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A1) 20 2R R PR, B A MR T M IR #4027 F MMIP-3 PLA2 ¢4 [EPE &k 5 fe Bel-2 48 2 X B @ #9483 £ ik 339 B F K
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0.05), Z5i® QUE 7T & & LDH X R AR &8 & , HAUh] 7T 4k 5 3 %& FOXO3/Sirt] i@ 34 % o
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Exploration of the effects of quercetin on intervertebral disc degeneration in lumbar intervertebral disc
herniation rats based on the FOXO3/Sirtl pathway

XIAO Bowen, PENG Cong, ZHANG Senwei (Dept. of Pain Medicine, Jingzhou Central Hospital, Hubei
Jingzhou 434000, China)

ABSTRACT OBJECTIVE To investigate the effects of quercetin (QUE) on intervertebral disc degeneration in rats with lumbar
intervertebral disc herniation (LDH) and explore its mechanism based on the forkhead box protein O3/silent information regulator 1
(FOXO03/Sirtl) pathway. METHODS A rat model of LDH was established. The successfully modeled rats were randomly divided
into LDH group (gavaged with and intraperitoneally injected with an equal volume of normal saline), QUE-L group (gavaged with
50 mg/kg QUE+intraperitoneally injected with an equal volume of normal saline) , QUE-H group (gavaged with 100 mg/kg QUE+
intraperitoneally injected with an equal volume of normal saline), and QUE-H+EX-527 (a Sirtl inhibitor) group (gavaged with
100 mg/kg QUE+intraperitoneally injected with 1 mg/kg EX-527), with 12 rats in each group. Additionally, 12 healthy normal rats
were selected as the control group (gavaged with and intraperitoneally injected with an equal volume of normal saline). All rats
were administered the corresponding agents once daily for consecutive 8 weeks. After the final administration, the pain threshold
and serum levels of inflammatory factors in rats were measured; pathological damage of lumbar intervertebral disc tissue was
observed, the apoptosis of nucleus pulposus cells in lumbar intervertebral disc tissue was assessed, and the expression levels of
matrix metalloproteinase-3 (MMP-3), phospholipase A2 (PLA2), as well as apoptosis-related proteins and FOXO3/Sirtl pathway-
related proteins in intervertebral disc tissue were determined. RESULTS Compared with LDH group, pathological damage of
intervertebral disc tissue were improved significantly in QUE-L group and QUE-H group; paw withdrawal mechanical threshold,
paw withdrawal thermal latency, the serum levels of transforming growth factor- B, and interleukin-10 (IL-10) as well as the
expression levels of B-cell lymphoma-2 (Bcl-2) , FOXO3 and Sirtl were significantly increased or prolonged (P<<0.05). Serum
levels of tumor necrosis factor-a and IL-1B, histopathological score of intervertebral disc tissue, apoptotic rate of nucleus pulposus
cells, positive expressions of MMP-3 and PLAZ in intervertebral disc tissue and expression levels of Bcl-2 associated X protein
were significantly decreased (P<<0.05). Compared with the QUE-H group, the QUE-H+EX-527 group presented aggravated

pathological damage of intervertebral disc tissue, and the
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zvrpnd@163.com (P<<0.05). CONCLUSIONS QUE can ameliorate intervertebral
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disc degeneration in LDH rats, and its mechanism may be related to the activation of the FOXO3/Sirtl pathway.
KEYWORDS quercetin; lumbar intervertebral disc herniation; FOXO3; Sirtl; apoptosis
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YD-6D AL ML [ 4 AT 53 BRI T R A AT BR A A
TS-Q50 T ik ML [ WAL 28 R s F AR A BR A ]

