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Effects of dietary rutin on the morphology and barrier function of
ileum in weaned piglets

MA Longfei, ZHOU Binbin, LIU Chunyu, CHEN Shun, WANG Tian, WANG Chao "
(College of Animal Science and Technology, Nanjing Agricultural University, Nanjing 210095, China)

Abstract; The aim of this study was to determine the effects of dietary rutin on the morphology, mucosal barrier, antioxidant function, in-
flammation and apoptosis of the intestines in weaned piglets. Sixteen 28—day—old healthy weaned piglets with similar body weight were select-
ed and randomly divided into 2 groups with 8 replicates per group and 1 pig per replicate. The piglets in the control group were fed with a bas-
al diet, and those in the rutin group were fed with basal diet supplemented with 500 mg/kg rutin. The experiment lasted for 14 days. The re-
sults showed as follow; Compared with the piglets of the control group, dietary 500 mg/kg rutin had no significant effect on the morphology of
the ileum of the piglets of the rutin group (P>0.05), but significantly increased the catalase ( CAT) activity of their ileum mucosa ( P<
0.05). The mRNA expression of B—cell lymphoma gen—2 (Bcl-2) , superoxide dismutase 1 (SOD1) , superoxide dismutase 2 (SOD2) and
occlusive small loop protein—1 (ZO-1) in the ileal mucosa of the experimental piglets was significantly increased (P<0.05), and the mR-
NA and protein expression of Occludin in the piglets was significantly increased ( P<0.05) by the supplementary dietary rutin, while the
mRNA expression levels of tumor necrosis factor—-o (TNF-a) and interleukin—6 (IL-6) in ileal mucosa of the piglets were significantly re-
duced (P<0.05). These results suggested that dietary 500 mg/kg rutin improved antioxidant capacity and intestinal barrier function of
weaned piglets, and alleviated inflammation and apoptosis in them, which might be one of the important reasons for inhibiting diarrhea in
weaned piglets by rutin.

Keywords : rutin; weaned piglet; antioxidant; immunity; intestinal barrier

g B S = A W e, W LR R T REUNG A TEES . RS TR, A
WEAK, Wil b KRR Th e 2 M 4, B LB R AL R R D A, A7 R ] 5
B R A F-RIs I, HHZIKﬁETEJJTW, AL 771N

R 2023-03-11; FEFF: 2023-12-15 SRERIE, SRR B, BRI

BEWH . ARSI REIRIBE (SZ2-YC202146) ; E%K A fie 4] 5ﬁﬁ7iiju%ﬁﬁ)5ﬂ§f§ﬁ%ﬁ‘{£‘@¥h (ROS)
WRRE AT ‘ o o s
s e s S, L, SR

e T, AR, s e, DTUIBIIEE RO, RZETEE
E-mail ; wangchaol21@ niau. edu. ¢n, FTEﬁYZﬁE?*E%quQ%ﬁ@ﬁ%E\%, Rg%




- 8- Animal Husbandry & Veterinary Medicine 2024 Vol. 56 No.2

Frl?), i P O 2R O S A AL
i, BAPUEM ., W ILA RS2 R YD)
R, AVHTTWIRE T ThRE I 11 BFgs R,
AR TS AN 500 me/ kg 74T AU RIS 25 i T A8 4540
FBFFEINRE, B MWERBEEREA A (slgA) &
i, BRI T -a (TNF-a) 7K FIAH B
PR 7S Rk i, Hom g, KRIEPRAE
M Gautam %M & BT 0] i P AL
ST, TEBR AL, PRI R R A sz S AN Y
o, BRI IEDUEILEE ST . WaE DR A4 S )
FEREHUETE e 1 AN CE DR i A3 TR B 2EAE
R T W A5 B 3 ) B A ) i R DL Al . T
U, ARG i RGBS A T X W A
EPE . PSRRI R R, LU A 7 g
AR S

