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[Abstract] Moutan Cortex is widely used in clinical practice of traditional Chinese medicine for its efficacy in clearing heat from the

heart, kidney, and liver, as well as activating blood circulation to resolve stasis. Paeonol, as the core active monomer of Moutan Cortex,

has become a research hotspot in natural medicine due to its multi-target biological activities. Pharmacological studies have indicated

that paconol demonstrates multi-dimensional therapeutic potential in anti-inflammation, neuroprotection, cardiovascular protection, and

anti-tumor effects by regulating inflammatory mediators, cyclins, and oxidative stress pathways. At the same time, its pharmacokinetic

characteristics are also gradually being revealed. Based on relevant domestic and international research, this article systematically

summarizes the research progress in pharmacological effects and pharmacokinetics of paeonol, aiming to provide a theoretical basis and

new perspectives for its further investigation and clinical application.
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TCMSP 5 CTD i FEGEUR, A T FH R 1y i 43+
FHEAE I I3, XEPh Rz 9 T e s A T R 4
P32 (LK 2) . {5 Bl SwissTargetPrediction 5
UniProt £ ES0IE,  SC50 BUIESZ U B 5
200 A A A HE 0 ST A AR EARE AT . R
STRING %4 2 47 19 8 U 8 $h 2 o Bir 3
HAOAEH Y S 5 F «B  (nuclear factor-xB,
NF-kB) . 2715/ E H P (mitogen-activated
MAPK) . 5 Bt L B 3- 3
(phosphatidylinositol 3-kinase, PI3K) /& H # fiff B
(protein kinase B, AKT) “FHEE(F5HFRE, X
SR A W 285 55 RAEGRIK S L AR AR 1348 52 W At
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E1 ARBGEEANGTEER

B2 AREBMERE = MEE

W E AT R, P B PR R R
TR & A=l % (hsa05200) . RAEFHFEREER (GO:
0006954) et Z B A BEUEFE (hsa05010), E7
Ho 1 22 80 U R PR AR TR YT RN A 4 T SERE (LA
3)o BXFP R RLA-TIE RS AR, TR
FEF I 5 AE R | BB Sfho o7 38 7 A7 A8 B T T
J R 2K AL D R AT RE S, S E SRR
WG " HETIE 412 1 AP R ——8 s A O 5 5
WAL, S A [ LR S A B ]

Pl SRR R R G0 2550 ) I R i A9 LA G
Fleaimde it T erET L .

2 HIEEM
2.1 mRIEA

HAEV Rl S AR A 1 5 A BRI
H IR ZPR I LR PLHIAR G . PR By P2 T
C7EZ g (f 45 3h o AL AL 450
R ML RAENE) PR REMERIE, AR
PP SRR O AA . AR 58 T Tl S kit
RDIREIRTTIX 3 A2

RN, PR BN A R 38 1o 52 el A Ak
Yy i AL (superoxide dismutase, SOD) &4 . %
X [ (malondialdehyde, MDA) & & R #HH
RAERT, 6 AT LGHE R VE BRI A QR AL A h
(+OH) . HWHEMIEF ML (07-) M 2,2- I
-1- 9 5 WF A A 3t (2, 2-diphenyl-1-picrylhydrazyl,
DPPH) 45, JAY7 i B AL i LIRS 1 . 7E K
MG 4527 DPPH [ B SEWE BRSC g, PR 1938
sz A R A T, (N IR ER A g,
NI REAR B P X i it HOHST R fLRE ) 2
HEEHAEE -

P B Wy 5 e I AR Y R A B AR
JHFREE i W0 AR, S T — W R TR 1 2 1
(adenosine monophosphate-activated protein kinase,
AMPK) /AKT/FL S E AR RLEH (mamma-
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lian target of rapamycin, mTOR) /H W A 5¢ 3
(autophagy-related gene, ATG) i I [ P Bk
) Mk %% % B -1 (carnitine palmitoyltransferasel,
CPT1) FIPUERIEE A HF 1 (sirtuins 1, SIRT1),
0[5 B 8 5 n R 45 & & M -1 (sterol regulatory
element binding protein-lc, SREBP-1c), M I %% fi#
1% (reactive oxygen species, ROS) 4 FhY%E AL
JOE P, I AT S O R T B2 A OGP 2
(nuclear factor erythroid 2-related factor 2, Nrf2) /
Kelch ¢ ECH % Bk & H 1 (Kelch-like ECH-
associated protein 1, Keapl) /1 & 1L & W ot 14
(antioxidant response element, ARE) {555 i@ #3151
b bRE M, Jf HERE ROS AR, Zekn
MBS 2 FEERAR T RERE AT A ROS i i, M