+50 - China Pharmacy 2026 Vol. 37 No. 1

1.2 FEHBSIAHA

AHIFFE T 0 225 5 50 - QUE XTI (1
T2 AR YR A BRA AL S Q4951 4l =95%) ,
Sirt1 #1771 EX-527 X} i i ( 35 [ MedChemExpress 2
H) L, #5 HY-15452, 46 )& 99.85% ) , g ¥R AL I o (tu-
mor necrosis factor-a, TNF-a) . 4l i /- % 1 (interleu-
kin-1@, IL-1( ) ¢ G W FFHA 56 (BELISA) 5 & (L
it fF A5 W R A BR A ] dtE5 4303l S EK-R38696 , EK-
R30172) , %% fk A= & A F B. (transforming growth factor-
B, TGF-B,) \IL-10 ELISA i3 & (_L GBI R A
BN F] 414543514 m1002856 . m1037371) , TUNEL 4 {7,
& IR AKE -2 (HE ) e 23070 & \RIPA 247k (-
A RAEYHE ARG R A, #5559 b C1086,
C0105M, POO13B) , it 41t B 4l AL 4k [ 7 2 (B-cell lym-
phoma-2, Bel-2)  Bel-2 #H 3¢ X 25 [ (Bcl-2 associated X
protein, BAX) F&fi 4 J& 2 1 3 (matrix metalloproteinase-
3,MMP-3) FOXO03.Sirtl Z s EHiiR (RN AER A W #
A R A F S 50 5 25 FNab00839 ., FNab00809 |
FNab05244 . FNab03202 . FNab07877) , L ¥/t %5 N5 fiff A2
(phospholipase A2, PLA2) 5 5 [ Hi 14 (4% [ Abcam A
A, it ab180469) , Bk it A AL W (HRP) Aric il 1L 5
Pibe L EPT R A Bk 1 G(1gG) 4T (32 [H Cell Sig-
naling Technology /3w, #t5-43- 112 7074 7076 )
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Ji G TS50 . AT AR IR IUT T4
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2024121504)
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2.1 LDHXREEE

#4550 L SPF 9% it B SD Mtk K BUad 7 P 4] 37 1R
J& » S MO SCHR™, SR FH A AR B2 B 4l 7 #4  LDH #52
A HARBRAEATR < UG ES Ho 2 80R R SRURR R , F208F i
A7 15 , W A8 KO TH B , 2288 L5 R L6 PR, FRfg K
SRR VI TT |, TIH R ) i A 2T 4 SR U R ME SR
FEH HUE T L5 AN L6 A AR IE AL R 38, 285 T AGE
SR B A, B85 1 11 LA T RS 1 hfie gk 4
MG . 12 HR A A3t 84 (Control 41) , F71%
FAR B EE LS L6 MR, VbR R ie i A Fe b, H
RERAERIERIAR B . A7 B B BT e L 2 41
B 55 A sh B R E R, i EL S AR B AE R Iy 3 ()
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“2.3"T0 K ) il K T Control £H , 1) & W A sl h ™, AR
7T 48 HAR RSB, 2 H .,
22 FYINBELY

PGB Y 48 HK B BEHNL 7 4 LDH 41 .QUE-L
2 .QUE-H 41 1 QUE-H+EX-527 4 , #4341 12 2 . QUE-L
2H \QUE-H 41 K Fl4 517 & 50,100 mg/kg i QUE"JT1E
i T B A5 AR AR A B R UK s QUE-H+EX-527 41 K Bl i
100 mg/kg ) QUEE s 13- 56 1 mg/kg I EX-527 i 1™
LDH 21 5 Control ZH K Bl 4377l 1 + I8 s 1 5 S AR R A
HFRERIK s RGN 25 1 IR, GESE 8 JB . AW 58 . FH B 254
QUE M EX-527, )% Jf] ddH.O Bt il £} ¥ GEE 5 20 min B
%) I AR R L i k. RERAES
{AFLA 10 mL/kg.
2.3 KERZEBBERN

