122.80+6.33° 92.66+3.13° 96.61+3.70° 97.78+6.43%
— &1L % NO/(umol/L) 27.02+1.59° 18.39+0.91* 19.09+2.35% 18.56+2.80%
S — S A A U T-NOS/(U/mL) 21.21+0.78° 19.34+0.57% 18.86+0.70° 17.41+0.31°
PG — R AL A A B iNOS/(U/mL) 15.77+0.77° 11.88+1.22° 11.62+0.63° 11.29£0.19°

R 5 FBREX SBMIE-IF K F & 738 A R E 1 00
Tab.5 Effects of arginine on intestinal structure of SBMIE-S. schlegelii

i H 2} 5] Groups

Items DO D1 D2 D3
425 %0 H Duplicature number 25.67+0.33 26.33+0.67 27.33+1.20 26.33+1.20
4B BF Duplicature height/um 295.22+13.15° 414.05+8.04° 505.72426.57° 468.47+23.77%
WUZEJE Muscle thickness/pum 97.32+5.14 97.87+3.01 93.42+8.31 87.68+5.47
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Kl 1 SBMIE-V/F [ F-fil 7 18 41 21 4544
Fig.1 Intestinal structure of SBMIE-S. schlegelii

Bl 1~4 235003 40<F DO, DI, D2, D3 415280 fhfij B8R 25K s 5~8 735U 400xF DO, DI, D2, D3
WIS 1, 2, 4 PEEKPUREA 2698, 5 TPk B MOk g i 4o 5 .
1~4 represent the overall structure of intestinal tract under 40x in group DO, D1, D2, and D3, respectively; 5~8 represent the

intestinal fold structure under 400% in group DO, D1, D2 and D3, respectively. The arrows in figure 1, 2 and 4 indicated lamina
propria widening, while the arrows in figure 5 show an increase in goblet cells.

R 6 HEEEX SBMIE-IF KTl f7iE i SN BRI
Tab.6  Effects of arginine on intestinal antioxidant capacity of SBMIE-S. schlegelii

i H 203}l Groups

Items DO D1 D2 D3
M EALEE ST T-AOC /(mmol/g prot) 42.65+0.93° 46.44+0.51° 50.56+1.17¢ 45.75+0.53"
P Z % MDA /(nmol/mg prot) 1.68+0.10° 1.454+0.05 1.15+0.10° 1.32+0.11°

25 fREBx SBMIE-FRFHMFERXBEZER  AREP>0.05); DI 4l zo-1 mRNA HIXRAL W2
ERRIZEHFM T A 45 41(P<0.05), D2 il D3 415 DO 4127 A
HIE 2 WL, ARECT DO 41, WRIN Arg 942 3 (P>0.05).

occludin mRNA FiX 51k 5E 2% 8 (P<0.05), D1 f1 2.6 FEREX SBMIE-¥F K ¥ & 718 K i B F 4T

D3 415 % TAHE DO 41(P<0.05), D2 4145 HiAh% REFEEFREEMZ M
AT H I 5 (P>0.05); D2 413 =T DO Ml DI HIE 3 ATOL, BN Arg £ 4LVFECF-illiAsE i-1p

ZH(P<0.05), D1 F1 D3 #H clnd15 mRNA HH¥}FiAH 5 mRNA A2k FiE, D1 il D2 483K T Do 4
DO 4125 A .3 (P>0.05), D3 415 DO fil D2 41 2% 5 (P<0.05), D3 &5 HA44H 0] T 2 3 25 7 (P>0.05);

~
1 Lse occludin B cindl5 . E s . zo-1
X5 s ow A W Zis Qg
agBg b A b a a2 b b
®Z S10F = E & © ™2 10
Egé S EEw c =8 b
5% s £
> =l L 5= <
%E.éo.S E§§0-5 %% 0.5
RS ) a
3 2 E 0 "E s 0 . . . T e 0
s 5 =
g D0 DI D2 D3 O DO DI D2 D3 NE D0 DI D2 D3
251 Groups 28 5% Groups = 285 Groups

