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GMO020) AT # 5 > B2 B BE Rt a9 4B Mo 7 ik: % CSTBL/6 At KAy H 4 8 EF i (NC) 4. Fh5
t4 (HFD) #. f&#|¥ C3G-GMO020 4 (50 mg/kg-d) . & # ¥ C3G-GMO020 #2 (100 mg/kg-d) . C3G-GM020
BKETM6 A/l ABEEA R, KR 2Rt aFEZ RGN ) FAFE £ R4, 1T KEGG 83§ %
S#7; AR PCR 7 kAo ik Hl &0 Ao ATIe it BR & Mg 2 b X4 A RO AR AN EIe B a2, 4R ENCAL
HFD A B £ %5 2 b 43 # 2 B Rt 240, HF 128)-2L =+ k. 13,14-= A -15-8A-77 1Mk & E2. 5-A A%
B, R RER . 2-W A M BF. FMEERF KMt A C3G-GMO020 T B B i . KEGG il % 5§ & 5 47 & ¥ C3G-
GMO020 T #3833 98 5 A2 i ik i 42 98 75 12 B B2 AKXt C3G-GMO020 T AT 2% (P<0.05) 47 & A5 4 F 89 iz B 8%
To-# 4B (CYP7A1) mRNA 49 %A EiR, {2302 B AE 25a-7-% L8 (CYP7B1) mRNA &% & ; 3o/ fe i+
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Abstract: Objective: Investigating the regulatory effects of cyanidin-3-O-glucoside (C3G) and Lactobacillus rhamnosus
GMO020 metabolite (C3G-GMO020) on cholesterol metabolism in high-fat diet-fed mice using untargeted metabolomics.
Methods: C57BL/6 male mice were randomly divided into four groups: Normal control (NC) group, high-fat diet (HFD)
group, low-dose C3G-GMO020 group (50 mg/kg-d), and high-dose C3G-GM020 group (100 mg/kg-d). C3G-GMO020 diet
intervention was administered to high cholesterol model mice for 6 weeks. A widely targeted metabolomics approach was
employed to analyze differential metabolites in mice liver. PCR method and reagent kits were employed to analyzed the bile
acid synthesis pathway key genes expression and liver bile acid content, respectively. Results: A total of 43 different
metabolites were identified between the NC and HFD group, among which 12(S)-HpETE, 13,14-dihydro-15-keto-PGE2, 5-
aminopentanoic acid, corticosterone, 2-methoxyestradiol, threonic acid and other metabolites were reversed after C3G-
GMO020 intervention. KEGG pathway enrichment analysis showed that C3G-GMO020 might regulate cholesterol metabolism
by regulating the bile secretion pathway. The upregulation of cholesterol-7a-hydroxylase (CYP7A1) mRNA expression
induced by high-fat diet was significantly (P<0.05) inhibited by C3G-GMO020 intervention, while the expression of 25-
hydroxycholesterol-7a-hydroxylase (CYP7B1) mRNA was promoted. Additionally, liver bile acid contents were increased,
and liver farnesol X receptor (FXR) gene expression was significantly (P<0.05) upregulated. Conclusion: Intervention with
C3G-GMO020 was found to alter liver metabolites in mice, possibly through regulation of the bile acid secretion pathway to
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modulate cholesterol metabolism. Additionally, synthesis of bile acids via alternative pathways in hepatic cholesterol

metabolism was promoted, leading to improved cholesterol homeostasis.
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AR, MAe TR E R R ERN . 7
R AMEERI H, C3G AR 2 17 T8 TR T A 25 TR AL
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(Parabacteroides distasonis) B4, WF5T R,

AT ] e BRI 00 H B, 3 S Qg
Yiters FAERNLRR TP RO ERY . A, A EL
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HBUCATAEY) . 30 M HAT Y& B e RS
A IERT, H R RITZLIRAT B A IR A Y R A9
51115

FLF RS Ji A o8 R B0, ZLAT PR s 2 e
R W (FZAEYEMEAST S C3G) Hiil IE [ Bz i
AR AR S i A A Y, LR AR C3G 5 LSS EL
FFEE GMO2 A4 Py &40 il JIE [ Pt g Az g it
BE—2EI6IE C3G-GMO020 1T BV BR &4 1 5
mitel, AHFSE B AEEAIE C3G-GMO020 X i I5 I & AT
EZH 225 S AR ) & Sl i, R GedR sE i e Hosg )
Te R AR /0N BRUTE 1 P R s 78) SR ZER LA A S o B P
B BaEARE TR SR IE R 19 23 SRR Y C3G T
I R FLAENE M55 320 1) 1 FH 2 (Rl A A4, TR
SR R RE M %) 25 AR e i R LS AR
1 MRERE
1.1 MRS5S

