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p62. Piezolﬁlélﬂl mRNA RIEKTRE K (P<0.01); HPEF R SFEHALE, NHEX R+ Yodal HECHHL collagen
II. LC3-I/I. Beclin-1. PINKI. Parkin & HF1 mRNA FiX/KPEEEFEIK (P<0.05. 0.01), MMP13. p62. Piezol &HEHF
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BT, IL-1B+ TNF-a 7K & MMP13. p62. Piezol 2 Hl mRNA FiEKFEZE AR (P<0.01), collagen II. LC3-II/I,
Beclin-1. PINKI1. Parkin & (AR mRNA FiEK P EEFK (P<0.01); SEMMALLE, &S FR AT SR ingn
W& S (P<<0.01), 127EEAME, I Eif collagenII. LC3-II/I. Beclin-1. PINKI1. Parkin 21 mRNA £ik/KF (P<0.01);
H5NHEEZRAME, WHEFR+ Yodal HPEHH LB WA KIEREE TR (P<001). i NESREBETFE
PINK 1/Parkin 8, W0E 40 A VAR 7 HoE 2R A8 G, XS 70T F 1 KOA g i i B R 1E .
EHEIR: MU PO R HWG BCE: e SR, PINKI/Parkin J# 2
FESES: R285.5 XEkRERE: A XERS: 0253 - 2670(2025)22 - 8188 - 13
DOI: 10.7501/j.iss1.0253-2670.2025.22.012

Mechanism of baicalein in improving cartilage injury in knee osteoarthritis
through PINK1/Parkin pathway mediated by mechanical stress

YU Likai'2, SU Zishan' 2, LIU Shangqi'-?, GE Weiqgiang'-2, TIAN Di' 2, WANG Peimin!, ZHANG Nongshan'
1. Affiliated Hospital of Nanjing University of Chinese Medicine, Jiangsu Province Hospital of Chinese Medicine, Nanjing 210029,
China

RS EHER: 2025-08-18

ESWB: EXBARREFHEST FWHE (82274545); YLIR4E T ZERE P G RIGREEZFGH T OITH (Y20232x05): VLA AR5 H %
Bl/sene wE @I PALBIE (JSDW202252); B 5t R 24 K 2 5T RIG IR LR 5i ke BUH  (LCZBYJYZZ2024-003)

TEEEN: TR, HEotyid, AFERWHNTERIT . E-mail: ylk 012022@163.com

HBEEE: R, BIFLE, WHEE SN ERITHI L. E-mail: zns0032@163.com



PED 202511 5 B56% $ 228 Chinese Traditional and Herbal Drugs 2025 November Vol. 56 No. 22 - 8189 «