Kl 2 KRR X SBMIE-T [QF-fif i 18 55 8% 1 4 2 1 ik X ek B RS20

Fig.2 Effects of arginine on intestinal tight junction protein gene expression of SBMIE-S. schlegelii
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W
1

_ i1-18 il-8 e il-15
. 1.5 i 5 1.5 X =
M= 34 < % K <3 a
R a Bz = % « 1.0
2B C10f ab #%%10 ZE S b b
o b b 58 g o § b
i H 25
22 ¢ g5 ET &
i E 58
%8 20 = 0
= D0 DI D2 D3  ° D0 DI D2 D3 DO ]Zl D2 D3
41%] Groups 415 Groups HL3) Groups
ir8 il-12b
1.5 - g 15¢
I RS 3 a ab
N a g b
Rz210f k%Elm
",,‘?% ° b EE%B
Eo8 b b =28
$2%05 £2 05
25 L R
% ] . § 5 .
= DO DI D2 D3 = D0 DI D2 D3
217 Groups 26 51| Groups

&3 KPR X SBMIE-VF V- fil 7 18 28 5 PR Rt 48 PRk PR 3 3K i 14 52
Fig.3 Effects of arginine on intestinal inflammatory and anti-inflammatory factors gene
expression of SBMIE-S. schlegelii

Arg X} IL-8 mRNA AHXF 35 5 0 1 252 10 (P>0.05) 5
BHEFRLH i1-15 F tlr8 ) mRNA FIXF ik B FHE T
DO 4 (P<0.05), H#&AbPRA[H]) 25K W% (P>0.05);
D1 1 D2 41 il-12b mRNA X} ik & 8 % 5 T DO 4
(P<0.05), D3 25 HAlh #4125 5 A I 3 (P>0.05).

3 ifip

XFEb A B (EE K, 2019), fEfF (Lateolabrax
Jjaponicus)(ENEAN, 2017). B4 5 (Perca flavescens)
(RATFEE, 201)E B RV, KIEE S M
PR KRR . TORTh A A R GhURER . B
. MR . EVEH 2 EHUE IR H F(Gu et al, 2016),
SRR BT AR T, 3G P R B A
PSRN M@ENEREE, 2005), EHKERFHL
T, f#EEE R Arg ERIE T RE N 2.78%
(PLEETSE, 2022), AWF5E DO bkl Arg /KFH
2.799% , T A IEH R ICP il ) A E FR R OR L H
SBMIE-# [G V- fith (4 7 18 32 245417, 1 18 2 RE A ¢
PEE a2 AE KRR, TFE KZE6F(Gu et al,
2017) . HRBEHL A B fia(Sciaenops ocellatus)(Cheng et al,
201 D)5 RFFE Y EUE , Arg 3@t B MriE DR, F

S0 S0 0 A KRR o AR 9T AR SRR 77 Arg /KT
AAMAN I Arg, REF GOVl 3 5 R A T R Y
S, 2% Arg (D2) 2 $E 5 T SBMIE-IF [ F- il Y
WEAR, JFH Arg IEINECE TR . BEALE, 4
T AEWERE . HEI Arg X} SBMIE-14: [ - fih (1) i 18 7

AT R, TR T AE K RE

A AT (DAO) S S Wi 38 BB B B 32 51405
FERE AL N B, AE /DA RE I d ol B b & i
[N R 2 77 U2 7 B 1w ) | W1 0}
P DAO 23 i i i B b B 0 2 40 it Ah 1 A I W
(LT RREE, 2018), AHBFSE Arg 35 FEAK T 13 DAO
TEE, $E8 DO 4 T8 20 it IR A RN, I Arg &
EREAR T DAO BB, ORI T I 7 5 5 s 1 S A
W38 NOS (INOS)E /A TE MM, —& 4k
A A KB NO (Wang et al, 2009),NO &5 |
KA IR, T RUHT Y R A, e R s
TERIER N T, BRYITESRE NO A 5Bk
(FINLTBELE, 2014), i B NO £ SR A 4 &4
A ONOO 1 NO*, 53/l % 451473 (Upperman et al,
2005), K¥ifia(Larimichthys crocea) H HLIRI Arg ik
FHEE AN T-NOS AT T-NOS . iNOS £, NO
i T+ (Zhou et al, 2012); YRR 145 (2022) 7834 &S
filh L R AT AR Rl R 3, 17 NO MK REZ 4.82 pmol/L
P23 19.26 pmol/L. A 5E Arg WHNZH 1T T-NOS
FTINOS 15 14 i B, 17 NO M DO 4 27.02 umol/L
F% % 18.39~19.09 umol/L, 5 Eibst#a¥ M, H
Arg WL P BB ARAT , SRR AT 2 b iR Ao i S 5
b TR, 3G SN Arg A4 NOS {4,
TGN NO By 7F=A, ARFSE DO 414 FCF- fil iz i
Z RN E, RAE RIS T ERELE INOS B A
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K-, $En Arg AT I FRAR AR 48 1 7K SF- A
EEPLR N T KRB RAE . S A PR ERY,
il-1B EAE R A FRES I i) R % E R R R IR
(A FFEE, 2015), I Arg 30 4042 2 PR F 1 2k,



