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Role of neuropeptide Y in the repair of bone microdamage in osteoporosis
Tian Ziyang',Li Yuchen',Ye Jiong',Chen Zhijie',Yao Yuqing®,Li Zhanchun'
(1.Department of Orthopedics , Renji Hospital , Shanghai Jiao Tong University School of Medicine;
2.Department of Anesthesiology and Operating Room , Punan Branch of Renji Hospital ,
Shanghai Jiao Tong University School of Medicine )
[ Abstract] Objective : To investigate the role of neuropeptide Y (NPY) and its Y1 receptor(YIR) in the development of osteoporosis
and the repair of bone microdamage. Methods : Femoral head samples were collected from postmenopausal female patients who under-
went artificial hip arthroplasty due to osteoporotic femoral neck fractures (OP group) or hip osteoarthritis (OA group). Micro—CT scan-
ning, alkaline fuchsin staining, immunohistochemistry, and biomechanical tests were performed, and the two groups were compared in
terms of the accumulation of osteoporotic bone microstructure damage and the expression of NPY/Y IR. An ovariectomized (OVX) rat

model was established, and after fatigue load was applied, the Y1R-specific antagonist BIBO3304 was intraperitoneally injected for

intervention to evaluate its effect in improving osteoporosis and
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E€UR: LT EARELETSEARAMAE LXHAA (HT:
202340081) ; ki A FK e R & A E A 473 3t
X7 52 5 3h BT 50 AR A B0 R B (45 :21140904600) becular number(Th.N)[ (1.14 £ 0.12) mm™ vs. (1.29 + 0.06) mm™" ],

5 H BR : https:/link..cnki net/urlid/50.1046.1.20260327.1714.002 and trabecular thickness (Th.Th) [ (0.19 £0.03) mm vs. (0.30 =
(2026-03-30) 0.07) mm | (all P<0.05) , while the structure model index (SMI)

bone microdamage. Results : Compared with the OA group, the OP
group showed significantly decreased bone volume/total volume
(BV/TV) [ (21.30+5.11)% vs. (37.52+9.05)% | , connectivity
density (Conn.D) [(2.45+0.34) mm vs. (3.52+0.43) mm™], tra-
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[(1.86+0.26) vs. (0.97 +0.37) | and trabecular separation(Tb.Sp) [(0.84 £0.08) mm vs. (0.68 +0.07) mm | were significantly in-
creased (P<0.05). The elastic modulus|[ (61.26 + 22.01) GPa vs. (126.58 + 38.18) GPa], maximum load energy[ (2.79+0.85) J vs.
(4.02+1.43) J], ultimate load [ (1 184.51 +296.82) N vs. (2 699.28 +941.99) N ], and ultimate stress[ (3.98 + 1.09) MPa vs.
(11.09 +4.26) MPa] in the OP group were significantly lower than those in the OA group (P<0.05). Immunohistochemistry showed
that NPY expression[ (0.40 £ 0.08) vs. (0.31 £0.09) ] and YIR expression[ (0.31 £0.05) vs. (0.24 £0.04) ] in the OP group were

significantly higher than those in the OA group (P<0.05). The OVX group had significantly higher microdamage microcrack density
[ (0.36+0.10)/mm? vs. (0.19 +0.05)/mm?] , length [ (91.49 +16.23) pm vs. (73.96+ 11.01) pum] , and surface area density
[(29.45 £ 6.91) pm/mm? vs. (15.05 + 4.55) wm/mm?] compared with the YIRA group(P<0.05). Conclusion : The NPY/Y IR signaling

pathway is abnormally activated during the process of osteoporosis and bone micro—injury, leading to an imbalance in bone repair and

reconstruction,and Y 1R antagonists can improve osteoporosis and promote the repair of bone microdamage by blocking this pathway.

[Key words ]neuropeptide Y ; osteoporosis ; bone microdamage

‘B LA (osteoporosis , OP) S —Ff LA 1 45 #4)
AR R AR R IR Y 4 B R B O . BRI
P 71 LIS (1990 2 2021 4F ) % 204 A~ [ 5l X 1)
it oy b won  BEE N D B L RN, 46 2 f5
VDR B AR S BN AR T ABCE T T
S, H: T B R A P A5 1 2R R e 1
TN L B, B SR BN B AR LM I o R
PRI TR AT AR A BR B AR L PR A4 -3 X
S - Bl 3 B SRy T 3l 4t A i Ay o AR i TR Y i R )
FI B A T R SO R o TR A RO
ZLBE A e, R 2 1E JLOK 2Lk 2
] o 2 B T R R A T B ) e RS
I, 2 AR ) 7 AR 0T 1 BT AR BDIRES
A AL B i o R e
W HEAT HORT T R0 A0 5 A A N P R R
P22 BK Y (neuropeptide Y, NPY ) J&—Fi ) 32 /0 i T
X K AP R 28 R GERY A2 BT i 36k
PRERFE AL, FA W D e £ 20E 255 G E Al
B SZ PR[40 Y1 3Z {&K (neuropeptide Y receptor type 1,
Y1R) . Y2 3Z{K (neuropeptide Y receptor type 2, Y2R)
SEISEBE . FE B B R, NPY SRIEZ A B AT
H PSR 0000, U T o o i 2 A S B ) 7
BT anfl G . (HAS R, FTAEE R YIR
VENPY 1 £ ZEAME SR, 76 i 240 3 Tl 42 2
KIS G P IE S A AP

