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Abstract: This study aimed to explore the extraction method of saponins from the stems and leaves of
Panax notoginseng (PN) and investigate its effects on the growth performance, diarrhea index and
intestinal health of piglets challenged with lipopolysaccharide (LLPS). Single-factor experiments were
conducted and ultrasonic extraction method was used to optimize the extraction conditions of total
saponins from Panax notoginseng stems and leaves, such as ultrasonic time, liquid-to-solid ratio, and
ethanol volume fraction. The experiment selected 24 “Duroc X Landrace X Large White” piglets
with an initial body weight of (7.1340.74) kg. The piglets were randomly divided into a control
group (basic diet) , an LPS group (basic diet) , a DEX (dexamethasone) -+ LPS group (basic diet)
and a PN + LPS group (basic diet + 0.4% Panax notoginseng stem and leaf extract) , with six
piglets in each group. On the 28th day of the experiment, serum, colon tissue and colon chyme
samples were collected from piglets to test serum biochemical and colon inflammation-related
indicators, the composition of colon microbiota were analyzed and colon tissue morphology were
observed. The results showed as follows: 1) The extraction yield of total saponins was the highest at
solid-liquid ratio of 1: 25(g: mL) , ultrasonic time of 1.5 h and ethanol volume fraction of 60%. 2)
Compared with the LPS group, the feed intake of piglets in PN treatment was significantly increased
(P<<0.05) , and the diarrhea index was decreased (P=0.06). 3) Supplementation of PN can
effectively improve the morphology of colon tissue induced by LPS and prevent mucosal injury;
4) PN pre-feeding reduced the abundance of Prevorella_9 in the colon of piglets challenged with LPS
(P<<0.05). 5) PN treatment could promote the expression of IL-4 at mRNA level (P<C0.05) and
reduce the expression of TNF-a at mRNA level (P<C0.05). In summary, add 0.4% PN in dietary
can improve the growth performance of piglets, alleviate the damage of intestinal morphology caused
by LPS, regulate intestinal microorganisms and alleviate intestinal inflammation, thereby improving
the diarrhea of piglets.

Keywords: stem and leaf extract of Panax notoginseng; diarrhea in piglets; growth performance;
intestinal morphology; microorganisms; inflammation
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Table 1 Composition and nutrient levels of basal diets
(air-dry basis) %
i H Item %7 Content

J5B Ingredient

E KKy Corn flour 60. 00
1 Soybean meal 16. 00
[ 1k 5 M1 Puffed soybean meal 10. 00
ff 45 Fish meal 5.00
FLiE# Whey powder 4.00
BERR A5 CaHPO, 1.10
fi ¥ Limestone 0.60
4k NaCl 0. 30
iR Premix” 3.00
A1t Total 100. 00
32K Nutrient levels”
MALfie/(MJ-kg ') DE 13. 89
HLZE [ 5T CP 19. 44
HLIE I EE 4.93
KUK 3 Ash 5.28
5 Ca 0.75
P 0. 54
HA M Ca 0.53
AR Lys 1.33

V. R RN T R AR ER AR VA 12 000 TU, VD, 2 400 1U,
VE 451U, VK, 3 mg, VB, 0.40 mg, VB, 6.4 mg, VB, 0. 3 mg,
VB, 0.036 mg, M iz 2 mg, MR 40 mg, iZ fR 20 mg, ¥
% 0.45 mg, Fe 120 mg, Cu 6 mg, Mn 40 mg, Zn 100 mg,
11.3mg,Se0.3mg. . #FHAKFH M EMHE

V. The premix provided the following per kg of diets: VA
12 000 1U, VD, 2400 IU,VE 451U, VK, 3 mg, VB, 0. 40 mg,
VB, 6.4 mg, VB; 0.3 mg, VB, 0. 036 mg, folic acid 2 mg,
niacin 40 mg, pantothenic acid 20 mg, biotin 0. 45 mg, Fe 120 mg,
Cu 6 mg, Mn 40 mg, Zn 100 mg, 1 1.3 mg, Se 0.3 mg. *.
Nutrient levels were all calculated values
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1.3.4 i Atk 48 5 IR S5 Y R X AT
WEHEAT RN, R M 7E = R FE 1 har )2 K5
1 000X g & .0 10 min B LW, H T /W & & A
(TP) Bk HE M (GLB) . & H (ALB) . & N % 2 i
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1.3.6 Z5HEBE16S rRNAWF i 45 di i,
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Table 2 Primers for RT-PCR experiments

P mRNA KR IK B R 22 k0 h 3 H g 2k
AR IR . K2 N5 F.

