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(Abstract] Objective To explore the characteristic changes of gut microbiota dysbiosis—induced myocardial inflammation in
a rat model of chronic heart failure (CHF) with qi deficiency and blood stasis pattern. Methods CHF model rats were prepared by
subcutaneous multi—point injection of isoprenaline combined with exhaustive exercise and controlled feeding. After the successful
modeling, the pattern of qi deficiency and blood stasis in the rats was verified based on the combined research method of disease
and pattern in heart failure model rats. Seven rats were randomly selected from the 18 successfully modeled rats to form the model
group, and a blank group of 7 rats was set up additionally. Changes in cardiac function were checked by transthoracic
echocardiography; behavioral changes in rats were evaluated through the open—field test; pathological changes in myocardial tissue
were observed by HE staining; brain natriuretic peptide (BNP) and lipopolysaccharide (LPS) levels were checked by ELISA; content
of creatine kinase (CK), lactate dehydrogenase (LDH) and MB isoenzyme of creatine kinase (CK-MB) was determined by automatic
biochemical analyzers. Whole blood viscosity at low and high shear rates was measured using a hemorheometer. RT—qPCR and
Western blot were used to examine the mRNA and protein expressions of myocardial NOD-like receptor protein 3 (NLRP3),
apoptosis related spot like protein (ASC), cysteine aspartic acid specific protease-1 (Caspase—1), and interleukin—-1B (IL-18); Western
blot was also used to check the expressions of colonic tight junction proteins such as ZO-1, Occludin, and Claudin-5. Fresh feces
were collected from the two groups of rats, and the differences in gut microbiota between the two groups were analyzed by 16S
rDNA high-throughput sequencing. Results Compared with the blank group, rats in the model group showed significantly decreased
left ventricular ejection fraction (LVEF) and left ventricular fraction shortening (LVFS) (P<001), significantly reduced movement speed
and total distance in the open field test (P<0.05, P<0.01), significantly elevated serum BNP and LPS levels (P<0.01), and significantly
increased content of CK, LDH, and CK-MB (P<001), which were the manifestations of cardiac hypofunction, indicating "heart qi
deficiency". In addition, the myocardial tissue of the model group exhibited extensive fibrous edema with loose cytoplasm, and
dissolved myocardial fibers observed at the tissue edges, accompanied by a mild inflammatory cell infiliration; the whole blood
viscosity at low and high shear rates significantly increased (P<0.01), indicating symptoms of "blood stasis". The mRNA and protein
expressions of NLRP3, ASC, Caspase-1, and IL-1B in the model group were significantly higher (P<0.05, P<0.01), while the expressions
of Z0-1, Occludin, and Claudin-5 were significantly lower (P<001). The gut microbiota analysis revealed that the gut microbiota species
of rats in the model group had been altered compared with those of the blank group, with significant differences in both a and
diversity of the microbiota. At the phylum level, the abundances of Bacteroidota and Spirochaetota were up-regulated while the
abundance of Bacillota was down-regulated; at the species level, the abundances of Segatella copri and Treponema succinifaciens
were up-regulated while the abundances of Kineothrix alysoides (P<0.05), Ruminococcus callidus, and Prevotellamassilia timonensis
were down-regulated. Conclusion Rats with CHF of qi deficiency and blood stasis pattern exhibit gut microbiota dysbiosis and
myocardial inflammation, accompanied by cardiac dysfunction and microcirculation disturbance, which may be mediated by the

upregulation of LPS following the downregulation of the abundance of the intestinal symbiotic Kineothrix alysoides.
(Keywords]) chronic heart failure; qi deficiency and blood stasis pattern; gut microbiota; myocardial inflammation;
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F IR, s NOD #EAZ AR 1 3(NOD-like re-
ceptor protein 3, NLRP3), Kt , FEF FRIBEAI S AE )
VA A S G R AN 38 O L BE L O CHIF Y
VAR T SR 0 SRS O, 4 = F e -N-4 1k
¥ (trimethylamine N—-oxide, TMAO) fEi7% S.U L2 i
B, 25 T O ULET 24 Ak 5 5 00 W& 5K ) BE R
15, TMAO V& J3 T 5 A 25 BIR O UL R A% A i 72
ME Wi i AL, S ae A ZE AL, 3 — P E
CHF™1, A UL T Sl 25 (15 % Al 25 7 s — e i
JEME A BT RGBS AR K 5 0
B R RETIMIK,