BT LABITEE S AR A I R EEA 5 &
I . (ovariectomized, OVX) K B A, ¥R 5F NPY &
Y1R # $t 7 (neuropeptide Y1 receptor antagonist,
YIRA)EH B A B et O30 5 b 9, 9120 A
HAE B E A R AT REMLR] , LAY B BT g AL & 13

e S AR AURT B

1 #RETE

1.1 BFRA%

L1l — %k AT EEE 2024 4F 3 H 2202543 A F
U A A I 2 e B TR A R B 2 e T B R R
BB E SR ARANE I WF TR 5 o HRAEA T RE X LM ek
KA BRL W, 5 HE0h 2 40 - OP 4 FNE 675 48 (osteo-
arthritis, OA) 41, OP 2L 4N A 10451 K o % 0 AT R
MY 48 28 Jo PR AR IR 63 ~ 82 % SF 4RI 70.3 % s OA 4
YN 10 B PR 2 AR R OCT B OCT REZ FRIBITHEH
HAR A A58 Outerbridge 567 H0H5 F 4% 439 M~V G b ifie
4EWE 63 ~ 78 % EIAERY 68.9 % . TEBFFTIN] , 24T 22 i
BRF AW T . Ay 2 i 200 V) 6 208 I T AL A 0 SR, AR F
FERM RGN, A N BAVEHS 7 10 R H . e
AR AR RN A BT T 2, R 1 I PRAR AR
TS S AS . I ABRE : D [ ARAE 2825 4F ; Q2 WA X £k
W 32 (dual—energy X-ray absorptiometry , DXA) #1124 15 J5i
A AF A T A T AR 4 41 (World Health Organization , WHO)
2 W bR o BEHE 5 2 B T (H<-2.5 SD]. @B #b
W BEA T AT B . HERRR I O/ FHE A
ARG Z2 G PR (LR AR T e S & L FPOIR 55 AR o e 35 L
85 s QI (64~ )il FH 3k 52 o B A 1) 245 90 (L 6 0 1
R BUE SRR A AT IR ) s @A MR
R E IR LI Z AT s @FFE FAREE RIF K
IR AU 3 7 s @48 28 5 R HIS B R AN (T H>-2.5 SD) 5k
PRIt S5 PR CUn B0 P B B8 e G 8 JRE B St It PR IR
BB 5 s AR 56 BB Sk Sl PR PR AE ) AT S B AR A
AHEFE J7 R A AR BEAR T 2 By S Ak (L5 - RA-2023-
483) , T Ak R Y A B NG R

112 ¥ AWFGER FIJCHT 2 W A (specific pathogen
free, SPF) 4 M 4 Sprague—Dawley (SD) K, 320 1, 12 &
5 R 290~310 g, HH_E ¥ 38 K2 B 2 Be SE 56 s s



— 656 —

BERERKFZR 2026 £55 51 &5 5 # (Journal of Chongging Medical University 2026.Vol.51 No.5 )

Pt BT R B4 I R T A B S T2 5 % SPF 4B BRER AR,
<5 1 IRE 22~24 °C, A IR AERFLE (50 + 5) % , i/
RGN 12 h/12 b, A R TOK . AP ERm T RE
AR bR A T I B B S S WU AR A A PR B o tt v (f2 3
HEPFZ 5 - RA-2022-014) , S5 1o ™ 16 32 ¥ (6 5 (L 50 3h
Yy BN TG B ), 2006 S0 S 56 69 3R I ) (ot b
AL LA S

1.2 %%k

121 BRAARER DG BT IR B Sk AR A 2 2
BT 8 BRUA E X3 A Y i 2 R B EAT S A
HA 215 mm x 15 mm x 15 mm ‘5350 5% H 4% £ R H
P FN 70% £ P AT 8 2 , T T 38T LT 2 599l (miero
computed tomography , Micro—CT ) K Il 1B 2 45 ¥4 WLEZ . 53
HBU1A~ 15 mm x 10 mm x 10 mm e 4 LR HEEE E )5,
HEAT OB i £ 5% €0 RN B2 2 2k 27 A N