B S5 (5'—>3") Horks PR B /bp
Gene Primer sequences(5—>3") Accession number Product length
7 - 3 - T O F#ESIH : TCGGAGTGAACGGATTTGGC NM_001206359. 1 189
GAPDH TR : TGACAAGCTTCCCGTTCTCC

T -y LRI : TCCAGCGCAAAGCCATCAGTG NM_213948. 1 111
IFN-y THsI :ATGCTCTCTGGCCTTGGAACATAGT

g8 IR FE R F - LRI : CCACGCTCTTCTGCCTACTGC NM_214022. 1 168
TNF -a TSI :GCTGTCCCTCGGCTTTGAC

4% -6 FWESIH : CCTCTCCGGACAAAACTGAA XM_047753916. 1 118
IL-6 FWEI¥ : TCTGCCAGTACCTCCTTGCT

40 B A % -10 S : CTGCCTCCCACTTTCTCTTG NM_214041. 1 95
IL-10 FiE51% : TCAAAGGGGCTCCCTAGTTT

4B 2 -4 F#a14 : TGACGGACGTCTTTGCTGC NM_214123. 1 165
IL-4 THEE 4 : GCACAGAACAGGTCATGTTTGC

4B A % -22 F#FSI¥ : CAATTCCCCTGCCATTGAGT XM_021091967. 1 150
IL.-22 T : GGGGTGGAGGTAAGGAGATT

1.4 BRSITH 0
R I B SR I SPSS 26. 0 kR 9 17, il 1 1F 25
G3 AT R JT 25 55 PR I J5 R B 3R O 25 43 Bt (one-
way ANOVA) , >k I LSD ¥k #1712 & 4 0 i o
AFF G IE 2 73 A 0 EHE 55 oRHE A Wilcoxon Bk G
1 . Z J5 43 W A GraphPad-Prism 8. Excel 2022 i
BB R o G5 H DL (E £ pR il iR " R OR L P<<0. 05
KrREFEBE.
2 & R
2.1 AERBEAHMN=LEMEEHRIENENE
AR AS = 2R O R AR SR R AR Y

—H- 2

it P 4 o) A v e 4 A B DR 3ROk R I T A
LA 1, = 2R SR A B AE R L R
1:25(g:mL) GBI 2 1.5 h Al & AR AL 20 Bl
609 B, PR ORI /5 o Z5 L rak b i Y =&
R BRI S E R L 1:25(gimL) S
B[R] 1.5 h F1 2 B AR R 43 % 60 26 B, 8 06 (R IR 48
ORSEEN S/ I
2.2 =EEMERN LPS IS HFEEK
T BE B9 22 M

H1 2% 3 AT %0, 50 BEZL A L, LPS A7 45 7 3
H 3 5 AR L G BT AR 1k (P=>0. 05) , {H 3
HREH W F FHE(P<0.05); 5 LPS4 M It , PN

10+ 7.44 7.0+
7.2
8-
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B3 =5 &350
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1 AEEBHT=ZLtEMEEFRE

ER A ) /h
Ultrasonic time

AR %

Ethanol volume fraction

Fig.1 Extraction rate of total saponins of Panax notoginseng under different conditions
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Qb B AT B R, (P<<0.05) 5 3 H 4
AR 5 DEX 4b 3 46 I8 B 8 X 59 (P>>0.05)
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Table 3 Effects of stem and leaf extracts of Panax notoginseng on growth performance of weaned piglets

) 2151 Group
i H Ttem
CON LPS DEX+LPS PN+LPS
T H R H/(kg-d™') ADFI 0.67+0. 05" 0.53+0.02" 0.554-0. 04" 0.6940.02°
P HHE/ (kg-d™") ADG 0.4740. 03 0.4120.04" 0.3540. 04" 0.33240. 04"
BHE L F/G 1.4140.03" 1.2940.01" 1.5140.06° 1.5740.03°

[F) A7 B4k A b 0 5 B BAR [) /NS 2 B 3R 22 57 R 8.3 (P=>0. 05) R RN G B R 22 53 1 % (P<C0.05) . R [A)