RIKR LT, [ K BRIl LR 22, it g il
Von Frey 2 Y 22 0 HOROR UG R, AT 422 B
“SUIE S M RESE 6~8 s, A K B B (FR I sy
R BEVHE SN K L ST %) B /ISR Rt B S 2 A B LA A Y S S
% {H (paw withdrawal mechanical threshold, PWMT ),
SN 3 YR (BRI E (8] 2 min) , O34

FF PWMT M2 455, 1R FRAR S, 156 min J5 , [5E K
BT AR FRE e . 1 KBRS 2 BT YR 3
ML 25T 10~ 15 s FOR, 24 B B840 A2 |2 ik 5k
FER BHME SN o 30 57 R BROM Tty o) 35 381 300 B 1 2 iz
BB T, R A BRI 4 2 590 AR (paw withdrawal
thermal latency, PWTL) . #RJ1J8 _b FR A [H] 24 20 s, 258
i 20 s#% 20 st HE M 3K (BRI E [H]f% 5 min) ,
BOFHIME
2.4 KRIMES TNF-o IL-1B . TGF-B, IL-10 7K F4&i

K H ELISA VARSI o 498 B BRI 285 o0, B Jes
St o 18 O L 2R RR R BRI T 1 = s kL., A1 25
OB E T U, 4 B B ELIS AR 77 £ Ul W #4460
I35 o TNF-ac ,IL-18 . TGF-B: . IL-10 7K -,
2.5 KRB ALRIBRGTME

K HE G ik g2 . i 45 o5 , 30005 F AR S
R BSR4~ 5 AR (] S 2 2 o B8 oA (] 455 L SUIE
WURAE 25 H o W40 — 8B HE Fh 20 2 T 4% 2 R 1
[ rp [ SR i A A 3 wm A ) B, R
JBibE 2K ATHE Qe o, JEUEE , THRE R RADE=
TR ZE G 8 UG T2 25 A G SCHR 1255 B 13 12
TTVEAr , LATPAGTHE B 5521 210 00 A5 (R4 32k 6 MR AR
TTUEL) o
2.6 K ERHMEIE) £ 40 R BE A% 0 R T A

KM TUNEL Y (ki %¢ , B 257150 S AfE[a] £ 41 21
AEEY) R (R BENLIR 6 MEAS ) , 22 — F 2R i B 2
B S  H 2 B KRk i, 2l 2158 e KR 5
Bt I, % 0 e A A K T VRV 37 °C R 15~30

TEZD; 2026 455 37 5 1Y

min, KU AR ER 2% MR (PBS) i, T2 IR A%
PR IR VRV 3R (BFYR 5 min) o T PBS, 7% il 3% H.0.
TR AE IR T BOEIE E 20 min, PBS PEI 3 Uk (451K 5
min) , $ [R5 65 10 B 5 B, U TUNEL 343, 78
37°C T E 1 h, I A DAPI YA . whisk)s , 78 Wi F
MEY) A (A R, T4l R ek ) TR 40
AT R, MM T R (%) = I8 7= 40 i B0 5 40 4 X
100%.
2.7 KEBRHEEZHEL R MMP-3 PLA2 RiXx#&i

KGR AL Y A, HC2.57 I MEfR] 441
LU Y] R (R BEALEL 6 MEEAS) | IS 22K, K3 i &t
B, 9K J5 LA MMP-3 1 PLA2 X 1% 4 — 470 (s B L 4911 2
H1:200),4 CIFE R K H K —Prik 23 At
(R BEEA7 R 1:500) , 7£ 37 °C F## 7 1 h; DAB 2.4, 7
ARER G K ERE R R R 4505 B8
BT R R ST R (PR X el S A o (o s i e
K)o R H Image J {4115 MMP-3 Fi PLA2 X 7 119 FH
PEYN A S B Al ECH) E 4 L, LLIE 2 7% MMP-3 Al
PLA2 7EAEA] S 2 U () BHPE SRR
2.8 KR #EE & A2 BAX . Bel-2,. FOXO03 . Sirtl &
AREKN

