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B E: BY T BAXEZWET lex pubescens triterpenoid saponin, IPTS) X% ## (lipopolysaccharide, LPS) %S
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SKH qRT-PCR Fll Western blotting J2:5ll [ 4 21 9 IE R T I A/ 3K -1B Cinterleukin-1B8, IL-18). MYESAFERE T -0 (tumor
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Abstract: Objective To investigate the effect and potential mechanism of llex pubescens triterpenoid saponins (IPTS) on
lipopolysaccharide (LPS)-induced small intestinal injury in mice. Methods C57BL/6 mice were randomly divided into control group,
model group and IPTS low-, medium-and high-dose (88, 176, 264 mg/kg) groups. After 7 d of drug intervention, mice were ip LPS to
induce small intestine injury. After 7 h of modeling, hematoxylin eosin (HE) staining was used to observe pathology of ileum in mice;
Level of malondialdehyde (MDA) and activity of superoxide dismutase (SOD) in serum of mice were detected; qRT-PCR and Western
blotting were used to detect inflammatory factor interleukin-1f (/L-1f), tumor necrosis factor-o (TNF-a) mRNA and intestinal barrier
tight junction protein ZO-1, Occludin mRNA and protein expressions in ileum. The potential mechanism of IPTS on ileum was explored

by transcriptome sequencing. Results Compared with model group, ileum in IPTS group was intact, oxidative stress injury was
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improved (P < 0.001), level of ileitis factor was decreased (P < 0.01), and intestinal barrier was restored (P < 0.05, 0.01, 0.001). RNA-

seq sequencing results showed that 2584 differentially expressed genes were screened from model group compared with control group;

Compared with model group, 259 differentially expressed genes were screened out in IPTS high-dose group; These differentially

expressed genes were mainly enriched in signaling pathway such as immunoglobulin A (IgA) related intestinal immunity, arachidonic

acid metabolism, B cell receptor, transient receptor potential (TRP) channel inflammation regulation, linoleic acid metabolism, etc.

Conclusion IPTS can improve LPS induced intestinal injury in mice, which may be closely related to arachidonic acid metabolism,

IgA related intestinal immune metabolism and TRP channel inflammatory regulation pathway.
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FEAF llex pubescens Hook. et Am. e & H R4
HiwY), R EFTEHTY, HEEDRONE
PfigeE. G IMIEL% . PEREEARERE, N
FBAFIBITOIRIME IR, HAERRIGA R V55 TT
R T 22, BT R0, T 245 PR R
P, BEEGEZMN, EN N T A
R, BAFMEEEMER D =05 2R, SR,
M EBAH =M 2T (lex pubescens triterpenoid
saponin, IPTS) 44 P It ARG N 24 BRAL A1 1) 13 ¢ rh
B, 200 R4 B BAH EEARYRA
R R TUIRES 25 25 FEAG,  RIME AR XTI
PR TN B AT TR, PR DREG 251
2 AR B <3%DB-41, AUREUZH I ZH 200 AR
WAL R KI, KR ig BAFRIGEE, IPTS &
BT BiE, A SES TN, Wi
JRE A, DI 12 T4 LIRSS 25342 10 25
T EAIT T 45 IR 0 TG E RE H P 240 i 1L 2
I (AE FH LA o

AURBHAER T IPTS Hish kLR B
I EF A I, TPTS AME AT DL 48 iz i 1 3 45 74 2G5 31
KR FEREAL, IO RE 3 PR KR RISk /N SR ML
FiflEZ B (lipopolysaccharide, LPS) 7K-F-1l, ik
TRIE, BB AERE AR H R b R 5 o ) e e
15, A HmE PR K, T3 B0l 8 B R AE /1) LPS
Z 1 i e B e NI o 24 LPS M i %% 3|
PE I, 5 LPS i 6l EEME &4, AlLl5 5
R4 _E¥) CD14 254 ik i 3 BUe 2 40 A5 1) 7
Al BT -0 PR BAFEREIMIIR
FIEMEHL ke i, B F LGN R
PSS, HERF IR BT b S R e, T
RIEHFCOILEBORIER . BTl & e e
i1l 2% PRI BN KA A A RS 2R A Rl 1 47 R G L At
FAK, ABFFCET ip LPS &2/ RN 1 40
B, R0 IPTS RN RE SRR ER, IR

