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[ Abstract ]

atherosclerosis ( AS) in mice by regulating the gut microbiota (GM) and its metabolites. Methods

Objective  To explore the mechanism of Gualou Xiebai Baijiu Decoction ( GXB) in improving
Thirty-two male
ApoE™" mice were divided randomly into a Blank group, Model group, atorvastatin ( Ato) group, and GXB group (n=38
mice per group). AS was established in all mice, except the Blank group, and the respective treatments were administered
by gavage. Aortic plaques were detected by Oil red O staining and pathological changes in aortic tissue were detected by
hematoxylin and eosin staining. The GM was analyzed using 16S rRNA gene sequencing technology, and mouse GM
metabolites, including trimethylamine oxide (TMAQ) , short-chain fatty acids (SCFA), and serum levels of triglycerides
(TG), total cholesterol (TC), low-density lipoprotein cholesterol ( LDL-C), high-density lipoprotein cholesterol ( HDL-
C), and nitric oxide (NO) were determined. Results
showed an increase in AS plaque area ( P<0.05). Serum levels of TG, TC, and LDL-C were increased ( P<0.001) while
levels of HDL-C and NO were decreased (P<0.01, P<0.001) in the Model group compared with the Blank group. The
plaque area was decreased (P<0.05), serum levels of TG, TC, and LDL-C were decreased (P<0.001), and NO levels
were increased ( P<0.01) in the Ato and GXB groups, while HDL-C levels were increased in the GXB group ( P<0.05)

Compared with the Blank group, mice in the Model and Ato groups

compared with the Model group. Plaque area was decreased (P<0.05) and the NO level was increased (P<0.01) in the
GXB group compared with the Ato group. A total of 6345 characteristic sequences were obtained from 16S rRNA analysis.
a-Diversity analysis indicated that GXB reduced the richness of the GM in AS mice (P <0.001) and improved its
uniformity (P<0.05). B-Diversity analysis suggested that the microbial community structure in the GXB group was similar
to that in the Blank group. The abundance of microbial communities differed among the groups at the phylum and genus
levels. At the phylum level, the abundance of Proteobacteria was increased ( P<0.01) in AS mice, while GXB intervention
reduced the abundance of Proteobacteria ( P<0.01) and increased the abundance of Verrucomimicrobiota ( P<0.05). At
the genus level, GXB effectively increased the abundance of Akkermansia (P<0.05). SCFAs were significantly increased
(P<0.01) and TMAO levels were significantly decreased (P<0.01) in the GXB group compared with the Model group.
Conclusions GXB can regulate the intestinal flora and intestinal flora metabolites SCFA and TMAO to improve AS.
Akkermansia may be a key bacterial genus of the gut microbiota through which GXB may improve AS.

[ Keywords ] atherosclerosis; Akkermansia; 16S rRNA sequencing; Gualou Xiebai Baijiu Decoction; gut
microbiota; metabolites of gut microbiota
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TR B, GXB 41/ FR45 TN 35 H il % 24
W, B /N 200 pl/d, BEE 42, BERZNZG 1R,
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K1 ApoE” /N F SRR BEALBEH A (k25 ,n=3)
Table 1 ApoE™ mouse aortic atherosclerotic plaque area

415 BT %

Groups Plaque area
%P1
& 0.71+0. 37
Blank group
eIk
15.72+2. 5™
Model group 5.72£2.5
e AL TT 41 "
A 6.72+0.83 244
to group
JRZEFER B4
2.71=1.86°44%
GXB group

TS AR, * P<0.01, ** P<0.001; SHE A L, 244 P<
0. 001 ; 5 PTFLAAMTT 41 HL4E,*P<0. 05,
Note. Compared with Blank group, ™ P<0.01, *™ P<0.001. Compared

with Model group, ““% P<0.001. Compared with Ato group,*P<0. 05.
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Figure 1 Representative photos of mouse descending aorta stained with Oil red O
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Figure 2 Representative photos of HE staining of mouse aorta cross-section
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2.5 16S rRNA 4£¥IEEENMER
2.5.1 ASV 43#r

