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Abstract: The enteric-hepatic axis plays an important role in the occurrence, progression and regression of
nonalcoholic fatty liver disease (NAFLD). Obeticholic acid (OCA) is a farnesoid X receptor agonist. In this study,
C57BL/6 mice were fed with methionine and choline deficient (MCD) diet for 8 weeks with OCA (6.5 mg-kg"'-d")
administration by gavage at the same time. The effects of OCA on serum lipid and bile acid metabolomics and ileal
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gut microbiota (GM) of MCD mice were studied by UPLC-MS and 16S rDNA sequencing. The results were as
follows: (1) OCA decreased the activities of alanine aminotransferase and aspartate aminotransferase in serum and
the contents of triglyceride (TG) and malondialdehyde in liver, alleviated the accumulation of liver fat and inflam-
mation of MCD mice. OCA down-regulated the contents of 2 eicosanoids (12,13-EPOME, 9,10-EPOME) and 4
free fatty acids (FFA16:1, FFA18:1, FFA16:2, FFA18:3) and TG (16:1_16:1 _18:2) in serum, and up-regulated
the content of 1 eicosanoid thromboxanes B3. KEGG differential metabolite pathway analysis showed that fatty
acid biosynthesis might be the main way that OCA ameliorated lipid metabolism disorder of MCD mice. OCA
reduced the relative abundance of Christensenellaceae and Lachnospiraceae UCG-006 in the GM of MCD mice;
OCA decreased the serum levels of 23-deoxycholic acid, porcine deoxycholic acid, 3-deoxycholic acid, glycine
deoxycholic acid, glycine cholic acid, taurine deoxycholic acid, taurocholic acid and taurine. These results suggest
that the alleviating effect of OCA on NAFLD of MCD mice may be related to its above-mentioned regulation of
the metabolism of the free fatty acids, oxidized lipids, 12a-hydroxylated bile acids and the abundance of GM. The
animal experiments were approved by the Experimental Animal Ethics Committee of Hubei University (No.

20220036).
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Ak 9 K5 M JIE W5 1 BT W (nonalcoholic fatty liver
disease, NAFLD) J& — P 45 & 1F, 6315 5 40 14: g 5
FiF DA R Bl 75 A8 1) BT R 4 IR 0 P4 T %8 (non-alcoholic
steatohepatitis, NASH) 1k, %55 28 7E 4 BRY6
PR BREE TS, OO TR A G 3 D
NASH (19 5 3 L 52 4%, IR i 2= K40 51 2 (1 i o AR
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BAEF

B JLH 2 (obeticholic acid, OCA) +& — i #8 2 4
fEHER (chenodeoxycholic acid, CDCA) [¥] 2} AT A4,
CUIE B 2 15 JE R X 324K (famesoid X receptor, FXR) ¥4
B3, 38 k35 AL FXR, [8) 32 400 i) AH R A= 47 6 B ) B 3
il - [E B2 7o P2 ACEE CYPTAL (2R IE, HET #0H IHER &
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155 4> FAE F T FEAE RO E A 425, R 45 g s A K 1k
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RS2 A4 5) A% Sz A G 3] 1 T v ) Na ™86 1 A - 1R
FE IR IS W] DATE 2 AN KPR 52 i B 2R OB A
NAFLD/NASH i g7, b4k, i i B (gut micro-
biota, GM) #& BA Jtb K /NAITZH B 1 SC B 1 15 2%, AL 2%
AR BAs (46 5 FIE 5 3 SR MO, T T FIOIE R
J NASH SR B 255 1E"Y
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SLIGEN4  METE SPF 2 C57BL/6 /N R (19~23 g)
21 K, 0 T3 b A8 e TR 2 o oL, YR TR S
SCXK (5F) 2017-0012, 43 % ¥ 37 T 4t K 2% SPF 2 3))
Wb, SR, BHKKMEEE. HEEIEE 2~
26 °C, AR E 55%~65%, W5 B % 12 h, 288
TEIN . BT B SE9 7 & S ARAEB3R1G T W1d6 K 225
A TR 3 2 HEHE (No. 20220036).

