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HEE] BH HEIEEHEERE (NAR) XM RS T A HBEE T4 (hPDLSCs) i v R i C4r 11 FH S
MK Ak A EAE (H,0,) #57 hPDLSCs S B HEBAL, SRS IR F R 19 NAR & 0.5 umol/L 1Y
kSR ET 1 (FOXO1) #lil1) AS1842856 X HaF 4T T3, I 4t il i+4057 &% (CCK8) ik i H,0, &
NAR P BGE (E R . il B ME R (ALP) YL SCR 980 8 m RO S B A st ) (qRT-PCR) il 45
41 hPDLSCs ' ALP, Runt #5CH, 5t 72 (RUNX2) . BE5E (OCN) MFRIAIEHL, 38 2 A I G 28 I B i 50
(ELISA) FNE A ZOGIEE (DCFH-DA) JL kil 45 20 hPDLSCs HiGitE4 (ROS) . A & (MDA) IR FL
TR A (LDH) A9 . W, i H qRT-PCR M I (Western blot) 435l 46 45 41 FOXO1 Fl B-
HEHREM (B-catenin) MR GEARIBKFE., BR  HO0, 75 FHOPDLSCs AT, 40 A ROS KF
EFF, MDA, LDH £ikTHiE (P<0.05); HUE s fEREAR, ALP Y A8 SRS 43 fL AR OGBS ] ALP . RUNX2,
OCN (M5 R R (mRNA) Rk /KRG (P<0.05). NAR HARPE ] 22 /7% H,0, T 8L hPDLSCs & L 145 -
T HATRALRE Sy . W E HAUEBE 1. FOXO1 117 AS1842856 R T 4 p-catenin Y35 (P<0.05), W WLI# 55
NAR W30 8 A0 B 2 e B 1 g 1 (P<0.05). £5i8  NAR 1T LUl i3 i % hPDLSCs 4 1) FOXO1/B-catenin {5
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[Abstract] Objective Investigating the protective effect of naringenin (NAR) on the osteogenic potential of hu-

man periodontal ligament stem cells (hPDLSCs) under

(ks BEA] 2024-12-24; [f&EIBHA] 2025-03-04 oxidative stress and its related mechanisms. Methods
[BEEB] MWIIARHEIHIWE (20232YD0112) 5 KA A1)
WITH (2023463); P INTRHE TR (2024LZXNYDI041)
[$—1EH] kN, BEIR, i+, E-mail: 1694903428@qq.com
[EE1EE] tRbeMy, #Z, Fit, E-mail: xuxiaomei@swmu.edu.cn were treated with different concentrations of NAR and

The oxidative damage model of hPDLSCs was estab-
lished using hydrogen peroxide (H,0,) andthe hPDLSCs
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0.5 pmol/L forkhead box protein O-1 (FOXO1) inhibitor AS1842856. After that, the cell counting kit-8 (CCK8) was used
to determine the optimal concentrations of H,0, and NAR. The alkaline phosphatase (ALP) staining and real time fluo-
rescent quantitative reverse transcription polymerase chain reaction (QRT-PCR) were employed to assess the expression
of ALP, runt-related transcription factor 2 (RUNX2) and osteocalcin (OCN) in hPDLSCs of each group. The enzyme-
linked immunosorbent assay (ELISA) and 2°,7-dichlorofluorescin diacetate (DCFH-DA) staining were utilized to evalu-
ate the expression of reactive oxygen species (ROS), malondialdehyde (MDA) and lactate dehydrogenase (LDH) in hP-
DLSCs. Meanwhile, qRT-PCR and western blot were used to detect the expression levels of FOXO1 and B-catenin, both
are pathway related genes and proteins. Results H,O, exposure led to an increase in oxidative damage in hPDLSCs,
characterized by a rise in intracellular ROS levels and increased expression of MDA and LDH (P<0.05). At the same
time, the osteogenic differentiation ability of hPDLSCs decreased, as evidenced by lighter ALP staining and reduced ex-
pression levels of osteogenic differentiation-related genes ALP, RUNX2 and OCN (P<0.05). Co-treatment with NAR al-
leviated the oxidative damage in hPDLSCs, enhanced their antioxidant capacity, and restored their osteogenic ability. The
FOXO1 inhibitor AS1842856 downregulated the expression of B-catenin (P<0.05) and significantly diminished both the
antioxidant effect of NAR and its ability to restore osteogenesis (P<0.05). Conclusion NAR can enhance the antioxi-

