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[#%] B o R RAWES R AT A B EIRE (1S0)F Fe91% 10 2R R i MA@ & e,
7 ik 32 ASPFA M MESD K R AL 4 A 1B 5 4L (CONTZE, 6 2 ) A AL AL ) &40 (26 R ) BEA 4] &40 K R %
T EHS0(5 mglkg), CONTAA K KR HFZ AR MK, HELELH 14 d. TARERF LG B HFS1ES A BT
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F EAKTMODA(P<0.01) . 46 AW SR AR SRS ZRR AN A, I KR ma@ sk, K Emiid
BAE L.

[R4EHE] s 3 AWRIESR M BB il s KR

[PES%%5] R2855 [L#kARRA] A [XFEHF] 1672-951X(2025)12-0067-08

DOI: 10.13862/j.cn43-1446/r.2025.12.011

Effect of Shenfu Injection (AMiZ4f#%&) on Gut Microbiota and
Permeability in Isoproterenol-Induced Chronic Heart Failure Rats
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[Abstract] Objective: To investigate the effects of Shenfu injection (SF) on intestinal microbiota and in—
testinal permeability in rats with chronic heart failure (CHF) induced by isoproterenol (ISO). Method: Totally 32
SPF-grade male Sprague—Dawley (SD) rats were randomly divided into control group (CONT group, n=6) and
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model preparation group (n=26). The model preparation group was subcutaneously injected with ISO (5 mg/kg) for
14 consecutive days to establish the CHF model, while the CONT group received subcutaneous injections of
saline for 14 days. After modeling, the CHF rats were randomly divided into model group (MOD group), Shenfu
injection group (SF group), and captopril group (KT group), with each group receiving corresponding interventions
for 15 days. After the intervention, cardiac ultrasound was used to assess cardiac function in rats. The body
weight, heart weight and left ventricular weight of the rats were measured, and the heart mass index and left
ventricular mass index were calculated. Myocardial tissue structural changes were observed through hematoxylin
and eosin staining (HE staining) of the heart. Serum levels of N—terminal pro-B-type natriuretic peptide (NT-
proBNP) were measured using enzyme-linked immunosorbent assay (ELISA). The expression levels of zonula
occludens—1 (ZO-1) and occludin in intestinal tissue were detected by Western blotting. RT-qPCR was
employed to measure the expression levels of ZO—1 mRNA and occludin mRNA in intestinal tissue. The gut
microbiota in intestinal contents was analyzed using 16S rDNA sequencing. Results: In rats of the MOD group,
the left ventricular ejection fraction (LVEF), left ventricular fractional shortening (LVFS), and body weight were
lower than those in the CONT group (P<0.01), while the left ventricular end-diastolic diameter (LVEDD), left
ventricular end-systolic diameter (LVESD), cardiac mass index, left ventricular mass index, and serum level of
NT-proBNP were higher than those in the CONT group (P<0.01). In rats of the SF group and KT group, the
LVEF, LVFS and body weight were higher than those in the MOD group (P<0.01 or P<0.05), while the
LVESD, cardiac mass index, left ventricular mass index and serum level of NT—proBNP were lower than those
in the MOD group (P<0.01 or P<0.05). HE staining revealed that cardiomyocytes in the CONT group were regularly
arranged with intact structure, and that the MOD group exhibited significant myocardial pathological changes,
including disordered cardiomyocyte structure, fragmentation and lysis of some myocardial fibers, and inflammatory
cell infiltration. In the SF group, the fibrous connective tissue and inflammatory cells in the myocardial inter—
stitium were significantly reduced compared with the MOD group, and cardiomyocytes remained intact and regularly
arranged. In the KT group, myocardial fibers were relatively regularly arranged, and inflammatory infiltration
was significantly alleviated. In the MOD group, the relative expression levels of ZO-1 and occludin proteins in
the small intestinal tissue of rats were lower than those in the CONT group (P<0.01). In the SF group and KT
group, the relative expression levels of ZO-1 and occludin proteins in the small intestinal tissue of rats were
higher than those in the MOD group (P<0.01). In the MOD group, the relative expression levels of ZO-1 mRNA
and occludin mRNA in the small intestinal tissue of rats were lower than those in the CONT group (P<0.01).
In the SF group and KT group, the relative expression levels of ZO—-1 mRNA and occludin mRNA in the
small intestinal tissue of rats were higher than those in the MOD group (P<0.01). 16S rDNA sequencing results
revealed that the Shannon index, Ace index, and Chaol index of rats in the MOD group were lower than those
in the CONT group (P<0.05), while the Simpson index was higher than that in the CONT group (P<0.01). The
Shannon index and Chaol index of rats in the SF group and KT group were higher than those in the MOD
group (P<0.05 or P<0.01), while the Simpson index was lower than that in the MOD group (P<0.05 or P<0.01).
Results of B-diversity analysis showed that the intestinal microbiota distribution of the SF group was closer to
that of the CONT group. In the MOD group, the relative abundance of Lactobacillus in rats was lower than
that in the CONT group (P<0.05), while the relative abundances of Clostridium_sensu_stricto_1 and unclassi—
fied_f_Peptostreptococcaceae were higher than those in the CONT group (P<0.01). In the SF group, the relative
abundance of Lactobacillus in rats was higher than that in the MOD group (P<0.01), while the relative
abundances of Clostridium_sensu_stricto_1 and unclassified_f_Peptostreptococcaceae were lower than those in the
MOD group (P<0.01). Conclusion: Shenfu injection can improve cardiac function in rats with chronic heart failure,

