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et BRI A RN I ERMF ARG ROAFRS, 2 R ACS KR AL A FE & v iy B AR e By & A4 Am
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Abstract ; Objective Based on the theory of “the heart is connected with the small intestine” in traditional Chinese medicine,
this study explored the mechanism of gut microbiota driving the TMA/FMO3/TMAOQO pathway to affect platelet aggregation in a-
cute coronary syndrome( ACS) with syndrome of phlegm and blood stasis rats. Methods Forty — five SPF healthy SD rats were
randomly divided into control group( CON) ,ACS group and ACS with syndrome of phlegm and blood stasis group( TYACS) ,with
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15 rats in each group. Eight — channel multi — lead electrocardiogram was used to record the changes of lead 1 electrocardiogram
of the standard limb of rats. The serum lipid levels of rats were detected by automatic biochemical analyzer. HE staining was
used to observe the structural changes of myocardial tissue. The maximum aggregation rate of platelet arachidonic acid( AA) and
adenosine diphosphate( ADP) were detected by photoelectric turbidity method. LC/MS technology was used for detecting the lev-
els of trimethylamine( TMA) and trimethylamine N — oxide (TMAO)in the plasma. Flavin containing monooxygenase 3 (FMO3)
gene and protein expressions in liver were detected by RT — PCR and Western blot. Spearman correlation analysis was used to in-
vestigate the correlation between TMAQO and the maximum aggregation rate of platelet AA and ADP. Metagenomic technology was
used to detect the characteristics of gut microbiome in rats. Results The ECG changes of rats in the ACS group and the TYACS
group were consistent with ACS,and the serum lipid levels of rats in the TYACS group were consistent with the dietary imbalance
of the syndrome of phlegm and blood stasis. HE staining showed that the myocardium of the CON group was arranged neatly and
the cytoplasm was abundant. In the ACS group and the TYACS group, the inflammatory cell infiltration in the ischemic area,the
loss of myocardial nucleus, the vacuolar degeneration of myocardial cells and the disorder of myocardial organization were ob-
served. The maximum aggregation rate of platelet AA and ADP were significantly increased in the ACS and TYACS groups(P <
0.01). LC/MS showed that the levels of TMA and TMAO in ACS group and TMA in TYACS group were showed an upward
trend , and the level of TMAO in TYACS group was significantly increased( P <0. 001). FMO3 mRNA and protein in liver of the
ACS and TYACS groups were significantly increased (P <0.01). Maximum aggregation rate of platelet AA and ADP were posi-
tively correlated with TMAO level. Metagenomic analysis revealed that the characteristics of gut microbiome in the ACS and TY-
ACS groups were significantly changed. The species markers significantly different in the CON group was Bacteroidetes, in the
ACS group were Firmicutes and Fusobacteria,in the TYACS group were Proteobacteria, Actinobacteria and Spirochaetes. KEGG
enrichment analysis showed that the bacteria were most enriched in AA metabolism, riboflavin metabolism and other pathways in
ACS with syndrome of phlegm and blood stasis rats, and the differences were the most obvious. ACS rats were especially related to
AA metabolism, insulin resistance,riboflavin metabolism and other pathways. Conclusions The gut microbiome of rats with ACS
and ACS with syndrome of phlegm and blood stasis had significant characteristic changes. The platelet aggregation process of
model rats may be related to a variety of different gut microbiota driving the TMA/FMO3/TMAOQO pathway , participating in AA me-
tabolism , riboflavin metabolism,etc. This finding may provide a theoretical basis for exploring new methods to improve platelet ag-
gregation function and prevent ACS by regulating flora forest, and enrich the theory of “the heart is connected with the small intes-
tine” in traditional Chinese medicine.

Keywords :the heart is connected with the small intestine ;acute coronary syndrome with syndrome of phlegm and blood sta-