dant capacity of hPDLSCs by activating the FOXO1/B-catenin signaling pathway within hPDLSCs, thereby mitigating

oxidative stress damage and alleviating the loss of osteogenic capacity.
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5 JRl 58 2 v s T A A 0 K D S iR | S 1 4
PESEYES N, AT RBOCF R SR Uk, 2
S BAE N A R B2 i E R Y AR GE ) oF G
SRR NG . WO g1 A U A RPESE ]
TE— B R B b BRI R S A, 38 2F R
{HIX B J7 B I AN BB & 2 TR AH Aok 1 AR IE S
MINRE . T TRA BN A RIGIT I
BT

SR, BAR N A BE T 400 (human perio-
dontal ligament stem cells, hPDLSCs) HA £ [n)4
feighe, SR HLS A RIEY; BT HRE
RIEIE T, At TR AR HORA, s e
ez, W, oo AN BOIR A hPDL-
SCs YT E AL RE 1 F L H RE T P RE S o T R IR YT 3R
13 BAFACR I G

SR FE SRR 1/B-iE R - (forkhead box pro-
tein O-1/B-catenin, FOXO1/B-catenin) 15 5 i % &
L A A E B, FE A R R TR
FHEMERY, kSR 1 (forkhead box pro-
tein O-1, FOXO1) J&—Fi L — ZR 5140 il A D) g
B s R, HAT A e s A g 5E . i
P RE A LA S SR I A B T[] A
B — A 0 A AR N AT R BRI R
FOXO1 ] 3 & XJft iod £ B9 35 M40 (reactive oxy-
gen species, ROS) FEE AW ORI 15 155 B 4 i 1Y)
FEIE AL, HXFT FOXO1/B-catenin 5 5 i #& 78 oF

periodontal ligament stem cells; forkhead box protein O-1/B-catenin signaling pathway; oxidative

J AT R IVER,  H E AN

2 % (naringenin, NAR) JEAili i H9HIC,
B A KA G, ENS e R A
HPUW . ik . Prafl . Prer i s 2 Fh 2 S
P, NAR AT T3t B - JE 9 48010 2 33, 2% ik b R
S AH G T AREN, A 2 B R] 78 BT T 20 ) A2 hP-
DLSCs!""" i 734k s dnlid i B iayiER{E 2
T 1/ LB 7 1 (silent information regula-
tor 1/ forkhead box protein O-1, SIRT1/FOXO1) {5
53 1) FE IR S AL L DR i R I/
", XHER FOXOLATRES S THIE R
FTVER . H HATXF NARFE S B R 697 H B94E
FH B HETE 73 —FAILHIMAT 6 AN 1

BRI, ApFsE bl ok i A /b= (hydrogen per-
oxide, H,0,) M H hPDLSCs E AL it i),
D NAR XA B IR S hPDLSCs (4T 41k M
OB R OV AE S AL, LU NAR 76
TSI v 18 Dy FH i (1t ST 00 B il S BRI AR o

1 M#FTTE

L1 BRI

NAR (ZlJE>98%, i B0 TRHEA PR
A); M4 MmK (fetal bovine serum, FBS) (i
WEFEY TEMBARAE); BREAMK. o
MEM #5353 | F -5 R . 40800 &
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(cell counting kit-8, CCKS8) . P [ (malondial-
dehyde, MDA) fiillilil & . FLER L AHE (lacta-
te dehydrogenase, LDH) K5 & . BCIP/NBT
B PEBEMR B (alkaline phosphatase, ALP) I {7
Mg WA & (BEE S KREYHEAR
ABRAF); 30%H,0,#% K (Sigma /s rl, EE);
PLFOXO1 myitik . Prp-Nsh&EH (B-actin) HRPT
& P B-catenin S ik (abcam A w], FEE); &
RNA G & w0 70 & . SYBR (i 3¢
PG AEY) TREAR AR, SEARBOSH S (T
TR A B R B A PR A F ) 5 AS1842856
(MedChemExpress A #l, FEMH ),

1.2 hPDLSCs 14 # . Higs e

22V B R R K2 B T M 5 B 46 B % 51 A it
e (4. 20221107003), W4E 10~18 JE & g X
TF W BT R R A R BT A (R K@ ¥ A
T D .