restore intestinal permeability, and ameliorate gut microbiota dysbiosis.

[Keywords] chronic heart failure; Shenfu injection; intestinal microbiota; intestinal permeability; rat
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1 & #
1.1 FEsh4p 32 55K SPFMEESD KR, K 1T &
(170.00£10.00 g, B 1R 1131 5 5 ik SE 0 3 W) A B ml 4R
IR A HEAIE S :430727221101154125 S04 =V alHIES:
SYXK (9#1)2019-0009 . SE 56 75 15 5 H 5 2 K2 SPFE) 3h ) 5K
It S, TR (22+5)°C, W (45+10) 9%, 12 h/12 hBHIEAE
B KAEYIRT A oA S T R AW R T BEE 2 Rk
B INZE S 23 L (RS . 11.2022041305) -
12 ZHHh5EA  EHRARNE ERE(SEEMedChenExpress
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Al b5 :210904AK03]; R 65 ) (T DR S il 25 47 BR A
AL 5 :641003) ; BRI ( IR YR A BR AR Hit
5 :M25HS183263 ) ; KRR A i BEUR4M AR T4 (N—terminal
pro—brain natriuretic peptide,NT—proBNP ) I 732 W Fff 12 36
(enzyme-linked immunoadsordent assay, ELISA )Rl & (A%
YA RAE] LS : U16032230) .
13 E2ME PP FARAR], AV JT-128)
AIHLCRIR B FAHRRAF, BS JB-15) s W3] 7 Hl
(FEFELEICAZ A, 85 . RM2016) ; L IKAX (Jb s~ — 2 A}
HABRAF, S :DYY-6C); 906 E ERCPIX (3 F Thermo
23], 15 PIKOREAL9G ) ; PCRAY (3¢ E ABIZ A, £15: 9700
) 5 A (35 E Mumina A 7, 75 : Mumina Miseq) ; B
B E i (Thermo Fisher Scientific 2y ) , %5 : Nano
Drop2000) ; B4 %¢ H 11 (PromegaA 7l , #5 : Quantus™ Fluo—
rometer)o
2 A i
21 RO RABERANE K32 R KRR b IER A
(CONT# )6 R ANHE R £ 2026 H AR R H £ 21 R AT 5B e T

2 S EFNSOGRIES me/kg, FEFTHEE1.67 mg/mL) 1977 k47
TEARI, CONTZH ISR FH S5 70 5 ) A BRER K (AT B T i Ry
SRR ESRE ST 14 d, BSR4 dJF A TRALPEAY  HEA AL 1Y
YIRS AT K R ZE 5 10508 (left ventricular ejection
fractions, LVEF) 5 /2 %5 58 1 45 58 R (1eft ventricular fraction
shortening, LVFS )X FCONT4L , ENT-pro BNPfE T-CONT4,
PR HFRER S i )