PR 3-O-FIZENHE (4l =98%) B mUUFAH
LRI TRAF]; BEEMZLRAT B GM020 5
AR ARAE PR F]; MRS AR 373E . MRS [# {457
FRFEE PR R A A R FERIRA TRA
Al; cDNA G aikFl & R4 RHAA R

Hl; C57BL/6 HEPE/INE(6 JElR, 24 ) g
ONF]L HREIES S 202200040015280,
5805 MU VR 7 ANE UL PEEZCARTE ]

Vanquish #AHE3HEY . Q Exactive FOCUS AU B %
3% [E Thermo Fisher Scientific 2\ &]; 170-3930 7Y
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1.2 ZEWHE

1.2.1 BZEBEZLAT B GMO020 1R C3G £E5h 4
BOE AL BB ZLAF I GMO020 B8 (5% viv), TE
4 °C F1 5500 r/min F & .0> 10 min, }H PBS & &
(pH7.4)Pe# 3 K. ¥ C3G BT Iom 7K h It ad
0.45 pm JE B T 8 o o RZEFLAT 8 GMO020 5
C3G(50. 100 mg/keg d) W T4 EEFE 24 h )5,
B C3G-GMO020 F 4 °C Fll 5500 r/min FE5.L> 10 min
W E W AT IR SR .

1.2.2 /MR A2 EmNERSE 1S, KN
BEMLST A7 4 4H: IEH ST HEZH . S AR IK & 4H . LC3G-
GMO020 2H . HC3G-GMO020 2H ., R ¥ 4 A5 75U 3R 45
FIEE, 25/ NEURENAE H E &5, FBFS28 30wk
[17-18] #fz /INERIM 2R 2550 i . il 3 55 45 245y =X n
THR:

NC 2H(n=6): 45T IEREPRIME %, T 45 oA
FhoK; HFD 2H (n=6): = AR APEHR TR (10% 5570 . 15%
FEHHY . 1% RHIEIEE ., 0.5% JHEL), AR SRR PR
JKEH ;5 LC3G-GMO020 £H (n=6): /= JE a1l 3%, #E
B SRR C3G(50 mg/kg-d) 5 BRZEBEFLAT 4
GMO020 i FiE#; HC3G-GMO020 2H(n=6): =i lig
TEL M IR, E SRS IR C3G(100 mg/kg-d) 5
ZSHZLATEE GMO020 S IR

BN BRI SR FOCRRBEEIEES 12 h fHIE 25 °C.
FEXHREE 55% M35, Shige s iaG e i
NV R A B IS B ZS By St v RO P EREE B (FEvESR =
2023070501)

R P, I /N BUERAS 32 BR il b AR5
PIFIK ., WEFE 6 B, 16 15% S HEFREE R ALZE /N
FRo FHFA Y PBS 22 iR iE e 2, MR R TR,
FAT e 504500 B T80 °C fHiltes H.

1.2.3 /RN 22 AU = ) AR A 2H 24 53y

BN HERE S i e, 2 Mg e asl™ fJr ik
FE /N BRUTF IR REAS S B, FH AR . 3 454k an
T, 3% : ACQUITYUPLC®HSST3(2.1x100 mm,
1.8 um), PEFER . 2 pL, i : 0.3 mL/min, # i -
40 C, s R Fmiss B (ESD), 1E. s T
5T 55 L R 43 31 o 3.50 KV FI—2.50 kV, B 4048 1R &
325 °C, ¥§< 40 arb, f IR 10 arb, — 2 & 44
Y El m/z 100~1000, L433#F3 60000, 175000 #E47
—Y% . YA, IR HCD #4720 246, flifE
REE R 30 eV, REMF ST 3 B Fil ez, [FInf R
FHBh S HES Z2BR TCAEE Y MS/MS {5 B, 1E 71 B 74
KT BIREE I . (8 H_LIIRERI 2 7 A =AY
v S S 2R S B R TR 3R Le X G2, 4
JRAEE RS IR iR, il SRS

ARG R R ISHE] 4 F BT (R 2E7E<10 ppm ) .
TR IR M R S A TUCAD, XA AR A
AR TA A S, TR S S5 A T RS 19
AT RAZSE N B SF A Level 2 KL I,
1.2.4 /R Z S8 SRR/
e 355 F) 53 43 BT (PLS-DA) , 53 ¥ 7 2 X R
SR TR . ARPEARRIAS 2 (1 A B AN {H (variable
importance for the projection, VIP) [X 4322 A4
(VIP>1 H. P<0.05),