B MR 1/3 b i 5 R ZH 2, (5 10%
FBS Fl 1% ¥ -5 85 & 55 IR 5 T 5%CO, 55 7246
Rige o T AR A Ab %o Bk KR, A R
Wk AT AR R TR, JE RN |
S AR 5 X0 IR 15 1 hPDLSCs 17457 .
1.3 SLEmikit

# hPDLSCs & F A [A] ik £ 1 H,0, (0. 100,
200, 300. 400 umolV/L) 1 Hi24 h)5, FIH CC-
K8 92 i 158 M i 16 JE 1) 1,0, FH LA #E hPDLSCs 4
&inLin i

SRIG . HFH CCKS Al AN [A] ¥k B2 NAR (0,
5. 10, 25, 50 umol/L) 44 75 Ko Hoxt S8 Ak 1
PCRAS T hPDLSCs 40 J 36 4 520, 07 6 1 3
WEE NAR H TR 25055 . FELAIE R hPDLSCs
ZHX 4 (Control4]), 300 umol/L H,O, T i
1 hPDLSCs A PR X FEZH (300 pmol/L H,0,41),
300 pmol/L H,0,%3455 5 umol/L 1 10 umol/L NAR
L[4 FH R 9 hPDLSCs M 3250 40 (H,0,+5 pmol/L
NAR 4. H,0,+10 pmol/L NAR #1), il NAR %}
H,0, T 8 1 &AL b HOIRZAS ™ hPDLSCs i #4519
PRI VE R Bt S ALER .

e, 0.5 umol/L i FOXO1 4 574 #1 ffil
7 AS1842856 it — L K iik FOXO1/B-catenin {5 5 i
% 7€ NAR & 5 hPDLSCs % 1k W 38 S A 37 i 1%
e IIVER . ik, BFSEETt WA 440 H,0,
20 (I A 300 umol/L H,0,) . H,O,+NAR 4 (A
300 pmol/L H,0, #110 umol/L NAR) . H,0,+AS 4
(A 300 pmol/L H,0, #1 0.5 pmol/L AS1842856) ,

DL K H,0,#NAR+ASAL ([A]IHAIIA 300 pmol/L H,0,
10 pmol/L NAR F10.5 umol/L AS1842856) .
1.4 CCKS8 i

HUP3 X hPDLSCs, LA 5x10°4~/FL 1 %% i 42
T 96 fLth, BRHBE 5D AL. Fr 20 o8 4 0 BE
o, BALIRSIR MRS B RS R AL . kSR
FE24 h)i, FFLINA 100 uL % 10%CCKS8 i 57 1) 58
R IR, TEREFRAR N RO E 30 min 5, THE
FRAC E Rz 45 FLAE 450 nm Ab 1) I Y B2 I X itk
it it
1.5 ALP#}ifn

¥ P3f% hPDLSCs LA 2x10° 4~/FL 1) it $2 70 T 6
LA, R0 Rl A 80% B, AR 5255 4 4l
AR B BB SR IR Ak 225 1557 3 do SRR %
NBT/BCIP Gl 2 il b 0,320 (i €) B W] 5%
B MMM AT YA, BB T WSS ALP 19 44 0 17
PI Sl
1.6 LA 9O T S i S SR A ke S (real-time

fluorescent quantitative reverse transcription po-

lymerase chain reaction, qRT-PCR)

¥ P3 48 hPDLSCs LA 2x1034~/4L 1 4% J3 2 Ff T
6 fLARIN , Rl HIRLE B Ik 80% M, MR 4G 9256 72
SRR ARG SR, Akeiih R 24 h, FHL
PCRIXF & L] B AT R SRk