22 S5 LSRG K18 R I K RS
SRERIZH (MODZL) ST (SFAL) RATEFILL(KT4L ) , 40
6 H o ELIREE 2575 52 UL 32 1 o S IFH I S5 W 1) 2 2400 i B v et
i) 2 A AT AR I BF9R  22, 45 2 4 8L m TR 24 15 ol R
FHRFR RIS, KBS 2500 i (o/ke) =TT R EL6.2x A1
FIE (gkg) o HerP NPT AR IR60 kgt T3 S I RF SR A
A58 mLAK , 1K/ KESHHE SRR LA 2577 =6.2x58 m1 /60 kg
=6.0 ml/kg, 1R/d; RICE RS F50 mg/ik , 20/d, KR
R 2557 Ho=6.2x100 mg/70 kg=8.8 mg/kg, 1IK/d.
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H(17.5 mg/kg ) JRRERE, FHR 14T 7E 1R 32 2 kb SR 4 1 %, =5 3
TFEFE2 WEE 0 (4 °C,3 000 r/min, 15 min, #04210 em),
FEWARIRIR 1 J2 M3 , R T URERE N -80 CIRFF o R MMl 58 E2
J& , SEEVRI B RE, Wk g R DR AU T O R K 43, BR
B DR 5 4 2R 3 LD AR A O LA, IR R B
e U, R AE-80 T N ORAE , #8430 R L 4%
LR R TR E AT IR I, SR BT /Mg , U
WAYIZ0.5 ¢, TEVEASE T ETR3 mini5 , & 7E-80 CHKAR
PRAE K43/ N AL A R AR 78 4 vh R T Ve
BB T -80 CHMF TR
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2R 1K 10°~30°, 7622 EAR YT LS 3 A O s A Ao
FFRAIINE (left ventricular end—diastolic dimension,LVEDD)
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LVESD), i LVEFHILVES, #ES2 I 530, BOFEH4{HE

243 ODNAZUREAEL 492 5 I E K RULRA
FEA, AR S U) o AR - B (HEJ ) )5, 72 10
B SO L 25 R kA B

2.4.4 If¥ENT-proBNPF i FZELISATR I & i I B VER
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0.9%FALENTESHRIE ST, 6.0 mL/kg; ZEMEKHE S , 10 mL/kg

MODZL  0.9%F A8 SR IS 6.0 mL/kg; 287K H L 10 mL/kg
SF4H BIFHE SRR S, 6.0 mL/kg; ZEE/KHE S , 10 mL/kg
KT

0.9% A AANEFHRIE IS 14T, 6.0 mL/kg; 788K HE B (EIf REFAGH 8.8 me/kgHI RAEEFI ), 10 ml/kg
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24.5 /NHHLFHBINGET (Zonula occludens—1,Z0-1)
mRNAFIA A H (occludin) ) mRNAF IR K- RAIRT-qPCR
B AR /N 41 270 Z0 —1mRNA Floceludin mRNA 26 157K
S AENHHA AL mL Trizol 240, 7653 213K 240#% , b
Je R AR AR R BB RNA o LU B mRNA AR , A FH
5 A B H AMDNA (cDNA ) o #ENCBI GenBank £0## %2 i
R H WS W TRT S, IR Primer5 5 BT HR R4 1K
RS MES 1, 5 190 750 0362 o B 5 70 05 2 9 R N AR 3R R afk A 7
P8 AR AL 95 CAAE FAEYELO min; PEIAY 1Y - 75

HBE ORI IE O BT, TR TR ) A 4 R B R & T
T, F Bl M T R N g2 18 B B AT R g Fib D
i1, AR BT IR SR S 0 o FEISO B T TR S ]
g HR BT, G I8 AR B, A1 %°969.239%(18/26) . i
PSSR G A7 K B 5 2 A pR o

32 BAXKACHEERE MODAKKLVEFAILVFSHIE
F CONT4L ( P<0.01), LVEDD F1LVESD 3 & F CONT 41 ( P<
0.01) SFALATKTA K FRLVEF S5 LVFS & FMOD41( P<0.01),
LVESDIIEFMODAL(P<0.01) . (WL33)