2. The First Clinical Medical College, Nanjing University of Chinese Medicine, Nanjing 210023, China

Abstract: Objective To explore the therapeutic effect of wogonin on activating chondrocyte autophagy by regulating the PTEN
induced putative kinase 1 (PINK1)/Parkin signaling pathway, and elucidate its intervention effect on knee osteoarthritis (KOA) cartilage
injury under mechanical stress. Methods A mouse KOA model was established through the destruction of medial meniscus surgery,
and randomly divided into sham group, model group, wogonin (40, 80 mg/kg) group, and wogonin (80 mg/kg) + Piezol agonist Yodal
(5 mg/kg) group. Hematoxylin-eosin (HE) staining and safranin O-green staining were used to evaluate the morphological changes of
cartilage tissue; ELISA was used to detect the levels of interleukin-1p (IL-1p) and tumor necrosis factor-o. (TNF-a) in serum; Western
blotting and qRT-PCR were used to detect the protein and mRNA expressions of collagen II, matrix metalloproteinase 13 (MMP13),
Piezol, microtubule-associated protein 1 light chain 3-I/II (LC3-I/I), p62, Beclin-1, PINK1 and Parkin in cartilage tissue. A stress
injury cell model was established by treating mouse chondrocytes with stress loading. Control group, model group, wogonin (25, 50,
100 umol/L) group, and wogonin (100 pmol/L) + Yodal (2.5 umol/L) group were set up. CCK-8 method was used to detect cell
viability; DHE and TUNEL staining were used to detect levels of reactive oxygen species (ROS) and cell apoptosis; ELISA was used
to detect the levels of IL-1p and TNF-a; Immunostaining was used to detect Piezol expression; Western blotting and qRT-PCR were
used to detect the protein and mRNA expressions of collagen II, MMP13, Piezol, LC3-I/Il, p62, Beclin-1, PINK1 and Parkin;
Mitochondrial morphology was observed by transmission electron microscopy. Results Compared with sham group, mice in model
group showed severe cartilage damage, with significantly reduced protein and mRNA expressions of collagen II, LC3-1I/I, Beclin-1,
PINK1 and Parkin in cartilage tissue (P < 0.01), and significantly increased protein and mRNA expressions of MMP13, p62 and Piezol
(P <0.01); Compared with model group, the cartilage morphology of wogonin in each dose group was significantly improved, the protein
and mRNA expressions of collagen II, LC3-II/I, Beclin-1, PINK1 and Parkin in cartilage tissue were significantly increased (P < 0.01),
while the protein and mRNA expressions of MMP13, p62 and Piezol were significantly decreased (P < 0.01); Compared with wogonin
high-dose group, wogonin + Yodal group showed significantly reduced protein and mRNA expressions of collagen 11, LC3-II/1, Beclin-
1, PINK1 and Parkin in cartilage tissue (P <0.05, 0.01), while significantly increased protein and mRNA expressions of MMP13, p62,
and Piezol (P < 0.01). The cell experiment results showed that compared with control group, the cell viability of model group was
significantly reduced (P < 0.01), the levels of ROS, apoptosis, IL-1p3, TNF-a, MMP13, p62, Piezol protein and mRNA expressions
were significantly increased (P < 0.01), the protein and mRNA expressions of collagen 11, LC3-1I/I, Beclin-1, PINK1 and Parkin were
significantly reduced (P < 0.01); Compared with model group, wogonin increased cell viability in a dose-dependent manner (P <0.01),
promoted autophagy, and up-regulated the protein and mRNA expression levels of collagen 11, LC3-11/1, Beclin-1, PINK1 and Parkin
(P <0.01); Compared with wogonin group, wogonin + Yodal group showed a significant decrease in cartilage damage and autophagy
related indicators (P < 0.01). Conclusion Wogonin exerts a protective effect on KOA cartilage injury under mechanical stress
intervention by regulating PINK 1/Parkin pathway, activating cellular autophagy program and reducing mitochondrial damage.
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SO VLA b B R AR, &5 LC3. Beclin-1
Wb EMRIL, FA RENHI AR T, A,
FE—WiFET HPLC MIERERBTE M HT9eiEt, %
FAPAIE W AT DI o 4] 2 S ORI SRE S, kb
NE RN R EAIMER (extracellular matrix
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mg/kg) +Yodal (5mgkg) USIZH, 452 10 K.
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24 REHABARISESR

N ip IR LLZANAIE, BT 75% LR
M 5 min, JEEIAED R HRBOSUNNER ST R 42,
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i, 37 CHIGEFRAE AL 6 hy THALTERREE 70
pm G P 53, 1200 t/min B0 5 min, FF_EIETR,
BN RN T AN SR AR, W A AR, 2 4%
JeE AT 4R SR
2.5 LRRRSE SR

BEAMLL 5 X103 AN /ALEER T 96 FLR T, 5
TR, FRHAKIEEMIE . L 80%H JF4h 5k
5, IMAAFWKE (12.5. 25.0. 50.0. 100.0. 200.0
umol/L) UMM 25 F AL 241, BIRBE ALY
PIXTREZE . PBS ¥Edk, MM 10 uL CCK-8 i,
37 CHFE 2 h, RHEBEFRGIIE 450 nm LRI
FE (A fEH, THE4IE .

MG FT=A s/ A e

VRS- R SOp IR INVAR STV EE Gt 1
IR, BB IR B RIDE SR (25,
50+ 100 umol/L) ZH . FRXTREZH AN, -2 4 i 35 4
Y TR TR R GUEAT AU T m#R, 40k
BONMR 1 Hz, WBEE 10%, KA 12020, BEj54524
AN FR B DR S 2 A3 24 h, XFRRZIA
NGB TRIE, e A RTE 7T .
2.6 ZHRELESALIE
2.6.1  PLEE A FO AU J) - T0US B 40 B ) 52
M BEE XTI, BRI B2 (25, 50, 100
umol/L) #H. FRXTHEZHAL, 42N HusEH 2 B 70T
i, B 5 25 2GS [RIVR FE DU 2 AL EE 24 h,
TR & 21 R 77 2k

