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Regulation of Notchl/Hesl signaling axis by total flavonoids of Drynariae Rhizoma for promoting
chondrocyte autophagy and inhibiting apoptosis: a mechanistic study
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ABSTRACT OBJECTIVE To investigate the effects of total flavonoids of Drynariae Rhizoma (TFRD) on autophagy and
apoptosis in LPS-induced chondrocytes via the regulation of the Notchl/hairy and enhancer of split 1 (Notchl/Hesl) signaling axis.
METHODS Human chondrocyte cell line C28/12 cells were cultured with 5 wg/mL LPS to establish in vitro inflammatory injury
model. The cells were separated into normal control group, model group, TFRD group (200 wg/mL), TFRD+peroxiredoxin 1
(Prdx1) small interfering RNA (si-Prdx1) group and TFRD+si-Prdx1 negative control (si-NC) group, with 6 replicate wells in
each group. Cells were transfected with si-Prdx1 or si-NC for 24 hours, pretreated with TFRD for 2 hours, and then exposed to
LPS, with a total culture duration of 48 hours. Apoptotic rate, the proportion of apoptotic cells, monodansylcadaverine (MDC)
fluorescence intensity, as well as the contents of matrix metalloproteinase-13 (MMP-13), a disintegrin and metalloproteinase with
thrombospondin motifs 5 (ADAMTS5), and cartilage oligomeric matrix protein (COMP) were measured. Additionally, the protein
expression levels of X-linked inhibitor of apoptosis protein (XIAP) , poly (ADP-ribose) polymerase 1 (PARP1) , Beclin-1,
microtubule-associated protein 1 light chain 3 II/1 (LC3-1I/1 ), PTEN-induced putative kinase 1 (PINK1), Notchl, Hesl, and
Prdx1 were assessed. RESULTS Compared with model group, the apoptotic rate, the proportion of apoptotic cells, the contents of
MMP-13 and ADAMTS5 as well as protein expressions of

A BEETE H At a ke 25 & 8 b = 25 B H (No.
ZY2025L063) PARP1 were significantly decreased, while MDC fluorescence
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intensity, COMP content, protein expressions of XIAP,
Beclin-1, LC3-1I/1 , PINK1, Notchl, Hesl and Prdxl were
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NC group, the changes in the aforementioned indicators (except for Notchl and Hesl) in the cells of the TFRD+si-Prdxl group
were significantly reversed (P<<0.05). CONCLUSIONS TFRD may activate the Notchl/Hesl signaling axis, and up-regulate the

expression of the downstream target molecule Prdx1, thereby inhibiting LPS-induced chondrocyte apoptosis, promoting protective

autophagy, and consequently improving cartilage metabolic homeostasis.
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B &5 4 (osteoarthritis, OA ) J&—Fp & B 17 PR
G, IR 354N OASRIRATIE , ™ H 52 i 5 A
R BRI, R AR A R OA RUAZ Lo BEER
A, HE R R Y B S TP R R S B R
R it I AT M Dy BB 3t 2K Y OG8RI, MK A - T
AR OATRYT Y EE 2R M

‘B W %h . 75 B (total flavonoids of Drynariae Rhi-
zoma, TFRD) J& ML GE b 24 B W Ab R AR B 1 1R A2
ALY IR S, B A BT R P b DL = AR
A Z AR BEIEPEY . TFRD n] 3 i 42 1 Rl 40 i A A%
0 i 07 248 L 2 i, 2 T 7 D e M B BB A E R T
HORIER EWE 1Y, Notchl (5525 T HCE il 5 5
I3 AC P I R VRN 23 R R S B DG T
1 (hairy and enhancer of split 1,Hes1) A] #il#i] SRY-box %%
s AT 9 (SRY-box transcription factor 9, Sox9) %5 il |
AHOCHE PR IR, i SH A F AL A R 1 (peroxiredoxin
L, Prdx D) VR BT S A ER (1, AT 38 o o3t 410 0 ik 22 i
OA HE JF& FIPEIR N7 , L3275 % Notch1/Hes1 15 5%l 4
1, % F TFRD H A7 Bt S8 A A 4 B AT i % ok | 4
DN H: AT B30 2+ I8 % Noteh1/Hes1 {5 54, 520 R liFPi &
AER I Prdx L 1238, R 10 9815 0B 4 i A s S5 | T
A, D2 OA EJE . BTtk , AW 5 1ot i 2248 (lipo-
polysaccharide, LPS )17 5 A\ FCH 41 il C28/12 HE37. OA 4
A A, £45F TFRD 3 12 3 4% Notch1/Hes1 15 5 4l % 4%
B A0 W R TP S, B AE R OA YR YT PR AL
2%,

