AR BHAT Wr ATF A8 AR R R R o W T T 25 ) B /N R0 L . 2 Ty e PO s
BRI 12 RERIR 12 W WY BRSO BR WS sk B FRAE W
(LI AN KSR AR e, Kb 4101285 2.7 B RFE B I A A A 25 5F FC B
WA AN AR FE R SR I0 S, WA B SRR TRERAR O, KD 410125 3.3
FAO KRS, 1R AT RE A R B BIRT oL, KD 410128 4318 SE T Ik A4 Bt
BAERAF ALY 410128; 5.3BH T & P& B2k, MBH 410300)
B AR B AERT UL ARBR(SAN) A T A7 48 A K MR . I TE TS 25 45 ) B /NI R 32
TR BRI o R I60E HU23 H 7 5944 3 9(6.55+0.18) kI BE<Htx Kox (17 = TC A4S W 47 4%
363k, FAREAT . M) HLGIAH R0 BEAL > 934, 23 ) P ML A R O R4 ) L A7)
Fi+75 mg/kg & BH R BUAERL). FERTH+50 mg/kg SAN(SANAL), H4HI2ANEE, ) E
S1ME, W21 d. 48R 1D SXIAMIL, SANAMPA R AN T35 H 1 = AP
BIH R B8 R 2 i (P<0.05), BLEE HL ARS8 B35 [£4R(P<0.05); {HSANAH 5 #4411
DL A KRR AR T B B 1 22 7 (P>0.05) 0 2) SXTHRLAHLL, SANAMPLE KA+ T4
AN fp R v R e /B B VR PR (V/C) ML 25 B 2 25 T (P<0.0585P<0.01), {HSAN
HRNPLAE R AR DL EFRARI T % Z 5 (P>0.05); MSANARZAERE. VICHEHEERT
HAh24H(P<0.05). 3) 5 X HRALAH L, SANFIHTAE FRAL T 487 2= WA &5 o e Bk
FIAL S EREE (TG Gl BREE (FIM S B ) 0 38 Bl 0 38 TH (B He I B e e 3R 1 G
N7 [l R I G e BR R FAIMAM)(P<0.0555P<0.01); {HSANZLFIHTA: 220 [ LA - Fabn 5 0 25 2%
F(P>0.05). FHILFT I, SRS IISANT LA I R4S, $Em NB R s Thae, M
M HE W i A Kb BE, BB S50 F AR IR
KRB MUARB: WOAFHE . AEKUERE: B RS %ERREA
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FEIRASE A, T IR SRR, AR TR AL LR 4%, Bk
O . SR i T AR B SRR RRSCE, W RER 8 T iEsomi
KRB SRR, WA AR NSRS AN A EWT AR AR s AR It
AR E IR LIRS SR A KR RE AN BUR RE ), RIS AR S AR, ERSTER
KRR IR R, R, SHE S WIE N R 25 KRR S, SR A
B P R 5875 G 45 100 L 3 I ] AN TG S e S Vs P ) B 22 4, EL BRI N 2R Ag BRI A 1%
7B, B, EYIREIFR TR . T, Tdtma it RmE T &K
TGl o AR AR M (] rh 23 B R R AR NE S e SR AR, BTG S S R, 3R
Bis g NS LR RER, AR RIHLE AR, AR R S AT AR B R K A 2
P, 0B B, b IR L <5 B O AT BR B AR AT B S5 R B AR Y. AR
BB B A R 100, K am Gy g0, Hr kU2, B UIE SR EAER, BbAT L, AR
BB AR A A 25 B 2Re . B T R B B 6 AR R IR 10 7 B8 AR R ZE N S R
FRZ N, A B S IR P I R & 2 5. Kosina S5IBIRE UK, 78 28 [ heIHT
YyAFRE R IN G 3.75 mg/kg SAN ¥ 7% I AL V0080, REAS RIS HE B ORI IR B &,
TRY T8 P 0 75 SRR I B, ETTAR EZN A AR o Lee SEUARIX B o R B, AN T
o AR A7 LR B FH B8 0% o0 7 1 45 4 B i T8 T P A8 T TS B AR KRR . = el IR 5
I, PR A I AR TR B 22 4 m BOR XS S S sk A M (IgM) & &, e lipiE
A G, ARSI E KR . B AT, A R MARTRAE & & 2 A KR 1 R BRE AN 2 AR B
(FL R 52 3 T 8 5 50 M T RRAT O 17 X BT 3 7 8 17 3 T 285 45 ) 5 S B T e 1A S MELRPT 9
ARARIE . FET b, ARG AE W YA FE AR AN AR B, R RS i AR AR K e
BTG DGR E S BE DI RE RSN, B AENTT R 224 R FRRII T LA 4 TR S 4t
RIS .