2.6.2 F:T Piezol/PINKI1/Parkin i85 #H5 &
XEHUBR. T f5 BCR AR R s T B REAH
FEARYIH L I EE X2 (100 pmol/L) ZH AT %52 (100
umol/L) +Yodal (2.5 umol/L) PUZH, FRxfREZH4h,
BB LTI, BEfE 4R 2D 5 5
8¢ Yodal 403 24 h, XTHERAMAA G AW FRAE .
2.7 ELISA #/ R MMEFEE 4R _E5E R+ IL-
1p 1 TNF-a 7K

B “2.17 TR &4/ RIS A “2.67 TR &40
i _FET, 1288 ELISA w778 B B Gl 1L-1p8
I TNF-a 7K.
2.8 Western blotting &3/ FR EX B ¢A 4R FNER B 4
X ERRE

B “2.17 TR &2/ BRURCE 22N “2.67 TR
FAHAMME, A 1 mmol/L 2 (A BN RIPA 2
FRERELEE 1, BCA VAN =& K. EAFME
T T B R ER AN - TR N IR IR R B FEUK, #5 % PVDF
B, M 1h J&5, 25 B-actiny collagen II.
MMP13. Piezol. LC3-I/Il. p62. Beclin-1. PINKI1.
Parkin —$t, 4 CHFELIK. AN i, FEiR
¥ H 2 ho M ECL A5 R IGIEA TR, JFE
F Image J software 1.53 At 5E 553 B 27 A FE AR
2.9 qRT-PCR #M/NFREKEBHELFIE MR HE

B “2.17 TR &2/ R E 4HZUR “2.67 TR
FHYAM, fFFH Trizol WFIFRELA RNA, g
RNA VS o FH 0 5 50550 RNA #5550 ¢DNA,
FIFH PCR A& XSRAFH cDNA HHATH 1Y, KA
2 MNCONETH S IR AR RIA & 5| W i
WA TREARARGR, 1P FINE 1.

210 BERAEBENINE A Piezol. Parkin
EA=ES0

HL“2.6” TR - 4HAMA, fEH] 4% % 5 I 41
Ml e, =R N TEE . B4 0 Piezol. Parkin
ik, 4 CHWELR; Win—=dl, EHEELHE 2h.
ffif DAPI %:%)a, TEIEZOLRME NI
&, “KH Image J software 1.53 B F 4041 B4 -
2.11 TUNEL &N EMEATER

B “2.6.17 TR & 4H4MM, i TUNEL 445
A T FE TR A% DNA BRI 0L
FRHEF S 1 s B AN AT 5 . B R
fEJ&, M 50 uL TUNEL AW, 37 CHEOGIHE
1 he IO PBS ¥t 3 ¥, IS DAPI #5747
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Table 1 Primer sequences

| 5 (5°-3°) KB /bp

B-actin F: GGACTGTTACTGAGCTGCGTT 209
R: CGCCTTCACCGTTCCAGTT

collagen II F: CTGAAGGTGCTCAAGGTTCTC 109
R: GATCCTTTGGCTCCAGGAATAC

MMPI13  F: ACCCAGCCCTATCCCTTGAT 180
R: GGTCACGGGATGGATGTTCA
Piezol F: CTTCGGGTTGGAGAGGTACG 141

R: ACTCAAAGGCTCTTCGGCTC
po62 F: GAGTCCCTCTCCCAGATGCT 227
R: GCCAAGACACTGGGCCTATC

LC3-1I F: TTGTCATCGTGGGAACTGGG 109
R: GGTGGCAAGGTATCGACCAA

Beclin-1  F: TAGCTGAAGACCGGGCGAT 92
R: CCACCCAGGCTCGTTCTAC

PINK1 F: GGCCAGACAGGGAATGAAGT 185
R: TATGAGCCATGCTGGTTGCT

Parkin F: CCTGCAAACAAGCAACCCTC 81

R: CACCACTCATCCGGTTTGGA

HAE, ERIERCEMEE WS, KA Image ]
software 1.53 #A5rH7 B4
2.12 ESTEEBEVERRE MR EREER

HY “2.6.17 TR &4, {38 7 5T R B vl ¢
YD R VL o R R AT B DR AT L B
BT IOK . B, U, S D IR, f
FH 32 5 F 45 UL 58 4% 2H 3 i 4 T v ki 5 B AR
TR .
2.13 HEYHREH ROS 7KFAIHEN

