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W E: B FITEEMNLE =55 (total triterpenoid from Cyclocarya paliurus, CPT) Xtigk & (high-fat diet, HFD) %S
AU IR W PE % (metabolic-associated fatty liver disease, MAFLD) /INRIIEITVER L HAH . F53% K CSTBL/6T /MR
BENL ARTIRAL . AR . CPT (100 mg/kg) 4. —HXUIK (metformin, MET, 100 mg/kg) 411 CPT+MET 4. FExIE4
25 TR FR AN, HAREAS T B RIESE 12 T MAFLD 8., BRI G, A TAYT IS A. L
[E M ER/INRIE B, E MM EATE. HEE. SR 1, R BN AL E /R FEEE (oxygen consumption,
VO2). ZEFAIRA R (carbon dioxide production, VCO2) FIBEETHFER; AL NG, FATHIE B & STI0 A% 2 R i 52
SESG, KR A ERT B AREAFE, HEFIEREG AR s N AR A RS (alanine aminotransferase, ALT). RA&%
TR A EEF MG (aspartate aminotransferase, AST). BEPEBEMLNE (alkaline phosphatase, ALP). y-#Z Mt kS (y-glutamyl
transpeptidase, y-GT). =tH i C(triglycerides, TG). MJH[EEE (total cholesterol, TC). K& ENFHE A HMEEE (low density
lipoprotein cholesterol, LDL-C). 1% & i FIIHEEE Chigh density lipoprotein cholesterol, HDL-C). ZEJgIAE (fasting blood
glucose, FBG) MZEJHEHEK (fasting insulin, FINS), THEBRE RHLHIFEH (insulin resistance index, HOMA-IR); i/
JERIZE(EH TCy TG /K1, PAR G FFHHAMSEE P HH R (total bile acids, TBA) /K5 RAIFAR-HL. M4 O
Pt /N RN B AR AR BENLEE 5 ASHFHEN 5 AL N BYFEARBAT IR (bile acids, BAs) ARIHZH %4 #r
qRT-PCR & HFAH LA [E 1 7a-F2 408 (cholesterol 7a-hydoxylase 1, Cyp7al)< Cyp7bl. Cyp27al. Cyp8bl. NEITE:H: NG
A Gl (bile acid coenzyme A synthetase, Bacs) LR IEMIE L FH (bile acid coenzyme a: amino acid N-acyltransferase,
Baat). fHERHIHIR (bile salt export pump, Bsep) NE T-FRiHELILIFIZE H (recombinant Na* taurocholate cotransporting
polypeptide, Ntcp). #EJERE X 3Z4& (farnesoid X receptor, FXR). /N7 “ KR (small heterodimer partner, SHP). &&F
e E KR 324K 4 (fibroblast growth factor receptor 4, FGFR4). [EEERYT ufF45A 8 A-1¢ (sterol regulatory element-
binding protein-lc, SREBP-1c). TEARHIHEE A EUIAIEF 1 (stearoyl-CoA desaturase 1, SCDI). FEHAEE& Kl (fatty acid
synthase, FASN). i ALYIBEIABEFEYDIIE 524K o (peroxisome proliferator-activated receptor a, PPARo)~ AITRARHEBE 7 g
1 (carnitine palmitoyltransferase 1, CPT1). g5 FRNiEE (lipoprotein lipase, LPL)+ flAifAH i =& Hs#412 8 (microsomal
triglyceride transfer protein, MTTP) FEIGHLH FXR. RAT4EANILA KK F 15 (fibroblast growth factor 15, FGF15)+ Tiid
AR IR 2L ¥4 32 & Capical sodium-dependent bile acid transporter, Abst)« JAITERZE A 2K 1 (intestinal bile acid-binding protein,
Ibabp)~ NI i #5128 & M -a (organic solute transporter-a,, Ost-a)+ Ost-f mRNA ik ; Western blotting I 72 FF4H 21 CYP7al.
Cyp7bl. Cyp27al. Cyp8bl. FXR. SHP. FGFR4. SREBP-lc. SCDI. FASN. PPARo. CPT1. LPL. MTTP Fl[HlJl72H £
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FXR. FGF15. Abst FEAFiL. R HHMALLE, CPT M CPT 5 MET B Al 25 BR/N AR B . B # aip &, 2
T S BRI, BRI B R IPIEFEEE, 190 VO2. VCO2. VOVCO2 K R« B EREREINAEA S BE R AR R (P<0.01);
FAGIME T ALT. AST. ALP. y-GT. TC. TG. LDL-C. FINS. FBG. TBA MIF4 41 TC. TG /KF & HOMA-IR, Jh&
IM3% 9 HDL-C f1#&{#d TC. TG. TBA /KF, BRMRAFAHLUREZEVES . BRI (P<0.01); FHE AP TBA KF, B¢
RATHLI RS A BAs. #12% BAs. X% BAs S MA14 BAs/IXZ: BAs [ L&A ED AR 4 BAs. IR% BAs &,
WINAFR R 456 BAs M4 E BAs/AEL & BAs H A SN BV h 456 BAs. ¥ BAs &, 454 BAs/AE4E & BAs H
VI BAs/IRZE BAs {H (P<0.01); LiRHAHLH CypZal. Cyp7bl. Cyp27al. Bacs~ Baat. FXR. SHP+ Bsep. Ntcp-
PPARa~ CPTI. LPL. MTTP mRNA Fl Cyp7al. Cyp7bl. Cyp27al. FXR. SHP. PPARa. CPT1. LPL. MTTP & HKiX,
TFHZ Cyp8bl. FGFR4. SREBP-lc. SCDI. FASNmRNA MEHAKIA, NEEIGHLR T FXR. FGFI15. Asbt. Ibabp-
Ost-a» Ost-f mRNA fl FXR. FGF15. Asbt & #i& (P<<0.01). CPT 5 MET BEf%: CPT Hphfdi AR 4 (P<<0.05.
0.01). £5i& CPT Al el 11 iE FXR/FGF15 155453, #EMEuS T FXR/SHP i, (2t iHiZIE3 BAs &1,
HIHE B . et BAs BEZSMEHEN, 0E RO FFIF FXR/SHP 38 2% i85 #4] SREBP-1c¢/SCD1/FASN 13 5 4l i i g i &
B BOE IR FXR 805 PPARo/CPT1 Al LPL/MTTP 15 5 R 2k ig B S AL BB iR 20, I IRYT MAFLD.
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Total triterpenoid from Cyclocarya paliurus improves high-fat diet-induced
metabolic-associated fatty liver disease in mice by regulating FXR-mediated bile
acid and lipid metabolism pathways
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Abstract: Objective To investigate the therapeutic effect and mechanism of total triterpenoid from Cyclocarya paliurus (CPT) on
high-fat diet (HFD)-induced metabolic-associated fatty liver disease (MAFLD) mice. Methods C57BL/6J mice were randomly
divided into control group, model group, CPT (100 mg/kg) group, metformin (MET, 100 mg/kg) group and CPT + MET group. Except
for the control group receiving regular feeding, all other groups were fed HFD for 12 weeks to establish MAFLD models. After
successful establishment of MAFLD model, drugs were given eight weeks. During the experiment, the activity levels of mice were
observed, their body weight and food intake were measured regularly. One week before the end of medication, the oxygen consumption
(V0O»), carbon dioxide production (VCO3) and energy consumption of mice were measured using indirect calorimetry. After the end of
administration, glucose tolerance test and insulin resistance test were conducted to detect glucose tolerance. Liver weight was measured,
and liver index was calculated. The levels of alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase
(ALP), y-glutamyl transpeptidase (y-GT), triglycerides (TG), total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), high-
density lipoprotein cholesterol (HDL-C), fasting blood glucose (FBG), fasting insulin (FINS) in serum were detected, and insulin
resistance index (HOMA-IR) was calculated. The levels of TC and TG in hepatic tissues and feces, as well as the levels of total bile
acids (TBA) in serum, hepatic tissues and feces were measured. Hematoxylin-eosin and oil red O staining were used to observe the
pathological changes in hepatic tissues of mice. Five hepatic tissue and five colon content samples from each group were randomly