122 Micro-CT #14ifi  FIHM AT AR AR I\ 4% 22 28 W A%
R H 75% S, W gt o) A e T TR AR [T 4% Y L R
Micro—CT 5 ACHEAT 34, 4340 73 HEA 18 wm., $34 5 32k
F1 =Yg, BT R Bruker 24 B FCE KM, i S84
45 B %% B (bone mineral density, BMD, g/cm3) VB E
(bone volume fraction, BV/TV,% ) . & /N 2 J& & (trabecular
thickness, Th.Th, wm) ‘B /N 22 (] F (trabecular spacing, Th.Sp,
wm) VE/NEECE (trabecular number, Th.N, mm™) & 225 5
(connectivity density, Conn. D, mm™) DL J 45 #4 £5 7 $5 %4
(structure model index, SMI) %,

123 i 57 8 256 58 UE 55 3 K, R AT
5 JROE R AL BE R, xR 3 XU I 1, 2 B 2
2, SR I i 21 5% (B b i B RS /N B Sk 4
2 i ar A0 A PR OR OB A 1 PP B AR A 54 . AR
FIB LS 4% 2 F WRE [ 7E 48 h, B 2 7 HLUTIR
BB 4R AR KO T 1% B8R 2T A RS 2BV T
(80%.90% . 100%) Hh 4 {0 . (0 5¢ i >R 1 3R YRR N I R
MR AL IR, fuff PR 20 2000 J LA 4 100 pum J5E £ (1% 486 7 18 1)
J R E e O SR AR BT (U DK 543 nm, 60 x ) WL
212K Image J B SAT B 05 (B2 LIRS ) €
T

124 NPY 5 YIR R LGtn  7J7 204 52 00 58 e 26
3R, SR it i S e RR A AT K BR , THG 43 U  , 26
Wi B AR 4, S - DAY R 8 R ORI s R e
LTSRN 5 2R FH e 82 G €00 380 328 YR A 7 Pl 28 Ak B 5 ()
PR ER G v WU ATHU S AE B s 3% 3o 4 1 S0k P PN D
o ALY , L PP R 2 3 3 P 30 min; QT N Rk —
P4 CHEEWE ; @R AL (horseradish peroxidase,
HRP)bRic “HU s & 1 h; ©3,3" - “ &SR K e (3,3
—~diaminobenzidine , DAB) i (5.3 i {0, SRR E E Y ; @B £
B B 7K 3% B, R MR IR B A @K Image Pro Plus A
(5.0.1 ) 47 F- 34569 )35 (H (mean optical density, MOD)E
AT

1.3 KR OVX AR M B R4

K BT P R R A R 241 (4941 10 H) DB R
YIBR4 (ovariectomy , OVX 41 ) ; @ IR HYIBR+Y IR 454055+
2H (OVX+BIBO3304 4H , fii#k YIRA 41) . OVX B AIH 7 . fir
AR B 1 5 3% 1R FL 240 (40 mg/kg) BRR S , 220
BHRABIZZ IR R LA, 2 50U 51 558 B Uk, R
JABZEEAYIN I EPE, BFPARL T FARE
FEXT AR AN B A S50 4320 A D) TN SR 2H 2 ) ) 2] 4
AL AR, THULET . OVX EREAR)S 8 &, YIRA 4 K
R 06 28 W I 1 55T Y LR 5 S M5 050 BIBO3304 (355 A=
BRER K WRE 0.1 mg/mL) , & 0 1 mg/(kg-d) , 8 L2735 2
JAl ;s OVX 20 KRR I s 1 S S B R K o 2 2R 435 2k
T2 A, L n A H SRR B AR VIR B oK B 0 A
BB ARG 10 EZFEAT LY F1 2405 |, SR WA RS
ST R 105 A0 B8 3h W) FF U AR AR A 75 B2 5E
1.4 AFFHER

KB 2 T e W AR (5 5246 B 5% , i 524 1 L/min;
HEFF R B 2.5%, it 4 0.6 Limin RS 4 H A 5
Ji A ) [ 22 AR S IR R G . A AR B it e e
IO EGR AT (FUEAT 1 N, W 2T 70 N, Nl %0.2 Hz) ,
HOm#k 15 000 YAGEH, LAZEMIRR B-1E R 5 B0 TR
1.5 %it¥5 %

R SPSS 20.0 A AT o0 BT o T REGEORIA S EL +
FRifEZE (v +s) Fom 2 AL I LLAECR e K36 o MG B0 7K IfE =
0.05.