K FHl Western blot A . B “2.57 iR ZRA7-HOHENE]
AL (AL 6 DNFEAS) , T A e s L
AT 10 H AR AE UK b 7o 24, B0 B TS W,
PRIAA LU S I i R A B S T
10%SDS-PAGE HLJk (] 4 HLH 24 80 V, SR J5 B4 120
V L R4S HL K 5 LUK B[] R 1 h) Wk B NC I
(PEIR 250 mA , FE BSR4 1.5 h) , FH 5% RS 4= 15 t0A
IRANXF  — Pk BEiE (BAX Bel-2 . FOXO03 , Sirt1 15 B
Fe #1451 4 1: 1 000, B-actin 1) 5 BE Eb 45l Sk 1:2 000) , F
4 °CFIFE R H PR —b, Bt v —Ht (L
B2 1:10 000), F37 °CFHFHE 1 he &S5, Pk L&
8T, BN ECL B G, B 5 Rl . SR FH Image J
A5 B 25t IR BEAE, LA H I3 H 2541 5 9 2 (B-actin)
AT KB ) LI R H 8 F A FI T ek & .
29 FitZEFIE

K HISPSS 25.0 B4 it . 11 PR A IEAS
AR x + s T, 241 F AR F B R R O 220 00T
ZH B PR HL 3R FH SNK-g K556 A58 7K E =0.05,
3 R
3.1 AREREBHEKRNER

55 Control 4 b4, LDH 20 K [l PWMT .PWTL #4 i
# W %/45 /2 (P<<0.05) ; 5 LDH 41 [t % , QUE-L 41 .
QUE-H 41 X EL PWMT. PWTL ¥ & 3 I} /1 K (P<
0.05), H. QUE-H 41 K f_LiA 545 . 3% & T/ T QUE-L
2H(P<<0.05) ; 5 QUE-H 4H [t 4% , QUE-H+EX-527 4 K il
PWMT PWTL 4 5 R/ 4076 (P<0.05) . &5 1.
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®1 BAXRERAREEELRR(xLs,n=12)

Eibl PWMT/g PWTLs
Control 41 3159435 15.06£1.63
LDH# 1025 1.09° 6212071
QUE-LAL 0144217 947+1.03
QUE-HA 30634300 14355154

QUE-H+EX-52741 21481203 9.94+1.06°
a: 5 Control 2 [L ¢, P<<0.05;b: 5 LDHZ L #, P<<0.05;¢: 55

QUE-LA H#¢, P<<0.05;d: 5 QUE-HA [ 4, P<<0.05,
3.2  KRIME S REREFKFRMLEFR

5§ Control 41 kv %% , LDH 4 K R IfiL 7 7 TNF-a, IL-
18 7K -1 2 2 715 (P<<0.05) , TGF-B. IL-10 /K V- 44 i
FIEAR(P<<0.05) ; 5 LDH 4 H#¢ , QUE-L 41 .QUE-H 21
K BRI TP TNF-o IL-1B 7K - 34 5 R AIK (P<<0.05) ,
TGF-, . IL-10 7K -3 i 2 F+ 25 (P<<0.05) , H QUE-H 41
KL YE B3R 48 AR 8 QUE-L 41 22 6 T B i (P<
0.05) ; 5 QUE-H 41 t.#% , QUE-H+EX-527 41 K i i 375
TNF-o IL-1B 7KF-34 i 3 Tt 5 (P<<0.05) , TGF-B1 . IL-10
I BB AR (P<<0.05) ., 4532,
3.3 ARHEEZAARFIBRGURER

Control £ K FUME [B) 55 41 S S5 M0 IE 7, £F A S544 58
#OBEZ AR S S HSA R BTS04 LDH
2 R BRUME (1] 28 28 25 BB 473 7™ B, £F 2 A 54, A% 2
Ji 4 4 E5E v HHES ZE AL i BT 43 [(4.36 +£0.54)
J1sx+s(n=6), T [A] & F+ & (P<0.05) . 5 LDH#

oo i) 7 55

Control 21 LDH4
SRS BRI SR O Sk« B ERA

PR [

QUE-L4]