ST i, R FEAENL I AR R R
1wt
1.1 =

SPF 2Pt CSTBL/6 /MR, i 18~22 g,
6 B Bt i E A RHA R AR, MG HIE S
SCXK (#) 2020-0051. sh#F T B2 K%
255 B s 5 SPF RIAEEH & AR IR 1 H, IR
(24+2) C. 12h HELZE, AHEHFEYUK. L5
BN A VAT IESR 5 SYXK () 2019-0202,
WVSEEGZE T I Hp B 25K 25 o 24 25 [ S5 Bl ) A B
BRI (S ZYD-2021-223).
1.2

EBAHEWAT MARILFHRAERAF, &
7N R 25 R 2B K PHIE 2R e N A F R F B
YIBAT I pubescens Hook. et Am.[F] T AR
1.3 AR5EF

BAH B B IR GRESH>98%) HI™
PN 24 R 2E R B AR O R A AR s 4% 2 TREF R
e (fb5 21211717) W H L5 Biosharp 2 7
PBS ZZR (HIL5 GA21120122694) 4 H i FE 4
IREMIBHAE R A, LPS (Hib5 12190801) T H
% Sigma AF]; AHEIK (S 0506A22) THH
TR A F s A Y B AES (superoxide
dismutase, SOD) frillilifl& (b5 20211119 A
% (malondialdehyde, MDA) illil7l & (fit's
2021112000 H B 52 4= 70 TRE 50T s TRIzol ik
7| (#t*5 03877118721)+ HiFiScript gDNA Removal
RT Master Mix 71 & (#t*5 02322). Magic SYBR
Mixture 76 (5 09321) W H BN A F,
/N BRCH i 3-8 R WG A BE ( glyceraldehyde-3-
phosphate dehydrogenase, GAPDH) 5% (L5
1620KA5091) W 5 4= T A T2 24 ] ;s DEPC 7K (it
5 051821210702) M HILH EFKFE A H; GAPDH
Poik (b5 AC21110131A) 1y H B ZE4E /R AR
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HARAF; ZO-1 $ifk (#'5 GR3398704-6).
Occludin L& (L5 GR3383643-14) T H 7L [H
Abcam A #]; PR IgG Fiik (bS5 S0001) 1y
H Affinity A& ; Marker (#t5 91226047) W2
Thermo Fisher Scientific A ] .

1.4 Y5

LC-LX-HR165A BUAHEOHL (LI RA
F]); Eclipse E100 Y IEBYG RS (HAJBEA
F]); THMS1 119300 B 43 KEgbR{ . NC2000
Nanodrop 84ME & ABI 7500 A% € & PCR
A (ZE[H Thermo Fisher Scientific A 7] ); SDS-PAGE
I VKA EFEERE (2E Bio-Rad AF]);
Nlumina Misseq M7 (E[EH Illumina A 7] ).

2 7k
2.1 IPTS BU#I%&

BAHMZE T SR, 10 21 2808 K
R 24 h, B2 K, FErhibE, JE, FE
W, BERLE PR RREE 12 10 NN 85% ZEE TN
IREIREEEL 2 WK, BRI 1 h, WCEEATRIEW, R4,
TR fE R B BEAEF R K . LA H 21 B XS
MBS, SR B ikile B = a2 F R E S5, U
o B R B R AR (), WROGEE RALER (),
EhrE 2R y=369.95 x—0.052 9 (R?=1.000), it
AR =2 E SO 81.6%.

22 &R, DHEKRSAH

C57BL/6 /IR BEHL Xt ZH | AR 2H A IPTS
fiK. . &R (88, 1764 264 mg/kg) 4H, FH4H 12
Ho IPTS T 0.5% R H A4 247 (CMC-Na) Fic
HI R B E AN 8.8 17.6. 26.4 mg/mL HITE B,
BT ig AHRNZEY) (10 mL/kg), X HE 41 RN
H ig ZARF 0.5% CMC-Na, 1 %&/d, &4 7 d.
RIRG )G, BRI %25 254 ip LPS (10 mg/kg),
R 7 h 5, nsk/N RIS BT S A B AOIRES AR,
HE/NR ip LPS 1 544 i & 21 .

