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Effect of Usnea diffracta Against Atherosclerosis in Rats and on Microbial Flora of Ileum :

An Investigation Based on Interior-exterior Relationship Between Heart and Small Intestine
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[Abstract] Objective: To explore the correlation between the efficacy of Usnea diffracta in treating
atherosclerosis (AS) and the altered microbial flora in rat ileum based on the interior-exterior relationship
between heart and small intestine in traditional Chinese medicine (TCM ). Method: Forty-eight SD rats were
randomized into a normal group (#=8) and a modeling group (#n=40). The AS model was established with high-
fat diet combined with intraperitoneal injection of vitamin D,. The successfully modeled rats were further

randomly divided into the model group, positive control (simvastatin, 4 mg-kg') group, and low-
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(0.7 g-kg'), medium- (1.4 g-kg'), and high-dose (2.8 g-kg') U. diffracta ethanol extract groups, with eight
rats in each group. After four weeks of intervention, the blood, aorta, ileum, and ileum content of rats in each
group were collected. The levels of serum lipopolysaccharide (LPS) , tumor necrosis factor-a (TNF-«) and
interleukin 6 (IL-6) were measured by enzyme-linked immunosorbent assay (ELISA) , and the pathological
changes in rat thoracic aorta was detected by hematoxylin-eosin (HE) staining. Western blot was conducted to
determine the protein expression levels of tight junction protein zonula occluden (ZO-1) and Occludin in rat
ileum, and the high-throughput 16S rRNA sequencing technology was employed to detect changes in microbial
diversity and abundance in rat ileum of each group. Result: Compared with the normal group, the model group
exhibited obvious aortic plaque deposition, increased LPS, TNF-«, and IL-6 levels (P<0.01), but decreased
Z0-1 and Occludin protein expression (P<0.01). The comparison with the model group revealed that U. diffracta
significantly ameliorated the aortic plaque deposition of model rats, lowered serum LPS, TNF-«, and IL-6
levels (P<0.05, P<0.01), and up-regulated ZO-1 and Occludin protein expression (P<0.05, P<0.01). The
abundance of Proteobacteria and Bacteroidetes in the model group changed significantly in contrast to that in the
normal group, and the Bacteroidetes/Firmicutes (B/F) value declined (P<0.05). Alpha and Beta diversity
analysis indicated higher total number of intestinal flora species in the model group, but lower richness and
uneven distribution (P<0.05, P<0.01), with a large number of pathogenic bacteria enriched. The ethanol extract
of U. diffracta significantly increased the B/F value, corrected the structural disorder of microbial flora in ileum,
reduced pathogenic bacteria, and increased the relative abundance of probiotics. Conclusion: U. diffracta exerts
the therapeutic effect against AS possibly by improving the intestinal microbial communities, strengthening the
intestinal mucosal barrier function, and reducing the serum LPS and inflammatory factors.

Usnea diffracta; inflammation; intestinal mucosal barrier;
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Fig. 1  Effect of Usnea diffracta ethanol extract on aortic

pathology in AS rats (HE, *x200)
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1 MEEEYX AS KR ME LPS, TNF-a,IL-6 8 &M (X+s,n=8)

Table 1 Effect of Usnea diffracta ethanol extract on LPS, TNF-a,IL-6 of AS rat serum (X+s,n=8)

21 5 /g kg! LPS/pg-L"! TNF-a/ng-L"! IL-6/ng-L"!
EH 97.26+14.29 169.96+23.31 316.61+69.48
A7 159.64+59.82 206.99+31.102 483.46+155.19%
FAABTT 0.004 107.71+£35.77% 148.24+10.62% 356.64+83.06%
AR 0.7 110.16+18.069 202.42+21.76 420.64+99.56%

1.4 93.03+18.389 150.01420.46% 359.92+32.10%
2.8 97.50+34.559 151.88+10.96% 339.61+130.80%

W 5 IE R4 1 P<0.05,2P<0.01; 5 IR L Y P<0.05,4 P<0.01(£ 2,3 ) .

43 kDa

A B C D E F
2 BRAAROBFAHL Z0-17 Occludin T B RIZB K

Fig. 2 Electrophoresis of ZO-1 and Occludin protein expressions

in ileum of each group

F2 WMEERYIASKREFHRZ0-1H Occludin T B R i
80 (X+s,n=3)

Table 2  Effect of Usnea diffracta ethanol extract on protein

expressions of ZO-1 and Occludin in ileum of AS rats (x+s,7=3)

2H 5 M /g-kg!  ZO-1/B-actin Occludin/B-actin
IEH 1.08+0.04 0.99+0.12
L 0.72+0.062 0.49+0.052
FARABTT 0.004 0.71£0.06 0.50+0.02
A ALY 0.7 0.88+0.12% 0.64+0.06
1.4 0.87+0.03% 0.66+0.03%
2.8 0.77+0.03 0.65+0.05%
A
0.08%
F - B
127 775
0.09% 0.56%
225
92.16%
338
72 0.15%
0.02%
E c
314
0.13%
D