1 #MR5FE

L1 REHRSiET

WEFE 16 3k 28 d Wiy, {AEAE (8.98+0.30) kg
“FEXKXKR” ZICHE N, BENL R 2 41 (R4 8
ANEE, BANEE 1K), X 1R IR L A R
wRE (1) HTEERMERR TP I 500 mg/kg 2T,
RIGH 14 d, bR S BEEERMRZE RS
(NRC, 2012) A 78 F2 5 KARiE, AN o FE
TR W 1,
1.2 AFEE

FERE R FR T A I A AR A AN R b, RS
H26~30 °C, BN 50% ~60%, [ HREFHKK,
SE IR A A A BRI S AR RROIR L, 4w AR
ik
1.3 HmRESLIE

FERI AR, XA 12 h, e
BUkE . BEBUFERIEL (£92.0 em) T 4% 2 R EE
R S IR A U0 e 2B W R 2t A TR
1, BWRARHIG T -80 CARIEKMAEERRI
1.4 EREUESH*
1.4.1 AL ENR

W WAAL T 4% 2 RPEEEE 48 h )5, @it
WAE . HORANS, AR YR, BRIy
ARG 5 B T B (JE R H5500L, A, H
ARY) FWEL, H Image Pro Plus B4 & 15 90 E &
. GBS MBREIRE, IMHAEER ., NESE
FIBSE TR LUAE,
1.4.2 FHEALEEA X ISAFN

HIo] i 5 ERE & (29 100 mg) 54 B EL K #%
1:9M 2%, 6 4 C FLL3 000 r/min & >

15 min, HC_E 980K AR R 050 & I e Y
(MDA) i, BPUSAAET (T-AOC), LUK B
AP EALEE (T-SOD) | AR BEH K (GSH)
i AL SR/ (CAT) BYTETE, B &R0 B i st
BRAPIFFER D AL R MR @ UL B kAT,
M BCA W& (A REVBEAARAF, L,
hE) MEREMMERRE, 1B EE mg i g EH
A

®1 ERARARREFRKTE

H ik
£k 24.00

INEE Ky 5.00

[ 7w NI 5.00
KR 8. 00

L= 16. 81

ik 3.00

ik 10. 00
[ FLIE B 10. 00
KREE IR 4.00
Az ) 1.00

SR 0.65

isii 3.00
ikl 4.00

WERR 55 0.74
FaEy) 0.80
TR 4.00
HARE/ (MT - kg™!) 14.90
HER/ % 19. 02
TR % 1.32
HIRAKTY HAR+ =R % 0.78
TR % 0. 83
B % 0. 43

55/ % 0.87

TE D URRS AT AR AL, BERR 2.30 g, AR 1.20 g,
JEBR0.50 g, NaCl0.30 g, VE80 U, VD;2500 U, VK,;3.0mg, =
Y% 0.20 mg, MR 25 mg, D-IZHK 30 mg, MK 3.6 mg, MK
1.0 mg, MEMEEL1.5 mg, AR 2.0 mg, HAK 800 mg, 2k 120 mg, %
(BREREE) 100 mg, %% 80 mg, M 0.30 mg, i 0.25 mg, ZEEE AW
(BT BERE 200 U, ARBERE 400 U FAHFREE 500 U) 2 EFHRAKFEH
HHE,

1.4.3 HAMK, BRI,
B R A F e

W E RS (90,1 g), {1 TRIzol
i (TaKaRa, K, #E) $#2EE RNA, AR5,

KE Fo 2w B R T AR KA



BHEEE

2024 4

Hs6k MM 9.

it FH 3 A SRR (i A M R AR W R IO A FR
ocEl, HE) B R RNA ¥ SR AL cDNA, 38 1 98t
sEi PCR (qRT-PCR) Kl H 093 K mRNA ik,
I B-HLBhEEH (B-actin) N ZSIELMH, fdifH 274
ﬁ‘izeiﬁ%;%ﬁeﬁ mRNA FAHXS Kb a, HIARBER
P AeRTRR g HEA T SIS L 2,
1.4.4 \Qﬂiriéﬂﬁ"*%”:é%%ﬁéﬁﬂ%&gzé’J m