15 QRT-PCR Bl 45 R 5, LA B-WL3h 4
(B-actin) AN S, SR 27295 P13 BB AH G 3k
ALP. Runt %45 5% A+ 2 (runt-related tran-
scription factor 2, RUNX2) . ‘H45% (osteocalcin,
OCN) LA K5 5 % AH G KL K FOXO1 F1 B-catenin
MIRRXS Rk &, IR b . BT IS5
W1,
1.7 FHHENE (Western blot)

¥ P3 48 hPDLSCs LA 2x 103441 155 Ji 2 Ff
6 fLARIN . R4 il 2 3k 80% N, AR S5 721
SrBIINAAS B RG FR I AR S 05 55 24 he SRJE 4R HL
HAHAMMEE T, %I BCA & H R IR & i
A AT 2 MR I A, 10% T+ e FL A R A 2R
VR IO B B S L VK O 15, ML, DR et P YR A
20 minJi, ZrBIAIACL : 2 000 F B A FOXO1, B-
catenin fll B-actin —#T, 4 CWFEH®. KH, &
& Tween 20 ) Tris £h 22 #h X (Tris Buffered Saline
Tween, TBST) VWil , FBMRS ALY (H-
RP) HRicHy —HiMFHE 1 h, TBSTHRENR)S, %
F b2z &6 (electrochemiluminescence, ECL)
B3, &AM EROCEIGR I RERERIE,
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Tab 1 The design of primer
EIEZEAR S Fr 31
RUNX2 F: GAACCCAGAAGGCACAGACA
R: GGCTCAGGTAGGAGGGGTAA
ALP F: GCCGCCCGCTTTAACC
R: GTCCCACTGACTTCCCTGCTT
OCN F: TCCTTTGGGGTTTGGCCTAC
R: CCAGCCTCCAGCACTGTTTA
FOXO1 F: ATTCGGTCATGCCAGCGTAT
R: CAAGCGGTTCATGGCAGATG
B-catenin F: CCTAGCTGGTGGACTGCAGA
R: CACCACTGGCCAGAATGATGA
B-actin F: CGACCCGTCTACAGGTGAAC
R: GAGAGGGACTCAATCAGCCG

1.8 4L N ROS Al &

# P3 {8 hPDLSCs L4 2x10°/™/4L B %5 B 43 7 T
6 FLAR N, T df RG2S 80% i, AR S50 4340
SR B IRE . ABANE24 h 5, A
10 pmol/L 3% M A 2 LR 41 (DCFH-DA) 1%
R R 1 mL %5 4016 20 min, 2¢6 B F W

AR
1.9 [l 3K He 3% W B 58 (enzyme-linked immuno-

sorbent assay, ELISA)

¥ P3 R hPDLSCs LA 2x10° A4~/FL ) %% B 3 Fh T
6 fLARIN, FrdHMIRLG BEIR 80% M, AR 455246 434
SRS BRGS0 . A BRI 24 h 5 ICEE
TH VR 20 B A A, 4% aRR) & U B S X MDA
LDH & f A7
110 Geit#hbsg

K Ffl Graph Pad Prism 6 3% {F X 52 g 50 dm 61748
b, HERR bR 22 KR, 24 EY
BB R 3R Ty 22504, AR 2 E L A LSD
Ky, DL P<0.05 M2 A gt L.

2 gR

2.1 hPDLSCs % & M H,0, 1 NAR % hPDLSCs i
PE 5
Iy e aifk 3545 hPDLSCs (B 1A, B) JfxfH
HATPE R o o e fa, SR BR HHEA R
FIRCE . s fkiEeE (Bl 1C. D).

A: JFRAIME; B: 4ifL/SAYhPDLSCs; C: hPDLSCs £ 5 /G PE R 4144 (M ; D: hPDLSCs & Miliiif F/a L O Jefa,
1 A
Fig 1 Cell identification

it 220 AR 235 2R i 7R H CD44 . CD90 $it it [
PEZik, CD34., CD4sPHiRMERE (K2),

FHR TR B2 HLO, A0 38, >4 H,O, ¥k FE 3 in &)
300 pumol/L s}, hPDLSCs A4 41 i 7% /1 5 0 umol/L
HO, AM LB T, ZRAGRITEEXL (P<
0.05) (K3A).

