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Paeonol regulates bile acid metabolism in ApoE ™~ mice and reduces atherosclerosis
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[ ABSTRACT] Aim To explore the effect of paeonol (Pae) on the FXR-FGF15 signaling pathway by regulating the
metabolism of bile acids in ApoE™” mice, thereby affecting lipid metabolism to play an anti-atherosclerotic effect.
Methods ApoE™" mice were fed high-fat diet for 20 weeks to establish an atherosclerotic plaque model, and the model
was created and injected with paeonol (200 mg/kg). Oil red O staining was used to observe the pathomorphological chan-
ges of the aorta and liver tissues; Enzymatic method was used to detect the lipid levels of blood and liver; LC-MS/MS was
used to detect changes in mouse intestinal bile acid composition; Western blot was used to detect the expression of mouse
liver CYP7A1, ileum FXR and FGF15. Results  Paeonol significantly reduced the plaque area of the aorta in athero-
sclerotic model mice and reduced lipid deposition in the liver; significantly reduced the levels of triglyceride, total choles-
terol and liver coefficient in serum and liver; increased the content of FXR antagonists TaMCA and TBMCA, reduced the
content of FXR agonists CDCA and LCA, inhibited the intestinal FXR-FGF15 signaling pathway, induced the expression of
CYP7A1 protein in liver tissue, and increased the efflux of total bile acid in feces. Conclusion Paeonol may affect
the metabolism of bile acids and inhibit the FXR-FGF15 axis to promote the synthesis and excretion of bile acids in the liv-

er, reduce cholesterol accumulation, and achieve its anti-atherosclerotic effect.
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Figure 1. The effect of Pae on atherosclerotic plaque formation in ApoE™~ mice (n=3)
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Figure 2. Effects of Pae on the liver tissue morphology of ApoE™ mice (n=3)
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Table 1. Effect of Pae on liver coefficient of ApoE™~ mice
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Table 2. Effects of Pae on lipid level in serum and liver of ApoE~~ mice
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Figure 3. Effect of Pae on the total bile acid content

in feces of ApoE™™ mice (n=6)
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Figure 4. Effect of Pae on the changes of bile acid content in the ileum of ApoE™" mice (n=6)
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Figure 5. The effect of Pae on the expression of FXR, FGF15 and CYP7Al in ApoE™" mice (n=6)

PN 3t I AR AR R 2 /0N R B PR ORI 4L O
et Je, 3 ol ik 5 Ak (i BE A X5 BE Bt AR g 1
EARYe S SOP LN SR )R

DRABZH T O A WA R 4 P BT As 1
VER, FHE 1 A5 20000 A 38 R AR, b LUPY B2 B
200 mg/kg F FH fie b B 27 WA WF 5T % A 200
mg/kg ENARLG 25 i, SRR LL, P+ 9
952 Ji5 T 0 e IR KR R Y I T BT R B AR
AL, FRAK ApoE™ /N U AR 5 i) B 3R 1 32 s ik
FAREE B 1 R, 328 7 FF Bz B EL AT R4 44 9 i AR
WP As BITER,

JHFJEE v DL [T 52 % 5 B, G i A 38 R HE T 4
2 M P L[ PRSP i O [ 336 1) 2 5 3
TIELA A oA R T R S R T QO A B R A
JOEL Y 2 DL st A i A 1) 22 R, B
A FIHEME X 24 3R IE [ B AR S B OCE EE, th ok, HEE
MR RR ISR As WS AOA AR . FXR 2R
TR — AN TR 4>, 76 TG B AL B Bl 1A
N A WIS UE SE IR TR 1) A 5% FXR-FGF1S 15 %
A 20T FXR RPN AT LA G e 3 v L ] e
ILAE | 755 B8 MLIE AU PR , B A58 R B, TaMCA Al
TBMCA 2 FUIH R 76 /)N BRAKR N 1) EZE AR, 2
FXR ZARPFIRFEHLFH], CDCA Al LCA 8 PN I
FXR #zh7, H 25856t CDCASLCA™ ™ | FEA
ST 3 ek ol 3o A Y0 288 5 o S RV 1R 5 i AR Ak,
LC-MS/MS il [=] 7 B84~ IH 3 B2 7% &, Western blot
Kl /N ERFFAE CYP7AL J2 [F1/i% FXR FGF15 £ H 1
ik, 25 R R TR B vl T S FXR 45 41 7
TaMCA Fl TBMCA &4t , FEAIX FXR #3871 CDCA F1
LCA & &, 1 B FXR-FGF15 {5 5 i B%, 12 7k i
CYP7AL Wik, & m 28 h Iy R A HE . $20R