2 # R

2.1 Micro-CT £ R3IFTOPL5OAB R FHMEMEF

S A OP (1 AP 06 B0 , AR SY 1 56X OP 5 0A
HERHE B AL LR IEAT LB . W 1% Micro-CT =
Y@ KR WoR , OP 4 /NI T OA W] 1 T I, 254
. M (£ DR, oP B IRF 5 (BV/TV) |
%% (Conn.D) B /INRECE (Th.N) FUE /N R JE (Th.
Th) ¥ W AR T OA 41, I S5 R TR 8 B0 (SMI) Rl B/ INGE 43 24
B (Th.Sp) WIBA S T3 . kgl SR W, S A s 78 1 il
iU R = g T L 22 NS = giie T
22 R iAACFe kM H S g RAE TR RS AR B
¥4 m

R B T G (RS S 0, 45 SR R OP 4
AP AR A S R R T OA 4L (F 2) . 7k
W2 R MRy 1, OP 41 s bER & | e KR Af BE & i
R A8 fr AN KRN 7 B0 AT OA 41(F82), iR&i Rz,
B R B A0 PSR B R R AR S o & F iR £k
T BB S A7 () B . SRR B BN S AR v e TR
2.3 NPY/YIRAZ 5@ 8B BT AR T iEE

FEAEBFTE R | 4370 B A 10 SRR B o 25 R 3 S et 22 AR
MR ZE AR Y W RES S B B AR UG B E T IR 3A 3C
PEAAL YL A XT LR 0, NPY FHEE(S 5 R 226 T/ Nk



BERERKFZR 2026 £5 51 &5 5 # (Journal of Chongging Medical University 2026.Vol.51 No.5 ) — 657 —

A OAALH Méii"lx Iﬂ%ﬂ&ﬁl B 4ED) R e =4 B

B. OPZ B &t AN RN A 0 — 400 R 1818 B =4 1R
E1 BALA=HEEER

£1 OAHFOPAHBMENSE (x £5,n=10)

HIEEHSEL O0A 4] OP4 o P
HRF (%) 37.52£9.05 21.30+5.11 4935 <0.001
H/NR R (mm™) 3.52+0.43 2.45+0.34 6.173 <0.001
SRR AN AL 0.97 +0.37 1.86 +0.26 -6.224 <0.001
H/NEEH (mm™) 1.29 + 0.06 1.14+0.12 3.536 0.002
BN (mm) 0.30 = 0.07 0.19 + 0.03 4.568 <0.001
B /NGRS B B (mm) 0.68 = 0.07 0.84 = 0.08 -4.760 <0.001

AN L B B/ N PN R B e A MR BT, Y IR BHMEAE 50 3= ﬂé*ﬁéﬁﬁ(ﬂ?l&] 6% B MOD) 4 & 3B\ D RIESE T X —
BN T /NN G R BN R T o PLEZEREH O NPY 2B 420 8 E A T AU 4l
OP 41 NPY B H:2Z {& Y1R 4 FHPE 34 5 F OA 41, NPY (OA Jﬁ& PAIMLARLBE, Y IR ERERA T RUE AR, 5 OA A
2H:0.31 2 0.09,0P 2H :0.40 + 0.08;1=-2.364, P=0.029) Fl YIR b, OP 4B 204 NPY MY 1R A R /K 35 0 b 13, $27R
(OA#:0.24 +0.04,0P 40 :0.31 = 0.05;1=-3.457, P=0.003) 1Y NPY/Y | RA5 538 B A2 T bAos BRI S T 58 s o



— 658 —

BERERKFZR 2026 £55 51 &5 5 # (Journal of Chongging Medical University 2026.Vol.51 No.5 )

\

A. OAZH BB ATt fh 21 e £
e NN D= E Yl da R VAN

B. OPZH AR i fh 21 e 2

2 BHABMBRGREER

®2 OALAFMOPABEMAFMERESH (x +5,0=10)

BV IIFERES 0A 4l oP4 ol P
MR (GPa) 126.58 + 38.18 61.26 +22.01 4.690 <0.001
I KB RE (1) 4.02 +1.43 2.79 +0.85 2.340 0.031
e BR 2457 (N ) 2699.28 + 941.99 1 184.51 +296.82 4.850 0.001
W R F7 (MPa) 11.09 +4.26 3.98 +1.09 5.110 0.001
OA4L oP41
i 0.5 a
= 0.4 :Il__
NPY 3 . :||_—
Z 02
0.1
\&

\ \ J )
e FOSk, NPY LEEFAEN

A EH AL BoR OAZL T OPZUNPY 35 E AL

0AZ] oP4l
B. X HLOAZHFIOPA NPY ik

0A4l L —
VS SN W i (R +
WD A T -
ViR S Pt ek X ol ; = 0.2
2 o J, ST g Keins J : ' g
“%%?-_‘..,/,ﬁ_g v N oA % : ‘ 0.14
4 o AT SN ! :
Y, B e e B N\ e =3 =8 00 0A4]l  OP4l
e mEE, YIRFEFRIKEN