selected for bile acid (BAs) metabolomics analysis. The mRNA expressions of cholesterol 7a-hydoxylase 1 (Cyp7al), Cyp7bl,
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Cyp27al, Cyp8bl, bile acid coenzyme A synthetase (Bacs), bile acid coenzyme a: amino acid N-acyltransferase (Baat), bile salt export
pump (Bsep), recombinant Na® taurocholate cotransporting polypeptide (Ntcp), farnesoid X receptor (FXR), small heterodimeric
partner (SHP), fibroblast growth factor receptor 4 (FGFR4), sterol regulatory element-binding protein-lc (SREBP-Ic), stearyl
coenzyme A desaturation enzyme 1 (SCDI), fatty acid synthetase (FASN), peroxisome proliferator-activated receptor o (PPARa),
carnitine palmitoyl transferase 1 (CPT1), lipoprotein lipase (LPL), microsomal triglyceride transfer protein (MTTP) in hepatic tissues
and FXR, fibroblast growth factor 15 (FGF'15), apical sodium-dependent bile acid transporter (4bsf), intestinal bile acid-binding protein
(Ibabp), organic solute transporter-o. (Ost-a), Ost-f in ileum tissues were determined by qRT-PCR. Western blotting was used to detect
the protein expressions of CYP7al, Cyp7bl, Cyp27al, Cyp8bl, FXR, SHP, FGFR4, SREBP-1c, SCDI1, FASN, PPARa, CPT1, LPL,
MTTP in hepatic tissues and FXR, FGF15, Abst in ileum tissues. Results Compared with model group, CPT and its association with
MET significantly reduced the body weight, improved glucose tolerance, elevated insulin sensitivity, lowered liver weight and liver
index, raised VO2, VCO2, VO2/VCO2, and daytime and nighttime energy consumptions and total energy consumption in mice (P <
0.01). CPT and its association with MET reduced ALT, AST, ALP, y-GT, TC, TG, LDL-C, FINS, FBG, TBA levels in serum and TC
and TG levels in hepatic tissue as well as HOMA-IR, elevated levels of HDL-C in serum and TC, TG, TBA in feces, reduced liver
histopathological scores and lipid deposition (P < 0.01). CPT and its association with MET elevated hepatic tissue TBA level, lowered
the contents of unconjugated BAs, primary BAs, secondary BAs and the ratio of primary BAs/secondary BAs in hepatic tissues, as
well as the levels of unconjugated BAs and secondary BAs in colon contents, elevated the content of conjugated BAs and the ratio of
conjugated BAs/unconjugated BAs in hepatic tissue, as well as the levels of conjugated BAs, primary BAs and the ratios of conjugated
BAs/unconjugated BAs, primary BAs/secondary BAs in colon contents (P < 0.01). In addition, CPT and its association with MET
elevated Cyp7al, Cyp7bl, Cyp27al, Bacs, Baat, FXR, SHP, Bsep, Ntcp, PPARa, CPT1, LPL, MTTP mRNA expressions and Cyp7al,
Cyp7bl, Cyp27al, FXR, SHP, PPARa, CPT1, LPL, MTTP protein expressions in hepatic tissues, reduced the mRNA and protein
expressions of Cyp8b1l, FGFR4, SREBP-1¢, SCD1, FASN in hepatic tissues, depressed FXR, FGF'15, Asbt, Ibabp, Ost-a, Ost-f mRNA
expressions and FXR, FGF15, Asbt protein expressions in ileum tissues (P < 0.01). The combination of CPT and MET showed better
efficacy than CPT alone (P < 0.05, 0.01). Conclusion CPT may activate the hepatic FXR/SHP pathway by inhibiting intestinal
FXR/FGF15 signaling, facilitating the synthesis of BAs in the hepatic intestinal circulation, repressing their ileal reabsorption, and
boosting the excretion of BAs with feces. The activated hepatic FXR/SHP pathway restrains lipid synthesis by suppressing SREBP-
1c/SCD1/FASN signaling axis, while activated hepatic FXR promotes lipid oxidation and lipid decomposition through activating the
PPARo/CPT1 and LPL/MTTP signaling axes to treat MAFLD.