Pl n] fE e AR ER G AR A s R TR R
B ApoE™ /NG IEAE [ R FRER , K45 0T As A

AHFFELEHE ST As BORLILRE b | i ORI B
Xt R A B9 3 P A 2 T 40 ] oo S AR R i
() As KA R, ARPE Bz %0 R R A S TR A 1Y
Iy T HURIBTSE i 5 ik — 2 58 3, AS URG 2H R A i 25
WEFEH A IR AR DT

[ S%& k]

(1] B&2, IR, T57, 55 IR 4NAn M s S
SRR T]. T E SISk ZeE, 2018, 26(9) -
953-960.

[2] Rahman MS, Woollard K. Atherosclerosis[ J]. Adv Exp
Med Biol, 2017, 1003, 121-144.

[3] Zhou H, Hylemon PB. Bile acids are nutrient signaling
hormones[ J]. Steroids, 2014, 86. 62-68.

(4] X2, F BR. IATHRRA0E U 45 B HEAE AR T g B v
MISIRENLEI[J]. #if%, 2019, 41(5) : 365-374.

[5] XuY, Li F, Zalzala M, et al. Farnesoid X receptor activa-
tion increases reverse cholesterol transport by modulating
bile acid composition and cholesterol absorption in mice
[J]. Hepatology, 2016, 64(4) . 1072-1085.

[6] Chavez-Talavera O, Tailleux A, Lefebvre P, et al. Bile

acid control of metabolism and inflammation in obesity,

type 2 diabetes, dyslipidemia, and nonalcoholic fatty liver

disease [ J ]. Gastroenterology, 2017, 152 (7). 1679-

1694. €3.

Sun L, Pang Y, Wang X, et al. Ablation of gut microbiota

alleviates obesity-induced hepatic steatosis and glucose in-

tolerance by modulating bile acid metabolism in hamsters

[J]. Acta Pharm Sin B, 2019, 9(4) . 702-710.

(F3% 165 M)



CN 43-1262/R " [E s fikalifb 44 it 2021 4F55 29 %55 2 # 165

reperfusion injury: looking beyond primary PCI[ J]. Eur
Heart J, 2013, 34(23) . 1714-1722.

[19] Signori LU, Quadros AS, Sbruzzi G, et al. Endothelial
function in patients with slow coronary flow and normal
coronary angiography[ J]. Clinics (Sao Paulo) , 2012, 67
(6): 677-680.

[20] You Q, Wang J, Dong W, et al. Protective effect of Dan-
hong injection in patients with acute myocardial infarction
at a high risk of no-reflow during primary percutaneous
coronary intervention [ J ]. J Geriatr Cardio, 2019, 16
(5): 406-413.

[21] Zhang XY, Sun Y, Yang XY, et al. Effect of Chinese
medicine on no or slow reflow after percutaneous coronary
intervention in myocardial infarction patients:a systematic
review and Meta-analysis[ J]. Chin J Integr Med, 2020,
26(3) : 227-234.

[22] Ji Z, Zhang R, Lu W, et al. The effect of nicorandil in
patients with acute myocardial infarction undergoing per-
cutaneous coronary intervention: a systematic review and
Meta-analysis[ J]. Ir J Med Sci, 2020, 189(1) : 119-131.

[23] 5k mo, THEI5, HRER, 5. ROk HRE K
TR BB AIRIT AR BR8P AR BRI T 2 ST Bedh

B WURE SE B I R i oe [ 1], h R 2R,
2016, 19(10) ; 1156-1160.

[24] Guo ZT, Liu W, Xin S, et al. Follow-up observation of
one year’s treatment of acute ST-elevated myocardial in-
farction via reverse thrombolysis combined PCI surgery
[J]. J Xinjiang Med Univ, 2017, 40(7) : 902-905.