C. g2 AL R OAZHFT OPZHY IRFEIEE N7 D. g 5XT FLOALTFIOPA] YRR
H:a, 5 OAYLILEL, P<0.05;b, 5 OA 4 b4, P<0.05

E3 OAHEOPHBHALBALRELER

24 #E YIR TEEOVX K K80 F R R A 5l v 5
WG =

SHAEAR N S8 UE NPY/Y TR A 3% 093005 , 2257 OVX BB
FATR BB IR 25 7 YIR 354077 BIBO3304™, 78 hit I br 74 1k
I 55 AT T L AT RAE B2 e A B R 5. K 20 K
FUBHL AR 2 20 (RE2H 10 2 B DIBR AL (OVX 41) IR Hi 1)
B+ YIR FE5 07 T HiZH (YIRAZH) . OVX EREA S 8 &,
Y1RA 20 K B2 8 1 13 5t BIBO3304 (¥ J# 0.1 mg/mL, 7 4
1 mg/(kg-d) , BELET T 4 J& ; OVX 41 [7) 399 s 1 ) 46 A R
FRER AR AE AT L AT 12 J&], %oF 2 20 K B 0 Bt o ek
PGP 4 28 Anr (TR AT | N, V(B2 foF 70 N, N34 % 0.2 Hz,
A H 15 000 AR ) , ZEMIFRE-AE A E B %o B 5 2707 52 56 58 A
JE 55 3 K, i i RS R EEA A K R, OB Z 15 45 4% 23

TSR E \70% CBHRAE AT LA

SR PO ity 21 (2 55 6 WO I 3% 48 0 O L8 - it
13, I8 Image JBRAFE AT, 2550151 4 K3 3 BT A
[F9 57 N %A, OVX A IR h B i B i 2 K
B [ 24 230 & (microerack density, Cr.Dn) : (0.36 = 0.10)
Amm?, 3 2L 80K B (microcrack length, Cr. Le) : (91.49 +
16.23) wm, [ 24 40 3 18 FRL% BE (microcrack surface density,
Cr.S.Dn) : (29.45+6.91) pm/mm?], ifif YIRA £ #f ) 1§ b5
[Cr.Dn: (0.19 + 0.05) ~/mm?, Cr.Le: (73.96 + 11.01) wm, Cr.
S.Dn: (15.05 4.55) wm/mm?|34 W G FAIG, 35 (355 Sk AR
WA . IZAE R EULG T YIRFEHURAIT I KA e
1o IR AL T S A, K R AT A0 B e 7 A R Y AT 4 e
I3, DTl D B e i 1 7 A



BERERKFZR 2026 £5 51 &5 5 # (Journal of Chongging Medical University 2026.Vol.51 No.5 )

— 659 —

w - -
b
=
o 4 |
1 ~~_ , [
-
AL TR 2T e £ B RO VXL B i A 4544
1501
0.57 a
041 .
" E 1001
£ 03 T
< &
& 02; 50
-
o
0.1
0.0 0 -

Y1RAZ

C. Cr.DnZ 0¥
T L B AT 0 S R B A SR R 05
Y1RA 4 %8, P<0.05; ¢, 5 Y1RA 4 b4, P<0.05

OVX4H

& 4

YIRA4H

B. Bk AT 0 R Y IRAZH B R 5 454

Y1RAZH
D. Cr.LeZt i #r

SR AL KIRARFRIE T B AL, S OFH AR BRI AL B e, 15 YIRA AL ILEL, P<0.055b, 15

407 c

_bl_ T 30;

g
| t .

= 20

a

n

S 10
OVX4 Y1RAZ OVXZH

E. Cr.S.DnSt it

8F NPY ZEMHFIE OVX BB ARG RBER

%3 OVXAEMYIRAABRBHREHMBRGSHMILE (x +5,0=10)

LERT Tt ovx#l Y1RA 41 {H PA

B2 I T S0 BE (A4 /mm?) 0.36 +0.10 0.19 +0.05 4.808 <0.001
B B AR B (um) 91.49 + 16.23 73.96 + 11.01 2.827 0.011
Bz I T A 3R R 2 B (wm/mm?) 29.45 + 6.91 15.05 +4.55 5.504 <0.001

it

3 4
AT FELE A I RAEAS 5387 5 S B R IE , 3R
iR T NPY M HAZ K Y IR 76 B B g s kB it
Gils 8 rp S HEVE T . E B R BRI MRS M 3 A
1] : B JE I IR)Z 10, OP (A H8 OA JR 3, AUAELE™
YT A R AR TR A T 2R R R T R, Hg
NPY/Y 1R R G2k A 2 L s i a5
OP J5 BLIR A A7 B A 1 PRLAR SC I ——OP R B
AR AL (B /N D> T R AR o B
JEE RGN ) () TR, - A 2 e A i e K I
B, HX A B S e AR W ) 2 e RE (B
PERE A R 2T ) B T R R R TR
TUZE PSR — T8 403 5 T T v — g 2 A e ke
— LI E5 (A B B S N, A A AR n R
g it R s e, ML JZ T, I Y IR BERS A 2 K