Key words: total triterpenoid from Cyclocarya paliurus; metabolic-associated fatty liver disease; bile acid; lipid metabolism; farnesoid
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& o (peroxisome proliferator-activated receptor o,
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B, T 12h BEEOCIRIEIA . FXHRE (502100 %
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YT 4 =R BN Y T bl (GHtHE S
CTGUAEWC-2024-052),
1.2 AR5

CPT (Hlk'5 2024052706) FHAS 5256 =5 7500
C. paliurus (Batalin) Iljinsk. 7143 Bl 2071, @it
e OB BRI 5 H L& HON 96.54%; R
XA A (metformin, MET, k5 LTABQ2958)
W E H LB S LA A R A4 RN
(carboxymethyl cellulose sodium, CMC-Na, fit5
20250321). HEE (fhiaf, b5 20241228). LR
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B (3, S 20241119) W H E 258 F1E2ER
FIFBRA R HERE (it 202310210 14 H L4
ViBEHWARAA: BERTHBE (HT
20240326-5) M EITH5 HFRAEACER 25 £ BT IR 94
AW wmARTEREL ('S 2024091207) W H L7556 5E
AR AR MPE (glucose, GLU). JiEE
% Cinsulin, INS). WRMR A% (alanine
aminotransferase, ALT). K& % IRA K%M
(aspartate aminotransferase, AST). y-2+ 2 B4 ik
(y-glutamyl transpeptidase , y-GT ). il P B B B
(alkaline phosphatase, ALP). TG. & H[EEE (total
cholesterol, TC) K% & g 25 1 IHL [ B (low-density
lipoprotein cholesterol, LDL-C)- 151 % & g & 1 JH [H]
& (high-density lipoprotein cholesterol, HDL-C).

EBITER (total bile acids, TBA) XF& (k55
M 20250312, 20250316+ 20250310+ 20250309+
20250317 - 20250319 . 20250314 . 20250313 .

20250308+ 20250315, 202503200 1 [ 75 5% g R Ak
VTR AT BR A 7] s 3R 2 - AL (hematoxylin-
eosin, HE) il & (k5 DB0046-1). 4L O
et 5 & (kS XB0017-1) T H LRH B G A=
WRHEAIR AR OB (fikal, #'5 20250312)
e R T R WAL R A R A w] s O (R
2k, #5 20250217) W LR AT A0 A PR A
" ; TRIzol ({lt*%5 12236752). DEPC /k (Hit5
20250319) K& Cyp7al~ Cyp8bl Cyp7bl~ Cyp27al -
REVT TR 2L 4l A A ¥ (bile acid coenzyme A
synthetase, Bacs). Z LR IEBLEAE 20 (bile acid
coenzyme a: amino acid N-acyltransferase, Baat)- IH
h#H % (bile salt export pump, Bsep). & F-4
i HR L4 12 88 H (recombinant Na' taurocholate
cotransporting polypeptide, Nitcp)~ FXR. SHP.

FGFI15. FGFR4- TilsmN i 14 H £h #1244k (apical
sodium-dependent bile acid transporter, Abst)~ AHIT
fR 254 8 (intestinal bile acid-binding protein,

Ibabp ) A N B ¥ 12 % M -a (organic solute
transporter-a, Ost-o)~ Ost-f~ SREBP-1c SCDI .

FASN. PPARa. CPTI. LPL. MTTP. Hihi-3-5f
R Wi & M  ( glyceraldehyde-3-phosphate
dehydrogenase , GAPDH ) 5| ¥ (#t5 7 5l A
A0250318 . A0250319. A0250317. A0250314 .

A0250321. A0250315. A0250317. A0250319.

A0250320. A0250313. A0250319. A0250312.

A0250316. A0250310. A0250318. A0250308 .
A0250311. A0250320. A0250316. A0250305 .
A0250309. A0250317. A0250322. A0250313) I
HAETAEWTE (L) BHHERAF; Prime
Script™ RT reagent kit {7l & (5 602745). Taq
DNA R&H (L5 601938) 4 H HA TaKaRa 2
]; Cyp7al. Cyp27al.Cyp8bl.FXR.SHP.FGFR4.
FGF15. Abst. SREBP-Ic. SCDI. FASN. PPARa.
CPT1. LPL. MTTP. B-actin. GADPH #itk (JIt'5
SN se-15329. sc-24672. sc-2548S. sc-31249.
sc-1658S. sc-30718. sc-3156S. sc-2765S. sc-25479.
sc-3025S. sc-2043S. sc-21756. sc-30218. sc-20718S.
sc-53017. sc-2542S. sc-4368S) WIFHEE CST A
Al EARIGAFI S (iS5 P0312). ECL &)tik
A& (5 P0127) M H B B = RAEMHAF R
AF]; HRP FRICH 1gG Bifk (LS ab17458) HWH
YL[E Abcam A F] .
1.3 {45

