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ME: BN KITHEZHS5HEHERREAITRBT 4% 5 5 REHIE (postmenopausal osteoporosis, PMOP) ) 7 8 & #l
B, A PMOP REWISIKIE, AE RAZEKEAER FRHBFARA(n=10) ERH(n=10) HEH(n=10),
FEZEHA(n=10) A FHEFERA(n=10)HEEH(n=10) , ZHF 2w HEEEZ3 M ELBEBRUR _FEKS%ET
MEEBHIERREEMNE BB M. E8E 12 v RUSHAXBEALAEY %, FEALHEEEE PCR AR KB4 BHHE
XEHEE, R SBEFRAHL HRAAXBNEBRBERAAH ERERRKAFMSNESASHBEYBERMEK(P <
0.05), SEAAME, HiEH A EENE AT PRE NS AN LERE B KX AH LB B 8K 50 1 A1 56 0 B HE S SR R
HRERF(P<0.05), kN FRPCRERE R, SEMAHL, Atd FEBA 4 FHEFE R MK A 41 RANKL f
OPG # B ERK (P <0.05),Ti RANKL/OPG B EMRMK (P <0.05) , SMHMEAMLL, BA THAM RANKL 1 OPC R EFRE (P
<0.05),7 RANKL/OPG B EFEMK(P <0.05), &it #MFHEBRMEZ NS SRR EE T RESHR S OPG/
RANKL Ho B, 3 T 410 60 0 8 4 B A T8 o e B 2 B K BB IR RE 5 17 , JLUT B AR F 3 438 3 S xb B i B kL

XA HEHBEAAEEY ELFFRANIE; HRBR

The synergistic effect of aerobic exercise combined with the nourishing kidney and strengthening
bone granule on rats with emasculation-induced osteoporosis
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Abstract: Objective To determine the efficacy and the mechanism of aerobic exercise combined with the nourishing kidney and
strengthening bone granule for the treatment of postmenopausal osteoporosis (PMOP) | in order to provide a theoretical basis for
improving the prevention and treatment of PMOP. Methods A total of 60 female rats were randomly divided into sham operation
group, model group, positive control group, nourishing kidney and strengthening bone granule group, exercise group, and
combined treatment group. Each group contained 10 rats. The duration of drug administration was 12 weeks. The changes of bone
histomorphometry of rats in different groups were observed. The expression of bone metabolism-related protein was detected using
real-time PCR. Results Compared with the sham group, the maximal loading of the left femur, the left tibia, and the structure
strength of the fourth lumbar vertebra in the model group significantly decreased (P <0.05). Compared with the model group, the
maximal loading of the left femur, the left tibia, and the structure strength of the fourth lumbar vertebra in the positive group, the
aerobic exercise group, the nourishing kidney and strengthening bone granule group, and the combination group significantly
increased (P <0.05). Compared with the model group, RANKL and OPG in the positive group, the aerobic exercise group, the
nourishing kidney and strengthening bone granule group, and the combination group significantly increased ( 2 <0.05), while the
RANKL/OPG significantly decreased (P < 0.05). Compared with the positive group, RANKL and OPG in the combined
intervention group significantly increased (P <0.05), and RANKL/OPG significantly decreased ( P <0.05). Conclusion The
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combination of physical exercise and the nourishing kidney and strengthening bone granule is more effective for the treatment of

postmenopausal osteoporosis than exercise or the use of nourishing kidney and strengthening bone granule alone. The mechanism is

through the decrease of OPG/RANKL, resulting in the inhibition of osteoclast activity.
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H B (osteoporosis, OP) R—E H T B HRER
WBORSR BN R B AR B WD, 8T 8 B L
BHEWBIE NS SR EEERE . B,
OP B ERfE it F 8 WARMAEE 7 60, L5 R M EST
ML AHE R BRI A XA,
Hh, £ 2 F & K BN IiE ( postmenopausal
osteoporosis, PMOP) ZE[R & ¥ OP & K HE R KL,
HEAESHHERS HMHELTY, BRTRAHRE
R VEER D, MEESRBITMEEEREE
ZRETRFEL YR PMOP SF ZUFR IR, iR
A7 7E 25 P A A% B0 SR L% T WS 22 P B MG A 8 4
o B, BE— B R RIUE RCZ Y 84 72 $E AR 3T
Ty PMOP REAEE KB, HP B R P X
(osteoprotegerin, OPG) /#% [+ «B Z & iF (L H F &
& ( receptor activator of nuclear factor-kB ligand,
RANKL) F G¢ 46 2 ¥ 35 B 40 B 53 4k BB A A4 Wy 1
HHERANT EREATT AR,

