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Abstract

BACKGROUND: Postmenopausal osteoporosis significantly increases the risk of fracture, which seriously affects the quality of life of patients. Exercise therapy is
an important non-drug means and prevention and treatment strategy for patients with osteoporosis, in which strength training is the best mode, but its specific
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biological mechanism has not been determined.

OBIJECTIVE: To investigate the effects of strength training on bone morphology, materials and biomechanics in ovariectomized rats and to explore the

mechanism of extracellular matrix remodeling.

METHODS: Forty-eight female Sprague-Dawley rats were divided into sham operation group, sham operation exercise group, ovariectomized group and
ovariectomized exercise group according to the random number table method. The menopausal animal model was established by bilateral ovariectomy in the
ovariectomized group and ovariectomized exercise group, while sham operation was performed in the sham operation group and sham operation exercise
group. Four weeks after operation, the sham operation exercise group and the ovariectomized exercise group underwent 12-week tail weight-bearing ladder
training, and the sham operation group and the ovariectomized group were raised quietly in the cage. The bilateral femur and tibia were separated after
training. The right tibia was used for dual-energy X-ray densitometry and biomechanical, biophysical and biochemical analyses, the left tibia was detected using
micro-computed tomography for bone microstructural examination, the right femur was subjected to hematoxylin-eosin staining for histological observation,
and the left femur was used for western blot and gelatin zymography detection of protein expression and enzyme activity of extracellular matrix metabolism-

related factors, respectively.

RESULTS AND CONCLUSION: Compared with the sham operation group, the maximal load and stiffness decreased (P < 0.05), bone density, bone mineral
density, bone inorganic matter content, bone calcium content decreased (P < 0.05), bone water content increased (P < 0.05), trabecular bone volume fraction,
trabecular connectivity density, and trabecular number decreased (P < 0.05), trabecular separation, structural model index increased (P < 0.05), bone adipocyte
number and cross-sectional area increased (P < 0.05), matrix metalloproteinase-2 activity decreased (P < 0.05), and protein expression of tissue inhibitor

of metalloproteinase-1 and osteoprotegerin increased (P < 0.05) in the ovariectomized group. Compared with the ovariectomized group, the maximal load,
stiffness, fracture load and resilience increased (P < 0.05), bone mineral density, bone mineral content, bone mineral density, bone inorganic matter content,
and bone calcium content increased (P < 0.05), bone water content decreased (P < 0.05), trabecular separation and bone marrow area decreased (P < 0.05),
trabecular bone thickness, cortical bone volume fraction, cortical bone area fraction, cortical bone thickness, and cortical bone porosity increased (P < 0.05),
bone adipocyte number and cross-sectional area reduced (P < 0.05), matrix metalloproteinase-2 activity increased (P < 0.05), and protein expression of

tissue inhibitor of metalloproteinase-1, Runt-related transcription factor 2 and osteoprotegerin decreased (P < 0.05) in the ovariectomized exercise group.

To conclude, strength training can protect against bone injury caused by estrogen deficiency, which is characterized by improvement of bone biomechanical
properties, bone tissue composition and bone microstructure, and its mechanism is related to the regulation of extracellular matrix remodeling.
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1 #BEFI5E Materials and methods

1.1 &t BENLK RRSIaent, 4L LR F XA 25 2 9
#r, ZELILERAH LSD k.

12 PEAME  SZET 2022 4F 5-12 4 7E A ET L4
H 2 i sh A B 9206 % 58

1.3 ##+

1.3.1 sEEREhY) 6 JEESHENE SD KR 48 H, SPF 2%, A
(170.25¢5.32) g, 4 H Jbmi 4Ed@ R L LB S H ARG PR A+,
VR UE 52 SCXK( 3L )2018-0027, 43 JE 1A% (4 K /98) T (22+2) °C.
AR R FE (6025)% M LR, HHERAK. KEERMAE 1
JAJE TR IE RS . 52U R4 b [ K 2 SE 56 sh s
B RS (1B %5 CUMT-2022-03-008).