1 MEETHE
L1 g

ARG MARGA IR E N 1.5%, HbIR 3l s BB A R A /54t BT &

BEEEN15%, TEM~.

12 WR¥Eh SR it



TRIGIEHN23 H WP YR E N (6.55+0.18) kg B At x K x [ = 0 = L W 414536k , 1%
A AHT | 0] LG AE (5] S5 0 BE AL 23 340, 43 il PRI MRS R R O R 2L« Al HR+75 mg/kg
SERGUERM). FEAARRS0 mg/ke MARBR(MARIRZ), FHHANRANEE, HPMEE1RME,
I HI21 do
1.3 RIS 5 1 3R

UG HE AR 42 FENRC(2012)1 A IR bR e Fe ], AR B TR R L. Al e
[ ok 272 e 2 Ry Ak A A HF T BT s Ak T 3% & JEAT A7 R AN BB AN B B ) 3% o 1 RAHTHE
HEATIEE 3K, 23 550807:30 12:008118:30, [ HRERKK, KrEMAM, LR
FERIE N . 3R58 HAAE H AR e i R M bR B, SR RIS L. AT 3
IHHRE R HEAT, JEREE&EX. 5

1 AR L E TR KT (PR AR

Table 1 Composition and nutrient levels of the basal diet (as feed- basis) %
TiH Ttems % & Content

J5Rl Ingredients

EK Corn grain 55.00
ZH Soybean meal 19.00
A8 K H Full-fat soybean powder 10.05
16 ¥y Fish meal 5.00
HJER Whey powder 6.55
KE i Soybean oil 1.50
L-BRIR L-Lys (98%) 0.21
DL-%E=% % DL-Met 0.12
BERRESS CaHPO, 0.77
fi# Limestone 0.50
fr#h NaCl 0.30
TR Rl Premix) 1.00
#it Total 100.00

777K F Nutrient levels?
WiLEE DE/(MJ/kg) 14.80



HEAR CP 20.12

e MR Lys 1.38
EHE Met 0.82
ERER+ AR Met+Cys 1.01
TRE B Thr 0.97
TBEMR Trp 0.25
% Ca 0.75
AR AP 0.47

DFR R A EET SO AR Rt The premix provided the following per kg of the diet: VA 10
800 IU, VD3 4 000 IU, VE 40 IU, VK3 3.4 mg, VB, 1.6 mg, VB 12 mg, VBs 6 mg, VB2 0.05
mg, EYE biotin 0.2 mg, MR folic acid 2 mg, MAEZ niacin 50 mg, D-iZMRFS D-calcium
pantothenate 25 mg,Fe 80 mg, Cu 100 mg, Mn 50 mg, Zn 90 mg, Co 1 mg,Se 0.17 mg, 10.15
mg.

DEFRKF N HAE . Nutrient levels were calculated values.
1.4 FeACREE

TIRIEE NG, FE12h, B RIS Ak 5T 150.00 mg/kg M L2 88, Fr LR S
R T R, RN S B RIS IR R 1410 cmkb). =N
Je [7 gy (P51 B B 4583495 emAd) ] #52.5 em, [B5E T-10% poid O EEVA WP, T 0 i
IR, BARE-H AL (HE) S (s LA TN i 8 45 o 5 BRI 4 4 P BY J) 3242350 97 10 em /2 A5 (1)
+ =46, AR, G EBER 2 P (PBS) R R e I BE N S, IF FHIEARIL
TR B R FI7K 53 10 5 P B 2 B B R, 8 P B TR AR R gt AT B 28, SZEITBON
BRI, SRJEHR 5 -80 CUKKE T RAEFE I
1.5 W5E fabs 71
151 KRR