Oxymax/CLAMS /N4 6 I 22 5 (35
Columbus A ); VORTEX-6 AL iR ief (£ Aoran
~FE]D; MASA R (Bt Mettler Toledo A
F]D; 5427R BUEE AR RO ML (PE[E Eppendorf 2
7] ); Contour Plus One B A (fE[E Bayer
/h7]); Waters UPLC Acquity 1-Class PLUS Uit 5
BB 4L . Waters UPLC Xevo G2-XS QTOF 74
R A (E[E Waters A7) ); HVA-110 #U 5
EKe%s (HA Hirayama /A#]); Infinite 200PRO
HIBEARY (it Tecan A#]); HistoStar Y47 it 2H 21
£ L Nano Drop One Y% BRI & 1% (£ [E] Thermo
Fisher Scientific A ] ); RM2245 B )l (&
Leica A #)); Eclipse80i M IF & Y2 R s (H
A Nikon A#]); MagNA Lyser 20 2155 A%
LightCycler® 480 11 24 7% . %€ & PCR {X (Fii 1 Roche
AF]); DYCZ-20G B HLEKAX . DYCZ-24A/B B fis
VKIS, DYCZ-40S B4 L ykiE (dbat/s—4Y)
B ER AT ); Tanon T4600 BYEE % 0 R4t
(B RaeE Rl EIRAFD.
2 FHE
2.1 MAFLD #&REgy3E 7

C57BL/6) /NRIEMNMEWFE 1 G, LN
SR (20 ) FIREAIZE (50 H), xR4T
TR SE, BV 2 TR IR TR RS, MR 12
Jei» A O B ZH AR AL A B LA ER 10 /N, 58
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RV /N BRI s, Mg+ TC=
5.17 mmol/L. TG = 1.70 mmol/L . GLU = 8.00
mmol/L, FFIE HE Jetan] W4 K. 25V fg i
e, WAL O Yt ml IR K EARE, LidiERS
MHRAE AAREEESR (P<0.01), KU/
MAFLD #5784 & 37 i DhU8-19
22 AE%YH

W4 T ST (1) MAFLD #E2 /) SR AL 2 i 2
ZH. CPT (100 mg/kg) '1ZH. MET (100 mg/kg) #H
A1 CPT (100 mg/kg) +MET (100 mg/kg) 4, &
10 Ko BC“2.1” BUFRTFE) 10 RN IER
XIREZH o BRonS R ZH 4k st am ta b oh, Hp &4l
R EReh T IR RRIR SR SR 20 ig MRIZH, Xt
HRAHANBIA A ig SRARFRM 0.5% CMC-Na I, 1
Wid, HEERRZS 8 . BAMEAE, 425N
MEL NGRS, BT R E.
2.3 [ERENFAS AT

AR 1A, KN RIS R 408
Mo1d fE, FFEidxk 24 h WA E (oxygen
consumption, VO2) 48 A Bk 2E il 2 (carbon dioxide
production, VCO»). REEVHFESR, THEMRAZHAR
FAK. W R E O RE R FER .

IFIRAZ 4% =V CO02/ VO
2.4 OGTT FITT
2.4.1 OGTT %% 8 JiJG, /NREEE 12 h, @il
ig FIEHE (1.0 gkg) BT OGTT. 43 AITE ig Fi %) bk
0. 15. 30, 60. 120 min J& FEARFIL, {5 FH AR
A0 1t
242 ITT /PMREEE 6 h/E, @it ip EHE (0.5
U/kg) #E4T ITT. 4337 ip BB E 0. 15, 30, 60
120 min J5 FEAR AL, A5 FH A B (SRS ) afi %
2.5 FRARE

RALEAET 1A, /N FBG A1 IR &
% (fasting insulin, FINS) /K~F; G450 )5, 7
AR ANZEK 12 h, ip 3%K L2 AN ORI, i3t
TR, 4 °C. 3000 t/min &0 15min J5, U
B 1M 2 FAE ARSI o SRS 5 S00AE B F1 AR /N BR
BFFE, THECFAERE &, 8 AR )30 A5 B2 27
HFRESSN, & FHFARERE T PEA %
&, BT-80 CUkfaH M THE— 0 BE.
SNBSS, EREAP RS RS, BT
—-80 CykKFH H T a8t ot

JHF B 48 i = JHF I 0o /4 o &

2.6 MFFIEFRFATELS. £EEF TC. TG KFE
BA&

F AT S UL B A I I TR ALT. AST,
ALP. y-GT. TC. TG. LDL-C. HDL-C. FINS. FBG
IKAE, TR S Z HEPTTE £ (insulin resistance index,
HOMA-IR) . %[ Yang SOV yhAG I 20 4R %
i TC. TG /K.