HRAE SCHR D [ 141 052 1m0 i 280 8 55 % 36 # AH
KEAREE, REBUA R SR, K
AR (64T SDS-PAGE 4285, #: % % PVDF Jii,
ZERBM, 4 CT—WBEFIR, EE BT
1.5hJ5, Bl ECL b2 & tun (M ntiamEse A

YRR IRy A BRAE, whE) B, 4 ChemiDoc
MP {18 & %5 (BIO-RAD, Hercules, CA, USA) M
It FH  Image] X 4 ( Media Cybernetics Inc.,
Bethesda, MD, USA) Z3#r & FH# R, $ifk Occludin
(1:5000), Claudin—1 (1 : 4 000) FI B - actin
(1:1000) i Proteintech Group 23 Fl$&ftk,
1.5 BIEFIT5HH

TRIGHE R SPSS 22. 0 A3l i AT REAS ¢ K
BT MR BRALAS T L Z M) i e 127 22 5%, P<0.05
FREFWBE, 0.05<P<0.10 FmAxFHEH, X
B P REAR R R,

*R2 ZEHWHEE PCRSIHFS

HF AR B 51PN (5'—-3") =K/ bp
F. ACCCCCTACATGCTGACTCT
70-1 XM005659811. 1 209
R: TGGCTGCTTCAAGACATGGT
F. ATGGCTGCCTTCTGCTTCAT
Occludin NM_001163647. 2 75
R: TCACTTTCCCGTTGGACGAG
F.TCCTCAATACAGGAGGGAAGC
Claudin—1 NM_001244539. 1 92
R:TATTTAAGGACCGCCCTCTCC
F. AGCATGCGGCCTCTATTTGA
Bel-2 XM_021099593. 1 120
R: GGCCCGTGGACTTCACTTAT
F. CACTGGATGGCGAGTATTTCAC
P53 NM_213824.3 152
R: CTTAGACTTCAGGTGGCTGGA
F. ATAATTCAGGCCTGCCGAAG
CAS3 NM_214131. 1 200
R: TGTTTCAGCGCTGCACAAAG
F. ACCCCTGACATGATCGAGGA
CAS9 XM_003127618. 4 256
R: CTGGCTTGAGTTCCACTGGT
F. AGCATGCGGCCTCTATTTGA
Bax XM_003127290. 4 200
R: GGCCCGTGGACTTCACTTAT
F: GGCTACCCTGGCACAGAAAT
NF-«kB NM_001048232. 1 231
R:GCCTGAGAGGTGGTCTTCAC
F.:TTGAGCATCAACCCTCTGGC
TNF-a NM_214022. 1 123
R: GGCATACCCACTCTGCCATT
F. TCAGCTTTGCGTGACTTTGTG
IFN—y AY188090. 1 251
R: GCTCTCTGGCCTTGGAACAT
F. AATTCAGGGACCCTACCCTCTC
IL-1B NM_214055. 1 220
R: AGAGATTTGCAGCTGGATGCT
F. ACACGACGGAGAAGGAAACC
1L-4 NM_214123. 1 189
R: GTTCCTGTCAAGTCCGCTCA
F. AAATGTCGAGGCTGTGCAGA
IL-6 NM_214399. 1 207
R: CTCAGGCTGAACTGCAGGAA
F. CCACAAGTCCGACTCAACGA
IL-10 NM_214041. 1 186
R:AACTCTTCACTGGGCCGAAG
F: GACAAACCGCCTCAACTCAG
Nrf2 NM_001114671. 1 183
R: GTCTCCACGTCGTAGCGTTC