2.3 IPTS JRp#5fa /MR IME+ MDA KE K SOD
SEMERISZN

IR 7 hfa, RN RRGEEAT BRI, IR BREM,
FiRFE 1h)5, 4 C. 3800r/min B> 10 min, Y&
£ IER, T80 CORAF. 4 HRBFI & Ui e
IfiE H MDA 7K~F & SOD it
2.4 IPTS XIRA#5i45 ) B Bl B H R R 1R ZE 14 A9 52 e

ANBR B STME AL BE i, AEVK EERE g, B PBS ¥
T, HL0.5 cm BT 4%2 R F R [

€, ZAMAEY R, AT HRRAL (HE) §
th, TIeE R TSN H SRR
2.5 IPTS XJBa#5ifn ) B [E] AA 4R 4R ¢ fE -+ B 4R
' ZE-1p Cinterleukin-1p, IL-18) BEIRFEEF-a
(tumor necrosis factor-o, TNF-a) FIAREEH
Z0-1. Occludin mRNA FIEHIENH

B4/ R R 2 2R 20 mg, 4% 875 &
FILEUE RNA 4 K cDNA, 3T qQRT-PCR 437,
S\ IL-18 3514 5°-CACTACAGGCTCCG-
AGATGAACAAC-3’. NiE5 % 5°-TGTCGTTGCTT-
GGTTCTCCTTGTAC-3’ ; TNF-a L i#51%) 5-
AGAGGTTGGCTATGGAGGCTGTG-3’. il 5|4y
5’-CCTGCATCGTTGACGGTCTTCC-3’; ZO-1 L
5% 5°-AACCCGAAACTGATGCTGTGGATAG-3’+
514 5°-CGCCCTTGGAATGTATGTGGAGAG-3’;
Occludin L % 51 ¥ 5-TTGGCTACGGAGGTG-
GCTATGG. Fil#sl#) 5°-CCTTTGGCTGCTCTTG-
GGTCTG-3’; GAPDH #5141 5°-GGTTGTCTCCT-
GCGACTTCA-3’. N5 5°-TGGTCCAGGGTT-
TCTTACTCC-3’.
26 IPTS xR#fmifa /R EMALR ZO-1
Occludin B FRIARIE N

B4 /N BB i 240 30 mg, NN RIPA 2R
IER BRI 7], A5 FH V2 R 2RI B A AT ) H (60
Hz. 60s), 2JJEICT VK EFE 20 min, 4 C.
1200 r/min &0 5 min, HE{EWR. KH BCA &H
& A & e B IR EE, M Loading buffer J5
BAT, BKE 15Smin IR ASHE. EAMEMRE T
ot FEBR BN - S M I e Bt A Lk, % 2 PVIDF JiE,
TN 5% Mg 4=y, =iRE A 2.5 hs 2 BIINAAR R
Pigk, 4 CMEIRH: AP, =RWE 1h,
A ECL TAEM R R A, K Image J 3K PF b 4%
KB -
2.7 RNA-Seq JF 5 #r
2.7.1 RNA #ZEUFIRNA-Seq il 3 5B IR ZH.
A . IPTS A EA R AL 100 mg, BT
RNase-Free 475 N, THATARER, RIE (R
L H AW A 7 AT RNA $2HUR RNA-Seq Ul 7, FF
A RIEL DTV G AT 7007 s HAR
TFEM R : KH TruSeq™ RNA sample preparation
Kit {7 &2 37 RNA SCFE . 15 SR A Oligo(dT)
HIMEER M 1 pg 5 RNA HHE 26 poly-A B ) mRNA,
NN fragmentation buffer, ¥ mRNA BEHLKIZL K
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300 bp A B/ B, #2565 K H SuperScript double-
stranded cDNA synthesis kit i&f)%&, A ZSHlZERE
PLEIY, L mRNA Sy S & pl— % cDNA, B
JE AT G R, TR e R S5 . U (1)
cDNA 5 &R S, I\ End Repair Mix # H:
ARG R S, BEJEAE 3 RN b —A> A BREE, H T
B Y TIEHIE K . cDNA 45t PCR & 45, beads
(DNA clean beads) ffii& 200~300 bp [F5&. &
TBS380 ;& /)5, ffiH Ilumina HiSeq xten/NovaSeq
6000 Il 7>~ £ BEAT il &I e, W73 KO PE150.
2.7.2 MR R B 0 SR AR 4
PR TR, 2B% reads ML T, ZBRTFHIR
SR AR /N T 20 (OB, KBRS N HEREE 10%
] reads, 3% 2 adapter M i EAZEY [5 K E/NT 20
bp KPS, o gl AR 5 225 B R A LE x4
273 HEHNZEFRIE T AL RNA-Seq 70+, 8
T s o7 281 PR 2L IX P A Bk T B R PR 3R A 7K
o 81 RSEM A% JE R [ Ak 7K1 3547 8 B4y
M1, RBERPFIEUE, HEET R 00540 )
DESeq2 X Raw H0st A7 704, 2T — 2 kst
Ao Kb R 75 125 2% A SR A5 LU A 28 () 3Rk 22 S R 2R A
B R R FRIA B AR AR A 2 e B AT O
%, BIER) P (Pagust) <0.05 H|logFC|=2.
2.7.4 FERIAIK (gene ontology, GO) IhREFNHLHS
FER 5 F R4 H L4 1 (Kyoto encyclopedia of genes
and genomes, KEGG) @& &7 FIH GO %
W2, fHH Goatools 3, 134T Fisher A5,
22 AR AT GO Thig i #1% &E 4 0. oK FH BH
70 PAEHHTIRIE, 4 Pagiuse<<0.05 K, AN
IREAAE R E E Gl 1] KOBAS #1T KEGG
W E LT, THEJEEE GO Thiag'E £,
S Pagjue<<0.05 1] KEGG 3@ % & SUNTE % ik
PRl 2 4R 1) KEGG 8