B “2.6.17 TN &4, i DHE %Lt
XA ROS 7K-FHEATA I . KB 4SS 5
umol/L DHE MG Iy £5 7R AL i & 20 min, W F7H%
FR¥E, F PBS ik 3 IR TRIBERCEME P %L
FEAHR, K H Image J software 1.53 {7 #r 5
2.14 GEitFESHR

¥ FH GraphPad Prism 9.5 #AEHEHTSE 04
B LAX £ s Kx. HRLLECSRAH B R R A £
53 BT Tukey Fr% .
3 BR
3.1 NEFEI KOA NNRREHRGRIFN

Bl HE Qe (B 1-A) BoR, BAZH /N
SUKCE R ERFARAE R, g ™E,
MHESZREL, RIS, DOESR&NEA
Peagita T IEy, BeERmmx e, s
W55, SRR D O B AL O-[Hl Sk Yt 25 R (K]
1-B) o, ARAYZH /N SRR DG BB U AR A A

W, AR R R R DUSE R & FIEH L
SBRCE I, R R SR Wl 1-C.
D fin, HBFARA AL, BN R+ IL-18
1 TNF-a /K738 2 i (P<<0.01); S5HERI4 HEg,
POEE S B/ BRUE 1 IL-18 A1 TNF-a. 7KF
BERK (P<0.01). ECM E %2 KOA HH i
B EERREZ —. WK 1-E. F s, SEFPARL
Pedse, AR /N R BCE 22 collagen 1145 1 &
mRNA FikKFEFEFEML (P<0.01), MMPI3 &
H A& mRNA RxKVFEREHE (P<0.01), K
KOA /NI Fp A7 7E M 1) ECM £k HREAIA
P, WS R&SHEH /DR EHL T collagen
IEH & mRNA FRik/KPFREA S (P<0.0D),
MMP13 & K& mRNA RIEKFEZEFE (P<
0.01), KIS K BELTE KOA HIHCH H: 4% -
3.2 NEEZEX KOA NREE PR A B X
EBAFRIEHE N

WK 2 foR, SIRFRAE, RN RRE
HAF p62 FEAM mRNA Fik/KFRET = (P<
0.01), LC3-I/I. Beclin-1 & Ml mRNA Fik/KF
RERK (P<0.01); SHMANE, WHESES
I p62 & A mRNA Fik/K T 2K (P<
0.01), LC3-II/I. Beclin-1 £ Ml mRNA Fik/KF
BFETE (P<0.01).
3.3 NEZ RN EHETE SRR

W 3-A Fizs, 200 wmol/L Y38 %5 25 b B 4
Y 24 h J5, MRS 7R E FEIK (P<<0.01); 12.5~
100.0 pmol/L ¥ 38 %5 28 0 4 1 2 M /7 6 B 2. 52
Wi, PRI, $EEX 25. 50, 100 pmol/L P %M T
JREESER . WK 3-B Fros, SRR, B
YR F7 BB AL (P<<0.01); SHERIAHELE,
HEEEZ (25, 50, 100 pmol/L) H 40 IS J1 B E T
(P<0.01), HEFEMKME.
34 XEZ RIS RN DR HIEE F
MBS FIBERBUE

WK 4-A B iR, S5XFHEZH EEAS, 1581 4H Piezol
A& mRNA RIiEKFEETE (P<0.01); S5
A PEER, WA R #7524 Piezol & H A& mRNA
FIE K52 PR (P<<0.05+ 0.01). [AR 3@
PR B 4l Piezol HIZRIL, & 4-C fr
N, SXTIRALELEE, MR Piezol PHEFRIA B E T
fm (P<0.01); SERIAE, WESRSHEL
Piezol PHMEFRIA B3 AL (P<<0.01).
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g SZ)
R Sha .
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A-FHARBTTE AL HE Yot (X200); B-FAABR T REHLFL O-L Y (X200); C. D-FALMEH IL-18. TNF-o /K5 E-%4
HEHA collagen II. MMP13 R [HEIE; F-S%HKBHR collagen II. MMP13 mRNA £ik; SHETFRESHRALLLE: “P<0.01; SHAIHLL

. #P<0.05 #P<0.01, FEIHE.