- 10 -

Animal Husbandry & Veterinary Medicine

2024 Vol.56 No.2

&R
F AR RS S19FE (5'-3") PR/ N/ bp
F. CGTGGAGACAGAAACGTGGA
Keapl XM_021076667. 1 239
R: CAATCTGCTTCCGACAGGGT
F: CATTCCATCATTGGCCGCAC
SOD1 NM_001190422. 1 118
R: TTACACCACAGGCCAAACGA
F: GGCCTACGTGAACAACCTGA
SOD2 NM_214127.2 126
R: TGATTGATGTGGCCTCCACC
F: GGCGACGAGGTGGAATACAT
GCLC XM_003482164. 4 123
R: GTTTGGGTTTGTCCTTTCCCC
F: GCATCTACAGCCTTACTGGGA
GCLM XM_001926378. 4 180
R: GTTAAATCGGGCGGCATCAC
F: CAAGCAGAAAATCCTCGAAG
HO-1 NM_001004027. 1 241
R: GCTGAGTGTCAGGACCCATC
F: CCTCAAGTACGTCCGACCAG
GSH-Px NM_214201. 1 85
R: TGAGCATTTGCGCCATTCA
F: AGATCAAGATCATCGCGCCT
B-actin XM_021086047. 1 258

R: GAGGTAGTCCAGGCTTGGTT

. 20-1, WHE/NAEA-1; Occludin, HEEM; Claudin-1, BBEE A -1; Bel-2, B 41AkEIRFERE -2; P53, MRIMHI & 9; CAS3,
EPEEFRE MG 3; CAS9, BBLEMME MG 9; Bax, Bel-2 MH¢ X i [H; NF-kB, MK F-kB; IFN-vy, THHHE-vy; IL-18, HAMMENFE-1B;
IL-4, H4ENE-4; IL-6, AMENE-6; IL-10, H4IMAZ-10; Nif2, BHT E2 #EH T 2; Keapl, Kelch e R AR LA KE M 1;
SOD1, HWEMIELALES 1; SOD2, WMAEYIEAILES 2; GCLC, 42—t 2 e i WAL 3L, GCLM, 4% 222 — - Ik 2 B ik 12 BB 1 ) 7 ¢

f&; HO-1, IMLLEINEEE-1; GSH-Px, &bt kT AL,

2 HBRE5HMH

2.1 AT W IF 3 E bn AR R SRI R0

mE 1 ke 3 fias, SXIRAAHE, WM

V."-." »

500 mg/kg T X WIWA A MG SR B = . SRE
B R S E MmN E S B/ R IRE YT
BEN (P>0.05),

A XL B AT 4L,

B1 ATXENFEERERESEENEE (n=6)

R3 ATHEHPFEEBARARSHZME (n=6)

By X HEZH FTH
SEFE/ pm 376.46x17. 61 390.31x14.29
HEIEE/ wm 131.91+5.32 137. 46+3.78
B BT VR EE/ um 234, 11+14.78 281.01£22. 51

HEmE/ SR 1. 61+0.07 1.7320. 11
4% 1 A/ mm? 0.07+0. 01 0. 09+0. 01

2.2 AT XTI E B R IE R S IBARA T
W 4 iR, TARAIN 500 mg/kg 27T W

T WS B B b CAT 1M (P<0.05), A

FEMt MDA & iy (P=0.06), fHXF T-AOC,

GSH F1 T-SOD &GP JC . 5 0 (P>0.05)



B E®E 2024 4F

H56% 2 11 .

R4 BATHEFEEGHELSLIERAZE (n=8)

Eiztan it B FTH
MDA/ (nmol. + mg™") 0. 35+0. 03 0.27+0. 03
CAT/ (U -mg™) 12.31+0. 37 14.53+0. 65 *
T-AOC/ (U - mg™") 0. 520. 07 0. 53+0. 07
GSH/ (mg-¢g™") 3.71£0.55 4.24x0. 47
T-SOD/ (U - mg™") 238.28+14. 48 238.39+7.75

. SXTRRAML, F FREREE (P<0.05),

2.3 ATXEMFREEBHEREES ATEERE
I
mE 2 Fros, SXIRAMLL, R 500

2.0 mmvEEAL COpT4
%
1.5
g
)
*®
2 1.0-
Z
<
z
=1
g 0.5
0.0 -
Bel-2 P53 CAS3 CAS9 Bax
BHH

[ —f8brdlmAiLt, « #REFEFE (P<0.05), TH,

B2 ATXNEHRFECGERFREES ATER
RIEWMHNE (n=8)