2.7.5 IPTS X LPS Mt/ R ol i 455
PEBERIRIA LM Jlid gRT-PCR SRiF 7 7
3 5] L -1,4,5- = B B2 % M8 2 Cinositol-1,4,5-
trisphosphate receptor type 2, ITPR2). MEMfEZAK
P2Y2 (purinergic receptor P2Y2, P2RY2). &R
# a4 Cintegrin subunitad, ITGA4). IL-15. #&1LA
F %M 4 (C-X-C motif chemokine receptor 4,
CXCR4). HMMi 3 PASO K% 2 SR C i 55
(cytochrome P450 family 2 subfamily C member 55,
CYP2C55). CYP2C65. CYP2C66. CYP2C68. V4

TR A2 (phospholipase A2 groupV, PLA2GS5) 1]
Fik, BUNRFGAL 20 mg, % “2.57 TR ik
BEAT qRT-PCR 70 #1, S FI K 1.

*1 5149F7%
Table 1 Primer sequences
SR FF5 (5°-3) I B bp
ITPR? F: GGCTCGGTCAATGGCTTCATCAG 124

R: GGCACACCTTGAACAGGCAGTC

PIRY? F: GTGCTGTTGCCCGTGTCCTATG 139
R: AGTCCGAAACTGCCAGGTGAAAC

1TGA4 F: AGGCAAAGAGGTCCCAGGCTAC 150
R: TCTCCACTGCTTGAAACTCGTATGC

IL-15 F: ACATCCATCTCGTGCTACTTGTGT 20
i R: CCCAAAATGAAGACATGAATGCCAG

CXCR4 F: CCTGCCCACCATCTACTTCATCATC 110
R: GGTACTTGTCCGTCATGCTCCTTAG

F: AGGATCGCATTCAAGAGGAAGCATC
CrPacss R: CAGATCACATTGGAGGGAGCACAG 2

F: TGACTCTGCGAAACTTTGGGATGG
CrPaces R: AGGAGCACAGCCGAGGATGAAG 137

F: GGTGTGTTTCTGGGGCTTCTTCTC
CrP2Cos R: GCCAGGAGGAAGGTTTCTTCTCTG 87

F: GCATGAGGTCCAGCGGTACATTG
CYPaC68 R: ATGCAGCACTGATGTCAGAGATGTC 133

F: CACTGGCTTGGTTCCTGGCTTG
PLA2GS R: GGCATTCTTCCTGGTCACCTTCTC %

2.8 GEitES

KH SPSS 20.0 #AFHATHER St b, 1 E
PR IEZS 0 DL X £ s Fo, R BRI I
oMM M (P25, P75) fiid. RH MR ERIT 25
#r (One-way ANOVA) HHTZ HZERILEL, 7 25%
R A LSD #EAT Wi Lh e, 7 Z AR R A
Dunnett’s 73 ¥%; A& IEA 204 5 R FHHES 4L
Kruskal-Wallis £ 3632547 P14 ELER -
3 H#R
3.1 IPTS sEa#ita /MBI RERIF M

