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Abstract: Objective To investigate the effect of triterpene saponins from Ilex pubescens (IPTS) on intestinal flora in
atherosclerotic (AS) rats. Methods High-fat diet combined with ip vitamin D3 was used to induce AS rats model, simvastatin and
IPTS were used for intervention. Total cholesterol (TC), triglycerides (TG), low density lipoprotein cholesterol (LDL-C), high
density lipoprotein cholesterol (HDL-C), nitric oxide (NO), endothelin-1 (ET-1) and angiotensin-II (Ang-II) levels in serum of rats in
each group were detected; Hematoxylin-eosin (HE) staining method was used to observe the pathological changes of thoracic aorta
of rats in each group; High-throughput sequencing was used to detect the changes in intestinal flora of rats in each group. Results
Compared with model group, AS plaques in IPTS group was reduced, vascular endothelial function was improved, levels of TC,
ET-1 and Ang-II in serum were significantly reduced (P < 0.05, 0.01), levels of HDL-C and NO were increased (P < 0.05, 0.01), and
NO/ET-1 was increased (P < 0.05, 0.01). 16S rRNA sequencing results showed that intestinal flora of rats in model group was

disordered, the structure of intestinal flora of rats was improved after the intervention of IPTS, the relative abundance of probiotics
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such as Bacteroidetes were increased, and relative abundance of pathogenic bacteria such as Escherichia were decreased.

Conclusion IPTS can regulate the structure of intestinal flora of AS rats and has a good therapeutic effect on AS rats.

Key words: llex pubescens Hook. et Am.; triterpene saponins; atherosclerosis; intestinal flora; high-throughput sequencing
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B 1K ig AR Z5%) (10 mL/kg), X FEZH AR
RIZH KBS, ig Z5ARAH 0.5% CMC-Na ik, 1 /d, &
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23 EFBHARE
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—80 CIRFF-
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FABKE M. MK E 30 min, 4 C. 3800 r/min
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WIEATIREEXT LG, B FEAENRE TR AR, ¥
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paired-end X I 7 77 AT P20 V4 XI0HAT =
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taxonomic unit, OTU) &, &8 QIME “F& X}
OTU A #E4T B Z 4 2 #7 Lefse 7341 1 PICRUSt
DIRETIN . B 22 HEVES> B SR BT 0 20 A) 22 e st
AT 53T, W LA AR [ 26 18 T A S AR AR B2
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3.1 IPTS xf AS XRIMESH TC. TG. LDL-C.
HDL-C. NO. ET-1 1 Ang-11 & £85I

W 1 s, SRR, AR RIS
' TC. TG A1 LDL-C /K-FEIETm (P<0.01),
HDL-C 7K PR K (P<<0.05); SRR ELER,
AT A IPTS @A E A KR iE+ TC KT
BERIL (P<0.05. 0.01), HDL-C /K-FH] & Tt
(P<<0.05); “FRARITAH KR IMEH LDL-C /K&

FFEK (P<0.05).

W 2 fis, SR b, AR R i
o NO 7K 2 A% (P<<0.01), ET-1 fil Ang-II /K
FREME (P<0.05. 0.01), NO/ET-1 &FHRFK
(P<<0.01); SHAYZHLLEL, IPTS 7&K R I
R NO K FEZETHE (P<0.05. 0.01), ET-1 Al
Ang-II 7KV 5 Z K (P<<0.05. 0.01); IPTS %7l
BHM AT H KR ME+ NO/ET-1 &I
(P<0.05. 0.01).

&1 IPTS ¥} AS XRIMEF TC. TG. LDL-C #1 HDL-C & EHFNT (n = 10)
Table 1 Effect of IPTS on contents of TC, TG, LDL-C and HDL-C in serum of AS rats (n = 10)

451 7 E/(mg-kg™") TC/(mmol-L™") TG/(mmol-L™")  LDL-C/(mmol-L™")  HDL-C/(mmol-L™")
i — 1.66 (125, 1.71) 0.4440.07 0.5440.08 0.68 (0.64, 0.76)
it — 17.26 (13.86, 19.57) # 0.88+0.26" 520+ 1.28% 0.41 (0.36, 0.59) *
FEAAIT 5 8.94 (7.55, 13.15) ** 0.63+0.16 3.53+0.92" 0.55 (0.52, 0.77) *
IPTS 120 12.07 (9.38, 13.68) * 0.7140.19 3.9740.88 0.59 (0.49, 0.78) *

60 13.45 (1041, 16.71) 0.7140.22 4.03+0.56 0.53 (0.47, 0.83)
30 11.39 (10.07, 16.07) 0.7610.18 4174133 0.56 (0.52, 0.62)

x4 #P<<0.05 #P<<0.01; SHIRIZHELES: *P<0.05

*P<0.01, &2

#P<0.05 *P<0.01vs control group; P <0.05 **P<0.01 vs model group, same as table 2

F 2 IPTS Xt AS KR MMES NO. ET-1 71 Ang-11 SE2HIZN (n=10)
Table 2 Effect of IPTS on contents of NO, ET-1 and Ang-II in serum of AS rats (rn = 10)

NO/(umol- L™

ET-1/(pg'mL™")

NO/ET-1 Ang-1I/(pg-mL™")

20 5 HE/(mgkg™)

o iR 5.10 (4.41, 6.03) 322
i — 3.20 (277, 3.82) #  6.51
FARABIT 5 3.89 (3.43, 435) 4.47
IPTS 120 481 (448, 544) ™ 333
60 435 (333, 465) *  4.63
30 445 (409, 531) * 426