A FRR I UA 58 1R R R S AP AT 2 JERR L, DAWIIRIR R, 13RI 00 45 o5 I
PRE, dRAFEMARE, JEHR B BAMFEN T HIEEADG): i3 LM Rk
BAFEEE, (PR H R B B (ADFD) DLUCRHE L (F/G). tHRAR LR

ADG=(HIH 4 B — 2 1 5 ) AR 6 R 3L
ADFI=5CK 8 /150 R

F/G=ADFI/ADG.



R 08:00 0L £ T W14 FEAE KL, X FARFLAFHE HIRVS B ETS KA, 1HRIRIE 2.
M2 (%) = 100x[(FERIEYS S HO TS REO/ARE Bk 5 R EO] -

152 BB

B 10% RIS P E I TE A2, SF AR, AEaiE, Y. HERG)E, F
FiMotic Images Advanced 3.28fF, W&+ 4. =W, FGREERENAERE, Gk
T WS 10T, IRt SR T e B /R B3 VR B2 (V/C) B 81,
153 /MNpFEeEREASE

ZEFMEFDNITE, B 248, FRMEmEEE T 2 mL PBS(pH=7.4)"F, T
3500 xg &0 5 min, WAE EISW. MR REIREHR G(1gG). REBREH A (IgA)H! IgM
B R P ARG I G U (ELISAD A& e, B4l € 77 WL ELISA Kit( g 5t #%
DA R A R A R B A5
1.6 Sitorth

BIGH R T Excel 2013 FEATHILALPE, AIEAF SPSS 20.0 #E4T 4t 170 #, R Duncan
LT Z BB Z 7 B VR, 1875 3 R 9S4 Kruskal-Wallis £ 5,  #idfs AF25
Bbr R TR  BL P<<0.01 12 5 083 (KR AR it , P<<0.05 1 22 57t 8 3 (¥ HU T A v
0.05<P<<0.10 1y B T+ i BRFEAR 4 (0 A i b v
2 HERGHH
2.1 MMARBET W @44 A= AP B 52

fe2n] &, SXFREAAH L, MARGR A AP A: 22 A I ADGFIADFLE 3 2 = (P <0.05), F/G
HIGTE % 5 25 B AK(P<0.05) s AHIMARBRAL S Hi A RAL AN LU AR KPR RE 4B AR 8 0 2 # ML 22
(P>0.05). FLHENT, FARR s ML AR B AT AR w9047 8 10 A K v e, HACR S8t R AH
=R

2 IMARBEO Wr @74 A A PR R 2 i

Table 2 Effects of sanguinarine on growth performance of weaned piglets

i H

#H3| Groups

P-{H



X HEZH

JUERA

M ARBZH

Items P-value
Control group Antibiotic group Sanguinarine group
WIURATE Initial weight/kg 6.56+0.16 6.55+0.11 6.57£0.13 0.910
X RAATE Final weight/kg 11.89+0.33 12.4140.26 13.03+£0.47 0.236
FYJHMEE ADG/g 254.52+14.67° 294.28+3.29 307.62+15.33° 0.034
FHJH K& R ADFl/g 465.16£13.47° 486.55+14.31° 501.29+17.320 0.015
KLE L F/G 1.82+0.132 1.65+0.11° 1.62+0.09b 0.021
IG5 % Diarrhea rate/% 3.57+0.89° 1.06+0.18° 1.11£0.17° 0.008

[FAT B3 8 b o 7 BEEUH )N 7 B OR 22 AN (P>0.05), ANFVNG FRERIR 72 7
B3 (P<0.05), AAKEFRRREFIEE(P<0.01). NE[.