95 CAMF FASE15 s, HRBEDNA FE AR 2 , SR E TE60 C A4 x£3 BAEKBROMEELLE (xxs)

TR K30 s, 51 SRR 45 A I 1, EE 40 MR, LI 45 n LVEFI%  LVFSI% LVEDD/mm  LVESD/mm

& B-actinfE RN NS (Housekeeping Gene ) , A IEAN[A] CONTA 6 99.02:092 8330:682  4.66+0.63 080042

FEARIRNA FAEE 22 57, IR -8l X i #1533 20 -1 MODH 6 68.78+556" 3457484  635:025  4.19£025

mRNAFloccludin mRNAZEXKF . SFA 6 8227+227 4488+329  6.11£072  320:042"

*2 S|UEFIIER KT4 6 89.86+3.52" 56.19%621" 585:067 257053

H A J¥5l(5'-3") PR B Bbp F 79.513 88.671 9.506 70.208

70-1 314 CCTAATAAGAACAGAGCCGAGCA 248 p 0.000 0.000 0.000 0.000
T34 : GCAACATCAGCAATCGGTCCA 7E: 5 CONTAIEL,P<0.01; 5 MOD4E FL 4L, P P<0.01 -

oceludin - 3319): CCCAGACCACTATGAAACCGACT 248 33 BUXAKRRECERERARLALCEREIRHL
T U319 CAGCCATGTACTCTTCGCTCT B MODAL K U BT =K T CONTZL (P<0.01), 0 JIE G 48

B-actin  LJF5I4: ACATCCGTAAAGACCTCTATGCC 23 BN 2200 % B P8 403 5 F CONTAL (P<0.01 ) ; SF4L KT K

TU319: TACTCCTGCTTGCTGATCCAC
24.6 /NHMHLIZ0-1 occludin®E HEEKFE KR FHWestern
blotting#ill/ Nz ZIZ0-1 coccludinB [AZRIE K K/ Mz 2
BUFEOM TS IS, I 240 L S A, 350 BB TV o T 109
IS4 890 Ve 48 J6E , 5 1 J5 45 FH o A FL BRE10 WL L 7
75 VAT HL Pk 22 TR 3 BECHR , 7E 300 mATH 4% 5 1A T
VI ANt ], B TR AR 4 T2 il 5 20-1—9t
(1:2 000) .occludin—HT (1:2 000) .B-actin—FL(1:5 000) —
WFE  ME4 CHI R 1) —H L S A IR 5 90 min .
il FHECLAL 2 KOG A5 IEE & Imin, 7TEREIE AR R 58T #H-4T
AR B )E R ,j—JFFHquantity one MV K JE 4 Hr
BAFHAT 38T o
2.4.7 165 DNAK 8 N AW RHEE T FHDNAJREGE A
EREUIE N YR AR AN B4 DNA o8 5 PCRY 1 168
rDNAIVI-VAX Ik 33 = 2 4lidb )5 , 2935 e Wi e s
TR, B il 25 DNASCZE o & B A N AA% F , 4 F Tllumina
Miseq PE300Z G AT 5 o 4 3K A5 B4 JEU A Hio s b 47 o o 45
il JPFNPEE 9T I PE AT OTUR 43 IF KBt & 751
RHRDP classifier v2.2L470% 815 B, 2 FSilva 16S rRNA
B X 45 P T R A 2R
2.5 %itFFE CRHSPSS 29.0 M4 8, iR
GORMF A LS, LA SR bRt 227 (s ) F67R o W L 7 22
FrHAG , AN LU BOR FH R 28 2200, G L R FHLSD
Z R T RS G RS 0 A DL i 6 8 (U 437
B [M(Pss, Ps)|R , 2R FKruskal-Walllis HRG 56 o K65 56 7K 1
a=0.05, P<0.05 2= 50 Git2#E Lo
3 & e
3.1 REAAFRBREE  CONTA KRR HORSHE, 1o
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FUMA T & 155 FMODZH ( P<0.018% P<0.05 ) , /0o I S 38 KRN 2
LRI FMODEH ( P<0.0138 P<0.05) . (IL384)
x4 BERRERE.OERERHRACEREEHLE

(xs)