HOMA-IR=FBG X FINS/22.5
2.7 BFRLARSENE

WU HZE 4% % S IERE 24 h 5, K.
AEEEIE, HK S um I, & HE Jth)5, BT
TS N SR SR E AR, RN R AL
B3 MLEFAIE, ] Image J BABENLE = 5 4
PRET, SOk 7 AU AT RS 1 MAFLD 53]
FEVF4r (NAFLD activity score, NAS). 55 HUN
M2, H OCT [He & E 5, HIpk 8 pm Y5, &
WL O Jeth s, BT BB N WAL 1 g i
RO, M) BENLER 3 MR, T
Image J BPFRENLE & 5 MLEF, STk vk RY
ML SRRSO, ot A
2.8 [0iE. FRRAEANZE(E TBA &

¥—80 CIUKFEHIRAZIMAFLHLA S0 5 T UKk
(1) PBS S il e S 5%, 4 A SARN S0 50
29 F 4 °C. 3 000 t/min &0 15 min, Y FiE
W, 1% M8 Huang SFR217 VARSI Y5  FF RS54
TBA & &

2.9 BFRLFLEEFRNEF BAs AR AT

2.9.1 FESACEE BAs AR M UG R 4E R
EMFHE R AR A F 75T M-80 CAKIRIKFE
AR BENLIREL 5 AMTFLLLURT 5 AN45 i N S ERE
A (30 mg) ERREENLHALER, BFES 5 (FF i 200
mL FEEHREL . 1N E BN bR, mSEEIAHimA
10 uL HARE AW (1 pg/mL). £-20 C FNE
10 min LAYTIE SR H FUE, H6T 4 °C. 12000 r/min
B0 10min, _EEWH PVDF fFLIERE (FL12 0.22
um) JELE, BN, AT 3 AN
HEH,

2.9.2 ikt  Waters Acquity UPLC HSS T3 Cis
iR (100 mmX 2.1 mm, 1.8 um); WEIAHA A
0.01%ZFRF1 5 mmol/L ZFREEHI/K, BN 0.01%Z
TR OIS BEEEVEL: 0~0.5min, 5%~40% B;
0.5~4.5min, 40%~50%B; 4.5~7.5min, 50%~
75% B; 7.5~10.0 min, 75%~95% B; 10.0~12.0
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min, 95%B; 12.0~14.0 min, 95%~5%B. A&
& 0.35 mL/min; IR 40 ‘C; #EFEE 3 uL.

293 JEBELM R IEE T2 &N (multiple
reaction monitoring, MRM) #3, FL# ESI Turbo
BN, BTSN A4 500 V. IE
BTN 5 500 Vi B TURIRAE 550 C; B
4K 1Cion source gas 1, GS1)- i8S 4& 2 Cauxiliary
Gas2, GS2). A C(curtainair, CUR) S L4071
BN 50, 60, 35psi (1psi=6.895kPa); filff#i% S
HESHRE NS, Ak E D BE RN, o
S X A A B D) B P e ot ) A R s AR B2 ¥ MRM
Bt

2.9.4 BAs AT H Analyst 1.6.3 #AF3EAT
B R4, fH Multiquant 3.0.3 3 F &1L BAs &
55 XA MRM BT MRS S5, A LR AL

(declustering potential, DP) Flfilif#fE & (collision
energy, CE) #1T DP 1 CE itk . #R¥E7E I BE
JR AR A, EAREAN I B — ZH KR 28 () MRM #%
. fEAGRAPTIE R, BTSRRI S R
SE N B YIFEARR & R EEREA, 8 10 My
MIREATE AFEA BN, DL IFIPEAS SR G AR e 1
ASI A6 KA 1 ] S B.21.230
2.10 qRT-PCR # AT 20 £ % [5] A% 20 4R F 4%
BAs X5 & AT 4R 4R Fr iz s R AR R i B E Rk
53 M B 2HL 230 (B iz 2H 24, SR TRIzol 776
FREUFHZ MR G4 2R 5 RNA, A PrimeScript RT
e H S Fe % ¢cDNA J&, i SYBR 7065k =Rk
PCR FfESEI 580152 8 PCR A EFEATH 1, L
GAPDH fEANZ:, IS R 2722 %R, 519
FPo A 114241,

x1 519575
Table 1 Primer sequences
£ FIESIFS (5°-37) NS (5-3)
Cyp7al GTACCTTGATGAAAGTGGGAA ATTGCTTGATTTCTTGGACAG
Cyp8bl CCAAGTGCCCCGGCAGGTTC TCACTGCAGGGGCTTCAGGC
Cyp7bl CACGGGGATGTCTTCACGG TGAGCACCAGTTCTTTTGCATAG
Cyp27al CCAGGCACAGGAGAGTACG GGGCAAGTGCAGCACATAG
Bacs CTGAGAACATCCGCTGCTTC ATAGATGAAGAGGGCAGGGC
Baat CCCCGCAAACCAGAAGTAAC GAAGGGGCTGATGGATCTGA
Bsep AATGTTCAGTTCCTCCGTTC GTCCCCATACTTGATGTTGTC
Ntcp GTCATCAATGTGGGCAACAGCA TGAAAGGCATCAGGGAGGAGGTA
FXR CAGATTTCCTCCTCGTCTTAC CCTGAGTTCATAGATGCCA
SHP TTCCTTGCTTTGGATACAGTG GAGGTTTGGGGAGTCATCA
FGFI5 GAAGCCAGAAGGTATGAAGTC CCAAGTTTGTAACCCCAGT
FGFR4 CCTTCTGTTCCAGCCTTATG TTCTCTGAGGATGAGTCCAAG
Abst TGGGTTTCTTCCTGGCTAGACT TGTTCTGCATTCCAGTTTCCAA
Ibabp AAGTGAGAAGAATTACGACGAGTTC CTGCTGGACCTCTGTGATGAT
Ost-a ACGGTGGTGTCTGTGTTCTG GGTGTCCTTCAGTGTCCTTAGTA
Ost-f§ TGCTGGAGGAAATGCTTTGG CGTTGTCTTGTGGCTGCTT
SREBP-1c GGAGCCATGGATTGCACATT CCTGTCTCACCCCCAGCATA
SCDI TGAGGGGCAGTGTCTGTAA GGAAACTAAAGCAATGGATGG
FASN GTGTGGTGGGTTTGGTGAAT AGATGTGTTGCTGAGGTTGGA
PPARo GAGGATGGGGACTTTTGTTCT GGCTTTTTGGCTGTAGGAGG
CPTI ACCCAGTCAGATTCCAACC ACAAAGCACCCATTACTTGAG
LPL CGAGAGCGAGAACATTCCCT TGTCCACCTCCGTGTAAATCAA
MTTP CCACCAGAATCGTAAGGTTCA GGACAGCAGGATGTTCTTCAC
GAPDH GTGGACCTGACCTGCCGTCTAG GAGTGGGTGTCGCTGTTGAAGTC