DU i 4548 350800 48 DADA2 B 7= 1Y
AN F £ H 515 3 H ASVs ( Amplicon Sequence
Variants) , A58 15 BIRREIE P 5E 6345 1>, %
il 4 A ERAE 50 20 B Venn 18 (8] 3) , Hg B
7, Blank 41, Ato 2H .GXB 41 . Model 41 B 45 1iE )5 %)
B4y 9 1063 4> 3362 4, 1786 4~ ,3022 4>, H

o4 I RRIE SN 277 A, [ 4 2053 5K 56
A EFIE 51, Blank 2H  Ato ZH .GXB 41 . Model
HARCH 25N 384 4~ .2193 4~ 518 41839 4,
2.5.2 o ZHHEST

o ZAEPESEHOAT DS W TR R A0 R A )
P, Hrp chaol a5 F & FE A pielou_e RS
o)A OG, AR E 4 B, 5 Blank 4 K,
Model £H chaol $§%XHH . F 5 ( P<0. 001) , pielou_e

2 Apok™ /NRULAG KT (22s,n=5)
Table 2 ApoE™™ mouse lipid levels

2 5] Groups TG/ (mmol/L) TC/( mmol/L) LDL-C/( mmol/L) HDL-C/ ( mmol/L)
2% H4H Blank group 1.00=0. 1 1. 57+0. 06 1.57£0.17 3.2420. 64
FERIZ Model group 3.74+0. 12 3. 14+0. 08 ™" 4.50+0. 13 1.37+0.39 ™

FIFEAH AT 4 Ato group
JREHE AL GXB group

1.310. 12 848
1.55£0.11 242

1
2

77%0.06 440
_13+0.06_ 224

1.78+0. 47
2.08+0.25 2

1.74£0. 09244
3.07£0.19 444

TE 528 I HER, ™ P<0.01, ™ P<0. 001; SHIRIA A, P<0. 05, 4% P<0. 001,
Note. Compared with Blank group, ** P<0.01, ** P<0.001. Compared with Model group,* P<0. 05, %% P<0. 001.

R 3 ApoE” /NRULHE NO /K (%+s,n=5)
Table 3 ApoE™™ mouse serum NO levels

2151 Groups NO/ ( pmol/L)
2 HHA
Blank group 216.05+3. 69
R ZH .
Model group 160. 75+8. 8
TFEA T 41 .
Ato group 181.00+13.5
iy Q
ST 199. 46210, 56 * 444
GXB group

T HA LI, T P<0.05, ™ P<0.001; 5 HH 4 H g, 44 P<
0.01,%% P<0.001; SFIFEAALTT4H AR, ¥ P<0. 01,

Note. Compared with Blank group, * P<0.05, ** P<0.001. Compared
with Model group,““P < 0.01,%“%P <0.001. Compared with Ato

group, ¥ P<0. 01.

10001

Chaol

oo,
Ok
ok ok
Ok K
ok ok
04
S >
T FS &P
Y F Mg N
5 s 8 &S
2 > N A 0%
L Wﬁ*@?’
&

Pielou_e

BIFERAITAL s 3 A s 4l
‘ Ato group GXB group
S| FEARLZH
Blank group 2193 518 Model group
“ 50
384 "’ 1839
28

3 HFEFSN 4 Venn

Figure 3 Venn plot of feature sequence distribution
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Figure 4 Chaol index, pielou_e index box plot
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analysis, PCoA) /& B ZHEM FE T k2 —,
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A% GXB 415 Blank 2%, #2785 GXB 415 Blank
T A AL (R S) .
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E/ g 0.25 AAto group
==
Ho g\ O NEFEH B miAA
hia N a GXB group
& 0.00 / \
K \ R
s R
v \
-0:25 —
-0.4 -0.2 0.0 0.2 04
B FAFR(39.47%)
PC1(39.47%)
5 AT unweighted_unifrac B9 PCoA &
Figure 5 PCoA graph based on unweighted_unifrac algorithm
1.00 1L W UmETE
Other Campilobacterota
LTI ) AT 1T
u C};lomﬂexi L I’V(j?eobacreria

0.75 4

FAt £
Relative abundance
- )
wn
<

0254

e g YR )
L Patescibacteria u Verrucomicrobiota
m RGATE g FEE
Desulfobacterora Firmicutes
m | TRt | R
Acidobacteriota Bacteroidota