Occludin 59 kDa
B —actin 42 kDa
Claudin-1 23 kDa
B —actin 42kDa

mg/ ke T W ERE R T WA FEE T Bel-2 mRNA Rk
i (P<0.05), {HXf P53, CAS3, CAS9 Fl Bax
mRNA FIKE TR EZ M (P>0.05),
2.4 ATHHMFREGHESZTEZEEAEREMD
EAFRIEHFI

K3 i 4 Fras, SXFREAAHLE, FERRE N
500 mg/kg 2T E RS T AR Z0-1 Fl Oc-
cludin mRNA FiKE LI K Oceludin EHERXE (P<
0.05), fHX} Claudin—-1 mRNA ik FHE Rk &
¥ REFRM (P>0.05),

209 s T4
*
1.5
% «
b
< 1.0
z
<
4
&
0.5 -
0.0
Z0-1 Occludin Claudin-1
HH

B3 ATXEHHFECGRERETERERER

FRIEWFM (n=8)
2571 wmm x4 —
2.0 *
i
3@ 1.5+
®
z
{0 1.0+
i
0.5+
0.0~
Occludin Claudin-1
s |

B4 ATXEHNHFELDGRHEIZTERZEAREINZE (n=4)

2.5 ATWEFRELCGEEREREEEERIEN
A

WK s fras, 5%, HRE I 500
mg/ kg T W ERRAR T Wi 041 5% M1 i 5 B TNF - A1

IL-6 mRNA ik (P<0.05), {HX%f NF-kB, IFN-
v. IL-1B . IL—4 FI IL-10 mRNA ik & JC i &
(P>0.05) .



<12 - Animal Husbandry & Veterinary Medicine 2024 Vol. 56 No.2

2.6 BATXEMFEEFGHERSECEXERRE
5|

mEl 6 Fras, SxFIR4L M, AR R 500
mg/kg T A& S T G GBS SOD1 Fil SOD2

mRNA £ ik # (P <0.05), {H % N2, Keapl.
GCLC, GCLM. HO-1 il GSH-Px mRNA ik T i
F (P>0.05) .,

2.0 | payictii COFT4
1.5=
Eg
7 * *
@ 1.0
E
<
P
=
E
0.5+
0.0
NF-x B TNF-a IFN- vy IL-1B 1L-4 IL-6 IL-10
E-o7|
B 5 ATXHPFEEGREREEXERRENZNE (n=8)
2.0+ L Pyt CaMT4
1.5= .
i
X
s
z 1.0
<
Z
=
£
0.5=
0.0
Nrf2 Keapl SOD1 SOD2 GCLC GCLM HO-1 GSH-Px
HH

Bo6 ATXETMFRELGEFRAEUEXRERREINZIE (n=8)

3 it

[V T8 TV 25 S5 R TE 5 ) S Al b ke 4 E A
L, AR oT S BUmE S S TR s
PO B VE Z B A5, 52 W B IR Y T 1R
Wt RGP R S A T T IR — R TR AR A A
ROMPEATHE B (R . A AT i ) =, F
FERIL, TR N7 A AR S IO v 4 s W A A s
Mo B = 9% B /R R IR R, B Y iE i
#31'°7; Chen %738 i X Wil A1 5823 M B S 25 M 52
I R IR R o0 1 A s ] e PR R o i R B - 1 4
EEE, g B R, BRI REY, W
500 mg/kg P T XMFE AR ERE, WETRE . R
BRI . BB AR A B, PR AR AN

FUTRBE R EUCGE M A gk B IR A, T 500 mg/kg
PTG T WA MU BB Bel-2 mRNA Y
Tk, Bel-2 AHUAT AR, REBCEMIEE S
EEFEAZ " AR i B S 45 ok
HH B A B D PR AT BB A T VR A ] (R
14 d) SFEA R, J5IA R — L3 IS
IS S ]

g J B ) BEL L5 T A 35 3k i 286 S 21 2 i A HILAR
PR UE ML EERR 200 ] 1) 5 4 2 W ot e T
REMPRENEZ " 20-1 B—MEEEEE
F, Occludin W& —F 5 IE 1, HAE H R KK FERE
R SRS, ERSEE SN, MR
RETRE, USRI ARG R, T
YL EHEE Z0-1 1 Occludin mRNA ik, Jf &