0 5 10 15 20 25 30
—log, P

1M T B GARARRRE FL A 32k , [RI B GOk AR 3t 25
P4 ROS s BB AFge AN, PhRz T LA
Tl A A L SR LORR DI RERR AT, T R 4
Mo MXEHEAMERE, ZWik2H
(lipopolysaccharide, LPS) | iy 40 it . 7+
J BV T 30 3k 2ok AR Tk A T A 8 B U A7 Ay
oIs ¥ la (peroxisome proliferator-activated
receptor-y coactivator-la, PGC-la) X2 AR 1
UERRA R TE S A Sl e e TR LN L]
5 FI BRSO IR RO, JFVE N 2oL I ) R
LR T O -8 I R -4/ AL B 87 5 RN
Ftledl, FEIE T i T 40 (hematopoietic stem
cell, HSC) Hr bR A5 A0 20 08 T RS s 2
PRI SOy, M HSC A: 4K

hsa05200: Pathways in cancer

G0:1901699: cellular response to nitrogen compound
GO0:0009410: response to xenobiotic stimulus

G0:0043408: regulation of MAPK cascade

hsa05010: Alzheimer disease

GO0:0003013: circulatory system process

hsa04080: Neuroactive ligand-receptor interaction
G0:0050804: modulation of chemical synaptic transmission
hsa05235: PD-L1 expression and PD-1 checkpoint pathway in cancer
GO0:0006954: inflammatory response

G0:0007268: chemical synaptic transmission

hsa05418: Fluid shear stress and atherosclerosis
GO0:0070482: response to oxygen levels

G0:0042325: regulation of phosphorylation

hsa04931: Insulin resistance

G0:0140993: histone modifying activity

G0:0051051: negative regulation of transport
GO0:0062197: cellular response to chemical stress
G0:0035239: tube morphogenesis

G0:0010506: regulation of autophagy
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2.2 WHERPER

FPHE B TESM A B 22 R GEH AR T BB RAE
M, ARV 2 PR 28 R G h il R 55 i 3%
YEH .

W R 9% i (diabetic encephalopathy, DE) ff
W PRI I RE Hh R DL — R 2 2, L
FURHE R RE 20, DAL AT s & /Y
P ICIERY, BFFT R, PR P A A
WiE L (oxygen and glucose deprivation, OGD) Fr
B ST . BREERIE D-ERES R
AT T B, PRy AT R T SRR G . 43t
H AL (glutathione, GSH) J Na'-K'-ATP fif i 1,
3% DE /N 2E 2] FCAZ D RE . Mk 1 i 22 7R
[A ¥ (brain-derived neurotrophic factor, BDNF) #
Jik &5 Z A KT (insulin like growth factor, IGF)
IRV B8 T i 5 4 227 3 2R G DA R R 0 £ R 2 e XL
R S AHOG, 3 nlad ek sl 2 O v T s )

ABE AR M E A o B M0 36 o 40 ) R BRI Jot
R -3 9215, JRRSZ BDNF Al IGF #3%
ik, ISR A I D REAR ) R B tha mT LA REAIR
U E % MDA Fl ROS 7K, I T JaIBE BRI 5 1 A2 1)
B 2 P T SR A5 R A B (2 AR DR i il oo S Ak A il
(myeloperoxidase, MPO) . TNF-o Fll IL-6 ik, M
(RGNS ] b=y T