1 ##
1.1 FEUEE

AW 5T 2 ZAL AL 4G Synergy H1 RUFHRL (55
BioTek 23 7 ) . iBright CL1500 %! i {4 £ 4 Fil Sorvall™
MTX 150 % 73§ 15 48 = 3 25 .0 ML ( € B Thermo Fisher
Scientific A ) ) .CytoFLEX Fl it w41 i A ( 3 [ Beckman
Coulter 231 ) \DMi8 %'t i il 8% (75 [ Leica A F] ) o
12 FEHBSKH

TFRD[ [ 24 1 7 220133051, & H& 70% (L)l 2 4F
T 1 b sz 2 i 25 BRZA 7 5 Prdx 1 /T4 RNA (si-
Prdx1) Sz FERAPEXT HE (si-NC) 1 A TAY) TR (L)
B A7 BN w145 s LPS . CCK-8 i3 £ . Annexin FITC/
PLYE 173050 & WY BE A /IR Ak £ %€ (acridine orange/ethi-
dium bromide, AO/EB) B 4 izt 71| & | f P} ik ik )7 B
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(monodansylcadaverine, MDC) % (257 & . AL 4 )@
5 11§ 13 (matrix metalloproteinase-13, MMP-13) ik 5z,
JZEWZ BN 7 (ELISA) 7 & N FRE 2 SR 5L 8 1 (car-
tilage oligomeric matrix protein, COMP) ELISA i 5| &
(1543 51 4y ST1470,C0041 , APOAF , T3203 , C3018S
RAB0364 . KOA0550) Ml [ -1 3 7= KAEPHAA R
A N 1AL/ IMRES & B AR R E A 2R
£ F1 1 5 (a disintegrin and metalloproteinase with throm-
bospondin motifs 5, ADAMTS5) ELISA i 7 & (it &
ml038180) 4 [ 78 MR B AR 1A BRZS 7l 5 S R X i
B T30 25 1 (X-linked inhibitor of apoptosis protein,
XIAP) . Z i 1 — W% IR #% b R & 1[poly (ADP-ribose)
polymerase 1, PARP1],Beclin-1, {45 #H G & H 1 #8453
II/1 (microtubule-associated protein 1 light chain 3 I/
[ ,LC3-1/1 ) .PTEN %57 ¥/ 1 (PTEN-induced puta-
tive kinase 1,PINK1) Notchl Hesl . Prdx1.8-Hlz/ % H
(B-actin) —HUHBHARL S AL BERR IC Y LU AP SR S e Bk
G . Lipofectamine 3000 %% 4435 (L5 4371 PAS5-
29253, PA5-34803 , PA1-16857 , PA5-22731, PA5-86941 |
MAS5-32080 ,PA5-28802 . MA5-53228 \PA5-21396.31460
L3000015) 41ty H 3¢ & Thermo Fisher Scientific 2y 7] .
1.3 SEIG4HAE

NECE AR C28/12(Hik*5 HTX2308C) W FH IR i
R BRA T,
2 AHiE
2.1 #AREEESE

W C28/12 4 i #2: A0 T DMEM 5 72 5 v, 85 7% 2 il
B EEIA 80% LA b5, HIIR AR 1 G M A 20 B A7 A5 105G
Fr o SEE b i AR 4 AL AR 3~ AU A KORES RLAF
AR ER A KA 4
2.2 TFRD 425k EHITHE