PMOP AR ETE-TE“HE W, PEIA
AREESBEBARARXR, I(HE)B“EEE",
PLEKEE B AZENSE, BH#LEZ
BOBRR UTMEASHES SRR, B,
BB RS PMOP IR A K, M EHE
BB R ERIGTT PMOP MR F , R A BIFHIT .
H T U, A B 5T #2500 8 X RS L PMOP &AL, )
LAEE SRR EZ 3 00 2R b R A A B B PR
it S 1R A AE 1 A OR8] SR 52 B %
£ & PCR (gRT-PCR) ¥ A% il OPG/RANKL £ &
KA, A BiiE PMOP JFRE B 892 05 ],

1 #EAFHE

L1 ZRFHY .59 K0 KA R

fFESD MM KBRIW AEA Y LR PO, K
JRR (200 £20) g, BB BEAFEEHTH
BF-ARBEEER(FERT . EFE . BAK .4
M A B R L EY R =R OKE),
ERBEREFAFBTOSEREARBARAE,
GHAEBEEZNUTANBRERNSARA A
TRIzol® & 7] . cDNA % —# 4 B i #H & M micro
RNA SYRB Green LR EERRX A AW FIEL

REEVERERAA, ZAF . FHE. LKL
B 5 B 25 4 B4k i 50 B2 \), DEPC 3 ) ity
B Sigma 7 @ , Rotor-Gene 3000 Real-time PCR {¥ 28
W8 QIAGEN A 7] ,541TR /NI E R EEBHE L
PL B Eppendorf 23 ] , /N h ¥y B 8 3% B AW B AL
RERPEERER A,
L2 sy Maa

60 ARXBF LM 10 IERBTFARLE, HRAK
B £ FA, BhBENT" . AR2¥ K
FETES 2% B L Z PR S, M ENE 2 , ZE TR
ET LI B s A Z AT, BESE, &
PIRE N EEERBR(HRERE) , REERE
e, GO ARESNE, FTARAEE 2dEBRARR
MEHFER,E5%3d,3 7 Usd, LB KRG RS,
BT ARLGER T 4R 8 OB S B 2 X 4 2% 59 8L 1% g i
F—/NRUES AR BESZHFARAME., E
IR 2 w g, FEFT 2% F AR KBRS 45 A
H(n=10) [HHEH(n=10) FEEBZHH(n=10),
B E B (n = 10) RIS 4 (n =10),
L3 B

SGHRE,FHARBRETESRA, BH 1
WOEGGH 12w, ARG TR OREHLA
BH6.25 mg/kg BEBBE A (Y THRKRFR
FE); QM ERALFIEN 166 g/kg #H
BB (Y FIEREHANE) ;QFLEF
AEHESSEREK HSEIRFTRYNES
FUSE 30 Y S BR AR B0, R FH I 18 78 AT BB I 45
Wz AR NG R 3 d, EMAE R
0°,IRZ SN A f 20 min/d FF#R3% #iid # 10 min,
—HHMF] 60 min/d, iz 35 EH 12 m/min, EX
MABREING6 d, E WA ERER S, EahREN
18 m/min,iZ AT [E] A 60 min, FFLEiE5) 12 w; @DBES
Hig AR S5 S B BORL4 AR R 50 & 8925 9 5%
fT5AEEsHMRAZEEMBLE LG ORFAR
HENABHEESEREK. BAKE 1 XKE&E4
KEARE FREAEERARARANE.
1.4 RRGAEHYLE

BE—-XXKB#TEMTHE, BIE KRY
LAbFE , BB K RS, R EMREES b
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FILAMBKAS, EMAEREKERNEY HE
BEET-20CRE ATBALED ¥R 60
Rk G, R ERCEGTRABAR
&, 1T qRT-PCR T,
1.5 BHAAEY AN