[FIERE, P H R B T 3 2o 0 b 28 9 SR (B rh A g
GRS, AE LPS i 1/ Nie Bt 4 i K /)N BB 032 248 i
(10 1 P o 2 e AR AR 2 Ry AT 3k BELT c-Jun
L (c-Jun N-terminal kinase, JNK) £l NF-
kB b {5 53l B0 ST T TNF-o Fil IL-6 Y FE
i, BEAL — E 1k A A B (nitric oxide synthase,
NOS) FII%E & -2 (cyclooxygenase-2, COX-2)
K S, AT BE R NO Rl HT 41 IR R E2
(prostaglandin E2, PEG2) HJZRik, WEMZE % .
AN, PR Ry — 7 T AT 3 O RO B1 (liver
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kinase B1, LKB1) #1772 iz 172 (threonine 172,
Thr172) MIBEERICEMEDIE AMPK O30S, M
LPS F1+4#L % v (interferon-y, IFN-y) %S HIHES
%I NOS (inducible NOS, iNOS) ., COX-2 FlIfii£L %

%A TE-1 (heme oxygenase-1, HO-1) FI¥&fn; %5
—J5 T, AT S R R 30/B (glycogen
synthase kinase-30/B, GSK-3a/p) 1 ROS i £
(WK 4).
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BDNF = NGF

DNA#;

Bax: Bel-2 XX ; Caspase-3: MRAM-3; ROS: ifith%; BDNF: [t &E =M F; NGF: #4AKKE T IGF-1: ik
BFEAEKEF-1; NF-kB: ZHEF«B; INK: c-Jun@IEAR KNG, ATP: BRiF =#508; ADP: MR _BENR; Pi: JCHLBERR; Thrl72:
IEBR 172005 s LKB1: P B1; PKA: EHEAFA; AMPK: AMPIGEALE F#E; iNOS: i S —S (LA AH; COX-2: M4
4i§-2; PGE2: RISIMRE E2; cAMP: RBEERART

E4 ARBWSFRPIETE

2.3 LIERPIER

O SPGB N I E 2N 2 —, 1+
B 1 Tt DA JL7 AR A 8 A
PRTERLR A e . fRHERR A, P,

AN A A-PrE R R BT T R, 53K ROS
ERE . OMmEER D, IREEREN (low-
density lipoprotein, LDL) ¥R F sk BEIE il & Ak
A LDL (ox-LDL), %3 PN B2 4t B 73 0 58 1 5+,
VAR EE R . IR A S KNI L E
WEARNE, e 2T B IR AR, DA TT K B 2l ik ok e et
e JEln,

Tang SR BN, FREEyE LAY SIRT1/ Sk &
BT 3a (FOXO3a) /NF-kB 5538 1, 16
2 W/ v o R TR Ak B E%) N # Ok P B2 4 B (human
umbilical vein endothelial cell, HUVEC) HHa]$2 5
HMIAAFBEST . SOD I, FHAMHI 40 JH - & ROS

FAAE AR 1Az . Hoh, FOXO3a J&—FhifE
PRI AR N VO TR AR AR SR I o Yu
SRV, PR AT R 9 miR-338-3p F 44— FfiE
b i b DNA 5- HT i s g 1) 4804k & #5481 Tl
TET2 %3k, MM/ LR LDL #5509 45 N K
M0 (vascular endothelial cell, VEC) 8T, #I4E
MAE A . KA AR -B- R ILEE (aspartate- B
-hydroxylase, ASPH) fE&—# Il 8BS 11, A
{URT ISR A3 s . iR AAR, 8 AT 3 A
A5 A R G 2 10 1 Dk i 1 g A . Liu 5%
B, PR B L T miR-152-3p/ASPH {5 538
0 T B ox-LDL 5/l VEC AT, JEREIK T
IL-1B. IL-6 Fl ROS HYKIKKV-o FLIME S A 1
(breast cancer susceptibility protein 1, BRCAI) FE&[H
VERBEHAFEE A4, 25 DNA B
¥ 5% . Zheng PV K B, 7E 0 LB R/ R
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S 2026437 450% E3M

(myocardial anoxia/reoxygenation) Wit s, FF R
Al B BRCAT YRR BEEHT A ALY 16 1
I ROS A=A