1.2.5 KEGG #4547 a3 s s S
KEGG %48 v 1938 B B A7 LU X R R, i
BFREZH 2R A 7E KEGG 8 3% H i L B FVE T,
il i G i 124775 (Fisher’s Exact Test) X3 PUZH /)N U
Al 2 2 AU B 4R B 1) e S KT (P<0.05) i
AT, e HUE 400 KEGG B, 40 C3G 5 B
ZeZLAT B GMO020 R4 15 IR E AL o

1.2.6 ME/NEJIFIE CYP7AL. CYP8B1 M FXR 14
mRNA Fik  FlH cDNA S il &bt 7 i 5% .
RT-qPCR R cDNA F4s 5545 1 420 20 18 i s o TR
BT, FRAREE 1 PR IETT RT-qPCR [ o

# 1 PCR AR
Table 1 PCR reaction steps

S AR R A
Stage 1: TARPE Reps: fEFR 1K, 95 °C 5 min
Stage 2: PCRJ Reps: fEFR40¥K, 95 C 155,60 C 305
Stage 3: JEK: J Jif Reps: JEFR1IK, 60 °C 2 min #Ef# B

FXR. CYP7A1 #1 CYP7BI1 B|#¥)¥E%) (£ 2)H
AR A R E S .

# 2 SERER PCRGIYFS
Table 2 Quantitative real-time PCR primer sequences

A Em5[#(5—3") K549y (5'—3")
CYP74A1 GGGGATTGCTGTGGTAG CAGGGAGTTTGTGATGAAG
CYP7BI CAGCATCATCCGAGAAG GAGTGGAGGAAAGAGGG

FXR GCTTGATGTGCTACA CGTGGTGATGGTTGA
AAAGCTG ATGTCC
B-actin CATCCGTAAAGACCTC ATGGAGCCACCGAT
TATGCC CCACA

S AE RSN RT-PCR 99 355 ith 2k g ith
2, I 27 2 E,
1.2.7 FFRLSARfAs  Blilesdrn NC 41, HFD
#H. LC3G-GMO020 ZHF1 HC3G-GMO020 ZHPUZH/NERAT
JIAEASAR a5 S h B A5 e AP AR 1R 5
1.3 HIELE

LRI L {EApRMEZE (Mean:SD) . 2R
JH GraphPad Prism 9.5 Fll SPSS 27 #1748 1124
Sy BT o 2H M) L AR A B R R U 22 43 B (One-way
ANOVA), P<0.05 RS EE G 4E X,
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2 FERESh
2.1 FFRRLELARISHIEY PLS-DA 5317

>KH PLS-DA S #T5E PUZH /N ERA RIS ZH B 1)
FHALLE S AR S48, 25 R AnE 1 R, o, AREE et
BAFE /IR, AR — A, NC 4
1 HFD ZHAE &L B W i 3R A WIZs, SRS IR IR Sk
AR A s s IS ZH AN HFD ZHA% 5 B 4 b 3Ry
=2k, 3R] C3G-GMO020 T i nl F B AR & A= ok
AZ o XF/N BRI 2R % B Rt ik T e it 5
T 4325, g5 RN E 2 s, R & AT A Y)
( Carboxylie acids and derivatives) ; g Hjj li& ( Fatty

Acyls) FEiRH o

30
20
10
0
-10
—20
=30

Group
_40 | @HC3G_GM

-50 & HFD -
—60 = LC3G_GM / /um:

t[21[10.8%]