sis; platelet aggregation ; gut microbiota; TMA/FMO3/TMAO
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0. 2% PP ILAT A IE 5% THENY (83, 3% FERM AR, W [ VL5 5l
PRV DA A W (AT :10030) , 442 D3 Il 5 G
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Z ) B MedChemExpress A= #)F} 5722 7] (L5 . hi — b0468)
1.3 KA KM E FHFARE—HHL (Hematoxylin — eosin stai-
ning, HE) Je (4375 £ ( Servicebio, G1003) , it i Kl 15 & ( g
AU AR R 7)), RNA &0 (ERDUFR4E /R AL B
FARAT,G3013) ,2 x SYBR Green qPCR Master Mix 5ZFif 2¢
St R & (TR 4E R AR IR A BRA 7], 63320) , Swe-
Script All - in — One First — Strand ¢DNA Synthesis SuperMix for
qPCR(One - Step gDNA Remover) (i 73 $8 4 /R 4= ¥ BL 5 6 TR
3}, G3337) , RIPA U (I ZE 4k /R A R A R A w)
62002 - 100ML) , BCA 25 |1 & =il 57 & (iR IR 4E /R AE W)
FHIABRA T, G2026) , 4L ECL A2 ROt & (BRI FE4E
IREEIRHE A B2 |, G2020 - 25ML) , ACTIN (s FE4E /R A=
PIRHCA R 7], GB12001 ) |, 35 B 2% H i A # 3 ( Flavin contai-
ning monooxygenase 3,FMO3) (i FELE/R LW BHA IR A |,
GBI13169) , TMAO( Sigma — Aldrich,317594) . = i it ( Trimeth-
ylamine, TMA) (Sigma_Aldrich,41284) ,0mega E.Z. N. A. Stool
DNA Kit (Omega Bio — tek,Inc. ,USAD,4015 - 02) 45,
JHIE 230 i B (2 BUR IE R A AR B A IR A

Al A IE T HAZRZ) , AL R L (PR R A
BRZA R, ZOLE it PCR AL (3 [ Bio - rad 23 w]) , 3 B HL Ik AYL
(RDERLE R AW R ATBRA R ) e B PR A CIRIUBRZE 7K AR
YRR IRA ) 8 R RORAH A5 R 58 (£ E Agilent 24H]) ,
B (b SCIEX 24 H]) , Covaris S220 75 5k il A% ( 3% [
Covaris /A7) , Qubit 2. 0 76 E X (5 [ Thermo Fisher Sci-
entific 4] ) , Agilent 2100 A= ¥ 43 1AL (3£ [H Agilent A ] ) , 1I-
lumina NovaSeq 6000 Jill /5% ( 3% [ Illumina 23] ) o
2 Ak
2.1 s A AR E 4 45 H SPF ZRfi Bl SD KR, BEAL
G3 R BRZH (CON) (2L ik 455 E 4 (ACS) BB H 45 UE 2
PEEIKZE S MELH (TYACS) A2 15 Ho JE W PERR SR 1 RS,
PR ALY BTV B AT, 2E MR TT 4 i — U I
TST4EE R D3 40 J7 1U/kg, i g 1) R 22 IR 30 d, A1)
AT S AIE A Fr) € e BRI SRS BRI IR I e S R ) X R B
PR ZE ATV o R A5 IR T 4 30 d BRI, A T 4%
LR B S UGS B A BRI, 155 BRI 02 i f N T 65 B, 45 7
R BB 0 S B IR R 45 mg/kg, B2 O LR 0K
FRASEARY X B R B s 0 S S A R A R OK
2.2 NEH LT3R EHE RO BARE BRI 3 How B B R

JNGHE 2 G0 HL AT TE 5% 30 min K RRUBREBOA 1T 5216600 1, 151
AL, S AN sl R
2.3 A s & AT BRI K B i e K CF SRR
HIE Ifi., AR S Ui W] F 48 5 T 4 B Bl A A2 (SR i 3 m 8
JIH & ( Total Cholesterol, TC) | H i =i ( Triglyceride, TG ) fI%
ZENRHE 1 (Low — density lipoprotein, LDL - C) /5 % FF I8 &
[ (High density liptein cholesterol, HDL - C) & #
2.4 HAF—FL(HE) LB ENEARCMAREN LA

B 100 o/ T 22 5 W ] 2 1.0 LR 21, B OK A i 0 38 )
F B BB EEAOK IRAR R —PHL(HE) Jea T B R, OB
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2.5 b thiEe N L AAADP R AR E R FRT
100 .10 ~ 15 min &.0MER & /ML , %36 T 3500 ©/min
10 ~ 15 min 5.0 & 4 ML /MR ML 2K, 752 2 M0/ ML 2%, X AR A<
BT /NI A T B A R /N IR AT i R
JE B /MRS HOT EALET TR

2.6 LC/MS #HAARIM K B o £ TMA TMAO & & (1) G
YIPEH A5 50 pL MG FE &, LA 10wl R, 450 pl 172 &
JE VR, WA B & 30 55 4 CHER 10 min, JTIEDH [ 514 000 ref,
4 CE.0 20 min, B IR ET 1R