TRERR T

Acrinobacteriora

sEdl U

Blank group Model group

Ato group

GXB group

B 6 [ 1KV Wi kins AR A

Figure 6 Bar chart of relative species abundance at the phylum level
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Y. 5 Blank 4 %5, GXB 4 Verrucomicrobiota F-J&
THRI(P<0.05) , 25 A G A E XL, 5 Model 1L
8, GXB 4 Verrucomicrobiota & T} & (P<0.05),
Proteobacteria FFE T (P<0.01) , 23 A5 iT¥E
Yo 5 Ao %L, GXB 4 Proteobacteria =F- & T &
(P<0.001) , A FEL(E4),

TEJE KFEHEA AT S B P A Muribaculaceae |
Lactobacillus , Bacteroides ,Akkermansia , Lachnospiraceae
_NK4A136_group (K 8 K1 9) . 5 Blank ZH H%%, Ato
2 Muribaculaceae FJ% T [ (P<0.05) , 2R H ST

#7 X, 5 Blank 41 0%, GXB 4 Akkermansiaa F
JETHR (P<0.05) , 223 A G E L, 5 Model 41
Fb#s , GXB 4 Akkermansiaa 3£ T+ 5 (P<0.05) , 22
SEGIHFEL(ES),
2.6 TMAO.SCFA 7K F 4R

55 Blank 4 F4%, Model 2H TMAO 7KV T+ ( P<
0.05) ,SCFA /K&K (P<0.05) . 5 Model 41 H
5 ,GXB 4 H TMAO /K F-FEAK (P<0.01),SCFA 7K
TR (P<0.01) . 5 Ato 4H EL#, GXB 4 SCFA 7k
IR (P<0.05) (£6)

R4 1K CM 43Hr (x2+s,n=5)
Table 4 Analysis of gut microbiota at the phylum level
2H 51
G Bacteroidota/ % Firmicutes/ % Verrucomicrobiota/ % Proteobacteria/ % Campilobacterota/ %
roups
HHA
66.96+11. 38 25.69+8.24 3.48+3.74 1.24+0.8 1.51+2. 44
Blank group
11714 ,
Lt 56. 46+6.23 30.97+5. 97 3.85+5.17 3.55+1.18™ 0.23+0. 22
Model group
(e B I RRE .
fefibiy 45.87+7.26" 36.32+7.82° 6.29+5. 14 4.79x1.827 0. 06+0. 06
Ato group
S 1 P %4
IREAEL 1T 72 51.736.37 33.12+5.63 11.575.427 4 1.270. 824 0.20+0.2
GXB group

TS AIE, * P<0.05, ™ P<0.01, ™ P<0. 001 ; SHRIZH [L#, 2 P<0. 05,22 P<0. 01; SFTHEAATT4H L, ™ P<0. 001,

Note. Compared with Blank group, * P<0.05, ™ P<0.01, ™ P<0.001. Compared with Model group,*P<0.05,%%P<0.01. Compared with Ato

group, " P<0.001.

x5 JEAKF CM 53471 (xxs,n=5)
Table 5 Analysis of gut microbiota at the genus level
20 51 . o R o X o N Lachnospiraceae_
Groups Muribaculaceae/%  Lactobacillus/ % Bacteroides/ % Akkermansia/ % NKAA136._group/ %
L]
47.84x11.34 1. 38+0. 85 7.72+3.98 3.48+3.74 4.64+2.09
Blank group
RIEA
A 41.43+4. 67 6.84+7.6 9.11+9.65 3.79+5.17 3.55+3.36
Model group
e AT 4
PIFERAIT 4 29.16+9.92" 8.67+11.44 8.49+2.35 6.16+5.09 2.48+1.21
Ato group
B Y% 4
SR F B m A 40.47+4. 11 2.75+1.39 5.2+1.38 11.57+5.43* 4 5.76+3.78
GXB group
57 AL, T P<0. 055 SEUBALILEL, © P<0.05,
Note. Compared with Blank group, * P<0. 05. Compared with Model group, 2 P<0. 05.
£ 6 ApoE” /NEUMLFE TMAO F1 SCFA /K (x+s,n=75)
Table 6 ApoE™™ mouse serum TMAO and SCFA levels
A5 A=W/ (ng/mL) JEEERR TR/ (pg/mL)
Groups TMAO SCFA
pag=t
I 313.58+22.09 77.89+7. 31
Blank group
R 2 .
s 369.76£19.87 " 69.29+2.57 "
Model group
n 2
FTHebIT Al 325.91+55.74 72.96+6. 11
Ato group
\ZHE MiRFE:
IE%?*“EEI WAL 298. 83x41.274% 81.06=5. 874"
GXB group