FIREH A KRR X IQ T fih SR L 4 948 S AR IS 83

T 5 22 290 6 ) 55 % 32 4 2 P AL, 58 £ 1 K2 A
i ) 0y B B D) B

4 #ip

ARELIEAET , SR R RN Arg BB B 2518
7 SBMIE-14 FCAF- il 1) A= P RE Anb S fb PERE, 203t
Arg UG TE 21850, 1 R iz B 12 4 A
PUR N FAHCIE R Rk, RS AE PR HH 5C L R 1)
ik WL, Arg (UL 2%55cE) 6177 BT il S0k 7R i 5%
BHABEEN.

2 % X #

CHEN D H, CUI X, LI G, et al. Clone of zonula occluden-1,
occludin and claudin-15a genes from hybrid grouper
(Epinephelus fuscoguttatus ® * Epinephelus lanceolatus &)
and its expression in intestinal tissue under intervention of
arginine. Chinese Journal of Animal Nutrition, 2021, 33(8):
46454661 [BRARM, tEIE, 2, 4. BEIpIHA B
BN -1, PR A FBS IR 1-15a FE LR Y 5 b K
HAKEE R TR i ARk, shiEEd, 2021,
33(8): 4645-4661]

CHEN J J. Studies on the regulation and the related mechanism
of arginine on growth and intestinal structure of juvenile
grass carp (Ctenopharyngodon idellus). Master's Thesis of
Huazhong Agricultural University, 2017 [R50, R &R
X ELth gt A I IE AR RALRIBESE. fErh ARl R
AT AIE S, 2017]

CHEN Q M. Effects of dietary arginine levels on growth, immunity
and intestinal health of yellow catfish (Pelteobagrus
Sfulvidraco). Master’s Thesis of South China Agricultural
University, 2016 [FRa M. R EEaA K ik
i A BRE AR S0 . A R AR R A S A A AL S,
2016]

CHEN Z C, LIU Y, LI Y X, et al Dietary arginine
supplementation mitigates the soybean meal induced
enteropathy in juvenile turbot, Scophthalmus maximus L.
Aquaculture Research, 2018, 49(4): 1535-1545

CHENG Z Y, ALEJANDRO B, DELBERT M G. Effects of
dietary arginine and glutamine on growth performance,
immune responses and intestinal structure of red drum,
Sciaenops ocellatus. Aquaculture, 2011, 319(1): 247-252

CHENG Z Y, GATLIN D M, BUENTELLO A. Dietary
supplementation of arginine and/or glutamine influences
growth performance, immune responses and intestinal
morphology of hybrid striped bass (Morone chrysopsxMorone
saxatilis). Aquaculture, 2012, 362/363: 39-43

GU M, BAI N, XU B, et al. Protective effect of glutamine and
arginine against soybean meal-induced enteritis in the
juvenile turbot (Scophthalmus maximus). Fish and Shellfish

Immunology, 2017, 70: 95-105

GU M, BAI N, ZHANG Y, et al. Soybean meal induces enteritis
in turbot Scophthalmus maximus at high supplementation
levels. Aquaculture, 2016, 464: 286295