(2) BB (O35 RGEIEAT 70 1 AR E T 4 CHERERS
HORENR 25 CLA: 10 mM B[R EE + 0. 4% B IRIK#S WL, B:
0. 4% MR LNEVEW, i3 400 pl/min, JEAHBREE:0 ~ 1.5
min,95% B;1.5 ~7.0 min,95% ~85% B:7.0 ~7. 1 min,
85% ~50% B;7.1 ~10 min,50% B;10 ~10.5 min,50% ~90%
B;10.5 ~14.5 min,90% B FLEIE B FHER T 47 R
A3 5500 QTRAP ESI i 45 {441 K : source temperature:; 550
°C ; ion SourceGasl (Gasl): 55; Ion Source Gas2 (Gas2): 55;
Curtain gas (CUR) ; 40; ionSapary Voltage Floating (ISVF) . +
4500 V& ] MRM AEAG 5 5% o
2.7 RT-PCR ¥ Westernblot #: 1| X & AT i FMO3 # & & &
ARk BOCRUITIEZHZR, % I RNA $2 300 & vl B 45 47
i RNA JEHC R AEAS B RNA BB 22 200 ng/ L, 7 I S e sk
FIGAS B RNA S 58 cDNA, SEIN 5251t 5 B0 & EA T
B, UK E RS RO AR R L HEAT 40 ANMEIRYTHY AR R G 45
JER AR 2R TR mRNA MR 205 i 204 7 40000
53#t . FMO3 \GAPDH 5| ¥4I FE4E /R AE W RHE AT IR W
GBI F R : FMO3: 57— TGGGCAGCACAAGTAATA-
AGAGG -37.5"- TGGCTCCTGACCACTTCCCT -3*,GAPDH; 5°-
CTGGAGAAACCTGCCAAGTATG - 375" - GGTGGAAGAATGG-
GAGTTGCT -37,

BOR BUFBEZHE, TR A 10 A4 SUATR 2R,
FEOMIFBE I 4 °C (12 000 /min 10 min #5.00, 43 8
T, PRI 1 o IO 3 AR HER , (1 BCA 25 1 FUE 7S
D) & 2 SO E o KR I RE AR TE SDS - PAGE BB I
SrES RS 3 PVDF B | SRR IR 54T FMO3 $TikmE & i
AR5 & HRP — (BI04 1 SE 5t Sebitd, (71 ECL 35 Al 2
FOLGH GG 1 2% T B 88 T X BRI, 4 8O
MM IR BE(EL
2.8 EHEEABARMNKA R FEHENAFE S8 Omega
E.Z.N.A. Stool DNA Kit a7 & U6 W] 43 #F 17 I T 2B W Al
DNA 421, $2EF 1Y DNA I 1% BrBeHise e s vk #4360
FE 84T DNA S Fok EEA . Al 54 1) DNA A5 T Co-
varis 1 7 I IR ASCHS 3 B 4 DNA BEALFT W7 A A< B 24 300 bp
/N B R B S N A R Iy 423k Ak PCR 47 1Y
SRR 5 U SO A o SRR 2 52 U, S8 1T Qubit
2.0 BEATHIAE SE B RSO 22 2 ng/ L, WSS 111 Agilent 2100
X SCPE A AR BealE AT R I, 48 AR B & U0 L 6T Q -
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PCR J7 006 ST WA 550 B 1A T v e i (SR B ROR B >3
nmol/L) , ARIFE SC R i i o SO FA 546 Ja , $EAS [ SO 3%
HEA R BE e B AR R MBI 19 752K pooling J57E Mlumina No-
vaSeq 6000 &M ¥,