F4LILEE, * P<0.05; 'ﬂ‘%&?ﬂlﬂ:?,AAPw 01; 'jmﬁﬁaﬁtmﬁtt& #P<0.05,
* P<0.05. Compared w1th Model group, ““ P<0. 01. Compared with Ato group,

. 5%

Note. Compared with Blank group, #P<0.05.
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Figure 7 Heatmap of relative species abundance at the phylum level
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Figure 8 Bar chart of relative species abundance at the genus level
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Figure 9 Heatmap of relative species abundance at the genus level



18 o M A PR 75 2024 4E 7 A5 34 #4557 ] Chin J Comp Med, July 2024, Vol. 34, No. 7

3 Wit

ARk it A e A DU R AN T R R GM
XA Z 6, CM S5 FIHLA R
THAL W AR R E 2T, —H GM Ay
PEATHE, 7 GM (2848 D) RE AT P i 22 St 25
SN B AR G S AT 51 R AR L BN
GM R ) 22— TMAO, 28 1A 4O I 85 95 95
AT fa s R FTRUS FE bR, GM JE 40 &9
A5 RIS IRE FEL B, L — P B, H 208 M 7= A= TMAO (i
P& = H % ( trimetlylamine , TMA ) , 2R J& 7 A ML, 76
it — 2D 54k TMAO, BF5E 3 & B, TMAO HE i o
PRI L, B AR NO A A4 R FH B Sk 63473 1.
BN R IRE I A P R AR Tl T BE DS |
I/INVHR SRAERE TN | 1 200 B B | O T v LR A 4
APHASTY ) — I AR 5T 2R W, R IfLAE AR
HIH TMAO 7K F- B B 55 7, TMAO /KB |8 5 TG
RIEHHX 5 HDL-C £ A" 55— oM 10
Y1 SCFA REIE L H T W s pH (L UKL 7= A o 1
20 B PRE AR E | S nie it B £ 28 1) A DA TR 5T T )
Be MBEBG BRI, SCFA AT LLS 4 H
E—F 5 G &H B AZ 1K (GPR41, GPR43 Al
GPR109A ) M52 me S SHEAR I 72, g s A IR
JEC AR R R

FHEEZS7E IR TT GM BT AS J7 T A 5 MU 3,
GM Tl i 2 5 i 2 s o iR AR, 38 i AL A X I
WS VE T, IR GM Eul, (2 3F GM S5 EE 25 i A B
fEHZ 5 AS #tfE, ZIF5E L) CM A YIA L, W12
UESE T &R rh 2 sk Bk rh 2 Kb 25 52 T g aE it
MR GM 2540+ HUH & A ke K 2 53R 77, HA
HNRICI 2Bl oo B b PUBESEIERY . B A
B, A Rl AL 0 GM 4544, 387> TMAO &
G, NI AS %Az & 'S S 21 1 nT A3 i 3
T GM, B3 SCRA AR 21 3k y7 g A K BRUPE
RN R S — AR R PR T AN
SR TIRYT O M B, 18 B 58 W 3=, i i
ESAE, TREEFE A A 17 1Y 8 2206 7k o e 3
ma A GM i AR, TR 7 (1 e = NO 1
AYE R i LR R AR E R, il A
SRR I B /K B M R R AR R AR

HEABFFE 3L T 16S rRNA 58 B 5 45 A, % /)8
KL GM R ZE 5 [ 11705 7% il TMAO , SCFA By R e
TR, S5 N EERE (0 B BTy T

PIRERFAT AS /NRUAY LA , #2T1 AS /N NO JKF-, AT
U B K BE S T AR, B AT AS PR, AH
BEBTFE A T, JINEE B 1 7 09 PR oy 2
o ZREPETREU T A5 SR ORI OM BER £ &
FERT IR AS (& A T T BETRE I ST FE AT IR AS (K
AT RREARG, IR 11 (09 7 e A R IR L R
FE ARTHEE S E = E IR E B IE R KT, B £
FEVEIM AT AR AR /N R GM ER A 12 ] AS 1Y
RABKRI AL, 28 N5 H 7 T U iR
MR AS KA BT AR, AT A TN 5 1 i
VRESE/ IR GM R I F LA 31— IR . AR F
A A I 3 BEAE 1K 8 K B AE 2%
5o TIKF B, AS /NEGER S 282 5 Proteobacteria
BB JREERE R T B BRI T e, N
3 T 7 T Pl J5 BB 4 =5 Verrucomicrobiota 1 3 B
Ko JBAKE b TR T U BEA A
{51 Akkermansia F)FFEIK-, /NRR A AS 4R A
P TMAO &A% SCFA , fHUREEFE H FHIE I RBENE AS
/N TMAO F#fIR, SCFA T