B E®E 2024 4F

Hs6k MM 13

# T Occludin 25 18 ki, #aR5 T HA NET
Wbt Ve, SEim A ETS . AR E R S
Wang 251 (45 FARL, AT A 3R RS 0 B 5 13 4
FeHIAl B B IE R K Z0—1 Al Occludin mRNA £
IR A RN E, SCER G REEYIGRE, FEIT
RIS A, BINR S SR nl 8 20— 1 #n
Occludin mRNA FikfE, 22 LPS 519114 1 i B
WEIHEESZ I, ZBff LPS B SITIETE > .

JAiE o TNF-a Fl TL-6 2502 R AN A it ik
A5 R i RAE, B, TCEE N E S EE S A
K AR 45 R AR I 500 mg/kg T
A 5 2 AR T A 55 1778 TNF-o #1 IL-6 mRNA # ik
K, BT ELAT B A Wi A5 W S T
ARG 25 AL, Qiu A5l & BR 2 i T
Ik TNF-a F 1L-6 S54E 8 P F R SE R Kb &, R AdM
AT SR RIS B AR B R . A, B
KIR TNF—o Fll 1L-6 [ IR K -3 i T B0 16 8 15
PRI BERELIRE Z A, ARG P AR S T
L E B TNF-o FI IL-6 mRNA A4
R, 5T AT 3 B SR AT R R R R I 2 e Y 2
—3,
PRI 0% 25 ALK ROS K& =4, HEim
SEELNI, BIRAZE I, H L
RIGTIRE o BFFE BN, SN 3T e TR P 1 e e
SRS, BB RERS, M s hiE
P n] A R 5 i i Bt e T TS, IR LR A 4R
ARV T R 2 B 35 A W 3 1 S EE B S, CAT
MR EE P ELEEZ —, MDA 2P HLA S R
A AR AR AR R T B
PR T AR L CAT 6, I R MDA &%)
B, SR T HA RS mIEYUAIRE S, BT
{158 B AR B B R B H . SOD1 i SOD2 1 3 I i &
ROS HYB il 22 45 b % ¥ F BAE Y, Zhang 261 #F
TR IR S AT % B SOD mRNA 7K - 7] A5 4% 2% it
WaiB AR B, SRR, AR & B KRR
T AR T AR K SOD1 5 SOD2 mRNA /K,
XS TAHMR MDA Faafrss f—8, Rk
P AR BRI RE S AR TR R &), (R KR
AR E T A R IESEE A R S
PAT=0 T SOD R AT 25 Bk A S B RS 410 1 40 i
T HHEERARML, AR o T 7R B R i 1 B
AALBETT . GEARATHE AL N Y TR B 2 1 T hi i
T2 (Bel-2 mRNA) AYFRIAIKF, (H DR IS
TXH R 18] i 266 i b N2 5530 AR 5 L K A 3k
IR = A R, BN DR AR i T 0] RE e H:
fih A7 530 B TR AT A bR DI BE, (B EASE S5m

AT — R R,
4 #ig

TR AR I 500 mg/kg 75T AT RE AR R OIE R
(TNF-a Fl IL-6 mRNA kK TRE) , BE BT
Wi (BEEREASEEAKEEIRER),
X e SR RE A, ek, WilhirsE
TR N 500 mg/kg T AR B80T [0 i 2 A
Bel-2 mRNA BRKF-, (H RN 78 T & 4540 7= A=
B AR

SZ Mk

[1] TAO S, ZOU H, LI J, et al. Landscapes of enteric virome signatures
in early—weaned piglets [ J]. Microbiol Spectr, 2022, 10 (4).
e01698-22.

[2] SPREEUWENBERG M A M, VERDONK J, GASKINS H R, et al.
Small intestine epithelial barrier function is compromised in pigs with
low feed intake at weaning [ J]. J Nutr, 2001, 131 (5). 1520-
1527.