R C28/12 2 L He i T 96 FLAR (5X 10" A/AL) o, ¢
Y ENGEE S, 43 I AETC A LPS (5 wg/mL™) 1) R G451
A 0.50,100,200,400,800 pg/mL TFRD™ 15 5
I RERIEB 6 R AL, BiFE 24 h)E  BEFLINA 10 pL
CCK-81k51], J#5 2 h, fieJei il AR (XA 450 nm KAk
K 4% FL 5 (optical density, OD)E . HefFxF C28/12
20 M JCRE P HXT LPS 175 5 19 C28/12 4 i 1% 1 12 2 i it
1 TFRD [ A 7 IR G505
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2.3 HfsSAE ERSLY

B C28/12 ML, 43 R 1E 5 W R 2 BEFUZH TFRD 4
TFRD+si-NC 41 Fil TFRD+si-Prdx1 21 , 540 % 6 152 fL..
E X R ZH AR fin A 5 4 855 5 35 s BB ZH AR A 5 5
pg/mL LPS A5 9555 ; TERD ZH 40 S5 A& 200 pg/mL
TFRD (AR 4k “2.27 751 F 45 5L 4 2 ) WAL BE 2 h, FEINA 5
pg/mL LPS 234 ; TFRD+si-NC 21 40 i34 4% si-NC 24 h )5
F 200 wg/mL TFRD FiiAb B 2 h, # /1A 5 pg/mL LPS 4t
B ; TFRD+si-Prdx 1 2H 4 Jitd 5% 4% si-Prdx1 24 h J5 J 200
pg/mL TFRD FiAbF 2 h, FF N A 5 wg/mL LPS ZbFH ., 4
Jf1%% G4k H Lipofectimine 3000 %% YLzt , #4 L i il 5 2
h60% FoA, B AL A5 5% B3 48 he
24 ARAT R
2.4.1 Annexin FITC/PI

B C28/12 40 IS, 4% 8 “2.37 T F )y peAb B | F-4% 8
Annexin FITC/PLi i & 15d IH B4 , £l FH it = i B AU
M55, 48 Flowlo #4443 Hr 4l i -3 .
2.4.2  AO/EB XLk

B C28/12 4N, #42 BR “2.37 300 N 7 ¥ A H S , P-4 IR
AO/EB UYL & 6 I A , i 12O B i B s ot
PO IS oA L T =R T
(RELEAZO0) di S (SR E5D0) L,
2.5 AR B SR

I C28/12 4, 422 BB “2.37 T 7 v Ab B, P4 R
MDC 4 €255 G156 W1 A5 A | ff FH 2 b Al i W 45 0
FARR, {1 Image JEPE530 4T FIBEAR ) MDC 2GR
2.6 HAEEREE R EIHEXEFKERD

B C28/12 40D, #3 BE“2.37 10 F )5 teAb PR i , F-4% MR
ELISA i 1) & 16 W 45 45 45 , 4% I 40 Jf2 vh MMP-13 .,
ADAMTS5 .COMP [ 5 & .
2.7 {RAATS . BUE K Notchl/Hesl 5 EMAXEAQR
po gl

% FH Western blot ¥ #E1 7RI . B C28/12 41 Y, %
W23 ik A B SR, RIS R 1, 48
PECHIK BRI B SRR JS i A XIAP ., PARPI,
Beclin-1,LC3-1I/ 1 \PINK1 ,Notchl Hesl Prdx1 .B-actin

AL TE X RAL

B. BRI
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C. TFRD 41

1 FRAMAEATH AO/EB IR EHIE

—PL(FRE LB M 1:1 000) 76 4 °C FE;FRd 0 W H
AR —Pr (FBEH 9 Ry 1:5 000) , %53 R 5 1.5 h;
X A I T A R A Image T4 BT H &
5 N2 1 (B-actin) A AR EE f FUAEL, WFH H AR 1Y
FikIKF-o
2.8 GitESHR
¥ H] GraphPad Prism 8.0 £ {F X} £ 4 #4752 i1 41
Bro B Dhx £5 Ron , Z 2 0] BRI 2 07 2557
M, o — 2 P L R SNK-q K3 5 o G 56 UK i
a=0.05,
3 HR
3.1 AR[ERE TFRD Xf C28/12 4HRaiE R =20
W 1R, 76 LPS R A 414 F , 5 0 pg/mL
TFRD 47,200,400 pg/mL TFRD 1] i 3542 7} C28/12 21
Ji 3% M (P<<0.05) ., 7 LPS ZbBRAY 214 F , 5 0 wg/mL
TFRD F# ,50~800 pwg/mL TFRD ¥JHE i & 12 T+ C28/12
AT 1 (P<<0.05) , HH1 200 pg/mL TFRD B e 245K
o, I, D200 we/mLAE M 54 TERD AT Tk i
£1 7A[ERE TFRD 3t LPS 42 5 5k 4b 32 C28/12 4R
B & RIS (x + 5,n=06)