PRI, ASIF9E DL CHF AR M uEASE 8 R B Ry fF
FEG T 16S rDNA FARWIA AL CHF KM
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) O B 2 AL — O LR E " B 235 &ML S CHF
(9 &AL, A BRSPS ST CHF AR I
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| BRI

1.1 ¥

30 H SPF ZifEtt: SD KB, 6 fille (A5 i (200+
20) g, H b st 2 R AR S S ) HOR A BR 2 w4
it B PR AT IE S SCXK (51)2021-0011, 3h4)
T 3% T v [ BE R 2 B v B L il B B9 B SPF
KBRS 55, AHIES SYXK(52)2021-0017,
Ei 23~25 C, HIXHBEE 55%~70% , JEHIEHE/ RS
12 h, AR Yok, EWHEmESE 1R, FRsE
5, AR E T ERE G E T EREE I 5

2L (S . IACUC-GAMH=-2024-019) ,
12 EEXBHYGKFISME

IR SN LR R (5. S31064, iR
YR AR AR ) s HE 4% (415 . G1076) \NLRP3
PUAR LS .GB114320) Wt K A1 (cysteine as-
partic acid specific protease—1, Caspase—1)$i{A(Ht
5:GB11383) 30y A s I FE LA /R A MR AT IR A Al
K U4 2 (brain natriuretic peptide, BNP)ELISA
M E R & (S . SEKR-0058) | IS Z-1B(in-
terleukin—1B, IL-1B)¥i {4 (L5 . K009661P) 1
BSEE R IR A AT AR (apoptosis
related spot like protein, ASCHIAHES :abs155599, |
M ME IR A BR AR, BEEREH (zonula
occluden—1, ZO-D)FiR L5 :21773-1-AP) H&4E
1 (Occludin) Fifk (L5 1 13409-1-AP) B EE 5
(Claudin3)HLAR (5 :29767-1-AP) $4J0H [ I =
HEYEARA IR 7] 5K BRUAE 2 B (lipopolysaccharide,
LPS)ELISA &5 & (L5 : MM-0647R2 , V1. 75 i . 5%
WA BRAF] .,

80 cmx80 cmx40 em KW 374, Fil; Vevo2100
TR 15 3 HER /NS R P R R B8 (IR Visual
Sonics 23 1) ; RSOOIE #L/Nafi R EHL (RN B 1K A
A=A B AT BR A 7] ) 5 CKXS3 B 5 i i3es ( H A
Olympus A &) ) ; H1650-W 5 4 20 33 1 o B0 ML
(AR B = AR T R A R F] ) 3 21Q7003TOC
T Milli-Q £k (32 [ Millpore /A 7] ) ; EG1150 %4
AL SM2010R AU ML (FEE Leica 2AH] )5
Chemray 800 %4> [ 8l 2E 4L A4 (BRI TR A AE A
BRI PR ] ) ; SA-6600 74 [ Sl ML i A8l
A A TR TERHE A A BR A F] ) s Thermomixer
C RUE R TR 5) 1L (72 |5 Eppendorf 24 7] ) ; HiSeq
2500 B0 E AL (£ Tlumina 23 7)) ; Agilent2100%!
W BT (32 E Agilent 23 F]) ; TopScan™3.0 U 3
WAT R S AT kA (2 [E CleverSys Ine AH])
1.3 EEKRSHE

30 HRBRIZHHLEC - RIE D I A (n=T) |
SR (n=23) . SEERZHSER SN FARER (isopro-
terenol , 1S0) Kz T {4t , 1755 CHF BRI K 5 DA
1SO(85 mghkg)iELE 2 d Bz FTEST, ARG 24 h,1 /A,
TR FHETK 8+ B R B Tl £ AR AR -2
1SO {4 3 FIFUAR S bEllek KR RS T 400 mmx
500 mmx700 mm /KN, % 24~25 C, /KR 22~
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24 C,JKIRZT 40 em , PRUEI BRAEZK A EE7 111 A fid
FREHR K Rl vk 22 42 5 Sy it (LAK Bk T
WA 5~10 s i), S5 i #82T BRUB , FF2k
21 d, EREAERRRREIRE, R oy IR B
) 172, BERLERIG (5F 27 K)XHAETE AR K RAT
B4 B, AR RAR K 12 h, Uk H S8 R R K B
PSRN 225 SCHR[ 10 BRI , 70 2% 1 o3
U (left ventricular ejection fraction, LVEF)<45%%
W] CHF BEAURIVERLE . 25 TR TR A f 2R FRER K
TR DT 0 s R B — R I