HZARILEE OCA (4 > 98%) I F L i Ik i
EMBERAIRAF . T AHL T Z (methionine
and choline supplemented, MCS) MCD % &} 14 F 7L 75
FOERRE FER R B AR AR . B EIR A S %
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(alanine aminotransferase, ALT). K ] 4& & R & &t #
T4/ (aspartate aminotransferase, AST) . H i =& (tri-
glyceride, TG)- § . (malondialdehyde, MDA) i 7
0T s B AR ST . MR bR E S 1200
Lyso PC.Cer (d18:1/4:0).PC (13:0/13:0).DG (12:0/
12:0)-TG (17:0/17:0/17:0) V4 F LB VR BAH
BRATE . R R ARE I T8 E CNW B A 7] . 2%
I ¥ Phusion” High-Fidelity PCR Master Mix with GC
Buffer 4 H 3£ [ New England Biolabs /A &) ; 1% F# 1% FR B
It ¥ 3¢ [ Promega /A 7l .« BIO-RAD iMARKTM f§ #5
{% (BIO-RAD  &], 32 ), ExionLC AD UPLC-QTRAP
BB HIAX (SCIEX 2 ], 5 [|), 1llumina Miseq = i
B FE A (Mumina 23 7, 25 H).

LIS FHEMFEREE 21 H/NRE N MR IE—
JA JG ML N 3 4 IEH 41 (MCS 41, n = 7) #5 B 41
(MCD 4, n=7).0OCA % #41 (OCA4, n="7). IEH
1 M MCS 1Ak}, #5784 2H F OCA 41 34 M2 5 MCD %
Bl OCA 414 K & i #E B OCA 6.5 mg-kg' — X, IEH
AL 4 T M AR AR 11 0.5% CMC-Na 15 i, 7% 4¢
e 2T L I o T S R A WA N 1953 7N 9
BAE IR, RIRGYJE, 258 12 hoASK, FRER
o HRME bk A 1) 45 1135 (4 °C <3 500 r-min” 2
L 15 min) J5 SUMEDL F AL BE, PR ) BOH 20 2301 55 4
B, W N Y, T-80 °CCLRAF % .

B AR RRA e RO S R G s v s ) i
BT ALT MTAST W 1% o B AF IR BT — /N 5 4
B ER K% 129 11 % 10% HIRFAE 215, 4 °C3 500 r-min
B0 10 min B 37, 4% R & 75 320 € IE TG AN
MDA & & .

FFEERTRIBZAM IS 20 /0N B AUE 19 JHF A5 b
GOV — /NI 2R, 4% 2 5 RE[E] 52 48~72 he H4
(] 5 R AF 2L S0 7K A S B S, DRk 4 pum T 49 931
HEAT IR AR K —H 41 (hematoxylin eosin, HE). Masson —
RN 20 O ey, R FUBE T 1 HEOUL 52 JH 25 203 3 2% 2
G B o

MERERBZEDI  M-80 °CUKHE H L HH i & £
A TRAE VK ARV T, T E 10 s VR AT, B2 HL 50 pl 45 85 0
B I T mL S AR IR BT R BGR (FFBRUT R - H
fi, 3:1), #RJE 15 min, 7K 200 L, #JiE€ 1 min, 4 °C.
12 000 r-min™ & 0> 10 min, % B L5 W 200 pL 2 550
b, AR ET, NS 200 uL B %, i i
3 min, 12 000 r-min™ &> 3 min, B_E3EWH T LC-MS
ST . FEFREA (quality control, QC) Hi%5 &AL A2
H IR A ) 45 T B o AEANCER 20 BT ik A2 R, A 10 4>
FEAFE AN —A~ QCFEAR, DAMG I 73 A ik A2 1 B 55 1k

K ] Thermo Accucore™ C30 (100 mm x 2.1 mm,
2.6 um) %A, WBhAH AB 23 BN 7K (60:40)
A ZNE - AEE (10290, 2 0.1% FER A1 10 mmol- L™
Bt . o 5 VR BEAE 7 4 0 min, 20% B; 0~2 min, 30%
B; 2~4 min, 60% B; 4~9 min, 85% B; 9~14 min,
90% B; 14~15.5 min, 95% B; 15.5~17.5 min, 20% B;
17.5~20 min, 20% B. ¥iii# 0.35 mL-min™", #1745 °C,
BEFE R 2 uL. QTRAP 6500+ 7 5 43 ¥ J5 11 46 I %
LIS %5 B B YR (EST), 76 1E 71 55 7R =0 R R, &5
TR L 500 °C, I 7 AT il B 5500 V, it
BT T RS B R -4 500 V, B 7 U gas 1 4 45 psi
(1 psi = 6.9 kPa), gas 2 N 55 psi, 75 AN 35 psi, fill i
% S L B (collision-activated dissociation, CAD) 2 %}
¥t H N Medium.