-70 = NC
—100—-80 =60 =40 -20 0 20 40
t[1][20.5%]
K1 NC.HFD. LC3G-GM020. HC3G-GMO020 2H AT/ £H 4
% PLS-DA 43#Hr

Fig.1 PLS-DA analysis of the NC, HFD, LC3G-GM020,
HC3G-GMO020 groups

Hftr: 23.2% FaTR BRI 24.6%

PAERR B KA 1.9%

NHWE R AT A9 2.4%

% 2.4%

SR TIRNRT: 3.4%
F[FIRGE AR EY : 4.8%

RRHURATE) : 4.8%

NEER: 19.8%

\
\

FHLAILAEY: 5.8% HHEALEY): 6.8%

@ R B HAT D) ® /iR ® HILALAEY
® HHLALEY © FRIURATAEY) By e S [
@ SR MEARET 16 @ LN K AT

© WHRMIILIEY @ Kl
K2 AR EESk

Fig.2 Main classification of metabolites

2.2 ERNREYIN KEGG BE7

HF OPLS-DA 45 3R [E 0454 P-value 524 5+
FEEC(FC) fifi sk HH P 2H /)N BRI 2 2R 00 22 AR ) o
PULH /)N BRUFFAIE R e % 2 3] 1068 AR I =4), 76 1E it
BTEIAMTT NC 45 HFD 4 a3 5 H
43 Fhaz AR, Hidh 33 AR a0 e 2
10 AR B U8 (% 3); HFD 445 LC3G-
GMO020 £ Z ] H %5 58 1 16 Fh 2= S AR, b
9 AR 35 (P<0.05) LA 7 ARy T, H
71 LC3G-GMO020 T-TgefE [E1E 4 Fh2z S0y, 5
FE5 12(S) ¥4k — T EElR . 13,14- - 5-15-E-Aif 51 it
= E2. 5-Z& AR . FZ)iil; HFD 205 HC3G-GMO020

2H Z R e 4 e 24 Fh2s AR, Horb 20 AR
Py (P<0.05) LA 4 A R, oA LC3G-
GMO020 T-TiREME JH 4 Fh2= FAREHY: 14E 2-FH &
ME S R TR . S-2A B . JRHEIR . B BB AT LA
A2 A T Syt AT AT 2 7 2, TR RS0l g 5 28 i1
FH, A Fh s ok, = SR80SRy . B
LA IR gR IR, SHEREHE T80 AT LA SR B BT IR 5 S )
AB & BEITAR o

KEGG ZhRg s e R anl&l 3 B, HFD 20
S NCAHzZzEMWZERREBWSES o-WHKERCHET
( alpha-Linolenic acid metabolism) | & & g 1t i
(Tryptophan metabolism) . & i 2 I v g 5 53 i
177 (Regulation of lipolysis in adipocytes) . TRP il
BRI SAES BT 1T (Inflammatory mediator regulation
of TRP channels) . # e H KT (Glutathione meta-
bolism) . AN FIAE B5 1R A A= 46 7% ( Biosynthesis of
unsaturated fatty acids) . H ¥t P& 43~ ¥4 ( Bile secre-
tion) . ZE[E LR E 445 Hli.(Steroid hormone biosyn-
thesis) . M1} (Purine metabolism) . & FEHR A4
Y& i (Biosynthesis of amino acids ) &gl ., 1M HFD
2H 515020 Z n) i 22 AU = 5 8 A STTH AR R I
( Protein digestion and absorption) . N & 8 . K4
R A1+ & R 1R 18} (Alanine, aspartate and glutama-
te metabolism) . &4 i W U ( Mineral absorption) .
ABC ¥:izE 1 (ABC transporters) . TRP i FJ 9 5E
A1 1 P8 75 (Inflammatory mediator regulation of TRP
channels) . f§RFAI4975 i (Biosynthesis of cofac-
tors) . AR E MR (Phenylalanine metabolism) . fIH
71 1&g 43 Wb ( Bile secretion) | i X 3} ( Carbon meta-
bolism) . % HWBHAY A= 4G Al (Biosynthesis of nuc-
leotide sugars) %M . HFD 205 NC 40, HFD 20 5
1RIG2H 2z [a] 1) 22 A Ry 3 Al s AR B AHVHIR 43 W8 5
TRP JEHE I SREN BT IAE . X SHEEHFTY 098t
5%, BAIZRR T U5 /N BT 2 25 S i s FE 2R
THER AT AR I EE IR —3 . U2 —FhE T 53
Yy, IR A T R, AR BEIH S mE Y ZL Ak, 10
VoM T T A M AR AS 4R %12 RGe I DI BE,
TERE [ B o B EZAE T, 95% 19 BAs 7E/NMim
T W% B WA, 4ERFIH BRI A Y RS IV HERTE
A P P, b AT A e IS B IR T s KO- L g s
AR EAAEEZE X, HAh, A BT DL 252
TRP G IE TS PEFIZR IS, £5% TR, AR50 a Fi e 1) &
C3G-GMO020 Al i AU o3 rle] ABC #%
1B AR A A A [ A T
2.3 /NERATARAC IS4 RETRE K