JIANG H L, QIN G X, CHE D S, et al. Effect of arginine on
piglet intestinal mechanical barrier and related mechanism.
Journal of Jilin Agricultural University, 2015, 37(1): 83-87
(Eif e, 255, 4Tt & KRR ENUGE
LAY S AR SCHLEE. ARl R 244, 2015, 37(1):
83-87]

JIANG J, SHI D, ZHOU X Q, et al. In vitro and in vivo
protective effect of arginine against lipopolysaccharide
induced inflammatory response in the intestine of juvenile
Jian carp (Cyprinus carpio var. Jian). Fish and Shellfish
Immunology, 2015, 42(2): 457464

JJANG J, YIN L, LI J Y, et al. Glutamate attenuates
lipopolysaccharide induced oxidative damage and mrna
expression changes of tight junction and defensin proteins,
inflammatory and apoptosis response signling molecules in
the intestine of fish. Fish and Shellfish Immunology, 2017,
70: 473484

KONG Y Y, MA X H, MAI K S, et al. Research progress of
effects of diet nutrients on intestinal tight junction protein
zonula occludens-1 of fish. Chinese Journal of Animal
Nutrition, 2020, 32(11): 5081-5088 [fL¥LEE, TiF54E, %
FRAR, S TS SRR X 2 1 R R R LA U
WHEM-1 MR, iR, 2020, 32(11):
5081-5088]

LIB S, WANG J Y, WANG C Q, et al. Development of formula
diet and current situation of culture industry of Korean
rockfish Sebastes schlegeli. Open Journal of Fisheries
Research, 2019, 6(2): 1-10 [Z251L, Fhr¥E, Taim, 2.
VFIPHIC S R 5 e Sl & B, 7K 7 F
%%, 2019, 6(2): 1-10]

LI X L, WANG J Y, SONG Z D, et al. Research on partial
replacement of fishmeal by two kinds of soybean meal in
the feed of juvenile Q@ Epinephelus fuscoguttatus x &
Epinephelus lanceolatus. Journal of Shanghai Ocean
University, 2017, 26(5): 716-725 [Z=2400, FERrdE, Kk
AR, A PIR AR B AU TE S B e JIB A B £ %)) £
TR RS, IR R 22 4], 2017, 26(5): 716-725]

LIN S M, LUO L. Effects of different levels of soybean meal
inclusion in replacement forfish meal on growth, digestive
enzymes and transaminase activities inpractical diets for
juvenile tilapia, Oreochromis niloticusxO. Aureus. Animal
Feed Science and Technology, 2011, 168: 80—87

LUO J B, FENG L, JIANG W D, et al. The impaired intestinal
mucosal immune system by valine deficiency for young
grass carp (Ctenopharyngodon idella) is associated with
decreasing immune status and regulating tight junction
proteins transcript abundance in the intestine. Fish and
Shellfish Immunology, 2014, 40(1): 197-207

MERRIFIELD D L, DIMITROGLOU A, BRADLEY G, et al.



84 ook B

545 %

Soybean meal alters autochthonous microbial populations,

microvilli morphology and compromises intestinal
enterocyte integrity of rainbow trout, Oncorhynchus mykiss
(Walbaum). Journal of Fish Diseases, 2009, 32(9): 755-766

PLANCHON S M, MARTINS C, GUERRANT R L, et al.
Regulation of intestinal epithelial barrier function by TGF-beta
1. Evidence for its role in abrogating the effect of a T cell
cytokine. Journal 1994, 153(12):
5730-5739

REFSTIE S L, LANDSVERK T, BAKKE-MCKELLEP A M, et

al. Digestive capacity, intestinal morphology, and microflora

of Immunology,

of 1-year and 2-year old atlantic cod (Gadus morhua) fed
standard or bioprocessed soybean meal. Aquaculture, 2006,
261(1): 269-284

SHEN Y B, WANG J Y, LI B S, et al Dietary arginine
requirement of juvenile rockfish (Sebastes schlegelii).
Progress in Fishery Sciences, 2022, 43(3): 33—44 [JR4LTH,
FPrYe, A5, S5 VRVl ok et ol &R ok
HPHEGY. Wl Bl2EdE R, 2022, 43(3): 33-44]