[25] Liu JN, Liu JX, Liu Bf BF, et al. Prourokinase mutant
that induces highly effective clot lysis without interfering
with hemostasis[ J]. Circ Res, 2002, 90(7) . 757-763.

[26] Novakovic RL, Toth G, Narayanan S, et al. Retrievable
stents, “stentrievers,” for endovascular acute ischemic
stroke therapy [ J]. Neurology, 2012, 79 (13 Suppl 1) :
S148-8157.

[27] Gibson CM, Maehara A, Lansky AJ, et al. Rationale and
design of the infuse-AMI study: a 2X2 factorial, random-
ized, multicenter, single-blind evaluation of intracoronary
abciximab infusion and aspiration thrombectomy in patients
undergoing percutaneous coronary intervention for anterior
ST-segment elevation myocardial infarction[ J]. Am Heart
J, 2011, 161(3) ; 478-486.

(MESCHidE FEA)

(L% 128 W)

[8] Kuipers F, Bloks VW, Groen AK. Beyond intestinal soap--
bile acids in metabolic control [ J]. Nat Rev Endocrinol,
2014, 10(8) . 488-498.

[9] Parséus A, Sommer N, Sommer F, et al. Microbiota-induced
obesity requires farnesoid X receptor[ J]. Gut, 2017, 66(3) :
429-437.

[10] Huang F, Zheng X, Ma X, et al. Theabrownin from Pu-
erh tea attenuates hypercholesterolemia via modulation of
gut microbiota and bile acid metabolism[ J]. Nat Commun,
2019, 10(1) . 4971.

(1] XHEZE, B i, sKRECE, 45 PR Bi/NIE -1

] NF-wB 8 5 98 54 3 Dk o8 A Ak A% 280 oK B 2 3 ik

M RAERIVER L], P ETh 254458, 2020, 45

(11) . 2578-2585.

#HIRR, WM, b B, S PR X AR i R R

JHFRERR B & A W2 [ )], 2o B 2 Ry

iz, 2018, 37(5) : 50-54.

[13] Trabelsi MS, Lestavel S, Staels B, et al. Intestinal bile
acid receptors are key regulators of glucose homeostasis
[J]. Proc Nutr Soc, 2017, 76(3) ; 192-202.

[14] Song P, Rockwell CE, Jy C, et al. Individual bile acids
have differential effects on bile acid signaling in mice[ J].

Toxicol Appl Pharmacol, 2015, 283(1) ; 57-64.

(12

[

[ 15] Sugiyama D, Okamura T, Watanabe M, et al. Risk of hy-
percholesterolemia for cardiovascular disease and the pop-
ulation attributable fraction in a 24-year Japanese cohort
study[ J]. J Atheroscler Thromb, 2015, 22(1) : 95-107.

[16] R 81, BEZ, ¥ 2=, %. ApoE &R @R/ B
R BERE[T]. R 25 4k, 2019, 16(18):
42-44.

[17] Wu H, Song A, Hu W, et al. The anti-atherosclerotic
effect of paeonol against vascular smooth muscle cell prolif-
eration by up-regulation of autophagy via the AMPK/mTOR
signaling pathway[ J]. Front Pharmacol, 2018, 8. 943.

[18] Luo J, Yang H, Song BL. Mechanisms and regulation of
cholesterol homeostasis [ J ]. Nat Rev Mol Cell Biol,
2020, 21(4) : 225-245.

[19] LiuJ, Li Y, Sun C, et al. Geniposide reduces cholesterol
accumulation and increases its excretion by regulating the
FXR-mediated liver-gut crosstalk of bile acids[ J]. Phar-
macol Res, 2020, 152 104631.

[20] Jernberg C, Lofmark S, Edlund C, et al. Long-term im-
pacts of antibiotic exposure on the human intestinal micro-
biota[ J]. Microbiology, 2010, 156( Pt 11) ; 3216-3223.

[21] Martinot E, Sedes L, Baptissart M, et al. Bile acids and
their receptors[ J]. Mol Aspects Med, 2017, 56 2-9.

(M SCo%E F5EH)