A-HE staining of knee joint cartilage tissue in each group (% 200); B-safranin O-fast green staining of knee joint cartilage tissue in each group (x 200); C,
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Fig.1 Effect of wogonin on cartilage injury in KOA mice (X +s,n=3)
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Fig. 6 Effect of wogonin on mitochondrial autophagy in a model of mechanical stress injury in chondrocytes (X £ s, n=3)
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Fig. 7 Wogonin improves mechanical stress injury in chondrocytes by inhibiting Piezol/PINK1/Parkin signaling axis

(X+s,n=3)



PED 202511 5 B56% $ 228 Chinese Traditional and Herbal Drugs 2025 November Vol. 56 No. 22

* 8197 »

3.8 NEZEZFIEITHNE Piezol/PINK1/Parkin {55
R B E MR KOA

Wi 8-A. B i, SRFARALE, HBAH
N BCE HZ Piezol . MMP13 2 & mRNA #
KK EZETHE (P<0.01), collagen II. PINKI .
Parkin 25 [ 2 mRNA ik 7K1 2 B (P<0.01);
R LR, WS RANH AL Piezol

A

collagenﬂl— — — _|1,4><104 45

N [ ——EXESr

Piezol

I ———— _.|2.9x105

PINK1| . — — -—|6.3><104

Parkinl‘ — — 5210
Bractin| smm—"——— 2 10"

R AN R R

MMP13 % K& mRNA RIEKFEFRFK (P<
0.01), collagenII. PINK1. Parkin &1/ mRNA %
KACFRETE (P<0.01); 5SS RMALE,
DB FK +Yodal HEHHLH Piezol . MMP13 £
F &% mRNA FRIEKF- 22 T+ (P<0.01), collagen
II. PINKI. Parkin &/ mRNA Fik/KF 2 E K
it (P<<0.05. 0.01).

. L IESN
T it
AN — AR
w3k T 5 B = =
T AN ## WHEZ+Yodal

BER  HE WEEE WS+ collagen I MMP13 Piezol PINK1 Parkin
Yodal
B
I 1.5 IH 6 - 15 *ok
13 *
ﬁ T AA -
& T
Z 104 E 44 = 10+ B
< ## < =
% % i g i
AN
= 0.5 ok - = 24 % 54
s . < =<
S 8]
g : 1
§ 0 - T T 0- T T ~ O__— T T
PR B PERER DTSR+ BFA B JOEER DS R+ BFAR B JHER DR+
Yodal Yodal Yodal

i 1.5 0 1.5

ﬁ Pt

3% 1.0 44 j% 1.0 ##

% 0.5 wok A“Ié % 0.5 o nN

~ = T

}

. 0o - ~ 0o -

TR B DEERR DORE R+
Yodal

BFA B0 S SR+
Yodal

A-FHPCE AN collagen 1T, MMP13. Piezol. PINKI. Parkin & [ iA; B-S4L8CH 40 collagen II. MMPI3. Piezol PINKI. Parkin mRNA

A-expressions of collagen II, MMP13, Piezol, PINK1 and Parkin proteins in chondrocytes of each group; B-expressions of collagen II, MMP13, Piezol,

PINK1, Parkin mRNA in chondrocytes of each group.

&8

NEZZIBITHNE Piezol/PINK1/Parkin {5 S 4R BMEELE /MR KOA (X +5,n=3)

Fig. 8 Wogonin promotes autophagy and improves KOA in mice by inhibiting Piezol/PINK1/Parkin signaling axis
(Xts,n=3)

4 g

BRI — 2l a4 i1 L, £ T
B ] DL b BEEE AR BN, R ORA AR
., AR RJRIEL 2RE AR 7 2 S B
HHHR N, AT I FEAE F BT I 32 A

IS, B R AR e 2 BRI IR R e AR, 51
BB AET R B i PR ). AHIE T DMM F
ARALE N SRR IR TT Jy E IR B AT, AE 578N R
T, BRI RO ECR TS, AR HES 2L
BAPEELFIBIT R, /N BUPCR JE T AR I



* 8198 »

PED 202511 5 B56% $ 228 Chinese Traditional and Herbal Drugs 2025 November Vol. 56 No. 22