K H Analyst 1.6.3 #C2F 4k BT 35 £ 4, 6 T 58 1)
b i BUHE IE MWDB (metware database), #2316 4 J52
R DR B I 1) S B 7 A BE B A5 R M g s
HEAT SEVE M. AR e B i = 5 DY AT i ik
FEASP) I (R AR B 1, £E A I 28 A SRR R AIE B8 1 A5
558, H MultiaQuant 2K 43T £ A R WL 3% ST,
Xof BT A ) J5 Jo i U 3 A7 0 T AR AR A3, I H b R — AR
D AEAS [FIREAS rp i 503 L 0 R AT AR A0 RO, BN
iU (1 U T AR AR L BT (R AR B . AR S R4
5 FH R B4 (www.r-project.org/) 47 £ St 4t it 7 #r,
A0 45 W B = 43 43 M (principal component analysis,
PCA) HIA W& 158 i fie /s — 36 #7973 #r (orthogonal
partial least squares discriminant analysis, OPLS-DA) %%.
3 9 A7 & B $% 5 (variable importance in projec-
tion, VIP) 18 fll = 7% $U1H (fold change, FC) ik t %
SN, K 21 W) 22 5 I ot B 3 5 N KEGG #5408 e 33k
AT ABHE = AT

MEREHAEREF 4 A W/ BRUBUALTE 50 uL, i
A 10 pL ¥ 4 1 mmol-mL™" i) W Fx ¥ & L1 A1
200 pL I EEA] 3%, 2 500 r-min” #%3% 10 min, LA -20 °C
VK AE ECE 10 min, 2 J5 BUH FEAS 4 °C (12 000 r-min™)
£50 10 min, B EIERIR GG T . 50% FEEZK 100 pL
S, UPLC-QTRAP 6500+ 5T I FACK I . (341 Ay
Waters ACQUITY UPLC HSS T3 C18 &4 (100 mm x
2.1 mm, 1.8 pm), JiZNAH A FH 4K (7 0.01% L1
15 mmol-L"' Z R %), BAH A ZHE (4% 0.01% L TR).
6 P 3 B F2 7 40 R < 0 min, 5% B; 0~0.5 min, 40% B;
0.5~4.5 min, 50% B; 4.5~7.5 min, 75% B; 7.5~10 min,
95% B; 10~12 min, 5% B. i 0.35 mL-min"; i
40 °C; BEFERE 3 pLo £ FMT 55 1E B 7 B 6 B TR R
PLZ s B WS (multiple reaction monitoring, MRM) Jj
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20/ BEL i 9 259, R CTAB YA SR HURE il 2 R 41
DNA, 2 55 g B 5 J12 B Uk ks ) DNA 114 4 B2 Ak B2 )
F TG B KRR 22 1 ng- L AR AR AR, AR 4 00 5 [X 35
1% 4%, 8 F iy Barcode M4 57 5| AL WE X R G A 1EAT
PCRH"1. 16S rDNA V3-V4 [X PCR 5| #5414 341F:
CCTAYGGGRBGCASCAG, 805R: GGACTACNNGGG
TATCTAATPCR. ¥ PCR =455 ik FEVR 51 )5 H 2% I
B I R Ve I P K R N, AN P I RIS B bR R . A
F TruSeq” DNA PCR-Free Sample Preparation Kit i# 17
SC MR, RA U (1 SC R 42 3 Quibit i RN SR A A
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I AT /0N BRI R A AN AT R HEAR ; OCA 4524 )5, IfLid
ALT.AST 5 £ A BT IE TG MDA & & & % T (P <
0.05). DL L4551, OCA BEWS )% MCD Tk & 5 &2
(R S SR JE 45 7, I LRI FUE I o 7K P o
2 OCAXNASH/MRATELATRIBFHIF M
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TE 5 A B, R ZH /N BROFF IR0 1 2 H B S ) o B
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1 (K 2A) FeF4ifb (B 20). 11 OCA 4 AT WE ) F &
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Figure 1 Effects of obeticholic acid (OCA) on body weight, liver index and liver function related indexes of the tested mice. A: Body weight;
B: Liver index; C: Serum ALT activity; D: Serum AST activity; E: Liver TG level; F: Liver MDA level. n = 7 (MCS and MCD groups) or 6
(OCA group), x £ 5. P < 0.01 vs MCS group. "P < 0.05 vs MCD group. MCS: Methionine and choline supplemented; MCD: Methionine