AU n B OBREREU(a0?) ZORFEREU(x10°)
CONTAL 6 49867+1082  18720.16 049 +0.07
MODZL 6 43450+1369° 269028 079+ 0.04°

SFAL 6 480.83+32.88° 209004 0.57+0.14
KT 6 460.50+1265" 221022 0.63+0.13"

F 11.810 18.856 8.766

P 0.000 0.000 0.000

7E: 5CONTAILAR * PO0 15 5 MODAL AR P P05, OO 1o
34 &K R FHNT-proBNPA B 4 MODZH K BT
NT-proBNP ¥ 2 5 T CONT4L ( P<0.01) ; SFALFKTAL K BR il
T NT-proBNPE fE I FMODAL( P<0.01) . (WL35)

R5 HBAKRIME NT-proBNP S 2L (xxs)
Bkl n NT-proBNP/(pg/mL)
CONT4] 6 430.46+37.63
MODZ 6 639.99+73.01°
SF4H 6 484.08+42.91"
KT#4 6 523.48+50.11
F 15.543
P 0.000

7E: 5 CONTALE,*P<0.01; 5 MOD4E 4R, "P<0.01
35 KRACMALBEIR  CONTLKER.ONAEHHETIFL
T, G54 e 4 () J5 DX 3 oA L B 8 4 1 440 o 32 Wi % 2F A A 4
A MODZ R B ILZ I 78 , O LR M 25 e 255 L 36
A3 WLEF AE T2 J g, TR AT UL S E 40 BRI 5 SFAH K B
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JURRAE 8 20 , O LET AEHES R KA, SR I I s KT
AR B SRS CONTAL , £F AEHEF B8 5%, KA 1
FdE (WL 1)

Z =

MOD#1L SF4 KTH

1 OAAZA HE #f  (x400)
3.6 BK KA LRZ0-1FoccludinF & 48 3T Ak Frb
.  MODA K FEVNMAHLZ0-1FloccludintE FHAHXT ik 21K
F CONTHL( P<0.01 ) ; SFA . KTAH KE/Mad241720-1 1%
occluding FIAHXT R IX 5355 FMODZ (P<0.01) . (JLIEI2 . 556)

70-1 WIS s e—— 50| 7)

CONTAH

D e — ~59kDa

occludin

poacin D D G @ ).

CONTHL MOD# SF4 KT41
B2 fBAXBRNHAL Z0-1 F occludin EHFKIX
Western blotting
F6 FZHKBRNFELE Z0-1 A occludin EHEITRIEE
B (xss)

20 5 n Z0-1/B-actin occludin/B-actin
CONTAH 6 0.59+0.02 0.66+0.02
MODH 6 0.20+0.04* 0.18+0.02*
SF4H 6 0.33+0.03" 0.33+0.03"
KT#1 6 0.46+0.03" 0.44+0.03"

F 162.539 303.392

P 0.000 0.000

721 5 CONTZLILER,*P<0.01; 5 MODZE e 42 ,*P<0.01
37 BHAXRAHHALZ0-1 mRNAFoccludin mRNA A8 3¢
FixFE  MODA KE/MAHHLZ0-1 mRNAFloccludin
mRNAX IR B AL T CONTZH (P<0.01 ) ; SFAH FIKTZ K B/
[ 4142 Z0-1 mRNA Floccludin mRNA AN 2635 & ¥ & T
MODZH( P<0.01) . (WL5%7)
K7 HBAKRNFHALSR Z0-1 mRNA F occludin mRNA

MxRIEELLE  (xxs)

5 n 70-1 mRNA occludin mRNA
CONT#! 6 0.99+0.06 0.87+0.04
MOD#41 6 0.20+0.03* 0.21+0.03*
SFA 6 0.43+0.03" 0.43+0.05"
KT# 6 0.6420.05" 0.62+0.03"

F 302.826 322.746

P 0.000 0.000

715 CONTLL 2L, *P<0.01 ;5 MODZE Fe 25,2 P<0.01
3.8 165 tDNAM 5
3.8.1 16S rDNA S FHEE /T Shannonds £ £ AT
PEANREATIE W 2R PE 5P B 0 0GR B Y B4R T
2R 21k 2075 301, R B BUA DI P IR O BB T Hh 7 a6
FEAS R A 2R R (HLEL3)