In the same row, values with no letter or the same small letter superscripts mean no
significant difference (P>0.05), and with different small letter superscripts mean significant
difference (P<0.05), while with different capital letter superscripts mean significant difference

(P<0.01). The same as below.
2.2 MUARBRT WT W7 38N T 25 O 5

HE 1 A3 A, SxTRRAMHEL, MRS AERAN T BB RERE. RESm
V/CIE 5.3 T+ 51(P<0.05), MR EEE . V/ICHERE Z T & P<0.01), {HIMHRIRARMGER
A1) DL EAR AR TC 2 3 22 S (P>0.05): 1T MLARBRAL B kB m B . V/CIE 3 T HoAth2 41
(P<0.05)c HHLAHEWT, (aPRR V% o0 ARG P LS I e 9 47 P TE S e TR, AT e Y
W RSO
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Fig.1 Detection of small intestine morphology of weaned piglets (100x)
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Table 3  Effects of sanguinarine on small intestinal morphology of weaned piglets

B RE| 277 Groups P
ltems f A EiRa ey i) M AR ,
Control group Antibiotic group Sanguinarine group -value

Y BmE Villus height/um

+=48% Duodenum 509.31+13.49° 554.27+31.212 589.56+19.68* 0.015
M Jejunum 500.83+18.785° 539.94+24.4542 562.48+30.2042 0.007
Bl Ileum 499.16+16.85° 515.39+33.74° 543.87+11.94° 0.023
Fa B VR Crypt depth/um

+ =48 Duodenum 307.55+16.33 305.87+18.68 300.21+25.57 0.421




7=/ Jejunum 296.37+18.41 287.49+17.56 270.33+10.26 0.095
Flf% Ileum 280.43+13.99 271.58+19.27 257.59428.12 0.147
BERE/TERE V/IC
+ %5/ Duodenum 1.66+0.09° 1.81+0.112 1.96+0.122 0.038
7 Jejunum 1.69+0.048b 1.88+0.0542 2.08+0.1142 0.006
[ lleum 1.78+0.07° 1.89+0.18° 2.11+0.112 0.014
2.3 IUARBEONT T 954 /08 i 286 I e 2 TR B 19 5 B R R )

4T E, HxPHRAML, MBRMAMGTAERA T B EAS &R ET S
(P<0.05), IgMEEREZET R P<0.01); FHFEIgANIGE & %% & (P<0.05); Mm%
JEIgGFIIgM & & & 3 FH 51(P<0.05), TgA & EMR & T (P<0.01). (R I AR B ZH AN AR 2R A 1)
A A BREITE 4 2 5 (P>0.05). EHSEHEIR, (AT I LR T DL A A 5
PETIRE o

x4 MARTIONS Wr W7 /0N i R T e e BR AR 25 B ) SR
Table 4 Effects of sanguinarine on immunoglobulin contents in small intestinal mucosa of
weaned piglets
HiH 7 Groups Pt
X REZH AERA AR B ZH
Items P-value
Control group Antibiotic group Sanguinarine group

FIEIREH AlgA
+ %8 Duodenum 1.87+0.13 2.11+0.092 2.16x0.112 0.023
M Jejunum 1.74+0.08° 2.15+0.122 2.27+0.18? 0.014
F% Tleum 1.62+0.165° 2.08+0.1142 2.2940.1342 0.006
RIEFRE A GG
+ 45 Duodenum 2.08+0.04 2.1840.10 2.37£0.21 0.114
7=/ Jejunum 2.13+0.11° 2.49+0.18? 2.65+0.328 0.017
F % lleum 2.00+0.09° 2.36+0.12° 2.48+0.24° 0.028
RIEERE E M IgM
1+ =48 Duodenum 1.28+0.118 1.97+0.1342 1.93+0.2142 0.009
7 Jejunum 1.44+0.09 1.62+0.12 1.60+0.15 0.121
17 Ileum 1.17£0.11° 1.54+0.16 1.59£0.22° 0.035
30 ®