JFES R AT 25 IR % P T Tl A= B e Akl
IRPNAIH 1R, PRI G NR 1R 3= 22 M B G i ™
Wy, R AR I PR 2 Fe T G NB Y BRI 1 P 22 AR B
ARUHIETE AP, FEX Ak fR v, 29 M JH R
G e T Z A B AR, 40 CYP7AL Fil CYP7BI
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%3 NC 45 HFD 42 a2z SRS
Table 3 Different metabolites between NC and HFD groups

s
NO. B AT P VIP gg‘
1 Dimethylglycine C,HyNO, 0.018045 1.8194032 Up
2 m-Cresol C,H;O 0.028242 1.7859413 Up
3 5-Aminopentanoic acid CsH,NO, 0.004301 1.8004860 Down
4 Leucine C¢H;NO, 0.0050194 1.8623784 Down
5 Threonic acid C,HO4 0.037579 1.6459689 Down
6 Geranic acid C,0H,0, 0.004084 1.8703144 Up
7 (-)-cis-Carveol CoH,0 0.0389380 1.7467171 Up
8 3-Indoleacetonitrile CoHgN, 0.0489200 1.6830655 Up
9 D-Alanyl-D-alanine C¢H|,N,04 0.0422663 1.6103947 Down
10 Jasmone C,H,O 0.0346857 1.8098332 Up
11 3-Dehydroshikimate C;HgO4 0.0101087 1.7899453 Down
12 4-Pyridoxic acid CgHgNO, 0.0283163 1.6452054 Up
13 N-Acetylserotonin C,H;,N,O, 0.0343219 1.7259878 Down
14 Spermine CoHygNy 0.0151569 1.8187610 Up
15 Methyl jasmonate C3H,004 0.0017567 1.9317782 Up
16 L-Kynurenine CoH,N,O4 0.0462111 1.5808901 Up
17 (+)-7-Isojasmonic acid CI2H180; 0.0447786 1.6437071 Up
18 Myristic acid C,,H,502 0.0132308 1.7372890 Down
19 Traumatic Acid C12H200, 0.0214838 1.8034407 Up
20 D-Mannose 1-phosphate CgH,304P 0.0146796 1.6955418 Up
21 17a-Estradiol C\gH,,0, 0.0417593 1.5132058 Down
22 Nandrolone CgHy0, 0.0021984 1.8945591 Up
23 Alpha-Linolenic acid C gH;300, 0.0234009 1.7502522 Up
24 Hexadecanedioate Cl¢H;3,04 0.0085057 1.6954080 Up
25 9-cis-Retinal C,HyO 0.0252904 1.8040685 Up
26 Ophthalmate C,H; oN;O¢ 0.0168690 1.7845733 Up
27 13(S)-HpOTrE C,sH;,0,4 0.0311357 1.7580897 Up
28 Methoprene C,oH3,04 0.0042297 1.8598051 Up
29 9,10-Epoxyoctadecenoic acid C,gH3,04 0.0229672 1.7720259 Up
30 19(S)-HETE CyoH,05 0.0248180 1.8197664 Up
31 15-KETE CaoHy05 0.0192920 1.6294995 Up
32 5-KETE CaoHy05 0.0065459 1.7810766 Up
3 5(S)-HpETE CyoH,,0, 0.0448960 1.6210119 Up
34 12(S)-HpETE CyoH,,0, 0.0166870 1.7939936 Up
35 15(S)-HETE CyoH1,05 0.0389450 1.6535335 Up
36 CMP CoH,,N,O4P 0.0283508 1.5801626 Up
37 Oleoylethanolamide C,,H3oNO, 0.0136394 1.8261627 Down
38 Adrenic acid C,,H3¢0, 0.0357391 1.6196145 Up
39 Corticosterone C,,H30, 0.0035832 1.9230412 Up
40 13,14-Dihydro-15-keto-PGE2 C,oH;,04 0.0329523 1.7220220 Up
41 GMP C,oH4NsOgP 0.0404534 1.6538524 Up
42 2,22-Dideoxy-3-dehydroecdysone C,,H,,0, 0.0148550 1.8679640 Up
43 Cholesterol sulfate C,;H0,8 0.04882 1.5234027 Down
a KEGG funtions b KEGG funtions
alpha-Linolenic acid metabolism | ® P value Protein digestion and absorption - @® Pvalue
Tryptophan metabolism 4 . Alanine, aspartate and glutamate metabolism 4 L] I 0.549
Regulation of Tipalysis in adipocytes | Jj 0468 Mineral absorption - .
0.274
Infl mediator regulation of TRP channels 0.234 ABC transporters - .
Glutathione metabolism I 0 Inflammatory mediator regulation of TRP channcls I 0
Biosynthesis of unsaturated fatty acids | Biosynthesis of cofactors{ @
Bile secretion{ - Number Phenylalanine metabolism - Number
Steroid hormone biosynthesis | . *2 Bile secretion - e ]
Purine metabolism . 3 Carbon metabolism- 3
®5 _
Biosynthesis of amino acids4{ - Biosynthesis of nucleotide sugars4 = ® 4
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