WK 1R, SeHEA b, AL/ R AR
BEERWETE (P<0.01); SHEMALE, &4
ZIH/N R B BRI BREK (P<0.01). R
/INER ip LPS 23t A i & 1 B, IPTS 7] LAZEf# LPS
T RN R T N R
3.2 IPTS xia$hfn /R MmE+ MDA 7KFE X SOD
SEMRI RN

WK 2 Frow, Sy, ARG/ R i
H MDA /K52 T (P<<0.001), SOD 54 i %
% (P<<0.001); SHEAIA LA, TPTS miyl &l
BRILIE H MDA /K3 K (P<0.001), #4574
4 SOD JE M EE T E (P<0.001). K/ ip
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XIS BR 88 176 264
IPTS/(mg-kg™)
S #P<0.05 #P<0.01 #P<0.001; SR
B "P<0.05 "P<0.01 ""P<0.01, T
#P<0.05 #P<0.01 *#P<0.001 vs control group; "P<0.05 “P<
0.01 "P<0.001 vs model group, same as below figures

El 1 IPTS MBI/ NRIFRERIFNM (X£5,n=6)
Fig. 1 Effect of IPTS on body weight of mice with intestinal
barrier injury (X £s,n=06)

157
i

ok

MDA/(nmol-mL™")

WP RS 88 176 264
IPTS/(mg-kg™)

LPS J&, PRSP, TPTS RGeS AR
T REBAR A -
3.3 IPTS s3BA#itA )\ FRE B LE R R L OS2

Wi 3 fiow, GRS R RI I R S50 1B
BEHIES, MPEEIEY, THALERA,
RA/NR IR ERR, R R . 5
AL LLER, IPTS MK Wi &/ B S,
XA /N3 vk s TPTS sl 2 /0 BRIl g o 4 e
B, MBI R, BB G HE 855 .
3.4 IPTS xtRp#hfn/ R ERFELKIERF IL-18
1 TNF-a mRNA =ik HIS20

WK 4 Fros, S, AL/ R [
HZIH [L-18 A1 TNF-a ) mRNA ik /K F-35) 8 % T+
W (P<0.01); SRS, &40/ R G

400 7]

300 ]
i
200

SOD/(U-mL™")

100

0-
POYiGRN Vi 176 264
IPTS/(mg-kg™")

E 2 IPTS X Fifa R ILES MDA KK SOD SEMHISM (X+5s,n=26)
Fig. 2 Effect of IPTS on MDA level and SOD activity in serum of mice with intestinal barrier injury (X s, n =6)

IPTS 88 mg-kg™!
Hi kB MR EZ
arrows indicate damage to small intestinal villi
3 IPTS Xt /MR BALERRIRE (L AISIAE (HE, X200)
Fig. 3 Effect of IPTS on pathological changes of ileum in mice with intestinal barrier injury (HE, x 200)

2.5 4
##
2.0 4
1.5 - *%
1.0 1

0.5

IL-18 mRNA H* Fik &

0 -
WP A 88 176 264
IPTS/(mg kg ™)

IPTS 176 mg-kg™!

IPTS 264 mg-kg™!

2.0 #

TNF-omRNA A%} ik &

YPER B 88 176 264
IPTS/(mg-kg™")

E 4 IPTS XtAHtn MR EIRFLELE IL-18 F1 TNF-a mRNA FRiAMEN (Xt£s,n=6)
Fig. 4 Effect of IPTS on IL-1f and TNF-a mRNA expressions in ileum of mice with intestinal barrier injury (X £ s, n=6)



PED 2022611 5 B53% 5228 Chinese Traditional and Herbal Drugs 2022 November Vol. 53 No. 22 - 7107 -