and choline deficient; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; TG: Triglyceride; MDA: Malondialdehyde
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Figure 2 Effects of OCA on liver histopathology of the tested

mice. A: H&E staining. Black arrows indicate bigger cytoplasmic
vacuolation, inflammation and hepatocellular ballooning respec-
tively; B: Red Oil O staining. Black arrows indicate bigger red
lipid droplets; C: Masson staining. Black arrows indicate hepatic

fibrosis

1 e B U B AT S AR 43T, AT DA AR i A 4
ERCRNAG, TN f B 43 1, 45 R R I L AR QC R
AEETROERE, QC ML E &M, KUK RS
Rk R A

ARSCEBLT 20 MREAS, LRSI 3] 804 /N i T AR
M. XF /N BRI TS RE A E 4T PCA 0 M, MEI3A BT LLE
H, I RSB R B, RIIMCD IR &5l T
B3 g FAC U M A8 Ak, OCA 2 AN R 40 4 5
B, B HEGE T MCS 41, £ W OCAHIE 1 AL 2 53
SH AR IR . 83 OPLS-DA 43 Hr %} MCS 241 .MCD
YA OCA 2H 1375 g R AR W 155 Bk AT 73 e Ab 3 (R 3R
FI o R BRI EESEON S RRREERY Koy
KM Z 0%, MCS 21 F1 MCD 4 7 5 2 $ R°Y v
0.993, 0”4 0.949 (4 3B), OCA A MCD #1435 2%
RY N 0.874, 0° 4 0.506 (K 3C), R°Y 5 O*# KT 0.4,
Ui B _ER 3 2HL I3 IR BT U e 4 OPLS-DA B2 [X 43, W
FTJ5 S 20 R 22 5 Ay i SR 5 3 #r e

454 OPLS-DA 745 & d EVEH 52 (VIP > 1) Al
A BN HT I 22 A5 80 (FC = 2 8 < 0.5) it — B ik 2
SRR . SOl B EIR T & 20 3 i AR S A
KPZES (SRR T WA, 4 s AR% LB,
5 MCS AL, MCD 2 3£ 7R i 398 A~ 22 53 i i AR 5t
W, o376 AN R 22 A R, LS R TGS (fatty
acyls, FA) 30 > . H i % JI5 28 (glycerophospholipids,
GP) 273 > #4152 (sphingolipids, SP) 43 4™ & % flig 2
(sterol lipid, ST) 154>, H i /i 28 (glycerides, GL) 37 1

(% 3D); 5 MCD 4 A1 t, OCA 41 3647 13 4> 2 7 fig i
R, H 124 F A B (B 3E), JLHZ OCA
AT 12,13-EpOME. 9,10-EpOME. FFA (16: 1) FFA
(18:1).FFA (16:2).FFA (18:3).TG (16:1 _16:1 _18:2)
&, BT TxB3 & & (B 3F.G).

1 OCA 5 8 B 4 2 [A] (1 13 Fh 22 = JIg 2 g AT
KEGG i % & %50 1T, #8 % OCA X} NASH i) {71 H
FRAH AR E B o 45 SRR, 22 S IR BT 2 16 2% AR
B, HE o- T RRER AW 62 DU AR IR AR« B e LA
TG 5 1R AR B I W PR AE 5 S (L 4). o,
JiE 7 R A2 40 & B % 5 OCA X NASH ) fig AR 181 3%
L PR T 55 1 P A 5K
4 OCA X NASH /)R BAIE W £ R 5200