XHEIG N AL (8 A Trimmomatic (v0. 36 ) #1F 4T 4%
i JE K A5 2 1) =5 BT 4 )Y 31 clean reads {# F§ DIAMOND
BLASTX SyEEAT L X 040 Fb 3 B, o FH 4 2 5% {4 MEGAHIT
(v1.0.6) XH 74 B8 e AT 4% . R A prodigal (v2. 6. 3) #i {4
XTH 245 B B contig JFH1 ¥E4T ORF ( Open Reading Frame ) il
I, 85 CD - HIT(v4. 8. 1) 344X T (9 45 5 5 004 , i 15
FIAETCAR LA . R Bowtie (v1. 1. 2) FAAFE I 7 B4 5 44
AR TR FE R ST LA, IR Gt A~ B RAE A R A Y
FEF R
2.9 HAtF I ARSREE NI E RO A5 IES SN
M, R H x5 Fm, B B4R A SPSS 28.0 & GraphPad
Prism 8.0, 254 LU R SRR R 7 2255 4T , 7 2555 A
ZHIR) BT LR T ¢ K38, A HEAT LSD IG5 sy 2 AN ST AL
IF1] b4 R A Tamhane £ 56 , 48 56 14 2397 SR ] Spearman 4 3¢ 4y
Br, P <0.05 hZEFHAGIH%E L,

3 R

3.1 HAKBRAERAET FEH Q& E (30 min) £ 4 CON
HRBROHREIER , A ILOERH R ST - T R348 ; ACS 41
FEA I ST Bt FRE249 0.1 mV, TYACS 4 K B W, ST B 7%
£70.2 mV,ACS 20 &% TYACS 21 K BB B ik A8 2 2 b e ik
ZEA RO L R B BB T AR AR , L TYACS 21 K il L T B
Askgy ACS ZH B i, Ud W 88 B A5 IE 248 i ACS R B0 LBk 1M
JAr . WLABH DTN 1,

3.2 A4 AR MEmAEAFLLE 5 CON 410 ACS 41K i
FHEL, TYACS 4 KB H TC . TG \LDL - C /K F-H B E T &
(P<0.01) ,HDL - C /K- ZE TR (P <0.01) , BLEHHN B 25
TER B 2L IR AT AR . WL 2,

3.3 BAKRCHALEME A CON AR O NLHED) 3
¥ MJRER . ACS 45 TYACS 20 USRI X 48 5E 41 i 15 7
D ALEMMEAZE D, D LA 2 25 RS O 3R TL . DA
JUXNE 3,

3.4 BAKE MR AAADP R AR ER KK 5 CON4
FHEL, ACS 2R B /MR AA ADP fr RREFR B ETHR (P<
0.01) ;5 ACS 4iAH L, TYACS 40 A B /MR AA L ADP F KR
ERPETHE(P<0.01), WE 4,

3.5 &4 kE i TMA TMAO 4 B % 15 CON 4141,
ACS 41 KBl TMA [ TMAO &8 R a# H2E 551
B, 5 CON 4L, TYACS 4 KR TMA & F T,
ARG 2#E X TMAO & & BT 5 (P<0.001), 5
ACS ZHHH L, TYACS R Bl TMA & it 52 R HE R 15
TH2ER S TMAO St i (P <0.001) o TUAR TTXX & 5,
3.6 HAKRMIEFMO3 XA R ZEAXRKHFN 5HCONA
HHEL, ACS 400 TYACS 41 K FURFAE FMO3 mRNA 2 35 7K - B
EHEE (P <0.01) ;ACS 411 TYACS 21K BUHIE FMO3 mRNA

TC/(mmol/L)
TG/(mmol/L)

mim fmm

0 T T T
CON ACS TYACS CON ACS

T
TYACS

1[*_

6 . *k
4
0.5+
24
L 1 1 0.0 T T

0 T T T T
CON ACS TYACS CON ACS TYACS

LDL~-C/(mmol/L)
HDL~-C/(mmol/L)

o o+ 5 CON 4L H#,P <0.01; A A5 ACS 4l H %, P <0.01,
2 FHYUKRUMTE MR KFE e (n =15)

1.5+ 1.0
2
" 0.8 o
1 o- l L
0.6
< - =
< < 0.4-
0.5
|l| 0.2
0.0 T T T 0.0 T T T
CON ACS TYACS CON ACS TYACS

1. » = 5 CON I [LE, P <0.015 A A5 ACS 4 [L#, P <0.01,
K4 SRR AA FTADP e KRR LA (n =15)

ek

o I %

FMO3 mRNA

oL 1

T T
CON ACS

TY;'\CS
o o= 5 CON 41 k%, P <0.01,
B 6 4B FMO3 mRNA kK4 (n=3)
RFKFPERTGITEE L, E 6,

5 CON 4 H, ACS 41 F1 TYACS 41K BUIFIE FMO3 & 4
FiE KA I (P <0.01) ;5 ACS 40A b, TYACS 4K fil
JHFIE FMO3 5 1 3255 K 7 S 1 & a3, (H 22 7 TG it 5 Lo
WE T,