A IL-1 mRNA FiE/K T K (P<0.01),  Occludin [f) mRNA Fik/KFETHE (P<0.05.
IPTS . EFIEARIGHL T TNF-o mRNA RiE  0.001),
KPR (P<<0.01). W IPTS A8 I 5 BRI WK 6 fis, S, AL/ R 9
LPS %5 S i A 5/ R[5 iz 2H 23 b 98 0E Rl 1R IA . ML ZO-1 Al Occludin 25 [ 1K 7K T 14 5 3 A
3.5 IPTS X ipitn/ R EIFELEREEH Z0-1.  (P<<0.001); SR LLE:, IPTS d. &4 nl

Occludin mRNA F1E B RIEZRIS0D e A% ZO-1 F1 Occludin 28 [ 34 /K-35 45 & T
w5 s, SxPERZL bR, BRI NG & (P<0.01. 0.001).
HR R FEREE I ZO-1+ Occludin ) mRNA FRik/K PLEZERFZ, /N ip LPS J5, AL+

SRR EBHK (P<0.001); SEERIALLE, IPTS & B ZO-1 1 Occludin i) mRNA K & HRIE)
FIEA B IR ZO-1 /) mRNA RiX/KFEEA  BERK, SRS 7FER G IPTS ei8 85K
f (P<<0.001), IPTS . &7 &4 [ g 0 20 BRI, R 5RE.

2.0 g 1.5
I B
| #®
K154 ®
o = 1.0+
=z <
< 101 Z
z £ 51
S 054 3 ###
S
0 - 0 -
X i W“'J 176 264 pagiis ﬁjr& 88 176 264 176 264
IPTS/(mg kg™ IPTS/(mg-kg™")

E 5 IPTS X545/ B EIRFEL Z0-1 71 Occludin mRNA FEBIS0E (X+5,n=26)
Fig. 5 Effect of IPTS on ZO-1 and Occludin mRNA expressions in ileum of mice with intestinal barrier injury (X s, n =6)

1.5+ 1.5
o b7
GAPDH |-—-—-‘3.60X10“ “SJ ﬁ
kkk gk oksk 5k
K104 E 1.07
= =z
70-1 |’ —— — —— —‘ 1.95X 105 % H {a bidiaid
B 0.5 HE 0.5
Occludin | <o s e w] 590X 10° 3 2
N 3
KHEE B 88 176 264 0 © o -
IPTS/(mg-kg™) X BA 88 176 264 X BAL 88 176 264
IPTS/(mg-kg™") IPTS/(mg-kg™")

E 6 IPTS XiAfHiG /MR EAFLELE ZO-1 F1 Occludin EBFTIEHIFM (X s, n="06)

Fig. 6 Effect of IPTS on ZO-1 and Occludin protein expressions in ileum of mice with intestinal barrier injury (X = s, n = 6)

3.6 HEFRAFNFHIENRE T B, BRI A DEGs 1119 4, T i DEGs 1465 s
AWFFRILTER 14 MRES WPREZE 4 AN, BRI IPTS s AR AR 4H > 64 259 /> DEGs, S

54 IPTS EFIEA 54 AN Fair. & iﬂéﬁtbﬁc, IPTS =77 &4 i DEGs 208 4>, T
JREE A FE S R ZE RN T 0.0253%, FIEFE DEGs 51 4. HZEFEEIEFERSHE (- D
i O ¥R T 97.85%, Q303 KT 93.94%. RHE w4, IPTS f~%ﬁ§ilﬁhﬁﬂ?d\ B, ip LPS J& [l
HOREE M Ze v Fn, PrAAERIFEEECHEEE M2 DEGs.

BOR . B A I e m i v, MFETAE 3.8 DEGs BEESH

FrHIAESE R _E 38 53 0 A o Kk i) DEGs #t47 GO M KEGG & %7
3.7 EEEFRESTER Bro GO EARZR I 8, HAMHGXRAMLIL, 5

BH MG R 2 (B4 2584 NEFRRIEEER 70 TR R Z 5L N 3 S AR A RIS
(differentially expressed genes, DEGs), SXfHEZILL M SRR A O 3 208 42 T4 4y« 4
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Cl C4 C8 C9 M3 M4 M5 M7 MIl IH3 IH6 IH8 IHI1 IHI2
C-HMH  M-BIA  TH-IPTS il
C-control group M-model group IH-IPTS high-dose group
El7 DEGs BES#E
Fig. 7 Cluster analysis map of DEGs
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