A ARG — bR LA T A (A PR A 0, AR D — R DA IR e S IR A ke e
MIRZH, 32 BRI TR PUA R EAROREEAT 000, KRB P4 & & 51w R 3



RS 245 P48 0 L T8 L T R S M R AR D R 25 W B 55— R B IK ) RL, 2 N 2R A s s /2
B . K BRI 22 VAR AT TR 0T, e 7 R AR Bl A AT AE P KA R BR90 d, AN S
U, B IR s A P AN TEAR N B B RO, RN [ Py Ah—se it 5 R B, AR B AE
B BN A L R R AR KR PR TS SOR . PRAR SRR SR B, AR R A I I AR L i
EPEE W ADGHADFL,  BEKIGTE R SMARAT W R, R SiRinEZ R,
ADGAHMIADFIZE AN R 25 o SIS AR B, AR RS A 45 i At AR st 1 % B A1 BB 947 J 5
R, Kantas®E P50 £ B, TR AR I8 050 mg/ke AR B AE % 186 0 1B 5 47-5% 11 & S F1ADG .
VieiraZ£ PR 5T IE,  7E KIS TR R IS0 me/kg MARDH, $2m 7 KW HIA KR A5
KB, AR50 mg/kg MR 2 52 =1 1 Wi 3% (ADGAIADFI, 2% FE&AR 1 V5 %,
BB SHAERMANBCR, X5 ERUIRSREA -2, HEREMIETRZ: 1)
IMAR RS RS AL, AT B & BIIRGE R, 7T LI 3 A 75 7 e s 5 e M FR il
WEE, DRI E IR E IR M, R R RN R RN P R R, &
FUSITARERST; 2)thml e e i T~ AR B A PUA AL Th e, BRAR 1 LA T SEAL BNz, I b 4R
PRI 3)3 ] E A PR D9 PR o A In IR B I 2 i A0 B i AR 2D, B3 T i TE T
A&, BRI T AR E IR, SR T R AL, AR A

NE B WIS EZE I BT, WA e i B sh i AL RIS D) RE O EE R AR . /N
RGN 78 B 5 R ORESI AR T RER) R . /NGB = . REBTE.

B IR EE RV ICAE I S WL/ IN I R Y 25 S5k [ Dy B 58 Bk B B HOFR AR ) /NI 980 e E B
Ky DR ACE AR s 2R B S L ROR . B s iR, AU T RE st RIS V/CTE B,
TH AR BE J it R Lee S IR FE AL, AR b s I L AR BRCHE Jin 17 PRI XSS 2 i M ] gy A 6
KJZ . PUE AT LR, ARDAR b TR I e [m] A el ) DA 25 5 i s R XS V/C T . AR
SERBL, AR IR AR BRI = T B EAMV/ICIE, HA BRI a8 R BE s,
X5 AR BE BT @547 AR A PR B8 B 45 RAH — 2020 U B AL AR Bl P DA 53 W W5 47 i
NRIGAS R IRE , IR S0 TR BT R AR IS RE /0, #ET iR = s i AR Kt RE . 228
SEBOVH| B AR AR RE 77 4% Wi b % 40 i (intestinal porcine epithelial cells, IPEC-1)RF7T# B, IR
B B2 ££0.006 25~0.1 pug/mLXTIPEC-1 ¥ 958 AT 2 35 (R 2R FH o 3 5 I I AR Bl v i e ot {2
BE/N AN BT 7 A ST, AT s NI A RS, G B B R AN S N A o BB A, AR



BB 5035 /N i ot W 2EL R 45 K 3 T R 5 IR A D9 BT BT P ot A% 400 1) K P A i 558 it 18 £ i T
EERE, SN E PR AT R R DY, TR I E R B R A R . AREe b, 1
RS 702 ZONS T WA 48 /N AR KO B SR I S8 25 72 57 o B0 A2 3K P A R o s Ji 1 P
ES R B B A Y B RS AL, AR R BE A% 30 3o 57 S M40 o 7 550 D AT P S A 52341, AT
X J T B A 45 AR B R AP AR U, RTINSt — 5 i I AR i PR AL W 3 -4 V5 1)
JEBE o % T AR BN e A48 i TE R R E S5 A A i TE A B ORI, S 7R Bk — IR NHIE T