SHI D, ZHOU X Q, ZHAO Y, et al. Effects of arginine on
immune function in fish and its mechanism. Chinese Journal
of Animal Nutrition, 2015, 27(10): 30263032 [f5 5}, JE/
Bk, AR, GRS RN 02 S D RE RS e B L.
BE IR, 2015, 27(10): 3026-3032]

SUN H N, YANG H M, WANG Z Y, et al. Nutrition
physiological and immune functions of arginine in animals.
Chinese Journal of Animal Nutrition, 2014, 26(1): 54-62
(VAL Wi, ERRER, 45, REEmASh i E I
GIEVER. S BSR4k, 2014, 26(1): 54-62]

SUN H Y, ZHANG J J, WANG W T, et al. The effects of sodium
propionate supplementation in the diet with high soybean
meal on growth performance, intestinal health, and immune
resistance to bacterial infection in turbot (Scophthalmus
maximus L.). Aquaculture Nutrition, 2022, 2022: 8952755

SUN Z W, QIN G X, ZHANG Q H. Effects of soybean antigen
protein on growth performance, dietary nutrient digestibility
and intestinal absorption capacity of calves.Chinese Journal
of Animal Science, 2005, 11: 33-36 [FMNFEL, FEHifs, 5k
PRAe. REHURE PR RIERE . HARIR IR
B RE T 2. EE IR, 2005, 11: 33-36]

TAN B, YIN Y, KONG X, et al. L-arginine stimulates
proliferation and prevents endotoxin-induced death of
intestinal cells. Amino Acids, 2010, 38(4): 1227-1235

UPPERMAN J S, POTOKA D A, GRISHIN A,
Mechanisms of nitric oxide-mediated intestinal barrier

et al.

failure in necrotizing enterocolitis. Seminars in Pediatric
Surgery, 2005, 14(3): 159-166

WAN J L, MAI K S, AI Q H. The recent advance on arginine
nutritional physiology in fish. Journal of Fishery Sciences of
China, 2006, 13(4): 679-685 [J7%-F, % HERR, LIKHE.
NG R R E IR A BRI ST R i . b K R, 2006,
13(4): 679-685]

WANG B, FENG L, CHEN G F, et al. Jian carp (Cyprinus
Carpio var. Jian) intestinal immune responses, antioxidant
status and tight junction protein mRNA expression are
modulated via Nrf2 and PKC in response to dietary arginine
deficiency. Fish and Shellfish Immunology, 2016, 51:
116-124

WANG ] Y, WU L F, WANG D, et al. Effects of replacing fish
meal with soybean meal on growth, digestive enzyme
activity and non-specific immune indexes of Carassius
auratus. Journal of Jilin Agricultural University, 2022, 44(1):
104-111 [ELERE, RADY, TR, % SHEAR X
B TH AR ) S AR S SRR BRSO, AR
Ll K24, 2022, 44(1): 104-111]

WANG W W, QIAO S Y, LI D F. Amino acids and gut function.
Amino Acids, 2009, 37(1): 105-110

WANG Y F. Effects of fish meal replacement with extruded or
common soybean meal on the growth performance and
gut-barrier function of grouper (Epinephelus coioides).
Master’s Thesis of Jimei University, 2019 [E£Z K. LA
W3 LR A AR T AR A B £ A M B R 3 5 B 1Y
RO, SRS ST AR 2 AR, 2019]

WANG Y R, WANG L, ZHANG C X, et al. Effects of
substituting fishmeal with soybean meal on growth
performance and intestinal morphology in orange-spotted
grouper (Epinephelus coioides). Aquaculture Reports, 2017,
5(C): 52-57

WANG Y R. Effects of substituting fishmeal with soybean meal
on growth performance and intestinal healthy in Japanese
seabass (Lateolabrax japonicus). Master’s Thesis of Jimei
University, 2017 [P0, SRR A AL o8 L Kk e
G7BER T3z <R AU B SN2 1 i ] B A A 09 S
2017]