FI AR Ry 4 M PN DGR Y B R 4, B R 2
i A L 25 A O LR S o P T30 b 00 A 45 1 e
50 WURRZSEY 38 BEAY A W AT RLZE A0 LR35
TER 25 235 3 000 WU B R b b e Wy i ik R
miR-1 4] PI3BK/AKT/mTOR 3 [}, i J& 1458 [ W
TEPE LD LI T, [EEHEGE Pink 1/Parkin
ERep il S b N RN S R N S R
BT R O WL AR Y . SRT, o B SRR
2P ECA WESCHE 31 T Beclin-1 £ %35, 41
Wil ik B O AR R MRS A BE R A, S
BET-, Beclin-1 J&—Fh Bel-2 #tHEAEAHEH, tiE—
PRSI ARG S E, TS HAD A v R s
BIEREAEEY), VAR AWK, Tsai ER L,
P W ad i Bl Bel-2 A, R R DK 8 1 BE-9/3
K Beclin-1 B35, ] A Wt FEis AL, SeE O iE
iRg, AT ek O LR Il FE#E T 45145 (myocardial
ischemia-reperfusion injury) 5 &M .

LDL 4 ki 78 b 2B 1y i S8 A0 i Pl e 25 B3
N KA . PR R AT BH BT LOX-1/ROS/p38/
MAPK/NF-«B {553 #, #01il ox-LDL #5519 N
AP T-00 seAh, PR B AT L E miR-126
miR-30a F&35 LA T miR-21 FikP, kA il 2
4 B XT ox-LDL #5345 f4 1ML 457 P e 240 M A9 & BT o ox-
LDL i it 375 S 1451 78 AL 20 i A0 1 e 4 it v vk Ak
TES K FERE AL Y A SR P 3 DG, I
YR T 2 1078 R v %) i B DUAR R AR AE o TR 4t
(I B 2 P I 20 I [T s s 52 4 8 L
A XS ox-LDL YA 32 5 il 1 38 B0 R Y . B W40
JL RS L A7 JL Bl 28 Y A % 0B R AZ /K (scavenger
receptor, SR), H:H* A 28 SR (SR-A) FI5fki% 36
(CD36) FE A1 57 ox-LDL AL, SR1M, ATP 4%
& &F5iE1R A1 (ATP binding cassette transporter Al,
ABCA1) . ATP %5 & & ¥ i2 1K G1 (ATP binding
cassette transporter G1, ABCG1) £l B 2§ SR (SR-
B) FEATTAMAMGTSMNE . Li FEEH, Ft
B T 38 k{2 E ABCAT AR 1 JIE 51 e HE i 41 1)
CD36 #cifitk ox-LDL WIS, 8/ T RAW264.7 H
WA IR B AR R, JFE R R B BRI AR
(ApoE™") /NELH B HO-1 ik, H458 & 3 ik
ABCAL ik . il CD36 Ak, ML # sk
SRR RE AL AE .

VSMC W5 HIE . 1A% FIR I A2 & VSMC
Uifebrrtry oS R B, v FEH NERTE L. i/

M AT 4 A K B 7 (platelet-derived growth factor,
PDGF) &K T, nTLME A 2505,
Hp, PDGF-BB AIfiE #EAR AP 3R VSMC 131 58
RS, SO AL 5 R B s, DA T i 2 44 L A
K. LB, %% PDGF-BB i %) VSMC #4
A, Fh R B fE DA S AR T 2 BE e 4 AR 4 Gy
G, & S WA, Chen VLB, JF R 1T yk /b
AT VEC M, JE g ] VEC R A
N iz 4 K [HF (vascular endothelial growth factor,
VEGF) #il PDGF, FHWr VSMC N Ras/Raf/ERK1/2
5538 TS VSMC fgsEsE (UL S) .
2.4 HbhiE{EA

FPHE M FEDURE T AT 20 N B . B
L . RS TTE . AFRR ARIR, PR
AL R A . S S AR S
Z 5T RERZRIR . 5 Shatia R U .