SN EGUE B 9% (o] B B 1 S e o AR Y, AT g v ML B 1 /BR B L, X Tk E2
2 L ATB IR EL 4T A D 4 TR AR IS0, I AR AE g 1 e rp R B ROy, LR, R
] — 4 4 245 A ) AR B 1 Dy G S AR I BB R b, FH TR B sh ) S8 o 3 R 20T
WEFERE, TR T AN K I R BV RE W B W WA LS 1eG & &, 35 DU S Th
W2 S SRMT A E BUR e ), TSGR KrERe, HHACRIL T &R . AR R ER,
AR A5 0 AR Bl 7 25 B v W A /D I R R Ig A TgGATIgM & £, 3k B 5 128 5 24 11
ROR, X5 2 VORI = R BT T8 45 R A — .
4 4

TrPRR PP S I AL AR BT DA TS PR RS, SR /N R S B DR I B e T A4 )
ERAERE, BRI SPUERMHMROR . SRR, MARBR T A R W80, AT 5%
BT R AW R T A
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Effects of Dietary Sanguinarine on Growth Performance, Intestinal Mucosal Morphology and
Immune Function of Small Intestinal Mucosa of Weaned Piglets
CHEN Jiashun'> KANG Baoju'? ZENG Jianguo® Hu Haibo* ZHAO Yurong! CHEN

Liv’> YAO Kang'?* FU Chenxing'3"i

(1. College of Animal Science and Technology, Hunan Agricultural University, Changsha 410128,



China; 2. Hunan Provincial Engineering Research Center for Healthy Breeding of Livestock and

Poultry, Key Laboratory of Agro-ecological Processes in Subtropical Region, Institute of

Subtropical Agriculture, Chinese Academy of Sciences, Changsha 410125, China; 3. Hunan

Collaborative Innovation Center for Utilization of Functional Ingredients from Botanicals, Hunan

Agricultural University, Changsha 410128, China; 4. Hunan Micolt Bioresource Co., Ltd.,
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Abstract: This experiment was conducted to study the effects of dietary sanguinarine (SAN) on
growth performance, intestinal mucosal morphology and immune function of small intestinal
mucosa of weaned piglets. Thirty-six “DurocxLandracexYorkshire” hybrid pigs with initial
weight of (6.55+0.18) kg were randomly divided into three groups with twelve replicates per
group and one pig per replicate according to similar body weight and the same ratio of gender. The
pigs in the control group were fed a basal diet, those in antibiotic group were fed the basal diet
supplemented with 75 mg /kg chlortetracycline, and the others in SAN group were fed the basal
diet supplemented with 50 mg /kg sanguinarine. The experiment lasted for 21 days. The results
showed as follows: 1) compared with the control group, the average daily gain and the average
daily feed intake were significantly increased (P<0.05), and the ratio of feed to gain and diarrhea
rate were significantly decreased (P<0.05) in SAN group and antibiotic group. But there were no
significant differences in above growth performance indices between SAN group and antibiotic
group (P>0.05). 2) Compared with the control group, the villus height and the ratio of villus
height to crypt depth (V/C) of duodenum and jejunum were significantly increased (P<0.05 or
P<0.01) in SAN group and antibiotic group, and no significant differences were found in above
indices between SAN group and antibiotic group (P>0.05), while the villus height and V/C of
ileum in SAN group were significantly higher than those in the other two groups (P<0.05). 3)
Compared with the control group, the contents of immunoglobulin A (IgA), immunoglobulin G

(IgG) and immunoglobulin M (IgM) in duodenum, jejunum and ileum in SAN group and



antibiotic group were significantly increased except for the IgG content in duodenum mucosa and
the IgM content in jejunum mucosa (P<0.05 or P<0.01). But no significant differences were found
in above indices between SAN group and antibiotic group (P>0.05). In conclusion, dietary
sanguinarine with the same effects of antibiotic can improve intestinal mucosal morphology, and
increase small intestinal mucosal immune function, consequently improve the growth performance
of weaned piglets.

Key words: sanguinarine; weaned piglets; growth performance; intestinal mucosal morphology;

immunoglobulin
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