B, SMERIEVEESE/N, RN gERE s faoe At
J£ 711 collagen IIFRIEF =, 4l ECM ) MMP13
FILBEL, WETGRBIAFFRE S . AR
RO, DU 2B AU PR A A B B S
8 3 AR DGR O IEAE KR4, Deng 529
TR, p62 1E RS 5 BT SI REEE,
AT DAZE Y bR A T IR . 2 RO F AT
SR RO IZRR BRI E WA A R
p62 Fi& N, H LC3-I/I. Beclin-1 £iEF+E. X
AR FLAE FARL, TEDE S R A HE 5 /N R
L p62 FIEFFK, LC3-II/I. Beclin-1 ik i,
PEANDUHE A5 O B 20 B R R E - SR
B2 T DA LA 77 ST B/ BRORG T AR
s, TR i R e I B v R 4 R S
LT .

TEB R E =N, MU )il s
Piezol /"FHIFHLHIEHE VIR . #EkiE, Piezol
AT DU I B S AT, 6 B 4 R B ke 1
TER, X AL 5 R A R A R
PEFE KR, RS A40, Piezol [%HE Sl
B AT DA A K BR H T AE SO0 A T T R 0 1 K
B AR A s N 1281, AT 70 308 3ok 4 i 2 2 T ok
BCE AR IR, 77, FRASE R AN [F) 70 B DR 2
FHATTI, 45 R IRDEEE = AH] T U, /)
BE Piezol RIE, J£ F AN LIS M JORE R T
Ko FHSEWFFCRIE, 0 Piezol ik n] LLIRFIHL
BN S35 R AR T, 4RI AELE KOA i@
TR ECEIRAR), 25 SRR RAE R, Ui Piezol AJ
RESE MU ) S4Efst - R R %, HIOE% %
Al RRIEIT R Piezol CSCEE ATLAR, 7 far X 401 440 M 7=
AR o AN, AT SR T TR B A0 i
P rh R 552 B AoRL Ak S5 kg R D Re 4140, RAR L8
ROS BN ZRLARTE AR S 15 /A H = gk
o IR GEEAERE T8, BlRiR ok . R
A7, 33 ROS R8N, gt C AL, 40
PR = w2 w=p L E i o A I o N 5 TR NP
i, E R RS 2 s A SRR, 1 ROS 7K P
— B FtE, NS AR, EfRlE
AL MAHEF A, DA REFTEIN 7 H b
AIMEER . SRR BRI ROS KF, HE
FIEAHICNE, RDOES 2= BA SEE LR DIRE
WoE BRI BARER .

W A A SR AR R R AR i A,

TOE SRR H B B RO AR, T4
FEYH A PP, PINK1/Parkin & 152 F W A% L
Pz —, FEEAERIRE. R SE S T 561 T
ZERL ARSI R PINK KE4H A5 Y Parkin 5] 5
BLRASR, J330 AR, (HEAWT T,
Piezo 1 3 & M N 5 % S BT B, S B o 5 25
TACE T, WOs SR Al AR PINKI JFFH
1k Parkin Z28EB3). AN, i N PSR A R AT T Bk
B TR HALRF ST, 8 ROS KEIRH, #5
Parkin £5F38 K G HEE E 2R (Cys431/Cys95)
Kid, HER B3 EEEEETEAZ R}ALE S 2B,
R, Oy 1R T DU E R AN UM, 15200
YA E DL, ASHE TEAEAR A SRS s I PR 2
FARTT TR P AR L. 45 R
N HUBRSE g RS 5B 2 23 A ) Piezol
i L, PINKI. Parkin 35 ;iM% S AL 2L
J&i, Piezol IA R %, PINKI. Parkin K& T, H
AR AR B GE, HEN DR R AT RgE I i
I Piezol J% PINKI1/Parkin 3@, & HF4HM %, K
X KOA /NRIFCE RE . Oy 1 it IRiiE
Ibghit, A FAEF Piezol #Zh77 Yodal T 3
HRIBITIEH KOA /NS HE L. ABL Yodal
Wi TN 0 PINKI/Parkin 38 #% %A [f1 42 71
ROR, IR T N . SR D%
FBGE PINK 1 /Parkin 8 H - o 41 i (5 w1 A
85 H A2 Piezol RIAM K.

gi b, BT R BN A 2 AT DU i

Piezol #ik, #if PINKI/Parkin J@ {2 KOA

/0N SR I, AT SR LB, 0 52 IR R

A
FBAFAR AR FRRELEAZFR

&

[1] HH, xF&, FRIYL, % UHPLC-MS/MS-M 4% 24
T2 T A S B0 B UE A T 38 2% TR 2 RIS 2 R 5 0 1
TERIALE] ()], B AP B 25K 55441, 2025, 41(3): 363-
374.