TFRD/(ug/mL) LPS b LS jb 3

0 0.70£0.08 03820.04

50 0.73£0.05 0.51£0.05°

100 0.79£0.07 0.75£0.06*
200 0.8510.08* 0.89+0.06*

400 0.98£0.05° 0.66£0.05°
800 0.76£0.06 0.49£0.04¢

a: 150 pg/mL TFRD 4, P<0.05,
3.2 TFRD X LPS 425 C28/M2 AT REHEAE

B RIEHIR M0
55 0F T R ZH b A, AR 4H C28/12 4 L 7% L

T4 A 7 LU F PARPL 2 [ 3235 7K -1 ik 2 FH 5, XTAP
R IEKOF B AR (P<0.05) . SRR H#,
TFRD 41 C28/12 4 f 8 1% i T- 40 AL /5 LU AT PARPL 2R
13235 7K -1 b A%, XTAP & (1R A K B ZE 5
(P<0.05), 5 TFRD+si-NC 41 Ft%5 , TFRD+si-Prdx1 4]
C28/12 AR T3 P8 T2 AL 7 LU RN PARPL 85 1 218 7K
5 T, XTIAP & 3R 87K OF B3 B AR (P<
0.05), Z5HULIE L K2 .5k2,

D. TFRD+si-NC £ E. TFRD+si-Prdx1 41
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XaP MR s . . D

PARP1 | SS—_— - T——— 116 kDa

pactin . . . . . 42 kDa
1 I 11§ v v
I IEH XTHEZE; T 5A0 41 I : TFRDZH ; IV : TFRD+si-NC 41 ;
V : TFRD+si-Prdx14 .

B2 &AM XIAPFI PARPl & A RIEMEKRE

K2 FBHMBATZE JFT-ZHAE & LEF1 XIAP . PARP1
EERIEB (x£5,n=6)

Eibl AT MG I%  XIAPB-actn - PARPI/B-actin
R 5124045 765+0.11 0.84+0.07 0.12£0.02
a| 33194305 40.12£406 021002 0872005
TERD4| 1126+136 1582£126' 0.59£0.04* 020£0.03
TFRD+5-NC4] 1209£2.03 17044130 0.57£0.05 0.2240.02

TFRD+si-Prdx1 4] 2016212 2867245 0.40£0.03° 0.56:£0.04°

a: SIEH X IR R, P<<0.05;b: S AL, P<0.05;¢: 5
TFRD+si-NC#] b ¢, P<<0.05,

3.3 TFRDXJ LPS &5 C28/12 M Bt K HiEXE
HRIXHFMm

5 IEH % A A, B R 4 C28/12 41 i MDC %6
S B 1 Beclin-1.LC3- 1/ 1 PINKI1 & [ ik K -3 2
FTHE (P<0.05) ., AL 4, TFRD 41 C28/12 41l i
MDC % 3¢5 B # Beclin-1 . LC3- 11/ I \PINK1 & 4 %3k
K34 1 2 Tt 5 (P<<0.05) . 55 TFRD+si-NC 41 [ 4%,
TFRD+si-Prdx1 2 C28/12 £l i MDC %< 55 Ji #l Beclin-
1.LC3- /1 (PINK1 & [ 3R ik 7K F- 24 1 2 B Ik (P<
0.05), 4R ULIE 3 B4, 5.3,
3.4 TFRD X} LPS 432 /5 C28/12 4R A ik B B R 15148
KB FKFRIRM