1.3.2 SEBRFAIACES TR B L2 (VDR IE R BE 25 I A TR
AF ) ARG (R LEAEY TRARAR); 7
A - ek & (I R ERARAR ) B4
JEEEFBE 13 —40 (1 1 2000, Ji[H Abcam A ); &JEEH
B ZHZ3MHI 1 —Hi (1 0 1000, JE[E Abcam A ); T8
RIFEBE—PL (1 - 1000, [H Santacruz 245 ); Runt }HK
R 2 —Pi (1 1 500, K[ Santacruz AH] ) HRIER
—$t (1 : 2000, %[H Santacruz A ] ); S EHMEE -3-

Chinese Journal of Tissue Engineering Research | Vol 28 | No.20 | July 2024 | 3151



@7z TEREATERR

www.CITER.com Chinese Journal of Tissue Engineering Research

HAEZE

WEFR M EBE—H0 (1 © 2000, 3E[E Santa cruz A& ); —Hi(1 :
5000, By @AY TRAERAA); KRIEKFE (EE
Thermo 7] ); AAE X S48 % BEAL (XR-36 Y, 3E[EH Norland
2Aw] s JIREFENARAL (CTM 3367, E[E INSTRON A #] ); /s
ENTESR Micro-CT 24 (SkyScan 1176 %, 7 [E Bruker A ] );
VIR ML (RM 2016 Y, fEEDERAF] ); 5] EAHZ B (1X 71
B, HAREMEH AR ); B SUE RS (ChemiDoc XRS, 3%
[E Bio-Rad A ] ).
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()RR i 1 f L CRR I 25 R FH B =R Je ik AT 2 FIE M.
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ThUi i — 20 cmx20 cmx20 cm AR B 5 ), DA E g,
A7 frf B R 3 T A R 1K) 10%, IR ETIE N AR R B 50%. K
BTG JECER ME 2 THH A 1 kS, 455 1) 4 Ik 22 IR I (] 7E
10 s WoE/, RFAHUIZR S X, L8 3 4, IKIAjTH &K 30 s,
1A AT ER 2 min( T IEEA TP SRR ). 1EZRIIZRM 50% 14
JR T 4R 36 0 4 L, AR N 10%, B A BN A AR R R
130%( f7 2536 gk 1 7 K B R i e e 11 O B P B BR A SR A
), MRz NE, EE%ESHR, LE 1.
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AEFE, 43 BB AR . BUA MR, fEAF T —20 C4E
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1.5 2RI

1.5.1 HERN (ARG ) FIHBEE X 525 % B AU
KEBAMBEEEESH. LB REE T30 37 CZEMKY
s, = NTHEM. R R A Hi-res, small anima
B, R 60 mm/s, ZHE% 1.0 mmx1.0 mm. X4
HEG e ChER AT BT B b Az v RO
X, SRECE B 2R 50 & A S A . ES & 5 EUME.
1.5.2 HAEYIIEGN (GMEE ) B%ERARNE, Eid =
VS il SE A A U AR A2 712 S A ( SRR R )
M B8 L A i B RR T i, Bl S BT A 24 h,
WO BT B o R R RS AR B K I T A R % .
b PR T oK BB /T B BT T e A RIS AL 2 SR Bl
b, AR R A AL AT R R BT, LA S mm/min N
TE . SRR 20 mm N ) B B BT R . R RS -
B 7 MARIOL T 3 moR#mr . WIEE, Wrdalfr. o
PRI o

1.5.3 ‘HAYYEERN (GMEE ) EMERNE, K
FANNEEAE S 3047 (800 C ) HAkAk 24 h 3R IK ), W& K Sy
U o ) FH BT R A iR AN DL A SR B A 3 2 2
Hee BB (em?)=(CHRR R - TR ) KE S wEE
(g/cm’)= HIBJE + AR I (g/em’)= B K iR +
AR BAEIREE (%)=( B ThE - 5 K5 E ) EiE
T x100%:; B oAU & & (%)= B K5 i & + B R x100%:;
HAKE & (%)=( HBiE - &1 hE )+ HE6E x100%.
1.5.4 HAAKI (AMIEE ) e MR B AR ) B 2 A
J& (B K53 HNN 2 mol/L R R VAR 10 mL Wb VA fif, 1420
2EWRGE, KA LRGN S E &, FIHEES
SO EE AT I B . R & B P s AR ) TR
BIRAT], oA IR S A AT R A