3.7 TMAO 5 i M AA (ADP 5 &k R & & i A8 X W 2 47
Spearman #HCA3HTHETS TMAO 5 /Mt AA L ADP fi KR4 %
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70KDa —| N
55KDa —| ..
55KDa

e — — | FMO3

ACTIN

40KDa

1.5

1.0 *k —|—

0.5

FMO3 / ACTIN

0.0

CON ACS TYACS

HE:# x5 CON 41 H %, P <0.01,

7 KR FMO3 H I FRK KT L (n =3)
HYAHDGHE, 45 R 7R , TMAO 5 il /MR AA (ADP i KR BE R 5
IEAHSG, DL 8,

3.8 ZAABRMEMEWARMLE (1) Anosim 5347 38 3
Anosim 73 Hr BEATFEAS 21 18] 22 5 5 4 N 25 5 LA, S5 R B
CON £] \ACS 4171 TYACS 4121 AIREA 22 [ 22 53 . 35 K T 4% 41
HNEA 25 BT I R AR U E WA e B 25 =, v e
AARYL(P=0.001) ,FeAZ 0] 22 ¢ FE BT HR R 25, W
XA 9,

(2) Alpha ZHEPESHT: XT3 IR BEIETT Alpha Z 4145y
#r , Shannon F1 Simpson H& £ Al FERE i v A W 4L i £
FEVE  BUE R B e Z AR R . 45 R R, 5 CON ZH A/
H., ACS ZH 11 TYACS 2H Shannon F11 Simpson f5 %) 715, H 2
SIS E X (P <0.05), 58] ACS 441 TYACS 20K i
Bk eI . A TTXNE 10,

(3) [ B B2 ) W) 7 2 S 40 « 30 5 B RS, 30 1) Ty i A
D 3 220 ) 17 2 S RO S ok LDA (A0 590 53 A7 ) 52 IRk 4
FEPPAL 22 S RI K 52 0 K/, BIAS 2] LDA {73 A AE AR & 45
R CON 41 & 25 22 S 1) W) b b 35 40 o AT B 1) ( Bacte-
roidetes) , ACS 2H i & 22 5 (¥ ) s 25 ) 2 JRE BE 4T 1] ( Firmi-
cutes) WFFE |] ( Fusobacteria) , TYACS 4 i 3 22 B (1 ¥ Fh ki
T RS 1] ( Proteobacteria) JiZk | ] ( Actinobacteria) |

2000- =0.793 P=0.000

1500

2
1000
F

2
1000
E al

AA

RTEMA ] (Spirochaetes) o WK 11,

TEJE K b LDA (ZRAEF 5 70 A7 ) 25 R @7 . CON 2 g 3%
2= SRR AR S = 5 B 8 (Alistipes ) | Candidatus_Amulum-
ruptor 55 H L B J& (Muribaculum) , ACS 21 i 35 22 5 1) ) Rl b
R TR B BR R ( Mediterraneibacter ) | i B8 4T 1 J& (Aceto-
bacterium) % [ # & ( Roseburia) I8 J& ( Clostridium) LA
J& ( Eubacterium) | BT 1 J& ( Oscillibacter ) | Pseudoflavonifractor .
LR IR A B (Veillonella) FE /R 5 2 K J& ( Holdemania ) 35 [X
BFT # ( Flavonifractor) | & 12 # Bl ( Lachnospiraceae _ unclassi-
fied) \Acetatifactor FEFT # J& ( Streptobacillus) . T B2 3N & J& ( Bu-
tyrivibrio) | Allobaculum | JR 58 M IR i J& ( Anaerotruncus ) |, Neglec-
ta Acutalibacter Z5FRTEH J& ( Coprococcus ) | BIZ B B} ( Oscillospir-
aceae_unclassified ) . Hungatella . 18 /R 5 19 ¥ B ( Enterocloster ) |
KA F & (Anaerovibrio) . 5% & 17 J& ( Kineothrix ) 12 ¥ i &
(Fusobacterium) , TYACS £ i} 2 75 5 () W1 P bR 2 0 A2 23 g AR
J& (Treponema) | JR 5 MR W J& (Anaerobiospirillum) F] M3l i J&
(Collinsella) .55 1A K & (Klebsiella) | v - ZZ I H 4 ( Gam-
maproteobacteria ; unclassified ) A8 F [ || ( Proteobacteria ; unclas-
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