WU LF, QU Z H, ZHOU K, et al. Effects of replacing fish meal
with soybean meal on growth and intestinal tissue of Perca
flavescens. Journal of Northwest A&F University (Natural
Science Edition), 2017, 45(6): 1-8 [%&#i77, 15, JE45,
SR (8 =AWk DO oy A B KYNY 7= B SN A L
ACAMBIE K224 (A SABFERR), 2017, 45(6): 1-8]

WU Z. Research on the partial replacement of fish meal by
different processing soybean meal in the diet of Pseudosciaena
crocea. Master’s Thesis of Shanghai Ocean University, 2016
[SRA. ANIR] T 20 B SRR 4 2 A QU 7 R B e v
WEFE. MR R 2 LR AR 20018 3, 2016]

ZHAO S F, CHEN Z C, ZHENG J, et al. Citric acid mitigates
soybean meal induced inflammatory response and tight
junction disruption by altering TLR signal transduction in
the intestine of turbot, Scophthalmus maximus L. Fish and
Shellfish Immunology, 2019, 92: 181-187

ZHOUH L, LI C L, WANG G P, et al. Anti-nutritional factors in
soybean meal and their removal methods. Feed Industry,
2006(3): 23-26 [JH4#, FHE®%, TV, % KEPH
BN T RS AR, RO, 2006(3): 23-26]



%3 FIREH A KRR X IQ T fih SR L 4 948 S AR IS 85

ZHOU Q C, ZENG W P, WANG H L, et al. Dietary arginine catfish (Pelteobagrus fulvidraco) and the use of arginine as
requirement of juvenile yellow grouper Epinephelus awoara. an intervention measure. Journal of Fisheries of China, 2018,
Aquaculture, 2012, 350/351/352/353: 175-182 42(1): 100111 [FHK, BALEE, wade, 4 Sl

ZHUO L X, ZHAO H X, HUANG Y H, et al. Influence of X 0 4 g A ek 4 S SRS SRR B T IR . K
oxidized fish oil on the intestinal health of juvenile yellow FeeER, 2018, 42(1): 100-111]

(BH H )

The Repairing Effect of Arginine on Soybean M eal-Induced
Enteritis of Sebastes schlegelii

WANG Xiaoyan, LI Baoshan, SUN Yongzhi"”, WANG Chengqiang, LI Lu, SUN Xiaoyu,
WANG Dan, ZUO Zhen, LI Peiyu, HUANG Bingshan, WANG Jiying

(Shandong Marine Resource and Environment Research Institute, Shandong Marine Fishery Feed Engineering
Technology Research Center, Aquatic Animal Nutrition and Feed Research and Development Innovation Demonstration Platform,
Shandong Key Laboratory of Marine Ecological Restoration, Yantai 264006, China)

Abstract The complete intestinal structure is important to ensure the rapid and h  ealthy  growth
of fish. However, the feed composition, aquaculture water environment, intestinal microbial
population, and other factors may affect the intestinal health of fish. Intestinal health problems caused
by feed ingredients are mainly due to the antinutrient factors contained in raw materials.
Antinutritional factors contained in high-level soybean meal can cause oxidative damage to the
intestine, thus, inducing soybean meal-induced enteritis (SBMIE), which leads to a decreased appetite
and the slow growth of fish. Alleviating the damage of soybean meal to the fish intestinal tract and
improving intestinal health through nutrition are essential methods for ensuring the sustainable
development of the feed industry, which has significant ecological and economic significance.

As a functional amino acid, arginine is a precursor to the synthesis of bioactive substances, such
as urea, glutamic acid, creatine, proline, polyamine, and nitric oxide. Arginine modulates metabolic
regulation, including growth, immunity, intestinal barrier, and endocrine regulation. It plays a vital
role in the immune regulation, maintenance, and protection of the intestinal mucosal structure and
function. It has been reported that arginine is beneficial for repairing intestinal mucosal injury in
poultry and aquatic animals. In this study, the carnivorous marine economic fish Sebastes schlegelii
(54.97+0.12) g were used to investigate the repair effect and mechanism of arginine on SBMIE. This
study aimed to provide a scientific basis for the application of arginine for maintaining the intestinal
health of fish and provide a reference for the application of plant protein to the compound feed of the
carnivorous economic fish S. schlegelii.