55 1E 5 6 B4 He e, AR 2 C28/12 41 i MMP-
13 ADAMTS5 % it ¥4 i 2 7t /5 , COMP 5 it b 25 A%
(P<<0.05) . 5 HAI4] Lk % , TFRD 41 C28/12 41 jg
MMP-13  ADAMTS5 & i 1 g F FEAIK, COMP & i . 3%
JI % (P<<0.05) , 5 TFRD+si-NC 4 It % , TERD+si-
Prdx1 £ C28/12 il ifi h MMP-13 . ADAMTS5 75 5 4 i 3
THE, COMP & 2 i EREIR (P<<0.05) . 4% A4,

50 pm 50 pm

AL JEH X RG] B. M4

C. TFRD 41

3.5 TFRD I LPS 412 f5 C28/12 4l ff2 7 Notch1/Hesl
ESHEXERRIENZM

55 IE B IR 2H oA, SR 4 C28/12 41 P Noteh |
Hes1 Fl Prdx 1 £ 1 1A K P34 1 Z AR (P<<0.05) . &5
B 2 [ &%, TFRD 4H C28/12 4l Jifd 7 Notchl . Hes1 Fil
Prdx1 £ (136 IA K F-3 3 F+ s (P<<0.05) . 5 TFRD+
si-NC £ b4, TFRD+si-Prdx 1 20 C28/12 4 Jifd 7 Prdx1 25
M2 35 KT B B FRAIK (P<<0.05) , B Prdx B % 20 .
gL LI 5 5.
4 g

OA 114 3= 29 BRARFAIE 2 G 19 0B D Sk e i, L
RARHLE S S AR AT SN AH LA DI o A3 2 i A R R ery
YR TIRE S 2N, ARAFSE DL LPS 155 C28/12
Y A HEAAR SN IORE RIS, B0 OA I PR & s i 72,
AR S L TR PR AP Y 22 25 W
e AR A S R LPS B S5 B A TR
RN T- A 7 ) 2 T, A WERR A (0 MDC 2k
58 Beclin-1 2 LC3- 11/ 1 & ([ #%36) W& 38, [Rl i) 4k
B BB A AR 9 i (MMP-13 . ADAMTS5) 7K F- 75 5 3%
TFE A A C AR 4 (COMP) K- 2 PR AR . G2
LB IR OA 4 USRI A 1 1 ), Rt $2 75 78 LPS 15
SHEEAEE T, 400 A WEAS 2 DL SE 43E bR,
il & PR TR Y AR R SRS, A W B AT A R A ]
FE S A0 T 20 AL 174 DG St L IL T

TFRD J2 B #4135 22305 1 43, P EE OA i
R AR AN A T, DL R AR T I R, A
IR0 A" AHIFIT 45 5 B 7R, TFRD Ab 2 A [
IR LPS 75519 C28/12 4 M i T35, [] B 14 58 240 A 1 vk
S, A R T A ) UL B C28/12 A TR |
PR T 20 A 7 38 0 A, OO DNA B 18 52 4
1 PARPL R IA7KF Ik F AL, XIAP FiA7KF- i 2 7t
o TFRD A] i i - 8 MDC 7% %5 Ji ) & Beclin-1
LC3-11/1 \PINK1 [ WEHE [ 3RIA K A RO i s 20
MLE F WK o X —S5 5 55 g-FR 3k T R IR o
Bt AT AR 1V A O T A% OA SRR AR AR,
(HARE B BT 25 5 i, TFRD il 41 i 1
B PERESE T, SR TFRD SR A mEnl eI IE S

50 um 50 um

D. TERD+si-NC £ E. TFRD+si-Prdx 1 41

3 KA BLEEMDC R ERLE
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Beclin-1 — we—— s— - . . 0k

16 kDa

PINKI —w— s - - 6D

P-actin . . . . ' 42 kDa
1 | 1 v A%

T IEHXTREZH ;s 1T BRI ; T . TFRDZH 5 IV : TFRD+si-NC4H ;
V : TFRD+si-Prdx14H .
El4 &AM Beclin-1.LC3-1/ 1 #1PINK1 A RiX
KRk E
F3 FHAMA MDC K58 E 0 Beclin-1 LC3-1/1 .
PINK1 EARIELE (x +5,n=6)