MOD

KT

FRIBHINE

0.5

T T T T T T T T T T T T 1
5000 10000 15000 20000 25000 30000 35000 40000 45000 50000 SS00 60000 65000
VIRt

3 Shannon F§EI M &
3.8.2 W VennElA T 44 ZIAHIOTUA L 345, CONT
2 MODZ . SFAHFKTALFOTUSE 433106 792.5 588.6 410
6 898 . MODZLOTUAL E AR F CONTZ ; SFALOTUSL i = T MOD
2H . MODZH FICONTZH Z [ 74 A (1 OTUZL &=}y 212 , 1 SFZH Al
CONTH Z [ 4 A /) OTU %K & 4 389, BEWASFZH OTU L 1 5
CONTZ T R4z . (WL1&l4)

MOD ZH SF4L

conT4L ” K4

B4 Venn &

3.83 WHIEREBFY R« Z ST MODZ Shannon 8 54 Ik
T CONTAL (P<0.05) , Simpson & 115 T CONTZ ( P<0.01) ;SF
2H F1SF £H Shannon$ #0345 T MOD 4 ( P<0.055¢ P<0.01),
SimpsonT& I TMODZ ( P<0.058% P<0.01) . MODZH Ace i %X
FlChao 1 TR ELME T-CONTAL( P<0.05 ) ; SFZL FISFZH Chao 1 HE 505
FMODH( P<0.055% P<0.01) (JL3E8) &P 0o K R IA B A
YRR R R AR & A T B R AR S I SR T LA
W3 . 1] 81 g S A RIS T BE R 2R, B R BRI
TP 5 S HREFRARIER .

*8 BAARMEERBEYM o SHMEERIN  (x2s)

Eibl n Shannon Simpson Ace Chaol
CONTH 6 404:028 006001 2468.6+30846 2 182.80+276.22
MODZl 6 353035 013006 1760.10+192.94* 16525015727
SFefl 6 416+053  0.08+0.05 2005.00£27633 1917.20+208.81
KT 6 443:009" 0.05£001" 248570+204.30" 2 240.20+150.38"

F 6.960 5288 12.256 10462

P 0.002 0.008 0.000 0.000

7 : 5 CONTZLILAL,*P<0.05,"P<0.01; 5 MODZHL LA, P<
0.05,*P<0.01,
3.84 MGIBERHBEYRB AT ES5 HEHE T weighted -
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normalized—unifracFE 23557 I PCoA K] , 45 2R il /R CONTZH FISF
2H IR, MODZH KT MY TR R A0 i i B LA R 2H . Bl 6l
T weighted—unifracBE 2557 (Y NMDS &, 45 53 i 7R CONTZH
FNSFZL BT , LI MR O K R B T R R Ss  kE T
A, , 2 B S RAT LA 08 O K B R L,
Jo 3 AT R B T I R R

NMDS on OTU level
siress 0.122, R=0.5880, P=0.001000

@ CONT4L
H @MOD#
0.254 H SF#4
— L]
e @ K14

o P
3 i
2 005
z H
0 - LI ) e rr—"
L]
[ p—
005 . VA
& ( . ol
. { N
0.1 \\.
J

03 025 02 015 -01 005 0 005 01 015 02
NMDS1

5 PCoA

PCoA on OTU level
R=0,6182, P=0.001000
o ° « ONTA!

o

PC2(21.81%)

o

024

0.
025 02 015 01 01 015 02 025

-0.05 0 0.05
PCA(31.36%)

E 6 NMDS E
3.8.5  JE/KOV i BRE B AR X EEXT LT MODZ R B
FLERAT R (Lactobacillus ) AR 42 B T CONTZL(P<0.05) ,
B U E 1 (Clostridium_sensu_stricto_1) ) unclassified_f_
Peptostreptococcaceae FHXT 3B 15 T CONTZ ( P<0.01 ) . SFAH K
BRFL AT T O AR 2 BE 2 TMODEL(P<0.01) , Bk SUAR T8 _1
K unclassified_f_Peptostreptococcaceae 8 X} 3 &AL T MOD 41
(P<0.01), VS MHE SR AT 3E 1o (2 2 FURR AT T A A
BE Ik AR & _ 1 Fllunclassified_f_Peptostreptococcaceae
FEOF = B A 1 P B HUE T o KT K B UCG-005.,
Blautia Allobaculum .NK4A 214 _group  Lachnoclostridium 8 X}
FJE R TMODAL( P<0.05 ) , Turicibacter FIAR XS FE K TMOD