B3 MEERUNASKRBERFZWA OTURE D
Fig. 3 OTU-Venn clustering analysis of effect of Usnea diffracta

ethanol extract on intestinal microflora of AS rats
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Fig. 4

intestinal microflora of AS rats

Taxonomic composition analysis of phyla (a) and genus (b) taxonomic levels of effect of Usnea diffracta ethanol extract on

£3 MEERYMASKREATHEKFEYHIEINEEZHRM (txs,n=4)

Table 3 Effect of Usnea diffracta ethanol extract on relative abundance of horizontal species in each group of phyla (x+s,n=4)

2153 /g kg! Proteobacteria Firmicutes Bacteroidetes B/F
IEH 0.424+0.071 0.259+0.115 0.302+0.086 1.78+0.12
IR 0.729+0.132" 0.25+0.135 0.012+0.004" 0.03+0.01"
FAR AT 0.004 0.175+0.094% 0.174+0.078 0.379+0.228% 2.49+2.049
T 85 B ) 0.7 0.411£0.346% 0.214=0.062 0.219+0.236 0.84+0.86

1.4 0.545+0.199% 0.213+0.072 0.048+0.049 0.26+0.26
238 0.308+0.079% 0.237+0.143 0.404+0.197% 2.34+1.4%

SIE® A&, FLAZ4H Chaol Fil Ace 850 B F+ &
(P<0.05), SALRIAL LU 3¢, 45 45 25 AL 35 B 0 IS (<
0.05, P<0.01) , Simpson il Shannon § % £ ] >k ¥
i Py () Z2 Bk B B0 1, BSCME R R, 2 AR M B R
5I1E 541 g, A 2 K B ) Simpson Hl Shannon
15 B0 @ B A% (P<0.05, P<0.01) ; 58 B 40 H A, #s
B A S R AT ALY R B R LR R R
£ #EME (P<0.05, P<0.01), i iJ Rank-Abundance
i £ B 5% 45 FEAS tho ) R 5 BE RIS A L UL AL S
(b)o 5 IFEH 4 A, B AU 41 1 il 27K - 58 B A 9
PR DR B Sy i AR, 3% BT ASE A8 2 g 3 TR A T R R
HIE W) Rh o3 AT AR Y MRS 25 B 2 Wy Be e bR 1% 45
R

3.4.4 BetaZFeEDHr  Beta Z AL 0 H15E XFAS ]

T ity 19 Bk A= 00 9 45 ) AT L AR o B, LG T A
FEATEN Y 22 50 E o S AR e M O sUR T e 26 T
Yl = B B (OTU ) IR A IRy B, (i &
FhGE Tt ik 2 AT o A, a0 E AR BR 3 M (PCoA) L AR
22 e AR ) 2k (NMDS) 45 dE 47 50 o Wi 6 () BT
N B A G AR AR R X O
Bl AR A 2 R R . B 5 IE R
20 22 i) B R RS B A T e A 7T 2 B s 2 e g
Y5 R B ST R A, R L ERT 2
J I AS i A2 5| A g B A 2R LR A A5 2
23 . NMDS 945 R B3R W1 A 2 s §2 1) B AR i ik
5 [0l g Jo 3 R AL L ILIET 6(D) o

3.4.5 ERYFIH A AL Z A
17 FH 2t I 53 0 At LA (LE£Se) 53 A7 nl L AR 5]

<41 -



eh JL ==

5527 B4 14 HRESLEAFFFESRE Vol. 27,No. 14
20214E7 H Chinese Journal of Experimental Traditional Medical Formulae Jul. ,2021
x4 MEEREWHTASKROTU X alpha ZHEEEHHZM (r+s,n=4)
Table 4 Effect of Usnea diffracta ethanol extract on alpha diversity indexes by OUT in AS rat (x+s,n=4)
20 5 il it /g- kg Chaol ACE Shannon Simpson Coverage
EH 592.12+77.49 606.48+68.02 3.13+0.3 0.88+0.04 0.99
AR 800.16+231.28" 841.11+251.79" 2.45+0.27» 0.77+0.06" 0.99
FARALTT 0.004 702.44+52.15 721.51+48.23 3.29+0.219 0.89+0.03% 0.99
A B W) 0.7 589.29+76.83% 603.81+74.45% 3.19+0.229 0.89+0.03% 0.99
1.4 538.71+9.89% 547.29+18.98% 2.99+0.39% 0.85+0.10% 0.99
2.8 550.12+27.92% 565.86+28.17% 3.40+0.15% 0.91+0.02% 0.99
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Fig.5 Rarefaction curve (a) and Rank-Abundance curve (b) of effect of Usnea diffracta ethanol extract on intestinal microflora of AS rats
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intestinal microflora of AS rats
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Fig. 7 LEfSe-LDA analysis of effect of Usnea diffracta ethanol

extract on intestinal microflora of AS rats
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