1.5.5 ‘HiEE MR (22 MRE ) BAMRE, A% 75%
CWEME 1, AR KRS RS R RO E LR
$ (/B9 & 1K Micro-CT % 4t, SkyScan 1176, 1% [E Bruker
oE]) KR S . HEEACEAR S H N, LR 55 kv,
HLIL 200 pA, RUIEREff 360°, JiERE MG e 0.4°, /NEX 4 HE
K 10,5 um, JFRIX PR R 21 um. FHiJ5, {8 Scanco
AR EUR AT =4 E @ IR N IS8 BN R
HANREEE . BNRERE BN A T NRERE
SERIRERTR AL R UE AR A TR R R
JELRE R FL RS FE A i T A

1.5.6 EHHALULE RN (GRS ) BCH MR E R RE Sk
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WML 47 4 (45 mm? BB T4 0 AP B ) S
SR AN BT (5B BT AR E ).

157 BARERKI (FORE) BN, A55%
JRHR L%, BCA VEIMISE 28 T o R 0 E K I )
FERARLR: EFRLMEAN13(1 1 2000), &BEANH

HEMHY 11 ¢ 1000), T RAZJEEE (1 0 1000), Runt
FHRFE A 2(1 ¢ 500) A RS 3R (1 1 2000).

HY 20 ug &5 [ FE L 7RI B KA B2 12% | e SRR TR
- RINIEBE B R B e, R RMM O . H 5%
FMgEAEAEA, RIIR—Pr4 CHELR, I (HIR
I bR BT 1gG, 1 5000) EiREFAE 1 he 7
SRR R, A ECL ROGHUE, X B4R s iR, FIH
B UG R BIF R S ROGRE . U i -3-
BERR AN (1 © 2000) ANZEH, USKHERFARAHADN
FEEAE N H IR B AR R & .

1.5.8 WICEGIE M ( MBS ) SRS Y Rt s, Fl
FH A R B 5 o0 B 20 M B v 2 T & B &R e 2 vtk ZH8s)
G 4 °C. 12 000xg B5.0» 20 min HL B3, BCA VEKG IS EH
WEE. B 20 pg SR EFE SR ZES 1 mg/mL BRI 10% + — ket
i B AN — SR T A I B s LYK . FH 2.5% Triton X-100 $Eigs it
2 %, HOERREEEYE 15 h, AR (L8R FEE K=
14 5) . BREGE RS, BE ISR (Image
Pro Plus 6.0, £[H )} oM &K wWOCEME. 1HHSH
ST AREMAETE N EE &8 & O 2 AV

1.6 it o BdE L xts £, FH SPSS 20.0 #ET %L
WG ot %5504 Hin LR et AT IR ARG G AN 7 22
FEPER IS, T R 1A 200 AN T 22 5 M I SR F AR 38 T7 22 93 #
ZE LK LSD H ., P<0.05 NERF R ZEME L. X
|t niE gl b EO RS R K

2 258 Results

21 NG ERNEXRAFEM A FHPA SHFRHA
boie, BRFAREHE IS (P < 0.05), 200820 f K#k
af MIAIEE N F% (P < 0.05). 52 OP 8L LhER, 2200 Bis 52 i
REAT . NI Wk far AU 35 1y (P < 0.05), TLE 2.
22 HEINGHAFENERRT AL ( EDWIEF Fo £ AL
F)ey®a SEFRAWER, BFERESIHHGEHSEYM
(P<0.05); ZUNSEAEH L (R ). FHE. BV %
FE(MRRUEERE ). B ENUR S &, B8 &8 N (P<0.05), &
KEEFE (P<0.05); 0N iz 34 &G WL & = A E
I (P<0.05). S5RUPHMALILE, KIVEEIHEY HE
(L) B SE. B%E. BEE (AREE). &
AU & & B S 2T (P<0.05), H7KE & T (P<0.05),
FAHETAARAE LB S48 L (P>0.05), JLE 3.
23 AR EXRFMEM G H SEFRAL
B, FONEAE/NREBSEL BN RERER. BN
& FE (P<0.05), /NI BIFE | SRR AR RO (P < 0.05)