[3] BOUDRY G, PERON V, LE HUEROU-LURON I, et al. Weaning
induces both transient and long—lasting modifications of absorptive,
secretory, and barrier properties of piglet intestine [ J]. J Nutr,
2004, 134 (9): 2256-2262.

[4] VINDIGNI S M, ZISMAN T L, SUSKIND D L, et al. The
intestinal microbiome, barrier function, and immune system in in-
flammatory bowel disease: a tripartite pathophysiological circuit with
implications for new therapeutic directions [J]. Therap Adv Gastro-
enterol, 2016, 9 (4):. 606-625.

[5] LANDY J, RONDE E, ENGLISH N, et al. Tight junctions in in-
flammatory bowel diseases and inflammatory bowel disease associated
colorectal cancer [ J]. World J Gastroenterol, 2016, 22 (11):
3117-3126.

[6] KWEG, FBEE, EBRE, 55 LRI WU JERE SN
A E GRS [J]. W ACE R A, 2022, 53 (12):
4306-4314.

(71 xUEHE, T8, DR, . EDRCR A T X B3 ml i e
&L g, BRI R BEREIIRER I [T]. FACE BEAE,
2023, 54 (2). 630-641.

[8] GANESHPURKAR A, SALUJA A K. The pharmacological potential
of rutin [J]. Saudi Pharm J, 2017, 25 (2): 149-164.

[9] CHENS, LIUH, ZHANG J, et al. Effects of different levels of ru-
tin on growth performance, immunity, intestinal barrier and antioxi-
dant capacity of broilers [J]. Italian J Anim Seci, 2022, 21 (1)
1390-1401.

[10] LIH, GUY, JINR, et al. Effects of dietary rutin supplementation
on the intestinal morphology, antioxidant capacity, immunity, and
microbiota of aged laying hens [ J]. Antioxidants, 2022, 11
(9): 1843.

[11] GAUTAM R, SINGH M, GAUTAM S, et al. Rutin attenuates intes-
tinal toxicity induced by methotrexate linked with anti—oxidative and

anti — inflammatory effects [ J]. BMC Complement Altern Med,



Animal Husbandry & Veterinary Medicine

2024 Vol. 56 No.2

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[21]

[22]

[23]

2016, 16 (1): 1-6.

LIY, ZHANG H, SU W, et al. Effects of dietary Bacillus amylolig-
uefaciens supplementation on growth performance, intestinal mor-
phology, inflammatory response, and microbiota of intra — uterine
growth retarded weanling piglets [ J]. J Anim Sci Biotechnol,
2018, 9 (1). 22.

LIVAK K J, SCHMITTGEN T D. Analysis of relative gene expression
data using real-time quantitative PCR and the 27441 method [J].
Methods, 2001, 25 (4). 402-408.

CHENG K, YU C, LI Z, et al. Resveratrol improves meat quality,
muscular antioxidant capacity, lipid metabolism and fiber type com-
position of intrauterine growth retarded pigs [ J]. Meat Sci, 2020,
170 108237.

PR, WK, BOMRNR, 5. HORRIRE IR OIS 2 RS A X
ANEARERE . IR R AL R RNGIE Y S S RS2 [T].
BETREA, 2022, 34 (12): 8129-8137.

WANG D, ZHOU L, ZHOU H, et al. Chemical composition and
protective effect of guava ( Psidium guajava L.) leaf extract on piglet
intestines [J]. J Sci Food Agric, 2021, 101 (7). 2767-2778.
CHEN X, ZENG Z, HUANG Z, et al. Effects of dietary resveratrol
supplementation on immunity, antioxidative capacity and intestinal
barrier function in weaning piglets [ J]. Anim Biotechnol, 2021,
32 (2): 240-245.

REED J C, MIYASHITA T, TAKAYAMA S, et al. BCL-2 family
proteins: regulators of cell death involved in the pathogenesis of
cancer and resistance to therapy [J]. J Cell Biochem, 1996, 60
(1): 23-32.