[2] Jang S, Lee K, Ju J H. Recent updates of diagnosis,
pathophysiology, and treatment on osteoarthritis of the
knee [J]. Int J Mol Sci, 2021, 22(5): 2619.

[3] YuQ,Zhao B, He Q, et al. microRNA-206 is required for
osteoarthritis development through its effect on apoptosis
and autophagy of articular chondrocytes via modulating
the phosphoinositide 3-kinase/protein kinase B-mTOR
pathway by targeting insulin-like growth factor-1 [J]. J



PED 202511 5 B56% $ 228 Chinese Traditional and Herbal Drugs 2025 November Vol. 56 No. 22

* 8199 »

(4]

(5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

Cell Biochem, 2019, 120(4): 5287-5303.

Yang H X, Wen Y, Zhang M, et al. MTORCI coordinates
the autophagy and apoptosis signaling in articular
chondrocytes in osteoarthritic temporomandibular joint
[1]. Autophagy, 2020, 16(2): 271-288.

Katz J N, Arant K R, Loeser R F. Diagnosis and treatment
of hip and knee osteoarthritis: A review [J]. JAMA, 2021,
325(6): 568-578.

Sun'Y, Leng P, Guo P C, et al. G protein coupled estrogen
receptor attenuates mechanical stress-mediated apoptosis
of chondrocyte in osteoarthritis via suppression of Piezo1l
[7]. Mol Med, 2021, 27(1): 96.

Lee W, Leddy H A, Chen Y, ef al. Synergy between Piezol
and Piezo2 channels confers high-strain
mechanosensitivity to articular cartilage [J]. Proc Natl
Acad Sci USA, 2014, 111(47): E5114-E5122.

Shi S, Kang X J, Zhou Z, et al. Excessive mechanical
stress-induced intervertebral disc degeneration is related to
Piezol overexpression triggering the imbalance of
autophagy/apoptosis in human nucleus pulpous [J].
Arthritis Res Ther, 2022, 24(1): 119.

Tsai S'Y, Chung P C, Owaga E E, ef al. Alpha-mangostin
from mangosteen (Garcinia mangostana Linn.) pericarp
extract reduces high fat-diet induced hepatic steatosis in
rats by regulating mitochondria function and apoptosis [J].
Nutr Metab, 2016, 13: 88.

LuYY, Li ZJ, Zhang S Q, et al. Cellular mitophagy:
Mechanism, roles in diseases and small molecule
pharmacological regulation [J]. Theranostics, 2023, 13(2):
736-766.

Sun K, Jing X Z, Guo J C, et al. Mitophagy in degenerative
joint diseases [J]. Autophagy, 2021, 17(9): 2082-2092.
Fang E F, Hou Y J, Palikaras K, ef al. Mitophagy inhibits
amyloid-p and tau pathology and reverses cognitive
deficits in models of Alzheimer’s disease [J]. Nat
Neurosci, 2019, 22(3): 401-412.

Zhang B S, Xu D. Wogonoside preserves against
injury by
suppression of apoptosis, inflammation, and fibrosis via

ischemia/reperfusion-induced myocardial

modulating Nrf2/HO-1 pathway [J]. Immunopharmacol
Immunotoxicol, 2022, 44(6): 877-885.

Liu X Q, Jiang L, Li Y Y, et al. Wogonin protects
glomerular podocytes by targeting Bcl-2-mediated
autophagy and apoptosis in diabetic kidney disease [J].
Acta Pharmacol Sin, 2022, 43(1): 96-110.

SR, T, EMIE, % DU ZEY Hippo-Yap
S5 /R 75500 JUL G A 1 R0 T 1 5
[7]. HHEZEELE, 2025, 45(13): 3191-3195.

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

Khan N M, Haseeb A, Ansari M Y, et al. A wogonin-rich-
fraction of Scutellaria baicalensis root extract exerts
chondroprotective effects by suppressing IL-1p-induced
activation of AP-1 in human OA chondrocytes [J]. Sci Rep,
2017, 7: 43789.