S B B T T s 2 R I 1 5 X Rl 4 B 18 R e
J7,UESE NPY/Y 1R B R BE 2 55 i A 5 i St
B, IR RILFE RS — R M R e =
FINPY/Y IR{5 5306 , & S B0 Wit B 55
[ T B v e s B
HHLWE RS E BT, RS N4 RRK
B WS B B =2 TR0 A A0S T 40 28 )
P SO B SV T ik — A, S 350R Tl
FEXTTCHE , SN A2 BB & A A B
AHFFEH OVX AR BRUAE B /N B0 i R e 45 4 45
fe bR _EAEAL, IE X — R ARR A AR, B T
2B B A B ) 7 A B SO AR 451202 AR
T e AL 25 SRTE B s s 2 5 H it — 250
G € AR T M S = o= = S 1 ] BN = § i VA
B SR s S [ A BB R BT B — )

224

HEREARAL” AR PR IR R, 4 SO 2



— 660 —

BERERKFZR 2026 £55 51 &5 5 # (Journal of Chongging Medical University 2026.Vol.51 No.5 )

1E LR R AR b NPY 7R —Fh i B i 48
VA3 A 4T TRl 7 R HE DGR Y, 5 Seldeen KL
IR AN Y2R R[], AW ST B 7 [ B A R p s
I YIR 76 B H b b /e o B i 5 3 2
b AT T BB 1A% O R R B A
T Wi T A AR A BA 22 BB SRS T
KT NPY B2 Y1R 7 MEHER AZ b A 7 F L {H o AN A
HEGSH TEREMEMBRGEE", Kitt,
BIBO3304 i il .24 Y IR Ak T OVX K
SR T 25 4, 8 B S B ARS T 7 [R) S LA B s T B
IR % SR, T E A, AR5
OVX K BRZE it N 55 2 faf 7 4 22 BIBO3304 T,
5 BN YIR 5900013 B4R 0F O & A4 B it
i B A T T A M T A RS R B R
PRI B SRR M, B R R LR i AR ), A
T/ [R5 28 A T B4 0 ™ 2, X 2 R AR B ik
05 () H 18 1A AT R I SR S A 455 20 ik —
HWAE . DL EZE RS T Y IR 00 16 AN B
Jii A o ) A0 LA, AL T RE e L B 5 B
A5 BHAR R 1 5 Y U R

Y 1R B A AN A5 30 SE Rl RO 1, 25
WEAE B T R B R4 g I 5220 AR S S s A A
PiA5 B LA K Wang FS S5 0E B G ER5E h = ¥R B NPY
K5 E TS 0 /N RR A G , ABI g8 4
Y 2 JE MERR R A R FE AT RE L T S A SR
NPY /K-, Tt B4 NPY 38 1 5 R85 v s B 20 it 2
i = 2235 1 YIR 2545, ol B ELEEA I T i 4r i iy
BB 5 A0 L 1X 5 BIBO3304 T Fil )5 B 2 1l ik
ISR ARRF . BLAh , XA ol Re T4 T B
EEMH IR EABRE T B EE e h K
(e e VI B A L SR TR -2 g = ) U e
B AL HE AT A8 S M W s Y R A L D e
NPY/Y IR A5 Sl B, S 40 08 Te vk S i bR o 1
1N Zhang QY 557" BLMEL 2 A = 23 ik — 0 16 i
B B A IR B BB A S Ak IR RUNX S5
55t + 2 (RUNX family transcription factor 2,
RUNX2) {55 1% 5 I 300 il Jsi B 4t i A6 B, NPY/Y IR
T 0T WML T BB AR PSRN B R A B AUk
MK R . X 7R, NPY/Y TR 3 # 0] fE & %
Beph s AR AR R E AR

AN, AW RAS A —E R R . B e, A
WFFE 2 FHAESCTT OA A 1R OP XTI, BRI IR
w7 20, Hl S AR O ABREHERR T OA &

IF B R AL AR R 22 2, (H OA AR B fF7E4K
R E SR 0 R AR A A LR
EPR S I AR IE 5 A BURAS  FTRE B OP 5 0A 41
(R KT b 25 SRAFAE — S ey , i SR BIF 5T ] 4 14 ik e 44
ZJn B A SUE A IR H X R HOR AR I
PREEA Ay B rpuC AL 10 4], B Ge i T2 oA H 4L 1]
L HA M, HEEA R/, FEFH I RZ
O RABEAS I PRAFF 5 ifE— 25 BIE NPY/Y 1R 38 i 5
B TR BT AA B SR 5 1 DI, B T 9% 485 SR () E 4 45
o Fe)a YIR TP i 15 s
L, 340 S 3 Ao 9T S AR 2R A A BT L R
(14 VP 3%, A R ) P 2% e e 5 R 83 /) B A5 A
R TIRARR .