SUZUKI T, HARA H. Role of flavonoids in intestinal tight junction
regulation [J]. J Nutr Biochem, 2011, 22 (5). 401-408.
FURUSE M, HIRASE T, ITOH M, et al. Occludin - a novel
integral membrane—protein localizing at tight junctions [J]. J Cell
Biol, 1993, 123 (6): 1777-1788.

WANG T, YAO W, LI J, et al. Dietary garcinol supplementation
improves diarrhea and intestinal barrier function associated with its
modulation of gut microbiota in weaned piglets [J]. J Anim Sci
Biotechnol, 2020, 11 (1): 1-13.

ZHU C, WU Y, JIANG Z, et al. Dietary soy isoflavone attenuated
growth performance and intestinal barrier functions in weaned piglets
challenged with lipopolysaccharide [ J]. Int Immunopharmacol,
2015, 28 (1): 288-294.

FOSSUM C. Cytokines as markers for infections and their effect on
growth performance and well —being in the pig [J]. Domest Anim

Endocrinol, 1998, 15 (5): 439-444.

[24]

[25]

[26]

[27]

[28]

[29]

[31]

[32]

[33]

[34]

[35]

KALAHASTHI R, PRADYUONNA A, NARENDRAN P, et al. E-
valuation of the relationship between pro —inflammatory cyto —kines
and health hazards in workers involved in hazardous waste sites at
Karnataka, India [J]. J Res Health Sci, 2010, 10 (1) 7-14.
HU C H, XIAO K, LUAN Z S, et al. Early weaning increases intes-
tinal permeability, alters expression of cytokine and tight junction
proteins, and activates mitogen — activated protein kinases in pigs
[J]. T Anim Sei, 2013, 91 (3). 1094-1101.

QIU Y, NIE X, YANG J, et al. Effect of resveratrol supplementation
on intestinal oxidative stress, immunity and gut microbiota in weaned
piglets challenged with deoxynivalenol [ J]. Antioxidants, 2022,
11 (9): 1775.

ZHU L H. Impact of weaning and an antioxidant blend on intestinal
barrier function and antioxidant status in pigs [ J]. J Anim Sci,
2013, 91 (3): 1522.

PIJ, ZHANG Q, FU J, et al. ROS signaling, oxidative stress and
Nif2 in pancreatic beta — cell function [ J ]. Toxicol Appl
Pharmacol, 2010, 244 (1):. 77-83.

ULKER O C, PANIERI E, SUZEN S, et al. Short overview on the
relevance of microRNA-reactive oxygen species (ROS) interactions
and lipid peroxidation for modulation of oxidative stress — mediated
signalling pathways in cancer treatment [ J]. J Pharm Pharmacol,
2022, 74 (4): 503-515.

ZHUANG Y, WU H, WANG X X, et al. Resveratrol attenuates oxi-
dative stress —induced intestinal barrier injury through PI3K/Akt—
mediated Nrf2 signaling pathway [J]. Oxid Med Cell Longev, 2019
(12): 7591840.

skefhmr, AEEE, BUEME, BT RUAE K WESTA
BRI [J]. m etk K24, 2022, 45 (2):
368-376.

XIAO Y, HUANG R, WANG N, et al. Ellagic acid alleviates oxida-
tive stress by mediating Nrf2 signaling pathways and protects against
paraquat— induced intestinal injury in piglets [ J]. Antioxidants,
2022, 11 (2): 252.

ZHANG H, CHEN Y, CHEN Y, et al. Comparison of the protective
effects of resveratrol and pterostilbene against intestinal damage and
redox imbalance in weanling piglets [ J]. J Anim Sci Biotechnol,
2020, 11 (1). 1-16.

KANNAN K, JAIN S K. Oxidative stress and apoptosis [ J]. Patho-
physiology, 2000, 7 (3). 153-163.

BRIEHL M M, BAKER A F. Modulation of the antioxidant defence
as a factor in apoptosis [ J]. Cell Death Differ, 1996, 3 (1):
63-70.