XEE, WA, KER, & HERMHE NLRP3 &
EIMATE A G T 2 W5 5 5/ B R I R ATAE FE (0].
ZIVIVFR AT, 2025, 48(5): 1114-1123.

Wasi M, Wang S B, Guerra R M, et al. Different effects of
moderate tibial loading and Yodal on breast cancer-
induced osteolysis in aged mice [J]. Bone, 2025, 197:
117517.

T, R, R, F BRI RIEE X
T 9 KB IR T JE RS M 1 A R S AR (0],
HATIEWFFT, 2025, 29(5): 1026-1035.

Javier Rendon C, Flood E, Thompson J M, et al. PIEZO1
mechanoreceptor activation reduces adipogenesis in
perivascular adipose tissue preadipocytes [J]. Front
Endocrinol, 2022, 13: 995499.

Wang S Y, Li W W, Zhang P F, et al. Mechanical
GPX4-regulated
ferroptosis in osteoarthritis via Piezol channel facilitated
calcium influx [J]. J Adv Res, 2022, 41: 63-75.

Diamond L E, Grant T, Uhlrich S D. Osteoarthritis year in
review 2023: Biomechanics [J]. Osteoarthritis Cartilage,
2024, 32(2): 138-147.

Atcha H, Jairaman A, Holt J R, et al. Mechanically

activated ion channel Piezol modulates macrophage

overloading  induces chondrocyte

polarization and stiffness sensing [J]. Nat Commun, 2021,
12(1): 3256.

R, SO, BIERE. PURERMIE PBK/AKT (55
T EE ] NLRP3  SE/MATE A 2 2 40 5t O K B

DIhEE L DIRG [1]. P EZEZEIE, 2024, 44(23):
5853-5859.

Deng Y N, Shi J, Liu J, et al. Celastrol protects human
neuroblastoma SH-SYS5Y cells from rotenone-induced
injury through induction of autophagy [J]. Neurochem Int,
2013, 63(1): 1-9.

FEMW, JUEAR, R, & LR RS PINKL/
Parkin {5 5 8 #%F Gl fi O U9 R SREE R W 1 52
Wy [J]. SEAIGIREE 2525 &, 2024, 28(22): 8-15.

Chen S W, Li Z H, Chen DY, et al. Piezol-mediated
mechanotransduction promotes entheseal pathological
new bone formation in ankylosing spondylitis [J]. 4nn
Rheum Dis, 2023, 82(4): 533-545.

Brylka L J, Alimy A R, Tschaffon-Miiller M E A, et al.
Piezol expression in chondrocytes controls endochondral

ossification and osteoarthritis development [J]. Bone Res,



= 8200 -

PED 202511 5 B56% $ 228 Chinese Traditional and Herbal Drugs 2025 November Vol. 56 No. 22

[29]

(30]

[31]

(32]

2024, 12(1): 12.

LiX Z,PanJ, LiHL, et al. DsbA-L interacts with VDAC1
in mitochondrion-mediated tubular cell apoptosis and
contributes to the progression of acute kidney disease [J].
EBioMedicine, 2022, 76: 103859.

Cai C, Guo Z Z, Chang X, et al. Empagliflozin attenuates
cardiac microvascular ischemia/reperfusion through
activating the AMPKal/ULK1/FUNDC1/mitophagy
pathway [J]. Redox Biol, 2022, 52: 102288.

Araya J, Tsubouchi K, Sato N, et al. PRKN-regulated
mitophagy and cellular
pathogenesis [J]. Autophagy, 2019, 15(3): 510-526.

Yu Q, Li L, Yu SY, ef al. Mitochondrial damage and

senescence during COPD

[33]

[34]

autophagy dysregulation in Alzheimer’s disease:
Mechanisms and therapeutic opportunities [J]. Neurochem
Res, 2025, 50(4): 251.

Todisco S, Musio B, Pesce V,

mitochondrial

et al. Targeting

impairment for the treatment of
cardiovascular diseases: From hypertension to ischemia-
reperfusion injury, searching for new pharmacological
targets [J]. Biochem Pharmacol, 2023, 208: 115405.
Haustein M, Hannes T, Trieschmann J, et al. Excitation-
contraction coupling in zebrafish ventricular myocardium
is regulated by trans-sarcolemmal Ca?' influx and
sarcoplasmic reticulum Ca?" release [J]. PLoS One, 2015,
10(5): €0125654.

[FiEshit 3 E4)