BT 57 MIFE AT YU A B R 2 3
WA L 73 B G SIE AR R R B B 8 RS P ST Sl 1
LA A — B AR AR IEM B R K FUE AT AR
FE I UE S IR RIARHE . SIBRAE T SR IER I
5 HREL AN 18 HABTHI R E P BENLIE IR 7 H A
HIZ
1.4 IR
L4l —fRIEN SR d R M KRB 0O R
FARBEREN
142 OEEARA REZAMIRS S, 3% 558
e BRI , 38 3ek 7R 20 B Nl PR SR R GER R B
PR OB G A 38 LSk T X R 55
Tl R S A B A PR R (M AL S ), SRS 40 )
& LVEF &2 W4 AR N A% (left ventricular end
systolic diameter, LVESD) | 7¢ & &7 5K AR W N 4% (left
ventricular end diastolic diameter, LEVDD) , i £2il
it 3 MOl R WOF I TR e = R A R
(left ventricular fraction shortening, LVFS), LVFS
(%)=(LEVDD-LVESD)/LEVDDx100% .
143 Wi RREEATE TR OIE 1 h,
FHHI %5 (80 cmx80 emx40 cm) O 5 A
KEIFEL 5 min, RHZI1T A TopScan™3.0
JE S IX 23R s s AR ALz s a], T
B MR oEEe  H 75% CEAER T EAR , LAk
B AN TR R BRI B8 R A R PRBAH BL5E 0, ~F-2
P (mm/s) =12 B AR (mm) A2 S E] ()
144 g & AEAGFR PRI AR AR
BESEAREIK 24 h, 20% A HEIEIEEST (0.8 mL/
100 o) BRI, AVEMYZ [ E T ARG b 17 33k
SR, #IRFE 2 h,4 °C 4 000 vinin(E5.02F4% 10 em)
B0 10 min BT 1% ELISA U7 & 6] 134 1E A
PRACHI BNP A LPS 7K 5K 4= A 3 A4k A {3
E KM A WIUBR B4 B (creatine kinase , CK) \FLIR

i ZU B (lactate dehy drogenase , LDH ) 1 JIJLAR 184 /it 7]
TJi(MB isoenzyme of creatine kinase, CK-MB) 1
1.4.5 MRS A bR SRAPTEHRE TR
8 E SR 41 5 mL, 3 AR A A 20V A0
BT AR A AS e TR I i K B AR
B RIR YA,

1.4.6 HE 4t BORRONIALZY, A B ERK vhk,
ET 4% Z R PER W E . ALUETT 5 LRk
oK, A0 )5 A7 HE Jefa, B A, B
SREL WL LU BRI AR | SR IR43HT

1.4.7 RT—qPCR Kiill  BULHILHZ 0.1 g, 50 BIHE
Ja BT AIE T A Trizol i8F , WFEE U FE 0P
16 000xg Z5.0> 10 min, IHFVEW, A 250 wL=4
e, WENRS)E, H#IREHE 3 min,4 °C.16 000xg
B0 10 min, WHL 400 wL |15 WCE T8 EP &,
A 0.8 fE R T N EEIR AT, —20 CHFE 15 min,
4 °C.16 000xg B> 10 min, FH 75%Z BEBEEITITE,
4 °C.16 000xg B5.0> 5 min, #% P, UOTE T
J&  IMATEEK 15 wL,60 CHE 10 min, F/FINan-
0Drop2000 # il &t 73 G BE T & RNA ¥ i K 4l
JE, HR¥HE Servicebio® RT Enzyme Mix 5 &5 15 B 45
B RNA 3517 57 5%, 5 B ¢DNA % 2xSYBR Green
qPCR Master Mix i & U I F B SO A & o 2
N2 .95 CHIAETE 30 s, 4RJ5 95 CAEME 15 s,
60 °CiB KRIFEMIEESE 30 s, 3 40 MEFR, 270 1k
THE HARFE R mRNA XA, 51 mdbaTEE
BEAE YR B A BRA F A K, 5149 )7 51 L
1,