2.11 Western blotting ¥ fT 40 23 £ 51 A% 2H 27 i
1 BAs R R ATELEHFITRERREHEXNER
TRk

53 A BRI R i 2H 21, e B vt B
IR EH, EEmEREE, &+ hiAEmRn-

ENIGTE B K, 2% PVDF i, 30555
5 HF Cyp7al(l : 1000).Cyp7bl(1 : 800).Cyp27al
(1:1000). Cyp8bl (1:800). FXR (1 :1000).
SHP (1:1000). FGFR4 (1 :800). FGF15 (1:
1000). Abst (1 : 800), SREBP-1c (1 : 800). SCDI
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(1:800). FASN (1 :800). PPARa (1 :1000).
CPT1(1 : 600).LPL(1 : 800) F1 MTTP (1 : 1000)
P, PR E 0, I ECL 4b28 RO
W, oM S K A,
2.12 FitESH

ZERF X £ s %R, K GraphPad Prism 9.0 #X
HEBATESE M. 4L b student’s t-test, J7 2
— B 22 2L ) P A B IR R 22 00T
3 #R
3.1 CPT XSBERRIFSH MAFLD /)R IERIK
. hRE. BRE. FIRE. FFIERAESE
PE = /Y2200

SR LA, AERILH N SRR, TR
SRR R, CPT. MET FHBEFHZH /N RAHAHE R o
WK 1-A FoR, SxPigbbse, AL/ BRG]
WA R E SN (P<<0.01); SRR, 4

T CPT. MET MBCHGITIE, M 2 FFFR, /MR
AR EIE R (P<0.05. 0.01). W& 1-B iR,

ExiiAthEr, SREA/NREEREPERIK (P<
0.01); HHA LA, 45T CPT. MET FIBHIGIT S,
FAHDNRIIREERAHEER. WE1-C. D AR,
St HRZH bedse, BORIZH /ISR D & PR PR 20 S
& (P<0.01); HRAIALE:, 45T CPT. MET FlEL
FEIT R, NEAFIER R. FFEFR RO B (P<
0.01). NTHFFE CPT XfHi& MR, BT
OGTT MIITT, R WHE 1-E. F, S5xIR4EE:, &
R/, AUC BT (P<0.01); SR L,
257 CPT. MET MIKHIGITIE, AUC REFFHK (P<
0.01). 5 CPT AR, 47T CPT #l MET BXHVAIT
Ja, AN . FIEFR R AUC BHEFEIK (P<
0.01). KB CPT W3 MAFLD /B &7 HE i =,

Hr CPT 5 MET BEH%L CPT s R B 4 o

A g THE B X - €3
;‘2 ~CPT = MET ., # # # % ~CPT -+ MET : "
qq| TCPTHMET ¥ 4-0% >0 T b
© 2 *x '
mﬁ 33 ; : 2035 g 1.5 o2
; *E = ok
B 381y, T4 gt _gxr Lox [ i e
2 3¢ e = G 30{uy M M w g # 10
o Eiﬂ( + -——F 2 4 — ;
34M_J_—$—L—~—J 25 05
32
30 20 0 o
0 1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8 XEE R CPT  MET CPT+
1lJE 5 MET
b A E )&
30 # 3513 4 ~ CPT =~ MET~ CPT+ _ >° #
2 40 . T 30 . MET ‘& 30
‘?D *Y* AA Z 25 X 25 ol
&0 *x - [ *k aa
£ 30 g 20 S 20 . o
B 20 E1s 215
*ﬂé 2 10 £ 10
= g 5 ©0s
0 , . ;
S BB CPT  MET CPT+MET 0 15 30 60 120 #E BER CPT  MET CPT+
F t/min MET
~ :‘2‘ ~XHHf B - CPT -~ MET-+ CPT+MET o i
= 750 s
£10 #5k
=} AA
g 8 8 600 sk
:ﬂ% 6 = 450 )
= 4 = 300
2
' ) 150
0 15 30 60 120 -
+/min W % CPT MET CPT-+MET

AR BRErE; CFIER R D-FIEE%: E-OGTT A2 {b X OGTT MUMIZ FIiRL: F-ITT &0 ITT fihizk Finsl; Sxfidibtis. #p<
0.01: SEUHMILE: "P<0.05 "P<001: 5 CPTHilE: “P<005 **P<001, E2~9[H.

A-body weight; B-food intake; C-hepatic weight; D-hepatic index; E-OGTT changes and its area under curve; F-ITT changs and its area under curve; #P <
0.01 vs control group; *P<0.05 **P<0.01 vs model group; “P<0.05 **P<0.01 vs CPT group, same as Figs. 2—9.