A I e A IR E R R T B AR,
[NV 2900 (WEAE ) AJEAT . e B Bk
SRS B R, MR EA A2
PEMI G TERE ST, 3 e A R R LAl
W, A T 4 P G R T TR T ) O S R
Z—o WHIT R Pk R W T BE ¥ A0 AR R
PR TR DGR R A | WG A AR P AT, T
PR R F (TNF-a, IL-1B. IL-6) 43k, M
MMl BI6GF10 M5, %ML 5 NF-«B i
BEOIPTRAE AL R, PR By AT T P8 5L T 4 s
HEME-2/-9 M ERE, DI B Y 7 i
H I BGC823 4ty A= 1 . AR

5 e 2 A A ) DT B i — b A T
TR o VP22 AN R R] 5 B A M R LA, A
ARG AR T 0 EHT o P h B 5 7T 3755 e 4
L S WAtk g | & T, sBHET GG, HAZERE
1115 300 4 b 9% 400 JEL 9 DNA &2 461 K 38 56 . Wnt/ -
catenin {553 I S 5 S AT 25 40 R Y
HIREAZ H 9 T 4HHE R 7 (T cell factor, TCF) FIitk
B 35 5% 45 & I F  (lymphoid enhancer binding
factor, LEF) #%s%. WF5ENRiE—D KRB, FHECH
AL Wnt/B-catenin {5 538 B AT T I 41
WIEE A D1 (cyclin D1) FHEZH A I 28 AR 1 ik ity
4 (cyclin-dependent kinase 4, CDK4), Jf [ iEZ1ff
Jal SR v AR B U g 9 I BT 1A (eyclin-
dependent kinase inhibitor 1A, p21), MM 4 &
IR T GyG, M. [Rlm, Fe4s A fattsid, 1t
B2y BERS HCT116 40 M FH A 7F G/G, 1, FF=2E( S
IR Gy/M 9120 B e s /b, 355 70 A s 400 i 3R
T R 2
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KN aw mer mw N
LDL ox-LDL
NF-kB NE-«B AKT Beclin-1 ERK1/2
s TET2 CD36 FGF15 Parkin MMP  MAPK
FOXO03a P38MAPK PI3K Caspase-9/-3 Raf
miR-152-3p  miR-338-3p ABCAI FXR o Pinkl AKT
\ \
BRCAI %ﬁ'ﬁﬁ ERK1/2
2 R iR-1 Bel-2 R
SIRT1 LOX-1 miR-30a \’ = mi. © as
(0] OH

LDL: {R%ENGEM; ox-LDL: A LM ENEE M ; FOXO03a: MSKHEF[103a; SIRT1: ML 1; ASPH: KA B-%1L
fitf; p3SMAPK: p38 22 G AL il ; LOX-1: BHERHAMINEEIREAZM-1; CD36: 4-bf%E36; ABCAL: ATP4SH &%
iZf& Al; FGF1S: MUEFAEAnia: K81 15; FXR: LJEME X 32, AKT: AWK B; Pinkl: PTENIE S E#A 1; Beclin-1:
Bel-2 #HEAE I HERE 11 1; MMP: HEF 4 mE R ; MAPK. 2224500 At ; ERK1/2: 4nfaMsS S 7Y Lt 1/2

Es5 ARBLMERPHLEITE

VER RGBT IR Z —, 1S 40
JAT F 2 MW FERA Bel-2 FEH . Bax 3EH | Fas
FEH | Caspase FEHNE, Hr Bel-2 Tl L H
T SRR, AT AR A, (2 A
FE, MIANEHI M IH =, Bax BAMRBMT-EM, 2
Bel-2 FENF R Z —, HAmh 9 E F T 5 Bel-2
HEIE R IE ZRAK . Y Bax $I i FRIENF, AT
Bel-2 (e, e dEAn -, Caspase-3 J&
Caspase ZJ T ST T AHOCHY B LA 51 . WF9E 3R
I, P R W AT 2 A Bel-2 Rk, LIRARJA T
T 1 Bax /K, f#f Bel-2/Bax HUAEFRAG, [A) A5
Caspase-3, Caspase-8 Fil Caspase-9 A i i#F 2 it I
T WFSCTERARY, bz By 2o A1 F A0 O T R A
%5 W% 8 17 8 1 78 (glucose-regulated protein 78,
GRP78) . Caspase-3 HJFik K Ca™ BIREIL, 51k
PARDIRERERS, SE— R AT (ULE 6).