*1 BVEEPCR3IWFT

Table 1 PCR primer sequences for each gene

FEFH 2K ST 5(5—37) FEYI S bp
GAPDH  IFJi] CTGGAGAAACCTGCCAAGTATG 138
S GGTGGAAGAATGGGAGTTGCT
NLRP3 1E[i] TGCATGCCGTATCTGGTTGT 81

S ATGTCCTGAGCCATGGAAGC
ASC 1ET TTTGTGGACCAACACAGGCA 126
15 GTTGGTGGTCTCTGCACGAA
Caspase—1  IE[i] GAAACGCCATGGCTGACAAG 121
JZ 18 TCCTGGTTCAGGACTCTCTTCT
IL-1B 1ET8 TCCTCTGTGACTCGTGGGAT 109
2 Ii] TCAGACAGCACGAGGCATTT
1.4.8 Western blot Kl B4 2H K B0 LA 2%

HAL, AR RIPA 2L, TP AU IS L 50 3K
VK - 24# 30 min, 4 °C 16 000xg &5.L>» 15 min,
VW, R E T80 CUKFE IR H , BCA 7]
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B EE T, FH SDS-PAGE il & 7 55 4
FIFREAL, JFHR4 3 PVDF I E . 5%IE D354 2 h,
HNARER, —HLNLRP3(1:1 000) ,ASC(1:1 000) .Cas-
pase—1 (1:1 000) IL-1B(1:1000) ,ZO-1(1:3 000) .
Occludin(1:3 000) .Claudin5(1:3 000)],4 °CIFF it
., TBST PEAR 10 minx3 YK, —Pr(1:5 000) % ik
JE 2 h, TBST FEEME 5 minx3 WK, 2R F ECL iR
Fl& R, A Image J3AME®HT, LA GAPDH
1 Tubulin & FASREL
1.5 16S rDNA #&FiMF 5

TC TR B T I UK BRI i 28 0 i A VR A A
VRGBT -80 CUKAHIRAFE . K MagPure Stool
DNA I &M 6 RS 4l R EA S B CHF KRB
R ISEREA TP I E DRV SE N AL, FEAR I A
DNA $EHHRAE L TR R HKHE DNA 42155 & 1 B
FiEAT . SR Qubit FNBEARHHEERS KX DNA (i
i Ko 2l B AT TR o (40 B 16S tDNA (V3-V4)af
KIS 1Y), BT5 k 341F-5"ACTCCTACGGGAGG-
CAGCAG-3",J55 149 N806R-5"GGACTACHVGGGTW-
TCTAAT-3",#E47 PCR 4lifb fny 34, 4ifb)5ir=9
SR AR I HSF- 5 B A HiSeq U430 52 B P
U8 B AT 0T £ (1) reads J5 , 3BT 4% R B 1) Clean
data, fL45 Tags PFH: OTU RIEHMPFER, o ZH
PER TP Rh Z e 2 24V 50, R R(3.2.1)
B4 Shannon F1 Simpson $8 4%, 44 I 18- 508 1
T Wilcox ¥ N2 5 L o IIAYAY UniFrac J&1F
FIMALAY UniFrac FEml 99 A 5087 7 510 10 3 A
B E AR i E A R 22 R B 2
PR B X P PREE T B A S B ARt 5
T INAL B R MAL Y UniFrac, % R(3.2.1) 5443k
7 5 20 K U /Iy — 3 vk 1 51 43 Bt (partial  least
squares discrimination analysis, PLS-DA) & &K fY
ALY

TAA

1.6 FITESH

KH SPSS 19.0 Zei AT 508 . FFEIES
O3 SRR DL “xes " FT | AL IR] HL AR Ak ST A
A ¢ Ky, 7 AT E R ¢ ki, P<0.05 Fom
EREGIEE L,

2 &R

2.1 HEIERFESN

B2 A R ALHETE sl D | R B i, 70,
BAR VT TG AR 228 Y e M T o pp R
i W5 ST TR S 7R A% KT AT D 5
CRERIT s OV IR % | W 407 VG W | I 9850 IO Uk 557 , 5 ) £
BEEPE AT S P WL s i, 208 “1.37
TR R B E BN A v, FI WA 5T AR R R
SR M UEARTT
22 DFBESER

5 A g, BRI KR LVEF (LVFS B 3%
FAIK (P<0.01) , £574 CHF K ERERPEMbRiE, 1R
2 1,

F2 WAKROHEBEIBIREE (325, %)
Table 2 Comparison of cardiac ultrasound indexes between

two groups of rats (x+s,%)