M —20CKkFEP R BE, ZIE B RWEHK, K
WERESASRKE T YLS-16 /M504 B & 3% 2
ENWERZE, S RGEANEEAHERAMT B
LR,
1.6 Real-time PCR

(DRNA # $#2 B FREUK BUA A B 200 mg, A%
T I B A H K, #2 B TRIzol @i 77 ( Invitrogen life
technologies ) B F AT, A 3 £S5 R 49 TRIzol
RASHRES, ETKE P KERBRERATH
BECRNA @ o #5022 OB 2 & RNA Y4l
BERMWE, D RER B EE RNA Wi, @
W SR L 2 6 %E & PCR(qPCR) : ¥ RN
SRAN SR BHFT, R FMHHR:16C,30 min;
42°C ,42 min;85°C,5 min, ZW/GH1 1 pL cDNA
FEH#EAT PCR N, HHMEEKSI YR ERE
GeneBank #2{it %) mRNA F5|h E¥AETE R, W&
! fi7R, PCR LW F X :95C MZAE# 3 min,94C
14 s, 61°CRKHEM 58 s, 3k 42 MERF, BG
T2CE 5 min, K% H )5 #HIA Real Time PCR
A9 3 il 2 FI Bk Ag d 28, BE 4T PCR & B HEbR
M2k %, HE/NE RNA ¥ E 2 BiR 2 RNA 4%
FREIRZFHL W, K = K7 LR )5 B8 51E
A2 AR#AGHET  HEARI . AGE =B
RO Ct - B H A Ct {H, AACt = ACt LK -
ACtxt R, R EBAIMEH EIRA S HE miRNA
MREE,
L7 Siteasd

B spss13. 0 KA B 48 4T 404, TH B BE Bt

KAz s TARE, HE BB RARRRTT
FoHT, %4 B 5P L BER  LSD-t 4047, P <
0.05 ANERARITEE L,

&1 BRERKNGIYBT

Table 1 Primer design of the target genes

EREH e FFF1(5'—>3")
B-actin F primer CCGTGTGTCGTGCAGCTCCA
R primer GCCTCGACCGTATCTGACTCT
RANKL F primer ATCCACCCTACATCTTGTCG
R primer CTTTTGAACGTCCCCGAACAC
0PG F primer CTTCGCAGCTCGGTCGCAGT
R primer  TTCACATTATCACGGGAGAG
2 HR
2.1 KR—BHELR

EBANLERIEY , SHARKBEESA M,
TRAEHRN, SHKER:. BRFAH (41832 «
36.84) g B A 4 (436.73 +29.65) g, R 4
(426.15 + 32.40) g %h Bt & Bk 40 (422.51 =
21.04) g HEES M (412.37 £18.62) g AT
41(435.09 £31.43) g, FA KB EH B ELHE =
F(P>0.05),

2.2 KEBEBEYN¥EEEL

S5BRFARAAME, HAHKEMWERERKA
L ERERAAHME NEMSHEEYDER
K (P<0.05), RF KB LB RN EREER
., SERAML, Atd FEEH FHE
BRAMBEAHNERB R KA LRERXA
MAENEEEHNEE Y EERS(P<0.05), 5§
A MEE S TRANLERSHE XA ME N
EHEWREHNREERE(P<0.05), 5A€E3
M, HEA NP BN AMKA TRANE
B B K AT L 22 AR R B K R A R S IO REEHE 5 5
EHEERT(P<0.05), WE2Fx,

X2 ZAKXBBREBEYNFBIZERER (kg2 £5)

Table 2 The changes of biomechanical indexes of the femur in each group (kg, x +s)

45 ERERKAM EREBRKAHK BB REE
BFARE 10.502 + 1. 684 6.076 +1.752 20.314 +4.206
R 6.095+1.219° 5.042 +£0.972°" 14. 623 +3. 685"
iak | 8.421 +1.530*"2 6.005 +1.250°*2 16. 197 +4.891**2

BB NS 8.036 +1.413*%2
BEEHAH 7.512+1.384"*
KaTma 9.078 +1.764 "2

16. 381 +4.903 **2
15.883 +3.981 "
17.134 £5.362 "2

5.791 £1.179 %
5.443 +1.090°"*
6.107 +1.427°*>

ESBFRAKE,P<0.05; SHMBMAWE,"P<0.05; FHEMALE,*P<0.05; SHABHALE, " P <0.05

Note: Compared with the sham-operated group, * P <0. 05 ; compared with the model group,” P <0. 05 compared with the positive group; compared

with the aerobic exercise group,” P <0. 05
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#®3 BAFREEXERREHL

Table 3 The expression of bone metabolism related genes in each group

A RANKL oPG RANKL/OPG
BFALA 1. 000 £ 0. 000 1. 000 £ 0. 000 1.000 +0. 000
HERIA 1.941 £0.022" 0.762 £0.016 * 2.557 £0.037"°
P 1.446 £0.011 " 0.923 £0. 034" 1.542 £0.023°*
A A B A 1.518 +0.014"* 0.913 £0. 025* 1.673 +0.018 **
HEEZA 1.634 +0.018** 1. 029 +0.012* 1.585 +0.015**
BAaTHA 1.339 £0.013 % 1.076 £0. 018" 1.276 £0.012**