Akkermansia & J& T Verrucomicrobiota ) J&
5T K& B, B8N Akkermansia = FE BEVEE TMAO %%
1 3 bk 36 FE A5 AL [ B, Akkermansia 8 i iF
SCEA [ 73 , B0 15 IR 15 S AE SN, 52 1 JIES AR DR
AL RS 0 & 28 & ™ R, TR 3
% RE 0 1L 32 TF Akkermansia W93 M REAK
TMAO R SCFA A430 , 3255 NO A4
FIHEE TG R 2= G, Akkermansia V] g & N 5
F i GM s AS Y SCHERR 2 —

g5 bRk TREEEE 1 H T i Bl L 8 5 GM 1Y
K B Akkermansia M AR SCFA [ TMAO , i
ek % 1M B 2K AL, 39 NO AR W) F) T B, e 25 Bl
¥ AS,

S 3k

[ 1] thumdg, TR, B, % CPEG A @RS 5RO i
2022) Eah i (1], PESRESE, 2023, 26(32): 3975
-3994.

MA LY, WANG Z W, FAN ], et al. Interpretation of report on
cardiovascular health and diseases in China 2022 [ J]. Chin Gen
Pract, 2023, 26(32) : 3975-3994.

[2] TSAO C W, ADAY A W, ALMARZOOQ Z I, et al. Heart
disease and stroke statistics-2023 update; a report from the
American heart association [ J]. Circulation, 2023, 147(8):
€93-e621.

[3] WANG J, ZHU N, SU X, et al. Gut-microbiota-derived



o P A PR A 275 2024 4E 7 A% 34 455 7 ] Chin J Comp Med, July 2024, Vol. 34, No. 7 19

(6]

[10]

[11]

[12]

[14]

[15]

metabolites maintain gut and systemic immune homeostasis [ J].
Cells, 2023, 12(5): 793.

HU T, WU Q, YAO Q, et al. Short-chain fatty acid metabolism
and multiple effects on cardiovascular diseases [ J]. Ageing Res
Rev, 2022, 81: 101706.
MA S R, TONG Q,

atherosclerosis via a vitamine-like effect down-regulating Choline-

LIN Y, et al. Berberine treats
TMA-TMAO production pathway in gut microbiota [ J].
Transduct Target Ther, 2022, 7(1): 207.

ZONG X, FAN Q, YANG Q,

N-oxide

Signal

et al. Trimethyllysine, a

trimethylamine precursor, predicts the presence,

severily, and prognosis of heart failure [ J]. Front Cardiovasc
Med, 2022, 9: 907997.
FENG W, AO H, PENG C, et al. Gut microbiota, a new
frontier to understand traditional Chinese medicines [ J ].
Pharmacol Res, 2019, 142 176-191.

e, B, KE. REERE N RSO R S B AR
ERIT AT [T]. h25H 2 56 R 23, 2023, 34(5) .
707-712.

LI Y, WANG X, ZHANG R. Research progress of Gualou
Xiebai Baijiu Decoction and prediction analysis on its (Q-marker
[J]. Tradit Chin Drug Res Clin Pharmacol, 2023, 34(5) : 707
-712.

A/ JrgiaggeE (M. Jeat: hiE R R, 2019,
TONG X L. Quantitative and effective science of prescription
drugs [ M ].
2019.
CHEN Y, ZHOU J, WANG L. Role and mechanism of gut

Front Cell Infect Microbiol ,

Beijing: China Traditional Chineses Medicine

Press,

microbiota in human disease [ J].
2021, 11; 625913.

BRUNT V E, GIOSCIA-RYAN R A, CASSO A G, et al
Trimethylamine-N-oxide promotes age-related vascular oxidative
stress and endothelial dysfunction in mice and healthy humans
[J]. Hypertension, 2020, 76(1): 101-112.

SREUE, PR, BV, A JNEERE M AN E o NO; -
NO; -NO @A/ Rk i O LAY SEBRATFSE [J]. LT P EE
Zei, 2022, 49(1) : 202-207, 224.