20 53] n LVEF LVFS
EHEU 5 89.05+2.05 60.33+3.05
PRI 5 34.70+5.16%* 17.45+2.81%*

. 5 A4LEE, #4P<0.01,

23 HIBITAZER

5o AL iR BRI ALK BTG sh i) 22 57 T 4¢
T L (P>0.05) , 1Mz 3l 35 Filiz sl R R AR (P<
0.05,P<0.01), #E/R AR R BIAT 22 5, fF A
SUBIERIL, TEWLE 2,

1 FA KRB 5 O 3h BT

Fig.1 Echocardiographic assessment of the two groups of rats
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Fig.2 Comparison of open—field behaviors between two groups of rats (n=5,x+s)
1E: 52 AR, #P<0.05,##P<0.01,
x3 MAXRBRMFFERLELE (xss)
Table 3 Comparison of serum index content between two groups of rats (x+s)
5 n BNP/(pg-mL™) LPS/(EU-L™) CK/(U-L™) CK-MB/(U-L™) LDH/(U-L™)
ZH4A 5 69.67+7.47 227.29+21.28 501.95+65.01 76.29+11.54 245.75+14.30
HEAIZH 5 409.29+57.70%* 461.49+17.65%* 2 287.01+£309.97+* 344.99+£14.02%%* 1 387.54+147.30%*
52 H4LHE, ##P<0.01,
24 MEHERRNLER LA LB B A TR I 9

s A BRI R BRI BNP LPS \CK,  FEAVZH KO L B TRR O ILEF R 7K i, 248 i Jox
CK-MB J LDH FE¥ B3 (P<0.01)  FEWER3, BN, ML B b ml UL [RDE 25 i A8 1 Jm i ZH 4T Il
2.5 £mFEIEBIRENER B2 0 WUEF ARV i, W3 A 1 S5 4k U, TR A

Has g i SRR RBRAMRYAGEY TN RAEMMSRIZE, TELE 3,

A MG RE I = (P<0.01) SRR RE S % . 27 DALRIEEX mRNA RiZER

HEILE 4, 525 H A B BT UL NLRP3 (ASC Cas-
pase—1.IL-18 mRNA k¥ BT (P<0.01),
x4 MAXRRMRETIERLE (x5, mPa-s) -
. , W5,
Table 4 Comparison of index 0{ hemorrheology between 28 IALAER S SR E AR
two groups of rats (x+s,mPa-s) N .
525 4LtbER, B0 UL NLRP3 (ASC | Cas
e " L KLk pase-1 1L-1B R AZKHIFHG (P0.05,P0.01 ) i
e 5 19.08+0.21 3.81+0.08
_ . . \j:il H |

i 5 42.08+0.70% 4.72:0.05%* Wi 701 Occludin, Claudin$ 2 1 2 25 25 0] 5 f A%

(P<0.01), FEWLIE 4,
29 MEREBESWER
26 HE @R F T TS LR OR CHF KRB w281k,

25 AR OO A SR W HESI 57 0 et 180 iU UL RS2, f i P 4

ZN=H

T 55 A4, #+P<0.01,
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reipl
B3 KEROIMEALRS HE FEE (x200)

Fig.3 HE staining of morphology of myocardial tissues in the two groups of rats (x200)
E #Ek R O U ELS A

*5 WAKBRONALRKERRX mRNA Rk (vss) KB E M AEYFEDRARE & kA, 72T

Table 5 Comparison of inflammation-related mRNA 7J(S|Z‘( [7§] SA) s Eﬁi‘?{ﬁ l‘j (Bacillota) N THHE—%T I‘] (Bac—
expressions in rat myocardial tissues between the two teroidota ) A E B[] (Spirochaetota ) /& 3 > SRR

groups of rats (x#s)

FUIRE TR KT (1] 5B) , Segatella J& FLIR 14 )&

#H%] n NLRP3

ASC Caspase—1

-1p (Lactobacillus ) T MR TE K& (Treponema) 55 JE AR Y

SHEH 5 0.85x0.

WiRIZH 5 1.89+0.10%*

15

1.00+0.03 1.02+0.11

0.90+0.03 HERNEE W EYRE, 1LAE, Shannon Fl Simpson
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