H1(P<0.05) , BEHRFEEFAT LUEHUCG-005 Blautia A llobac —
ulum .NK4A214_group . Lachnoclostridium W) A= &, 0 Turi-
cibacterM £ (ILET7 . 3K9)

One-way ANOVA bar plot

mMOD#

WSF#4
-
Peptostreptococcaceae| P<ool

Mean proportion(%)

B 7 MEEEFEHELE
3.8.6 LEfSesMT MRS LESe 77 441 i) 42 52 22 57 W]
PR RE LN 38T (Linear discriminant analysis ,LDA)
A 1 F 182 A 40 CONT AL 114 2 S T F 3 8 A0 475 2 0 T 7 49
(Bacilli), FF8EBF} . H (Erysipelotrichaceae \Erysipelotrichales ) ,
IR BRI s MODZH Y 25 57 T e T B R AR I 20 . H AR
(Clostridia . Clostridiales \lostridiaceae ) , 5 AR & _1, TH L 5E
R 18 B} (Peptostreptococcaceae ) , Romboutsia , Peptostreptococ—
cales-Tissierellales¥5 , He P R /M2 3 14 ; SFAH Y 22 S T A
WFEFLRA T B BHRUE ; KT P2 5 0 32 235 I3
& B Bk (Lachnospirales , Lachnospiraceae ) , Bi 38 & H F#}
(Oscillospirales . Oscillospiraceae ) 55 , o Fh s 43k B 7= A5 J 45
R (short—chsin fatty acid,SCFA) I i i & . (JLIE18~9)

o
KT
WcoNT
osF

8 LEfSe &%

®9 BRAKXRBKFHEREFREXFEELE

4 Laftobafillus Clostridium_sensu_slricto_l unclasszﬁeai | f Peptostreptococcaceae {/CC—()OS Allobaculum ~ NK44214_growp  Lachnoclostridium — Turicibacter Blautia
(xt5,%) (xt5,%) (xt5,%) (ets, %)  [M(P,Py), %] [M(Ps,P5) %)  [M(Ps,Ps), %) [M(Ps,Ps),%]  [M(Px,Ps),%]
CONTAL 6 3733984 8.78£245 0.29:£0.00 530388 1.00(0.53,136) 0.54(033,102) 020(0.08,0.55) 531(4.71,6.13) 0.04(0.03,0.08)
MOD4 6 1843£1012 24691277 0.57£0.00 309253 009(0.03,042) 0.15(0.13,033)  0.12(007,041)  549(4.63,554) 0.01(0.01,046)
Sl 6 4288:1794" 658378 0.32:£0.00¢ 331£324 008(0.04,032) 065(053,084) 023(0.11,0.54)  3.74(2.49,5,30) 0.06(0.01,0.58)
KTl 6 1490830 1178 £5.21¢ 0.23£0.04¢ 10.00£3.88 3.79(149,495)" 1.08(0.86,1.39)" 149(1 33, 176) 346(201,402) 695(533,19.01)!
BRATR 174 F=7489 F=1735 1=16479 H=14500 H=13340  H=10820 H=13.54
P 0.001 0.002 0.002 0.001 0.002 0.004 0013 0.004

7E: 5 CONT4L kA% ,*P<0.05,"P<0.01 ; 5 MOD#4EL YL 4%, <P<0.05,'P<0.01
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*+ & s 518

M conT#4
| Mop4l
SF4L

L K14

o_Oseillospirales

[ Osc

& Provotclla ]

6 05 1 15 3 25 3 35 4 45 5 55
LDA SCORE (logl0)