LU HIE S HE N E B NREEEIE . BNR
. CHREMA R (P <0.05), BN, H/ANEIRLE,
SEMIBTLFR R R E AR AL BRI B R
BT (P <0.05), S5RUNEME, Kupsiashd g N
SRR CEBEMAN NBE (P<0.05), H/NRIEEE. FE &
UYL BT B R R . B LB R
(P<0.05), WLE 4.
24 HEINGFEIPERXRFULHEFO 0 FHEAH
KK - PO ER: BERAFRFAR LG /NEHS
S RS ROV BB, IR ( &Sk PR )
BN, B NRRBREK, HEFIZREL; 20 HUE 3h 4
MK 22, A5 0T 4 A B b, HEPU R, /N R,
W& 5.
SEFARME, 2200 A2 59 535 50 418 A5 5 4
e BT A Y I (P < 0.05), 5 OPEALE, HopE
12 320 B R 7 40 ff A i R A T ARk (P < 0.05), L] 6.
2.5 HENGFEIPER R @I R B4R B T 693
S5BFARALE, BMTFREZHLERESEEAR 2 /5%
Runt A JCHE SRR T 2 B (A RIA 1IN (P < 0.05); 25 9P HL4H KL
SREAM2EHAERSREAR 13 EARE FE(P<
0.05), & )&% R LHMHEY 1. Runt HISSHE SN 1 2 Al
Ry R EARETm (P <0.05); X1 HERE)EED
B 2 WG METHE (P < 0.05), BEREBENN 13 EARERET
[% (P <0.05), SEONHEMALLE:, FINHEIZHHAELT&REN
fg 2 iEPETEE (P < 0.05), &J@ % AREALHIHIY 1. Runt AH
KEEFNT 2. BRI REARE NF (P<0.05), ILE 7.

3 i}i£ Discussion
3.1 AT LR R AWM a7 20 MR B Z
HH, AV AR 2 kAR A Y S A R OR,
MR B = R R R AT, SR R KA AR B T B
FERE AT IR I FRAIK, IR TE 2 BT 1) 2 DT 55 R (R RE
BREEE " HH AR, BN E AR SRR TR
FERVE B, A0 A 5 A 1R AR S5 R 2y R e P A A A
HOE 7y, TR PR Re /) W RS 25 00 S0 I 2448 0 4
BFARATEEFEZ, (HlhTRREA TR, K] §ef7
TEMO AR S8 e NS . s, 5L oA Lk,
AR Bere) PAE k= gt e (P e B = e R G R W L A B L
BUIRE S RIEME ®2, SR BRI 200 KR &E
IR P S PUE TR Ty, 2 U0 SIS B 4 W A B B T
HAESE Tax —HEWr. thoh, RFERESIHHBRBETF AL G I
o, RZHKREHAEEE, XEFNPIER & TUR
RAEBIHATRIRRREESZ P, FRGgRIR, RIS
Xof fele BRE AR 405 1 B 45 AT A 2R

BHR (RIEEE ) MK (Y50 ) Z 837
e TR B O S A B EE R, R AR s R g ]
AR, HETTRRE A St e . % T2 O
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Figure 2 | Effect of strength training on bone biomechanics in
ovariectomized rats
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Figure 3 | Effect of strength training on bone composition in
ovariectomized rats
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Figure 4 | Effect of strength training on bone microstructure in
ovariectomized rats
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Figure 7 | Effect of strength training on factors related to extracellular
matrix remodeling in ovariectomized rats
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