BRI, e 22/ S5, H 300 pmol/L H,0,
Qb3 24 hi% 5 hPDLSCs (AL N i

CCK8 45 /R, 0~50 umol/L Y NAR 4b B X}

hPDLSCs A9 4fi Jfd 1 7 JC i 3 52 . (P>0.05) (&
3B), BB 50 umol/L LA PN Y NAR X hPDLSCs J&
B

FHNAR 5 H,0, 3t 4 3 24 h i, 24 NAR ¥ J¥#
FE£ 5 umol/L A B AT s 55 HLO, FUFEFH (P<0.05), H.
NAR ¥ FE 4 10 pmol/L Bk JH: 5 248 e A £ 370 7 A 4
5 umol/L i} B 4f (P<0.05) ; {H NAR ¥ & 7£ 10~
50 pmol/L B, JH X 240 M (%) R 47 4 FH TG BH Wk 25 5
(P>0.05) (E3C).
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1501 | 2007 3501 3507
1 i 3004 3004
£100 | 8% £ 2505 £ 250
3 | 51004 3§ 2004 & 2001
so] 99.99% 4| i 103 1203
| 500 1007 2 2.89% 1004 P2 0.40%
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FITC-A PE-A FITC-A FITC-A
2 hPDLSCs = g R 45
Fig 2 The flow cytometry results of hPDLSCs
ns ns
* ns *
1.0+ 157 — ns 2.0
0.8 ns
o 4 1.0 R
T eid Eicd
R 044 R R
= 0.5 =
0.2 :
097,07, 0%, O O LR SRR 07 57, 5% Ov. 3v O
V«bg\ﬁw\)@w\)%x?w EPEGE G PN o Qﬁz{ﬁg&g@ R
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NESISIS IS

A: A H,0,%F hPDLSCs & HEAUE4 ; B: AW NAR X hPDLSCs il MRS ; C: 300 pmol/L H,0, 4 F AR A i NAR Xt

hPDLSCs iE 520, *L3 P<0.05, nsft3& P>0.05,

[#l 3 NAR X hPDLSCs i M 520

Fig 3 The effects of H,0, and NAR on the activity of hPDLSCs

I, %573 4% 10 pmol/L NAR Ab B 47 H
PLEAL R IESE, 5L S umol/L NAR Ab B A I
IR X R
2.2 NAR X AL R IR AN hPDLSCs B 1 e 1Y

PR B S8 A E

s A BALA L, 300 pmol/L H,0, 4H i &
A F P ALP, RUNX2, OCN ) & ik 7K 5 34 B
WAL, ZRAGIE XL (P<0.05); il HO+
5 umol/L NAR #H %% 300 umol/L H,0,4H 7] 7 — & %
b v R A DG I R B 3k K F (P<0.05)
H H,0,+10 pmol/L NAR £H i, H #H 3¢ 3 K 1Y £ 35 7K
k4 E (P<0.05) (KI4A~C).,

ALP L (0 45 5 B 7R . 300 pmol/L H,0, 4k B 24
ALP B8 b 25 AN RRZH 7 s H,O,+5 pumol/L NAR 41
5 H,0,+10 pmol/L NAR 4 ALP 4 (o34 L1 25 1 X} 18
HE, HIYET 300 pmol/L H,O, 4 FR4H , H H,0,+
10 pmol/L NAR 4b ¥4 % T H,0,+5 pmol/L NAR 4b
il (4D, E).

DCFH-DA J: 2558 % B, 300 umol/L H,0, 4k
FEA] ROS /K545 6 HEZH I 2 FH i, NAR Zb 3
Al REAR 0L N ROS 7K F-,  H H,0,+10 umol/L NAR

AbFEZH ROS /K-F-FEART AT i (B15A).