3 AREMMBKDFEHE

FER BNy 2 PR R D R, He
HLA 2GR PRI Z ORI . AR SO B B A
[F R R L gy AL AR (absorption,

distribution, metabolism and excretion, ADME) 4F{iE

AT T REs, T T AR R 2R B ) R
(physiologically based pharmacokinetic model, PBPK
model, PBPK Hi%1) 70l o i i AT 5 BF9T i
NI N N S PR A R 7 S I o
(28.92%) . WL A 7E 5 (68.68%) . £ 5 45 24
(52.37%) [AIFFAE B35 25 5% 0 Fh B 0 i 0 B A1,
AR 22, FEROKTE R, ATRESsbl S 25075
Ko B, FhEE By EAE T RN 5% B 1 45 ol Y
RAF . T MRS AEAE, PR By A B85 1
TR A —E R R, Z %Ak, Bt Ao B i 2
W AEIRI AR, 2 P B Bl R N FH A2
FR A F B2 A
3.1 Rk

fat BRI TR 160 mg PR B S, BRI
(t,,) FEKUERSTE] (T,,) Y290 1h, 125060
(C..) 290115 mg-L" (WL 1) P F}zmfe
FFOREAAR F AR 5T, 30 min BOARIEER B8 & B N
20.97%, FHEMAEN T H @A T ¢, 50 00
HAEFFROREAR R i 45 45 A0 135 552, X R i
WBTEE Wi R, (HEE AT 20 s,
FECEYRI I EEREAR, 758t A B B A 45 24
IR R A 2 R BRIk S 4 mg-
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kg ' PRI, R, (R BR R,
RCE, 2GR - RS A A T =R A
FAEPVRI, XN EEE 4524 50 mg-keg ' RIS
By 7 min J&, 7€ I AT A B P Rz gy K AR
W, FHE® T, N (630 £ 0.70) min, ¢, N
(41.49 = 2.96) min, T 7R M 1 ARAE YR AR
MR, RSN BUIRER T Mg 254 . B, 7E
K BWLA S (10 mgekg ) J5, @it &

i
~ @

PEBEVRAR €0 10 i 000 3% b P R W VR BE L g, R
(59.85 + 10.23) min, T, A (7.50 + 2.74) min,
SN P A R E R 68.68%, {H TR
{55 FH A v Mk Bk IR 80 (Tween-80) I Z Tt a] LAY
R = A s BU RN AR R, SN
2y, PHEBAEYFRIHERAS] 52.37%, & THS
BRI R . XSRS AR AT R B i 45 2
WAL TR I ]

FADD: FasAISAET- 453 1 ; GRP78: #i4gkiJA 15251 78; CHOP: C/EBP[AJFE I ; Caspase-12: B RALH}-12; pro-caspase-8:
R ARE-8 WA cyclin D1: M D1; CDK4: AMEAE FUREBIE G4, p21CIPL: 2 S AR AR AR ) R 1

B[UHRR fhiE EFIRE/% C,. /gL’ T, /min t,,/min S Ak
(w3 A 0.12+0.46 61.2+7.80 61.8+21.0 [51]
GG SD K 52.37 4.50+1.53 3.05+1.46 23.19+6.46 [56]
KR S SD K 100 8.99+0.84 8.73+1.54 [53]
VLA S SD K 68.68 0.71+0.13 7.50+2.74 59.85+10.23 [55]

b, BRI T, TEVERTIR]; C - 10 20k FE

32 NN SN B R L B 57 A a0 N

PR B 1E AP S TV A, AR P 8 43 A
Frli RS e m g, HeamRm, FHm
Al RE A MVRE A RA 2 A LI, KEHZ
AR . X/ BUHE B 4525 65 me-kg ' MY
HARRN FZ 0 THFh, HOOZM . /N E i
B g5, 0. BAE41Z57, R HPLC-UV
SE RS DL 07 R By i, R HEE 42
194.4 mg-kg' (PG, HAERF . Bh &,

AT R, Ph R Py T SE L L R, O AE
A 5ELE DR AT 25 B P . DL IFSE D P B X
FIER PRI L 7 REUIE P A4 S B 3819 1 T A BOx
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