B9 LDA FIZIHERE

4 i ®

AWFFERI BP0 R AR LVEFFILVFSH) 3% T I,
T35 NT—proBNP 7% 17 1 & 5 o S S0 T DL 2 18
R LVEFALVESK Y- , BRI NT-proBNP & & o /0>
WU HES (0 575 : MODZE R SR JLAR S (A BT S 38K, 240
JHLE] T A R e 2T A 45 20 2 S A RS RE AN M IR 28 2 [
TR T 00 , 18 PO S B o JUL A ) J3 2T Ak 45 43 2 40
TRV 0 A0 M A T S D 2> DA 5 SR 150 2 B S Vi A e
GO RBA O IIRE .

e A i 1 D R B -3 T 2L
I 3 T g S R PRI I, 525 | R A2 4000 A
FEAR R L R BUNG B T I Z0 -1 loccludin P
il T8 B2 e e 11 D TR KRR AR IR AR UL 1
FI .20~ 1 FloccludinZ RN T B SR, 4R
e B 5 B A TR A 2 OGS AR 0 AE S TSR
TS MO =R B EH LN Z0-1FoccludinE 3R
K E R W 2 O S R RE A K O M T 2R o 1 A
FERIL, W TE AR WA ] Je e B ) 22 M IR AR U W 1 R
F A 1 R R 1 i 18 B R S AU, R LR AT I S
1B R FUOC R ) VEIRFLRRAT T AAE ) FLRR AT 18 T
S 38 IR ARSI A SMEE RS R B oceludinE FH ZR AR08,
A, R FLRR AT TR (4 TAL LA RE B 1E 7= A 1 R KT R 5 i
B LA A A8 -1 (claudin-1) occludinfIZO- 105/,
SFZH R B T Hh LR AT BB A AR VS 2 2 W 35 T iy, R W]
Z: TS ok R B 8 A P R VR T AIL R AT RS 4 v
FUBRFT 1o HO A F R Ko

16S tDNAIMFFE L], 2N EIRFFE SO 5K
A 2 FEVERIBZARIE AR T B & A7 A S TS AT L
Y . oA A 3 R B T TR A D R 5 R AR B A 2 A
PE, 3 B RFA R HEE R R R SFZL K BRFLIR AT 1
BIAEXT 3 B 15 TMODAL, B AR T & _1 Mlunclassified_f Pep—
tostreptococcaceae AR XS 4= FEAIRT-MODZ , B W] 2 I T 51
A A A P S B3 R T AT i TR L RAT TR A
TR IREIASURRIR_ 1 Flunclassified_f_Peptostreptococcaceae
AR = B2 FLIR AT T 2 AN B B A P 206w, 2

B N R A7 v i B 45 AR T 2 — 20 FLIR AT B s B 4t
RAGTE, T C NERE AR N LR B, WS O T R
FEMRARAE P F-C-CRA LN F L3 (C—C  chemokine ligand 3,
Cel3) .C-CHafb I FHAE2(C-C  chemokine ligand 2,Ccl2)
FRE RFEH F - (tumor necrosis factor—o, TNF—a ) #3521,
BEAh , FURRAT B A5 LIS DT R AR GRS AR UEAR G, i 3§
BT RE 1 A e H R A AL e o e S i
PN TR SR E 20 DR 7 K P B BORE OG220 B 1 A i TR 1Y
AFHN, B SURB I _1 Mlunclassified_f_Peptostreptococcaceae V]
i 2 f I XS 580N R AR R, oA
Ha A% -1B (interleukin—18, IL-18) AITNF-ofE J S AE #1457
TR LU R, A PIL- 1R TNF - 5K
S5 SRR TR R 1B A B IR AR G2, A, B SCRR T TR _1
B Jig T (1 JE A, BE XS 3l R ™ A A T 5, 3
55 M b B 58 R i 3 18 3 P B A 1 = B RN -4 AL )
(trimethylamine N—oxide, TMAO )& —Fi il 2.0 52 F R i) 45 5
R, Peptostreptococcaceae M 0> 32 #F JE 322 5 TMAOHH
K],

25 LRTIR , SRS RE SR 5 1 O R R B DI BE,
PR R SR i TE S i P, oA M R 2L o AR T , AR S 4T
FAE—E RBRYE , NS MHE SR 2 B S % 16T
T ARERE T PR3 i AT

S 30k
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