®2 BAXRMBERRERFRKERR(x+s,n=12,

pg/mL)
it TNF 118 TGF-, IL-10
Control 41 43291445 2617£2.79 542.45£60.37 057431£83.21
LDHA 162.51£17.82° 87452892 2675613243 346.59£45.32
QUE-LA 115.63+12.33° 60.5916.18° 3513743912 482.16+61.27°
QUE-H#A 58374603 29724307 487695183 574816545
QUE-H+EX-5274 108.21 £ 11.56° 58141593 3041243625 434,65 +47.38°

a: 5 Control 4] [t # , P<<0.05;b: 5 LDH4 [L % , P<0.05;¢c: 5
QUE-LA H#, P<<0.05;d: 5 QUE-HA kA, P<<0.05,

Fb# , QUE-L 4H . QUE-H £H K FUHE 7] 4% 25 4 U5 B 45 47 .
FEs R B 0 A (3.21 £0.47) . (2.15+0.36) 53]
P4 FEFEAR(P<0.05) , H QUE-H 41 K B 3 43 1 2
X F QUE-L 41 (P<<0.05), 5 QUE-H 4] [b#:, QUE-H+
EX-527 41 K FUME 1] 25 20 200 B 46045 0 &, 36 BT
[(3.95+0.42) 430 & T (P<0.05) . &5 ILA 1,
34 KRHEEZALBEZMAMATRNER

55 Control 41 . #[(2.89+0.32)% ;x+s(n=6) , F
[F]], LDH 2 K FRBE A M 05 7% [(30.14 + 3.16) % 8. 3%
FHE (P<0.05) ;5 LDH 4 b4, QUE-L 4] .QUE-H 41 K
BB A A0 B O T R [ R (21,52 £2.25)% | (9.36 +
1.04) %144 i Z MK (P<<0.05) , H QUE-H 1 K [ k48
bR @ 3% T QUE-L 41 (P<<0.05) ; 5 QUE-H 4 [t %%,
QUE-H+EX-527 #H K B 4% 40 L 0 77 2 [(20.17 £
2.19)%] B FTHE (P<0.05), 45%ILK 2,

A Y

QUE-H+EX-527 44

QUE-H#]

1 BEAXRHEEZARFERGURE(HERE)

TUNEL

DAPI

Merge

50 pm

Control i LDHZ

B2 BHEKXRBEZEEATHERLNEZE(TUNELRE)

QUE-LZ QUE-HZ QUE-H+EX-527 41

- 52 - China Pharmacy 2026 Vol. 37 No. 1 EZ R 2026 45 3T 11



3.5 KERHEEFZAL R MMP-3 . PLA2 RixiN4E R
55 Control 41 Fb45¢ , LDH £H A FUME 8] 45 2H 4 7 MMP-
3.PLA2 [y PHPEFR IR 2 1 3 75 (P<<0.05) ; 5 LDH 4
Fb#¢, QUE-L 41 ,QUE-H 41 K fRAE ] 4% 2 41 MMP-3
PLAZ 1% P 63k R 4 i 25 R IK (P<<0.05) , H. QUE-H 41
KBRS B E K T QUE-L 4 (P<<0.05) ; 5 QUE-H
2H b4, QUE-H+EX-527 4 A FUHE ] 4 41 21 MMP-3
PLA2 1) FHME 3R IR 21 1 2 T i3 (P<<0.05) . 45 L3k
3. K3,
3 BAKBRHEEEZ AL H MMP-3,PLA2 FHMER X
B (x+5,n=6,%)