GUO Y H, TANG Y P, ZHAO Y Y, et al. Study on Gualou
Xiebai Baijiu Decoction protecting ischemic myocardium of mice
through NO3-NO3-NO pathway [ J]. Liaoning J Tradit Chin
Med, 2022, 49(1): 202-207, 224.
XIONG X, ZHOU J, FU Q, et al.
TMAO-related metabolites and blood lipids and the potential

Lipds Health Dis, 2022, 21

The associations between

impact of rosuvastatin therapy [ J].
(1): 60.

BLAAK E E, CANFORA E E, THEIS S, et al. Short chain fatty
acids in human gut and metabolic health [ J]. Benef Microbes,
2020, 11(5); 411-455.

SR, G, BEC, S M IE TR B Kok e AL O I
PER P2 T HE MBI E R [J]. PR RRREEZ,
2021, 30(21) . 67-71.

WU Q, HE J T, LUO S W,

et al. Research progress on the

[16]

[17]

[18]

[19]

[20]

[21]

[22]

relationship between intestinal flora and atherosclerosis and the
of TCM [ J]. Chin J Ethnomed
Ethnopharmacy, 2021, 30(21) : 67-71.

W R, B, R, % ARAEEE % ApoE ™™ B AERE
AT /N B T8 T F 9K 3 TMA/FMO3/TMAO il 4% B 5% Wi
[J]. EEZRk, 2021, 62(8) : 700-706.

SUI G Y, ZHAO N, SONG N, Effect of Huayu qutan
formula on gut microbiota-driven TMA/FMO3/TMAO pathway in
J Tradit Chin Med,

intervention effect

et al.

ApoE ™" atherosclerosis model mice [ J].

2021, 62(8) : 700-706.

A, PR, RIDTE, S S LD ORI R U T
TR S S N TR AU A IR TS R (0], AP Il PR 2 B

Zuik, 2023, 39(18) : 2669-2673.
LIG F, LI X W, SONG Q J,

et al. Regulatory effects of

Hedysari Radix Preparata cum Melle on intestinal flora
composition and short-chain fatty acid metabolism in rats with
spleen deficiency [ J]. Chin J Clin Pharmacol, 2023, 39(18) :
2669-2673.

AR, ZEF R, BB, SF. KX REHE AP 3, 29-
R B AT R = R E A 1 TR RS IR B9 (0],
[ 2520k, 2017, 52(1) : 53-56.

Z0U C C, LI YL, YAN HY, et al. Effect of rice wine on
degradation of 3, 29-dibenzoyl karounitriol in Gualou-xiebai in
human intestinal flora [ J]. Chin Pharm J, 2017, 52(1): 53
-56.

B, SR, B, % 2T NO,T-NO, -NO EiE
R ERZEHE 7 3 O 3/ Bk a0 L A e A
[J]. AL PR R, 2021, 23(4) : 23-27.

HUANG S M, GUO Y H, ZHAO Y Y, et al. Exploration of the
adjuvant effect of white liquor in Gualou Xiebai Baijiu Decoction
on protecting ischemic myocardium in mice based on NO; -
NO, ™ -NO pathway [ J]. ] Liaoning Univ Tradit Chin Med,

2021, 23(4) 2 23-27.

EBEL, HEIL, REM, & JRNEHE A QG NERYT
RO SR EHLAS BRI B0 Y Meta 2347 [J]. th o4 BE45E 0
i M A5 s 2k, 2023, 21(6) : 961-968.

MAO X X, XIAO Z K, ZHU X P,

randomized controlled trials in treating angina pectoris of coronary

et al. Meta-analysis of the

heart disease with modified Gualou Xiebai Baijiu Decoction [ J].
Chin J Integr Med Cardio Cerebrovasc Dis, 2023, 21(6): 961-
968.

STIEFVATTER L, NEUMANN U, RINGS A, et al. The
microalgae Phaeodactylum tricornutum is well suited as a food
with positive effects on the intestinal microbiota and the
generation of SCFA:
2022, 14(12): 2504.

ZHU H, LIU J, et al
trimethylamine-N-oxide ( TMAO ) -induced atherogenesis and
Food Funct, 2023, 14

results from a pre-clinical study [ J].
Nutrients,
HE Z, Mangiferin  alleviates
modulates gut microbiota in mice [ J].

(20) : 9212-9225.

( Ye#5 B #7)2024-02-06