25 LTI AT Nl B e R K —
fa & 88 T NPY/Y 1R 155 B2 14 32 i 2% Bk
Z 5B TR N BRI RN E AR, X
SRR, OVX AT fE 3 8 028 B /N R 2% B K
5500 B BE AR S5 R S B AR T Y IR #E )
PR AT A — i R b X S 2 S
PETHEHEPII A BE T, MRS B IR 4 2 I B T B AR
HRE SR RO T Y 0 WL B A YA T R g
FIZEMRIE A & R A7 L 26 phos
YEBFMAM T4 DT S50 500 SR e i
SCOIRHRS 28 0 5 I FRAE AAL B Micro—CT F148 B SCH 534
S5 A SR A B A S S 5 5 AV 5 RO« 3
PR R B9 B SIS BRASIORE 5 KR T < A 12
BRI T LRI s 2 AR P T TE BR A T SE B0
R D C C

£ % X M

[1] Liang HF, Chen SB, Shi ML, et al. Global epidemiology and bur-
den of osteoporosis among postmenopausal women: insights from the
Global Burden of Disease Study 2021[J]. NPJ Aging,2025,11( 1):78.
[2]  Burr DB, Forwood MR, Fyhrie DP, et al. Bone microdamage and
skeletal fragility in osteoporotic and stress fractures[J]. ] Bone Miner
Res,1997,12(1):6-15.

(3] PMRME, dEdee, B R, AR 3RO B[] i 5 Sk
HITHIERI 2 E BT PG T R 24240, 2025,43(1) £ 126-132.
Sun JH, Lan DD, Wang D, et al. Biomechanical analysis of three kinds
of rigid internal fixation methods for condylar head fractures[J]. West
China J Stomatol ,2025,43(1):126-132.

[4] Harvey N, Dennison E, Cooper C. Osteoporosis: impact on health
and economics[J]. Nat Rev Rheumatol ,2010,6(2) :99-105.

[5] Zeng ZJ, Peng P, Huang CL, et al. More severe microdamage and

micromechanical alterations: altered subchondral bone remodeling in



BERERKFZR 2026 £5 51 &5 5 # (Journal of Chongging Medical University 2026.Vol.51 No.5 )

— 661 —

Varus knee osteoarthritis with osteoporosis[J]. Osteoporos Int, 2025, 36
(12):2483-2495.

[6] Muratovic D, Findlay DM, Cicuttini FM, et al. Bone matrix micro-
damage and vascular changes characterize bone marrow lesions in the
subchondral bone of knee osteoarthritis[J]. Bone,2018,108:193-201.
[7]  Malekipour F, Hitchens PL, Whitton RC, et al. Effects of in vivo
fatigue—induced microdamage on local subchondral bone strains|[J]. J
Mech Behav Biomed Mater,2022,136:105491 .

[8] Forwood MR, Vashishth D. Translational aspects of bone quality-
vertebral fractures, cortical shell, microdamage and glycation: a tribute
to Pierre D. Delmas[J/OL]. Osteoporosis International ,2009,20(3) : 247—
253.

[9] Lin ST,Li YZ,Sun XQ, et al. Update on the role of neuropeptide Y
and other related factors in breast cancer and osteoporosis[J]. Front En-
docrinol ,2021,12:705499.

[10] Loh K, Herzog H, Shi YC. Regulation of energy homeostasis by
the NPY system[J]. Trends Endocrinol Metab,2015,26(3):125-135.
[11] Diaz—delCastillo M, Woldbye DPD, Heegaard AM. Neuropeptide
Y and its involvement in chronic pain[J]. Neuroscience, 2018, 387:
162-169.

[12] B, sttt X K, 55 BB IRS PR b 2 BRI
HLHRIAGBEFERE L], [ PR R R 25245, 2025, 52(4) : 498-506 .
Zhao JS,Zhang YY, Liu F, et al. Research progress on neuropeptide in-
volved in neuropathic pain[J]. Int J Stomatol ,2025,52(4) : 498-506.
[13] Burr DB, Hooser M. Alterations to the en bloc basic fuchsin stain-
ing protocol for the demonstration of microdamage produced in wvivolJ].
Bone,1995,17(4):431-433.

[14] Xie WX, Li F,Han Y, et al. Neuropeptide Y1 receptor antagonist
promotes osteoporosis and microdamage repair and enhances osteogenic
differentiation of bone marrow stem cells via cAMP/PKA/CREB pathway
[J]. Aging,2020,12(9):8120-8136.

[15] Xiao J, Yu WF, Wang XR, et al. Correlation between neuropep-
tide distribution, cancellous bone microstructure and joint pain in post-
menopausal women with osteoarthritis and osteoporosis[J]. Neuropep-
tides,2016,56:97-104.