1 CPT MEMEIRRIFFH MAFLD /NEIESIKE. KRE. BRE. MHRE. FIHERMAEERES

gl

(Xts,n=10)
Fig. 1 Effect of CPT on body weight, food intake, hepatic weight, hepatic index and glucose homeostasis in MAFLD mice
induced by high-fat diet (X £ s, n=10)
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3.2 CPT X&EMERRIFESH MAFLD /MR 08
. CO R FNRE SRR

FIR /N W R Geidt— 25 0 MAFLD
NI R K Re AR R, WK 2 Fiow, SXTER
HLEE, BRI/ VO2. VCO, PEIR A #2356 K
K. B ERER AR SRR R BFE (P<
0.01); HEMALLE, %47 CPT. MET HMECHG

JTIE, /N VO2. VCOay PEIRAZ HR K H R I 1
e HFEMSREEHFEE R E W (P<0.01); 5
CPT 41E#, 45F CPT F1 MET BEFVAIT 5, /DER
VO3 VCO,. WPIRAZ 438 [z IR R L RE SVl FEAT
MAEEHFRREEEIN (P<0.01). £ CPT A
B IR H S0 MAFLD /M REEEARE, o
CPT 5 MET BtHI% CPT Hapdfd F SR F 4.

A 40007 gt 47+ CPT — MET—+ CPT-+MET 32501
~ 3500 2 3 000 1
B < 1 aa
T 3 Top 2750 o =
2P 2500 £ s
"2 2000 3 2500 #
5 1500 ® 22501
1000 2= 20001
S s S 17501
1500
Ooooooooooéoéooooooooooooo papict it CPT MET CPT-+MET
SO OO OO OO O OO OO OO OoOoOocOoOoOoOCO
NSRS SAA TR N LSS S AT —dd T b
e i = e i S T oN I SN I oN [ N |
B 7000
= —— 5 ff-=—$5i% —~— CPT - MET—+ CPT-+MET ) 6000
: p
— AA
2 sp 5000 ok
— ~ ok
g = ok
= £ 4000 4 i
g =
< e
S 5 30004
g 2
0 20004 - ey
£888888888888888888888888 VARG, CPT  MET CPT+MET
RS SN LR EEBSS S AT S A e TS
—_— e e e = = = == = O A
C 129 —#tH-HIE < CPT - MET - CPT+MET
<>3“ 3 1.17
S 2 1.0 s
3 8 " ok
5 > 0.91 k%
ﬁg ¥ 0.8 it
o =
= (2 ¥ 071
S s
0 = 0.64
8E88888888888888888888888 X A CPT  MET  CPT+MET
R B R I e R I I I s
— e e e = = == — O] O A
D e
_ 25 5%} i ——A5i ] ——CPT ~=~MET —+-CPT+MET ~ 6007 «x%fiE « $i% « CPT » MET = CPT+MET
= I
— I
= 2 *—d =
§ " WWH—‘_‘—\-« g
2 <
S =
ki =
g g . N N S R R
SO O OO OO OO OO OO OO0 oo oo oocoocoo
NS SES DA G R ORGSR S S AR d DA S RS
— e e e = = == — O] O O Y

A-O, i #E; B-COyEp; C-MPRACHA; D-BIIEH-V-HREHfE.
A-O; consumption; B-CO, production; C-respiratory exchange rate; D-average energy consumption during night cycle and day cycle.
2 CPT MEAERRIFEFH MAFLD /MR O2iHFE. COEMMEERHFEMTM (X+s,n=10)
Fig.2 Effect of CPT on Oz consumption, CO2 production and energy consumption in MAFLD mice induced by high-fat diet
(Xts,n=10)
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3.3 CPT =B RIFESH MAFLD /)R AFINEE
RniE. BFREFNZE(ERS FRAYSN

W 3-A. B for, SxtBRAEE:, AN
SR ME S ALT. AST. ALP. y-GT. TC. TG. LDL-
C. FINS. FBG /K°F"Al HOMA-IR &t (P<
0.01), HDL-C /KPR EZL (P<0.01); SHEAIH
Eb#, 45T CPT. MET FIBEHIGIT A, /N RILE
ALT. AST. ALP. y-GT. TC. TG. LDL-C. FINS.
FBG 7K-*F-#l HOMA-IR & [ZfK (P<<0.01), ik

1 HDL-C /K FEETF & (P<0.01); 5 CPT 4tk
¥, #5F CPT Ml MET BXHE T, /NERIMES

ALT. AST. y-GT. TC. TG. LDL-C. FINS. FBG
7KF-F1 HOMA-IR BH {2 f#4ik (P<<0.05. 0.01), HDL-
C KFEETE (P<0.01). W& 3-C Fix, 5%t
MR, AR/ R AT L TC. TG /KT
FhE (P<0.01); SHEEBIHLNE:, 4T CPT. MET

FECFEIT IE, /NRATHLR T TC. TG /KT 5 &
& (P<<0.01); 5 CPT %, 47T CPT 1 MET
BCFVEITIE, /DRATAZ G TC. TG /K5 2 1K

(P<0.01). W 3-D iz, SxFHEA LR, FAIZH

INRFEE R TC. TG K FIHEF R (P<<0.01); 5
BRI AL, 45F CPT. MET FIBEHEYT G, /DR

HELEE, 45F CPT Al MET BXFVAIT R, /NRIME
i TC. TG K FEFE I & (P<0.01). FH CPT Af
0 IR 5 3 MAFLD /N RFFZhRE, i) i
BB B, AR e o A S AR, Horb
CPT 5 MET BtHI% CPT Hpdfd F SR F 4.
34 CPT XSBEIXRIFSH MAFLD /)RATHER
FRIE LS HO 2N
HE 4etasi 3t (B 4-A) BoR, wHRA/NRATA
FTERE, FFNMIEES—80 RIIER S ANED
AR SRR L, ARV AT ARSI 2 EL . BRI
IR, NAS BETE (P<0.01);
ERRIH AL, 45T CPT. MET MIBCRVAYT R, b
R I R, NAS BIEFEG (P<<0.01);
'ﬁ CPT AHLL#, %45 CPT fl MET BEHGIT 5, AT
HAVR AL B R, NAS BRI (P<<0.01).
WL O ett (K 4-B) ok, WHELAL/N R AT
Jrb R LA B A, AL /N RO T WK R
Rl R AL IR SR 4R 45T CPT. MET FIEXH]
BIT IS, AENRRIRECD . WA O Gy taBH i A
G TR, SXTRRAIEAE:, IR /N R 2
R AR B TS (P<<0.01); SHEA LA,
257 CPT. MET M HGIT J5, e i fH B 2 R