XF = AH N R B AE I HEAT T 16S tDNA MR 4y
Hro WPkh BFFETE (K 5A) "I LAE W, BEEREA &
I3 K, BT AR T A BRI SR BT, S FEA R
Ak n, ih 26k TP, B0 RN T R A TS AR,
FEFE 7y, W LAHEAT T — D8R 7 M. 72 97% — B
H T, X & 204 5 Alpha Z FEMEFR BN G it 70 i 2 IR 3%
B, #E A2 1) Chaol \ACE 8 £ 2 K T IE# 4, & #
MCD R & T B B 1 R 1) 5 N B OCA 4
FITMCD /) B3 18 33 A= ) # ¥ Chaol . ACE . Simpson
J% Shannon ¥8 30T i 3 Z 7, £ OCA X 7 B =)
2 FEVERA B RS2 (R 1), 3 — 20 K Beta Z 1%
PR 73 0 EE I 98 & 2 /) B T g ik A A A 9 TR R i,
T I E & £ 4 b 75 (non-metric multi-dimensional
scaling, NMDS) 73 #T (1) 45 5 2 7~ = 41 /N B i i i 2k
YITEE R X B (K 5B).

Table 1 Effects of OCA on alpha diversity of gut microbiota of
the tested mice. n = 7 (MCS and MCD groups) or 6 (OCA group),
x+5. P <0.05 vs MCS group
Group Chaol ACE Shannon Simpson
MCS 208.18+11.27 213.82+11.78 2.77+0.21 0.7+0.04

MCD 169.72+8.84" 174.59+8.73" 2.63+0.13 0.73+0.03
OCA  200.18 +£43.34 209.53+42.38 2.49+0.25 0.66+0.04

Xof =20 )N B3 1 T A2 1] VR B A A
W, f K 3 FE AR 4 A+ 16 i 3 T B A KL B SC~E
MCD R 2 2 520 1 /N B B R B 4544, 5 MCS 41
AHLE, MCD 41/ B 1718 1 JEBE 6 1] (Firmicutes) % 5
F T, R BT (Actinobacteria) 3 & i 25 PR A% (K
5F); XU AT B AL (Bifidobacteriaceae) % /K 2% [ &
(Eggerthellaceae). i B 9K B £l (Desulfovibrionaceae)
e FL T B #% 1 B} (Christensenellaceae) ) 3 & 75 i #
FEAK (B 5G); 5 MCD A At OCA 4L/ B 7 18 1) 52
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Figure 3 Analysis of serum lipid metabolic profile of the tested mice. A: PCA score plot; B: OPLS-DA score plot between MCS and MCD
groups; C: OPLS-DA score plot between MCD and OCA groups; D: Volcano plot of lipid metabolites between MCS and MCD groups; E:
Volcano plot of lipid metabolites between MCD and OCA groups; F, G: Intensities of representative differential lipid species. n =7 (MCS and
MCD groups) or 6 (OCA group), x 5. P < 0.05, "P < 0.01 vs MCS group. "P < 0.05, P < 0.01 vs MCD group. PCA: Principal component

analysis; OPLS-DA: Orthogonal partial least squares discriminant analysis

Figure 4

P-value
Retrograde endocannabinoid signaling 1 @ 1.00
Regulation of lipolysis in adipocytes{ o !
Phosphatidylinositol signaling system < . u 075
Metabolic pathways { () 0.50
Lipid and atherosclerosis{ e _— 025
Linoleic acid metabolism{ @
Inositol phosphate metabolism . 0.00
Glycosylphosphatidylinositol (GPI)-anchor biosynthesis 4 [ ) Count
Glycerophospholipid metabolism 4 @
Glycerolipid metabolism{ @ & 1
Fatty acid biosynthesis [ J e 2
Biosynthesis of unsaturated fatty acids 4 . @ 3
Autophagy-other{ @ [
Autophagy-animal [ ] . 5
Arachidonic acid metabolism q . 6
alpha-Linolenic acid metabolism 4 o ‘ 7
00 0.1 02 03 04

KEGG pathway enrichment analysis of the significantly altered lipids between OCA group and MCD group

Rich factor



EOpAE BUIEER X MCD WRCE i 3 (0 AR RS 1% i 07 42 B 28 0N BRI S5 15 FEL 12 DA fi 1 v e R 4 1 - 3209 -

A

600

500 o8 onll II ..
gsillllllllss:

=3

400

300+

n
2

5

153

o

@

= a5 L
g 4

153

2

D

(@]

200

—_
=3
S

Relative abundance
fcm 3

2]