ELISA 253 i 78 300 pmol/L H,0,4b ¥4 LDH ,
MDA Jis H R s XTI BT, HERASR
JeE 3 X (P<0.05); £ NAR + 0 () 41 i LDH
MDA ¥ 1 % 300 pmol/L H,0, &b P 25 B & [ A1
(P<0.05), H H,0,+10 umol/L NAR 4t Fil 4 % H,0,+
5 pmol/L NAR Zb HZH AR IR FE K (P<0.05) (1A
5B. C),

2.3 NAR [-J/ hPDLSCs ' FOXO1 . B-catenin F X

PEARLSE SN

T HRIE NAR XA R IR A&~ hPDLSCs /Y
B T RE O VR S AR T FEL, 28
K T hPDLSCs f1 FOXO1 H B-catenin 4 3 R &
FEHRIIKF.

qRT-PCR Fl Western Blot 45 ¥ i/, 5% R
20 AH HE, 300 umol/L H,0, 4k ¥t 40 FOXO1 #i B -
catenin [y mRNA FI#E [ Rk K3 B ERFER (P<
0.05), {H NAR FL4b# (H,O,+NAR 41 ) w3 i
FOXO1 #l B -catenin [ mRNA Fl & (1% ik, H
10 pmol/L NAR (H,0,+10 umol/L NAR £ ) # 48
i (Ke6).
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{5 ALP {5 RUNX2 5, OCN

g

Control 300 umol/L H,0, H,O,+5 pmol/L NAR H,0,+10 pmol/L NAR

A: B A RUE AR OCHE A ALP mRNA (9 R E7KF- 5 B: & 4LEUH # OCHE I RUNX2 mRNA 1 FRE7K - C: & 4B # G K OCN
mRNA BERIAKF; D: ALY 3 RINHI ALP QO R AMM; E: 4453 KINAY ALP R OZRET T (x40), *f3k P<0.05.
4 NARXH,0, 1 31 hPDLSCs i E 71 B9 52 1)
Fig 4 Effect of NAR on the osteogenic abilities of H,0O,-induced hPDLSCs

Control 300 umol/L H,0, H,0,+5 pmol/L NAR H,0,+10 pmol/L NAR
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*
~ 2.0
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= 2 =
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1.5
= s
2 = 1.0
g 11
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0.5
& T & =8 o & &
S & &
Q
C o\w o\\\1 &e\\\/ < 0\\\) §V &o\\\)
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oF oF o NS GRS
k- o~ Oi ” On Qi
B e Y C > 5

A: ROSHKEMEEH (x40); B: % MDAKFAGMNZE R ; C: 44 LDH/KFAGIZE R . *Hi3k P<0.05.
Kl 5 NARXH,0,i% 519 hPDLSCs H 48 AL SR 1R 1
Fig 5 Effect of NAR on the oxidative stress of H,0O,-induced hPDLSCs
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A: FOXO1 mRNA 357K F-; B: B-catenin mRNA Fik/KF; C: FOXOIl . P-catenin 2 155K EEMEMT; D: FOXO1 2K 352

FERIT; B: B-catenin 8 1R E BT, #R3E P<0.05.

6 NARXMH,0,i% %1 hPDLSCs ff' FOXO1 , B-catenin [ i$5

Fig 6 Regulation of FOXOI, B-catenin by NAR in H,0,-induced hPDLSCs

2.4 NAR i i FOXO1/B -catenin {5 5 18 # # 47

hPDLSCs B % i 5 E AL IR

gRT-PCR F1 Western blot 45 & ¥4 i 7, fii F{
FO-XO1 #I7] AS1842856 5, 2x1E—E RS LU
55 NAR I 1/ hPDLSCs H' B -catenin mRNA (P<
0.05) (El7A) FEHFREMEN (P<0.05) (&
7B. C).

FOXO1 15 AS1842856 1 i] 7E— & FL 1 |-
FHL T NAR X} hPDLSCs H i i AH 5¢ J& K ALP,
RUNX2, OCNFRiEMfE#H/EM (P<0.05) (&8
A~C); ALP Je {042 /8 NAR 7] i 3 H,0, 40 ¥ &
B R BE IR, 1 FOXO1 #4771 AS1842856
AL S — L EAEH (KI8D. E).

[A, NAR b3 AT B & 5 i H,0, kb 2 5 3%
B ROS FTF, 1 AS1842856 4k HH 5 N 23 sk 55 3% —
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Ak O e,
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Fig 8 NAR promote the osteogenic differentiation ability of hPDLSCs induced by H,O, via FOXO1/B-catenin signaling pathway
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Fig 9 The antioxidant effect of NAR for hPDLSCs induced by H,0, via FOXO1/B-catenin signaling pathway
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