(2.72, 3.44) 1.43 (1.28, 2.05 10.76 £3.09
(433, 7.75) # 0.59 (0.32, 0.76) # 14.64+2.15
(4.06, 6.22) 0.77 €0.73, 0.87) * 11.42+2.34
(2.28, 5.08) ™ 1.57 (0.93, 2.13) ™ 10.49+3.90"
(3.40, 4.86) * 0.93 (0.67, 1.37) ™ 10.55+4.32"
(3.26, 5.62) ° 1.18 (0.73, 1.36) * 10.574+2.69"

3.2 IPTS X} AS KERAEDN KRR T LRSI
WP 1 Fr, S BRZEL K BRI 32 B B o L R
KILEREREALBEER IR, I8 N 6, R LA
FE v s AR ZH K BROB = s Rk B o I R R (4
PEBEHRIE R, AT VA [ P 4 ot I PN R A B R
AIRTCRIHLRTIAR: SEARMRTT 2K BRI 3 B ik i e
AU, NIRRT, I BORRE, AL
Wi TPTS "y 7l & 2 KRR H 40 3l ik e A D, 1
B, N R REOES, BOP, R AR A
¥ IPTS KRR RN ke A L 5, B

it
1 IPTS %t AS ARMERNIKRIEZELRIFN (HE, X100)
Fig. 1 Effect of IPTS on pathological changes of thoracic aorta in AS rats (HE, x 100)
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34 BERFEIMEARSERSH

¥ OTU Rk HIME BIZ R TAKCTFRIUF 5

’i SRR
IPTS 120 mg-kg ™!

¥ =t
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Fig. 2 PCoA analysis of B diversity in feces samples of each

group
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Fig.3 Effect of IPTS on intestinal flora of AS rats
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(LDA=2) #17 Mann-Whitney U #:54, K H
Graphpad Prism 7 8PS AT B J@AKF B
(1 T JaB A X 2 5 2 S AT T AL
3.5 TUKPpIEwBEAH AL wE 4 fr
N, SN LA, AR ZE K R v A R AT
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Fig. 4 Relative abundance of intestinal flora in each group at phylum level
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B> (P<0.01); HRIBALLE, IPTS F7&Ed
KR R 1] AT B T TR B 1)
AR IR K (P<<0.05. 0.01), JEEEREIH
YR E TS (P<0.05); IPTS EFIE4 KB
TH TR A R R T TAEN B R PR (P<<0.01),

BICAFR T AR FEE R E S (P<0.05).

352 BUKFImEEA AN F RN WK 5 T
N, SR RA LR, BOA A K R E R
Christensenellaceae. Odoribacteraceae. JaAT &%}

LR AR, PR R, R EER. B

FLAFEF =

Bl R, BRI B (P<0.05.
0.01), FUFFHEFEl. S24-7 FI 75 IR IS BHHXT 3
B FEC (P<0.0D). SHERIAHLLE, IPTS HiflE
HK R IBE FEAEET Marinilabiaceae. i GEAT B R
Ve RL. BIRE RN R E K (P<0.05.
0.01), HHZREF BRI X 3 B 2 2 T (P<<0.05);
IPTS 7 &40 K %18 B £ Marinilabiaceae. Jit
BATEE PO AR TR E AT
FERERMI (P<0.05. 0.01), B EEF B R
SERBERME R R E TS (P<<0.05. 0.01).

- e
$24-7 i
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Fig. 5 Relative abundance of intestinal flora in each group at family level

353 EAKTHEFEFANFEERL WwE 6 fr
N, SRR LA, AR ZE K R B A LR AT
W J& Lactobacillus 155K & Prevotella #HXY
FREEERMI (P<0.05. 001), ZiZjEik)E
Treponema- UK J& Bacteroides Parabacteroides-
Akkermansia < BUE W J& Oscillospira~ B2 H &
Lachnospira~ #$¥K W J& Coprococcus % K &
Roseburia~ Xtt# J& Escherichia MiX =% 8 T+
i (P<<0.05. 0.01). SHAMLE, IPTS hilE

HRRIpEEH P RA R P KR BIEEE.
B B% ™ B JB  Desulfobulbus B B OIN &
Desulfovibrio Akkermansia FHX=F R K (P<
0.05. 0.01), FIRAIEJE. M54 ICHE 8 Blautia
AR B TS (P<<0.05); IPTS &l &E 40 KR
JTE R EAR R IR R . AR R
IR B Sutterellas Akkermansia FAXF 35 53
BRIk (P<<0.05. 0.01), A7 5545 KB @ AHX 3 2 R
ZTE (P<0.05).
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Fig. 6 Relative abundance of intestinal flora in each group at genus level

3.6 PICRUSt BAER B INRETUM 4> 47

JEIT STAMP %141 PICRUSE 43 #7241 K 5 %
TE BRI IE R T RE o 37 T AR A 45 R LI 7,
RAERZETMTHRE R E R IZshE . I
otk UL R Bl /KA A (R 2 A I, R AR AR
PRI T T % A A TR AR H v g £ S N I A AR
B EPARS H B AR A
HEIR . REARMGZRAU LA RGER . R
PR AN S e IR AL A i R 2 R P A

PICRUSt hRETIMI &5 H R0, HIAYZH K g iE
R FEIZshE G . WEBE R E T
(P<<0.01), KB AS KRFIE W Ay
LA, T IPTS 7] 23 8/0 4 112 3l 25 11 (P<0.05),
PR RN s A5 2 i i A P 25 AR AR 5
fitg. PERAARIEE, AR BT RHEA (P<
0.01), &I AS KE LR Z 23], £ IPTS
T AL R AT 2 2%

e e, e, 2R, H
BEREACH B T IR AR, HAREIKF B2 S 8UR
JRAEMLE TR, %51 K AS 280 M5 AL
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Fig.7 Result of intestinal flora function prediction
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