4.0210" 1 vcs
3.0x10" MCD
2.0x10+ |l oca

0.4x10
0.2x10*

Relative abundance
Relative abundance

0@"\&

3
g
1.0x10% i*i g s
* * *
=R G
o
>
g
°
(4

3 3 2%
2 o e
(\ 4 \\) O ‘\6
19 W

O

14
. é@“s

NMDS Plot
. strss=0.123
0.2+ '
0.1 -
.
- A
0.04— . =MCS
A o . A [*MCD
o 40CA
0.2 A
N
0.0 05 10
MDS1
E 100
Others 2

= Enterobacteriaceae
= Akkermansiaceae

= Peptostreptococcaceae
= Burkholderiaceae
Muribaculaceae

= Bifidobacteriaceae
Streptococcaceae

= Atopobiaceae

= Lactobacillaceae
=Erysipelotrichaceae

Relative abundan

*
d 0.00

R

" e‘\se‘\e\\a )
o \\S\os?“acea B
12¢

Figure 5 Effects of OCA on the composition of gut microbiota (GM) of the tested mice. A: The species accumulation boxplot; B: Non-

metric multidimensional scaling (NMDS) on the OTU level; C: Microbiota composition at phylum level; D: Microbiota composition at

family level; E: Microbiota composition at genus level. F: GM changes at phylum level; G: GM changes at family level; H: GM changes at
genus level. n =7 (MCS and MCD groups) or 6 (OCA group), x £ 5. "P<0.05 vs MCS group; "P < 0.05 vs MCD group. OTU: Operational

taxonomic units
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Table 2 Effect of OCA on serum bile acids of the tested mice. n = 7 (MCS and MCD groups) or 6 (OCA group), x 5. P < 0.05, "P <
0.01 vs MCS group. “P < 0.05, P < 0.01 vs MCD group. /: Undetected

Taurocholic acid
Total bile acid
Primary bile acid
Secondary bile acid

Primary/secondary bile acid

Conjugated bile acid
Unconjugated bile acid

4657.33+£4138.89
12 850.46 £9 186.08
1407.14 +747.72
11 443.31 + 8 444.67
5.314+0.96
9001.42 +7822.37
3849.03 +1485.18

4169.52 + 641.63

18 047.52 +2 311.95

2 934.81 +836.80

15 112.71 + 1 689.75"

6.27 £ 4.03"
10 078.57 + 1 494.23

7 968.96 + 2 148.21"

1.08 £ 0.67

Class MCS/ng-mL"! MCD/ng-mL" OCA/ng-mL"
Nor-deoxycholic acid 17.05 +5.01 313.05+44.91" 16.45 +5.37%
S-Muricholic acid 373.67 +£201.68 1 146.65 + 338.29° 1259.91 +533.57
Hyocholic acid 9.03 +£2.54 25.20+7.70" 47.73 +£19.38
Norcholic acid 3.83+2.38 25.50 = 4.40” 20.62 = 5.43
a-Muricholic acid 49.01 +28.58 142.18 + 60.43° 150.81 +70.67
7-Ketodeoxycholic acid 593.09 +265.73 1 622.77 + 460.00° 1613.28 +614.61
Ursocholic acid 14.12 £ 5.94 52.52+16.41° 48.16 £ 11.26
Glycodeoxycholic acid 0.04 £ 0.04 0.27 £0.117 /
Glycocholic acid 3.09 +£2.59 8.93+1.51 3.28 £1.10°
6,7-Diketolithocholic acid / / 1.37+0.77"
Hyodeoxycholic acid 51.94 +30.19 34.32+4.79 15.00 + 4.03"
3f-Deoxycholic acid 5.61 +1.47 6.50+1.71 3.00 £ 0.86"
Taurodeoxycholic acid 242.53 £187.29 215.74 £44.37 45.45+13.32°
Taurolithocholic acid 22.92 +£17.00 13.10 £ 2.45 5.62 + 0.94"

1 749.23 + 274.06"
14 826.30 + 4 052.64
2941.80+1136.52
11 884.49 + 2 970.99
3.17 +0.36"
6962.86 + 1 207.94
7 863.44 + 3 097.80
0.59 +0.05

Conjugated/unconjugated bile acid 0.44 +£0.20
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Figure 6 Spearman correlation analysis of abnormal changes in serum lipids and bile acids (BAs), and GM of the tested mice. A: The

correlation of GM and lipids at phylum level; B: The correlation of GM and lipids at family level; C: The correlation of GM and BAs at

phylum level; D: The correlation of GM and BAs at family level
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