H:GHRFRALE, P <0.05; SERM A, P <0.05; SEAEMALE,“P<0.05; SHEBEHALE, P <0.05

Note: Compared with the sham-operated group, * P <0.05; compared with the model group,*P <0. 05 compared with the positive group; compared

with the aerobic exercise group, P <0. 05
3 Wig

PMOP £ —Fi @ BRI 12 M B I T 75 A
EFZELCHE AP EE, BFR AT EEANBE
AT, HERRSOS KL 4tk OP EREL K
BHE 2.5 ~3 5 RRLREHEKREART
M ,PMOP RN R B % T+, 3F B M B 8 DU R
SHFBRKRA BN L5 4E, BN EERKA
BBEPEEANETRE, FAKYENRTREER
HittE R AR EEAREER™ERB", B
BT, PMOP 34 77 3% W 5 3 fib J5 B B 5 OP KB4
Te] , SR T SR FH 0 30 00 38 B O 30 50 4 R0 A
HE D, SRR HR B IR WAL ST R, B
REA—FWMHITHRE, A REREKZHA
FOL R, HE S HREAFRELLBERNR
PMOP 25 R E % M E EiRE,

&b 2i4r PMOP FE B AR BHE R,
BAEGARG BAWSSHA, BA KB Y ENK
MEXREHABVEHONN, TEAR, BHER
AR EENE AR ES B HNAERRENEHES
FYHME, AEEACMEER, THEERER
RO AREEREH, EN BB, FN(ER ER
BENTIYE SRS B, ESRE, B
BEWL, oM, B, ARt E R D ERST
PMOP AR A Kk, #h BB BN B AR H XS4 R
BAENAR T RAARERT ZFRADIMNEE
TR AR A AN R LS R
Sk KIE% 10 sk IRECE BUR S H A ML, 7
R AR AR S R 2
i GESE 2R RK R A B EVERR
A BT G R A 25 Sk ki
EH ML KRR, B SRR
MR, THTY B E, BailkK LB %

ZRLATF OP YA, MR 7R %" i bR WL 223E 52 4h '8
BT KR AR B8 R E BN B RHM
FEREST SR EHEEAE, BEFEHE, Xum
AR B S EME KA EHE R KB
BAEARESREEZFES RGN ERE ST
S8 CEEEKE BREFEITE,
EYMMEESHEBRATFERANENEE
Tk, T HEEREGMENE  E T ERN
2 0] B AL 5 | A 4 R T 7 A 0 T O AL 0 o
S0 N B AE S S O, TT DR R S R T Rh 70 M
EWER A TESETE . ROBERRE,
HETH AHRPRNRETEEESHWERM L
R R A 1 oH B SR X B 2 K B R AL S A
B RME AR ERBEE THAMERER AR
MR NERARE Y B ES THLEA . EEE
A ANEHEERA, BRE SN S S HRME
REHNGEEHERT RN TREEZBRRERR
AR R, — B4 A AA B8 s R
LR T B RN AR ME, B ERS
Y497 PMOP B HA IR,
EXEAT, BRI MBI E 2 a4 535
B HVPEITHRSAREBERLRETMEL, Ef,
F BB 4 ML 43 WA B9 OPG RANKL 29855 B & 40 e 4
e BB A T 0 B T I R R B Rl
MERRZ B EEPRETERTIER. BRE
B, BB /IS Bl OPG 3£ 18 AT faf /N B o B 7 o 1 B SR B
f, M RANKL FETEFHERS ", Bk,
OPG/RANKL {8 % % F 3 3 4 % B 40 0 0 35 1 o
ABFFT R L 5% 6 B PCR AR WA €iZ 3
Bk 440 5O B URL 936 77 K Mg 2 7 % OPG  RANKL
PR, R B RS T B4 8 RANKL/OPG B
EMFHMEA A EEHA S B TR, B R
T EBEA TN & 58 B0 U I 4 AT AT AR S R
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BB E ARG X, AT A B E =B ARG
BB AEH B R, AT, LTHASHHS
1 4B W0R: 0427 9 OPG  RANKL 3 4 K 47
AESRERADR .

ALRERKY, I EFHEBRESHRES
LA HEIATY S 3 F ik 3% 2 8 K BUE TR B A RE
WEHE, ERANAEL VBN IFEER, T
FE @ FEAE S 441 5h OPG/RANKL L&, M i 411
SR MM E L., AR AR LB
PMOP ¥ #3657 H W 140t T — s TR KR
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