RERZ AN A AP T, 3 AR P (TNF-a IL-18) 7K
-5 2 FF i PWMT . PWTL & B4 /4 /4 , iX 5 LDH
R DR BRARAE S AR O AE AL FR A b A — 3ok 2
INIERE N, AT T e SR Y

i B) SR A 1) & A 5 RRE ROV BEAZ A8 T 40
M AP B AR PR 45 22 d R BUE A O, A2 & R F TNF-
o IL-1@ AT A ] 8648 A8 5 71 4% [ F- TGF-B, . IL-10 A]
O HE ] SR A | AR AH DGR AR . MMIP-3 J2 [ A AE 1]
AN ARSI ) DGRl , P B A T S AR 1 2R
B, TE BRI, 5 BOHE (] #5388 k™, PLA2
ALK AR MR N  r A A0 AR VOIS R 45 RRE A i, 1 —
VS SRR A I, 0 SRy BB A SN, S MR HE ] 25

415 MMP-3 PLA2

Control 4514047 3744039 HEUEE MBI, Bel-2 BAX AL 77 i -
LDH BT 31524307 PRV , st R .
s o Ky SN S A0 MO FIDDRED . K5 % 81, LDH {57
QUE-HA] 629+068* §57£0.03" TR UM B) 5k 21 ST 2R A0 28, BEA% AN M 4 4 HEB 2L
QUEHEX-52741 5404169 1924£2.15° 1A 4 TNF-a . IL-1B 7K - J2 BAX ., MMP-3 . PLA2 % ik /K

a: 5 Control 41 . %8, P<<0.05;b: 5 LDHZH %, P<<0.05;5¢: 5
QUE-L4 Hb%%, P<<0.05;d: 5 QUE-H4 M5, P<<0.05,

3.6 KEMMEFZAL P FOXO03/Sirtl BEEEZTOR
LR

55 Control 21 L% , LDH 4 K FRUME ] #4021 7 BAX
A R O 2 08 R I 3 T (P<<0.05) , Bel-2 . FOXO03,
Sirt1 2K [ A A X 36 A B 34 i 35 I (P<<0.05) 5 55 LDH
ZH He s, QUE-L 4 . QUE-H 41 K FUMENH] 4541 21 BAX &
1A 2 38 34 B 2% A1 (P<<0.05) , Bel-2 \FOXO03,
Sirt1 & F A X 235 534 3% T (P<<0.05) , H QUE-
H 2H K B iR $E 728 {48 QUE-L 4 51 W] (i (P<<0.05) ;
5 QUE-H 41 t.%¢ , QUE-H+EX-527 41 BU#E 7] 3 20 41
AR ER A AR T e IR Ak A (P<<0.05) 48
RULE 4 F 4,
4 iFig

LDH EA 5 2 5) 1T 4iE ()45 s, 7™ F 5 M £ 3 A 16
U BERZ AN TS & BRI SR AR S LDH & AR
HEHER, HORIFGES A ARSI LDH KR
BARY 25 B R AR UM (A1) 25 4 SO BR R 47 7™ o

SEFF i, TGE-B1 L IL-10 7K 3F & Bel-2 26 35 7K F FEAIK .
QUE T HilJ& , A5 7 K UM B) 45k 41 4O BB 49 22 e, LA I
fEbR I KA T Wi 3 B QUE W] 3 o P i R E
N7 IO A AN R T VR AR AR, ek 2 A ]
FHARAEE

Sirtl V£ N —Fh 2 B AL , vT a2 2 kA R 3
FOXO 5 it i 1 22— 1) FOX O3 , 111 #1455 40 B A7 35 . U4
T AR NS ST By, AEME R SR AR AR b R P T
AR . Wang FE YA STUESE , i F A Y Sirt] v 18 i
P K kB RAE [, T TNF-o IL-18 3Rk, 15
GAE I, F A 240 B 0 I A i, Wk % /) B ] 2830
A% . Shen ZF ST UESE , [ Sirtl \FOXO03a ik, T
JE MMP-3 &3k , T SRE SN, 00 w1 A2 400 e 7 4
AN ST [ St , E T DA () B3R AR . ASAIFSE & B, LDH
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