[16] Ning BH, Londono I, Laporte C, et al. Zoledronate reduces
loading—induced microdamage in cortical ulna of ovariectomized rats[J].
J Mech Behav Biomed Mater,2024,150:106350.

[17] & %%, UHEEEE. M .55 MR Y RS2 IRAEIEHE S i ) %
AR FRASETRY v Rk R e B 52 D). T PR BE LR 25441, 2019, 44
(6):689-695.

Han Y, Xie WX, Xiao J, et al. Expression of neuropeptide Y and its re-
ceptors in the rat model of intervertebral disc degeneration induced by
unbalanced dynamic and static forces and its correlation with pain
threshold[J]. J Chongqing Med Univ,2019,44(6) : 689-695.

[18] Chen Z],Lv MY, Liang J, et al. Neuropeptide Y-mediated gut mi-
crobiota alterations aggravate postmenopausal osteoporosis|J]. Adv Sci,
2023,10(33):2303015.

(191 BRICA, R B 5,55 B BUBUANE A9 R BL ] B2 I PR 2
PRATPITTEHE RE]. TR BRI 22441, 2024,49(10) : 1031-1038..
Chen CJ, Wang QR, Zhao X, et al. Research advances in the pathogen-
esis and clinical drug treatment of osteoporosis[J]. J Chongqing Med

Univ,2024,49(10):1031-1038.

[20] Wang G, Qu XH, Yu ZF. Changes in the mechanical properties
and composition of bone during microdamage repair[J]. PLoS One,
2014,9(10) :e108324.
[21] LiZC,Dai LY, Jiang LS, et al. Difference in subchondral cancel-
lous bone between postmenopausal women with hip osteoarthritis and os-
teoporotic fracture: implication for fatigue microdamage , bone microar-
chitecture, and biomechanical properties[J]. Arthritis Rheum, 2012, 64
(12):3955-3962.
[22] SR, WORS EIR S B BTEUAME B MM AT fE R A
0BT B T XU PP A AT A e 37 (). T AR B A A R
7k, 2024,17(4) :308-317.
Wu ZR, Huang SJ, Huo YN, et al. Analysis of risk factors for fragility
fractures and establishment of a fracture risk assessment model in pa-
tients with osteoporosis[J]. Chin J Osteoporos Bone Miner Res, 2024, 17
(4):308-317.
[23] Lundberg JM, Franco—Cereceda A, Lacroix JS, et al. Neuropep-
tide Y and sympathetic neurotransmission[J]. Ann N Y Acad Sci, 1990,
611:166-174.
[24]  Baldock PA, Lin S, Zhang L, et al. Neuropeptide Y attenuates
stress—induced bone loss through suppression of noradrenaline circuits
[J]. ] Bone Miner Res,2014,29(10) :2238-2249.
[25] Seldeen KL, Halley PG, Volmar CH, et al. Neuropeptide Y Y2 an-
tagonist treated ovariectomized mice exhibit greater bone mineral density
[J]. Neuropeptides,2018,67:45-55.
[26] Yin WC, Li X, Zheng SW, et al. Association of novel inflamma-
tory markers with osteoporosis index in older spine osteoporosis pa-
tients: NHANES 1999-2018 cross—sectional study[J]. Sci Rep, 2025,
15(1):9128.
[27]  EEE, BT, MU, 45 . Netrin—1 1438 14 7] 78 501 40
BER R = WO Vot e R (SR DA L e R R 0PN VY N = o
2021,46(3):284-288.
Wang ZR, Liang LQ, Xiao CW, et al. Role of Netrin—1-enhanced bone
marrow mesenchymal stem cells on the treatment of osteoporotic frac-
ture and its mechanism[J]. J Chongqing Med Univ,2021,46(3) : 284~
288.
[28] Wang FS, Lian WS, Weng WT, et al. Neuropeptide Y mediates
glucocorticoid—induced osteoporosis and marrow adiposity in mice[J].
Osteoporos Int,2016,27(9) :2777-2789.
[29] Wu XN, Wang YQ, Wang H, et al. Neuropeptide Y regulates os-
teocyte phenotype and function through AHNAK-Smad signalling[J]. J
Mol Endocrinol,2023,71(2) :¢230011 .
[30] Zhang Y, Chen CY, Liu YW, et al. Neuronal induction of bone—
fat imbalance through osteocyte neuropeptide Y[J]. Adv Sci,2021,8(24):
2100808.
[31] Zhang QY, Gong HB, Jiang MY, et al. Regulation of enzymatic
lipid peroxidation in osteoblasts protects against postmenopausal osteo-
porosis[J]. Nat Commun,2025,16(1):758.

(W75 :2026-02-06; &[] : 2026-03-07 ; 3% : 2026-03-20)

(T8 #)

AL AR
|FH, E&E, T R, FANEKY BRI T B SF
a9 AL R EA R 5 3R,2026,51(5) :654-661.