The purpose of this study was to investigate the repairing effects of arginine on the growth
performance, arginine metabolism, intestinal structure, antioxidant performance, relative expression
levels of intestinal tight junction protein genes (occludin, cindl5, and zo-1), and inflammatory
factor-related genes (il-1p, il-8, il-15, and t/r8) and anti-inflammatory factor-related gene (il-12b) of
S. schlegelii with SBMIE. S. schlegelii were fed high-level soybean meal (40%) for 28 days to induce
SBMIE. SBMIE-S. schlegelii weighing (54.97+0.12) g were used as the study animals. Four
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isonitrogen and isoenergetic experimental feeds were formulated. The basic formula was
supplemented with 30% soybean meal, arginine 0 supplementation as the control group (DO0), and 1%,
2%, and 3% arginine supplementation as the treatment groups, named D1, D2, and D3, respectively.
Each diet group had three replicates, and each replicate consisted of 40 fish. The fish were randomly
placed in 12 homemade cages (60 cm x 60 cm x 90 cm). The experiment lasted for 6 weeks. The
experimental fish were fed twice a day (08:00 and 17:00), with the initial feeding amount being 1% of
the body weight, and the feeding amount being adjusted according to the feeding situation. During the
experiment, the bottom of the cages was cleaned, and the water was changed every day to maintain
the water temperature at 18~22 °C, the dissolved oxygen at > 6 mg/L, the pH at 7.6~8.2, the ammonia
nitrogen content at < 0.05 mg/L, and the nitrite nitrogen content at < 0.05 mg/L. The light cycle was
the natural cycle. The results showed that the weight gain rate of the fish in the D2 and D3 groups
was significantly higher than that in DO group (P<0.05). The hepatosomatic and viscerosomatic
indexes of the fish in the arginine treatment groups were significantly lower than those in the DO
group, and the condition factor was significantly higher than that in the DO group (P<0.05). There
was no significant effect on the survival rate (P>0.05). Diamine oxidase (DAO) activity, NO content,
and iNOS activity values in the serum of the treatment groups were significantly lower than those in
the DO group (P<0.05). The serum T-NOS activity in the D2 and D3 groups was significantly lower
than that in the DO group (P<0.05). The duplicature height in the treatment groups was significantly
higher than that in the DO group, while no significant difference was found in the duplicature number
and muscle thickness (P>0.05). In group DO, the intestinal mucosa lamina propria widened, and the
number of goblet cells increased, while in groups supplemented with arginine, the intestinal mucosa
was intact, and the problems mentioned above improved significantly. Intestinal total antioxidant
capacity (T-AOC) in arginine supplementation groups was significantly increased, and the highest
value was found in group D2 (P<0.05). The malondialdehyde content in groups D2 and D3 was
decreased significantly compared to that in the DO group (P<0.05). The relative expression of
occludin mRNA in each treatment group was significantly upregulated compared to that in the DO
group (P<0.05). The relative expression level of c/lndl5 mRNA in the D2 group was significantly
higher than that in the DO and D1 groups (£<0.05). The relative expression level of zo-/ mRNA in
group D1 was significantly higher than that in the other groups (P<0.05). The relative expression
levels of IL-1f, IL-15, and TLR8 mRNA were downregulated in all treatment groups, while the
relative expression of /L-12b mRNA was upregulated (P<0.05). No significant differences were
found in /L-8 mRNA relative expression (P>0.05). In conclusion, under the conditions of this
experiment, the growth and antioxidant performances of S. schlegelii with SBMIE were significantly
increased, arginine metabolism and the intestinal structure were improved significantly, and the
relative expression of intestinal tight junction protein and anti-inflammatory factor-related genes was
upregulated, while that of inflammatory factor-related genes was downregulated, with arginine
supplementation in a high-level soybean meal diet. Arginine (2% best) was effective in repairing
SBMIE of S. schlegelii. The results of this study provide a theoretical basis for the mechanism of
repairing SBMIE with arginine.

Key words Sebastes schlegelii; Arginine; Soybean meal-induced enteritis; Tight junction protein;

Inflammatory factor

A 545 %