Eib] MDCHE R Beclin-1/-actin -~ LC3-I1/ 1 jBactin ~ PINKI/B-actin
AR 87161523 0234003 012002 035+0.04
G| 253312516 0574005 031003 0.520.05°
TFRD# 387.36+25.39° 0.88£0.06° 0623004 0.890.07
TFRD+si-NCH 405.78:+27.69 091£0.05 0.65+0.06 0.94£0.06
TERD+siPrdx1 4] 3052612145 0714006° 043+0.04 0.74+0.05¢

a: 5 IEF A B2 LA, P<0.05;b: SRR L4, P<0.05;5¢: 5
TFRD+si-NC#] [t %, P<<0.05,
R4 HBEMAEF MMP-13, ADAMTS5 . COMP &£t
B(x+ts,n=6)

Eibl MMP-13/(pg/mL) ADAMTSS/(pg/mL) COMP/(ng/mL)
FHXIRAL 503245.12 38654315 1683941139
R 204361 1845° 15769+ 11.36° 45361512
TFRD4 95361862 70361512 12036£10.12°
TFRD+si-NC 4 99.64+739 7428+6.19 115.69£8.12
TFRD+si-Prdx1 41 15861 +12.16° 110394967 8194615

a: GIEH N A L, P<0.05;b: SRR 1AL, P<0.055¢: 5
TFRD+si-NC# [b &, P<<0.05,

Notchl SR S s s S 120 kDo
Hesl W s s - 50kD0

Prax| WEEEER e S s 22 kDo

pacin. MR SR SR S AR 20

I I I I\ A
I IEH X MR ; I . AEAI4] 5 I - TFRD#L ; IV : TFRD+si-NC 4 ;

V . TFRD+si-Prdx14 .

B 5 &KBAHMAEH Notchl . Hesl #1 Prdx1 EA RIZHIE

X E

FAMMAET AL, MR A5 T ORI PE . 456 STk

T8, F AR A0 A R v B SR AE L 8 R R B

M T 3 2 955 [5% 2 408 0 200 L 25 B R AT S 1 B 11 R 4

FEA ARSI BE B AR Y B e AT RS | & 1A ek 2

TEZD; 2026 455 37 5 8 1

*R5 HKAMBIH Notchl . Hesl #1 Prdx1 E QA FKiA b

(xts,n=6)
413 Notchl B-actin Hes1/B-actin Prdx1/B-actin
R XTRAL 0.82£0.07 0.78£0.06 0.88+0.07
i 0.21£0.03 0.170.03 015002
TFRD#] 0.56+0.06° 0.58+0.05° 0.5440.04
TFRD+si-NC#] 0.52£0.05 0.590.05 051£0.05
TFRD+si-Prdx1 41 0.54£0.03 0.61£0.06 033004

a: FIEH X IR L #R, P<<0.05;b: SR HA, P<<0.05;¢: 5
TFRD+si-NC#] Fb 4, P<<0.05,

JBET-" T BT EE E HED TFRD AT BEIE A 45 Sk 1A 4%
Beclin-1 . LC3- 11/ T 25 [ W 5815 05, % LPS 15 S 19 S5
A W5 | g 5 Ay —FP AR A A7 B A PR3 B W, DT
A ARG R A A R B, R R R TR L A,
ARWFFT 45 Rk — A F W, TFRD 38 3 F 45 AR i v o
o AR MMP-13 1 ADAMTSS, b 84 B 41 i &
R T COMP 1 il B BBEOR AR 3R iU &2, 2T
BB BRI AS o D3 A ASHIF Y 4 3R] 2 0 R S5 0 3R
Y, BT 3% R A9 200 we/mL TFRD X 1F 8 4k 5 40 i 3% 14 0
R, HERR T AR AR X S 56 45 S s i T
P, INTTIESE TFRD X W 55 06 T A 4R F R 2R e
LPS 753 (9 DR T R St fk & 1

TFEAIF 52, Notchl/Hes1 {55l 5% mi - 88 ) 72 )5t T
) 534k, IR B A E 55 B AR AR DG
RAEEAEC ", 2055 5+ Prdx 2 40 Ml 5
B A AR SRS S RS E VR A
Prdx 1 A] 38 18 15 bk aok S Ak S0 550 T A, R R
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