4
A

FAFE T TCL TG /KFiE—# T (P<0.01); 5 CPT  (P<<0.01); 5 CPT 4ltb4k, %4 ¥ CPT 1 MET Bt
A
100 ## 30 i 800 ) ##
— 80 ~25 ‘ N =
=60 5 20 5600 o3 S !
S L0 , =15 o = 400 2,
= * . = =
= Pl = 4= 200 51
= & >
0 0 0
B R @AY CPT METCPTHMET iR ﬁu’ﬂ CPT METCPT+MET 0 ANt *;-ﬁ'l CPT METCPT+MET X #U# CPT METCPT--MET
10 #it 3.0 ~ 35 =~ 30 s
o8 . 258 = %(53 2 25 » 3
- w - [=} N dk
g 6 sk ;: 3 %(5) sk ;: E 20 : aa g %(5) " :
4 EL S 15 S :
g 210 SRy < 140
= (2) = 0.5 5 0:5 %
0 0
paibiie T,%?LJ CPT MET CPT+MET 1;@?“ CPT METCPT+MET " pajic 1=H?*'J CPT MET CPT+MET YR #PH CPT MET CPTHMET
2.1 14 16 C 14 H
ot ) %(2) 12 1o
2 13 = & S 10
205 - 4 E = ARV oy I o
2 0.6 S 4 2, =E §
£ 03 g 2 2
0 T ffﬁi CPT METCPTAMET ° AW KU CPT METCPT+MET ° KU CPT METCPT-HMET * X U CPT METCPT-MET
20 D_150 Mo~70 A%
16 20120 2 28 o
=} =} sk I
E 12 E % - § 10
= fok AA & ## ool 30
S 8 il s O 00 S
< 2 £ 20
= 4 i 30 =
=) o - ]
YR A CPT MET CPT+MET X8 % CPT METCPT-+MET YR A CPT MET CPT-+MET

=N

3 CPT M SMEREIHESH MAFLD /MR ATINAE

(A) RIN5E (B)s BFBE (C) FnEE(E (D) BEREAIFM (X£s,n=10)

Fig. 3 Effect of CPT on liver function (A) and lipids in serum (B), liver tissue (C), fecal (D) of MAFLD mice induced by
high-fat diet (X £ s, n=10)
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7 ##
6
5
&
& 4
<ZC 3 k%
2 *k - AA
1 *3%
0
X AR CPT  MET CPT+MET
£ 40 4
\E[é
=
fesal
=
g
ZSK sk
; = o
\
=

W BiE CPT MET CPT+MET

A-HE B8] NAS; B-TZL O Bt R At BATEHIAA -
A-HE staining and NAS; B-oil red O staining and staining positive area.
4 CPT XMEBEIRRFFH MAFLD /MRATALRERSHIFND (X200; X+s,n=10)
Fig. 4 Effect of CPT on pathological morphology of liver tissue in MAFLD mice induced by high-fat diet
(x200; Xxs,n=10)

6T G, MR A BB FER (P<<0.01). &8 CPT
A GE BRI S MAFLD /) B IE JE i 42
P, $HIARE R, Hd CPT 5 MET BAH# CPT
B P SO T
3.5 CPT X=EBEIXRIFSH MAFLD /JMEATAE.
MiEFIZE(E TBA /KFERISM0

W s fizs, SxiRdl i, BRI RATIE
MG TBA /KFHHEF S (P<0.01), F£{F TBA
KPR PR (P<<0.01); 5B LLE, 45T CPT.
MET FIECHGIT G, FHIEFIZE(E TBA K8 2.7t
B (P<<0.01), IfiE TBA /KT # &K (P<0.01);

A B
140 A 30 ##t
sk
-~ 120 25
1 * I
iRl = .. = 20
§ N i %15
s % =0l
2w 2
= 20 = 5
0 0
g B CPT  MET CPT+MET Xof B

0
¥i#  CPT MET CPT+MET pagict

5 CPT 4lb#e, 45F CPT Al MET B-FVAYT 5, AT
JEFIZE(E TBA /KB 75 (P<<0.01), I TBA
KT R ZERL (P<0.01). R CPT wlilidfeit
TBA & 5 G FNHEME R oot s AR IR B 75 3 1)
MAFLD /)it BAs fX#fif, H CPT 5 MET B %

CPT A E HIRCR 4 -
3.6 CPT =Bk RFFH MAFLD /MR FFLAR
F BAs {HAXAISN

WE 6 i, S0HHEEE, B/ NRFA
b RS 4 BAs. ¥4k BAs. IR BAs & B W2
BAs/IX 2 BAs {H 23 T (P<0.01), 454 BAs &

c
o =300 s
o 2250
w2200 "
2 150
100
50

pmy

TBA/

#

iR CPT  MET CPT+MET

5 CPT XSAERAIHFH MAFLD NRAFAE (A). MJE (B) FFEE (C) TBA KFHIFM (X+s,n=10)
Fig. 5 Effect of CPT on TBA levels in liver tissue (A), serum (B) and fecal (C) of MAFLD mice induced by high-fat diet
(X+s,n=10)
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