No letter or the same lowercase letter in the peer data shoulder indicates no significant difference (P>>0.05) , while different

lowercase letters indicate significant difference (P<C0.05). The same as below

2.3 ZEEHERY LPS KNS {FHES
FEH R

2% 4 AT, 5% A AR EL L LIPS T a4 Y B 4
5 15 58 B He X B8 4 8 3 T R (P<<0..05) 5 X 42

R4 ZEEHIREY B TR SR SN R0

/R LPS MG Sl . R, 5 LPS 4040 L,
PN il 4 4b B4 9 11 5% 15 48 B0 FE AR 3 (P=
0.06), X #7R PN X LPS 75 G475 18 15 A 1 78 19145
PEH

Table 4 Effect of stem and leaf extracts of Panax notoginseng on diarrhea index of weaned piglets

IiH 2051 Group
Item CON LPS DEX+LPS PN+LPS
i Y5 % %% Diarrhea index 2.7240. 31° 5.44-+0. 34° 4.5340. 28" 4.4740.43"

2.4 =ZEEMHEIRYLPSHENHPNFESEE
IBH M

LS Z, 5% 4L A L, LPS 41 Fil DEX+
LPS 4 /9 JF I 48 %0 . UL & DEX+LPS 4 #1 PN+

R5 ZELEHRBYNENFESREERNZNE

LPS 41 4 I8 fE 48 W 2 J+ & (P<<0. 05) , 1fif PN+
LPS 20 (%) i IE 48 500 18 % 25k (P>>0.05) . 45 S 42
7~ PN AR BEXF LPS T8 A1 56 2% B 52 Wi A BH o

Table 5 Effects of stem and leaf extracts of Panax notoginseng on organ indices of weaned piglets

W H 25 Group

Item CON LPS DEX+LPS PN-+LPS
D IEFE %L Heart index 5.3940. 15 5.642420. 34 5.8940. 33 6.2340.54
HFIEFE 5L Liver index 25.1740. 50" 30.341. 63 31.2241. 25° 28.8741.94%
fi9HE 8 %4 Spleen index 1.95+0.09" 2.2+0.12" 2.540. 16° 2.540.19°
Jii JE$5 %X Lung index 12.4220.95 13.9140. 69 12.720. 44 14.1140. 91
W I 5 %1 Kidney index 5.1140. 21 5.0940. 28 5.4540.17 5.5840. 34

2.5 =L EMEEWXT LPS IX 3 B B 9% F 35 I 55

eI

Hi 2 6 7] %0, PN s AN BE 22 fi LPS 75 S 11 1ML 1 IR
FIKSE B I (P<<0.05) ,H A BE 1 5% LPS i S i 11
F L R [ P2 R0 25 TR 3 B IR (P=>0. 05) 5 IfiL.

T FLIR I AmE H o =8 & AR Z LPS 8 PN
(1) 52 ]
2.6 ZEEMERYN LPSHENHBIFELER
i3 p= A

H 12 7] D fdt B 1 06T 03 A7 5 1) 485 i 2H AR 45
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Table 6 Effects of stem and leaf extracts of Panax notoginseng on serum biochemistry of weaned piglets
g E| 2851 Group
Item CON LPS DEX-+LPS PN-+LPS
AmBiEw/(U-L-") LDH 948.31+79.80  1288.87+270.67  904.37+72.96  1054.21+138.30
JR 2 /(pmol-1L~") BU 5.2340. 38" 3.9440. 38" 4.4140. 40 5.4242.14°
ML 2/ (pmol- L") TBIL 1.8020.09 1.37240. 30 1.72240. 10 1.602£0. 18
SR EE/ (mmol - L™1) TC 8.53+1.45° 2.30+1.23" 0.75+0. 18" 3.23+0.98"
HEA/ (g L7 TP 52.7541.63 50.3743.15 51.5642. 26 49.7344.86
k&M /(g-L7") GLB 20. 60=2. 46 20.54+1. 40 21.75+2.23 21.56+2. 35
HEM/ (g L7") ALB 32.15+2. 33 29.82+1.93 29.8141.40 28.17+2.65
FE A/ E N ALB/GLB 1.71+0. 27 1.46-+0.06 1.4640.20 1.334+0.08
Hh =FE/(mmol-L™") TG 0.48+0.05 0.424+0.18 0.4340.05 0.454+0.12
BMEBEIR A/ (U-L") ALP 379.72+27.30 395.97+44.58 350.11+55. 01 348.7672.00
M/ (mmol-1.7Y) BG 2.1740.45 2.080.42 2.60-+0.53 1.6840.44
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Fig.2 The effect of Panax notoginseng stem and leaf extract on colon morphology of weaned piglets
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Fig.5 The effect of Panax notoginseng stem and leaf extract on colonic microbes at the genus level
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